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ABSTRACT

Recent work uncovered divergent clades or distinct lineages in populations of Gonatocerus tuberculifemur from South
America. G. tuberculifemur is a prospective egg parasitoid candidate agent for a neoclassical biological control program in
California against the invasive glassy-winged sharpshooter (GWSS), Homalodisca vitripennis (Germar) [=H. coagulata
(Say)]. In the present study, we developed molecular diagnostic markers by two approaches to distinguish field-collected
populations of G. tuberculifemur for reproductive compatibility studies. The two diagnostic assays were: polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) of the mitochrondrial cytochrome oxidase subunit I gene
(COI) and inter-simple sequence repeat-polymerase chain reaction (ISSR-PCR) DNA fingerprinting. Clade-specific
restriction enzymes generated bands of the correct size with high specificity. Analysis of two isofemales lines created from
freshly field-collected populations belonging to clade 1 (Tunuyan) and clade 2 (San Rafael) showed that both of our
developed molecular diagnostic markers correctly genotyped these isofemale lines, confirming the utility of our diagnostic
markers. Based on our molecular work, we predicted that G. tuberculifemur individuals belonging to the two distinct clades
would not hybridize. Preliminary mating compatibility studies between these two isofemale lines demonstrated that our
prediction was indeed correct. Interspecific crosses produced only male offspring, whereas, the intraspecific control crosses
produced both males and females or fertile offspring. Taken together, both our molecular work and the preliminary
reproductive compatibility studies strongly suggest that G. tuberulifemur either exists as a cryptic species complex or a new
species is identified. Since G. tuberculifemur is under consideration as a biological control agent against the invasive GWSS
in California, understanding cryptic variation of this species is critical.

INTRODUCTION

Egg parasitoids of closely related hosts belonging to the sharsphooter tribe Proconiini [Tapajosa rubromarginata (Signoret)]
were sought from regions in South America where climate types and habitats were similar to California for a neoclassical
biological control program (Jones 2001, Logarzo et al. 2003, 2004, 2005). In surveys conducted in South America during
2000 through 2005, prospective egg parasitoid candidate agents were identified among several Gonatocerus Nees species
(Hymenotpera: Mymaridae) reared from T. rubomarginata (Jones et al. 2005, Logarzo et al. 2005, Virla et al. 2005). One
candidate was identified by S. Triapitsyn (UC-Riverside) as Gonatocerus tuberculifemur (Ogloblin) (Hymenotpera:
Mymaridae) and is now being permitted for release in California (CDFA 2005). Identifying the correct natural enemy is
critical to the success of classical biological control programs. Lack of proper identification procedures has affected several
projects (Messing and Aliniazee 1988, Lohr et al. 1990, Narang et al. 1993).

OBJECTIVES

1. Develop molecular diagnostic markers by two methods, ISSR-PCR DNA fingerprinting and PCR-RFLP of the COI gene
to distinguish G. tuberculifemur isofemale lines belonging to the two distinct well-supported clades [accompanying
report and de Leon et al. (2006)]

2. After freshly collecting and creating isofemale lines, genotype them to determine which clade they belong to, and initiate
reproductive compatibility studies with individuals from the distinct two clades.

RESULTS AND CONCLUSIONS

Polymerase Chain Reaction-Restriction Fragment Length Polymorphism diagnostic assays

