GENOMIC SEQUENCING, DISCOVERY, AND CHARACTERIZATION OF
VIRAL PATHOGENS IN THE GLASSY-WINGED SHARPSHOOTER

Project Leader:

Wayne B. Hunter

USDA, ARS

U.S. Hortic. Research Lab
Fort Pierce, FL 34945
Wayne.hunter(@ars.usda.gov

Reporting Period: The results reported here are from work conducted May 2005 to October 2007.

ABSTRACT

A new viral pathogen of the glassy-winged sharpshooter, GWSS, (Homalodisca vitripennis, aka H. coagulata) was
discovered and characterized. Few pathogens of leafhoppers have been discovered which have potential for use as a
biological control agent. To identify new pathogens of GWSS we used a genomic approach to isolate, sequence, and identify
expressed sequence tags, ESTs, produced from field collected GWSS populations. Viral sequences were identified out of the
initial 9,620 ESTs generated from single-pass 5° end sequencing of the GWSS expression library. Processing produced 8,795
ESTs which had lengths greater than 100 nucleotides post quality and vector trimming. The ESTs had an average read length
of 689 bp, and an average inset size of 899 bp. Sequences shorter than 200 contiguous bases were removed from analyses.
After assembly there were 3,008 sequences, 799 contigs with an average length of 1,113 bp, and 2,209 singlets. Using these
sequences to get a start, it was possible to completely sequence the full virus genome, and the virus was labeled, HoCV-1.
Further analyses and characterization of HoCV-1 demonstrated that it infected and crossed the midgut barrier of GWSS. The
virus was classified as a member of the family Dicistroviridae, which are single-stranded RNA viruses which do not have a
DNA stage. Two other viruses were also identified which are currently being characterized and which were taxonomically
unrelated to HoCV-1. These leathopper viral pathogens appear to induce increased mortality, 40% or more, during the
nymphal stages of leathopper development and may have further applications in the management of leafthopper pests to
reduce the spread of Pierce’s disease of grapes.

INTRODUCTION

Leathoppers are the second most serious agricultural pest, after aphids, both of which transmit plant diseases. Few
leafthopper pathogens are known and efforts to discover pathogens can be costly. Where it occurs the glassy-winged
sharpshooter, GWSS, Homalodisca vitripennis Germar 1821 (Hemiptera: Cicadellidae) (Takiya et al., 2006) is the primary
vector in the spread of Pierce’s disease, PD, of grapes. Pierce’s disease is caused by strains of the plant-infecting, Xylella
bacteria, which cause severe economic losses to viticulture and other tree crops in the USA. The GWSS readily flies long
distances, thus spreading PD throughout and across grapes growing regions. To maximize our efforts we chose an approach
which would advance our understanding of the genetic basis of leathopper biology, while optimizing efforts to discover
leafhopper pathogens. Therefore, we chose to create a large-scale 5’ end sequencing project of cDNA clones produced from
adult GWSS. The use of expressed sequence tags (EST) have proven to be a rapid method to generate important genomic
information which permits researchers to address difficult questions concerning insect biology, pathology and disease
transmission.

OBJECTIVES

Search for viral pathogens of sharpshooters using the molecular approach of cDNA libraries which provide a rapid, cost
effective method that advances our understanding of an organism, plus identifies the invisible, unknown, internal/external
organisms associated with the target species, the GWSS, or other leathopper. Viral pathogens are tools for leathopper
management and open new avenues to reduce PD.

RESULTS & DISCUSSION

GWSS Genomics: Adult GWSS were collected from a citrus grove near Riverside, CA. Of the initial 9,620 ESTs generated
from single-pass 5’ end sequencing of the GWSS expression library, 8,795 ESTs had lengths greater than 100 nucleotides
post quality and vector trimming. The ESTs had an average read length of 689 bp, and an average inset size of 899 bp.
Approximately 500 of these sequences were identified as having significant homology to a virus. After assembly of the
dataset there were 3,008 sequences, 799 contigs with an average length of 1,113 bp, and 2,209 singlets, average length of 681
bp. Of the total assembled 3,008 sequences, 1,574 or 52.3% corresponded with putative matches in GenBank at an E-value
of <-10, while 1,434 sequences, or 47.7%, had ‘no significant homology’ to sequences currently listed in GenBank,nr
database by in silico analyses (BLASTX, TBLASTX, BLASTN). The sequence data described in this paper have been
submitted GenBank Accession Numbers CF194966 through CF195393. National Center for Biotechnology Information,
NCBI. The capsid protein sequence of HoCV-1 was submitted into GenBank (accession number: DQ308403). The genomic
architecture was determined (Figure 1) and phylogenetic analyses performed as in Hunnicutt et al., 2006, (Figure 2),

