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Abstract

Deformed wing virus (DWV), which belongs to the Iflaviridae family, is a devastating virus causing severe financial losses in honey
bee colonies all over the world. In 2020 (November), virus-suspected honey bee specimens collected from Erzincan province were
screened by molecular assays against DWV infection. In 6 of 12 samples, an expected approximately 700 bp DNA bands were
achieved, indicating probably virus-positive. Two randomly selected amplified DNA band suggesting the presence of the virus was
further cloned into a pGEM-T Easy vector and electrically transformed into E. coli competent bacteria. Recombinant plasmids
obtained from cloning were purified from E. coli and sequenced by next-generation sequencing (NGS). The partial nucleotide
sequences of DWV were ascertained to contain 711 nucleotides and these sequences were recorded in the NCBI GenBank with
MW962981 and MW962982 accession number. The highest sequence similarity of both isolates ranged from 98.03% to 98.17%, at
the nucleotide level. Furthermore, phylogenetic relationships of Erzincan DWV sequences were revealed using 15 unique sequences
from different ecological regions registered in the GenBank. Phylogenetic tree displayed that DWV Erzincan isolates are clustered
with UK (HM067438), Spain (MK262743), and Sweden (MN746311) isolates. According to our best knowledge, DWV has been
reported for the first time in the honey bees from Erzincan province of Turkey by this study.

Keywords: Deformed wing virus, honey bee, RT-PCR, cloning, sequence.

Erzincan Ilinde Bal Aris1 (Apis mellifera L.) Kolonilerinde Tespit
Edilen Deforme Kanat Virisiiniin Molekiiler Karakterizasyonu
Oz
Iflaviridae ailesine ait olan deforme kanat viriisii (DWV), tiim diinyada bal aris1 kolonilerinde ciddi maddi kayiplara neden olan yikici
bir virtistiir. 2020'de (Kasim) Erzincan ilinden toplanan viriis siiphesi olan bal arist 6rnekleri, DWV enfeksiyonuna karsi molekiiler
testlerle tarandi. Test edilen 12 6rnegin 6'sinda muhtemel viriis varligimi gosteren yaklasik 700 bp DNA band1 elde edildi. Viriisiin
varligimi gosteren bantlardan rastgele segilen iki amplifiye edilmis DNA bandi pGEM-T Easy vektoriine klonlanmis ve elektriksel
olarak kompetan E. coli bakterisine aktarilmigtir. Klonlamadan elde edilen rekombinant plazmitler, E. coli'den saflastirilmis ve yeni
nesil dizileme (NGS) ile dizilenmigtirr DWV'nin kismi niikleotid dizilerinin 711 niikleotid igerdigi tespit edilmis ve bu diziler
MW962981 ve MW962982 erisim numarasi ile NCBI GenBank'a kaydedilmistir. Her iki izolatin en yiiksek dizi benzerligi, niikleotid
diizeyinde %98.03 ile %98.17 arasinda degismistir. Ayrica, Erzincan DWV dizilerinin filogenetik iligkileri, GenBank'ta kayith farkl
ekolojik bolgelerden 15 benzersiz dizi kullanilarak ortaya ¢ikarilmistir. Filogenetik agag, DWV Erzincan izolatlarimin Ingiltere

(HM067438), ispanya (MK262743) ve isve¢ (MN746311) izolatlari ile kiimelendigini gdstermistir. Literatiir bilgilerimize gore, bu
¢aligma ile DWV (Deforme kanat viriisii) Tiirkiye'nin Erzincan ili bal arilarinda ilk kez rapor edilmistir.

Anahtar Kelimeler: Deforme kanat virist, bal aris1, RT-PCR, klonlama, sekans.
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1. Introduction

Beekeeping is an agricultural activity that produces bee
products such as honey, royal jelly, pollen, beeswax, propolis,
and bee venom, as well as living materials such as queen bees
and swarms. Honey bees, the leading actors in this industry, are
socially trainable pollinator insects that also serve the future of
the world (Bing6l & Erkan 2014; Hung et al., 2018). Various
diseases and pests have a negative impact on honey bee health.
Especially in devastating situations such as colony collapse
disorder (CCD), which is the current common problem, the role
of honeybee viruses is inevitable and cannot be ignored. Until
the late 1980s, honey bee viral infections were ignored and
believed to be generally harmless worldwide. Currently, 18 of
the viruses infecting honey bees in both the brood and adult
stages have been described in detail in all country, the most
common of which are DWV (Deformed wing virus), ABPV
(Acute bee paralysis virus), CBPV (Chronic bee paralysis virus),
KBV (Kashmir bee virus), BQCV (Black queen cell virus), and
SBV (Sacbrood virus) (Genersch & Aubert, 2010; Doganay &
Girisgin, 2017).

