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Method for glucosyl transferase gene (RhGT1) expression detection was developed based 

on signal measurement from free electron of Hoechst 33258 on carbon screen printed electrode, 

area 2.63 mm2. Results revealed anodic current peak changes in between 0.85 - 2.1 PA. The 

minimum anodic current indicated maximum RhGTl gene expression. When RhGT1 gene expression 

was determined at all 5 flowering stages 0, 2, 4, 6 and 8 days of development, it was found that 

maximum RhGTl gene expression in term of cDNA copy numbers was detected at 4 day of 

development stage at 79.06% compared with that of 18s housekeeping gene.ln flower stage of 6, 8, 

2 and 0 day gene expression was 69.81, 64.50, 16.12 and 6.66 respectively. The finding that 

maximum RhGT1 gene expression found at 4 day stage was in corresponding with stage of one day 

prior to the physiological color changes. This studies indicate the potential application of biosensor in 

semiquantitative gene expression study and constitute basis for its technical applicate to other 

economic flowers 
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i . ~ a ~ u ~ ~ u u i u n r ~ a ~ u d i K ~ ~ ~ ~ 4 1 1 ~ ~ 1  
l u loauae f  (biosensor) r ~ u a ~ ~ ~ d ~ ~ a 6 n n ~ r m ~ ~ i ; ~ ~ n s d u ~ ' I . d " l u n ~ ~ m r ~ ~ a ' n  

hLagaLfilauludk4nltmmq?L~rl=:M' (Analyze) l m u o ~ & u n ~ t ~ 1 u s i ? r i U 6 ~ m ~ ~ B ' ~ v 1 ~ ~  
Y 

d 

r~.aw~naf (receptor) ~~&~~~da;1n1gu6a~u1$du8yy1m'Ium~4n7un1w~du ~ ~ i u $ e u  2 
4 c . l  

(kt44 vI?Q8fgylm~14LAii Ldu nlOdamdfiQu\a~Qu RODaLannrQu duh  (Rasooly and 

Herold, 2006) n l ~ u d n 4 n l ~ u h r z a ~ i ~ ~ u ~ ~ ~ a ~ f i ~ ~ u 1 u n ' u ~ ~ m ~ q ~ u  el6fl63~~da4 

8iytylN~?QMnua'l3~'11~f (transducer) ~4~:udaa8yfg?m16o~tu~ddmr3~a'n16 444=:1;1 

16aiu~onC~ldta"?~~~=:~iafl.a"oyasi~.~1 Z 8 ~ ~ 3 a ~ ~ n i w ~ ~ a t Z r u ~ m  

lu le~au~aa f  drzneuW6~udau6Giq.j l 6 ~ ~ r i  
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u o u i u o ~  nnonir?gZn a;eel4~ilualoiwan1647n:an?w vI%ah.raloa'?Iu~aga%un\h 

~mui;~s~ul.~lun~M'~n'~~~~;j~m~ztid~o~r!~? 

2. kudna8fgcy~t-u ~ l ~ ~ Y ~ d ~ 4 8 ~ o d t y l N n l M ' ~ n ' 3 ' I ~ L ~ ~ 8 ~ ~ l ~ n l 4 n l 0 n l ~ ~ " s Q  

~n3$mr,qhLilu6qua 

luil~qtju~~~~da~~ryimIu\u"il~~u~a~f~~~i0~ilu~d~uuu6n IXuri optical 

biosensor piezoelectric biosensor potentiometric biosensor LLfl=: electrochemical 

biosensor 

1. optical biosensor LflULmR~nd1~vI6nnltM74LLa4 dl4 nl tL~mnlra=:~i~ud~3~ta4 
d 

a'mq U I O U R ~ W ~ ~ % M Y U U ~ ? ~ ~ ~ ~ ~ ~ ~ ~ A M B ~ ~ ~ ~ Q ~ U Y ~ ~  (surface plasmon resonance) 04 
* A d ,  Y d Y  

uulrw'uunanu~Imauwn~vI~~ (Lin el a/.. 2006) ~ l u l r n n m q ~ ~ ~ i l ~ n l r ~ d i u u ~ ~ d n ~ n l ' d  

pn&duRq (Jensen et I .  1999) u%nlrLdduuuda4mo~a?m?n~uLa~a~w;ILLaa 

(fluorescence) (Tawa et a/., 2008) 
. 4 * 4  d "  

2. piezoelectric biosensor L ~ J U L M A ~ ~ A ~ ' I Y I W R ~  (crystal) L&ISlJ&n6M'l4\d~'lL%l\d 
d $4 d I lr 

44 s 

~ z i i l t ~ ~ i i ~ n ~ ~ k u a ~ L i ' i l u n a ~ r ~ a n n u ~ ~ i u ~ ~ ~ w ~ ~ ~ ~  .d.1~?lunu~nmedl4~ar=:uu~~w"nn 

k~uti~~n8ourr~e~wij3'11~.j  w d n ~ u n " ~ u ~ ~ m ~ ~ 7 ' u d ~ ~ e u ~ u \ f n " U ; 6 . j d ~ ~ . ~ n ~ r ~ ~ ~ r i ~ M '  qz;? 

1inmnlr~diuuda~R~~~~~o4nltiua=:~i~u~4L~u8~q.j7m~il4\d~lnL~u a~uvnmmq 

i m n l o ~ d d u u ~ ~ d a ~ ~ ~ q . j 7 m ~ a i ~ Z 1 6  (Serra et a/., 2008) 
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3. potentiometric biosensor Lnniin$L$u?%ocn'uFi~n~~un'iq~nu' &nmhc iusr  
d 

mtqa'iufiunioriinnozualrlBlmlun"Ltlnoluniri;uh a . r l u t s ~ a u n s h i i n $ ~ n t 4  

screenprinted electrode d L A ~ ~ ~ ~ W ~ u l ~ ~ ~ ~ L ? ~ ' i ? V I l d " l ~ f l ~ n ~ ? ~ l d ~ ~ ~ l l ~ ~ ~ u ~ u . ~ a ~ u u  

&i?aoanunai ~ln~u~qaluloamo?sn~oLdiuubLdaq'IIo46nu'yI7.j1~$ (PUN~S ef a/., 

2003) 6'?invl~ii~!~aiu1? ~a iuwun?u uaznaluidradlga aluioamoasaousz6uyo.~n'a 

? ~ n n z ~ ~ ~ u ~ u ~ m l j a u n i ~ d b ~ ~ 1 o ~ ~ m " a u ~ n n i i n 8  L ~ U  UPLC ~ a z  LCIMS ~az'k6o.3 
A ,  2 

~mius i lod lsu ln  &yy~mnLnmaus~nn~oLd~uuLLda.jn~~~ai~v~BiL~azn~tLd~uu~Ld~~ 
Y Y 

~'l.j%nsd '~U%M'II~J~W~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ? ~ B ; ~ L ~ ~ L ~ ~ ~ ' ~ ' ~ ~ I ~ L ~ ~ ~ A ? ~ ~ L L S Q ' I I B . J ! B D D ~  pH 

d j ~ m ~ I a ~ m k u  da%u+moni v;onlo~di&uudac substrate aoqdij%tn 

4. electrochemical biosensor ~ ~ i ; ~ ~ n n ~ t o ~ u u n ~ o ~ " n m d ~ i i " s u ~ a o ~ L o u l ~ u ~ ? n  

plznzla?ia (enzymatic catalysis) d~CI~~mdot~oonu1 n i ? ? 1 ~ ~ ~ 1 ~ B i ? o d l ~ d ~ ' I u @ n ~ o  
Y 

~ r n s ? m d ~ ~ u l u r a ' i a ' ~ ~ o ~ ~ ~ Q w ~ ~ ~ b ~ n ~ n t m  I u ~ ~ ~ ~ ~ I ~ ~ ~ P I ~ I u B ~ I ~ ~ ~ G L ~ I ~ s ~ ~ ~ ~ ~ ~ ~ I Q !  
9 a a~an~mudcsr~~!d~nd~.jn'ulu~w~~rlos'~~~a~~~nfnvlom sdm"&yylmoonul~~uFilflm7m 

.ne~m'~;j~ns7zcidm"o~n~rl~ 

i ls~Y'wi;$6~luIo~au~aas"td21o:qnml~w6~~~~.~ 15iiri 

I .  &wnqouwnu' i i n ~ ~ ~ ~ n ~ i i n ' l u f a ~ ~ u ~ a ~ s l 4 m ~ ~ ~ i i ~ < u ~ o n d L " n m ~ ~ n u u ~ ~ ~ r u  

(Serra et a/., 2008) 29% (~osct~opoutou et a/., 2008) ~ I ? < ~ ~ ~ u I ~ ~ ~ ~ ~ ' I I L L R ~ ~ Q ~ ~ ~ J M  

(Andreescu and Sadik, 2005) n u ~ ~ ~ l r l r r ~ l u o b w ? t d t ~ o m  cdu <mor6u6?wlfi1uL~on 

u lnu iu  (Lin and Chung, 2008) 

4. ~?u&u?~c;ou I % L R T I ~ G ~ ? ~ ~ L $ ~ ~  E ~ ~ ~ ? L L U R ~  ua~' t fbudwarolnln ~ M L &  

~ I ~ C S . ~ Q ~ ~ L ~ W ~ U  (Andreescu and Sadik, 2005; Percell et a1.,1990) 

L ~ R % R ~ ~ ~ B L ~ ~ L ~ ~ ~ ' ~ ~ ~ A ~ ~ ~ ~ ~ ~ B . J ~ ~ ~ ~ ~ L L ~ ~ P I ~ ~ ~ L L ~ ~ ~ " ~ ~ Q  odi~ZoAA~~n'az 



3 

electrochemical biosensor ~ f l u~~~ i i f i d l ;~d~u~d~~u . l i i o  I$L~RI& imz'L.a"fiu~ubejauin 

u~zn iu i on l~6Z luM"~~d~Gn io  
rpl a 

niono9~~~n:am~au~olu~3od7.j  ~~oa~'nnimuwdu~iuniot~aioLn~ (DNA 

binder) f l i o r ~ i < u ~ ~ ~ ~ u i ~ d f i ~ ~ n i o ~ \ o ~ ~ " ? ~ ~ o i : ~  nioi~i<u~i?n'~<bfi~.j~ni~mn'u~3 

i m c j l m l  9c~flurzuu Non-immobilization ~ i s ~ n ~ k n d i ? S  2 zd~~uuffa intercalator Aa<u 

~ a ~ a r n o ~ o z r i i . j d ~ u a a ' i l . j ~ ~ ~ ~ b ' i l  du ethydium bromine me!hylene blue propidium 

iodide eltipticine actinomycin D aRz amino acridine iilu6u Llaz~nyiilu& minor 

groove binder < ~ ~ 9 ~ ~ ~ ~ M ~ l ~ ~ ' i l . j ~ ~ i ~ L a " n ~ ~ . j ~ ~ ~ ~ 7 ~ ~ ~ ~ t ~ ~ i ~ ~  ldu DAPl distamneine 

neclear yellow berenil ~LR:: Hoechst 33258 (Wiederholt et a/., 1996) Chaumpluk et a1 

(2006a) 1iian'La' Hoechst 33258 1uniono~snlsduifiauZLBuLaqin bovine ~&.j0.14in 
r r  2 

Hoechst 33258 ~d9~~9quiir&nan?i. jnqm ~riinozualddi$~fiutd"ao$~m~Laz~ 

~?iu~i~wizaizq. je j . j  b~nqauoa Hoechst 33258 ~%i<un'uff~~u~o ~~LISF<U~%JU~SL?N AT 
4 4 s  

* 
ratffdu~oaiod W.iu~uoi$~~u~oawm~~u~~aioku~ i i l ~ a i u i ~ n i l o ~ n i r n i ~ ~ m w ~ i m ~ i n  

n io9 'u~us i~~~u~odduo~uazn 'u~woLua~ud~~o iw"~o i~d1 t i~ i l d rz~ . j66~o  aio~fii; 

Hoechst 33258 d&~~i1ld<~h~du~~d6~.jn1~til~3q~~~~7~i~=:ri~lfi~ii~iiq~~d~u~~~d~.j 

~ad~~nmmu%ao:Lifi:do6iaioazaiowa~ozwiiil Hoechst 33258 LLR:~L#ULO Waoma.j 

~ l u ' l ~ r e d d n b s ~ a u ~ m ~ ~ n ~ : : a ~ u ~ o n n n ~ i m P ; i d o z ~ " a ~ ~ n n o o ~ ~ w  ma.jl8~u; 
$ 4  A' 

