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Construction of reverse genetic replication system for

Cucumber mosaic virus in Nicotiana benthamiana
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(College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to determinethe effect of the content of replicasela in the host plant on genome
replication of Cucumber mosaic virus (CMV), replicase la or 2a were transiently expressed in Nicotiana
benthamiana , and reverse replication genetic system of CMV was constructed to analyze the effect of
different expression level of 1a protein on genome R3-g fp. The results indicated that 1a and 2a protein expressed
from transient expression vector pCB301 could drive the replication of CMV genomic R3-gfp; RNA3 and RNA4
content in N. benthamiana infected by 1a2aR3-g fp was lower than that infected by RIR2R3-g fp. The replication
efficiency of 1a2aR3-g fp was lower than that of RIR2R3-g fp. In the plants infiltrated and inoculated by 1a2aR3-
g/ P, la concentration increased. RNA3 and RNA4 replication were inhibited. The reverse genetic replication
system provides the experimental material and theoretical basis for further studying the molecular mechanism of
CMV replication.

Key words: Cucumber mosaic virus; reverse genetic; replication; Nicotiana benthamiana

(Bromoviridae) (21, cCMV
0 1000 , N
( Cucumber mosaic virus, Bl CMV
CMV) RNA , , RNA;CMV 3 RNA
:2019—05—13 : 2019—10—08
(31870144); (201872X08001-03B)
(1994— ).,

,Email: gshliao@aliyun.com



2 263
. RNAT, RNA2 RNA3™", Roche . GFP
RNA1 RNAZ2 la 2a , Abcam , DNA
;s RNA2 o
2b s RNA3 3a 1.2
(Coat protein, CP)P™ | CMV pCB301-
CMV CP, R1,pCB301-R2 pCB301-R3-g fp'"*',CMV
RNA Lol CMV la 2a pCB301-1a
RNA1 RNAZ2 ) pCB301-2al'%, (Tomato bush stunt
la 2a [4.6, ,la.2a virus, TBSV) 35S-pl9
pCB301, —20 C :
(Viral replication complex, VRC)F  VRC —80 °C .
CMV RNA RNA, 1.3
RNA (Nicotiana benthamiana) ,
RNAM59 - CMV RNA1 7~10 d , 16 h/8 h(
RNAZ2 la Za s / ) 6~8 .
VCR, , CMV o
RNA R 1.4 CMV
(Brome mosaic virus, BMV) s —80 C pCB301 ., pCB301-
la BMV R1,pCB301-R2,pCB301-R3-g fp .pCB301-1a, pCB301-
, la , 2a  35Spl9 N N
Hi BMV , [17].
BMV 1.5 CMV GFP
,BMV RNA1 5 , 0.2¢g
B-box la . N \
RNA1 , GFP [15],
, BMV 1.6 CMV RNA  Northern blot
e CMV .
, RNA RNA, Nanodrop 2000
, RNA RNA . RNA . .
o [18],RNA 5
,CMV RNA1 RNA2 GACTGACCATTTTAGCCGTAAGCTGGATGG-
mRNA la  2a, ACAACCCGTTC-DIG 3, CMV
VRC RNA1 RNA1~3 3 .
RNA2, CMV la Z2a
el la CMV 2
, la  2a 2.1 la 2a CmvV
, CMV , la RNA3
CMV , pCB301-R3-g fp gfp
i CMV CP > 8fp
mRNA R3-gfp
1 RNA4™T, CMV
1.1 la 2a R3-gfp ,
CSPD DIG High Prime pCB301-1a,2a,R3-gfp 35S-p19

DNA Labeling and Detection Starter Kit II

( ),



( ) 2020 43

264
pCB301-R1.R2 . R3-gfp  35S5pl9
( ) 3.5d 7d
N GFP
CMV . 1 o 1Ca)
CMV GFP
, 3 d,la2aR3-gfp RIR2R3-gfp
GFP , la2aR3-gfp
RIR2R3-gfp 5d
3d ; 7 d,1a2aR3-gfp
RI1R2R3-gfp ;

RI1R2R3-gfp
lazaR3-gfp ., ’

