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Abstract: A survey was carried out in citrus nurseries in Mazandaran and
Kerman provinces as the major citrus growing regions of Iran. Different
varieties of orange and tangerine with abnormal symptoms were examined
for the occurrence of Candidatus Liberobacter asiaticus, Spiroplasma citri
and phytoplasma as the most important vascular limited pathogens in
citrus. By visual inspection and molecular examination of 360 samples for
the presence of fastidious prokaryotes only an occasional occurrence of
phytoplasma and Spiroplasma citri were detected, using phytoplasma
universal primer pairs P1/P7 and fU5/rU3 (in single tube nested PCR
assay) and Spiroplasma specific primers P89-r/f and P58-6f/4r. PCR
products of phytoplasmas were digested with Msel, Alul, BamHI and Taql
restriction enzymes and the digestion results showed phytoplasma related
to aster yellows phytoplasma group. No amplicon was obtained for
Candidatus Liberobacter asiaticus. The findings suggest when pathogen’s
titer is low; symptoms of vascular limited diseases are almost confused
with disorder and deficiency signs. So for sanitary selection and
certification program, use of sensitive detection methods is recommended.
Multiplex PCR assay used in this study successfully detected Candidatus
Liberibacter asiaticus, Spiroplasma citri and phytoplasma in one reaction
and is suggested for health certification programs.
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Introduction

Iranian Seed and Plant Certification and
Registration Institute (SPCRI) were founded
with the objective to improve quality of seed
and plant material produced. The main goal of
SPCRI is the genetic and phytosanitary
certification of plant propagative material.
Citrus is one of the most important fruit crops
in Iran. That is susceptible to a large number of
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pathogens. The laboratories of SPCRI are
planning to expand certification program for
citrus nuclear stock and mother trees to enhance
plant health monitoring.

Lime witches broom caused by Candidatus
phytoplasma aurantifolia (Bove et al., 2000),
Stubborn caused by Spiroplasma citri (Bove,
2006) and huanglongbing caused by
Candidatus Liberobacter asiaticus (Mohkami et
al.,, 2011) are among the most serious citrus
diseases facing us today. These diseases have
been experimentally transmitted from infected
trees to several citrus cultivars by grafting
(Salehi et al., 2007, Raju et al., 1981, Bove,
2006, Frison and Taher, 1991, da Graga, 1991;
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OEPP/EPPO, 2006). These phloem-limited
agents spread through vegetative propagation
and phloem feeding vectors (Seemuller, 2002).

The symptoms of mentioned diseases are not
always reliable for diagnosis because they can
vary according to environmental conditions and
pathogen concentrations.

The early detection of greening, Stubborn
and witches broom are vital for revealing their
real distribution and for phytosanitary
certification. PCR as a sensitive molecular tool
has been developed for detection of these
diseases (Hung et al., 1999; Heinrich et al.,
2001; Yokomi et al., 2008). In view of the
increasing interest in plant pathology for the
detection of more than one target, such as
mixed infection of pathogens in a single
reaction (Bertolini et al., 2003), multiplex PCR
protocols have been developed. We describe for
the first time, a multiplex PCR for the detection
of prokaryotic agents frequently infecting citrus
trees. Using healthy mother trees and clean
budwood could prevent spreading of diseases.
Thus a study was conducted to detect the
presence of mentioned diseases in Iranian citrus
orchards and nurseries.

Materials and Methods

Plant samples
A total of 360 samples from different
varieties of lime, orange and tangerine (such
as Navelate, Okitsu, Fukumoto, Valencia late,
Washington navel foyus, Hoshimoto,
Washington navel, Clementine clime new
less1, Clemantis manitol, Lime Bears, Delta
seedless and Navelina) were collected from
commercial nurseries in Mazandaran and
Kerman provinces of Iran. Samples were
placed in labeled plastic bags and stored on
ice until taken to the laboratory. leaves’
midribs were grinded in liquid nitrogen in a
pre-chilled mortar and followed by extraction
of nucleic acid with DNA extraction kit
according to manufacturer (Fermentas,
Vilnius, Lithuania).

Infected citrus samples with Spiroplasma
citri, Candidatus phytoplasma aurantifolia and
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Candidatus  Liberobacter  asiaticus  were
obtained from plant protection organization of
Iran and used as positive controls.

Detection

All of the plants were visually inspected for the
presence of phytoplasma related disease in the
field. Samples were analyzed with Dienes'
staining method. Hand cut tissues were
transferred to Dienes' stain for 10 min. The
stain was prepared by dissolving 2.5 g
methylene blue, 1.25 g azure II, 10 g maltose
and 0.25 g sodium carbonate (Na2CO3) in 100
mL distilled water, filtered through filter paper
and diluted to 0.2% (v/v) in distilled water
(Deeley et al., 1979; Musetti, 2013) The stained
sections were then washed in distilled water,
mounted in distilled water on a glass slide and
examined microscopically.

