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ABSTRACT

Cucumber mosaic virus (CMV) is among the important viruses that can infect many crops. In 2022, this
study was conducted in the Kirikdag, Otluca, and Merzan areas of the Hakkari province of Tiirkiye to investigate
the presence of CMV in cucurbits exhibiting viral disease symptoms (yellowing, necrosis, mosaic, and deformity).
A total of 50 samples; 7 watermelons (Citrullus lanatus), 3 melons (Cucumis melo L.), 17 cucumbers (Cucumis
sativus L.), 8 zucchinis (Cucurbita pepo L.), 9 pumpkins (Cucurbita moschata), 2 gourds (Lagenaria siceraria) and
4 gherkins (Cucumis melo var. flexuous) were collected. The presence of CMV in the samples was investigated by
TagMan real-time RT-PCR using probes and primers specific to the 105 bp region of partial the coat protein gene
of the virus. CMV-specific viral RNA was detected in 6 (12%) of the 50 samples analyzed. CMV was detected most
commonly in the Otluca area and melon (33.3%) among cucurbit varieties. CMV agent was not detected in the
samples collected from the Merzan area. The TagMan real-time RT-PCR assay used in this study demonstrated
that the method can be widely used for the general detection of CMV in a wide range of hosts. This is the first
report on the detection of CMV in cucurbits in the Hakkari province of Turkiye.
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Hakkari ilinde Kabakgillerde TagMan Real-Time RT-PCR ile Hiyar Mozaik Viriisii (CMV)‘niin
Tespiti

oz

Hiyar mozaik virlsi (Cucumber mosaic virus; CMV) birgok lrint enfekte edebilen 6nemli virlsler
arasindadir. Bu ¢alisma, 2022 yilinda Hakkari ili Kirikdag, Otluca ve Merzan alanlarinda viral hastalik belirtileri
(sararma, nekroz, mozaik ve sekil bozuklugu) gosteren kabakgillerde CMV varliginin arastirilmasi amaci ile
yapilmistir. Toplam 50 6rnek; 7 karpuz (Citrullus lanatus), 3 kavun (Cucumis melo L.), 17 hiyar (Cucumis sativus
L.), 8 kabak (Cucurbita pepo), 9 kabak (Cucurbita moschata), 2 su kabagi (Lagenaria siceraria) ve 4 acur (Cucumis
melo var. flexuous) toplanmistir. Orneklerde CMV varhig, virtisiin kismi kilif protein geninin 105 bg bdlgesine
spesifik problar ve primerler kullanilarak TagMan real-time RT-PCR ile arastirilmistir. Analizi yapilan 50 6rnegin
6'sinda (%12) CMV spesifik viral RNA tespit edilmistir. CMV en sik Otluca alaninda ve kabakgil ¢esitleri arasinda
da kavunda (%33.3) tespit edilmistir. Merzan'dan toplanan 6rneklerde CMV etmenine rastlanmamistir. Bu
¢alismada kullanilan TagMan real-time RT-PCR testi, CMV'nin genel tespiti icin bu yontemin ¢ok cesitli
konukgularda yaygin olarak kullanilabilecegini gostermistir. Bu ¢calisma Tirkiye'nin Hakkari ilinde kabakgillerde
CMV'nin tespitine iliskin ilk rapordur.

Anahtar kelimeler: Hiyar mozaik virlisi; kabakgiller; TagMan real-time RT-PCR; Hakkari
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INTRODUCTION

