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Table S1: A review of genes proposed to exhibit heterozygote advantage
There are many putative examples of genes where heterozygote advantage acts to maintain genetic variation. However, in nearly every instance, compelling evidence for heterozygote advantage has not yet been obtained. In our view the following pieces of information are required to unequivocally demonstrate heterozygote advantage: (i) the gene and mutant alleles under selection must be known; (ii) the relative fitness of each genotype must be measured (with heterozygotes exhibiting greatest relative fitness); (iii) the mechanism of selection must be understood i.e. the reason why heterozygotes are fitter than homozygotes. Below, we have compiled a comprehensive, but non-exhaustive, list of genes that may have been subject to historical or contemporary heterozygote advantage. Alternative explanations, other than heterozygote advantage cannot be dismissed for most examples.

	Species
	Locus
	Evidence for heterozygote advantage
	Alternative Explanation

	H. sapiens
	HBB
	S allele heterozygotes have increased resistance to malaria; homozygotes have sickle cell anaemia [1].
	None, the textbook example of heterozygote advantage.

	
	CFTR
	Ancestral heterozygotes proposed to have increased resistance to cholera [2]; homozygotes have cystic fibrosis.
	Cholera reached Europe too late for CFTR mutant alleles to have reached the observed frequencies. Alternative explanations include heterozygous resistance to typhoid [3] and asthma [4],  but none demonstrated unequivocally in humans.

	
	HBA α-thalassemia
	Heterozygotes have increased resistance to malaria; homozygotes have α-thalassemia [5].
	Disease is relatively mild and homozygotes are more resistant than heterozygotes; directional selection cannot be excluded [6]. In addition, α-thalassemia alleles are also associated with other infectious diseases [6] e.g. Thalassemic children in Vanuatu more susceptible to infection with Plasmodium vivax. Subsequent immune response renders them relatively resistant to infection with P. falciparum. i.e. disease resistance complicated by age * genotype interaction.

	
	HBB β-thalassemia
	Heterozygotes have increased resistance to malaria; homozygotes have β-thalassemia .
	No evidence that thalassemic red cells show enhanced resistance to invasion by Plasmodium falciparum. Relative fitnesses of Hb-β thalassemia allele-bearing genotypes unknown. Some alleles (e.g. HBB C) appear to be subject to directional selection [7-9].

	
	HLA (MHC)
	Heterozygosity at the HLA (MHC), the highly polymorphic loci that control immunological recognition of pathogens, is suspected to confer a selective advantage by enhancing resistance to infectious diseases (the "heterozygote advantage" hypothesis) [10]. Evidence in some non-human systems also suggest that heterozygosity at the HLA may confer reproductive advantages [11].
	Heterozygote advantage on its own is insufficient to explain the high population diversity of the HLA (MHC) region [12].

	
	TDS
	The high frequency of Tay-Sachs disease in Ashkenazi Jewish population has been suggested to be a consequence of heterozygote advantage, with heterozygotes possessing increased resistance to diseases, such as tuberculosis [13].
	Proportionally the grandparents of Tay-Sachs disease carriers died from the same causes as grandparents of non carriers so the high frequency of the TSD gene in Ashkenazim is probably caused by a combination of founder effect, genetic drift, and differential immigration patterns [14].

	
	TDS and GD
	The presence of four lysosomal storage diseases, particularly Tay-Sachs and Gaucher disease type I, at increased frequency in the Ashkenazi Jewish population is suggestive of heterozygote advantage operating on fat (sphingolipid) storage processes [15].
	The geographic distribution of these disease mutations in the Ashkenazi Jewish population supports genetic drift, rather than selection, as the mechanism of unusually high frequency of conditions [16].

	
	G6PD
	X-linked gene. Female homozygous for G6PD mutant alleles have nonspherocytic haemolytic anaemia. Heterozygous females and hemizygous males proposed to be malaria resistant [17,18].
	Nonspherocytic haemolytic anaemia is relatively benign. Mutant alleles may have reached high frequencies due to positive selection, not heterozygote advantage [19,20]}.

	
	PRNP
	Among the Fore women of Papua New Guinea heterozygotes appear to have increased resistance to kuru [21,22].
	Analysis limited to 30 women. Evidence for balancing selection disputed [23].

