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Table 2. Occurrence of TYLCV infection in tomato samples collected during 2008/2009 and 2009/2010 growing seasons and
tested by ELISA.
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Table 3. Distribution of TYLCYV isolates according to their reaction with monoclonal antibodies by using TAS-ELISA.
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Abstract
Hasan, Z.M., L.D. Ismail and S.M. Al-Chaabi. 2013. Occurrence of Tomato yellow leaf curl virus in the Syrian coastal
area and serological characterization of selected isolates. Arab Journal of Plant Protection, 31(1): 21-28.

A survey was conducted to determine the incidence of Tomato yellow leaf curl virus (TYLCV, genus Begomovirus, family
Geminiviridae) in 430 samples showing symptoms of viral infection, collected from 141 open fields and plastic tunnels in the governorates
of Lattakia and Tartous in Syria during the growing seasons 2008/2009 and 2009/2010. Each sample represented one tomato plant, and
tested by using DAS-ELISA. Average TYLCV incidence in symptomatic tomato samples collected from the Syrian coast was 31.4%,
whereas the TYLCV incidence of similar samples collected from provinces of Lattakia and Tartous was 35.5 and 30.96%, respectively. The
average percentages of fields/plastic tunnels planted with tomato and already infected with yellow leaf curl disease in the Syrian coast was
58.2%, whereas the average was 80.5% in Lattakia, and 49.0% in Tartous provinces. The average virus incidence in tomato plants in the
field ranged from 9.3 to 40.0%, and the highest was in the regions of Qardaha (40%), and Banias (37.5%), near sea level, and the lowest in
the regions of Kadmous (9.3%) and Sheikh Bader (12.4%) at around 500 m above sea level. Serological characterization of 60 of the
TYLCYV isolates by using TAS-ELISA and 5 MAbs showed diversity among the virus isolates tested, and they were distributed in six
different serological groups: (i) Two isolates reacted similar to TYLCV-European, (ii) Two isolates reacted similar to East african cassava
mosaic virus (EACMYV), (iii) Seven isolates reacted with MAbs SCR18 and SCR20, and did not reacted with the MAbs SCR23, SCR55 and
SCR60 (iv) Thirty nine isolates did not react with any of the monoclonal antibodies used in this study, which clearly pointed towards
TYLCV-IL or other viral recombination's close to it, (v) Seven isolates reacted only with MAb SCR20, and (vi) three isolates reacted only
with MAb SCR18.

Keywords: ELISA, monoclonal antibody, Syria, TYLCV.
Corresponding author: Ziad M. Hasan, Department of Plant Protection, Faculty of Agriculture, Tishreen University, Lattakia, Syria,
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References

gl

1. Abou-Jawdah, Y., R. Maalouf, W. Shebaro and K.
Soubra. 1999. Comparison of the reaction of tomato
lines to infection by Tomato yellow leaf curl
begomovirus in Lebanon. Plant Pathology, 48: 727-
734.

2.  Abouzidm, A.M., J. Freitas-Astua, D.E. Purcifull,
J.E. Polston, K.A. Beckham, W.E. Crawford, M.A.
Petersen, B. Peyser, C. Patte and E. Hiebert. 2002.
Serological studies using polyclonal antisera prepared
against the viral coat protein of four Begomoviruses
expressed in Escherichia coli. Plant Disease, 86:
1109-1114.

3.  Accotto, G. and E. Noris. 2007. Tomato yellow leaf
curl virus disease, Detection methods for TYLCV and

TYLCSV. Biomedical and Life Sciences, Part IV:
241-249.

4. Al-Bitar, L. and E. Luisoni. 1995. Tomato yellow
leaf curl geminivirus: serological evaluation of an
improved purification method. Bulletin OEPP/EPPO
Bulletin 25, 267-276.

5. Al-Moudallal, Z., D. Altscuh, J.P. Briand and
ML.H.V. Regenmortel. 1984. Comparative sensitivity
of different ELISA procedures for detecting
monoclonal antibodies. Journal of Immunological
Methods, 68: 35-43.

6. Anfoka, G., F. Haj Ahmad, M. Abhary and A.
Hussein.  2009.  Detection and  molecular
characterization of viruses associated with Tomato

(2013) 1 230 31 e el al) ilil) 489 Alaa 26



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

27

yellow leaf curl disease in cucurbit crops in Jordan.
Plant Pathology, 58: 754-762.

