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pTiBo542) , ¥ i % # JT 1€ 11 52 56 % R 7 ; RNAL T
WA pDS1301, 4 v Rk K 24 VB 9 st 4% it R
ERE S LR =T A E A pGEM-T-Easy
ARG A Promega A H],
12 /%

DOsVIP1 ¥ 50 F BE R1 fTR2 py e, @it

B 5[] P T X A5 3 K R Hh AU RS O ACVIPL &
FE PR A 11 OsVIPL 751 (NP_001066224. 1), AR
P H mRNA(NM _001072756. 1) JF 31 , 35 £ ¥ 3 19
KB T4 # RNAL # ik, 7300 a5 4 0 R1 A R2,
I Primer 5.0 #3177 RNAi #/& pDS1301 %
& L AH R B D)L ST (R D

&1 PCRETH3I¥RFF
Table 1  The sequences of the PCR primers used
£ Name J#%) Sequence %1 Note

R1-F 5'-GGACTAGTGGTACCATTTGACCGGCGTTGACTCC-3' Spel .Kpn

RI-R 5'-CGAGCTCGGATCCCATGGCCTTCTTCGCGTAGT-3 Sac 1 sBamH |

R2-F 5'-CCACTAGTGGTACCTGGTCAGTCCCTAAAC-3' Spel .Kpnl

R2-R 5'-CGAGCTCGGATCCGTTACAAACGACCACTTTAC-3' Sac 1 sBamH |

hyg F 5" AATTGCCGTCAACCAAGCTC-3' Primer for hygromycin resistant gene
hyg-R 5 -TAGCGAGAGCCTGACCTATTGC-3' Primer for hygromycin resistant gene
actin F 5'-TGTATGCCAGTGGTCGTACCA-3' Primer for RT-PCR internal control
actin-R 5'-CCAGCAAGGTCGAGACGAA-3' Primer for RT-PCR internal control
VIP1-F 5'-TTCCGCCCTATTACACGCAA-3' Primer for VIP1 RT-PCR
VIP1-R 5'-TGATGAGCTCTGCTGATGGCT-3' Primer for VIP1 RT-PCR

P H AW B cDNA AR, P R1-F/R1-R
R2-F/R2-R Jy5|¥) PCR ¥4 i Bt R1 #1 R2., PCR
K& W F. 1 pl cDNA # #, 2 pl. ANTP
(2 mmol/L) .2 pL 10 X DNA polymerase buffer, |-
TS (10 mmol/L) 45 0. 4 p1..0. 3 pl rTag
DNA polymerase (5 U/ul.) 13. 9 pl. ddH, O, &
M JF: PCR ¥ 3 &5 95 C, 4 min; 94 °C,
1 min;57 C,1 min;72 °C,50 s,30 ME# ;72 °C %t
it 5 min, PCR 7 ¥ U) ¢ [0 I HT 1 26 19 35 B 4k e
Ji A

2RNAL # kW, OR1 A R2 5 pGEM-
T-Easy 4K 1 3E # . ¥ PCR =¥ g B G 5
pGEM-T-Easy # /&7 4 C N &SR RIFHEAK
WkF B DH10B &z &840, M BamH 1 1K pn 1
Fi DDA DU A5 3 FHAE TA SR IF4 0 Bk ik i e
o N E KT8 58 A IE B B TA 5 RE 4 il 4w 24 R
T-R1 fil T-R2, i id BamH I /Kpn [ 1 Sac 1/
Spe 1 WX EEVIAL S0K TR 1 4 RNAL B BELLIE J5 1]
FU 77 1) 3% # 3] RNAi 2 35 2K pDS1301 H 78
CaMV35S Ji g T # fil T 9 — B Intron J¥ 5 19 P
i, @R1 F1 R2 IE J 1) i 4% 3 RNAL 4k, H
BamH I 1 Kpn | X Y] T-R1.T-R2 Fl RNAi %
& pDS1301, ¥k Mk R1.R2 1 pDS1301, 4k J5 ¥
pDS1301 - %I A1 R1.R2 78 4 °C F & #:5 %¢, # 1k

