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Abstract: Some samples were collected from tomato fields in Qazvin from
tomato plants with big bud symptoms such as plant droop and purplish vein
under the leaf, enlarged and sac-like pistils and malformed buds. DNA was
extracted from the veins and vascular tissues of the plant with CTAB-based
methods. In symptomatic plants, DNA fragments of 1800 and 1200bp were
amplified by PCR using P1/P7, R16F2n/R16R2 primers. Restriction fragment
length polymorphism (RFLP) analysis of nested R16F2n/R16R2 primed PCR
product (1200bp) showed that the tomato big bud phytoplasma from Qazvin
(TOM-Qazvin) is a member of clover proliferation (16SrVI). Phylogenetic
analysis of 16SrRNA and putative restriction site analysis of the
R16F2n/R16R2 primed sequence classified TOM phytoplasma in clover
proliferation (16SrVI) group and belonged to subgroup 16SrVI-A. Virtual
RFLP by using 1200bp sequencing of 16SRNA and 17 restriction enzymes
confirmed that TOM-Qazvin belonged to the subgroup 16SrVI-A and16SrVI
group. To our knowledge, this is the first report of tomato big bud disease in
Qazvin province.
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Introduction

Phytoplasmas are plant pathogenic (previously
called MLOs) un-culturable and wall-less
bacteria, they are associated with a wide variety
of economically important plants (McCoy et al.,
1989; Seemuller et al., 2002). Tomato big bud
is a phytoplasma diseases reported from some
countries in the world (Shaw et al., 1993; Dale
and Smith, 1975; Del Serrone et al., 2001;
Anfoka et al, 2003; Ciccarone, 1951;
Zimmermann-Gries and Klein, 1978; Vibio et
al., 1996). Affected tomato plants reveal
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stunting, purpling, dwarfed, enlargement and
elongation of stems and pedicels and enlarged,
malformed buds accompanied by enlarged,
malformed sepals and virescent petals (Ghandi
et al., 2003). Detection and identification of
phytoplasmas is necessary for proper
management of these diseases (Maixner, 2010).
Unfortunately, phytoplasma diseases are
increasing (Baghaee et al., 2016). Significant
progress has been made by the use of DNA-
based methods for detection, identification and
classification of phytoplasmas (Ghandi et al.,
2003). In particular, by restriction site and
sequence analysis of 16SrDNA  many
phytoplasmas have been identified and
phylogenetically classified (Anfoka et al., 2003;
Lee et al., 2000; Schneider et al., 1993).The
introduction of the polymerase chain reaction
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(PCR) to amplify conserved genes has greatly
improved the detection and identification of a
broad range of phytoplasmas (Gundersen and
Lee, 1996). Phytoplasmas are present in low
titer in plant tissues, so the nested PCR method
is used to improve phytoplasma detection
(Olmos et al., 1999). Symptoms of tomato big
bud have been previously reported from
different provinces of Iran: Fars (Salehi and
Izadpanah, 1992), Isfahan, Ardabil, Western
Azarbaijan (Rashidi et al, 2006), Khorasan
(Jamshidi et al., 2010), Lorestan (Dehghani and
Salehi, 2011) and Karaj (Moslemkhani et al.,
2014) but there is a little information about
phytoplasma group in Iran. This study was
performed for detection and characterization of
big bud disease of tomato from naturally
symptomatic plants in Qazvin province by
using PCR and RFLP assay with specific
primer.

Materials and Methods

Plant sample

Tomato plants that showed big bud symptoms
such as shoot proliferation and swollen,
virescent buds were collected from tomato
fields in Qazvin province. Samples were placed
in a plastic bag with a moist towel and stored at
4 °C.

Nucleic acid extraction

DNA was extracted from 300 grams of fresh
veins tissues of naturally symptomatic plants,
using CTAB methods (Doyle et al, 1990).
Total DNA of healthy tomato plants were used
as negative controls.

