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MR PER R WKFE s T £k C1 K (ZmCD
AR P8 3 P OsC1 (R2R3-MYB 2645 ¢ K 1), Ta-
kahashi %1 & B OsC1 5 7K R 81 43 B (5 40 5% 5 A
AEDFAE R B OsC1 fEAE R Sk 363k, 76 Hofh 4
ZLEEfH) HRE K, OsB1 Fl OsB2 EKFEH S
H5HERS M bHLH 288 2 W 7.8 OsB1,
OsB2 [REf s A fE—A~5 ZmC1 I [6 5% 16 K 7 )
240, v DO SR BT R R HJE T ZmC1
MR OL T CAE T R R, U OsB1 1 OsB2 2
LK ERMAE L RIUA P Fuy
MYB 5 H 7 HAEA R R R DI RENY . ik it
FERM L BOKR R it 2 A B AN LR Py AN
Pp JeP L F 6, Horp Pp XF pp WA 2R
P, KRR S 56 R WDAo Bk P
H Al i JCH 98 R E .

K PACT #H (ZmPACD) 4ifih WD40 &2
L E KRR 2 AUE B A6 E R BB 5
PSS AR 5T R & R 7 91 () U B X, 4% K A
HRE R, WD40 & 8 [ 5L LOC_0s02g45810,
%A OsPAC1., AWF5E4% OsC1 Fil OsPAC1 7EK
F§ i Fl Chao 2-10 F1 ZH11 vh & 263k, WLEEK R
LT AW A A A L R ) R S B L B 2 OsC1
M OsPAC1 B IhEe , I E RIS HEF RIK
e ity o 24 7 Al

1 HEES T

1.1 A

KW ¥ & (Escherichia coli) B ¥ DH5a
TOP10 MR 9 & T & (Agrobacterium tumefaciens)
F Rk EHAL05, A i Roll K24 1F st 4% ol R B R
S R AR L,

FHF R pC1300NU Mk H 24k pCAM-
BIA1300,pC1300NU |7 4 Ubiquitin Ji§ 3l F &
Nos Z¢ 1kF, 2 T E L 50 = R A7 .

HHZWEAEMN 2 XN T OsCl,
OsPACTLLR K i Ffr 7B O 5 DA 20 O Bl 97 1 . T8
U JE Rl AR R b B T AR R B 2 BE R T AR F
FEOVERBE . SRR E A AR M b, ok L e Al e
o h R R RS AR B A AL E R
ZLAT LM IZ A R T B AR RN R R
BT

Sl Az AR SR oK R MRS AP Chao 2-10 A 4k
11(ZH11). Chao 2-10 J& F A 5 F, b1 116 0 i

REFA W YRR, R4 T WA 48
HBRMEEN T RHE A AEKRD Le N
Jei o 1Bl B AR R IR A L, B b B B S A T
w1 I Chao 2-10 255 AL A6 75 F M 56 I 1
M) RAF3ZAR, A 11 8 TRAS b, 2 5 F st s
AL Z AR R

12 OsC1# OsPAC1 & EH =&

FH CTAB % $2 HBCR b (9 36 9 41 DNA, AR %
TIGR Chttp://rice. plantbiology. msu. edu/index.
shtmD) B4 & $ OsC1 fil OsPACT 3 A FF 31, H
Primer 6.0 WiHHREMEY 3514, LIRS H 41 DNA
J9 B Mz, Bl OsC1-F, OsC1-R #" ¥ OsC1, H
OsPAC1-F.OsPAC1-R ¥ # OsPAC1 3, 3
P51 YIS LR 1,

x1 AHRETARMGY
Table 1  All primers involved in this study
Bl /K S H1 (53D
Primer name Primer sequence (5'-3")
OsC1-F GGATCCGCTCAGTCTCACACCGCACAGA
OsC1-R GGTACCGTCACGCACACAAGTTC
OsPACL-F GGATCCCGAGAAAGAAAGGAAG-
CAAAGC
OsPAC1-R GGTACCTCCACCAGACAGTTCATCACA
Hpt-F ACACTACATGGCGTGATTTCAT
Hpt-R TCCACTATCGGCGAGTACTTCT
OsCHS-gRT-F TTGGGCTGGACAAGGAGAGGATGA
OsCHS-gRT-R AGGACGACGGTCTCAACGGTGA
OsCHI-qRT-F TACGAGAAGTAGGTCACGAT
OsCHI-qRT-R TTATTTCATTGTCAAACACGAG
OsF3H-qRT-F AAGAAGGGCGGATTCATC
OsF3H-qRT-R TACGAGAAGTAGGTCACGAT

