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Biological and molecular characterization of the phytoplasma
associated with tomato big bud disease in Zanjan province, Iran

E. Salehi'’, M. Salehi'’, and M. Masoumi'

(Received: 11.3.2016; Accepted: 27.9.2016)

Abstract

Tomato big bud (TBB) is an economically important disease of tomato (Lycopersicon esculentum Mill.) in
various regions of the world. In 2013 surveys of Zanjan province (Iran) tomato fields, symptoms of TBB
disease were observed. The disease agent was successfully transmitted by grafting from a naturally
symptomatic tomato in Zanjan to tomato and eggplant and from tomato to periwinkle via dodder (Cuscuta
campestris Yank.) transmission. In inoculated plants phytoplasma-type symptoms were produced. Expected
length DNA fragments of nearly 1,800 and 1,250 bp were respectively amplified from naturally infected
tomato and experimentally inoculated plants in direct polymerase chain reaction (PCR) using phytoplasma
primer pair P1/P7 or nested PCR using the same primer pair followed by R16F2n/R16R2 primers. Virtual
restriction fragment length polymorphism (RFLP) of nested PCR products (1.2 kbp) showed that Zanjan
TBB (ZTBB) phytoplasma is related to subgroup A in 16SrVI (clover proliferation) phytoplasma group.
Phylogenetic analysis of full length 16S rDNA classified ZTBB with 16SrVI-A subgroup. This is the first
report of biological and molecular characterization of a phytoplasma associated with TBB disease in Zanjan
province.
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Table 1. Accession numbers of phytoplasmas used in phylogenetic tree construction .

Acronym Phytoplasma strain designation RFLP Group  Accession number
‘Ca. P. asteris’ ‘Candidatus Phytoplasma asteris’ 16Srl-1 M30790
‘Ca. P. aurantifolia’ ‘Candidatus Phytoplasma aurantifolia’ 16Srll Ul15442
‘Ca. P. trifolii’ ‘Candidatus Phytoplasma trifolii’ 16SrVI AY390261
‘Ca. P. phoenicium’ ‘Candidatus Phytoplasma phoenicium’ 16SrIX AF515637
‘Ca. P. mali’ ‘Candidatus Phytoplasma mali’ 16SrX AJ542541
‘Ca. P. oryzae’ ‘Candidatus Phytoplasma oryzae’ 16SrXI AJ542541
‘Ca. P. solani’ ‘Candidatus Phytoplasma solani’ 16SrX1II AF248959
‘Ca. P. australiense’ ‘Candidatus Phytoplasma australiense’ 16SrX1II L76865
‘Ca. P. cynodontis’ ‘Candidatus Phytoplasma cynodontis’ 16SrX1V AJ550984
‘Ca. P. brasiliense’ ‘Candidatus Phytoplasma brasiliense’ 16SrXV AF147708
‘Ca. P. luffae’ ‘Candidatus Phytoplasma luffae’ 16SrVIII AF086621
‘Ca. P. palmae’ ‘Candidatus Phytoplasma palmae’ 16SrIV U18753
‘Ca. P. ulmi’ ‘Candidatus Phytoplasma ulmi’ 16SrV-A AY197655
‘Ca. P. fraxini’ ‘Candidatus Phytoplasma fraxini’ 16SrVII AF092209
MPV Mexican periwinkle virescence 16SrXIII AF248960
WXD Western X-disease 16SrlII L04682
VI-A Vinca virescence 16SrVI-A AY500817
VI-B Strawberry multiplier disease 16SrVI-B AF190224
VI-C [llinoise elm yellows 16SrVI-C AF409070
VI-D Perwinkle little leaf 16SrVI-D AF228053
VI-E Centarurea solstitialis virescence 16SrVI-E AY270156
VI-F Catharanthus phyllody phytoplasma 16SrVI-F EF186819
VI-H Portulaca little leaf phytoplasma 16SrVI-H EF651786
VI-1 ‘Candidatus Phytoplasma sudamericanum’ 16SrVI-1 GU292081
ZTBB Zanjan tomato big bud 16SrVI-A KR150879
A.laidlawii Acholeplasma laidlawii ~~ meeee- M23932
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Fig. 1. Symptoms of big bud disease in tomato fields in Zanjan: A, Big bud and purplish of different parts of the

plant; B, small, yellowed and cupped leaves; C, floral proliferation; .D, witches’ broom and big bud; E, Small

miss-shaped and stony fruits.
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Fig. 2. Disease symptoms in eggplant and tomato plants graft inoculated with Zanjan tomato big bud agent: A,

Thickened stem, growth of lateral buds to small branches bearing yellowed and cupped leaves in eggplant; B,
Big bud and purple buds in tomato.
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Fig.3- Agarose gel electrophoresis pattern of PCR products using P1/P7 primer pair. Lane 1, periwinkle plant
infected with lime witches’ broom phytoplasma ( positive control); lanes 2 and 3, symptomatic tomato plants
from tomato fields in Zanjan; lanes 4 and 5, eggplant and tomato plants graft inoculated with Zangan tomato
big bud agent; lanes 6, 7 and 8, healthy tomato, eggplant and periwinkle plants. M, DNA marker (CinaGen,
Iran).
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16SrVI-A, Ca. Phytoplasma trifolii (AY500817) 16SrVI-A, Zanjan tomato big bud (KR150879)
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virtual OX174 Haelll digested size marker
Fig. 4. Virtual RFLP patterns obtained by digestion of 1250 bp nucleotide sequence of 16S ribosomal RNA gene
of Zanjan tomato big bud phytoplasma and a phytoplasma related to 16SrVI-A subgroup using the enzymes
Alul, BamHI, Bfal, BstUl, Dral, EcoRIl, Haelll, Hhal, Hinfl, Hpal, Hpall, Kpnl, Sau3Al, Msel, Rsal, Sspl and
Taql. MV, virtual 9X174 Haelll digested size marker.
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Fig. 5. Phylogenetic tree constructed from the alignment of full length 16S rRNA gene nucleotide sequences of
17 phytoplasmas and Acholeplasma laidlawii as the outgroup by Neighbor joining method using MEGAS
Software; Numbers above the branches, bootstrap support (1000 replicates). See table 1 for phytoplasma names

and related accession numbers.
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— Strawberry multiplier disease, VI-B
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Fig. 6. Phylogenetic tree constructed from the alignment of 1200 bp of 16S rRNA gene nucleotide sequences of
8 phytoplasmas as representatives of 16SrVI phytoplasma subgroups, Zanjan tomato big bud phytoplasma and
Acholeplasma laidlawii as the outgroup. The tree was constructed by Neighbor joining method using
MEGAS Software; Numbers above the branches, bootstrap support (1000 replicates). See table 1 for phytoplasma

names and related accession numbers.
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