CMV la 2a R3-
gfp »la2aR3-gfp
R1RZ2R3-gfp. CMV GFP
Western blot 1(b) , 1(b)
,1la2aR3-g fp RIR2R3-gfp
GFP )

la 2a CMV R3-gfp;

o 1(e) CMV RNA
Northern blot , 1(e) :3.0d 7,
laZzaR3-gfp CMV

RNA3  RNA4, RNA4 1
(a) 1(b)GFP
s RIR2R3-g fp RNA3 RNA4
la2aR3-gfp RNA3 RNA4
s R1R2R3-gfp s
la 2a RNA1/RNA2
RNA1/RNA2 ,
la 2a, CMV
Ll la2aR3-g fp RNA
CMV RNA1 RNAZ2,
pCB301-1a  pCB301-2a , RNA1
RNA2 la 2a
pCB301, pCB301-1a
pCB301-2a la 2a mRNA
RNAI  RNAZ2 e,

, pCB301 CMV

la 2a R3-gfp,

R3-gfp RNA1 RNAZ2,

2.2 CMV
CMV  1la R3-
g/p ; RIRZR3-g [P«

(a) CMVAE & E WY HRILGFP
R3-gfpl9

3d 5d 7d

e

3

(b) Western blotR MV /8 24 s GFP R 25
R3-g/ipl9
3d 5d 7d

‘1,3'{;\,‘0

&y

F @

RNA12
RNA3

1 =1 ===

(c) Northern blotZHTCMVAE 85 3= o 3 R 4 & il &

1 la  2a CMV
R12aR3-gfp.1aR2R3-g fp

R3-g/fp
lazaR3-g fp

’

3d 2 . ,CMV
R1R2R3-gfp. 1aR2R3-gfp. la2aR3-gfp
R12aR3-gfp, la
GFP(C  2(a)), 2(b)  RIR2R3-
gfp,» R12aR3-g fp . 1aR2R3-g fp la2aR3-gfp
GFP Western blot ,
R12aR3-gfp GFP s
R1IR2R3-gfp GFP , 1(a)
o 2(c) CMV RNA
) 2(c) R1R2R3-gfp .
R12aR3-gfp.1aR2R3-g fp la2aR3-g fp
., RIR2R3-g fp
RNAT1,RNA2,RNA3 ~RNA4;
R12aR3-gfp RNA1,RNA3
RNA4, i 1laR2R3-gfp
RNAZ, RNA3 RNA4,
RNA3

CMV

la2aR3-g fp
RNA4, , CMV
R1R2,R12a, 1aR2 la2a R3-



265
gfps . RIR2R3-gfp . 2.3 1la R3-
R12aR3-gfp 1aR2R3-g fp ,CMV afp

RNA1 RNA2 la
RNA1 RNA2 la 2a mRNA, CMV  R3-gfp )
0.181 = R12aR3-gfp 0. 2 ODgo pCB301-2a,pCB301-R3-g fp
) RNA 35Spl9 0.2,05,L0
R1R2R3-gfp 1aR2R3-gfp . ODspy 2.0 ODggo pCB301-1a,
CMV , la , la2aR3-g fp
. R1R2R3-gfp 1aR2R3-gfp .GFP
, RNA RNA3/RNA4 3 . 3d,
. . la ,1a2aR3-gfp
,la 0. 2 ODygp »
( 3Ca)), 3(b)
la2aR3-g fp GFP  Western blot
) :la 0. 2 ODgy  GFP
s1la 2. 0 ODg GFP , 3
(b) la2aR3-gfp
RIZIG . Northern
RIR2R3-gfp pCB301-1a ; R3-gfp
RNA3 RNA4 ¢ 3
(c)), , la
CMV RNA )
1aR2R3-gfp 1aR2R3-gfp RNA3  RNA4 . Yi B BMV
R1.R2 R3
(a) FEA RIEHFCMVRIEGFP)E ISR 0.5 R B MP.CP.1a.22.NS3  NS5B i
\ Q Q
8 @&05 r\,f”g05 '\ﬁgé foQOSz / RNA 7 lala El\l\flz
S F Y ’ ’
. la2aR3—g fp
e , la R3-
Rubisco gfp , Yi e
(b) EERZAHTOMVIER KAMHGrPFRI B : la- CMV
3
la 2a ,
CMV R3-gfp
) Northern blot
GFP R3-gfp )
a) la  2a
CMV R3-gfp.
(¢) Northern blotRMICMVZEFE ZRNA RIR2R3-gfp.
2 1a CMV c) la CMV