PCR analysis

Detection and characterization of phytoplasma
contamination was performed using direct PCR
by two primer pairs P1/P7 to amplify 1800bp
ribosomal operon. It consists part of the
16SrRNA gene, the 16S-23S spacer region and
a portion of the 5' region of 23SrRNA gene. A
1:40 dilution of the direct PCR product
amplified by P1/P7 primer pair were used as
template for nested PCR, using primer pair
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R16F2n/R2, which amplifies an internal DNA
fragment of 1200bp from the 16SrRNA gene
based on Gunderson and Lee method
(Gunderson and Lee, 1996). PCR was
conducted in 20ul using 2ul of extracted DNA,
0.5uM of each primer P1/P7, 200mM of each
dNTP, 1 unit of Taq DNA polymerase
(CinnaGen, Iran) and IX PCR buffer and 2mM
MgCl,. PCR of performed in a thermal cycler
(Eppendorf, Germany) using denaturation step
at 94 °C for 5min and the second step, 35 cycles
containing denaturation at 94 °C for Imin.
Annealing at 57 °C and at 72 °C for 1.5min the
third step, at 72 °C for 10min. Nested PCR
were performed in a thermal cycler using a
denaturation step at 94 °C for 5min and the
second step, 35 cycles containing denaturation
at 94 °C for Imin annealing at 57 °C and at 72
°C for 1.5min. The third step, at 72 °C for
10min. PCR products were analyzed by
electrophoresis in a 1% agarose gel in 1X TBE
buffer (67mM Tris-HCl, 22mM boric acid,
10mM EDTA, pH 8.0) together with 100bp
DNA markers. DNA band were stained with
ethidiuvim-bromide and visualized with a UV
transilluminator.

Restriction fragment length polymorphism
and Virtual RFLP

Nested-PCR products (1200bp) of phytoplasma
were separately digested with 8restriction
endonucleases: Rsal, Msel, Taql, Alul, Cfol,
Hinfl, Haelll and Hpall (Lee et al, 1998) in
restriction fragment length polymorphism
(RFLP) analysis. The RFLP products were
conducted by electrophoresis of digested DNA
through 2% agarose gel, staining with ethidium-
bromide and visualization with a UV
transilluminator (Lee et al.1998).Virtual RFLP
analysis of 16SrDNA fragment was carried out
using the software iPhyclassifier to determine
subgroup association of big bud in tomato and
selected phytoplasmas (Zhao et al., 2009a,b).
The 1200bp RI16F2n/R16R2 fragment of
16SrRNA gene from phytoplasma isolate were
separately digested with 17 restriction enzymes
Rsal, Msel, Taql, Alul, Cfol, Hinfl, Haelll,
Hpall, BamH], Bfal, BstUl, Dral, EcoRl, Hhal,
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Kpnl, Rsal, Sspi and Sau3Al. Then the putative
restriction site maps were compared with the
patterns of isolates that were deposited in
GenBank (Lee et al., 1998). Digested fragments
of nested-PCR products were separated on 1%
agarose gel and visualized under UV
transilluminator.

DNA sequencing and phylogenetic analyses

Based on the Tamura ef al. method after
comparing the RFLP patterns, direct sequence
was performed and the intended isolate was

selected to determine its nucleotide sequence
(Macrogen Biosystems, South Korea) (Tamura
et al. 2007). Each selected sequence was
deposited in the GenBank database and
compared with other sequences (Table 1) by
CLUSTALW program. A phylogenetic tree was
constructed by the neighbour-joining method
(Saitou and Nei, 1987). Acholeplasma
laidlawii, a culturable mollicute
phylogenetically related to phytoplasmas was
used as outgroup to root the tree. The resulted
phylogram was printed using TREEVIEW.

Table 1 Phytoplasma group designations and GenBank accession numbers of 1200bp of 16SrRNA gene

sequences examined in this study.

Phytoplasma/disease common name

GenBank (Acc. No.)

16SrDNA (group-subgroup)

Tomato big bud phytoplasma
Willow proliferation phytoplasma
Tomato big bud phytoplasma
Tomato big bud phytoplasma
Tomato big bud phytoplasma
Tomato big bud phytoplasma Yazd
Behshahr perinwinkle

Tomato big bud phytoplasma
Candidatus phytoplasma

Tomato big bud phytoplasma Yazd
Iranian cabbage

Candidatus phytoplasma

Elm phytoplasma

Potato purple top

Ash yellow phytoplasma

Tomato big bud phytoplasma
Tomato big bud phytoplasma
Tomato big bud phytoplasma
Stolbur phytoplasma