~ ? l ~ ~ ~ ~ ~ ~ ~ . j ~ 7 n ~ ~ ~ ~ ~ ~ d ~ l ~ ~ ~ ~ l l ~ ~ ~ ~ ~ l ~ ~ ~ . j ~ L ~ ~ ~ ~ ~ i ] l ~ ~ l ~ 9 ~ ~ i d ~ ~ l ~ w ' ~ n ' ~  
Ir a 4 r a  

n 1 ~ ~ t ~ ~ ~ ~ o o n 0 n i ; ~ ~ ~ i z l u n i o n ~ ~ l u ~ 7 . j q ~ \ 6 n i ~ ~ ~ ~ z ~ ~ i m q ~ ~ y ~ n o n ~ i l . a " ? m n i ~  

~msl.josnmil8u ~fitli i . j lui~dii~iu?n'u~'~~uq.j'~~~m ~ 4 u  uZonfid (Chaumpbk et a/., 

2007) o d i . j ~ o ~ ~ ~ . j ~ t i ~ ~ o ~ i n i o ~ n ' 1 ~ 7 n i ~ ~ ~ ~ m ~ o d n ~ ~ ~ ~ u 1 ~ ~ ~ a i u m " ~ ~ ~ n ~ ~ f i ~ ~ a o ~ ~  

~ ~ u ~ t n ' d i ~ i y u a z l i ~ w u l ~  ~ ~ o . j 1 i n q ~ ~ i ~ ~ f l u ' l u " m o n d l m " r ' u ~ ~ i u 0 o u ~ ~ l u ~ n ~ 1 n i a ~ i ~ ~  

animin~~u6a.jniouin 

q a n i u i ; ~ s a l ~ ~ i ~  Rose i i e n l ~ n o i P I i a F \ ~ i  Rosa hybrids afjluaqa 
444 

Rosaceae ~ M R I ~ ~ ~ ~ P I ~ I U ~ ~ U L W ~ ~ ~ ~ K ~ $ ~ ~ ~ . ~ ~ ~  ~ ) ; u f i U ~ i ~ ~ l n f f o  811fl.j ~ u ~ ~ d . j d  

nuqMnlu qr~lu~um.j~{d~oun'u~ow'~<UnOM6 nlRl  (Grand Gala) ~ f l ~ q r r ~ l u ~ f i m ~ f l  
A d  r =a 
nuniuuil l k u i u  9.jlair'u~aluOouuin niouam.joonao.jBulua'i]Gn~nioK.j~~~7:M'aio 

~ ~ s u ~ v ~ ~ ~ i t l l % . d  (anthocyanin pathway) & l h r ~ m e n i ~ ~ d  n is~~ f l~ . j oenao . j l i u '~u? '~<n~  

wn~d l . j ~ . j ~un l~u l~Nn iWaa . j 8mDn  1mu~!uah~L~e9%o.j1m"iLfi chalcone synthase 

(CHS) chalcone isomerase (CHI) flavonone 3-hydroxylase (F3H) flavonoid 3- 

hydroxylase (F3'H) dihydroflavonol 4-reductase (DFR) anthocyanidin synthase (ANS) 



Southern blotting hybridization (Tzeri et a1.,1991; Watson et a1.,1987; Zuker et a/.,2002) 
dd E ~ ~ ~ w o ? ~ a o u n i ~ u m ~ o u ~ o b f i i ~ u i u  d~umnirn northern blotting hybridization(Vishnevesky 

w 

et a/.,1996; Zuker et a/., 2002) t d ' u ' L f l ~ n i r m ~ ' ~ a o u n i t ! a i ~ ~ ~ u ~ ~ ~ f i i ~ u i u ~ ~ a z ~ n ~ i i n  

westhern blotting hybridization (Caiqing and Kapulnik, 2000) ~ % ~ n i t ~ . d ? q ~ ~ ~ n i ? !  

Cd t~u~ f i i vu i u  ~tmni inLv6id k ~ n i t A d u ~ o ~ n ' d a ~ a u i u l u ~ r o . ~ ~ w ~ ~  uamiowmqisl 

h.rl~ais6uuirslha ~ d u  "P L ~ ~ u ~ u ~ % ~ ~ ~ I I u o u G ~ ~ ~  4q6oql~di1%1u~q ~i lu~umrnu 

d ~ h 4 n l ~ ~ l ~ ~ ~ ~ ? l ~ ~ 4 ~ i n ' I ~ ~ i f ~ ~ ~ 0 ~ ~ i ~  ~ ~ ~ I ~ ~ ! ~ I ~ ~ ~ ~ I L M A ~ A  RT-PCR lun l?  

3.rneur"am"amsnis?jG~ 

i % n w n i o ~ d ~ u u u d a ~ n i ~ a ~ t ~ n o i ' u a a m o n ~ a a i u u a z w ~ ~ a ~ ~ ~ n i t ~ ~ ~ m ~ o a n " I I o ~ ~ u  

n~~n?annuabdo~oaoa-8u 18s rRNA bd~iu$oya Gen Bank LCio~LilUti8;aAU~ lu 

n~okmrn:f ioruoi ~ ~ a n i o C ~ a u $ u d ~ u a n ~ u ~ a a o ~ l u ~ v a i u ~ m m o n a i o w ' u ~  ~ m m 6  





f p ~ ~ i ¶ ~ h < L L n ? ~ r n '  n l a l  (Rosa hybrida cv. Grand Gala) Lfl~KplDn%uiml~t)j od 
$4 94 

* 2 94" h?. js f  Rosaceae ~fimonnunluol? ~um.jL+u ~ n a l u w ' u ~ ~  L ~ u i a ~ ~ o w ~ f l 4 n ~ m o u ~ s l u  

i i u u h h n  j;oomaiugtqmludoz~nwi7il7 da~~uut8uu5ulu"monaCm~u~ 1msdo::~nn 

du~in~aaluslu~naa' i l .~~anti ILr i  t w i B  ~ u ~ s o 5 ~ r a u A  a ~ d u  aaF jo~u5n l  I n ~ u ~ d u  

~ o n a i w o i  PDaoi~oa L B D ~ G ~ C  L A U ~  IUGIJL? L U R L B ~ U  d k ~ ~ ~ a  LdnPln uvlurlri iu 

Gardensonglflower-04.htm) U F I W ~ R ~ ? U I H ~  d u n m u  ~ d u  
cddd 

L ~ ~ R R D ~ S I A I ~  L ~ D 9 ~ 1 n ~ D ~ q M R 1 U ~ B ~ ~ f i L L ~ . 1 L ~ U ~ ? 0 . j 7  UR::!.~IUIU i ~ d i l f l t i k l  
dd 94 2 I )r 

dd rr 4 2 94" 

na~uiiou~3uaril. ju?n ~ a s ~ ~ a n u a n u ~ t d u a i r ~ ~ u w ~ n m ~ u ~ ' i l ~ ~ i ~ ~ ~ ~ a i ' i  a.sPnlu& 

9.1ninq (pigment) ~~~bqd~: :nou6audaud in 'q  AD ~ ~ u l n l n k u i i h  (anthocyanin)  flu 

a lonEu~ i j  azauo~rnu~uuaf ia~as (vacuole) n?o\ululrna~daiuisoara7uI~\6 l m u ~ ~ n l r .  

odi.d.r'lu~rnnri epidermis ao.jnFhman diaF~nis~nmi;uua::3m~n~um"u~~n~uw~mw~ 

d i n i s f i n m l u m n a  d ~ i l u ~ u ~ ~ u 1 u n i o 8 n ~ ~ 1 n u i n a ~ ~ ~ m o n 1 u ~ a a ~ s i ~ u  aiouou 

~ n ~ a e i ~ u ~ ~ " ~ ~ u ~ a . j k ~ u t i i L L m ~  I i ~ u  ~~azaiaa ~ ~ ~ n d i a d a o L ~ u ~ 8 u a o ~ m B n l u n i o ~ . r ~ m  
d 2 ~ ~ u ~ ~ ~ ~ ~ a o ' L u n i s w a u ~ n ~ ? ~ ~ a ~ n s : : ~ i u w " u ~  (Ogata et a/., 2005) asanwuhwaua:: 

wsla"n q::.dao~unis~rw8n?z~iu~~sla"m .daofia.jn'wn~6iaiu6ao~~d UV (Springob et 

a1.,2003) ~ L D ~ ~ ~ ~ " l r l ~ ~ ~ . j ~ ~ ~ ~ i ~ d ~ ~ n 0 ~ 6 1 i d n i f ~ " n  oxidation ~%.dau~flw anti cancer 

U R ~  anti arteriosclerosis IUUYW~~W ~ ~ < ~ ~ ~ u ~ I ~ ~ . ~ L R s ~ ~ M ' ~ I ~ L L D ~ ~ ~ ~ ~ E ~ I ~ ~  i;~~u'hUr 

V A ~ ~ K ~ L $ I ~ I G ~ ~ ~ W L ~ E J ~ $ D . ~  ~i?o::r~ns, 2542) ~ ~ ~ ~ u f i u q i n ~ o u ~ ~ ~  phenylalanine 

ammonia lyase (PAL) ~zLn~ou61un~u~~ou&L~uBDn4inhbaQaaD.1nsmD::ij~u 5.1 

phenylalanine fill%& transcinnamate ~ a q z ~ d i a u r i a ~ $ u  trans 4-cournarate d a u i a  

nYy Coenzyme A (COA) CmumuIrnUr 4-coumarate COA iigase ( ~ c L )  I&L~u 4-coumaray~ 

CoA & q z ~ % ? < u ~ i ~  rnalonyl-CoA 3 &LR?R L ~ ~ B U I ~ L ~ ~ U  naringenin chalcone &ai?o~~ulrnJ 
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chalcone synthase (CHI) s i n i u i o u l a ~  chalcone isomerase qrntbou chalcone I d ~ f l ~  

flavanone 'luxd naringenin U A Z ~ Z L ~ ~ F I U L ~ ~ U  dihydrokaempferol 69flLoukia.? flavonoid 3.- 

hydroxylase (F3.H) Lddflu'lfi~flu dihydroquercetin bb&9LdbUUFi01d~flld 

leucoanthocyanidin 69fl~Bulaa.? dihydroflavonal Creductase (DFR) q in~ud&ddLf lu  

anthocyanidin 69UL.Bula a.? anthocyanidin synthase L~U6lkl?U 4 4  anthocyanidin ~fluf419 

~ ~ l j , ~ U t  (Teusch, Forkmann and Seyffert,1986) ~ U ~ ~ Z ~ ~ ~ ~ I O L ~ U L I I ~ R ~ I F I ~ ~ ~ ~ C A A  

~%i)lrlCmfl UDP-glucose flavonoid 3-0-glucosyl transferase (UFGT) ~ $ 8  flavonoid 3- 

,dd w 4 4  A 
glucosyl transferase (3GT) ~ z ~ d d o l d f l l d ~ ~ ~ f l ~ v ~ f l  ~ 4 ~ ~ d 9 f l ~ ~ ~ ~ 9 l ~ f l l ~ l ~ n ' 1 ~ n l t  

RzRiUi1 ~~~~d9~~nn~~fliifl4nl~'lunl3fl~~U"11~4~lt'l~bb9~3~~~ h\%6f l l t  anthocyanin 

~ ~ a i i u s u a z ~ a d d s ~ ~ u n a  uonsina leucoanthocyanidin eiq~dbouldduplio 

delphinidin M% pelagonidin & ' l ~ ~ f l u d 9 ~ $ 1 ~  ua:6 niu61Ku Kkniw (Ogata e l  a/., 

2005; Holton and Cornish,1995; Winkel , 2001; Springob et a/., 2003) 

Phenylalanin 1 p-Coumaroel-CoA x 3 Malonyl- CoA 
PAL,C4H14CL 4 c3-I~ 

Nsringenin chalcone 

4 CHI 
Naringenin 
4 F3H 

Dihydrokaempferol 

4 m-l 
Dihydoquercetin 
4 DFR 

Leucoanthocyanidin 
& ANS 

R ~ G T ~ ~  Anthocyanidin 

Cyanidin 5-o-glucoside \ K T ;  glumsyl bansferase 

(Unst?ble) Anthocyanidin 3-oglucoside 
& RhGTl (Stable) 

Cyanidin 3;s-o-diglucoside 
(Stable) 

Anthocyanin 

~ o s e  anthocyanin 

d 
n ~ w w  1 Pathway anthocyanin 
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lmusrsuaii? ~ v a i u a i u i t o a ~ i r a i s  anthocyanin 1bimiu~umau~ndi9ui$i4hu 

uriWi;~aulau' F3'5.H dqzLdduuIdLauaisn$u pelargonidin Ibi v i i l f imonqusiulr i~# 
94 9 :iijun'oo31 iilrru~aul~Anlvlniouamaoan'11o~iu'Iunioa2:i~a1~lun~u~aul~lau1Cu 

vaiuns$ j u 9 i n  Katsumoto et a/. (2007) ~ 6 ~ l n i o ~ n ~ n l 4 L ~ ~ m 4 o a n ' 1 1 0 4 ~ u  flavonoid 

