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WERA-20  REPORT FOR 2008 --COLORADO 
 


Reported by:  Ramesh R. Pokharel, Colo. State Univ. - W. Colo. Research Center at Orchard Mesa, 
3168  B ½  Rd., Grand Jct., CO  81503-9126.  Ph: (970) 434-3264, x-205   Fax: (970) 434-1035.  
EMail addresses:  <Ramesh.Pokharel@colostate.edu> . 


 
Objectives for 2007/2008: 
 
1. Cherry Rasp Leaf Virus (CRLV):  Continue pot trials to examine CRLV susceptibility for Bing 


cherry on Citation/Z-interstem and on Mazzard rootstocks ( via-addition of dagger nematodes 
collected from soils beneath sweet cherry trees with severe symptoms of CRLV.). 


2. Identify the species of dagger and variability among populations in relation to rasp leaf virus 
transmission. 


3.  Study the rasp leaf virus transmission test in test plant (Nicotiana benthamiana) and cross 
inoculation from cherry to peach and apple.  


4. Other: Watch for, identify, and confirm any unusual fruit virus problems that may occur in 
Colorado's fruit industry. 


 
Results for 2007/2008: 
 
1. Cherry Rasp Leaf Virus & Nematode vectors of fruit viruses: Pot-in-pot studies were established to 


examine comparative susceptibility of Bing cherry on Citation/Z-interstem rootstock and on 
Mazzard in spring of 2006.  Potting soil was inoculated with viruliferous dagger nematodes (via 
rooted symptomatic root-suckers + surrounding soil added to pot soil of inoculated replicates).  In 
2007, pot soil was replaced by field soil with viruliferous dagger nematodes. No symptoms were 
evident on any of the inoculated trees as of spring 2008. 


2. Dagger nematodes from different crops (peach, cherry, plum, apple and grapes) and locations were 
collected and identified. Due to large variability in morphological characters, molecular 
identification (in collaboration with Allen Szalanski, University of Arkansas) is underway.  


3.  Mechanical inoculation of cherry rasp leaf virus on Nicotiana benthamiana, using common buffer 
and carborundum powder, failed to induce any symptoms. Tissue inoculation (grafting of infected 
bark with cambium) from cherry to apple and peach was carried out in 2007 growing season to 
study cross inoculation. No symptoms have been observed to date on apple and peach. 


4. Other:  We are continuing to monitor an incidence of grape fanleaf virus detected in a block of 
Cabernet franc grapes in Mesa Co. in fall 2006.  Infection appeared to be localized, not spreading in 
the vineyard despite the abundant presence of Xiphinema (dagger) nematodes.  The block was 
removed during the winter of 2006, fumigated in late summer 2007, and replanted in 2008.  Dagger 
nematode, but not X. index reported as vector, was observed in these block. In addition, nematode 
populations in the removed block soil and in soils of the adjacent Cabernet sauvignon grapes are 
being monitored and the adjacent block watched for any sign of spread.  In 2008 growing season,  
virus-like symptoms in cherry (vein clearing with clear green islands) were observed in one of the 
growers’ field in Dominguez Canyon; identification of the cause is underway.  


 
Proposed Objectives for 2008/2009: 
 
1. Continue Cherry Rasp Leaf Virus (CRLV) susceptibility studies for the Citation / Z-interstem 


combination rootstock.  Work to verify identity of the dagger nematodes  via molecular ID methods 
at Univ. of Arkansas. Continue monitoring on incidence of Grapevine Fanleaf in the above 
vineyard (& nematode populations therein). 


2. Complete molecular characterization of dagger nematode. Continue virus transmission through 
different means. Evaluate Scions (Van and Bing) and rootstocks (Gisela 5 and Gisela 7) 
susceptibility to rasp leaf virus. 


3 Other: Determine if the sweet cherry problem in Dominguez Canyon is virus-related. Watch for, 
identify, and confirm any unusual fruit virus problems that may occur in Colorado's fruit industry. 


 
WERA-20 Related Publications during 2007/2008:   
 
 None 








WERA-20 report for 2008 
 


Naidu Rayapati 
Washington State University 


 
 
 Studies were continued to document the occurrence of grapevine viruses in Washington State 
vineyards. Using molecular diagnostic techniques, Grapevine leafroll-associated virus (GLRaV)-
1, -2, -3, -4, -5, and -9, Grapevine Virus A, Grapevine Virus B, Grapevine rupestris stem pitting-
associated virus (GRSPaV), and Grapevine fanleaf virus (GFLV) have been detected in several 
red- and white-berried wine grape cultivars. These viruses have been shown to occur as either 
single or mixed infections in individual grapevines. GLRaV-3 was found to be the most prevalent 
among the viruses documented.  Molecular studies have confirmed for the first time the 
occurrence of Red Globe strain of GLRaV-2, GLRaV-9 and GFLV in several wine grape 
cultivars. Sequence analysis of two different regions of the genomes of GRSPaV and GLRaV-2 
isolates collected from different vineyards provided evidence for the presence of molecular 
variants of GRSPaV and GRLaV-2 in Washington and Oregon State vineyards. 
 
 The spatial pattern of GLD distribution was monitored for the past three seasons in several 
geographically widely separated vineyards. The results showed clustering of GLD-infected 
grapevines along individual rows, suggesting that GLD spreads between neighboring grapevines 
within rows. These patterns of spatial distribution were observed in two different cultivars 
indicating that the pattern of GLD spread could be similar in different cultivars. 
 
