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Abstract
Aglaonema bacilliform virus (ABV), a member of the genus Badnavirus in the family Caulimoviridae, is associated with 
leaf deformation and chlorosis in Aglaonema modestum. The complete genome sequence of a Minnesota isolate of ABV 
was determined. The ABV genome is 7,178 bp in length and similar in size and organization to those of the members of the 
genus Badnavirus, containing three open reading frames (ORFs) with the potential to encode three proteins of 14.92, 13.33 
and 207.95 kDa, respectively. The last ORF (ORF3) encodes a putative polyprotein with conserved domains, including zinc 
finger, aspartic protease, reverse transcriptase (RT) and RNase H domains, in that order. Phylogenetic analysis using the 
amino acid sequence of the ORF3 polyprotein showed that ABV clusters with several isolates of taro bacilliform CH virus 
(TaBCHV). Pairwise alignment using the highly conserved RT/RNase H region reveals that ABV has the highest level of 
identity (71%) at the nucleotide level to a Hawaiian isolate of TaBCHV.

Aglaonema bacilliform virus (ABV) is a member of the 
genus Badnavirus (family Caulimoviridae). ABV is associ-
ated with leaf mottling and chlorosis of Aglaonema modes-
tum, which occurs widely in commercial production. How-
ever, the role of ABV infection in disease expression has not 
been determined [1]. In previous experiments with the citrus 
mealybug Planococcus citri, ABV was not transmitted from 
infected Aglaonema modestum to any of seven other mem-
bers of the family Araceae, including members of the genera 
Anthurium, Caladium, Colocasia, Dieffenbachia, Epiprem-
num, Nephthytis and Philodendron [1]. In this report, the 
complete genome sequence of ABV and its phylogenetic 
relationship to other members of the genus Badnavirus is 
presented.

Aglaonema modestum plants showing virus-like symp-
toms were obtained from commercial greenhouses in Min-
nesota (USA). Viral particles were isolated from samples 
showing leaf mottling and premature senescence, and puri-
fication was done as described for piper yellow mottle virus 

(PYMoV) and commelina yellow mottle virus (CoYMV) [2, 
3]. Viral particles were examined using transmission elec-
tron microscopy (TEM), using samples that were mounted 
on carbon-coated formvar grids and negatively stained with 
2% phosphotungstic acid, pH 7.0 (PTA). A total of 100 virus 
particles were measured and found to have average dimen-
sions of 30 nm width and 120 nm length (Fig. 1B). No other 
virus-like particles were detected by electron microscopy in 
partially purified extracts in symptomatic plants, and further 
work is required to determine the role of ABV in symptom 
expression.

Genomic DNA was extracted from a purified virus sus-
pension and used for sequencing [2, 3]. Briefly, the virus 
suspension was treated with DNase I (4 units) and RNase (25 
μg/mL) at 37 °C for 30 min, followed by digestion with pro-
teinase K (200 μg/mL) in the presence of 1% SDS at 50 °C 
for 30 min. The mixture was subjected to phenol:chloroform 
extraction, and nucleic acids were precipitated using etha-
nol. The extracted DNA was digested in three separate 
reactions with the restriction enzyme SacI, PstI, or XbaI, 
and the digestion products were resolved in a 1% agarose 
gel and stained with 0.5 μg of ethidium bromide pro mL. 
A single restriction fragment of ~ 7 kb was observed after 
SacI digestion. Restriction digestion products obtained after 
SacI digestion of viral genomic DNA were ligated into the 
SacI site of pBluescript II KS (+), and two clones were 
sequenced by primer walking. The sequences were assem-
bled using Geneious Prime®. An additional PCR reaction 
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was performed with primers designed to amplify a ~ 1-kb 
region containing the SacI restriction site. Three of the 
PCR amplicons were cloned and sequenced. The resulting 
amplicon sequences matched the sequence of the full-length 
clone, confirming the completeness of the sequence.

The viral genome consists of a circular dsDNA mole-
cule with a length of 7,718 bp and 40% G + C content. The 
complete sequence was deposited in the NCBI GenBank 
database under accession number MH384837. A sequence 
complementary to the 3’ end of methionine tRNA (5’-TGG 
TAT CAG AGC AAG GTT-3’) was identified as the primer-
binding site for first-strand DNA synthesis and was set as 
the starting point for the annotation of the circular genomic 
sequence. An ORF search was done using ORFfinder 
(NCBI), and a search for conserved domains was done using 
the NCBI conserved domain database. The genome con-
tains three overlapping ORFs arranged in a fashion similar 
to that found in other badnaviruses (Fig. 1C) with overlap-
ping stop/start codons between ORF1 and ORF2 (ATGA) 
and between ORF2 and ORF3 (ATGA) and a 1,021-bp 
intergenic region. ORF1 (position 400 to 774) encodes a 
putative protein of approximately 14.92 kDa, with a domain 
of unknown function (DUF1319) that is restricted to mem-
bers of the genus Badnavirus. ORF 2 (position 771 to 1136) 
encodes a predicted protein of 13.33 kDa with no conserved 
domains. ORF3 (position 1133 to 6556) encodes a putative 

polyprotein of 207.95 kDa, with conserved domains, includ-
ing zinc finger, aspartic protease, reverse transcriptase (RT) 
and RNase H domains. The highest identity values at the 
amino acid level in ORF 1 (77%), ORF 2 (51%) and ORF 
3 (62%) were to their counterparts in taro bacilliform CH 
virus isolate Et17 from East Africa (MG017324). Pairwise 
alignments using the RT + RNase H region showed the high-
est identity (71%) at the nucleotide level to an isolate of 
TaBCHV from Hawaii, USA (KY359389).

Phylogenetic relationships between ABV and members of 
the genus Badnavirus were estimated using genetic informa-
tion from 31 members of this genus, with rice tungro bacilli-
form virus (X57924) (genus Tungrovirus) as an outgroup. A 
phylogenetic tree was constructed using the predicted amino 
acid sequence of the ORF3 putative polyprotein (Fig. 2). 
Alignment of the amino acid sequences was done using the 
MAFFT algorithm implemented in Geneious Prime ® [4]. 
The tree was generated by the maximum-likelihood (ML) 
method using the RAxML-HPC BlackBox tool from the 
CIPRES Science Gateway V 3.3 [5]. The ML tree placed 
ABV in a clade with several isolates of taro bacilliform CH 
virus (TaBCHV). Based on the phylogenetic reconstruction, 
ABV and TaBCHV share a common ancestor with piper 
yellow mottle virus (KJ873042) and several dioscorea bacil-
liform virus isolates.

Fig. 1  A. Aglaonema modestum plants showing symptoms associ-
ated with ABV infection. B. Viral particles observed using transmis-
sion electron microscopy (TEM). C. Graphic representation of the 

genome organization of aglaonema bacilliform virus (ABV); orange 
boxes indicate the predicted open reading frames (ORFs). Conserved 
domains are denoted by overlying blue boxes
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Fig. 2  Maximum-likelihood (ML) phylogenetic tree of selected mem-
bers of the genus Badnavirus. The ML tree was constructed using the 
amino acid sequence encoded by the ORF 3 (polyprotein). Statistical 
significance was evaluated by bootstrap analysis (1,000 replicates). 

Bootstrap values higher than 60% are shown at each node. The tree is 
drawn to scale, with branch lengths expressed in number of substitu-
tions per site. The arrow indicates the position of ABV
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