
SUMMARY

Samples of Emilia sonchifolia leaves showing con-
spicuous yellow veins were collected in the Chinese
province of Fujian. A specific 500 bp product was con-
sistently amplified from total DNA extracts from symp-
tomatic leaves with universal primers designed to ampli-
fy portions of the intergenic region and AV2 gene of be-
gomoviral DNA-A component. Comparison of partial
DNA sequences revealed that these samples were in-
fected by the same virus, thus an isolate denoted Fz1
was selected for further sequence analysis. The com-
plete sequence of Fz1 comprised 2725 nucleotides with
typical genomic organization of begomoviral DNA-A.
Fz1was most closely related to Vernonia yellow vein
virus (VeYVV-[IN:Mad:05], AM182232), with 76.7%
nucleotide sequence identity. In line with the demarca-
tion criteria for identifying begomovirus species, Fz1 is
considered as a distinct begomovirus, for which the
name Emilia yellow vein virus (EmYVV) is proposed.
This appears to be the first report of a begomovirus in-
fecting Emilia sonchifolia.
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INTRODUCTION

Geminiviruses are single-stranded DNA viruses with
geminate particle morphology. They are classified into
four genera (Mastrevirus, Curtovirus, Topocuvirus, and
Begomovirus) on the basis of host range, insect vector
and genome organization (Fauquet and Stanley, 2005).
Most geminiviruses belong to the genus Begomovirus,
are transmitted exclusively by the whitefly Bemisia taba-
ci and infect only dicotyledonous plants. Begomoviruses
inflict significant economic yield losses to many crops in 
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tropical and subtropical regions of the world, conse-
quent to the worldwide increase in the population and
distribution of the whitefly vector and global movement
of plant materials (Rojas et al., 2005; Seal et al., 2006).

In China, many begomoviruses have been recorded
from different hosts, such as tobacco, papaya, tomato,
Ageratum conyzoides, Alternanthera philoxeroides and
Sida acuta (Wang et al., 2004; Li et al., 2004, 2005; Jiang
and Zhou, 2004; Guo and Zhou, 2005; Xiong et al.,
2005). Thus, to secure more data on the genomic varia-
tion and evolution of Chinese begomoviruses, surveys
for their presence on a range of plant species were car-
ried out since 2004 in Fujian province. To this aim, sam-
ples were collected from different plant species showing
severe dwarfing, vein thickening, leaf curl and yellow
vein symptoms. Among these, there were symptomatic
plants of Emilia sonchifolia, a widely distributed weed
in Fujian province, in which no begomovirus infection
has ever been detected. In this paper, we report the mo-
lecular characterization of a seemingly new Begomovi-
rus species associated with diseased E. sonchifolia. 

MATERIALS AND METHODS

Virus sources and DNA extraction. Naturally infec-
ted E. sonchifolia plants with yellow vein symptoms
(Fig. 1) were observed in the Zhangzhou region of
Fujian province, from six of which leaf samples (Fz1-
Fz6) were collected in 2006. Viral DNA was extracted
from all samples as described by Xie et al. (2002).

PCR and sequence determination. Total DNA was
extracted from symptomatic leaves according to Xie et
al. (2002). PCR amplification using the degenerate pri-
mers PA and PB (Zhou et al., 2001), designed to am-
plify part of the intergenic region and AV2 gene of the
begomovirus DNA-A component. PCR products were
purified, cloned and sequenced. Based on the determi-
ned sequences, the primers Fz1-F (5’-TGTGG-
GATCCGCTACTAAACG-3’) and Fz1-R (5’-CG-
GATCCCACATTTTCTGATGTG-3’) were designed
and used to amplify the rest of the DNA-A-like molecu-
le. PCR products were then cloned into pMD18-T vec-
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tor (Takara Biotechnology, China), and sequenced by
Takara Biotechnology. PCR was also used to search for
a possible DNA-B component with primers PCRc1/
PBL1v2040 (Rojas et al., 1993) and for DNAb compo-
nent with primers Beta01/Beta02 (Zhou et al., 2003).

