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Abstract Blackberry chlorotic ringspot virus is a sub-

group 1 ilarvirus, detected in several rosaceous hosts

exhibiting disease symptoms in Europe and the United

States. The population structure of the virus was studied

using isolates collected from wild and cultivated plants

from six states in the United States. The results suggest a

homogeneous virus population in the United States, similar

to what observed within single orchards for other ilarvi-

ruses. Given the lack of evidence for host or geography-

driven adaptation, it is hypothesized that the virus was

recently introduced into the New World.
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Blackberry chlorotic ringspot virus (BCRV) belongs to

subgroup 1 of the genus Ilarvirus in the family Bromo-

viridae. BCRV has a genome typical of subgroup 1 and

subgroup 2 ilarviruses, with the 3.4-kb RNA1 coding for a

single protein with methyltransferase and helicase motifs.

The 2.8-kb RNA2 codes for the RNA-dependent RNA

polymerase (RdRp) and contains a second open reading

frame that encodes a gene involved in suppression of RNA

interference as inferred from its homology to the cu-

cumovirus 2b protein [2]. The 2.3-kb RNA3 codes for the

movement and coat proteins of the virus, the latter of which

is expressed through a subgenomic RNA4 [33]. BCRV was

isolated from blackberry showing line patterns and ring-

spots in the UK in 1986 [13] and from rosette-diseased rose

in the United States in 2006 [31]. It was subsequently

detected in the United States in raspberry with mosaic

symptoms [34] and blackberries affected by yellow vein

disease [26].

Because previous work had shown that symptom

expression in blackberry requires the presence of multiple

viruses [27], it is important to study the virus population

structure and provide a foundation to better understand

BCRV infection and its possible interaction with other

viruses such as rose rosette virus [19] and those involved in

the blackberry yellow vein disease [22]. Population struc-

tures give insight into virus evolution but also help to

understand diseases better, the primary reason behind this

study. There are many cases where isolates or strains of the

same virus cause mild or severe symptoms [4, 11, 30] or

exacerbate symptoms in mixed infections [27, 28]. The

establishment of plantings from virus-tested material is the

only means of controlling/mitigating infection, and the data

obtained in this study can be used for the development of

universal detection protocols, a priority for the berry

nursery industry given the widespread presence of this and

other viruses [26]. Such tests can only be developed after

obtaining information on virus diversity to optimize

detection and minimize the possibility of false negative

results.

Given that priority was given to the better understanding

of the virus population structure, the genome fragment that

exhibits the greatest genetic variability within the typical

ilarvirus genome [33], RNA3, was studied. Samples were

Sequences reported in this communication have been deposited in

GenBank and assigned accession numbers JX429864-JX429895.

Electronic supplementary material The online version of this
article (doi:10.1007/s00705-012-1523-4) contains supplementary
material, which is available to authorized users.

B. Poudel � I. E. Tzanetakis (&)

Division of Agriculture, Department of Plant Pathology,

University of Arkansas, Fayetteville, AR 72701, USA

e-mail: itzaneta@uark.edu

123

Arch Virol (2013) 158:667–672

DOI 10.1007/s00705-012-1523-4

http://dx.doi.org/10.1007/s00705-012-1523-4


collected in, or shipped from Arkansas, California, Oregon,

Missouri, North Carolina, and Florida (Supplemental

material), and nucleic acid was extracted within 24 h of

collection or delivery. Total nucleic acids were extracted as

described previously [32] and subjected to reverse-tran-

scription polymerase chain reaction (RT-PCR) using the

primers described by Tzanetakis et al. [34]. A total of 32

isolates of BCRV from blackberry, raspberry, and rose, and

including the only non-U.S. isolate (UK-blackberry;

GenBank accession DQ091195), were employed in the

analysis. Complete RNA 3 of the virus was amplified using

different sets of primers. Primers BCRVRNA3Fpcr and

BCRVRNA3Rpcr were used to amplify the 2290-nucleo-

tide-long RNA3 of BCRV (supplemental material).

Sequencing primer IM was used as an intermediate primer

to obtain the sequence of RNA3. In instances where those

two primers failed to amplify the complete RNA3, inter-

mediate primer BCRVinter1280R or BCRVinter1277R was

used to amplify the 5’ region along with BCRVRNA3Fpcr.

Similarly, to obtain the sequence of the 3’ region, primer

BCRVinter1146F or BCRVinter1108F was used with

BCRVRNA3Rpcr (supplemental material). The PCR pro-

gram consisted of initial denaturation at 94 �C for 3 min,

denaturation at 94 �C for 30 sec, annealing at 55 �C for 15

sec, and extension at 72 �C for 2 min, repeated for 40

cycles, and this was followed by a final extension at 72 �C

for 10 min. Purified PCR products were cloned into the

pCR2.1 vector (Invitrogen), and Alpha-Select Chemically

Competent Cells (Bioline) were transformed with the

cloned products. Recombinant plasmids were sequenced at

Functional Biosciences Inc. (Madison, WI) using M13

forward and reverse primers along with the intermediate

sequencing primers as described above. For each cloning

reaction, at least three independent clones were sequenced

for a 39 nucleotide coverage of the target region.