3',5'-hydroxylase(F3',5'H) 4 4  ~ f l u ~ a u ' l . a ~ v < n ~ u n i s k . ~  LR5'1=:~~10 delphinidin   flu 

rd?udsznauii&'Iuman16did?4ari?adQ$i iju udLdo4qinqrniu1~aiuisna?i4Lau1a~' 

2 9 4  w.4 9 aiimulm ~ t ~ u i u i u r i i u i $ ~ 4 i ~ q v a i u  L6al%manno4nio d.misah.r3mon$uuanqinq- 

i ; i l~ iuniu ' lu AaiuuR'9 ~~iii l9ioniuuondu"cranwsdonitah~~aoamon Ao co-pigment 

lunisilnmnmna4aa4 Ogata et a/. (2005) ~ 6 ~ n m n i s ~ ~ a m 4 o e n a a ~ i u ' I u n ~ u  

rro J n l a a i C u  i w o n q v a i u  Rosa hybrida cv. Crimson Glory n u i i u u ~ u ~ a q a a a ~  

:au~whui~uGnisLSudimian~~ma 2 i i ~ v d 4  imu~~mnis~'i~lft~ii7uvd.j 5-OH riouqin$u 

d s4du4dWJTl.h 3-OH ~1i~d16h-l ~ 4 ~ ~ ~ ~ o " i l n ' ~ ' t l ~ 1 ~ ~ ' i ~ 1 ~ d ~ 1 ~ 3 1 ~ L ~ " n ~ 5 " 1 1 ~ L L ~ ~ ~ ~ ~ . d ~ i ~ ~  

2 d rd L~mauLuoL'iune~RaM"iiLLud~ 3-OH ~i;uteLii4~Zu~ n i s ~ ~ m u ~ i u u o z r i i w u ~ a u ~ a ~ m ~ ~  

aa~Lou\au'd18i~innlo1~au 3a.1 cDNA (RhGTI:AB201048 ) LLRIW~?~~OY~~O?~ northern 

blot analysis ( 3 2 ~  labelled probe) ~' l f iwa~iludu~ikan'u e ~ ~ ~ u u n i o ~ ~ ~ o l z ~ ~ z r i i ~ n ' u d w u  

' I unann i~~ub l  (Dianthus caryophyllus) ndqzL~un~l~adiiuvtd4 3-OH d?uiitturi.r 5-OH 
Y 

ks'~ng1Rfl ~au~a~ngf~~anolu~~d'il~0~'Iuqvaiu~~~u UDP-glucose:anthocyanidin 3,s-0 

glucosyltransferase CBIOM" uridine diphosphase L f l u ~ 9 ~ l n g ~ R ~ L ~ i ~ u 8 ~ ~ ~ ~ ~ u i ~ u  h%?% 

Springcb et a/. (2003) ? i u ~ i u d ~ n i ~ ~ n l v l ~ u u u ' I I a ~ ~ ~ ~ ~ ~ r n ~ ~ ~ u ~ ~ ~ ~ ~ u ~ ~ u  ad'lu 

@ glycosylated 14i;n4u phenolic hydroxyl iiuqu 1 n iuv%u inn i i t u  gnt'iu olucose 

'Lu flavonoid c-15 skeleton d9uuinszr?n~i?udin~vd4 3 ~ ~ a z u i a m ~ ~ o i q ~ ~ u d i i ~ u d  5 

aowauu?u n i u v k 9 i n d  H vrjmaonqinozwau uazoisi;da~aisiaIJt ~ d u  ~ z m  

glysosylation acylation rnethylation L L X  phenylation ' I ~ ~ u L R ~ R L L D u ~ M ~ ~ I ~ ~ M ~ " ~ ~  4 4 9 E ~ i l  
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d 

Muller et a/.(2002) ~ir~di~uu~unis8nwnis~~fim.1o~ln'11'i].j~u CTR n&q~nnd  

lds&d kinase ~ L ~ u 9 ~ e ~ 6 u n l o m a u ~ u D o i O  ethylene ~ ~ . l n O ~ ~ i l ~ U & ~ f i  RO RhCRTl ua:: 

RhCRT2 bdman~ua lu  (Rosa hybrida) 2 .ln1uh( ULL~ Vanilla LLFI:: Bronze h 8 b i 4 h  

bfll?fl&d?u%aPiu RhCRTl sinbflya Gen Bank Acc.No.AF271206 61Wk~nnzri 

dumon s::o::mon~~fiu uazs::u::monuiuriud Imans?sfiouB;?u?Z RT-PCR (AMV) LR:: 

i,d'?uu~~uui%~ 78s ribosomal RNA Ta~rbi?+Ifi i4~~fJ?6 ~udi ' l td7: :u: :ma~~L~ud i] 

2 
n i s n ~ m ~ ~ ~ n ~ ~ ~ ~ u ~ ~ a ~ ~ ~ u ~ u u i n n ~ i ~ u ~ m ~ a u ~ u u ~ ~ ~ i n d ! 6 ~ u ~ 0 ~ ~ u  0.25 

!ul~rFinsia"ams ~?luraai 3 ?vM 

Boss, Davies and Robinson (1 996 ) ~nwnlsu~m~oOnao~~uL~u9da"~J'1unis 
Y 

k ~ ~ n ~ ~ ~ ~ a n ! ~ w ~ a u i ~ u ~ u ~ ~ u  (Vitis vinifera L.cv Shiraz) njaum 7 su l6un PAL CHS 

CHI F3H DFR LDOX an: UFGT ~nuns~~~ouk~aiI'TuL~m~um'ilnquns::kowaaju~n l i ra 

CHS CHI F3H DFR LLRZ LDOX ~ ~ ~ O ~ ~ ~ L ~ ? Y O J W ~ B ~ ~ ~ ~ I ? L L A ~ ~ ~ B ~ ' I I B . J ~ ~ ' L M  ddilsllc 

u64L~mman UB:F~FI~PIU~~~~IC~'~ 6-8 Ua:: W U ~ I ~ U ~ ~ ~ J D B ~ T I O Q ~  CHS CHI F3H DFR 

LDOX L L ~ L U F G T V ~ ~ L ~ ~ V I ~ ~  10 5 d m i d ~ ~ l n ~ ' i h u ~ 6 ~ n i s ~ u 5 ~ ~ n s i ~ ~ i s L ~ a u l n \ a ~ ~ ~ u  

hybridization &?EILYIB%~ northern blotting U?Q Soutthern blotting l l n  RT-PCR (Zuker et 

A d* 
aL.2002) 'ddu%aii~m1u~o~l$szu::b3e~1uiu ijuaiu~uirslsuvii1$~~L8uw~nn'Cld6 (Kai et 

aL.1999) lunis[ilsaq5mnisufimcmn mr~~~~qo~nlun?sLw%ufiisFiiql ~ d i 6 y f i i u i ~ n  
Y 

wmsimluAa~~niw~vii.d'u 4dfiidio4nr~~[il~aq?'mb~~?~fi~i~ W%~/DPHLYIROR Real-Time 

a 4 
PCR ~ ~ ~ R ~ ~ ~ ~ P V ~ ~ ~ U ~ ~ ~ ~ ~ ~ ~ T ~ L L ~ ~ M F I I L L W ~ ~  ~ . I ~ R ~ ~ ~ w ~ ~ v ~ u ~ ~ ~ ~ s ~ ~ M I % ~ ~ ~ T  

1 
Iuril lunisRm9imLEiolw"in9ius9mL"r~uin.nu a::m9n i;~l9iuii~wiziqi::qq in9iul.1 

a iu i rnornsf iBdiG nmkuw Lm::ms?qimG~qIudaqFlbn7wLmz3qfiuicldG @u:&n$, 



Okahata et a/. (1 998) l.n"LvlnGn quartz-crystal microbalance fu ~ U L R Q R  probe 

auim 10 - 30 irsnZCaln6 d i m ? u ~ u ~ t ~ u ~ a d i n ~ i u ~ ~ w i z ~ ~ i z ~ c ~ c a ~ a i ~ a ~ ~ u ~ i  

wiuisnmmq"n~:KuuiPun?u 

4" a 
Chaumpluk et a/. (2007) 8 ~ ~ i ~ i ? ~ L ~ ~ ~ ' i l 8 ~ ~ ~ 4 ~ ~ ~ ~ ' i l f ? ~ ~ L ~ f i . [ ~ ~ ~ ~ ~ ~ ~ ' l r ~ l ~  

uij'ilnna? fnul"iilwn?in electrochemical biosensor l ~ n i ~ ~ ~ 3 q a ' n n i ~ L ~ 6 h ~ ~ ~ n " l l ' i l . ~ ~ ~  su 

qin CDNA dlhqin RT-PCR ~ ~ a r ~ f i u u ~ ~ o u ~ u n i ~ ~ ~ f i m e a a n ' l r a c ~ u  18s rRNA &ilu 
d d drl 

house keeping gene a?auu~uni?ufim~aanmaam~~ai ;I cDNA dLLun'ilanui~ <uh 
2, a' 

~ L R Q R  Hoechst 33258 ?B)f;lnl4Ld~oULLdacntLLL~~v~fli~~nm"U~~ao carbon screen 

printed electrode 63U~Knn10 Linear Sweep Voltametry n ? ~ L ~ ~ ~ ' i l n % ~ l i u ~ u u ~ ' i ] n A a ~  d 
lfi~%lw b ~ ~ ~ d n l ? L d ~ U U ~ d f i ~ ~ l ~ n ~ ~ L L ~ ~ v ~ ~ l  adszaiiq 1.1 2 - 2.13 l u fn t~~auud i  & 
' n 1 ~ 1 ? ~ ~ 1 u 1 ~ 1 ~ 3 ~ ~ ? ~ ~ ~ 1 ~  ~ I V ~ ~ ~ ~ S L L ~ ~ B ) Q B B ~ % ' ~ ~ . J ~ ~ A ~ ~ B ~ S ~ ~ ~ L ~ ~  LLaz~td 18s rRNA 

u a z & o ~ ~ u u ~ n d ~ u a a . ~ f ; u ~ n ~ ~ r ~ a ~ f i a ~ u i u  18s rRNA wunir~~an.roontjci;c 81% aoc 
d $ 4  

u u n u n i ~ ~ ~ ~ m ~ ~ a n m ~ ~ n ~ ~ ~ i  n i ~ ~ ~ ~ n c a a n a a c f l u n f i a ~ ~ ~ a ~ ~ a ~ u ( ~ . ~ ~ m  r r t h i n  

~ f i ~ l c  3 i u  d 2 7 0 ~  LnniroQ ~ ~ ~ ~ ~ f i z ~ ~ d ? ' I u n i r m ? ~ ~ a ~ u ~ ~ e f i u i m  ~~fizi ;di~+i<iui ia~~ 



1 .I 4%.nna~.raaun7srn'7rGun7sd~a 
a 4, 

nanqvlalu(Rosa hybrida) f i lo~u$LLnsu6 n181 (Grand Gala) % . J U W L L ~ Q ~ I ~  

a?uqvln?us'nijmr i imaww'a5nu I';rvlTmany? 

1.2 q d n s ~ ~ ~ ~ u n ~ s d ~ ~ ~ u n 7 s 3 ~ ~  
- LR$~I.J$.JI~~~I (Libror EL-1 POHA(SH1MADZU). Japan) 

- LLOY~~UIRS~IU RGB color charts, Swatches and Color Table for 

Photoshop La:: The Royal Horticultural Society colour chart (London, 

1966,1986,1995) 
% A  - FJaol?o (Augusta safety cabinet (Lio Lab Co.. Ltd..Thailand) 

- L A % . J L ~ U ~ ~ U I N A ~ U L O  (PCR) (BIO RAD Gene cyclerTM. USA.) 

- ~n'ra4fiunnGl::nau (MIKRO 12-24 Hettich Zentrifugen, Germany) 
4' ,a - r n ~ a . J a ~ 8 n C ~ s d a ~ ~ f i  (Mupid Advance Co., i td. ,  Japan) 
c; 0 4 a  - ~ n s a ~ ~ l n ~ a u ~ a ~ 1 3 i ~ L 4  (lyophilizer, EYELA, Japan) 

- L~'&~mdnTmslvllmijLm'il4 

- L R % ~ Q I ~ ? . J ~ ~ ~ " ~ ~ I ~ I ' ~ I L ~ R  (UV Electronic Dual ~ i ~ h t ~ ~  

Transillumination, Ultralum, USA.) 

