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Iris yellow spot virus (IYSV) is one of the most devastating viral pathogens, which causes high economic losses in the
onion yield. Physiological and genetic changes are associated with the appearance of chlorotic symptom in the infected
plants. IYSV-N gene sequence analysis revealed that it shared sequence identity of 99% with other Egyptian isolates, at
both genomic and proteomic levels. In addition, N protein sequence with computational examination indicated many motifs
involved and played different roles in the virus activity and its regulation and stability were detected. In the Differential
Display-Polymerase Chain Reaction (DD-PCR) study, a highly up-regulated gene at 15 days post-biological IYSV inoculation (dpi) was selected for sequencing. Based on the sequencing results that showed the identiﬁed gene was coding for a
chloroplast-related gene, degenerate speciﬁc primers were designed for Real-Time PCR analysis. A signiﬁcant change in
the transcription level of the chloroplast-related gene after 15 dpi suggested that some IYSV proteins interact and/or
regulate with chloroplast proteins and this ﬁnding supports the DD-PCR results. At 20 dpi, the ultrathin sections showed
that IYSV infection caused many dramatic chloroplasts malformations. The malformation appeared as chloroplast broken
envelope with the presence of numerous spherical particles inside it and chloroplasts with long stromule. Our ﬁndings
indicated that IYSV interrupts normal chloroplast functions, as a part of the onion defence response, however many crucial
factors remain to be elucidated and further studies are needed at both biological and molecular levels.
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1. Introduction
Onion (Allium cepa L.) is an economically important plant,
cultivated worldwide. According to FAOSTAT data, Egypt is
the ﬁfth largest exporter of onion in the world after China,
India, USA and Iran. Egypt currently produces approximately 2379035 tonnes from 68053 hectares and its production is increasing every year (FAOSTAT, 2017). Iris
yellow spot virus (IYSV), genus Tospovirus, family Bunyaviridae, is one of the critical viral pathogens that causes
disastrous losses by reduction of, both, the yield and/or
quality of onion crop worldwide (ElMorsi et al. 2015;
Abdelkhalek et al. 2018). Due to its transmission through
thrips (Thrips tabaci L.), there has been high spread of this
virus in many onion-growing countries all over the world
(Fauquet et al. 2005; Hafez et al. 2012).
Usually, viral infection appears as symptoms resulting in
morphological and physiological changes in the infected hosts
(Zhao et al. 2016). The most common IYSV symptoms are
spindle-shaped, straw-coloured, irregular, eye-like, or diamondshaped, lesions and chlorotic changes reﬂecting the altered
http://www.ias.ac.in/jbiosci

structure of leaf chloroplasts (Gent et al. 2006). The disorders
in chloroplast components and their functions are liable for the
production of chlorosis and yellowing symptoms that are
associated with plant viral infection (Zhao et al. 2016).
Chloroplasts play important roles in plant defence against
all the types of stresses (Serrano et al. 2016), thus some plant
pathogens can affect some functions served by chloroplasts,
i.e., photosynthesis (de Torres Zabala et al. 2015). Viruses
mostly target the chloroplasts, causing huge structural and
functional changes in the infected cells (Caplan et al. 2008;
Bhattacharyya and Chakraborty 2018). A large number of
plant viruses are capable of inducing the plant cells to produce virus-like particles (inclusion bodies) as a a plant-immune response against the virus attack (Edwardson et al.
1993). Many chloroplast-related proteins localised in the
chloroplast or functionally related to the photosynthetic
machinery, supporting viral propagation, as well as antiviral
defence, may be induced upon viral infection (Qiao et al.
2009; Seo et al. 2014).
It is well known that invading pathogens activate the plant
immune system and, in many cases, this enables the
1
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development of resistance (Hafez et al. 2013). It has been
reported that plants have their own immune mechanism by
which they resist the pathogen attack after recognising it
(Karimi et al. 2013). Besides its role in providing beneﬁcial
information on the morphology of the virus particles,
Transmission Electron Microscopy (TEM) is also used to
study the different cytopathological effects in infected plant
cells (Otulak et al. 2014).
Usually, viral infections cause a ﬂuctuation in the gene
expression of some defence genes in the infected plant
(Whitham et al. 2006). Differential Display-Polymerase
Chain Reaction (DD-PCR) could be a powerful technique
for the rapid identiﬁcation of differentially expressed genes
(Liang and Pardee 1992; Abdelkhalek et al. 2018). In
addition, Real-time quantitative PCR (qRT-PCR) is a very
accurate, reliable, and sensitive technique capable of
detecting low amounts of RNA molecules in the tested
sample; therefore, it can be considered as an efﬁcient tool for
quantifying the gene expression in any biological sample (Li
et al. 2012). In this study, we highlight the effect of the
IYSV infection on the plant cell level and how this effect
could be prolonged to control developmental and functional
processes. We then describe the virus-developed structural
and functional damage of the chloroplasts presented in the
infected plant cell, either by using Electron Microscopy and/
or by molecular techniques. In addition, we speculate how
the plant triggers an immune response via the interaction
between the chloroplast and the pathogenic virus. Overall,
we hypothesise how IYSV may not affect some chloroplasts
genes but how it can also reach the mitochondrial genes and
ﬁnally result in male sterility.