Anfoka, G., M. Abhary and F. Haj Ahmad. 2008.
Survey of Tomato yellow leaf curl disease-associated
viruses in the Eastern Mediterranean Basin. Journal of
Plant Pathology, 90: 311-320.

Bananej, K., A. Kheyr-Pour, G.H. Salekdeh and A.
Ahoonmanesh. 2004. Complete nucleotide sequence
of Iranian Tomato yellow leaf curl virus isolate:
further evidence for natural recombination amongst
Begomoviruses. Archive of Virology, 149: 1435-
1443.

Bedford, I.D., R.W. Briddon, J.K. Brown, R.C.
Rosell and P.G. Markham. 1994. Geminivirus
transmission and biological characterization of
Bemisia tabaci (Gennadus) biotypes from different
geographic regions. Annals of Applied Biology, 125:
311-325.

Boniface, D. Kashina, Robert, B. Mabagala and
Anatolia, A. Mpunami. 2007. Serological detection
and variability of Tomato yellow leaf curl virus
isolates from Tanzania. Journal of Plant Protection
Research, 47: 367-372.

CIAT (Centro Internacional de Agricultura
Tropical). 1998. Sustainable integrated management
of whiteflies as pests and vectors of plant viruses in
the tropics. Progress report, Cali, Co.: 131 Pp.

Clark, ML.F. and A.N. Adams. 1977. Characteristics
of the microplate method of enzyme linked
immunosorbent assay for the detection of plant
viruses. Journal of General Virology, 34: 475-483.
Cohen, S. and Y. Antignus. 1994. Tomato yellow
leaf curl virus (TYLCV), a whitefly-borne
geminivirus of tomatoes. In: Harris K.F. (ed.):
Advanced in Disease Vector Research. Springer-
Verlag, New York, 10: 259- 288.

Crescenzi, A., S. Comes, C. Napoli, A. Fanigliulo,
R. Pacella, and G.P. Accotto. 2004. Severe
outbreaks of Tomato yellow leaf curl Sardinia virus in
Calabria, Southern Italy. Commun Agricultural
Applied of Biological Science, 69: 575-580.
Czosnek, H. 2008. Tomato yellow leaf curl virus.
Encyclopedia of Virology (third Edithion): 138-145.
Czosnek, H., M. Ghanim, S. Morin, G. Rubinstein,
V. Fridman, and M. Zeidan. 2001. Whiteflies:
Vectors and victims of geminiviruses. Advances in
Virus Research, 57: 291-322.

Czosnek, H. and H. Laterrot. 1997. A worldwide
survey of Tomato yellow leaf curl viruses. Archives of
Virology, 142: 1391-1406.

Czosnek, H., R. Ber, Y. Antignus, S. Kohen, N.
Navot and D. Zamir. 1998. Isolation of Tomato
yellow leaf curl virus. A geminivirus. Phytopathology,
78: 508-512.

Dalmon, A., M. Cailly and C. David. 2000.
Comparison of serological and molecular techniques
for detection of Tomato yellow leaf curl begomovirus.
Bull. OEPP, 30: 457-462.

Davino, S., C. Napoli, C. Dellacroce, L. Miozzi, E.
Noris, M. Davino and G.P. Accotto. 2009. Two new
natural begomovirus recombinants associated with the

Arab J. Pl Prot. Vol. 31, No. 1 (2013)

21

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

tomato yellow leaf curl disease co-exist with parental
viruses in tomato epidemics in Italy. Virus Research,
143: 15-23.

EPPO. 2005. Tomato yellow leaf curl and Tomato
mottle begomovirus. Bulletin OEPP/EPPO Bulletin,
35:319-325.

FAOSTAT. 2010. List of countries by tomato
production in 2008, Tomato-Wikipedia, The free
encyclopedia: 1 page.

Garcia-Andrés, S., G.P. Accotto, J. Navas-Castillo
and E. Moriones. 2007. Founder effect, plant host,
and recombination shape the emergent population of
Begomoviruses that cause the tomato yellow leaf curl
disecase in the Mediterranean basin. Virology, 359:
302-312.

