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RNA4 IR
1.1
RSV ELISA -80C
22
28 67 1
1 RSV
Table 1 Sources of RSV isolates used in the study
Isolate Geographical origin Year of isolation Rice varieties
HZ Hongze Jiangsu 2001 81692
HA Huaian Jiangsu 2001 Wuyujing 3
BS Baoshan Yunnan 1998 Jingguo 92
CX1 Chuxiong Yunnan 2000 Chujing 3
CX2 Chuxiong Yunnan 2001 Hexi 28
DL Dali Yunnan 2001 Dianxi 4
YX Yuxi Yunnan 2001 Hexi serial
JC Jiangchuan Yunnan 2001 Hexi serial
YL Yiliang Yunnan 2001 Hexi serial
HM Huming Yunnan 2001 Hexi 2 - 44
KM1 Kunming Yunnan 2002 Hexi 2 - 44
KM2 Kunming Yunan 2000 Hexi 2 - 22
PJ1 Panjing Liaoning 1998 liaojing 5
DW Dawa Liaoning 2001 Panjing 5
PJ2 Panjing Liaoning 2001 Panjing 1
BJ1 Beijing 1998 Fuyue
B2 Beijing 2001 Qiuguang
IN Jining Shandong 2001 Zaofeng 9
D Jiading Shanghai 2001 98110
LY Longyan Fujian 2001 Fuyoul58
KF Kaifeng Henan 2002 Yuanyou 6
YY Yuanyang Henan 2002 90247
1.2
Tag DNA dNTP ADNA/ FeoRT + Hindll  M-MulV
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RNasin RNA QIAEX II Gel
Extraction Kit ~ QIAGEN
1.3 RNA
RNA
1.4 RT-PCR
Kakutani ~ ° RSV M RNA4 RNA4
IR P15
CCAACCTCTTCTACACAAGAC 3’ RNA4 5" 567 ~ 587 bp P2 5" GTAGGT-
GAGATAACCAGTTCC 3’ RNA4 5" 1208 ~ 1228 bp RNA
5pl 3 1 pL 10pmol/L.  ddH, O 4pl 95C 10 min 5 min
5 x M-Mul.V Spl. dANTP 1 gL 10mmol/L. RNasin 40U/pL 1 pl. M-
MuLV 20U/pll 1 pl. ddH,0 7 pl. 37°C 1 h 95C 5 min -20C
PCR 25pL 2uL 2.5pL 10 pmol/L. 5’
3 0.5pL dNTP 10mmol/L.  2.5pL 10 x 13pl. ddH, 0 1.5pL 25 mmol/L
MgCl, 0.5pL 4U/pl. Tag DNA 94°C 4 min 94°C 1 min 37°C 2 min
72°C 2 min 30 72°C 10 min
1.5
QIAquick Gel Extration Kit QIAGEN
DNA http //www. ncbi. nlm. nih. gov/blast RNA
draw Hitachi 1990 ~ DNAMAN Lynnon BioSoft 1994 ~ 1998
2
2.1
RSV RNA4 IR 654 bp 634bp 732bp3
634 bp 732 bp RSV RSV
y" T M 7 * RNA4 IR 25 RSV RNA4 IR 83% ~
100% 2 D HZ YY KF
4 T32bp 95% ~
98 % 83% ~ 85% 6 634 bp
95% ~ 98 % 13 654 bp 89% ~
93% 654 bp 90% ~ 100%
BJ1 PJ2 LY 3 99% PJ1 BJ2
95 % 4 95 %
95%
90% 2 3 RSV
RSV

634 bp 654 bp
634 bp 732 bp 654 hn

132 bn ;
© PEREREME M RFATIESMIEE http://journals. im. ac. cn



580 43

3 RSV
Mixed infections

2 RSV RNA4 IR %
Table 2 Percentage nucleotides sequence identity of RNA4 IR among 23 RSV isolates %

654 bp 634 bp 732 bp

BJ1 BJ2 PJ1 DW PJ2 JN YY HA HZ LY BS YX T CX1CX2 DL HM KMl M YL JC KM2 Y
Bl 100 93 94 91 99 91 90 9 99 99 92 92 92 90 91 B89 90 89 89 83 83 84 B4

