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ABSTRACT

The aim of the present study was to resolve the genetic relationships of geographic populations of Gonatocerus ashmeadi, a
primary egg parasitoid of the glassy-winged sharpshooter. A phylogenetic approach was implemented by sequencing the
Internal Transcribed Spacer-2 (ITS2) region of several individuals per population. In addition, the phylogenetic relationships
of several Gonatocerus species were also determined. Six geographic populations of G. ashmeadi were analyszed: Quincy,
FL (QFL), two populations from Weslaco, TX (WTXa and WTXb), Louisiana (LA), San Antonio, TX (SATX), and
California (CA). The percentage divergence (%D) of the ITS2 sequences, as measured by genetic distance, was small among
LA, SATX, and CA (0.10-1.10%); whereas, the %D for QFL vs these populations was extremely high (65.9-69.8%). A
Nieghbor-Joining distance tree separated the QFL population into a separate clade supported by very high bootstrap values
(100%). When the Weslaco populations were included in the anaylsis, they clustered into two distinctive clades, WTXb
clustered with QFL and WTXa clusterd with the rest of the populations; again very high bootstrap values (100%) supported
the topology of the distance tree. These results indicate the present of sympatric strains in Weslaco. The phylogenetic
analysis of several Gonatocerus species clustered the respective species into North and South American clades. The %D of
the QFL population fell within the range (75.4-87.2%) of the South American Gonatocerus species and clustered within the
South American clade. The present molecular phylogenetics results provide strong evidence that G. ashmeadi from Florida
may be a different species. In addition, the data is suggestive that the origin of G. ashmeadi in California is the Texas region,
including the closely located Louisiana. The findings of the present study are important to the Glassy-winged
Sharpshooter/Pierce’s Disease biological control program in California.

INTRODUCTION

Gonatocerus ashmeadi (Girault) (Hymenoptera: Mymaridae) is a primary egg parasitoid of Homalodisca coagulata (Say)
(Homoptera: Cicadellidae), the Glassy-winged Sharpshooter (Huber 1998). A biological control program is currently in
progress in California against H. coagulata because this xylem feeding leathopper is a serious economic pest that vectors a
strain of Xylella fastidiosa (Wells), a bacterium that causes Pierce’s Disease in grapevines. Accurate identification of natural
enemies is critical to the success of classical biological control programs. Lack of proper identification procedures has
affected the early stages of several projects (Messing and Aliniazee 1988; Lohr ef al. 1990). The Internal Transcribed Spacer
regions (ITS-1 and —2) have been used extensively to examine the taxonomic status of species and for diagnostic purposes,
and success with this approach has been reviewed by Collins and Paskewitz (1996).

OBJECTIVES

1. Determine the phylogenetic relationships of geographic populations of G. ashmeadi.

2. Determine the phylogenetic relationships of several Gonatocerus species, including candidate species from South
America (Argentina).

