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Abstract

Project code: MRG5180017

Project Title:

Investigator: Dr. Ruttaporn Chundet, Maejo University

E-mail address: auanmolec@gmail.com

Project Period: 3 years and 6 month from 15 May 2008 — 30 September 2011

This research has been cloned the transcription factor MYC gene from mutants rice BKOS.

Myc gene has 1,353 base pairs open reading frame and encodes a protein of 451 amino acids.

The deduce MYC amino acids sequence showed the highest homology with R-type basic helix-loop-helix
(PIw-OSB2) of rice at 92% identity and was grouped to MYC protein that involved in the anthocyanin
biosynthesis of the other plants. For functional analysis, MYC gene has been transferred into tobacco by
single and with WD40 which cloned from the same mutant rice. It was found that the co-transformation of
MYC and WD40 can be induced the expression of the three structural genes: Chalcone synthase (CHS),
anthocyanin synthase (ANS) and UDP-glucose-flavonoid 3-O-glucosyltransferase (UFGT), which code for
enzymes involved in the anthocyanin biosynthetic pathway. In addition we found the accumulation of

varieties of anthocyanin in transgenic tobacco.

Keywords: MYC, Transcription factor, Anthocyanins, mutant rice BKOS
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1999; Schwinn et al., 2006; Spelt et al., 2000; de Vetten et al., 1997; Walker et al., 1999; Zhang

et al., 2003)
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2. wulayd Chalcones isomerase (CHI) LﬂuL'ﬂu%ﬂﬁLé\iﬂﬁﬁ?‘m isomerizatio @13

. . ] % dl | . . A a
naringenin chalcones P aswli flavonone naringenin (Holton et al., 1995) TungunaTtin
AN 9@ TaenliiAa mutation 289EUNALIANNIIALATIZT CHI 1 LUEYANNA ANFLWdY 11
Wnaunannawmaes T Arabidopsis nnlHilasnmaninigilagud (Forkmann and Heller , 1999)
WAZEINUINRINSARMANNNTE59  naringenin chalcone ARAw@es (Muir et al.,2001)
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wultsd CHI § 2 1%la Ae isomerizes 6'-hydroxyl i 6-deoxy chalcone waz wagu 6'-

hydroxy chalcone ldiflu flavonone

3. wultsd Flavonoid hydroxylase (F3H/F3'H/F3'5H) ilweulbsd nqu 2- oxoglutalate
dependent  dioxygenase HNM9LANYY hydroxyl NiANFUBUANUMLT 3 199 flavonone %109
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tlasuiili dihydroflavonone Fal@in1Ineaasluiauanesia taun petunia snapdragon tomato
waz maize (Britsch et al., 1993) Iaadn1svinliifia mutation a8stiunAILANNIsAIATZlaL 1l
F3H Anavnlilenlasd F3H  Tdvinenu Sewudniduamn 1 petunia uaz Antirrhinum laifinng

a5aneuinlaefiu M lEnaunanduna(Martin et al., 1991 ; Britsch et al., 1992)
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patieulasd UDP-glucose flavonoid 3-O —glucosyltransferase axvinnisfinanglagann UDP-

glucose lilfisuy hydroxyl inenn @i masnazanatin s luwaaales

Y
7Y

o g JA o
attueu lal 36T dodluoulmind

[

o 4 .
ﬂej}cluﬂigﬂ’)uﬂTiﬁ\i!ﬂi1$1’i anthocyanin 910
o Y a . ~ 1 o L4 o
ﬂTi‘VHGIfHLﬂﬂ mutation V38U 3GT Wmmﬁmqmmmmullcm DFR uazmu”lcm ANS aaad Loy
o 4 3 1w oA A o 4 . z
mimqmmmmu%u 3GT NAADNFUNULAAIIN JUNAIUVANNTAUATIZH anthocyanin Tudupou

qﬂﬁ’wﬁﬂa‘lﬂmimmuimﬁu (Hrazdina and Wagner, 1985; Hrazdind and Jensen; 1992)
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nqu r (r, Ic, sn, b) vzneauazulasiali lUsAugalinsaezi Tuiilunsandate N S1uauann vazi
Yare C Tamved basic helix-loop-helix (bHLH) 115#M3uR U DNA (DNA binding domain)
TuamzRaunFnvesnagu cf (c/ uaz pl) sgoeauazudasialn lsAudediTawu MYB Afidiuves
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helix-turn-helix @%53uf DNA Tudninavzlidesnguiinanstn  ualizduuumsudasesni
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10.

1.

12.

Liquid nitrogen
® .
TRIZOL ~ Reagent (Invitrogen)
RevertAid""First Strand cDNA Synthesis Kit (Ferment, U.S.A.)
. ® . .
QlAquick ~ Gel Extraction Kit (QIAGEN Inc.)
Inst/Aclone’"PCR Product Cloning Kit (Fermentus, U.S.A)

Sodium chloride (NaCl)

Ethylenediaminetetra acetic acid (EDTA)
Tris (hydroxymethyl) aminomethane (Tris)
Chloroform

Isopropanal

Ethyl alcohol (EtOH)

RNaseONEribonuclease (Promega, U.S.A))



13.

14.

15.

16.

17.

18.

19.

20.

21

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

PCR buffer (Fermentas, U.S.A.)

Magnesium chloride (MgCl,) (Invitrogen ,BRAZIL)
Deoxyribonucleotide triphosphate mix (dNTPs) (Fermentas, U.S.A.)
Primers (Primer ; Operon Technology, Alamada, U.S.A.)
Platinum®7'aq DNA polymerase (Invitrogen ,BRAZIL)

GeneRuler '100bp DNA Ladder (Fermentas, U.S.A.)

Amplicilin

Glycerol oil

pJ FT™ Vector (Fermentas, U.S.A)
T4 DNA Ligase (Sigma, U.S.A.)
Ligase Buffer (Promega, U.S.A)
Deionize H,0 (dH,0)
Hydrochloric acid (HCI)

Sodium hydroxide (NaOH)
Sodium dodecyl sulfate (SDS)

Potassium acetate
Bromophenol blue
Xylene cyanol FF
Sucrose

Boric acid

Tris base
Ethidium bromide
Agarose

Agar

Tryptone

Yeast extract



39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

56.

Dideoxyribonucleotide triphosphate (d/ddNTPs) (Promega, U.S.A.)
Ultrapure water

DNA sequencing Tag DNA polymerase (Promega, U.S.A.)

DNA Sequencing Stop Solution (Promega, U.S.A.)

Acrylamide

N,N’-methylene-bisacrylamide (Bis)

Urea

3-(Trimethoxysilyl),propylmethacrylate (Bind Silane) (sigma, U.S.A.)
Clear view ( Dietham Trading Co.,Ltd, Thailand)

Ammonium persulphate (APS)
N,N,N’,N’-Tetramathylethylethylenediamine(TEMED)(BIO-RAD, U.S.A)
Glacial acetic acid

Silver nitrate (AgNO,)

37% Formaldehyde (HCOH)

Sodium carbonate (Na,CO.,)

Sodium thiosulfate (Na,S,0,)
5—bromo—4—chloro—3—indonI—B—D—galactopyranoside (X-gal)
IsopropyI—B—D—thiogalactopyranoside (IPTG)

N,N’" —dimethyl-formamide

A A A d
2.3 1N79310INYIAIANT

A A A a 7
RFRNERIS RN ERIMIENIRBhRERE!
ﬁmmuqmwgﬁ (incubator) N1 37 eeAusAIFed (Memmert, Germany)

9y & o
nileilannuau'le (autoclave)

Adjustable automatic pipette iag white,yellow Lag blue tip



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Eppendorf tube vu1a 1.5 ml ,Multi Ultra PCR tube

(SorensonTMBioscience,Inc.,U.S.A.) uag centrifuge tube
17584 DNA Thermal Cycler (ThermoHybaid PCRSprint, UK)
gagilnsaioianIng Tv5Gasilauuiueu (BIO-RAD, U.S.A)

- fn A 2 ®
gaginsaioan Ins I3 Fawiiauuife (Sequi-Gen  GT,Sequencing cell ; (BIO-

RAD, U.S.A))
n5ea9enszia i (power supply ; (BIO-RAD, U.S.A)
nFoImemnad e Iagas UV (UV transilluminator, BIO-RAD, U.S.A.)
m%’@ﬁﬂmmi@mlm (Spectrophotometer)
A 4 g .
1ATATlUNUINIBINNTIFI (centrifuge)
1AFDAUVEN (shaker)
A A Y .
NP0 VIATOLNI (hot air oven)
1oAY (freezer) 1dun 4°C, -20°C wag -80 °C
d’ [y a gy 3’
159913 UgUNNAIIT (water bath)
A
N304 electroporater
A1A (cuvette)
A
IATONNEY (vortex)
A o = .
INTNFILVVALLDEA (analytical balance)

10113 Ta5199 (microwave)

4 % I I 1
wnyeaiaanudlunsailuaia (pH meter)



23.

24.

25.

26.

27.

ﬁhussqﬂuiﬂimiuwaa(nqmdrﬂvogentanw
%A 1n39UAAI0E1 (mortar and pestle)

d‘ Y 1 Y = 4 1
Lﬂiaquﬂaﬁmaq1ﬂuﬂ1ﬁuﬂaimu1ﬂﬁwaq(beakem)maﬂgﬂ%um
(flasks) AFzUBANI (cylinder) Tia (pipettes) unandInuans (stirrer)
INan (plate) spreder <@

[ d‘ 9 T 9 [ c;/ a
3ﬁﬂauﬂ1TQUfwvauﬂﬂﬁ13ﬂﬁ$ﬂ1y%0ﬁ1iﬂi$ﬂ1yﬂﬂaa1ﬂrﬁ$ﬂwyrwﬂ1ﬁ
2 < . . ® X 4 A A

NILATHNYY NTzAMBIFANTZIN (Kimwipe tissue) WavsApzgiiiioy
a a ar o [
qua1a@ﬂ1amuﬂﬂu§aufﬁg@1yw15TNau1hﬂﬁ11qqﬁ@ﬂa@qTWu

= 4 a 9 dy
UARAALNDT ﬂiil’lﬂi DIANATANNUAY 1D

Nd04A9190



3. 9 5MINAa0T

U

o ¢
mslaaudiu MYC transcription factors 91041 veNNzaANUENa 1w BKOS

1.m319583 Total RNA 9nludniviennzalagIsved Van Derstaeten et al., 1977

o o 1

- thdhednsludnaiunasidan 50-100 Saansu ldlu eppendorf tube  AUA 1.5
fI0AaM3 71 RNA extraction buffer 131173 400 lulnsans uaztinlluas (vortex)
Tdnriw

- 1R phenol chloroform (1:1 , viv) 13u1m3 400 Tulasans wanvaannauldun 19
dnifutlszann 10 a%s arnsduiia3Tignugiiviesu 10 wil

