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2 ek oW DPPH radical 227l o8 @Aabstaby Mol C3GEE o] AY =49 7Hs4 &
A Aol A ekt PEASPI(C-3-Q)FFS NAA  10ppmA 2+ 539mg/100g 2
1000ppm A 2], 53mg/100gelA E2 o] glow, FEAORI(C-3-G)3te-e olgal 10ppmA]
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SUMMARY

I. Title

Over—expression of anthocyanin in Heukjinju-rice by environmental

and genetical factors
II. Background and Purpose of the research

It had been reported that anthocyanins display anti-inflammatory activity and
suppress weakening of capillary vessels. Color rices i1s highly evaluated as healthl
foods because anthocyanins have anti-oxidant properties. Also, anthocyanins are natural
soluble pigments adequate to food industry. Currently, a number of researches
containing materials extraction from agricultural plants are performed in Korea and
other countries. Development of transgenic plants producing useful materials on a large
scale thought to be very necessary for winning in international competition.
Highthroughput of anti-oxidants, breeding and culture methods of useful transgenic
plants must be developed by itself in Korea because transfer of knowhow and

technology is very difficult.

III. Content of the research

Cyanidin-3-glucoside(C3G) content of brown rice of NPK application treatment was
shown in 488mg/100g and the highest level among the several application treatments.
The antioxidant activity by DPPH radical scavenging was the highest in basal
fertilization treatment. C3G content at 10 ppm and 1000 ppm of NAA were
539mg/100g and 553mg/100g, respectively. C3G content in ethylene 10ppm and 2000
ppm were higher than that of control . Antioxidant activity was the lowest at the
untreated (40%) and those of 10ppm and 2000ppm treatment were 44% and 47%,
respectively. C3G content in 1-10ppm of GA teated was higher in 483-498mg/100g
than untreated control plot. Antioxidant activity in 10ppm treated was higher than
untreated control plot. C3G content in 50-1000ppm of Kkainetin was higher in
498-573mg/100g than control plot. Antioxidant activity was the lowest at the
untreated (40%) and those of 50ppm and 1000ppm treated were 43%and 83% |,



respectively. C3G content in brown rice grain of transformant (633mg/100g) was
significantly higher than Heukjinjubyeo(429mg/100g) which was the treated control.
Radical scavenging activity in kernel of brown rice in transformant was higher than
that of Heukjinjubyeo.

For industralization of anthocyanins that have functions in prevention of aging, food
additives, medicines and health foods, we have cloned genes involved in anthocyanin
biosynthesis and introduced those genes into color rice(3%54]). Finally, we have
developed transgenic rices producing anthocyanin on a large scale. Using we will
extract anthocyanins frm transgenic rice and contribute to income enlargement of

agricultural economy.

IV. Results and suggestion for application
In order to industrialize anthocyanins functions as anti-oxidants, we will apply a
patent of transgenic rice and transfer the technology to company for using raw

materials for health foods, food additives, cosmetics and medicines.
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. PCR% E% R FrdAe] BEdriAd 24
S F o)A SEAo}U AT - Library screening2 %3t R #dxF A A
742} (Regulatory gene, B %
QFEAJo} ot 3 F4 A} - PCRE %3 acyltransferase 5% 2}<]
(Acyltransferase 4 x}) £

- Library screeningS %3} acyltransferase

01v

X5 ] cDNA library A%}

714944 L FA4 s
A7) d AR

i

FA% AA ANNLEH L FAR Sw

FHjo A QFEAobd

<A@ Al go] oFEAolU AEA A
Sl vAE 9T B4

A, QAA] R o] QFEAJob AEA
sl MAE G 4

CAZEAYHO StEAY AT B
v 2= g A

23hd

=y
a

(2003)

- Binary ®E]e] R F AL sense HFO =

- o} 22 v 2] -2 (LBA4404)°) construct =%
cola R P RS o] 8t SX5Y FHHE
- southern blot& &3le] A HsA E4

- B9 AW Acyltransferase A AES

=99 X3 34

Acyltransferase 3
Z}Oﬂ Eﬂd 4 24 HA3 21 g9
- Acyltransferase 24 % 7% A xA}

- Acyltransferase?] HHgA284 A3 H

AFI A1 71 construct A 2+

o] &3l in vitro transcription/translation

- S0 QtEAlob AT 9 Tl WX =
- Ethylene¢] FEAJoId A3 D S50

X
- GA7Z}F FEAlobd ARHE 2 S5l vA =

o) i=]
9% 24

0 x]&= oggk B4

9 24

3akd

(2004)
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<R gene? 7% £x Eo|3F promoter>

2 AL S35 TR AdEA ol FFo FUdE HAE
obd 24 FHzA R AAAHE #2, ST =istaxl g}
SxFE A" dEAobI 4 FHAF (structural gene)E @
¥ T7HE U FoZ UgqEg. =3 T 5014
el B¢ Glutelin §42F (GluB-1)8 ZZREE o]& a8 Zxo] ZIAA &
&5 HAget 7ldetA &g FA FdWolE WA st A} ok
o AS BEd R 4= S, B, Le 5 o2 7MY gene familyZ A3+
basic helix-loop—helix (bHLH) motif& 7} transcription activatorz4] <SFEAJo}d 3HAd
S g9stE oY structural genes9 WAIEA S A3ty 45 AL S FAATE
WrE sl= Feho| Ak chalcone synthase®} dihydroquercetin reductase’} W@ gho] 3ol x|
o] R fxAe} StEAobd structural gene2 HALEAITRe] #AZF v A 7] Al =FelS T
(Ludwig et al, 1989). =3l =<2 R #AA+= nuclear localization signals St 3}o]
g AbEe] d o 53to] s vl dt} (Shieh et al, 1993). <SFEAlold

2 °ls
A x2-o W7 A= Sl MEsied, el AEd e @A e e

B ol QrEA

o]

SFEFe AR 24 7] EAg s ARl BE A AEdA FEArT A x4
7127k F3kel & BEH 9l Ao yEwt Y dolrt F3he] pigmentation W o,
AA o Td F U FE7HY pigmentation Woli= R FAAe 2 24 F21A #AA <

2Fo)7F oly el structural gene?] cis—element?] }o] T Zd FHAFe 2 e A
olo 93 Aoz AR At} (Quattrocchio et al, 1998). 449 R, B H+dAE=
sorghum (Casas et al., 1993), ¥ (Bilang et al, 1993), @ui¢l of7]&d (Lloyd et al,
1992), 5 Yol (Quattrocchio et al, 1993; Galway et al., 1994)o]l A = pigmentationS =
Ratdom, W of 714, Gerbera, wolZek I FUoF] R FAF A A FEA o
el #Hodro]l HrslAth. ol AEoAE R A= small gene family= &7 ghth
(Goodrich et al, 1992). &4 R FdA= Cl Fd29 4 e FEA A
structural FA A2 AALS A4 3tstH, FFyolet 5o % (Antirrhinum majus)] 73 -$-

= 1% F ¢F9 AA 2dY g@iste A2 BRI Yt (Quattrocchio et al.,

S5 R A5 71 d et gulel =qste] EEHA AN S5 R #
1) ok Fol A pigmentationo] o]

Fhe zdstgon, o7 g
o

] B A AA 9l pigmentation F

= '?__ -
SlE Aol e] ahe S50 R faAe I fAA
o

Hol Belel Jele] HEA

_12_



ool A=At (Lloyd et al, 1992). ¥lFuyote] R FAAR jafl32 1 F& Fdol
OFEAJold structural geneE9] W& Aly A7|H oY FHor dxEgdoen, A%
Yotel 3 NS o =83 o) 2d, ojdd e 7Hdate] SolA 9] pigmentation
= ST 53] o] FHAE #HFUolell A tEAOLT ARAE BERE TS A=
dihydroxyflavonol 4-reductase (dfr) FAAe] HAF RS FEsto] 93 A
(Quattrocchio et al, 1998). #HFYole] T & R 1A anl GA dfr F32ke] AL
S 38 (Spelt et al., 2000). =38t3} A& Gerbera hybrida®l 735, bHLH factor
A gmyclo] dfr A LA 2HsH, Aoz FoA 9 pigmentation E S =
A3ttt Ap2o]l Bt (Elomaa et al, 1998). of7] & 24+ R A ortholog
ol TT89 AHAAMAE o F2 siliquedt ¥ BFolA wHdEY  siliquedl A dfr3t
Banyuls 34212l &&o] gt #8 5dWole A= =@l S wo] o Fo ZA
I A FEEHATT (Nesi et al.,, 2000).

