WERA-020: Virus and virus like diseases of fruit trees, small fruits and grapevines

2005 Annual Meeting - Minutes
JC Raulston Arboretum, NCSU, Raleigh, NC

May 16-18, 2005
I.  Opening Remarks:
The meeting was convened in the J.C. Raulston Arboretum conference room at North Carolina State University in Raleigh, N.C.  Zvezdana Pesic-Vanesbroeck, chair and local organizer for the meeting, gave welcome and opening remarks.  

Ralph Cavalieri, administrative advisor for the committee, extended his welcome.  The change in name from Western Coordinating Committee (WCC) to Western Extension and Research Administrative Committee (WERA) was explained as an effort to standardize nomenclature associated with various working groups throughout the system of experiment stations.  He reminded us that the project plan for the WERA-20 expires in September 2006 and that a new project rewrite will need to be in place by January 2006.  
II. State Reports:  
California:

Adib Rowhani discussed his work with a new virus associated with leaf roll disease of grapevines.  This isolate was from the cv. Carnelian which was symptomatic, and it also causes leafroll and leaf reddening on the Cabernet Franc indicator.  It has not reacted in ELISA and/or RT-PCR to the other leafroll viruses. A cDNA library was constructed from dsRNA extracted from vines that had been identified as infected with this new virus.  Sequence comparison to other viruses suggests that it falls into the ampelovirus group, but is a new virus species.
A group discussion followed about the desirability for robust broad spectrum molecular assays, and the need to support these with biological assays.  Molecular assays provide rapid results but are prone to false negative results, while biological assays typically take a long time to complete, and are restricted to certain times of the growing season.  Many viruses of concern in fruit tree and grapevine programs spread naturally in the field.  Lauri Guerra suggested that minimal standards for re-testing should be set by a national committee following discussion of various aspects of virus certification whenever new viruses/viroids are detected.
Hawaii (written report submitted):

John Hu described the new collaborative project on Citrus tristeza virus with the USDA-ARS research facility located in Hawaii.  Development of the program was the result of declining sugar cane profitability and the potential that citrus presents as an alternative if CTV can be controlled.  The severe stem-pitting strain of CTV and the brown citrus aphid have both been established in Hawaii for a long time.  The program addresses four main objectives.  The incidence of CTV in Hawaii was determined using RT-PCR and tissue print blots.  The virus was found on all islands with an incidence ranging from 58 to 87%.  Another objective is to develop transgenic resistant plants.  Because of the great diversity of the CTV populations found on the Hawaiian Islands, this locale offers a strong test for field resistance.  Other forms of resistance are also being evaluated in these plots.  Field studies were initiated to identify cross-protecting strains that may offer protection against the wide range of isolates common in Hawaii.

Maryland (written report submitted):
Ray Mock reported on the restructuring of the Plant Germplasm Quarantine Office (PGQO).  They have moved into new facilities and responsibility for the quarantine testing program will transfer to USDA-APHIS on October 1. 

Two accessions of stonefruit did not react on GF305, but as a result of additional screening, were identified as being infected with Plum pox virus (PPV).  This identification was done before the plants had been relocated to screenhouses.
Difficulties with tissue culture for virus elimination from stone fruits may necessitate the use of heat therapy for virus elimination.

