ﺑﻴﻤﺎﺭﻱﻫﺎﻱ ﮔﻴﺎﻫﻲ  /ﺟﻠﺪ  / ۵۳ﺷﻤﺎﺭﻩ  / ۲ﺳﺎﻝ ۱۷۴-۱۶۵ :۱۳۹۶

ﺧﺼﻮﺻﯿﺎت ﻣﻮﻟﮑﻮﻟﯽ ،ﺳﺮوﻟﻮژﯾﮑﯽ و ﺑﯿﻮﻟﻮژﯾﮑﯽ دو ﻓﯿﺘﻮﭘﻼﺳﻤﺎي ﻣﺘﻌﻠﻖ ﺑﻪ زﯾﺮ ﮔﺮوه C

درﮔﺮوه آران اي رﯾﺒﻮزوﻣﯽ  16SrIIﻫﻤﺮاه ﺑﺎ ﺑﯿﻤﺎري ﺟﺎروك ﯾﻮﻧﺠﻪ در اﺳﺘﺎن ﻫﺎي ﯾﺰد و
ﻓﺎرس

4

ﺳﯿﺪﻋﻠﯿﺮﺿﺎ اﺳﻤﻌﯿﻞزاده ﺣﺴﯿﻨﯽ ،1ﻏﻼم ﺧﺪاﮐﺮﻣﯿﺎن ،*2ﻣﺤﻤﺪ ﺻﺎﻟﺤﯽ 3و آﺳﻮآﻧﺘﺎ ﺑﺮﺗﺎﭼﯿﻨﯽ
)ﺗﺎرﯾﺦ درﯾﺎﻓﺖ1395/5/15 :؛ ﺗﺎرﯾﺦ ﭘﺬﯾﺮش(1396/4/24 :

ﭼﮑﯿﺪه
ﺟﺎروك ﯾﻮﻧﺠﻪ ﯾﮏ ﻓﺎﮐﺘﻮر ﻣﺤﺪود ﮐﻨﻨﺪه ي رﺷﺪ و ﺗﻮﻟﯿﺪ ﯾﻮﻧﺠﻪ در اﯾﺮان ﺑﻪ وﯾﮋه در ﻣﻨﺎﻃﻖ ﮔﺮﻣﺴﯿﺮي ﻣﯽ ﺑﺎﺷﺪ .اﺳﺘﺮﯾﻦ ﻫﺎي ﻓﯿﺘﻮﭘﻼﺳـﻤﺎي

ﻫﻤﺮاه ﺑﺎ ﺑﯿﻤﺎري ﺟﺎروك ﯾﻮﻧﺠﻪ در دو ﻣﻨﻄﻘﻪ ﺷﺪﯾﺪا" آﻟﻮده ي ﭼﺎﻫﮕﯿﺮ )اﺳﺘﺎن ﯾﺰد( و ﺟﻮﯾﻢ )اﺳﺘﺎن ﻓﺎرس( از ﻧﻈﺮ ﺧﺼﻮﺻﯿﺎت ﺑﯿﻮﻟـﻮژﯾﮑﯽ،

ﺳﺮوﻟﻮژﯾﮑﯽ و ﻣﻮﻟﮑﻮﻟﯽ ﻣﻘﺎﯾﺴﻪ ﺷﺪﻧﺪ .ﺑﺮ اﺳﺎس ﻋﻼﯾﻢ ﺑﯿﻤﺎري در ﻣﺰارع ﯾﻮﻧﺠﻪ ﺟﺎروك ﯾﻮﻧﺠﻪ ﭼﺎﻫﮕﯿﺮ و ﺟﻮﯾﻢ ﻗﺎﺑـﻞ ﺗﻔﮑﯿـﮏ ﻧﺒﻮدﻧـﺪ .در
ﭘﺮواﻧﺶ و ﮔﻮﺟﻪ ﻣﺎﯾﻪ زﻧﯽ ﺷﺪه ،ﻓﯿﺘﻮﭘﻼﺳﻤﺎي ﺟﺎروك ﯾﻮﻧﺠﻪ ﺟﻮﯾﻢ رﯾﺰﺑﺮﮔﯽ ﺑﯿﺸﺘﺮي در ﻣﻘﺎﯾﺴﻪ ﺑﺎ ﻓﯿﺘﻮﭘﻼﺳﻤﺎي ﺟـﺎروك ﯾﻮﻧﺠـﻪ ﭼـﺎﻫﮕﯿﺮ
اﯾﺠﺎد ﮐﺮد .از ﺑﯿﻦ زﻧﺠﺮك ﻫﺎﯾﯽ ﮐﻪ ﻗﺒﻼ ﺑﻪ ﻋﻨﻮان ﻧﺎﻗﻞ ﺑﯿﻤﺎري ﺟﺎروك ﯾﻮﻧﺠﻪ ﮔﺰارش ﺷﺪه ﺑﻮدﻧﺪ ،ﻓﯿﺘﻮﭘﻼﺳﻤﺎي ﺟﺎروك ﯾﻮﻧﺠﻪ ﺟﻮﯾﻢ ﻓﻘﻂ ﺑﺎ

