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Abstract

The objective of this study was to assess the prevalence and genetic diversity of raspberry
bushy dwarf virus (RBDV) and raspberry leaf blotch virus (RLBV) in Ukrainian raspberry
plantations. A survey of viral symptoms, including yellow leaf blotch, leaf distortion, mot-
tling, and crumbly fruits, was conducted across several regions. Crumbly fruits were linked
to RBDV infection, while yellow leaf blotch and leaf distortion were associated with RLBV
and the presence of eriophyid mites, which serve as RLBV vectors. To detect the presence
of these viruses, 195 symptomatic and asymptomatic leaf samples were collected from cul-
tivated raspberry fields and tested using RT-PCR. The overall infection rate was 33.3%, with
RBDV detected in 29.2% of the samples and RLBV in 4%. Comparison of sequences of the
Ukrainian RBDV isolates showed high nucleotide and amino acid identity and grouped
them with isolates from Belarus, Sweden, and Kazakhstan. RLBV isolates from Ukraine
displayed notable genetic variability, clustering with isolates from Finland, Serbia, and Slo-
vakia. These findings highlight a high level of virus infections in raspberry plantations in
Ukraine. Despite the obligatory certification of planting material, RBDV remains a sig-
nificant threat to raspberry farming. Furthermore, the emergence and spread of RLBV in
Ukraine could further worsen the situation.

Keywords: phylogenetic analysis, Rubus idaeus L., raspberry bushy dwarf virus (RBDV),
raspberry leaf blotch virus (RLBV), RT-PCR

Introduction

Raspberry (Rubus idaeus L.) is one of the most im-
portant berry crops in Ukraine. Its commercial plan-
tations cover up to 5,000 hectares, with an annual
harvest of fresh berries reaching 65-68 thousand tons
(UKRSTAT 2022). Currently, more than 40 viral and
virus-like pathogens are known to infect Rubus species
and can lead to significant crop losses (McGavin and
MacFarlane 2010).

Some of the most common raspberry diseases are
leaf yellowing, dwarfing, and crumbly fruit, of which
the viral nature was confirmed in the 1950-60s in the

USA (Cadman 1961). These symptoms were associated
with raspberry bushy dwarf virus (RBDV), although
it was later shown that the severity of such symp-
toms is significantly higher in mixed infections with
raspberry leaf mottle virus, rubus yellow net virus,
and raspberry latent virus (Martin 2013; Quito-Avila
et al. 2013).

RBDV often occurs in raspberry and blackberry,
and has been found in grapevine and cherry (Mavric¢
et al. 2003; Martin 2013; Caglayan et al. 2023a). It is
present on Rubus spp. in all regions where they are
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cultivated, including Europe, Asia, New Zealand,
North and South America, and South Africa (Mavric¢
et al. 2003; Valasevich et al. 2011; Isogai et al. 2012;
Quito-Avila et al. 2013; Dal Zotto et al. 2017).

A major challenge posed by this virus is its ability
to be transmitted through pollen and seeds from an
infected plant to a healthy one, complicating efforts to
control its spread in cultivated raspberry plantations.
Nearly 77% of seedlings grown from seeds of infected
red raspberries were also infected by RBDV (Jones
et al. 1996). It has also been found that the viability
of pollen infected with this virus remains quite high.
During pollination, the virus affects the germination
rate of pollen tubes (Sproge and Strautina 2020).

Currently, several groups of RBDV isolates are
known: S (the most numerous group), RB (isolates
that can infect hybrids and cultivars resistant to
S-isolates) and B isolates (serologically distinct and de-
tected only in R. occidentalis) (Jones et al. 1996). The
spread of RBDV can be controlled by cultivating rasp-
berry cultivars with resistance genes, particularly the
Bu gene, a single-dominant gene originally identified
in R. idaeus “Glen Glova” (Jones et al. 1982). Efforts
to develop markers for Bu have led to several promi-
sing molecular markers associated with two N-like
NB-LRR genes (N1 and N2), which are homolo-
gous to the TMV-resistance gene found in tobacco.
However, it is still unclear as to which N-genes the Bu
gene aligns (Ward et al. 2012; Stephens et al. 2016).
While the Bu gene provides resistance to S-isolates of
RBDYV, resistance-breaking isolates continue to pre-
sent a challenge for raspberry cultivation, underlin-
ing the need for ongoing breeding to expand resist-
ance in new cultivars (Hall et al. 2009; Stephens et al.
2016).