DHI10B J&Z 540, @i BamH 1 F1 Kpn 1 #E47
XS BT) A I 36 456 TF 8 1Y) v B L 43 Sl i 44 A pDS1301-
1-R1.pDS1301-1-R2., @ R1 1 R2 Jx J7 [ % 2 5
RNAi # 4K, FSacl Fl Spe | WY T-R1, T-R2
M A IE 7 A B A RNAL 2 & pDS1301-1-R1,
pDS1301-1-R2, ¥J K& 1Al Y R1.R2 F1 pDS1301-1-
R1. pDS1301-1-R2, #k J5 # pDS1301-1-R1 5 R1,
pDS1301-1-R2 5 R2, 7£ 4 °C F # % i3 &%, # 1k
DHI10B /&2 & 40l . 43 %I H BamH 1 /Kpn 1
Sac 1 /Spe 1 BUEGYI M 3% B 1E 8 19 52 B 8 1E B
W) 7 B A 44 S pDS1301-2-R1. pDS1301-2-R2, &
Ja ¥ pDS1301-2-R1,pDS1301-2-R2 F1 pDS1301 %5
AR EE AL AR 8 R AT I EHAL05, ] T /K A it 1%
1k .

DRITHEA FRIKFE AL . RFT R 2 1K
KRR AL 11, H & A RNAL #/k pDS1301-
2-R1, pDS1301-2-R2 A1 pDS1301 %5 # & Y
EHA105 BB R YL P A6 11 Fl 735 515 20 09 @ 4
WYL, AHF AT 10 KR B Ak J7 2 R AR R
Hiei % 1 /KRG 5% 4k 7 28 90 2 IOMCI 225 i O ik .

OFEFEE AL 11 Jrtk@thgeit. e 11 @t
2 EHAL05 HAZ Yo I, 19 “Car e b B 9% 2 d. K
Pk LEEE 28 C TR H#EATES 1 Kk 15 d. ikt 28 CF
HEATES 2 ik 15 d. K bR a bt fd.
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TASEEFRIL B 25 Rt . 3 g8 i ) B2 R
B 20 At A 1 TP AR 11 0 B B R B ik
AL ViE ¢
5) To AR 35 A 72 M Bk PBH PRSI, CTAB ¥
Jl1 5 2 3 DR A Bk 2 P 4 DNALAE A PCR AR,
LY T EARIC hyg A I Bk DR B PR AR B L 9T H
IR 1. PCR =¥ K/NA 750 bp, PCR ¥4
KZ:1.0 pL B E 4 DNA B, 1. 5 pL ANTP
(2 mmol/L).1.5 uL 10 X DNA polymerase buffer,
LRSI (10 mmol/L) 4% 0. 3 pl..0. 3 ul. Tagq
DNA polymerase (5 U/pL). 10. 2 pL ddH,O.
PCR JJ #J¥: 95 “C, 4 min; 94 “C, 40 s;58 C,
30 5372 °C .40 5,30 IME#F ;72 CHEAH 5 min, PCR
PR L 0 B IR A
6) Ty Q% B DA R P OsVIP1 JE K 3R 35 i A
W, R TRIZOL 3% 4 $2 5 56 Ok 8 it A &
RNA. F]J TOYOBO /A 7] First strand cDNA syn-
thesis Kit #£47 RNA 857 . /8] cDNA, H iR #£
Ve UL B E4T . RT-PCR XK. A Bactin fF

P S 5 TR A 0 2 5 TR KRS A B RN G BT Os VP
R F LR, Bactin F1 OsVIP1 #:H RT-PCR
a1 1, &% % cDNA #fk it fil PCR
BB NS RNA Bactin WFRE BB —2., %
J& ¥ B AR 1 PCR R K & FAR T 7] B 9 3
Bactinfl OsVIP1, PCR &R F2F:95 C.1 min;
94 °C,20 357 °C .20 s;72 °C,20 5,28 ME#H ;72 °C
FEARS min, 1 Y035 B B A I