ﮔﻮﻧﻪ  Orosius albicinctusو ﻓﯿﺘﻮﭘﻼﺳﻤﺎي ﺟﺎروك ﯾﻮﻧﺠﻪ ﭼﺎﻫﮕﯿﺮ ﻓﻘﻂ ﺑﺎ ﮔﻮﻧﻪ  Circulifer haematocepsاﻧﺘﻘﺎل داده ﺷﺪ .ﺑﺮ اﺳﺎس ﺗﻮاﻟﯽ ژن

آر ان اي رﯾﺒﻮزوﻣﯽ  16Sو ﻧﺎﺣﯿﻪ ي ﺑﯿﻦ ژﻧﯽ  ،16S-23Sﺟﺎروك ﯾﻮﻧﺠﻪ ﺟﻮﯾﻢ و ﭼﺎﻫﮕﯿﺮ ﻗﺎﺑﻞ ﺗﻔﮑﯿﮏ ﻧﺒﻮدﻧﺪ ،اﮔﺮﭼﻪ ارﺗﺒﺎط ﺳﺮوﻟﻮژﯾﮑﯽ ﺑﯿﻦ

دو ﻓﯿﺘﻮﭘﻼﺳﻤﺎ در آزﻣﻮن ﻫﺎي اﻻﯾﺰا و دﯾﺒﺎ ﺑﺎ اﺳﺘﻔﺎده از آﻧﺘﯽ ﺑﺎدي ﻫﺎي ﭼﻨﺪ ﻫﻤﺴﺎﻧﻪ اي ﺗﻮﻟﯿﺪ ﺷﺪه ﺑﺮ ﻋﻠﯿﻪ دو ﻓﯿﺘﻮﭘﻼﺳﻤﺎ ﻣﺸﺎﻫﺪه ﻧﺸـﺪ .ﺑـﻪ
دﻟﯿﻞ ﺗﻔﺎوت در ﻧﺎﻗﻞ ،ﻓﻘﺪان ارﺗﺒﺎط ﺳﺮوﻟﻮژﯾﮑﯽ و اﯾﺠﺎد ﻋﻼﯾﻢ ﻣﺘﻔﺎوت در ﭘﺮواﻧﺶ و ﮔﻮﺟﻪ ﻓﺮﻧﮕﯽ ،ﻓﯿﺘﻮﭘﻼﺳﻤﺎ ﻫﺎي ﺟﺎروك ﯾﻮﻧﺠﻪ ﭼﺎﻫﮕﯿﺮ

و ﺟﻮﯾﻢ دو اﺳﺘﺮﯾﻦ ﻣﺘﻔﺎوت از زﯾﺮ ﮔﺮوه  Cدر ﮔﺮوه آران اي رﯾﺒﻮزوﻣﯽ 16SrIIﻣﯽ ﺑﺎﺷﻨﺪ.
ﮐﻠﯿﺪواژه :آر اف ال ﭘﯽ ،اﻻﯾﺰا ،ﭘﯽ ﺳﯽ آر ،دﯾﺒﺎ ،ﺳﺮوﻟﻮژي
* ﻣﺴﺌﻮل ﻣﮑﺎﺗﺒﺎت ،ﭘﺴﺖ اﻟﮑﺘﺮوﻧﯿﮑﯽkhodakaramian@yahoo.com :

 .1اﺳﺘﺎدﯾﺎر ﺑﯿﻤﺎري ﺷﻨﺎﺳﯽ ﮔﯿﺎﻫﯽ ﺑﺨﺶ ﺗﺤﻘﯿﻘﺎت ﮔﯿﺎه ﭘﺰﺷﮑﯽ ﻣﺮﮐﺰ ﺗﺤﻘﯿﻘﺎت و آﻣﻮزش ﮐﺸﺎورزي و ﻣﻨﺎﺑﻊ ﻃﺒﯿﻌﯽ اﺳﺘﺎن ﯾـﺰد ،ﺳـﺎزﻣﺎن ﺗﺤﻘﯿﻘـﺎت،
آﻣﻮزش و ﺗﺮوﯾﺞ ﮐﺸﺎورزي ،ﯾﺰد ،اﯾﺮان.

