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Abstract

Phytoplasma-type symptoms were noted in tomato (Lycopersicum esculentum L.) in Bingol province of
Turkey. The remarkable symptoms include witch’s broom, rosetting, purple curled and crispy leaves, small
leaves in the upper branches and excessively elongated calyx. Genomic DNA isolation was performed to
identify possible pathogens from the leaves of 11 plants with and without symptom. In the Nested-PCR test
performed using universal primer sets, DNA bands of approximately 1200 bp size were obtained in 4 of 11
samples. Randomly chosen two DNA bands primed R16F2n/R16R2 were cloned into an appropriate plasmid
vector to further characterizations. The recombinant plasmid DNAs purified were sequenced in both directions.
Molecular assays of the 16S rRNA sequence confirmed the existence of the “Canditatus Phytoplasma solani”
(16SrXII-A group) (similarity coefficient 1.00) (Accession no: MT279680) and the “Canditatus Phytoplasma
trifolii” (16SrVI-A group) (similarity coefficient 1.00) (Accession no: MT279852) in the infected tomato samples.
The isolates associated with tomato-phytoplasma were named as ‘Bingdl D11’ and ‘Bingél D90’ isolates,
respectively. The phylogenetic dendrogram created also confirmed where both pathogens belong.

This current paper is documented in the first record of “Ca. P. solani” (16SrXIl-A) and “Ca. P. trifolii”
(16SrVI-A) in naturally diseased tomato in Bingol of Turkey.
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Bingol ilinde Domateste Stolbur ve Yonca Proliferasyon Fitoplazma Enfeksiyonlari

Oz

Bingdl ilinde yetistiriciligi yapilan domates (Lycopersicum esculentum L.) tarlalarinda fitoplazma benzeri
belirtiler dikkat ¢ekmistir. Dikkat ¢eken belirtiler arasinda cadi stpurgesi, rozetleme, mor renkli kivrilmis ve
gevrek yapraklar, Ust dallarda kiiglk yaprakhlik ve asiri uzamis kaliks yer almaktadir. Simptomlu ve simptomsuz
toplam 11 bitkinin yapraklarindan muhtemel patojeni belirleyebilmek i¢cin genomik DNA izolasyonu yapilmistir.
Universal primer setleri kullanilarak gerceklestirilen Nested-PCR testlerinde, 11 6rnegin 4’{inde yaklasik 1200 bp
blyukliginde DNA bantlari elde edilmistir. R16F2n/R16R2 primerleri ile bant veren 6rneklerden rastgele ikisi
secilerek uygun bir plasmid vektorde klonlanmistir. Saflastirilan rekombinant plasmid DNA’si ¢ift yonli olarak
dizilenmistir. 16S rDNA dizisinin molekiler analizleri, infekteli domates érneklerinde ‘Canditatus Phytoplasma
solani’ (16SrXII-A grup) (benzerlik katsayisi 1.00) (Ulasim no: MT279680) ve ‘Canditatus Phytoplasma
trifolii’(16SrVI-A grup) (benzerlik katsayisi 1.00) (Ulasim no: MT279852) dogrulamistir. Domates 6rneklerindeki
fitoplazma izolatlari ‘Bing6l D11’ ve ‘Bingdl D90’ olarak isimlendirilmistir. Olusturulan filogenetik dendrogram
da her iki patojenin ait oldugu yeri dogrulamistir.

Mevcut bu calisma Bingol ilinde domatesi dogal olarak enfekte eden “Ca. P. solani”(16SrXII-A) ve “Ca.
P. trifolii”(16SrVI-A) nin ilk raporudur.

