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ABSTRACT

Vein banding disease has affected young strawberry leaves in Bali over the past five years. Caused by Strawberry vein
banding virus (SVBV), the disease is primarily associated with fruit size reduction, though its exact impact remains unclear.
This study aims to assess symptom variation, disease severity, and the molecular characteristics of SVBV in Bali strawberry
plants. Field observations and molecular identification were conducted using PCR with SVBV-specific primers targeting
the CP gene. Samples were collected from ten locations in Bali, including Pancasari, Candikuning, Wanagiri, Gobleg, and
Kembang Merta. SVBV DNA from Candikuning, Pancasari, and Kembang Merta was successfully amplified, confirming
SVBYV infection as the cause of vein banding symptoms. SVBV induces vein banding with upward and downward leaf curling.
Disease incidence was highest in Pancasari 1 and 3 (80%) and lowest in Wanagiri 1 and Gobleg (20-28%). Disease severity
ranged from 13% to 83%, with the highest recorded in Pancasari, Buleleng, and the lowest in Kembang Merta, Tabanan.
Molecular analysis revealed that the SVBYV isolate from Bali shares 99.3-100% sequence homology with Chilean isolates.
Phylogenetic analysis showed clustering with SVBYV isolates from the United States, Brazil, and Chile. This study provides
the first molecular characterization of SVBV in Bali, contributing to a better understanding of its epidemiology and potential

impact on strawberry production.
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INTRODUCTION

Strawberry (Fragaria sp.) is one of the
horticultural crops developed in Indonesia. This popular
fruit has various health benefits and a high economic
value. It was first discovered in Chile, America, and
its geographical distribution later extended to the
Americas, Europe, and Asia, including Indonesia
(Edger et al., 2019).

Strawberry cultivation in Indonesia initially
began in North Sumatra, East Java, West Java, Central
Java, and Bali. In Bali, strawberry farming has been
developed in the villages of Pancasari, Kembang Merta,
and Candikuning.

Indonesian strawberry production has been
unable to meet market demand. In 2015, production
reached 31,801 tons. In 2016, it dropped to 12,091
tons, and in 2017, it slightly increased to 12,225
tons. However, production declined again to 8,541
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tons in 2018 (Central Bureau of Statistics, 2019).
Poor cultivation practices and the presence of plant-
disturbing organisms (PDOs), including viruses, have
contributed to this decrease.

Strawberry vein banding virus (SVBV) causes
severe injury to strawberry plants. It belongs to the
genus Caulimovirus and the family Caulimoviridae.
The circular DNA of SVBV is 7.8 kb in length (Yang
etal., 2022).

SVBYV has been reported to infect strawberries
in North and South America, Europe, Africa, Australia,
Japan, and China (Li et al., 2018; Ren et al., 2022; Yang
et al., 2022). The virus was first detected in strawberry
plants in the United States in 1955 and has since spread
to Europe, Australia, Brazil, North America, and Japan
(Jiang et al., 2021; Yang et al., 2022). In recent years,
SVBYV has also been found in several in several Chinese
provinces (Jiang et al., 2021).

SVBV is transmitted by the insect vector
Chaetosiphon  fragaefolii through semi-persistent
transmission or plant grafting (Yang et al., 2022).
Infected plants typically exhibit vein thickening,
necrosis around the veins, and minor leaf curling
(Martin & Tzanetakis, 2013). Common SVBV
symptoms observed in the field include vein banding,
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leaf curling, stunting, and necrosis (Ren et al., 2022).

SVBYV has been detected in strawberry plants
in Pancasari Village, Buleleng Regency, Bali, using
the PCR method (Yulianingsih, 2020). Among plant
viruses, SVBV has been reported to infect strawberries
in Indonesia and is associated with viruliferous insects
(Sudiarta et al., 2021).

Strawberry plants infected with SVBV in
Pancasari Village exhibited darker veins compared to
the leaf lamina, along with chlorosis leaves. Advanced
viral infection can cause malformations such as stunting
and shriveling of the plant foliage. These symptoms are
identical to those observed in California strawberry
plants infected with SVBV (Tzanetakis & Martin,
2014).

This study was conducted due to limited
information on disease severity caused by SVBV
infection and aimed to determine the molecular
characterization of the SVBV isolate in Bali, Indonesia.
The incidence and severity of SVBV disease are
essensial for assessing the level of infection and its
spread in the field.

The molecular characteristics of the SVBV isolate
from Bali is crucial for developing field-based control
strategies and SVBV-resistant varieties. Additionally,
the development of an appropriate diagnostic tool for
SVBYV detection in strawberries can aid in identifying
virus-resistant cultivars.

MATERIALS AND METHODS

Research Site. This study applied a purposive
sampling method for collecting strawberry leaves from
several location in Bali Buleleng and Tabanan Regency.
Identification was carried out at the Plant Protection
Laboratory of the Udayana University, Denpasar, from
February 2022 to January 2023.

