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Natural selection is the force that drives evolution. When a novel variant appears, it can either have a
neutral, positive or negative effect on the fitness or reproductive success. Natural selection will only act
in the two latter cases, either by positively selecting the variant and increasing its frequency or by
negatively selecting it and reducing its frequency respectively (figure 1). Random mutations tend to be
deleterious and therefore quickly eliminated from the genome by purifying or negative selection.
Consequently, the footprint left behind by negative selection is long highly-conserved genome stretches.
Positive selection, however, leaves more conspicuous and detectable footprints, that are used to detect
and estimate it.
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Detecting selection at the microevolutionary level
When a beneficial mutations is selected, it drags its surrounding variants to a high frequency until it
reaches fixation. Consequently, a population-wide reduction in the genetic diversity around the selected
locus is produced, this is called a selective sweep (figure 2A). As a result, three different signals can be
appreciated and several statistics have been developed to identify each one of those signals and estimate
selection based on them.
• Frequency spectrum. After the sweep, new mutations appear in the conserved region, restoring thus
genetic variation, which will result in an excess of rare alleles (figure 2B). E.g. Tajima’s D, Fay & Wu’s H.
• Linkage disequilibrium. The selective sweep generates longer LD blocks than usual. This phenomenon
can be measured by the EHH statistic. At the beginning, when the variant has not been selected yet,
the EHH is homogenous at the neighbouring regions of the new mutation. When it starts increasing its
frequency and genetic diversity decreases, EHH increases at the hitchhiker region of the selected
variant. Finally, when variation is restored, the LD breaks down and an EHH peak can be observed at
the nearest area of the selected variant. E.g. EHH, iHS.
• Population differentiation. As a new variant appears and is strongly selected in one population but
not in another, its frequency rises in one but not the other. Therefore, Sewall Wright’s fixation index FST
of population genetic differentiation will increase until it reaches fixation (FST = 1) and the genetic
differentiation between those two populations for that specific locus is maximum (figure 2D). E.g. FST.
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Figure 1. Natural selection acting upon novel mutations.

Detecting selection at the macroevolutionary level
Selection at the macroevolutionary level acts between species and results in big evolutionary events such as
speciation. Comparison of homologous traits between different species allows the detection of selection
candidates when considerable genetic differentiation is observed (figure 3A). The Ka/Ks ratio, or 𝜔, is a good
statistic that compares the number of nonsynonymous substitutions with the number of synonymous ones.
When Ka/Ks > 1, there is evidence to believe that there has been positive selection in that region (figure 3B).
Methods such as the McDonald-Kreitman test (MKT) use the comparison of divergence and polymorphism
to establish if natural selection is acting. Both divergence and polymorphism are determined by the
mutation rate, and therefore under absence of selection, they should be proportional. However, a
significant difference between divergence and polymorphism would indicate selection (figure 3C).

Figure 2. Different footprints of a selective sweep and methods to detect it at a microevolutionary level.

Confounding factors
Figure 3. Approaches used by the methods for the detection of selection at the macroevolutionary level.
There are some factors that complicate the detection of selection acting upon the genome, either because
they mask the footprints that selection leaves behind or because the variation patterns generated by
selection resemble those resulting by these confounding factors. There are basically two:
• The first one is demography. Some demographic events such as bottlenecks or population could
generate variation patterns similar to the ones that positive selection leaves behind. Migration could
also difficult the calculations of some statistics such as FST and bias then the identification of selection.
• The second one is recombination. This phenomenon can erase the footprints that positive selection
leaves such as the LD, therefore there is not such a massive reduction in genetic variation and as a
consequence the methods that are actually used would not detect selection properly.

Conclusions
The methods reviewed provide solid and reliable measures of selection. However, there still is trouble when
attempting to estimate selection because of factors such as differences between local recombination rates
or uncertainty about the demographic history of a population. These same factors give us the answer to
improve the current methods for the detection of selection, which is absolutely necessary in order to
understand our history and even to detect ongoing selection in our species.
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