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I. Project title:  Development of Effective Monitoring Techniques for Sharpshooters and their 

Parasitoids 
  
II. Principal investigators and cooperators: 
 
Principal Investigator:  
Donald A. Cooksey  
Dept. Plant Pathology & Microbiology  
University of California  
Riverside, CA 92521  
  
Cooperators:  
David Morgan Cynthia LeVesque 
Pierce’s Disease Control Program Laboratory Director 
California Department of Food and Agriculture Citrus Research Board 
4500 Glenwood Drive, Bldg E 1201 Research Park Dr., Suite 500 
Riverside, CA 92501 Riverside, CA 92507 
 
III. List of objectives and description of activities conducted to accomplish each objective: 
 
A method is proposed that can identify the species of host, GWSS or Smoke Tree Sharpshooter 
(STSS), and its parasitoids within half a day of collection rather than two weeks.  A further 
benefit would be that old egg masses can be used after wasp eclosion as the pupal and 
sharpshooter egg casing can be analyzed.  This method uses a multiplex high resolution melting 
curve analysis real-time PCR, to identify DNA fragments specific to the hosts and their 
parasitoids simultaneously.   The specific objectives are: 
 
1. Develop primer pairs that can be used in a multiplex high resolution melting curve analysis 

real-time PCR system for each species of sharpshooter and parasitoid.  Several primer pairs 
have been identified for the Gonatocerus and sharpshooter species COI gene sequences. 
(Figures 1 and 2). 

2. Clone the target genes from those species of parasitoid for which there is no sequence data 
available.  This will be accomplished through the use of published primers or the 
development of degenerate primers. 

3. Determine the limits of detection of each species of sharpshooter and parasitoid.  Based on 
other studies, we are confident we will be able to detect developing parasitoid embryos in 
sharpshooter eggs.  We hope to be able to determine the both the host and parasitoid species 
from sharpshooter egg cases from which the parasitoids have eclosed by amplifying the layer 
of cells which remain in the parasitoid egg. 
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IV. Summary of major research accomplishments and results for each objective: 
 
Changes in Methodology to Accomplish Objectives.  Overall, the project has changed from 
development of a mutliplex PCR system to development of a multiplex high resolution melting 
curve analysis system to allow better differentiation of closely-related parasitoid species. The 
methodology changes and progress are as follows: 
 
DNA Extraction: 
Genomic DNA is being extracted using the Qiagen MagAttract 96 DNA Plant Core Kit (Qiagen, 
Valencia, CA.) either in individual 1.5 ml microfuge tubes or in 1 ml 96 well plates (USA 
Scientific, Ocala, FL.) sealed with TPE Capcluster mats (Micronic, Leltstad, The Netherlands). 
Samples are homogenized by shaking for 6 min. on a Mini-Beadbeater-96 (BioSpec Products, 
Bartlesville, OK) with glass and stainless steel beads. Quantification is performed using the 
PicoGreen assay (Invitrogen Corporation, Carlsbad, CA.) and the DTX 880 Multimode Detector 
(Beckman Coulter, Brea, CA.). 
 
Primer development and amplification: 
Sets of primers for COI gene amplification have been developed (Figures 1 and 2) for high 
resolution melt analysis amplification using the MegAlign and Primer Select programs of the 
Lasergene suite of programs (DNASTAR Inc., Madison, WI.) and the Primer Express program 
(Applied Biosystems, Inc., Foster City, CA.).  Amplification parameters are being worked out 
using MeltDoctor High Resolution Melt Reagents and the 7500 Fast Real-Time PCR System 
(Applied Biosystems, Inc., Foster City, CA.) 
 
V. Publications or reports resulting from the project: 
 
Cooksey, D. A. 2009. Development of Effective Monitoring Techniques for Sharpshooters and 

their Parasitoids. Page 72 In: Pierce’s Disease Research Symposium, 2009, CDFA. 
 