RESULTS AND CONCLUSIONS

Genetic Relatedness Among Geographic Populations Of G. ashmeadi

Levels of genetic divergence in the ITS2 rDNA fragment among populations were determined by calculating the pairwise
estimates for genetic distance (Table 1). Recently, we determined by ISSR-PCR DNA fingerprinting that G. ashmeadi
geographic populations were highly differentiated (de Leon and Jones 2004). The data demonstrated that the Quincy, FL
(QFL) population had the highest gene diversity value. In addition, the data indicated that two Welsaco, TX populations
collected at different times of the year were divergence or differentiated from each other and gave a first clue as to the
presence of sympatric strains in Weslaco. As seen on Table 1, the sequence percentage divergence (%D) between the QFL
population and the rest of the G. ashmeadi geographic populations (LA, SATX, WTXa, and CA) was extremely high,
ranging from 65.9 to 69.8%. The %D between QFL and the outgroup population (G. morrilli) ranged from 77.8-81.2%,
whereas LA, SATX, WTXa, and CA ranged from 31.4 to 37.0% compared to the outgroup. The %D among LA, SATX,
WTXa,,and CA populations was extremely low, 0.10 to 1.10%, indicating the very close genetic similarity among these
geographic populations. This range is within the intra-populational variation found within each of these populations. A
phylogenetic anaylsis (Fig. 1A) demonstrated that the QFL and the LA, SATX, WTXa, and CA populations formed two
distinct clades supported by extremely high bootstrap support values; in most case they were at 100%. Our second goal was
to confirm whether sympatric strains of G. ashmeadi indeed existed in Weslaco. Table 1 shows that the %D between QLF
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and WTXb is very low (0.00-0.40%) and falls within the range of the inra-populational variation. In contrast, the %D
between WTXD and the rest of the populations falls within the same range that the QFL population (65.9-69.8%) fell in. The
phylogenetic analysis of all populations (Fig. 1B), including the two Weslaco populations (WTXa and WTXb) demonstrated
that these two populations fell on separate clades, confirming the existence of sympatric strains in Weslaco. WTXb clustered
with QFL and WTXa clustered with the rest of the G. ashmeadi populations. Again, the distance tree is supported by
extremely high bootstrap support values (100%). The very high %D values indicate that the QFL and WTXb complex
diverged some time ago. The earliest record of G. ashmeadi in California was from 1979 (Vickerman et al. 2004) and
recently, we showed that a subset of glassy-winged sharpshooters in California had their origin in central Texas (de Leon et
al. 2004). The present results lend support to the idea that G. ashmeadi may have its origins in central Texas (SATX)
(including the very closely located Louisiana). So it is possible that G. ashmeadi was transported to California along with the
Glassy-winged Sharpshooter from central Texas.

Phylogenetic Relationships Among Gonatocerus Species

Resolution of relationships requires information about variability not only at the level of populations within a species but also
between species (Narang et al. 1993; Unruh and Woolley 1999); therefore, a molecular systematic approach was undertaken
with various Gonatocerus species, including candidates from South America (Argentina). For the pairwise sequence distance
analyses, the G. ashmeadi populations (LA, SATX, WTXa, and CA) that formed one clade in fig. 1 were pooled (Ga*, Table
2) and compared to the rest of the Gonatocerus species. The %D values among these populations were very low (0.10-
0.90%), falling within the range of the intra-specific variation seen within each individual species. The %D of G. triguttutas
(Gt) and G. morrilli (Gm) vs Ga* is 15.8-17.9 and 35.0-38.9%, respectively. In contrast, the %D of G. ashmeadi from
Florida [Ga(FL)] vs Ga* is 75.4-79.8%, these values fall within the %D range of all South American species (Table 2). This
is demonstrated visually on the phenogram in Fig. 2 with very strong bootstrap values supporting the topology of the
Nieghbor-Joining distance tree. As seen from the phenogram, the North and South American Gonatocerus species are
separated into their perspective clades. It is interesting to note that Ga(FL) is more closely related to G. metanotalis (Gmet)
(8.30-9.00%), a South American species than it is to any North America species (Fig. 2). The Gonatocerus species more
closely related to Ga* is Gt (15.8-17.9%). The present results showing extensive sequence divergence at the ITS2 rDNA
fragment in a population of G. ashmeadi from Florida lends strong support to the fact that these individuals may actually be
another species or rather G. ashmeadi exists in nature as a species-complex. Our results are in contrast with those of
Vickerman et al. (2004). In our studies we performed a phylogenetic analyses of the ITS2 rDNA sequences. In addition,
Vickerman et al. (2004) demonstrated that populations of G. ashmeadi from Florida vs other geographic regions were able to
hybridize. We have not yet performed these types of studies, but it may be necessary to extend these crossing studies to the
F2 generation to seen a negative effect or as demonstrated by Wu et al. (2004) a negative effect was not seen until
backcrosses were performed. The findings of the present study are important to the Glassy-winged Sharpshooter/Pierce’s
Disease biological control program in California.

Table 1. Pairwise sequence distances (range) of ITS-2 rDNA fragments from geographic populations of G. ashmeadi
showing percentage divergence. The alignment program ClutstalW (Thomas ef al. 1994) from DNAStar was utilized for
this analysis. To account for intra- and inter-populational variation, several individuals (3-4) were included. QFL, Quincy,
Florida; WTXb, Weslaco, TX; LA, Louisiana; SATX, San Antonio, TX; WTXa, Weslaco, TX; CA, California; Gm, G.
morrilli (outgroup). Relate to figure 1B.