Sequence contigs were obtained with CAP3 [12], and the

diversity of the isolates was evaluated using Bioedit [7].

Phylogenetic and molecular evolutionary analyses were

performed using MEGA v.5 [29]. The maximum-likelihood

method was applied to construct trees using the nucleotide

sequences of RNA3 as well as the movement and coat

protein coding regions (MP and CP respectively), imple-

menting the Kimura 2-parameter model [15]. Trees were

also constructed for the MP and CP genes using the Poisson

model for amino acid substitutions [35]. Selection pressure

was calculated using the Synonymous/Non-Synonymous

Analysis Program (SNAP) [16]. To validate the results, the

codon based Z-test implementing the Nei-Gojobori method

[23] was run in MEGA. Recombination analysis was per-

formed using RDP4 [21]. Recombination patterns were

considered statistically significant events when detected by

four or more of the eight programs employed in RDP4.

The RNA3 sequences from 32 isolates obtained from

three plant species and six U.S. states were analyzed, and

they revealed a homogeneous population, with nucleotide

variation between isolates never exceeding 5 %. When

BCRV-UK was added in the analysis, diversity doubled for

the MP, reaching 20 % and 22 % at the nucleotide and

amino acid level, respectively, for the CP, and 32 % for the

intergenic region (Table 1). There have been several

reports where ilarvirus protein size fluctuates significantly

among isolates [5, 25], and it is noteworthy that the BCRV-

UK CP initiates at AUG1252-1254, contrasting with all U.S.

isolates, in which the codon is mutated to ACA. U.S.

Table 1 Sequence diversity of RNA3, movement and coat proteins of blackberry chlorotic ringspot virus

Region US US ? UK R Rb RbUS

RNA3 95-100 % 89-100 % 96-100 % 89-100 % 95-100 %

Movement protein (nt) 94-100 % 90-100 % 95-100 % 90-100 % 94-100 %

Movement protein (aa) 95-100 % 91-100 % 96-100 % 91-100 % 95-100 %

Coat protein (nt) 95-100 % 80-100 % 95-100 % 80-100 % 95-100 %

Coat protein (aa) 94-100 % 78-100 % 95-100 % 79-100 % 95-100 %

5’ UTR 94-100 % 94-100 % 96-100 % 94-100 % 94-100 %

IGR 94-100 % 68-100 % 94-100 % 69-100 % 94-100 %

3’ UTR 96-100 % 91-100 % 97-100 % 91-100 % 96-100 %

nt nucleotides, aa amino acids, UTR untranslated region, IGR intergenic region, R rose, Rb rubus, RbUS rubus isolates from the United States

Fig. 1 Phylogenetic analysis of nucleotide and amino acid sequences

of blackberry chlorotic ringspot virus isolates. A Complete nucleotide

sequence of RNA3. B Movement protein coding region. C Coat

protein-coding region. D Movement protein. E Coat protein. The

evolutionary history was inferred by using the maximum-likelihood

method based on the Kimura 2-parameter model (nucleotides) or the

Poisson model (amino acid). The bootstrap consensus trees inferred

from 1000 replicates were taken to represent the evolutionary history

of the isolates analyzed. The percentage of replicate trees in which the

associated taxa clustered together in the bootstrap test (1000

replicates) is shown next to the branches, with partitions reproduced

in less than 70 % of the bootstrap replicates not shown, as they are

considered untrustworthy. AR Arkansas, CA California, FL Florida,

MO Missouri, NC North Carolina, OR Oregon, UK type isolate

(GenBank accession DQ091195), BB blackberry, RB raspberry, RS
rose. The bar represents changes/site analyzed
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isolates initiate at AUG1294-1296 for a CP of 231 versus 245

amino acids of BCRV-UK. Phylogenetic analysis failed to

provide evidence of geographical or host-specific sequence

variation among the U.S. isolates (Fig. 1). Additional

analysis of the MP C-termini was performed, as this region

of the genome may play a crucial role in host specificity

[10], but again, no host-based adaptation was observed

(data not shown). Synonymous and non-synonymous sub-

stitution analysis indicated that both proteins are under

strong purifying selection that is independent of isolate

grouping (complete set, rose, rubus or US rubus isolates).

The dNs/dS ratio for the MP was found to be between 0.062

and 0.125, whereas for the CP, the ratio was between

0.097-0.194 (Table 2). When the hypothesis that the

recombination was the driving force behind BCRV evo-

lution was tested using RDP4 no recombination events

were observed.