Comment was solicited on Black currant reversion virus.  It has not been reported to infect gooseberry, yet the program is obligated to continue testing accessions for this pathogen because gooseberry belongs to the genus Ribes.
North Carolina:
Zvezdana Pesic-Vanesbroeck provided an overview of the certification programs in North Carolina.  The NC Micropropagation unit was established in 1996 to provide virus-tested plants of vegetatively produced crops, and those that produce very little viable seed such as sweet potato.  Nuclear plants are developed and maintained in tissue culture.  Virus testing, which can take up to 1 year, is accomplished through biological testing, ELISA and PCR.  Plants are derived from the mericlones and grown on in a greenhouse for trueness-to-type and for selection of superior mericlones.  The corresponding mericlone is then selected to produce foundation grade material.  This is a self-supporting service center.  The salary for the director is from the University, but all other expenses are derived from industry in the form of fees and royalties.
Repeated vegetative propagation of sweet potatoes had resulted in the accumulation of viruses with resulting declining production after 7 years, and resulting loss of market share.  Currently, 45,000 acres valued at $60M are planted with material derived from the certification program.
A strawberry program was established to control the introduction of bacterial and fungal diseases from outside of North Carolina.  The Sandhills Research Station maintains strawberries for the program, and the introduction of new plants into this site is strictly controlled.  Only plants from the micropropagation program and from USDA are allowed on this location.  The propagated units are then transferred to certified nurseries that are required to grow certified material only, and from here, the plants are distributed throughout the southeast.
Viruses cause the decline of blackberries after 2-3 years rather than 10-15 years.  A survey of 10 sites in the southeast revealed that about one-half the plants has virus-like symptoms.  Blackberry yellow vein crinivirus, a white-fly transmitted virus, was identified.  It is asymptomatic by itself, but will express when other viruses are present.
South Carolina:
Simon Scott reported on the Southeast Budwood Program.  This is a certification program supported by South Carolina, Georgia and three major nurseries in Tennessee.  This certification program was initiated in 2000 in response to concerns about Plum pox virus (PPV).  Trees in this program are tested for PPV, PDV and PNRSV and the certification program currently includes 40-50 varieties of commercial interest. 

It was reported that Apple chlorotic leafspot virus was detected in peach.  Isolates from SC and GA were positive by RT-PCR using primers A52/A53 as reported by Candresse in Europe.  Reaction conditions were modified to produce reliable detection.  Dan Thompson reported that ACLSV is not common in North American cultivars of peach, and that some isolates (e.g. from flowering almond) do not react on GF305 indicators, but can be detected by ELISA of petals only.

Washington:

Ken Eastwell reported on the success of an industry sponsored program to detect and remove cherry trees infected with Cherry leafroll virus.  The survey was funded by industry and operated through the chemical and fruit packing houses to optimize the use of individuals that are frequently in the orchards.  The survey was accompanied by an intense educational program to increase the awareness to viruses and their negative impact on production.
Bill Howell reported that additional precautions during tree removal can facilitate virus control.  CA extension publications recommend treating diseased trees for potential leafhopper vectors before removal of trees infected with Western X disease.  Herbicide treatment or fumigation is recommended to prevent sucker re-growth.  He reported that glyphosate treatment of stumps of infected trees is an effective means of identifying root-grafted trees that are virus-infected but before virus symptoms appear.  Mary Horner indicated that in New Zealand, the use of glyphosate to treat stumps significantly increased the potential of Armillaria infection where inoculum pressure is high. 
Bill Howell reported on the effects of latent viruses derived from the ‘Yataka’ clone of ‘Fiji’ apple on apple fruit production and quality.  With the exception of ACLSV, the latent viruses significantly reduced trunk cross-sectional area.  There was no impact on fruit size, but tree efficiency (crop density ( trunk growth) is reduced.  Mary Horner indicated that the effect on keeping quality was important for marketing, and may be affected by latent viruses.
Lauri Guerra reported that ACLSV had been detected in several apple rootstocks and is trying to re-establish clean blocks of certified rootstocks.
Canada:
Dan Thompson reported that eradication of Plum pox virus dominated the program.  He reported on the characterization of the Winona strain of PPV.  It is negative in tests  for all of the PPV-subtype specific assays, and causes symptoms on plum, but not on P. tomentosa, a common indicator for PPV.  
The storage of PPV samples was also explored to aid in the management of virus testing programs.  Samples were collected from woody hosts in early June, chopped and stored at -20C and at -80C.  The samples were tested by ELISA every 2 weeks.  The virus was stable for 25 weeks, at which time a sharp decline occurred, although the virus was still detectable up to 25 weeks in storage.  It was noted that this decline in signal was less than that resulting from summer heat in the field, so the testing season can be effectively extended.