Bo] Agolx R F#2+= Ral, Ra2, Rbl, Rb2 & small gene family® =43t}

Rast Rb #3878 75, &< A4S 7k purpleb22 FFoA e H A=, o £59 &
& LAdE AR QAL AL G T2 dAE 2 D 227 42

t}. Bombardment gene transfer 7] o] &3] W Ra FAAE S+
of =3 HAFoAM FHA =Y F 48 A]Z} ¢to pigmentation®] %5
H o] Ra7l S Cl3t 435 #2&ste] S5459 tEAoMd structural 3t
= & F Ak 2y 2 E&o] wg wkal AATERE Uit AFAES ol & M
o] Ra¢t S Clie] FEago] HEEAoAY] wfql e F5akal vt vy

22 255 R AR C FAAE W v Eo] =YEAS whol = pigmentation©]

i
fols
S
ol
>
Kl

o 30
o
l
ki)
(d
b p

=219 vk Atk (Hu et al, 1996; Hu et al., 2000).

T ATAREL FATFH R FA4E SAFH =Y, %Y BAAAL W), 5
AFu el PEACh FFol F/4E hsAel i 2AE AFsHD Yk AT ®
Qe FAFH R FA4S) wAAE SAFH WASE CL wRan 45 F8ete] dir
5ol QEAlold 4 fAAES] WAL TEHOR £1F Aow JYAt Gl R
FAASE e 24 FA%e] Aolnrhe dEAoh T4 FAAES cis-elemente] o]
o s} StEAlob Y sEol} Y 2W Aol Zelrhs AHLe UFHe R
FAA =Yol @ TAFH FEAh FF F7ke] FsHS 0% 2A sha Uk

A A% wage) B Fao W] we AATAGNA gAY Fael A4
of A elAR olF wude AAd Aol 4% wotst el AT B
d Azel A9 WMol A4, AT A4 gude Wold u s dx dom A

_13_



£ Hh Gluteline ¥ AR oF @l d o] oF Q% E XA st= A& @M dol (Li and Okita,
1993), A=7kA 6 N9 FA4A7F Ha¥Eo] small gene familyES TAISEL Attt GluA,
GluB 5+ N9 2Fo= vdn. ol&7te] fFAME S i =ob ofn| it FFEo A= of
80%, A7] FElAE of 60%°] FdEe HEHATE  Gluteline B A gte] njglo] So]4
o2 Iy, FXrt BEdhel wel wdo] Frkgth Glutelin®] WA= 5 ~ 6 d

after flowering (daf)oll A& WA= 7] AlZtste], 10 ~ 16 dafell H = SHE & AT
t} (Takaiwa and Oono, 1990; Takaiwa et al, 1991). © glutelin @& x 2z Eo]4
U3 o olutelin AR ZERE ] £t cis—elemento] &3 A o] (Takaiwa et
al., 1996). EE ¥ glutelin FAAEL TR RE GCN4 motifE zta o, 1 29
AACA motif, ACGT motif7’} &3ttt GUS reporter FAAe}t HE AE3 Wu &
(1998)¢] A &oll olatw, 245 bpe] GluB-1 ZEFEE WO ZE w3l Eo| <l ddo] fi
o 1 ete] EA3= GCN4 motif e 2 % gain-of-function®] Al F & o] #Hj 2o
GUS +3d27F Zdstdtt. 245 bpe] Z2REE U AFAox n#3 A4 23 E B,
AANAF-9] =73 bpollA -61 bpZkAle] AACA motif$} -165 bpollAl -158 bp7ZFA <]
GCN4 motif7} T2 Hol# W] AA A A&S o= Zom =2yt on, 81 bpollA
-75 bpel ACGT motife} -173 bpell A -169 bp2] skn- I -like element GA] FA} 5o
B xdsted FaTS & F AT =T o5 4] motif FHRtORE T
Eo]lA W o] doji} AACAS GCN4 motifE ¥3sl+= distal region (245 bp ~ -145
bp), 21812 ACGT$ AACA motifE ¥33+= proximal region (-113 bp ~ -46 bp)eo]
GluB-1 F3ARe A2 Eol4 WddS ZAAS=E T3 cis—elementd S & F AT

(Washida et al., 1999).

o

B ATRAL GuB-] ZEREE o83 TAFW R 24 A Hgurde 33
FH Al HIAAA frEstarat &, o]F s 2 A7 SIAFHERY GluB-1
of ZRFHE FYador Hded motif5S EF st AFS ddedn. S3F
W R 2= 358 GuB-1 Z2EHY £E st Fabe Seldow 3¢ =
Aoz 7=, o] whe} FApe] FEAJopd ghaFolwt JIFS Fo] tEAotd I} A
Aol mE FAES WAL tAE o] B&S FEHEE AU S FoR AR

Ho
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M 3 & d7gsd e 3 ZEn

A 1d AFSRA NS B A

1 SAFe A EAoh G2 fHAe] 2

PCRE &l SAFH=RE tEAohd 24 fAx=2 FA45= OsR2 F4449
22 1

cDNA A S5 ZE34 ‘:} o] A= FEAOMT FAo] Mg e wE F<
TA 2 5H 1-1;,:4 = A fﬂ] o] FAAE EdS ST A oA FEAJOL FHA o]
FFE o] o] OsR2 FHA7E QEAlofA 3o #AdE =dFdAtets AMES glsA
=

7}. Degenerated primerS ©]-&3F PCR

S FHAA bHLH A9 ¢tEA oY FAZHE FHAAE 317 A3l S5, 4,
#HHYoel 59 bHLH o} =4S vl #2413 degenerated primers A A3 R on ol

primerE o] &3dto] o Fl SFH FAolA B2 cDNAE FP 22 PCRS T3S

7.

¥ 1 PCR W89 A& % primers.
- GAT ACG GAA TGG TAT TAT G 3 5' - AAA CAT TTC ATT GAA TTT TTC 3'

c A G c C G C G AGC C
T T
C C

1}, 3 RACE PCR
OsR2 PCR fragment2] 7]A< oA AA s

ol g-3tel HAAe 3 RS FEZahqrh

N
2
o

|t

£ o] 4 primer®} oligo-d(T) primerZ

tt. 5" RACE PCR
OsR29] 5° 9] A7l <Eds &elstr] 98 5 RACEE F3dskaltt. WA OsR2 =
1513 o] & =

= Tl
o4l primerg AFE, Bd A ZXFW Fx}2] RNAZHFE 1st strand cDNAE W



g, cDNAQ] 5 & EZS adenylationdtith. o2 F3 o7 dfo] F WA

A primer®} anchor d(T) primerE A}-&, PCRE T334t} ©] PCR #H&E&ES 2
Al Al HA A2 Eo]Z primer$t anchor primerE AF&3}o] nested-PCRS 435149
th. 1 kbe] PCR ¥H&&ES Ao A7IA4EES gl A3 OsR2 FxdA9 5 F &

