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Identification of ‘Candidatus Phytoplasma solani’ phytoplasma-associated 
diseases in eggplants exhibiting abnormal flower structure (phyllody and 
virescence) and witches’ broom symptoms in Şanlıurfa province
Şanlıurfa ilinde anormal çiçek yapısı (phyllody ve virescence) ve cadı süpürgesi simptomları 
gösteren patlıcan bitkilerinde ‘Candidatus phytoplasma solani fitoplazma-ilişkili hastalığın 
tanımlanması
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Phytoplasmas cause infections in numerous plants in agricultural ecosystems, 
causing significant yield and quality losses in products. In recent years, it has 
been known that diseases caused by phytoplasmas cause economic losses in 
eggplant (Solanum melongena L.) cultivation. In Turkey, research on infections 
caused by phytoplasmas in eggplant growing areas is quite limited. This study 
was carried out to detect phytoplasma infections symptomatologically and 
molecularly in eggplant production areas in Şanlıurfa province. Fourteen samples 
were collected from eggplants exhibiting symptoms such as witches’ broom, 
flower abnormalities (virescence, phyllody), elongation of the pedicle, arising of 
new shoots from flower parts, yellowing and proliferation. Phytoplasma infection 
was detected in 8 symptomatic samples using 16S rRNA-specific primers, P1/
P7 and R16F2n/R16R2, by direct and nested PCR. Sequence information of 
fragments obtained as a result of molecular studies was extracted and BLAST 
analyses were performed. According to nucleotide sequence similarity in the 
16S rRNA gene region, it was determined that the genetic group of phytoplasma 
causing infection in eggplant was related to ‘Candidatus Phytoplasma solani’ 
(CaPsol) belonging to 16SrXII-A subgroup with 98% sequence identity. To our 
best knowledge, this study suggests comprehensive symptomatic diagnosis of 
CaPsol infecting eggplants in Türkiye.
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Eggplant (Solanum melongena L.) is an important crop that 
can be easily cultivated in tropical and subtropical regions, 
and it provides nutrition and economic value with a high 

yield and a short maturation period. Eggplant, which is 
commonly grown in China, India, Egypt, France, Italy and 
Spain (Rao and Kumar 2017), has been largely produced in 

INTRODUCTION
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Türkiye with 817.591 tons in an area of 166.619 acres (TÜİK 
2023). Şanlıurfa province has a significant potential in terms 
of eggplant production in the Southeastern Region. 

Among these biotic stress factors, phytoplasmas, which have 
no direct control method, are of particular importance. 
Phytoplasmas are bacterial plant pathogens, a group of 
microorganisms that lack a cell wall and are genetically 
related to a Gram-positive ancestor (Weisburg et al. 
1989). They are restricted to the phloem tissue in plants 
and are transmitted by sap-sucking insect vectors such as 
Cicadellidae, Fulgoromorpha, and Psyllidae (Weintraub and 
Beanland 2006). Phytoplasmas, whose molecular differences 
were defined using the 16S ribosomal gene as the basic 
standard (Duduk et al. 2010), have been classified into 48 
tentative species and more than 150 subgroups so far, and 27 
complete genomes have been sequenced (Wang et al. 2024). 
Among these genetic groups, 'Candidatus Phytoplasma 
solani' (CaPsol) (subgroup 16SrXII-A), which is particularly 
widespread in the vineyards of the Euro-Mediterranean 
basin and poses a potential threat to viticulture worldwide 
and causes losses in members of the Solanaceae, has 
become remarkable in agroecosystems (Navrátil et al. 2009, 
Quaglino et al. 2019). Infections caused by CaPSol have been 
reported from different geographical regions of Türkiye and 
various agricultural ecosystems where perennial or annual 
plants such as tobacco, pepper, tomato and grapevine are 
grown (Erilmez et al. 2022, Usta et al. 2022, Zelyüt 2023, 
Zelyüt et al. 2022). Studies on phytoplasma-associated 
infections in eggplant cultivation areas of our country 
are quite limited and have only been reported from the 
Eastern Mediterranean and Eastern Anatolia regions of 
Turkey (Sertkaya et al. 2007, Usta et al. 2022). Moreover, 
it has been reported from different countries of the world 
that phytoplasma-induced infections in eggplant plants 
are associated with six different ribosomal groups (16SrI, 
16SrII, 16SrIII, 16SrVI, 16SrIX, 16SrXII) (Rao and Kumar 
2017). More specifically, phytoplasma-associated diseases 
have been reported to cause losses of up to 40% in eggplant 
plants (Mitra et al. 1993, Rao et al. 2011). 

