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Abstract: A study was carried out during May-August 2014 to investigate the occurrence and prevalence
of Acute bee paralysis virus (ABPV) in 90 different apiaries located in Hakkari province (Turkey). To
detect the viral nucleic acids, an RT-PCR assay has been implemented for a sensitive and specific
diagnosis of ABPV, by using a pair of primer specifically designed to coat protein gene of ABPV,
amplifying a 476 bp nucleotide fragment. ABPV was found to occur in 2 samples from two distinct
locations among 90 apiaries indicating that ABPV is not widespread in Hakkari province. To understand
the molecular relationship between the isolates and the strains of the same virus, the amplified ABPV
fragments cloned and sequenced and the sequence was compared with the fragments of ABPV sequences
from different geographic origin of the world. The phylogenetic analysis revealed nucleotide identity
rates between 85 and 97 %. The partial CP gene of ABPV sequence deposited in the GenBank database
with the accession number of KP259311.
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Hakkari Ili Bal Aris1 (Apis Mellifera L.) Kolonilerindeki Acute Bee Paralysis Virus
(ABPV)’iiniin Varh@inin Saptanmasi ve Molekiiler Karakterizasyonu

Ozet: Hakkari ilinde 2014 yili Mayis ve Agustos aylar1 arasinda 90 farkli arilikta yiiriitiilen siirvey
caligmalarinda Acute bee paralysis virus (ABPV)’iiniin varligi ve yayginligi arastirilmistir. Viral niikleik
asidi hassas ve giivenilir bigimde teshis edebilmek i¢in ABPV’nin genomunda yer alan kilif protein
genine spesifik olarak dizayn edilen ve yaklagik 476 b¢ uzunlugunda DNA fragmenti {ireten bir ¢ift
primer RT-PCR testlerinde kullanilmigtir. Siirvey gerceklestirilen toplam 90 ariligin sadece iki tanesinde
APBV infeksiyonu tespit edilmis ve virlisin Hakkari ili bal aris1 kolonilerinde yaygin olmadigt
belirlenmistir. Tespit edilen ABPV’nin diinyada bilinen diger izolat ve irklar ile olan genetik akrabaligini
arastirmak i¢in viral genomunda ¢ogaltilan fragmentler molekiiler klonlama yontemi ile klonlanmis ve
DNA dizilemesi gerceklestirilmistir. Dizilemesi gergeklestirilen izolat diinyanin farkli cografik
bolgelerinde tespit edilen APBV’lere ait diziler ile karsilastirilmustir. Yiiriitiilen Filogenetik analizler
sonucunda Hakkari ilinde tespit edilen APBV izolatinin niikleotid dizisinin, Genbankasina kayitl
diinyadaki diger izolatlar ile % 85 ile 97 arasinda benzerlik gosterdigi tespit edilmistir. APBV’nin kismi
kilif protein geni dizisi Gen Bankasina KP259311 ulagim numarasi ile kaydedilmistir.

Anahtar kelimeler: Survey, Acute bee paralysis virus, Hakkari, molekiiler karakterizasyon
Introduction

As of 2012 Turkey, with a production of 89,162 tons, is the second biggest honey producer in the world
after China. Hakkari province is one of the exclusive and traditional honey production sites of Turkey
with a production of approx. 1,300 tons (TUIK 2013). Honeybees are influenced by variety of pests and
pathogens (Morse and Flottum 1997; Schmid-Hempel 1995), such as the microsporidia Nosema ceranae
and Nosema apis, mites V. destructor and Acarapis woodi, the bacteria Paenibacillus larvae and
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Melissococcus plutonius, fungi Pericystis apis and RNA viruses. The presence of RNA viruses, in
addition to other pathogens, may be one of possible causes of honeybee mortality (Antunez et al. 2012).

To date, 24 viruses have been reported to infect the honey bee. Among them, the most studied are
positive-sense single-stranded RNA viruses (de Miranda et al. 2013). It has been considered vital to
predict and control them by monitoring the global prevalence and spread of these viruses (Freiberg et al.
2012). There are very limited numbers of reports about viral diseases of honeybee in Turkey. These are
Deformed wing virus (Giilmez et al. 2009), Chronic bee paralysis virus, Black queen cell virus
(Giimiisova et al. 2010) and Israeli acute paralysis virus (Ozkirim and Schiesser 2013).

