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The Confounding effect of demography and selection1,2
The co-estimation of demographic parameters and selection is a long-standing difficulty in
population genetics.

The common approach is to assume that selection is LOCALIZED in the genome and that
demography would leave a GENOME-WIDE signature.

Recent works highlight the PERVASIVE role of selection, questioning the universal
pertinence of such approach.
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Impact of SELECTION on the Demography Inference
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parameter estimates are shown for bottleneck simulation

Impact of SELECTION on the Demography Inference
Pairwise Sequentially Markovian Coalescent (PSMC)

Figure 5 Population size histories inferred
by PSMC. Inferred size histories for each
of 100 replicate simulations are shown
as thin gray lines, and the median across
all replicates is shown as the thicker line.
In all cases the simulated population’s
size was constant throughout. (A) Population size histories inferred from neutral
simulations. (B) Inferences from simulations
with one selective sweep, for which the
ﬁxation time is shown as a dashed green
vertical line. (C) Inferences from simulations
with three recurrent selective sweeps. Fixation times for the two older sweeps are
shown as dashed green vertical lines, while
the most recent sweep ﬁxed immediately
prior to sampling. (D) Five recurrent selective sweeps, with ﬁxation times for the
four oldest shown as dashed vertical lines;
again, the most recent sweep ﬁxed immediately prior to sampling.

Schrider et al. 2016

inferred on average (although there is a fair bit of variance; Figure 5A). However, when there has been only a
single selective sweep, a population bottleneck near the

Positive selection produces spurious support for
nonequilibrium demographic histories

Demographic inference methods are often used not only to

Impact of DEMOGRAPHY on the Detection of Selection
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Fig. 5 Robustness to population bottlenecks. (a) Illustration of the bottleneck model used for the simulations, with varying onset
time, duration and bottleneck strength leading to population size changes over time. ‘Strength’ is defined as Ne(b)/Ne the effective
population size during the bottleneck (Ne(b)) divided by the effective population size before or after the bottleneck (Ne), ‘duration’ is
measured in number of generations divided by 2Ne, and ‘onset’ is number of generations as the bottleneck started divided by 2Ne.
(b) Proportion of false positives (probability of observing at least one wrongly inferred sweep) for bottleneck models if the null
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Table 1 Summary of the methods presented in the paper whose aim is to jointly estimate selection and demography or estimate
selection while controlling for demographic effects
Methods

Strength

Weakness

References

Combining summary
statistics
Machine-learning
algorithms
Likelihood models

Ease of use

Sensitive to both demography
and selection
Same as above

Grossman et al. (2010)

Approximate Bayesian
computation

Decrease in the number of false
positive
Optimal use of the data. Closest
approach to a true joint analysis
of demography and selection
Easy to implement and can
consider realistic models

Unbalanced tree

Low sensitivity to demography

Limited to simple models

Approximate method

So far limited to completed
sweeps and selection on
standing variation with
lowfrequency

Pavlidis et al. (2010)
Lin et al. (2011)
Williamson et al. (2005)
Li & Stephan (2006)
Nielsen et al. (2009)
Tavaré et al. (1997)
Pritchard et al. (1999)
Beaumont et al. (2002)
Li (2011)

Li et al (2012)

selection, although new methods are emerging that may
ultimately lead to a simultaneous estimation of demography and selection. These new methods make use of

signature of selection remains a difficult task, at least in
organisms such as humans with a limited effective population size. One of the main conclusions of this study is

METHODS to jointly infer demography and selection

Simulation of complex dynamics

METHODS to jointly infer demography and selection

Simulation of complex dynamics
Likelihood-free approaches

The "power" of temporal datasets

"We can see evolution in action"

Time-series datasets

Combining experimental evolution with next-generation sequencing
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Figure 1. Left lateral views of African and Israeli archaic and early modern Homo sapiens crania (replicas unless otherwise stated). Top (L to R): Florisbad,
Jebel Irhoud 1, Jebel Irhoud 2 (original), Eliye Springs, Guomde (reversed), Omo 2. Bottom (L to R): Omo 1, Herto (original, reversed), Ngaloba, Singa, Skhul
5, Qafzeh 9.
seems likely that a non-Aterian MSA continues in some
regions alongside and even after the Aterian [36,37].
The Jebel Irhoud cave was exposed during quarrying
operations in a Baryte mine and since 1961 has produced
faunal remains, non-Aterian MSA archaeology and at least
seven fossil hominins, with several more specimens found
since 2007 awaiting publication. The fossil human remains
are from low in the stratigraphic sequence, the best known
being a cranium (JI1), a calvaria (JI2) and the mandible of
a child (JI3) [38]. The cranium is relatively long and low
with smooth rather than angular contours. It has a strong
continuous supraorbital torus anterior to a somewhat
domed frontal, and parallel-sided cranial vault with a
capacity of about 1305 cm3 [39]. The face is large and
especially broad in its upper dimensions, with flat angled
cheekbones and a broad but low nose, below which is significant alveolar prognathism. JI2 is a somewhat larger,
more robust and angular calvaria, with a cranial capacity
of approximately 1400 cm3 [39]. It has a greater occipital
projection and angulation, more modern parietal and frontal
shape, but equally strong supraorbital development.
Although comparisons of midline contours suggest
H. sapiens affinities for both cranial vaults, multivariate
studies indicate somewhat closer affinities for JI2 to recent
human samples [40,41]. Both display some phenetic resemblances to early modern specimens such as those from

