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PopGroup 47: University of Bath

General Information
Arrival and welcome reception: Welcome Reception will take place on the 7th of January at 19:00 and will be hosted
by the Chairman of the Council of Bath. Registration will take place on the 7th at the Roman Baths from 18:00 and on
the 8th from 8:30 at the Assembly rooms. Conference packs will be distributed during registration.
Location of talks and poster sessions: All oral presentations and poster sessions will be held in the Assembly Rooms
in the centre of Bath from 8th to the 10th of January 2014. Tea/Coffee breaks will take place at the Octagon and Ball
Room in the Assembly Rooms.
Fisher memorial lecture: This year’s popgroup meeting is delighted to host the Fisher Memorial Trust Lecture to be
delivered by Prof. William G. Hill on 8th of January at 16:00. The Fisher Trust has kindly offered to sponsor a wine
reception after the lecture.
Plenary talks: This year’s plenary speakers are Prof. Josephine Pemberton, Dr Lilach Hadany and Dr Fyodor
Kondrashov. All plenary sessions will start at 9:00 and will take place in the Ball Room. Plenary talks will last for 45
minutes with 12 minutes for questions with 3 minutes to change rooms.
Meet the Editors: An informal session will be held on Thursday from 12:30‐14:00 in the Card Room. The first part of
the session will consist of a presentation on how to get published at ‘Heredity’. This will be followed by a 40 minutes
panel discussion with editors from top journals in the field of evolutionary biology including Mike Bruford (Heredity),
Brian Charlesworth (Biology Letters), Paul Craze (Trends in Ecology and Evolution), Sudhir Kumar (Molecular Biology
and Evolution) and Mike Ritchie (Journal of Evolutionary Biology). This session is ideal for junior academics, students
and postdocs to find out how to improve their chances of publishing on some of the most important journals in the
field.
Oral Presentations: Contributed sessions will take place in three parallel sessions at the Ball Room, Card Room and
Tea Room. Contributed talks will last 19 minutes (including questions), to allow 1 minute to change rooms and change
over speakers.
Posters: Posters will be displayed at the back of the Ball Room on Wednesday 8th and Thursday the 9th of January.
Poster sessions will take place through out the meeting.
Conference dinner: The conference dinner will take place on the evening of Thursday 9th of January at the Ball Room
in the Assembly Rooms. There will be a drinks reception from 19.00‐20.00 and food will be served after 20:00. There
will be live entertainment followed by a DJ. The venue will close at 00:00 am. Names of persons with special dietary
requirements have been forwarded to the events team– on sitting down to your table; it would be helpful if you make
your name known to one of the waiting staff.
Prizes: Following the tradition started in Nottingham, there will be prizes for the best student and postdoc talks and
posters. All delegates will be asked to vote; you will receive a hard copy in your registration package or you can
download an electronic version of the evaluation forms. Please return your voting forms by hard copy at the
registration desk or return by email to: A.Urrutia@bath.ac.uk by 17:30 on Thursday 9th of January. Awards will be
presented at the conference dinner.
Information for speakers: It is the speaker's responsibility to upload their PowerPoint presentations (for PC) onto
computers in the appropriate lecture theatre in the break before your session at the latest. Please ensure that
filenames begin with the session number, time of your talk followed by your surname (e.g. S1_1015_Smith.pptx) and
are filed in the appropriate folder. The standard option will be PC computers but if you wish to use a Mac laptop or
Ipad, please check with the AV attendant before your session to make sure that a smooth transition will work.
Session Chairs: The last speaker in the session will be assigned as the session chair. If you are not able to act as chair,
please contact the conference organisers. Chairs should signal to the speakers when 15 minutes has passed, then
again at 17 minutes, and then stand up at 18 minutes to let the speaker know that the room changeovers will be in
one minute. Questions should be finished by 19 minutes. NO EXTRA TIME CAN BE ALLOWED TO ANY SPEAKER.
Information for poster presenters: The size of the display boards is A0 portrait, so please ensure that your poster will
fit that space. Posters can be put up before the start of the morning session on Wednesday 8th January and should
be taken down by 17:20 on Thursday the 9th.
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Programme
“S” denotes student talk

Time
18:30
19:0020:00

Tuesday 7th January – The Roman Baths
Registration
Welcome Reception presided by the Chairman of the Council of Bath and Pro-VC Research University of Bath

Time
8:30
9:009:10
9:1010:00

Wednesday 8th January - Assembly Rooms
Registration (Octagon) / Place your poster (Ball Room)
Opening Words & announcements (Ball Room)

10:0010:40
10:4011:00

Genetics Society Plenary Lecture 1 (Ball Room)
Prof. Josephine Pemberton
University of Edinburgh
Re-examining biparental inbreeding avoidance
Coffee Break 1 / Poster session (Octagon / Ball Room)
Ball Room
Peter Keightley
University of Edinburgh
Estimating the mutation rate by
sequencing full-sib families of
fruitflies and butterflies

11:0011:20

Arjen Van 't Hof
University of Liverpool
The industrial melanism
polymorphism revealed

11:2011:40

Jose Campos
University of Edinburgh
The relation between
recombination rate and patterns of
molecular evolution and variation
in Drosophila melanogaster
Brian Charlesworth
University of Edinburgh
Differences between X
chromosomes and autosomes in
patterns of molecular evolution and
variation in Drosophila
melanogaster

11:4012:00

12:0012:30
12:3013:20
13:2014:00

14:0014:20

Card Room
An Vanden Broeck
Research Institute for Nature and
Forest
High levels of effective longdistance dispersal may blur
ecotypic divergence in a rare
terrestrial orchid
Tom Ellis (S)
Institute of Science and Technology
Austria
Why are flowers yellow?
Phylogenetic insights from
snapdragons (Antirrhineae)
Marc Stift
University of Konstanz
Evolution of selfing and the selfing
syndrome in Arabidopsis lyrata and
Arabis alpina

Tea Room
Ludovic Duvaux
University of Sheffield
Copy number variation in
chemosensory multigene-family
and speciation in the pea aphid

Tanja Slotte
Uppsala University
Adaptive significance of cisregulatory changes in association
with recent plant speciation and
phenotypic divergence

Ray Tobler (S)
Institute of Population Genetics
Vienna
Massive habitat-specific genomic
response in D. melanogaster
populations during experimental
evolution in hot and cold
environments

Sonia Pascoal
University of St Andrews
Rapid evolution in the wild:
unravelling the genetic basis of a
wing mutation in field crickets
Elizabeth Mittell
University of Edinburgh
The end of the affair: neutral
molecular diversity is unrelated to
adaptive potential

Lunch / Poster session (Octagon / Ball Room)
Ball Room
Poster session

Guillaume Achaz

Card Room
How to get published in Heredity
with editor-in-chief Mike Bruford.
Panel discussion with editors Mike
Bruford (Heredity), Brian
Charlesworth (Biology Letters),
Paul Craze (Trends in Ecology and
Evolution), Sudhir Kumar
(Molecular Biology and Evolution)
and Mike Ritchie (Journal of
Evolutionary Biology)
Katie Emelianova (S)
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Tea Room

Louise Johnson
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14:2014:40

14:4015:00

15:0015:20

15:2016:00
16:0017:00

17:0018:30
18:30
Time
9:009:10
9:1010:00

10:0010:40

Université Pierre et Marie Curie
Early effect of antiviral therapy on
HIV-1 meta-populations
Ben Jackson (S)
University of Sheffield
Purifying selection and HillRobertson interference modulate
genome-wide patterns of
population differentiation in D.
melanogaster
Camillo Berenos
University of Edinburgh
Estimating quantitative genetic
parameters in wild populations: a
comparison of pedigree and
genomic approaches.
Colin McClure (S)
University of Bath
Fungal-infected fruit flies selfmedicate through diet choice

Royal Botanic Gardens Edinburgh
Fates of duplicated genes in
Begonia
Charlotte Bickler (S)
University of Bristol
Genetic variation, and
differentiation, in Primula veris
across a local nature reserve
network

University of Reading
Evolutionary hotwiring in
Pseudomonas
Rafal Mostowy
Imperial College London
Heterogeneity in the frequency and
characteristics of homologous
recombination in pneumococcal
evolution

Suo Qiu
University of Sheffield
Evidence of ongoing recombination
suppression in a plant sex
chromosome pair

Koji Yahara
University of Tokyo & Swansea
University
Chromosome painting in silico in a
bacterial species reveals fine
population structure
Jessica Hedge
University of Oxford
Investigating the emergence of
drug resistance in TB from whole
genome sequences

John Pannell
University of Lausanne
Sex determination in Mercurialis, a
plant genus with diverse sexual
systems
Coffee Break / Poster session (Octagon / Ball Room)

Fisher Memorial Lecture (Ball Room)
Prof. William Hill
University of Edinburgh
Applying quantitative genetic and genomic information to animal improvement
Poster session / Fisher Memorial Trust Wine reception (Octagon / Ball Room)
END
Thursday 9th January - Assembly Rooms
Announcements (Ball Room)
Genetics Society Plenary Lecture 2 (Ball Room)
Dr Lilach Hadany
Tel Aviv University
Stress-Induced Variation: models and implications
Coffee Break / Poster session (Octagon / Ball Room)
Ball Room

Card Room

Tea Room

10:4011:00

Sudhir Kumar
Arizona State University
Estimating divergence times for
species and strains

Victoria Pritchard
University of Turku
Characterization of expression
quantitative trait loci (eQTL) in the
threespine stickleback,
Gasterosteus aculeatus.

11:0011:20

John Brookfield
University of Nothingham
The invasion of a transposable
genetic element

11:2011:40

Petri Kemppainen
University of Manchester
Exploring the evolutionary
landscapes of genomes from the
viewpoint of linkage disequilibrium

11:4012:00

Susana Coelho
CNRS

Chris Clarkson (S)
Liverpool School of Tropical
Medicine
Anthropogenic selection reveals a
resilient genomic architecture of
speciation in the malaria mosquito
Anopheles gambiae
Dave Lunt
University of Hull
Comparative genomics reveals the
complex hybrid origins of Root Knot
Nematodes
Anne Thielsch
University of Koblenz-Landau
Contrasting divergence patterns in
mitochondrial and nuclear DNA in
Daphnia interspecific variation or
ancestral polymorphism
Celine Caseys (S)
University of Fribourg
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Maaike de Jong
University of Bristol
Ecological genetics of life history
and host plant adaptation in the
Glanville fritillary butterfly
Karl Phillips (S)
University of East Anglia
Parental heterozygosity and
similarity as predictors of
reproductive success in a critically
endangered marine turtle
Frank Hailer
Biodiversity and Climate Research

PopGroup 47: University of Bath
Sex chromosome evolution in a
distant eukaryotic lineage

12:0014:00

Genomic architecture of chemical
defence traits in European Populus
species

Centre (BiK-F)
Beyond mtDNA - insights into bear
phylogeny and phylogeography
from nuclear markers

Lunch / Poster session (Octagon / Ball Room)
Ball Room

Card Room

Tea Room

14:0014:20

Atahualpa Castillo-Morales (S)
University of Bath
Encephalization and changes in
gene family size across mammalian
taxa

Richard Wallbank
University of Cambridge
The origins of evolutionary novelty
through modular regulation of a
butterfly wing patterning gene

14:2014:40

Samantha O'Loughlin
Imperial College London
Inferring demographic history in
East African Anopheles gambiae,
using genome-wide SNPs from
RADseq.
Samuel Lewis (S)
University of Edinburgh
Recent Drosophila gene duplicates
display low genetic diversity and
functional specialization

Stuart Baird
Academy of Sciences of the Czech
Republic
Genome wide multilocus analysis of
a hybrid zone

15:0015:20

Thomas Smith (S)
University of Sussex
Extensive Variation in the Human
Mutation Rate Associated with
Mendelian Disease

James Buckley
University of Glasgow
Using RAD-seq to explore genomewide patterns of polymorphism and
genetic structure across European
and eastern North American
populations of Arabidopsis lyrata
(Brassicaceae)

Martin Thompson (S)
University of Cambridge
Dominant morphs in the mimetic
butterfly Papilio dardanus are
characterised by highly divergent
alleles of the transcription factor
engrailed
Lewis Spurgin
University of Groningen
Genetic and phenotypic divergence
in an island pipit isolation by
distance, by colonisation or by
adaptation?
Isabelle Dabat Pivotto (S)
Aix-Marseille Université
The evolution of marine species in
heterogeneous and variable
environment interplay between
adaptation and gene flow.
Ravinder Kanda
University of Oxford
How does host life history affect
our chances of detecting active
endogenous retroviruses?

15:2016:00

Coffee Break / Poster session

14:4015:00

16:0016:20

16:2016:40

16:4017:00

17:0017:20

Krzysztof Kozak (S)
University of Cambridge
Non-hybrid origin of the hybrid
phenotype in a Heliconius butterfly

Ball Room

Card Room

Tea Room

Kate Ridout
University of Lausanne
The draft genome of Mercurialis
annua a model system for
understanding the evolution of
sexual systems, polyploidy, and sexchromosomes
Polina Novikova (S)
Gregor Mendel Institute of
Molecular Plant Biology
Population history of the
allotetraploid species - Arabodopsis
suecica
Alicia Mastretta-Yanes (S)
University of East Anglia
RAD sequencing, genotyping error
estimation and de novo assembly
optimization for population
genomics and phylogeography
Richard Merrill
University of Cambridge
Transition between host-use
strategies in sympatric butterflies

Maike Herrmann (S)
Biodiversity and Climate Research
Centre
Adaptive introgression in natural
Daphnia populations

Simon Maddock (S)
Natural History Museum
Incongruent phylogeographic
patterns among an ancient
radiation of sympatric island
amphibians

Susan Johnston
University of Edinburgh
The causes and consequences of
recombination rate variation in a
wild population.

Eugenio Fonzi (S)
Nagasaki University - Institute of
Tropical Medicine
Population structure of the vector
mosquito Aedes aegypti in Malawi

Konrad Lohse
University of Edinburgh
Genome-wide tests for
introgression between Drosophila
mojavensis and Drosophila
arizonae
Kanchon Dasmahapatra
University of York
Heliconius butterfly species on the
cusp of speciation

Michael Stear
University of Glasgow
The genetic architecture of the
MHC in sheep and its role in
resistance to nematode infection.
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Einar Árnason
University of Iceland
Patterns of nucleotide variation
and natural selection at a CKM
gene in the high fecundity Atlantic
cod
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17:20
19:0020:00
20:0000:00

BREAK / Poster collection
Drinks reception
Conference dinner
END

Time
9:009:10
9:1010:00

10:0010:20
10:2010:40

10:4011:00

11:0011:20

11:2011:40

11:4012:00

Friday 10th January - Assembly Rooms
Opening Words
EMBO Young Investigator Plenary Lecture (Ball Room)
Dr Fyodor Kondrashov
Epistasis and molecular evolution model and quantification.
Centre for Genomic Regulation
Coffee Break
Ball Room
Roberta Bergero
University of Edinburgh
Evolution of hemizygosity in a
young plant sex chromosome
system
David Schneider
Universidade Estadual de Campinas
Towards a population genetics
theory for assortative mating
Andrew Pomiankowski
University College London
The evolution of two sexes
Deborah Charlesworth
University of Edinburgh
To what extent do partially sexlinked regions evolve differently
from autosomal ones?
Crispin Jordan
University of Edinburgh
Sexually antagonistic
polymorphism in hermaphrodites

12:0012:20

Taylor Kessinger (S)
Max Planck Institute for
Developmental Biology
Quantifying the effect of selection
on genealogies

12:2012:40

Hussain Bahbahani (S)
University of Nottingham
Genome-wide identification of
signatures of positive selection in
tropically-adapted African zebu
cattle
Murat Tugrul (S)
IST Austria
Evolutionary forces and physical
constraints lead a trade-off
between transcription factor
binding site size and specificity
END

