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ABSTRACT

After conducting an ELISA test on potato samples using antisera (PVX, PVY, PLRV), it was found
that the potato samples were infected with potato virus X. The ELISA test using the mentioned
antisera gave the highest wavelength absorption results for virus X, which amounted to (1,260)
compared to the control, which gave (0,180). The transmission routes of the virus were identified,
and we noticed through research that the virus is transmitted, mechanically and by insects via the
Aphid Myzus persicae, where this insect gave the highest rate of 99% compared to the bean aphid
Aphis faba and the oleander aphid Aphis nerii (50% and 30%), respectively. There was also a clear
decrease in the weight of the infected green mass and the infected root mass, as the fresh weight and
the weight of each were taken into account, and we noticed the effect of the virus on the internal
contents of the plant.
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1 INTRODUCTION
The Solanaceae family includes potatoes with an average yield of 11.26 tons per acre
(Solanum tuberosum L.). The most significant (26.81 tons per ha). Currently, one of the
member of this family and one of Potato crop biggest exporters of potatoes worldwide is
is considered the most in demand in most Egypt. Exports to international markets like
countries of the world. In 2008, the United Russia, England, Western European nations,
Nations stated that potato (Solanum tuberosum and some Arab countries totaled roughly 679
L.) cultivation would be a staple crop in the thousand tons in 2014 [25]. PVX virus is
future, as the crop contains large quantities of classified as a member of the genus Potex
proteins and carbohydrates, especially in some virus within the Alphaflexiviridae family.
countries suffering from food shortages [23]. PVX virus is one of the oldest plant viruses,
The People's Republic of China is one of the with the earliest scientific references published
world's largest potato producers, producing in 1938 [1]. Virus X is one of 48 species in the
more than a quarter of the world's production genus Potox, which causes numerous and
and about 30% of the potato crop [24.] severe diseases [27]. The pathogenicity of
virus X results in a Mild mosaic disease in
Approximately 409,535 feddans (172,005 eggplant plants, including but not limited to
hectares) were used to cultivate potatoes In potato, tomato, and tobacco. PVX is prevalent
2014 in the Arab Republic of Egypt, the Food across various regions due to worldwide trade
and Agriculture Organization of the United and commerce, thus making it one of the most
Nations estimated that, [25]. A total of commonly dispersed viruses. According to
4,611,065 tons of potatoes were produced, [2].The transmission of PVX commonly
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occurs via pollen or true seeds, as well as
through the use of contaminated farming
equipment. Additionally, transmission may
occur through direct contact between foliage
or roots of healthy and infected plants [26].
The act of transmission by chewing insects has
been documented; however, no particular
chomping insect is deemed as a discriminatory
vector for Potato Virus X (PVX). Previously,
PVX has been the subject of significant
investigation in the field of potato seed
production . However, By working on seed
potato certification programs and
incorporating disease resistance genes into
potato breeding, efforts have been made to
effectively reduce the economic consequences
associated with PVX [3]. The aim of this
research is to detect viral diseases affecting the
treated crop, including PVX virus, and to
detect them through antisera for detection by
indirect ELISA test.

2 MATERIALS AND METHOD

2.1 Isolation

Samples of potato leaves showing signs were
collected from a farm located in the Babylon
Governorate. . included mild mosaic, mottling
and maintained on Nicotiana glutinosa and
Nicotiana tabacum and Nicotiana benthamiana
plants by mechanical transmission [4].The
inoculated plants were kept in greenhouses.
Ten days after

inoculation, mild mosaic symptoms appeared
on Nicotiana glutinosa and chlorotic ring spots
on Chenopodium amaranticolor. The inoculum
was generated through the utilization of
infected potato leaf tissues that were finely
macerated using a mortar and pestle. This
process required the addition of 0.1 M
infection solution at pH 7. During the
cultivation of healthy Nicotiana glutinosa
plants , a dusting of 600 mesh carborundum
was applied to their leaves. Subsequently, a
freshly prepared inoculum was administered to
the plants via the forefinger method.
Following the inoculation, the plants were
immediately subjected to a tap water rinse and
subsequently placed in a controlled
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greenhouse environment guarded against
insect exposure for the purposes of symptom
evolution observation.The virus was cultured
in Nicotiana glutinosa plants to facilitate its
propagation and to enable its use as a viral
source for subsequent research investigations
[7.[