OsF3”H-qRT-F
OsF3”H-qRT-R
OsANS-qRT-F
OsANS-qRT-R
OsUFGT-qRT-F
OsUFGT-gRT-R
OsC1-qRT-F
OsC1-qRT-R
OsPAC1-qRT-F
OsPAC1-qRT-R
Actin-qRT-F
Actin-qRT-R
OsDFR-RT-F
OsDFR-RT-R

ATACCATTCGGAGCAGGA
TGGCAGTCATCAGTGTGA
CGCAAGCTGTTCGAGAAG
TTATTTAGTTCTCATTCCGTTCG
CAGGAGTTGCAGGCGAAG
CGACGAACTTGGCGAAGT
GAATTAGGAGACGGCGATGA
TCACGCACACAAGTTCCA
GCATTCCACCATCTTCTAC
AAGTCATAGCGGTTCCAT
TGGCATCTCTCAGCACATTCC
TGCACAATGGATGGGTCAGA
CGGGTTCAGGTTCAGGTACA
TGAAACCGGAGGGAGTAAC

TR R 2R Ab e L AR 3 B U A2 45 Note: The underscores repre-

senting enzyme loci.
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Ubiquitin promoter
LB

HindIll

Ubiquitin promoter

BamH]I

B B, R iR R IR HAK pC1300NU-OsC1 Hil
pCI1300NU-OsPACT(E 1), $5 1 84 i1 26 38 304K
pC1300NU-OsC1 il pC1300NU-OsPAC1 43 5 %% 4k,
FIRATFHE E b EHA105 B, —70 ‘CI#-FE .,

OsC1

Nos terminator

Kpnl  EcoRI EcoRI

OsPAC1 Nos terminator

HindIIl
1
Fig.1
14 REENSHKBEEEL
FHAAT B A 5 19 382 4% 5% A0 35 pC1300NU-
OsC1 fl pC1300NU-OsPACT ik AR 3 B 1k 7k
FEAE ARG f AP Chao 2-10 F1 ZH11,
1.5 PCR PR
FERRFEAL T B 3~5 cm M F L ) CTAB /N
i K A5 2L R 41 DNA, H Hpt-F.Hpt-R ¥ 34
Hpr H:H 7 Be WU 7 9 KR/ 550 bp, PCR L
A M1 1510 X Buffer 2 pL;dNTPs 0.4 pL;
514 Hpt-F/R £ 0.2 pl;rTaq (TaKaRa, 1 [E K
#)0.2 pLs b ddH, O & 20 pl, PCR JZ I 2k 4 -
94 °C 5 min;94 ‘C 30 s;58 °C 30 $;72 °C 30 s;28 4
EFR372 °C 7 min,25 °C 1 s, PCR =¥ 0.8 % Bt
IR W e PR Dk A 0 O 3 B P B
1.6 Southern blotting #& il
JH Southern blotting i OsC1.0sPAC1 # 1k
MR 1 B DL, I CTAB #: ok 4l £ K A 3k 41
DNA, H8 pg FEKN 4L DNA, FA R A4 B i 24 Py 4]
it 7543 Tt U0 AE ik Y 40 DNA, i U1 72 9 B8 TAE
2,30 VLK 24 h, HLIKEEHE B B DNA
R BCENE R e e . B Hpe-F/R §°48 Hpr JEH
BB, A48 b 5 2F #3i2 (Roche southern blotting i
G 22 ED Ja MR EN HE 1T 4458 A4 48 D4R,
1.7 BEERZERN
I 5 PR R AR T RNA AL #5417 Real-time
PCR ¥, RNA #1422 F TrZol Reagent(dt 7 4

BamH1

Kpnl  EcoRl  EcoRI

pC1300NU-OsC1 #1 pC1300NU-OsPAC] BB RIZH ik &= EE
Scheme of expression vector pC1300NU-OsC1 and pC1300NU-OsPAC1

K& AFD ;R H MLV KCF % (Invitrogen 23 #))
G5k 2 pg RNA K, 381389 cDNA #i B2 100
pLs W ZFE ¥ Actin %21, OsC1,0sPAC1 LA
FAEE R WA A FE K Real-time PCR 4 il
14 W % 1, Real-time PCR 2 1 & & 2 : cDNA
1 pL; 2X Rox SYBR Green I Mix (Roche, 3 [#)
5 ul;5 ¥ F/R: 4% 0.2 pls #h ddH, O £ 10 pl,
Real-time PCR Jz i/ 214 :95 °C 10 min; 95 °C 10 s;
60 °C 40 s; 40 1 ¥, K 0y M XF £ K & D
2RI,