BJ2 95 92 93 93 92 91 92 94 93 94 94 91 92 90 91 91 91 8 84 8 8
Pl 91 94 92 90 90 91 94 93 94 94 90 91 90 91 91 90 84 84 84 85
DW 91 93 9 91 9 91 91 92 91 90 91 90 90 91 8 8 8 8 8
P2 91 9 9 9 99 92 92 92 9 91 8 90 8 8 83 83 84 84
JN 92 91 93 92 91 92 92 91 92 91 91 91 91 8 84 84 85
YY 91 95 90 92 92 9 90 91 9 91 9 8 8 8 8 &
HA 91 9 90 91 9 93 94 92 93 93 92 83 83 83 84
HZ 91 91 92 91 90 92 91 91 91 90 84 B84 8 &
LY 92 93 93 90 91 8 90 9 90 83 83 84 84
BS 98 93 91 91 9 9 9 9 83 8 83 &3
YX 94 91 92 91 91 91 91 83 83 84 &4
T 9 91 8 90 90 90 84 84 8 85
CX1 9% 9% 98 95 95 84 84 8 85
CX2 97 9% 9% 9% 84 84 8 85
DL 9% 95 95 84 84 84 85
HM 95 95 84 8 8 85
KM1 95 84 84 84 85
M 83 83 8 8
YL 98 95 95
JC 9% 96
KM2 98
Y 100

2.2 RSV RNA4 IR

IR 6 634 bp
13 654 bp 19 nt
1~2 1 732 bp
103 nt 4 Y Blast
19 nt 4

~19 5'-AGAAACATGAGAGTA-3’ cDNA GenBank

BE416147 103 nt 29 ~ 48 nt 5'-AGAATTGCCTT-
GGTGTTAT -3’ cDNA GenBank BE420676

1
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5 RNA4 E— 581
CX1  ATACAGGCA 303
HM.  ATACACGCA 302
DL ATACACACA 301
M ATACACATA 302
CX2  ATACACACA 302
KM1  ATAGACACA 300
HZ ~ AAAC-—ACATAAAACCATTAGAGTATCA 317
YY  AAAG-—ACATAAAACCATTAGAGTATCA 315
PJ1  AAAC-—GCATAAAACCATGAGAGTATCA e e 318
HA ATACTCACATAGAAAGCATGAGAGTATCA 321
BJ1  ATACAAACATAGAAACATGAGAGTATCA 319
DN ATACAAACATAGAAACATGAGAGTATCA 319
LY  ATACAAACATAGAAACATGAGAGTATCA 319
PJ2  ATACAGACATAGAAATATGGGAGTATCA 319
BJ2 ATACACACATAGAAACATGAGAGTATCA 317
BS  ATACACACTTAGAAACATGAGAGTATCA 319
YX  ATACACACTTAGAAACATGAGAGTATCA 317
T ATACACACATAGAAACATGAGAGCATTA 317
JN ATAG-—ACATAGAAACATGAGAGTATCA 316
YL  ACACAAAAATAGAAACATGAGAGTATCAATTAGAATTGCCTTGGTGTTATAAGCACAGATATAGCTGTGTGGAGAGAACACTCAAGGCTA 343
JC  ACACAAAAATAGAAACATGAGAGTATCAATTAGAATTGCCTTGGTGTTATAAGCACAGATATAGCTGTGTGGAGAGAACACTCAAGGCTA 343
Y ACACAAACATAGAAACATGGGAGTATCAATTAGAATTGCCTTGGTGTTATAAGCACAGATATAGCTGTATGTAGAGAACACTCAAGGCTA 343
KM2  ACACAAACATAGAAACATGAGAGTATCAATTAGAATTGCCTTGGTGTTATAAGCACAGATATAGCTGTGTGTAGAGAACACTCAAGGCTA 342