2. Materials and methods
2.1

Virus isolate

Onion leaf samples exhibiting characteristic IYSV-like
symptoms were collected from the open ﬁelds at Alexandria
government in Egypt. By using double antibody-sandwich
enzyme-linked immunosorbent assay (DAS-ELISA), the
collected samples tested for viral infection, as described
previously by Clark and Adams (1977). The virus isolate
was maintained continuously on Datura stramonium plants
by mechanical inoculations in an insect proof greenhouse.

2.2

Molecular detection of IYSV

Total RNA from infected, as well as healthy, onion tissues
was extracted using RNeasy Mini Kit (QIAGEN, Germany)
according to the manufacturer’s instructions. One microgram
of RNA was utilised in order to synthesise cDNA using oligo
(dT) primer with Superscript reverse transcriptase enzyme
according to the manufacturer’s instructions (Invitrogen,
USA). 1 ll of cDNA was used for PCR ampliﬁcation of the
IYSV nucleocapsid protein using speciﬁc primers (table 1).
The PCR ampliﬁcation product was puriﬁed by a PCR cleanup column kit (QIAGEN, Germany) and checked on agarose
gel electrophoresis. After the sequencing process, the
annotated nucleotide sequence was deposited in GenBank
and compared with those of previously reported IYSV
isolates.

2.3 Thrips transmission and differential display-PCR
analysis
Biological transmission using thrips, Thrips tabaci Lindman, on healthy onion seedlings was performed according
to Murai and Loomans (2001). Three biological replicates
of viruliferous thrips transmission were collected at 5, 10,
15 and 20 days post inoculation (dpi). Mock-treated
samples with non-viruliferous thrips were used as a
control.
Total RNA extracts from all treatments were subjected to
cDNA synthesis, using oligo (dT) with random hexamer
primers (Hafez et al. 2013). The arbitrary prime RAPD10
(table 1) was used to scan the mRNA genes in infected
plants, at intervals, and in healthy plants as well. The
ampliﬁed cDNA was used as a template for the differential
display (DD-PCR) reaction that was performed according to
Abdelkhalek et al. (2018). Ampliﬁcation products were
visualised using a gel documentation system (Syngene,
USA) in 1.5% agarose gel that was electrophoresed in 0.5X
TBE buffer. The selected PCR band was excised from the
gel, puriﬁed using a QIA quick gel extraction kit (Qiagen
Inc., Germany) and sequenced. The obtained DNA nucleotide sequences were analysed using NCBI-BLAST (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) before deposited in
GenBank.