Impact statement: 
 
 The research outputs have provided science-based knowledge for an improved understanding 
of the epidemiology of grapevine leafroll disease. The prevalence of different viruses as single 
and mixed infections in individual grapevines highlights the importance of testing for different 
viruses in virus indexing programs. Information on genetic diversity of viruses is helpful in the 
development of diagnostic methods that would detect all the strains of a virus in certification and 
'clean' planting programs.  
 
Publications: 
 
Jarugula, S., Soule, M.J., Rowhani, A. and Naidu, R.A. 2008. First report of Grapevine leafroll-
associated virus-9 in Washington State vineyards. Plant Disease 92: 485. 
 
Mekuria, T., Martin, R.R. and Naidu, R. A. 2008. First report of the occurrence of Grapevine 
fanleaf virus in Washington State vineyards. Plant Disease 92: 1250. 
 








2008 Report for WERA-20 
 
 


Adib Rowhani 
Plant Materials Center 


Univ. of California 
Davis, CA 


 
 
 Real time TaqMan® RT-PCR (TaqMan® RT-PCR) assays were developed to detect the 
viruses associated with Rugose wood complex of grapevines. The viruses detected were Rupestris 
stem pitting-associated virus (RSPaV) in the genus Foveavirus, Grapevine virus A (GVA), 
Grapevine virus B (GVB) and Grapevine virus D (GVD) in the genus Vitivirus. The coat protein 
was found to be the most conserved gene within the viral species, therefore, the primers and 
probes for TaqMan® RT-PCR assays were designed from the multiple alignment of the coat 
protein sequence of various isolates of each virus. Comparisons were also made between the 
conventional one step RT-PCR and  TaqMan® RT-PCR for the detection of these viruses using 
four fold serial dilutions of both purified RNA and crude extract prepared from grapevine tissue. 
Results showed that TaqMan® RT-PCR was more sensitive and could detect viruses at 32 and 
256 fold higher dilutions for purified RNA and crude extract, respectively, compared to RT-PCR.   
 
 In a different experiment, Low Density Arrays (LDA) were designed based on the real-time 
RT-PCR (TaqMan®) assays for the specific detection of 13 viruses that infect Grapevines. The 
viruses included in the study were Grapevine leafroll associated viruses (GLRaV) types 1, 2, 3, 
4, 5, and 9, Grapevine leafroll associated virus 2-Redglobe strain (GLRaV-2RG), RSPaV, GVA, 
GVB, Grapevine Fanleaf Virus (GFLV), Tomato Ringspot virus (ToRSV), and Grapevine Fleck 
virus (GFkV).  The LDAs were evaluated against a wide range of geographically distributed 
isolates. Geographical locations included Africa, Europe, Australia, Asia, Latin America and the 
United States. High throughput detection of these viruses using LDAs was compared to RT-PCR 
and real time TaqMan® RT-PCR. The efficiency of different RNA extraction methodologies and 
buffers were compared for use in low density array detection. In addition improving the RNA 
extraction technique and testing the quality of the RNA using the 18S ribosomal RNA TaqMan® 
assay as an RNA specific internal control proved to generate better diagnostic assays. This is the 
first report on use of LDA for the detection of plant viruses. 
 








2008  Annual Report to WERA-20.  South Carolina.   S.W.Scott 


 


 Research on the bloom delay associated with the peach germplasm Ta Tao 5 and characterization 
of the virus and virus-like agents associated with this phenomenon has continued.  Ta Tao 5 is infected 
with Peach latent mosaic viroid (PLMVd), Apple chlorotic leaf spot virus (ACLSV), and Asian prunus 
virus (APV).  The complete nucleotide sequences of the isolate of PLMVd and ACLSV (GenBank 
Accession EU223295) have been determined.  APV has been partially purified and approx 50% of the 
sequence of the virus has been determined.   
 
 Ta Tao 5 that had been heat-treated at NRSP-5, Prosser, WA has been shown to contain only 
APV according to repeated PCR tests.  In 2008 trees of heat-treated T a Tao 5 exhibited no delay in 
bloom compared to other peach cultivars commonly grown in South Carolina.  Trees of Ta Tao 5 
bloomed at least 10 days after the heat-treated material.  


 A trial involving trees of the peach cultivar Springprince inoculated with different sources of 
ACLSV, PLMVd, and APV (heat-treated Ta Tao 5) and compared with trees that had been inoculated by 
transferring the mixture contained in Ta Tao 5 has been established.  In 2008, only those treatments which 
contained PLMVd displayed bloom delay. 


 The APV infecting Ta Tao 5 appears to be a mixture of at least APV-1 and APV-3 (Marais et al., 
2006. Virus Research 120: 176-183) and further research is needed to confirm this.  A second trial 
involving the cultivar Juneprince and refined treatment mixtures based on the preliminary data from the 
trial with Springprince has been established and will be monitored for the next 5 -7 years. 


Publications 


Marini,D.B., Gibson,P.G. and Scott,S.W. 2008 The complete nucleotide sequence of an isolate of apple 
chlorotic leaf spot virus from peach (Prunus persica (L.) Batch). Archives of Virology 153: 1003-
1005. 