* xk
cx1 TACAAGAACCATTGTAAAAATACTAACAAC-CTTGCTTTTACAATATCAAAACTAAAAACTGAAATAC 368
HM TACAAGAACCATTGTAAAAATACTAACAAC-CTTGCTTTTACAATATCAAAACTAAAAACTGAAATAC 367
DL TACAAGAACCATTGTTAAAATACAAACAAC-CTTGCTTTTACAATATCAAAACCAAAAACTGAAATAC 366
M TACAAGAACCATTGCAAAAATACTAATAAC-TTTGCTTTTACAATATCAAAACCAAAAACTGAAATAC 367
CX2 TACAAGAACCATTGCTAAAATACTAATAAG-TTTGCTTTTACAATATCAAAACCAGAAACTGAAATAC 367
KM1 TACAAGAACCATTGCAAAAATACTAATAAT-CTTGCTTTAACAATATCAAAACCAAAAACTGAAATAC 365
HZ TACAAGACCCATTGCAAAAATACCAATAAG-TTTGTTTTTACAATGTCAAAACTAAAAACTGAAATAC 384
YY TACAAGACCCATTGCAAAAATACCAATAACCTTTGTTTTTACAATGTCAAAACTAAAAACTGAAATAC 383
PJ1 TAGCAAGACCCATTGCAAAAATACCAATAACTTTTGTTTTTACAATGTCAAAACTAAAAACTGAAATAC 386
HA AAGAAGCCCCATTG-AAAAATACTAATAAT-TTTGCTTTTGCAATGTCAAAACCAAAAACTGAAATAC 387
BJ1 TACAAGACCCATTGCAAA-—TACTAATAAC-TTTGTTTTCACAATGTCAAAACTAAAACCTGAAATAC 384
DW TACAAGACCCATTGCAAA——TACTAATAAC-TTTGTTTTCACAATGTCAAAACTAAAACCTGAAATAC 384
LY TAGAAGACCCATTGCAAA-—-TACTAATAAC-TTTGTTTTCACAATGTCAAAACTAAAACCTGAAATAC 384
PJ2 TACAAGACCCATTGCAAA--TACTAATGAC-CTTGTTTT-ACAATGTCAAAACTAAAAACTGAAATAC 383
BJ2 TACTAGACCCATTGCAAAAATACTAATAAC-TTTGTTTTTACAATGTCAAAACTAAAAATTGAAATAC 384
BS TACAAGACCCATTGCAAAAATACTAATAAC-TTTGTTTTTACAATGTCAAAACTAACAACTGAAATAC 386
YX TACAAGACCCATTGCAAAAATACTAATAAC-TTTGTTTTTACAATGTCAAAACTAACAACTGAAATAC 384
T TACAAGACCCATTGCAAAAATACTAATAAC-TTAGTTTTTACAATGTCAAAACTAAAAACTGAAATAC 384
JN TATAAGACCCAGTGCAAAAATACTAATAAC-TTTGTTTTTACAATGTCAAAACTAGAAACTGAAATAC 383
YL  AGAATTCTCTAACATCGCTTTATACAAGAACCATTATAAGAATACTAACAAC-TTTGTTTTCACAATGTCAACGCTAAAAACTGAAATGC 462
JC  AGAATTCTCTAACATCGCTTTATACAAGAACCATTATAAAAATACCAACAACCTTTGTTTTCACAATGTCAACGCTAAAAACTGAAATGC 463
Y AGAATTCTCTAAGATCGCTTTATACAAAAACCATTATTAAAATACTAACAAC-TTTGTTTTCACAATGTCAACGCTAAAAACTGAAATGC 462
KM2  AGAATTCTCTAACATCGCTTTATACAAAAACCATTATAAAAATACTAACAAC-TTTGTTTTCACAATGTCAACGCTAAAAACTGAAATGC 461

* BHk K KRRk Rk K K K ROK KKK RRRE K X K RRRKOE X

CX1  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 426
HM  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 425
DL CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTG-—GCGTAGCACCATTTTCAT-AAC 424
M CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTG——GCGTAGCACCATTTTCAT-AAC 425
CX2 CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTG--GCGTAGCACCATTTTCAT-AAC 425
KM1  CAAAAA-CATTAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 423
HZ ~ CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 442
YY  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATGGAATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCATTAAC 442
PJ1  CAAAAA-CATGAGAAAATAGAAAATAAAAACAATTGGAATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 445
HA  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATGGAATGGTGCTAAGCACCACTCCGGGATGTGGTGCGTAGCACCATTTTCAT-AAC 446
BJ1  CAAAAA-CATGAGAAAATATGAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 442
DW  CAAAAA-CATGAGAAAATATGAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 442
LY  CAAAAA-CATGAGAAAATATGAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 442
PJ2  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 441
BJ2 CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 442
BS  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 444
YX  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 442
T CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAG 442
N CAAAAAACATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AAC 442
YL  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AGT 520
JC  CAAAAA-CATGA-AAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AGT 520
Y CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AGT 520
KM2  CAAAAA-CATGAGAAAATAGAAAATCAAAAACAATG-AATGGTGCTAAGCACCACATCCGGATGTGGTGCGTAGCACCATTTTCAT-AGG 519

