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Abstract: Tomato Yellow Leaf Curl virus (TYLCV-Eg) was isolated from whiteflies-infected
tomato (Lycopersicon esculentum cv.Castle rock) plants growing in Nubaria and El-Behera
Governorate. The infected plants exhibited systemic viral symptoms in the form of sever leaf
curling, leaf crinkle with marginal yellowing, stem upright, twisted and stunted. TYLCV-Eg
reacted positively with polyclonal antibodies specific to TYLCV using DAS-ELISA. It was
transmitted by both syringe injection and whiteflies with transmission efficiency of about 80% and
100%, respectively. TYLCV-Eg isolate was transmitted to different species belonging to families
Cucurbitaceae, Fabaceae, Solanaceae and Chenopodiaceae. TYLCV had TIP of 70°C, DEP of
107 and LIV of about 6 days. Electron micrograph of the partially purified TYLCV revealed the
presence of monomer and dimmer gemini particles with dimensions of 22 nm and 20 x 30 nm to
24 x 30 nm, respectively when negatively stained with uranyl acetate. Using degenerate
oligonucleotide primers, the viral coat protein gene was amplified successfully by PCR, producing
~ 500 bp fragment from tomato infected plants. The viral genome was detected by specific DNA
probe using dot blot hybridization technique. Comparative nucleotide sequence analysis showed a
similarity of 98% between TYLCV-Eg and other isolates.

Key words: TYLCV-EG, DAS-ELISA, PCR, Dot-blot hybridization, and Nucleotide sequence
4 paall Al jal) — alalalall 30 5 9) ) iual g dmad gl Sl Clua gill g iy il
a5 laaa) ariallae jlatil Talea allae aludy) Zzaaal) UL se AA Tarillae b pleud
M aillae el

jomadi (e drala ¢ 4810 A0S ¢ oo g pSaall anid ? ) gl daala ¢ glal) A8 (> hamgSual) g L) !
Aslaal) ¢ Ay gaad) A8 ad ¢ Ciillal) dnala 45 jeaa cdne )30 igad) 38 e ¢ clilll ) el oy dgas ¢ u g al) and®
aga gl Ay )

iy A il il il sl aal Allalall 31y ) jial s dand Gug b i yads Je Al ) el e padlal)
Calsa slsilly Bl Gl ieals axad JSE 8 s e A lead) Do gl al oY) Cjela By 5 eliandl 4LA
el 5 LAl peme 4 seans 5ol ALl ililae b de i) ableball il a8 Gl ol 55 G15Y)
oe Sl gpecific polyclonal antibodies duawaiill sasaiall sabaal) slua¥l aladiuly syl Jad 3, gl
Ll 5 Cimally UWSilSn Jiiy 0 (a0 s il O () sl pal) )il 285 DAS-ELISA s sl sl 48 plally (s il
s ol f Al pal) Comam gl 85 sl e 961005 %680 (o i 3eliSy sl AL 5 50a Gask e
Al Al a8 (e s pal) Al 3l Gl A1 A a5 Anaan )y 15 ALl A 81, e AN BUlall aals Adliss Al ) 53l
107 o saadl Gilaal) e 5,080 s2883 3l Gandasll ks 370°0C (oo adalial ddadiall 5 jall s yn of s
Gl dsmy oy AN oSy Saally el el 85 ol e 5 520 48 a1 551 An o (3 L sl gulaiay IS
A By it lia die Mgl o jie il 24 X 30 ) i sili 20 X 30 5 e sili 22 Waabad dnal 5i5 03 5a
GO G (e s 5m il @ sl st iyl GO el Aacadidll sl Aladtuly 5 AL il 5
leeas DNA sl paesll 0o dad e Jgmall a3y PCR Judutiall 5 5ald) Jelés 4585 JMS e zlads (Aol
e Al 5 laall Ll (B s 5l @ siad) o RIS 5 S5 Aall aliladall GlLS (e 525 5418 55 500 (s>
(s salS saill i) 43l 45 )80 A 25 Dot blot hybridization (i) Gasgdl) 48 )k aladiuls DNA (30 paaidia
Y e Ga e 5 Ay yradd) Ajall G %698 N Jeay Lt il & jgldal, (6 AN Y Sl e Ayl (a5 sl A 3ol

ol s

* Corresponding Author, Email: hayamabdelkader68@yahoo.com
Received 28 November 2009; Revised 30 May 2011; Accepted 30 May 2011

355



Asmaa F. Abd El-Monem et al.