The Cucurbitaceae family includes most of the plant species used as human food (Lira Saade and Montes
Hernandez, 1994). Among the cucurbits in this family, watermelon (Citrullus lanatus L.), melon (Cucumis melo
L.), cucumber (Cucumis sativus L.), and squash (Cucurbita moschata Duch., Cucurbita pepo L., and Cucurbita
maxima Duch. ex Lam) are the most widely known crops worldwide (Andres, 2004; Simson, 2006). Cucurbits
originated in the New World and Asia about 11.000 years ago and have recently been cultivated in Africa
(Chomicki et al., 2020). There are about 125 genera and 960 species belonging to this family in tropical and
temperate climatic regions of the world (Jeffrey, 2005). Various diseases that limit the production of cucurbit
crops are caused by bacteria, fungi, viruses, and virus-like organisms. Approximately 60 viruses and virus-like
disease agents have been identified. These include cucumber mosaic virus (CMV), squash mosaic virus (SqMV),
zucchini yellow mosaic (ZYMV), watermelon mosaic 1 (WMV-1), watermelon mosaic 2 (WMV-2), cucurbit aphid-
borne yellows (CABYV), tobacco mosaic virus (TMV) and papaya ringspot virus (PRSV) are among the major
viruses damaging cucurbits (Kaya and Erkan, 2011; Lecoq and Desbiez, 2012; Karanfil, 2022).

CMV is a spherical virus belonging to the genus Cucumovirus in the family Bromoviridae and is a positive
sense single-strand RNA (ssRNA) virus. The viral genome consists of three segments. The RNA1, RNA2, and RNA3
segments of the viral genome consist of approximately 3350, 3050, and 2200 nucleotides, respectively. RNA3
can also contain a fourth RNA (RNA4; ~1030 nucleotides). Another RNA structure related to CMV is RNA5, which
is called satellite RNA (Kaper and Waterworth, 1981; Martelli and Quacquarelli, 1988). CMV isolates are divided
into two subgroups (I and Il) according to the genetic structure and nucleotide sequence similarity of their RNAs
(Gallitelli, 2000; Hsu et al., 2000). According to the classification made in recent years, CMV isolates are classified
as |IA and IB in subgroup | (Roossinck, 2001). CMV is a virus with a wide host range that can infect 1200 plant
species in more than 100 families (Zitter and Murphy, 2009; Jacquemond, 2012). Among its natural hosts,
cucurbits, legumes (Fabaceae), and eggplants (Solanaceae) have been reported (Brunt et al., 1996). CMV has the
largest host range in the world after tobacco mosaic virus (TMV) (Zitter and Murphy, 2009). CMV is non-
persistently transmitted by more than 80 aphid species (Insecta: Hemiptera: Aphidoidae) (Francki et al., 1979;
Raccah et al., 1985; Kaper and Waterworth, 1981; Palukaitis et al., 1992). Aphis gossypii, Myzus persicae, and
Acyrthosiphon pisum are the most important aphids (Palukaitis et al., 1992; Grube et al., 2000). In addition to
aphid transmission, CMV can also be transmitted from plant to plant by mechanical inoculation, grafting, and
seeds of different plant species (Tomlinson and Carter, 1970; Neergaard, 1977; Zitter and Murphy, 2009). In
cucurbits, CMV is one of the most important viral agents causing severe mosaic and deformities and causing
economic losses (Harth et al., 2017). In plants infected with CMV, plant mortality can occur as a result of
symptoms such as mosaic, fruit, and leaf deformities.

In this study, molecular detection of CMV agent in Hakkari province, where cucurbit crops are cultivated,
was carried out by TagMan real-time RT-PCR test. The prevalence and disease rate of CMV were determined in
Kirikdag, Merzan, and Otluca areas where the samples were collected.

MATERIAL and METHODS

Field studies and sample collection

In 2022, in August-September, a survey was conducted in the Kirikdag, Otluca, and Merzan areas of
Hakkari where cucurbit crops are cultivated and leaf samples were collected from cucumber, zucchini,
watermelon, melon, pumpkin, gourd, and gherkin exhibiting symptoms such as yellowing, mosaic, deformity,
and stunting. The samples were labelled with field information in polyethylene bags and transported to the
laboratory in cool conditions and stored at 4°C until tested.

