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The notion of utilizing expected patterns of variation pro-

duced by genetic hitchhiking to scan genomes for recent

adaptive fixations has remained prevalent in the field of

population genetics for many years, being first inspired by

the seminal study of Lewontin & Krakauer (1973). In this

vein, test statistics have been designed to identify regions

of reduced variation, skewed site frequency spectra, ele-

vated linkage disequilibrium, and/or elevated rates of

interpopulation or interspecies divergence. Along with

these dozens of test statistics have come hundreds of

empirical applications in a wide array of organisms.

Despite the initial, and in many ways increasing enthusi-

asm for genomic scans of selection following the develop-

ment of powerful high-throughput sequencing methods,

this literature also gives rise to a number of notable points

of caution (see Haasl & Payseur 2015). These include the

general observation that other factors may produce geno-

mic regions with patterns of variation strongly resembling

that expected under hitchhiking models, including popula-

tion size change (e.g. Teshima et al. 2006), population struc-

ture (e.g. Excoffier et al. 2009) or background selection (e.g.

Stephan 2010) – potentially resulting in a high false-posi-

tive rate. However, they also include the less cited aspect

of potentially low power of detection due to heterogeneous

mutation and recombination rates (Roesti et al. 2012; Tine

et al. 2014), past demographic events (even when

accounted for) (Bierne et al. 2011) or the genetic architec-

ture of the selected trait (Le Corre & Kremer 2012). This

problem is exacerbated when ascertaining regions for

specific ‘hitchhiking-like’ patterns of variation without

appropriate P-value correction in subsequent testing

(Thornton & Jensen 2007).

Accompanying these critiques has been the general

observation that despite hundreds of genomic scans, the

number of identified loci that have been subsequently

connected in a meaningful way to phenotypic or fitness-

level changes is limited. In a pessimistic sense, these scans

may simply produce long lists of candidate genes (where

the list appears to be largely dependent on the statistical

method chosen; see Biswas & Akey 2006 and Schlamp et al.

2015) for which any follow-up functional study would be

extremely difficult and are hence rarely undertaken. How-

ever, there are notable exceptions for scans limited to can-

didate loci defined a priori (e.g. Bernatchez & Landry 2003;

Colosimo et al. 2005; Hoekstra et al. 2006).

Thus, this special issue has been organized in order to ask

many of the leading empirical researchers and theoreticians

in this area to discuss how we can go beyond standard

genomic scans in order to overcome some of these difficul-

ties identified over the past two decades. We here briefly

note the main themes that have emerged from the resulting

articles. These themes can be summarized under two gen-

eral terms: alternative models and alternative data sources.

Alternative models

As noted above, the notion that nonequilibrium demo-

graphic models may replicate patterns associated with

genetic hitchhiking has been widely discussed and explored

in the literature, with a major focus on the effects of popula-

tion size change (reviewed in Crisci et al. 2012). However,

the ability to co-estimate demographic and selection parame-

ters remains a major challenge despite this focus, although

some notable progress has indeed been made for accurately

estimating selection parameters in a way that is robust to

certain nonequilibrium perturbations (e.g. Ormond et al.

2015). In this special issue, the authors bring attention to a

number of alternative models that must now be explored

more fully and tested empirically in order to increase the

accuracy and biological reality of the assumptions underly-

ing scans for selection. With regard to demography, there is

a strong focus on the need for a more in-depth understand-

ing of hitchhiking effects, and a description of expected neu-

tral patterns of variation, under both models of population

structure with migration and for recently introgressed popu-

lations – with results here particularly demonstrating the

difficulty of identifying selected loci across much of this

parameter space (Vatsiou et al. 2015). This special issue also

presents a number of empirical studies examining the

dynamics of selection in subdivided and introgressed popu-

lations, in systems ranging from mussels to lizards

(Ferchaud & Hansen 2015; Fra€ısse et al. 2015; Laurent et al.

2015; McGee et al. 2015; Ravinet et al. 2015; Schweizer et al.

2015 a, b; Wenzel et al. 2015).

Apart from additional demographic considerations, there

is also a strong call for alternative selection models to be

explored and incorporated. In particular, the case is made

that the genomic effects of background selection can no

longer be ignored (see Charlesworth 2012) – and it isCorrespondence: Jeffrey D. Jensen, E-mail: jeffrey.jensen@epfl.ch
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demonstrated here via simulation that neglecting this effect

may result in a strong misinference of demographic param-

eters (Ewing & Jensen 2015). Given that these demographic

models often in turn become the nulls in genomic scans for

selection, this observation is indeed troubling. Thus, esti-

mating parameters of background selection in addition to

demography ought to become the null model of interest.

