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Abstract

This study was conducted to isolate and identify seven phytoplasma isolates from different plant samples collected during
the growing season of 2018-2019 from some fields situated in some governorates (Najaf, Karbala, Qadisiyah, Babylon and
Basra) in Iraq. PCR amplification and DNA sequencing showed that five phytoplasma isolates (1, 2, 3, 4, 5) were found to be
previously recorded in NCBI. Whereas, the other two isolates (6 and 7) showed a variation (96%-99%) in the nucleotide

sequences with other phytoplasma isolates deposited in NCBI.
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Introduction

Phytoplasmas are plant pathogenic bacteria in the
class Mollicutes and are formally called mycoplasma-
like organisms (MLOs) (Doi et al., 1967). They are
transmitted by insect vectors (leathoppers, planthoppers
and psyllids) and infect hundreds of plant species
worldwide, including many economically important crops,
fruit trees and ornamental plants (Hogenhout ez al., 2008;
Oshima et al., 2013). Infected plants show a wide range
of symptoms including stunting, yellowing, witches’ broom
(development of numerous tiny shoot branches with small
leaves), phyllody (formation of leaf-like tissues instead
of flowers), virescence (greening of floral organs),
proliferation (growth of shoots from floral organs), purple
top (reddening of leaves and stems) and phloem necrosis.
The diseases caused by these Phytoplasmas can
significantly reduce the yield like purple top roll, marginal
flavescence and witches broom causing yield reduction
by up to 50-75%, 50-95% and 15%-65%, respectively
(Nagaich ef al., 1982).

The ability to detect and identify phytoplasmas is
necessary for accurate disease diagnosis. However,
detection has been hampered by the inability to culture
these prokaryotes in vitro. Therefore, alternative methods
must be used to detect and characterize phytoplasmas.
*Author for correspondence : E-mail: fadhl.alfadhl@uokufa.edu.iq

Polymerase chain reaction (PCR) has since proven to
be a more versatile tool for detecting phytoplasmas in
their plans and insect hosts (Deng et al., 1991; Ahrens et
al., 1992; Lee et al., 1993).

The objective of this study was to isolate and identify
some isolates of phytoplasma, collected from different
plants grown in some governorates in Iraq, using the
polymerase chain reaction (PCR) as well as to determine
the nucleotide sequences of the PCR-amplified products
to investigate the relationship between these isolates
identified in this study and with the other isolates registered
in GenBank database.

Materials and Methods
Sources of phytoplasma isolates and DNA extraction

Seven samples (1-tomato (Solanum lycopersicum
L.), 2-eggplant (Solanum melongena L.) from Najaf
and 3-sesame (Sesamum indicum L.), 4-Suaeda
(Schanginia baccata MQ.T), 5-wild basil (Clino
podium), 6-tomato (Solanum lycopersicum L.), 7-
Arabian jasmine (Jasminum sambac) from Basra were
collected during the growing season of 2018-2019 from
some fields located in some provinces (Najaf and Basra)
in Iraq. These samples were collected from some plants
showing symptoms of stunting, virescence, shortened
internodes, big bud, little leaf, witches broom, phyllody,
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Table 1: Similarity rates among seven Phytoplasma isolates
diagnosed in this study.

Isolate no.

1 -

2 9% -

3 9% 9% -

4 R 9% | 100 -

5 9% 9 | 100 [ 100 | -

6 9% 98 | 100 [ 100 | 100 | -

7 9% 98 | 100 [ 100 | 100 | 100 -

1 2 3 4 5 6 7 Fig. 1: PCR products amplified from the Phytoplasma isolates

giant calyx and floral malformation. Totao DNA 1,2,3,4,5,6and 7 isolated in this study from some
extraction was performed using the Geneaid Plant Mini plants.

Kit” (Cat. No: GP100) following the manufacturer’s  searched in NCBI using Basic Local Alignment Search
instructions. The quality and quantity of DNA extracted  Tool (BLAST) software (Zheng et al., 2000). The
from each infected sample were measuredusing a UV pycleotide sequences were used to construct the
spectrophotometer and then DNA samples were kept at  phylogenetic tree using MEGA6 software, using the
-20°C until use. Neighbor-joining method (Tamura et al., 2013).

