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ABSTRACT

Cucurbitaceae is a group of annual horticultural crops with high economic prospects and benefits. The
Faculty of Biology, Universitas Gadjah Mada has developed several new cultivars within the Cucurbitaceae family,
such as the melon cultivar ‘Hikape/, watermelon ‘Citra Jingga’, and butternut squash ‘Citra Laga’. However,
development of these cultivars has been hindered by yellow disease, typically triggered by Begomovirus infection.
This study aimed to determine the morphological symptoms of yellow disease, to detect Begomovirus infection
using molecular approach, and assess resistance levels of the three Cucurbitaceae cultivars. The method
involved observing morphological symptoms in plants and measuring plant height. The degree of symptom
severity was then converted into a vulnerability index (VI). The symptomatic leaf samples were tested using
Krusty and Homer primer to confirm the symptoms caused by Begomovirus. The PCR results were sequenced
and analyzed using Maximum Likelihood method in MEGA 11. The results showed that symptoms included
cutling tip of leaves, yellow mosaic on the leaves, and stunted growth in some plants, which were suggested as
Begomovirus infection. Based on the Vulnerability Index (VI), the watermelon cultivar ‘Hikapel was considered
susceptible to Begomovirus infection (VI = 85%), while the yellow squash ‘Cizra Laga’ was moderately susceptible
(VI = 57.5%). However, the watermelon ‘Citra Jingga’ was considered moderately resistant to this infection (VI
= 50%). The presence of DNA the Begomovirus at three species Cucurbitaceae were characterized by a 550 bp band.
The ‘Hikape!’ melon and ‘Citra Laga’ butternut were infected with Tomato leafeur! New Delhi virus (TOLCNDV),
while the ‘Citra Jingga’ watermelon were infected with Squash leaf curl Philippine virus (SLCuPV).
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INTRODUCTION

Some high-priority Cucurbit species cultivated
in Indonesia are melons, cantaloupe, watermelons,
and pumpkins (Badan Pusat Statistik, 2022). These
plants have high economic prospects, therefore
research on plant breeding is important to obtain
superior cultivars.

The Faculty of Biology has created several
superior local Cucurbit cultivar, including melon
(Cucumis melo 1..) ‘Hikapel’, watermelon (Citrullus
lannatus (Thunb.) Matsum & Nakai) ‘Citra Jinggd’,
and butternut squash (Cucurbita moschata) ‘Citra
Laga . These melon and watermelon cultivars have

been patented and obtained a Decree with SK of
Ministry of Agticulture No. 038/Kpts/SR.120/
D.2.7./4/2017 for ‘Hikape/ melon and No. 19/
PV.220/A9/01/2019 for ‘Citra Jingga’ watermelon.
However, these cultivation face various challenges
due to environmental factors, pest attacks, fungal
infections, and viral diseases. Of particular concern
is the response of these cultivars to viral infections,
as viral resistance is an important trait that requires
further development through breeding programs.
Specifically, how the three cultivars respond to
Begomovirus infection is not yet known.
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Begomovirus has become a threat to some plants
in tropical and subtropical regions (Sufrin-Ringwald
& Lapidot, 2010). Several plants infected include
Syndrella sp., Urena sp., Zinnia elegans, papaya,
melon, eggplant, okra, Ec/ipta sp., Jatropha sp.,
Sanchus asper, Ageratum conyzoides, potatoes, water-
melon and 7gna sp. (Saxena & Tiwari, 2017).