RT-PCR for the detection of ACLSV was examined using three primer pairs.  A52/A53 (Candresse), CLS7536/6860 (Menzel) and 4F/4R (Kummert) were compared in one-tube RT-PCR.  CLS5736/6860 reacted with all isolates in the study, but only produced one false positive.
Impact statement:  In 2004 the Canadian Plum pox virus (PPV) eradication program was given an $85 million seven year extension.  The program is based on finding and removing all the PPV infected trees and replanting with clean trees.  Knowledge of which plant species are hosts of PPV is critical to accomplish this goal.
Roberto Michelutti reported on activities of the Canadian Clonal Genebank in Harrow, Ontario.  It currently contains 3,300 accessions of fruit and small fruit.  All 732 Prunus accessions were tested for ACLSV, APLPV and ToRSV.  These three viruses were detected in a number of accessions; APLPV was the most frequently detected.  One accession of Siberian strawberry was infected with strawberry vein banding virus.  Fragaria, 135 accessions, were tested for ArMV, SLRSV, SMYEV, TRSV and ToRSV.  Ninety accessions of Rubus were tested for ArMV, RBDV, RpRSV, TRSV, ToRSV and TSV.  Symptoms appeared in the Ribes collection that followed an aphid infestation.  New growth was free of symptoms.  Ray Mock indicated that vein banding symptoms of gooseberry are correlated with virus, and the symptoms do not move into the new growth as summer progresses.
New Zealand:

Mary Horner of HortResearch reported on activities of the level 3 quarantine service in NZ.  Some of the viruses associated with Actinidia are symptomless, but the viruses do react with one or more indicator.  Actinidia is imported from China, and must be screened over a range of five herbaceous indicators, two plants of each indicator.  As a general principle, exotic pest tests of all accessions (including Malus and Vitis) is strain specific to prevent the introduction of more virulent strains.  The level of leafroll disease of grapevines in epidemic in NZ, and an initiative is underway to attempt pheromone trapping to control mealybugs.
III. Business meeting 

Sincere appreciation is extended to Zvezdana and her associates for hosting an excellent meeting.  All of the participants were able to focus on the issues because the arrangements and activities flowed smoothly.
Ralph Cavalieri reported that the current term for WERA-020 expires September 30, 2006.  The revised petition for renewal must be written and submitted by January 15, 2006 by the Agriculture Research Center office at WSU.  Simon Scott volunteered to coordinate the re-writing of the WERA-020 petition.  Ken Eastwell will email the former petition to committee members.

The time and date for the next meeting was discussed.  At the 2004 meeting, Dan Thompson has offered to host the meeting in 2006.  It was indicated that although they were unable to attend, Joseph Postman and Robert Martin had extended an invitation to host the 2006 meeting in Corvallis, OR.  The attendees voted to hold the meeting in Saanichton, British Columbia.  The date was set for the week of May 8, 2006.
IV. Other activities

On Tuesday afternoon, the group went on a tour of the NCSU Micropropagation Unit at NCSU.  This was followed by a tour of Jones Farms in Bailey where we toured their certified sweet potato propagation facility, their blackberry nursery, and the commercial blackberry planting.  A dinner catered by Jones Farms followed. 

