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Aims: During a disease survey conducted in 2019, typical symptoms 
including yellowing of the leaves, stunting, shortening of internodes, 
proliferation of auxiliary shoots (witches'-broom), the bunchy 
appearance of growth at the ends of stems (rosetting), virescence of 
flowers or sterility, phyllody, small and deformed leaves and fasciation 
were observed on suspected cucurbit plants growing in Hatay province. 
Therefore, this study was carried out to determine the phytoplasma 
infection(s) on cucurbit crops and bindweed in Hatay province of Turkey. 
Methods and Results: In total; 4 pumpkins (winter squash: Cucurbita 
moschata Duchesne), 12 summer squash (Cucurbita pepo L.) and 2 
bindweed (Convolvulus arvensis L.) samples were collected from 
suspected plants in cucurbit fields in Hatay province. Some of the plants 
(2 pumpkins, 10 summer squash and 2 bindweeds) exhibited symptoms 
related to phytoplasmas. Total nucleic acid was extracted by CTAB 
method. PCR amplification of 16S rDNA with phytoplasma specific primer 
pairs; F1/R0 followed by R16F2n/R2 confirmed the phytoplasma 
presence. Expected size amplicons of ~1.2 kb were obtained from 
infected samples from symptomatic cucurbits (12/12) and bindweed 
(1/2), but not from asymptomatic cucurbit plants (0/4). The sequences of 
the 4 symptomatic samples were deposited in NCBI GenBank (MT163353, 
MT163393, MT163396, and MT163469). 
Conclusions: After sequencing and phylogenetic analyses it was revealed 
that the squash isolates had 99% sequence identity with “Candidatus 
phytoplasma trifolii” (16SrVI) and the bindweed isolate had 99% 
sequence identity with “Candidatus phytoplasma solani” (16SrXII). 
Significance and Impact of the Study: There is a lack of knowledge on the 
status of phytoplasma infections and natural hosts in cucurbits in Turkey. 
According to our knowledge, this is the first report of a member of 16SrVI 
group, Candidatus phytoplasma trifolii associated with phytoplasma 
infection in winter squash-pumpkin (C. moschata) and summer squash (C.  
pepo) in Turkey. 
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INTRODUCTION 
 
Turkey is an important agricultural producer of a variety 
of crops due to its geographical location. Cucurbitaceae 
has been one of the most important crops in Turkey 
(Sarı et al., 2008).  

Pumpkin and squash cultivation has a long history 
among the cucurbits, and they are related with the 
beginnings of agriculture (Whitaker and Robinson, 
1986). Furthermore, these plants can be cultivated in 
almost all arable regions of the world. Cucurbita pepo, 
C. maxima and C. moschata are considered 
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economically important species which are widely grown 
in agricultural regions worldwide (Robinson and 
Decker-Walters, 1997; Paris and Brown 2005; Wu et al., 
2007). Phytoplasmas are plant pathogens that are 
classified in Mollicutes, can be transmitted by vectors 
and localized in plant phloem. They are associated with 
numerous plant diseases and have been reported to 
cause destructive losses in both crops and natural 
ecosystems (Seemüller et al., 1998; Khan et al., 2003; 
Bertaccini 2007; Hogenhout and Musić 2010). Economic 
losses may reach up to 100% in infected plants (Salehi 
et al., 2015; Martini et al., 2018). 
Pumpkins are widely cultivated crops in Turkey (Sarı et 
al., 2008; Balkaya et al., 2010). Summer squash 
(Cucurbita pepo L.) and pumpkin (winter squash or 
butternut squash) (Cucurbita moschata Duchesne) are 
the most commonly grown cucurbits in Hatay province 
of Turkey. According to FAO, China ranked first with an 
estimated annual production of cucurbits of 
approximately 8 million tons in 2017, while Turkey 
ranked seventh in the world with a production of 
616.777 tons (FAO, 2018). According to the reports of 
the Turkish Statistical Institute, 590.414 tons of 
cucurbits were produced in 2019 in Turkey (TUIK, 
2019).  
Phytoplasmas affecting C. moschata and C. pepo have 
been reported in Italy, Brasil, Egypt and the diseases 
were reported as “pumpkin yellows” (Seemüller et al., 
1998; Montano et al., 2006), pumpkin yellow leaf curl 
(PYLC), squash phyllody (Salehi et al., 2015) and squash 
virescence (Omar and Foissac, 2012).  
‘Ca. Phytoplasma australiense’ and pumpkin yellow leaf 
curl (PYLC) disease were reported as mixed infection in 
pumpkin plants (C. maxima and C. moschata) for the 

first time in Queensland, Western Australia and the 
Northern Territory (Streten et al. 2005). ‘Ca. 
Phytoplasma trifolii’ was first reported in sesame plants 
in Turkey in 2007 (Sertkaya et al., 2007). Lately, ‘Ca. 
Phytoplasma trifolii’ and ‘Ca. Phytoplasma solani’ were 
reported in cucumbers in Van province of Turkey (Usta 
et al., 2017). 
This study was conducted to detect phytoplasma 
diseases of cucurbits and the other host/s in cucurbit 
growing areas in Hatay province of Turkey. 
 