N I T CR (centrifuge) ARNNEY 13,000 sausiaunT uaan 10 wit @
AUUNN 4 BvAIALTEA LazaALRRNIzdUlaRWLY (supernatant) ldviaan
T

- BN phenol chloroform (1:1 , viv) 138195 400 laipsans wanuaamnauldun 1

infuilszanns 10 AT antuielingruugiieauiu 10 w

W ldfuuaes (centrifuge) NAANNL32 13,000 saumew I tuwan 10 WA A
Ui 4 avAmaTa uargaleenIzdiulasiuuu (supernatant) ldviaan
vl

AN chloroform  13u1m7 400 lulpsans nanuaaanayu llun lidnTulszunns 10

1
v

o L X a9 ~
AIN mnuum%m@mmwmmu 10 U

3

Wl luuien (centrifuge) AAN5q 13,000 FaUABUNT 1H1WAa1 10 W17

N 4 asAgaEg wazgaeanizdinladnuuu (supernatant) ldvaen
Tuy

- AN Ethanol 1379 1188 TulA8MT (NNAKWAN) AILAN 0.3 M NaOAC
(N1ARWIN) 1307m3 62.5  TulAsans (nANUWaN) nanuaaanay ldun g huy

1
v al

dszanns 10 afuaziihiul3nguungil -20 asrmaidoa winan 30 W

3



- w0 ldiTuwes (centrifuge) AARTNE 13,000 saUARWNT KA1 30 WA #
UUNN 4 aIAEATYA uaTNaNTavaIeiie  Ivaeissnznauenfiduiaiy
PARALNNUL
a %’ nI/ 1 1 d” | = a

- ANEINAY (HNUN1sRN@aLiluman 40 W) Usuams 300 (NCEAE (NANUIN)
wanuaaanaullun lfdniulszunns 10 59 antliudin 8 M Licl waztinliugdld
vunwdaliuaan 1 dalug

- un 1t (centrifuge) AN 13,000 saUARRNY KA1 30 WA 7

a = Qﬁ/ £ % = = g
UUNH 4 avAmaTud Lazma1sazaneie IiuaaLieanznaw RNA fuiaen
Wit

- 15N 70 Wefidus EtOH 15u1ms 200 lulnsams

- i lUflumaes (centrifuge) AaNN39 13,000 3aUAKNT 1WA 5 WN Bazn
1 v Q’J v A =l v 1 Zl/
daulasuuu (supernatant) A Iuaaieanzna RNA funaanwinti
o =3 o LR 4 aa . dl a v = i//

- tnzneuanfiduenviniuislaeas air dry Neauuniviedilsyanns 10 Wi aantiu
AzANERTNaueNSaue 1NNl Aan RNase (Rnase-free  water) U381m3 20
ENCEATE

- A9IRERLENTIAURTIINNARIEAT Agarose Gel electrophoresis

2. N15AILASIEN First Strand cDNA (RevertAidTM First Strand cDNA Kit, Fermentas, U.S.A)
anasavanssunmns 20 Tulasans asli eppendorf tube 1WA 0.2 HAAART 39
Uszneudasanfifuenanun 0.1-5 Tulmsniu , oligo (dT),.primer 0.5 Tulasniu uaz deionized
water Wiasw 12 lulasang nanldidnfunn o udatinldund 65 asagaiden unan 5 und
antii it udaudalia 1x reaction buffer, RiboLock™ Ribonuclease Inhibiter (20
Unit/reaction), 10 mM dNTPs Mix , RevertAid" M-MulLVReverse Transcriptase (200

Unit/reaction) saidniu aantiutinlidum 42 aeAwaaidias w11 60 Wi wazvgailiisaniae

ANHNAUN 70 B9ATTALTEE LTUAAN 5 W1 LAaLLAL First Strand cDNA #1 -20 a9ANtaLTEe &



VINNNIAIAABUANNINTEY First Strand cDNA Tisisanlisaenaiia RT-PCR Tngldlns

waf Actin antiuasin lnsaaaudas Agarose Gel electrophoresis

3. n5lAaY Transcription Factor genes MYC #ifgndasnun1saansizissndnguaulnlasan
HUAINTIINBNNEANUENAE BKOS

3.1 neanuuulnsiues

wmseonuuy lnwswesnldlumslaautu MYC Wnerdesiumsduniizisininguonn

lyeniiu Tasoonuuunnusnaeysny (Conserve Domain) weddu MYC vesiiswiianieg lu
9 9 v 9 . . . . 9

3UvDYa GenBank 1dun 410 (R-type basic helix-loop-helix protein [Plw-OSB2]), I Ina

(Regulatory protein [B-Peru], SN protein, Anthocyanin regulatory R-S protein [R-S], Anthocyanin

@ . A A aaan Y

regulatory LC protein [Ic1] ) Tageenuuuluanvay Degenerated primers G]Nl,u’e)mﬂ;]ﬂ‘im PCR a7

v v
maneg ldrudiuvestu MYC allvuadszuna 351 g Tasduiwaves Primers uaasluaiing

N1

[

Y 4 o a s saq ¥ L
MINN 1 waeese¥euazdduiiina 1 IndvedInswesnl¥lunisusn MYC transcription factor

% 4 a
gene MNUINIWUENA10 BKOS daemaiin RT-PCR

4 P o ¥ A P
e Inges seuiinalelng 5——» 3’

degenerate primer (forward primer) 5" — GGNGCCGYCTTNCTGCRGCTG- 3’

degenerate primer (reward primer) 5 - RTYTACTWCTTCTNCAGACGA- 3’




3.2 m3inlgnsen RT-PCR
psdtlszneuluilgnser PCR

I Y
w3ena1saza1e13uias 20 mi aaly eppendorf tube YA 0.2 ml Falidudsenou fadl

- 10x buffer 2.0 pl of 10X
- Mgcl, 1.2 pl of 25 mM
- First strand cDNA (DNA Template) 50 ng

- primer (Primer ; Operon Technology, Alamada, U.S.A.)

- MYC forward
0.5ul of 20 pMol
- MYC reward
0.5ul of 20 pMol
- 10 mM dNTP 2.5 plof 10 mM
- PfxTag DNA polymerase (Invitrogen) 2 unit
- dH,0 161Funms 20 pl

Neulawesljisen PCR (PCR condition) luinatin RT-PCR

A15199 2 uanaRenleres]isen PCR luwadia RT-PCR Iiveusnfidueauiniszuin 400 4

LUA
LI FEY 94 °C 94 °C 55 °C 72°C 72°C 4°C
ErAdAL e 2 min 30 sec 30 sec 1 min 5 min forever

ANUIUTAL | 35 991 |




a o
3.3 MIAATIZH lag Agarose electrophoresis

-4 o
1A383 agarose ANUNTY 1.4 1asiFud Taede agarose Wawadlu 1 x TBE buffer
Y o 9 3 Qy 9 a ~
(mawuan) uanirlduau agarose azaeasna Nauguinil 50 esrusaidod
° J 3 4 )
MANNazeIRMIARa LaznuIdel (comb) liazeiadie 70 Weosidua ethanol 1d1i
Y] I~}

maa iszaeuiniuuaen

a A A v & A ga 3 o o =
MU ATIVAINUA19ATUHHIVDID 1998 WO IHINATOUaNT d1MSUgaad1Taza1en
3 ~
DUPNADINITAIINADY

d' = 9y Y ] =

m agarose  adlumananason 1A Taelvunu agarose  Tanunuilseum 3-5
Aa A o (] Yy Y Qa}/ Qy vq Y <%
Haamas syised liiesormea udrdana 1A ldmanaadd
MR Maad81 x TBE buffer tie lildnanits uazazaindemsnaniiaey

290N

v
= =

o < 1 .
1191A agarose gel 9nINUABALEII1901AA3 11814 electrophoresis Taglia1unI
I@eugnITIaL
1M 1 x TBE buffer aalus1eldnanuein agarose gel Taaldszdn 1 x TBE buffer oy
A A a A

milervaszana 1-3 Taawas

. Y a g Ay aag
Hal 1 x loding buffer (MANWIN) AUATATABADUIBNADINTATINADY LAZAIDUID
11A55 11 (DNA marker) 1didniu 141y Tastlnlagaasazate udanes veoaaslu
¥09U04 agarose gel

A [
Mar1814 electrophoresis  udraed liluinuinTesnienszua i udrilass
A o v o N4 o

aszua vl Tagldinszua liihisndran luduan 19anuaiadng 100 Trhad wu
50 Wil n3elenauda1sves loding buffer masui lilogdnilareduniisveusalag

1 9 1 a 9 a) 4 1
HNIINATHANDIAUTEIY 1 I UANAT Llﬁ’)ﬁ\iﬂﬂlﬂ?@\?ﬂ1ﬂﬂi$£tﬁhl1/\lﬁ1

Y
)

Y
a a o 1 1 o 1
doudoue Iagriwry agarose gel luuaslu EtBr win 10 Wi aamiuénelduyiinba 5
W1 iled14 EtBr dauinu
) 1 a g Y . . 9 v o R
UNUIWNY agarose gel ”lﬂmai]@uuumaumma UV transilluminator W3aunuuUUNNNIN
4
13
Y A Ay = [ a g < 9
dauouaueILIANABINI Insguunatiouiuvuavesaoweasgy  nulilu
Aa aa 1 1 o <
eppendorf tube Y11A 1.5 Tadans N 4 oarsalEed IUNINILIINLENDIADULDODN

(elute)



3.4 M3 clone FuaIU MYC transcription factor gene (Inst/AcIoneTMPCR Product Cloning

Kit, Fermentus, U.S.A)

wseuasara1sdsuas 30 lulasans  Uszneudie plasmid  vector pTZ57/T'

3.4.1 oasisznenluil§nseimaideu (igation)

