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Abstract: Phytoplasma-like symptoms were observed in cucumbers (Cucumis sativus L.) in Van province
of Turkey. The major symptoms observed were severe dwarfing, witches’ broom, rosetting, little leaf, and
sterility of plants. Genomic DNA of 8 symptomatic and non-symptomatic plant leaves was isolated for the
detection of pathogenic DNA. Of the 8 cucumber leaf samples tested by nested polymerase chain reaction
(Nested-PCR), the four yielded the expected 1.25-kb DNA fragments when using universal primer pairs
R16mF2/R16mR1 and R16F2n/R16R2. Randomly selected two DNA bands were further cloned into a
proper plasmid vector. The recombinant plasmid DNA was sequenced bidirectionally. BLAST and virtual
restriction fragment length polymorphism (RFLP) analyses of the 16S rDNA sequence revealed the
presence of the “Candidatus Phytoplasma solani” (similarity coefficient 1.00) (GenBank accession no:
KX977570) in one of the severely symptomatic cucumber samples and the “Candidatus Phytoplasma
trifolii” (similarity coefficient 0.98) (GenBank accession no.: KR080212) in the other. The isolates were
designated as Van-trifolii and Van-solani isolates, respectively. No significant differences were observed
between the two different phytoplasmas’ symptomatology. To the authors’ knowledge, this is the first
report of ‘Ca. P. trifolii” and ‘Ca. P. solani’ in cucumbers in Turkey.

Keywords: Candidatus Phytoplasma solani, Candidatus Phytoplasma trifolii, Characterization, Cucumis
sativus, Detection

Hiyar (Cucumis sativus L.) Bitkisinde Aym Simptomatolojiye Sahip ki Farkh Fitoplazma
etmeninin 16S rDNA'simin RFLP ve Niikleotid Dizi Analizleri ile Teshisi ve
Karakterizasyonu

Ozet: Van ilinde yetistiriciligi yapilan hiyarlarda (Cucumis sativus L.) fitoplazma benzeri belirtiler
gOriilmistir. Gozlenen en Onemli belirtiler arasinda siddetli ciicelesme, cadi siiplirgesi goriiniimii,
rozetleme ve kiigiik yapraklilik yer almaktadir. Toplanan 8 hiyar Ornegine R16mF2/R16mR1 ve
R16F2n/R16R2 primer ¢iftleri ile uygulanan Nested-PCR testi uygulanmustir. Belirti gosteren ve
gostermeyen hiyar yapraklarindan izole edilen genomik DNA’larin kullanildigi PCR reaksiyonunda
fitoplazma etmenlerine ait 16S rDNA fragmentleri ¢ogaltilmis ve test edilen sekiz 6rnegin dordiinde 1.25
kb uzunlugunda DNA fragmentleri elde edilmistir. Beklenen band biiyiikliigiinii veren 6rneklerden rastgele
secilen iki 6rnek uygun bir plasmid vektdrde klonlanmustir. Saflastirilan rekombinant plasmid DNA st ¢ift
yonlii olarak dizilenmis ve 16S rDNA dizisinin BLAST ve RFLP analizleri yapilmistir. Siddetli fitoplazma
belirtisi gosteren hiyar numunelerinin birinde ‘Candidatus Phytoplasma solani’ (benzerlik katsayist 1.00)
(GenBank erigsim no: KX977570), digerinde ise ‘Candidatus Phytoplasma trifolii” (benzerlik katsayis1 0.98)
(GenBank erisim no: KR080212) saptanmustir. Izolatlardan birincisine‘Van-solani’ digerine ise ‘Van-
trifolii’ izolat1 isimleri verilmistir. Tki farkl1 fitoplazma etmeninin olusturdugu belirtiler arasinda bir fark
gozlenmemistir. Yazarlarin bilgisine gore, Tiirkiye’de hiyarlar1 dogal olarak enfekte eden "Ca. P. solani" ve
"Ca. P. trifolii" fitoplazma etmenleri ilk defa bu ¢alisma ile rapor edilmistir.