	
	GJB2
	Homozygotes have deafness; heterozygotes proposed to have increased cell survival and thicker epidermis, thereby increasing resistance to infection by pathogens [24,25].
	Evidence for heterozygote advantage speculative. Infectious agent and relative genotype fitnesses unknown.

	
	GBA
	Homozygotes have Gaucher disease, high frequency of disease alleles in Ashkenazi Jews taken as evidence of heterozygote advantage [26].
	No association between genotype and any trait other than Gaucher disease. Therefore, no direct evidence of heterozygote advantage. Population genetic models suggest high frequency of deleterious recessive alleles in Ashkenazi Jews can be explained by founder effects; i.e. balancing selection is not necessary to explain contemporary allele frequencies [27].

	
	MTHFR
	Heterozygous females with neural tube defects less likely to abort than homozygous females with neural tube defects, heterozygous males less likely to have neural tube defects than homozygotes [28].
	No estimate of relative fitness of different genotypes. Other studies have found no association between neural tube defects and MTHFR. No departure from Hardy-Weinberg equilibrium in cohort of 80 year olds [29].

	
	PAH
	Homozygous individuals have phenylketonuria (PKU); heterozygotes proposed to be resistant to ochratoxin A, a mycotoxin produced by aspergillus and penicillium species that infest grains [30].
	Evidence for heterozygous advantage, including relative genotype fitnesses and mechanism of selection is unknown [31].

	
	CCR5
	Individuals who are homozygous for CCR5 mutant alleles show increased resistance to HIV infection. Heterozygotes show slower progression to AIDS than wild type homozygotes [32,33]. Despite recent HIV-driven directional selection, the high frequency of mutant CCR5 alleles, is suggestive of historic heterozygote advantage acting on CCR5 [34].
	Mechanism of historic heterozygote advantage unknown. Resistance to either plague [35] or smallpox are possible explanations [36].

	
	PTC
	Homozygotes for mutant alleles cannot perceive bitter tastes. High frequency of non-taster alleles in many populations and molecular evolution analysis suggestive of balancing selection [37].
	Heterozygote advantage and other forms of balancing selection cannot be distinguished. No known advantage of heterozygous genotype. Relative genotype fitnesses unknown.

	
	PCDHA
	Gene involved in synaptic complexity. Molecular evolution analysis suggestive of balancing selection [38].
	Heterozygote advantage and other forms of balancing selection cannot be distinguished. No known advantage of heterozygous genotype. Relative genotype fitnesses unknown.

	
	MEFV
	Individuals homozygous for MEFV mutations have Familial Mediterranean Fever (FMF). Proposed that heterozygotes have reduced susceptibility to tuberculosis [39].
	No documented association between MEFV and tuberculosis susceptibility. Relative genotype fitnesses remain unreported. Evidence of positive selection rather than balancing selection [40]. 

	Rattus norvegicus
	RW
	Heterozygotes for an RW mutant are resistant to the pesticide, warfarin. Homozygotes have a greater vitamin K requirement and are therefore less viable  [41].
	Experimental [42] and molecular evolution [43] evidence supports directional selection rather than heterozygote advantage.

	Columba livia
	TF
	Female pigeons  heterozygous for the two common alleles, TFa and TFb, had lower microbial infection and higher egg hatching rates than either homozygote [44].
	None, but this remains a relatively unexplored system. This apparent example of heterozygote advantage is not widely known, cited just three times since 2000.

	Colias meadii
	PGI
	Data on male mating success of common C. meadii PGI genotypes in steppe and tundra show heterozygote advantage in both habitat types, with shifts in relative homozygote disadvantage between habitats which are consistent with the observed frequency differences [45].
	Directional selection may be acting against the PGI alleles at local scales as a consequence of microclimatic thermal variables [45].

	Culex pipiens
	Ace.1

Ester
	At both loci, dominant alleles that are resistant to pesticides are at high frequency in Southern France. In areas where pesticide treatment is absent, resistance alleles are at lower frequency [46].
	Genetic variation is maintained by mutation-selection balance rather than heterozygote advantage per se. Then relative fitness of the different genotypes varies with season and location. Thus apparent heterozygote advantage relies on frequency-dependent selection and a fluctuating environment.
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