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Abstract

During field surveys conducted in 2020 in Jordanian orchards, phytoplasma-like symptoms
(leaf yellowing/reddening and rolling, and witches’-broom) were observed in three stone fruit
species (peach, European plum, sweet cherry) and persimmon. Molecular analyses identified
phytoplasma strains belonging to the species ‘Candidatus Phytoplasma solani’ (subgroup
16SrXII-A) as largely prevalent in stone fruit and persimmon symptomatic plants. Moreover,
‘Ca. Phytoplasma omanense’ (16SrXXIX-B) was found in few European plum symptomatic
plants. In previous studies, such phytoplasma strains were identified in other important crops
(almond, pomegranate, grapevine) and in several putative insect vectors, suggesting their
complex ecology in Jordan. Further studies are needed to in-depth investigate the diffusion of
phytoplasma-associated diseases of stone fruits throughout the Country, to clarify their

etiology, and to study their epidemiological pattern(s).
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INTRODUCTION

Phytoplasmas constitute a large group of plant pathogenic cell wall-less bacteria that
inhabit the phloem tissue of infected plants and are plant-to-plant transmitted by insect vectors
belonging to the families Cicadellidae, Cixiidae, Psyllidae, Delphacidae, and Derbidae
(Weintraub & Beanland, 2006; Bertaccini ef al., 2014). They belong to the class Mollicutes,
which includes bacteria with single membrane that have diverged from a Gram-positive
ancestor (Zhao et al., 2005). Based on molecular and biological features, phytoplasmas have
been classified into 49 species within the provisional genus ‘Candidatus Phytoplasma’
(Bertaccini ef al., 2022), and taxonomic groupings have also been established according to the
similarity coefficients obtained by restriction fragment length polymorphism (RFLP) analyses
on nucleotide sequence of 16S rRNA-encoding gene (Lee et al., 1998; Wei et al., 2008).
Numerous agriculturally important plant diseases are associated with infection by
phytoplasmas. The most common symptoms exhibited by phytoplasma-infected plants include
virescence and phyllody, yellowing, flower sterility, proliferation of axillary buds resulting in
witches’-broom, abnormal internode elongation, and generalized stunting (Bertaccini et al.,
2014).

Highly destructive phytoplasma-associated diseases affect many economically
important Prunus species including almond (Prunus amygdalus Batsch), apricot (Prunus
armeniaca L.), peach (Prunus persica L.), sweet cherry (Prunus avium L.), and plums (Prunus
domestica L. and other species). ‘Ca. Phytoplasma (Ca. P.) phoenicium’, taxonomic subgroup

16SrIX-B and its variants, is associated with almond and peach witches’-broom in Lebanon,
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Iran, and South Italy (Abou-Jawdah et al., 2003; Molino Lova et al., 2011; Nigro et al., 2020;
Salehi et al., 2020; Zirak et al., 2021), and with apricot yellows in Iran (Salehi et al., 2018).
‘Ca. P. pruni’, taxonomic subgroup 16SrllI-A, is associated with X-disease of peach and other
stone fruits (mainly almond, apricot, and sweet cherry), in United States and Canada (Uyemoto
& Kirkpatrick, 2011; Davis et al., 2013; Wright et al., 2021). 'Ca. P. prunorum’, taxonomic
subgroup 16SrX-B, is associated with European Stone Fruit Yellows (ESFY) disease in apricot,
peach, plums, sweet and sour cherry in Europe (Fiore et al., 2018).

In Middle East/North Africa (MENA) region, in addition to ‘Ca. P. phoenicium’, ‘Ca.
P. prunorum’, ‘Ca. P. asteris’, ‘Ca. P. trifolii’, and ‘Ca. P. aurantifolia’ were found associated
with diseases in apricot, almond, peach, plum, and sweet cherry (Khalifa & Fakhfakh, 2011;
Khalifaetal.,2011; Orel et al., 2019; Zirak et al., 2010, 2021). In Jordan, stone fruits including
peach, plum, almond, green and sweet cherry are very important exporting crops cultivated in
the whole Country. More than 59,425 tons were exported to international markets in 2020
(MOA, 2021). Recently, Abu Alloush and colleagues (2023c) reported the association of seven
distinct ‘Ca. Phytoplasma’ species with almond diseases in Jordan, and preliminary
information on their putative insect vectors. However, few studies in limited locations were
carried out focusing on phytoplasma-like diseases of other stone fruits in Jordan: ‘Ca. P.
asteris’ (subgroup 16SrI-B) was reported in association with peach yellowing and reddening
(Anfoka & Fattash, 2004), and ‘Ca. P. solani’ (subgroup 16SrXII-A) in association with plum
yellowing and witches’-broom (Salem et al., 2020).