Phytoplasmas were identified in more than 1000 plant 
species with diseases and different symptoms exhibited 
in field crops, horticultural and ornamental plants and 
weeds (Bertaccini 2022, Bertaccini et al. 2022) and 
exhibit quite diverse symptoms from the behaviour and 
physiology of normal plants. However, eggplants infected 
with phytoplasma-associated diseases show widespread 
symptoms including dwarfism, witches’ broom, little leaf 
formation, phyllody (Li et al. 2019, Gawande et al. 2022), 
hypertrophy of the calyces (Usta et al. 2022) and abnormal 

development of floral parts into leafy structures (Arocha et 
al. 2007, Asudi et al. 2021, Bertaccini et al. 2014, Karthikeyan 
et al. 2024, Šafárˇová et al. 2016).

Phytoplasmas have a wide host range, infecting plants and 
replicating within the bodies of insect vectors. Beyond their 
transmission by phloem-feeding insect vectors such as 
leafhoppers, planthoppers, and psyllids (Asudi et al. 2021, 
Gonella et al. 2008, Huang et al. 2021), they can also spread 
through alternative mechanisms. These include parasitic 
plants like dodder that connect to the vascular tissues of host 
plants (Akhtar et al. 2009, Montano et al. 2001), vegetative 
propagation materials such as grafts, cuttings, storage 
roots, rhizomes, bulbs (Omar and Foissac 2012), and stem 
segments (Bertaccini 2007, Tedeschi et al. 2006, Wang et al. 
2024), as well as, in some cases, seeds (Kirdat et al. 2023, 
Randa-Zelyüt et al. 2022, Wang et al. 2024). 

In phytoplasma-infected plants, specific symptoms can 
sometimes help diagnose the disease. However, in certain 
cases, infected plants may remain asymptomatic or display 
symptoms that are hard to differentiate from those caused 
by viral infections or physiological disorders (Wang et al. 
2024). Thus, identification relies on techniques like electron 
microscopy, histochemical staining, serological assays, 
and molecular diagnostic methods. In additions, with the 
technological advances in recent years, the use of the rp 
(ribosomal protein) operon, tuf, secY, secA, groEL (cpn60) 
and rpoB marker genes (Botti and Bertaccini 2003, Lee et al. 
2006, Lee et al. 2010, Marcone et al. 2000, Martini et al. 2002, 
Martini et al. 2007, Mitrovic et al. 2011, 2015, Hodgetts et al. 
2008, Valiunas et al. 2013) has been developed to distinguish 
phytoplasmas and various genes encoding surface proteins 
such as vmp1 (Cimerman et al. 2009, Fialová et al. 2009), 
imp (Danet et al. 2011), amp (Kakizawa et al. 2006), stamp 
(Fabre et al. 2011), and hflB (Schneider and Seemüller 2009) 
which appear to be more determinant at the strain level, has 
become widespread. 

Almost half of the phytoplasma diseases observed in 
vegetables belong to Solanaceae family diseases and in 
eggplants. Distinct phytoplasma groups and subgroups have 
been reported in different countries, including the 16SrI 
group in Bangladesh (Kelly et al. 2009) and India (Kumar et 
al. 2012); 16SrI-B subgroup in Japan (Lee et al. 1998, Okuda 
et al. 1997); 16SrII-D subgroup in India (Kumar 2015, Yadav 
et al. 2016), Iran (Siampour et al. 2013), Oman (Al-Subhi 
et al. 2011) and Egypt (Omar and Foissac 2012); 16SrIII-J 
and -U subgroup in Brazil (Amaral Mello et al. 2007, Barros 
et al. 1998); 16SrVI-A subgroup in Türkiye (Sertkaya et al. 
2007); 16SrVI-D subgroup in India (Azadvar and Branwal 
2012, Kumar 2015); Bangladesh (Siddique et al. 2001, Wei 
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et al. 2008); 16SrIX-C subgroup in Iran (Tohidi et al. 2015) 
16SrXII-A subgroup in Russia (Ember et al. 2011)  and 
Türkiye (Usta et al. 2018). 