(Table 1).
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Genomic characterization of the virus: demonstrated that HoCV-1 was a close member of the Family: Dicistroviridae, which
are single-stranded, RNA viruses, with no DNA stage. The complete nucleotide sequence of HoCV-1 infecting GWSS was
determined and further in silico analysis revealed a genome containing 9,321-polyadenylated nucleotides encoding two large
open reading frames (ORF1 and ORF2) separated by a 182-nt intergenic region (IGR) (Figure 1). The deduced amino acid
sequence of the 5-proximal ORF (ORF1, nt 420-5807) exhibited conserved core motifs characteristic of the helicases,
cysteine proteases, and RNA-dependent RNA polymerases of other insect-infecting picorna-like viruses. These viruses are
often reported to be in association with increased mortality of their infected host, as with fire ants, and honey bees. Virus
analysis and detection from salivary gland (Sg) and midgut (Mg) tissues of Homalodisca vitripennis adults tested for
presence of HoCV-1, using rtPCR. Both types of tissues from individual insects were dissected and analyzed in a pairwise
fashion. Only midgut tissues were shown to test positively for virus presence. Tissues were then prepared for examination
by transmission electron microscopy (Figure 3.). Virions were observed to be present in high numbers within midgut tissues
of GWSS which tested positive for HoOCV-1, and absent when GWSS tested negatively. The virions appeared to be taken up
by the microvilli of the midgut and to propagate within the basal laminae (Fig 3).

Geographic Distribution: A host range for HoCV-1 was conducted. Adult leafthoppers were collected over a two year period
throughout various geographic locations, including Florida, Georgia, South Carolina, North Carolina, California, and Hawaii.
Other leafthopper species were also evaluated. The presence of HoCV-1 was detected in both sexes and all developmental
stages of GWSS, including eggs (Hunnicutt et al., 2007). Although no mode(s) of transmission could be conclusively
accepted/rejected, these results suggest that infection may be maintained through both transovarial and transstadial
transmission. In Florida viruliferous samples were detected only in Gadsden and Suwannee counties, two of the three
localities in which GWSS were most abundant. This account is similar with a distribution study conducted by Hoddle et al.
(2003) which found that significantly more GWSS inhabit north Florida than central and south Florida. Infected GWSS were
found in Georgia, South Carolina, and North Carolina with the incidence of infection ranging from 8—-100% (Hunnicutt et al.,
2007). Conversely, our assay failed to detect HoCV-1 in any of the GWSS collected from the island of Oahu, HI. Virus
infection was distributed among populations regardless of the host plant from which the insect was harvested. Adults of two
additional sharpshooter vector species, H. insolita and O. nigricans, collected in north Florida were also demonstrated to be
natural hosts for HoCV-1 However, neither D. minerva nor G. atropunctata tested positive for the virus. These findings
suggest that while HoCV-1 is not limited to H. vitripennis, infection was not ubiquitous to all sharpshooter genera evaluated.

Figure 1. Genomic organization of HoCV-1, Capsid proteins are encoded at the 3’ end. Organization
follows that of other Dicistroviruses. The complete nucleotide sequence of HoCV-1 infecting GWSS in
silico analysis revealed a genome containing 9,321-polyadenylated nucleotides encoding two large open
reading frames (ORF1 and ORF2) separated by a 182-nt intergenic region (IG).
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Figure 2. Phylogenetic analysis
of HoCV-1 and other positive-
sense sSRNA viruses based on
amino acid sequence of the
putative RNA-dependent RNA
polymerase (RdRp). Neighbor-
joining were produced using
PAUP 4.0b software, 1000
bootstrap replicates. Outgroup
was Sacbrood virus (SBV).

0.1 changes
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Table 1. Comparison of amino acid sequence of Homalodisca vitripennis virus, HoCV-1, capsid
polyprotein to other viruses in Dicistroviridae. Percent identity and similarity from BLASTX.

. . Identit Similarit
Capsid Polyprotein % y % y
HoCV-1 905 aa 100 100*
PSIV 874 aa 25 44
TrvV 915 aa 27 44
HiPV 889 aa 26 44
BQCV 885 aa 27 44
DCV 937 aa 24 40
CrPV 926 aa 23 39
ALPV 888 aa 26 40
RhPV 893 aa 26 41
ABPV 968 aa 22 38

Drosophila C virus (DCV) (Johnson and Christian 1998), Cricket Paralysis virus (CrPV) (Koonin and
Gorbalenya 1992), Aphid lethal paralysis virus (ALPV) (Munster et al., 2002), Rhopalosiphum pisum virus
(RhPV) (Moon et al., 1998), Triatoma virus (TrV) (Czibener et al., 2000), Plautia stali intestine virus
(PSIV) (Sasaki et al., 1998), Himetobi P virus (HiPV) (Nakashima et al., 1999), Black Queen Cell virus
(BQCYV) (Leat et al., 2000), Acute bee paralysis virus (ABPV) (Govan et al., 2000). (From Hunter et al.,
2006).