In the present study, a field survey was conducted in the whole Country to observe
phytoplasma-like symptoms on stone fruits and to detect and type by molecular analyses the

phytoplasmas infecting peach, plum, sweet cherry, and persimmon.

MATERIALS AND METHODS
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Field surveys, plant sampling, and TNA extraction

From June to September 2020, field surveys for phytoplasma-like symptoms were
conducted in Jordan in different stone fruits cultivation areas in the whole Country. Eight
locations in the governorates of Irbid (Kharja), Ajloun (Ain Jana, AlZatarah), Al-Mafraq (Jaber
AlSarhan, UmJmal, Sabha, AIKom AlHamar), and Aqaba (Aldisi) were surveyed (Figure 1).
All selected orchards in Irbid and Ajloun governorates were rainfed, while those in Al-Mafraq
and Agaba were irrigated. All orchards were characterized by intercropping system including
stone fruits, grapevine, and pome fruits. In each location, incidence of phytoplasma-like
diseases was estimated as the percentage of symptomatic trees out of the observed ones. Leaf
samples were collected from 68 symptomatic (25 peach, 33 plum, 10 sweet cherry) and 12
symptomless (4 peach, 6 plum, 2 cherry) stone fruits trees. Moreover, six persimmon trees (five
exhibiting phytoplasma-like symptoms and one symptomless) were collected during the survey
(Table 1). Collected samples were transferred to the laboratories of National Agricultural
Research Center, Baqaa, Jordan, and maintained at 4°C until total nucleic acids extraction.

Total nucleic acids (TNA) were extracted from the collected plants as previously
described by Angelini et al. (2001) with some modifications. Leaf midribs and petioles (0.5 g)
were ground in 3 ml of prewarmed 2% CTAB-based buffer in sterile mortars. Extracted TNA
was washed by 0.3 ml of 70% ethanol, dissolved in 100 pl of TE-based buffer (10mM Tris-
HCI, 1 mM EDTA, pH 8.0), measured for quantity and quality by Nanodrop system, and stored

at -20°C until molecular analyses.

Phytoplasma detection and classification
Nested PCRs were carried out to amplify the phytoplasma 16S rRNA-encoding gene
using the primer pair P1/P7 (Deng & Hiruki, 1991; Schneider et al., 1995) followed by the

primer pair R16F1/R16R0 (Lee ef al., 1995). Reaction mixtures and reaction conditions were
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as previously described (Quaglino et al., 2009). TNAs extracted from healthy periwinkle and
reaction mixtures devoid of TNAs were used as negative controls. No positive controls were
utilized to avoid contamination risk. PCR products (6 ul) were analyzed by electrophoresis on
1% (w/v) agarose gels in 1X TBE buffer, stained with Midori Green Easy (NIPPON Genetics
EUROPE, Diiren, Germany) , and visualized on UV transilluminator.

Nested PCR products (F1/R0 fragment), amplified from plants, were sequenced in both
strands by a commercial service (Eurofins Genomics, Germany). Nucleotide sequences were
assembled by the Contig Assembling Program and trimmed to the annealing sites of the nested
PCR primer pairs in the sofware BioEdit, version 7.1.3.0 (Hall, 1999). Trimmed nucleotide
sequences were aligned using the ClustalW Multiple Alignment program and analyzed by
Sequence Identity Matrix in the sofware BioEdit to estimate their genetic diversity. For
attribution to ‘Ca. Phytoplasma’ species, 16S rRNA-encoding gene nucleotide sequences,
representative of the phytoplasma populations detected in this study, were aligned with those
of the reference strains of the 49 ‘Ca. Phytoplasma’ species previously described and checked
for their sequence identity in the software. Species attribution was confirmed searching the
species-specific signature sequences within the analyzed F1/R0 nucleotide sequences. For
group/subgroup attribution, 16S rRNA-encoding gene sequences were analyzed by virtual
RFLP using the online tool iPhyClassifier (Wei ef al., 2008; Zhao et al., 2009). Nucleotide
sequences of 16S rRNA-encoding gene of phytoplasmas, identified in the present study, and
reference strains of ‘Ca. Phytoplasma’ species were employed for phylogenetic analyses. The
Minimum-Evolution method was employed using the Neighbor-Joining algorithm and

