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 ABSTRACT

The acute bee paralysis virus (ABPV) may cause high mortality in apiaries infested with the parasitic mite Varroa destructor, hence may be responsible for severe economic losses. The virus is widespread in the European apiaries; its presence in Hungary was reported first in 1997. In the work presented here the genetic comparison of the complete genome sequences of Central European ABPV strains to the reference strain and to each other is described.

Prior the genetic investigations certain regions of the genome were amplified by polymerase chain reaction following reverse transcription (RT-PCR). Based on the sequence of the reference strain deposited in the international gene bank 34 oligonucleotide primers were designed and used to produce overlapping PCR amplicons. After sequencing from both ends the genome was reconstructed from the sequences. In the case of one Hungarian and one Polish strain the nucleic acid sequence was determined on the complete genome of the virus.

The sequence of the two Central European strains was aligned to each other and to the reference strain. Both the Hungarian and the Polish strain had shown a 94% identity to the reference strain and 96.5% identity to each other. The difference of the strains was lower on amino acid level in each case.

The genetic investigations are suitable for the identification of ABPV strains isolated in different geographic regions, and may serve as a basis for later comparison of ABPV strains of different virulence and/or pathogenicity.

INTRODUCTION

Acute bee paralysis virus (ABPV, Bailey et al., 1963) is a common infective agent of honey bees (Apis mellifera L.), which is frequently present world-wide in apparently healthy colonies (Allen and Ball, 1996), but in several cases it causes sudden collapse of bee colonies. In these cases the colonies are usually infested with the mite Varroa destructor (Ball and Allen, 1988), which may act as a virus vector and is therefore an important predisposing factor in the clinical manifestation of the disease (Abrol, 1996).

ABPV has a single stranded, positive sense, polyadenylated RNA genome comprising of 9,491 nucleotides. The complete nucleotide sequence of the virus has been determined (Govan et al., 2000). The genome encodes for two open reading frames (ORFs). ORF 1 starts at nucleotide 605 and extends to 6325 and ORF 2 starts at nucleotide 6509 and ends at 9253. By comparison of the deduced amino acid sequence of the ABPV ORF 1 to related viruses of Picornaviridae, Caliciviridae, Comoviridae and Sequiviridae, it was found to contain three conserved domains. These non-structural protein domains are the RNA helicase, the cysteine protease and the RNA-dependant RNA polymerase (RdRp). The putative helicase domain of ABPV starts at amino acid position 533 and extends to position 654. The putative cystein protease domain is located between amino acid positions 1163 and 1327. The putative RdRp domain starts at amino acid position 1565 and extends to position 1840 (Govan et al. 2000). ORF2 encodes three major structural proteins (35, 33, and 24 kDa) and a minor protein (9.4 kDa) transcribed together in a capsid polyprotein.

Previously the ABPV was grouped to the insect-infecting picorna-like viruses of Picornaviridae (Moore et al., 1985), but insect viruses belonged to the same group of Picornaviridae in general showed only minor sequence similarities. The ABPV shows 29 % identity to Drosophila C virus (DCV), 28 % to Cricket paralysis virus (CrPV), 29 % to Plauti stali intestine virus (PSIV) and 31 % to the Himetobi P virus (HiPV) on amino acid level (Evans and Hung, 2000).

Recently it has been recognized that many of the insect infecting RNA viruses have genome structures different from the ones of picornaviruses and similar to those of caliciviruses. Picornaviruses possess monocistronic genomes with the structural genes at the 5' end, and the replicase proteins at the 3' end of the genome. Caliciviruses have bicistronic genomes with replicase proteins at the 5' end and the structural proteins at the 3' end of the genome. Superficial genomic similarity to the caliciviruses has been found after sequencing of the CrPV, DCV, PSIV, HiPV and Rhopalosiphum padi virus (RhPV) which all have bicistronic genomes with replicase proteins at the 5' part, and structural proteins at the 3' part of the genome. However, although they share the same genomic structure, the insect infecting viruses, contrary to the caliciviruses, do not produce subgenomic RNA. The translation initiation in these viruses is found to be facilitated by an internal ribosomal entry site. This difference accounts for the CrPV, PSIV, HiPV, DCV, RhPV which were classified into a novel group of "Cricket paralysis-like viruses" distinct from the family Picornaviridae (van Regenmortel et al., 1999). Analysis of the overall genomic structure of ABPV showed similarities to those of DCV, PSIV, RhPV and HiPV, therefore it was suggested that the ABPV belongs to the group of “Cricket paralysis-like viruses” (Govan et al., 2000). Most recently the aforementioned viruses were grouped into Cripavirus genus of the newly established Dicistroviridae family (International Committee on Taxonomy of Viruses, 2002).