2.2 ldentification

Identification of one isolate, which caused
normal symptoms of PV X, was carried out by
studying host range, symptomatology, mode
of transmission and serological tests.

2.3 Diagnostic hosts

In this study, plant hosts identified for potato
virus X were used, diagnostic hosts including
Nicotiana glutinosa, Chenopodium
amaranticolor, N. repanada chlorotic, and
Gomphrena globosa, were employed based on
the characteristic symptoms they typically
exhibit for PV X, as previously documented by
[4,5], and [6]. After inoculating plant hosts
with the potato virusX, we follow the viral
symptoms for four weeks until symptoms
appear

2.4 Source of antisera:

Antibodies to Potato mosaic virus, potato leaf
rurl virus, potato virus yellow

,Jprovided by Bioreba (Switzerland) were used
2.5 Indirect ELISA:

In brief, the indirect ELISA method is an
established method for most plant viral
diseases, as described by [7,8]. Infected leaves
were crushed in a grinding solution (0.05 M
carbonate, pH 9.6) at a ratio of 1:10 (w/v)
using a mortar and pestle, and then filtered
using double-layered gauze. Anti-virus
antibodies were placed inside the holes of the
plate by adding 100 pl of each sample to the
bottom. The plates were incubated overnight
at 4°C in a refrigerator. The plates were
washed three times by immersing the wells in
phosphate-buffered saline and Tween 20
(PBST) for 5 minutes. To minimize
nonspecific interactions, antivirals requiring
cross-adsorption were diluted

1:500with healthy tissue extract 1:20 (w/v) in
serum buffer (PBS) Tween 20 (PBST)
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containing 2% soluble polyvinylpyrrolidone
(PVP) and 0.2% bovine albumin (BSA) was
added to each well and incubated for 45
minutes at 37°C. The resulting impurities were
removed by centrifugation for 10 minutes at
5,000 rpm. 100 pL of diluted antiserum
sample was added to each well, and the plate
was then incubated at 37°C for 2 hours or at
4°C overnight, then washed as before. Goat
anti-rabbit gamma globulin, conjugated to
alkaline  phosphatase (Whole Molecule,
Sigma-Aldrich, St. Louis, MO, USA), was
diluted 1:1000 in serum buffer, 100 ul was
added to each well, incubated for 1 h at 37°C,
and then washed. 100 pl of the enzyme-
substrate, 1mg/ml para- nitrophenyl phosphate
(Sigma Aldrich, Saint Louis, Mo, USA) in
10% diethanolamine buffer, pH 9.8, were
added to each well and incubated at room
temperature for 30 min. The enzyme activity
was stopped by adding 50pl of 3M NaOH.The
ELISA values, measured by Sunrise ELISA
reader, were expressed as absorbance at 405
nm. Absorbance values of at least double of
healthy control considered positive. Wells
lacking antigen (coating buffer only) were
included as blanks In summary, the indirect
ELISA assay method is a stable step with most
plant viral diseases as Known by [8].extracts
from infected and healthy potato plants were
diluted with Coating Buffer (0.05 M
Carbonate, pH 9.6) to 1:10. Antibodies were
added by adding 100 pL into each well of an
ELISA plate and incubated for 3 h at 37 °C. or
overnight at 4 °C. Then the ELISA plate was
washed three times by immersing the pits of
the plate with washing buffer solutions for 3
minutes each.Antisera, which requires cross
adsorption, has been diluted at a ratio of 1:
250, according to the manufacturer's
instructions, to the antiserum. 100 pL of
diluted antibody was added to each well of the
ELISA plate, after which the plates were
incubated at 37 °C for 2 h or at 4 °C overnight,
then washed as before.Goat anti-rabbit gamma
globulin conjugated to alkaline phosphatase
was diluted 1:1,500 in serum buffer, and 100
ul was added to each hole, followed by an
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hour incubation at 37 °C, and then washed as
before.100 pl of enzyme substrate, Img/mL
paranitrophenyl phosphate in 10%
diethanolamine solution, pH 9.8 was added to
each well of the ELISA dish and incubated at
room temperature (25°C) for approximately
30 min. Enzyme activity was stopped by
adding 50 pL of 3 M NaOH. The ELISA
values measured with an ELISA reader at 405
nm were expressed and absorbance values at
least twice that of the healthy control were
considered positive.