Introduction

Tomato Yellow Leaf Curl virus (TYLCV)
belongs to genus begomovirus of family
Geminiviridae. TYLCV is a severe viral
disease of tomato (Lycopersicon esculentum)
in Egypt. The first report of damage caused by
this virus were from Israel in the late of 1930
and tomato plantings in the Middle East
countries have been severely affected since
1960 (Czosnek and Laterrot, 1997). TYLCV
disease has emerged in countries around Nile
and Mediterranean Basins in the last 20 years
(Fauquet et al., 2005). Moustafa (1991)
recorded that 100% of the fall- grown tomato
plants are usually infected with TYLCV and
production losses may reach 80%.

The symptoms of disease become visible
in tomato 2-3 weeks after infection and consist
of wupward curling of leaflet margins,
yellowing of young leaves and abortion of
flowers. Those leaflets that appear soon after
inoculation are cupped down and inwards.
Infected plants are severely stunted and
resulting decrease of plant growth reduces
total yield (Sinisterra et al., 2000; Sider et al.,
2001; Gafni, 2003; Crescenzi et al., 2004).

The morphology of geminivirus particles
is unique and they are characterized by twin
icosaheaderal capsid approximately 20%30 nm
in size encapsidating a single molecule of
covalently closed circular single stranded
DNA (ssDNA) genomes of 2500 to 3000 bp
that replicate in the nuclei of the infected cells
via a double stranded DNA (dsDNA)
intermediate (Harrison and Robinson, 1999;
Varma and Malathi, 2003).

Polymerase chain reaction (PCR) using
specific or degenerate primers have proved to
be a rapid, accurate and efficient method of
detecting and determining genetic diversity
among geminiviruses (Aref et al., 1994).
Sequencing of PCR fragments has contributed
to the classification and phylogeny of
geminiviruses (Rojas, 1992). The DNA
genome of geminiviruses can be easily
detected by nucleic acid hybridization
visualizing geminiviral DNA-labeled
digoxigenin probes (Gilbertson et al., 1991).
This paper aimed to isolate, identify and
characterize the tomato yellow leaf curl virus
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which is prevalent in Egypt (Nubaria and El-
Behera Governorates.

Materials and Methods
Source of the virus isolate

About ninety samples of naturally
infected tomato (Lycopersicon esculentum cv.
Castle rock) plants showing symptoms
suspected to TYLCV was collected from
Nubaria and  El-Behera  Governorate.
Collected samples were detected for the
presence of TYLCV serologically by using
double antibody sandwich enzyme linked
immunosorbent assay (DAS-ELISA) as
described by (Clark and Adams, 1977) using
TYLCV specific polyclonal antibodies
(LOEWE Biochemica, GmbH, DSMZ,
Germany).

Isolation and Propagation of TYLCV

The infected plants which gave positive
results with DAS-ELISA were used as a
source of the TYLCV under study. The virus
isolate was inoculated on healthy tomato cv.
Super marmand plants using virus free
whiteflies, Bemisia tabaci biotype B. Insect
inoculated plants were kept in insect-proof
cages under greenhouse conditions at the
faculty of Agriculture, Ain Shams University
for 3-6 weeks. The new symptoms appeared
similar to the original symptoms were
examined by dot blot hybridization to confirm
the existence of the original virus isolate.

Biological characteristics
Mode of transmission
Syringe injection

Healthy tomato plants cv.super marmand
were inoculated by syringes using infected
tomato sap according to (Allam et al., 1994).
The inoculated plants as well as uninoculated
ones were kept under greenhouse conditions
and symptoms were observed daily up to 60
days. Syringe transmission efficiency was
recorded as a number of infected plants / total
number of inoculated plants.