Begomovirus infection was first reported in Indo-
nesia in 1999 in West Java that then spread to Cen-
tral Java in 2003 (Subiastuti ez al., 2019). Previous
research found that Begomovirus species Pepper yellow
leaf curl Indonesia virus (PepYLCIV) and Tomato
yellow leaf curl Kanchanaburi virus (TYLCVKaV) in-
tected tomato (Solanum lycopersicum 1..) and chili
peppets (Capsicum annuum L.) while Squash leaf curl
China virus SLCCNV) and Tomato curl New Delhi
virus (ToLCNDV) had been detected to infect melon
plants, and watermelon, and Ageratum yellow vein
virus (AYVV) have been detected to infect chili
plants (Santoso ef al., 2008; Subiastuti ez al., 2019).
Pepper yellow leaf curl Indonesia virus (PepYLCIV)
and Tomato yellow leaf curl Indonesia virns (TYLCIDV)
have been recorded infecting chili in Sumatra (Trisno
¢t al., 2009). Furthermore, Begomovirus infection was
also found in Bali in the form of SLCCNV which
has infected cucumber plants (Wiratama ez a/., 2015).

Begomovirns infection can cause various morpho-
logical symptoms, including stunted growth, shriveled
and curled leaves, and yellow spots on the edges of
the leaves. However, the specific symptoms may vary
depending on the infected plant species or cultivar.
For instance, a study conducted by Kurnia ez a/. (2022)
tound that Cucumis sativus 1.. plants infected with
Begomovirus exhibit curling leaves, leaf malforma-
tions, thickening of leaves, changes in leaf color
and veins, and the appearance of yellow spots on
leaves. Subiastuti (2015) showed that the symptoms
in ‘Hikape/ melon was yellow mosaics on the leaf
blade, curl, and dry. In contrast, Kesumawati ¢# al/.
(2020) reported that pumpkin and cucumber plants
infected with Begomovirus only showed yellowing leaves

Hence, it is crucial to utilize alternative detection
methods to identify viral infections. One effective
approach is to detect the genes encoding viral coat
proteins. Begomoviruses possess coat proteins (CP),
which are valuable for determining genetic rela-
tionships. CP sequences exhibit significant genetic

variability, particulatly in the loop section (Paul ez a/,
2012). However, these sequences also display con-
served structures, enabling the identification of
variations and relationships through the CP. Fur-
thermore, coat protein sequences are effective in
the detection of Begomovirnses in a variety of crops,
including chili, melon, watermelon, cucumber, and
grass (Haerunisa e7 al., 2016; Subiastuti e al., 2019).

Several studies have provided primers for am-
plifying Begomovirus genome, including Krusty
Homer (Revill ¢ al., 2003), PAR1C715/PALIV1978
(Rojas ¢t al., 1993), and AC1048/AV494 (Wyatt e
al., 1996). This method can identify the presence of
the virus genome in a host plant even when specific
symptoms are not observed. The objectives of this
study were to identify the morphological symptoms
of yellow disease, confirm Begomovirus presences
and evaluate resistance levels of ‘Hikape/ melon,
‘Citra Jingga’ watermelon, and ‘Cifra Laga’ butternut
squash based on vulnerability index (VI). We also
determined the species of the virus by analysis of
viral coat protein gene. The results of this study
were important to develop virus-resistant local
Cucurbits cultivars.

MATERIALS AND METHODS

Observation of Morphological Symptoms and
Sample Collection

Morphological symptoms were observed from
November 2021 to February 2022 in the Green
House and fields at Mutihan, Madurejo, Prambanan,
Sleman, Yogyakarta. The populations of ‘Cizra [inggd
watermelon, ‘Hzkape/ melons, and ‘Citra LLaga’ but-
ternut squash infected with Begomovirus were 150
(15%), 48 (25%), and 150 (15%) plants, respectively.
Samples collection was carried out at 60 days after
planting (DAP), with a total of 10 plants (5%) from
each population.

Plant height were, measured from the base to the
tip of the longest stem. Plant symptom appearances
were scored on a 5-point scale ranging from 0—4
(Table 1). These severity score were utilized to
calculate a vulnerability index (VI) for each plant.
This index was used to assess the plant's response

to infection and was calculated using the formula
(Islam et al., 2011):
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0n0 + 1nl1 + 202 + 3n3 + 4n4
{( nt (nc - 1) )}

Description: n0, n1, n2, n3, n4 = symptom severity;

VI = X 100

nt = total plant;
nc = total symptom severity category.

