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Abstract 

In this study, the prevalence of PDV, which infects cherry (Prunus avium L.) trees and is among the important viral pathogens in 

Adana, Kahramanmaraş and Osmaniye provinces where cherry is extensively produced in the Eastern Mediterranean region of 

Turkey, was investigated. A total of 173 cherry leaf samples with and without symptoms collected from Adana, Kahramanmaraş 

and Osmaniye provinces were tested by DAS-ELISA and RT-PCR methods. PDV was not detected in all samples tested by the DAS-

ELISA method. As a result of the tests performed with RT-PCR, 874 bp long nucleotide sequences belonging to the coat protein 

gene region of the 15 samples were obtained and found positive. After the sequences were obtained, they were compared with 

the sequences from Turkey and the sequences of PDV reference isolates registered in GenBank. As a result of BLASTn analysis, it 

was determined that the Turkish PDV cherry isolates showed similarity between 89.58-99.32% at the nucleotide level with the 

PDV reference sequence. Phylogenetic analysis of the nucleotide sequences of the obtained isolates was performed and their 

relationship with PDV cherry isolates in the world and Turkey was determined. 
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INTRODUCTION 

Turkey is a country with a very high cherry growing potential in the world. Cherry production in 

the world shows a regular increase over the years. Turkey; while it ranks first in the world in cherry 

production, it is a very important fruit in terms of the country's economy and nutrition of its people. 

Turkey has a very high potential in cherry production, and factors such as the long harvest period due 

to the different soil and ecological characteristics of the regions, and the suitability for organic cherry 

production, especially in the highlands where diseases and pests are low affects cherry production (Kara 

et al., 2012). 

Cherry is one of the most important export products in Turkey which renders 26% of the world's 

cherry production with a production of 689,834 tons with the number of fruit-bearing trees of 22,154,903 

according to 2021 TUIK (Turkish Statistical Institute) data (Anonymous, 2022). 

In this fruit species, which contributes greatly to the country's income economically, virus 

diseases which cannot be prevented cause great problems (Dunez, 1988). There are many viral diseases 

negatively affecting cherry production in terms of quality and quantity. Among them, especially Prunus 

necrotic ringspot virus (PNRSV), Apple chlorotic leaf spot virus (ACLSV), Apple mosaic virus 

(ApMV), Prune dwarfing virus (PDV) and Plum pox virus (PPV) are the most important ones (Nemeth, 

1986; Dunez, 1988). 

The host range of PDV is very extensive and is common in all cultivated Prunus species (peach, 

cherry, plum, almond and cherry). It has been reported that the virus causes symptoms in the form of 

chlorotic rings and spots on the leaves of cherry trees in spring (Smith et al., 1998). It has also been 

reported that 70-80% of Prunus species are infected with PDV (Kunze, 1988). PDV detected in cherry 

trees has a devastating effect by causing 50-70% product loss (Fulton, 1985; Çağlayan et al., 2011). It 

has been determined that PNRSV and PDV in cherries generally cause co-infection (Nyland et al., 1976; 

Brunt et al., 1996). 

In the studies carried out to detect the presence of PDV in stone fruit trees in Mediterranean 

countries, the infection rate was reported to be 67.2-80% (Myrta and Savino, 2008), and 37.6% in Serbia 

(Mandic et al., 2007). It was found that 16% of 751 cherry samples tested in Bulgaria between 2000 and 

2012 were infected with PDV (Borisova et al., 2013). Vašková et al. (2000) reported that the coat protein 

gene region of 11 PDV isolates, which were isolated from many stone fruit species, is a highly conserved 

region, and as a result of phylogenetic studies, no specialization was determined between geographic 

origin, host and isolates. In the analyzes performed with 32 PDV isolates, it was determined that the 

coat protein region was highly similar (86-96%) with the reference isolates, and 4 different groups were 

observed in the phylogenetic tree created (Boulila, 2010). In the phylogenetic tree obtained by 

sequencing nine apricot and one cherry isolates of PDV in our country, the isolates were collected in 4 
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different groups (Ulubaş Serçe et al., 2009). As a result of the phylogenetic analysis of the PDV cherry 

isolates obtained from the Lakes region of Turkey, the existence of subgroups under 3 main groups was 

mentioned (Öztürk and Çevik, 2015). 