Insect transmission

Whiteflies Bemisia tabaci biotype B
belongs to family Aleroididae were collected
from tomato plants grown in open fields and
identified by the Department of Plant
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Protection, Faculty of Agriculture, Ain Shams
University. Virus-free whiteflies were used as
vectors in transmission experiment and insect
transmission was done as previously
described by (Ghanem et al., 2001). About
twenty insects allowed feed on infected
tomato cv.super marmand plants in insect
proof cages. After 24 hrs acquisition access
period, the insect allow to feed for 72 hrs on
healthy tomato plants then the whiteflies were
removed by spraying the tomato plants by
0.5% selecron and left for symptoms
development. Insect inoculated plants were
observed daily for a period of about 60 days.
Insect transmission efficiency was recorded
as number of infected plants / total number of
inoculated plants.  The experiment was
repeated four times.

Host range and symptomology

Nineteen species and varieties belonging
to six families (Solanaeae, Cucurbitaceae,
Leguminosae, Chenopodiaceae, Compositae
and Graminae) were inoculated with the
studied virus isolate under greenhouse
conditions. External symptoms were observed
for a long period of time (up to 60 days) and
confirmed by ELISA and dot blot
hybridization assay.

Stability of virus isolate

Thermal Inactivation Point, Dilution
End point and aging of TYLCV was
performed on healthy L. esculentum cv. super
marmand by using infectious crude sap
obtained from infected tomato plants. The
injected  seedlings were kept under
greenhouse conditions and observed daily up
to 60 days for symptoms development.
Stability of TYLCV was recorded as
number of infected plants / total number of
inoculated plants.

Morphological characteristics

Partially purified suspension of TYLCV
was prepared according to (Black et al., 1963)
and examined by electron microscope at the
Electron Microscope Unit, National Research
Center, Dokki, using negative staining (2%
Uranyle acetate pH 7.0) technique as
described by (Noordam, 1973).
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Observation of molecular characters
Extraction of Viral DNA

Genomic DNA was extracted from
TYLCV infected L. esculentum plants using
cetyl trimethyl ammonium bromide method
(CTAB) as described by (Gibbs and
Mackenzie, 1997). Samples were prepared by
grinding 50-100 mg fresh leaf tissue
homogenized in liquid nitrogen to a fine
powder and 500 pl of CTAB buffer was added
to the powdered leaves. The mixture was
centrifuged for 5-10min. Supernatant was
removed and 600 pl of CTAB buffer was
added. The mixture was incubated at 60°C for
20 min. with gentle agitation. After the
solution has cooled down, an equal volume of
chloroform : isoamylalcohol were added. The
tubes were centrifuged at 3,000 rpm for 25
min at 10°C. The upper aqueous phase was
transferred to a fresh tube and re-extracted
with 2 ml of 10% CTAB and the mixture was
incubated at 65°C. Chloroform: isoamyl-
alcohol extraction was repeated and the
mixture was centrifuged at 3,000 rpm at 10°C
for 25 min. 2/3 volume isopropanol was added
to the upper supernatant phase in a fresh tube.
The DNA was collected by centrifugation at
10,000 rpm for 20 min. The liquid was drained
carefully and the DNA pellets were washed
with 70% ethanol and the tubes were
centrifuged at 5,000 rpm for 5 min. DNA
pellets were dried and re-suspended in 200 pl
TE buffer. Four ul RNase A (10mg/ml) was
added and incubated at 65°C for 1 hour. The
DNA was precipitated again by adding 0.1
volume 3M sodium acetate and 0.7 volume
isopropanol and left overnight at 4°C. The
tubes were centrifuged at maximum speed for
15 min at 4°C and the DNA pellets were
washed with 500ul 70% ethanol, centrifuged
for 5 min. then air dried and resuspended in
20ul of deionized, sterile and dist. H;O. The
nucleic acid was stored at -20°C.