bootstrap replicated 1,000 times with the software MEGAX (Kumar et al., 2018).

RESULTS and DISCUSSION

Phytoplasma-like symptoms observed in stone fruit and persimmon trees
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During the field survey, yellowing, reddening, leaf rolling, and witches’-broom were
observed on stone fruit trees, while leaf scorch and rolling in persimmon. In detail, in peach
orchards in AlMafraq governorate, witches'-broom and yellowing were observed in Jaber
AlSarhan and UmJmal, while yellowing, reddening and leaf rolling were observed in Alkom
AlAhmar (Figure 2A, B). The disease incidence (percentage of symptomatic out of observed
trees) ranged from 25% to 55%. The main symptoms exhibited by sweet cherry trees in
AlMafraq governorate was yellowing (Figure 2C), with a disease incidence of around 60%.
Concerning the symptoms exhibited by plum trees, witches’-broom and yellowing were
observed in Sabha (AlMafraq) and Ain Jana (Ajloun) (Figure 2D), witches’-broom in Kharja
(Irbid) (Figure 2E), and yellowing, reddening, and leaf rolling in AlZatarah (Ajloun) and Aldisi
(Agaba) (Figure 2F), with a disease incidence of around 55%, 45%, 15%, 25%, and 20%,
respectively. In persimmon, leaf scorch and rolling were observed in orchards located in Jaber
AlSarhan (Figure 2G), with a disease incidence of around 60%. Most of such symptoms
observed in stone fruits in Jordan were already reported in MENA countries (Orel ef al., 2019;

Zirak et al., 2010, 2021).

Phytoplasma molecular detection

Nested PCRs allowed detecting the presence of phytoplasmas in 28 out of 86 analyzed
plant samples. F1/R0 amplicons of the expected size (around 1370 bp) were obtained in 26 out
of 68 symptomatic stone fruits trees (39.1%), and in 2 out of 5 symptomatic persimmon trees
(40%). In details, phytoplasmas were detected in 10 out of 25 (40%) symptomatic peach trees,
7 out of 10 (70%) symptomatic sweet cherry trees, 9 out of 33 (27.3%) symptomatic plum
trees. No amplification was obtained in samples from symptomless trees (Table 1). Robustness
of PCR reactions was proved by the absence of amplification in healthy periwinkle and reaction

mixture devoid of TNA (negative control). Even if the incidence of phytoplasma-like
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symptoms was high in examined orchards, only 27.3% to 70% of collected symptomatic stone
fruit trees were found phytoplasma infected. This can be due to the uneven distribution of
phytoplasmas in phloem tissues of infected plants (Constable et al., 2003), the possible low
concentration of phytoplasma cells in plant tissues in the different sampling periods (Martini
et al.,2011), and the possibility that observed symptoms are caused by other etiological agents

or abiotic stresses.