Anahtar kelimeler: Candidatus Phytoplasma solani, Candidatus Phytoplasma trifolii, Karakterizasyon,
Cucumis sativus, Survey
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Indroduction

Phytoplasmas are plant pathogenic, triple membranous, wall-less Mollicutes. They have been reported in
many plant varieties of crops and trees of agricultural importance worldwide (Khan et al. 2003). In plants,
typical phytoplasma symptoms include: virescence, witches’ broom, reddening of leaves, phloem necrosis,
dieback, phyllody, stunting, small leaves, yellowing of leaves, sterility and big bud (Davis et al. 1997;
Hogenhout et al. 2008). The phytoplasmas can be transmitted by dodders, grafting, and by psyllids or plant
hoppers (Khan et al. 2003).

The genetic diversity and evolutionary origin of phytoplasmas are largely unknown. However, recent
studies suggest the utility of amplified genomic DNA fragments extracted from phytoplasma infected
plants has made detection primers available for detection, identification and their genetic relationships of
these pathogens (Ahrens and Seemiiller 1992; Namba et al. 1993; Bertaccini et al. 2014). Today,
phytoplasma diseases are identified, differentiated and detected on the basis of characteristic symptoms,
host range, and lately molecular analysis (Al-Saady et al. 2008). According to a recently adopted taxonomic
rule, the properties of uncultured organisms should be recorded by a Candidatus designation (Murray and
Schleifer 1994; Murray and Stackebrandt 1995; IRPCM 2004). The utility of molecular tools led to the
designation of a new taxon named ‘Candidatus phytoplasma’ and the use of new trivial name of
“phytoplasma”. When the biological characteristics are used for classification, the term ‘Candidatus’
should be dropped (IRPCM 2004; Duduk and Bertaccini 2011).

Phytoplasma associated symptoms have been observed in many cultivated fruit, vegetable, ornamental and
field crops in Turkey (Alp et al. 2016; Bagpinar et al. 1993;. Caglar et al. 2010; Caglar and Elbeaoino 2013;
Ozdemir et al. 2009; Ozdemir and Saygili 2012; Sertkaya et al. 2004; Sertkaya et al. 2005; Sertkaya et al.
2007; Sertkaya et al. 2008; Ulubas Serce et al. 2006; Gazel et al. 2016). Field cucumber (Cucumis sativus
L.) has been considered one of the most economically important vegetable crops in Turkey. In recent years,
cucumber plants showing rosetting, stunting, phyllody, and sterility symptoms were observed in the eastern
part of Turkey. The present study was carried out to identify and characterize the causal phytoplasma (s)
which affects the yield of cucumber fields. The results of this study revealed that cucumbers were diseased
by two Phytoplasma lineages: “Candidatus Phytoplasma trifolii” and “Candidatus Phytoplasma solani”.
This research is the first report on 16SrXII group phytoplasma infection of C. sativus in Turkey.

Materials and Methods

Plant material and DNA extraction

Symptomatic leaves of Cucumis sativus L. showing dwarfing, pyhllody, rosetting, and sterility were
collected from symptomatic and non-symptomatic cucumber plants in 2015 from cucumber fields at Van
province (Turkey). Using a commercial DNA extraction kit (Vivantis), the genomic DNA was purified
from fresh leaf tissues and midrib of 8 cucumber samples as described by manufacturer. A tomato isolate of
‘Ca. P. solani’, identified from preliminary tests, was used as a positive control for diagnosis of the
phytoplasmas. Genomic DNA from a healthy cucumber plant was served as negative control.

Detection of ‘Ca. P. trifolii’ and ‘Ca. P. solani’ by Nested-PCR

The universal primer set (R16mF2/R16mR1 and R16F2n/R16R2) were employed to detect phytoplasma
DNA. Fresh cucumber leaf tissues were used in Nested-PCR to amplify 16S rDNA (Lee et al. 1993;
Gundersen and Lee 1996). Nested PCR was performed in 50 pl reaction volume using Eppendorf
Mastercycler (Germany). The reaction mixture and temperature regime was employed as described by Alp
et al. (2016). The first round PCR products were diluted 100 fold using sterile distilled water PCR tubes
and used in nested step as template. The same temperature cycles were used at this step. All PCR products
were analyzed on 1% agarose gel using Tris-Borate EDTA (TBE) buffer, stained with ethidium bromide
and visualized with an UV transilluminator.