Pop QFL WTXb LA SATX WTXa CA Gm

QFL 0.10-0.40

WTXb 0.00-0.40 0.00-0.10

LA 68.0-69.8 68.1-70.4 0.60-0.90

SATX 68.2-69.8 67.9-70.8 0.30-0.80 0.20-0.90

WTXa 67.1-69.5 66.6-70.1 0.20-0.70 0.20-0.90 0.10-0.90

CA 65.9-67.6 66.0-67.9 0.80-1.00 0.60-1.10 0.30-1.00 0.20-0.80

Gm 77.8-81.2 77.6-82.3 32.3-36.3 31.4-37.0 31.8-40.6 36.3-36.7 0.00-0.30
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Figure 1. Phenograms of ITS2 rDNA sequence fragments from geographic populations of G. ashmeadi. Analyses were
performed with the alignment program ClustalX (Thompson et. al. 1997) and the Nieghbor-Joining trees were created with
the phylogenetic program PAUP 4.0 (Swofford 2002). In the genetic distance trees G. morrilli are included as an outgroup,
displaying branch lengths (below branches) and bootstrap values (above branches underlined), as percentage of 1000
replications. Trees are presented both without Weslaco, TX populations (A) and with Weslaco, TX populations (B). To
account for intra- and inter-populational variation, several randomly chosen individuals (3-4) were included.

Table 2. Pairwise sequence distances (range) of ITS-2 rDNA fragments from Gonatocerus species showing percentage
divergence. The alignment program ClutstalW (Thomas ef al. 1994) from DNAStar was utilized for this analysis. To
account for intra- and inter-specific variation, several individuals (2-3) were included. Ga*, G. ashmeadi (California, San
Antonio, TX, and Louisiana were pooled for a total of 10 individuals); Gt, G. triguttutas (TX); Gm, G. morrilli (TX); and
candidate South American (Argentina) species: Gann, G. annulicornis; nGt, near G. triguttutas; Gtub, G. tuberculifermur,
Ga(FL), G. ashmeadi (Quincy, FL USA); Gmet, G. metanotalis; and Tb, Trichogramma bourarachae (outgroup).

G species Ga* Gt Gm Gann nGt Gtub Ga(FL) Gmet Th
Ga* 0.10-0.90

Gt 15.8-17.9 0.10-0.20

Gm 35.0-38.9 41.7-45.5 1.80-1.80

Gann 82.4-87.2 97.5-101 87.0-88.1 0.00-0.10

nGt 80.0-83.5 94.8-97.3 82.7-84.2 3.40-3.60 0.10-0.10

Gtub 78.0-82.0 90.8-92.0 81.4-84.1 11.5-12.1 11.6-11.8 0.10-0.50

Ga(FL) 75.4-79.8 88.4-90.2 84.3-87.0 37.7-39.3 36.7-38.1 35.9-36.4 0.10-1.00

Gmet 76.2-80.4 87.6-89.4 85.5-88.2 35.4-36.4 34.7-35.3 34.9-36.1 8.30-9.00 0.10-.040

Tb 84.8-92.5 87.2-91.5 88.4-90.4 66.1-67.6 69.0-70.3 68.5-70.5 77.3-79.6 74.2-76.2 0.20-0.90
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Figure 2. Phenograms of ITS2 rDNA sequence fragments from Gonatocerus egg parasitoid species, including candidate
species from South America (Argentina). Analysis was performed with the alignment program ClustalX (Thompson et. al.
1997) and the Nieghbor-Joining trees were created with the phylogenetic program PAUP 4.0 (Swofford 2002). In the genetic
distance trees Trichogramma bourarachae (1, AF043624; 2, AF043625; 3, AF043626) are included are an outgroup,
displaying branch lengths (below branches) and bootstrap values (above branches underlined), as percentage of 1000
replications. To account for intra- and inter-specific variation, several randomly chosen individuals (2-4) were included.
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