Anahtar kelimeler: “Ca. P. solani”, “Ca. P. trifolii”, Virtual RFLP, 16S rRNA geni, Domates
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Introduction

In Turkey and the world, tomato
(Lycopersicum esculentum L.) is one of the most
important products with commercial potential. It is
considered one of the vegetables widely grown in
most regions worldwide (Sertkaya et al., 2007).
Tomato health can be impaired by many pests as
well as many viral, fungal and bacterial agents.
Tomato is subjected to phytoplasma infection
within Canditatus Phytoplasma genus grouped in
Mollicutes class, known as formerly mycoplasma-
like organisms. This is an economically important
bacterial disease worldwide and the most
persistent common problem in tomato farming
(Shaw and Kirkpatrick, 1993). Phytoplasmas,
explored in 1967, are biotrophic aggressive
parasitic prokaryotes, only restricted to phloem
sieves of their host plants, without cell walls (with
a 3-layer membrane, 8—10 nm in size) (Hull, 1972;
Schneider et al.,, 1999), in vitro or in vivo
unculturable although someone claims the
opposite (Contaldo et al., 2012).

The systemic phytopathogen is recognized
by a large number of diseases by affecting many
plants including vineyard, fruit trees, ornamental
plants, and vegetables, as well as insects (Gaglar
and Elbeaoino, 2013; Ember et al., 2011; Pracros et
al., 2006; Gazel et al., 2016, Weisburg et al., 1989;
Oshima et al., 2013).

Phytoplasmas systemically spread in host
plants and distributed from plant to plant by
insects feeding phloem sap at persistent mode
(Thylocyba quercus, Hyalestes obsoletus,
Macrosteles laevis, Circulifer haematoceps, and
Pentastridius leporinus) (Sahin et al.,, 2007;
Weintraub and Jones, 2010), weeds (Setaris spp.,
Datura  stromonium, Polygonum  persicaria,
Amaranthus albus) and parasitic plants (Orobanche
ramosa, Cuscuta campestris) (Afat, 2004; Ozdemir,
2008).

Symptoms of phytoplasmas on tomato
plants usually occur in flowers, leaves, and fruits.
The initial symptoms of the leaves include slight
violet color and reduced leaf size of growing young
shoots, and twisting in advanced stages (Del
Serrone et al., 2001). The infection strongly and
prominently affects flower morphology. No flowers
are formed before the inflorescence in early
infections. Abnormal growth in sepals results in
male and female organ sterility. In late infection,
fertilized flowers can turn into fruit before the
incubation period of the pathogen (Valente et al.,
1961; Tsplenkov and Fedotina, 1973). But, their
structures are completely hard (woody), tasteless,
colorless, dehydrated and without seeds. It also
exhibits stunted and growth retardation due to
impaired transport of assimilation products in
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pathogen-infected plants (Usta et al., 2018). The
defective agent severely destroys tomato fruits,
rendering them unmarketable (Carpar and
Sertkaya, 2015; Musetti et al.,, 2013; Liu et al.,
2016).

TEM imaging, ELISA assays, and DNA
based methodology such as (polymerase chain
reaction, hybridization) are frequently used
diagnostic methods (Kanatiwela-de Silva et al.,
2019; Gopala and Rao, 2018). To date, especially
the 16s rRNA gene highly conserved in prokaryotes
was used to distinguish the phytoplasma
group/subgroup as a conventionally marker gene
in numerous research. Besides, immunodominant
membrane proteins (imp), elongation factor (tuf),
ribosomal protein (rp), chaperonin (cpn60), protein
translocase subunit (secY), RNA polymerase pB-
subunit (rpoB), and secreted aster vyellows
phytoplasma strain witches' broom (AY-WB)
protein 11 (SAP11) genes have been preferred by
various researchers as supportive tools for more
detailed classification of phytoplasma strains
(Davis et al., 2013; Alvarez et al., 2014; Pérez-Lépez
et al., 2014; Al-Subhi et al., 2017).

Based on the analysis of the 16s rRNA
gene, taxonomy of phytoplasma was divided into
33 separate  groups, mostly  subgroups.
Phytoplasma infection of tomato is reported from
distinct phytoplasma groups in various countries.
Canditatus Phytoplasma solani (“Ca. P. solani”) in
Stolbur ~ (16SrXll  group) and  Canditatus
Phytoplasma trifolii (“Ca. P. trifolii”) in Clover
proliferation (16SrVI group) are two important
pathogens in infected tomato inducing similar
symptoms (Bertaccini et al, 2014). Tomato plants
showing classical phytoplasma symptoms were
also recorded anywhere in Turkey, but its presence
in Bingdl province is unknown. Suspicious tomato
plants exhibiting phytoplasma-like symptoms were
observed from tomato planted fields in Bingdl
province during 2019 growing season. The
presence and group of possible phytoplasma
agents were investigated using 16s rRNA ribosomal
gene by utilizing molecular tools as PCR and virtual
RFLP analysis and revealed the phylogenetic
relationship based on related genes.

