
951 

 

Yuzuncu Yil University 
Journal of Agricultural Sciences 

 
https://dergipark.org.tr/en/pub/yyutbd 

 

Research	Article		
Molecular identification of ‘Candidatus Phytoplasma solani’ using SecY and Vmp1 

Genes in Tomato Plants from Van province  
 

Mustafa USTA1, Abdullah GÜLLER2, Serap DEMİREL*3 
  

1Van Yüzüncü Yıl University, Faculty of Agriculture, Department of Plant Protection, 65000, Van, Turkey 
2Bingöl University, Faculty of Agriculture, Department of Plant Protection, 12000 Bingöl, Turkey 

3Van Yüzüncü Yıl University, Faculty of Science, Department of Molecular Biology and Genetic, 65000, Van, 

Turkey 

1https://orcid.org/0000-0002-3940-2774 2https://orcid.org/0000-0003-3887-4208 3https://orcid.org/0000-0002-3102-4924 

*Corresponding author e-mail: serap_comart@hotmail.com 
 

 
ArticleInfo 
 
Received: 09.06.2021 
Accepted: 15.11.2021 
Online Published: 15.12.2021 
DOI: 10.29133/yyutbd.950047 
 
Keywords 
 
‘Ca. P. solani’, 
Phylogeny,  
SecY,  
Tomato,  
Turkey, 
Vmp1.  
 

Abstract: Tomato (Solanum lycopersicum) is one of the most financially 

important vegetable crops. It is a species belonging to the Solanaceae family and 

is cultivated in many countries, including Turkey. The natural presence of 

‘Candidatus Phytoplasma solani’ (‘Ca. P. solani’) from the Stolbur group 

(16SrXII) in tomato plants is extensively characterized based on the 16S rRNA 

gene worldwide. Tomato plants displaying abnormality and sterility of flower, 

purpling, and bushy appearance were observed in the Van province, Turkey. 

DNA extraction from tomato leaves was performed, and the extracted DNA was 

used to amplify 16S rRNA sequences using universal primer pairs by double PCR 

assays. After confirming the presence of the probable agent (‘Ca. P. solani’), 

nested PCR testing was performed using an appropriate primer set amplifying the 

SecY and Vmp1 genes of the same DNAs. Amplified PCR yields were then cloned 

into a pGEM T-Easy vector and sequenced by New Generation System (NGS). 

Sequenced 1438 bp nucleotides for Vmp1 gene (MN104838) and 905 bp 

nucleotides for SecY gene (MN125054) revealed 97.38% and 100% maximum 

nucleotide similarity with formerly published Vmp1 and SecY gene sequences of 

‘Ca. P. solani’ species belonged to the Stolbur group (16Sr-XII), respectively. 

According to the phylogenetic tree created using our gene sequences from ‘Ca. 

P. solani’, Vmp1, and SecY gene sequences showed a highly phylogenetic affinity 

with the same sequences of the same agent from Serbia and France, respectively. 

To the best of our knowledge, this study is the first report to reveal the 

phylogenetic relationships of ‘Ca. P. solani’ in stolbur group (16Sr XII-A) using 

SecY and Vmp1 genes in the tomato plant in Turkey based on the non-ribosomal 

genes. 
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Öz: Domates (Solanum lycopersicum) finansal olarak en öemli sebze 

bitkilerinden biridir. Solanaceae familyasına ait olan domates Türkiye’nin de 

içerisinde bulunduğu bir çok ülkede kültürü yapılmaktadır. Domates bitkilerinde 

Stolbur gruptan ‘Candidatus Phytoplasma solani’nin doğal varlığı dünya 

genelinde geniş ölçüde 16S rRNA geni üzerine dayalı olarak gerçekleştirilmiştir.    

Çiçekte anormallik ve kırıslık, morluk ve gür görünüm sergileyen domates 

bitkileri Türkiye’nin Van ilçesinde gözlendi. Domates yapraklarından DNA 

izolasyonu gerçekleştirildi. İzole edilen DNA’lar evrensel primer çiftleri çift PCR 
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tekniğiyle 16S rRNA sekansını çoğaltmak için kalıp olarak kullanıldı. Muhtemel 

ajanın varlığının doğrulanmasının ardından, Nested PCR tekniği  aynı DNA’ların 

SecY ve Vmp1 genlerini amplifiye eden uygun primer çiftleri kullanılarak 

gerçekleştirildi.  Çoğaltılan PCR ürünleri daha sonra pGEM T-Easy vektöre 

klonlandı ve yeni nesil sekanlama teknolojisi ile sekanslandı. 1438 bp’lik Vmp1 

geni ve 905 bp’lik SecY genine ait nükleotid dizileri Stolbur grupa ait ‘Ca. P 

solani’nin daha önceleri yayınlanan Vmp1 ve SecY geni ile sırası ile 97.38% and 

100% maximum nükleotid benzerliği göstermiştir. ‘Ca. P solani’ye ait bizim gen 

sekanslarımız ile oluşturulan filogenetik ağaca göre Vmp1 ve SecY geni sekansları 

