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Research on transgenic tobacco expressing p24 protein gene
of Grapevine leafroll-associated virus 2

LI Jie, CHENG Yu-qin”
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Abstract The vector p-G2-p24 contained Grapevine leafroll-associated virus 2(GLRaV-2) p24 protein gene was used
to amplify sense/anti-sense strands (300 bp in size) and full sequence of p24 protein gene.respectively. PCR products
of complete sequence of p24 protein gene were digested with Hind[ll/Sac I and cloned to the expression vector
pCsuper 1300 + to obtain recombinant vector pCsuper1300-p24. The positive sense and anti-sense strands were
separately inserted into the middle vector pBSint which contains an intron, to produce pBSint-p24-F-R. The obtained
recombinant middle vector pBSint-p24-F-R was digested with Sal I and Sac I .and the restricted products were
cloned into the expression vector pCsuper 1300 + to construct the ihpRNA vector pCsuper-p24-F-R. The pCsuper1300-
p24 and pCsuper-p24-F-R were transformed into Nicotiana benthamiana mediated by Agrobacterium tumefaciens .
respectively. PCR and RT-PCR testing showed that 34 T, and 12 T, positive lines expressing p24 ,and 17 T, and 7 T,
lines that transformed with the pCsuper1300-p24-F-R were obtained, respectively. These results could provide
experimental materials for the function study of p24 and creation of grapevine germplasms with resistance to viruses by
RNAI technology.
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9% 7 Bl (Closteroviridae), . & GLRaV-1 #l
GLRaV-3 iz Bl & 9 % J& (Ampelovirus) 02 »
GLRaV-2 J K LI %k # J& (Closterovirus) i il .
GLRaV-2 BB N KL 16.5 kb, H 9 A~Al 3
HE (open reading frame, ORF) , H.ff%f 8 4~ ORF %4
=4 p24 % 4 (24-ku protein) & %5 i RNA it
BRAW BT 0 RNA B ) X5 g 7 42 e+ 43 %
B HHETO p24 MERLY) RNA TR A HL ] K
e HA AL BEE A

RNA F 4 (RNA interference, RNA1) 2 i ¥
Vi AR YR — R DLW, EEE
dsRNA Y] #) % K/ 21 ~ 25 nt 19 /N F 3 RNA
(small interfering RNAs, siRNAs) , %k 5§ siRNAs
WS Z HAMA mRNA, I S B R . i 8 0
i Bty RNA T B0 ] 1 ok 418 1 46 4 3 b 0 9 B S
I o o AT R A A B A AR R AR
MO RNA LR AIL ] SR TR 75 5 4k DA 9 02 B
PR TR R A RO EZ g — AR
BhmpiREaY ., CAHMR RN, &H RS
dsRNA [ %6 56 R 9 58 LA 100 %6 [ 8% %15 S 9
X B A

WS 8 A # F 3k GLRaV-2 p24 % 1A
B FC ihpRNA B84, I 4 H 53 50l e A A A M 3R A5
FREDAREAR . B A p24 B ALY D RE W 5T RN A
F RNAI S-S B 500 58 49 7 A5 HEalgprk

1 #HE5RFE

1.1 R s R

U GLRaV-2 P24 MMM # AR p-G2-p24
O o jE] 28 4 pBSint ., # 4) # 3k 2 /& pCsuper 1300
+ RATH FE R EHALOS (A AR M P 1 15 O A 5286
FARAF . T4 DNA #EH  Taqg DNA J45 J FZ R
WU B % &y TaKaRa 23 &) 7™ & PCR 7 ) [a] 50 )
&M A Axygen 2],
1.2 FHik
1.2.1 pSuperl300-p24 #j#

PLp-G2-p24 JHEH . 971 p24 EEAIEE 2K P
5. B RS9 4 0 8 WF: 5-CCCAAGCTT-
ATGAGGGTTATAGTGTCTCC-3" fl WR. 5'-
CGAGCTCTTAACATTCGTCTTGGAGTT-3'CF

RIZE 20 9K Hind 1 #1 Sac 1 BEYIAL A . PCR § 4%
2k 94 CHIASME 5 min; 94 CAFPE 30 5,64 °C 5B
& 30 8,72 C#EfH 1 min, 30 ME¥H;72 °C 2 {1 5
min,

H Sacl/Hindlll % [ ¥ £ & #& &
pCsuper1300-+F1 PCR #7347~ ¥y, i% % )5 ¥ b K
FFH DHb5e J8&52 25 40 . 52 BBk . 8 PCR F g )
Y S PR R B 4 Bk . 2% bt = R A M EOR
A RTAEAEF .