Cloning, sequencing and cladistic analysis

The purified amplicons from polymerase chain reaction were ligated into pGEM-T Easy Vector (Promega,
Madison, WI, USA). The recombinant plasmids were then transformed into competent cells (Escherichia
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coli JM109) by electroporation. Using a commercial miniprep kit (Fermentas), the recombinant plasmids
were purified and sequenced directionally. Based on 16S rRNA gene sequences, the phylogenetic
relationships among strains of the ‘Ca. Phytoplasma trifolii’ and ‘Ca. Phytoplasma solani’ and other
phytoplasma groups available in NCBI (http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi) were assessed.
The sequences of phytoplasmal6S rDNA from NCBI were aligned by using MEGA4 and CLC Main
workbench 6.6.1 software and the cladistic analyses were performed by using MEGAA4. Uninformative
characters were excluded from analyses. The relationships were assessed using 1000 bootstrap replicates.
Acholeplasma laidlawii was selected as the outgroup to root the phylogenetic tree. The phylogenetic tree
was created using Neighbor-Joining method from 16S rDNA sequences of other 22 phytoplasmas
representing distinct phytoplasma groups and the phytoplasmas studied in this work.

In silico restriction enzyme digestions and virtual RFLP analysis

In virtual restriction fragment length polymorphism (RFLP) analysis, each DNA fragments of 16S rDNA
were digested in silico with 17 distinct restriction enzymes: Alul, BamHlI, Bfal, BstUI (Thal), Dral, EcoRl,
Haelll, Hhal, Hinfl, Hpal, Hpall, Kpnl, Sau3Al (Mbol), Msel, Rsal, Sspl, and Taql (Lee et al. 1998). The
16S rDNA sequences were trimmed in virtual gel plotting program pDARW32 software and web based
iPhyClassifier software was used to calculate similarity coefficient (Wei et al. 2007). Following the
digestion, a virtual 1.0 % agarose gel electrophoresis image was created in computer screen. In virtual
RFLP analysis sequences of cucumber phytoplasma isolates were automatically compared with each
reference strains for group and subgroup recognition.

Results

Amplification of phytoplasmal 16S rDNA fragments and the RFLP analysis of PCR products of the
symptomatic cucumber samples revealed that the cucumber plants were infected by two phytoplasmas: ‘Ca.
Phytoplasma trifolii’ and ‘Ca. Phytoplasma solani’. The isolates were designated as Van-trifolii and Van-
solani, respectively. The sequences of 16S rDNA from both isolates were deposited in GenBank (Accession
numbers: KX977570 and KR080212). Under the field conditions the symptoms of ‘Ca. Phytoplasma
trifolii’ and ‘Ca. Phytoplasma solani’ on cucumber were similar. In Figure 1a and 1b are shown diseased
cucumber plants with characteristic phytoplasma symptoms of excessive branching of axillary shoots,
elongation and etiolation of internodes, downward posture of leaves, phyllody, and general stunting of
plants in Van Province.

a) b) :
Figure 1. Severely stunted cucumber plants showing rosetting infected by ‘Ca. P. trifolii’ (a), and
exhibiting heavy proliferations of small leaves infected by ‘Ca. P. solani’(b).

Direct and nested PCRs with primer pair R16mF2/R16mR1 and R16F2n/R16R2 yielded approx. 1.25 kb

DNA fragments from purified DNA extractions of symptomatic cucumber samples (Figure 2). When the
DNA from healthy plants was used as control the same primers did not produce any PCR products.
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Figure 2. Nested-PCR detection of ‘Ca. P. trifolii” and ‘Ca. P. solani’. Lanes 1-8 are tested fresh cucumber
leaf samples, 2,4,5, and 7 (approx. 1.25 kb) are positively reacted samples, NC: negative control of
the same species, and P: ‘Ca. P. solani’ used as positive control, M:10,000 bp molecular size
markers.