sırasıyla Sırbistan ve Fransa’dan aynı ajanın aynı genleri ile yüksek filogenetik 

ilişki göstermiştir. Bizim bilgimize göre bu çalışma ribosomal olmayan genlere 

dayalı Türkiye’de domates bitkilerinde SecY and Vmp1 genlerini kullanarak 

stolbur grupda (16Sr XII-A) ‘Ca. P. solani’nin filogenetik ilişkisini ortaya koyan 

ilk rapordur. 
 

 
1. Introduction 
 

Tomato (Solanum lycopersicum), which is of South American origin in the Solanaceae family, 
and cultivated in 175 countries, is a commercial vegetable crop grown in almost every part of the world 
due to its wide range of uses. China is the leading country in the production of tomatoes; thereafter 
comes India and the USA. According to FAO data, Turkey ranks third among the world countries with 
a tomato production of approximately 13 million tons (Faostat, 2019). Tomato is one of the main 
vegetables in Van province, with a yield of 15017 tons in 566.3 hectares (Anonymous, 2016).  

Phytoplasmas are one of the major plant parasites that limit solanaceous crops, including 
tomatoes. Phytoplasmas were firstly discovered in 1960 (Bai et al. 2006). Phytoplasmas, formerly 
known as mycoplasma-like organisms (MLO), have a wide-host range, Gram+, without cell walls, hardly 
cultured, pleomorphic prokaryotes 8–10 nm in size, with minimal size DNA genome (Sugio et al., 2011; 
Contaldo et al., 2012). In extensive evolutionary research, phytoplasmas are included in the Mollicutes 
class. It is difficult to classify phytoplasmas according to the criteria applied to Mollicutes taxonomy 
since it is proved impossible to obtain pure cultures of any phytoplasma and the lack of accessible 
phenotypic principle (Vandamme et al., 1996; Razin et al., 1998). The 16S rRNA gene has fairly 
conserved sequences and is mostly used for phylogenetic research of prokaryotes. The sequence of this 
gene has been used in the recent phytoplasma taxonomy as the primary phylogenetic parameter (Lee et 
al., 1993: Seemüller et al., 1998). Therefore, a 2.5% uniqueness threshold in the 16s rRNA gene is still 
applied as a guideline for accepting a new species (IRPCM, 2004). Different phytoplasma strains 
biologically and ecologically fail to meet the requirement of sharing < 97.5% sequence similarity with 
current ‘Candidatus Phytoplasma’ but warrant designation of a new taxon can’t be easily classified. In 
this case, extra unique properties like host types and insect vectors or additional molecular markers need 
to be included for finer speciation and differentiation of phytoplasmas (Martini et al., 2007). 

Recently, more than 100 phytoplasma species have been defined from edible crops, weeds, 
ornamental plants, woody and fruit trees, parasite plants, and insects (Bertaccini and Duduk, 2009).  
Phytoplasmas are biotrophic microorganisms that spread with aphids sucking phloem sap in a persistent 
manner and parasitic plants (Suzuki et al., 2006; Shimizu and Aoki, 2019). ‘Ca. P. solani’ belonging to 
16SrXII-A subgroup (Stolbur group) infect the crops with economic significance from the family of 
both Solanaceae and Apiaceae, causing severe crop loss (Carraro et al., 2008; Navrátil et al., 2009). 

The SecY gene is a promising marker gene for finer separation in the successful differentiation 
of biologically and ecologically close phytoplasma strains. The SecY (prIA) gene, which codes for the 
protein translocase subunit, is one of the main subunits of the cytoplasmic membrane, which is necessary 
for translocation of the exo-cytoplasmic proteins through the cell membrane (Akiyama and Ito, 1987; 
Lee et al., 2010). The SecY gene located in the operator-distal part of the SPC ribosomal protein operon 
is most likely composed of six cytoplasmic and five periplasmic parts and ten transmembrane segments 
(Ito, 1990). The PCR-RFLP assays of variable membrane protein-1 amplicons (formerly termed as 
stol1H10 and now named vmp1) were also studied to elucidate the epidemiology and fine differentiation 
of the phytoplasma disease (Murolo and Romanazzi, 2015). The vmp1 gene possesses a high degree of 
genetic variability and is in direct contact with the host cells. Because of this feature, Vmp1 is used as a 
notable marker gene for molecular detection and epidemiological research of bacteria. It also provides 
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a broad perspective on the monitoring of pathogen movements, revealing the history of the disease and 
understanding their spreading routes in uncultivable organisms (Kakizawa et al., 2006; Li et al., 2009; 
Cimerman et al., 2009; Baric et al., 2011). 