The Rabat (Kebibat) hominin from Morocco consists of a
very fragmentary cranial vault with more complete upper
and lower jaws. The large teeth are typical of middle Pleistocene specimens from North Africa, but the mandible has
elements of a mental trigone and a vertical symphysis,
while the occipital region is high and relatively rounded
[38]. However, the individual is subadult and so caution
must be exercised in interpreting its morphology. Faunal correlation places the Rabat specimen in the late middle
Pleistocene.
The Moroccan cave of Dar-es-Soltan II has produced an
immature calvaria, an adolescent mandible and the anterior
part of a skull with associated hemimandible. The anterior
vault of DeS5 is high and very large, with a strong but
divided supraorbital torus over a low, broad and flat face,
with a low but broad nose. There are indications of a
canine fossa and of alveolar prognathism. The mandible
and the preserved posterior dentition are also large, but illustrations are deceptive in indicating the lack of a chin—the
symphysial region is in fact broken off. Deciding on how to
classify DeS5 is difficult—it has a rather modern-looking
face and frontal bone shape, but both are very large in size,
as is the supraorbital development. Although previous
assessments have suggested that it could represent an Aterian
intermediate between the MSA-associated Irhoud specimens
and those of the Iberomaurusian (i.e. local late Upper Palaeo-

Phil. Trans. R. Soc. B 371: 20150237

10 cm

STARTING
POPULATION

0

Generations of selection

30

60

Genotypic response to selection

Schlötterer et al (2015)

e.g. causative variant increases in frequency

Pool-Seq
e.g. base and selected population

Analysis of allele frequency change
e.g. contrast allele frequencies
between base and selected population

Figure 1 Overview of E&R studies. (a) A population of ﬂies is exposed for 60 generations to ultraviolet (UV) radiation (purple arrows). We assume here, for
the sake of illustration, that darker pigmentation is beneﬁcial in high UV environments, whereby darker ﬂies will increase in frequency. (b) At the genotypic
level, the allele frequency of the causative allele (dark brown) will increase, more so than hitchhiking variants (dark gray background) that will be recombined

Traditional ABC Framework

ABC-RF1,2 Framework

Requires a large number of simulations

Reference table 10-100x less simulations

Requires the choice of informative summary statistics

Automatically find the more informative SSs

Requires to define a tolerance level for acceptance

Not dependent of tolerance level
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ABC-RF1,2 Framework: Joint Inference of Demography and Selection in Temporal Data

Genome-wide pattern of
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and
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Characterizing Demography
Effective Population Size

Census Size

Ncs

Ne

Demography: Effective Population Size
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Gametes are the contribution of
each individual in the generation gi
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Demography: Effective Population Size
ABC-RF

WFABC
Implementation of 2-steps ABC (Bazin, Dawson &
Beaumont 2010)
First step - Infer demography - Ne
Second step - Infer selection coe!cients
Foll et al. 2014, 2015
Calculation of a summary statistics Fs’ (Jordan & Rayman
2007)

Demography: Effective Population Size
ABC-RF

WFABC

Demography: Census Size

Demography: Effective Population vs Census Size
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Characterizing Selection

Classification: quasi-Neutral and strong Selection

Average Genetic Load

L

Substitution Load, "the cost
of natural selection”1
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SMALL L but BIG Pstrong
Simulation with lots of small effect mutations

BIG L but SMALL Pstrong
Simulation with lots of big effect mutations
It behaves as a Neutral/near-Neutral scenario

Selection: Proportion of Strongly Selected Mutations

Detecting Selection on Temporal and Spatial Scales

Application
Temporal population genomics data of the Tasmanian Devil
(Sarcophilus harrisii)

Samples before and after the emergence and
spread of Devil Facial Tumor Disease (DFTD)

Low-coverage RADseq data
Adaptation is mutation limited
Soft sweep from Standing Variation (SV)

, 2004, 2009 and 2013. Dots indicate locations sampled within the year as indicated on the
ustrated by pink dots for (A) ‘Single time point’ analyses represented by all populations sampled
hed line, and (B) ‘Multiple time points’ approach where one population is sampled at multiple
FTD at the time of sampling is indicated by black and grey dots, respectively. The area affected

http://www.utas.edu.au/news/
2016/2/18/41-securing-thefuture-of-our-tasmanian-devil/

CONCLUSION

ABC-RF is able to jointly characterize DEMOGRAPHY and SELECTION.

