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ABSTRACT

Lotus improvement was used gene transformation. Chalcone synthase (CHS) gene
was clone from genomic DNA and cDNA of Buntharik and Satabankacha lotus by PCR
technique using a specific primers of CHS genes designed from the genBank database.
The CHS genes cloned from the genomic DNA and cDNA were 1,599 bp and 1,170 bp
respectively. Full length cDNA of flavanone 3-hydroxylase (F3H) gene was cloned from
tropically waterlily cv. St. Louise Gold (Nymphaea hybrid St. “Louise Gold”), Satabankacha
and Buntharik lotus (Nelumbo nucifera Gaertn.). Using degenerate primers based on
conserved regions of F3H available from GenBank, gene working and polymerase chain
reaction (PCR) techniqure, the F3H with ORF of 1,134 nucleotides which encodes for 377
amino acids was obtained. The fragment of 313 bp of 4'CGT gene was cloned from cDNA of
snapdragon var. Pixie Bells. Gene expression analysis using reverse transcription PCR (RT-
PCR) technique were conducted in order to analyze expression of CHS, F3H and 4CGT in lotus,
waterlilies and snapdragon. Semi-quantitative RT-PCR analysis of Sattabangkacha revealed that
highest CHS gene expression was found in early budding stage and was reduced in later
stages. Whereas, the expression in Buntharik lotus was low in all stage of the lotus
development. Expression study of the 4'CGT gene in various color of snapdragon flower
(Antirrhinum majus) was conducted using gene specific primers designed from database in
GenBank. The highest expressed of 4'CGT gene was found in yellow, orange, red, white, pink
and violet flower, respectively. Gene expression analysis in different tissue of waterlily

showed that expression of F3H was more abundant in petals than anthers and leaves and
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the present of F3H mRNA was detected in all petals with different colors of waterlily
including purple, blue pink, yellow and pinkish orange.

Shoot tips from the embryos of lotus were used to induced shoot clusters by cultivation
on a MS medium supplemented with 40 uM  NAA and 0.5 pM TDZ for 8 weeks and a MS
medium supplemented with 50 pM BA for 8 weeks. New shoots of shoot clusters were
generated from old shoot tip and nodes. New shoots were covered by green sheaths and had
some green small leaves. The transformation of lotus Buntharik by particle bombardment device
model Biolistic” PDS-1000/He Particle Delivery System (BioRad) was optimized. Stable
transformation of particle bombardment procedure demonstrated that the helium gas pressure
of 1,100 psi and the target distance of 9 cm were confirmed by polymerase chain reaction and

reverse transcription polymerase chain reaction techniques.
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uni 3

28A LU UNI5I8

3.1 n1suATaN RNA waz cDNA
= g @
3.1.1  NISLATANDITLAULE

upNAUASNIBNgUAT AIUEIAEdinas  UnNTAdeauenT  uazllyuans
yowisn Wiavdaasionulnsauman filaEaudaziatnabuno 1 nfu nautyu Gomez buffer (pH
7.5) 15 {aaams (Tris base 1.5 Na@aluaan3, EDTA 50 dadluaan3, SDS10wesidus) lunaenuuin
50 NAAARAT AN polyvinylpyrrolidone (PVP) 1aunnd 0.5 nda UAy B-mercaptoethanol 13a1ms 300
ilnsans tiliedn i aniuialutusiefiaenaGa 4,000 seusiew? fgumni 4 e
\walded 1WA 1 1N wiuAN 5 M potassium acetate 1311m3 1.5 Naaans waz absolute ethanol
Bunms 4 Haaans ldadn gt aniudia chioroform : isoamyl alcohol (24:1) U3umg 20
fadans wehlidnmudainllduviadieeus 6,500 seusiowd ﬁqmmﬁ 4 peAEaEes 1y
a1 20 W paansazantdanladuuulaluvaanauns 50 Nadans anniduidia phenol 1Bnas 10
1aaams WAz chloroform : isoamyl alcohol (24:1) 381m5 10 Haaamns NaN lENULELTN Ty
WittisTipnaiEa 6,500 sausawT figruunfl 4 asrniaiEeaiduingn 20 17 aaans azanadaula
AnuLuld luraanuian 50 Haaans LWasi@n chioroform ; isoamyl alcohol (24:1) L5N1RT 20 Nadaamn3
pas i nui luusAasiinasige 6,500 seusiewnd ﬁqmmﬁ 4 paAaa@aLuga
20 w peaarsarartdoulafnuinlalunaeniiAsns (oakridge) 1WA 50 HaRANT FALBNATUAINFN
lithium chloride 6 Tuaan3 WilFAndindiugaviaewiniy 3 aanf nanasazangliidiiulaaniswan
vaenllin uaziransazaied IiuTigumal 4 avrnisadaatnamu annimhansazang e
fipnuida 12,000 sausawdl Agnugil 4 ssenugaideaiuan 20 wadi nENTATANEAULLT Y
\Ax lithium chioride WndW 3 TWaa1f inme 5 Hadans I%ﬂLﬂmqm@yu@uﬁ@@mmmﬂ@u 11
ansazanlUTuwieeiinade 12,000 seusiewn?t fignmndl 4 evnmaduaiduna 20 wif anniu
mmmzmaéﬁmuuﬁiiLLEiqmi'fwm@mI%m?mﬂi'uumzmm?mg felslnznewutiedszanns 2 dali
AN diethyl pyrocarbonate treated water (DEPC water) 13u1s5 350 lulasans slgﬁﬂl,ﬂmqm%yu
aufiearaenzneu uazamldlmeantun 15 I088n3 in absolute ethanol Tiduilianms 9625
lalnsAns uaz potassium acetate dadiu 5 Taas thanms 35 lilnsams tiluiiulBRgnmgd -80
avrnadeaiunan 16 dalue et ldTuwiesfieeiada 12,000 seusiewnd fgnund 4
avAaEeAlugan 30 w LVIZQ’W?@:’,@’WE@,I\‘]LL%\]JQ?]%WM@@ﬁuuﬂﬁ‘:mﬁﬂ:’rﬁ‘ﬁ? deliimenauudie i

a

DEPC water 131199 30 Tulnsanaiieavaienznauenfidueainiutiianiiduenlfiiungomni -

a

80 auANTaTEed (AaLLlasann Lopez-Gomez and Gomez-Lim. 1992)



[ a
3.1.2 m‘wm'm'auﬂ?mmum@mmwm%muL'aﬁ'aﬂmsfamm@ﬂnﬁmme

wazimAtAaznilsalaadtanlas N s

fj”mEmf]mu,@zmmu’%qw’émmm%vgw,@’m’fmLﬂ%ﬁﬂﬂw@mﬂﬁuumﬁmmmq
AA 230, 260 Uz 280 W tmAs (A Ao AT A ) Theideanensiueidndan 1:100 (DEPC-dH,0
Banms 99 lailasins uazerfiiuetiunms 1 lulrsang) enfiduiedisl mmu’%zw'éqw:ﬁm A/ Ao
Winln& 2.0 (Sambrook et al. 1989) 11'1ﬁ"]rg]mnﬁuumﬁﬁmir’ﬁmmlﬁmﬂmfmiﬁuva@fmmmi

Hunefidue (ulamnfuselulasang) = A, x 40 Tulpsniusalanans x 8asIN17REAN

e ifmaiBunns 5 Tulasang wausu 10x loading dye 13u1m9 1
lulasans uaztinndusin@ethuims 4 lulnsans naalfinfundarnnsveensnsazaneviaLaag
Tunguasuiuiaaaznilaanudindy 0.8 nlefifius Uaaslily LaqmmmiﬁmﬂLﬂ?ﬂlﬂumumdém%
EntnsEFafiusandeunszualylin 100 fadifunan 45 1 Tneiansazane 0.5x TAE buffer 1y
pananslunisiinszualiin flanaaluasazanaensipanius-uaganudndy 05 lulasniusie
fAadanndunan 10 wiil udadnedneindudunad 5 i MPIRALDLUAZIUIALBIDTLAULB A

Lﬁd"a‘m UV transilluminator
0 @ A & ¢ @@ (7% o
3.1.3 ﬂ’l‘iﬂ"ﬁﬂﬂL’ﬂul.ﬂﬂ’ﬂﬂ@'m’ﬂ']‘a‘t‘ﬂuL’ﬂiﬂﬂalﬂil.’ﬂuvbﬁ&l DNase |

11251 BURTBD LATIF Lmzﬂnmﬁﬁ@ﬁmi@ﬁ@m% 341 wfdanEwed
UuidferlneioulnT DNase | whandfeluliunas 10 lilasans Uszneysan 10x DNase | buffer
7ifl Mgcl, 1 lulasdns, Ribolock™ RNase Inhibitor (Fermentas, USA) 1 gilnsialulpsans s
Tulrsans, DNase | (Fermentas, USA) 1 titissialulnsans thun 1 lulnsans, anfiduanesguatis
wsatnuaArNdingu 1 lulnsniuselulasans 1 lulnsans wuay DEPC water 6 lulnsang wan’lii
dinfulunaanaua 200 Tulrsass LLﬁaﬁﬂﬂﬁﬁ?mﬁ@qmuqﬁ 37 sernradeaiunan 30 wil amiu
Wi ethylene diamine tetraacetic acid (EDTA) 50 Hadiuaans 1Buns 1 ulnsans ﬁqiﬂﬂuﬁ@mmﬁ

60 avAaamealunan 10 WM uenfiduengumugil -80 adATALEA

3.1.4 M9AWAsIEY  complementary DNA  (cDNA) annansiauialasiau s

reverse transcriptase

dumazi  cDNA mﬂm%umﬁLmﬂmﬁmiﬁmnnaummm@qmmﬁLsnurf‘f
nqedlnan ﬂnmﬁzﬁ”mmmﬂmm:ﬂnmﬁqmﬁﬂﬂmgﬁ@ﬁ 3.1.3 PNTBN13989 Sensiscript” Reverse
Transcription (Qiagen, USA) Lm??ﬂuﬂg‘jﬁ?‘ﬂﬂuﬁmm 20 luTAsamsilssnanudag 10x buffer RT U3un04
2 lulAsams, ANTP 10 Aadluaans 1Buinu 2 Tulasams, Oligo-dt primer 10 lulasinaand 1unns 0.5
TulAs@ms, Ribolock™ RNase Inhibitor (Fermentas, USA) 40 ailssialulnsass 1Buns 1 Tulnsans,
Sensiscript Reverse Transcriptase 1 lulAsans, enfidueresguatifviselnuanfnnudindu 1

Tulnaniusialulpsdng s 1 lulnsdns war DEPC water 15nnns 12.5 lulps@ng vindfisend
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N 37 asrnuaiaaiung 60 Wi uasnanmMnd 65 avAaameailugan 10 Win Wi cDNA

)
1

Tingomnil -20 aspiaaries

3

3.2 N15lAAauEN chalcone synthase (CHS), flavonone 3-hydroxylase (F3H), Wwag

chalcone 4’-O-glucosyntrase (4'CGT)

nseanuuL iwsesamSudunmeieu  chalcone synthase (CHS), flavonone 3-
hydroxylase (F3H), Wa% chalcone 4-O-glucosyntrase (4’CGT) Tnsiesildlunsnauiiy F3H
uaztiy CHS Wuallnfauuelsn (degenerated primer) aanuUUAMNAIALILAYINTIEY F3H
WigREU CHS 1eeNTTiinsine] AlEtinnsenlily GenBank (www.ncbi.nim.nih.gov) AN
BUYLATIZTANN AT.LANA NATNA NAINENALYINRNENUAILUNLS T insmes 1 lunnsdanse
g1 2CGT duriinanmng (gene specific primer) %ﬂwmmmwmﬂﬂumimLm%wu CHS,
F3H, 4COT uandimsnasani 1

3.2.1 NNSLAAREW chalcone synthase (CHS)

32.1.1  msAuAsznduneljisengnidiNdand  (Polymerase chain

reaction)

Tl CHS wuifndn 1uatlszdnad 1,600 fid AN genomic
DNA uazaualszanny 1,200 A 470 cDNA  189NALAANTANTIINANLUTENLALITINAT
AnRALaNT (A1Na1L) Faenatia PCR Taaldlnwsinas CHSF forward primer way CHSF _reverse
primer  IngnsizenanslunisinUfisen PCR hnms 20 lulpsdngsiedjizen lunaan PCR lulns
Finflnm 200 lailAsans Ussneudag windu Punms 10 1TAsams, dnsazanetiwinas 10x Tag
buffer iunms 2 lulasans, a17avane MgCl, windiu 25 AadTuani tiunns 2 Tulasdns, arsavane
dNTP indin 10 Nadluanf 1iums 1 Winsdms, ansavaneinsies CHSF_forward primer Wsdiu 10
laTasTuans Bunms 1 lulasdms, ansazanelnsiues CHSFE_reverse primer indiu 10 Tulasiuanf
1Bunms 1 lulpsams, @130zane genomic DNA 1Raane Amdindiu 10 wrlunsusialulasans vise
a17a2ane cDNA 1waanalinnms 2 lulasans asaudindy 10 walunsusalulnamns wazewlad Tag
DNA polymerase (Fermentas, USA) indiu 5 gilasiakilnsdns 1Buims 1 lulnsang ANV
"LﬁL’ﬂ]fﬁugﬁifmﬂLﬂm @ﬂﬂfuﬁﬂiﬂﬁqﬂﬁﬁ?ﬂﬂmﬁ%m PCR Immﬁ@mmﬁmeﬁmumfif]mm@um?ﬁﬂ
ﬂgmmm\m mumu pre-denaturation slmﬂmmn\l 94 paATaded Lunan 5 Wi @fmuum@
fumeunsvin PCR Tagnannds denaturation Tignmni 94 mmmmmm unan 45 3undi 94
annealing gnunnil 58 evAmadaa  unan 45 Fun . extension Tanuund 72 290
\aded 419150 genomic DNA 119481 2 Wi uazduiu cDNA 1an 1w mmfuslﬁﬁﬂﬂ@ﬁ?m
1d1uau 35 sau LL@zﬂfumuqmﬁw complete extension Mgouni 72 evAaadaa uaan 10
wf 1 wandn PCR fildunadanlinsagaunanislaauiiugaameiia gel electrophoresis Ll

HaN@s PCR T lugfiugnimnnd -20 e s ides
11



NAIANNATIAAALUOL DNA LAZIUIATBINAKAR PCR 18981 CHS
wuuANEuntaaulian genomic DNA waz cDNA  283nAUABNTANALAMENLAZTINAY
&RFLNNT fa83D gel electrophoresis WAY 11 agarose gel NAWAL DNA a998iunauangnsiad

o 1 a dld dl v 09" o 1 a o I}
NFARANIANIZEIULRINANAR PCR NRaunaNfaan1s wminladiin 0.3 nfu ldluvaenlulasioun
Fradawin 1.5 Fadans 1nnsuen DNA 1estuntaanlieanain agarose gel uwazinliiizgnafiaegn
A113a31] FavorPrep™ GEL/PCR purification mini kit (Favorgen, China) 1 limsaagauifBunnang

dl Y v [ 1 A % dl b4
DNA #ueinl5faan193nAIN199ANauLAY UAZAIRAILIANINYNFaIT83IuIAT8Y DNA Auenlffon

ATA gel electrophoresis AN DNA aasgiuuen i hliulugidiugnumn i -20 asaades

3.2.1.2 n9idanaadiu CHS Whdulraulisianimas pTZ57R/T

fwadn PCR 18481 CHS 7ilaauann genomic DNA uaz cDNA 18
NAUABNLIIUANYITINLATTINANARALNNT AEnunIE N ABREATA gel electrophoresis
wazinldiavbudn snidenseritlnauiiannines erluasadinnzidnauilaadlenduesty
CHS Alnauls Tnadanlilrauianninesdunanaia pTZ57RT (Fermentas, USA) waz\Hiaw sl
T4 ligase (Fermentas, USA) @assia DNA @nfu wanafia Fns@ensie DNA dniunanadin Tog
wseNanslunsialfisesune 20 lulasansdedlnisen Tuwaanlulasiiaduuin 200 lulasans
dsznaudag tndualunas 11 lulasdns, anrazanaiines 10x ligation unms 2 lulasanms,
wanaina pTZ57RT Wndiu 155 wnlunsunalulasans Bums 1 lulpsans, an3azanel DNA 18981 CHS
disndiulszanny 100 wluniusialulnadng 1ssnms 5 lulasang uazieulsd 74 DNA ligase dindiu 10 g
fim sialuTasans Banms 1 bilrsAms naniavsinlfdnfdneDie mmfuﬁﬂﬂﬂuﬁ@mmﬁ 4 89A7
wadaailunan 16 dalus Wnatafingnuanaesmanaiin pTz57RT U B CHS flaauliann
genomic DNA Laz cDNA 289nNaUABNLIINAN TN uALARALNNT Aty NANRNAGNEAN
a3t CHS Tignidensediniunanaiin pTZ57RT ula thalewdguueiide £. coli aneviug DHS
O #2533 heat shock wavaianaafingnuaniies WuLATids E. coli aresiug DH5OL i lKKaaga
anANANaNA High-Speed Plasmid Mini Kit (Geneaid, Taiwan) Lﬁl’ﬂﬁﬂﬂmm@@@um’]iﬁﬂﬂﬂm

Fudausesthuuazddinmsiansuianalendrestu cHS filaauld siesn  mmageunisiey
vesiudauiiu CHS Ailaauli lunanaingnuanmestiu CHS funanafin pTZ57R/T Hatn simiae
uladAnd Iz Xba | waz Hind Il Tnawsizenanslunieiisaniuins 20 lulasanssied e
WAZMIATIARELINANARAgHANFIemATlA PCR Amadeunsiiegaesdudaudy CHS filnauld
Tunanadingnuanaesiiy CHS fuwatain pTZ57R/T fawmatin PCR Tnaldlwsiwes CHSF_

forward primer uaz CHSF_reverse primer vinlagisidenansuazyinlfiisen PCR aniuiinanas
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PCR 7lAlUmnsaagevaunesuan@n PCR aa98iu CHS Tunanalia Aaenatia gel electrophoresis
o A dl U a o o a = 6 o o a
An@anipaugniiaseaalingnuan a1ua 3 taau dmanalagnuanaestiulifinmsia A

apalalnsineld universal primer A M13F way M13R

3.2.2 M3LAAUEY flavonone 3-hydroxylase (F3H)

AuAszEuLN9dIUT89 F3H AN cDNA quatiAlusqadinas U
TREPPLNT  wazlnueifymen Feadffenfienfuiuinameflafiaume e iisun
Hondsuayindedu F3H luguatiiuaslyamd noauentl 1) whauliTeenfidens
wnms 20 llasamsiivlsznending dH,0 hwnns 8 ailasaas, 10x Tag buffer anms 2 lnlasans,
MgCl, 25 faaluaans dsuns 2 lulasams, dNTP 10 Sadluaand thnno 1 Tulasdns, cDNA 189
quatRialnuaAAadndy 10 wiluniusalulasdns 1Buins 1 lulesdns, Tag polymerase
(Fermentas, USA) 5 giinsialulasans innn 2 lulasdns, F3H forward primer dindiu 10 lulas
Tuaans 2 Tulnsans waz F3H reverse primer Wndiu 10 lulasluaans (M3 Euand 1) 2 Talasans
wenansimeldiusentna 200 bilasans - udnilUidRTRendanwtes Adenilans
e iuazi AR LLTBLIRGT 1) pre-denaturation Tigauugil 94 esrnimaiEs WL 5 WTt 2)
denaturation Tigmuafl 94 BATAITLE W1 45 ATl 3) annealing TigRuwgil 58 BaAiTAITLE
w45 AT 4) extension iGN 72 esrnigaded w50 U g ludunewd 2 B 4
31u91 30 791 KA 5) postextension gl 72 asinTaidea Wi 10 Wil e liteyad iU
analelndueddudaniy F3H HNNBaNULL
Infefaiindamazsefiu F3H e lddmsunisduamsiiu F3H wnfudulon SMARTer™

RACE cDNA Amplification Kit patl
3.2.21 msz‘i’\nﬂmxﬁﬁu F3H ‘VI’NG?IJ’IN‘L]@’]EI 5

FUALVEN F3H v9sulane 5 (5F3H) aan 5RACE cDNA 289
auaTAusigedinaMednameinInianisres SMARTer" RACE cDNA Amplification Kit
(Clontech, Canada) #newmAlla Nested Wdans ﬁﬁluﬂuﬂﬁﬁ?ﬁmﬁ%m?ﬁﬁ 2 dumew Tumemusn
5RACE a5 Wlnsiuesiilumiadinisions 5 adaptor A UPM primer (SMARTer™ RACE
cDNA Amplification Kit) $aufulnaiesidiinumiadluFondiu F3H Ae 5RACE GSP1 primer
sauandlunn 3.1 Taeld 5RACE cDNA aasquatfmusiugedinasidupiduefiuuuy  wiaey
UFeenittenfhufunns 50 Tulasdne fulsznendon dH,0 Wi 325 lalasang, 10x Tag buffer
f5unn 5 ulasams, MgCl, 50 daaluaani 1iunns 2 Tulasams, dNTP 40 dadluaani 1iunns 1
Tulnsamns, SRACE cDNA aasquatifmusmqadinasnaaudindny 10 wluniuselulasdng
1Buou 2.5 TulAsans, Tag DNA Platinum (Qiagen, USA) 5 giilmsialulasans 1iunm 1 lulasdns, 10x

UPM primer 5 lulpsansuay 5RACE GSP1 primer 10 llasinaand (mns19ewani 1) dinnns 1

13



|
1% A

lulasans uangniomalidnmduvaenana 200 lulasans ulatinlUindfienfaniiaia
21§ snﬁmﬁfqmiéﬁmm@qmmmmﬂﬁ%qmmﬁLL@::ﬁmumf%mquauﬁﬁf 1) ﬁfqmuqﬁ 94 a9An
TALTEA WK 30 AN 2) ﬁqmmﬁ 72 QIANIAEES WL 3 U7 SinduneuT 1-2 1w 4 ey 3)
figuunndl 94 evAnisaidiua wn 30 Al 4) Tigoungi 70 esgadeg wiu 30 AunT 5) Higuund
72 asrniaided w3 Wil Mduneud 3-5 1w 4 701 6) gl 94 eATATHE WU 30
Al 7) Fgnunnfiszudng 50-66 asATaea wiu 30 3undl 8) Tiguuund 72 evAgaiden Wi 3
wnit Mndumeni 6-8 41uau 30 seu waz 9) TgnugR 72 esAEAdE WL 10 WIT ATIAGEL
1WIn  AduleIsInandAaNdanifiemalla  aznilsalaagianina Watal FeunauiuunUABWe

N33 U 1 Kb DNA ladder (Fermentas, USA)

antuinananigenfandjiienitenfanduneuusnilvaeun
138219698 tricine EDTA $iei§n9aau tricine EDTA @ Nan@snGen3 (49:1) udathanlfidumidue
suunn il feniiteniiuneuil 2 dadunein§iaiTefuun Nested fgens doslwsesd
§uluiimnns Sadaptor An 5 Nested primer foufulwsiuesnaldumisdu gy F3H Ae
SRACE NGSPA primer (Ml 3.1) wittnnlfenfideumfanms 50 lulnsans filsenaukan dH,0
37.8 lulasams, 10x Taq buffer 15nm 5 Tulasans, MgCl, 50 Aadtuaais iunn 2 Tulasams,
dNTP 40 findluaand tiunm 1 kilnsdes, nauanide s SRACE F3H fidearslu tricine EDTA
snnou 2 lulasang, Tag DNA Platinum (Qiagen, USA) 5 aiisisialuiagans 15unm 0.2 Tulasdns, 5
Nested primer 10 lulasiuaand d5unos 1 lulasams waz SRACE NGSP1 primer 10 lulasluaan
(mm\mmﬂﬁ 1) 1Bunow 1 lulpsams Lanas N uaastun 200 Bilnsaas uiativll
Fulfendaenesiaenaiiamen livatsgungilasRegnmniuassuas wausans 1) 7
o0l 94 avATaion W 30 AunT 2) Tgnugl 72 esdndaidea W 3 und ndunewii 1-2
d1uau 4 18U 3) TigngR 94 esAnTAEEA W 30 AT 4) Tguundl 70 evdTaTug WL 30
Al 5) Tignuugdl 72 asATaEEg W 3 W7 RrduRewT 3-5 S 4781 6) Hgnumnil 94 asAn
aiEea w30 3wl 7) g Rszidng 50-66 asriTaiFius Wi 30 3w 8) fignuundl 72 asen
aida w3 unil Tindureuil 6-8 41191 30 7811 uax 9) Mol 72 asinimaidud wiu 10 W
FINAABLIILNARAIBWE TasNaNARNTaNsAqmATiAsrN lsalaasian s IneTau Feuiauduunuf

\BULBNIMIZIU 1 Kb DNA ladder (Fermentas, USA)

14



UPM primer

— 5'RACE NGSP1
H

%

5"RACE GSP1

5"Nested primer

MR 3.1 Fudimadindusedinsmefitonilats 5 adaptor (UPM  primer) dfulwsiedial
ALl BaEy F3H (5RACE GSP1 primer) wazlnsiuainauluiiBne 5adaptor
(5" Nested primer) $auiuInsina AR A wded s lutizinnigu F3H (5RACE NGSP1 primer)

-8

Tunsdanssiiein F3H Uatefinu 5 Aaenlfiisen Nested Waen3
3.2.2.2 NMsAWATIENEY F3H NMasmulane 3

Fupmedit  F3H  maeAnudant 3 (3F3H)  Aeswmaila
fgans TnelflnsmefduumBinn poly A tail A8 Oligo-dt primer $anrt/Inawas AT A w1l
Honfiu F3H Ae F3HS primer (i 3.2) wiantlifeniiganMukuas 20 Tulesdng 7
sznaudae dH,0 auan 9.5 Tulasdams, 10x Tag buffer 1unm 2 lulmsdms, MgCl, 25 Had
Tuaand snnn 2 lulasams, dNTP 10 Hadluaand innn 1 ulpsdng, cDNA quatAusiigad
TnasAnudingy 10 wnlundumelulasdns Usunnu 1 lulAsdmg, Tag DNA polymerase (Fermentas,
USA) 5 atipsialulasans 15u10s 0.5 lulasans F3HS primer 10 lulasTuaand tiunn 2 lulasdns
waz Oligo-dt primer 10 lutasluaans (AN99EuIng 1) 1Bunns 2 lulnsane sangnsvimaliiingy
luaenaun 200 ilasms uisin e duwiesitelaesgmmnivaziuuas

a

o & A = A o = ~ =
TAUANL 1) NYUNAN 94 avANEALEEA WK 5 WA AU 1 78U 2) ‘V]’qm‘ﬁgﬂ 94 AIANLTALTLEA

a

1
= =

WU 45 U 3) NAUN

q a

{60 avAEaITEA WK 45 TUIN 4) NEINNN 72 B9AEAITE WL 50
N Mg Tudunaun 2 09 4 AU 30 90U AT 5) NANMAN 72 BIAEALTA WKW 10 W

a @ a AA oY a a o = = o =
FIIRALIWANBUIBTBHANRANTa St matinaznn Tsaiaadidn Tns TWedansa e uiuwnus
Lﬁummmgﬂm Kb DNA ladder (Fermentas, USA)

Poly A tail

e, e
F3HS primer Oligo-dt primer

MW 3.2 AulainsdinduresnsuesNAuLNLEIL poly A tail (Oligo-dt primer) $anrulwsimah
Aaundedu B noEy F3H (F3HS primer) Tunnsdamsziitn F3H daednue 37 fae

-8

Ufnseniigens
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3.2.2.3 m'a"ﬁemmzﬁﬁu F3H LSNL'E‘N

WA Gy (start codon) uazsviaem (stop codon) andiaya
20981 F3H nednulane 5 waz 3 Tneldldsunsn GENSCAN (http:/genes.mit.edu/GENSCAN. html)
aniueenuuL s RN stop codon el lunsduaseitu FaH luguatAmu-vqadinas
UnnaAdnaLangualynaAymean foedfisengenilngld 5RACE cDNA 2e9guatifimus
varudlnad  WamAdenuenaviterumiyneinidufuowas i Inomefid Aumduon
5adaptor A8 UPM primer ihedaamesiiiu F3H wazda1a9d 5' Untranslated Region (5" UTR) $asriy
TnsiasREiRumied 3190y stop codon 188l F3H A F3H stop primer nufisenTulzunms 20
Tulnsams Titlsznaudas dH,0 1Bunnu 9.5 lulAsAng, 10x Tag buffer 5unn 2 lulasans, MgCl, 25
Haaluaan sunnu 2 Tinsdms, dNTP 10 Hadluaand 1iunns 1 llasans, cDNA 5RACE auatnf
wusngedinasanudingiu 10 wluniusielules@ns 1snins 2 Tuinsdms, Tag DNA polymerase
(Fermentas, USA) 5 tilaisialulasans 15u10s 1 lasang, 10x UPM primer Uananu 2 lulasang uaz
F3H stop primer 10 luiasinaans (mm\immmmﬂﬁ 1) 1Bunw 0.5 llnsans LEgsTRN AT
Tumaanann 200 Tulnsass LLéqﬁqVLﬂﬁﬁﬂﬁﬁ?mﬁwLﬂ%dﬁ%mﬂmﬂsﬂqmuqﬁumﬁmumﬁmu

a

FOUASH 1) NAUUNN 94 aeATEATEA WL 5 WIN A1ua 1 781 2) NaUNN 94 avAmaLTEa

u

= ~

WU 45 U 3) NYUNNH 58 BNANIATA W 45 FUN9 4) NRUUOH 72 a9ATALTA W1 50

UM Mdluduneui 2 D9 4 AU 32 99U uaz 5) IRMUYN 72 evAEAEEA WY 10 W7
a & a a4 Y a a = = o a @

A3 A LIWIAAEBRIBINANA AT DNT At inATinaz N lsaaaaianins T au FuLme Ui UL UAIEY

NIMTFIU 1 Kb DNA ladder (Fermentas, USA)
3.2.3 & chalcone 4’-O-glucosyntrase (4'CGT)

FuAeiEll 4CGT a1n cDNA 1ednaLRanauianIdm@es Taesidey
Ufisenigensiiuang 20 lulasans Uszneusas dH20 Bume 12.8 Tulasdns, 10x Taq buffer
1B 2 lulasams, MgCl2 25 Aaaluaans Wiunnu 2 lulasams, dNTP 10 Aadluaans 3unos 1
1ulasans, cONA TesnanABNALTansAAdindy 10 wilunfudelalasdng a1 lulnsans,
Taq DNA polymerase (Fermentas, USA) 5 aiiaisialulasans isnnn 0.2 lulasdns, F-Bam HI-
4cGT 10 lulasTuaans 1B3unns 0.5 TulAsams wazr R-4'CGT-Sac | 10 lulasiuaans i 0.5
ulasans Tnarguuniuasinuuas uaLsaUsil 1) pre-denaturation Hgmuvnil 94 asrniTaidaa
1 5 Wfl 2) denaturation Tigauigil 94 asAnLTATEE W 45 A 3) annealing Tigningi 60
asATAEEA 1w 30 FUT 4) extension TigugR 72 asAnTAEEd W 1 W g luTunewd
2 4 4 411914 35 901 UAZ 5) post-extension TigrMndl 72 aeATATEA WL 10 W
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3.2.3.1 MSASIARALNANAANTAS (PCR product) AdsnAtlAaznIlsa
laadlaniasiwGas

AMAAALALNAR a7 15 Ineinnacapidans By 2 lulrsans nauny
10x loading dye 15une 1 lulasans waztinnaus@eiBuin 7 winsdamns uwiaveenasazans
:; 1 v v & L 1 b a @ dl dl
nanuaadlunguaasiEiaaaznilsannudindy 0.8 wWaidusd Uaasliiluanavenidueinaau
lurresdiannsaanusamaaunszudliin 100 Taasidunan 45 w Tnafansazans 0.5x TAE
puffer usanawlunstinnszualinlpenBeuneuiuwoundue 8msg e 1 Ko DNA ladder
(Fermentas, USA) fianaalugnsavarsiasinasnlusingansdinds 0.5 lulasniuselanamns vl

al v v v 09/ ol/ = a @ v dl
DAY 10 WA wdd9FaetNATunaY 5 W AMARUOLLATILIATBIAIBWEAHLATEY UV

«
a

transilluminator MNTuENALEUEDNANIAALAZYIN LZGND

¥ a

3.2.3.2 NguanmLautaaIntaalazii 1Lz ans

Q

AL UR ST AT EeanT s laiAn 0.4 nFu 14
hvaenminn 1.5 I6AART TnsanAREeaenaNARLeSIN L RAYEAEAEN19Tes FavorPrep™
GEL/PCR purification mini kit (Favorgen, China) Guannldiilines FADF buffer 1Runns 500
ulasans sl Wiaoabeuiignungfl 55 esrnaaidealiuann 10 wifl siveaundaaazazaneman
(wanuaen Winassaen T 3 1) Lﬁ@Lﬂzmm”mLL&’Q‘L%%%?L%‘L%Lﬁuﬁqmmﬁﬁm (Wazanns 10 w)
arld FADF column figjLin collection tube wiatinliliuwissfianauida 6,000 savsauniiduingn
1 107 dIUANIATANEFIUEITY MRIINITAR wash buffer 1hund 750 Tulnsane uarinldity
WAETIANEY 8,000 seLAeUTIEINGaT 1 U mduaNsaTAnEE AT anmiuin e
A7 13,000 seuUsaLNTThaa 3 1Tt el column wita anntiding column Tdaslivanatune
15 finAAns waanansaniugu elution buffer i 70 asangaiaailunan 15 il ifin elution
puffer 5unas 50 lulAsang a9 nninaeuHUNIas8q FADF column daiald 10 undt uatinluliiu
WREAANE 13,000 saUAUNTITWIA 2 WiTl ieTYR B aaaeRItNA 1.6 TadaRT FUAIEWLe
1RqvisTignmndl 20 sAimaded

3.2.3.3 nMensraanFamuaTANNALEWeLEENEfEMT IR

aANAuLAILAzIATiAaznlsalaadlanlas WS Td

1‘1'1?1L%L@ﬁ@ﬁﬂﬂiﬁﬁﬁ@]mﬂauumﬁ' AYENIARAL 230, 260 WAL 280 141
Tums (A, A, e A, ) neiReansiiEueiidndau 1:100 FiiuetBinms 1 llnsans uaztindisin
FertBinns 99 Tulasdng) ﬁLﬁuL@ﬁﬁmmﬁzﬁm%fzngﬁm Ay/Asy HinTnErizantiszudng 1.8-2.0
(Sambrook et al. 1989) WANgANAULATTRE TSR EueaNANNg

ranupdue (lulasniusalulasdng) = A, x 50 Tulamniusalulasans x

AMIINTIADAN
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ﬁﬁﬁLﬁuLﬂu?@méﬁuﬁm 2 Tulmsdms maniy 10x loading dye 1Bunod 1
Tulnsams wazinndugin@etiunns 7 lulasans sanliidniuudainlamageniaemeila aznnlsa
RaBlan s AL LM LAUUALABeNIMTIIU 1 Kb DNA ladder (Fermentas, USA) fiaxiaaluy
ansazanened wenlusludanuidintiv 0.5 lnmniusefiadans e 10 17 udadnadasinndu

g 5 17 AIRnuLLATIWIATESALEWAYLLATES UV transilluminator

3.2.3.4 MRS NALAUARLNANTZUINNEUNAAATIZR AN LINAER A
pTZ57RIT

ThAueAqvsrewusaziudensetinaain pTZ57R/T
(Fermentas, USA) fotiaulasl T4 ligase (Fermentas, USA) wizent/ffisenluifiunms 20 Tulnsans
sznaudiag dH,0 15n1ns 13 Tulrsans, 10x ligation buffer taunne 2 lulasdns, amas pTZs7R/T
A iadiv 155 wluniusialulasans Bunns 1 Tulrsdng, Aduesestiu 1Banm 400 WnTuniu uas 74
DNA ligase 10 giasialulnsdng a1 lulasdms nasvaaa i iaganluvaeatna

200 ulAsans uaziinfiaamni 16 avAaaliaaluggn 14 dalus

-4

3.2.3.5 mednalaudiauiasnanaNiinguuaicie £ coli #1eWug

q

DH5Q

dhelaufduearanandinguueie £, coli aneWug DH5QL Foedn
heat-shock ANHATN19184 Sambrook et al. (1989) éM@ﬂﬂﬁﬂ competent cell WUANEE E. coli @nsl
g DH5OL indAuuiudadiuiean 30 Wit anduRamsueantnan sanns 10 lnlasans i
Buwiudafuaan 30 Wi udailisfigomgi 42 ssrmimadaa win 90 3undt densuinaan
untiud i 2 Wit denvnsivan LB (Luria-Bertani broth) 1hangs 400 lalasams vinlihaeing
G 220 seuseud Agnmadl 37 evnadualiungn 2 4ol anduhansiaausesizadly
natLUevNSaAR@Ren LB (Luria-Bertani agar) ﬁﬁmﬂﬁ%quumuﬁ%'ﬁummL%]N%]u 100
lulasnfusianaaans wazld isopropyl-B-D thiogalactoside (IPTG) U3nnes 4 lulasans uay 5-bromo-
4-chloro-3-indolyl-B-D-galactoside (X-gal) 0.1 Tuaan3 Anudindiv 20 Hadniusialaaans LEunns 20
Tulnsans nABasULRMTieINIdWSLNTsARAeNEaEmMATA blueivhite screening LinanwAeiEe
figuund 37 evrnmadeadunan 14 Falug faideninlafifeallideduemeainas LB Afien

Ufdouzwendaummdingy 100 lulasniusieliadans wenfaaAdnuigs 220 sausauil #

gomnd 37 avAaiioaiunan 14 4aTus

3.2.3.6 N9ANALENALAULARIANANINNULANTS E. coli mﬂﬁuﬁ:
DH5CL

UENANARBUIRANENANAINATNNTRY High-speed plasmid mini kit

(Geneaid, Taiwan) TnagatasuuanGeldaslunaanauin 1.5 §aaans Tudesiiaugs 10,000
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30UAAUTATINNAY 1 W7 uazmanIazanelaia Hin PD1 buffer NiduBunns 200 Tulpsans avans
wagfoan1sthlniuasanlidindi N PD2 buffer Nguugd 37 esAgadaa 13N 200
Tulnsdns uaznanuaenlilun 10 A3 Asiielingninniidies 2 Wi A ntiwsn PD3 buffer aunns
300 lulm9ams waswaNUaamyiud 10 A5 wazsinldTiuudesnaaude 13,000 2a1A01NNLTI98N
3 Wl ansiugeansazanalatinnm 600 lulasans aglu PD column NagLu collection tube FsHia
18 15 w waztluwnaasianINde 6,000 $aUFARRNNILNAY 30 AUIT NANTAZALATUANNTY LHN
W1 buffer 1311w 400 Tulpsams fanald 3 w1 tTuineesnianiuida 6,000 sausauiiiluman 30
AU WA1TATAFIUANTY LAY wash buffer 1Bu10s 600 TulAsan? A971E 3 WA tTuneed
ANHIEY 8,000 7aUFARUNNLTIWNAY 30 AW WNE1TazatAIUANIRe TuRsiANEY 13,000
\ = A A aw ey , A aa
AUABWNINLTIRNIAT 5 W7 ekt column witawanting column hasluvannauin 1.5 Naaans
waan inWsaniLgu elution buffer 11 70 asAa@aailunan 15 Wl Wix elution buffer 15unns
50 lulAIART AYLFNMNANY filter 189 FADF column faiald 10 wif wanunldthiundeaianuiEg
! - PR A E i e = &
13,000 AUABUIALTUIAT 2 U INETLABUARNLNANAIUARAULNA 1.5 NABART HLUAIAWLAAE

HANTIUUYH -20 DIANTALTEIR
3.3 NNFATIARDUNANERR pTZ-CHS, pTZ-F3H, pTZ4CGT
3.3.1 AgragauAlljnsenNdans

finlalaildansesuuaficy £ coli mewug DH5OL Tiansiemsiinanaiin
pmAeLiudauTesiu CHS, F3H, 4CGT HamlfeniiteflguiendiTen wkuns 20
Tulpsams Usznaubios dH,0 15nmu 10 lulasans, 10x Tag buffer 5u1ms 2 Tulasdang, MgCl, 25
Aaalnaad e 2 lalasams, dNTP 10 Aadluaans Buned 1 ulrsams, Tag polymerase
(Fermentas, USA) 5 giiimsinlulnsass 15un 1 lulasdng, F3H forward primer 10 Tulasuaani
1B 2 13i1rsARe Wax F3H reverse primer 10 lnsTuaans (Asvsiani 1) 1iunas 2 lilrsans sax
ansvanue dnluaeatunn 200 Tulnsams wiatin iU e feniisasiiteniemnmniuas
ﬁmumfiflmu‘ifauﬁqﬁﬂ pre-denaturation ﬁfqmu@]ﬁ 94 IANTIAIEA WKW 5 U 2) denaturation
fignuugi 94 asAnumaied Wi 45 3unil 3) annealing figauil 58 asAnaiiea wiu 45 3unil 4)
extension Hnuvinil 72 aATaiTes 1w 50 31T Tndnludumeud 2 e 4 1w 30 78U 5) post
extension TignMQR 72 eeAnaliua Wi 10 Wil AMedeLTINA AEueTeINANARRTENTHE
wetireznibranasianinsiitanFey Meuiuunun@ueninsgs 1 Ko DNA ladder (Fermentas,

USA) wanlaauigniiasingdainsziansuiionalenslaald universal primer A M13F uaz M13R
3.3.2 NMsngIagauNAERAAE LU ldlAAI LN

paaaaaunadlawiarTiafaeulmiins gl iseiuins 20
Tulpsans Nlsznauiae dH,0, 10x Enzyme buffer 2-4 Tulasans, waradinponuidindiv 1 Tulasniusia

Tulrsass 1 ulnsans, wulgifsaniy (Fermentas, USA) 10 gilnsialulasang tiunnaiiagy 2 unit
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nanliidiniuluvsenauin 1.5 Hadans Lnnguugil 37 asamadaaiiungd 16 4ol nmaaay

a @ % a a = o A dl % o | a 6 o v a a &
nnenduasicamatireznlsansadnlasineda Anaaninaungniiesindawasiaisuiionalang
Imeild universal primer A8 M13F LAz M13R

3.3.3 msaaTevanuilonalalnauastiu 84 chalcone synthase (CHS),
flavonone 3-hydroxylase (F3H), chalcone 4’-O-glucosyntrase (4’CGT) mﬂau"lﬁmn'quwma
IUANREAINAR UNNTAARALNT WAz AUMNYEN YFananauNIng nugiutaya

mIvaaauaALtiaralafEu CHS, F3H, uaz 4CGT ffugudiaya GenBank
aaatulas NCBI (www. ncbi.nim.nih.gov/guide) tmaldlilsunsa BLASTN (Basic Local Alignment
Search Tools Nucleotide) tWawAuLlafifusimumien (% identity) 2eeululnuas quaTif
4 P v 3
uwariTaw] NHseuliluguieya

3.4  NSANHINISUAAIRANURNEW chalcone synthase (CHS), flavonone 3-hydroxylase
(F3H), chalcone 4-O-glucosyntrase (4’CGT) ‘luilnutif auadns uaznanaulans

[
341 N9LATENANTIAULE

UANALABNYDILYNTER HLATA sieawatans Horlulnsiauman Mnmearipens
\BULEANNATNITURY Invitrap® Spin Plant RNA Mini Kit (Stratec molecular, Germany) L?;;“Mff«]'mﬁlm'mr]
AUAANTRIMNTIR UATR WBeRsTans 1Banod 100 Badnii fannsaimeniidue $rindiuie ua
fiAsnz9f cDNA mndsde 3.1.1-3.1.4

342 AnEMSUARIRaNUadEy 88U chalcone synthase (CHS), flavonone 3-
hydroxylase (F3H), chalcone 4’-O-glucosyntrase (4’CGT) 'Luna‘l_lﬂ’aﬂﬂ‘lqwma quamﬁ WIARY

N9INT ALLNALA reverse transcription polymerase chain reaction (RT-PCR)

i cDNA fifaanzilFanniief 321 unliduiuunluliTedtens e
Aenl¥ Insuesatisumlsst i Bundiusng exon i Aelwawes CHSA forward Waz CHSA reverse
A WFLE CHS wimes F3H SensefF wazlnawas F3H Stop & usie F3H Iwswes F-Bam HI-4'CGT
uazlnfiues R-4'CGT-Sac | 4 wFLEu 4'CGT nfwas F-Spel-AS wazlnfiuad R-AS-Nhel d115ugin
AS (mmwmﬂﬁ 1) Llﬁﬁ‘ﬂuﬂﬁﬁ?ﬁﬁlﬂuﬁm’]m 20 lulpsams dseneufien dH,O 1Bunns 11.8
Tulasams, 10x Tag buffer Usnnmu 2 lulasans, MgCl, 25 Sadtuaan? sunns 2 Tulasdams, dNTP 10
Haaluaand Bnnns 1 Tulrsdss, cDNA 9091uTNG quUaTiF beAuTens Avnadindiu 10 wilung
sinlulasams 1Buns 1 TulAsdms, Tag DNA polymerase (Fermentas, USA) 5 aiilasialulnsdss
15304 0.2 lulasams, forward primer 10 lalasluaans Uannns 1 1ulasans uwaz reverse primer 10
TAsluaand (mm\mmﬂﬁ 1) 15und 1 lulnsams LA alaenTnn 200 alasans Widni
wka il enfaartesiitenflnaignmnRuazivussuausay §9il 1) Hguvnd 94 e

1
P a

SAEA WL 5 W AU 1 98U 2) QNN 94 avAalid Wi 45 3uW 3) Ngmuund 58

q a
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' v v
= o

BNANIAITHA WU 45 FUNN 4) NEINNE 72 9ANIAEIE WKW 50 AU Mg Tuduseun 2 D9 4
RTUIU 28 78U UAT 5) NGOMNN 72 B9ANEATER WU 10 BT AIINERLIUIARAEILETDINANRANT
adfnamatineznilsalaadidninginits  wheunsuiuunuAdweNImsge 1 Kb DNA  ladder

(Fermentas, USA)

3.4.3 mMalsaunausununisuansaanaadtiu chalcone synthase (CHS),
flavonone 3-hydroxylase (F3H), chalcone 4-O-glucosyntrase (4'CGT) luUnnan5 auatif wsa

AUNINT ArELNATA semi-quantitative PCR

3.4.3.1 msdfuAnuidaty  cDNA  Enauliivinnusaljisenndans
Tneldeu 78S rRNA \Tlugiuansds

Usuanudisdiuaes cONA andia 321 lnaniaFeumeuiBunninis
LanseenTesEiy 185 RNA daiuiiufiendusenisdanmeilisfiunne humaduasdnsusasenn
annaneluiledefafefiReRtenlagld cONA teslyuri quatnd sideAwsiang iunm
ativar 1 ulasdns (uRdwesiuwuy wiesizenulaome 20 lulas@ns Uszneufos dH,0
finns 12.8 ulpsams, 10x Tag buffer aunns 2 Tilasdns, MgCl, 25 fiaaluaani finins 2
lalpsams, dNTP-10 fadluaand 1Bans 1 Tulasans, cDNA 109lyuend quasni siveausiens
sy 1 lulas@ms, Tag DNA polymerase (Fermentas, USA) 5 gilpsialulpsang 1fsunm 0.2
lalasans, 18-SF primer 10 lulasiuaans 13un0s 0.5 Tulpsdns way 18-SR primer 10 luimsluaans
(AN3aRLanT 1) 1B 0.5 llasing naNgsvasalidiniuA luaanans 200 ulpsans uin

1 v v 1
i lvindfAsandeeirsesiiaas TnefagmuuniuazAnuadiuauseusill 1) Nenuni 94 admn

1
= a

SAEA W 5 WIN AU 1 38U 2) NEUNH 94 avAaaiitd Wl 45 3UW 3) Neuund 58

auATAEEA U 45 A 4) gl 72 esrnmades w50 il T luduneud 2 e 4
AU 24 DU LAY 5) ﬁqmmﬁ 72 aaAEAEEA WK 10 U AFaRdasanALarAdNNdiNTes
LOLALBULETRNHANARNTRNTU89EY 18S rRNA Aamatinezn1lsaiaadlaninsniadBauiauiy
LLﬂuaLﬁuLﬂmmﬁ;’m 1 Kb DNA ladder (Fermentas, USA)

34.32 WsaunauifFununisusaniaanaass 84 chalcone synthase
(CHS), flavonone 3-hydroxylase (F3H), chalcone 4’-O-glucosyntrase (4'CGT) °luﬂvgwmﬁ AUAR

415 USBAUNING AELNALA semi-quantitative PCR

WRILMEUNSUAAIRaNTRIEN CHS, F3H, 4CGT lutluans quadis
isehuTans ForlseniTens Tneld cDNA Rldanniia 3.2.1 fifuearadadiulivintuuga Wua
Euesiuunlulfen semi-quantitative PCR tians 20 ulpsdns fidsznenkan dH,0 unm
12.8 lulmsams, 10x Taq buffer Bunns 2 Tulpsans, MgCl, 25 Aadluaans s 2 Tulnsdnsg,
dNTP 10 Hadluaani swnne 1 lulasamns, cDNA mesilvuand asnn 1 Tulasdns, Tag DNA

polymerase (Fermentas, USA) 5 ¢iiinsialulnsans sunn 0.2 lulasans, forward primer 10 ulag
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Tuaang unns 0.5 Winsams waz reverse primer 10 iasinaanf 5unny 0.5 TuiRsdms wauans
Hanalunaen 200 lulasdsns  dndusudaildindiisendeersesideniina g nimgiiuas
NIMUASIWINTELIATH 1) NGOIMAN 94 B9AmATEa WIW 5 WM AU 1 78y 2) Nguugi 94
B9ANIAITHA W 45 TUNN 3) NYMAN 58 BIANTATEA WIW 45 FUT 4) NEUNR 72 89
A 1w 50 W NEnduReWA 2 D9 4 49191 30 90U AT 5) NEOIMYH 72 eAEATEd WL
= & a @ 1% a a = =
10 W AmAgeLTIALAzAHdNanUR B wefamelinazn lsaaagdninseda wliaume
r‘fmmu?uﬁummmgm 1 Kb DNA ladder (Fermentas, USA)

35 NSEUSINISURAIRANARNEY flavonone 3-hydroxylase (F3H) wasdly chalcone
4*-O-glucosyntrase (4'CGT) lunaunanUvnuad auatia WsaduNansg

Anwminflvesdu F3H uazdu 4'CGT lunAunentnuni quatni sisedrulens Tng
NsfufannTuansaanIaIEY F3H 1isaEu 4CGT Batimalia antisense suppression (antisense)
v RNA interference (RNA) LazAnmnunislasuitlastasdnaunansaufunnsiandnanaesiy
F3H uazdiu 4'CGT

3.5.1  MefugINsuanIaanaasEy F3H luauatia uastiu 4CGT luman

(2
C%

AUNINTAELNALA RNA
875 flet msm‘éﬂuﬁLgummﬂwaugmmu inverted repeat
35.1.1.1 nisaankuulnsinas

tndeyasinuianalalndueddny F3H - lutyuaid
AAALeNTILNA 1,131 AiUa sneeniusnamesAviLnisduassiiudiumeddu F3H 2un 308 4
\w& An F3H SenseF primer (mmqmmﬂﬁ' 1) uag F3H SenseR primer (mmqmmﬂﬁ 1) %q@ﬂ”’uu
Fwtiafl 336 T4 644 T8961E MRNA 28481 F3H

Insiuain1glunslaautie 4'CGT Aa F-EcCoRI-4'CGT uay
R-4'CGT-BamH| 28nLLUANNANGLILIAURGEY 4 CGT (Accession number EF650015.1) YAIAUIING

(A. majus) N1e 11l GenBank (http:/www.ncbi.nlm.nin.gov) IagaanLiFALmMle 1,067-1,374

inpdtalng
3.5.1.1.2 MIRWATITRTURIUIRIEY F3H WAz 4'CGT Aael
Ufnzenidans
Aupanziidudouanstiy F3H 10 308 fa AN cDNA 7
o s = a o a & 4 v aaa N % A rd‘
funsnziannausentumRdaausnaluaduesu fnenljiseniaenitealflnswaih

aanuuuaInde 3.3.1.1.1 wisandienluliuins 20 lulasdns Nidsznaufos dH,0 inns 125
Tulnsdams, 10x Tag buffer dsann 2 lulasdamg, MgCl, 25 Aadaluaans sl 2 lulasdams, dNTP 10
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Haatuaans snnns 1 Tulrsdss, cDNA aasilnuanAdanusngaudingu 10 wituniusalulasdns
snns 1 Tulnsdms, Tag DNA polymerase (Fermentas, USA) 5 giisisialulnsang 15unms 0.5
lulAsams, F3H SenseF primer 10 lulasiuaand Ui 0.5 TulAsdams waz F3H SenseR primer 10
Tulpsluaang (mmwmﬂﬁ 1) 1Buas 0.5 Tulasams panasevne el iualuaen
i 200 lilpsams wkai iU daniiesiiend Tnefgumgiiuazinuaduoureysiall

'
a = a o =

1) NQOMAN 94 B9ANEAITHA WU 5 WIN AU 1 991 2) NN 94 AEALTEA WL 45

k1l q
' '
P a = a = = a

U7 3) NYUNAR 58 IANTATE WU 45 FUT 4) NGUUYH 72 a3ATaTEa WL 50 JuN7

Vg uduaaun 2 09 4 49491 30 99U waz 5) NN 72 a9ANEALTEd WK 10 WP ATIRAaL
a @ a aa Y a a = = o a @

1WARBUeTNHANARNT NS Faematirez N lsaaaBIdn Ins s TaL FaLinauiLuaLAELe

NM35 U 1 Kb DNA ladder (Fermentas, USA)

Mn3damsnziigu 4'coT Taald cDNA Wusuuuy Tu
1Bums 20 lulpsdms Usznaudion dH,0 sunne 12.8 lulasdms, 10x Taq buffer Funns 2
luTpsana, MgCl, 25 Aadtuaans hunns 2 lulnadms, dNTP 10 Jadluaans Bunns 1 lulnadns
. CDNA a89auTans anadiadin 10 sntunsuselalasans o 1 lulasams, Tag DNA
polymerase (Fermentas, USA) mansidindu 5 giinsielulnsdnsiiunn 0.2 Tulasans, Tnswad F-
Eco RI-4'CGT 10 lulasTuaans 1B3untu 0.5 lulasans waz Insines R-4'CGT-Bam HI 10 13¢Tm
Tuaan3 (mawwand 1) 1Buras 05 1u‘£mam ‘EmﬂmﬂmmuLmvmuummmm@umu 1) #

a a

AU 94 A9ANTATEA WIW 5 W 2) mmuqu 94 BNANTATEA WU 45 TUN 3) mqmmu

a
1

b

60 B9ANIALTHA W 30 AU 4) NGUUAR 72 BATALITIA WY 1 WA vindn Tudunaun 2

04 4 219U 38 99U WAY 5) NQIIUNR 72 BIANTATHE UKW 10 WIN LAZNBATUATULALIAY

a

tnllpragauruindudoustsulalagdsasnilsdiaaaianins inads

3.5.1.1.3 NM9ITaNADALEUARNSNANTEUINNTURIUS W F3H
%38 4'CGT NUNANEHNA pCRS

LENARAPLAUAANNLAARINATNTUE FavorPrep'™
GEL/PCR purification mini kit (Favorgen, China) falied 3.1.8 WdudauaesEu F3H 17U 308 A
w4 17'i1§”1mnmmﬁ”mLLﬂﬂiﬂmeﬁmmu@:@mmwﬁfmmifi’mm@umnﬁuumm:mﬂﬁﬂ@:mimL@@ELﬁﬂ-
TrstBTa annviurhdudauestu F3H 1isetu 4CGT 1unm 308 uax 307 FUA AMNAAL FHeuse
fiunAmed pCR8  (Invitrogen, USA) ImﬂLm?auﬂgjﬁ?mmmmiﬁ@mrfiﬂiuﬂ?rmm 6 lulnsams
1lsznauiage salt solution 138104 1 lulasans, wames pCRE innas 1 lulasams LavTugauEy
F3H sisaiiy 4'CGT 1By 4 lulnsans nanvimualiidinfusgnawnlusasaun 200 Tulasans

] nzll a = a
VNN UN N 25 asAalTeaLlunan 5w
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tinAme3 pCRS Miltiu F3H vita 4CGT unsnagl (oCRS-
F3H, pCR8-4'CGT) 1311ms 2 lulasams dneleudnguusiizy £. coli #1e%iig DH5OL faed heat-
shock ANAAaNNT189 Sambrook et al. (1989) Agaunfl 42 asPniTaded w90 Al udinuds
juflifuaan 2 Wil usndssupTFouuemneuds LB AnendfTouzanlantudedu moudad
100 ailpsnfusiefindans wiluafigouund 37 estsadea unan 14 dalus Anidenialaiifen
Whansluanamas LB denlffauzanlaibultdusaudivdiu 100 lnmniuseiaaans tail 37
asATaTea uazshanaua 220 seusieunTidunan 14 dalus arntiuinmsatauen naa
AARNAEN19289 High-Speed Plasmid Mini Kit (geneaid, Taiwan) Sadiaft 3.1.12 tmanade PCRS-
F3H vis@ pCR8-4CGT minaeubicefisenaarsinerindjisenlubuimns 20 lulnsams
sznaudiae dH,0 Bunns 12.8 lulasdms, 10x Tag buffer ina 2 Tulasdns, MgCl, 25 Aad
Tuaand Usunou 2 Tulasams, dNTP 10 Radluaand diunnu 1 lulasans, lnAmad pCR8-F3H e
pCR8-4'CGT Anudndu 10 wrTunsumalulasans Usnnae 1 iAsams, Tag DNA polymerase
(Fermentas, USA) 5 aiiisisialulasang 1Buins 0.2 lulasans, F3H SenseF primer 10 lulasiuaans
1Funns 0.5 lulasans way F3H SenseR primer 10 lulasTuaans (A13198uINT 1) 1Bue 0.5
llpsams wawansiovanlunsenidniuilunaantune 200 lagans wlavinliiufTendan

v
%

dl e a o o [ % da’ dl a = =
AT NTDNTLALANE UMD N LAZAITUUARTUIWIALAIL ) NYPUURAN 94 ANANTRALTLA WL 5 UIN

AU 1 99U 2) NN 94 BeAEaTEA 1WIW 45 TUT 3) NYAUNH 58 BIANIAITEA WU 45

U7 4) NQUUNH 72 samLEaLTEa Wit 50 AW N0 ludunann 2 13 4 a9 30 781 wAY 5) 7

AVNE 72 BNANTAIEEA WY 10 W AIAFDLULIARIAULAIRNANAANT AN Aot ATIARZNN T34

El u
=3

wadlanTnsiegaFauiauiuuLnuAEwaNIATg11 1 Kb DNA ladder (Fermentas, USA)
3.5.1.1.4 NMSASNALBULRRENAN pJASF3H ¥isa pJAS-4'CGT

Gousefutnsdaues F3H  vise  4CGT i
WANENA pJAWOHLS (mwﬁ 3.3 1§§UﬂQWN@1§LﬂiW:ﬁ@Wﬂ Sebastian Schornack, The Sainsbury
Laboratory UK) ﬁﬁlqLﬂuwmmﬁmzﬁw’fumm’éwgﬂLmu inverted repeat Ag1LliA3e LR (Invitrogen,
usA) nufmsenluiunms 10 Tulasdns dszneusinanwaiafin pCR8-F3H 178 pCR8-4'CGT
153704 150 11 IunFu nangin pJAWOHLS 1fasnas 150 unTunsu uazienlsad LR clonase 13u1mg 2
Iulnsang nasveunlidnduudotad 25 esrsaides Woan 16 dalus anntiilddounsy
s 2 lulps@ns dnalewdnguuaiits £.coli @185l DH5OL 1nedt heat-shock ANNABN9T8Y
Sambrook et al. (1989) Agnunnil 42 asAiTaidea et 90 3und LAHAEULIATI B LU NS
ude LB dinansfTousuenii@adunudindu 100 ldpsnfusefiadams dilivafigumnd 37
asnizadea s 16 9ol Aaidentalailifenllidaduennaman LB fifuanfiauzuend
FaauALdid 100 Tulasniuseiadans Unf 37 ssAmaldes uazitndasanui3a 200 sase

W et 14 dalug ansiinnsaiauennataianNaon1saee High-Speed Plasmid Mini Kit
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(Geneaid, Taiwan) Fsdiaft 3.1.12 ATIAGALNANGTIA pIAS-FIH 1158 pJAB-4'CGT RlAaeiawlmsip
AWML Hind Il &5 pJAS-F3H visalawlad Hind Il $aufU Xba | 115U pJA8-4'CGT 1Rz
dnsenluuams 20 lasdns dsznaufon dH,0 sunns 16.6 vive 16.8 lulasans, 10x Tango
buffer 504 2 lulAsang, pJAB-F3H 138 pJAS-4'CGT Anndindiv 1 Tulmsniumalulansans Uaunn
1 lulpsams uaz 10 glimselulnsansenladindnmizating: 0.2 ulnsans wanasliidiniunly
NABATUIA 1.5 NAAANT ﬂuﬁfqmmﬁ 37 asrniadaaidung 14 dalusuaznmaganaaiifue
prawmplinazniisdaananingida  Undnnszdatsuiaanlenalaeldlnsmes F-IntronpJA8
uay R-IntronpJA8 (m@’mmmﬂ'ﬁ' 1) fieenuuLANAfUTaAa e InfiBn B uATa ULLNANETA
PJAWOHLS

Lo
E =L @ E 7 4 E D
[ W o, P 4 1 =
E -0 s By intron ccdB CmR s -%_g 1
3 % 2 E w3 E
3 (t_l:; a “o s

pJAWOHLS (Inverted repeat)

9,019 bp

————————— Right Border

AnA 3.3 TAseasneueanaafin pJAWOHLS

3512  masmelaunidwaseangudngazinsuuniitdan (Agrobacterium
tumefaciens) 81aNUE GV3101 (AaLasaindsnisuas Sambrook et al 1989)

= o = o dgl Al a al

wrtNAsAaNNIW lnuidasuuABuazinsuuANEeN (A,

tumefaciens) anaug GV3101 luamnamag yeast extract phosphate (YEP) 7dAnanslfjdous
Tourluduifsunn 20 TulasnFusafianans wenfin0uBe 250 sausau? Mgl 28 a9
a e e 12-14 dalus andugaaisunauaatimasiinin 2.5 Jaaans laasluaisman
LB 1f5n10u 250 HaA@R7 Len7iA0nui3 250 sausauni Ngnannil 28 aeAmaitioa aunszidlien
AANAULAITIAYINENIARL 600 WITLLNAS 331979 0.5-0.8 UNAAN IHNTUANAZNAUN 4,000 90UsE
W9 Nuunil 4 asagaies uean 5 Wi gaasavaslafuuuis avatanzneusan glycerol
Adingiu 10 wlefidus 1Buu 50 Hadans Wldiunnazneui 4,000 seusau? Neuugi 4
= a o 09; % Y v o o
avAEaLEea unan 5 Wi A1uau 3 AT avaumznausan glycerol A NLdindy 10 wadidus
504 1.25 Aadans qafinsuisldanaenlulasaussfodawin 1.5 Jaaans Uinnm 50 lulasang

WAUT -80 a9ANLTALTEIA
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talaunAeas pPJAWOHL, pJABF3H ¥isa pJAS-4'CGT Windasing
WUANEINANEWUE GV3101 AoeT electroporation Buanimanalin pJAWOHL, pJASF3H vite
pJAB-4'CGT mnudindu 1 Tulamfuseluladms Wi 1 lulasans ldasluvasnaunn 1.5
AARAMT HNBIMIWIAT YEP Broth 1Bu1ou 1 NaAaRT Lazlin competent cell 1a4aingiumfzes
aeiug GV3101 1Bnw 50 lulmsdng nan i fuethauudarinlug ludude APANS
LanuaaeLTaaT el fuldaaly electroporation cuvette Rifiulaziin electroporation cuvette
Igaslustes electroporation Inelaee finszuainsuansuanuneeaad mmfu@mma?umu@ﬂﬂ
[TaRaANAN electroporation cuvette ldaslunaanauin 1.5 Naaamns vl e finanuisa 250 sau
siavnd figounafl 28 esAmadeadung 3 dali andurhansueauaesadldtuwiesd
AHITITAL 6,000 saUsauTINLaT 5 Wi gaanseenifinan 950 lulasans udtazans
pznaudaans it ngaiuasing amiuddllinaeuuusennauds LB fienjfausueniaag
waudindin 100 lulmsnfurelanans waslsuluidumnudingy 25 Tulasnfusetiadans
Banns 10, 25 uaz 50 lulasans seamudeade sadesdelliafignumaf 28 evrmumadea iy
a7 36 dalis Andentalaflifenlnmaseufae oo fuasmedineznlsaaadidnnetng
FaufFaLneUiUWILRAELENINTTIW 1 Kb DNA ladder (Fermentas, USA)

352 NISEUENNISHAAIRANARNEY F3H 1ty 4'CGT luaanauNansLuy

dIAF1IAEAE Agro-infiltration

suufizeazinsuuefiden aeiug GV3101 Aiflnaralia pJAWOHLS e
pJABF3H HNgnaunenquaTR LaTNANGRA PJAWOHLS Ve pJAB-4/CGT Wrdnaunenauians
MeAnmuiifiuarmsuaneantestiulneuBeufisuainBannnisidnseenaesiiu F3H vise 4CGT
sminanaunenalEFunaz 185 naNain pJAWOHLS, pJABF3H 938 pJAS-4'CGT

3521 mamsannuaiiGaesinsuuaiGan  aawug GvVa101 A%
WANRAA pJAWOHLS, pJASF3H 138 pJA8-4'CGT

Agauurideesinsuuafidonaneiug - Gv3101 7 wanafin
OJAWOHL, pJABF3H 1158 pJAS-4'CGT mKAannsums Zottini et al. (2008) laeiaeluevnaman
YEP FiingnsdfFauzuenfidaduanuidindiu 100 Tulnmnsusiefindans waglsunaidunnadud
25 lulpsniurielaaans ﬁqmmqﬁ 28 BNANIAITEA WAZIUENAYEANNEY 200 saLsiau?l Hlunan 48
dalue aniiuansuasuaetieadi diuns 25 lulasans @owsialuennsvas YEP WBnns 5
fadams MRvasfTouzueniedueniudindu 100 ulnsniusefiadans uazlswiiduna
diadin 25 Tulnsnsusiefindang figouvnl 28 esraaidua wehdanpais 200 seuseundt iy

A1 24 T9lua
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3522 madwgadasinsuuafidan  ARwadin  pJAWOHLS via

PJASF3H \INGNAUAANYLATIAAILAE Agro-infiltration
thdeernsuueiiaen anded 3.3.2.1 anthusiiadluaeamna 1.5
fadams 7ipuEs 6,000 sauAEUNT ﬁqmmﬁ 4 pernmadaaidung 6 Wil anumdala
Funiia $menau 2 A% Faansazane infilration buffer Tiszneudag MES (pH 5.6) 50 HaA
Taang, Na,PO, 2 {adTuaA"3, glucose 0.5 Lafifius LAz acetosyringone 100 Haaluaand s
infiltration buffer 13n10u 1 Nadans @mmmn@ut&ﬁmﬁmmmm?ﬁwﬂmm'{um%ﬂ uaziuiesd
ArmiEa 6,000 sauseud fgnmnll 4 esrsadeaduna 6 Wil Welinzneulidnasiauga
wnlilazanediae infitration buffer LL@:dfmh@mnﬁuumﬁmwmﬂﬁu 600 11lULHNAT (ODg,,) 15U
Asdsiivesansuiuaeuaadiiliin 0.2 amisihladndaeeanie 200 seusend @
qnfl 25 esngadualfidoun 2 dale uksdadiaginuuentesnduaenguatiignuas
PW5409 hybrid Bazud@nteanafaenssuananenauin 1 Naaans AqeRanis infitration Tunananyuw
Suguatiiacll 1 pen asimsdnziiudiuau 2 ndu fie nauidieleuzesnames pJAWOHLS
(control) uaznAufidelautetapmeT pJASFEH (RNAI) PINSALFARENNALABNYLATIANAIAN