Oenthera phytoplasma

JF508507
JX123321
JF508511
JF508512
JF508509
MG788318
KC661072
KR150879
KY321932
MG788318
EF592606
AY390261
AF268895
GU004369
AF268895
JF508513
AY863192
EF193359
AF248959
M30790

16Srl
16SrVI-A
16SrVI-A
16SrVI-A
16SrVI
16SrIl
16SrVI
16SrVI
16SrVI
16SrIl
16SrVI-A
16srVI
16SrVI-C
16srVI
16SrVI-A
16SrIX-E
16SrIII
16srVI
16SrXII-A
16SrI

Results

Plant sample

Tomato plants collected from Qazvin province
showed disease symptoms similar to tomato big
bud phytoplasma such as swollen green buds
that fail to develop normally and do not set fruit
and had purple veins, proliferated leaves of
lateral shoots, hypertrophic calyxes and
greening of flower petals (Fig. 1).
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PCR analysis

Target DNA fragments of approximately
1800 and 1200bp were amplified using two
universal  primer pairs P1/P7  and
R16f2n/R16R2, respectively (Fig. 2). No
DNA band observed from similarly
processed sample of healthy plant. Nested-
PCR assays with the primer pair R16F2/R2
showed the strong b and of approximately
1200bp (Fig. 2).
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Actual and in silico RFLP analysis

Digestion of nested PCR products of TOM
phytoplasma showed bands of approximately
1200bp that amplified by using primer pair
R16F2n/R2with Rsal, Msel, Taql, Alul, Cfol,
Hinfl, Haelll and Hpall restriction enzymes
(Fig. 3). Digestion with VIII restriction
enzymes were shown in a considerably similar
RFLP profile of 16STDNA with each enzyme
(Fig. 3). TOM- Qazvin phytoplasma identified
in this study was identical with patterns
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previously published for subgroup 16SrVI-
Amembers of 16SrVI group (Shaw et al.,
1993).  Virtual RFLP  patterns using
iphyclassifire program after digestion with 17
different endonocleases (Fig. 4) confirmed
actual RFLP were most similar to members of
16SrVI group. Virtual RFLP pattern of TOM-
Qazvin and Kermanshah tomato big bud
(KTBB) (JF508507) that related to sub-group
A in 16SrVI group was identical (Jamshidi et
al., 2014).

Figure 1 Big bud symptoms in naturally infected tomato. Respectively left to Right: (1) Purplish leaves in
infected plants. (2) Floral phyllody on infected tomato plants. (3) Big bud symptom in infected tomato plants.
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Figure 2 A- Electrophoresis pattern of 1200bp of 16SrRNA operon amplified by nested-PCR using primer
pairs P1/P7 and R16F2n/R16R2n. B- Electrophoresis pattern of 1800bp of rRNA operon amplified by direct
PCR using primer pairs P1/P7, Lane M: DNA ladder (100 bp). C (-), Healthy plant. C (+) Candidatus
Phytoplasma asteris.
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Figure 3 Restriction fragment length polymorphism of 16S rDNA amplified by nested-PCR using P1P7
followed by R16F2n/R2 primer pairs from infected tomato plant. Lane M, DNA ladder. DNA products digested
usingHpall, Taql, Rsal, Hinfl, Alul, Rsal, Cfol, Msel separated through a 1%agarose gel.
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Figure 4 Virtual restriction fragment length polymorphism (RFLP) pattern of R16F2n/R2 PCR product
sequence recognition sites for the following 17 restriction enzymes were used in the simulated digestions:
Rsal, Msel, Taql, Alul, Cfol, Hinfl, Haelll, Hpall, BamH], Bfal, BstUl, Dral, EcoRl, Hhal, Kpnl ,Rsai, Sspi

and Sau3Al.