DWYV, which belongs to the Iflavirus genus, was first
isolated from adult bees in Japan and spread to many parts of the
world. The viral pathogen, whose natural hosts are A. mellifera
and A. cerana, is virion 30 nm in diameter cubic symmetry
containing (+) ssSRNA genome (Lanzi et al., 2006; Maramorosch
& Shatkin, 2007). To initiate infection, the viral load and
virulence of DWV are crucial. The causative agent needs
approximately 4 times more viral load than healthy ones. The
incidence of DWYV disease depends on seasonal fluctuation and
typically increases in egg, adults, and pupae development stage
from summer to autumn (Tentcheva et al., 2004; Yue et al.,
2007). In infected adult bees, wrinkled and deformed wings are
observed primarily, and shrinkage body and general colorless are
noticeable secondarily. Although DWYV rarely causes death in
honey bee pupae, the average life expectancy of virus-infected
adult bees is shorter than healthy ones (Maramorosch &
Shatkin, 2007). The viral pathogen has been detected in honey
bees' digestive system, semen, testicular epithelium, feces, and
even fat cells responsible for many metabolic and endocrine
functions as well as the synthesis of antimicrobial peptides.
Infected adipose tissue is the main cause of physiological
disorders, poor development of queen eggs, and suppression of
the immune system (Fievet et al., 2006; Chen et al., 2006).

Many studies of honey bee viruses indicate that this virus is
the most frequently detected bee virus worldwide (Cirkovic et
al., 2018; Roberts et al., 2017; Riistemoglu & Sipahioglu, 2016).
The destructive virus is transmitted to the new host vertically
from the queen bee to its egg and horizontally through food and
feeding. On the other hand, Varroa destructor, the ectoparasitic
mite, serves as a biological vector of DWV. The positive
correlation between both suggests that both factors play an
important role in CCD, which is the critical issue of recent years
(Barroso-Arévalo et al., 2019; Schoning et al., 2012; Reyes-
Quintana et al., 2019). Virus infections should be closely
monitored to ensure the continuity of honey bee colonies. To
prevent possible colony losses, serological and molecular-based
techniques are of vital importance in determining the DWV
particle in a short time (Martin et al., 2013; Abd-EI-Samie et al.,
2021).
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In this study, we searched the presence of DWV in the
honey bee colony associated with virus symptoms in Erzincan
province of Turkey. Also, we investigated the phylogenetic
relationship of the identified viral pathogen based on the relevant
gene region.

2. Material and Method
2.1. Biological Material

This study was carried out with the honey bees collected
from the apiary in Erzincan province in November 2020. A total
of 12 worker bee samples with and without viral symptoms were
collected from only one apiary during randomly visited hive
inspections. The samples were brought to Bing6l University
Phytopathology Laboratory and stored at -80°C until use.

2.2. Extraction of TNA from collected honey bees

In order TNA extraction from all samples showing typical
viral symptoms and symptomless, silica-based method was used
as declared by Foissac et al., (2001) A total of 12 groups, each
group containing three honey bee samples were subjected to
TNA isolation. Briefly, samples were crushed in 1 ml of grinding
buffer containing 2-mercaptoethanol (ME), and about 500 pl
suspension was poured into Eppendorf tube (1.5 ml) and added
100 ul sarkosyl (10%). The mixture was kept at 70 °C for 15
min and then kept on ice for 5 min, then centrifuged at 13000
rpm for 10 min. The upper phase was transferred to the mixture
containing EtOH (150 pl), Nal (6M, 300 pl), and resuspended
silica (30 pl), incubated for 10 minutes on an intermittent shaker
and then centrifuged at 6000 rpm. The upper liquid was
discarded, the bottom pellet was dissolved by adding 500 pl of
washing buffer, and then centrifuged at 6000 rpm for 1 min. The
washing step was repeated. The pellet resuspended in 150 pl
nuclease-free water was kept at 70 °C for 4 min and centrifuged
at 13000 rpm for 3 min. Finally, the supernatant was transferred
to a sterile tube and stored at -20 °C for further steps.