RBDV belongs to the species Idaeovirus rubi,
which is one of the two species in the genus Idaeovi-
rus, and the family Mayoviridae (Schoch et al. 2020).
The RBDV genome consists of two single-stranded
sense RNA molecules: RNA1 (5.5 kb) and RNA2
(2.2 kb), which is comprised of a subgenomic RNA
(sgRNA3) (1 kb). RNAI encodes a 190 kDa poly-
protein involving methyltransferase, helicase and
polymerase domains, and 1b protein. RNA2 encodes
a 39 kDa movement protein (MP) and a 30 kDa coat
protein (CP). The infection process crucially depends
on CP, expressed from sgRNA3, and facilitated by
1b protein that acts like a RNA silencing suppressor
(Isogai et al. 2019).

Another common raspberry disease is leaf blotch,
caused by the raspberry leaf blotch virus (RLBV). It
was first described in Scotland in 2011 (McGavin et
al. 2012). After that, RLBV has also been discovered
in European countries with significant raspberry
production, such as Bosnia and Herzegovina, Bul-
garia, Finland, Montenegro, Poland, Serbia, Slovakia,

the Czech Republic, and Norway (Dong et al. 2016;
Cieslinnska et al. 2014; Mavri¢ et al. 2014; Zindovi¢
et al. 2015; Jevremovic¢ et al. 2019; Deli¢ et al. 2020;
Koloniuk et al. 2023), as well as in Kazakhstan (Kerim-
bek et al. 2022). RLBV is known to infect red raspberry
(R. idaeus), tayberry (R. fruticosus x R. idaeus), and
R. odoratus (Dong et al. 2016). It causes symptoms
such as leaf curling and twisting, distorted leaf shape,
chlorotic spots on leaves, reduced plant growth due
to damage to the apical part of the shoot, and dete-
rioration in fruit quality (McGavin et al. 2012). RLBV
is transmitted by the mite Phyllocoptes gracilis (Erio-
phyidae), which was previously associated with leaf
blotch disorder (RLBD) in Great Britain (McGavin
etal.2012).

RLBV belongs to the species Emaravirus idaeobati
genus Emaravirus and the family Fimoviridae (Schoch
et al. 2020). RLBV has a segmented multipartite ge-
nome of 17,410 nt in length, consisting of eight linear
negative sense RNA fragments (Lu et al. 2015). RNA1
(7.1 kb) encodes a putative RNA-dependent RNA pol-
ymerase, RNA2 (2.1 kb) encodes two glycoproteins,
RNA3 (1.4 kb) encodes a nucleocapsid protein (NP)
and RNA4 (1.7 kb) encodes a movement protein, while
the functions of RNA5-8, which encode several pro-
teins, are not yet clear (McGavin et al. 2012; Yu et al.
2013; Lu et al. 2015).

Symptoms of leaf blotch, dwarfing plants, and
crumbly fruit in raspberries have been noted in plant-
ings in Ukraine for many years. However, it was not
until recently, that monitoring studies using sero-
logical methods were conducted to detect raspberry
viruses listed in the EPPO PM 4/10 (2) standard
(Tryapitsyna et al. 2013; Riaba et al. 2019). Varying
levels of RBDV, raspberry ringspot virus (RRSV),
strawberry latent ringspot virus (SLRV), raspberry
vein chlorosis virus (RVCV), tomato black ring spot
virus (TBRV), tobacco ringspot virus, cherry leaf roll
virus (CLRV), and arabis mosaic virus (ArMV) were
detected (Tryapitsyna et al. 2013; Riaba et al. 2019).
The first incidence of red raspberry infected with
RLBV in Ukraine was only recently detected in 2021
Pozhylov et al. 2021).

