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SUMMARY

Two Ludwigia hyssopifolia samples G37 and G38
showing yellow vein symptoms were collected from Nan-
ning, Guangxi province of China. Viruses were detected
in each sample by polymerase chain reaction (PCR) using
universal primers for the genus Begomovirus. The com-
plete DNA-A sequences of isolates G37 and G38 ob-
tained from each source plant comprised 2758 and 2745
nucleotides, respectively. Both DNA-A molecules have
the typical genome organization of begomoviruses and
share 63.7% sequence identity. Further sequence com-
parisons showed that DNA-A sequences of G37 and
G38 most resembled those of Ageratum yellow vein Tai-
wan virus (AF307861, 73%) and Alternanthera yellow
vein virus (AM050736, 93.6%), respectively. A satellite
DNAP molecule was found to be associated with G37 by
using abutting primers beta01 and beta02 specific for
DNAB. G37 DNAB consists of 1347 nucleotides and has
relatively low nucleotide sequence identity (32.4% to
50.2%) with other previously characterized DNAB mole-
cules. The molecular data suggest that G37 is a distinct
begomovirus, for which the name Ludwigia yellow vein
virus (LuYVV) is proposed, while G38 is an isolate of
Alternanthera yellow vein virus.

Keywords: Begomovirus, DNA-A, DNAP, Ludwigia
hyssopifolia.

INTRODUCTION

Geminiviruses have small circular single-stranded
DNA genomes encapsidated in twinned (geminate) par-
ticles (Lazarowitz, 1992). The family Geminiviridae is
divided into four genera with viruses assigned according
to their vector species, genome organization, and host
range (Fauquet e al., 2003). The most economically im-
portant and geographically widespread geminiviruses
are in the genus Begomovirus.
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Begomoviruses infect only dicotyledonous plant
species and are transmitted exclusively by the whitefly
Bemisia tabaci. Most begomoviruses have bipartite
genomes, referred to as DNA-A and DNA-B, both of
which are essential for virus proliferation (Hanley-Bow-
doin et al., 1999). In the late 1980s, some monopartite
begomoviruses were discovered. These viruses have only
a single genome component that resembles DNA-A of
the bipartite begomovirus, and which codes for all the
functions necessary for virus replication and movement
in the plant (Navot ef al., 1991; Rojas et al., 2001). Re-
cently, some monopartite begomoviruses, such as Agera-
tum yellow vein virus (AYVV) and Cotton leaf curl Mul-
tan virus (CLCuMV) have been shown to be associated
with satellite-like molecules, referred to as DNAB (Saun-
ders et al., 2000; Briddon ez al., 2001). DNAB compo-
nents are symptom-modulating, single-stranded DNA
satellites that require the helper begomovirus genomic
DNA for replication, spread in plant tissues, and plant-
to-plant transmission by the whitefly. The satellite mole-
cules encode at least one protein that plays an important
role in the pathogenicity of the begomovirus satellite dis-
ease complex (Cui et a/., 2004; Saunders et al., 2004).

In China, some begomoviruses have caused signifi-
cant yield losses to crops such as tobacco, squash, toma-
to and papaya in recent years (Zhou et al., 2001; Xie et
al., 2002; Xie and Zhou, 2003; Li et al., 2004; Wang et
al., 2004). Weed species are believed to act as reservoir
hosts for many economically important plant virus dis-
eases. Ludwigia hyssopifolia is a common weed in south
of China. In this paper, we describe the molecular char-
acterization of two begomoviruses that infect L. hyssopi-
folia in Guangxi province, China. The GenBank acces-
sion numbers of the sequences reported in this paper

are AJ965539-41.

MATERIALS AND METHODS

Virus sources. Virus isolates G37 and G38 were
collected from field samples of L. hyssopifolia plants
showing yellow vein symptoms in Nanning, Guangxi
province of China in October 2003.
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Total DNA extraction, PCR, cloning and sequenc-
ing. Total plant DNAs were extracted from leaves of
naturally infected symptomatic plants as described by
Zhou et al. (2001). Degenerate primers PA and PB
(Table 1) were designed to amplify an approximately
500 bp fragment corresponding to part of the intergenic
region and the AV2 gene of DNA-A (Deng et al., 1994).
The PCR products were cloned and sequenced. Based
on the sequences of the 500 bp fragments, overlapping
primer pairs G37F/G37R and G38F/G38R (Table 1)
were designed and used to amplify the entire DNA-A of
isolates G37 and G38, respectively. PCR was done as
described by Zhou ez al. (2001). PCR products of the
expected size were recovered and cloned into pGEM-T
Easy vector (Promega, Madison, WI, USA), and se-
quenced using an automated ABI sequencer model
3730 (Perkin Elmer, Wellesley, MA, USA). Specific in-
ternal primers used for sequencing were designed on
the basis of the determined sequences.