Table 1. List of primers sequences used in this study
Primer

Direction

Sequence

IYSV-N gene

Forward
Reverse

TAAAACAAACATTCAAACAA
CTCTTAAACACATTTAACAAGCA
ATGCCCCTGT
GCACGACGCTTGTATTGCTC
TGAATCCATGGGCAGGCAAG

RAPD10
Chloroplast gene

Forward
Reverse

Amplicon size

Reference

1100 bp

Pappu et al. (2006)

158 bp

Hafez et al. (2013)
This study
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2.4

Primer design and quantitative PCR analysis

Based on the chloroplast sequence obtained from the DDPCR reaction (Ac# MH746819), two degenerate primers
(table 1) were designed by the NCBI Primer blast software
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) to amplify
158 bp within the chloroplast gene and used it as qRT-PCR
speciﬁc primers. The primers sequence was checked by
NCBI-BLAST online software. By using the SYBR Green
PCR Master Mix (Fermentas, USA), qRT-PCR was performed according to the previous study (ElMorsi et al.
2015). The housekeeping gene b-actin was used as a reference gene and data were analysed according to Livak and
Schmittgen (2001).

2.5

Statistical analysis

The relative expression values of three replicates for each set
levels were analysed by one-way analysis of variance (ANOVA)
with P B 0.05, using the CoStat software. The signiﬁcant differences of the relative expression levels were plotted, and
standard deviation (± SD) is shown as a column bar (ﬁgure 6).
Relative expression levels more than 1 demonstrate an increase in
accumulation (up-regulation) and values lower than 1 means a
decrease in expression (down-regulation).

2.6

Transmission electron microscopy examination

Small sections from symptomatic onion leaves at 20 dpi
were excised, ﬁxed in 2.5 % glutaraldehyde buffered with 75
mM/L potassium phosphate, pH 7.0, for 2 h, and then prepared for TEM examination using standard procedures
described by Martelli and Russo (1984) and Hafez et al.
(2011). The ultrathin sections were examined with TEM,
JEOL-CX100 operating at 80 KV (The electron microscope
unit, Faculty of Science, Alexandria University, Egypt).

3. Results
3.1 Detection and molecular characterisation
of the IYSV-nucleocapsid (N) gene
The characteristic symptoms of IYSV in samples showing
positive infection judged by DAS-ELISA were recorded as
eye-like or diamond-shaped lesions, necrotic, and chlorotic
lesions on plant leaves. By using RT-PCR with speciﬁc
IYSV-N gene primers, a molecular size band of 1100 bp was
detected in the infected tissues only.
After PCR product puriﬁcation, sequencing, and BLAST
alignment, the annotated sequence submitted to GenBank
database under the accession number KC122192. Results of
the sequence analysis revealed that the N gene sequence
contains a single open reading frame (ORF) of 822
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nucleotides encoding for a protein of 273 amino acids (ﬁgure 1). The ATG codon for methionine amino acid, the start
codon, was at the position 1 nucleotide, whereas the stop
codon, TAG, was at the position of 820 nucleotides (ﬁgure 1). Out of the 273 amino acids, 41 strongly acidic amino
acids and 33 strongly basic amino acids were detected in the
deduced N gene polypeptide. The theoretical PIs was 9.09
and the full length was classiﬁed as stable [Instability Index
(II): 30.46]. NCBI-BLAST and phylogenetic analysis indicated that the IYSV-Egyptian isolate is closely related to the
other Egyptian isolates especially with the HafKal isolate
(Acc# JN541273) with a 99% identity (ﬁgure 2).
Bioinformatics is an essential tool for analysing and
identifying several motifs within the plant viruses’ proteins
sequence. The four motifs (ﬁgure 1) predicted for Protein
kinase C phosphorylation site (3 aa; 10 sites), Casein kinase
II phosphorylation site (4 aa; 6 sites), N-myristoylation sites
(6 aa; 3 sites) and cAMP- and cGMP-dependent protein
kinase phosphorylation site (4 aa; 1 site) were detected
within the N gene (ﬁgure 1).