Materials and Methods

Biological material and detection of the causal
agent

Tomato growing fields in central-Bingol
province were the focus of phytoplasma
investigations conducted in 2019. During the
course of surveys in late August, leaf samples were
collected from a total of 4 symptomatic and 7
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asymptomatic tomato plants (probably no-
infection) for comparative purposes. Samples were
put into the plastic bag and stored at -20 °C until
DNA isolation. The occurrence of potential
pathogen in tested specimens were evaluated
using DNA isolation and PCR assay.

All DNAs were isolated from 0.5 g of frozen
tissue using the Thermofisher Plant DNA Extraction
kit. The PCR tests targeting the 16S rDNA gene
were carried out in two steps using two different
universal primer pairs: direct PCR (d-PCR) and
nested PCR (n-PCR). In the first step, P1/P7 primers
were used (Schneider et al., 1995). The second
step was carried out with R16F2n/R16R2 (Arocha
et al., 2005) to determine the pathogen present in
the plant tissues at low titer (Olmos et al., 1999).
The reaction parameters, temperature cycles, and
phytoplasma positive control were used as
mentioned by Usta et al. (2017). DNA isolated from
healthy tomato plants was used as a negative
control. Amplified d-PCR vyields were diluted 30-
folds using distilled water and used as target DNA
for n-PCR tests.

Expected length n-PCR yields were run on
horizontal 1.5% agarose gel buffered in 1xTAE (Tris
Acetic EDTA, pH 8.0) added with ethidium bromide
dye (%1), with a 10kb DNA marker and, displayed
with a UV documentation system (Syngene).

Cloning and Nucleotide Sequencing

The phytoplasma-related 16S  rDNA
amplicons amplified by n-PCR was recovered from
agarose gel with Thermofisher Gel Extraction kit
(Waltham, MA, USA) as described by the
manufacturer. Purified pure DNAs were cloned into
PGEM T-Easy Vector using T-A cloning method and
transformed into competent E. coli bacteria
(Promega, USA) by micropulser device. Two white-
colored isolates containing insert DNA were
selected and the recombinant plasmids from
transformed bacteria were purified (Thermofisher
Plasmid Miniprep Kit). The 16S rRNA sequences in
bi-directional sequenced plasmids were deposited
to NCBI (Bethesda, MD, USA).
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Sequence identity of 16S
phylogenetic analysis

The 16S rDNA gene sequences identity of
Bingdl isolates were identified using the BLASTN
program with the nucleotide sequence deposited
in NCBI. The similarity coefficient and detection of
group/subgroup of Bingdl isolate were conducted
using the current version of the iPhyclassifier
online software (Wei et al., 2007).

The isolates of this study along with the 16S
rRNA sequence of 26 isolates belonging to diverse
phytoplasma groups archived in the GenBank were
used to create the phylogenetic tree. The
phylogenetic dendrogram was constructed by the
Mega 7 program using the Neighbor-Joining
method, with  bootstrapped 1000 folds.
Acholeplasma laidlawii, a culturable bacteria
phylogenetically associated with Mollicutes, was
used as the outsource to root the tree.

rRNA gene and

Virtual RFLP analysis

The restriction enzyme digestion and virtual
RFLP patterns of 16S rDNA genes were
automatically analyzed using different seventeen
restriction endonucleases enzymes as described by
Lee et al., 1998 by the pDRAW32 software (Zhao et
al.,, 2009). Generated in silico pattern of tomato
phytoplasma was matched with “Ca. P. solani”
(16SrXII-A, AF248959) and “Ca. P. trifolii” (16SrVI-
A, AY390261) reference isolate accepted previously
for group/subgroup discrimination.