Sequence analysis. Sequence data were assembled and
analyzed with the aid of the DNAStar software package
(DNAstar, Madison, WI, USA). Phylogenetic trees were
constructed using the full optimal alignment and neigh-
bour-joining method options with 1,000 bootstrap repli-
cations available in DNAMAN version 5.2.2 (Lynnon
Biosoft, Quebec, Canada). Geminiviruses used for com-
parisons included (abbreviations and GenBank accession
numbers are shown parenthetically): Ageratum yellow
vein China virus (A\YVCNV, AJ558120), Ageratum yellow
vein Tatwan virus (AYVTV, AF307861), Alternanthera
yellow vein virus (AIYVV, AM050736), Bean golden yel-
low mosaic virus (BGYMYV, M10070), Beet curly top virus
(BCTV, X04144), Chilli leaf curl virus (ChiLCuV,
AF336806), Cotton leaf curl Alabad virus (CLCuAV,
AJ002452), East Africa cassava mosaic virus (EACMYV,
AJ516003), Euphorbia leaf curl virus (ELCV, AJ558121),
Eupatorium yellow vein virus (EpYVV, AJ438938), Holly-
hock yellow vein mosaic virus (HYVMYV, AB020781), Lin-

Table 1. Primers used for PCR and sequencing.
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dernia anagallis yellow vein virus (LaYVV, AY795900),
Malvastrum yellow vein virus (IMYVV, AJ457824), Papaya
leaf curl China virus (PaLCCNV, AJ558123), Pepper leaf
curl Bangladesh virus (PepLCBV, AF314531), Sida golden
mosaic Honduras virus (SSGMHYV, Y11097), South Africa
cassava mosaic virus (SACMV, AJ575560), Soybean crin-
kle leaf virus (SbCLV, AB050781), Squash leaf curl Yun-
nan virus (SLCYV, AJ420319), Stachytarpheta leaf curl
virus (StaLCV, AJ495814), Tobacco curly shoot virus
(TbCSV, AJ240675), Tobacco leaf curl Kochi virus
(TbLCKoV, AB055009), Tobacco leaf curl Yunnan virus
(TbLCYNV, AF240674), Tomato leaf curl China virus
(ToLCCNV, AJ558118), Tomato leaf curl Laos virus (ToL-
CLV, AF195782), and Tomato yellow leaf curl China virus
(TYLCCNYV, AJ319675). The other reported DNAB mol-
ecules used for comparisons were DNAP of Ageratum
yellow vein virus (AYVVP, AJ252072), Bhend: yellow
vein mosaic virus (BYVMVB, AJ308425), Chilli leaf curl
disease (ChiLCuDp, AJ316032), Cotton leaf curl Multan
virus (CLCuMVB, AJ292769), Cotton leaf curl Rajasthan
virus  (CLCuRVp, AJ316038), EpYVV (EpYVV(,
AJ438938), MYVV (MYVV-Y47p, AJ421482), Okra leaf
curl disease (OLCDB, AJ316029), Sida yellow mosaic
China virus (S'YMCNV, AJ810093), TbCSV (TbCSV-
Y35P, AJ421484), Tobacco leaf curl disease (TbLCDg,
AJ316033), TLLCYNV (TbLCYNVB, AJ536621), Toma-
to leaf curl disease (ToLCDp, AJ316035), TYLCCNV
(TYLCCNVB, AJ421621) and Tomato yellow leaf curl
Thailand virus (TYLCTHVB, AJ566748).

RESULTS

Genomic organization of DNA-A. Fragments of about
500 bp from G37 and G38 were amplified with the de-
generate primers PA and PB (Table 1), and the two frag-
ments were cloned and sequenced. Alignments of the 500
bp sequences showed that they share 54.8% nucleotide
sequence identity. The DNA-A molecules of G37 and

Primers Sequence (5°-3’)

Position in G37 and G38 DNA-A

Primers used for DNA-A cloning

G37F ACGTATCGCAAGCCCAGACT 454-473 nts in G37
G37R CATTGGCCGACCAAAGATAGTG 73-52 nts in G37
G38F ACCGGATGTACAGAAGCCCTGA 480-501 nts in G38
G38R ATCTGCTGGTCGCTTCGACAT 334-314 nts in G38
Primer used for DNA-A sequencing

G37F1 CTACACTGAAGATCCGCATC 1034-1053 nts in G37
G37R1 GAACTTCCAAGGAGCCAAG 2352-2334 nts in G37
G38F1 CAACGTATTGTGCAATGCATTCCA 1123-1146 nts in G38

G38R1

CTCATCTCCATGCTCTTGTGC

2452-2432 nts in G38




Table 2. Percentage of nucleotide or amino acid sequence identities of DNA-A and DNA-A encoded proteins between G37/G38 and other begomoviruses.