NINI0NLEUAEATNT infiltration LAY 3 T4

3523 msutasazinsuuARGan  NANAIENA  pJAWOHLS visa

PJAS-4'CGT \INGNALABNAUNINTAIEAE Agro-infiltration

dhasuueesaderinaiuaTBen  atusnazneluvaenlule
susETadILR 1.5 RaRans inmEa 6,000 seusewnd ﬁ@qmmﬁ 4 aaAa g Wunan 6 wii
aniiundadladnuunic Sremznen 2 A Faasnsazany infiltration buffer Sanns 1 Hadans 7
ilsznavfae MES (pH 5.6) 50 Naaluaans, sodium phosphate (Na,PO,) 2 1adTuaan3, glucose 0.5
wWefifud (wiv) uaz azdialaiainu 100 Raaluaans mmamﬂﬂwfm@“imﬂ?ﬁﬂLﬂm@mﬁyu@ﬁﬂ WAL
funnpzneufinuida 6,000 sauseud fgnuundl 4 esdiiaidea Wuom 6 Wi Weldnzneud
Snaigiauga tinlazanada infitration buffer uazTnA1gANALWASTIANENIARL 600 1Tuims 1315
fr 02 amiuiludedhdiin w2 dalue ietdesiulilfesdlnlndnudennmuauiinun
aniuEadingnaunenauinsnanszuenang Ui 1 NaAARs AINARNNITE Zottini ef al.
(2008) Taelu 1 nay azutadundugiuineanezinsuuad Bauiiinansiin PJAWOHLS (control)
LaENALELINEAeL NI LLAT BaNTiTiNaNa i PJA8-4'CGT (RNAI) (W@ 3.4) TaeRanimaan

Wanue 7 aen andiufuaudensinamuni 25 esrnmaioa unan 3 5u
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pPJAWOHLS PJAB-4'CGT

AN 3.4 sundaTianmasesinsiuaR BuNAANa145 A pJAWOHLS e pJAS-4'CGT

353 NISATIAFBUMSUAANAANABIEY F3H YiFatl 4CGT lUNALABNUBIaLA
FRUTDAUNINTNIBURRINTANLEUALEITNF infiltration IMEIAENIS semi-quantitative PCR

3.5.3.1 N15LA58N cDNA

umﬂaumnmmﬁqqmmﬁmﬂN'fm wazeinuMzanelauzenaned
PJAWOHLS sizanAwmas pJASF3H maelulnsiauman Binnsannenfe e sisn1seed Invitrap®
Spin Plant RNA Mini Kit (Stratec molecular, Germany) N14m DNA difen uazdamsnssT cDNA &
Fumenludie 3.1.4

UANALAANTANAAN AN INEY tazdunisanalauaasnAed
pJAWOHLS %38 pJAS-4'CGT 1510 100 Radniu sie Trizol (Invitrogen, USA) 1 Nadans

[ -8

ANARNSEUEANNATNNTA8Y Trizol reagent (Invitrogen, USA) Tunaealulasisusminag auin 1.5
fadans wehlidniu dhllunignugRfiendunat 5 Wi Q1niiuAse chloroform 1snms 0.2
Hafans uaziagfunan 15 Jui ﬁuﬁqmmﬁﬁmlﬂumm 3 it thluTuwieeipnads
12,000 sausiawT ignugll 4 asrnsaiFeaiduing 15 wil garasmadladounuiiienfiduield
naenlulng wusINagIUIA 1.5 Raaans naen vl nn1sanaznauenfiduielaeis isopropanol
alcohol 310U 0.5 {adanT Fie Trizol 1 NARAAT ﬁuﬁqmmﬁﬁ@uﬂumm 10 Wit waztinluiiu
WAETAinNI5Y 12,000 saUABUNT ﬁqmuqﬁ 4 aeAmadadunan 10 Wi @mmmmmﬁ”@uﬁq
Fist ethanol 75 Wlesifusd 1Bunay 1 Tadans nanliidinfuuasinluusediiaonuida 12,000 sou
Aauf ﬁgmmﬁ 4 asaetadaaiungd 5 win gadinannliinznauuiuaziiy DEPC-dH,0 e
aranamzney Andamdueriduiausaeieulad DNase | uazdaaszy cONA fduneuludien

3.1.3-3.1.4
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3532 wFauigunsuaneanuasEy F3H Wsatu 4'CGT
lunfusanauatAvsaauNng ssudenaunlasuuaslilasunaiaiin pJAWOHLS w3a
NANFNA pJAS-4'CGT

1511 BNl cDNA Budiaeanaunenausiansi ¥ nana
fin PJAWOHLS vananain pJA8-4'CGT Wiwinfulaeldtu 18s rRNA (uflugneds Wesunsn
UFupnudindu cDNA 2e9umazsaaeelfivindunidn 1 cDNA sanaraduaduefiuiuylunnsg
A9IRAAULTNIUNTLARAIRENTBEY 4'CGT Aamalla semi-quantitative PCR fetunaulude
3.2.3.2

[ o v ] 'Y
3.6 NISLATANALAULARLNANAINSUONLEULATINAS

AnwNN3neEY antisense DFR, antisense CHS, waz 4'CGT luiananeiugyusisn
Tnannsdiuginsuanseanaastiu DFR uaz CHS WNLBNIINNsuaA8ana89El 4CGT faedonng

o o A - 2/ A
anegulneliarinsuuanizaaduninelizeinsesENeaynA
3.6.1 NISASNNANENANNEU DFR a1nUnuan
3.6.1.1 NN9ASINAFNARILNAN pBI121DFR

wanaia pTZDFR auna 3,636 Alud taalfiuariuayasnyid
AN 3A.A9.ANYIDI atuaaindy AAneIAand unanende el Faithy DFR ldunann
m@mﬁnum@ﬂ Wnanalin pTZDFR Fnsneiewlalfnannig Sacl uay BamHl  (Fermentas®)
Meugndudiuaesiiu DFR 1umlszanns 750 ALIABDNANNNAIAN A vhiuilslaauiiin
Wanaln pBI121 AIUIA 14,758 ALUIA Tusnunssunuiiay GUs mqﬂmmmﬂ@@ﬂmm@ﬂm
ARSI Sacl uaz BamHl dwnaain InglulisaniifEuinssan 50 lulpsans dsznevdian
WaaingnEaN 15unes 10 1ulAsans 10X tango buffer Eunms 5 lulrsans aulndfaanmng
Sacl uaz BamHl 1Bunas 2 lulasans wasilsusbunnsdosninngufisineude antuinluad
qouinfl 37 asAtadea s 3 dalug aniutiamadeuisaadidnlniiata el
waaen1lea 1 wesidus luansazana 0.5X TAE buffer 1darnumnedng 100 Taasl iuian
40 w7 HenunuAfuedienesmenluslud uaznmasaunigliuasdanirllamn aantuiaiy
\waRilTuAEue U AT 750 AaTevEl DFR i ldadausnmiduaesnainiaa wazin
Wﬁ%‘zﬁmééﬁqﬂ QIA quick gel extraction kit (QIAGEN) IagifinlaaAsaLLnLaeInan1ssinFaea s
Sacl uaz BamHl AAALNARERINNT (1141/'1%\1 2 WandiaAe pTZDFR waz pBI121 ) ldluvasnslula
STUsTad 2110 1.5 Nadans HnTived QG hunas 3 whaewihwiinaaiinaalé ﬂuﬁ'ﬂqmugﬁ
50 a9ATaTed WAt 10 WIN YERAUNTIAAREATANEUNA ALAN Isopropanol USNNAT 1 10

w31 funmsdaetng AINalinguungidies Ussinne 5-10 win antiutlulaansazaredidualalu
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spin column W lilfumResiianugs 8,000 sausaw? wwa 1 Wil Hereamadnagnialu
collection tube 1A 2 HadaRs antluindWinas PE dsnnms 700 Tulasams 1w spin column
W lUuuieeniAnEe 8,000 sausewnd Wwaan 1 wif Mg duneuian 1 2e1 anNilAIRINg

6

TuReNT1anATANNGEY 10,000 sausauf aefine spin column lllduaanlulasimussnag

uaanlvil elifguunidieslszunns 15 Wil aufuwe EB Bunms 35 lulasans sanlsn
anuniitiandung 510 wid AnhlUiusiadianua 12,000 seusiewd Wunar 1 Wil
antiusinnsdansa Tmﬂuﬂgjﬁ?mﬁﬁmm‘mm 20 lalnsans Usznauding wataim (pBl121
Sacl/ BamHIl) dsnnms 5 lulasams Insert (pTZDFR Sacl/ BamHI) d3nnms 5 lulasams 10X
Ligation buffer 15unms 2 Tulasans T, DNA Ligase 1Bunms 1 lulasans nazlFuiBunmsdantin
nauRsnFeuda Uunflgumnd 4 swmafes Tauiu amiutinly transform TaeBosuuems
LB (streak) Unfigniunil 37 asaadad d1udu uasdnindisuensusuding competent cel
(E. coli DH50) #2835 heat shock (Sambrook et al. 1989) Imeiin competent cell 13u1ms 100
Tulasans ﬁLﬁu”Luqmmﬁ 80 asrnalia tsnazanelngugluiudadungn 15 wifl aami
Funanala pBl121DFR Usnamg 10 lulasdns aalu competent cell tanliidinAu tneldtinan
Tuae urlwihudadunan 30 wi aaniuiluisluersineuaugamnd 42 esrizades
a1 90 Al whavaliiuasegemaia leensutasluiudafunat 2 Wl Brewnaman
Agaide LB 900 ilnsans wliinfignmgd 37 esrniaaifiud weniinaniEa 220 sausioud
nan 2 dalue arnsdutivdellduwiedinanads 8,000 seusiewdl uisan 5 Wil aedaula
Fuuuiia 850 lalnsans mmfusﬁﬂmm@m@”um Weavananznawasd tidenlglinay (spread)
vugwnnAgede LB Tifenifiznundeiu anudindu 50 Tulasniudeiadans (awns
ARLADN) Im@mﬁyﬂuﬁmm 50 lnlpsamsseaTInIIAEN ﬁwmmq:ﬁ”ﬂqL%”faiﬂﬁmﬁfqmﬁgﬁ 37
asrnadaa liunad 12 -16 Falug

3.6.1.2 M19ATINRAUNANRAARNHAN

dquidenlalatizes £ coli DHSQ! fianansniAulauuamsfmiden
snwzdgdluenavan LB Wiunas 5 fadans nfenfdausniunafedu dliaiiguund 37
asrnTaiden \wehfinaniEa 220 sauseuit uean 12-16 dalue aniuinldatananaiia Tag
14 FlavoPrepTM Plasmid DNA Extraction Mini Kit (Flavogen') Ima@mmmammﬁﬁﬁ% ums
15 fadams ldlunsenusiiadaua 1.5 Sadans aamiuanazneuadlanstumied
AYNHITY 10,000 90UsBWT LTWwnAT 1 WAl @mmummmm@’m’muuﬁiﬁ AN FAPD1 buffer 13n1m3s
250 Tulnsans nasilifdinfudaniries vortex aMntiuis FAPD2 buffer 13mnms 250 lnlnsans ua
Widfulaenisnduvaenlan 5 af rﬂ%ﬁ?ﬁﬁqmmﬁﬁ@uﬂmm 2 w7 etenimad A
i FAPD3 buffer U5snas 350 lulnsams wasliidiniu Tranmsndumaenisn 5 A sl
winETiAamE 12,000 sausern? uoan 10 wiil e miugaresnaadinuuy Punmas 700
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TuTnsams 1alu FAPD column #ses¥ufing collection tube 2w 2 Hadams w1 hltuwned
AYNI3Y 6,000 sausauR Wwaan 1 W mreamasnegnielu collection tube v 1AN W1 buffer

avli FAPD column tildiuwiesiinanuida 6,000 seusiew? Wuaan 1 wifl vaamaadier
Ml collection tube 714 A niiuFin wash buffer a9l FAPD column tinldifuwiendinanuiia
6,000 sausiew? Wwaan 1 wii mewwmafiegnely collection tube i wiliuwidesd
AMNIE 13,000 saLsaundt Waan 3 Wit el column uie wiaaating FAPD column lild
aan lulasauinisvaanlud 110a 1.5 Aadans AN elution buffer 1B3u1ms 50 Tulasans 1dlu
FAPD column safialAfigniugiitienduaa 10 wiit dldiuwiesiinawia 13,000 sauseund
et 3 wn mmfuﬁﬁwmmﬁm@uﬂmmﬁiﬁmmm@zﬁ@ummL’ﬂ]m%uﬁwmﬁmmmi@mn?mu,m
firnuenaAan 260 wnluuns mmfuﬁﬁmammmumiﬁfﬂfgﬂu@ﬁ”uﬁu DFR Tunanaingnias
TnasnEosieulnifasinty Sacl uay BamHl tlilAsiagauaninTeddunLSuedosiaadian
tallata Ineldiaaeznnlsa 1 1Wefidusd luatsazate 0.5X TAE buffer Waausnedng 100

Taad 1{lunan 40 W19
36.1.3 NTRFNNAENARINEN pCAMBIA2301DFR

WNA148n pBI121DFR Aasngeulmdfaaninie  EcoRl uas
Hindlll  (Fermentas") ousniudiutesiy DFR Rfidauaes CaMVass promoter 4az NOS
terminator 2UALENNNL 2,000 ALLA BANAINNAIANA ddudousesdu DFR 7il6dousieun
aafin pCAMBIA2301 211A 11,623 giud Agninsasiewlniinding Ecorl uaz Hindll
ety Tneludgiseaidininssu 50 Tulps@ns dszneusion wanaiiagnuan 15uims 15
luTAsdams 10X tango buffer Bums 10 tulasans wulodfnaninnz EcoRl wag Hindlll 3u1ms 2
ulasans wazSuiBunmskaatinnduiisindawds aniiainlufigougfl 37 esraadas u
a1 3 dalue annduiiannmessudaanadidalatiinds Tnelinaermilsa 1 wesdud lu
an9avane 0.5X TAE buffer Tiaa1usngdnt 100 Taas ifuinan 40 wad

i

3.6.2 MIAFWNAANANNEW CHS AINTINRNNUFUMTNSGN

3.6.2.1 NIFASHNWAIGNARNNAN pBICHSA

NINNTIAAULNNAIUURIEU CHS a1N cDNA Ia4NALAANLTIANAN

youwisnfognatia PCR et lddediu CHS uuu antisenselaelflnsmainesnuuuaingdou

e o/ o 1

aneutaedle lndauing Nl umibseseuladfinannig Sac | (GAGCTC) atjuulnsiuaidaunii
CHSA_forward primer uazdauisraeulmifindmie Bam HI (GGATCC) aguulnaiuad

d9ufine CHSA reverse primer 1nunagdaugiy CHS NlEndenseidindy waraiin pBl121 au1n

A

14,758 @:L‘leﬁ NNEu nptll  (neomycin phosphotransferase) dusiuAmaen waziiu GUS (o-

glucuronidase) \ugiuseuna Tnatihlimesse ludiuniaununtiu GUS (awn 1,812 giua) lu
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ANHULNAUNA (antisense) 1ABBNABAINUILANARN PCR 1841U4421989811 CHS LATWANENA
pBI121 usiafaeenlaslfnanne Sac | (Fermentas, USA) Was Bam HI (Fermentas, USA) 1533l
dffsenluiuing 20 lulesdns lunaenlulasiol auin 1.5 Hadans dszneudiae uinau

1Bums 9 iAsams, ansazaneiWwes 10x Tango 15unms 4 lulasans, a1sazanananaindind

o

dsznnnu 2 lulasninsialulnsdng tsunms 5 lulasdng, weulaiinanae Sac | dindiu 10 yiin sa

Tutasans tannms 1 lulnsans uazteuladdnanniy Bam Hi disndiu 10 giln dalulnsdns Bunms

4
o

1 lulnsdng nanliidniugicairses vortex antiurldduigouungi 37 asmaaidea wuaan 1

o

dqlue annuinlduanauinaasdiudqu DNA - gnansaaaulasdisinannwiziotimaiia gel

electrophoresis AMNUIUARTUAY agarose gel NRTUAMUIBILINAIUVBIEY CHS 2W1ALITZNU

450 FLUA WATAIULRINAIANA PBI121 NQNFAIAIuIBdEN GUS a8n 2uIntszuint 12,900

Lo D

& tunuen DNA @8na1n agarose gel Lmzﬁﬂﬁu??zgm%r LL@ZG]?Q@@@U@MJW’]W?J@Q%”‘LM’M DNA 7
utneanynlFFagn1ednAn1sganAuusiuaznnaaetIuIALes DNA fuanaanunliiasmaia
gel electrophoresis antuinedendednFaafugeenlas T4 ligase ImesaeintlAvenly
B3 20 1alnsans lunaenaiunn 1.6 fadans dszneudes tindu 1iuims 8 lulasans
a1razanetWinas 10x ligation  buffer 15ums 2 lulAsdams Fudou Nanain PBI121 1dNdu
tszanns 50 wnluniusielulnsing 15uns 6 lailasans Tudouaesii CHS Wadutlsyanas 50 1
Tunfusialulasdng Buing 3 lulasdns uazioulnel 74 ligase windin 10 giimsialulns@ns tuans
1 'lailasang wanlfidiniugauLAses vortex ﬁﬂﬂﬂu‘ﬁ'@mmﬁ 16 aeATadaa luean 16 Galua

THnwanadingnuasn pBICHSA (N1l 3.7) aunatlszannd 13,400 Auua andudntinnanalngnuas
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a aa o 1 t:ll a = qI/ 09; o A dldael
HRAAMT LL@ZN')iﬂUNVI@m%ﬂN 37 asAmalmaa iaan 16 dalug anntudaiaaninaunidudau

Q E1l

1aanaaingnuanineiaaninausasuuanFanaiNsatasiuinuuauisdniaents tinn

a

nzidesluenvas LB broth uazdnliiinlufiadenttiasn Tneldenmndl 37 evdizaides
weindasAanmi3 220 seuseund flwiaan 16 dalue annswindeilillata wanaia faudn
aranaafin uaznImadaLANgNEeasiiuy CHS wnanaglunaiafingnuas pBICHSA Haans
infoeeulalfinanniy Eco Rl uay Hind  IIl uazpssagaufinamaila PCR  laglwsiued
CHSA_forward primer Wwag CHSA reverse primer mmfummmumiﬂﬁuﬁﬂ (antisense) BN

UNAIUT83EN CHS Naguunanadin pBICHS tnatinlinmadinnziaisuiioralalng
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3622 NMSAFINAENAQNNAN pCAMBIA1302CHSA

11U19AIULB9E Y CHS WUL antisense N9ELUNAIANA PBICHSA

|
aaa o A

Wdensiedntunandafia pCAMBIA1302 1A 10,549 Aiua nREuAmAanlungueu hptl
(hygromycin phosphotransferase) HgiuAmaanluiuanzedudy notl wazlgusigaunaitugie
GFP (mGFP5; modified green fluorescent protein 5)Tmm€dﬁfawi@ﬁﬂum°%mm multiple cloning
site (pUC19) Tumnuumaieuladdnaninig Eco Rl waz Hind I Tmaéuﬁumnﬁmmaﬁmgnmm
PBICHSA waznwandalin pCAMBIA1302 wnsmbneiaulbifinaniy EcoRl (Fermentas, USA) waz
Hind 1l (Fermentas, USA) wisaniisenluiinane 20 lulasdns luvaenlulasfiall auim 1.5
fadans dsznaudon tnduBuans 9 lulnsans asavatesines 10x Tango TuNmT 4
lulpsams ansazanananafadiindun szt 2 lulasnfusalulansdns fsuims 5 lulnsdms
auladfinaniy Eco RI dindin 10 giin falulasans Buiss 1 Tulasdas uazieuwlmisnanmng
Hind Il disdiu 10 gl selulpsdns hunms 1 Tulashns nanlfidfudanebes vortex ANty

o a

W linngnuugd 37 esaciaiioa Wuoan 1 dalu aaniduinldugnawisaasiugan DNA gn

a

o Y

nafaelaultdfnatwizfaginalla gel electrophoresis A 1o Y o0 agarose gel G ugan
29981 CHS T1IAazaIn 1,500 ALl WAZAIUIBINANENA pCAMBIA1302 111m1l9zannd 10,500
AR 1INILeN DNA a8naIn agarose gel Lmzﬁﬂﬁﬁ@m‘éummq@muammwm@ﬁ”udm DNA
fusneanunlifaannsdaAn1saANALLAIAZATIAgeL LIRS DNA Tianeanun|ifaamatia
gel electrophoresis antiutinandesaudiifaiudasiaula 74 ligase lmeipizeintlfiisenluy
Bums 20 1ulatans lunaenlulasfiafdawin 1.5 fadans Ussneudag 1iindu 5unns 8
ulnsdans a1razaratinines 10x ligaton  buffer  13u1ms 2 lulmsdnsg Fudaunanain
pCAMBIA1302 Wisdinlszunns 50 wnTunsusaluinsans sunns 6 lulnsans Fuga1 DNA 2898
CHS Windudszaunm 50 wrluniusalulasans unms 3 lulasans uazieulad 74 ligase Wndiu
10 gim sielulasang Bunms 1 lulasdns uaalfidniudomases vortex vinlihiufiqoumgfl 16
asAaides unan 16 dalus lAna1alngnuasy pCAMBIA1302CHSA (NNF 3.5) 2.
szanad 11,700 A4 fiflunedanaesiiu CHS uLL antisense WM 458 ALLA ﬁqnmuquﬁm

CaMV 35s promoter Waz NOS terminator lnafigiudsiaanlungduiu nodl JEuAndan’ly

a a = aa = :./l o © a v v ! & a A
wuANGEeLuE nptl WATHEUINENUNALTUE W GFP @Wﬂuuﬁmu’w\l@’?@llﬂIﬂL?JW@]LGH@@LLUﬂVILTH E.

coli a8i9ig DH50L eI BN UNA1aHA Faeds heat-shock WinuANGEeN N NALLIWEMNT

1
a

Anaan LB agar Nia19Udaus kanamycin dindiu 50 Tulasniuseiiadans uaztinlunngomng

a

=~ o o o Al ~ :il
37 avrmaded Wuea 16 dalus andudniaenirauniinanaiingnuan Inaaaninauaes
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wuANEENaunraEsAulnuue unsAnaan s Winmnziasslua maman LB broth uazinly
dnlugusaauuuien Ineldgoungil 37 asangaimad 1 enfaananmEe 220 sauseunn uwnan
16 d0lug anilwinmei i llatanaaiia foageaianaiain uazasaaaumNgNEiasraeiv
CHS unsnagflunanaingnuay pCAMBIA1302CHSA fiaennssinfoaiauladfinainig Eco Rl
waz Hind Il uazeuladfnannng Sac | way Bam HI uazpsaaaufaemaiin PCR Tnaldlnames
. . ° a Ay v,
CAMV_forward primer waz NOS_reverse primer (NNANLIN 2.1) mwmmmm@jﬂmzﬁuﬂmiﬂhmﬂﬂu

CHS w1 antisense L?‘ﬂ’]zj shoot cluster 18917182950 11

RB Eco RI Hin LB
NOS hpdl NQS NOS NQS
promoter, terminator] terminator|)
terminator
~1,500 bp
\ NOS npd] NOS y

MW 3.5 NAaTingnHaN pCAMBIAT302CHSA

3.6.3 NISASNNANANANNEU 4CGT ANADNAUNING

3.6.31 NI9AULATIENEN 4'CGT Aum 1,374 Rapalalnaanaanau

a 19 aaa = 4
NanseqelJnsendans

i cDNA tesaenawlens hidueiuuunlunisdunseiiu
4'CGT Fnadfjiseniaens neldnanes F-BamHI-4'CGT uaz R-4'CGT-Sac | (A29EUANT 1) T
aanuuaIndieyatiu 4'CGT gmenawiang laaifindnndmiierlsind g Bam HI
niulany 5 westiuuazeulaidnannne Sac | nasnuilay 3' westiu lwiliuans 20
Tulasans dsznaufag dH,0 iunn 12.8 Tulasdng, 10x Tag buffer Unnns 2 lulasdng, MgCl, 25
Aadluaans o 2 Tulnsins, ANTP 10 fiadTuaang anns 1 llnsans, cDNA 1eshulans
Asdindin 10 wrlunfumelulnsans Usunns 1 lulasams, Tag DNA polymerase (Fermentas, USA)
pndindu 5 giimsialulasansfsunn 0.2 Tlasans, F-Bam HI-4'CGT 10 lulasluaand faunmn
0.5 bilpsAms uay R4A'CGT —Sac | 10 lnlastuaand hanms 0.5 lalnsans Tnesguamniiuas
fuuesuILTaLAYT 1) Tignugil 94 asrnimaides w5 Wi 2) Tiguugi 94 esdaiTeon ww
45 3unil 3) figouund 60 asaTaFag i 30 A 4) Tiguugi 72 asraades w1 W

M ludumeui 2 09 4 A119U 35 380 LAY 5) NYUNYH 72 aeA@aiiasd Wi 10 W uaziNeAsLy
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Smuainaiinlnmageuanatudiun Suelneiaecnnlsaaddnlnsiaa anusnnaBoog
fuouASwmenelizanas 1,400 Taealelng Tnativminiaadeslaifiv 0.4 g ldluvaanlulagsiouss
Wadaum 1.5 Nadamns @ﬁmﬁLﬁuvafafaﬂmnqumLL@fzﬁﬂﬁﬁz\gwémﬁ%mﬂm FavorPrep " GEL/PCR
purification mini kit (Favorgen, Taiwan) sadiad 3.1.8 ﬁﬁﬁLﬁumiﬂffmmqmﬂﬁumqﬁmmmam?{u
230 260 uaz 280 Wilumas (A, A A,) Ieideaiidueiidadau 1 sia 100 Fidu 1 bilnsdns uaz
dH,0 99 lulasamg) Wmdwle 1Eunns 2 Tulasans naniu 10x loading dye s 1 lulpsdns
savinduginga 7 lulasans nanlidinduuatinlinmaaenlagmaiineznlsgiaasidninsliiaa
TngnfFauinauiuunuABeNInsg U 1 Kb DNA ladder (Fermentas, China)

3.6.3.2 NITASINALAULARILNANTEWINNEU 4'CGT NUNAIFN A
pTZ57R/T (pTZ4'CGT)

Vhilu  4'COT awna 1,374 fanalalng  Geusefunataie
pTZ57R/T (Fermentas, USA) lusnsidiunananidand aanudadu 150 wiluniuselulasang 3
luTAsans sanangin pTZ57R/T Adindy 55 wlunsuselulasans B 1 lulasans ae
waulmal T4 ligase (Fermentas, USA) ﬁﬁﬂfﬁ?m%mmﬁ 16 anAaiTaa unan 14 dalus dae
TouRiduananan pTZ4'CGT Wnguuafiie £. coli a18%ig DH50L #agds heat-shock ANN38N19
484 Sambrook et al. (1989) ﬁ@mmﬁ 42 asrnaadeg i 90 AT uasidsuAT Bauy

a

ansuds LB Minanstfiauzuenfidaduncadaiu 100 Tulnsniusiefiadans fidnisnaskos
0.1M IPTG 13untu 4 lalasdang uaz X-gal mnsdindiu 20 Jadnsumedanansiun 20 lulasans
el lunnansiageudneimailn blueiwhite screening ﬁﬁiﬂﬂmﬁqmmﬁ 37 avAEaLEea
a1 12-16 dalue Anidentalatidenll@eduenemen LB MifiuanslfTauzuenidaunnu
diadiu 100 lalpanfusiefadans Uafl 37 asanitaifus uaziatndananiuie 220 sevsiewnt

[ o

AN 12-16 dale MNNTUaNANARLAWeANNANANNAIN1T18Y High-Speed Plasmid Mini Kit

o Y

(Geneaid, Taiwan) Aadiaf 3.1.12 uazHNAIAIIIaLITRaR e InAGae Inguas M13F waz M13R

(A1379[UINT 1)

3633 NS NALAURAENAN pCAMBIA2301 HiNEiw 4CGT
(pPCAM4'CGT)

Wandfin PCAMBIA2301 TuwaNafiATE EuseUNaRE GUS UWae
flusnidende NPTH Buaulneinanain pTZ4'CGT fadnenenlmifnsamnz Bam Hi was Sac |
eUENBonmesEiu 4'COT anatsyanns 1,374 Sapalelnsd aananwanafia pTZ57RT uavH
aNdin pCAMBIA2301CHS firunnssauladliinanaiio pCAMBIA2301 T TG
cHS AaaldsTuimesuazimnestiumeiannnanain pBl121 6in pCAMBIA2301CHS Aaaiailmsd
FAsNE Bam HI UAY Sac | ileuenTugIuaesEs CHS anannanain pCAMBIA2301 As9adeL
wnpresaainlnmatineznlsanadidaninsigaleaFaumeuiuunumaduenInggu 1 kb
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DNA ladder aniiuidessietiu 4CGT dngnanaila pCAMBIA2301 ileunsiity CHS Haeienlmsd
T4 ligase Tneilutlfiisen 20 Tulasans dsznaudion dH,0 tinnm 5 Tulasdns 10x ligation buffer
Bunns 2 lulnsans Tudu 4CGT igadaaewlmifndninig Bam Hi uay Sac | Anadindiu 12 wn
Tunsusielulnsans 1aunn 9 Tulnsans wanadn pCAMBIA2301 Tifadaseulmifnsnig Bam
HI uay Sac | Alaife CHS Anadindin 15 unTuniusielulasdns 1B 2 lulasans eulsd T4
ligase A sy 5 gfinselulasdnsiuns 2 Inlasdng nanlfidniuing 16 aswnsaiFes fu
81 16 dali deleudidueaanandinguuafide £. coli anesfug DHSOL Kati33 heat-shock
A1XNATN13284 Sambrook et al. (1989) ﬁfqmmi 42 @ATAEEE W1 90 AT LasiAELLATIDE
vupsnuds LB MiRnansdiiauznnuniisdusandingu 50 lulamniusefiadang tinludud
qoumnfl 37 esrnaaided et 16 49l Andenialafhigsiidedduemagn LB fifinans
dfouznundeduacadingy 50 lulnsniudedadans Uil 37 eseumaiden uaziagndon
ANNGY 220 seusaud aan 12-16 9ol SiannsienafnRLEUaNNANANNARN3104 High-
Speed Plasmid Mini Kit (Geneaid, Taiwan) Safiedl 3.1.12 uazmasvagen wanaia eyl
FARNNTE Eco RI

(4

3.6.4 MSHTENCIARARNNINUNURIDLINSULATN S BN (A. tumefaciens) R1ENWE

Q

EHA105

ada o

INZREN A, tumefaciens @N8UE EHAT05 madan1321043a148%d ananin

0

] o/ -8

(2554) TilszaupnndrBalunstisleuaadesinsuuaiiGas a8WUg EHA105 Wingiinvananug
ouiEn Iﬁ'mL?{Hﬂﬂﬁﬂﬂmﬂﬁ?jﬂmﬁ’mﬁuﬁ: EHA105 11a1M196d9 YM (Yeast extract-Malt extract)
Tnennsdideunafi BuuuanumIzaes tafiguugi 28 ssrnmaidad Wunan 48 dlue annii
den 1 Talail andedlueanmnsmen YM Uhunns 5 aaans (starter) WRENTIRUMNR 28 296N
aALTes 1weniae NG 250 seusteun?t Whunan 48 dali mmfu@mmnmm starter 5104 1
faaans unldanpauia 250 DaRans AileNMsEeEe YM Bunns 150 fadans @eanldans
WITUAREITARTIA PN 5-10x107 cell/ml 1i3asnANNI9gANAULARTIA eI AR 600 1Ty
AT BETTNNe 0.6-0.7 fhuldaarnaaniiianldnasatiiuniseiidene 50 GaaanT S 3
aen T lTusasianauia 4,000 seusewndt fgamnll 4 esrgadea Wunan 10 Wil w
ansazanadanlanie waenznewmadtinldutuntdeiE By glycerol HiReans 10 WesiEus
Bunns 50 fadams naumzneuliidinduansazanelaanmisnanuaenlian  wdaluvded
AYIEY 4,000 sEUAELNT gnuugd 4 seAnaaded aan 10 Wil mansazanedaulaiic wde
PENEL NG1ENATY ANntiuAY glycerol Adaans 10 wWefifus 1unns 5 Dadans waunzneuls
dnfuansazanalasmsmanuaenaliun  Tagvinuusinudanaeanissien  anaznewsadlngsinll
Tuieaipanmi3a 4,000 saUseUNT ﬁﬂqmmﬁ 4 aaAmadad Wunan 5 ui mansazatadaula
74 WReRZNeY N 1 M sorbitol 1hunas 0.5 iadans nanazneuliidinduansazaielnantslétiuln
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Aatuad uiauildnaanauin 1.5 daaans waenar 50 Wiasaas udqtnlludlululnsauman

eutilUiungungd -80 eeA@aTea

36.5 msasalaunanaiaingaslinsuuaiiizan (A, tumefaciens) S1EWUE
EHA105

onalaunaaiin pCAMBIA1302CHSA 4sa pCAM4'CGT ingduadaying
LUATNFENANWLG EHAT05 $9895 electroporation FINNATNNIRY AAN Avianine (2554) B
Ineinandln pCAM4'CGT Asdindin 200 wTunsusaluindmns B 5 lulasans ldaslu
naaalulAnmusmsHaania e YM d5unme 1 Aadans anduiumasaaniniizesasing
WUANEEN @18Wug EHA105 aunn 50 Tulasans waonaniuatineunie uruuiiuds inniade
= . A A . . ' - pRp A
\AT8Y electroporation laeaanniviua “Agr (Agrobacterium) mnuu@mmmmiﬂmmwLimmu
wanalntuunldnaan  electroporation cuvette u&atnldLATeq  electroporation A ntiunALln
“ ” dl ! 2 o a £ ' c a al o s
Puise” ialaasnszualuinliianunsotihwnanaiadinduadezinsuuanigan  daadezing
A A a \ ot A ° o = '
WUANFENNN waraRauduwilde antaeelue mnaman YM dltwenininmda 250 sausie
PRI a a %) o - aal y A A @
W Ngounngi 28 asAnales wnar 3 dalus dumadesinsuuanBanumnegaauEg
13,000 saUARWIN WIW 5 WP nAemadezinsuLANEENLNaIIaWde YM FNg1sUfTuen1w
Neduandindu 50 Tulasniusiadiaaans tlihinniguugd 28 asmadas Wuman 48 dalug

maaaaavialalifaatliseniaens
3.7  nsangduengianang
371 MSIASENTURIUNTA MTUOLEY

wiatadudauRadnindefunsisnistes 7iag tanes (2654) Fudulng
ﬁmLuﬁmﬁfsumw‘fuﬁumﬁﬂmmuﬁ”ﬂmmu 1 dalug whavhnnawendae 70 wlefudus ww 1
U annthulandnaansaransransond 50 Weiud Fdu Tween 20 0.1 Tiadans weuIw 20
YT W eneinnduTiaLINT9NEe 3 A ATIAY 5 T FATLAILIAIANALLEINANEDA AL
UUBMNTUINgMT MS (Murashige and Skoog, 1962) ﬁLﬁumimuQmm@?mLﬁuTm NAA 40 la
IAsTuaans way Thidiazuron (TDZ) 0.5 lulasluaans wWinan 2 haw anniutineFugauasly
9117 MS Tuingnsaauaunaioinln BA ponadadu 50 lulasTuaans dunan 2 ieu
(Buathong et al 2013) ednunlififia shoot cluster AewrhandneEulnelduuafiGaesing

Al 4 a
WUANLTEN LLAZIATAIENDUNA

3.7.1.1 MSANHIEATENMITINNEANADNISINALARRAURITUAIY
MMUluaINANNZIBITINRNNUFL TSN

ihtudaufinuluainAnnzaanimaniugynmisninadasnissn

Fugoufinulufining 3.6 undniinaAnuAaRaLBIMIWINERT MS (1962) NANAITAILIANNIT
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\WstULALIAFNe uazinnzidenn e liuas cool white fluorescence Luinan 16 daluesiaduuiu 12

AUp198 99uHUN1INARaLUL Randomized complete block design (RCBD) & 10 treatments 6 41

v
A o A

8z 5 Fudause treatment 213U d9gm3 MS (1962) ‘1'71'lﬁmwmuQuﬂﬁilﬂ?mlﬁuimﬁmj S
33097 1 TdiAnansaruaunIsaseLAnls (control)
33m37 2 NAA 40 Tulasluans saufu TDZ 0.5 lalasluans (AAaf Anmanu. 2548)
33m37 3 2,4-D 4.52 lalasTuans sauru TDZ 0.45 lailasluans (Jheng et al. 2006)
32ms7 4 2,4-D 10 lailnaTuans saui BA 0.5 lulasluand (ufisn lmeimzayans. 2545)
33m37 5 2,4-D 9 lailAsTuans sauiu BA 0.8 lulasluand (Karami et al. 2006)
330137 6 2,4-D 18.1 Tailastiang sauriu BA 2.22 lailnsuan (Lin et al. 2000)
320159 7 picloram 10 lAsluanF s9ur kinetin 1 TalasTuans (Stefanello ef al. 2005)
320199 8 picloram 4.14 TailAalaians $auf kinetin 4.64 lulasiuans
(Kaur and Kothari 2004)
32097 9 dicamba 11.27 lulasTuan3 s9ur picloram 4.14 Talasluans
(Przetakiewicz et al. 2003)
330737 10_triacontanol 11.38 laiTasTang sauy BA 1.1 lulasTuans souriti 1AA 2.85 1

1A3luang (Giridnar et al. 2004)

27 3.6 N19FATURIUENANANUILIAINANNZUBILIUAWRUFUATEN (4.40X)

3.7.1.2 ANMIEATENMISNUNIZANABNISINALARRRUDITURIUAD

2AAMNANNSURILAINANNUGUMNSN Tnautieand 3 NINARBIRIT
3.7.1.2.1 ﬁﬂm@mmmiﬁmmmurfifama‘l,ﬁmm@ﬁmm%”umum
HRnANANNZARTIA 3 Aadiums VRILANAWWUFLUTISN
TN UAIUANERAANNANNZINA 3 NIRRT (mwﬁ 3.7) eqtiauaNWugYTiEnaNEntin

NINALARAALINBIMTUINGAT MS (1962) ‘71Lﬁumammmm@?mLﬁu‘ﬂmﬁmq WAZLNNZLALN
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el cool white fluorescence AN 16 Faluasodiuunu 8 dlnnw AeusLNNINAEILLIL
RCBD il 5 ftreatments 6 11 918z 5 Fudau pnaudegas MS (1962) TuANg19ALANNIT
RngALTasne Seei

33m37 1 NAA 40 TulasTuans sauiu TDZ 0.5 lulasluans (FAa Anmanu. 2548)

330199 2 picloram 10 llasTuans saury kinetin 1 lulastuans (Stefanello ef al. 2005)

320199 3 picloram 4.14 TlAsTuans s kinetin 4.64 lulasiuans (Kaur and Kothari
2004)

320199 4 dicamba 11.27 ulasTuans souy picloram 4.14 Tulasiuans (Przetakiewicz
et al. 2003)

330137 5 triacontanol 11.38 TailasTuang sau BA 1.1 lulasTuans saurfu 1AA 2.85 1

1A3luang (Giridnhar et al. 2004)

DIV 3.7 UARPINIAATUAIUENAUAILAAIINANDTIBILIINAWWUTY TN (4.40X)

o K v
1. nstiunndiasa
1.1 oS EuANITINALARAA
1.2 UIAUBILARAE
1.3 RNUIUEIDA
1.4 ANENIEIDA
1.5 AIUIUIN
1.6 AINNENIIIN
a a Qg, 1 £ [ %4 o d”
1.7 masnyiuInaasdugau Inansliaziuu 3 seALAIH
AT 1 Fugaumiavisaldifauaada (N 3.8a)
v 1
ATWUL 2 TUAINALARAE ANHIIZINNZAINULULAREY (NN 3.8b)
Qy ] a a ala o o o o 1 v a a 1
AT 3 TUAIUNABNLIFIDANALAAAA ANHTUSINNEAAN WL WA UA T E8 1

(A7 3.8¢)
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NNV 3.8 ATUBUNNIAIFAL IR T U UANLEAAINANN LB INANINUF L DUTITN
a LAPNNIFIAAZLLL 1 AZLUY (2.50X) b WAAINITIIATILLY 2 Az (3.50X)

C LAANNIFIAAZILL 3 AL (2.85X)

3.7.1.2.2 AnuaL8d 2,4-D uay picloram fanNsRALARRAANNTUAILAN
tanaNn AT e 3 Hadums UILANANAUFLEUTISN
iudoumaeaanAnniiIwn 3 NaaRms 289 ANNUGLUTIINNENENA9LARA
wpaRALLaWsuTegRs MS (1962) Tfin 2,4-D Tisziupanuidiadiu 0, 13.5, 27.1, 40.7, 54.2 uaz
67.8 lulmsluanuaz picloram fszfupaadiniiu 124, 24.8, 372, 49.6 uaz 62.1 lulasTuans
LaTNIAEANelHILEs cool white fluorescence Ifliaan 16 falussaduuny 8 &ansd a1
LHUNNTNARBILLL RCBD 31 11 treatments 5 91 5182 5 Tud9u
1. nstiunndeya
1.1 YUIAUDILARAA
1.2 A1UIULIAA

1.3 ANNENIERA
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3.7.1.2.3 Anmnaved 2,4-D Ay picloram FeannTAnLARRAAINTUAIL
e dlewsylanasesiiliunn 0.5 fadmas 229 IINAUFL UTIIN
ﬁﬁbumul,ﬁ”@Lﬁlfam’%tyﬂmﬂﬂ@mﬁﬁmmm 0.5 HaawWAT 193 fnaNW Uiy mMINNIENEIINIg
NALARAALUAMNIUINgAT MS (1962) Ay 2,4-D Tiszduanuidindiu 0, 13.5, 27.1, 40.7, 54.2
uaz 67.8 lulasTuanfuaz picloram Fsesuannuidindiu 12.4, 24.8, 37.2, 49.6 uaz 62.1 lulasty
AUAZINNZBEaNElLE cool white fluorescence fuaan 16 daluasaduuy 8 dilaw a1
LHLNINARBALLIL RCBD i1 11 treatments 2 91 9192 25 Fugais
1. matiuiindeya
1.1 TUNAUDILARAA
1.2 R1UIULAA
1.3 ANNYREIDA
1.4 m@m?m;@u‘[mmﬁhzﬁm Thainnslifnzuny 4 sxsudadl
ASULY 1 FudauAng (m‘wﬁ 3.9a)
ALY 2 Tudaufngandides (Nnd 3.90)
ALY 3 FudiuAnLAag AN TR LR Fnsey (mwﬁl 3.9¢)

v 1
AZLUL 4 TUAIUNALARAALNIZAINTUBNAIN] #1191 uTeq (N7 3.9d)

MW 3.9 AzuuunsRsyALTRIesTud e i nlla s e AT naR gy SN
a WanIN1IAZLUL 1 AZIUL (3.6X) b LWAANNITIIAZIUY 2 AT (3.5X)

C LAANNITIAAZLLL 3 AZLUYL (3X) d WAANNNT MIAZLUL 4 AZLUY (3.9X)
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4.7.1.3 nsANEgRIaNaTimNnzansianisini liiinsananuAsdazes

TINANAUTL TN

'8

UNTURIUANEDARINANNLANIUIA 3 NARNAT  UBNTIUANNUS

9

Yoisn AdnTnsfauAsaaLLaNsLINgas MS (1962) MEN NAA 40 TulasTuand sauriu TDZ

0.5 lulmsTuans Wunan 8 4Uanyf (FTmad Andand. 2548) NlEann1maaedd 1.2.1 whatnun i

o o

Lﬂu%”uquuﬁ;mﬁuslumﬂﬂuﬂﬁﬁmﬂ@mmnLm@ﬁmmﬁwmqﬁuﬁqmﬁﬂ TnenhanmnziRewy
a1M9gAs MS (1962) A BA fiszsiuaruidindiv 0, 40, 50 waz 60 ulnstuans Taentaununng
yAgeIMUL RCBD & 4 treatment 15 41 914y 3 Tudou wazimzdgamelduas cool white
fluorescence \uaan 16 falussiedinn 8 AUaK amiidudouilian e denmane
Tunstnetudingaenaestinnassiugyoman
1. nstiunndeya

1.1 UALAAAS

1.2 AAINENIEIAN

1.3 A1uIuLen

1.4 [7uuly

1.5 ANe9l

372 nmsonagulpelduuanizaazinsuuafizanilunine

1 = A a A aa o ac a ada
tnegulaglfuuanzeesinsuuanGautunive Tasanudamsnisres 7a1&%

'
a 2%

avianing (2554) BudnlnenininlalaifsneciuaiizaesinsuuafiBay fldanie 3.4.1.5 e
luawnaman YM Uafigumnd 28 asrmaifes wehfannauiia 250 seusieundl wiu 2 Sutinl
TapnganauuasTipng1aaay 600 wilunns WK 0.6-0.7 ukahlmusissanaznaui 6,000
JAUABLAT 11 10 UIT e WTAeNIEeann [ANaNuviar MS 1Bunn 10 TAART LazlRy
ansazilalialnuanudindy 100 lalesluasnd e ntuReasanudintivaeamadesing
LUATIEEY e 1:10 Faee1uaivas MS 1i@5ugat shoot cluster Wit 10 w7l FuuLATiReazing
wuATiaEn daiiveanfaenszaneiginiunssinde sl ldmnzdsnnemsudegas MS
Adnezdlnl@slnuacuidindu 100 Tulnsluaans Wunan 2 $u lusnmilaiteriaetullle=dln
I sTnudenniaaTiudatiidugan shoot cluster inindaadasinsuuaiizandasrinndusiden
AnasUfTauresdenddasu Aanndindu 300 Nadniusiedns annifuih lwnzdssuennsuds

gns MS Miain BA avnudinduy 4.44 TulpsTuaand nisnansdfiouresdenddaauanudindu 250

u

o a

a Aﬂl v o o a a a a aa v Aa Y v
ANNTHADRET L‘W‘ﬂelﬂ]ﬂ’]‘ﬂﬂLLUﬂVlL?EI@ZIﬂ?LLUﬂ‘V]L?HNLL@Z@Wﬁ‘ﬂ{]ﬂ]fJMZﬂ’]u’mﬂsﬁuﬂQWNL°1|9J°1|u 50

pad)

o 1

Haaniusiedans Tunisdnidendudounliiunistnatu NPTH Insnaauenmimne 2 dlanii
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37.3 nsiadulnaiAsastsaynia

mﬂﬂuimﬂLﬂ%@qwﬂﬂmmwﬁ%ﬂqﬂm f0g ey (2554) 9innn9uliy
AN osmotic TasEugaw shoot cluster Muitenlilanidesuuensudegns MS fin mannitol 2
Tuaan3 uaz sorbitol 2 Taanf inszaensesglasnaniduinuauanaIslssann 2.5 wusung
eliFuuue g wiahdudaudangnndiuau 20 U aeuuusunszaensesgLnnaslunan
12-24 4l feudneihy Wieunatala pCAM4CGT nRauayAnesin Tnsliaunianesdn
sunnu 60 Haaniu ldvaanlulasiaussiiod udadnediae ethanol 99 wlefiius 15u1ns 1 Hadans
nanidniulngniaaen faetes vortex e 2 wnd diliguivisskanaanuiia 13,000 sau
s ifuaan 1wt ielfeynianesdaenpzneu wlage ethanol e Mdrduneunisinedia
ethanol 99 iefifufanuau 3 A% antubnadaeinfitaindediua 1 Taaans hansienli
nessnszaneialuiin sl uieskanaonuiin 13,000 seusiewdl uinan 1w el

L4 k4 v % 1
o

mnmn@uuéﬁqqmﬁﬂmﬁq Y1 3 A3 UAIANTILAN glycerol 1aaand 50 Lafidus Nenunissin
Aauka Bunns 1 Tadans wehlidingy uivlduaenlulasaussiiad uaenaz 50 Lilnsans
Fufignimgi -20 BIANTA LTI WFTHNNAANA
RiSuaindataunanasfnlaanistheunienesdfisieninatndaies vortex ung 2
uiiite fennAnesdafinisnszantsa wdsainiumsmanainmduieiunm 5 bilamiu nasili
dinfuudoin weradanaaelss 2.5 Tuaans dsunme 50 lulasams aanlidindu win spermidine
free base (Sigma-Aldrich, USA) 0.1 Tuaans tBunns 20 lulasans aanl3idinti selAuusinudad
981 10 WA Ineninviaan lulpsumusisiadiun issas m”ammfuﬂﬂﬂuaumémﬁqammﬁﬁq
13,000 sausiewdt unan 30 Al gevilafiudaida ethanol 70 wesidusd 1Bunns 200
Tulpsans nanliidniulneninaeniwn ravti g uRssfaspnuida 13,000 sauseund du
1981 30 U7 @mﬁvﬂmﬁzué’qﬁm ethanol 99 tafifus 1Fuqm 50 Tulps@ns nantpanisaeiun

Tidudapaaiuaglfeynanesmnnaaumanaadaniduiaietin g lunstna g

BIRUNIANAIANARDUNAANARLEWBAELATANENBUNIALLL PDS 1000/He

(BioRad, USA) aauanslunini 3.10 laennsidanimanuayanafiesng ethanol 70 wlefiius 1
microcarriers Waz plastic insertion tool luiesinige wiwduiuANAULAA (rupture disk) T
isopropanol  w&21nTuNNseliuie  AntilduduiuANARLARRATNIUIAANA N RN 7a9 1
A I P g o o iy ¥ o 9
holder MeuNsiagTauds laanimaaastiaanldaunn 1,100 UeuaAsamnseta  wlauiadi
dsznuiuiAsasnssduilateany gas acceleration tube nelugiEia 1sznau microcarriers Nk
st @audadailuieunaafindwassuaduenuAugna 2.5 cm WAy holder 1ililn
PR y A o a | . . %
weAaYNIANEITIAABLALALEWALAY 15N10s 10 TulaTAns aensenanaueiu microcarriers 3817
wianadszanne WiUnAuuBumzunsaadn (stopping screen) N1979UL microcarriers launch

assembly PNeinunnsilesin@ewdn 11 macrocarriers NWAILAIN19719U macrocarriers holder T
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dnwmizednas Tarh macrocarriers launch assembly uatiliansluiesiseynia e
wzdesinide e mmnganuuiunne  (petri dish  holder)  Weellusziufvinsannidteide
whuanef 9 iR wutluLFuAAuUAa Y 200 daudsenssila la main switch 1
daunaunndnage natlu vac (vacuum) wiernanelugBadugnyannidauiiossiy 26-28 ol
tsan Tnel¥idainnann vacuum gauge natlaiAnlulii hold danmdnnAunsazfinficlu fire fingine
[enatlu fire FnalA sendnailfidunm He oressure gauge 1 1EusefuA 1,100 Loufsiann39Ti
wazadlFfudeiindrefianissadanelugaialsesieania fire nata vac Uil vent e
Uagtermadnlunelugis delifanmayninaszanansadadifld Tadhamumnsidouas
ﬁﬁ@’]uLWWngﬂﬂﬁﬁL‘Ldj@Lgi@LﬂWMNWEIﬁQﬂEQLLﬁQ@@ﬂNﬂ ihiledefiiunsanetuuanmnz e
UUMNIGRT MS Tuin BA anadiadiu 50 Tulastuaans tedfuan n osmotic 2auad iunan
4 dalag LLZ\]WT@La@ﬂL‘ﬁy@Lélﬂﬁvlﬁ‘}/uﬂﬁﬁ‘ﬁ’]ﬁlﬁuuuﬂﬂﬁﬁiﬁmLaﬂﬂ@]ﬁl:‘ MS T BA Aadiariiu 50 la
Tasluaand soniuansufaousniwndiedu ponudindu 50 Hadninseans Wioan 16 dlani Tae

wWaauawsnn 2 diland

?—,\

s ’) <+ He pressure gauge
- % 2

fire

vac/vent/hold
gas acceleration tube

on/off

microcarrier launch

vacuum gauge target

AN 3.10 dutlsenausge m@qm‘ﬁ‘mﬁqwmﬂiu PDS 1000/He (BioRad, USA)

3.7.4 nsasradaunsNagrasEuluinuanlasumsanadu adewalaNg

1 genomic DNA lutfuaaslfunisenediuiuuesInsuuANBaN wazn e

aun A diduRduesiuwuulunisnmaaeunisuanseentestu GUS waz NPTH Tnemindisenluy
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inms 20 lulpsdms dsznaufien dH,0 1Bun 12.8 lulpsams, 10x Tag buffer 1iunns 2
Tulasans, MgCl, 25 HadTuaand w2 Tulasans, dNTP 10 Haaluaand snnns 1 ulmsans,
cDNA 29t anane iy 20 wnlunfusalulasans 3unou 1 lulasdms, Tag DNA polymerase
(Fermentas, USA) paudisdiu 5 ailasialulnsansisunns 0.2 lulasams, lnawes F-gusA 10 Tulas
Tuaand Punnu 0.5 Tulasans uaz lnsiwas R-gusA 10 TulasTuaans W3unou 0.5 lulasdamns dwmsuns
mIaRdaLNTudnsaanIastiu GUS Tnaaanuuulnsmesfaumennuees Hajian et al. (2011) uaz lns
was F-NPTIE 10 TulmsTuaand iunoe 0.5 Tulasams uaz Inswed R-NPTI 10 lulrsTuaans tiun
0.5 lulnsans dAwFunisnsagaunisudneanaedtiu NPTH Inseenuuyinsimesmuseanuees Faize
et al. (2010) (AT 9RLANT 1) maNssvvEalidTuR maenane 200 lulnsans uarinllvin

ﬂﬁﬁ?mé’mm%ﬁmﬁmmmﬁLL@”ﬁwum%mqmﬂuﬁdﬁ 1) N 94 avAEAEaa Wl 5

'
=

W AU 1 38U 2) Vl'ﬂm‘ﬂﬂll 94 RIANTATAA YW 45 W 3) mmunu 60 B9ANTALTIA U1

3
1 '
= =

30 AW 4) NAUNH 72 B9ANTAITHA WKW 1 W7 g ludumaui 2 B9 4 Sy 35 201 uay 5) 7

Qmuqu 72 aamEa@ied WKW 10 W wIKaNARNTeNTRTadeLIUNAREulafqemnATinaznled

wagianinsiWstanreuineuiuwnLAgenInsg1 1 Kb DNA ladder (Fermentas, USA)
3.75 N15ASIARAUNITLAAIDANUAIEU

3.7.5.1 N1SASAAFDAUNTHAAIDDNADIEU GUS A998 GUS

histochemical assay

R3IRALNITUAAIRENTRIEL GUS A28t GUS histochemical assay
vilusesitan ld5unsaneleniiu GUS NutluaNsazane X-gluc (5-bromo-4-chloro-3-indolyl-B-D-
glucuronide) Gafludugmsmuaaeule] B-glucuronidase ‘Emamﬁ”mﬁmﬁuzﬁm&@ﬁmﬁﬁLL'Nm‘“u 300
AaALNS Aaianastes Matsumoto et af. (2009) et 3 wiit anthuinluidefiguund 37
asrades unan 24 dalue Andanaelsilading ethanol 70 wlasdud thanmageuns

LAAIRANTAY GUS Iaen1749tnnanNnn19in ARt RuLLTuduntsnalsindassines o lulnsaladl
3.7.5.2 n1sASAIAFaUNITHARIDanTadtululiaualenlasuniIsana sy
3.7.5.2.1 n5LA58N cDNA 2UR91A%a9N LASUN1SAN8IE U

ANARNSEURAINLAINANAINATNNTVRY  Invitrap”  Spin
Plant RNA Mini Kit (Stratec molecular, Germany) ﬁﬁmﬁtﬁumﬂuﬂ”@u WAZAILATIZA CDNA A9
Tupewluiie 3.2 14 cDNA TutmansiilfFunissneBunuesinsuuni Beudunvzuaznistivaynia
L‘fluﬁLﬁuvaﬁmmﬂuﬂwmwmumimm@@ﬂmmﬁuﬁﬁﬂm?mmL?ﬁﬂ@jﬂqumqimﬂﬁﬁﬂﬁﬁ?ﬂﬂu
inms 20 lulpsdms dsznauden dH,0 1Bua 12.8 lulpsams, 10x Tag buffer iunns 2
Tulnsans, MgCl, 25 Hadluaans aunu 2 Tulasans, ANTP 10 Hadluaand a1 Tulasans,

cDNA 29ty Asdindy 20 wunTunfusielulasans Usunou 1 lasams, Tag DNA polymerase
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(Fermentas, USA) anudindiu 5 gilnsialulasansifsunn 0.2 Tulasans, F-Bam HI-4'CGT 10 lulas
uaans suna 0.5 lulasams uay R-4'CGT —Sac | 10 lulasiuaans (mnsauwand 1) U3unns 0.5
Tulasams nanansvisnuntidnAunluaenuin 200 ilasans udsinldvindisenfaeirsesivgens
TnefsguugiuazinmunsIuusauAsil 1) NAMNE 94 avA@alies Wil 5 W1 AMudu 1 581 2)

a

fignuuni 94 asreadaa w 45 3und 3) Hgnuni 60 asraiFug W 30 3und 4) igoumnd
72 asAgadud Wi 1 Wi i ludureudl 2 B 4 41w 35 98U uaz 5) fgnandl 72 e
GG W 10 v FINAABLIUAALBUBVBINANAS
WaeanFfaeinaineznilsaaatian msEdanFeuineuiuwnun@uesInsg1u 1 Kb DNA ladder

(Fermentas, USA)

3.7.5.2.2 NM9ATIAEAUNTUIANRANUDIEAY GUS uaz NPT/ Tu

1IuaanlasunisanadivmenAnANGans

% cDNA lunfanand B sunnscnefiuuses hsunafise
uwaznstayn A I idumidre siuuinilunispsmasaunisuassannaastiu. GUS way NPTI tnemin
s luianms 20 lulas@ns sznaufos dH,0 inns 12.8 lulasans, 10x Tag buffer dasnn
2 lulnsams, MgCl, 25 fadluaan? aunns 2 lulasans, dNTP 10 dadluaans i 1 lulasdss,
cDNA 29t aad Anudindin 20 wlunfuselulasans Winnou 1 lulasans, Tag DNA polymerase
(Fermentas, USA) poxdisdiu 5 gissialulnsanaisunn 0.2 lulasans, lnswes F-gusA 10 Tulas
Tuaang P50 0.5 Tulasans uag lnsiwas R-gusA 10 TulasTuaans Usnnou 0.5 lulasans dwduns
RIRARLINTLAAIRaNTaEL GUS Insesnuulinsmesninsenuaes Hajian et al. (2011) uaz e
wad F-NPTIE 10 lulmsTuaand iua 0.5 Tulasdms wag wswed R-NPTI 10 lulrsTuaans s
0.5 lulasdans A wFuniInmagauNsudnsannaestiu NPTI Inaaanuuulnsimedmusenuees Faize
et al. (2010) (mmqwmﬂﬁ 1) LA e aentan 200 ilAsans wiatnluvi
ﬂ@ﬁ?mﬁmﬂ%qimﬁyﬂ@mmiLmzﬁ'mumé’nmm'auﬁqu 1) ﬁ@mmﬁ 94 a4AIATEA W 5
W AU 1 3BU 2) NARUNYH 94 BIALTALTEA W1 45 FUITN 3) mmuﬂu 60 B9ANTALTYA WU

1
=

30 Rk 4) mqmuﬂm 72 a9ANTAEEE WKW 1 Uh mmﬂmumum 2 19 4 919U 35 78U UAY 5) ‘17]

NN 72 aAstaiied WIu 10 WA UnanARNTeNFRsAde uIUIARLE e At ATiADzN1 A
wagianlnsiWstanFeuineuiuwnuRBuenInsgI 1 Kb DNA ladder (Fermentas, USA)

3.7.5.2.3 n1svfFaunaunisudniaanaastu CHS was F3H
lutanassnlasumsanaguuuvasinsuuafiFanuasnstsaynialagdsnis semi-

quantitative PCR

RnslFuAnndindures cDNA Busiundansziléan
luaestianasenlfdunisaneleweswanain  pCAMA'CGT  warluiiuanedluldsunisanelaumn
a1dln pCAM4'CGT Wiwiniulpeldeu 18s rRNVA Wluiiugnede Wedfuanudindvaea cDNA 1aaus
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avsnas e limvniuuaald cDNA Aanandludunuulunisnmage L BuNnIsLdAaanaaasiy F3H

WAz CHS A28 Rtnng semi-quantitative PCR

A9ARBLLBNIUNTUARIRBNTBIEY CHS Uaz F3H fnel
Ufisenidenilneinlizenluinins 20 lulasdns Usznay five dH,0 sunu 12.8 lulasans,
10x Taq buffer sanns 2 Tulasans, MgCl, 25 AadTuaanf sunns 2 lulasans, ANTP 10 dad
Tuaand 1hunns 1 'lulnsans, cDNA sesiauansfiléfunisinaleunanadn pCAM4CGT Ve
CDNA gaatfamansiildl&suntsanalaunanain pCAMACGT 1R 1 lalasams, Tag DNA
polymerase (Fermentas, USA) anudindiu 5 gilnsialulasansifaunn 0.2 lulnsans, Twswed CHSF
10 TulasTuaand unn 0.5 lulasamns waz Inswas CHSR 10 Tulasluaand hunu 0.5 lulasams
AMEUNNINTIRRALNTHAPNDANUBIE CHS (mm\mmﬂﬁ 1), lwaias F3H_SenseF 10 Tulpsluaans
1Buntu 05 Tlnsdms waz Inswes F3H_STOP 10 lulasTuaand 1iunns 0.5 Tulesdams dwiiunis
pIgfadaLNuaneanaesty F3H Tnseenuuuinsmaimumeaueey deqmma  laatyn. (2555)
(FINEuIng 1) BansnsdnTulivasatue 200 lnsans LLé’qﬂﬁiﬂﬁﬁﬂﬁﬁ?mé’fmLﬂ%qﬁ%@ﬁ
Imarﬁ%qmmﬁLmzﬁwum"mqm@uﬁﬁj1) ﬁqmuqﬁ 94 agANTATHA WKW 5 W7 2) ﬁﬂqmuqﬁ 94

a

BIANTALTEA W 45 FUIN 3) NOUNH 58 ANANTATIEA WU 45 FUT 4) NEUunnH 72 a9en

al

I
=

LaEd WKW 50 A7 I luduseui 2 T 4 A1u0u 35 9aL WAy 5) MR 72 asAnstaTes
a o a aa o a < 1% a a = =
WU 10 W UHALARNTANT AR LTIAR LB AdINATIADE NI Tsa1aaBIAN s W Tan TaL e

ﬁULLﬂuaLﬁuLﬂmmg’]u 1 Kb DNA ladder (Fermentas, USA)

3.7.5.2.4 maifFaunaunmsudnsaanaaste  CHS, 4'CGT,
F3H, GUS uaz NPT lutivassilasunmsietiunuuasinsuusiiGaauaznisiivaynia
TnetnAidA real-time PCR
15U nas cDNA Bfuaedugauieiilasusie 115 5um
araln pCAM4'CGT 8 Wiwinriulag 1 18s rRNA uElugnedy tnensizendizenluilsnns10
lulpsams Usznaudioa dH,03.5 1ulAsdms 2x SsoAdvanced™ Universal SYBR® Green
Supermix 13u10u 5 lulasans cDNA yadauTang Anudiadi 2 unTunsuselulnsdng o 1
lulasams Inswed F-185 monudindin 10 lulasTuaand Bunm 0.25 Tulasansuazlnsiwes R-
185 A ndingu 10 Tulasluaand sun 0.25 lulnsans ‘Emw’%qmmﬁLmzﬁmumﬂimqm@u
fail 1) Fgnungil 94 eeAnaaFud w 5 Wil 2) Agnumgll 94 esrniTATEA W 45 BTl 3) T
AT 60 B9ANIAEEA WY 30 AT 4) Tlenwnd 72 eeAmATaA w1 1 wT gl

q a Q a
% 1

duRauN 2 09 4 47U 35 99U WAY 5) NQOINYH 72 BIANEAITRA WK 10 WP IHeaINI9D

15UANNIENTY cDNA aasusaziaasneliyindunds 14 cDNA senaqifludidwasiunuylunig

[ﬂ‘j‘fm@ﬂ‘]J‘].E‘NWMﬂ’Wﬁ‘LL@@Q@@ﬂ“II'Nau
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ANENNIUAAIRANTASEW CHS, 4'CGT, F3H, GUS uas
NPTI Tnensizendisenlufuns 10 lulas@ms dszneudice dH,0 unn 3.5 lulmséms
2xSsoAdvanced™ Universal SYBR® Green Supermix 158104 5 lulasams cDNA y99AuTans
AdiNdY 2 wrTunfusalulasans a1 Tulpsams Infiwes F-CHS, R-CHS (dmsutiu
CHS) nfiuaj F-4'CGT, R-4'CGT (A miutiu 4'CGT) Iwiluas F-F3H, R-F3H (Auiudiu F3H) T

wWaf F-GUS, R-GUS (d1ufutin GUS) wazlnsiuas F-NPTI, R-NPTII (Aau5udiu NPTI) Aans

v v
o o

dindu 10 lulrsTuaand afinas 0.25 lulasdns Tnusdsanmniuazinnundiuausaufall 1)

3

=)

=

QIUUNN 94 A9ANIALTEA WL 5 W 2) NN 94 a9A@add WK 45 JUNN 3) Nug

N z2)

60 @9ANTAITHA W 30 U 4) NgunR 72 aeAdalEa wIw 1 wn it luduneun

04 4 A1U9U 45 991 WAL 5) NN 72 ALTAITYA WKW 10 WA
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unii 4
NANI5IAE

41 n15lAAUEYN chalcone synthase (CHS), flavonone 3-hydroxylase (F3H), chalcone

wae 4-0O-glucosyntrase (4'CGT)

411 U CHS

Traugu CHS uuufindu Arenatian PCR Tnald DNA fuwuuiilu genomic
DNA uaz cDNA fiarialFarnnauneniavasynaindans waznauseniavassdnauenanaunen
Fouy ezl Innmeianmnziieanuuuaniy CHSF #ilaauann cDNA 289 Nelumbo nucifera
(accession no. FJ999632) taald lnsiuadaninny CHSF forward primer way CHSF_reverse
primer linanAn PCR w89ty CHS uuifinéiu #ilnauann genomic DNA VRLINANYUTIINUAY
TanatedmaLangauinlndifesis Ae auinlszanns 1,600 bp (AT 4.1 T89 1 uaz 3) uavldng
WAR PCR 10481 CHS utitifiandu Ailaauain cDNA fiduiasziain RNA geanduseniianadg
YOUTINA119 WaTnAUAENLaNaNdRaLNTINaUAenATHNaILIAlNA ALY A 2uInlszanns

1,200 bp (N 4.1 189 2 LAY 4)

e <« ~1,600pb

<« ~1200pb

PN 4.1 HAHAR PCR 10481 CHS wuLdsidu: (1) 81 CHS Ailaauldann genomic DNA 284119
NANLUTITN 2R1ALTTNNL 1,600 bp, (2) &1 CHS Alaaul&ann cDNA 1a9iiamand
Youisn aumtlszann 1,200 bp, (3) 81 CHS filaauliann genomic DNA 2841i21a04
ARmLant aunalszane 1,600 bp uaz (4) 81 CHS filnaulEann cDNA 20a1fmans

ARALNNT BUALIZNTDL 1,200 bp (M = 1kb DNA marker)
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4111 WANISUATIEUTAYANIINUENTITHURIEN CHS WlAauls

27N genomic DNA Waz cDNA 229NaLAANTINANLYMUNINLALTINANIAALINT

NAN13LATIEHANALTIAR TR INA 1898l CHS wuLLANLEY Fnsl

TUsun3u BioEdit (Hall, 1999) wuan 81 CHS 7imauliann genomic DNA 209nALARNLANAN
a o % = 1 [ A dl o a = '8 = dl
YournuaziionaNgnaLIng Hauiawindu As 1,599 bp uazietitanalalnsuestiu CHS 7
TAaulfann genomic DNA u13LAEilATeaT19regtiuAqellsunsy GENSCAN  LiNans2ami
AW exon g intron wazansunaes N uduldls wudn aes8n cHS Aleauliann genomic

g

DNA 289naUABNtianasysisn Haauaed exon 2 U 111A 178 bp (FIUARIUMNAIALT 1 D9

D

178) WAL 992 bp (AILARILALNAIAUT 608 09 1,599) WAYHEIULR intron 1 T UM 429 bp
(FILARTWMNAALN 179 D4 607) Hdaunidusiaaednsaesiluauin 1,167 bp @ 1N170uUa39a

Hunsneztluld 389 nepesiilu dautiu CHS Nlaauléain genomic DNA ap9ndumaniianaid

v
o ]

AARLaNT NA21189 exon 2 T WLIA 178 bp (FILARIWMUNAIAUN 1 D9 178) WAL 992 bp (FIwA

1 '
o o A =

ATWMUNANALN 608 019 1,599) WATHA2U184 intron 1 U AWM 429 bp (AILARLUUIRNALA 179
04 607) Ndaudlusigaednsaesilanin 1,167 bp anunsautlasiaiiunsnesiiulé 389 nepay
a aaz/ o U all v a e a A = ¥ aal .

