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Abstract — Black queen cell virus (BQCV) is one of the most common honeybee pathogens causing queen brood
deaths. The 63 apiaries were sampled between 2007 and 2013 from four different ecogeographic regions in Turkey
to estimate BQCV molecular structural characteristics. The BQCV positivity was 47.6%. The 25 local Black queen
cell viruses (7rBQCVs ) were molecularly characterized and investigated for their genetic relationship with previous
records. The identity of the helicase gene among the 7¥BQCVs was 92-98%, whereas the similarity ranged from 37
to 85% in comparison with the intercontinental records. The identity of the partial capsid gene among the 7#BQOCVs
was 91-100%, and the similarity rate varied from 86 to 97, 88-96, 90-97 and 89-99% in comparison with the Asian,
African, American and European counterparts, respectively. The four nonsynonymous substitutions on the partial
capsid protein suggest a predicted genotype that is specific among 7rBQOCVs.
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1. INTRODUCTION Black queen cell virus (BQCV) belongs to the

Honeybees are economically predominant pol-
linator insects and serve to enhance the biodiver-
sity of the ecosystem. Beekeeping and bee prod-
ucts are critically important in the socioeconomic
world of global food suppliers. Honeybee colony
health has gained importance because they are
currently threatened by sublethal exposure to pes-
ticides, parasites, pests, poor nutrition and patho-
gens, including viruses, bacteria and fungi. Hon-
eybee viruses also cause covert and overt infec-
tions and have the potential to cause considerable
economic problems for apiculture by the adverse
influence on pupae, larvae and adults (Hails et al.
2008; Dainat et al. 2012).
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Cripavirus genus within the Dicistroviridae fam-
ily (Mayo 2002). The viral genome consists of a
single-stranded RNA molecule that is 8550 nt
long. Two open reading frames separate the
RNA molecule (ORFs). ORF-1, which is located
in the 5’proximal region, encodes a replicase
polyprotein that includes helicase, RNA-
dependent RNA polymerase (RdRp) and 3C-like
cysteine protease, whereas the 3’proximal ORF-2
encodes capsid polyprotein (Leat et al. 2000).
BQCYV is one of the most widespread and com-
monly isolated honeybee pathogens (Berenyi
et al. 2006) since it was first reported in 1955. It
was first isolated from queen, prepupae, pupae are
characterized by darkening. In addition, what ap-
pear to be healthy and persistent adult bees can be
subclinically infected (Bailey and Woods 1977).
Beekeeping is an important sector for Turkey.
The sudden colony losses that have been reported
since 2006 are similar to many countries in the
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world and have been an ongoing and primary
concern for Turkey. Previously, reported BQCV
prevalence in Turkey was 21.42% (Gumusova
et al. 2010), but there is no information regarding
the molecular structures of BQCV genotypes in
Turkey. The molecular characterization and phy-
logenetic analysis of 7rBOCV genotypes was per-
formed in this study.

2. MATERIALS AND METHODS
2.1. Samples

Honeybee samples (A. mellifera L.) were col-
lected in four different ecogeographic regions
from the Nortwest, South, Middle and Southeast
of Turkey (Figure 1). Sampling was conducted at
locations of significant apiculture and at national
queen bee breeders. All the samples were collect-
ed from beekeepers who complained sudden col-
ony losses between 2007 and 2013. A total of 126
colonies were sampled from 63 apiaries, and two
colonies from each apiary were sampled by
collecting ten worker bees each. All the sampled
queens and worker bees were seemingly healthy,
but the pupae and larvae showed BQCYV signs. A
total of 35 queen bee nucs were sampled. The
number of the bees tested in this study were based
on beekeeper submission and after delivered to
laboratory, they were stored at — 80 °C until ready
for use.