MATERIALS and METHODS 
 
Plant samples 
Leaves of pumpkin-winter squash (Cucurbita 
moschata), summer squash (C. pepo) and bindweed 
(Convolvulus arvensis) were collected from plants 
exhibiting phytoplasma symptoms and symptomless 
plants from cucurbit fields in Hatay province of Turkey 
in 2019. 
 
DNA extraction and PCR amplifications 
CTAB method was used to extract total DNA from plant 
material according to Doyle and Doyle (1990). The 
universal primer sets were used to detect phytoplasma 
DNA isolated from fresh squash and bindweed leaf 
midribs. F1/R0 (Lee et al., 1994) and R16F2n/R2 
(Gundersen and Lee, 1996) universal primers were 
employed in Direct and Nested PCRs respectively for 
amplification of the 16SrRNA gene (Table 1). 
PCR products were dyed with ethidium bromide then 
run on 1.2% agarose gel using Tris-Borate EDTA (TBE) 
buffer, and visualized with a UV trans-illuminator. 

 
Table 1. Primer pairs used in PCRs, their size and references 

 Primer sets                                                                 Base pairs length References 

Direct 
PCR 

F1 5’-AAGACGAGGATAACAGTTGG-3’ 1800 Lee et al. 1994 
R0 5’- GGATACCTTGTTACGACTTAACCCC-3’ Lee et al. 1994 

Nested 
PCR 

F2n 5’-CGACTGCTAAGACTGG-3’ 1200 Gundersen and Lee 1996 
R2 5’-TGACGGGCGGTGTGTACAAACCCCG-3’ Gundersen and Lee 1996 

 
Sequencing and BLAST  
Nested PCR products were sequenced in both 
directions with forward and reverse and aligned using 
the MEGA-X software. Based on 16SrDNA gene 
sequences of the phytoplasmas in this study and those 
of selected reference strains accessible from NCBI were 
compared. 
Characters considered to be uninformative were 
omitted from the sequences. The phylogenetic 

relationships were calculated using 1000 bootstrap 
replicates by using the Neighbor-Joining method. The 
phylogenetic tree was created for the 4 phytoplasmas 
studied in this work and 12 phytoplasmas representing 
distinct phytoplasma groups. As the root of the 
phylogenetic tree Acholeplasma laidlawii (FJ226570) 
was selected to be an outgroup (Volokhov 2008). 
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Virtual RFLP (Restriction Fragment Length 
Polymorphism) and phylogenetic analysis 
iPhyClassifier program was used for virtual (RFLP) 
analysis. AluI, HaeIII, HhaI, MseI, RsaI, TaqI (Lee et al. 
1998) restriction enzymes were used for 16S rDNA 
digestions in virtual RFLP analysis, sequences of 
phytoplasmas isolated from cucurbits and bindweed 
were compared with each reference strains for group 
and subgroup recognized by iPhyClassifier. 
 
RESULTS and DISCUSSION 
 
Phytoplasma detection  
Phytoplasma symptoms typical on cucurbit plants 

include yellowing of the leaves, stunting, shortening of 
internodes, proliferation of auxiliary shoots (witches' 
broom), the bunchy appearance of growth at the ends 
of stems (rosetting), virescence of flowers or sterility, 
phyllody, small and deformed leaves and fasciation 
(Figure 1). Out of a total of 4 pumpkins, 12 summer 
squash and 2 bindweed samples collected, 2 pumpkins, 
10 summer squash and 1 bindweed plants exhibited 
symptoms considered to be related to phytoplasma 
diseases were found to be infected with phytoplasmas. 
Samples exhibiting phytoplasma symptoms gave 
positive bands (about 1.2 kb) in agarose gel but there 
was not any band observed from the symptomless 
plants (Figure 2). 