- L ~ % . J G ~ ~ ~ ~ T R I ~ I B L T ~ ~ ~ T I &  (Brodenk. Japan) 

1.3 d7sra~a~d"Iun75&7~id~un7s 

- DEPC - 0.5 M EDTA 

- Phenol: Chloroform - CTAB extraction buffer 

- Chloroform: lsoamylalcohol - ?OxTE 

- 50x TAE - 1 % TAE Agarose gel (w/v) 

- 50xTBE - Lysozyme buffer 

- Ethidiurn bromide - 3 M LiCl 



- Potassium acetate 

- 10% SDS 

- SOC medium 

- Sodium acetate 

- 50mM Glycerol 

- 5 M NaCl 

- lox  Loading Suffer 

- 70% Ethanol 

- SOB medium 

- 1 M Glucose 

- 50mM CaCI, 

- 1.0 M Tris 

- 5 M Potassium acetate 

- LB broth 

2.2. n ~ s w " t b l u ? n l s r d ~ a u u ~ n ~ ~ w ~ ~ n ~ u  man 

6mmonq~a iu~~ l i ~~aT~monmi~uu~o i~  r~o8nai~ninamzn~oLd~uuLLda~iaa~rnan 
¶d 

niu'luni;udsq ~ ~ o u d ~ u ~ a ~ 4 n ~ u ~ ~ n n ' ~ ~ n ~ 8 ~ 1 ~ , 5 1 ~  RGB color charts. Swatches 

and Color Table for Photoshop naz The Royal Horticultural Society colour chart 

(R.H.S.,I 966) Cu%m%8dl~ m~om?zo:ni?i ln~~~u~?ai 10 i u  din~08nwiuaz 5 & 

u 9 

3.1 n ~ s n u s a m a ' o ~ a r i i n u u a ~ ~ ~ I n ~ ~ i ~ ~ ~ u n i s ~ ~ n u u u I w ~ ~ m a ~  
4 4 9 0  su~l.nmi~~uni5s'u~~li~mn~flu 2 6 i m  lM~~ri lu~fiirrwul;oZun~f~3nn~ufi~da~o~ 

(gIucosyItransferase; ~n a w ~ a a i u  Lflu~uLifiuuisG/6o~ni~i?nwnit~L~m~oanao~~;u 
Y Y  

'LuR%~! ~ ~ ~ ~ u L ~ i f l i u d ~ n i T ~ f l ~ ; I D ~ n W ~ ~ 1 ( 1 L ? ~ i  (housekeeping gene) i o  i u  18s rRNA 

~ d a l i ~ i l u ~ u h a 8 ~ n i t i 1 n a i n i ~ ~ ~ ~ m . s o a n . j ; i ~ m u n i ~ ~ ~ ~ o u  L G U E ~ ~ ~ U ? M F U L R Q R  (copy 

number) " 1 I ~ ; l i j u ~ f i l M u l ~ ~ ~ ~ ~ ~ ~ l Y " l u  
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n l ? i t n ~ r i l ~ u ~ a n $ ~ ~ ~ n 6 ~ ~ Q ~ ~ n $ ~ ~ ~ ~ ~ ? l ~ ~ ~ d ~ L ?  (glucosyltransferase: GT) 

aotiaaGndia7 qin~iu%B;a Gen Bank (www.ncbi.nlm.nih.aov/GenBank) uar6i 

~iKuiu5an~fo\nkw~un$~n~amsiuaLd~Lofl~in~adiaa~m$\6 ui7'~1lhd'luil]uuu 
Y Y 

Fasta format ~ i n l d ' l d ~ l ~ o ; a ~ a u n u l ? ~ ~ ? l = : w ' I ~ a : L ~ u u ~ M " ~ ~ ' L ~ ~  sequence alignment 
A d  0 

6aubhunsu Clustal W2 (Larkin et a1.,2007) 6n~Gonrii6uSan~T~alw6~aaiunuoim'y 

~ 1 ~ $ 1 o ~ n 6 ~ ~ ~ n u ~ 6 7 u n d Q n ' ? 1 k i ~ n $ ~ ~ ' L u ~  L L Y  consensus 2 u%2m uil?tbslunio 

oonuuulvrortroi forward US: reware L ~ U ' ~ ~ ~ A ~ ~ ~ L O ~ " ~ ~ ~ L ~ I ~ ~ Q ~ ' ~ ~ M ~ ~ ~ A ~ ~ ~ M M W ~ ~ ~ L ~ ~ ~  

5uiaaiu5ndial uindqn m?~s~ounalumul::au~1a::~aiu~61un~;QaoaY~iam~ 
Ir" 4 

aon LLuu~wowofianuwamirsl~u~ lnoriidiw'uSaRFol~h"IIo~l~0~u~r*bfi~nti::w'6au 

Tdsunou Blastn (Altschul et a1.,1997) 
* 9, A d  ~ i ~ ~ u n i ~ ~ n ' ~ ~ u 1 ~ i ' ? 1 i u ~ u n i ~ ~ ~ a ~ Q o o n m n n n ~ a n i  (housekeeping gene) 1%~  

18s rRNA ~ ~ ~ ~ U ~ I ~ ~ I ~ " ? ~ ~ ~ ? L . ~ M L ~ U ~ ~ ' M ~ ' ~ ~ M ~ $ ' ~ R ~ ~ M T I M ~ ~ L ~ ~ L ? ~ ~ ~ L A O ~ : : V I ~ W ? L ~ Q ~ $  

16 
c.4 Ir I, 

~ ~ ~ ~ ~ Q ~ ~ ~ ~ ~ ~ W ~ R ~ ~ ~ ~ ~ L H ~ ~ ~ ~ ~ ~ % ~ O ~ ~ W ? L ~ ~ ? M ~ ~ ~ ~ ~ ~ ~ T ~ ~ ~ W ~ L U ~ ~ U ~ ~ ~ L ~ ~  

~ u i m d m ~ ~ u ~ ~ i l i ~ u i u ~ a ~ ~  Polymerase Chain Reaction (PCR) (Sambrook, 1989) I& 
d ci 

kLnn:~ua:L+ufiuimiuiioanio rr~jqin~uriiwffmn'mwmLouLouiLLun6auau7u~d$i 

6?u~nR~n$~t?inCn?Cfldfl (electrophoresis) ~ntI~$L~~'ir::nicl'? 2% . [ ~ ~ l O ~ : ~ i E l  IxTAE 

~ o : h u ~ ~ a 6 a u o 7 f a : a i o ~ ~ ~ ~ ~ 0 ~ C u ~ b 6  10 i%~n?utiiohgffm~ f iu ins 15 bCnsgws 
Ir" d " 

uiu I 0 ui; ~nqaouunu~du~ouu~snniu1moaflaam~~~~o~am6au~~f 8 4  uv 

transluminator ~ i o : ~ ~ n ~ i = : w ' ~ ~ u u ~ ~ ~ ' ~ ~ ~ u ' ~ m a o ~ ~ n u d m ~ G u ~ m n Y Y ~ u ~ n ~ o a ~ u ~ f l ~ ~ ~ ~ ~  Cnu 

a u ~ n d m d u ~ a % o a ~ u n ~ ~ ~ \ ~ a ~ ? i u f i i ~ e ~ o f l ~ i n n ~ ~ i i ~ u a m i % u i n  I 87 d ~ u a  u ~ z i u  

18s ~ R N A  ;auin loo d~ua  

3.2.nqsa haiunaT~%anmua~d~~sa 91 uazzu 1 &?S R N A  L ~ ~ ~ ~ G . ~ L % & U ~ N W  

nirn6noii~Gw~o 

a<mii~Gu~oqinnonq~ni~ Guim 300 Za2inFu 5 fia~i?sdu kdl CTAB 6n~~dwqin 

Chang et a1.(2002) 

