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Evidence of Citrus ExocortisViroid in Thailand

Kanungnit Reanwar akor n, Somboon Pomma and Supat Attathom

ABSTRACT

A new citrus viroid variant was isolated from symptomless li@igus aurantifolia, grown in
Chainat Province. Sequencial analysis of viroid molecule was determined to be 371 nucleotides with
98.3% homology to those previously reported of citrus exocortis viroid (CEVd) . Biological assay on
Gynuraaurantiaca, an indicator host for CEVd, revealed a mild epinasty symptom on leave. Nucleotide
sequence of viroid from infecté&ynura consisted of 371 nucleotides with 99.1% similarity to citrus
viroid primarily isolated from lime with three bases changed. From this study, it is concluded that this
viroid isolate is a variant of CEVd and the first citrus viroid being known to Thailand.
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INTRODUCTION causing bark scaling ofoncirus trifoliata
rootstock as well as dwarfing, leaf epinasty and
Citrus diseases are very important problenrugosity, petiole wrinkle and necrosis (Semancik,
in citrus growing areas in the world such as footl988). (2) CV-I group is in a size range of 317-327
and root rot, canker, tristeza, and viroid diseasedases, CVd-la and CVd-Ib, known as citrus bend
Viroid known as the smallest pathogenic agent ofeaf viroid (CBLVd) (Onelge, 1996). (3) CV-II
the plants, is distinguished from viruses by thegroup with at least three members established in
absence of a protein coat and a non-translatethis group, CVd-lla, CVd-llb (cachexia disease),
single-stranded circular RNA genome with aand CVd-lic. They are related to the hop stunt
relatively low molecular weight (1.8 106 Da)  viroid (HSVd) (Levy and Hadidi, 1993,
(Diener, 1987). Replication is accepted as hosReanwarakorn and Semancik, 1999). (4) CV-IlI
dependent by a rolling-circle-type mechanismgroup with four members have been reported in a
(Branch and Robertson, 1984) using thesize range of 280- 292 nucleotides (Semasgtik
transcriptional system of the host plants ( Schindleal., 1997). (5) CV-1V group with only one member
and Muhlbach,1992). described concisting of 284 nucleotides (Puehta
Citrus viroids (CVd) have been classified al., 1991).
on the basis of physical and biological properties Citrus exocortis viroid is the serious citrus
into five groups (Semancik and Duran-Vila, 1991).pathogen causing exocortis disease in the world
(1) Citrus exocortis viroid (CEVd) is in a size citrus growing areas. However, none of this viroid
range of 371-375 nucleotides (Gressl., 1982; was reported in Thailand. The objective of this
Visvaderetal., 1982; Visvader and Symons, 1985) work is to determine the existence of citrus exocortis
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viroid in citrus species, particularly lime, so thatanViroid identification

effective disease control program can be The purified samples showing viroid-RNA
established. bands on sPAGE were subjected to reverse
transcription-polymerase chain reaction (RT-PCR)

MATERIALSAND METHODS using specific primers for CEVd, %

CCGGGGATCCCTGAAGAAC 3 and %

Nucleic acid extraction and purification GGAAACCTGGAGGAAGTCG 3. The RT-PCR

Young shoots of lime (5 g) from Chainat products were determined by 2% agarose gel
Province were collected, powderized with liquid electrophoresis.
nitrogen and extracted with 15 ml water-saturated Samples representing the size of 300 — 400
neutralized phenol and 6 ml extraction buffer. Annucleotides were removed from the gel, ligated to
aqueous phase was removed to a new tube aftelGEM-T Easy vector (Promega, 1999) and cloned
centrifugation at 7,000 rpm for 35 minutes. Nucleicinto E. coli (Glover and Hames,1995). After that
acid precipitation was done by adding 3 vol. ofthe positive clones were sequenced to determine
ethanol and 10 % V/ V of 3 M sodium acetate ashucleotides for comparison with the published-
well as kept at —2@ for 1 hour. A pellet was CEVd sequences.
resuspended in 1 ml of TKM-buffer and dialyzed
overnight against TKM-buffer at%€. To recover Biological assay
nucleic acid, 1 vol. of 4 M LiCl was added to the Gynuraaurantiaca, a highly selective host
pellet. After standing 4 hours &t@, the solution  for CEVd (Semancik, 1988) was used for infectivity
was centrifuged at 7,500 rpm for 35 minutes. Theassay of isolated viroid. Ten microlitres of viroid
supernatant was precipitated in absolute ethanohucleic acid extracted from lime was inoculated to
Then, the pellet was resuspended in 1 ml TKMGynura aurantiaca by mechanical inoculation.
buffer and loaded onto CF-11 cellulose column.After 10 weeks, 59 of leaf tissues were purified
After ethanol precipitation, the partially-purified and performed RT-PCR with CEVd specific
viroid was resuspended in 3Q0TKM-buffer for ~ primers as previously described. The RT-PCR
further use (Reanwarakorn and Semancik, 1998 )was ligated to pGEM-T Easy vector as well as
cloned intoE. coli for nucleotide sequence
Viroid detection determination and comparison to the nucleotide
By sequential polyacrylamide gel sequence of viroid isolated from lime.
electrophoresis (SPAGE), a 20 aliquot of the
partially-purified viroid samples and 8 ml of 60% RESULTSAND DISCUSSION
glycerol were mixed and loaded into 5%
polyacrylamide gel. After 3 hours electrophoresis,Viroid detection and identification
the gel was stained with ethidium bromide for 10 Citrus viroid isolated from limeditrus
minutes as well as the areas below and above 7&irantifolia) displayed the viroid bands of circular
RNA were removed. The piece of gel wasandlinearformsonthe denaturing polyacrylamide
transferred onto the top of a 5% denaturinggel after silver staining (Figure 1). From sequence
polyacrylamide gel. Viroid-RNA bands were analysis, the molecular size was 371 nucleotides
determined by silver staining (Reanwarakorn andvith 98.3% sequence homology to CEVd as
Semancik, 1998). previously reported by Grostal. (1982) (Figure
3, Table 1). Moreover, sequence analysis showed
that it was 96.2% as well as 97.8% similarity to
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CEV-S and CEV-A as determined by Semaietik Biological assay