HIGHLIGHTS
1) Characterize selection without additional information:
- mutation within genes;
- synonymous / non-synonymous information;
- without the position in the genome (scaffold or RADtag position)
- Can be applied in non-model organisms
2) See the impact of selection on estimates of effective population size
3) Allow separating estimates of effective population and census size

PERSPECTIVES 1
For the moment, the model is very simple:
• de novo mutations - hard sweep;

PERSPECTIVES 1
For the moment, the model is very simple:
• de novo mutations - hard sweep;

Things to think about …
• What is going to happen if we include background selection?
• How about selection on standing variation?

PERSPECTIVES 2
“Dichotomy” between speed and accuracy
Small Genome: 100 Mb took 3 weeks to produce the reference table with 50,000
simulations for a scenario with de novo mutations

PERSPECTIVES 3
For the moment, the model is very simple:
• define two genomic regions: neutral and under selection is too simplistic;

PERSPECTIVES 3
For the moment, the model is very simple:
• define two genomic regions: neutral and under selection is too simplistic;

Things to think about …
• How about more complex genomic backgrounds?

PERSPECTIVES 4
The power of temporal data:
Allows us to use the information of the allele frequency changes to characterize
selection.
This framework could be used in different settings? Local adaptation
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Priors

Table 1: Simulation parameters and their prior distribution
Parameter

Prior probability distribution

Mutation rate, µ

µ ⇠ log10 (U nif orm)

Recombination rate, r
Population size for the equilibrium phase, Neq
Population size for the interval, Ncs
Mean for the DFE ⇠ (mean = ✓, shape = ✓)
Proportion of the genome under selection:

1) Proportion of regions under selection, PR
2) Probability of beneficial mutation , PS

r ⇠ log10 (U nif orm)

Neq ⇠ log10 (U nif orm)
Ncs ⇠ log10 (U nif orm)
✓ ⇠ log10 (U nif orm)

PR ⇠ U nif orm

PS ⇠ log10 (U nif orm)

Table 2: Simulation parameters for the PODs
Parameter

Neutral

Mutation

Mutation

Recombination rate, r

⇢ ⇠ log10 (U nif orm)

Population size for the equilibrium phase, Neq

Neq ⇠ log10 (U nif orm)

Evaluating ABC-RF Performance
N ⇠ log10 (U nif orm)

Population size for the interval, N

Mean for the DFE ⇠ (mean = ✓, shape = ✓)

✓ ⇠ log10 (U nif orm)

Proportion of the genome under selection:

1) “RANDOM” pseudo-observed data (PODs) from prior

1) Proportion of non-neutral mutations in selected regions, PrMSel
2) Proportion of selected regions, PrGWSel

P rM Sel ⇠ U nif orm

P rW GSel ⇠ U nif orm

2) “FIXED” PODs
Table 2: Simulation parameters for the PODs
Parameter

Neutral

Intermediate Selection

High Selection

µ

1e

1e

1e

⇢

5.0e

Neq

500

500

500

N

500

500

500

DFE mean = ✓

NA

0.1

0.1

PrGWSel

NA

0.1

0.25

PrMSel

0

0.1

0.1

7
7

5.0e

7
7

5.0e

7
7

ABC Random Forests

Random Decision Forests

Ensemble methods to build predictive models for both CLASSIFICATION and REGRESSION

RANDOM FORESTS creates an entire “FOREST" of uncorrelated decision trees
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Soft sweep
Adaptive mutation
Soft sweep
Before selection

Neutral / slightly deleterious mutation

Beneficial mutation arise on diﬀerent genetic backgrounds
before any single background can sweep, the backgrounds
carrying the beneficial mutation will spread concurrently.

After selection

More genetic diversity will be retained following the fixation of
the beneficial mutation, because diverse genetic background
linked with each beneficial mutations arose in frequency.

McCoy & Akey 2017

elective sweeps on patterns of linked genetic variation. Each row depicts an individual haploid
utral or slightly deleterious mutations are colored in black. Alleles that match the reference
el) involves a single adaptive mutation that arises de novo and subsequently increases in

TREE-1742; No. of Pages 11

Hard and Soft sweeps
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Figure 1. Definition of hard and soft sweeps. (A) In a hard sweep, all adaptive alleles in the sample arise from a single mutation (depicted by x) and coalesce
the 2013
onset
of positive selection (broken line). Note that, even if the mutation had arisen before the onset of positive selection and was present as standing genetic variation, this would
still be considered a hard sweep as long as only a single lineage is ultimately present in the sample. (B) In a soft sweep from recurrent de novo mutations, the adaptive
alleles in the sample arose from at least two independent mutation events after the onset of positive selection and the lineages coalescence before the onset of positive
selection. (C) In a soft sweep from the standing genetic variation, adaptive alleles were already present at the onset of positive selection. The different lineages in a
population sample can originate from independent mutation events (i) or from a single mutation that reached some frequency before the onset of positive selection, such
that several copies present at that time then swept through the population (ii). In this latter case, the population genetic signatures of the sweep will depend on the time t
between coalescence and onset of positive selection. If t is short, the sweep will appear similar to a hard sweep, whereas when t is large, it will be similar to a soft sweep
from several de novo mutations.
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