Survey and Sampling. The survey and sampling
were conducted in 10 strawberry cultivation areas in
Buleleng Regency (Pancasari 1, Pancasari 2, Pancasari
3, Wanagiri 1, Gobleg 1 Villages) and Tabanan Regency
(Candikuning 1, Candikuning 2, Candikuning 3,
Kembang Merta 1, Kembang Merta 2 Villages). A total
of 50 samples were taken from each location, resulting
in 500 samples analyzed.

Plant samples at each observation site were
determined using the diagonal method. Plants
exhibiting SVBV symptoms, as well as asymptomatic
plants, were selected for leaf collection. Leaf samples
were used to confirm SVBV infection through PCR
detection. Ten symptomatic leaf samples were collected
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from each field. The leaves were placed in a cooler and
transported to the laboratory. Approximately 0.1 g of
each leaf sample was weighed and stored in a freezer at
-20 °C for further use in the virus detection stage.

Observation of Disease Incidence and Severity
in the Field. Disecase symptoms were observed on
yellowing or mosaic-patterned leaves of strawberry
plants. Disease incidence (IP) was measured using the
following formula:

DI = (%) X 100%

DI = Disease incidence (%);
n = Number of symptomatic plants;
N = Total plants of plants observed.

The severity of the disease was calculated based on the
proportion of infected plants in the population using
the following formula:

X v
DS = 2, V‘>><100%

i—1

N XZ

DS = Disease severity (%);

n = Number of plants assigned a spesific score;
v = Score assigned to infected strawberry plants;
N = Highest score value;

Z = Total number of strawberry plants observed.

Disease severity was assessed by evaluating the variety
of visual symptoms observed in the field and assigning
a numerical score (0-5) to each symptom.

= No symptoms;

= Leaf chlorosis;

Leaf vein banding;

= Leaf vein banding and mosaic;

A LW O —= O
Il

= Leaf vein banding, streak, and

chlorosis;

green

Leaf vein banding, green streak, chlorosis,
and plants stunting

Detection of SVBV by PCR. The PCR method used
leaf samples from the field for SVBV detection. Total
DNA extraction from strawberry plants was perfomed
using the CTAB (cetyltrimethyl ammonium bromide)
method. Symptomatic strawberry leaves (0.1 g) were
ground with liquid nitrogen. Once the sample was
finely crushed, 500 pL of CTAB buffer was added using
a micropipette. The sample was then transferred to a



46 J. Trop. Plant Pests Dis.

new tube, heated in an oven, and shaken at 65 °C for
1 h

Next, the sample was incubated for 2 min, and
500 pL of C:I buffer (chloroform:isoamyl alcohol) was
added. The tube was inverted for 5 min and centrifuged
at 12,000 rpm for 15 min to separate the supernatant.
The supernatant was transferred to a new tube, and
sodium acetate (CHsCOONa) was added at a volume of
1/10 of the supernatant. The tube was inverted again for
5 min. The supernatant was then discarded, and 2/3 of
the total volume of isopropanol was added. The sample
was incubated overnight and stored in a freezer at -20
°C. The tube was centrifuged again at 12,000 rpm for 10
min. The liquid was discarded, and the precipitate was
washed with 70% ethanol. The tube was centrifuged
again at 8,000 rpm for 5 min, after which the liquid
was removed. The precipitate was dried by placing the
tube upside down on a tissue for 1 hour. Finally, 200 pL.
of nuclease-free water was added. The extracted DNA
was used as a template in the amplification stage using
the PCR technique.

Viral DNA was amplified using specific primers:
SVBV(F)(5’-TGAACGCAAAAAATCCTATC-3’)and
SVBV (R) (5’-TGTTCTGAACAGATTGAATC-3"),
which targeted the coat protein (CP) gene with an
expected amplicon size of approximately 472 bp
(Mahmoudpour, 2003).

The composition of the amplification reaction
was as follows: 1 uL DNA template, 1 pnL. SVBV F 1
primer, I pL SVBV R 2 primer, 9.5 pL nuclease-free
water, and 12.5 puL. Green Taqg DNA Polymerase. The
DNA amplification program included: predenaturation
at 94 °C for 5 min, followed by 35 cycles of denaturation
at 94 °C for 1 min, primer annealing at 52 °C for 1 min,
DNA strands synthesis at 72 °C for 1 min, and final
elongation at 72 °C for 7 min, with storage at 4 °C.

The amplification results were analyzed by
electrophoresis using a 1% agarose gel in 1x TAE buffer
(Tris-Acetat-EDTA) at 50 volts for 50 min. The gel was
then visualized using a gel documentation system.

Figure 1. The symptoms variation of SVBV in field. A. Mosaic, vein banding; B. Chl
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Sequencing Analysis. The target viral DNA fragment
obtained from PCR amplification was sent to First Base,
Malaysia, for sequencing. Nucleotide and amino acid
sequence identify was analyzed using BioEdit V.7.0.5
software, while the phylogenetic tree was constructed
using MEGA 11 software (Tamura et al., 2021).