Sequence analyses

A phylogenetic tree was created by
neighbour-joining analyses of nearly identical
lengths of 16SrRNA gene from 23 isolates
and Acholeplasma laidlawii as outgroup (Fig.
5). Based on the results of blast searches by
using P1/P7 primed sequence of 23 TBB
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phytoplasma isolates showed that TOM-
Qazvin was closely related to Clover
proliferation (16SrVI) group (GenBank No.
JF508507) with 99% identity. This isolate
also was closely related to the phytoplasmas
that infect willows trees in China (Zhang et
al., 2012).
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Acholeplasma laidlawii M23932

Figure 5 A neighbour-joining tree created of the 16SrRNA inter-genic spacer region of 23 phytoplasma strains
associated with tomato big bud disease from GenBank and Acholeplasma laidlawii as an out-group and position
of TOM- Qazvin was showed in phylogram. Numbers above the branches bootstrap support (100 replicates).

Discussion

Tomato is a very important crop grown in Iran
for fresh eating, industry, seed production and
export. Disease symptom of tomato plants in
Qazvin province from different area were
similar to tomato big bud symptoms that have
been reported from different areas in the world
(Anfoka et al., 2003; Serrone et al., 2001).
Phytoplasma disease of tomato plant was
reported previously in different countries such
as China (Xu et al., 2013), Mexico (Tapia-
Tusell et al., 2012), Egypt (EL-Banna et al.,
2007), Brazil (Amaral Mello et al., 2008). In
previous studies data showed that phytoplasma
belonged to groups 1, 11, III, V, VI and XII of
16SrRNA, indicating phytoplasma disease of
the tomato is genetically diverse (Santos-
Cervantes et al., 2008). besides, tomato big bud
was associated with phytoplasma group 16Srl
in the USA (Lee et al. 1993, 1998), with
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phytoplasma group 16Srl, 16SrV, 16SrXII in
Italy (Serrone et al., 2001) also 16SrVI group
was associated with tomato plants with
symptoms of big bud disease in Jordan (Anfoka
et al. 2003). In Australia, 16Srll group
belonging to phytoplasma was associated with
tomato big bud (Davis et al. 1997). Shaw et al.
(1993) showed the beet leathopper transmitted
virescence agent (BLTVA) that caused tomato
big bud in California which belonged to group
16SrVI.Del Serrone et al. showed that tomato
plants in central Italy showing big bud-like
disease symptoms were infected with
phytoplasmas belonging to four different
groups (I, III, V and XII) (Del Serrone et al.,
2001). It was also reported that the tomato big
bud phytoplasma from Arkansas was affiliated
with genetic subgroup 16Srl-A (Lee et al,
1993). Different phytoplasmas associated with
tomato diseases from 16SrDNA groups have
been characterized all over the world using
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DNA-based techniques and sequence analysis
(Anfoka et al., 2003; Santos-Cervantes et al.,
2007, 2008). Presence of tomato big bud
previously reported in provinces of Iran
(Dehghani and Salehi, 2011). Symptom of
tomato big bud in region of Iran is different.
Tomato big bud disease was reported from
provinces such as Khorasan, Western
Azerbaijan, Eastern Azerbaijan, Kermanshah,
Kurdistan and Fars for the first time, with
except of Fars (Salehi et al. 2005) and Western
Azerbaijan (Rashidi et al., 2006). Association
of a 16Srll group related phytoplasma with big
bud disease had been previously reported from
Fars and Yazd provinces (Salehi et al. 2005).

Actual and putative RFLP and sequence
analyses of AGTB (JF508509), KETBB
(JF508507), KRTBB (JF508509), FTBB

(JF508508) and ASTBB (JF508511) isolates
were almost identical and related to the 16SrVI
group. Also KTBB (JF508509) and KSTBB
(JF508513) isolates were similar and belonged
to the 16SelX group. Based on the same
analyses, clover proliferation group related
TBB phytoplasma that belonged to 16SrVI-A
subgroup, and pigon pea witches’ broom
phytoplasma group related to TBB phytoplasma
belongs to 16SrIX-E subgroup (Jamshidi ef al.,
2014). Another study in Karaj vicinity on
different cultivars of tomato indicated that 89%
of phytoplasmas present in tomato samples
belonged to 16SrVI; but less than 11%
belonged to 16Srl group which were observed
only in the Pardis and Mateen cultivars
(Moslemkhani et al. 2014). In Iran, cabbage
Brassica oleraceavar. capitata and safflower
Carthamus tinctorius L. were reported as hosts
for 16SrVI group (Salehi et al., 2007, 2009). In
this study, based on the results of RFLP and
sequence analyses TOM-Qazvin phytoplasma
belongs to 16SrVI-A subgroup and it is the first
report of tomato plant as a host for 16SrVI in
Qazvin province.