VI. Presentations on research: 
 
Poster and oral presentations at CDFA Pierce’s Disease Research Symposium, Sacramento, CA, 

December 9-11, 2009. 
 
VII. Research relevance statement: 
 
The suppression of Glassy-winged Sharpshooter (GWSS) populations is accomplished in part by 
biological control agents.  An accurate and rapid method for identification of the eggs of 
sharpshooter species, determining whether eggs are parasitized, and by which parasitoid species, 
is essential for estimating success.  Post-release monitoring is a keystone of biological control 
agent evaluation.  The only methodology currently available involves the collection and 
incubation of field-collected GWSS eggs.  Eggs are removed from the field before development 
has been completed and so are removed from the possibility of further parasitism.  Parasitism 
rates are underestimated and significant developmental mortality occurs during the two-week 
incubation period needed for wasps and GWSS to develop.  Optimal incubation conditions vary 
for each parasitoid species so certain species are underreported as they die in imperfect 
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incubation conditions.  No economical method for identifying whether eggs are from GWSS or 
the native STSS is possible.  A more efficient method for monitoring biological control activity 
is essential as it will result in more accurate, timely, and economic reporting of GWSS 
parasitism.  Development of a single-step multiplex high resolution melting curve real-time PCR 
assay for sharpshooters and their parasitoids will allow for accurate reporting of GWSS 
occurrences and facilitate development of effective control agents.  This method can identify the 
species of host, GWSS or Smoke Tree Sharpshooter (STSS), and its parasitoids within half a day 
of collection rather than two weeks.  A further benefit is that old egg masses should be able to be 
used after wasp eclosion, as the pupal and sharpshooter egg casing can be analyzed.  This 
method, multiplex high resolution melting curve real-time PCR, uses real-time PCR techniques 
to identify specific sequence differences between the parasitoid species and their hosts 
simultaneously. 
 
VIII. Lay summary of current year's results: 
 
Funding for the project was received in late Fall of 2009.  Since that time, we redesigned the 
methodology for the project from the development of a simple mutliplex PCR system to 
development of a multiplex high resolution melting curve analysis system that should allow 
better distinction between closely-related parasitoid species.  Primers were developed as shown 
in Figures 1 and 2 below. 
 
IX. Status of funds: 
 
As of 1/31/2010 (the most recent financial statement from UCR), there was a balance of 
$31,448.40 from the appropriated amount of $33,465. 
 
X. Summary and status of intellectual property produced during this research project: 
 
No intellectual property issues are anticipated. 
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Figure 1. Alignment of all Gonatocerus COI sequences using ClustalW (Slow/Accurate, IUB) with sequence 
differences boxed and primers indicated by arrows:

- - - - - - - - - - - - - - - - - - GGAGGAT TT GGAAATT GATT AGT TCCT TT AAT AT TATCAGTTCCT GATATAGCT TT TCCACGMajority

170 180 190 200 210 220 230 240

- - - - - - - - - - - - - - - - - - GGAGGAT TT GGAAATT GATT AGT TCCATT AAT AT TATCAGTTCCT GATATAGCT TT TCCACG 62Gonatocerus ashmeadi COI.seq
- - - - - - - - - - - - - - - - - - GGAGGAT TT GGAAATT GATT AGT TCCT TT AAT AT TAACTT CTCCT GATATATCT TT TCCACG 62Gonatocerus incomptus COI.seq
- - - - - - - - - - - - - - - - - - GGAGGAT TT GGAAATT GATT AGT TCCT TT AAT AT TATCAGTTCCT GATATAGCATT TCCT CG 62Gonatocerus morgani COI.seq
GTAAT ACCTGTAAT AATAGGGGGAT TT GGAAATT AT TT AGT TCCT TT AAT AT TATCAGTTCCAGATATAGCT TT TCCT CG 240Gonatocerus morrilli COI.seq
- - - - - - - - - - - - - - - - - - GGAGGAT TT GGAAATT GATT AGT TCCT TT AAT AT TATCTT CACCAGATATGTCT TT TCCT CG 62Gonatocerus novifasciatus COI.seq
- - - - - - - - - - - - - - - - - - GGAGGAT TT GGAAATT GATT AGT TCCT TT AAT AT TATCAGTTCCAGATATATCATT TCCACG 62Gonatocerus triguttatus COI.seq
- - - - - - - - - - - - - - - - - - GGAGGAT TT GGAAATT GATT AGT TCCT TT AAT AT TATCTGTTCCT GATATAGCT TT TCCACG 62Gonatocerus w alkerjonesi COI.seq

