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Construction of RNAIi vector with resistance to Cucumber
mosaic virus and Tomato mosaic virus and genetic
transformation of processing tomato
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Abstract: [Objective) The purpose of the study was to obtain transgenic processing tomato plant with
the resistance to Cucumber mosaic virus (CMV) and Tomato mosaic virus (ToMV) by Agrobacterium-me-
diated transformation,and improve the prevention and control of virus disease. [Method] The 1 051—1 350
bp sequence of la replicase cloned from CMV isolate NSO-4 and the 1 920—2 200 bp sequence of 130/180
ku replicase cloned from ToMYV isolate SCS-2 of Xinjiang processing tomato amplified by RT-PCR were
used as interference fragments CR12 and Tol2. The two fragments CR12 and Tol2 were spliced into one
fragment through pGEM-T easy. The recombinant plant expression vector pBi35STC12 containing inverted

repeat fragments was constructed and introduced into processing tomato Hongfan 3 by Agrobacterium-me-
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diated transformation. Then the transgenic plants were identified by PCR. [Result] The RNAi vector

pBi35STC12 was successfully constructed and transformed to the processing tomato. 33 regenerated plants

were obtained from 1 500 callus of processing tomato Hongfan 3. 19 of them were identified to be transgen-

ic plants by PCR and the transformational rate was 1. 26 %. [Conclusion] The RNAi vector pBi35STC12

was constructed and successfully transformed to the processing tomato Hongfan 3.

Key words: Cucumber mosaic virus; Tomato mosaic virus; RNAi vector; processing tomato; genetic

transformation

T EE N A A P E R EZ .
AR A 0 T a0 1 DR TR R A R 2 S A A L i A
MEA Z N ED H B, WAL HE
(Cucumber mosaic virus, CMV) 1 % 7 1€ MK 5
(Tomato mosaic virus, ToMV) & "™ & & & i T.7&
A 2 FhE R R Hoh, CMV 8 T4 Z et
i 7 B (Bromoviridae) & J& ££ M %%5 3 )& (Cucumo-
virus) s J& FHT T 5030 B A £ 3 6 S o ™ Y O
Z—, ToMV & 54\ % 1 95 B (Tobacco mosaic
virus , TMV) 3¢ 5 I 3T 09 — P 28 . J& T 8 & 46 it
i EEJE LA BV BER PR R AR T
FH OBV Z MY . TESEBRA ™ b, 3K 2 R 8 1E
T 5 A R Gl in T3 il o 5 T AR A B B
(1 2% BEPR PR IR o S 5 2 1T D) A Jli A €8 BB A5 /)N
W JE 7 R R AN T R A Y 7 R R L 5 Al AR
PRI TR AR R

RNAi 24 YHEA B (1 —Fh RNA B AL %
WATE THY. Y MEREEFRLZHAZEY
rRE R IR KSR ) RNAL & 88 A BE 58 4 Hi A 4
s 25 (0 AR S a0 2R N Sk 3R 12000 5 1 — BT 41
B B S 1) 5 04 A5 4G URE B AR RN L i H
FERE Y VR A 235 TAT 5 & RNAG 724 dsRNA, A 45
B AL AR 5 B RNAL U # ML 3R A5 5
e B0 Y B R DR ) 3k ) SEE 3R R O 2 i B Y
H. HATZHEARC T Z 0 T Y 50 8 7 m
BIF 5% IF BUAS T AR 4 i sl SR
SELVI BRI T A B Y G EE (PVY) 2K 1 Bl 3 [N B
A IRS # M, 1 OH B A W R AR AT T B PE A Rk
Wang 41 I K 22 88 %% 0 3 (BYDV-PAV) £ X i
PR 1) EE AT A A R A KL R AR T X
BYDV 4 i 2% 4t 1 (19 5% 5 N R 22 f bk . R (R 1R
SEUNN PVY CP #4317 90 1 I 1) 5 5 T 4 3 4k
EHHRE, RA5 T XF PVY e i 55 S Al bk . 8%
SRAEVY R TMV CP R CMV CP 345 J3 51 1 fill
B R R B b A R B A BT AR A T BT TMV,
CMV By B REAf bR . (B SEPRAE = b AR R 2