Studies using the ELISA method have shown that the most common virus in cherries from stone 

fruits is PDV, and the infection rate varies between 5-55% (Azeri, 1994; Çağlayan Yıldızgördü and 

Hurigil, 1996; Fidan and Özdemir, 2000; Paylan, 2006). 

In Turkey, it has been determined that 22.2% of stone fruit trees grown in the Eastern 

Mediterranean Region are infected with ApMV, 17.1% with PNRSV, 15.5% with PDV and 13.3% with 

ACLSV (Çağlayan and Gazel 1998). Between 2000 and 2003, Çağlayan et al. (2008) studied a total of 

240 cherry and 73 cherry specimens exhibiting virus-like symptoms and samples were collected from 

both commercial orchards and cultivar collections. As a result of DAS-ELISA and RT-PCR tests, it was 

determined that PDV was very common (10.8%) in cherry trees, while PDV could not be detected in 

sour cherry (Prunus cerasus) trees. 

A total of 488 samples from stone fruit trees (cherry, cherry, plum, nectarine, peach, apricot) were 

taken from 13 provinces (Adana, Afyon, Ankara, Amasya, Burdur, Bursa, Çanakkale, Hatay, Isparta, 

İzmir, Kahramanmaraş, Tokat and Yalova) and were tested by DAS-ELISA method. Upon testing, 

PNRSV was detected in 31 samples and PDV in 71 samples. While PDV infection was mostly detected 

in cherry with an infection rate of 27.4% (60 positive), it was detected in sour cherry with 22.2% (6 

positive) (Ulubaş, 2003). 

As a result of the ELISA test applied to 369 samples collected from stone fruit trees in Van 

Province and its vicinity, it was determined that PDV infected 0.6% in apricot, 7.1% in cherry and 31.2% 

in sour cherry (Sipahioğlu et al., 2004). 

As a result of testing 521 cherry samples collected from 142 orchards in Isparta province in 2010 

by DAS-ELISA method, it was determined that 316 of them were contaminated with PDV. From these 

samples, RNA was isolated from 27 samples representing the production regions, and 862 bp DNA 

fragment, including the coat protein gene region of PDV, was amplified by reverse-transcription 

polymerase chain reaction (RT-PCR) method and the amplified DNA was directly sequenced. The 

obtained PDV coat protein (CP) gene sequences were compared with each other and with the CP genes 

of the PDV isolates from the gene bank database and the other production regions of the world, and the 

similarity rates and phylogenetic relationships of the isolates were revealed (Öztürk et al., 2011). 

A total of 400 samples collected as a result of a survey study conducted in Bilecik and Bursa 

provinces where Early Burlat and 0900 Ziraat cherry varieties were grown in 2010 and 2011 were tested 

against Prune dwarf virus (PDV) by DAS-ELISA method. Infection was detected at a rate of 45% in 

0900 Ziraat cherry cultivar and 52% in Early Burlat cultivar from Bilecik province Gölpazarı district. 
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Infection rate was 36% in 0900 Ziraat cherry variety and 43% in Early Burlat cherry variety taken from 

Keles district of Bursa province (Uzunoğulları and Akçay, 2012). 

In this study, the presence of PDV in Adana, Kahramanmaraş and Osmaniye provinces was 

investigated by DAS-ELISA and RT-PCR methods and molecular characterization of the detected virus 

isolates was performed. 

MATERIALS AND METHOD 

Field studies and collection of plant material 

Within the scope of the study, survey studies were carried out in the cherry orchards of Andırın 

and Dulkadiroğlu districts of Kahramanmaraş province, Pozantı districts of Adana province and Bahçe 

disctricts of Osmaniye province between 2019-2021. A total of 173 plant samples were collected from 

the cherry trees showing the virus symptoms as well as the symptomless cherry trees. The samples were 

placed in polyethylene bags and brought to the laboratory in the cold chain and stored at +4°C until used 

in PCR tests. 