12:4013:00

13:00

Card Room
Chuan Cao (S)
University of Cambridge
The genetic basis of variation in
antiviral defense in Drosophila
melanogaster
Paris Veltsos
University of St Andrews
Genomic response to experimental
sexual selection
Maria Daniela Santos Nunes
Oxford Brookes University
Genetic basis of genital evolution
between Drosophila species
Pierfrancesco Sechi (S)
Cardiff University
An evolutionary history of the
epigeic earthworm Lumbricus
rubellus
Alistair McGregor
Oxford Brookes University
Characterisation of the genetic
basis of natural variation in eye size
between Drosophila species
Kevin Dawson
Wellcome Trust Sanger Institute
Cancer gene discovery using
sequence evolution models and
model-based Bayesian
classification
Katrín Halldórsdóttir (S)
University of Iceland
Trans-species balanced
polymorphism at antimicrobial
Cathelicidin genes of the innate
immunity system
Sarah Earle (S)
University of Oxford
Multilocus Sequence Typing for
Staphylococcus aureus
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Tea Room
Athanasios Kousathanas
University of Fribourg
What can we learn about
population invasion history using
genetic data?
Tobias Warnecke
Imperial College London
The direction of causality in genetic
versus epigenetic change
Pam Wiener
University of Edinburgh
Population structure within a dog
breed
Sebastian Novak (S)
Institute of Science and Technology
Austria
Dispersal Evolution Bridging the
gap between the two H's.
Verena Kutschera (S)
Goethe University Frankfurt
A range-wide synthesis and
timeline for phylogeographic
events in the red fox (Vulpes
vulpes)
Joachim Mergeay
Research Institute for Nature and
Forest
Choosing appropriate mutation
models in population genetics
Rose Ruiz Daniels (S)
Forest Research Centre, INIA
The hidden demographic history of
the Aleppo pine (Pinus halepensis)
in the Mediterranean basin
Neil Bretana (S)
University of New South Wales
Exploring viral evolution to
characterise HCV transmission
dynamics in a high-risk prison
population
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Plenary Lectures
Genetics Society Plenary Lecture: Re-examining biparental inbreeding avoidance
Prof. Josephine Pemberton
University of Edinburg, UK
The study of inbreeding avoidance is unfortunately segregated by taxonomy. Plant geneticists (and those studying hermaphroditic
animals such as snails), faced with the most severe form of inbreeding, self-fertilisation, have long since developed theory to
explain the evolution of selfing, including Fisher’s 50% transmission advantage. Conversely, zoologists studying species with two
sexes have generally assumed unconditional avoidance of inbreeding due to the universal occurrence of inbreeding depression. A
small and somewhat ignored body of theory has consistently pointed out that transmission advantage, now couched in terms of
inclusive fitness, means that inbreeding may not always be disadvantageous and that in some systems there may be sexual conflict
for inbreeding. As long-term studies of wild animals derive deeper pedigrees and other ways of estimating relatedness and
inbreeding, more examples of non-avoidance of inbreeding, or even possibly positive inbreeding behaviour, are coming to light. I
will describe some of these examples and the theoretical and empirical issues that need to be addressed in the future.
Fisher Lecture: Applying quantitative genetic and genomic information to animal improvement
Prof. William G Hill
University of Edinburg, UK
Very rapid and sustained genetic improvement for multiple traits has been effected in farmed livestock in recent decades. This is
based on application of quantitative genetic principles and indeed much of it assuming Fisher’s infinitesimal model. I shall consider
why this approach has worked. Large amounts of genomic information are now becoming available and methodology in animal
breeding is undergoing a major revolution, using ‘genomic selection’ in which predictions of breeding value include information on
associations between traits and dense SNP markers. This utilises variation in realized relationship and linkage disequilibrium, and
a polygenic model close to or de facto the infinitesimal model is assumed. I shall discuss the rationale, problems, and prospects.
Genetics Society Plenary Lecture: Stress-Induced Variation: models and implications
Dr Lilach Hadany
Tel Aviv University
Genetic variation provides the raw material for evolutionary change. In most population genetics models, genetic variation is
assumed to be generated at a uniform rate, depending on the genes coding for variation but not on the state of the individual. In
this talk I discuss the implications of an alternative assumption - that the generation of genetic variation is to some degree regulated
by the organism, so that more variation is generated under stress. Using mathematical models and computer simulations, we found
that stress-induced genetic variation is likely to evolve, and has dramatic implication for adaptation. I will present populationgenetic models for the evolution of genes that up-regulate mutation, recombination and dispersal in response to stress, and discuss
some of the implications, including the evolution of complex traits and pathogen drug resistance. Theoretical models and
experimental evidence will be discussed.
EMBO Young Investigator Lecture: Epistasis and molecular evolution: model and quantification.
Dr Fyodor Kondrashov
Centre for Genomic Regulation, Spain
Whether or not epistasis plays a defining role in protein evolution in the last decade became a central question in the field of
evolutionary biology. Severalreports, including from our laboratory, have scrutinized patterns of long-term protein evolution
claiming them to be compatible only with an epistatic fitness landscape. However, these claims have not yet been substantiated
with a formal model of protein evolution. In my talk I will provide a brief review of these data and present a simple covarion-like
model of protein evolution. Results on its use to fit data on the rate of amino acid substitution and on the prevalence of epistasis,
measured as the rate at which the contribution toward fitness of a specific amino acid at a specific site changes with time, will be
presented. We find that convergent evolution cannot be explained without the incorporation of epistasis ad the rate at which an
amino acid state switches from being acceptable at a site to being deleterious is faster than the rate of amino acid substitution.
Specifically, for proteins that have persisted in modern organisms since the last universal common ancestor for one amino acid
substitution approximately five amino acid states switch from being accessible to being deleterious, and visa versa. Such a
surprisingly rapid turnover rate of what amino acid states are available for evolution indicates that molecular evolution can only
be perceived in the context of a complex network of genetic interactions between sites and loci.
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Contributed talks
Early effect of antiviral therapy on HIV-1 meta-populations
S. Brouillet, M. Kearney, F. Maldarelli, J. Coffin and Guillame Achaz
Université Pierre et Marie Curie
A meta-population can be defined as a population subdivided into several subpopulations. Indi- viduals from the same
subpopulation are more genetically related to each other than individuals from different subpopulations. We apply a statistical
permutation test for subdivision to temporal data to assess the genetics differences between samples of the same population
taken at different time points. We found that the samples before Anti-Retroviral Therapy (ART) exhibit an excess of differences to
the samples after ART. These results show that the therapy has changed (directly or indirectly) the global composition of the viral
population. We then characterized the basis of the differences and found that trimming the whole alignement to 2 sites leaves
unchanged the observed differences. Further investigations of the phylogeny of the viruses revealed that a whole clade of viruses
was only present before ART, suggesting that a type of virus has disappeared after the start of ART. Out of the several
interpretations that can be put forward, we favor two: (a) the ART has a differential action on the different types of virus that
inhabit the host or (b) the ART has an identical effect on all types of virus (i.e. it stops the viral replication) but the half-life of the
infected cells differs from type to type.
Patterns of nucleotide variation and natural selection at a CKM gene in the high fecundity Atlantic cod
Einar Árnason and Katrín Halldórsdóttir
Institute of Biology, University of Iceland
High fecundity organisms such as marine fish (Atlantic cod) have large excess reproductive capacity allowing them to withstand
substantial natural selection and genetic load. High fecundity organisms should be good systems for studying selection. On a
genomic level most SNPs show very small and non-significant differentiation among populations of Atlantic cod as measured by
FST. Yet other SNPs are outliers in FST analysis showing a range of FST values even approaching fixation of alternative alleles
(FST=0.83). This pattern is most likely due to natural selection. I am studying details of nucleotide variation at such outlier loci to
understand the nature and mode of selection. Using samples from populations throughout the Atlantic and comparisons with sister
species in the Pacific allows various tests of selection. In this lecture I shall report on nucleotide variation and patterns of selection
at a CKM locus detected as a SNP showing extreme differentiation.
Genome-wide identification of signatures of positive selection in tropically-adapted African zebu cattle
Hussain Bahbahani, Olivier Hanotte
School of Life Sciences, University of Nottingham
The introduction of humped zebu to the African continent has led to genetic introgression with the local African humpless taurine.
A mosaic of zebu x taurine cattle populations adapted to the local environments (e.g. semi-dry desert, humid and sub-humid
forested areas) has arisen as a result of this introgression. Examples are the small East African shorthorn zebu (EASZ) from Western
Kenya, Ankole from Uganda and Azawak cattle from Nigeria. Here, we use genome-wide high density SNP genotypes and full
genome sequence information to identify signatures of positive selection across the genome in these populations. To increase
power, we combined information from genotyping data from two Extended Haplotype Homozygosity (EHH)-based (Rsb and iHs)
and one interpopulation derived allele frequency (DAF) tests in a single composite analysis. Depressions of heterozygosity (Hp)
were assessed using 100 kb length sliding windows across the full EASZ genome. Eleven genomic regions in the EASZ show signals
of signature of positive selection for both SNP genotypes and sequences analyses. Eight and three regions were further confirmed
through the analyses of SNP genotypes data from Ugandan and Nigerian breeds respectively. Comparisons of signal of signature
of selection across the three countries, allowed us to narrow down the regions to genomic interval up to 500 kb These regions
harbour several candidate genes providing new information on the selection pressures which may have shaped the genome of
these cattle crossbred.
Genome wide multilocus analysis of a hybrid zone
Stuart J.E. Baird, Alexey Yanchukov, Milos Macholan, Pavel Munclinger, Jaroslav Pialek
IVB, Academy of Sciences of the Czech Republic
We use a hybrid zone with well-developed genomic resources to highlight what may soon be possible for non-model systems. The
European House Mouse hybrid zone (HMHZ) is well studied, and the mouse and human genomes were completed in parallel due
to the pivotal role of laboratory mice in medical research. This means mouse genome functional annotation is dense and cheap
methods exist to recovery SNP variation at the population genomic scale. We combine 1400 SNPs for 1400 mice near the HMHZ
and 0.5 million SNPs for 250 mice at a wider geographic scale to assess variation in gene flow permeability of the HMHZ species
barrier along the mouse genome. As genome sampling and computational resources are no longer bottlenecked the challenge
becomes making sound (model based) inference about the evolutionary process. Comparison with analyses using traditional
datasets shows that the existing modelling framework of multilocus hybrid zone population genetics predicts genome wide
patterns extremely well, providing a logical starting point for extensions that take advantage of higher resolution data. Dense SNPs
allow co-estimation of source taxon and phase of DNA strands along chromosome pairs ie reconstruction of recombinant
haplotypes as interdigitated blocks labelled by source. We illustrate how applying Fisher’s model of genome admixture can then
distinguish ancestral polymorphism from introgressive, and allow us to move away from simplistic genome-outlier analyses and
towards a model based understanding of the dynamics of introgression across a species barrier.
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Estimating quantitative genetic parameters in wild populations: a comparison of pedigree and genomic approaches.
Camillo Berenos, Philip Ellis, Jill G. Pilkington and Josephine M. Pemberton
Institute of Evolutionary Biology, University of Edinburgh
The estimation of quantitative genetic parameters in wild populations is generally limited by the accuracy and completeness of the
available pedigree information. Using actual relatedness at genome-wide markers in a quantitative genetics framework can
potentially remove this limitation and lead to less biased and more precise estimates. We estimated heritability and maternal
genetic effects for body size traits in a long-term study population of Soay sheep on St Kilda using three increasingly complete and
accurate estimates of relatedness: (1) pedigree 1 using observation-derived maternal links and microsatellite-derived paternal
links; (2) pedigree 2 using extensive SNP-derived assignment of both maternity and paternity; and (3) whole-genome relatedness
at 37,037 autosomal SNPs. In initial analyses heritability estimates were strikingly similar for all three methods (no significant
differences) while standard errors were systematically lower in analyses based on pedigree 2 and genomic relatedness. When
explicitly partitioning (general) maternal effects into separate genetic and environmental components, maternal genetic effects
were found in juvenile traits. Maternal genetic effects increased substantially across the three datasets. Direct additive genetic
variance (heritability) declined compared to parallel models where only a general maternal effect was fitted suggesting that
maternal genetic effects are confounded with direct genetic effects. More accurate estimates of relatedness were better able to
separate maternal genetic effects from direct genetic effects. We found that the heritability captured by the SNP data asymptotes
at about half the SNPs available suggesting that denser marker panels will not lead to increased heritability estimates.
Evolution of hemizygosity in a young plant sex chromosome system
Roberta Bergero & Deborah Charlesworth
Inst Evolutionary Biology, University of Edinburgh
In evolving sex chromosome systems, lack of recombination produce chromosome-wide degeneration on the non recombining sex
chromosome (Y and W), with the evolution of hemizygosity (loss of the Y gene copies) and dosage compensation. There is very
little knowledge on the evolution of hemizygosity in the early stages of genetic degeneration. Recently, gene loss has been inferred
from transcriptome data from the young sex chromosome system of the plant Silene latifolia, affecting up to 20% of the gene
content of the X chromosome. However, the inference of gene loss from transcriptome data cannot distinguish between gene loss
and gene silencing. Here, we carried out genetic mapping of transcriptome-inferred hemizygous genes from this sex chromosome
system to estimate the proportion of putatively assigned hemizygous genes that have lost the genomic Y copy, to test the
occurrence of a trend of gene loss with the different ages (evolutionary strata) of this sex chromosome system, and to examine
whether dosage compensation has evolved in this plant sex chromosome system, and whether it is affecting equally different
strata, and lowly vs highly expressed genes.
Genetic variation, and differentiation, in Primula veris across a local nature reserve network
Charlotte Bickler, Jane Memmott, Lucy Rogers and Jon Bridle
School of Biological Sciences, University of Bristol
Evolutionary responses will play a key role in maintaining population fitness in the face of environmental change. However, the
extent to which traits affecting key species interactions, such as pollination, can evolve in response to environment change remains
largely unknown. We assayed the extent of phenotypic and genetic variation in growth, floral and reproductive traits across local
populations of the cowslip Primula veris, a perennial plant found in fragmented UK grasslands. Significant differentiation between
sites grown in a common garden experiment, suggests local adaptation, with high levels of heritable variation in key ecological
traits. Contrasting effects were observed in the field, with responses to environmental variation within sites and differentiation
between microclimatic patches. Flowering time shows significant variation in the common garden, but less variation in the field,
suggesting selection may act to synchronise flowering time despite microclimatic variation. P. veris is an obligate outbreeder, fully
dependent on foraging insects for gene flow, which may be limiting in poor years. Data from field transplant experiments designed
to assay variation in pollination service among sites, and test for selection on flowering time, will also be discussed.
Exploring viral evolution to characterise HCV transmission dynamics in a high-risk prison population
Neil Arvin Bretaña, Lies Boelen, Rowena Bull, Suzy Teutsch, Peter A. White, Andrew R. Lloyd, and Fabio Luciani
School of Medical Science, University of New South Wales
Background
The Hepatitis C virus (HCV) epidemic is fuelled by transmission in high-risk communities, notably people who inject drugs (PWID).
In New South Wales (NSW), approximately 10,000 prisoners are incarcerated due to illegal drug use in which 30% have been
infected with HCV. Despite the HCV incidence in NSW prisons, transmission dynamics remain unclear. In this study, we characterise
HCV transmission in NSW prisons by integrating information from viral populations, spatiotemporal records and self-reported druginjecting behaviour.
Methods
Blood samples and drug-injecting behaviour were collected from 79 subjects enrolled in the Hepatitis C Incidence and Transmission
Study cohort. Phylogenetic analysis was performed on 35 gt1 and 49 gt3 E1-HVR1 viral sequence (657 nt). HCV viral evolution was
explored by computing the pairwise genetic distance of sequences within-host and between-hosts in relation to the interval
between sampling timepoints. Within-host genetic evolution was further analysed using next-generation sequencing. Transmission
clusters were identified using PhyloPart, which implements a clustering detection algorithm based on the median patristic distance
of any sub-tree. A detection threshold was fixed at 0.02 substitutions per site. Potential transmission events were identified from
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the clusters detected and validated using spatiotemporal records.
Results
Four clusters (2 in Gt1 and 2 in Gt3 subsets) were identified, along with five likely transmission events. From these, four events
were supported by co-location and three events were concordant with self-reported drug-injecting behaviour. Analysing withinhost E1HVR1 deep-sequencing data from two subjects shows that within-host evolution does not exceed 0.02 substitutions per
site.
Conclusion
Quantitative analysis of early primary HCV infection suggests that strong selective pressures limit viral evolution during
transmission. Despite the small data set, we have detected HCV transmission clusters in NSW prisons. This study demonstrates the
role of within-host evolution in detecting HCV transmission events and the use of population genetics in HCV transmission analysis.
The invasion of a transposable genetic element
John F.Y. Brookfield and Elizabeth H.B. Hellen
Life Sciences, University of Nottingham
The dynamics of the invasion of a genome by a transposable genetic element family can be modelled, and data on the patterns of
divergence between elements can be used to estimate model parameters. Many families of transposable genetic elements are
heterogeneous and include both active and inactive copies. Previous work has examined the expected patterns of diversity when
a heterogeneous family of elements is at equilibrium, with a constant copy number. Here we construct a model for the expected
patterns of diversity in a transposable element family that is initially spreading through a genome by a modified Yule process.
Transpositions can create daughter transposable elements at a constant Poisson rate per active progenitor copy, and the daughter
elements have a specified probability of themselves being active. We explore the expected consequences of such a model for the
expected phylogeny of element copies and their genetic diversity.
Using RAD-seq to explore genome-wide patterns of polymorphism and genetic structure across European and eastern North
American populations of Arabidopsis lyrata (Brassicaceae)
James Buckley & Barbara Mable
Institute of Biodiversity, Animal Health and Comparative Medicine, University of Glasgow
Understanding the processes influencing genome-wide patterns of polymorphism requires a high density of molecular markers.
We have used RAD-seq to genotype 97 Arabidopsis lyrata individuals at ~9000 loci. The dataset includes 49 A. lyrata ssp. lyrata
individuals from 13 populations around the Great Lakes region of eastern North America and 48 A. lyrata ssp. petraea individuals
from 21 populations sampled across Northern and Central Europe. Previous research has documented reduced levels of
polymorphism in A. l. lyrata relative to A. l. petraea, and also strong genetic structure observed within and between these
subspecies. We will test whether similar conclusions are found using a high density of genome-wide RAD markers. We will also use
these sequence data to assess patterns of polymorphism at or near regions of the genome with known homology to genes
important for local adaptation (e.g. disease resistance genes) and to identify new putative candidate loci for adaptation.
Individuals within this dataset also differ in mating system and ploidy level, which may influence genome-wide patterns of
polymorphism. Specifically, we can test for reduced heterozygosity and diversity in A. l. lyrata individuals sampled from selfing
populations relative to outcrossing populations around the Great Lakes and compare patterns of heterozygosity and diversity in
diploid and tetraploid A. l. petraea individuals from central Europe.
Finally, we will discuss some of the issues we have encountered in using RAD-seq to compare closely related species and for
examining variation at ecologically important, but often highly variable candidate genes for adaptation (e.g. disease resistance
genes).
The relation between recombination rate and patterns of molecular evolution and variation in Drosophila melanogaster
José L. Campos, Daniel L. Halligan, Penelope R. Haddrill and Brian Charlesworth
Institute of Evolutionary Biology, University of Edinburgh
Genetic recombination associated with sexual reproduction increases the efficiency of natural selection, because it reduces the
strength of Hill-Robertson interference. Such interference can be caused either by selective sweeps of positively selected alleles,
or by background selection against deleterious mutations. Its consequences can be studied by comparing patterns of molecular
evolution and variation in genomic regions with different rates of crossing over. We carried out a comprehensive study of the
evolutionary consequences of recombination in Drosophila melanogaster by comparing regions with different rates of crossing
over, using data on DNA sequence polymorphisms from a putatively ancestral African population and sequence divergence from a
related species. The patterns observed suggest that the recombination rate experienced by a gene is positively related to an
increase in the efficiency of both positive and purifying selection. There is little evidence for any adaptive evolution of protein
sequences in the low recombination regions of the D. melanogaster genome. The lack of diversity and reduced efficacy of selection
when recombination rates are low are consistent with a background selection model with increased interference among the
selected sites involved when recombination rates are very low.
The genetic basis of variation in antiviral defense in Drosophila melanogaster
Chuan Cao, Frank Jiggins
Genetics, University of Cambridge
The genetic variation in the ability of organisms to resist pathogen infection has important implications in many areas, including
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human health, plant and animal breeding programs, and our understanding of ecology and evolution. To understand the genetic
basis of this variation, we use Drosophila melanogaster and its natural virus, Drosophila C virus (DCV), to identify genes and
mutations that cause the variation in susceptibility to viral infection. We infected a panel of inbred lines of D. melanogaster (DGRP)
with DCV and used the genome sequences of the lines to look for genetic variants associated with resistance to infection. We
identified a gene called pastrel (pst), which explained 47% of the heritability. Knocking down the expression of pst with RNAi leads
to increased susceptibility to DCV in flies, while over-expression of pst increased resistance. In another inbred D. melanogaster
population (DSPR), we found that not only was the same gene associated with DCV resistance, but that there is a series of at least
three alleles of pst that confer increasing levels of resistance. In natural populations, we found genetic variation in pst expression,
complex structural variation with multiple duplications and rearrangements, and extensive sequence variation. By combining
sequences and measurements of DCV susceptibility, we are able to disentangle which of these variants cause flies to be resistant,
and understand how resistance to infection evolves in nature.
Genomic architecture of chemical defence traits in European Populus species
Celine Caseys, Christoph Stritt, Gaetan Glauser, and Christian Lexer
Ecology & Evolution, University of Fribourg
Trees are long-lived organisms that cannot move to escape environmental challenges such as herbivores, pathogens or climate
change. Their survival and fitness thus depend critically on adaptive responses to biotic and abiotic stressors.
We studied patterns of expression and the genomic architecture of key secondary metabolites involved in biotic and abiotic
responses (salicinoids, flavonoids, and chlorogenic acids) in three large natural hybrid zones and a common garden trial composed
of open pollinated families of two ecologically divergent Populus species, P. alba and P. tremula.
Uni- and multivariate analysis of metabolomic profiles in recombinant hybrids reveals the potential and limits of wide
recombination to generate novel combinations of functionally important chemical traits. We applied admixture mapping to natural
hybrid zones and identified 41 QTL for 39 traits, thus providing first insights into the genomic architecture of chemical defence
traits that differ between these ecologically divergent, hybridizing species.
We will discuss the implications of our findings in the context of an ongoing research program on the genomics of speciation in this
group and will touch on potential applications in the emerging field of community genetics. We will highlight the benefits of
combining population genomics, metabolomics, and evolutionary ecology in studies of population divergence and speciation, using
Populus as an example.
Encephalization and changes in gene family size across mammalian taxa
Atahualpa Castillo-Morales, Jimena Monzon-Sandoval, Araxi O Urruitia and Humberto Gutierrez
Department of Biology and Biochemistry, University of Bath
Genomic determinants underlying increased encephalization across mammalian lineages are unknown. Whole genome
comparisons have revealed large and frequent changes in the size of gene families, and it has been proposed that these variations
could play a major role in shaping morphological and physiological differences among species. Using a genome-wide comparative
approach, we examined changes in gene family size (GFS) and degree of encephalization in 39 fully sequenced mammalian species
and found a significant over-representation of GFS variations in line with increased encephalization in mammals. We found that
this relationship is not accounted for by known correlates of brain size such as maximum lifespan or body size and is not explained
by phylogenetic relatedness. Genes involved in chemotaxis, immune regulation and cell signalling-related functions are significantly
over-represented among those gene families most highly correlated with encephalization. Genes within these families are
prominently expressed in the human brain, particularly the cortex, and organized in co-expression modules that display distinct
temporal patterns of expression in the developing cortex. Our results suggest that changes in GFS associated with encephalization
represent an evolutionary response to the specific functional requirements underlying increased brain size in mammals.
Differences between X chromosomes and autosomes in patterns of molecular evolution and variation in Drosophila
melanogaster
Brian Charlesworth, Daniel L. Halligan, Penelope Haddrill, Jose L. Campos
Institute of Evolutionary Biology, University of Edinburgh
There has been much debate concerning whether or not there is a faster rate of adaptive evolution on the X chromosome
compared with the autosomes (the Faster-X effect), as predicted by some population genetic models. To examine this question,
we have used genome-wide data on DNA sequence polymorphisms from a putatively ancestral African population of D.
melanogaster, together with sequence divergence from a related species. There is strong evidence for a higher rate of fixation of
beneficial, nonsynonymous mutations on the X chromosome, even after adjusting for differences in recombination rates between
X and autosomes, consistent with a Faster-X effect. The slope of the relation between synonymous diversity and local
recombination rate is smaller for the X than for the autosomes, so that diversity is higher for the X than the autosomes in low
recombination regions, and lower in high recombination regions. The X chromosome shows a more pronounced skew towards low
frequency synonymous variants than the autosomes, which declines with the local recombination rate over most of their range.
However, both X and A show an increased skew towards rare synonymous variants at high recombination rates. The most likely
interpretation of these complex patterns involves interactions between the local recombination rate, selective sweeps, background
selection, and population size changes.
To what extent do partially sex-linked regions evolve differently from autosomal ones?
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Deborah Charlesworth, Brian Charlesworth. Crispin Jordan, Sara Guirao Rico
Institute of Evolutionary Biology, University of Edinburgh
I will describe a theoretical model to examine the invasion probabilities of sexually antagonistic mutations at loci in a pseudoautosomal region (PAR) partially linked to a fully sex-linked region. Only loci very closely linked to the fully sex-linked region behave
differently from autosomal ones. I relate the results to empirical findings from PAR genes.
Anthropogenic selection reveals a resilient genomic architecture of speciation in the malaria mosquito Anopheles gambiae
Chris S. Clarkson, David Weetman, John Essandoh, Alexander E. Yawson, Gareth Maslen, Magnus Manske, Stuart G. Field, Mark
Webster, Tiago Antão, Bronwyn MacInnis, Dominic Kwiatkowski and Martin J. Donnelly.
Vector Biology, Liverpool School of Tropical Medicine
Extinction events and reductions in genetic diversity mediated by humans are well documented, but examples of interruptions to
on-going speciation are rare. Yet incompletely reproductively-isolated species may be particularly susceptible to anthropogenic
influence if genes critical for species divergence are perturbed. We show that recent introgression of a strongly-selected insecticide
resistance mutation (Vgsc-1014F) resulted in translocation of over 3 megabases of a highly divergent genomic region between
members of the Anopheles gambiae species pair. Outside of this region, the genome was identical to non-introgressed individuals
and local interspecific hybridisation rates have remained low and stable. Moreover, breakdown of the translocated section is
already beginning. This natural experiment shows that loss of an exceptionally large genomic island has had little impact on
reproductive isolation, despite very limited differentiation between the species throughout most of the genome. Transfer of
adaptive genes across species boundaries may thus allow rapid responses to anthropogenic selection.
Sex chromosome evolution in a distant eukaryotic lineage
Susana M. Coelho
Centre national de la recherche scientifique
The genetic determination of sex requires either non-recombining chromosome regions or complete sex chromosomes, both of
which have evolved independently and repeatedly across different eukaryotic species. A number of such sex-determining regions
(SDR) have been studied in animals, plants and fungi, but very little is known about the evolution of sexes in other eukaryotic
lineages. We have sequenced and analysed the male and female sex chromosomes of the model brown alga Ectocarpus. In
Ectocarpus, sex is expressed during the haploid phase of the life cycle, and both the female (U) and the male (V) sex chromosomes
contain non-recombining regions. The U and V of this species have been diverging for more than 100 My, yet gene degeneration
has been modest, the SDR has remained relatively small with no evidence for evolutionary strata. These features may be explained
by the occurrence of strong purifying selection during the haploid phase of the life cycle and low level of sexual dimorphism. The
SDR is bordered by two large pseudoautosomal regions (PARs), comprising a large portion of the Ectocarpus sex chromosome.
These PARs exhibit unevenly distributed recombination events, with recombination hotspots at the boundaries of the SDR. I will
also discuss recent evidence pointing to the existence of loci in the PAR that influence parthenogenesis, a sexually dimorphic trait
in Ectocarpus siliculosus.
The evolution of marine species in heterogeneous and variable environment: interplay between adaptation and gene flow.
Isabelle Dabat Pivotto, David Nerini, Mauatassem Masmoudi, Lamya Chaoui, Hichem Kara, Didier Aurelle
Aix-Marseille Université
Climate change is well recognized as a major threat to biodiversity and its effects are already visible for various species and
ecosystems. Different responses of organisms to climate change can be envisioned: range shift, acclimatization or genetic
adaptation, local or global extinction (Parmesan 2003, Reusch 2013). The possibility of persistence and evolution to such fluctuating
environment will depend on complex interactions between local adaptation, temporal selection and gene flow (Schiffers et al.
2013). The response will also depend on local environmental conditions (De Frenne et al., 2013). In the Mediterranean Sea, a
biodiversity hotspot, octocorals are an example of species impacted by climate change. Indeed, during the last decades, several
thermal anomalies events (Garrabou et al. 2009) led to mass mortalities in octocoral populations with a variable response at global
to local scales (from different regions to different depths of the same site; Garrabou et al. 2009, Crisci et al. 2011). In order to
better understand the evolution of these species in this heterogeneous and fluctuating environment, we analyzed the variability
of thermotolerance levels according to depth in the yellow gorgonian Eunicella cavolinii. The results of this common garden
