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Abstract

Potato virus Y (PVY) is considered as one of the most important plant viruses affecting potato production and many other
crops. The present study was conducted to investigate damage caused by PVY infection in Datura metel L. and
demonstrated that changes induced by PVY within the infected leaf cells of Datura metel L. can affect the function of the
cell.

In this study ultra-transverse and a longitudinal thin section of electron microscopy were used and revealed that PVY
infection caused significant damage in infected cell of Datura. This damage was pronounced in form of swollen and
vacuolation of the mitochondria. Virus’s particles were found in the chloroplasts, mitochondria and in the cytoplasm of
the aforesaid plant cells. Moreover, viral particles were forming a cluster in the cytoplasm and inclusion bodies were
observed in the infected cell. However, nuclear and plasma membrane are disrupted. Digestion of nucleus chromatin was
observed. This study showed that the mitochondria in the infected leaf of Datura metel L. with PVY was severely damaged
due to viral infection and led to a rupture in the mitochondria membrane. Longitudinal ultra-thin sections clearly
demonstrated that cell organelles in infected leaf of Datura metel L. were deformed after PVY infection, and this damage
appeared in form of disintegration of the chloroplast, and decrease in numbers of mitochondria. This study illustrated the
damage in infected cell with PVY and suggests this damage cause the external symptoms of PVY infection and lead to

decrease in the growth and yield of the infected plants.
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L

Introduction in many economic crops, especially potato as PVY

affecting both yield and tuber quality and causes severe

Potato virus Y (PVY) is one of the most serious viruses reduction in potato yield up to 80% [5-8]. PVY is

infecting potato and other economic crops [1-3]. It has transmitted by many types of aphids in non-persistent
very wide host range include different solanaceous and manner [9].

non solanaceous crops [3,4]. PVY causes serious diseases
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PVY can induce severe symptoms in infected hosts,
these symptoms include external symptoms like mottling,
mosaic, leaf deformation, vein clearing and stunting, also
can induce internal symptoms either cytopathological and
histopathological changes including producing inclusion
bodies, and inducing may changes in cell organelles
especially mitochondria and nucleus [10,11]. These
changes induced in the cell affects the cell structure and
cell function.

This study was designed in order to study the
cytological changes induced in Datura due to infection
with severe PVY isolate. This PVY was originally isolated
from Potato plant in Upper Egypt, and biological and
molecular characterization proved this strain is necrotic
stain PVY-NTN causing Potato tuber necrotic ring spot
disease PTNRD in Upper Egypt [11,12]. Results from this
study will help to accurately assess the damage caused in
plants infected with this severe PVY-NTN isolate.

Materials and Methods

Source of Viruses

Potato virus Y (PVY) was isolated and identified using
serological and molecular tested described and molecular
characterization of coat protein gene showed this strain is
PVY-NTN [11,12].

Electron Microscopy Examination

Crude sap from infected leaves was used. Drops from
infectious sap were placed on electron microscope grids,
which previously covered with collodion membrane.
Grids were placed on the top of infectious sap drops for
one min. and left to dry. After that, grids were placed on
the drop of specific antiserum of the potato group viruses
for 2 min. and then left to dry.

Negative Staining Technique

The grids were immersed in 2% phosphotungestic acid
pH 7.0 for negative staining. Later the stained grids were
raised with a fine tip forceps to the electron microscope
for examination and description of the shape of the virus
particles and to determine their dimensions. Electron
microscope type (JEM 100CX11-EM) at The Electron
Microscope Unit, University of Assiut, Assiut, Egypt was
used in this study.

Ultra-Thin Sectioning Technique

A pieces of infected Datura leaves showing mosaic and
mottling symptoms, which caused by y potato virus Y
were cut (ImmX 1mm), fixed in 2.5 glutaraldehyde and in
Epon812. Ultra-thin sections of the aforesaid materials
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thick (55-80 nm) were transversely cut with a glass knife
and picked up on 200-mesh grid. Then, the section-
mounted grids were positively stained with saturated
aqueous urinal acetate 2% for 25 min, and followed by
lead citrate for 5 min. After that the sections were
observed and photographed under the electron
microscope Type (JEM 100CX11-EM) at The Electron
Microscope Unit, University of Assiut.

Results

In this experiment Datura metel L. had been used as
indicator plant in order to elucidate the effect of the PVY
virus on the infected plant cells. Datura metel L. plants 45
days in age were inoculated with PVY obtained from
infected "Burna" potato cultivar, by dusting its leaves with
450 mesh carborunum and then infectious sap with
cotton pad leaves were inoculated and sprayed with
sterilized distilled water. These plants were kept in a
greenhouse until the symptoms appeared on the new
leaves.

Negative Staining of Potato Virus Y (PVY)

Some of infected leaves were collected for electron
microscopy negative staining and ultra-thin sections.
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Figure 1: Electron micrograph: showing single flexible
filamentous particle of (PVY) under electron microscope
in Burna potato variety sap. 149,000 X enlargement and
viral particles were (723nm) in length and (9.25) in
width.

Ultra-thin Sectioning Technique

Cytopathological structures induced in potato Burna
variety or Datura metel L. tissues mechanically infected
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with Potato virus Y (PVY) revealed that severe ultra
structural changes induced due Potato virus Y infection.

