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Text S1. Estimating and interpreting mutation load.

Mutation load is a reduction in fitness of individuals in a population caused by the constant
pressure of deleterious mutations appearing in their genomes, which was first theoretically
conceptualized by Haldane in 1937 (1, 2). Recent advances in genome sequencing technology
have allowed us to empirically investigate mutation load and test theoretical predictions using
genomic data from humans (3-5), gorillas (6), dogs (7), horses (8), Alpine ibex (9), pandas (10),
and several other species (11). In these studies, the estimation of load relies on identifying
deleterious mutations in the genome, which is usually achieved using measures of sequence
conservation. If a mutation within an individual appears at a site that is conserved (i.e. is the
same nucleotide across many different phylogenetically diverged species) then it can be
presumed that this mutation has a negative effect on that individual’s fitness. For each individual
within a population, the total number of mutations at phylogenetically constrained sites can be
added up to arrive at a statistic that is proportional to mutation load (12, 13). However, it is
important to note that this score makes multiple assumptions: 1) it is possible to accurately
identify deleterious mutations and their selection coefficient; 2) deleterious mutations act
additively; 3) there is no epistasis. However, available comparative genomic methods do not
reliably detect the majority of selected sites (14) and do not differentiate between mutations with
minor effects on fitness from those with drastic effects on fitness (14, 15). Furthermore, we do
not have a good understanding of the distribution of mutational fitness parameters such as

dominance and epistasis (13, 16-18). Thus, it is not yet entirely clear how much interspecies



comparisons of estimated mutation load truly reflect underlying differences in fitness.

Apart from the difficulty of measuring mutation load, arguably the biggest obstacle for
understanding its relevance in conservation genetics is the question of what mutation load
actually means for the size and viability of a population. Mutation load is a population genetics
concept regarding relative fitness to an idealized individual that does not carry any deleterious
mutations, i.e. to the perfect genotype. However, it was mathematically shown that the perfect
genotype is exceedingly unlikely to exist (19). Thus, individuals in a population never directly
compete with the perfect genotype. Furthermore, the viability of a population in its ecological
and environmental context, i.e. its absolute mean fitness, is more relevant for conservation
genetic purposes than the relative fitness of its individuals (2, 20). Agrawal and Whitlock have
investigated models that try to close the gap between population genetic and ecological
consequences of deleterious mutations (2). In their model, mutation load can affect birth and
death rates, and an individual’s rate of resource acquisition. Whereas birth and death rates affect
the equilibrium population size, the rate of resource acquisition does not. Individuals that can
acquire more resources produce more offspring and, in case mutation load reduces the rate of
resource acquisition in some individuals, others can gather more resources and produce more
offspring, leading to an unchanging equilibrium population size. Similarly, if mutation load leads
to an individual’s early death, e.g. in the zygote state, then this individual does not exhaust
resources and the population size is, again, not affected (2). On the other hand, in models where
two species compete for the same resources, mutation load on the rate of resource acquisition
does indeed have a strong effect on equilibrium population size and can lead to population
extinction (2). Although these models are agnostic to the many complex ecological dependencies

between individuals, populations, and species, they emphasise the importance of ecological



relationships for gaining an understanding of how mutation load affects the persistence of a

population.

In short, mutation load does not necessarily have a simple relationship with population
persistence, and the idea that species cannot persist with high loads, independent of other
assumptions, is incorrect (2). At what life-stages deleterious mutations act, and which life-history
traits they affect, becomes relevant for predicting the extinction risk of the population—an aspect
that is not captured by the plain selection coefficients of deleterious mutations as measured by

population genetic methods.
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