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Serological Detection of Tospovirus Infecting Tomato in West Bank-

Palestine
By
Dalya Theeb Hashem Masri
Supervisor
Dr. Raed Alkowni

Abstract

Tomato (Solanum lycopersicum) consider as one of the top popular crop in
Palestine; is infected with several pathogens where Tomato Spotted Wilt
Virus (TSWV) is one of the most devastating one, causing serious damages
and large economical losses on tomato crops. This study was aimed to
reveal the presence and prevalence of the virus in Palestinian territories
(West Bank) for the first time. About 232 samples were collected from
different governorate of northern of West bank Palestine during the
growing season 2017 / 2018 and were tested for TSWV by double antibody
sandwich enzyme linked immunosorbent assay (DAS-ELISA). During the
field surveys, several symptoms were noticed on tomato plants in the field
of Nablus; Tubas; Qalqilia; Tulkarem; Jenin and Jericho. The appeared
symptoms were on leaves as leaf yellowing, brown rings or line patterns.
The whole plants showed reduction in growth, chlorotic and necrotic spots
on both leaves and fruits. These systematic symptoms were considered as
the best indication for the existence of (TSWV).By serological test, the
presence of TSWV on tomato plants in Palestine was confirmed; where the
prevalence of the virus was reached up to 1.27%. This low percent was

considered alarming, since the possibility of transmitting the virus through



Xi
thrips that commonly widespread in the country. Looking for virus resistant
varieties was recommended. This research study was to confirm the

presence of this important virus in Palestine for the first time.



Chapter one

Introduction and Literature Review
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Chapter one
Introduction and Literature Review

1.1. Introduction

Solanum lycopersicum is the scientific name of tomato, which is the most
popular crop in Palestine. According to the (Palestinian Central Bureau of
Statistics PCBS) in 2012 tomato was expanded on an area of 7100.32
dunum in Jenin, Tubas, Tulkarem, Nablus and Jericho. Tomato cultivated
mainly in greenhouses that were totaled more than 31% and it also

cultivated in open field but in less amount.

Tomato is an important crop which provides balanced diet and colorful
additions to any meal. On the nationwide, tomatoes produced and
consumed the second most other vegetable. The bioavailability of nutrients
depends on the processing of tomatoes. Nutrients that are riches iIn
tomatoes are lycopene, beta-carotene, folate, potassium, vitamin C,

flavonoids and vitamin E (Willcox et al.,2003).

Area cultivated with tomato crop in Jericho totaled 2376.27 dunums which
more than Jenin that have 2058.62 dunums of area cultivated with tomato,
Then Tubas which totaled 1578.32, Finally Tulkarem and Nablus that are
totaled 725.09 and 362.02 respectively(Table 1) (PCBS, 2012).
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Table 1: The area cultivated with tomato in dunums for the five

gove rnorates.
Governorate Tomato area in dunums
Jericho 2376.27
Jenin 2058.62
Tubas 1578.32
Tulkarem 725.09
Nablus 362.02

According to the agricultural department in winter the area cultivated by
tomato totaled 1060.90 dunums in Jericho and Al-Aghwar Governorate
which's more than the area cultivated in spring, summer and autumn

(Table 2).

Table 2: Tomato area in dunums based on the session in Jericho and

Al-Aghwar Governorate (2012).

Agricultural session Area (dunums)
Winter 1060.90
Spring 143.25
Summer 351.00
Autumn 821.12
2376.27

Tomato area in Jericho and Al-Aghwar governorate classified based on the
state of crop into three classes; single, associated and mixed that are totaled
2154.87, 110.40 and 111.00 dunums respectively. The area of tomato in
Jericho and Al-Aghwar that's harvested totaled 2112.32 dunums and
(Table 3) (PCBS, 2012).
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Table 3: Tomato area in dunums based on status of tomato

Jericho and Al-Aghwar Governorate (2012).

Status of tomato crop

Area (dunums)

Single 2154.87
Associated 110.40
Mixed 111.00

2376.27

crop in

The agricultural session defer from Jericho to Jenin. The area cultivated by

tomato in summer totaled 1043.11 dunums in Jenin Governorate that more

than the area cultivated by tomato in spring, autumn and winter which are

totaled 407.76, 309.23 and 293.02 dunums respectively (Table 4).

Table 4: Tomato area in dunums based on the agricultural session in

Jenin Governorate (2012).

Agricultural Session Area (dunums)
Winter 293.02
Spring 404.76
Summer 1043.11
Autumn 309.23
Not Stated 5.50

2058.62

The single tomato based on state of crop has the higher total for area

cultivated by tomato in Jenin Governorate (Table 5) (PCBS, 2012).

Table 5: Tomato area in dunums based on the state of tomato crop in

Jenin Governorate (2012).

State of tomato crop

Area (dunums)

Single 1904.38
Associated 32.64
Mixed 113.60
Not stated 8.00

2058.62
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Tubas, Tulkarem and Nablus have less area cultivated by tomato than
Jericho and Jenin. Tomato area in Tubas and Tulkarem according to the
agricultural session totaled 579.24 and 329.02 dunums respectively in
summer session that area more than the area in other session. But the
agricultural session in Nablus totaled 170.20 dunums in winter (Table 6)

(PCBS, 2012).

Table 6: Tomato area in dunums based on agriculture session in

Tubas, Tulkarem and Nablus Governorate, 2012.

Governorate

Agricultural session | Tubas Tulkarem Nablus
Winter 473.82 207.6 170.20
Spring 327.50 102.66 63.84
Summer 579.24 329.02 63.15
Autumn 194.76 83.30 64.83
Not stated 3.00 2,50

Total 1578.32 725.09 362.02

Single crop is the status of tomato crop in Tubas, Tulkarem and Nablus that
are totaled 1365.82, 681.38 and 331.26 dunums respectively (PCBS, 2012).

This mean tomato crop cultivated alone in the field. (Table 7).

Table 7: Tomato area in dunums based on status of crop in Tubas,

Tulkarem and Nablus Governorate. (2012).