Thus, current information on the molecular-ge-
netic characteristics of raspberry viruses in Ukraine
is limited. The objective of this study was to investi-
gate the molecular-genetic characteristics and phy-
logenetic relationships of RBDV and RLBV isolates
present in Ukraine. By focusing on the CP gene,
the aim of the work was to determine the genetic
variability and molecular features of these isolates, and
to trace their evolutionary relationships. This analy-
sis will contribute to optimizing diagnostic methods
and tracking the origin, spread, and genetic diversity
of these viruses.
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Materials and Methods

Plant material

Visual inspections were conducted during the spring
and summer seasons (2019-2021) to identify symp-
toms of viral infection in raspberry plantings. Leaf
samples were collected from symptomatic plants
showing signs of RBDV and RLBV infections, as well
as from asymptomatic plants at the same locations. Fif-
teen raspberry plantations were observed across nine
regions: Cherkasy, Chernihiv, Chernivtsi, Kharkiv,
Khmelnytskyi, Kyiv, Vinnytsia, Volyn and Zhytomyr
(Table 1). In total, samples of 20 raspberry cultivars
were tested, including ‘Amira), ‘Brusvyana, ‘Brusylivska,
‘Brusylivskyi standard, ‘Glen Ample, ‘Heracl, ‘Himbo-
top, ‘Imara, Joan J, ‘Kosmichna, ‘Kveli, ‘Maravila, ‘Oc-
tavia, ‘Perseya, ‘Phenomen), ‘Polka, ‘Sanya, ‘Vasylinka,
“Yellow Giant, and ‘Zyugana. A total of 195 collected
samples were tested using the RT-PCR method.

RT-PCR

Total RNA extraction was performed using the
Genomic DNA Purification Kit (Thermo Scientific,
Lithuania), with 75 mg of plant tissue taken for analy-
sis. The quality of the extracted RNA was evaluated
using a DeNovix DS-11 spectrophotometer at wave-
lengths of 260, 260/230, and 260/280 nm. The RNA
was stored at —20°C for future use. RBDV identifica-
tion was conducted using RT-PCR with primers U1-F
and L3-R with expected fragment size of 520 bp spe-
cific to the part of the CP coding region (Kokko et al.
1996). RLBV was identified using RT-PCR with prim-
ers 1287-F and 1095-R, which amplify a 570 bp frag-
ment specific to the NP coding region (McGavin et al.

2012). Verso 1-Step RT-PCR Kit ReddyMix (Thermo
Scientific, USA) was used for RT-PCR following the
manufacturer’s recommendations. A total of 50 ng of
RNA was added to a 20 pl reaction mixture, which
contained the following components: 10 pl of 2X 1
Step PCR ReddyMix, 0.4 pl of Verso Enzyme Mix, 1 pl
of RT Enhancer, 0.4 ul of forward primer (10 mmol),
0.4 pl of reverse primer (10 mmol), and 6.6 pl of H,O.
Amplification was performed in an Eppendorf Mas-
tercycler Personal (Eppendorf AG, Germany) with the
following parameters: 50°C for 15 min, 95°C for 2 min,
followed by 40 amplification cycles (95°C for 20 s,
56-58°C for 30 s, 72°C for 15 s), and a final extension
at 72°C for 5 min. The amplification products were an-
alyzed by electrophoresis on a 2% agarose gel in TBE
buffer, stained with 0.5 pg/ml ethidium bromide, and
visualized under UV light.