Waterhouse

PS8 & A 2 Y IR — 27 B - A RNAL £ AR, 7]
DL Z 495 B 50 o JE P 5 dE AT Rl A bt 2
95 0 2R A L B AL R AR T B T 3R A5 B B £ Rk B
fil ) A A R

ABFGE A RNAL AR 43 51 35 BB 8 n T 7%
i CMV 4354 NS0-4 F1 ToMV 48B4 SCS-2, )
AW B Ay e S T R Bl ad T s fE
AR P A A I I A A PR A BERY RNA
FIRHAK pBi35STCL2, LA PLIX 2 Floie 5 110
B B RN 3 A A o T 3 8 e B 1Y) B YA B Sk
il

I i RS R

L1 # #

L1l &R Y AR AH K LY 3K
M R (CMV) 43 85 41 NSO-4 Fl 2 fifi 46 i 55 7
(ToMV) 7354 SCS-2., 85y 41 ] T K7 4l A= )
HORE SR % R A . HEaCA Y o n T ai £0 7% 3
SR T . W K AT (Escherichia co-
li) DH5a. & #T & (Agrobacterium tumefaciens)
GV3101, ¥ 0y 41 1 K2R AR W) HOR B S 9256 %
TRAE . BAKh b E] BAk piRDG12 I 3 3k 48 1k
pBi35SDG12 , 1 2y A7 0] - R 2 Al AR 1 R H a5
5 =R

L1.2 &AM 05 EH & (AMV),
pGEM-T easy. T, DNA i% # fiff . Plant Genomic
DNA Kit #8543 [H 40 DNA 2 Bk 7] & . Wizard
DNA clean-up kit #t & FI X F &, W IW H Pro-
mega A\ 7l ; Tag DNA B & W #1 RNA prep pure
plant kit, ¥y 5 TIANGEN 22 ] 5 FR & 14 A DI i 1
H Fermentas A A ; 519 L 50 S & 48 R FEF B
JBe A A BR 23 7] 6 il

L L3 34k 1/2MS WA FRRE:1/2MS Kig
JLE+MS s ITE +MS gidh +MS GHLY I+
15 g/L BEWE. pH 5. 85 20 AL 15 37 2. MS+6-BA 2
mg/L+TAA 0.1 mg/L-+H¥EEW 2 g/L.pH 5. 8;
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12 %

kg 5. MS+6-BA 2 mg/L+1AA 0.1 mg/L+
ASCZ T #8100 pmol/L-+ 4 #E ik 2 g/L,pH
5.8 e s F . MS+ZT 0.5 mg/L+1AA 0.1
mg/L+Carb(Z X % £) 300 mg/L+ Kan(K
%% 50 mg/L+HMYEEI 2 ¢/L,pH 5. 8; £l 3
FeHk:1/2 MS+I1AA 0.1 mg/L-+Carb 300 mg/L+
Kan 50 mg/L+H¥Y&EHE 2 g/L.pH 5.8,

1.2 RNAi &g

1.2.1 FHREHFE RNA R LW EE 2
7, B NSO-4 82 # ¥4 5 4l ( Nicotiana occiden-
talis), SCS-2 .0 M0 ( Nicotiana glutinosa ),
NSO-4 7EREF 2y 20 d J& H B0 E IR 42 BCPE Oy 40
RNAL;SCS-2 fE4 M55 3 K BLAE AR I - £ B0
MHE RNA2, HA#:AE Jr ik K B8 RNA prep pure
plant kit I 45347,

1.2.2 F#HkABEG®EF Mg NSO-4 F1 SCS-2 %
K475, I Vector NTT A i# 17 43 B » 3% B
NS0-4 la Z HIfF4 1 051—1 350 bp J£%1 (300 bp)
F1 SCS-2 130/180 ku B HIEFEE 1 920—2 200 bp J¥
51 (281 bp) i) cDNA YEH T4 F Bt