Phytoplasma classification and phylogeny

16S rRNA-encoding gene amplicon-derived chromatograms showed no evidence of
double peaks, indicating the absence of intra-genomic heterogeneity or mixed infections
(Zwolinska & Borodynko-Filas, 2021). According to 16S rRNA gene sequence identity versus
the reference strains of ‘Ca. Phytoplasma’ species and on the presence of species-specific
signature sequences, the phytoplasma strains detected in 24 symptomatic stone fruit (10 peach,
7 sweet cherry, 7 plum) and 2 persimmon trees were attributed to the species ‘Ca. P. solani’,
while phytoplasma strains detected in 2 symptomatic plum trees were attributed to the species
‘Ca. P. omanense’ (Table 2). In detail, 25 ‘Ca. P. solani’ strains have identical 16S rRNA-
encoding gene nucleotide sequence (GenBank Acc. No. OR736053), distinct from the
reference strain STOL by seven single nucleotide polymorphisms (SNPs) at positions 194
(C/T), 211 (C/T), 214 (C/T), 504 (T/A), 595 (A/G), 888 (C/T), and 1084 (T/C) from the
annealing site of the primer R16F1. ‘Ca. P. solani’ strain PD230 has 16S rRNA-encoding gene
nucleotide sequence (GenBank Acc. No. OR736055) distinct from the reference strain STOL
by four SNPs at positions 504 (T/A), 595 (A/G), 888 (C/T), and 1084 (T/C) from the annealing
site of the primer R16F1. ‘Ca. P. omanense’ strains have identical 16S rRNA-encoding gene
nucleotide sequence (GenBank Acc. No. OR736054), distinct from the reference strain IM-1

by five SNPs at positions 152 (G/A), 274 (T/C), 331 (C/T), 344 (G/A), and 712 (G/A) from the
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annealing site of the primer R16F1. Based on similarity coefficient obtained by comparison of
virtual RFLP patterns, ‘Ca. P. solani’ strains were attributed to taxonomic subgroup 16SrXII-
A and ‘Ca. P. omanense’ strains to subgroup 16SrXXIX-B (data not shown). Phytoplasma
clustering in phylogenetic tree confirmed the attribution to phytoplasma species and taxonomic
subgroups (Figure 3).

Phytoplasmas identified in symptomatic stone fruits and persimmon trees were found
differentially distributed in the examined locations and associated with different symptoms.
‘Ca. P. solani’ (16SrXII-A) was found in all AlMafraq locations (25 strains out of 25) in
association with peach witches’-broom and yellowing (UmJmal and Jaber AlSarhan) and peach
yellowing, reddening and leaf scorch (Alkom), sweet cherry yellowing (Jaber AlSarhan),
persimmon leaf scorch and rolling (Jaber AlSarhan), and plum witches’-broom and yellowing
(Sabha), and in Irbid governorate (Kharja) in association with plum witches’-broom. ‘Ca. P.
omanense’ (16SrXXIX-B) was identified exclusively in Ajloun governorate in association with
plum witches’-broom and yellowing (Ain Jana) and plum yellowing, reddening and leaf rolling
(AlZatarah) (Table 2; Figure 2).

Remarkably, ‘Candidatus Phytoplasma’ species identified in symptomatic stone fruit
and persimmon trees were previously reported in Jordan in association with diseases of other
important crops (grapevine, plum, peach) (Anfoka & Fattash, 2004; Salem ef al., 2013, 2020;
Abu Alloush et al., 2023a, b, c). Moreover, this is the first study reporting sweet cherry and
persimmon infection by ‘Ca. P. solani’, and plum tree infection by ‘Ca. P. omanense’ in the
Country. Several stone fruit phytoplasma-associated diseases, including European Stone Fruit
Yellows (ESFY), peach X-disease and Peach Yellows Leaf Rolling (PYLR), are known to be
very destructive in Euro-Mediterranean basin and in different parts of the world (Davis et al.,
2013; Sabaté et al, 2014; Orel 2019). None of such diseases were found in Jordan.

Interestingly, in recent studies carried out in Jordan, several insects and additional host plants
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were found infected by ‘Ca. P. solani’ and ‘Ca. P. omanense’ (Abu Alloush et al., 2023a, b, c),
suggesting that the spread of such phytoplasmas, also in stone fruit and persimmon orchards,

could be related to complex epidemiological patterns.

Conclusion

This study evidenced natural phytoplasma infection of stone fruit crops including plum,
peach, and sweet cherry as well as persimmon in Jordan. The symptomatic trees exhibited
several symptoms associated with infection by distinct ‘Ca. Phytoplasma’ species. Further
studies are needed to accurately survey the presence of phytoplasma-associated diseases of
stone fruits and persimmon throughout the Country, to elucidate their etiology, and to study

their epidemiological pattern, including insect vectors and additional host (reservoir) plants.

Funding information. No funding was received for conducting this study.
Conflict of interest statement. The authors declare that they have no conflict of interest.
Data availability statement. All data generated or analyzed during this study are included in

this published article.