3.2

Biological transmission and DD-PCR analysis

The onion plants inoculated by viruliferous thrips showed
symptoms identical to those reported on naturally IYSV-infected plants (data not shown). Comparing to mocked tissues at
5, 10, 15, and 20 dpi, all the inoculated plant tissues with
viruliferous thrips gave positive results in PCR with IYSV-N
gene speciﬁc primer (ﬁgure 3). In order to shine light on the
molecular basis of the interaction between onion plants and
IYSV, DD-PCR technique using RAPD10 primer was performed. The results revealed that RAPD10 primer succeeds to
give about 62 different band patterns with molecular weights
ranging from 180 bp to 1000 bp (ﬁgure 4). The highly polymorphic expressed band at 15 dpi with molecular size about
480 bp was selected, puriﬁed and sequenced. The sequence
analysis revealed that the up-regulated gene encodes a
chloroplast-related protein and it was deposited in GenBank
database under the accession number MH746819. The
sequence contains a single ORF of 440 nucleotides encoding a
protein of 146 amino acids. Theoretically, the PI was 9.22. The
gene peptide molecular mass calculated to be 16.05 kDa and
the instability index (II) was computed to be 49.15. On the
other hand, the NCBI-BLAST and phylogenetic analysis
showed that the chloroplast gene is strongly associated to the
other Allium chloroplast isolates especially with Allium cepa
genotype normal (N) male fertile chloroplast (Acc# KF728079)
with a 99% identity (ﬁgure 5).

3.3 Expression of the chloroplast-related gene using
qRT-PCR
A speciﬁc degenerated primer amplifying 158 bp was designed
to detect the level of chloroplast-related protein transcripts in
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Figure 1. The complete nucleotide sequence of the nucleocapsid (N) gene of IYSV-Egypt (#KC122192) ampliﬁed from onion. The
deduced amino acid sequence of the protein encoded by the viral sense RNA is shown below the DNA sequence. Potential Protein kinase C
phosphorylation site (3 aa; 10 sites), Casein kinase II phosphorylation site (4 aa; 6 sites), N-myristoylation sites (6 aa; 3 sites) and cAMPand cGMP-dependent protein kinase phosphorylation site (4 aa; 1 site) are underlined. Asterisks indicate the stop codons.

onion plants upon IYSV infection. The qRT-PCR results reﬂect
the mathematical transformation of the Ct values of the examined
gene and the relative expression analysis was normalised to the bactin gene as an internal control for quantitative gene expression
at 5, 10, 15 and 20 dpi as well as the mocked plant (control).
In comparing to mocked samples, the results revealed that the
chloroplast-related protein is slightly down-regulated after 5 dpi
with expression level 0.91-fold of the control (ﬁgure 6). The
expression level was dramatically decreased to 0.054-fold
compared with the control, at 10 dpi. At 15 dpi, the expression
level up-regulated and increased rapidly with 2.46-fold of control
(ﬁgure 6). Like 10 dpi, the expression level was down-regulated
again at 20 dpi with 0.035-fold of the mocked. According to the
one-way ANOVA analysis, the expression levels had signiﬁcant

differences at different time intervals (ﬁgure 6). Among these
intervals, the expression at 15 dpi was up-regulated, and at 10 and
20 dpi, the level of expression was down-regulated. At 5 dpi, the
expression showed a slight down-regulation and there was no
statistically signiﬁcant difference between the infected and
mocked plants at this interval (ﬁgure 6).

3.4 Transmission electron microscopy
and cytopathological effects of IYSV
When compared to ultrathin sections of mocked onion
leaves that showed normal cell structure with normal
chloroplast (data not showed), the infected leaves revealed
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Figure 2. Phylogenetic analysis showing the genetic relationship
between nucleotide sequence of the IYSV-N gene (KC122192) and
other nucleocapsid genes available in GenBank. The phylogeny
tested with bootstrap method with 2,000 replications and generated
based on UPGMA statistical method.
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Figure 4. Agarose gel electrophoresis (1.5%) in TBE buffer
stained with ethidium bromide, showing DD- PCR using primers
RAPD 10. Lane Marker: DNA marker 100 bp ladder, lane ‘Mock’
control (mock-inoculated plant tissues), lanes 5, 10, 15 and 20:
plant tissues collected at 5, 10, 15 and 20 dpi of viruliferous thrips
inoculation. Black arrow indicates the bands that were selected for
sequencing.

Figure 5. Phylogenetic analysis showing the genetic relationship
between nucleotide sequence of the chloroplast-related gene
(MH746819) and other related genes available in GenBank. The
phylogeny tested with bootstrap method with 2,000 replications and
generated based on UPGMA statistical method.

