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Table 1. Apparent symptoms observed and results of ELISA test on citrus cultivars used following inoculation with three local
CTV isolates.
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*= No symptoms, Y= yellowing of young leaves, Mvby= mild yellowing between of young leaves, Cvby=clear yellowing between veins of young leaves,
CH=chlorosis, M= mottling, CM= clear mottling, Lr=rolling of young leaves. LM= malformationof young leaves, ST= stunt, Ne= necrosis, VB= vein banding,

CVB= clear vein banding, += positive, - = negative.
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Figure 1. Variation of symptoms produced on Mexican lime (Citrus aurantifolia) after infection with three veins. Y= yellowing
of young leaves, Cvby=clear yellowing between veins of young leaves, CM= clear molting, LR= rolling of young leaves,
LM=leaves malformation.

Control 3 4e-ST, Y-Isolate 3 3 4e-LM, CH-Isolate 3
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Figure 2. Variation of symptoms produced on sour orange, after infection with three different local CTV isolates. Y= yellowing
of young leaves, Cvby=clear yellowing between of young leaves, CH=chloroses, LM=leaves malformation, ST= stunt, Th= thick

touch of young leaves.
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Figure 3. Variation of symptoms produced on grapefruit, after infection with three different local CTV isolates. Y= yellowing
of young leaves, Mvby= mild yellowing between of young leaves,VB= vein banding.
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Figure 4. Variation of symptoms produced on Washington navel, after infection with three different local CTV isolates. Y=
yellowing of young leaves, VCL= Vine clearing, CM= clear molting, LM=leaves malformation.
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Figure 5. Variation of symptoms produced on Clementine, after infection with three different local CTV isolates. LR= rolling
of young leaves, LM=leaves malformation, Y= yellowing of young leaves.
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Abstract

Akel, I.H., R. Hamdan, A. El-Khatib and 1.D. Ismail. 2019. Indexing of three Citrus tristeza virus isolates from the coastal
region of Syria. Arab Journal of Plant Protection, 37(1): 11-21.

Citrus tristeza virus (CTV, Genus Closterovirus, Family Closteroviridae), is the most destructive and economically important viral
disease limiting commercial citrus production worldwide. This study was conducted during 2016-2017 growing seasons in order to identify
the prevalence of different variants of CTV along the Syrian coast. Citrus samples were collected from different locations, and tested for the
presence of Citrus tristeza virus by using TBIA test and using polyclonal antisera. Three CTV Isolates were used as scions from different
locations and grafted to different citrus indicators, such as Mexican lime, sour orange and sweet orange varieties grafted on sour orange
rootstock. Results showed that different symptoms were produced by the different isolates on the same citrus indicators. Symptoms produced
showed various mosaic, chlorosis, leaf malformation, leaf curling, and stunting levels. Moreover, no symptoms were observed on stems of the
indicator plants such as stem pitting and quick decline, up to one year after inoculation. These results suggest the possibility of having two
CTV variants present along the Syrian coast: a yellowing strain and a mild strain.

Keywords: CTV, citrus, biological indexing, TBIA, ELISA, Syrian coast.
Corresponding author: Insaf H. Akel, GCSAR, Lattakia Center, Syria, email: ensafakel5n4a@gmail.com

(2010) 1 23 28 Aaa Ay al) ciliil) LBy ddae 18



References

contains a mixture of mild and severe strains. Plant
Pathology, 29: 31-41.
https://doi.org/10.5423/PPJ.0A.09.2012.0141

Dawson, W.O., M. Garnsey, S.S. Tatineni, S.Y.
Folimonova, S.J. Harper and S. Gowda. 2013.
Citrus tristeza virus-host interactions.  Front
Microbiology, 4: 88.
https://doi.org/10.3389/fmicb.2013.00088

Elbacki, A.M., R. Milano, K. Djelouah, R. Brandonisio
and A.M. D’Onghia. 2005. Improvement of detection
of Citrus exocortisviroids (CEVd) and Citrus cachexia
viroid (CCaVd). Proceedings of the 16" I0CV
conference (Monterrey, 2004).