1.2.2 pCsuper-p24-F-R &4 # &

Php-G2-p24 B AR, P73 1 Sem) i B (fL
p24 FEAKEN 56K 300 bp FAFID . LT
W 51 % 4 H Ak hplF:  5-CGAGCTC-
ATGAGGGTTATAGTGTCTCC -3'/hpIR: 5'-CGC-
GGATCCTTGGTAAGAGAGCGCATTTC-3" (F
RIZ 4 518 Sac 1 1 BamH 1 B¥I{7 £ JhpllF.5'-
ACGCGTCGACATGAGGGTTATAGTGTCTCC-
3'/hplIR;: 5'-CCCAAGCTTTTGGTAAGAGAGC-
GCATTTC-3" CF R 43 3 M Sal T 1 Hind Il B
f5), PCR ¥ #8444k 94 “C WA 5 min; 94 °C
A5 30 5,50 °C 1Bk 30 5,72 “CLEM 1 min. 30 M
572 "CHEAR 5 min, K [BIWCHY IE ) F B PCR 9
H Sal 1 /BamH 1 XY G . & M) 5 b 2] & N &+
[ ] 2 4R pBSint |, 45 3] # 41 Bk pBSint-P24-
F. SRIG¥ R B Sac 1 /Hind I WEGY) G &
a] 3¢ [ #| pBSint-P24-F # Ak b, 13 3| & 4 5 kL
pBSint-p24-F-R,

Sall/Sacl W] pBSint-p24-F-R., ¥4 fil§ 1] 7 ) 4l
A 1S 3% 422 3 22 [ A 6 V) 5 1) pCsuper 1300+ |
(1D o PCR ORI ) %5 7 Ay B (%) 0 20 5Tk, 3%
A5 = A AR W HR AT BR 54 2 W

Sacll BaImHI Hiflldm igdl I

LB 35S P241 Intron(+) P24 1l Nos tir Uptll  RB

1 pCsuper-p24-F-R R = &
Fig. 1 Construction strategy of pCsuper-p24-F-R
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RNA Fi3:H 2H DNA, Jf] RT-PCR #1 PCR #47 FH 1
MRARYEE . RO 51945 5] WE/WR I hplF/
hpIR, PCR ¥ #4514~ 94 “CHiZE# 3 min; 94 °C
A5 Pk 30 5,50 °C 3Bk 30 5,72 “CHEf# 1 min, 30 4~
;72 CHEA 5 min, [A] B BEHGHR 73 PCR 7= i% 2
T Ak J5 BEAT 00T 2347

2 HBREHW

2.1 pSuper1300-p24 BB R ETE

PL p-G2-p24 JHH, PCR 973§ p24 1A A
R FH A3 BRI 618 bp By H A4 . #5111
() PCR P2l Hind Il /Sac 1 SLEEYI G + 7 11 78
B F 35K pCsuper 1300+ |, BEYILIFE B ~4 H
(2 (I 2) . B T e 00 e 235 2R o 3 ) 48 A Ay At 1
B o A5 FEL BORL A 45 8 pCsuper1300-p24.,

618 bp

M 2y DNA 43 F & DL 2 0003 V§GH 1 2 %8 S iAo 1, 3K 08 2y i)
a7/
M: DNA marker DL 2 000; lane 1: negative control; lane 2.
restricted product.
& 2 BEFYIIEIE pSuper1300-p24
Fig. 2 Restriction analyses of recombinant

vector pSuper1300-p24

2.2 RNAi #{& pSuper-p24-F-R FJ#3Z F1 & E

DL p-G2-p24 JEiMR, PCR §" 14 p24 HHHNH
K/NH 300 bp WIE 1) BE. 8 M) PCR =4
GER @ F BB A Sac I /BamH 1T 1 Sal 1/
Hind Il X EGY] J5 5 %2 18] 50 [ 2] A (8] 24K pBSint, 15
I 21 1Y v ] R pBSint-p24-F-R,

HI Sal T #1 Sac T BUEEY] pBSint-p24-F-R., {4 il
)72 1) 5 ] s e ) pCsuper 1300+ |-, 15 5 5 41
ki pCsuper-p24-F-R, f1F p24 HEFEHIE R A

BeZ (8] A —A~ 155 bp BN & 1, X U1 5601k
E 755 bp IO EAT H B A4 (B 3D 515 5 A
A o Bl IS 00 445 SR 0 Tk B (A o T A

M %5 DNA 434t DL 2 000; 3k i8 1 2745 84k x) B, kil 2 9 i)
s 7/8
M: DNA marker DL 2 000; lane 1: negative control; lane 2.
restricted product.
B 3 EFYILEIE pSuper-p24-F-R
Fig.3 Restriction analyses of recombinant

vector pSuper-p24-F-R

2.3 HEREMAET KEAEKRREEE

PEHC T, X 2B 40 B 48 Bk DNA F1 RNA, J]
WE/WR #1 )z hplF/hpIR Jy 5| 4. 53 5l i# 47 PCR
A RT-PCR il FHYERE & o 7E4% 16 pCsuper-p24 il
pCsuper-p24-F-R ) 14 f £k b 43 514 0 2 B 19 5%
HF (618 F1 300 bp) (J&] 4) . 171 B A= U A A 4 )R g
HHR N Z5 7, PCR =49 16 0 e 45 St 2 W 0 p24 7R
FISE P 5. 2k, 4K 45 7% fb pCsuper-p24 F
pCsuper-p24-F-R (1) T, 4B ¥ ¥k & 43 %1 4 34 #
1714,
2.4 HERMBET RAMEKERELETE