References

Abu Alloush, A.H., Bianco, P.A., Amashah, S., Busato, E., Mahasneh, A., AlShoubaki, M.,
Alma, A., Tedeschi, R., Quaglino, F. (2023a) Identification of four distinct ‘Candidatus
Phytoplasma’ species in pomegranate trees showing witches’ broom, little leaf and
yellowing in Jordan, and preliminary insights on their putative insect vectors and

reservoir plants. Annals of Applied Biology, 182, 159-170.



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

Abu Alloush, A.H., Bianco, P.A., Busato, E., Alkhawaldeh, Y., Alma, A., Tedeschi, R.,
Quaglino, F. (2023b) Grapevine yellows in Jordan: associated phytoplasmas, putative
insect vectors and reservoir plants. Plant Pathology, 72, 1380-1392.

Abu Alloush, A.H., Bianco, P.A., Busato, E., AlMahasneh, A., Alma, A., Tedeschi, R.,
Quaglino, F. (2023c) Association of seven ‘Candidatus Phytoplasma’ species to an
almond disease complex in Jordan, and preliminary information on their putative insect
vectors. Crop Protection, 164, 106147.

Abou-Jawdah, Y., Dakhil, H., El-Mehtar, S., Lee, [.-M. (2003) Almond witches'-broom
phytoplasma: a potential threat to almond, peach, and nectarine. Canadian Journal of
Plant Pathology, 25, 28-32.

Anfoka, G.H., Fattash, I. (2004) Detection and identification of Aster yellows (16Srl)
phytoplasma in peach trees in Jordan by RFLP analysis of PCR-amplified products
(16S tDNAs). Journal of Phytopathology, 152, 210-214.

Angelini, E., Clair, M., Borgo, A., Bertaccini, A., Boudon-Padieu, E. (2001) “Flavescence
dorée” in France and Italy: occurrence of closely related phytoplasma isolates and their
near relationships to palatinate grapevine yellows and an alder yellows phytoplasma.
Vitis, 40, 79-86.

Bertaccini, A., Arocha-Rosete, Y., Contaldo, N., Duduk, B., Fiore, N., Montano, H. G., Kube,
M., Kuo, C. H., Martini, M., Oshima, K., Quaglino, F., Schneider, B., Wei, W.,
Zamorano, A. (2022) Revision of the 'Candidatus Phytoplasma' species description
guidelines. International Journal of Systematic and Evolutionary Microbiology, 72,
005353.

Bertaccini, A., Duduk, B., Paltrinieri, S., Contaldo, N. (2014) Phytoplasmas and phytoplasma
diseases: a severe threat to agriculture. American Journal of Plant Sciences, 5, 1763-

1788.

10



249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

Constable, F.E., Gibb, K.S., Symons, R.H. (2003) Seasonal distribution of phytoplasmas in
Australian grapevines. Plant Pathology, 52, 267-276.

Davis, R.E., Zhao, Y., Dally, E.L., Lee, M., Jomantiene, R., Douglas, S.M. (2013) ‘Candidatus
Phytoplasma pruni’, a novel taxon associated with X-disease of stone fruits, Prunus
spp.: multilocus characterization based on 16S rRNA, secY, and ribosomal protein
genes. International Journal of Systematic and Evolutionary Microbiology, 63, 766-
776.

Deng, S., Hiruki, C. (1991) Amplification of 16S rRNA genes from culturable and
nonculturable Mollicutes. Journal of Microbiological Methods, 14, 53-61.

Fiore, N., Bertaccini, A., Bianco, P. A., Cieslinska, M., Ferretti, L., Hoat, T. X., Quaglino, F.
(2018) Fruit crop phytoplasmas. In: Rao, G.P., Bertaccini, A., Fiore, N., Liefting, L.W.
(Eds.), Characterisation and epidemiology of phytoplasma - associated diseases,
Phytoplasmas: Plant pathogenic bacteria — I, 153-190. Singapore: Springer Nature.

Hall, T.A. (1999) Bio Edit: a user-friendly biological sequence alignment editor and analysis
program for Windows 95/98/NT. Nucleic Acids Symposium Series, 41, 95-98.