Virus G37 G38
DNA-A* IR® AV2>  AVIP  ACI® AC2® AC3®  AC4 DNA-A* IR AV2>  AVI®  ACI®  AC2®  AC3®  AC4P

G38 63.7 329 569 84.0 69.6 57.8 72.5 34.9

AIYVV 63.7 339 504 79.5 63.5 55.9 64.4 33.7 93.6 87.9 914 94.9 89.2 89.6 88.1 80.4
AYVCNV 67.8 469 744 79.1 73.7 72.6 73.1 36.0 65.0 358 603 75.1 73.7 63.0 725 40.2
AYVTV 73.0 563 741 80.2 91.0 73.3 72.4 753 64.4 335 612 75.5 70.6 64.4 71.6 435
ChiLCuV 63.0 336 615 74.6 72.8 61.9 61.2 34.9 64.7 368 621 75.4 76.5 69.4 75.2 24.7
EACMV 61.2 37.1 547 71.6 71.2 60.0 57.5 34.1 59.7 296 526 73.9 70.2 62.2 67.0 30.6
ELCV 62.2 43.0 615 74.7 72.4 61.5 59.3 38.4 63.8 329 560 75.1 76.9 63.0 73.4 37.1
EpYVV 68.4 444 690 83.7 76.5 57.0 65.7 32.6 63.9 282 612 79.8 74.6 55.6 66.1 28.9
HYVMV 64.2 427 612 75.9 73.4 57.0 59.0 29.1 61.7 304 569 77.0 715 54.8 62.4 29.9
LaYVV 66.6 503 603 86.0 753 615 52.6 40.0 63.0 369 526 82.5 73.2 57.8 56.0 32.9
MYVV 63.2 471 591 72.3 72.8 62.5 59.7 33.7 60.9 319 583 73.0 72.7 63.0 67.9 21.6
PaLCCNV 68.3 513 69.0 79.4 74.0 74.1 73.1 30.2 63.2 339 595 74.3 71.0 60.7 69.7 26.8
PepLCBV 65.9 535  65.0 75.4 83.3 61.2 59.7 61.2 62.6 33.6 655 75.8 69.3 68.7 71.6 41.2
SACMV 62.5 469 655 73.3 71.2 59.6 58.2 37.2 61.1 264 578 74.3 71.6 62.2 65.1 36.1
SbCLV 68.5 502 759 78.6 66.3 76.3 73.1 37.2 63.9 361 612 73.5 68.4 60.0 71.6 36.5
SLCYV 65.5 549 598 72.7 81.1 64.9 60.0 58.1 61.5 31.8 616 72.7 69.0 59.7 67.9 34.0
StaLCV 66.0 463 69.0 78.6 71.2 68.7 75.4 36.0 63.1 314 603 75.1 753 59.0 71.6 41.7
TbCSV 62.6 477 624 74.6 66.7 58.2 59.7 29.1 62.2 350 629 74.6 68.4 60.4 77.1 26.8
TbLCKoV 64.6 343 655 79.0 71.8 57.8 61.9 32.6 62.6 325 575 78.6 713 58.5 69.7 29.9
TbLCYNV 65.9 427 641 70.6 68.3 71.1 74.6 38.4 64.7 351 647 71.8 71.3 64.4 73.4 39.6
ToLCCNV 65.2 509 707 74.7 71.2 68.9 63.4 30.2 62.8 345 595 72.0 727 60.7 70.6 258
ToLCLV 69.5 527  63.8 79.0 74.7 77.0 77.6 37.2 64.6 323 509 74.7 74.7 63.7 743 42.7
TYLCCNV 64.5 467 655 74.7 715 68.9 70.4 27.9 63.0 360 655 755 73.2 60.0 73.4 27.8

*Nucleotide sequence identity.
b Amino acid sequence identity
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G38 were then cloned and sequenced completely, and
were found to be 2,758 and 2,745 nucleotides (nts) long,
respectively (accession nos. AJ965539 and AJ965540).