Kokk kKK Kk RklRkk Rk lokkk K Rk * *

1 23 RSV RNA4 IR
Fig.1 Alignment of partial nucleotide sequences of RNA4 intergenic region of 23 isolates of RSV
Same nucleotide —  Missed nucleotide Single underlines indicate the nucleotide positions of predicted stable haipin structure.
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1 49 nt HA
3 634 bp
AG HA AG -
102. 1kj 3 634 bp AG - 122.2K]
AG  -132.3k 2
23 60
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Fig.2  Three predicted stable hairpin structures .
in RNA4 intergenic region AG -23.9 k-' 4
a. The hairpin structure of three 634 bp types isolates with two AG -10.5 k_]
deletions b. The hairpin structure of HA isolates with three
bases variation c. The same stable hairpin structures among 13
19 isolates AG The lowest free energy.
2.3 RNA4 IR
RSV Maize stripe virus MSpV
Rice grassy stunt virus RGSV Rice hoja blanca virus RHBV
Echinochloa hoja blanca virus EHBV Urochloa hoja blanca virus
UHBV " RNA4 IR RGSV ~ RNA6 IR
RGSV 913nt UHBV  3%nt RGSV 3
GenBank 3 RNA6 IR 94 % ~ 99 %
RNA4 IR RGSV ~ RNAG6 IR 33% ~51% RSV
MSpV 47%

_ RHBV FHBV [JHRV
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Sequence Aanlysis of Intergenic Region of Rice Stripe Virus RNA4
Evidence for Mixed Infection and Genomic Variation

Wei Taiyan Lin Hanxin Wu Zujian Lin Qiying Xie Lianhui”
Institute of Plant Virology — Fujian Agriculture and Forestry University — Fuzhou 350002  China

Abstract The intergenic region IR of the RNA4 nf 22 isolates of Rice strine vims RSV in China
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was cloned and sequenced. The IR sequences were compared with one another and with that from
Japan. Sequence comparisons showed that these isolates could be divided into three different types
with the IR length of 634 bp 654 bp and 732 bp respectively. It is interesting to note three differ-
ent types all occurred in Yunnan RSV natural population whereas other province only existed 654
bp type length isolates. Mixed infections with different types of IR length coexisting in some isolates
in Yunnan was observed. IR sequences were not more conserved 83% ~ 100% among the popula-
tions of RSV from China than with those of RSV isolates from Japan 83% ~94% . There were two
important structure characteristics in IRs sequences. Firstly there was a-19 nt insertion in 654 bp
type isolates and a-103 nt in 732 bp type isolates in comparison to 634 bp type isolates. This inserted
sequences were rather highly conserved. Blast analysis indicates the 16 nt AGAAACATGAGAGTA
in 19 nt insertation was very similar in sequence to wheat cDNA library and the 20 nt AGAATT-
GCCTTGGTGTTAT in 103 nt insertion was identical to a stretch sequences of barley cDNA library.
Recombination hot-spot sequences existed in RNA4 IR. Secondly IRs sequence was rich in U and
A residues where two distant hairpin structures could be formed with computer-assisted folding analy-
sis. One was highly conserved and stable but the other was rather unstable because of bases varia-
tion. It is believed that this stabilised hairpin structure rather than a sequence motif might serve
as a transcription terminator during the synthesis of mRNAs from the ambisense segments. Negative
selection constraints imposed by secondary structure might have maintained the conserved sequenc-
es. In this paper the relationship between the lowest free energy of the unstable hairpin structures
and the different pathogenesis among some isolates was also discussed in this paper.

Key words Rice stripe virus  RNA4 intergenic region IR Hairpin structure
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