{1l aniudndeyanlanitiassmiFaumauauinileunestiudonds ClustalW — multiple
alignment w131 E1 CHS laauléiann genomic DNA 299nauaaniiananyuwisnuaz1innang

ARRUanT Wu91 HeanNwidleuiuNinndnsesas 99 lussruiiapatalng (N 4.2)

detideyaaniuilasalelndassdiu cHs filaawléain cDNA
18INAUAANTAMAW LT TNuAzTINANARALINT NAtAIziAae Tdsunsy BioEdit (Hall, 1999)
wud B CcHS filaawldiann cDNA 2esndunentianassymainuazianasdnauene faunn
Winf A 1,170 bp waziiletiafianalalndaesdiu cHS Alnawulann cDNA 1nAiAszsilasaasng
ves8ukanlUsunsy GENSCAN wudn aeediu CHS #laauléann cDNA 1eenfunentanaa
ousisn Adauaestin CHS 1w 1,170 bp fidauiidusigraansneiluaunn 1,167 bp 414130
ulasadunsnezaluly 389 nemexiity doudiu CHS #ilaauliain cDNA 2aendunentianaas
dnmuang fldauesiiu CHS 1um 1,170 bp Sdaufiilusiazesnsaesiluaunn 1,167 bp 41190
wlasadlunsaeziilild 389 neneziily aniuidieyailiu it auduauiniieuses
BuBne™? ClustaW multiple alignment wudn 1w CHS 7ilaaulEann cDNA aesndunantiamang
youaiinuazanaadnauang wud Sennsuileuiusnnndnsenas 99 lussauianalelng (nnd

4.3) wariAnsmieunuiasay 99 luszaunsaazily (N 4.4)
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41.1.2 wansilFauiisuanauiauuasaiauiionalalnauasdy
CHS wuuthAnidu Nlaaulsiain cDNA 1aInAuARNTINANYMTINLAZNALABNLTANAIY
ANALINT NUWTRUNNIIBULUFIUTDNA GeneBank

Hethansuianalelndaesiu cHS filaauldann cDNA 104
nauaantuaeyusEnuartionandnaLnT ilsauieuiledidusiaanumiion (% identity) i
&1 CHS mmﬁmﬁm%uﬁﬁmmmuugﬁu%mﬂ@ GenBank #281l1l3un3u Blastn (http:/blast.ncbi
nim.nih.gov/Blast.cgi) Wudn &1 CHS #ilaawl&ann cDNA AAINALADNLANANYUTIIN AN
mﬁ@umﬂﬁzﬁm AUl chalcone synthase (CHSB) 184 N. nucifera (accession no. FJ999628) q
Aumilatesay 98 LALEL CHS AilAauldann cDNA 1e4nALARNITINANARALINT SA2NX
mﬁ@umﬂﬁzﬁm AUl chalcone synthase (CHSD) a8 N. nucifera (accession no. FJ999630) q

AN AUSaAY 98

dlenBuuiauaiduilendlelndaesdu cHs  #laawuldann
cDNA 18enaumentianaswisaessiaiudu CHS ﬂJmﬁmﬁmﬁluﬁﬁmmmuuﬁméﬁmﬂ@ GenBank
WUqN TAonuwmilennullsennndesas 79 - 83 saedawdu  Juglans nigra x Juglans regia
(1981%) (accession no. X94995) $asay 83, Casuarina glauca (swamp oak) (accession no.
AB694902) $asaiaz 82, Vaccinium ashei (UQLU@?I) (accession no. AB694902) $easiax 82, Vitis
vinifera cv. Deying 84-1 (@J\juﬁﬂqﬁ) (accession no. JF808008) $at1ax 82, Rhododendron simsii
(nuaunull) (accession no. AJ413277) Sasiaz 82, Theobroma cacao (Inifi) (accession no.
XM007034380) 5e81as 82, Lonicera japonica (maﬁ/ﬁ”q) (accession no. JQ627646) sat1az 82,
Camellia japonica (mnmﬁ@mjﬁu) (accession no. AB512766) 5a8as 80, Camellia sinensis
cv. Longjing43 (m%u) (accession no. KC357705) 5a8iaz 80, Gossypium  hirsutum ()
(accession no. JF795275) $aaas 80, Actinidia chinensis (ﬁ‘%) (accession no. KF157394) 5a8az
80, Rosa chinensis cv. Xing-xing-hei (NUausisgan) (accession no. HQ423171) $etaz 80,
Humulus  lupulus (Aude1) (accession no. AM263200) 5esia 80, Prunus avium (L*ﬁﬂ'ﬁl‘)
(accession no. GU990524) $asiaz 80, Anthurium andraeanum (ABNWN33) (accession no.
AY232492) $aaaz 80, Rubus idaeus (W34 L‘]_Iﬂﬁ"??) (accession no. AF400565) 5a8iaz 80, Malus x
domestica (wauilannan) (accession no. DQ026297) %euaz 80, Prunus persica (Fuvia)
(accession no. HM543568) 5atay 79, Fragaria x ananassa (Zﬁmﬂm@'ﬁ) (accession no.
AB201756) 2088Y 79 WAL Pyrus pyrifolia cv Yanshan Red (m?ul) (accession no. JQ060997) Zasl

AT 79 UL
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4113 HANITHUTaUINLUANNINNDUARIRIAUNTADS NI UUTDIE U
CHS wuuLaNLdY Nlaaulaain cDNA ARINAUABNLINAWUUNINUAENAUABNLINRN

ANALNT NUWTRUNNIIBULUFIUTDYA GeneBank

Slethansunsneviluaesiiu cHS filaawldann cDNA 184nAL
paniuayuriTnuazianaNdnauanT NFauna nlefidusiaumien (% identty) i
AAuNIAerilulestiu CHS m@qﬁfﬂfﬂﬁm%uﬁﬁaqm'}uuugﬁu%]mg@ GenBank fnglisunss BlastX
(http://blast. ncbi.nim.nih.gov/Blast.cgi) WU a1sunsaezNlue9gy CHS 7ilaaulEann cDNA
WBINALABNTINANLUTIIN ﬁmwmﬁ@umnﬁqm Auwenldsd chalcone synthase (CHS) a4 N.
nucifera (accession no. ADD74169) flAanuwmilauiatas 99 uazadunInezdiluzasiiu CHS 7

o

Taaulfiain cDNA  199nAUARNTINANARALINT AANNINNaUNINTNgn fulawlas  chalcone

q

synthase (CHS) 984 N. nucifera (accession no. ADD74169) NA:LUNe15a8as 99 A1ALNTABY
Alugestu CHS AlaaulEann cDNA 18dnALABNTAMANIARITTAT AL T auf g Funs Aasd
Tua9981 CHS mmﬁmﬁmﬁluﬁﬁ@ﬁmmuugmé’ﬁmﬂ@ GenBank Ussanniesas 95 - 86 (AN9147)
4.1) Aeead Juglans nigra x Juglans regia (38a1n) (accession no. CAAB4452) Saaay 95,
Gossypium  hirsutum (£181) (accession no. ABS52573) $eaaz 93, Theobroma cacao (Inlf)
(accession no. XP007034442) e84 93,  Abelmoschus manihot (Uawfia) (accession no.
ACEB0221) $eaias 93, Camellia sinensis (mﬁu) (accession no. P48386) sesaiax 93, Camellia
japonica (m@ﬂmﬁlﬁﬂnjﬂu) (accession no. BAIG6465) $ae1ay 93, Actinidia  chinensis (ﬁ%)
(accession no. AGV53049) %asay 93,  Rhododendron simsii (Qumuﬁuﬂ) (accession no.
CAC88858) $atiay 93, Vitis vinifera (84uinlal) (accession no. AEP17003) $asiax 92, Clitoria

o

ternatea (8eU91) (accession no. BAF49290) Sagaz 92, Morus notabilis (AUANAY) (accession no.
EXB76929) %enay 91, Prunus avium (11859 (accession no. ADZ54780) %eway 91, Malus
domestica (waUilla) (accession no. AAY45748) 3aeiaz 91, Senna alata (quLﬁMLWﬁ) (accession
no. AAM00231) $aeiaz 91, Lonicera japonica (mm‘fqﬁ”q) (accession no. AFJ44312) aaaz 91,
Vaccinium ashei (19 L‘].l@'ﬁ‘:%) (accession no. BAO58433) 5at1a 91, Hypericum hookerianum (A1
179984) (accession no. ABM63466) $aaas 90, Fragaria x ananassa (mmmmﬁ;) (accession no.
BAE17124) %aaas 90, Humulus lupulus (Fudatl) (accession no. CAK19318) $aaiaz 90, Pyrus

pyrifolia (81@) (accession no. AFH68066) 58818z 90, Rosa chinensis (nuanw) (accession no.

AEC13058) %aaay 90, Petunia x hybrida (Wyiie) (accession no. BAM17286) Fasiay 90,
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Solanum  lycopersicum (N::lﬁ@mﬂ) (accession no. NP001234036) 508182 89 way Melastoma

malabathricum (FulAadiAad) (accession no. NP001234036) setiay 89 Lilusiu

4114 HAMSIUATIMANNANAUEINITUINMTTRIRIALNTARSH
Turasdiu CHS Mlaaulaain cDNA 229NAUARNLINANYMNENUAZLAMANFAALINT N1
AnuNsAREiluTadEy CHS NTAUNNSIEIULUGIUTaYA GeneBank

HANNFILATNEUNANANAUTN T TUINI9TB9R A LNIAB TR TR
#u CHS nlaauldiain cDNA 1e9naLmeniaaNy MmNz ianaNdnnLenT Auadunsnasiiiy
1048U CHS Wrauniseaiuugulieys GeneBank Aaalilsunsu MEGAS (Tamura et al. 2011)

¥

Tneaenain1sAIuIImMINATIAAERE Minimum evolution method uagl#3an19a319unun Rl

%

(phylogenetic tree) Aneida Bootstrap test lae/ldanuqusas 500 sev TneFauineuiuanaunsnes
Aluresiiu CHS ‘ﬁ‘ﬁ%u laun N, nucifera (accession no. ADD74169), Juglans nigra x Juglans
regia (9@81N) (accession no. CAA64452), Abelmoschus manihot (LUaufia) (accession no.
ACEB0221), Gossypium hirsutum (He1)) (accession no. ABS52573), Theobroma cacao (Inifi)
(accession no. XP0070344 42), Actinidia chinensis (?ﬁfl) (accession no. AGV53049), Humulus
lupulus (fiudinll) (accession no. CAK19318), Vitis vinifera (@iuﬁﬁ1Qﬁ) (accession no.
AEP17003), Camellia japonica (mfaﬂmﬁﬁmjﬁu) (accession no. BAIB6465), Camellia sinensis
mau) (accession no. P48386), Rhododendron simsii (qumuﬁuﬂ) (accession no. CAC88858),
Vaccinium ashei (‘]_I@jl,‘]_lﬂﬁl‘) (accession no. BAO58433), Hypericum hookerianum (A117N9849)
(accession no. ABM63466), Melastoma  malabathricum (FulAadLAad) (accession  no.
NP001234036), Malus domestica (wailitla) (accession no. AAY45748), Pyrus pyrifolia (m?ﬂl)
(accession no. AFH68066), Casuarina glauca (river oak) (accession no. Q9ZRR8), Prunus
avium (L"ﬁﬂ?ﬁj‘) (accession no. ADZ54780), Fragaria x ananassa (@mmn@ﬁl‘) (accession no.
BAE17124), Rosa chinensis (M1a1l) (accession no. AEC13058), Glycine max (f]lv'lmaﬂ\‘i)
(accession no. ABB30178), Petunia x hybrida (ﬂmﬁﬂ) (accession no. BAM17286), Solanum
tuberosum (ﬂuﬂlﬁ%\i) (accession no. AEN83501), Solanum lycopersicum (S\I:;L%ﬂmﬂ) (accession
no. NP001234036), Anthurium andraeanum (AaNUL199) (accession no. AAP20864), Dahlia
pinnata (AAN3NL3) (accession no. BAJ14516), Gentiana triflora (ﬁuﬁmﬁﬂu) (accession no.
BAE45039), Zea mays (@naTwem) (accession no. NP001149022), Arabidopsis thaliana (82310n

v

81/Td) (accession no. AAZ23741), Antirrhinum majus (FUaW

%

34N9) (accession no. BAE80511)

WwaY Phalaenopsis hybrida (n&aeldl nuauuelda) (accession no. AAX54693) WUIN A1AL
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N398R TUI098 U CHS 199171a2979R8a9 T AN A NANWUANIITRUINTTuandaandIa Nl
naNau g lungueaapaaiu N, nucifera (N 4.5) uazat lunqulvalipaaiy nquldausiu Ty

v

\a21ee 1 Theobroma cacao (In1f), Camellia sinensis (1Naw) waz Malus domestica (uaililla)

SARITANY
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gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF_BUN
gCHSF_SAT
gCHSF BUN
gCHSF_SAT
gCHSF BUN
gCHSF_SAT

M 42 nmndrsuiauansuiautesatsuiiadlelndaestiu cHS laauldain genomic

ATGGTGACCG

TGGAAGACAT

CCGCAAGGCA

CAGAGGGCTG

AAGGCCCGGC

CACGGTGATG

DNA  289nauAentianasyawisn  (gCHSF_BUN) uaztinnanidnmuant (gCHSF

o ==

_SAT) Analisunsu Clustalw multiple alignment (AANETN

nd start codon (ATG) Wy stop codon (TAG) 284811, ansLiaAdla e lketag intron

v o = ¥ & zﬂl
LARULTUABN I UALEULF LaZlATENINNE

AZALNL)

55

o

A o a a '
LAANAINNINRHNAUNWARIUA ﬂ@I’ﬂi‘V] A UG

U LAAIANLULNTNAATE



CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT
CCHSF_BUN
CCHSF_SAT

MNA 4.3

EGTGACCG TGGAAGACAT CCGCAAGGCA CAGAGGGCTG AAGGCCCGGC CACGGTGATG 60
ARG CAGCERAE GCERACTET CHEGACCAGA GERCATAGCC CanCTACTAG 120
CCGERICh CRACHGCGR COACRAGAGE CAGETCARAG AGRAGTTCAR GocCATETGE 180
A RATEAR TOATCARGAR COLCTACATE CACTTEACHS AGGAGRICTT GRAGEAGRAC 240
CARACRRC GRGAGTACAT GOTICCINS CrGeRIGeTA GReAGGRGAS GamGGTaGE 300
CTaaChn MACTESGOA CoAGECTGES ACERAGGEEA TTRAGGAATG GathCaGece 380
ARG BCACECAGET RemTaG ACCACCRGRG GeGCERCAT GeCaeGeT 40
RCTACEAGE TOACERAGT ORI e TeRAGAGACY ChrGATaTAG 480
AACAAGGRT GO ACGERCAGTE CHTeGCTaG CoRAGGAGCE TaChGAGAA 540
GGG oG e RGe TeRGAGETCR CrGCTaTAG eer 00
ConnGTaRIE GG T A TeeAGGAGCE o6
Sencinie e s cariacaan AGcoT NN 350
roscrcece Jdrcr e e o nscsin oA 780
cercllomems e R roco e st canca N 540
NEape & SRSNE] R (50 ) JERN e ASE F5K, N NARAAAERD. \ oy
siclllonce ook R R LB NI B e b L T Nk
Y 4 PP e AT T RY S UFRIRET o P S M e R
8 PRRY o/ - B o WU o B I S
..... T ... V.. oveoooll. M +0 .7, ‘ool N W .l oppemerd . . J. . . 1080
ACTGGAGAAG GGCTCGAGTG GGGTGTGCTG TTTGGGTTTG GACCAGGGCT AACCGTTGAG 1140
o 058 o cannody) gl 5 S SR\ WRRA PY X o'l
.............................. g 70)

nsuBen U uwiiauaesdsuihnalendaestiy cHs AlaulEain cDNA T84
NAUABNIANANLITIEN  (CCHSF_BUN) uaztianansdmmauant  (cCHSF_SAT) fiag
T1lsunsu Clustalw multiple alignment (@auTaadulEuanasuistnaleng start
codon (ATG) UaZ stop codon (TAG) T84T, LATasvaNe () LaAsANuIME auTLeed

2PAe A lULART AN ALN)
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cCHSF_BUN MVTVEDIRKA QRAEGPATVM AIGTANPPNC VDQSTYPDYY FRITNSEHKT ELKEKFKRMC 60
L0103 5 1 S 7 60

cCHSF BUN EKSMIKKRYM HLTEEILKEN PNICEYMASS LDARQDMVVV EVPKLGKEAA TKAIKEWGQP 120
CCHSE SAT . .ititiint totusasase ssesetosos ssavesasas sasssnsnss ssssssssans 120

CCHSF_BUN KSKITHLVFC TTSGVDMPGA DYQLTKLLGL, RPSVKRLMMY QQGCFAGGTV LRLAKDLAEN 180
CCHSE SAT  t et ttee et ettee e et e eee ettt ettt e e 180

CCHSF_BUN NRGARVLVVC SELTAVTFRG PSDTHLDSLV GQALFGDGAA AVIVGADPVP GVEKPLFELV 240
CCHSE SAT  tttttee et ettee e et e eee e ettt ettt e e 240

cCHSF_BUN SAAQTILPDS HGAIDGHLRE VGLTFHLLKD VPGLISKNIE KSLVEAFQPL GISDWNSIEFW 300
CCHSE SAT .. ititiint totesuasase ssesetosos ssavsesanss sasssnonss sossssasans 300

cCHSF BUN TIAHPGGPAIL DQVEEKLALK PEKLSATRHI LSEYGNMSSA CVLFILDEMR KKSIEDGLKT 360
CCHSF_SAT . ...ttt tiiennnnn R 360

cCHSF BUN TGEGLEWGVL FGFGPGLTVE TVVLHSIAA* 389
CCHSFE SAT ..ttt i iiiiiiiee ceeeeanan p—sig

MAN 4.4 nnFauieuanuvileuassansunsaesiiuaesty CHS flaauléiann cDNA 189
nauAaNanaayMeiEn (CCHSF_BUN) uaztiauandnnuant (cCHSF_SAT) fiag
Tlsunsu ClustalW multiple alignment (Wsaeunng * unneds tdaunsoudadly

nanezilulé 1esanniilu stop codon)
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AN919% 4.1 nan1sFeuauAwlesidusanuwiian (% identity) 1e981AunIAas R U098

o

CHS laaulfiain cDNA 289naLABNLIAUANYMTEINLAZTIIMANARALINT FUAIAL

A

nsneriiuresdiu CHS vesirrlinduniisesuuugudeya GenBank faaldsunsy

BlastX
e %m Vnal Accession no. Enzyme name % identity
N. nucifera cv. Buntharik - chalcone synthase -
N. nucifera cv. Sattabangkacha - chalcone synthase 99
N. nucifera VTN ADD74169 chalcone synthase 98
Juglans nigra x Juglans regia 20481 CAAB4452 naringenin-chalcone synthase 95
Abelmoschus manihot laufia ACE60221 chalcone synthase 93
Gossypium hirsutum el ABS52573 chalcone synthase 94
Theobroma cacao nif XP007034442 chalcone and stilbene synthase 93
Actinidia chinensis ﬁé AGV53049 chalcone synthase 93
Humulus lupulus Fugal CAK19318 naringenin-chalcone synthase 90
Vitis vinifera aguinlal AEP17003 chalcone synthase 92
Camellia sinensis AU P48386 naringenin-chalcone synthase 1 93
Rhododendron simsii nuaLNaT CAC88858 chalcone synthase 93
Vaccinium ashei g weft BAO58433 chalcone synthase 91
Melastoma malabathricum futianes AGW24283 chalcone synthase 89
Malus domestica uaihila AAY45748 chalcone synthase 91
Pyrus pyrifolia m?\; AFH68066 chalcone synthase 90
Casuarina glauca River oak Q9ZRR8 chalcone synthase 93
Prunus avium lﬁmﬂ‘ﬁL ADZ54780 naringenin-chalcone synthase 91
Fragaria x ananassa An78 Lu’a‘ﬁl BAE17124 chalcone synthase 90
Rosa chinensis nUaL AEC13058 chalcone synthase 90
Glycine max ﬁﬁm?\m ABB30178 chalcone synthase1 90
Petunia x hybrida ﬁ‘lQL‘flE BAM17286 chalcone synthase 90
Solanum lycopersicum uzdewma NP001234036 chalcone synthase 2 89
Solanum tuberosum e AEN83501 chalcone synthase 89
Anthurium andraeanum ABNULINGL AAP20864 chalcone synthase 90
Dahlia pinnata AANINLS BAJ14516 chalcone synthase 89
Gentiana triflora FuSuie BAE45039 chalcone synthase 88
Zea mays dratnm NP001149022 chalcone synthase 86
Arabidopsis thaliana asiinailia AAZ23741 chalcone synthase 85
Antirrhinum majus ﬁuayuﬁdﬂi BAE80511 chalcone synthase 86
Phalaenopsis hybrida nAnaldl AAX54693 chalcone synthase 85
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81
99

70
17 88
4o

99

o
w

]m

64
84

42
51
4

99
8
1
- 99

60
23
DL B

98

N 45

Nelumbo nucifera

Nelumbo nucifera cv Sattabangkacha
Nelumbeo nucifera v Buntharika
Juglans nigra x Juglans regia
Abelmoschus manihot
Gossypium hirsutum
Theobroma cacao

Actinidia chinensis

Humaelus lupuelus

Vitis vinifera
Camelliajaponica

Camellia sinensis
Rhododendron simsii
Vaccinium ashei

Hypericum hookeriamun
Melastomamalabathrictimn
Malus x domestica

Pyrus pyrifolia
Casuarinaglavca

Prunus avitm

Fragaria x ananassa

Rosa chinensis

Glycine max

Pemumniahybrida

Solanmmi tuberasiun

Solanum lyeopersicum
Anthurium andraeanum
Dahliapinnara

Gentiana triflora

Zea mays —

Arabidopsis thaliana
Andirrhimun majus

Phalaenopsis hybrida

NANIMN
veiludens

1ditiusiu

NGNTM
Hali@sne

Alailsldidudu

NANTN

FeluBeride

ANNA NN UENITRUINNTIasA s UNIAas i luaastiy CHS Nipaulfain cDNA 21a9

a o a o o o o

NAUABNLINAWLUNTN LAZUINANARALNNT ﬂumﬁummxiiummﬁu CHS YRING

| '
A A

1inaunNeuLuguiieys GenBank fiaallsunsu MEGAS (Tamura et al. 2011)
FLATLULIUA (node) wanatlafiduiminntiniianaannisALInséae Bootstrap test
AU 500 991 (ANAUAPNTEETUWNNNUGNITH 0.05 WAAINTUNUNT8INIAazH T 5

s e
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412 8uUF3H
4121 msdaAsIERay F3H u1edau Ineld degenerated primer

o o= a [ o A =l A
unoitu F3H  lusenquatnfumusivgedinaninaunenad aes
UNNIAEFIRLNT NAUABNATNY  UATLNNIFLUIBNINALAANATNY  INOANHIANLANG LAY

a

ANNANRUENIITMUINTVBIEU F3H SEUTNLYNTIFRGNT WazIenI NN TRiuguaTIF Aot
UfAsenNGan3eiu degenerated primer Aa F3H Forward primer Uaz F3H Reverse primer (A9
fuand 1) ﬁ@”uu?mmﬁ%mmau%ﬂﬁuu@u F3H %I\m@ﬂmeﬂﬂéﬁﬁuﬁm?ﬂﬂ%ﬁ@ﬁﬂﬁmﬁu F3H
TuiNtsinge) m@mimmﬂﬂgmmweﬁmiwmumL@ummm tszanmu 900 HarRlalng deltguuni 62
avnadng  winudviidunen  annealing  WlRenizenlan BauidaususnuiEue
NIMIFIU 1 Kb DNA ladder (Wi 4.6) At AN EanARTENSeananiaailer LS ausiariy
newed pTZS7RT whmelaudnuuafids E. coll araiug DH5OL ieiiasanniduaiue den
TalafidanafensaaeLdudiuaasiu F3H ﬁLLmn@fﬂummm'a% PTZ57RT (PTZ-F3H) Aaeilfiaen
fiens naUfenitteninuduAEuennaszanm 900 Sanalelnsd antalatl pTz-F3H ansaeting
vesguaTAIUAvRedings UM AdRALnTUATLINNTIRAL NN ﬁmﬁ@ﬂ‘lﬁmuﬁqﬂﬁmﬁﬁm

Amnmzdanuianalendlagld universal primer A8 M13F waz M13R

M 1 2 3
r L
{ o
P
|4 s_‘gw
1,000 bp- -
ST oy e
750 bp. - :s' - o

t o

gy, &

AN 4.6 wategUAzeidenflunisdainsieiitiny F3H aan cDNA 1esguatAmusiiqadinas
(1) tuaAdmsuand (2) Unuanmymsian (3) HTundueauinlszuins 900 Hapale

s Wewaudeauiunidueninggiu 1 Kb DNA ladder (M)
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4122 waMSAATIRUAIALTIARIE INATULNEIUTRY F3H luaua
TAIUANREAINAS UNNTNAFRALINT wasdyNTIfyMnan

uansAsziaAUTadTendnuddudaniuy  F3H filaaulsd
awp 823 famdlelng detinduianalendTudaudu F3H AlraulianeuatAusuqedinast
UnnaAdnnuang  waztnuaidymgisn wnsauieuiudeellsunsy  BioEdit  wudiiAIN
wilaufi 100 wesdusd (i 4.7) Lﬁfaﬁﬁmﬁm"Wm‘”uﬁqrﬁwaifablmmf?n”uquuﬁu F3H lduBaudeniu
fagyaandunsnaziluaesieiiu F3H vaefiasne fiflseeeglu GenBank Faalisunsu BLASTX
WUINEY F3H 1‘71'@”@me:ﬁ'lﬁmﬂ@qumﬁLénuﬁmﬂzﬁﬂ@ﬁ UNUIAERALNNT  UasUNTAYMiEn
wdAANNIN U UANS UNIRar i luredllsiu F3H weslesa (s hollandica) (BADS6791.1) 82
wWasiidus e (joomoea batatas) (BAA75309.1) 79 iiadifus ARIaLLasE (Fragaria ananassa)
(AAU04791.1) 75 wlediiusl anedwu (Canarium album) (AEO36935.1) 73 ilefidusd fne
(Gossypium hirsutum) (ABM64799.1) 71 wlafidust wazizn (Gentiana triflora) (BAD91807.1) 71

& o

wWefidusd Aaudaslumdh 4.2
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F3H
F3H

F3H

F3H
F3H

F3H

F3H
F3H

F3H

F3H
F3H

F3H

F3H
F3H

F3H

F3H
F3H

F3H

F3H
F3H

F3H

F3H
F3H

F3H

F3H
F3H

F3H

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

St.Louise Gold
Satabankacha

Buntharik

20 30 40 50 60 70 80 90 100

TCCCAAGGTGGCTTACAATGACTTCAGCAACGACGTCCCCGTCATCTCCCTCGCCGGCCTCGAGTCGGATCCCGCGAGCCGCTCCGCCATCCGGGACGTC

110 120 130 140 150 160 170 180 190 200

| | | | | | | | | [ | | | | | | | | |
ATCGTCAAGGCCTGCGAGGAGTGGGGCGTCTTCCAGGTCGTGGACCACGGGGTCGACGCGGTGATCGTATCGGCGATGACCGACATGGCGAACCGCTTCT
210 220 230 240 250 260 270 280 290 300

WA 4.7 uansuauisuansuiioralalnamudoutin F3H aun 823 Haedlalng 1esguATIA

wusqedinas dnuoAdnnuant wazdyuaAyusisn sqelusunsy BioEdit (Hall,

1999) LATAIUNNE . hAAIANNINauTUIaItaAA e A lULAAT AN
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A15199 4.2 uanisnfrauinauansuiionala sty F3H vesguatRmuiuqadings UynaAdnauanauazdyuasymeisn fugiudeys Tsuuu
GenBank (BLASTX)

Accession number

Plant

Gene name

%Identity score

BAD86791.1

BAA75309.1

AAU04791.1

AEO36935.1

ABM64799.1

BAD91807.1

Nelumbo nucifera Geartn. ‘Satabankacha’
Nelumbo nucifera Geartn. ‘Buntharik’
Nymphaea hybrid ‘St.Louise Gold’

Iris hollandica

Ipomoea batatas

Fragaria ananassa

Canarium album

Gossypium hirsutum

Gentiana triflora

flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene

flavanone 3-hydroxylase (F3H) gene

100

100

100

82

79

75

73

71

71
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4123 n1SABATIEREY FIH USauAulae 5 (5F3H) an cDNA

NAUABNALATIALIUANGEALNAR

NARINNNTAUATIZEY  F3H  medutane 5 misaBnnses
SMARTer™ RACE #aeilfjifsen Nested PCR Failutlfjeniigensiisl 2 funeu ual¥lnswes 2 4 fe
Fumeauusn 5RACE PCR Wlnsuies 10X UPM TedutBionulansted 5 adaptor 1844181 5 RACE cDNA
angquaTiinuivgedings Aiulnswef SRACE GSP1 dsiuinnimeludiu F3H waiilian
Ufeniitensiunauusn 5RACE PCR wudumiduasunelszanns 1,600 dapalelng lusheting
789 cDNA NaUABNAWTINIAWARY uavauAszanas 1,100 Thnalelng lufetneaes cDNA
nauReNgUATALUAngeAinas Lﬁ@‘lﬁﬁfqmuqﬁ 60 asrnutaiTiua dAnusudumney annealing uaiile
Lﬁuqmmmufumu annealing i 62 a9ATATaE A13NRdIATTTUAL ST ATz
1400 Thedlelnd lusegnames cDNA NAUAANAUTNIAWESS uazatnatls=anas 800 Adle

el lusnatinaaas cDNA nauABNguAT ALIUEUqUdINas (NN 4.8)

oy 5% ~ 1,600 bp
1,500 bp -| ~ 1,400 bp
%
1,000 bp - - ; ,01008 bp
750 bp - P

60°C 62°C

M 4.8 uavedlisenfidenidunen 5SRACE PCR lunisduaszviein F3H Futlane 5 1le
cDNA 284nanausiansdinaed (1 ua 3) panquatfausngedings (2 uas 4) Hluaidu
OAULLLTGUUAHN 60 LAY 62 a3AEalTea Iudunaw annealing  289Ufji3en

wiauWauALREweN1ATF11 1 Kb DNA ladder (M)
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fhuandniganfanenigenfiuneuumn SRACE PCR ai
NN31A8AN9H9e Tricine-EDTA Aoeidfisnaau 49:1 (Tricine EDTA : nanandan3) ufoanlfiilusdue
sl feniidensiuneui 2 Ae Nested PCR Tnsiluduneviiaclilnames 5Nested 5L
131904 5 adaptor Afulwaine SRACE NGSP1 UL F3H Fotgnmnil 62 asrniaidea d sy
Tumen annealing e MU TReATenumeni 2 wiuRiSuenalszn 800 dandlelng ann
nANARTTENS SRACE lufumeuusniideanséiag Tricine EDTA asandumenguatniimusugud
Tnadl dleligningil 62 eernsaden uwilimududiuedielionmall 60 evnmadaa G5y
dupew annealing uazliinuTumiEuiean cDNA TesnenawansAvaes 114'1/13@'@041/13;53 60 Laz 62

29ANTATAd T UReU annealing (N7 4.9)

60°C 62°C

NN 4.9 mmmﬂﬁﬁ?mﬁ%m%ﬂfumuﬁ 2 1198 Nested PCR Tunnsdaimanziftiy F3H futlane
5 $eAann393 SMARTer™ RACE annnsl¥uananiidans 5 RACE weenanausiensd
WABN (1, 3) LATHANARNTES 5 RACE 193nanquatisausingadinad (2, 4) 1lub
Suedununiiguvnd 60 waz 62 asAitaides luduneu annealing SNTRF
WRauiauiuABueNIn9gIu 1 Kb DNA ladder (M)

AfAuHNTUAEWeTRY 5 Nested RACE F3H 1unmilszanms 800 i
spatalng mnﬁomjﬁwmm@ﬂfqumﬁmuﬁuqaﬁnam’ﬂﬂmmmaLLé’qﬁﬂﬂﬁﬂuﬁiﬂﬁummmm‘
pTZ57R/T iledanames pTZ-5 Nested RACE F3H udntinalaudinuuaiiise E. coli anaiisg DH50
FefinBnnduaiiue AadenalaiidsailenssaaenTudgandu 5 Nested RACE F3H funsneg
lunAmel pTZ-5 Nested RACE F3H wanmsmmaseufnulfjiienfizeninuiudoud Suemnn
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1/9z1nu 800 Hapalalng Telauawindy 5 Nested RACE F3H /1101 4 Taat (NN 4.10) ARLAaan
pTZ-5 Nested RACE F3H lpaun 1 deiiasnziansuiianatalnalaald universal primer Aa M13F
WAy M13R

144

- ——

L
W<—~ 800bp

21!

MPF‘

=
=

hY
1,000 0P - v
750 bp - a

MAA 4.10 HAN1IRIIRFeLTURLTe9EU 5 Nested RACE F3H Y8squatdinusivgadinasi
unsnatuamed pTZ57R/T (pTZ-5 Nested RACE F3H) Taaui 1-4 (1-4) fiaenl §isenivg
a3 ufFauiauiuABiuesInsgIu 1 Kb DNA ladder (M)

AINNNIARLABNUAZIAINZSE pTZ-5Nested RACE F3H WUANGUT
andalelnsaasiin F3H 41w 740 Sedtelng @l fauasutiondlelnsaasdiu F3H Eulane
5 ﬁiﬁﬁugm%@g@ GenBank  WLANRANNMNaUTUEY  F3H 2wes8e (Gossypium  hirsutum)
(ABM64799.1) 77 wlafidus wiinda (Anthurium andraeanum) (ABI50233.1) 73 1afifus azlaanin
(Persea Americana) (ACQ99190.1) 73 Lilafifus snmjmmﬁm (Syzygium malaccense)
(GU233759.1) 72 lasidius uazn&qeliifu (Bromheadia finlaysoniana) (GU269859.1) 57 iilasifius
(meﬁ 4.3)
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A15199 4.3uansileuinauanduilandla ey F3H vesguatAmwsivqedinadfinulane 5 fugudiesa GenBank (BLASTX)

Accession number

Plant

Gene name

Identity score (%)

ABM64799.1

ABI50233.1

ACQ99190.1

GU233759.1

GU269859.1

Nymphaea hybrid ‘St.Louise Gold’
Gossypium hirsutum

Anthurium andraeanum

Persea americana

Syzygium malaccense

Bromheadia finlaysoniana

flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene
flavanone 3-hydroxylase (F3H) gene

flavanone 3-hydroxylase (F3H) gene

100

77

73

73

72

57
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4124 n1SABATIEREY FIH USanuAulane 3° (3F3H) an cDNA

NAUABNALATIALIUANGEAINAR

Taaudiu F3H nefinuiana 3° aan cDNA nausanumusiugadinas
faafisenfidenigiunisldnswes Oligo-dt FRULURLM poly A tail 199878 cDNA wazlnsiaes
F3HS (MN19EUANT 1) TIRULUEW F3H A R EERNC UL HEEIEE AT UA LSRN A sz
800
finpalalng a1n cDNA sasnAunenguaTRawsaedinas Welignugi 62 esrnaidoa luang
finsligruuni 55, 58 uaz 60 asrtaiua dwiLduneu annealing luLlenigens lainudua

B (NN 4.11)

ANT 4.11 wareslfisenidendlunnsduaaaiiu F3H fulane 37 1esquatifausivgadinasn
goun 55 (1), 58 (2), 60 (3) WAz 62 B3AALEaA (4) IWFuUNeLAUAEWRNIRTIY

100 bp DNA ladder (M)

amiuatAuenAfeeenanaaieti i deusetunanes
OTZ57RT iedinnames pTz-3F3H udatnelewdinuuafie £ col A8 DH50L iledis
Brundunidue dadentalaidanunamaseuioefienidens uanisnsadeyiudaniu 3F3H
funsnagllunael pTZ-3F3H wuduREuemuinszann 800 Aaralelng Felaunawiniududo
B 3F3H 49U 6 Taaw (MW 4.12) Andeninaui 1, 2 uaz 3 demsianduiianalelndlngld

universal primer A2 M13F waz M13R
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ANT 4,12 NANNIAIAARLTUAIUEY 3F3H evguaTBausuqadinasnunanatlunamed pTz-
3'F3H Thauin 1-6 (1-6) fivefiseivaens wiaumeuiumEuenImsgIu 100 bp DNA
ladder (M)

RINNIAALABNLAZIATIZ PTZ-3'F3H Anuau 3 Taau wudndiaya
yasTudIEn 3 F3H S8 629 Thadlelns wuthealelnduansnete 3 s Taaud 2 1
snuiinnale Inf 3w poly A tail anndnTaawd 1 ua 3 47195 15 Toralelne uazwLsia
g9 (stop codon) AB TGA lusnumied 463 1099 3 Saau (i 4.13) ieuBaudisugduiionale
ndEiu For ftane 3 ldfugdeya GenBank wudnSarmmileutuihy FoH sesiyde
(Petunia hybrid) (AAC49929.1) 89 \ilajiius Win (Capsicum annuum) (ACN60402.1) 88 iilasifus
8§ (Nicotiana tabacum) (BAF96938.1) 87 wlefiiusl wilinda  (Anthurium  andraeanum)

4 o

(DQ972935.1) 82 ilaiiius wazdnaing (Zea mays) (NM 001112225.1) 81 tafidius (m13197 4.4) 1

A

vandneu F3H sesguatiausivgadinad Hanindmestiunnniuiu F3H lungau)
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10 20 30 40 50 60 70 80 90 100

3'F3H1 CTGACCCTGGGGCTGAAGCGGCACACCGACCCCGGCACCATCACCCTTCTGCTGCAGGACCTGGTC! CTGCAGGCCACCAGGGACGGCGGCAARA
o 3 - N
o 3 - b N
110 120 130 140 150 160 170 180 190 200
| | | | | | | | | [ | | | | | | | | |

210 220 230 240 250 260 270 280 290 300

3'F3H1 AGCGGTCGTCAACGCAAACTGCAGCCGCCTATCGATAGCCACGTTCCAGAATCCGTCGCCGGACGCCATCGTGTACCCATTGAAGATCAGAGAGGGAGAG

310 320 330 340 350 360 370 380 390 400
F I B B I e e B o B L TR B L B el [ C (. N | T

3'F3H1 AAATCGATAATGGATGAGCCCATCACCTTCGCAGAGATGTACAAGAGGAAGATGGCCAGAGACCTGGAGCTTGCCAGGCTCAAAAAGCTCGCCAAGGAGG

410 420 430 440 450 460 470 480 490 500
BICR 1 B et S IR ) IR s e R N B = I B L | e e [P [N (PR

3'F3H1 ACAAAAGCGAGGAGCAGGTCGACGAGATAGCCAAAGCCAAATCGATCAATGAAATTCTGGCCTGAGCTGAAAGCAGTTGCTGCAAAGTAGTTCCTACTTA

3'F3H2 ...... .8 ..mf. ... 0. . FP020 000N, LS. Attt WL A2 0.0 R
3'F3H3 ...... 8.8 ..F  a R LTI T o a o . AR rTeR.
510 520 530 540 550 560 570 580 590 600
cle e RS T gy | B - | O 80 Dl O L Bl ST T T R B e g N B I e L
3'F3H1 GTTCCATAAATTTGCAGCAACACGTGATGCCACTTTCTGAATTCACTTTCCACATCAAGTTGTTCACTGAGGTTGTTTTTTGGTTTTTCTA----—~~-~~
3'F3H2 .......... R W ..o . n...... ... PRB. ... .. Y . CGihr. ... A, . M. ........ TCGTTGCTT
3'F3H3 ........... 8. %. . ™. 8. ...... 0% AL B 8. .. S R Y TS
610 620
| | ol | |
3'F3H1 ------ AAAAAAAAAAAAAAAAAAAAAAA
3'F3H2 GGCTGT. ... ..o vvreeieennn.n
3'F3H3 ——===— . i

MW 4.13 nsufauidisudduiinalelndtiy 3FsH vesguatAdmuigadingd Taaun 1
(3F3H1), 2 (3F3H2) uax 3 (3F3H3) Anelilsunsw BioEdit (Hall, 1999) sviamen Aa TGA
LATENUNNE . uansaNmNeuiurasiianale s luusazAu
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AIsNN 4.4 uanswauneudnduiiaralelnduestiu F3H 1esguaTAEWiuqedinasdniedinutlane 3 fugiudeyalisAiuuu GenBank

Accession number Plant Gene name Identity score (%)
Nymphaea hybrid ‘St.Louise Gold’ flavanone 3-hydroxylase (F3H) gene 100
AAC49929.1 Petunia hybrida flavanone 3-hydroxylase (F3H) gene 89
ACN60402.1 Capsicum annuum flavanone 3-hydroxylase (F3H) gene 88
BAF96938.1 Nicotiana tabacum flavanone 3-hydroxylase (F3H) gene 87
DQY972935.1 Anthurium andraeanum flavanone 3-hydroxylase (F3H) gene 82
NM 001112225.1 Zea mays flavanone 3-hydroxylase (F3H) gene 81
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Serihiieyatiu F3H annmednuane 5 wazane 3 Alaauldan
sznauiu (contig) Aaalilsunss BioEdit 101314 full length cDNA TeifigaeTivudauiu (overlap)
lszainny 128 Haedlalng (mwﬁ 4.14) mmfuﬁ’ﬁ]mg@u?mm stop codon NeALLaNY 3 WA
aenuuinsmefiie 1 F lunnsdananeiEi F3H W\ (full length)

128 bp
A

| |
5' _— = 3’

\ |
771 bp 400 bp

NN 4.14 wunnudasnsmadayaanauiionalalvandaasziliandaulane 5 @R uas
fudane 37 @ua) 2e98u F3H TuguatAmusivgedinadfioedanisues SMARTer

RACE wanstagindaurinaasdayasiduiisnaleindaiuon 128 doaalend

4125 n1sRAASITIEU F3H LANLAY (full length) a1n 5RACE cDNA
URIDURTIALIUANQEALINAR UWATLVNTIA

upUfFsenfiteniili  SRACE cDNA  aasguatiimusfiqedTnas
UhuAdaaLeng uazyaen Wduddwefuuugiulnswes UPM Asuiiuniany Sadaptor i
Inawiad F3Hstop TIdULBmsangaveeEy F3H nUTudLRSwenalsznns 1,200 dardlelng
Tusinatineres 5RACE cDNA guataimusingedinas UnuTadnntantuazlvumayoesn el
QU 58 BIANIALTEA dvsudumeu annealing lulffenitdens (nndt 4.15) antiuaiauen
Aduesananiaatiliifeusefunaines pTZ57R/T egananes PTZ-F3H full uwaadnelawdn
wLPTiRY E. coll neug DH50L MefinBannduiidue nenafnnatadaaninauiilalaiidenm
whamsaaey Fudauihy F3H umanet buained pTZ-F3H ful fataultalfas g Bam Hi uaz EcoR|
HANIFANLE LRI 2 T Ao TUALEULTRIRANES OTZ57RT Fiflmnmtlszanns 2,800 fandlelng

WATTURALBWRURNE Y F3H 2uALsvaind 1,200 H9aatalng (nwi 4.16) annsiingadiasnzdansud
apalenalaeld universal primer A8 M13F waz M13R
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1,500 bp

<— 1200 bp
1,000 bp

v
a A

NN 4.15 navesifiFenidenslunisdaasziEiu F3H naAsnrses SMARTer ™ RACE 15Tud
Wuamnatlezinns 1,200 Haealend  aesguatAimsivaedings (1) Uvnaig
Arnuana (2) Uynansyosian (3) idundwesiuiun arsuinsuiumBuesinggu 1
Kb DNA ladder (M)

3,000 bp
2,000 bp - 2,800
1,500 bp 00

1,000 bp

MWA 4.16 MaRmAgaLnaIaiia pTZ-F3H full TasguatAmuivgedingd (1) UnumAdnauent
(2) Unuaniyneian (3) Inannssnsiaeeulmifnawig Bam HI uaz Fco Rl WA LR S
waanAnes pTZ57R/T auatlszunns 2,800 Handlelng LavEuRISueteaEy F3H
wadszanns 1,200 Hedlalngd Whsuweuiuwoufdueninggiu 1 Kb DNA
ladder (M)
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HANNAIIEIEW  F3H  TuguatiAusugedinas  vuang
ARPLNT wAZLYNTFYMTIIN WLUFIEW F3H H open reading frame 111 1,134 Hapdlalnd uila
wiaduldsiuliane 377 nemexdily deuBuufieudsufinedlelndiu F3H TesguaT R
wqedlinas Unuans dnaant uazilyuanfynsisnsoslilsunsu Biokdit wudnaAutioralavsaes
U F3H 289gUATIR uazlyuanfd Hadumdleuiu 100 wesidus (m‘wﬁl 4.17) Laziiiariansy
nemeziluzecilsdin F3H wesguatiimwsivqgedings tynmadanueana  uasdvuaimyosienly
whaudeuiunsneriiuzes F3H Iuﬁmﬁm%'uj Aelisunsn BioEdit Wuﬁqu?ﬂﬁﬁmmmm
mﬁ@uﬁuﬁm%uj ludsanaunsmeazdse (domain) 71 52 B4 162 uazTensaazilTufl 207 B 308 (mwﬁl
4.18) Taeidndunsnazilufl 52-162 fAnuwilewiu domain UanemneBnu N-terminus Teaieslms 2-
oxogluta-rate/Fe(ll)-dependent dioxygenase %ﬂ domain “T:ﬂ”qwulumuisﬁﬁ anthocyanidin synthase
lupzsineLl@a (Arabidopsis thaliana) (1GP5 A) weuldsd flavanone 3-hydroxylase Elu\iﬁyﬁ'au (Perilla
frutescens) (Qi75276801) vavdlns] anthocyanidin  synthase TuwileRna (Ginkgo  biloba)
(gi184186927) waziawlasd flavonol synthase g (Camellia sinensis) (gi76786311) (ﬂﬂ‘v\l‘ﬁl 4.19)
LasTsasuNsesiluf 207308 Tanuwilewu domain taulml 2-oxoglutarate (20G)Fe(ll)-
dependent oxygenase %\1 domain ﬁ”ngﬂumuhﬂ 2'-deoxymugineic-acid 2'-dioxygenase Tudinn
w3l (Hordeum vulgare) (gi269969449) waulasl Hyoscyamine 6 beta-hydroxylase lussiangmse
(Atropa belladonna) (gi75315330) taulasd Dioxygenase Muziliana (Solanum  melongena)
(gi75282600) wewlml Gibberellin 20 oxidase 3 lu azsinaLlid (Arabidopsis thaliana)
(gi60390168) Laulml Gibberellin 20-oxidase MEnnANaN (Lactuca sativa) (gi75315999) Lauls]
Putative anthocyanidin synthase Twding (Oryza sativa Japonica) (gi75315326) (mwf/'\l 4.20) (Marchler-
Bauer ef al. 2011) aannnsuReniionansy ferdTelnsaasiiu F3H Al Tugudiona GenBank i
TP awigly F3H 19911 (Camellia nitidissima) (ADZ28514.1) 76 \lasiidus wiinda (Anthurium
andraeanum) (ABI50233.1) 73 \afifiusl wazvisn (Gentiana trifiora) (BAD91806.1) 69 tilafifust
(A9 4.5) mamFIAE AT NS RN ras il F3H luguatsmuingadinas
UnnaAdaauanT uazdnNadynesn Auieatiage fiflsneauun GenBank Mur \EYAnA
(Dendranthema grandiflorum) (DXU86837), At (Gossypium barbadense) (DQ912945), MNALUNEN
(Tecomaria capensis) (GU587738), 19701 (Campis grandiflora) (GU587737), WIn (Capsicum
annuum) (JNB08445), panviam (Gentiana triflora) (AB193311), AN§NWAEl (Camelia nitidissima)
(HQ290517), Fwnandundendiile (Incarvilea arguta) (GU587735), #tydis (Clitoria tematea)
(AB185899), 4171nm (Zea mays) (NM001112225), W39 (Anthurium andraeanum) (DQ972935), 8
minedta (Arabidopsis thaliana) (U33932), l&3@ (Iris hollandica) (AB265226) dna@d (Triticum
aestivum) (AB223025) uaz $ni3 (Dahlia pinnata) (BAJ21534) WudnTusiu F3H wesguatiAwazlyy
mﬁﬁ@wﬁmﬁuﬁmxﬁiwmm:“LmﬂﬁfmfaﬂmmnﬁﬂumﬁmﬁluﬂmqLﬁuiéﬁm (m‘wﬁ 4.21)
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F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

F3H
F3H
F3H

NN 4.17 nnsulauinsuansutinaalalnauestiy  F3H

e
St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

St.Louise Gold
Satabankacha
Buntharik

start coc‘:lon

10 20 30 40

50 60

70 80 90 100

GAGCAGAGAGTGAGAGAGATGGCACCAACACTGGTGGTGGAGTCGTCGCCGGCCGCTGCTCAGCCGAGACCGTTTCTGCCGACGCTGAACGAGGAGAAGA

110 120 130 140

150 160

170

CGCTGAGGGAGTCGTTCGTGCGAGACGAGGACGAGCGGCCGAAGGTGGCCTACAACGACTTCAGCAACGACGTCCCCGTCATCTCCCTGGCCGGCCTCGA

210 220 230 240

250 260

270

CTCCGACGACTCCCGCCGTGCCGAGGTCCGGGACGCCATCGTCCGGGCGTGCGAGGAGTGGGGGGTCTTCCAGGTCGTGGACCACGGCGTGGACGCCTCC

GGACGTCCCCGAGGGGTGGCGCGCGGTGGC

AP o, .- - |
GAGGTACAGCGAGGAGCTGATGGCGCTGGCGTGTAAGCTTTTGGGGGTGCTGTCGGAGGCGATGGGG

-1 lstopdodon

GCAGGTCGACGAGATAGCCAAAGCCAAATCGATCAATGAAATTCTGGCCTGA

1890 UATATUNqedinas

(F3H

St.Louise Gold) UnNIFRdnRLNNT (F3H Satabankacha) WarUyutnAymman (F3H

Buntharik) A2aililsunss BioEdit (Hall, 1999) LATRIUNIE . WAAIANNINNBUA W9

apala A luLAaT AL
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30 40 50 60 70 80 90 100
P e I P e I I |

RRAEICEKIIKACEDWGIFQVVDHGVD

Dendranthema grandiflorum
Gossypium barbadense]
Campsis grandiflora
Capsicum annuum

Gentiana triflora
Incarvillea arguta

--PSSLTSLAN-ETTVPTS .
--PSTLTALSK-EKTLQQT .

Clitoria ternatea @ = = MASP------------ VKTLTTLAE-EKTL. SS
Triticum aestivum ETFLPTA RPS
Dahlia pinnata @ == MAPA--------------- SLKW.E-T...QD..
Camellia nitidissima @ = MAP------—-—————-! TTTLTALAE—EKSLQQK. ALV A
Zea mays AVPFLPTA 'RAS . . .HDR. E.
Anthurium andraeanum —--PFLPTTAE-EATLRPS. ..H.Q. A
Arabidopsis thaliana ---TLTELAG-E.KLNSK. V. A.
Iris hollandica @ MAPGAST--------- PPFLPTSSN-ETTLPAT. V. E.
Nymphaea hybrid ’St.Louise Gold’MAPTLVVESSPAAAQPRPFLPTLNE-EKTLRES. .D. A.
Nelumbo nucifera Sa cha MAPTLVV AAQPRPFLPTLNE-EKTLRES . .D.. A.
Nelumbo nucifera Buntharik MAPTLVVESSPAAAQPRPFLPTLNE-EKTLRES .D.. ..A.
110 120 130 140 150 160 170 180 190 200
PRI || ccoolloscsllocsslloocallococlensalls B R e R R REERl EEERI PRy P
Dendranthema grandiflorum TKMLSEMTRL F LRET IV, HLQGEAVQDWREIVTYFSYPIKARDYSRWPDKPKEWRAVTEKYSEDLMGLGCKLLEV'LSEA
Gossypium barbadense] . F . . ..EG.IE. .KE.

Campsis grandiflora
Capsicum annuum
Gentiana triflora
Incarvillea arguta
Clitoria ternatea
Triticum aestivum

nuhnnnnn

Dahlia pinnata SLLVL L P
Camellia nitidissima ANLIA.... 4
Zea mays AALVAD.A. -
Anthurium andraeanum PGLVAD. . .P.
Arabidopsis thaliana .NLVAD P.D.. .,
Iris hollandica AGLVVD BESS
Nymphaea hybrid ’St.Louise Gold’ASLV.S.. .P.
Nelumbo nucifera Satabankacha ASLV.S.. BES
Nelumbo nucifera Buntharik ASLV.S.. WP..
210 220 230 240 250 260 270 280 290 300
B R R e T e e I I B ] e IR I i S P I e RERey
Dendranthema grandiflorum MGLEKEALKDACVDMDQKVVLNY‘IPKCPQPDLTLGLKRHTDPGTITLLLQDQVGGLQATRDGGKTWITVEPIEGAFWNLGDHGHYLSNGRFKNADHQAV

Gossypium barbadense]
Campsis grandiflora
Capsicum annuum
Gentiana triflora
Incarvillea arguta
Clitoria ternatea
Triticum aestivum
Dahlia pinnata
Camellia nitidissima
Zea mays

Anthurium andraeanum
Arabidopsis thaliana
Iris hollandica ¥
Nymphaea hybrid ’St.Louise Gold' ...
Nelumbo nucifera Satabankacha
Nelumbo nucifera Buntharik

%%FS%SSﬂssvs%ss<

390 320
BEEETT P

Dendranthema grandiflorum

Gossypium barbadense] Bl . . ZEKERY EPPILTIPY.LAE. IRR.T IKTY PKLE...L.E...
Campsis grandiflora .SE...R..

Capsicum annuum ..AE..RR...K...A..F..... EQQIQAEEVAEK-

Gentiana triflora - AFEERR. . KT Q. .EELKN----VEK-

Incarvillea arguta SE...R

Clitoria ternatea ..AE..RR E.QLODIENAK-----====== .
Triticum aestivum RR DQLMQOOL. . LQQQQQAVAAAPMPTAS

Dahlia pinnata @ @ W 0. ....... OSS_D.T. " K 9. <BLL.KEO. .EfN. .. .. 4 ESKLATDT. .V.
Camellia nitidissima
Zea mays

Anthurium andraeanum
Arabidopsis thaliana
Iris hollandica b .-
Nymphaea hybrid ’St.Louise Gold’ .
Nelumbo nucifera Satabankacha
Nelumbo nucifera Buntharik

ordbnnphga

LWV
. .EDKSEEQVDEIA-----=--——=~ - i
EDKSEEQVDETIA-
. .EDKSEEQVDEIA-

6obobbnob
bini B BB

BrkRbakr ok

AW 4.18 nmaufsauiauatsunsaeyiiullsdiy - F3H  asseuatfawsivgedinas  Uvuais
ARRLanT  uasLNTALMIENALNTTHARS] NHENULN GenBank  finaltsunsy
BioEdit (Hall, 1999) AelnsauAWasNALAILEAIT (domain) a1sunIAas i ung
AR aRTLLaNen19B11 N-terminus 28411sA 2-oxoglutarate/Fe(ll)-dependent

. a A a = ) . °o o Ao Ao 2
dioxygenase LarNIaLAMALNAITEILAAITIN (domain) ANALNIARLH IUNNANNIINEL

AulilsAu 2-oxoglutarate (20G)/Fe(ll)-dependent oxygenase
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Lotus -NDVPVISLAGLDSDD-SRRAEVRDAIVRACEEWGVFQVVDHGVDASLVSSMTEMAAAFFE 107
Ginkgo biloba TGQIPVVDMAGWEEGGEARRKEIMRQVAEASEEWGVMQVLNHGISDSLIARLQAAGKAFFE 108
Camellia sinensis -VIVPVISLS------- QPHDVVVDALSKACSEWGFFLITDHGVEPSLIGRLKEVGEEFF 89
Perilla frutescens -SEIPVISLARIDESG-DKRAEVCRRIVAACEDWGIFQVVDHGVHPMVVEGMTRLAREFFE 96

Lotus KLPPEEK--LRFDMSGGKRGGFIVSSHLQGEAVKDWREIVTFFSYPLAGRDYSRWPDVPE 165
Ginkgo biloba DLPIEEKEVYANDSASGKIAGYGSKLANNASGQLEWEDYYFHLLWPTHERDMTTWPKYPS 168
Camellia sinensis KLPQEEKESYANDPSSGSFEGYGTKMTKNEDEKVEWIDYYFHVMHPPKKLNLDMWPKNPS 149
Perilla frutescens ALPDHEK--LREFDMSGGKKGGFIVSSHLQGEVVQDWREIVTYFSYPITARDYSRWPDKPV 154

AN 4.19 naufFaLnauteaaLUNAazi i (domain) 11 52-162 Tushu F3H 1asguatAltusvgad
Tnad UnuaAdmnLenT wazlyuaAymien (Lotus) MUNTTHAGINT A9UUIRILAAITI
Tn3aa374 (structure) waalilsiunag]lugluusmeni

Lotus YSEELMALACKLLGVLSEAMGLPSDALRDACRDMDOKMVVNYYPPCPQPD 223
Oryza sativa Japonica YSDSMKDLAQKLLRIVSESLNLPPSYIEEAVGEVYQONITVSYYSPCPQPD 218
Arabidopsis thaliana YAEAMNTLSLKIMELLGMSLGVERRYFKEFFEDSDSIFRLNYYBPQOCKQPE 238
Lactuca sativa YCNAMSRLSLGIMELLGMSLGVEQSHFKEFFKENDSIMRLNYYPPCQKPD 230
Atropa belladonna YSVEVRKLTMRILDYICEGLGLKLGYFDNELSQIOMMLTN-YYRPCPDPS 209
Solanum melongena YSDELRRVSKVILGMVAEGLGLEPGFFDKGLG--QRMLVN-HYPACPDPS 209
Hordeum vulgare FTSQTRDVGKELLRLLCEGMGIQADYFEGDLSGGNVILNINHYPSCPNPD 201
Lotus LTLGLKRHTDPGTITLLLODLVGGLOATRDGGKTWITVQPIAGAFVVNLG 273
Oryza sativa Japonica LALGLOSHSDMGAITLLIQODDVGGLEVLKDG--LWIPVPSLPDGILVILA 266
Arabidopsis thaliana LALGTGPHCDPTSLTILHODQVGGLOVEVDN--KWQSIPPNPHAFVVNIG 286
Lactuca sativa LTLGTGPHCDPTSLTILHODTVGGLEVEFIDN-~-EWRSIAPNLNTEVVNIG 278
Atropa belladonna STLGSGGHYDGNLITLLOONLPGLOQLIEDA--KWIAVEPIPTAFVVNLG 257
Solanum melongena LTLGVGGHCDPNLITIIQOEVYGLOILKDD---KWIGVEPKPNAFVVNSG 256
Hordeum vulgare KALGOPPHCDRNLITLLLPGAVNGLEVSYKG—-DWIKVDPAPNAFVVNEG 249
Lotus DHGHYLSNGREMNADHOAVVNANCSRLSIATFONPSPDAIVYPLKIREGE 323
Oryza sativa Japonica DOTEIITNGRYKSAVHRAIVNADRARLSVATFYDPSK-——--— SRKICTAP 311
Arabidopsis thaliana DTFMALTNGRYKSCLHRAVVNSERERKTFAFFLCPKG-——--—— EKVVKPP 330
Lactuca sativa DTFMALSNGQYRSCLHRAVVNNKIHRKSLAFFLCPKK-——--—— DKVVSPP 322
Atropa belladonna LTLKVITNEKFEGSIHRVVTNPTRDRVSIATLIGPDYS-————— CTIEPA 301
Solanum melongena LPITVISNGKLASVAHRVVTNTTHSRTSIGTFICPEN-—----—-— IVEPA 298
Hordeum vulgare QQLEVVINGLLKSIEHRAMTNSALARTSVATFIMPTQE-—-—-——-— CLIGPA 293

AN 4.20 NMafFEumeuTNaIAUNIRezil (domain) M1 207-308 TlsAin F3H vedguatfimus
wqedinad Unuanfdneuang wazlvumnfymeisn (Lotus) AUNTTHARNG A9t
WARIT9ASIAT N (structure) aasTisAunag TugUuinnmeqiu
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A1sNN 4.5 wansfFauieusisuiiondlendrestiu F3H vesguaTRmusiiqedinasd Unuanmadnmauang waztyuanayamisn dugiudeya
GenBank

Accession number Plant Gene name %Identity score
Nelumbo nucifera Geartn. ‘Satabankacha’ flavanone 3-hydroxylase (F3H) gene 100
Nelumbo nucifera Geartn. ‘Buntharik’ flavanone 3-hydroxylase (F3H) gene 100
Nymphaea hybrid ‘St.Louise Gold’ flavanone 3-hydroxylase (F3H) gene 100
ADZ28514.1 Camellia nitidissima flavanone 3-hydroxylase (F3H) gene 76
ABI50233.1 Anthurium andraeanum flavanone 3-hydroxylase (F3H) gene 73
BAD91806.1 Gentiana triflora flavanone 3-hydroxylase (F3H) gene 69
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Camelia nitidissima (HQ290517)
18 Arabidopsis thaliana (U33932)
ks Gossypium barbadense (DQ912945)
10 Gentiana trifora (AB193311)
Capsicum annuum (JN808445)
17 32 Clitoria ternatea (AB185899)
100 | Dendranthema grandiflorum (DXU86837)
' Dahlia pinnata (BAJ21534)
44 Capsicum annuum (JN808445)

67 Incarvillea arguta (GU587735)
[ Iris hollandica (AB265226)

Anthurium andraeanum (DQ972935)
Triticum aestivum (AB223025)

91
9% Zea mays (NM001112225)

| N. nucifera Gaertn. ‘Satabankacha’
N. nucifera Gaertn. ‘Buntharik’

N. hybrid ‘St.Louise Gold’

39

100 |

T
MWA 421 A ARSI TR nsaasilsiiu. F3H NNUNNTVRARARLNT (N. nucifera Gaertn.
‘Satabankacha’) UnuaFAausian (N. nucifera Gaertn. ‘Buntharik) WargLATRUARS
Inas (N. hybrid ‘St.Louise Gold’) uTusAu F3H mﬂﬁm%;uj T8 GenBank B
Tsunss MEGA5 (Tamura et al. 2011) ARLa2UWLA1S (node) wandiladidusnau
‘Li’]L%ﬂﬁﬂmﬂmﬁ‘ﬁ’]mmﬁfm Bootstrap test AU 1,000 79U 4ANA (scale) L&AN

FTRILUWNNNUGNITH (0.02 UAPINISUWILNARINTAREH I 2 eI 1)

413 &4 4CGT

4131 mMIRUAZREN 4CGT uedaunaenl)nsenndans

-8

daupsfiugauiu £CGT an cDNA Tesnenawlansamaes W
Pixie Bells Tneanuut/insuesdwiufianalelndiumial 1,062 S 1,374 LAt mRNA 28y
26T waanuffseniitenfnuduiuwernalszann 300 dardlelnd (it 4.22) leld
Qo 60 BaAnTATua A viLdumeu annealing TulfAsegens aniunanAnRTensidesse
Aunanalan pCR8 Naaiananailo PCR8-4'CGT (mw‘?; 4.23) udntelaudinguuaiiza E. coli

A189Ug DH50L Aaeda heat-shock NaLnLFNITuREWe Reasaulnlatifoadisenidense
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flwatses F-EcoRI-4'CGT Uaz R-4'CGT-Sacl anntiudaiaenialafideasluensimad LB Aifans
dfgouzalanluieduy annndndy 100 Hadniusedns wenfauauida 220 sausiauy figumnd
37 aaATaEea uean 14 9l anvhuasanaiafiniensageuFudiuEiy 4/CGT munatlszinn
300 fopdlelng funsnerlunanaiin pCR-4'CGT Faaiaulmiiadtnz Eco RI wuwuaEule
9u1A 2,817 Tanalelng Aiurunnresmanain pCRS ua 313 dandlalng Miduiiu 4'CGT
U9d91 (W7 4.24) Thdsnmagauanduianalelndlaanudnsuianalendtu 4CGT S1uu
313 fapalelnd lunanafin pCR8-4'CGT wilaurusduiionalelnfuesiu 4CGT 1asausians
(EF650015.1) Aumiiadi 336 i 644 apalelng AniNNIAALAeN Nandfin OCR8-4'CGT #if]
dnsuiianaTeIndgniesdniuinlU i luduneusely

RS

il

i

<— 313 bp

v
a o

AW 4.22 waveslienidenilunisdaanziiuuedon 4CGT amn cDNA 28dnanausang
Wi Pixie Bells lfTuniduetuin 313 Haadlalnd (2) Weulraunauiunidue
N1M339U 1 kb DNA ladder (M) 4a% negative control fie HaNARNTB15N l{lH 14 cDNA

PAIADNAUNING (1)

313 bp

EcoRI EcoRlI

pUC ori attL.1 4'CGT attl.2 Spectinomycin r esistance

AN 4.23 LNUNINNAIaln  pCR8-4'CGT 7launm 3,130 Aaadlalnsuazmiuniees
wulgsifnanie Eco Rl

80



3,000 bp ———>

500bp

250 bp ———» <«— 313 Dbp

1
=l 1

NN 4.24 HANNIATIRABLITUAIUEY 4'CGT Nunsneglunanailn pCR8-4'CGT Haaaululsin

AW Eco RI (2) whuiauiupduwenimgu 1 ko DNA ladder (M) wanaiin

pCR8-4'CGT Mlfsnsraeultsiinainig (1)

4.1.3.2 msﬁqmsﬂzﬁﬁu 4’CGT LLUULSNL‘&J‘U

6 1 o/

dupszifty 4'CGT  feamlenigeniaiulnawned  F-BamHI-
4'CGT uay R-4'CGT-Sacl ?ifﬁ“uu?mmﬁ‘mmmmﬁms{uuﬁu £'CGT Aspanuuuann aduilanalelng
aviniresiiy 4CGT i cDNA 1ed@usiens 2w 1,374 faaalelng aniurnuan@anitensdense
funanafin pTZS7RIT ilediiananafin pTz4CGT ulameloudnguuaiide £ coli aneviuf
DH50L #9833 heat-shock iitefinirnnidumame Aadenlalaiinliihdsmsaaeuaiuianale
s Inanuansuianalalngau 4'CoT lunarafin pTZ4'CGT wiNeunuaiauilanalelnsuetiy

4'CGT 189aUNINT (EF650015.1) 100 Liladihus

4.2 NISUAAIRANARNEU chalcone synthase (CHS), flavonone 3-hydroxylase (F3H),

chalcone Wwag 4’-O-glucosyntrase (4’'CGT)

421 nsANEIUSHIAUNISHLAAIRANTRIEW  CHS  lunaumanianand

UUVNENUALARNLTAUANARNALINT AIELNATA Semi-quantitative RT-PCR

=2 = o = o a A
NANNTANLTNNUNTULARAIRANTBNEIY CHS ﬂ‘]JIuﬂ@‘]Jﬂ’ﬂﬂU'Jﬁﬂ’Num"m‘ﬂ@

o = = = o |
1 LL@ZUQ‘V]@Q\‘]K&]WU\‘]TW'&?]NW} wazilFunuNIsuansaantadei CHS lunaunaniiananslugogsyey

YAINTWRLNTAIAANLANAN AENATA semi-quantitative RT-PCR

81



4211 NANISIARAULINFIUARNEYW CHS 21N cDNA U12INALAANLIA
UANUUNINUATINANARALINT AenAlA PCR

N3 lAaULNNAIULEEN CHS a1N cDNA 284NALABN1IANALN
yowisnuaziiaawdnauanafaamaiia PCR taginnisaanuuunsiwaianndouaesanmuaninig
Hunsdauiiu CHS aunmtsznnns 450 bp (Nl 4.25) Al nan@n POR 289u1edauTediy
cHs Almauldtinllidenserulnauiiannnes pTZ57RT ANt A sisndutanalelng
Wi Ddausesiiu CHS Ailaauliann cDNA 10INALABNLANANYUTINUATTINAWNARALINT
L AWiNAL Ao 458 bp (MW 4.26) Ledauaasiu oHs Tilaauldtinl ¥ lunsasawanaiiali

NN30NeIEIL CHS WL antisense oLl ANLEN1iNNTuARIaanaa9til CHS Tunaumaniianand

1,000 bp

Wit et e W

N, | — ~450b
00be 1 - i

MNN 4.25 pandAr PCR aa9u798uae98iy CHS Nlpauldann: (1) cDNA aa9naunaniianang
YoiEn 1ALl 450 bp 1AY (2) cDNA 289NALABMIIMNAWNARALNNT TWIA

1azu10u 450 bp (M = 100 bp DNA marker)
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CHSF_BUN  ATGGTGACCG TGGAAGACAT CCGCAAGGCA CAGAGGGCTG AAGGCCCGGC CACGGTGATG GCCATTGGAA 70
CHSA BUN — =mmmmmmmmm mmmmmm oo oo o e 1
CHSA SAT — mmmmmmmmmm oo oo oo o e 1

CHSF_BUN  CAGCCAATCC GCCCAACTGT GTCGACCAGA GCACATACCC TGACTACTAC TTCCGGATCA CCAACAGCGA 140
CHSA BUN — =mmmmmmmmm mmmmmmmmmm oo o 1
CHSA SAT — —mmmmmmmmm mmmmm oo o 1