References

Anfoka, G. H. A., Khalil, A. B. and Fattash, 1.
2003. Detection a molecular characterization

385

of phytoplasma associated with big bud
disease of tomatoes in Jordan. Journal of
Phytopathology, 151: 223-227.

Ciccarone, A. 1951. Sintomi di
_Virescenzaipertrofica  (Big bud) del
pomodoro nei pressi di Roma. Note

preliminare. Bollettino Stazione Patologia
Vegetale, Serie 3, 1949 (7): 193-197.

Dale, J. L. and Smith, L. D. 1975. Mycoplasma
like bodies observed in tomato plants with
big bud in Arkansas. Plant Disease Reporter,
59: 455-458.

Davis, R. E., Schneider, B. and Gibb, K. S. 1997.
Detection and differentiation of phytoplasmas
in  Australia.  Australian Journal of
Agriculture Research, 48: 535-544.

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.

Doyle, J. J. and Doyle, J. L. 1990. Isolation of
plant DNA from fresh tissue. Focus, 12:
13-15.

El-Banna, O. H. M., Mikhail, M. S., Farag, A.
G. and Mohammed, A. M. S. 2007.
Detection of phytoplasma in tomato and
pepper plants by electron microscopy and
molecular biology based methods. Egyptian
Journal of Virology, 4: 93-111.

Ghandi, H., Anfoka, A., Ahmad, B., Khalil, B.
and Fattash, I. 2003. Detection and Molecular
Characterization of a Phytoplasma Associated
with Big Bud Disease of Tomatoes in Jordan.
Phytopathology Journal, 151: 223-227.

Gundersen, D. E. and Lee, 1. M. 1996.
Ultrasensitive detection of phytoplasmas by
nested-PCR assays using two universal
primer pairs. Phytopathologia Mediterranea,
35: 144-151.

Jamshidi, E., Jafarpoor, B., Roohani, H. and
Salehi, M. 2011.Tomato big bud disease in
Khorasan-e Razavi and Khorasan-e
Shomali provinces. Proceedings of the
19™ranian Plant Protection Congress,
Tehran, Iran.



Detection of tomato big bud disease in Qazvin

J. Crop Prot.

Jamshidi, E., Jafarpoor, B., Roohani, H., and
Salehi, M. 2014. Association of members of
clover proliferation (16S rVI) and pigeon pea
witches’ broom (16S rIX) phytoplasma groups
with tomato big bud disease in Iran. Iranian
Journal of Plant Pathology, 50 (2): 77-89.

Lee, I. M., Davis, R. E. and Gundersen-Rindal,
D. E. 2000. Phytoplasma: phytopathogenic
mollicutes. Annual Review of Microbiology,
54:221-255.

Lee, I. M., Gundersen-Rindal, D. E., Davis, R. E.
and Bartoszik, 1. M. 1998. Revised
classification scheme of phytoplasma based on
RFLP analyses of 16S rDNA and ribosomal
protein gene sequences. International Journal
of Systematic and Evolutionary Microbiology,
48 (4): 1153-1169.

Lee, I. M., Hammond, R. W., Davis, R. E. and
Gundersen, D. E. 1993. Universal
amplification and analysis of pathogen
16SrDNA for classification and identification
of mycoplasma like organisms.
Phytopathology, 83: 834-842.

Maixner, M. 2010. Phytoplasma epidemiological
system with multiple plant hosts. In:
Weintraub, P. G. and Jones, P. (Eds).
Phytoplasmas Genomes, Plant Hosts and
Vectors. Academic Publishers, pp: 239-255.

McCoy, R. E., A. Caudwell, C. J. Chang, T. A.
Chen and L. N. Chiykwsky et al., 1989. Plant
Diseases Associated with Mycoplasma-like
organisms. In: Whitcomb, R. F. and Tully, J.
G. (Eds.), The Mycoplasmas. Academic
Press, NY, pp: 545-640.

Amaral Mello, A. P. O., Bedendo, 1. P. and
Camargo, L. E. A. 2006. Sequence
heterogeneity in the 16S rDNA of tomato
big bud phytoplasma belonging to group
16SrlIl. Journal of phytopathology, 154 (4):
245-249.