experiment are discussed in the light of the genetic structure of this species studied across contrasted environments analyzed with
11 microsatellite markers. Despite the absence of genetic structure between different depths, this experiment revealed that the
shallow individuals had a higher capacity of resistance to high temperature than the deep ones. Therefore, our data suggest an
environmental adaptation signal. We discuss the evolutionary significance and consequences of these results.
Heliconius butterfly species on the cusp of speciation
Kanchon Dasmahapatra, Dmytro Kryvokhyzha, Simon Martin, James Mallet
Department of Biology, University of York
Under speciation with ongoing gene flow, it is theorised that genomic divergence might start from a few narrow regions containing
"speciation genes", with these divergent islands growing as speciation progresses, eventually expanding to encompass the whole
genome. While there are examples resembling early and late stages of this islands-of-divergence model, currently there are no
empirical examples of the transition between these two states, raising the possibility that there might be a rapid and unstable
transition at the species boundary.
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We examine the genomic patterns of divergence between two closely-related sister species: Heliconius elevatus and Heliconius
pardalinus. These species have largely sympatric distributions across the Amazon basin. Genome sequence was obtained for
multiple individuals of each species from populations where the species are either sympatric or allopatric. Phylogenetic analysis of
the whole genome dataset shows that both species are paraphyletic. Surprisingly, genomic divergence between the two species
from sympatric populations was in general very weak (Fst tending to 0), with relatively few peaks of strong differentiation. Three
of these peaks of differentiation contain known Heliconius colour pattern loci. This pattern of divergence accords with the idea
that loci determining the traits differing between species are within "islands of genomic divergence." Our results suggest that
apparently good species can remain distinct in spite of extremely high levels of genomic admixture causing effective panmixia
across majority of the genome.
Cancer gene discovery using sequence evolution models and model-based Bayesian classification
Kevin J.Dawson, David C.Wedge, Peter J. Campbell, Ultan McDermott and Michael R. Stratton
Cancer Genome Project, Wellcome Trust Sanger Institute
Somatic mutations which promote oncogenesis experience positive selection within tumour cell lineages. These somatic variants
are the so-called driver variants. The remaining variants, which do not contribute to oncogenesis (the so-called passenger variants),
may experience negative selection, or negligible selection. Therefore, the pattern of somatic variation observed in each gene,
within a tumour cell lineage, is dependent on whether or not oncogenic driver variants can occur in that particular gene. This idea
leads to a powerful strategy for identifying those genes which contribute to the various cancer types.
Genes in which somatic variants can contribute to oncogenesis (genes in which driver variants can occur) may be divided into two
categories: oncogenes and tumour suppressor genes. Genes which do not contribute to oncogenesis can also be divided into two
classes: genes which are constrained (in which mutations are subject to negative selection) within tumour cell lineages and genes
which are unconstrained (in which mutations are selectively neutral) within tumour cell lineages. A finer division of gene categories
could be used, or a coarser one.
The genes in these functional categories exhibit different patterns of somatic variation in tumour cell lineages. Thus variant data
from large numbers of tumour samples, with high genome coverage, provides information which can be used to classify genes into
these functional categories. Using next generation sequencing data from thousands of tumour samples, with genome-wide
coverage, we can identify very large numbers (typically on the order of 104 - 106) of somatic variants within exons. Of the somatic
variants detected at moderate or high frequency within an individual tumour, a relatively small proportion are expected to be
driver variants.
We can construct a model of the substitution process in tumour cell lineages. The observed pattern of somatic variation in each
gene, within a tumour cell lineage, depends on the initial DNA sequence (in the adjacent normal tissue), the mutation rates
(possibly context--dependent) for each type of base substitution, and the selection pressures acting on that gene. The selection
pressure acting on each variant depends on the functional effect of the variant (silent, missense or nonsense), and the functional
category to which the gene belongs. Here we have used a model which is closely based on that of Greenman (greenman2006). We
have implemented a fully Bayesian analysis for this model.
An advantage of a fully Bayesian analysis is that all uncertainty about parameter values is represented probabilistically. We include
the classification of the genes into categories as a parameter of the model, together with the mutation rates and selection
parameters. The Bayesian computation produces outputs which are easy to understand and interpret. In particular, we obtain a
(gene by category) table of the posterior probability that each gene belongs to a particular functional category. We also obtain
Bayes factors for the classification of individual genes, which are less dependant on the choice of prior, and indicate the strength
of evidence provided by the data. To illustrate the Bayesian classification method outlined above we present a number of analyses
of large data sets, from different cancer types.
Ecological genetics of life history and host plant adaptation in the Glanville fritillary butterfly
Maaike de Jong, Swee Chong Wong, Rainer Lehtonen, Ilkka Hanski
University of Bristol
To gain a full understanding of the mechanisms underlying fitness and adaptation, it is crucial to consider the ecological conditions
that shape evolutionary dynamics in nature. The extent of environmental heterogeneity plays a key role in these dynamics and
influences genetic and phenotypic variation in wild populations. Using the well-studied Glanville fritillary butterfly metapopulation
of the Åland Islands in Finland, we measured life history traits and female host plant preference of wild butterflies in large outdoor
population cages and associated trait variation with SNPs in candidate genes. We discovered a strong association between a genetic
polymorphism in a gene of the Cytochrome P450 family and lifetime reproductive output of the butterflies, the key component of
fitness. This specific Cyp gene plays an important role in the detoxification of host plant chemicals (allelochemicals) in butterflies
and other species. Previous research has shown that the Glanville fritillary Åland population exhibits spatial variation in host plant
adaptation involving two plant species, Plantago lanceolata and Veronica spicata, which show differences in allelochemical levels.
We show here that the Cyp genotype is associated with host plant preference and that there is a strong correlation between Cyp
allele frequencies and host plant preference across the Åland Islands. Our results indicate that the spatial heterogeneity of the
habitat may contribute to the maintenance of genetic variation in Cyp through local adaptation.
Copy number variation in chemosensory multigene-family and speciation in the pea aphid
Ludovic Duvaux, Q. Geissmann, C. Smadja, J. Ferrari, J-J Zhou & RK Butlin
Department of Animal & Plant Sciences, University of Sheffield
Multigene families are known to be highly diverse in terms of both copy number variation (CNV) and allelic diversity. Accordingly,
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CNV within and between populations has a strong potential to result from, or to fuel, local adaptation – and possibly speciation.
However, population CNV diversity and its evolutionary dynamics remain poorly understood. The host-plant races of the pea aphid
provide an excellent system to understand CNV diversity in the context of speciation with gene flow. Notably, chemosensory
multigene families (CMF) like olfactory receptors (Or) are critically important for specific host plant recognition, i.e. possibly an
important cause of reproductive isolation.
We investigated the role of CNV in speciation by contrasting its distributions across gene families at two evolutionary time scales:
within a group of genetically divergent races versus within a group of closely related races. We sequenced 120 individuals using
SureSelect target enrichment and Solexa sequencing in order to guarantee very high coverage (350X). In doing so, we assessed
CNV at about 3000 exons (from multigene families and control genes) and 650 promoters of CMF genes.
CNV is widespread as it occurs for 40% of control genes within the divergent group. Interestingly, CNV occurrence seems strongly
influenced by transcript length but only little by total gene length. As expected after some substantial divergence, CNV is more
frequent for any multigene family than for control genes. By contrast, only Or appear to have more frequent CNV within the related
group. Interestingly, Or are also clearly overrepresented among genes discriminating the races on the basis of copy number.
These results strongly suggest that Or CNV contributes to initial stages of speciation. Work is thus ongoing to link CNV (i) to CMF
nucleotide diversity, (ii) to the history of gene flow between races; and (ii) to gene expression within and between races.
Multilocus Sequence Typing for Staphylococcus aureus
Sarah Earle, Martin Maiden
University of Oxford
The most widely used method for the characterisation of Staphylococcus aureus isolates has been seven locus Multilocus Sequence
Typing (MLST), which has shown S. aureus to have a highly clonal population structure consisting of a number of dominant human
lineages and many more minor lineages. However, with the great reduction in cost and increase in capacity of whole-genome
sequencing, we are able to more routinely access the vast genetic diversity of bacteria, providing unprecedented levels of genetic
resolution. This has led to new methods of higher resolution typing, such as ribosomal Multilocus Sequence Typing (rMLST), which
stores the variation of 53 genes encoding bacterial ribosomal protein subunits (rps genes). The research aimed to determine
whether MLST analyses within the Bacterial Isolate Genome Sequence Database (BIGSdb) could be used to discriminate S. aureus
at both the level of a single outbreak and at a population scale by the implementation of higher resolution typing. Isolates were
analysed by applying an allelic gene-by-gene approach to de novo-assembled genomes, rather than the conventional identification
of Single Nucleotide Polymorphisms. Whole Genome Multilocus Sequence Typing was validated by the re-analyses of an outbreak
and of the global picture of sequence type 239 which provided the same results using the BIGSdb approach. Ribosomal MLST was
then applied at the species level to S. aureus to depict the genealogical relationships within the species, resolving it into lineages.
This enables isolates to simply and rapidly be assigned to lineages, and to visualise their position within the population structure
of S. aureus independently of the dataset used. Ribosomal genes are a way to quickly provide great resolution across many bacterial
species.
Why are flowers yellow? Phylogenetic insights from snapdragons (Antirrhineae)
Tom Ellis, David Field, Nick Barton
Institute of Science and Technology Austria
Floral pigmentation is a conspicuous and variable trait with an enormous effect on sexual selection, and the underlying genetic
pathways are well-understood. As such flower colour evolution has great potential to inform our understanding of the relationship
between genes and phenotype, and how evolution proceeds through genetic space. Previous work has implicated loss-of-function
mutations at single loci as drivers of colour shifts among typical red, blue white or pink flowers. Transitions to yellow are common
in nature but have never been studied in detail, and are especially interesting because they require substitution at a minimum of
two loci. I will present results from a phylogenetic comparative study of floral colour among 176 snapdragon species to reconstruct
one- and two-locus transitions in flower colour across the tree. I compare these transitions with estimates of diversification rates
and floral trait data to identify correlations that may explain floral transitions. In contrast to previous studies I find that two locus
mutations are common and reversible but not correlated with any trait quantified, suggesting that floral pigmentation is a highly
labile trait. Unpigmented flowers seem to suffer high extinction rates, possibly due to increased inbeeding or reduced tolerance to
abiotic stress. Recent advances in snapdragon genomics will allow us to elucidate the molecular mechanism and evolutionary
history of these transitions.
Fates of duplicated genes in Begonia
Katie Emelianova, Catherine Kidner
Royal Botanic Gardens Edinburgh
Begonia is one of the most diverse angiosperm genera, having over 1,500 species with a pan tropical distribution. High genetic
drift due to population structure, as well as local adaptation are thought to contribute to diversity in the genus. However, Begonia
has also shown evidence of extensive genome duplication, which has prompted our investigation into the fates of duplicated genes
and their impact on Begonia diversity.
Vegetative bud transcriptomes of two South American species (B. conchifolia and B. plebeja) and one South East Asian species (B.
venusta), and a draft genome of B. conchifolia were used to investigate differential retention patterns. An initial study was made
of the well-characterised anthocyanin biosynthetic pathway. Our hypothesis is that regulatory or biosynthetic gene duplication
helped drive the diversity of anthocyanin patterning seen across Begonia, Copy number, phylogenetic and evolutionary analyses
are used to investigate duplication patterns and evolutionary history of the key enzymes in this pathway across the whole genus
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in order to understand the relationship between duplication and diversity. Expression analysis to link variation in copy number to
variation in expression patterns will be used to complete this initial study. A larger scale investigation of copy number and sequence
evolution in gene families clusters transcripts from the three study species into gene families. Families showing species-specific
expansions and/or lineage specific signals of positive or relaxed purifying selection are tested for significant enrichment in GO
terms. Results showing patterns of lineage specific expansions where diversifying or relaxed purifying selection is evident would
support a hypothesis that gene and/or genome duplication is a key driver of diversification in Begonia.
Population structure of the vector mosquito Aedes aegypti in Malawi
Eugenio Fonzi, Kyoko Futami, Yukiko Higa, Steve Gowell, Jinping Hu, Dylo Pemba, Noboru Minakawa
Nagasaki University - Institute of Tropical Medicine
Recent findings suggest that in Malawi and other sub-Saharan countries the arthropod-borne viruses are currently emerging. The
mosquito Aedes aegypti is the main vector for many arboviral diseases. In Africa, two subspecies are recognized, Ae. aegypti aegypti
(Aaa) and Ae. aegypti formosus (Aaf); they are distinguished through slight morphological differences. In some areas of the
continent, the morphological variation is associated with a behavioural and ecological variation, while this is not true for other
areas. The two subspecies show different viral infection ability, therefore it is important to understand their biological traits. The
aim of the study is to determine the distribution, subspecies composition and population structure of Malawian Ae. aegypti. During
February 2013 a nation-wide sampling took place in 11 main urban areas of Malawi; 939 Ae. aegypti larvae were collected from
used tyre and reared to aldult stage; 868 out of 939 were identified to subspecies by morphology. As Aaf was predominant (83%)
on Aaa (17%), only Aaf were selected for the genetic study. In each area, between 3 and 10 breeding sites were sampled; in order
to reduce the presence of sibling individuals, 1 out of 3 larvae collected from each site were randomly selected for the study. Two
areas were discarded for lack of specimens.
Ten microsatellite markers have been selected for this study; nevertheless, as the experiments are still ongoing, we present here
a preliminary analysis based on the results of 5 loci. Between 7 and 10 alleles were found at each locus. Between 1 and 3 alleles
per locus were represented in every population. A significant deviation from HWE was detected, towards a lack of heterozygosity.
Fst analysis showed some isolation patterns, particularly in the southern part of Malawi; in particular, the southernmost Nsanje is
suggested to be the most isolated population.
Beyond mtDNA - insights into bear phylogeny and phylogeography from nuclear markers
Frank Hailer, Verena E. Kutschera, Tobias Bidon, Axel Janke
Senckenberg Society for Natural History Research & Goethe University Frankfurt, Biodiversity and Climate Research Centre (BiK-F)
Bears (Ursidae) have long served as a model system in phylogeography. Recent findings from the oldest known polar bear fossil
were interpreted to demonstrate the unusually rapid evolution of a polar bear phenotype from within brown bear diversity at ca.
150,000 ya. Furthermore, range-wide studies of mtDNA variation in brown and polar bears have established the picture of
pronounced phylogeographic structuring in brown bears across Eurasia and North America.
However these findings relied largely on mtDNA, which has at least two major disadvantages. (1) mtDNA is only one locus, showing
a small portion of evolutionary history, and (2) bears, like most mammals, show male-biased gene flow and female philopatry.
Phylogeographic structuring might therefore be overestimated by analysis of maternally inherited loci. In addition, selection and/or
stochastic effects could influence inferences from any single locus, especially when it is haploid (small NE).
We present data from independently inherited autosomal loci and the paternally inherited Y chromosome in polar and brown
bears. The results demonstrate that studies of mtDNA have underestimated the time since speciation due to introgression, and
overestimated phylogeographic structuring in brown bears due to male-biased gene flow. Our results highlight, in a prominent
study system, that understanding of evolutionary processes needs to rely on multiple, independently inherited loci. Further, the
evolutionary history of many taxa should be re-evaluated, including that of seemingly well-understood species such as bears.
Trans-species balanced polymorphism at antimicrobial Cathelicidin genes of the innate immunity system
Katrín Halldórsdóttir and Einar Árnason
Institute of Biology, University of Iceland
Vertebrates fight microbial infections with both innate immunity and adaptive response based on the major histocompatibility
complex (MHC). MHC variation shows trans-species polymorphisms, e.g. MHC-II alleles of humans are more related to chimpanzee
alleles than other human alleles, indicating adaptive balancing selection. Unique among vertebrates Atlantic cod genome reveals
evolutionary loss of MHC-II and CD4, major parts of the adaptive immune system. Yet cod are relatively healthy supporting
commercial fisheries and playing a major ecological role in the North Atlantic. However, the way cod compensates for the lack of
adaptive immune response is unknown. Here we show trans-species polymorphisms of the innate antimicrobial cathilicidin peptide
genes of Atlantic cod and its Pacific sister species that are akin to the human vs chimpanzee MHC-II. We find three cathelicidin
genes compaired to one gene in the cod genome project. The profuse nucleotide and amino acid variation of these genes, including
signatures of gene conversion, falls into distinct clades with alleles of sister species intertwined. Furthermore, we find variety of
predicted secondary structures for the mature antimicrobial peptide part of the gene, variation that may enable the organism to
respond to a variety of microbes. Our results demonstrate how forces of evolution shape a variable innate immunity system under
selection pressures of contacts between hosts and microbes in the same manner as is known for MHC-II genes of the adaptive
immunity in other vertebrates. The results show how dynamic natural selection is working at this hotspots of individual front
defenses, indicative of the importance of innate immune system when the adaptive immunity is lacking. Further experiments are
needed testing activity of different cathilicidin peptides against a variety of microbes to elucidate mechanisms of balancing
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selection and expression of the various genes in relation to microbial infection.
Investigating the emergence of drug resistance in TB from whole genome sequences
Jessica Hedge, T.M. Walker, D.W. Crook, T.E.A. Peto, D.J. Wilson
Nuffield Department of Medicine, University of Oxford
Drug resistance is a growing global healthcare problem for Mycobacterium tuberculosis (TB). Drug resistant TB can arise due to
inadequate treatment of TB in a patient and can be subsequently transmitted to other individuals. Resistance is typically conferred
by point mutations and small insertions/deletions (indels) within a set of genes encoding the proteins targeted by antimicrobial
drugs. Current molecular assays used for identifying resistant TB screen for specific genetic biomarkers, which consist of a set of
substitutions known to confer resistance. However, these assays fail to identify any causative mutation in 10-40% of resistant
phenotypes. When drug resistance emerges de novo within an individual, under strong selection pressure, sites that confer drug
resistance are often homoplastic. This presents the opportunity to identify new sites involved in drug resistance by looking for
homoplasy within the phylogenetic tree (i.e. the independent emergence of a substitution multiple times in the evolutionary
history of the population). Here, we analyse 655 TB genome sequences sampled from the UK and validate the use of homoplasy
as an indicator of positive selection acting on sites known to be involved in conferring drug resistance. We explore the distribution
of homoplastic sites across the genome and frequency with which particular drug resistance substitutions emerge. Analysis of all
variant sites in the genome shows that approximately 70% of those thought to be involved in drug resistance are homoplastic while
only 2% of substitutions across all other sites are homoplastic.
Adaptive introgression in natural Daphnia populations
Maike Herrmann, Pia Kreuzer, Mathilde Cordellier, Klaus Schwenk
Biodiversity and Climate Research Centre
Ongoing global warming alters local environmental conditions, thus potentially threatening the persistence of natural populations.
In particular, severe ecological changes may promote invasion of non-indigenous species and subsequent interspecific
hybridization. This phenomenon is controversially debated, considering either beneficial effects resulting from adaptive
introgression or detrimental effects due to lower fitness of recombinants.
In order to test whether gene flow and interspecific hybridization might catalyze adaptation by bringing new favorable alleles into
a population, we studied natural populations of the Daphnia longispina species complex. We sampled sediment cores in lakes along
a longitudinal cline in Europe that contained either D. galeata, D. longispina or both species and their hybrids. This approach allows
us to study fate of neutral and non-neutral alleles over time, across space and even across species borders.
We analyzed genetic differentiation at the presumably temperature relevant candidate genes ERNA, TRY5F and MHC1, 11
microsatellite loci and the mitochondrial 12S gene. In contrast to mitochondrial and microsatellite data, candidate gene haplotypes
were not associated with species affiliations. Signals of local adaptation were detected using outlier tests, and Mantel tests
revealed a correlation between genetic differentiation at a candidate gene (TRY5F) and temperature. These results suggest local
adaptation in Daphnia as a response to various temperature regimes, possibly enhanced by differential introgression. Future
studies will link our field observations (natural selection at temperature relevant genes) with fitness (clonal lineages in common
garden experiments) and gene expression analyses.
Purifying selection and Hill-Robertson interference modulate genome-wide patterns of population differentiation in D.
melanogaster
Ben Jackson, José Campos and Kai Zeng
University of Sheffield
Determining what evolutionary forces affect genome-wide patterns of population differentiation is a fundamental task of
evolutionary genetics. Using whole-genome datasets provided by the Drosophila Population Genomics Project, we investigate
factors that modulate intra-genomic variation in the level of population differentiation (as measured by FST) between French and
Rwandan populations of Drosophila melanogaster. We found that evolutionarily conserved regions of the genome (e.g.,
nonsynonymous sites) tend to have lower FST than putatively neutrally-evolving regions (e.g., short introns). Additional analysis
suggests that these patterns can be readily explained by different intensities of purifying selection acting on genomic regions with
different functional importance. There is also evidence that regions with reduced recombination have higher FST at putatively
neutral sites than regions with more frequent recombination, consistent with the prediction that variation in the recombinational
environment influences population differentiation through the effects of Hill-Robertson interference (HRI). These results suggest
that both purifying selection and HRI are important factors that modulate patterns of genetic diversity in a subdivided population.
Evolutionary hotwiring in Pseudomonas
Louise Johnson, Robert Jackson, Tiffany Taylor, Michael Brockhurst
School of Biological Sciences, University of Reading
In Pseudomonas fluorescens, the master regulator of flagellar synthesis is fleQ. Deletion mutants lack flagella. However, we find
that under strong selection for motility (starvation on a solid agar surface), immotile bacteria re-evolve flagellar function within 96
hours via a precisely repeatable, two-step evolutionary trajectory that rewires the flagellar regulatory network by co-opting
components of the nitrogen response system. A switch-of-function mutation allows NtrC, a distant homologue of fleQ, to
commandeer control of the fleQ regulon. The evolved NtrC combines its pre-existing nutritional regulatory function with a new
function as a flagellar regulator, but there is a trade-off between these two roles, and the costs and benefits of rewiring depend
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on environmental conditions.
The causes and consequences of recombination rate variation in a wild population.
Susan E. Johnston, Camillo Berenos, Jon Slate, Josephine M. Pemberton.
Institute of Evolutionary Biology, University of Edinburgh
Recombination is an important mechanism in determining the extent of linkage disequilibrium within genomes. Increased
frequency of recombination breaks up genetic associations between loci, potentially increasing variability in fitness and hence the
ability of a population to adapt. Recombination rate (RR) has been shown to respond to selection, and can vary between species,
between the sexes, within populations and even within individuals. Therefore, variation in RR is likely to have direct consequences
levels of genetic diversity, effectiveness of selection and ultimately, fitness within individuals. Nevertheless, there are few studies
examining both the causes and consequences of RR variation within wild, non-human populations. To examine RR variation in the
natural environment, we used genomic, phenotypic and environmental data from an intensive longitudinal study of a feral
population of Soay sheep (Ovis aries), including high density SNP data collected from ~6,000 individuals sampled over a 30 year
period. We investigate the heritability of RR variation, how RR varies within and between individuals, and the relationship between
RR and individual fitness. We discuss the evolutionary consequences of RR variation from the individual to population level, and
present the implications of our findings for other wild populations.
Sexually antagonistic polymorphism in hermaphrodites
Crispin Jordan and Tim Connallon
Institute of Evolutionary Biology, University of Edinburgh
Intra-locus sexually-antagonistic (SA) variation, where one allele benefits fitness when in males but decreases fitness in females,
and a second allele has opposite effects, has received much attention both theoretically and empirically in species with separate
sexes. For instance, much theory has explored the potential for SA polymorphism among different genome regions (e.g.,
autosomes versus sex chromosomes), which has refined interpretation of empirical studies. In contrast, SA effects have received
less attention in hermaphrodites, where they are realized as trade-offs between female- and male-fitness within individuals. We
explore the conditions and consequences for SA variation in hermaphrodites in infinite and finite populations. In infinite
populations of outcrossing hermaphrodites, the mathematical conditions for SA polymorphism are identical to those for autosomal
loci in species with separate sexes; however differences between hermaphrodites and dioecious species affect expectations for
polymorphism. As expected, inbreeding decreases the potential for SA polymorphism in both infinite and finite populations. We
examine opportunities to detect SA effects in finite populations by measuring linkage-disequilibrium (LD) from hitchhiking by a
neutral locus, early in the spread of a new variant under SA selection. Under additive effects, inbreeding does not affect LD, but
inbreeding tends to diminish LD under alternative dominance scenarios. Overall, population genetic signals of SA selection in
hermaphrodites will be most easily detected in outcrossing species.
How does host life history affect our chances of detecting active endogenous retroviruses?
Ravinder Kanda, Tim Coulson
Department of Zoology, University of Oxford
Active endogenous retroviruses (ERV), or the remnants of past ERV infections that are no longer active, are found in the genomes
of most vertebrates, typically constituting approximately 10% of the genome. In some vertebrates, particularly in shorter-lived
species like rodents, it is not unusual to find active endogenous retroviruses. In longer-lived species, including humans where
substantial effort has been invested in searching for active ERVs, it is unusual to find them: to date none have been found in
humans. Presumably the chance of detecting an active ERV infection is a function of the length of an ERV epidemic, i.e. the time
taken for fixation or loss of all insertions. Intuitively, given that ERVs or signatures of past ERV infections are passed from parents
to offspring, we might expect to detect more active ERVs in species with longer generation times, as it should take more years for
an infection to run its course in longer than in shorter lived species. This means the observation of more active ERV infections in
shorter compared to longer-lived species is paradoxical. We explore this paradox using a modeling approach to investigate factors
that influence ERV epidemic length. Our simple epidemiological model may explain why we find evidence of active ERV infections
in shorter rather than longer-lived species
Estimating the mutation rate by sequencing full-sib families of fruitflies and butterflies
Peter Keightley, Penny Haddrill, Rob Ness, Dan Halligan
University of Edinburgh
We employed deep, Illumina genome sequencing of two parents and 12 of their offspring to estimate the mutation rate per site
per generation in a full-sib family of D. melanogaster recently sampled from a natural population. We describe our mutation calling
methodology, a novel approach to estimate the false negative rate and the rate and spectrum of mutations detected. We also
hope to present the results from a similar analysis in a full-sib family of Heliconius melpomene that is in progress.
Exploring the evolutionary landscapes of genomes from the viewpoint of linkage disequilibrium
Petri Kemppainen, Christopher Knight, Catherine Walton
University of Manchester
Although recent advancement in next generation sequencing allows for the generation of population genomic data for virtually
any species, the full value of tools to analyze such data, particularly in non-model species, has yet to be reached. Linkage
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disequilibrium (LD) is a highly sensitive indicator of many evolutionary forces that shape a genome. Here we present an exploratory
method, linkage disequilibrium network analysis (LDna), in which LD is explicitly used to gain information about these forces. In LD
networks nodes represent loci and connections between nodes represent LD values above given thresholds. Large and compact
clusters at high thresholds represent groups of loci in high LD with each other, potentially caused by the same evolutionary force
or factor. We employ trees to visualize the growth and merging of such clusters as the LD threshold is sequentially lowered, where
distinct clusters appear as separate large monophyletic clades. We demonstrate the use of LDna with two data sets: single
nucleotide polymorphism (SNP) data from twenty-one three-spined stickleback genomes and a de novo landscape genomics data
set from Anopheles baimaii, a Southeast Asian malaria vector. Coupled with analyses of population structure and mapping to
reference genomes of extracted clusters, we demonstrate that LDna gives a quick view of the major evolutionary forces shaping
the genome, in our case geographic separation, local adaptation and inversions. As such, LDna represents an important alternative
to current divergence based outlier methods in identifying loci involved in genome divergence and can, under some circumstances,
also be used to de novo characterize inversions from population genomics data. Because it only requires pairwise LD data and
makes no assumptions of the underlying population structure (in contrast to current outlier methods), it can be used for any
population genomic data set and can potentially detect signals of LD from any cause.
Quantifying the effect of selection on genealogies
Taylor A. Kessinger, Richard A. Neher
Evolutionary Dynamics and Biophysics Group, Max Planck Institute for Developmental Biology
A central problem in population genetics is the inference of a population's history from observed patterns of diversity. As natural
selection shapes the latter, it should effect distortions in the genealogy of a population. Commonly used metrics for tree imbalance,
like the Sackin and Colless indices, are not particularly sensitive to these distortions; others, such as Tajima's D, depend on branch
length estimates, which are noisy and contingent on the population's demographic history.
We present three novel metrics for quantifying the extent to which selection has shaped a particular genealogy. Each of these
metrics depends solely on the topology of a particular tree, not on its branch lengths. We obtain approximate and analytical results
for their moments and (when possible) their distributions; then, we develop statistical tests to determine the extent to which a
genealogy resembles the Kingman coalescent and is therefore effectively neutral.
The Kingman and Bolthausen-Sznitman coalescents are two special members of a class of so called “Beta coalescents”, which are
determined by a single parameter. We regress against these statistics to determine which particular Beta coalescent process best
describes a given genealogy. Our approach should be appropriate for analyzing genealogies from a number of asexual or
