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X 1.1.1 CMV CNa
RNA Nicotiana
Cucumber mosaic virus CMV RNA glutinosa 6d 10
1.1.2 psatY RNA-Yi ¢DNA
RNA pUC19 RNA-Yi
42% ~ 52% > 369nt °
RNA 1.1.3 T7 Riboprobe System-T7
6 pGEM-T easy Vector Promega RT-PCR AMV
7 DNA TaKaRa
TaKaRa
RNA 1.2
RNA ’ T7 RNA  cDNA
RNA Fsat 5'-CCTCTAGAGGCCTGTTTTGTTTG
DNA TTGGAG-3’ Rsat 5'-GGGTCCTGTAGAGGAATGTG-3’
T7-Fsat 5'-TAAGCTTAATACGACTCATATAGGTTTT
DNA CMV GTTTGTTGGAG-3’ 5 T7
RNA-Yi  cDNA 1.3 DNA
DNA CMV 1.3.1 RNA-Yi PCR error-prone PCR
Mg+ 3mmol/L. psatY
RNA RNA Fsat Rsat PCR DNA
30270744
: Tel 86-571-86843200 E-mail chenjs@zist. edu. cn
1974 - E-mail jinbont @ sina. com
2004-08-20 2005-04-28

© PERZFRMEDHRATIKESHEE http://journals. im ac. cn



2005 Vol.45 No.4 RNA

611

100pL PCR 10 x PCR buffer 10pL. MgCl, 25mmol/L
12pL. Fsat/Rsat  20pmol/pul. 1pl. ANTP 10mmol/L 2pl. psatY
2ul. 20ng Tag 5U/pL. 5U
94°C 3min 94°C 30s 55°C 30s 72°C 30s 35 72°C Smin
PCR 1.0%
1.3.2 DNase [ DNA 2ug
DNA  0.02 U DNase [ 25C 10min
90C 10min ~ DNase | 12%
50bp

10pL.  TE pHS.0
1.3.3 PCR
200ng 1pl. dNTP  10mmol/L
ddH, O 1pL. ExTag 5U/pL
94°C 30s 42°C 30s 72°C 30s 40 72°C 10min

PCR PCR 5pl. PCR
10 x PCR buffer 10pul. MgCl, 25mmol/L 8ulL. Fsat/
1pL. dANTP  10mmol/L 2pul. Taq

94°C 3min 94°C 30s 55°C 30s 72°C
72°C Smin 1.5%

50pL S5yl DNA
5ul. 10 x PCR Buffer 33pL
PCR PCR

1.3.4

100pL
Rsat  20pmol/pL
5U/pL 5U
30s 30

PCR
1.4 DNA
DNA pGEM-T easy Vector
E . coli TG1 PCR
ABI 377
1.5 RNA
1.5.1 RNA ¢DNA
T7-Fsat ~ Rsat PCR PCR
100pL. 10 x PCR buffer 10pL. MgCl, 25 mmol/L 8uL. Fsat/
Rsat 20pmol/pL 1pL dNTP 10mmol/L 2pl. ¢DNA
2ul, 5U/pl. 5U
3min 94°C 30s 55°C 30s 72°C 30s 30
1.0%
10.L DEPC-H, 0

1.5.2 RNA
7 DNA

lpg 20pL 37C 9Omin  70C

94°C
72°C 5min

20ng  Tag

Riboprobe System-

Smin
1.5.3 RNA  CMV
10d N. glutinosa
RNA  20pL
20pg/mL
4 N. physalodes

CMV-CNa
0.1g TRIzol
200pg/mL. RNA

4~6

Lycopersicon esculentum Cucurbit pepo

3 8 ~ 10pL. 26°C 6

5d RNA
RNA 10u.  68°C
RNA Rsat 10pmol/L. 2pL 5U

RT-PCR
Smin Smin

CMV

cDNA 42°C 30min 99°C 5min
Fsat PCR 1.3.4 1.0%
48h 2¢g
5d RNA
1.6
CMV RNA RT-PCR
RNA 1.4
DNAStar
1.7
MS11 CNa RNA-Yi
CNa
1
6
1
Table 1 Host plants
Pigweed Leguminous plants Nightshade Cucurbit
Goosefoot Cowpea Tobacco Pumpkin
Chenopodium uinoa  Vigna sinensis  Nicotiana glutinosa ~ C. pepo
Goosefoot Tobacco Towel gourd
C . amaranticolor N. cevilandii  Luffa cylindrica
Tomato Squash

L. esculentum C. moschata
Tobacco

N. tobacum

Stramonium

Datura stramonium

2
2.1 psatY PCR
Mg’ * PCR 1
PCR RNA-Yi
PCR
M 1 2
PR <— 350 bp
1 psatY Yi
Fig.1 PCR amplification of Yi fragment form plasmid psatY

M.DNA Ladder 1.Normal PCR 2.Error-prone PCR.
2.2 DNase |
DNase [
DNA

PCR ddH, 0

DNase [

DNA
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50 bp DNA DNA RNA CMV
2.3 PCR DNA CNa 5d
DNA 5000 PCR RT-PCR MSI1 3
40 RNA 3 3
PCR 400 bp dsRNA
2 PCR MS11 CMV MSI MS5
MS6 4 4

CK 1 2 M 3 4 5

__dsRNA1

=4sRNA2
—dsRNA3 (MY

— ds-satRNA

4 dsRNA
Fig.4 Results of dsRNA analysis for 4 satRNA mutants on N.