Oligonucleotide primers

The oligonucleotide primers used to
amplify the coat protein gene of TYLCV was
commercially obtained from Operon, (Qiagen
Company, 1000 Atlantic Avenue, Suite 108. A
lameda, CA., 94501). Oligonucleotide
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degenerate primers were selected according to
(Brown et al., 2001). V324 (+) primer
corresponding to 5' GCC YAT RTA YAG
RAA GCC MAG 3' and C889 (-) primer
corresponding to 5' GGR TTD GAR GCA
TGH GTA CAT G 3'.

PCR amplification

PCR reaction mixture of 2.5 pl (200 ng)
of extracted DNA, 10 mM of each dNTPs (0.5
pl), 1 pl of 25 pmole from each amplification
primer, 2.5 pl of 10X PCR buffer with 1.5mM
MgCl, and 0.5 pl Tag DNA polymerase
(Roche). The amplification reaction was
carried out in a total volume of 25 ul using
PCR thermal cycler, UNOII from Biometra
and using 0.2 ml micro Amp PCR tubes with
denaturation at 94°C for 30 sec, annealing at
50°C for 45 sec, and extension at 72°C for 1
min. A single tailing cycle of long extension
at 72°C for 7 min was carried out in order to
ensure flush ends on the DNA molecules.
Finally, the amplification reactions were hold
at 4°C. The amplified DNA was
electrophoresed on 1% agarose gel and
photographed using gel documentation system
from UVP-CCD Camera, Laboratory products,

Epichemi, 11 Darkroom, 3 uv

Transilluminator, Pharmacia.

Dot Blot Hybridization Assay
Digoxigenin-11-dUTP-labeled DNA

probe, corresponding to TYLCV/CPs were
prepared by using 10X DNA Ilabeling
nucleotide mix (Roche, Boehringer
Mannheim, Indianapolis). Digogxigenin-11-
dUTP nucleotide mix was incorporated into
the PCR cocktail instead of the normal
nucleotide mix using the protocol described
under the technical bulletin (Roche,
Boehringer Mannheim, Indianapolis).
Non-radioactive DNA hybridization was
used to detect TYLCV-DNA in infected plant
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tissues with typical symptoms of TYLCV
and/or without symptoms. The nucleic acid of
infected samples was extracted as described by
Loebenstein et al. (1997) and 5 pl of each
extract was spotted directly on the
nitrocellulose membrane. The DNA was fixed
on the membranes by ultraviolet (U.V) cross
linked for 3 min.

Membrane was subjected to hybridization
according to Boehringer Mannheim corp.
protocol. The prehybridization, hybridization,
and colorimetric detection procedures were
carried out according to the protocol described
by "Genius II DNA labeling and detection kit"
(Boehringer Mannheim IN).

Automated DNA Sequencing

The resulting PCR product of TYLCV was
purified by using GFX column and Gel Band
purification kit (Amersham pharmacia
Biotech, GmbH, Germany). The TYLCV coat
protein genes (~360 bp) were sequenced on
one direction using V324 (+) primer. The
sequence was carried out using ABI PRISM
model 310, version 5.3.1 at gene analysis unit,
VACSERA, Cairo, Egypt. Nucleotide
sequence analyses were performed using the
published nucleotide sequences of TYLCV
coat protein genes from GenBank.

Results

Field inspection and serological detection
Whiteflies-infected tomato plants with
TYLCV showed viral symptoms of sever leaf
curling, leaf crinkle with marginal yellowing,
stem upright, twisted and stunted. All samples
gave positive reactions and were susceptible to
tomato yellow leaf curl viral infection with
different degrees of disease severity. These
results indicated that the incidence of TYLCV
in El Behera Governorate was 100% (Table 1).
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Table 1. Detection of TYLCYV in different samples of naturally infected tomato
cv. Castle rock plants by DAS-ELISA using specific polyclonal antibody.

