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Abstract: In 2010- 2012 surveys, witches'- boom disease of tomato was observed
in Borazjan area (Bushehr province, Iran). Agent of the disease was transmitted
from tomato to tomato and eggplant by grafting and to Madagascar periwinkle via
dodder inoculation, inducing phytoplasma-type symptoms in inoculated plants.
Presence of phytoplasma in naturally affected tomatoes and all symptomatic graft
and dodder inoculated plants was confirmed by direct and nested polymerase chain
reactions (PCR) using primer pairs P1/P7 and R16F2n/R16R2. BLAST search and
phylogenetic analysis of 16SrDNA showed that detected phytoplasma belonged to
peanut witches'- broom (16SrII) group. Phylogenetic analysis, percent homology
and virtual RFLP indicated that, as a member of 16SrII group, Borazjan tomato
witches’- broom (BTWB) phytoplasma together with Bushehr eggplant and alfalfa
witches’- broom (BEWB and BAWB, respectively) phytoplasmas were classified
with Candidatus Phytoplasma australasia, a phytoplasma related to 16SrII-D
subgroup. Based on the same analysis, BTWB, BEWB and BAWB phytoplasmas
were differentiable from three other Iranian 16SrII related phytoplasmas associated
with alfalfa witches'- broom diseases in Yazd and Fars provinces and lime
witches'- broom disease in southern Iran.This is the first report of tomato witches'broom disease and characterization of its associated phytoplasma in Iran.
Keywords: tomato diseases, phytoplasmas, witches'- broom, graft and dodder
transmission, 16SrII-D subgroup

Introduction12

Peña and Vázquez-Juárez, 2007; Tapia-Tussell
et al., 2o12), and hoja de perejil’(Arocha et al.,
2007). PDT have been ascribed to at least six
distinct phytoplasma groups worldwide. These
include aster yellows (16SrI) subgroups A (Lee
et al., 1998) and B (Okuda et al., 1997; Marcone
et al., 1997; Archoa et al., 2007 ), peanut
witches'- broom (16srII) subgroups A (Xu et al.,
2013 ) and D (Omar and Foissac, 2012; Singh et
al., 2012), Western-X (16SrIII) (Del Serrone et
al., 2001; Tapia-Tussell et al., 2012; Amaral
mello et al., 2006), elm yellows (16SrV) (Del
Serrone et al., 2001), clover proliferation
(16SrVI) (Anfoka et al., 2003, Lee et al., 1998,
Du et al., 2013) and stolbur (16SrXII) subgroup
A (Sertkaya et al., 2007: Vellios and
Lioliopoulou, 2007).

Phytoplasma diseases of tomato (PDT) have
been reported in several countries around the
world (EPPO/CABI 1996) under different names
including big bud (Shaw et al., 1993; Granett
and Provvidenti, 1974; Dale and Smith, 1975;
Del Serrone et al., 2001; Varma 1979;
Zimmermam-Gries and Klein, 1978; Anfoka et
al., 2003; Xu et al., 2013), stolbur (Ploaie, 1981;
BrcaK, 1979; Valenta et al., 1961), mal azul
(EPPO/CABI, 1996 ), tomato yellows (HolguínHandling Editor: Dr. Masoud Shams-bakhsh
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Graft inoculation was used to transmit
tomato witches'- broom agent from naturally
infected tomato plants to tomato and eggplant
(five per species) and from a symptomatic
dodder-inoculated periwinkle plant to five
healthy 10-week-old periwinkle plants.
Following graft inoculations, inoculated plants
were placed in an insect-free greenhouse.

Iran has a total annual production of 4,826,396
tons of tomato and ranks seventh in the world for
tomato production (Anonymus, 2013). Symptoms
of tomato big bud (TBB) have been previously
reported from Iranian provinces of Fars (Salehi
and Izadpanah, 1992), Isfahan, Ardabil, West
Azarbaijan (Rashidi et al., 2006), Khorasan
(Jamshidi et al., 2010) and Lorestan (Dehghani
and Salehi, 2011). The Main symptoms of TBB in
these provinces are abnormal flowers with
enlarged and united calyx segments (big bud), and
virescent petals. In 2010–2012 surveys severe
witches'- broom disease of tomato was observed
in Borazjan (Bushehr province). Absence of big
bud symptoms, suggested that Borazjan tomato
witches’- broom (BTWB) is a new phytoplasma
disease in Iran. The aim of this study was to
characterize this phytoplasma molecularly and
biologically.

