
RESEARCH PROGRAM 

My research program is encapsulated by the six major projects described below, with supporting 
publications where relevant. 
 
1. MHC controlled susceptibility to infectious disease. We were the first to show 
experimentally that MHC heterozygote advantage seldom occurs for a given infectious agent, but 
when two infectious agents with opposite MHC susceptibility-resistance profiles infect a host, 
then heterozygote advantage emerges because resistance tends to be dominant, or partially 
dominant, over susceptibility. Recently, we have shown that MHC variation sculpts microbiome 
communities. Furthermore, transplanting the microbiome from one MHC-congenic mouse strain 
into germ-free individuals of another MHC congenic strain causes the recipient to express the 
susceptibility profile of the donor strain. This suggests a relatively novel mechanism for the 
pervasive associations between MHC and susceptibility to infectious disease.  
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2. Genes of the major histocompatibility complex (MHC) function in mate choice and kin 

recognition. In our initial attempt to discover the evolutionary forces maintaining the 
unprecedented genetic diversity observed for genes of the major histocompatibility complex, we 
measured the selective forces operating on MHC genes in large semi-natural populations of 
house mice. We expected to find either heterozygote advantage or evidence for antagonistic 
coevolution (a molecular arms race between pathogens and hosts, also known as the red queen 
hypothesis). In each of nine independent populations we observed a deficiency of MHC 
heterozygous offspring, which was a prediction of the heterozygote advantage hypothesis. 
However, we were able to show that the heterozygote deficiency was actually due to females 
preferring to mate with MHC dissimilar males. The immunological community was skeptical of 
this result for many years, but similar mating preferences have now been shown in over 20 
species and a mechanism has now been demonstrated. It appears that MHC mating preferences 
will be a general vertebrate trait that functions to produce offspring with more immuno-
competent genotypes or to avoid inbreeding. In support of the inbreeding avoidance hypothesis, 
we have shown that MHC functions in kin recognition during the choice of communal nesting 
and nursing partners in females. 
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3. Pathogens rapidly adapt to host genotypes, but with a tradeoff cost for infecting other 

genotypes. We have used experimental evolution techniques to test hypotheses about host-
pathogen coevolution. Pathogens adapt to host genotypes, including MHC genotypes alone and 
these adaptations to one genotype carry tradeoff costs in the pathogen’s ability to adapt to other 
host genotypes. This is an essential element of host-pathogen antagonistic coevolution 
(molecular arms races), which had been long predicted, but these studies were the first to 
empirically demonstrate this for a vertebrate. We were also the first to experimentally test and 
confirm a corollary hypothesis that host genetic diversity impedes pathogen virulence evolution. 
This fundamental discovery also has implications for captive breeding of endangered species and 
the problem of overuse of antibiotics in domestic animals. 
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4. Organismal Performance Assays (OPAs) provide sensitive assessment of health 

degradation from genetic and other treatments. Our current toxicity assessment methodologies 
are inadequate. Consequently, we expose the public to substances whose toxicity is only discovered later, 
usually after decades of epidemiology. We are in effect, experimenting on ourselves and it is likely that 
toxicants (including diets with toxic effects [e.g., those high in refined sugar] that lead to non-
communicable diseases are the greatest source of health degradation in humans (U. N. General Assembly, 
2012). In response we have been developing a technique to assess toxicity that we originally developed 
for quantifying adversity from genetic manipulations. Our assay uses wild mice in semi-natural 
enclosures where treated and control mice compete directly for territories, resources, and mates. Our 
model achieves unparalleled sensitivity and breadth because high performance from most physiological 



systems is required for reproductive and social success in this competitive environment. Consequently, 
any exposure that reduces performance of any physiological system (e.g., cardiorespiratory, metabolic, 
etc.) will likely be detected. We call this methodology an Organismal Performance Assay (OPA) and it 
has proven 50 times more sensitive than previous methods in detecting the adverse effects of inbreeding 
(Meagher et al., 2000) and was the first assay that discovered toxicity of dietary added sugar at human-
relevant levels (Ruff et al., 2013). Furthermore, for two pharmaceuticals that each had passed 
approximately 1 billion dollars of safety testing, but when released for use by millions of Americans, 
unacceptable side effects were encountered, resulting in one being recalled (cerivastatin) (Gaukler et al., 
2016) and the other receiving a black box warning (Paxil)(Gaukler et al., 2015). We detected health 
declines for both substances at a cost that was four orders of magnitude less than the billion dollars of 
safety testing they passed. We have also demonstrated health problems from the replacement of one Hox 
gene with a Hox paralog; the original study published in Nature reported that these mice were 
phenotypically normal. Combined, these results suggest that OPAs have the ability to detect toxicities 
missed by conventional methodologies and will be an important addition to health and safety testing for 
new pharmaceuticals, genetic manipulations and environmental exposures. 
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5. Epigenetic transgenerational inheritance of high-cost social pheromones. Parents exposed 
to our semi-natural populations produce sons that realize 40% higher reproductive success than 
sons from parents breeding in conventional housing; this is despite the fact that neither type of 
offspring had experienced semi-natural conditions prior to founding and competing under semi-
natural conditions. We have shown that offspring with semi-natural ancestry produce higher 
levels of MUPs (major urinary proteins), which are excreted in mg/ml quantities of urine. These 
high cost MUPs act as social signals in territory formation and mate attraction. We demonstrated 
that this MUP upregulation is associated with demethylation of a MUP promoter region. We also 
demonstrated that expression levels of a particular MUP predict winners of social dominance (as 
does body mass and locomotor economy). 
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6. Transmission of malaria from asymptomatic individuals in mice and men 

Malaria kills 600,000 individuals per year, most of which are children under five years of age. 
Malarial disease is caused by transmission of Plasmodium parasites and transmitted to humans 
through the bite of infected Anopheles mosquitoes. Transmission by asymptomatic carriers 
plays a major role in the dynamics of many pathogens ranging from SARS-CoV-2 to malaria. 
The majority of the population in many malaria endemic areas (>60%) are asymptomatic 
(without overt symptoms), even in high transmission areas. Progress has been hindered by the 
lack of an animal model. We have recently developed the first animal model that allows us to 
experimentally test a myriad of hypothesis associated with asymptomatic malaria. In 
collaboration with Tracey Lamb (Department of Pathology), we currently have two major 
federal grant proposals under review aimed at tackling these problems (see above). 

 