1.2.3 sl MAE T30 7 Be il pBi35SDG12
AR Intron J3 51 P 3 1 B Ml 14 P9 D) il A7 83 11 2
XF Bl #, CR12SP: 5-CGGGATCCTGCCCAC-
CCGAACTCATTCGA-3' (BamH T ), CR12ASP;
5'-GGGGTACCGCAATATAATGATAATCGTT-
AATATCGATGCGTT-3" (Kpn 1 ); Tol2SP. 5'-
CGAGCTCGGATCC TGTTGCGCTAGCATTGC-
AAGATTCT-3"(Sac I +BamH I ). Tol2ASP.5'-
GAAGATCT TAAAGTTTTTCATTTGTTGAA -
CTTTAAGAGGGC-3'(Bgl 1) . F %2k %84 A g 1)
AL A3 Tl VDAV 1, 22 T P B A R 4

1.2.4 T34 & RT-PCR # 3% ¥ 4 RNAL
(NS0-4) F1 1 RNA2 (SCS-2) # 4f 9 % 7 Wil ik 77 &
(AMV) %t B 45 43 3 &5 W cDNAL Fl ¢cDNA2 ., LU
cDNA1 N, F51 4 CR12SP il CR12ASP # 47
PCR ¥ 14, /5% 1a ZHIHEHEE 1 051—1 350 bp 316
bp K/NEY - BE CR12; BL cDNA2 #5149
Tol2SP 1 Tol2ASP #47 PCR ¥4, 75 %] 130/180
ku EHlEFES 1 920—2 200 bp £ 302 bp K/ H B
Tol2, PCR ¥4 10 g/L B hg b o vk A J5 K
CR12 1 Tol2 43 5 5 B 8] pGEM-T easy k14, %
K FF# E. coil DH5a. B ) % % 1IE# )5 - 5241 i
RS | AN Sy NE - S S s R Sl /NI B |

Jr. ¥k B Ay 44 O pGEM-T-CRI12 F
pGEM-T-Tol2,
1.2.5 F#HABEGHE ¥ pGEM-T-CR12 A
BamH 1 /Pst 1 B Y1 bl & CR12 /N A B,
pGEM-T-Tol2 ] Bgl I /Pst 1 g ¥ ik & Tol2
MR R B B8 5 I K /N | Bl i 8] A fifg
(BamH 1 /Bgl Il )% #5%] pGEM-T-TC12, #;1k
KWGFFHE E. coil DHS . if U1 % %€ 1F 5 J5 » 8 24 i f
1 b6 7S G AR RS R R B 4 A BR A BT AT I )T
TR B PR AR WK 1,
1.2.6 wlRE&EAgMHE I BamH 1 /Kpn | W
Y] pGEM-T-TC12 Jfiki J piRDG12 2 {4 5 ki » 1] i
% CR12-Tol2 fIE ] i BeFl piRDG12 244 (4 47 i
A B BT E I AL KB AT A E. coil DHSq, i
YIS 2 IE 0 )5 8 A ) Bk 44 o piRTC12_R,
F Spe 1 /Sac 1 B HEEY] pGEM-T-TC12 Jit $i X
piRTC12 R ki, M & CR12-Tol2 (¥ ) ) B Bt
Al piIRTC12_R M AH N B B B A% B 0T 4k K
WP E. coil DH5 . BV % 8 1E #0525 44 22 A 3%
a4k piRTC12,
1.2.7 RNAi #hey#E  H Xba 1 /EcoR 1 XL
Y [ 2k K piRTC12 K #H ¥ £ ik 2 1K
pBi35SDG12, [l H ) A Bt » % 2 7% 1k 2 K 4 #F
E. coil DH5a H, i U) % % 1E 1 5 o o A4 2 1E 5 1Y
RNAI # &k Ay 4 & pBi3bSTC12, RNAIi 1K1y
#HULA 2,
1.3 mIFEMMEEREWK

¥ & A pBi3SSTCI2 Ji ki DNA ) R ¥ &
GV3101,7F 200 r/min.28 C $#EHEFE 1 4. K5
WL 1 10 Y KL FE 200 r/min, 28 C 4
wiEs 6 h 5T 4 °C .5 000 r/min B> 15 min, [A]
WO AR, I 1/2MS WK 35 3% 3 5 B 31 ODgo,
0.6~0.8, VK% 8§~10 d Win T&KMi4h i 1
BT FR AL LT 24 °C ISR Wk AR
3dJF BT E T F R 1/2MS Wi iR 5 57 5
124 20 min, $5 )5 TG B 08 400 25 2 4% 1 AR A 1A
W, B AR h AR 3R 2 d 2 300 mg/L
Carb(BBHFEFEE) M 50 mg/L Kan(FWMEE)IH
e R SR LT L TR R 2R 2 A A
i 1 REEFRILIEATARACKE % 1 R H B 4=k
FAZE Y AEFRSA 1.5~2 cm B, WEEFBYI R,
FAEMRE R IEFER, FFAEEKS 6~8 cm
BEEATOIE R 75,1 R R B A .
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EcoR [