AAT AAAT AAT AT AAGATTT TGAT TATT ACCTCCAAGAATAATT TT AT TAATATCAAGAATATT TGTAGGAAT AGGT ACAGMajority

250 260 270 280 290 300 310 320

AAT AAAT AAT AT AAGATTT TGAT TATT ATGTCCAAGAATAATT TT AT TAATATCAAGAATATT TGTT GGTACTGGT ACAG 142Gonatocerus ashmeadi COI.seq
AAT AAAT AAT AT AAGATTT TGAT TATT ACCCCCAAGAATAATCTT AT TAACT TCTAGAATATT TATT GGAAT AGGT TCAG 142Gonatocerus incomptus COI.seq
AAT AAAT AAT AT AAGT TTT TGAT TATT ACCTCCAAGAT TAATATT AT TGATATCAAGAATATT TGTAGGAAT AGGAACAG 142Gonatocerus morgani COI.seq
AAT AAAT AAT AT AAGATTT TGAT TATT ACCACCAAGAATAATT TT AT TAATATCTAGAATATT TGTAGGAAT AGGGACAG 320Gonatocerus morrilli COI.seq
AAT AAAT AAT AT AAGATTT TGAT TATT ACCTCCAAGAATAATT TT GT TAACATCAAGAATATT TGTAGGAAGTGGT TCTG 142Gonatocerus novifasciatus COI.seq
AAT AAAT AAT AT AAGATTT TGAT TATT ACCTCCT AGAATAATT TT AT TAATATCAAGAATATT TATT GGAAGAGGAACTG 142Gonatocerus triguttatus COI.seq
AAT AAAT AAT AT AAGATTT TGAT TATT ACCACCAAGAT TAATATT AT TAATATCTAGAATATT TGTAGGTAT AGGT ACTG 142Gonatocerus w alkerjonesi COI.seq

GAACT GGATGAACT GT TTATCCT CCTT TAT CAAT AAAT TTATCTCAT AGAGGACCATCXGT AGAT TT AT CAATT TT TT CTMajority

330 340 350 360 370 380 390 400

GAACT GGTTGAACT GT TTATCCT CCTT TAT CAAT AAAT TTATCTCAT AGAGGACCT TCAGT AGAT TT AT CTATT TT TT CA 222Gonatocerus ashmeadi COI.seq
GAACT GGATGAACT GT TTATCCT CCTT TAT CATCAAAT TTATCTCAT AGAGGACCT TCTGT AGAT TT AT CAATT TT TT CT 222Gonatocerus incomptus COI.seq
GAACT GGATGAACT GT TTATCCT CCTT TAT CAAT AAAT TTATCTCAT AGAGGACCATCGGT AGAT TT AT CTATT TT TT CT 222Gonatocerus morgani COI.seq
GAACAGGATGAACAGT TTATCCT CCAT TAT CAAT AAAT TTATCTCAT AGAGGACCATCAGT AGAT TT AT CAATT TT TT CT 400Gonatocerus morrilli COI.seq
GTACT GGATGGACAGT TTATCCACCTT TAT CT TCAAAT TTATCCCAT AGAGGTCCATCTGT AGAT TT AT CAATT TT TT CT 222Gonatocerus novifasciatus COI.seq
GTACAGGATGAACAGT TTATCCT CCTT TAT CAAT AAAT TTATCTCAT AGAGGTCCATCTGT AGAT TT AT CAATT TT TT CT 222Gonatocerus triguttatus COI.seq
GAACT GGATGAACT GT TTATCCT CCTT TAT CAAT AAAT TTATCTCAT AGAGGACCATCAGT AGAT TT AT CTATT TT TT CT 222Gonatocerus w alkerjonesi COI.seq