RESULTS AND DISCUSSION

During the field survey, strawberry plants
exhibited symptoms typical of viral infection, including
leaf vein banding, leaf curling, and stunting. However,
some plants remained asymptomatic (Figure 1). To
detect the presence of SVBV in strawberry plants, 50
samples were collected from various regions of Bali,
analyzed by PCR, and sequenced using SVBV-specific
primers. According to Ren et al. (2022), symptoms of
SVBYV infection in leaves include mottling, stunting,
and clustering, although many infected plants remain
asymptomatic.

The symptoms caused by infection with different
virus strains within the same species, as well as in
various host plants, can range from asymptomatic to
severe mosaic symptoms (Selangga et al., 2022). Viral
infection in host plants leads to areduction in chlorophyll
a, chlorophyll b, carotenoids, carbohydrates, proteins,
and amino acids. Variations in the degree of reduction
in these components contribute to differences in disease
severity scores (Jabeen et al., 2017; Soni et al., 2022).

The highest disease incidence, reaching 80%, was
observed in Pancasari 1 and Pancasari 3. In contrast,
the lowest incidence, ranging from 20% to 28%, was
recorded in Wanagiri 1 and Gobleg 1 (Table 1). Disease
severity in strawberry plants ranged from 13% to 83%,
with Pancasari, Buleleng exhibited the highest disease
severity, while Kembang Merta, Tabanan showed the
lowest (Table 1). The Rosa Linda and Sweet Charlie
strawberry cultivars were found to be susceptible to
SVBYV infection. Furthermore, cultivation techniques
significantly influenced disease severity in strawberry

o

orosis in lamina; C. Chlorosis.
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plants in Bali. Good cultivation practices generally
resulted in lower disease severity, while poor practices
facilitated rapid disease spread.

The primers used for the PCR assay were
designed based on highly conserved regions of the
coat protein (CP) genes in the SVBV genome. These
primers were initially developed in 2000 to detect the
American SVBYV strain. After more than two decades,
they remain effective for detecting most global SVBV
isolates. The brightness of all amplified bands was
consistent, with no weak bands observed, aligning
with previous findings (Li et al., 2018). SVBV DNA
from Candikuning, Pancasari, and Kembang Merta was
successfully amplified using SVBV-specific primers,
targeting the =472 bp CP gene (Figure 2). This confirms
that the vein banding symptoms observed in young
strawberry leaves were caused by SVBV infection.
SVBV induces various symptoms, including vein
banding and upward or downward leaf curling.

The nucleotide sequence homology of the 10
isolates from Bali compared with isolates from other
countries ranged from 80.3% to 100% (Table 2). The
Bali SVBYV isolates showed the highest homology
(99.3% and 100%) with isolates from Chile, specifically
those with accession numbers IN542478 and JN542479,
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respectively. In contrast, the lowest homology (80.3%)
was observed with an isolate from China.

To elucidate the relationships among SVBV
isolates, a phylogenetic tree was constructed based on
available CP gene sequences. The tree revealed that
SVBYV isolates from Bali, Indonesia, and other countries
clustered into seven distinct groups (Figure 3).

Group 1: isolates from the United States, Brazil, Chile,
and Indonesia.

Group 2: isolates from China.

Groups 3, 4, and 5: Chilean isolates (JN542474,
IN542476, IN542480),

Groups 6 and 7: Chinese isolates (AY862389 and
KJ774105).

The phylogenetic tree indicates that SVBV
isolates from Bali, Indonesia, form a subgroup with the
Chilean isolates (JN542478 and IN542479). According
to Ren et al. (2022), the evolution of SVBV is closely
linked to its geographic distribution, as demonstrated
by the clustering patterns of the CP gene phylogenetic
tree and the overall SVBV genome.

Variations in symptoms may result from the type
of virus infecting the plant, as well as environmental
factors (Listihani et al., 2020; Listihani et al., 2022a;
Listihani et al., 2022b; Selangga & Listihani, 2022;

Table 1. Disease incidence, severity and field symptoms of SVBV infecting strawberry in Bali, Indonesia

Location Cultivar Symptoms variation . Disease Dis.ease PCR
incidence (%) severity (%) detection
Pancasari I, Buleleng Rosa Linda Mosaic, vein banding 80 83 +
Candikuning I, Tabanan Sweet Charlie Mosaic, vein banding 70 52 +
Wanagiri I, Buleleng Rosa Linda Chlorosis 20 18 +
Gobleg I, Buleleng Rosa Linda Chlorosis 28 13 +
Kembang Merta I, Tabanan Sweet Charlie Mosaic, vein banding 50 47 +
Pancasari I, Buleleng Rosa Linda Mosaic, vein banding 70 61 +
Candikuning II, Tabanan Rosa Linda Green streak, chlorosis 70 55 +
Kembang Merta II, Tabanan Rosa Linda Chlorosis 50 21 +
Pancasari 111, Buleleng Sweet Charlie Chlorosis on lamina 80 71 +
Candikuning III, Tabanan =~ Rosa Linda Chlorosis on lamina 60 35 +

Figure 2. Visualization of DNA amplification of SVBV from leaf samples using primers for SVBV (SVBV-F/
SVBV-R) on 1% gel agarose; isolate from Bali. M= DNA marker (1 kb ladder); C-= negative control;
1= Candikuning; 2= Pancasari; 3= Kembang Merta.



