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Homogeneous partial sweeps

Introduction

There is now good evidence that linked selection plays an important role
In shaping patterns of genome-wide diversity. However, models of re-
current sweeps are overly simple as they assume that all sweeps are
destined for rapid fixation.

In a large population, only the initial fast behaviour of selected alleles
affect the coalescent at partially linked sites. Using this intuition we de-
velop a general model of recurrent partial and soft selective sweeps in a
coalescent framework using a coalescent with multiple mergers.
Recurrent sweeps of selected alleles to intermediate frequencies can
have a profound effect on levels of diversity but can strongly modify other

\predictions of the hitchhiking model.
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A simple model of a partial sweep

Imagine a selected allele which follows one of the three trajectories
shown in Figure 1A and a neutral site a genetic distance r away.

If only partially linked ( » > 1/N and r > 1) the lineages at the neutral
site only care about the fast behaviour of the selected allele, and so 7 out
of k& will be forced to coalesce at time 7 approximately with probability
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where ¢ I1s the probability that a lineage does not escape the sweep.
This approximation works well at describing patterns of diversity at sites
partially linked loci (e.g. Figure 1B). More generally if the trajectory of our
selected allele is X () we can use ¢(r, X) =r [, e "X (t)dt
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Fig. 1 (A) Three possible trajectories followed by the derived allele and the (B) mean

pairwise coalescent time against recombination distance away from a selected site that
has experienced one of these three sweeps. (C,D) the reduction in diversity as a function
of recombination distance from a site experiencing recurrent sweeps (either recurrent
top-hat trajectories or recurrent step trajectories). The solid black lines give predictions
based on our simple binomial model.

A recurrent sweep model Consider a neutral locus partially linked to se-
lected loci at a low rate v, in a diploid population of size 2/N. Each sweep
has its own draw of ¢, as the recombination distance (r) and trajectory
(X (¢)) may differ across trajectories,

Following from our assumption that each lineage is on the swept back-
ground independently with probabillity ¢, < out of k lineages, coalesce at
rate
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This multiple mergers approximation works well, see Figure 1C,D, and
generalizes the models of recurrent full sweeps [see 3, 2, 1].

Assuming that sweeps occur homogeneously at rate vgp along a
genome recombining at rate rzp then
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where the Ji ; are an average over trajectories, and do not depend on
Vpp O rpp
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The expected relationship between rzp and polymorphism is:
B 4N u
~ 2NvgpJas/rep + 1
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which is the same as the full sweep model [3, 5]. Therefore, partial
sweeps are just as good an explanation of the relationship between
and rgp, we simply need to turn up the rate of sweeps, e.g. Jo > = 22/t,
under our simple model. However, for a given reduction in heterozygos-
ity, the skew towards rare alleles is much less when sweeps only reach
intermediate or low frequencies (Fig. 2).
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Fig. 2. Properties of the frequency spectrum under a spatially homogeneous model
of sweeps across a range of reductions in diversity.
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Homogeneous soft-sweeps

Under soft sweep models each sweep forces lineages to coalesce into a
set of families, e.g. due to recurrent mutation at the selected site, with a
population-scaled mutation rate 4N p at the selected locus (fig. 3A) [4].
We can then generalize this idea to recurrent soft sweeps occurring ho-
mogeneously along the sequence (Fig 3B) to obtain the frequency spec-
trum for a fixed reduction in heterozygosity (Fig. 3C).
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Fig. 3. Recurrent soft sweeps..
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