DNA extraction and PCR amplification
Total DNA was extracted from 0.25 gr of fresh
midrib tissue of naturally witches’-broom affected
tomato plants or graft and dodder inoculated
plants, using the method described by Zhang et
al., (1998). Total DNA extracted from healthy
seed grown tomato, eggplant and periwinkle
plants were used as negative controls and that
from a periwinkle plant infected with lime
witches’- broom phytoplasma as positive control.
The universal phytoplasma primer pair
P1/P7 (Schneider et al., 1995) was used in PCR
for amplifying a 1.8 kbp fragment of
ribosomal operon consisting of the 16SrRNA
gene, the 16S-23S spacer region and a portion
of the 5' region of 23SrRNA gene. A 1:30
dilution of the direct PCR product amplified
by the P1/P7 primer pair was used as template
for nested PCR, utilizing the primer pair
R16F2n/R2 which amplifies an internal DNA
fragment of 1250 bp from the 16SrRNA gene
(Gunderson and Lee, 1996). With primer pair
P1/P7, each 50 µl PCR reaction mixture
contained 100 ng of extracted DNA from
diseased or healthy plants, 0.4 μM of each
primer, 0.2 mM of each dNTP, 1.25 U of Taq
DNA polymerase (CinnaGen, Iran) and l X
PCR buffer. PCR was performed for 35 cycles
in a thermal cycler (Bio-Rad, USA) using 1
min (2 min for the first cycle) denaturation
step at 94 °C, 2 min for annealing at 50 °C and
3 min (10 min for the last cycle) for primer
extension at 72 °C. Conditions for nested PCR
were the same, except for the annealing
temperature that was 58 °C. PCR products
were analyzed by electrophoresis in a 1%
agarose gel in 1 X TBE buffer (67 mM TrisHCl, 22 mM boric acid, 10 mM EDTA, pH
0.8) together with 100 bp DNA marker

Materials and Methods
Source of disease and plant material
A tomato (Solanum lycopersicum L.) plant with
typical symptoms of witches'- broom disease was
selected in a Borazjan tomato field and used as the
source of the disease agent for biological and
molecular studies. BTWB was propagated and
maintained in a red line of Madagascar periwinkle
(Catharanthus roseus). Nine -week-old seed
grown periwinkle, eggplant (Solanum melongena)
and tomato plants, maintained in an insect-free
greenhouse at 30 °C during the day and 20 ˚C at
night, were used for dodder and graft inoculation.
Dodder and graft inoculation
For dodder transmission, seeds of dodder
(Cuscuta campestris Yunk.) were germinated on
moist paper and transferred to witches'- broom
source plant. After three weeks, dodder strands
were used to connect each source tomato plant to
five healthy, seed grown periwinkle plants.
Connections were maintained for 4 weeks, after
which the test plants were freed of dodder strands
and kept in an insect-free greenhouse. Controls
were exposed to dodder grown on healthy sugar
beet. Infection of dodder-inoculated plants was
verified by nested PCR.
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(Fermentas, Lithuania). DNA bands were
stained with ethidiuim bromide and visualized
with a UV transilluminator.

Virtual RFLP analysis
Virtual RFLP analysis using iPhyclassifier
(Zhao et al., 2009) was used to determine
subgroup affiliation of BTWB and selected
phytoplasmas. RFLP profile of 1.25 kb
fragment (F2n/R2 region of 16S rRNA gene) of
BTWB phytoplasma was compared to those of
16SrII-subgroups A to E and five Iranian 16SrII
related phytoplasmas associated with alfalfa
witches’- broom disease in Fars, Yazd and
Bushehr
(FAWB,
YAWB,
BAWB,
respectively) and Bushehr eggplant witches'broom (BEWB) using AluI, BamHI, BfaI, BstUI
(ThaI), DraI, EcoRI, HaeIII, HhaI, HinfI, HpaI,
HpaII, KpnI, Sau3AI (MboI), MseI, RsaI, SspI
and TaqI enzymes. Agarose gel (3%)
electrophoresis image was plotted and the
virtual RFLP patterns were compared.

