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ABSTRACT

Sesame phyllody disease caused by phytoplasma has been identified in Egypt as a devastating phytopathogenic mollicute, 
However, the genetic diversity of phytoplasma infecting sesame plants in Egypt, as revealed by Intersimple Sequence 
Repeats-Polymerase Chain Reaction (ISSRs-PCR), has not been fully explored. During 2021–2022, sesame plants exhibiting 
virescence, phyllody, proliferation, and witches’ broom symptoms were observed in various fields across the Faiyoum, Luxor, 
and Beheira governorates in Egypt. This study aims to identify phytoplasma using transmission electron microscopy (TEM) 
and ISSRs-PCR. The methodology includes sampling, pathogenicity testing, TEM analysis of ultrathin sections, nested 
polymerase chain reaction (nested-PCR) targeting the 16S rRNA gene, and clustering analysis using 15 ISSRs primers. 
Phytoplasma was successfully transmitted to healthy plants through grafting and dodder transmission, with success rates of 
80% and 90%, respectively. TEM analysis revealed polymorphic phytoplasma bodies and extensive phloem necrosis. Nested-
PCR produced 1250 bp amplicons for all isolates. Phylogenetic analysis showed that the Beheira isolate (“OP185273.1”) 
is closely related to the peanut WB group. DNA polymorphic fragments ranged from 1 to 10 per profile, with fragment 
sizes between 150 and 1500 bp. Cluster analysis revealed that only two isolates (Faiyoum and Beheira) clustered together. 
This study demonstrates the effectiveness of ISSR-PCR in detecting and analyzing phytoplasma infecting sesame plants in 
Egypt. 
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INTRODUCTION 

Sesame (Sesamum indicum L.) is rich in 
phytonutrients and is a natural source of bioactive 
substances such as fiber, minerals, proteins, 
phytosterols, vitamins, and carbohydrates (Shyu & 
Hwang, 2002). Additionally, sesame has a prolonged 
shelf life due to its high content of lipid-soluble lignans 
(Anilakumar et al., 2010). This is why sesame oils is 

increasingly consumed in its raw form and widely used 
in cooking (Bedigian & Harlan, 1986). 

Sesame is native to India, where it was first 
domesticated, and is now cultivated in many parts of 
the world. Currently, approximately 13 million hectares 
are used for sesame cultivation, producing around 6741 
million tons of sesame seed worldwide, with 45.4% 
of this production occuring in Africa (FAO, 2022). In 
Egypt, the total area dedicated to sesame cultivation 
reached 32 thousand hectares in 2022, yielding an 
estimated annual production of approximately 48 
thousand tons (FAO, 2022).

As a vegetatively propagated plant, sesame is 
grown from seeds to maintain its traits. However, this 
exposes the plant to a wide range of bacterial, fungal, 
viral, and virus-like pathogens, some of which are 
major constraints in Egypt. One of the most significant 
diseases affecting sesame in Egypt is sesame phyllody 
disease, caused by a  prokaryotic pathogen known as 
phytoplasma. The disease is characterized by symptoms 
such as phyllody, virescence, yellowing, stem 
proliferation, and floral sterility in the infected plants 
(Bertaccini & Duduk, 2009; El-Banna et al., 2013). 
The economic impact of sesame phyllody disease is 
severe, as it dramatically reduces yields, especially 
in warm climates (Salehi & Izadpanah, 1992). The 
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disease poses a significant threat to sesame production, 
causing 80–100% crop loss in major sesame-producing 
regions, including India (Madhupriya et al., 2015), 
Thailand (Nakashima et al., 1995), Pakistan (Akhtar 
et al., 2008), Myanmar (Win et al., 2010), Taiwan 
(Tseng et al., 2014), Turkey (Ikten et al., 2014), and 
Iran (Salehi et al., 2017). Recently, sesame phyllody 
disease has emerged as a devastating threat to sesame 
cultivation in Egypt (El-Banna et al., 2013).

The phytoplasma responsible for sesame 
phyllody disease belongs to the class Mollicutes 
(Bertaccini, 2007). It is a wall-less, uncultivable 
microorganism enclosed by a membrane, appearing in 
sieve elements as rounded or ovoid units ranging in 
diameter from 400 to 900 nm (Khadhair et al., 2001). 
It is transmitted naturally and experimentally through  
grafting, dodder and insect vectors (El-Banna et al., 
2013; Gad et al., 2019).

Because phytoplasma cannot be cultured in 
vitro, diagnostic methods are limited. Therefore, 
biological and histological analyses (El-Banna et al., 
2020; Rocchetta et al., 2007), as well as molecular 
molecular techniques such as Nested-PCR, are used 
for detection and identification (Gad et al., 2019; El-
Banna et al., 2024).

In recent years, the use of ISSRs (Inter-Simple 
Sequence Repeats) has significantly facilitated genetic 
diversity analysis in sesame for crop improvement 
(Kim et al., 2002). Among molecular markers, ISSRs 

have proven to be powerful PCR-based tools for 
plant diversity analysis due to their abundance, high 
variability, co-dominant nature, ease of scoring, and 
high reproducibility (Ellegren, 2004). However, there 
have been no reports of sesame phyllody disease 
identification using ISSR-PCR. Since the low titers 
of phytoplasma DNA may not be reliably detectable 
using primers targeting low-copy genes such as the 16S 
rRNA gene in infected sesame plants via Nested-PCR 
(Deng & Hiruki, 1991; Sinclair et al., 1996; El-Banna 
et al., 2024; Gad et al., 2019), we utilized ISSR primers 
to characterize the genetic diversity of infected sesame 
cultivars associated with phytoplasma in Egypt.