CHSF BUN  GCACRAGACA GAGCTTAAAG AGAAARTCCAA GCGCATGTGC GAGARATCGA TGATCAAGAA GCGCTACATG 210
CHSA BUN ~ —=mmmmmmmm —mmmmmmmm oo o 1
CHSA SAT — mmmmmmmmmm oo oo oo o e 1

CHSF_BUN  CACTTGACGG AGGAAATCTT GAAGGAGAAC CCGAACGCCT GTGCGTACAT GGCGCCCTCG CTGGATGCTA 280
CHSA BUN — =mmmmmmmmm mmmmmmmmmm oo o 1
CHSA SAT — mmmmmmmmmm mmmmmm oo o e 1

CHSF_BUN ~ GACAGGACAT GGTGGTGGTT GAGGTGCCAA AACTGGGCAA GGAGGCTGCG ACGAAGGCCA TTAAGGAATG 350
CHSA BUN — —=mmmmmmmmm mmmmmmmmmm oo e o 1
CHSA SAT — —mmmmmmmmm mmmmm oo e 1

CHSF_BUN  GGGACAGCCC AAGTCCAAGA TCACCCACCT TGTCTTCTGC ACCACCAGTG GCGTCGACAT GCCCGGGGCC 420
CHSA BUN ~ —=mmmmmmm= —mmmmmmmmm mmmmmmmm o ol o 1
CHSA SAT — —mmmmmmmmm mmmmmmmmme e R — e 1

CHSF _BUN GACTACCAGC TCACCAAGCT CCTCGGCCTT CGCCCCTCCG TCAAGAGACT CATGATGTAC CAACAAGGAT 490
CHSA BUN  ——=——=—=== ——————=——= ————————— A AGAGCTCCCG TCAAGAGACT CATGATGTAC CAACAAGGAT 41
CHSA SAT —————————— ———aF—ogF— ——————"hg A AGAGCTCCCG TCAAGAGACT CATGATGTAC CAACAAGGAT 41

CHSF _BUN GCTTCGCCGG AGGCACAGTC CTTCGCCTGG CCAAGGACCT TGCAGAGAAC AACAGAGGCG CCCGTGTCCT 560
CHSA BUN GCTTCGCCGG AGGCACGGTC CTTCGCCTGG CCAAGGACCT TGCAGAGAAC AACAGAGGCG CCCGTGTCCT 111
CHSA SAT GCTTCGCCGG AGGCACAGTC CTTCGCCTGG CCAAGGACCT TGCAGAGAAC AACAGAGGCG CCCGTGTCCT 111

CHSF _BUN TGTCGTCTGC TCAGAGCTCA CTGCTGTTAC CTTCCGTGGC CCAAGTGACA CCCACCTCGA CAGCCTTGTA 630
CHSA BUN TGTCGTCTGC TCAGAGCTCA CTGCTGTTAC CTTCCGTGGT CCAAGTGATA CCCACCTCGA CAGTCTTGTA 181
CHSA SAT TGTCGTCTGC TCAGAGCTCA CTGCTGTTAC CTTCCGTGGT CCAAGTGATA CCCACCTCGA CAGTCTTGTA 181

CHSF_BUN GGCCAGGCAC TCTTCGGGGA TGGAGCAGCC GCAGTTATTG TGGGTGCAGA CCCGGTGCCC GGTGTAGAAA 700
CHSA BUN GGCCAGGCAC TCTTCGGGGA TGGAGCAGCC GCAGTTATTG TGGGTGCAGA CCCGGTGCCC GGTGTAGAAA 251
CHSA SAT GGCCAGGCAC TCTTCGGGGA TGGAGCAGCC GCAGTTATTG TGGGTGCAGA CCCGGTGCCC GGTGTAGAAA 251

CHSF_BUN AGCCTTTGTT TGAGTTGGTIG TCGGCAGCCC AGACAATTCT CCCAGACAGC CATGGCGCCA TTGACGGGCA 770
CHSA BUN AGCCTTTGTT TGAGTTGGTG TCGGCAGCCC AGACAATTCT CCCAGACAGC CATGGCGCCA TTGACGGGCA 319
CHSA SAT AGCCTTTGTT TGAGTTGGTG TCGGCAGCCC AGACAATTCT CCCAGACAGC CATGGCGCCA TTGACGGGCA 319

CHSF_BUN CCTGAGAGAG GTTGGACTTA CCTTCCACCT GCTCAAGGAT GTGCCCGGGC TCATCTCAAA GAACATCGAG 840
CHSA BUN CCTGAGAGAG GTTGGACTTA CCTTCCACCT GCTCAAGGAT GTGCCCGGGC TCATCTCAAA GAACATCGAG 391
CHSA SAT CCTGAGAGAG GTTGGACTTA CCTTCCACCT GCTCAAGGAT GTGCCCGGGC TCATCTCAAA GAACATCGAG 391

CHSF_BUN AAGAGCCTGG TGGAGGCATT CCAGCCTCTG GGCATCTCCG ACTGGAACTC AATTTTCTGG ATCGCCCACC 910
CHSA BUN AAGAGCCTGG TGGAGGCATT CCAGCCTCTG GGCATCTCCG ACTGGAACTC AATTTTCTGG GATCCTT--- 458
CHSA SAT AAGAGCCTGG TGGAGGCATT CCAGCCTCTG GGCATCTCCG ACTGGAACTC AATTTTCTGG GATCCTT--- 458

CHSF_BUN CTGGTGGTCC AGCCATCCTA GACCAAGTGG AAGARAAGCT GGCCCTTAAG CCCGAGAAGC TAAGCGCCAC 980
CHSA BUN %% St B S AV 2 1 e (£S5 /N 2 o Qg 458
CHSA SAT  ———————We R ———— ey Ry ————— — - ARk || — gt~ ——_ LG 458

CHSF_BUN ACGACACATC CTGAGCGAGT ATGGAAACAT GTCAAGTGCT TGTIGTGCTGT TCATATTGGA TGAGATGCGG 1050
CHSA BUN —————————- R W% g gl Ny~ —— - ——————— e N~ - 458
CHSA SAT ~—————-—-— - M - —————y——oN- - 458
CHSF_BUN AAGAAGTCGA TTGAGGACGG CCTCAAGACC ACTGGAGAAG GGCTCGAATG GGGTGTGCTG TTTGGGTTCG 1120
CHSA BUN  ——=——=mmmm ——mm——— e - Bl gt 1 1+ HY-*" ——aFpF-——————- 458
CHSA SAT  —=mmmmmmmm mmmmm e i Wi ————— i g 458
CHSF_BUN GACCAGGGCT AACAGTTGAG ACTGTGGTGC TTCACAGTAT CGCTGCCTAG 1170

CHSA BUN  —========= —————————— — o mm e —m oo o 458
CHSA SAT = —===——==== ——mmm e m — e e o 458

i 426 nmauBauifausnsuianalelndaactiu cHS AlaaulEann cDNA aesnaunentianan
YoUrisnN (CHS_BUN) 1119 1,170 bp fuunsdauaetiy CHS flaauliain cDNA 189
nALABN TANANYIEN (CHSA_BUN) uaziianandnnuant (CHSA_SAT) au1n 458

bp (dauntnEuld Ae tnaueddqufis CHSA forward primer waglnsinasdauding

CHSA _reverse primer WAZLOLAMILAANAIALNIAR D AN LANFAN9I)
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4.2.1.2 uan1sANEUSNIARINTLEAYRANURIEW CHS Tunau

ABNLANA AENATA Semi-quantitative RT-PCR

AN BaunauBunninisudaeanaeddiy CHS Tunausaniiauand
YOUFINAANATIUALNALABNTIINANAFNLNTABNATNY TULARZTINILHZIBININMUNITDIAAN1TA
WA fnelnAtiA Semi-quantitative RT-PCR mNx38N19904 dansna laatloyayn (2556)inaiEusiv
an5uanNdindivaed cDNA M windulasnisuFaunauan3u1ninisuaniaanaadtis 18S rRNA
FoiluEiugnede fiaematin PCR 111 cDNA P1ATUMENUGFsen PCR Tnelflnsmas CHSA foward
primer ey CHSA reverse primer Wuq1 AN N URILDL DNATRSEANAR PCR U84LNA2128981
CHS ninaulfan cDNA aesndusentiovassyaimian luszazn 1 (B1) davudiuninign Wamey
Aunaumentavanaluszash 2 (B2), seix 3 (B3), svazii 4 (B4) way e85 (B5) NlAanuLdiu
Tn&Aeaii AauAMNENUBIwaL DNAIBINALAR PCR 1841194911898 CHS Alaaul#ain cDNA

d . . 4 Z { v . 4
INNALADNLAINANARALINT 728N 1 (S1) NANMNLANNINNGR LATADEN) ARAILUTTEZN 2 (S2),

- A . ~ " o .
328129 3 (S3), 72U 4 (S4) WaT 3282N 5 (S5) AMNAIAL (NN 4.27) TaneN AN NTa9LaL
DNAIBINANAR PCR 104811 78S rRNA @auiliutiuginedalparmdinlndimsadu uanslifigiugn g CHS
= Adl 1 % o d‘ dl =
HENNUNNIUAAIBENHINNER LT3N 1IN ENINTBIAANTIANANTLEEN 1 NINNQA wazHiFNNNg
UAANAANAAAIIUTLEIZN 2, T¥aIEh 3UAY T8I 4 MNNATG Uazlusresd 5 H1BFNNnsldnIRaniias)

o
ngn

IHauFeadeAMNE 18901 DNAZTDINANAR PCR 89179421284
= dl % = o a = o o al 1
tiu CHS MlaaulAain cDNA 184NAUABNTIANALNY HINATIUAZ TAVANAFIRLINTRTNY W91
AN NN DNAIRINANAR PCR aadU 94 uea98it CHS Nipaulfain cDNA aa9nauaaniia
PANANALINTNANNENNINATILAL DNAIBSKALAR PCR 499U N4 U898 CHS  Nlpaulfdann

- . . . 4 d . Y L

cDNA mpsnaunantianassyaeisn lneannzluszae 1, szazi 2 uarssai 3 Hanudinuinndiasng
% ] dl -dl = v v a [ % Y @ 1 a o o al
Foau doulussesh 4 wazsresn 5 AN INA LA AW uaRa 1IN NALARNTIUANARALNNTA

TR HLEHINUAANEENTBIEIW CHS NNNNGINALABNIAMANYLATTN AT
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B1 B2 B3 B4 BS

WA 4.27 N BuTTeUBNNUNTLAANERNTaEY CHS (1WA 458 bp) Muusazsveznis
WAUN2189ABNLANA ARewATlA Semi-quantitative RT-PCR Iae/ 1481 18S riRNA 1u
g181984 (AunALsznne 600 bp):; ARNIANARaL4TIIN (B1) e 1, (B2) saed 2,
(B3) saivi 3, (B4) L8V 4 LAY (B5) 228197 5 uAzABNTANANARALNT (S1) sveish
1, (S2) izﬂz‘ﬁ' 2, (S3) izﬂz‘ﬁ 3, (S4) izﬂz‘ﬁ 4 18y (S5) ?zﬂz‘ﬁ 5 (M =1 kp DNA

marker)
422 NISHARIRANTRNEU F3H

4221 MSUAMAANTANEUN F3H LUNALARNLATIAARINY)

o A o a oA dll A =]
’Q’Wﬂﬂ’?ﬁ‘ﬂﬂmﬂﬂﬁ]’lLLﬂuQu@ﬁqm@qﬂﬂQN@ﬂqﬂﬂ WwaldlunnsAni
o & ! IS o a a0 = a A =
ANTHANNUTITUINNITUGANDANUBIEU FIH ﬂ‘]_lﬂ’ﬁ‘Lﬂﬂ@ﬁl’]\‘l"] sluﬂaum@ﬂﬂumﬁmu@ﬂmu@mn&
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Wies WUMsuARseeNYedEiy F3H lundusenguaTiinanteniinmaden laenuduRiSuees
S F3H 2unm 800 Tapdlalng andfieiFensnli cDNA esuaTRasasindeindunandsas
din Arqausinaupanain Jeaninausendausy uandenainaunandaunands wusugadings
fndusenduaes uazqnuan PW5409 hybrid Snaunendsseswies dumduesuuuy (nni
4.28)

2,000 bp
1,500 bp

1,000 bp -
750 bp -

500 bp -

<« 800 bp

NN 4.28 NA3UdaseanTesEil F3H TUNAUAENEUATIARRS] fneimeila reverse transcription
polymerase chain reaction (RT-PCR) a1nnislindueguasifaungadinas (D)
cDNA 293gUaTAaa83U55 (1) Agaus (2) Doann (3) wandena (4) wuvqedinas
(5) wazgnEAN PW5409 hybrid (6) iwiuuuyudffsenidens wraumeuauiaiun

\EuleN M3z U 1 Kb DNA ladder (M)

a a & a a
4.2.2.2 NISLAAIDANURDNIAY F3H °l‘u LUBLERRANNTY ﬂ‘ll'ﬂ\iﬂqll@‘ﬁ’l 7]

1
A a aa

TumsuBeiennsussaenaestiuiiaula diludiesinientud
nsugnseen asniadeluiefefaniauls e housekeeping gene . LilalTuEuEN B sdmiy
unns oDNA Fnduiliidufuunnlulffen semi-quantitative W3en3 delunmasesiidenld
Bu 185 RNA WuEiudnde Weaunsml5uiBinas cDNA Tsesusasiaetnaliiminiugusunisin
semi-quantitative PCR aannn1sidseuifeuni1siansaanaastiy F3H Tuilaflenas naunen wazly
wesguatRusugedinas nanissauauanAndinesu B ueLWAANLINEYR F3H Tu
quatAsedlnadtinsuaaseaniiiiedereanaunensnniign IIRINIABINATUAZHNNG

1 £ 1 1
wdmsaantasdinuiadialy (nnh 4.29)
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F3H 30 cycle

18S-rRNA 24 cycle

NALAAN  LNAS Tu

MNN4.29 wanalFeusunIsuanseanaestiu F3H lungs naunen wazly 1e9guaTIAimue
wqedinad faemalin semi-quantitative PCR Tnglintsuanseanuestiu 185 rRNA i
tiugBaNepLANLENNNs CDNA FiuuLiL

4223 nsuansaanaasiy F3H lupanUyutiadnaueanduas

UUTEN

mnsulrauiaufsannisuanseantastiu - F3H  lwilaitiaves

@3 NauABNIeIANUNTRARALINguas Ui TuszaennIimuntenen 3 szaz Ae A
(szaiz? 1) wlinunu (sxeedl 2) uarunu (sveedl 3) (NN 4.30) Aeenlisen semi-quantitative PCR
dl =2 @ o & 1 =l a dl dl s o
WaAnEANANRLSsed WRreanaUAenLLRsuuasn Nz azn s eIenA LN WS
LAAIDBNTBNEU F3H WU lUNALABNTZEET 1 WL NTIAARALNNTNNISWARIRENTBEIN F3H NN
= = = = o a & A = = .
Nqn 9990ABITHZN 2 UAsTEEN 3 ANANAU lwillalEieinasssesi 1 uazszasil 2 ldwung

= | & A = S =
LAANERNTBNEW F3H usmunIsudndaanluitaitionaszucy 3 Mlifiununsuanieantediiv
F3H lundausaniyuanfdnauanglussazsztznisimuntesnenasnadesiuanaunen Tnanau

A o Py A a A P o O%Y, A
ARNIEEEN 1 NﬁquLmN@NqﬂW@@ IANANNIARTELESI 2 LLAZTeelen 3 ANHNANIAL (NIWN 4.31)

= a a T

NNIuAnIRaNUedEy F3H Tulnutifyusmsnnudn Wailianausen
ge8Ed 2 ANNFUAAIDANTDIEIL F3H NINNAA 78989H7A8 NALIABNIZAEA 1 uazlinunIsuansaan
Tunaunenszez 3 lullatianasiinunisuanseanaestiv F3H TunnszaznsimunIe9nanGanig

~ P A ~ a a sas CA
uane aanaastiu F3H lullaianaunendenAiediuATeNnNAUANLYNTNRL M NN AT aAe
= o o . o 4 d_ .

agiiBnlaanauluszasi 1 uazdanuluszasn 2 aantidauyasmldluszesn 3 dwanslunamn

14.30
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UnuAdanuIny UNuYRYNIN

F &

ﬂv‘!uﬂmaﬂmm‘%*

18s rRNA

M @ 6 0 @ @E

nauman \NES

w431 mansueuiiaunisuaaseenaediu A4 lwileidenaumenuazinasseadyuana
ARALNNT Lmzﬂnmfﬁqmm‘%ﬂ%@ 3 F2aIZNINALNL09RAN ARtnATlA semi-quantitative
PCR Tnednsuansaenuediu 185 rRVA Wlufiugnedailepnunu5anns cDNA Fuuuy
(1) mavﬂ"wmmmmm:m% (2) miv‘w’wmmmmm:mﬁz (3) NIWRIUNUBIABNTELE

3



423 NSULARNRANURNEYW 4'CGT

4231 MSUAAIRANTASEY 4'CCT IUNALAANAUNINTAFING 9] A2el
Ufnzenidans

TneAnlunauaenawionsiug Pixie Bells nandwaes atuy @
199 waz &179 uar WU Cameo ABNAENUATALAN (A 4.32) lumsuBeuidiaunisuanseanae
Suiadla Sfudesdndentufiinsusaeenagane luiilede e (housekeeping gene) g
Fr9Belunnadiufiunns cDNA Gusuilidusiuuunlu e semi-quantitative PCR Miiviniuda
lunsmeaesiidenldty 16s mRNVA {ufudneds Gleasnsoufiifisnn cDNA seausiazsesndli
WINAUAWFLNNINN - semi-quantitative PCR LAA9NINNIANENN1TULAAIRanadEd 4'CGT Tunau
nanvesAulansdsne  uaveenigefuuaanuduRidwennatzinns 1400 bp lu
firatie cDNA anunanenuaziionauiiat funnnisuaseanuesiu 4CGT luusazdnen
wuinendwdesdiBunanmsuaseanaasiiy  4CGT  laaflaruiduiuresunuiiueniniige

A ay = a al a dl
TANANHIADAAN QLAY AU ATHY LASANIN ("N 4.33)

AN 4.32 panausiang Adx (n) A (1) Auss (A) Axag (1) @219 (3) Awdes (2) NlElunng

NAARN
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4'CGT |

P =N
AN IR st v A

18S rRNA

M9 4.33 WhsumsuiBununisuganseenaestiu 4CGT lunaunanausiang adu (0) &aun (P)
Aund (R) Axng (V) 3219 (W) uazdimand (Y) faematlia semi-quantitative PCR Taelld

fl1 78S rRNA g ug19aa

43 HNANISHULINITLAAIAANURIEW F3H WAZEW 4'CGT

431 HANISHULNNISUAANDANTDNEY  F3H A2aMAlA RNA interference
(RNAI)

Aneutinnuestiy F3H lunaunanguatRgnNan PW5409 hybrid uazuan
dena Tnesdusanisuamaaanaastin F3H faamalla RNAI wasianinnislaslasuesdnasnan
FNAUNTUAAIRRNUBNE U F3H LAY CHS

4314 msafwnauesangngluuy inverted repeat iianszRWlR
{iANszUIUNTS RNAI lunfunanauatnBgnuan PW5409 hybrid WAzLARTEWA

nsdesERiLdawEL F3H A cDNA VRIUNNTFERALNT Tne
AentBnndAuTnaalelnsdmiumued 336 fe 644 Lane mRNA a8dEiu F3H Tunseenuunsaes
m@mﬂﬂgmmweﬁmiwmumL@ummmﬂi”mm 300 HaAdtalns Luﬂslfﬂ@mmu 58 AANTAITEA
mmmumu annealing - e aans antsnnsuEnafaLaLA e aenanaaLiatinl
AeusefunALAeS pCRE wiarnelawdinuuaiide £. col aneug DH50, defuBunadunisue
PIvRAeLTUAEL F3H mnelszanns 300 TaeRlelne ﬁLLVliﬂ’ﬂglﬂuL'mLm@'jf PCR8 (pCR8-F3H) fingl
UjeniiTend uaandfjisunideninududaurecdu F3H auia 300 faedlelng e
WrauieuiuunuALEuenInggIu 100 bp DNA ladder anthsinnstnelandudauiiy F3H T
WA pCR8-F3H WnguiAmes pJAWOHLS (pJASF3H) fintitlisen LR Tneiamimnes pJAWOHLS
L‘ﬂumﬂmef‘ﬁ'mmmm%qmﬁiﬁumgﬂLL1_|1_| nverted repeat aviiieviniarneteuthy F3H g

v
PJABF3H axnszfiuliiiNanszLaunng RNA fiuflanisuantaantesein F3H Tui
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4312 msnsragaunisanalaududiutiu F3H TuAinas pCRS-F3H

vingLamLeas pJAWOHLS Aaenauldsisinanwiz Hind Il

HAAINNIAIAdeLNsaneladudIEL F3H aInAmes pCR8-
F3H ing 1A pJAWOHLS (pJASF3H) Mateulmsifnannig Hind Il WLTUSILALEIE 3 U
9unA 5947 Taealend, 11ne 533 Thaalend wazawnn 241 Taaalelnd (nna 4.34) Tnedua
uelEiAnannissaeeseulsl Hind Il ey F3H dne sense 1 Fnuis dnel
antisense 1 AWMLY WASLENN intron 2891AKES pJAWOHLS 1 AL (mwﬁl 4.35) anniutin
nPARS pIABF3H 1Paut 2, 3 uay 4 dATANALTaRa TelndEne Insmes F-pJAinton LAy R-
pJAintron FRanUULANAFL  Tnealelnmimnng inton LuinAmes pJAWOHLS (mwﬁ?i 4.36) e

FIAAELIANNYNFBNIENA 1A LNRA e InduasTiAniaesdudautin F3H luwnamed pJASF3H

5,947 bp

533 bp

250 bp -

FTatik S B (e RIFEA 4

3 --:" e A <— 241 bp

MWA 4.34 NensagaLdudIEl  F3H st RdpaLanTunmegiiannel  pJAWOHLS
(pJASF3H) TRaun 1-4 (1-4) Aneeuldslfinanmny Hind Il Wiauiauiumeue
N1m331U 1 Kb DNA ladder (M)

I 241 bp I 533 bp I

Hind 111 Hind 111 Hind 111

e R

attR1 attR2 attR2 attR1

5,947 bp

MNH 4.35 LEUNTWRAET pJASF3H uazauwsraaeulmifnawie Hind 1l (Fawlasann
Pillman. 2009)
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4313 uansAssuaauilanftlalvegy F3H 2aeUlyaens

fRALINT ﬁtmin'ag"l"lummm'a% pJAWQOHLS8 (pJABF3H)
nan1sAsiansuinaalainfresnmmes pJASF3H Taaud 2, 3
uaz 4 nuansuiardlalndau F3H lunames pJASF3H %1 3 Taau wileauiuatauianalalng
2998 F3H B9V NIAARRUINT Auniie 336 D 644 ynilanalalnduasdudauaastiu F3H

BELTLIUIUILNG 2 414 intron 18919ALE05 PJAWOHLS TufiAn1a sense UAY antisense (N

4.36) antiuAnRenAmas pJASF3H taauh 2 delewdngesinsuuAnizananeiug Gv3101 fos

aal . 1
3377 electroporation gl

F-pJAintron
e

F 3 H H g J CaMv35S Terminator

—>
R-plJAintron

aapaog sy

Left Border

attR1

attR1
attR2 attR2

NN 4.36 AnuntlsdLaealnames pdAintronF uazlnses pJAintronR 131984 intron 189AMBS
pJAWOHLS Al lunisiemeiansuianaleinsuesnnmes pJASF3H (FaulLlasann

Pillman. 2009)

4314  uanmsnsagaunIsaalauianaes pJASF3H VLD
L4

PJAWOHLS LingazInsuunyiizan f1awug GV3101 pradjisendans

asa LG o P IS A A & er
HalfAzewgefsanmsliialatierinsuuanizasiufuwuy wutu

pidueaastiy F3H awm 300 Hardlalng TulrausrinsuuaniBenanaiug Gv3101 NlaFunisane
TaunAwas pJASF3H wsiliinuTuniduienasdn F3A lulrauasinsuuanFanaesiug GV3101 #

155unnsenelaunmmes pJAWOHLS #aeRanis electroporation (N 4.37)
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500 bp -

250 bp - <€— 300 bp

AN 4.37 NIRgaRdalnIItnelawnARes pPJAWOHLS (1) Wia pJASF3H (2) dWngeving
LUANEENAEWUE GV3101 Feeitisenigens weeuneuiumduennsgis 1 Kb
DNA ladder (M)

4315 wuanigaalauAnas pJAWOHLS visalininas pJASF3H 11

ANAUAANAUATIAAILIENTT infiltration

ANHUZNALAANALUATIANIEURINITAETAUIALADRS
pJAWOHLS %3ataAtnas pJASF3H

wasannsEneleunAre; pJAWOHLS %i3almmas pJASF3H ol
35013 infiltration Taedas InsuuanGadiuwmelunauABNUIgLATIRGNNAN PW5409 hybrid Waz
santemaifliingn 3 4 lainunisn Aenulasesdlianatsanfiinisialeaaines pJAWOHL8
vidalnAmes pJASF3H Wenlaudsurunausenilafldiuntsdnelaunamas ((ni 4.38) ANty
nALABNELATRIQNNAN - PW5409  hybrid - uazuasdananlisutarilisunsineleunmmes
PJAWOHLS 381Amas pJASF3H linsagauifanmn sudaseanuedtiu F3H wazeie CHS Hog

WAA semi-quantitative PCR
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ANT 4.38 ANEHUENALABNIBIGLATIAQNNAN PW5409 hybrid uazuandena n1auddlasunig
delaunAmes pJAWOHLS 3aammes pJASF3H #aeRanis infitrationlnelasing

wuA Besidunwivzdungn 3 54

(A) uansnAUAENaLATEN MR unnsteleunAmned

a ' !

(B) uasnavmenguatIAneunsttalaunamed pJAWOHLS (negative control)

a

(C) meﬂ'ﬁumnqummmﬁ lngtnglaAmes PJABF3H (RNAI)

MaRRmMNUTNIUNTUEAIRANURNEY F3H WALEU CHS A

WAlA semi-quantitative PCR

UFuA R ues CDNA Gugi ﬁiﬁmnnﬁumfaﬂmquumqﬁ@unmau
PW5409 hybrid uazugsdems  fldsnuuazEnunstnelatnanes  pJAWOHLS vienAwmes
pJABF3H 1Hwintu TnefFauieuannAmnudsunufifueaedtin 185 rRNA Luaalugudngd
(WA 4.39) At cDNA FlEannmlfumanudisduliimintuudadnegi Wilumsue sl
11t semi-quantitative PCR Ltenmagauiiunninisugnseantesiiu F3H uaz CHS sl
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naa e semi-quantitative PCR  iflenfeuifiauanmums
uwanseanaastiu F3H Taafrauiauainaudiusesinuaduetuas annimassdlunangua
TRLAATENAII UL 3 ABN ﬂﬁumﬂﬂqumﬁmmmﬂﬁ 1 wr 2 #lEFunnsineleaunAmes
PJAWOHLS (control) &a8Ran13  infiltration TnafidoesinsuuafiGoudunive  Slsunmnns
uanseenTesdy F3H innfian usinisudnweenesiiu F3H Tuileidendusenguaman ldunsdne
Tounmnes  pJASF3H  amadeeunn  denReuiflsudunauseniilEsunnsdnalaunemnes
OJAWOHLS (control) luanizinsugnsaanaesdiv F3H mmmfaﬂfqumqﬁ,mﬁﬂwm@ﬂﬁ 3 ARAa
Fedntiosyinti NINAaadlUABNGLATIRGNNAN PW5409 hybrid WUTNNWNNILAAIBANTEY
g F3H ELulf:@Lﬁl@ﬂaum@ﬂ@qmsmﬁmﬁ%um@mﬂi@umﬂuim% PJAWOHLS (control) uazlinunng

waevaan uileiflianaunani lafunisanelawnames pJASF3H
A A = & A o a o A
[NaRARINNITLAMBaNTaNEE CHS lwillaitlianaunenguUaTnmvian

Ll Funaslasunnsdnalan ldwunisdsuulasresBuiunisugssaanaastiu CHS luiilalte

NALABNURIGUATIAYS 2 785 (NN 4.39)
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AUATNAQNHAN AUATAQNUAN
PW5409 hybrid | PW5409 hybrid I

CHS

,’ F3H

-~

'

12 e A
- - o
1 2 3 1 2 3

AUATIAUARTENA | AUATIAUAATENA | AuATIALARTANS |l
A —

N

CHS

F3H

18S rRNA

NN 4.39 nMsulenifisunisuanseantedtiy CHS uay F3H lUNALABNIENRLIATIAQNHAN
PW5409 uazuandewan laitnunistinelaw (1) w1nnangiawnAmes pJAWOHLS (2)
lnnanglaunAmes pJABF3H (3) FaeiAaNn7 infiltration FosnATia semi-quantitative
PCR Ineliinsuanseantasiiu 185 rRVA hillugnedaiieniunutianos cDNA Huuin
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432 HANISHULINSUAAIDANURNEY 4'CGT AetnAA RNA interference (RNAI)

Aneuiinnuestin 4CGT lunaunenausiangiiug Pixie Bells laafiudanis
LAANAANUANEW 4'CGT  fremaila  RNA  LasAsmunsilasuulasias@naunanianiunig

LAANRANUASEU 4'CGT

4321 meaieauasnanaNgluuy inverted repeat tiNanszRuly

\iANsEUUNS RNAT Tunfunandudanswig Pixie Bells

-8

funmziudauii 4CGT aan cDNA 28epenawsiansdimaes g
Pixie Bells é’f;ﬂﬂﬁﬁ?mﬁ%mimzﬁ@uﬁiﬂﬁuwmmﬁm oCR8 ssedineludie 4.1.3.1 larunig
AnLaeNuazmadaLasUiopatanduwde - Wil lunisdaleudirgnaiaiin  pJAWOHLS  Fosl
UFFen LR ubataleudinguuaditie £ coli @neniug DH50L K833 heat-shock Liteifin5annin
ANENARALBULE
4322 mansragaunsinelaududouiiu 46T luwaaiin pCRe-
4CGT WNgWaaRA pJAWOHLS siagaulasisinaning

UIna1ala pCR8-4'CGT wImsIadaLnIsiag ety 4'CGT fine
UlTTFAR NI Hind 11l WaT Xba | WUAUAWAEwA 2 1 1uin 898 Tardlelnd uavaus
5,833
Tonalelng (N 4.40) 4 EuRSueTlER A nnsATesewlny Mind NIl 13004 intron Tadw
AGTA PJAWOHLS 1 Auviie uaznasntasenlasl Xba | LA Wsiona alnam 3,798 10w
A@NA pJAWOHLS antiurimaaia pJAB-4'CGT diwmszdarsuilaralelng

4323 wamsBaTzvssudinalalnafiu  4CGT  wanAumaniu

NINTWUE Pixie Bells ﬁLstn@gﬂuwmaﬁm pJAWOHLS (pJA8-4’CGT)
nan1salATIziaAuiardle lnfaaawatain pJAS-4'CGT &aalng
WAaF F-IntronpJA8 1Ay R-IntronpJAS flenuuuanasLenaTenfiRn inton LUNANATA
PJAWOHLS  iammagaLarmgnieas iLiionalenduasiismeediudadiy - 4CGT  Tun
agim pJAB4'CGT wuawLtnAdlamael 4'CGT lunanain pJA8-4'CGT wNeuiLaIALianale
IndfaedEiy 40GT T0sausians fuviedl 1,062 A 1,374 (EF650015.1) LAENLANTUgI TRy
4'CGT fas;_uimmuﬁ”q 2 319724 intron Tuna1aiin pJA8-4'CGT luitAna sense WAz antisense (AW
7 4.41) anmiiutimanaiin pJAs-4'CGT rnaleudinderinsuuaTiBenaneiug Gv3101 Faedans

electroporation
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6,000 bp > <« 5,833 bp

1000bp

898 b
750 bp  —> * P

ANT 4.40 NANTATIRADLNANERN pJABZ'CCT (2) Bnmaulsdsnsnig Hind Il uay Xba |
iWhaunguiuRdwenInsg U 1 kb DNA ladder (M) Wazna1ain pJAWOHLS 15

Faeianladfnamay Hind Il waz Xba | (1)

898 bp
| |
| |

Hind 1l
\l’ Xba |
‘§ F-pJhintron €¢/
4'CGT I2O, F @
E R-pJRintron g‘
attR1 attR2 attR2 attR1

6,731 bp

MAN 4.41 LIUNINNAIARA pJAS-4'CCT wamamnuuualnsines F-IntronpJA8 uazlns
wWaf R-IntronpJA8 wazAumsaaeulasifnamnig Hind 1l wag Xba |

(AaLlasa7n Pillman. 2009)

4324 uansAgIadaUMsinelaunaIaln  pJAS-4CGT ingazlng

wuARBANRIANUE GV3101 AreljAsenndans

Watelaunanaln pJAs-4'CGT dngdazlnsuuaiFanuds Mans

o 1o

meaadevialatipeafoslfisefidendaivinsmes F-ECoRI-4'CGT uay R-4'CGT-Sacl annsld

a
4 1

Ialatlarinsuuenzeulusiuluy nUTUAEWweIuIn 313 Taadlalng anlalannlésunisonalan

NAMBS pJAB-4'CGT (NN 4.42)
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250 bp —» <— 313 bp

AT 4.42 HANIATRFELUNANANR pJAS-4'CGT luarTnsuuaiFasaieiug GV3101 S1uau 9

Talall (1-9) doelfisaandanfsaniulnsiues F-EcoRI-4'CGT uar R-4'CGT-Sacl

WRauisuiuadwen1nsgIu 1 kb DNA ladder (M)

4325 panmsmalaunanailn pJAWOHLS “sanadln pJAS-4CGT

NgNALAANAUNINSALAENNS Agro-infiltration

AnsnznaunanautInsMenaIMsanalaunadiin
pJAWOHLS %5a pJA8-4'CGT

PaINNNNIEeBUNATER A pJAWOHLS 13ananain pJA8-4'CGT i
gnaunanauslansivug Pixie Bells pandmaes ww 3 4 faeianas infilration anuaw 2 #u Tnedh
f 1 dhelew 3 men Eud 2 dieleu 4 sen linunisilAguwleswesdlunduaenilasumn
ANdiin PJAWOHLS sisenatalla pJAS-4CGT dianRuumeusunausendninlalézunistnelaum
ANETia (NN 4.43) AT aUaenAL TN T e s unaadie PJAWOHLS #rananann
pJAB-4'CGT linsadeLUn1slan9aana8del 4'CGT faenmila semi-quantitative PCR

nMsAAmNLTNIINMSLERIAaNTRdEW 4CGT  menalia
semi-quantitative PCR

U5 cDNA  Guduildannnaunentesaislansfitnunisdnelaun
aNain pJAWOHLS vigananailn pJAS-4'CGT Milpudinduwindy Inanfaudeuainaanudia
LOLAE 0T8T 18S rRNA UuaaT i iuEuEnd (mw*ﬁ 4.44) aniil¥ cDNA Teiunnsysupany
dadrilfiinfuudadlud Suefuuunlulfieen semi-quantitative PCR iiemsaaaeyifiunmunis
WAAd 88NVB9EW 4'CGT

naanUfTien semi-quantitative PCR  ilenfeuifiaunanmums

= 2 k4 a < a’l
LEANRaNYaNEY 4'CGT IﬂF;IL‘LE‘?;I‘LIL‘VIF;I‘LI’Q’THﬂ"ﬂllLﬂuﬂ@ﬁLLﬂUﬂL’ﬂuL’ﬂUuL@@ AINNINARDI LUABNAL
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TanswWag Pixie Bells menAwidesduau 2 fiu fufi 1 insdaeleu 3 men Bufi 2 siannsdnelow 4
pan wudludud 1 S8 1 aen ST ininsuaseantesiy 4CGT aniigalunauaenlisy
nsanelaunAmes pJAWOHLS (control) agidgnng infiltration wWANTTuAAMEENU8IEY 4'CGT lunay
penAuTansE NN st nelannAnes 0JAB-4'CGT anasatiannn WanBauieufunauseni 15y
mstnelawaames pJAWOHLS (control) nsnaaedludiufl 2 41w 4 men wudaEiBunnis
LAAIBANTBEY 4'CGT ARAIIILIL 2 Aan TuanEdian 2 aan fszdunisugnsaanaesi 4CGT 1
WasulasilenBeuifausiunenfidnenaalin  pJAWOHLS  EeuReufaudulesfudsyming
panTitiBnunIsugnseenTasills 4CGT anad AumeniditRuNnNNIudaeenaesiiy 4CGT T
wWasuuas wudieenifimsuanteentesiy 4'CGT anasetit 57.14 wesdudilenReuifiuusy

ANUIUABNNIUNAN RFUN e Taunaaln pJAS4'CGT

MNA 4.43 pendudansilEsunisdnelounanain pJA8-4'CGT fqeRans infiltration lmalezing
wuAP Famdlunnvsdlunan 3 34 (191) whsuisuiusenaudansyldlssunisanalan

WNaNANA pJAB-4'CGT (g
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18s rRNA

MW 4.44 aaBauifiaunisudeeanaesiu 4'CGT lunaunanausanafitiunisdnalaunaadia
pJAWOHLS (1) waznaumanieinunisanaleunatdin pJAs-4'CGT (2-4 &usufiun 1,

=

2-5 & UFUAUN 2) uarHEil 18s rRNA WlutiuEneaa

[ o [
44  NMSIFTENARURAENANRIUTLIEEVITELINA

alaa

441, MIATNNMANANNEY DFR anilyuan

NSASWNANENAF1ENEN pBI121DFR maein15Ann2silau lalAananinie
Sacl wag BamHl

wanafia pBI121DFR  Miflnun 13,606 bp lEannnisimil DFR fieelun
an4ln pTZDFR wnsiatdiananane pBl121 Tnananissnfqeeulaisimnaiinie Sacl way BamHI
(NN 4.45)  arWULOLALALE 2 U AD 1170 2,886 bp UALILIALlITANML 750 bp Fatugau
99981 DFR (4047 1-4) Tunanadie pTZDFR wagludeddt 6-8  lunnsdndnsieulaide
3MNz Sacl uay BamHl 1w Aay lunanaiia pBI121 AXWLLILUALALE 2 TU A T11A
1s2u104 10,000 bp wazdn 1 FuarUEnIe1d9109E L GUS 11 1,812 bpaan
AINNAEHNA pBI121 Lﬁm@n’m%uﬁf@mmﬁwwmﬁqnﬁmaﬂ Inansagauluaaaznilsa

6

1 1le s

NM9ATIRFAUNAEN AFeNEN pBl121DFR Taelld FlavoPrepTM  Plasmid
DNA Extraction Mini Kit

nanaimaneea@n pBl121DFR Ranmldnilszneufaediuaestiu DFR aunn
750 bp Melfinsauanaasilsumas CaMv3ss uazmaidiuumes NOS uartiuAniaan NPTI 1un

254 bp neliineuanredidsiumes NOS uazmesiuumed NOS umsagauANdndvluase:
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Mg 1 wefifud ndaannnsdense Inevanasadaeeulalfasing Sacl uway BamHl  anA3q
(NNT 4.46) Tugead 3 WaT 4 asnuuaUAEwa 2 Fume 1108 750 bp WAz 21A 11,633 bp LAALIN
Tunanaiia pBI121DFR  {1umgiu DFR wiﬁuﬁmﬂuwmmﬁm pTZDFR neausndazewlad e
TAagnsraanatain pBI121DFR uazlutesdl 5 wuuaufiduie 4 FuRe 1unAlsTannL 700 bp

IuNALTENNU 800 bp BUALTENNL 2,000 bp Lazaua 9,633 bp

NNSASNNAFNAF1E AN pCAMBIA2301DFR maen15Ann2eLaw L
AARILNIE EcoR| waz Hindlll

NAa14NA pCAMBIA2301DFR  #RUU1A 12,383  bp LAAINN196AFWLA

Ao

Aunenasiislumaed CamMvass aufamaidiumas NOS Nty DFR et a1nwanain pBl121DFR
Wsadinnanalin pCAMBIA2301 Tnginnnsinfneewlasifnanmiy EcoRl wag Hindll (mwﬁ
447) luwanalNn pCAMBIA2301 EiangaseulmaiAtINIL AsNULOLAEWe U ATl 0l
10,000 bp LagFuTfus e multiple cloning site ?ﬁlqﬁmmmﬁﬂmmumm@ﬂm LA LU
A1@%A pBI121DFR Az WLILOLALEWLE 2 Fu Ae auAALlsTanns 2,000 bp wazauAUIZaIne 10,000
bp ann1sRTagaL luiaaaznilsd 1 wWedidus

NN9ASTIARAUNAANARIENEN pCAMBIA2301DFR Taglld FlavoPrepT™
Plasmid DNA Extraction Mini Kit

NANRRARNENAN pCAMBIA2301DFR faralETssnaugasdiutesiu GUS
27 UsEHN04 2,000 bp uaz 81 DFR 1WA 750 bp naliinismaupxaasilsiuna CaMvass uay
masHiumas NOS uazBiudniaan NPTI 11 254 bp Aaliinmsraupuaasilsliea NOS uavmas
Fuumas PolyA wnpsagauaidindwlueassnisa 1 wesidus wdsannsiensie Taeanssia
SaeiaulmIFAS AL EcoRI Uag Hindlll BnA% (NWT 4.48) WudniifenTes?i 3 uag 6 FnLLaLA
Sule 2 Fude wunadsvaan 2,000 bp uarauralszunte 10,000 bp Lansan lunaaia
OCAMBIA2301DFR lé5uflufimsefunanadin pBH21DFR (Nt 4.49) rausadaaieulad Tag
TANATITRINAAN A pCAMBIA2301DFR (mwﬁ?i 450) el fausAnumdallsTumes CaMvass uay

winFHme3 NOS NHEI DFR atjmsanany
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1800 bp

750 bp

NANT 4.45 nrrRTIageUnaANaBaaniAdeenlmiRAS NI BamHI way Sacl i M) A

\BuenIn3gIUTA 1 kb DNA ladder 1) wandila pTZDFR 2,3,4) Wanaila pTZDFR
fadoaeulad BamHl uaz Sacl EunUAEule 111m 750 WA 2,886 bp 5) NANERA
pBI121 6), 7), 8) Wangdm pBl121 Ansaeiewlsd BamHl uay Sacl lAkauUALEULe

21UIR 1,812 azawnm 10,000 bp

~ 2,000 bg

~ 750 bH

AN 4.46 NNTIAIIRABLNAIETA pBI121DFR Fadaeeuladiasinie BamHI Sacl Xbal
was Ncol 1) ﬁLfSuLfammﬁmmﬁm 1 kb DNA ladder 2) pBI121DFR 3) pBI121DFR 6a
fnel Sacl way BamHl lAunUABLLE 2U1A 750 bp WAY UM 11,633 bp 4)
PBI121DFR fnfne Xbal lEuduAEue 111A 750 bpuay IuIm 11633 bp 5)
pBI121DFR sinfae Neol lawauaeue au1nlszunns 700 bprunailseanns 800 bp

111/ 2,000 bp WazALRIA 9,633 bp
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ANT 4.47 wanafin pCAMBIA2301 WAz pBI121DFR &aan1saniaaiaulasl EcoRl uaz
Hindlll M) 1 kb DNA ladder 1) pCAMBIA2301 sinRaeiaultsd EcoRl uag Hindill 1&
uOLALEWE auNALlTENNNL 10,000 bp 2)pBI121DFR sinfaaails] EcoRl waz Hindlll

TAunouAEwe aunALlszanns 2,000 bp Laz 21ALTZAN 10,000 bp

2000 pb

AN 4.48 Wa1adn pCAMBIA2301DFR WisaNnITIdaNsadaan 2iadae el DA
AN EcoRI A Hindlll M) 1 kb DNA ladder 1) pCAMBIA2301DFR 2ua% 5)
pCAMBIA2301DFR findiag EcoRl uae Hindlll laRLeualseanns 10,000 bp 4)
pCAMBIA2301DFR fingag EcoRl uaz Hindlll TdwuunuAdue 3uas 6)
pCAMBIA2301DFR #indiagl EcoRl uaz Hindlll THRAEWeLlsz104 2,000 bp BazaU1A
1gza104 10,000 bp
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BamHI Sacl

|—~suubp
B P e e pe—y o

~3,200 bp
AN 4.49 Taseainesnanadn pBl121DFR
HindIIl EcoRI
- ~2,000 bp————
~12,303 bp

ANT 4.50 TAsea1ananailn pCAMBIA2301DFR

4.4.2 MIRENNAFNANNEU CHS AINABNTINRYUNIN

NANISIAAUUINAIUADNEYW CHS  a1n cDNA  229NAUABNLIINARI
UUNIN

HANSIARULINNEIUTIRIEU CHS 41N cDNA 183naLAanianangyuisniag
wAlla PCR lHNaNAA PCR 289U1949uEl CHS 1u1aUseanal 450 bp (N7 4.51) HINAKAR

PCR 2a9uadauaastiu CHS Nitaauld llldlunsasananaingnuaniva lilunnsonetiusialy
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M fiu CHS
1,000 bp

S00bp e ~450bp

100 bp

AWN 4.51 HANAS PCR 189142199811 CHS NlAauléann cDNA 189naunaniionasijumisn

AL 9zNTU 450 bp, M = 100 bp DNA marker
HANITASINNANFNAFNUAN pBICHSA

WuaHAR PCR 189tn3dnuaasdiu CHS ilnauléann cDNA aasnaunaniia
NAIYTITN 2UALlszNn0L 450 bp WdenFeinuNaIg i pBI121 aua 14,758 bp TUANLILS
wuiitu GUS ludnwaisnduie (anti sense) TheiBuduanninuandn PCR a991nsdauaasiiy
CHS 1nfmfnglauladfaangg Sac | waz Bam Hl WuIN NANAR PCR 184L19d9u18981U CHS iR
gneulndsindnwazsneanilu 2 daw auintlszinn 300 bp wazawiatlszanms 150 bp (mwﬁ' 4.52)
AonTudiutessndauaesdy CHS amnmtszanns 300 op a M lunnstnefiy waziletiwanaiin
pBI121 sundndaseulmifnawiy Sac | uaz Bam HI wii9) wanadia pBl121 gnsnaaniiu 2 dou
A d1uradiiy GUS 11nalsvannl 2,000 bp LAZAILIBNANETATIVASILALlTZHA 12,000 bp
(N 4.53) ANNTAITTLAILR91 A UIRNE CHS WASLNIILTaINANGER pBI121 ﬁgﬂﬁmﬁ-ﬁqa
eulnTindne Sac | uaz Bam HI inviensadnfaatiufaieulad T4 igase linwanaiagnuas
PBICHSA auailszannd 13,500 bp QNTAASIREALINFILDILNEILBSEL CHS TiunsnLm
aalngNuaN pBICHSA awallszanns 1,500 bp Maanisanmaeiaulmifinaiinig Eco Rl uay
Hind 11l (il 4.54) uazidlemsmadendnamailn PCR Tneldilnaied CAMV forward primer uas
NOS_reverse primer MAuNan@an PCR 211atszanns 500 bp (N7t 4.55) @enlaauiildug 1inld
FIgOAABLININALTIATEILNANLDIEW CHS ﬁ@fguuwmz@m PBICHSA #iatiNamanantAsIziasLil
aalalng @enlaauiunedouanstiu CHS wum 331 bp unInagszningdauses CaMV 35s
promoter uaz NOS terminator 184 Wanglm pBICHSA luanmouenavdia 1nld1lunnsasan

a dl U ! =
anadngnuanive 9 lunisnneey
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M CHS+ Sacl+ BamHI
B3 s =

et =
&~

1,000 bp

500 bp

-
100bp - ow wem e 150bP

AWN 4.52 HANRS PCR 1891842194981 CHS NlAauléain cDNA a89naunaniionaasijusisn
o Y

gnanfneeulalfininniz Sac | uaz Bam HI 15Tudauaas DNA 111aLlszann 300

bp tazaualszund 150 bp (M = 100 bp DNA marker)

M pBH21+ Sac |+ Bam HI

SR B
10kb N e < 1 hoo T
i
3kb
21 - <= -2000bp
1kb

AN 4.53 wanailn pBI121 sadaeiaulasd Sac | uay Bam HI ugnaanidlu 2 dou Aa douaasdiu
GUS auatlszanns 2,000 bp KALAIUIBINAENANIUAE TSI 12,000 bp

(M = 1kb DNA marker)
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10kb L bs L & 12000 bp

6kb

J

3kb

2kb
1.5kb @ - 1,500 bp

1kb

MWA 4.54 nspagaUE CHS Tuwanaiiagnuan pBICHSA dndasiewlnl Eco RI uaz Hind
;1) Ae wanadin pBI121, 2), 5), 6) UAZ 7) AalAauIaNaElin pBICHSA 7ifdu
2998 CHS WUl antisense wnsnagl 13T udara09 DNA u1aLlsvanns 1,500 bp WAy
drufivAatamanaiia TuALsvanns 12,000 bp e 3) uay 4) Aelaavuiilifldauaes

TuELunINa] (M = 1kb DNA marker)

1,000 bp i b

-

. — 1 A N &
soobp St uird SRR B S s D00 bp

- -
)

100 bp

AN 4.55 N19RIRAaLILNNAILedEil CHS lunanaia PBICHS #nsinAtia PCR; 1) Ad LANAR
PCR 289U19d2128981 CHS 111miszanns 450 bp Mfli PCR positive control, 2),
3), 4) uaz 5) Ao laauTidauaesy CHS WUl antisense UNINITMINe CaMV 35s
promoter AL NOS terminator azlfnan@n PCR aunmalszunn 500 bp Tmﬂ%@ﬂW?LNﬁ

CAMV_forward primer kaz NOS_reverse primer uas 6) Aalaaui i Ndauee9duguwmsn

g} (M = 100bp DNA marker)

HANNSASINANARNARNAUAN pCAMBIA1302CHSA

1U9dauTR9EW CHS WUL anti sense NigALANKAE CaMV 35s promoter
waz NOS terminator aINWA1&NA pBICHSA 2u1alsyanns 1,500 bp NmaNsadindy nanalin
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pCAMBIA1302 2U1A 10,549 bp tagENsiuaINiIwaalngnuan pBICHSA Nndnsiatiaulaisn
AUNTE Eco Rl WAz Hind 1l wiqn TaTugn1aa9 DNA 2 91 Aa dauaastits CHS Wil antisense 7

8¢j951I19 CaMV 35s promoter kaz NOS terminator 21u1ALsENN0 1,500 bp LATAIUIBINANGNA

1
=

Awae au1Alsznns 12,000 bp (MW 4.56) kazilatnnatain pCAMBIA1302 unfndaeialasl

FARNE Eco Rl way Hind Il wudnlidudauaes DNA 1 491 2u1a1lszanad 10,500 bp (A

v
Aa !

4.57) anifuAnTudIw agarose gel NNTUA21 DNA 18981 CHS uaz CaMV 35s promoter LA
NOS terminator 2U1AYUTZNI0E 1,500 bp LWAZAILIBINAEHA pCAMBIA1302 wuALTzanl

o

10,500 bp #wNLan DNA 88nan agarose gel Lmzﬁﬂﬁu?zgwaﬁr vhundensedinfusae el
T4 ligase lnanafingnuan luaifiusdauaesiiu CHS UL antisense fignAauAuéng CaMV 35s
promoter A NOS terminator Ul
NaNaNA pCAMBIA1302 Aa Wanalim pCAMBIAT302CHSA aunadseanns 11,700 bp anthudntin
waafingnuanlidinguaduuniie £ coll aneniug DH5A Watfisuiamanaiin §oed3 heat-

ol Ff =« Al h = . | a
shock @qﬂuu@‘i]L@@ﬂiﬂ@usﬂﬂﬂLLUV’TV]L?ﬂll’]m?qﬁﬂ@‘ﬂuuqﬂ’]\‘]ﬂqumﬂ\‘]ﬂu CHS WLLW?ﬂ@%ELUW@’]@N

|
A 4

ARNNAN PCAM. BIA1302CHSA fatinnsiinfaeieulmsifinanniz wudn esdnsiaeiaulsdsn
3Nz Sac | WAz Bam HI lraufinanafinddudouaesty CHS lATugiuanstiy 2 diu 1una
tseune 300 bp azaniayszuane 11,400 bp (mwﬁ' 4.58) azidinfaasmeuladins i Eco
RI uaz Hind 11l Tnauitnanafinfiiudnuanstiy CHS Wiy antisense ﬁgﬂmuauéﬁqa CaMV 35s
promoter LAz NOS terminator 1EFuga1898 2 491 TunALlasunns 1,500 bp LazwIAlszunm
10,200 bp (NN 4.59) uaziiienmadaukatimaiia PCR Tneildalnsias CAMV forward primer waz
NOS_reverse primer azfiaalfnaNam PCR 1894UWA1u981 CHS ﬁLW}?ﬂﬁ‘:WﬁN CaMV 35s
promoter kaz NOS terminator 211ALsZNNT 500 bp WATHANARYB9E GFP U1 ALlTZN194 900 bp

(N9 4.60) 1aanlpaun g asanansann 19 lunsanstiusaly
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I 1
M pBICHSA pBICHSA+ Eco Rl + Hind Il

R . 4.5
- - H =l H <—12000 bp

10kb
6kb

3kb
2kb

1.5kb
<= 1500bp

1kb

CEE LM

NN 4.56 naraiiagnugy pBICHSA (11atlszannd 13,500 bp) Andaeiaulsl £co Rl wag Hind
Il 16Tudaw DNA Nd91289 DNA 1098 CHS WUL antisense UNINTTUiNg CaMV

35s promoter Waz NOS terminator a1nalseannd 1,500 bp LATAIUTN AR UBINANAN A

guAtszannd 12,000 bp (M = 1kb DNA marker)

M pCAMBIA1302 pCAMBIA1302 + Eco RI + Hind 11T

o Y

AN 4.57 wanadin pCAMBIA1302 (211@132u10s 10,500 bp) sinRaenanlasd Eco Rl waz Hind

1 18T ud9%289 DNA 1 g91 auntseanns 10,500 bp (M = 1kb DNA marker)
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M 1 2 3
<«— ~ 11,400 bp
10kb =
>—e
3
-———e -

3kb W
2kb ©

1kb won

500 bp

250 bp <« ~300bp

PSS

ANT 4.58 NIATIRdaLIINeEILeacin CHS lunanadn pCAMBIA 1302CHSA agatiiaulmd
Sac | uay Bam HI: 1) Aa waaderildlEsadasianlafnaninig, 2) uay 3) Aelaaui
fdauasiu CHS unsnelunanaiin pCAMBIA 1302CHSA liTudanzes DNA 2wn
lazunnd 300 bp LAZAT A RTBNA G TR 3=HAnL 11,400 bp (M = 1kb DNA

marker)

1

2 3 4 Lo
s b § ! @-' | 5
10kb ﬁ <+ - 10,200 bp

6 kb

2kb -l *; é’i .
15k - L % ot W ¢ =

1kb & ks Y
< Eia. atldw

AINTI4.59 N19ATIAADUWNUNNEIUIDEN CHS lunanaln pCAMBIA 1302CHSA fnssawlsd
Eco RI uay Hind 1lI: 1) A nanafiailallEinaseulaiinsmiy, 2) Aelrauild
qum'aﬁyuiul,mmmg 18z (3), 4) uay 5) Aelrauiiidiuaesdiy CHS unsnag] 14
Fugauaes DNA 2nmtlsvann 1,500 bp LazdL TR TIMANETA TnALlszannl

10,200 bp (M = 1kb DNA marker)
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M 1 2 3 4

10kb o

6 Kb st
—

—
3 kb s

2kb s

-——e

Tkb s “““@%Obp
500 bp ““ <= 500 bp

ANT 4.60 N19ATIAADUNIUNNEIUTBSEN CHS  Tunanafin pCAMBIA 1302CHSA Faamnaila
PCR Tneilde lnsias CAMV forward primer uaz NOS. reverse. primer; 1) Ao NANAR
PCR 9 8 9
WANETIA PBICHS AitlLNgdauansEiy CHS 11 Alazann 500 bp, 2) Aelaaufisidou
289811 CHS wazflu GFP IANaNam PCR 189U79491184E% CHS 211m132aines 500 bp
UATHANARIBNEIN GFP 11ALUsZNDs 900 bp kAL 3) LAY 4) Aelpanilifidanaesduiiu

CHS ungnat] AW ITNANARTEEW GFP auALlszannd 900 bp (M = 1k DNA marker)

4.4.3 NSRS NUASASIARDLALDULARIENAN pCAMA'CGT ANARNANIINS

FupmfEiU 4COT anntudatiy 4CGT meflumanaiis pTZ4'CGT Rnsiailmad
SRRy Bam HI uay Sac | ietililideusedinimanatin PCAMBIA2301CHS fiEinunsiAEa
el F AR Bam HI LAY Sac | ifieueanTuiy CHS 1A 322 bp #anaIANaNdRia aNntiudne
Tewdinduuniide E. coli aneniug DHSOL #9833 heat-shock esitBrnndudue thidue
AEndy pCAM4'CGT RlEannmisifianBuiaunnelaaduiniize £, coli DH50, Mnafananaiin
SarndasieulniFasiny Eco RI WUWIUAEWS 2 Fu mnntlsvano 578 bp e lugu 4CGT
ez B TImAeS UaY 13,526 bp lLanERinsin pCAMBIA2301CHS neewlmsifas ingy
Eco RI lunuaifueifieuntifaniiuunailszanns 13,050 bp (NTWH 4.61) HANNIAMIAGALILEAIIN
Fudounesiu CHS ldgniaeenannmanaila pCAMBIA2301 uaziifiu 4'CGT dewserunanain
PCAMBIA2301 (mwﬁ 4.62) WUFEY CHS %‘qﬁﬁwmmﬁm‘ﬁcimmﬁ‘mmmumﬂi@uﬁqzjLsﬁaﬁﬂxiﬂ?
wuANEeNANeiWE EHA105 luansusiall
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UNABUBAENAN PCAM4'CGT dinduadezTnsuuafiBansaeds electroporation 1
TaladhAeafitunsdmienuuains YM fiasfFausniunssdunadaiu 50 faaniusie
s umadaudaeAaRaenslae ¥ lnswes F-CaMV uaz R-NOS finanuuuansuitiaesllsly
M85 CaMV 35S uazmesfiuumes NOS dwiiudulnaeuduiu 4CGT uaziiu GUS mavdsnns
PsAdaLANLAR TSN ULOUAIE W 2 uny Saunatlszanns 2,200 Saedlelng dafluaunsresdy
GUS wazannnatlszann 1,600 Spalalng dafluaunasesiiu 4CGT Aldruasswnumisdislumes

CaMV 35S Lasaiiunas NOS WNdnunan 134 faadlalng (nni 4.63)

<—13,526 bp

MW 461 nansmeaeLEy 4'CGT Munsnaglunaialn pCAMACGT Haeiaulmiindnimig
Eco Rl (4) ulreuieununataiin pCAM4'CGT niuldsaeuldsisnamie (3) naa

m pCAMBIA2301CHS NladlEfmnAneanlmifnanmny (1) wanalin pCAMCHS Tisnfae

ulndinannag Eco RI (2) wlreumauiundues1nsgin 1 kb DNA ladder (M)
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F-CaMV F-CaMV 573bp

R-NOS EcoR1 R—NOSEMRI
_’ -—
1 RB “ Nos | Gus <C3MV3SS H caMv3ss £CGT | NOS H NPTI LB |-
pCAM4'CGT
14,104 bp

v

AANT 4.62 LHUNIWNAIATA pCAM4'CET TilTudanaesdiy 4CGT (pPCAMA'CGT) aun 1,374

a = & 1
tianalamdunneg
M 1 2
~2,200 bp
3,000 bp —> |
1500.8g —» | «— ~1,600bp
1000bp ~—

MW 4.63 uanisasaaaatlalatin 1 (1) uazlalaiiil 2 (2) seuadezinsuurnGandoa]isen
g flaelilnsmes F-CaMV. uaz R-NOS wesumeuiumdueonInggiu 1 kb DNA

ladder (M)
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4.5 med'\ﬂﬁuﬁ'\@ﬁwma
4.5.1 NFLATYNTURIVNIRINTUNTON 8IS 1

4511 AnsAudIuBNFULALgRTaMNS TN ANRDNMSIAALARAE
UBILANANNUFYUTEN
zgmmmiﬁmm:mﬁi@mﬂﬁmLmaﬁmm%”uzdmﬁm’mmnﬁwmmmﬂwmqﬁuﬁumﬁﬂ

Tmﬂﬁﬁ%yumuﬁmlumﬂﬁ”‘Wﬂmfmﬁwmqﬁuﬁumﬁﬂmﬁﬂﬁﬁma‘lﬁmm@ﬁmuummﬂﬁqqrﬂ@ MS
(1962) ‘1'71'Lﬁmm?muQmmm’%mﬁuimﬁmﬁhm ANNATNNINAARIUIN 12 FdUmf wudninig
L@?@Lﬁu‘lﬁmﬁqﬁ” wmmuumarm?tyLﬁuimm@ﬁyumuﬁmluﬁLﬁmmuummilﬁngm MS (1962) 7
B NAA asudindiu 40 Tulastuand sandu TDZ avudindu 0.5 Tulastuand uazanunsudegms
MS (1962) iFin 2.4-D manudindiu 4.52 lulasluans 40t TDZ Aonuidiadiu 0.45 Tulastuans 1
ﬂ'ﬁLfa'?v"ﬂmuuumm?mLﬁu‘lﬁmmLm@ﬁm_gqﬁqmnﬂzﬁ“ﬂmﬁmmm@wmm Teludia Wi 4 unada
ﬁﬂ'ﬂL'ﬂ?]l?;lﬂ&muﬂﬂ’im?fyﬁuiﬂ@ﬂﬁqm 2.43 pzuuu e mnsudagns MS (1962) ffix 2,4-D A9
st 4.52 ladastian $auifu TDZ Aonaidindin 0.45 alastuans ludanvil 8 upadailrads
ﬂZLLu‘LAﬂ’]‘IL@?‘ﬂgLaUIﬁ]LﬁlﬁﬁyuLﬂu 250 AU WaEnLANRIUARANYT 12 AziUUNNTasYLALTR

PALARAAN UL [HNARAYRENAaEeY  IntLARAEa LN ATLNLEN I ARUAST U LR AN LT

WeazdsaniyiustuienAwlfenn Alsqsau (A 4.64)

< < o a [
ilagEuUANISINALARAR

s

nndtlanilefiiuiniainiaranuansiue el dn ftyfanneadi (neadl 4.6) uas
%wumuﬁﬁusl,uﬁﬁ”muumm@tﬁm;m MS (1962) AFN NAA avadindi 40 lalnsluans soumy
TDZ Annadisdiu 0.5 lulnstuand uazermsudegns MS (1962) i 2,4-D Aanuidindiu 4.52 T
IAsluang faniu TDZ Aoadindu 0.45 lulasTuanf Sidefidusnnsdauwaasawintulaedanunsadn
iliiRaunadald 00 wesfus annmsdunanuinilesiSuinnsfnuaadatisasisausdlnnm
4 fedlai 12 Fudauwluidsuensudigas MS AlidnaisaauauniaEsoy Ll
(control) kAaza MNTUINgNT MS (1962) AN dicamba Audindu 11.27 ulastuans sauru

picloram ANENdU 4.14 TulasTuans luiaurads
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NN 4.64 ANBUTLARAAT IHANNaINzRETUduiuluaInANN T M sudeges MS
(1962) NN 2,4-D monudindiv 4.52 lulmsTuand sauriu TDZ Avuudindu 0.45 ulas

14T (5.00X) a8 &lanst

YUNALARRA

ANaAE TN ALARSAT Ao NLANFNaTuRt eI A1 ”mﬁqwqmﬁﬁnmﬁ”ﬂmﬁmmms
NAaeq (AN997 4.6) e udilnid 4 wudn nsld 2,4-D Annudiadin 4.52 lulasTuand saury
TDZ Avniindiu 0.45 Tulmsluand ﬁmmmm@ﬁmmnﬁzﬁm’a?ﬁ 1.15 wuiins douludlend@ 8
WAz 12 Wud N3l NAA mamdindiy 40 Tulmsiuand soudu TDZ Aonndind 0.5 Tulasiuans i
Wiunadadlaunauniigaede 1.20 uway 1.27 ufmns ausdu daunnsli 24D pauidindu
4.52 'lulpsTuans sausu TDZ Aanudiady 0.45 lulastuand Sawinueaddsesassnieds 1.17

wuALAT wazn1sl dicamba Amdingy 11.27 lulasluand dauiu picloram Avnsdindiu 4.14

1 1
al

Tulasiuans Haunupadatiasqaiade 1.00 Eukwms

116



AN919% 4.6 AzuuuNAIYALTRTeTuAIU WeREusinNINALARAE uAZIUIATEILAAAR ANNITNZIAENTUduiNWlLAINANNTLIBE MU gR T MS (1962) MANENT

ALANNINIEULAL TATHAR19°)

AN dUIBdRI AT UANNI SRS AL TR AZLULNNTAIEYLAUTAES E.| WefduAnislinuAaaa£S.E.’ YUIALARAR (LIURLNAT)ES.E.’
(lulmsluang) 278 (AU a1¢ (f1lm9A) a¢] (AU )
4 8 12 4 8 12 4 8 12
Control 1.00£0.00 d 1.00£0.00 ¢ 1.00£0.00 b 0.00+0.00 d 0.00+0.00 d 0.00+0.00 d 1.00£0.00 ¢ 1.00£0.00 d 1.00£0.00 d
NAA 40 TDZ 0.5 2.17+0.12 ab 2.13+0.28 b 1.13+0.11a 90.00+6.72 a 90.00£6.72 a 90.0046.72 a 1.12+0.03 ab 1.20+0.03 a 1.27+0.04 a
2,4-D 4.52 TDZ 0.45 2.43+0.18 a 2.50+0.15a 1.10£0.11 ab 90.00+6.72 a 90.00+6.72 a 90.00£6.72 a 1.15+0.02 a 1.17+0.02 a 1.17+0.04 b
2,4-D 10 BA 0.5 1.03+0.03 d 1.00+0.00 ¢ 1.00£0.00 b 3.33+3.27d 3.33+3.27d 3.33+t3.27d 1.014£0.01 ¢ 1.01£0.01d 1.01+£0.01 d
2,4-D9 BA 0.8 1.50+0.27 ¢ 1.03+0.03 ¢ 1.00£0.00 b 30.00+9.83 ¢ 30.00+9.83 ¢ 30.00+9.83 ¢ 1.03+0.01 ¢ 1.03+0.01d 1.03+0.01 cd
2,4-D 18.1 BA 2.22 1.77+0.18 bc 1.03+0.14 c 1.00+0.00 b 53.33£8.29 b 53.33+8.29 b 53.33+8.29 b 1.08+0.01 b 1.08+0.01 bc 1.08+0.01 ¢
picloram 10 kinetin 1 1.10+£0.11d 1.00+0.00 ¢ 1.00+0.00 b 6.67+4.14d 6.67+4.14 d 6.67+4.14 d 1.01+£0.01 ¢ 1.01+£0.01d 1.01+£0.01d
picloram 4.14 kinetin 4.64 1.77+0.15 bc 1.00+0.00 ¢ 1.00£0.00 b 46.67+7.89 bc 46.67+7.89 bc 46.67+7.89 bc 1.09+0.02 b 1.09+0.06 b 1.09+0.02 ¢
dicamba 11.27 picloram 4.14 1.00£0.00 d 1.00+0.00 ¢ 1.00£0.00 b 0.00+0.00 d 0.00+0.00 d 0.00£0.00 d 1.00+0.00 ¢ 1.00+0.00 d 1.00+0.00 d
triacontanol 11.38 BA1.1 |AA 2.85 1.53+0.20 ¢ 1.00+0.00 ¢ 1.00+0.00 b 26.67+9.27 c 26.67+9.27 26.67+9.27 ¢ 1.03+0.01 ¢ 1.04+0.02 cd 1.03+0.01 cd
CV (%) 21.7472 19.3515 7.3416 48.1159 48.1159 48.1159 3.6429 3.6122 4.8084
= ' | Ao o o as L, = ' o \ Ao ° o o aa
Nﬂ']qllLLﬁIﬂﬁIWQ’ﬂEﬂ\?Nuﬂﬂqﬁm&VﬂQﬂﬂm HAMMULANA NN UL NNULIAN ﬂ_IW?_I\W]'Nﬂﬂﬁ]
.
. z . .

