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Table 1. Names of the phytoplasmas used, their groups, subgroups, and corresponding accession numbers

Phytoplasma strain 16Sr group Accession number
Ca. P. asteris, aster yellows (MAY) 16Sr1 M30790
Ca.p.aurantifolia(WBDL) 16SrIl U15442
Western X-disease (WX) 16Sr1II AF533231
Coconut lethal yellowing (LYJ-C8) 16SrIV AF498307
Ca. P. ulmi, elm yellows (EY) 16SrV AY197655
Ca. P. trifolii, clover proliferation (CP) 16SrVI AY390261
Ca. P. fraxini, ash yellows (AshY) 16SrVII AF092209
Loofah witches’ broom (LufWB) 16SrVIII AF086621
Ca.P.phoenicium,almondwitchesbroom(AIWB) 16SrIX AF515636
Ca. P. mali, apple proliferation (AP) 16SrX AJ542541
Ca. P. oryzae, rice yellow dwarf (RYD) 16SrXI AB052873
Ca. P. australiense (AUSGY) 16SrXII L76865
Mexican periwinkle virescence (MPV) 16SrXIII AF248960
Ca. P. cynodontis (BGWL) 16SrXIV AJ550984
Ca. P. brasiliense (HibWB) 16SrXV AF147708
Pigeon pea witches’ broom phytoplasma (PPWB) 16SrIX-A AF248957
Ca. Phytoplasma phoenicium strain 21 16SrIX-B AF515637
Picris echioides yellows phytoplasma 16SrIX-C Y16389

' Ca. Phytoplasma phoeniciun strain 4 16SrIX-D AF515636
Juniper witches’ broom phytoplasma (JWB) 16SrIX-E GQ925918
" Ca. P. phoenicium MarN27-2 16SrIX-F HQ407532
Ca. P. phoenicium FegAl-1 16SrIX-G HQ407514
Estahban periwinkle phyllody (EPP) 16SrIX-C kec332293

Darab periwinkle phyllody (DPP) 16SrIX-C ke332292
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Figure 1. Periwinkle affected with Estahban phyllody agent
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Figure 2. Phyllody and virescence symptoms of Darab periwinkle
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Figure 3. Floral virescence and stunting of inoculated eggplant with Estahban periwinkle phyllody agent
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Figure 4. Amplification of phytoplasmal DNA from phyllody-affected periwinkle by PCR using P1/P7 primer pair. M, DNA ladder;
lanes 1 and 2 affected Darab periwinkle, lane 3 and 4 affected Estahban periwinkle
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Figure 5. Electrophoresis pattern of 16S rDNA fragments (12 kbp) amplified by nested PCR using P1/P7 and R16F2n/R16R2

primer pairs from phyllody-affected Darab periwinkle (lanes 2 and 3), phyllody affected Estahban periwinkle (lanes 4and8) , lanes 6
non-affected eggplant and lane 7 affected eggplant with Estahban strain, Lanes 5 healthy periwinkle, lane M, DNA ladder
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Figure 5. Restriction fragment length polymorphism (RFLP) profiles of 16S rDNA amplified in nested polymerase chain reaction
(PCR) of periwinkle phyllody phytoplasmas.
a: Candidatus Phytoplasma phoenicium (16SrIX-C ), b: Darab strain, c: Estahban strain)
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Figure 7. Phylogenetic tree of 1200 bp of 16SrRNA gene sequences of 17 phytoplasmas and Acholeplasma laidlawii as outgroup.

The tree was constructed using Clustal X program
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Figure 7. phylogenetic tree of 1900bp of 16SrRNA gene sequence of 7 16SrIX- subgroups, Darab and Estahban strains and

Acholeplasma laidlawii using claustalX software



VEF Ol g 5l A Y ol /@SQM59&£°Q§)JO€9§QW oy

Sl S g0l 8 SIS ) OLaLS abex 51 LS il #5153 LDl 523 Lol yon (5 5lasy Lo 03 00l 55 98k
ol (Ol sl 5 limas Ol Sl 51 5L 3 lossBly 528 (Sl slans sidas 0Ll 53 ) Rl Jl o Ll
S5 et JiSse 5 S5 e s Shs ol eslimal b .Cmul odii 3158 (ole S gliwl) &b o 5 (Lw)b bl
oSl Sl 2 55 Solew Jole (lomdly g3 5 16STIL o5, w late S 5 Ly (2305 5 3 (Sole Jole (slomusdly 28
53 lgp olS 53 (635kd (Sola Jule aS sl Gt rassy ol 5 (Salehi et al., 2005) L5l 016811 05,5 4 3l