2.6 Mode of Transmission:

.2.6.1 Mechanical of Transmission

It has been shown that PVX is easily
transmitted to plants through mechanical

means, including mechanical industrial
infection or through contact of virus-
contaminated tools with uncontaminated

plants.It is not transmitted through seeds or
pollen [4,5]. Mechanical transmission is often
transmitted to all parts of the plant with a
healthy person Plant, and PVX is also
transmitted by insects [9.]

.2.6.2 Aphid transmission:

Mode of transmission Virus by Aphis faba,
Aphis nerii, and Aphids (Myzus persicae)
insects, starved for 1 hour in petri dishes
before allowing 7-10 minutes of tentacles on
infected Nicotiana tabacum leaves. This aphid
transmission method was used to spread
potato X virus. Each healthy N. glutinosa plant
received ten aphids, which were then
inoculated for 10 minutes before being
sprayed with an insecticide to kill them. The
symptoms of pollination of the plants were
tracked for 20 to 25 days while they were
placed in the greenhouse.

3 Chemical Analysis 3.1.Moisture

In summary, [10], reported that PV X infection
had no effect on moisture content

.3.2Dry and fresh weight of the shoots

In this experiment, we demonstrate the effect
of PVX on the vegetative system. Plants are
cut from the soil surface and weighed before
drying. They are then placed in paper bags
(paper envelopes), sealed,the plants were
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placed in an oven at 180°C to dry with hot air
for 72 hours., then the samples are taken out of
the oven and the dry weight is taken compared
to the control. We will notice that there is a
clear change in the dry weight and fresh
weight in the presence of the virus compared
to the control [18.[

.3.3Dry and fresh weight of the roots

In this experiment, we demonstrate the effect
of the PV X virus on the root system. The root
system was weighed before and after drying,
placed in paper bags, then it was placed in the
oven at 180 degrees Celsius for 72 hours.
After that, the dry weight was measured , and

(

the changes were observed. The difference
between fresh and dried roots in the presence
of the virus was clear and tangible compared
to the control.

4 RESULTS
4.1 Diagnosed families

Diagnosed host interaction after potato virus X
infection. The virus induced mosaic on N.
glutinosa (A), mosaic and blasters on N.
repanada chlorotic (B), and systemic spread on
Chenopodium amaranticolor (C), and mosaic
Gomphrena

and on globosa (D

Fig. (1). Explanation of the systemic symptoms of potato virus X

PVX symptoms include mosaic on N.
glutinosa (A), and N. repanada (B), systemic
spread on Chenopodium amaranticolor (C),
and mosaic on Gomphrena globosa (D). PVX
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was identified through the familial run of the
virus where systemic symptoms were found
Featured on Nicotiana glutinosa,
Chenopodium amaranticolor, and also hosts

ISSN 2072-3857




Euphrates Journal of Agricultural Science-17 (3):575-584, (Sep. 2025)

Hamzah &Al-Sultani

were obtained with symptoms similar to those
of the previous hosts: N. repanada chlorotic,
and Gomphrena globosa, [19], and [9], [21.