Khalifa, M.B., Aldaghi, M., Hacheche, H., Kummert, J., Marrakchi, M., Fakhfakh, H. (2011)
First report of ‘Candidatus Phytoplasma prunorum’ infecting apricots in Tunisia.
Journal of Plant Pathology, 93, 517-519.

Khalifa, M.B., Fakhfakh, H. (2011) First report of ‘Candidatus Phytoplasma prunorum’
infecting almonds in Tunisia. Phytoparasitica, 39, 411-414.

Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura, K. (2018) MEGA X: molecular
evolutionary genetics analysis across computing platforms. Molecular Biology and

Evolution, 35, 1547-1549.

11



272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

Lee 1.-M., Gundersen-Rindal D.E., Davis R.E., Bartoszyk .M. (1998) Revised classification
scheme of phytoplasmas based on RFLP analyses of 16S rRNA and ribosomal protein
gene sequences. International Journal of Systematic Bacteriology, 48, 1153-1169.

Lee, I.-M., Bertaccini, A., Vibio, M., Gundersen, D.E. (1995) Detection of multiple
phytoplasmas in perennial fruit trees with decline symptoms in Italy. Phytopathology,
85, 728-735.

Martini, M., Ermacora, P., Magris, G., Ferrini, F., Loi, N. (2011) Symptom expression and
‘Candidatus Phytoplasma prunorum’ concentration in different Prunus species.
Bulletin of Insectology, 64, S171-S172.

Ministry of Agriculture (MOA) in Jordan, 2021. Annual statistical year. Internet sources:

http://www.moa.gov.jo/AR/ (verified November 25, 2021).

Molino Lova, M., Quaglino, F., Abou-Jawdah, Y., Choueiri, E., Sobh, H., Casati, P., Tedeschi,
R., Alma, A., Bianco, P.A. (2011) Identification of new 16SrIX subgroups, -F and -G,
among 'Candidatus Phytoplasma phoenicium' strains infecting almond, peach and
nectarine in Lebanon. Phytopathologia Mediterranea, 50, 273-282.

Nigro, F., Sion, V., Antelmi, 1., Choueiri, E., Habib, W., Bruno, A., Boscia, D. (2020) First
report of ‘Candidatus Phytoplasma phoenicium’ on almond in Southern Italy. Plant
Disease, 104, 278.

Orel, D.C., Paltrinieri, S., Ertung, F., Bertaccini, A. (2019) Molecular diversity of ‘Candidatus
Phytoplasma’ species in pome and stone fruits in Turkey. Bitki Koruma Biilteni, 59, 7-
14.

Quaglino, F., Zhao, Y., Bianco, P.A., Wei, W., Casati, P., Durante, G., Davis, R.E. (2009) New
16Sr subgroups and distinct single nucleotide polymorphism lineages among grapevine

Bois noir phytoplasma populations. Annals of Applied Biology, 154, 279-289.

12


http://www.moa.gov.jo/AR/

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

Sabaté, J., Lavifia, A., Batlle, A. (2014) First report of ‘Candidatus Phytoplasma pyri’ causing
peach yellow leaf roll (PYLR) in Spain. Plant Disease, 98, 989.

Salehi, M., Hosseini, S.A.E., Salehi, E., Quaglino, F., Bianco, P.A. (2020) Peach witches’-
broom, an emerging disease associated with ‘Candidatus Phytoplasma phoenicium’
and ‘Candidatus Phytoplasma aurantifolia’ in Iran. Crop Protection, 127, 104946.

Salehi, M., Salehi, E., Siampour, M., Quaglino, F., Bianco, P.A. (2018) Apricot yellows
associated with ‘Candidatus Phytoplasma phoenicium’ in Iran. Phytopathologia
Mediterranea, 57, 269-283.

Salem, N. M., Quaglino, F., Abdeen, A., Casati, P., Bulgari, D., Alma, A., Bianco, P.A. (2013)
First report of ‘Candidatus Phytoplasma solani’ strains associated with grapevine bois
noir in Jordan. Plant Disease, 97, 1505.

Salem, N.M., Tahzima, R., Odeh, S., Abdeen, A.O., Massart, S., Goedefroit, T., De Jonghe, K.
(2020) First report of ‘Candidatus Phytoplasma solani’ infecting plum (Prunus
domestica) in Jordan. Plant Disease, 104, 563-563.