Governorate
State of crop Tubas Tulkarem Nablus
Single 1365.82 681.38 331.26
Associated 12.00 27.11 15.46
Mixed 200.50 16.60 15.30
Total 1578.32 725.09 362.02




1.2. Literature Review

The previous researches on tomato crops by using immunosorbent
technique showed that the most dominant viruses infecting tomato in the
northern of the West Bank were Tomato yellow leaf curl virus (TYLCV).
This virus spread from 28-93% in Jenin and Tubas. The second most
spread of virus in tomato crops was Cucumber mosaic virus (CMV), which
ranged from 15-51% in the research area. But other viruses infecting
tomato like Tomato mosaic virus (TOMV) and Potato virus Y (PVY) were

found in very few samples of tomato (Sawalha, 2011).

A serious damages and large economical losses on tomato crops
occasionally occur by viral infection. The magnitude of damages and
economical losses depends on the strain of the virus, the infection time, the

variety of tomato and other factors (Amro et al., 2014).

Tomato production in Palestine is not higher enough due to different
factors as the inadequacy of management, climate and higher level of pests.
But the viral infection is the most important factor that can cause weakness

in crop production (Sawalha, 2011).

There are 35 plant families that can be infected by Tomato spotted wilt
virus (TSWV) including dicots and monocots. The existing of the certain
thrips species were needed for the continuous movement of virus. TSWV
previously threat only tropical and subtropical crops, but in the current days
the virus spread in several regions because of the western flower thrips

distribution and the movement of virus infected plant materials.
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Transmission of seed is not important for spread of the disease because the

virus existing only in seed coat not in the embryo (Sherwood et al., 2009).
1.3. Tomato infecting viruses

More than 40 viral species can cause infection to the tomato plant and fruit
(Morals & Anderson, 2001). In tomato the first virus reported was Tomato
spotted wilt virus TSWV in Iran. One of the viruses that can cause necrotic
lesions on the leaves of tomato and yellow ring spots on the fruits is

(TYRV) Tomato yellow ring virus (Table 8) (Mehraban et al., 2005).

The following viruses was also detected in infecting tomato crop; Tomato
Yellow spot virus (TYSV), Tomato chlorotic mottle virus (TCMV), Tomato
rugose mosaic virus (TRMV), Tomato yellow vein streak virus (TYVSV)

and Tomato bushy stunt virus (TBSV).

Tomato and other two plants in the northern West Bank of Palestine were
found to be natural reservoirs for the virus Tomato yellow leaf curl virus
(TYLCV), which is detected using the Polymerase Chain Reaction
(PCR)(Sawalha, 2009; Amro et al., 2014).

Table 8: The common genus and species in the family Bunyaviridae.

Family Genus Species
Phlebovirus | PVFV TSCV UUKV
Tenuivirus RSV
Bunyaviridae | Hantavirus HTNV SEOV PUUV
Tospovirus INSV TSWV PYSV
Bunyavirus BUNV LACV
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The broadest host range in the genus Tospovirus mainly is Tomato spotted
wilt virus (TSWV). It has the most economical impact of all (Goldbach &
Kuo, 1996; Goldbach & Peters, 1994).

Tomato which is infected by TSWV can be identified by the presence of
yellow, brown ring or other line pattern on the fruits, reduction in growth in
tomato plant and consisted of systemic chlorotic and necrotic spots on
leaves or tip dieback. The differences in symptoms depend on the severity
of infection (Mehraban et al., 2005;Sherwood et al., 2009). And the
severity of infection based on the environmental factor, host cultivar,
pathogen strain and stage of host development (Sevik & Arli-Sokmen,
2012).In more than 60 countries all over the world TSWV had been
founded (Karavina & Gubba, 2017).

1.4. Tospovirus

The only plant-infecting virus in the family Bunyaviridae is the viruses of
the genus Tospovirus. This virus can cause large damage in the quantity
and quality of fruit, vegetable and ornamental plants (German et al., 1992;

Pappu et al., 2009).

Some viruses are mainly limited to ornamental plants like Impatiens
necrotic spot virus (INSV) (Law & Moyer, 1990). But the most Tospovirus
like Peanut yellow spot virus (PYSV) (Reddy et al., 1991) and Iris yellow
spot virus (1YSV) (Cortéz et al., 1998) have little virus effect because of

the narrow host range.
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The viruses of this genus are enclosed in envelope, quasi-spherical and
contain three single stranded RNA segments (sSRNA) which is named
according to the size (Figure 1). Two components are strongly packaged in
each segment of RNA the first one is the nucleocapsid protein and the
second is small amounts of the viral RNA-dependent RNA polymerase
(RARp) (Poelwijk et al.,, 1993). The presence of the inverted
complementary repeat sequence at the end part of all segments of
Tospoviral RNA will form the infecting ribonucleocapsid proteins (RNPSs)

(Bhat et al, 2001).

Polymerase (L)

e Genomic RNA
=
LA .
P=ag (‘
i) N4

Nucleoprotein (N)

Ribonucleocapsid
'RNP) 4

Figure 1:Bunyaviridaevirion with spherical enveloped. Diameter from 80 to 120nm.

All Tospovirus have ambisense small and medium portion of RNAs. Only
the large portion of RNA was being of integral negative polarity. Viral
sense for a suppressor of RNA silencing (NSs) encodes by the genomic
RNA (Takeda et al., 2002). While the cell-to-cell transmission protein
(NSm) encoded by the medium RNA portion in viral sense and the

precursor to the glycoprotein one and two in viral sense (Figure 2) (Fukuta
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et al., 2004; De Haan et al., 1990; Kormelink et al., 1992). The large RNA
portion that also mentioned as L protein encodes the delusive viral (RARp)

(De Haan et al., 1991).

5 segment (2.9kb) M segment (4.8kb)
M mRHA - .
s N> >-on P mNA < Gn 0H
+ A
&L I e s
A Replication :Replic.ati-:un
veRNA 5 = >z weha 5 — GP ORF >om >3
v NS mRMNA +
b m -
s o (NG ¥ o= LN« e
2015 ViralZone =
Swiss institute of bioinformatics
L segment (8.9khb)
LmRMA 5 L -3
F 3
3 - 5
vRMNA x o
v Replication
veRMA 5 L ORF >} 3

Figure 2: The virus genome of Tospovirus spices.

According to the biological and molecular characteristics 14 Tospovirus
species have been identified (Table 9). One of them is (TSWV), which is
worldwide distributed (Cortes et al., 2001; MaMichael et al., 2002).