2.2. RNA extraction and RT-PCR

The honeybee samples were homogenized in-
dividually in 0.5 mL sterile phosphate-buffered
cold solution (Sigma, USA) and cold centrifuged
at 14000xg for 5 min. The total RNA was isolated
from the supernatant using two methods per-
formed according to the sampling date. The acid
guanidinium thiocyanate-phenol-chloroform ex-
traction method, which was previously described
by Chomczynski and Sacchi (2006), was per-
formed for honeybee samples collected from
2007 and 2009. TRIzol solution (Invitrogen,
CA) was used according to the manufacturer’s
instructions for samples collected between 2010
and 2013. The total RNA was eluted in a final
volume of 30 puL for both methods, and

ribonuclease inhibitor was added (RNaseOUT,
Invitrogen, CA) at 10% (v/v) to the tube. All the
purified RNA samples were stored at — 80 °C for
further analysis. Reverse transcription was con-
ducted using a commercial cDNA synthesis kit
(First Strand cDNA Synthesis Kit, Fermentas,
Lithuania) with random hexamer primers follow-
ing the manufacturer’s recommendations. The
BQCYV capsid protein coding the gene region
and the nonstructural polyprotein-helicase en-
zyme-coding gene region were targeted in PCR.
For this purpose, previously reported primer pairs
(Benjeddou et al. 2001; Berenyi et al. 2006) were
used and are listed in Figure 2.

The PCR mixtures for each sample included
5 uL of cDNA template (~ 0.1 pg), 10x PCR
buffer, 3 mM MgCl,, 0.2 mM dNTP mix,
0.3 uM of each primer and 2 U hot start Taq
polymerase (Maxima Hot Start Taqg DNA Poly-
merase, Fermentas). The thermal cycling profiles
were as follows: an initial denaturation at 95 °C
for 5 min, then 40 cycles of denaturation at 94 °C
for 1 min, an annealing temperature at 48 °C
(BQCV-3f-4r primer pair) and at 60 °C (BQCV-
J1-J2 primer pair) for 1 min, and extension at
70 °C for 1 min. The heat was increased to 72 °C
for 7 min at the final extension. Water was used as
the negative control and positive control (detected
previously) in each run of RT-PCR and the PCR
protocols. All the amplified products were elec-
trophoresed in 1.5% agarose gel containing
0.5 pg/mL EtBr and DNA bands visualized with
a UV transilluminator (UVP Inc., USA).

2.3. Nucleotide sequencing and phylogenetic
analysis

Specific PCR products were excised from the
agarose gel and purified using a commercial pu-
rification kit (GelElute Gel Extraction Kit, Sigma,
USA) according to the manufacturer’s instruc-
tions. Sequence analysis based on the Sanger
method was performed using an Applied
Biosystems DNA analyser. Nucleotide sequences
were compared and identified using a Basic Local
Alignment Search Tool (BLAST) web program
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE
TYPE=BIlastSearch). The alignment of each frag-
ment was conducted using the BioEdit program
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Turkey. The samples were observed from 18 provinces.

(v.7.2.5) (Hall 1999). A phylogenetic analysis was
generated by the neighbour-joining and
maximum-likelihood methods with bootstrapping
of 1000 replicates using MEGA 6.1 software
(Tamura et al. 2013). The nucleotide sequences
were translated into amino acid sequences using
the Expasy tool (http:/web.expasy.org/translate/).
The distance matrix, p distance analysis and
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Figure 1. Sampling area consists of four ecogeographic region from Nortwest, South, Middle and Southeast of

similarity level for each fragment sequence were
investigated along with previously reported
BQCYV genotypes (Leat et al. 2000; Reddy et al.
2013; Mookhploy et al. 2015). An already com-
pleted South African BQCV full genome (acces-
sion number of AF183905) was used as the refer-
ence genotype (Leat et al. 2000). The deduced
amino acid of the partial capsid gene region was

ORF2
658 _ 25 4 8295
5UTR Protease m 3UTR
272 bp* In:zgrig::ic 700 bp*
Genome region Sequence (5°-3’) Nucleotide  Product  Reference
position” size (bp)
Nonstructral 3f: 5’-agtagttgcgatgtacttce-3’ 252-272 472 Berenyi et al
polyprotein 4r: 5’-cttagtcttactcgecactt-3’ 710-729 2006
(Helicase) coding
gene
Capsid gene J1: 5°-tggtcagcteccactaccttaaac-3’ 7850-7874 700 Benjeddou et al
J2: 5’-gcaacaagaagaaacgtaaaccac-3’ 8526-8550 2001

* The amplified regions in PCR in this study.