DAS-ELISA tests 

Collected cherry samples were subjected to DAS-ELISA (Double Antibody Sandwich- Enzyme 

Linked Immuno Sorbent Assay) test according to Clark and Adams (1977). DAS-ELISA tests were 

performed with the diagnostic kit (BIOREBA AG, Switzerland) according to the company's instructions. 

Plates were evaluated spectrophotometrically at a wavelength of 405 nm using the SEAC SIRIO S 

Microplate Reader. Samples with twice or more absorbance values as a result of readings were 

considered positive, that is, virus-infected (Clark, 1981; Gazel et al., 2018). 

Total Nucleic acid isolation 

Total nucleic acid (TNA) isolation from cherry samples collected in the survey studies was carried 

out using the Morante-Carriel (2014) method. The quality of the isolated RNAs was measured with a 

Nanodrop device (Nanodrop 1000c, Thermo Sci., USA) and kept at -80°C until cDNA synthesis and 

PCR applifications.          

Complementary DNA (cDNA) Synthesis 

Complementary DNA (cDNA) synthesis was carried out from the TNA extracted samples. For 

each sample, 1 μl of random hexamer primer (Thermo Fisher Scientific), 6.5 μl of d2H2O and 5 μl of 

RNA mixture was used. After 5 minutes of incubation at 94ᵒC in the thermocycler, the tubes were placed 

on ice for 5 minutes. Then, 4 μl of 5X reaction buffer (Thermo Fisher Scientific), 2 μl of d2H2O, 0.5 μl 

of dNTP (10 mM) and 1 μl of M-MuLV reverse transcriptase (Thermo Fisher Scientific) were added to 

each tube to reach a total volume of 20 μl. The cDNA synthesis step was completed by keeping the tubes 

in the PCR device at 42°C for 1 hour and at 72°C for 10 minutes. 
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Polymerase Chain Reaction (PCR) 

In PCR analysis, the primer pairs, amplifying 874 bp long coat protein gene region of PDV, was 

used (Vašková et al., 2000). In PCR reaction, each tube contained a final volume of 23 µl reaction 

mixture; 16.8 µl d2H2O, 2 µl cDNA, 0.5 µl virus-specific primers (at 10 pmol/µl concentaration of each 

primer (PDV/CP-F 5'-GTGTAGAAAGAAGAGAAGTCCGACAAG-3' and PDV/CP-R, 5'-

ATCTAGAGCAGCATTTCCAACTACGA-3' (Vaskova et al., 2000), 0.5 µl of 10 mM dNTP, 2 µl of 

25 mM MgCl2, 2.5 µl of 10XB reaction buffer, 0.2 µl of Taq DNA polymerase (Thermo Scientific). The 

PCR cycling program was: 94ᵒC for 2 min for initial denaturation, then 40 cycles of 94ᵒC for 30 sec, 

50ᵒC for 30 sec, 72ᵒC for 1.5 min and aditional cycle at 72ᵒC for 10 min. After electrophoresis of PCR 

products on 1.2% agarose gel, DNA was stained with ethidium bromide and the results were observed 

in a UV transilluminator. 

DNA Sequencing and Phylogenetic Analysis 

The PCR amplicons of the expected size (874 bp) were randomly selected and sequenced. The 

raw sequence data obtained from each isolate were edited and processed with the MEGA 11 program, 

and consensus blocks were formed with the nucleotide sequences of PDV isolates from different 

countries of the world. The isolates obtained within the scope of the study were compared with other 

PDV isolates at the nucleotide level. Phylogenetic trees were created with the MEGA 11 program, using 

the 1000-repetition boostrap analysis method according to the Tamura 3-parameter algorithm (Tamura 

et al., 2021). 

The nucleotide-level similarity ratios of the CP gene regions of PDV isolates obtained from 

Turkey and from different countries of the world were calculated using the Sequence Demarcation Tool 

(SDT) v.1.2 program, and their colored matrices were created (Muhire et al., 2014).     