ABPV is a common infective viral agent of bees which is frequently detected in apparently healthy
colonies. It has been presumed that this virus plays a role in cases of sudden collapse of honeybees (Apis
mellifera L.), one of the most serious problems that beekeepers struggle periodically worldwide (Bekesi,
et al. 1999; Nordstrom et al. 1999; Antunez et al. 2012).

ABPV was first discovered as an inapparent infection of adult bees (Bailey et al. 1963) and it accumulates
in the brain and hypopharyngeal glands of honeybee (Bailey and Milne 1969). ABPV can also be detected
facilely in feces (Bailey and Gibes 1964; de Miranda et al. 2010) including several oral transmission
routes involving adults, larvae, cannibalized brood, contaminated food and/or feces (Chen and Siede
2007). No organs and part of honeybee was found to be invariably free of virus (Bailey and Gibes 1964).
ABPV has a single-stranded, positive-sense, polyadenylated RNA genome comprising 9,491 nucleotides
(Bakonyi et al. 2002) and it is a member of the family Dicistroviridae (de Miranda et al. 2010). Its
genome contains two open reading frames (ORFs). ORF1 encodes the nonstructural proteins (RNA-
dependent RNA polymerase, helicase and protease) transcribed, while ORF2 encodes the three major
structural proteins and a minor protein together in a capsid polyprotein (Govan et al. 2000).

ABPV has been considered to be a common infective agent of honey bees from Asia (Haddad et al. 2008;
Sanpa and Chantawannakul 2009), America (Hung et al. 1996; Antunez et al. 2006; Weinstein-Teixeira et
al. 2008), Europe (Faucon et al. 1992; Bakonyi et al. 2002; Tentcheva et al. 2004; Berenyi et al. 2006;
Grabensteiner et al. 2007; Nielsen et al. 2008; Bacandritsos et al. 2010), Africa (Benjeddou et al. 2001).

Viral diseases may cause drastic changes in infected honey bees. The early detection of infectious viruses
may prevent considerable economic losses. In the present study a large-scale survey was performed in
Hakkari province, one of traditional and major honey bee producer, in order to investigate the aetiology
and incidence of the causal agent of Acute bee paralysis virus in bee hives. We report on the ABPV
frequency and distribution using an RT-PCR (Reverse transcriptase-polymerase chain reaction) screening
of 90 apiaries. Furthermore, Turkish ABPV isolate originating from Hakkari province was characterized
and compared with published sequences of other ABPV available in the GenBank/EMBL databases.

Materials and Methods
Survey and sample collection

During the surveys, as many different areas as possible were visited in Hakkari province. When any kind
of symptoms similar to those caused by bee viruses were suspected, samples were collected. Live bee (A.
mellifera) samples from colonies suffering with symptoms of paralysis and sudden collapse were
randomly collected from each of 90 apiaries (a total of 270 samples) located in central Hakkari and its
three districts: Yiiksekova, Semdinli, Cukurca (Turkey) (Fig. 1). Honey bees were collected from May to
August in 2014. Samples were returned in cool chain and stored at -20 °C until analyzed.
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Fig. 1. Sampling sites in three districts of Hakkari province in South Eastern Turkey. Stars represent
approximate locations of infected apiaries included in the survey.

RNA extraction

RNA preparations were made with a modified silica-capture procedure (Foissac et al. 2001). For each
apiary three honey bees were extracted in a sterile mortar. Total RNAs were stored at — 20 °C until use.

Primer design and RT-PCR of CP gene

For the detection of ABPV we designed genome specific primers based on the published complete
genome sequences at GenBank (accession number: AF486073.2) amplifying the 476 bp fragments of CP
gene (ABPV-F 5’>-GTATGGAAGTGGGCTGAGGA-3’, ABPV-R 5-
CGCGGTACTAAAAAGCTACGA-3). The reverse transcription was carried out with purified RNA
using RevertAid First Strand cDNA kit as per the manufacturer’s protocol (Vilnius, Thermo-Fermentas-
Lithuania). The PCR reaction was carried out with a final volume of 25 ul. The mixture contained 2,5 pl
of 10x reaction buffer (200 mM Tris—HCI pH: 8.4, 500 mM KClI), 1 pl of cDNA, , 0,5 pl of ANTPs (20
mM each), 1,5 pl of MgCl, (25 mM), 0,5 pL of each primer (100 pmol), 0.2 uL of Tag DNA polymerase,
and 18,3 ul of nuclease free water. The following thermal cycling scheme was used to amplify the partial
CP gene by RT-PCR: 2 min at 94 °C, 35 cycles of 60 seconds at 94 °C, 30 s at 57 °C, and 45 s at 72 °C
followed by a final incubation of 10 min at 72 °C. Amplification products were separated by 1.5 %
agarose gel and visualized after staining with ethidium bromide (Sambrook et al. 1989).
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Molecular cloning and sequencing of CP gene