EL Sayed, T. 2005. Setting up of biological indexing of
Citrus tristiza virus (CTV) and Citrus infectious
varigation (CVV) using inoculated indicator cuttings.
CIHEAM-IAMB, MSc thesis, Italy. 393 pp.

Fraser, L. 1952. Seedling yellows, an unreported virus
disease of Citrus. Agriculture Gazette, N.S.Wales, 63:
125-131.

Gandia, M., A. Conesa, G. Ancillo, J. Gadea, J. Forment,
V. Pallas, R. Flores, N. Duran-Vila, P. Moreno and
J. Guerri. 2007. Transcriptional response of Citrus
aurantifolia to infection by Citrus tristeza virus.
Virology, 367: 298-306.
https://doi.org/10.1016/j,virol.2007.05.025

Garnsey, S.M., T.A. Permar, M. Cambra and C.T.
Henderson. 1993. Direct tissue blot immunoassay
(DTBIA) for detection of Citrus tristeza virus (CTV).
Pages 39-50. In: Proceedings of the 121" Conference of
International Organization of Citrus Virologists
(10CV). P. Moreno, J.V. Da Graga and L.W. Timmer
(eds.). Riverside, California, USA.

Garnsey, S.M., E.L. Civerolo, D.J. Gumpf, C. Paul, M.
Hilf, R.F. Lee, R.H. Brlansky, R.K. Yokomi and J.S.
Hartung. 2005. Biological characterization of an
international collection of Citrus tristeza virus (CTV)
isolates. Pages 75-93. In: Proceedings of the 16" I0CV
Conference, 10CV, University of California at
Riverside, USA.

Karasev, A.V., V.P. Boyko, S. Gowda, O.V. Nikolaeva,
M.E. Hilf, E.V. Koonin, C.L. Niblett, K. Cline, D.J.
Gumpf, R.F. Lee, S.M. Garnsey and W.O. Dawson.
1995. Complete sequence of the Citrus tristeza virus
RNA genome. Virology, 208: 511-520.
https://doi.org/10/1006/vir0.1995.1182

Knorr, M. and A. Price. 1954. Citrus tristeza virus. Florida
Agricultural Experiment Station. Report No. 195.

Korkmas, S., B. Cevik, S. Onder, K. Koc and O. Bozan.
2008. Detection of Citrus tristeza virus (CTV) from
Satsuma Owari mandarins (Citrisunshiu) by direct
tissue blotimmunoassay (DTBIA), DAS-ELISA, and
biological indexing. New Zealand Journal of Crop and
Horticultural Science, 36: 239-246.
https://doi.org/10.1080/01140670809510240

19 Arab J. Pl. Prot. Vol. 37, No. 1 (2019)

) )

& B iial) g il () 5aY) jean 2011 g il (lrea
Aadia 74 A s ABDN ¢ 8 daalas el )l

DAY gyl U 2017 Sslewl sy dilal) (Jile
Gl el sl el Jalldl 8 Glicacal)
170-160 :4 el 50

2018 .Jislaw das g ccudadl) U‘h (Olhaa Gila ) cdlad) Jile

pAiuly Cliaesd) Hoaxi (g iy C¥ je (amy il

Cigmy ladle (5 ) saall Jaluall 3 4 goal) s jgll <l Ll

Lalall Gganll Al diell jhe SUN alal) jaisgal)

143 daia dael 3l

‘Jl+|. ;Lﬂu‘ ‘d:ﬁi B cgﬂed}l\ d% c@ﬁ\ Al Al “ﬂJSA

Sl syl 5 syl 2008 Lubindl il (55589 2 3a el

ol 3 18 491471 Gladall claes) Capai Sl

e Mgy yall Ailaiall 3 Asgal ey 3 Gpnslnall g5yl

AR NN PR RPRY INHPE T RSTIIE E

Andia 631 gl gy el

Abou Kubaa, R. 2010. Characterization and genomic
variability of Citrus tristeza virus (CTV) isolates
recovered in Apulia and Syria. PhD. Thesis, University
of BARI, Italy. 83 pp.

