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isolated from Lycianthes biflora in China
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Abstract A bipartite begomovirus isolate GD was isolated

from Lycianthes biflora plants showing yellow mosaic

symptoms in Nanxiong, Guangdong Province, China. The

apparently full-length DNA-A and DNA-B viral compo-

nents were cloned after enrichment of circular DNA by

rolling circle amplification, restriction digestion, cloning,

and DNA sequencing. The DNA-A component (2752nt,

KT582302) shares highest (80.2%) nucleotide (nt)

sequence identity with tomato leaf curl Sulawesi virus

[Indonesia-Sulawesi-Langowan F101-2006] (ToLCSuV-

[ID-Sul -LanF09-06], FJ237618), reported in Indonesia as

causing yellow leaf curl disease of chilli pepper. The DNA-

B component (2704nt, KT582303) shares highest (76.3%)

nt sequence identity with pepper yellow leaf curl Indonesia

virus-[Indonesia-tomato2-2005] (PepYLCIV-[ID-Tom2-05

AB213599) reported in Indonesia, and associated with

yellow leaf curl disease in tomato. Based on the ICTV

guidelines for begomoviral species demarcation, the virus

is a new, previously undescribed bipartite begomovirus

species for which the name ‘‘Lycianthes yellow mosaic

virus’’ is proposed.

Begomoviruses (genus, Begomovirus; family, Geminiviri-

dae) are important viral pathogens that cause diseases of

cotton, vegetables, and other dicotyledonous crop plants,

worldwide [1]. They represent the largest genus within the

Geminiviridae, comprising 322 recognized species (http://

www.ictvonline.org). Begomoviruses are transmitted in a

persistent manner by the whitefly Bemisia tabaci (Genna-

dius) sibling species group. They have a bipartite genome

consisting of two single-stranded circular DNA compo-

nents, referred to as DNA-A and DNA-B, or a monopartite

genome comprised of a single DNA-A-like component of

approximately 2.7 kb in size. All begomoviruses endemic

to the New World, except for the recently discovered

monopartite tomato leaf deformation virus (ToLDeV),

reported in Peru and Ecuador [2–4], have bipartite gen-

omes. Some bipartite begomoviruses are endemic to the

Old World as well, and co-exist, sometimes in a mixed

infection, with those having a monopartite genome, con-

sisting of a single DNA-A component. Many monopartite

begomoviruses have been found associated with different

types of non-viral molecules, referred to as ‘satellites’,

which are approximately 1.3 kb in size [5–10].

During May, 2015, leaf samples were collected from

five Lycianthes biflora (Lour. Bitter) (Solanaceae) plants

exhibiting yellow mosaic symptoms, planted along the

Meiling ancient road in Nanxiong, Guangdong Province of

China (Fig. 1). Total DNA was extracted from five

symptomatic leaves of each L. biflora plant, using the

CTAB method [11]. The results of polymerase chain

reaction (PCR) amplification with degenerate primers

AV494/CoPR [12, 13], cloning, and DNA sequencing,

indicated the presence of a novel begomovirus.

The suspect begomoviral genome(s) were cloned from

purified, total nucleic acid preparations by first enriching

for circular DNA using rolling-circle amplification (RCA)

(TempliPhiTMkit; GE Healthcare, Buckinghamshire, UK),

followed by digestion with BamH I and Pst I
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endonucleases (Fermentas, GlenBurnie, Maryland, USA)

respectively. The resultant expected-size fragments corre-

sponding to full-length begomoviral genomic components

were separated by agarose gel (1.0%) electrophoresis in

19TAE buffer, pH 8.0, gel-purified, and ligated into the

plasmid vector pGEM-3Z (Promega Co.Madison, WI,

USA), previously digested with the respective restriction

enzymes. The recombinant plasmids were transformed into

the bacterial host, Escherichia coli DH5a. Three clones

from each sample were selected to sequence (Invitrogen

Co., Shanghai, China). The DNA sequences were assem-

bled, edited, and analyzed using DNAStar software version

5.0 (DNAStar Inc. Madison,WI, USA). A similarity search

for each sequence was carried out using Blastn [14] to

identify the most closely related isolates among the

sequences available in the GenBank database (http://www.

ncbi.nlm.nih.gov). Pairwise nucleotide (nt) sequence anal-

ysis of the complete genome sequences, and of the pre-

dicted viral coding regions were determined using the

Sequence Demarcation Tool (SDT1.2) [15]. Phylogenetic

analysis was conducted in MEGA 5.2 using the Maximum

Likelihood (ML) method [16].