facultatively sexual organisms, such as viruses, bacteria, and nematodes, and may also present a more parsimonious framework
for understanding speciation rate biases in phylogenetics.
What can we learn about population invasion history using genetic data?
Athanasios Kousathanas and Daniel Wegmann
Department of Biology, University of Fribourg
Invasive species can have a large ecological impact on their introduced habitat. Learning about past invasions can be useful for
assessing how to best protect native populations from being displaced by invaders and to avoid agricultural damage by invasive
crop pests. We examine how approximate bayesian computation (ABC) methods can be used to assess the likelihood of different
invasion scenarios by analysing nucleotide polymorphism data. We find that if the invasion events are recent, there is limited power
to estimate the timing and order of the invasion events even when polymorphism data from thousands of loci is available. Given
the cost of sequencing thousands of loci for several individuals, we further investigate what kind of questions regarding invasion
history can be answered given data from only a few loci, which could potentially inform deeper sequencing. As a case study, we
analyse a polymorphism dataset of six loci sequenced for individuals sampled from several populations of Drosophila suzukii in
USA, Spain, Hawaii and Japan. D. suzukii is a fruit crop pest, and has recently invaded the USA and Europe from its native range in
Southeast Asia. Due to limited power, we cannot confidently ascertain between different models of invasion (i.e. independent
versus sequential). However, we show how we can infer parameters that are shared between models, while accounting for the
posterior probability of the models. We then show that USA is likely to have been invaded by a large number of founders of D.
suzukii and that the current effective population size of the USA populations is likely comparable to that of the source population.
The success of the invasion of D. suzukii in USA might be due to the large size of the founding population carrying high levels of
genetic diversity, which has implications for managing this invasive pest.
Non-hybrid origin of the hybrid phenotype in a Heliconius butterfly
Krzysztof M. Kozak, W. Owen McMillan, Chris D. Jiggins
Zoology, University of Cambridge
Hybrid speciation is increasingly recognised as a widespread evolutionary process, although its importance and exact mechanisms
remain contested. Are hybrids mosaics of parental genomes arising by homoploid hybrid speciation, or do they form by adaptive
introgression of specific genes into an otherwise homogenous genomic background? The Neotropical butterfly Heliconius
hermathena has been considered a hybrid of the red-banded H. erato and the finely yellow-striped H. charithonia since its
description by Hewitson in 1854, based on the strikingly composite aposematic pattern on the wings, and more recently on the
discordance of mitochondrial and nuclear gene trees. Using 17 million base pairs of DNA sequence (5-6 % of the genome) from
multiple individuals of 15 species in the radiation we demonstrate that H. hermathena is sister to H. erato, but only distantly related
to the other putative parental species. Genetic variation has been exchanged exclusively between H. erato and H. hermathena, as
evidenced by a genome-wide Patterson’s D statistic and an analysis of 1000 individual protein-coding genes. A closer look at the
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known colour pattern loci D, Cr and Sd also reveals lack of gene flow between H. hermathena and H. charithonia, suggesting that
the characteristic zebra pattern evolved independently in both taxa, perhaps through the same ancestral genetic toolkit.
Unexpectedly, we demonstrate little reticulation and a consistent signal of bifurcating speciation, with no strong evidence for
either homoploid hybrid speciation or adaptive introgression. Although admixture has been suggested as important for the
evolution of many Heliconius and in other radiations like cichlids, it cannot be assumed from the phenotype or genetics alone and
must be cautiously verified with genomic data.
Estimating divergence times for species and strains
Sudhir Kumar and Koichiro Tamura
Center for Evolutionary Medicine & Informatics, Arizona State University
Molecular dating of species and strain divergences is important in evolution and medicine. Increasingly larger datasets
encompassing greater diversity are becoming available to generate molecular timetrees, which require fast and accurate methods.
I will present our new suite of methods (RelTime) that can reliably estimate divergence times in very large phylogenetic trees
without assuming a specific model for lineage rate variation. These methods are extremely fast and perform better than existing
methods, even when evolutionary rates were varied extensively among lineages. Our methods also produce excellent estimates
of divergence times even when data from a majority of genes are missing for many species in large data matrices. I will also discuss
the performance of advanced RelTime approaches to estimate times of strain divergences when sampling times are available for
sequences. The speed and accuracy of RelTime will enable molecular dating analysis of very large datasets. RelTime estimates will
be useful for determining the relative ordering and spacing of speciation events, identifying lineages with significantly slower or
faster evolutionary rates, diagnosing the effect of selected calibrations on absolute divergence times, and estimating timing of
origin of strains in a variety of biological applications.
A range-wide synthesis and timeline for phylogeographic events in the red fox (Vulpes vulpes)
Verena E. Kutschera, Frank Hailer
Biodiversity and Climate Research Center Frankfurt, Goethe University Frankfurt
Many boreo-temperate mammals have a Pleistocene fossil record throughout Eurasia and North America, but only few have a
contemporary distribution that spans this large area. Examples of Holarctic-distributed carnivores are the brown bear, grey wolf
and red fox, all three ecological generalists with large dispersal capacity and a high adaptive flexibility. While the two former have
been examined extensively across their ranges, no phylogeographic study of the red fox has been conducted across its entire
Holarctic range. Moreover, no study included samples from central Asia, leaving a large sampling gap in the middle of the Eurasian
landmass.
We obtained the first mitochondrial DNA sequence data of red foxes from Siberia, and new sequences from several European
populations. In a range-wide synthesis of 677 previously published and publicly available red fox mitochondrial control region
sequences and 52 newly obtained sequences, we describe the pattern and timing of major phylogeographic events in red foxes,
using a Bayesian coalescence approach with multiple fossil tip and root calibration points. All newly sequenced individuals belonged
to the previously described Holarctic lineage. Our analyses confirmed the presence of three Nearctic- and two Japan-restricted
lineages that were formed since the Mid/Late Pleistocene.
The phylogeographic history of red foxes is highly similar to that previously described for grey wolves and brown bears, indicating
that climatic fluctuations and habitat changes since the Pleistocene had similar effects on these highly mobile generalist species.
All three species originally diversified in Eurasia and later colonized North America and Japan several times independently. North
American lineages persisted through the last glacial maximum south of the ice sheets, meeting more recent colonizers from
Beringia during postglacial expansion into the northern Nearctic.
Recent Drosophila gene duplicates display low genetic diversity and functional specialization
Samuel H. Lewis, Claire L. Webster and Darren J. Obbard
Institute of Evolutionary Biology, University of Edinburgh
RNAi is a major invertebrate defensive pathway, in which small RNAs are derived from a target RNA and guide an Argonaute-family
protein to cleave and subsequently degrade the target. This mechanism defends the host against both viruses and transposable
elements. In Drosophila, siRNA-based antiviral and anti-TE defence are mediated by Argonaute2 (Ago2). Ago2 evolves extremely
rapidly in Drosophila, possibly due to an arms race between viral suppressors of RNAi and the RNAi mechanism. In contrast to
most lineages, Ago2 has undergone numerous recent duplications in the obscura group of Drosophila, producing two paralogues
in D. subobscura, three in D. obscura and five in D. pseudoobscura.
We gathered population genetic data for the Ago2 paralogues in D. subobscura, D. obscura and D. pseudoobscura. We find that
most paralogues have remarkably low genetic diversity, possibly resulting from recent selective sweeps. We also find strong
evidence for codon usage bias in the earliest-diverging paralogue. We next investigated the functional evolution of these
paralogues by measuring the expression of each copy in different tissues and in response to viral exposure. In all species only one
paralogue is ubiquitously expressed, with the expression of the others limited to the testes. Phylogenetic comparisons with D.
melanogaster indicate that this testis-specific expression has evolved independently on at least three occasions. In D.
pseudoobscura, none of these testis-specific paralogues is induced by viral challenge, suggesting that they have lost their ancestral
antiviral function and specialized to a testis-specific role.
Genome-wide tests for introgression between Drosophila mojavensis and Drosophila arizonae
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Konrad Lohse, Magnus Clarke, Michael G. Ritchie, William J. Etges
University of Edinburgh
Models of chromosomal speciation assume that inverted regions experience reduced levels of gene flow, thus providing a
mechanism for locally adapted genes to accumulate in linkage. We test this idea by comparing genome-wide divergence between
the cactophilic sister species Drosophila mojavensis and D. arizonae which are reproductively isolated in the wild and differ by
several large inversions. We analyse the density of divergent sites in blocks of intergenic sequence in a maximum likelihood
framework and compare a series of models of isolation with gene flow. Our results suggest that D. mojavensis and D. arizonae
have experienced post-divergence gene-flow which, however, has ceased quite some time ago. We also show that this historical
gene flow was lower and population divergence older at chromosomes with inversions compared to collinear chromosomes. This
suggests that inversions were already segregating in the common ancestral population.
Comparative genomics reveals the complex hybrid origins of Root Knot Nematodes
Dave Lunt, Sujai Kumar, Georgios Koutsovoulos, Mark Blaxter
School of Biological Sciences, University of Hull
Meloidogyne root knot nematodes (RKN) can infect most of the world’s agricultural crop species and are among the most important
of all plant pathogens. As yet however we have little understanding of their origins or the genomic basis of their extreme polyphagy.
The most damaging pathogens reproduce by mitotic parthenogenesis and are suggested to originate from interspecific
hybridizations between unknown parental taxa. We have sequenced the genome of the diploid meiotic parthenogen Meloidogyne
floridensis, and use a comparative genomic approach to test the hypothesis that this species was involved in the hybrid origin of
the tropical mitotic parthenogen Meloidogyne incognita. Phylogenomic analysis of gene families from M. floridensis, M. incognita
and an outgroup species Meloidogyne hapla was used to trace the evolutionary history of these species’ genomes, and we
demonstrate that M. floridensis was one of the parental species in the hybrid origins of M. incognita. Analysis of the M. floridensis
genome revealed many gene loci present in divergent copies, as they are in M. incognita, indicating that it too had a hybrid origin.
The triploid M. incognita is shown to be a complex double-hybrid between M. floridensis and a third, unidentified parent. The
agriculturally important RKN have very complex origins involving the mixing of several parental genomes by hybridization and their
extreme polyphagy and agricultural success may be related to this hybridization, producing transgressive variation on which natural
selection acts. This comparative genomic analysis provides a compelling example of the importance and complexity of hybridization
in generating animal species diversity.
Incongruent phylogeographic patterns among an ancient radiation of sympatric island amphibians
Simon T. Maddock, Julia J. Day, Ronald A. Nussbaum, Michael Pfrender, Mark Wilkinson, David J. Gower
Life Sciences, Natural History Museum, London
The Seychelles archipelago is unique among isolated island systems because of the occurrence of ancient radiations of amphibians
that have been separated from mainland populations for >65 MY. One of these radiations contains six nominal species in three
genera of a relatively unknown order, the caecilians (Gymnophiona). Traditionally very little work has focussed on phylogeographic
patterns within the Seychelles, but several recent studies have addressed this using molecular techniques. The only group that has
had any substantial work carried out on them thus far are the lizards; a general pattern of a split between northern versus southern
island groups is observed in distinct lizard lineages. Using a combination of molecular (mt- and nuDNA, and AFLPs) and
morphological data we determined differing phylogeographic patterns across the different Seychelles caecilians, including the
north-south split observed in some other taxonomic groups. Several of the splits observed between island groups likely indicate
the presence of previously unrecognised (cryptic) species. The genetic and morphological spatial structuring that we have
uncovered provides considerable insight into diversity and diversification within the Seychelles.
RAD sequencing, genotyping error estimation and de novo assembly optimization for population genomics and phylogeography
Alicia Mastretta-Yanes, Nils Arrigo, Nadir Alvarez, Tove Jorgensen and Brent Emerson.
School of Biological Sciences, University of East Anglia
Restriction site-associated DNA sequencing (RADseq) provides researchers with the ability to generate comparable genomic DNA
sequence data across thousands of loci for non-model organisms, with the potential to revolutionise the field of molecular ecology.
However, as with other genotyping methods, RADseq is prone to several sources of error that may have consequential effects for
population genetic inferences, and that have as yet received limited attention in terms of the estimation and reporting of
genotyping error rates. Here we use sample replicates, under the expectation of genotype identity, for the quantification of
genotyping error in the absence of a reference genome. Using the widely used program Stacks we demonstrate the application of
sample replicates to (1) optimize assembly parameters in a way that minimizes the error and maximizes the retrieval of informative
loci, and (2) quantify error rates for loci, alleles and SNPs. To do this we use a double digest RAD dataset of a non-model plant
species, Berberis alpina, sampled from high altitude mountains of Mexico.
Fungal-infected fruit flies self-medicate through diet choice
Colin D. McClure, K. Jensen, J. Hunt, N. K. Priest
Deparment of Biology & Biochemistry, University of Bath
We do not know how organisms fight off infections in nature. The tools animals have at their disposal to self-medicate is altering
their dietary intake to either optimise their immune function or their LRS. Dietary composition is known to impact significantly on
life history traits such as longevity and fecundity. Dietary restriction (DR) has been found for over 70 years to lead to increases in
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longevity while showing no compensation in fecundity. The effects of DR on immunity however, are not well understood. The
widely observed phenomenon of anorexia suggests that DR has a role within immunity, however, the effects of anorexia on Lifetime
Reproductive Success (LRS) and survival of infected individuals in not known. Here, using nutritional geometry, we show that LRS
is optimised at diluted diets and at higher protein:carbohydrate under fungal infection. We also find that infected flies choose to
eat fewer calories and higher protein:carbohydrate when given a choice. Our results reveal that organisms manipulate the
composition of their diet in order to optimise their fitness in response to environmental change.
Characterisation of the genetic basis of natural variation in eye size between Drosophila species
Isabel Almudi, Maria D. S. Nunes, Montserrat Torres, Saad Arif, Maarten Hilbrant, Christian Schlötterer, Nico Posnien and Alistair
P. McGregor
Biological and Medical Sciences, Oxford Brookes University
Species of the Drosophila melanogaster subgroup exhibit considerable variation in head capsule and eye morphology. While all of
these species exhibit a negative correlation between eye size and face width, D. mauritiana generally has bigger eyes composed of
larger ommatidia and conversely a narrower face than its sibling species. To better understand the evolution of these differences
in organ size, we carried out QTL mapping of differences in eye size and face width between D. mauritiana and D. simulans. We
found that the major loci responsible for the differences in eye size and face width between these species map to chromosomes X
and 3L respectively. Introgression-based high-resolution mapping of the major QTL responsible for the larger ommatidia of D.
mauritiana, combined with RNAseq analysis of eye antennal discs at different stages of development, identified a number of
candidate genes for this difference. Functional analysis of these genes suggests that changes in orthodenticle underlie natural
variation in ommatidia size. Moreover, while orthodenticle regulates ommatidia size, and therefore differences in overall eye size,
other loci that act at different developmental stages are responsible for the reciprocal changes in face width observed between
these species. Therefore, while there is a negative correlation between these traits in Drosophila, we show that they have the
potential to evolve independently.
Choosing appropriate mutation models in population genetics
Joachim Mergeay
Research Institute for Nature and Forest
Several mutation models are available to population genetic applications, and are widely used in evolutionary biology,
conservation genetics and ecology. Typically, they are used to estimate demographic parameters of the current and past
population and to estimate genetic structure, and how it came about. The correct use of these different mutation models in
specific genetic questions relies on a number of implicit and explicit assumptions. Typically, a mutation model is chosen based on
the marker type, not on the underlying biological question. Using the wrong mutation model may lead, however, to erroneous
conclusions. Here I show in more detail the known and hidden assumptions of such mutation models, and how to choose
mutation models in population genetics appropriately with regards to commonly tested hypotheses, especially population
bottlenecks and expansions.
Transition between host-use strategies in sympatric butterflies
Richard M. Merrill, R. E. Naisbit, J. Mallet & C. D. Jiggins
Department of Zoology, University of Cambridge
Shifts in host-plant use by phytophagous insects have played a central role in their diversification. Evolving host-use strategies will
reflect a trade-off between selection pressures. The ecological niche of herbivorous insects is partitioned along several dimensions,
and if populations remain in contact, recombination will break down associations between relevant loci. As such, genetic
architecture can profoundly affect the coordinated divergence of traits and subsequently the ability to exploit novel habitats. The
closely related species Heliconius cydno and H. melpomene differ in mimetic colour pattern, habitat and host-plant use. We
investigate the selection pressures and genetic basis underlying host-use differences in these two species. Host-plant surveys
reveal that H. melpomene specializes on a single species of Passiflora. In contrast, H. cydno, which uses closed-forest habitats
where both Heliconius and Passiflora are less common, appears not to be restricted by competition and uses a broad selection of
the available Passiflora. However, other selection pressures are likely involved, and field experiments reveal that early larval
survival of both butterfly species is highest on Passiflora menispermifolia, but most markedly so for H. melpomene, the specialist
on that host. Finally, we demonstrate an association between host-plant acceptance and colour pattern amongst interspecific
hybrids, suggesting that major loci underlying these important ecological traits are physically linked in the genome. This colour
pattern locus is also associated with behavoural sterility among backcross hybrids. Overall, our results reveal ecological and genetic
associations between shifts in habitat, host use and mimetic colour pattern that have likely facilitated both speciation and
coexistence.
The end of the affair: neutral molecular diversity is unrelated to adaptive potential
Elizabeth Mittell, J Hadfield, S.Nakagawa
University of Edinburgh
Conservation management utilises estimates of genetic diversity for actions such as assessing a population’s adaptive potential,
which may be used for the classification of species red list status for the IUCN. As the environment rapidly changes, there has been
increasing focus on whether populations are able to adapt to these changes, particularly as migration and phenotypic plasticity
may be limited. As fitness depends on quantitative traits, the amount of quantitative genetic variation within a population may be
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a good way to gauge adaptive potential (by assessing the genetic diversity underlying quantitative traits). However, quantitative
genetic variation is difficult to measure, being both labour and cost intensive. Improvements in techniques make molecular genetic
variation more easily measurable and preferential in the temporally and economically limited world of conservation. Therefore,
molecular genetic variation could be a good proxy for quantitative genetic variation, and thus, adaptive potential. However, this
fundamental assumption might not be met. To test this, a meta-analysis was carried out using a dataset that covers a wide range
of species for both molecular and quantitative measures of genetic diversity. Only a small amount of the variation in quantitative
measures could be explained by the variation in the molecular measures of genetic diversity: 4.5% using the most stringent subset
of the data. Additionally, various results were found related to the methods for estimating heritability. Overall, these results imply
greater caution should be used in the application of molecular genetic diversity estimation to conservation genetics.
Heterogeneity in the frequency and characteristics of homologous recombination in pneumococcal evolution
Rafal Mostowy, Nicholas J Croucher, William P Hanage, Simon Harris, Stephen D Bentley and Christophe Fraser
Department of Infectious Disease Epidemiology, Imperial College London
The bacterium Streptococcus pneumoniae (pneumococcus) is one of the most important human bacterial pathogens, and a leading
cause of morbidity and mortality worldwide. The pneumococcus is also known for undergoing extensive homologous
recombination via transformation of exogenous DNA. It has been shown that recombination has a major impact on the evolution
of the pathogen, including acquisition of multi-drug resistance and serotype-switching. Nevertheless, the mechanism and the
tempo of recombination in an epidemiological context remains not well understood. Here, we proposed several mathematical
models to describe the tempo and size of recombination in the evolutionary history of two very distinct pneumococcal lineages,
PMEN1 and CC180. We found that, in both lineages, the process of homologous recombination was best described by a
heterogeneous model of recombination with single, short, frequent replacements, which we call micro-recombinations, and more
rare, multiple, saltational replacements, which we call macro-recombinations. Macro-recombination was associated with major
phenotypic changes, including serotype-switching events, and thus was a major driver of the evolution of the pathogen. We
critically evaluate biological and epidemiological processes that could give rise to the micro/macro recombination process(es).
Dispersal Evolution: Bridging the gap between the two H's.
Sebastian Novak
Institute of Science and Technology Austria
Dispersal is a universal trait of any natural population that embeds species into their geographical environment. Understanding
the evolution of dispersal is therefore crucial for understanding the dynamics of spatially structured populations. Two main driving
forces of dispersal evolution have been identified: Spatio-temporal variability of the habitat and relatedness between individuals.
In this talk, I establish a link between the effects of habitat heterogeneity and relatedness on the evolution of dispersal. I briefly
introduce consequences of a heterogeneous habitat for dispersal evolution (dating back to Hastings, 1983). By identifying a class
of evolutionarily stable dispersal strategies I show that the classical findings are reflected in my model. However, within this class
other forces come into play that – amongst others – constitute an alternative approach to finding effects of relatedness. Thus, they
create a link to the body of dispersal evolution literature based on renowned work by Hamilton and May (1977). As a side effect,
a limitation to the use of continuous differential equations in modelling natural processes is illustrated.
Population history of the allotetraploid species - Arabidopsis suecica
Polina Novikova, Magnus Nordborg
Nordborg group, Gregor Mendel Institute of Molecular Plant Biology
Interspecific hybridization may lead to extensive genomic rearrangements, gene-dosage effects, misregulation of transposable
elements and overall genomic shock. However, numerous examples of organisms, especially plants, show the ability to deal with
allopolyploidy and even gain fitness advantage over the parental species.
Arabidopsis suecica (A. suecica) is a particularly interesting and suitable model for studying the allopolyploid genome evolution for
several reasons. First of all, one of the parental species – Arabidopsis thaliana (A. thaliana) – is well-studied model organism.
Second, parental species divergence estimated around 5Mya gives the opportunity to distinguish homeologous genes in A. suecica.
And third, self-compatibility of A. suecica reduces the ambiguity in calling polymorphisms.
In order to reconstruct the origin history of A.suecica we performed Illumina short-read sequencing of 24 A. suecica individuals,
sampled in different parts of Sweden, Finland and Russia. Polymorphism data of A.thaliana part of A. suecica genome suggests that
A. suecica originated in Eastern part of Europe. Interestingly the amount of shared polymorphisms between A.thaliana and
A.thaliana part of A.suecica suggests multiple origin of the allopolyploid and/or possible introgression from A. thaliana to A. suecica,
which needs to be further investigated.
Inferring demographic history in East African Anopheles gambiae, using genome-wide SNPs from RADseq.
Samantha O'Loughlin and Austin Burt
Ecology and Evolution, Imperial College London
We used RADseq to genotype SNPs in three species of An. gambiae s.l. collected in East Africa; An. gambiae s.s. from two locations,
An. arabiensis from three locations and An. merus from one location. Population structure was substantially higher in An. gambiae
s.s. than An. arabiensis. Modelling of allelic frequencies under different demographic scenarios shows that all species and
populations depart from a standard neutral model, while the best-fit model varies between species. Combining these results with
Tajima’s D values and linkage disequilibrium allows us to make inferences about the demographic and selection histories of these
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populations.
Sex determination in Mercurialis, a plant genus with diverse sexual systems
John R.W. Russell and John R. Pannell
Department of Ecology and Evolution, University of Lausanne
The plant genus Mercurialis comprises lineages that have either combined or separate sexes; those with separate sexes are
dioecious or androdioecious (where males co-occur with hermaphrodites). The genus has long attracted interest in its mode sex
determination. Here, we present data inconsistent with a previously published model of multi-genic sex determination in diploid
dioecious M. annua. Nor can we verify a role for environmental cues in sex determination, even though the environment strongly
influences sex allocation in hermaphrodites. The results of crosses among divergent lineages with different sexual systems suggest
a simple mode of sex determination, and they lay a foundation for understanding the origin of androdioecious populations, which
are otherwise rare in plants or animals.
Rapid evolution in the wild: unravelling the genetic basis of a wing mutation in field crickets
Sonia Pascoal, Timothee Cezard, Aasta Eik-Nes, Karim Gharbi, Jagoda Majewska, Elizabeth Payne, Michael G. Ritchie, Marlene Zuk,
Nathan W. Bailey
School of Biology, University of St Andrews
The field cricket Teleogryllus oceanicus is a textbook example of rapid evolution in the wild, but little is known about the genetics
of this intriguing system. In Hawaii, a mutant variety of silent male crickets has recently arisen and spread in several populations,
apparently in response to pressure from an acoustically-orienting parasitoid. The mutation, flatwing, first appeared on the island
of Kauai in 2003, but it has since appeared on the neighbouring island of Oahu. It segregates as a sex-linked, sex-limited Mendelian
trait in both populations, and it feminizes male wings by erasing the specialized sound-producing structures of a normal wing. The
degree of feminization, however, varies between islands. Does this represent convergent evolution, or has gene flow introduced
the mutation(s) into a different genomic background, resulting in different phenotypic manifestations? To pinpoint where the
mutation or mutations reside within the genome, and to help answer this question, we applied Bulked Segregant Analysis (BSA)
using RAD-seq in two different populations with distinct flatwing phenotypes and abundances: Kauai (>95% of males are flatwing,
with heavily feminised wings), and Oahu (ca. 50% of males are flatwing, with less strongly feminised wings). We have identified
the first group of candidate SNP markers associated with the flatwing phenotypes in each population. Using these, we tested
different evolutionary hypotheses that could explain why there is a difference in mutant wing morphology between the two
populations. The results provide insight into how convergent phenotypes arise and evolve in real-time, in the wild.
Parental heterozygosity and similarity as predictors of reproductive success in a critically endangered marine turtle
Karl P. Phillips, Tove H. Jorgensen, David S. Richardson
School of Biological Sciences, University of East Anglia
We used estimates of parental heterozygosity and parental genetic similarity derived from 32 microsatellite loci to explore the
relationship between individual genetic variability and fitness in a population of the critically endangered hawksbill turtle,
Eretmochelys imbricata. Using linear mixed models and an Akaike Information Criterion model selection approach, we found
effects of male multilocus heterozygosity (MLH) and parental similarity on the proportion of eggs in a clutch that developed
successfully, but no effect of female MLH on either this parameter or the number of eggs laid in a clutch. Critically, in the topranked models, the correlation between fitness and male heterozygosity was not a simple linear effect. Instead, the competing
models included a quadratic effect of male MLH, implying an optimum genetic variability, and an interaction between male MLH
and parental similarity that can change the direction of the variability-fitness correlation. These results may imply that both
inbreeding and outbreeding operate in our study system, and that the correlation between variability and fitness may have
different effects at different stages in the hawksbill’s life history. However, the biological meaning of certain aspects of our results
is unclear, and we are thus keen to seek the opinions of the PopGroup community.
The evolution of two sexes
Andrew Pomiankowski, Nick Lane, Zena Hadjivasiliou, Arunas Radzvilavicius
Genetics, University College London
The existence of two sexes and binary mating systems in eukaryotes has long been an evolutionary puzzle. A general distinction is
that one gamete passes on mitochondria, while the other does not. Here I report on new models, which consider the evolution of
mutants causing uniparental inheritance (UPI) of mitochondria. We find that UPI improves fitness reducing mitochondrial mutation
load, controlling selfish conflict and improving mitonuclear coadaptation. However, unlike previous work, we show that the
benefits of UPI are frequency dependent. Critically, the fitness benefits ‘leak’ into the biparentally reproducing part of the
population, limiting the spread of UPI. We conclude that uniparental inheritance of mitochondria alone is unlikely to have driven
the evolution of two mating types or sexes in simple eukaryotes.
Characterization of expression quantitative trait loci (eQTL) in the threespine stickleback, Gasterosteus aculeatus.
Victoria Pritchard, Juha Merilä, Mikko Nikinmaa, Craig Primmer, Tiina Sävilammi Heidi Viitaniemi & Erica Leder
University of Turku
Ongoing climate change will expose populations to altered thermal regimens, including higher and more frequent temperature
maxima. Whether a resident population can adapt to these new conditions depends on the genetic architecture underlying
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responses to temperature changes, including both coding genes and the regulatory regions governing gene expression (expression
quantitative trait loci or eQTLs). We utilized expression microarrays and a RAD-tag genotyping-by-sequencing approach to identify
such eQTLs in the threespine stickleback (Gasterosteus aculeatus), a species that occurs in a wide range of habitats with different
thermal profiles. Experimental subjects comprised 600 individuals in 30 sib–halfsib families, generated from wild parents collected
in the Baltic Sea. Half of the subjects were subject to a thermal challenge immediately prior to tissue collection. Liver mRNA
expression was subsequently quantified using Agilent custom microarrays. Over 2000 genes were found to be differentially
expressed between control and treatment groups; eQTL analysis enabled us to identify the regulatory architecture of these genes.
Evidence of ongoing recombination suppression in a plant sex chromosome pair
Suo Qiu, Roberta Bergero and Deborah Charlesworth
University of Sheffield
How suppressed recombination evolves on the sex chromosomes has been studied largely theoretically, but empirical evidence is
still scarce. Using the RAD (Restriction-site Associated DNA) sequencing method, we have mapped many genes to the
pseudoautosomal (PAR) region of the dioecious plant Silene latifolia. We then used molecular evolutionary approaches to test for
the footprints of sexually antagonistic polymorphisms, based on sequence diversity levels. Nucleotide diversity is generally higher
in the PAR genes than autosomal or X-linked genes, and we found very different allele frequencies between males and females for
several PAR genes, suggesting the existence of polymorphisms maintained by balancing selection in this genome region. Several of
these genes show very tight linkage to the male-specific region in one mapping family, but recombination events are abundant in
another family, suggesting that this region is currently evolving suppressed recombination, and that recombination suppression is