Restriction fragment length polymorphism
(RFLP)
Eight microlitres of nested-PCR products (1.2
kbp from 16S rDNA) of three isolates from
different tomato field in Bushehr province were
separately digested with the restriction enzymes
AluI, HpaII, HinfI and RsaI according to the
manufacturer’s
instructions
(Fermentas,
Lithuania) at 37 °C overnight. Digestion
products were electrophoresed through 2.5%
agarose gels and visualized after staining with
ethidium bromide by UV transillumination. The
resulting RFLP patterns were compared with
those previously published for 16S rDNA from
other phytoplasmas (Lee et al., 1998; Marcone
et al., 2000).

Results
Symptomatology and Transmission
Characteristic symptoms of witches'- broom
disease of tomato in Borazjan fields
(Busheher
province)
were
excessive
development of long, curved spindly shoots
from axillary buds along the stem, small
deformed leaves at the tips of shoots and
witches'- broom (Fig. 1A). Such plants did
not produce flowers.
Agent of BTWB was transmitted from
naturally diseased tomato to all graft
inoculated eggplant and tomato plants. The
main symptoms in graft inoculated tomato
plants were exhibition of intense shoot
proliferation, severe reduction of leaf size,
shortened internodes, yellowing, witches'broom and stunting (Fig. 1B). Symptoms in
eggplants
were
yellowing,
internode
shortening, flower virescence, phyllody and
proliferation (Fig. 1C), small leaves and
witches'- broom. Three of five periwinkle
plants inoculated via dodder developed flower
virescence, phyllody (Fig. 1D), yellowing and
internode shortening.
Phytoplasma infection of symptomatic
periwinkle and graft inoculated plants was
confirmed by PCR assay.

Cloning, sequencing and phylogenetic analyses
A DNA fragment amplified with P1/P7 primer
pair from a BTWB associated phytoplasma
isolate was ligated to pTZ57R/T vector and
cloned in Escherichia coli strain DH5α cells
using InsT/A cloneTM PCR Product Cloning
Kit (Fermentas, Lithuania) according to the
manufacturer’s instructions. Recombinants
were screened using the blue and white
screening method (Sambrook et al., 1989).
Sequencing was performed by Macrogen
(South Korea) on both strands. The resulting
sequence was deposited in the GenBank
database and the whole length of 16S rDNA
was
used
for
BLAST
search
(http://blast.ncbi.nlm. nih.gov/Blast.cgi) and
phylogenetic analysis. A phylogenetic tree was
constructed using the neighbor-joining (NJ)
method, with MEGA5 software, (Tamura et al.,
2011) comparing 33 phytoplasmas including
BTWB isolate. The reliability of the tree was
assessed by bootstrap analysis with 100
replications (Efron, 1982). The sequence
homology between strains was evaluated after
alignments were generated by using homology
matrix distance option of DNAMAN program
version 4.02 (Lynon Corporation, Canada).
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corresponding to the profile of the peanut-witches’broom group phytoplasmas (Lee et al., 1998).
Computer-simulated restriction analyses were
carried out on R16F2n/R16R2 sequences from
BTWB phytoplasma together with four Iranian
16SrII related phytoplasmas associated with
BEWB, BAWB, FAWB, and YAWB diseases
and six representative strains in 16SrII subgroups
(A, B, C, D, E and F). Visualization and
comparison of virtual gel plotted images (Fig. 4)
revealed that RFLP patterns of BTWB, BEWB
and BAWB phytoplasmas were identical to those
of
Candidatus
Phytoplasma
australasia,
representative of 16SrXII-D subgroup. The same
analysis showed that FAWB and YAWB
phytoplasmas belonged to 16SrII-C subgroup.

PCR amplification
With universal primer pairs, P1/P7 and R16F2n/R2,
target DNA fragments of approximately 1.8 and
1.250 kbp were amplified by direct and nested
PCR, respectively, from total nucleic acid samples
extracted from all naturally affected tomato
plants, experimentally inoculated plants and
positive control (Fig. 2).
No DNA bands were observed from
similarly processed samples of healthy plants.
RFLP analyses
Digestion of nested PCR products (1.2 kbp) of
three witches'-broom affected tomato plants from
Borazjan with Alu1, Hinf1, HpaI and RsaI
enzymes yielded identical RFLP patterns (Fig. 3)

Figure 1 (A) excessive development of long, curved spindly shoots with small deformed leaves from axillary
buds along the stem in a witches'- broom affected tomato plant in Borazjan; (B, C and D) disease symptoms in
plants graft or dodder inoculated with agent of Borazjan tomato witches'- broom: (B) little leaf, internode
shortening, shoot proliferation, witches’- broom, yellowing and stunting in tomato. (C and D) virescence and
phyllody in eggplant and periwinkle, respectively.