A<
T A

o 447 AAZ PCR Wgow FEae] HAAS AT

O

Aob e WHoR Aozl HUINERFH OsR2 44 HAE TFHE F A

5 primerol & #ZAXE HME | ligationdt”] &9°]3t%=Z Hindlll
= 5 primerst WY T S FW ] F APl A A2}
&3to] OsR2 AA 285 TFstdoh. = A3 1847 bpel PCR A&l
dojxom, A7IEE &g A3 OsR2 3ol RACE A¥dE53 YX|stal %3k Af
2 FEAOT dAZRE FHAATY stuE A HAT OsR2 A9 ofm| Ak A&
2 £ R family 3259 ofv| it AT} 50% A 74%°] A S Ko FEA|o}
Hol gl #Fold Aow HolW (F 2 ¥ 1), R FAAEY EA2 basic

91 (

bHLH domain)E A4 At}

primerg A3 h o]
9} Kpnl linker
3 cDNAZ A}

helix-loop—helix

E 2 OsR2¢% ©&2 R #AAEY otv|x=id Ad Ha,

Similarity Identity
OsB2 (AB021080, OsR1) 74% 67%
OsBI1 (AB021079) 64% 55%
Ra (U39860) 66% 57%
JAF13 (AF020545) 54% 70%
Le (M26227) 50% 61%
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DmA3

DEE2

DEBL

UL

mmhe
Fetunis
ELEERT I

e e

an v ma lgp o nilsghiakl RplinFaVallwEimke Iﬂrll' DITTFU!'FTJT!IHIF4JtI-

(=-1-F L &-1 J=7 |

OmA3
1] )
GEEL
Em ET - - T

mxhs J ¥ FIGEIIRC IR . L2 - ph T Fapd RAEETEEALLDD - = =@
Fetumis il 3 Bl ESLETD : AT Lo - . Ll AIFERFHTTEEOAERTATGLC
CONASnEUS 5 .

LR
amml

ammi

E&

WELJ
Facumin
L PR TICT

DmA3

DEAN3

DEEL

En

mubka

Fetumis T

CONEENFUR d = ¥ fgivpEss daa sswat eefvawhrok
nHLH domain

L] rim

L LE] bl ]

ammt 181

R el

WELa ite

FaCumis 1wl

conasneus 4Dl

OmA2 417 L L .“ SOl L X

il ] 411 I F i 3o S

GENL 433 § ; - 3 AT A AE ] ]

En 413 § HT E. E 3 - - K Y BT oot

mzke 445 ETT = = HERF LTH
Fetunis 471 H ETIf ¥ I e RgH ] X

conesnsus  $F1

L LE] iER
aEmEa

aEmi 11
E& 1.1
[T Rig
Pacumis (TR

CLTFEETUCT T+

DmA3 I5H G-~
DER: ==
DEBL THE LAE
En TG §--
mzkc FDF ER-
Fetumin FIT EE=

conmsnrar B4l

I8 1 OsR2 # AR 2 R FARAE Alo]9] olm il A ¥ Hu
OsB2, ¥ (AB021080); OsBI, ¥ (AB021079); Ra, W (U39860); mzLc, <54 (M26227);
petunia, #FYol JAFI3 (AF020545).
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2. ¥ glutelin promoter®] &4

T SolAQl oy A HAS FEstr] f18 #Y TRl A Edsts A o
w3l F1 2] genomic DNAE F3do = &1,
Mangetsumochi ¥ %04 X 1% glutelinBl promoter 971442 2x3te] 2 A3 primer
5 AbE3le] PCR WHs-o2 53319 glutelinBl promoter sequenceZE 34 8191
ZA 3} mangetsumochi %% 2] glutelinBl promoter?}t 98%¢] G749 TLdAS YEIUS L
o T2 5ol W3S AAs= motifel AACA-2, GCN4, endosperm motifE©] 73}
A EZA82 gAtt. pGA1611 ME Y ubiquitin promoterE A AL o] A st =4}
& .

I3tE= vector, pGAgluBl1S A %38} th

S 7]
R S

9l glutelinB19] promoterZ

SXFH: 1 gtccactgtctgcaaacacgat tcacatagagcgggagcacgcggggagecgtectaggt 60
COCCEPETETE PR e Ceer e EEErr ey
Mangetsumochi: 328 gtccactgtctgcaaacacgattcacatagagcgggcagacgcggg-agecgtectaggt 386

_||0I'

= 61 gcacgggaagcaaatccgtgcgectgggtggat t tgagtgacacgggeccacgtgtagee 120
CEEE CEEEEEEEEE et CEee e e e e e e e e Perr e
Mangetsumochi: 387 gcaccggaagcaaatccgt-cgcctgggtggatttgagtgacacgg—cccacgtgtagee 444

_||0I'

= 121 tcacagctctccgtggtcagatgtgtaaaattatcataatatgtgtttttcaaatagtta 180

FOCCEEETETE e e e e e e e e e e e e e e e e
Mangetsumochi: 445 tcacagctctccgtggtcagatgtgtaaaattatcataatatgtgtttttcaaatagtta 504

_IIOII

= 181 aataatatatataggcaagttatatgggtcaataagcagtaaaaaggcttatgacatggt 240
FOCCEEETETE e e e e e e e e e e e e e e e
Mangetsumochi: 505 aataatatatataggcaagttatatgggtcaataagcagtaaaaaggcettatgacatggt 564

_||0I'

S aaaattacttacaccaatatgccttactgtctgatatattttacatgacaacaaagt tac
T H 241 ttactt tatgccttactgtctgatatattttacat ttac 300
LECEEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e ey

Mangetsumochi: 565 aaaattacttacaccaatatgccttactgtctgatatattttacatgacaacaaagttac 624
SXFH: 301 aagtacgtcatttaaaaatacaagttacttatcaattgtagtgtatcaagtaaatgacaa 360

Mangetsumochi: 625 aagtacgtcatttaaaaatacaagttacttatcaattgtagtgtatcaagtaaatgacaa 684
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JM

= 361 caaacctacaaatttgctattttgaaggaacacttaaaaaaatcaataggcaagttatat 420

Mangetsumochi: 685 caaacctacaaatttgctattttgaaggaacacttaaaaaaatcaataggcaagttatat 744

SXFH: 421 agtcaataaactgcaagaaggcttatgacatggaaaaattacatacaccaatatgcttta 480
FOCCEEETETE e e e e e e e e e e e e e e e

Mangetsumochi: 745 agtcaataaactgcaagaaggcttatgacatggaaaaattacatacaccaatatgcttta 804

JM

TIFH 481 ttgtccggtatattttacaagacaacaaagttataagtatgtcatttaaaaatacaagtt 540
CECEEETETEEEE TR e e et e e e e e e e e e e e e e e e

Mangetsumochi: 805 ttgtccggtatattttacaagacaacaaagttataagtatgtcatttaaaaatacaagtt 864

JM

TIFH 541 acttatcaattgtcaagtaaatgaaaacaaacctacaaatttgttattttgaaggaacac 600

Mangetsumochi: 865 acttatcaattgtcaagtaaatgaaaacaaacctacaaatttgttattttgaaggaacac 924

Jm

TIFH 601 ctaaattatcaaatatagcttgctacgcaaaaatgacaacatgcttacaagttattatca 660
COCEEPETETE e e e Ceee e e e e e e e e e

Mangetsumochi: 925 ctaaattatcaaatatagcttgctacgc—aaaatgacaacatgcttacaagttattatca 983

SxFH: 661 tcttaaagttagactcatcttctcaagcataatagctttatggtgcaaaaacaaatataa 720
CECECETEECEEE e e e e e e et ter e e e e e e e e ety

Mangetsumochi: 984 tcttaaagttagactcatcttctcaagcataagagctttatggtgcaaaaacaaatataa 1043

AACA-2

JM

= 721 tgacaaggcaaag-—-—atacatattaagagtatggatagacatttctttaacaaactcc 776

Mangetsumochi: 1044 tgacaaggcaaagatacatacatattaagagtatggacagacatttctttaacaaactcc 1103
GNC4
SXFH: 777 atttgtattactccaaaagcaccagaagtttgtcatggctgagtcatgaaatgtatagtt 836