Figure 3. Agarose gel electrophoresis (1.5%) in TBE buffer
stained with ethidium bromide, showing RT-PCR detection of
IYSV-N gene in the infected onion at different time intervals
compared to mocked plants. Lane M: 100bp Ladder DNA Marker;
Lane Mocked: onion tissues inoculated with non-viruliferous
thrips; Lanes 5,10,15 and 20: onion tissues collected at 5, 10, 15
and 20-day post inoculation with IYSV.

many cytopathological effects in the chloroplast organelles
at 20 dpi (ﬁgure 7). The chloroplast malformations showed
irregular outer-membrane structures and broken envelope
with the presence of numerous spherical particles inside it
(ﬁgure 7a). Moreover, chloroplast with long stromule was
clearly detected (ﬁgure 7b). The more IYSV-like particles
accumulated in chloroplast with more chloroplast aggregation (ﬁgure 7c). Partially destroyed and deformed
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Figure 6. The relative expression levels of chloroplast-related gene upon IYSV infection at 5, 10, 15, and 20 dpi compared to mocked
onion tissues. Columns represent mean value from three biological replicates and bars indicate Standard Deviation (±SD). Signiﬁcant
differences between samples were determined by one-way ANOVA using CoStat software. Means were separated by Least Signiﬁcant
Difference (LSD) test at P B 0.05 levels and indicated by small letters. Columns with the same letter means do not differ signiﬁcantly.

chloroplasts with disorganised grana and stroma lamella
were also detected (ﬁgure 7d).

4. Discussion
Onion is one amongst the foremost vital ﬁeld crops grown in
many Egyptian provinces, for both local consumption and
exportation (Abdelkhalek et al. 2018). It is the third most
valuable vegetable crop in Egypt and the second most
valuable vegetables in the world (Vajire et al. 2017), so it is
an essential crop in many parts of the world for subsistence
and food security. Almost 66% of all onion is produced in
Asia, followed by Africa, by 12.4% (FAOSTAT 2017).
IYSV is one of the most damaging viral threats to onion
crops all over the world, causing devastating losses of onion
crop (Elmorsi et al. 2015).
The nucleocapsid (N) gene is the most common gene used
for identiﬁcation of tospoviruses. Thus, nucleotide sequence
comparisons could be a useful method for viral classiﬁcation
and identiﬁcation (Pappu et al. 2006). Until now, there is not
enough data available on the nucleotide sequence of the
Egyptian IYSV isolates. By using RT-PCR with speciﬁc
IYSV-N gene primers, a band with a molecular size of 1100
bp was detected in the infected tissues only.
The N gene of Egyptian IYSV (Acc# KC122192) was 822
nucleotides long and could potentially code for a protein of
273 amino acids. These results are in agreement with the
data published by Pappu et al. (2006) and Hafez et al. (2013;

2014). Comparative sequence homology with phylogenetic
analyses revealed that our isolate shared maximum sequence
identity with another Egyptian IYSV isolate (Acc#
JN541273) at the nucleotide level (99%) and the amino acid
(99%) levels.
Generally, plant virus analyses include ORF(s) identiﬁcation, sequence alignment, homology searching, gene prediction and motif recognition (Yan 2008). Moreover, the
predictions of features such as phosphorylation and glycosylation sites are necessary for the analysis of the structure–
function relationships of proteins encoded in plant virus
genomes (Yan 2008). A computational examination of the N
protein indicated that four types of motifs with 20 different
sites were detected. Motives like these are involved, and play
different roles, in the virus activity, in addition to its regulation and stability. Fascinatingly, most of the detected and
identiﬁed motifs are related to phosphorylation-related sites
and are similar to those obtained in our previous study
(Hafez et al. 2014). It is well known that the phosphorylation
of viral and cellular proteins has major impacts on viral
infection, replication, and cytotoxicity in a host cell (Keating
and Striker 2012). Consequently, Jakubiec and Jupin (2007)
reported that viral protein’s stability, activity, and interactions with other cellular and viral proteins could be regulated
by the addition of a phosphate group. Six sites with
N-myristoylation motif were also detected on the IYSV-N
protein; these N-myristoylation motifs are critical during the
viral infection process. Fondong et al. (2007) reported that
the presence of N-myristoylation motif on AC4 protein is