Figure 3. Electron micrograph of a
single virion prepared from infected
adult leafthoppers, Homalodisca
vitripennis, glassy-winged
sharpshooter. Scale bar = 100 nm.

CONCLUSIONS
The production of cDNA libraries provides rapid and cost effective methods that advance our understanding of an organism
and the interactions of the invisible internal/external organisms associated with the target species, the GWSS. We have been
using this method for the last four years to discover leathopper pathogens, and to gather insights into the genetic basis of
leafthopper biology, pathogen interactions. The first leathopper virus characterized, HoCV-1, has demonstrated that it may
have use to decrease GWSS population numbers. Insect viruses can cause indirect mortality by making the infected insects
more susceptible to insecticide applications, and/or to parasitization and predation by reducing the activity of the leathopper.
Two other new leathopper viruses which we have been discovered are currently being further characterized to determine if
they too have application as biological control agents, and/or as gene delivery tools, to be used in the management of GWSS
and other leathopper pests, aimed as reducing the spread of Pierce’s disease of grapes as well as other Xylella caused plant
diseases.

-19 -



REFERENCES

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local alignment search tool. Journal of Molecular
Biology 215: 403-410

Altschul SF, Madden TL, Schaeffer AA, Zhang J, Zhang Z, Miller W, Lipman DJ. 1997. Gapped BLAST and PSI-BLAST: a
new generation of protein database search programs. Nucleic Acids Research 25: 3389-3402.

Bowers, PM., Strauss, CE., and Baker, D. 2000. De novo protein structure determination using sparse NMR data. Journal of
Biomolecular NMR. 18: 311-318.

Benjeddou, M., Leat, N., Allsopp, M. & Davison, S. 2001. Detection of acute bee paralysis virus and black queen cell virus
from honeybees by reverse transcriptase PCR. Appl Environ Microbiol 67(5), 2384-2387.

Christian P, Carstens E, Domier L, et al. (4). 2000. Genus “Cricket Paralysis-like Viruses”. In: van Regenmortel MHV,
Fauquet CM, et al. (9), editors. Virus Taxonomy Classification and Nomenclature of Viruses. 7" Report of the
International Committee on Taxonomy of Viruses, pp. 678- 683. New York, Academic Press.

Czibener C, La Torre JL, Muscio OA, Ugalde RA, Scodeller EA. 2000. Nucleotide sequence analysis of Triatoma virus
shows that it is a member of a novel group of insect RNA viruses. Journal of General Virology 81: 1149-1154.

De Léon, JH. & Jones, W.A. 2004. Detection of DNA polymorphisms in Homalodisca coagulata (Homoptera:
Cicadellidae) by polymerase chain reaction-based DNA fingerprinting methods. Ann Entomol Soc of Am 97(3), 574-585.

De Miranda, JR, Drebot, M, Tyler, S, Shen, M, Cameron, CE, Stoltz, DB, Camazine, SM. 2004. Complete nucleotide
sequence of Kashmir bee virus and comparison with acute bee paralysis virus. Journal of General Virology 85 (8): 2263-
2270.

Funk CJ, Hunter WB, Achor DS. 2001. Replication of Insect Iridescent Virus 6 in a Whitefly Cell Line. Journal of
Invertebrate Pathology 77(2): 144146.

Govan VA, Leat N, Allsopp M, Davison S. 2000. Analysis of the complete genome sequence of acute bee paralysis virus
shows that it belongs to the novel group of insect-infecting RNA viruses. Virology 277: 457-463.

Hopkins, D.L. & Purcell, A.H. 2002. Xylella fastidiosa: Cause of Pierce’s disease of grapevine and other emergent diseases.
Plant Disease 86, 1056-1066.

Hoddle, M.S., Triapitsyn, S.V. & Morgan, D.J.W. 2003. Distribution and plant association records for Homalodisca
coagulata (Hemiptera: Cicadellidae) in Florida. Florida Entomologist 86(1), 89-91.

Hunter, WB, Katsar, CS, Chaparro, JX. 2006. Nucleotide sequence of 3’ -end of Homalodisca coagulata Virus-1. A new
leathopper-infecting virus from the glassy-winged sharpshooter. J. Insect Science 6.28. Available online:
insectscience.org/6.28/.

Hunter WB, Patte CP, Sinisterra XH, Achor DS, Funk CJ, Polston JE. 2001. Discovering new insect viruses: Whitefly
iridovirus (Homoptera: Aleyrodidae: Bemisia tabaci). Journal of Invertebrate Pathology 78: 220-225).

