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Biological and molecular characterization of phytoplasmas associated with
GF-677 witches’-broom in Iran
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Biological and molecular characterization of phytopl*asmas associated
with GF-677 witches’-broom in Iran
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Abstract

GF-677 (prunus amygdalus x prunus persica) is one of the most suitable rootstocks for almond and peach
trees. GF-677 cuttings were imported from Europe and planted in Bidzard and Estahban areas (Fars
province) for further propagation and distribution to other Iranian stone fruit growing areas. During 2009 and
2010 surveys of GF-677 trees, witches’-broom disease (GFWB) was observed in both Bidzard and Estahban
regions. The disease agents of GFWB from Bidzard (BGFWB) and Estahban (EGFWB) were transmitted
from GF-677 to GF-677, bitter almond and peach seedlings by grafting and from experimentally inoculated
bitter almond to seed-grown eggplant and periwinkle plants via dodder inoculation, causing phytoplasma-
type symptoms. Total DNA extracted from naturally affected GF-677 trees in Bidzard and Estahban and
experimentally inoculated plants reacted positively in direct PCR using P1/P7 and nested-PCR using P1/P7
(first round) and R16F2n/R16R2 (second round) primer pairs. On the basis of disease symptoms, positive
reaction in PCR, transmission by dodder and grafting, BGFWB and EGFWB have phytoplasmal etiology.
Blast searching showed that BGFWB and EGFWB phytoplasmas belong to the pigeon pea witches’-broom
(16SrIX) group. Using Alul, Hpall and Haelll enzymes, RFLP patterns of BGFWB and EGFWB
phytoplasmas were indistinguishable from each other and those of Neyriz (Fars, Iran) almond Witches’-
broom (NAWB) phytoplasma. P1/P7 PCR amplicon sequences of BGFWB and EGFWB isolates were
submitted to the GenBank database under the accession numbers JX445141 and JX445142, respectively.
Virtual RFLP using 17 enzymes showed that BGFWB and EGFWB isolates are indistinguishable from
NAWB phytoplasma (representative of 16SrIX-B subgroup) but different from Khafr (Fars, Iran) almond
witches’-broom (KAWB) phytoplasma which is classified with 16SrIX-C subgroup phytoplasmas.
Phylogenetic analysis and homology percent, confirmed that among 16SrIX subgroups, BGFWB and
EGFWB phytoplasmas were more similar to subgroup B of 16SrIX group than other subgroups.
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Table 1. Accession numbers of phytoplasmas used in phylogenetic tree construction and nucleotide similarity

comparison

Phytoplasma Phytoplasma strain designation RFLP Group  Accession number
CPh Clover phyllody phytoplasma 16Srl AF222065
Ca P. aurantifolia Candidatus Phytoplasma aurantifolia 16SrlI Ul15442
WXD Western X-disease 16SrI1I L04682
LYJ-C8 Coconut lethal yellowing 16SrIV AF498307
Ca. P. ziziphi Candidatus Phytoplasma ziziphi 16SrV AY072722
Ca. P. trifolii Candidatus Phytoplasma trifolii 16SrVI AY390261
Ca. P. fraxini Candidatus Phytoplasma fraxini 16SrVII AF092209
LWB Loofah witches'- broom 16SrVIII L33764
PPWB Pigeon pea witches'- broom 16SrIX-A AF248957
Ca. P. phoenicium Candidatus Phytoplasma phoenicium 16SrIX-D AF515636
16SrIX-B AF515637
Ca. P. mali Candidatus Phytoplasma mali 16SrX AJ542541
Ca. P. oryzae Candidatus Phytoplasma oryzae 16SrXI AJ542541
Ca. P. australiense Candidatus Phytoplasma australiense 16SrXII L76865
MPV Mexican periwinkle virescence 16SrXIII AF248960
Ca. P. cynodontis Candidatus Phytoplasma cynodontis 16SrXIV AJ550984
Ca. P. brasiliense Candidatus Phytoplasma brasiliense 16SrXV AF147708
Ca. P. graminis Candidatus Phytoplasma graminis 16SrXVI AY725228
Ca. P. caricae Candidatus Phytoplasma caricae 16SrXVII AY725234
Ca. P. americanum Candidatus Phytoplasma americanum 16SrXVIII DQ174122
Ca. P. omanense Candidatus Phytoplasma omanense 16SrXIX EF666051
Ca. P. pini Candidatus Phytoplasma pini 16SrXXI AJ310849
BGFWB Bidzard GF-677 witches’-broom phytoplasma 16SrIX JX445141
EGFWB Estahban GF-677witches’-broom phytoplasma 16SrIX JX445142
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Table 2: Accession number of 16SrIX subgroup phytoplasmas used in phylogenetic tree construction and
nucleotide similarity comparison