Abou Kubaa, R., K. Djelouah, A.M. D’Onghia, R.
Addante and M. Jamal. 2008. First report from Syria
of Citrus tristeza virus in Citrus spp. Plant Disease, 92:
1468.
https://doi.org/10.1094/PDI1S-92-10-1468C

Abou Kubaa, R., K. Djelouah, R. Addante, M. Jamal and
A.M. D'onghia. 2009. Occurrence, distribution,
characterization of Citrus tristeza virus and its vectors
in Syria. Journal of Plant Pathology, 91: 303-309.
https://doi.org/10.4454/jpp.v91i2.959

Amin, H.A., F. Fonseca, C. Santos and G. Nolasco. 2006.
Typing of Egyptian Citrus tristeza virus (CTV) isolates
based on the capsid protein gene. Phytopathologia
Mediterranean, 45: 10-14.
https://doi.org/10.14601/phytopathol Mediterr-1817

Bar-Joseph, M. and R.F. Lee. 1989. Citrus tristeza virus.
AAB Descriptions of Plant Viruses, No. 353.

Bekolo, N., A. Zachée, B.M. Louis, N. Baptiste and O.
Yvette. 2007. Vigour and behaviour of fifteen citrus
varieties against tristeza in the forest zone of
Cameroon. African Journal of Biotechnology, 6: 1403-
1409.
https://doi.org/10.5897/AJB2007.000-2197

Cambra, M., S.M. Garnsey, T.A. Permar, C.T.
Henderson, D. Gumph and C. Vela. 1990. Detection
of Citrus tristeza virus (CTV) with a mixture of
monoclonal antibodies. Phytopathology, 80: 103.

Cevik, B., S.S. Pappu, R.F. Lee and C.L. Niblett. 1996.
Detection and differentiation of Citrus tristeza virus
using a point mutation and minor sequence differences
in their coat protein genes. Phytopathology, 86: S101.

Cevik, B., N. Yardimci and S. Korkmaz. 2013. The first
identified Citrus tristeza virus isolate of Turkey



https://doi.org/10.1094/PDIS-92-10-1468C
https://doi.org/10.4454/jpp.v91i2.959
https://doi.org/10.14601/
https://doi.org/10.5423/PPJ.OA.09.2012.0141
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dawson%20WO%5BAuthor%5D&cauthor=true&cauthor_uid=23717303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garnsey%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23717303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tatineni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23717303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Folimonova%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=23717303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Folimonova%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=23717303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harper%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=23717303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gowda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23717303
https://doi.org/10.1080/01140670809510240

in the Caribbean and Central and North America. Plant
Disease, 79: 437-445.
https://doi.org/10.1094/PD-79-0437

Roistacher, C.N. 1991. Graft-transmissible diseases of
citrus. Handbook for detection and diagnosis. FAQ,
Rome. 286 pp.

Roy, A., A. Fayad, G. Barthe and R. Brlansky. 2005. A
multiplex polymerase chain reaction method for
reliable, sensitive and simultaneous detection of
multiple viruses in citrus trees. Journal of Virological
Methods, 129: 47-55.
https://doi.org/10.1016/j.jviromet.2005.05.008

Rubio, L., M.A. Ayllén, P. Kong, A. Fernandez, M. Polek,
J. Guerri, P. Moreno and B.W. Falk. 2001. Genetic
variation of Citrus tristeza virus isolates from
California and Spain: evidence for mixed infections
and recombination. Journal of Virology, 75: 8054-
8062.
https://doi.org/10.1128/Jvi.75.17.8054-8062.2001

Su, HJ. and M.C. Tsai. 1991. The etiological and
transmission of fruit virus and virus-like diseases in
Taiwan. In: Integrated Control of Plant Virus Diseases.
FFTC Supplement No. 1: 83-97.