#. Nucleotide position refers to the published BQCV genome sequences including accession
number AF125252 for nonstructural polyprotein gene and accession number AF183905 for

capsid gene region.

Figure 2. Primer pairs were used for PCR amplification and sequencing of BQCV genotypes in this study. Asterisk :
the amplified regions in PCR in this study. Number sign : nucleotide position refers to the published BQCV genome
sequences including accession number AF/25252 for nonstructural polyprotein gene and accession number

AF183905 for capsid gene region.
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Table 1. The distribution of samples according to date, region and positivity rate. W worker bee, O queen bee, L

larvae, P pupae.

Region Number BQCV Positive ~ Year  Sequence no. Sequence Accession
of apiaries apiary (%) sample species number

Antalya 8 2 (25) 2010 1 \Y KX273083
2012 -

Bolu 9 2(22.2) 2010 1 W KX273090

Hatay 17 11 (64.7) 2007 2 Q. Q FJ588532, FJ588533
2008 2 W, Q KX273091, FJ588534
2009 1 w KX273082
2010 2 W,L KX273084, KX273085
2011 1 W KX273081
2013 1 w KX273094

Istanbul 2 1 (50) 2011 1 W KX273095

Kahramanmarag 2 1 (50) 2008 1 w FJ588535

Mersin 19 9 (47.4) 2008 1 W KX273093
2010 2 Ww,Q KX273086, KX273087
2011 2 W,W KX273096, KX273097
2012 2 W,p KX273099, KX273100
2013 1 L KX273080

Mugla 2 1 (50) 2011 1 W KX273098

Sivas 3 2 (66.6) 2010 1 Y KX273088
2011 1 w KX273092

Yalova 1 1 (100) 2010 1 \Y KX273089

evaluated regarding positively and negatively se-
lected sites using the HyPhy package
(Datamonkey, http:/www.datamonkey.org). The
cut-off criterion of the p value was set at 0.1.

2.4. Accession numbers of nucleotide
sequences

A total of the 25 BQCV sequences were ob-
tained and identified and were submitted to the
GenBank database with the accession numbers
FJ588532-FJ588535 for the nonstructural
polyprotein coding gene region and the accession
numbers KX273080-KX273100 for the capsid
gene region.

3. RESULTS
3.1. RT-PCR
From 2007 to 2013, all bee samples were ex-

amined for viral genomes by the RT-PCR assay.
The BQCV positivity was 47.6% and ranged

between 22.2 and 100% among the apiaries
(Table I). A total of four seemingly healthy queen
bees, 18 worker bees, two larvae and a pupae
sample that were found to be BQCV positive were
used for sequencing.

3.2. Genetic variability of TrBQCVs

The 25 nucleotide sequences, which included
four partial nonstructural polyprotein-helicase en-
zyme-coding gene regions (ORF-1) and 21 partial
capsid protein coding gene regions (ORF-2), were
identified. The distributions of the p distance value
among 7rBOCVs varied from 0.018-0.054 (mean
0.036) and 0.003—-0.054 (mean 0.035) for the
helicase gene and capsid gene regions, respectively.
TrBOCVs showed 92-98% identity to each other
based on the helicase coding gene region, while
sequence similarity with previous sequences was
37-85%. Among the queen bee-originated helicase
gene sequences (TR-HAI3 and TR-15A), a high
identity rate was found with a similarity of 98%. In
the comparative sequence analysis, 7rBQCVs were