Sequencing and phylogenetic analysis

The samples selected for sequencing were also tested
for the presence of other raspberry viruses and phyto-
plasmas listed in EPPO standard PM 4/10 (2) (EPPO
2013) to ensure the absence of co-infection (not
shown). Analyses were performed using previously
published primers (Supplementary file). The PCR
products of RBDV and RLBV obtained from sam-
ples collected in various regions of Ukraine were se-
quenced and deposited in the GenBank. The partial
sequences of the CP genes for RBDV and RLBV were
compared with known sequences using BLAST 2.10.0
software. The percentage of identity for nucleotide
(nt) and amino acid (aa) sequences was represented
as colored blocks employing the Sequence Demarca-
tion Tool Version 1.2 (SDTv1.2) (Muhire et al. 2014).
For phylogenetic analysis, 40 RBDV isolates and

Table 1. Raspberry samples tested for RBDV and RLBV by RT-PCR method

No. of Iti h
Region 0. of tested RBDV RLBV No. of localities Cultivars that
samples tested positive
Cherkasy 6 0 0 1 -
Chernivtsi 11 1 0 1 ‘Heracl’
Chernihiv 5 0 0 1 -
Kharkiv 12 3 0 1 ‘Polka’
Khmelnytskyi 8 2 0 1 -
Kyiv 73 31 6 3 YeIIlow Glant,', Perse_ya, ;Ilrusvy;?na,
Zyugana; ‘Vasylinka; ‘Imara
i ’ IA B 7 o' IK I'!
Vinnytsia 38 17 5 4 Joan J,'Amira; ‘Octavia; ‘Kveli
Volyn 10 0 0 1 -
Zhytomyr 32 3 0 2 ‘Maravila’
Total 195 57 8 15

RBDV - raspberry bushy dwarf virus; RLBV - raspberry leaf blotch virus
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23 RLBV isolates were downloaded from the Gen-
Bank. Multiple sequence alignment was conducted us-
ing the Clustal W algorithm within MEGA X (Kumar
et al. 2018). Phylogenetic trees were constructed us-
ing the neighbor-joining (NJ) method (Saitou and Nei
1987) with the Kimura two-parameter model (Kimura
1980). The statistical significance of the results was as-
sessed through bootstrap analysis with 1,000 replica-
tions. Potential recombination events were evaluated
using RDP4 (Martin et al. 2015) and were considered
significant if detected by most of the algorithms used.

Results and Discussion

Occurrence of RBDV and RLBV in Ukraine

The most common symptoms observed in the major-
ity of surveyed raspberry plantations were yellow leaf
blotch, leaf yellowing, distortion of leaves, mottling,
and crumbly fruits (Fig. 1, 2). Crumbly fruit symp-
toms are most often caused by RBDV, while yellow
leaf blotch could be caused by RLBV and eriophyid
mite, which is a vector of this virus. Additionally, leaf
chlorotic mottling and vein chlorosis were observed in
some surveyed areas.

A total of 195 raspberry leaf samples collected in
cultivated fields were tested by RT-PCR for the pres-
ence of RBDV and RLBV. Testing revealed an overall
infection rate of 33.3% (Table 1).

RBDV was detected in 29.2% of raspberry sam-
ples, while RLBV was present in 4% of the total tested
samples. No coinfection was detected in any sam-
ples. During the survey 14% of RBDV-infected plants
showed no symptoms. Similar RBDV infection rates
have been observed in raspberry plantations in other
countries, with 35% of infected samples in Latvia,

Fig. 1. Symptoms of: A — crumbly fruits of raspberry cv. Joan J
infected with RBDV; B —~dwarfing of raspberry leaves cv. Polka in-
fected with RBDV

Fig. 2. Symptoms of raspberry leaf blotch disease (chlorotic
blotches) on leaves of raspberry plants cv. Octavia infected with
RLBV

22% in Scotland, 28% in Kazakhstan, and 12% in Fin-
land (Chard et al. 2001; Pupola et al. 2009; Susi et al.
2018; Kolchenko et al. 2023). Additionally, this virus
was found in 22% of the grapevine samples in Slove-
nia (Mavri¢ et al. 2014). In contrast, RLBV has been
reported in 93% of the raspberry samples in Finland,
68.7% in Serbia, and 30% in Bosnia and Herzegovina
(Dong et al. 2016; Jevremovic et al. 2019; Deli¢ et al.
2020). These high infection rates for RLBV are likely
due to studies focusing on samples exhibiting typical
symptoms of viral infection and infestation of erio-
phyid mites. Experiments in raspberry growing coun-
tries have shown that increasing mite populations can
lead to significant economic losses and facilitate the
spread of RLBV, making control of the eriophyid mite
in Ukraine an increasingly important issue (Poded-
worny et al. 2024).