Stolbur phytoplasma is an infectious agent in edible plants such as solanaceous vegetables 
(pepper, eggplant, and tomato), vine, sugar beet, strawberry, and celery in Europe, Asia, America, 
Africa, and Australia (Garnier, 2000). It also affects economically important different fruit crops, 
including peach (Allahverdi et al., 2018), blackberry (Kuzmanović et al., 2011), and avocado (Laviña 
et al., 2002), and causes their product loss or even death. In addition to being extensively seen in 
solanaceous vegetables, its presence has also been reported in different ornamental and wild plants such 
as marigold (Alp et al., 2016), petunia (Chung et al., 2013), evening primrose (Adamovic et al., 2014) 
and chicory (Pavlovic et al., 2014). Symptoms of stolbur infection observed in tomatoes are leaf rolling, 
leaf discoloration, floral distortion, sepal hypertrophy, angular fruit, big bud, and stunting (Çağlar et al., 
2010). 

The aim of this study is to detect the phytoplasmic agent restricting tomato production by PCR 
assays using SecY and Vmp1 genes in phytoplasma-suspected tomato plants and assess the molecular 
and phylogenetic analysis of both genes. 

 
2. Material and Methods 
 
2.1 Plant samples 
 

Leaf samples from 13  tomato plants displaying phytoplasma-specific symptoms were collected 
from Van province (Turkey) in the autumn season of 2020. The leaves were quickly brought to the 
laboratory and stored at -20 until used. For molecular analysis, 0.1 g of frozen sample was subjected to 
DNA extraction using GeneJET Genomic DNA Purification Kit (Thermo Scientific). Eluted DNA of 
35µl was preserved at -80°C until processed. 

 
2.2. Amplification of SecY and Vmp1 genes from ‘Ca. P. solani’ 
 

Firstly, phytoplasmic agent, ‘Ca. P. solani’, was identified by PCR-RFLP analysis performed 
using R16mF2/R16mR1 and R16F2n/R16R2 primer pairs. Later, primer sets designed by Fialová et al. 
(2009) based on SecY and Vmp1 gene sequences were utilized in two step PCR amplification, direct 
PCR, and nested PCR (Table 1). The 50 µl volume PCR-mix containing 5 µl extracted DNA (25ng) 
consisted of 5µl 10X PCR Buffer, 1µl 10mM dNTP mix, 36.6 µl RNase free water, 3µl MgCl2 (25 mM), 
1µl (20 pmol) forward and reverse primer pairs, with the addition of 0.4 µl Taq DNA polymerase 
enzyme (5U µl-1) (Thermo Scientific, USA). PosecF1/PosecR1 (direct PCR) and then PosecF3/PosecR3 
primers (nested PCR) was used for SecY amplification, StolH10F1/StolH10R1 (direct PCR) followed 
by TYPH10F/TYPH10R primer sets (nested PCR) was used for Vmp1 gene amplification (Table 1). 
Direct PCR products diluted 30-fold by distilled water were used as a template for nested PCR. Mix 
without DNA template was used as a negative control. Amplified yields were assessed on agarose gel 
(1%) using a 10 kb DNA ladder under a UV trans-illuminator device. 

 
Table 1. The primer sets and temperature cycles utilized in the PCR tests. PD: pre-denaturation, D: 

denaturation, A: annealing, E: extension 

Gene Primer 
name 

Primer sequence PCR type PCR cycle conditions and 
durations 

SecY 

PosecF1 TCTGCTTTGCCTTTGCCTTT Direct PD: 94°C- 4m (1 cycle) 
D: 94°C-30s 
A: 52°C-30s (55°C for nested) 
E: 72°C-2m  (1.5m for nested) 

(35 cycles) 

PosecR1 ATTAGTAAACTAGTTCCTCC 
PosecF3 GGATTGATAGATGCTGCCCC 

Nested PosecR3 GCCCCTATAACGGTGATTTTGA 

Vmp1 

StolH10F1 AGGTTGTAAAATCTTTTATGT 
Direct 

PD: 95°C- 3m (1 cycle) 
D: 95°C-30s 
A: 54°C-30s (62°C for nested) 
E: 72°C-1m  

(35 cycles) 