IYSV is a potential motor for chloroplast malformation
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Figure 7. Electron micrographs of ultrathin sections showing cytopathological effects of IYSV on onion tissues chloroplasts at 20 dpi.
(A) Chloroplast with irregular out-membrane structures and broken envelope with the presence of numerous spherical particles inside it,
(B) chloroplast with long stromule, (C) accumulation of IYSV-like particles in chloroplast with more chloroplast aggregation, (D) partially
destroyed and deformed chloroplasts with disorganised grana and stroma lamella. Scale Bars: A) 1 lm, X = 8000, B) 1 lm, X = 6000. C) 2
lm, X = 2000, D) 2 lm, X = 3000. Arrows indicate the cytoparhology defection.

responsible for plasma membrane targeting and
pathogenicity of thr East African cassava mosaic Zanzibar
virus.
Many previous studies indicated that chloroplast structure
and components changes are often associated with viral
infection (Li et al. 2016). Moreover, recent reports revealed
that viral chlorosis-related symptoms were correlated with
the changes in chloroplast structure and membrane complexes (Bhattacharyya et al. 2017; Zhao et al. 2019). During
the hypersensitive reaction of N-mediated TMV resistance,
swelled chloroplasts and membrane burst were observed
before tonoplast ruptured (da Graça and Martin 1975). Our
results showed that the chloroplasts in the IYSV-infected
onion plants suffered from dramatic malformations. Brieﬂy,
a broken envelope of swollen chloroplasts with thinner and
irregular outer membrane structures was detected. Additionally, aggregated chloroplasts, disorganised grana and
stroma lamella were clearly observed. A presence of spherical IYSV-like particles accumulated in the chloroplast,
which are closely similar to inclusion bodies, were also
detected. This observation agrees with Zhao et al. (2019)
who reported that the ultrastructure of Rice stripe virus

(RSV) infected N. benthamiana plants showed many
chloroplasts malformations like swollen or globular chloroplasts in addition to a reduction or irregular arrangement of
stroma lamella. Clearly, the stromules facilitate the magniﬁcation and transport of defensive signals into the nucleus
(Zhao et al. 2016). Many studies reported that CMV and
PVX diseases are associated with chloroplast ultrastructure
changes such as structural alteration of chloroplast membranes and grana stacks (Qiao et al. 2009; Mazidah et al.
2012). Moreover, Abutilon mosaic virus (AbMV) replicates
the inside the chloroplast and induces the biogenesis of the
stromule network (Groning et al. 1990). We assume that the
TEM results indicate that the chloroplast ultrastructural
changes could be a part of the defence response and the state
of malformation could be an indicator of the virus incidence
and severity. Moreover, the chloroplasts structure became
clearly abnormal in onion leaves infected with IYSV after 20
dpi when compared with earlier observations. This ﬁnding
and assumption conﬁrm the results obtained by da Graça and
Martin (1975) who postulated that the chloroplast malformation indicates a defence response in compatible host–
virus interaction.
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The repression of expression of chloroplast-related genes
indicated that there are irreplaceable interactions between the
virus and the chloroplasts ending in the appearance of viral
symptoms (Das et al. 2019). Babu et al. (2008) reported that
the expression levels of 52 chloroplast-related genes were
up-regulated at 17 dpi of infected Arabidopsis thaliana plants with Plum pox virus (PPV). Induction of these genes
mainly targeted the maintenance of the plant cell morphology and functions (Babu et al. 2008). On the other hand,
Cho et al. (2015) suggested that RSV affects the transcriptome of the chloroplasts, rather than that of mitochondria,
directly or indirectly, and that it could occur either in the
early or late stages of infection by RSV suppressing and
down-regulating many of chloroplast-related genes.
It was observed that the differentially expressed genes
were highly observed at 5, 10 and 15 dpi, but the highest
expression level reached its peak at 15 dpi. As the bands’
intensity is a good indicator reﬂecting viral effects on the
plant transcriptome, the higher up-regulated band with 450
bp at 15 dpi was puriﬁed and sequenced. The nucleotide
sequence analysis revealed that this gene encodes a chloroplast-related protein (Acc# MH746819). Based on the
annotated sequence, speciﬁc degenerated primers amplifying
158 bp within the chloroplast-related gene were designed
and used for qRT-PCR. Besides the high validity of the
designed primer in qRT-PCR, the DD-PCR results conﬁrmed
that the highest expression level of the chloroplast-related
gene reached its peak after 15 dpi. The two molecular tools –
DD-PCR and qRT-PCR – conﬁrmed the biological appearance of the viral symptoms on the plant leaves, the symptoms starting its appearance from day 13 and completing
their standard performance on day 15. This assumption was
conﬁrmed by the results of Satoh et al. (2011) who postulated that Rice dwarf virus affects the plant gene responses,
which regulated differently. In addition, the authors observed
that symptom severity was correlated with defence-related
genes, and the genes regulated the plant cell development
processes. Our results are in agreement with this, indicating
a presence of ﬂuctuation in the expression of the chloroplastrelated gene. This agrees with Bhattacharyya and Chakraborty (2018) who postulated that the chloroplast is often
originally targeted by viruses and it plays an important role
in plant defence against pathogen attack. Due to the deﬁciency in gene silencing mechanism in the chloroplast,
chloroplasts compensate by triggering an immune response
from other plant cell organelles to resist the viral propagation
(Caplan et al. 2015).
It is well known that the mitochondrion is an important
organelle in cells for energy supply and that mitochondrial
dysfunction is mostly associated with plant diseases. Cytoplasmic male sterility is a mysterious natural phenomenon
controlled and resulting in an interaction between nuclear
and mitochondrial DNAs (Hu et al. 2014). Moreover, male
sterility could be induced through spontaneous mutations
either in nuclear or cytoplasmic genes (Schnable and Wise
1998). Different studies on chloroplast deﬁciency in male