RBDV was detected in six regions of Ukraine
(Chernivtsi, Kharkiv, Khmelnytskyi, Kyiv, Vinnytsia,
and Zhytomyr), indicating a widespread distribution.
The highest infection rates were observed in the Kyiv
and Vinnytsia regions, with 42.5% and 44.7% of the
analyzed samples, respectively. RLBV was also identi-
fied in these regions, with 8.3% of the samples testing
positive in Kyiv and 5.3% in Vinnytsia.

The phytovirological status was significantly bet-
ter in Zhytomyr, with only 9.4% of the samples testing
positive for RBDV, and no RLBV detected. In Kharkiv
and Khmelnytskyi, 25% of the samples in each region
tested positive for RBDV. In Chernivtsi, approximately
9% of the samples were infected with RBDV, while no
RLBV was detected. In contrast, plant material collect-
ed from cultivated raspberry plantations in Cherkasy,
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Volyn, and Chernihiv regions was free of both RBDV
and RLBV. Overall, these findings highlight substan-
tial variability in the distribution of RBDV and RLBV
among raspberry plants across different regions of
Ukraine. The presence of these viruses in certain re-
gions may be influenced by local agricultural practices,
environmental factors, and the movement of infected
plant material.

Only three out of the 20 surveyed cultivars (‘Per-
seya, ‘Sanya, and Perlinka’) are summer-bearing, as
primocane-fruiting cultivars are more popular in
commercial plantations in Ukraine due to their high-
er profitability. However, primocane cultivars have
a higher risk of infection with contaminated pollen be-
cause of their longer flowering period.

Phylogenetic analysis of RBDV

For further analysis CP gene partial sequences of four
RBDV isolates were sequenced: 177UA, 431UA, 87UA,
and UA1, respectively, isolated from the cultivars ‘Her-
acl’ (Chernivtsi region), Joan J' (Vinnytsia region),
‘Perseya’ (Kyiv region), and ‘Polka’ (Kharkiv region)
(Table 2).

After alignment a 466 nt fragment of the RBDV
CP gene was obtained, corresponding to the RNA2
region 1365 to 1831 nt. Ukrainian RBDV isolates had
a high amino acid and nucleotide sequence identity:
98.28-99.78% and 98.7-100%, respectively. Isolates

from Kharkiv (431UA), Kyiv (UA1) and Vinnytsia
(177UA) regions had the highest identity among them-
selves both in terms of nucleotide and amino acid se-
quences (Table 3). The isolate from Chernivtsi (87UA)
region, which differed by one serine (S) > asparagine
(N) substitution at position 30 when comparing amino
acid sequences with other Ukrainian isolates, turned
out to be more remote (Fig. 3). Additionally, nonsyn-
onymous nucleotide substitutions in the 177UA iso-
late where a substitution of valine (V) - isoleucine (I)
was observed at position 86. In general, a high degree
of conservativity was observed for this section of the
studied isolates.

In the next stage, sequence alignment of the Ukrai-
nian RBDV isolates was performed with 41 available
sequences from the GenBank database. The most di-
vergent RBDV isolate, obtained from R. multibractea-
tus in China (DQ120126) (Chamberlain et al. 2003),
was used as an outgroup to root the tree.