11
Table 9:List of common Tospovirus species with the percent of N-

protein sequence.

Descriptors

Serogroup species Serological | N-protein | Vector Host
affinity Sequence | specificity | range

Tomato spotted wilt virus | + 100% + +
(TSWV)
Tomato chlorotic spot virus | + 76% + +
(TCSV)
Groundnut  ringspot  virus | + 78% + +
(GRSV)
Impatiens necrotic spot virus | + 55% + +
(INSV)
Watermelon silver mottle virus | + 29% + +
(WSMV) including Groundnut
bud necrosis virus (GBNV)
Melon spotted wilt virus | + 35% + +
(MSWV)
Groundnut yellow spot virus | + ? + +
(GYSV)

1.5. Tomato Spotted Wilt Virus (TSWV)

On some occasion (TSWV) cause losses of up to 100% so that is one of the
most popular viruses infecting tomato (Rosello et al. 1996).This virus

reported firstly in tomato plant (Blancard, 2012).

The farmers scared mostly from TSWYV plant virus due to; the complicated
nature, the speed of virus transference and the vectors biological activity,
the quickly adapt with new variants, and the difficulty in administration for

the vectors (Parrella et al. 2003).

The diameter of TSWV virions is 80_120 nm, spherical, enveloped, and the
virions surfaces have projections formed of two glycoproteins, G1 and G2
(Figure 1). Virion consists of 5% nucleic acid (RNA), 70% protein, 5%

carbohydrate, and 20% lipid. Three negative or ambisensess-RNA species
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that form the genome of TSWV, This tree species organized as S (2.9 kb),
M (4.8kb) and L (8.9kb). RNAs take pseudocircular or panhandle
conformation through the present of partially complementary terminal

sequences (Elliott et al., 2000).

The small and medium RNAs encode two proteins in an ambisense
arrangement, but the large RNA is monocistronic and negative sense. So
that, five protein encoded in the viral genome; a 52-kDa NSs protein is
encoded by the virion sense small RNA; 29-kDa structural N protein coat
the fragment of RNA genome which lead to encode the nucelocapsids by
the complementary sense small RNA; a 34-kDa of NSm protein function
in cell-to-cell movement of the virus and the virion sense medium RNA
code it; a 127-kDa protein which processed to form glycoprotein G1 and
G2 that are function in the formation of the virus surface projection are
coded for by the complementary sense medium RNA; and a 330-kDa of
RNA polymerase encoded by large RNA. The five proteins enclosed within
a membrane bilayer of a host with the large protein (L) totaled 10-20 copies
(Figure 3). The misleading RNA dependent RNA polymerase encode by
large RNA (Hull, 2002).

The sap of infected plant is the mechanical transporter for the virus TSWV,
growers tend to use petunia plant as an indicator to control the transmission

of TSWV by thrips(Jenser et at., 2003).
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Figure 3:The five protein encoded in the viral genome of the TSWV.
1.6. Virus host (tomato) infection

Tospoviruses are sequentially transferred by fixed number of vegetative
thrips (Caprile et al., 2009). More than 92 families of plants are infected by
over 1300 species (Parrella et al., 2003; EFSA 2012). Thrips are the vector

for transmission of a few viruses including TSWV (Figure 4).

;:"H :
-).:J
v

g -

Figure 4: Frankliniella occidentalis (western flower thrips).
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There are four species of thrips: Frankliniella occidentalis(western flower
thrips); F. schultzei, F fusca (tobacco thrips) and Thrips tabaci (onion
thrips), that's defined as the most important vector because of the wide
distribution and the relation between species and TSWV (Table 10)
(Sherwood et al., 2009).

Table 10: Thrips vector that's reported and their specificity.

Viruses vector Thrip species
TSWV,TCSV,GRSV,IVSV Frankliniella occidentalis
TSWV, TCSV,GRSV F. schultzei
TSWV,INSV F. fusca
TSWV, TCSV F. intonsa
TSWV Thrips tabaci
TSWV T. setosus
GBNV,WSMV,MSWV T. palmi

1.7Methods for Determination of Plant Virus Infection
1.7.1 Symptomatology

Tomato which is infected by TSWV can be identified by the presence of
yellow, brown ring or other line pattern on the fruits (Figure 5), reduction
in growth in tomato plant and consisted of systemic chlorotic and necrotic
spots on leaves or tip dieback (Figure 6). The differences in symptoms
depend on the severity of infection (Mehraban et al., 2005 ; Sherwood et
al., 2009). And the severity of infection based on the environmental factor,
host cultivar, pathogen strain and stage of host development (Sevik & Arli-
Sokmen, 2012).In more than 60 countries all over the world TSWV had

been founded (Karavina & Gubba, 2017).



Figure 5: Infection symptoms on tomato fruit (A, B, and C)



(B)

Figure 6: Infection symptoms on tomato leaves (A and B).

1.7.2. Molecular Method

Real-time (PCR) and reverse transcription-polymerase chain reaction (RT-
PCR) (Figure 7), were used in detection of TSWV in F. occidentalis, both
methods are efficient and sensitive but real-time (PCR) characterized by a
higher sensitivity and quantitative analysis of the TSWV (Tsuda et al.,
1994; Mason et al., 2003; Boonham et al., 2002; Rotenberg et al., 2009).
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Figure 7: The cycle of (RT-PCR) Reverse Transcription polymerase chain reaction, each cycle

of PCR process contain three steps; denaturation, annealing, and extension.

1.7.3. Serological Method

Serological and molecular methods have been used to identify Tomato
spotted wilt viruses (TSWV). The assay which commonly used to identify
Tospoviruses in various thrips vectors like Frankliniella occidentalis thrips

is Enzyme-Linked immunosorbent (ELISA) (Nagata et al., 2002).



18

Immunostrips another technique was used for the first time in detection of
TSWV in Zimbabwe (Figure 8) it provides an easier to use and quicker
detection technique than Enzyme-Linked immunosorbent (ELISA),

electron microscope and molecular assay (strange, 2006).
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Figure 8:Immunostrips technique for detection of TSWV, (A) the main steps of Immunostips,

(B) the strip which used for this technique.
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ELISA assay used to test large number of samples in short period of time,
so that it is simple, flexible, credible, sensitive and economical test. But
this test can take several hours in plant tissue extraction. The adhered of
antibodies and sample to the microtiter wells need for another incubation

period (Figure 9) (Naidu & hughes, 2003; Batool et al., 2011).