Sequence analysis. Sequence data were assembled and
analyzed with the aid of DNAStar Software (DNASTAR
USA). Pairwise percentage nucleotide identity was calcu-
lated using ClustalV in the DNASTAR package. Phyloge-
netic trees were constructed using full optimal alignment
in the Clustal_X version 1.83 Software (Thompson et al.,
1997) and neighbor-joining method with 1000 bootstrap
replications available in the MEGA version 4.0 (Tamura
et al., 2007). The following geminivirus sequences [virus
names according to Fauquet et al. (2008), abbreviations
and accession Nos. in brackets] were used for compari-
sons and phylogenetic analyses: Ageratum yellow vein vi-
rus (AYVCNV-Hn-[CN:Hn2:01], AJ495813); Ageratum
yellow vein Hualian virus (AYVHuV-His-
[TW:His:Tom:03], DQ866124); Ageratum yellow vein vi-
rus-Taiwan (AYVTV-TW-[TW:Tai:99] AF307861); Pa-
paya leaf curl China virus (PaLCuCNV-Pap-
[CN:Gx4:Age:024:02], AJ811914); Sida yellow mosaic
China virus (SiYMCNV.[CN:Hn8:03], AJ810096); Tobac-
co leaf curl Japan virus (TbLCJV-[JR3], AB079689); To-
mato leaf curl Taiwan virus-B (ToLCTWV-B-
[TW:Hua:GT6:05], DQ866123); Tomato leaf curl Taiwan
virus (ToLCTWV-[TW], U88692); Tobacco curly shoot vi-
rus (TbCSV-[CN:Yn1:99], AF240675), Tobacco curly
shoot virus (TbCSV-[CN:Yn35:01], AJ420318); Tobacco

curly shoot virus (TbCSV-[CN:Yn282:Age:03],
AJ971266); Tomato yellow leaf curl Guangdong virus
(ToLCGuV-[CN:Gz3:03], AY602166); Tomato yellow
leaf curl Thailand virus (TYLCTHV-A[TH:2],
AF141922); Tomato yellow leaf curl Thailand virus
(TYLCTHV-B [CN:Yn72:02], AJ495812); Tomato yel-
low leaf curl China virus-Chuxiong (TYLCCNV-
Chu[CN:Yn295:Tob:05], AM260703); Vernonia yellow
vein virus (VeYVV-[IN:Mad:05], AM182232).

RESULTS

Genomic organization of Emilia begomovirus. Partial
DNA-A fragments of 500 bp were amplified using the
degenerate primers PA and PB from all six E. sonchifolia
samples (Fz1-Fz6); these were sequenced and the sequen-
ces deposited under accession Nos. EU377539 to
EU377544.

Nucleotide sequence alignment of the partial DNA-
A fragments showed that they share a high nucleotide
sequence identity (99.54%) and have the highest nu-
cleotide sequence identity (76.11-76.13%) with Verno-
nia yellow vein virus (VeYVV-[IN:Mad:05]), a partly
characterized virus, whose DNA-A sequence is available
from GenBank under the accession No. AM182232.
Isolates Fz1 was thus selected for complete DNA se-
quencing, yielding a sequence 2,725 nucleotide in size
(Accession No. EU377539), with a genomic organiza-
tion typical of begomoviruses, i.e. two ORFs (AV1 and
AV2) in the virion-sense DNA and four ORFs (AC1 to
AC4) in the complementary-sense DNA, separated by
an intergenic region (IR). The IR of Fz1 had a putative
stem-loop structure containing the conserved nonanu-
cleotide sequence TAATATTAC on which maps the
nicking site for the initiation of rolling circle replication.

Affinity of DNA-A with that of other begomoviruses.
Sequence similarity search was done with the BLAST
program (http: //www. ncbi. nlm.nih.gov/). Nucleotide
sequence analysis showed that Fz1 DNA-A was most clo-
sely related to VeYVV-[IN:Mad:05] (76.7%), but less
than 74% nucleotide sequence identity was found with
other begomoviruses reported. The IR of Fz1 was most
related to that of VeYVV-[IN:Mad:05] with 72.4% se-
quence identity. The highest amino acid sequence identi-
ties of the predicted gene products was found with
VeYVV-[IN:Mad:05] for AV1 (88.3%) and AC3
(77.6%), TYLCCNV-Chu [CN:Yn295:Tob:05] for the
AV2 (76.5%), TbLCJV-[JR3] for the AC2 (68.5%),
ToLCTWV-B[TW:Hua:GT6:05] for the AC4 (85.6%),
and AYVHuV-His [TW:His:Tom:03] for AC1 (82.0%)
(Table 1).

The phylogenetic relationship of the DNA-A nucleo-
tide and AV1 amino acid sequences of Fz1 and some
begomoviruses are shown in Fig. 2. Fz1 clustered to-
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Fig. 1. Yellow vein symptoms in Emilia sonchifolia.
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gether with VeYVV-[IN:Mad:05] in the phylogenetic
tree based on complete DNA-A sequences (Fig. 2A). A

similar relationship appeared in the phylogenetic tree
based on the AV1 amino acid sequence (Fig. 2B)
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Table 1. Percent nucleotide and amino acid sequence identities between Fz1 and the most closely related bego-
moviruses.