Molecular detection and identification of
phytoplasma was done by direct PCR, using
primer pair P1/P7 (Duduk et al., 2013) or by
single tube nested PCR in a 50 pl reaction
volume containing 50 ng DNA extract, 0.4
mM of each dNTPs, 1x PCR buffer, 3 mM
MgCl2, 3U Taq DNA polymerase
(Fermentas, Vilnius, Lithuania) and 0.1 uM
of each primers P1/P7 (Deng and Hiruki,
1991) and 0.3 pM of each primers fU5/rU3
(Lorenz et al., 1995).

The PCR temperature profile was 94 °C
(pre-denaturation) for 4 min and consisted of
40 cycles at 94 °C (denaturation) for 35s, 53
°C (annealing) for 35s, 72 °C(extension) for
45s, and final extension at 72 °C for 5 min.

Detection of Candidatus Liberobacter
asiaticus and Spiroplasma citri were performed
by specific primers respectively OI1/OI2 and
A2/J5 (Hocquellet et al., 1999), P89-r/f and
P58-6f/4r (Yokomi et al. 2008).

Multiplex PCR was used for detection of
phytoplasma,  Candidatus  Liberobacter
asiaticus and Spiroplasma citri in one
reaction. Primers P1/P7, A2/J5 and p58-6f/4r
were used in one reaction for amplifying
DNA template of mixed positive controls.
Multiplex PCR was performed in a volume of
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150 pl containing 150 ng template DNA, 1
mM of each dNTPs, 1x PCR buffer, 9 mM
MgCl2, 9 U Taq DNA polymerase
(Fermentas, Vilnius, Lithuania) and 0.4 uM
of each of primers P1/P7 and 0.4 uM of each
of primers P58-6f/4r and 0.4 puM of each
primers A2/J5.

The PCR temperature profile was 94 °C
(pre-denaturation) for 5 min and consisted
of 40 cycles at 94 °C (denaturation) for 45s,
52 °C (annealing) for 45s, 72 °C (extension)
for 1 min, and final extension at 72 °C for
10 min.

Approximately 20 pl of each reaction
mixture was electrophoresed in a 1.5% agarose
gel and the products were visualized using UV
transillumination after staining by ethidium
bromide.

RFLP analysis

Ten microliters (approximately 200 ng of DNA)
of direct PCR products of PI1/P7 from
phytoplasma infected samples were separately
digested using 2 units of restriction
endonucleases Taqgl, Alul, BamHI and Msel in
buffers supplied by the manufacturer
(Fermentas, Vilnius, Lithuania). The restriction
patterns were electrophoresed in a 2% agarose
gel and visualized by staining with ethidium
bromide and UV illumination.

Results

Dienes' staining as preliminary method verified
the presence of phytoplasma in plants with
deficiency symptoms. The cells infected with
Phytoplasma could be observed as purple spots
scattered in sieve tubes (Fig. 1).

Primers OI1/012, A2/]5, P89-1/f, P58-6f/4r,
P1/P7 and fU5/rU3 that were used in this study
respectively amplified 1160, 703, 707, 450.
1800 and 876 bp products from genome of Ca.
1. asiaticus, S. citri and Ca. Ph. aurantifolia as
positive controls (Fig. 2).

The PCR results indicated that only
phytoplasma and Spiroplasma citri infection is
widespread in some of the citrus varieties. (Fig.
3). No amplicon was obtained for Ca. L. asiaticus
in 360 samples collected from citrus nurseries.

Multiplex PCR assay successfully detected
phytoplasma, S. citri and Ca. L. asiaticus from
mixed positive control samples in one reaction

(Fig. 4).
In young trees that exhibited yellowing and
deficiency symptoms, the presence of

phytoplasma was indicated in 37/360 samples
when using single tube nested PCR (Fig. 3).
Lime witches broom as positive control and
infected samples showed the 1800 and 876 bp
fragments using P1/P7 and fU5/rU3 in one
reaction, respectively.

Figure 1 Micrograph of hand cut stems of citrus stained with Dienes' stain. Section of healthy plant with
unstained phloem (A), Phloem cells are stained in section obtained from infected plant (B).
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Phytoplasma

fUs/ruU3 P1/P7

ML

5. citri Ca. L. asiaticus

NC P58-61/4r P39-r/f A2/J50I1/012

Figure 2 PCR amplification products of Ca. Liberobacter asiaticus, Spiroplasma citri and Ca. Phytoplasma
aurantifolia as positive controls with Primers OI1/OI2, A2/]5, P89-r/f, P58-6f/4r, P1/P7 and fU5/rU3, NC:

healthy citrus sample, M: 1kb DNA ladder.