http://www.datamonkey.org

A molecular epidemiological study of black queen cell virus in honeybees

AF183905-BOCV-SouthAfrica

SLSD-EEDDFIRASSYGDSNLDEALTREERKEIIECINDQFRNENDTRTSE

TR-BOCV-RMBMIT 0 o W Sl sra Vaiinin o 7 R ) | S
TR-BOCV-MITKIR RS s S ——— a S.B-AD s Ve s SO s Shusss s daass BiL. L
TR-BQCV-HA13 R c ————————— S.B-AD...V. .Shi S Al 4L
TR-BQCV-15A RPN | N O (% 1 TR SN - RS - R ——" | T—
AF125252-BQCV-UK | ¢ T ( ey 7)Y - (98, Yo, | Rp—". Misaws }.....K. &
EPS17521-BOCV-POLAID-6  ssisswwivuvnnmiiiniaaansvs - ; RO SRR .
BES17519-DOCV-PORAND=E iucwinsmasin oo s amanmem mim e O T I ) PO T R rT I s e
EF517520-BQCV-POLAND-5 a R A R | (TR L. -
BP517515-BOCV-HUNGARY-10  ......0....vvvvvnvnnnnns o JRNEE) | AR {5 | JE, JR—_— Niiaas 1 Kk
JX149531-China PEETT] § PP TR e RNVEPRMRL YLK oo o LY. o - SEEBNS. . Picasiaiin - e &, S |
§ 100 110 120 130 140 150
ssssfecenensafocscfesscfesacocscaloscelecsaloceclecceecac)ocscalocccleacca)ecs
AP183905-BQCV-SouthAfrica QLIRDYFHCAKDSLORKELAYRRKYSFYDYFSFSKASKWLGILSLVLVGYGIYSYVRGNPAKDSAES YEPRVASKAK
TR-BOCV-RMBMIT o iBsaoni B0 il B s BB ss sonunisnvamnvnmannsassamons L EERREG— ™
TR-BOCV-MITKIR @ ...... 1. Risiaiss T...0..}.|B L Pep——— T
TR-BQCV-HA13 ... 0L R.....R. ;1 [ T V] ierinnnnnsd 1!
TR-BOCV-15A. ..... |- S—— 1 T5..0.4..JE]. BVl sunnwaonsansd 1}
AF125252-BQCV-UK ..... ) o v 1 SN | | | T.V). {7
EF517521-BQCV-POLAND-6 T Tm—— | — | - Tosan Ve
EF517519-BOCV-POLAND-4 L T ——: IR Y asnssnnianavenana V.. snVs
EPS317320-BOCV-POLAID=5  susevusnavsssnes snasenanses E g A'A
EF517515-BOCV-HUNGARY-10 ......... S TR, T o [— | RV V.
JX149531-China  L.iiiiieeees — 14 TeRie Vv

Figure 3. Multiple sequence alignment of partial gene coding Helicase enzyme (domain C) region among
TrBOCVs in this study. The sequences compared with other sequences from the different continent which South
Africa (as reference), UK, Poland, Hungary, China. The common variable regions among sequences were indicated

by the line.

closer to European sequences (81-85%) than the
South African sequences (79—81%). When com-
paring 7rBOCVs to Asian sequences, the similarity
rate variability was 37-81% with Chinese se-
quences and 37-39% with South Korean viruses.
The partial capsid gene sequences were found to be
91-100% identical among the 7+rBOCVs. They
shared similarity between Asian, African, Ameri-
can and European origin genotypes with rate of
8697, 88-96, 90-97 and 89-99%, respectively.
The UK isolate (AF125252) among the European
sequences was closer (94-99%) to TrBQCVs
wherease the Chinese genotype (AB746348; 86—
93%) from the Asian sequences and the Uruguay
genotype (DQ364629; 88-93%) from the South
America genotypes showed less similarity with
the 7rBOCVs .