not fixed in the species.
The draft genome of Mercurialis annua: a model system for understanding the evolution of sexual systems, polyploidy, and sexchromosomes
Kate E. Ridout, Dmitry A. Filatov and John R. Pannell
Department of Ecology and Evolution, University of Lausanne
Research in recent years has exposed remarkable similaraties in the evolution of sex chromosomes among a number of distantly
related lineages, including animals and plants. In particular, the suppression of recombination on the Y or W chromosome (in XZ
or ZW systems, respectively) is typically followed by their gradual degeneration. Substantial attention has been directed towards
understanding this process of recombination suppression and degeneration, but much less is known about the patterns of
expression, divergence, etc., in the recombining parts of the sex chromosome (the pseudoautosomal regions), which can be large,
and which theory predicts should evolve differently from autosomal sequences, particularly close to the non-recombining region.
Here, we present an analysis of sequence divergence between the sex chromosomes of the dioecious diploid plant Mercurialis
annua (2x = 16), in which a non-recombining region is either very small or absent. Using a combination of Illumina and Pacific
Biosciences sequencing, we have de novo assembled and annotated a first draft genome for the genus Mercurialis, based on a
single M. annua XY male. We find that over 80% of the genome is comprised of repetitive sequence, with gene content similar to
that of the recently sequenced castor bean, Ricinus communis. Using genetic linkage as determined through segregation analysis,
we also identify genomic scaffolds and their gene and transposon content from both the X and Y chromosomes. We examine the
divergence between these scaffolds of the recombining sex chromosomes, and compare it to that of the autosomes. The additional
sequencing of two females, which we map to the male reference allows us to further investigate divergence between the male
and female individuals. Or study lays the foundation for a comparative analysis of the evolution of sex determination and sex
chromosomes in a genus in which separate sexes has evolved repeatedly.
The hidden demographic history of the Aleppo pine (Pinus halepensis) in the Mediterranean basin
Rose Ruiz Daniels, Zaida Lorenzo, Giovanni G. Vendramin, Santiago C. González-Martínez, Delphine Grivet
Forest Research Centre, INIA, Madrid
Found all across the Mediterranean basin, the Aleppo pine (Pinus halepensis) is a quintessential Mediterranean pine with its total
forest cover estimated at approximately 3.5 million hectares. Although it is very widespread, little is known about the demographic
history of this tree, and how it colonised such a wide geographical range. Previous studies using molecular markers (cpssr) as well
as candidate genes, suggested a relatively ancient bottleneck accompanied with founder events, followed by a recolonisation from
East to West around the last glacial maximum. During this wide ranging expansion the species would have evolved adaptively as it
encountered new environments. To explore this process in more detail, a combination of nuclear microsatellites and recently
developed SNPs were used to genotype trees sampled across the full distribution of the Aleppo pine’s natural range. This genetic
information, combined with pollen data and information on the geological history of the Mediterranean Basin, reveals an
unexpected twist in the history of the recolonisation of this Mediterranean pine. Inferring the demographic history of the Aleppo
pine will help us to tease apart the role played by demography and natural selection in shaping adaptive patterns of this pine across
the heterogeneous Mediterranean Basin.
Genetic basis of genital evolution between Drosophila species
Kentaro M. Tanaka, Corinna Hopfen, Christian Schlötterer, Alistair P. McGregor and Maria D. Santos Nunes.
BMS, Oxford Brookes University
Evolutionary developmental biology aims to identify the genetic and developmental basis of phenotypic differences, and ultimately
the evolutionary forces involved. Male sexual characters are often among the first traits to diverge between closely related species.
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Identifying the genetic basis of such rapid changes in morphology has great potential to allow us to understand the genotype to
phenotype map, the genetic targets of sexual selection, and even the evolution of new species. The morphology of several genital
and anal structures has evolved among species of the Drosophila melanogaster subgroup. The claspers in particular are important
for the correct positioning and attachment of the male to the female during copulation. The size, shape and bristle composition of
the claspers have evolved dramatically between D. mauritiana and D. simulans and are likely to have affected the mating behaviour
of these flies. We mapped the difference in clasper size between these species and found QTL on chromosome 3L and 3R. Finescale introgression mapping showed that each QTL contains multiple loci. Furthermore, we found dominant effects of D. mauritiana
alleles on clasper size in most of the loci and additive effects between these loci on this trait. Mating experiments to test the fitness
effects of increased clasper size showed that all our introgression lines tested have an effect on reproductive success. Our study
demonstrates how studying natural phenotypic variation facilitates the identification of the genetic basis for phenotypic change,
gives new insights into developmental regulation, and provides a platform to test the fitness consequences of these changes.
Towards a population genetics theory for assortative mating
David M. Schneider, Eduardo do Carmo, Ayana B. Martins, Marcus A. M. de Aguiar
IFGW, Universidade Estadual de Campinas
In 2009 de Aguiar and coworkers proposed a neutral model of speciation which successfully predicts empirical patterns of species
diversity [Nature 400 (1999) 354]. Simulations of the model demonstrate that in absence of natural selection speciation can occur
as a consequence of two reinforcing trends: isolation mediated by spacial distance and isolation mediated by genetic
incompatibility. Isolation by spacial distance involves a physical mating restriction modeled through a parameter S, representing
the search radius for the individuals to find a potential party. Isolation by genetic incompatibility, on the other hand, is included in
the model by preventing mating between individuals whose genetic distance (defined as the number of loci displaying different
alleles) exceeds a maximum tolerable difference of G alleles. As speciation in this context does not rely on geographical barriers to
be carried out and maintained it could be included in the category of sympatry. However, since mating does not depend only on
the genotypes, but individuals also have to be sufficiently close to each other to reproduce, the new term topopatry was adopted
to emphasize the role of physical space. The process resembles a thermodynamic phase transition like ferromagnetism, in the
course of which a symmetry is broken leading to the formation to quasi-homogeneous clusters. In the present framework the
clusters correspond precisely to species.
In this talk, we summarize recent advances concerning the construction of a population genetics theory for topopatric speciation.
Specifically, we will first consider a two-loci model of individuals subjected to mating incompatibilities based on genetic distance,
for which a full dynamical description may be provided. Afterward we will focus on the influence of mutations and external genetic
influx on the results previous results, and finally we will comment how these outcomes may be generalized to a problem of
arbitrarily large genomes.
An evolutionary history of the epigeic earthworm Lumbricus rubellus
Pierfrancesco Sechi
School of Biosciences, Organisms and the Environment division, Cardiff University
Despite the importance of representative lumbricids in ecotoxicology and eco-system engineering, a large-scale genetic analysis of
the patterns of dispersal of certain relatively ubiquitous species from recognized glacial refugia and the subsequent (re)colonization
of northern latitudes is conspicuously lacking. Due to their keystone and ecological engineering status, it is essential to achieve a
better knowledge and understanding of their population structures, evolutionary histories, and genetic diversity. The present
project investigated the phylogeography of the acid-tolerant, cosmopolitan, epigeic species Lumbricus rubellus with regard to
demography during the glacial stages of the Pleistocene and the recent post-glacial colonization of North Europe using
mitochondrial DNA markers and next-generation sequencing tools. Environmental niche modeling tools have been used in order
to assess the niche suitability of the species during the last 120.000 years and to build hypotheses on survival and recolonisation.
Phylogenetic, population structure and coalescent-based analyses resulted in the discovery of 11 deep divergent lineages (with
levels of divergence up to 18% for mitochondrial markers), which most likely survived in refugia during Pleistocene glaciations.
Signatures of expansions point out to a possible survival of demes in central Europe during the last Glaciation, survival of one of
the clades in a northern cryptic glacial refugium and a consequent recolonisation of north Europe during the last 10.000 years.
Genetic evidence and divergence time estimates suggest that L. rubellus is actually a cryptic species complex, which clades diverged
as far as ~5MY ago.
Adaptive significance of cis-regulatory changes in association with recent plant speciation and phenotypic divergence
Kim Steige, Johan Reimegård, Tanja Slotte
Uppsala University
The role of regulatory vs protein-coding changes in adaptive phenotypic evolution has long generated considerable debate.
Because cis-regulatory changes may show limited pleiotropy, in the sense that they affect only a single tissue or developmental
stage, they have been suggested to be especially likely to contribute to adaptive evolution. Recent development of massively
parallel sequencing methods means that it is now possible to test this hypothesis on a genome-wide scale. Specifically, genes with
cis-regulatory changes can be identified as those exhibiting allelic expression biases in RNAseq data. Here, we use such methods
to identify cis-regulatory changes within and between the two plant species Capsella rubella and Capsella grandiflora. We use
RNAseq data to quantify allele-specific expression in flower buds and leaves of three sets of inter- and intraspecific F1s, while
correcting for read-mapping biases using high-coverage genomic data. We first assess the degree of overlap of cis-regulatory
changes between vegetative and floral organs, and then test whether cis-regulatory changes that specifically affect only one stage
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are preferentially fixed between species, as expected if they have fewer negative pleiotropic consequences. Finally, we combine
data on cis-regulatory changes in flower buds with quantitative trait locus (QTL) data to identify candidate genes for adaptive floral
evolution in Capsella rubella. Our results are important for an improved understanding of the role of regulatory changes for
phenotypic divergence in plants.
Extensive Variation in the Human Mutation Rate Associated with Mendelian Disease
Thomas Smith and Adam Eyre-Walker
Department of Life Sciences, University of Sussex
The mutation rate varies substantially across the human genome, with the most dramatic variation seen at the single nucleotide
level. In part this can be explained by context, the most well known example being the CpG effect; whereby a methylated C followed
by a G spontaneously deaminates to T, resulting in a mutation rate 10-15 fold higher than at other sites in the human genome
(accounting for 25% of all mutations). However, a previous study indicates that a significant portion of the mutation rate variation
is attributable to factors other than simple context, potentially accounting for more variation than the CpG effect. To quantify this
assertion further, we use recurrent mutations from genes associated with Mendelian diseases and show that significant cryptic
heterogeneity exists within the human genome over an order of two magnitudes. In doing so we also quantify the hyper-mutability
of individual sites that cause disease
Genetic and phenotypic divergence in an island pipit: isolation by distance, by colonisation or by adaptation?
Lewis G. Spurgin, Juan Carlos Illera, Deborah A. Dawson, Tove J. Jorgensen & David S. Richardson
Centre for Ecological and Evolutionary Studies, University of Groningen
Discerning the relative roles of adaptive and non-adaptive processes in generating differences among populations and species, as
well as how these processes interact, are fundamental aims in biology. Both genetic and phenotypic divergence across populations
can be the product of limited dispersal and gradual genetic drift across populations (isolation by distance), of colonisation history
and founder effects (isolation by colonisation) or of adaptation to different environments preventing migration between
populations (isolation by adaptation). Here we attempt to differentiate between these processes using island populations of
Berthelot’s pipit (Anthus berthelotii), a passerine bird endemic to three Atlantic archipelagos. Using microsatellite markers and
approximate Bayesian computation, we reconstruct the demographic history of this species. We then extend simple approaches
developed to test isolation by distance and adaptation to cover isolation by colonisation, and explore which of these processes
best explain observed patterns of neutral genetic structure. Finally, we test for concordance between genetic and morphological
structure in order to determine the processes driving differentiation at the phenotypic level.
The genetic architecture of the MHC in sheep and its role in resistance to nematode infection.
Michael J. Stear, T. Stefan, L. Matthews
BAHCM, University of Glasgow
The MHC plays an important role in resistance to disease and is the most variable region of the genome in most species of mammals
and birds. This variation is believed to be maintained by selection for disease resistance. Breeding for disease resistance is
widespread in the livestock industries but current breeding schemes are likely to reduce MHC variation with unknown impacts on
disease resistance. We therefore used a mixture of genotyping and mathematical modelling to explore how MHC variation is
maintained in populations of domestic sheep exposed to natural nematode infection. Nematode infections were studied because
previous studies in several populations of domestic and feral sheep have shown that the MHC influences resistance to nematodes
in lambs. Further, nematode infection is one of the best understood of all parasitic diseases. The number of alleles at the class II
antigen presenting loci (DRB1, DQA1, DQB1, DQA2 and DQB2) varied from 5 to 35 in each flock. Different flocks from the same
breed differed in allele frequencies and the presence of specific alleles. The differences between flocks of the same breed were
much smaller than the differences between flocks from different breeds. Linkage disequilibrium in the class II region was extremely
high and much higher than in human or mouse populations. MHC genotypes and haplotypes were associated with decreased faecal
egg counts, decreased worm numbers, differences in antigen recognition and in the intensity of the IgE response against incoming
larvae. These results have enabled us to build mathematical models to explore the selective forces that maintain MHC diversity.
These models indicate that MHC diversity is consistent with a novel form of heterozygote advantage. Current breeding practice
will reduce MHC diversity and increase the contribution of the MHC to disease susceptibility. Minor changes to the calculation of
genomic breeding values could maximise MHC diversity and enhance disease resistance.
Evolution of selfing and the selfing syndrome in Arabidopsis lyrata and Arabis alpina
Marc Stift, Samuel Carleial Fernandes, Mark van Kleunen
University of Konstanz
The transition from outcrossing to selfing is very frequent in plant evolution. In self-incompatible plants, the transition to selfing
involves a breakdown of self-incompatibility. If transmission advantage or reproductive assurance outweighs inbreeding
depression, selfing lineages may establish. Eventually, this may lead to the evolution of the so-called selfing syndrome, a floral
syndrome of typically small flowers, among others with reduced pollen:ovule ratios, reduced nectar volume and reduced
herkogamy. We are investigating the evolution of selfing and the selfing syndrome in Arabidopsis lyrata and Arabis alpina, species
that both have outcrossing populations (high outcrossing rates) and selfing populations (low outcrossing rates). Here, we will
present data on floral comparisons between outcrossing and selfing populations, to test whether selection has already led to
changes in (floral) morphology towards the selfing syndrome. In addition, we assess the within-population variance as a (crude)
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measure of the standing genetic variation (additive genetic variance). We link these data to pollinator visitation in a commongarden experiment, to test if pollinator visitation is affected by differences in floral morphology.
Contrasting divergence patterns in mitochondrial and nuclear DNA in Daphnia: interspecific variation or ancestral polymorphism
Anne Thielsch, Adam Petrusek, Klaus Schwenk
Department of Molecular Ecology, University of Koblenz-Landau
In the last decades, mitochondrial DNA (mtDNA) became a commonly used marker for species delineation, the detection of cryptic
variation and the quantification of intraspecific diversity. Also, in the European Daphnia longispina species complex mtDNA is an
often applied genetic marker. Species from this complex occur in a wide range of lentic freshwater habitats and play a central role
in aquatic food webs. They may coexist in syntopy and hybridization among species is common. Recently, seven divergent lineages,
based on 12S ribosomal DNA, were detected in this frequently studied species complex. This more than doubles the known mtDNA
lineages (species) in this complex and the level of divergence among lineages suggests several unrecognized distinct taxa. Since
then, three of these detected lineages were additionally studied at the nuclear DNA level using 12 variable microsatellite loci.
Interestingly, these loci revealed that the lineages are not distinct at the nuclear level but cluster with known and widespread
species, D. galeata and D. cucullata. Our findings may support at least two hypotheses. Either the observed patterns may represent
a case of interspecific hybridization with the loss of one parental species, or a case of ancestral polymorphism. Current studies
covering additional nuclear loci, phenotypic variation and divergence over time (using dormant stages stored in sediment cores)
will allow us to determine the main processes responsible for the origin and maintenance of these rare cytonuclear recombinants.
Dominant morphs in the mimetic butterfly Papilio dardanus are characterised by highly divergent alleles of the transcription
factor engrailed
Martin J Thompson, Martijn JTN Timmermans, Chris D Jiggins, Alfried P Vogler
Department of Zoology, University of Cambridge
The identity and evolutionary history of many of the genes underlying phenotypic diversity remain unknown. One approach to
understanding such genes is to study cases in which single genes have large phenotypic effects, such as polymorphic mimicry in
butterflies. Insights gained from studies on mimetic butterflies have the potential to inform our general understanding of the
evolutionary origin of morphological novelty and how genome architectures evolve in response to disruptive and frequencydependent selection. Here, we study the evolutionary history of the genes engrailed and invected in the polymorphic Batesian
mimic Papilio dardanus. These genes are candidates for the mimicry switch responsible to determining female mimetic wing
pattern in this species. We present phylogenies of engrailed and invected across the genus Papilio, alongside a species-level analysis
of haplotype diversity. The morphs f. poultoni and f. planemoides are found to be associated with highly divergent alleles of
engrailed, with a large part of this divergence found at non-synonymous sites. Some of these changes are shared between the two
alleles suggesting wither convergence or a shared ancestry. There is no evidence to suggest a role for introgression of engrailed
alleles from other species. A McDonald-Kreitman test reveals high levels of intraspecific haplotype diversity in P. dardanus
engrailed, even when these divergent alleles are not considered. Intriguingly, much of this diversity is also at non-synonymous sites
within the engrailed coding region. The gene engrailed is a very strong candidate as the mimicry switch gene underlying the
profound phenotype diversity exhibited by the P. dardanus mimicry polymorphism. Two of the dominant morphs are associated
with particular alleles, even though our samples of f. planemoides span two divergent lineages. The finding of high intraspecific
diversity is consistent with long-term balancing selection, as would be expected if this region were involved in the specification of
negative frequency-dependent polymorphic mimicry. The multiple non-synonymous changes shared by the two sets of morphassociated alleles may represent functional convergence or, alternatively, may reflect a common origin of these two orange
morphs. No association between alleles and wing pattern is seen for invected, the tandemly-arranged paralogue of engrailed,
suggesting that engrailed alone may act as a single-gene mimicry switch.
Massive habitat-specific genomic response in D. melanogaster populations during experimental evolution in hot and cold
environments
Ray Tobler, Susanne U. Franssen, Robert Kofler, Pablo Orozco-terWengel, Viola Nolte, Joachim Hermisson & Christian Schlötterer
Institute of Population Genetics Vienna
Experimental evolution in combination with whole genome sequencing (evolve and resequence, E&R) is a promising approach to
define the genotype-phenotype map and to understand adaptation in evolving populations. Many previous studies have identified
a large number of putative selected sites (i.e. candidate loci), but it remains unclear to what extent these loci are genuine targets
of selection or experimental noise. To address this question, we exposed the same founder population to two different selection
regimes – a hot environment and a cold environment – and quantified the genomic response in each. We detected large numbers
of putative selected loci in both environments, albeit with little overlap between the two sets of candidates, indicating that most
resulted from habitat-specific selection. By quantifying changes across multiple independent biological replicates we demonstrate
that most of the candidate SNPs were false positives that were linked to selected sites over distances much larger than the typical
linkage disequilibrium range of D. melanogaster. We show that many of these mid to long-range associations were attributable to
large segregating inversions and confirm by computer simulations that such patterns could be readily replicated when strong
selection acts on rare haplotypes. In light of our findings we outline recommendations to improve the performance of future
Drosophila E&R studies which include using species with negligible inversion loads, such as D. mauritiana and D. simulans, instead
of D. melanogaster.
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Evolutionary forces and physical constraints lead a trade-off between transcription factor binding site size and specificity
Murat Tugrul, Tiago Paixao, Gasper Tkacik, Nick Barton
Evolutionary Genetics (Barton Group), Institute of Science and Technology Austria
Protein-DNA interactions are crucial for gene regulation. Transcription factors (TF) activate or repress genes by binding to specific
DNA regions. The fundamental question is how TFs distinguish between on-target and off-target sites in a long genome. Energetic
specificity for on-target cognate sites is considered to play an important role. But, what forces shape the observed patterns of TFDNA specificity? In this study, we focus on the interplay between binding site size and specificity. By considering biophysical and
evolutionary principles, we model the coevolution of a TF's specificity \epsilon and TF-DNA binding site size n. Our modeling
framework is based on the thermodynamics of protein binding and the population genetics of binding sequences under weak
mutation. Assuming coevolution of \epsilon and n towards regions that produce higher mean fitness, our model can help
understand i-) the typical binding site size differences between prokaryotes and eukaryotes, and ii-) the inverse relation between
n and \epsilon estimated from position-specific weight matrix databases.
The industrial melanism polymorphism revealed
Arjen van 't Hof, Alistair Darby, Pascal Campagne, Ilik Saccheri
IIB, University of Liverpool
Industrial melanism in the peppered moth (Biston betularia) is probably the most widely known example of evolutionary change
driven by natural selection. Industrial pollution altered the peppered moth's resting background, making the light typical form
more conspicuous to visual predators (birds) than the melanic carbonaria form, causing a rapid change in phenotype frequencies.
We have previously established that the polymorphism is not primarily caused by known insect melanisation genes, and mapped
the locus to a 400 kb interval on the orthologue of silkworm chromosome 17. We are currently in the process of identifying the
actual polymorphism and mechanism responsible for the phenotypic difference. Three different typical haplotype sequences and
the carbonaria haplotype were constructed from BACs and Fosmids spanning ~400kb. Linkage analysis narrowed the region to
100kb containing 83 polymorphisms that have an allele present in the carbonaria haplotype which is absent in all three typical
haplotypes. 81/83 false positives have been eliminated by screening additional wild typicals: the two remaining candidate
polymorphisms lie in the exceptionally large first exon of a gene referred to as Fizzy. Although the polymorphisms are not in the
coding sequence (exons) or promotor region of this gene, we consider it the most likely melanisation candidate. We have harvested
a series of stage and morph specific wing discs to examine gene expression and splice variation in Fizzy. The gene transcripts include
many splice variants, which could potentially be caused by the underlying regulatory mechanism of one of the two remaining
candidate polymorphisms.
High levels of effective long-distance dispersal may blur ecotypic divergence in a rare terrestrial orchid
An Vanden Broeck, Wouter Van Landuyt, Karen Cox, Luc De Bruyn, Ralf Gyselings, Gerard Oostermeijer, Bertille Valentin, Gregor
Bozic, Branko Dolinar, Zoltán Illyés, Joachim Mergeay
Genetic Diversity, Research Institute for Nature and Forest
Gene flow and adaptive divergence are key aspects in metapopulation dynamics and ecological speciation. Long-distance dispersal
is hard to detect and few studies estimate dispersal in combination with adaptive divergence. The aim of this study was to
investigate effective long-distance dispersal and adaptive divergence in the fen orchid (Liparis loeselii (L.) Rich.).We used amplified
fragment length polymorphism (AFLP)-based assignment tests to quantify effective long-distance dispersal at two different regions
in Northwest Europe. In addition, genomic divergence between fen orchid populations occupying two distinguishable habitats, wet
dune slacks and alkaline fens, was investigated by a genome scan approach at different spatial scales (continental, landscape and
regional) and based on 451 AFLP loci. We expected that different habitats would contribute to strong divergence and restricted
gene flow resulting in isolation-by-adaptation. Instead, we found remarkably high levels of effective long-distance seed dispersal
and low levels of adaptive divergence. Depending on the studied region, at least 15.2 to 16.5% of the assigned individuals originated
from among-population dispersal events with dispersal distances up to 220 km. Six (1.3%) ‘outlier’ loci, potentially reflecting local
adaptation to habitat-type, were identified with high statistical support. Of these, only one (0.22%) was a replicated outlier in
multiple independent dune-fen population comparisons and thus possibly reflecting truly parallel divergence. Signals of adaptation
in response to habitat type were most evident at the scale of individual populations. These findings suggest that the homogenizing
effect of effective long-distance seed dispersal may overwhelm divergent selection associated to habitat type in fen orchids in
Northwest Europe.
Genomic response to experimental sexual selection
Paris Veltsos, T. Cezard, K. Gharbi, R. Snook and M.G. Ritchie
Centre for Biological Diversity, University of St Andrews
We have been maintaining *Drosophila pseudoobscura* populations in two regimes of high and low sexual selection for 150
generations. Several phenotypes have responded to selection during this limited time, for example courtship behaviour,
morphology, fecundity and chemical communication.
We conducted RAD sequencing of 4 biological replicates of each condition and obtained >7000 regions containing SNP variation.
We characterise the genes and genomic regions associated with consistent differences in SNPs between the selection regimes. We
also use transcriptome sequencing from the same populations to characterise the regions that differ at the sequence level.
The origins of evolutionary novelty through modular regulation of a butterfly wing patterning gene
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Richard Wallbank, Simon Baxter, Carolina Pardo-Diaz, Chris Jiggins
Department of Zoology, University of Cambridge
Pleiotropy confers a major constraint on evolutionary innovation, as mutations affecting genes central to development are often
deleterious. The hierarchy and multi-functionality of developmental genes would effectively stifle any tinkering of developmental
patterning were it not for several proposed mechanisms by which evolution can circumvent such constraints. One of the most
prominent is through the modular diversification of cis-regulatory elements, whereby novel gene enhancers can arise that encode
new expression domains but do not interfere with existing patterns. Using population genetics we have identified two such cisregulatory modules that program distinct components of wing colour pattern in the butterfly Heliconius. In the wild these patterns
together constitute a universal warning signal against predation and are part of an extensive multi-species Mullerian mimicry ring.
Remarkably, although now in close proximity, the modules appear to have completely separate ancestry from one another and
evolved independently in two different species. Only later did they combine to drive patterning of the same wing through a putative
introgression exchange. The sequential evolution of this complex phenotype was therefore facilitated by the subfunctionalisation
of discrete cis-regulatory modules. Population genetics has helped refine these modules to just a few kilobases and also revealed
potential functional hotspots of clustered pattern-associated SNPs. Combining these data with transcription factor binding site
prediction has made it possible to even identify a number of candidate interacting factors, whose own expression patterns are
now being examined.
The direction of causality in genetic versus epigenetic change
Tobias Warnecke, Erin A Becker, Marc T Facciotti, Corey Nislow, Ben Lehner
MRC Clinical Sciences Centre, Imperial College London
Genome sequences as well as epigenetic states, such as DNA methylation or nucleosome binding patterns, change during
evolution. But what is the causal relationship between the two? We already know that nucleotide variation within and between
species is distributed unevenly around nucleosome footprints, but does this mean that sequence evolution follows a biased course
because the presence of nucleosomes affects mutation and DNA repair dynamics? Or is it, in fact, the other way around, i.e.
changes happen at the DNA level and prompt shifts in nucleosome positioning? To investigate the direction of causality in genetic
versus epigenetic evolution, we analyze substitutions patterns in eukaryotes as well as the archaeon Haloferax volcanii in the
context of genome-wide nucleosome binding maps. We demonstrate that the relationship between nucleosome positions and
between-species divergence patterns, strikingly similar in eukaryotes and archaea, can be explained in large parts by nucleosomes
shifting positions in response to substitution, although both mutation and selection biases might still exist. Our results illustrate
that it is important to consider the direction of causality between epigenetic and genetic change when analyzing patterns of
sequence divergence and using sequence conservation to infer selection on epigenetic states.
Population structure within a dog breed
Pam Wiener, Sarah Blott, Dylan Clements, Marie Haskell, Sarah Lofgren, Enrique Sanchez-Molano, John Woolliams
Roslin Institute, University of Edinburgh
Clustering-based techniques have been applied to domesticated animal species in a large number of studies and in most cases,
have demonstrated good correspondence between breeds and genetically-defined populations. In some cases, however,
clustering techniques have revealed population structure below the breed level, such that separate groupings are identified within
breeds. Previous studies in dogs have revealed within-breed differentiation based on body size, coat colour and geography.
Population genetic analyses were performed on a large sample of UK Labrador retrievers, which were genotyped for high-density
SNP markers. This population was found to be genetically stratified with respect to dog activities (e.g. pet, gundog, showing) and
sire lines. Several characteristics, including genomic features, physical measurements and behavioural traits, were found to be
associated with the genetic sub-groups.
Chromosome painting in silico in a bacterial species reveals fine population structure
Koji Yahara, Yoshikazu Furuta, Kenshiro Oshima, Masaru Yoshida, Takeshi Azuma, Masahira Hattori, Ikuo Uchiyama, and Ichizo
Kobayashi
University of Tokyo & Swansea University
Identifying population structure forms an important basis for genetic and evolutionary studies. Most current methods to identify
population structure have limitations in analyzing haplotypes and recombination across the genome. Recently, a method of
chromosome painting in silico has been developed to overcome these shortcomings and has been applied to multiple human
genome sequences. This method detects the genome-wide transfer of DNA sequence chunks through homologous recombination.
Here, we apply it to the frequently recombining bacterial species Helicobacter pylori, which has infected Homo sapiens since their
birth in Africa and shows wide phylogeographic divergence. Multiple complete genome sequences were analyzed including
sequences from Okinawa, Japan, that we recently sequenced. The newer method revealed a finer population structure than
revealed by a previous method that examines only MLST housekeeping genes or a phylogenetic network analysis of the core
genome. Novel subgroups were found in Europe, Amerind and East Asia groups. Examination of genetic flux showed some
singleton strains to be hybrids of subgroups and revealed evident signs of population admixture in Africa, Europe, and parts of
Asia. We expect this approach to further our understanding of intraspecific bacterial evolution by revealing population structure
at a finer scale (Molecular Biology and Evolution, 2013).
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Nucleotide diversity inside and outside the sex locus of the brown algal genus Ectocarpus
Sophia Ahmed, Akira F Peters, John Bothwell, Susana Coelho
University of Leeds