Schneider, B., Seemiiller, E., Smart, C.D., Kirkpatrick, B.C. (1995) Phylogenetic classification
of plant pathogenic mycoplasmalike organisms or phytoplasmas. In: Razin, S., Tully,
J.G. (Eds.), Molecular and Diagnostic Procedures in Mycoplasmology, 369-380. San
Diego, CA: Academic press.

Uyemoto, J.K., Kirkpatrick, B.C. (2011) X-disease phytoplasma. In: Hadidi, A., Barba, M.,
Candresse, T., Jelkmann, W. (Eds.), Virus and virus like diseases of pome and stone
fruits, 243-245. St. Paul, Minnesota, USA: Eds APS.

Wei, W., Lee [.-M., Davis, R. E., Suo, X., Zhao, Y. (2008) Automated RFLP pattern
comparison and similarity coefficient calculation for rapid delineation of new and
distinct phytoplasma 16Sr subgroup lineages. International Journal of Systematic and

Evolutionary Microbiology, 58, 2368-2377.

13



321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

Weintraub, P.G., Beanland, L. (2006) Insect vectors of phytoplasmas. Annual Review in
Entomology, 51, 91-111.

Wright, A.A., Shires, M.K., Beaver, C., Bishop, G., Tianna DuPont, S., Naranjo, R., Harper,
S. (2021) Effect of ‘Candidatus Phytoplasma pruni’ infection on sweet cherry fruit.
Phytopathology, 111, 2195-2202.

Zhao, Y., Davis, R.E., Lee, 1.-M. (2005) Phylogenetic positions of ‘Candidatus Phytoplasma
asteris’ and Spiroplasma kunkelii as inferred from multiple sets of concatenated core
housekeeping proteins. [International Journal of Systematic and Evolutionary
Microbiology, 55, 2131-41.

Zhao, Y., Wei, W., Lee, .-M., Shao, J., Suo, X., Davis, R.E. (2009) Construction of an
interactive online phytoplasma classification tool, iPhyClassifier, and its application in
analysis of the peach X-disease phytoplasma group (16SrIlIl). International Journal of
Systematic and Evolutionary Microbiology, 59, 2582-2593.

Zirak, L., Bahar, M., Ahoonmanesh, A. (2010) Molecular characterization of phytoplasmas
associated with peach diseases in Iran. Journal of Phytopathology, 158,105-110.

Zirak, L., Khakvar, R., Zarrini, G., Hasanpour, K. (2021). Detection and molecular
characterization of phytoplasmas associated with stone fruit trees in northwest of
Iran. Crop Protection, 142, 105526.

Zwolinska, A., Borodynko-Filas, N. (2021). Intra and extragenomic variation between 16S
rRNA genes found in 16Srl-B-related phytopathogenic phytoplasma strains. Annals of

Applied Biology, 179, 368-381.

14



344  Table 1. Phytoplasma-infected stone fruit and persimmon trees from locations surveyed in
345  Jordan in this study

346
Governorate  Location Plant No. of No. of
collected phytoplasma-
samples infected
samples
AlMafraq Jaber AlSarhan symptomatic Prunus persica L. 15 5
asymptomatic Prunus persica L. 2 0
symptomatic Prunus avium L. 10 7
asymptomatic Prunus avium L. 2 0
symptomatic Diospyrus kaki L. 5 2
asymptomatic Diospyrus kaki L. | 0
UmJmal symptomatic Prunus persica L. 6 4
asymptomatic Prunus persica L. 1 0
Sabha symptomatic Prunus domestica L. 10 6
asymptomatic Prunus domestica L. 2 0
AlKom AlAhmar symptomatic Prunus persica L. 4 1
asymptomatic Prunus persica L. 1 0
Ajloun Ain Jana symptomatic Prunus domestica L. 7 1
asymptomatic Prunus domestica L. 1 0
AlZatarah symptomatic Prunus domestica L. 3 1
asymptomatic Prunus domestica L. 1 0
Irbid Kharja symptomatic Prunus domestica L. 7 1
asymptomatic Prunus domestica L. 1 0
Agaba AlDisi symptomatic Prunus domestica L. 6 0
asymptomatic Prunus domestica L. 1 0
Overall total 86 28
347
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348

