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Association of Candidatus phytoplasma in stone fruit trees of Golestan province of
Iran: a diagnostic study report
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Table 1. Information about samples collected from different regions of Golestan province
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Total No. Symptoms Host Plant Organ Ps Sampling site
1 Decline and Yellows Jls; 5 60,;  Peach oo Leaf 5, 36.786217,54.141910
1 Yellows ©s,;  Nectarine Jl: Leaf 5,  36.786286, 54.160407 Kofdi ;;5
2 Decline Jls;  Nectarine Ll Leaf 5,  36.835556, 54.335501
2 Decline and Yellows Jls; 9 ss,;  Peach oo Leaf 5,  36.823940, 54.283780
2 Reddening b 3e,8  Plum 1 Leaf 5,  36.847405, 54.489525
1 Small leaves Syer, Plum o1 Leaf 5,  36.852282,54.518364 Gofgif
2 Yellows «%,; Nectarine Jl: Leaf 5,  36.864918, 54.486950
1 Yellows ©s,; Nectarine JLls Leaf 5,  36.828171,54.512871
1 Yellows and small leaves 5 5,5 2,;  Peach oo Leaf 5,  36.920490, 54.760098
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1 Yellows ©s,;  Nectarine Jl: Leaf 5, 36948482 54.932618  Aliabad Katul
2 Decline Jis;  Cherry LS Leaf 5, 36.948482, 54.932618
2 Reddening Oob 0,8 Peach oo Leaf 5,  37.034997, 55.056801
1 Reddening and yellows ¢s,5 5 o 30,3 Nectarine Jls Leaf <,  37.029995, 55.030494 s
2 Yellows and small leaves 55,5 5,;  Plum 1 Leaf 5,  37.034997, 55.056801 Daland
3 Yellows ©s,; Cherry L5 Leaf 5,  37.034997, 55.056801
1 Small Leaves Srp, Peach sl Leaf £,  36.760474,53.976279
1 Reddening O 3e,8  Plum 1 Leaf 5,  36.768106, 54.004002 S
1 Yellows &3,  Plum o1 Leaf £,  36.773813, 54.018422 Bandare Gaz
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Table 2. Information about primers used in PCR and nested PCR methods
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Deng and Hiruki, 1991 16sr DNA 1800 b AAGAATTTGATCCTGGCTCAGGATT P1: Forward
Schneider et al., 1995 23sr DNA P CGTCCTTCATCGGCTCTT P7: Reverse
Gundersen and Lee, 1996  16sr DNA 1250 bp GAAACGACTGCTAAGACTGG R16F2n: Forward
Leeetal., 1993 16sr DNA TGACGGGCGGTGTGTACAAACCCCG R16R2: Reverse
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Fig. 1. Symptoms of peach trees infected with phytoplasma disease in the orchards of Golestan province,

comparing the vascular tube of healthy and suspected phytoplasma infected peach trees (1), signs of
decline and reddening of leaves (2), rolling and small leaves (3)
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Fig. 2. The results of electrophoresis of PCR products with universal primers P1/P7 and band formation in
the range of 1800 base pairs and R16F2/R16R2 with band formation in the range of 1250 base pairs
from peach trees in 1.2% agarose gel compared to the DNA Ladder guide image show given. In the
picture related to primer P1/P7 (left side), number 2 is related to the sample collected from Kordkoy

city and samples 3 and 4 are related to the Gorgan city and those samples that did not form a band are
related to healthy samples or phytoplasma-free samples.
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KX151877.1_Candidatus_Phytoplasma_mali_isolate_56/2014
MGT39445.1 Candidatus Phytoplasma mali strain ForR
KX151877.1 Candidatus Phytoplasma mali isolate 56/2014_1
KX151876.1_Candidatus_Phytoplasma_mali_isolate_6a/2015_1
HM149268 1_Candidatus_Phytoplasma_prunorum_isolate_OzPr
LT746087.1 Candidatus Phytoplasma prunorum partial 163 rRNA gene isolate Trzebnica
MH279543.1 Candidatus Phytoplasma prunorum isolate ESFY-F2nR2-c2_SP6_Plate_1_8
KF849463.1 Candidatus Phytoplasma pyri isolate D764-08
KF849464.1 Candidatus Phytoplasma pyri isolate 01040-07
MH577301.1 Candidatus Phytoplasma pyri isolate Argé
MH577302.1 Candidatus Phytoplasma pyri isolate Arg7
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B AY389828.2_Aster_yellows_phytoplasma_strain_AY-WB
L 0q94s143 Candidatus_Phytoplasma_sp_clone_pz16 @
KF923872 1_Candidatus_Phytoplasma_solani_strain_PN131
FJ204394.1_Iranian_peach_phytoplasma_PP49
EU010006.1_Candidatus_Phytoplasma_solani_isolate_391
KF263684.1_Candidatus_Phytoplasma_solani_strain_115_t
KF263685.1_Candidatus_Phytoplasma_solani_strain_155
KF739407.1_Candidatus_Phytoplasma_solani_strain_PLR-203
KF739408.1_Candidatus_Phytoplasma_solani_strain_119T-PLR
KF921621.1_Candidatus_Phytoplasma_solani_165_ribosomal_RNA_gene_partial_sequence
N 65 KF932288 1_Candidatus_Phytoplasma_solani_isolate_PN53-T
KF932297 1_Candidatus_Phytoplasma_phoenicium_isolate_PN168-NPA
KF932299.1_Candidatus_Phytoplasma_phoenicium_isolate_ PN193-NPA
KF932301.1_Candidatus_Phytoplasma_phoenicium_isolate_ PN201-NPA
MN747112.1_Prunus_persica_phytoplasma_PPSH7_16S_ribosomal_RNA_gene_partial_seqguence
MN747101_1_Prunus_dulcis_phytoplasma_PATE
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OP055811.1_Candidatus_Phytoplasma_sp._clone_pz13_16S_ribosomal_RNA_gene_partial_sequence

