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Summary. – The intraspecies variability of gooseberry vein banding associated virus (GVBaV) was ana-
lyzed by using 5 complete and 9 partial sequences and compared with other badnavirus species. GVBaV was 
recognized to be a monophyletic and very homogeneous species with up to 94% identities in distinct proteins. 
Analysis of non-synonymous and synonymous substitution ratios (dNS/dS) revealed higher values for ORF4 in 
comparison with other genes. This could reflect different evolutionary pressure upon this ORF. A highly variable 
region with possible diagnostic value has been localized in the intergenic region of the virus. 
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Badnaviruses are highly adapted viruses with a double-
stranded DNA genome often restricted to plant vascular 
system (Geering and Hull, 2012). Their infection can lead 
to development of flecks, freckles, streaks, chlorosis or yel-
lowing along veins, or there may be no visible symptoms 
whatsoever. In the past decade, badnaviruses have been the 
subject of increased attention since the discovery of their 
endogenous sequences in various plant genomes (Geering et 
al., 2005, 2011; Gayral et al., 2008; Kenyon et al., 2008; Bou-
salem et al., 2009; James et al., 2011) and risk of their putative 
spread through infected germplasm and/or activation by an 
abiotic stress during propagation (Dallot et al., 2001).

The badnavirus genome contains monopartite, open circu-
lar, double-stranded DNA with single-strand discontinuity at 
one site in each strand. Upon entry into the cell, the discon-
tinuities are sealed and transcribed by host DNA-dependent 
RNA polymerases to yield a transcript larger than a genome. 
Only one strand of DNA is the coding sequence. Open reading 
frames (ORFs) found on the minus strand are not thought to 

be expressed in these viruses (Rothnie et al., 1994). Three ORFs 
are believed to be typical for badnaviruses, although additional 
ORFs have been found in some species: ORF IV, V and VI in 
citrus yellow mosaic badnavirus (Borah et al., 2009), ORF4 
coding for a putative protein of 95 amino acids (aa) inside 
the ORF3 in dioscorea sansibarensis bacilliform virus (Seal 
and Muller, 2007), and four ORFs with products longer than 
100 aa inside and after ORF3 in dracaena mottle virus (Su et 
al., 2007). The function of the ORF1 product (about 23 kDa 
in GVBaV) is unknown. The product of ORF2 (15 kDa in 
GVBaV) contains two motives conserved in badnaviruses and 
caulimoviruses: the K/RQN/LN motif at the N-terminal region 
and the K/QDPK motif at the C-terminal region. The latter 
motif plays a role in binding of the protein to DNA (Borah et 
al., 2009). The product of ORF3 is a polyprotein (216 kDa) har-
boring a movement protein, a coat protein, an RNA-binding 
site, as well as aspartyl protease and a reverse transcriptase/
RNAse H (RT/RNase H), respectively. In contrast to the pol 
gene product of retroviruses, it has no integrase (Geering and 
Hull 2012). To date, GVBaV has not been found integrated 
into the host genome. 

The use of error-prone reverse transcription in the repli-
cation of badnaviruses is assumed to be a driving force for 
creating variants between isolates. Mostly the RT/RNase 
H coding sequence is used for detecting badnaviruses and 
evaluating differences. Comparison of this sequences in 
yams (Dioscorea) revealed a very high degree of variability 
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between isolates and resulted in identifying many novel 
badnaviruses (Kenyon et al., 2008; Bousalem et al., 2009), 
as the recent species demarcation criteria in the badnavirus 
genus suppose more than 20% nucleotide (nt) differences 
in this region (Geering and Hull 2012). Seven phylogenetic 
groups have been characterized according to the 529 nt long 
RT/RNase H segment among 35 sugarcane bacilliform virus 
(SCBV) isolates, and three additional SCBV viruses were 
proposed using the 20% nt difference threshold (Muller et 
al., 2011).