4.2 Serological reaction
The anti-PV X antiserum reacted with the virus
isolated from the plant when used at a dilution

of 1:250 in an indirect ELISA test. We did not
observe cross-reactivity between the anti-
PLRV and anti-PVY antiserums with the virus
isolated from the plant.

Absorbance value at 405

14
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0.8

VIRUS

0.6
0.4

0.2

0.2

RLRV |
CONTROL

0.2
PVY

02

| PVX |

HEALTHY

Fig (2). Indirect ELISA reaction of PVX, PLRV, and PVY antisera against

potato leaf extract.

From the table shown, we notice that three
types of antiserum (PVX, PVY, PLRV) were
used for the potato isolate, and the type of
isolate was identified after it was detected by
the ELISA test. We notice that the PVX
antiserum gave a higher result (1.260)
compared to the control (0.180), as for the
primer. PVY and PRLV gave a lower result
(0.2, 0.3) compared to the control as well. This
means that the plant isolate is infected with the
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contaminated

X virus. The PVX virus isolate was detected
using an ELISA test, which was used
successfully. A positive reaction was obtained.
Many researchers have used this serological
ELISA test To detect PVX, [11, 12, 13, 14,
15[

[22]

4.3 Aphid transmission
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A. nerii

Fig (3). Transmission of PVX by aphid species

In Fig No. (3), The virus was found to be
transmitted by insect vectors, including Myzus
persicae, A. faba, and A. nerii, using ten
aphids that were starved for one hour and then
fed on infected leaves. The results showed that
Myzus persicae recorded the highest virus
transmission rate, reaching 99%, compared to
oleander aphids, which recorded 50%,
followed by bean aphids ,

which recorded the lowest transmission rate, at
30%.[16.[
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4.4 Dry and fresh weight of the shoots
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Fig (4). A diagram showing the variation in the weight of the virus infected green group before

and after drying compared to the control.

In Fig No. (4), it was shown from the results
obtained that infection with the PVX virus
directly affected the dry weight and wet
weight of the shoots compared to the control.
We note that the average rate of infected wet
shoots was 21.5g, while the average rate of
healthy wet shoots was 30.5g. This means that
potato virus X had a clear effect on plant
contents, We also note that the average rate of
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the infected dry shoot was 6 g compared to the
healthy dry shoot, which was 12g. [17,18] ,
We notice the damage of the X virus on the
size of potatoes [10.[

4.5 Measurement of root mass weight
before and after drying
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Fig (5). A diagram showing the variation in the weight of the virus-infected root system before

and after drying.

In Fig No. (5), The results obtained after
infection with PVX virus showed a clear
variation in weight before and after drying.We
note that the average average of the infected
fresh root system was 32.25¢g, compared to the
healthy fresh weight, which was 43.25gThis
means that after a period of time, the virus
spreads within the plant and affects the
internal contents of the plant. We also notice a
difference in the weight of the root before and
after drying, compared to the control. The
table showed that the average infected dry root
mass was 9.75g and the average healthy dry
root weight was 13.75g [18]. Dry matter
production depends on the rate of
photosynthesis per unit green leaf surface, the
rate of respiration, and the size and longevity
of green foliage. In addition, dry matter
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content also depends on plant density, start
time and tuber maturity [20.[

Conclusions:

The study concluded that infection with the X
virus had a clear impact on potato yields,
including deformed leaves and tubers, as well
as reduced shoot and root weight. This
indicates that the virus clearly affected the
plant's internal components.
Recommendations:

We recommend using certified tubers from a
reliable source that are free of viral diseases.
We also recommend that any plant in the field
be disposed of immediately if a viral infection
appears on it. If insects appear in the field,
they must be eliminated, as they are a major
cause of the rapid transmission of viral
diseases.
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