pGEM-T easy
Sac 1 BamH 1 Bglll Kpn 1
N / /
—————/
T?lz Ligation
ﬂBamH I D BamH 1
CR12

Kpnl

Pst 1

BglTl/Pst 1

2

Tol
Amp BamH | Oz

BamH 1/Pst |
CR12 Eenil

BamH 1 z ,

Ligation |

1 CMV il ToMV RNA T4} B i 9 8
Fig. 1 Splicing of the RNA interference fragment of CMV and ToMV

1.4 HEREMIFMEKRN PCR &

BN T/ AR R, O 58
Tk BCEE A 2 DNA #47 PCR J3#r. AR 4 PF 42
(T4 7 By 4, R AT Primer 04 3 1 H A I T 4
R BCOE T 81 6 R S P 51 4. TC12SP: 5'-CG-
GATCCTGTTGCGCTAGCATTGCAAGATTCT-
3" (BamH 1 ) fl TC12ASP: 5'-GCAATATAAT-
GATAATCGTTAATATCGATGCGTT-3" ( T %I
LA 43 Ry Tl U AL A5 Tl DD AN A 22 T Y B A R
) PRk /Nl 608 bp, PCR P=¥ ] 10 g/L Bilg
LA € Rl

R4 pBi35STC12 # AR Intron J¥ 51 Fil NOS
Lk 77 A0 B R DU R B s ) e A1) 18 R S
2] ¥, SP/In-Nos: ACCCTAAATTTATCAAGA-
CAAGGTT #l ASP/In-Nos: AAGACCGGCAA-
CAGGATTC, =¥ k/NH 762 bp, PCR F=#1H 10
g/ L BB HE L vk A ]

2 iR 550
2.1 CMV # ToMV RNA F# E B # RT-PCR
yig

Pl cDNA1 J#HR .CR12SP F1 CR12ASP Jy 5]
P47 PCR ¥4, 153 1 55 W K/ —3m 2y
316 bp 1 H Bt CR12; L cDNA2 k447 . Tol2SP
M Tol2ASP Ry 5|¥i#t417 PCR ¥ 1. /58] 1 &5
WIR/AN—Hny 2y 302 bp 9 R Bt Tol2 (& 3). ¥
CR12 f1 Tol2 4355 pGEM-T easy % #2, 15 %
pGEM-T-CR12 1 pGEM-T-Tol2, 3 Bt & ki . £ i
VIS8 i As 7 50 IR .
2.2 RNAIi #{& pBi35STC12 BB RLETE
2.2.1 F#HRABAHE KR pGEM-T-CR12
M BamH 1 /Pse 1 FY)EY, 15 5] & CR12 K2y
340 bp B /N A Bt K pGEM-T-Tol2 Jii #i H
Bgl 11 /Pst 1 EgPI R, 153808 Tol2 9K 29 3 280
bp MK A B (8 4, id ik [ AL (BamH 1 /Bgl 1)
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B 1l ke By A B 42, 18 8] pGEM-T-TC12, $ B i B, 2 B %, TS R FER (- 5)

Intron Spe 1

GAILS GAI2R
GAI2S Sacl
BamH 1 Terminatorl

piRDG12
4673 bp

Positive in terference fragment
CR12

Tol2 /
' o >

Intron L/L Spe 1

Reverse interference fragment
CR12 Tol 2

Rep Origin 1
| Sac 1/Spe 1 Digestion Ligation |

Intron Spe

Promoter P 2

W\ Terminator 1 Rep Origin 1

Promoter P 1 . )
Xba I/EcoR | Digestion

pBi35SDG12
11298 bp

Xba 1 Terminator |
Tol2 CRI12 in\mn CRI2 1512 EcoR T
\ BN =

g Xba 1/EcoR 1 Digestion Ligation |

Promoter P

EcoR |
Promoter P2

Terminator 1
Promoter P 1

E 2 CMV fl ToMV RNAi 2k {4 1) i 2t

Fig. 2 Construction of RNAI vector of CMV and ToMV
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302 bp