M

(MANUIN) 0.165 lulasnsy, purified PCR fragment 0.54 #ilalua, 1x ligation, PEG 4000

solution,

b4 1
T4 DNA ligase 5 Unit uazi5uiSunasgaiiodls deionized water 91n1iutiud 22 o4e

EFAITEE YU 12 %2 T4

3.4.2 Transformation Tagl% The TransformAid™Bacterial Transformation System

9
W3 E.coli eesiug DH5-0L Taoideaaad lu TransformAid™'C-Medium 1/511as 2
4 v

yaaans MNNNUEN 37 DA usaIFed WY 12 %2 139

2

£
~

a 4 1 M) a . . o’/’
AuaaLUANSeN@Rea 12 931449 UYSu1as 1/10 ved TransformAid' 'C-Medium 21034
1 { I
UuN 37 esruwasod 11ual 20 win
U3 LB-Ampicillin/X-gal agar plate 1 37 eersaliea 08191108 20 114
19383 TransformAid™ T-Solution  TasA5Hay T-solution (A) U T-solution (B) Tu
a o . . S
US1195 1:1 911Ny TransformAid™'T-Solution TAVuaiA4
< s kg ! . . A aa
NuaduuanGen@ee3 20 wi Taslalu microcentrifuge tube ¥ 1.5 Taaans
) . ~ < ~ I~ ~
uazii 1 centrifuge NnnuEIgega 4 esruzaiFod 1Wunal 1 ui
Qy 1 Y . TM . a
neaulauas resuspend AZNBULEADAIY TransformAid "™ T-Solution 151105 300
9 Y
a o o I
TuTasans anTuneuindauu 5 Wi
. I qgj A <4 = I = oa.;l ay '
centrifuge AdoNATINANNEIGIEA 4 oarusaFad 11ua1 1 W nuneaIu
Ter
4 . . A a
resuspend ALABUIEARAIY TransformAid™T-Solution 151935 120 lulasans
9 Y
o o <3
NUUIUUEWUIUIU 5 W
@303 ligation mixture laeudsld eppendrof wu1a 1.5 Hanans vasaag 15
a g’ <3 ~
TuTasans waznauuhudauny 2 ui
a o’d‘ a a ! . . . ‘?"
wuaanuvIvasellsuiag 60 lulasans luusazvaoaved ligation mixture 1A

9
° <
ANUUUWAIUIU 5 u1ﬁ



- Spread Plate I¥aaUY LB-Ampicillin/x-gal agar plate ﬁquﬁ 37°C miuluwadn

37 paraFed 111 12 %2119

=~

3.5 MInsaauuuanGen 1dsuaidueaenay (recommbinant DNA)
3.5.1 msuennaradalaeds Alkaline (Maniatis et., al 1982)

9y v
- 1denlalalidv1i9n LB-Ampicillin/x-gal agar plate Taataealu LB- Ampicillin both i
37 DIAFAFIE 1VEIUIY 12 %2 134
Y v v Y
- e 1.5 Haaans laaslu'luTasng Jun 12,000 seudeuIn w1 5 v nadula
< o
NURNIZALNOULYAD
o 4 a . a a Y Y o
- azneuaduUAY solution | (MARUIN) Usuias 300 TuTnsans vortex Midnnu
Y
NTUAY solution 11 (MARKIN) 1U5uas 300 lulasans waznauviaea iy o 4
:j a . a a [l Y Y <
A59 uaz@w solution I (MAKKIN) USH1a3 300 TuTasans e lvwnnwen 9 sz
=S a d? [N oy < A =)
ALNOUTUI 9 DAY Ly TH1ILYIBN 10 WIN
° y H [ 4 Qy <3 ] a
- 18N 12,000 soudpuIN w10 W NBEnaznRUNY thUdIulauudude
A Q a 1 (;y
absolute ethanol Moy YS9 2 wwvesila
1 Y ' '
- waulmdnduin lus' 130 —20  esrusa@oa w1K 30 W 3wt lilun 12,000
1 = d' = = a Y
FRUADUIN N 4 saAusaFed WIY 10 WIN LAZLENDIASADY  WaIaNANIALa1gAY
0.05 lwa Tris, 0.1 Tua NaOAc (pH 8)
a 4 < ] a :’ 1 [ ) 1
- 1@ absolute ethanol Mau 2 mvedSuastihla warlmdnsnaildAn - —20 oam
rarsed 1Y 30 YN vazilui 12,000 soUAUIN N 4 BaA-saFed U1 10 U
Qy 1 o a 9 Y a a
- e vazihazneunaiaiadagis 70 % ethanol  USu1e3 500 lulasans
9 ] v v
1AtuiuN 12,000 59UA0UIN N 4 DaAUsAIFed W1 5 U

- hazneunatadiaui liialaeds air dry wdlazanedas TE USuag

20 luTnsans

- asndeunaralalagnisi agarose gel electrophoresis

Y a 9 A
= @ijfﬂﬁﬂ‘ﬂﬂa']llgﬂﬁ@\?ﬂl@\iwa'lﬁuﬂﬂ'ﬂﬂlﬂﬂif!ﬂ PCR



9 [
3.6. Mawuiinalelng (Sequencing) ¥9IFUTIUMYC transcription factor gene  #uen

o v A J . Qy I < { { ) 1
M3mawuiindlelng (Sequencing) yeaduaiuaduenuen ldiioady Tassinsasllm

devilnnalelng (Sequencing)ﬁ First BASE Laboratories Sdn Bhd (604911-x) No. 23 Jalan

U1/19, HICOM Glenmarie Industrial Pank 40150 Shah Alam, Selangor Darul Ehsan, Malaysia

4.mslnausuaIn WD-40 transcription factor gene lagnnatia cDNA Fingerprint

o 4

1 a a 4 [
4.1 1950 Total RNA mniuaaumm%’nwauma 105 uag %’nwauma UTNAYAIYNUTY

Q

BKOS uazilasuilu 1 cDNA amasmslude 1 uag 2

4.2 #1jnse1 PCR Taeld primers uuvuguunia 10 guuaainusEm Operon Tagld DNA

9 o ~ =1 a 4 1 9 [ o a 9 [ o
template 31NV 4.1 Tagiimsseuneualenun DNA 581431\1“11”ITJWUT;‘]JﬂG]LLﬁ%“UTJWHTgﬂﬁ18

[ = ~ 1 [ 1 9 09/’ @ 4 o A a 4
4.3 aamanny DNA NUANANNUITEHINUNIMIADITIINWUTF HAzHIMS Inauine AT IZH

0o w A a Jd
Meauinalelnddoe

5. mslnau Full length Y89 MYC taz WD40 transcription factor gene laatnatin 5RACE uag

3'RACE (Takara)

5.1 19303 Total RNA traz 1% ¢cDNA 9nludhiiugnaiesaeius BKOS awitmslude 1

uag 2

v Y Y
5.2 9oLV Primers Nl¥lumsi Inausuaiuvesdu MYC uag WD40 naduilate 5 uag

v Y v
3 MWATMINNUIEN Takara (Manun) Taglsarduman laannsuaiuvesduy MYC nlnau'ld
5.3 11 1" Amplification 1ag 2™ Amplification A281§381 PCR AWA5N1591nU58M Takara
5.4 AT19A0UNANIY Agarose gel electrophoresis

2 Y
5.5 MAMsUENFUEINYBIEU MYC 80na1n Agarose gel tag Inausuaiuaenalnitinaa

a pTZ57R/T (Fermentas) Winsmsmaduiase 1



a Jdo w { @ y @
5.6 Iz Uan lanugudeya GenBank tieBuduaugnAes

6. MI3aSranmaliamiensIvaeUHTNNVeIEH MYC taz WD-40 Transcription factor

o 1

1 v v 9
iofAnyIMINAues MYC gene #ilaaula g33e 1avinms TaauFudiuues MYC gene 1ihg

U

a 4 % va . Qy 1 { 1
waalananes pSTART dalinmauiiaiu Binary vector TagdunTedudiuvesdui lnaudigm
A dy @ 9 A o Y
aeriiailazgnAIuAuMsUaadoanluseAuNs Transcription A28 35S promoter Ngnaauaslv
9 Y
A150n32AUNS Transcription 1aan111nad Taslunsnaaesiildiims Inausudiuves MYC
gene luNAN1 Antisense (pSTART-antiMYC), Sense (pSTART-MYC) tag laausauny WD40

(pSTART-MYC-WD40)

LA =) Yy 19 a IS k4 a . .
7.0MIAINLUVIFVUI WY Lazengu adenaun Agrobacterium Transformation
Y
U117

) v o [ 4 [V 4 a I (% o 4
1. Mmssmbdiusnateaesiug BKOS Tiinailuuaadd laoimsmg@esdnluanin
4 < [ { 8 o o a o Y
VaoaFounomsudegas LS aauilas 1l 2,4-D 2 mg/ wiednih ldinaunade Tas@esly
~Aq ¥ ) " o a = I @
aniviues 16 5 Tueae Junazguygi 25 ossisaitod 1Hunal 30 Tu
Y v E4
2. 1W¥e Agrobactrium tumefaciens Niwanaia pSTART-antiMYC Tagsinisiaselueinis

a

v Y v
1@ LB-medium 1% 50 mg/l Rifampicin + 100 mg/I Kanamycin Laﬂﬂ%ﬁqmwgn 28 93N
1 { I M
raFee o1 150 rpm 1Tua 48 %3 Tug
s . a Y o oA ~
3. agmeradved Agrobacterium luemisgas MS 1/511as 20 mi uanirliwern 150 rom @
A g ) ° S @
gaungd 25 osAuwaded iuna13- 5w lueihmsazaewaauian OD Taeldla
AU 0.1 - 0.2
o [ 9 o Y a Qsll o ] k4 VoA ~
4. wpaagvestnuildnauiauwa vty lugisazaiasas lagwd1n 100 rpm A

QRGN

2 4
o a 1

Qy [l [ v Y 1 dy Y I A o o =
5. WMFUFIULABATUIFUAIINTLATHATBINUTOLA 1T 1A 2-3 WIN WIFUFIULAAA AN DY
. I ] A A
UUBIMI5 LS + AS (Coculture medium) ilunar 2 Julunua
9

v Y v v Y Y
6. 1hruannaes PBudedieindusinge 50 ml + 500 mg/l Cefotexime 3-5 A9 1 30

[ Y
W17 tWeidaLye Agrobacterium d@auLAU



egL

hFuduimngudienszaryisganie sintuih lilideasuems LS + 500 mgll
Cefotexime + 50 mg/l Kanamycin (Selective medium) NNaes Ty BAP (0.5 mg/l) + IAA

(0.2 mg/l) witesmir l¥inadu

o da/ . . d’d a d's/ 1 U o dy
UNYD Agrobactrium tumefaciens NUNATTUANADINITAINY Tagsiimsiaesluemisiman

LB-medium #3 50 mg/l Rifampicin + 100 mg/l Kanamycin Lﬁﬂﬂ‘l%ﬁqm‘wﬂﬁ 28 93

u

~ A [ o
raFee o1 150 rpm 1fua 48 %3 T

1H1%0 Agrobactrium tumefaciens 1 ml W ae91ue1115 LB medium 20 ml 913 50 mg/l

A

Rifampicin + 100 mg/l Kanamycin + AS 1ae3 1Afigaivigil 28 assnisaiiod 1611 150 rpm

QU

< o

Wunan 24 19

VIR I < < {
HJunuraainimgl 6,000 g tiunar 5 w1n 7 4 osrusasod

4 . a o 1 § ~
azawIanve9 Agrobacterium Tuo1misgas MS Usuas 20 miudnirlweri 150 rpm @

a

I ) ) J [
gungdl 25 osAuwaded iuna13- 5 walueihmsazaewaau1ian OD laglila

QU

Alszanm 0.1 - 0.2
o & Y A A o q Y a Y o A A gy A A o
igudluvesauigile i linaiausa lasms ldladaiose I udmasy vidaon