n i o ~ ~ u ~ u ~ o r ~ u d a u ~ u n ~ ~ n 3 a n ~ i u w ~ d o ~ 0 a  U R L ~ U  18s rRNA 

~~~?~@:RIucDNA <fln'n\6uiLiufiuirn$udau"IIoaiun9fn3onnuflLdoi?w Imu 

la'jlwowsi 



forward GT (5' TTGTGGGTGGTACGTAATCCACC 3') 

reverse GT (5' TTCCACCCACAGTGAGT 3') 

LLazLiu~uimCudsuqmiu 18s ~ R N A  l nu l4 i lw two i  

forward 18s (5'AAGGGCACCACCAGGAGTGGAGCC3') 

reverese 1 8s (5'AAGAA AGAGCTCTCAGTCTCAATC3') 
4 d 

~nu1%fini?z#auizfiudi~~ur;isL~ufikj?616~~~uLo'11o~uun 93 OC 40 ?uifl, 50°c 

2 WIG, 73 OC 1 MI$ 40 58u ml~&?~nl?Lh 73 'C  10 MI; ~ f i ~ n l t ~ ~ f i l t L F l ~  Taq DNA 
Y * 

Polymerase (Promega, USA) ~ i n M v M r i i ~ ~ ~ u ~ e ~ ~ i ~ u i u ~ ~  2 ~uKqnt4ialu~~datt:u:: 

n i r ~ n a i u i ~ i n i t ~ s ~ ~ f i o u a ~ i m ~ ~ ~ ~ ~ o ~ i ] i ~ u i u 6 ~ u ~ ~ ~ ~ ~ ~ ~ n " n ' i n t l ~ 3 f i  iqauim 
d 

u u r - q ~ r r n n ~ ~ l h m d m t ~  187 d~ufi n a t i u  18s rRNA 100 d ~ u a  

3.3 ni~Iaau4u~fi iwuia 

rii PCR products m o c i ~ n ~ ~ ~ ~ a n n r a f i ~ v ~ o ~ s f i ~ ~ ~ t o u ~ o ~ u w n i f i i j m   GEM kqu 

~ou l ru?a~n f i (~~  DNA lygase)(Promega.USA) ~ u d  j ~ m i d  18 "C iquna i  i 2 $?~?&q 
)r 

~ i n r i u r i i u ~ h t j  uu&& E coli RILI~'M< TOFlO 6?0?"s heat shock (Sambrook el 

a/. , 1 989) 

~ $ o n l ~ b C # ~ ~ ? ~ u u o i ~ i t ~ ~ i ~ ~ ~ ~ n : : f ~ ~ a ~ ~ ~ u ~ l u o i v i t u . m " ~  LA LL~LDIMI~L~R~ 

LB Gliu6if%u f i c f i W t 7 i f i i h  Cnu'~"a"rna11 scale preparation (Sambrook et a/, 1989) 

uarms?qaouwaifififid~n'm~m" & o t n ~ ~ n ~ ~ F i n l w t f & ~ f i  ~u~qaozni lo f i  1% d~fiisa:aiu 

1xTAE ~ l ~ ~ d ~ ~ ~ ~ ~ d u " ~ ~ m " ? ~ ~ l t ~ ~ ~ l ~ L ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ ~ l ~ ~  ~Guu~?iuus:Ku 
d W "  

C *" d " 
aoqwaifiijnnlnnunaifiirsl  GEM uim?iu n i u l ~ t ~ f i o a ~ ~ t i I ~ l o ~ ~ ) ~  qinriu 

mowaau&?ciiZ PCR ~ n u t ~ o w o d i i ~ w i z ~ o ~ u ~ ~ ~ i a t i l u  q l n L r i l k ? u ~ ~ u l o i d r r u  

f i l m 1 6  LfmuLt;uu~i~muimaoqIui:~uLwqoqiu$qfio.j 
d * *  -4 A ' d *  

~&~innmqf iou~~nrm~mm?ua~ PCR ~ o u ~ o o u h  L ia~f iLn~muinau w m m 1 ; i  

nitui6if%u~?~~b1nm"IIoo"oud'i~au1& lm~61~a?fiznlfi~~0?:M'k?0?"s sequencing 

~ l 6 l ~ ~ ~ ? R ~ 1 ~ ~ ~ 6 ~ ~ M ~ ~ ~ ~ 6 ~ l ~ ~ 9 ~ ~ ~ A ? l ~ ~ a " l O ~ ~ ~ l m ' ~ ~ 3 R ~ ' i O ~ ~ m " l i ~ Q ~ ~ L ~ l M ~ l ~  

a s ~ l w o ~ u a H n w i t  6oeldsunou c l u s t a l ~ 2  ~ d o r i u ? r ~ ~ d r i J u ~ u  q i n 6 u G a n r i i h  
C 

~ a A ~ ~ o ~ ~ 6 d ? u t d u u i n m q f i ~ u F l ? i u i i L ~ i : ~ ~ ~ 6 i 6 u ~ a ~ ~ ~ o ~ ~ f i u f d t ~ n ~ ~  Blastn gn 
9 

Fl Y4 



4.n7~~nlr1~n'um~b~arm.1mmn~~.1' iun~Oa7anmu~~de~~~Ka0~n~3~l'~Om1au~~m~ 
Y, 

4.1 nlSahmdb~ubos7nn~'Uq~a7Yn~ 5 5~s:: 
Y 

r i l n ~ u s l o n ~ r m l u n j  5 ? ~ f l l ~ ? f i K s l ~ l f L G ~ L ~ & 3 0 %  CTAB (Chang et a/., 2002) 
Y * 

f s l o ~ u f i o d i ~ n ~ u n o n ~ ~ ~ a z s z o : : o u ' i ~ ~ o u  5 h b%%i~lnlins?udozu~nr 300 ira5nFu urn 

luf i i tazeio CTAB $4 ~in~uldfiioazaiu3uoanaoCrdofr! GU~~OLY~ICU ~ s l l f l ~ ~ d o s l  

s u ~ f l u ~ < o ~ ~ u ? ~ u  qin6uiul?slfiisazaiuldlu~aonlufnt~~um3~~i auisl 1.5 jja88ms Gild 
A 2 

dunnoan 14.000 sou ~flurqa? 5 ui?! riid?ulfildaaosllvri ~~un isaza iu3uoa 

n a o f d o h  (1 :I ) ~ u l R s L ~ l f i ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ u a ~ i ~ ~  q?n6uLadllfiL%ifiu LL&G?'I.LI~U 
2 4 

a ? o w  14.000 mu ~ f l u ~ q a i  10 ui?i dih?qudsulfilriiim::nouju r i id?ul f id lm" ld~~o.  

aonqinai rnra io iuuonmznsuoi;Liuaoonqinfiisa::aio h . r h u  70% Losiuoa 1 
A A 

ih5Bmo uhr i i1 r l~ua?o4n 14,000 mu L~UL?RI 15 uia q in iuLnd?u~f ih  ~ 1 ~ I n t ) ~ l d  

d i1 f i~~646?o~~ 'o4  lyophilizer ~ & ? a z s i u m z n a u o i ~ ~ ~ u ~ ~ 6 ? ~  6 DW RNase free f i l m s  

30 ~ J ~ A ~ ~ R I  LRUDIWULO !fjlU(lfi~ -80 OC L~DIRU~I~~F~RD~B~OW 

m ~ ~ a s u q ~ n i w a e ~ o i 4 ~ n " u ~ ~  Cf io~nnir~~~i inbsCvP?%~ i4fiita:aiooi?~iu~o 3 

i ~ i d ? j ~ u i f h  DEPC (diethyl pyrocarbonate) u&? (Sarnbrook et a/.. 1989) fiulmo 5 

~ ~ ~ o ~ m r  La: 95% LoSiuoa 2.5 ~ ~ i i a o a ~ u i m s  ? ia i415d~mv~ir  -80 oc ~do l f im i i~uLa  

mnmznou ~ f l u n a i  2 h f u ~  li~oihiu~oil6uiuonmznouoonqinfiitazaio b u n i k l u  

Lv$od 14.000 4mu L ~ ~ U L ~ R I  15 u i ~ i  r i i m m o u ~ ~ ~ ~ i ~ i i ~ f i ~  a::aiommou6?0rii DW 
.r v 

RNase free 30 lu~nO5mO(~ibco BRL. USA) ~ ? ~ ~ M ~ ~ ~ ~ R P ? ~ ~ ~ D U ~ N ~ ) I W ~ I & ? O L M R ~ A  

L I ~  n C ~ s f ~ G f i  

mn~woufiuimai~LiuL8dLLun~~lalu~ifiisazaiuoi~L~uLofiu?ms 1 luCns5ms 

a:eio~ui;i DEPC I+R?IULG~~~URBIR~ 500 LY;I qiniuii~mnqfioun?s~sln?uLLfi4 6au 



690 Nuclease-Free Water (Gibco BRL,USA) 5x Reaction buffer 10mM dNTP 

Ribonuclease inhibitor 0.1 M DTT Reverse primer ~bazmu)l'dG AMV reverse 
d 

transcriptase (Toyobo,Japan) JiWCunqoruGii 42 "C L ~ ~ U ~ R I  60 ulf lbl~~~qmd j iPWi 
d 

~ u n i ? i i u n p o a a ~ i i  90 "c L ~ U L ~ R I  10 ui; LLR~CI CDNA it~q;IL~m:111~ ~ ~ 7 : i i i ~ t ~ N l N  

we? forward 189 reverese 18s ~ I M ~ Z U  18s rRNA ~ C V . J ~ % ~ M A ~ A  PCR 69ufini?:\un1? 

did j E u i  40?uifl 93 OC 2 u1fl50 "C 1 uifl 73 "C 40 oou 10 u i f l73 OC 

I RT-PCR ;U B ~ ? ~ ~ ~ ~ ~ U T U I B ~ ~ ~ L M F I ~ A ~ L ~ ~ ~ Y I ? ~ & ~ ~ ~  fbl l l l~lnlbfi 2 % k l  
* 

fii?~:aifJ 1 x TAE ~ ; ~ I ~ ~ ~ ' M ~ ~ U ~ L ~ U L ~ ~ M L L ~ ~ M L ~ ~ ~ ~ U ~ ~ I ? ~ ~  ~ l f l ~ ' E t ~ L ~ O U f ~ ? h 6  R~IUL$N%~ 

10 Ga"aQucioiin55mo f i ~ i m s  15 la..jf~s5ns ~ 3 u ~ a a i  15 uifl m~qfio~~~nu3~4u~mn1uZ6 

klPmnl9bmam ~ ~ u u ~ f l ~ u a r n n ~ d u ~ s ~ t f i ~ u i u n ' u ~ ~ ~ u ~ ~ d i ~ ~ ~ ~ i m ? ~ ~ u  (I 00 bp) 

? : ~ ~ 1 ~ i u ~ % u % u r ~ u f i u i ~ ~ L ~ u ~ o ~ 9 u ~ ~ ~ ~ ~  PCR (Gardner et a1..1991) URlm?99fiOu 

R ' n a r u z n i r d s i n g a o ~ ~ ~ d u ~ a h a a ~ n ~ i i ~ ~ ~ 8 n ~ n s ~ ) $ 9 ~ f i  fmf~I/oznif?f i~qa 2% i~ 
d B L B U L ~ ~ L ~ ~ ~ ~ U I N L M ~ I < ~ ? ~ ~ ? ' ~ ~ ~ E ~ ~ ~ C B L I U L ¶ Q  a ~ ~ ~ ~ 1 9 1 4 ~ 1 ~ 9 1 ~ ~ N w ' ~ s ' 0 ~ M ~ l J d l  

anodic current peak (PA.) n 'u~a iuL%u%utu~n~d~ im~~ iuL~~t .a"d i t l~un~?~~~~Ln 'o~  

m m ~ ~ m & 9 u ~ u ~ l ~ ~ L ¶ ' i 3 ~ " ~ ~ ~ ~ 1 ~ 9 1 u & u w ' ~ s ' 5 ' ~ ~ 1 i 1 ~ ~ 1  anodic current peak (PA.) fhnalu 

~ ~ u b u  ~do1$~ilu~~a'luni?fi$14nnduim?~iuliio1d 





1. n i s ~ n ~ i n i s ~ d ~ o u ~ ~ d a ~ ~ ~ ~ ~ ~ s ~ ~ ~ i w ~ ~ m a n ~ w a i u  

I .I n i s~mu iwu imwa~m~n 

wanis~nwnim"muiaa.j~1on~~1aiu~i~lw'u<i~nrum' n i s i  lmua'm.nuimao~man 

q i n o z c l z i d u ~ ~ l u ~ u m o n ~ ~ ~ ~ s z ~ l z m ~ n ~ ~  kLnm$unirLd$ouLLdaq$qquimLLaz8a'i].jnZu 

mnn 

rauti-tuquer'na-tmaa~an (cm) 

1.4 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0  
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

ruff (Ju) 



~inni~~nwnit~dlli/uuudn~8~otn7umon~~~u~iuun'u~~nu8u~wg1u RGB color 

charts, Swatches and Color Table for Photoshop unz The Royal Horticultural Society 

colour chart wiu618h 'Iutzuz 10 C l l ~ tn  wudi'Iutzuz 2 hu tn  n5iumeniinit~dllbsuudnq 
i 4 ~ i n i h i i a a ~ n  nniu~flu8Aiaadou r~n:~uwioruir#i~~zu=:~nnumonqzLd~uuLfluiLLm~ 

i II iqudiud 3 - 4 ~nutzuzdzduqlnnltnnnumonLdziuuLflu~LvZoqAu a a q i n i u d  5 nnu 
manqzdoul ~dAsurfldumlud~n 1muqz~v~od?ud~tm~flu8fiuaadL~u~~~nha unr 

~ut~uz~nvi iu&zdt in~8un~o~i i . jm'm~qu ~iu67Ku 

qinnioLdlli/uuudnqao.jn~umon Inu~fiuu~iuuriuunu8uimtgiu n i u i ~ n k ~ i i a n  
i i i II oruznlsLdduuudwina;1manl815 tzur As ozuzn 1 iu~u6u at~fluoraznnnunonkiia 

~iiu?Rn (RGB:CCFFOO,RHS:149A) d ~ ~ l t = : u z d  2 ( k d  2 ~mqn io~nw) (a iqmon 2 i u )  

n7u nsnrz~urd~uuudn~qin8Aioaam ~qui~~iuacisu (RGB:CCCCOO. RHS:~ SOA) tzocd 