Restriction enzyme maps of the partial COI gene were generated from individuals belonging to the two clades of G.
tuberculifumer [accompanying report and de Leon et al. (2006)] and clade-specific restriction enzymes were identified that
distinguished individuals from the two clades. The results of this experiment are shown on Figure 1. Digestion with the
clade 1- and clade 2-specific restriction enzymes generated bands of the expected sizes (Figures 1A and 1B) with high
specificity. After the completion of all molecular work, including the development of the diagnostic markers, the next step
was to determine the utility of the markers. Based on our molecular work, we predicted that G. tuberculifemur individuals
from clade 1 and clade 2 were not reproductively compatible. To initiate these studies, fresh field collections of G.
tuberculifemur were made in both Tunuyan and San Rafael, populations belonging to clade 1 and clade 2, respectively and
isofemales lines were created. PCR-RFLP diagnostic assays confirmed that the isofemale lines carried the correct genotypes
(Figure 1C), that is, as predicted from our molecular work the Tunuyén isofemale line belongs to clade 1 and the San Rafael
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isofemale line belongs to clade 2. Analysis of the isofemale lines with the second diagnostic assay (ISSR-PCR) confirmed
the above findings (Figure 2). The current results confirm the utility of our developed molecular diagnostic markers.
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Figure 1. Representative example of the developed polymerase chain reaction-restriction fragment length
polymporphism (PCR-RFLP) diagnostic assay. A. Digestion with the clade 1-specific restriction enzyme produces
two bands: 193- and 325-bp, B. Digestion with the clade 2-specific restriction enzyme also generates two bands
with the following sizes: 157- and 361-bp., and C. PCR-RFLP diagnostic assays of ‘isofemale lines’ using the
clade 1- specific restriction enzyme. TT, individuals from Tunuyan emerging from T. rubromarginata (Proconiini
tribe); TH, individuals from Tunuyan emerging from Hortensia similis (Cicadellini tribe); and SR, individuals from
San Rafael emerging from T. rubommarginata. M, 1.0 Kb Plus DNA Ladder.

Preliminary Reproductive compatibility studies

Field host range tests indicated that G. tuberculifemur has a limited development on some Cicadellini hosts showing a
broader host range in the field than in the laboratory (where G. tuberculifemur only developed on Proconiini sharpshooters).
The conflicting host ranged results could be due to the existence of sympatric cryptic species of G. tuberculifemur in the test
area. Genotyped isofemale lines belonging to clade 1 (Tunuyan) and clade 2 (San Rafael), both of Mendoza Province, were
carried out to evaluate mating compatibility. Direct and reciprocal crosses were performed: Q@ San Rafael x dTunuyan and
QTunuyan x d'San Rafael and their controls (at least 3 replicates each and between 13-20 eggs per cross). Results are shown
as mean percentage of individuals emerging from eggs parasitized by G. tuberculifemur females (Figure 3). Interspecific
crosses produced only male offspring, whereas the intraspecific control crosses produced both males and females or fertile
offspring, indicating that the populations from San Rafael and Tunuyan, which are about 100 km apart from each other, were
reproductively incompatible and therefore reproductively isolated. More work is needed to complete these studies, which are
in progress. Together, both our molecular data (de Leon et al. 2006) and the preliminary crossing studies strongly suggest
that G. tuberculifemur either exists as a cryptic species complex or a new species has been identified. In addition,
preliminary morphological work of individuals from the two clades suggests some slight differences (unpublished data, S.
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Triapitsyn). Genotyping of G. tuberculifemur colonies reared and maintained at both Riverside, CA (UC-Riverside) and

Edinburg, TX (USDA, APHIS) confirmed that both colonies or isofemale lines belong to clade 1.
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Figure 2. ISSR-PCR DNA fingerprinting using a 5’-anchored ISSR primer (Zietkiewicz et al. 1994) of ‘isofemale
lines’ created after molecular characterization of G. tuberculifemur was complete. TT, individuals from Tunuyan
emerging from T. rubromarginata (Proconiini tribe); TH, individuals from Tunuyin emerging from Hortensia
similis (Cicadellini tribe); and SR, individuals from San Rafael emerging from T. rubommarginata. M, 1.0 Kb Plus
DNA Ladder. Arrows point to banding pattern differences.
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Figure 3. Preliminary hybridization studies (above). Mean percentage of female and male offspring emerging from
eggs parasitized by G. tuberculifemur females obtained from different crosses with isofemale lines created from two
populations from South America, Tunuyan and San Rafeal, belonging to two well-supported distinct clades (de Ledn
et al. 20006).
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ABSTRACT