1300bp
376bp

Figure 3 Detection of phytoplasma infection, using primer pairs P1/P7 and fU5/rU3 (1800 and 876 bp) in single
tube reaction (A). Detection of Spiroplasma citri, using P58-6f/4r (450 bp), from extracted DNA of citrus
varieties (B). (1: Okitsu, 2: Hoshimoto, 3: lime bear, 4:Navelate, 5: Delta seedless, 6:Fukumoto, 7: Washington
navel). PC: Candidatus Phytoplasma aurantifolia and Spiroplasma citri infected samples used as positive
controls, NC: healthy citrus sample, L: 1kb DNA ladder.

Phytoplasma infection was observed in
five of Navelate, six of Okitsu, four of
Fukumoto, four of Valencia late, three of
Washington navel foyus, four of Hoshimoto,
four of Washington navel, one of Clementine
clime new lessl, three of Clemantis manitol,
one of Lime Bears, five of Delta seedless and
two of Navelina samples.

PCR products of P1/P7 were used in RFLP
analysis (Fig 5). Following Msel, Alul,
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BamHI and Tagl digestion, restriction pattern
of phytoplasma isolate showed the same
pattern as 16Srl (aster yellows) group (Lee et
al. 1998).

Stubborn disease was identified in 17/360
citrus samples using PCR method by P89-r/f
and P58-6f/4r primer pairs. Infections of
Spiroplasma citri were observed in eight of
Fukumoto, one of Navelina, five of Navelate
and three of Valencia late samples.
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Discussion

The multiplex PCR assay used in present study,
successfully  detected  Spiroplasma citri,
Candidatus  Liberobacter  asiaticus  and
phytoplasma infections in one reaction. The
multiplex PCR assay is a faster and cheaper
detector of the fastidious prokaryotes in citrus
as compared with standard PCR. These results
represent an important step towards routine
diagnosis of some citrus pathogens in
laboratory, and an additional aid for
certification with respect to these agents.
PCR-RFLP detected phytoplasma positive
samples belonging to Aster yellows group.
Typical symptoms of phytoplasma infection
with little leaf and proliferation were not
observed in infected samples. It may be
concluded therefore, that the detected
phytoplasmas are mild strains or citrus varieties
or that the hosts were not very susceptible to
these phytoplasma strains. On the other hand
there is  evidence that  phytoplasma
concentration can vary greatly in infected plants
(Berges et al., 2000). Sieve tubes in susceptible
hosts allows pathogen to multiply and spread

M

1800bp

703bp
450bp

Multiplex

along the tubes. In contrast, in some citrus
genotypes or varieties phytoplasma titre is
extremely low and only non-specific yellowing
symptoms can be developed. (Kartte and
Seemuller, 1991). Probably in these citrus
varieties due to inability of phytoplasma to
increase in concentration, typical symptoms
were not observed because phytoplasma
concentration is usually regarded as important
pathogenicity factor (Marcone, 2010).

The citrus cultivars showing the yellowing
and  mottling  symptoms caused by
"phytoplasma" have been observed earlier in
citrus orchards of China (Chen et al., 2009),
Brazil (Teixeira et al.,, 2008), Pakistan
(Mannan, et al., 2010), and Saudi Arabia
(Alhudaib et al., 2009).

Confusion about symptoms being prompted
by nutrient deficiencies or vascular limited
pathogens such as phytoplasma, Candidatus
Liberobacter sp. and Spiroplasma citri in young
trees has been reported (Bove, 2006; Weintraub
and Jones 2010; Silva-Stenico et al., 2009). So
for sanitary selection and certification program,
using  sensitive  detection methods s
recommended.

Phytoplasma

-/

L. asiaficus

Figure 4 Ethidium bromide-stained gel of Multiplex PCR and standard PCR. Detection of phytoplasma. (P1/P7
primers), Spiroplasma citri (P58-6f/4r primers) and Candidatus Liberobacter asiaticus (A2/J5 primers) by
multiplex PCR (lane 1) and in separate reactions (lane 3, 4 and 5). L: 1kb DNA ladder.
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BamHl Msel Alul Tagql WM

Figure 5 RFLP analysis of phytoplasma isolated from orange. P1/P7 product was digested with Msel, BamH]I,

Tagl and Alul. Lane M, 1kb DNA ladder.

Our investigation determined co-infection of
Spiroplasmas and Phytoplasma in different
citrus varieties. Infection of many varieties of
sweet orange with different range of
susceptibility to S. citri was reported (Nejat et
al., 2007). Since citrus are not the only host
plants of S. citri and transmission of S. citri
occurs by vectors and propagative material
(Nejat et al, 2011), stubborn disease is widely
distributed in citrus culture area in Iran.
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