Introduction: The wasp genus Trichogramma (Hymenoptera; Trichogrammatidae) represents a cosmopolitan collection of minute egg parasitoid species. Trichogramma preferentially oviposit in eggs of moths and butterflies and are widely used in biocontrol programs throughout the world. Several species occur in the Mojave Desert and their taxonomic status and distribution is the focus of ongoing research (Pinto et.al.1997; Pinto et.al. 1991; Schilthuizen et.al. 1998). The focus of this research proposal is to look at the reproductive characteristics of these species with a special emphasis on a reproductive parasite, called Wolbachia, known to infect several populations of Trichogramma in the Mojave Desert( Stouthamer & Kazmer, 1994). 

Wolbachia are intracellular bacteria known to cause various alterations in their host’s reproductive biology (Stouthamer et.al. 1999, Werren et al 1995). The reproductive phenotype expressed by the infected host includes cytoplasmic incompatibility ,male-killing, feminization, and parthenogenesis induction ( Breeuwer and Werren, 1993; Hurst et.al. 1997, Rigaud, 1997; Stouthamer et.al. 1990). Wolbachia are maternally transmitted and in all phenotypes the transmission of the bacteria is enhanced by a reproductive bias toward infected females. 

The extreme reproductive effects of Wolbachia can be seen in several species of the parasitoid wasp genus Trichogramma. Trichogramma belong to the order Hymenoptera which exhibits haplo-diploid sex determination. Diploid females are produced from fertilized eggs and haploid males develop directly from unfertilized eggs. This mode of reproduction is known as arrhenotoky and contrasts with thelytoky in which diploid females are produced from unfertilized eggs. In Trichogramma Wolbachia acts as a cytoplasmic sex ratio distorter by inducing thelytokous parthenogenesis in infected females ( Stouthamer et.al 1990; Stouthamer, 1997; Stouthamer et.al. 2001).

When cytoplasmic sex ratio distorters induce deviation from the autosomal “optimal” sex ratio (Fisher, 1930; Hamilton, 1967) selection can be strong for autosomal suppression of sex ratio distortion drive (Bull, 1983, Werren, 1987). Nuclear-cytoplasmic conflict over sex ratios are well established in plants (Frank, 1989, Taylor, 1990); however, there are few well-studied cases of coevolution of cytoplasmic sex ratio distorters and nuclear repressors in animals (Werren, 1987). In populations where both infected and uninfected individuals co-exist there is a conflict between nuclear genes and those of the Wolbachia over the control of offspring sex ratio. The the nuclear genes are best served, under these circumstances, by suppressing either the Wolbachia or its effect. This research will investigate if there is any evidence for nuclear genetic control over the Wolbachia transmission, by screening natural populations for variation in transmission efficiency, and determining the role of the host’s genetic background in the variation of this transmission efficiency. 

Research Objectives: I intend to determine the frequencies and variation of transmission efficiency of Wolbachia infection in populations of Trichogramma in the eastern Mojave Desert. Further analysis of known variation in transmission efficiency (Stouthamer, unpublished data) through introgression experiments will determine the level to which the nuclear background and the Wolbachia variant influence transmission.

Hypothesis (Null): There is no variation in Wolbachia transmission efficiency between Trichogramma females

Hypothesis (Research): The variation in Wolbachia transmission efficiency is due to nuclear genetic control over the transmission efficiency.

Methods and Experimental Design: The regulation of Wolbachia infection will first be tested by determining the frequency of infection and transmission efficiency. To this end collections and controlled mating experiments accompanied by molecular analysis will be conducted throughout the spring of 2003. Trichogramma will be reared from lepidopteran eggs collected near the Sweeney Granite Mountain Research Reserve. Wolbachia-positive females will be identified by all-female broods and pcr assay; Wolbachia-negative females will be determined by mixed sex broods and pcr assay. Transmission efficiency estimates will be determined by culturing infected females until they begin producing mixed sex broods. This protocol will be supported with molecular assay for the presence of Wolbachia infection. Established lines of high and low transmission efficiency will then be reciprocally introgressed with the nuclear genome of the alternate line, ie males from the high transmission line (produced by curing infected females with antibiotics) will be mated to females from the low transmission line, for 10 generations. This protocol should confer on average greater than 99% of the alternate nuclear background to the Wolbachia infected cytoplasm according to the formula 1-(0.5)n , with n being number of generations of introgression( Stouthamer et al, 1990). Control experiments will involve matings within the same line. There will be no less than 20 replicates of each mating design. Analysis of the transmission efficiencies after the 10th generation will then be assessed. 

Relevance to the Natural Reserve System: Collections of Trichogramma throughout California have confirmed the presence of numerous species and various levels of Wolbachia infection (Pinto et.al. 1991, 1997, 2002; Stouthamer et.al. 1990). The biology of these important parasitoids is of interest to ecologists, evolutionary biologists, and those concerned with biological control of agricultural pest species. The University of California Natural Reserve System can play an important role in helping to understand the population dynamics of Trichogramma, and Wolbachia in a natural setting.    
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