2 PCR DNA
Fig.2  Results of PCR amplification after DNA shuffling

glutinosa
M. 10kb DNA marker 1.PCR product of satRNA. CK. Health plant M. 10kb DNA Ladder 1.CNa containing Yi
2.4 2.CNa pseudo-recombinant with MS1 3.CNa pseudo-recombinant
RNA with MS5 4.CNa pseudo-recombinant with MS6 5.CNa pseudo-

recombinant with MS11.

DNA T4 DNA 2.6
T E. coli TGl MS11  CNa RNA-Yi
12 12 4 CNa
MS1 MS5 MS6  MS11
2 4 2.7
A-G GenBank RNA
Blast MS11 RNA
2 4
RNA G-A
Table 2 Site-specific mutations in the bases responsible for 4 sat-RNA mutants
- - - — 384 ~ 391nt
Transcripts Mutations Nucleotide positions
MS-1 A>G 15 15304 RNA
MS-5 A—>G 304
MS-6 A>T 304 RNA
MS-11 G—>A 163
3
2.5
DNA RNA-Yi 4
MS1 MS5 MS6  MS11
MS11 3
MS11
MS11 RNA
3 RNA
RNA
3 RT-PCR RNA RNA
Fig.3  Results of RT-PCR analysis for 4 satRNA mutants on L.
esculentum RNA MS11
CK. CMV-CNa M. 10kb DNA Ladder 1.CNa pseudo-recombinant with RNA
MSI 2.CNa pseudo-recombinant with MS5 3.CNa pseudo-recombinant
with MS6 4.CNa pseudo-recombinant with MS11. 1/369

© PERZFRMEDARATIKESHEE http://journals. im ac. cn



2005 Vol.45 No.4 RNA 613

0.27% 0.7% ! 4 Kikuchi M Ohnishi K Harayama S. Novel family shuffling methods
RNA for the in vitro evolution of enzymes. Gene 1999 236 159 - 167.
5 Garcia-Arenal F Palukaitis P. Structure and functional relationships
of satellite RNAs of cucumber mosaic virus. Curr Top Microbiol

Immunol 1999 239 37 -63.
6 Roossinck M J Sleat D Palukaitis P. Satellite RNAs of plant
8 4 viruses  structures and biological effects. Microbiol Rev 1992 56

270~ 540 P RNA 2 265-279.

7 Palukaitis P Roossinck M J. Variation in the hypervariable region of
Cucumber mosaic virus satellite RNAs is affected by the helper virus

RNA ¢DNA DNA and the initial sequence context. Virology 1995 206 1 765 -
768.
DNA 8 Masuta C  Takanami Y. Determination of sequence and structural
RNA requirements for pathogenicity of a Cucumber mosaic virus satellite
RNA  Y-satRNA . Plant Cell 1989 1 1165-1173.
9 .
RNA 12 RNA .
2001 27 3 249 -254.
1 Stemmer W P C. DNA shuffling by random fragmentation and 10 .
ressembly  in vitro recombination for molecular evolution. Proc Natl . 2003 33 5 449 —455.
Acad Sci USA 1994 91 22 10747 - 10751. 11 . DNA
2 Stemmer W P. Molecular breeding of genes pathways and genomes B- . 2003 19
by DNA shuffling. J Mol Catalysis B Enzy 2002 19-20 3-12. 2 162 -167.
3 Raillard S Krebber A Chen Y H et al. Novel enzyme activities 12 Stemmer W P C. DNA shuffling of a family of genes from diverse
and functional plasticity reveales by recombining highly homologous species accelerates directed evolution. Nature 1998 391 288 —
enzymes. Chem & Bio 2001 8 891 -898. 291.

Studies on construction of artificial mutants of Cucumber mosaic virus
satellite RNA and their biological activity

JIN Bo' >  CHEN Ji-shuang’~ ZHANG Hua-rong’’
U Department of Life Sciences  College of Zhejiang Chinese Traditional Medicine Hangzhou 310053  China
% Institute of Bioengineering ~ Zhejiang University of Sciences Hangzhou 310018  China
* College of Life Science  Zhejiang University ~Hangzhou 310029  China

Abstract Based on the full length ¢cDNA clone of a Cucumber mosaic virus satellite RNA  which was 369nt in size
artificial mutants were developed by the method of error-prone PCR and DNA shuffling. The new satellite cDNAs were
transcribed in vitro into ssRNA and pseudo-recombined with a helper Cucumber mosaic virus  which contains no satellite
RNA. Sequence analysis showed that A to T/G or G to A replacement all the four mutants named MS1 MS5 MS6 and
MSI11 respectively and there is no C to G or G to C replacement but amongst only the mutants MS11 could replicated
when recombined with the helper virus strain. No satellite RNA could be detected by RT-PCR amplification and double-
stranded RNA analysis for those pseudo-recombination constitution of Cucumber mosaic virus strain with mutants MS1
MSS and MS6.Sequence homological comparison showed that the single replacement of mutants MS1 MS5 and MS6
occurred in the highly conservative regions and the T to A replacement of mutant MS11 was located in the normal-
variation region. This is the first artificial mutation of satellite RNA of plant RNA viruses. The results indicated that
single base in the region of satellite RNA maybe important to maintaining the biological activity of satellite RNA for its
replication and stability. The variation and evolution of satellite RNA could be hopefully studied through combination
directed evolution by DNA shuffling with pseudo-recombination in vitro .

Key words Cucumber mosaic virus  Satellite RNA  DNA shuffling  Artificial mutation
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