Based on the results of VI, the cultivars were grouped
into 5 categories namely immune (I) with VI = 0,
resistant (R) with VI = 1-25%, moderately resistant
(MR) with VI = 26—50%, moderately susceptible
(MS) with VI = 51—75 %, and susceptible (S) with
VI =76—100% (Islam ez al., 2011).

Table 1. Scores and symptoms used for calculating the
vulnerability index (V1) (Friedmann ez a/., 1998)

Score Symptom

0 No visible symptoms

1 Yellowing of leaf margins on apical
leaves

2 Leaf tips turn to yellow and small

3 Most of the leaves turn to yellow, leaf
cutl and reduction in leaf surface

4 The plant turns to yellow; stunted and
leaf curl

DNA Isolation

Leaf samples were extracted using protocol
from GeneAid isolation kit (Ver. 02.10.17). Before
PCR, the DNA concentration were measured using
a spectrophotometer at absorbance 260/280 nm.

Coat protein gene amplification

The DNA samples were amplified using
Krusty Homer primers, to obtain coat protein
(CP) genes. The size of the amplified DNA was
550 bp. The forward primer was Krusty: 5' CCN-
MRDGGHTGTGARGGNCC 3'and the reverse
primer was Homer: 5' SVDGCRRTGVGTR-
CANGCCAT 3') (Revill ez al., 2003). The amplifi-
cation was conducted in 25 pL. consisting of 12.5
puL of Bioline 2x My Taq HS RedMix, 1 uL of
each primer (10 pmol), 2 ul. of DNA samples
(200ng), and 8.5 uL of sterile ddH,O. Amplifica-
tion began with the initial dena-turation stage at
95 °C for 5 minutes, followed by 35 cycles at 95
°C for 30 seconds, 61 °C for 30 seconds, and 72
°C for 45 seconds. This was followed by a final
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extension at 72 °C for 5 minutes. The PCR results
were subsequently analyzed on 1.2% agarose gel
with DNA Florosafe staining,

DNA sequence analysis

The process of sequencing specific DNA bands
were done using ABI3730x] DNA Sequencer. The
obtained sequences were assembled using GeneS-
tudio followed by sequence similarity analysis in
GenBank using BLAST. Phylogenetic tree was re-
constructed using the TamuraNei Parameter model
on the maximum likelihood algorithm with 200
bootstraps using MEGA 11 software.

RESULTS AND DISCUSSION

Morphological Symptoms

The morphological symptoms observed on
‘Hikapel melon, ‘Citra [ingga’ watermelon, and ‘Citra
Laga’ butternut squash (Figure 1) were similar. All
three plants showed yellow mosaic on the leaves,
leaf curling, and stunted growth. These symptoms
were similar to those caused by Begomovirus infec-
tions in Cucurbits as reported previously. Yellow
mosaic symptoms on leaves were a results photo-
synthetic pigments degradation and may be associ-
ated with host susceptibility to infection (Kundu ez
al., 2019). Leaf curling occurs due to differences in
the size of the upper and lower epidermis cells,
which result from the cessation of growth and
elongation of mesophyll cells (Reuveni ¢ a/, 2015).
The interaction between the virus and host proteins
leads to several cellular disfunctions, such as chloro-
plast disfunction, hormone manipulation, and accu-
mulation of reactive oxygen species (ROS), which
then lead to the emergence of infection symptoms
(Wang, 2015).

The ‘Hikape/ melon plant had an average height
of 221.9 cm, the ‘Citra Jingga’ watermelon plant had
374.8 cm, and the ‘Citra Laga’ butternut squash had
343.5 cm (Figure 2). In optimal growing conditions,
melon plants can grow up to 3 m in length (Paryadi
& Hadiyatna, 2021). On the other hand, the ‘Citra
Jingga’ watermelon plant can grow up to 5 m, while
the ‘Citra Laga’ butternut squash plant can grow
between 4.45—=5.21 m. (Nopianasanti & Daryono,
2018). This suggests that their average height was
lower when infected by viruses.