al. (1993) and Visvadet al. (1985), respectively Infectivity of viroid isolated from lime was
(Table 1). However, CEVd caused severeconfirmed by Gynura infection. Leaggmptoms
symptoms ontomato (Visvader and Symons, 1985induced by lime viroid consisted of mild epinasty
and Citron Citrusmedica) (Semanciletal., 1993)  after 3 months post inoculation in a greenhouse
while infected lime grown in Thailand was condition (Figure 5). The entity of citrus viroid on
symptomless without bark scaling. It has to beGynura was determined by the RT-PCR with
determined whether this lime is a symptomlessCEVd specific primers (Figure 2). The molecular
carrier variety. In addition, there should be moresize of CEVd recovered from Gynura was 371
than one CEVd variant detected in infecting limenucleotides with 99.1% homology to the original
since the cloned viroids were varied in sizes whereitrus viroid of lime (Figure 3, Table 1). Viroid
subjected tdecoRI digestion (data not shown). isolated from Gynura shared very high similarity
Citrus exocortis viroid has been previously reportedo lime viroid only three nucleotides exchanged,
to persistin many variants in a single infected planfTgg—A, G13g—>T, and G3g—G (Table 2). The
(Visvader and Symons, 1985) or naturally occur ashange of nucleotide at residue number 99 from
a mixture of several sequence variants (Fagoaga
and Duran-Vila, 1996). Since citrus exocortis
viroids can cause symptomless in very broad host
range, care must be taken to determine the spread
of viroids inCitrus speciesas well as other crops

in Thailand.
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Figure2 Viroid identification by RT-PCR using
citrus exocortis viroid specific primers,
i g & . molecular weight markers (lane 1), the
extracts from lime (lane 2), the extracts
Figurel Viroid detection by denaturing from inoculatedGynura (lane 3),
polyacrylamild gel with silver staining. healthy lime (lane 4), and healthy
Arrows indicate the position of viroid Gynura aurantiaca (lane 5). Arrows
circular (C) and linear (L) forms, indicate the molecular size ranging from
respectively. 300-500 nucleotides.
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CEV-G 1 CGGGATCTTT CTTGAGGTTC CTGTGGTGCT CACCTGACCC TGCAGGCAGG
CEV-S CGGGATCTTT CTTGAGGTTC CTGTGGTGCT GCCTGACCC TGCAGGCAGG

CEV-A CGGGATCTTT CTTGAGGTTC CTGTGGTGCT CACCTGACCC TGCAGGCAGG
CEV- CGGGAACTTT CTTGAGGTTC CTGTGGTGCT CACCTGACCC TGCAGGCAGG
CEV-g CGGGAMACTTT CTTGAGGTTC CTGTGGTGCT CACCTGACCC TGCAGGCAGG

CEV-G51 AAAAGAAAAA AGAGGCGGCGGGGGAAGAAG TCCTTCAGGG ATCCCCGG -G
CEV-S AAAAGAAAAA AGAGGCGGCGGGG -AAGAAG TCCTTCAGGG ATCCCCGG -G
CEV-A AAAAGAAAAA GATGGCGGCGGGGGAAGAAG TCCTTCAGGG ATCCCCGG -G
CEV- AAAAGAAAAA AGAGGCGGCG GGGGAAGAAG TICTTCAGGG ATCCCCGGEG
CEV-g AAAAGAAAAA AGAGGCGGCGGGGGAAGAAG TICTTCAGGG ATCCCCG@AG

CEV-G 101 GAAACCTGGA GGAAGTCGAG GTCGGGGGGG A - CAGCTGCT TCGGTCGCCG
CEV-S GAAACCTGGA GGAAGTCGAG GTCGGGGGGG ATCAGCTGCT TCGGTCGCCG
CEV-A GAAACCTGGA GGAAGTCGAG GTCGGGGGGG A - CAGCTGCT TCGGTCGCCG
CEV- GAAACCTGGA GGAAGTCGAGGTCGGGGGG - A - CAGCTGCT TCGGTCGCCG