Results
Symptoms on diseased plants, Nested-PCR,
Sequence similarity

Tomato symptoms were observed, i.e

severe fruit deformation, flower sterility, little leaf,
purplish, and thickened leaves, hypertrophied
calyx, and leaf rolling, recalling those
characteristics triggered by phytoplasma attacks in
tomato fields in Bingol province of Turkey in 2019

(Fig 1).
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Figure 1. Severely phytoplasma symptoms in naturally diseased tomato plants under field conditions. (A)
Purplish leaves curled upward on infectious plants, (B) Big bud symptoms and fruit sterility, (C) Floral

phyllody.

Eleven tomato plants collected were
screened with R16F2n/R16R2 by n-PCR to
determine probable phytoplasma occurrence. As
shown in Fig 2, four of them produced positive
results displaying typical an approx. 1.25 kb DNA
fragment. Phytoplasmic presences in tomato were
confirmed by the correct bp size of the DNA
fragments. All of the symptomatic samples gave
positive reactions for phytoplasma in n-PCR, but
healthy tomato plant was not.

The amplicons of two randomly selected
isolates were sequenced bidirectinally after cloned
in the pGEM T-Easy vector. The 16S rRNA
sequences trimmed from the recombinant plasmid
were 1247 bp and 1250 bp in size. The 1247 bp
nucleotide sequence for “Ca. P. solani” and the
1250 bp nucleotide sequence for “Ca. P. trifolii”
were called as 'Bingél D11' and 'Bingdél D90,
respectively. Related sequences were submitted to

e Gl b

GenBank with MT279680 and MT279852 accession
number, respectively. The BLASTN program
revealed the highest sequence identity ranging
from 99-100% for both sequences, 100% for
Bingdl-solani isolate and 99.68% for Bingol-trifolii
isolate. Further analysis by iPhyclassifier program
as the supportive program also revealed that one
of the tomato isolates was in Stolbur group A
subgroup (16SrXll-A) and the other was in Clover
proliferation group (16SrVI-A) with similarity
coefficient 1.00 for both, in close relationship with
representative strains; AF248959 (16SrXII-A) and
AY390261 (16SrVI-A). According to the CLC Main
Workbench program, the 16S rRNA sequence of
“Ca. P. trifolii” isolate (Bingdl D90, MT279852) was
slightly incompatible with those of other “Ca. P.
trifolii” isolates from different accession numbers
due to the minor percentage difference.

e

e
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Figure 2. Electrophoresis gel image of approx. 1.25 kb amplicon of the 16S rRNA gene of “Ca. P. solani” and “Ca.
P. trifolii” amplified by n-PCR using R16F2n/R16R2 primer pairs. Row 1-11 are tested fresh tomato
leaf samples, 3, 6, 9, and 11: Positively reacted samples, HC: Healthy control, PC: Positive control
associated with phytoplasma, M:10.000 bp markers.
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Virtual RFLP and Phylogenetic relationship

The sequences of R16F2n/R16R2 primed
PCR product were digested in silico using 17
digestion enzymes by the computer-simulated
program. Bingdl phytoplasmas detected in this

“Ca. Phytoplasma solani” Bingol
D11 isolate (MT279680)
Similarity coefficient: 1. 00

g
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study were identical with RFLP models previously
defined for subgroup 16SrXII-A members (Quaglino
et al.,, 2013) and subgroup 16SrVI-A members
(Hiruki et al., 2004). The virtual gel images of both
isolates in tomato are available in Fig 3.

“Ca. Phytoplasma trifolii” Bingol
D90 isolate (MT279852)
Similarity coefficient:1.00
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swp
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Figure 3. The virtual RFLP pattern created from the 16S rDNA fragment (similarity coefficient 1.00) of
Bingdl tomato isolates, “Ca. P. solani” (MT279680) and “Ca. P. trifolii” (MT279852) based on reference isolates
with accession number AF248959 (16SrXII-A) and AY390261 (16SrVI-A), MW: 1 kb DNA marker