380

Downloaded from jcp.modares.ac.ir at 16:09 IRST on Tuesday January 19th 2021

Salehi et al. _______________________________________________________ J. Crop Prot. (2014) Vol. 3 (3)

b

1

2

3

4

5

6

1

2

3

4

M
b
5

1800

←12

B

A

Figure 2 Electrophoresis pattern of PCR products: (A) Direct PCR using P1/P7 primer pair. Lanes 1-4, four
witches’- broom affected tomato plants from field; lane 5, dodder inoculated periwinkle plant; (B) nested PCR
using P1/P7 followed by R16F2n/R16R2 primer pairs. Lane 1, dodder inoculated periwinkle plant; Lanes 2 and 3,
graft inoculated tomato and eggplant plants; Lane 4, naturally witches’- broom affected tomato plant. Lane 6 in
A and Lane 5 in B, healthy tomato plant. (IT) Lanes M, 100 bp DNA marker.
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Figure 3 Restriction fragment length polymorphism (RFLP) analyses of 16SrDNA amplified by nested PCR
from three different witches’- broom affected tomato samples using AluI, HinfI, HpaII and RsaI restriction
enzymes. M: 100 bp DNA marker.
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Figure 4 Virtual restriction fragment length polymorphism (RFLP) pattern of R16F2n/R2 PCR product sequence
from Borazjan (Iran) tomato witches'- broom phytoplasma. Recognition sites for the following 17 restriction
enzymes were used in the simulated digestions: AluI, BamHI, BfaI, BstUI (ThaI), DraI, EcoRI, HaeIII,
HhaI,HinfI, HpaI, HpaII, KpnI, Sau3AI (MboI), MseI, RsaI, SspI, and TaqI.

The percentage homology between 16SrDNA
sequences was determined. Among members of
six 16SrII subgroups (A-F), BTWB had
maximum homology of 100% with Ca. P.
australasia (16SrII-D subgroup) and minimum
homology of 98.5% with Faba bean phyllody
strain (acc. no X83432 ) belonging to 16SrII-C
subgroup (Table 1). Percentage homology of
BTWB phytoplasma with other selected Iranian
16SrII related phytoplasmas including BEWB,
BAWB, YAWB and FAWB phytoplasmas (acc.
nos. JX483698, JN860711, DQ233656 and
DQ233655, respectively) were 99.9, 99.7, 98.6
and 98.5%, respectively. Homology of BTWB
phytoplasma with Saudi Arabian tomato witches’broom phytoplasma (acc. No. HM584815)
(Alhudaib and Razq 2011) was 99.6%.

Sequence analyses
A P1/P7 PCR amplicon of BTWB isolate was
sequenced and submitted to the GenBank data
base under the accession number KC182528.
BLAST search showed that the 16SrDNA
sequence of BTWB phytoplasma shared the
highest homology with phytoplasma sequences
belonging to members of the 16SrII group
(Candidatus
Phytoplasma
aurantifolia).
Phylogenetic analysis of 16SrDNA sequences
of 28 phytoplasmas including BTWB isolate
and Acholeplasma laidlawii clustered BTWB,
BAWB and BEWB isolates with Ca. P.
australasia (Fig. 5), the reference of subgroup
16SrII-D. FAWB and YAWB strains were
closer to Faba bean phyllody phytoplasma,
representative of 16SrII-C subgroup.
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Figure 5 Phylogenetic tree constructed by the neighbor-joining method of 16S rRNA gene sequences from
22 phytoplasmas and Acholeplasma laidlawii as outgroup. The position of Borazjan tomato witches'- broom
phytoplasmas is bolded. Numbers at the nodes are bootstrap values based on 100 repetitions.
Abbreviations: BAWB, Borazjan alfalfa witches'- broom; BEWB, Borazjan eggplant witches'- broom;
BTWB, Borazjan tomato witches'- broom; CWB,Cactus witches'- broom; Ca.P., Candidatus Phytoplasma;
CoT, Cotton phyllody; FAWB, Fars alfalfa witches'- broom; FBP, faba bean phyllody; MPV, Mexican
periwinkle virescence; PEY, Picris echoides phyllody; PWB, Peanut witches'- broom; ShWB, Sun hemp
witches'- broom; WX, Western X; YAWB, Yazd alfalfa witches'- broom. GenBank accession numbers for
sequences are given in parentheses.
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Table 1 Pairwise homology (%) between Borazjan tomato witches'- broom and other 16SrII related phytoplasmas
as determined by analysis of 16SrDNA sequences.
BTWB
BTWB