T TACATATTGCT GGAGCTT CT TCAATT ATAGCTT CAAT TAATT TT AT TTCTACT AT TATTAAT AT AAGAATATATAAAATMajority

410 420 430 440 450 460 470 480

T TACATATTGCT GGTGCAT CATCAATT ATAGCTT CAAT TAATT TT AT TTCTACT ACAATTAAT AT AAAAATATATAAAAT 302Gonatocerus ashmeadi COI.seq
T TACATATTGCT GGAGTTT CT TCAATT ATAGCAT CAAT TAATT TT AT TGT AT CAAT TACTAAT AT AATT ATT TATAAAAT 302Gonatocerus incomptus COI.seq
T TACATATTGCT GGAGCAT CT TCTATT ATAGCTT CAAT TAATT TT AT TTCTACT AT TATTAAT AT AAAAATATATAGAAT 302Gonatocerus morgani COI.seq
T TACATATTGCT GGTGCTT CT TCTATT ATAGCTT CAAT TAATT TT AT TTCTACT ACTATTAAT AT AAGAATATATAAAAT 480Gonatocerus morrilli COI.seq
T TACATATTGCT GGAATTT CT TCAATT ATAGCAT CAAT TAATT TT AT TGT AT CAAT TGTTAAT AT AATT ATT TATAAAAT 302Gonatocerus novifasciatus COI.seq
T TACATATTGCT GGAGCAT CATCAATT ATAGCTT CAAT TAATT TT AT TTCTACT AT TATTAAT AT AAGAATATATAAAAT 302Gonatocerus triguttatus COI.seq
T TACATATTGCT GGAGCTT CATCAATT ATAGCTT CAAT TAATT TT AT TTCTACT AT TATTAAT AT AAGAATATATAAAAT 302Gonatocerus w alkerjonesi COI.seq

AGAAAAAGTAACAT TATTT TGTT GATCTTT AATATT AACAGCAAT TT TAT TATT AT TATCATT ACCAGT ATT AGCT GGAGMajority

490 500 510 520 530 540 550 560

AGAAAAAGTT ACAT TATTT TGTT GATCTTT AATATT AACAGCAAT TT TAT TATT AT TATCATT ACCAGT ATT AGCT GGAG 382Gonatocerus ashmeadi COI.seq
AGAAAAATTAACGT TATTT TGTT GATCATT AT TATT AACTT CAAT TT TAT TATT AT TATCT TT ACCAGT ATT AGCT GGAG 382Gonatocerus incomptus COI.seq
AGAAAAAGTT ACAT TATTT TGTT GATCATT AATATT AACAGCAAT TT TAT TATT AT TATCATT ACCT GT ATT AGCT GGAG 382Gonatocerus morgani COI.seq
AGAAAAAGTAACAT TATTT TGTT GATCATT AATATT AACAGCAAT TT TAT TATT AT TATCATT ACCAGT ATT AGCT GGAG 560Gonatocerus morrilli COI.seq
AGAAAAATTAACAT TATTT TGTT GATCTTT AT TATT AACAT CAAT TT TAT TATT AT TATCT TT ACCT GT ATT AGCAGGTG 382Gonatocerus novifasciatus COI.seq
AGAAAAAGTT ACAT TATTT TGTT GATCTTT AATATT AACAGCAAT TT TAT TATT AT TATCATT ACCAGT TTT AGCT GGAG 382Gonatocerus triguttatus COI.seq
AGAAAAAGTAACAT TATTT TGTT GATCTTT AATATT AACAGCAAT TT TAT TATT AT TATCATT ACCAGT TTT AGCT GGAG 382Gonatocerus w alkerjonesi COI.seq