We started work to genetically characterize a prospective glassy-winged sharsphooter (GWSS), Homalodisca vitripennis
(Germar) [=H. coagulata (Say)] egg parasitoid biological control candidate agent from South America known as
Gonatocerus species 3 (G. sp. 3). This species is morphologically very similar to G. tuberculifemur, another prospective
agent from South America. We asked two questions, 1) are G. sp. 3 and G. tuberculifemur the same species and 2) are two
collections of G. sp. 3 individuals emerging from different host tribes (Proconiini and Cicadellini) genetically distinct. Or, in
both cases, are we seeing genetic variation of the same species. Two molecular methods were utilized to begin to study these
species, the very sensitive inter-simple sequence repeat-polymerase chain reaction (ISSR-PCR) DNA fingerprinting and
mitochondrial cytochrome oxidase subunit I gene (COI) variation. ISSR-PCR analysis performed together on both G. sp. 3
and G. tuberculifemur uncovered the following: 1) as previously shown, G. tuberculifemur geographic populations were
genetically distinct, 2) G. sp. 3 and G. tuberculifemur were very clearly distinct, and 3) banding patterns differences (about
four bands) distinguished the two collections of G. sp. 3. A single most parsimonious tree clustered the current specimens in
the following fashion: 1) as previously shown, the geographic populations of G. tuberculifemur clustered into two well-
supported distinct clades with very strong bootstrap values (90-99%), and 2) the G. sp 3 collections clustered along with
clade 2 (San Rafael population) of the G. tuberculifemur populations, though one G. sp. 3 collection (Jan 05; Proconiini host)
forms a unique clade with moderate bootstrap support (63%). Even though, the divergence between the two G. sp. 3
collections was very small, the two shared no haplotypes. The current results confirm that ISSR-PCR DNA fingerprinting
using a 5’-anchored ISSR primer is an excellent molecular diagnostic tool for distinguishing G. sp. 3 from both clades of G.
tuberculifemur. COI sequence variation effectively distinguished G. sp. 3 from G. tuberculifemur individuals from clade 1,
though it did not effectively separate G. sp. 3 from G. tuberculifemur individuals from clade 2 (San Rafael population). We
conclude that based on ISSR-PCR analysis, G. sp. 3 and G. tuberculifemur and both collections of G. sp. 3 are clearly
genetically distinct. The only way to confirm whether these specimens are actually cryptic or different species is by
performing hybridization studies. These molecular results are important to the biological control program in California.

INTRODUCTION

Beginning in 2000, egg parasitoids of closely related hosts belonging to the sharsphooter tribe Proconiini [Tapajosa
rubromarginata (Signoret)] were sought from regions in South America where climate types and habitats were similar to
California for a neoclassical biological control program (Jones 2001, Logarzo et al. 2003, 2004, 2005). In surveys conducted
in Argentina and Chile during 2000 through 2005, prospective egg parasitoid candidate agents were identified among several
Gonatocerus Nees species (Hymenotpera: Mymaridae) reared from T. rubomarginata (Jones et al. 2005, Logarzo et al. 2005,
Virla et al. 2005). Several unnamed egg parasitoid candidate agents within the genus Gonatocerus from South America were
identified by S. Triapitsyn (UC-Riverside). Phylogenetic analysis inferred by COI sequencing on two of the unnamed
species (G. sp. 2 and G. sp. 6) are reported in an accompanying report and elsewhere (de Leon et al. 2006b). The data
suggests that these unnamed species are valid species or taxonomic units. A third unnamed species known as G. sp. 3 was
also identified that is morphologically very similar or almost identical to another South America species, G. tuberculifemur
(Ogloblin) (S. Triapitsyn, unpublished data). Since this and other South American species are prospective biological control
agents, molecular studies are critical to help resolve the taxonomic status of this and other species. Identifying the correct
natural enemy is critical to the success of classical biological control programs, since lack of proper identification procedures
has affected several projects (Messing and Aliniazee 1988, Lohr et al. 1990, Narang et al. 1993).

OBJECTIVES

The aim of the present study was to survey molecular methods to study G. sp. 3. Morphologically, this species is almost
identical or very similar to G. tuberculifemur (S. Triapitsyn, unpublished data). The first objective was to begin to gain
insights as to whether G. sp. 3 and G. tuberculifemur are distinct species or whether variation of the same species exists, and
the second objective was to determine whether collections G. sp. 3 emerging from different host tribes (Proconiini and
Cicadellini) are genetically distinct.
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