This study aims to: (1) Detect phytoplasma 
associated with disorders observed in sesame plants 
from three different locations in Egypt, (2) Investigate 
ultrastructural changes in infected sesame tissues 
using transmission electron microscopy (TEM), (3) 
Improve molecular detection methods for phytoplasma 
associated with sesame phyllody disease by developing 
ISSR-PCR using 15 ISSR primers.

MATERIALS AND METHODS

Research Site. Observation and collection of 
symptomatic sesame samples were conducted in 
three Egyptian governorates—Faiyoum, Luxor, and 
Beheira (Figure 1)—during the 2021–2022 growing 
season. These samples were subsequently planted 

Figure 1. Egypt’s map showing Governorates locations mentioned in this study in red circles.
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in the Department of Virus and Phytoplasma, Plant 
Pathology Research Institute, Agricultural Research 
Center (ARC), Egypt, for further experiments.

Sampling. Four symptomatic sesame plants (70 
days old) displaying typical phytoplasma infection 
symptoms were collected from the three governorates. 
These symptoms included virescence, phyllody, 
proliferation, and witches’ broom. The presence of 
phytoplasma in all collected samples was confirmed 
using a nested-PCR assay.

All infected plants were maintained at the 
Department of Virus and Phytoplasma, Plant Pathology 
Research Institute, Agricultural Research Centre 
(ARC), Egypt, under controlled condition (35–38 ºC, 
75–80% humidity, 13 h/11 h day/night) and used for 
subsequent experiments.

Detection and Characterization of Phytoplasma
Pathogenicity Test. The pathogenicity of the suspected 
phytoplasma was verified through grafting and dodder 
transmission, following the methods of El-Banna et al. 
(2013) and Gad et al. (2019). 
Grafting transmission: Ten healthy sesame plants 
(4 weeks old) exhibiting no symptoms of phyllody 
were used as rootstocks. Naturally infected sesame 
plants displaying phyllody symptoms served as the 
source of scions. The graft unions were maintained in 
a greenhouse at 28±2 ºC, received standard care, and 
were monitored for symptom development. 
Dodder transmission: Dodder (Cuscuta reflexa) seeds 
were germinated in vitro in Petri dishes (12 cm in 
diameter) lined with moistened filter paper for one 
week at room temperature (22–25 ºC). The germinated 
seeds were then transferred to naturally infected 
sesame plants (five germinated seeds per plant), where 
they parasitized 10 healthy plants under greenhouse 
conditions. Infection in the tested plants was confirmed 
based on symptom appearance.

Ultrastructural Changes. Transmission electron 
microscopy (TEM) was performed to detect 
phytoplasma units inside the leaf midribs of the infected 
sesame samples. Pieces of approximately 2 × 2 from 
infected sesame leaf midrib tissues were fixed in 2.5% 

glutaraldehyde in 0.1 M sodium phosphate buffer (pH 
7.4) for one hour, following the method described by 
El-Banna et al. (2020, 2024). The samples were then 
refixed in 1% osmium tetroxide (OsO₄) for 15 hours 
at 4 ºC. 

The samples were dehydrated using a graded 
ethanol series (15%, 30%, 50%, 70%, 80%, 95%, and 
100%) and embedded in Spur’s epoxy resin by adding 
one large drop into the sample tube every 15 min 
until reaching 75% resin overnight with continuous 
rotation. The samples were then placed in 100% resin 
for at least one day before being transferred into flat 
BEEM capsule molds and incubated in an oven at 60 
ºC overnight. 

The capsules were sectioned into ultrathin slices 
(90–100 nm thick) using an ultramicrotome (Leica 
model EM-UC6, Japan). The sections were mounted 
on copper grids (400 mesh) and double-stained with 
2% uranyl acetate and 10% lead citrate (Haj Ali, 2020). 
Observations were carried out at the TEM laboratory, 
Research Park (FARP), Faculty of Agriculture, Cairo 
University, using a JEOL (JEM-1400 TE, Japan) at the 
appropriate magnification.

Molecular Characterization of Phytoplasma
Nested PCR for Phytoplasma Detection. DNA was 
extracted from 1 g of fresh sesame leaves exhibiting 
phytoplasma symptoms using a modified Dellaporta 
extraction method (Dehestani & Tabar, 2007). The 
types and structures of the two universal primer pairs 
used are shown in Table 1 (Sinclair et al., 1996).

Nested PCR was performed using two pairs 
of primers: P1/P7 and R16F2n/R16R2, in a two-step 
process: 1) Direct PCR: The first PCR Reaction was 
carried out in a 25 μL mixture containing 1 μL of template 
DNA, 25 pmol of each primer, 12.5 μL MangoTaq 
DNA polymerase (Bioline GmbH, Luckenwalde), 
and 8.5 μL of nuclease-free water (Promega, USA). 
The DNA amplification was performed with an initial 
denaturation at 94 ºC for 3 min, followed by 35 cycles 
of denaturation at 94 ºC for 30 s, annealing at 53 ºC for 
1 min, and primer extension at 72 ºC for 2 min. A final 
elongation step was conducted at 72 ºC for 7 min; 2) 
Nested PCR: The PCR products obtained from the first 
reaction were diluted (1:10) with nuclease-free water 

Name Coding 5’ Sequence 3’ Amplification size (bp)
P1
P7

Universal 5-'AAGAGTTTGATCCTGGCTCAGGATT-3'
5’-CGTCCTTCATCGGCTCTT-3’

1800

R16F2
R16R2

Nested 5-'GAAACGACTGCTAAGACTGG-3'
5’-TGACGGGCGGTGTGTACAAACCCC-3

1200

Table 1. Primers used for Nested-PCR and their coding, sequence and amplification size
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(Promega, USA), and used as a DNA template for 
the second PCR step (nested PCR) with the R16F2n/
R16R2 (Deng & Hiruki, 1991). The nested PCR was 
conditions included an initial denaturation at 94 ºC 
for 2 min, followed by 35 cycles of denaturation at 94 
ºC for 30 s, annealing at 50 ºC for 2 min, and primer 
extension at 72 ºC for 3 min. A final elongation step 
was performed at 72 ºC for 10 min. 