ISSN 1410-1637 (print), ISSN 2548-4788 (online)



Subiastuti e/ a/: Evaluation of Three Cucurbitaceae Cultivars Resistant against Begomoviruses 91

Figure 1. Morphological symptoms showing yellowing on Cucurbits (a) ‘Hikape/ melon, (b) ‘Citra Jingga’ watermelon,

and (¢) ‘Citra Laga’ butternut squash
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Figure 2. Average plant height of ‘Hikape/ melon, ‘Citra Jingga’ watermelon, and ‘Citra Laga’ butternut squash

Plant Resistance Level

Scoring results showed that the ‘Hzkape/ melon
plant was susceptible by VI = 85%. The ‘Citra Jingga
watermelon plant was quite resistant by VI = 50%,
and so was the ‘Citra Laga’, by the value of VI =
57.5% (Table 2). Plant response to Begomovirus in-
fection can be affected by virus strain and the geno-
type of the host. Ogbe ez 4/. (2003) discovered that
disease severity in plants was linked to host genotype,
not virus concentration. Resistant genotypes of
African cassava mosaic virus exhibited fewer symp-
toms compared to the susceptible ones, but both show
similar virus concentrations. This suggests that geno-

types with mild symptoms may possess the ability
to limit symptom developments.

Preventive measures and control methods should
be implemented on infected plants to limit the spread
of virus infection and reduce yield loss. The ‘Hikape!
melon and ‘Citra Laga’butternut squash populations
were considered susceptible and moderately sus-
ceptible, respectively, as their VI values were above
50%. Therefore, in case of Begomovirus infection, it
is crucial to promptly treat the affected plants by
eliminating the source of infection to prevent crop
failure. Agricultural practices used by farmers have
a significant impact on the spread of viral infec-
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Table 2. Resistance response of cach spesies based on
Vulnerability Index (VI)

No. Cultivar Vies - esistnce
esponse
1 ‘Hikapel 855 susceptible
melon
2 “Citra Jinggad 50QR  quite resistant
watermelon
3 ‘Citra Laga 57.59 quite
butternut squash susceptible

tions in crops. Inadequate fertilizer application and
the presence of weeds can stimulate viral diseases.
Weeds often act as reservoirs for viruses (Hull, 2009).
Consequently, it is important to employ a combi-
nation of strategies, including preventive measures,
treatment, or both, to effectively suppress the
spread of viruses and minimize their impact.

Viral DNA Analyisis

Plants showing symptoms of Begomovirus
infection were further analyzed using PCR tech-
nique with Begomovirus primers, Krusty-Homer.
The molecular analysis revealed that 12 samples
from ‘Hikapel melon, ‘Citra Jingga’ watermelon, and
‘Citra Laga’ butternut squash were infected with
Begomovirus, as indicated by the 550 bp DNA band
(Figure 3). However, Kusumaningrum (2015) re-
ported a band size of 580 bp, while Hafizh (2021) also
reported a band size of 550 bp. The Krusty-Homer
primer successfully amplified a part of coat protein
(CP) gene, resulting in a band size of approxi-
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mately 550 bp. This amplified region contains con-
served segments of the CP gene (Revill ¢7 4/, 2003).

The phylogenetic analysis indicated that both
‘Hikapel melon and ‘Citra Laga’ butternut squash
were infected by Tomato leaf curl New Delhi virns
(ToLCNDYV). The identified sequences showed
high similarity with a cluster of Southeast Asian
strains (Figure 4). These findings also align with
previous report by Wilisiani 7 /. (2014) and Subi-
astuti ez al. (2019), which also identified TOLCNDV
as the causative agent of curl disease in melons in
Indonesia. However, the discovery of Begomovirus
species infecting butternut squash differed from
previous reports. Earlier documentation only
recorded Squash leaf curl virus (SLLCV) infection in
butternut squash in Bali (Selangga & Listihani,
2022). This opens up the opportunity for further
investigation into the incidence rate of Begomovirus
infection in Butternut squash.