2 HERESMH

21 Jk#Es VIP1 E B (OsVIP1) 5#lE 3 VIP1 &
B (AtVIP1) &) &R 14 bk 3F

g T WEFE KRR AT T A 5 1 5 AL e AL BIL R
FILF R e 34 T K Fg e 58RI VIPL & H
(AUVIPL) /& FE R JE B9 & H, J7 90 9 5 o NP _
001066224, 1, fir 4 A OsVIP1, )\ AtVIP1 A
OsVIPL1 J7 31 L X 7T LLAE H (B 1), AcVIPL Al
OsVIP1 Z /R T 9 1 AHRIPE R 47% . W] 2 A~
P IR PR PR AR 25 T EL bZIP &5 kg S 45

60
0sVIP1 Roe--RFf---------- PSGGGR SETF ANy DPEGHE siDifnge 50
AtVIP1 §IE QTILSEIEHI EERPRORI S -\ET FSGESID FDPSWI DI SIANY- 62

MG RP 6P A

HHRRA SETF

DLLL D FS LDF

100

*
0sVIP1 s@sDDSEATSDPT B ppp —————————————— E 99
AtVIP1 -NAPRJZPOQS Q0N QAS vosssrssm;vv KPEARE‘ R 124
L P

G HBRS 56D3 FF

* 140 160 * 180
OsVIP1 SiOGGG--GGEGEGESGESG E SGG-LP DAE 155
AtVIP1 GYTEEKFIATSS EKKK HH EM ASINT I TIRASVEG MGi GGD 187
6 H RS SMDG F ES L D KK M

OsVIPI E

*

‘ zﬁﬂ”*
250

AtVIP1 B 0 SK
AELAL6DPKRAKRILANRQSAARSKERKI4YT ELERKVQTLQ EATTLSAQATELQR TS L
260 * 280 300
OsVIPI T E iE GGLQQQIPPYYT 281
AtVIP1 N ! T u]. R EFEESEORE 303
EN4 LK6RLQ 6EZ2QA LRDALNEALR E6 RLK6 AGZ P NGN SN
320 340 360
OsVIP1 8O0 Ql P HHAQQRHP SGQSLNDSI == $1328
AtVIP1 8 S S[e8S ARINOF{E- - - - — - - N KN @JOMEPIN[E0 PpRP - - - -~ TKRG : 341
Q QQ M 3 QQ S3NG SL MDF

e OHE A AR

S %% Blue box: Nuclear location sequence; ZI {4 HE : bZIP #5745 M) 1L ) 7 4~ 5 & R F E Red boxes:seven leucine

repeats of the basic bZIP motif; 2B AHE . 41 W] () R F R Shade black boxes: the identical amino.

B 1
Fig. 1

EIT VIP1 A (AtVIP1) FA7Kk #8 VIP1 & B (OsVIP1) & 5 [F i 1 b %%
Alignment of AtVIP1 and OsVIP1 protein sequences
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22 OsVIP1 HHTF RNAI FHHIEHESHEH B R
n R2 ISR BE

T OsVIP1 & T bZIP FK G b1 . K ik
TT RNAL 519y i 3 7 H 2R <7 8007 %5 52 9 mRNA
X BLL7E OsVIP1 By cDNA FEFIHY 5' 5% 1 3" 3 pe %

2K B fE ML ER OsVIPY B: I 1Y 8: 5 RNAL
B4k R1 R R2, 2 A K BAAE OsVIPL B cD-
NA H g BARN B E 2 i, LLH AR cDNA N
R, PCR ¥ 3575 2] 7 Be R1 #1 R2(&l 3-A),

1 987
s 23V 450 492 732 950 Y 1244
A ATG A A A A TGA A
4—.

R1 (473 bp)

R2 (292 hp)

6,57k : R1-F/R1-R #y1 & Pink arrows: Positions of R1-F/R1-R; k£ %ik : R2-F/R2-R )i & Brown arrows:Positions of R2-F/
R2-R; ¥4k . R1 B Blue line:R1 fragment; £ {62k :R2 F Bt Green line: R2 fragment; £0 {44k : bZIP £ 5F45# Red line: bZIP do-

main,

B 2

OsVIP1 cDNA F 3l FH FH 2 RNAI A X &

Fig.2 Fragments of OsVIP1 cDNA sequence used to design the RNAI vector

M
bp bp
8000
5000
o
5000 2000
1000

1 000
750

750
500 500
250 250
100 100

A.M:DNA marker (100~5 000 bp); 1:R1 i B R1 fragment;
2:R2 Bt R2 fragment; B. M: DNA marker (100~8 000 bp);
1:T-R1f Sac 1 /Spe | H I AL 7k ]l T-R1 digested with Sac 1/
Spel ; 2: T-R2 [ Sac I /Spe I B I HL Ik El T-R2 digested with
Sacl /Spel.