Concerning the distribution of the virus, it has been detected in Britain, France, Italy, Canada, New Zealand and probably Australia without any associated disease or mortality (Allen and Ball, 1996). In central part of Europe and in America on the other hand, the findings are different (Österlund et al., 1998, Bakonyi et al., 2002). In these areas ABPV has been found in large numbers of diseased brood and dead adult bees from colonies infested with Acarapis woodi and Varroa destructor and the virus has also been detected within the Varroa mite itself (Allen et al., 1986). Regarding the interactions between A. woodi, V. destructor and bee viruses including ABPV, and potentially also other microorganisms, the term "Bee–Parasitic Mite Syndrome" was established (Hung et al., 1995). This term is pertaining to the unknown mechanisms by which these organisms cause large colony losses, especially in Central Europe and America.

The observations support the premise of the presence of virulence-variants amongst ABPV strains. Since the conventional virus classification and characterization methods (i.e. isolation in cell cultures, serotyping) are unadapted to bee viruses, novel and reliable methods are necessary for the identification of distinct strains within ABPV. Investigations of the viral nucleic acid provide the opportunity of genetic characterization of the isolates and genotyping. Polymerase chain reactions following reverse transcription (RT-PCR) have been developed recently for the identification of ABPV in purified virus suspension (Benjeddou et al., 2001), for the detection of ABPV from bee samples (Bakonyi et al., 2002a) and also for phylogenetic analysis (Bakonyi et al., 2002b). Genotyping is in accordance with the virulence, antigenic properties and geographical distribution of the different strains (Lomniczi et al., 1998). These findings have led to increased interest for the phylogenetic relationship within ABPV isolates. The complete structural protein gene region of ten Central-European strains was investigated recently. The isolates showed 94% to 95% identity rates compared to the reference strain, and the phylogenetic analysis revealed three distinct genotypes within the Central-European strains. A comprehensive analysis on a partial sequence within the structural protein region of several ABPV isolates found identity rates between 89% and 96%, and the isolates from Britain and from continental Europe were separated into two major branches, which were sub-divided into distinct clusters (Bakonyi et al., 2002b).

The relative high level of identity of the different strains in the structural protein region prompted us to investigate other parts of the ABPV genome. This paper presents the sequencing and sequence analysis of the complete genome sequence of a Hungarian and a Polish ABPV isolate.

MATERIALS AND METHODS

Viruses

The two investigated ABPV strains were isolated from cases of increased bee mortality in Hungary (Békési et al., 1999) and in Poland (Topolska et al., 1995). The viruses were propagated in bee pupae, purified by gradient ultracentrifugation and identified by agarose gel immunodiffusion (AGID) test and electron microscopy (EM).

RNA purification and reverse transcription

Viral RNA was isolated from the ultracentrifuge grade purified and dialyzed virus suspensions employing QIAamp viral RNA Mini Kit (Qiagen, Germany). The RNA was reverse-transcribed into cDNA (complementary DNA) using oligo (dT) primer method with RevertAidTM First Strand cDNA Synthesis Kit (MBI Fermentas, Vilnius, Lithuania), following the manufacturer's instructions. RNA and cDNA was stored at -80 (C.

Primer design

Amplifications were performed using ABPV specific oligonucleotide primer sequences. Twenty three pairs of primers were selected based on the published complete genome sequence of ABPV (accession number: AF150629) in GenBank database (http://www.ncbi.nlm.nih.gov) with the help of Primer 2.0 and Oligo 3.4 software programmes. Seventeen primer pairs were designed to produce overlapping amplicons for sequencing the ORF 1 part of the genome. The sequences, orientations, locations and product sizes are shown in Table I. Further six primer pairs used in the present investigations for producing amplicons from ORF 2 of the virus genomes were designed in a previous study and were described in a paper already published (Bakonyi et al., 2002b). Nucleotide positions are referring to the ABPV complete sequence (AF150629). The oligonucleotides were synthesized by Creative Labor Ltd. (Szeged, Hungary).