Ca. P. aurantifolia

Ca. P. Australasia

CoP

FBP

PEY

ShWB

98.9

100.0

98.7

98.6

98.5

99.8

98.9

99.7

99.5

98.3

98.7

98.7

98.6

98.5

99.8

99.5

98.2

98.6

98.0

98.4

Ca. P. aurantifolia
Ca. P. australasia
CoP
FBP

98.3

PEY
ShWB

WB, witches’-broom, BTWB, Borazjan tomato WB; Ca. P. aurantifolia,Candidatus Phytoplasma aurantifolia
(U15442); Ca.P. australasia, Candidatus Phytoplasma australasia (JQ868448); COP, cotton phyllody
(EF186827); FBP, faba bean phyllody (X83432); PEY, Picris echoides phyllody (Y16393); ShWB, sun hemp
WB (AB558143).

classified in 16SrII-D subgroup and AWB and
YAWB phytoplasmas in 16SrII-C subgroup.
BTWB, BEWB and BAWB are from the same
geographical region (Bushehr province) and
possibly caused by the same phytoplasma. In
the present study transmission trial showed that
BTWB phytoplasma is transmissible to
eggplant. To our knowledge, this is the first
report of a 16SrII-D phytoplasma strain
infecting tomato, eggplant and alfalfa in Iran.
Results of this study showed genetic diversity
of phytoplasma agent of alfalfa witches’broom disease in Iran, as BAWB belongs to
16SrII-D subgroup while FAWB and YAWB
belong to 16SrII-C subgroup. Omani alfalfa
witches’- broom phytoplasma also belongs to
16SrII-D subgroup (Khan et al., 2002).
Association of 16SrII-D related phytoplasmas
with tomato phytoplasmal disease have also
been reported from Australia (Pearce and Scott,
2011), Egypt (Omar and Foissac, 2012) and
India (Singh et al., 2012). Chickpea (Cicer
arietinum) (Akhtar et al., 2009; AlfaroFernandez et al., 2012), faba bean (Vicia faba)
(Alfaro-Fernandez et al., 2012), Sesame
(Akhtar et al., 2009), papaya (Carica papaya)

Discussion
The type of symptoms observed in Borazjan
tomato fields was suggestive of phytoplasmal
infection. Transmission of the disease agent by
dodder and graft and positive reaction in PCR
using phytoplasma universal primers confirmed
that BTWB disease has phytoplasmal etiology.
Symptoms of BTWB differed from those of
tomato big bud reported from other regions of
Iran. This is the first report of witches’- broom
disease of tomato in Iran. The identity of the
associated phytoplasma as a member of the
16SrII group, subgroup D in BTWB affected
tomato plants was established through Blast,
RFLP, phylogentic analysis and percent
homology. Phytoplasmas belonging to eight
rRNA groups (I, II, VI, IX, X, XI, XII, XIV)
have been identified in different plants in Iran.
Phytoplasmas of groups 16SrII are most
prevalent and of great economical importance
in this country (Salehi et al., 2008). In the
present study in addition to BTWB, subgroup
affiliation of BEWB, BAWB, FAWB and
YAWB phytoplasmas were also determined.
BEWB and BAWB phytoplasmas were

384

Downloaded from jcp.modares.ac.ir at 16:09 IRST on Tuesday January 19th 2021

Salehi et al. _______________________________________________________ J. Crop Prot. (2014) Vol. 3 (3)