1 A A o o o = e Ao aa A = P ) A o 4 o
ANRRELNH ﬂHﬁ‘ﬂWﬂUﬁ]’W\‘iﬂuluLLuQGNNW)’]MLLﬁlﬂmqﬁﬂuﬂﬁl%‘muﬂ’&’WﬂEyVl’]\i’&O[ﬂLN@LLE‘EIULVIEIUIQ?;IQﬁ Duncan’s New Multiple Range Test N7¢ALANNNLTANY 95%
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4.5.1.2 ANEEATRIMITNUNIZANABNITINALARARUBITUAIUAN
HAAAINANNSUDILANANNUFUUNIN

v
o

Taanaaantily 3 nnmaaassall

4.5.1.2.1 ANHI4RIINUNINIUNZANFBNINALARAATBTUAIUANIAA

o

MNANNZINIMIA 3 Hadwns sestavasiusynmien Tnathdudoumsenandnnziiaun 3

2

Hadwum? indntnsfialeadaa isulegns MS (1962) ﬁLﬁmmsm‘uQmm@?‘a&uﬁuimﬁmmm
g o o | o o - D a a o
uaznnziaenntglsinas wWunan 16 dalussadu wiu 8 duani wudniniaasylaulnuasunaas

v
U

ZR

AZLUUNITLASLALTAADITUAIY

FudruwiadulaadaneuldsasBumutluaniBlaadanaadaludlnuin 2 Inaunada
a & A a I PN o, e =) ) ; = a0 aa o
AUATUN LT WIesTudUR A nHuziunguAow AiTenge (Nnil 4.65) euiiEleatlauAada

Hnaaseuaninangaluemsgnsnil NAA avadindu 40 Tulastuand sonriu TDZ Aonudisdiv

1
o v A

0.5 lulasTuans Tmﬂﬁﬂ'ﬁLfa?ﬁlﬂﬂxLLuumiLfﬁmLﬁﬂmﬂwﬁﬁﬂmmgmmmamunmﬁ“ﬂmﬁmmm@
neaes (s 4.7) Ineludtlanyi 4 uaz 8 ﬁﬂ'qLaﬁ'mumumm‘éa&lLﬁuimqqﬁ@m 2.33 uay 2.43
AZULL PINAFL §1uanvnegmsfia picloram 10 Talpstuang sanri kinetin 1 Tulpstuans awns
ananil picloram 4.14 Tulnstimns dauif kinetin 4.64 lulAstuan3 ermnsqnaiisl dicamba 11.27
ulpstuans sauri picloram 4.14 luAsTuans uazemnsgmsiia triacontanol 11.38 lailastuang
saufy BA 1.1 ulasTuans sauiy 1AA 2.85 lulnsluans feneasazuuninasndulnminsuie

1 ALY
< < o a a aa a
Lﬂ'ﬂ‘it‘ﬁ‘ﬁlﬁlﬂﬁ‘ilﬂﬂL’ﬂNui‘T’QQUﬂLLﬂ@ﬂﬂ

o nal a d” o/ rall T & & a a aa o
wAaRaBNNATUIRAUAYTN 2 ae9n1meass  wazidedidusAnisnalenislaalaLAaaal
ANUANFANNaEeTiadAtyEanneann (men 4.7) Tnednunsadninliifseudsleatdnueaasa
15 Tuanmnsgrand NAA posdindu 40 ulpsTuand sanriu TDZ aoadisndiu 0.5 Tulastuand Tu

o

&N 4 uaz 8 HAnedtlafifusnisfinwniislealinunadagangn 36.67 uaz 43.33 wlafidus

o o 1 dld . 6 1 o . . g dld
FANAIAL dauamsgasndl picloram 10 TulasTuans danriu kinetin 1 TulasTuans enunsgnens
picloram 4.14 lulasTuans sauriu kinetin 4.64 lulmasTuand a1mnsgmnsn dicamba 11.27 Tulasty

15 991U picloram 4.14 ulasTuang wazewnsgmandl triacontanol 11.38 Tulasiuand sanriu BA

118



1.1 TulasTuang sauiu 1AA 2.85 lulasTuand nudnldifaeuisleafinuaada uAnnsasyFuin

Adlusanddienaats (NN 4.66)

ANN4A.65 ANHULIANLIIAANALARAA N IAAINNIINILLALNTUAIUANEAARINANNTNNIUA 3
Naflung Uuavsuiegns MS (1962) Ntiid NAA aonutdisdiu 40 lulasTuans sauru

TDZ pnsdindn 0.5 lulrsTuans (2.85X) lwwaan 8 dUansf

-

1
aal

NINT 4.66 LAANANHOLTRATN LFHAINNITNZLALNTUAILANLDAAINANALARUUA 3 RARNAT L1
a13uiegns MS (1962) Nkn picloram 4.14 lulasluand souriy kinetin 4.64 lulas

Tuang (3.29X) wwnan 8 gilanik
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A19199 4.7 AzuuunsastyiALInresiuday wWefidudniniaeniBlaalALAaaa AUILEAn ATNENLEA ATUIUIIN WAZANNENDIIN AINNITINNZ

=

IRENTUFIUANEBAANANNZNNTUA 3 HARLNAT LUBIMNTUINGRAT MS (1962) ﬁLﬁmwmuqumiLﬁmLﬁu‘imﬁmrﬁmj duan 4 dUansi

AdndivaasarsAILANnIg AZLLUNNT waddusniafments A uIulen+S.E.’ ANNENREIBA AU ANNENGTIN
waryiule (lulasiuand) EELGTGE = TaaNlALAARELS.E.’ (VIURLNAT)£S.E. 31n+S.E. (IURLNAT)22S.E.

NAA 40 TDZ 0.5 2.3310.06 a 36.67+0.06 a 1.00+0.00 1.00+0.00 ¢ 0.00£0.00 b 0.00£0.00 b
picloram 10 kinetin 1 1.00£0.00 b 0.00+0.00 b 1.00+0.00 1.40£0.03 b 0.00+0.00 b 0.00+0.00 b
picloram 4.14 kinetin 4.64 1.00£0.00 b 0.00+0.00 b 1.00+0.00 1.36+0.02 b 0.00+0.00 b 0.00+0.00 b
dicamba 11.27 picloram 4.14 1.00+0.00 b 0.00+0.00 b 1.00+0.00 1.35+0.02 b 0.00+0.00 b 0.00+0.00 b
triacontanol 11.38 BA1.1 IAA 2.85 1.00+0.00 b 0.00£0.00 b 1.00+0.00 1.83+0.15a 0.33+0.04 a 0.04+0.01 a

F-test ns

CV (%) 3.6464 51.0672 0.0002 13.7079 4.4965 0.6117

ns ldfAnuumnsnaiuneaia
= fpuuansaiuade i d1Aydomneatia

v
1% o

1 A A o o i o = e Ao o o aa A = P ) A o &4 o
ANRRELNH ﬂ‘]:fﬁ‘ﬂWﬂuqu‘iﬂuiuLLuQﬂdNﬂQ’WNLLﬁlﬂmqﬁﬂu”ﬂﬂ%‘muﬂﬂﬂﬂinWQ@OG]LﬁJ@LLE‘EIULVIHUIﬂF;IQﬁ Duncan’s New Multiple Range Test N13¢ALANNLTANY 95%
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ATUIULDA

Tudnin 4 fnunueenlifinouuansnfuedneihidfyneeda douluddeii 8 &
mmmeﬁmﬁumjwﬁﬁmﬁﬁﬁméqmmﬁﬁ (mm\‘lﬁ 4.7) Taeludilanvidi 4 flauausenluanvns
4panE NAA 40 lulpstuan§ sauf TDZ 0.5 Tulpstuans ennsqmsiia picloram 10 lulasTuang
32T kinetin 1 lulasTuang evnegsiia picloram 4.14 lalasTuans sauriu kinetin 4.64 Talpsty
a5 ewnsgmsiia dicamba 11.27 ulasTuand sauifu picloram 4.14 lailastuang uazemnsgasiisl

A

triacontanol 11.38 lulAsluans dauriu BA 1.1 Tulasluang dauiu 1AA 2.85 lulasTuans windune

1 uan uarludilanin 8 NAnednraseuiutaniiialugwgn 2.43 tan Tuanusa1usgasn

q

triacontanol 11.38 luTasluans sauiu BA 1.1 Tulasluans saunu 1AA 2.85 TulasTuans

AINENIEDM

o

ANNEINLAANAHILAN AU N9 RTIAN Sty NanaNdUnireenimaaes  (A1979
dl o/ o 1 v . 1 o
#1 4.8) Tnalunndilavirasnismeasawidanisld triacontanol 11.38 Tulasluand sasiu BA 1.1 1u
Tastuand sauriu 1AA 2.85 Tulrslugn? inliidudouiiaonensuaminauninngn Tudilamin 4 &
ANRREAIINENIEAARINGR 1.83 lWAINAT uaznIsld picloram 10 lulasiuans auriy kinetin 1
Tulasluand HANRALANINENNLAATANANNT 1.40 1URAINAT dawludilaniid 8 HeeatAINeNn
2eAgINAR 2.92uURINAT uWazNIT dicamba 11.27 lulastuand sanriu picloram 4.14 lulmsTu

o

AT NANRAUANNNNLAATANAINT 1.57 LIURLNAT
ATUIUSIN

ANUIUTINNANN AN AT BN IHTRIAN ”tyéamqmaﬁnﬂﬁﬂmﬁmmmmm@m (mmq‘ﬁ
4.9) taglunndUnnviaeanisnaaasnuding i triacontanol 11.38 lulmsluans sanriu BA 1.1 Tn
TnsTuand $aurie 1AA 2.85 lalnstimns s lifudauiisniindu lhaduifamniuluddansi 3 2eq
nsnaaas luddeaii 4 uwaz 8 ﬁmmﬁlﬂﬁmqumﬂ@;ﬁ@m 0.33 ua¥ 3.70 990 AINATGL daulu
a1agasTia NAA aoradindi 40 TulpsTuand dauriu TDZ avrandadiu 0.5 lalasTuang picloram
10 lulasTuang souifu kinetin 1 Tulnstuans ewnsgmsiia picloram 4.14 Tulastuand sawru
inetin 4.64 lulpsluand uazawnegmsiia dicamba 11.27 lulpsluand fauif picloram 4.14 lu

TAsluans wudnldfsnineau
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AIMNETITIN

=

NN TUgUANgaAANANA LTI 3 Tadng mwaﬁ”muummmﬂﬁq@dm MS
(1962) ﬁLﬁummammm@?mLﬁu‘imﬁmrﬁh\‘]j WLINANENIIINT AN LANAN T LBEINH
eI ”nﬁlqmmﬁﬁnmﬁ”ﬂmﬁmmmiwmm (mmﬁi 4.10) Taelunndmvivesnismaaaanyudn
N34 triacontanol 11.38 laulasluant sanru BA 1.1 TulasTuans saudu 1AA 2.85 Tulmsluans vin
Widugauiinuenasniiadu uwarludlawid 4 uas 8 ﬁmm?{ﬂmmmqmﬂqaﬁqm 0.04 uaz

0.20 WUANAT AMNAAL

45122 Anwuar8d 2,4-D uar picloram AEN1IAALARAAANNTLAILAN

a a 'y a

gananANAY Tt 3 faduns 289119UANNUTLUTITN TneinFudaumnzanannAnnzasa
naugywisnuadninsiaLAadaLUa IR MS (1962) A 24D fszsupam
Windiu 0, 13.5, 27.1, 40.7, 54.2 uaz 67.8 lulasiuans way picloram flasumudiadu 12.4, 248
37.2, 49.6 uaz 62.1 lulastugns wazwzdganalduas huoan 16 Galuesediuu 8 dilnf

v
o A

wudnanaes AU Al

YUIALARAA

o

ANRRETBIUIALARAA  NANLANFANTRat A AR EanneatAnndilaniaasnig
Neaed (A13797 4.8) Iaevialudilansin 4 way 8 wudn n19ld picloram Aanudindin 12.4 Tulasia
a1 NIueuRadaNINqAlRan 0.78 uay 0.84 uURWAT AINAIAL dounisld picloram AN
¥ Y e o tdl a o o A
dindin 24.8 lulasliani HIunnLARAATRAINNREAY 0.7 UAY 0.72 LIUAWNAT ANNAAL wazn19ld
2,4-D Aaiindy 67.8 lulpstuand Rauwnueadatieangnieds 0.31 uay 0.36 LHUALNAS

o o o QI a dgj o rdl d‘ a o dl ! Qy ! A o

pANAAL tnaupaddazBrisauludlanin 2 NisuusesfnndsugantesTudiuiansaiy
< I N 2 w & ¥ A gl o o o o
dannziuuduantiuazAess waswdudimamaeusdeusesidu@iaedludlnin 8 (nnd

4.67)

ATUIULDA

%

v ! 1
wudialudildai 4 war 8 AwaugesilacuuAnFeileteldadAtydanieaia

|
= o 4

(19990 4.4) Toemisludilaniin 4 waz 8 HaruausenluaImsgnand 2,4-D NszauA i
13.5, 27.1, 40.7, 54.2 uaz 67.8 lulasiuand uaz picloram Nszaumnudindy 12.4, 24.8, 37.2,

49.6 uay 62.1 TulasTuang winduma 1 gan delauasn Tuin1sdasunlasrasanuiusan Lazi

122



A -

ANLRALITBIANUIULDATINATUEINAR 1.6 Ban TuaMI3aMNIgRAT MS (1962) NlHasALIANNIS

k1] 9

EEIGHIG

=t o nll 1% d” le ! o dld a a
NINN 4.67 @ﬂ‘]:fmzﬂﬂ6’11/]1@@’]ﬂﬂ’]?LW’]25L@ﬂ\‘l‘ﬁu’&@uﬁl’]ﬂ‘ﬂW"Wﬂﬂﬂﬁﬂmﬁluﬁ@ 3 HAALNAT UUBIUNT

wivgms MS (1962) Min picloram 12.4 Tulastuans (2.56X) wluan 8 dilansi

AIMNENEDA

o

AYNENRER AR A NEANFAN LN A Ay Banasati Ayndilaninesnimaass (11979

7

D

7 4.8) Tnalunndilavirasnimesasnudinislé picloram avuidingiu 37.2 lulasluan Mnli
aa, ] = QI d” all o o‘d‘ a n:ll dl a
FudouiANeeoANHIuNINDge Tudtaniin 4 HFRAnAINENEBRAgINAR 1.40 lIURLNAST
v . ¥ ¥ e a dl a
wazn3 1 picloram AanHdndy 24.8 Tulasinans AA@atANNEN9819AT0989KT 1.37 TURNAT
douludilaiin 8 HAeAuANENLEAGINAR 1.51 LIUALNAT LATEUN9EAT MS (1962) Nlidans

paUANNISESTYAUTR  HANRANANINENNEBATENAINT 1.44 LIURNAS
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AN 4.8 TUATBNLARAE [NUIUEAA LL@ZV’]’J’]NEIWQEI’E]ﬁ]@’]ﬂﬂW?LWWZLaH\‘I‘Qﬂu@"Jum’]ﬂ@m@’m
o d‘d a a < all a a a a 1
ANNENNIUIA 3 HAALUAT LUDIUNTIING AT MS (1962) ‘1/1LE]N@’]?F’]QUQNHW?L@?EQLﬁl‘]_liﬁﬁjuﬁﬁ]’]\‘i”l

Tudnsin 8

AudiNdure9dns YUNALARNE (LIUFLNAT)ES.E.’ AUIIaRLS.E. ANENIELBA
AYLANNITRTEYALTE (VTURNAT)ES.E.
(lulpsTuan?d)
Control 0.63+0.02cd 1.60+0.18a 1.4440.07ab
2,4-D 13.5 0.62+0.03d 1.00+0.00b 1.22+0.05de
271 0.52+0.03e 1.00£0.00b 1.23+0.08cde
40.7 0.44+0.01f 1.00+0.00b 1.00+0.05f
54.2 0.44+0.04f 1.00+0.00b 1.13+0.09ef
67.8 0.36+0.03g 1.00+0.00b 0.96+0.01f
picloram 12.4 0.84+0.01a 1.00+0.00b 1.30+0.05b-e
24.8 0.72+0.02b 1.00+0.00b 1.40+0.05a-d
37.2 0.62+0.02d 1.00+0.00b 1.51+0.06a
49.6 0.70£0.02bc 1.00+0.00b 1.4240.09abc
62.1 0.66+0.03bcd 1.00+0.00b 1.14+0.08ef
Fotest o o o
CV (%) 9.3076 11.6315 11.4235

* FaouuananeiuatnaddednAtydonneaiin
d‘d o :;

'AadgidsnesinfuAsiuliafsianuanAsTied sl dnAnnneatiile Fauiaulneds Duncan’s New Multiple Range

Test N3vLANTaTU 95%

v v 1
4.5.1.2.3 ANHNaL84 2,4-D WAL picloram fan1siALARAAANNTLdWIHBIE R

v 1
A A a

! v
Wstyllanseen NRaWIR 0.5 Fadwns aanimawiugynmisn lnstidudiuietiasinylaisaen
POILINANAUFYUTBNHENEINIAALAARALIBEMNTUINERT MS (1962) MWAN 2,4-D N9ehu

AMENd 0, 13.5, 27.1, 40.7, 54.2 uaz 67.8 tulasTuans uaz picloram Nszaumaudingy 12.4,
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24.8, 37.2, 49.6 way 62.1 lulpsluans wazmnzidsanalfings Wuwman 16 daluasaduuny 8

dlondt wudnmnsiasoyALInasil

AZLUUMTLIATLALTATRILAARNA

v 1 1 v

TuduBNAwPadaIUNITRM WIeTud U INAUA N 2 uasiluNnTUAUTIa

AD ! A o o o 1 a A 1 dl o A a a aa
ﬂ]u@ﬂlu@uﬁ@ﬂﬂmzm’]iﬁlﬂ’]ﬂu’ﬂﬂ’]ﬂﬁ@’)ﬁﬂ@L‘IJ?.I’]@@LL (NNN 4.68) LLﬂZ\]Z\]ZﬁNﬂW?L@?QJLWUIIFI@VIZQQILL

q

alld . Y Y 'Y IS dl a a 1 =
AMUNTYRINN picloram AINHLTINTY 24.8 Tulnsluang I@ﬂﬂﬂ’]L’ﬂ@ﬂﬂ%LLuuﬂ’]?Wﬁ‘ﬁyLG]UIL‘]@EI'W\?N

WednAtyBeneaif luyndlaninasnimeaas (119099 4.9) taevisludianiin 4 uay 8 NeAlade

=

AZWUUNTATLALIA4NgAWNILAS 3.66 AZULL dauauIegns MS (1962) NliNasALANNIT

a  a a = a a o A o aa N a
L@?Q_JL[/E]UIW Nﬂ’]Lﬂ@ﬂﬁzLLuuﬂq?L@?mLWUIWW’]VIQW 1.43 ALY IﬂﬂLLﬂ@@ﬂWLﬂ@mqul,ﬂu@mﬂq

=KX o n‘d‘ 3 ' dl = og/
qunedUA9iN 6 AMNUUIZABE") wWaauituanimauazmng

YUIALARNR

o

ANRREUDIUNALARAA - HANLANFNLetidAnuEaneatanndianiaainis

dl o 1 o A dl :// 1o :rdl 1

NAAD (FIN399 4.9) AINNITAING NUANTUNALARAANANNANTIAIWAALIA TN 4 193n159Aa04 T4
Inndasuudasiineunatudn leaialudlaniin 4 uaz 8 wudn n1514 picloram Aanudindy 24.8

TulasTuand HUALARAANINTGARALYINILAD 0.52 LIUAWAT @9un13ld 2,4-D Adnudindiv

40.7 lulnsTuans A1u1ALARAANAINLRALWINALAS 0.33 LIUAINAT UATAIUITEAT MS (1962) 7
dl 1

1= a a = v v = 1o A a
LLEJNN’]?VWUQNT]’]?L@?QJLMUIM HIUIALARNAUBLNGALRAELNINUAD 0.09 LIURALNAT

v
' A

* ! v v 1 1
NINY 4.68 ANHULLARRAT IFAanNNanzdesTudluiiaitiaiasnylaraaanniawia 0.5

]
a [

Haawms Luuamsudagas MS (1962) Mix picloram 24.8 TulasTuans (3.9X) 1ilu

a1 8 AUant
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ANSNN 4.9 AzuBUNNRs AL TRLAZIUIALARA#AINNITINIZIRENTUd e EiaIRtyane

=

2aANRTUNA 0.5 NARINAT LUUBMNIGAT MS (1962) MANA1IALANNI9IATEY LHELTE

ARG

AN duIR9RITATLAN AzlLuNRIALIR+S E. ' PUNALAARE (LIURLNAT)ES.E.

nsLastyaL e a1¢] (AU a1¢] (U

(lulnsTuans) 4 8 4 8
Control 1.43+0.40g 1.43+0.40g 0.09+0.01f 0.09+0.01f
2,4-D 13.5 2.44+0.21de 2.44+0.21de 0.22+0.06de 0.22+0.06de
271 2.29+0.29% 2.29+0.2% 0.26+0.02b-d 0.26+0.02b-d
40.7 2.49+0.36cde  2.49+0.36¢cde 0.33+0.07b 0.33+0.07b
54.2 2.65+0.21bcd  2.65+0.21bcd 0.31£0.01bc 0.31£0.01bc
67.8 2.76+0.20bc 2.76+0.20bc 0.2940.01bcd ~ 0.29+0.01bcd
picloram 12.4 2.80+0.21bc 2.80+0.21bc 0.23+0.01cd 0.23+0.01cd
24.8 3.66+0.21a 3.66+0.21a 0.52+0.05a 0.52+0.05a
37.2 2.96+0.07b 2.96+0.07b 0.25+0.03b-e 0.25+0.03b-e
49.6 2.31+0.35¢e 2.31+0.35e 0.17+0.02¢f 0.17+0.02¢f
62.1 1.75+0.23f 1.75+0.23f 0.22+0.01de 0.22+0.01de
F-test . ok . .
CV (%) 5.3815 5.3815 14.3034 14.3034

= FaouuananeiuatinaddednAydmneain

P
o o

1. S s °o o 1 o = e | Ae o o aa A = aal .
ANRNENH ﬂmmﬂummu‘luumm;Jm’mLuﬂﬂmaﬂu@mmuﬂmmmmmammmﬁf@ﬂummuimﬂfm Duncan’s New Multiple Range

Test NILFLANTRNY 95%
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4.5.1.2 ANEATAIMTNUANEANADNITINALAANNTURIULARAALRIL

URWWUGUMNIN

SiudaumeeaanAnnziamne 3 faawns PAITIRIUAWNAUGY TN W1ENHINI9LTR
WAARALUBIUTUTNERT MS (1962) AN NAA 40 lulastuans saufu TDZ 0.5 lulasTuang iy
181 8 dUane (FPad AnAanu. 2548) RlEaNnnmAaedi 1.2.1 wEarinan Mg udauGuduly
NNt i AeaAANKAAAALRIINAR UG UTITN Iﬁﬂﬁﬁm’]LWWZL@EQU‘L&@’]M’]?QM? MS
(1962) A BA Tlszdumanuiiniiu 0, 40, 50 waz 60 1NIﬂ?IN@W§ Lazinziasanng luas iflu

1981 16 Falusasunw 8 dulany WUINNNITLAT AU ”\1
YUNALANLS LDAUALARAA

- a a aAa o dy o rai v = a o !
FuNANLTIEANALAAAATLIUALA 2 189019NA88Y WARASETNWELLTKEaA WLIN

o [

ANLRALIAITUNALENLE IAATALARRAN A INLANFANUBLINNTAN ATyN AT A ludi asin 4

1
=

(119799 4.6) Taawuaanisli BA maamdindu 50 Tulastuans Hnunsenisleatianaadaniniige
WAL 1.19 [WUAWAT doun1slE BA Andindy 40 TuipsTuans Juvnaenikleallanaada

FANANNNRAY 0.81 1mUALNAT 20ulNdUAN TN 8 WUIANRALUBIIUIALANLE TAATALAR AR N ANH

o o

usnsaTusehalitdndydanneadi taewudnnali BA Aanadindiv 50 lalasTuans Snaieu
TeatinupadanInNgaLaa 1.32 iuRNAT daunia kil BA anxdindu 40 lulasluand Hauineny

S1oATALARRATRIAHNRAY 1.19 LIURILAT
ATUIULRA

o 1= i o 1 A o o [ aa o rd' dl
Auaugen EAMNLANFiuet WitBg A NaliA ludlani 4 (a9 4.6) T
wugnsld BA monadindivg 50 TulasTuand Hanusuaenuingaieas 4.33 aan @aunsld BA

AudiNdL 40 TulAsTuang HaNunusanTa9aINLRa 4 1an @11 ludlANTi 8 wudianuIuLani

ANUANFANaT U lded1AtySanieatd Taewuannsld BA maudindiu 50 Tulasluand &

o

TA1UULAR

6

AuauganNINgaeae 8.67 aen @iun1eld BA adwdindu 40 Tulasiuans

¥ 1
a

ndl Aal a dg/ o rtﬂl d@l dla =
7909NLRAE 5.07 wan lnaBuiiagenluludla1vin 4 199n1Imaae  TUAANIAATWASIENN

enﬁk

@ﬂEmVLﬂuﬂﬂNﬂﬂﬁL@ﬂﬂ AUIUNNAT U LLZ\]“’Nﬂ’]’j‘WﬁNLL’]Lﬂuﬁlﬂﬁ@l,‘llﬂ%ﬂlllllmm?]u (ﬂ’W\lﬁ

4.69)
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NN 4.69 AnmnuzaandlfanniamazidasiudoneniBleatiauaasa uuewsuigns MS
(1962) Msin BA 50 1nTmsTuang a Aednwoienguuamant aiaeeuiiinam (3.33X)
b AetandltN NN lURATY (2.78X) wWamnziaeliiilungan 8 uaz 12 d1anf

ANNANAL

AINENIEIDA

ﬂ'ﬁL@?ﬁlmmmmmaﬂ@mﬁmmmeﬁmﬁuﬂﬁmﬁﬁmﬁﬂﬁmmmﬁﬁnmﬁ”ﬂmﬁmmm@mmm
(mmqﬁ 4.10) imﬂﬁﬂuﬁﬂmﬁﬁ 4 4az 8 WUINNIT L AIUTGAT MS (1962) 1‘7%134'53m3mmuma7
EEATGEMG ﬁmmmfmﬂmmnﬁqmmﬁﬂ 0.96 LAz 1.02 LIUANAT MNAIAL 42115 BA AW
gty 40 lulastuans Sanueneensesasuniads 0.58 trufas ludilnnnif 4 gauludilavia

8 Wuin19 1 BA Ao xidindu 50 lulasTuans HAnuenneansadaaiilaag 0.78 [ukiumg
CRUBINRY

mm?u'mmﬁfiﬁmulﬂs\iﬁmmLLmﬂﬁﬂqﬁuﬂﬂﬁaﬁﬁﬂzﬁﬁﬁmmmﬁﬁnﬂzﬁ“ﬂmﬁmmmmmm
(mmﬁ 4.10) Terludilanvid 4 wudN1slieunsgns MS (1962) ﬁiﬂﬁ@wmuqmwm‘%m@uim
dﬁﬁuquélumﬂﬁzgmfaﬁﬂ 3.67 lu daunisld BA monudindu 50 lulasTuand da1uaulusesasun
wde 3.22 10 uddawi 8 wudnnnsl BA avwidindiu 50 lilasTuand fSuanluanniigauaie
4.84 lu daunsldenisgmns MS (1962) ﬁiﬁiﬁmimuQumm?‘tyLﬁuimﬁﬁmqﬂmmmmmﬁﬂ

3.22 T
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AN L

1%

ARAEUaIANENa TuRAHUANES et e AtyBlansanandl anvinesnis

o

NAaas (A919914.10) Tnewisludilaiin 4 uaz 8 wudnsldanmsgns MS (1962) NlidasAILAN
nswasnyAnin Havnenqlusninigeade 1.49 uay 2.08 WUANAT AMNATAL d91n191d BA A
Windin 40 Tulasiuang Apanuenaluseasnneds 0.57 wuRwns dua1vin 4 dauludisnvin 8

NUINNNT M BA Aadindv 50 TulasTuans Haouannluseaaduniafe 0.84 [Emumiimng

A519N 4.10  AUIALBNLETAARALARAR ANUIULAA ANENEAA AUl kazANe2 1L AN
MFNLLALNTUAIULARA AT IHAINNITINIZIALN LA 74619 MS (1962) TLHN NAA
40 111A3815 49uAn TDZ 0.5 Tulasiuans iluman 8 #1lmnif wdqtiuwnziasat

2IUNTUT9gMT MS (1962) ﬁlﬁum?muqumuﬁmLﬁu‘imﬁmrﬁmj

ANENd U9 BA PUIAENLBIOARA ANUAULAA AINENILERA anuaKly ANl
LARAE +SE." (MIURINAT)+ +SE. (WTURNAT)+S E.
(lulpsTuand) 4
S ==

(FIURAINA)+S.E. "

0 0.64+0.09b 1.40+0.16¢ 1.02+0.09a 3.22+0.12 2.08+0.03a
40 1.19£0.11a 5.07+0.57b 0.77+0.07b 2.56+1.12 0.69+0.28b
50 1.32+0.10a 8.67+0.77a 0.78+0.03b 4.84+0.68 0.84+0.08b
60 0.82+0.06b 3.78+0.70b 0.63+0.02b 2.33+0.41 0.57+0.06b
F-test o o * o *x
CV (%) 17.4148 22.6594 12.5675 34.7109 35.4563

ns TufAnuuaneeiuneaia
* FannuuansngaenafliadAnynea s
* fpnuuananaiuenaliad Ay danieatia

P
o o

1. S s °o o 1 o = e | Ao o o aa A = aal .
ANRNENH ﬂmmﬂum\mﬂuumm;Jm’mLuﬂﬂmaﬂu@mquuﬂmmmmmammmﬁﬂummuimmﬁ Duncan’s New Multiple Range

Test N3LFLANTRNY 95%
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:
s 1

4.5.2 NAMTINANAIRNANNEUULLAN ) LTNFLUANA

4.5.2.1 n19an8Ifi Antisense Dihydroflavonol 4-Reductase (anti-DFR) ALNANEHA

! o o & a

pCAMBIA2301anti-DFR ingiianassiugymaisn lneldiudouinlfainnismnziaesianizleaia

a q

LARAALLAUNIGAT MS (1962) Tk BA Aonndisdiu 50 Tulastuand ilunan 8 dilani

¥ N Ay v ' a Yy aa . . .
N5ASAIRADUAUNTN A5 UNTAEUAQEAT Gus histochemical assay WuU Transient
expression
NM9IMIIRABLNNTUGAIBENTBIEY  GUS WULTIATR  (transient  expression)  unnedn
1lsrAvENIWNsnneEuileddin NANda 3.4.6.1 NN1IRAgaLMaIaNNITaeEuilunan 3 41 Tns
o © a 091 a dlsj dl all a v o all A v a a
ULRUIURAR TR UL R M) NENAILAUN AN ENANTIARBLALNANEN AR LA
. 1 1 a dl o ¥ o a 09/ a dl 1 = v ]
pCAMBIA2301anti-DFR WudanInnIsaneE M AN ARt RUNINNga LN st e dwdng
=, P o o @ o i 2 o ; < A
TUAIULAAAD NITMILNABANTERENTA 1,100 UauamAamni5190 wasldsrasinaaadiaEianvung 6
a IS IS > . dl 1 ng dgj dl IS
UALAT InedANNNTLAAIBNABNEL GUS WL transient expression Ladgl 4.8 AARBTULALES LATH
c @ my 1 QIIQ dqu c @ & 1 4‘ 1 1= QdOQ/Q
wefifusTudaugenninaandtiiNw 35.71 tlafifus muiu@mmuq WU I N19R AR TN R LR

v

Fudau (M990 4.11 WaTNINN 4.70)

=& = . ) P o
AT NN 4.11  NITLAANRBNLANEY GUS ULl transient expression ARUALERRAIUEDAAURANILA

WANNUFU TN N AL EWA8LATANENeRNIAKLIL PDS-1000/He

WNAURTELREN FLHLINUBN iwWedmuAreednuIn - RIuauRRANIRURATFeTUAIY
da’ dll a le dla do’l a
. 2 HUBLED (URANAT) TUNINAAAUINU
(Uamsiani91919)
1,100 6 37.1 4.8
9 0 0
1,350 6 0 0
9 0 0

130



] = s, o a Y ve oAy
ANT 470 NFUAAIBANTENEN GUS LuTUdIuganvesiavayusisn Alasunistnaiugioy
\ATENENALNIARLIL  PDS-1000/He  Bisnaaalfneis  GUS  histochemical assay

[ ' = o
mandsnsnguilunan 3 Ju

v
1. A KR oA

WAIAINNNIANLT AN TURIUN WAL UL M TANIAANGAT MS (1962) AN kanamycin
ANNEINTY 50 RaAnFuseans uay BA Audndy 50 TulpsTuand wWlunan 8 #anif Taeiddsiu

219N 2 AUni Al AiungenaINNIAENLLeTI M IAMABNN AL TUaIMNIMAILILETYUNT

Y v

uiegms MS (1962) Miis BA aanidindu 4.44 Tulastuand souriu NAA Arsdindu 0.54 Tulasly

v
o A

a3 (Shou et al. 2008) lagitlAauawsmn 4 dlanyi wudninasisoyLALaAaN

ATUIULDA

'
v Aa

fﬁmquﬂ@mﬁmmLufmﬁﬁqﬁu@ﬂﬁqﬁﬂﬂzﬁmmmmqmaﬁnﬂﬁﬂmﬁmmmiwmm (A19199

4.12) 7 ludUAIN 4 way 8 WLIn13 1 Rupture  disk 217m 1,100 Uaussamn13197ia Fudqull
AUIULAANINNAALRALYINTLAS 4.33 am deun1sld Rupture disk 2W70 1,350 taussiasnsatia

v 1
FUAIUNANUILEDATAIAINRAEILVINTLAD 3.58 28R

' v
A a '

IR TUNEATDN T EIE MBS TA TN LT WA BT Nl WLFIR U UEaAR ANLANFNGTL

I
o v Aa

4 i 1
agaitldAtytlaneatanndlanizeaniamassy Wludianin 4 uar 8 wudTisvezing 9

IUFLNAT TUAIUNRIUIBEBANINNAARREWINAWAS 4.58 B8R AIUNITHEUNG 6 LTURLNAT Tudow

FRNUIULDATAIRINIRALYINTUAD 3.33 an

laRansanates Rupture disk $9ari @zﬂzmwmqmﬁqﬁﬁymqmﬂmma WLI1AUIU
mmﬁmmmeﬁiﬁaﬁu@ﬂ'wﬁﬁﬂéﬁﬁm@lqmmﬁﬁnmﬁ”ﬂmﬁmmmimmm foludlani 4 uaz 8
WL4IN19 1 Rupture disk 21414 1,100 Uendsanselia $9ufl sxeeving 9 AR Tuiueen
mnﬁlzﬁmmﬁmmﬁuﬁ@ 4.83 wam daunsld Rupture disk 2w1a 1,350 Ueudmemnaneiia sauiy
azei 9 iufiums SiiusessesasaAYiniuRe 4.33 wan
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ANENIEDA

A o

ANENERA LR AN LANANIAWa NN 1T AN TN NADANNFUATIDIN1IN AR (A197799
4.12) 7 ludUn9N 4 way 8 wudnn131d Rupture  disk 211m 1,100 Uausman131979 Judaul
ANTNENIBANINTNZALRAEVINTUAS 0.53 lIUFLNAT 49un13 1 Rupture disk 2179 1,350 taussie

A998 TUAIUNANNENERATEIAINLARLYINTUASY 0.39 [IURWAT

IHANATUNATDITT TN BR AT LT LA NNY WLTANEN9Ean IEAN
uwansineiuatw g Aynsatandilaiirasnimase s ludianiin 4 uaz 8 wudNsTaLing
9 WUAWAT TuAIUNAINEEAANINTAARALYINAUAS  0.50 WuRwNAT  dounsrezins 6

ITURLNAT TUAIUNANNLIEDATAIRINIRALIYVINAUAD 0.42 1HLALNAT

! v
LaziafANIUKALeY Rupture disk 398U svazvietesgaaiududauninmung wudn

a o

pNEEen  AANLANANiet wited Ay satAnndlairesnimeaaes visludilaiin
4 uaz 8 WuqNN1T I Rupture disk 211a 1,100 UenAsen13195a $a8AL s2ei29ing 9 uANms J
ANHENNEBANTINTNAARALWINTUAR 0.54 UAIKNAS 49un13 14 Rupture disk 2170 1,100 Ususisia

AN919%0 TN 28T 6 IURLNAT HANLNEDATDIAINIRALIYINAUAD 0.52 1EH1RLNAT

< @ o 7 1 o o
LA EUANITANEARITURIUL URIMITANLRDN

o [

b2
wlefifusinismsrasiudi uliilanuiansnaivasatladfun1eadanndilan  (m9a

L .1

< &

N 4.12) luddansin 8 wuannsld Rupture disk 211 1,100 Uaudmani151999 Tudauiilefidus
nismneNIngaede 30 iweaus daunisld Rupture disk 211m 1,350 daussianisneiio Fudou

6~ o

Fulafidusnisnneraaasiiiefs 28.33 wasidus

IHaNATUINATBNT TN BNN LT Rd T NN wud e SidudnisananasTiudau
= 1 o | a o o o aa o o‘d‘ 1 d’ | a a” ] =
TdfAuunnensiuat elipdAynata Tudilain 8 wudinszeziing 6 wuRWRg Tudoud
&« @ 9 dl dl T < s ! dl 1 a le ! = T @ o
wWefiduAnismaninigaeas 30 wWefidud  diunsvasiing 9 wuRmme Judiuiidefidusinng

FINEITRIRINTLRAY 28.33 1aidus

1 £
A a a oA ]

\HaNA1TUIHATEY  Rupture disk $9ufU  sveizvinaesmgeriududouniiuang wudn

L4 L4 1
iwafidusinisaeaesdudsuliiavnuansisiuatelitdAynieatsa  Tnedudauazzunganig
WwaryiiulavasaIndlaniin 3 aasnimaaed wazBuidasududtinma Tluddai 8 wudinng

1% Rupture disk 2114 1,100 dauaman1selia $auiU s2a21i1 9 wURAWAg Lazni9ld Rupture
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disk 2U1A 1,350 Uaudaanisetio $aNAL 22asine 6 Wuiiae audouiilasidusinisanaunn
Ngaaniniupe 33.33 waddius dounisld Rupture disk 111a 1,100 Uaussanisneiia saumiu

3YeLUNN 6 [HURLNAT TuduTa5iFuAn1IANe 998N LRAE 26.67 Llafidus

AN919T 4.12 muuumm’%zyLﬁuimm@ﬁ”umu ANWIULAA ANELen Lazilediduni1ssendan
Ya9TugI mnmimﬂu?a”ﬂﬁ”umuﬂfamﬁiﬁmnmiLWﬁzL?:muumm@ﬁmLﬁ@ﬂqm MS
(1962) A kanamycin 50 Aaansusieans sanfiu BA 50 lulasTuanf lwnan 8
ﬁ/ﬂﬁﬁﬁLLCZ’\]JQﬁ’m’]LW’]ZLa”ﬂﬂwa’m%mwauu’muﬁ?LL%QZ‘Qjﬁ]i MS (1962) Tifia BA 4.44 Tal

1AsTHANT 391U NAA 0.54 TuTasTuans &lasin 16

AZLUUNNT RTUIU ANENLDA wesidusnigsen
Treatment — / _ _—
anytALTR+S.E. 2ap+S.E. (1TUFALNRAT)+S.E. TIR+S.E.
Rupture disk 1,100 1.65+0.07 6.48+0.65 0.64+0.26 56.67+23.14
Uaursani9198 (psi) 1,350 1.25+0.05 5.43%0.22 0.44%0.18 45.00£18.37
F-test ns ns ns ns
FTUTVNUBNTATNL
>, 6 1.17+0.05b 5.174£0.11 0.49£0.20 38.33+15.65
Fudauitinuung
LEUFILNAS (cm) 9 1.73+0.07a 6.75+0.11 0.59+0.24 63.33+25.85
F-test = ns ns ns
Rupture disk 1,100 psi FLEUN 6 cm 1.43+0.09 6.10+0.83 0.65+0.22 50.00+10.00
3281241149 9 cm 1.87+0.33 6.87+0.39 0.62+0.05 63.33+£20.28
Rupture disk 1,350 psi TLZY96 cm 0.90+0.06 4.23+0.79 0.33+0.04 26.67+6.67
LEEUN 9 om 1.60£0.12 6.630.33 0.55£0.05 63.33£6.67
F-test ns ns ns ns
CV (%) 22.8444 21.0386 37.9292 42.364

ns TdTAnuuansinaiunieads * Gponuuanedsddadidyneats  ~ SaonuusnsnaiuesnaddadAydomig
a0

£ '
o aa A

14 a dao o o 1 o p~ W o 1 Ao o o - aal
ﬂqL’ﬂ@ﬂwg\lﬂﬂﬂﬂ’ﬁ‘ﬂqﬂum']\‘]ﬂ'lﬂul,l,uqWNNV’]'J'WJLLmﬂmqﬂﬂu@ﬂq\?Nuﬂmqﬂmmq\‘]@ﬂ[ﬂLN@L'LE‘H‘UL‘V]EUI@FJQﬁ Duncan’s New

Multiple Range Test NgzALAMNITRNU 95%
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N19ATIAAALNNSHNAEURIEY NPT 81 GUS uazEiy anti-DFR aaInnsanetiu

A283f polymerase chain reaction (PCR)

Na9aNNN19ane s antisense Dihydroflavonal 4-Reductase (anti-DFR) lagiAsaaea
aYNIALLL PDS-1000/He TnananadinnaaatAa wanain pCAMBIA2301anti-DFR Tneeinu
o A % ad . % L% % dl a a % o A
N1sARRaNAIEATTL UL kanamycin ude WsiutiauasaNnsiaseyALali luewsAniaen

Y o aal WM ve VA o A Y o A & Ay A =
wazfiutianaLnan ldlffunistnstiunnanaadue  wdathaduenlfiuinmasaunisiagestiu
FoglnsiasnAuamnysetiy NPT/ 81 GUS waveiu anti-DFR &oeRandans tnelfdaunan

aca a aan a 2 a o 1 o I
1etliseuargamnivesdiisannseazidanlude 3.4.62.2 lnefAumdinisduaeseing
WASTR9TY 3§81 AJWAASILANT 4.71 AnUUINNANARNTAN5N AN LENIUARLE WD AR T

. @ & = 1 = Y
electrophoresis luaaaznlsa 1 wWadldus annanisnsaaaaunIsiativastiu NPTI foatalng

n‘dld o o a 1 a a @ % o dl Yo 1
WRSNRANNANNIZALEW NPT/ WU UNALDLARWIEYKIA 254 bp wadsiutianaei laFunisene
gy delauawinduuouaduenduamzflianidansaaananain pCAMBIA2301anti-DFR a1n

A x o PR o o 0=y L Ry A @
NN3AIRABLNITRDLIBIEL GUS Faaialnauainlaaua Wity GUS wudfnwnUALGwe

2U7A 563 bp 189FuTNa N IAFUNNTENeEY TeRUIANTLLILALEKIeN AN LS Fa NGNS

Ia9Nagd A pCAMBIA2301anti-DFR (mwﬁ 4.72)

AINNNINARAUNITNDLIBSEN  anti-DFR  Aausiisnulilslmes  CaMv3ss uaznad

Humes NOS FnggalwgiiasniANawIzAuEy anti-DFR whdnAauaumdueauntlsyuim
Y o dl Yo 1 = d} a 1 o a @ dl o/ 1% | 'Y

800 bp w8FULIIUANNATUNsTNEEW SelauavindusnuAluendunzilfanidan e

adlm pCAMBIA2301anti-DFR (AW# 4.73)

/'_A_‘\
CaMV355to NOS F
—
NPTIL F DFR F GUSA F
— — —
Poly A CaMV | NOS CaMV NOS
NPTII R DFR R GUSA R
-« <+ S
~— — —
NPTII ~254 bp anti-DFR ~600 bp GUS ~563 bp

CaMV355to NOS R
‘—

MW 4.71 suknsdinduaese nsimainne)aestiy NPT 81 GUS wazEiu anti-DFR lunng

o aca | A g
nugnsengnldingens
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1 2 3 456 78 9 10 11 1213 14 15 16

500 bp 563bp GUS

254bp NPTH

Primer GUSA Primer NPTII

NN 4.72 nansmsradaunisiaguactiu tneldlnawes GUS wazlwsiues NPT

o9 1 ALBueNIATFIUTIA 100 bp DNA Ladder
429012 ~ Negative control dH,0

1 A=4I ! a & v o a M Yo ' =
148913 Negative control AlduaanALAuaen I lAFUNseNeEu
183714  Positive control ALBIAAMNNAGRA pCAMBIA2301DFR

D

1099 5-8 Fuiimaaen lFsunisanedulpenarain pCAMBIA2301anti-DFR

D

1849 10 Negative control dH,O

D

. a @ 4 o/ dl WM Yo 1 =
1849 11 Negative control Avueannfuianated lalisunisanagy

18971 12 Positive control ALEUBAINNA1IANA pCAMBIA2301DFR

T899 13-16 Aurianaen iFunlsanatiuinanatain pCAMBIA2301anti-DFR
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1 2 3 4 5 6 7 8

~1000 bp ~800bp anti-DFR

104 1 - ALBUaNINIZINTHA 100 bp DNA Ladder
Negative control dH,0

3 a @ % o nll M Yo 1 =
Negative control Alditaannsiutiavaced luldsunisane g

1
2 o =

2

3
°ﬁﬂ\‘1‘*7‘ll 4 Positive control ALBILAANNNANGRA pCAMBIA2301anti-DFR
Fa47 5-8 Huthviaasi ldsunisinadulaenanaiio pCAMBIA2301anti-DFR

annTATadeusiun lEfunistnaduainnatain - pCAMBIA2301anti-DFR  M@nunsn

a a 1% o A a a ad y o v a & oy IS
waryiAL e b luemnsAnaeniiinansUmous kanamycin nnannpdueNansAgeLnITHaE)
A Yy adaAd & = Ao T o o y Ao o Ny
YBIEUFILATNTANF ANNTUAIULDA NATUIWIIRL 29 FLl aniauNs 38 Hu Adnunliuuaimis
AALAAN (MN9197 4.13) ANt eATLAATULILANUIIAALABNNININITATIAEDL AU 44 TAaL
(1 TAaY W1a1N 1 88n) WUIFURIRLNIIRegYedEn GUS HAuau 32 TAaw anvianun 26 fiu
(AN979% 4.14) @ouFUNNUNINagaEW NPTI HA1191 34 TAAl ANTIauNe 28 6l dousiunny
nsietrasiiu anti-DFR A1u0u 31 Taau anisuun 21 6 Ingluauauidl 3 Taaw inu 1 8w As

g1 NPTI Qnuan 2 Taan uastiy anti-DFR 4110 1 taau uazianuau 2 Taauiinunisiieguesty
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2 fu AREW GUS Uay NPT/ @aufiyinunisiagueseiuii 3 8u ety GUS 81 NPTI uaziu anti-

DFR 8871401 30 TAAL ANYUNA 24 Fit tarlfun ldwusia 3 81 /110w 10 Taau

v

anNMgRsIAdaLfiui lfFunIstatiua nnatain pCAMBIA2301anti-DFR 1ingdiudausn
o dld a a % ai a v o A o %
2eARINANNEANIWIA 3 HaAwms anfiunauisnstyiiuaenlfuuamsdaaen A1uw 6 fiu
= aa C oA A | A& v o Aa o = o
T9N1ANTBNSTNERBALANGaAUAR NsEefiefintEiRunawIn 1,100 Ueussanissiie Tnald
] dg’ dll a ' 1 IS4 24 a A
sraviaeiiataniiuNig 6 uar 9 WUAWAT otNAY 2 B uay NsBnafintERRNIWIA
1,350 Uaussianisneti Ingldscazvinsastiaidonimng 9 ufums A 2 fu 1letinie 6
FuNImAIAaeUNITNaguestiy  GUS B NPTH wawfil anti-DFR foedaidand wuva 3 au T

TANNA 6 1 (MN9197 4.15)

o ©

A919% 4.13 AurusiuivaiRguEndnin e nnisaneiudingilatiasen uaza

aananAnNz tneldiAsesEnetnAkLIL PDS-1000/He

AN ALN fresvireiieidalmans A LT L P P
(Uaumsianngeiia) (LEURLAT) )

8aa ANLDAAINANNE

1,100 5 . i

9 16 5

1,350 5 s A

9 11 2

994 <& -
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-4 o ©

A5 4.14 NANNTIATIRARLEW GUS U NPTI/ 84 anti-DFR fasmafiafdans ndniinlé annn

dnetudngiietiesen nelfiAsasEeyniauuy PDS-1000/He

ANAURNTEIREN SuEUT SuELT SuEUR S uauuinsany
(ﬂ'ﬂ“ﬁﬁ"@m““"ja@/ ARG AIIANLIEIU AIIANLIEIL €14 anti-DFR
srezvinaaaiiaiiie GUS NPTI)
wusng (TuRLNmS)

1,100/6 5 4 5 4

1,100/9 13 12 13 10

1,350/6 <) 3 3 3

1,350/9 8 4 7 8

794 29 26 28 21

AN519N 4.15 NANTIATIAaaLE GUS i1 NPT &1 anti-DFR Aasimaiandans ndnunlfainnig

thediudngiaiansanananng lnaldiasestsayniawuy PDS-1000/He

ANHAUANTE AN ANUIUHUN ANUIURUR ANUIUHUNA ANUIUAUNRTIAWL
(UauAsani319iia)/ ATIAADL AIANLIE A3IANLIE L £l anti-DFR
svelzuinaaLilaLEie GUS NPTII

wnNg (EURLNRT)

1,100/6 2 2 2 2
1,100/9 2 2 2 2
1,350/6 0 0 0 0
1,350/9 2 2 2 2

EAPEN 6 6 6 6

NNSAFIARALNNTUARIRANTRIE W NPTI uazfiu ant-DFR MA2898 Reversr transcription

polymerase chain reaction (RT-PCR)

WAIAINNIIAINAaLINIRBLIasEYN anti-DFR uaztiu NPT/ faednaaniuda ivaidunng
£11eTUNTUAPIAANTANEY anti-DFR Aa9NIN1sMIadaLffani1sldmaila RT-PCR Tasn1saim a5
Wularasiivanalufunldunisanatiu wagldldsunisonaty wdaanAan1aag mRNA 1y
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complementary DNA Imeenlasl reverse transcriptase WRININITANANUILL ST UALEULEN
o o A & o o o o A a o a - P

faanng  Imanmni@en’ vasaniiiaduweimnunmlfuingadinesiliunueesniue
IAYLANIUIARLEWAALEAT electrophoresis Tulaaaznilsa 1 iWeidus Tnalaumdaniadinduaas

Alwswas NPTII uaz DFR

AINNANNIATIAAALINTUAAIBDNTBIEW NPTI Foeita lWsuaFNNANA WU NPT

\a @ Y o Ay vo oA & L o =
WUIWAALDUALEWeIWIA 254 bp aeviuianannlAFunistaiy SelauaminiuuounSued
fumnzidlfannidianfaaananaln pCAMBIA2301anti-DFR A1NNMTATIAdaLN1TudAaana ety

[

anti-DFR faata Insiainiarnauwiziutiu anti-DFR wudufiaunuaduiaaualszanns 600

bp redfutiuatanlifunisanedy  delawiawindukaufeeNdaaszilfannidansuaan

a1@%n pCAMBIA2301anti-DFR (AW# 4.74)

Y o Ay ve ) = Al ve (R a
"Q’]ﬂmu‘]_lrlﬂﬂQ\?Vﬂ@l?‘ﬂﬂq?mﬁqqaﬂﬂﬂq?N@%T@Qﬂu Wiﬁiﬂﬂﬁ?aﬁﬂﬂumﬂwmmmﬂ

Y v
Y oa

CAMBIA2301 anti-DFR 4 nfugautian wazaunintiannmagaunisugaienteqdulinag 4
By WU EURNLINNsudAseanaesEl NPT S41u0t 3 Hu deuduininisuanseanaasdly ant-
DFR 4119w 2 d1t Inglusunuill 1 fuiimunisuaaseaniiies 1 8w Aot NPT wasdsniuam 2
FURNUNILAAIaNTRsEL 2 Tu ADTu NPT uavily anti-DFR wazilduiilifinsuanseanaesdy
we a1uan 1 Au TeeagilidunnsenaniansaaaunIsuaneenaase NPT/ Waztiu anti-DFR

295 RT-PCR #4m1379% 4.16

o

A9197 4.16 NANNIATIAAALNITLAAIRANUAY T NPT/ i1 anti-DFR Baemaila RT-PCR fidniin

IFannastnagudingiiaitionen Inalfrsestisauniauuy PDS-1000/He

o o A Al o >y o >y o >y o
ANNAURNTELALIN ANMIUFHUN ANUIUAUNATIANL ANUIUFUNATIANL
(Uausmami319tia)/ AFIAADL gl NPT &1 anti-DFR

' A A
TLUTUNUBNLUB LD

WUNIE (IRRNRAT)

1,100/6 - - -

1,100/9 2 2 1

1,350/6 1 0 0

1,350/9 1 1 1

9293 4 3 2
WlAnaaaaay
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12 3 4 5 6 7 8 9 10 1112 13 14 15

~600 bp anti-DFR
254 bo NPTII

~500 bp
~200 bp

V V
Primer NPTII Primer DFR

NNA 4.74 Ban1IRIRdaunsLdnsaanaeadii tna 1 lnsiues NPT uazlnswes DFR

do9n 1 ALBueNINIg1UTHA 100 bp DNA Ladder

4099 2 Negative control dH,0

! dl i a @ 4 o tSI W Yo ! =
189913 Negative control Alguieanfuiavasei i lfsunnsane gy
1890 4 Positive control ALB1LAANNNANERA pCAMBIA2301anti-DFR
1099 5-8  FuLnaNANNLaAIRaN BT NPT//
10991 9 Negative control dH,0

1899 10  Negative control Awdupanfiutiavased ldldfunisane g

18971 11 Positive control Al81LaaNNAaain pCAMBIA2301anti-DFR

1097 12-15 FUTIUANNRNTLAAIDANURIE anti-DFR

4.5.2.2 MOty CHS WU antisense NBELUNANENA pCAMBIA1302 CHSA
ingiidaliia shoot cluster ABILINANUUNINUATINANITY ARERBEIRYNA

MN19tineEil CHS Wil antisense 1ing shoot cluster 49411ARIINAGN

adaa

Ar10uaziiananedinandeuy fedsasannin lnaldnaialingnuan pCAMBIA1302CHSA

d ° . = 6y A o oAy A a
LANRUUUAUNTANEANAN (gold particles) Sﬁﬂmﬂuwmﬂum?mﬂﬂu LASNTINITDNEEUUAILLATRNEN
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aun1A uasandedu iunan 1 dlaf dhliasaasuilss@ninneesnisdigiuainnisuans
o = ~ Y Y - Y - C o=
2NLULTIATIIIBIEUIENUHAT U GFP Avenandqanssal nialiuasngeaisaiaus wudn &

\liaLEia shoot cluster 1891TIMANLIUTIIN A1UIU 72 T WUAARITLTAILEY (green spot) TBNEN

1 v
A o

GFP (nN% 4.75) a1nTuiiieidaianun 91191 100 31 Naziuudsedninanlunisane i wae
0.97+0.20 AxLUL AauiTnanes1@il AillaiEia shoot cluster AMUIL 75 U NWLAARLTEDIFOILAY
(green spot) 18981 GFP A NTULHBLEaRIUNA A 11K 100 T1 wazlaziuullsz@ananinlunisong

£114 19A8 0.99+0.17 ATLUU (AN9799 4.17) naganiiuLnieLEe shoot cluster WanumldfmLaan

v 2 1 1
A A

a A ' = o A pRp Qd . o -
mummm‘wi ATLNTTONLEULURIUNTARLABN NHATU gmu“ hygromycm L‘]'juL"JZM 10 AUm

WL ﬁuLu‘ﬂLfJﬂ shoot cluster m@\mwmqummiﬂ mmqumaw@wum@Lﬂ@m@mmmuumm?

[ %

AN AR A AN LA TINNZI AN LIUa A IRe N TudUnnsTusn (zﬁ”ﬂmﬁw 0) fileifefisan

b a

F3m%eaaz 100.0040.00 WudUa v 2 filefefiseniassesas 100.00+0.00 tudlavidi 4 1

9 |
A =

Lu@Lﬂ@VIﬁ“ﬂWﬁ"J[ﬂi‘@ﬂ@” 95.00+3.54 Iuaﬂmw 6 mu@mﬂm@mmmmm 81.00+10.84 ludinanit

78 Aileidenseninmtesar 65.00+16.53 uay udlad 10 Silleiefisendintenay

g
aa o

56.00+13.87 (ﬂ’W‘lﬁ 476 Q) mwﬁmumﬂ@ shoot cluster ABNLANANITITU N’Q’]MQHLQ@EI"II@Q‘HM

D}

e iH a7 se A A RLLEN IR AN ANAINLIT LN T INNZIA LA M s AR N B e Taeli
dlansiuen (@lawi 0) TidleidiefisnndAmsenas 100.00+0.00 udianvi 2 fiilaidefisandassas
8% 100.00+40.00 ludnvi 4 filedefisondanesas 98.0042.74 ludilawin 6 Ailaidianisan
FAmtesay 91.00+8.94 ludilaiift 8 HiilaideTisendissatns 72.00+14.83 uax luddavid 10 &

£ 1 1 1 v v 9 1
HatlaNrentimsesay 61.00418.51 (N7 4.76 @) a1n1iuLnTwiielEia shoot cluster 284119MA%

1
adada

YourdnuazinuawiinsaadinuueisAaaen liwiziaeeseuuanig regeneration 1w
a1 8 #1lA19F wida m%ummﬂ@mqmuﬁimmmLﬂ-ﬁ‘tyLﬁu‘lm LAYANE NTULEaLEaLNea1N949uN
AN130LAI Y LALTA 1A UNEN1T regeneration  TuLiaLEia shoot cluster Ba9tiaua9LHIN T
anusnasnytAuTaiufiutouadls Ha1uou 2 fiu Ae Autiauacsyusisnunnaiat B3/2 uay
dl 1 o aa da’j d” dll dl a a

NUIELAT B5/12 (N7 4.77) dautiananesndn J3uiileitia shoot cluster NatunsatastyLaiulaiiu
F11T99a24 1A AU 5 Al AB ALLTANANNTITRUNLLAT R1/2, UN1LAT R2/1, WNA8ILAY R2/4,
WNIELAT R2/11 UAY MHNELaT R5/12 (N 4.78) annuuifiutiavassunsmisnuaziionanasailly
FIIIAAELINIUAPNAENTBNEUIIENUHATY GFP fnendesqandsrtl nelfiuasngaaisainus wudd
futianansynmsnunnglas B3/2 dnisstyidulaléa nnsiinsen snuazluauialug) wunis
44 a P A a Mo 44 Aa A oa o o

[309LA9RIT899E1 GFP NLFalanasn weldnwunisizanasdidanniznalulazafiu uay

FutuansuenuNigae B5/12 inisasoiiulalan dntsifsees snuazluawialug wonis
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=

A a a = dl a a 1 1 1 A a dl
Basuadi@eanuesduy GFP MuTninuly waziBnaiuediuaesin waldnuniaiEesuwasddand
annly uazanfiu daufuiiananeanda wuan fuaracesdtvunaea R1/2 Jluawalvg 1 1o
1 ! dl [ a dl al oD o 1 = A a A [~3
wsieanuazduan’) liasniuln uazanaasuiudiinia-nn wudn H9aeuas@ilenqaLdn
vuly wazluuasfinuluunedauinang An1sEeuasdidian waldnunisisasuasniilatiagiuaanuas
° v 4 o aa = a a yva a 1
A6 Futiavaneadiuuneas R2/1 Ansasnyiiulalin Annafesen sanuazluauialug) wa
A a a = dl a ] a 1 ] = a a
nM2iasLasddenuesiiu GFP MAuuNdInan9n waztBainiuly wildwunisizeuasdiden
NAnnly uazafiu futiaaseadivaneias R2/4 (nnd 4.79) Hlumsniauindu 1 lu Jaune
Tuny wiiliaedquanliiasoyiiuls wasiunedauny WUNI9ITaLANALTENTa98W GFP Luqn
\ A 27 aal = & o <
e lugnly wazaenussasiae Fuilanawsdtvunaiae R2/11 Joaauas luaunaEnifnTiu
wsldwunn9isasuas sy GFP uas unfala 512 dnisesaiulalas nnafsees snuasly
un vy weldwunisiresuasdimanaesdu GFP ludauniasniAuin wunisBesuasdidaoanis
Tudauzeseenuazlunaie luguieieau) AluaimisaasniAvlnuuaiis regeneration wudn
= d’l dl ng dl = = a a = 1 % o a
HileflauaTuinig InnsEesuasdidanaadtiu GFP lutanuaz lunngdou i Autiananayuwisn
UNNELAT B3/TUAZAUIAMANITNINNLINTY R2/6 Waynaelad R4/6 Wudu anndusaillattiadou
TUnazAMANIRITINANYIUTENUNEIAT B3/2 wasunieiat B5/12 uazsiniiatiadouluuayaisiv
2R9HUTINAITITUNNLAT R2/1 uasvanalad R5/1 Anidadauluaasiiananssnadivuneias
R1/2, R2/4 uazusngiay R2/11 1nhlain genomic DNA iiiensaaaun1slag 1astiuy GPF uaztiu
hotll Tufiutianacen lEFunisane ey wazann RNA wazdanszd cDNA et 14 lknnsdAnsnnig

LAAIRANUREY CHS sialll
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=t ) = Y o a o ]
ANN 4.75 NITLAANAANLULTAATIAURNELU GFP (@jﬂﬂﬁ‘) YANARUIUNINL T TN UAIINNITONE

1
= Y o =l

g, Autionasan i laFunasdetn (n) neldusdn®, (1) nuldiuasgoaisaimus,

futTanansi lifunastnetiu (p) waz (3.) nelduasilng, (9) waz (2) nalfuasvgan

1%

WFAKEUR (M), (), (A) WA () NIAIULIE 12X, (]) KA (8) NNAITLY 7X)
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A19199 4.17 UszAnsnnlunisonedny CHS uuU antisense finedatvaunia Wngauiiiaitie

shoot cluster 2B4TINANUTINUAZITINAIIT

TauanNyuisn - 11auaesal

ANUIUTUBLE NN EUTINNA (F1) 100 100

. PR S o g

ANUAUTULUDLEANNUNTILRAASAANUBNE U GFP (T14) 72 75
AZULUNNTULAANAANTAIEY GFP (AZLUULAN 5 AZLUL) 0.97+0.20 0.99+0.17
v dl Q” d” dl all aa o A Q”
TRUALLANLUDNTULUDLLDNIDATIAUURIUNTAALABN (1) 56.00+13.87 61.00+18.51
o Q’J dlsj dl tzll a a QD

ANUIUTULLALEANILAT LA IR LUAIIS regeneration (T1d) 2 5

o & & A A =~ g

AMUIUTULUBLEDNNLNITLAAIADNUANEIU GFP (T1) 2 3
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NN 4.76 Fuiananed lFsunisanadunasarnnisasaeniilunan 10 dUa0; (n) Autuana
a v o Ade‘l M Yo 1 =l dl d’l a %
LOUNIN LAY (1) Futiananas T in il Funidaunwnziasauuennnslng, (A) B
o a v o add‘ M Yo 1 = dl aly
LIVAWLYUNIN UAT (9) Futianaces 3 in A unsane BuRmNZIANLLeYN T
o A v o a % % Add‘ Yo 1 = dl
ARLADN LAY (A) AWLINAYDTNIN UAT (D) FutiananasTinlEsunisanatiun

INNZIAENLUANMNIAALAAN

B 59 il i s i

WA 4.77 FutinasyeEniliiunistiety; (n) siupaurnnidlFfunistaiu waz (2) i

dl M Yo 1 = d’l o A & s a
ﬁQUQNW1N1ﬂ?UﬂW?OWHﬂu LASLNIZLALNLUURINITARLARN AL (A) AULINNINL TN TN

AAFUN90LEUNIDATINLUAIUITAALADN UNIEILAT B3/2 LATUNLLAY B5/12
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'
adad

=t Y o Yo 1 T o An My ! = o A

MW 4.78 Fiutiavans@uniEsunasaneiy; (n) fuaeuanildlfFunisdnetie, (o) fupauani
M Yo 1 = d” o A ¥ o add‘ Yo 1 a

VLNi@?Uﬂ']ﬁ‘ﬂqﬁlﬁluLL@:ﬁLquL@ﬂ\‘iUuﬂqﬂ'}?ﬂﬂL@ﬂﬂ, ﬁ]uu’]ﬁ@’)\iiq‘ﬁuw‘lﬂiuﬂqﬁ‘ﬂ’]ﬂﬂu

WAZIBATIALUBIUITARALARN (M) Ut R1/2, (3) wuELaa R2/1, (/) BdNeLA

R2/4, (®) yHaLaa R2/11 Ay () UNIBLa 5-12

MW 4.79 NTUAAEENTBNEY GFP 289fUtianat9sTH vuneay R2/11; dqusenuazly ()

nelfuaslng, (@) nalfuasigaasarnus ldwunisesuasdilienuectiy GFP Ndau

1 -7
gam WAL lUBLNALENANATL ((N) kA (1) NNAIULNEY 12X)
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4.52.2.1 WansAsIARaUNsNatuaddu GFP uaztiu hptl lu

genomic DNA 2a1autiaualenlasunisaatiunieinaiin PCR

N1N98riA genomic DNA anluuazatsiuaesiuionadeyurisnuniea B3/2, u
uazANFuassiuiauayMTINUNELeT B5/12, Turefiuionanssituuiaat R1/2,luwazansiu
4 % ada 4 % aa 4 % ada
futiananes@tivanaee R2/1, luresfiutianacesdivanaee R2/4, luaesfiuiananesdi
wnngaa R2/11, luwazarfiufiviionanisn@ivunaiad R5/1 uaylumesfiuiianassyussnuaziio

aa v dl M Yo 1 a o a ] a = % a
1a99731 Auatuany W 1FFunsteiu inunnmeaaunislagediiu GFP uaz U hotll fiaaimatin
PCR Tne14 genomic DNA figrinatnannlusauaassiutianassynmisnuazionansdin i iunisang
= ¥ dl M Yo 1 = dl A % 09/ ul/ o ] 1 1 4 a
8 uazfiupuany WA unistaeBiun@aansdaatinauludnsdeu 1 sie 10 Wi uarlinaaiin
PCAMBIA1302CHSA Miaaansfinesinndulugngaan 1 sia 50 i1 1l DNA fiuwuy Tulfjisen PCR uaz
NNnInsaaaUNIIlet 1esEl GFP fotilwamaiang GFP_forward primer WAz GFP_reverse primer
WAZRINAARUNITH AL U0 U hptl Aoelnsinasanmng  Hygro forward primer W Hygro_reverse
primer uazldtin CHS iflugiudwaslunismsaaannisiiatiaestiuly genomic DNA TaaldInswas
AWNY CHS_forward primer WAz CHS._reverse primer #ild1 1&aiin genomic DNA anl1iLazaNsuaes
4 o a & o v 14 o a
FutiananyamsnviaIeae B3/2, genomic DNA anlulazasiuassiuianatdyusiinunigial
B5/12 Az genomic DNA anhuzessuiavassynmiany W lAfunistnetin sunviufisen PCR Tneld
Inswas CHS_forward primer Waz CHS._reverse primer WLLAL DNA 289HAKAR PCR 211aLlszanid 450
bp 2anEil CHS Tunnsiangiag (NMA 4.80 N) waALINFL9Ie genomic DNA 1837)n5iaaeing genomic DNA
antiananey aisn @ungninan1g il DNA diuuuslunngin PCR 16 wsitleld wawas Hygro_forward
primer LAy Hygro_reverse primer WA Hannzrineng genomic DNA N ULAZANANTBIAULINAN
YDTINUNIEIAT B3/2 WAY AULIINANYIUTENUNIEIAT B5/12 WIniudnuunL DNA 189uakan PCR
w89l Aptll ALlsZann4 300 bp (NMWH 4.80 1) TdwLLaL DNA a836a[an PCR lusiaageras genomic
DNA anlumasfiuianasaynunsni il 1F5unisdnetiu ussidalilnsiuas GFP_forward primer  uay
GFP_reverse primer W41 H1an1z#aaeig genomic DNA AN lULATANAUTIDIAUTANANYUTIEN
WNNELAT B3/2 uaz genomic DNA AN LAz A AUafuTnnat s usisnuunead B5/12 winii
WUWDL DNA 289HAKAR PCR 184814 GFP 11nALs21nne 400 bp (N1 4.80 A) llwuwny DNA 289

a % 1 . 2 o a dl M Yo 1 = A Adl
HaNAB PCR luinatinqmes genomic DNA anluaessiviianansynsaiani I 5unnsanetiv uansdngiun
gendinlfdinllludauaes genomic DNA  geppdesiunansas ydulnlfuuesdnaaniians
UfTiaue hygromycin 15 waznunizesuasaedtiu GFP Tufiutianansy amisnusneiat B3/2 uazbiniia

