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1 PCR DNAB DNAB
Table 1 Primers used for cloning and sequencing of DNA-A and DNAB A geratum yell ow vein virus AYVVB
. . , L, Position in G102
Primers Sequence 5'—3 DNA-A or DNAB nt AJ252072 BYVMV BYVMVB AJ308425
PA TAATATTACCKGWKGVCCSC 2722 ~ 13 Cotton leaf curl  Multan  virus
PB TGGACYTTRCAWGGBCCTTCACA 488 ~ 510 CLCUMVBO 1 AJ292769 MYVV MYVV B
GI102F CCGCGTCACCAGAAGACAAAT 394 ~ 414
GI02R TTGGGGGCTACGTTTTATAGGG 90 ~ 111 AJ421482 Okra leaf curl disease
G102FM GACAATGAACCTAGCACTG 764 ~ 782 .
G102RM AAGATGGGTCTCCTCACTTGC 2417 ~ 2437 OLCDB AJ3 16029 Sida
Y6F2 CCTTTAATTTGAACTGGCTTCC 1708 ~ 1729 yellow mosaic China virus SiYMCNV(  AJ810093
Y6R2 GGAAGCCAGTTCAAATTAAAGG 1729 ~ 1708
beta0l  GTAGGTACCACTACGCTACGCAGCAGCC 1278 ~ 1302 ThCSV ThCSV 8 AJ421485 Tomato
beta02  AGTGGTACCTACCCTCCCAGGGGTACAC 1259 ~ 1283 leaf curl disease TOLCDB AJ316035 TYLCCNV
G1023 CTGGTGCTTCTTCCATCATG 265 - 284

“B=C TorG K= GorT R=AorG S=CorG V=A
CorG W= AorT Y= CorT.

1.4
DNAStar Madison Wisconsin  USA
DNAMAN Version 5.2.2  Lynnon Biosoft Quebe
Canada DNAStar
clustal W DNAMAN
Neighbor-joining DNA-A

Ageratum  yellow wvein Sri Lanka wvirus  AYVSLV

AF314144 Bhendi yellow vein
mosaic virus BYVMV  AJ002453
Cotton leaf curl Kokhran wvirus =~ CLCuKV

AJ002449 Euphorbia leaf curl
virus ELCV  AJ558121

Honeysuckle  vyellow wvein mosaic  virus HYVMV
AB020781 Malvastrum vyellow vein
virus MYVV  AJ457824 Okra
vellow vein mosaic virus OYVMV  AJ002451

Papaya leaf curl China virus
PalLCuCNV  AJ558117
Pepper leaf curl Malaysia virus PepLCV  AFA14287
Soybean crinkle leaf virus SbCLV
AB050781 Stachytarpheta leaf curl
virus StaLCV  AJ564742
curly shoot virus TbCSV  AJ457986

Yunnan wvirus TbLCYNV

Tobacco

Tobacco leaf curl

AJ512761 Tomato leaf curl
China virus ToLCCNV AJ558119 TYLCCNV Y10
Y25 Y36 TYLCCNV- Y10

AJ319675 TYLCCNV- Y25  AJ457985 TYLCCNV-

Y36 AJ420316 TYLCCNV-GX AF311734
Tomato yellow leaf curl Thailand
virus TYLCTHV AJ495812

YI0 Y25 Y36 TYLCCNV-Y103 AJ421621
TYLCCNV-Y253 AJ421619 TYLCCNV-Y363 AJ596791
TYLCTHV TYLCTHV-Y723 AJ566746  DNAR

2

2.1 G102
G102 G103
PB PCR
500bp

DNA-A
DNA PA
500bp
G102 G103 99%
G102
2728 nt
AMO050555

G102 DNA-A
EMBL

DNA 6 ORF
AVl 287nt ~ 1057nt
AV2 127nt ~ 474nt AC1
1506nt ~ 2591nt  AC2 1199nt ~ 1603nt
AC3 1054nt ~ 1458nt AC4 2141nt ~
2434nt AV2  AC1
2592nt ~ 126nt 1 263nt
Intergenic region IR IR
cis-element 9
TAATATTAC TATA box
GGTGTCT 2605nt ~ 2611nt
2633nt ~ 2639nt CAAATGG 2628nt ~ 2634nt
2664nt ~ 2670nt

2.2 G102 DNA-A

G102 DNA-A NCBI BLAST
TYLCCNV DNA-A
TYLCCNV-GX  TYLCCNV-
Y36 96.5%  95.7% ORF

2
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IR 96.5% ~97.0% G102 TYLCCNV 15
DNA-A DNA-A 1
83% G102 DNA-A
2 G102 DNA-A IR ORFs %