They have a genome organization typical of bego-
moviruses originating from the Old World, with two open
reading frames (ORFs) [AV1 (CP), AV2] in virion-sense
DNA and four ORFs [AC1 (Rep), AC2, AC3, AC4] in
complementary-sense DNA, separated by an intergenic
region (IR). The IR contains various features characteristic
of begomoviruses: a putative stem-loop structure with the
conserved nonanucleotide sequence TAATATTAC in the
loop; a TATA motif at nts 2,676-2,679 in G37 or nts
2,688-2,691 in G38; and iterative sequence GGGGTGC
at nts 2,659-2,665 and nts 2,668-2,674 in G37 or GGTG-
GAT at nts 2,671-2,677 and nts 2,679-2,685 in G38, up-
stream to the 5 side of the TATA motif. The DNA-A and
IR sequence identities between G37 and G38 were 63.7 %
and 32.9%, respectively (Table 2).

Affinities with other begomoviruses. Sequence simi-
larity searches were performed using the BLAST pro-
gram (http://www.ncbi.nlm.nih.gov/). The results for
closely related begomoviruses are shown in Table 2. The
complete nucleotide sequence of G37 is most similar
(73%) to that of AYVTYV, and only 61.2-69.5% identical
with those of other begomoviruses. The IR is the region
of DNA-A which shows the greatest sequence variation
among geminiviruses. G37 has an IR of 286 nts, with
32.9-56.3% sequence identities with IRs of other bego-
moviruses. When individually encoded proteins were
compared, G37 has the highest amino acid sequence
identities with LaYVV for CP (86%), SbCLV for AV2
(75.9%), AYVTV for AC1 (91%) and AC4 (75.3%),
ToLCLV for AC2 (77.0%) and AC3 (77.6%).

DNA-A of G38 is most similar (93.6%) to that of
AlYVYV, and only shares low nucleotide sequence identi-
ties with those of other begomoviruses (59.7-65%). The
IR of G38 shares 87.9% nucleotide sequence identity
with IR of AIYVV. When individually encoded proteins
were compared, G38 has the highest amino acid se-
quence identities (80.4%-94.9%) with AIYVV for the
encoded proteins.

Phylogenetic analysis was performed based on multi-
ple alignments of DNA-A sequences among the two iso-
lates and other related geminiviruses. G37, G38 and
AlIYVV cluster together with begomoviruses infecting
Eupatorium, hollyhock, tobacco and Lindernia anagallis
found in Asia, but they form a cluster (Fig. 1).

Furthermore, all begomoviruses originating from the
Old World cluster together, while begomoviruses from
the New World form a separate branch, revealing a geo-
graphic basis for phylogenetic relationship.

Genome organization of associated DNAP and
affinities to other DNAP molecules. Attempts to detect
a putative DNA-B were made by PCR using DNA-B-
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Fig. 1. Relationship dendrogram based on multiple align-
ments of nucleotide sequences of DNA-A among Ludwigia-
infecting begomoviruses and other representative bego-
moviruses. The dendrogram was constructed by the neigh-
bour-joining method of DNAMAM and bootstrapped 1000
times. Bootstrap scores exceeding 50% are shown at major
nodes; nodes lacking a score are considered dubious. Hori-
zontal distances are proportional to sequence distances; verti-
cal distances are arbitrary. The tree was rooted on the nu-
cleotide sequence of BCTV.

Table 3. Percentages of nucleotide or amino acid sequence
identities between G37p and other DNA molecules.

Virus DNAp* pC1® SCR*
AYVVp 44.8 653 99.1
BYVMVp 375 32.8 93.0
ChiLCuDp 454 62.2 92.2
CLCuMVp 385 28.0 93.9
CLCuRVp 382 27.1 95.7
EpYVVp 324 39.7 85.0
MYVVB 36.8 229 94.8
OLCDp 383 345 93.9
SiYMCNVp 42.9 534 97.4
TbCSVpB 454 64.4 99.1
TbLCDp 44.8 62.2 97.4
TbLCYNVR 484 593 98.3
ToLCDp 36.2 27.1 92.2
TYLCCNVB 50.2 68.6 98.3
TYLCTHVp 483 593 99.1

“Nucleotide sequence identity.
®Amino acid sequence identity.
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specific degenerate primer pairs PCRc1/PBL1v2040
and CR01/CRO2 (Li et al., 2004). No amplified product
was detected with any of these primers, suggesting that
the two virus isolates may be monopartite begomovirus-
es. To determine if the two virus isolates are associated
with satellite molecules, a universal abutting primer pair
beta01/beta02 specific for DNAB (Zhou et al., 2003)
was employed to amplify the putative DNAB. The re-
sults showed that only isolate G37 yielded a specific
fragment approximately 1300bp in size. The fragment
was cloned and sequenced.