In this research study ELISA test was our choice for detection of the virus

in tomato fields.

. . . i Enzyme reacts
Positive Reaction ——— Avugen ivirus) Antibody binds with substrate fo
b hinds to antibody, to antigen form yellow color
| {virus)
S R — ——
Added antibody Blocking agent is added Sap Tronn Amutih ody with
binds tobottem  to {ill in areas not bound samples is enzyme attached Substrate
of well. by antibody. added. added. added,
L ST - — ——
o
Y Y&y
. i ) No h_i"din_l Antibody is Substrate is
Negative Reaction » occurs ilantigen  added but hus no added but no
(virns) no antigen 10 bind 1o cnnz i
_ yuue is
present in sap. amd is washed present toreact,
ﬁ, Arvow indicates washing step WY No color appears.

Figure 9: The general steps for DAS-ELISA method.
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1.8. Objectives

The main aims of this study were to detect and evaluate the prevalence of
tomato spotted wilt virus in the following region of the West Bank (Jericho,
Jenin, Tubas, Tulkarem, Nablus, Qalgelia) by using the available
serological tools. This would be the first study of the virus status in the

country.
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Chapter Tow

Materials and Methods
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Chapter Tow
Materials and Methods

2. Field Survey and Sample Collection
2.1. Location of Sample and Sampling in the Field.

Tomato fields of six districts were studied in the northern region of the
west bank (Figure 10) (Jericho, Jenin, Tubas, Tulkarem, Nablus, Qalgelia).
About 289 samples of tomato leaves from different fields were collected.

Only 235 samples of which; were used in this research (Table 11).

Table 11: The number of tomato samples and greenhouses at each city.

City Sampling area | Number of | Number of Total
samples greenhouses

Nablus Bet-Dajan 18 3 51
Al-Smeet 27 3
AL-Bathan 6 2

Tulkarem Khadore 4 1 43
Der-Goson 6 2
Thanabeh 21 5
Shofeh 12 2

Tubas Tamun 15 4 51
Al-Fara'a 27 4
Tyaser 9 3

Jenin Ash-Shuhada 6 2 53
Qabatya 17 5
Der Abu Da'ef 27 6
Aba-Alshargya 3 1

Qalgelia Al-mdwarah 15 3 33
Alsaba’ 18 3

Jericho Al-nweameh 30 4 58
Aen-Alsultan 21 3
Aen-Aldyok 7 2

289
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Tomato fields of six districts were studied in the northern region of the

west bank (Figure 10) (Jericho, Jenin, Tubas, Tulkarem, Nablus, Qalgelia).
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Figure 10: The six sampling area; (A)Jenin, (B)Tubas, Nablus, Tulkarem, and Qalgelia, (C)

Jericho.

The collected samples were taken from about Seventeen varieties (Table
12). Most tomato sample were collected are grown in August and
September but in exceptional cases are grown in March or April. The
samples were collected during 15/3_ 30/4/2018, almost all samples age
between 7-8 months old. The soil where tomato was cultivated in all

sampling area was classified as red clay parasites and alkaline soil.

By using sterile gloves and scissors, the samples were collected and stored
in plastic bags then transferred to the cold room at 4°C degree Celsius to be

used later in serological test.
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Table 12: The number of tomato varieties at each area sampling

Tomato Number of sample at each city Total
Varieties
Nablus | Tulkarem | Tubas | Jenin Qalgelia | Jericho

Cluster 33 9 12 15 9 18 96
(Ikram)

Cluster o o . . 6 3 9
(Nukran)

Izmir 18 6 6 13 _ 4 47
Cherry _ _ 9 o o _ 9
Shekram _ _ 9 o o _ 9
Balahya _ _ 3 o o _ 3
Princess _ _ 3 o o _ 3
593 _ 7 6 _ _ _ 13
554 - - - _ 9 . 9
AX64-782F1 - 6 - _ _ . 6
Granada _ _ _ 12 _ _ 12
Gory - - - 10 _ 12 22
Izmuna _ _ 3 3 _ _ 6
888 - 9 - _ _ . 9
026 - 6 - _ _ 6 12
Just - - - _ 6 . 6
Mayla - - - _ 3 15 18

2.2.Serological Detection of TSWV by using DAS-ELISA.

The Enzyme-Linked Immuunosorbent Assay (ELISA) test depends on the
specificity of the interaction between antigen and antibodies. This test very
useful in the detection of viruses and it is usually done in plastic plate
containing wells or depressions. The source of antigens was from plant
leaf.

Double Antibody Sandwich ELISA (DAS) were used for detection of the
virus in tomato samples (Jericho, Jenin, Tubas, Tulkarem, Nablus,
Qalgelia).

The basic principle of ELISA based on freezing the movement of antigen
onto a solid surface or trapping antigen by specific antibodies; and probing
with specific immunoglobulin attached to an enzyme label (Batool et al.,

2011).
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The addition of a suitable substrate is detectable for the positive reaction in
which the enzymes converting the substrate to product that can be

visualized by the color.

2.2.1. Required Materials

The followings were the materials used in this study
e ELISA kit specific to TSWV (Agdia)

e Carbonate Coating Buffer (10X)

e PBST Wash Buffer (Phosphate buffered saline powder containing
Tween 20)

o ECI Buffer (5X)

e PNP Substrate Buffer (5X)

e PNP Substrate Tablets from Agdia (ACC 00404) (5mg for each tablet)
e Tween 20 (polysorbate 20)

e Alkaline Phosphate Enzyme Conjugate

e Capture Antibody

e General Extract Buffer (sample extraction buffer)

e Distilled or purified water

e 96-well microtiter plates (strip or solid)
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e Paper towels

e Micropipette

e Micropipette tips

e Sample grinding device such as; Mortar and pestle
e Airtight container for incubations

2.2.2. Sap Extraction

Tomato leaves from symptomatic and symptomless plants were used for
ELISA test. About 0.35-0.4gm of the leaves were grinded in sterile mortar
and pistil using the grinding buffer (General extraction buffer provided
within the kit as a powder; Tween 20; and distilled water). Plant sap will be

stored on ice for immediate use.
2.2.3. The procedure of double antibody sandwich ELISA (DAS).