Moslemkhani, C., Razavi, V., Sadeghi, L.,
Mobasser, S., Khelgati bana, F. and
Shahbazi, R. 2014. Characterization of
phytoplasmas associated with tomato big
bud disease, using single-tube nested PCR.
Journal of Crop Protection, 3 (20): 573-580.

Olmos, A., Cambra, M., Esteban, O., Gorris, M.
T. and Terrada, E. 1999. New device and

386

method for capture, reverse transcription and
nested PCR in a single closed tube. Nucleic
Acids Research, 27: 1564-1565.

Rashidi, M., Ghosta, Y. and Bahar, M. 2006.
Russian olive (Elacagnus angustifolia L.), A
new host for phytoplasma from Iran.
Proceeding of 17™ Iranian Plant Protection
Congress, Iran: P. 349.

Saitou, N. and Nei, M. 1987. The neighbor-
joining method: a new method for
reconstructing phylogenetic trees. Molecular
Biology Evolution, 4: 406-425.

Salehi, M. and Izadpanah, K. 1992. Etiology
and transmission of sesame phylloy in Iran.
Journal of Phytopathology, 135: 37-47.

Salehi, M., Heidarnejad, J. and Izadpanah, K.
2005. Molecular characterization and
grouping of 35 phytoplasmas from central
and southern provinces of Iran. Iranian
Journal of Plant Pathology, 41: 62-64.

Salehi, M., Izadpanah, K. and Siampour, M.
2007. Characterization of a phytoplasma
associated with cabbage yellows in Iran.
Plant Disease, 91: 625-630.

Salehi, M., Izadpanah, K. and Siampour, M.
2009. First report of  Candidatus
Phytoplasma trifolii related strain associated
with safflower phyllody disease in Iran.
Plant Disease, 92: 649.

Santos-Cervantes, M. E., Chavez-Medina, J. A.,
Fierro-Coronado, J. A., Ruelas-Ayala, R. D.,
Barreras-Soto, M. A., Mendez-Lozano, J.,
Leyva- Lopez, N. E. 2007. First report of
Candidatus Phytoplasma asteris infecting
tomatillo. Plant Pathology, 56: 721-72.

Santos-Cervantes, M. E., Chavez-Medina, J. A.,
Méndez-Lozano, J. and Leyva- Lopez, N. E.
2008. Detection and molecular
characterization of two little leaf phytoplasma
strains associated with pepper and tomato
diseases in Guanajuato and Sinaloa, Mexico.
Plant Disease Journal, 92: 1007-1011.

Schneider, B., Aherns, U., Kirkpatrick, B. C. and
Seemuller, E. 1993. Classification of plant-
pathogenic mycoplasma-like organisms using
restriction-site analysis of PCR-amplified 16S
rDNA. Journal of General Microbiology,
139: 519-527.



Davoodi et al.

J. Crop Prot. (2019) Vol. 8 (4)

Seemuller, E., Garnier, M. and B. Schneider,
2002. Mycoplasmas of plants and insects.
In: Razin, S. and Herrmann, R. (Eds),
Molecular Biology and Pathology of
Mycoplasmas, Plenum Publishers, London,
UK. pp: 91-116.

Serrone, P., Marzachi, C., Bragaloni, M. and
Galefti, P. 2001. Phytoplasma infection of
tomato in central Italy. Phytopathologia
Mediterranea, 40: 137-142.

Shaw, M. E., Kirkpatrick, B. C. and Golino, D.
1993. The Dbeet leathopper-transmitted
virescence agent cause tomato big bud disease
in California. Plant Disease, 77: 290-295.

Tamura, K., Dudley, J., Nei, M. and Kumar, S.
2007. MEGAA4: molecular evolutionary
genetics analysis (MEGA) software version
4. Molecular Biology and Evolution, 24:
1596-1599.

Tapia-Tussell, R., Suaste-Dzul, A., Cortes-
Velazquez, A., Torres-Calzada, C. and Quijano-
Ramayo, A. 2012. Molecular characterization
of Yucatan tomato phytoplasma (Group
16SrIll). African Journal Biotechnology, 11:
2169-2177.