In contrast, the ‘Citra Jingga’ watermelon was
found to be infected by Squash leaf curl Philippine
virus (SLCuPV). These isolates clustered with other
strains from East Asia (Figure 4). However, this
finding differs slightly from previous reports, which
identified the Begomovirus species infecting water-
melons in Yogyakarta was SLCCNV (Subiastuti e
al., 2019). Hence, further research is required to
accurately identify Begomovirus species, as CP se-
quences are only used for provisional identification.
Comprehensive genome characterization is neces-
sary for precise determination (Brown ez a/, 2015).

H1 H2 H3 H4 S1 S2 S3 S4 L1 L2 L3 L4

Figure 3. DNA bands from infected leaf PCR results (H = ‘Hikape/ melon, S = ‘Citra Jingga’ watermelon, L. = ‘Citra

Laga’ butternut squash)
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Figure 4. Phylogenetic tree of Begomovirus CP gene on ‘Hikapel melon, ‘Citra Jingga’ watermelon, and ‘Citra Laga’

butternut squash

CONCLUSION

Melon ‘Hikape!, watermelon ‘Citra [ingga’, and
butternut squash ‘Cizra Laga’ displayed stunting,
leaf curling, and yellowing symptoms. The level of
plant resistance varied among species; ‘Hikapel
melon was susceptible, ‘Citra aga’ butternut squash
was moderately susceptible and ‘Cizra Jingga’ water-
melon was moderately resistant to Begomovirus.
Based on molecular identification of viral coat pro-
tein gene sequences, ‘Hikape/ melon and ‘Citra Laga’
butternut squash were infected with ToLCNDV

while ‘Citra [ingga’ watermelon was infected with
SLCuPV.

ACKNOWLEDGEMENT

We would like to express our sincere gratitude
for the financial support provided by the Collabo-
rative Grant for Faculty-Student Research 2022
(GrantNo: 1154/UN1/FBIL.1/KSA/PT.01.03/2022).
This funding was extremely important in facili-
tating and furthering our research efforts.

ISSN 1410-1637 (print), ISSN 2548-4788 (online)



94 Jurnal Perlindungan Tanaman Indonesia

LITERATURE CITED

Badan Pusat Statistik. (2022). Hortikultura.
https://www.bps.go.id/subject/55/hortikul-

tura.html

Brown, J.K., Zerbini, FM., Navas-Castillo, .,
Moriones, E., Ramos-Sobrinho, R., Silva, J.C.I%,
... Varsani, A. (2015). Revision of Begomovirus
Taxonomy Based on Pairwise Sequence Com-
parisons. Archives of 17irology, 160(6), 1593—
1619. https://doi.org/10.1007/s00705-015-2398-y

Friedmann, M., Lapidot, M., Cohen, S., & Pillowsky,
M. (1998). A Novel Source of Resistance to To-
mato Yellow Leaf Curl Virus Exhibiting a Sym-
tompless Reaction to Viral Infection. Journal of
the American Society for Horticultural S cience, 123
(6), 1004—1007. https://doi.org/10.21273/ JAS
HS.123.6.1004

Haerunisa, R., Suastika, G., & Damayanti, T.A.
(2016). Identifikasi Begomovirus yang Berasosiasi
dengan Penyakit Kuning pada Mentimun di Jawa
Barat dan Bali. Jurnal Hortikultura Indonesia, 7(1),
9-20. https://doi.org/10.29244 /jhi.7.1.9-20

Hafizh, A. (2021). Ketahanan Semangka (Citrullus
lanantus (Thunb.) Matsum & Nakai) terhadap
Infeksi Begomovirus. [Undergraduate Thesis].
Yogyakarta, Indonesia: Faculty of Biology, Uni-
versitas Gadjah Mada.