ELISA-reading

Location Symptoms (0.D) Reactivity
LC.MY, SU, S 2.08 ++
LC, MY 1.953 ++
LC, MY,ST, S 2.317 ++
LC, MY 1.468 ++
LK 0.142 +
0 LC, MY 0.149 +
g LC, MY 0.226 +
£ LC, MY 0.133 +
g2 LC, MY 0.123 +
_§ ©) LK, MY 0.123 +
Z g LC, MY 0.133 +
S LC, MY 0.185 +
A LC, MY, ST, S 2.423 ++
S LC, MY 0.135 +
LK, MY 0.105 +
LC, MY 0.109 +
LC, MY 0.122 +
LC, MY 0.164 +
LC, MY 2.375 ++

0O.D= Optical density, LC=leaf curling, LK=leaf crinkle, MY=marginal yellowing, SU=stem upright, ST=stem twisting,

S=stunting. Negative control=0.011, positive control=3.18, + Weak positive reaction, ++strong positive reaction

Isolation and propagation of virus isolate
TYLCV was isolated and propagated on
healthy tomato plants cv. super marmand from
the selected ELISA positive tomato samples
by whitefly (B. tabaci biotype B) transmission.

After 3-5 weeks, typical external symptoms of
leaf curling, leaf crinkle with marginal
yellowing produced till it gives deformation
and stunted plant growth after 5-6 weeks from
insect inoculation (Figure 1).

Figure 1. Symptoms of TYLCYV on L. esculentum cv. Super marmand whitefly
inoculated showing Leaf curling and leaf crinkle (A), Cup shape leaves (B). Leaf
curling, yellowing and stem upright and stunted plant growth (C).
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Table 2. Mode of transmission of TYLCV.

Virus  Transmission Symptoms Incubation A/B % Virus
isolate mode period transmission
(Weeks) efficiency
leaf curling and leaf
Syringe crinkle 2-4 16/20  80%
Injection Marginal yellowing 4-8
TYLC and stunting
\Y%
whitefly leaf curling 3-5
(B. tabaci biotype = Marginal 5-6 20/20  100%
B) yellowing, stem

twisting and
stunting.

A/B=Number of infected plants / total number of inoculated plants. Each experiment was repeated for four times.

Biological characters of virus isolate
Mode of transmission

Results in table 2 showed that both syringe
and whitefly inoculation methods transmitted
TYLCV from infected tomato plants cv.super
marmand to healthy ones but the efficiency of
whitefly transmission was higher than the
efficiency of syringe injection.

In case of syringe injection, symptoms of
leaf crinkle and leaf curling were first
developed after 2-4 weeks till it gives marginal
yellowing and stunting of tomato plants after 4-
8 weeks while in case of whitefly (B. tabaci
biotype B) transmission, leaf curling with
marginal yellowing were first developed after
3-5 weeks till it gives cup shape leaves, stem
twisted and sever stunting after 5-6 weeks at
28-30°C under greenhouse. In addition, virus
transmission efficiency in case of syringe
injection was 80% while in case of whitefly (B.
tabaci biotype B) transmission was 100%.

Host range and Symptomology

Results showed that TYLCV isolate
infected large number of species from family
Solanaceae. In addition, TYLCV infected a
few species of family Cucurbitaceae, Fabaceae
and Chenopodiaceae. On the other hand, no
symptoms were observed on Compositae and
Graminae.

Table 3 shows the different symptoms
produced on the different plant species when
inoculated with TYLCV by both syringe
injection and whitefly (B. tabaci biotype B)
transmission.
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Virus stability

Results indicated that TYLCV isolate
under test was completely inactivated in
undiluted crude sap of infected squash leaves
at 70°C, inactivated when diluted to 107 and
completely inactivated after storage after 6
days at room temperature (25-28°C).

Morphology of virus particles

Electron microscopic examination of
partially purified preparation of TYLCV
revealed the presence of isometric and
pentagonal, with single and paired Gemini
virus, (monomers and dimmers) with

dimension of 22nm and 20 % 30nm to 24x30
nm, respectively when negatively stained with
2% Uranyl acetate pH 7.0 (Figure 2).