The genus Ectocarpus is a marine brown algae with a haploid-diploid life cycle. Species in this genus undergo genetic sex
determination and the sexual phase is expressed in haploid gametophytes that form either male or female individuals. As
gametophytes are independent of their diploid sporophyte counterparts, Ectocarpus provides a convenient model to study how
sex chromosomes evolve when they function in distinct male and female haploid individuals. Using resources generated by the
Ectocarpus genome project (Cock et al., Nature 2010), primers were designed for intron regions of sex linked and autosomal genes
of male and female field collected gametophytes in order to compare the level of neutral polymorphisms within and between
different strains of this genus. Since both sexes in haploid systems experience suppression of recombination and consequent
degeneration, we test the prediction that genetic diversity to be equally low inside the SDR of males and females compared with
autosomal regions. We examined samples from four distinct species in order to determine whether sex linked genes are conserved
in this genus.
Intravarietal genetic diversity and genetic relationships of bitter cassava cultivated in different soil types in Central Amazonia
Alessandro Alves-Pereira, Maristerra R. Lemes, Nivaldo Peroni, José Baldin Pinheiro, Marcelo Mattos Cavallari, Charles R. Clement,
Maria Imaculada Zucchi
Luiz de Queiroz College of Agriculture, University of Sao Paulo
Bitter cassava is one of the most important food crops in Central Amazonia. Ethnobotanical observations in smallholder farmer
communities along the middle Madeira River showed that bitter cassava may be cultivated in different soil types, ranging from
highly fertile ones, such as floodplains and Amazonian dark earths (ADE), to nutrient-poor Oxisols. Based on observations of the
differential management employed for varieties grown on Oxisols and those grown on ADE, and on the existence of agronomic
similarities between the varieties cultivated on ADE and floodplains, we hypothesized that the genotypes grown on ADE and
floodplain are more closely related to each other than to those grown on Oxisols. Using 10 nuclear microsatellite markers, we
investigated the intravarietal genetic diversity and the genetic relationships among the bitter cassava varieties most commonly
cultivated on ADE, floodplains and Oxisols in the region. Although clonally propagated, high levels of genetic diversity within
cassava varieties were observed, corroborating previous studies carried out in areas of low soil fertility. Contrary to what was
expected based on ethnobotanical observations, our data suggest a closer genetic relationship between varieties grown on the
two upland soil types (ADE and Oxisols) than between those on the two fertile soil types (ADE and floodplain). In general, varieties
with distinct names, and individual plants from varieties with the same name but grown on ADE and floodplain are highly
differentiated from each other. The results suggest that the traditional management contributes to the maintenance of the genetic
diversity of the bitter cassava varieties cultivated in communities along the middle Madeira River.
Exome sequencing in domestic and wild bovids reveal differential response to infection
Babatunde M. Ilori, David Wragg, Olivier Hanotte
School of Life Sciences, University of Nottingham
Following domestication, the movement of livestock to new environment exposed them to a diversity of new pathogen.
Accordingly, these selective challenges would have imprinted their genomes differently depending of their habitats. Here, we
address the question of local adaptation of animals to their environments by examining the exome diversity of four bovids types,
including the American bison and three domestic cattle breeds. Using SOLiD 5500 multiplexed sequencing platform, we carried out
whole-exome sequencing of 10 samples of East African shorthorn zebu (EASZ), a taurine Bos taurus x zebu Bos indicus crossbreed.
Exome sequences for the American Bison, European taurine and Asian zebu were obtained from the European Bioinformatic
database (http://www.ebi.ac.uk/). Using Bedtools and Samtools, the data were aligned and a subset of 16,131 exons was examined
for the presence of non-synonymous polymorphisms by comparing each exome against the others. Variations were called using
Probabilistic Variant Detection of CLC Genomic Workbench (ver. 6.5) followed by enrichment analysis of genes overlapping these
variations. Analysis of these variations showed that pathways responsible for immune and defence response, response to
mechanical stimulus and morphological development show the largest number of lineages specific non synonymous
polymorphism. In the EASZ, a tropical African livestock population, polymorphisms are found mainly in innate immune response
genes (TLR2, TLR4, TLR7, CD14, IL10, IL13, NOD2, CLEC6A, TMEM173, ARHGEF5).
SNeP, an informatic tool to determine Historical Effective population size trends
Mario Barbato, Pablo Orozco-terWengel, Michael W. Bruford
School of Biosciences, Cardiff University
Effective population size (Ne) is an important population genetics parameter that describes the amount of genetic drift in a
population. The estimation of Ne has been subject to much research over the last 80 years. However, methods to estimate Ne
from linkage disequilibrium (LD) where only developed ~40 years ago (e.g. Sved 1971), and recent advances in DNA technology
have made vast amounts of linkage data for various species available, e.g. SNP arrays with thousands of DNA probes. Here we
present an informatic tool that uses the standard PLINK input format (ped and map files) to calculate Ne values in past generations
for large dataset in a limited computational time. SNeP is provided with both command line and a Graphical user interface, and
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incorporates various corrections to account for double recombinants and sample size when estimating Ne. Additionally, SNeP can
be restricted to analyses of particular chromosomes of interest and produces outputs in excel format including figures of the
change of Ne over time. SNeP is designed in .net framework and is available for Windows Operating Systems.
Detection of correlation and dependance between evolutionary events
Abdelkader Behdenna, Guillaume Achaz
Université Pierre et Marie Curie
How free is the evolution of life’s macromolecules? Are there strong constraints on the order of evolutionary events? How such
constraints originate? If constraints are strong and pervasive how predictable are evolutionary pathways? This project is an attempt
to address these scientific questions that are fundamental in both basic and applied Biology. This project lies at the crossroad
between evolution, genetics, mathematics and computer science.
Once the order of evolutionary events is determined (by placing them in reconstructed phylogenies), we look for patterns of order
that are repeated independently in the course of evolution. More formally, we look for repeated independent occurrences of [i;j],
where the mutation j has occurred after (or concomitant with) the mutation i.
The next part of this work was to define some statistical tools that allow us to discriminate relevant associations among the
different cases (i.e. avoiding false positives like metastable sites for mutations). We have developed and tested by simulation
several different criteria (probabilistic or not) that allow us to highlight, among the pairs of events, those that seem most relevant
to study in more depth. We are finally able to determine the chronologies (j occurred after i) or co-ocurences (when we have no
clue about the order of the events i and j) that seem to escape the assumption of complete independence between sites. We have
also shown that our statistical criteria capture these pairs of events according to their degree of dependence.
This project is an exploratory work, so we began by studying the order of mutations in a bacterial genome in order to develop a
robust method.
The developmental transcriptome of Chorthippus biguttulus
Emma Berdan, Frieder Mayer, and GENART
Museum für Naturkunde
To understand the genes underlying evolutionary important traits it is critical to look at the entire life cycle of the animal including
development. Here we present the developmental transcriptome of the acridid grasshopper Chorthippus biguttulus, often studied
for the calling songs produced by males. We took samples from multiple life stages (partly developed eggs, 5 nymphal stages, and
adults) and assembled individual stage transcriptomes. Annotating these transcriptomes allows us to compare the biological
processes that are occurring in each stage and to identify genes involved in the development of important traits (such as song
production). To our knowledge this is the first such study in Orthoptera. This data will provide a valuable resource for future studies
of development in Orthoptera as well as for gene identification and annotation.
Local adaptation in cold-resistance phenotypes of European Drosophila melanogaster populations
Vedran Bozicevic, Andreas Wollstein, Wolfgang Stephan
Evolutionary Biology, University of Munich
Uncovering the molecular footprints of local adaptation is one of the main concerns in evolutionary biology. A recent availability
of high quality genome-scale next-generation sequencing data from multiple populations of Drosophila melanogaster, combined
with a sustained effort in associating genotypic variance to complex phenotypic traits, is now providing us with a possibility to
pursue such novel avenues of research. Following the end of the last ice age, D. melanogaster has spread from its ancestral range
in subtropical Africa and is now a cosmopolitan species. I am interested in studying the ways in which this species has adapted to
substantially different environmental and ecological conditions, in particular the development of phenotypic clines in Europe. To
do this, I estimated the amount of population differentiation between an African population close to the supposed ancestral range
of D. melanogaster to three derived European populations: one from France, one from the Netherlands, and one from Sweden. I
focused on three well-characterized quantitative traits: chill-coma recovery time, starvation resistance and startle response,
utilizing data from two recent genome-wide association studies. In my analysis I paid attention to common issues of calculating
population differentiation rates, as well as issues regarding the sometimes spurious association of SNPs to complex phenotypes,
i.e. ascertainment bias. In the second part of my project, I would like to find out if the architecture of transcriptional and metabolic
networks, which underlie these complex phenotypic traits, could provide us with more information on these adaptive processes.
Sex allocation ini the protandrous invertebrate Crepidula fornicata
Thomas Broquet, Audrey Barranger, Emmanuelle Billard & Frédérique Viard
Station Biologique de Roscoff - Centre national de la recherche scientifique
Sequential hermaphrodites change sex during their lifetime. Whether they should mature first as male or female is successfully
explained by sex allocation theory. For instance, if an individual's fitness increases with age more rapidly for females than males,
then there is an advantage in maturing first as a male before switching to the female sex (protandry).
Contrary to the direction of sex-change, the optimal timing of sex-change is more flexible. The right time to switch is often
conditional on local conditions. Yet our understanding of this process is limited because it requires detailed information on the
consequences of local conditions on the fitness of each sex.
This poster presents empirical data on a protandrous (that is, male-first) invertebrate, the slipper limpet Crepidula fornicata. This
species is an indeterminate grower where a female's fecundity is constrained by its size. The direction of sex change is thus well
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explained by a size-advantage model where a female's fitness increases more rapidly with size than that of a male. Here we aim to
understand the timing of sex-change, particularly interesting in this species where individuals form stacks (a feature that imposes
strong constraints on mating opportunities). We used genetic parentage analyses for individuals reared in the lab in order to 1)
quantify the variance of reproductive success between individuals, and 2) assess how local conditions (social environment) affect
these different components of fitness in males and females.
Our results suggest, perhaps surprisingly, that size does not have a differential effect on males and females. Instead we found an
intriguing effect of sperm storage, by which phenotypic females actually have a higher fitness than males only because they
continue to father larvae. Sperm storage thus seems to have a significant impact on fitness functions and sex-allocation in C.
fornicata.
A new likelihood-based inference method for detecting bottlenecks from genomic data
Lynsey Bunnefeld, Laurent A.F. Frantz, Konrad Lohse
Institute of Evolutionary Biology, University of Edinburgh
Much can be learned about the evolutionary history of species by reconstructing historical variation in population size. Being able
to reliably identify bottlenecks – extreme population size changes of short duration – is not only interesting in the context of
speciation and extinction but also matters (as a null model) when making inferences about selection. Bottlenecks can be detected
in polymorphism data via their distorting effect on the shape of the underlying genealogy. Here we derive the joint distribution of
genealogical branch lengths and the probability of mutational configurations under a simple bottleneck model in a single
population. Given a large number of non-recombining sequence blocks, and assuming an infinite sites mutation model, we can
compute maximum likelihood estimates of the start time and strength of bottleneck numerically. We compare our new method to
other demographic estimators and apply it to genomic data from an island species of pig in Southeast Asia to estimate the
bottleneck that followed the colonisation of the Philippines.
Do the benefits of polyandry scale with inbreeding?
Emily Burdfield-Steel, Ginny Greenway, Sam Auty, David M. Shuker
School of Biology, University of St Andrews
Mating is known to carry non-trivial costs for females, yet despite this female polyandry is widespread amongst insects. One of the
mechanisms by which female polyandry is predicted to be favoured is via indirect, i.e. genetic, benefits. These benefits could come
in a variety of forms but one prediction is that mating with multiple males allows females to avoid the costs of using genetically
incompatible sperm. Females of the seed bug species Lygaeus equestris show very high rates of infertility, presumably as a result
of mating failure. Thus, we can hypothesis that the species’ promiscuous mating system, whereby both males and females mate
multiple times with different individuals, could have evolved in response to this high risk of mating failure. Here we test this
hypothesis by manipulating both the number of males that females mate with and the relatedness of these males in order to look
for benefits of polyandry. Female L. equestris were mated either twice to the same male, or to two different males at four levels
of relatedness: siblings, non-siblings from the same population, non-siblings from a different population, or males of a sister species
L. simulans. Lifetime fitness was measured in terms of egg production and hatching success. Despite clear evidence of incomplete
reproductive isolation between L. equestris and L. simulans, we found no effect of polyandry or male relatedness of female fitness.
Thus, female polyandry in this species is unlikely to be driven by increased fertilization success and may instead be a result of sperm
depletion, or male harassment.
Patterns of polymorphic deletions in A. thaliana are consistent with relaxed selective constraints
Stephen Bush, Atahualpa Castillo Morales, Jaime Tovar-Corona, Lu Chen, Paula X. Kover, Araxi O. Urrutia
University of Bath
The sequencing of multiple genomes of the same plant species has revealed polymorphic gene and exon loss. Genes associated
with disease resistance are overrepresented among those showing structural variations, suggesting an adaptive role for gene and
exon presence–absence variation (PAV). To shed light on the possible functional relevance of polymorphic coding region loss and
the mechanisms driving this process, we characterized genes that have lost entire exons or their whole coding regions in 17 fully
sequenced Arabidopsis thaliana accessions. We found that although a significant enrichment in genes associated with certain
functional categories is observed, PAV events are largely restricted to genes with signatures of reduced essentiality: PAV genes
tend to be newer additions to the genome, tissue specific, and lowly expressed. In addition, PAV genes are located in regions of
lower gene density and higher transposable element density. Partial coding region PAV events were associated with only a marginal
reduction in gene expression level in the affected accession and occurred in genes with higher levels of alternative splicing in the
Col-0 accession. Together, these results suggest that although adaptive scenarios cannot be ruled out, PAV events can be explained
without invoking them.
How old the dark peppered moth might be?
Pascal Campagne, Arjen Van't Hoff, Ilik Saccheri
Evolution Ecology and Behaviour - Institute of Integrative Biology, Liverpool University
The rise and fall of melanism in the peppered moth Biston betularia that took place in Britain is a spectacular and well documented
example of recent evolution due to human activities. Recent findings suggest that the melanic morph arose from a recent and
single mutant. However, quantitative evidence is still lacking.
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Some advances in the use of coalescent approaches to infer the age of an allele have been made by relaxing some assumptions of
the initial neutral model. Notably, one may consider the role of selection, recombination and demographic history in shaping the
genetic signature of a population.
In our study, we aim at inferring the age of both the most recent common ancestor and the mutation responsible for melanism in
B. betularia based on reconstructed haplotypes of the genomic region under selection and pre-existing data about selection,
demographic history.
Uncertainties regarding the frequency of melanic morphs in the population before 1850 might lower our ability to perform a
narrow-range inference of allele age. Nevertheless preliminary results are consistent with the hypothesis of a "recent and single
mutant" as they suggest that the recombinant fractions of the ancestral haplotype were almost absent at early stages of the rise
of melanism in the 1850's.
Encephalization and changes in gene family size across mammalian taxa
Atahualpa Castillo-Morales, Jimena Monzon-Sandoval, Araxi O Urruitia and Humberto Gutierrez
Department of Biology and Biochemistry, University of Bath
Genomic determinants underlying increased encephalization across mammalian lineages are unknown. Whole genome
comparisons have revealed large and frequent changes in the size of gene families, and it has been proposed that these variations
could play a major role in shaping morphological and physiological differences among species. Using a genome-wide comparative
approach, we examined changes in gene family size (GFS) and degree of encephalization in 39 fully sequenced mammalian species
and found a significant over-representation of GFS variations in line with increased encephalization in mammals. We found that
this relationship is not accounted for by known correlates of brain size such as maximum lifespan or body size and is not explained
by phylogenetic relatedness. Genes involved in chemotaxis, immune regulation and cell signalling-related functions are significantly
over-represented among those gene families most highly correlated with encephalization. Genes within these families are
prominently expressed in the human brain, particularly the cortex, and organized in co-expression modules that display distinct
temporal patterns of expression in the developing cortex. Our results suggest that changes in GFS associated with encephalization
represent an evolutionary response to the specific functional requirements underlying increased brain size in mammals.
History of admixture in Populus hybrid zones
Camille Christe, Kai Stölting, Daniel Wegmann and Christian Lexer
Ecology and Evolution, University of Fribourg
European biota have been massively affected by quaternary climatic oscillations. Secondary contact and hybridization between
previously diverged species was a frequent outcome of range shifts in the pleistocene and holocene. Hybrid zones in Europe have
been well studied and are useful for modelling complex speciation trajectories and exploring the timing of contact and divergence.
Our study focuses on two ecologically divergent species of poplar and aspen (Populus alba and P. tremula) known to hybridize in
Eurasia. We use Restriction site Associated DNA (RAD) sequencing to study the history of recombination in three large natural
‘mosaic’ hybrid zones at the genome level.
First results indicate traces of two to three waves of hybridization in the genome of trees from natural populations. Some of these
individuals are characterized by large chromosome blocks likely resulting from recent admixture, whereas others have smaller
blocks likely to result from introgression in the more distant past and shared ancestral variation.We will highlight the benefits of
genomic tools for reconstructing the biogeographic history of taxa with complex histories of divergence and admixture.
The genetic basis of adaptive sex allocation behaviour
Nicola Cook, J Green, B Pannebakker, E Tauber, MG Ritchie and DM Shuker
School of Biology, University of St Andrews
Uncovering the genetic basis of adaptation is a key objective in evolutionary genetics, both in terms of understanding how changes
at the genotypic level are reflected in those at the phenotypic level, and in terms of what constraints are placed on adaptation at
the phenotypic level by the underlying genetic architecture. To address such questions two things are required. Firstly, a
comprehensive understanding of how natural selection is shaping a given trait. Secondly, an equally in-depth understanding of the
genetic basis of the phenotype.
Sex allocation behaviour describes how organisms allocate the sex of their offspring. Theory predicts how organisms should adjust
the allocation of resources to male and female offspring in response to prevailing environmental conditions (such as competition
amongst kin or resources or mates) and there is now a significant amount of experimental evidence in support of these predictions.
However, we know rather little about the genetics of sex allocation behaviour.
Here, we use a transcriptomics approach to explore patterns of gene expression in females of the parasitoid wasp Nasonia
vitripennis during sex allocation. Female N. vitripennis facultatively allocate the sex of their offspring in response to the levels of
local mate competition (LMC) that they perceive for their sons, producing female-biased sex ratios when ovipositing alone, and
reducing this bias when ovipositing with increasing numbers of co-foundresses. By manipulating cues of LMC, we confirm that gene
expression in female Nasonia changes with respect to oviposition behaviour, but show that there are no changes in gene expression
associated with the phenotypically plastic sex ratio response. This suggests that facultative sex allocation occurs without new gene
products, utilising existing neural and protein resources in the female.
The NERC Biomolecular Analysis Facility at Sheffield
Deborah Dawson
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Department of Animal and Plant Sciences, University of Sheffield
The NERC Biomolecular Analysis Facility comprises five nodes (Sheffield, Edinburgh, Liverpool, Birmingham and Wallingford) which
collectively provide a range of biomolecular support. The Facility is supported by the Natural Environment Research Council (NERC)
and was established in 1998. The node at Sheffield has successfully supported 189 projects and 108 PhD students. Our users have
published over 200 publications from Facility-supported studies, including many in high-ranking journals such as Nature and
Science.
At Sheffield we provide state-of-the-art molecular genetics facilities and training to the UK community in the science areas that fall
under the remit of NERC. Training and consumables are provided to successful applicants. The application process is
straightforward and applicants do not need to be NERC-funded.
We support studies of genes, individuals, behaviour, mating strategies, populations and phylogeny:
Genes and chromosomes: QTL identification, linkage mapping, evolutionary genetics;
Individuals: individual identification, abundance and distribution, species and hybrid identification;
Behaviour: behavioural ecology, mating strategies, mate choice, reproductive behaviour, dispersal, kin and sexual selection;
Populations: effective population size, genetic bottlenecks, population structure, landscape genetics (e.g. habitat fragmentation),
spatial ecology;
Phylogeny: molecular systematics, biodiversity, conservation biology.
We are able and willing to support other studies.
The service is based on a well-proven arrangement in which, usually, a researcher (often a PhD student) visits the laboratory to
complete their own analyses under the supervision of our experienced staff. Training and supervision are provided, as appropriate.
Other arrangements, such as Facility users funding NBAF staff time to complete projects, are possible.
For more detail please see our Homepage: http://www.shef.ac.uk/nbaf-s/
If you require further information or wish to make informal enquiries regarding the feasibility of applying for access to the Facility
please contact Facility Coordinator Dr Deborah Dawson (D.A.Dawson@Sheffield.ac.uk).
Co-infection in NoroVirus
Nicola De Maio
University of Oxford
NoroVirus, or "winter vomiting bug" is an emerging cause of disease. Recombinant viruses are frequently observed in new
epidemics. Nevertheless, co-infection, necessary to generate recombinants, have never been reported. We present whole genome
sequencing data from an immuno-compromised patient with co-infection of two Norovirus strains of the same group. Using pool
sequencing we identified new viral mutations and reconstructed the consensus of the two infecting "clouds". The two strains show
different evolutionary dynamics, suggesting variable selective pressures with stages of infection. We further investigated the
presence and distribution of recombination events using paired reads. Lastly, we provide a statistical model for testing hypothesis
using pool data from viral co-infections.
Frequency dependent selection and population subdivision
Florence Debarre
Biosciences, University of Exeter
In a subdivided population where among-deme migration is limited, the phenotypic composition of local demes is different from
the global composition of the population---this discrepancy between local and global compositions is for instance one of the
elements favouring the evolution of altruistic behaviour. Here, we model the evolutionary dynamics of a population of haploid
asexually reproducing individuals, where interactions between individuals lead to frequency-dependent selection in an
unstructured population. We show how population subdivision reduces the frequency-dependent component of selection. This
work provides explanations for why evolutionary diversification is less often observed in models involving spatially structured
population than for unstructured populations.
This work is done in collaboration with Peter Taylor, Queen's University (Canada)
Analysing connectivity in young flatfish and implementing it in fisheries management
Sophie Delerue-Ricard, Ilaria Coscia, Johan Robbens, Filip A.M. Volckaert
KU Leuven
Recently, it has been shown that commercial fisheries target specific size/age classes, causing fish species to lose genetic diversity
as well as altering their life cycles in order to adapt (fisheries-induced evolution). It represents a serious threat for the future
survival of targeted species.
This has been observed in the North Sea for sole (Solea solea) stocks, which have collapsed in the past 20 years and individuals
have become smaller. In Belgium, sole represents a quarter of European landings, hence a bigger effort needs to be put in place in
preserving this extremely valuable resource, as recently advocated by the Common Fisheries Policy. To improve sole stock
management, policy-makers need an upgraded biological assessment of sole population structure and connectivity patterns. The
latter are known for adults, but nothing is known about the important movements of the earlier life stages.
My research project aims at filling those gaps, by focusing on population connectivity at larval and postlarval stages. State-of-theart Next Generation Sequencing (Illumina-Veracode) and a suite of 200 highly variable SNPs (Single Nucleotide Polymorphisms) will
be employed to investigate the population structure of sole at the wider European and finer scale (<150 km) within the North Sea.
Further insights will be gained by otolith microchemistry, used to trace the movement of single individuals between spawning and
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nursery grounds. The temporal variability will be studied thanks to two-years of intensive sampling and available historical datasets
spanning the last two decades.
Finally, hydrodynamic modelling of larval dispersal will be combined with the collected data in order to investigate the role of
selected biotic and abiotic factors in driving connectivity.
Overall, this study will aid fishery sustainability by defining significant ecological units, while the molecular markers will allow
tracing any fish present on the market to its origin, hence fighting illegal fishing.
Genetic diversity of native Brazilian annatto (Bixa orellana L.) accessed with microsatellite markers
Gabriel Dequigiovanni, Santiago Linorio Ferreyra Ramos, Eliane Gomes Fabri, Charles R. Clement, Elizabeth Ann Veasey
GENETICS, Universidade de São Paulo - ESALQ
Annatto (Bixa orellana) is a tropical crop indigenous to America, more specifically from the Amazon region. The production of a
natural dye, called bixin, extracted from its seed arils is the import commercial product. Microsatellite markers are important tools
to assess genetic diversity and evaluate structure of populations. Although annatto is an important source of natural dye, there is
almost no research assessing the genetic variability within this species and investigating how this variability is distributed in Brazil.
The aim of this study was to characterize the genetic diversity of the annatto germplasm bank at the Agronomic Institute (IAC),
Campinas, São Paulo, Brazil, using microsatellite markers. Ten polymorphic loci showed 38 alleles, ranging from 2 to 6 alleles per
locus, yielding an average of 3.8 alleles per locus. The UPGMA cluster analysis with modified Rogers’ distances showed structuring
into two major groups, with accessions originating from the Amazon in one group and those originating from southeastern Brazil
in the other group, which was also identified with Bayesian clustering, performed with Structure. Accessions from the Amazon
presented diversity indexes higher than those from southeastern Brazil (allelic richness 38 vs 34; He 0.517 vs 0.488; f 0.387 vs
0.272, respectively). The average values of GST' (0.194) confirm significant genetic structure. The Pearson correlation coefficient
(r) between genetic and geographic distances obtained with the Mantel test was low (r = 0.367), although significant (p < 0.01).
This information will contribute to expanding the usefulness of the annatto germplasm bank within the breeding program, which
will soon have an impact on the production-to-consumption chain in Brazil.
Financial support: Fapesp.
Evolutionary strategies of Gypsy and Copia retrotransposons among crustaceans’ species
Tifenn Donnart, Mathieu Piednoël, Caroline Esnault, Paula Graça, Dominique Higuet, Eric Bonnivard
UPMC - University Pierre and Marie Curie
The transposable elements (TEs) play a major role in the evolution of all eukaryotic organisms. To study the dynamics of these TEs
within species, it is essential to known their distribution among different species of a same taxon. Given their abundance and their
environmental diversity, crustaceans are an excellent taxon for comparative genomics with transposable elements. Crustaceans
however remain underrepresented in studies of transposable elements.
We studied the distribution of 2 well-known super families of retrotransposons: Gypsy and Copia within crustaceans’ taxon. Using
two approaches: PCRs with degenerate primers and in silico screening, we described 35 families of Copia retrotransposons and 46
families of Gypsy retrotransposons in respectively 15 and 18 crustacean’s species (crabs, shrimps, krill ...). Phylogenetic and
distribution analyzes reveal that Gypsy and Copia retrotransposons have two different patterns in crustaceans. The Gypsy
retrotransposons are present in all species and they appear diverse (many different families in one species). Otherwise, the Copia
retrotransposons are not found in all species and show a low diversity. Indeed, almost all Copia retrotransposons we have detected
belong to a same group, the clade GalEa (previously defined in squat lobster study). Such results suggest two different dynamics
strategies for Gypsy retrotransposons (Red Queen Theory) and for Copia retrotransposons (“Domino Days spreading process”). We
also find the same results in a second group of metazoan, the mollusca. In particular, it seems that GalEa-like elements have a
great evolutionary success among Copia retrotransposons, as they are widely distributed in many branches of metazoans, such as
Ctenophora, Mollusca and Chordata.
Conservation of local levels of genetic diversity between two distantly related bird species
Ludovic Dutoit, Nagarjun Vijay, Takeshi Kawakami, Reto Burri, Jochen Wolf and Hans Ellegren
Department of Ecology and Genetics, Uppsala University
Several factors potentially govern levels of genetic variability within genomes. The local mutation rate is one obvious factor,
strength and character of selection another. For neutrally evolving sequences, selection may still play an important role on diversity
levels via effects at linked sites. The effect from linked sites should, everything else being equal, be dependent on the
recombination rate and recombination rates have been shown to correlate with local levels of genetic diversity. It follows that if
recombination rates are conserved across species, so may diversity levels. Birds constitute a suitable group of organisms to test
this prediction because of a low rate of chromosome evolution and, as a consequence, a conserved recombination landscape. Here
we analyse genome-wide polymorphism data from two passerine birds, the collared flycatcher
(Ficedula albicollis) and the hooded crow (Corvus corone cornix), obtained from whole-genome re-sequencing of population
samples. We identify orthologous regions of the two species, compare local diversity levels and also investigate this in relation to
recombination rates.
Understanding the impacts of European lobster stock enhancement in Cornwall.
Charlie Ellis
College of Life and Environmental Studies, University of Exeter
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Stock enhancement of vulnerable and/or collapsed marine populations by supplementing wild stocks with captive-reared
individuals is potentially an important tool in the creation of sustainable capture fisheries. However, to date stocking programmes
have frequently failed to convert this theoretical potential into either conservational or economic viability. While quantitative
assessments of stocking impacts have typically relied on the recapture of physically-tagged cultured individuals, some recent
studies show that a failure to incorporate genetic considerations into stocking protocols can not only limit stocking success, but
also adversely affect the target wild population. As such, I am utilising microsatellite markers to test the fine-scale population
genetic characteristics of lobsters around Cornwall and the Isles of Scilly, to assess whether the population structure supports
current stocking protocols employed by the National Lobster Hatchery. Combining this data with a broader-scale study of the
species phylogeography will also prove useful in estimating the spatial range over which stocking impacts may extend. Additionally,
I am using microsatellites to elucidate the reproductive ecology of the regional European lobster population to determine the
extent at which multiple paternities occur in the egg masses of wild females. Ultimately, I hope these studies will shed new light
on lobster population ecology, and will enable me to evaluate the potential of microsatellite genotyping in providing parentage
assignments to identify cultured individuals among wild conspecifics. This would enable monitoring of lobster stock enhancement
schemes and alternative conservation measures, to better assess how well they contribute to the sustainability of both pressured
marine populations and the fishing industries they support.
Evolution of bow-tie networks in biology
Tamar Friedlander, Avraham E. Mayo and Uri Alon
Institute of Science and Technology Austria
Bow-tie or hourglass structure is a common architectural feature found in various biological and technological networks. A bowtie in a multi-layered structure occurs when intermediate layers have much fewer components than the input and output layers.
Examples include metabolism where a handful of building blocks mediate between multiple nutrients and multiple biomass
components, and signaling networks where information from numerous receptor types pass through a limited set of signaling
pathways to induce multiple output genes.
The bow-tie architecture is thought to have functional implications: contributing to the network evolvability on one hand, but
rendering it vulnerable to hijacking on the other hand. Yet, little is known about the natural evolutionary mechanisms that enable
the evolution of bow-tie architectures.
Here we show that a bow-tie can spontaneously evolve if the following two simple conditions are met: 1) the evolutionary goal is
rank deficient and 2) the evolutionary mechanism at hand promotes network sparseness. The latter can be satisfied for example if
there is cost per interaction or if mutations tend to reduce interaction intensities (e.g. product mutations). Such sparseness
enhancing mechanisms are thought to be common in natural evolutionary situations. We demonstrate that these conditions lead
to bow-tie structures by means of evolutionary simulations. We further show that the minimal width possible for intermediate
network layers (“waist” or “knot”) equals the rank of the evolutionary goal.
We interpret the width of this narrowest layer as the amount of information the network can process. We suggest that the
evolutionary mechanism shaping these networks can expose the rank of the biological goals involved.
The maintenance of gametophytic self-incompatibility only weakly depends on the genetic architecture of inbreeding
depression
Camille Gervais, Denis Roze, Vincent Castric, Sylvain Billiard
Station Biologique de Roscoff
Gametophytic self-incompatibility is a widespread genetic system, which enables hermaphroditic plants to avoid self-fertilization
and mating with close relatives. It is based on the pistil’s ability to recognize and reject pollen expressing cognate specificities. We
used multilocus, individual based simulations to examine the co-evolution of self-incompatibility and inbreeding depression in
finite populations: the genome of individuals consists of an infinite number of loci under purifying selection. We focused on the
conditions for the maintenance of self-incompatibility when self-compatible mutants are repeatedly introduced in the population
by recurrent mutation. Our results confirm predictions from theoretical models treating inbreeding depression as a fixed
parameter: the maintenance of self-incompatibility is associated with high inbreeding depression and is facilitated by high rates of
self-pollination. Purging of deleterious mutations by self-compatible mutants generally has little effect on the spread of those
mutants, except when deleterious alleles have strong fitness effects. In most cases, the maintenance of self-incompatibility only
depends on the transmission advantage of self-compatible individuals and the magnitude of inbreeding depression, independently
of genetic architecture (selection and dominance coefficients, recombination rates).
Sex ratio bias in a solitary spider: where are the males?
Melanie Cotterill & Sara Goodacre
School of Life Sciences, University of Nottingham
Female sheetweaving spiders of the species Pityohyphantes phrygianus consistently produce fewer male than female offspring.
The species has a solitary lifestyle and kin selection therefore seems an unlikely explanation for this trait because the degree of
relatedness amongst females is likely to be low. Intriguingly, however, females are shown to have the ability to alter the degree of
the bias through their post-mating behaviour. We have investigated the relationship between the bacterial endosymbiont,
Wolbachia, which infects Pityohyphantes and the reproductive behaviour of both male and female spiders. Our results suggest
that there is an interaction between Wolbachia infection and reproductive behaviour of both males and females in such a way as
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is predicted to alter the sex ratio and to favour Wolbachia persistence in the population. However, our data indicate that Wolbachia
infection alone seems unlikely to be the full explanation for the observed bias.
Beyond mtDNA: insights into bear phylogeny and phylogeography from nuclear markers.
Frank Hailer, Verena E. Kutschera, Tobias Bidon, Axel Janke
Senckenberg Society for Natural History Research & Goethe University Frankfurt, Biodiversity and Climate Research Centre (BiK-F)
Bears (Ursidae) have long served as a model system in phylogeography. Recent findings from the oldest known polar bear fossil
were interpreted to demonstrate the unusually rapid evolution of a polar bear phenotype from within brown bear diversity at ca.
150,000 ya. Furthermore, range-wide studies of mtDNA variation in brown and polar bears have established the picture of
pronounced phylogeographic structuring in brown bears across Eurasia and North America.
However these findings relied largely on mtDNA, which has at least two major disadvantages. (1) mtDNA is only one locus, showing
a small portion of evolutionary history, and (2) bears, like most mammals, show male-biased gene flow and female philopatry.
Phylogeographic structuring might therefore be overestimated by analysis of maternally inherited loci. In addition, selection and/or
stochastic effects could influence inferences from any single locus, especially when it is haploid (small Ne).
We present data from independently inherited autosomal loci and the paternally inherited Y chromosome in polar and brown
bears. The results demonstrate that studies of mtDNA have underestimated the time since speciation due to introgression, and
overestimated phylogeographic structuring in brown bears due to male-biased gene flow. Our results highlight, in a prominent
study system, that understanding of evolutionary processes needs to rely on multiple, independently inherited loci. Further, the
evolutionary history of many taxa should be re-evaluated, including that of seemingly well-understood species such as bears.
Transcriptomic responses of marine mollusc larvae to changing temperature and pH
Ewan Harney & Flavia Nunes
Laboratoire des sciences de l'Environnement Marin, Institut Universitaire Européen de la Mer
Marine environments will become warmer and more acidic places under global climate change. The effects of temperature, pH
and their interactions are likely to influence the physiology and development of many marine organisms, but to date, results of
temperature and pH manipulations have often been species-specific. To investigate the extent to which responses to changing
environments are conserved or divergent among taxa, we are carrying out an experiment to compare early larval developmental
gene expression in 4 calcifying species of marine molluscs (Crassostrea gigas, Pecten maximus, Venerupis philippanarum,and
Haliotis tuberculata). It is particularly important to consider early development (<48 hours post fertilisation), as this represents a
bottleneck for many populations, and also includes the initial biomineralisation of calcite shells in these species. By comparing
mechanisms among the 4 species using RNA-seq, we hope to improve our understanding of how responses to changing
environments have evolved, and generate hypotheses of how they may evolve under global change in the future.
Hitchhiking of deleterious alleles and the cost of adaptation in partially selfing species
Matthew Hartfield and Sylvain Glémin
Laboratoire MIVEGEC, L’Institut de recherche pour le développement (IRD)
Self-fertilisation is generally seen to be disadvantageous in the long term. It increases genetic drift, which subsequently reduces
polymorphism and the efficiency of selection, which also challenges adaptation. However, high selfing rates can increase the
fixation probability of recessive beneficial mutations, but existing theory has generally not accounted for the effect of linked sites.
Here, we analyse a model for the fixation probability of deleterious mutants that hitchhike with selective sweeps in diploid, partially
selfing populations. Approximate analytical solutions show that, conditional on the sweep not being lost by drift, higher inbreeding
rates increase the fixation probability of the deleterious allele, due to the resulting reduction in polymorphism and effective
recombination. When extending the analysis to consider a distribution of deleterious alleles, as well as the average fitness increase
after a sweep, we find that beneficial alleles generally need to be more recessive than the previously assumed dominance threshold
(h < 1/2) for selfing to be beneficial from one-locus theory. Our results highlight that recombination aiding the efficiency of selection
on multiple loci amplifies the fitness benefits of outcrossing over selfing, compared to results obtained from one-locus theory. This
effect additionally increases the parameter range under which obligate outcrossing is beneficial over partial selfing.
The Accumulation of Compensated Deleterious Mutations Across Saccharomycotina
Tom Hill
Vienna Institute for Population Genetics, VetMedUni Vienna
Dobzhansky-Muller incompatibilities are expected to accumulate faster than linearly relative to divergence, an effect known as the
'snowball effect'. The snowball effect arises because the number of ways substitutions can be combined into novel genotypes
increases faster than the number of substitutions, roughly as the square of the number of substitutions for pairwise interactions.
Two types of studies have attempted to identify the presence of the snowball effect in genetic data. The first method compares
the number of hybrid incompatibilities between two species to the divergence between these speicies,; these studies find some
evidence of a snowball. The second method, rather than looking at hybrid incompatibilities in crosses, looks for substitutions which
are wildtype in one species but deleterious in another, presumably due to a negative epistatic interaction with an allele on the
genetic background. These studies showed there is a linear relationship between the accumulation of these alleles and the genetic
distance between species, implying a lack of a snowball effect. Here we identify amino acid substitutions in Saccharomycotina that
are pathogenic in Saccharomyces cerevisiae, a much larger dataset than previous studies. We find no evidence of a snowball effect,
observing a linear accumulation of incompatibilities, agreeing with the result of other amino acid incompatibility studies.
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A simplified likelihood method for estimating Effective Population Size from temporally spaced samples
Tin-Yu Hui
Department of Life Sciences, Imperial College London
A maximum-likelihood framework is developed to estimate effective population size (Ne) using temporal changes in allele
frequencies. The proposed method simplifies the calculation of the current likelihood approaches by (1) modelling the allele
frequencies with a continuous distribution, (2) applying approximation to the transition probabilities due to genetic drift, and (3)
using Bayesian treatment of Hidden Markov Model. Beta and Binomial distribution are used in the model as a conjugate pair, and
nuisance parameters can be marginalised out instantly. This method allows the estimation of moderate to large Ne which is
currently impossible for the full-likelihood model, and can easily capture data from three or more sampling events without
computational difficulties. Extensive simulations are run to verify this method, and the results show that the method gives accurate
and unbiased estimates of Ne under most conditions. Finally, the method is extended to allow the joint estimation of migration
rate and effective population sizes in two populations.
Using genomics tools to study inbreeding depression
Jisca Huisman, Josephine Pemberton
Institute of Evolutionary Biology, University of Edinburgh
Estimating how inbred an individual is in a wild population is a long standing problem: small panels of markers do not adequately
capture inbreeding and deep, accurate pedigrees enabling estimation of inbreeding coefficients, (f) are only acquired with great
effort. New genomic methods should be able to improve this situation. As well as improving parentage assignment in existing
pedigrees, enabling more accurate estimation of f, inbreeding can be estimated directly from SNP data. This method avoids the
assumption of unrelated immigrants and founders, is not affected by gaps within the pedigree, and detects Mendelian differences
in relatedness between e.g. siblings. The red deer study population on the Isle of Rum has been followed for four decades, resulting
in a large amount of individual level life history data. The new cervine 50K SNP chip enables us to combine this field data with high
resolution genetic data. The 39760 SNPs that passed quality control are in relatively high LD with each other (r2> 0.15 for distances
smaller than 40 kb, and r2 = 0.07 beyond 2 Mb; using bovine map positions), allowing accurate estimation of individual inbreeding
coefficients. Of the individuals with recorded birth weight and first year survival, 1068 have thus far been genotyped. Variance in
estimates of f from the SNP data is much larger than the variance in f estimates from the current pedigree (containing n=4574
individuals), increasing power to estimate effect sizes of previously detected inbreeding depression in a range of traits. We use
data acquired so far to reanalyse inbreeding depression in birth weight, which is a major factor in first year survival.
Localising selection from resequencing data: Linking genes to phenotypes in malaria parasites
Chris Illingworth, Andrej Fischer, Megumi Inoue, Hussein Abkallo, Axel Martinelli, Paul Hunt, Ho Shwen, Arnab Pain, Richard
Culleton, Ville Mustonen
Department of Genetics, University of Cambridge
Abstract: Genetic crosses are a valuable resource for identifying genetic causes for specific phenotypes. Exposing a cross
population to different selection pressures leads to characteristic changes in allele frequencies, which can be analysed to identify
segregating sites of functional importance. However, given experimental noise from a variety of sources, identifying the precise
locations of alleles under selection presents a statistical challenge. We here present a novel approach to localising alleles under
selection from genome sequence data describing an experimental cross population. Our method filters potentially mis-mapped
reads, shortlists genomic regions exhibiting non-neutral behaviour, and identifies selected alleles using a hierarchical family of
multi-locus evolutionary models, which account for variance in the local recombination rate within the cross. We combine data
from different experimental replicates to generate confidence intervals for the location of alleles under selection. We apply our
method to whole-genome data from a genetic cross between two strains of Plasmodium yoelii grown in naïve and vaccinated
mice. Application of our method identifies candidate genes in the parasite for growth-rate and immune selection.
Genome-wide prediction in Brassica napus.L (Canola,Rapeseed)
Habib Jan
Plant Breeding, Justus Liebig University Giessen