¥ iR % PCR Hil RT-PCR 9 34 > FH 44 4 7
A PR LE I S B AE L SR AR IO T AR B SR F
FEAn T AAH 7, R 54 B T, Ak RNA BEAT
RT-PCR #7465 00 A BH M (4 0k &= b A H Y 450
(618 F1 300 bp) (& 5) . B Ja B4 5 25 5 B 5 n i
Sk p24d EAHKEXEFI ., &% E.KH 12 Mk
pCsuper1300-p24 F1 7 4~ %% 4k pCsuper1300-p24-F-R
19 Ty ACRE R R B
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M CKI CK2 1 2 3 4 5 6 M CKI CK2 1 2 3 4 5 6

M CKI1 CK2
-

(@

() F(b) 43 53] K 54 4L pSuper-p24 ) A Ak PCR #1 RT-PCR Kyl ; (o) #1 () 43 51 g 5% 4k pSuper-p24-F-R ) 4 fif bk PCR
1 RT-PCR #. M:DNA 4374 DL 2 000; CK1 . B3 B s CK2 . JH P X B8 UkGE 1-6. 9738 724 .
(a) and (b) :PCR and RT-PCR detection regenerated plants transformed with pSuper-p24; (c¢) and (d):PCR and RT-PCR
detection regenerated plants transformed with pSuper-p24-F-R. M: DNA marker DL 2 000; CK1: negative control; CK2:
positive control;lane 1-6 : PCR products.
4 BE4##% PCRE RT-PCR # i
Fig.4 PCR and RT-PCR detection of regenerated plants

M 1 2 345 67 8 910111213 MCKICK212 3 45 67 8

618 bp

(a) M AkpCsuper1300-p24 A F (b) H%%4kpCsuper1300-p24-F-RA ik
(a) Plants transformed with pCsuper1300-p24 (b) Plants with pCsuper1300-p24-F-R. M: DNA

() N4k pCsuper1300-p24 HYHE b ; (b) 9 4k pCsuper] 300-p24-F-R {44k . M 2§ DNA 4 74 K/ DL 2 000; CK1 2 fH
PEXF IR s CK2 g BIPEXS BR . FCAt kB PCR 774
(a) Plants transformed with pCsuper1300-p24; (b) Plants with pCsuper1300-p24-F-R. M: DNA marker DL 2 000; CK1,
positive control,CK2,negative control;lanes 1-13 and lanes 1-8 ; PCR products.
Bs T KEEEEKHN RT-PCR &N
Fig. 5 RT-PCR detection of T, transgenic plants

3 W B MAE B9 (Citrus tristeza virus sCTV) g5 1) 3
AR 0 BRI ] 7 3k Bl Be i thpRNA 8k e A

TE G 1 5 R TR 280 M B 76 H A 5 PRI I S 1] R AR R AR » ZRAG 1 B ik DAL R ok 22 B 1 0 320 7 19 ¢

S E InA — BN & FIF 51 il AR AR ) v i S8 24 (complete resistance)t™ , ¥ K 78 ' 5 7
T E A E ) thpRNA K Ie sy, iR KiEE H (Cucumber mosaic virus , CMV) CP 3 A 3B 43 JF %]
PREEH P UTER AR . FIIZEAR  Soler %45 &K JE [0 ve B B BN & I 8K B SRS 3% ihpRNA
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R AL BT A — A B SR TR bR R R B
CMV g gtk . Wang %5008 &5 A K& %
Wi 8 (Barley yellow dwar f virus ,BYDV) PAV 43
BYEZREEASEN ihpRNA SRR L k)
A 9 MFRAX BYDV-PAV I P45 .

55 H At A 05 B — B GLD ke = 4 8% Bl i
255, T HAE 4 L B R KRIA BTSN Bt
PE i Rl R SR Y 32 2 7 2 e it 2 A TG s 1
2 B AR (H H ] A 58 B8 6 55 XA GLRaVs
UL B8 B B9 TG 75 1 b T2 20 GLD 1Y
FOR A A o PRI 3 ok B R TR R 855 7 0 5 7 2
Foft 5 AT B 8y By 47 4 o B B0 A& AR . HETE
A3 05 T 1Y # % Ling 5 HRGE T % 3% GLRaV-2
CP & AR B X GLRaV-2 B3Pt A&
WFFEHs A p24 M thpRNA 1 24K 73 5l e f A
AR S BT AR A B4 B P i DR AR AR AT B B T A
MRS E A p24 B RENEFT R AL ER B R
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