Pk 4N

.’,A\ f "-.:-

’ R
“’. ’, V. P .7"
A
X N
" O Py ‘g“v -

Figure 2. Electron micrographs showing the
partially purified Tomato yellow leaf curl
gemiviruse negatively stained with 2% Uranyl
acetate, Bar represents 100 nm.
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Table 3. Host range of TYLCYV as determined by syringe injection and whitefly (B. tabaci)
transmission. Presence of virus was confirmed by DAS-ELISA and DNA hybridization.

Syringe injection

Whitefly inoculation

Host plants
Symptoms 0.D. D.B.H Symptoms O.D. D.B
. H.
Solanaceae
L. esculentum LK, LC,MY, SU,S 3.950 ++ LK ,LC, MY,SU, 1940 ++
cv. super marmand LK.M S
C. annum cv. Chilli LK.,E, M,S 0.582 + Lk, M,S 0.548 +
D. stramonium Mild LK 2.083 ++ LK,E.M,S 1.966  ++
D. metel LC,R,B,M,S 0.682 + Mild LK 0.500 +
N. glutinosa 0) 1.885 ++ B 0.796  ++
N. rustica VC 0.204 -ve 0) 0222  -ve
N. tabacum vC (Na) (Na) 0) (Na) (Na)
cv. whiteBurley 0.510 + VC 0.644 +
Samson 0.488 + VC 0.500 +
Mild LK
Cucurbitaceae (0)
C. pepo cv. Eskandrani. (0) 1.200 + Mild LK 0.506 +
C. maxima 0.274 -ve (0) 0.157 -ve
C. sativus 0.210 -ve (0) 0232 -ve
LK.M
Fabaceae LC,RNM,VC
P. vulgaris 0) 0.844 ++ LK,N,M 0.570 ++
G. max 0 2.516 ++ LC,R 1.500 ++
P.sativum 0.242 -ve (0) 0.234  -ve
V. faba 0) 0.224 -ve 0) 0.250 -ve
LC,E (Na) (Na) 0) (Na) (Na)
Chenopodiaceae
Ch. amaranticcolor 0.252 -ve -ve 0.250  -ve
B. vulgaris (0) 0.538 + LC 0490 +
Gramineae
Z. mays 0) 0.238 -ve -ve 0.790  -ve
Compositae
L. sativa 0.254 -ve -ve 0200 -ve

O.D.=optical density ,D.B.H=dot blot hybridization, LK=leaf crinkle ,

LC=leaf curling, MY=marginal yellowing, SU, stem upright, S=stunting, E=epinosity,

M=malformation, R=rugosity, B=blistering, VC=vein clearing, NM=net mosaic , N= necrosis. Negative control of sap inoculation=0.149, negative control of whitefly

transmission=0.139, ++= strong positive reaction,+= weak positive reaction, -ve = negative reaction, (0) symptomless, and (Na)= not applicable .

Molecular characterization of virus isolate
TYLCV DNA prepared from infected
tomato plants were amplified by PCR using
the oligonucleotides V324 (+) and C889 (-) as
PCR primers. The size of the PCR product of
coat protein gene (CP) amplified from infected
tomato plants was estimated by comparing its
electrophoretic mobility with those of standard
DNA marker as shown in figure 3. The
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amplified DNAs were in the expected size
calculated (~500 bp) from the positions of the
primers. The authenticity of the resulting PCR
products were verified by direct DNA
sequencing after purification of the DNA
fragments from agarose gel using rapid and
efficient gel purification kit from Amersham
Pharmaia Biotech, GmbH, Germany.
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Figure 3. 1.5% agarose gel electrophoresis showing the PCR products of TYLCYV coat protein gene
using begomoviruses specific primers V324 (+) & C889 (-).

Genomic DNAs were extracted from naturally infected tomato leaves (T1) and syringe injected tomato plants (T2). The arrow pointed to the amplified PCR products (~500

bp) (Lanes 1 to 2). M: Molecular weight DNA marker (100 bp ladder, BRL). —ve: negative control (No DNA template).