StolH10R1 GCGGATGGCTTTTCATTATTTGAC 
TYPH10F AACGTTCATCAACAATCAGTC 

Nested TYPH10R CACTTCTTTCAGGCAACTTC 
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2.3. Cloning of PCR amplicons and nucleotide sequencing of SecY and Vmp1 genes 
 
In order to reveal the nucleotide sequences, the 100 µl of nested PCR-amplified products were 

loaded into 1% agarose gel, cut DNA fragments purified with GeneJet agarose gel extraction kit (Cat. 
No. K0691, Thermo). ). The purified DNA fragments were cloned directly into the proper prokaryotic 
cloning vector (pGEM T-Easy) using a competent cell (E. coli JM 109 strain). Recombinant plasmids 
containing the inserted gene were determined by blue-white selection and propagated in a liquid LB 
medium. And then, six plasmid purification was performed with GeneJet Plasmid Miniprep Kit (Cat. 
No. K0503, Thermo).   After recombinant plasmid containing the gene of interest verified by PCR using 
gene-specific primers, one plasmid, including each gene, sent for nucleotide sequencing 
(Sentebiolab/ANKARA). All kits were used according to the manufacturer's instructions. The nucleotide 
sequences of the SecY and Vmp1 genes were stored with accession numbers (MN125054 and 
MN104838) in the GenBank (NCBI 
 
2.4. Phylogenetic analysis of SecY and Vmp1 Sequences 

 
Based on SecY and Vmp1 sequences, the phylogenetic inter-relationships among strains of the 

stolbur group and other phytoplasma groups were evaluated. Partial sequences of members of the 
16SrXII group and other phytoplasma strains deposited in GenBank were aligned by using CLC Main 
Workbench Software version 6.2.2. A phylogenetic tree was created using Mega 7 software, with 1000 
bootstrap values based on the neighbor-joining method. For the phylogenetic tree generated for SecY 
genes, SecY sequences from different phytoplasmic groups were included as well as the STOL group, 
but not included for Vmp1 gene duo to lack the other Vmp1 gene sequences from the STOL group in 
GenBank. 
 
3. Results and Discussion 
 

Phytoplasmas interfere with the host's hormone regulation, resulting in remarkable symptoms 
such as witches' broom, yellowing, reddening and purpling, phyllody, dieback, upward rolling, 
infertility, woody, and tasteless fruit formation, and stunting (Duduk and Bertaccini, 2011). In our study, 
Stolbur-diseased tomato plants exhibited striking symptom development such as elongated calyx, 
infertility and flower deformities, and scrub (Fig 1), which are consistent with those previously reported 
by many researchers (Pracros et al., 2006; Azza and Eman, 2016; Sakalieva, 2020). The occurrence of 
stolbur phytoplasma of tomato in Turkey was first known in 1953 and subsequently from potatoes in 
1965 (Tanrıkut, 1953, Sahtiyancı, 1966). Moreover, the current study revealed the presence of ‘Ca. P. 
solani’ in tomato plants in Van province of Turkey by molecular analysis. 

 

 
Figure 1. Various types of symptoms triggered by stolbur infection on tomato plants. 

 
Phytoplasmas are basically divided into 33 groups according to the RFLP-based grouping of the 

largely evolutionarily conserved ribosomal 16S rRNA gene (Dickinson and Hodgetts, 2013; Bertaccini 
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et al., 2014). However, epidemiological studies have shown that different phytoplasma strains which 
have very close genetic affinity are not easily discriminated by analysis of the 16S rRNA gene sequence 
only (Martini et al., 2007). In the classification of phytoplasmas, several bacterial genetic markers are 
also used as supporting tools for more detailed differentiation. Lee et al. (2010) showed that finer 
differentiation of strains into subgroups of ‘Candidatus Phytoplasma’ was provided by the sec Y gene 
rather than the 16S rRNA gene. Davis et al. (2013) also signified SecY gene could be used in the 
taxonomy of phytoplasma. Markers based on 23S rRNA and SecA gene successfully discriminated 
candidate species of ‘Candidatus Pyhtoplasma’ (Hodgetts et al. 2008).   Several genetic markers such 
as imp, tuf, Vmp1, rp, cpn60UT, rpoB, AY-WB, and SAP11 has been used in phylogenetic analyses for 
detailed separation of phytoplasma strains (Martini et al., 2007; Kakizawa et al., 2009; Sugio et al., 
2010; Wu and Baldwin, 2010; Sugawara et al., 2012; Alvarez et al., 2014; Pérez-López et al., 2014; 
2018; Rashid et al., 2018). 