Hunter-Fujita FR, Entwistle PF, Evans HF, Crook NE. 1998. Insect Viruses and Pest Management. John Wiley and Sons,
Ltd., West Sussex, England.

Hunnicutt, LE, Hunter, WB, Cave, RD, Powell, CA, Mozoruk, JJ. 2006. Complete Genome Sequence and Molecular
Characterization of Homalodisca coagulata virus-1, a novel virus discovered in the glassy-winged sharpshooter
(Hemiptera: Cicadellidae). Virology 350:67-78.

Hunnicutt, LE, Mozoruk, JJ, Hunter, WB, Crosslin, JM, Cave, RD, Powell, CA. 2007. Prevalence and natural host range of
Homalodisca coagulata virus-1 (HoCV-1). Archives of Virology 00-1-7. DOI 10.1007? s00705-007-1066-2.

Johnson KN, Christian PD. 1998. The novel genome organization of the insect picorna-like virus Drosophila C virus suggests
this virus belongs to a previously undescribed virus family. Journal of General Virology 79: 191-203.

Koonin EV, Gorbalenya AE. 1992. An insect picornavirus may have genome organization similar to that of caliciviruses.
FEBS Letters 297: 81-86.

Leat N, Ball B, Govan B, Davison S. 2000. Analysis of the complete genome sequence of black queen-cell virus, a picorna-
like virus of honey bees. Journal of General Virology 81: 2111-2119.

Liljas L, Tate J, Lin T, Christian P, Johnson JE. 2002. Evolutionary and taxonomic implications of conserved structural
motifs between picornaviruses and insect picorna-like viruses. Archives of Virology 147: 59-84.

Mayo MA. 2002. Virology Division News: Virus taxonomy-Houston 2002. Archives of Virology 147: 1071-1076.

Moon JS, Domier LL, McCoppin NK, D’Arcy CJ, Jin H. 1998. Nucleotide sequence analysis shows that Rhopalosiphum
padi virus is a member of a novel group of insect-infecting RNA viruses. Virology 243: 54-65.

Nakashima N, Sasaki J, Toriyama S. 1999. Determining the nucleotide sequence and capsid-coding region of Himetobi P
virus: a member of a novel group of RNA viruses that infects insects. Archives of Virology 144: 2051-2058.

Sasaki J, Nakashima N, Saito H, Noda H. 1998. An insect picorna-like virus, Plautia stali intestine virus, has genes of capsid
proteins in the 3’ part of the genome. Virology 244: 50-58.

Sétamou, M. & Jones, W.A. 2005. Biology and biometry of sharpshooter Homalodisca coagulata (Homoptera: Cicadellidae)
reared on cowpea. Ann Entomol Soc of Am 98(3), 322-328(7).

Sinisterra, XH, Shatters, RG, Jr, Hunter, WB, Powell, CA, McKenzie, CL. 2006. Longevity of ingested mRNA transcripts in
the gut of a homopteran (Bemisia tabaci): avoiding experimental artifacts. Entomologia Experimentalis et Applicata.
(DOI: 10.1111/j.1570-7458.2006.00473..x).

-20-



Smith, P.T. 2005. Mitochondrial DNA variation among populations of the glassy-winged sharpshooter, Homalodisca
coagulata. J of Insect Sci 5:41, 8pp.

Swofford DL. 2003. PAUP: A computer program for phylogenetic inference using maximum parsimony. Journal of General
Physiology 102:9A.

Takiya, D.M., McKamey, S.H. & Cavichioli, R.R. 2006. Validity of Homalodisca and of H. vitripennis as the name for
glassy-winged sharpshooter (Hemiptera: Cicadellidae: Cicadellinae). Ann Entomol Soc Am 99(4), 648-655.

Thompson J, Chenna Gibson, TJ, Plewniak F, Jeanmougin F, Higgins DG. 1997. The CLUSTAL-X windows interface:
Flexible strategies for multiple sequence alignment aided by quality analysis tools. Nucleic Acids Research 25(24): 4876-
4882.

Toriyama S, Guy PL, Fuji S, Takahashi M. 1992. Characterization of a new picorna-like virus, himetobi P virus, in
planthoppers. Journal of General Virology 73: 1021-1023.

Van Munster M, Dullemans AM, Verbeek M, van den Heuvel JEJM, Clérivet A, and van der Wilk F. 2002. Sequence
analysis and genomic organization of Aphid lethal paralysis virus: a new member of the family Dicistroviridae. Journal
of General Virology 83: 3131-3138.

FUNDING AGENCIES
Funding for this project was provided by the USDA Agricultural Research Service.

-21 -