Virology & Immunology Journal

JTSD-3.tif
Print Mag: 60000x @7.0 in 500 nm
11:35 06713712 HV=80.0kV
Direct Mag: 29000x

Figure 2: Ultra-thin cross section of electron micrograph:
showing the effect of PVY on the cell organelles in infected
leaf of Datura metel L. indicated that the mitochondria
(M1) was damaged by viral infection . Note that the
appearance of ruptures in the mitochondria membrane
(M2) clearly demonstrates the lyses of its membrane in
one side. However, (rrp) means appearance of ring-like
profile was observed due to PVY infection.
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Figure 4: Ultra-thin cross section of electron micrograph
showing the effect of PVY on the cell organelles in infected
leaf of Datura mete L. Pinwheel inculions (pl) were clearly
obvious. Ho.
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Figure 3: Electron micrograph of longitudinal ultra-thin
section: showing the effect of PVY on the cell organelle in
infected leaf of Datura metel L. Note that the
disintegration of the chloroplast (Chl), little numbers of
mitochondria (M) which its membrane greatly damaged
due to viral infection. The appearance of filamentous virus
particles (VP) of (PVY) near the chloroplast and the cell
wall.
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Figure 5: Ultra-thin cross section of electron micrograph
in the healthy and a symptomatic leaf cell of Datura metel
L. showing clear translucent appearance in epidermal leaf
cell. Note that the normal chloroplast (Chl) and
mitochondrion with intact membrane and there is no
vacuole presence in its matrix.
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Figure 6: Electron micrograph of ultra-thin cross section
in the healthy and asymptomatic leaf cell of Datura metel
L. showing a lot of intact mitochondria (M) with duple
membrane in the rough endoplasmic. Note the normal
mitochondrion appearance.
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Figure 7: Electron micrograph of ultra-thin cross section
showing the chloroplast (Chl) in leaf cell of Datura metel
L. infected with PVY. Note that the presence of virus
aggregate (va), vacuole due to the viral infection and
appearance of micro bodies (m) and virus particles (vp)
aggregate beside the cell wall (cw). Note also that the
chloroplast beside the grana thylakoid (gt), and the
appearance of babble (L) from cell wall due to viral
infection, this phenomenon have been not shown in
healthy tissues.
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Figure 8: Electron micrograph of longitudinal ultra-thin
section showing the effect of (PVY) on the cell organelles
in infected leaf of Datura metel L. Note that the swelling of
the chloroplast (Chl) and release of its matrix and forming
visible vacuole-like structures (V) due to viral infection,
.Note also that the appearance of filamentous virus
particles (VP) of (PVY) in the iner matrix beside the grana
and grana thylakoid (gt). However, viral particles had
been shown also near the chloroplast in the cytoplasm.
Note also that the viral infection caused mitochondria
degeneration (dm) and also had damaged envelopes and
lost cristae.
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Figure 9: Electron micrograph of ultra-thin cross section
showing the pinwheel inclusions in infected leaf cell of
Datura metel L. with PVY. Note the rupture of
mitochondrion (M) and pinwheel inculions (pl) and
formation of curved laminated aggregates (cla) due to
viral infection. However, cell well (CW) and vacuole could
be distinguished.
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Discussion

The present study demonstrated that great ultra-
structural changes induced by PVY within the infected leaf
cells of Datura metel L. the sensitive host plant to PVY.

Data had been shown that the swollen and vacuolation
of the mitochondria was pronounced and this led to
alternation within infected potato cells and also Datura
metel L. plants. Meanwhile, virus's particles were found in
the chloroplasts, mitochondria and in the cytoplasm of the
aforesaid plant cells. Moreover, viral particles were
forming a cluster in the cytoplasm. However, nuclear and
plasma membrane are disrupted and also digestion of
nucleus chromatin was happened. Data also showed the
effect of PVY on the cell organelles in infected leaf of
Datura metel L. with PVY which demonstrated that the
mitochondria was damaged by viral infection as well as
the appearance of ruptures in the mitochondria
membrane. Data also clearly demonstrated that the lyses
of its membrane in one side and appearance of ring-like
profile was observed due to PVY infection.

These results are in agreement with those obtained
who indicated the damage and irregularly shaped
cytoplasmic inclusions induced by (PVY). Datura metel L.
which had been used as sensitive indicator plant to
elucidate the cytopathological effects of PVY on the
infected plant cells [13-16]. These cytopathological
changes when be detected by electron microscopy
examination could be used as a rapid detection method
for PVY viruses. The results of ultra-thin sections of
infected Datura metel L. leaves with (PVY) are in the line
of the results that described by [17].

Data also demonstrated that the viral infection caused
mitochondria degeneration, these results were in
agreement with the findings reported by [18]. In addition,
the presence of papillae like-structure in the cell wall of
infected cell plant with ( PVY) may be elucidate the
another way for virus entering the cell wall to neighbor
cell instead of plasmodesmata, such results in agreement
with who indicated that plant microtubules, are being
essential for cell-to-cell movement of plant viruses [19].

Furthermore, electron micrograph of ultra-thin cross
sections showed that the appearance of pinwheel
inclusions in infected leaf cell of Datura metel L. with PVY
due to viral infection. These results were in accordance
with the findings reported before who reported
cytopathological effects due to virus infection [20,21].

These ultra-structural changes induced by PVY showed
a great damage in plant cells resulting a physiological
disruptions (symptoms) correspond to changes in
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chlorophyllous accumulation (mosaics, yellowing and/or
reddening), cell or tissue death (necrotic lesions) or tissue
distortion (dwarfing, leaf roll, and swelling). And such
results also endorse that this plant indicator is very useful
for showing the whole damage incited by PVY in infected
cell.
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