All amplification reactions were carried out 
using a Labnet MULTIGENE MINI thermal cycler. 
The nested PCR products were analyzed on a 1% 
agarose gel, compared with a 100 bp DNA ladder 
(BIOMATIK), and visualized using a gel documentation 
system (TR201 UV transilluminator, Acculab, USA). 
 
PCR Purification, Nucleotide Sequencing, and 
Phylogenetic Analysis. The PCR product of the 16S 
ribosomal RNA gene from the Beheira isolate (ES Be) 
was purified using a QIAquick® PCR Purification Kit 
(QIAGEN, Germany) following the manufacturer’s 
instructions. The purified gene was sequenced by 
Sigma Company. 

The sequence of the Beheira isolate was submitted 
to the NCBI GenBank. Nucleotide sequencing was 
assembled and analyzed using DNAMAN Sequence 
Analysis software (version 7, Lynnon BioSoft, 
Vaudreuil, QC, Canada). Then sequence was then 
compared with 20 different phytoplasma isolates from 
various geographical regions deposited in the NCBI 
GenBank.

Inter-Simple Sequence Repeat Polymerase Chain 
Reaction (ISSRs-PCR) Analysis. Total DNA was 
isolated from infected fresh sesame leaf tissue using 
the cetyltrimethylammonium bromide (CTAB) 
method, following Doyle & Doyle (1990). ISSRs-PCR 
reactions were conducted using 15 primers (Table 2). 
PCR was performed in a total reaction volume of 25 
μL, containing: 1 μL of template DNA, 2 μL of each 
primer, 12.5 μL of DreamTaq Green PCR Master Mix 
(2X) (Thermo Scientific), and 9.5 μL of nuclease-free 
water (Thermo Scientific). The PCR was carried out 
using a Veriti® 96-Well Thermal Cycler (Applied 
Biosystems, Catalog Number 4479071) following 
the protocol described by Kim et al. (2002) under the 
following conditions: Initial denaturation at 94 ºC for 
4 min, followed by 35 cycles of denaturation at 94 
ºC for 45 s, annealing at 45 ºC for 1 min, and primer 
extension at 72 ºC for 2 min, followed final extension 
at 72 °C for 5 min. 

The PCR products were electrophoresed on 1.7% 
agarose gels alongside a 100 bp DNA ladder (Thermo 
Fisher). Gels were stained with ethidium bromide and 
visualized using a gel documentation system (G: BOX, 
SYNGENE model 680XHR, UK).

RESULTS AND DISCUSSION

Symptoms of Phytoplasma. The four phytoplasma- 
positive isolates caused characteristic symptoms of 
phytoplasma infection in each governorate: Behira 
isolate (ES Be): Virescence (Figure 2D) and phyllody 

Table 2. Primers used for ISSRs-PCR and their nucleotide sequences
No. Name 5’ Sequences 3’
1 UBC811 GAG AGA GAG AGA GAG AC
2 UBC849 GAGAGAGAGAGAGAGAT
3 UBC-822 TCTCTCTCTCTCTCTCA
4 UBC-824 TCTCTCTCTCTCTCTCG
5 UBC-835 AGAGAGAGAGAGAGAGYC
6 UBC-845 CTCTCTCTCTCTCTCTRG
7 UBC810 GTGTGTGTGTGTGTGTCA
8 TA-3 AGGAGGAGGAGGAGGAGG
9 UBC-844 CTCTCTCTCTCTCTCTRC
10 UBC-827 TCTCTCTCTCTCTCTCRG
11 17898B CACACACACACAGT
12 17899A CACACACACACAAG
13 HB 15 GTGGTGGTGGC
14 HB 10 GAGAGAGAGAGACC
15 UBC834 GAGAGAGAGAGAGAGAGAGAT
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symptoms (Figure 2C)]; Faiyoum isolates: (ES 
F1) Shortened internodes (Figure 2A) and (ES F2) 
Malformed growth with numerous stems (proliferation) 
(Figure 2B)]; and Luxor isolate (ES Lux): Leaves were 
abnormally small and crowded at the top of the stem, 
characteristic of witches’ broom (Figure 2E). 

In advanced stages, infected plants exhibited 
dark exudate structures on foliage and floral parts 
(Figure 2F). Virescence, phyllody, proliferation, 
and witches’ broom were the early symptoms of 
phytoplasma-associated phyllody disease, followed 
by the appearance of dark exudates. These symptoms 
have been previously reported as typical of sesame 
phyllody disease in Egypt (El-Banna et al., 2013) and 
Iran (Salehi & Izadpanah, 1992).