Gibson , P.G. Reighard, G.L. Scott, S.W. , and Marini, D. 2008 . Phenotypical Variation in Peach Trees 
Inoculated with Defined Mixtures of Viruses and Peach Latent Mosaic Viroid. Acta 
Horticulturae,781:541-546. 


 








WERA-020 Report – 2008 - Washington (Eastwell) 
Little cherry disease:  Monoclonal antibodies were successfully produced against the 
bacterially-expressed coat protein of Little cherry virus 1.  The antibody works well is 
antigen trapped indirect ELISA.  The ELISA is currently being evaluated for its ability to 
detect various isolates, and the best tissues and season to perform the tests.  The 
rather weak reaction of Little cherry virus 1 isolates on current biological indicators has 
raised concern about the ability of quarantine and/or certification programs to reliably 
detect this virus.  The molecular and serological assays will help in this effort. 
Cherry leafroll virus:  Cherry leafroll virus (CLRV) is a pollen-borne virus, but the role 
of pollen in virus transmission between cherry trees is not certain.  We exposed virus-
free trees to pollen collected from CLRV-infected trees.  Our results indicate that the 
virus is readily transmitted from pollen to the developing fruit and to the fruit stem.  
Immunolocalization suggests that CLRV can readily migrate from virus-infected pollen 
through the floral parts to the sub-epidermal cell layer of the pedicel.  However, after 
controlled pollination of several thousand blossoms, transmission of the virus to the 
fruit-bearing tree has not been demonstrated.   
Foveaviruses:  Foveaviruses that infect fruit trees and grapevines are being 
characterized.  The foveaviruses that infect cherry are a diverse group of viruses with a 
broad range of sequence variants and symptomatologies.  Sequence analysis of the 
coat protein sequences of the cherry viruses reveal four distinct clades.  Polyclonal 
antibodies were developed to the bacterially-expressed coat protein of a representative 
virus of one cluster; this antibody reacts with all viruses in the same cluster.  Antibodies 
are being developed against viruses that populate other clades.  
A polyclonal antibody was developed for Rupestris stem pitting associated virus 
(RSPaV).  The antibody is being evaluated for its ability to recognize different isolates of 
RSPaV, and to determine the distribution of the virus within the plant.  Doctoral student 
Dan Villamor is examining the interaction of RSPaV, GLRaV3 and Grapevine yellow 
speckle viroid-1 on grape production characteristics. 
Hop stunt viroid:  Hop stunt viroid (HSVd) is of growing concern to hop producers.  A 
hop root certification program has been revitalized to provide HSVd and virus free roots 
to nurseries.  The first releases from the reactivated program were made in the autumn 
of 2007 and more than 6,000 plants were produced from the foundation material.  A ten-
year program is anticipated to reduce the incidence of HSVd in U.S. production.  The 
Washington Hop Commission invested heavily in equipment and facilities for the 
molecular detection of HSVd to minimize the cost of ongoing testing of material for 
propagation and of plants in commercial production.   
NRSP-005 activities:  Main activities included:  1) rescuing the Michigan State 
University peach breeding program after the discovery of Plum pox virus at an MSU 
research station; 2) assisting USDA-APHIS-PPQ by providing therapy to virus-infected 
clones; 3) distributing over 17,700 virus-tested buds to researchers and industry, and 4) 
virus testing and therapy of 185 new acquisitions of stone and pome fruit cultivars from 
nine foreign countries and eight U.S. states.  Virus therapy chambers designed and built 
at the Prosser station have greatly improved the efficiency of thermal therapy. 
The creation of a National Clean Plant Network was mandated in the 2008 Farm Bill 
under the The Food, Conservation, and Energy Act of 2008:  “The USDA Secretary 
shall establish “National Clean Plant Network” of clean plant centers for pathogen 







diagnosis and elimination to produce clean propagative material and maintenance of 
foundation blocks of pathogen-tested plant material throughout USA”. 
Organizational meetings have been held in Prosser, WA and Davis, CA with broad 
representation of the fruit tree and grape industries to create a structural model for the 
network.  The goal is to have the organization in place by October, 2008.  Significant 
progress will be required to help with renewal of the program when the Farm Bill is 
renegotiated in 2012.  Other perennial specialty crops may be considered for inclusion 
in the program once the fruit tree and grape programs are functional. 
 
 
Publications: 
Pethybridge SJ, Hay FS, Barbara DJ, Eastwell KC, Wilson CR.  2008.  Viruses and 


Viroids Infecting Hop: Significance, Epidemiology and Management. Plant Disease 
92:324-338. 


Bajet NB, Unruh TR, Druffel KL, Eastwell KC.  2008.  Occurrence of Two Little Cherry 
Viruses in Sweet Cherries in Washington State.  Plant Disease 92:234-238. 


Segwagwe AT, Putnam ML, Druffel KL, Pappu HR, Eastwell KC.  2008.  Molecular 
characterization of a new tymovirus from Diascia ornamental plants. Archives of 
Virology, 153:1495-1503. 


Pahalawatta V, Druffel KB, Wyatt SD, Eastwell KC, Pappu HR.  2008.  Genome 
structure and organization of a novel and distinct species of genus Caulimovirus 
associated with dahlia mosaic.  Archives of Virology, 153:733-738. 


Pappu H, Druffel KL, Eastwell KC.  2008.  Canna yellow mottle virus in Canna in 
Washington State.  Plant Disease, 92: 1136.  