3 ( i d  4 astnioilnw)(oiqman 4 i u )  wu i~~ZasAu  (RGB:CCAAOO. RHS:ISIA) ntzqiu 

a~ka~ddtzuimaunz 30 urmkmen unzozszd 4 ( i ud  6 n o t n i d n w )  (oiqnon 6 h) 

L T l u s z u z d d u d t i n g ~ u ~  (RGB:CC8800, RHS: 167A) +1di4m'f l~q~dt :~i~k~sl : :  50 
,i , 

aatn8unon ud~tntwu8dsadouaynut~amm~nni~nonod oruzgmviiu (cud 8 aoq 



J  m d  4 nltrdncluudn4iraqnanq~nl~ 5 t l u r  
I I J  u 4- 

A 'lo tam 1 (aunmr$iuanm) (aiqnan o iu) 

B 'la tzurd 2 (iud 2 aetnitanm)(aiqnan 2 iu) 
J  UJ  c ;a t rurn 3 (aun 4 raqnitilnm)(aiqnan 4 iu) 
J  

D 'la ?turn 4 (cud 6 ra4nitilnm)(alqnan 6 iu) 
i 

E 'la t r u l n  5 ( i w d  8 ra4nltilnm)(elqnen 8 iu) 

2. nirilnwlunqln3annua~ds~ta 

2.1 ~ I ? ? ~ U S ? U ~ ~ ~ ~ I ~ U Q ~ A ~ B I ~ ~ L ~ B ~ ~ U ~ I ? ~ B ~ L U U ' ~ W ~  LUB; 

I l n n l t h b l  k n ~ t l u t ? ~ $ a q n I l n j l ~ # s q n  Gen Bank $ a r ~ u u t ~ ; u u 8 l 6 u  

$9 n s & h  6naqiiunqf n inanuf i~da t5'~'Iu$'11umn::a~m ~unu~ iune . r luAnc i ia  100 

4 iaq~  (FI1914d 1) ~ l n ~ ? u ~ i l n l t  alignment ~~~liud~i/~~$~~l~$LUiul~~~~LUiul~~/i~~ 

fdtunsu Clustal W2 (Larkin et a1.,2007) L6s~nL8snu7Lamddnal~LM~au~uraq~u 

ng~n;iannu~~darTfiu7ndqa 2 uinm ~da1~un~msn~~'~u lw~~~sf la"wnm'~ mind 2 



qinniwd 5 unn~l1X~iiuiiiiKuinnZilaln6notiiunplmlnntucilrrn rr la~tn .pin 
A 

R ~ G T I  n6~ilufiui%iaiinriwl ~ n i l u ~ t i o n n u o u ~ u r n a i l L ~ Q o n ~ ~ i l r i ~ ~ a ~ u ~ u ~ a u ~ ~ d q n  iie 

u i n n i i  200 nzuuu iiiqvun 27 #ay n uouirugunnqiit r i inaiu~~iiauad~u?iat 80-200 

RrLLUu 35 dayn ~ ~ ~ ~ L ~ ~ ~ L L ~ ~ ~ ~ ~ ~ I A ~ I ~ L H ~ B u B ~ ~ ~ ? ~ ~ Q  50-80 nzuuu ii 15 h y n  
.r 

uou1riiGu unntiiariinaiu ~~ i i auad lu l i a .~  40-50 mzwu ii 1 h r j n  dauuouilliunn484 

r i i ~ l i u ~ a i i a u u ' a s n i 1  40 n x u u  laiii4ayn . p i n ~ u ~ 8 a n u ~ ~ a n r d w u ~ a i u ~ ~ i i a u  

qqn#au?nnruouiunq unzoe~ntuillauouilrug ~dorii ldaanuuul*lt~uainatiu 

n g l ~ ~ n ~ o i u Q o ~ r l a ~ t n m a l d  



V * l n * m o u C V Y 1 I Y P l ~ . S . * M . ~ * . ( H r *  s lm 
V r ) n v * a . r w . m m H * . l ~ . a r * . V Y I # l !  Ip2 m 
v e ~ m d w ~ # ~ . w m n o o u 2 1 ~ . * k * . r m ~ n u  2pp m 
Y i * u n u l r * W ( . s n l U * - & , d  m 372 
v N M r y C r y Q . l n l * l h r ~ - l . n a a I c  m 
v N M m r ~ m k r ~ - & u ~ & w *  ZaZ ZU 
v u u m ~ r * ~ ~ ~ h r W o m l k n k n r - ~ , r a r k t  up m I.-n nu 
k r * . M r o r r m m # r k m 7 , m k r o *  W 277 1-70 m 
v n b m l m a n . . W ~ . 7 . * k * r r * m H * . l r *  m J1 4% b10 m 
r r o * r ~ . o m ~ u r d m ~ ~ ~ ~ ~ ~ m l l ~ . 9 m * *  s m 45% W-M HI 
~ a ~ ~ ~ * a k ~ - ~ m w * r d . I * r r i l m r *  m -4 nu 
t n m v n n * a r n O W B R I m k U O T U Y . ~ o h  a 22. h-W MI 
~ ~ c * a L I W Z I X W # n . Y . * M . ~ ~ ~  a = 4an k W  M 
w mkr* an.. ~ ~ # 1 6 ~ % . 9 .  *W - s imbm m~ a ss 4QU m 
W r m Y . n O d a V W U m a U b . S . * W r r * h . r h r m r *  m &S lMb w m 
~ n C u d m ~ - * r ~ r b u l k ~ Y l n l U ~ a r r U  ZUI ZW 41% H m 

' : I i- H 

i # a y n ~ i n ~ i t i w  1 u n n c a i i n u ~ z r f i ~ v u i a ~ n n ' 1 1 a ~ i i 6 u i i a ~ ~ l a l ~ n ~ i l n m l ) i ~ i n  

i a a i i n r i i c ~  unz~na iu~wu 'au t iud~n 'u i i an~ la lnka t lun~ lminnr iun~da~ tnd  

I X ~ i n q u n i u  ( R ~ G T I )  l n ~ i ) ~ ~ 6 i K u ~ ~ u m i ~ ~ i u ~ v u ' a u ~ ~  ~ n z n m n ~ ~ i u ~ i 6 u  n i t  
A 4 

d ~ u n ~ k ~ n n n u ~ d a ~ r f i ~ u ~ ~ a m ~ ~ ~ ~ ~ a ~ n ~ d ~ ~ a i ~ ~ v ~ a u n ' u ~ a ~ i u ~ u u i n ~ ~ a ~ u u ' u i i  
rl a u n g ~ n i a n r i u ~ a u f i ~ u q v n i ~ w ' u f ~ n ~ u 6  n i n i  ~dqud~f lu conserve elements 4 4  

i i 
u ~ ~ a m 6 ~ n f j i a ~ z i ~ ~ ~ a l ~ u ~ ~ ~ ? i n n i r ~ d n a u u d n ~ l u ~ a v n i a a i i m  4~ i i l $ i lanwnqzr ru  

u'3~amay~d~~san'udluqvniufii~w'ufunrum'ninido';I~~nai@nl~~uiulhuiriau%n 

h a  ~ n ~ v i n 1 1 ' ~ 1 ~ ~ a m k n d i ~ d i ; 1 ~ ~ ~ ~ a a a n u u u ~ ~ t w a ~ z ~ i ' 1 ~ ~ r w a ~ ~ v u i z f i u ~ ) i  



~ w ~ a f i  3 n i ~ m ~ ~ ~ a a ~ ~ a i u i i ~ ~ i : : ' ~ ~ a ~ ~ w s ~ u ~ ~  forward GT Iut;aairnii.rl 

primer 

foward GT 

reverse GT 

TM 

70.75 

66.47 

Nucleotide sequence 

5' TTGTGGGTGGTACGTAATCCACC 3' 

5' TTCCACCCACAGTGAGTCAC 3' 

%GC content 

52.17 

50.00 

i i ~ u ~ a ~ 8 ~ ' I n A '  (23 bp.) 

TTGTGGGTGGTACGTAATCCACC 

TTGTGGGTGGTACGTAATCCACC 

TTGTGGGTGGTACGTAATCCACC 

TTGTGGGTGGTCCGT.AATCCACC 

TTGTGGGTGGTCCGTAATCCACC 

TTGTGGGTGGTCCGTAATCCACC 

llGTGGGTGGTCCGTAATCCACC 

llGTGGGTGGTCCGTAATCCACC 

TTGTGGGTGGTCCGTAATCCACC 

TTGTGGGTGGTCCGTAATCCACC 

TTGTGGGTGGTCCGTAATCCACC 

TTGTGGGTGGTCCGTAATCCACC 

lTGTGGGTGGTGCGCAATCCACC 

TTGTGGGTGGTGCGWTCCACC 

%~a?urvjieu 

100% 

100% 

100% 

95% 

95% 

95% 

95% 

95% 

95% 

95% 

95% 

95% 

91% 

91% 

aiiwne.rQa 

1 .Rosa hybnda 

2Arabidopsis 

thaliana 

3.Wtis vinifera 

d7 E value 

0.001 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

79 

79 

Accession number 

A8201048 

AB201049 

A8201050 

AY088211 

AY 143902 

BX822788lCNSOA4US 

BX822861lCNSOA71Q 

BX823361lCNSOA6ND 

BX823408JCNSOA6LZ 

NM112523 

NM112524 

NM180266 

AM441422 

AM443575 



R ~ ~ I P A  4 n i ~ ~ ~ ~ ~ f i e u ~ ~ ~ ~ i i ~ w i : : ~ o . j I w ~ ~ ~ o ~  reverse GT Iuiumirmsiirl 

2.2 nwahs'lu 18s  ~ R N A  ~ ~ a " l 4 1 ? I u l u r ~ a ~ ~ s &  

I ? ~ ~ ~ T ~ u ~ ~ ~ % ~ ~ ? F I ~ C O ~ M ~ ' ~ I ~ I ~ M $ B Y O  Gen Bank LioriirrloonLluuhTwa~ 
Ir 

613% b f I l % ~  18s ribosomal RNA 71.4 Rosa hybrida L ~ U ~ U ~ U U I R ~ ~ I U ~ U ~ I P  

~ ~ u u ~ i i a u ~ z p i u n ~ o u ~ m ~ o ~ n ' 1 1 ~ r ~ ~ n ~ 1 ~ 3 ~ ~ ~ i u f i ~ ~ f i  $c~luloooanauulwoLUerlm" 

64RlTl4; 5 

aiirrao.sla 

1. Rosa hybrida 

2. Rosa hybrida 

3. Rosz hybrida 

4. Vitis kf~ifem 

5. Wtis vinifem 

6. Vitis vinifem 

7. Ws vinifera 

8. Fragaria x anassa 

9. Dorotheanthus 

bellidifomia 

primer I nucleotide sequence I TM I %GC content 1 

Accession NO. 

AB201048 

AB201049 

AB201050 

AM468150 

AM429626 

AM453555 

AM439877 

DQ289588 

Y 18871 

forward 18s 

2.3 n ~ s a h s ~ u d ~ u ~ u n ~ l ~ ~ a n m u a ~ 4 ~ ~ s a ~ n : : ~ u  1 8 s  ~ R N A  d m 2 s i h G i a  
~ i n n i ? e e n ~ ~ u u ~ w ~ w e ~ " u u n ~ ~ ~ ~ n n ~ i u ~ ~ d ~ ~  L L R Z ~ U  18s rRNA Im(l'l$men 

?naiudn%h9i?d~ CTAB (Chang et a1.,1993 ) :~USL~ULD~ULLUU ~ i n 6 u i q n i f l &  

~ ~ ~ K u S ' J R ~ B I ~ A .  (20 bp.) 

GTGACTCACTGTGGGTGGAA 

GTGACTCACTGTGGGTGGAA 

GTGACTCACTGTGGGTGGAA 

GTGACTCACTGTGGGTGGAA 

GTGACTCACTGTGGGTGGAA 

GTGACTCACTGTGGGTGGAA 

GTGACTCACTGTGGGTGGAA 

GTGACTCACTGTGGGTGGAA 

TGACTCACTGTGGGTGGAA 

reverese 18s 5A4G A A AGAGCTCTCAGTCTCAATC3' 

S'AAGGGCACCACCAGGAGTGGAGC3' 

% A?IULU~BU 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

70.46 

dl E value 

0.041 

0.041 

0.041 

0.041 

0.041 

0.041 

0.041 

0.041 

0.16 

80.70 

41.67 

66.67 



Y Y  
25 

fiuim$udaunociuiiLwizK~nd7a~'4 2 qu b;aurnn?h Polymerase Chain Reaction 

(PCR) ~ ~ i i i ~ n Q l R q ~ ~ n ~ f i d ~ L ~ f i L L 8 : : i l d  18s rRNA i i r u i n f i o n a X e ~ i i l l r u i ~ ~ i ~ u ~ ~  

miunqaj iie 187 jrun unz 100 dun ~lucil~ulfiwn~mwd 6 

1 2 3 4  1 2 3 4  

& 6 niwi  6 w~~~mnnaua~iliauiuna4iunq1n~nnnufi~da~ffi u n l u  18s rRNA 

A ~udaunor~ung~m;innriufi~da~~fi (1 =lo0 bp 2 = negative control 

3 unz 4 = iunpfn7avmufidtnt*) 
Y 

B 7udauneqiu 18s rRNA(1 =I00 bp 2 = negative control 

3 unz 4 =18S rRNA) 

2.4 nisf~auiu GT uaz 18s ~ R N A  

~ i n w ~ n i o ~ n n u ~ u n p ~ n ~ n n n u f i ~ d a ~ ~ f i ~ 8 1 u r i i u ~ ~ i ~ ~ a n 6 ~ ~ u ~ ~ ~ u  E. co/i f i ionif '  
r l r l  rj V" 