48 J. Trop. Plant Pests Dis.

Selangga et al., 2023). Symptom variation is influenced
by several factors, including plant age, cultivar,
genotype, and environmental conditions such as soil
fertility and local climate (Listihani et al., 2019; Wirya
etal., 2020; Listihani et al., 2021; Selangga & Listihani,
2021; Listihani et al., 2022c; Selangga et al., 2022).
Multiple infections can also affect symptom severity
and variability.

According to Li et al. (2018), when F. vesca
plants are co-infected with SVBV and other viruses
such as Strawberry crinkle virus (SCV), Strawberry
mottle virus (SMoV), Strawberry mild yellow edge
virus (SMYEV), or Strawberry latent ring spot
virus (SLRSV), they typically exhibit leaf distortion,
chlorosis, stunting, and reduced fruit yield. However,
plants infected solely with SVBV may display only
vein banding or remain asymptomatic. Similarly, Ren
et al. (2022) reported that SVBV alone rarely induces
symptoms, but co-infection with other strawberry
viruses can lead to severe disease manifestations.
Currently, more than 20 viral diseases are associated
with crop losses in strawberries worldwide (Diaz-Lara
etal., 2021). Four aphids-transmitted viruses commonly
infect strawberry plants: SVBYV, Strawberry mottle
virus (SMoV), Strawberry mild yellow edge virus
(SMYEV), and Strawberry crinkle virus (SCV). SVBV
is widespread in major strawberry-growing regions,
including Brazil, Australia, the Czech Republic, China,
Japan, the USA, Italy, and numerous other countries
(Yang et al., 2022).

Sudiarta et al. (2021) have conducted strawberry
virus detection and disease investigations in Bali,
Indonesia, for over five years. Their research revealed
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that SVBV has a higher prevalence and wider
distribution than other aphid-borne strawberry viruses.
In this study, cultivated strawberry plants frequently
showed no symptoms when infected with SVBV.

Environmental conditions also influence disease
severity. In strawberry field cultivation, temperature
plays a crucial role in facilitating viral infections,
affecting virus replication within the host and ultimately
determining symptom expression. The severity of
disease symptoms varies significantly across different
host-virus combinations and is largely influenced by
temperature conditions during disease progression
(Honjo et al., 2020). The temperature at the study site
during observation ranged from 18-22 °C, exceeding
the optimal growth range for strawberry plants (17-20
°C) (Tangetal., 2020). Moreover, elevated temperatures
have been shown to intensify disease symptoms
(Yulianingsih, 2020).

The strawberry plant is an annual plant
propagated vegetatively. Therefore, ensuring the health
of propagation materials is crucial for successful
cultivation. SVBV is regarded as one of the most
economically significant strawberry viruses in various
production areas (Wei et al., 2020). SVBV has been
reported to reduce runner production, yield, and fruit
quality in the United States (Tzanetakis & Martin,
2014). Symptoms of SVBV infection vary depending
on the strawberry species and cultivars. However,
in most strawberry cultivation areas, SVBV remains
asymptomatic (Ren et al., 2022). Therefore, detecting
SVBYV using specific virus assays—such as grafting
on indicator plants, dot blot immunoassay (DBIA),
enzyme-linked immunosorbent assay (ELISA), and

Table 2. Nucleotide sequence homology (%) of SVBV infecting strawberry in Bali Island with SVBV reported

earlier in GeneBank

Accession B P 3 B P

Pancasari Pancasari Pancasari Candikuning Candikuning Candikuning Wanagiri Wanagiri Kembangmerta Kembangmerta

3 1 2 1 2

JN542479 CHL
IN542478 CHL
IN542477 CHL
MT520820 BRA
AY605664_USA
AY605663_USA
AY605662_USA
IN542475 CHL
IN542476 CHL
IN542474 CHL
JN542480 CHL
AY955374 CHN
KJ774105_CHN
AY862389 CHN
KF960804 CHN

IN032736_
DCMV_NZL

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%

100%
99%
97%
97%
97%
97%
97%
97%
93%
93%
93%
93%
92%
90%
93%

50%
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Figure 3. Phylogenetic trees of full-length CP SVBV nucleotide sequences of the DNA-S were constructed using
Mega 6.06 with the Neighbor-Joining algorithm and 1000 bootstraps replicate. SVBV isolates from
Bali were compared against SVBV isolates from GeneBank. Dahlia common mosaic virus (DCMV)
was used as an outgroup. Isolates labeled in parentheses () represent those from Bali (SVBV_Bali) and
include isolates from Indonesia (IDN), the United Sates (USA), Brazil (BRA), Chili (CHL), and China

(CHN).
polymerase chain reaction (PCR)—is crucial for
virus indexing, rather than relying solely on visual
observation (Ding et al., 2019).