PCR amplification and DNA sequencing
o i ) Results
PCR amplification was done using the Maxime PCR

Premix (i-Taq) kit (Cat. No. 25026) with the primer set |
(F; 5-ACGAAAGCGTGGGGAGCAAA-3") and (R: 5'  'solates
GAAGTCGAGTTGCAGACTTC 3") to amplify a 500bp A PCR product of approximately 500bp was amplified
product from each sample (Ahrens and Seemiiller, 1992).  from each isolate collected isolated from different plants
The targeted region of Phytoplasma genome was  in Najaf, Karbala, Qadisiyah, Babylon and Basra
amplified from all samples using the following PCR  provinces (Fig. 1). Analysis of nucleotide sequences
conditions: Initial DNA denaturation for 5 minutes at 94°C, ~ generated from each PCR-amplified product was done
followed by 35 cycles each consisting of final denaturation ~ using BLAST search at NCBI database. This analysis
for 52 seconds at 94°C, primer annealing for 40 seconds ~ showed that all the identified isolates belong to
at 52°C and thereafter an initial extension for 1 min at  Phytoplasma.
72°C with completing all CR steps by one cycle of the Alignment of nucleotide sequences of the
final extension at 72°C for 5 min. PCR-amplified products  phytoplasma isolates 1 and 2 with the nucleotide
were separated on a 1% agarose gel for 150 min and  gsequences of the other isolates 3, 4, 5, 6 and 7 showed a
examined using ethidium bromide staining under UV gimilarity of 98% (Fig. 2, Table 1). It was also revealed
illumination and gel pictures were taken. that the nucleotide sequence of Phytoplasma isolates 3,
For DNA sequencing, the purified PCR products 4, 5,6 and 7 had a similarity of 100% (Table 1). However,
were sent along with the primer pair to Microgen  the nucleotide sequences of the Phytoplasma isolates 3,
biotechnology company (South Korea). To diagnose the 4, 5, 6 and 7 were found to be previously reported and
Phytoplasma isolates and to determine the level of  registered in NCBI with a similarity of 100%. The
similarity and difference in the obtained nucleotide  phylogenetic tree constructed using the nucleotide
sequence, the sequence of each Phytoplasma isolate was ~ sequences of the identified Phytoplasma showed that the

Molecular identification of different Phytoplasma
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Fig.2: Alignment sequences shows the similarities and differences in the nucleotide sequences of the Phytoplasma isolates 1,
2,3,4,5, 6 and 7 diagnosed in this study. Identical nucleotides are shown in dots. Numbers on the right side of the figure
represent nucleotide sequences of the investigated hytoplasma isolates.
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Fig. 3: Neighboring-joining tree states the genetic relationship
for the Phytoplasma isolates investigated in this study.

isolates 1 and 2 appeared in a separate clade apart from
the other isolates 3, 4, 5, 6 and 7 (Fig. 3).

The BLAST search of the Phytoplasma isolate
1showed a clear difference (98%) in the nucleotide

sequence with the nearest nucleotide sequence of the
Phytoplasma isolate (CP055264.1) previously deposited
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at NCBI (Fig. 4). Besides, this isolate gave a nucleotide
sequence similarity ranging from 96-98% with the other
phytoplasma isolates previously recorded at NCBI. It was
also found from the neighbor-joining tree that Phytoplasma
isolate 2 was appeared in a clade separated from the
other isolates with a similarity percentage ranged between
96-99% with other Phytoplasma isolates recorded in
NCBI (Fig. 5).

In this study, seven Phytoplasma (1, 2, 3,4, 5, 6 and
7) were isolated from different plants and identified using
the PCR technique. PCR identification was efficiently
used in identifying many microorganisms including fungi,
bacteria, viruses and Phytoplasma (Kazmi et al., 2007;
Iftikhar et al., 2011; AL-Abedy, 2018; Al-Fadhal et al.,
2018; Al-Fadhal et al., 2019).

Conclusions

* A PCR product of approximately 500bp was
amplified from each isolate collected isolated from
different plants in Najaf and Basra provinces. Analysis
of nucleotide sequences generated from each PCR-

MK932775.1 Aster yellows phytoplasma isolate AJG
MEIS2TT3.1 Aster yellows phyloplasma isolate AJ3D
MMNOBD2T2. 1 Aster yellows phytoplasma clone AJ36
MNOBO2T1.1 Aster yellows phyloplasma clone AJ15
KY420074.1 Sesame phyloplasma isolate Dhubn (Assam)
KY420071.1 Sesame phytoplasma isolate Darang4 (Assam)
KFST3454 1 Lettuce yellows phytoplasma strain LetY-TX9
KC320747.1 Sesame phytoplasma strain Kushinagar-1 UP