TOPI o n i u i ~ n K n ~ ~ a n ~ a n 6 ~ e ~ u u ~ n  ~wnb~un i~r i iu iu~~~~uwndi~ad i~nz~ iuau  3 

bnu &B~FII%L~RGR PCR ~ m i ~ u f i u ~ n ~ u i f n  w ~ ~ w d u ~ a u n ~ i l ~ u n ~ ~ ~ n n n u f i ~ d a ~ f f i  
Y drfldu~ilirruiu unriiauin i 87 un:: I oo jrufi~iud~fieanrruu~~~ue~~u kr~fimluniw 

d 7 



M N P  

niwi 7 w n n i ~ T ~ n u i u n q I ~ ~ n n ~ ~ u f i ~ V l ~ ~ ~ f i ( ~ )  un:: 18s ~RNA(B) 

i r ~  M 'la R~$u~au7n?j1u~~umuin 100 Gqn%la\n& 
1 

N AB negative control 
1 

P A 0  positive control 
J 

1-3 1Ae w'?ed7.~q7nf~nun 1 - 3 aa~udaziu miuiiKu 





d 9 e  d ~ inr i ina iu~$u$u~o4o i~~du~ow~m W l ~ ~ M t l ~ ~ ~ n l * I L L ~ ~ ~ ~ l f l d ~ ~ 4 ~ l ~ b d ~ L ~ ~  
Ir 

arTmlXncldtzuinr qinriuri~Wlflunirrntaqao~~d~~u~n~tuam~eonao~BuCmu~n~S~ 

RT-PCR IU$U~~QU~W 

e 4  Q 
3.2 nis~~sam~wrnsausaqinaiis~usa~aa~E RT- PCR 

~ d o r i i a i ~ d u ~ e a o 4 ~ a o ~ ' i \ 1 1 i a ~ m 1 ~ q i n n ~  5 o rszn io i lnm 

u i ~ + ~ ~ u u l j u u u d u b i u ~ u ~ ~  j ~ o i  RT-PCR * Iu i in ioL~uf iu i~~udau~iL* I i zqo~  
crl d uungCniannua~dorsa uazZu I 8s rRNA ~fluX4niwm 9 

v d 
aww : 0 2 4 6 8 

nlnd 9 ~$mu~ciuuni~&r~nza?u 18s rRNA kaz GT ~un~umonqaa iu& 5 ozoz 

n is i lnm 

o 'lo i u  18s rRNA LLaz GT ~unZuman~aaiuozuzd 1 (aiqnon o iu) 
d 

2 Go 18s rRNA !,La:: G T l u n f f u m ~ n ? ~ ~ l i ~ f : : ~ : : ~  2 ( ~ i f p o n  2 %A) 

d 
4 'lo !u 18s rRNA ~ ~ a z  GT'Lun~uhonqnaiuozflz~ 3 (oiqplon 4 ?u) 

6 'lo 21.4 18s rRNA Luz G T ~ u n ~ u m o n q a a i u o z z  4 (aiqmon 6 Tu) 
d 

8 'lo !u 18s rRNA ~ a z  G T ~ u n ~ u ~ ~ o n q a a l Y t z u z ~  5 (olqnon 8 h) 



~ ~ ~ ~ n l ~ L ~ ~ ~ ~ l ~ " m L ~ ~ L ~ ~ l L ~ l ~ L ~ ~ 1 d ~ ~ i l ~ ~ ~ ~ ~ 6  4917iX191n negative 

control LLaz positive control wudirzuu~~nirduL~ouqoqLLnu"mLGuLm$iquimFiiqldqin 
2 

dinimaiq ('b-i~~and wa) u a z n i ~ i d j W u i ~ ~ n a ~ ~ E j i ~ ~ u ~ r ~  ('bh~fimqua) 

qinniwd 9 Lda~nair:siunirufim.jaan'~~o.~iu 18s ~ R N A  lun8umonqrmaiuiq 5 

A 2  2 sz6unix~nn~oan'11aqiiu T ~ ~ ~ . ~ L ~ ~ ~ I ~ R ~ I ~ L ~ ~ ' I I D Q L L ~ ~ " ~ L G U L ~ ~ L W ~ ' I I U  PmuLawi:lur:ur$ 

3 (oiqnon 4 iu) dnr?~wuiiqrraiu~krinirufim~oon~m~i]un~lnanriufiLY1oLofi 

~ q m  idaqq in i iunuf l  LGuLoLa"uuiniq m rr6q9iniurz6unioLLfimqoonaoqf u 

n q T n i a n r i u f i ~ ~ 1 o ~ r n d u ~ i a u ~  amaq~nu~~irrni~inunuZL~uLoddui;s?iuL%ua~~q 

~uo::uzd 4 (siqnan 6 iu) LLR: 5 (aiqmon 8 ju) witld16u i lOdiqlr~Ada~Gii f i?i~~%u 

tle~unuZ ~uLoszduama.jiimiu u d i i ~ ~ ~ ~ i ; n ~ ~ u ~ % u u ~ n n i ~ d w m ~ w u I ~ u r ~ u ~ ~  1 UR: 2 

3.3 nls?Ynszn'unlsunn~aan'~~.r)!un5f A ~ ~ ~ M I I S L ~ ~ L S ~ & ~ U L ~ R ~ R  

l ~ f a  L ~ U L ~ B S  
6r~urr~nni~%a~!ubL~uL"da~nioL~u"~d~iddrzE!nfi~m Chaurnpluk et a/. (2006) 

A 
. a . n ~ u ~ n ~ i ; ~ d a i ~ ~ ~ l n l f  w r ~ ~ i m d i n i r ~ d d u u ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ n ~ r o ~ % ~ r ~ d ~ ~ ~ i n n i r ~ i  

d j? iou i r t r r i i r  w~mfirn.pl' cDNA ~ 1 6 q i n i U n ~ 1 ~ i ~ n n ~ f i L d ' i l L ~ f i  fh minor groove 

binder Hoechst 33258 Tnur:6ufiui~d cDNA 9 : ~ ~ d r ~ n i u n ' ~ n i r ~ d i u u ~ ~ d a ~ n i . ~  

no:ufi'I.vl~i~ddi znodic current peak (PA) fiiuirobwanirLdiuULLdnq~e.rldi anodic 

current peak ~ ~ R ? l ~ L b % ~ ~ ~ ~ L ~ U ~ ~ d ~ m " U b w " ~ ' L ~ L ~ ~ d l n " l Q % Q ~ 6  

w 0 n i r f i ~ 1 ~ n r i d ~ i ~ ~ ~ 1 u ' 1 1 ~ 9 f l  L G U L D ~ I ~ ~ J J U ~ ~ T R ~ R W P I U ~ L ~ ~ L ? ~ ~  iL8z 

18s rRNA Tnu'L3 w ~ i f i ~ ~ f l d ~ L ~ 6 ~ i u u u ~ d ~ ~ a ~ 1 6 ~ ~ k ~ ~ f l ~ f i i f ~ ~ ~ i ~ f l L ~ ~ L ~ & ~ L L ~ 2 ] ~ ~  



d 

M Aa 'Aduauimsgiu (100 bp) N ma negative control 

P Ae positive control 

nwA 11 niodulr~uim'Adrnoqin~~nu"ua;I~u 18s ~ R N A  d 10 s:Ku~~iu~$ubra 
d 

M Aa 'AL<ULQUI~T$IU (100 bp) N ma negative control 

P positive control 

1-10 ~a iiu 18s ~ R N A  i ~ ~ i i P l q i n n i o ~ i u f i u i m q i n ~ L ~ u b ~ 6 u ~ u d ~ ~ i u ~ u ~ L n ~ n  
Y 

54uFi 500,000 50,000 5,000 500 50 5 0.5 0.05 0.005 LLa: 0.0005 miu61Ku 



fiu?m6au~nwcw RT-PCR 97f$9$8 3.2 m r r ) ~ 5 n ~ 3 i ? u ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ u ~ ~ a ~ ~ r n " w a m ' ~ 1 i l i o ~ ~ ~  7 

m 7 n d  7 riln9ludir<ushad anodic current peak (PA) 

~ i n m o i . r d  7 P ; i  anodic current peak ae~~un~k~anoiua~vla~ofi~~::6~fiu~m 

dl47 ~ ~ I X I L L P ~  0.85-1.68 PA ~ m m z i L U j ~ ~ n ~ ; i  anodic current peak 18s rRNA i idG4u~i  

0.80 - 1.66 p ~ . ~ l n k d B ~ l r i i  anodic current peak ~16Ya4~un~~fi~annMfiLddLTa uazju 

18s rRNA t r l f i h 4 l ~ ~ n n ~ u l ~ 4 ~ l u ~ ~ ~ n 4 n a l ~ ~ ~ w ' ~ s ' ~ : : ~ 1 i i 4 r i l R 9 7 t r ~ ~ u ~ ~ a ~ 4 ~ ~ ~ ~ ~ ~ ' I u  

~ d a a ~ i i u ? u  copy r i ud l~o4  anodic current peak (PA) d~&inn+hr i?  Linear Sweep 

Voltammetry uifihqLLanafi~iu&a<u~'aB4~uh.jwe.j Iu;dao.rdl log 4qd1 anodic current 

peak ~ w ? i u & h h n h h  log aa4~siuL%u$u 1no~~~~9lul%u$uadd~L~uLBUin 4::; 

h i  anodic current peak 6Bu ~ ~ I u & ~ ~ ~ ~ : : M ~ I ~  anodic current peak LLa:fiaiU 

~%u$uaaao~Atduro u f i n q ~ u n i w i  12 ua:: 13 miu6i~u 

aun io~&umrdaad~un~k~an~iuf l~da~oa  

y = - 0.164X + 1.751 R' = 0.9885 

auni?L&unsdYo4iu : 8s rRNA ;a 

y=-0.1665X+1.7214 R* =0.9722 

a~m~u~rr~wlr~$ou 

~unqT~7~nnu~~dv~o~m 

18s rRNA 

147 anodic current peak nd~0~Gi7.17 (PA) 
- 

500,000 

0.851 

0.802 

50,000 

0.962 

0.951 

500 

1.272 

1.173 

5.000 

1 .I 51 

1 .I 12 

50 

1.451 

1.441 

5 

1.682 

1.661 



m w f f  12 n o i ~ u i m o p ; i u d i ~ ~ ~ n 1 ~ ~ i ~ a 6 1 d ~ u ~ a q a Y ~ . ~ ~ ~ n ~ ~ n ~ a ~ m ~ ~ ~ d ~ b ' d ~  

&a unu x ffa log na iu~$u$u~a~A~Bu~a  ( i iuauh~aqa)  

Lmu Y ffa anodic current peak ;id& (PA.) 

nlnd 13 n m d u i m ~ i u d i w ~ u n i o ~ 1 1 ~ ~ a h ~ ~ q a ~ a ~ ~ ~  18s rRNA 

a n u  x a 10s n a ~ u ~ Q u $ u ~ a ~ A ~ 5 u a  ( i i l a a u h ~ ~ q ~ )  

LLnu Y anodic current peak $hh6 (PA.) 



33 

n?o~?u~nnfiu?nn~~uL~d~~~?nn?oL~flrn~~on'~~a~~uLfi?~u?o R?U?PO~?IIQNI~ 
* Y 

4'lfIRl?u8%JYh%?46IdM'.~%d anodic current peak ~ l k ~ n n i o ~ k ~ n t ~ d u ~ i ~ u ~ t 1 6 ~ ~  

i l u ? u ~ u L n ~ a ~ d I I ~ D r ~ ~ i ] u n ~ ~ ~ ~ ~ ~ ~ 7 u f l L d ~ L O f l  LLSZBU 18s rRNA u a ~ 8 r n d ~ u o r r t i ~ ~ ~ u  
d 

hsoa l iwnkw iown  8 LLRZ 9 w1u61fi 

nlmsd 8 d ? ~ o ~ o a m  anodic current peak (PA) mr copy number i ] ~ n q ~ n ~ a n n u f l d o ~ o f l  

5 szuZ$vi?n?onrnnoq 

n lm~d 9 d?Loiuao4 anodic current peak (PA) La:: copy number i u  18s rRNA 5 

d ? $ h ~  

Anodic current peak (PA) 

Concentrate of DNA (copy number) 

dld?rnl& 

Anodic current peak (PA) 

Concentrate of DNA (copy number) 

4 

O Z O 3  

5 

1.010 

33324 

I 
d 

BZOZM 

4 

1.000 

35954 

* q n i n ~ u l n ( ~ ~ o ~ a i ~  5)  

I 
d 

8ZOZW 

3 

0.990 

40520 

I 
d 

3 3 Z M  

1 

1.201 

3413 

I 
cl 

TZUZM 

5 

0.939 

51 340 

I 
cl 

0ZOZM 

2 

1.156 

8280 

I 
cl 

TZOZM 

4 

0.936 

51 430 

I d 

OZUZM 

3 

0.940 

51 250 

I 
d 

TZOZM 

1 

0.941 

51 21 0 

I 
d 

OZOZM 

2 

0.937 

51 354 



stage 

~ ~ u u ~ ~ u u ~ r n s 7 ~ ~ u ~ a i 1 4 n 1 t u ~ n ~ o o n ~ ~ ~ ~ ~ ~ ~  LLa=18s rRNA I 
nlni  14 nndLLfin4R?ludirwis"aa~ copy number oflilc~ung~n~alia~nnufi bdaL~ 

~ f i ~ d f l ~ n " l h  78s rRNA do A Zungbqa~nUfiLdam M Z  B 'la 

18s ~RNA 

.pmnwd 14 u f i n c ~ ~ ~ u f i w i r ~ a a s i ~ u ? u ~ a ~ a ~ a ~ m i ~ ~ ~ u n g ~ n ~ a ~ o ~ u f i ~ ~ a ~ ~ f i  
4 4  

rd?uut?!uun'Y??u 18s rRNA wuildu 78s rRNA ud~u ln rnqdnaan tq  5 rzut: 
d 

~ ~ s i ~ u n ~ ~ n ~ a n ~ ~ u a ~ d a ~ o f l ~ n ~ ~ ~ d a u u ~ ~ d a ~ f i u 1 m m a ~ n f ~ u z ~ a n ~ d ~ 7 n ~ ~ 8 n w  b u  
1 