A further phylogenetic analysis of 16S rRNA gene sequence was implemented to demonstrate the
phytoplasma nature of the infected symptomatic cucumbers. The topology of the phylogenetic tree
constructed by MEGA4 program (Tamura et al. 2007) clearly demonstrated that the agents associated with
the disease in cucumbers are belong to the phytoplasma clade. The isolates clearly shared common
ancestors with ‘Ca. P. trifolii’ and ‘Ca. P. solani’ (Figure 3). Sequence analysis of isolates confirmed that
one of the characterized isolates (VVan-solani) in ourstudy belong to the 16SrXII Stolbur group (subgroup
XI1-A) and the other (Van-trifolii) was belong to the 16SrVI clover proliferation group (subgroup VI-A).

The computer-simulated 16S rRNA gene analysis allowed identification and differentiation of both Turkish
isolates by producing virtual RFLP patterns. Cucumber-associated Turkish ‘Ca. P. trifolii’ isolate shared a
virtual RFLP similarity coefficient 0.98 with the stains of 16SrVI: clover proliferation group (subgroup VI-
A), while the ‘Ca. P. solani’ shared a similarity coefficient 1.00 with phytoplasmas of 16SrXII: Stolbur
group (subgroup XII1-A) (Figure 4).

A 2-base insertion has detected in the 16S rRNA gene of Van-trifolii isolate which distinguished from other
world isolates of 16SrVI clover proliferation group (subgroup VI-A) phytoplasma. As shown in Figure 5 in
circle, the R16F2n/R16R2 sequence of Van-trifolii isolate had specific insertions of 2 bp at different
positions of the rRNA gene (positions 789 and 940) that differed from the same nucleotide positions in ‘Ca.
P. trifolii’ isolates.
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Figure 3. Phylogenetic tree constructed with neighbor joining algorithm of 16Sr-DNA sequences of ‘Ca. P.
solani’ and ‘Ca. P. trifolii” and A. laidlawii was taken as the outgroup to root the tree. Bootstrap
values for 1000 replicates are shown on branches. The arrows indicate the position of Turkish
isolates. Sequences for ‘Ca. Phytoplasma’species were retrieved from NCBI Genbank. ‘Ca. P.
trifolii; AY390261 (Hiruki and Wang 2004), ‘Ca. P. trifolii’; KR080212 (this publication), ‘Ca. P.
ulmi’; AY 197655 (Lee et al. 2004), ‘Ca. P. fraxini’; AF092209 (Griffiths et al. 1999), ‘Ca. P.
oryzae; AB052873 (Jung et al. 2003), ‘Ca. P. cynodontis’; AJ550984 (Marcone et al. 2004b),
Phytoplasma sp. strain LDN; Y14175 (Tymon et al. 1998), ‘Ca. P. castaneae’; AB054986 (Jung et
al. 2002), ‘Ca. P. pini’; AJ632155 (Schneider et al. 2005), Western X-disease phytoplasma
L04682; (GenBank submission, 1999), ‘Ca. P. brasiliense’; AF147708 (Montano et al. 2001),
Sugarcane phytoplasma D3T2; AJ539180 (GenBank submission, 2003), Sugarcane phytoplasma
D3T1; AJ539179 (GenBank submission, 2003), ‘Ca. P. mali’; AJ542541 (Seemiiller and
Schneider 2004), ‘Ca. P. rhamni’; X76431 (Marcone et al. 2004a), Derbid phytoplasma;
AY744945 (GenBank submission, 2004), ‘Ca. P. japonicum’; AB010425 (Sawayanagi et al.
1999), ‘Ca. P. americanum’; DQ174122, (Lee et al. 2006), ‘Ca. P. solani’ STOL; AF248959, ‘Ca.
Phytyoplasma solani’; KX977570 (this publication), ‘Ca. P. solani’; AJ964960 (Firrao et al.
2005), ‘Ca. P. graminis’; AY725228 (Arocha et al. 2005), ‘Ca. P. caricae’; AY 725234 (Arocha et
al. 2005), Acholeplasma laidlawii; M23932.
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Figure 4. Virtual R16F2n/R16R2 RFLP patterns of representative strains of 16SrVI clover proliferation
group (subgroup VI-A) and 16SrXIl Stolbur group (subgroup XII-A) comparing with the Turkish
isolates of the same groups, MW: 1 kb Promega DNA ladder.
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o