3 R1 % R2 K PCR =41 Bl 4& il (A) Fn
TA RIEEMEETIH N (B)
Fig.3 Detection of the PCR products of R1 and R2 (A)

and enzyme digestion analysis of the TA clones(B)
23 R1# R2 F B RNAI #ixmtaz

BB R1 M R2 5 pGEM-T-Easy % 4%, 15 5|
T TA 7iBg T-R1 A1 T-R2,Sac 1 Fil Spe T XU U] 5
ESS R W Ik K 3-B s, vl LLAD 4 H AR R1 AN
R2,UEB] TA sgBER . # IRUASC 1. 2705 ik
D PTIR RNAG 2 AR d A0 3R, R R1DLIE [l
5 RNAQ & pDS1301 3% #2 , ¥ £ i il 1) % 35 25
& pDS1301-2-R1; ¥ R2 LA [RIRE i 45 16 # 2 BUAS B
Fik AR pDS1301-2-R2., BamH 1 /K pn 1 Y]
% F pDS1301-2-R1 il pDS1301-2-R2 (& 4 ik i&

I~ P45 B, R M R2 B 28 0F ) 3% 4 3 804K
pDS1301; Sac I /Spe I XUEE V)% & pDS1301-2-R1
1 pDS1301-2-R2(E 4 Hjkil 5~8) By 45 R E W,
R1 fil R2 © 48 ) ) 3% 42 3 2% 1k pDS1301. VI 43
Pra Wl RNAL 2% 7R 0 82 i 2 .

M:DNA marker (100~8 000 bp); 1,5:4% %% pDS1301-2-R1

B BamH 1 /Kpn 1 Fl Sac 1 /Spe 1 AOEFYI LIk K pDS1301-2-R1
digested by BamH 1 /Kpn 1 and Sac 1 /Spe | ,respectively; 2~

4,6 ~8: 43 %l K pDS1301-2-R2 A9 BamH I /Kpn 1 Fl Sac 1/
Spe | (Y] HL 3Kk A pDS1301-2-R2 digested by BamH I /Kpn |

and Sac I /Spe I .respectively.

4 OsVIP1 RNAi # & B ¥4
Fig.4 Enzyme digestion of the RNAI constructs
24 HERKEHE 1RGSR
i M 7K R RSt Rl P A T R P 1 20 3R LR T TR

1A RNAG G2 70 Bl = g b 46 11 R fs L 7250
2 WAk 2 gt it @t b 4E 11 dts
B, W 5 FiR JRNAGR KA e 11 FAdu
T80 Y LA B S AT T R RR A 25 S A B I o KR
(P<<0.01), Hpr pDS1301-2-R1 #y 5% 3L K h 48 11
P AR O 3 4 LG 1) B A



156 e p ook b K2 W %31 6
, 25 TofR#k B B 7Kk 75 BR 48 Bk 46 T
EER F PCR 3 % T 1 26 5 [ R Mk 64T T WA 4G
S % 2 0 R KRR R 9 20 B BB 0 18
SSEE wf i BIRES S 00265 A B R1 A6 3 DR K A8 A b
SELE wp 10 FRRERIBE H 35 Bk . B HER H 87.5% 5 B R2 19
SEET L I S TR K R ML RR 89 35, B ME LB 9 32 Bk, B 5
2 94. 3% . EW] RNAI R IFEIK T 2888 & HEK R b 4R
= Control " TR-RT " TR-R2 11 BE AR, AR ZS P 6 TR 45 7 Kkl

RNAi# A& RNA interfering vectors

Control: 4k RNAi 25 # & it € 11 & 4)7 Zhonghua 11 callus
transformed with the empty RNAi vector; TR-R1 1 TR-R2 435!
4k pDS1301-2-R1 Fl pDS1301-2-R2 W H1 4£ 11 M % Zhonghua
11 callus transformed with pDS1301-2-R1 and pDS1301-2-R2 con-
structs, respectively;

* % TR-R1 1 TR-R2 % & B 0 1% 71 45 L6 0] 5 %0 HEAT L 22 S
KB 5 E K (P <C0. 01) The percentage differences of the
transgenic resistant callus between TR-R1 and control,and TR-R2

and control reached the extreme significance (P<Z0.01).