Suastika, G., T. Natsuaki, H. Terui, T. Kano, H. leki and
S. Okuda. 2001. Nucleotide sequence of Citrus
tristeza virus seedling yellows isolate. Journal of
General Plant Pathology, 67: 73-77.
https://doi.org/10. 1007/PL00012992

Terrada, E., R.J. Kerschbaumer, G. Giunta, P. Galeffi,
G. Himmler and M. Cambra. 2000. Fully
“Recombinant enzyme-linked immunosorbent assays”
using genetically engineered single-chain antibody
fusion proteins for detection of Citrus tristeza virus.
Phytopathology, 90: 1337-1344.
https://doi.org/10.1094/PHYT0.2000.90.12.1337

Tatineni, S., C.J. Robertson, S.M. Garnsey, M. Bar-
Joseph, S. Gowda and W.O. Dawson. 2008. Three
genes of Citrus tristeza virus are dispensable for
infection and movement throughout some varieties of
citrus trees. Virology, 376: 297-307.
https://doi.org/10.1016/j.virol.2007.12.038

Vela, C., M. Cambra, E. Cortés, P. Moreno, J. Miguet, C.
Pérez de San Roman and A. Sanz. 1986. Production
and characterization of monoclonal antibodies specific
for Citrus tristeza virus and their use for diagnosis.
Journal of General Virology, 67: 91-96.
https://doi.org/10.1099/0022-1317-67-1-91

Vidalakis, G., S.M. Garnsey, J.A. Bash, G.D. Greer and
D.J. Gumpf. 2004. Efficacy of bio-indexing for graft-
transmissible citrus pathogens in mixed infections.
Plant Disease, 88: 1328-1334.
https://doi.org/10.1094/PDI1S.2004.88.12.1328

Vives, M.C,, L. Rubio, C. Lopez, J. Navas-Castillo, M.R.
Albiach-Marti, W.O. Dawson, J. Guerri, R. Flores
and P. Moreno. 1999. The complete genome sequence
of the major component of a mild Citrus tristeza virus
isolate. Journal of General Virology, 80: 811-816.
https://doi.org/10.1099/0022-1317-80-3-811

Lee, R.F. and P. Rocha. 1992. Mild strains of Citrus
tristieza virus. Plant Diseases of Fruit Crops, 3: 226-
241,

Lee, R.F. and M. Bar-Joseph. 2000. Tristeza. Pages 61-63.
In: Compendium of citrus diseases. L.W. Timmer,
S.M. Garnsey and J.H. Graham (eds). APS Press.
https://trove.nla.gov.au/ version/44428248

Lovisolo, O. 1993. Agro-ecology and centers of origin of
graft-transmissible diseases of Citrus. Pages 406-411.
In: 12" Proceedings of 12" IOCV Conference,
Riverside, California, USA.

Mehta, P., R.H. Brlansky and S. Gowda. 1997. Reverse
transcription polymerase chain reaction detection of
Citrus tristeza virus in aphids. Plant Disease, 81: 1066-
1069.

Miao, H. and M. Skaria. 2002. Quantitative and Qualitative
Differences of Inclusion Bodies Induced by Citrus
tristeza virus. Subtropical Plant Science, 54: 1- 5.

Mohamed, A.H.1. 2009. Use of molecular and biochemical
methods to determine Citrus tristeza virus (CTV) viral
components and resistance in candidate rootstocks to
replace sour orange. University of Florida, 183 pp.