On Wednesday tour, we toured the Lewis Nursery at Rocky Point (strawberries, blackberries and blueberries).  After lunch, we toured the Estate Muscadine Vineyards for Duplin Winery with Bill Cline, NCSU Extension Specialist, followed by a private tour and wine tasting at the Duplin Winery. 
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__________________________________________________________
Staffing.   Our program support crew of gardeners that was depleted by retirement of two out of our three positions in early 2004 was further depleted as the Beltsville Area was subjected to an A-76 outsourcing study.  The findings of this study will cause us to lose both of our remaining gardeners, one to retirement and one to a transfer of duty station within Beltsville (Mr. John Deyorio).  Mr David Goodkind with over 40 years of service to the quarantine program will be retiring, taking with him an extensive knowledge of the Pome indexing program.  David has been the key person for establishing new germplasm and performing woody inoculations for the pome program for many years.  As part of the new MEO (most efficient organization), we are to receive another gardener, with no quarantine program experience, on Monday, May 16th.  Our tissue culture lab has remained without technical supervision since December 2003 when Dr. Salih’s post-doc appointment was not renewed.  The lack of staffing in the TC lab has delayed implementation of additional in vitro work in small fruits (production of indicator plants and therapy of virus-infected small fruit accessions) and has slowed progress in the stone fruit therapy program.  The tissue culture lab is currently staffed by one Biological Technician and two part-time UMD students.  We are attempting to collaborate with other groups to bring in technical expertise needed to maintain status quo and expand into other crop areas.  Kristina Owens was brought into the PGQO in August 2004 as the Biological Lab Technician hired to support Dr. Li, our molecular testing and diagnostics scientist.  Their program responsibilities, with regard to fruit crops, include phytoplasma and viroid testing, and development of new diagnostic procedures for those and viral pathogens.  They are also tasked with investigating new pathogens found through the quarantine testing protocol.  Mr. Andrew Wilson, hired in June 2003 as the pome Agricultural Science Research Technician, left ARS for a position with the CSREES in August 2004.  Mr. Seth Pack, on a temporary assignment to the PGQO has received an extension as an ASRT not to exceed September 30, 2005.  This appointment can be extended for up to two years.
Facilities and Program Responsibilities.  Occupancy of the office and screenhouse portions of the new space at B-580 (National Plant Germplasm Quarantine Center) occurred in January and March 2004, respectively.  Both are welcomed improvements that we have been anticipating for several years.  The new labs are still not available for occupancy.  The sugarcane program, needing higher ceiling greenhouses was the first crop to enter the new space in October 2004, with all new plantings accommodated in the new area.  New greenhouse space was made available to the remainder of PGQO this spring after the bulk of the indexing program had begun.  We are slowly moving into the new greenhouse space.  The environmental controls allow for testing to be maintained in better temperatures and should allow for extended testing in the greenhouses.

A tentative date of October 1, 2005 has been set for all of the present quarantine activities of the USDA, ARS, PGQO to be transferred to APHIS, Plant Health Programs.  Staffing of the new program is uncertain at this time.  The advertisement for the supervisory position of the new quarantine program closed the first week of May and candidates are being evaluated.  The group is now supervised by Dr. Joe Foster, in a temporary detail assignment.

PGQO Liaison Committee.  The last annual meeting was held at Beltsville in March 2003.  Continuance of this working group is suspended at present pending arrangements with the new APHIS-Plant Health Programs group.

Program capacities for 2005 (Foreign Imports):

Pomes


50 accessions per year


Prunus


*50 accessions per year


Small Fruits

30 accessions per year

* Decreased from 75 due to program space deficiencies.


Program statistics for 2004 -05:



‘04 Releases
Distributions
’05 Receipts 
Established

Pome






Apples

14 UR, 1 PR
        10  
         44
        
      43




Pears

46 UR, 18 PR
        47          
           4

        4

Quince

 6  UR,  1 PR
          9

           2

        2
Prunus


Clonal

43 UR; 12 PR
       361

        34

       33




3 CR (all PLMVd)

Seed

0*
  
       0

         2
  
        2


Small Fruits


Ribes

4

       0

1; (28 pending
        1
    







from Australia)





UR- unconditional release

PR- provisional release

CR- conditional release

*:  Prunus seedling accessions (150) had passed all required tests for release, but were held over an additional season for further testing.  Will be released in 2005 with negative test results.