RESULTS and DISCUSSION 

Field Surveys 

A total of 173 cherry samples were collected, 62 from Andırın and Dulkadiroğlu districts of 

Kahramanmaraş, 67 from Bahçe district of Osmaniye province and 44 from Pozantı district of Adana 

province. The most common symptoms observed in survey areas are stunting, bare ends of branches, 

curling of leaves, vein banding and mosaic symptoms (Figures 1 and 2).  
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Figure 1. Symptoms of stunting and bare ends of branches observed in cherry trees in Kahramanmaraş 

province 

 

   

Figure 2. Curling, vein banding and mosaic symptoms observed on the cherry leaves in Kahramanmaraş 

province 

Results of DAS-ELISA tests 

The all samples collected from Adana, Kahramanmaraş and Osmaniye provinces were tested for 

PDV by DAS-ELISA method, and PDV was not detected in any of the tested cherry samples. In the 

DAS-ELISA test, low absorbance values were obtained in the negative controls, while the absorbance 

value was found to be quite high in the positive control. 

RT-PCR and Sequence Analysis 

In the RT-PCR analyzes performed to detect the presence of PDV in samples collected from 

cherry trees in Adana, Kahramanmaraş and Osmaniye provinces, primers that amplify a part of the CP 
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region of PDV were used. As a result of the analysis of 173 cherry samples collected as a result of this 

study by RT-PCR method, 15 of them were found to be infected with PDV (Figure 3). The infection 

rate of PDV in the tested cherry samples was determined as 8.67%. While 7 of 62 cherry samples 

collected from Kahramanmaraş province were found to be PDV positive, 5 of 67 cherry samples 

collected from Osmaniye and 3 of 44 samples collected from Adana were found to be PDV positive. 

PDV infection rates in cherry trees in Kahramanmaraş, Osmaniye and Adana provinces were determined 

as 11.29, 7.46 and 6.81%, respectively. In previous studies conducted in our country, PDV was detected 

in cherry trees grown in Afyon, Adana, Ankara, Amasya, Burdur, Kahramanmaraş, Isparta and İzmir 

provinces (Ulubaş Ç., 2003, Paylan, I.C., 2006, Ulubaş et al., 2009a, Ulubaş et al., 2009b, Öztürk et al., 

2011, Öztürk and Çevik, 2015). In this study, PDV was detected for the first time in cherry trees in 

Osmaniye province.  

Biological, serological and molecular methods are generally used for the detection of viruses in 

stone fruit trees. Although ELISA is a reliable test as a routine diagnostic method, it has been reported 

that its sensitivity is low and pathogens with very low titers cannot be detected. RT-PCR is increasingly 

used for the detection and identification of viruses due to its higher level of sensitivity (Herranz et al., 

2005). It has been demonstrated that the RT-PCR method is 100-1000 times more sensitive than ELISA 

(Sánchez-Navarro et al., 1998). 

          

 

Figure 3. Agarose gel electrophoresis results of RT-PCR analysis using prune dwarf virus (PDV) 

specific primer pair in cherry samples collected from Kahramanmaraş and Osmaniye provinces. M: 

Marker (SMO#321 MBI Thermo Sci, USA); 1-10: Osmaniye cherry samples, 11-14: Kahramanmaraş 

cherry samples, +C: Positive control, -C: Negative control, W: Water control 

Phylogenetic Analysis 

Within the scope of this study, 6 of 15 samples were sequenced, which gave the same level of 

band (874 bp) as the positive control in PCR analyzes using primers which amplify part of the CP region 

of PDV. The nucleotide sequences of the PDV cherry isolates were uploaded to the NCBI GenBank and 
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the GenBank accession number was obtained for each one (ON568342-ON568347). The studied PDV 

cherry isolates showed 99.32-89.58% similarity at nucleotide level with PDV cherry isolates from 

different countries registered in Genbank. It was determined that PDV cherry isolates showed 97.61% 

similarity with KF718663 isolate from PDV cherry isolates reported from Turkey in previous studies 