Among the five samples (fifteen clones), apparently full-

length, begomoviral genome sequences of either 2,752 or

2,704 nt were obtained from the RCA products digested by

BamH I and Pst I, respectively. The Blastn (GenBank)

results showed that the sequence of the 2,752 nt molecule

had highest similarity with other previously reported

begomovirus DNA-A components, whereas, the 2,704 nt

molecule was most similar to other begomovirus DNA-B

components. The cloned DNA-A and DNA-B component

sequences, respectively, shared 99-100% nt identity to one

another, and one representative sequence for each was

deposited in GenBank with the accession number

KT582302, and the GenBank accession number

KT582303.

The DNA-A component (accession KT582302) encoded

seven predicted open reading frames (ORF). The two ORFs

(nt coordinates are indicated parenthetically), AV1 (286-

1086) and AV2 (57-467) were located on the virion sense

DNA strand, whereas, the five ORFs AC1 (1511-2599),

AC2 (1204-1611), AC3 (1059-1469), AC4 (2185-2422),

and AC5 (559-957), were located on the complementary

sense strand. The common region (CR) of 173 nt for

bipartite begomoviruses, within a non-coding intergenic

region between the AC1 and AV2 ORF, was present on the

DNA-A component, and contained the ‘hallmark’ gemi-

nivirus-conserved nonanucleotide sequence, TAA-

TATTAC, required for the initiation of rolling circle

replication of geminiviruses [17].The DNA-B component

(accession KT582303) encoded two predicted ORFs, with

the BV1 ORF (182-1012) located on the virion sense strand

and BC1 (1026-1862) on the complementary sense strand.

The CR associated with the DNA-B component was 191 nt,

which was 18 nt longer than the DNA-A component CR.

Thus, they shared only 86.7% identity, but nonetheless,

harbored an identical inverted repeated sequence, or

‘iteron’, GCGGCCCTCG, involved in viral rep-protein

binding.

The pairwise distance analysis conducted using the

Sequence Demarcation Tool (SDT) showed that the com-

plete sequence of the DNA-A and DNA-B components

shared less than 81 and 77% nt identity, with the most

closely related, previously reported begomoviral compo-

nents, respectively. The DNA-A component shared highest

nt identity, at 80.2%, with tomato leaf curl Sulawesi virus-

[Indonesia-Sulawesi-LangowanF101-2006] (ToLCSuV-

[ID-Sul-LanF09-06], FJ237618) reported in Indonesia, and

associated with yellow leaf curl disease of chilli pepper

[18].Whereas, the DNA-B component shared highest sim-

ilarity, at 76.3%, with the DNA-B component of pepper

yellow leaf curl Indonesia virus-[Indonesia-tomato2-2005]

(PepYLCIV-[ID-Tom2-05], AB213599) from Indonesia,

associated with yellow leaf curl disease of tomato [19].

Phylogenetic analysis (ML at[70% bootstrap and 1000

iterations) of the DNA-A component and the 99 sequence

hits (Blastn) indicated that it clustered with ToLCSuV-[ID-

Sul-LanF09-06] to form a unique clade, in relation to the

15 other begomoviruses included in the analysis (Fig-

ure 2a). Phylogenetic analysis of the DNA-B component

and the 10 closest relatives (Blastn) indicated that it

grouped with Ramie mosaic virus (RaMV)-[China-Hunan-

2015], RaMV-[China-Guangdong-2012], RaMV-[China-

Jiangsu-J4-2008], and RaMV-[China-Zhejiang-Z1-2008],

forming a unique clade, with respect to all other DNA-B

components analyzed here (Figure 2b).

Fig. 1 Symptomatic Lycianthes biflora plants exhibiting foliar yel-

lowing and mosaic symptoms
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No beta- or alpha-like satellite molecules were obtained,

based on an expected size fragment of 1.3 kbp or smaller,

following digestion of RCA products. Further no band(s) of

the expected size were obtained by PCR amplification of

the RCA product using the beta-satellite-specific primer

pair b01/b02[20], suggesting the absence of an associated

beta- or alpha-satellite(s) in the symptomatic L. Biflora

plants.

a

b
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RamMV-[CN-GD-12](KC171653)
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Based on the highest shared nt identity, at 80.2%, for the

DNA-A component with its closest relative, ToLCSuV-

[ID-Sul-LanF09-06], and at 76.3% for DNA-B with its

closest relative, PepYLCIV-[ID-Tom2-05], and in accor-

dance with the threshold of 91% (DNA-A component) for

the begomovirus species demarcation [21], the bego-

movirus isolate associated with symptomatic L. biflorais is

a previously undescribed, bipartite begomovirus species,

for which the name ‘‘Lycianthes yellow mosaic virus’’ is

herein proposed. Isolates of this virus should be referred to

as lycianthes yellow mosaic virus, abbreviated to LyYMV.
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