18 #BEREMNE

EHER ARG R, A A& 5 k2%
Zhu ZEV vk L BURE J DORE R BT B 0 R TE VA
HWFES 5 BT KR 0.1 ¢ IR E F 2 mL &
ODEF LA 1 mL 80 Y0 dh R H B4R . % 170
r/min 42 24 h,10 000 r/min B.L> 2 min, W E |
W 0.22 pm U8 BE, RS E TR AR SO
—20 CHAE,

e JH 1 S0 HE (3% HPLC1260 (Agilent, /)
MEAH R &, G50 C18 A% (ZORB-
AX SB-Aq 4.6 X250 mm,5 pm) ; M BIAH R A N
KEHBRIIE AWV i/ Vg =100/5, %W B R4l
Ol WshHHi% & H:0~12 min, 20% ~70% B;
12~20 min,70% ~78% B, i 0.8 mL/min,
MWK R 520 nm, EAER 10 oL, #F 4 3 1K,
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PZ) 43 53K A% To AR S7 55 LRI AR 70 BEA 55 £k
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bp
23130 w=
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BT R K R AT T Southern blotting £
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NIV R i ZHLL W5 SE M R 18 Ak
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NP FE R ZH1 BRI R A 9 ik
DR ZR B 2, o D8 % 5 RRE R A a8t 4% B e 1k
TECEAHE DL R AT G 2l 50
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A:CCHEZ(Hind Il BV ; B:CZHKZ(Hind Il BV ; C:PCHE R (BamH 1 BV ; D:PZ K & (Hind Il BV, M:ADNA/Hind
Il Marker; HiAx ik M ATE A E RN A &2 . A:CC families(digested by Hind I ) ; B: CZ families(digested by Hind [l ) ; C:PC families
(digested by BamH [ ); D:PZ families(digested by Hind [[[).M:ADNA/Hind [l Marker; The remaining lanes represent transgenic

rice lines.

B 2 CC.CZ.PC.PZ##EEZK % Southern blot 43 #7
Fig.2 Southern blot assay of the transgenic rice lines of CC,CZ,PC and PZ
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Sk W KGR M ORE B Sk B F OsCL Ol
OsPACTHYZRIKNE L, 2 B 3 A48 DL R R kAT
Real-time PCR #z i, 45K 7R, 0sC1 fil OsPAC1
FE 2 Tl sz (AR e b b ¥4 45 LU RE 3R 3k (8] 3) . Al
¥ A= AU BEAR L BRI MR CC Hh OsC1 RIKIKF
FRT 412 000~16 000 £%,CZ /1 OsC1 KKK

FIRT 2 6 000~7 000 £%5,PC H OsPAC1 Fik K
SE R T ) 33~54 4%, PZ " OsPAC1 ik K E
T2 21~29 1%,
23 RBKFE

OsC1 ¥4k Chao 2-10 J5 , 76 81 13 43 Ak By BE I R
WS40 T 2B R, B i DY 2B A AR B A Lo
FEIRAEERALA AL R B M ik ZH11 J5 @i o
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A:OsC1 1E CC #1335 & (Chao 2-10 JXF ) 5 B:OsC1 7 CZ thaRih & (ZH11 AN D 3 C:OsPAC1 7E PC H 33k & (Chao 2-10 X}

) D:OsPAC1 7E PZ "W R ih# (ZHI1 XD, i E 3 MHE .

* FoR ¢ WG P E/NT 0.05, 227 B3 » « F£m ¢ MWK P H

INTF0.01, 3 B3, A:Expression level of OsC1 in CC (Chao 2-10 serve as CK) ; B:Expression level of OsC1 in CZ(ZH11 serve as

CK); C:Expression level of OsPAC1 in PC(Chao 2-10 serve as CK) ; D:Expression level of OsPAC1 in PZ(ZH11 serve as CK).Statisti-

cal significance is indicated by * (P<C0.05) and * * (P<C0.01),respectively.
B3 #HERRZR OsCl# OsPACL RixEH# T

Fig.3

TR Bt A UL SR B AE T 3% A B % B DR b 11 3 4 2E
KABLBEPWERALTZBRE. OsPACL 1k 2
A b BRI PR A R AR MR B B ALR
TRURG JEE R RE RL i FRP 2R O HPLC I € 16
HE AR, R CCOsC1 ¥4k Chao 2-10) By Fr
A 2 FEE RAR 00 R 4 R -3-O - H
HHATAR-3-O-fH M f Rk KA HLETR
HEME D,
24 HEZEEVERRRENERRIZERN
J T AT 2 AR SEIR AR R AR A R R
MISZME, 25 B 3 MR HE DL R R 3 M-t 7 ) RNA
FEXF 7 MEF RAEY S NERSHER (OsCHS .
OsCHI., OsF3H. OsF3' H, OsDFR. OsANS.,
OsUFGT)#17 # i5 & /3 HT. Real-time PCR %
S, R A RS BEAH HE L 7E Chao 2-10 FiT ZH11
RIS OsCL J5 .6 N ET R ACHHR R 45 JL 1y