9
Y

o 1 4 1 { i a
s luensazaemad laowg1i 100 rom Ngunginos

U

Y Y
= [ A o 1 =

o A [ 1 g I~ a Y
WFuauirngualenszavnsosduoudniumar 2-3 i hyuaIunsuasUY
. I [ A A
91113 MS + AS (Coculture medium) Wunal 2 M lunua
o 2 4 AL vy v oy L 4 & , 2
hFuaui@es Andedaerinauainge 50 ml + 500 mg/l Cefotexime 3-5 A59 WU 30
=) d’ o o ﬂy . 1 a
UIN IWBNNIALYD Agrobacterium aIULNU
o Qy 1 = o 9 a ] dy :JI o dy
WIFUTIUNFUIFUAIINTEAIHNYYNUYD nntwih lidesuueris MS + 500 mg/
. . . . A 4 A o 9
Cefotexime + 50 mg/l Kanamycin (Selective medium) 11803 131 BAP + NAA tiesnu 1
a [ o o a I @ s [ 4
mavnadauaz¥nihliinagea unai 3 daiuag Sub-culture N a1
4 4
wasnniwi lidesluemns¥nihldinasin (MS + 500 mg/l Cefotexime + 50 mgll

Kanamycin) Naos Ty NAA (root medium)



= dy . ) d‘d a d‘B) 1 ' o dy
1. 80D Agrobactrium tumefaciens NUNATTUANADINITHINEY Taginsiaesuemis

E4 Y Y
11197 LB-medium LaENL%E)"l]Llﬁ"liagﬁﬂfl"lJﬂ\u%E]ﬁﬁJﬁﬂ’jﬂﬂi OD 1sz1m 0.5 - 1.0

o Aa

[ { o Y a Y ] 4 1 { 1
2. u'l"l)'u’(?f'gucl,‘]ﬁllf]\'lEﬂq‘Uﬁ1/]1sl1filﬂﬂ°UW’]Llwallaﬂll%iua'l‘iagﬁ'lEJLG]faaIﬂEJHIEJ'Iﬁ100 rom ﬁ

)Y

9 Y Y
3. iFud i vngualensza e Nsyaiudo ud1wuaeuue111s MS+AS  (Coculture

. I o {
medium) Wunal 3 Julunia

E4
o A 1

AL vy v v & A Ay a A -
4. vhyuarnaes Bindedesinaunsusendldsunns 100 ml 4 ase udrdredreiinauai
Y ) Y
1% 50 ml + 500 mg/l Cefotaxime 5 W17 tioR19AL%® Agrobacterium @uinUBen
o Qy 1 A o 9 a 1 tﬂy Y o dy .
5. ihFudiuiimndudlenszarsiyyainie ndnih lidesuusnis MS + 50 mg/l Kanamycin
. . . Aa o A o o Y a [
+ 500 mg/l Cefotaxime (Selective Medium) NNgas luu BAP + NAA wasni ldinaunada
v o a I o 4 o 4
uazdmihldineseailunar 2 a1 Tae Subculture ynaday
@ 3 o dy Ao o Y a .
6. wasnniuih liidedluemsndniildinesin (50 mg/l Kanamycin  + 500 mg/!

v
aA

Cefotaxime) Naes Tuu NAA (root medium)

4. @HaNINADDY

1. wamslnau Transcription factor gene MYC (bHLH) aaetnatia RT-PCR

E4
a 1 . . o [ 4
91013 InauFuaIUYeY MYC transcription factor gene %1ﬂ%’1ﬁwufﬂa1ﬂﬁWﬂwu§ BKOS

v k2
Me1lfnser PCR Nidiua PBwuhannsauensudiuves DNA vuaiszunm 350 guud



Lane# 1 2 R]

bp
Lane# Sample
1 Molecular marker (100 bp ladder)
1000

2 Expected fragment
700
400

X 350 bp

300
200

AN 3 LAAINITHEN transcription factor gene MYC (bHLH) mﬂslsljnﬁuﬁ:ﬂmﬂmﬂﬁuﬁ: BKOS A1

main RT-PCR Tagld Degenerate primers

1 <3 1 . . a
10 NN 3 LLﬁﬂQiﬁLﬁHﬂﬂ”ﬁLLﬂﬂ transcription factor gene MYC (bHLH) é’f’Jmeﬂuﬂ RT-
. 3 ' o
PCR Tauld degenerate primers Usinguavdoue 1 uaulasiivinalszunm 350 gud 1ntiula
2 ] 2
wims Tnaududin DNA sanaridignandiia pTZ57R/T iehmsmawuioni leo Induesdudin

[ 1 : o v A a J [ {
ANNAII °§\1Naﬂ1‘iﬂ1ﬁ1ﬂﬂu’3ﬂﬁI@]lﬂﬂLlﬁﬂ\iﬂQﬂ1Wﬁ 4

AGGAGCATCAGTTGGAGTTACACCATCTTTTGGTCCACTTCAACCAGTCTCCCGGGAGTTCT
GACTTGGAACGATGGATTCTACAACGGCGAGGTAAAGACGAGGAAGATATCCAACTTAGAG
GACCTCACCGCTGACCAGCTCGTCCTGCGGAGAAGCGAGCAACTGAGCGAGCTCTACTACT

CTCTCCTGTCCGGCGAGTGCGACCACCGGGCAAGGAAGCCCGTCGCCGCACTGTCGCCGG



AAGATATCGCGGACACAGAATGGTACTACGTTGTCTGCATGACCTACGCCTTTCGACCCGG
CCAAGGGTTACCCGGCAGAAGCTATGCAAGCAATCGATCTGTTTGGTTGTGCAATGCTCAGT

CTGCAGATAGCAAAACCTTTCTACGTGCGCTC

MM 4 uaasdduiianale Indues cDNA Putative transcription factor gene MYC %u1a 351 fj

{ [ -4 v J
we Anen ldnndiugnateaeius BKOS

RSISWSYTIFWSTSTSLPGVLTWNDGFYNGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLS
GECDHRARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSVWLCNAQSADSK
TFLRAL

{ o w a a . o v A a 4 .
NN 5 uaasssunIaozl luvuna 117 ezl luiuilanndrduiinnale lndues cDNA Putative

transcription factor gene MYC mﬂ%’nﬁuﬁﬂmﬂmaﬁuﬁ BKOS

Ha91NM391 DNA Sequencing annsnsudduiinale’ngld 351 dinalelngd uaziie
mlagguiinale IndilunsaeeiTuld 117 exiilu (mndl 5) fmsinnzrvawunsaesiTuge
T15un51 BLAST SEARCH nudh érdunsaesii Tuain reading frame #i 1 $ag1ummlate s ldu
3" Y93 Putative transcription factor gene MYC (bHLH) ‘ﬁuﬂﬂmﬂ%’n BKOS fianuadieny
transcription factor gene MYC (bHLH) AGLAR (R-type basic helix-loop-helix protein [Plw-OSB2])

WINNGA (115197 3)



M3197 3 LAATZAUANUINLOUYBIA W UATABLI 11 WY Putative transcription factor gene MYC
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(bHLH) ﬁut’mmﬂﬂgljnﬂmﬂwuﬁ BKOS #aaauilunlesidudiiomeniy transcription factor gene

MYC (bHLH) 1nfivailadau

Amino | GenBank
) accessio
Common acid
Plant species Gene n number
name identity
(%)
Oryza sativa Rice R-type basic helix-loop-helix protein 90 Q948Y2
Hordeum vulgare
Oryza sativa Barley Putative bHLH domain protein [bHLH1] 69 E5FCX9
Sorghum bicolor
Rice Ra 69 Q40643
Zea mays
Sorghum B1-2 65 Q6JAH4
Maize Regulatory protein [B-Peru] 64 Q41780
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factor gene MYC woadmameniug BKOS Tagniasaunguiu MYC gene filnauldaindnriaoug

< 1 ! a o @
uaaaliiiudidu MYC Alaauldnnda BKOS IanulndSamaiugnssunudig

M319N 4 LAAITEAUANNIN LB UYDIZINUNTADLN 11 Vo4 Putative transcription factor gene MYC
H v & a s 3 A o Lo
(bHLH) ﬁuﬂﬂmﬂ"ﬁlnﬂmﬂwu‘ﬁq BKOS #aaaulesigudiiomeuny transcription factor gene

MYC (bHLH) 1nfivailadau

Amino acid GenBank
accession
Plant species Gene name Identity (%)
number
Oryza sativa R-type basic helix-loop-helix protein 92 Q948Y2
[Plw-OSB2]
Oryza sativa subsp. | Putative anthocyanin regulatory Lc protein 63 B2KQN4
japonica [Ra]
Zea mays Regulatory protein [B-Peru] 62 Q41780
Zea mays SN protein 59 Q41854
Zea mays Anthocyanin regulatory R-S protein [R-S] 60 P13027
Zea mays Anthocyanin regulatory LC protein [Ic1] 59 QO0GZN8
Sorghum vulgare B1-1 62 Q6JAHS5
Cornus alternifolia | Myc-like anthocyanin regulatory protein 49 Q675M4
Ipomoea quamoclit | Putative anthocyanin regulator [pHLH1] 49 A9YF17
Perilla frutescens | MYC-RP [myc-rp] 49 Q9zQSs4
myc-ekos e MASAPPVQEEALQPGTNHFRSRLAAAVRSISWSYTIFWSTSTSLP
tr]Q948Y2]Q948Y2_ORYSA  ————- MASAPPVQEEALQPGTNHFRSRLAAAVRSISWSYTIFWSTSTSLP
tr]Q40643]Q40643_0ORYSA ———————————- MEETPLPSGKNFRSQLAAAARS INWTYAIFWS1STSRP
tr]Q6JAH4 | Q6JAH4_SORBI -—-MALSASQVQEELQQAAERQLMRNQLAAAARS INWTYALFWSISSTRP
tr|Q41854]|Q41854 MAIZE MALSASRVQQAEELLQRPAERQLMRSQLAAAARS INWSYALFWSI1SDTQP
sp|P13027 |ARRS_MAIZE MAVSASRVQQAEELLQRPAERQLMRSQLAAAARS INWSYALFWSI1SDTQP
sp|P13526 | ARLC_MAIZE MALSASRVQQAEELLQRPAERQLMRSQLAAAARS INWSYALFWSI1SDTQP
tr]Q675N0|Q675N0_CORSU ~  ———————- MASSGEQNQVGLLENLKNQLAIAVRS T1QWSYAIFWSI SSRQP

- ******** ****




MYC-BKOS
tr]Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr |Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854 MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr]Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr |Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854_MAIZE
sp|P13027 | ARRS_MAIZE

sp|P13526 | ARLC_MAIZE

tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr|Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854 MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr|Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854_MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr]Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854_MAIZE
sp|P13027 | ARRS_MAIZE

sp|P13526 | ARLC_MAIZE

tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr|Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854_MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr|Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854_MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

GVLTWNDGFYNGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLSGEC
GVLTWNDGFYNGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLSGEC
GVLTWKDGFYNGE IKTRKITNSMNLTADELVLQRSEQLRELYDSLLSGEC
GVLTWTDGFYNGEVKTRKISNSVELTADQLVMQRSEQLRELYEALLSGEC
GVLTWTDGFYNGEVKTRKISNSVELTSDQLVMQRSDQLRELYEALLSGEG
GVLTWTDGFYNGEVKTRKISNSVELTSDQLVMQRSDQLRELYEALLSGEG
GVLTWTDGFYNGEVKTRKISNSVELTSDQLVMQRSDQLRELYEALLSGEG
GVLEWGDGYYNGDIKTRKTVQAVEFNADQLGLQRSEQLKELYESLVVTES

***k K Kk~ *** -**** - - -* * --** ** *kKk =k-

DH--RARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSV
DH--RARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSV
G--HRARRPVAALLPEDLGDTEWYYVVCMTYAFGPGQGLPGKSFASNEFV
DR--RAARPVGSLSPEDLGDTEWYYVVCMTYAFQPGQGLPGRSFGGNEHV
DRRAAPARPAGSLSPEDLGDTEWYYVVSMTYAFRPGQGLPGRSFASDEHV
DRRAAPARPAGSLSPEDLGDTEWYYVVSMTYAFRPGQGLPGRSFASDEHV
DRRAAPARPAGSLSPEDLGDTEWYYVVSMTYAFRPGQGLPGRSFASDEHV
NP——QARKSSAALSPEDLTDTEWYYLVCMSFVFNIGQGLPGRTFANGQPI

-* ***- Rk e * *- - * *hEkkkhkXk - - -

WLCNAQSADSKTFLRALLAKSASIQTIVCIPFMSG-VLELGTTDPVSEDP
WLCNAQSADSKTFLRALLAKSASIQTIVCIPFMSG-VLELGTTDPVSEDP
WLTNAQSADRKLFHRALITAKSASIKT IVCVPFIMHGVLELGTTDP I SEDP
WLRNAHLADSKAFPRAVLAK-—--- SIICIPLMGG-VLELGTTDTVPEDP
WLCNAHLAGSKAFPRALLAKSASIQSILCIPVMGG-VLELGTTDTVPEAP
WLCNAHLAGSKAFPRALLAKSASIQSILCIPVMGG-VLELGTTDTVPEAP
WLCNAHLAGSKAFPRALLAKSASIQSILCIPVMGG-VLELGTTDTVPEAP
WLCNAHYADSKIFSRSWLAKSASIQTVVCFPFLGG—VVELGVTELVLEDP

**x **: *_ * * *: :** :::* * - *:***_*: - * *
NLVNRIVAYLKELQFPICLEVPSSTPS-—-———————————-——————— PDE
NLVNRIVAYLKELQFPICLEVPSSTPS———————————— - ——— PDE
ALVDRIAASFWDTPPRAAFSSEAG-—-———————————————— DADIVVF
DLISRATAAFWEPQCPTYSEEPTSNPS———-—-———————————————————
DLVSRATAAFWEPQCPTYSEEPSSSPSGR----- ANETGEAAADDGTFAF
DLVSRATAAFWEPQCPTYSEEPSSSPSGR----- ANETGEAAADDGTFAF
DLVSRATAAFWEPQCP—------ SSSPSGR----- ANETGEAAADDGTFAF

NFIQHIKTSFLENPYRTVPKIPSYASENTRTEKDL ILVKPSHNLLDTDLD

TEDADTVFDGL IEEDQMV I LQGEDELGDVVVAECETNGANPET ITMETDE
TEDADTVFDGL IEEDQMV I LQGEDELGDVVVAECETNGANPET ITMETDE
EDLDHGNAAVEATTTTVPGEPHAVAGGEVAECEPNADNDLEQITMDD IGE
—-ANEAGEAAD 1 VVFEDQLGHSAMKTTTAAGNEPVSLFNASLDHITDEIDD
EELDHNNGMDD I EAMTAAGGHGQEEELRLREAEALSDDASLEHITKEIEE
EELDHNN-GMD I EAMTAAGGHGQEEELRLREAEALSDDASLEHITKEIEE
EELDHNNGMDD I EAMTAAGGHGQEEELRLREAEALSDDASLEHITKEIEE
AALECGE I DMCAPNNNSSGFLPNQRTEKSVMVEGLSGGASQVQSWQFMDD

FYSLCEELDLDLGSYQLVPTSARET === === ——————mmm o=
FYSLCEELDLDLGSYQLVPTSARET === === ———— e =
LYSLCEELDVVRPLDDDSSSWAVADPWSSFQLVLTSSPAPDQAPAAEATD

FYSLLEEMVVRPLPLEDSLIMVDGS--------~- NNFEVPSS---PEPPS
FYSLCDEMDLQALPLPLEDGWTVDA-——-=————- SNFEVPCSSPQPAPPP
FYSLCDEMDLQALPLPLEDGWTVDA-—==-——~~ SNFEVPCSSPQPAPPP
FYSLCDEMDLQALPLPLEDGWTVDA-——-—————- SNFEVPCSSPQPAPPP
E1SNCVQNSTNSSESISRTSENPEKDCCLTDLPECNLTKLTSLDLPNYDF
* -
---VAAAAAAANDVDGVAY - ———-- SHASCFVSWKRAN----- PAEKVVA
---VAAAAAAANDVDGVAY ——---— SHASCFVSWKRAN----- PAEKVVA
VDDVVVAALDGSSIDGSCR-——-—--~- PSPSSFVAWKRTAD----- SDEVQA
PGATTNNNGADTSSSPADG——---- SRATSFMAWTRSSQ----SCSDEAV
VDRATANVAADASRAPVYG—-———-- SRATSFMAWTRSSQQSSCSDDAAPA
VDRATANVAADASRAPVYG-—-—-- SRATSFMAWTRSSQQSSCSDDAAPA
VDRATANVAADASRAPVYG—-——-—-- SRATSFMAWTRSSQQSSCSDDAAPA

HYHSVVSPLLKNSHQLILGPYFHKCNKESSFMGWKKTPSG———SQQRRRG

T



MYC-BKOS
tr]Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643 ORYSA
tr |Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854 MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr|Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854 MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr|Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854 MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr|Q948Y2]Q948Y2_ORYSA
tr]Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854_MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

MYC-BKOS
tr]Q948Y2]Q948Y2_ORYSA
tr|Q40643]Q40643_ORYSA
tr|Q6JAH4 | Q6JAH4_SORBI
tr|Q41854]Q41854_MAIZE
sp|P13027 | ARRS_MAIZE
sp|P13526 | ARLC_MAIZE
tr|Q675N0|Q675N0_CORSU

AN 6 LAAINNTNN Multiple sequence alignment 954714 Putative transcription factor gene

VPMTAG IESQKLLKKAVGGGTAWMSN IDDRGSVAITTTPGSN IKSHVMSE
VPMTAG IESQKLLKKAVGGGTAWMSN IDDRGSVAITTTPGSN IKSHVMSE
VPLISGEPPQKLLKKAVAGAGAWMN--NGDSSAAAMTTQESS IKNHVMSE
AAVPV I EEPQKLLKKVVAGGEAWAN--CG-GGGTAGTAQESG IKNHVMSE
AVVPAIEEPQRLLKKVVAGGGAWES--CGGATGAAQEMSGTGTKKHVMSE
VVP-AIEEPQRLLKKVVAGGGAWES--CGGATGAAQEMS--ATKNHVMSE
AVVPAIEEPQRLLKKVVAGGGAWES--CGGATGAAQEMSGTGTKNHVMSE
TPQKLLKKVLFEVARMHGGCLVESRQDNSKKDGLWGSEDDEIGTTDLFLE

- - * *

RRRREKLNEMFL ILKSLLPSVRKVD-—---- KASITLAETITYLKVLEKRVK
RRRREKLNEMFL ILKSLLPSVRKVD----- KASTLAETITYLKVLEKRVK
RRRREKLNEMFL ILKSVVPSIHKVD-——--— KASILAETIAYLKELEKRVE
RKRREKINEMFL ILKSLVPS IHKAMKIHVDKASILTETIAYLKELQRRVQ
RKRREKLNEMFLVLKSLLPSIHRVN-—--- KASITLAETIAYLKELQRRVQ
RKRREKLNEMFLVLKSLLPS IHRVN-—--- KASILAETIAYLKELQRRVQ
RKRREKLNEMFLVLKSLLPSIHRVN-—--- KASITLAETIAYLKELQRRVQ
RRRRDKTKERYSVLGSLIPSTSKDD-—--- KISILDGT IEDLKEPERRLE
ELESS—————--—---— SREPSRWRPTE I GQGKAP———--—-
ELESS-=--—cmmmm e SREPSRWRPTE I GQGKAP——----
ELESSSQPSPCP—----- LETRSRRKCRE I TGKKVSAGAKRKAPAPEVAS

ELESSRELTTPSETTTR--TTRPRGISNESARKKLCAGSKRESPALEVDG

ELESSREPASRPSETTTRL ITRPSRGNNESVRKEVCAGSKRKSPELGRD-

ELESSREPASRPSETTTRLITRPSRGNNESVRKEVCAGSKRKSPELGRD-

ELESSREPASRPSETTTRL ITRPSRGNNESVRKEVCAGSKRKSPELGRD-

GSECLAARTRSKPQGTAERTSANYENDRIG IGKKPLINKRKACD IVEAEL
* -

—----DDDTDGERRHCVSNVNVT IMDNKEVLLELQCQWKELLMTRVFDAIK
DVVNKEHPWVLPKDGTSNVTVTVAN-TDVLLEVQCRWEELLMTRVFDAIK
--DVERPPVLTMDAGTSNVTVTVSD-KDVLLEVQCRWEELLMTRVFDAIK
--DVERPPVLTMDAGSSNVTVTVSD-KDVLLEVQCRWEELLMTRVFDAIK
--DVERPPVLTMDAGTSNVTVTVSD-KDVLLEVQCRWEELLMTRVFDAIK
—-———EINLVQLKDSSTDDVSIRI ID-KDVFIEIRCPWRERLLLEIMDAIS

GVSLDVLSVQASTSDGLLGLKIQAKFASSAAVEPGMITEALRKAIAS-
SLHLDVLSVQASTPDGFMGLKIRAQFAGSGAVVPWMISEALHKAIGKR
SLHLDVLSVQASAPDGFMGLKIRAQFAGSGAVVPWMISEALRKAIGKR
SLHLDVLSVQASAPDGFMGLKIRAQFAGSGAVVPWMISEALRKAIGKR
SLHLDVLSVQASAPDGFMGLKIRAQFAGSGAVVPWMISEALRKAIGKR
NFHLDSHSVQSSNIDGILSLS IKSKFKGSTVASTGMI IQALQRI ICKC