BCRV isolates were collected from an area that spans

2/3 of the lower U.S. and three hosts; blackberry, rasp-

berry, and rose were studied. Data on the population

structure of different ilarviruses fluctuate from minimal

diversity even when evaluating isolates from different

continents [8, 9] to evidence of geographic adaptation of

virus populations [5, 18]. The BCRV U.S. isolates show

minimal diversity, as they share 95 % nucleotide sequence

identity (Table 1).

The CP of subgroup 1 ilarviruses fluctuates in size by

15-20 amino acids, e.g. parietaria mottle virus (PMoV) and

tobacco streak virus (TSV), BCRV-UK in contrast to

strawberry necrotic shock virus (SNSV) and the BCRV

U.S. isolates [33]. The presence of isolates with long and

short N-termini may provide clues about the population

evolution of a virus, or even the starting point of speciation.

There are two major hypotheses on the subject. First: the

second in-frame AUG of the longer proteins is in a better

translational context [17]. Thus, ribosomes may bypass the

first start codon and translate the smaller protein. Alter-

natively, the second amino acid of the expressed protein

provides stability; extending its lifespan in the cell [1].

Start codons of ilarvirus subgroup 1 members available in

GenBank as well as the second in-frame AUG for the

viruses with larger CPs (PMoV, TSV and BCRV-UK) were

examined. In all cases, the sequences between nucleotides

-3 and ?4 (-3NNNAUGN?4) did not provide evidence of

a strong translational context [20], minimizing the possi-

bility of preferential ribosomal initiation, results that are

reinforced by the single major band in PAGE of purified

BRCV-UK material [13]. The second amino acid of the

U.K. and U.S. isolates studied was a serine, eliminating the

effect of this residue on protein stability between isolates.

BCRV has the potential to be transmitted by pollen and

pollen-moving insects, as reported for other ilarviruses [3,

6, 14], a function that may assist in rapid virus dispersal

between hosts (wild vs. cultivated). The absence of

symptoms in single virus infection in blackberry (Poudel,

personal observation) might have also facilitated the

unintentional and efficient movement of BCRV to different

blackberry cultivation areas in the U.S. This can lead to the

argument that the limited diversity observed resulted from

the clonal propagation of blackberry, raspberry and rose

and that a limited number of infected breeding releases

may account for the homogeneity of the populations

studied. This was a point of concern prior to beginning this

study, and for this reason, the majority of isolates were

collected from plants grown in the wild (supplemental

data), limiting the issue of sequence bias. The identical

gene size and the diversity observed among all U.S. iso-

lates studied, even in the untranslated regions of RNA3, is

Table 2 Synonymous and non-synonymous substitution rates of different regions of blackberry chlorotic ringspot virus

Region dNs Variance (dNs) sd (dNs) dS Variance (dS) sd (ds) dNs/dS

MP 0.010 0.000 0.001 0.114 0.000 0.014 0.087

MP (R) 0.013 0.000 0.002 0.127 0.000 0.016 0.102

MP (Rb) 0.006 0.000 0.002 0.096 0.000 0.014 0.062

MP (RbUS) 0.013 0.000 0.002 0.104 0.000 0.015 0.125

CP 0.014 0.000 0.002 0.104 0.000 0.012 0.134

CP (R) 0.011 0.000 0.003 0.113 0.000 0.016 0.097

CP (Rb) 0.015 0.000 0.003 0.084 0.000 0.011 0.178

CP (RbUS) 0.007 0.000 0.001 0.036 0.000 0.007 0.194

The longer N-terminus (first 42 nt /14 aa) of the UK blackberry isolate has been trimmed so as to compare identical sequence lengths

MP movement protein, CP coat protein, R rose, Rb rubus, RbUS rubus isolates from the United States

dNs: number of non-synonymous substitution per non-synonymous site, averaged for all isolates

dS: number of synonymous substitution per synonymous site, averaged for all isolates; sd: standard deviation

dNs/dS: ratio of non-synonymous substitutions to synonymous substitutions. If dNs/dS is greater than 1, the gene is under positive selection,

whereas if dNs/ dS is less than 1, the gene is under negative or purifying selection
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similar to the diversity observed within a single orchard for

other ilarviruses [24] and supports the hypothesis that

BCRV was recently, in evolutionary terms, introduced into

the U.S.

The comprehensive information generated by this work

adds to the limited data on the population structure of

ilarviruses and will facilitate research on particular virus

isolates in mixed infections with viruses involved in

blackberry yellow vein disease. It has also led to the

development of multiple assays capable of detecting all

isolates and minimizing virus escapes at the nursery level

[26]. The widespread occurrence of virus not only in

blackberry but also rose and raspberry makes BCRV a

pathogen of concern for berry breeding programs and

nursery certification programs.
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