o r u ~ v o n f i u ~ n r ~ u n ~ ~ n i i a n r ~ u f i ~ ~ a ~ o f i . p ~ i j n ~ ~ u ~ ~ u ~ u 6 ~ ~ ~ n  4aiuLdufiulmYu 
d 

Lgfl'69fl U ~ Z L ~ U ~ T P U ~ N R ? I U ~ Q ~ ~ M ~ ~ ~ ~ I M T Z E ] Z M  3 M~q9ln6UiUn~~R"aaMTIMfiLdBLTfit;I 

3uanaqmiu41Ku 

~dair~~om~iiu?uh~aqaaa~dung~~~an~~u~~da~~fibfiuu~iuun"uiu 18s rRNA 
Y 

~i in t i lukd lu~zaalsaunj  2 vi1IlXno1uorKun1ruan~aanaatEiungfn1a~~1ufi~da~~fi~6 

aCnaa4du 

GT 

18s rRNA 

GT / 18s rRNA 

GT / 18s rRNA 

(%I 

~ i u a u h ~ a ~ a a a ~ ~ u ~ n m q ~ 6 1 m " ~ u ~ ~ ~ a ~ ~ u ~ ~ ~ ~  

s=u:G I 

341 3 

51210 

0.0066 

6.66 

4 

35954 

51 430 

0.6981 

69.81 

TZUS 5 

33324 

51 340 

0.6450 

64.50 

sru:?i 2 

8280 

51 354 

0.1612 

16.12 

t:uA 3 

40520 

51 250 

0.7906 

79.06 





uu?ul? ~ieL&ou~itluriud?aet~~nu8u7rn~7~ RGB color charts Swatches and Color 

Table for Photoshop LLa:: The Royal Horticultural Society color chart A I U I S ~ ~ ~ M U ~ S ~ U ~  

dd" 
aotn~rn~Pnwu~manqt ta~ueen~i lu  5 ozuz nuananaznloLdiauudat8~mbqu$~m i;a 

a w . 4  
d~ to razna~ i l nmyn l2  iu k u d i u i u 6 u  w o t ~ u n  1 o rotnloAnm wui~menqualui 

~n~orznloLdiuuudatau7m~onLLaznl0LddouLLdat8aa4n~umen1u~dbLuub~u?n'u ~o 

1u4?tozsz$ r uaz 2 ~z~nlsLdifluudR~au7muaz~L~utL~nid"oU Ae monuj~t~flumenp?u 
d 4 "  

ad ~~aznBumonfitnt~ih8 Ao? ~ d n ~ o ~ d ~ u u ~ ~ d a t a ~ ~ m ~ ~ ~ ~ ~ n l u o z u : : ~  3 uotznnw& 

aulmmanecilto?mis? uazn~umenszduLdiouLLda4q~nSL$u?nalurflu8Laiioa~ 4 4  

" 2  
h a m A n ~ , m 8 a 8 o t d u w ' u f i m " u u q 7 n n ~  

~%~h-'n"Yt~uln~uLmh-' epidermis ao~neumen (Holton and Cornish. 1995) u 6 t l ~ j ~ l n i u  
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l i n n a l n n i o r d < o u ~ ~ d a ~ ~ i 4 ~ n i  w u i i Z u n ~ I n 9 a n n u a ~ d a ~ q a  iiiwnsionio 

& 4 L R ~ l ~ I f ~ L . ~ ~ ~ Y l ~ ~ ~ l ~ l d  ~~aziwatiiani4~d~uuLlda4~'11a4n~umon A B W A & B J < U ~ ? ? ~ M  

n ~ h n l ~ ~ l ~ i ~ ~ ~ 4 8 ~  Rosa hybrida glucosyltransferase (RhGTI) &~ilu~uiiiunuim 
a 

d i ~ ~ l u n i s L d d u u  anthocyanidin ~PLOURIT~W~%-! I G L ~ ~ B U L ~ ~ U  Cyanidin 3.5-0- 

diglucoside d ~ i l ~ ~ 1 ~ P d ~ ~ u i l z ~ ~ ~ m ~ a ' n ' 1 ~ I l d z d s l n ~ " 1 1 ~ ~ ~ ~ u ? L L m Q " U B 4 ~ ~ a u ~ ~ ~ ' I I u l ~ u  

~ ~ d ~ ~ ~ . r ~ 1 ~ i n n i d n m n i m ~ m ~ a ~ n " 1 1 a ~ " o u n ~ ~ ~ 3 a n ~ i u a ~ d a ~ r a ~ u m a n q ~ a i u k ~  

5 szuz ~ u ~ i ~ ! n ~ m a n ~ ~ u u l w t ~ u ~ 4 ~ S n ~ i u ~ ~ ~ i : : ~ ~ i z ~ ~ n " U f j u n ~ I n ~ a ~ t i u a ~ ~ m ~ ~ a  ImuW 

n i o f i u h d i 6 u G o n t ~ a 1 n 6 a ~ 4 n d ~ i n ~ ~ ~ 7 7 t i l i i u ? u  100 airm wui i~wrwo5&qndi? 

a i u 1 s n ~ i u i ~ ~ ~ ~ ~ ~ u ~ ~ i m ~ u d ~ u ' 1 1 ~ ~ 8 u n ~ ~ ~ ~ a ~ t 1 u a ~ d ~ ~ t a ~ ~ u m  187 d~ual1.4 

manqnaiuU i au i~~ i i n i s~na io : : ~un i r ouamaaanaa~~un~Cn3annua~v la~oak~  5 

qzuz i m d ~ h i n n i r k r n o i : : w ' f i ~ i m  cDNA aiuntnqin mRNA ia~m16qin6?adiaaaq 

~ lanquaiu luszazdiq~ WU~I~~UIN cDNA ~ ~ ~ L A O I ~ M T ~  Lia&uuL:uu~ufuLaqa 

18s rRNA d iqu l~  l o o  d ~ u a  &mu fju~' i l f i iu i i r q m w u ~ ~ ~ u i ~ i M ~ u n i s ~ i u i ~ ~ u  

n i o ~ ~ u h ~ a ~ n h ~ ? i ~ u i n ~ ~ i u  w u i i ~ u n ~ ~ ~ ~ a n n u a ~ v ! a ~ s ~ ~ z ~ f i r : i ~ i ' r u ~ u ~ a u ~ ~ m ~ u  
A' 

E I ~ E ~  1 ~ ~ a ~ i l u s z u z d  2 R?IULQU%UWI.J CDNA 4 z d ~ u 7  ~ d u ~ m u  t h ~ n r n ~ ~ n  

n~ iu&~wi rkzu i ic~q iuL~u~a. jLLnuZL~uLm~aam~~' i3~n '~n ioLd~uuur la~~va~nGuman 

Ims~ow iz luszuz i  3 ~ ~ i u ~ ~ ~ ~ ~ ~ ~ n u Z ~ d ~ ~ a q = : ~ ~ ~ i u ~ % u u i n ~ ~ m  &LLam-viinis 

a h ~ 8 u n n ~ ~ i a n o i u a ~ ~ ~ ~ r a ~ a ~ m a n Q ~ n i u l u s : : u z ~  3 Sf iumr r indqm i ~ a i u i s n  

~ d ~ ~ u n ~ u m ~ n ~ d ~ ~ ~ ~ ~ % i ~ ~ : : u ~ " w ' ~ ~ a ~ ~ ~ u ~ n ~ a u l ~ u ~ m "  qzL~u~kii ir?aiiarnniiq<u d a u i  

waianisfiLRriz~LLaznisLLam.jamnqaaiuiLLmn"i4~u~?u B ~ ~ ~ ~ O ~ B I I U R ? I U L % U ~ ~ Q L L ~ ~  

d ~ L ~ U ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L ~ W L R ' M ~ ~ ~ ~ ~ ~ & ' U ~ ~ T L L W ~ ~ T I B ~ ~ ' ~ ~ ~ ~ W I ~ ~ ~ M V I ~ Q Z M L ~ Q ~ ~ ~  a i ? 4 k h t  

kaiuisnlM"dilu~3;1K~~a~l&%n~qu~miu 

sinnir i lnw?<uaqdlMi o z 6 u ' u a a 4 ~ u n ~ ~ ~ ~ a n 0 i u ~ ~ ~ a ~ s a  cisuirwn6isoz6uni? 

ann4eanqatu'u ~~az~rnoinis~dduuudaak'ae.rn~'umon I n s s : : w u i i l u i ~ . ~ ~ u " n i s  
2 

~ran.raan~a~8un~In~ansiua~da~raqi l  dauL~finabnirk~ntiz~r~Rin~~duq.rau6~u 

o a z ~ z ~ ~ a ~ i l M " ~ ~ m n i ~ ~ d d o u ~ ~ d a . ~ Z a ~ . ~ n t u m ~ n l u ~ ~ a ~ s i a u ~  ~~aznis~~am~eanaaq8uiiqr. 

dsaarna~ EiauriiM~z6uiunionr~qaau cDNA R ~ R ~ & ? ; ' ) L  ~ : ~ n ~ n & f l 4 i i ~ n i s ~ n ~ ' n a 4  Muller 
4d 4 

et a/. (2002) ~ifnWL~u?~uLan~uuwRdaoz6unlsLL~n4~~n~a48u RhCTRl L L R ~  RhCTR2 
9 

lunonquaiu 3 rzuzCmu~GclutRuuriinisnam.soonao.rZur;.I 2 ~ u 8 u b i ~ l s u i r n g i u  
a d w d -id 

(18s rRNA) aaasnis~~uunuuununi~~L~m~aannaaPl~?wl ~: 'I i i~sluilnls~~Rm4a~n.aa4 
d uu~uuvinzr::uz;n?iu~~nnsiir riuaazuam.~aan~.rqrn'~tdr:o::~~~ LrdLdo.rr inLi lunlo 



3. n i s ~ s a q r n ~ a s a n m a a ~ u ~ a d u T a s ~ w r ~ a ~  

n~omns~mo: :Kun~ru~m~oana~. j "uutu~zuulu l~~"~~u~~o Zluozuunl.r~~i;!vlitId 

l l a b n n l o w o ~ q q u & ~ ~ ~ ~ ~ ~ A ~ S u t a  ~usinnioa5molfiduLoao4nlumenqaRlulu 

o::sznaGh.wndlmti'u ~ d o l f i b  mRNA diu?u~~u6uuuun~o&.~~no~::w' CDNA  doh 
cDNA u l ~ l d u o ? u ~ u a l ~ ~ u ~ a q ~ ~  Hoechst 33258 ~ ~ L O U ~ U L R Q ~ ~ O ~ ~ ~ I ~ A L ~ ~ L D L ~ ~ ~ ~ I S  

o ? u k ~  i ? u a : : u d ~ 4 k Q Q l m ~ ~ ~ u i ~ ~ ~ ~ & ~ r & l l m n 7 4 ~ ~ ~ 1  imsvv7ndl luthoq anodic 

current peak ~m0~l~n~ l ls : :kdounw'un 'u~ l~3 luL~u~u ' I Ia4~L~uLQ~~n~m1~a~ '1u~dao4  

copy number (Chaumpluk et a/., 2006a,b) 

s::~un7wam4aanaa4"uu'Iu~~4~lldnlw63u'i"6 RT-PCR Southern blot (Zuker et a/.,2002) 

northern blot (Fukuchi-Mizutani et a/., 2003; Ogata et a1.,2005; Zuker et a1.,2002) ua:: 
C 

westhern blot (Caiqing and Kapulnik, 2000) L ~ U ~ Q U I L  1'PiI.d f~lTGl??qWDUnl~ 
)r 

uam;leanaa4kou~n~'11uliiutu~~4~naniw 1nlM'w Werner et a/. , (1 998) m z ~ u 6 ? 0 ~ ~ f i 4  UV 

UR:: elicitor b%~~~nsnn nl~wmso::hn1~k~m4o8n630 RNA gel blot n i 0 u ~ n i r f i l u ~ u  

Transposable element Activator (Ac) ~%iimsnA;~iiu (Chuck e l  a1..1993) Shalit et a/. 
4 8 2  

(2003) l6~nwn~suamaaenaoauun~noa%e~n'Yn~oas"~;raisclauoz~autu~~aiuCmu~~~.j 
d 

monoon~iluo::o::Bilq 6 o::u::i4uimsn?lusunr::k.juiuL~uv Anwnqouam.soonlms RNA 

gel blot ~~cl~~$ouriuldtlo"nuao~"oufu~ ? ~ I ~ B ; ' I u ~ T $  HPLC d o u ~ l 6 ~ n ~ o % w u i  

nlodnlnnlouWmtoonr~~"uu~m~~.a"~n~iin\u~o~"du~"~~os' i uq lnn i two9q lu~namz4 iu  

moQsL&&n nloduL$auil.rl ~ d u  n~odudeuao.rL$o E. co/i ~ui;ldu (Baeumner et 

a/., 2003) 91ntu Chaumpluk et al.(2007) 8 n m n i ~ k a m t o a n ~ m " u u ~ a ~ ~ f i n ~ ~ a b u u ~ f l ~ ~ a ~  

& l ? u ~ n n ~ n ~ u f o ~ u o &  nio~~~m.rloon"~1o.j 
d 

uuluqua~uunmm' nlaqrgu~iquon ~ m c n n n i i n Z ~ z ~ i ~ n ~ s ~ ~ L m n : : ~  ~ D N A  $ I ( R E ~ ~ ~ u  



competitive - quantitative RT - PCR (Marone et a1.,2001) U?Q real time - PCR 
'4.4 ,, 

(Rajagopal et a;.. 2005) numuyuqa unz1%8ni~?tnmrizw'~~.juin %u$au v i i lQZia~Hnai  
Y Y 

' L u n i r i ~ ~ r i z w '  ~ a u n j i o ~ i ; n a i u w k u i u ~ ' ~ ~ ~ a ~ n o & ~ u  6 ~ G u n i r m t ~ q ; j ~ ~ o i z G  CDNA 
Y 

6 ? u ~ n ~ ~ ~ ~ u ~ o L a u ~ a o ~ w s " o u M ' ~ n l ~ ~ ~ u u i ~ ~ ~ ~ ] ~ ~ ~ l i ; l n ' ~ ~ a o . ~  cDNA & ~ c l f u r a r j a B ~ ~ ~ ~  

18s rRNA (Chaumpluk et al.,2007; Muller et a1.,2002) ~ ~ ~ ~ u i z ~ u ' l u n i o ~ ~ ~ ~ l z ~ ~ ~ . 1  
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