Biological Characterization of Phytoplasma 
Pathogenicity Test. Sesame phyllody disease was 
successfully transmitted from infected to healthy 
sesame plants through grafting and dodder transmission. 
The pathogen was transmitted to eight healthy sesame 
plants, producing symptoms of yellowing, virescence, 
and phyllody within 60 days of grafting, with an 80% 
transmission rate. Phytoplasma transmission via dodder 
resulted in virescence and phyllody symptoms in nine 
new plant parts within 30 days, with a 90% transmission 
rate. This confirms that phytoplasma is responsible for 
sesame phyllody disease. These findings are consistent 
with previous reports by El-Banna et al. (2013, 2024), 
Gad et al. (2019), and Ranebennur et al. (2022).
Ultrastructural Changes. Transmission electron 
microscopy (TEM) of ultrathin sections of infected 
sesame leaf midribs revealed disorganization of 

phloem tissues (Figure 3A). Sieve elements contained 
numerous pleomorphic phytoplasma bodies next to the 
cell membrane, ready to pass through the sieve pores 
(Figures 3A, 3B, 3D, 3E, and 3F). These bodies utilize 
phospholipids in membrane structures and accumulate 
at high concentrations in mature phloem tissues. 
The number of phytoplasma units varied among 
different tissues, correlating with symptom severity, in 
agreement with Li et al. (2012).

Phytoplasma units were mostly rounded, 
elongated, or pleomorphic, bounded by a unit 
membrane (M), and lacked a cell wall (Figures 3A–
3F), as previously reported by El-Banna et al. (2024). 
Budding of phytoplasma units was observed (Figures 
3E, 3F), indicating a developmental stage of growth 
(El-Banna et al., 2015).

Furthermore, phloem cells walls were signicantly 
thickened necrosis (Figure 3A, 3C) and vacuolation 
(Figure 3A). This structural alterations, previously 
described by El-Banna et al. (2020), included uneven 
division of sieve elements, clumped necrotized 
cytoplasm, and increased plasmodesmata (Figures 3D, 
3F). Similar observations were made by El-Banna et al. 
(2024) in phytoplasma-infected African daisy phloem 
tissues.

Infected sesame plants exhibited phloem necrosis 
(Figure 3C), indicating a reaction to phytoplasma 
infection (Uehara et al., 1999), with associated 
symptoms such as phyllody, virescence, proliferation, 
yellowing, and witches’ broom (Figure 2) (Maejima et 
al., 2014b). 

The mechanisms of phytoplasma-induced 
symptoms have been elucidated: 1) Glycolytic gene 

Figure 2. Naturally infected sesame plants showing typical symptoms of phytoplasma infection. A. Short 
internodes with yellow, twisted, and reduced leaves; B. Sesame proliferation; C. Phyllody symptoms; 
D. Virescence of sesame flowers; E. Sesame witches’ broom; F. Dark exudates structures on floral and 
foliage parts.
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cluster duplication increases carbon consumption, 
accelerating phytoplasma growth rates and leading to 
severe symptoms such as yellowing and plant decline 
(Oshima et al., 2007); 2) Phyllody, virescence, and 
proliferation result from the abnormal expression of 
floral homeotic proteins (ABCE-class MADS-domain 
transcription factors (MTFs)) in all floral organs except 
stamens (Himeno et al., 2011). The phytoplasma-
secreted SAP54 and PHYL1 proteins induce phyllody 
by degrading A- and E-class MTFs via the ubiquitin–
proteasome pathway (MacLean et al., 2011; Maejima 
et al., 2014a). These proteins also induce proliferation 
and virescence (Maejima et al., 2014a; Kitazawa 
et al., 2017). SAP54 and PHYL1 are conserved 
among different phytoplasma strains (Maejima et 
al., 2014a; Yang et al., 2015; Kitazawa et al., 2017); 
3) Witches’ broom formation is induced by the 
phytoplasma effector protein TENGU, a 38-amino 
acid peptide that inhibits the auxin pathway, disrupting 
apical meristem function (Hoshi et al., 2009; Sugawara 
et al., 2013).

Molecular Characterization of Phytoplasma Nested 
PCR. As shown in Figure 4, all four phytoplasma-
infected sesame plants produced 1250 bp amplicons, 

while no visible bands were detected in healthy 
samples. These results align with findings by El-Banna 
et al. (2013, 2024) and Gad et al. (2019).

Nucleotide Sequencing Analysis. The 16S ribosomal 
RNA gene sequence of the Beheira phytoplasma isolate 
(ES Be) was submitted to NCBI GenBank (accession 
number OP185273.1). Phylogenetic analysis compared 
ES Be with 20 reference sequences (Figure 5). 
Sequence identity: ES Be showed 96.7%–99.3% 
similarity with other phytoplasma isolates and 99.3% 
identity with Sesamum indicum phyllody phytoplasma 
(ON411187.1) from India (Table 3).
Comparative analysis: ES Be shared 92.2%–86.6% 
identity with various phytoplasma and mycoplasma 
isolates, including strains from USA, Iran, Japan, 
Taiwan, Italy, and Bolivia. 
Phylogenetic grouping: ES Be was classified within 
the peanut witches’ broom group (16SrII), sharing 
99.3% homology with Scaevola witches’ broom 
(AB257291.1) from Oman and papaya yellow crinkle 
disease (Y10097.1) (White et al., 1998). It also 
shared 99.1% similarity with alfalfa witches’ broom 
(AB259169) from Oman (Al-Zadjali et al., 2007) and 
99.0% similarity with sweet potato witches’ broom 

Figure 3. An electron micrograph of phloem sieve elements in an infected sesame leaf. A. Overview of phloem 
tissue in an infected sesame leaf, showing disorganization of the phloem tissue, necrotization (NC) and 
vacuolation (V) of the cytoplasm (5000×); B, D, E, F. The cytoplasm contains numerous phytoplasma 
unit (P) arranged next to the cell wall (CW), which begins to lose its integrity (20000×); A, B, C, D, 
E, F. These phytoplasma units (P) are mostly rounded, elongated or pleomorphic; C. Necrotic areas 
(NC) are observed between the cell wall of these areas (15000×); E, F. Some phytoplasma units exhibit 
budding (20000×); D, F. An uneven division of sieve elements in infected sesame tissues (6000×), with 
many plasmodesmata (PL) clearly visible.