MYC (bHLH) 2asdaiugnans (BKOS) Aunaau lugiudesya GenBank



tr Q47 7E0 Q47780 MAIZE Regula

tr QEJAHS QEJAHS SORBI Bi—1 O
‘ _[t'r‘ G41854 Q41854 MAIZE SN pro
tr QOGINE QOGINE MAIZE Anthoc

s PI3027 ARRS MAIZE Anthocya
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T v
2. MIANBMUULHUMSUEAINYDI MYC transcription factor gene “lwﬂ'nwuﬁqnmﬂ BKOS

o ~ dy A 1 o 9 9y
MMIATFVLVVUNUNSIEAIENVUBEN MYC luiowediuly 19U uazsinvyeatn
a @ 4 =1 =) v 9 Y4 a Y o [ 1 [}
ameaenuzanatenug Wisufeunuinamenuidnd Taglasinmsana Total RNA 1Indaua1eeuay
~ I~ 3 a {
aswdlu cDNA MInTUATINTIUMSILEAEDNVB MYC gene alamaila RT-PCR (2w 4) Tag
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G (% 1 1 1 9 a a d! aw 1 dy
HaadeenYed  mMRNA  vosguasnan luaivaguestnmviaenuzalng  Fawanisiveluaiui
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MYC-BKOS

MYC-KDML

AN 8 LEAUULLNUMSIEAIUDIBYU MYC Transcription factor JusgauMs Transcription $11 M3
Y a A A A A ' ) A A
asNdoUAIamAlA  RT-PCR 910 mRNA  MaSounidoeediua199vesdnnunaenuzalna

a @ 4 (Bl ~ 1 1 ~ ) 1 ~
(KDML) uag ¥11v11aenuzanateius (BKOS) ldunyean1 aiuly: 409 2 §144 : 4999 3 510

E]

U

2. wamslnau Transcription factor WD40 gene NIV NIABNNLE uﬁfnmﬂmﬂﬁuﬁ BKOS

1INMsR cDNA fingerprint (o3 suiio UUULLHUNTHEAIDDNVDITUAIIG TE WA

Y4 9 4 a Y . 1 1 9 . Y a 4

ugnaneazdIamenugUna laglys primers tuUgN WUMINNT 1S primer OPW14 ag Ivaneiius
< { 1 Y 4 <] a a J

Aueuanaiu (M 9) TaewuuoufAwwevwalszana 310 uaz 800 WandTe Inailsing
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1000 bp —>
~800 bp

500 bp

1 U a a a o J
A1 9 cDNA fringerprint 32131991391399a128 105 1/nd (1) uax%’nmmmmawugnma

BKOS (2) 91am3 1% primer OPW14

0o ¥ A a 4 Qy [ < 09/' Qy %

HAINMIIERLHIAE 1o Indansudiuaduenidossugalivinalszuna 800 waz 310

a a o 1 0o v A = 4 QSI 1 a a = [
nalelng  wundwuiinale Indvessuaiuvuia 310  H6iAa e Inalianuaatwny  MYC
. A ga o Y = Ao o A a s
transcription factor gene  NifAve Inauldlumsnaaswusnds 100 % Tuvmzhdduiinalelna
z:y 1 ~ a a 4 ~ A o I a 9 a
YoaFUdIUNFIVUIA 840 1aAale lna (mwd) vaziloriimsudaldiilunsaeziiu’ld 280 ezl

1 1 r ° o 9} 9} 1 Qy 1 3,
Tu (i) FuieshimsnfSeunugiudeya GenBank e Tisunsu Blast n wunFuduiinnui

ANNAAIEAY putative WD-40 repeat protein 100 %



GGGAATCCAATGCTTCGTAATGGTGAGACTGGAGATTGGATTGGGACTTTCCAAGGTCATAA
AGGGGCTGTCTGGAGCTGCTGCCTAGACACAAATGCTCTGCGTGCTGCATCTGGTTCTGCT
GACTTTTCAGCCAAAGTTTGGGATGCACTAACAGGTGATGAGCTACATTCATTTGAACACAA
GCACATTGTCCGTGCATGCGCGTTTTCTGAGGATACCCACCTGTTGCTCACTGGAGGCGTA
GAAAAGATTTTGCGTGTCTATGATATGAATCGTCCAGATGCAGCACCAAGAGAACTTGACAA
AGCACCTGGTAACGTGCGAACTGTTGCTTGGCTTCATAGTGATCAAACAATACTAAGCTCGT
GCTCTGATATGGGAGGAGTAAGATTGTGGGATGTGAGGACTGGAAAAATTGTCCAAACTCTT
GAAACCAAGGCGCCTGTGACTAGCGCAGAAGTAAGTCAAGACAGCAGGTTCATCACTACAG
CTGATGGCTCGAGTGTTAAATTTTGGGATGCTAATCACTTTGGGCTTGTTAAAAGCTATGATA
TGCCTTGCACTGTGGAGTCAGCTTCCCTGGAACCAAAATCTGGGAGCAAATTTATTGTTGGG
GGAGAAGATATGTGGGTTCATGTATTTGATTTCTTCACTGGTGAAGAAATAACCTGTAACAAG
GGGCATCATGGTCCTGTCCACTGTGTCCGCTTTGCACCTGGCGGTGAATCTTATGCATCAG
GATCAGAAGATGGCACCATCCGGATCTGGCAGCTGAGCCCACCTAACGCTGATGACAATGA

GGCGGTCAATTCAAATGGCAAACCAACAGTTGGGGTA

MNN 10 waAIdIAUHINa Indvina 840 17na Te'lnAves cDNA Putative transcription factor WD-

A 4 o J
40 Anen lanindiugnatedieiug BKOS

GNPMLRNGETGDWIGTFQGHKGAVWSCCLDTNALRAASGSA
DFSAKVWDALTGDELHSFEHKHIVRACAFSEDTHLLLTGGVEK
ILRVYDMNRPDAAPRELDKAPGNVRTVAWLHSDQTILSSCSDM
GGVRLWDVRTGKIVQTLETKAPVTSAEVSQDSRFITTADGSSYV
KFWDANHFGLVKSYDMPCTVESASLEPKSGSKFIVGGEDMWYV
HVFDFFTGEEITCNKGHHGPVHCVRFAPGGESYASGSEDGTIR
IWQLSPPNADDNEAVNSNGKPTVGYV

{ o w a a { o w A a 4 .
AMNN 11 uaaadeunsaezi luauia 280 oz lunudanndisuiinona lo Imaved cDNA Putative

transcription factor WD-40 91n912ug naneeeasiug BKOS

Y [
o v A a 4 a 1 . . o
nadduiing lo Indves¥uaiuves Transcription factor WD-40 gene filaaula 1w ls

Tumseeniuy Primers Mu33Ms5veeuTEN Takara (MWALIA) 1011N3 Inau Full length cDNA



aemaiin 5’ uaz 3' RACE Taganmsiinlgasen PCR ansa Inauduniivuia 1,035 guua (nmi)

wagimsulasiunsaez iy lgaay 345 exiily (Mwi)
ATGGAGAAGAAGAAGGTGGCGGTGCCGCTGGTGTGCCACGGCCACTCGCGCCCGGTCGTC
GACCTGTTCTACAGCCCCGTCACGCCCGACGGGTACTTCCTCATCAGCGCCAGTAAGGATG
GGAATCCAATGCTTCGTAATGGTGAGACTGGAGATTGGATTGGGACTTTCCAAGGTCATAAA
GGGGCTGTCTGGAGCTGCTGCCTAGACACAAATGCTCTGCGTGCTGCATCTGGTTCTGCTG
ACTTTTCAGCCAAAGTTTGGGATGCACTAACAGGTGATGAGCTACATTCATTTGAACACAAG
CACATTGTCCGTGCATGCGCGTTTTCTGAGGATACCCACCTGTTGCTCACTGGAGGCGTAG
AAAAGATTTTGCGTGTCTATGATATGAATCGTCCAGATGCAGCACCAAGAGAACTTGACAAA
GCACCTGGTAACGTGCGAACTGTTGCTTGGCTTCATAGTGATCAAACAATACTAAGCTCGTG
CTCTGATATGGGAGGAGTAAGATTGTGGGATGTGAGGACTGGAAAAATTGTCCAAACTCTTG
AAACCAAGGCGCCTGTGACTAGCGCAGAAGTAAGTCAAGACAGCAGGTTCATCACTACAGC
TGATGGCTCGAGTGTTAAATTTTGGGATGCTAATCACTTTGGGCTTGTTAAAAGCTATGATAT
GCCTTGCACTGTGGAGTCAGCTTCCCTGGAACCAAAATCTGGGAGCAAATTTATTGTTGGGG
GAGAAGATATGTGGGTTCATGTATTTGATTTCTTCACTGGTGAAGAAATAACCTGTAACAAGG
GGCATCATGGTCCTGTCCACTGTGTCCGCTTTGCACCTGGCGGTGAATCTTATGCATCAGGA
TCAGAAGATGGCACCATCCGGATCTGGCAGCTGAGCCCACCTAACGCTGATGACAATGAGG
CGGTCAATTCAAATGGCAAACCAACAGTTGGGGTAAATGAGGTTGCACGCAAGATCGAAGG
CTTCCACATTCCCAAGGAGGAGGAGCAGCAGCAGCAGCAGGCTGAGGGGTAG
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MLRNGETGDWIGTFQGHKGAVWSCCLDTNALRAASGSADFSA
KVWDALTGDELHSFEHKHIVRACAFSEDTHLLLTGGVEKILRYV
YDMNRPDAAPRELDKAPGNVRTVAWLHSDQTILSSCSDMGGV
RLWDVRTGKIVQTLETKAPVTSAEVSQDSRFITTADGSSVKFW
DANHFGLVKSYDMPCTVESASLEPKSGSKFIVGGEDMWVHVF

DFFTGEEITCNKGHHGPVHCVRFAPGGESYASGSEDGTIRIWAQ
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Amino acid GenBank
accession
Plant species Gene name Identity (%)
number
Oryza sativa Putative WD-40 repeat protein 97 Q69X61
Zea mays Serine-threonine kinase receptor- 92 B6T3R6
associated protein
Zea mays Predicted protein 89 F2DAB2
Populus Predicted protein 83 B9GWNG6
balsamifera subsp.
trichocarpa