555 835k (S JS i i 55 s 5355 g0 S Il GLALS & s 5 5y 32 5l Ol 5 Sl L
Sl #h) s (55 0blS )3 16SHIX 65 S glalewsdly g2d JUE 3l ol SIS b gl cpl 2335 oo (Shiss)lr
Lee ef al. (1998) (slaasly dilea 55 555 cpl 53 e 33,0 3 S50 Wil . (Zirak et al., 2021; Salehi et al., 2023 ) 5,15
or) 03 Slalo 5053 5 s PCR ol .l alomadly b om0 208 55 SSlaes gLS (gostll i goduasylis
oo Ladils (65831 g o3lil a5 5 a8 540 sLicaa> VYo v 5 VA gladsh L 16SIRNA Silaad 5y o> Ly aallas
oS sls lis (Sield & 3. (Cho et al., 2020; Zhao et al., 2023) Sl 16S1IX 05,8 (slalesd 523 4 bgy 1o sla 5,158
@S5 Jol b adlaie (slays 28 51 ) Gla S b ane ) 4 551> 5l 16STIX-C 05 55 4 plgind 5 Slil> laaglt

.(Wang et al., 2024; Kiss et al., 2024) 31> Calas 35 o 9 Aa

Sl bl e (A9 ,V7 5998 /87 olgal 5 Olils Gbaaldr o s ilS 5 Coals dw)s p3 i Galsls sdal i
Bekele et Slalas )5 55 5 % g5ese Ot Al TOSTIX (Slawsdly g1d  oes (Glacomas 55 A5 S0y S35 g5 257s
0313 ol LoDy 52 0l (S5 25 03 ML 5 ol L) 2 2B 4y 50l ool Salehi et al. (2023) 5 al. (2022)
(MLST) _Sior 5,555 5imp s tuf ¢ secY dsle foSo (sla S5 51 oaliadl 45 A8 oo slgiy dydr lalllas .ol 0ds
53 ¢l - (Cho et al., 2020; Zhao etal., 2023) A5 axls (SalS (25 _lewsdly 528 (slros S5 5535 Kb 55 Ll e
E55 5 S35 Sl 93 iS il bl )03 S (513 paped 5 ;LS iy Sl esliaal (215 5 (535 (555 el Dlalllas
Ol 3 16SITX-C g S lalowsdly 523 ) piam Ao pao Gedions () s JS 5 5boay 358 g0 s (ST (65801 5 (S5
Ll g0 fyoge 2l 213 AST 25 SV gmams (51 (ST (058L mlis Glyreas (15 dsle 5 QLS el ¢ oyl

S B a5 g0 gloyti GMBL IS 503401 (Slapl oo o ale 31 lagg o J S glas paly (1 b 5o



or OLlKen 9 OLGLE .S /. Gl 99k slawdysid Jole (Sgdon 5 JoSse Sluogas

eb.o

Bekele, K., Tesfaye, K., & Hailu, A. 2022. Molecular characterization and diversity analysis of
phytoplasmas infecting ornamental and crop plants in Ethiopia. Plant Pathology Journal, 38(5),
515-523.

Cho, S. T., Chen, M. J., & Kuo, C. H. 2020. Phylogenetic diversity and multilocus sequence analysis of
16SrIX group phytoplasmas. Frontiers in Microbiology, 11, 2135.

Don, G. 1999. Catharanthus roseus. pp109-118, In: Ross, 1. A. (Ed.), Medicinal Plants of the World,
Human press, Totowa, New Jersey,

Gundersen, D.E., Lee, .M., Schaff, D.A., Harrison, N.A., Chang, C.J., Davis, R.E. & Kingsbury, D.T.
1996. Genomic diversity and differentiation among phytoplasma strains in 16S rRNA groups I
(aster yellowsand related phytoplasmas) and III (X-disease and related phytoplasmas).
International Journal of Systematic Bacteriology, 46, 64—75.

Kiss, E., Nagy, B., & Koltai, H. 2024. Genetic variability of 16SrIX phytoplasmas associated with
ornamental plants in Europe. Microbial Pathogenesis, 194, 106622,

Lee, I. M., Gundersen-Rindal, D. E., Davis, R. E., & Bartoszyk, I. 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.