In our study, two tomato plants showing phytoplasma-like symptoms were PCR-positive. Based 
on PCR-RFLP analysis of 16S rRNA gene using universal primer sets, we confirmed the presence of 
‘Ca. P. solani’ from the stolbur group in diseased tomato plants. One of the stol-infected DNAs was 
randomly selected, and their SecY and Vmp1 genes were successfully amplified using related primer sets 
(Table 1). Nested PCR amplification resulted in 1438 bp for the Vmp1 gene and a 905 bp DNA fragment 
for the SecY gene (Fig 2). Related sequences of ‘Ca. P. solani’ were recorded in the GenBank with Acc. 
No. MN104838 and MN125054, respectively. Interestingly, although the same primer sets were used, 
DNA fragments of distinct length were obtained in PCR amplification studies performed by various 
researchers separately, indicating that the SecY and Vmp1 genes have a high degree of variability in 
terms of DNA fragments with different lengths (Fialová et al., 2009; Lee et al., 2010).  

 

 
Figure 2. Agarose gel profile of Vmp1 and SecY genes obtained from ‘Ca. P. solani’ by Nested-PCR 

assay from suspected tomato plants, 1: Marker (10 kb); 2-9: DNA fragments of Vmp1 gene of infected 
tomato; 12 and 13: DNA fragments of SecY gene of infected tomato. 

 
According to BLAST analysis, the sequence identity obtained from TYPH10F/TYPH10R 

primers for Vmp1 amplicons ranged from 97.38% to 91.80%. The SecY gene sequence amplified by 
PosecF3/PosecR3 primers showed sequence identity in the range of 99.01%-100%. These data indicate 
that the secY gene is more stable than the Vmp1 gene of ‘Ca. P. solani’. PosecF3/PosecR3 primed SecY 
sequences, and TYPH10F/TYPH10R primed Vmp1 sequences were aligned with the same sequences 
from ‘Ca. P. solani’ from different origins and their phylogenetic relationships were revealed. As shown 
in Fig 3, we determined that the 905 base SecY sequence obtained from ‘Ca. P. solani’ from tomato 
plants in Van province (Turkey) showed a phylogenetic affinity with the 841 base French isolates 
(AM992083) from the tomato plant. In the phylogenetic tree, our SecY sequence (MN125054) is 
clustered with ‘Ca. P. solani’ isolates from the STOL group, although there are SecY gene sequences 
from different 16Sr groups/subgroups (16SrI, II, III, IV, V, VI, VII, VIII, X, XIII), which indicate that 
SecY gene sequences from the same 16Sr group are more compatible with each other. Unlike the SecY 
gene, the Vmp1 gene exhibited greater host-independent gene similarity based on the phylogenetic tree 
generated using ‘Ca. P. solani’ isolates isolated from different hosts. As seen in Fig. 3, our Vmp1 
sequence (1438 bp, MN104838) showed a phylogenetic affinity with Serbia isolate (1053 bp, 
KC703030) from the insect Reptalus quinquecostatus. 
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Figure 3. Phylogenetic trees created by using Neighbor-Joining method based on the SecY gene sequences consisting of 10 16Sr subgroups and numerous 

subgroups (left) and Vmp1 gene sequences (right). Bootstrap scores are displayed on the main branches. A. laidlawii was assigned as outgroup.
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In the world, ‘Ca. P. solani’ in the 16 SrXII-A group commonly affects solanaceous crops 

worldwide, as well as in Turkey (Mitrovic et al., 2016; Ember et al., 2011). In addition to the 16Sr 

ribosomal genes, other non-ribosomal genes have begun to be widely used in phytoplasma taxonomy. 

In Turkey, there are many studies reporting the presence of ‘Ca. P. solani’ agent based on 16SrRNA 

gene using universal primer sets related to phytoplasma epidemics in many agro-economic products 

(Oksal et al., 2017; Usta et al., 2017; Usta et al., 2018; Oksal, 2020). Güller and Usta (2020) detected 

both Ca. P solani (16SrXII) and Ca. P. trifolii (16SrVI-A) in tomato plants from Turkey. However, there 

are no records revealing the phylogenetic relationship of the related agent using different marker genes 

such as SecY and Vmp1. To our knowledge, this research is the first phylogenetic investigation of ‘Ca. 

P. solani’ belonging to 16SrXII-A group infecting tomatoes in Turkey based on these genes. 

Phylogenetic information of any organism provides insight into our understanding of its biodiversity, 

distribution, origin, evolutionary history, and relationship with others. Therefore, this study is significant 

in terms of the first phylogenetic report using SecY and Vmp1 genes in tomatoes and providing a source 

for other studies to be carried out in the future. 
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