The 16s rRNA sequences of Bingdl isolates
were aligned and analyzed with sequences from 26
phytoplasmas representing the present
phytoplasma group. Phylogenetic analysis of the
amplification products of approx 1250 bp
confirmed their origins that sequences of
MT279680 and MT279852 were closely associated
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with “Ca. P. solani” isolates and “Ca. P.trifolii” from
representative isolates (AF248959 and AY390261).
As shown in Fig. 4, Bingdl isolates were also
clustered in the same group with other
representative phytoplasma isolates from the
Stolbur (16S XlI-A) and Clover proliferation group
(16S VI-A) (indicated by red circle).
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Figure 4. Phylogenetic relationships among 16S rDNA sequences of Bingol isolates and selected phytoplasmas,
taken from the NCBI database, created by the neighbor-joining algorithm. A. laidlawii was chosen as
an outgroup to branch the phylogenetic tree. The numbers of each branch explain bootstrap scores.

Discussion
Phytoplasmas are biotrophic systemic
pathogens that cause infectious in numerous

plants. Rising phytoplasma diseases pose a great
threat that restricts agriculture production in the
ecosystem of Turkey. Phytoplasma associated
diseases have been surveyed in vegetable,
orchards, ornamental plants, and field crops in
different locations of Turkey. Stolbur in potatoes
and tomatoes (Alp et al., 2016; Nogay et al., 1988;
Sahtiyanci, 1972; Yorganci et al., 1991; Ozdemir et
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al., 2007; Nogay and Ternar, 1986), Apple
proliferation (AP) and Pear Decline (PD) in pome
fruits (Canik and Ertung, 2007; Canik et al., 2009;
Yavuz et al.,, 2019; Gazel et al., 2007), European
stone fruit yellows (ESFY) in stone fruits (Caglayan
et al., 2011; Ulubas-Serce et al., 2012; Ulubas-Serce
et al., 2006), Flavescense Doree (FD) and Bois Noir
(BN) diseases (Grapevine yellows phytoplasmas)
(Canik et al., 2011) are important disease detected
in our country. Among the vegetables, the family
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of Solanaceae is more commonly infected by “Ca.
P. asteris” worldwide (Kumari et al, 2019).

Tomato is one of the important economic
crops infected by phytoplasmas in the different
16Sr groups. Phytoplasma diseases of tomato are
attributed to different bacterial hosts worldwide,
including “Ca. P. asteris” (Krawczyk et al., 2010),
“Ca. P. aurantifolia” (Dong et al., 2013), “Ca. P.
australasia” (Singh et al., 2012), “Ca. P. pruni”
(Amaral-Mello et al., 2006), “Ca. P. trifolii” (Anfoka
et al., 2003), “Ca. P. ulmi” (Del Serrone et al.,
2001), “Ca. P. solani” (Usta et al., 2018), and “Ca. P.
lycopersici” (Arocha et al., 2007). Although this is
so, symptoms triggered by them are essentially
very close to each other, in harmony with our
study (Fig 1) including big bud, virescence,
dwarfing, vyellowing or purpling of leaves,
overgrowth calyx, and abnormal adventitious
shoots, due to the upsetting of the balance of plant
hormones (Bertaccini et al., 2005; Santos-
Cervantesa et al., 2007; Xu et al., 2013).

Based on the amplification of the 16S rRNA
gene used as a specific marker, we characterized
the 16S rRNA gene structure of “Ca. P. solani
‘Bing6l D11’ (MT279680) and “Ca. P. trifolii” ‘Bingol
D90’ (MT279852) isolates which are responsible
for the phytoplasma disease in tomato. Both of
them are prevalent bacterial agents found
infecting tomato in the Stolbur group (16 SrXll) and
Clover proliferation group (16 SrVI) of phytoplasma
taxonomy, respectively (Bertaccini et al., 2014).
The tomato-associated phytoplasma disease was
first detected by Tanrikut (1953) in central Anatolia
as symptomatologically and then molecularly
reported from various provinces of Turkey
including Kayseri, Sivas, Kahramanmaras, Adana
(Caglar et al., 2010), Van (Usta et al., 2018), Adana,
Hatay (Sertkaya et al., 2007), Bursa and Canakkale
(Ozdemir and Saygili, 2012). “Ca. P. solani”, which
is the cause of quarantine, is infectious in
economically value crops such as tomato,
grapevine, pepper, eggplant, corn, potato, and
beet (Jovic et al., 2009; Belli et al., 2010; Quaglino
et al., 2013 Amaral-Mello et al., 2006; Mitrovic et
al., 2016; Ember et al.,, 2011; Del Serrone et al,,
2001; Vellios and Lioliopoulou, 2007, Azza and
Mohamed Eman, 2016).