Pathogens intercepted.  Pathogens detected in accessions included: (pome) ACLSV, ASGV, ASPV, pear blister canker viroid, pear decline phytoplasma, and flat limb agent; (Prunus) PNRSV, PDV, APLPV; (Ribes) GVBaV.  


As reported last year, plum pox virus (PPV) was intercepted from plum accessions received from Donetsk, Ukraine.  Symptoms were initially observed on the woody indicator GF 305 for two of the accessions included vein-clearing and twisted leaves.  Further testing of all 16 accessions (plums and cherries) received from the Ukraine revealed that 4 of the plums from the consignment were infected with PPV.  A cause for concern was that PPV symptoms did not show up on the GF305 indicators for two of the 4 inoculations.  This year all new accessions are tested for PPV in the following ways prior to moving the plants to the screenhouse for growth:

- inoculation to GF 305

- DAS-ELISA (Durviz kit) from GF 305

- IC-RT-PCR from bark and bud scrapings of imported wood

- IC-RT-PCR from young leaves of the newly growing accessions.


- herbaceous test.

Work is continuing in collaboration with V. Mavrodieva/L. Levy (APHIS-CPHST) in strain determination.  Two of the accessions are clearly strain D, the other two are undetermined at this time.
Tissue Culture Lab Operations/Therapy on infected accessions.  The therapy program has made the following progress from May 04 – May 05:

- Accessions attempted in therapy: apple - 15, pear – 33, quince – 2

- Accessions successfully through therapy: apple – 5, pear – 4, quince – 4, prunus – 1

- Accessions returned to pathology for testing: apple – 2, pear – 9, quince – 3

Other activities from the TC lab during this reporting period include: 

- backup of several Rubus accessions in culture

- production of Rubus indicators for testing

- attempts to restart Ribes indicators in culture w/ assistance from B. Reed, Corvalis, OR

Current research and Testing Protocol Changes.  Favorable results are in for the RT-PCR test for detection of isolates of CGRMV from sources around the world.  Permits were acquired and isolates were received or intercepted through quarantine testing from 8 areas worldwide including Asia, Europe, Australia, and the U.S.  This year we will propose a change to the APHIS approved testing protocol to include one rep of RT-PCR testing and one rep of graft inoculation to the bio-indicator Kwanzan cherry for detection of two flexivirues CGRMV and CNRMV.

As reported above, we have added an RT-PCR assay for detection of PPV for all new Prunus imports.

We have received isolates of HSVd from both Canada and the U.S. to act as positive controls for our testing.  This spring we ran tests using 4 sets of primers for RT-PCR detection of HSVd with success.  Further work will be done with this test later in summer – early fall.
Research will continue this year with PCR assays for Currant Reversion Virus and Gooseberry Vein-Banding Virus.  The former test if successfully adapted will allow for early release of gooseberries and the latter will replace the bio-indicator Amos Black which has not proven reliable in our location.

Research will continue this summer – fall with dot blot hybridization assays for apple fruit crinkle viroid (AFCVd).  An isolate has been cloned and a dig-labeled probe for the detection of AFCVd in apple accessions by dot blot hybridizations has been constructed.
Program impact.
· These programs have major beneficial impacts on the production objectives for stone, pome, and small fruits in the United States. Germplasm released from quarantine can be evaluated for its suitability for production in the US and can be used in breeding programs; and is also maintained in the USDA repository system for potential future benefits.  

· An effective quarantine program encourages compliance with federal regulations regarding movement of germplasm and diminishes the temptations to smuggle plant material into the United States.  

· Therapeutic methods to eliminate pathogens can salvage potentially valuable germplasm. 

· Improved detection methods for quarantine pathogens can reduce the time germplasm is held in quarantine, as well as improve the reliability of the testing programs. 

· Quarantine programs intercept new or emerging pathogens or strains/isolates of a pathogen that may threaten US agricultural security. 