One isolate which was identified in central part of Hakkari was cloned and sequenced. Amplified
fragments were separated on 1% agarose gel and recovered using a GeneJET Gel Extraction Kit
(Thermo Scientific) according to manufacturer instructions. The purified DNA fragments were ligated
into the pGEM®-T Easy vector (Promega). The constructed plasmid was used to transform Escherichia
coli JM 109 competent cells to ampicillin resistance by electroporation (BioRad, USA). The
transformants harboring the DNA of ABPV-Hakkari isolate selected by blue-white selection on X-gal
medium plate and screened as positive clones by colony PCR. Two clones containing the CP gene of
APBV-Hakkari isolate were selected for propagation. One clone, named ABPV-Hakkari-1, was chosen
for DNA sequencing. The cDNA clones were sequenced by automated DNA sequencer at Refgen Research
and Biotechnology Company (Turkey).

Phylogenetic analysis

ABPV sequences used for comparisons were retrieved from the Genbank database. The unreleased
sequence of Turkish ABPV isolate was also included in the analysis. For sequence similarity and
phylogenetic analysis multiple sequence alignments and phylogenetic reconstructions were performed
using CLC Main Workbench software. We included the black queen cell virus (BQCV) coat protein
sequence as out group sequence. The robustness of these phylogenies was inferred by 1000 bootstrap
replication by using maximum likelihood method.

Results

Development of an RT-PCR assay for ABPV

A primer pair specific for ABPV was designed from the GenBank sequence of AY053373.2. We
designed a primer pair which targeted the CP gene. Data bank searches produced no further sequences
homologous to the oligonucleotide pair. The primer pair ABPV-F and ABPV-R generated a 476 base pair
long product.

Field survey

The numbers of apiaries during the surveys in 2014 are summarized in Table I. A total of 270 honeybee
samples representing 90 apiaries originated from Hakkari province, were tested by RT-PCR for the
presence of the ABPV, one of the most important honeybee viruses.

Table I. Frequencies and the rate of ABPV infections in 90 apiaries located Hakkari province and its

district
Location Apiaries surveyed  Number of infection Infection rate (%)
Central Hakkari 25 1 4
Yiiksekova 29 0 --
Semdinli 29 1 34
Cukurca 7 0 --
Total 90 2 2.2

Two apiaries tested positive for ABPV using specific primers for the coat protein (CP) gene. The
infection level with ABPV was 2.2 % in the study.

Phylogenetic analysis of the cloned sequence
The PCR products from one of these samples were cloned and sequenced and confirmed to be greater
than 96 % identical, within the range of world variants of ABPV. Fig. 2 shows the phylogenetic

relationships of the Turkish isolate, along with several confirmed ABPV samples from databases and the
one out group Vvirus.
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Fig. 2. Phylogenetic relationship of ABPV-Hakkari isolate capsid protein based on the RNA sequences

using the Neighbor-Joining method. Bootstrap values are shown above branches.

By using the CP coding sequences and the maximum likelihood method the phylogeny of Turkish and the
world APBV isolates was constructed (Fig. 2). Since many sequences of APBV isolates from different
countries are available in GenBank, the CP gene was selected for the analysis. The phylogenetic analysis
showed that the Turkish isolate of ABPV was closely related with to a cluster including Polish (95 -

96%), Hungarian (96 - 97%), Austrian (95%), and German (94 96%) isolates (Fig. 2).

The Turkish ABPV sequences were more closely related to the ABPV sample from Europe (94 -97%),
but differed from the United States (93%) and Uruguay (85%) isolates showing the trends of geographic
separation. Fig. 3 shows nucleotide sequence identities of the CP region of ABPV isolates on 476 bp CP

gene.
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Fig. 3. Sequence alignment of ABPV-Hakkari isolate with available world isolates based Circles indicate
the point mutations determined on Turkish isolate

We identified that the ABPV-Hakkari-1 CP sequence had a substitution of Guanine with Thymine (T) at
position of 52 and Thymine (T) with Cytosine(C) at position of 269 sequence. These point mutations
differenced the ABPV-Hakkari sequence from the same nucleotide positions of other ABPV sequences. It
was clearly confirmed by bidirectional sequencing that the presence of nucleotide substitution on both
sequences at the corresponding sites of DNA molecule.