Our knowledge of sequence variability and its putative 
diagnostic and distinguishing potential in GVBaV is not 
yet sufficient. Although GVBaV infects Ribes (currants and 
gooseberry) species worldwide, it causes only less notice-
able or transient symptoms in black or red currant and 
reduced vigor and yield in gooseberry cultivars (Adams 
1979; Jones et al., 2001). We performed a complete ge-
nome sequence of one Czech isolate from red currant and 
evaluated the variability of distinct genes, the RT/RNase 
H sequence, and variability of a noncoding region appli-
cable to isolate diagnostics. Further isolates were obtained 
from shoots of the black currant ‘Titania’; the red currants 
‘Holandský červený’, ‘Vitan’, ‘Rubigo’ and one unknown 
cultivar, the white currant ‘Blanka’, and the gooseberry 
‘Priori’ originating from a field germplasm collection and 
plantations during 2009–2011 in four regions within the 
Czech Republic. 

DNA was isolated from phloem material using the Nu-
cleoSpin plant II kit (Macherey-Nagel) according to the 

manufacturer΄s recommendations, including 15 min RNAse 
digestion of the plant extract and elution with 30 µl of water. 

GVBaV-specific primers (Jones et al., 2001; Xu et al., 2011) 
were used to amplify overlapping segments covering the whole 
genome of GVBaV. The noncoding region between nt 7248 and 
345 (numbered according to the sequence of the RIB9001 iso-
late, GenBank Acc. No. HQ852251) was amplified with primers 
293: 5ʹ-GATTCGTCATCGCTTACGCCATC and 294: 5ʹ-GTC 
GGCTACTGCTCTAGATACTC. All PCR products were cloned 
into pJET vector (Fermentas) and further sequenced with pJET 
forward and reverse primers using a BigDye ver.3.1 sequencing 
kit (Applied Biosystems). The complete genome sequence from 
red currant ‘Holandský červený’ (RC HC) was deposited in 
GenBank with accession number JQ316114. Partial nucleotide 
sequences of the RT/RNase H region and of the noncoding re-
gion of the other isolates were deposited under AC: JQ388484-94 
and JQ316115-120. The complete genome sequences of an RC 
isolate from red currant from the Netherlands, the isolate GB1 
from gooseberry from the United Kingdom, isolate RIB9001 
from red currant from the USA, a BC isolate infecting black 
currant from Canada (HQ852248-51) (Xu et al., 2011), and the 
partial sequence AF298883 (Jones et al., 2001) were used for 
phylogenetic analyses (Table 1). 

The complete genome of the Czech RC HC isolate consists 
of 7659 nt. Three typical open reading frames of 672, 441, and 
5730 nt and an additional ORF4 of 180 nt were identified. 
ORF1 and 2 are in the same reading frame but are separated 
by a termination codon. ORF2 and 3 overlap by 41 nt and 
ORF3 is in a −2 translational frame relative to ORF2. These 

Table 1. Isolates and sequences used in this work

Isolate Host AC Reference 
RC HC red currant cv. Holandský červený JQ316114 this work
RC Roz 1 red currant unknown cv. JQ316115 this work
RC Roz 2 red currant unknown cv. JQ316116 this work
WC B white currant cv. Blanka JQ316117 this work
RC Lhe red currant cv. Vitan JQ316118 this work
RC VL red currant cv. Vitan JQ316119 this work
GB Hol 5/39 gooseberry cv. Priori JQ316120 this work
GB1 gooseberry cv. Weisse Neckartaal HQ852248 Xu et al. (2011) 
RC red currant cv. Augustus HQ852249 Xu et al. (2011) 
BC black currant unknown cv. HQ852250 Xu et al. (2011)
RIB9001 red currant cv. London Market Ribes sp. HQ852251 Xu et al. (2011)

