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Adaptation from de novo mutation
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Coalescent with “killings” framework
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When do we expect soft sweeps?
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Soft sweeps and demography
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Wilson, Petrov and Messer, Genetics (2014)



Short/long-term effective population size

timescale of neutral coalescence
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Recent adaptation depends primarily on short-term N,

Messer and Petrov, Trends Ecol Evol (2013)



Predictions from population genetic theory

Short-term N, relevant for rapid adaptation can
be much larger than diversity-based estimates

Rapid adaptation should commonly produce
soft sweeps from recurrent de novo mutations

Can we identify the sighatures of these soft
sweeps in population genomic data?



Selective sweeps
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Hard and soft selective sweeps
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Genomic scans for selective sweeps

Site frequency spectrum
(SFS) based methods:
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CLR: nielsen et al, Genome Res 2005
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NSL: Ferrer-Admetlla et al, MBE 2014
H12: Garud, Messer et al, arXiv 2014
H: Messer et al, unpublished



Pairwise haplotype homozygosity scan

Il}

I

v

Average pairwise homozygosity
tract length at genomic position p:

position

A

H(p) = c x 2 hij(p)

H(p)

e cccccccccccceka. T o - -




Known drug resistance loci in P. falciparum

dhfr: chr 4, sequential point mutations
dhps: chr 8, sequential point mutations ¢ antifolate drugs
gchl: chr 12, CNV (recurrent origins)

crt: chr 7, point mutation (K76T)
- chloroquine

mdrl: chr5, CNV (recurrent origins)

Anderson et al, Pharmacogenomics (2011); Naidoo and Roper, Trends in Parasitology (2013)



Data set

Genome sequences of 102 P. falciparum parasites

Collected at Thai-Burmese border (2003 — 2006)

Obtained from infected patients prior to treatment

Haploid parasite stage sequenced (no phasing)

High-quality SNPs with > 5% MAF (32,600 total)



Chromosome 7 adaptive landscape

haplotype-based SFS-based
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Signatures of adaptation at crt
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haplotype frequency

Haplotype diversity in hard sweeps
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Messer and Neher, Genetics (2012)



Chromosome 5 adaptive landscape

haplotype-based
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Signatures of adaptation at mdrl1

mdrl
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Scan performances at positive control loci
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Numbers show distance (kb) to nearest detected locus (0.95 quantile criterion)



Chromosome 6 adaptive landscape
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Signatures of adaptation at ptps
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Folate pathway and drug resistance
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Summary

Evolution of drug resistance in P. falciparum produced
detectable selective sweeps

Haplotype-based statistics can in principle detect all
presently known resistance loci

SFS-based methods fail at detecting most loci

Discrepancy likely reflects the fact that drug resistance in
Malaria commonly produced soft sweeps
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