A B C

FED
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500 bp

Figure 4. Nested PCR products of the 16S rRNA gene amplified using the R16F2n and R16R2 primer. Lane 1: 
Healthy sesame plant (negative control), Lane 2: Faiyoum sample (ES F1), Lane 3: Faiyoum sample (ES 
F2), Lane 4: Luxor sample (ES Lux), Lane 5: Beheira sample (ES Be), and M: DNA molecular weight 
marker (100 bp) (Biomatic-USA).

Figure 5. A phylogenetic tree of the sesame phyllody phytoplasma clone Beheira (ES Be) (Acc. No. OP185273.1) 
based on partial nucleotide sequence of the 16S ribosomal RNA gene, compared with 20 other isolates 
using DNAMAN Sequence Analysis software version 7 (Lynnon BioSoft, Vaudreuil, QC, Canada). The 
OP185273.1 sequence was obtained in this study, while the other reference sequences were retrieved 
from NCBI GenBank. Acholeplasma laidlawii (Mycoplasma) was used as an outgroup.
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No. Name
No. Amplified Fragments

Polymorphism
Faiyoum Luxor Beheira

1 UBC811 4 4 3 Unique
2 UBC849 2 2 2 Monomorphic
3 UBC-822 9 7 10 Polymorphic
4 UBC-824 2 2 2 Monomorphic
5 UBC-835 3 3 3 Monomorphic
6 UBC-845 1 6 2 Polymorphic
7 UBC810 1 2 8 Polymorphic
8 TA-3 7 4 7 Unique
9 UBC-844 6 9 8 Polymorphic
10 UBC-827 1 2 3 Polymorphic
11 17898B 1 1 1 Monomorphic
12 17899A 2 2 2 Monomorphic
13 HB 15 7 7 7 Monomorphic
14 HB 10 1 1 1 Monomorphic
15 UBC834 2 4 1 Polymorphic

Table 4. ISSR primers and DNA polymorphisms used to differentiate phytoplasma isolates

(DQ777762.2) from Australia.

ISSR-PCR Analysis. ISSR-PCR was used to assess 
the genetic deversity of phytoplasma infection in 
three Egyptian isolates (ES F1, ES Lux and ES Be). 
Using 15 ISSR primers, DNA polymorphic fragments 
were identified between repetitive sequences in the 
phytoplasma genome. 
Fragment variation: The number of fragments ranged 
from 1 to 10, with sizes 150 to 1500 bp, depending 
on the primer-isolates combination, indicating variable 
repetitive elements in phytoplasma genomes. The ISSR 
analysis showed that phytoplasma isolates could be 
differentiated depending on their DNA polymorphisms 
(Table 4). 
Cluster analysis: Only two isolates, Beheira (ES Be) and 
Faiyoum (ES F1), clustered together (Figure 6). This is 
the first study in Egypt to link ISSR polymorphisms 
with phytoplasma infection in sesame. 

Comparison of Molecular Techniques: 
Nested PCR vs. ISSR-PCR. 
Nested PCR is widely used for molecular diagnostics 
but has limitations such as low specificity, low 
amplification efficiency, and time-consuming protocols. 
ISSR-PCR is a superior alternative due to its speed, 
accuracy, high reproducibility, and ability to detect 
high levels of DNA polymorphisms with minimal 
primers (Ellegren, 2004). It is useful not only for 
genetic diversity studies (Kim et al., 2002; Phui et al., 
2014) but also for DNA fingerprinting of phytoplasma 

infections and phylogenetic studies.

CONCLUSION

Viral-like diseases have been relatively well 
studied globally, including Egypt. In this study, we 
used Inter Simple Sequence Repeat-Polymerase Chain 
Reaction (ISSR-PCR) to rassess the genetic relationships 
among three phytoplasma isolates associated with 
phyllody disease from different governorates in Egypt 
using ISSR-PCR primers. Cluster analysis revealed 
that only two Egyptian isolates, Beheira and Faiyoum, 
were grouped together, while the Luxor isolate formed 
a separate group. Further research in other sesame-
growing governorates of Egypt is recommended to 
map the detailed distribution of phytoplasma strains, 
which may aid in developing strategies for managing 
sesame phytoplasma.

ACKNOWLEDGMENTS

Acknowledgments are presented to the 
Agriculture Research Center (ARC) and International 
Centre for Agricultural Research in the Dry Areas 
(ICARDA) for supporting this research.  

FUNDING

This study received no external funding.



Haj Ali et al.                			                               Analysis of sesame phyllody disease using transmission electron           

Bertaccini A. 2007. Phytoplasmas: diversity, taxonomy, 
and epidemiology. Front. Biosci. (Landmark Ed) 
12(2): 673–689. https://doi.org/10.2741/2092

Bertaccini A & Duduk B. 2009. Phytoplasma and 
phytoplasma diseases: a review of recent 
research. Phytopathol. Mediterr. 48(3): 355–
378.