In the first step a humid box were prepared by lining an airtight container
with a wet paper towel, this step for preventing evaporation of samples
from the test plate. Carbonate coating buffer with (10X) concentration
diluted with distilled water according to the ratio 1:10 provided on the tube.
The capture antibody diluted with carbonate coating buffer according to the
1:200 ratio. 100 pl of the prepared capture antibody were loaded into each
well of the plate and the plate incubated in a humid box for 4 hours at room

temperature or overnight in the refrigerator (4°C).
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Phosphate Buffered Saline with Tween-20 (PBST) wash buffer of
1Xconcentration were diluted by distilled water, 1 gram of PBST buffer
were added to the 100 ml of distilled water with continuous stirring. Once
the incubation of sample was completed, the plates were washed by using
flipping motion to dump the well into a sink. The wells filled completely
with 1X PBST, this step were repeated 2 more times to remove all excess
liquid. The freshly coated plates were have been used immediately.
A composite of up to ten leaves were used to make testing more

economical. The ten leaves almost weighted between 0.35 to 0.4 grams.

After the weighting of tomato samples the Agdia's general extraction buffer
(GEB) used in order to grind and dilute samples. In this step a sterile
mortar and pestle used to grind the tomato leaves. General Extraction
Buffer (GEB 1X) diluted with D.W and tween-20 were used to grind
tomato leaves. 100 ul of prepared sample was dispensed into sample wells
and the plate was placed inside the humid box and incubated overnight in

the refrigerator (4°C).

The next day beginning by filling the plates completely with 1X PBST for
washing the plate, repeat 7 times and a quick flipping motion were used to
dump the wells into a sink after washing, the frame holed upside down and
taped firmly on a folded paper towel to remove all droplet of wash buffer.
The test wells should be free of plant tissue. If tissue was still presented,
then washing step will be repeated again. ECI buffer, this buffer is most
commonly used to dilute enzyme conjugates. The enzyme conjugate always

prepared within 10 minutes before used. 5X ECI buffer was diluted by D.W
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in the ratio of1:5, then 1 amount of alkaline phosphatase enzyme conjugate
diluted with 200amount of diluted ECI buffer before use. After the addition
of the enzyme conjugate the solution mixed thoroughly. 100 ul of prepared
enzyme conjugate was dispensed per well. The plate was incubated in the

humid box for 2 hours at room temperature.

The PNP solution prepared for the final step. Each PNP tablet (ACC
00404) will make 5 ml of PNP solution, at a concentration of 1 mg/ml,
about enough for five 8-well strips. About 15 minutes before the end of the
above incubation step, 5 ml of room temperature 1X PNP buffer measured
for each tablet. Then, without touching the tablets, the PNP tablets were
added to the buffer. As the pervious washing steps, the plate was washed 8
times with 1X PBST. X. The wells were inspected by looking for the
presence of air bubbles. These were taped firmly on the paper towel to
remove any remaining wash buffer and air bubbles. If air bubbles were still
present, they were broken with a clean pipette tip. 100 pl of PNP substrate
were dispensed into each test well. The plate was incubated for 60 minutes
by aluminum foil to protected from direct or intense light. The result was
examined by eye and also was measured through the plate ELISA reader at

405 nm.
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2.2.4. Buffers formulations (for tomato leaves):

The following Table illustrated the buffers used, their formulations and the

amount provided with the Agdia's kit

Carbonate Coating buffer (1X) | Dissolve in distilled water to 1000
ml:
Sodium carbonate (anhydrous) 159 |g
Sodium bicarbonate 293 | g
Sodium azide 0.2 g
Adjust pH to 9.6 store at 4° C

PBST buffer (Wash buffer) | Dissolve in distilled water to 1000

(AX) ml:
Sodium chloride 8.0 g
Sodium phosphate, dibasic | 1.15 | g
(anhydrous)
Potassium  phosphate, monobasic | 0.2 g
(anhydrous)
Potassium chloride 0.2 g
Tween-20 0.5 g
Adjust pHto 7.5

ECI buffer (1X) Add to 1000 ml 1X PBST:
Bovine serum albumin (BSA) 2.0 g
Polyvinylpyrrolidone (PVP) MW 24- | 20.0 | g
40000
sodium azide 0.2 g
Adjust pH to 7.4 store at 4° C

PNP buffer (1X) Dissolve in 800 ml distilled water:
Magnesium chloride hexahydrate 0.1 g
Sodium azide 0.2 g
Diethanolamine 97.0 | ml
Adjust pH to 9.8 with hydrochloric
acid, Adjust final volume to 1000 ml
with D.W. store at 4° C.

General  Extraction Buffer | Dissolve in 1000 ml of 1X PBST:

(GEB 1X) Sodium sulfite (anhydrous) 1.3 g
Polyvinylpyrrolidone (PVP) MW 24- | 20.0 | g
40000
Sodium azide 0.2 g
Powdered egg (chicken) albumin, | 2.0 g
Grade 11
Tween-20 200 |g
Adjust pH to 7.4 store at 4 ° C.
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Chapter Three
Results and Discussion

Tomato form about 32% of the total vegetable production in Palestine

which produces annually in 204,000 metric tons (PCBS, 2008).

TSWV was considered the largest host-range among plant viruses. In
different world regions, this virus was considered as the most scary plant
virus by farmers of tomato crop. Preventive and integrated cultural
practices such as eradication of weed host; which served as virus
reservoirs, combined with vector management strategies, play a crucial role

in the control of the virus (Parrela et al., 2003).
3.1 Filed Survey and symptoms evaluation

Viral symptoms were appeared in only one field in Qabatya-Jenin
governorate. The infected plants were found exhibiting similar symptoms
with little variations. These symptoms characterized by the regular and
steady ring spots on tomato fruits and leaves (Figure 11). About 17 samples
from 5 different greenhouses were collected (Table 11); four of them were
exhibited the virus symptoms. Depending on symptoms evaluation the
percent of incidence in that only region was almost about 23.5%; but in
respect to all sampling areas, it was equal to 1.72%. This percent of
incidence was confirmed later by serological assay. The symptoms were

pictured as seen in the (Figure 11).