Discussion

The present survey is the largest single study of the distribution of ABPV infections in bee colonies in
Hakkari. An extremely low level of ABPV infection was detected in the surveyed apiaries. The present
results indicate that ABPV is not widespread in Hakkari province and suggests that the two infections
may have originated from the different presumably infected sources. The low incidence of infection of
bees probably resulted from high mountains constitute the several ecozones for bees in the surveyed
areas, restricting the flying of bees. The overall infection level with ABPV was only 2.2 %. This is an
enormous advantage for the honey industry of the region. The present study is in correlation with the
study carried out by Todd et al. (2007). The workers did not found APBV in New Zealand honey bee
colonies. On the other hand, by comparison with reports from other countries that record the ABPV
infection of 29 % in England (Baker and Schroeder 2008), 27.1 % in Brazil (Weinstein-Teixeira et al.
2008), 20 % in Northern Thailand (Sanpa and Chantawannakul 2009), 9% in Uruguay (Antunez et al.
2006), 58 % in France (Tentcheva at al. 2004 ), 12.2 % in Hungary (Bakonyi et al. 2002), it is plausible to
conclude that the cleanest bee colonies are in Hakkari. In Turkey, ABPV was first reported by Francis and
Kryger in 2012. This is the first report of the occurrence of ABPV in Hakkari province and is not
consistent with its worldwide distribution, which may result from global trade of A. mellifera queens
among many countries (Morimoto et al. 2012).

It has been reported that the first requirement for the control of such diseases is the proper diagnostic
method for causative viruses. Because of its high sensitivity, RT-PCR method has been considered one of
the most commonly used molecular method in diagnostic laboratories (Chen 2010).

By using genome specific primers an approximately 476 bp partial CP product was detected sensitively in
adult worker bee samples belonging to different apiaries (Table 1.). One of the ABPV infected apiary was
located in central Hakkari and the other one was found in Semdinli district having a distance of each other
at least 90 kilometers. Since ABPV was detected in only two apiaries, it was not possible to establish a
causal link between the mortality of honeybee colonies periodically seen in Hakkari. Siede et al. (2008)
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were found a significant relationship between winter mortality and the total ABPV burden of a colony
and indicated that ABPV prevalence was significantly linked with winter mortality. The RT-PCR assays
described in this study proved to be sensitive and reliable methods for the detection ABPV isolates from
various bee sources. The assays may provide an appropriate tool for further investigations.

A cloned RT-PCR product was sequenced in both directions. The sequences were identified as ABPV
sequences by a BLAST search in databases. The sequenced nucleic acids were aligned with the CP gene
of ABPV sequences deposited in the GeneBank revealed a 97% homology. The cloned and sequenced
RT-PCR products displayed minor heterogeneity. Parsimony analyses of the sequences show the Turkish
ABPV isolate to be most closely related to the Polish, German, Hungarian and Austrian ABPV isolates
(Fig. 3). Sequence analysis of ABPV-Hakkari revealed that it contains dual point mutations, demonstrated
by bidirectional sequencing.

This survey has demonstrated that a very low number of bees are infected with ABPV. Prior to this study,
no data were available for the presence and incidence of ABPV in appraise of Hakkari province. In the
course of surveys it has been noted that the beekeepers complained of colony collapses resulting
significant economic loses. Discussion with beekeepers indicated that they had very little knowledge
concerning virus diseases of bee and their spread. Further studies are needed to determine the incidence
and prevalence of ABPV and the other bee viruses and possible vectors in Turkey and their contribution
to the colony losses.

Conclusions

The virus status of Hakkari’s (Turkey) honey bee colonies infected with ABPV was studied in the year of
2014. The presence of ABPV was found during the study, with an infection level of 2.2 %, demonstrating
an extremely low level of ABPV infections. The genome of the Hakkari’s ABPV isolate was partially
sequenced. Phylogenetic analyses showed this isolate to be unique and most closely related to the
Hungarian (96 - 97%), Polish (95 - 96%), Austrian (95%), and German (94 96%) isolates.
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