AF298883 Jones et al. (2001)
BC 19/5 black currant cv. Titania JQ388484 this work
RC 10/11 red currant cv. Vitan JQ388485 this work
RC 10/10 red currant cv. Vitan JQ388486 this work
RC 10/3 red currant cv. Rubigo JQ388487 this work
RC 9/6 red currant cv. Holandský červený JQ388488 this work
RC 9/5 red currant cv. Holandský červený JQ388489 this work
RC 9/4 red currant cv. Holandský červený JQ388490 this work
GB Pri gooseberry cv. Priori JQ388491 this work
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ORFs encode proteins of 224, 147, and 1910 aa (25.9 kDa, 16 
kDa, and 215.8 kDa). As mentioned above, there are badna-
viruses in whose genomes additional ORFs have been found 
(Borah et al., 2009; Seal and Muller, 2007; Su et al., 2007). 
GVBaV contained a fourth putative ORF in all isolates. The 
putative ORF4 is arranged in a convenient context in the 
genome. Its start codon overlaps the stop codon of ORF3 and 
is in a −1 translational frame relative to the preceding ORF3. 
It encodes for a protein 60 aa long (68 aa in the RC isolate), or 

6.4 kDa, or it could be transcribed continuously with ORF3 
and thereby produce a protein of about 222 kDa. However, 
no such protein has been detected in infected plants. Identity 
of coded proteins with corresponding proteins of BC, GB1, 
RC and RIB9001 isolates are in the range 93.9% to 100% 
(Table 2) and are in accordance with intraspecies identities 
of sugarcane bacilliform badnaviruses (Muller et al., 2011) 
and strawberry vein banding pararetrovirus (Mráz et al., 
1998). Amino acid identity of the putative protein coded 

Table 2. Amino acid sequence identity (%) between corresponding proteins of RC HC, BC, GB1, RC, and RIB9001 GVBaV isolates and sequence 
AF298883

ORF I ORF II ORF III ORF IV

 BC GB1 RC
RIB
9001 BC GB RC

RIB
9001 BC GB RC

RIB
9001 BC GB RC

RIB
9001 AF28883

RC HC 98.7 99.1 99.1 98.7 97.3 95.2 93.9 95.9 98.9 98.8 98.9 98.9 96.7 98.3 85.3 95.0 95.0
BC 99.6 99.6 99.1 95.2 93.9 95.9 99.0 99.3 99.3 95.0 80.9 91.7 91.7
GB1 100. 99.6 97.3 98.0 99.0 99.0 82.4 96.7 96.7
RC 99.6 96.6 99.1 82.4 79.4
RIB9001 93.3
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Fig. 1

Rooted neighbor-joining tree obtained from alignment of the RT/RNaseH region sequences
Bootstrap analysis was made using 1000 replicates. Grapevine vein-clearing virus (GVCV, NC_015784) was used as an out-group. Viruses and isolates 
were as follows: red currant ‘Holandský červený’ (RC HC, JQ316114), (RC 9/6, JQ388488), (RC 9/5, JQ388489), (RC 9/4, JQ388490); red currant ‘Vitan’ 
(RC 10/10, JQ388486), (RC 10/11, JQ388485); black currant ‘Titania’ (BC 19/5, JQ388484); gooseberry ‘Priori’ (GB Pri, JQ388491); gooseberry ‘Wiesse 
Neckartaal’ (GB1, HQ852248); red currant ‘Augustus’ (RC, HQ852249); black currant (BC, HQ852250); red currant ‘London Market’ (RIB9001, HQ852251); 
Ribes sp. (AF298883); and red currant ‘Rubigo’ (RC 10/3, JQ388487). 
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by ORF4 that is present in all isolates sequenced to date is 
79.4% to 98.3% (Table 2), but if trimming the eight aa of the 
RC sequence, the identity is 90% to 98.3%, comparable with 
identities of ORFs 1–3. 

Sequence analysis of non-synonymous and synonymous 
substitution ratios dNS/dS of distinct GVBaV genes of five 
isolates (six with the trimmed ORF4) were conducted in 
MEGA5 (Tamura et al., 2011) using the modified Nei-
Gojobori model. Analysis showed large differences between 
the genes, as the dNS/dS of the putative ORF4 (0.622) was 
about 10 times higher than that of ORF1 (0.062) and ORF3 

(0.061) and about 4 times greater than the dNS/dS of ORF2 
(0.165). This could reflect different evolutionary pressure 
on this ORF. 