M@QQHM“‘V]?ﬂVN’WEIL@‘?J B5/12
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glati genomic DNA annluaa9siutanates3iuuiaaa R1/2, genomic DNA annluuazan
Auaesfiutanatesdnvangar R2/1, genomic DNA annluresfiuiiananesdivuuiaas R2/4,
genomic DNA annluaasfiutianaaes@iivungias R2/11, genomic DNA anlulazanfiuteasiuga
WANITAMANELAT REA1 WAz genomic DNA annluaesduiamanesdiia i lésumstneiu s
UfjAsen PCR Tnelfnamad CHS forward primer uaz CHS_reverse primer WULOL DNA 84NANAR
PCR 284811 CHS 1unatszane 450 bp Tumnsaeting (mwﬁ' 4.81 ) UWARNINFIAEINN genomic DNA 289
nnFaetneantiavasesdiasnsndianlidu DNA - Fusunlumsin PR 1K wsiiileld lnswes
Hygro_forward primer Wa% Hygro_reverse primer WL31 HLannzsiaagig genomic DNA annluaaefiv
1Tnaes3iuuneea R1/2,  genomic DNA anluuazarfivaesfiuinnatesdivuneay R2/1,
genomic DNA annluaesfiutianates@iysnaiad R2/4 uwaz genomic DNA anlunazatfusesiu
%A T MU LAY RS/ WATAANLLAL DNA U940aNAR PCR TadEi hotll MNAL9E10d 300 bp
(i 4.81 9) lainiiiny DNA 289ARAR PCR lusaesnsaes genomic DNA annluaesfiuiianatesdil
WUNEILAT R2/11 Uy genomic DNA annlutesditivansdein allgsunesnatiu uaziie ¥ nswes
GFP_forward primer WAy GFP_reverse primer %131 J@n1zsiagei1g genomic DNA anluaeasiuga
NANITUMNNELAY R1/2, genomic DNA anluzesfiuiiananeandiuauneias R2/11 Uaz genomic
DNA A lL29 941 Ma2931 3 i eLa% RE/1 Bl iuat) DNA 1996aaR PR 158 GFP 117n
1152310 400 bp (MW7 481 A) WULOL DNA 289KAHAR PCR w8diiu GFP LULIARA19aNFAnating
genomic DNA anluaa9fiusiana s duuuieLas R2/1 Lag genomic DNA ana1fiuaetsiuianand
sTRMNNeLaa R5/1 uazlinuunu DNA 1e3uan@n PCR lusnetineues genomic DNA a1fiuaedsiuta
NANINTUUNNERT R2/1, genomic DNA anlueeefiuiianasas3uuunaias R2/4 was genomic

DNA anluaadsitinvanasdnd W F funisaneitiv
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CB B3722L B3/22S BS5M2L B5M12S
S

M
kbl 2 :
250bp ans . <= (n) CHS ~ P

500bp :

250bp -gg-n <= (3) hpill ~ 300 bp

1kb ,
500bp

NNT 4.80 HANNIAIIAABLNNIHAEUBIEW GFP waziiy hptll 1w genomic. DNA 21935iu1ia1an9

AN 4.81

yoisnlaFunisanaiiu foswatia PCR; (n) 8w CHS Bu9as, (1) 8u hptll uwas (A)
£l GFP; (C-B) futiuasen i ldsunisanady, lu (B3/2L) way anfiv (B3/2S) 1edfi
UNLLa B3/2 waz 11 (B5/12L) waz anfu (B5/12S) 209 UuNIeat B5/12 (M = 1kb

DNA marker)

HANNINFIAADUNIINBLIBSEU GFP uazEiu hptll 1 genomic DNA 21896i111211A0931% %
AlEsunnstneEiu CHS Baematlia PCR: (n.) i CHS Eudned, (1) 8 hptll uay (A.)
S GFP. (C-R) lugesduimaceiillEsunsdnedu, U (R1/21) vesdunsnsial
R1/2, @luU(R2/1L) waz a6 (R2/1S) aagsiuvanaaa R2/1, U (R2/4L)1e9Mu
nueaY R2/4, Tu (R2/11L) aasfiuvungiat R2/11 waz lu (R5/1L) uaz AaNHW(R5/1S)
YRIFUNNLLAT R5/1 (C- = negative control (dH,0), C+ = positive control

(pCAMBIA1302CHSA) uay M = 1kb DNA marker)

149



45222 uan1sANEUsNIUNISHAAIRanTa98l CHS luAuin

UNNUUNINUASLINAWTUNIATUNNSAN8EY ArEATiA semi-quantitative RT-PCR

11n194770 RNA anluuazatfiutessiuionaseyussnuunaat B3/2, Tuwazan
fuaasfiuianaynmisnuanaaa B5/12, Tunessiuiianaws@iuiiaaa R1/2, luaediuionany
s@tvunaEaa R2/1, luressiuiianatssiuvaneas R2/4, Tuaesfiutinuacssdivunaiaa R2/11,
Tuaasfiuinnansdiuunaaa R5/1 waylmefiuiinnansusisnuastionans i fuadLaui
TlFFunsanetiu aantiutin RNA AlEMIN19451As1997T cDNA andnsifzauieusyAunisuanaan
- Y o a o Al vo L . A
we9ei CHS Tusiutianasynwisnuaziionanss @i lFfunistieiu CHS uwuu antisense MagLum
a1aln pCAMBIA1302 CHSA AatimAlla Semi-quantitative RT-PCR f#Agn192ed deqsna lae
Tyayn (2555) Tnazufiuannifuanudiadiuaes cONA Ndanmziliannluseuiazfiuaauaasin
a o asal e P o M M ye R
wanyussnuaztiauanesndinléiiunistietiu uwazfiuasugunldldiunistretulivindulaanis
= IS % a o A Y Y
WEeu MeuaniBuInNIsuaneantediii 18S riRNA fagimatla PCR dsanniananeanudinduues
cDNA Tiwiniy Taeldinanan PCR aaseiu 78S rRNA ilu DNA 41989udn 1 cDNA #1151/
Ufjnsen PCR Tngld lnsiwad CHSA forward primer waz CHSA reverse primer iNaRsad@LIsALNIg
S| 4 o a s Qddl o { = 4 dl %
uaneanaasiy CHS Tufiutiassynmsnuaziinnaesdun lafunisanetn uaziuauaui ldls
o 1 = dl Y o 1 4 o a { & a
Funsaney Waldnetng cDNA ANNFuLaMaMNLmETN WU AN NENUEIUIL DNA 283HALAR
PCR 2189144913838 CHS NlAauléiain cDNA 194luuaranfiLaedtiauasayuvisnuNIe ey B3/2
o v o N = P = = 3 Y =
Az cDNA 29IANAUIBILIINANYUTTNUNILIAY B5/12 HAnNdinuniign uazianudningnes
i (Wi 4.82) dsupnudingedunl DNA 989NaNAs PCR 1991nddauantiy CHS Miaauléiain
cDNA  aasluaassiutinrasay s kifunisoatiu. danudinasaas wazaudinaeeuny
DNAZ9INANAS PCR 19dtwdouaestin CHS Nlaauléiann cDNA aesluasssiuiinuanaymeisn
wNneea B5/12 NAnadiniienan Tuangaanudinaesuny DNATBHANAR PCR 18981 185 rRNA
dl = v a v v a o 1 o v o a [
feflufudedalanndinlndinesiu iassdnlulazdnfiuaenianansynmisnuunaias B3/2 uazan
¥ o a = o = dgl dl a o
FuaeanianaymsNuNNaEaY B5/12 NIvAUNNTUAMEaNTasEN CHS NNty WauBaudmeuiy
dowluzessiuiovassynumisni W lasunistetiu - dowluaessiviionassymuednunnaas B5/12
FLAUNNIUAAIEANTANEY CHS anauantias WauFaumauiudiuluaessiviiouansyeizni wls
o 1 =
FunnsaneEi
1Hald cDNA annfiutianass @i wiugn ANKEingeauny DNA 199NaNAS PCR 184179491
= dl ¥ 14 o ad & o
209818 CHS Nlaaulfain cDNA zesluaessiutinuansdiuuieias R2/1, cDNA 19 luaesiuiin
AN TUMNNLAT R2/11 Uay cDNA aasluaasdiuiianassdun ik lafunisonetiu Ianuidicmnn
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ﬁqm uazdlAnudi N Ing A (mwﬁ' 4.82) TP NdNTedual DNA 189HARER PCR 104
1eduaesiin CHS AlaaulEann cDNA aeslumesdiT a3 inuneias R1/2 wae cDNA 1asly
109futna9TiNneeY R5/1 Sanndnlndmesiy wasianudintiesndnuandn PCR 289
1eduaediin CHS Alaauliann cDNA vaslurasdunatsdnilEuntsnes luaneiany
diae9un1 DNATRSHAHAR PCR a84iiy 78S rRNA daflufiudnedsilipnadisnlnimesio ugnsn 1
Ya9fiutanaedivneey R2/1, luaesfuianasemdivungas R2/11 way luaeafiuiianan
MIRlilEsuMsaneduly Ssvfunisuanseenaestiy CHS lusvAulndideety dowluaesdui
PAWINTUNNAT R1/2  wazluae9fiutianasTiuNneey R5/1 NIeAunIsuaniaana ety
CHS aaas dWaauilmesdiuionanedanldldsunnsdedsly @1 cDNA aasluaesdui
NANITHMNNY 181 2/4 HAudindutiasnnn A lfirudnaeaunu DNA 189Nan@n PCR 189
1 185 rRNA Tlaaulld Tanudintiesnnn Weifleufumatneay uazidetin cDNA lilvn PCR &g

P19 g nNaTULD L DNA 199NANAR PCR 1998 CHS 18

M C-B B322L B3/2S B5/12L B5A2S C-R R122 R2/1 R2/4 R2/11 RSN
] i (XYY Y ) \ 7 FaTa o o
T S g W [T

et e e a7

“\'-'la\'

o TaE e
3 e vaa

1kb
500bp

250bp

MWT 4.82 nnaAnEIRNnIANTLARIRaNTaEL CHS (458 bp) luguaauansiilésunisdnetiu
FaenATiA Semi-quantitative RT-PCR InaldEiu 185 rRNVA iWuEingnads (Usyanns 600
op); daulu (C-B) reskuilvaseynn kldFunstnetiu, dowlu (B3/2L) wazAnu
(B3/2S) mﬂqﬁuﬁwmmmm‘%ﬂummm B3/2, dauly (B5/12L) waz asiu (B5/12S)
WBIFULIUANLUTINUNELAT B5/12, daulu (C-R) sasduiavanssdnm allEiuns
dediy, dauly (R1/2) weediuinnanesd@ivanaas R1/2, gl (R2/1) w9
NA9NTUNRNEAT R2/1, dauly (R2/4) 9981iananasndivsneat R2/4, dauly
(R2/11) 999FUINA9INTHNREAT R2/11 waz dauly (R5/1) 199f1ianatesdn

“u1ELAaY R5/1 (M = 1 kb DNA marker)
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4.5.2.3 nsonagiu 46T Inaldazlnsuuaizanttlunive

6

Waain  pCAM4'CGT  lagnanaleudingiadesinsuunanzanansiig
EHA105 waldlunistnediuding shoot cluster amgtianany tagtn shoot cluster @BNsaNmiL
waderinguuANFaNaeiug EHA105 Niwa1aln pCAM4'CGT luamisiian MS NNasavils
Ti3alnuaanudindy 100 pM annifwReasAudindvressadezinsuuanBan Wi 1:10 #qe
ANMNTIUAY MS wiganAuilungn 10 Wi aniiusing shoot cluster A4UUANMNTUWEY MS NLAN BA
v v ' 1 o aa v A v v a a o 1 a
pniindiu 50 Tulastuand sanduansdfiousnwnsi@uacindindu 50 Haaniusiedns uas
ardianddaal 300 NAANTNAAAM? shoot cluster 1a1INANNIEIUNNIMARBITANNA 442§
v 1 v v 1 v v 1 v v 1 v
uTUATIN 1 4119 100 TU ASIN 2 41U 100 TU AN 3 A1UL 95 TU ASIN 4 AU 63 T
Y4 . > ¥ 4 . ., G v o 4
WAZASIT 5 anuau 84 Tu Taepfan 1-3 TinufniuaceNsandan aauasen 4 wusuiiauansisan
TnlagfanunisEsLlann 2 dlanii (WA 4.83) W90 shoot cluster 18911aMAAINNID
1 9 1 1 1
Wens s an IdNNAIuautedUa1uin 12 laadenuuetanlany 5 gan tnauasaindlani 12
dl a £ dl = o & 1 o ai v
mnasanaldLNl inanaduaziia shoot cluster Hag 14 d1n9 wudaauuteniaan lianas
1 v 1 v 1 v
WAR 252 €AA LUANAINTUAIUANLERtanAIE LHAANEIULIATUAIWRALNLINTUAIY  shoot
= o < i3 0 o) N = = 3 o o ol
cluster HUWNANNNINAUAUDNAUANYA 12 Fawiaeas 1.49 wuRm? Inenadaindilanim 12
nsRsyALinNun inanaivae 1.34 muiums wazileAneilefifusinissendtaues shoot
cluster #asanNIsanatly wuIludenvii 2 09 6 shoot cluster NAMINNIIAATIAT 96.82
v 1 1
wafidusd anuludilani® 8, 10, 12 uay 14 Alefidusnissandani 88.88, 82.53, 44.44 uAY
36.50 Lilafidus mnuasil 1ae shoot cluster MANEIRZNANHLSTILANIAIAE NTNTUAIW (13797
4.18)
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NNY 4.83 N9y AulaIasTudIn shoot cluster TB9LIAUANLIUBNVNTAARNANEVNAINTANE
wanain pCAM4'CGT TaeldazinsuupiFeuiduninzasen 4 Whiwan 2, 4, 6 way 8
il
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AN5197 4.183MUIULBAIAY TUIATEY shoot cluster LaAE 71U shoot cluster NsanTinuazitlefiduinissantinuuenis MS Al BA 50 lulasluandsonivansufjgous

¥
o

ANNNETU 50 NAANTHNADARNT LATAZHANTTAAY 300 NAANTNADARIUAINITTNENANERA pcamaceT TaeldazinsuuaiiBesidlunneaian 1-5

a o 1 = aa o 6\
TudIU shoot cluster naIN1sENsEuuLILeINTUUANETaNENY (AA1)

4 8 12
AT 1 UIULDALRAE (B18RA) 2.45 (£1.21) 2.74 (+1.46) 2.73 (+1.48)
IUAUBIshoot cluster LBAS] (1.4.) 1.03 (+0.27) 1.11 (£0.32) 1.12 (+0.33)
211491 shoot cluster NIBATIR(T) 60 54 52
wlafifuAnissandomn 60 54 52
AT 2 UIULDALRAE (B18A) 2.44 (£1.25) 2.67 (+1.36) 2.66 (+1.38)
uNAAAIshoot cluster LaAs! (VEURLNAT) 1.06 (+0.26) 1.12 (+0.30) 1.12 (£0.31)
R11401 shoot cluster NTBATIA (T14) 59 52 50
wefiduAni3sendimn 59 52 50
AT 3 AUIULBALRAE (E18M) 2.52 (+1.13) 2 (£0.83) 2.04 (+1.09)
AUNAURN shoot cluster Lfaaﬂ(ﬁ].u.) 0.81 (+0.23) 0.93 (+0.34) 1.01 (£0.46)
211491 shoot cluster N3BATIR (T14) 95 52 21
wefifuAnnssandimn 100 54.73 22.10
AT 4 AUIULDALRAE (B18RA) 3.63 (+1.46) 5.01 (+2.38) 5.00 (£2.13)
JUNAUBIshoot cluster Lfﬂaﬁ(eﬁ.u.) 1.15 (x0.31) 1.47 (£0.44) 1.49 (+0.45)
A1UIU shoot cluster NIBATIR(T4) 61 56 28
wlesidusnissentamn 96.82 88.88 44.44
AsaN 5 ANUIULDALRAE (819A) 3.94 (21.64) 3.90 (+1.63) 6.58 (+1.23)
AuIMABIShoot cluster Lfaaﬂ(ﬁj.s\l.) 1.13(x0.40) 1.12 (+0.43) 1.12 (+0.41)
19U shoot cluster NATIR (T14) 69 52 41
wlafifuAnissandon 82.14 61.90 48.80
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naastuAninges shoot cluster 1AMa AunsARRaNAEaNIU TN NET
uuuamsintingns MS 11 shoot cluster 738ATIFAANMNNIIAAIABNLUEING MS TWANAIS
UfTouzn wNie@u A9uU 23 T1 N1AEuuemTuls MS 13 BA Aaudindu 4.44 lulastuand
gauriL NAA anmdingu 0.54 TulpsTuanilneifine vaman MS faufaanudilTudauniiniswan
P % o - = P a7 A a A
pomiNTWieN 1 6 nnelu 2 dland Tnefieemdinduies 1 sen Turnehiueau) senBuid

TIMIAAAT WAZANE (NNT 4.84)

NNWN 4.84 shoot cluster 1931191ALUANMIITNINGRS MS NBNATALIANNTRIELAL TR BA
AN 4.44 TuTAsiuand dauiu NAA panudindu 0.54 TulpsTuans nnenaanig
dnalan

waaiin pCAM4'CGT Tneldazinsuupiizanidunive a1y 16 dlani

4.5.2.3.1 N9AFIRNFAUNTUARIDANUAEY 4'CGT, GUS waz NPT

3 ] = [% a a @
uasannIsanasiulaeldazinsuupnizamilunine

wasannsanaleunataiin pCAM4'CGT g shoot cluster 284
furfavans TneldesTnsueiideaniflunive Anevdaannda@an shoot cluster UWaWMNT MS il
MndeEuANENTY 50 Naansumedns fuduasdenddaauAnidndy 300 NaaniumAeang
dunan 14 @land ihdudauluvesdusinvatediuau 5 du wafuivansnanlilEzunisdne
FUAUIL 2 B UATTAMANTTAATARANNNTAENLILAMNIARAENS L 3 Busnainensifue
ukavinieduassl oDNA ilemsadeunisuanteantesiiy 4CGTHwLiTRunATen5lng ¥ ns
Was F-Bam HI-4'CGT way R-4'CGT ~Sac | wuLaLASeauatszannd 1,400 dapalalng an
Uanaaefilsunmsngi d1uau 3 Hu Aedul 19, 29 uay 43 anvauuaTiduanAsagey 3 Fu
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(NWA 4.85) UAZINEATIAADLNITUAAIRENTIBNEU GUS uar NPTIRqulffsa naenslneldlng

a3 F-gusA Uaz R-gusAG115LEN GUS Twaiwas F-NPTI uaz R-NPTI @ wfudiu NPTI wulauf

BWueauAlsTanns 400 daedtelng d1mFudn GUS uazuaumduieruialsyanns 700 fapale
o o o Al Yo A o o A

el gruFutiu NPTI adntianananlfFunistngtiu i 3 funguuimsaget

M 1 2 19 29 43

S 4'CGT

MONN WIS

GUS

NN 4.85 HANNIATIRRBUNITHAANBBNTRNEN 4'CGT, GUS wasNPTH faawmaila RT-PCR luiin
naan RFuntsanelaunanaln pCAM4'CGT Tnaldazinsiuaizadunine (19, 29
Az 43) Whauiauiusiuionatsdnd (1 sy 2) WenrauneuiuaduenInsgiu 1

kbDNA ladder (M)

4.5.2.3.2 MSARMNLTNIUMSUARIRDNTRIEW CHS Wazy F3H
AaEAtA semi-quantitative PCR lutiauatanlasunisanalaunaaiin pCAM4'CGT

AIREBUNITLARIRANEL CHS Wy F3H [ReANHNANNANRLE
nevainsinelaunatailn pCAM4'CGT g shoot cluster tilusnannenfiduauazdansei
oDNA  ieliiud Sueduus hlfFienitens  Telddounsmenl§euazgnmniimaded
32343 d5uihunnanuidindiuzes cONA Bududnnu 185 rRNA fnufenfidenfifensasey
N3LaAdRanaesEu CHS Mdelnsmes CHSF wazlwswes CHSR wayn1sudmdeanuedty FIH
Yag/lwaies F3H_SenseF uazlnsiues F3H STOP anntivansiilsunismneteuuaslilEsunnsdne
Tounanain pCAM4CGT TngnLidntivaaefisnunasagatia 3 #u fnnsugmseentadiiy CHS
LASF3H LATWLINILAUNIULAAIaNTasEy CHS uay F3H tesduianansiilésunisineloumn
aaNA pCAI\/I4'CGT13Jﬁma‘l,ﬂ?§lﬂuuﬂmLa‘j'mi_l?ﬂmﬁﬂuﬁuﬁuﬁqmwﬂﬂﬁ (W7 4.86)
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WT1 W12 19 29 43

CHS

F3H

18srRNA

AN 4.86 HABUUNEUNIIWAAIRBNRNEW CHS waztil F3H lufuiinvaneaieinunisanelau
na1&NA pCAM4'CGT (Biun 19, 29 uax 43) laglderinsuumiandunivy s

WRLNUAUALTIMANUNR (WTT haz WT2) kasleiu 18s rRNA Lilugiugneaa

4524 mswasiAulauas shoot cluster VinadunleAanN1seIayNIA
WAZNITATIARALNTUARAIADNURIEU 4'CGT, CHS, F3H, GUS wag NPTII

45241 n1sAALAAN shoot cluster URAILIAUAINUUDINNG MS NH

asUausnunNaTdy

14 shoot cluster Aa91T9NAIUNINARBITIUNA 274 Gt hilaiilu

v 1 v
%

ATIN 1 AU 110 Fiu AFIN 2 ANUAU 82 Fi UAZATIN 3 AUAL 82 AU uATRARINNNTLETLAL TR
nn 2 dlavinudnlunnsaneEuaien 1 WemIzIaeN shoot cluster 1941RUANUUBNNT MS NN
ansUjaausn ey 8en184 shoot cluster aINIInfuNUFRATUN Uz Wt TUA AL
o e a a al all al agl dl a o ai

shoot cluster  aastianaaslaifinnaasnyiulnuazBunlaauiludinmatslauinaaniadaanad
q1N 2.78 819/ Wiae 1.58 81an TUAAIT 16 (ANN 4.87) HAANITUIATUAIWLRALINLINTUEIU
shoot cluster HAUNANNIUIAEALAYN 6 HIUIATUAIWLAE 1.17 IURWATLAZIUIATDITLAL
RAtANAIAD 1.13 wuRmnsludlavin 8 uazludianiin 16 wudauaTudiuafsatn 0.46
muRAWAT HeAn e fiduin11reaTARUa9TLd91 shoot cluster UAIANNNNTENEELW WLFINTUAL
Yemanrraniinanad Ineludilannyin 16 Hilefifuinissendamni 35.45 Wasidus (1137199 4.19)
] 1 = ua/l dl 1 % dl aa dl 3 dl b % o o 1 a a

daunsanatiuaiean 2 ldwufunsendin luauzinid 3 fulmassdeldfinnasoivinaesly

A gy =~
e 14 11N19MT99 4ALNTLAAIB AN UB9E 1
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NNY 4.87 naiaanyiiiulnaasshoot cluster aavtianaasit lfFuniadnalaunanaiin pCAM4'CGT
WUUNN3E9aRNNARSIT 1 (3) uaz shoot cluster Tasiianansi il lFFuntsanaTaumn

anain pCAM4'CGT (n)
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A9 4.19 AMUILLBALRAEAUIATEIShoot cluster LAALATMWIN shoot cluster NIsaATIALAzILfITUAN998ATINTRY shoot clusternddnistineEufaeianseserNIALY

211119 MS waz BA Aanudindu 50 Tulasluanisauduniungdeadu 50 Raansuraans

Tgau shoot cluster m“qmsrimﬂw,l,uuma@qwmm 81¢) (dUa )

2 4 6 8 10 12 14 16

o o o o
ATIN 1 ANUIULDALRAE (LDA) 2.78 (£1.49)  2.45(+1.20) 2.8 (£1.46) 2.77 (£1.41) 2.74 (+1.39) 272 (£1.42)  2.65(£1.41) 1.58 (£1.04)

21AT8Y shoot cluster LaAgl (e1.4.) 0.99 (+0.31) 1.05 (£0.27) 1.17 (+0.30) 1.13 (x0.32) 1.12 (x0.32) 1.12 (x0.33) 1.12 (+0.33) 0.46 (+0.36)

A1U9U shoot cluster N9RATIM (T1) 71 65 63 59 58 57 57 31
wlasifusinissendam 63.63 60 56.36 53.63 51.88 52.72 52.72 35.45
Aan 2 RTUIULIDALRAE (F19R) 2.88(+1.50)  2.35(+1.22)  2.35 (+1.22) 2 (+1.18) 214 (+1.19) 214 (+1.19) 214 (+1.19)  2.14 (+1.19)

unAL8Ishoot cluster 1aAsl (e1.4.) 0.73(£0.31)  0.83(+0.22)  0.83 (x0.22)  0.84 (+0.26) 0.92 (x0.31) 0.92 (+0.31) 0.92 (+0.31) 0.92 (+0.31)

A1 shoot cluster N9RATIM (1) 45 39 39 34 34 34 34 34
wlasifusinissendam 54.87 47.56 47.56 41.46 41.46 41.46 41.46 41.46
o ° a
ATIN 3 ANUIULAALRAE (FBA) 2.90 (+1.51)  2.41(+1.33) 257 (+1.45) 2.89 (+1.47)  3.03(+1.40)  3.03 (+1.42) 3 (+1.46) 2.92 (+1.51)

unALRIshoot cluster Ladsl (s1.9.) 0.74 (£0.29)  0.83 (+0.23)  0.86(+0.24) 0.9 (x0.24) 0.97 (+0.25) 1.03 (£0.24) 1.07 (£0.27) 1.03 (+0.26)

41131 shoot cluster NTaATIR (T14) 44 39 33 29 26 26 26 26

wlasifusinissendam 53.65 47.56 40.24 35.36 31.70 31.70 31.70 31.70
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nawsdeiiuinues shoot cluster anassuuasiniingas MS tikufisanainns
Fnaena I 9 Tu m‘r?uymuummalﬁngm MS #ifia BA aoadindiv 4.44 lulesTuan sauu
NAA gy 054 Tulrstuanfuasiinsidineamas MS Taeilaguenmmn 4 duanit
wudilfuhuasefianansnseadildvaeannidewuensiitann§iaznundedu S 9
Toelusuan 9 Fu fiedudafiinasigduinedsieiies Tnanudndinisunngenlusly
P9 32 41uan 1 gen H21A 1 lEURKAT (N7 4.88) antuthutiavanefiiunisdaien
lUmngadaunisuansaanaastis 4'CGT, GUS, NPT, CHS waY F3H faemAlia semi-quantitative
PCR

AN 4.88 Fiutivnaneii liFunistngEuwuLNIeEeeunIA ang 32 dlnnvi (n) uaz 40 dlanii (2)
dl a ¥ Y [d L o o 4
UUaI919 MS Man BA ponadindn 4.44 TulpsTuand soniv NAA avadindiu 0.54 T

TA3lnans

4.5.2.4.2 N9AFIRFDLNTHIAIADNUDIEU 4°’CGT, GUS uaz NPTII

URIANMSTTNLEURLIBNISEIRYNIA

MEMAINNIARIA DN BT MaRLESUNNsaNenaNaln pCAMA'CGT
L8N MS TiEnunsduitaenydiadi 50 faaniuseans Hwean 16 dleni diugauluaes
BT AT LA UNNT TN B LA T TARLURVNIAPIAENA AL 1 B JndRmeniSuaudasiinis
dapmzf cONALlapItagaLnIsugnseantesiiu 4CGT Fulffteniienslng|¥naiues F-Bam
HI-4'CGT WAL R-4'CGT-Sac | NULOLAEWaTWInLszans 1,400 Thealalng luduiivadsii 55y
nsmneleunanafia pCAM4'CGT (MW 4.46) Waziilonsageunnsu@nseantasdiu GUS &ae
Ufisenideniinaldalnsiued F-gusA uaz R-gusA 4mLEUN GUS wuunumEuweIuInlszans
400 Toadlelng uazmsnageunisuanseantesiu NPT Taaldelnsmed FNPTI uaz RNPTII

AWEUEW NPT wukduABUeIUIAlszdnnd 700 Taedlalng  luwanieildnuunuaiduaann
UAseNAGen3N 1 cDNA anfutianasanlaliiunistnetin (n1ni 4.89)
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4'CGT

GUS

NPTH

NN 4.89 HAN3RAUATITUEW 4'CGT, GUS waz NPT Fasinaila RT-PCR a1 cDNA 29981
anandlffunisdnalaunaiadin pCAM4'CGT faadsn sEnaunIAAian 1 (2) uay
futiananei il lfFunisanaleunatgin pCAMA'CGT (1) TagFeuine v uALawe

WMIFIUT Kb (M)

NTAARINLENIUNTUAANBBNURNEW CHS WazEil F3H Anenaila semi-quantitative
PCR Aneusunmunisudnsaanaestie CHS uas F3H nanasnisaialaw waraian pCAM4'CGT
ding shoot cluster aeafanany tluangutnansd iFunisdieleunaiaiin pCAM4'CGT ot
Fnnafvaynpmnainefidueuasinniedueszi cONA ielfiduR Swesun 7
a5 Tnaldey 718s rRNA uBuEsBanareslfisanidaninunisudnieantesiv CHS uay F3H
Jusating cDNA anntfavansfildsunisdnslenuaslllEsunnstnalaunansdin pCAM4'CGT 1agl
nsuARseanTasi CHS Lay F3H tulifinsulAauulasdion Beufianmuguavansd s 135uns
fnelau natain pCAM4'CGT(mw7i 4.90)

CHS
F3H

18s/RNA

AN 4.90 HaBaUaun1uaAIaanaaat CHS waztiu F3H Tufiuiinuananeinunigone lawmn
aailn pCAM4'CGT (fiun 101) foeRsnistieynia laeBaumeuiusiuianassng

(WT) kaseiu 18s rRNA
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una 5

3R UNANISIAE

51 N15LARUEW chalcone synthase (CHS), flavonone 3-hydroxylase (F3H), Wwag

chalcone 4’-O-glucosyntrase (4°CGT)

511 nslAauEN  CHS AINNAUAaNTANANYMTSNLAENALARNLIINADN

ANAUINT AaenATA PCR
n13lAauEn CHS wuubisdy  Aoawalia PCR Tneld DNA  Fuuuindu
genomic DNA uaz cDNA fiaralFannnaunanianasyneindanauasiavatsdnnuanadaam
wazlilnaweisnmsfieanuuuanntiu  CHSF  #ilaauann cDNA 989 Nelumbo  nucifera
(accession no. FJ999632) lnswnas CHSF_forward primer Was CHSF_reverse primer lAHANAR
PCR 18481 CHS wuuifisiu Ailaauann genomic DNA VBITANANLUTINUATUINAWNERALINT
WAl Fa 1,509 fiua uazidlaihfondlalnsaestiu oHS Tilaawuldain genomic DNA 1
Suaszilasedsnemesily wudn Su CHS Hlaawldain genomic DNA 2eandumenaviaaymeisn
waztvaedRALANT Hannetesdat inton waz exon Wik Tatdaumas exon & 2 T4 1un 178

!
o o Al

AUA (FIUFRILUUIRNALIN 1 D9 178) uazauin 992 Alua (FIUFAILUUNANALT 608 D9 1,599)

v
o

LAZELTRY intron & 1 T3 21U 429 ALUA (FAUARUINNEN AL 179 349607) warlduanan PCR
aa4fiy CHS wuLENLAY AlAALAIN cDNA Aidaiasziian RNA PDINALADNTIINANLUTZNAU
LAYNALABNTANAWNARALNNENALADNATUWIUI ALY AR 1,170 ALugd @unsoulasiatiu
nanaziluly 389 nemasiilu Fu CHS AlaawlFann genomic DNA va9nFumaNaVAIaY LN
wazUINANdRALNNT WLd1 RAdnuuiausuninndnseaas 99 luseautinpalelng wazliaaia
wilaufutesas 99 lussAunsaesalu ludiuresiu CHS #ilnauldain cDNA wesnaunanti
AN INLAZTINAWARALINT . WY HadumdeuiurInnd feaas 99 Tusvauiinaalalng
uazilanuwmileuiutenas 99 lussdunsaaziily 8w CHS 7ilnawlann cDNA Fa3naunanti
ummmwﬁﬂ ﬁmmmﬁ@umﬂﬁzﬁm Ausiu  chalcone synthase (CHSB) 183 N. nucifera
(accession no. FJ999628) flmanuwilowesay 98 uaziiu CHS #ilaaulian cDNA 1897w
ABNLINANANALNT ﬁmmmﬁ@umnﬁqm AU chalcone synthase (CHSD) 124 N. nucifera
(accession no. FJ999630) AAnumiieutesay 98 auRaufiaudfuiianalelnduesdiu cHS 7

v 1 1
TaaulAann cDNA  299NaUARNTINANITAaNTHARUTW CHS  1adNITHAR AN T4 UL

gufieya GenBank Wudn Hponumieuiudszuingenas 79 - 83 a1dunsnesiiluvestiu CHS 7
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o

Trauléiarn cDNA masnduABNIINANL BN LAZTANANARALING ﬁmmmﬁ@umnﬁqm i
wulasd chalcone synthase (CHS) 184 N. nucifera (accession no. ADD74169) FAoumieusas
8% 99 wazandunImazdluaasiiuy CHS filaauldann cDNA TaanauneniamadnnLanT dagnu
mﬁﬂumﬂ‘ﬁ’qm Aureulasd chalcone synthase (CHS) 4834 N. nucifera (accession no. ADD74169)
fanumileusenay 99 sdunsnesilurediiy CHS flaauldain cDNA 1e9nALABNTaTALIR
ansafinfaoumieutuddunsnezilusesiiu cHS  sesRnfindufifiseeuuuguiiays
GenBank wszannasaz 95 - 88 Bu CHS Wudufidenueyindge ilesanifludufidndoyluite
ansuiona e Induazasunnesdiuil aAuaninidge Ingmnzaumisnes active site aogiawlasl
chalcone synthase (Suh et al. 2000; Deng et al. 2012) Lﬁmmm@u%ﬁ chalcone synthase elosd
aAnylunszinunnedanzians flavonoids LAZENUANENsTLIANN R AEN T BT UNTes T e

9

A 1 X A [ c ! a o A ]
WBNNT LATNITABLAUBNFADLES (Lo et al. 2002) @mm’m@uiﬂwqﬂmzmﬂmmuwmmmmLLm

o

a PPN o o ' a Ao A ' o - o 1%
azatin MINERNNNINAI8RUE WA undensner i TundAty Nnasanisineueasieulsdazinlii
Naanameld (Todd and Vodkin. 1996) n13lAantis CHS AN cDNA 289naLnangdanaaediininand
YoiInuazNaLABNATN N 2eTANARaLNT AtlunistiugulAdnminn94319 mRNA 28984 CHS Tu

- o ) - (Wi - St o Al e o = ¥ =
NALAANLANANTTIEe9R LavanunInayi Laesdun lrauldimanmiulauiuidesay 99 ANy
1 o = [~ o 1 1 a o "0, o o a = o K 1 1
wansinsuiaaaniies uuneaumids usnsmeslluluwsumdedn Aty denadusinmaniuasilnase

v
o

nminauaedeulmlunantiananeyisaesd (Joseph and Joseph. 2000) f1 CHS  Tudauaneails
WUI1 TN1IRNUIINAUNANRE W (family genes) 11 Salaed (Tuteja et al. 2009) wadauwan
(Phaseolus vulgaris) (Ryder et al. 1987) @1n1s (Sorghum bicolor) (Lo et al. 2002.) iy luda
= DA = =~ P = A — o L o
IABIWLIINHEW CHS D9 8 B nsvansagunlaslubiuiuansneiu usastiuinsuansaanuansaii
TuwsaziiiawEe L1 WAs 10 uasaen WNHN LarNENLN9daul A NHULNALRA NAN1IEUEIN1IN19L

Mues Tuanemizaed anti-sense M1 linandal@117 wasARTA@an9ad (Tuteja et al. 2009)

Wathandunsnazluaestin CHS nlaauldiain cDNA sesnausenionaNyusisnuazio

PANARALINTNILATIEFANNA NN UENITRUNTU9811 WRauauiuasunsnayi luaaat

1
=

CHS #i7au 30 13a NlANNsseamuuguiieys GeneBank faeltsunsn MEGAS (Tamura et al.

2011) IAELRANTBNITANUIIMNNADARAL2AE Minimum evolution method ua13En1sa5 9uNund

v %

fuldl (phylogenetic tree) Aa8RT Bootstrap test laglfanuausay 500 sau wudnasunsaazilu

v 1
o a

2998 CHS 1a31iananeivaestinil Anuduiusniddmuinisuanssaanunainivelunguau ae)
Tunqueleemaniu N, nucifera wazeglunguluajinaaiy nauldausiu luideg wu Theobroma

cacao (In1R8), Camellia sinensis (1AW way Malus domestica (waihila) WAy danAdaarL
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o=l

91E9UEN Les et al. (1991) N ANANRUSNIATmuIN88IU el Nagjuunaalsnanasalun

©

vaa o aay asl . . . . vaa v a Yy
1p8 198N 19ANUIUNNAT AR AT gene maximum-likelihood topologies 1 sn19a519unun NHuld

a

(phylogenetic tree) #3235 Bootstrap test Iagldanuausan 1,000 381 WU91 A1AUNIARLH ILLD4
&1 rbcl A91T91ana N. lutea (North America) WaE N. nucifera (Asia and Australia) HANMNBLNL

nvganay 99.99 uavad lunguaasigaanluidese (angiosperm) uazngulfitiugi (woody plant)

51.2 mslaautu F3H lullyutifuazguadis

nslaautiy F3H lTuguatifaunqadinas Unuafdnnuena uazilyuans
youwisn - wudnaduiianalalndredgu F3H wesguatiduazluas  HAdnumieuii 100
wefidud vadannslrauiu F3H TuguatAmungedinasnaedian 3 wudnfiapdlandusnm
uiin poly A tail 7aelrandl 2 faumsnnndnlrauil 1 uaz 3 4w 15 ALA Fapeinnisdaamzi
MRNA 299811 F3H B1ANARINNNABNIIA (transcription) arnAdwasiuuuLLulAs i mNNINNgn 190
SeganpResiumenures wednal WEUeE uazAniy (2552) Tudnsuanisiinszifneiane
Southern blot karwLaNHeW F3H aasguatIfiungedinasunlasulauuinngn 1 9a Nakatsuka et
al.  (20053)  Anmanunugarestuluinduanzinaluassuulasiulauaesnenisafosionig
Southern blot WLt ANS uaz F3’5H 81191 4 10 81 FLI (flavones synthase 1) a9Wat 2 4, & F3H
AU 3 gauulasiulay wararusnlaautiu F3H 15 2 90 Aa GEF3HT 1W1A1,454 AIUA LAY
GtF3H2 a1m 1,382 A taefiu GtF3H1 UazEl GtF3H2 HpnnuansNaedtianalalndauay
11 fumsds usinusnflites 1 Auvbainfiidealiidrdiesnanezfilufipnauansnaii uaswy
AuutaAdle AUz poly A tail 29481 GtF3HT HAUAUNINAGIEW GIF3H2 A1Uak 72 4
\A Nishihara et al. (2005) Wit CHS Lulastulanuesfiveng (N. tabacum) 81491 3 1A Han et
al. (2010) wutln F3H vulas i Tanuauidla (Malus domestica) a1W3U 3 1A waz Kim et al. (2003) Wu
tiu F3H vulasTulnuaessivueniia (Malus domestica Borkh. cv. Fuji) a1uau 2 4a Tunistaautiu
F3H mefulane 5 Haulffien Nested PCR 1413 5 RACE oDNA 2ssnenasianafluiifuie
FuuLLAIUATL 5 RACE cDNA 1avguatifimusuqedinas dedlunsfiudullssninmaasing

e‘d‘ | a [ o a a o 1 09;
Wi daniAul A NAIWIZILEY F3H ququammmumuqﬁﬁﬂ@mmuu

ssuiapdlalndaesiu F3r Alnauldanguasifimuvgedings Unuand
Arpuang  uazUvNTIRAyMeEn  wansANwmleuiuEy  F3H lutn  (Camellia  nitidissima)
(ADZ28514.1) 76 wadiius winda (Anthurium andraeanum) (ABI50233.1) 73 iefifusl uazvize
(Gentiana trifiora) (BAD91806.1) 69 wlafifiusf (1199197 4.4) uazwulilafiu F3H luguatAuarlyny
°maﬁm’1ﬂzﬁ”mﬁuﬁmﬁﬁmmmmmﬂrﬁTfmﬂﬂm@mﬁm‘luﬂ@jm%'umi’mLﬁuiéi'ﬁ”m (mwﬁ 4.19) TN
fiu CHS Tulnuamadaaueng J3dmuinisIndiAeany A (Pyrus pyrifolia) W3 (Prunus avium)

WAL (Rosa hybrida) WazARLa (Camelia mitidissima) (Unu19f 8zl agfluaniznisinium)
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tu F3H lulyuaAdnauanenauaendsusy UuafAynssnnauaandnng
wazgua-tAausqadinasnaunendwaes dpoiumdewii 100 wefidus feuddndaesnay
ARNLNNT AUATAUATIANANNLANGNAWTaNa R AR N EURNIsuARIRaNLANFANNAY Tanaadieg
. oo o dd .
AunszuaunsALANNIsLanteanaastiulneivatsanvaneades iy lsTumed (promoter) il
UTUENANIeINszLIUNenTia NeuaAsLduuAmes (ranscription factor) lusadadinnis
nensa N19dALiuALEule (gene packaging and structure) 81aLiANT9AFRAENIULLIBIANB
< a = o v . . 1 v K a = % a 1
wuetsnBuuulasiulauinlil transcription factors Tianunsndintetsnmduls uazniaiumy
wWAsLUgEAEUE (DNA methylation) Iasnnsiiisugiuiiaasdnadnananisinauaesaulasd
RNA polymerase 7nl#innsuansaanaestiuanad (Latchman 1995) viatinnslaautiu F3H a1niy
tmnazguatifilanntaauludaulilsTlunadnestiuls asdsliarunsnagdlfannisnlulyuans
youisnnaunanaznainisuassesnzesdulidndunmziweninlaeninulisaiamgainaninaes
ngvinauaesTlstuimes aspasiinnsinen ludeuaeslilsTunastiu F3H Tulyuaimsalil

5.1.3 NSIAAUEU 4'CGT IUNALADNAUNINTAFAIN %)

naslAauEiu 4CGT a1n cDNA Tasnanauiensdvaes Wug Pixie Bells las
aanuunsmeidmiuiarale A iR 1,062 4 1,374 Uudne mRNA 20981 4CGT WaaN
Uffenteslaiumdueneszanns 300 Gordlelngd anmifuinwandaiteni@ensanun
aafla pCR8 Iaasenaain pCRE-4'CGT tdunmasauasianalemalnanudsutana
Talndtu 4CGT 41w 313 Hardlalnd uazlpauiiu 4'CGT uuufindusanljisenidendeivlng
a3 F-BamHI-4'CGT way R-4'CGT-Sacl ﬁﬁuﬁmmﬁmmmmﬁnﬁuuiu 4CGT Fegenuuyann
andutoralandeyiniaestiy 4CGT 1w cDNA gpsdlansnn 1,374 Tardlelng amiuinanan
Fdensdensefuwaailn pTZ67R/T et anaialin pTZ4'CoT wantneTaudnguuanize E. coli
anuTig DH50L #9833 heat-shock auisLanduaEuie Aadentalaifilidenmageusay
famalelng nanwvaiauianalelnsiu 4'CGT lunanalia pTz4'CGT wiHauiuaauianalalng
9058 4'CGT 0sauians (EF650015.1) 100 wefifus anthuiandnmnisuanseenaesty
mald
52 MSUERIRANURIEU chalcone synthase (CHS), flavonone 3-hydroxylase (F3H),
WA chalcone 4’-O-glucosyntrase (4'CGT)
52.1 NISANEINITUARIBDNARIEY CHS

nsAnANANTUEIRINITUARNERNTRNEL CHS TunauAaN iauaty nwisna
119 uaztiavandRaLNNTATNY taziBununsuaasaanaasiiu CHS lunauneniiauandludossses
PAINIWA LN BBIABNMTINA LTI NUAZTANANARFLNNT WUdInaNTauadeLusisn An1sLBuns

LaAIaanUa9ti Uy LAnFAA BN UL AL T 998 2NN A LNIR9AaNTANAae daulFuIunNg
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wansaanaastiu CHS  lumentinuassdanuang wudn Tuseasi 1 aananauiadn A1fEunmnis
a ~ o o
UAAIDBNTBIEUNINTIAA UATHITHIUNIUAAIDNAARIIUIZZN 2 ABNANTWIANANW UAY T2RIEh 3
pangNIA I uasiiBununsuanseantianngn Tuscash 4 uazseeash 5 Wanenlndazunu e
= IS a % a a a o
WRELNEUNILENNNIUAAIBENTRIEW CHS  TUNALABNTIANANYDIINATNUALNALABNTIANAD
o a 1 = o o a = = 1 a
Arnuanadany g lunauseniouansdrsuengdnuy  J1BN10NNTuAseaNIesEuNINNIINAL
ABNUANAMNLY MTINA219 luyn7 s2eznIW LN AnKan1maaedAInauanslifiiiugi tiunninig
= a % = dl | 1
uanspanaestiu CHS  undusantiamandiBununisuanseaninniigalutdaszazaanaulugousn
AN HINNIUANIBNATARAIN BABNH NIWENTNNNTUAUDITWNIZIZABNLIN AT NNTUAREAN
248U CHS Thaeign MaAnmnsudnseenestiu CHS lundunenlivesiavanaaianianeaum
1 k2 dsj 1 IS o a a % o a tdl
fieuuiint wuan gLuunsuasseanaastiy CHS luseniiauadyssnaandanapdaiulunanasds
ANRAWABIBRUNNIANEIUEY Nakatsuka et al. (2003) wuan luaandaawid@s (Lilum hybrida) cv.
Connecticut King Aanawiaadsen wud Hsuininisuanseantestiy CHS fes Nnszaensimmnted
pan WG lUABNAAAATNY cv. Montreux HifNnunIsuanaanTastiy CHS tanluszaznangy uavi
FununsuanaseaniInIwdananinu siluuunisuanseanaastiu CHS - luaamioandaniantd
iy ARenungLuLLuneniyiie Tunsfneaes To and Wang (2006) wiin luaeniy i@
(Petunia hybrida cv. Ultra Blue) Hisnninnsuassaantadtit CHS wnunaunansveznongy uas
anadtilananinu uazlunnsdnmes Koseki et al. (2005) widnlunanieg e v star type &1710-Uow
(Petunia hybrida cv. Red Star) ndusengdauiiludnas A1Euinnisudnseanaestis CHS 1nlunay
ABNITEIZABNGH LAZAAAYNBARNINY JUMILINSuAAREaNTaNEL CHS ARNaiUMsIdneanunaL
% o = 1 a = o = ¥
pantavandanLNnTATNYy wilunausende nauunnnsuansaanaestiy CHS taelunsves
NIWELI28IA8N NIFLARNeantevE uad1eiUlunA UrentanatsyumEnAaq sivet1egUuuunis
WAPNBRNIBIE W CHS IRNTRUNNN3ANEALUTNT Wi lunns@nmae Nakatsuka et al. (2005a)
v
wudnlumen gentian (Gentiana trifiora) cv. Maciry: aan@unRuds JUzunninsuanseanaeatl CHS
1N wazTNNUAN Ty nszaiznIWELIIeRRN 491 cv. Homol ABNAT19 WAL cv. Polano White AaNna
= = = = =
RBLTNY H1FnINNTuAAIeaNa83El CHS nnlundumenszazaangy uazanasilananiun T
NNIANEW8Y Han et al. (2005) wudnluaanndaeldl Phalaenopsis hybrida cv. Formosa rose ABNATN
= = = = =
HifFnnunsuaneenaedEiu CHS wnlunaunenszazaangy uaranadilananitnu lunsanmaes
An5 wazan (2555) wulnundaglsivinng Dendrobium spp. cv. Kaosanan andana NiFunmunng
= a dl 1 % v
wamsaanuasiiu CHS  wnlundunenscazaanay uazanadilananunu wa lundaeldnane
Dendrobium spp. cv. Red bull aanauad Aiffanmunisuansesnaedtiu CHS feasnluszazaansy

WAL HFNNIUNTUAANERNANTY L aABNENLY Tun13ANEU8e Mato et al. (2000) wudnlumanens
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Wt Sim carnations (Dianthus caryophylilus) Aana1196asa@11997%19 H1BFuunnsudnseenaeeein
CHS unnlunaumenszazaanay uazanasiananu uiluaendunsdin J1Eunmn suanseanaes

81 CHS 11N wazinnunsi lwnszazniswmuzesmen

P o p = ~ A v o ~ =
N1TNAANUIUNAINN ﬂﬂﬂ@m’mLL@z@Tij Lﬂﬂﬂ‘l“ﬂﬂ\jﬂ'ﬂﬂ’]ﬂmﬁ\‘]@‘ﬂﬂsﬂ@\‘]ﬂuuﬂqﬂﬂTﬂ,uﬂﬁ‘g‘]_lquﬂ’]?

flavonoids biosynthesis (Koseki et al. 2005, Ohno et al. 2011) lumanldnanasiaNNainsazanans

flavonoids H1NNA11UAANTNRATNY  LATWUANHNITLAANRANURNEW CHS  wazduinedasly

N2U91NNT flavonoids biosynthesis Tuaanldidane innsuanseanaestiu CHS taaninise ldlias

A

amnlinanldNAviaNdun9 (Koseki et al., 2005, Ohno et al., 2011) N1FANYTaanLEN0s MRNA
1049811 CHS  anaiuanlisanldiandasulilanndsld (Forkmann and  Martens, 2001,
Nakasuka et al., 2008) yisan1lHavasna bl asunilaaldld (Hoffmann et al. 2006) nsuwandaan
= = o = Py = 5, ) o =
2938u CHS Tunatpaniianassdanandununisuaaseansastutioandnlunaniianatsdauny
a = = =y 2 o~ o AP a
ANANARINIAAANNNITLAANADNARNEY CHS Nat A1AlNaINIAIN TR IUARALNARINNS
NANRLERNEITHTNER YFBNIZUIBNITUEN19TNe uaasEuluesTNTA (Tuteja et al. 2009) a3l

2141704519 mRNA 1nwanaglilasraaulasd CHS adumAsziians flavonoid N1l ladinanig

e
A

v = A a v | Yy ° v o a
A39417 flavonoid 17atNAN1943719417 flavonoid Uagidn VI’]IM@@ﬂUQ‘L!M“V]?ﬂVLNN

522 MSANEINISLEAAIRBNURIEW FIH

5221 msAnEIMsUAnIRantastiu F3H lunfunanauatnaasnie e

ARELNATA Reverse transcription polymerase chain reaction (RT-PCR)

ANNITARRBNFIUWNLELATIAINNANAFN]  INBANEIAINALTUE

1 = [ | =l = =l a
SEWINNTUARAS BANWBNEU F3H NLATBINALASN WUNNTUAAIRANTasEY F3H TuNauANaLATIA

o &£ A o a0 v s = = A = 3 o ~ -

anavainyisinaunen@anads Wngausnaunenain aannausandauy waadananaunanaTusy
andy rungedinasnaunaNAIAeY uAZgNEAN PW5409 hybrid NAUABNANIENIASY Y9l (Zhu
et al. 2012) wudndlunaunenguagisiaziivuans Wudlunguasweninlaatu Gt F3H 1y
gunfanudAyluandaunmzduauinloaniiu (Qwens et al. 2008) wazlununlunisdsanas
waulnlaentuluuafales (Ageorges et al. 2006) A¥HNITUARANEEN lUNALABNTBIGLATIRARNN)
wananidaisenununisianseanteastin F3H lunausenliivatetiia Wy aenvzanausend
179 (Nakatsuka et al. 2005b) aaNWINNALABNANS (Deng et al. 2012) AANENQLNALIAANATNY
(Nakatsuka et al. 2007) aanfiyiBanaunenanusy (Lukacin et al. 2000) ABNEIINEIINALABNA

{naidisl (Aida et al. 2000a) karABNATTTUNALABNAEN (Zuker et al. 2002)
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5222 nsAnlEanunisuansaanaadty  F3H  ludvuaduas

qua‘ﬁﬂaﬁqzltﬂﬂﬁﬂ semi-quantitative PCR

NAN T LN LUNTLAANRRNTBEY FIH TEUINNALIARN WNAT
uwazluaesguatAvugungedinas AaedanIs semi-quantitative PCR WLSNEW F3H LAAIBANNN
ﬁqm‘luﬁfmﬁ@ﬂaumfaﬂ snsaanAeliafenas uazuannentiosunnluiedely (i 420)
flevn  vantanesdiduseedngilidvaesundunenfiuandudynunssiulfiuaadua
\n&3(Nakatsuka et al. 2005a) FiuEi F3H AdinsuanseenludauanaLsenLAznaTINNg L
HANIMAABIAEAAReITLNITuARIRENTeNEW F3H lTuNtatinsinae 1 lunanien (Gentiana triflora)
wuNsudeseanaestiy F3H unausenuawmslinunsuasseenluly (Nakatsuka et al. 2005a) luam
?T’JL‘]J@'?"?L (Fragaria chiloensis ssp. chiloensis f. patagonica) NURNTudAseanTedtil F3H Jnlulua
91N HA UaTABNAINAIAY wiluwluiinisuansaantiasxn (Salvatierra et al. 2010) LL@:IuLL@ULﬁ@Wuﬁ
Fugi (Malus domestica Borkh. cv. Fuji) WLNTLARIRBNUBSEW F3H luzﬁqum@qm@u’]n%m TEAINN
Aallaanua 30 ALNAT LaraiaanANAaeL Laylinunsuaasaanuestin F3H Jwlu (Kim et al.

2003) Wil Shen et al. (2006) WLNNTHARIBENUENEY F3H N0 lluaessiuwleRng (Ginkgo biloba)

=2 = d’l dl =
HANNSANENLENINNTUAARENTaNEW F3H TulalEiamnas uaznay
ABNUBNLNTAAARLNNTIY 3 szaznsimWITesnensieLlizen  semi-quantitative PCR Tneinns
a % a @ 1 d” dl =l d‘ a o =
BN AINANNEINTaNURS WATIAR WUAIHaEaNALABNTEEE 1 aennaIAdRALNTH
BNIINNIUAPNERNTENEN F3H NINTIgA waztEunmnIsuaneanaestin F3H azanadlunaunen
eeEd 2 UATITEE? 3 PINANAL YRENLINBNIUNTLEAIannaeNEw F3H Tunauaanilyumig
Anauana luisiayszaznaiawnIesnanaanpdasiuAnaLAen tnanauAaNsyaz? 1 NATNENNN
V140 99989NAD FT8EN 2 UATIREN 3 PaNanAU Tulaifianaswunisuansaanaaddn F3H lusyas
= = o = = o = = = =
7 3 unige Wesannasluszazi 3 An1sWEWIAINNATUNALABNUATHAIWIBNRTHYRINLING
LARNBBNUDIEIL F3H NIZUAANERNTDYEW F3H Tutluaayamsnnud) iakienaunanszazi 2 §
NNILAAIBBNTBNEIN F3H HANNGA 798I01AD NAUABNTzZN 1 wazlinunisuanseanlunauaan
2 = = Yy o oa = a a Aax
sv8iEd 3 BNNIUAMNEENTBNEN F3H luNaLABNAanARRI LALBINALABNLINTNG 1aBnNNATMY
C oo o o r = T i
aauRengsnmlaranaulusyash 1 uazdmaulussasin 2 a1ntiu daunazvnahifluszezi 3 (nw
1 4.22) Nakatsuka et al. (2005a) An®INNTRanaaNIetLlUADA AT TLanin o Tiulunan
wenluszaznINmuITeInan 4 seay Ao srazaenaNNAUAan NN Avuannaesnaniiaandd 30
HARLNAT ITETABNANNALADNANNEDN ANNENNTBIAEN 30-40 LIUALNAT TxUZARNANNALABNA
199 ARNENRTBIABN 40-50 LHURALNAT UATIZIZABNLNUANTINALANANIS WUEIW F3H uansaan
= = = & v - P =
seglunanizaluszasi 1 Weudnieawindiy nsuaaseeniinduetnsdiaauluszasi 2 uas
wapspanNINNgaluseazi 3 antiunisuanieananadluszezi 4 uaznidiaanadeanuBuinuey

WnlzeniivlunausenlnenudnBuinueninleetiulunauneniznasiiaauizes Mausszash 1
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wazazanngnluszasi 3 uavanasluseasi 4 uaz Castellarin et al. (2007) WudnHa1BuIMNg

7

LAANRNTBNEY F3H WNTUENaliNsazantesuauinloentiulunaa Uiy
52.3 MSLAANRANTRAIEU 4'CGT IUNAUAANAUNINTRANN

nsAnEINIsuARRaNIasEu 4'CGT TunanaudanswWug Pixie Bells Aand
A a a = - ay % a asa 1 a

ABY ANy Axo9 Uay 8110 waz 1iug Cameo nandduuazuassoamatinlfisangnidindiuaiss

A aa 'S . . 1 a’l o 1 aldl ] = = o
NIBNTBNT (polymerase chain reaction; PCR) WUINARANAUNINTWLAAZANUINIANBHINTEALNIT
LAANEENIBNEW 4'CGT Nuansnaii Tnanudnlunendmaesiiuiunisuansasnaestiu 4CGT
NINNGA  FONAINIABAANA AN WA 210 TNW  wATWUNNTUAAsRaNniiaangalunendtas 19l
dl 1 = aa dl dtﬂl 1 o 1 = A ay A dld
Wasinannluusazdnaniiunatugunisuanseanaasdanuansivdulunendunsised§uEund
UNUMANATYAD DFR @9 Nakatsuka et al. (2007) lHAnmnisuanaananguaunslnedudanig
WAANEENIBNEYN FLS WAy F3'H 184nBnanguaTyy Aaemalin RNAI $anfunistnau DFR Nl
annadiisnelilinisazanans pelargonidin Suiluaslunguuaulnlastulazaiunsonannan
ay ¥ Y & oA = ° o a i { ay | = o
enguAdNlS uansliiiudngy DFR Hununvdndtylunisuaasenlilunguaanddn duneaiu
NUIAEURY Tsuda et al. (2004) WAnwINsuaRnanNYHsddulas U insuansaanaastiu F3'H
fnemalin RNAI Tunandunanain1sazanans cyanidin Sailuanslunguueulnlaeniiu uazidiadng
tiu DFR Nldannuauindnliwudnlfieenanguadn wasdldimiudngy F3'H SunuandnAnylu
nsnasaenlilunguaandunsanialunguaen@aunsion :1e91u89 Ueyama et al. (2002) wudn
\Wefuinisuansaanaasiiu F3'5°H lunanuaangawig summerwave blue Miflupan@uoe il
o ~ : 4 o 9 = , | =< ny =
THnanuongandsunaeuuaiatfulioNgnandTuyeeuNatEu F3'H deldinanuaanesd
muydin dufusendisatlunenninisszanueuinlae tuaiia  delphinidin Miunananaintiu
F3'5'H Tnel Katsumoto et al. (2007) Wu3IN1stngEiu F3'5'H a1n viola Ariunisdiudatiy DFR T
paNNUAILAINN30YN TABNNUATUANISUARATS delphinidin ¥ nTuLazNAnannuanunlaawlil

a dgl 1 = A :; a o o =

NNANNHINAY daulupenBananusntiu CHS dulumImaAntaaisneenuees Van Der Krol et
al. (1990) NeNUNANITEUEY CHS Tunanenguainiiniilunandauyuazidedudstiu CHS
Fagmatia antisense annsonaliinnanaguaunals uaaslidiudntiy CHS JunumdAny i
Tinanlfifludanals lwanehntiu 4C6T Sumuamndrsnylunisdunszianslunguealsunliinug
wiaedlunauAenawiang @9 Ono et al. (2006) HANEINsAaLuLasETRIARNWIINETIANABNE
dnandnisarananslunguuannlaentuuas Wimuddes aandsnisduditiy DFR aauAniunIg
tefiu 4'CGT waz AS wudaanuangainislasuwlasaineendsisailunendiassanyisnen
AILLIZAUNNTUARANRANTBNEN  4'CGT  AiHasanIsdATviasdanialumad  annimaaas

ANNNTONUIEALNTUAAIDBNTAIEY 4'CGT MHunTigalunandmand
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5.3 WANISHULNNITLAAIDANURIEN  F3H Wassu 4CGT  mtnAlA  RNA
interference (RNAI)

53.1 nsuanseanuaddu F3H lunfumanguatisgnuan PW5409 hybrid

LASULAATENA NEURINITEULINTUAAIDRANTRIEWAELNANA RNA interference (RNAI)

ns@entnns mRNA whwsnglunisdudanisuanceenassiiy F3H  Foe
mATiA RNA I iRentiansumieyindaesdu F3H lufumied 336-644 deliAanmsduganag
LAPNBANUBNEIL F3H Tuﬁmﬁluuu‘im‘iuhmmﬂnmmﬁzﬁvmmmmjéﬁfmLﬁm@m WANEDT LNFUNWA
WATANLY (2552) 3189711 At arestiu F3H lulumAdnsuenaiisnnndd 190 WAZTUAILA U
@ Whasnefilddauna 308 Tanalalne VIzJ\iﬁyHeilerSig el &l (2006) Pe1UINNTHTuduR LB
Whusngawnadszanns 150 Taaalelndlunisdudinsuanteantesdufoainaiia  RNAI 3
Us@v3nmAnd uAEue I eszanns 500-600 fanalelns uaz Fukusaki et al. (2004) s
Rentsions ORF 2esihudly mRNA wWhwnelidss@vsnnlumsdudinsuanseenaesiuly
ANdINI9iaaNLFaN 3 UTR

ANNMsdanAATeNA LN LATIANEMAINIE ElaueAEaS  PUAWOHLS 1i5a
WAWaT pJABF3H Aaedsnis infiltration tnafeyinsuuAnFeddunuzlunaunanaesguatii
qnues PW5409 hybrid uazuandena Tiagsluilseutaduna 3 5 linunsdeuasmed@nay
panluyanaLnanisinsdialauaames pJAWOHLS y3a1Ames pJABF3H RaeREnAs infiltration

9L ¥V v
o a A

o Bl =810, M2 . X A7 . 2
HauFaufaunudeesnauneni ldliFunisdnalawaamas (Nnh 4.28) ellillasannnisduganis
uapsaanuesEin - F3H - Ansaulkineananazinlidaesnatnenguatiane 2 - Wugilasuuilas
ARAARBNNLNNWISEARY Nagamatsu et al. (2009) lunisdiuganisuansaanaastiu F3H Tufuda
waRsAemATe RNAI Inanistnagiufaedanis virus-induced gene silencing (VIGS) wuanfiuga
wiaean lasunisanslauinmmes CMV-ATETH (RNAI) wazidsluEeumistn lfdn s asnulaguas
ANHUTNNAUBNTBIAUTUNAY UANNTLAAIRaNIaEY F3H Tuludaraesanaalanzaunaunufiu
dvve N 4 . 4 .

