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Decline of citrus plants grafted on sour orange rootstock is the commonest 

aspect usually associated to citrus tristeza virus. Manifestation of decline may 

range from being almost un-noticeable, extending over a period of years, to 

quick decline in which the tree dies in a matter of months. Slow decline is very 

frequent on the Mediterranean Basin. In some citrus producing areas outside 

the Mediterranean region, where sour orange is not extensively used as a 

rootstock, it is common to find plants exhibiting stem-pitting symptoms on 

the branches which are associated to a size reduction of the plants and fruits. 

The existence of virus strains is one cause for this wide range of symptoms. 

which differ heavily on their economic importance.

The current tendency to use tolerant rootstocks has allowed the virus to 

spread covering vast regions where a multiplicity of strains may develop. 

Diagnosis of CTV which since the onset of ELISA has been regarded as a 

matter of detection. aiming to know if the virus is present or not, is now 

insufficient. From a practical point of view the adoption of efficient control 

measures requires the knowledge about the strains that are present on a 

certain region or that are being introduced.

In this communication it is presented a two-step method for diagnosis of CTV. 

The first step aims at the detection and may also be accomplished by ELISA. 

The viral particles, if present in the sample to be analysed, are captured by 

antibodies and the coat protein (CP) gene is reverse transcribed and amplified 

by the polymerase chain reaction (immunocapture / RT-PCR). During the 

PCR reaction the DNA molecules that are produced are labelled with a rare 

molecule  digoxigenin. These PCR products are mainly single stranded due to 

an imbalance of the primers concentration (asymmetric PCR). The single 

stranded DNA molecules are captured by hybridisation to a short capture 

probe immobilized on a microtitre plate and detected by digoxigenin specific 

antibodies. This results in a highly sensitive ability to detect the virus.
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The second step aims at typing the CTV strains that may be present on the 

sample. The positive samples are re-amplified in a similar way and 

hybridised to an array of strain specific capture probes in a microtitre plate. 

Design of  the strain specific probes was  based on the alignment of a large 

number (160) of CP gene sequences. It was verified that these sequences 

clustered in 7 groups according to the biological properties (symptoms 

induced) of the virus. These probes have approximately 20 nucleotides and 

explore single nucleotide differences that exist in certain regions of the of the 

CP gene, resulting in cluster specific efficiencies of hybridisation. The pattern 

of reaction of each sample is analysed in an excel spreadsheet enabling the 

identification of the strains present and with their approximate proportion.

The two examples shown refer to very different epidemiological conditions. 

On Madeira island CTV was detected on 1995, possibly introduced from 

South America. Besides CTV is also present its most efficient vector Toxoptera 

citricida. Most of the samples analysed on the island contain strains from 

groups 3A, 4 and 5. These strains which are not widespread on the 

Mediterranean region produce quick decline and stem-pitting symptoms and 

constitute a serious threat if introduced in the Mediterranean basin. Recent 

results have shown that some of these strains have been in a certain moment 

present in Morocco, without spreading.

The second example refers to Portugal mainland where CTV has been 

introduced in the recent years with budwood coming from Spain. The strains 

present on these samples are usually of the mild type which do not produce 

stem-pitting or quick-decline. However it can be seen also that in some cases 

were detected severe strains, in varietal collections or in budwood from 

unknown origin present on some nurseries, for which eradication was a first 

priority.
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Diagnostic Methods for Virus and Virus-like agents

Purifying  the target  Sample preparation by:
Nucleic acid extraction 
Probe capture 
Immunocapture

Target amplification Not a bottleneck: PCR, LCR, NASBA, ...

Getting  the results Assays for amplicon detection:
Electrophoresis 
Heterogeneous colorimetric 
Homogeneous Fluorescent

5’-exonuclease
Sunrise
Molecular beacons

Bottlenecks in Amplification Based Methods
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IC/RT-PCR IC/RT-PCR – in practice

Total duration: 6h30

Incubate in thermocyclerImmunocaptureIgG coated tubes
(8 x 12 format) Wash, add RT-PCR

reagents

Add aqueous
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Purifying  the target  Sample preparation by:
Nucleic acid extraction 
Probe capture 
Immunocapture

Target amplification Not a bottleneck: PCR, LCR, NASBA, ...

Getting  the results Assays for amplicon detection:
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