OsC1 and OsPAC]1 expression level analysis in transgenic lines

AR R EE L ARGk, Hop, OsANS 1R ik K
LA e AT 235 fif s ELZ R LCC
OsF3H .OsF3"H L 1 % B0 X 58 A8, LA 2
1.6~2.9 ff;CZ W OsCHI ,OsF3H .OsF3'H [
R AR, 24 2.3~ 4.0 5. FIEF A BOX BEAH L
Chao 2-10 ' # & % i85 OsPAC1 J5, OsCHS,
OsCHI ,OsANS ,OsUFGT L33k, OsF3H .
OsF3'H 1 %3k 5 A W A8 ZH11 h | & £ i
OsPAC1J5,0sCHS .OsANS .OsUFGT -3k,
M OsCHI, OsF3H ., OsF3" H ) % ik £ A& K 25
(5.,

OsDFR BAJE % ik 7 3K, Real-time PCR &
AEXT AT A . A3k A RT-PCR /9 J7 i
ALK OsDFR #4356 B2 TR RT-PCR
FOE BR B0 1) (40 cycles) s MELL FL AR FLAH X 6 3k &
(K 6),
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Fig.4 Phenotypic characterization of transgenic rice of CC
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Fig.5 Expression level analysis of structural genes in anthocyanin biosynthetic pathway in OsC1 and OsPAC1 overexpressing rice
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6 FEEEME B OsDFR B RT-PCR B il 45 R

Fig.6 Expression level analysis of OsDFR in transgenic rice by RT-PCR
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KR S BFFhAEFERAHER,

AWEGE H 4y TR R B L 76 Chao 2-10 #1 ZH11
HulR £ 38 OsC1RF L OsDFR AhHAY 6 M EH &
WA IR AR S5 R N (OsCHS \OsCHI \OsF3H |
OsF3'H .OsANS .OsUFGT ) ¥ A [] 18 J #b, |98 %
ik s (HAUA Chao 2-10 By 5 1 8 rf R 6% B R 46
2 UL WIKRE b A 0 5% T RO AR R G AR
HEE W, Chao 2-10 1 ZHI11 i & % ik

OsC1 J& 6T RACEN & 42 56 R 19 2 2818 B0 A 6], (3
FAHURE A DU ZH11 52 06 35 R A 8
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PEE 2R A UG B

Ithal %558 o fL KGE B R0 & B OsC1 7]
5 OsDFR F1 OsANS Wi gh T X 3k ) MYB L 2
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Function of transcription factor OsC1 and OsPAC1

regulating biosynthesis of rice anthocyanin

LI Yanxia LIN Yongjun CHEN Hao

National Key Laboratory of Crop Genetic Im provement/National Center of Plant
Gene Research (Wuhan) s Huazhong Agricultual University sWuhan 430070 ,China

Abstract Rice endogenous transcription factor OsC1 and OsPAC1, which may regulate the biosyn-
thesis of anthocyanidin, were isolated from black rice Heishuai and overexpressed in white rice Chao 2-10
and ZH11.Anthocyanin accumulation was observed in the resistant callus,leaves,leaf sheath,apiculus of
OsC1l-overexpressed Chao 2-10. Results of high performance liquid chromatography ( HPLC) analysis
showed that anthocyanins cyanidin-3-O-glucoside and peonidin-3-O-glucoside were accumualted in OsC1-
overexpressed Chao 2-10.No anthocyanin accumulation were observed in other transgenic rice materials
including OsC1-overexpressed Chao 2-10,0sC1-overexpressed ZH11 and OsPAC1-overexpressed ZH11.
Expression analysis of structural genes related to the pathway of anthocyanin biosynthesis in transgenic
rice showed that most of the structural genes involved in anthocyanin biosynthesis were up-regulated in
OsC1l-overexpressed Chao 2-10 and ZH11 except OsDFR.Expressions of OsCHS,OsCHI ,OsANS and
OsUFGT were up-regulated in OsPAC1-overexpressed Chao 2-10, but the expression levels of OsF3H
and OsF3'H were not changed. Expressions of OsCHS ., OsANS and OsUFGT were up-regulated in
OsPAC1-overexpressed ZH11.The expression level of OsCHI ,OsF3H ,and OsF3'H kept unchanged.

Keywords Oryza sativa ; anthocyanidin; black rice; OsC1; OsPAC1
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