Table 2 Comparison of nucleotide and amino acid sequence identities of complete DNA-A IR

and encoded ORFs between G102 and other 19 begomovirus species or isolates %

Virus DNA-A® IR* AV2® AVI® AC1® AC2P AC3P AC4®
TYLCCNV-GX 9.5 97.0 9.5 9.1 98.6 97.8 97.0 96.9
TYLCCNV- Y36 95.7 9.5 9.6 96.1 98.6 94.8 94.8 95.9
TYLCCNV- Y10 90.6 87.8 90.5 94.9 91.4 83.7 83.0 89.8
TYLCCNV- Y25 89.9 2.4 88.7 91.0 95.6 87.3 87.3 86.6
PepLCV 82.5 81.4 78.4 81.3 87.6 82.1 81.3 76.3
TYLCTHV 82.4 77.2 66.1 78.5 89.8 85.8 87.3 81.6
PaLCuCNV 81.2 77.9 80.2 82.5 83.4 74.8 73.3 79.6
ThCSV 81.2 80.6 71.3 77.0 90.9 67.9 64.9 86.7
To.LCCNV 79.4 84.4 65.5 73.5 88.1 66.7 61.2 9.7
AYVSLV 78.8 76.8 70.4 75.4 86.1 69.4 67.9 77.3
StaLCV 78.4 64.3 76.7 80.9 80.9 81.3 76.9 38.5
ShCLV 77.7 79.1 74.1 80.5 75.7 74.1 72.6 41.2
THLCYNV 77.3 71.1 71.6 78.5 76.2 71.9 72.4 2.7
MYVV 76.7 68.4 66.1 78.1 83.1 64.4 61.9 78.6
CLCuKV 76.0 47.5 72.4 78.5 79.4 70.9 64.2 44.9
ELCV 76.0 50.6 65.5 76.3 80.8 68.9 68.1 43.3
HYVMV 74.9 55.1 68.1 70.8 81.2 59.3 64.2 68.0
OYVMV 74.5 51.7 64.7 77.8 77.6 62.2 64.9 42.9
BYVMV 73.1 40.7 64.7 77.7 79.3 61.5 65.7 40.6

a Nucleotide sequence identity b Amino acid sequence identity .

2.3 DNAB
0.05 88 G102
100 TYLCCNV-GX DNAD
o DNAB betaOl  beta02
TYLCCNV-[Y36]
100 TYLCONV-[Y10] PCR G102 G103 1.3kb
TYLCCNV-[Y25] G102 G103
TYLCTHV DNA DNARB G10283 G1033
FePLCY 1342nt EMBL AMO050556
94 sbCLV
100|j AMO050557 96.6% G10283
THLCYNV
StaLCV DNAB
PaLCuCNV TYLCCNV
HYVMV TYLCCNV-Y36B3 Y108 Y258
ToLCENY 9%4.4% 92.9% 88.4% 85.1% ToLCDB
100 CLCuKV
ELCV DNAB
91 TbCSV 50.7%~56.0 % 3
AYVSLY G1028 13.6kDa
100 &C BYVMV ORF BC1 Cl1 G102
OYVMV
o8 vy BC1 BC1
25.4% ~97.5 % G102B3
1 DNA-A
Fig.1 Relationship dendrogram based on DNA-A of G102 and other 19 762 ~ 996nt A 65.5% 1243 ~
begomoviruses species or isolates. 15 115nt