At the amino acid level, the identity rate of the
helicase C domain coding gene was 98-99%
among the 7rBOCVs, whereas this rate varied
from 90 to 93% with European and 78—79% with
Asian genotypes. Two of the more variable re-
gions were highly conserved among the

TrBOCVs and were found in multiple sequence
alignments (Figure 3). They also shared some
common points with the UK isolate
(AF125252).The identity rate of the deduced ami-
no acid of the 7rBQCVs partial capsid protein was
97-100%, and 92—-100% with other selected vi-
ruses. The 7¥rBOCVs had a lower similarity rate
compared with the Chinese (AB746348; 92—
94%), Korean (JX149518; 93—94%) and Uruguay
(DQ364629; 93-95%) viruses. The TrBOCVs
showed variability in four regions according to
multiple alignment sequences and compared to
the reference (data not shown).

The positive and negative pressure selection sites
on the partial capsid gene region among the
TrBOCVs were estimated by codon-based methods.
The five selected sites were found in the SLAC
(p = 0.058), FEL (p = 0.022-0.078) and IFEL
(p = 0.021-0.084) analysis, whereas many sites
were under negative selection. Of them, only one
positive selected substitution was estimated as a
specified genotype (Y689F) when compared to the
phylogenetic tree. Furthermore, some amino acid
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Table II. The genetic differences were identified in
multiple amino acid alignment of partial capsid gene
among 7rBQCVs. The positions of amino acid substi-
tutions differences were listed.

Sequence name Amino acid substitution of capsid

protein

689 780 781 839

TR-1
TR-2
TR-3
TR-5
TR-6
TR-7
TR-8
TR-9
TR-10
TR-11
TR-12
TR-13
TR-14
TR-15
TR-16
TR-17
TR-18
TR-19
TR-20
TR-468
TR-621

T T I T T T e B I T e B T T e
HHuAad 9 unAgdHdn A9 99949 4959 ®»non
<<Tmm<<LT T4 T T T g
HH A A9 aEAA> 9> A9 9>

differences were defined on the partial capsid protein
among the 7#rBOCVs (Table II). In particular, the
four amino acid substitutions at Y689F, T780S,
V7811 and T839A were predicted to be genotype
specified sites and would be effective in the
phylodynamic of the 7+BOCVs (Figure 5). Another
codon found as one of the negative pressure selected
locations (719) in this study shared a common site
among Asian BQCV genotypes and were different
from the others (altered as D719E).

3.3. Phylogenetic analysis of the TrBQCVs

The phylogenetic tree was constructed with the
genes as mentioned above. For the helicase gene,
the tree reflected two main clusters in which there

was one Asian genotype and other viruses
(Figure 4). The TrBQCVs were highly conserved
within and slightly separated from the other
strains. They composed a cluster within one of
the main groups in the tree and were entirely
different from the conserved subgroup.

The phylogenetic tree based on the partial cap-
sid gene among the 7rBQOCVs was clustered by
two main groups as group I and group II. One of
them shared common amino acid differences at
some substitutions (Figure 5). The nine members
of group II (excluding 7¥rBOCV-14) had common
substitution differences at V7811. T¥rBOCV-1,
TrBQCV-13, TrBQCV-16 and TrBQCV-20
shared both T780S and V7811 differences; they
also were clustered in the same branch in the
phylogenetic tree. In addition, the results showed
that the 7*BOCVs were placed in the phylogenetic
tree independently from their isolation date. In the
phylogenetic comparison (Figure 7), the
TrBOCVs were separated from the other se-
quences, excluding the UK and Germany se-
quences. The UK sequences were placed within
group I, whereas the Germany sequence was with-
in the group II cluster. The Asian sequences (Chi-
na, Japan, Korea, South Korea, Thailand and Tai-
wan) formed a common cluster including a US
isolate distinct from TrBQCVs. The predicted
three-dimensional structures of the viral partial
capsid gene for the 7rBOCVs were generated
using the SWISS-MODEL server (Figure 6).
Among all the target sequences, two preliminary
models were inferred as best homology selections.
Three points, excluding overlap models, were
suggested as differences and comparable sites for
protein conformation.