(©)
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Figure 11: Symptoms of TSWV infection which observed in the field, (A) represent the brown

line pattern on tomato veins, (B, C) the brown ring spots on tomato fruits, (D, E) chlorotic,
necrotic spots and malformation on tomato leaves.
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The results from the field surveys showed (23.5%) of viral symptoms in
one region (Qabatya). The symptoms were similar to those of TSWV
disease symptoms. These were observed on two growing tomato varieties
Granada and cluster (lkram), the famous tomato greenhouses grown

varieties in Palestine.

In TSWV management the most effective preventive strategy was the
elimination of weeds; the alternative hosts of the virus (Marchoux et al.,

2000).
3.2 Serological Assays

All collected samples were from symptom and symptomless tomato plants.
Samples were tested serologically for the presence of TSWV by using
Enzyme-Linked Immuunosorbent Assay DAS-ELISA (Agdia Kit). TSWV
had been confirmed in only 3 samples out of 232 tested ones. It was noticed
that the only positive samples were from Qabatya in Jenin. The three
positive samples which were tested by DAS-ELISA were collected from
tomato plants showing viral symptoms similar to TSWV infection

symptoms.

Depending on the positive results, the incidence percent of TSWV was
equal to the positive result in TSWV ELISA test divided by the total

tomato samples were tested, as the following equation:
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% Incidence TSWV = positive tomato sample in ELISA test + total tomato

sample tested x100%

According to that the percent of incidence of TSWV was about 1.29% in

Northern region of the West bank of Palestine.

The existence of TSWV was confirmed by using ELISA kit (Agdia)
because the visual test depending on the symptoms of the virus infection
(yellow, brown ring or other line pattern on the fruits, reduction in growth
in tomato plant and consisted of systemic chlorotic and necrotic spots on
leaves or tip dieback) is insufficient to confirm the present of TSWV

(Mehraban et al., 2005; Sherwood et al., 2009).

The collected samples were from both symptomatic and symptomless
tomato leaves, so that DAS-ELISA important technique to be sure that the

plant infected by Tomato spotted wilt virus.

The virus infection in most cases developed depending on different factors
such as; ecological, environmental factor, and on the virus behavior (the
strain of virus and time of infection). Other factors can be the virus
development in the plant variety and the age of tomato plant (Parrella et al.

2003).

According to the Ministry of Agriculture (personal information) there was
some varieties of tomato plants such as; 554, Just, 026, 593, and Ax64-
782f1; were modified to resist viruses. These modified varieties can be

cultivated in all seasons of the year. Depending on the statistical
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information to the year 2016/2017, agricultural engineerings thinking that
the virus which was spread in all governorates in that year was TSWV.
Hence it is worth to mention, that such kind of conclusion lead to neglect a
large number of tomato fields, due to the undesired symptoms on tomato
fruit. The spread of infection also prompt the farmers to change the crop.
This study was aimed to reveal the real status and incidence of this virus in

the tomato growing fields of Palestine.

All samples were tested by DAS-ELISA which collected from symptoms
and symptomless tomato plant. This technique was reliable and effective in
detection of TSWV. Three positive samples were detected to confirm the

success detection of the virus by this tecniques.

According to a research study in 2012; ten samples of lettuce were reported
infected by TSWV in Jordan (Salem et al., 2012, Anfoka et al., 2006). The
samples were tested by ELISA, where symptoms had been observed on
lettuce crops of the Jordan Valley, reminiscent of those induced by TSWV,

which had already been recorded in Jordan on tomato in 2016.

Although, tomato and pepper in Spain was showed to be infected with
TSWV; using the naturally resistance genes in the wild Solanum and
Capsicum species plant were found the best strategy to control the disease.
A hypersensitive response to TSWV occurs in some accessions of
Capsicum chinense due to the occurrence of a single dominant resistance
Tsw gene that has been flowed in the pepper hybrids, but several factors

can alter the expression of this resistance (Moury et al., 1998). In tomato,
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the resistance gene was found in S. peruvianum and S. pimpinillefolium.
Trials to use it by most breeding programs were showed that some tomato
expressed broad resistance to various TSWYV isolates. This resistance,
conferred by a single dominant gene, Sw-5, that has been introduced into

several Spanish commercial tomato hybrids (Aramburu et al,. 2011).
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Chapter Four

Conclusion and Recommendations

4.1 Conclusion and Recommendations

The result of this study showed the presence of Tomato spotted wilt virus
(TSWV), despite a little positive result that was obtained from this test
compared to the number of samples was tested. This test consider as the
first serological test for detection of TSWV in the West Bank- Palestine.
The three positive sample were found in Jenin governorate mainly in
Qabatya confirm the presence of virus. Also confirm the sensitivity,
reliability, and specificity of direct antibody sandwich enzyme linked
immunosorbent assay (DAS-ELISA) technique in detection of tomato virus

(TSWV).

Finally, depending on this study researcher could use the positive result as

a base to the molecular test.

Looking for virus resistant varieties was recommended, neglect the field
which have this virus and cultivate field by another crop instead tomato
because the virus have an incubation period in soil to be sure that virus

can't make infection at all.

Use this research study as the first step to make molecular test (by using the
positive sample) in order to determine virus molecular characteristic, that
helps the researcher to identify the nature of the virus and thus know how

to eliminate it.



42

Reference

e Anfoka, G.H., Abhary, M. and Stevens, M.R., 2006. Occurrence of
Tomato spotted wilt virus (TSWV) in Jordan. EPPO Bulletin, 36(3),
pp.517-522.

e Aramburu, J., Galipienso, L., Soler, S. and Lopez, C., 2011.
Characterization of Tomato spotted wilt virus isolates that overcome the
Sw-5 resistance gene in tomato and fitness assays. Phytopathologia

Mediterranea, 49(3), pp.342-351.

e Batool, A., Khan, M.A., Farooq, J., Mughal, S.M. and Iftikhar, Y., 2011.
ELISA-based screening of potato germ plasm against potato leaf roll

virus. J. Agric. Res, 49(1), pp.57-63.

e Bhat, A.l, Jain, R.K. and Varma, A., 2001. Tospovirus (es) infecting
grain legumes in Delhi-their identification by serology and nucleic acid

hybridization. Indian Phytopathology, 54(1), pp.112-116.

e Blancard, D., 2012. Tomato diseases: identification, biology and

control:A Colour Handbook. CRC Press.

e Boonham, N., Smith, P., Walsh, K., Tame, J., Morris, J., Spence, N.,
Bennison, J. and Barker, 1., 2002. The detection of Tomato spotted wilt
virus (TSWV) in individual thrips using real time fluorescent RT-PCR
(TagMan). Journal of virological methods, 101(1-2), pp.37-48.