FOCCEEETETE e e e e e e e e e e e e e e e
Mangetsumochi: 1104 atttgtattactccaaaagcaccagaagtttgtcatggctgagtcatgaaatgtatagtt 1163

endosperm

JM

TFH 837 caatctigcaaagttgcctttecttttgtac——tgttttaacactacaagccatatattg 894
COCCEEETETE R e et e e et Cee e e e e e e e e
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Mangetsumochi: 1164 caatcttgcaaagttgcctttccttttgtactgtgttttaacactacaagccatatattg 1223
A/G-box AACA-1 TATA

TIFH 895 tctgtacgtgcaacaaactatatcaccatgtatcccaagatgettttttattgctatata 954

Mangetsumochi: 1224 tctgtacgtgcaacaaactatatcaccatgtatcccaagatgettttttattgctatata 1283

_||0I'

SXFH: 956 aactagcttggtctgtctttgaactcacatcaattagcttaagtttccataagcaagtac 1014

Mangetsumochi: 1284 aactagcttggtctgtctttgaactcacatcaattagcttaagtttccataagcaagtac 1343

S FH: 1015 aaatagctatggcgagttccgttt 1038
RARERARERARRRAR RN
Mangetsumochi: 1344 aaatagctatggcgagttccgttt 1367

a9 2. EAFY glutelinBl promoter 9714 €93 43 A H elements.

3. 544 Cl e 3R
R family F3AF 950 2= StEAold T4 X @37} 83X 25, Cl family
fraztel teow 283 u b @A ol 7Ee Hig Faste] S5 Cl
A5 OsR2¢F 37 Sx1 ¥l =detarat aqivh. ofol ml= ofelxit thehe] Vicki
Chandler ¥MA2 58 S5 Cl cDNAE % Pol B3 FH1x A WE o] Az A}

g3t

4. 53 A A Ay o] A%
4 Aol A Eel gt OsR2 FdA+9] coding region AAE E33H= cDNA
T2 C1 cDNAE & #HEo] Al Adste] F 7HA FHd29 A I %"?ﬂ%
1%k MY constructE AT F 7HA S WH constructE Al #sl=d, OsR2 #7
= Elg R ubiquitin promoter©l| 2] 3f constitutive s} 7l ST 5 ALY
(pGA16110sR2-355C1), glutelinB1 promoter®] 9481] Z21 Eo|Hog HGLHEEE 39t
(pGAgluBlOSR2—355C1). L5 Cl 44 5 7FA constructoll Al 2% CaMV 35S
promoter?] A H|E ®VE=E skt (29 5H). A o]lE WE I =YY% Agrobacterium

i)
tumefaciens strains —} Zr 3R SAFEH =Y

mlo
l
Hl
_O,L
}11
EQ
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A

Hindill
) )
[rB 35S T{ c1 T Tnos T{ Ubi OsR2 Tnos | 35S-HgR LB |
BamHI Xbal Sacl BamHI Hindlll Kpnl
Hindlll
[rE T 358 }-‘-1 c1 I-‘—{ Tnos }-‘-1 GluB1 | OsR2 [ Tnos | 358-HgR H LB ]
BamHI Xbal Sacl BamHlI Hindlll Kpnl

¥ 3. E3FY ¢EA oY Ao A S &3] 9 9 FAA AEA HEHY BEAE,
A, pGA16110sR2355C1; B, pGAglublOsR235SC1; RB, right border; Tnos, nos terminator; Ubi,
maize ubiquitin promoter; GluB1, &% 341 glutelinBl promoter; Hg®, hygromycin resistance gene;

LB, left border.

1
2) 3040 A+

S JgAAGE ] £ AEH 2AY2E ZE preculturedtH(4-6Y)
3) AdyE A AELS Agrobacterium¥ 7 2N6-AS(B) ®iA]o co-culture 3t} (3-5
o)

(3L Ao WME 7} Eo]9dE AgrobacteriumS AB wj X o] HZEs|Et}, 287C)
4) cefotaxim(250mg/L) °] 91 & SHT ZBH2E AARsA A F skl DH30u A
A selection 3HtH(1-2 7€)
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5) selection Wi Aol A Alobdi= callus B+ pigmented callusE A E3F WA (MSR)E %
71tk
6) 1-37/19 % AR = MAE MS iR =2 &7t

@ N6Dul A (per L)
N6 salt and vit.

i-inositol 100mg
2,4-D 2mg
casein 300mg
proline 2878mg
sucrose 30g
gelrite 4g

pH 5.8

@ DH308]A] (per L)
N6DHH7<] 9,]_ Ecﬂ ?‘;]_ 7\}\4
hygromycin 30mg¥# cefotaxim 250mg< 3 7}k

@ MSRH|A] (per L)
MS salt & vit.

NAA 0.1mg
kinetin 2 mg
casein 1 g
sucrose 50 ¢
sorbitol 20 g

agar 12 g

pH 5.8
antibiotics (cefo/hygro)

1) pigmented ZAz]~2] &1
nj Aol ZxFw Me 9} Agrobacteriume co-culture S ZM% Agrobacterium 5ol
50191 R gene?} Cl geneol FAFH o) Aex Holx FEHES sglon, o1 4%

b, saFue G445 43
3}
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H] A o

—

obd Fe& Hepds Y= A 2E R ¢+ ol
Ay~ HEgAS pGAL16110sR2-35S5C1e 2 A" wWE 9t pGAglublOsR2-355C1
o8 AT WEE 7R Agrobacteriumel HEE A ZHzEe] Ao EF B

Ak

29 4 FA0FHY EANA FEH widd 2o R8N Y29 W
A, w/t A8 2= B, pGA16110sR2-35SC1 #E 7} A d3sE Aed=(o]s HP1o.2 %7])
C, pGAglub1OsR2-35SC1 WH 7 P A sty Aejx(o]st HP2E 3%7])

2) A2~ FHA2] genomic southern blot analysis
Genomic southern blot analysis 23, @A A3 o]&H HdFAAS copyF7t
HP1 3 HP2ol A Z+2F 1719 372 S48+ AL <& 5 Ay (2d 7).

238 5 HP13 HP29 genomic DNA southern blot analysis
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AN3GA EcoR 1 22 A2 Z+7te] genomic DNA 50pg & A719% 3 F nylon membranel &
%71 CaMV 35S promoter 7 A& ©Hoz 43} s
NETE2R w/it TxIWet S315u8 o] A~ genomic DNAE ¥

3) A~ 7429 northern blot analysis

OsR2 cDNA¢} Cl ¢cDNAZE Ztzte] grx o g Ag3te] HP1¥ HP20A 9 R gene ¥
Cl gene®| ZAAMA wdFFS < 13 SAFHo Ayt A 2Abs o
T AN d 492 R gene? A A2 HP1¥ HP2olA vk ofye} dlz+2 A4
A SxFE o Ay e eI = As B T
Cl gene®| AAAl &2 HP13}F HP2oI AW Yety™ Fxlap S350 Ao o]
A E F glAd

ZA¥= HP1¥ HP2oA UElUE ¢tEAoldo]l R gene Bl Cl genedl ¢

a8t 24" F e Ve S BHolF7|= g

(B}

I3 6 HP13} HP29] northern blot analysis
ZF AMZo A B3 30pge total RNAS H7]19% 3o nylon membraneo] &7 %, Z+ZF OsR2
cDNA(A)¢ C1 cDNAB)E "3 o2 st 43} st
Ethidium bromide® ¥ ribosomal RNAZE loading control® #|A| 3} &

4) Pigmented A =2 HH AESA F=
Pigmented Z# 2~ HP12} HP29] }‘}F/Hﬂ' T2 & Adste AEs A MSR) Al

el ATk viE 5 oF 1A 32 Alolo] AlESHA 7 ABAE 7] AlZFg o )i shA|
2] shoot ¥ rootE AEEE HZAS PE]F’—S’J—E Aol Azt
S35 w/it B9 AFESA shoot7b ZEFA oA root= A olt= AME I Bl aLE|