Ghanim, M. and H. Czosnek. 2000. Tomato yellow
leaf curl geminivirus (TYLCV-Is) is transmitted
among whiteflies (Bemisia tabaci) in a sex-related
manner. Journal of Virology, 74: 4738-4745.

Givord, L., D. Fargette, B.R. Kounounguissa, J.C.
Thouvenel, B. Walter and M.H.V. van
Regenmortel. 1994. Detection of geminiviruses from
tropical countries by double monoclonal antibody
ELISA using antobodies to African cassava mosaic
virus. Agronomy, 14: 327-333.

Glick, E., Y. Levy and Y. Gafni. 2009. The viral
etiology of tomato yellow leaf curl disease. Plant
Protection Science, 45: 81-97.

Idris, A.M. and J.K. Brown. 2005. Evidence for
interspecific-recombination for three monopartite
begomoviral genomes associated with the tomato leaf
curl disease from central Sudan. Archives of
Virology, 150: 1003—-1012.

Jones, J.B., J.P. Jones, R.E. Stall and T.A. Zitter.
1991. Compendium of tomato diseases. Paul,
Minnesota, APS Press (The American Pathological
Society Press). 73 pp.

Khan, A.J., A.M. Idris, N.A. Al-Saady, M.S. Al-
Mahruki, A.M. Al-Subhi, J.K. Brown. 2008. A
divergent isolate of Tomato yellow leaf curl virus
from Oman with an associated DNA beta satellite: an
evolutionary link between Asian and the Middle
Eastern virus-satellite complexes. Virus Genes, 36:
169-176.

Kheyr-Pour, A., M. Bendahma, V. Matzeit, G.P.
Accotto, S. Crespi and B. Gronenborn. 1991.
Tomato yellow leaf curl virus from Sardinia is a
whitefly transmitted monopartite geminivirus. Nucleic
Acids Research, 19: 6763-6769.

Lefeuvre, P., D.P. Martin, G. Harkins, P. Lemey,
AJ.A. Gray, S. Meredith, F. Lakay, A. Monjane,
J.M. Lett, A. Varsani and J. Heydarnejad. 2010.
The spread of Tomato yellow leaf curl virus from the
Middle East to the world. PLoS Pathog, 6(10):
e1001164.

Liu, Y., J. Cai, B. Qin and P. Tien. 1998. Chinese
Tomato yellow leaf curl virus: A new species of
geminivirus. Science in China Series C, 41: 337-343.
Macintosh, S., D.J. Robinson and B.D. Harrison.
1992. Detection of three whitefly-transmitted
geminiviruses occurring in Europe by tests with



34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

heterologous monoclonal antibodies. Annals of
Applied Biology, 121: 297-303.

Makkouk, K.M. 1976. Reaction of tomato cultivars
to Tobacco mosaic and Tomato yellow leaf curl
viruses in Lebanon. Poljopriverendna Znanstvena
Smotra, 39: 121-126.

Makkouk, K.M. 1978. A study on tomato viruses in
the Jordan Valley with special emphasis on Tomato
yellow leaf curl. Plant Disease, 62: 259-268.
Makkouk, K.M., S. Shehab and S.E. Majdalani.
1979. Tomato yellow leaf curl: Incidence, yield losses
and transmission in Lebanon. Phytopathologische
Zeitschrift, 96: 263-267.

Mansour, A. and A. Al-Musa. 1992. Tomato yellow
leaf curl virus: host range and virus-vector
relationships. Plant Pathology, 41, 122-125.

Mazyad, H.M., F. Omar, K. Al-Ther and M. Salha.
1979. Observations on the epidemiology of Tomato
yellow leaf curl disease on tomato plants. Plant
Disease, 63: 695-698.

McGrath, P.F. and B.D. Harrison. 1995.
Transmission of Tomato leaf curl geminiviruses by
Bemisia tabacci: effects of virus isolate and vector
biotype. Annals of Applied Biology, 126: 307-316.
Monci, F., S. Sanchez-Campos, J. Navas-Castillo
and E. Moriones. 2002. A natural recombinant
between the geminivirus: Tomato yellow leaf curl
Sardinia virus and Tomato yellow leaf curl virus
exhibits a novel pathogenic phenotype and is
becoming prevalent in Spanish populations. Virology,
303: 317-326.