Dot blot hybridization assay

Membrane  hybridization results of
TYLCV infected plants showed that L.
esculentum, D. stramonium, N. glutinosa, P.
vulgaris and G. max gave a strong positive
reaction while C. annum, D.metel, N. tobacum

55 % JPPE
9

IS *0 *o ol

4*3

cv. whiteberly, N. tobacum cv. samson, C.
pepo and B. vulgaris gave a mild positive
reaction. On the other hand, N. rustica C.
maxima, C. sativus, P. sativum, V. faba, Ch.
amaranticolor, Z. mays and L. sativa gave
negative reaction (Figure 4).

L 3

ol |

g =

Figure 4. Dot blot hybridization of syringe and whitefly inoculated plants using TYLCV- DNA probe.

Sequence analysis of TYLCV/CP genes

A multiple sequence alignment of
TYLCV/Cp nucleotide sequence (current study)
was carried out with four TYLCV sequences

published in the GenBank. Sequence comparison
showed that TYLCV/Cp of the current study had
sequence homology of about 98% with other
TYLCV isolates (Figure 5A and B).
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Figure 5 (A & B). Multiple sequence alignment and homology tree of CP gene of TYLCYV isolates.

Accession numbers indicated above were as following: TYLCV-current study, AY594174 (TYLCV- Egyptian isolate) reported by Abhary et al. (2006). EF107520
(TYLCV-Nob) reported by Abdallah et al. (2000), EU635776 (TYLCV Iranian isolate) reported by Fazeli et al. (2009), FJ030876 (TYLCV - H11) reported by Abdel-Salam

and Rehman (2008). Scale represents percent homology.
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Discussion

The present study demonstrates the
identification of Tomato Yellow Leaf curl virus
(Egyptian isolate) through biological and
molecular studies.

Tomato plants infected with TYLCV
showed viral symptoms of sever leaf curling,
leaf crinkle with marginal yellowing, stem
upright, twisted and stunted as reported by
many investigators (Czosnek and Laterrot,
1997; Sinisterra et al., 2000; Sider et al., 2001;
Polston et al., 2002; Gafni, 2003; Crescenzi et
al., 2004; Ajlan et al., 2006; Zambrano et al.,
2007). All samples collected from Nubaria, El-
Behera Governorate gave positive reaction and
the incidence of TYLCV in was 100%. This
results indicated that the presence of high

population of whiteflies that transmitted
TYLCV efficiently.
DAS-ELISA wusing TYLCV antiserum

confirmed the identity of the isolated TYLCV
from tomato plants. This result was in
agreement with other investigation (Abouzid
et al.,, 2002). High ELISA readings indicated
that high specificity between antibody and
virus coat protein as well as high virus
concentration in naturally infected tomato

plants.
Tomato (L. esculentum) used as
propagative hosts for TYLCV, systemic

symptoms produced firstly after 3-5 weeks in
the form of typical external symptoms of leaf
curling, leaf crinkle with marginal yellowing
produced till it gives deformation and stunted
plant growth after 5-6 weeks from insect
inoculation. These results are in agreement
with that obtained by (Abdel Salam 1991b;
Allam et al. (1994) and El-Dougdoug and Aref
(1996) while Ioannou (1985) and Credi et al.
(1989) reported that first TYLCV symptoms
on tomato plants appear 2-4 weeks after
inoculation and become fully developed after a
period of up to 2 months.

TYLCV was sap-transmitted by syringe
injection as described by (Allam et al., 1994).
Insect transmission by the whitefly Bemisia
tabaci, which is an insect of the family
Aleyrodidae, order Homoptera, clearly
demonstrated that TYLCV successfully
transmitted persistently by this insects. These
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results are in agreement with that obtained by
(Ghanem et al., 2001; Idris et al., 2001; Brown
and Czosnek, 2002).