43
e Caprile, J.L., Wunderlich, L.R., Vossen, P.M., Coates, W.W., Andris,
H.L., Varela, L.G. and Bentley, W.J., 2009. Western flower
thrips. Western flower thrips., (3432).

e Cortés, I., Livieratos, 1.C., Derks, A., Peters, D. and Kormelink, R.,
1998. Molecular and serological characterization of Iris yellow spot
virus, a new and distinct tospovirus species. Phytopathology, 88(12),

pp.1276-1282.

e Cortez, I., Saaijer, J., Wongjkaew, K.S., Pereira, A.M., Goldbach, R.,
Peters, D. and Kormelink, R., 2001. Identification and characterization of
a novel tospovirus species using a new RT-PCR approach. Archives of

virology, 146(2), pp.265-278.

e De Haan, P., Kormelink, R., de Oliveira Resende, R., Van Poelwijk, F.,
Peters, D. and Goldbach, R., 1991. Tomato spotted wilt virus L RNA
encodes a putative RNA polymerase. Journal of General Virology, 72(9),

Pp.2207-2216.

e De Haan, P., Wagemakers, L., Peters, D. and Goldbach, R., 1990. The S
RNA segment of tomato spotted wilt virus has an ambisense

character. Journal of General Virology, 71(5), pp.1001-1007.

e EFSA Panel on Plant Health (PLH), 2012. Scientific Opinion on the

pest categorisation of the tospoviruses. Efsa Journal, 10(7), p.2772.



44
e Fukuta, S., Ohishi, K., Yoshida, K., Mizukami, Y., Ishida, A. and Kanbe,
M., 2004. Development of immunocapture reverse transcription loop-
mediated isothermal amplification for the detection of tomato spotted wilt
virus from chrysanthemum. Journal of virological methods, 121(1),

pp.49-55.

e German, T.L., Ullman, D.E. and Moyer, JW., 1992. Tospoviruses:
diagnosis, molecular biology, phylogeny, and vector relationships. Annual

Review of Phytopathology, 30(1), pp.315-348.

e Goldbach, R. and Peters, D., 1994, April. Possible causes of the
emergence of tospovirus diseases. In Seminars in Virology(Vol. 5, No. 2,

pp. 113-120). Academic Press.

e Hamdan, A.J., Alkowni, R. and Amro, S., 2014. Using Molecular and
Biological Tools for Assessment of TYLCV Resistant Tomato Cultivars

Commercially Grown in Southern Palestine.

e Hassani-Mehraban, A., Saaijer, J., Peters, D., Goldbach, R. and
Kormelink, R., 2005. A new tomato-infecting tospovirus from

Iran. Phytopathology, 95(8), pp.852-858.

e Hulo, C., De Castro, E., Masson, P., Bougueleret, L., Bairoch, A.,
Xenarios, I. and Le Mercier, P., 2010. ViralZone: a knowledge resource to
understand virus diversity. Nucleic acids research, 39(suppl_1), pp.D576-

D582.



45
e Jenser, G., Gaborjanyi, R., Szénasi, A., Almasi, A. and Grasselli, M.,
2003.  Significance  of  hibernated  Thripstabaci  Lindeman
(Thysan.,Thripidae) adults in the epidemic of tomato spotted wilt

virus. Journal of applied entomology, 127(1), pp.7-11.

e Karavina, C. and Gubba, A., 2017. Detection and characterization of
Tomato spotted wilt virus infecting field and greenhouse-grown crops in

Zimbabwe. European Journal of Plant Pathology, 149(4), pp.933-944.

e Kormelink, R., De Haan, P., Meurs, C., Peters, D. and Goldbach, R.,
1992. The nucleotide sequence of the M RNA segment of tomato spotted
wilt virus, a bunyavirus with two ambisense RNA segments. Journal of

General Virology, 73(11), pp.2795-2804.

e Kuo, C.G.,, 1996. International Symposium on Tospoviruses and
Thrips of Floral and Vegetable Crops. In International Symposium on
Tospoviruses and Thrips of Floral and Vegetable Crops (1995: T<ai-wan
sheng nungyeh shih yen so). International Society for Horticultural

Science.

e Law, M.D. and Moyer, J.W., 1990. A tomato spotted wilt-like virus with
a serologically distinct N protein. Journal of General Virology. 71(4),

Pp.933-938.

e Marchoux, G., Gebre-Selassie, K. and Villevieille, M., 1991. Detection
of tomato spotted wilt virus and transmission by Frankliniella

occidentalis in France. Plant Pathology, 40(3), pp.347-351.



46
e Mason, G., Roggero, P. and Tavella, L., 2003. Detection of Tomato
spotted wilt virus in its vector Frankliniella occidentalis by reverse
transcription-polymerase  chain  reaction. Journal of  virological

methods, 109(1), pp.69-73.

e McMichael, L.A., Persley, D.M. and Thomas, J.E., 2002. A new
tospovirus serogroup IV species infecting capsicum and tomato in

Queensland, Australia. Australasian Plant Pathology, 31(3), pp.231-239.

e Morales, F.J. and Anderson, P.K., 2001. The emergence and
dissemination of  whitefly-transmitted geminiviruses in  Latin

America. Archives of virology, 146(3), pp.415-441.

e Moury, B., Selassie, K.G., Marchoux, G., Daubéeze, A.M. and Palloix,
A., 1998. High temperature effects on hypersensitive resistance to tomato
spotted wilt tospovirus (TSWV) in pepper (Capsicum chinense
Jacq.). European Journal of Plant Pathology, 104(5), pp.489-498.

e Naidu, R.A. and Hughes, J.D.A., 2003. Methods for the detection of

plant virus diseases. Plant Virology in Sub Saharan Africa, pp.233-253.

e Nagata, T., Inoue-Nagata, A.K., Van Lent, J., Goldbach, R. and Peters,
D., 2002. Factors determining vector competence and specificity for
transmission of Tomato spotted wilt virus.Journal of General

Virology, 83(3), pp.663-671.

e Palestinian Central Bureau of Statistics, 2006. Agricultural Statistics.