Alasunsdralawnamaiitlan (control) Maaeluizaunizdl waznunaitaeuullasesdanaauuy
dndavmesdiinnuen)  andduantimananadudduenmnluiudamaedléinistdialeu
wAwes CMV-AT:F3H (RNA) 7deslugpuannismsiulnnemndaldiunistieiu uaznns
wapvaanuasty F3'H luludawaesanase 97.6 wefdus WenFaumauiusunldfunisdnalen

P o = o
nAEBTLLUAN (control) NLAe TaIINIZTEN

annaAne i Tinesiiu F3H lundunenguaTBignuan PW5409 hybrid uaz
uapdEma menden stuginmsuasteanuesiuianmaiia RNA wm"maum@ﬂfqumﬁﬁ%’%umidm
TaunAmes pJAWOHLS (control) &983an1s infiltration Tneid ez insunaf Bealunme VT”ﬂwqm
TRQNNAN PW5409 hybrid uazuasdema Siunumsugaeanteasdu F3H unfign sasasunie

nau penauatAn W lAFunIsteEy uaznauseniliiunistnalawnamas pJASF3H (RNA) Hnns
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udasaaniieauinedmiulddn  WewFaudauiunausenildsunisanalawanmes  pJAWOHLS
(control)  YiBBNuNNIUAAseenIastiY  F3H  MisaulunAuaenauatEn HFunistneTan
nAwmad pJAWOHLS WaufFauaununauseni W lEfunisaetin Amadiinainnisnenduedans

QUATAFBANNIATEANNREATNAN (osmotic stress) anMsnliFunnsRndaasuanuaatiiadiing
Fuannaunaniiiissueedininnne lumasiianadaslas  AInseIUnNLdNANNATEANIG
apaluAndualit weunlsentiuiinsazannivs@ulunaaneatin wy wadequ (Cormier et al. 1990)
Fiuvel (Ramanjulu et al. 1993) $1nd19Twa (Kaliamoorthy and Rao. 1994) lu Arabidopsis (Mita et
al. 1997) wazwudngulaudand [(Populus deltoides (Marsh) Bartr, var. occidentalis (Rydb.)] inng
uansaanrestiuliind fanmsieuinlosntuiinduiliedannaan wWraanieaealumn (Tholakalabavi
et al. 1997) D4udi913an17 infiltration Az lFnAANNLATEANIIRa4 I AN TuNTwAnLd TuAEN59
Wean lunnsAnsnnisudssaenaesiinluieianagiin Shang et al. (2007) l&dnady GUS way GFP
= = A a 6. e Y aa e ) ~ aa

avlunALABNENGLLALNALASNNIIHIRNNATAL  Fnedsnis infitration TnefiTeasinsuuAnGeanans
Wug LBA4404 iluwane anamasnistnatiniungn 3 44 sunisuassaanaastiy GUS lunausan
m@;uLﬁ@mwmuﬁwmm:mﬂ 5-bromo-4-chloro -3-indolyl glucuronide (X-Gluc) Wuu?‘muﬁgm?ﬁ
09/ a d‘gj d” =l A al dy dl e a a al dl
ihRululledianauaanengy waznunsisesuazasilsiu GFP Tuileflaadnaunaniygieile
inlilagaasunialéiuainganisacius Zottini et al. (2008) lAvinnsanatiy GFP. HaeRsnig
infiltration Tnef@eerinsuuanzenateiug Gv3101 Wuwmgluluedunmizimenussunmiziaes
d” d‘l %3 1 =l [ al d’l dl 1 U
WaiEla MevaInistaeEwdueal 6 91 wunisuasseansedilsiu GFP luiliaieluaiunialsuas

Waeasamus uaznszaeliintBnalunialunan 12 duniemasnisasiy

TunAuRENgLATIALARTENASAWA 3 uanNatUEINNTuAAsRaNYDNEN  F3H
HeaaunnTunausenlfsunisanalaunanes pJABFIH MdtiatanaannsaLdanisudnsaenaaativ
Nlaanysnd Nishihara et al. (2005) NAaBSEUTINTUAAIDANTASEW CHI FaenAtian RNAI Tufiuengi

7 fiu nufiundusinisuansaenaastiy CHI ldanysnianunm 2 fiu

MsuARIRaNIRsEY F3H anassasiulEdalunauseniilésunstinalaunemes
0JASF3H (RNA) e Bavuiedunaunenilésunisdnalawnamas pJAWOHLS (control) VT
anMseiganIsuAnsaaNIesEY F3H Aaansviaunts RNAI annnnsangfudaedanis  infiltration
Tnedl exlnsuuaiidedlunuzlunauaenguamai 2 1iin Gsnmeassdudinsuaneentest
TilszaunadnSalufaansia [y Shang et al. (2007) Evinnnasiugamsuans aantedE CHS uas
&1 Roseat aailuflugmiing transcription factor AqewmAlla RNAI Tusinen AwlanslaeAznnet
aunA (particle bombardment) antAnilli@esens Murashige and Skoog (MS) luszin
WReiade wudﬁmm@ﬂﬁm’?ﬁmuummi MS neudanisanegudunan 8 AW fens
Wasuulasesdnaunenawiingann Auaailudann
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532 NMSEUEINTUAAIRANTRIEY 4'CGT TUNAUABNAUNINTRINADINUE

Pixie Bells a2etmAatia RNA interference (RNAI)

v
o

TufannsuaneeanaesEy 4'CGT fawmaila RNAI nnanasannnistnalay
NANERA pJAWOHLS 438 pJA8-4'CGT Lfﬂﬁ@jﬂﬁumﬂﬂgumm WU NALARNALTIN TLET NS
defeu  warafin  pAs-4'0GT aifiniawdnuutlasresdnen  eraifiesandufinauauns
Wasuulasdeeniilufuivnanususuiuiivay (multiple genes) lungeLRuN13dLAT2a38 (Ono
et al. 2006) RN U anTuAANeaNIEY  4CGT  ieEuRenanadsld fieanasianis
Lﬂ?}lﬂmmmﬁmmﬁﬂﬁﬂg (phenotype) HANNTAAIZENTUAAIRENTREY 4'CGT lunAuaanay
Sana?lEFunsdnaTauwanadio pJA8-4'CGT WiRenALTINA 1§ U9t Teunanadio pJAS-
#CGT 41 3 aan anvianan 7 men aifinns Asuulasss funisudnseanaediiy 4CGT bana
RARINNNTILNIULEBNG atil sewdneindiien LR warinasianisininlageasie hairpin RNA nelu
wiaanT (Helliwell and Waterhouse. 2003)

[

5.4 NN9ANAEULINFIANA

u

5.4.1 ANENTUAIUETNAURAZEATAIMTAUNSANADNSINIALARRRUDILA

URNNUFUTEN

HANNIAN T UAIUENAUNINNZANFABNIINALAAAAUBITINAWA LT TSN Tneiin

=

4 ¥ 1 v 9 1
FudaufinuluannAnng TudaumaananANNZINIUNn 3 Jaaums uasdudauiadialsnylans

2aANNIUIA 0.5 HAAWAT  NWANZIAENUNeIITWINGRS MS (1962) MIANANIALANNNS

o

\STULAL T ARG wudndauiudiufinuluandnzannsadntinliiiaunaaa lfinngaie

a ¥ v

INTRENLINEMIGAIN 2,4-D Aonudindiu 4.52 TuTastuang sauriu TDZ manudisdiu 0.45 Tulnag

a1 Teefnlefidusinainunadagaign Nazuuunisasnmulngaign MIANHzdanA&ed

q

o = a a a a aAa [ 1% v .
AunisAnEnisEsnEnls uaznisinuentedentFleatinunads 289ndaald Oncidium (Gower
Ramsey) (Jneng et al. 2006) WUINTUAIUIALDATINNZIALNLIUBNNIGAT 4 MS (1962) NN

2.4-D 4.52 lulasTuans souiu TDZ 0.45 lulesiuans andnsadnin lidudauinanaada Ly

TUAIUANLAAANANNZARIUNA 3 NadAT  a1unsndninliinsuaasals  Tnaunada

1
yvaa

aunsnRs AL TR IAANgALNaINZIAN e IgRINH NAA Ao aidind 40 Tulastuand sonru

=

1Dz audindu 05 lulasTuand Teadulefirudnisifiowaadageaign JaunaALazAZULLNIG
a a dl o al o 1 v =l dl al o v o =S
wsnyiulngangn tnsunsdasriansuzitlungufion 8119 dnwueaseduiunsAnEI199

AAaR (2548) BanUdTUAIUALIUAMNANALTINZRENUUANMNIGRTNT NAA Aonudisdiv 40 Tu

Tastuans sauriu TDZ avadindiv 0.5 Tulastuans asnsadninliifalaunsnieniislalénngn ws
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-8

IndAeiunsmnzidesdudsuliresnmanuRuggnNansendng Carl Red waz Rosa canina M

2711349 MS (1962) NH NAA 1.3-26.8 ulasiuand sauriu TDZ 0.23 lulmasiuand wudiaunem
dninlifiinenisleataunadalfinngn (Visessuwan et al. 1997) UATABAARBINLINIIANHIUA
ARSI (2545) MWL TUAIREBAAINANN N AZULLNIAS AL TAIBILARAAQINGALNBINZIALN

Tuausgms MS (1962) MEn NAA anudingu 50 Tulastuand sanriu TDZ monadisndiv 0.25 Tx

v

1AsTuans waTdanAR@ITLNNTANENIT8Y AAREE (2550) NNUINTUAIVANLBAANNANNZANIZLALN

o A

UueMNIgRInE NAA ponudindiu 40 Tulastuand danfdu TDZ avndindin 0.5 lulasTuans &

1
=

AZULUNNFRTALIFTBNUANAAGINAA  WLIIUAIRININNZRENTUAIUANIBAAMNANAZUIY 4

q

Flpudauarainaunadai iR sn Lﬁm@’mu?mm?faﬂﬁmﬁﬂ’ﬁmaumu@m@miﬁhﬂiﬁ
eutson@y  wasinmsuanudeuinglidndmadiingy Ay, 2542)  uasddlndiReeiy
ANTANHIUD Yang et al. (2009) ‘ﬁﬁﬂ‘mmmm mannitol, abscisic acid (ABA) Lmzmﬂm@ﬁwuzdm
Guis (1un) InelTudientilarunn taandn 3 AaAWAT, 4-5 TaAIAT, 6-8 TARAT LAY
W1nndn 8 Tadne fnasentsRaltunEneNiRleAT duaL N RALeATaY Chinese soybean

(Glycine max L. Merr.) wuindudouientitaniawisiasndt 3 Naawss dlefimusninia

a a

upaAa LA NN ANlaNLB laAINIEug LN RUUAA 4-5 RadlNnT NaNInTnN A TaNRNIaNL]

1
o A

Talfngn uuemsgns MS (1962) N mannitol 3 Laflaus 39U ABA 5 Haaniusedns

b

a a

| & & A4 de & A = = & - = & A
@ﬂﬁﬁ1?ﬂﬁl’1§~l 2N AR BLEAMIANNAANNLTEANEN N HuAINAIRANTN 1HRsaINMULERLAT TN

q o

Hauwadniiullenalndn uazlineuanessanismiziaewindieisniaualve (Nanus, 2540)

] ng ] d” dl a d‘d a a 09: e © Y a o v
musﬁumum@meﬁmﬂmm@mmmmm 0.5 HAALNAT UU @’]N’]?ﬂ‘ﬁﬂ%’ﬂﬁLﬂﬁLLﬂ@@@1ﬂﬂ

all A a aal i '8 a a a
NapHaINITIRENLINE M 74RINE picloram 24.8 TulmsTuand neauinuazazuuunisEsyiuis

! b2 1 b2
qegn TnauARARAEAATUNLENIIRARNTRTWAIN uasHANHOIzINITARUREeadN] AiTEn

savTLAadaniRnTuasIuA T auRsdnei 6 mm‘fmxﬁi@ﬂj Wasuiudtimauazang 3l
ANEUTATNIINAY nsANENTEnENAMsialaNNAneNLE TeATT489 Alstroemeria WLAWAARE
ﬁiﬁmﬂ?ﬂyumu%@ﬁLWﬁzﬁyﬂquumm?Qm MS (1962) il 1AA 0.5 'lulasTuans saurdu TDZ 10
nlpsTuans Wt llmnzmnnzdgsunemnsgns MS (1962) #An  picloram 20.8 ‘ulnsTuans

gnunsndnun lidugqunia TauiAnaxNtdlalé (Kim et al. 20086)

54.2 ﬁnmgm‘mmiﬁmmmus'mmsl,'ﬁmmmq’mLLﬂ@é’ﬂmmﬁwmaﬁuﬁ:qmm?n

-8

! v
HATBINNIANHIGATAIMININNZANFAAN 9NN DATDITUAIULAA AR TINAIIWUS

3

youwisn Tnethdudouuwaadailfunainnisaesunemsudagas MS (1962) MEN NAA AN
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Wi 40 TulAsTHANT dauiu TDZ Aodidndiu 0.5 TuTasTuans iWlunan 8 #1an9F uidaseuu

21U7uINgMT MS (1962) 171Lﬁummqu@mmm’%mlﬁuimﬁm&hﬂ NUINTULIULARAAAINITD

1
yaa

Wanwniluganlfangaamiziaesuuesuigns MS Man BA avaudindu 50 lulasTuans tae
HIUALARAALATAWILANGINAN UATABAARBINTLINIIANEINATEY BA slanisdntiiniafinaen
U89 Zantedeschia aethiopica (Green Goddess) (Kozak and Stelmaszczuk. 2009) WLINTUAY

AAATINZRENLUBNUNTEAT MS (1962) A BA 25 uaz 50 lulasTuand anunsadniinlidudou

1 '
=

Anean (axillary shoots) tixnign e BA iWluasaauannisasayiiuinlungslalnlatiu nfes
Vunnlunnsuile apical dominance 2asuidading wazlun1siinanuiuaeas Aadauninasulas
Wanwiluedenzinlfiuaesiug 2 nguae eantu uazlalalatin sistduudsauivatiang szaznng
a a le 1 A o = o 1 :/I a dl U A v o/ 1
\wstyiutnnesTudaung wazsraLvsadadouaataesiuuia 2 1tianldlugnsanuis Retindndou
wa9l1lnlatiusaaandugeau (Lilalativiinndiaandu) aznseiunisiagen endulunagunsmia
1Y o/ 1

tdl 4 a = T a a 1 a d” a 1
nsiasnslalnlatiuiesesnaben  uitindndoureseandusie lalnlatiugeau (@anguninnanlaln

latin) aznszfumadasuulasimu Weniiiagn (Raaqwi, 2540)

5.4.3 ANIENIIEAURNZANABNNTONEEW Antisense Dihydroflavonol  4-Reductase

(anti-DFR) 1NgianaeWugyaman

HATAINNIANHITUAIUENAY UazATnIsnmNIzan  AenististulngiAsasieayniAwLL
PDS-1000/He fiiwatain pCAMBIA2301anti-DFR ludiudaue anuasnAIgana nANNSNIunn 3
Hadwung Ingmudansan lHAINNIsEITUdIBLARAANINIZIALILNANMIIGAT MS (1962) TLAN BA
Adingiu 50 lalasiuand luan 8 el anmisasrasaunITULARIRaNUeNEL GUS il
d9m3719 (transient expression) Tne@s GUS histochemical assay W1 diudausaniliauiuand
oa’ a dl A a v (5% a a 6 1 ng v | dlgj dl
IRugangaas nstNfaefngdiaenawia 1,100 Ueussanswtn laaldscazvinsaasiiaiie
Whuinne 6 LiuRms a9 lfanuauanedt 4.8 aasaduiaikio 4aunistefoafitaaauauin 1,100
Uausdsansein TneldsveziasaiiaBauliunig 9 wHuAmAT warn1sBefsefnadiaaNawIg
1,350 taussianissila Tnelfsvazieaeaiiadianiunng 6 uaz 9 wummeas ldifinapduRu
AMNNNTUAANRANTANEL  GUS wuLdaAsn  antiuidudauaaniasoiiuin ldnasainiaeeuu

o A o 'y = 1 = % ac aa '8 [ 1 =
amnsAnaeniiung 8 dilaininmaseunisiieguedtin GUS fredsidand nauwudn wusly
GUS lunnasnis delumsaiunanisngaaaudieeds GUS histochemical assay ¥aiiagAIN
Qy ] dl o % aal . . al o U =K a 9/Q91 ] dl o
TUAIUNTNNNARBUAIERT GUS histochemical assay Hanuautias asdlanialiiiudountinun

:; ay ! -dl M Yo 1 = ! =
noaauiuaziuiudoun W ldiiunisonetiu - dountsmsagaunisuaneantestiu GUS  wul

dqm37q (transient expression) 1agd8 GUS histochemical assay 184TUdIUABAAANNANNZAN
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k4 v
= a o a a K

1WA 3 WAAWAT WUl HReAtnRuinaulunionimeaes uazTudeuntenanAnnE L

q

o a 091 a dl A IS4 Y a A o a’l A 1
mmuﬂmmmmuqqmmm NITENAILNITELALNAUNA 1,100 Uaussansnetla laaldseasringaes
dg/ dl a dl v o dl 1 le dg/ dl :j o Q’J ]
Wl g 6 LIURAINAS en\ﬂ,umuau@ml,mﬂ 26.11 ANFADTULUBLLR AANUUUNTWRIURAN
o A a a % o A N = Y adas g
ﬂﬂﬁ“’ﬁﬂﬁ‘Wﬂ%‘l’]L"WQ.JLﬁlutﬁliﬂuu‘ﬂﬁﬂqﬁ‘ﬁﬁL@ﬂﬂmqﬁl?qqﬁ‘ﬂUﬂW?Nﬂ%ﬁlﬂ\‘iﬂu GUS AILITNTIRNT

WLAN WUEIW GUS lunnasnig iuhaaniv

1 2 1
=

[N TUdIUEAALATANEBAAMNANNET LATUN TN B EUN RN LIWEIMTARRENgAT  MS

(1962) MiAs kanamycin ANNdiNdL 50 Nadansuseans waz BA Adnudindy 50 TulasTuant du

1
aa 1

a1 8 #UAY nudnTudiusaaNlan nnigatstiulag bl s uRTIEAYNTIUIA 1,100 Uaussa

= ::4' \ & A a = = ~ o o
FN39H Lazsvazianidatianiivang 9 Liufwns inismsgRninuwennsdniaenlinngn
AOUTUAIUANUBAANANNENARINANYBUNNALNUUDIMNIARIAENGRT ~ MS  (1962) WL
kanamycin AMNENGU 50 Aaansuseans BA Asdindn  4.44 Taulasiuans saufu NAA Aw
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wugndanuuay - Aeonsdindu. 300 Haaniusiedans ainisanndnmassinsuuanFanls 100
wafidusinn Tunimeasstianstjgeusdinunatunasndiniu 250 Haaninsedns Tlaunsm
o o dgj a a % s 1 = % dl 1 a ada dl v
napmes:InsuuAnFaNaafuionasaEuld Gaunns19aInaEuIedIandll (2554) Nldans
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1.1 m'a‘m'?'sﬂu'a'\mﬂqutﬁﬂuﬁ'aLﬁlﬂﬁmgm MS (Murashige and Skoog. 1962.)

1.1.1  n19LATEN Stock solution URIBIUITLNIZLALNLUALED

= . d” & A = .
NN9WsiTeIs Stock solution ABIBIUNTINNZIALNLLREAgRT MS TReLATNAI LB
Macroelements  (MS1-MS5) THRAMNENTW 10 11 189N dNdunfen1s1E wazdinaaa

Microelements (MS6-MS8) #ixadadindis 100 W1 A9A1I1981UA1S

- AMNLTNTU AAMHLINATR 1Funsas
MS fA19LAN stock solution
(mg/l) stock solution
(g/)
Macroelements (10%1)
MS1 NH,NO, 1,650.00 16.50 100 Hadans
MS2 KNO, 1,900.00 19.00 100 AadanT
MS3 CaCl,2H,0 450.00 4.50 100 Hadans
e MgSO, - 7H,0 370.00 3.70 100 Haaans
MS5 o
KH,PO, 170.00 1.70 100 HaRAMS
Microelements (100 win)
MS6 ZnS0,.5H,0 86.0 8.60 10 Ha@ans
MnSO,.4H,0 223 2.23
H,BO, 6.2 0.62
KI 0.83 0.083
Na,MoO,.2H,0 0.25 0.025
Cus0,.5H,0 0.025 0.0025
CoCl,.6H,0 0.025 0.0025
Microelements (100 win)
MS7 Na,EDTA.2H,0 37.30 3.73 10 Ha@Ang
FeS0,.7H,0 27.85 2.785
Organic nutrients (100 Wi1)
MS8 Myo-inositol 100.0 10.0 10 NadART
Nicotinic acid 0.5 0.05
Pyridoxine.HCI 0.5 0.05
Thiamine.HCI 0.1 0.01
Glycine 2.0 0.2
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1.1.2 MSETENRIMTINIEIAENIUALERgAT MS

a

B4 Stock solution @342849 Macroelements (MS1 - MS5) 1311513 100 Haaans
WAz 49u189 Microelements (MS6 - MS8) 1511ms 10 Haaans 1dludninedauis 1,000 Aaaans
ansiAnsEnauas i TINms Usyaunns 800 Radams WANTINA1A sucrose a9l 30 nFu M uvia

b % o va b4 'S

widAuauazateunm U5y pH MNAUssnnnl 5.5 - 5.7 Aaudnsazane NaOH 1 uasuea WAz
A138za78 HCI 1 uadnea Uiuifiunsgaiinafaariingu insuims 1,000 Haaan7 AN agarose

o 1 a ) dgl dgl dl 1 dg/ v 2 AJ 1 dlgl dl o &
agar adltl 8 nFusedns theunamnziasadiatie lldnmefoeudielleainige NANAL 15 Jaus
FlRRAN319H9 wazgunnE 121 adAgaiEea uaan 20 Wi HiersmnziaeNiaiEia NN 199
d’l 1 % ¥ 1 6 a a aa v
e wldaruufio 2uadunnuauagnans 10 LIURANAT auazilaznam 25 - 30 Hadanslugilaan

dg/ Qw 4 & v < o < Il a d‘ < E/dl a Yy
Nkl mﬂummimumzzqmmm mﬂ@lqummmnlmmzmm LﬂU1’JV]@MMﬂNV@\‘I

u

113 mswisnamamzidsaiiaiiogas MS MAnmsarugunisiainiula

NAA tindu 40 Iulasiuans waz TDZ wlintu 0.5 tulaslaans
19 Stock solution @918 Macroelements (MS1 - MS5) 15u1/9 100 NaaamT
LAz 4911849 Microelements (MS6 - MS8) 1finnms 10 Haaams ldludininedauan 1,000 Haaans
mmfulﬁumimu%muﬁmlﬁuim NAA indin 1,000 Tutasuand aslil 40 Hadans waz TDZ
diastiu 10 TnlasTuand aclul 5 Gadans antiufutiinia sucrose 30 N3 Auliiazane whayu
pH 19iagluda9 5.5 - 5.7 A9e NaOH indu 1 uaans diuisumsdlu 1 amns Fantindu i
agarose agar 8 NfuFaAMT LUYIEIATWIA 1 BmT USNIRT 500 NARAAS st lilidssin@adae
uitatiapausile Tneldinonadi 15 Ueuddennsnsiin gounni 121 agAigadad 1unan 20 Wi
anifuseliienniduas gruunszuins 60 a9ANLTALTHE wamsasluauiiafisindeuda
Uszanns 25 Dadanssaauuie Wee i fuaiuwkafidewsilugmatainazenn i

2113 ingnamnRiies

3

114 MSATENDIMTINIZIRLTALEAEAT MS TILANAITAILANNITIASLALTA
v v 4
BA LNty 50 lulasiuans

a

199 Stock solution 4912849 Macroelements (MS1 - MS5) 1511515 100 Naaamns
WAT @914284 Microelements (MS6 - MS8) 13u1ms 10 Raaans ldludninasuuns 1,000 Jadans
mmfu@umimuamm@?mLﬁu‘im BA diaviiu 1,000 lalasTuand asli 50 Aadans dairana
sucrose 30 N3N AWliazat LAALTU pH Tiegludae 5.5 - 5.7 vt NaOH indin 1 Tuaand U5y
el 1 ag Saeniangu i agarose agar 8 Nfusaans Lk larpuIn 1 an9 Usums 500

a

a aa :: o dl 1 dlg/ 1% ¥ dl o A [ L le
NARART mﬂuumiﬂmmmewmuqmmmu% IneldAinuaY 15 Uausmamis19tia RIYZIAEN

u

201



121 aepmaidea Wunan 20 win ainiuseliiaisfiuag gumnilseunns 60 a9 EALTHA W

4 dl 1 dy % a aa I 4 dl <1 o [~3 v dld
a113as AU N TaLaIlssNId 25 HaRAATARAUILE WAR1UITWIes tALAuLiaNg

a

[ a [~3 ol ay
@WMW?VLQIHQQW@W@ﬁ]ﬂQZQWQ LﬂU‘ﬂ’]V'\ﬁ‘VL’JVIQMVIﬂNVI‘ﬂ\‘]

1.2 NISLATENRIUITINICLALNLUANLSE Luria-Bertani (LB)

1241 NISLATANDIUNSIANLTA Luria-Bertani agar 1311519 1,000 Nadams

Tryptone 10 nu
Yeast-extract 5 nu
NaCl 5 n5u
Agar 15 nu

]
=

arasduNANTIMNA luINNAY UsUiEuns 19y 1,000 Aaaans w liilesin@man

QrUNYH 121 asAnaiiag ANAL 15 Uaudsoniaeiia iwnan 15 wi

N J 'S a aa
1.2.2  NMSETANaINITIaLaLda Luria-Bertani broth U3u1ms 1,000 NRQAARAT

Tryptone 10 njy
Yeast-extract 5 N5
NaCl 5 nju

v ¥ 1 1 9 1
arantdruNaN e lunnay UsuiBuansliasu 1,000 Aadang U ldiesin@an

v
QUNNH 121 asAalTag ANAL 15 Jaussaniseiia iunal 15 W

1.3 mswmsantninas CTAB wUsnims 1,000 Naaans (Doyle and Doyle. 1987)

angazang Tris buffer pH 8.0 udw 1 Twans 100 Nanamng
41382818 NaCl indu 5 Tuand 280 NaAAMI
A1382aNe EDTA \indiu 0.5 Tuand 40 AARAAT
@19 CTAB (Cetyl Trimethyl Ammonium Bromide) 20 n3u

ALANEAIUNANTIIUNA TUUNNAULENAT 1,000 Raaans iaaziniiwinasld1dain DNA 19
ANAN3 polyvinylpyrrolidone Waaluiana 40,000 (PVP-40) 4 N wazans f-mercaptoethanol 500

111A9ams Aeiumransazatstinines 100 Nadans (wirannawld)
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1.4 N15ATEANEITATANE TE (Tris - EDTA) buffer
4138288 Tris - HCI pH 8.0 Wnd 10 Hadluans 1000 lulnsams
41382818 EDTA pH 8.0 indu 1 Nadluans 100 lulAsams

naNansazae dindu antuliuifiunsdoaningi 50 daaansin lidssnmeng g

Q

<

121 agpmaldea AINAY 15 Uaudsiansnedia iunan 15 wii fungumugivies

1.5 NISLATENAITAZANE TAE (Tris acetate EDTA) buffer

1.5.1 N1FLATENAITAZANE 50X TAE buffer 151153 1,000 NARART

Tris-base 242 N3y

Acetic acid 571 NARAAT
4138218 EDTA pH 8.01@ndn 0.5 Tuand 100  NAdAMT
vihndu 700  {aAAAT

Hanansazana lidniuuazliuinnsresansazaieliingy 1,000 HaAAAIAET
naw s nmenanmgi 121 asAumaiiad mnNal 15 Ueusseanisneia fuan 15 wii
Acetic acid tlunsadindu asldgeianunss uazisizaunialuganadu

1.5.2 NFLATANRITAZANE 0.5X TAE buffer 31103 1,000 HadAM3
a aa A £ 09’ 3 dl 1 dgl ¥
FI941382AE 50x TAE buffer Usnms 10 Haaans 1ReAWAEINNAUNSNTauE"

AuR1BNAT 1,000 Hadans e iidini fungnmniives
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= salo o = = =~
AITINNIANUINT 1 VL‘W?LNQTV]&LTIHTWqﬁiﬂ@uﬂuuﬂzﬂﬂﬁ”]ﬂqﬂl’@ﬂ\‘m'ﬂﬂsﬂﬂ\jﬂu

Twsuad anutimatalng (5" 3%)

18-SF CCATGA TAT TCG GCA AGC AGG CAT

18-SR ATC CAT CAT GGC TGA TGC AAT GCG

Oligo-dt TTITTTTTTITTTITTTITTTT

F-BamHI-4'CGT CGG ATC CAT GGG AGA AGA ATA CAA GAA AAC
F-EcoRI-4'CGT TGG GTG GAATTC TGT TCT TG

R-4'CGT -Sacl TCG AGC TCT TAA CGA GTG ACC GAG TTG ATG AA
CHSF GAG AAG CTC CGG TTC GAC AT

CHSR TAG TTC ACC ACC ATC TTC TGG

F3H SenseF GAG AAG CTC CGG TTC GAC AT

F3H stop TCA GGC CAG AAT TTC ATT GA

F-NPTII GGC TCG AAG ACG ATC AGATAC CG

R-NPTII GTA CAA AGG GCA GGG ACG TAGTCAA

F-gusA ATT GAT GAA ACT GCT GCT GTC GGC

R-gusA ACG CGG TGA TAC ATA TCC AGC CAT

F-CaMV AGG GAT GAC GCA CAATCC CAC T

R-NOS TCG CAA GAC CGG CAA CAG GA

F-IntronpJA8

R-IntronpJA8

GGG TCA ACG GTT TCA AAG AGA G
CTC TCT TTG AAA CCG TTG ACC C
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The effects of explant and plant growth regulators on callus induction and plant regeneration and particle
bombardment-induced transformation were examined in lotus (Nelumbo nucifera Gaertn.) cv. Buntharik.
The apical buds from embryos (~3 mm) formed an embryogenic callus when cultured on MS medium
supplemented with 40 .M 1-napthaleneactic acid (NAA) and 0.5 wM 1-phenyl-3-(1,2,3-thiadiazol-5-yl)-
urea (TDZ) for 8 weeks. All of the embryogenic calluses were transferred to MS medium supplemented

ﬁejl/worbds: with 0, 40, 50 and 60 uM 6-benzyladenine (BA) and the highest number of shoots was achieved in
Flf)vl:; cc;lour the medium supplemented with 50 M BA after 8 weeks of culture. The transformation of lotus using
MS a particle bombardment device was examined with the shoot clusters from embryogenic apices. The
Callus pCAMBIA2301anti-DFR plasmid contained (3-glucuronidase (GUS) as a reporter gene, neomycin phospho-

transferase (NPTII) as a selectable marker, and antisense dihydroflavonol 4-reductase (anti-DFR) as the
gene of interest. The particle bombardment procedure with a helium gas pressure of 1100 psi and a tar-
get distance of 6 cm yielded the highest number of blue spots (4.8 spots/shoot cluster). However, stable
transformations, as confirmed by polymerase chain reaction and reverse transcription polymerase chain
reaction analysis, were only achieved using a helium gas pressure of 1100 psi and a target distance of
9 cm. Our work illustrates that the stable transformation of lotus is possible, and we suggest that this

Molecular breeding

methodology can be used to target and modify specific charactics of this plant.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The lotus (Nelumbo nucifera Gaertn.) is an aquatic plant of eco-
nomic and ornamental importance in Thailand. The seeds, young
leaves, and rhizomes of this plant are eaten. It is also well known as
amedicinal plant due to the use of its petals and stamen. Its flowers
is closely associated with Buddhism, in which it is used as a sym-
bol and for decorative proposes (Suvatabandhu, 1958). There are
four commercial varieties of lotus available in Thailand, which have
exhibited limited development through breeding programmes. The
development of callus induction and regeneration protocols will
provide a useful tool for the further commercial development of this
plant. Although some variants have been produced through muta-
tion induction using X-rays, gamma rays, and chemical mutagens,
this approach has been unable to target specific characteris-
tics (Arunyanart and Soontronyatara, 2002). In particular, we are

* Corresponding author. Tel.: +66 2 3264318; fax: +66 2 3298515.
E-mail addresses: kasumau@yahoo.com, kasumau@kmitl.ac.th (S. Arunyanart).

0304-4238/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.scienta.2013.06.040

interested in obtaining a variation in the flower colour, which is
limited to white and pink in Thai varieties.

Molecular breeding provides a powerful method for plant
breeding because it makes it possible to target a specific plant char-
acteristic without changing the others. Some examples relating to
the flower colour are the following: Agrobacterium-mediated trans-
formation through the transfer of the chalcone synthase (CHS) or
the dihydroflavanol 4-reductase (DFR) gene in either the sense or
the antisense orientation into torenia (Torenia fournieri Lind.) (Aida
et al., 2000), engineering of the flower colour in Forsythia through
the expression of two independently transformed DFR and antho-
cyanidin synthase (ANS) genes of the flavonoid pathway (Rosati
et al., 2003), generation of tobacco plants with various patterns in
the flower colour compared with the to wild-type tobacco through
the transfer of the single CHS, chalcone isomerase (CHI), and DFR
genes into tobacco (To and Wang, 2006), and the transformation
of Melastoma malabathricum and Tibouchina semidecandra with the
sense and antisense DFR genes (Yong et al., 2009).

Dihydroflavonol 4-reductase (DFR) plays an important role in
the production of anthocyanins, which contribute to the flower
colour. These enzymes have very specific substrate requirements,
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which result in an accumulation of distinct patterns of antho-
cyanins, catechins, and proanthocyanidins (Martens et al., 2002).
The manipulation of these enzymes opens many possibilities for
the metabolic engineering of this pathway (Forkmann and Martens,
2001) that may be of value in the generation of some useful varia-
tion in the lotus.

This work investigated the regeneration of lotus shoots from
callus from a range of explants and media and optimised the trans-
formation of shoots using particle bombardment and the DFR gene
as a model. The aims of this study were to investigate the growth
and regeneration of lotus from a range of explants and media types
and to determine (1) the effect of the explant types and the plant
growth regulators on the callus induction, (2) the effect of the plant
growth regulators on the shoot formation in the lotus, and (3) the
transformation of the antisense DFR gene into lotus (N. nucifera
Gaertn.) cv. Buntharik through particle bombardment.

2. Materials and methods
2.1. Sources of explants and plant regeneration

The seeds of lotus (N. nucifera Gaertn.) cv. Buntharik were
washed thoroughly under running water for 60 min, rinsed in 70%
ethanol for 1 min, surface sterilised in 3% (v/v) NaOCl (50% Clorox
plus two drops of Tween 20) for 20 min and rinsed three times in
sterile distilled water. Murashige and Skoog (1962) (MS) medium
supplemented with 8 gl~! agar (commercial grade) was used as the
basal medium for all of the experiments. Medium were distributed
into Petri dish with each Petri dish containing 20 ml of medium.
The medium was adjusted to pH 5.6 before it was autoclaved at
121 °C for 20 min. The cultures were incubated at 25+ 1°C with a
16-h photoperiod under white fluorescent lamps and sub-cultured
every 4 weeks.

Callus was initiated by culturing the explants on media con-
taining combinations of various previously reported plant growth
regulators (PGRs) through two independent experiments. In the
first experiment, the callus initiation from the petioles of zygotic
embryos was examined by culturing on MS medium containing
the following combinations of PGRs: 40 uM NAA and 0.5 uM TDZ
(Pakdeengam, 2005), 4.52 wM 2,4-D and 0.45 wuM TDZ (Jheng et al.,
2006), 10 uM 2,4-D and 0.5 wM BA (Arunyanart and Chaitrayagun,
2005), 9uM 2,4-D and 0.8 wM BA (Karami et al,, 2007), 18.1 uM
2,4-D and 2.22 pM BA (Lin et al., 2000), 10 wM picloram and 1 pM
kinetin (Stefanello et al., 2005), 4.14 wM picloram and 4.64 puM
kinetin (Kaur and Kothari, 2004), 11.27 wM dicamba and 4.14 pM
picloram (Przetakiewicz et al., 2003), 11.38 wM triacontanol, and
1.1 wM BA and 2.85 M IAA (Giridhar et al,, 2004). The explant
growth were scored through the following scheme: (1) explants
that turned dark brown and exhibited no growth, (2) explants that
formed a green compact callus, and (3) explants that formed a green
embryogenic callus.

In the second experiment, the apical buds from embryos were
examined by culturing on MS medium containing the following
combinations of PGRs: 40 wuM NAA and 0.5 uM TDZ (Pakdeengam,
2005), 10 uM picloram and 1 wM kinetin (Stefanello et al., 2005),
4.14 pM picloram and 4.64 M kinetin (Kaur and Kothari, 2004),
11.27 pM dicamba and 4.14 uM picloram (Przetakiewicz et al.,
2003), 11.38 wM triacontanol, and 1.1 wM BA and 2.85uM IAA
(Giridhar et al., 2004). A randomised complete block design with
six blocks, and five explants per experimental unit was used in
each experiment. The growth of the callus was recorded as the
percentage of explants that formed a callus and the callus weight.

After 8 weeks of incubation, the embryogenic calluses, as in
the study performed by Arunyanart and Chaitrayagun (2005), were
transferred to MS medium supplemented with 0, 40, 50 or 60 .M

BA to investigate the callus regeneration. A randomised complete
block design with three blocks (fifteen explants per block) and five
explants per experimental unit was used, and the growth of the
shoots was recorded as the shoot number, the leaf number, the
shoot length, and the leaf length.

2.2. Plant and plasmid preparation

The shoot clusters that developed from the apical buds of
embryos (~3.0mm) were cultured on MS medium containing
40 wM NAA and 0.5 uM TDZ for 8 weeks for embryogenic callus
induction. All of the embryogenic calluses were transferred to MS
medium supplemented with 50 uM BA for 12 weeks for the regen-
eration of the shoot clusters and were used as plant material for
transformations because the embryogenic callus is not resistant to
selective medium after bombardment (data not shown). The shoot
clusters were transferred to osmotic medium (MS medium con-
taining 2 M mannitol and 2 M sorbitol) for 16 h and subsequently
transferred to Petri dishes (9 cm) that were placed in the centre of
a sterile round Whatman filter paper (2.5 cm diameter).

The plasmid DNA pCAMBIA2301anti-DFR (Fig. 1) was used
in this experiment. The pCAMBIA2301anti-DFR plasmid contains
the gus reporter gene encoding (3-glucuronidase, the selectable
nptll gene encoding neomycin phosphotransferase, and anti-DFR
truncated to 670 bp (the DFR gene was cloned from Curcuma alis-
matifolia and provided by Assoc. Prof. Dr. S. Anuntalaphochai, of
Chiangmai University, Thailand). The pCAMBIA2301anti-DFR plas-
mid was isolated from Escherichia coli (DH5a) using an extraction
mini kit (Flavogen) and precipitated onto 1.0 wm gold particles
(BioRad) (Kikkert et al., 2005). Briefly, the following components
were added to an Eppendorf tube (1.5 ml) containing 100 pl of gold
particles (6 mg in 50% glycerol) under agitation: 5 g plasmid DNA,
50 wl of 2.5M CaCl,, and 20 1 of 0.1 M spermidine. The mixture
was rested on ice for 10 min before centrifugation at 13,000 rpm.
The supernatant was discarded, and the pellet was re-suspended
in 50 .l of 100% ethanol. For each bombardment, 10 1 of the sus-
pended DNA-coated gold particles were pipetted and spread on the
surface of a macrocarrier.

2.3. Particle bombardment

The bombardment chamber of a particle delivery system (PDS-
1000/He, BioRad) was evacuated at a pressure of 28 in Hg. The
experimental design, 2 x 2 factorial in randomised complete block
was used, 10 explants per experimental unit. The explants were
bombarded with DNA-coated gold particles discharged with differ-
ent rupture disc pressures (1100 and 1350 psi, which are equivalent
to 7584.23 and 9307.92 kPa, respectively) at the target distances 6
and 9 cm. Four hours after bombardment, the shoot cluster was
transferred from osmotic medium to regeneration medium (MS
with 50 WM BA). After 4 weeks of incubation on regeneration
medium, the explants were transferred to selection medium (MS
with 50 uM BA and 50 mgl-! kanamycin) for 8 weeks and sub-
cultured every 2 weeks in fresh medium containing the selection
agent. The surviving shoot clusters were then transferred to MS
medium supplemented with 4.44 uM BA and 0.54 uM NAA (Shou
et al., 2008) for shoot elongation.

2.4. GUS histochemical assay

The transient gus expression was tested 3 days after bombard-
ment. The 10 pieces of samples in each treatment were incubated in
a 5-bromo-4-chloro-3-indoyl-p-glucuronide (X-gluc) solution for
24 h at 37 °C and were washed several times with 70% ethanol.
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Fig. 1. T-DNA of the pCAM2301anti-DFR plasmid construct containing nptll, anti-DFR, and gus under the control of the CaMV35S promoter.

Table 1

Effects of plant growth regulators on callus induction from apical buds in lotus after 8 weeks of culture.

Auxin and cytokinin (M)

Score of callus growth Percentage of explant

(mean +S.E.)? forming embryogenic
callus (%) (Mean £ S.E.)?
40 uM NAA 0.5 M TDZ 2.43+0.09° 43.33 +£0.08°
10 M picloram 1 M kinetin 1.00+0.00° 0.00 +0.00°
4.14 pM picloram 4.64 wM kinetin 1.00+0.00° 0.00 +0.00°
11.27 pM dicamba 4.14 p.M picloram 1.00+0.00° 0.00+0.00°
11.38 wM triacontanol 1.1 wM BA 2.85 uM IAA 1.00+0.00° 0.00 +0.00°
F-test - h
CV (%) 6.8346 60.5211

2 The values within a column followed by the same letter are not significantly different, as determind by Duncan’s multiple range test.

" P<0.01.

2.5. PCR analysis of putative transgenic plant

The genomic DNA was isolated from the leaf tissue
of the kanamycin resistant cultures using the method
described by Doyle and Doyle (1987). The presence of
the gus gene was determined by the amplification of a
563bp fragment of the gene using the following primer
5’ ATTGATGAAACTGCTGCTGTCGGC3’ and 5’ACGCGGTGATACA TAT
CCAGCCAT3'. The primers for the amplification of a 256 bp frag-
ment of the nptll gene were 5CCATGATATTCGGCAAGCAGGCAT3’
and 5'ATCCATCATGGCTGATGC AATGCG3' and the primers for
the amplification of ~800bp fragment of the anti-DFR gene
were 5'AGGGATGA CGCACAATCCCACT3’ and 5'TCGCAAGAC
CGGCAACAGGA3'. The reaction mixture contained 20ng of
genomic DNA, 0.125 mM dNTP mix, 2.5mM MgCl,, 1x Tag buffer
containing (NHy),-SO4, the primers, and 0.1 units of Tag DNA
polymerase (Fermentas, Canada). The final volume was adjusted
to 20 wl with sterile distilled water. The thermal cycles of the gus
and nptll genes were the following: one cycle of 94 °C for 5 min, 30
cycles of 94°C for 1 min, and 64°C for 45, one cycle of 72 °C for
1 min, and one cycle of 72 °C for 10 min. The thermal cycles for the
anti-DFR gene were the following: one cycle of 94 °C for 5 min, 34
cycles of 94°C for 30s, 60°C for 455, and 72 °C for 1 min, and one
cycle of 72°C for 5min. The PCR products were electrophoresed
on a 1% TAE agarose gel.

2.6. RT-PCR analysis of the stable transformation

The total RNA was extracted from the leaf tissue of the
kanamycin resistant, PCR-positive plants using the method devel-
oped by Provost et al. (2007). The first-strand cDNA synthesis
was performed using the SuperScript™ III First-strand Synthesis
System for RT-PCR (Invitrogen) with an oligo(dt) according to the
manufacturer’s instructions. The expression of the nptll gene was
determined by the amplification of a 256 bp fragment of the gene
using the following primers: 5’CCATGATATTCGGCAAGCAGGCAT3'’
and 5’ATCCATCATGGCTGATGCAATGCG 3. The primers
for amplification of a ~450bp fragment of the anti-
DFR gene were 5'ACACGAAGTACATCCATCCGGTCA3' and
5'TTCTTGGCTGGTCATGAAGCTCCT3'. The PCR conditions for
the amplification of the nptIl and anti-DFR genes included 94 °C for
5 min, 30 cycles of denaturation (94 °C, for 1 min), annealing (64 °C,
for 45s), and extension (72 °C, for 1 min), and a final extension at

72°C for 10 min. The PCR products were electrophoresed on a 1%
TAE agarose gel.

2.7. Statistical analysis

The cultures were observed weekly. All of the data were ana-
lysed using ANOVA and Duncan’s multiple range tests with the SAS
programime.

3. Results
3.1. Callus induction

After 8 weeks of culture, the apical buds from the embryo
explants produced a better score of callus growth and improved
formation of embryogenic callus growth compared with the peti-
oles from the embryo explants (data not shown) on media with
any combination of auxin and cytokinin. However, 43% of the
callus growth obtained from the combination of NAA and TDZ
was embryogenic callus, whereas the other combinations pro-
duced callus only. The apical buds from embryos cultured on
medium containing 40 uM NAA and 0.5 M TDZ exhibited the
most growth (Table 1). The explants cultured on medium con-
taining NAA and TDZ grew embryogenic callus within 4 weeks of
culture, and the calluses continued to grow up to the 8th week.
The growth of the callus was reduced after 8 weeks, and the cal-
lus turned brown or died within 12 weeks. The apical buds from
embryo explants enlarged and formed compact white and green
callus at the cut surfaces (Fig. 2a). The petioles explants from the
embryos produced green friable callus, particularly at the cut sur-
faces (Fig. 2b).

3.2. Shoot induction

The shoot cluster was directly generated from the embryogenic
calluses cultured on MS medium with 50 wM BA after 8 weeks of
culture and continued to form shoot initiation. The embryogenic
apices also formed the maximum number of shoots on medium
containing 50 WM BA. Shoot proliferation occurred within 12 weeks
of culture (Table 2 and Figs. 3a-c). The shoot clusters from these
cultures were used as the target tissue for particle bombardment.
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Fig. 2. Callus development from the apical buds and petiole explants from embryos cultured for 8 weeks. (a) Embryogenic callus derived from the apical buds of embryos
cultured on MS medium containing 40 uM NAA and 0.5 wM TDZ. (b) Friable callus derived from the petiole explants from embryos cultured on MS medium containing

4.52 uM 2,4-D and 0.45 wM TDZ.

Table 2

Effect of BA on shoot induction from callus in lotus after 8 weeks of culture.

BA (uM) Embryogenic callus
diameter (cm)
(mean +S.E.)?

Shoot number
(mean +S.E.)?

Shoot length (cm)
(mean +S.E.)?

Leaf number (cm)
(mean +S.E.)?

Leaf length (cm)
(mean +S.E.)?

0 0.64 +0.09°
40 1.19+0.11°
50 1.32+0.10°
60 0.82 +0.06°
F-test .

V(%) 17.4148

1.40+0.16¢
5.07+0.57°
8.67+0.77°
3.78 +0.70°

22.6594

1.02+£0.09* 3.22+0.12 2.08+0.032
0.77 £0.07° 2.55+1.12 0.69+0.28"
0.78 +0.03° 4.84+0.68 0.84+0.08”
0.63+0.02° 2.334+041 0.57 +0.06"
N ns -

12.5675 34.7109 35.4563

ns: non-significant.

2The values within a column followed by the same letter are not significantly different, as determind by Duncan’s multiple range test.

'P<0.05.*P< 0.01.

Fig. 3. Regenerating cultures of N. nucifera Gaertn. cv. Buntharik produced from the apical buds of embryo explants after 8—12 weeks of culture on MS medium with 50 uM
BA. (a) Initiated shoot cluster (bar =700 wm), (b) shoot regeneration (bar =600 pm), and (c) shoot proliferation (bar =600 pm).

3.3. Transient gus expression

The transient gus gene expression 72 h after bombardment was
used as an initial indicator of the efficiency of the gene transfer. The
shoot clusters exhibited blue cells typical of the transient expres-
sion of the gus gene. The highest gus expression was obtained at a
pressure of 1100 psi and a target distance of 6 cm (Fig. 4). The results
show that 37.1% of all of the explants were stained blue and that an
average of 4.8 spots was found per explants (data not shown).

3.4. Selection of kanamycin-resistant shoots and shoot elongation

The number of kanamycin resistant shoot clusters recov-
ered from the 12 week-old shoot clusters bombarded with the
pCAMBIA2301anti-DFR plasmid was determined. After selection,
the shoot cluster were cultured on medium containing 50 wM BA
and 50 mg 1-! kanamycin for 8 weeks, it was found that the number
of plants that survived was 38 of the initial 120 shoot clusters. The
maximum number of shoots (16 shoots) that survived was derived
from a helium gas pressure of 1100 psi and a target distance of
9cm (Table 3). Most of the bombarded shoots clusters gradually
turned brown or stopped growing, but the kanamycin-resistant

Fig. 4. Transient gus expression in a shoot cluster 3 days after bombardment with
the PDS 1000/He device using a rupture disc pressure of 1100 psi and a target dis-
tance of 6 cm (bar=100 pm).
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Table 3

Effect of the rupture disc pressures and the flying distances on the particle bombardment-induced putative genetic transformation after 16 weeks.

Rapture disc pressure Number of target Number of Number of Number of Number of shoots Number of shoots with
(psi)/target distance tissues kanamycin regenerated shoots detected shoots with the nptll gene the anti-DFR gene
(cm) resistant plants with the gus gene
1100/6 30 8 5 4 5 4
1100/9 30 16 13 12 13 10
1350/6 30 5 3 3 3 3
1350/9 30 11 8 7 7 8
Total 120 38 29 26 28 21
Gus Nptll gene, and a ~450bp fragment was amplified and identified as the

H-+ 56738

1 2 3
b CL PR LPRULUPRM

—1.0kb

Fig. 5. PCR analysis of the transformed plant. (a) 1-4, gus primer; 5-8, Nptll
primer; M, 1kb ladder; H, no template; “~", control with no transformation;, “+",
pCAMBIA2301anti-DFR plasmid. (b) DFR gene with Camv35s and nos primers; C,
nontransformed plant;, 1-3, transformed plant number; L, leaf; P, petiole; R, rhi-
zome; M, 1kb ladder.

shoots proliferated on MS medium with 4.44 wM BA and 0.54 uM
NAA within 16 weeks.

3.5. Molecular analysis

The result of the polymerase chain reaction and reverse tran-
scription polymerase chain reaction analysis of four independent
transgenic plants are shown in Figs. 5 and 6 respectively. The PCR
analysis indicated that 29 transgenic plants contained the bands
with the expected sizes of the gus, nptll, and anti-DFR genes. The
highest PCR positive plant found at a pressure 1100 psi and a target
distance of 9cm were 12, 13 and 10 (Table 3). A 563 bp fragment
was amplified and identified as the gus gene, a 256 bp fragment
was amplified and identified as the nptll gene (Fig. 5a), and a
~800bp fragment was amplified and identified as the anti-DFR
gene (Fig. 5b). To confirm the data obtained from the PCR analysis,
RT-PCR using the nptll gene and the anti-DFR gene was performed
on the four surviving transgenic plants 8 months after bombard-
ment. A 256 bp fragment was amplified and identified as the nptIl

MH -+12 3 4 H-+35 6738

1.0kb
0.5kb

Fig. 6. RT-PCR analysis of the transformed plant using the NptII primer (1-4) and
the DFR primer (5-8); M, 1 kb ladder; H, no template.

anti-DFR gene (Table 4).
4. Discussion
4.1. Callus induction and plant regeneration

The callus induction of bud explants produced embryogenic cal-
lus growth, whereas petiole explants produced friable callus. In
most dicotyledons, the addition of a low concentration of cytokinin
to media containing auxin tends to increase the growth rate of
embryogenic callus (George, 1996). According to our results, the
apical buds from embryo explants on medium containing NAA
and TDZ produced more embryogenic callus than those grown on
media containing picloram, kinetin, dicamba, triacontanol, BA, or
IAA. Therefore, among the different plant growth regulators tested,
the combinations of NAA and TDZ were found to be superior. This
result confirms earlier observations in other species (Dam et al.,
2010; Prakash et al., 2001).

Cytokinins are the main factor of plant growth regulators that
affect in vitro shoot regeneration (Shou et al., 2008). In the present
experiment, shoots were successfully produced from embryogenic
callus explants using MS medium supplemented with 50 WM BA.
This result confirms earlier observations in other species (Kozak
and Stelmaszczuk, 2009). BA is a cytokinins and is generally added
to a culture medium to stimulate cell division, to induce shoot
formation and axillary shoot proliferation, and to inhibit root for-
mation. However, Zantedeschia albomaculata (Chang et al., 2003)
produced 3.8 shoots per explant when it was cultured on medium
containing 8.8 wM BA. In addition, it was found that increase in the
cytokinin concentration reduced the proliferation and stunted the
growth.

4.2. Transgenic detection

The pCAMBIA2301anti-DFR plasmids used in this study con-
tained the gus, nptll, and anti-DFR genes were under the control
of the CaMV35S promoter. The PCR and RT-PCR analysis confirmed
the transformation of these genes into the lotus genome. The pro-
cedure was shown to have an effect on the transient expression
of the gus gene at a helium gas pressure of 1100 psi and a target
distance of 6 cm, as shown by the resultant number of blue spots,
whereas no gus expression was found as a result of the other con-
ditions. A shorter distance combined with a high pressure resulted
in intense blue spots in each stem segment of carnation (Zuker
et al,, 1995). Franklin et al. (2007) reported that the callus induc-
tion of Hypericum perforatum was higher in explants hit by gold
particles released from rupture disks at a pressure of 1100 psi com-
pared with those hit by particles from rupture disks at pressures of
650 and 900 psi. These results indicate that the expression is not a
good indication of a stable transformation, as was found in barley
(Harwood et al., 2000). Different numbers of PCR-positive explants
were achieved in the shoots of the transgenic plants. Some sam-
ples exhibited negative results for some of the genes. To select the
transformations, kanamycin was added to the culture medium 4
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Table 4

RT-PCR analysis of the expression of the target genes after the particle bombardment-induced putative genetic transformation.

Rupture disc (psi)/target Number of shoot

distance (cm)

Regeneration nptll gene expression Anti-DFR gene expression
1100/6 - - -
1100/9 2 2 1
1350/6 1 0 0
1350/9 1 1 1
Total 4 3 2

“~": no regeneration.

weeks after bombardment. Under these conditions, some of the
putative transformations were non-transgenic. Some explants also
most likely escaped the kanamycin selection medium, as observed
by Witrzens et al. (1998) and Kuvshinov et al. (1999). However,
the explants appeared dead when immediately selected after bom-
bardment (data not show). PCR analysis was used for the detection
of the transgenic genes 12 months after the growth of the trans-
genic plants. Three parts of each plant, (the leaves, petioles, and
rhizomes), were shown to have the DFR gene by PCR, and this result
was confirmed by RT-PCR. Furthermore, the PCR amplification of
the anti-DFR gene resulted in bands that were higher than expected
(~800bp, Fig. 5b). This finding suggests possible rearrangements
in the promoter or in the coding region of the gene (Kohli et al.,
1996).

The gene expression was detected by RT-PCR. It was found that
3 of the four putative transgenic plants were positive for nptll and
that 2 of the putative transgenic plants were positive for DFR. How-
ever, the DFR gene was not found in the non-transgenic plant. The
expression of a truncated anti-DFR gene was not differentiated by
the RT-PCR technique using the specific set of primers used in this
study. We assumed that a deleted version could have been detected
with any other set of primers because the DFR primers that we
used were designed from C. alismatifolia and are therefore spe-
cific primer. As a result, the expression of this gene appeared to
be the result of gene transformation. However, the floral-specific
regulation system in lotus has not yet been studied.

We conclude that this work demonstrated the successful trans-
formation of lotus (N. nucifera Gaertn.) cv. Buntharik through
particle bombardment. We will design more effective strategies
for the engineering of lotus by developing a better understand-
ing of the mechanisms involves in this process. A detail molecular
and expression analysis is required to determine the integration
of genes. Additionally, further chemical and biological understand-
ings of the flower colour, the flavonoid pathway, and the specific
promoters for the flower target should make the modification of
the flower colour more feasible.
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Abstract

Transformation of antisense dihydroflavonal 4-reductase (DFR) into
‘Buntharik’ sacred lotus (Nelumbo nucifera Gaertn.) using Agrobacterium-mediated
gene transfer was experimented. The A. tumefaciens strain EHA105 harbored two
binary vectors. The pCAMBIA2301anti-DFR plasmid contained neomycin
phosphotransferase (/NPTII) as a selectable marker gene, the antisense DFR as an
inserted gene and the p-glucuronidas gene (GUS) as a reportor gene. The
pBI121anti-DFR plasmid contained NPTII gene and the antisense DFR. Two-
months-old calli regenerated from apical buds were used as plant materials. The
plant materials were soaked in the Agrobacterium suspension for 10 or 30 min. The
calli were co-cultivated for two days 1n the darkness. Treated calll were selected on
solid MS medium containing 50 mg L™ kanamycin and 250 mg L™ cefotaxime. The
calli were transferred to the same medium every two weeks for eight weeks. The
survived calli regenerated shoots on MS medium containing a combination of
0.54 nM NAA and 4.44 pM BA. Both plasmids gave the best callus growth,
maximum callus size and the survival percentage when soaked for 10 min. GUS
bioassay was used to verify the presence of GUS gene in petioles and leaves of
transgenic plants. It was found that petioles and leaves of transformants which were
transformed with pCAMBIA2301anti-DFR by soaking for 30 min showed the
highest percentage of blue spots on explants. Of all 14 PCR positive clones, 5 clones
showed GUS gene, 11 clones contained NPTII gene and 6 clones had DFR gene.

INTRODUCTION

Lotus (Nelumbo nucifera Gaertn.) is a south-east Asian aquatic edible plant known
for the delicate beauty of its flowers. The flowers are considered sacred by buddhists and
are used for decorative purposes. It is of obvious economic importance in Thailand
because of its use as an ornamental plant in water gardens and also popular as a cut flower
that generates income in rural areas (La-ongsri et al.,, 2009) However, they exhibit a
narrow range of colors and shapes. There are six commercial cultivars of lotus. There are
only 2 colors, white and pink (Lakhakul, 1992) available in Thailand which have had
limited development through breeding programs. There is considerable potential for
improvement of this plant through the use of tissue culture and work on micropropagation
(Arunyanart, 1998), mutagenesis (Arunyanart and Soontronyatara, 2002) and somatic
embryogenesis induction (Arunyanart and Chaitrayagun, 2005).

Flavonoids are the major secondary metabolites in most plants and anthocyanin is
one of the members, which contributes to red, blue, and orange color in flowers and fruits
(Cook and Samman, 1996). The genes coding for enzymes in the flavonoid biosynthesis
pathway have also been cloned in some plant species. Dihydroflovonol 4-reductase
(DFR) gene is a gene in anthocyanin biosynthesis, which led to novel or increased flower
pigment. The expression of DFR gene can provide useful information for genetic
transformation programs aimed at changing flower color by inducing anthocyanin
synthesis in petals (Rosati et al., 1997). The DFR gene has been cloned by degenerate
PCR in gerbera, Forsythia, Cymbidium and onions (Sunggil et al., 2004). Therefore, DFR
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gene might change the petal color in lotus.

Efficient plant regeneration systems to gene transfer methods are the major
requisites for development of lotus transgenic plants. To overcome this limitation, we
have focused on using different plasmids and periods of co-incubation of Agrobacterium
to optimize conditions for efficient delivery of Agrobacterium T-DNA harboring
kanamyecin resistance (NPT71I) gene as the selectable marker gene and the anti-DFR gene.

MATERIALS AND METHODS

Plant Material and Growth Condition

‘Buntharik’ lotus seeds were washed under running tap water for 60 min, then
rinsed in 70% ethanol for 1 min, then 50% Clorox (3% sodium hypochlorite) for 20 min
and finally rinsed three times in sterile distilled water. The apical bud from embryo was
used as explants (Fig. 1a). The explants were cultured on MS medium containing a
combination of 40 uM NAA and 0.5 puM TDZ for 16 weeks in order to produce callus.
The callus was maintained on the same medium.

When needed, shoots were regenerated from callus cultured on MS medium
containing of 0.54 pM NAA and 4.44 uM BA. The cultures were incubated in the culture
room maintained at 25+2°C under cool white light for 16-hour photoperiod.

Vectors and Bacterial Strain

The DFR fragment (600 bp) was cloned from Curcuma alismatifolia. The DFR
fragment was ligated into the pBI121 binary vector by replacing the GUS gene in
antisense orientation, driven by CaMV 35S promoter and nopaline syntase (NOS)
terminator adjacent to left border. The pBI121 anti-DFR contained the kanamycin
resistance (NPTII) gene driven by CaMV 35S promoter and NOS terminator (Fig. 1). The
fragment of CaMV 35S-anti-DFR-NOS terminator from pBl121anti-DFR was cut and
ligated into pCAMBIA 2301 at EcoRI and Hindlll site in order to generate another binary
vector. The pCAMIA2301-anti DFR contained the NPTII gene driven by CaMV35S
promoter and Poly A-terminator and the GUS gene driven by CaMV35S promoter and
NOS-terminator (Fig. 2). The plant vectors were mobilized into A. tumefaciens strain
EHA105 by electroporation (Gene Pulser, BioRad, USA) and used for co-cultivation and
genetic transformation.

Transformation and Plant Regeneration

Two-month-old callus was used for transformation. Agrobacterium were grown on
orbital shaker at 180 rpm at 28°C for 16 h. Explants were cut into pieces and soaked in
suspension of A. tumefacience strain EHA105 carried pCAMBIA2301anti-DFR or
pBI121anti-DFR at the concentration of about 0.6-0.7 ODg for the soaking time was 10
or 30 min, while 100 uM acetosyringone was in the Agrobacterium suspension. After co-
1ncubat10n explants were cultured on MS medium containing 100 pM acetosyringone 1n
darkness for two days. Explants were washed in MS medium containing 500 mg L'
cefotaxime for 5 min, three times. Explants were cultured on MS medium containing with
0.54 uM NAA, 4.44 uM BA and 250 mg L™ cefotaxime for Agrobacterium elimination
and 50 mg L~ kanamycin for selection. The explants were transferred to the same
medium every two weeks for 16 weeks. The putative transgenic explants were cultured on
MS medium.

DNA Extraction and PCR Analysis

Extraction of total genomic DNA was carried out by grinding 100-200 mg of leaf
tissue in liquid nitrogen and using cetyl trimethyl-ammonium bromide (CTAB) as
extraction method (Doyle and Doyle, 1990). Putative transformants that survived from
kanamycin selection were confirmed by PCR. The 254 bp fragment of NPTII gene was
amplified by using primers F; 5’-CCATGATATTCGGCAAGCAGGCAT-3’ and R; 5°-
ATCCATCATGGCTGATGCAAT GCG-3’. The 563 bp fragment of GUS gene was
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amplified by using primers F; 5~ ATTGATGAAACTGCTGCTG TCGGC-3’ and R; 5°-
ACGCGGTGATACATATCCAGCCAT-3". For detection of the antisense-DFR, the
fragment of 800 bp was amplified by using primers located on CaMV35S region (F; 5-
AGGGATGACGCACAATCCCACT-3’) and NOS region (R; 5-TCGCAAGACCG
GCAA CAGGA-3’). The thermal cycles of NPTIl and GUS primers were: 1-cycle of
94°C for 5 min, and followed by 30 cycles of 94°C for 1 min, 64°C for 45 s and 72°C for
I min, and a final cycle of 72°C for 10 min. The thermal cycle for detection of the
antisense DFR were used the same condition except anneal step, used 60°C for 45 s. The
amplified products were separated by electrophoresis on 0.8% agarose gel and visualized
with ethidium bromide.

Beta-Glucuronidase (GUS) Assay

Stable expression of GUS was detected in leaf and petiole of plants regenerated
from the Agrobacterium infected explants. The leaf and petiole of putative transformants
were immersed in freshly prepared X-gluc (5-bromo-4-chloro-3-indolyl-B-glucuronidase)
solution and were incubated overnight at 37°C. The staining solution was removed at the
following day, and plant tissue was discolored using ethanol.

RESULTS AND DISCUSSION

Plant Regeneration from Callus

The apical bud from embryo was used as explant for callus regeneration (Fig. 3a)
(data not shown). They were cultured on MS medium containing a combination of 40 uM
NAA and 0.5 uM TDZ. Callus was regenerated from cut surface of explants. The callus
was green and friable with an average size of 1.84 cm? within eight weeks (Fig. 3b).
Pakdeengam (2005) found that the petioles from embryos of ‘Buntharik’ lotus formed
somatic embryo when cultured on MS medium supplemented with 40 uM NAA and
0.5 uM TDZ under 16-h photoperiods cool for 12 weeks. Arunyanart and Chaitrayagun
(2005) reported that bud from rhizome of ‘Sattabonkot’ lotus cultured on MS medium
containing 4 uM 2,4-D and 1 uM BA gave the best callus induction. For somatic
embryogenesis, the best induction was found on MS medium supplemented with 6 uM
2,4-D and 1 uM BA after 12 weeks when transferred to a medium with 2 uM 2,4-D and
0.5 uM BA somatic embryo regeneration. In this case the explants, apical bud and
petioles from embryo, produced best callus whene cultured on MS medium containing
40 uM NAA and 0.5 uM TDZ. However in this experiment, when the transformed callus
was transferred to MS medium supplemented with 0.54 uM NAA and 4.44 uM BA (Shou
et al., 2008), somatic embryo regenerated between new leaves within 16 weeks (Fig. 3c).
The somatic embryogenesis induction was achieved when callus produced from MS
medium containing 40 puM NAA and 0.5 uM TDZ were subculture to MS medium
supplemented with 0.54 uM NAA and 4.44 uM BA. Shoots and root developments were
found when tissue were transferred to liquid on solid MS medium (Fig. 3d and e).

Co-Inoculation Condition

The incubation duration and plasmid types decreased callus survival percentage in
the first 4 weeks. At 16 weeks, the callus co-incubated for 10 min showed higher survival
percentage of callus (9.33%) than that co-incubated for 30 min (5.99%) (Table 1). This
result confirmed the observation of Chakrabarty et al. (2002) that lowering bacterial
density and preculturing of explant in callus induction medium helped improve
transformation frequency. The callus transformed w1th pBI121anti-DFR by co-incubation
for 10 or 30 min gave similar callus size of 1.2 cm?, while the callus transformed with
pCAMBIA2301anti-DFR by co-incubated for 10 or 30 min gave callus size of 1.09 and
0.8 cm’ respectively (Table 2). The co-incubation time affected survival of explant as
well as on transformation efficiency. Lowless infection time was best for survival of
explant but it showed less GUS expression on soybean (Zia et al., 2010).
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PCR Analysis of Transgenic Plant

The genomic DNA was isolated from leaf of putative transgenic lotus. A total of
45 explants co-cultivated with each plasmid showed 7 surviving explants. The PCR
analysis was carried out to amplify the 254 bp fragment of NPTII (Fig. 4a), 800 bp
fragment of DFR (Fig. 4b), and 563 bp fragment of GUS (Fig. 4c). Of 7 putative
transgenic lines transformed with pPCAMBIA2301anti-DFR plasmid, 5 lines were positive
for nptll, 4 lines were positive for DFR and 5 lines were positive for GUS. While 6 out of
7 putative transgenic lines transfromed with pBI121anti-DFR showed PCR positive when
using primer for NPTII, and 2 lines when using DFR primers (Table 3). We also
compared the effect of two different plasmids on the transformation efficiency. The
pCAMBIA2301antiDFR carry T-DNA (7400 bp) was more effective than
pBI121antiDFR (3200 bp), producing PCR DFR gene four lines.

The Agrobacterium inoculation period of either 10 or 30 min showed expression
of GUS at 48 and 51.19%, respectively (Fig. 5). In this case, we use absorbance of OD
0.6-0.7 for different inoculation times found close GUS expression efficiency. Although
Dobhal et al. (2010) reported the transformation efficiency of Agrobacterium into
tobacco, the absorbance of OD 0.3 with infection time of 30 min was found to be the most
suitable for transformation in tobacco and showed that the presence of the blue spot in the
transient expression was 28.3%.

CONCLUSION

Our result suggested that the best of co-inoculation conditions for ‘Buntharik’
lotus callus was 10 min, for both plasmids. The highest number of stable transgenic plants
were obatined when the pPCAMBIA2301anti-DFR plasmid was used.
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Tables

Table 1. Survival percentage of transformed ‘Buntarik’ lotus callus at different time on
selective medium with 50 mg L™ kanamycin for 8 weeks before transfer to MS
medium with 0.54 uM NAA and 4.44 uM BA.

Age (weeks)
Treatment ) 3 D 16
Plasmid
pCAMBIA2301antiDFR 99.33a 65.99 18.66 7.33
pBI121antiDFR 95.33b 61.99 19.99 7.99
F-test . ns ns ns
Incubation time
1:10 (10 min) 99.33a 66.66 19.33 9.33
1:10 (30 min) 95.33b 61.33 19.33 5.99
F-test % ns ns ns
. 1:10 (10 min 100.00 70.66 19.99 9.33
pCAMBIA2301antiDIRGNG 1 E30 min% 98.66 61.33 17.33 5.33
. 1:10 (10 min 98.66 62.66 18.66 9.33
pBI121antiDFR 1:10 230 ming 91.99 61.33 21.33 6.66
F-test ns ns ns ns
CV 3.59 17.66 22.25 21.86

Values within a column followed by the same letter are not significantly different by Duncan’s multiple
range test at P<0.05; ns: non-significant; * significant at P<0.05.
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Table 2. Callus size of ‘Buntarik’ lotus at different time after transformation.

Age (weeks)
Treatment 1 3 B 16
Plasmid
pCAMBIA2301antiDFR 0.80 0.99 0.80 0.94
pBI121antiDFR 0.83 1.08 0.93 1.20
F-test ns ns ns ns
Incubation time
1:10 (10 min) 0.80 1.03 0.81 1.14
1:10 (30 min) 0.83 1.04 0.93 1.00
F-test ns ns ns ns
. 1:10 (10 min) 0.80 0.99 0.75 1.09
PCAMBIA2301antiDER = 116 35 in) 0,80 1.00 0.86 0.80
. 1:10 (10 min) 0.81 1.08 0.87 1.20
pBI12TantiDFR 1:10 (30 min)  0.85 1.09 0.99 1.20
F-test ns ns ns ns
CV 11.64 9.31 34.14 40.47

Values within a column followed by the same letter are not significantly different by Duncan’s multiple
range test at P<0.05; ns: non-significant.

Table 3. Transformation efficiency of 2 plasmids to ‘Buntarik’ lotus.

No. of explants - No. of surviving No. of PCR positives

Plasmid co-cultivated explants GUS NPTII DFR
pCAMBIA2301antiDFR 45 7 5 5 4
pBI121lantiDFR 45 7 - 6 2
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Figures
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Fig. 1. Schematic representation of the T-DNA of pBIl2lantiDFR containing the
antisense DFR gene and NPTII gene. RB/LB represent right and left T-DNA
border sequences.

1800bp

7400 bp

Fig. 2. Schematic representation of the T-DNA of pCAMBIA2301antiDFR containing
the, NPTII gene, antisense DFR gene and GUS gene. RB/LB represent right and
left T-DNA border sequences.

Fig. 3. ‘Buntarik’ lotus (a) Apical bud from embryo; (b) Callus from apical bud on MS
medium with 40 uM NAA and 0.5 uM TDZ for 8 weeks. (c) Somatic embryo
from callus on MS medium with 0.54 uM NAA and 4.44 uM BA. for 16 weeks.
(d, e) Shoot and root development in liquid on solid MS medium.
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Fig. 4. PCR detection of NPTII, anti-DFR and GUS gene in transgenic lotus plants. (a)
NPTII (254 bp); (b) anti-DFR (800 bp); (¢) GUS (563 bp). M, Marker DNA 1 kb
ladder; C, control wild-type plant; P, plasmid pCAMBIA2301anti-DFR; 1-4,
transgenic plant transformed with pCAMBIA230lanti-DFR; 5, plasmid
pBI121anti-DFR; 6-7, transgenic plants transformed with pBI121anti DFR.

Fig. 5. GUS expression in transformed with pPCAMBIA2301-anti DFR to ‘Buntarik’ lotus
tissue (a) non transform leaf; (b) the petiole; (c) leaf and petiole.
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ABSTRACT

Flavanone 3-hydroxylase (F3H) converts flavanones from dihydroflavonols, which
leads to production of flavonoid compounds via the anthocyanin biosynthesis pathway in
plants. In this study, the '3H gene was isolated from lotus (Ne/umbo nucifera Gaertn.) cv. Buntharik
(white petal lotus), cv: Satabankacha (pink petal lotus), and watetlily (Ny#phaea sp.) var. St.
Louis Gold by reverse transcription PCR (RT-PCR). The open reading frames (ORF) of
three cultivars’ genes were 1,134 bp in length, encoding a predicted protein of 377 amino
acids. Their nucleotide sequences were identical, and the amino acid sequence shared high
homology to F3H from different plant species. Expression of F3H was specifically regulated
in petals and stamens, while less expression was found in leaf tissue of waterlily variety
St. Louis Gold. The correlation of F3H expression according to specific colouration was
performed in waterlily. The F3H gene was more highly expressed in decreasing order of red,
purplish blue, and yellow petals when compared using semi quantitative PCR (sqPCR).
Gene regulation according to flowering stage and pigmentation was determined in lotus.
The F3H expression was slightly diminished in petals of cultivar Satabankacha at the
fully-opening stage, whereas it was detected in the cultivar Buntharik only when white petals
were tinted with pink. An RNAi gene-silencing vector, pJA8I3H, encoding a hairpin F3H
RNA, was introduced to waterlily petals using the Agrobacterium infiltration method, and the
F3H expression was analysed at 1 and 3 days post infiltration (dpi) by sqPCR. The results
showed that the I'3H expression was down-regulated at 3 dpi in flowers tested of the red
petal variety and purplish blue petal variety compared to controls. The results confirmed that
pJASF3H is efficient and could be used as a transformation vector to transiently suppress
F3H expression in waterlily or lotus.