Among the analyzed RBDV isolates, the nucleo-
tides sequence identity varied from 86.3% to 100%,
while aa sequence identity varied from 86.1% to 100%.
The mean variability across all isolates was calculated
to be 95.5%. The dendrogram (Fig. 4) illustrates the
grouping of isolates into two main clusters. Cluster
I included isolates from Canada, Ecuador, Finland,
Great Britain, Hungary, Kazakhstan, Slovenia, and
Turkey, all of which exhibited a wide host range, in-
cluding red raspberry, wild blackberry, grapevine, and

Table 2. Sequences of RBDV and RLBV isolates analysed in this study

Virus Genl?ank Cultivar Region Year Symptom patterns Isolates
accession No
RBDV MW457595 Polka Kharkiv 2020 crumbly fruit, dwarfing, 5} )
interveinal chlorosis
RBDV MW457594 Perseya Kyiv 2020  drupletabortion, dwarfing,
interveinal chlorosis
RBDV OR086926 Heracl Chernivtsi 2021 deformation, crumbly fruit 87 UA
RBDV OR086927 Joan J Vinnytsia 2021 crumbly fruit, dwarfing, 177 UA
interveinal chlorosis
RLBV OR086928 Yellow Giant Kyiv 2021 mottling, UAT17-RLBV
yellow leaf blotches
RLBV OR086929 Octavia Vinnytsia 2021 yellow leaf blotches UA178-RLBV
Table 3. Identity of nucleotide and amino acid sequences of Ukrainian isolates of RBDV
177UA* 431UA UA1
Isolates
NT [%)] AA [%)] NT [%)] AA [%] NT [%] AA [%]
431UA 99.78 99.35 - - - -
UA1 99.57 100 99.78 100 - -
87UA 98.28 98.7 98.47 99.35 98.28 99.35

NT - nucleotide sequence identity; AA — amino acid sequence identity.

*isolate designations represent Ukrainian RBDV isolates obtained from specific cultivars: 177UA (‘Heracl’), 431UA (Joan J'), 87UA (‘Perseya’), and UA1

(‘Polka’)
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Fig. 3. Two-dimensional visualization of nucleotide — A and amino acids - B partial CP gene sequences identity of 44 RBDV isolates.
The matrices were performed using SDTv1.2. Ukrainian isolates marked by black dots

cherry. The identity on the nucleotides level within this
cluster was 92.9-100%, while the aa sequence identity
varied from 93.3% to 100%. The mean nt and aa se-
quence variability among these isolates was 96.1% and
96.9%, respectively.

The Ukrainian isolates grouped into cluster IT along
with isolates from Belarus, Sweden, Japan, the UK, and
Kazakhstan, all sharing a common host - Rubus idaeus
spp. The nucleotide sequence identity within this clus-
ter ranged from 95.5 to 100%, and amino acid iden-
tity from 98 to 100%. The mean nucleotide sequence
variability for these isolates was 98%, while amino acid
variability was 99.1%. Ukrainian isolates were most
closely related to those from Belarus. Isolate 431UA

showed 100% nt and aa sequence identity with the
BY22 isolate, while 177UA, placed in the same clade,
had the highest similarity to BY22 with 99.8% nt and
100% aa (Fig. 4). Isolate 87UA, the most distant among
Ukrainian isolates, was closest to the Kazakh isolate
KZMol3 (nt - 98.7% and aa - 100%).

Overall, isolates from Kazakhstan (KZSelection2-8,
KZMol3, KZ3-4) in this cluster showed high similarity
to the Ukrainian isolates — 98.7-99.8% for nucleotides
and 98.7-100% for amino acids. Meanwhile, the Japa-
nese isolates (from R. idaeus) had slightly lower nu-
cleotide sequence identity than the Ukrainian isolates
- around 96% nt and 98.7% aa.
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Fig. 4. Phylogenetic tree of 45 RBDV isolates, based on partial sequences of the CP gene using the neighbor-joining algorithm option
of MEGA10. Bootstrap analysis of 1000 replicates was performed (bootstrap values >50 are shown). Sequences obtained in this study

are marked with black dots

The Ukrainian RBDV isolates likely possess bio-
logical properties characteristic of the S-group, as they
grouped with the D200 isolate (OR178944) from the
UK, showing nucleotide identity of 95.8-96.7% and
amino acid identity of 97.4-98.7%. These isolates are
unable to infect varieties with resistance controlled
by the Bu gene (Hall et al. 2009). No recombination
events were detected among the RBDV isolates in this
study, within the investigated part of the genome.