CTATT ACTAT AT TATT ATT TGAT CGAAATT TAAATACT TCATT TT TT GAT CCAT CT GGXGGAGGAGATCCAATT TT AT ATMajority

570 580 590 600 610 620 630 640

CTATT ACTAT AT TATT ATT TGAT CGAAATT TAAATACT TCATT TT TT GACCCAT CT GGTGGTGGT GATCCAATT TT AT AT 462Gonatocerus ashmeadi COI.seq
CTATT ACTAT AT TATT ATT TGAT CGAAATT TT AATACT ACATT TT TT GAT CCAT CT GGAGGAGGAGATCCAATT TT AT AT 462Gonatocerus incomptus COI.seq
CAATT ACTAT AT TGTT ATT TGAT CGAAATT TAAATACATCT TT TT TT GAT CCAT CAGGGGGAGGAGATCCTATT TT AT AT 462Gonatocerus morgani COI.seq
CTATT ACAAT AT TATT ATT TGAT CGAAATT TAAATACT TCATT TT TT GAT CCAT CT GGTGGTGGAGA              627Gonatocerus morrilli COI.seq
CTATT ACTAT AT TATT ATT TGAT CGAAATT TT AATACAACATT TT TT GAT CCAT CT GGTGGTGGT GATCCAATT TT AT AT 462Gonatocerus novifasciatus COI.seq
CAATT ACTAT AT TATT ATT TGAT CGAAATT TAAATACT TCATT TT TT GAT CCAT CT GGAGGAGGT GATCCAATT TT AT AT 462Gonatocerus triguttatus COI.seq
CAATT ACTAT AT TATT ATT TGAT CGAAATT TAAATACATCATT TT TT GAT CCAT CAGGAGGAGGAGATCCTATT TT AT AC 462Gonatocerus w alkerjonesi COI.seq

CAACATT TAT TT TGAT TTT TT GGTCAT CCAGAAGTT TATAT TT TAAT TTT ACCGGGMajority

650 660 670 680 690

CAACATT TAT TT TGAT TTT TT GGACAT CCAGAAGTT TATAT TT TAAT TTT ACCGGG                         518Gonatocerus ashmeadi COI.seq
CAACATT TAT TT TGAT TTT TT GGTCAT CCAGAAGTT TATAT TT TAAT TTT ACCGGG                         518Gonatocerus incomptus COI.seq
CAACATT TAT TT TGAT TTT TT GGTCAT CCT GAAGTT TATAT TT TAAT TTT ACCGGG                         518Gonatocerus morgani COI.seq
                                                                                 627Gonatocerus morrilli COI.seq
CAACATT TAT TT TGAT TTT TT GGTCAT CCAGAAGTT TATAT TT TAAT TTT ACCGGG                         518Gonatocerus novifasciatus COI.seq
CAACATT TAT TT TGAT TTT TT GGTCAT CCAGAAGTT TATAT TT TAAT TTT ACCGGG                         518Gonatocerus triguttatus COI.seq
CAACATT TAT TT TGAT TTT TT GGTCAT CCT GAAGTT TATAT TT TAAT TTT ACCGGG                         518Gonatocerus w alkerjonesi COI.seq



 

 

 
 
 
 
 

 
Figure 2. Alignment of sharpshooter COI sequences using ClustalW (Slow/Accurate, IUB) with sequence differences 
boxed and primers indicated by arrows: 

 
 