5 RNAI#ERGE 11 BERERGSEIT
Fig.5 Statistics of the RNAI transgenic

Zhonghua 11 resistant callus

M HO1 2 3 4 5 6 7

—
-
-e
-y

-
- -

M:DNA marker (100~8 000 bp) ;

Different Ty generation RNAI transgenic rice plants.
B 6
Fig. 6

Control 1 2 3 4 5
OsVIP|

e —— — — — —|

A. Control : RNAIi 4

¥k Different transgenic rice plants of R1 fragment RNAi vector; Sactin: 1% K Internal control gene; B. Control: RNAi &%
FLIN K FEME AR Transgenic rice plants of empty RNAi vector; 1~7:

8 9

H, O B XT B Negative control; WT. # 4= #1 Wild type;

By T REEFRKBEKPERHL

PCR detection of the selection marker gene hyg in some T, generation RNAi transgenic rice plants

17 1ﬂ<ﬁ¥ﬁﬁ#ithﬁﬂ%?%?%,M%:MB%KHT&F
AR
26 THREERKBHEKT OsVIP1 EERRIE=E
i

FIFH RT-PCR Xt T, A8 RNAI %% 3[R 7K F5 485 bk
1) OsVIP1 He R 3k 5 #4717 o0 B, 45 SR N8l 7 fr
ARG TEREIN Y 6 Bk A BE R1AY T AR 8 35 DR /K A8 A A
(] 7-A) 5 Bk OsVIPL B R s B BKT
XFHEAE 11, R AEIX 5 #k i Bt R1 T, ft RNAiL #%
LK R AR AR L OsVIPT JE PR 0 36 5K 16 — o P
BT AER DT RR R BER2 B T AR B A

10 11 12 13 14 15 16 17 WT

1~17: AR A To RANI #% JE P AE #R

EFRICE E B PCR &

Control 1 2 3 4 5 6 7

OsVIP1
B actin e ———— il

25 AR A B BE TR K BB AR Bk Transgenic rice plants of empty RNAi vector; 1~6: A Bt R1 RNAi B A [6] 5% J K 7K Fei ki

23 HAR Y
R Bt R2 RNAI A [F] % 3£ [ 7K RE A Bk Different transgenic rice

plants of R2 fragment RNAI vector; Sactin: 1% Internal control gene.
7 RT-PCR#&M A E RI(A)FMFE R2(B)T REEFEKTEH OsviPl EERIEE
Fig.7 RT-PCR detection of the OsVIP1 gene expression in

R1 (A) and R2 (B) T, generation transgenic rice plants
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KK FEAE RR (B 7-B) o4 Bk OsVIP1 3 7 () 3£ 1K
HRERTPE L FAERAEX 4k B R2 T,
X RNAL B 5L KK F Al bk, OsVIPL B 1) 3% 5k
E—ERELZH T .

3 i #

KA PP B AL e e — W A )
YRR REZEANS S, MR E M Z
RAEY NS 5 et B 0 4% Fh 8 O R i B 5 A B
TFRATRAT X —df2 . Havk ik, X T2 4
YN S5 et B 8 B I A 0 3 VA R AR AT B
HHO R I RIF S ER AU B 3 AN TR 1
FEOTEIEM IR IF AcVIPT 78 4T B 5% 4k 1 72 b
RAETE TR, R X RNA 55 0 B0 Bk 32 4 4T B
fRYLRE 1 & A T 224k Re HE BT (19T 1, T-DNA
PR R 23R L VIrE2 18] 41 M A% B BN 1 32
BEL'2 T 422 35 PR 7 00 5 v ) i R Gk L RE R R
AAT TR X K R A8 B 09 42 e B8 0 DA 4 = 5 ARk
BTl T KRR R R A R R AR AT B R AR
A EHRABCRBAR., RIFEER K EZEZ R
R 5% ) Q0 KRR %) 32 DR R T o o A 1 AR Ak 2R AR
B FE 0 4y AR AT B TR R NOBLOC R 2 4R | Tk R
(AR Ic 3 B A 20 8% 3% 5 F b IR L pH (Y,
{HK ARG R B AU R OF AtVIPL BAE s 12
EATERE P BF 5K R S ACVIPL [6 I8 19 8 3
OsVIP1 HA & 2 5 X8k $ 5 RFF 5 5% 1K
e AR J31) i LR 1 2803 T 0 10 S B