4. DISCUSSION

Turkey is one of the world’s largest bee-
keeping countries located between Europe,
Caucasia and Asia, and this permits her to
become an intercontinental biogenetic switch/
exchange in biogeography. There are 64,500
registered beekeepers and 7,528,000 hives in
Turkey (TurkVet 2016). Since 2006, bee-
keepers have been complaining about colony
level and unusual disease scenarios resulting
in progressive declines and severe losses. The
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Figure 4. Phylogenetic analysis of helicase gene regions of 7*BQCV nucleotide sequences isolated from various
parts of Turkey. The phylogenetic tree included the sequences selected from the different countries aligned with
Turkish sequences was constructed by Mega 6.1 program (Tamura et al. 2013) by using the maximum-likelihood
method with Kimura’s two-parameter model and 1000 replicates bootstrap value (only node value above 50% are

shown). The red dot indicates 7¥rBQOCVs .

colony losses have been mentioned by station-
ary or migratory beekeepers as well as in queen
rearing apiaries. The individual reasons of col-
ony depopulations in Turkey are certainly un-
known, but infected honeybee colonies with
various pathogenic strains may become chronic
carriers and source of economically important
latent and persistent infections for colony health
(Reddy et al. 2013). Few studies have focused
on viral honeybee pathogens in Turkey
(Gumusova et al. 2010; Muz and Muz 2009;
Tozkar et al. 2015).The BQCV positivity was
reported from the apiaries sampled in 2009
(Gumusova et al. 2010) and between 2010 and
2011 years (Tozkar et al. 2015), but there is still
no detail about the molecular structure of
TrBQCVs . The samples used in this study were
collected from 2007 to 2013 and after a bee-
keeper’s extraordinary reports regarding seri-
ous honeybee losses. The average positivity of
BQCV was 47.6%, and the positivity rate var-
ied from 22.2 to 100% in the current study.

Researchers have estimated some hypothetical
evolutionary scenarios for positive-sense RNA
viruses. It has hypothesised that all positive-
strand RNA viruses could have emerged from a
common ancestor virus that contained genes for
RNA-dependent RNA polymerase, a protease that
also acted as the capsid protein, and an RNA
helicase. However, these gene regions were fo-
cused on by scientists for the purpose of the
taxonomy of positive-sense RNA viruses, includ-
ing honeybee viruses (Koonin et al. 1993;
Tapaszti et al. 2009; Singh et al. 2010;
Mookhploy et al. 2015; Ravoet et al. 2015). The
partial helicase gene region coding the helicase C
domain and the partial capsid gene region were
examined with regard to genetic divergence and
molecular differences among the Turkish field
viruses. The helicase enzyme-coding gene re-
gion was more variable than the capsid protein
coding gene region at the nucleotide level,
whereas it was partially conserved at the amino
acid level. The differences and possible
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Figure 5. Phylogenetic analysis of partial capsid gene regions of 7#rBOCV nucleotide sequences isolated from
different parts of Turkey. The phylogenetic tree was constructed by Mega 6.1 program (Tamura et al. 2013) by using
the maximum-likelihood method with Kimura’s two-parameter model and 1000 replicates bootstrap value (only
node value above 50% are shown). The amino acid changes among isolates were shown. The branch length of

nucleotide substitutions per site was used 0.005 bar.

separations among the field viruses were also
successfully screened in the phylogenetic trees.
It is possible that the genetic diversity and
mutations within the conserved genes of the
field viruses could emerge.