Phytoplasma Phytoplasma strain designation RFLP Group Accession number
PPWB Pigeon pea witches'- broom 16SrIX-A AF248957
Ca. P. phoenicium Candidatus Phytoplasma phoenicium 16SrIX-D AF515636
16SrIX-B AF515637
KhAWB Khafr(Iran) Almond witches'- broom 16SrIX-C DQ195209
AWB Almond witches'- broom 16SrIX-D AF455039
JOWB Juniperus occidentalis witches'- broom 16SrIX-E GQ925918
BGFWB Bidzard GF-677witches’-broom phytoplasma 16SrIX JX445141
EGFWB Estahban GF-677witches’-broom phytoplasma 16SrIX JX445142
CPh Clover phyllody phytoplasma 16Srl AF222065
A.laidlawii Acholeplasma laidlawii . M?23932
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Figure 1. Symptoms of GF-677 witches’-broom. A, Little leaf, yellowing, internode shortening, witches’- broom
(white arrow) and stunting in an affected GF-677 tree (middle) in Bidzard of Fars, compared with healthy GF-
677 trees (right and left) with normal shoots (black arrow), B: a shoot with small, narrow and yellow (red at
margins) leaves and elongated internode located on crown of a witches’- broom affected GF-677 tree in Estahban
(left) compared with a healthy shoot (right).
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Figure 2. Disease symptoms in test plants inoculated with agent of GF-677 witches’- broom via graft (A and B)
and dodder (C and D) and periwinkle plant dodder inoculated with Khafr almond witches’- broom agent (E). A:
Severe little leaf, yellowing and internode shortening and witches’- broom in bitter almond seedling, B: Little
leaf, internode shortening and witches’- broom in peach seedling, C: Virescence and D: yellowing, reduction of
leaf size and internode shortening in periwinkle, E: Yellowing, severe little leaf and internode shortening in a
periwinkle plant inoculated with Khafr almond witches’- broom phytoplasma (left) as compared with healthy
periwinkle (right).
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Figure 3. Electrophoresis pattern of direct PCR products (Lanes 1-7) using primer pair P1/P7 and nested PCR
products (Lanes 8-13) using P1/P7 and R16F2n/R16R2 primer pairs: Lanes 1-5, bitter almond, GF-677, peach,
periwinkle and eggplant plants inoculated with agent of GF-677 witches’- broom, respectively; Lanes 6 and 7,
periwinkle infected with witches’- broom disease of lime phytoplasma (positive control), and healthy bitter
almond (negative control), respectively; Lanes 8 -11, bitter almond, peach, GF-677, and eggplant inoculated
with agent of GF-677 witches’- broom, respectively; Lane 12, naturally witches'-broom affected GF-677 plant
from Estahban and Lane M, 100bp DNA marker.
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Figure 4. Electrophoresis pattern
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Figure 5. Virtual RFLP patterns obtained by digestion of 1200 bp nucleotide sequence of 16S ribosomal RNA
gene of phytoplasmas associated with Bidzrd and Estahban GF-677 witches’- broom and seven subgroups of
16SrIX group using Alul, BamHI, Bfal, BstUl, Dral, EcoRl, Haelll, Hhal, Hinfl, Hpal, Hpall, Kpnl, Sau3Al,
Msel, Rsal, Sspl, Tagl enzymes.
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Figure 6. Phylogenetic tree constructed from alignment of 24 phytoplasmas and Acholeplasma laidlawii as the
outgroup based on complete nucleotide sequence of 16S ribosomal RNA gene using phylogenetic and neighbor-

joining options of
phytoplasma names and related accession numbers.
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Figure 7: Phylogenetic tree constructed from eight phytoplasmas related to 16SrIX subgroups and Acholeplasma
Iaidlawii as the outgroup based on complete nucleotide sequence of 16S ribosomal RNA gene using phylogenetic
and neighbor-joining options of DNAMAN Software. The numbers indicate bootstrap percentage. See Table 2
for phytoplasma names and related accession numbers.
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Figure 8: Phylogenetic tree constructed from eight phytoplasmas related to 16SrIX subgroups and Acholeplasma
Iaidlawii as outgroup based on nucleotide sequence of SR region using phylogenetic and neighbor-joining options
of DNAMAN Software. The numbers indicate bootstrap percentage. See Table 2 for phytoplasma names and

related accession numbers.
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