Hull, R. (2009). Comparative Plant Virology (2 ed.).
Elsevier Academic Press.

Islam, S., Das, M.A., Verma, M., Arya, L., Mandal,
B, Kanti, BT, ... Kumar, L.S. (2011). Screening
of Luffa ¢ylindrica Roem. for Resistance against
Tomato Leaf Cutl New Delhi Virus, Inheritance
of Resistance, and Identification of SRAP Mar-
kers Linked to the Single Dominant Resistance
Gene. The Journal of Horticultural Science &
Biotechnology, 86(6), 661—667. https://doi.org/
10.1080/14620316.2011.11512819

Kementerian Pertanian Republik Indonesia. (2019).
Surat Keputusan Menteri Pertanian Republik In-
donesia nomor 19/PV.220/A9/01/2019. p.1,

Lampiran.

Kesumawati, E., Okabe, S., Khalil, M., Alfan, G.,
Bahagia, P, Pohan, N,, . . . Koeda, S. (2020).

Vol. 28 No. 2

Molecular Characterization of Begomoviruses
Associated with Yellow Leaf Cutl Disease in
Solanaceae and Cucurbitaceae Crops from
Northern Sumatra, Indonesia. The Horticulture
Journal, 89(4), 410—416. https://doi.org/10.25
03/hortj.UTD-175

Kundu, A., Singh, PK., Dey, A., Ganguli, S., & Pal,
A. (2019). Complex Molecular Mechanisms
Underlying MYMIV-Resistance in 17gna nungo
Revealed by Comparative Transcriptome Profi-
ling. Scientific Reports, 9(1), 8858. https://doi.
org/10.1038/s41598-019-45383-w

Kurnia, T.D., Purwantoro, A., Sulandari, S., Basu-
nanda, P., Setiawan, A.B., Fatmawati, Y., &
Andika, I.P. (2022). Molecular and Morpho-
physiological Identification of Yellow Leaf Cutl
Disease of Cucumber in Salatiga, Indonesia.
Biodiversitas Journal of Biological Diversity, 23(3),
1466—1474. https://doi.org/10.13057 /biodiv/
d230334

Kusumaningrum, F., Hartono, S., Sulandari, S., &
Somowiyarjo, S. (2015). Infeksi Ganda Begomzo-
virus dan Crinivirus pada Tanaman Tomat di
Kabupaten Magelang, Jawa Tengah. Jurnal
Perlindungan Tanaman Indonesia, 19(2), 60—064.
https://doi.org/10.22146/jpti.17542

Lestari, S.M., Hidayat, S.H., Hidayat, P., Kil, E.J.,
Lee, S., Kim, S.M., & Lee, K\Y. (2023). Identifi-
cation of Begomoviruses Associated with the In-
sect Vector Bemisia tabaci and Various Host
Plants on Java Island, Indonesia. Archives of
Insect Biochemistry and Physiology, 112(2), ¢21984.
https://doi.org/10.1002/arch.21984

Nopianasanti, H., & Daryono, B.S. (2018). Kesta-
bilan Fenotip Tanaman Labu Susu (Cucurbita
moschata (Duchesne) Poir “Butternut”) Hasil
Budidaya di Sleman, D.I. Yogyakarta. Biogenesis
Jurnal llmiah Biologi, 6(2), 115—123. https://doi.
org/10.24252/bio.v6i2.4751

Ogbe, EO,, Atiri, G.I., Dixon, A.G.O., & Thottap-
pilly, G. (2003). Symptom Severity of Cassava
Mosaic Disease in Relation to Concentration of
African cassava mosaic virus in Different Cassava
Genotypes. Plant Pathology, 52(1), 84—91. https://
doi.org/10.1046/j.1365-3059.2003.00 805.x