 

 
Figure 1. Winter and summer squash plants showing dwarfing, phyllody and virescence (A,B), fasciation (C), small and 

yellow leaves naturally infected by phytoplasma in cucurbit fields in Antakya district of Hatay province 
 

 
Figure 2. Gel electrophoresis photo of Nested PCR products, 1-12 cucurbit samples, 13 bindweed sample and 14-15 

positive controls, W: negative control. M: Marker (1 kb DNA marker) 
 

 

A B C 

1200 bp 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 W M 
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Sequencing and phylogenetic tree 
Selected from the positive samples, one winter squash 
(pumpkin), two summer squash and one bindweed (C. 
arvensis) isolates were designated as TUR Squ 804 HC, 
TUR Squ 805 HC, TUR Squ 822 HC and TUR Con 806 HC, 
respectively. The obtained nucleotide sequences of 16S 
rDNA from three squash (C. pepo and C. moschata) and 
one bindweed (C. arvensis) isolates were deposited in 
GenBank (Accession numbers: MT163353, MT163393, 
MT163396 and MT163469 respectively).  
Comparing the sequences of 16SrVI phytoplasma 
isolates and other phytoplasma groups’ 16S rDNA with 

that of the cucurbit phytoplasma by MEGA (version X) 
software affirmed its closest phylogenetic relationship 
with the members of 16SrVI group (Figure 3). 
Therefore, Ca. Phytoplasma trifolii (16SrVI) was 
identified from Cucurbita pepo and C. moschata. The 
phytoplasma isolate from C. arvensis sample taken from 
a C. pepo field was identified as Ca. Phytoplasma solani 
(16SrXIV-A subgroup). Ca. Phytoplasma trifolii and Ca. 
Phytoplasma solani were found to cause natural 
infections in squash and bindweed in cucurbit fields in 
Hatay.

 

 
Figure 3. Phylogenetic tree constructed with neighbor joining algorithm of 16S rDNA sequences of ‘Ca. P. solani’ and 

‘Ca. P. trifolii’. Sequences for ‘Ca. Phytoplasma’ species were retrieved from NCBI Genbank. ‘Ca. P. trifolii’; 
MT163353, MT163393, MT163396 (this publication), ‘Ca. P. trifolii values for 1000 replicates are shown on branches. 

GenBank accession numbers shown in brackets. Acholeplasma laidlawii was used as an outgroup to root the tree. 
The tree was constructed by the neighbor-joining method using MEGA X software 

 
Virtual RFLP 
Virtual RFLP analyses were conducted according to 
Zhao et al. (2009). Nested PCR products with the primer 
pairs of R16F2n/R2 were digested with restriction 
endonucleases AluI, HhaI, HaeIII, MseI, RsaI and TaqI. 
Results showed that the pumpkins and squash plants 
were infected by ‘Ca. Phytoplasma trifolii’ and 

Convolvulus arvensis were infected by ‘Ca. Phytoplasma 
solani’ (Figure 4). 
The disease of squash phyllody (SqP) caused by 
phytoplasma was reported to be a very economically 
important disease reducing the yield and quality of the 
crop. It is reported that crop loss may reach up to 100% 
in case of early infections in Iran (Salehi et al., 2015).
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Figure 4. Virtually generated RFLP patterns (Zhao et al. 2009) of cucurbits (Squ 804,  Squ 805 and Squ 822) and 

bindweed (Con 806). Computer‐simulated virtual RFLP patterns illustrating in silico digestions with six key enzymes: 
AluI, HaeIII, HhaI, MseI, RsaI, TaqI showing fragments of 16S rDNA sequence of Nested PCR products from detected 
phytoplasmas and representative strains of groups 16SrVI. MW, Molecular weight marker (derived from øX174 RFI 

DNA HaeIII digest, Size range: 72 bp to 1,353 bp) (Zhao et al. 2009) 
 

In conclusion, phytoplasmas belonging to different 
groups associated with cucurbit diseases have been 
reported worldwide, such as Loofah witches’ broom 
(16SrVIII-A)(Davis et al., 2017), Cucurbita moschata  
(16SrIII-J) and Cucurbita pepo (16SrIII) (Montano et al., 
2006 and 2007), Little leaf of luffa (Kumar et al., 2010), 
Squash phyllody (16SrI-B) (Rao et al., 2017), Cucumber 
phyllody and Squash phyllody 16SrII-D, (Salehi et al., 
2015; Al-Subhi et al., 2018), Little leaf disease of bitter 
gourd (Momordica charantia L.) (NangKyuKyu et al., 
2014), phyllody of squash (Cucurbita spp.) (16SrVI-A) 
(Zibadoost et al., 2016), Cucurbita pеро (16SrVI-A) 
(Kastalyeva et al., 2016), bottle gourd virescence and 
phyllody (16SrIX)( Tripathi et al., 2017), Ca. P. trifolii’ 
and ‘Ca. P. solani’ in cucumber (16SrVI-A and 16SrXII-A) 
(Usta et al. 2017), Edible gourd phyllody (Lagenaria 
siceraria L.) (Sertkaya and Yüksel, 2018) and 16SrVI-A 
(Kumari et al., 2019), and a little leaf of bitter gourd and 
Loofah and cucumber phyllody (Borines et al., 2020). 
The phytoplasma group 16SrVI CP (clover proliferation) 
(subgroup VI-A) has been observed to infect a wide 
variety of plants all around the world (Khasa et al., 
2016; Zibadoost et al., 2016; Choueiri et al., 2007). It 
has been reported that many crops belong to different 
families such as cucumber, tomato, pepper, cabbage, 
maize etc. were also affected by phytoplasma group 