satellite conserved region SCR ~ SCR
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3
TAATATT Y AC ¥ A DNAB
TAATATTAC G102 G103
G102 DNA-A G102 DNAB PA  PB 500bp
SCR DNAB 3 999%
G1028 DNAB  SCR G102 DNA-A BLAST G102
93.0% ~ 100% G1028  SiYMCNV-  DNA-A v
Hn8p 63.2% SCR TYLCCNV 96.5% TYLCCNV-
SCR Y36 95.7%
DNAR 89%
G1028 G103 TYLCCNV- 89%
17
Y368 TYLCCNV-Y108  TYLCCNV-Y258 G102 G103
C1028 DNAg TYLCCNV TYLCCNV
) TYLCCNV G102 G103
DNA TYLCCNV
3 G102 DN DNA|
A g DNA 85%
o
Table 3 Percentage of nucleotide and amino acid sequence identities TYLCCNY N%
between G102 DNAR and other DNAB molecules TYLCCNV TYLCCNV
Virus DNA® cr SCR® DNAB DNAR
G103p3 96.6 97.5 99.1
TYLCCNV-Y3683 92.9 96.6 98.3 TYLCCNV
TYLCCNV-Y10B 88.4 94.9 97.4 DNAR TYLCCNV
TYLCCNV-Y2583 85.1 90.7 97.4 DNAB TYLCCNV
ThCSVB 70.9 67.8 96.5
TYLCTHVB 67.8 69.5 96.5 DNAS
AYVVB 66.7 62.7 96.5
SiYMCNVB 63.2 52.1 100
MYVVB 56.0 25.4 93.9
ToL.CDB 52.3 57.6 94.8 1 Harrison BD  Robinson DJ. Natural genomic and antigenic variation
OLCDg 52.2 31.9 9.5 in whitefly-transmitted geminiviruses Begomoviruses . Annu Rev
BYVMVE 313 30.3 93.0 Phytopathol 1999 37 369 —398.
CLCuMVp01 50.7 32.2 93.0 ) Moffat AS. Pls sthl Cemminiviruses o
a Nucleotide sequence identity b Amino acid sequence identity. otfat A5 Hant pathology TIMIVITUSES CMETge 48 serious crop
threat. Science 1999 286 1835.
AYVVB 3 Zhou XP Liu YL Robinson DJ et al. Four DNA-A variants
0.05 4100|: BYVMV among Pakistani isolates of cotton leaf curl virus and their affinities to
100 100 0OCCDB DNA-A of geminivirus isolates from okra. J Gen Virol 1998 79
100 CLCuMVp01 915-923.
| ToLCDB 4 Zhou XP Xie Y Zhang ZK. Molecular characterization of a distinct
100] o5 100 MYVVP begomovirus infecting tobacco in Yunnan China. Arch Virol 2001
SIYMCNVB . 146 1599 - 1606.
TYLCTHVB
ToCSVp 1459 - 1462.
100— G102 6
100} == G103p B 199424 7 608 - 613.
TYLCCNV-Y36p 7 Wang XY Xie Y Zhou XP. Molecular characterization of two
TYLCCNV-Y10pB distinct begomoviruses from papaya in China. Virus Genes 2004 29
TYLCCNV-Y258 3 303 -309.
2 G102 DNAB 8 Rybick EP  Briddon RW  Brown JK et al. Family Geminiviridae

Fig.2  Relationship dendrogram based on alignments of nucleotide

sequences of G10283 and other begomovirus DNAB molecules.

A . Van Regenmortel MHV et al. Virus Taxonomy Seventh

Report of the International Committee on Taxonomy of Viruses C .

emic P

New Yark _ Acade ress 2000 285 — 797
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9 Lazarowitz DG. Geminiviruses Genome  structure and gene yellow leaf curl China virus is required for symptom induction in
function. Crit Rev Plant Sei 1992 11 4 327 —349. hosts. J Virol 2004 78 13966 - 13974.
10 Zhou XP Xie Y Tao XR e al. Characterization of DNAB 15 Zhou XP Liu Y Calvert L e al. Evidence that DNA-A of a
associated with begomoviruses in China and evidence for co-evolution geminivirus associated with severe cassava mosaic disease in Uganda
with their cognate viral DNA-A. ] Gen Virol 2003 84 237 —247. has arisen by interspecific recombination. J Gen Virol 1997 78
11 . — 2101 -2111.
1982 22 1393 - 1396. 16
12 . DNA . 2002 47 10 768 - 771.
1994 39 6 165 - 168. 17 Fauquet CM Bisaro DM Briddon RW et al. Revision of
13 . — taxonomic ~criteria  for species demarcation in the family
C 1998 28 2 148-153. Geminiviridae and an updated list of begomovirus species. Arch
14 Cui XF Tao XR Xie Y et al. A DNA associated with Tomato Virol 2003 148 405-421.

Genomic characterization of Tomato yellow leaf curl China virus and its
associated satellite DNA infecting tobacco in Guangxi

XU You-ping' 2 ZHOU Xue-ping'*

! Institute of Biotechnology 2 Center of Analysis and Measurement Zhejiang University Hangzhou 310029 China

Abstract The virus isolates G102 and G103 were collected from tobacco showing leaf curl symptoms in Jingxi  Guangxi Province. A
0.5kb fragment was obtained by PCR using primers specific to geminivirus genome. The nucleotide sequence identity of the partial
DNA-A sequence between the two isolates was over 99% . The complete DNA-A sequence of G102 was determined to be 2728
nucleotides. Comparisons showed that the DNA-A of G102 had the highest sequence identity 96.5% with that of Tomato yellow
leaf curl China virus  TYLCCNV . Further studies showed that both G102 and G103 were associated with satellite DNA molecules
DNAB . Sequence analysis revealed that DNAS of G102 and G103 contained 1342nt and they shared the highest sequence identities
92.9% and 93.4% respectively with that of TYLCCNV. This is the first report that TYLCCNV isolates in Guangxi were also
associated with satellite DNA molecules. The previously results demonstrated that all 25 TYLCCNV isolates collected in Yunnan
province were associated with DNA B molecules. The finding that TYLCCNV isolates collected in Guangxi province were also
associated with DNA 8 molecules gives further evidence that TYLCCNV isolates are associated with DNA 8 molecules in nature.
Keywords Tomato yellow leaf curl China virus Begomovirus DNA-A DNAS
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