Dehestani A & Tabar SKK. 2007. A rapid efficient 
method for DNA isolation from plants with high 
levels of secondary metabolites. Asian J. Plant 
Sci. 6(6): 977–981. https://doi.org/10.3923/
ajps.2007.977.981

Deng S & Hiruki C. 1991. Amplification of 16S 
rRNA genes from culturable and nonculturable 
mollicutes. J. Microbiol. Methods. 14(1): 53–61. 
https://doi.org/10.1016/0167-7012(91)90007-D

Doyle JJ & Doyle JL. 1990. Isolation of plant DNA 
from fresh tissue. Focus. 12(1): 13–15.

El-Banna O-HM, Kheder AA, & Haj Ali MA. 2024. 
Detection and molecular characterization of 
phytoplasma associated with phyllody disease 
on Dimorphotheca pluvialis in Egypt. Int. 
J. Phytopathol. 13(01): 85–98. https://doi.
org/10.33687/phytopath.013.01.5065

El-Banna O-HM, Kheder AA, Haj Ali MA, Sayed AM, 
& Haseeb GM. 2020. Biological and molecular 
characterization of different Egyptian isolates 
of Spiroplasma citri. Plant Arch. 20(2): 6457–
6469.

El-Banna O-HM, Toima NI, Youssef SA, & Shalaby 
AA. 2015. Molecular and electron microscope 
evidence for an association of phytoplasma with 
citrus witches broom disease. IJSER. 6(6): 127–

AUTHORS’ CONTRIBUTIONS

All the authors have contributed equally to the 
research and compiling the data as well as editing the 
manuscript.

COMPETING INTEREST

The authors declare that they have no known 
competing financial interests or personal relationships 
that could have appeared to influence the work reported 
in this paper.

REFERENCES

Akhtar KP, Dickinson M, Sarwar G, Jamil FF, & Haq 
MA. 2008. First report on the association of a 
16SrII phytoplasma with sesame phyllody in 
Pakistan. Plant Pathol. 57(4): 771–771. https://
doi.org/10.1111/j.1365-3059.2008.01872.x

Al-Zadjali AD, Natsuaki T, & Okuda S. 2007. Detection, 
identification and molecular characterization of 
a phytoplasma associated with Arabian jasmine 
(Jasminum sambac L.) witches’ broom in Oman. 
J. Phytopathol. 155(4): 211–219. https://doi.
org/10.1111/j.1439-0434.2007.01219.x

Anilakumar KR, Pal A, Khanum F, & Bawa AS. 2010. 
Nutritional, Medicinal and Industrial Uses 
of Sesame (Sesamum indicum L.) Seeds-An 
Overview. Agric. Conspec. Sci. 75(4): 159–168.

Bedigian D & Harlan JR. 1986. Evidence for cultivation 
of sesame in the ancient world. Econ. Bot. 40: 
137–154. https://doi.org/10.1007/BF02859136

Figure 6. Dendrogram generated using cluster analysis, representing genetic relationships among three phytoplasma 
isolates associated with phyllody diseases using ISSR-PCR primers. S1: Faiyoum sample (ES F1), S2: 
Luxor sample (ES Lux), and S3: Beheira sample (ES Be).

https://doi.org/10.2741/2092
https://doi.org/10.3923/ajps.2007.977.981
https://doi.org/10.3923/ajps.2007.977.981
https://doi.org/10.1016/0167-7012%2891%2990007-D
https://doi.org/10.33687/phytopath.013.01.5065
https://doi.org/10.33687/phytopath.013.01.5065
https://doi.org/10.1111/j.1365-3059.2008.01872.x
https://doi.org/10.1111/j.1365-3059.2008.01872.x
https://doi.org/10.1111/j.1439-0434.2007.01219.x
https://doi.org/10.1111/j.1439-0434.2007.01219.x


94         J. Trop. Plant Pests Dis.                                                                                                                         Vol. 25, No. 1 2025: 84–95

156(2): 179–184. https://doi.org/10.1078/0944-
5013-00100

Kim DH, Zur G, Danin-Poleg Y, Lee SW, Shim 
KB, Kang CW, & Kashi Y. 2002. Genetic 
relationships of sesame germplasm collection as 
revealed by inter-simple sequence repeats. Plant 
Breed. 121(3): 259–262. https://doi.org/10.1046/
j.1439-0523.2002.00700.x

Kitazawa Y, Iwabuchi N, Himeno M, Sasano M, 
Koinuma H, Nijo T, Tomomitsu T, Yoshida T, 
Okano Y, Yoshikawa N, Maejima K, Oshima 
K, & Namba S. 2017. Phytoplasma-conserved 
phyllogen proteins induce phyllody across the 
Plantae by degrading floral MADS domain 
proteins. J. Exp. Bot. 68(11): 2799–2811. https://
doi.org/10.1093/jxb/erx158

Li ZN, Zhang L, Zhao L & Wu YF. 2012. A new 
Phytoplasma associated with witches’-broom 
on Japanese maple in China. Forest Pathol. 
42(5): 371–376. https://doi.org/10.1111/j.1439-
0329.2012.00769.x	

MacLean AM, Sugio A, Makarova OV, Findlay KC, 
Grieve VM, Tóth R, Nicolaisen M, Hogenhout 
SA, & Notes A. 2011. Phytoplasma effector 
SAP54 induces indeterminate leaf-like 
flower development in Arabidopsis plants. 
Plant Physiol. 157(2): 831–841. https://doi.
org/10.1104/pp.111.181586

Maejima K, Iwai R, Himeno M, Komatsu K, Kitazawa 
Y, Fujita N, Ishikawa K, Fukuoka M, Minato 
N, Yamaji Y, Oshima K, & Namba S. 2014a. 
Recognition of floral homeotic MADS domain 
transcription factors by a phytoplasmal effector, 
phyllogen, induces phyllody. Plant J. 78(4): 
541–554. https://doi.org/10.1111/tpj.12495