16SrVI from Turkey (Sertkaya et al., 2007; Usta et al., 
2017; Yılmaz et al., 2019; Güller and Usta, 2020; Ulubaş-
Serçe and Yılmaz 2020; Şimşek et al., 2021) and group 
16SrXII from Turkey (Çağlar et al., 2021; Usta et al., 
2021). In the current study the phytoplasmas identified 
in squash belong to group 16SrVI, and in bindweed 
belong to 16SrXII. 
Phytoplasmas affecting cucurbit crops have been 
appeared to prevalent among the main producing areas 
such as Antakya district of Hatay province. The role of 
winter and summer squash as a source of phytoplasmas 
was important not only for cucurbits but also for the 
other economically important crops grown in 
Hatay,Turkey. As vectors insects are important to 
distribute phytoplasma diseases (Weintraub and 
Beanland, 2006). Therefore, insect vectors and 
alternative hosts of phytoplasma diseases in cucurbit 
crops need to be investigated and unknown 
transmission paths of the diseases should be revealed 
by sensitive and reliable diagnostic approaches. This will 
be of help for developing future management strategies 
of the disease in other potential vegetable hosts as well 
as cucurbits in the region. 
According to our knowledge, this is the first report of a 
member of 16SrVI phytoplasma group (Ca. 
Phytoplasma trifolii) associated with winter squash-
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pumpkin (C. moschata) and summer squash (C. pepo) in 
Turkey.  
 
ÖZET 
 
Amaç: 2019’da bir hastalık surveyinde, şüpheli kabak 
bitkilerinde yaprakların sararması, bodurluk, boğum 
aralarının kısalması, çoklu sürgün oluşumu, tepe 
sürgünlerinde çalı görünümü, çiçeklerin yeşillenmesi ve 
kısırlık, fillodi, küçük ve şekli bozulmuş yapraklar ve 
gövde yassılaşması gibi fitoplazmalara özgü simptomlar 
gözlenmiştir. Böylelikle, bu çalışma Hatay ili kabak 
bitkilerinde ve tarla sarmaşığında fitoplazma 
hastalıklarının araştırılması amacıyla yürütülmüştür.  
Yöntem ve Bulgular: Hatay ili kabak tarlalarından 
şüpheli toplam 4 kış kabağı (Cucurbita moschata), 12 
yaz kabağı (Cucurbita pepo) ve 2 tarla sarmaşığı 
(Convolvulus arvensis) örnekleri toplanmıştır. 
Bitkilerden bazıları (2 kış kabağı, 10 yaz kabağı ve 2 tarla 
sarmaşığı) fitoplazmalara özgü simptom sergilemiştir. 
Toplam nükleik asit izolasyonu, CTAB metoduna göre 
yapılmıştır. Direct ve Nested PCR çalışmalarında 
sırasıyla F1/R0 ve R16F2n/R2 evrensel primer çiftleri 
kullanılmıştır. Simptom sergileyen kabak bitkilerinde 
(12/12) ve tarla sarmaşığında (1/2) beklenen ~1.2 kb 
büyüklüğünde bant elde edilirken simptomsuz 
kabaklarda elde edilememiştir. Simptom gösteren 
örneklerden 4 tanesi NCBI Genbankası’na (MT163353, 
MT163393, MT163396 ve MT163469) yüklenmiştir.  
Genel Yorum: Sekans ve filogenetik analizlerin 
ardından, kabak izolatlarının “Candidatus phytoplasma 
trifolii” (16SrVI), tarla sarmaşığı izolatının ise 
“Candidatus phytoplasma solani” (16SrXII) olduğunu 
göstermiştir. 
Çalışmanın Önemi ve Etkisi: Türkiye'de kabakgillerde 
fitoplazma enfeksiyonlarının ve doğal konakçıların 
durumu hakkında bilgi eksikliği bulunmaktadır. Mevcut 
bilgilerimize göre, Türkiye’de 16SrVI grubunun bir üyesi 
olan Candidatus phytoplasma trifolii'nin kışlık 
kabaklardan bal kabağı (C. moschata) ve yazlık 
kabaklardan sakız kabağı (C. pepo) bitkilerinde 
enfeksiyon oluşturduğu ilk kez belirlenmiştir.  
 
Anahtar Kelimeler: Ca. phytoplasma solani, Ca. 
phytoplasma trifolii, fitoplazma, kabak, Türkiye. 
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