We extend an open invitation to all to stop by the PGQO facilities during your next stay in the Washington, D.C. – Baltimore area.  

Contacts.

Pome importation and quarantine:

Dr. Gary Kinard







Ph: 301-504-5951







Email:  pgqogk@ars-grin.gov
Molecular diagnostics:



Dr. Ruhui Li







Ph:  301-504-7653







Email:  pgqorl@ars-grin.gov
Prunus
& Small Fruit



Mr. Ray Mock

importation and quarantine:


Ph:  301-504-8624







Email: pgqorm@ars-grin.gov
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             John Hu  

        University of Hawaii at Manoa

      johnhu@hawaii.edu
Accomplishments 

Objective 1. Development of sensitive and reliable assays  

Recently, we have developed assays to detect Citrus tristeza virus (CTV) by Tissue blot immunoassays (TBIAs) and PCR. Steve Garnsey, the late David Gumpf, and Mark Hilf provided polyclonal and monoclonal antibodies and/or primer sequences (Hilf et al., 1999; Nocolaeva et al 1998; Permar et al 1990).  We have sampled 405 citrus trees from 50 different locations across five of the major Hawaiian islands. These samples came from commercial, semi-commercial, and backyard plantings, and included both healthy-looking and unthrifty trees.  Using RT-PCR and TBIAs, we have determined the CTV incidence for Kauai, Oahu, Molokai, Maui, and Hawaii to be 59, 87, 58, 63, and 83%, respectively, with an overall incidence of 74%.  We also found a small percentage of CTV-positive trees harboring strains of CTV that could be detected by RT-PCR, but not by TBIA (2%), and vise-versa (3%), indicating the Hawaiian CTV population contains strains which are not detectable using just one assay.  As such, we must develop a more robust PCR detection assay that will allow us to detect most if not all CTV isolates in Hawaii.  To do this we will analyze sequence data from a large number of CTV isolates from Hawaii and the rest of the world to identify conserved regions.  We will then test different primers sets, including those with degeneracy, against Hawaii isolates that cannot be amplified with the available primer sets.
Objective 2. Characterization of CTV

 In our recent work, samples testing positive by either RT-PCR or TBIA underwent additional PCR with the strain-specific primer sets for strains T3, T30, T36, and VT (Hilf et al., 1999). Most samples appeared to harbor multiple infections.  For example, from 20% of the samples at least one marker for one genotype was amplified, 19 % for two genotypes, 22% for three genotypes, 26% for four genotypes, and 9% for all five genotypes (T3, T30, T36, VT, T385).  Interestingly, 4% of the samples had no markers amplified, suggesting they are unlike any of the characterized CTV strains.  Evidence for recombinant genomes was also found.  For example, some samples had the 5’ UTR marker for T36 as well as the K17 and POL markers for VT amplified. One possible explanation is that these samples are infected by two genotypes (one that is similar to T36 only in the 5’ UTR and one that is similar to VT only in the K17 and POL region).  Another is that these samples are infected with a single, recombinant genome, which came from T36- and VT-like parents. In addition, the sequence data of the coat protein (CP) gene of CTV isolates suggest that Hawaii has remarkable diversity in its CTV population.  It appears that there is as much variation in Hawaiian CTV strains as there is in the rest of the world.  Much of this diversity could be attributed to the fact that unlike some other citrus-producing regions, no attempts have been made to eradicate or even control this virus.  Therefore the Hawaiian CTV population has had over 50 years to evolve with the BrCA to its current status.  As well, Hawaii is where the East meets the West, and as a result it is possible that we have had several CTV introductions from both sides of the Pacific, further increasing our diversity.  