(Figure 4). In the phylogenetic analysis, 6 cherry isolates obtained from previous studies in Turkey and 

17 cherry isolates from different countries were used. It was determined that the nucleotide sequence of 

AK-17 Adana isolate was 99.32% similar to the AF208740 Czech Republic cherry isolate registered in 

GenBank. As a result of the phylogenetic analyzes, the PDV isolates were divided into 2 groups, and 

only one isolate (ON568347) was found in one of these groups. Our isolate, numbered ON568347, was 

obtained from Kahramanmaraş province. The nucleotide sequence of this isolate is different from our 

other isolates and it shows 98.13-89.58% similarity with GenBank isolates. The other 5 of our PDV 

cherry isolates were in the second group (Figure 4). 

 

Figure 4. Phylogenetic tree created as a result of sequence analysis of PDV cherry isolates obtained 

from Eastern Mediterranean and from different geographical origins of the world. (In drawing the 

phylogenetic tree, the Tamura 3-parameter model and the 1000 boostrap parameter were selected, the 

sequence data obtained from the coat protein gene regions of Turkey and the world PDV isolates and 

the NJ algorithm of the MEGA 11 program were used). 
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The similarity rates of the nucleotide sequences obtained by sequencing the coat protein region 

of PDV cherry isolates show a high degree of similarity with the studies in the literature. Vaskova et al. 

(2000) reported that the coat protein region of the virus is a highly conserved and the similarity rate of 

isolates was 88% in studies. The similarity rate between nucleotide sequences obtained by sequencing 

the coat protein regions of PDV isolates in Bulgaria was found between 87-100% (Kamenova et al., 

2019). PDV isolates obtained from cherry in Isparta province of Turkey and GenBank isolates were 

found to be 84-99% similar at the nucleotide level, and it was reported that the coat protein region of 

the virus did not show much polymorphism at the nucleotide level (Öztürk and Çevik, 2015). It has been 

found that 3 main groups and subgroups are formed in the phylogenetic tree formed with Turkey cherry 

PDV isolates. The majority of PDV Turkey cherry isolates clustered in the same main groups, and only 

1 isolate was in a different group from the others (Öztürk and Çevik, 2015). The fact that Turkish isolates 

were included in the same main group in this study showed that this study highly collaborated with the 

study of Öztürk and Çevik (2015). The phylogenetic tree generated with the Turkish PDV cherry isolates 

in GenBank and the cherry isolates obtained within the scope of this study showed that Turkey PDV 

isolates were divided into 2 main groups. 

The SDT program was used for the colored similarity matrix created at the nucleotide level with 

PDV isolates from Turkey and the world. The isolates sequenced on the colored similarity matrix created 

using the SDT program are shown in Figure 5. When the matrix was examined, the similarity rate 

between the world isolates sequenced and selected in this study varied between 89-100%. In this study, 

a high percentage of the isolates obtained with partial nucleotide sequences in the Czech Republic, 

Israel, China, and the USA was found to be similar to the isolates. These data seem to coincide with the 

distribution formed in the phylogenetic tree. 
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Figure 5. Colored similarity matrix created at nucleotide level of PDV Turkey and world isolates. 

         

CONCLUSION 

The presence of PDV in cherry trees grown in Adana, Kahramanmaraş and Osmaniye provinces 

in the Eastern Mediterranean Region was determined by DAS-ELISA and RT-PCR analyzes. It was 

determined that the tested cherry trees were infected with PDV at a rate of 8.671%. Sequences of 6 

isolates were obtained and similarity ratios with reference PDV isolates were determined. Within the 

scope of the study, cherry PDV isolates whose nucleotide sequences were determined and isolates from 

different countries registered in Genbank were used in the phylogenetic analysis. The nucleotide 

sequences of the coat protein regions of cherry PDV isolates in Turkey were obtained. It is recommended 

to determine the whole genome sequences of the cherry PDV isolates obtained from the study. 

Identification of the whole genome sequence will contribute to the identification of different PDV 

variants in different hosts. 
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