The complete nucleotide sequence of G37 DNAP
(G37B) comprised 1347 nts (Accession no. AJ965541).
G37p has structural features similar to those in other
known DNAP molecules: a satellite conserved region
(SCR) with 115 nucleotide sequences at nt 1,248 to nt
15, which contains the conserved nonanucleotide se-
quence TAATATTAC that is shared with DNA-A; an A-
rich region (about 56%) located at about nt 769 to nt
958; and a conserved BC1 ORF located in the comple-
mentary strand with a coding capacity of 13.4 kDa. Se-
quence comparisons show that G37f shares relatively
low nucleotide sequence identity with previously char-
acterized DNAP molecules, ranging from 32.4%
(EpYVVB) to 50.2% (TYLCCNVB). When the pC1
ORF-encoded amino acid sequences were compared,
G37p was found to share relatively high sequence iden-
tity with TYLCCNVp and AYVV (68.6% and 65.3 %,
respectively). For SCR, more than 90% nucleotide se-
quence identities were observed between G37 DNAf
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Fig. 2. Relationship dendrogram based on multiple alignments
of nucleotide sequences of DNA molecules. The dendrogram
was constructed by the neighbour-joining method of DNA-
MAN and bootstrapped 1000 times. Bootstrap scores exceed-
ing 50% are placed at major nodes; nodes lacking a score are
considered dubious. Horizontal distances are proportional to
sequence distances; vertical distances are arbitrary.
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and other DNAP molecules (Table 3). Phylogenetic
analysis based on alignments of DNA sequences indi-
cates that G37f clusters together with TbLCDg,
TbLCYNVB, TYLCTHVB, TbCSVB, TYLCCNVp and
ChiLCuD§ (Fig. 2).

DISCUSSION

Complete DNA-A sequence analysis shows that iso-
lates G37 and G38 share the highest nucleotide se-
quence identity with AYVTV (73%) and AIYVV
(93.6%), respectively. It has been accepted that bego-
moviruses sharing a DNA-A sequence identity less than
89% are considered to be distinct begomovirus species
(Fauquet et al., 2003). Therefore, isolates G37 should
be considered as a distinct begomovirus, for which the
names Ludwigia yellow vein virus (LuYVV) is pro-
posed, while G38 is an isolate of AIYVV.

So far, DNAP has only been found associated with
monopartite begomoviruses. Thus, LuYVV is most like-
ly to be a monopartite genome begomovirus. A DNAB
molecule was not detected for ALYVV by PCR, al-
though Southern blot analyses using the SCR region of
DNASB as a probe confirmed the presence of positive
signal (Fig. 3). So further work is needed to find the
possible DNAB molecule in AIYVV.

SS —p

Fig. 3. Detection of DNA in field-collected G37 and G38
samples. Total nucleic acids (10 pg) extracted from sympto-
matic G37 (lane 1) and G38 (lane 2) infected plants as well as
healthy plant (lane 3) were electrophoresed. Blots were hy-
bridized to probe of SCR of DNAP. The position of single-
stranded (SS) DNA form is indicated.

LuYVV and AIYVV share relatively low DNA-A se-
quence identity either with each other or with other be-
gomoviruses, and form distinct clusters in a phylogenetic
tree. Furthermore, low amino acid sequence identities of
DNA-A encoded proteins were found between LuYVV
or AIYVV and other begomoviruses, so LuYVV and
AIYVV may differ from other begomoviruses found in
Asia in their evolutionary history.

Weeds are widely distributed in the world and have
high environmental adaptability. Many reports have
demonstrated that weeds serve as reservoir or alternative
hosts for begomovirus survival and spread (Gilbertson
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et al., 1991; Bedford et al., 1998). Ludwigia hyssopifolia
is a weed species that occurs in the south of China. The
report of begomoviruses in L. hyssopifolia suggests that
L. hyssopifolia is an adaptive host for begomoviruses. A
field survey showed that begomovirus symptoms in L.
hyssopifolia were rare, and failed to detect LuYVV in
other plants, while ALYVV was only detected in Alzer-
nanthera philoxeroides (Guo and Zhou, 2005) indicating
that LuYVV and ALY VYV have not been spread to other
crops. Further experiments are necessary to monitor the
occurrence of LuYVV and AIYVV in field samples and
evaluate the potential risk of transmitting the viruses
from weeds to crop plants.
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