Objective 3. Evaluation of control strategies 

Develop CTV-resistant citrus using the ‘synthetic gene’ approach. A recently developed and perhaps more effective solution, however, is to design a synthetic gene which is capable of conferring resistance against a broad range of viral strains (Fermin and Gonsalves, 2001).  To use the synthetic gene approach for CTV, the nucleotide sequences of as wide a variety of strains as possible must be obtained.  We have sequenced the CP for over 100 strains of CTV in the Hawaiian population and have obtained the CP sequence for several other strains from around the world from GenBank.  We have developed software which has computed a full-length coat protein sequence which is >94.6 % similar to all known CTV strains. We have synthesized a dozen overlapping oligonucleotides between 55 and 65 bases in length, which span the full length of the gene, and produced the synthetic gene constructs.   The gene is being used to produced transgenic citrus plants via Agrobacterium-mediated transformation approaches.    

Field evaluation of transgenic CTV-resistant citrus plants.  Recently, we have obtained two secure one-acre sites at the Waimanalo Experiment Station on the island of Oahu for testing CTV-resistant citrus.  Site 1 was formerly used as a citrus arboretum with 31 citrus and closely related species remaining.  These trees were tested by both serological and RT-PCR assays and it was determined that several CTV genotypes currently found on the US Mainland were already present in these trees, as well as many other genotypes not thought to be on the US Mainland.  These trees are heavily colonized by aphids at most times of the year and will serve as a source of viruliferous aphids for inoculation.  Recently, we have examined natural CTV spread at Site 1 using 50 susceptible, virus-free citrus plants and estimate over 60 % of these plants will be infected after one year, indicating there is heavy natural CTV infection pressure already present at the Waimanalo Experiment Station.

We have received seeds of putatively resistant Mexican lime lines from Spain that currently represent the only published account of citrus to have obtained a CTV-resistant phenotype through genetic engineering (Dominguez et al 2002).  We are also working on permits to import Mexican lime plants transformed with CTV p23 that have demonstrated resistance to CTV (Ghorbel et al. 2001; Leandro Pena, personal communication). We continue to work closely with the USDA, Hawaii Department of Agriculture, and the University of Hawaii Biological Safety Officer to obtain the necessary permits for importation.  The CTV-resistant Mexican lime lines will be commercially valuable for the diversified agriculture of Hawaii.

Select and test isolates for the ability to cross-protect against Hawaiian severe strains of CTV Steve Garnsey, Dennis Gonsalves, and Phil Ito initiated field tests in 1989 at Kona on the island of Hawaii to evaluate Florida CTV mild strains for use in cross-protection. All of the unprotected control citrus trees have since died from CTV infection, and many of the protected trees have also become severely affected.  However, two protected Mexican lime trees still appear healthy. We have identified a CTV isolate which holds promise for cross protection studies in a ~12-year-old planting of grapefruit trees on the island of Hawaii.  The strain(s) of CTV infecting these trees are nonstandard genotypes that are dissimilar from known cross-protecting strains such as T30 from Florida.  Tissue blot immunoassays show that this strain has a high titre in these trees, which is a desirable trait for a cross-protecting strain.  We have grafted budwood from these trees onto citrus plants in our greenhouse.  We will compare it against known cross-protecting strain T30 in field experiments. 

Impact:

Citrus tristeza virus (CTV), the causal agent of decline and stem-pitting in citrus, has been present in Hawaii for decades where it is vectored by the brown citrus aphid. In Hawaii, CTV and its most efficient aphid vector, the brown citrus aphid (BrCA), have been present together for over 50 years. Economically important stem-pitting CTV strains that are generally absent in commercial citrus production areas in California, Florida, Arizona, Texas, and other citrus-producing states are widespread in Hawaii. There is also considerable agricultural traffic between Asia and Hawaii, increasing the likelihood that Hawaii will acquire additional economically important CTV strains not yet present on the US Mainland. Therefore from a national perspective, Hawaii is in a unique position to develop and test control strategies for CTV. Such control strategies would not only be beneficial to Hawaii’s citrus industry, but also other citrus-producing regions that are threatened by CTV and the BrCA. 
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