Virus DNAa IRa AV1b AV2b AC1b AC2b AC3b AC4b

AYVCNV-Hn [CN:Hn2:01]

AYVTV-TW [TW:Tai:99]

AYVHuV-His [TW:His:Tom:03]

PaLCuCNV-Pap[CN:Gx4:Age:024:02]

SiYMCNV-[CN:Hn8:03]

TbCSV-[CN:Yn1:99]

TbCSV-[CN:Yn35:01]

TbCSV-[CN:Yn282:Age:03]

TbLCJV-[JR3]

ToLCGuV-[Cn:Gz3:03]

ToLCTWV-B[TW:Hua:GT6:05]

ToLCTWV-[TW]

TYLCCNV-Chu[CN:Yn295:Tob:05]

TYLCTHV-A [TH:2]

TYLCTHV-B [CN:Yn72;02]

VeYVV-[IN:Mad:05]

71.9

66.0

73.4

72.1

68.6

71.0

72.0

71.9

67.7

73.7

72.7

71.4

72.7

69.5

71.6

76.7

63.4

46.3

66.9

52.9

57.2

58.0

57.6

57.6

36.2

67.3

60.7

50.2

58.0

54.9

57.6

72.4

80.2

81.7

82.5

81.3

79.0

77.3

77.0

77.0

70.8

81.3

80.2

80.2

80.1

76.2

77.3

88.3

63.5

73.0

70.4

72.2

66.1

70.4

69.6

68.7

63.5

73.9

68.1

69.9

76.5

66.0

71.4

70.4

79.9

65.5

82.0

81.1

72.0

74.4

79.3

79.0

74.4

79.0

79.6

77.1

78.7

76.8

79.0

77.1

60.7

59.3

56.3

57.0

60.7

54.5

54.5

54.5

68.5

58.5

60.7

60.7

59.0

52.6

56.7

61.5

65.7

67.2

63.4

64.9

64.2

67.9

70.1

70.1

66.4

68.7

67.2

67.2

66.4

67.2

65.7

77.6

78.4

36.5

83.5

82.5

44.8

84.5

84.5

82.8

70.1

83.5

85.6

83.5

84.5

82.8

81.8

79.4

    aNucleotide sequence identity.   bAmino acid sequence identity.

Fig. 2. Phylogenetic trees based on DNA-A sequences (A) and the coat protein amino acid sequences (B) of Fz1 and other previ-
ously reported begomoviruses. The tree was constructed by the full optimal alignment in the CLUSTAL_X1.83 and the neighbor-
joining method with 1000 bootstrap replications available in the MEGA4.0. Numbers at the nodes indicate the percentages of
identical branches obtained by bootstrapping.
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DISCUSSION

Weeds are potential sources of primary inoculum of
viruses and play an important role in their persistence
and spread (Hallan et al., 1998). E. sonchifolia, a weed
widely distributed in southern China, is common in the
Zhangzhou region of Fujian province where many
plants show yellow vein symptoms. 

Molecular characterization showed that begomoviru-
ses were associated with E. sonchifolia yellow vein disea-
se. The full-length DNA-A of the selected isolate Fz1
had less than 76.7% similarity with previously reported
begomoviruses, but shared the highest nucleotide se-
quence identity (76.7%). with VeYVV-[IN:Mad:05].
The relationship dendrograms confirmed that Fz1 is
most closely related to VeYVV-[IN:Mad:05], and much
less to other begomoviruses. In general, the complete
nucleotide sequence identity of DNA-A between two
distinct begomoviruses is less than 89%, and strains of a
virus must have sequence identity higher than 89%
(Fauquet and Stanley, 2005). Following these criteria,
Fz1 can be regarded as a distinct virus species for which
the name Emilia yellow vein virus (EmYVV) is propo-
sed. To our knowledge, this is first report of a begomo-
viruses infecting E. sonchifolia.

In order to detect the possible DNA-B and satellite
DNAb components of EmYVV, primers specific for the
DNA-B and DNAb were used for PCR, but no ampli-
fied product was detected, suggesting that that EmYVV
is a monopartite begomovirus species. However, infecti-
vity tests with cloned sequences are necessary to con-
firm the monopartite nature of EmYVV.
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