Genetic and phenotypic diversity and dispersal of the fission yeast.
Daniel Jeffares, Sendu Bala, Jared Simpson, Zamin Iqbal, Rodrigo Pracana,Charalampos Rallis, Martin Poevorovský, Leanne Bischof,
Tammy Cheng,Theodora Sideri, Sandra Codlin, William Brown, Francesc Xavier Marsellach Castellví, Josephine Hellberg, Markus
Ralser, Michael Muelleder,Tobias Mourier, Thomas Keane, Henry Levin, Malte ThodbergNikolas Maniatis, Winston Lau, Garrett
Hellenthal, Adrien Rieux, Francois Balloux, Jacqueline Hayles, Rafael Edgardo Carazo Salas, Jonathan Lawson,Richard Durbin, Jürg
Bähler.
Genetics, Evolution & Environment, University College London
The fission yeast Schizosaccharomyces pombe is one of the principal models for eukaryotic molecular and cellular biology. While
the standard laboratory strain is well studied, very little is known about the genetic of phenotypic diversity of this species, or its
evolutionary history.

40

PopGroup 47: University of Bath
To advance our understanding of this species, we have been describing a global collection of all known natural isolates genetically
and phenotypically. We sequenced the genomes of all strains to high coverage and quantified 219 phenotypic characters including
biochemical features, cellular morphology and responses to environmental conditions and physiological challenge. I’ll summarise
the main aspects of diversity as well as some of the more interesting results, including:
1.
Diversity with respect to genome annotation and function. Because the genome is so well studied, we can describe
purifying selection with respect to transcription. I’ll show that there is no clear evidence for strong selection in sites that are weakly
transcribed non-protein-coding RNAs (ncRNAs).
2.
Evolutionary history. By modeling the evolution of the mitochondrial genome with BEAST we conclude that the diaspora
of this S. pombe collection was within human history, beginning about 340 BC (95% CI 1875 BC – 1088 AD). Consistent with a fairly
recent dispersal, we observe moderate genetic diversity, weak global population structure and negligible regional adaptation.
3.
Phenotypic diversity: Despite this recent diaspora, phenotypic diversity is sufficient in many characters to allow QTLs to
be detected in future studies. Depending on how far the analysis has progressed, I may present LD-aware estimates of the
heritability of the 219 traits, and our attempts to determine variants responsible with genome-wide association studies (GWAS).
Europe-wide phylogeography of the crucian carp in Europe and its non-native origins in Britian.
Daniel Jeffries, Gordon Copp, Lori Lawson Handley, Bernd Haenfling
School of Biological, Biomedical and Environmental Sciences, University of Hull
The crucian carp, Carassius carassius, is a cyprinid thought to be native to Asia, Russia, Central and Northern Europe and S.E
England. Crucians are threatened by many environmental factors, including habitat loss and importantly competition and
hybridisation with several non-native species in Europe. It is therefore essential that a comprehensive phylogeography of the
crucian carp be produced, in order to underpin conservation strategies. In this study, we used 13 microsatellites and cytochrome
b mtDNA sequences from over 50 populations, to provide a phylogeographic overview of the crucian carp in Europe. However, in
doing so we uncovered similarities between British and continental European crucian carp populations. We therefore investigated
this further with the use of Approximate Bayesian Statistics, testing the hypothesis that crucian carp were in fact introduced into
Britain by humans, instead of naturally colonising >8000 years ago across the Doggerland Land Bridge. Statistical checking of
predefined demographic scenarios using the program DIYABC consistently supported this hypothesis, pointing to an introduction
of crucian carp into Britain around the 15th and 16th centuries. This estimate falls well in line with the first records of fish
introductions into the Britain, which were in fact common carp introduced by monks, for aquaculture. It is therefore possible and
perhaps probable, that crucian were introduced into Britain either as an aquaculture species themselves, or by mistake with
common carp.
How does host life history affect our chances of detecting active endogenous retroviruses?
Ravinder Kanda, Tim Coulson
Department of Zoology, University of Oxford
Active endogenous retroviruses (ERV), or the remnants of past ERV infections that are no longer active, are found in the genomes
of most vertebrates, typically constituting approximately 10% of the genome. In some vertebrates, particularly in shorter-lived
species like rodents, it is not unusual to find active endogenous retroviruses. In longer-lived species, including humans where
substantial effort has been invested in searching for active ERVs, it is unusual to find them: to date none have been found in
humans. Presumably the chance of detecting an active ERV infection is a function of the length of an ERV epidemic, i.e. the time
taken for fixation or loss of all insertions. Intuitively, given that ERVs or signatures of past ERV infections are passed from parents
to offspring, we might expect to detect more active ERVs in species with longer generation times, as it should take more years for
an infection to run its course in longer than in shorter lived species. This means the observation of more active ERV infections in
shorter compared to longer-lived species is paradoxical. We explore this paradox using a modeling approach to investigate factors
that influence ERV epidemic length. Our simple epidemiological model may explain why we find evidence of active ERV infections
in shorter rather than longer-lived species
Improving the reproducibility of data analyses in population genetics, using the R and the diveRsity package
Kevin Keenan
School of Biological Sciences, Queen's University, Belfast
Statistical tools for the analysis of population genetics data are abundant. Often these methods are spread across multiple software
programs, most of which have their own specific input/output data format. This is most evident when calculating basic frequentist
type population genetic parameters such as ?, GST, allelic richness, or Hardy-Weinberg equilibrium. Consequently, this can result
in what should be a routine task in the analysis process becoming unreasonably time consuming.
In an effort to facilitate a more user friendly, efficient and informed approach to basic population genetics analysis, we present the
R package diveRsity. This software, which accepts a single input data format (genepop), allows for the calculation of some of the
most popular frequentist statistics in addition to the inspection of results and their associated estimation errors using various
plotting tools. These features, as well as the ongoing development of a population genomics version of the software are discussed
with a major focus on improving the reproducibility of population genetic analyses.
Population genetics of Brown Trout (Salmo trutta) in English Channel rivers
Robert Andrew King & Jamie R. Stevens
Biosciences, College of Life and Environmental Sciences, University of Exeter
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Anadromous salmonid fish are seen as key indicators of the health of the riverine habitats in which they spawn. Despite continuing
efforts, populations are in decline. While much is known of the at-sea movements of Atlantic Salmon, such detailed information
for Sea Trout are lacking. As a first step towards improving our knowledge base for Sea Trout, we examined the population genetic
structure for native populations of Brown Trout from rivers known to have major Sea Trout runs. In order to develop a genetic
baseline for subsequent assignment analysis, samples were collected from 65 southern British and northern European rivers and
screened for variation at 20 microsatellite loci. Preliminary results indicate significant genetic structuring, with chalk stream
populations being distinct from populations from more acidic western rivers. Each of these two main groups can be further
subdivided such that there are several distinct genetic groups, usually corresponding to a number of neighbouring rivers. This
subdivision between acidic and chalk rivers is mirrored on both sides of the English Channel. Within some catchments, such as the
River Exe, there can be strong genetic differences between major tributaries, each of which lies on contrasting underlying geology.
Gaussian Process Modelling of Evolutionary Time Series Data
Hande Topa, Agnes Jonas, Robert Kofler, Carolin Kosiol, Antti Honkela
Institute of Population Genetics, Vetmeduni Vienna
In population genetics, changes in the allele frequencies play an important role in the evolutionary process of the species. However,
distinguishing the alleles that are changing under selection from those just displaying genetic drift is challenging in Experimental
Evolution data sets due to the large number of false positives.
Here we present a Gaussian Process (GP) approach to model the evolutionary time series data. First we infer the Single Nucleotide
Polymorphism (SNP) frequencies and their observation noise variances from sequencing data under a Beta-Binomial model. Then,
we fit time-dependent and time-independent GP models to logistic transformed frequencies, while incorporating the inferred noise
variances in the models. Finally, we compute the Bayes Factors between time-dependent and time-independent GP models and
rank the SNPs according to their Bayes Factors.
We compare the performances of our method and Cochran-Mantel-Haenszel statistical test on a simulated dataset which mimics
the sequencing data of Drosophila, with four replicates along eight generations. Results indicate that our method outperforms
with a higher precision at the same recall rate and making use of the inferred noise variance in the GP models helps to decrease
the number of false positives.
Genetic differentiation of Ethiopian and Nigerian village chicken
Raman A. Lawal, Ayotunde. O. Adebambo, Takele T. Desta, David Wragg, Olivier Hanotte
School of Life Sciences, University of Nottingham
Chicken Gallus gallus is a domesticated species from Asia that has a long historical presence in the African Continent. Economically,
millions of smallholder subsistence farmers depend on chicken for their livelihood. Archaeological evidence shows that chicken
likely entered the African continent first through the North of Africa, and subsequently dispersed towards Eastern and Western
Africa. More recently the African continent might have witnessed an arrival of domestic chicken along its East coastal areas. It is
assumed that these geographical introduction and dispersion may have caused high genetic differentiation among the village
chicken. In this study we assessed if there was any relationship between geographical distances and genetic variation among
African village chicken populations. A total of 48 chicken samples from 14 locations across Ethiopia (East Africa) and Nigeria (West
Africa) were genotyped using the new commercially available high density Axiom® genome-wide chicken genotyping array from
Affymetrix. Our results show a clear genetic differentiation among the village chicken from the two countries. However, poor
differentiation is observed within country, with populations from Nigeria found to be more genetically homogenous than the
Ethiopian chicken.
Determining the genetic and phylogeographic origin of highly pathogenic avian influenza H7N3 in Mexico
Lu Lu, Samantha J. Lycett, Andrew J. Leigh Brown
Institute of Evolutionary Biology, University of Edinburgh
Highly pathogenic (HP) avian influenza virus (AIV) H7N3 outbreaks occurred 3 times in the Americas in the past 10 years and caused
severe economic loss in the affected regions. In June/July 2012, new HP H7N3 outbreaks occurred at commercial farms in Jalisco,
Mexico. Outbreaks continue to be identified in neighbouring states in Mexico till August 2013.
To explore the origin of the current HP H7N3 outbreak, time resolved phylogenetic trees were generated from the eight segments
of full-length AIV sequences in North America using BEAST. Location, subtype, avian host species and pathogenicity were modelled
as discrete traits upon the trees using continuous time Markov chains. A further joint analysis among segments was performed
using a hierarchical phylogenetic model (HPM) which allowed trait rates (location, subtype, host species) to be jointly inferred
across different segments. The complete spatiotemporal diffusion process was visualised through Spread and Google earth.
Our result indicated the Mexico HP H7N3 originated from currently circulating low pathogenic (LP) AIV with eight segments being
picked from the large North America AIV pool through complicated reassortment events. Phylogeographic analysis indicated that
the predecessor of the HPAI H7N3 is not from the adjacent region but is a reassortant with different segments being contributed
by wild waterfowl from different flyways. The majority of the eight segments (HA, NA, NP, M, NS) were introduced from wild birds
migrating along the central North American flyway, and PB2, PB1 and PA were introduced via the western North American flyway.
It is likely that the precursor strains were generated somewhere within Mexico as it is the only location where birds from the two
migration routes meet.
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Comparative genomics of colour-pattern variation in the two-spot and ten-spot ladybirds, Adalia bipunctata and Adalia
decempunctata.
Tamsin M.O. Majerus
Life Sciences, University of Nottingham
Understanding the genetic basis of adaptation is a fundamental aim in evolutionary biology. A small number of well-understood
examples suggest that similar genetic changes can result in parallel evolutionary outcomes, even across divergent taxa. Ladybirds
are colourful and popular insects, as well as economically important biological control agents. They are fascinating models for
studies including invasive species, reproductive strategies, sexually transmitted diseases, host-parasite interactions and malekilling. Yet despite exhibiting such phenotypic and behavioural characteristics that inevitably impact upon their survival and
reproductive fitness, their genomes are largely unstudied.
Research has shown that colour-patterns can influence survival and reproductive fitness. Ladybirds are an excellent model system
to investigate colour-pattern control, with many species exhibiting high levels of polymorphism in the colour-patterns of their
wing-cases. The two-spot and ten-spot ladybirds, Adalia bipunctata and Adalia decempunctata, are particularly well-suited, with
over 200 different forms being described. Although little is known about the genetic basis of this polymorphism, breeding
experiments show its inheritance is consistent with the segregation of alleles (variants) at a single (super)gene. It is also well
understood in an ecological context, with several evolutionary forces important in maintaining colour-pattern variation, including
mimicry, thermal and industrial melanism, and sexual selection. Bright, contrasting colours also serve as warning-colours as
ladybirds are toxic or distasteful to potential predators.
Restriction-site Associated DNA (RAD)-sequencing is being used to investigate this question. Identifying sequenced markers that
segregate with different phenotypes will allow construction of a linkage map of the region controlling colour-pattern and
investigation of whether the same genetic regions and changes are involved in both species. In addition, the same data will provide
markers linked to sex and will serve as the foundation for future research into the basis of male-killing, a common phenomenon in
several insect species which has dramatic consequences for reproductive success.
Brain co-expression networks changes after birth
Jimena Monzon Sandoval, Atahualpa Castillo Morales, Araxi Urrutia, Humberto Gutierrez
Department of Biology & Biochemistry, University of Bath
During brain development huge morphological changes occurs driven by a variety of cellular process, such as cell differentiation,
proliferation and migration. From complex processes refined structures emerge, for example, neural populations arise and perish
before the cortex layered structure is accomplished. After birth equally important processes take place, brain dramatically increase
its size, great number of synapses are formed, myelination and cell maturation occur, the neural networks are refined through
newborn’s experience and contact to the outside world. There are detailed reports describing the brain transcriptome, however
little is known about large scale co-expression pattern analysis during this period of transition. Here we describe an enormous
partition in the similarity of both gene expression and co-expression patterns across brain structures marked by the division of
prenatal and postnatal stages. While global increased in co-expression occurs after birth, specific gene clusters display variations
the direction and strength of co-expression. These gene clusters are characterized by the enrichment of almost non-overlapping
functional annotations. Among those gene clusters with higher co-expression during prenatal ages we found an enrichment in cell
cycle related functions while in those highly co-expressed after birth are enriched in myelination related functions
The Genomic Architecture of Acoustic Communication and its Role in Reproductive Isolation amongst closely related
Teleogryllus Crickets
Peter Moran
University of St Andrews
Divergence in mate recognition systems can play a primary role in curtailing gene flow and maintaining genetic boundaries between
diverging species. However, the genetic basis of mate preferences and the coevolution of signal-receiver systems remains poorly
understood.
In this study, I will use the two closely-related Australian field cricket species (Teleogryllus oceanicus and Teleogryllus commodus)
and RAD (Restriction site Associated DNA) sequencing to examine the genomic architecture of male calling song and female
preferences and the role these traits play in reproductive isolation. These species provide an exceptional model system to study
the evolutionary genetics of mate recognition systems as there is a rich body of knowledge on their acoustic behaviour and a
potential hybrid zone in which to examine experimental findings in natural populations. I will combine behavioural experiments,
quantitative genetics and genome wide molecular approaches to accomplish two interrelated goals. The first is to identify genomic
regions involved in male calling song and female preferences through QTL mapping. By determining the genetic basis of these traits
inferences can be made on the evolutionary history and trajectory of this acoustic communication system. The second goal is to
examine the pattern of genomic divergence within and between species and how this relates to variation in acoustic behavior. If
gene flow between species is reduced due to differences in acoustic behaviour we may expect the underlying genomic regions to
be divergently selected for in each species. This can be tested by examining whether song and preference QTLs colocalize with
divergently selected regions of the genome revealed through genome scans for outlier loci.
Supersized: Demographic and Genetic Processes in the Coco de Mer, the Largest-seeded Plant in the World
Emma Morgan, Christoper Kaiser-Bunbury, Peter Edwards, Chris Kettle
ETH Zürich
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The extraordinary Lodoicea maldivica (Coco de Mer) is an endangered, dioecious palm found on the granitic islands of Praslin and
Curieuse in the Seychelles. This giant island endemic produces “seeds” weighing an average of 10 kg, enclosed in a fruit weighing
up to 20 kg. Consequently, this remarkable palm has extremely limited seed dispersal. The species has suffered extensive alteration
of habitat and is heavily exploited due to over-harvesting and poaching of nuts. Despite its global significance, the reproductive
ecology and regeneration patterns in L. maldivica remain poorly understood, partly due to its incredibly slow growth rate and long
generation time.
In this study we use demographic and genetic approaches to investigate remnant patches of L. maldivica exhibiting “natural”
regeneration. Using a set of 14 microsatellite loci we reconstruct the population structure that developed under natural conditions.
We evaluate inbreeding coefficients in different age classes, and quantify the fine-scale spatial genetic structure among the cohorts
and sexes. This will allow us to determine the effects habitat degradation and historic management practices have had on the
species. This data enables us to examine gene flow by pollen in this species, and its role in maintaining genetic diversity among
fragmented subpopulations. Lodoicea maldivica provides a powerful study system for investigating the long-term effects of habitat
fragmentation in a poorly-dispersing tropical plant species.
Population genomics and transcriptomics of Sabellaria alveolata: local adaptation and acclimatisation in a changing climate
Anna Muir, Flavia Nunes, Stanislas Dubois
Institut Universitaire Européen de la Mer
The honeycomb worm, Sabellaria alveolata, is an ecosystem engineer responsible for the construction of some of the most
extensive biogenic reefs in the temperate coast of Europe. Assessing the potential impacts of environmental change on the
honeycomb worm is of high importance in understanding and conserving littoral biodiversity. Furthermore, the latitudinal range
of this species, occurring from Scotland to Morocco, makes it an ideal study system for examining the effect of climate on different
populations. The aim of this project is to assess local adaptation and phenotypic plasticity of S. alveolata in relation to local
environmental parameters in order to make predictions about evolutionary and acclimatisation potential in a changing climate.
Specifically, we will ask the following questions: 1) Does the honeycomb worm show neutral and/or adaptive population structuring
and how does this relate to environment?; 2) Do individuals from different latitudes show differential gene expression when
exposed to novel temperatures?; and 3) Is there a fitness trade-off between local adaptation and acclimatisation to temperature?
To answer these questions we will utilise genomics (ddRAD), transcriptomics (RNAseq and qPCR) and morphological measurements
(common garden experiments).
Predicting the heritability of heterozygosity under inbreeding
Pirmin Nietlisbach, Lukas F. Keller, Erik Postma
Institute of Evolutionary Biology and Environmental Studies, University of Zurich
The maintenance of genetic variation in sexually selected fitness-related traits remains a topic of intense discussion in evolutionary
biology. Among the various solutions that have been proposed is directional selection for high heterozygosity, i.e. heterozygosityfitness correlation. However, although this crucially depends on the heritability of heterozygosity, so far the latter has rarely been
estimated. Furthermore, a general framework that allows for its quantitative prediction is currently lacking. Although many studies,
including several of those testing for significant associations between heterozygosity and fitness, are done on small and inbred
populations, the heritability of heterozygosity in the presence of inbreeding has not been derived. Finally, whereas most of these
studies use multi-allelic loci to measure heterozygosity, current predictors are applicable only to bi-allelic loci. Here we predict the
heritability of heterozygosity for multiple alleles and any level of inbreeding. Also, we explicitly predict additive and dominance
genetic variance components, including those resulting from inbreeding. We show that heterozygosity is highly heritable under
unequal allele frequencies, but that the heritability is reduced by inbreeding. This allows for accurate prediction of the response
to selection on heterozygosity, and lays the basis for explicit tests of the potential for selection for heterozygosity to contribute to
the maintenance of genetic variation in sexually selected traits. We apply these predictions to long-term genetic data from a wild
pedigreed population of song sparrows (Melospiza melodia) from Mandarte Island, British Columbia, Canada.
The extent of horizontal gene transfer and its role in bacterial evolution
Reuben W. Nowell, Sarah Green, Bridget E. Laue, Paul M. Sharp
Institute of Evolutionary Biology, University of Edinburgh
Horizontal gene transfer (HGT) is a key evolutionary process that shapes the genomic repertoires of bacterial lineages, and plays a
major role in their adaptation to novel ecological niches. The high rate and widespread prevalence of HGT can unlink individual
genes from their genomic background, and may facilitate niche-expansion when acquired genes confer new traits to a recipient
lineage that allow its diversification into a novel environment.
We assess how HGT may impact adaptation in the plant-pathogenic bacterial species Pseudomonas syringae. The diversification
of lineages within this species has involved a number of recent adaptive shifts from herbaceous hosts onto various species of tree,
resulting in the emergence of highly destructive diseases such as hazelnut decline and bleeding canker disease of the European
horse chestnut. We quantitatively reconstruct the history of gene gain and loss across 63 lineages of P. syringae by combining
existing genome data with the genomes of 26 additional strains of P. syringae that are pathogenic on a wide range of woody host
species. Using the core-genome phylogeny as the most likely evolutionary history for these strains, we then use a maximum
likelihood method that accounts for phylogeny to test for correlations between host-preference and gene presence among genes
of the flexible genome. We find evidence for a common set of genes associated with this niche-preference, suggesting that
divergent lineages of P. syringae have independently acquired functionally similar genes that have facilitated the ability to live in
woody hosts.
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These analyses allow for a greater understanding of how the flexible genome contributes to niche adaptation in P. syringae, and
how the flexibility of ’niche-specific’ genes, mediated through HGT, may facilitate bacterial evolution.
Comparative transcriptome analysis of sexually selected social traits in wild avian species
Nina Ockendon, Lauren O’Connell, Tamás Székely, Hans Hofmann, Steve Dorus, Alex Ball, Gergely Zachar, Ákos Pogány, Araxi O.
Urrutia
Department of Biology & Biochemistry, University of Bath
BACKGROUND The molecular basis of complex behaviour such as mating systems remain largely unexplored. Avian species display
a wide range of mating preferences from extreme polygamy of one or both sexes to strong monogamy even within close
phylogenetic distances and are thus an ideal model to explore pair bonding and other social behaviours. In this study, brain
transcriptome (RNA-seq) profiles of wild male water pipits (Anthus spinoletta, monogamous) and dunnocks (Prunella modularis,
polygamous) were generated, annotated and analysed using specially developed pipelines for the analyses of transcriptome data
from species without sequenced genomes.
RESULTS We show that the most significant differentially expressed genes in these two species are involved in a range of functional
processes including defense against oxidative stress and hormone activity, transcriptional and cell cycle regulation, RNA processing,
proteolysis and DNA repair of replication errors, response to stress, and synaptic transmission. Genes implicated in the evolution
of the vertebrate social decision-making network were all detected but not significantly differentially expressed.
CONCLUSIONS Key gene expression differences that may be associated with increased sexual selection, where dunnock
(polygamous) expression is significantly higher than water pipits (monogamous) appear to centre around coordinated regulation
of oxidative stress, hormonal activity and DNA replication.
Inbreeding depression affects fertility of white tailed eagle in Iceland
Snæbjörn Pálsson, Gunnar Þór Hallgrímsson, Menja von Schmalensee, Róbert A. Stefánsson, Kristinn Haukur Skarphéðinsson
Life and Environmental Sciences, University of Iceland
White tailed eagle (Haliaeetus albicilla), distributed in Europe and Asia, has undergone a dramatic decline and has become extinct
in many regions of its previous range. With a successful conservation program it has increased in numbers and recolonised former
breeding areas. The population in Iceland is genetically isolated from the mainland populations. During the early twentieth century
the population size had reduced due to human persecutions from around 200 pairs to 40 pairs in 1914 when it became illegal to
kill the eagle. Despite conservation the population only counted 20-25 pairs during 1920-1970. Since fox poisoning was prohibited
in 1964, the populaiton has been growing slowly up to 70 pairs. The fertility of the Icelandic eagle is lower than observed among
other populations of the same species, or about 0.44 chicks per pair per year and the recovery has been slower than e.g. in
Scandinavia. Increased relatedness following the reduction in population size could explain the slow populaiton growth as it might
have negative effects on fertility. There are however only few examples of inbreeding depression in birds, and birds of prey, often
in low numbers may tolerate inbreeding. To evaluate the negative effects on fertility, relatedness between chicks within nests was
compared to numbers of chicks raised in the same nest. Genetic material was extracted from blood of 241 chicks sampled over a
nine year period 2003-2011 from 55 of 68 nests in Iceland. Variation in 18 microsatellites, developed previously for the eagle, was
analysed and the gender was determined. Low genetic variation was observed, only 6 of the 18 markers were variable, Increased
relatedness had a negative effect, the average relatedness within nests was negatively related to number of chicks born in the
nest. The sex ratio was biased towards females.
Ecological constraints on Life History and Eco-morphological Evolution
Paul Parsons, Dr. Martin Genner, Dr. Jon Bridle, Dr. Lukas Ruber
Univesity of Bristol
Hundreds of haplochromine cichlid species have evolved within Lake Malawi, yet only one species (Astatotilapia calliptera) also
persists within the inter-connected river system. This is surprising considering the lacustrine radiation was seeded by riverine
ancestors. This project uses A. calliptera as its study species. By comparing differences between lake-river A. calliptera, we hope
to ascertain what aspects of the lake environment seemingly promote radiation and what elements of the riverine constrain it. We
focus on how increased levels of environmental instability may constrain riverine populations to generalist trophic morphologies
and more “r” life histories, both of which reduce the possibility for divergence. We found dietary differences between populations.
Certain lake populations have a more specialist diet focussing on the intake of more hardy food items (e.g. molluscs). These dietary
differences however do not drive significant differences in pharyngeal jaw robustness, tooth size or gill raker morphology. Life
history differences were also found, however these were not always as predicted by r/K theory. Although riverine populations did
tend to produce broods of larger numbers of smaller eggs, growth rate in these offspring was not increased but rather reduced.
There seems to be a strong trade-off between degree of egg provision and early growth rate. The life history and eco-morphology
data will be combined with geographical distance and genetic distance data (from microsatellites and mtDNA sequences) in an
attempt to explain the apparent unpredictability of this species.
TBC
Jitka Polechova, Nick Barton
Institute of Science and Technology Austria
What limits a species range is a central question of evolutionary ecology. It has been thought that when the environment varies
steadily across space, and sufficient genetic variance can evolve, a species can adapt to an indefinitely steep gradient. However,
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we show that genetic drift may reduce genetic variance, leading to a failure of adaptation. Dimensional arguments and separation
of ecological and evolutionary time scales reveal a simple threshold, which is confirmed by simulations. Two scale-free parameters
describe the conditions for range collapse: the effective environmental gradient B and the efficacy of selection relative to the
strength of genetic drift N??s. When parameters change gradually across space, a sharp range margin forms when B becomes
greater than about 0.16N??s. Conversely, a sudden change across the whole habitat that gives B > 0.16N??s leads to a collapse of
the range from the margins, or even to its fragmentation.
Molecular rates of adaptation during paediatric HIV infection
Jayna Raghwani, Samir Bhatt and Oliver Pybus
Zoology, University of Oxford
The molecular evolution and adaptation of HIV within infected individuals is exceptionally fast. This evolution is generated by a
combination of high rates of mutation and recombination, large population sizes and short generation times and has important
consequences for the outcome and treatment of HIV infection. For example, HIV is able to persist within hosts by evading host
humoral and T-cell immune response through the repeated generation and fixation of immune escape mutations. In addition, the
evolution of resistance to anti-viral drugs represents a significant problem in HIV treatment.
Although several approaches have been taken to quantify and understand the within-host evolutionary dynamics of HIV, a full
understanding of viral adaptation during infection is lacking. Furthermore, most studies focus on adult infection and many are
based on the same cohort of nine patients reported by Shankarappa et al. (1999). In contrast, significantly different clinical features
characterize paediatric HIV, including faster rate of disease progression and substantially higher viraemia.
To better understand the dynamics of viral adaption during paediatric HIV, we extend a method first introduced by Williamson
(2003) to estimate the absolute rate of within-host adaptation among a cohort of 24 children. For both HIV and HCV viral adaptation
has been associated with disease progression. For each patient HIV gene sequences were sampled over 2 to 4 years of infection,
which was further complemented by clinical data (e.g. viral load). Importantly, this enabled us to examine the underlying variation
in the adaptation rate among patients.
Notably, we discover a strong negative correlation between viral population size and the rate of molecular adaptation, opposite
to what is predicted by standard population genetic theory. We show that a simple model that incorporates the counteracting
effects of the host immune response on viral adaptation during infection can explain this counterintuitive result.
Selective sweeps across space under extreme selection in the butterfly Hypolimnas bolina
Louise Reynolds, Emily Hornett & Greg Hurst
Institute of Integrative Biology, University of Liverpool
Independent Samoan populations of the nymphalid butterfly Hypolimnas bolina are infected with wBol1a, a male-killing strain of
Wolbachia, which causes infected females to produce all-female broods. wBol1a infection is highly pervasive among Samoan H.
bolina, so much so that an extremely female-biased sex ratio of 100:1 endured for over a hundred years.
Between 2001 and 2006 however, a mutation emerged with the ability to rescue males from the deadly effects of wBol1a. This
male-killing suppressor gene spread rapidly throughout the main islands of Samoa so that population sex ratios had reverted to
1:1 by 2005 on Upolu and by 2006 on the neighbouring island of Savai’i; a time frame of fewer than 10 generations.
Analysis of the molecular signature of the selective sweep, associated with this rapid spread of the suppressor gene, revealed the
region of the suppressor to be under strong selection, with hitchhiking effects observed 25cM around the suppressor gene. As the
wave of selection progressed across the Apolima strait and onto Savai’i, hitchhiking started to break down around the region of
the suppressor. This resulted in a second, much narrower selective sweep than that observed on Upolu. The selective sweep was
complete by 2010 across Samoa. This system provides us with the unique opportunity to study the progression of a selective sweep
across a geographical range in real time.
Path ensembles in population genetics
Harald Ringbauer, Srdjan Sarikas, Nick Barton
Institute of Science and Technology Austria
The most straightforward way for investigating stochastic processes in population genetics is by direct simulations. Intuitive and
bias-free as it may be, this approach often is not the most efficient. The diffusion approximation partially alleviates this deficiency,
yet it also often requires further simplifications to yield analytic results, like restriction to asymptotic cases.