SVBYV is challenging to detect, and the lack of
commercially available antibodies makes serological
detection difficult. Additionally, the bioassay
technique utilizing indicator plants is time-consuming
(Tzanetakis & Martin, 2014). Biological investigations
of SVBV and other viruses infecting strawberries are

also hindered by the properties of the host plant, which
prevent SVBV transmission through sap (Yang et al.,
2022). Furthermore, there are no known alternative
hosts for SVBV that could facilitate biological studies.
Consequently, obtaining sufficient quantities of purified
virus for molecular characterization of the viral genome
and virion proteins, as well as for producing specific
antibodies, remains constrained by the complexities of
strawberry tissue (Ren et al., 2021). For SVBV detection
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in Bali, molecular techniques that target specific viral
nucleic acids are the most suitable option.

It is essential to evaluate the role of various
epidemiological factors in the natural spread of this
disease. Resistance genotyping, vector management,
and the identification of alternative or primary hosts
will be crucial for effective disease control. Based
on PCR and viral sequence analysis, it is concluded
that SVBV-IDN Bali isolates obtained from diseased
strawberry plants are closely related to Asian and
American isolates. This study represents the first report
on the molecular characterization of SVBV-IDN from
Indonesia.

Several SVBV vectors have been identified,
including Acyrthosiphon pelargonii, Amphorophora
rubi, A. idaei, Aphis idaei, A. rubifolii, Aulacorthum
solani, Chaetosiphon fragaefolii, C. jacobi, C.
tetrarhodum, C. thomasi, Macrosiphum rosae, M.
pelargonii, Myzus ascalonicus, M. ornatus, and M.
persicae (Koloniuk et al., 2022; Yang et al., 2022).
Among these, Chaetosiphon species are the most
effective vectors for transmitting SVBV. Chaetosiphon
is a key vector, particularly when it is abundant, as it
frequently transmits the virus from plant to plant. Aphids
can acquire and transmit the virus within 30 to 120
min, but vector persistence is typically less than eight
hours (semi-persistent transmission). Additionally,
certain insect vector species can only transmit specific
SVBV strains. SVBV has only been observed infecting
Fragaria species, with its primary host being wild
strawberry (F. vesca). While, commercial strawberries
can also be infected, symptoms generally appear only
under environmental conditions that favor disease
development.

Host response and virus-host interaction are
widely studied topics in plant virology. Host responses
following viral infection and virus-induced defense
mechanisms in plants have been extensively reviewed.
After infecting plants, viruses must evade plant-initiated
defense mechanisms and begin replication to complete
their life cycle (Ray & Castell, 2022). In response to
infection, plants deploy antiviral immune responses,
hypersensitive and necrotic resistance pathways,
systemic necrosis, salicylic acid pathways, and R
gene-mediated responses (Abebe et al., 2021).A recent
transcriptomic study of SVB V-infected F. vescarevealed
that SVBV influences plant pigment (anthocyanin and
flavonoid) metabolism, photosynthesis, and plant-
pathogen interactions (Chen et al., 2018).

Strawberry production per unit area has gradually
increased in recent years due to improved cultivation
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methods, including the use of rented shelters and
greenhouses. However, viral vectors play a significant
role in spreading the virus, leading to reduced strawberry
yields. According to previous reports, severe SMoV
infection in combination with SVBV or Strawberry
necrotic shock virus (SNSV) can reduce fruit yield
by up to 30%, with mixed infections causing even
greater losses (Tzanetakis & Martin, 2014). The fruit
yield of single plants infected with SMoV and SVBV
was 25.5% lower than that of control plants (Silva-
Rosales et al., 2013). SVBYV infection induces leaf cell
death by triggering reactive oxygen species (ROS)
accumulation and reducing photosynthesis (resulting
in decreased chlorophyll content, stomatal openings,
and anthocyanin levels). Viruses also increase abscisic
acid (ABA) levels, which can inhibit flowering and
contribute to pollen sterility. Furthermore, strawberry
virus infections negatively impact fruit quality by
increasing fruit hardness while decreasing total soluble
solids (TSS) and titratable acidity (TA). These findings
are crucial for developing improved control strategies
for strawberry cultivation in Bali.

CONCLUSION

The conclusion of this research is that SVBV
has infected strawberry plants in several locations in
Bali, including Candikuning, Pancasari, and Kembang
Merta. Young strawberry leaves exhibit SVBV infection
symptoms, particularly vein banding. The highest
disease incidence was recorded found in Pancasari 1
and 3, with an incidence rate of 80%, while the lowest
incidence occurred in Wanagiri 1 and Gobleg, ranging
from 20% to 28%. Disease severity in strawberry plants
ranges from 13% to 83%. The nucleotide sequence
homology of the SVBV isolate from Bali, Indonesia,
was the highest with isolates reported from Chile
(99.3% and 100%). Phylogenetic analysis indicates that
the SVBV isolate from Bali clusters with isolates from
the United States, Brazil, and Chile.

ACKNOWLEDGMENTS

This work was supported by Mimi Sutrawati and
Ni Putu Pandawani, who provided feedback on this
paper.
FUNDING
This research was funded by Udayana University
under contract number B/78.700/UN  14.4.A/
PT.01.03/2022.



Phabiola et al.