ISSN 1410-1637 (print), ISSN 2548-4788 (online)


https://doi.org/10.1046/j.1365-3059.2003.00805.x
https://doi.org/10.1046/j.1365-3059.2003.00805.x
https://doi.org/10.24252/bio.v6i2.4751
https://doi.org/10.24252/bio.v6i2.4751
https://doi.org/10.1002/arch.21984
https://doi.org/10.22146/jpti.17542 
https://doi.org/10.13057/biodiv/d230334
https://doi.org/10.13057/biodiv/d230334
https://doi.org/10.1038/s41598-019-45383-w
https://doi.org/10.1038/s41598-019-45383-w
https://doi.org/10.2503/hortj.UTD-175
https://doi.org/10.2503/hortj.UTD-175
https://doi.org/10.1080/14620316.2011.11512819
https://doi.org/10.1080/14620316.2011.11512819
https://doi.org/10.29244/jhi.7.1.9-20
https://doi.org/10.21273/JASHS.123.6.1004
https://doi.org/10.21273/JASHS.123.6.1004
https://doi.org/10.1007/s00705-015-2398-y
https://www.bps.go.id/subject/55/hortikultura.html
https://www.bps.go.id/subject/55/hortikultura.html

Subiastuti e a/: Evaluation of Three Cucurbitaceae Cultivars Resistant against Begomoviruses 95

Paul, S., Ghosh, R., Roy, A., & Ghosh, S.K. (2012).
Analysis of Coat Protein Gene Sequences of
Begomoviruses Associated with Different Weed
Species in India. Phytoparasitica, 40(1), 95—100.
https://doi.org/10.1007/s12600-011-0202-4

Paryadi, S. & Hadiatna, E. (2021). Budidaya Tanaman
Melon. Sleman, Indonesia: Deepublish Publisher.

Revill, PA., Ha, C.V., Porchun, S.C., Vu, M.T., &
Dale, J.L.. (2003). The Complete Nucleotide
Sequence of Two Distinct Geminiviruses In-
fecting Cucurbits in Vietnam. Archives of 1 irology,
148(8), 1523—1541. https://doi.org/10.1007/
s00705-003-0109-6

Reuveni, M., Debbi, A., Kutsher, Y., Gelbart, D.,
Zemach, H., Belausov, E., . . . Lapidot, M. (2015).
Tomato yellow leaf curl virus Etfects on Chloro-
plast Biogenesis and Cellular Structure. Physio-
logical and Molecular Plant Pathology, 92, 51—58.
https://doi.org/10.1016/j.pmpp.2015.08.001

Rojas, M.R., Gilbertson, R.L., Russell, D.R., & Max-
well, D.P. (1993). Use of Degenerate Primers in
the Polymerase Chain Reaction to Detect Whi-
tefly-transmitted Geminiviruses. Plant Disease,
77(4), 340—347. https://doi.org/10.1094/PD-
77-0340

Santoso, T.J., Hidayat, S.H., Duriat, A.S., Herman,
M., & Sudarsono. (2008). Identity and Sequence
Diversity of Begomovirus Associated with
Yellow Leaf Cutl Disease of Tomato in Indonesia.
Microbiology Indonesia, 2(1), 1=7. https:/ /doi.org/
10.5454/mi.2.1.1

Saxena, S., & Tiwari, A.K. (2017). Begomoviruses:
Occnrrence and Management in Asia and Africa.

Singapore: Springer Nature Pte. Ltd. https://
doi.org/10.1007/978-981-10-5984-1

Selangga, D.G.W,, & Listihani. (2022). Squash Leaf
Curl Virus: Species of Begomovirus as the Cause
of Butternut Squash Yield Losses in Indonesia.
HAYATI Journal of Biosciences, 29(6), 806—813.
https://doi.org/10.4308/hjb.29.6.806-813

Subiastuti, A.S. (2015). Deteksi Gen Ketahanan
terhadap Begomovirus dan Analisis Kandungan
Nutrisi pada Melon (Cucumis melo L. co. Hikapel)
[Undergraduate Thesis]. Yogyakarta, Indonesia:
Faculty of Biology, Universitas Gadjah Mada.