Eastwell KC, Nelson ME.  2007. Occurrence of viroids in commercial hop (Humulus 
lupulus L.) production areas of Washington State. Plant Health Progress 
doi:10.1094/PHP-2007-1127-01-RS. 








PLUM POX VIRUS STATUS REPORT 
2008 SUMMARY 
AS OF 8/5/08 


 
Information in this report provided by Ruth Welliver, Don Albright and John Halbrendt 
 
Plum Pox Survey:  With the discovery of Plum Pox Virus in Pennsylvania in September 
of 1999, a survey and eradication program was put in place that has evolved and intensified 
through nine years of survey, research, and control action. After three years of all negative survey 
nationwide (2000-2002), the national survey (outside Pennsylvania) has focused in on higher-risk 
areas of the country. In 2006, for the first time, this national survey detected positive trees in 
states other than Pennsylvania: 3 positive trees in New York and 1 in Michigan. 
 
Because of a PPV nursery find in 2003, roughly five miles from any quarantine boundary, nursery 
quarantine restrictions were expanded and enhanced in an area around the primary PPV 
quarantine zones, via Pennsylvania regulations put in effect January 2005. The expanded 
nursery quarantine zone covers all primary quarantine areas for three years after the primary 
quarantine has been rescinded. It also covers any additional area that may be outside a primary 
quarantine zone but that lies within 11.5 km of a PPV-positive found in the previous three years. 
In this expanded area, the sale of Prunus from retail sites that buy-in their nursery stock is 
permitted, but propagation or long-term grow-out of Prunus near primary quarantine areas is 
prohibited, to lessen potential exposure of nursery stock to aphids that may carry PPV, and 
subsequent movement of that stock to areas where it could be the source of a new PPV infection 
focus.  
 
With the destruction of the positive orchard block identified in 2006, total PA orchard acreage 
removed since the beginning of the program stands at 1,614 acres. Compensation to growers 
was distributed using the same criteria as in previous years. 
 


Four-County Sample Numbers by Year 
(Adams, Cumberland, Franklin, and York Counties) 


 
 


Year 
Orchard 
Samples 


Homeowner 
Samples 


Other 
Samples 


Total 
Samples 


Total 
Positives 


% 
Positive 


2000 51,429 547 586 52,562 399 0.776 


2001 80,012 5,556 1,326 86,894 27 0.034 


2002 90,388 15,748 1,913 108,049 7 0.008 


2003 155,970 36,530 6,845 199,345 11 0.006 


2004 166,306 42,730 2,059 211,095 4 0.002 


2005 213,005 51,158 3,280 267,443 5 0.002 


2006 166,568 45,702 4,418 216,688 6 0.002 
 
 
 
 







 
Pennsylvania Status Report 
 
BACKGROUND: 
This is the 9th year of the PPV eradication effort in Pennsylvania since the detection of PPV in an 
orchard in Adams County in the fall of 1999.  Follow-up surveys in the US and Canada in 2000 
resulted in further detections of the virus in 3 additional counties in Pennsylvania and also in the 
Province of Ontario, Canada.  USDA APHIS PPQ conducted national detection surveys for PPV 
from 2000 – 2002 in up to 36 peach producing states in cooperation with State Departments of 
Agriculture and Universities.  From 2003 – 2005, surveys were conducted in various states based 
upon their potential for infection due to trade practices and history, proximity to known infections, 
production volume, budget, and follow-up information.  No other detections of the virus were 
made until 2006 when the virus was discovered in both NY and MI.  Positive detections in PA 
remained at levels of 6 or less every year from 2002 through 2006.  These surveys are a 
cooperative effort between APHIS PPQ, PDA, and Penn State University with each supplying 
infrastructure, equipment, and personnel.  The regulated areas during that time have decreased 
from a high of 349 square miles in 2003 to 51 square miles in 2008.  The 2007 survey produced 
negative results for the first since the detection of PPV in 1999. Two small areas in Adams 
County and one small area in Cumberland County remain under regulation for PPV.  Three 
consecutive years of negative survey are required to rescind the remaining quarantines that 
prohibit growers from resuming establishment of Prunus orchards.  The nursery propagation 
quarantine will remain effect for an additional 3 years after formerly infected areas are released 
from regulation. 
 
DATA SUMMARY OF THE 2008 PROGRAM: 
 


PA Activity Weekly Total 
Cumulative 


Total  
Number of Samples Collected 22,073 165,504  
Number of Samples Processed 17,533 182,892  
Number of Positive Samples 0 0  
Destruction Orders Issued 0 0  
Acres Removed 0 0  
Homeowner Properties Visited 2,346 25,193  
Homeowner Samples Collected 576 8,800  
Number of weed samples collected + processed* 1,272   14,939    
Number of positive weed samples 0   0    
Number of bait plants processed** 212   2,920    
Number of positive bait plants 0   0    


Employee data FT Temp 
Max #     


FT  
Max # 
Temp  


Number of State Employees on Project 4 76 4 83  
Number of Federal Employees on Project 5 7 5 10  
      


 
• Number of different weed species = 108 
**  Bait plants were Peas (1587), Red Clover (326), Zinnias (737) and African Daisy (270 


 







MAJOR EVENTS OR CHANGES SINCE LAST REPORT: 
 
The program continues to operate efficiently.  No positive or suspect samples to report. 
Notes:  The PDA ELISA grinding lab began working Saturdays on May 31.  All samples are being 
processed within one week of collection.  There is less area requiring survey with the 
deregulation of 43 square miles last fall.  The homeowner survey protocol was also changed to 
reduce the number of cherry samples generated.   