Ramallah.



47
e Palestinian Central Bureau of Statistics, 2008. Agricultural Statistics.

Ramallah.

e Palestinian Central Bureau of Statistics, 2009. Agricultural Statistics.

Ramallah.

e Pappu, H.R., Jones, R.A.C. and Jain, R.K., 2009. Global status of
tospovirus epidemics in diverse cropping systems: successes achieved and

challenges ahead. Virus research, 141(2), pp.219-236.

e Pappu, S.S., Bhat, A.l., Pappu, H.R., Deom, C.M. and Culbreath, A.K.,
2000. Phylogenetic studies of tospoviruses (Family: Bunyaviridae) based

on intergenic region sequences of small and medium genomic

RNAs. Archives of virology, 145(5), pp.1035-1045.

e Parrella, G., Gognalons, P., Gebre-Selassie, K., Vovlas, C. and
Marchoux, G., 2003. An update of the host range of Tomato spotted wilt
virus. Journal of Plant Pathology, pp.227-264.

e Reddy, D.V.R., Sudharshana, M.R., Ratna, A.S., Reddy, A.S., Amin,
P.W., Kumar, I.K. and Murthy, A.K., 1991. The occurrence of yellow spot
virus, a member of tomato spotted wilt virus group, on peanut. (Arach is

hypogaea L) in India.

e Roger, H., 2002. Matthews" plant virology. New York: Academic.

e Roselld, S., Diez, M.J. and Nuez, F., 1996. Viral diseases causing the
greatest economic losses to the tomato crop. 1.The Tomato spotted wilt

virus—a review. Scientia Horticulturae, 67(3-4), pp.117-150.



48
e Rotenberg, D., Krishna Kumar, N.K., Ullman, D.E., Montero-Astua, M.,
Willis, D.K., German, T.L. and Whitfield, A.E., 2009. Variation in
Tomato spotted wilt virus titer in Frankliniella occidentalis and its
association with frequency of transmission. Phytopathology, 99(4),

pp.404-410.

e Salem, N.M., Mansour, A. and Badwan, H., 2012. Identification and
partial characterization of Tomato spotted wilt virus on lettuce in

Jordan. Journal of Plant Pathology, 94(2), pp.431-435.

e Sawalha, H., 2009. Occurrence of Tomato Yellow Leaf Curl Virus on
Volunteer Tomato, Jimsonweed, and Tobacco in North West Bank:
Distribution of Virus Natural Reservoirs in Summer Season. J. Res.(N.

Sc.), 23, pp.74-90.

e Sawalha, H., 2011. Occurrence and prevalence of four viruses
infecting tomatoes in northern districts of West Bank, Palestinian

territories. BioTechnol Indian J.

e Sevik, M.A. and Arli-Sokmen, M., 2012. Estimation of the effect of
Tomato spotted wilt virus (TSWV) infection on some yield components of

tomato. Phytoparasitica, 40(1), pp.87-93.

e Sherwood, J.L., German, T.L., Moyer, JW. and Ullman, D.E., 2009.

Tomato spotted wilt virus. Tomato spotted wilt virus J.

e Strange, R.N., 2006. Introduction to plant pathology. John Wiley &

Sons.



49
e Takeda, A., Sugiyama, K., Nagano, H., Mori, M., Kaido, M., Mise, K.,
Tsuda, S. and Okuno, T., 2002. Identification of a novel RNA silencing
suppressor, NSs protein of Tomato spotted wilt virus. FEBS letters, 532(1-
2), pp.75-79.

e TSUDA, S., FUJISAWA, |., HANADA, K., HIDAKA, S., HIGO, K.,
KAMEYA-IWAKI, M. and TOMARU, K., 1994. Detection of tomato
spotted wilt virus S RNA in individual thrips by reverse transcription and
polymerase chain reaction. Japanese Journal of Phytopathology, 60(1),

pp.99-103.

e vanPoelwuk, F., Boye, K., Oosterling, R., Peters, D. and Goldbach, R.,
1993. Detection of the L protein of tomato spotted wilt
virus. Virology, 197(1), pp.468-470.

e Willcox, J.K., Catignani, G.L. and Lazarus, S., 2003. Tomatoes and

cardiovascular health.



Aihagl) ¢ ladl) daaly

Ldad) bl 408

G &) ugligasill (g (8 ((raall) sl gl i)
A pd) ddal) B 3, gaiyl

Aas)

graa okl cud AN

il

sl adly L

asial) maliy A iualdl dap o Jsand) cilibial YiaSiul dag b sda i
Obaali— ol Ayl gl) 7 Lail) daaly cltad) ciluapal) 4088 Aglal)
2018



-

Addal) 5y gail) s 53 Lugnlisusil) Gugsd 08 (leaal)) (aglammd) Ciisl)
Al

e

Graa aild el Al

e vl Gl gl WS L ophald 6 Jealad)l edl e aals gpend) Gl e

calalalall Jualaal sperall (V) ST (e aals Jadgall Joudll ug b aay G ciliaadll

cabaleball Jualae e 58 Gl jileds dapes sl Cigan oy Sl

) Bl ol b ol ey el dms 0 IS ) Al bl Ciagd
By ¥ el

amisall DA @llyg dppall diall Jled dibiae Lphulh (e e 432232 )l Lo gen
cshaall aglyyd

Jsis & dualad) e abelsae apny Byl shlaball Jgial dplpall mgud) DA e

Aaply iy a)Slghs 4dals ubishy el

el o LS cdatiad) Laglaall ff dad) clalall ST haa¥) (el GhY) Je cujela
Dl e ol dane o Apaall aad) Cipels load palll gkl agle dhaay clal)

-3y



a
colalalall Jad iy Jond (g 2 o ise Jumdl Gyagially daliiiall Gahel) oda aaig

a0 it Al odas %1.27 () e g pail) i) das of Canl) 138 jelal Cua
JU P e aly Blar o Al 8Lyl JEY) 4iSay ugyil) oY @llyg laally

cosill s 4n palall
Lo ll o glia alalakall (e Cilial sk e Gl 13 DA e s

By oY Clandi 8 agall syl 138 2sms CUBY W ashall ) Vg