Primera
Sequence (5’ to 3’)
Nucleotide positionsb
Length of amplicon (bp)

ABPV 18f
TTA TTA CAC GAT GTT ACC CG
18-37
255

ABPV 273r
GAC TTG ATT GCT ACG TGG CT
254-273


ABPV 92f
TAG GCA CTA TTA GAA GGA GG
92-111
975

ABPV 1067r
ACA ATA TGT CAG TCC AZG AG
1048-1067


ABPV 719f
GAA CAG GCA TAC GTC AAT GG
719-738
391

ABPV 1110r
TCA ACA GGT CCT GGA TTG GT
1091-1110


ABPV 1044f
GTG GCT CAT GGA CTG ACA TA
1044-1063
1238

ABPV 2282r
CTA TTG CTA GAG GCC AAG TC
2263-2282


ABPV 1445f
TGT GTA GAT TTG ATT AGT GC
1445-1464
1247

ABPV 2692r
TTT TCC TGC TGA TTT AGA CC
2673-2692


ABPV 2500f
CAT GGC TCA CCT CGA AGA TA
2500-2519
613

ABPV 3113r
CAG CTA TTC CTT CAT ACG TG
3094-3113


ABPV 2948f
GCA CGT ACT ATG GAT GAA GC
2948-2967
1408

ABPV 4356r
ACT GGA AGA GTG ACC TCA CA
4337-4356


ABPV 3365f
TGG AAA TGG TTA TGT AGT GG
3365-3384
1413

ABPV 4778r
GTG AAG GCA AAT CGC AAA AA
4759-4778


ABPV 4673f
CAA TTG GAC CTA GAT CAG AC
4673-4692
753

ABPV 5426r
CCA TAA GGT GTG CTA TGA AG
5407-5426


ABPV 5141f
CCA TGG ATA CGC GAT AGA AT
5141-5160
395

ABPV 5536r
ATC TCC TGC AAT AAC CTT GG
5517-5536


ABPV 5407f
CTT CAT AGC ACA CCT TAT GG
5407-5426
899

ABPV 6306r
AAT CTC TCC TGA GCA TAA CC
6287-6306


a f: forward; r: reverse

b Nucleotide positions refer to the published complete ABPV sequence (GenBank accession No. AF150629).

Table I. Oligonucleotide primer pairs selected for ABPV RT-PCR

Polymerase chain reaction

The reaction mixture contained 5 (l of 10 ( reaction buffer, 1.5 mM MgCl2, 10 pmol deoxynucleozide triphosphate mix (dNTP), 20 pmol from the appropriate primers, 2µl cDNA, 1.5 U Taq DNA polymerase (MBI Fermentas, Vilnius, Lithuania) and distilled water up to the final volume of 50 (l. After an initial incubation at 94 (C for 3 min, the PCR mixture was subjected to 40 cycles. One replication cycle consisted of heat denaturation step at 94 (C for 1 min, primer annealing at 55 (C for 1 min and DNA extension at 72 (C for 1 min. Thereafter the samples were maintained at 72 (C for 2 minutes for the final extension.

The 5' and 3' ends of the genome were sequenced by the GeneRacer Kit (Invitrogen, Co., Carlsbad, CA, USA) following the manufacturer's instructions.

Gel electrophoresis

Following the RT-PCR reaction, 10 (l of the amplicons was electrophoresed in a 1% Tris borate–EDTA-agarose gel (Seakem FCM BioProducts, Rockland Maine, USA) containing 0.5 (g/ml ethidium bromide, at 80 V for 1 hour. The bands were visualized by UV translumination at 312 nm and photographed by a Kodak DS Electrophoresis Documentation and Analysis System using the Kodak Digital Science 1D software. Product sizes were determined with the references to ( phage DNA cleaved with PstI restriction enzyme.

Nucleotide sequencing and computer analysis

The PCR products amplified from Hungarian and Polish ABPV strains were electrophoresed in a 0.8 % Standard Low-mr Agarose Gel (Bio-Rad, Richmond, CA, USA) at 80 V for 2 hours. The amplicons were excised from the gel and extracted using QIAquick Gel Extraction Kit (Qiagen, Germany). Fluorescence-based direct sequencing PCRs were performed at the Biological Research Centre of the Hungarian Academy of Sciences in Szeged, and the products were sequenced in both directions employing an AbiPrism 2.1.0 automated sequencing system. The primers used for sequencing were identical to those in the RT-PCR reaction.

The nucleotide sequences were identified by a FASTA (NCBI) search against the GenBank database, they were complied and completed with the published sequences of the structural protein gene region (Bakonyi et al, 2002b). Deduced amino acid sequences were generated and multiple alignments were performed using BioEdit 4.7.8, DNASIS 7.04 and Clustal W 5.a softwares.