QuickTime™ and a
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are needed to see this picture.


 
 
New York Status Report 
 
BACKGROUND: 
PPV was confirmed at two sites in Niagara County, New York, in 2006.  The first site 
was in a plum orchard a short distance east of the Niagara River.  Two trees tested 
positive for the virus at the end of June.  The second site was located in a peach orchard 
near Olcott, NY, roughly 11 miles to the east of the first site.  Survey in 2007 generated 
87,876 samples that resulted in the detection of an additional 20 positive trees in five 
orchards.  Four of the sites were located in Niagara County within 5 miles of a 2006 
positive site.  The fifth orchard was located 22 miles to the east of the closest Niagara 
County positive in Orleans County.  A total of 26.7 acres of orchards were destroyed in 
2007 because of the positive detections in 2006 and 2007.  NY is currently using 
minimum 50-meter removal buffer around any positive detection due to the close 
proximity of the infections to the Canadian PPV infected area and the uncertain risk of 
reinfection via the natural movement of aphids between the two areas. 
 
 







DATA SUMMARY OF 2008 PROGRAM: 


NY Activity
Number of Samples Collected
Number of Samples Processed
Number of Positive Samples


Destruction Orders Issued


Acres Removed


Homeowner Properties Visited


Homeowner Samples Collected


Employee data FT Temp
Max # 


FT
Max # 
Temp


Number of State Employees on Project 4 23 4 24
Number of Federal Employees on Project 2 10 2 10


Weekly Total
Cumulative 


Total
8,084 83,753
7,695 82,808


0 3


0 1


0 0


1,019 5,007


523 3,210


 
 
MAJOR EVENTS OR CHANGES SINCE LAST REPORT: 
A site in Wayne County produced an additional suspect sample last week that was 
forwarded to Beltsville for confirmation. Results are still pending.  A site located in 
Niagara County produced a suspect positive at the end of last week.  This sample is from 
a site that was positive last year. The sample was forwarded to Beltsville for confirmation 
Monday, August 5. 
 
A suspect sample from Wayne County sent to Beltsville lab for confirmation on July 14 
tested negative.  Numerous subsequent resamples from the original trees in the original 
sample tested positive or had elevated background readings in ELISA at the Geneva lab.  
This material resulted in inconclusive results at the Beltsville lab.  This block will be 
resampled in September.  If there are positive trees in this block, the virus titer levels 
should be higher making confirmation easier at that time. 
 
Homeowner crews sampled the two suspect properties from the 2007 survey in Lewiston 
Township again this year in early June with negative results. 
 
Michigan Status Report 
 
BACKGROUND: 
On July 27, 2006, the Animal and Plant Health Inspection Service (APHIS) was notified 
that a single tree located at the Southwest Michigan Research and Extension Center near 
Benton Harbor, Michigan, tested positive for PPV at the end of July.  Every Prunus tree 
on the site was immediately sampled and tested along with a sister block located near 
Hart, Michigan by Michigan Department of Agriculture and USDA personnel.  No other 
positive trees were detected in the 54,000 samples generated in Michigan in 2006.  Trace 
back investigations conducted by APHIS Investigative and Enforcement Services in WA, 
OR, and CA were not able to find a source of infection from the parent stock used to 
create the infected tree.  Survey work done in ten counties in southwestern Michigan by 







MDA during 2007 generated 84,726 samples from orchards and included a limited 
homeowner survey done by PPQ personnel.  All samples tested negative.  All susceptible 
Prunus hosts within 500 meters of the positive tree were destroyed by the research station 
in the spring of 2007.  
 
DATA SUMMARY OF 2008 PROGRAM: 


MI Activity
Number of Samples Collected
Number of Samples Processed
Number of Positive Samples
Destruction Orders Issued
Acres Removed
Homeowner Properties Visited
Homeowner Samples Collected


Employee data FT Temp
Max #   


FT
Max # 
Temp


Number of State Employees on Project 4 8 4 8
Number of Federal Employees on Project 1 4 1 4


919 4,852
374 3,575


0 0
0 0


2,990 24,656
0 0


Weekly Total
Cumulative 


Total
2,782 23,918


 
 
MAJOR EVENTS OR CHANGES SINCE LAST REPORT: 
 
All samples continue to test negative.  MDA is working with USDA to extend sampling 
beyond the planned 25,000 samples agreed to in the cooperative agreement.  The 
homeowner survey operation is projecting completion of the planned survey area this 
year. 
 
Retesting of the 12 suspect trees at the MDA lab tested negative.   
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Pineapple Mealybug Wilt Associated Viruses 
 
John Hu 


Department of Plant and Environmental Protection Sciences 
College of Tropical Agriculture and Human Resources 
University of Hawaii at Manoa 
Honolulu HI 96822 USA 
 
johnhu@hawaii.edu 
 
Report: 
 


Mealybug wilt of pineapple (MWP) is a devastating disease of pineapple 
worldwide. The disease is characterized by severe leaf tip dieback, downward curling of 
the leaf margins, and reddening and wilting of the leaves that can lead to total collapse of 
the plant. Ampeloviruses, Pineapple mealybug wilt associated virus-1 (PMWaV-1), 
PMWaV-2, and PMWaV-3 have been previously identified in pineapple grown in 
Hawaii. Pineapple mealybug wilt associated virus-2 (PMWaV-2) infection and mealybug 
exposure are both involved in the etiology of MWP whereas PMWaV-1 is not a 
necessary component in MWP. Both viruses correlate with reduced yields.   
 