with big bud disease of tomatoes in Jordan.
Journal of Phytopathology, 151: 223-227.
Anonymous (2008) Agricultural statistics of the
year 2008. The Organization of Statistics
and Information Publication, Iran.
Arocha, Y., Antesana, O., Montellano, E.,
Franco, P., Plata, G. and Jones, P. 2007.
‘Candidatus Phytoplasma lycopersici’, a
phytoplasma associated with ‘hoja de
perejil’ disease in Bolivia. Intermational
Journal of Systematic and Evolutionary
Microbiology, 57: 1704-1710.
Brcak, J. 1979. Leafhopper and planthopper
vectors of plant disease agents in central and
southern Europe. pp 97-146 In: Leafhopper
Vectores and Plant Disease Agents. K.
Maramorosh. and K. F. Harris (Eds.).
Academic Press, New York.
Dale, J. L. and Smith, L. D. 1975.
Mycoplasmalike bodies observed in tomato
plants with big bud in Arkansas. Plant
Disease Reporter, 59: 455-458.
Dehghani, A. and Salehi, M. 2011. Tomato big
bud disease in Lorestan province. Iranian
Journal of Plant Pathology, 47: 165.
DelSerrone, P., Merzachi, C., Bragaloni, M.
and Galeffi, P. 2001. Phytoplasma infection
of tomato in central Italy. Phytopathologia
Mediterranea, 40: 137-142.
Du, Y., Mou, H., Shi, B., Xu, X. and Xiang, B.
2013.
Mollecullar
Detection
and
Identification
of
a
16SrVI
group
phytoplasma associated with big bud disease
in
Xinjiang,
China.
Journal
of
Phytopathology, 161: 870-873.
Efron, B. 1982. The jackknife, the bootstrap
and other resampling plans. SIAM
Philadelphia, PA.
EPPO/CABI. 1996. Potato stolbur phytoplasma.
In: I. M. Smith, D. G. McNamara, P. R.Scott.
and M. Holderness (Eds.), Quarantine pests for
Europe, 2nd edn. CAB INTERNATIONAL,
Wallingford.
Granett, A. L. and Provvidenti, R. 1974.
Tomato big bud in New York State. Plant
Disease Reporter, 58: 211-214.
Gundersen, D. E. and Lee, I. M. 1996.
Ultrasensitive detection of phytoplasmas by