This study was conducted to identify and characterize the 
presence of phytoplasma in eggplant plants, which exhibit 
suspicious phytoplasma symptoms in fields where eggplant 
is cultivated in Şanlıurfa province. PCR-based techniques 
were employed for this purpose.

MATERIALS AND METHODS

Sample collection

A total of 14 samples exhibiting phytoplasma symptoms such 
as phyllody, virescence, little leaf formation, witches’ broom 
and yellowing were collected from eggplant cultivation 
fields in July-August 2023 in Eyyübiye, Haliliye, Karaköprü 
and Siverek districts of Şanlıurfa province. All plant samples 
were transported to Niğde Ömer Halisdemir University-
Plant Production and Technologies Laboratory and stored 
at -20 °C prior to molecular analysis. 

DNA extraction and PCR analysis

Total DNA was extracted from 0.5 g of plant tissue from 
young shoots, midribs, and flowers belonging to symptomatic 
eggplants using the cetyl trimethyl ammonium bromide 
(CTAB) technique (Doyle and Doyle 1990). To amplify the 
16S rRNA gene region, the extracted DNA was amplified with 
the P1 (5’-AAGAGTTTGATCCTGGCTCAGGATT-3’) / 
P7 (5’-CGTCCTTCATCGGCTCTT-3’) (Deng and Hiruki 
1991, Schneider et al. 1994) primer pair for direct PCR and 
with the R16F2n (5’-GAAACGACTGCTAAGACTGG-3’) 
/ R16R2 (5’-TGACGGGCGGTGTGTACAAACCCCG-3’) 
(Gundersen and Lee 1996) primer pair for nested PCR 
in two-stage (direct and nested) PCR studies. Amplicons 
obtained from direct PCR products were diluted at a 
1/50 ratio and used as template DNA in nested PCR. 
Thermocycling conditions were regulated to direct and 
nested PCR. For direct PCR: 3 min at 94 °C for the first 
denaturation, followed by 35 cycles of 1 min at 94 °C, 2 min 
at 50 °C and 3 min at 72 °C, finally 10 min at 72 °C. For 
nested 5 min at 9 °C for the first denaturation, followed by 
35 cycles of 1 min at 94 °C, 1 min at 60 °C and 2 min at 72 
°C, finally 10 min at 72 °C. The 25 μl of PCR reaction mixes 
consisted of 1 μl of DNA as a template, 2.5 μl of 10x PCR 
buffer, 1.5 μl of MgCl2 (25 mM), 1 μl of dNTP (10 mM), 1 μl 
of reverse and forward primer (10 µM), 0.2 μl of Taq DNA 
polymerase (2 unite) (Thermo-Fisher Scientific). A ‘Ca. P. 
mali’ (AP) isolate, used as a positive control, was kindly 
provided by Dr. B. Schneider (Germany). To visualize the 
products amplified by nested PCR, they were subjected to 
electrophoresis on a 1% agarose gel in 1xTAE (Tris Acetic 
EDTA) buffer at 120 V for 40 minutes. The gel was then 

stained with Ethidium Bromide and visualized with a UV 
transilluminator (Biorad).

DNA analysis

Amplified nested PCR products were sequenced using 
the amplification primers from both sides with Applied 
Biosystems®3500 by MedSanTek (İstanbul/Türkiye). 
Geneious Prime software was used to check the quality 
of the sequences and to expand the entire sequence of the 
fragments by merging the overlaps. The obtained sequence 
was blasted in the NCBI database (www.ncbi.nlm.nih.gov) 
and for further analysis similar sequences were retrieved. 
The aligned sequences were deposited in the GenBank 
database and an accession numbers were obtained.