Ricinus communis | Serine-threonine kinase

associated protein

receptor- 83 B9STP9

BKOS-WD40
tr|Q69X61]Q69X61_ORYSJ
tr|B4G1G6|B4G1G6_MAIZE
tr|B6T3R6|B6T3R6_MAIZE
tr|B9STPY|BISTPY_RICCO

tr |BORUZ3|BORUZ3_RICCO

BKOS-WD40
tr|Q69X61]Q69X61_ORYSJ
tr|B4G1G6|B4G1G6_MAIZE
tr|B6T3R6|B6T3R6_MAIZE
tr|B9STPY|BISTPY_RICCO

tr |BORUZ3|BORUZ3_RICCO

BKOS-WD40
tr|Q69X61]Q69X61_ORYSJ
tr|B4G1G6|BAG1G6_MAIZE
tr|B6T3R6|B6T3R6_MAIZE
tr|B9STPY|BISTPY_RICCO

tr |BORUZ3|BORUZ3_RICCO

BKOS-WD40
tr|Q69X61]Q69X61_ORYSJ
tr|B4G1G6|B4G1G6_MAIZE
tr|B6T3R6|B6T3R6_MAIZE

tr|B9STP9|BI9STP9_RICCO

MEKKKVAVPLVCHGHSRPVVDLFYSPVTPDGYFL I SASKDGNPMLRNGET

MEKKKVAVPLVCHGHSRPVVDLFYSPVTPDGYFL ISASKDGNPMLRNGET

MEKKKVAIPLVCHGHSRPVVDLFYSPVTPDGYFL ISASKDTNPMLRNGET

MEKKKVAIPLVCHGHSRPVVDLFYSPVTPDGYFL ISASKDTNPMLRNGET

MDKKRVAVPLVCHGHSRPVVDLFYSPVTPDGFFL I SASKDSSPMLRNGET

MDKKKVAVPLVCHGHSRPVVDLFYSPVTPDGFFL I SASKDSSPMLRNGET

* = KkKk - kk - kK

GDWIGTFQGHKGAVWSCCLDTNALRAASGSADFSAKVWDALTGDELHSFE
GDWIGTFQGHKGAVWSCCLDTNALRAASGSADFSAKVWDALTGDELHSFE
GDWIGTFQGHKGAVWSCCLDRNALRAASASADFSAKVWDALTGDELHSFE
GDWIGTFQGHKGAVWSCCLDRNALRAASASADFSAKVWDALTGDELHSFE
GDWIGTFEGHKGAVWSCCLDTNALRAASGSADFTAKVWDALTGDVLHSFE

GDWIGTFEGHKGAVWSCSLDTKALRAASASADFTAKLWDALTGDELHSFE

*hhkkhk - k% **x - = k% = khAkhXx

HKHIVRACAFSEDTHLLLTGGVEKILRVYDMNRPDAAPRELDKAPGNVRT

HKHIVRACAFSEDTHLLLTGGVEKILRVYDMNRPDAAPRELDKAPGNVRT

HKHIVRACAFSEDTHLLLTGGMEK ILRVYDMNRPDAAPRELDKSPGSVRT

HKHIVRACAFSEDTHLLLTGGMEK ILRVYDMNRPDAAPRELDKSPGSVRT

HKHIVRASAFSEDTHLLLTGG IEKVLR IFDLNRPDAPPREVDKSPGSVRT

HRHIVRACAFSEDTHLLLTGGMEKILRLFDLNRPDAPPREVNSSPGSIRT

* = kkAk * *hkAk=Khkk=kk==Kkakkhhkhht Kkk=- - -=k*k =%k

VAWLHSDQT ILSSCSDMGGVRLWDVRTGKIVQTLETKAPVTSAEVSQDSR
VAWLHSDQT ILSSCSDMGGVRLWDVRTGK IVQTLETKAPVTSAEVSQDSR
AAWLHSDQT ILSSCTDMGGVRLWDVRTGKIVQTLETKASVTSAEVSQDGR
AAWLHSDQT ILSSCTDMGGVRLWDVRTGKNVQTLETKASVTSAEVSQDGR

VAWLHSDQT I LSSCTDMGGVRLWDVRSGKIVQTLETKSSVTSAEVSQDGR




tr |BORUZ3| BORUZ3_RICCO

BKOS-WD40
tr|Q69X61]|Q69X61_ORYSJ
tr|B4G1G6|B4G1G6_MAIZE
tr|B6T3R6|B6T3R6_MAIZE
tr|B9STPY|BISTPY_RICCO

tr | BORUZ3|BORUZ3_RICCO

BKOS-WD40
tr|Q69X61]Q69X61_ORYSJ
tr|B4G1G6|B4G1G6_MAIZE
tr|B6T3R6|B6T3R6_MAIZE
tr|B9STPI|BISTPY_RICCO

tr|BORUZ3|BO9RUZ3_RICCO

BKOS-WD40
tr|Q69X61]Q69X61_ORYSJ
tr|B4G1G6|B4G1G6_MAIZE
tr|B6T3R6|B6T3R6_MAIZE
tr|B9STPI|BISTPY_RICCO

tr|BORUZ3|BO9RUZ3_RICCO

AN 14 LARINITAN Multiple sequence alignment 9¥%1914 Putative transcription factor WD-40
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FITTADGSSVKFWDANHFGLVKSYDMPCNVESASLEPKSGSKFVAGGEDL
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YITTCDGSTVKFWDANHFGLVKSYDMPCTVESASLEPKYGNKF IAGGEDM

YITTADGSTVKFWDANHFGLVKSYNMPCNVESASLEPKLGNKFVAGGEDM

=AEE AEAK=AEAAXAXAXAAXAAAXAA ALK =Kkkkh dAXxAXxdxxdxdh K *k=- *xkk-

WVHVFDFFTGEE I TCNKGHHGPVHCVRFAPGGESYASGSEDGT IRIWQLS
WVHVFDFFTGEE I TCNKGHHGPVHCVRFAPGGESYASGSEDGT IRIWQLS
WVHVFDFFTGEE IACNKGHHGPVHCVRFAPCGESYASGSEDGT IRIWQLS
WVHVFDFFTGEE I ACNKGHHGPVHCVRFAPCGESYASGSEDGT IRIWQLS
WIHVFDFHTGDE IACNKGHHGPVHCVRFSPGGESYASGSEDGT IRIWQTG

WIHVFDFHTGEQ I GCNKGHHGPVHCLRFSPGGESYASGSEDGT IRIWQTG

K =khkkhkikkh Kk - -k FAxEhkIXxEAIkxAkk-Kkk-% EAR R R

PPNADDNEAVNSN---GKPTVGVNEVARKIEGFH IPKEEEQQQQQAEG--
PPNADDNEAVNSN---GKPTVGVNEVARKIEGFH I PKEEEQQQQQAEG--
PANADDNEVANAN---GKTTAGVNEVTTKIEGFHIPKEGQTEG-------
PANADDNEVANAN---GKTTAGVNEVTTKIEGFHIPKEGQTEG--—--—-
PLIQDDTEGLAANGSVGKVKVTAEEVTHKIEGFHIADGGKAKDKEEAAKE

PQNHDE------ NGPTGKAMASADDVTQKIKGKGGKTAGTDP-—-————--

* * - * **x ==k = kk-k
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AGL1 1 250 0 0
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Using a low-energy N* / N," ion beam, a mutant variety of Thai jasmine rice (Oryza sativa L.
cv. KDML105) was created which had distinctive black seeds, was short-in-stature and was
photoperiod insensitive. To characterize the biochemical origin of the black seeds color
phenotype, flavonoid and anthocyanin accumulation levels were measured as was the
expression of genes involved in the anthocyanin biosynthesis pathway. Anthocyanin
synthase, an enzyme not expressed in the original variety, was found to be expressed in all
mutant tissues in addition to the two enzymes F3’H and F3’5’H which initiate alternative
color pathways. The expression of MYC or Ra, a known anthocyanin upregulator, in the
mutant is proposed to be caused by the inactivation of a repressor gene present in the original
variety which was inactivated in the mutant by the ion beam bombardment. The increased
production of anthocyanin, a known antioxidant, and the additional growing season due to
high-light insensitivity mark this mutant as a possible new improved crop variety for Thai

rice cultivation.

Keywords: low energy ion-beam, Oryza sativa L. cv. KDML105, , F3’H, F3’5’H, DFR, MYC.



INTRODUCTION

To characterize a potentially economically important mutant variety of Thai jasmine rice
(Oryza sativa L. cv. KDML105) created using low-energy ion beam bombardment, we examined the
morphological and physiological features, flavonoid and anthocyanin accumulation levels, and
explored the expression of genes involved in anthocyanin biosynthesis. The progenitor of this
mutant variety of Thai jasmine rice called Khao Hom Mali 105 (KDML105) is widely valued due to its
long grain, appealing flavor and good texture, which marks it as one of the key varieties for export
from Thailand [1]. Although this variety is the reportedly highest quality rice available [2], it has
several characteristics which could be improved such as photo sensitivity which limits growth to
short daylight seasons, long stalks which can be damaged by high winds, relatively low yield as

compared to other rice varieties and a lack of resistance to pathogens [3].

In an effort to create additional varieties of jasmine rice with novel characteristics, seeds
were bombarded with low-energy N* / N," ions in vacuum as a mechanism to induce mutation. Such
ion beams have been characterized as having a wide mutation spectrum with lower damage to living

tissue and a higher mutation rate in comparison to other mutation methods used in plants [4,5].

The mutant described herein had a modified anthocyanin biochemical pathway leading to an
increased accumulation of anthocyanin in various tissues of the mutant jasmine rice. Anthocyanins
are water-soluble pigments produced in many vascular plants which accumulate in vacuoles[6], and
are involved in a broad range of functions[7,8]. The first enzymes in the anthocyanin pathway are
chalcone synthase (CHS), chalcone isomerase (CHI), and flavanone-3-hydroxylase (F3H), which
produce chalcones, flavanones and dihydroflavonols, respectively. From these anthocyanins
3-0-glycosides are synthesized from dihydroflavonols by the consecutive reactions catalyzed by
dihydroflavonol 4-reductase (DFR), anthocyanin synthase (ANS) and UDP-glucose flavonol 3-0O-
glucosyltransferase [9]. The expression of anthocyanins biosynthesis genes is regulated at the

transcription level and consequently, the pigmentation pattern must be specified by expression of



the regulatory genes [10], so both differential expression of structural genes and the modification of

regulatory genes could be responsible for modified anthocyanin expression patterns.

1. Materials and methods

1.1 lon beam bombardment

To prepare the Thai jasmine rice seeds for bombardment, about 4,800 seed coats were carefully
peeled to avoid damage to the embryo tissues. All of the peeled seeds were then placed into the
sample holder.. The rice seeds were positioned so that their embryonic end was exposed to the ion
beam line. The nitrogen ion beam composed of both atomic (N) and molecular (N,) ions was used to
bombard the seeds at an accelerating voltage of 60 kV where the energy of the nitrogen ions was 60

keV with fluences of 4 x 10" ions cm™ using the protocol described by Anuntalabhochai et.al., 2004.

1.2 Scanning electron microscopy

To image the surface of the bombarded rice, a scanning electron microscope (SEM) was used where
the bombarded and control rice seeds were fixed in glutaraldehyde, dehydrated through an alcohol-
acetone series, dried in a critical-point drying apparatus, mounted on stubs and coated with gold in a
sputter coater [11]. The specimens were observed and photographed with a JEOL 5800 LV SEM

operating at a 15-kV accelerating voltage.