Molecular diversity of viruses 
 


Pineapple mealybug wilt associated virus-1 (PMWaV-1) and PMWaV-2 are 
mealybug transmitted Ampeloviruses that infect pineapple plants. The complete genome 
of PMWaV-1 was sequenced recently and found to contain seven open reading frames 
(ORFs). The genome organization of PMWaV-1 is distinct from PMWaV-2 and other 
ampeloviruses with the lack of an intergenic region between the RdRp and p6, a small 
coat protein (CP), and the apparent absence of a minor CP. Two additional putative 
viruses were identified in pineapple using degenerate primers targeting the closterovirus 
heat shock protein-70 (HSP-70) homolog gene. PMWaV-3 shares 63.9%, 72.5%, and 
79.2% amino acid identity with PMWaV-1 for the RNA dependent RNA polymerase, 
small hydrophobic protein, and HSP-70-homolog ORFs, respectively. A virus tentatively 
designated PMWaV-4 shared less than 40% sequence homology with PMWaV-2 in the 
HSP-70 homolog region. Based on sequence available for PMWaV-4, it is a distinct virus 
from PMWaV 1, 2, and 3. Phylogenetic analyses placed PMWaV-1, PMWaV-3, 
PMWaV-4, PBNSPaV, and some GLRaVs in a distinct clade within the genus 
Ampelovirus. 
 


Bacilliform-shaped particles with morphologies similar to Badnaviruses, 
(Caulimoviridae) have been identified in pineapple.  Oligonucleotides degenerate for the 
conserved sequences in the reverse transcriptase/RNase H and protease regions of 
badnavirus open reading frame III were used in PCR assays to identify badnavirus-like 
sequences from commercially-grown pineapple plants in Hawaii. Cloning and sequencing 
of resulting amplicons of the expected size (400 to 650 bp) revealed the presence of at 
least four different clades, designated A, B, C, and D.  Amino acid (aa) sequence 
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similarity of the 200 aa spanning the RT/RNase H region within each clade is above 98% 
and between clades ranges from 46% to 86%.   Sequences within the B clade contain a 
stop codon within this region, suggesting a nonfunctional sequence, and possible 
integrated remnants of a pararetrovirus or retroelement.  Specific PCR assays and DIG-
labeled probes have been developed to detect and distinguish the variants amplified from 
field pineapple samples.  The phylogenetic relatedness of clades A, B, C, and D to other 
badnaviruses, other Caulimoviridae members, and retro-like elements, and the 
distribution of the clades were examined. 
 
 Virus transmission by mealybug vectors 
 
 Several vector transmission characteristics of PMWaV-2 such as acquisition 
access period (AAP), persistence and retention of infectivity of the virus in grey 
pineapple mealybug vectors were evaluated. PMWaV-2 was detected in viruliferous grey 
pineapple mealybugs and in infected plants using a 2-step RT-PCR assay that involves 
the use of ImmoMix (Bioline), a hot-start Taq polymerase. Grey pineapple mealybug, a 
known vector of PMWaV-2, obtained maximum transmission efficiency (100%) after a 3 
day- acquisition access period. The minimum acquisition access period for grey 
pineapple mealybug was 1.5 days. PMWaV-2 persists in viruliferous grey pineapple 
mealybugs up to 3 days after daily sequential transfer to healthy pineapple plants within a 
7-day period. The maximum retention time that viruliferous grey pineapple mealybugs 
can retain PMWaV-2 while feeding on a non-host plant (Cucurbita pepo) and still remain 
infective when allowed to feed to the host plant (pineapple) was 24 hours. Transmission 
experiments provided evidence that PMWaV-2 is transmitted by the grey pineapple 
mealybug in a semi-persistent manner.  
 
  A real-time PCR assay has been developed to monitor virus concentrations in 
mealybugs and pineapple plants.  Comparisons between virus concentrations of infected 
plants in the presence and absence of mealybug feeding may provide insight into the 
mechanisms underlying the development of mealybug wilt of pineapple (MWP), and may 
lead to novel prevention strategies. 
   
Screening for viruses in newly-imported pineapple and germplasm accessions. 
 
 Reverse transcription-polymerase chain reaction (RT-PCR) and PCR assays for 
PMWaVs and badnaviruses were used to determine the distribution and incidence of 
these viruses in two new commercially important pineapple hybrids (one of which was 
imported from two different countries), and the germplasm accessions maintained at the 
ARS-USDA National Clonal Germplasm Repository in Hilo, HI.  PMWaV-3, a virus 
previously identified at low incidence in the traditionally-grown hybrids and cultivars in 
Hawaii, was present in about 70% of one new hybrid.  Incidences of PMWaV-2 were 
nearly 85% in the USDA-ARS accessions in Hilo, HI.  Such high incidences indicate the 
need for screening of plant material prior to mass propagation and further planting 
expansions. Assays for the incidences of badnavirus-like sequences with members 
belonging to four different clades (designated A, B, C, and D) showed that badnavirus 
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clade  B types were present in all plants tested, whereas incidences of clades A, C, and D 
varied from hybrid to hybrid. 
 