The Neighbor-Joining (NJ) method inferred the phylogenetic 
tree (Saitou and Nei 1987). The percentage of replicate 
trees in which the associated taxa clustered together in 
the bootstrap test (1000 replicates) are shown next to the 
branches (Felsenstein 1985). The evolutionary distances 
were computed using the Kimura 2-parameter method 
(Kimura 1980). Evolutionary analyses were conducted in 
MEGA11 (Tamura et al. 2021).

RESULTS

Symptomatology

The most dramatic symptoms related to phytoplasma 
agents in diseased eggplants were observed as flower organ 
abnormalities (phyllody, virescence). Additionally, yellowing 
of the entire plant, little leaf formation, new shoots from the 
flower parts, elongation of the flower stalk, and witches’ 
broom were commonly observed symptoms (Figure 1).

Figure 1. Typical symptoms observed in phytoplasma-
infected plants: A. elongation of the flower stalk, B. 
Phyllody, C. Virescence and formation of new plants from 
flower parts, D. yellowing, witches’ broom and proliferation
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Detection and identification of phytoplasma agents

Fourteen symptomatic plants were tested against 
phytoplasma using 16S rRNA-specific primers. 
Amplifications of approximately 1200 bp in length expected 
for primer pairs R16F2n / R16R2 were obtained in 8 of all 
samples. The trimmed 991 nt nucleotide sequence of the 
PH50 isolate showed 98.85% similarity to the member of 
the 16SrXII-A 'Ca P. solani' sequence, an eggplant isolate 
from Turkey deposited in NCBI with the accession number 
KT595210. The phylogenetic tree constructed with CaPsol 
strains detected in Türkiye from different hosts was shown 
in Figure 2. The eggplant isolate showed 98.85% identity 
with all CaPSol strains from Türkiye.

DISCUSSION

Phylogenetic analyses of 16S rRNA sequences of 
phytoplasmas worldwide revealed that phytoplasma-
associated diseases in eggplants belong to different groups 
and subgroups of the pathogen. In Brazil, Amaral-Mello et al. 
(2011) identified that 16SrIII-B subgroups were associated 
with eggplant giant calix disease exhibiting symptoms 
such as leaf chlorosis, proliferation, shortened internodes, 
dwarfism, enlarging of calyces, small flowers and reduction 
of fruit size. In a study, carried out on eggplant in India, 
Venkataravanappa et al. (2018) detected mixed infections 
with both phytoplasma and begomovirus in showing little 
leaf formation and mosaic symptoms, and identified the 

phytoplasma-associated disease as Clover proliferation 
belonging to the 16SrVI group. Li et al. (2019) detected that 
the phyllody phytoplasma (eggplant phyllody phytoplasma 
– EPP) strain was associated to the 16SrII-D group in 
phylogenetic analyses based on 16S rRNA and secA gene 
sequences of eggplant plants showing phyllody, little leaf 
and witches’ broom symptoms. Omar et al. (2020) identified 
peanut witches’ broom phytoplasma belonging to 16SrII-X 
subgroup in infected eggplants displaying symptoms 
including phyllody, little leaf formation and witches’ broom. 
Usta et al. (2022) detected CaPsol belonging to 16SrXII-A 
in eggplants exhibiting symptoms such as fruit deformation, 
hypertrophy of the calyces and yellowing. Gawande et al. 
(2022) found that 'Candidatus Phytoplasma trifolii’ was 
associated with Brinjal little leaf (BLL) disease in eggplants 
showing symptoms including little leaf formation, phyllody 
and witches’ broom. Darabakula et al. (2024) detected 
phytoplasma associated diseases in infected eggplants 
showing brinjal little leaf symptoms; 16SrI, -II, -V, -VI, and 
-XII phytoplasma groups identified in the first-generation 
seedling produced from these infected eggplants whereas 
only 16SrI and 16SrXII groups identified in the second-
generation seedlings. Karthikeyan et al. (2024) identified 
‘Ca. P. trifolii’ belonging to 16SrVI Clover proliferation 
group in eggplants exhibiting symptoms such as little leaf 
formation, excessive growth of axillary shoots, virescence, 
phyllody, stunted growth, leaf chlorosis and witches’ broom 
symptoms, and insect vectors. 