349

Table 2. Phytoplasmas identified in stone fruit and persimmon trees in Jordanian regions in this study

Sample ID Plant host Location Symptoms Phytoplasma species Identity % versus 16Sr subgroup Acc. No.
reference strain  (similarity coefficient)

PP164 Prunus persica L. UmJmal Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) OR736053
PP165 Prunus persica L. UmlJmal Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PP166 Prunus persica L. UmlJmal Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PP147 Prunus persica L. UmlJmal Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PP1191 Prunus persica L. Jaber AlSarhan ~ Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PP1200 Prunus persica L. Jaber AlSarhan ~ Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PP1202 Prunus persica L. Jaber AlSarhan ~ Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PP1210 Prunus persica L. Jaber AlSarhan ~ Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PP1225 Prunus persica L. Jaber AlSarhan ~ Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PA110 Prunus avium L. Jaber AlSarhan  Yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PA113 Prunus avium L. Jaber AlSarhan  Yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PA117 Prunus avium L. Jaber AlSarhan  Yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PA118 Prunus avium L. Jaber AlSarhan  Yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PA119 Prunus avium L. Jaber AlSarhan  Yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PA120 Prunus avium L. Jaber AlSarhan  Yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PA122 Prunus avium L. Jaber AlSarhan  Yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
DK186 Diospyros kaki L. Jaber AlSarhan  leaf scorch and rolling 'Ca. P. solani' 99.5 XII-A (1.00) a
DK188 Diospyros kaki L. Jaber AlSarhan  leaf scorch and rolling 'Ca. P. solani' 99.5 XII-A (1.00) a
PP263 Prunus persica L. AlKom AlAhmar Yellowing, reddening, leaf rolling 'Ca. P. solani’ 99.5 XII-A (1.00) a
PD99 Prunus domestica L. Sabha Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PD104 Prunus domestica L. Sabha Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PD105 Prunus domestica L. Sabha Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PD106 Prunus domestica L. Sabha Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PD107 Prunus domestica L. Sabha Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PD108 Prunus domestica L. Sabha Witches'-broom, yellowing 'Ca. P. solani' 99.5 XII-A (1.00) a
PD1075 Prunus domestica L. Ain Jana Witches'-broom, yellowing 'Ca. P. omanense' 99.6 XXIX-B (1.00) OR736054
PDI122 Prunus domestica L. AlZatarah Yellowing, reddening, leaf rolling 'Ca. P. omanense' 99.6 XXIX-B (1.00) b
PD230 Prunus domestica L. Kharja Witches'-broom 'Ca. P. solani' 99.7 XII-A (1.00) OR736055

a: nucleotide sequences identical to OR736053; b: nucleotide sequence identical to OR736054
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Figure Legends

Figure 1. Map of regions surveyed for phytoplasma-like symptoms in stone fruit and
persimmon tree orchards in this study.

Figure 2. Symptoms observed on stone fruit and persimmon trees in Jordan during the survey
carried out in this study. Witches'-broom and yellowing (A) yellowing, reddening and leaf
rolling (B) observed on peach trees; yellowing observed on sweet cherry trees (C); witches’-
broom and yellowing (D), witches’-broom (E), yellowing, reddening and leaf rolling (F)
observed in plum trees; leaf scorch and rolling observed in persimmon (G).

Figure 3. Phylogenetic tree based on the alignment of 16S rRNA-encoding gene nucleotide
sequences of representative phytoplasma strains identified in stone fruit trees in Jordan (bold
characters), and reference strains of previously described ‘Candidatus Phytoplasma’ species.
Evolutionary history was inferred using the Minimum Evolution (ME) method. The percentage
of replicate trees in which the associated taxa clustered together in the bootstrap test (1000
replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the Maximum Composite Likelihood method and
are in the units of the number of base substitutions per site. The ME tree was searched using
the Close-Neighbor-Interchange (CNI) algorithm at a search level of 1. The Neighbor-joining
algorithm was used to generate the initial tree. All ambiguous positions were removed for each
sequence pair (pairwise deletion option). Acholeplasma palmae (GenBank Acc. No. L33734)

was used to root the tree.
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