Development of transgenic pineapple plants with virus resistance genes 
 


Transformation with Agrobacterium tumefaciens was used to introduce gene 
constructs within a pCAMBIA backbone that contained either 1) the coat protein gene 
(CP) of Pineapple mealybug wilt associated virus-2 (PMWaV-2), or 2) a sequence 
composed of a portion of the CP gene in sense orientation, a portion of the HSP70h gene 
in sense orientation, and a portion of the CP gene in sense and antisense orintations 
aligned in tandem to form a hairpin-like structure of complementary sequences (Rerez 
2006; Perez et al. 2006). PCR analyses using oligonucleotide primer-pairs specific for the 
CP region or CP antisense sequence and the NOS-terminator region of 105 putatively 
transformed plants in the greenhouse showed that 8 plants, representing up to 7 distinct 
lines are positive for the transgene.  Dig-labeled probes of the gene construct confirmed 
the specificity of the PCR assays. These plants will be further evaluated with genomic 
Southern hybridization experiments. 
 
Impacts: 
 
 Our approach to control Pineapple mealybug wilt associated viruses and 
badnaviruses utilizes non-transgenic and transgenic methods. The high incidences of 
some PMWaVs and badnaviruses in newly-imported pineapple hybrids verify the 
importance of using virus screening assays to select virus-free plant material prior to 
mass propagation.  Our results of virus persistence suggest that trap crops may have 
potential to reduce the spread of PMWaVs in commercial fields. Our development of a 
highly efficient tissue culture procedure for inducing adventitious bud formation from 
very young leaf bases will be used to develop efficient transformation protocols that may 
lead to the genetic improvement of pineapple with enhanced virus resistance. 
 


Our efforts will continue to utilize non-transgenic and transgenic approaches for 
virus control in pineapple. We are currently investigating virus transmission 
characteristics and evaluating the virus titers in pineapple plants with and without 
mealybug exposures to better understand the mechanism behind PMWaV spread and 
MWP.  This information could provide insight into novel genetic manipulations of 
pineapple that could lead to virus or mealybug resistance.  We will also continue 
characterization of the pineapple plants that have tested PCR-positive for our anti-viral 
transgenes.  This may help us better understand the mechanisms and possible 
modifications to future transgene constructs or siRNA pathways. 
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Plant Disease Research Unit (PDRU) 
Prior to October 2005, personnel from the PDRU were responsible for the quarantine indexing 
and distribution of prohibited genera germplasm from the USDA quarantine program at 
Beltsville, MD.  That program is now operated by APHIS-Plant Health Programs (APHIS-PHP) 
and led by Dr. Joseph Foster.  Three scientists (Gary Kinard, Ruhui Li, and Ray Mock) and 
support staff have established the PDRU within the National Germplasm Resources Laboratory 
(NGRL-PDRU).  The mission of NGRL-PDRU is to conduct research to understand the biology 
of pathogens that infect economically important prohibited genera plant germplasm, including 
their etiology, detection, and elimination by therapeutic procedures.  These projects provide 
support to the USDA quarantine programs and help facilitate the safe introduction and 
international exchange of valuable plant germplasm. 
 
Personnel 
The PDRU presently has 12 employees forming a team approach to research projects.  Dr. Gary 
Kinard, previously the plant pathologist responsible for the pome germplasm importation and 
quarantine testing program, is the acting Research Leader of the NGRL and concentrates on 
viroid detection in pome and stone fruits.  Ray Mock, was responsible for the stone and small 
fruit quarantine, and is currently active in the in vitro pathogen eradication research.  Dr. Ruhui 
Li, was the quarantine molecular specialist, and now conducts research on characterization and 
detection of pathogens, including Cherry necrotic rusty mottle virus.  Our group also includes Dr. 
Eun Ju Cheong, a post-doctoral research horticulturist who joined NGRL-PDRU on May 30, 
2006.  Dr. Cheong is focusing on developing methods for the in vitro cultivation of sugarcane and 
Prunus sp., and elimination of quarantine pathogens from these crops.  Greg Anderson, biological 
science lab technician is responsible for molecular lab work, and Sam Grinstead is our biological 
science technician responsible for greenhouse care and maintenance of plants.  The PDRU also 
employs 3 visiting international research scholars: Dr. Liming Lin – development of fruit tree 
viroid detection procedures, Donglin Xu – working on sugarcane pathogens, and Ae Rin Jeon – 
development of small fruit (Ribes/Rubus) pathogen elimination protocols; and 3 part-time 
university students to support our lab and greenhouse research program. 
 
Recent Developments 


• Additional quarantine level greenhouse space, was acquired and occupied in the spring 
and summer of 2007 for research involving domestic and foreign pathogens of quarantine 
significance.  We continually work with APHIS to acquire permits for the receipt of 
additional domestic and foreign pathogens. 


 
• After 1 ½ years in the planning, contracting, and construction phases our quarantine level 


screenhouse was completed and occupied for deciduous fruit plants (pome, stone, and 
small fruits) in early March 2008.  This allows growth of our deciduous plants throughout 
the year in conditions favorable to our research program. 