Nucleotide sequence accession numbers: The ABPV sequences described in this paper were submitted to GenBank database under accession numbers AF486072 (Hungarian), AF486073 (Polish).
RESULTS

Specific oligonucleotide primers were applied for the amplification of the genomic regions coding for the ORF1 of a Hungarian (Hungary 1) and a Polish (Poland 1) ABPV strain by RT-PCR. The amplifications yielded clear and distinct products of the expected molecular weight with both strains. The seventeen amplicons were sequenced in both directions. In total, thirty four sequences were determined and identified as ABPV by using FASTA search against the GenBank database. The sequences of the overlapping PCR products were complied, completed with the sequences of ORF 2 (Bakonyi et al 2002b) and the sequences of the 5' and 3' ends determined by "rapid amplification of cDNA ends" (RACE) and aligned to the published complete ABPV sequence (AF150629, Govan et. al., 2000.). Finally continuous nucleotides sequences were determined between nt positions 1 and 9459 of the Hungarian (AF486072), and between nt positions 1 and 9463 of the Polish (AF486073) strains. The sequences cover the complete genome and contain the two ORFs of the viral genome. The Hungary 1 strain has 94.0% identity, while the Poland 1 strain has 93.9% identity to the reference strain. The two Central-European strains show 96.5% sequence identity. The differences are mainly separate point mutations and lower level of sequence divergence was observed within the helicase, protease and RNA polymerase domain regions than the other parts of the reading frame (94-96% identity). Nucleotide deletions in the Central-European strains (or insertions in the reference strain) were observed in nt positions 589-595, 1730, 1751-1752, 1851-1852, 1855, and 9236-9242, respectively.

Deduced amino acid sequences were generated from the nucleotide sequences of the Hungarian and Polish strains. The 1906 amino acid (aa) long polypeptide was also aligned to the replicase polyprotein region of the reference strain revealing 96.5% sequence identity between the Hungary 1 and reference strain, and 96.3% identity between the Poland 1 and reference strain. The Hungarian and Polish isolates showed 98.7% aa identity. The aa sequences of the helicase domain region are practically identical in the three analyzed sequences. (In the case of the reference strain in aa position 600 the amino acid could not been determined, because in the nucleotide sequence in position 2402 a pyrimidine base indicated. In the Hungarian and Polish isolates a thymidine could be found in this position.) Within the protease domain region one amino acid divergence was observed in the Polish strain in aa position 1211. A little higher divergence was observed in the RNA polymerase domain region (in aa positions 1670, 1689 [Po], 1739, 1793, 1817 [Hu], and 1827 [Po], respectively). Amino acid deletions were found in the Central-European isolates in aa positions 381 and 416.

DISCUSSION

Several factors contribute in the development of clinical symptoms of ABPV infection. Besides the susceptibility of the host species, the environmental predisposing factors and the virulence of the pathogen also influence the course of the disease. The honey bee is not the only host of ABPV. The virus has been detected also in bumblebees (Bombus spp.) in Britain, and it is the only bee virus known so far to have an alternative host in the nature (Bailey and Ball, 1991). On the other hand, there are no data available on the differences in the susceptibility and sensitivity to ABPV in the different subspecies or breeds of the honey bee. The individual biological status of certain bees or colonies (i.e. age, immune-response, colony population) may also be important in the course of the disease. Weakening factors, such as intoxication or infestation with parasites (especially the presence of V. destructor) facilitates the development of virus-induced diseases.

Natural virulence-variants have been observed within several virus genera. The differences in the virulence are the consequences of mutations resulting in changes of the viral proteins. In some cases the changes of the structural proteins lead to modified surface receptors of the virions, and therefore modified tissue specificity in the host organism. In other cases non-structural proteins change, influencing the multiplication processes of the virus in the host cell and also the effect of the virus infection on the cell, on the organ or on the host organism. Virulence is an inherited property of the virus with genetic background, and its changes are the results of virus evolution. Therefore the differences in the viral genome are useful indicators helping the detection and characterization of virus strains with diverse virulence.

The aim of our investigations was to detect variable regions in the ABPV genome and describe the differences in virus strains with various geographic origin. An earlier study revealed a relatively low level of sequence divergence of ABPV strains in the structural protein gene region (Bakonyi et al., 2002b). This time we focused on the non-structural protein region of two ABPV isolates.

The investigations revealed a sequence divergence in the non-structural protein gene region similar to the one observed in the structural protein genes (93%). The Central-European strains share higher identity to each other (97%) than to the reference strain (most probable of British origin). Most part of the nucleotide changes result "silent mutations", they do not influence the amino acid sequence. Particularly the amino acid sequences of the putative helicase and protease domains are practically unchanged coding for identical enzymes.

Although our findings do not prove the presence of virulence-variants within ABPV strains, they do not refute it either. Nevertheless since the virus strains investigated in this study both originated from clinical cases of outbreaks of the disease, so they may be “more virulent” strains. The results described in this paper support the exact differentiation within the diverse strains and provide the methodical base of the phylogenetic analysis of new ABPV isolates.
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