Maejima K, Oshima K, & Namba S. 2014b. Exploring 
the phytoplasmas, plant pathogenic bacteria. 
J. Gen. Plant Pathol. 80: 210–221. https://doi.
org/10.1007/s10327-014-0512-8

Nakashima K, Hayashi T, Chaleeprom W, Wongkaew 
P, & Sirithorn P. 1995. Detection of DNA of 
phytoplasmas associated with phyllody disease 
of sesame in Thailand. Jpn. J. Phytopathol. 
61(6): 519–528. https://doi.org/10.3186/
jjphytopath.61.519

Oshima K, Kakizawa S, Arashida R, Ishii Y, Hoshi 
A, Hayashi Y, Kagiwada S, & Namba S. 
2007. Presence of two glycolytic gene clusters 

133.

El-Banna O-HM, Mikhail MS, El-Attar AK, & 
Aljamali AAR. 2013. Molecular and electron 
microscope evidence for an association of 
phytoplasma with sesame phyllody in Egypt. 
Egypt. J. Phytopathol. 41(2): 1–14. https://doi.
org/10.21608/ejp.2013.96882

Ellegren H. 2004. Micosatellites: Simple sequences 
with complex evolution. Nat. Rev. Gen. 5: 435–
445. https://doi.org/10.1038/nrg1348

FAO 2022. Sesame Seed Statistics 2022. Food and 
Agriculture Organization of the United Nations 
(FAO). FAOSTAT Statistics, United Nations, 
Rome, Italy. https://www.fao.org/faostat/
en/#data/QCL/visualize. 22 November 2022.

Gad SM, Kheder AA, & Awad MA. 2019. Detection 
and molecular identification of phytoplasma 
associated with gazania in Egypt. J. Virol. Sci. 
6: 12–23. 

Haj Ali MA. 2020. Biological, molecular 
characterization and control of Spiroplasma 
citri the causal of citrus stubborn disease on 
lime trees in Egypt. PhD Thesis, Department of 
Plant Pathology, Faculty of Agriculture, Cairo 
University, Cairo, Egypt.

Himeno M, Neriya Y, Minato N, Miura C, Sugawara 
K, Ishii Y, Yamaji Y, Kakizawa S, Oshima K, & 
Namba S. 2011. Unique morphological changes 
in plant pathogenic phytoplasma-infected 
petunia flowers are related to transcriptional 
regulation of floral homeotic genes in an organ-
specific manner. Plant J. 67(6): 971–979. https://
doi.org/10.1111/j.1365-313x.2011.04650.x

Hoshi A, Oshima K, Kakizawa S, Ishii Y, Ozeki J, 
Hashimoto M, Komatsu K, Kagiwada S, Yamaji 
Y, & Namba S. 2009. A unique virulence factor 
for proliferation and dwarfism in plants identified 
from a phytopathogenic bacterium. PNAS. 
106(5): 6416–6421. https://doi.org/10.1073/
pnas.0813038106

Ikten C, Catal M, Yol E, Ustun R, Furat S, Toker C, 
& Uzun B. 2014. Molecular identification, 
characterization and transmission of 
phytoplasmas associated with sesame phyllody 
in Turkey. Eur. J. Plant Pathol. 139(1): 217–229.

Khadhair A-H, Tewari JP, Howard RJ, & Paul VH. 2001. 
Detection of aster yellows phytoplasma in false 
flax based on PCR and RFLP. Microbiol. Res. 

https://doi.org/10.1078/0944-5013-00100
https://doi.org/10.1078/0944-5013-00100
https://doi.org/10.1046/j.1439-0523.2002.00700.x
https://doi.org/10.1046/j.1439-0523.2002.00700.x
https://doi.org/10.1093/jxb/erx158
https://doi.org/10.1093/jxb/erx158
https://doi.org/10.1111/j.1439-0329.2012.00769.x
https://doi.org/10.1111/j.1439-0329.2012.00769.x
https://doi.org/10.1104/pp.111.181586
https://doi.org/10.1104/pp.111.181586
https://doi.org/10.1111/tpj.12495
https://doi.org/10.1007/s10327-014-0512-8
https://doi.org/10.1007/s10327-014-0512-8
https://doi.org/10.3186/jjphytopath.61.519
https://doi.org/10.3186/jjphytopath.61.519
https://doi.org/10.21608/ejp.2013.96882
https://doi.org/10.21608/ejp.2013.96882
https://doi.org/10.1038/nrg1348
https://doi.org/10.1111/j.1365-313x.2011.04650.x
https://doi.org/10.1111/j.1365-313x.2011.04650.x
https://doi.org/10.1073/pnas.0813038106
https://doi.org/10.1073/pnas.0813038106


Haj Ali et al.                			                               Analysis of sesame phyllody disease using transmission electron           

Plant Dis. 80(5): 468–475. https://doi.
org/10.1094/PD-80-0468

Sugawara K, Honma Y, Komatsu K, Himeno M, 
Oshima K, & Namba S. 2013. The alteration 
of plant morphology by small peptides released 
from the proteolytic processing of the bacterial 
peptide TENGU. Plant Physiol. 162(4): 2005–
2014. https://doi.org/10.1104/pp.113.218586

Tseng YW, Deng WL, Chang CJ, Huang JW, & Jan 
FJ. 2014. First report on the association of a 
16SrII-A phytoplasma with sesame (Sesamum 
indicum) exhibiting abnormal stem curling 
and phyllody in Taiwan. Plant Dis. 98(7): 990. 
https://doi.org/10.1094/PDIS-12-13-1212-PDN