sterility have been performed through natural and artiﬁcial
mutations in chloroplast genes, concluding that chloroplast
deﬁciency mostly resulted in cytoplasmic male sterility
(Akagi et al. 2004; Liu et al. 2004).
A phylogenetic tree data analysis is essential in molecular
studies where it represents the evolutionary relationships
between organisms and genomic sequences. In this study,
the phylogenetic tree and multiple sequences alignment data
revealed that the chloroplast-related gene (Acc# MH746819)
showed 99% similarity with Allium cepa genotype normal
(N) male fertile chloroplast (Acc# KF728079). Edwardson
and Corbett (1961) postulated that ﬂowers fertility, partial
sterility, and male sterility in the same plant could be caused
by infection of plants viruses; this could have occurred either
in symptomless, mild and/or severe symptoms in the same
plant. They conﬁrmed the presence of identity between the
factors controlling cytoplasmic sterility in petunias and
viruses infecting this plant. Atanasoff (1971) reported that
viral transmission might cause on cytoplasmic male sterility
and assumed that the cytoplasmic factors are mainly viruses
in most infected plants. Brewbakers (1964) who speculated
that the cytoplasmic factors are viruses or virus-like factors
reported the same observation. Similarly, viruses make a
reduction and sometimes clearance of the chlorophyll in the
infected plant tissues (Plattt et al. 1979).

5. Conclusions
Besides the isolation and molecular characterisation of a new
Egyptian IYSV isolate, both biological and molecular studies
under this investigation conﬁrmed the interactions between the
viral proteins and chloroplasts resulting in the interruption of
chloroplast structures and functions. Moreover, a degenerate
primer set amplifying a fragment of 158 bp within the chloroplast-related gene of onion tissues may be useful to study the
expression levels of this gene in onion plants under stress conditions. Both virus infection and mutation in chloroplasts and/or
in mitochondria could result in male sterility in the infected
plants. This interaction between the viral particles and the genes
that control either mitochondrial DNA and/or chloroplasts synthesis process, affect the plant defence and help the virus gain
more chances for propagation, movement, and distribution in the
infected plant tissues. This assumption reﬂects the ﬂuctuation of
expression of the chloroplast-related gene under this investigation. It could be considered as one of the genes controlled by the
IYSV. In addition, the up- and down-regulation of this gene may
be associated with the viral propagation.
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