Information regarding the nucleotide sequence
and genetic classification of BQCV genotypes is
globally very limited (Leat et al. 2000; Benjeddou
et al. 2001; Tapaszti et al. 2009; Singh et al. 2010;
Mookhploy et al. 2015; Ravoet et al. 2015). In the
current study, the two viral genes were examined
and the current results show that 7+*BOCVs highly
conserved with each other and displayed a short
genetic distance for the helicase gene (p val-
ue =0.036) and the capsid gene (p value =0.035).
They exhibited a more variable rate with other
selected viruses from different continents accord-
ing to multiple sequence alingments. They are

placed in a different cluster in the phylogenetic
tree-based on helicase gene (Figure 4). Regarding
the capsid gene, the 7*BOCVs mainly clustered as
divergent from others while they were sub-
divided into two groups among themselves in
the phylodynamic (Figures 5 and 7). The phylo-
genetic status of all the sequences seemed gener-
ally corresponding to their geographical origins.
The similarity rate of 7rBOCVs with UK, China,
Uruguay and South Africa genotypes is 94-99,
86-93, 88-93 and 88-96%, respectively. The ho-
mology among the genotypes was compatible
with their phylogenetic distributions. The accor-
dance between the results of homology and phy-
logenetic analysis may highlight the possibility to
predict the origins of field genotypes in future.
The ORF1 and ORF2 regions of the BQCV
genotypes according to the geographic location of
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Figure 6. Two models of predicted 3D partial capsid protein structure for 7-BQCVs . The differences of « and 3

sheets were shown on two models by arrows .

the honeybee have also been discussed for genetic
researches of field viruses by several studies
(Tapaszti et al. 2009; Noh et al. 2013; Reddy
et al. 2013). In general, phylogenetic analyses of
field viruses were performed based on the ORF2
gene (Tapaszti et al. 2009; Reddy et al. 2013;
Mookhploy et al. 2015; Tsevegmid et al. 2016).
Nevertheless, 7rBOCVs had differences in phylo-
genetic classification for both the studied gene
regions. 7rBOQCVs were even sub-divided into
different clusters, including one group for the
helicase gene and two groups for the capsid gene;
however, they were closer to some central Euro-
pean viruses among the selected viruses based on
the capsid gene. The ORF2 gene region could be
more practical to investigate the genetic relation-
ship of field viruses and the viral molecular struc-
ture. In addition, in comparison with different
countries of origin, the sequences of Deformed
wing virus (Berenyi et al. 2006) and Sacbrood
virus (Choe et al. 2012) strains were reported to
show divergence according to their origins as well
as the BQCV sequences (Koonin et al. 1993;
Tapaszti et al. 2009). The current results also
showed that the geographic origins of global se-
quences would be decisive for their genetic diver-
gence. The BQCYV infected queen bees can trans-
fer the virus from one generation to next

generation (Chen et al. 2006). This may explain
the global impact of the queen bee health for
apiaries.

The capsid protein of the Picornaviridae family
covers major antigenic sites of the virus and can
affect the viral function and dynamic host immuni-
ty (Leat et al. 2000). We thought that it could be
evaluated as antigenic sites associated with selec-
tive pressure in similar host mammalian viruses
(Hirano et al. 2014). Therefore, positive and nega-
tive selection sites were analysed for the partial
capsid protein of 7rBOCVs (Figures 5 and 6).
Many negative selection sites and few positive
selection sites were found, and one positive site
interpreted as Y689F would be especially useful
for phylogenotyping of field strains. Moreover,
three amino acid substitutions, T780S, V7811 and
T839A, were evaluated to predict the genotype-
specific sites among the 7#xBOCVs . These changes
were not placed on other strains, but most Asian
viruses shared the D719E substitution.