 .2اﺳﺘﺎد ﺑﯿﻤﺎري ﺷﻨﺎﺳﯽ ﮔﯿﺎﻫﯽ داﻧﺸﮕﺎه ﺑﻮﻋﻠﯽ ﺳﯿﻨﺎ ﻫﻤﺪان ،اﯾﺮان.

 .3داﻧﺸﯿﺎر ﺑﯿﻤﺎري ﺷﻨﺎﺳﯽ ﮔﯿﺎﻫﯽ ﺑﺨﺶ ﺗﺤﻘﯿﻘﺎت ﮔﯿﺎه ﭘﺰﺷﮑﯽ ﻣﺮﮐﺰ ﺗﺤﻘﯿﻘﺎت و آﻣﻮزش ﮐﺸﺎورزي و ﻣﻨﺎﺑﻊ ﻃﺒﯿﻌﯽ اﺳﺘﺎن ﻓﺎرس ،ﺳﺎزﻣﺎن ﺗﺤﻘﯿﻘـﺎت،
آﻣﻮزش و ﺗﺮوﯾﺞ ﮐﺸﺎورزي ،زرﻗﺎن ،اﯾﺮان

 .4اﺳﺘﺎد ﺑﯿﻤﺎري ﺷﻨﺎﺳﯽ ﮔﯿﺎﻫﯽ داﻧﺸﮕﺎه ﺑﻮﻟﻮﻧﯿﻮ اﯾﺘﺎﻟﯿﺎ
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Biological, serological and molecular characteristics of two 16SrII-Crelated phytoplasma strains associated with alfalfa witches’ broom disease in Yazd and Fars provinces, Iran
S.A. Esmailzadeh Hosseini1, G. Khodakaramian2*, M. Salehi3, and A. Bertaccini4
(Received: 5.8.2016; Accepted: 15.7.2017)

Abstract
Alfalfa witches’ broom (AWB) is a limiting factor for alfalfa growth and production in Iran, especially in the
tropical regions of the country. AWB phytoplasma strains from two severely affected areas, Chahgeer (Abarkooh, Yazd province) and Juyom (Larestan, Fars province), were compared for main biologic, serologic
and molecular characteristics. Based on disease symptoms in alfalfa farms, Chahgeer and Juyom AWB
(CAWB and JAWB, respectively) strains were not differentiable. In dodder inoculated periwinkle and tomato plants JAWB phytoplasma induced stronger little leaf compared to the one induced by CAWB phytoplasma. In these experiments the two JAWB and CAWB phytoplasma strains are confirmed as vectored by different leafhopper species, Orosius albicinctus and Circulifer haematoceps respectively. Based on 16S rRNA
gene and 16S-23S intergenic spacer region sequences, CAWB and JAWB were not differentiable, however
no serologic relationship was observed between the two phytoplasmas in ELISA and DIBA tests using polyclonal antibodies prepared against each of them. Due to the lack of serological relationship, different insect
vectors and induction of different symptoms in common host plants, CAWB and JAWB phytoplasmas
should be considered as two different AWB strains both belonging to 16SrII-C subgroup.

Keywords: DIBA, ELISA, PCR, RFLP, serology
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Introduction

Material and Methods

Phytoplasmas, members of class Mollicutes, are
cell wall-less prokaryotes inhabiting the phloem of
a wide range of plant species and are associated
with different destructive plant diseases worldwide
(Bertaccini et al., 2014). They are transmitted
mainly by leafhoppers and psyllids; typical symptoms include yellowing, discoloration, witches’
broom, dwarfing, virescence and phyllody. Alfalfa
has been reported as host of different phytoplasmas
worldwide. At least eight distinct phytoplasmas
have been identified associated with alfalfa including ‘Candidatus Phytoplasma asteris’ (Peters
et al., 1999; Jomantiene et al., 2000; Jones et al.
2005), ‘Ca. P. trifolii’ and ‘Ca. P. fraxini’ (Conci
et al. 2005), ‘Ca. P. solani’ (Marzachì et al., 2000;
Starović et al., 2012), ‘Ca. P. ulmi’ (Li et al.,
2012), ‘Ca. P. australiense’ (Getachew et al.,
2007), ‘Ca. P. pruni’ (Starović et al. 2012), and
‘Ca. P. aurantifolia’ (Esmailzadeh Hosseini et al.,
2015c; Khan et al., 2001; 2002; Al-Saleh et al.,
2014). Alfalfa witches’ broom (AWB) disease is
widespread all over Iran (Esmailzadeh Hosseini et
al., 2015a; 2015b; 2015c; 2016a; 2016b; 2016c),
and its major disease symptoms include excessive
branching, little leaf, internode shortening, flower
malformation, dwarfing, yellowing and eventually
death of the infected plant (Esmailzadeh Hosseini
et al., 2015a; 2015c). Whole alfalfa field's infection was observed in 2 and 3 years stand alfalfa in
different parts of Iran (Esmailzadeh Hosseini et al.,
2015a; 2016a). In the early 1990s, occurrence of
AWB phytoplasma disease was observed in SistanBaluchestan, Fars and Kerman provinces (Salehi
and Izadpanah 1993), and subsequently in all alfalfa growing areas on different cultivars of Medicago sativa L., especially in central and southern
provinces of Iran (Salehi et al., 1995; Esmailzadeh
Hosseini et al., 2015a; 2015b; 2015c). Among several leafhopper species collected in alfalfa fields in
Yazd and Fars provinces, Orosius albicinctus Distant and Circulifer haematoceps (Mulsant & Rey)
were identified as insect vectors (Salehi et al.
1995; Esmailzadeh Hosseini et al., 2015a; 2015b).
The aim of the present work was to study biological, serological and molecular properties of two
16SrII-C AWB phytoplasmas from two severely
AWB affected areas in Iran, Chahgeer (Abarkooh,
Yazd province) and Juyom (Larestan, Fars province).