% o HPL3 HP2OlA BAE ARAE oReq dolz Bgaade] 2@ w5
A9 ARs el RRe] dEAohdo] FHHE 4L
sk
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a9 7 w/t 28 =(A)¢ HP1(B), HP2(C)Z 2 E ARLFQ 3
e tEAolY FF o] Yl shoot$} rootE 7HeE] ZITh

3™ 8 WY FoA AFTA FAFH FAAEA
AHP1ol A &3t¥ AEsA(e]st HRP1S2 3%A]), BHP2oIA &3t€l A|E3tA(o]3F HRP2E 3%

A, BAEE GEAC AT EAY
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29 10 w/td FAAEA FIAFH =4 v

6. FAATA] FH4

ofk

S

M

7h FRAAEA To 4 o] HRP1¥ HRP2 449 northern blot analysis

OsR2 cDNAS®} Cl1 cDNAE Z7e] &3 o g Agste] HRP1¥ HRP20A 2] R gene
7 Cl gene®| HAMA LAFFS ZAESATH o] AR E 2724 w/ito] dEH e
ST E AL T

northern blot analysis®] 23}, A oA 9} w7t A=2 R geneo HAMA &
HRP13} HRP2eIA wE ofye} tix2 A8 i3 S35 A% deivda e
A B F Addon, 9= Cl gene WAMA HdE HRP1¥ HRP2 & ofuet tix=+
NM= ofstA BEHEE FHS BT
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329 11 HRP13#% HRP29 northern blot analysis
Zy AZo A 73 30uge] total RNAE 7195 34 nylon membraneo] %71 %, ZZ OsR2
cDNA(A)9} C1 cDNAB)E 3oz 3slo] A3 3%

Ethidium bromide® ¥ ribosomal RNAZ loading control® A A8t <5-.

% HPL: &) 23542 pGA16110sR2-355C1e] A3t @ e~
HP2: 9l E3-f42 pGAglublOsR2-35SC1o] daA A8k 9 e~

% HRPL: HP1 © 23E 2% 4
HRP2: HP2 0232 E ARss 847

v 2434 HRP1Z HRP29] Ti Althe] southern blot analysis

HRP13 HRP29] To oA 23d & FHAAREEY FHAFE glstr] $sto]
T1 At 2] genomic southerns 2 A8}t
Genomic southern blot analysis 23, HRP1o] A4 ¥d pGA16110sR235SCIH B &= 2} A
el HPRI-4el = ey HRP2o A9 ® pGAglublOsR235SCHIEl &=  A&A T <l
HRP2-3¢] A= o]#]#] & okrh
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23 12 HRP1¥% HRP29 Ti A9 southern blot analysis
AT EcoR T 3 Xba I 22 A2 724719 genomic DNA 100ug & #7]19% & % nylon

membrane2.E %7 CaMV 35S promoter F+dAE B oz £A43} &t

e w/ite §3¥ ek S5 189 genomic DNAE Wil

t}, A A3skAd HRP13 HRP29 T Alth el northern blot analysis

T Alth o] HRP13 HRP20| A o] o272t g o] Md o -5 gelstr] ¢sto]
OsR2 cDNAS®} C1 cDNAE Z47te] "o Abgsho] HRP1-49F HRP2-3914 2] R gene
3} Cl gened] AALA WHdFEF=S FAEA T
of A= HET24 w/ite dFHe SXF8E A&t

northern blot analysis® A3}, TO AtielA e} wpz7IA] 2 R gened A
HRP1-45} HRP2—3°1]/\1 Wk obdel HlE R ARSE dFEH SAFH oA
Hetva e As & Al

24 Cl gene ﬂ/‘}xﬂ 3 2 HRP1-49] A=t
A oA Yeids Axe 3 ]’L vk vyt

284 el o HRP2-300 4 9]
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a3 13 HRP1-4¢ HRP2-3¢ northern blot analysis

7y AZ A e 10ug9] total RNAE #A7]9% 3le nylon membranee]l &3 %, 77k OsR2

cDNA(#)9} C1 ¢cDNA($)E "X oz 3t E43 sttt
Ethidium bromide® 44 %¥ ribosomal RNAZE loading control® A A] 8} <.

a9 14 TiAHe HRP1-4¢ HRP2-3
A, To Althsl 02238 Fate] StEAolY 74 398 2=
7 7) B, w/t SAFH e} 22 99| HRP2-3

rr
jas)
=
o
»—
.J;
)
i
}:m
rO
h
>
o
T
v
o
I
Ho
il

Ti A e 9383} southern, northern A %S &3 23
=

HA A A F pGAglublOsR2355C1 ¥ B
[e)

5 HolT HRP2 #12 oF {FHA7E zAsd FHEHA 3 4E HASS & F den=
pGA16110sR235SCIMH & ¥olF HRP1 #helo] StEAlobd Aol AFE5 9t

gt AQEAol A BH FRFHAA e TE

SAFH tEAlobd Ao A= TR/ AR chalcon synthase(CHS)<}
dihydroflavonol reductase(DFR)®] H& 71X <ES& PCRE o]§3to] FHelgon, AL S

o]
Ao Agete] 9448 Ti Athel CHS #4749 DFR fa7te] B@ o9 xA89
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a3 15 HRP1-4¢F HRP2-39¢ northern blot analysis

7y A Zo| A wE2ld 10uge] total RNAE #7196 3] nylon membranee]l &% %, 7tz CHS
cDNA(#) 9t DFR cDNA()E &3 o® st A3} gttt

Ethidium bromideZ 4% ribosomal RNAE loading control®Z A A 831 <.

northern blat analysis 23, w/t3} HRP2-39lA4 &= H.o]A] &&= CHS(chalcone synthase)f#x}2] #
AbA vk dido] HRP1-4014 Yelyt e DFR(dihydroflovonol reductase) 4 AFoll thajA = ojw
AET AAA Od @45 Jehdl A Lt

SGEAltT ARG 2-E FHAE oA AUYA FAHEAE 7|EY dEA T MaTt 4
He TR olgd g%, &, ey T EifFHEA GEA Mivt FA4HE @3 10,
11, 12, 16)& ®Aom, 919 27 179 A= Hol HRP1-49] ¢tEAed 4 dde 9
A2 pGA16110sR2-355C1o] S FH o] 4] % o] chalcone synthased ZHAIGA 7}
Bud A Asdn 23A% 4

cha ALY PO Y FRI TESEHMVELEEEFERMCDES)IRERYHHLTERILGER

B94 ADY FDYYFRITEEEHENVELKEEFEEMCDESOIRERYHHLTEEILGERNFEMCAAAVIVAGEL
che

(EE

che AEVALDEE
Bad CYPLTIFH
che 151 ® RHVLEE ACYLFILDENEEREAEDGHATT D JFGFILTVE
if4 181 WI SIECEA TLIALRELEAFGSGNLECOQLUIENRAS IGREBABEL
che

211 I e ——
B4 241 MILI R SRR TRIL 8 TRAS R0 KE b o
13 16 northern blot analysisdl A& ¥ chalcone synthase(CHS) o}9| =4t 97|44 v=

PCRZ &€ partial CHS$} Oriza sativa(japonica cultiva)?] CHS9 olu] =4t 7] E L& 1|
2] EAEGAT FEAHE Hole AUIAEd s ALX boxE EATAS.