R3-gfp

RNA o



266

( ) 2020 43

(2) NFAWE 1R EE R 1a2aR3-gh LA KIFF
EURFERIERE

2aR3-gfpp19
021a 05 1a 1.01a 2.01a

v T ——

(b) AR RN 1a2aR3-gpFEA KIH F1 RIXGFP

2aR3-gfpp19
0.2 1la 0.51a 1.0la 20]la

e

(¢) Northern blotZ}# 1a2aR3-gfp7E A KA+
S F4IRNASHIRNAAE &

3 la R3-gfp
CMV
la

(1] , . (1.
, 1998, 27(1).82-91.
[2] , . L.
( ), 2004, 23(2). 33-37.

[3] Donato Gallitelli. The ecology of Cucumber mosaic virus
and sustainable agriculture[ ]J]. Virus Research, 2000,
71(1) . 9-21.

[4] Palukaitis P, Garcia-Arenal F. Cucumoviruses [ J ].
Advance Virus Research, 2003,62.:241-323.

(5] , . . CB7

RNA2 [Jl.
, 2007, 34(8): 824-829.

[6] Jacquemond M. Cucumber mosaic virus [ J]. Advance
Virus Research, 2012,84:439-504.

[ 7] Mochizuki T, Ohki S T. Cucumber mosaic virus: Viral

genes, as- virulence determinants ] ]. Mplecular Plant

Pathology, 2012, 13(3); 217-225.

[8] Chen M H, Roossinck M J, Kao C C. Efficient and
specific initiation of subgenomic RNA synthesis by
Cucumber mosaic virus replicase in vitro requires an
upstream RNA stemr-loop[ J].Journal of Virology, 2000,
74(23):11201-11209.

[9] Tayon R J, Kim M J, Kao C C. Completion of RNA
synthesis by viral RNA replicases [ J]. Nucleic Acids
Research,2001,29(17) :3576-3582.

[10] Kao C C. Lessons learned from the core RNA
promoters of Brome mosaic virus and Cucumber
mosaic virus [ J]. Molecular Plant Pathology, 2002, 3

(1) :53-59.

[11] Wang R, Du Z, Bai Z et al. The interaction between
endogenous 30S ribosomal subunit protein S11 and
Cucumber mosaic virus LS2b protein affects viral
replication, infection and gene silencing suppressor
activity[J].PloS One.2017,12(8) :e0182459.

[12] Gao S, LuJ, Cheng X et al. Heterologous replicase from
Cucumouviruses can replicate viral RNAs, but is defective
in transcribing subgenomic RNA4A or facilitating viral
movement| ] ]. Viruses, 2018, 10(11):590.

[13] Yi G, Gopinath K, Kao C C. Selective repression of
translation by the Brome mosaic wvirus la RNA
replication protein[ J ].Journal of Virology,2007,81(4) ;
1601-1609.

[14] Yi G, Kao C C. cis- and transacting functions of
Brome mosaic virus protein la in genomic RNAI1
replication[ J ]. Journal of Virology,2008,82(6):3045-
3053.

[15] . ; ,

LIl . 2016, 35
(6):917-921.

[16] He L, Wang Q. Gu Z, et al. A conserved RNA
structure is essential for a satellite RNA-mediated
inhibition of helper virus accumulation [ J ]. Nucleic

Acids Research, 2019,47(15):8255-8271.

[17] . . -
[Jl.
. 2018, 39(5): 613-618.
[18] ) , . . ToMV
[Jl. ,

2014, 22(8):1027-1034.

[19] Seo ] K, Kwon S J, Choi H S et al. Evidence for
alternate states of Cucumber mosaic virus replicase
assembly in positive - and negative-strand RNA
synthesis[ J ]. Virology, 2009,383(2) :248-260.

( : )