Total nucleic acid extraction
Total nucleic acid extraction was performed from leaf samples collected during the field study using a High
Pure Viral Nucleic Acid Kit as specified in the manufacturer's (Roche, Germany) protocol.

Detection of CMV by TagMan real-time RT-PCR

Probe and primers targeting the partial coat protein of the virus were used for CMV detection (Xu et al.,
2022). Primer and probe sequences are given in Table 1. The reaction mixture for real-time RT-PCR analysis was
performed using AgPath-ID™ One-Step RT-PCR kit (Thermo, USA). In the study, a 20 pl reaction mixture was
prepared for each sample for real-time RT-PCR analysis. 2X RT-PCR buffer 10 ul, forward primer: 5’-
GACAGTCCGTAAAGTTCC-3’ (20 uM) 0.4 ul, reverse primer: 5-GATGCAGCGTACTGATAA-3’ (20 uM) 0.4 pl,
TaqMan probe: Texas Red-5'-TATCCGTTGCCGCCATCTCT-3’-BHQ2 (20 uM) 0.4 ul, 25X RT-PCR enzyme mix 0.8 pl,
RNA 3 pl and nuclease-free water 5 pl were used. Real-time RT-PCR analysis was performed using BIORAD CFX96
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Real-Time System C1000 Touch. Amplification conditions were reverse transcription at 45°C for 10 minutes, and
initial denaturation at 95°C for 10 minutes. The amplification step consisted of 40 cycles in total; 95°C for 15
seconds and 58.4°C for 45 seconds. In PCR optimization studies, CMV isolates previously found to have high
absorption values in serological tests were used as positive control, and sterile nuclease-free water was used as
negative control.

RESULTS and DISCUSSION

Field observation

General disease symptoms such as yellowing, mosaic, deformity, curling, and shrinking of leaves and
necrotic spots were observed during surveys conducted in cucurbit growing areas in Merzan, Otluca, and Kirikdag
of Hakkari province (Fig. 1).

Figure 1. Symptomatic plants collected in the field survey from Hakkari province; (A) Cucumber, (B) Melon

In the survey study, 50 samples were collected from 15 fields shown in Table 1 from the cucurbit
production areas of Hakkari Province. The distribution of cucurbits according to areas and varieties is given in
Table 2.

Table 1. List of cucurbit samples collected from Hakkari province for TagMan real-time RT-PCR

Number Host Location
1 Pumpkin Kirikdag
2 Melon Kirikdag
3 Gherkin Kirikdag
4 Gourd Kirikdag
5 Zucchini Kirikdag
6 Cucumber Kirikdag
7 Zucchini Kirikdag
8 Cucumber Kirikdag
9 Gourd Kirikdag
10 Watermelon Kirikdag
11 Watermelon Kirikdag
12 Watermelon Kirikdag
13 Pumpkin Kirikdag
14 Watermelon Kirikdag
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15 Cucumber Kirikdag
16 Watermelon Kirikdag
17 Pumpkin Kirikdag
18 Cucumber Kirikdag
19 Pumpkin Kirikdag
20 Cucumber Kirikdag
21 Zucchini Kirikdag
22 Zucchini Kirikdag
23 Pumpkin Kirikdag
24 Cucumber Kirikdag
25 Gherkin Kirikdag
26 Watermelon Kirikdag
27 Cucumber Kirikdag
28 Gherkin Kirikdag
29 Watermelon Kirikdag
30 Cucumber Kirikdag
31 Cucumber Kirikdag
32 Cucumber Kirikdag
33 Pumpkin Merzan
34 Melon Merzan
35 Zucchini Merzan
36 Zucchini Merzan
37 Cucumber Merzan
38 Cucumber Merzan
39 Cucumber Merzan
40 Pumpkin Merzan
41 Zucchini Merzan
42 Cucumber Otluca
43 Cucumber Otluca
44 Pumpkin Otluca
45 Pumpkin Otluca
46 Cucumber Otluca
47 Gherkin Otluca
48 Melon Otluca
49 Cucumber Otluca
50 Gherkin Otluca