Uehara T, Tanaka Y, Shiomi T, Namba S, Tsuchizaki T, 
& Matsuda I. 1999. Histopathological studies on 
two symptom types of phytoplasma associated 
with lettuce yellows. Jpn. J. Phytopathol. 
65(4): 465–469. https://doi.org/10.3186/
jjphytopath.65.465

White DT, Blackall LL, Scott PT, & Walsh KB. 
1998. Phylogenetic positions of phytoplasmas 
associated with dieback, yellow crinkle 
and mosaic diseases of papaya, and 
their proposed inclusion in ‘Candidatus 
Phytoplasma australiense’ and a new taxon, 
‘Caldidatus Phytoplasma australasia’. Int. J. 
Syst. Bacteriol. 48(3): 941–951. https://doi.
org/10.1099/00207713-48-3-941

Win NKK, Back CG, & Jung HY. 2010. Phyllody 
Phytoplasma infecting Sesame (Sesamum 
indicum) in Myanmar. Trop. Plant Pathol. 
35(5): 310–313. https://doi.org/10.1590/S1982-
56762010000500006

Yang CY, Huang YH, Lin CP, Lin YY, Hsu HC, 
Wang CN, Liu LY, Shen BN, & Lin SS. 2015. 
MicroRNA396-targeted SHORT VEGETATIVE 
PHASE is required to repress flowering and is 
related to the development of abnormal flower 
symptoms by the phyllody symptoms1 effector. 
Plant Physiol. 168(4): 1702–1716. https://doi.
org/10.1104/pp.15.00307

in a severe pathogenic line of Candidatus 
Phytoplasma asteris. Mol. Plant Pathol. 8(4): 
481–489. https://doi.org/10.1111/j.1364-
3703.2007.00408.x

Phui SL, Ho WS, Pang SL, & Abdullah J. 2014. 
Development and polymorphism of simple 
sequence repeats (SSRs) in Kelampayan 
(Neolamarckia cadamba-Rubiaceae) using 
ISSR suppression PCR method. Arch. Appl. Sci. 
Res. 6(4): 209–218.

Ranebennur H, Rawat K, Rao A, Kumari P, Chalam 
VC, Meshram N, & Rao GP. 2022. Transmission 
efficiency of a ‘Candidatus Phytoplasma 
australasia’ (16SrII-D) related strain associated 
with sesame phyllody by dodder, grafting 
and leafhoppers. Europ. J. Plant Pathol. 164: 
193–208. https://doi.org/10.1007/s10658-022-
02550-6

Madhupriya, Rao GP, Kumar A, & Baranwal VK. 
2015. Classification of the sesame phytoplasma 
strains in India at the 16Sr subgroup level. J. 
Plant Pathol. 97(3): 523–528.

Rocchetta I, Leonardi PI, Filho GMA, Molina 
MdCRdM, & Conforti V. 2007. Ultrastructure 
and X-ray microanalysis of Euglena gracilis 
(Euglenophyta) under chromium stress. 
Phycologia. 46(3): 300–306. https://doi.
org/10.2216/06-49.1

Salehi M, Esmailzadeh Hosseini SA, Salehi E, & 
Bertaccini A. 2017. Genetic diversity and vector 
transmission of phytoplasmas associated with 
sesame phyllody in Iran. Folia Microbiol. 62: 
99–109. https://doi.org/10.1007/s12223-016-
0476-5

Salehi M & Izadpanah K. 1992. Etiology and 
transmission of sesame phyllody in Iran. 
J. Phytopathol. 135(1): 37–47. https://doi.
org/10.1111/j.1439-0434.1992.tb01248.x

Shyu YS & Hwang LS. 2002. Antioxidative activity 
of the crude extract of lignan glycosides from 
unroasted Burma black sesame meal. Food Res. 
Int. 35(4): 357–365. https://doi.org/10.1016/
S0963-9969(01)00130-2

Sinclair WA, Griffiths HM, & Davis RE. 1996. Ash 
yellows and lilac witches’-broom: Phytoplasma 
diseases of concern in forestry and horticulture. 

https://doi.org/10.1094/PD-80-0468
https://doi.org/10.1094/PD-80-0468
https://doi.org/10.1104/pp.113.218586
https://doi.org/10.1094/PDIS-12-13-1212-PDN
https://doi.org/10.3186/jjphytopath.65.465
https://doi.org/10.3186/jjphytopath.65.465
https://doi.org/10.1099/00207713-48-3-941
https://doi.org/10.1099/00207713-48-3-941
https://doi.org/10.1590/S1982-56762010000500006
https://doi.org/10.1590/S1982-56762010000500006
https://doi.org/10.1104/pp.15.00307
https://doi.org/10.1104/pp.15.00307
https://doi.org/10.1111/j.1364-3703.2007.00408.x
https://doi.org/10.1111/j.1364-3703.2007.00408.x
https://doi.org/10.1007/s10658-022-02550-6
https://doi.org/10.1007/s10658-022-02550-6
https://doi.org/10.2216/06-49.1
https://doi.org/10.2216/06-49.1
https://doi.org/10.1007/s12223-016-0476-5
https://doi.org/10.1007/s12223-016-0476-5
https://doi.org/10.1111/j.1439-0434.1992.tb01248.x
https://doi.org/10.1111/j.1439-0434.1992.tb01248.x
https://doi.org/10.1016/S0963-9969%2801%2900130-2
https://doi.org/10.1016/S0963-9969%2801%2900130-2