EF158362.1 phytoplasma clone SAS 00077
D1519%8.1 Withania somnifera phytoplasma
AY389821.2 Aster yellows phytoplasma strain AY-S

AY 1809541 Aster yellows phytoplasma strain ParsD1
AY180943 1 Aster yellows phytoplasma strain Bisv25..9
AFZX22063.1 Aster yellows phytoplasma

GU113145.1 Chinase permwinkle phyllody phytoplasma strain PP-Hn1
EL544303.1 Chinese Huanglongbing disease-associated phytoplasma

K.JBBE578.1 Lactuca satna leaf rot phytoplasma
KPEE2129.1 Lettuce yellows phytoplasma stram LY-jsm1
KPEEZ130.1 Lettuce yellows phytoplasma stram LY-fsm2

¥

KFST3450.1 Lettuce yellows phytoplasma strain LetY-TXT clone 3
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Fig. 4: Neighboring-joining tree shows the relationship for the Phytoplasma isolate (1) investigated in this study and the other

isolatesformerlyrecorded at NCBI.
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ABE93130.1 A ash wilcl broom phytc

KUT20555.1 Beta vulgaris phytoplasma isolate 38

KU720555.1 Beta vulgaris phytoplasma isolate 38-4

MGSE9TET. 1 Viola arvensis phytoplasma isolate 18-13

MK440281.1 Camot yellows phytoplasma Isolate 38-1 38-2 F206
MK440283.1 Lupinus angustifolius phytoplasma isolate 40-8 165-238
ABT38740.1 Rhus yellows phytoplasma strain: RhY

KF573449.1 Lettuce yellows phytoplasma strain LetY-TXT
KF573454 1 Lettuce yellows phytoplasma strain LetY-TX9
KF573455.1 Leftuce yellows phytoplasma strain Let-TX10
KF446255.1 Brassica napus phyloplasma

KM280566.1 Phyllanthus niruri little leaf phytopiasma isolate GKP (UP)
KJ494340.2 Primula acaulis yellows phytoplasma isolate 1472012
KPB62124.1 Chinaberry witches-broom phytoplasma strain CWB-fiya
KP662125.1 Chinabery witches-broom phytoplasma strain CWB
KPEB62126.1 Chinaberry wilches-broom phytoplasma strain CWB-jxnc
KPBE2127.1 Chinabermrry witches-broom phytoplasma strain CWB-hncs

KP562131.1 Mulbemy dwarf phytoplasma strain MD-ahht

MK440282 1 Lupinus angustifolius phytoplasma isolate 16-10
MK440284.1 Pisum sativum yellows phytoplasma isolate 21-2 21-6
MK440287.1 i phyllody phy isolate FO17
MK440291.1 Juniperus communis witches-broom phytoplasma isolate 38-6
MGB21484.1 Linum 1 im ph na ksolate 1 (Assarm)
MK752860.1 Catharanthus rosaus phytoplasma isolate BE

MK992773.1 Aster yellows phytoplasma solate AJ30

MKS92774.1 Aster yellows phytoplasma isolale AJ33 5-238

MKD92TT5.1 Aster yellows phyloplasma isolate AJG

AY265209.1 Aster yellows phyloplasma strain AVUT

ABB93129.1 Hares ear yellow dwarf phyloplasma

ABT50363.1 Garlic yellows phytoplasma strain: GY
KP862129.1 Lettuce yellows phytoplasma strain LY-flsm1
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Fig. 5: Neighboring-joining treeshows the relationship for the Phytoplasma isolate
(2) investigated in this study and the other isolated previously registered

at NCBIL

amplified product using BLAST search at NCBI database
showed that all the identified isolates belong to
Phytoplasma.

* Alignment of nucleotide sequences of the
Phytoplasma isolates 1 and 2 with the nucleotide
sequences of the other isolates 3, 4, 5, 6 and 7 showed a
similarity of 98%. It was also revealed that the nucleotide
sequence of Phytoplasma isolates 3, 4, 5, 6 and 7 had a
similarity of 100%. However, the nucleotide sequences
of the Phytoplasma isolates 3, 4, 5, 6 and 7 were found to
be previously reported and registered in NCBI with a
similarity of 100%. The phylogenetic tree constructed
using the nucleotide sequences of the identified Phytoplasma
showed that the isolates 1 and 2 appeared in a separate
clade apart from the other isolates 3, 4, 5, 6 and 7.
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