Phytoplasmas used in this study
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Juyom (Fars province) and Chahgeer (Yazd
province), alfalfa-witches’ broom phytoplasmas
(JAWBP and CAWBP, respectively) maintained in
periwinkle [Catharanthus roseus (L.) G. Don] by
dodder inoculation (Salehi et al., 1995) were used
for biological and molecular studies. P1/P7 primed
PCR products (Deng and Hiruki, 1991; Schneider
et al., 1995) of JAWB and CAWB strains were
cloned, sequenced, and 1,803 and 1,806 bp sequences were deposited in GenBank under the accession numbers DQ233656 and DQ233655, respectively.
Dodder transmission
Dodder transmission was employed for propagation and maintenance of the two strains and also
for the assessment of symptom expression in periwinkle and tomato (Lycopersicum esculentum
Mill.) (Salehi et al., 1995). Seeds of dodder (Cuscuta campestris Yunk.) were germinated on moist
filter paper, and seedlings were transferred to
healthy seed grown eggplants under insect-proof
conditions. After 3-4 weeks connections were established between dodder strands from healthy
eggplants and infected periwinkle plants previously dodder inoculated with JAWB or CAWB phytoplasmas. One month later, newly developed
strands of dodder from infected periwinkle plants
were connected to seed grown 15 healthy periwinkle and 10 healthy tomato plants. The connection
was maintained for 30 days, after which the plants
were freed from dodder strands and kept in an insect-proof greenhouse for symptom development.
Negative controls were represented by 10 healthy
periwinkle plants and 10 healthy tomato plants inoculated with dodder grown on healthy eggplants.
Graft transmission
For propagation and long-term maintenance of
disease sources, ten-week old seed grown periwinkle plants for each phytoplasma strain were side
grafted with small axillary shoots from newly infected periwinkle plants (Salehi et al., 1995). The
graft area was wrapped with parafilm and each
grafted plant was separately covered with a plastic
bag for a week to maintain humidity.
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Vector transmission
C. haematoceps and O. albicinctus, which previously reported as AWB phytoplasma vectors in
Iran (Salehi et al. 1995; Esmailzadeh Hosseini et
al., 2015a; 2015b) were tested to verify their ability to transmit CAWB and JAWB phytoplasmas
considering their close molecular relationships.
From each alfalfa field in Chahgeer and Juyom,
insects were collected by D-vac aspirator; C. haematoceps and O. albicinctus leafhopper species
were separated and selected for transmission trials.
The two leafhopper species were identified by
comparison to the voucher specimens identified
previously by the British Museum (UK). Noninoculative colony of each species was developed
by caging single fertilized females on healthy seed
grown sugar beet (Beta vulgaris subsp. vulgaris)
plants, a suitable host plant for rearing, egg deposition, and subsequent hatching of both insect species. Samples of leafhoppers (five samples per
each colony) and sugar beet plants were checked
for phytoplasma absence by nested PCR assays
(Zhang et al., 1988). Inoculative colonies of each
species were developed by transferring adult leafhoppers (five per each colony) separately on three
CAWBP or JAWBP infected periwinkle plants.
Total nucleic acids were extracted from five leafhopper samples per each colony by the Doyle and
Doyle (1990) method and phytoplasma presence in
inoculative colonies was tested by nested PCR before inoculation trials. To assess C. haematoceps
and O. albicinctus ability to transmit CAWB and
JAWB strains, from each inoculative colony 80
leafhoppers were caged on 20 periwinkle plants (4
insects per plant and 4 plants in each cage) for four
weeks inoculation access period (Salehi et al.,
1995). The plants were then sprayed with metasystux-R insecticide and maintained in insect-proof
greenhouse for symptom expression.
For all transmission tests acquisition access period (AAP) and inoculation access period (IAP)
were 3 and 4 weeks, respectively. All the transmission tests were carried out at the same time on 8
week-old periwinkles.
Enzyme linked immunosorbent assay (ELISA) and
dot immunobinding assay (DIBA) tests
Serologic comparison between CAWB and
JAWB phytoplasmas was carried out in ELISA
and DIBA tests using polyclonal antisera raised
168