Keywords: Anthocyanin, Flavanone 3-hydroxylase (F3H), Nelumbo, Nymphaea, RNAi



1. INTRODUCTION

Flavonoids accumulate in all higher plants.
They are important to plants, as they are
involved in many biological processes. It is
known that flavonoids play roles in signalling
between plants and microbes, pollen
development, and protection from UV light,
and they act as defence molecules against
pathogens. Some flavonoid pigments provide
an array of colours, which, therefore, attracts
pollinators and seed dispersers, facilitating
reproduction [1]. These secondary metabolites
have been divided into different categories of
structure including flavones, flavonols,
isoflavones, flavanones, chalcones, aurones,
proanthocyanidins, and anthocyanins, among
others [2]. The flavonoid biosynthetic
pathway is part of the phenylpropanoid
pathway with the flavonoid precursors
phenylalanine, from the shikimate pathway,
and malonyl-CoA, which is derived from
citrate produced by the tricarboxylic acid
(TCA) cycle [3]. Studies on different mutants
affecting flavonoid synthesis have been
established, and genes encoding flavonoid
biosynthetic enzymes have been cloned in a
variety of plant species such as petunia,
maize, snapdragon (Antirrhinum majus), and
Arabidopsis [4].

The flavonoid pathway starts with the
formation of the C , backbone or chalcones
by chalcone synthase (CHS), which are further
converted to a range of other flavonoids
by chalcone isomerase (CHI), flavanone 3-
hydroxylase (F3H), flavonoid 32-hydroxylase
(F32H), dihydroflavonol 4-reductase (DI'R),
and anthocyanidin synthase (ANS) [3]. The
most prominent class of products is the
anthocyanins, providing colour to petals.
Mutation of genes involved in the flavonoid
biosynthetic pathway resulted in changes of
petal colour in many ornamental flowering
plants, such as Gentiana triflora |5|, Nicotiana
tabacum 0], Dianthus caryophyllus cv. Eilat [7],
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and Torenia hybrid |8] by disruption of CHS,
CHI, F3H, F3252H, and DFR expressions,
respectively. A cDNA for F3H was first
isolated from Antirrhinum majus (snapdragon)
[9]. The gene functions at an eatly step of
the flavonoid pathway and codes for the
enzyme that catalyses the formation of
dihydroflavonols from flavanones and
provides precursors for many classes of
tlavonoid compounds. Therefore, this enzyme
is essential in the flavonoid pathway.
Disruption or down-regulation of F3H
expression resulted in the decrease of
flavonoid content and change of petal
colour [10-13].

Lotus (Nelumbo nucifera Gaertn.) is grown
widely in Thailand, as it is a symbolic in
Buddhism. However, there are only two
natural colours of lotus flowers available-
white and pink. Therefore, generation of a
new colour line using a conventional
breeding program is rather impossible.
To modify flower colout, an understanding
of the function of genes in the flavonoid
pathway is essential. Watetlily (Nymphaea sp.)
has diverse petal colours including white,
yellow, pink, and red to dark purple; by
exploiting this, waterlily was used as a tool to
monitor changes in flavonoid biosynthetic
pathway modifications. Therefore, the goal
of the research was to down-regulate the
expression of F3H gene in lotus and waterlily.
Here, we report the characterisation of the
F3H genes in lotus and waterlily. Expression
analysis using sqPCR suggested that F3H
was transcribed in various flower stages and
petal colours. In addition, '3 H was transiently
silenced using RINAi, and its level of expression
is described.

2. MATERIALS AND METHODS
2.1 Plant Materials
The waterlily lines used in this study,
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Nymphaea sp. var. St. Louis Gold, var. Royal
Red, var. Teri Dunn, and var. Lueang Garnjana,
were obtained from germplasm of Dr.
Sermlap Wasuwat and Primlap Chukiatman
Wasuwat. Two cultivars of lotus (INelumbo
nucifera Gaertn.) including Satabankacha and
Buntharik, whose petals are pink and white,
respectively, were obtained from ponds at
King Mongkut’s Institute of Technology
Ladkrabang. Plant material was harvested,
immediately frozen in liquid nitrogen, and
ground to a powder under liquid nitrogen
with a mortar and pestle. For RNA isolation,
the petals, stamens, and leaves were harvested
separately.

2.2 Isolation of DNA, RNA and cDNA
Synthesis

Petals were collected for genomic DNA
preparation using DNeasy Plant Mini Kit
(Qiagen, USA) . Petals, stamens, and leaves
of lotus were extracted for total RNA using
a modified Gomez-Gomez method [14],
while InviTrap® (Invitek, Germany) was used
to isolate total RNA from the small amount
of transient transformed petals of waterlily.
First sttand cDNA was synthesised from
1 ng of DNase-treated total RNA and
0.5 pLL RevertAid reverse transcriptase
(Fermentas, USA). Full-length cDNA was
synthesised from 1 pg total RNA according
to the manufacturer protocol of the
SMARTer™ RACE cDNA amplification kit
(Clontech, Canada).

2.3 Cloning and Sequencing of The F3H
Gene

The ¢cDNA derived from SMARTer™
RACE was used as a template for nested-PCR
in combination with the following primers:
the UPM primer, which located at the
52-adaptor region, and gene-specific primer,
52 RACE GSP1. The PCR products were

diluted and subjected to the second PCR
reaction using 52 nested and 52 RACE
NGSP1 primers in order to obtain the
52-gene region. The 32-region was created
using an oligo-dT primer and a gene-specific
F3HS8 primer. The sequences of all primers
used are listed in Table 1, and the PCR
reactions were conducted according to
the manufacturers’ protocols. The 52- and
32- fragments obtained were cloned into the
pTZ57R/T cloning vector (Thermo Scientific,
USA)
oligonucleotide primers were designed
(I'3H stop) and used together with the UPM
primer located at the 52-adaptor region in
PCR to synthesise a full-length F3H gene.
In order to analyse the F3H gene structure,

and sequenced. Gene-specific

the genomic DNA was used as template in
the PCR reaction where primer F3H SenseF
and F3H stop were present. The obtained
nucleotide sequence of F3H gene were
analysed by Freeware program BioEdit [15],
BLASTN (www.ncbi.nlm.nih.gov/Blast.cgi),
and the phylogenetic tree was generated using
MEGAS program [16].

2.4 Constructions of pJASF3H

A 308-bp gene fragment was synthesised
using I'3H Sensel’ and FF3H SenseR
as oligonucleotide primers for PCR.
The fragment was cloned into pCRS8
(Invitrogen, USA) and then introduced
into pJAWOHLS using the Gateway system
(Invitrogen, USA). The pJAWOHLS, an
RNAIi binary silencing vector, carries
ampicillin and Basta resistance genes as
bacterial and plant selective markers,
respectively. After construction, the obtained
pJASEF3H plasmid was then introduced
into Agrobacterinm tumefaciens strain GV3101
and used for transient silencing assays in
waterlily petals.
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Table 1. Primers used in this study

Primer name

Primer sequence (5" — 3)

UPM primer
52RACE GSP1
52RACE NGSP1
F3HS8

FF3H stop

F3H SenseF
F3H SenseR
F3H14F
F3H10R

CHSF

CHSR

18-SF

CTA ATA CGA CTC ACT ATA GGG C

ATC CAC GTC TTG CCG CCG TCC CTG GTG G
ACC AGG TCC TGC AGC AGC AGG GTG ATG G
CCT GGA CAT GGA CCA GAA G

TCA GGC CAG AAT TTC ATT GA

GAG AAG CTC CGG TTC GAC AT

TAG TTC ACC ACC ATC TTC TGG

GGA GAT CGT GAC GTT CTIT CT

GGA TTC TGG AAC GTG GCT A

AAG AGC TCC CGT CAA GAG ACT CA

AAG GAT CCC AGA AAA TTG AGT TC

GGC TCG AAG ACG ATC AGA TAC CG

18-SR

GTA CAA AGG GCA GGG ACG TAG TCA A

2.5 Agrobacterium-mediated
Transformation

As recommended in Zottini ez al. [17],
A. tumefaciens strain GV3101, harbouring
the plasmid pJAWOHLS or pJASI3H,
was grown for 24 h in yeast extract
phosphate (YEP) medium containing 100
and 25 pg/mL of ampicillin and rifampicin,
respectively. Cells were pelleted and
re-suspended in infiltration buffer (50 mM
MES, 2 mM Na PO, 0.5% glucose, 100 mM
acetosyringone, pH 5.0). Flowers of waterlily
at four days after above water level were
kept at high humidity condition overnight
and infiltrated with Agrobacterinm cells
(OD,,, = 0.2) using 1 mL syringe. Three petals
were infiltrated with pJA8I3H and another
three petals with pJAWOHLS. Infiltrated
and non-infiltrated petals were observed
for changes and harvested at 1 and 3 days
(dpi) after Agrobacterium infiltration for
RNA isolation and gene expression analysis.

2.6 Gene Expression Analysis Using
sqPCR

Expression of I'3H and CHS (located
upstream of '3H) was studied using a sqPCR

technique with a combination of F3H14F
and F3H10R primers for F3H or CHSE and
CHSR primers for CHS gene analyses. The
PCR was conducted with the following
procedure: 94°C for 5min; 24-30 cycles of
94°C for 45s; 58°C for 45s; 72°C for 50s;
and a final extension step at 72°C for 10min.
The PCR products of 308 or 453 bp of
F3H or CHS, respectively, were separated
on 1% (w/v) agarose gels, stained with
cthidium bromide, and visualised. The 18S
rRNA was used as an endogenous control
gene with primer pair 18-SF and 18-SR,
resulting in a fragment of 600 bp. Sequences
of oligonucleotide primers are listed in
Table 1.

3. RESULTS AND DISCUSSION
3.1 Cloning and Sequence Analysis of The
F3H Gene

Complementary DNAs of the F3H gene
from three cultivars, including one waterlily
(variety St. Louis) and two lotus cultivars
(Satabankacha and Buntharik), were cloned
and sequenced. The cDNA sequences
obtained from the three species were
submitted to GenBank (www.ncbi.nlm.
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nih.gov), and the accession numbers are
KC151961, KC151962, and KC151963 for
Nymphaea sp. var. St. Louis Gold, Nelumbo
nucifera cv. Satabankacha, and IN. nucifera cv.
Buntharik, respectively. The freeware program
BioEdit [15] was used to analyse their ORFs
and sequence similarity. The FF3H gene
sequences obtained from all species consist
of an ORF with 1,134 nucleotides, which
encoded for 377 amino acids, and the
translated sequences were identical. At least
2 introns were found when the sequence of
cDNA and genomic DNA were aligned.
Similar results were obtained from analysing
five independent clones of ecach cultivar.
The nucleotide and amino acid sequences of
F3H wete input into the BLASTN program,
revealing high similarity to the F3H genes
from other plant species including Camellia
nitidissima (HQ290517), Anthurinun andraeannm

(DQY972935), and Gentianna  triflora
(AB193311), with identity scores of 76, 73,
and 69%, respectively (data not shown).
This similarity analysis confirmed that this
gene is commonly synthesised in plant genera,
as many 3H genes from different species
were obtained.

The amino acid sequences were aligned
against the F3H proteins from other plant
species using BioEdit, and phylogenetic trees
were generated using the MEGAS5 program
[16] with 1,000 bootstrap replicates. The
ORFs of both lotus cultivars (Satabankacha
and Buntharik) and watetlily variety St. Louis
Gold have identical amino-acid sequences.
This precluded the grouping of F3H of
lotus and waterlily into the same branch of
evolution (Figure 1). The results supported
the fact that F3H is a common regulating
protein of high homology in plants [18, 19].

bidopsis thall (AAC49176.1)

Gossypitan barbadense (ABL86673.1)
- Cameliia ni (ADZ28514.1)
u Genticma frifiora (BAD91806.1)
Capsicum (AFL47799.1)

Clitoria ternatea (BAF49292.1)
Tecomaria capensis (ADX68327.1)

40

Incarvillea arguta (ADX68824.1)

2 —I— Dahlia pinnara (BAJ21534.1)
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(ABIS0233.1)

Triticum aestivum (BAH36893.1)
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Figure 1.Genetic relationship of some known F3H proteins among plant species. The bars

represent evolutionary distance. The reliability of the tree was checked by bootstrap analysis

with 1,000 replicates.

3.2 Expression Study of The F3H Gene
in Lotus and Waterlily

Gene expression can be used to predict
levels of protein or enzymes being translated

by the gene. The F3H expression in different
waterlily tissue was compared using sqPCR.
The results could explain the specific
regulation and necessity of F3H in this plant.



In general, colour pigments that accumulate
in flowers are derived from anthocyanins
via the flavonoid biosynthetic pathway, and
they support many biological functions like
pollen development and protecting flowers
against UV radiation [20]. The pigment
found in leaves, on the other hand, is
chlorophyll, which is generated by a different
biosynthetic pathway. The three tissue types
studied included petals, stamens, and leaves.
In the St. Louis Gold variety, there was a
marked yellow colour in both petals and

(@)
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stamens. The results clearly showed a different
expression among the three tissues, as shown
in Figure 2a. The I'3H gene is expressed
abundantly in petals and stamens, while it was
undetectable in leaf tissue. This finding
supports the idea that this flavonoid gene is
expressed only in the tissue where it is involved
in an observed biological function [21].
Similarly, studies in Gentiana triflora and
Paeonia lactiflora also have shown the
expression of F3H in flowers but not in
leaves |22, 23].

(b)

Re Pu Ye
SRR
!ﬁ-i” AN
?,'kf-i M Bl 18S rRNA

F3H

+ 5 6

F3H

18S rRNA

Figure 2. Relative transcription levels of F3H were determined by semi-quantitative PCR in

(a) different tissue organs of waterlily (P: petal, S: stamen, L: leaf), (b) different coloured petals

(Re: red petal, variety Royal Red; Pu: purplish blue petal, variety Teri Dunn; Ye: yellow petal,

variety Lueang Garnjana) of waterlily, and (c) different tlower stages of lotus cv. Satabankacha
(1-3) or Buntharik (4-0), including the closed (1 and 4), half-opening (2 and 5), and fully-
opening (3 and 6) flower stages. Expression of 18S tRNA was used as a control.

It has been shown that F3H is a key
regulator for the flavonoid biosynthesis
pathway [24] and plays a role in accumulation
of anthocyanin pigments in the vacuole [25].
The F3H gene was found to be expressed in
petals of different colour of flora, such as
the purple petal colour of Gentiana triflora |20],
purple petals of Capsicum annuum [27], pink
petals of Nicotiana tabacum 28], pink petals
of Petunia hybrida [29], and orange petals of

Dianthus caryophyllus [7]. To analyse the colour-
dependent regulation of F3H in different
colours of waterlily petals, three petal colours
were collected and subjected to sqPCR. Using
18S rRNA as an equal-amount control of
cDNA template for PCR reactions, '3H
expression levels could be compared among
red (variety Royal Red), purplish blue (Teri
Dunn), and yellow (Lueang Garnjana) petals.
The F3H gene was expressed more highly in
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red, purplish blue, and yellow petals, in
descending order (Figure 2b). This could be
explained by the finding that anthocyanins
are responsible for orange, pink, red, purple,
and blue colouration [30]. Anthocyanins could
also contribute to yellow colouration [30];
however, this pigment type can be derived
from a different pathway that leads to aurone
production, in the case of Auntirrhinum majus
[31]. Investigations in soybean have shown
that the F3H enzyme was able to compete
for the naringenin substrate with isoflavone
synthase or IFS [32]. In this case, both
anthocyanin and aurone shared an eatly step
of the biosynthetic pathway, and F3H might
compete with 42CGT for substrate from
CHS through CHI, therefore, expression
levels in pink and purple petals were higher
than those in the yellow petals of waterlily.
Marked changes in lotus petal colour
were observed = during  flowering.
Consequently, lotus flowering was grouped
into closed, half-opening, and fully-opening
stages according to the colour change in the
petals. The cultivar Satabankacha s a pink-petal
lotus, however, the pink colour was found to
fade away at the last stage of flowering.
Expression of F3H in Satabankacha was
almost unchanged during the first two stages,
and it slightly declined when the flower was
fully opened (Figure 2c). A similar expression
pattern was reported in petals of Gentiana
triflora cv. Maciry (blue-flower cultivar), where
F3H expression increased during flower
development, especially when the gentian
flowers were dark purple at the fully-opening
stage and decreased with maturation of the
flower [22]. Zhao et al. [23] grouped P/F3H
from Paeonia lactiflora as a member of
flavonoid genes that gradually decreased with
the development of flowers. Investigations in
azalea (Rhododendron pulechrum cv. Oomurasaki)
petals showed a different expression pattern.
Azalea F3H was expressed only at the closed-

bud stage and decreased rapidly during
flower development, suggesting that F3H is
necessary for anthocyanin synthesis and that
other genes later in the pathway controlled
the pigmentation [33]. Buntharik lotus, whose
petals are white, was found to be tinted with
pink at the petal tips only at the closed and
the half-opening stage, and the colour
disappeared when the flower was fully
opened. Expression of F3H was low during
the closed stage, but it enhanced to a cleatly
detectable level at the half-opening stage
(Figure 2d). The expression pattern of F3H
in cultivar Buntharik confirmed the correlation
between regulation of F3H and anthocyanin
pigmentation of lotus flowets.

3.3 Transient Silencing of The F3H Gene
in Flowers of Waterlily

The F3H protein has been identified as
a key enzyme in the flavonoid pathway.
The enzyme catalyses the formation
of dihydroflavonoids from flavanones.
Dihydroflavanones atre precursors used by
many enzymes for production of flavonoid
compounds. Stable and transient silencing
of F3H resulted in colour changes in many
plants, such as carnation [7], petunia [34],
and strawberry [35]. A functional study of
F3H in response to flower colour in lotus
using a transformation system is impractical
due to the long time span needed to generate
transgenic plants that reach flowering.
Agrobacterium infiltration is, therefore,
an effective, alternative method that has
been successfully used for introducing the
B-glucuronidase (GUS) gene into snapdragon
(Anthirrhinum majus) |36] and rose petals [37].
To investigate the function of F3H in lotus
petals, an RNAi-mediated silencing construct
was generated using Gateway technology.
A fragment of 'FH was cloned into a
Gateway-compatible plant expression vector
pJAWOHLS, and the pJA8F3H plasmid was



obtained and introduced into lotus petals
using the Agrobacterinm infiltration method.
The vector produced an RNAi-mediated
silencing construct after transcription and
initiated interference of F'3H expression in
the target cell. To exclude any unexpected
environmental factors, the transient expression
was set up in the same waterlily flower
where three petals were infiltrated with
pJASF3H and three other petals for
pJAWOHLS as controls. The infiltrated and
non-infiltrated petals were observed for any
changes and were harvested at 1 and 3 dpi.
The experiment was done in 3 replicates
(flowers) of each colour and the results
were shown in Figure 3. Semi-quantitative
PCR was conducted to analyse changes in
expression levels using 18S rRNA as a cDNA
control amount. Changes in F3H expression
were barely detected at 1 dpi, but the
expression was found to drastically decrease

Royal Red

Lueang Garnjana
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at 3 dpi of variety Royal Red. A similar result
was observed in the experiment on variety
Teri Dunn while unchanged expression
level was detected in variety Lueang Garnjana.
Post transcription gene silencing (PTGS)
of the F3H gene has been performed in
rich-pigment flowers of plants including
carnation (Dianthus caryophyllus) | 7] and petunia
(Petunia hybrida) [34] and of fruits like
strawberry [35]. Stable transformation using
Agrobacterinm-mediated methods resulted
in modification of F3H expression, pigment
alteration, and flavonoid production
[7, 35]. Changes in CHS expression were
undetectable, although the F3H level
decreased (Figure 3). It has been clearly
shown by immunoblotting in Arabidopsis 116,
where I'3H was mutated and resulted in a
null F3H enzyme production, that the
CHS enzyme production was not affected
[38].

Teri Dunn
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Figure 3. Transient silencing of the lotus F3H gene was carried out in waterlily petals by
Agrobacterium infiltration. Transcription levels of F3H and CHS were compared by semi-
quantitative PCR among non-infiltrated petals (1), petals infiltrated with pJAWOHLS (2),
and pJAS8I3H (3) at 1 and 3 days post infiltration. Three varieties of waterlily were used:
Royal Red, Lueang Garnjana, and Teri Dunn. Expression of 185 rRNA was used as a control.

In the experiment described here, the
change in petal colour of Agrobacterinm-
infiltration lines could not be observed at
3 dpi. Nonetheless, the experiment involving
transient silencing was carried out in mature
waterlily flowers whose pigmentation

processes were completed. Therefore,
suppression of a gene that is involved in an
early step of the pathway, such as F3H,
did not affect production of flavonoids
and caused no visible phenotype. However,
the PTGS is successfully activated, as F3H
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expression is suppressed in petal tissue of
waterlily, as shown by sqPCR. The results
confirmed that pJASI3H could be used as a
transient transformation vector to suppress
F3H expression in waterlily and lotus.

4. CONCLUSIONS

Flavanone 3-hydroxylase (I'3H) genes
isolated from Nelumbo nucifera Gaertn. cv.
Buntharik and cv. Satabankacha as well as
Nymphaea sp. var. St. Louis Gold were identical
at the nucleotide level and shared high
homology at the amino acid level to F3H
from different plant species. Expression of
F3H was specifically regulated in petals and
stamens, but less was found in leaves of
watetlily. The F3H gene was more highly
expressed in red, purplish blue, and yellow
petals, in descending order, when comparing
its expression according to colouration in
waterlily using the sqPCR technique.
The F3H expression was found to relate to
flowering stage; its expression was slightly
diminished in petals of cultivar Satabankacha
(pink petal lotus) at the fully-opening stage,
while it was detected in cultivar Buntharik
only when white petals were tinted with
pink. Silencing of F3H expression using the
Agrobacterium-infiltration method and sqPCR
technique was conducted in waterlily.
The F3H expression was down-regulated at
3 dpi in red petal and purplish blue petal
variety compared to controls. The results
demonstrated that an RNAi gene-silencing
vector, pJA8F3H, encoding a hairpin F3H
RNA, was efficient at suppressing F3H
expression in waterlily and could be used as a
transient transformation vector.
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ABSTRACT

Effect of explant types and light on callus growth of lotus (Nelumbo nucifera Gaertn.) cv. Buntharik were
studied. The apical buds and petioles from embryo were cultured on Murashinge and Skoog (1962) medium containing a
combination of 40 pM NAA (Ol-Naphthaleneacetic acid) and 0.5 pM TDZ (Thidiazuron) under 16 hours of white light for
16 weeks. It was found that all explants produced callus. The callus induction was produced from both apical buds and
petioles. The callus was friable and green and the hightest score of callus growth was 3.80. The both explants cultured under
red light also showed the same result as the white light.

The kanamycin concentration was tested for selection of transgenic plant. The apical buds from embryo and
embryos cultured on MS medium supplemented with 0, 50, 100, 200 and 300 mg/l kanamycin for 8 weeks. The explants
were removed to new selective medium every 2 weeks. It was found that 50 mg/l kanamycin was the lowest concentration
which the apical buds could not grow. However, the embryo could grow in all selective medium.

Keyword: apical buds, petioles, embryo, kanamycin, lotus
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(White light) Aty 3.00+0.11  3.00+0.00  2.80+3.14  2.60+0.00  2.66+0.13 ~ 3.15+0.18 = 3.20+0.20  3.20+0.20
LENELRN 2030 2.86+0.13  2.86+0.13  2.86+0.13  2.80+0.20 ~ 2.41+0.41  2.25+0.52  2.00+0.50  1.58+0.36
(red light) Andy 3004011 2.93+0.06  2.73+0.13  3.00+0.00  2.93+0.06 293048 3.13+0.59  2.93+0.46

F-test ns ns ns ns ns ns ns ns

CV% 6.15 5.93 8.03 9.62 16.44 23.88 25.30 20.02

ns Tifanuuanaiafiunaada

4 o Y ' a { o 7
M319N 2 VIAveIAaad MINMsnIzAsdIuvesmeea tazfuluaineuuslo vuo1Isgas MS Mau NAA 40 TuTasTuais

3910 TDZ 0.5 M Tas Tuars meldueaadv1d (white light) Haguaadiiaa (red light)

VHIAVBIUADDY (AT 1UBUAINAT)

wag Fudu 01y (Fmvi)

2 4 6 8 10 12 14 16
LEREUm [204R0 0.20+0.01 0.36+0.02  0.49+0.03 0.55+0.06 0.81+0.09 1.06+0.12  1.42+0.17 1.84+0.23
(White light) Ay 0.26+0.01 0.50+0.00  0.69+0.01 0.70+0.¢ 1.11+0.11 1.70+0.18  2.04+0.19  2.34+0.21
LRNELIRY Mo 0.33+0.10  0.37+0.05 0.52+0.08 0.80+0.15  0.79+0.17 1.00+0.27  1.05+0.17 0.82+0.16
(red light) Ay 0.32+0.03  0.54+0.03  0.72+0.06 0.85+0.05  1.10+0.15 1.32+0.16  1.30+0.30 1.614+0.36

F-test ns ns ns ns ns ns ns ns

CV% 33.34 12.94 16.19 23.34 25.22 26.63 25.96 26.81

ns lufianuuanaaRunaada
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d' =2 Yy 9 ad
MINAaINn 2 ANHIANMTNTUVIATURBIUE
A 3 o
kanamycin N1 lumsdluasdaden
M3IYAVIA HAZVINAVBITUTIUMLDADINDNYS
To uMeMISNHAIUHHIH2 kanamycin
= Y Y as
INNITANEIANWINTUYDIA1TU T IUE
& & o 2
kanamycin 7 1¥lumsifuarsdadon lusudaiu
a ~ dy <
M18PAINBYLT 19 NUIZABIVUDINITUIIGAT
A a an . v 9
MS Maua15URFIUe kanamycin 1 UNTU 0, 50, 100,
200 LAz 300 aaniuAeans WU lueIsAa@en
ag = J 2 o A dg’ o 'd
N353 szlesiguanmsarmmuyuluyadiain
o P Qy 1 [ A =
Tagludda1vin 1 Fudiwmeoa luormisaaaoni

12 A v @ = Qy 1 v A A ' A
ANHAUSNAAYNY AD FUFAIUIINTIVYIDOU (15190

=

= a a a 3| Jd & 4
3) Tasliazuuumsaniyayla senadulosigua
A ad o o P
M3a1ene 0.00 1lesisua Juddaivin 2 uag 3
2, A X Ay 1A Aax
Fudiumrgon Miaseluervish lulia1sdgsiue

A A 1

F

kanamycin (control) AnHYUEFUTIUIW TV ualu
v Y 1
2113 AAANNANMTNTUAI FudnTdnyas
Q’ dl = —~ = A =
Sutddeuaindidendudiass Tagazdl
s - £ o o I
wosiFudnismeanudulune 2 dlard lu

o P 3 oA -4 " s
d1la1¥in 4 daddarin 6 Fudrumeeanasly
014150 11T e151UJF 212 kanamycin (control) 3

o Qy 1 = A A I = u’l
anvazFuaIwlasunndveniludiieia uazlu
o A Y g A A o T
91IMITAALADNANMTNYUIUY U nHa s FUaI U
A A A 3 o o o o A
wasunndivasududvir sunszneludlaiva
@ P dy 1 A A @

guazludiaivin 8 HUWuI UiNed TEAVAIY
{Wudu 50 HadnTudeansved  kanamycin iy

Y ¥ A A Ao g Y2 Ao
AIULVNUVUNAING A amldsudiumeeniidnyue

Y E4
a [l

A o A '
L‘ﬂﬂﬁﬂ1ﬂ1ﬁﬂﬂ£ﬂﬁﬁ]ﬂ‘ﬂﬂﬂ5ﬂﬁ’3u L!,ﬁghlllﬁ”lil”l'iﬂ

a

Y

a a S @ o I
wigaulald  Tasiwlesidudnsaaiu 72.27
P-4 o s = a &
nosidud nagnnddardiinaiu luinsinailu

o A A ~ 2, 4 4
uaasa WwonvsanndvesruaIunasulil Tae
a a s I o
guInazuuumssyaula (WosiFuan1snigves
2 3 Yo Vo A 2 Y o
Fudaiu) axiv lddandt aamnin 1 Feaeandoany
A13NAABIVD Supak et al. (2005) NAABIANHING

dreduluinuuiusiBodduined Taoldduves

4 1
retarded shoots WU?1ﬁ1M1§ﬂﬁﬂlﬁ@ﬂ%uﬁ’JUﬁ

¥ ' . 4 o Y 9
ATUNTIUAD kanamycm NILAUANULVUUU 50

Nadnsuaeans uazlumsnaaosvosyg s A3un1
=2 9 1 as
Aa (2550) NAABIANIANVAIUMUADAITURTIUE
) A A A '
kanamycin vouioolnuun luanimilasaie wun
A A o 1 Aa <3
kanamycin AMMANTY 100 Tadnsudedans ifuaiy
™ ™ S 4 =
Wuduidngani lvsudrvdyuunldowiud
Fa 4
Waadisua tazlunsnaasveslszian valse
. ¢ = Ay
u391591 Hazany (2546) naaoAnyuioAu uns
E4
denwdugndaelifivesiu Tas  Agrobacterium
tumefaciens WU kanamycin AU 150 uaz
A
250 Hadnsuaeans a1mIadudINIRTyuelng In
4 Y U dy a Y o w
Aps M HazaueewoouIu lanudidy uaz lums
NAADIVDY 9509 HONKIA LAZANY (2543) NATOL
ol @ A A A o 9 & i
WARU§ARNaaeY ethvonnassluemsn
1l kanamycin ATZAUANMIUTY 0, 100, 200, 300, 400,
500 ppm WudlunnszAauaNmduduanIily
dotuaruan1ela tazluniinaaodued 39509
WONNIA (2541) NAaoIMTt Ul Iguaaddwile
embryogenic callus N1@3QyN19 10 UYBINHAIY (Rosa
L 9 &
hybrida) WUJF Carl Red Tael41%0 Agrobacterium
< 1 Fa
tumefaciens (A281/pBLI21) 1 unIMY %o
) | )
A281/pBI121 4 GUS gene 111U marker gene LAY
<]
kanamycin 111 antibiotic resistant gene (NPTII gene)
INMINAADINYNANTOAALADNUAAD TNATUNIY

' LA o Y 9 a a o
o kanamycm NTILAUANULUVNVU 100 UAANTUND

a v s 3 o o
ang hlﬂ‘ﬂigiﬂm 15 L‘l]E]iLGIf‘uﬁ INITUIULAAD
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=2 9 9
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a a o 4 =3 1 o = @ Y 1 Yy 9
wigauTaazanaanndlai tazlinnuuanalenuy suwudier anvazvesdulunaazanududunedas
4 aa o o i ' PR Ao quld 4 a . o
ganeaan luddavin 2, 3 waz4 (@510 5) ua Tuni 2 Feaumgii Idsuaenns 1o luaeiu
a Y] 1 Y Y 9 A Qy 1 =} 1A o Y
w5 Tediauisnegson ldlunnanududuvo p1tlonnnudruivuialvainuly ¥rldaau
a . @ <3 a . {q 1 '
@150 %2u2 kanamycin  uazwan T udu uaz W uvea15U e kanamycin Nldaaly)1dna lii
o { a 1 2 1 s v o < = %
goavodmna vy alidruy uazv1d Tundas AFUABINUIIUNAADIVDL JULNDY ATNOITY (2546)
Fa ] 9 Y
ANty tazFudrudivinamuinlunndiland TudunaumMIAALaen embryogenic callus YOILAINI
Yy 9 an ~ 1 S I o A A A ag
wazlunnanududuve a5 31U (115199 6) Wugiialy Aedenluervisniarslgriue
A a a a { A I { A Aa o 1A AQS’ 1
uaeNITAIINAZIUUNITS oAy Tanaalu kanamycin NANNMAUTYU 100 HaanTuroans yuaIu
s 3 O Yy v = = A 2 A ~ o & v
1WosIFUANITA1E AU TUANMINIUYDIFT wlasuanindraouudviga gudniunou
an A A a o 1 a A s 2o s 2 IR
UQ¥IUe kanamycin 150 1Az 100 UAANTUADANT milen wazae Aaluesisudne 21 wosigud ¥
wihlinsniyauIaasawinniluanududy gasormIsAadon Iz anaoNyuaazsiae
A ~ Y 9 as 5 J [ d? (=% a A Qs}/
U wagianudnduve 13131 kanamycin uanaenueen lIusdiusiavoslnsiug uas
d' Aa a o " Aa 3 Y v A S Qy 1
7150 aansuaeans vz IMeeavoel IR aVNIFA FuaIu

' Y g A P o v aa
mqmﬂmmwmuau“lumamam NYDAUIVLYINT

H v v Y H
M99d 3 azuuumsisyan Tavessudiuaieennineuss To ideaune11sgas MS idy asUfTe kanamycin ANMTNTUA1

ANMTNTUVRS nJa§n°§uﬁmimmm§ud'awmq @)’
kanamycin (mg/l) 1 2 3 4 5 6 7 8
control 0.00+0.00 0.0040.00 0.00+0.00° 17.8042.20°  2227+226°  2333+8.81°  2447+1557°  2847+1521°
50 0.00+0.00 17.80+2.22 27.8046.17° 50.06+1.90° 54.4740.14° 54.47+2.93%  61.13+1.13" 72.27+4.82°
100 0.00+0.00 23.3348.81 37.80+2.20"  47.80+4.02°  51.13+029"  5227+1.13°  5447+2.93"  54.47+2.93"
200 0.00+0.00 22.26+2.26 35.6042.20°  41.13+1.13° 41.1340.05" 42274397°  444THA46°  45.60+4.02°
300 0.00+0.00  17.80+11.75 40.00+0.00"  41.2042.94° 41.8040.14° 4226+4.82° 422742260  48.93+5.87%
CV% 0.00 71.69 18.97 23.29 27.33 29.13 29.06 26.88

v [ 4 1 [
"Aundshonbsminuaeiulunuags innuenaiaiuedeiivedidynieana ien/Touifieu 1ae7s Duncan’s Multiple Range Test 7

FEAUANMIFDIU 95%

. v |2 .
9197 4 VIAYEITUAIUAIBEANINENE 1o NABAUUIMITEAT MS AN 51/ I1e kanamycin ANUTUTUA1

ANMTNTUUD vinameeannenu3le (Ms1uwuRmns) /g @lav)"
kanamycin (mg/1) 1 2 3 4 5 6 7 8
control 0.2140.00"  0.2140.00"  0.62+0.07"  1.03+0.13"  1.11+0.14"  1.20+0.14"  1.32+0.14"  1.53+0.14"
50 0.21+0.00"  0.21+0.00°  0.32+0.00"  0.39+0.00"  0.51+0.04"  0.59+0.00"  0.59+0.00"  0.58+0.00"
100 0.3240.00°  0.32+0.00"  0.39+0.00"  0.45+0.02"  0.40+0.00"  0.38+0.01°  0.38+0.01"  0.36+0.01"
200 0.34+0.01°  0.34+0.01°  0.38+0.01"  0.38+0.01°  0.47+0.02"  0.48+0.02"  0.48+0.02"  0.47+0.03"
300 0.34+0.01°  0.34+0.01"  0.37+0.01"  0.39+0.02"  0.41+0.04"  0.52+0.07°  0.48+0.06"  0.43+0.08"
CV% 7.13 7.13 13.61 21.05 21.12 20.43 19.04 19.62

v [ Ed . [
"Aundsndnbsminuateiulunugs Tanuuanasiuedeiivedidynieana iWen/souifien 1ae3t Duncan’s Multiple Range Test 7

FEAUANUFDIU 95%
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M3 5 AzUMIs YAy Tavessud s To Ndesuomsgas MS AN d151 5 kanamycin mmdudune

ANMVNTHUD nJaidneﬁuﬁmimﬂmm"ﬁvudmﬂmq (&anti)”
kanamycin 1 2 3 4 5 6 7 8

(mg/)

control 0.00+0.00  0.00+0.00° 000+0.00°  0.00+0.00°  666+033°  20.00+0.00°  20.00+0.00"  20.00+0.00"
50 000£0.00  20.00£000°  20.00£0.00°  40.00£0.00°  40.00+0.00'  40.00+0.00'  40.00+0.00"  40.00+0.00"
100 0.00£0.00  20.0040.00°  20.00+0.00"  40.00:0.00"  40.00+0.00°  40.00+0.00"  40.00+0.00°  40.00+0.00"
200 000£0.00  20.00:000°  20.00£0.00° 2666666 26661666  26.66+666"  2666:6.66"  26.66+6.66"
300 0.00+0.00  20.00+0.00" 200040.00°  26.6616.66°  26.6616.66°  2666+6.66"  26.66+6.66"  26.66+6.66"

CV% 0.00 0.00 0.00 2738 31.94 2381 2381 2381

)

1 A Ao o v 1w P Vo VoA o aa A& = ~ a . A
mmﬁﬂ‘ﬂaﬂ}ﬁmﬂ“lJGl‘NﬂuGluuu’JGN Nﬂ’smlmﬂﬁl‘lQﬂuﬁ]ﬂNlluElﬁ‘lﬂiy‘VlNﬁﬂﬁl LiJEJLﬂ‘JEJ‘UW]EmIﬂEJ’J‘ﬁ Duncan’s Multiple Range Test 7

FLAUANMFDIY 95%

H £ v Y '
M3191 6 VinavesFUEIMENLS To MAUOMITEAT MS AN 151§ FI1g kanamycin ANUITLTUA 1

ANVNVUVD vinaeuile (Mausunms) /o @la)”
kanamycin (mg/l) 1 2 3 4 5 6 7 8
control 11240.00°  1.1240.00°  1.19+0.02°  1.3940.02°  1.59+0.01°  1.63+0.01° = 1.67+0.02"  1.71+0.01'
50 1.1240.00°  1.1240.00° = 1.16£0.01°  1.18+0.01"  1.2040.01"  1.2540.02" ~ 127+0.02°  1.3240.01"
100 1.16£0.01°  1.1540.00°  1.1740.00°  1.2040.00° = 1.2140.00° = 12440.00°  1.27+0.01"  1.2940.01°
200 1.1640.01'  1.16£0.01" ~ 1.18+0.01°  120+0.00°  1.23+0.01°  1.26+0.01°  130+0.01"  1.3240.01"
300 1.16£0.01°  1.16£0.00"  1.1740.00°  1.1940.00°  2.2140.01° = 1.2440.01° 126x0.01°  1.2840.01°
CV% 1.33 112 1.90 1.99 1.66 2.45 2,57 1.97

] I E 1 T
"Aundononyssinuaiulunuads Tanwmanaenuegaiiisdiayn1eana tenSeudion 1as3s Duncan’s Multiple Range Test

FEAUANMIGFDIU 95%
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? s ° i v /
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s a

v Y £ '
M1 fﬂﬁ!ﬁ]iﬂ]ﬁ]@ﬁElfu’c’f’JL!Gl18@ﬂﬂWﬂLﬂNUiIﬂﬂJ@\iﬁ’Jﬁﬁ’Nﬁ’u‘ﬁ YUNTNNAGIVUDIHITEAT MS N

aa

a an oA o Y Y < o P
31U kanamycin AgzauANMANTUA199 Wunal 7 dlens
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N198519 DNA @aiN@uagtiy chalcone 4’-O-glucosyltransferase 1N snapdragon
(Antirrhinum majus) \iWaAnwuTnArasBualemAilian RNA interference
Construction of Recombinant DNA of Chalcone 4’-O-Glucosyltransferase from Snapdragon
(Antirrhinum majus) for Studying Gene Function with RNA Interference

2598 LRANIAANIE ~ ATYAUT WEtAEY FiN ATYWITO UWASUIANHA! LNFUNIA]

Auemongkolgarn, W.ﬂ‘z, Saetiew, K.1, Arunyanart, S.1 and Parinthawong, N.1

Abstract

Chalcone 4’-O-glucosyltransferase (4’CGT) gene is an important enzyme in biosynthesis of aurone. The
4'CGT gene was synthesized from cDNA of yellow snapdragon flower (Antirrhinum majus). Using specific primers
designed from database in Genbank in RT-PCR technique. The gene size is 1,374 bp. Expression of 4'CGT gene
in different petal colors was studied. It was found that the highest expression of 4'CGT gene was in yellow,
orange, red, white, pink and violet flower, respectively. The 4'CGT gene was cloned to sequence and selected
fragment of 313 bp was inserted into pJAWOHLS8 using Gateway technology for gene silencing. Cell suspension
of Agrobacterium tumefaciens carried pJAWOHLS8 or pJA84'CGT was Agro-infiltrated into petals of A. majus
using needleless syringe. The change of petal’s color could not be observed in any experiments but the level of
4'CGT gene expression was found to down-regulated via 50% of flowers used in experiment.

Keywords: Gateway technology, Agrobacterium-mediated transformation, gene silencing

UNAnEn

g1 chalcone 4-O-glucosyltransferase (4'CGT) Lﬂuﬁuﬁzﬁﬁﬁmiuﬁﬁ%ﬁaLmiﬁzﬁmﬁa‘%ﬂ@u@@‘tiu aqle
FUAILIEU 4COT a9n cDNA 1asansiansnandivans (Antirhinum majus) e Insise Meanuyannanuwmid
umzianzastpe ddayalusunastiu Wiauawn 1,374 gua nisuandeanaestu 4'CGT lunaunen@sie wudn
PANAWARITINTUARIBENTBIEL 4'COT aNnTign T89ARNARABNAAN WA 119 Ty wazaiss AR anfidaau
fu 4caT dunmsilfiiefinnsimiuianalalng udadenidnmteddu 4CGT mwn 313 dua Taaudng
1ALARS PJAWOHLS Fatinalulatl Gateway Wasugiansuandeantadiiy hansuanuaessadesinsuunfiaaaid]
AARS pJAWOHLS vide pJAS4'CGT amdngnauaenaulensdvaes uanisrhedulinunsulaeuuladaenay
panluyNNMARes WiTKALMSUgAIBaNTatEYL 4CCT anas 50 iwefidus WeuSuudiuuiuduauaeniidnatiu
Fdndny: waluladinmad, msdnathilagdestnsuuafiBes, nafudenisugnseantest

A1in

dresnenliiiaanansdlungumanlivesns fndfidaudnaning sousidivaesen aufada 2uns fin
uas ANy (Tanaka et al., 1998) mﬂﬂ?iﬂuuﬂ@ﬁﬁ%qﬁqmmxﬁmqmﬂuﬂzﬁmm%u@ﬂmﬁmﬂﬁ'ﬁﬁmmﬁufgﬂﬁuié’
gnﬁmﬂﬂumnﬂﬁmugmmm@ﬂvl,ﬁummjﬁm (Nakamura et al., 2006) #1M5UANTIAUAINTURIUARY W9 1oulms]
chalcone 4’-O-glucosyltransferase (4'CGT) Lﬂumﬂsﬁﬁﬁﬁ’mﬁﬁﬁiwﬁuL‘ﬂ‘LﬂﬂJﬂ aureusidin synthase (AS) Tunng
Fupmziaaliy a¢linuduaeslunausenausians (Ono et al., 2006) miwmmﬁﬁd“mqﬂizmﬁLﬁ'ﬂm”\N DNA
aenan Tneendewnalulag Gateway (Karimi et al., 2002) TunsffudansuaninanIadEiu 4'CGT iansaagaLnIs
¥inuaedEinug CoTuLLEa AT AN AL NS
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N19LA3aN RNA waz cDNA

¥nn2ain RNA annaLnenausans (Antirrhinum majus) Wug Pixie Bells (Atvaes Auy Asing uaz d119)
waz Wug§ Cameo (A&nuaz@uma) #aeR5999 Trizol (Invitrogen, USA) A nthusden oDNA 1neld Revertaig™
Reverse Transcriptase (Fermentas, China) finnnadiud RNA 3 ug/ul Qmﬁﬁﬂﬁﬂﬂﬂmﬁ@m%gﬁ 42 paATATed
e 2 dala Zﬁﬂﬁﬁﬂﬂﬂﬁﬂﬁﬁ?ﬂﬁﬁ 70 agpnigadea i 10 wid
N153LATIZREWALA semi-quantitative PCR

InsiefdAnmBinumsugnieanaasiiu 4CGT luudazdnenawing sanuuuanndayalusunansiu
(accession number EF650015) Taaldnafiifalnaimas 5' - C GGA TCC ATG GGA GAA GAA TAC AAG AAA AC -
3 uazinealnsiues 5- TC GAG CTC TTA ACG AGT GAC CGA GTT GAT GAA -3 uinl1# DNA nan@mtuia
1,374 ga Taelu 20 lulasdng wealfjisen PCR § 1X buffer (NH,.S0,, 2.5 mM MgCl,, 10 mM dNTP, 0.5 pM
Wafasmlnswes 4 CGT 0.5 pl\/l Fnefalnauas 4CGT, 10 ng DNA template (cDNA m@qmﬂ@umﬂi) was 1U Tag
polymerase Imﬂwﬂumfﬂumu 1) denaturing 94 paAEATEd 5 W, 2) denaturing 94 IANTATEE 45 3117, 3)
annealing 58 mmm@mm 30 qu’m, 4) extension 72 @qmmmmm 1 u’Wl 5) final extension 72 mmmamm
10 T Fingndumend 2) 14 4) |7 40 38U azilensuivunnantinlinmaganenndudiu DNA Taeda
agarose gel electrophoresis

aanuuLingie sty 4CGT andayalusunensiiu (accession number EF650015) tivar PCR duinnzyitu
4'CGT undou Inaldvasiifalnauas 5 - TGG GTG GAA TTC TGT TCT TG - 3 wazanefalnaiuas 5 - TCG GAT
CCT TAA CGA GTG ACC GAG TTG ATG AA - 3 lsf DNA 2u1a 313 grug 9111fjisen PCR snsaanisdaunsizifen
4'CGT wazlianuinseuuesjizen 27 sau

Fuasziiu 18s Taeldrasidfalnaues 5 - GGC TCG AAG ACG ATC AGA TAC CG - 3’ uaz Tnasalng
e 5 — GTA CAA AGG GCA GGG ACG TAG TCA A -3’ ﬁ@@ﬂLLumﬁﬂ%@H@”Luﬁmmﬁﬁu 9914 DNA nandn
2U1A 600 ALLE el Ben A dduaes cDNA U381 PCR 718116NN949AeIiEs 4CGT uayldauau
79L9891U3)1381 27 78U
Msas1aNasNndeRaNLazn1sanalau DNA wing Agrobacterium tumefaciens

[Feusefiundanaes #CGT 11na 313 GBIE fil#annnasin PCR wingupmes pCRS (Invitrogen, USA)
Tenlff3enaesmadonsio DNA aansnlu 6 lulasdns tszneudnananan PCR 4 Tulasdms salt solution
1 lulns@ns uaz waweas pCRS 1 lulasdns Nmu%\immiﬁm’hﬁu@ﬂwmﬂ ﬁuﬁfqmmﬁ 25 aamaiea s
5 1l antiurnelen DNA angnanding £ coli (DH5a) #2835 heat-shock LazidsagULanTule LB
(10 g/L trypton, 5 g/L NaCl, 5 g/L yeast extract, 15 g/L agar) Vlﬁ\lmﬂgmu”mﬂﬂmiuumu 100 pg/ml ATaasaL
Talatidaamatin PCR Tngldlnsmestiu 4CGT 1u1n 313 s antuaeniataiiianadnlEsumanaiia PCR8 i
4'CGT Lm‘a“ﬂag_lJ (pCR84'CGT) Lml\‘isluﬂ’lu’limm LB Broth (10 g/L trypton, 5 g/L NaCl, 5 g/L yeast extract) meﬂﬂ
Aludedy Aonududl 100 pg/ml Ul 37 seAumaidaa weinanasa 220 seuseun wiw 16 dalue afauen
naain neageusfuiiinalenduaziFauinsuiugudeyalusuianstiu

dhaleutiu 4CGT Wngnawmes pJAWOHLS #aetlffisen LR (Invitogen, USA) Taelu 10 lulasdms
tlsznausag wanala pCR84'CGT Fund 150 wlunin pJAWOHLS 1suntu 150 unlunia waz LR clonase
2 luTAsans nanauua gL 25 asmmaies Wunan 16 4l uay dhelau DNA \ing E.coli (DH5Q)
1A8A% heat-shock ANNHUATIAAELELANLIENEY 4'CGT ﬁLLWiﬂfagiuW@ﬂaﬁm pPJAWOHLS (pJA84'CGT) laainsld
ulmifasninnz Hind 11l uaz Xba | antiudnalaunanaiin pJAS4ACGT ving Agrobacterium tumefaciens fNtWE
GV3101 #9833 electroporation AgaA8LIANINGNFBdIINANARAREMATA PCR
msﬁnmmmmm@nmmLl,uuﬂi"qm'n (transient expression) AR9EU

fnelai DNA gNeHgL18d pJAWOHLS 1138 pJASA'CGT Wnanaumenvesausans Wi§ Dragano &Lwaes
ANNATURY Zottini et al., (2008) AU 2 ABN LATATIAdELLBNIUNTIARIRaNsREnATIA semi-quantitative PCR
nanasnstnalaunAamefiilungn 3 4u
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flevhil 46T fifuansianeendsine wulaufieufunnumauanseenyesiy 40GT wuthuaun
1374 i uaziinmsuanseanuniignlunendiaes & uad 219 Tuy waztas MAAEL (Fig. 1) lasantiu
4CGT @ﬂlunzﬁu@@‘isuum’lﬁhuamﬁ@ﬂuﬂﬁumﬂ%uﬁqm (Ono et al., 2006) KT AN TUAAIBNTBEY 4'CGT
Auldunniiaalunendvies

Mevdsannisin Agro-infiliration  titednaletnamef pJAWOHLS Ve pJASACGT dingnauman
wrauWsunnsuanIaentedds 4'CGT AENATRA semi-quantitative PCR WL4N3NNun1sudngaanaadii 4'CGT
gesnenandull 1 AldFunAnes pJASACOT liuansnaannaeniildsunames pJAWOHLS uslunanandui 2
FFsu0AmAeF pJABSCGT Fiiunmnisuanseanaesiiy 4CCT anaaiiafiauiuaeniléiunamnes pJAWOHLS
TaEvie 2 AAN ENLNTOATIANLTUE 4'CGT ﬁfﬂg’lummmﬁ pJAB4'CGT (Fig. 2) aeielsfnuiiansaseuAnIEINg
phenotype  WudnaAnenlaiaeulas fm@Lﬁmﬁnﬂ@wﬁm'u@uﬂ’]il,ﬂ?qlﬂw,l,ﬂmﬁm@ﬂLﬂuﬁuﬁﬁﬁmuéqmﬁuﬁuﬂuﬁlu
SanEnn (multiple gene) TuNszLaUN1sRAAILIANIR  (Ono et al,2006) Faunnsdugenisuaniaantasty
#CGT ieafufananadsliifisamasanisiasuulasdnsnenig phenotype wazduiuneni 1 AldiRnuadiuss
N13UAAIRRNTRSEU aNaiAaINNIILNuLTan atl Tuwmalulad gateway sianisiinlasaadna hairpin RNA nnelu
wadna (Helliwell and Waterhouse, 2003)

dgiua
Fupmziuiu 4CoT eldfeyaanatastuluniseanuuninswes auawna 1,374 Fug wadnm
nsuanseenIasiy 4CGT lundunenaudensisne wudiu 4CGT dnisuanseanannignlunendivaes #du
Fuse F10 Amunuezdioe mwdisu Jedmianitunaesiy 4CGT 1w 313 fud Taawdnguames
pJAWOHLS  TaeldinaTulad Gateway edfussnsudnseantasiiy 4CGT Fasmalia RNAI Saudumadia
Agro-infiltration wudldfinsulAeuutlasasinumizne phenotype usnud BN suanseantasiiy 4CGT
fimsaaaulagmatin semi-quantitative POR anaslugnsadon 50 wafiius \fonRouiuiosiuaunendidneiu

ANUDLIAM
= o v o | = - @ Ay e o o o o o
nAdeRldTuneaTiuayudowiiangudadudAiunalulag@anmnems - Arinwmwindiadnm
wazRdpAAneAaniiaznaiulat §1INNIUANENIINNNINITAANANHNIENINANEIBNNT - (AG-BIO/PERDO-CHE)
warneauide  aaniumaluladinszaauindndinnmnsaiansziy  neldlassnsdfudseiugiionanine A5 smust
WugnaI
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Figure 1 Expression analysis of 4’CGT using semi-quantitative PCR from various color flowers of snapdragon.
(O: orange, P: pink, R: red, V: violet, W: white, Y

. I L3C)\IT

A'CET full length
ACGET i construct

185

Figure 2 Semi-quantitative PCR analysis using primers for full length 4'CGT (4’'CGT full length), 313 bp fragments
inserted in pJA84'CGT (4'CGT in construct) construct and reference gene (18S) of flowers 1 and 2
contained pJAWOHLS8 (1C, 2C) or pJA84'CGT (1T, 2T).
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nslAauuasANEINIsLAAIRaNLaEY Flavanone 3-Hydroxylase (F3H) luauamanwugiaunngadinan
Cloning and Expression Study of Flavanone 3-Hydroxylase (F3H) Gene in Tropical Waterlily cv. St. Louise Gold

Feasna taeiloymy” Ayaun wiBias’ i a5yuin’ wasuweansal LNSUNIGA’
Chaipanya, C.ﬂ‘z, Saetiew, K.1, Arunyanart, S.'and Parinthawong, N.'

Abstract

The flavanone 3-hydroxylase (F3H) gene has been reported to synthesize a key enzyme involved in
anthocyanin production in many plant species. Using of degenerated primers based on conserved regions of F3H
available from GenBank, gene walking and Polymerase Chain Reaction (PCR) techniques, full length cDNA of
F3H gene with 1,131 nucleotides which encodes for 377 amino acids was obtained from tropical waterlily cv. St.
Louise Gold (Nymphaea hybrid ‘St. Louise Gold’). The amino acid sequence showed 78% similarity to the F3H
gene of Vitis vinifera and Gossypium hirsutum. Semi-quantitative PCR analysis showed that the expression of F3H
gene was more abundant in petals than anthers and leaves, respectively.

Keywords : anthocyanin, semi-quantitative PCR

UNARER

&1 flavanone 3- hydroxylase (F3H) mﬂimumn cDNA mm@ummwuﬁvﬁummgﬁnm (Nymphaea hybrid
‘St. Louise Gold'") ﬁuum‘uﬂumimmmym@u%u F3H "’INLﬂF;IQ‘LIT’NﬂUﬂ?vUQuﬂﬁﬁ‘N@ﬁl@%"sﬂuﬂ@N anthocyanin lwiNe
Toer 1 degenerated primer ‘vm'aﬂu:uumﬂmmm'auiﬂmmwmumm\ﬂ m"l,mumiﬂﬂmum faufUmAtA gene walking
Az Polymerase Chain Reaction (PCR) £l1 F3H wmmﬁw"lmmmm 1,131 @mm LLﬂﬂiﬂ@IﬁTﬂ’imuﬂnwﬂmm 377 NIRBTH 14
dlauFuuiiauansuresnsnesTunudnin i euiuiiy F3H Tuadu (vitis vinifera) wazilne (Gossypium hirsutum)
78 Wefidud nnsAnmsEAuNTuanIeenaeddiu F3H fAaeimalla semi-quantitative PCR Wu41Eu F3H Jnnsudnsaan
mnﬁzgmslunﬁumn nas wazluaNaIAy
AdnAn : wauinloeniiy, semi-quantitative PCR

UNUI

a Y ) o dld Q‘ £ [~ o o o 1 Y o Z// o

Avesnanliiiludnuznhsgangaeesldinanuasidutladaudnlunimivunyadizesnenld Asiunisimnn
= Y R o, o o re A o o oy ad Y Ay o o A A
Aveclinanaadudiumnemanlunisfulgeiug wsiiiesannatfudgeiug aedsnisuand i dedninuestiug
= Y o R ] d S o s > % a a vala A Y
nendesiunsaiwanieglunawiazain M laldamisoimunldnenrsugiavaiestialiidnunseeanissoe
Asnawandnu (Aaw, 2553) tTadudulifanandAyanatianileaasine (Buaan uazidiuann, 2549) duasaan’d
wAnzatiadaauuansiulvediUTingesasd - (pigment) U NgNWINAGAU  (betalain) nguuAlsivans

. ! - R — ! o algyal A A Ay o A A ] = \
(carotenoid) LLmﬂ@quTfm@ﬂm (flavonoid) Sﬁuﬂuma‘ﬂ@wmﬂummwm AINUANINIALFARAVARIB DL AUDIAT N
uaztn®du iy weulnloenfiu (uouddl, 2550) laaigiu F3H (flavanone 3-hydroxylase) HlugiudnAnluandaunmet
wenlnlzentiu Gelidlunenliisine (Qwens et al, 2008) Unuaniiuwenieviiniddesinlunmuand i welildnen
Aaa o o Y a N a A 4 2 oA a = P
Rddumanuane Tnadanaldaninuandlulsznalnefiiies 2 @ Wil Ae 119 uaz@auy (Tuain wazi@duann
, 2549) Astiulumameaespisilldlaautiu F3H luguatanuginusiugadings (N. hybrid ‘St. Louise Gold) Aanamaes
WeAnNMTuARseenTesEly  F3H  lTudowsine  wesguatiiiugiwsivgedinad  Geenaldidueieciiolu
malasuuladnduassinesanslungunanlausasisaadanimmisiugidanssusiell

" anamirumalula@insudniie anzwalulaginsinens aodunaluladinszaaunandngunmsaiansziis
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N5LAFEN RNA

witesiedlenas niumen salumesguatENuiTwugedings 1 N3N unazdaasaeulrsAuaILATAT A
uein RNA mmﬁmwm Lopez-Gomez and Gomez-Lim (1992) aza1emznawsiat DEPC-dH,0 i hldnBEunniuay
ATUNTW RNA Fatiries) mmmmﬂ@mmwm’mmqmu 260 WTAT L1 RNA wmmmmunu -80 B9ANLTA LRI
n1slAauEY F3H

Tnauilu FaH Tneld degenerated primer fieanuuuandfuseyindluigediasie AlEInemenuly
4 GenBank  (http:/Aww.ncbinim.nih.gov)  ldfeyaannisawssinalaalilsunsy  muliple  alignment
(http:/Avww.ebi.ac. uk/Tools/clustalw2/index.html) &9LAszY cDNA 289naunenguatIARumusiiqadinas tneld
RNA 131104 2 pg §1wdunljiisen Reverse transcription m1538n19299 SMARTer ' RACE cDNA Amplification Kit
(Clontech, Canada)

Aupaziunedauestiy F3H aan cDNA aesguatmnugiausmgedings Taeld cDNA 15unns 1 pl dmdu
Ufji3en PCR 1su1ms 20 pl fitlsznevgae dH,0 9.5 pl, 10x Taq buffer 2 pl, 256 mM MgCl, 2 pl, 10 mM dNTP 1 pl, 10 uM
forward primer (5'- GTC CVA AGG TKG CYT AYA AYG -3) 2 ul, 10 uM reverse primer (5'- CYT TGC TCA TCT TCY TCY
TGT AC-3) 2 ul kaz 5 U Tag DNA polymerase 0.5 pl (Fermentas, USA) ﬁﬂﬂﬁﬁ“&ﬂﬂum?'m PCR (Biometra, Germany) 1 98U
fignunndl 94°C 5117, 35 sau 7194°C 45 3unfl, 58°C 453w, 72°C 50817 waz 1981 7l 72°C 10 W17 AIIAEELILAKAR
PCR #neAans gel electrophoresis @nA DNA AANANNAAMNIINILEN FavorPrepTM GEL/PCR purification mini kit
(Favorgen, China) densia DNA WnfunAWes pTZ57R/T (Fermentas, USA) uananelawdnuuaiiide Escherichia coli
aneiug DH5Q e Funnddiu DNA amadeUlpaufill DNA aenaalnansiadasenlsifasmz Bam HI uaz
Eco Rl Anienipaufigniesinddinmsiasuiiondlalng

AuAnsiEudiou 5 uaz 3 A cDNA 2esnaunenguatiiRuimsgedings muian1sres SMARTer "
RACE cDNA Amplification Kit (Clontech, Canada) a1 Inwsinesd1miudans1esisinu 5 As GSP1 primer (5'- ATC CAC
GTC TTG CCG CCG TCC CTG GTG G -3)) @:Tgﬁ_l UPM primer (5'- CTA ATA CGA CTC ACT ATA GGG C -3)) waz
f1 3’ Aa Oligo-dt primer AL F3H8 primer (5= CCT GGA CAT GGA CCA GAA G -3") m3g@aLnatan PCR
Traufiuuaznmagen DNA grendupaizmsdneiu fadenlaauignieniddinmsiandiionalalng mudeyaues
ane) DNA veanalngiliaunss BioEdit (Hall, 1999) nRaufeudnautiandlandflgTugudeys GenBank
NSANENNMSUARIRaNTAEY F3H TUdaus9 9 1099 LATIANUSLIUAMQERINAARILIEMS semi-
quantitative PCR

Aozl DNA a1n RNA Tuanaialdainings nauaan e luesguaT ANuglanvg ed Inam Eunnee ey
1ug ANNATNNIUE Sensiscript® Reverse Transcription (Qiagen, USA)

Pupnudindunes cDNA inas naumren uwarluresguatiinugimuqedinas Wivindu foeizen PCR Tu
1B11ms 20 pl sznew Fagl dH,0 125 ul, 10x Tag buffer 2 ul, 25 mM MgCl, 2 ul, 10 mM dNTP 1 pl, 10 M 18-SF primer
(5"- GGC TCG AAG ACG ATC AGA TAC CG -3') 0.5 pl, 10 uM 18-SR primer (5- GTA CAA AGG GCA GGG ACG
TAG TCA A 3) O 5 ul, cDNA 1 pl lag 5 U Tag DNA polymerase 0.5 pl mﬂ{]ﬂmﬂuma‘m PCR 1 991 wﬂmmu 94°C
5 wnil, 24 38U 71 94°C 45 A, 58°C 45 AT, 72°C 50 Aunil uaz 1 seu i 72°C 10 Wil WReLELBNnuNTg
WAPIRaNTRSEIY 185 rRNA anANudiaaeaawnl DNA LWAananaInsii gel electrophoresis 14 cDNA a9ings
nausen  uazluvesguatAnugiugedinas fsup A infudodly  DNA  fuunilumsin semi-
quantitative PCR 1/331m9 20 i 7ilsznaudian dH,0 12.5 pl, 10x Tag buffer 2 i, 25 mM MgCl, 2 pl, 10 mM dNTP 1 i,
10 UM F3H SenseF primer (5'- GAG AAG CTC CGG TTC GAC AT - 3) 0.5 I, 10 uM F3H stop primer (5'- TCA GGC
CAG AAT TTC ATT GA 3) 0.5 pl cDNA 1 pl waz 5 U Tag DNA polymerase 0.5 pl Vlﬁﬂ{]ﬂﬂ‘?;lﬂum?‘ﬂ\i PCR 1 72U
wamuﬂu 94°C 5 11, 28 991 ‘w 94°C 45 Aund, 58°C 45 Aund, 72°C 50 A7 LAz 1 38U 71 72°C 10 W Feuifiaw
Fununsuansaanaastiu F3H anauidinuwas 69833019 gel electrophoresis
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madamziian F3H Taanisld cDNA  annaumendmaestesguatifnugimusigudinafidunidue
sy lwnsvindfjnsen PCR 1451 DNA  2u7n 1,131 Tlmdlelng (i 1) wilaviadulilsauldaunn 377
nsnasfily (Nl 2) WeuRsuieusnduresnsaesdlunudnfinouwieuiuiy FaH luadu (Vitis vinifera) uaztle
(Gossypium hirsutum) 78 \lafifus (397 1) wandliiuintunlnauldAe Bu FaH uazdiFueENIF LAt shu
wiauiuivequuazie

HanIFELELNNTUARNEaNT8sEY F3H seudnanaunen nas uazluvesquatianugiawsiiqadings doe
38n19 semi-quantitative PCR Wu31E1 F3H Lmq@faﬂuﬁﬂﬁ@msluﬂaum@n IAAINNABINGT Uazudnsaantiagunluly
(Figure 2) Lﬁmmm\lm‘hu@ﬂﬁﬁumqﬁﬁmzﬁju‘l,ﬁl,mmﬁwmmm (Nakatsuka et al., 2005) Foufiu FaH Aedinig
ugmvean udiureanausenuazingsnINndnly nantmasesenndesiunisuanseanaediu F3H lunaaiiasie) i
WWFwEe (Gentiana triflora) WUNTLEAYRaNT84EY F3H lunausenusunyldnunisugnseanluly (Nakatsuka et al.,
2008) uazluuStlilawug Fugi (Malus domestica Borkh. cv. Fuji) wumsugaeentesi F3H lugaurasuanniign
sasasNARIABNNA TN FUNAY LazAIARNANNAIAL WA linunnsudnsaanaastiu F3H lwlu (Kim et al., 2003)
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nadamies F3H Taeld cDNA fa'ummmwum&nummﬁ'ﬁﬂ@mﬂumL@uL@muLLuu‘Lumamﬂgmm PCR
1431 DNA 2970 1,131 fardtelnd wlasiadluldsfiuldaun 377 nanesiily Gauanseenfinaunenunign way
waneantagNinluly
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ATGGCACCAACACTGGTGGTGGAGTCGTCGCCGGCCGCTGCTCAGCCGAGACCGTTTCTGCCGACGCTGAAC
GAGGAGAAGACGCTGAGGGAGTCGTTCGTGCGAGACGAGGACGAGCGGCCGAAGGTGGCCTACAACGACTT
CAGCAACGACGTCCCCGTCATCTCCCTGGCCGGCCTCGACTCCGACGACTCCCGCCGTGCCGAGGTCCGGGA
CGCCATCGTCCGGGCGTGCGCAGGAGTGGGGGGTCTTCCAGGTCGTGGACCACGGCGTGGACGCCTCCCTCG
TCTCCTCCATGACGGAGATGGCGGCCGCCTTCTTCAAGTTGCCCCCCGAGGAGAAGCTCCGGTTCGACATGTC
CGGCGGGAAGCGCGGGGGGTTCATCGTGAGCAGCCACCTGCAGGGGGAGGCGGTGAAGGACTGGCGGGAG
ATCGTGACGTTCTTCTCGTACCCGTTGGCGGGGAGGGACTACTCCCGGTGGCCGGACGTCCCCGAGGGGTGG
CGCGCGGTGGCGGAGAGGTACAGCGAGGAGCTGATGGCGCTGGCGTGTAAGCTTTTGGGGGTGCTGTCGGA
GGCGATGGGGCTGCCGTCGGATGCGCTCCGGGATGCGTGCCGGGACATGGACCAGAAGATGGTGGTGAACT
ACTACCCGCCGTGCCCGCAGCCGGACCTGACCCTGGGGCTGAAGCGGCACACCGACCCCGGCACCATCACC
CTTCTGCTGCAGGACCTGGTCGGAGGCCTGCAGGCCACCAGGGACGGCGGCAAAACGTGGATCACCGTCCAG
CCAATCGCCGGCGCCTTCGTCGTCAACCTCGGCGACCACGGCCATTACCTTAGCAATGGAAGGTTCATGAACG
CGGATCACCAAGCGGTCGTCAACGCAAACTGCAGCCGCCTATCGATAGCCACGTTCCAGAATCCGTCGCCGGA
CGCCATCGTGTACCCATTGAAGATCAGAGAGGGAGAGAAATCGATAATGGATGAGCCCATCACCTTCGCAGAG
ATGTACAAGAGGAAGATGGCCAGAGACCTGGAGCTTGCCAGGCTCAAAAAGCTCGCCAAGGAGGACAAAAGC
GAGGAGCAGGTCGACGAGATAGCCAAAGCCAAATICGATCAATGAAATTCTGGCCTGA

Figure 1 a19utiaaaTe Induestiu F3H luguamiwusisungedinas

MAPTLVVESSPAAAQPRPFLPTLNEEKTLRESFVRDEDERPKVAYNDFSNDVPVISLAGLDSDDSRRAEVRDAIVRACEE
WGVFQVVDHGVDASLVSSMTEMAAAFFKLPPEEKLRFDMSGGKRGGFIVSSHLQGEAVKDWREIVTFFSYPLAGRDYS
RWPDVPEGWRAVAERYSEELMALACKLLGVLSEAMGLPSDALRDACRDMDQKMVVNYYPPCPQPDLTLGLKRHTDP
GTITLLLQDLVGGLQATRDGGKTWITVQPIAGAFVVNLGDHGHYLSNGRFMNADHQAVVNANCSRLSIATFQNPSPDAI
VYPLKIREGEKSIMDEPITFAEMYKRKMARDLELARLKKLAKEDKSEEQVDEIAKAKSINEILA

Figure 2 a1Aunsnazduaeslilsfiu F3H Tuguatanugiaugadinas

Table 1 nsufFeuiisuaAunIneziluresilsiu F3H resquatiAmwiqedinasiugudasa GenBank

%Ildentity
Accession number Plant Gene name
score
EF192467.1 Vitis vinifera flavanone 3-hydroxylase (F3H) gene 78
ABM64799.1 Gossypium hirsutum flavanone 3-hydroxylase (F3H) gene 78

F3H

18S-rRNA

NAUAAN  LNAS lu

Figure 3 nsuansaanzesiiu F3H lunas nauaen uazly sesgquasianugisusivgedings Ineldnisuansean
104981 18S rRNA LilugiudegaianiuanFnin cDNA Funuudmiulfisen PCR
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Improvement of Lotus (Nelumbo nucifera Gaertn.) through Gene Transformation
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