CEV-g GAAACCTGGA GGAAGTCGAGSTCGGGGGG A - CAGCTIGT TCGGTCGCCG

CEV-G151 CGGATCACTG GCGTCCAGCGAGAAACAGG AGCTCGTCTC CTTCCTTTCG
CEV-S CGGATCACTG GCGTCCAGCGAGAAACAGG AGCTCRCTC CTTCCTTTCG
CEV-A CGGATCACTG GCGTCCAGC®GAGAAACAGG AGCTCGTCTC CTTCCTTTCG
CEV- CGGATCACTG GCGTCCAGC®AGAAACAGG AGCTCGTCTC CTTCCTTTCG
CEV-g CGGATCACTG GCGTCCAGCGAGAAACAGG AGCTCGTCTC CTTCCTTTCG

CEV-G 201 CTGCTGGCTC CACATCCGAT CGTCGCTGAA GCGCCTCGCCCTCGCCCG
CEV-S CTGCTGGCTC CACATCCGAT CGTCGCTGAA GCGRBCGCC CCCTCGCCCG
CEV-A CTGCTGGCTC CACATCCGAT CGTCGCTGAA GCGCCTCG@TCTCGCCCG
CEV- CTGCTGGCTC CACATCCGAT CGTCGCTGAA GCGCCTCG@TCTCGCCCG
CEV-g CTGCTGGCTC CACATCCGAT CGTCGCTGAA GCGCCTCGLCCTCGCCCG

CEV-G 251 GAGCTTCTCT CTGGATACTA CCCGGTGGAACAACTGAAG CTTCAACCCC
CEV-S GAGCTTCTCT CTGGCTACTACCCGGTGGAAACAACTGAAG CTTCAACCCC
CEV-A GAGCTTCTCT CTGGATACTA CCCGGTGGAMCAACTGAAG CTTCAACCCC
CEV-I GAGCTTCTCT CTGGASACTA CCCGGTGGAAACAACTGAAG CTTCAACCCC
CEV-g GAGCTTCTCT CTGGAACTA CCCGGTGGAAACAACTGAAG CTTCAACCCC

CEV-G 301 AAACCGCTTT TCTTATATCT TCACTGCTCT CCGGGCGAGGTGAAAGCCC
CEV-S AAACCGCTTT TCTTATATCT TCACTGCTCT CCGGGCGAGGTGAAAGCCC
CEV-A AAACCGCTTT TCTTATATCT TCACTGCTCT CCGGGCGAGGTGAAAGCCC
CEV- AAACCGCTTT TCTTGTATCT TCACTGCTCT CCGGGCGAGGTGAAAGCCC
CEV-g AAACCGCTTT TCTTGTATCT TCACTGCTCT CCGGGCGAGGTGAAAGCCC

CEV-G 351 TCGGAACCCT AGATTGGGTC CCT
CEV-S TCGGAACCCT AGATTGGGTC CCT
CEV-A TCGGAACCCT AGATTGGGTC CCT
CEV- TTIGGAACCCT AGATTGGGTC CCT
CEV-g TIGGAACCCT AGATTGGGTC CCT

CEV-G = Citrus exocortis viroid from Grossal. (1982).

CEV-S = Citrus exocortis viroid from Semaneiilal. (1993).

CEV-A = Citrus exocortis viroid from Visvader and Symons (1985).
CEV-l = Citrus exocortis viroid from lime in Thailand.

CEV-g = Citrus exocortis viroid fro@ynura aurantiaca.

Figure3 Sequence aligment of citrus exocortis viroid isolates.

Tablel Sequence homologous comparison of citrus viroid isolates.

CEV isolates % Sequence homology of CEVd isolates
CEV-G CEV-S CEV-A CEV-I CEV-g
CEV-l 98.3 96.2 97.8 100 99.1
CEV-g 97.5 95.6 97.3 99.1 100

CEV-G = CEVd from Groset al.(1982), CEV-S = CEVd from Semanaial.(1993), CEV-A = CEVd from Visvader and Symons
(1985), CEV-l = CEVd isolated from lime in Thailand, and CEV-g = CEVd isolated Ggmra aurantiaca.
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Table2 Sequence heterogeneity of CEVd isolates.

Domain Residue number* CEV isolates
CEV-I CEV-g
C 99 T A
\Y/ 138 G T
139 C G

*  Residue number atthe sites of change in either CEV-I, or CEV-g. CEV-I= CEVd isolated from lime and CEV-g = CEVd isolated

SRS
e N N

325 204 243 215

T1 P C v T2

Figure4 Diagram showing the location of domains on citrus exocortis viroid. Left-hand terminal
domain (T1), Pathogenic domain (P), Conserved central domain (C ), Variable domain (V),
and Right- hand terminal domain (T2 ) (Keese and Symons, 1985).
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Figure5 Leaf symptom caused by lime viroid @ynura aurantiaca. Heathy (A)and inoculated (B).
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