Moriones, E. and J. Navas-Castillo. 2000. Tomato
yellow leaf curl virus, an emerging virus complex
causing epidemics worldwide. Virus Research, 71:
123-134.

Navas-Castillo, J., S. Sanchez-Campos, J.A. Diaz,
E. Saez-Alonso and E. Moriones. 1999. Tomato
yellow leaf curl virus causes a novel disease of
common bean and severe epidemics in tomato in
Spain. Plant Disease, 83: 29-32.

Navas-Castillo, J., S. Sanchez-Campos, E. Noris,
D. Louro, G.P. Accotto and E. Moriones. 2000.
Natural recombination between Tomato yellow leaf
curl virus-is and Tomato leaf curl virus. Journal of
General Virology, 81: 2797-2801.

Navot, N., E. Pichersky, M. Zeidan, D. Zamir and
H. Czosnek. 1991. Tomato yellow leaf curl virus: a
whitefly-transmitted geminivirus with a single
genomic component. Virology, 185: 151-161.

Navot, N., R. Ber and H. Czosnek. 1989. Rapid
detection of Tomato yellow leaf curl virus in squashes

Received: October 3, 2011; Accepted: February 6, 2012

46.

47.

48.

49.

50.

51.

52.

53.

54.

5S.

of plants and insect vectors. Phytopathology, 79: 562—
568.

Noris, E., E. Hidalgo, G.P. Accotto and E.
Moriones. 1994. High similarity among the Tomato
yellow leaf curl virus from the west Mediterranean
basin: The nucleotide sequence of an infectious clone
from Spain. Archives of Virology, 135: 165-170.
Papayiannis, L.C., N. Ioannou, A.D. Avgelis and
Nicolaos and 1. Katis. 2006. Tomato yellow leaf curl
virus (TYLCYV) species in Greece and Cyprus. Pages
122-124. In: Proceedings of the 12™ Congress of the
Mediterranean Phytopathological Union, Rhodes
Island, Greece, June 11-15, 2006.

Pico, B., M.J. Diez and F. Nuez. 1996. Viral diseases
causing the greatest economic losses to the tomato
crop. II, The Tomato yellow leaf curl virus- a review.
Scientific Horticulture, 67: 151-196.

Polston, J.E. and P.K. Anderson. 1997. The
emergence of whitefly-transmitted geminiviruses in
tomato in the Western Hemisphere. Plant Disease, 81:
1358-1369.

Roberts, M.I., D.J. Robinson and B.D. Harrison.
1984. Serological relationships and genome
homologies among geminiviruses. Journal of General
Virology, 65: 1723-1730.

Rochester, D.F., J. Depaulo, C.M. Fauquet and
R.N. Beachy. 1994. Complete nucleotide sequence of
the geminivirus Tomato vyellow leaf curl virus,
Thailand isolate. Journal of General Virology, 75:
477-485.

Rybicki, E.P., R'W. Briddon, J.K. Brown, C.M.
Fauquet, D.P. Maxwell, B.D. Harrison, P.G.
Markham, D. Bisaro, D. Robinson and J. Stanley.
2000. Family Geminiviridae. Pages 285-297. In:
Virus taxonomy: Classification and nomenclature of
viruses. M.H.V. van Regenmortel, C.M. Fauquet,
D.H.L. Bishop, E.B. Carstens, M.K. Estes, S.M.
Lemon, J. Maniloff, M.A. Mayo, D.J. McGeoch, C.R.
Pringle and R.B. Wickner (eds.). Academic Press,
Inc., San Diego.

Solmesky, L.J., A. Zrachya, G. Denisova, Y. Gafni
and J.M. Gershoni. 2010. Preparation and epitope
characterization of monoclonal antibodies suitable for
detection of Tomato vyellow leaf curl virus.
Phytoparasitica, 38: 201-208.

Varma, A. and V.G. Malthi. 2003. Emerging
geminivirus problems: A serious threat to crop
production. Annals of Applied Biology, 142: 145-164.
Zeidan, M. and H. Czosnek. 1991. Acquisition of
Tomato yellow leaf curl virus by the whitefly Bemisia
tabaci. Journal of General Virology, 72: 2607-2614.

2012/2/6 : 423 Ao A8 gal) g <2011/10/3 1) f

(2013) 1 230 31 e el al) ilil) 489 Alaa 28