Moreno, P., S. Ambros, M.R. Albiach-Marti, J. Guerri
and L. Pena. 2008. Citrus tristeza virus: a pathogen
that changed the course of the citrus industry.
Molecular Plant Pathology, 9: 251-268.
https://doi.org/10.1111/].1364-3703.2007000455.x

Nikolaeva, O.V., A.V. Karasev, C.A. Powell, D.J. Gumpf,
S.M. Garnsey and R.F. Lee. 1996. Mapping of
epitopes for Citrus tristeza virus-specific monoclonal
antibodies using bacterially expressed coat protein
fragments. Phytopathology, 86: 974-979.

Nolasco, G., C. Santos, G. Silva and F. Fonseca. 2009.
Development of an asymmetric PCR-ELISA typing
method for Citrus tristeza virus based on the coat
protein gene. Journal of Virological Methods, 155: 97-
108.
https://doi.org/10.1016/j.jviroment.2008.09.030

Pappu, H.R., S.S. Pappu, C.L. Niblett, R.F. Lee and E.
Civerolo. 1993. Comparative analysis of the coat
proteins of biologically distinct Citrus tristiza
Closterovirus isolates. Virus Genes, 73: 255-264.
https://doi.org/10.1007/BF01702586

Pappu, H.R., A.V. Karasev, E.J. Anderson, S.S. Pappu,
M.E. Hilf, V.J. Febres, R.M. Eckloff, M.
McCaffery, V. Boyko, S. Gowda, V.V. Dolja, E.V.
Koonin, D.J. Gumpf, K.C. Cline, S.M. Garnsey,
W.O. Dawson, R.F. Lee and C.L. Niblett. 1994.
Nucleotide sequence and organization of eight 3' open
reading frames of the Citrus tristeza closterovirus
genome. Virology, 199: 35-46.
https://doi.org/10.1016/vir0.1994.1095

Permar, T.A., S.M. Garnsey, D.J. Gumpf and R. Lee.
1990. A monoclonal antibody that discriminates strains
of Citrus tristeza virus. Phytopathology, 80: 224-228.
https://doi.org/10.1094/Phyto-80-224

Rocha-Pena, M.A., R.F. Lee, R. Lastra, C.L. Niblett,
F.M. Ochoa-Corona, S.M. Garnsey and R.K.
Yokomi. 1995. Citrus tristeza virus and its aphid
vector Toxoptera citricida Threats to citrus production

(2010) 1 23 28 alaa gy i cilill) &g ddaa 20


https://trove.nla.gov.au/
https://doi.org/10
https://doi.org/10.1094/Phyto-80-224
https://doi.org/10.1094/PD-79-0437
https://doi.org/10.1128/Jvi.75.17.8054-8062.2001
https://doi.org/10
https://doi.org/10.1094/PHYTO.2000.90.12.1337
https://doi.org/10.1016/j.virol.2007.12.038
https://doi.org/10.1099/0022-1317-67-1-91
https://doi.org/10.1094/PDIS.2004.88.12.1328
https://doi.org/10.1099/0022-1317-80-3-811

Yang, Z.N., D.M. Mathews, J.A. Dodds and T.E. Mirkov.
1999. Molecular characterization of an isolate of Citrus
tristeza virus that causes severe symptoms in sweet
orange. Virus Genes, 19: 131-142.
https://doi.org/10.1023/A:1008127224147

Received: October 7, 2018; Accepted: February 24, 2019

21 ArabJ. Pl Prot. Vol. 37, No. 1 (2019)

Wang, C.X., N. Hong, G.P. Wang, B. Jiang and X.D. Fan.
2009. Effects of Citrus tristeza virus on the growth of
in vitro-cultured citrus. Journal of Plant Pathology, 91:
357-363.
https://doi.org/10.4454/jpp.v91i2.965

2019/2/24 : 4 o A88) gal) f 5 2018/10/7 zpdias) g


https://doi.org/10.4454/jpp.v91i2.965
https://doi.org/10.1023/A:1008127224147