T AT TATT ACTCAGGAAAGAGGAAAAAATGAAT CATT TGGXTAT AT XGGT ATAGT AT AXGCXAT AATXTCAATTGGXTT ATMajority

10 20 30 40 50 60 70 80

T AT TATT ACTCAGGAAAGAGGAAAAAATGAAT CATT TGGGTAT AT CGGT ATAGT AT AT GCCAT AATGTCAATTGGCTT AT  80Homalodisca liturata COI.seq
T AT TATT ACTCAGGAAAGAGGAAAAAATGAAT CATT TGGATAT AT TGGT ATAGT AT ACGCTAT AATATCAATTGGT TT AT  80Homalodisca vitripennis COI.seq

T AGGATT TGTAGTATGAGCTCAT CATATXTTXACTGTT GGAAT AGAT GT XGATACCCGTGCGT AXTT XACT TCXGCAACTMajority

90 100 110 120 130 140 150 160

T AGGATT TGTAGTATGAGCTCAT CATATGTTCACTGTT GGAAT AGAT GT AGATACCCGTGCGT ACTT CACT TCT GCAACT  160Homalodisca liturata COI.seq
T AGGATT TGTAGTATGAGCTCAT CATATATTT ACTGTT GGAAT AGAT GT GGATACCCGTGCGT AT TT TACT TCCGCAACT  160Homalodisca vitripennis COI.seq

ATAAT TATT GCAGT ACCXACAGGTATT AAAAT TT TT AGAT GAT TAGCAACAATACAXGGXATATCAAAXGGTAT AT CAATMajority

170 180 190 200 210 220 230 240

ATAAT TATT GCAGT ACCCACAGGTATT AAAAT TT TT AGAT GAT TAGCAACAATACACGGGATATCAAAGGGTAT AT CAAT  240Homalodisca liturata COI.seq
ATAAT TATT GCAGT ACCT ACAGGTATT AAAAT TT TT AGAT GAT TAGCAACAATACATGGT ATATCAAAT GGTAT AT CAAT  240Homalodisca vitripennis COI.seq

T TCAATAAT ATGAT CAGCTGGAT TT GT TT TTT TATT TACAATXGGGGGXCTAACAGGT AT TGT AT TATCTAATT CT TCTAMajority

250 260 270 280 290 300 310 320

T TCAATAAT ATGAT CAGCTGGAT TT GT TT TTT TATT TACAATGGGGGGT CTAACAGGT AT TGT AT TATCTAATT CT TCTA 320Homalodisca liturata COI.seq
T TCAATAAT ATGAT CAGCTGGAT TT GT TT TTT TATT TACAATAGGGGGGCTAACAGGT AT TGT AT TATCTAATT CT TCTA 320Homalodisca vitripennis COI.seq

T TGAT GT TATTXTACATGACACT TACT AT GTAGT TGCXCATTT CCAT TATGT XT TATCTATAGGAGCAGTXTTT GCAATTMajority

330 340 350 360 370 380 390 400

T TGAT GT TATTCTACATGACACT TACT AT GTAGT TGCCCATTT CCAT TATGT CT TATCTATAGGAGCAGTATTT GCAATT  400Homalodisca liturata COI.seq
T TGAT GT TATTT TACATGACACT TACT AT GTAGT TGCT CATTT CCAT TATGT TT TATCTATAGGAGCAGTGTTT GCAATT  400Homalodisca vitripennis COI.seq

ATAGCAGGXTTXAT TCAATGATAXCCATT ATT TACT GGXATAACT AT AAAXCCAAAAT GATTAAAAATT CAATT TT TT ACMajority

410 420 430 440 450 460 470 480

ATAGCAGGATTT AT TCAATGATATCCATT ATT TACT GGAATAACT AT AAATCCAAAAT GATTAAAAATT CAATT TT TT AC 480Homalodisca liturata COI.seq
ATAGCAGGGTTCAT TCAATGATACCCATT ATT TACT GGTATAACT AT AAACCCAAAAT GATTAAAAATT CAATT TT TT AC 480Homalodisca vitripennis COI.seq

T AT AT TMajority

T AT AT T                                                                           486Homalodisca liturata COI.seq
T AT AT T                                                                           486Homalodisca vitripennis COI.seq
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