Rather then considering ensembles of propagating stochastic particles, we propose their alternative description that stems from
considering ensembles of paths, i.e. histories, the diffusing particle undergoes. Assigning a probability to each history, we allow
population genetics to use ideas and results previously developed in physics and applied mathematics. For example, we can sample
this path ensemble by the Markov Chain Monte Carlo methods or calculate the rate of rare processes using large deviation theory.
We present the main ideas, the formalism and give simple applications of this concept.
The formalism seems to be more natural in some cases, e.g. for longitudinal studies and may be more easily applied in cases that
are difficult to solve in the diffusion approximation.
Finite population size and selection for sex
Denis Roze
Centre national de la recherche scientifique Roscoff
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Finite population size generates interference between selected loci, which has been shown to favour increased rates of
recombination. I have used analytical models to explore selection acting on a "sex modifier locus'' (which affects the relative
investment into asexual and sexual reproduction) in a finite population. Two forms of selective forces act on the modifier: direct
selection due to intrinsic costs associated with sexual reproduction, and indirect selection generated by one or two other loci
affecting fitness. The results show that indirect selective forces differ from those acting on a recombination modifier even in the
case of a haploid population: in particular, a single selected locus generates indirect selection for sex, while two loci are required
in the case of a recombination modifier. This effect stems from the fact that modifier alleles increasing sex escape more easily from
low-fitness genetic backgrounds than alleles coding for lower rates of sex. Extrapolating the results from three-locus models to a
large number of loci at mutation-selection balance indicates that in the parameter range where indirect selection is strong enough
to outweigh a substantial cost of sex, interactions between selected loci have much stronger effect than the sum of individual
effects of each selected locus. Comparisons with multilocus simulation results show that such extrapolations may provide correct
predictions for the evolutionarily stable rate of sex, as long as the cost of sex is not too strong.
Landscape determinants of fine-scale genetic structure of a small rodent in a heterogeneous landscape (Hluhluwe-iMfolozi Park,
South Africa)
Isa-Rita M. Russo, Catherine L. Sole, Ullrich von Bramann, Michael W. Bruford
School of Biosciences, Cardiff University
Landscape genetics was employed to identify features that may influence patterns of genetic diversity and structure in HluhluweiMfolozi Park, South Africa using a common small mammal model, the Multimammate mouse Mastomys natalensis. Bayesian
analysis of genetic structure indicated up to three genetic clusters, but these varied in their geographic coherence and genomic
integrity despite the short distance between some sampling locations. We also compared rates of gene flow across 21 sites and
deployed a series of Mantel and partial Mantel tests using a causal modelling approach, revealing that the most important
landscape features shaping gene flow were slope aspect and vegetation. Specifically, both southern/eastern and northern/western
facing slopes (SEFS, NWFS) restricted gene flow and valleys (low-lying areas) facilitated gene flow. Although both aspects could be
shown to restrict gene flow, we conclude that NWFS are more likely to restrict gene flow effectively than SEFS. Thicket vegetation
showed a negative relationship with genetic distance, and therefore, was positively correlated with gene flow. Patterns of spatial
genetic structure were shown to be consistent with a combination of rare long-distance and common short-distance (leptokurtic)
dispersal events. A combination between SEFS and Thicket vegetation best explained gene flow between M. natalensis sites. Taking
these two landscape features into account, the central part of the Hluhluwe-iMfolozi Park is therefore a particularly important area
for future conservation efforts in order to keep M. natalensis and other small mammal populations connected.
Phylogeography, population genetics and conservation of the okapi (Okapia johnstoni)
David Stanton, Jinliang Wang, John Ewen, Noelle Kumpel, Michael Bruford
Biosi, Cardiff University
The okapi (Okapia johnstoni) is an even-toed ungulate, endemic to the Democratic Republic of Congo (DRC). They have recently
been classified as Endangered by the IUCN due to a rapid decline in the wild, and are subject to multiple threats such as habitat
fragmentation, human encroachment and poaching. Okapi appear on the emblem of the Institut Congolais pour la Conservation
de la Nature (ICCN); the DRC’s conservation agency. They are a flagship species for the DRC and yet there is a paucity of information
on okapi in the wild compared to other flagship species. No genetic study of wild okapi has ever been carried out. This PhD project
uses non-invasively collected samples from the wild, captivity and museums to investigate phylogeography in this elusive species.
We demonstrate that okapi have a diverse and rich evolutionary history, and explore potential biogeographic processes that may
have shaped this history. We also investigate if this genetic diversity is represented in captivity, and demonstrate that the captive
population is genetically diverse, but not necessarily representative of the wild. We model the future effect of genetic drift and
show that the majority of mitochondrial genetic diversity is likely to be lost in the captive population over the next 20 generations.
This project provides valuable information for the conservation of this enigmatic and emblematic species.
A novel mechanism of heterozygote advantage can explain high levels of MHC diversity
Thorsten Stefan, Louise Matthews, Colette Mair, Joaquin Prada J. de Cisneros, Richard Reeve, Michael Stear
Institute of Biodiversity, Animal Health and Comparative Medicine, University of Glasgow
Genes of the Major Histocompatibility Complex (MHC) play a fundamental role in the immune system of vertebrates by conferring
resistance to a wide range of diseases. Furthermore, these genes show an unparalleled diversity. Although immunological
considerations suggest that heterozygote advantage might generate this diversity, traditional genetic models fail to replicate
unique features of the MHC, as heterozygosity levels, trans-species polymorphism and high levels of amino acid differences
between alleles.
We suggest a novel model of heterozygote advantage that reconciles immunology and genetics. Our model applies a fitness
function that considers both the fitness of each allele and the number of amino acid differences between two alleles in the
genotype. This fitness function is consistent with immunological properties of MHC genes because it allows heterozygous
individuals to respond to a greater variety of pathogen epitopes and increases recognition as the number of amino acid differences
between the allele products increases. Such a model allows for much larger diversity of MHC alleles, and can explain all the major
features of the MHC. The model also suggests that a large number of extant MHC alleles are of relatively low fitness and in the
process of being eliminated by natural selection.
Our model can be applied to a range of important practical problems. Firstly, identification of low-fitness alleles should be a priority
both for human and veterinary health, since homozygous individuals carrying low-fitness alleles are particularly unfit and thus at
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high disease risk. Secondly, conservation geneticists need not maintain all alleles, but could choose a diverse set of high-fitness
alleles, while breeders could optimise disease resistance by creating heterozygotes that contain two very different alleles. Finally,
bottlenecks of populations can have severe consequences on population fitness as soon as entire allelic lineages disappear, but
population fitness might recover quickly if most lineages survive.
Impact of the anthropogenic activity on Cervus elaphus populations in Île de France.
Marie Suez, S. Parichault, P. Graça, V. Vignon, D. Higuet
Université Pierre et Marie Curie
During the last 60 years, the development of urban areas, roads and railways in Île de France, has fragmented the habitat of the
red deer (Cervus elaphus). According to naturalistic observations, it caused in the South the fragmentation of the two existing
centers of populations in seven centers, while in the North, it caused the fragmentation of the single center in two. We want to
test if in this short time a strong genetic structuring of populations appeared, due to habitat fragmentation. This study was
conducted in partnership with the society "Cofiroute", the Regional Natural Park of the Haute Vallée de Chevreuse, and the "Office
de Génie Ecologique". The sampling of the putative populations is annually performed by several hunting societies covering all the
areas of interest. It can be completed with faeces collected in fields. In such a case the species and sex is determined using the
mitochondrial gene cytochrome oxidase I, and the amelogenin gene, respectively.
Genetic analysis were performed using 32 microsatellite loci drawn in Bovidae (brother group of Cervidae), 31 of them have already
been used for the red deer (Kuehn et al., 2003; Espona-Pérez et al., 2008; Galant et al., 2003). Among these loci, 8 allow to
determine possible hybrids between red deer and sika deer, Cervus nippon (Senn, 2009), introduced in Île de France in 1890 from
Japan. We present here the results of the pilot study on 100 individuals only from the southern Île de France.
Atlantic Forest restoration projects: are we recovering genetic diversity?
Patricia Sanae Sujii, Kaiser Dias Schwarcz, Camila Menezes Trindade Macrini, Ellida de Aguiar Silvestre, Carolina Grando, Pedro
Henrique Santin Brancalion, Maria Imaculada Zucchi
Genetics and Molecular Biology, Campinas State University
Ecological restoration efforts have been implemented across the world as an emergent tool for reverting degradation and
supporting biodiversity persistence in human-modified landscapes. Although biodiversity assessments have shown that forest
restoration has allowed the reestablishment of a relevant portion of floristic diversity, little is known about genetic diversity.
Indeed, if reintroduced populations do not have enough genetic variability to sustain the regeneration of successive generations,
restoration projects may decline in the future. Therefore, we sought to investigate whether tree species populations reintroduced
in areas of forest restoration have enough genetic variability to self-sustain their regeneration. We compared genetic diversity of
reintroduced tree populations with natural forest populations, using as model Centrolobium tometosum, a tree species from
Atlantic Forest, frequently used in restoration projects. We compared the genetic diversity of populations of two well established
restoration areas (23 and 55 years old), where planted individuals were already reproductive, with populations of two natural
forest remnants, using microsatellite markers. We also compared genetic diversity of adults planted in restoration areas with
regenerating seedlings. Based on the evaluation of 180 individuals and with four independent markers, we found no significant
difference in allelic richness between young and adults as well as among populations. Likewise, Nei’s gene diversity (HS) is not
significantly different among populations. Almost all loci are in Hardy-Weinberg equilibrium in all populations, except for one locus
in regenerating seedlings from one restoration area, which can be effect of genetic drift. Our results indicate that for C.
tomentosum genetic diversity of populations of restoration areas is similar to that observed in natural remnants. Thus, it is
expected that tropical forest restoration plantings have reintroduced tree populations with enough genetic variability for their
continued regeneration and conservation, which are positive outcomes of restoration projects yet poorly reported in the literature.
The evolution of tyrosine-recombinase transposable elements in Nematoda
Amir Szitenberg, Georgios Koutsovoulos, Mark Blaxter and Dave Lunt
Biological Sciences, University of Hull
Transposable elements are categorised into DNA and RNA elements depending on their mechanism of transposition. Tyrosine
recombinase elements (TREs) are scarce, and relatively poorly understood, despite sharing characteristics with both DNA and RNA
elements, which suggests they may originate from a composite RNA and DNA element. It is currently unknown whether all the
extant TRE groups have a single origin. Previously, the Nematoda have been reported to have a substantially different diversity of
TREs than other animal phyla. Specifically, the dirs1-like TRE retrotransposon is encountered in most animal phyla but not in
Nematoda, and a unique pat1-like TRE retrotransposon has only been recorded from Nematoda. We have explored the diversity
of TREs in Nematoda, as well as the origin of TREs more generally. For this purpose we sampled as broadly as possible, isolating
TRE sequences from 34 nematode genomes representing the three classes within Nematoda, and classified them based on
structure and phylogenetic relationships in an open and reproducible workflow using iPython Notebook. Our phylogeneticallydriven sampling design revealed dirs1-like elements (thought to be absent from Nematoda) to be present in the early diverging
nematode classes Enoplia and Dorylaimia. The unique nematode pat1-like elements were found to be a derived form of another
element that is widespread among animals. In addition, different TRE gene markers yielded highly congruent phylogenetic trees,
despite some being typical RNA-element genes, and another, a typical DNA-element gene, suggesting a single origin of all TRE
retrotransposons. These findings were made possible only through wide sampling of the diversity of Nematoda, and
phylogenetically-informed genome sampling will likely be crucial for the understanding of genomic features with rapid evolution,
such as transposable elements.
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We thank all our colleagues who made nematode genome sequence data available in advance of formal publication.
Adjacent genomic islands of divergence maintained by selection on flower colour in a hybrid zone
Hugo Tavares, D Bradley, L Boell, L Copsey, M Couchman, J Elleouet, D Field, X Yongbiao, N Barton, E Coen
John Innes Centre
A recent focus of evolutionary biology has been the description of patterns of genomic divergence between populations. A key
challenge is relating these patterns with particular loci and the underlying phenotypes under selection. We address this by
exploring the divergence patterns around tightly linked loci under selection between two hybridizing populations. We study a
hybrid zone between two Antirrhinum subspecies with distinct flower colours. Various phenotypes result from this hybridization,
but hybrids are restricted to a ~1km region and do not spread to the parental populations, suggesting flower colour is under
selection. Using dense SNP data from whole-genome sequencing, we characterize the pattern of genomic divergence (Fst) around
the ROSEA locus, known to regulate the magenta pigment of the flowers in these subspecies. At a fine scale (~10kb windows) the
pattern of divergence is heterogeneous, with one Fst peak overlapping the ROSEA locus and other tightly linked peaks downstream
of it. Using a combination of classical and population genetics we fine-map a second locus, ELUTA, located ~0.5cM away from
ROSEA and which genetically interacts with the latter to regulate the pigment of the flowers. ELUTA has a sharp allelic cline across
the hybrid zone and also co-localizes with one of the major Fst peaks linked to ROSEA, suggesting that it is also under selection.
Naturally occurring ROSEA-ELUTA recombinants in the hybrid zone can have presumably unfit phenotypes resembling the hybrids,
arguing that parental allele combinations in the two loci should be maintained by selection in the face of gene-flow. Our work
shows how linked interacting loci under selection may result in narrow linked islands of divergence rather than one large island
spanning the entire fit haplotype, providing an empirical illustration of how the genomic signatures of selection relate with the
underlying genetic architecture of the traits under selection.
Selection and Intergenerational Conflict
Caroline Thomson, Jarrod Hadfield
University of Oxford
Studies of phenotypic selection in natural populations often show directional selection, of reasonable strength, acting upon traits.
This opposes existing theory, which predicts that populations should be well adapted to local conditions and so little directional
selection should be seen. In addition, this directional selection is rarely accompanied by an expected evolutionary response. In this
study we investigate whether intergenerational antagonistic selection can resolve these discrepancies. Intergenerational
antagonistic selection is predicted to occur when a trait expressed in the parental generation is under selection in opposing
directions through its effects on parental fecundity and offspring survival. Using Kingsolver et al.'s (2012) data of more than 2500
estimates of linear selection gradients, β, we categorised selection gradients by the fitness measure used and whether it crossed
generational boundaries (e.g. recruitment). The resulting analyses provided little evidence that intergenerational antagonistic
selection was common. However, several limitations of the data mean that this conclusion may be premature. For example, the
analysis involved comparing across taxonomic groups as well as fitness measures, and the selection measures used do not account
for the effect on juvenile survival of the trait, or correlated traits, expressed in the offspring. Further data collection is underway
in order to remedy these shortcomings.
Probabilistic reconstruction of subclonal diversity in adaptive evolution
Ignacio Vázquez-García, Andrej Fischer and Ville Mustonen
University of Cambridge and Wellcome Trust Sanger Institute
Adaptation to a new environment commonly requires the acquisition of genetic alterations, which can arise as point mutations,
copy number changes and rearrangements. Due to beneficial “driver” alterations accumulating in the progeny of a single cell,
unique clones can emerge, often carrying other “passenger” events without distinct fitness effects. Such population structure is
common in asexual evolution, ranging from bacterial, parasitic or viral infections to cancer progression. Examining the clonal
hierarchy of these genomic alterations in heterogeneous populations sheds light into their adaptive trajectories. However,
reconstructing and demixing the aggregate signal of a subclonal population is a challenging problem, as short reads from nextgeneration sequencing do not yield direct information on long-range haplotypes when applied to mixed cell populations.
Here we introduce a probabilistic inference method that exploits whole genome sequencing to infer the number of subclones,
their fractions and their genotype posterior probabilities from a collection of mutation and copy number alterations. The algorithm
groups small genic and large chromosomal alterations into major subclones, estimates their number and enables a high-definition
reconstruction of their genotypes. We show that this framework can be used to systematically track how populations respond to
strong selection using time-series data collected from laboratory evolution in S. cerevisiae and in somatic cell populations of human
cancer.
Allele-specific expression in flycatcher
Mi Wang & Hans Ellegren
Evolutionary Genetics, Uppsala University
Background
The hypothesis that, except coding mutations, regulatory variations also play a key part during evolution has already more than 40
years old. Nowadays, most biologists agree on this hypothesis but the disagreement is how much percentage dose regulatory
mutations account for. In general, it is much easier to measure mutations in coding sequence than regulatory regions that have a
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fitness and evolutionary consequences. Non-synonymous substitution has become the concentration of studying, while gene
regulation analyses remain open.
Motivation
It has been supported by many studies that selection may favor cis-regulatory variations more than coding sequencing mutations.
However those studies heavily depend on artificial hybrids, which raises the questions: in natural populations themselves how
many regulatory variations exist? What mechanism maintain such variations?
Data and methods
To answer those questions, we sequenced 10 male birds with 7 tissues in natural populations, 5 collared flycatchers and 5 pied
flycatchers. Usually, in diploid organism, the expression level form 2 alleles should be similar, however, mechanisms such as
genomic imprinting and cis-regulatory mutations might interrupt this balance and incur allelic imbalance, termed allele-specific
expression (ASE). Both genome sequencing and RNA-seq data were used in this analysis, including SNP calling, phasing, mapping
and novel statistical method to guarantee the accurate of ASE calling.
Results
7% ASE were found in collared and 8% in pied. Clear tendency of tissue-specific ASE, individual-specific ASE, overall-pattern ASE
and species-specific ASE were detected, suggesting ASE exhibited sensitively to cellular environment, individual difference,
ecological pressure and had the potential to spread entirely among population. Moreover, more than half of ASE genes were
isoform-specific, indicating widespread allele-specific alternative splicing. ASE in flycatcher might not be largely shaped by
methylation, providing that no correlation between ASE and GC content was found. Furthermore microchromosome tended to
have higher percentage of ASE was observed.
Estimation of migration rates from marker based parentage analysis
Jinliang Wang
Institute of Zoology, Zoological Society of London
Coupled with rapid developments of efficient genetic markers, powerful population genetics methods were proposed to estimate
migration rates (m) in natural populations in much broader spatial and temporal scales than the traditional mark-release-recapture
(MRR) methods. Highly polymorphic (e.g. microsatellites) and genomic wide (e.g. SNPs) markers provide sufficient information to
assign individuals to the populations or the parents of origin, and thereby to estimate directly m in a way similar to MRR. Such
direct estimates of current migration rates are particularly useful in understanding the ecology and microevolution of wild
populations and in managing the populations in the future. In this study I proposed a likelihood method to use marker based
parentage assignments (PRA) in jointly estimating m and candidate parent sampling proportions (x) in a subset of populations,
investigated its power and accuracy using data simulated in various scenarios of population properties (e.g. actual m, and the
number, size and differentiation of populations) and sampling properties (e.g. actual x, offspring sample size, number and
polymorphism of markers), and compared PRA with the population assignment (PPA) approach. The simulations showed that PRA
provides unbiased and accurate estimates of m, and performs better than PPA except when populations are highly differentiated
with very small and ecologically insignificant migration rates. A valuable property of PRA is that in the presence of unsampled
populations, it gives good estimates of migration rates among sampled populations as well as the immigration rate into each
sampled population from the pooled unsampled populations.
Linkage conservation in testis over expressed gene clusters in the Drosophila genus
Wei Wang
Department of Biology & Biochemistry, University of Bath
It is now the accepted view that genes are not randomly distributed in eukaryotic genomes. In Drosophila melanogaster, testis
over-expressed genes tend to form clusters. Although the clustering is highly significant, a recent analysis has shown that there is
little conservation of gene co-expressed genes in this genome suggesting that clustering might result from neutral processes or
transient selective pressures. Here we investigate whether testis over-expressed gene clusters are conserved through evolution of
the drosophila genus. We show that testis over-expressed gene clusters are associated with higher degrees of gene loss and
synteny breakage compared to genes outside the clusters particularly in the most distant species analysed relative to D.
melanogaster. Gene loss and synteny breaks are more common among gene pairs where both members are testis over expressed
in species most distant from D. melanogaster. In those species most closely related to D. melanogaster followed the opposite trend
with increased ortholog conservation.
Our results show that gene order among testis over-expressed genes evolves rapidly with linkage acquired later in evolution and
higher linkage breaks for ancestrally linked testis genes.
Properties of Compensatory Mutations in Artificial Gene Networks
Yifei Wang, Marios Richards, Joanna Bryson, Steve Dorus, Nicholas Priest
Department of Computer Science, University of Bath
There is substantial conflict in the literature on the evolution of gene pathways. Recent empirical studies claim to find genetic
pathways that have evolved through low-fitness intermediates, while theory indicates that the compensatory mutations required
for such patterns are rare and improbable. Existing theory generally assumes that selection against low-fitness genetic pathways
is constant, which precludes the possibility of evolution through low-fitness intermediates and, it also does not explicitly take into
account the structure of the genetic pathway. Here we show that compensatory mutation may play a significant role in the
evolution of genetic networks. Using a well-established synthetic model of gene regulatory networks, and adopting the assumption
that there is a separation between rounds of mutations and selection, we show that the rate of compensatory mutation is not only
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relatively high, but also largely insensitive to the size and connectivity of the network. Moreover, compensatory mutations are
likely to occur in genes at or adjacent to the site of a previous deleterious mutation. Our results also show that compensatory
evolution often occurs through gene upregulation, and that accumulating compensatory mutations generally decrease the genetic
robustness of the lineage. These findings suggest that compensatory mutations may play a more important role in evolution than
we had previously imagined.
Ancient trade routes shaped the genetic structure of horses in eastern Eurasia
Vera Warmuth, Andrea Manica
University College London
Human activities can considerably influence patterns of gene flow in other organisms. This is especially true for domestic species,
whose reproduction is largely controlled by humans. Using least-cost path analysis, we determined the dominant factors shaping
the genetic structure of horses in eastern Eurasia, focusing on individual topographic features as well as the network of trade
routes collectively known as ‘the Silk Roads’. We find low levels of genetic differentiation across the study area and a significant,
albeit weak, correlation between pairwise genetic and geographic distances. Incorporating landscape features considerably
improved the fit; however, when geographic distance is controlled for, only the correlation between genetic distance and the Silk
Roads remained significant, supporting the effectiveness of this ancient trade network in facilitating gene flow across large
geographic distances in a topographically complex landscape.
The genetics of migration in Atlantic Salmon
Ian Warren
Department of Biological Sciences, University of Bristol
The Atlantic salmon, Salmo salar, displays a remarkable life-cycle. Individuals spend the first one to four years of life in their natal
stream. Upon the attainment of a threshold weight the young fish (“parrs”) will metamorphose into salt-water forms (“smolts”)
and take part in a seasonal migration to the sea. The next one to four years are spent feeding and growing at sea, after which the
sexually mature fish return, with apparent remarkable fidelity, to their natal stream to spawn.
In our study we address two aspects of S. salar biology using micro-satellites and SNPs generated from restriction associated DNA
markers (RADtag). We sampled fish from three Scottish river systems: Tay, Dee and Spey. First, we tested whether fish were
actually returning to their natal stream, and if so, how this behaviour affects the population structure both within and between
rivers.
Second, it has been demonstrated that fish originating upstream begin their migration earlier than fish from further downstream,
so that all fish arrive at the river mouth at the same time. Furthermore, translocations experiments have demonstrated a genetic
basis to this. Using the RADtag SNP data we seek to identify loci that may control the timing of migration in these fish.
Our results indicate that the degree of population structure present varies between the rivers. The Tay system demonstrates a
highly structured population, whereas the Dee and Spey show little structure, with admixture between the two rivers. Outlier
analyses are identifying a small number of loci under selection between upstream and downstream individuals that may be
involved in the timing of migration.
Understanding the population structures as well as the loci responsible for co-ordinating migration are critical for both designing
conservation strategies for this endangered species, as well as understanding how such a dramatic life-cycle evolves.
Evidence for GC-biased gene conversion as a driver of between-lineage differences in avian base composition
Claudia C. Weber, Bastien Boussau, Jonathan Romiguier & Hans Ellegren
Department of Evolutionary Biology, Evolutionary Biology Centre, Uppsala University
While life history traits such as effective population size (Ne) and generation time are known to impact substitution rates, their
potential effects on base composition evolution are less well understood. GC content increases with decreasing body mass in
mammals, consistent with the expected effects of recombination-associated GC biased gene conversion (gBGC). However, shifts
in chromosomal architecture and recombination landscapes between species may complicate the interpretation of these results.
In birds interchromosomal rearrangements are rare, and the recombination landscape conserved, suggesting that this group is well
suited to assess the impact of life history on base composition.
Employing data from 45 newly sequenced avian genomes covering a broad range of taxa, we found that lineages with large
populations and short generations exhibit higher GC content, consistent with more effective gBGC in large populations and a
greater number of meioses per unit time (i.e., shorter generation time). The effect extends to both coding and non-coding sites,
indicating that it is not due to selection on codon usage. As expected if recombination drives base composition, GC content was
positively correlated with the rate of recombination. Moreover, we observed patterns consistent with ongoing increases in GC in
the majority of lineages. Our results provide circumstantial evidence that gBGC may drive patterns of nucleotide composition in
avian genomes.
Challenges for Phenotype Mapping in Bacterial Genomes: Antibiotic Resistance in Staphylococcus aureus
Daniel J Wilson
Nuffield Department of Medicine, University of Oxford
In the last 5 years, over 1,000 published genome wide association studies (GWAS) have uncovered variants, genes and pathways
underlying heritable human traits encompassing morphology, physiology, behaviour and susceptibility to non-communicable
diseases. In the case of communicable diseases, GWAS represent a new line of attack for addressing the important question of why
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pathogenic organisms vary in their propensity to cause human disease. The advent of inexpensive whole genome sequencing has
generated a sense of anticipation for the possible discoveries that might await the application GWAS methodology in this area.
However, fundamental differences between pathogens and humans in reproduction and recombination are known to cause
dramatic differences in population structure and patterns of linkage disequilibrium. In this talk I will discuss the potential pitfalls
for applying GWAS to bacterial pathogens, and how these challenges might be overcome. Employing antibiotic resistance in
Staphylococcus aureus as a model of a well-understood bacterial phenotype, I will investigate the opportunities and limitations of
GWAS to map important phenotypes in bacteria.
Numerical solution of the forward diffusion equation and its application to RADseq polymorphism data from a papion monkey
Kai Zeng and Ben Evans
University of Sheffield
We implemented a numerical method based on a finite difference scheme to solve the forward diffusion equation that models the
evolution of the allele frequency spectrum of a two-allele model with reversible mutation, selection, and varying population size.
By comparing the numerical method to direct evaluation of the model using brute-force iteration of the Markov transition matrix,
the numerical method was found to be both accurate and efficient. To illustrate the utility of this method, we constructed a model
that allows for a dynamic demographic history, selection on GC content, and deviation from the 'null' expectation of 0.75 for the
ratio of the effective population sizes (Ne) of X and autosomes, and applied it to a genome-wide RADseq polymorphism data set
from the tonkean macaque (Macaca tonkeana). The tonkean macaque is endemic to the Indonesian island of Sulawesi, and exhibits
hallmarks of high male variance in reproductive success, including a female biased adult sex ratio and prominent sexual dimorphism
that are typical of papion monkeys (macaques, mangabeys, mandrills, drills, baboons, and geladas). For this reason, we expected
the X-autosome ratio to be higher than 0.75, the 'null' expectation in the absence of a difference in reproductive success between
the sexes. However, we found that the maximum likelihood estimate of the X-autosome ratio of Ne to be 0.64, though not
significantly different from 0.75. We also recovered evidence for (a) natural selection favoring increased GC content, (b) a dynamic
demography characterized by population growth and contraction, and (c) a lower mutation rate on the X chromosome than the
autosomes. Our findings are consistent with inferences from other macaque species, and open the possibility that variance in
reproductive success is higher among females than males in many macaque societies.
The British Ash Tree Genome Project: Sequencing the genome of Fraxinus excelsior (European ash)
Elizabeth Sollars, Jasmin Zohren, Jo Clark, David Boshier, Anika Joecker, Richard Buggs
School of Biological and Chemical Sciences, Queen Mary University of London
Fraxinus excelsior (European ash) is a common tree in Europe with about 80 million individuals in the UK, and is of great ecological
and economic value as a key forest species. Ash is diploid, with 2C = 46 chromosomes. Ash trees in Europe are currently threatened
by the fungal pathogen Hymenoscyphus pseudoalbidus, which causes ash dieback. It is estimated that around 99% of the ash trees
in the UK are at risk of infection. Natural genetic variation within ash populations includes a small percentage of low susceptibility
individuals, as has been confirmed by a field study in Denmark. The British Ash Tree Genome Project is providing a reference F.
excelsior genome sequence, to make the identification of genetic variants conferring low susceptibility possible on a genome-wide
scale.
We extracted DNA from a young ash tree produced by the self-pollination of a low heterozygosity tree from the Cotswolds in
England. Its 1C genome size was measured with flow cytometry as 880Mb. The genome was sequenced de novo using a
combination of Illumina HiSeq2000 and Roche 454 FLX+ technologies at Eurofins. Comparing the results of several de novo
assemblers, we have selected the best assembly, consisting of 90k scaffolds and an N50 of almost 100kb. It is available for download
on the project’s website, www.ashgenome.org, along with the raw sequencing data. We are also annotating the assembly with
RNA-seq data from five different tissues.
Our work lays foundations for the study of genome-wide polymorphisms in European ash, and selection of genes for resistance to
Hymenoscyphus pseudoalbidus. This reference genome may also assist scientists working on the emerald ash borer infestation of
F. pennsylvanica and F. americana in North America.
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