The RBDV genome variability appeared to depend
more on the host plant type than its geographical
origin, which supports the results from other stud-
ies (Valasevich et al. 2011; Isogai et al. 2012; Mavric
et al. 2014; Caglayan et al. 2023a). A study of RBDV
isolates in Rubus spp. in Turkey demonstrated a quite
low identity level of isolates, even between raspberry
and blackberry, highlighting the importance of test-
ing samples using primers targeting different genomic
fragments (Caglayan et al. 2023b). Low variability of
RBDV isolates within a single host could be due to high

specialization, vegetative propagation of raspberries,
the movement of infected planted material, and trans-
mission by pollen, but absence of cross-pollination
between different Rubus species (Jones et al. 1996). The
high identity of Ukrainian and Belarusian isolates may
be explained by the close geographical proximity and
the possible transmission of infected pollen between
plantations. Additionally, the intensive international
trade of planting material, propagated vegetatively,
poses a direct risk for virus import and may have con-
tributed to this high similarity. RBDV is present in the
largest countries exporting raspberry planting mate-
rial to Ukraine, including the United Kingdom, Italy,
and Poland (Ukrainian Ministry of Agriculture 2023).
This may explain why isolates from the United King-
dom were found to be almost identical to those from
Ukraine. Although RBDV is also present in Poland
and Italy (EPPO 2013), tracing phylogenetic connec-
tions with these isolates is not possible, as data on their
CP gene sequences are absent in the NCBI database.
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Phylogenetic analysis of RLBV

Two partial sequences of the NP gene of RLBV iso-
lates UA178-RLBV and UA117-RLBV were obtained
from ‘Octavia’ (Vinnytsia region) and ‘Yellow giant’
(Kyiv region) cultivars. Both samples showed leaf spot
symptoms and had an infestation of the eriophyid mite
Phyllocoptes gracilis.

The obtained RLBV isolate sequences were 532 nt
in length, corresponding to the region from 799 to
1330 nt of RNA3 encoding (NP). The nucleotide se-
quence identity of the isolates was 95.57%, with 22 nu-
cleotide differences observed. Similarly, the amino acid
sequences showed a high identity of 95.8%. Alignment
of the NP gene region’s amino acid sequences revealed
differences at seven positions between isolates UA178
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and UA117: glycine (G) - serine (S) (17), threonine
(T) > asparagine (N) (44), serine (S) - asparagine (N)
(78), phenylalanine (F) > asparagine (N) (79), isoleu-
cine (I) > valine (V) (142), and valine (V) - isoleucine
(I) (144, 159). These findings indicate a relatively high
level of genetic variability and the presence of nonsyn-
onymous codon substitutions (Fig. 5).

To perform sequence comparison and establish
phylogenetic relationships, 23 known RLBV isolates
(registered in the NCBI GenBank) that exhibited the
highest percentage of sequence overlap with isolates
from this study were selected. These isolates also origi-
nated from various geographical regions (Fig. 5). For
the outgroup, the virus most closely related to RLBV,
the Jujube yellow mottle-associated virus from China,
was used (Fig. 6).
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Fig. 5. Two-dimensional visualization of nucleotide — A and amino acids - B partial NP gene sequences identity of 24 RLBV isolates.
The matrices were performed using SDTv1.2. Ukrainian isolates marked by black dots
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are marked with black dots

All studied isolates formed two main clusters in
the constructed phylogenetic tree. Three Ukrainian
isolates grouped in cluster I along with some Finnish,
Serbian, and Slovak isolates. While UA178-RLBV and
UA-RLBV-1 showed a close relationship with other
European isolates, UA117-RLBV was positioned on
a separate branch within this cluster. The identity level
within cluster I ranged from 93.9% to 99.8% for nt and
94.8% to 100% aa, with mean identity of 98.5% nt and
98.3% aa.