2.3. Complementary DNA synthesis and PCR
Method for DWV detection

For the reverse transcription step, reaction mix containing 5
ml of extracted TNA and nuclease-free water, 1 ul ANTP mix (10
mM), and 1 pl random hexamer primer (50 pmol/ul) were kept
at 65 °C for 5 min. The reaction mix obtained was added to the
previously prepared mixture containing 2 pl DTT (0.1M), 4 ul
5X RT reaction buffer, 1 pl RNase inhibitor, and 1 pl RT enzyme
(Thermo Scientific, Vilnius, Lithuania) and incubated first at 42
°C for 50 min, then at 70 °C for 15 min to stop the reaction. 2 pl
of the synthesized cDNA was used as a template for PCR tests.

To perform PCR testing, primers that were reported by Chen
et al., (2004) based on the sequence of the partial RdRp gene of
the viral agent were used. Approximately 700 bp of
amplification product is expected from DWV-F- 5'-
ATCAGCGCTTAGTGGAGGAA -3' and DWV- R- 5'-
TCGACAATTTTCGGACATCA-3' primers. The 50 pl reaction
mixture consisted of 4 uL ¢cDNA, 0.4 pl Taq enzyme (5U/pl)
(Thermo, USA), 34.6 ul nuclease-free water, Sul 10X PCR
Buffer, 3ul MgCl12 (25mM), 1ul ANTP (10mM), and 1pl of each
primer (20uM). PCR cycles were implemented as 35 cycles at
95 °C for 30 sec, 55 °C for 1 min, and 68 °C for 2 min, a final
extension of 68 °C for 5 min. PCR assays were carried out on
Eppendorf Mastercycler (Hamburg, Germany). In this study, an
isolate determined to be DWV as a result of sequencing was

187



Avrupa Bilim ve Teknoloji Dergisi

used as a positive control in all studies. cDNA obtained from
healthy bees was used as a negative control. 15 ul of PCR yields
and 1 kb DNA ladder (Fermentas, Lithuania) were loaded in 1%
agarose gel wells, electrophoresed, visualized under UV light,
and photographed.

2.4. Cloning,
relationships

Sequencing and Phylogenetic

For cloning, two DWV-positive bands purified from the
agarose gel were directly inserted in bacterial cloning vector
(pGEM T- Easy) (Promega, USA) using T4 DNA ligase enzyme,
then transformed into E. coli competent cell strain JM109,

separately. After that, recombinant DNA was isolated from the
liquid culture formed from white-colored bacterial colonies
indicating the presence of cloning, and send to sequencing
(Sentebiolab/Ankara/Turkey).  Sequences  obtained  were
submitted to NCBI (National Center for Biotechnology
Information). Nucleotide similarity analysis of DWV isolates
obtained from Erzincan honey bees was implemented with the
BLASTn at NCBI online program. Alignment analysis and
phylogenetic relationship were performed utilizing the CLC
Main Workbench software program (QIAGEN, Version 6.7.1).
The phylogenetic tree was created using fifteen same isolates
from different origins published in the GenBank (Table 1).

Table 1. Chart showing information on DWV isolates taken from NCBI used for phylogenetic tree in present study

No  Acc. No. Country Isolate Host Isolation source
1 HMO067438 UK VDV-1-DWV-No-9 A. mellifera -