_32_



MY I B E VOV TRASBFVABWLIRELLEAGYHVIGTVROFERROEVEHLWRLFEAREERLD

dir 1
EDL 1 - - Rl Al IKELLEAGYHYIGTVYRDPSHRDEVEHLWRLPSAREERLG

dir LVEA

B0l LYRAD

dEr

E01

dfr - EFVIG EHELEY SDILGLLGODTDRFISYGEMOYVEIDDVASCH

EDL LI J ] SDILGLLOGDTDRFIESYGEMGYVEIDDYASCH

dfr 1141 RNPYEEQSYELNTEEIQQ
ol 118 AN TEEFRAAC IlEHEQEUUEIJUIIEvT

dEr

F01

23 17 northern blotll A}-4% dihydroflovonol reductase(DFR) o}m| =4t €714 Qg vl x
PCRZ &€ partial DFR® Oriza sativa(japonica cultiva)?] DFR9] o}u] =4t 7] gE 1|
wEd TAFAT AFAHE Kol d7IXEdE AL boxE EAFAL.

AEAYAA  StEAoLT] A Hed #BAste FERFIAELS CHS(chalcone
synthase), CHI(chalcone isomerase), F3H(flavanone 3-hydroxylase), DFR(dihydrofl-
avonol 4-reductase), ANS(anthocyanidin synthase)5 ¢ @& £X =2 o]Fo]x& Zo] o

gl AEEe] #EdA gl HAY
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4-coumaroyl-CoA 3 = malonyl-Cod

naringenin chalcone
CHI H

naringenin

F3H i
transporter 7

. ELS
dihydroflavonols = N flavonols

(kaemplerol, quarceting

Y . LAR )
leucoanthocyaniding > catechins
L B ]
LDOX i —
transporter 7
3-OH-anthocyaniding
modifications i ¢ potymartratios
proanthocyanidins
transporier 7
¢ [condensed tannins)
{pedarponidin, cyaniding bmwning

19 18 Arabidopsisol A1 ¢ Flavonoid A¢A FA=ZE yegd 24 =
A Wkg-o] AR EA MY ZEtRiE LI EAolYY So] AAFC

o

7.FEAobd <k 3l AL (Acyltransferase) &2
2

ot

HFaEed H 9] anthocyanin 5'-acyltransferase:= Oryza sativa (japonica

‘?__
cultivar-group)# F-it-g] oA ¢F96%9] ofn| kAt s S YERUT
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>

D N A
GCGTCCGGCGCTGCETCGCCGGGGCGGCCGTCGGCGACCTGGCCGACGCCC
33 VR RCV A GAAV GDULADAH

D N A
ACCGCGGCGETCCTGCACGCGCGCGAGGCGATCCGGGAGGCGATCGACGGGT
3 R G VL HAREAIREATIDGTFEF

D N A
TCTTGGAGCACCCGATGGTGGAGGCGTTCGACGCGTGGATCGACGCCGTCG
+3 L EHPMV EAFDAWTIDAYV A

D N A
CCGCGCTGGTCCGGCAGCCCGGETTCGTGGCCGCGACCGCGTCGCCGCGET
3 AL VRQPGFVAATASZPRTF

D N A
TTCAGGTGTACGAGGTGGATTTAGGCTGGGGCCCCCCGAGAATCACTAAT
3 Q VY E V DLGWGPPIRTITN

CCGCGG: Ksp I ,Sacl,Sstll CGATCG: Pvul Plel9 T  CCCGGG: Sma I
GGGCCC: Apal

>gil8467953|dbj| BAAY6577.1| (AP002480) Similar to Gentiana triflora
Anthocyanin 5-aromatic acyltransferase (AB010708) [Oryza sativa (japonica

cultivar-group)] Length = 594

Score = 120 bits (300), Expect = 5e-27 Identities = 77/80 (96%), Positives = 77/80
(96%6)

Query: 1

VRRCVAGAAAGDLADAHRGVLHAREAIREAIDGFLEHPMVEAFDAWIDAVAA
LVRQPGFV 60
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\Y% R
CVAGAAAGDLADAHRGVLHAREAIREAIDGFLEHPMVEAFDAWIDAVAALVR
QPGFV
Sbjct: 468
VRCCVAGAAAGDLADAHRGVLHAREAIREAIDGFLEHPMVEAFDAWIDAVAA
LVRQPGFV 527

Query: 61 AATASPRFQVYEVDLGWGPP 80
A TASPRFQVYEVDLGWG P
Sbjct: 528 AVTASPRFQVYEVDLGWGAP 547

Al 24 ds Ao e 2 Ay

L RtEAJobd A2 B Fakshy 24 Wy

7h. QHEA ob A

A EAE FnIFE 20S 0.1% Trifluoroaceticacid(TFA) -95% Ethanol & v 20mlZ
AN ZHA 33] e A A 2ol A bR FES AT FEHS o] A (Whatman No2)E ©]-&3}
of oA F IJARSEHVIE FFSHoH, HFT /omlE FFete] A SATH
Cyanidin-3-glucoside(C3G)2] #+&32-2 W= Indo Fine Chemical Company Co.Z5H
TA3te] AFAME FAF] AAsEG T C3Ge S HPLC(Waters 501 pump, millipore
gradient Controller, Waters 480 UV-Vis detecter)® #4135}tk HPLC #4oAM AxL&
ODS-5(4.6mm x 250mm, Nomura Chemical Co., Japan)ZE AF&3l% 1, A ZF334-S 530nm

oo™, f5E 10ml/minol Ak, AWl RE Aok BAE 1FA S ALgehelth
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Rice grain(109)

& n-hexane Fr.
-

0.5% TFA in 95% EtOH extract

5%. 10% 0.1% TFA in
30%, 50% MeOH-H,0
MeOH-H,0 Fr. (70:30) Fr.

Prep-HPLC

Anthocyanin pigme

2919, AEAN I HA& F&
1}, DPPH free radical 2279 ol gt aitstdyd 4

Alg¥ 100%  Ethtyl  alcohol oA FE3AY.  FEH(FE)S  vacuum
pumpE ©°]&3te] AEAZ & £xo wEl Methyl alcohol (DPPH assay) E+&
Dimetylsulfoxyde (MTT assay)& ©]&3te] A4 s==2 &35 A-8-3t3th
0.75 mg/mL F%9 °%ES 96 well plate®] ZF welloll 100 ul & #F3&}a1, tpA] o] 7]
150 uM DPPH (59.145 mg/mL in methanol) £ 150 uLE #7}8te] 41 o} 37 °Coll
A 303 WEEAIZIAL S18nmel A FHEE FASAY. BUEoRE 4 welld] HT

ODsisghe Fahel dlzel Wit ODss ghol Ul WEE e AZeg

AN

28wl micro plate

l S ample polrbon + DF FH eslutan

Hlank 100 LO0 37 {um'm LF

D 1

# Dimg 3

Ascprbic aci

Control

1 Indmbmlion foe 30 e al poom bem poeraluiie

Read at 81T nm

1Y20. DPPH free radical 2A Wl 93 gatstaty =44y
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Ao Al

EE

W otEAJold A M Cyanidin-3-glucoside $% % DPPH radical %
Al ot gaksteyd Wole H2eA B ukel 2ok dvldA FEH C3G F%S NPK
Aol A 100g B 488mg o= A2l FFolA 7HE =& Ao EYUERTh N B PA gl
M= 482mg B 495mg o= e ATob HI el e uIb A o] 191 NKA 2] 7ol 4= 408mg
ow 7p v S uEbilth DPPH radical &71oll 9%k 3qbstabad wolo] QlojA e
C3Ger=a w23k 43S vEh

AgoA Agudd GEANoIA MA Cyanidin-3-glucoside &% 2 DPPH
radical &Ad 93 F4i35L8A4 W ol

A& Cyanidin—3—glucoside DPPH
(mg/100g) (%)
N
482a 51.1a
(A7)
P
495a 53.3a
(S1AHH)
K
437bc 43.1b
(Zel )
NP
451b 45.4b
(A2, 25H)
NK
408¢ 33.0c
(A2, Z8T)
PK
423bc 43.7b
(A4 Z= )
NPK
488a 51.9a
(AeAa+)