against JAWB (Salehi et al., 2011) and CAWB
(Esmailzadeh Hosseini et al., 2015c) considering
the very close relationships of the two phytoplasmas at the molecular level and considering that
they are sharing the same host plant. Healthy extract was produced from seed grown periwinkle in
insect proof greenhouse. ELISA tests were carried
out by using the Clark and Adams (1977) method
using samples from 8 infected periwinkle plants
for each phytoplasma strain and 5 replications. The
DIBA test was carried out by the method described
by Hibi and Saito (1985) using 8 samples of each
plant extract represented by Borazjan faba bean
phyllody (positive control), CAWB, JAWB, and
healthy faba bean and periwinkle (negative controls) with 6 replications. To carry out DIBA test,
0.1 g of midrib tissue was homogenate with a pestle and mortar in 1 ml of TBS-T [.0.05% Tween 20
in 20 mM-Tris HC1 containing 0.5 M-NaC1, pH
7.5 (TBS)]. After centrifugation of the homogenized at 7,000 rpm for 10 min (VISION centrifuge,
South Korea), the supernatant was used for dot blot
test at room temperature. Aliquots of 5-7 μl of antigen were blotted on a nitrocellulose sheet and
after blocking with blocking buffer (TBS-T containing 2% PVP and 3% skimmed milk), 1.5 ml/ml
of polyclonal antiserum of each of the two strains
were again applied following described procedures
(Hibi and Saito 1985). After addition of 5-7 μl of
blue tetrazolium (NBT, Sigma-Aldrich Co.) to
each spot, the nitrocellulose was maintained for 10
minutes in a dark room and appearance of welldefined purple spots was regarded as positive reaction.
DNA extraction and polymerase chain reaction
(PCR)
Total DNA was extracted from 0.2 g midrib tissues of infected symptomatic periwinkle and tomato plants grafted and dodder inoculated with
JAWBP and CAWBP using the method described
by Zhang et al. (1988). Total nucleic acids were
extracted from leafhoppers species using Doyle
and Doyle procedure (1990). Total DNA extracted
from healthy periwinkles and a symptomatic periwinkle plant infected with lime witches’ broom
phytoplasma (Salehi et al., 2005) were used as
negative and positive controls, respectively. DNA
samples were tested for phytoplasma presence by
direct PCR using P1/P7 (Deng and Hiruki, 1991;
Schneider et al., 1995) and nested PCR using
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R16F2n/R16R2 primer pair (Gundersen and Lee,
1996). PCR was performed in a 25 μl reaction volume containing 50 ng DNA, 0.4 µM of each primer, 0.25 mM of each dNTP, 1.5 mM MgCl2 and
0.5 units of Taq DNA polymerase (CinnaGen,
Iran) in the buffer supplied by the manufacturer.
Amplification was carried out in a thermal cycler
(Bio-Rad T100, USA) for 35 cycles as follows: 45
sec denaturation at 94°C (3 min for the first cycle),
45 sec annealing at 55°C and 2 min of extension at
72°C. In the final cycle the extension step was extended to 10 min. PCR conditions for the nested
PCR were the same except that the annealing temperature was 58°C. PCR products were separated
in 1% agarose gels in 1X TBE buffer (108 g TrisHCl, 55 g boric acid, 40 ml EDTA 0.5 M, pH 8.0).
DNA bands were stained with ethidium bromide
and visualized with a UV transilluminator. The
molecular weight of the PCR products was estimated by comparison with 100 bp DNA ladder
(Fermentas, Vilnius, Lithuania).
Virtual RFLP analysis of sequences
Virtual RFLP analysis using iPhyClassifier
(Zhao et al., 2009) was used to determine subgroup
affiliation of JAWB and CAWB strains. RFLP profile of 1,247 bp R16F2n/R16R2 primed sequences
of JAWB phytoplasma (JAWBP, GenBank Accession No. DQ233655) and CAWB phytoplasma
(CAWBP, GenBank Accession No. DQ233656)
were compared to each other and to those of
16SrII-subgroup phytoplasmas. Each aligned DNA
fragment was digested in silico with the 17 restriction enzymes available in the program and that
have been used for the phytoplasma 16S rDNA
RFLP analysis (Lee et al., 1998).
Sequence homology and phylogenetic analysis
The 16S rDNA sequences of 19 phytoplasmas
including JAWB and CAWB were aligned and
phylogenetic trees and sequence homologies were
generated using MEGA software version 6 (Tamura et al., 2013). Acholeplasma laidlawii was used
as an outgroup to root the tree. Bootstrapping was
performed 1,000 times to estimate the stability and
support for the branches.
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Results
Symptomatology of sources of phytoplasmas employed in this study
In Juyom and Chahgeer areas the disease symptoms in alfalfa were not differentiable. Main disease symptoms were little leaf, internode shortening, virescence, phyllody, witches’-broom, leaf
yellowing and curling, stunting, decline and death.
Graft and dodder transmission
In graft inoculation trials, all 10 periwinkle
plants graft inoculated with CAWBP and JAWBP,
developed disease symptoms in 4-6 weeks.
In dodder inoculation with JAWB and CAWB
phytoplasmas, 11 out of 15 and 9 of 15 periwinkle
plants, respectively showed phytoplasma symptoms and among 20 tomato plants (10 plants each
JAWB and CAWB), 8 and 7 tomato plants respectively showed phytoplasma symptoms.
The main symptoms exhibited by experimentally infected periwinkle and tomato plants were little
leaf, virescence, phyllody, yellowing and stunting.
In periwinkle and tomato plants, little leaf, stunting
and yellowing symptoms were stronger and more
marked in JAWB strain compared to CAWB
strain. All inoculated symptomatic plants reacted
positively in direct and nested PCR assays. None
of the control plants parasitized by dodder grown
on healthy eggplants showed disease symptoms.
Nested PCR assay also verified the phytoplasma
absence in all control plants.
Leafhopper transmission
From 20 periwinkle plant inoculated by O. albicinctus reared on Juyom AWB strain and Chahgeer
AWB strain separately, JAWB was transmitted in
14 plants that all showed phytoplasma symptoms,
while CAWB-inoculated periwinkle remained
symptomless for 6 months. In separate trials 11 out
of 20 periwinkle plants exposed to C. haematoceps
fed on CAWB infected periwinkles showed disease
symptoms, but none of those reared on JAWB infected periwinkle could induce disease symptoms.
In all cases, the non-symptomatic plants were phytoplasma negative when checked by nested PCR.
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Fig. 1. Reaction of CAWB and JAWB in dot immunobinding assay test using polyclonal antiserum to
JAWB phytoplasma. a: Borazjan faba bean phyllody
(homologous reaction); b: CAWB; c: JAWB; d: negative control, healthy plant; e: JAWB; f: CAWB.