Nucleotide sequence comparison of the 726 nt long RT/
RNase H segment of 14 available GVBaV isolates (Table 1) 
showed a monophyletic distribution having no correlation 
with the host species or geographic origin of isolates (Fig. 1). 
Nucleotide sequence identity of the isolates was 97.5% to 
100% (average 98.9%) in this region. This is in agreement 
with the intraspecies nucleotide sequence identity of three 
SCBV viruses, which was between 88% and 99% (Muller 

 BC      (1) MIYLIMEADAPDDFTINDSSPLTPSALLLFYFCKCACSALSQGILSLMSFSHTFGGSGCF-------- 
 RC HC   (1) MIYLIMEADAPDDFTINDSSSLTPSALLLLYFCKCACSALSQGILSLMSFSHTFGGSGCF-------- 
 GB1     (1) MIYLIMEADAPDDFTINDSSSLTPSALLLLYFCKCASSALSQGILSLMSFSHTFGGSGCF-------- 
 RC      (1) MTYPIMEADAPDDFTINDSSSITPSALLLLYFCKCACSALSQGILSLMSFSHTFGGSGCFEYKHYCKS 
 RIB9001 (1) MIYPIVEADAPDDFTINDSSSLTPSALLLLYFCKCASSALSQGILSLMSFSHTFGGSGCF-------- 
 AF298883(1) MIYLIMEADAPDDFTINDSSSLTPSALLLLYFCKCVSSALSQGILSLMSFSHTFGGGGCF-------- 
 Alignment   *.*.*.**************..*******.*****..*******************.***........    

 Fig. 2

Amino acid alignment of putative ORF4
Non-conserved positions are highlighted.

Fig. S1

Neighbor-joining tree obtained from alignment of the variable noncoding region
Bootstrap analysis was applied using 1000 replicates. Grapevine vein-clearing virus (GVCV, NC_015784) was used as an out-group. Viruses and isolates 
were as follows: red currant ‘Holandský červený’ (RC HC, JQ316114); red currant unknown cultivar (HC Roz 1, JQ316115); (HC Roz 2, JQ316116), 
white currant ‘Blanka’ (WC B, JQ316117), red currant ‘Vitan’ (RC Lhe, JQ316118); (RC VL, JQ316119); gooseberry ‘Priori’ (GB Hol 5/39, JQ316120); 
gooseberry ‘Wiesse Neckartaal’ (GB1, HQ852248); red currant ‘Augustus’ (RC, HQ852249); black currant (BC, HQ852250); red currant ‘London Market’ 
(RIB9001, HQ852251); and Ribes sp. (AF298883). 
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et al., 2011), but not with banana streak virus, where high 
variability in the corresponding coding segment has been 
detected even in one geographic location (Jaufeerally-Fakim 
et al., 2006). In this point, GVBaV is an exceptionally ho-
mogeneous species.

A highly variable part of the GVBaV genome was recog-
nized within the intergenic region between the end of ORF3 
and start of ORF1. This finding is surprising because this 
region contains promoter elements and important secondary 
structures. This region in GVBaV is 841 to 855 nt long, de-
pending on the isolate. The negative-strand primer-binding 
site (Geering et al., 2011), poly (A) signal (AATAAA), TATA 
box (TTATTT), and several GT-1 boxes (GGAAAA) were 
identified there. There is a strong (−3.34 kcal/mol), stable 
secondary structure (5´-AGACGUGACAGUCU, with a 4 nt 
stem and 6 nt loop) conserved in all GVBaV isolates before 
the AUG start codon of ORF1 (analyzed with the RNA fold 
in RNA web server on http://rna.tbi.univie.ac.at/cgi-bin/
RNA fold.cgi, Zuker and Stiegler, 1981). 

We analyzed sequences of 12 isolates in this region and 
tried to find some evolutionary consequences. A hypervari-
able region was located between nt 7473 and 7594 (num-
bered according to isolate RIB9001). Phylogenetic analysis 
of the intergenic region nucleotide sequences obtained by 
the neighbor-joining method showed no reliable cluster-
ing of isolates depending upon either region or host plant 
(Fig. S1, supplementary material). In any case, this region 
is of diagnostic value for discriminating distinct isolates. 
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