Table 2. Distribution of cucurbits collected from Hakkari province according to areas and hosts

Area Watermelon Melon  Cucumber  Zucchini  Pumpkin  Gherkin Gourd Total
Kirikdag 7 1 10 5 5 2 2 32
Merzan = 1 3 3 2 - - 9
Otluca - 1 4 - 2 2 - 9
Total 7 3 17 8 9 4 2 50

Molecular detection

The presence of CMV-specific RNA was detected in 6 (12%) of the 50 cucurbit samples (samples numbered
15, 18, 20, 47, 48, 49) (Fig. 2). When the infected sample types were examined, it was determined that samples
15, 18, and 20 were cucumber varieties and collected from the Kirikdag, and samples 47, 48, and 49 were
collected from the Otluca and were determined to be gherkin, melon and cucumber varieties, respectively. CMV
was not detected in the samples collected from the Merzan area. The samples in which CMV was detected and
Cq (Cycle quantification) values are given in Table 3.
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Figure 2. Result of TagMan real-time RT-PCR analysis. Red: Amplification curves of samples 15, 18, 20, 47, 48,
49; Green: Positive control; Black: Negative control

Table 3. Cq values obtained from TagMan real-time RT-PCR analyses of different plant samples collected from
Hakkari province

No Host The collected field Cq Value
15 Cucumber Kirikdag 29.66
18 Cucumber Kirikdag 26.62
20 Cucumber Kirikdag 32.06
47 Gherkin Otluca 25.63
48 Melon Otluca 20.11
49 Cucumber Otluca 25.88

In this study, the presence of CMV was detected in different hosts. Samples with a Cq value <32.06 were
considered to be infected with CMV. The Cq value of the positive control was 17.53, but the Cq values of other
samples considered positive could be higher. Three of the 32 samples tested from the Kirikdag and 3 of the 6
samples tested from the Otluca area were found to be infected with CMV. CMV infection was not detected in
the Merzan (Table 4). According to the cucurbit plant varieties tested, CMV prevalence was found to be 25% in
4 gherkin plants, 21.4% in 14 cucumber plants, and 33.3% in 3 melon plants. It is worth noting that CMV infected
regions are rare. CMV infected cucurbits are generally concentrated in Otluca. The CMV infection rate was
generally low in cucurbit samples collected during this survey in Hakkari province.

Table 4. CMV infection rate in cucurbit samples collected from Hakkari province

Region Samples tested CMV infected samples Infection rate (%)
Kirkdag 32 3 9,3
Merzan 12 - -

Otluca 6 3 50

TOTAL 50 6 12

The CMV is one of the important plant viruses that can infect different host varieties. After being reported
by Doolittle on cucumber plant in the USA in 1916, it has been reported in China, Iran, Tunisia, Brazil, Serbia,
Syria, India, Nigeria, and Egypt (Francki et al., 1979; Brunt et al., 1996; Li et al., 2004; Bashir et al., 2006; Mnari-
Hattab et al., 2008; Silveira et al., 2009; Vucurovié et al., 2012; Mando et al., 2011; Jacquemond, 2012; Suresh et
al., 2013; Ayo-John et al., 2014; Shehata et al., 2023).
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Plant viruses have long been diagnosed by serological methods. The enzyme-linked immunosorbent assay
(ELISA) method is preferred as a very useful method when the number of samples is large (Abdalla et al., 1991),
but the ELISA method is not sensitive enough and it is necessary to produce antiserum for viruses in this test. In
recent years, molecular techniques have been more widely used in the diagnosis of plant virus diseases. Using
molecular methods, it is possible to detect viral DNA and RNA present directly in samples (Clementi et al., 1993).
Since the majority of plant viruses have a single-stranded RNA genome, the reverse transcription-polymerase
chain reaction (RT-PCR) method has been used to identify a large number of viruses (Henson and French, 1993).
However, real-time RT-PCR has the advantage over conventional PCR in that it is faster, more sensitive, and
minimizes the risk of contamination in its application (Mackay, 2004).