respectively, from all graft and vector inoculated
symptomatic plants and positive control. No amplification was observed in DNA samples from symptomless plants in direct and nested PCR assays.
Restriction patterns of nested PCR amplicon from
JAWB and CAWB were identical to that of peanut
witches’ broom phytoplasmas (16SrII group) (data
not shown).
Nucleotide sequence analyses

Phytoplasma detection by ELISA and DIBA
In ELISA tests, with CAWB antiserum the
means of absorbance of 8 wells with CAWB and
JAWB antigens was 0.251 and 0.084 respectively.
Also mid average of absorbance of 8 wells using
JAWB antiserum with JAWB and CAWB antigens
was 0.197 and 0.058 respectively. Means + 3 sd
(standard deviation) of OD of 4 healthy wells was
0.097. Each sample well with OD higher than
0.097 was assumed to be positive (Sutula et al.,
1986). In DIBA test, using JAWB antiserum appearance of well-defined purple spots on nitrocellulose sheets were obvious in JAWB antigen and
positive control (BFBP, Borazjan faba bean phyllody) (16SrII group) (Salehi et al., 2005), but no
reaction was observed in healthy plant and with
CAWB antigen. These results confirmed the
ELISA data (Fig. 1).
Polymerase chain reaction and RFLP analysis
DNA fragments of approximately 1800 and
1250 bp were amplified in direct and nested PCR