AUTHORS’ CONTRIBUTIONS

GNAS, TAP, IPS, DGWS, and SMD
conceptualized and designed the experiment. GNAS,
DGWS, SMD, and LL conducted the survey and
collected strawberry plant samples. GNAS, DGWS,
SMD, and LL performed molecular analyses. GNAS,
TAP, IPS, DGWS, LL, and SMD contributed to
manuscript preparation. The authors provided feedback
on the research process, data analysis, interpretation,
and manuscript structure. All authors have read and
approved the final manuscript.

COMPETING INTEREST

The authors declare no competing interests,
whether financial or non-financial, professional or
personal, that could influence the research or its
publication.

REFERENCES

Abebe DA, van Bentum S, Suzuki M, Ando S, Takahashi
H, & Miyashita S. 2021. Plant death caused by
inefficient induction of antiviral R-gene-mediated
resistance may function as a suicidal population
resistance mechanism. Commun. Biol. 4(1): 947.
https://doi.org/10.1038/s42003-021-02482-7

Central Bureau of Statistics. 2019. Statistics of Seasonal
Vegetables and Fruits Indonesian. BPS-Statistics
Indonesia. Bandung.

Chen D, Ding X, Wang A, Zhang J, & Wu Z. 2018.
First report of strawberry crinivirus 3 and
strawberry crinivirus 4 on strawberry in China.
New Dis. Rep. 37(1): 24. https://doi.org/10.5197
/7.2044-0588.2018.037.024

Diaz-Lara A, Stevens KA, Klaassen V, Hwang MS, &
Al Rwahnih M. 2021. Sequencing a strawberry
germplasm collection reveals new viral genetic
diversity and the basis for new RT-qPCR assays.
Viruses. 13(8): 1442. https://doi.org/10.3390/
v13081442

Ding X, Chen D, Du Z, Zhang J, & Wu Z. 2019.
The complete genome sequence of a novel
cytorhabdovirus  identified in strawberry
(Fragaria ananassa Duch.). Arch. Virol. 164(12):
3127-3131. https://doi.org/10.1007/s00705-019-
04390-y

Edger PP, Poorten TJ, VanBuren R, Hardigan MA,
Colle M, McKain MR, Smith RD, Teresi SJ,

Symptoms Variation and Molecular Characterization 51

Nelson ADL, Wai CM, Alger EI, Bird KA,
Yocca AE, Pumplin N, Ou S, Ben-Zvi G, Brodt
A, Baruch K, Swale T, Shiue L, Acharya CB,
Cole GS, Mower JP, Childs KL, Jiang N, Lyons
E, Freeling M, Puzey JR, & Knapp SJ. 2019.
Origin and evolution of the octoploid strawberry
genome. Nat. Genet. 51: 541-547. https://doi.
org/10.1038/s41588-019-0356-4

Honjo MN, Emura N, Kawagoe T, Sugisaka J, Kamitani
M, Nagano AJ, & Kudoh H. 2020. Seasonality
of interactions between a plant virus and its
host during persistent infection in a natural
environment. ISME J. 14(2): 506-518. https://
doi.org/10.1038/s41396-019-0519-4

Jabeen A, Kiran TV, Subrahmanyam D, Lakshmi
DL, Bhagyanarayana G, & Krishnaveni D.
2017. Variations in chlorophyll and carotenoid
contents in tungro infected rice plants. J. Res.
Development. 5(1): 153.

Jiang L, LiS, Jiang X, & Jiang T. 2021. Complete genome
sequence of two strawberry vein banding virus
isolates from China. Biocell. 45(6): 1695-1702.
https://doi.org/10.32604/biocell.2021.015250

Koloniuk I, Matyasova A, Brazdova S, Veselda J,
Pribylova J, Franova J, & Elena SF. 2022.
Transmission of diverse variants of strawberry
viruses is governed by a vector species. Viruses.
14(7): 1362. https://doi.org/10.3390/v14071362

Li S, Hu YH, Jiang L, Rui PH, Zhao Q, Feng J, Zuo
D, Zhou X, & Jiang T. 2018. Strawberry vein
banding virus P6 protein is a translation trans-
activator and its activity can be suppressed
by FvelF3g. Viruses. 10(12): 717. https://doi.
org/10.3390/v10120717

Listihani L, Ariati PEP, Yuniti IGAD, & Selangga DGW.
2022a. The brown planthopper (Nilaparvata
lugens) attack and its genetic diversity on rice
in Bali, Indonesia. Biodiversitas. 23(9): 4696—
4704. https://doi.org/10.13057/biodiv/d230936

Listihani L, Damayanti TA, Hidayat SH, & Wiyono
S. 2020. First report of cucurbit aphid-borne
yellows virus on cucumber in Java, Indonesia. J.
Gen. Plant Pathol. 86(3): 219-223. https://doi.
org/10.1007/510327-019-00905-2