 







• Additional expertise in pathology and tissue culture was added to our lab in the spring of 
this year with the addition of 3 international visiting research scholars whose J-1 Visas 
are sponsored through the US Forest Service-International Programs.  


 
Research Objectives and Progress 
The NGRL-PDRU performs research on viral and sub-viral pathogens of clonally propagated 
prohibited crop genera, with an emphasis on deciduous tree and small fruits, sugarcane, grasses, 
and sweet potatoes. Our mission is to characterize and investigate the etiology of poorly 
described diseases and pathogens of quarantine significance, and to develop more reliable 
detection and elimination methods.  Current projects related to deciduous fruits include: 
 


• A project is underway to develop and/or adapt existing protocols for in vitro culture and 
therapy of infected stone and small fruits.  Work on stone fruits is in the preliminary 
stages.  Multiple commercially available media have been used in attempts at in vitro  
establishment of 6 Prunus species.  Nutrient manipulations within those media have been 
investigated to more fully optimize the media for wide range acceptance of species on a 
single medium.  Investigations into tissue type (dormant vs. greenshoot) and media for 
regeneration from plants and meristematic tissues will continue, as well as development 
of optimum conditions for pathogen elimination (thermo, chemo, and meristem tip size).  
We’ve made progress on therapy of small fruit crops (Ribes and Rubus).  Collaboration 
with the labs of Martin, Postman, and Thompson has led to the acquisition of many of the 
prevalent small fruit pathogens through the APHIS permitting process.  Establishment of 
the cultures and verification of their infection status is underway at this time.  Media 
optimization is being pursued through manipulation of commercially available products, 
and is evaluated by regeneration % and shoot vigor.  Virus-infected plants will then be 
placed in aseptic culture and exposed to various therapeutic treatments (thermo, chemo, 
and meristem tip size).  After treatments, the regenerated plantlets will be tested for their 
pathogen status.  Pathogen elimination therapy is not currently available at the Beltsville 
quarantine facility for the small fruit and Prunus species and will be a valuable asset to 
importers once the protocol has been developed and transferred to APHIS. 


 
• Research to characterize flowering cherry isolates (FC) of Cherry necrotic rusty mottle 


virus (CNRMV) from Japan was published (Li, R. Mock, and R. 2008. Characterization 
of a flowering cherry strain of Cherry necrotic rusty mottle virus. Arch Virol (2008) 153: 
973-978).  Host range results and genomic sequence information indicate that they 
belong to the unassigned species, CNRMV, in the Flexiviridae family, and however, are 
different enough to be considered a unique strain (flowering cherry strain) from reported 
sweet cherry isolates.   


 
• Work continues to investigate the etiology of several poorly characterized quarantine 


diseases of pome fruits, including flat limb/rubbery wood.  All isolates of apple green 
crinkle, apple russet ring, and flat limb/rubbery wood in our collection have been 
screened against the common set of indoor woody indicators.  Whereas most isolates 
have been shown to contain at least one of the latent viruses, there appears to be no 
obvious correlation between latent infection and disease symptoms. 


 
• Research to develop a detection method for the six viroids that infect pome and stone 


fruits (apple dimple fruit, apple fruit crinkle, apple scar skin, pear blister canker, hop 
stunt, and peach latent mosaic) is in progress.  The development of a dig-labeled 
hybridization probe that allows for the simultaneous detection of all pome and stone fruit 







viroids will be compared with results from multiplexed real-time RT-PCR.  At present, a 
4-mer (ASSVd, ADFVd, HSVd, and PLMVd) and dimer (PBCVd, and AFCVd) have 
been constructed that will detect the appropriate target nucleic acids.  Future work will 
attempt to produce a polyprobe construct that will detect all 6 viroids in a single test.  At 
present, 6 individual hybridization tests are performed for detection of these viroids.  The 
single polyprobe (6-mer) will allow for testing both fruit types (pome and stone) against 
all 6 viroid species at one time from a single extract, as there have been some reports of 
cross-genera infection between the pome and stone viroids.    


 
• Investigations continue with Dr. Keith Yoder, Va. Tech Ag. Res. and Extension Ctr.  


Winchester, VA into the etiology of what is believed to be Stayman Blotch Virus in apple 
in the Shenandoah Valley, VA.  Tests for the presence of phytoplasma and viroids, and 
dsRNA extractions were negative and will be performed on fresh current season tissue 
this year.  Dormant wood from infected areas of the trees was collected and inoculated to 
the battery of indoor woody indicators this winter/spring to detect latent virus infection.  
Results were not consistent with regard to Stayman Blotch symptoms.  


 
Our group is excited about the opportunity to focus exclusively on research activities that support 
germplasm and quarantine programs.  NGRL-PDRU personnel are glad to discuss potential 
collaborations with colleagues and stakeholders who have interest in clonally propagated, 
prohibited genera crops that are handled by the USDA quarantine program.   
 
Program Impact 
Results from PDRU research projects will benefit the USDA quarantine program by producing 
more effective pathogen detection methods, improving knowledge on etiology of poorly 
described pathogens, and the development of therapeutic methods to eliminate pathogens from 
potentially valuable germplasm.  These improvements will help create a more effective 
quarantine program that encourages compliance with federal regulations regarding movement of 
germplasm and diminishes the temptations to smuggle plant material into the United States. 
 
 