Marwitz, R. 1990. Diversity of yellows disease agents in plant infections. Zentralblatt fiir Bakteriologie,
Suppl. 20: 431- 434.

Nejat, N., Sijam K., Abdullah, S. N. A., Vadamalai, G. & Dickinson, M., 2010. Molecular
characterization of an aster yellows phytoplasma associated with proliferation of periwinkle in
Malaysia. Afiican Journal of Biotechnology, 9 (15): 2305-2315.

Omar, A. F., Emeran, A. A. and Abass, J. M., 2008. Detection of a phytoplasma associated with
periwinkle virescence in Egypt. Plant Pathology Journal, 7 (1): 92-97.

Salehi M., Heydarnejad J. & Izadpanah K. 2005. Molecular characterization and grouping of 35
phytoplasmas from central and southern provinces of Iran. lranian Journal of Plant Pathology,
41: 62-64

Salehi, M., Shams-Bakhsh, M., & Zirak, L. 2023. Identification and genetic differentiation of 16SrIX
phytoplasmas associated with various hosts in Iran. Phytopathologia Mediterranea, 62(2), 235—
244,

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

Sertkaya, G., Martini, M., Ermacora, P., Musetti, R. & Osler, R. 2007. Detection and molecular
characterization of phytoplasmas infecting sesame and solanaceous crops in Turkey. Bulletin of
Insectology, 60 (2): 141-142.

Torres, L., Galdeano, E., Docampo, D. & Conci, L. 2004. Characterization of an Aster yellows
phytoplasma associated with Catharanthus little leaf in Argentina. Journal of Plant Pathology, 86
(3): 209-214.

Wang, H., Li, Z. & Sun, Y. 2024. Molecular detection and phylogenetic analysis of 16SrIX group
phytoplasmas in China. Molecular Plant Pathology, 25(1), 77-90.



VEF Ol g 5l A Y ol /@Yliwjgé&}iogf)aoﬁj&w of

Zhang, H., Zhang, D., Chen, J., Yang, Y., Huang, Z., Huang, D., Wang, X. C. & Huang, R., 2004.
Tomato stress-responsive factor TSRF1 interacts with ethylene responsive element GCC box and
regulates pathogen resistance to Ralstonia solanacearum. Plant Molecular Biology, 55:825-834.

Zhao, Y., Wei, W., Lee, 1. 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 peachX-
disease phytoplasma group (16Srlll). International Journal of Systematic and Evolutionary
Microbiology, 59:2582-2593.

Zhao, Y., Chen, L. & Wei, W. 2023. Comprehensive genome analysis of 16SrIX phytoplasmas reveals
genetic diversity and host adaptation mechanisms. Microorganisms, 11(8), 2051.

Zirak, L., Salehi, M., & Shams-Bakhsh, M. 2021. Molecular identification and phylogenetic analysis of

phytoplasmas associated with periwinkle and ornamental plants in Iran. Australasian Plant
Pathology, 50: 115-123.



Journal of Novel Researches on
Plant Protection & Bioremediation
(Islamic Azad University, Shiraz Branch)

202513 (1): 43 - 55

Biological and Molecular Characterization of
Periwinkle Phyllody in Darab & Estahban

Golnoosh Shayegan', Mohammad Salehi’, Sassan Ghasemi’

(1) Department of Plant Pathology, Shi.C., Islamic Azad University, Shiraz, Iran
(2) Fars Agricultural and Natural Resources Research and Education Center, AREEO,
Shiraz, Iran

(*) sassan.ghasemi@jiau.ac.ir

Abstract

During a survey in Darab and Estahban (Fars Province), phyllody symptoms were
observed on periwinkle (Catharanthus roseus). Graft and dodder (Cuscuta sp.)
transmission, followed by molecular assays using direct PCR (P1/P7) and nested PCR
(R16F2n/R16R2), confirmed the phytoplasmal nature of the disease. Sequencing of
the amplified 16S rRNA fragment (~1200 bp) revealed that the isolates belong to the
16SrIX group and are closely related to the 16SrIX-C subgroup. Phylogenetic analysis
supported this classification. It is suggested that additional molecular markers such as
secY, tuf, and imp, and a multilocus sequence typing (MLST) approach be used to
improve taxonomic resolution. The findings indicate that infected periwinkle plants

may serve as a potential reservoir for phytoplasma dissemination in the region.

Keywords: Periwinkle, Phyllody, virescence, yellowing, phytoplasma, Nested PCR,
RFLP
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