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Abstract

During spring and summer of 2018, suspected symptoms of the phytoplasma disease such as leaf shrinkage and yellowing as
well as leaves with abnormally-enlarged stipules were observed in apple orchards in Khorasan Razavi province and 33 leaf
samples were collected. Samples of symptomatic apple tree were assayed for infection with phytoplasma, using universal
primer pairs P1 / P7 and nested PCR using primer pair R16F2n / R16R2, fU5 / rU3 and R16MF2 / R16MR?2 in Polymerase
Chain Reaction (PCR). The universal PCR products were 1800 bp fragments and the nested-PCR products were 1250, 876
and 1400 bp fragments, respectively, which were amplified by primer pairs. Of 33 leaf samples from apple, 18 samples were
tested positive for phytoplasmas. The RL6MF2/R16MR2 primed nested PCR products were cloned, sequenced and submitted
into GenBank. Comparison of the obtained sequences with the sequences of NCBI using BLAST software and Restriction
Fragment Length Polymorphism (RFLP) analysis of the nested PCR products using the enzymes Alul, Rsal and Trul (Msel)
indicated that phytoplasma in apple trees in Razavi Khorasan province was most similar to Candidatus Phytoplasma trifolii
related to Clover Proliferation (CP) 16SrVI group. Analysis of sequences using iPhyClassifier software, determination of
nucleotide similarity, and phylogenetic analysis of full-length 16S rDNA showed that phytoplasma in apple tress of Razavi
Khorasan province belongs to 16SrVI-A subgroup. This is the first report on Ca. Phytoplasma trifolii infections in apple trees
in Iran and other regions across the world.
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Table 1. Information of samples obtained from different regions of Khorasan Razavi province.

Sampling site Plant organ Number of Samples
Mashhad Leaf 7
Torghabeh Leaf 3
Shandiz Leaf 3
Chenaran (Kahoo, Akhlamad) Leaf 7
Golbahar Leaf 2
Quchan (Aghkariz, Chalaki) Leaf 6
Nyshabour (Bouzhan Fooshenjan) Leaf 5
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Table 2. Primer information's used in PCR and Nested PCR methods.

Primer name Sequence 5'— 3' Amplified fragment Reference

size
P1: Forward AAGAGTTTGATCCTGGCTCAGGATT 1800 bp Deng & Hiruki 1991
P7: Reverse CGTCCTTCATCGGCTCTT Schneider et al. 1995
R16F2n: Forward GAAACGACTGCTAAGACTGG 1250 bp Lee et al. 1995
R16R2: Reverse TGACGGGCGGTGTGTACAAACCCCG
FU5: Forward CGGCAATGGAGGAAACT 876 bp Lorenz et al. 1995
RU3: Reverse TTCAGCTACTCTTTGTAACA
R16mF2: Forward CATGCAAGTCGAACGGA 1400 bp Gundersen & Lee 1996
R16mR1: Forward CTTAACCCCAATCATCGAC
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Table 3. List of Phytoplasmas groups and GenBank accession humbers used in phylogenetic analysis.

Phytoplasma strain designation RFLP Group Host Origin Accession
number
Candidatus Phytoplasma asteris 16Srl Apple Iran KC902802
Candidatus Phytoplasma aurantifolia 16Srll Apple Iran KC902796
Candidatus Phytoplasma ulmi 16SrV Elm Czech Republic EU184021
Candidatus Phytoplasma trifolii 16SrVI-A Apple Iran MT981209
Candidatus Phytoplasma trifolii 16SrVI-A Peach Iran FJ204395
Candidatus Phytoplasma trifolii 16SrVI-A Alsike Clover Canada AY390261
Candidatus Phytoplasma trifolii 16SrVI-A Cowpea Iran KC633094
Candidatus Phytoplasma trifolii 16SrVI-C American Elm USA AF409070
Candidatus Phytoplasma trifolii 16SrVI-D Eggplant India EF186820
Candidatus Phytoplasma trifolii 16SrVI-E Yellow Star-Thistle Italy AY270156
Candidatus Phytoplasma phoenicium 16SrIX Tomato Iran JF508513
Candidatus Phytoplasma mali 16SrX Apple Italy AJ542541
Acholeplasma laidlawii M23932
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Figure 1. Symptoms of apple trees infected with phytoplasma diseases in Khorasan Razavi province, A. Proliferation
(Witches, broom), B. Defoliation, C. Stipule enlargement, D. Yellowing.
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Figure 2. Electrophoresis pattern of nested PCR using primers pairs R16F2n / R16R2, fU5 / rU3 and R16MF2 / R16MR2
from infected apple in 1.2 % agarose gel. lane marked (M) DNA ladder, lane (H) healthy apple sample, lane (+) positive

control and lanes 1 to 9 samples of apples infected with phytoplasma.
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Figure 3. RFLP pattern of nested PCR using R16F2n/R16R2 primer pair in 2 % agarose gel. lane marked (M) 100bp DNA
ladder, lane (+) positive control and and lanes 1 to 8 isolates of Khorasan Razavi province with Rsal, Alul and Trull (Msel)

restriction enzymes.
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Figure 4. A neighbor-joining tree (Bt x 1000) constructed by Mega7 program using the 16S rRNA gene, of the phytoplasma
strain used in this study (showed with @) associated with some phytoplasmas groups and subgroups of 16SrV1 group, selected
phytoplasmas from GenBank. The sequence of Acholeplasma laidlawii served as an out group. See Table 3 for abbreviations

and accession numbers.
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