Cluster IT included RLBYV isolates from the UK,
France, and Finland, with nt similarity ranging from
95.8% to 100% and aa sequence similarity from 94.5%
to 100%. The mean nt sequence variability in this clus-
ter was 97.4%, while for aa, it was 97.1%.

The nucleotide sequence of the UA178-RLBV iso-
late showed the highest identity, at 99%, with isolates
from Serbia (RS-RLBV-2, RS-RLBV-24, RS-RLBV-64).
However, the amino acid sequences of these isolates
were 100% identical (Fig. 6). The isolate also had 100%
amino acid similarity with the Slovak isolate SK-R
-LBV-1, despite nucleotide differences (98.8%).

In contrast, another studied isolate, UA117-RLBYV,
showed significantly lower identity with European iso-
lates than UA178-RLBV. The highest identity, as with
UA178-RLBYV, was observed with isolates from Serbia
(RS-RLBV-72, RS-RLBV-61) and the Slovak SK-RL
-BV-1, with nucleotide identity of 93.4-96% and ami-
no acid identity of 95.8%.

Thus, the genetic variability of RLBV isolates was
significantly higher than that of RBDV isolates. Based
on these results, it can be concluded that there was
considerable genetic diversity among RLBV isolates
originating from different geographical regions.

Comparison of the isolates from this study with the
only known Ukrainian isolate to date, UA-RLBV-1,
revealed a nucleotide sequence identity of 98.2% with
UA178-RLBV and 95.1% with UA117-RLBV.

Recombination analysis using RDP4 software de-
tected a recombination event confirmed by three
methods (Maxchi, 3Seq, SiScan, p<0.05), within the
investigated part of the genome. This involved the
Finnish isolate Pur-4 as the major parent and the
Ukrainian isolate UA178-RLBV as the minor parent.
Isolate UA-RLBV-1 likely resulted from recombination
with breakpoints at nucleotide positions 855 and 1,283
of RNA3. Recombination within the RLBV population
contributes to the virus’s genetic diversity, which is as-
sociated with adaptation to new hosts, emergence of
new viruses, and increased virulence (Moury and Des-
biez 2020).

Given the relatively high variability of RLBV iso-
lates in Ukraine, it can be hypothesized that this patho-
gen was recently introduced from different geographi-
cal regions into local agrocenoses. Significant genetic
variability has been observed in RLBV populations
infecting both cultivated and wild raspberry plants in
Finland and Serbia (Dong et al. 2016; Jevremovic et al.
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2019), while a high degree of homogeneity was noted
in isolates from Bosnia and Herzegovina (Deli¢ et al.
2020).

The spread of viral diseases in Ukrainian raspberry
plantations requires rigorous protection measures,
continuous phytovirological monitoring of planting
material, and early detection of viruses through labo-
ratory diagnostics and modern detection methods.

This research represents the first molecular analy-
sis of RBDV isolates and expands knowledge about the
molecular characteristics of RLBV isolates in Ukraine.
New data are essential for monitoring and manage-
ment of these viruses in the region. This study also re-
vealed a high occurrence of RBDV and the increasing
significance of RLBV that can present major challenges
for the raspberry industry in Ukraine. The importance
of thorough phytovirological monitoring and con-
trol of planting material, as well as the improvement
of laboratory methods used for diagnostics are high-
lighted. Especially as RLBV, unlike RBDYV, is still not
included in the EPPO certification schemes for virus-
free planting material, nor is it listed in Ukrainian state
standards for phytosanitary control. This gap in moni-
toring increases the risk of viruses spreading through
infected plant stock and should be revised to avoid
potentially extensive movement inside and between
countries.
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