“Ca. P. trifolii” is also prevalent pathogen
for various hosts in Asia, Europe and, American
continents, including tomato in Jordan (Anfoka et
al., 2003), pepper in Mexico (Reveles-Torres et al.,
2018), grapevine, tomato, soybean, safflower in
Iran (Shahryari et al., 2019; Ghayeb Zamharir and
Aldaghi, 2018; Salehi et al., 2008; Davoodi et al.,
2019), cabbage, sesame, periwinkle, eggplant,
pepper in Turkey (Oksal et al., 2017; Ulubas Serce
and Yilmaz, 2019; Ozdemir, 2017; Sertkaya et al.,
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2007), in American Elm (Ulmus americana L.) in
U.S.A (Flower et al., 2018), willow in China (Zhang
et al.,, 2012), grapevine in Italy (Zambon et al.,,
2018).

The 16S rRNA gene sequencing outputs of
both phytoplasmas from Bingdl province were
analyzed by different methodologies. The PCR tests
carried out using universal primers and then
cloning of amplified products, and nucleotide
sequencing brought out the occurrence of related
agents in tomato. The use of sequence data is still
a practical tool in researching phytoplasma
characterization (Lou et al.,, 2013). The RFLP
profiling of 16S rRNA gene sequences acts as an
essential tool for determining, grouping, and
discrimination of phytoplasmic strains (Zhao et al.
2009). Therefore, combining these techniques can
provide a precise diagnosis to predict and detect
phytoplasmic outbreaks (Wu et al., 2010).
According to the virtual RFLP pattern and sequence
identity, the current study revealed that the
occurrence of two plant phytoplasma agents on
the tomato of Bingdl province belongs to the
16SrXII-A Stolbur and 16SrVI-A Clover proliferation
group.

In agreement with the findings of the RFLP
assays, the phylogenetic dendrogram constructed
with 26 phytoplasma strains placed also both
isolates within the same cluster along with model
strains namely “Ca. P. solani” (AF248959) and “Ca.
P. trifolii’”” (AY390261). The Bingol-solani isolate
was clustered with Turkish-Van isolate in tomato
(MF576263) and Spanish isolates (AJ964960) in
grapes (Vitis vinifera), whereas Bingél-trifolii
isolate was closely related to Turkish-Van isolates
(MF564268 and MG732925) phylogenetically along
with own model strains.

Multiple infections of phytoplasmas have
been defined in the plant kingdom (Olivier et al.,
2011; Seemuller et al., 2010) and insect vectors
(Weintraub and Beanland, 2006). In our previous
studies, “Ca. P. solani” and “Ca. P. trifolii” were
detected simultaneously in the same cucumber
plant (Usta et al.,, 2017). The presence of both
infections associated with solanaceous crops is a
ubiquitous situation. The infection of the same
plant associated with different
phytoplasmas/viruses have also been reported by
Kumari et al, (2019). Based on the presence of two
agents in this study, it can be suggested that it
would probably be possible to detect both
pathogens in the same plant if DNA isolation from
different parts of the same plant and more
sequencing were performed.

Phytoplasma diseases cause irreversible
crop losses due to extremely virulence and may
turn into a progressive danger from one year to
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another especially in vegetables. It is not
controlled by known chemical methods and today
there is no method for treating phytoplasma-
infected plants. This situation primarily raises the
effective control strategies against weeds and
vectors having an effect as a source of pathogen
and ensuring disease surveillance. Besides both
ways, the removal of diseased plant remains, and
not planting side by side with infected fields can
minimize crop and financial loss by preventing it
from making an epidemic. Further studies are
needed to specify whether both pathogens in
tomatoes are found in other vegetables, weeds,
and insect vectors in Bingdl province.
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