KPe64671 BMGGTGGHATEE TGTTGTTTEE TTEGHEGATH TETTEEEEGG 948
KTe07467 HGGTGGHATEE TGTT TTEGAEGHATA TETTAEBEGG 948
Amz60486 BGGTGGATHE TTEGEEGATE TETTHEEAGG 554
kx092011 BGGTGGHTEE TTEGERGATH - |TETTAEEEGG 536
KM095133 BGGTGGHETHEA TTEGHEGATHA TETTEEEAGG 336
KR259945 BGGTGGATEA TTEGARGATA TETTABBAGG 536
KTs07469 BGGTGGHTHE TTEcGAAGATA TETTEEEEGG 532
HMm745928 BGGTGGHAEEE TTEGERGATH TETTABERGG 532
KTe07466 BGGTGGHATEE TTEGHEGATA TETTAREAGG 3532
KR080212 BGGTGGHTEE TeTTcTTTEE TTECEEGATH TETTAEEEGG s34
Consensus CGGTGGATCA TGTTGTTTAA TTCGAAGATA TCTTACCAGG

Figure 5. Partial sequence alignment of ‘Ca. P. trifolii’ Van-trifolii isolate (KR0802212) with available
world isolates classified in group 16SrV1 clover proliferation (subgroup VI-A) phytoplasma. Base
insertions differing from those of world isolates are circled. The isolates used in alignment are:
KP864671 (Russia), KT807467 (Iran), AM260486 (Lebanon), KX092011 (Mexico), KM095133
(Mexico), KR259945 (Mexico), KT807466 (Iran), KR080212 (Turkey, Van-trifolii)

Discussion

A PCR band of approx. 1.25 kb was obtained from severely symptomatic cucumber plant samples with the
same size as the positive control when the 16S rDNA was amplified by Nested-PCR using universal
primers R16F2/R2. No PCR products were obtained from asymptomatic field cucumber plants.

In 1998, Lee et al. were used 17 restriction enzymes to differentiate various phytoplasmas by their distinct
RFLP patterns of 16S rDNA. The in silico virtual RFLP profiles of Van-solani isolate were identical to that
of reference strain ‘Ca. Phytoplasma solani’ “STOL”16SrXII-A (AF248959) which was reported as Stolbur
phytoplasmas (SeemullerSeemiiller et al. 1994). Likewise, virtual RFLP profiles of Van-trifolii isolate were
identical to that of reference strain ‘Ca. Phytoplasma trifolii” 16SrVI-A clover proliferation phytoplasma
(AY390261). Wei et al. (2007) showed that the virtual 16S rRNA gene RFLP patterns of previously
classified strains matched perfectly with the RFLP patterns on real gels. Their results suggest that the
virtual RFLP analysis could be used as a reliable and convenient alternative to conventional RFLP analysis.

In cucumber, phytoplasmas have been reported to be associated to disease, belonging to different groups
(Montano et al. 2006; Montano et al. 2007). The phytoplasmas of 16SrVI clover proliferation (subgroup
VI-A) have been reported to infect many plant species in the world (Khasa et al. 2016; Zibadoost et al.
2016; Choueiri et al. 2007). However, there is no previous report of subgroup 16SrVI-A isolates infecting
cucumber in Turkey.

Over the past 15 years, the RFLP profiling of 16S rRNA gene fragments has served as a primary means for
identification, classification and differentiation of known phytoplasmas (Zhao et al. 2009). The sequence
information is still very useful tool in studying phytoplasma features (Contaldo et al. 2012; Lou et al.
2013). PCR assays using 16S rRNA gene primers and subsequent molecular cloning and bidirectional
sequencing have successfully identified the presence of subgroup 16SrVI-A and 16SrXII-A pathogens as
phytoplasma and detected it in infected cucumber. Therefore, these molecular tools can provide a robust
and sensitive diagnosis to detect and predict the occurrence of phytoplasma epidemics (Wu et al. 2010).
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In the present study, we have provided evidence that ‘Ca. P. solani’ and ‘Ca. P. trifolii’ are found to be
associated with severe diseases in cucumber in Van Province of Turkey. Two different Turkish
phytoplasma isolates (Van-solani and Van trifolii) were characterized. Further studies are required to
investigate the insect vectors responsible for the phytoplasma transmission in the region and potential weed
host range of the agents.
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