ARSI B T KRS OsVIP1 2 4~ R BERY
RNAi #ARIEF R A AL 7 b 48 11,7655 2 Ik
ik 2 JE B  RNALFE 3L A8 11 @0 0% i o &
1 B Fe A9 B AT R4 . BrbE @i e gk B — 2
FRRE ARG R AT B 0 I 5 Ak s %, R Os-
VIP1 RNAi 7E 7K rf BT 2 i /F H 7T 68 Ff1 At VIP1
S S RNA T80 5w B B 4E FH D 2, B IR AT
R YK R0 R ) 82 T-DNA |- 56 7 i
WK VirE2 1) 40 i A% 04 s A o DT 52 Wi Bt 2
Py I e, b T, A4 RNAGL %% 5 P K f§ 4 #k RT-
PCR #: Z B, NI OsVIP1 3 K A9 £ 35 9 RNAI
AN TR RE B T

KFG OsVIPL J& T &% H bZIP /& 5F 4589 3 1 5%
SRR R AW bZIP e SR AT LLGE
FREE 1) DNA J¥ 8 25 &, 8 45 5o i 42 A OC 5E
HiRk. PBZI(—WBEMHEE D E T PR10 X

T o E AR ) HRAE A Py R AR AR ) 36 85 v A A A T EAE
FH . A B FR KRS 7E 52 29 I W R I PBZ1 %R
P ek ik B MARAF A S i Ak R
A 5T bl g — B AP R I AR AR Y o R PR
OsVIP1 AJBEFT PBZI 15 5 3 % 4 95 A ¢, A 56
o, [RIE R T T AR LA R PBZT BRI 3R
N H A A R R WL 7 OsVIPL 3 3k 8 9 il 19
RNAi #i#k . PBZI K () R 1k &t F MR F
R A RGE AT T — P Rk,

AWFFEIE i RNAL £ R TUER OsVIPL JEH 3R
KPR 8] T ARFF, A e Sz B N e 26 e 1
— i LAl

& £ X #
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Construction of OsVIP1 RNAI transgenic rice plants

LOU Lijjuan SHI Xue LUO Mei-zhong

National Key Laboratory of Crop Genetic Im provement ,
Huazhong Agricultural University sWuhan 430070 ,China

Abstract In order to elucidate the molecular mechanism of Agrobacterium-mediated genetic trans-
formation and improve the efficiency of Agrobacterium-mediated rice transformation by molecular bio-
logical methods,we studied the OsVIP1 protein function with the RNA interfering technology using the
rice variety Zhonghua 11 as the host for genetic transformation. A rice protein sequence homologous to
AtVIP1,named OsVIP]1 was obtained by homologous searches. Two RNAIi expression vectors, pDS1301-
2-R1 and pDS1301-2-R2, were constructed with two fragments (R1 and R2) of the OsVIP1 cDNA, re-
spectively,and used to transform rice variety Zhonghua 11 callus through Agrobacterium. The statistical
results showed that formation of the transgenic resistant callus of pDS1301-2-R1 and pDS1301-2-R2 vec-
tors was inhibited to some extent. PCR experiments indicated that R1 and R2 fragments were successful-
ly integrated into the transgenic rice genome. Semi-quantitative RT-PCR analysis showed that the
OsVIP1 gene expression was suppressed successfully in some RNAI transgenic rice plants.

Key words rice; OsVIP1; RNA interfering; transformation; transgene

(THE%H . H4mE)