(White et al., 1998), sweet potato (Ipomoea
batatas) and pale purple coneflower, (Pearce
and Scott, 2011) are also reported as hosts of
16SrII-D subgroup phytoplasmas. Faba bean
and sesame phyllody as two important
phytoplasma diseases were previously reported
from Iran (Salehi and Izadpanah, 1998; Salehi
et al., 2008). Further investigations are required
to determine whether 16SrII-D phytoplasma
strains are associated with faba bean and
sesame phyllody diseases. The means of natural
spread of BTWB phytoplasma remains to be
determined.
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ﻫﻤﺮاﻫﻲ ﻳﻚ ﻓﻴﺘﻮﭘﻼﺳﻤﺎ از زﻳﺮﮔﺮوه  16SrII-Dﺑﺎ ﺑﻴﻤﺎري ﺟﺎروك ﮔﻮﺟﻪﻓﺮﻧﮕﻲ در اﺳﺘﺎن ﺑﻮﺷﻬﺮ
اﻟﻬﺎم ﺻﺎﻟﺤﻲ ،1ﻣﺤﻤﺪﺻﺎﻟﺤﻲ ،2ﺳﻴﺪﻣﺤﺴﻦ ﺗﻘﻮي 1و ﻛﺮاﻣﺖاﷲ اﻳﺰدﭘﻨﺎه
-1ﮔﺮوه ﮔﻴﺎﻫﭙﺰﺷﻜﻲ ،داﻧﺸﻜﺪه ﻛﺸﺎورزي ،داﻧﺸﮕﺎه ﺷﻴﺮاز ،ﺷﻴﺮاز ،اﻳﺮان.
 -2ﻣﺮﻛﺰ ﺗﺤﻘﻴﻘﺎت ﻛﺸﺎورزي و ﻣﻨﺎﺑﻊ ﻃﺒﻴﻌﻲ ﻓﺎرس.
* ﭘﺴﺖ اﻟﻜﺘﺮوﻧﻴﻜﻲ ﻧﻮﻳﺴﻨﺪه ﻣﺴﺌﻮل ﻣﻜﺎﺗﺒﻪizadpana@shirazu.ac.ir :
درﻳﺎﻓﺖ 23 :دي 1392؛ ﭘﺬﻳﺮش 28 :ﺑﻬﻤﻦ 1392
ﭼﻜﻴﺪه :در ﺑﺎزدﻳﺪﻫﺎي ﺳﺎلﻫﺎي 1390ﺗﺎ  1392از ﻣﺰارع ﮔﻮﺟﻪﻓﺮﻧﮕﻲ ﺑﺮازﺟﺎن )اﺳﺘﺎن ﺑﻮﺷﻬﺮ( ﺑﻴﻤﺎري
ﺟﺎروك ﻣﺸﺎﻫﺪه ﮔﺮدﻳﺪ .ﻋﺎﻣﻞ ﺟﺎروك ﮔﻮﺟﻪﻓﺮﻧﮕﻲ ﺑﺎ اﺳﺘﻔﺎده از ﭘﻴﻮﻧﺪ ﺑﻪ ﮔﻮﺟﻪ و ﺑﺎدﻧﺠﺎن و ﺑﻪوﺳﻴﻠﻪ
ﺳﺲ ) (Cuscuta campestris Yank.ﺑﻪ ﭘﺮواﻧﺶ اﻧﺘﻘﺎل داده ﺷﺪ و در ﮔﻴﺎﻫﺎن ﻣﺎﻳﻪزﻧﻲ ﺷﺪه ﻋﻼﺋﻢ ﺑﺎرز
ﺑﻴﻤﺎريﻫﺎي ﻓﻴﺘﻮﭘﻼﺳﻤﺎﻳﻲ ﺷﺎﻣﻞ رﻳﺰﺑﺮﮔﻲ ،ﻛﺎﻫﺶ ﻓﺎﺻﻠﻪ ﻣﻴﺎﻧﮕﺮهﻫﺎ ،ﻓﻴﻠﻮدي ،ﮔﻠﺴﺒﺰي و ﺟﺎروك ﻇﺎﻫﺮ
ﺷﺪ .واﻛﻨﺶ دياناي ﻛﻞ اﺳﺘﺨﺮاج ﺷﺪه از ﮔﻮﺟﻪﻓﺮﻧﮕﻲ داراي ﻋﻼﺋﻢ ﺟﺎروك از ﻣﺰرﻋﻪ و ﮔﻴﺎﻫﺎن ﻣﺎﻳﻪزﻧﻲ