Listihani L, Pandawani NP, Damayanti TA, Sutrawati
M, Selangga DGW, Yuliadhi KA, Phabiola
TA, & Wirya GNAS. 2022b. Distribution and
molecular characterization of Squash mosaic


https://doi.org/10.1038/s42003-021-02482-7
https://doi.org/10.5197/j.2044-0588.2018.037.024
https://doi.org/10.5197/j.2044-0588.2018.037.024
https://doi.org/10.3390/v13081442
https://doi.org/10.3390/v13081442
https://doi.org/10.1007/s00705-019-04390-y
https://doi.org/10.1007/s00705-019-04390-y
https://doi.org/10.1038/s41588-019-0356-4
https://doi.org/10.1038/s41588-019-0356-4
https://doi.org/10.1038/s41396-019-0519-4
https://doi.org/10.1038/s41396-019-0519-4
https://doi.org/10.32604/biocell.2021.015250
https://doi.org/10.3390/v14071362
https://doi.org/10.3390/v10120717
https://doi.org/10.3390/v10120717
https://doi.org/10.13057/biodiv/d230936
https://doi.org/10.1007/s10327-019-00905-2
https://doi.org/10.1007/s10327-019-00905-2

52 J. Trop. Plant Pests Dis.

virus on cucumber in Gianyar, Bali. J. Trop.
Plant Pests Dis. 22(1): 48-54. https://doi.
org/10.23960/jhptt.12248-54

Listihani L, Selangga DGW, & Sutrawati M. 2021.
Natural infection of Tobacco mosaic virus on
butternut squash in Bali, Indonesia. J. Trop.
Plant Pests Dis. 21(2): 116-122. https://doi.
org/10.23960/jhptt.221116-122

Listihani, Hidayat SH, Wiyono S, & Damayanti TA.
2019. Characteristic of Tobacco mosaic virus
isolated from cucumber and tobacco collected

from East Java, Indonesia. Biodiversitas.
20(10): 2937-2942. https://doi.org/10.13057/
biodiv/d201023

Listihani, Yuniti IGAD, Lestari PFK, & Ariati PEP.
2022c. First report of Sweet potato leaf curl
virus (SPLCV) on Ipomoea batatas in Bali,
Indonesia. Indian Phytopathol. 75: 595-598.
https://doi.org/10.1007/s42360-022-00489-6

Mahmoudpour A. 2003. Infectivity of recombinant
Strawberry vein banding virus DNA. J.
Gen. Virol. 84(6): 1377-1381. https://doi.
org/10.1099/vir.0.18994-0

Martin RR & Tzanetakis IE. 2013. High risk strawberry
viruses by region in the United States and
Canada: Implications for certification, nurseries,
and fruit production. Plant Dis. 97(10): 1358—
1362. https://doi.org/10.1094/PDIS-09-12-
0842-RE

Ray S & Casteel CL. 2022. Effector-mediated plant—
virus—vector interactions. The Plant Cell. 34(5):
1514-1531. https://doi.org/10.1093/plcell/
koac058

Ren J, Zhang J, Wang Q, Zhou Y, Wang J, Ran C, &
Shang Q. 2022. Molecular characterization of
Strawberry vein banding virus from China and
the development of loop-mediated isothermal
amplification assays for their detection. Sci.
Rep. 12: 4912. https://doi.org/10.1038/s41598-
022-08981-9

Ren J, Zhu Y, Ran C, Han C, & Shang QX. 2021.
Development of a reverse transcription loop-
mediated isothermal amplification assay for
rapid detection of Strawberry crinkle virus. J.
Phytopathol. 169(11-12): 733-739. https://doi.
org/10.1111/jph.13045

Selangga DGW & Listihani L. 2021. Molecular
identification of Pepper yellow leaf curl

Vol. 25, No. 1 2025: 44-53

Indonesia virus on chili pepper in Nusa Penida
Island. J. Trop. Plant Pests Dis. 21(2): 97-102.
https://doi.org/10.23960/jhptt.22197-102

Selangga DGW & Listihani L. 2022. Squash leaf curl
virus: Species of Begomovirus as the cause
of butternut squash yield losses in Indonesia.
Hayati J. Biosci. 29(6): 806-813. https://doi.
0rg/10.4308/hjb.29.6.806-813

Selangga DGW, Listihani L, Temaja IGRM, Wirya
GNAS, Sudiarta IP, & Yuliadhi KA. 2023.
Determinants of symptom variation of Pepper
yellow leaf curl Indonesia virus in bell pepper
and its spread by Bemisia tabaci. Biodiversitas.
24(2):  869-877.  https://doi.org/10.13057/
biodiv/d240224

Selangga DGW, Temaja IGRM, Wirya GNAS,
Sudiarta IP, & Listihani L. 2022. First report
of Papaya ringspot virus-watermelon strain on
melon (Cucumis melo L.) in Bali, Indonesia.
Indian Phytopathol. 75(3): 911-914. https://doi.
org/10.1007/s42360-022-00519-3

Silva-Rosales L, Vazquez-Sanchez MN, Gallegos
V, Ortiz-Castellanos ML, Rivera-Bustamante
R, Davalos-Gonzalez PA, & Jofre-Garfias
AE. 2013. First report of Fragaria chiloensis
cryptic virus, Fragaria chiloensis latent virus,
Strawberry mild yellow edge virus, Strawberry
necrotic shock virus, and Strawberry pallidosis
associated virus in single and mixed infections
in strawberry in Central Mexico. Plant Dis.
97(7): 1002. https://doi.org/10.1094/PDIS-11-
12-1103-PDN