As an alternative approach, supplementing the popular

Sweepfinder framework (Nielsen et al. 2005), Huber et al.

(2015) introduce some corrections to account for the effects

of background selection in genome scans without directly

estimating the underlying parameters. As an illustration,

Renzette et al. (2015) discuss the ability to distinguish

between the genomic effects of genetic hitchhiking and

background selection utilizing theoretical results of Innan

& Stephan (2003), arguing for a pervasive role for back-

ground selection in populations of human cytomegalovirus

(HCMV). Relatedly, by collecting data over a broad phylo-

genetic coverage, James et al. (2015) make the case that the

evolution of mitochondrial DNA is indeed dominated by

the presence of slightly deleterious mutations – though,

upon accounting for this effect, still find strong evidence

for positively selected fixations as well.

In addition to these developments surrounding back-

ground selection, other alternative selection models are

also highlighted. Specifically, the ability of genomic scans

themselves to identify sites underlying polygenic adapta-

tion is discussed; the case for statistical approaches focused

on this model is strongly made, and the requirements

underlying them are detailed (Stephan 2015). This point is

also highlighted in a RAD sequencing approach to argue

for the occurrence of a polygenic adaptation in North

Atlantic Eels (Laporte et al. 2015), providing additional

empirical validity for the relevance of this model. This

study also highlights the power of combining genomic and

environmental data (in this case pollutants) in a multivari-

ate statistical framework in order to identify potential

selective agents shaping observed patterns of allelic varia-

tion. Relatedly, Forester et al. (2015) examine the effects of

such landscape heterogeneity on the spatial genetic signa-

ture of positive selection.

Alternative data sources

On the empirical side, the authors here have also consid-

ered what type of data may serve to further improve

inference and augment biological interpretation of geno-

mic scans. Three common themes have emerged. First,

the advantages of time-sampled polymorphism data –
where the additional temporal dimension of allele fre-

quency change is affording tremendous inference power.

Considerable methodological progress has been made

over the past few years (e.g., Malaspinas et al. 2012; Foll

et al. 2014, 2015), and this continues to be a very fruitful

area for research; in fact, work herein extends these

approaches to models of fluctuating selection (Gompert

2015). Besides the classical applications in natural or

experimental population studies, it is also clear that there

are at least two important areas of research that will

benefit from time-sampled data – one being the growing

field of ancient DNA (Malaspinas 2015), and the other

the clinical application of population genetics (Wilson

et al. 2015). Indeed, the latter is also a quickly growing

area, where statistical inference methods are producing

clinically relevant results that will shape patient treat-

ment strategies in the future (see reviews of Pennings

2013; Renzette et al. 2014).

The second theme is the ability of experimental evolution

approaches to inform natural population inference. This is

a topic of growing interest (see review of Bank et al. 2014),

with some controversy regarding the ultimate ability of

experimental populations to provide information about

adaptive processes in nature (Bailey & Bataillon 2015).

Despite this potential caveat, it is clear that the capability

to experimentally control the demographic history of, and

selective pressures experienced by, experimental popula-

tions is a powerful means to gain novel insights into the

process of adaptation – insights that have simply not been

possible in natural populations owing largely to the many

confounding issues discussed above, as well as the com-

plexity of potential selective pressures at play.

Finally, on a more technical note, authors here discuss

the future promise of next generation sequencing to pro-

vide better information, from building reference genomes

(Manel et al. 2015), to RAD mapping (Qiu et al. 2015) to

novel strategies of high-throughput target capture (Jones

& Good 2015) – arguing that improved data generation

strategies, in addition to the theoretical and methodologi-

cal improvements discussed above, will also prove fruit-

ful in better quantifying evolutionary processes.

To conclude, we trust that the readership of Molecular

Ecology will find this special issue to be both timely and

insightful – spanning theoretical, statistical, empirical and

experimental advances in this area. In addition, we hope

that this collection will convince the reader that there are a

number of very promising avenues being actively explored,

and others that are in great need of further exploration. If

made, these advances will continue to improve our ability to

identify and quantify beneficial mutations using genomic

data, to understand the relative contribution of positive

selection in shaping population level variation, to identify

the selective agents driving the mode and tempo of adapta-

tion and to broaden the scope of population genetics to

touch other diverse research communities ranging from

ecology to virology.
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