CMV has been detected in various regions of Tiirkiye by serological and molecular detection methods. In
many studies conducted in Tirkiye, the presence of CMV has been detected in different hosts other than bulbous
ornamental plants, greenhouse peppers, tobacco, spinach, tomatoes, and different cucurbits (Soylu, 2014; Can,
2019; Kurtoglu and Korkmaz, 2018; Das, 2020; Giinay and Usta, 2020; Papan, 2022; Sharma, 2023). The methods
used in these studies are generally DAS-ELISA and RT-PCR methods. Among the studies conducted in
cucurbits; cucurbit plants were collected from the Marmara region and tested serologically. CMV was detected
at a rate of 52% in cucumber. It has been reported that CMV causes local and systemic infections in cucumber,
squash, melon, and watermelon (Nogay and Yorganci, 1984; 1985). It is seen that geographical location may
affect the results in the investigation of CMV prevalence in our country. The CMV detection rate is quite high at
52%. Arli-Sokmen and Sevik (2004) detected the region containing the coat protein gene of the CMV agent
isolated from samples collected from cucumber production areas in Samsun province using the RT-PCR method.
Yesil (2013) collected 652 cucurbits, 92 seed, and 85 weed samples from cucurbit production areas of Konya,
Karaman, and Aksaray provinces in 2009 and 2010. Using DAS-ELISA and RT PCR tests, viral infection was detected
in 83.4% of the plant samples, 50.6% of the weed samples, and 8.7% of the seed samples. CMV was detected in
21.3% of the cucurbit plant samples and 1.1% of the seed samples tested. In this study, CMV was detected
serologically and molecularly and CMV was detected at a higher rate than in our study. It is thought that this
situation may be affected by geographical location. Hakkari province is isolated from nearby provinces due to its
geographical location. CMV was detected in the cucumber plant in Diyarbakir province, which is geographically
close to Hakkari province (Giiller et al., 2024). In Antalya province and its districts, the presence of CMV was
detected by serological and biological methods in 455 samples collected from greenhouse cucumber and zucchini
production areas between 2014 and 2015. CMV was detected at 3.9% in cucumber samples and 6.35% in zucchini
samples (Cat et al., 2016). In our study, CMV was detected at a higher rate of 21.4% in cucumber samples
collected, while CMV was not detected in zucchini samples. Cucumber cultivation is more common in Hakkari
province and the necessary measures to increase production are insufficient. Due to this situation, CMV rates
have shown variability. Giiller and Usta (2020) took samples from melon plants showing deformation, mosaic
pattern, and vein banding on leaves in field studies conducted in Bingol province in 2019 and tested by RT-PCR
method and CMV was detected. Bingél CMV isolates were grouped with CMV-IB subgroup isolates. Karanfil and
Korkmaz (2021) collected 72 plant samples from cucurbit production areas for the detection of CMV infection in
Canakkale, Balikesir, and Bursa provinces of the South Marmara Region and determined CMV infection in 10
samples by DAS-ELISA method. To perform molecular characterization of the CMV isolates obtained, 3 of the
samples were selected according to their geographical origin, and all coat protein genes were amplified, cloned,
and sequenced by RT-PCR. As a result of the phylogenetic analysis, it was determined that two of the CMV isolates
were in subgroup IA and one was in subgroup IB. In this study, the molecular detection rate of CMV was 1.4%.
The low rate of samples collected from different provinces suggests that there is crop production based on
integrated pest management principles. In our country, studies on the detection of CMV by real-time RT-PCR are
also very limited. Uzunogullari and Gimus (2015) collected a total of 235 tomato, pepper, cucumber, zucchini
and gladiolus leaf samples from Canakkale, Bursa, Yalova, istanbul, Bilecik and Sakarya in June and July 2013. The
samples were first analyzed by the DAS-ELISA method. 69% of the pepper samples, 87% of the tomato samples,
75% of the squash samples, 58% of the cucumber samples, and 69% of the gladiolus samples were found to be
infected with CMV. They then compared the results of real-time RT-PCR, conventional RT-PCR analysis, and DAS-
ELISA. In real-time RT-PCR analysis, they reported that CMV-positive gladiolus, pepper, tomato, zucchini, and
cucumber samples gave a melting peak between 84.0-88.72C while the negative control gave a melting peak at
76.02C. In their study, real-time RT-PCR analysis was performed with the dye called Syber Green. In our study,
the TagMan probe was used.

