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Abstract

A small-scale survey for blueberry viruses in Bosnia and Herzegovina was
performed in 2018. A total of 20 samples from three locations were collected and
analyzed for the presence of 11 viruses. ELISA assays were performed for
blueberry scorch virus, blueberry shock virus, blueberry shoestring virus,
blueberry leaf mottle virus, tobacco ringspot virus, and tomato ring spot virus.
The samples were tested for blueberry red ringspot virus by PCR, and blueberry
fruit drop associated virus, blueberry latent virus, blueberry mosaic associated
virus, blueberry necrotic ring blotch virus, blueberry virus A, and blueberry leaf
mottle virus by RT-PCR. The analyses confirmed the presence of BILV in eight
samples with no other virus detected in any of the samples.
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Introduction

Although highbush blueberry (Vaccinium corymbosum L.) was introduced
in Bosnia and Herzegovina (B&H) in the 1980s, production has intensified in the
last five years. Blueberry is cultivated on around 150 ha with orchards established
with imported planting material, posing a risk of the introduction of exotic and
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emerging pathogens. Blueberries are known to harbour several viruses belonging
to diverse families (Martin et al. 2012). The most economically important viruses
are: blueberry red ringspot virus (BRRV), blueberry leaf mottle virus (BLMoV),
blueberry scorch virus (BIScV), blueberry shock virus (BIShV), blueberry
shoestring virus (BSSV), peach rosette mosaic virus (PRMV), tobacco ringspot
virus (TRSV), and tomato ringspot virus (ToRSV) (Prodorutti et al., 2007). Other
reported viruses include blueberry latent virus (BBLV), blueberry latent
spherical virus (BLSV), blueberry virus A (BVA), and blueberry mosaic-
associated virus (BIMaV) whose economic impact is largely unknown (lsogai et
al., 2011; Martin et al., 2011; Isogai et al., 2015; Thekke-Veetil et al., 2014).
There are no significant data of the sanitary status of blueberry in Europe
regarding viruses other than reports for BRRV in Czech Republic, Slovenia,
Poland, and Serbia (Mavri¢ Plesko et al., 2010; Jevremovi¢ et al., 2016), BIScV
in Italy, Poland, and the Netherlands (Ciuffo et al., 2005; Paduch-Cichal et al.,
2011), BSSV, PRMV, and TRSV in Poland (Paduch-Cichal et al., 2011) and
BIMaV in Slovenia, Turkey, and Serbia (Gauthier et al., 2015; Gazel et al., 2015;
Jevremovi¢ et al., 2015).

In this report we present the results of the first small-scale survey for
blueberry viruses in B&H.

Material and Methods

Plant material

Twenty samples of blueberries Bluecrop’, "Duke’, *Elliott’, and *Patriot’
were randomly collected from production fields in Bugojno, Banjaluka, and
Tesli¢ during May/June 2018. Each sample consisted of 10 young but fully
expanded leaves picked from one bush.

Nucleic Acid Extractions

Total nucleic acids (TNA) were extracted from using the protocol
described in Tzanetakis et al. (2007). Leaf tissue (50 mg) representative of all
leaves in a sample was homogenized with liquid nitrogen in 1 ml of extraction
buffer (200 mM Tris base, pH 8.5, 300 mM lithium chloride, 1.5% lithium
dodecyl sulphate, 10 mM EDTA, 1% deoxycholic acid, 2% polyvinyl-
pyrrolidone 40, and 1% [vol/vol] TCEP, added just before use). An equal volume
of potassium acetate (2.8 M potassium and 5.8 M acetate, pH 6.5) was added to
the extract and chilled at —20°C for at least 30 min. The mixture was centrifuged
at 16,000 x g for 10 min in a microcentrifuge and 0.7 ml of the supernatant was
transferred to a new tube. An equal amount of isopropanol was added and mixed
via inversion and centrifuged for 20 min at 16,000 x g. The precipitated TNA
was resuspended in 500 pl of wash buffer and 25 pl glass milk which was
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pelleted by pulse centrifugation to 6000 rpm and washed with another 500 pl of
wash buffer. After a brief centrifugation, glass milk was dried in a speed vac and
the dried pellet was resuspended in 40 pl of RNase-free water.