FoAa R AN AEY ALt MBA GEACk Mk 4 ¥ SL4e A7

Ax P A AEF At FaARFA L S50 VAL 9FS E3NA wi
dhsh gtk 1bg, e ALX(EET)) HFte] a2 TE AT iAol Fol A
Eonsad. 9 oA At BETe 1471w Be 140748 v
Mo, Aziu el 4 R 48719 Aow vt FYgses £ETlA
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1333702 t& A Bup B sxsol o= QAtuH A 7F 889%E W o

YR YA =k e T vl QAR AALE T 9 AL TE] ol A
= 9e 58S YEdo] ARA &l nE} T&5 & Fog AolE YEE AS &
T AAT

¥5 A& 2 A AEF AT FoRAFHYA R T5E

e 3 7 == CERS
A o O "

(cm) (cm) N/=) (N/5) (%)
PSS

53.4b 17.2b 4.8¢ 73.2¢ 72.9¢
FESERED
- 75.2a 21.6a 14.0a 128.0b 81.9b
ST

70.8ab 20.52 10.2bc 120.0b 80.9b
R

72.8ab 20.6a 11.2b 121.2b 88.9a
=T

72.6ab 20.7a 11.4b 133.82 85.12b

* 5% oMl dztvhe A

Aa 9w oAl AgF APyt tEAoIA MA Cyanidin-3-glucoside g 2
DPPH radical 2~A o 2|8k &4tslgA] o]z H4olA Wi nle} 2o C3GEHFS ¥+
Fol nvls] A F A4F A& FIFA shEFe] folekAl =olx o, DPPH radical &~A

o olg BASHEA WolE CIGHFN W 4TS narh

_40_



¥6. 22 2 A AL F A7t GEAoLIA MA Cyanidin-3-glucoside F %
DPPH radical &7l &3 F45t&4 Wl

Al-&-wH Cyanidin—3—glucoside DPPH
(mg/100g) (%)

A XA 411c¢ 42.8¢c
A 2] 560a 62.4a

Ol A~ H] - 480b 49.3bc

Ql4kcn] - 547a 54.7b

BT 488b 51.9bc

* 5% FolA el |vT 7

Th AAEA e BFA 0 FEAJold A 24 W Ty AT

2EAYH A 3 FoASIE @ THES Hq5A HE vk 2o 55
sAlel Fu A7t 81.3*857/oi*1 vl X 2l te] 734-75.3% Rt} EUTh FxR4
EFTQ T4- oA 5208 YEpdou TS5A T A e 5758 S ET 7]
79 T 4 Tl,TZi%EHL% 494-5.08E 07 Sl o] ok}
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X7 AAEAEHAYY 93 F2A58d 4 T5&
A H &
ey T4 T |98 s | AEFT | AX2TH
(78] -Edu] -4 N
(cm) (cm) | UN/F) | OV (%) (2) (ton/ha)
H] —21H])
T1
80.1b 21.5a | 14.2ab | 74.3ab | 81.3ab 24.7a 5.04b
(25—25—25—25)
T2
81.4ab | 22.2a 12.0b | 75.6ab 85.7a 25.0a 5.13ab
(30—20—-30—20)
T3
(30—30—40—0) | 82.1ab | 22.3a 15.4a 67.9b 73.4b 25.3a 4.94b
T4
(50—20—20—10) | 85.5a 22.3a 13.1b 77.1a 85.6a 25.1a 5.20ab
T5
(70-0—20—10) | 82.9ab | 22.1a | 13.6ab | 74.8ab 85.4a 24.7a 5.75a
T6
(100—0—0—0) | 82.7ab | 22.2a 12.8b 66.6b 75.3b 24 .5a 5.08b

x 5% FaolAY dtsA

AaBEAAY o3 etEAobdA MA Cyanidin-3-glucoside % 2 DPPH radical
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7ol olg datstdA wWol= 63 2u.  CGHRFS T4 # TSAYT9 A%
530.0-533.3mg o2 tEA g ol Hle] w2 dFE YEbHY FA s F50lA 9F 2ol
Tl =2 AgTde = S YEy ofell digEEZF T o] FolA

% 474 Wol= C3GEFel A

ABAA A g3 tEA oI A MA Cyanidin-3-glucoside 3% 2
DPPH radical &7 23 315184 ¥o

A
(78] — 501 1] — Z2n] — A1 1)) Cyanidin—3—glucoside DPPH
(mg/100g) (%)
T1 (25-25-25-25) 553.3a 55.0b
T2 (30—-20-30-20) 551.7a 55.8b
T3 (30—-30—40-0) 553.0a 55.7b
T4 (50-20—-20-10) 530.0b 55.1b
T5 (70-0-20-10) 533.3b 55.5b
T6 (100—0—0-0) 563.3a 60.9a

x 5% FFAAY A7 EAA
3. ABAFEAA A7k FEAI ATY L Tl vXE 9F

[}
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7k S

NAA 10-50ppm* 2ol W& T5&2 7H7) 943% % 935%E UEY T8 84.3%
B fF931A =9tk tEAOPA(C-3-G) e FHS 10ppmA &7 539mg/100g 2 1000ppm
A 8] 753mg/100gel Al %S Aol FAksts> 1-10ppm 2 1000ppmell A1 A 2] o
vl =& Aoz yEytt

E9. SANAAA YA o3 T&5 &, AEA DA A Cyanidin-3-glucoside 3%
2 free radical 2Ad] 93 43184 Ho|

- Cyanidin-3-glucoside Free radical
5 %= (ppm) 5&(%) =
(mg/100g) v
) 86.6 bc 480 42
943 a 539 51
10
935 a 453 32
50
93.1 ab 460 31
100
900 b 432 26
500
86.9 bc 553 52
1,000
. 84.3 ¢ 475 40
A4 g

* 5% oA dzivhe A
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=

L o g

&l 1,000-2,000ppmA 2] Al T & & ZH7F 935% W 91.4%E UERY F-AH 29
84.3% Bt} frolatA =l EAIFI(C-3-G)F#-e 10ppmA 27 2 2000ppm =] 2] 7
oAl FA el wlgte] HlaA e o

2 2000ppm A B ol A Zh 2y 44, 47% 24 = A YERS T

E10. dlgAA o] 93 T5&, FEAIA MA Cyanidin-3-glucoside TF 2
free radical &7 93 st EA ®o

Cyanidin-3-glucoside Free radical
T ) 558 (%)
& &= (ppm s & (% (mg/100g) .
) 86.7 ¢ 496 44
91.1 ab 487 42
10
909 b 461 34
50
910 b 433 30
100
909 b 425 25
500
935 a 430 29
1,000
914 ab 535 47
2,000
. 84.3 ¢ 475 40
A g

* 5% oM e hzivhe A
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o A

rlo

GA 10-100ppm A A §4&2 923-936%< WNE Ve T2 843% Wk
o8kA wokout 500ppm oo FdlAME HAHE FFeR, 1000ppmel A= 75.9%
2 yrolxth SEAOI(C-3-G) &S 1-10ppm A 2ol A 483-498mg/100g o=
g Hoh =& AFoldnt. Fakskse 10ppm A= F7F FAE Hoh =& o vepdt

E11, AHZAGAIAZ Y3 T5&, EAIIA Y4
Cyanidin-3-glucoside 3% % free radical &A 9§ A3t 8A Wol

Cyanidin—3-glucoside Free radical
& = (ppm) o (%)
v cEY (mg/100g) 2AS
) 883 b 483 41
936 a 498 44
10
92.8 a 441 21
50
923 a 438 25
100
885 b 422 16
500
7.9 ¢ 412 14
1,000
. 343 b 475 40
A g

* 5% FolM el htvkT 7
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2t Fholul "l

Zhol v’ 10-50ppmH & A T&5&2 77 92.1% R 91.2% 5 e A 9
84.3% Wt} frolatA =t SFEAI(C-3-G)E S 50-1000ppm A 2] ol A 498-573
mg/100g .2 FAglo] nls e AFS Wk dEeS 50-1000ppm A 2] ol A
43-53% = A F-A 2] (40%)o] Blsle] =& 248 e