In BLAST search using 1.8 kbp sequences the
relatedness of CAWB and JAWB phytoplasmas to
group 16SrII was confirmed. Phylogenetic analysis
of 1,247 bp of CAWB and JAWB with other phytoplasma sequences yielded the phylogenetic tree
shown in Fig. 2. These phytoplasmas grouped in
the phylogenetic branch enclosing the phytoplasma
strains classified in 16SrII group and were most
closely related to the faba bean phyllody (X83432),
cactus witches’ broom phytoplasma strains YNO1
(AJ293216) both representatives of subgroup
16SrII-C. Pairwise homology (%) of 16S rRNA
gene sequences and 16S-23S intergenic spacer region (SR) among CAWB and JAWB showed 99.9
and 100% homology respectively (Tables 1 and 2).
Virtual RFLP analysis
After virtual digestion of the 1,247 bp 16S
rDNA, CAWB and JAWB exhibited RFLP profiles
identical with each other and to that of cactus
witches' broom phytoplasma strain YNO1

Table 1. Pairwise homology (%) among CAWB and JAWB and phytoplasmas in group 16SrII using 16S rRNA
gene sequences
‘Ca. P.
'Ca. P.
'Ca. P.
PnWB
CAWB* JAWB** CWBP YN20 CWBP YN01 FBP
aurantifolia’
australasia' asteris'
CAWB *
100
JAWB**
99.9
100
CWB YN20
100
99.9
100
CWBP YN01
100
99.9
100
100
FBP
100
99.9
100
100
100
‘Ca. P. aurantifolia’ 99.4
99.4
99.4
99.4
99.4 100
PnWB
98.4
98.3
98.4
98.4
98.4 98.5
100
'Ca. P. australasia' 98.5
98.4
98.5
98.5
98.5 98.7
99.8 100
'Ca. P. asteris'
90.4
90.3
90.4
90.4
90.4 90.7
90.3 90.3
100
*CAWB, Chahgeer AWB (DQ233656); **JAWB, Juyom AWB (DQ233655); CWB YN20, cactus witches' broom phytoplasma strain YN20 (EU099565); CWBP YNO1, cactus witches' broom phytoplasma strain YNO1 (AJ293216); FBP,
faba bean phyllody (X83432); ‘Ca. P. aurantifolia’ (U15442); PnWB, peanut witches’ broom (L33765); 'Ca. P. australasia' (JQ868448); 'Ca. P. asteris' (M30790).
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Table 2. Pairwise homology (%) among 16S-23S intergenic spacer region of CAWB, JAWB and phytoplasmas in
group 16SrII
JAWB** CAWB* FBP ShP 'Ca. P. australasia' ‘Ca. P. aurantifolia’ ‘Ca. P. trifolii’
JAWB**
100
CAWB *
100
100
FBP
99.6
99.6
100
ShP
98.8
98.8
98.4 100
'Ca. P. australasia'
98.8
98.8
98.4 100
100
‘Ca. P. aurantifolia’
98.4
98.4
97.9 97.1
97.1
100
‘Ca. P. trifolii’
80.2
80.2
80.2 79.8
79.8
79.4
100
JAWB**, Juyom AWB (DQ233655); CAWB*, Chahgeer AWB (DQ233656); FBP, faba bean phyllody (X83432); ShP,
sunhemp witches’ broom (AB558143); 'Ca. P. australasia' (JQ868448); ‘Ca. P. aurantifolia’ (U15442); ‘Ca. P. trifolii’
(AY390261).

(GenBank accession No. AJ293216) representative
of 16SrII subgroup –C confirming that no differences at the RFLP level were present after evaluation with the iPhyClassifier tool that could be related to the reported serological differences.