ELISA

The grinding buffer of Martin and Bristow (1988) was used for tissue
homogenization. Commercial antisera (AGDIA Inc., Elkhart, IN, USA) for
BLMoV and TRSV were used in DAS-ELISA according to the manufacturer’s
recommendations with the exception of the grinding buffer. Antibodies for
BIScV, BIShV, and ToRSV were provided by Dr. R.R. Martin and for BISSV
from Dr. A.C. Schilder (Michigan State University, East Lansing, MI, USA). The
samples were considered positive after the measurements of absorbance values
at 405nm on ELx808 plate reader (BioTek U.S., Winooski, VT, USA) were three
times higher or more than those of the negative control.

PCR and RT-PCR

Reverse transcription was primed with random hexamers and performed
using the Maxima H Minus Reverse Transcriptase (Thermo Fisher Scientific,
USA) according to the manufacturer’s guidelines. The cDNA quality was
evaluated using the NADH dehydrogenase ND-2 subunit (ndhB gene) as an
internal control (Tzanetakis et al., 2007). Tag DNA Polymerase (GenScript,
USA) was used for PCR in separate reactions using the primers listed in Table 1.
RT-PCR was employed for detection of BFDaV, BILV, BIMaV, BNRBV, BVA,
and BLMV, whereas BRRV was detected by PCR. Representative amplicons
were sequenced at Eurofins Genomics, USA to confirm their identity.

Tab. 1. List of primers used for blueberry virus detection

. . Annealing Expected
Virus Primers Temp (°C) p_roduct Reference
size (bp)
BILV F: CTTATCAGAGCTTCTTCAGACTGG 53 391 Martin et al.,
R: TCGTCACCCGCACATTTC 2011
BFDaV  F: GACAACAGCATCTACATCTCTGC 55 395 Diaz-Lara et
R: GGTCGTTCTACCACGTTTCTG al., 2016
BIMaV F: CCWGTATCAAGCATAGTYACAAG 58 254 Thekke-Veetil
R: AAGAAGGTRGTGATTGAGA etal., 2015
BNRBV F: CCAGTTTGGAGGAATTGCAT 55 432 Quito-Avila
R: GCGTTTCAGCACCACTAAC etal., 2013
BRRV F:ATCAGTCCCAGAAGAAAAGAAGTA 56 548 Polashock et
R: TCCGAAAAATAGATAGTGTCAGC al., 2009
BVA F: AACTCATGGTTAAGCGTGAG 55 270 Thekke-Veetil
R: AGTCCTGAGACTTATCGAAC etal.,, 2014
BLMV F: GTTCCGTGAAATCGGTATAC 54 324 Tang, J (2014)
R: CTCTGGTAGTTTCAAAACTACA unpublished
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Dot blot hybridization

The probe for detection of BILV (fusion protein gen; Martin et al., 2011)
was based on the PCR product of isolate B-1. The PCR amplicon (~35 ng) was
purified using the GenJET PCR purification kit (Fermentas, Lithuania) and used
for probe preparation and labelling with the DIG-High Prime Kit (Roche Applied
Science, Germany) according to the manufacturer’s recommendations. Integrity
was verified by agarose electrophoresis (1% agarose gel in SB buffer). Each
RNA sample was incubated at 95°C for 5 min and cooled on ice. Denatured
RNAs were dotted and fixed on a Hybond N+ membrane (GE Healthcare, USA)
by UV irradiation (UV cross-linking 1 min at both sides). Membranes were blocked
with prehybridization buffer according to the instructions (GE Healthcare, USA).
Hybridization was performed at 65°C overnight, followed by washing in 2x
SSC/0.1% sodium dodecyl sulphate (SDS) at room temperature and in high
stringency washes of 0.5x SSC/0.1 % SDS at 65°C. Immunodetection was done
with anti-dioxigenin-AP (DIG-High Prime Kit, Roche Applied Science).
Chemiluminescence substrate CSPD (DIG-High Prime Kit, Roche Applied
Science) was used for visualization. Enzymatic dephosphorylation of CSPD was
recorded on transilluminator ImageQuant LAS 500 (GE Healthcare, USA).

