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  Citrus diseased samples collected from all part of citrus growing area in 

Thailand were tested by ELISA (Enzyme – Linked Immunosorbent Assay) for citrus tristeza 

Closterovirus (CTV). Evidence from ELISA confirmed CTV infection of citrus samples showing 

distinct stem pitting including Ocean (Orah) mandarin (Citrus reticulate hybrid) from Chiang 

Rai and Chiang Mai provinces, the North and from Rayong and Trad provinces the Central 

plain, Shogun mandarin (C. reticulate) from Trang provinces and acid lime (C.aurantifolia) 

from Songkhla provinces, the South. The symptom occurring to Ocean mandarin was more 

severe than other citrus varieties. High incidence of stem pitting was also found in Ocean 

mandarin. In addition, mild symptom (vein clearing) was noticed on infected Shogun 

mandarin (Chiang Mai), Neck orange (C. reticulata, Songkhla), Som Kaewan (Nakorn 

Sritamarat) and acid lime (Songkhla). Moreover, mix infection of CTV and Huanglongbing 

bacterium was recorded on 48% of examination samples. These were Ocean mandarin and 

sweet orange (Citrus sinensis) in the North and Shogun mandarin and Neck orange in the 

South. When infected samples were graft transmitted onto indicator plants (acid lime), 68 and 

12 isolate of stem pitting and mild strain of CTV, respectively were obtained according to 

there specific symptom induction on acid lime. CTV single aphid transmission was also 

attempted and 5-15% transmission rates were recognized. The severe isolate was 

transmitted to indicator plant in the rates of 10-15% which was higher than transmission  

 



� 

 

rates of mild strain, 5-10%. Isolation of CTV by aphid vector also revealed the mix infection of 

mild and severe strain in the same tree. Cross section of young twig collected from citrus 

infected with the stem pitting isolate of CTV showed small and large pits, diameter 0.2-1.45 

mm, locating at cambial zone of secondary growth within 4-7 weeks after flushing. This 

resulted in missing of secondary xylem and causing pits or groves in the wood. Later, 12 CTV 

isolates consisted of 7 stem pitting isolates and 2 mild isolates were successfully propagated 

in Nicotiana benthamiana protoplast as a genetic resource for CTV occurring in Thailand.   

  SSCP (Single Strand Conformation Polymorphism) analysis of CTV minor coat 

protein gene (p27 gene) revealed an identical pattern of stem pitting isolates. Furthermore 

DNA sequence analysis of p27 gene indicated that CmO1 from Chiang Mai and TS12 from 

Trang, the stem pitting isolates, shared 99% of p27 nucleotide sequence identities meanwhile 

their sequence identities were 98% of sequence from Capoa Bonito strain causing stem 

pitting in sweet orange occurring in Brazil. Apparently, amino acids deduced from p27 base 

sequence of CmO1 and TS12 isolates were very much similar to each other. The different 

occurred to only one amino acid residue at position 9. However, p27 amino acid alignment 

between TS12 (stem pitting isolates) and SM4 (mild isolate) illustrated 4 different amino acid 

residues at position 53, 67, 154, and 207. 

  The p27 gene from Cmo1 isolate was constructed and transformed to 

expression Escherichia coli competent cell.  Subsequently, protein expression was induced. 

P27 fusion protein labeled with Lumio (Cys – Cys – Pro – Gly – Cys – Cys) and histidine tag, 

the expression protein of p27 gene was detected by SDS – PAGE in the lysate from 

transformed E. coli. Since the fusion protein omitted green fluorescence when it reacted with 

FLASH (Fluorescien Arsenical Hairpin binding) reagent. The p27 expression protein was 

purified through histidine tag using magnetic polystyrene bead prior to rabbit immunization 

for polyclonal antiserum production. ELISA test of gamma-globulin (IgG) extracted from p27 

expression protein antiserum revealed its high specificity to homologous antigen, p27 protein. 

P27 IgG also reacted specifically to SM4 and CmO1 isolates of CTV with more reaction to 

SM4 than the CmO1. However, P27 antiserum did not react with p25 (CTV coat protein) 

expression protein nor healthy citrus.  The  optimum  concentration  of  p27 IgG for  using  in 
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ELISA test was 10 ug/ml and the endpoint of its reaction was at 0.1 ug/ml. In addition, 

polyclonal antiserum against purified SM4 – CTV isolate was also produced and it reacted 

specifically with homologous antigen (SM4 – CTV) andCmO1 isolate. IgG of purified CTV 

antiserum at concentration 2 ug/ml responded to CTV antigen as the same level of reaction 

from commercial IgG by mean of ELISA absorption reading at  OD405 nm. 

  Results from immunostrip test indicated that white latex (solid phase) and pink 

latex bead (dye marker) could be used to assay CTV in sap extract diluted 1:5, 1:10, 1:50 or 

1:100 when they were coated with IgG of CTV purified antiserum at concentration 100, 150 or 

200 ug/ml. With variation of latex bead concentration, it was found that an application of 0.5% 

coated white bead at 5 ul streak on a test strip and 0.05% coated pink bead as marker 

produced pink band (CTV positive) at a test line as determined by visual assessment. 

However, the most prominent CTV positive pink band giving the highest color insensity 

(1.391) as measured by color meter was obtained from detection of sap extract diluted 1:5 

and using 150 ug/ml IgG.  Moreover, it was found that immunostrips kept at 7oC or 28oC for 1 

day, 1 week, 1 month, 2 months and 3 months still reacted with CTV.  However, reduction of 

color intensity of pink band producing by immunostrip kept at 7oC was observed.  CTV 

immunostrip test kit was then developed using antiserum produced from purified CTV. The 

test kit consisted of 5 test strip, 5 tubes containing sap extraction buffer, 5 tubes containing 

pink latex bead, 5 plastic pestle and an instruction manual. 

 

 

 

 

 

 

 

 

 

 

 