Vibio, M., Meglioraldi, S., Lee, I. M., Davis, R. E.
and Bertaccini, A. 1996. Genomic variability
in 16S 1I-G phytoplasma infecting tomatoes in
Italy and Bulgaria. International Organisation
for Mycoplasmology Letters, 4: 260-261.

387

Xu, X., Mou, H-Q., Zhu, S. F., Liao, X. L. and
Zhao, W. J. 2013. Detection and
characterization of phytoplasma associated
with big bud disease of tomato in China.
Journal of Plant Pathology, 161: 430-433.

Zhang, L., Zhengnan, L., Chao, D., Zhaohui, F.
and Yunfeng, W. 2012. Detection and
identification of group 16SrVI phytoplasma
in willows in china. Journal of
Phytopathology, 160: 755-757.

Zhao, Y., Sun, Q., Wei, W., Davis, R. E., Wu, W.
and Liu, Q. 2009a. ‘Candidatus Phytoplasma
tamaricis’, a novel taxon discovered in
witches’ broom diseased saltcedar (Tamarix
chinensis Lour.). International Journal of
Systematic and Evolutionary Microbiology,
59: 2496-2504.

Zhao, Y., Wei, W., Lee, I. M., Shao, J., Sou, X.
and Davis, R. E. 2009b. Construction of an
interactive online phytoplasma classification
tool, iphyclassifier and its application in
analysis of the peach X-disease phytoplasma
group (16Srlll). International Journal of
Systematic and Evolutionary Microbiology,
59:2582-2593.

Zimmermann-Gries, S. and Klein, M. 1978. A
tomato big bud-like disease of tomatoes in
Israel and its association with mycoplasma-
like organisms. Plant Disease Reporter, 62:
590-594.



Detection of tomato big bud disease in Qazvin

J. Crop Prot.

2938 bl )0 (K dax o5 dilg= 059 g low Jole (Jeg0 (2L3) 9 (2Ll

Y #Y .. \ . |
P mwdlaus 7 S b (655 caSazy joli 509l (wle

Ol ety ey olRasls o6 5,9liaS caSails ( SKi5p0l3 09,5 )
ol i@,S AREEO (s 5,3y 8lsS 5 o Sliiond dvo -Y

Ol B 5 (85 b mlie 9 (55,5LiS pole oRKiils « oL 0 s caSiisls -V
k.moslemkhani@areeo.ac.ir :a.51 Jgius 0divus g3 (Sdg xSl oy

VAR 55 YT 1000 TRV (e YA 28l o

poF e shls sladigy 5l (938 il (KBazsS g )lie jloud plnil slagom 5o tedaSe
ez o a5 Al fos o Sp ) che 0 LS RS, sl ( Ssiss el s>
ladiges 5l g)lon Jole lulid (1 285800 (5)l0 paiges JSBa laailsz g aiils aneS
b zl3el CTAB 51 e s89, b oS sl il 5 5,15, 51 DNA (S oM (51l
5 PI/PT sl ,535kT i 5 saliiul b paiions PCR (y905] b slowsdlgid Sogll Jlozsl b,
o s g &b ploul RIGF20/R16R2 5 P1/P7 (sla 55leT i 5l ooliiul b (slal> 5o g8 PCR (yg5]
Jyame 5JUT b .o o0ud 0391 (slaaxsF wiges 5l 5L i VA« e g VYo Uil 5,50 slaails
Jule RFLP) &y Slakad Job  ASioiz (5030 51 oolaiwl b (5L <é> VY« +) PCR pgo al> o
9 NCBI ;o ouls 050 gy cadly gulis .09 16SrVI 09,5 51 A 09,5 55 4 et olowdhgd
S pazgS dle oy (gl Jule a5 olo las iphyclassifier oMl j1dle 5 dawss ol 5Ll
VW 5 TI6STRNA 55 GGl i 1Y+ +) Gols 5l ooliiul b (5 5bme RFLP .ol 03 500l 09,5 4 3letio
23,5 25 5 16STVI 69,8 4 3lete glowidlysid Jale o5 oo (i mlis anl » odle (8 o]

sl 16SIVI-A

LoDl g8 ¢ 55,8455 RFLP dphyclassifier ailg> p,55 1 goudS 5519

388