316 bp

3 CMV #1 ToMV RNA F#f F Bty RT-PCR § 1%
M. DL2000 DNA Marker;1. Tol2;2. CR12
Fig.3 RT-PCR amplification of RNAi fragment of
CMV and ToMV
2.2.2 FE#Ek piRTCI2 MRS R FTLHE
ki pGEM-T-TC12 i BamH | /K pn | U] % &

M 1 2

4500 bp

3000bp 3280bp

500 bp

340 bp
200 bp

Bl 4 pGEM-T-CR12 #l pGEM-T-Tol2
T4 R By a4 i 0
M. Marker [I[ ;1. pGEM-T-CR12 F§ BamH 1 /Pst | B
2. pGEM-T-Tol2 fi] Bgl Il /Pst | f§t)
Fig. 4 Restriction identification of pPGEM-T-CR12 and
pGEM-T-To12 interference fragment
M. Marker [[[ ;1. Restriction pGEM-T-CR12 by BamH 1 /Pst | ;
2. Restriction pGEM-T-Tol2 by Bgl Il /Pst |

1 M

4500 bp
3000 bp
1752 bp 2000bp

1200 bp

6 hia R piRTCL2 U4 &
M. Marker [I[ ;1. piRTC12 #J Xba [ /EcoR T fi4]
Fig. 6 Restriction identification of piRTC12
M. Marker [l ;1. Restriction piRTC12 by Xba | and EcoR [

2.3 HERMIBZMERNES
VAL 3 5N T3 i ok i Ak 32 0, ) AR FF 1R
Akt 1500 NMAMER TR YL AL AR IE 5 A

WA B CR12-Tol2 K 597 bp MY IE M F B
H Spe 1 /Sac 1 ¥ Y] & 41 it ki pGEM-T-TC12
J& L I E 4 CR12-Tol2 fYK 597 bp M5 16 F B
(P 5) . K Wl i 1 ) R 1) e B 4 B 98 A
piRDG12 {4 AH 1 B Y07 g, AR 45 v (8] 24k piRTC12,
2% Xba T/Eco RT )% E IEHG (K 6)

2.2.3 pBi35STCl2 Wy AR %%  HUEFEIEH

By fa] 24K piRTC12, ] Xba I /EcoR T XU , 7]
WeEK 1752 bp B9 H B B (Bl 6) . 42 3 R ik 3k
& pBi35SDG12 Ky A1 R A7 4 15 2 AE 4 35 35 401K
pBi35STC12, % Hi# 4T Xba 1 /EcoR 1 Y] , $£15
K 1752 bp F1 9571 bp IR B (& 7).

M 1 2

& 5 pGEM-T-TCI12 {4 iy il 1) % 5
M. Marker [l ;1. pGEM-T-CR12 | BamH 1 /Kpn | V] ;
2. pGEM-T-Tol2 i Spe | /Sac 1 ]
Fig.5 Restriction identification of
pGEM-T-TC12 vector
M. Marker [[[ ;1. Restriction pPGEM-T-CR12 by BamH [ /Kpn 1 ;
2. Restriction pGEM-T-To12 by Spe | /Sac |

1752 bp

2000 bp

Kl 7 CMV fil ToMV RNA T# # {k
pBi35STC12 K] % &
1. Jfiki pBi35STC12;2~4. pBi35STC12 #Y Xba | /EcoR | Y] ;
M. DL2000 DNA Marker
Fig. 7 Restriction identification of pBi35STC12
1. pBi35STC12 plasmid;2— 4. Restriction pBi35STC12 by

Xba 1 and EcoR T ;M. DL2000 DNA Marker
i 8 15 Rk b B SR, B K A 2L gk gk
LN RE] 1.5~2 em J5HE A RE R,
FIRRACH] 6~8 em I HEAT MR B AR 5 RS A b 3t
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A% 33 Bk, BE T 33 #R(E &),