ﺷﺪه ﺑﺎ ﭘﻴﻮﻧﺪ و ﺳﺲ ،در آزﻣﻮن ﭘﻲﺳﻲآر ﻣﺴﺘﻘﻴﻢ ﺑﺎ اﺳﺘﻔﺎده از ﺟﻔﺖ آﻏﺎزﮔﺮ  P1/P7و ﭘﻲﺳﻲآر دو
ﻣﺮﺣﻠﻪاي ﺑﺎ اﺳﺘﻔﺎده از ﺟﻔﺖ آﻏﺎزﮔﺮﻫﺎي) P1/P7دور اول( و ) R16F2n/R16R2دور دوم( ﻣﺜﺒﺖ ﺑﻮد و ﺑﺎ
آﻧﻬﺎ ﺑﺎﻧﺪ ﻣﻮرد اﻧﺘﻈﺎر ﺑﻪﺗﺮﺗﻴﺐ  1800و  1200ﺟﻔﺖ ﺑﺎز ار اﭘﺮون اراناي رﻳﺒﻮزوﻣﻲ ﺗﻜﺜﻴﺮ ﺷﺪ .ﻣﺤﺼﻮل
ﭘﻲﺳﻲآر ﻣﺴﺘﻘﻴﻢ ﺟﺪاﻳﻪ ﺑﺮازﺟﺎن ﻫﻤﺴﺎﻧﻪﺳﺎزي و ﺗﻌﻴﻴﻦ ﺗﺮادف ﺷﺪ و ﺗﺤﺖ رس ﺷﻤﺎر  KC182528در
ﺑﺎﻧﻚ ﺟﻬﺎﻧﻲ ﺗﺮادفﻫﺎ ﺛﺒﺖ ﮔﺮدﻳﺪ .ﺟﺴﺘﺠﻮ ﺑﺎ ﺑﺮﻧﺎﻣﻪ ﺑﻼﺳﺖ و آﻧﺎﻟﻴﺰ ﻓﻴﻠﻮژﻧﺘﻴﻜﻲ ﺑﺎ اﺳﺘﻔﺎده از ﺗﺮادف ﻛﺎﻣﻞ
ژن اراناي رﻳﺒﻮزوﻣﻲ  16Sﻧﺸﺎن داد ﻛﻪ ﻓﻴﺘﻮﭘﻼﺳﻤﺎي ﺟﺎروك ﮔﻮﺟﻪﻓﺮﻧﮕﻲ ﺑﺮازﺟﺎن ﻣﺘﻌﻠﻖ ﺑﻪ ﮔﺮوه
ﺟﺎروك ﺑﺎدام زﻣﻴﻨﻲ ) (16SrIIﻣﻲﺑﺎﺷﺪ .ﻣﻘﺎﻳﺴﻪ ﭼﻨﺪ ﺷﻜﻠﻲ ﻃﻮﻟﻲ ﻗﻄﻌﺎت ﺑﺮﺷﻲ ) (RFLPواﻗﻌﻲ ﺑﺎ
اﺳﺘﻔﺎده از ﻣﺤﺼﻮل ﭘﻲﺳﻲآر دو ﻣﺮﺣﻠﻪاي و RFLPﻣﺠﺎزي ﺑﺎ اﺳﺘﻔﺎده از ﺗﺮادف ﻧﺎﺣﻴﻪ ﺗﻜﺜﻴﺮي ﺟﻔﺖ
آﻏﺎزﮔﺮ  ،R16F2n/R16Rآﻧﺎﻟﻴﺰ ﻓﻴﻠﻮزﻧﺘﻴﻜﻲ و ﻣﻴﺰان ﺗﺸﺎﺑﻪ ﻧﻮﻛﻠﺌﻮﺗﻴﺪي ﻧﺸﺎن داد ﻛﻪ ﻓﻴﺘﻮﭘﻼﺳﻤﺎي
ﺟﺎروك ﮔﻮﺟﻪﻓﺮﻧﮕﻲ ﺑﺮازﺟﺎن ﺑﻪﻫﻤﺮاه ﻓﻴﺘﻮﭘﻼﺳﻤﺎﻫﺎي ﺟﺎروك ﺑﺎدﻧﺠﺎن و ﻳﻮﻧﺠﻪ در اﺳﺘﺎن ﺑﻮﺷﻬﺮ
ﺑﺎ  Candidatus Phytoplasma australasiaﻛﻪ ﻓﻴﺘﻮﭘﻼﺳﻤﺎﻳﻲ ﻣﺘﻌﻠﻖ ﺑﻪ زﻳﺮﮔﺮوه  Dاز ﮔﺮوه  16SrIIاﺳﺖ
ﻃﺒﻘﻪﺑﻨﺪي ﻣﻲﺷﻮد .ﻫﻤﻴﻦ آﻧﺎﻟﻴﺰﻫﺎ ﻧﺸﺎن دادﻧﺪ ﻛﻪ اﻳﻦ ﻓﻴﺘﻮﭘﻼﺳﻤﺎﻫﺎ ﺑﺎ ﺳﻪ ﻓﻴﺘﻮﭘﻼﺳﻤﺎي ﻣﻬﻢ و اﻗﺘﺼﺎدي
دﻳﮕﺮ از ﮔﺮوه ﺟﺎروك ﺑﺎدامزﻣﻴﻨﻲ در اﻳﺮان ﺷﺎﻣﻞ ﻓﻴﺘﻮﭘﻼﺳﻤﺎﻫﺎي ﺟﺎروك ﻳﻮﻧﺠﻪ در اﺳﺘﺎنﻫﺎي ﻓﺎرس و
ﻳﺰد و ﺟﺎروك ﻟﻴﻤﻮﺗﺮش در ﻣﻨﺎﻃﻖ ﺟﻨﻮﺑﻲ ﻣﺘﻔﺎوﺗﻨﺪ .اﻳﻦ اوﻟﻴﻦ ﮔﺰارش از ﺑﻴﻤﺎري ﺟﺎروك ﮔﻮﺟﻪﻓﺮﻧﮕﻲ در
اﻳﺮان و ﺗﻌﻴﻴﻦ وﻳﮋﮔﻲﻫﺎي ﺑﻴﻮﻟﻮژﻳﻜﻲ و ﻣﻮﻟﻜﻮﻟﻲ ﻓﻴﺘﻮﭘﻼﺳﻤﺎي ﻫﻤﺮاه ﺑﺎ آن ﻣﻲﺑﺎﺷﺪ.
واژﮔﺎن ﻛﻠﻴﺪي :ﺑﻴﻤﺎريﻫﺎي ﮔﻮﺟﻪﻓﺮﻧﮕﻲ ،ﻓﻴﺘﻮﭘﻼﺳﻤﺎ ،اﻧﺘﻘﺎل ﺑﺎ ﭘﻴﻮﻧﺪ ،ﺳﺲ،
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