TYLCV infected L. esculentum cv. Super
marmand, C. annum cv. Chili, D. stramonium,
D. metel, N. glutinosa, N. tabacum cv.
whiteberly and N. tabacum cv. samson
belonging to family Solanaceae, C. pepo cv.
Eskandrani, belonging to family
Cucurbitaceae. G. max and P. vulgaris
belonging to family Fabaceae and B. vulgaris
belonging to family Chenopodiacea and not
reacted systemically with N. rustica belonging
to family Solanaceae, C. maxima and C.
sativus belonging to family Cucurbitaceae, P.
sativum and V. faba belonging to family
Fabaceae, Ch. amaranticolor belonging to
family Chenopodiaceae and L. sativa
belonging to family Compositae and Z. may
belonging to family Gramineae. These results
were in agreement with that of many
investigators (Allam et al., 1994; ElI-
Dougdoug and Aref, 1996; Youssef, 1998;
Ajlan et al., 2006) and not agreed with that
obtained by Nakhla et al. (1978), Brunt et al.
(1990) and Abdel-Salam (1991b).

TYLCYV isolate have thermal inactivation
point 70°C which were not agreed with
(Abdel-Salam 1991a) results, Dilution End
Point 107 -10"® which agreed with Allam et al.
(1994) and not agreed with Abdel-Salam
(1991a) results and was completely inactivated
after 6 days at room temperature (25-28 °C)
which were also not agreed with Abdel-Salam
(1991a).

The examination with the electron
microscope of the isolated virus particle
revealed the presence of isometric and
pentagonal in shape, with single and paired
Gemini virus, (monomers and dimmers) with
dimension of 22 nm and 20 x 30 nm to
24X30nm respectively, when negatively
stained with 2% Uranyl acetate pH 7.0. These
results were similar with that obtained by
Abdel-Salam (1991a), Lazarwaitz (1992),
Argiiello-Astorga et al. (1994), El-Dougdoug
et al. (1996), Harrison and Robinson (1999),
Varma and Molathi (2003) and Ajlan et al.
(2006).
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To study the molecular characters of the
isolated virus, purified TYLCV-DNA was used
in PCR was performed using degenerate
oligonucleotide primers V324 (+) and C889 (-)
as reported by Brown et al. (2001). The size of
the PCR product of coat protein gene (CP)
amplified from naturally infected tomato plants
was (~500 bp).

Non-radioactive =~ DNA  hybridization
method using Digoxigenin-11-dUTP-labeled
DNA probe, corresponding to TYLCV/CPs
was used to detect TYLCV in infected
samples. The Dig-labelled probe was capable
of detecting TYLCV-DNA with different
degrees of sensitivity.

Partial nucleotide sequence (~360 nt) of
TYLCV-CP-EG of the current study was
aligned with other published CP sequences of
TYLCV as shown in figure SA. TYLCV-CP
was found to display 95.6% sequence
homology with EF107520 (TYLCV-Nob)
reported by Abdallah et al. (2000), 92.4% with
AY594174 (TYLCV- Egyptian isolate)
reported by Abhary et al. (2006), 88.7% with
FJ030876 (TYLCYV - H11) reported by Abdel-
Salam and Rehman (2008), 90.0% with
EU635776 (TYLCV Iranian isolate) reported
by Fazeli et al. (2009). Multiple sequencing
alignments were generated using (DNAMAN
V 5.2.9 package, Madison, Wisconsin, USA).
The homology tree of TYLCV-EG presented
in figure 5B. revealed high degree of similarity
(~98%) of TYLCV-eg with other four TYLCV
isolates.

Conclusions

The host range of TYLCV includes several
solanaceous and cucurbitaceous plants with
economically important crop plants as sweet
pepper, common weeds such as Datura
stramonium and Cucurbita pepo. TYLCV
transmission efficiency in case of syringe
injection was 80% while in case of whitefly
(B. tabaci biotype B) transmission was 100%.
Based on NASH technique TYLCV infected
tomato, and D. stramonium, gave a strong
positive reaction while C. annum, and D.
metel, gave a mild positive reaction. On the
other hand, N. rustica, C. maxima, C. sativus,
P. sativum, V. faba, Ch. maranticolor, Z. mays
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and L. sativa gave negative reaction. Based on
sequence comparisons and phylogenetic
analysis, and in accordance with current ICTV
criteria, TYLCV (current study) revealed high
degree of similarity (~98%) to the four
begomovirus species illustrated during this
study.
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