[l 8 ft e DR fIn T 3w A AR 1 B AR
a. WATELUNER b WAL 40 s o WA LU TR s A A B R AR TR
Fig. 8 The transgenic processing tomato plants

a. Callus induction;b. Callus differentiation;c. Callus regeneration;d. Transplantation of transgenic plants

2.4 HERMIFMEKRN PCR &N A6 45 SR B 7R, 33 AR N T3 A S DR R AR AR R A

PRI B U T3 AR AR I 8 DNALARSILL 19 #R¥ & B 1) (& 9O R 1) T4 v B (B 10) . & B
TC12SP.TCI12ASP 1 SP/In-Nos,ASP/In-Nos & T4 i Bt © 4 n 08 & B0 T35 A i 56 B 4 v L 5%
19,k PCR &4 v B2 B F A . PCR - L3N 1.26%,

M P N 1 2 3 4 5 6 7 8 9 10 11 12 13 14

750 bp

500 bp 608 bp

9 3K Bk PR N T 7 A5 AR bR LE 8 T4 B PCR %5
M. DL2000 DNA Marker; P. fi i pBi35SDG12 5 N. = % 35 DU T % i s 1~ 14. %% 3 b T3 i vk &R
Fig. 9 PCR identification of positive interference fragments from regenerated processing tomato plants

M. DL2000 DNA Marker;P. pBi35SDG12 plasmid; N. Non-transgenic processing tomato;

1—14. Transgenic processing tomato lines
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1112 13 14

762 bp

&l 10 8 43 K5 IR T 3% At ke Ak 52 1) T4 Be iy PCR %5
M. DL2000 DNA Marker; P. Fifi pBis5SDG12 s N. JF 5 3 PN 1% At s 1~ 14, % 3 P 1 76 i vk &
Fig. 10 PCR identification of reverse interference fragments from regenerated processing tomato plants

M. DL2000 DNA Marker;P. pBi35SDG12 plasmid; N. Non-transgenic processing tomato;

1—14. Transgenic processing tomato lines

(5% sk ]

3 Lhigtiie

FAEE L BEE RNAL B AR 09 Pk & e K T AR
HILHE () AS VB ) B, JHC 7 A 9 5k DR TR F 5 O 1 A 3
TIZW R . BAEDESE T & B RNAL f 9 3% ik
B 1) 25 R R DR A K R R LA R R v i A
B LA RNAL BRCRFIRUR = A i . Wesley
ATk TLA S [A) 9 RINAT 28 44 #2845 15 7y 410 7l 6t
PRGN A RR OB AT TIFN 45 R B . & A 2 4
S A E A B e 1A TR B ke
hpRNA 254y, 8 B 2 32 & RNA JUBRACR . H Ui ER
RORSE )k 9020 A L. ARBFSRTE 2 AR M EE
J7 4 ) A — Be K /2 266 bp 1Y Intron f B, iX A
SERGRIE T T30 R BRI DA IR 58 4 A R O A
B H BRI LG TE R 9¢ RNA 2544 (hpR-
NA) . #£ RNAL A& i A 5630751 K B L
KRB R HE R B e B 1 7 B i A AR A R T
E— LR AR FE

H BT A KT A 5 09 % A 7 1 © 8k 3z 1
FURE . WAL . T SR I A AR ROR 7 A
TR /N L AR AR R 3505 437 B s 37 3k v B Jie o 6 A %
I ML 1R824 (0 5% i >, FL G AR 30 AN 1 5 A
R 1oAY ~34 %6 ARHIFGE o T i AL 1k
RALK 1.26% o o B HHE 1 55 Ak R AR, 13X AT #E 5 ik
6y v BIE 1 BR80T I L AN AR B R SR RN L
05 2 A TR VE 4 0 b S LS R A A e

KBS & CMV Fl ToMV 43 85 4 & i
Tl B 43 3L P B RN AT 24K pBi35STC12 # AF| N T
FOHF 3 5. %0k PCR MGG T 19 ks ILHE
Jn T3 AR AR L X CMV R ToMV & il B 22 35
T4 52 X 2 Ao 1 00 2 T AT 38 B 405X 2 Fip
WREEMRCR . & T H TS fr Fifl— 2B
AN
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