Apart from our country, the CMV agent has also been detected in other countries, and precautions are
being taken. Nagendran et al. (2017) conducted surveys in the southern Indian state of Tamil Nadu between 2012
and 2014 to determine the virus diseases infecting cucurbits. The collected plant samples were tested by classical
PCR, RT-PCR, and DIBA (Dot Immuno Binding Assay) methods to detect CMV, PRSV, ZYMV, CGMMYV, and
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begomoviruses. CMV was detected at a rate of 5%. This rate is low compared to the rate of 12% in our study.
Omar and Fadel (2022) found that the most common symptoms in naturally infected plants in Libya were severe
mosaic, and mild mosaic in cucumbers, peppers, tomatoes, and eggplants, and tested samples with RT-PCR,
suspecting that CMV caused these symptoms. One tomato and one cucumber sample were detected as CMV
positive. As a result of phylogenetic analysis, a comparison of the CP sequences of two Libyan isolates obtained
from tomato and cucumber plants with other isolates reported in the gene bank revealed that these isolates
were clustered together in the same branch, but there was a higher genetic difference between the two Libyan
isolates. Xu et al. (2022) developed a fast, effective, and sensitive detection method for the simultaneous
detection and specific quantification of these viruses to prevent the emergence and spread of 5 viruses, including
CMV, which are of worldwide importance in lilies (Lilium spp.). For the simultaneous detection of these viruses
in Chinese lily samples, primers and probes for multiplex TagMan real-time RT-PCR analyses designed from
conserved regions of the coat protein sequence of each virus were used. In our study, Cq values increased as
virus density decreased in cucurbits. This may be due to the evaluation of different hosts. Borah et al. (2023),
squash plants showing symptoms such as chlorotic spots, mosaic, mottling, and leaf deformation were collected
and analyzed for the presence of viruses using RT-PCR. Sequence similarity analysis and phylogenetic studies
revealed that the isolated virus belonged to subgroup IB of CMV. Ali et al. (2023) in their study in Iraq, detected
CMV isolates in cucumber and cowpea plants exhibiting mosaic, mottling, and leaf disorders in local fields in
Baghdad province. CMV was characterized by RT-PCR. Phylogenetic analysis based on the CMV CP gene sequence
clustered the Iragi CMV isolate with members of subgroup IB. Nowadays, PCR is one of the most reliable and
accurate methods for the diagnosis of plant virus diseases. Although the ELISA method is still used in the diagnosis
of diseases, negative results in the ELISA test can turn into positive results with PCR. The studies are based on
molecular detection of CMV and phylogenetic analysis of selected isolates.

CONCLUSION

CMV infection rate was generally low in cucurbit samples collected during this survey in Hakkari province.
It is noteworthy that local seed use was common in the observed areas. Although there have been several
attempts to detect the presence of CMV in Tiirkiye, this is the first report on the molecular detection of CMV in
different hosts by TagMan real-time RT-PCR in Hakkari. In conclusion, the TagMan real-time RT-PCR assay
demonstrated that the method can be widely used for the general detection of CMV in a wide range of hosts.
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