Subiastuti, A.S., Hartono, S., & Daryono, B.S. (2019).
Detection and Identification of Begomovirus
Infecting Cucurbitaceae and Solanaceae in
Yogyakarta, Indonesia. Biodiversitas Journal of
Biological Diversity, 20(3), 738—744. https://doi.
org/10.13057 /biodiv/d200318

Sufrin-Ringwald, T., & Lapidot, M. (2010). Charac-
terization of a Synergistic Interaction between
Two Cucurbit-Infecting Begomoviruses: Squash
leaf curl virus and Watermelon chlorotic stunt virus.
The American Phytopathology Society, 101(2),
281-289. https://doi.org/10.1094/PHYTO-
06-10-0159

Trisno, J., Hidayat, S.H., Habazar, T., Manti, 1., &
Jamsari. (2009). Detection and Sequence Diver-
sity of Begomovirus Assosiated with Yellow Leaf
Cutl Disease of Pepper (Capsicum annuum) in

West Sumatra, Indonesia. Microbiology Indonesia,

3(2), 56—061. https://doi.org/10.5454/mi.3.2.2

Wang, A. (2015). Dissecting the Molecular Network
of Virus-Plant Interactions: The Complex Roles
of Host Factors. Annual Review of Phytopatho-
logy, 53(1), 45—66. https:/ /doi.org/10.1146/an-
nurev-phyto-080614-120001

Wilisiani, F, Somowiyarjo, S., & Hartono, S. (2014).
Identifikasi Molekuler Virus Penyebab Penyakit
Daun Keriting Isolat Bantul pada Melon. Jurnal
Perlindungan Tanaman Indonesia, 18(1), 47—54.
Retrieved from https://jurnal.ugm.ac.id/jpti/ar-
ticle/view/15602

Wiratama, LD.M.P, Wirya, G.N.A.S., Nyana, LD.N.,
Adnyani, N.N.P, & Suastika, G. (2015). Temuan
Penyakit Baru Laporan Pertama Infeksi Begomzo-
virus pada Tanaman Mentimun di Bali. Jurnal
Fitopatologi Indonesia, 11(5), 175—178. https://
doi.org/10.14692/jfi.11.5.175

Wyatt, S.D., & Brown, J.K. (1996). Detection of
Subgroup III Geminivirus Isolates in Leaf Extracts
by Degenerate Primers and Polymerase Chain
Reaction. Phytopathology, 86(12), 1288—1293.
https://doi.org/10.1094/Phyto-86-1288

ISSN 1410-1637 (print), ISSN 2548-4788 (online)


https://doi.org/10.1094/Phyto-86-1288
https://doi.org/10.14692/jfi.11.5.175
https://doi.org/10.14692/jfi.11.5.175
https://jurnal.ugm.ac.id/jpti/article/view/15602
https://jurnal.ugm.ac.id/jpti/article/view/15602
https://doi.org/10.1146/annurev-phyto-080614-120001
https://doi.org/10.1146/annurev-phyto-080614-120001
https://doi.org/10.5454/mi.3.2.2
https://doi.org/10.1094/PHYTO-06-10-0159
https://doi.org/10.1094/PHYTO-06-10-0159
https://doi.org/10.13057/biodiv/d200318
https://doi.org/10.13057/biodiv/d200318
https://doi.org/10.4308/hjb.29.6.806-813
https://doi.org/10.1007/978-981-10-5984-1
https://doi.org/10.1007/978-981-10-5984-1
https://doi.org/10.5454/mi.2.1.1 
https://doi.org/10.5454/mi.2.1.1 
https://doi.org/10.1094/PD-77-0340
https://doi.org/10.1094/PD-77-0340
https://doi.org/10.1016/j.pmpp.2015.08.001
https://doi.org/10.1007/s00705-003-0109-6
https://doi.org/10.1007/s00705-003-0109-6
https://doi.org/10.1007/s12600-011-0202-4