E12. Frold b A o 93 S5&&, FEAoLUA MA Cyanidin-3-glucoside &F 2
free radical 2A ¢ &3 32134 WHol

Cyanidin-3-glucoside Free radical
T= ) 558 (%)
o= o =% (mg/100g) 2
) 85.8 bc 459 37
92.1 a 468 39
10
912 a 567 52
50
905 b 510 46
100
90.1 b 498 43
500
904 b 573 53
1,000
] 843 ¢ 475 40
A g

* 5% oA dtvE A

4. SX1FH FAASA e 554 5 QHEAold T

ERF gAY fEP SAFHee] A5PDe K 1A i vl 2k 93

Ao Z47)E 811YE A5 89 10U vl3] 12 =l Asg e 14, &

2} |l 272 g 7 o) Q) o3 F& FAASA S} x99
S 2

T Zol7k §leE AL
B 9 A8 e Ao BHHAT ArlFd

_47_



SH-Eo] 9 orEA oI (Cyanidin-3-glucoside)d] %S FAAA A 100 ¥ 633mg
o2 gzl SFH 429mg Bt {5 =2 A2 YE T Free radical 24 %
(FrtstE)e oA FHHAEA ] FA o] txFA SXFud vlE)] =t
X 13. 33AFY FFAFA ) ASEA
=571 T4 T |98 g | AHT | AxTE
(¢,4)| (cm) (cm) N/ | ON/=) (%) (g) (ton/ha)
S
811 | 82.3a 21.7a 14.5a 71.3a 84.7a 23.5a 4.55a
d A eHA
} 810 | 83.0a 22.1a 14.8a 72.7a 85.5a 23.6a 4.60a
ST

* 5% oA dtve A

F 14. SAFH FAAEAY A=A FF R FAEA

Cyanidin-3-glucoside Free radical
(mg/100g) 2A%
5215 633a 62a
2 A A
S5
429b 41b

* 5% FolA el divhe 7
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-
e

=]

ATEE = e

12k

=y
a

(2002)

. PCR% E% R FrdAe] BEdriAd 24
S F o)A SEAo}U AT - Library screening2 %3t R #dxF A A
742} (Regulatory gene, B %
QFEAJo} ot 3 F4 A} - PCRE %3 acyltransferase 5% 2}<]
(Acyltransferase 4 x}) £

- Library screeningS %3} acyltransferase

01v

X5 ] cDNA library A%}

714944 L FA4 s
A7) d AR

i

FA% AA ANNLEH L FAR Sw

FHjo A QFEAobd

<A@ Al go] oFEAolU AEA A
Sl vAE 9T B4

A, QAA] R o] QFEAJob AEA
sl MAE G 4

CAZEAYHO StEAY AT B
v 2= g A

23hd

=y
a

(2003)

- Binary ®E]e] R F AL sense HFO =

- o} 22 v 2] -2 (LBA4404)°) construct =%
cola R P RS o] 8t SX5Y FHHE
- southern blot& &3le] A HsA E4

- B9 AW Acyltransferase A AES

=99 X3 34

Acyltransferase 3
Z}Oﬂ Eﬂd 4 24 HA3 21 g9
- Acyltransferase 24 % 7% A xA}

- Acyltransferase?] HHgA284 A3 H

AFI A1 71 construct A 2+

o] &3l in vitro transcription/translation

- S0 QtEAlob AT 9 Tl WX =
- Ethylene¢] FEAJoId A3 D S50

X
- GA7Z}F FEAlobd ARHE 2 S5l vA =

o) i=]
9% 24

0 x]&= oggk B4

9 24

3akd

(2004)

. /\]H]H}m wl Al%ig%
AA Az 5 S

Au % tEA oI

3

SrE A ohd

al
% QFEAlohd 4
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A2 A AgRe s

Ly
a

1. 1xd % A7) e

7}. degenerated primersE ©]
3t= R family 34 OsR2E &3 3=

. T2 SolAor wdEst= glutelin 4%}.4 =
Axpel @A ofol AFg-3t7] f1ste] PCRE

E

12

A 2 (Acyltransferase) & 2] ...PCR&
grollom o] 3 Oryza
°F 95%9] ofn| At A S e
4 }(Acyltransferase)—rﬂg] gHd o] o] FolA

%3}o] anthocyanin 5'-

acyltransferase sativa(japonica

=1 =]
T T

cultivar-group) ¥
D 1APAE AF A= SEEA|ol
2 Fen ok 80%9 AT L

2. 22}y

D.L,

= AT
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224158 E35 HRP1¥ HRP27F z+7 170,

A

d A 3=

T

°o]-&- 3

KeX
=

2}, southern, nothern blot

B S

)
il

370 €]

free radical Z2=7A ol ¢

1=}
=

a3

EAohdA A

OL]:

’

=~ 0
o E

{ﬂ,

D SAx el 9

kst

Els

free radical &7A°l 2

=1
=

a8

EAohA A

s

’

= >~ O
o e

ki3

2ol <

)

|

FAgwo] AN
3) Al 2ol <]

.

jmyl

2

2) ol

10)

-
Ria

b

ks
“

free radical &7]9] ¢

jail
=

&

REEA ORI A

= >~ O
o E

ki3

11)

3T
ar

s g o] ZAK
1) FrelulRA o] o5

free radical 271 <] 3%

1]
=

REEAhIA A 25

12)

guo] ZAHE

g4

3}

anthocyanin

3ol

A 2F(Acyltransferase)¥d...PCRS %

2743}

QHEA oyl

v},

Oryza sativa(japonica

5’-acyltransferase

cultivar-group) ¥}

Ho

o

-

Lo o]of
Fomz oF 80%¢]

S

45}

=2 el

| RFEAJob b3t {7 AF(Acyltransferase)

A5

o] %

FEHE who] o] Folzth

A

ol A QFEA]opd

Z

32

1

Z

ol

AAete] 9

T1 Al el northern blot<

@.

432 HRP12Z HRP29 SiAAS ¢

7} @A

izl o] HRP2AIA RE o] Fo M &5 &gt (™ 17)

G F

Eﬁl-

=]
725
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¢

. HRP2 1] FAd3A o] TA5 FEAoLA AGaFo| o] &3te] SxFr o s <
15v0 9] stk free radical 2A %S 7HA L A+ 23S A

G2 odde g AdEAUS FAdste HepAel A A A EeI(HP2)
S g53tdom, HP2oA 9 QtEAold MA(C-3G) AHFZ P 1622mg/100g9] =&
AL FAE DS F AN ol AEZREH &4 AANAY AEA S FE
S BAoR FAE W FAR 9 FANA FEACIS FE U= el vl A
Ak a7 A7ke] adE dST Ae RS AANE F ds Felt

o ABALQEAN)Y Ba), AA7%E 9

344 A ABAE R FAA7 298 FEAY n3f AT FPARA S
dasta wfdson FANN A FIHE AY, wAGH 2 T ol el
B3R @do] sl A=A sttt

Lok tEAo S st FAHE AYaME #gAEs FrREg o, 5EU(E
004-0 04011)T°ﬂ Atk
oF4d 3}l /A AF(Acyltransferase)®2/24 2 7|5 F2ALS]

M= ohE Alopd EERSCE
wgo Aol FEAIS G BANE FEFAAEY] BAFTY} A5
£ QAARA oA WAL, ZAste] FAFE oA dEAchd Ak A ARE W
wAh s AT A 9
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NF
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ol

al

EREY RFHAR gene) W Aojox= B8}

glutelin 2=

FA 5o ol

1.

o o]fo] A

=
=]

oF & Aot}

Ny

ato]

=

=
=

3} #d A (Acyltransferase)

veel

>

ol

)
o
M

)
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