=] KY024345.1 Candidatus Phytoplasma cynodontis isolate ORGA1 16S ribosomal RNA gene partial sequence
9 KY024346.1 Candidatus Phytoplasma cynodontis isolate ORGA2 16S ribosomal RNA gene partial sequence
= . MGT725730.2 Candidatus Phytoplasma oryzae isolate SCGS_CoLK97147_Uttar
100 MGT725732. 2 Candidatus Phytoplasma oryzae isolate SCGS_Co0Se82423_Uttar
EUB49681.1_Candidatus_Phytoplasma_trifolii_165_ribosomal_RNA_gene_partial_sequence

OL469605.1_Candidatus_Phytoplasma_ziziphi_clone_PPYR-2
FR717540.1_Candidatus_Phytoplasma_brasiliense
MN790777.2_Prunus_dulcis_phytoplasma_PA1
AYB858053.1_Candidatus_Phytoplasma_aurantifolia

LR028043 1 Candidatus Phytoplasma palmicola partial

LR028044 1 Candidatus Phytoplasma palmicola partial
KF923876.1_Peach_yellow_leaf_phytoplasma_strain_PN195
KF923873.1_lranian_peach_little_leaf_vyellowing_phytoplasma_strain_PN168
KF923874.1_lranian_peach_little_leaf_yellowing_phytoplasma_strain_PN199
KF932284.1_Peach_little_leaf_yellowing_phytoplasma_isolate_PN193-T
AJ311394.1_Acholeplasma_axanthum_16S_rRNA_gene_strain_118 7] outgroup
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Fig. 3. Phylogenetic tree drawn with Mega-X program using Maximum likelihood algorithm and bootstrap
1000 based on nucleotide synonymy of a part of 16s rRNA gene, to determine the proximity of the
isolate sequenced in the present study, which is marked with the sign e with different groups
Phytoplasma and Acheloplasma axanthum have been selected as external groups.
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Fig. 4. Patterns obtained from virtual RFLP using iPhyClassifier software based on nucleotide synonymy
of the nested PCR product of phytoplasma with yellowing and decline of peach trees sequenced in the
present research (left) and phytoplasma of subtype 16Srl-AD.
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ABSTRACT

In the visits of the spring, summer, and autumn of 2021 and 2022 to the orchards of stone fruit trees in Golestan
province, suspected symptoms of phytoplasma disease such as yellowness, deterioration, reddening, and small leaves
were observed, and 28 samples of leaves from different hosts of stone fruit trees were collected. P1/P7 general primers
were used for general PCR, and R16F2n/R16R2 primers were used for nested PCR. Infected samples amplified 1800
bp fragments in general PCR and 1250 bp fragment in nested PCR. Out of the 28 samples collected, 3 samples of
peach trees had a band in the target area. The nested PCR product after sequencing was registered in the World Gene
Bank with accession numbers 0Q945143 and OP055811. At the same time, transplanting was done on the benchmark
plant, Periwinkle, with the aim of gene storage and observation of phytoplasma symptoms. The comparison of the
obtained sequences with the sequences available on the NCBI by the BLAST showed the most similarity to Aster
yellows phytoplasmas, and the phylogenetic analysis of the target sequence with the maximum likelihood estimation
algorithm in comparison with the different phytoplasma subgroups reported in Iran also showed the results confirmed
the blast. Also, the comparison of patterns obtained from virtual RFLP identified the most similar reference pattern of
the 16Srl group, subtype AD (GenBank accession: DQ286577), with a similarity coefficient of 0.77, which indicates
that this strain may represent a new group. The results of this study confirm the presence of phytoplasma in peach
trees in Golestan province for the first time and indicate the presence of a phytoplasma species close to Candidatus
phytoplasma asteris in Golestan province.
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