2 MK262743 Spain DWYV type A A. mellifera -

3 MN746311 Sweden VIVA-b2b A. mellifera pupae, adult
4 MT747987 Italy DWV-B/A/2018/ITA A. mellifera -

5 KX783225 Belgium leuven-dwvl A. mellifera -

6 MF036686 China 2C1 A. mellifera pupae

7 KY909333 Italy Vespa_crabro_DWV_PI_2016 Vespa crabro  abdomen

8 MG831200 USA Maryland/2015/304 A. mellifera -

9 AY292384 Italy PA A. mellifera -

10 MT096518 Spain FTAl-4 - -

11 AJ489744 Italy - A. mellifera

12 KU847397 Austria Austria 1414 A. mellifera pupae

13 KJ437447 UK Varroa-infested-colony-DJE202  A. mellifera -

14 MN538209 Netherlands ~ DWV_B_Netherlands A. mellifera -

15  AF183905 S. Africa South African A. mellifera

3. Results and Discussion

With 7.4 million colonies, Turkey has apiculture potential
globally, following China and India (Doganay & Girisgin,
2017). Until now, the beekeeping industry has been threatened
by abiotic factors and biotic infectious agents such as bacteria,
viruses, microsporidia, fungi, and parasites causing colony
losses in honey bees (Cox-Foster et al., 2007; Francis et al.,
2013; Genersch et al., 2010). Among honey bee pathogens,
viral agents have an important share in bee and bee products
both in terms of the labor force and economic loss. DWYV,
responsible for the decline of the honey bee population, is the
most familiar virus globally and usually causes latent
infections that cannot be perceived by beekeepers, and
infection is inevitable when viral titer reaches the level of
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infection. In the case of DWV infestation, characteristic
symptoms such as weakness, split and deformed wings, and
creep behavior occur in diseased honeybees (Giilmez et al.,
2009; Riistemoglu & Sipahioglu; 2019). Its presence has been
reported so far in many countries, including Serbia, Sweden,
Australia, Chile, UK, Japan, and Bulgaria (Bailey & Ball,
1991; Rodriguez et al., 2014; Cirkovic et al., 2018; Locke et
al.. 2017; Roberts et al., 2017; Ryabov et al., 2016; Shumkova
et al., 2018).

In this study, we sampled a total of 12 worker bees
including honey bee showing deformed and vestigial wings,
shrunk abdomen size, and darkened whole-body from one of
the apiaries visited upon complaints from beekeepers in
autumn 2020 in Erzincan province of Turkey (Fig 1).
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Figure 1. Deformed wing virus specific symptoms in worker honey bees collected from Erzincan province

Collected samples were molecularly analyzed to
determine the presence of the Deformed wing virus (DWV).
Following cDNA synthesis, the RT-PCR test amplified an
approximately 700 bp long DNA fragment of the helicase
gene of the associated agent in agarose gel (Fig 2). As a result
of cloning and sequencing of two randomly selected PCR
yields, it was determined that the amplified fragment

contained 711 nucleotides. BLASTn analysis revealed that the
Erzincan viral sequences were closely related to the helicase
region of the polyprotein gene of DWV, with a high nucleotide
identity ranging from 98.03% to 98.17%. The sequences
obtained were registered in the GenBank (Acc. Nos:
MW962981 and MW962982).

L B et | B o )

Figure 2. Agarose gel pattern showing DNA fragment of DWV from whole body samples tested by RT-PCR using DWV-specific
primer sets. Lane M: 1 Kb DNA marker Lane 3-4-7-8-9-12: DWV-infected honeybees, NI: No Infection, PC: DWV-positive control.

Mixed infections of DWV and other prevalent honey bee
viruses have been extensively reported in studies conducted
worldwide. Although we tested other common pathogens
(ABPV, CBPV, BQCV, and SBV) molecularly, we could only
detect this virus in present study. This picture probably arose
because honey bee samples were not transported in the cold
chain to the laboratory where they will be tested.

III. group 2;,

I. group

Based on pairwise comparisons employed the CLC Main
Workbench software, both DWV sequences (MW962981 and
MW962982) exhibited 97.19% nucleotide homology between
themselves. Turkish-Erzincan DWYV isolates were aligned
with other DWV isolates from different countries in NCBI
GenBank and the phylogenetic dendrogram was constructed

(Fig 3).
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Figure 3. Phylogenetic dendrogram generated using Neighbor-joining algorithm of polyprotein gene sequences of DWV. New
sequences from Erzincan province and other sequences are pointed out with “blue filled circle” and the Acc. Nos, respectively. The
Black queen cell virus (BQCV) (AF183905) is included as an outgroup from South Africa.
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The phylogenetic tree consisted of three main clusters based
on nucleic acid sequence similarity. Our isolates (MW962981
and MW962982) were in the first group together with the UK,
Spain, and Sweden isolates of DWV from A. mellifera honey
bee. A remarkable point in the phylogenetic tree is that the
second group was clearly in a cluster completely separate from
the cluster with other DWV isolates. This separate cluster most
likely resulted from the presence of different variants of DWV
such as DWV-A, DWV-B (also recognized as Varroa destructor
virus-1), and DWV-C, as stated by Posada-Florez et al., (2019).