Discussion
AWB phytoplasma disease distributed all over
the country especially in central, southern and east
parts of Iran, and its natural transmission by O.
albicinctus and C. haematoceps was confirmed
(Salehi et al., 1993a; 1995; Esmailzadeh Hosseini
et al., 2015a; 2015b). In recent studies, 16SrI (aster
yellows) group, 16SrII (peanut witches' broom)
subgroup C and D, 16SrVI (clover proliferation)
subgroup A and 16SrXII (“stolbur”) subgroup A
were identified in symptomatic alfalfa all over the
country with different incidence and severity (Esmailzadeh Hosseini et al., 2015a; 2015b; 2015c;
2016a; 2016b; 2016c). The majority of 16SrIIrelated AWB phytoplasmas detected were members of –D and -C subgroups (Esmailzadeh Hosseini et al., 2016c). 16SrII subgroup C were predominant strains in destructive epidemics of AWB
in Chahgeer (Abarkooh, Yazd province) where the
AWB disease reduced alfalfa production to less
than one-third, alfalfa plantations were destroyed
completely, and farmers switched on to other crops
(Esmailzadeh Hosseini et al., 2015c).
Because alfalfa is a perennial plant it is an appropriate host for survival of phytoplasmas and
play an important role in epidemiology of phytoplasma diseases.
According to the present and previous studies
(Esmailzadeh Hosseini et al., 2015a; 2015c; 2016a;
2016c) symptomatology in alfalfa could not be
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employed as a criterion for phytoplasma strain separation, also the pairwise homology of 16S rRNA
gene sequences and 16S-23S intergenic spacer region (SR) among CAWB and JAWB showed that
they were not differentiable; however the present
study shows that some biological properties allow
distinguishing the two phytoplasmas.
In previous studies (Salehi et al., 1995; Esmailzadeh Hosseini et al., 2015a; 2015b.) different
leafhopper species including C. haematoceps, O.
albicinctus, Neoaliturus fenestratus, Psammotettix
striatus, Neoaliturus guttulatus, Austroagallia sinuate, Anaceratagallia laevis and Empoasca descipiens were identified in alfalfa farms in Chahgeer
and Juyom. Among leafhoppers collected in these
fields, O. albicinctus and C. haematoceps were
identified as vectors of JAWB and CAWB phytoplasmas, respectively (Salehi et al., 1995). All previous attempts for transmission of JAWB phytoplasma by C. haematoceps and CAWB phytoplasma
by O. albicinctus were negative (Salehi et al.,
1995, Esmailzadeh Hosseini et al., unpublished).
This result is very interesting and deserve further
specific investigation to verify the possible presence of phytoplasma infection in the two vector
species with different strains having some kind of
reciprocal inhibition for phytoplasma transmission
in each single species.
Based on vector specificity, CAWB and JAWB
phytoplasma strains were differentiable from each
others having different insect vector in experimental transmission and also from ‘Ca. P. aurantifolia’
that is transmitted by Hishimonus phycitis in a different plant host species (Salehi et al., 2007). Sequence-based related phytoplasmas could be differentiated using serology (IRPCM, 2004; Salehi et
al., 2011) and CAWB and JAWB strains were dis
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JAWB Juyom (DQ233655)
88
60

16SrII-C FBP (X83432)

CAWB Chahgeer (DQ233656)
16SrII-C CWB YNO1 (AJ293216)

52
98
84

59

16SrII-B ‘Ca. P. aurantifolia’ (U15442)
16SrII-A PnWB (L33765)
16SrII-E PEY (Y16393)

16SrIII-A ‘Ca. P. pruni’ (JQ044392)

16SrIX-A PPWB (AF248957)
49 16SrIV-A LYJ-C8 (AF498307)

56

40

16SrV-A ‘Ca. P. ulmi’ (AY197655)
16SrVI-A ‘Ca. P. trifolii’ (AY390261)
16SrVII-A ‘Ca. P. fraxini’ (AF092209)
16SrVIII-A LufWB (AF086621)
16SrX-A ‘Ca. P. mali’ (AJ542541)

49

16SrXII-A ‘Ca. P. solani’ (AF248959)

16SrXVI-A ‘Ca. P. graminis’ (AY725228)
16SrI-B OY-M (NC_005303)
Acholeplasma laidlawii (D13260)

0.2
Fig. 2. Phylogenetic tree constructed by the Neighbor-Joining method of 1,247 bp of 16S rRNA gene sequences
from 18 phytoplasmas and A. laidlawii, as outgroup. Chahgeer and Juyom AWB phytoplasmas are bolded. ‘Ca.
P.’: ‘Candidatus Phytoplasma’. Ribosomal grouping is indicated (16Sr) before phytoplasma name or acronym.
GenBank accession numbers for sequences are given in parentheses after the phytoplasma acronyms. Numbers
at the nodes are bootstrap (confidence) values based on 1,000 repetitions (only values above 40 are shown). Abbreviations: JAWB: alfalfa witches’ broom Juyom; FBP: faba bean phyllody; CAWB: alfalfa witches’ broom
Chahgeer; CWB YNO1: Cactus witches' broom; PnWB: peanut witches’ broom; PEY: Pichris echioides phyllody; PPWB: pigeon pea witches’ broom; LYJ-C8: Coconut lethal yellowing; LufWB: loofah witches’ broom; OYM: onion yellows mild strain.

tinguishable by ELISA and DIBA tests using specific polyclonal antisera. Collectively due to the
lack of serologic relationship, difference in insect
vector and induction of different symptoms in experimental common hosts, JAWB and CAWB
should therefore to be regarded as two different
172

phytoplasma strains associated with alfalfa
witches’ broom disease in Iran in two different
locations.
This is the first experimental evidence of AWB
phytoplasma strains molecularly indistinguishable
in 16S rRNA gene showing diverse biological and
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serological properties; further studies should be
carried out to allow their characterization as diverse biological variant of the same phytoplasma.
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