Homology models of the virion structure are
useful to predict epitope sites and could be used
to infer the virion surface and then targeted by host
immunity. We have limited information regarding
insect host-virus interaction, especially in virus
escape strategies from the host immunity and fight-
ing between the host and virus. To design an



D. Muz and M.N. Muz

A
%
A o
) 52 .
C I N 253
P ¥ 5 £ g
% Re Q2 o 3 =5
% oo Z 88 9 § o
(o) s u o g XN : >
“©, % 85 5 8§ & &8
2 <L . = b @G 5§ F S
P, 5w ST T ¥ & o
o o 4 xS 3
72 CL n © o x o [SIAN ™ 03
Sug, Q\GQC‘V ‘s § N & 959 R
% N 0 (€ 4
o3, %2, sl L8 8 &% & od & @
C - © % SO &L Q2 > & NES)
Y e SIS & oV N\
CWos, x SIS
6. 'BQC S*. *g\ ()65 6"’%o- 3 0‘6
Yok (& o o
TR-g @e\p‘ NCSSIPE
QCV‘5 (,.\60 1% 9 an
TR-BQCV-3 4 [F3 @ ?’@13007-3' i
i kP 730036-BACY-
TR-BQCV-17 ¢ 63[°] . KP730025-BQCV-Thailand
HQ
3 83 X 655477.8 Cv-usa
TR_BQC\/-AG & 749524_BQC
AL @ > &, Kp V‘Ko
R e B\ Y By 3% "ea
y-2 g\ Y A, Vs Ve
RS o 0%, Lo g, e
N° ® & 2 B, G, B Ve iy,
«&oo R NS P & %, o, e, U'VG,%
O 2 ) B 7 Zo k. :
<2® RV AT 22,70, S, %, e, o
AT e L 2 2% "o L. H %
A Q -~ ~ vr (=) > ’j x
A EPITI 13D B %
\* & & O O 0O 0 % 9 ° %,
O & D, . K %
o) F L 3FJ T ) %
& X ¢ & 5 & E)
¢ S S 2 %9
Q e e 8 ¢
® R 2 %
& o B @
O m Q . %
& moc < = 2
73R 2%
Qg R = a 3
~N ] XD ©
g B 8 a
o (9} < Q
g I o ¢
8 3 § 3
2 2 & 3
ke > (o
o 3 E4
; °
§ @ >
[w]
&

Figure 7. Phylogenetic analysis of partial capsid gene regions of BOCV nucleotide sequences isolated from
different parts of Turkey. The phylogenetic tree included the sequences obtained from the different countries aligned
with Turkish sequences was constructed by Mega 6.1 program (Tamura et al.2013) by using the maximum-
likelihood method with Kimura’s two-parameter model and 1000 replicates bootstrap value (only node value above
50% are shown). TrBOCVs are indicated by the red dot.

antiviral strategy, drug or vaccine against viral in-
fection, there may need to be similar approaches
(Susevich et al. 2015; Ekins et al. 2016; Kalynych
et al. 2016). Therefore, conformational models are
of major importance and help predict the target

epitope site. The predicted three-dimensional struc-
tures of the viral partial capsid gene for 7rBOCVs
were generated in this study (Figure 6) and two
preliminary models were inferred as best homology
selections. Three points excluding overlap models
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were suggested as differences and comparable sites
for protein conformation.

To have healthy bees in a colony is significant-
ly important for the sustainability of the colony.
Increased mortality in the brood and queen cells
threatens the colony health and leads to significant
economic damage in an apiary. Honeybee patho-
gens, particularly viruses, are important causative
agents affecting brood health (Hails et al. 2008).
BQCYV causes brood health problems with risk of
colony sustainability (Dainat et al. 2012). The
field originated phylogenetic examination of
BQCYV genotype divergence may help to under-
stand global epidemiology of the disease.

The current results indicate that the geographic
origin differences of global BQCV genotypes
could be useful for phylogenetic clustering. Final-
ly TrBOCVs were more conserved among each
other and separate from most of different BQCV
sequences. This study reveals the first data regard-
ing the molecular genetic structures of 7rBQCVs
and will be useful for further research.
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