In line with former studies, DWYV, one of the deadly viruses
parasitizing honey bees, has been well-studied in various
geographic regions of the world and in Turkey (Ribiére et al.,
2008; Cepero et al., 2014; Barroso-Arévalo et al., 2019). The
occurrence of DWV was first detected in 2006 in the Eastern
Mediterranean region, where heavy colony losses were
experienced, and it was officially identified in 2008 and DWV
infection was detected in all studied colonies (Muz & Muz,
2008). Apart from this, many studies conducted in different
regions of Turkey have focused on honey bee viruses. As
previously stated, the DWV genome is large and primers
generating different amplicons based on different gene regions
of the associated virus can be used for accurate viral diagnosis in
A. mellifera by many researchers. In the study conducted by
screening 15 apiaries in the Burdur province, DWV, ABPV, and
BQCV were detected in 13 apiaries. Unlike our study, 618 bp
amplicon was obtained using primers specific to the RNA
helicase gene region of DWV. Also, 98% nucleotide sequence
similarity was determined between the two isolates characterized
(Cagirgan et al., 2020). In Hatay and Tekirdag province, queens
and worker bees collected from separate colonies were analyzed
against DWV by RT-PCR using primer pair reported by Berenyi
et al. (2006). DWYV infection was determined at a high rate and
434 bp amplicon encoding the helicase enzyme gene was
obtained (Muz & Muz, 2009; 2017). The presence of DWV was
investigated by RT-PCR using primers to specific polyprotein
gene in worker, drone honey bees, and the varroa mite in Ordu
province. The test results of Giilmez et al., (2009) were resulted
in 395 bp DNA fragments, indicating the viral pathogen
presence. Using the same primer set, similar results were
obtained by Karapinar et al., (2018) who tested 260 adult honey
bees from 26 apiaries in the province of Van. In this study, DWV
and BQCV viral infections were detected at 69.23% and
88.46%, respectively, but ABPV and CBPV could not be found
in honey bees collected.

Although DWV is primarily one of the important hosts for
honey bees, it can also host insects such as ants (Messor
concolor). Ant samples collected from Sirnak and Hakkari
provinces were tested for DWV and BQCV. In this study, 488 bp
DNA fragments for the DWV-RdRP gene (RNA-depended RNA
polymerase) and 568 bp for BQCV- partial CP gene (capsid
protein gene) were obtained using genome-specific primers
(Riistemoglu, 2020). In another comprehensive survey
conducted in Hakkari, single and mixed infections combined
with BQCV, SBV, and CBPV of DWV were identified in worker
bees collected from 90 apiaries (Riistemoglu & Sipahioglu,
2019). Riistemoglu, (2019) also reported the DWV in honey
bees, detected in 9 out of a total of 24 bees, from Sanliurfa,
Diyarbakir, Mardin, Siirt, and Sirnak provinces using the qRT-
PCR test, with an infection rate of 37.75%. Kalayci et al., (2020)
reported six virus DWYV, the most widespread virus in 44.7%,
ABPV in 35.5%, BQCV in 28.9%, SBV in 22.3%, CBPV in
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18.4%, and IAPV in 6.5% of samples collected from 76 apiaries
from Bursa, Kiitahya, Manisa, {zmir, Aydin, Mugla, and Adana
with complaints of the declining colony that (Kalayci et al.,
2020).

Honey bee viruses, which have serious side effects in honey
bee colonies, can exist at the colony level or individually as
single or mixed infections. Cagirgan & Yazici, (2021) developed
the multiplex PCR method, which is critical for honey bee
infectious diseases and has the potential to simultaneously detect
more than one virus. In this practical, advantageous, and time-
saving method, reference primers that are compatible with each
other adopted by distinct honey bee viral disease researchers
were used. A total of 60 samples consisting of 30 adults and 30
larvae collected from 111 apiaries in Kiitahya, Manisa, Usak,
Izmir, Denizli, Aydin, and Mugla provinces were tested against
common five honey bee viruses using the multiplex PCR
method. All viral agents (DWYV, BQCV, ABPV, SBV, and CBPV)
were detected successfully, with the highest infection rate of
DWV in the apiaries visited.

The phylogenetic tree of PCR-amplified sequences (Fig 3)
indicated that the origin of Turkey-Erzincan DWYV isolates has
come from Europe continental, which supports the information
reported by Tutkun & Bosgelmez, (2003) that DWV has
distributed from Europe to Turkey via ectoparasites varroa in
1976.

4. Conclusions and Recommendations

According to our literature screening, this work is the first
report of the DWV infecting adult worker honey bees in the
Erzincan province of Turkey. Considering the about 24 honey
bee agents, a comprehensive survey study is recommended to
determine the viral potential in the relevant region. In addition,
the existence of any chemical treatment to eliminate viral agents
makes it difficult to combat them. It is primarily transmitted by
varroa and therefore Varroa and other ectoparasites must be kept
under control.
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