In this study, CaPsol belonging to the 16SrXII-A 
phytoplasma group was identified based on the 16S rRNA 
conserved region in eggplant plants. CaPSol, the causative 
agent of stolbur disease, has a wide host range that includes 
both cultivated and wild plants (CABI 2024). In the 4 
samples where phytoplasma could not be detected, it is 
likely that the phytoplasma density was at an undetectable 
density. CaPsol affects various members of the same species 
such as Solanaceae plants, grapes, lavender, strawberry, 
sugarcane, bindweed and common morning glory (Danet et 
al. 2003, Fos et al. 1992, Garnier 2000, Langer and Maixner 
2004, Quaglino et al. 2013). In particular, the period 
when eggplant is grown at the same time as other crops 
raises concerns about the natural spread of phytoplasmas 
among different plant species. Therefore, effective control 
methods should be implemented in an integrated manner 
by choosing resistant plant species and taking into account 
regional conditions.

In this study, both symptomatic detection and molecular 
detection based on the 16S rRNA conserved region 
were performed in eggplant which is a significant host 

Figure 2. The phylogenetic tree constructed using the 
CaPsol strains detected in Türkiye from different hosts. 
‘Ca. Phytoplasma trifolii’ used as outgroup (Bootstrap is 
1000)
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of phytoplasma-associated diseases. Symptoms such as 
witches’ broom, flower abnormalities (virescence, phyllody), 
elongation of the peduncle, production of new shoots from 
flower parts, yellowing and proliferation were observed in 
infected eggplants. Pathogen was identified as 16SrXII-A 
subgroup belonging to CaPSol with bioinformatics’ analysis. 
To detect other possible hosts belonging to this phytoplasma 
species and insect vectors, advanced studies are necessary. 
Further studies are needed to identify other possible hosts 
and vector insects of this phytoplasma species.
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ÖZET

Fitoplazmalar tarımsal ekosistemlerdeki çok sayıda bitkide 
enfeksiyonlara neden olarak ürünlerde önemli verim ve 
kalite kayıplarına yol açmaktadır. Son yıllarda patlıcan 
(Solanum melongena L.) yetiştiriciliğinde fitoplazmalardan 
kaynaklanan hastalıkların ekonomik kayıplara neden 
olduğu bilinmektedir. Türkiye'de patlıcan yetiştirilen 
alanlarda fitoplazmaların neden olduğu enfeksiyonlara 
ilişkin araştırmalar oldukça sınırlıdır. Bu çalışma, Şanlıurfa 
ilinde patlıcan üretim alanlarında görülen fitoplazma 
enfeksiyonlarının simptomatolojik ve moleküler olarak 
tespiti amacıyla yürütülmüştür. Cadı süpürgesi hastalığı, 
çiçek anormallikleri (viresens, fillodi), çiçek sapının uzaması, 
çiçek kısımlarından yeni sürgünlerin çıkması, sararma ve 
çoğalma gibi belirtiler gösteren patlıcanlardan 14 örnek 
toplanmıştır. 8 simptomatik örnekte 16S rRNA-spesifik 
primerler, P1/P7 ve R16F2n/R16R2 kullanılarak direkt ve 
nested PCR ile fitoplazma enfeksiyonu tespit edilmiştir. 
Moleküler çalışmalar sonucunda elde edilen fragmentlerin 
sekans bilgileri çıkarılmış ve BLAST analizleri yapılmıştır. 
16S rRNA gen bölgesindeki nükleotid dizi benzerliğine göre, 
patlıcanda enfeksiyona neden olan fitoplazmanın genetik 
grubunun %98 dizi benzerliği ile 16SrXII-A alt grubuna ait 
‘Candidatus Phytoplasma solani’ (CaPsol) ile ilişkili olduğu 
belirlenmiştir. Bilgilerimize göre, bu çalışma Türkiye'de 
patlıcanları enfekte eden CaPsol'ün kapsamlı semptomatik 
teşhisini önermektedir.

Anahtar kelimeler: patlıcan, Şanlıurfa, CaPsol, nested-PCR, 
moleküler karakterizasyon
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