1.3 Plant materials

The seeds of Thai jasmine rice (Oryza sativa indica KDML105) used in this study were kindly
provided by the Agronomy Department, Agriculture Faculty, Chiang Mai University, Thailand. After
being bombarded, the seeds were kept moist overnight until the following day, when the seeds were
planted in potting soil, and allowed to grow for three to four weeks until attaining the rice seedling

growth stage. From these rice seedlings, which were around 15cm in height, samples were selected



and transplanted to plastic pots for two months. The cultivations were carried out during the July to
December season. A mutant from the bombarded seed sample which had distinctive black seeds and

was short-in-stature was selected for analysis.

1.4 Preparation of rice extract and anthocyanin analysis

Leaves, roots, auricles and seeds from the M5 mutant and control were harvested and stored at
-80°C. Each sample was ground to a fine powder in liquid N, and any anthocyanin present was
extracted using 1% HCl in methanol or 70% (w/v) acetone containing 0.1% (w/v) ascorbate,
respectively, for 12 h at 4°C in the dark. The total anthocyanin solutions were then extracted using

Folch partitioning [12] and the anthocyanin absorbance peak was measured at 530 to 540 nm.

1.5 Analysis of gene expression (RT-PCR)

Total RNA was isolated from seedlings and multiple body parts of mature M5 mutants and controls
using the manufacturer’s recommended Trizol reagent protocol (Invitrogen). For each RNA sample,
absorption at 260 nm was measured and RNA concentration calculated as Ao x 40 (ug mL?) x
dilution factors. The quality of each RNA sample was checked using agarose gel electrophoresis.
From this RNA pool, cDNA was synthesized using the First Strand cDNA Synthesis Kit (Fermentas). To
test for the presence of six mRNA transcripts involved in the anthocyanin biochemical pathway (Ra,
F3’H, F3’5’H, DFR, ANS and Actin), primer sequences (Table 1.) were designed to amplify internal

segments of these genes.



Table 1. Primer sequences used in RT-PCR

Forward 5’-ATGGCTCAGAATCATGAGAGGGTG-3’
MYC, Ra
Reverse 5’-TCAGCACTTACCAGCAATTTTC-3’
Forward 5’-GGTGATCGGCGCCTCGAGAATC-3’
F3’H
Reverse 5’-GGCATGTGTGGACATGGACCC-5’
Forward 5’-CTACAAGATGCGTTTCGTGTATGC-3’
F3’5’H
Reverse 5’-CAAAACAAACACACTTCATTCATC-3’
Forward 5’-CGATTGTCTTGGAGACGAAG-3’
DFR
Reverse 5’-GACCCCACGAATCAGAAGAAGG-3’
Forward 5’-CCAGCCTCCCTTCATCCAATCC-3’
ANS
Reverse 5’-ATTCGAGCTCGGTACCCGGGG-3’
Forward 5’-CTTTGATTTCTCATAAGGTGCC-3’
Actin
Reverse 5’-CTAAATCCCTTAACGAGGATCC-3’

2. Results

2.1 Effect of ion beam bombardment on the rice embryo cell surface

Due to a high linear energy transfer, ion beam technology has been used to increase the mutation
frequency in a wide spectrum of plant species [13]. The mutation mechanism is through ablation of
the cell surface by the positively charged nitrogen ions which perforate the seed allowing cascade
ions to penetrate the cell without causing extensive damage to the interior of the cell [14,15]. The
mutant jasmine rice seeds generated by bombardment with the low-energy N*/ N," ion beam show

a characteristic sputtering of the embryo cell envelope (Fig. 1). From this image, it is clear that the



surface topography has been significantly altered and the treated cell surfaces are now much

rougher with several surface intrusions visible in the SEM.

Fig. 1. The morphological effect of ion-beam bombardment on seed embryo cells of jasmine rice.
The six figures contain Scanning Electron Microscope (SEM) images of untreated embryo cell
surfaces of KDML105 at x1,000 (A), x5,000 (C) and x10,000 (E) times magnification, and embryo cell
surfaces bombarded with N* / N," ions at x1,000 (B), x5,000 (D) and x10,000 (F) times magnification.

The treatment conditions were an applied voltage of 60 keV with a dose of 2x10 ions cm™.

2.2 Mutant jasmine rice morphological characteristics

The mutant jasmine rice presented here exhibited several striking morphological changes from that

of the wild-type variety. These changes include a decreased height of approximately 80 to 90 cm



from that of the wild-type which grows to 1.2-1.5 meters, an insensitivity to high light intensity
which enables it to grow in the middle of the Thai summer (March to June), and a deep purple color
in multiple tissues of the plant. (Fig. 24) and (Fig. 2B) present the appearance of the normal wild-
type (WT) rice plant and the deep purple mutant variety respectively. As can be seen in these
images, the mutant variety can be easily distinguished from the wild-type by both the color of the
rice sheaf and the plant stalks. The purple accumulation occurs in the stalk (Fig. 2C), leaf (Fig. 2D),
and in the immature rice seeds where there is a slight build up anthocyanin as compared to the WT
(Fig. 2E). This becomes significantly more pronounced in the mature seeds both in the husk (Fig. 2F)
and after being husked (Fig. 2G) as compared to the progenitor variety. In addition, the buildup of
purple color in the cells is clearly visible in the mutant auricle (Fig. 2/) versus the wild-type (Fig. 2H).
Interestingly, the only tissue of the mutant variety which does not show a purple signature is in the

young roots, but in older established roots the purple color is clearly present (Fig. 2K).




Fig. 2. Morphological mutants in KDML105 jasmine rice induced with a low-energy N* / N," ion-
beam. Figs (A) and (B) illustrate the wild-type (WT) plant versus the mutant (BKOS) phenotype. The
mutant has a purple color in the plant stem (C), Leaf (D), immature-seeds (E), husked (F) and de-
husked mature seeds (G), in the normal auricle (H) versus mutant auricle (/) which shows the
accumulation of purple inside the cells, and the normal root (J) versus the mutant roots structures
(K). Note the lack of purple accumulation in the young roots versus older roots of the mutant BKOS

phenotype.

2.3 Accumulation of anthocyanin

The presence of anthocyanin was tested in the leaves, young and old roots, auricles and seeds from
the M5 mutant and control. In each case, the measured absorbance peaks for the different tissues
(Fig. 3) showed that the purple color accumulation was accompanied by the presence of a chemical

with the correct absorbance peak at 530 to 540 nm.
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Fig. 3. Anthocyanin levels in various body tissues.



2.4 Biochemical regulation of anthocyanin production

To determine which proteins in the anthocyanin biochemical pathway were differentially expressed
in the mutant versus the wild type, the expression levels of four core enzymes of this pathway (F3’H,
F3’5’H, DFR, and ANS), a known regulator of anthocyanin production MYC (Ra) and an internal
standard control (Actin) were measured. As shown in (Fig. 5), both DFR and ANS are critical steps in
the anthocyanin pathway, and DFR was found to be expressed in some tissues of the wild type and
all tissues of the mutant (Fig. 4), while ANS was not expressed in the wild type at all and was highly
expressed in all mutant tissues. Although the proteins F3’H and F3’5’H are not required for
activation of the anthocyanin pathway, both were active in the mutant type and not in the wild type.
The expression of protein Ra which is a known activator of the anthocyanin pathway [16] was found

to be differentially expressed in the wild type versus the mutant.
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Fig. 4. Semi-quantitative RT-PCR analysis used to detect the expression of genes in the anthocyanin
biosynthesis pathway. Expression was tested in tissues of the seed coat (SC), leaf (L), young root

(YR), old root (OR) and auricle (A) for both the wild-type and mutant BKOS jasmine rice.



Discussion

The use of low-energy ion beams to induce mutation in serial crops has proven to be an
effective method of mutation due to a high linear energy transfer and relative biological
effectiveness as composed to mutation using gamma rays. During ion beam implantation, in addition
to energy absorption (as is deposited with gamma-ray and X-ray radiation), there is also mass
deposition and charge exchange [17,18]. This mass and charge deposition enables a low dose of
irradiation to damage the double chain of DNA causing large-scale deletions [19] in addition to point
mutations [20]. To capitalize on this ability to mutate plants while retaining viability, nitrogen ions
were used to bombard Thai Jasmine rice seeds and a mutant with a bright purple phenotype due to

increased levels of anthocyanin was created.

The buildup of anthrocyanin in the mutant Thai jasmine rice KDML105 due to the activation
of the anthrocyanin biochemical pathway is most likely due to the activation of the Ra gene which is
active in the mutant jasmine rice and is known to activate anthrocyanin production in Maize [21].
Since ion beam bombardment predominantly leads to loss of function mutations, the most likely
explanation for the activation of MYC or Ra in the mutant is due to the knockout of a repressor gene
for Ra as shown at the top of (Fig. 5). The expression of ANS in the mutant variety is the second
critical requirement for anthocyanin production since it is not expressed in the original variety and
without ANS the leucoanthocyanidins cannot be converted to the colored cyanin products. Also
since the protein product dihydrokaempferol is not present in the wild type (data not shown), this
points to a breakdown of the initiation of the biochemical pathway which is why the Ra activator

was chosen to be tested.
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Fig. 5. Anthocyanin biosynthesis pathway. Dihydrokaempferol is the base product for the
orange color pathway. Two additional pathways proceed using the same biochemical steps
after dihydrokaempferol is modified using F3’H (red color) or F3’5’H (blue color) by adding
extra OH groups at resides R and/or R’. Proteins shaded gray are not expressed in the WT
and the predicted Ra repressor protein is not expressed in BKOS.



Horticultural approaches to improve the nutritional quality of crops provide an inexpensive
complement to medical programs and nutritional supplementation to prevent human disease. In
particular anthocyanins are known to be effective antioxidants capable of free radical scavenging
[22,23]. Besides antioxidant activity, anthocyanins are considered important substances in cancer
prevention as they have been shown to inhibit the growth of cancer cells in multiple tissues [24,25].
To capitalize on these beneficial properties, the increased production of anthocyanins has become a
highly sought trait in such plants as the tomato [26] and Shiraz grape berries [27]. Although the
anthocyanin biosynthetic pathway has been completely elucidated, attempts to modify anthocyanin
biosynthesis have met with varying degrees of success [28] showing that multiple regulatory
proteins may act synergistically [29,30]. The increased anthocyanin production in a staple crop such
as rice could provide an effective means to provide the benefit of anthocyanins to a wide range of
economically disadvantaged people otherwise unable to afford the costs of nutritional
supplementation. The mutant Thai jasmine rice described here has the potential to be just such a
staple crop which could provide another direction for the growing interest in the development of

agronomically important food crops with optimized levels and composition of anthocyanins.
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