Results and Discussion

During inspection, majority of plants in the surveyed plantations were
asymptomatic. None of the samples were positive for the BLMoV, BIScV,
BIShV, TRSV, and ToRSV presence. A positive reaction was only observed in
the positive control for each tested virus, with OD values at least 3 times higher
than the values for negative control.

In eight samples RT-PCR produced the expected 391 bp PCR fragment
for BILV, with the virus present in all surveyed locations. Sequence analysis of
the partial fusion protein gene (Acc. Nos MK511321-27; Table 2) showed 99.5-
100% nt identity with BILV isolates from Serbia, USA, Japan, and South Korea,
whereas the amino acid identities ranged from 98.8-100%.

The presence of the virus was also confirmed with northern-blot hybridization.

Tab. 2: List of BILV isolates sequenced during this study

Isolate name Municipality NCBI accession number
B1-B&H Bugojno MK511321
B4-B&H Bugojno MK511322
B6-B&H Bugojno MK511323
B9-B&H Banjaluka MK511324
B10-B&H Banjaluka MK511325
B11-B&H Banjaluka MK511326
B15-B&H Banjaluka MK511327
B18-B&H Tesli¢ MK511328
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BILV is a member of genus Amalgavirus, family Amalgaviridae, with a
genome composed of double-stranded RNA (dsRNA). BILV is transmitted by
seed almost by 100% but it is considered of minor importance as it does not cause
symptoms in single infections and probably does not enhance symptoms in
combination with other viruses (Martin et al., 2011). During our survey 8/20
samples were found to harbour the virus. High incidence of BILV has also been
reported in the USA, Japan, and Serbia (Martin et al. 2011; Isogai et al. 2011;
Jevremovi¢ and Paunovi¢, 2021). However, in the survey done in 2018 in USA
that covered all blueberry regions, BILV was detected only in 3.6% of the tested
samples (Martin and Tzanetakis, 2018). In our survey the virus was found in all
surveyed regions and tested cultivars.

Moreover, low sequence variability was found in the study performed by
Jevremovi¢ and Paunovi¢ (2021) where high nucleotide sequence identities of
BILV isolates from geographically distant countries were also identified in our
samples.

Conclusion

This study presents the first survey for viruses in highbush blueberry
plantations in Bosnia and Herzegovina. The blueberry latent virus (BILV) was
confirmed in high prevalence and geographical distribution. BILV is defined as
a latent virus. However, imports of plant material from countries with reported
viruses infecting blueberry involve a risk of introducing these pathogens to B&H.
With a steady increase in area under highbush blueberry cultivation in Boshia
and Herzegovina, we may also expect to detect other viruses. The application of
proper detection methods is of great importance for early detection and limited
dispersal to virus-free areas.
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Blueberry latent Bupyc y 6opoBHUIIN
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Caxerak

YV 2018. ronuan 00aBJHEHO j& HCTPAKHUBAHE MAaFbET 00MMa IMTPUCYCTBA BUPyca
6opoBHulle y bocan u XepueroBuHu. YKymHO je npuKymubeHo 20 y3opaka ca Tpu
JIOKaIje U aHanu3upano Ha npucyctBo 11 Bupyca. ELISA tectoBu cy xopumhenu
3d UCIUTHBAkE y30paka Ha MpHcycTBO blueberry scorch virus, blueberry shock
virus, blueberry shoestring virus, blueberry leaf mottle virus, tobacco ringspot virus
1 tomato ring spot virus. Y3opmu cy Tectupanu u Ha red ringspot virus momohy PCR
u blueberry fruit drop associated virus, blueberry latent virus, blueberry mosaic
associated virus, blueberry necrotic ring blotch virus, blueberry virus A, blueberry
leaf mottle virus kopuctehu RT-PCR meTone. Ananuse cy MOTBpMIIE MPUCYCTBO
BILV y ocam y3opaka, mpu uyeMy HH y jeIHOM OJ y30paka HHje HOTBplEeHO
MIPUCYCTBO APYTUX BHpYCA.

Kwyune pujewu: Vaccinium corymbosum L., BILV, RT-PCR, cekBeHniuparse,
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