Soni SK, Mishra MK, Mishra M, Kumari S, Saxena S,
Shukla V, Tiwari S, & Shirke P. 2022. Papaya
leaf curl virus (PaLCuV) infection on papaya
(Carica papaya L.) plants alters anatomical and
physiological properties and reduces bioactive
components. Plants (Basel). 11(5): 579. https://
doi.org/10.3390/plants11050579

Sudiarta IP, Wirya GNAS, Selangga DGW, & Wangi
MGP. 2021. Detection of Strawberry vein
banding virus (SVBV) and identification of
viruliferous insects associated with strawberry
plants (Fragaria sp.) in Bali. J. Perlindungan
Tanaman Indonesia. 25(2): 121-126. https://doi.
org/10.22146/jpti.57714

Tamura K, Stecher G, & Kumar S. 2021. MEGAI11:
Molecular evolutionary  genetics analysis
version 11. Mol. Biol. Evol. 38(6): 3022-3027.


https://doi.org/10.23960/jhptt.12248-54
https://doi.org/10.23960/jhptt.12248-54
https://doi.org/10.23960/jhptt.221116-122
https://doi.org/10.23960/jhptt.221116-122
https://doi.org/10.13057/biodiv/d201023
https://doi.org/10.13057/biodiv/d201023
https://doi.org/10.1007/s42360-022-00489-6
https://doi.org/10.1099/vir.0.18994-0
https://doi.org/10.1099/vir.0.18994-0
https://doi.org/10.1094/PDIS-09-12-0842-RE
https://doi.org/10.1094/PDIS-09-12-0842-RE
https://doi.org/10.1093/plcell/koac058
https://doi.org/10.1093/plcell/koac058
https://doi.org/10.1038/s41598-022-08981-9
https://doi.org/10.1038/s41598-022-08981-9
https://doi.org/10.1111/jph.13045
https://doi.org/10.1111/jph.13045
https://doi.org/10.23960/jhptt.22197-102
https://doi.org/10.4308/hjb.29.6.806-813
https://doi.org/10.4308/hjb.29.6.806-813
https://doi.org/10.13057/biodiv/d240224
https://doi.org/10.13057/biodiv/d240224
https://doi.org/10.1007/s42360-022-00519-3
https://doi.org/10.1007/s42360-022-00519-3
https://doi.org/10.1094/PDIS-11-12-1103-PDN
https://doi.org/10.1094/PDIS-11-12-1103-PDN
https://doi.org/10.3390/plants11050579
https://doi.org/10.3390/plants11050579
https://doi.org/10.22146/jpti.57714
https://doi.org/10.22146/jpti.57714

Phabiola et al. Symptoms Variation and Molecular Characterization 53

https://doi.org/10.1093/molbev/msab120 of Banana bunchy top virus, infecting local

Tang Y, Ma X, Li M, & Wang Y. 2020. The effect of banana in Bali Island. Jurnal Perlindungan
’ ’ o . Tanaman Indonesia. 24(1): 11-16. https://doi.
temperature and light on strawberry production .
inasolar greenhouse. Sol. Energy. 195:318-328. org/10.22146/jpti.54882
https://doi.org/10.1016/j.solener.2019.11.070 Yang X, Zhao Q, Jiang X, Wang Z, Liang J, Jiang L,

Tzanetakis [E & Martin R R. 2014. Incidence of major & Jiang T. 2022. Strawberry vein banding virus-

strawberry viruses in North America. Acta based vector for transient overexpression in
Hortic. 92: 595-598. https://doi.org/10.17660/ strawberry plants. Phytopathol. Res. 4: 8. htps://
ActaHortic.2014.1049.92 doi.org/10.1186/s42483-022-00113-5

Wei H, Liu C, & Jeong BR. 2020. An optimal Yulianingsih NKA. 2020. Detection and Identification
combination of the propagation medium and of St}.’aWber.} vein banding virus (SVBY)
. . . . Associated with Strawberry Plants (Fragaria
fogging duration enhances the survival, rooting 1\ Bali Bachel Thesis.  Ud
and early growth of strawberry daughter plants. i? ) m't S I pachelor ess: ayana
Agronomy. 10(4): 557. https://doi.org/10.3390/ niversity. Lenpasar.
agronomy 10040557

Wirya GNAS, Sudiarta IP, & Selangga DGW. 2020.
Disease severity and molecular identification


https://doi.org/10.1093/molbev/msab120
https://doi.org/10.17660/ActaHortic.2014.1049.92
https://doi.org/10.17660/ActaHortic.2014.1049.92
https://doi.org/10.3390/agronomy10040557
https://doi.org/10.3390/agronomy10040557
https://doi.org/10.22146/jpti.54882
https://doi.org/10.22146/jpti.54882
https://doi.org/10.1186/s42483-022-00113-5
https://doi.org/10.1186/s42483-022-00113-5

