Population Genetics Group
Meeting 49
Edinburgh, December 15th-18th 2015

PopGroup49

Meeting information
Welcome to the 49th UK Population Genetics Group meeting!
See the last page of this book for maps.

Arrival and Registration
Registration will be open from 17:00pm on Tuesday 15th of December, upstairs in the foyer of the
John McIntyre Conference Centre, near the bar and posters. If you do not arrive in time to register
on Tuesday, registration will also be open from 08:30am on the other mornings of the meeting. If
you are bringing a poster, please put it up as soon as you register.
The bar will be open during registration, and we will be serving a light buffet at around 7pm.
Please stay to look at the posters!
If you have booked your accommodation with us as part of the ‘full’ package, then check-in for both
the Masson House and Salisbury Green hotels is at the reception of Masson House Hotel (see the
maps at the end of this book). You can check-in at any time after 14:00pm. When you leave you need
to check out before 10:30am: Please bring your luggage to the conference facility, and we will care
for it while you attend the talks.

Talks
The plenary talks will take place in the Pentland room of the John McIntyre Conference Centre, and
contributed sessions will take place in the Pentland West, Pentland East, and Prestonfield rooms.
Plenary talks will last for 50 minutes, including questions. Contributed talk slots each last for 20
minutes, allowing 15 minutes of presentation, 4 minutes of questions, and 1 minute to allow people
to change rooms. We ask that the last speaker in each session chairs the four talks before them, and
we request that chairs rigorously enforce the timings. They will be aided in this by the PopGroup
assistants. Windows PCs will be available for PowerPoint and pdf presentations – please upload your
talk directly onto the PC in the break before.

Posters
Posters should be size A0 in portrait orientation, and the boards will be located in rooms near to the
talks and around the bar area. Please find your poster number in this abstract book, and attach your
poster to the board with your number on it. Please put your poster up as soon as you arrive at the
meeting, and take it down after the end of the last talk on Friday. There will be an official poster
session on Wednesday evening (from 17:50pm) during which you should stand near to your poster.
The poster session comes with a free drink and light snacks, and the bar will be open.
Posters will also be available for viewing during registration (the bar will be open), and during coffee
and lunch. Please make use of the opportunity to look at them!

Poster/talk prizes and voting
This year there will be four prizes awarded: the best student poster, the best student talk, the best
post-doc poster, and the best post-doc talk. The prizes have been generously sponsored by
Edinburgh Genomics, and the first three will be handed out at the
Conference Dinner, before the Ceilidh (don’t worry if you can’t attend!).
To allow post-doc talks to continue into Friday morning, the post-doc
talk prize will be announced by email after the meeting.
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Following the tradition set in recent years, everyone will have an opportunity to vote for the winners.
Student talks are marked (S) and post-doc talks are marked (P). Each person will vote once in each
competition – and you will be given three separate voting slips: Student talks, Post-doc talks, and
Posters. Please remember to hand-in your votes for students and posters on Thursday. (Note that
this is slightly different to the scheme described in the printed programme).

Social media and photographs
We do not have a strong social media policy. Expect a few people to tweet your talk (#PGG49) if they
enjoy it, and some people might want to photograph your poster. If you don’t want them to do this,
just tell them at the start of your talk, or put a note on your poster board.

Business meeting
There will be a business meeting on Thursday, at the end of the lunch break (13:20pm, in the
Prestonfield Room). This meeting will discuss the make-up and management of future Population
Genetics Group meetings, and everyone is encouraged to attend. Even if you don’t plan to organise
Pop Group, it’s worth coming along hear what people have to say.

Food and drink
A light buffet will be served at registration (from 19:00 pm on Tuesday), and a cash bar will be
available for you to purchase drinks near the poster area. Hot drinks and snacks will be provided
during all the morning and afternoon coffee breaks, in the link area between the meeting rooms. It
will also be possible to serve yourself coffee at other times. Lunch on Wednesday and Thursday will
be provided, downstairs from the meeting rooms in the John McIntyre Centre. A free drink will be
provided at the official poster session, and a cash bar will be available.

Conference dinner and Ceilidh
On Thursday, for those who have purchased tickets, there will be a conference dinner and Ceilidh in
South Hall on the Pollock Halls campus. Dinner will start at 19:00pm, and a cash bar will be open
from 18:30pm. Please be aware that we need to be finished by midnight!

Organising committee
The UK 49th Population Genetics Group Meeting was brought to you by:

Organising Committee
Dr. Darren J. Obbard
Prof. Josephine Pemberton
Prof. Richard Ennos
Prof. Brian Charlesworth
Prof. Deborah Charlesworth
Prof. Paul Sharp
Prof. Peter Keightley
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Assistants
Dr. Emma Hodcroft —
[logo and merchandise]
Dr. Darren Parker
Mr. William Palmer
Mr. Nathan Medd
Ms. Stevie Bain
Mr. Tom Booker

PopGroup49

Wednesday 16th December
Pentland West

Pentland East

Prestonfield

Welcome and information

9:00-9:10

Plenary: Tanja Slotte
The impact of natural selection on cis-regulatory variation and divergence in plants

(S) - student prize, (P) –post-doc prize

Coffee

9:10-10:00
10:00-10:40

Samuel H. Lewis (P)
Duplication and diversification of Dipteran Argonaute
genes

Tom Booker (S)
Hill-Robertson Interference in the genome of wild
house mice

Champak R. Beeravolu (P)
Approximate likelihood inference of complex
population histories using multiple whole
genome sequences

10:40-11:00

Tiina Mattila (S)
Selective sweeps in colonizing Arabidopsis lyrata
populations

Marja E. Heikkinen (S)
Becoming domestic: Genetic basis of domestication
of European domestic goose

Anders Eriksson (P)
Hurdles out of Africa: How climate shaped the
history of human migrations

11:00-11:20

Jenny James (S)
Adaptive evolution in animal mitochondria

Alice B. Dennis (P)
Experimental evolution in a parasitoid wasp:
virulence through venom and the role of viruses

Tin-Yu Hui (S)
Linkage disequilibrium and the estimation of
historical population size

11:20-11:40

Mads F. Schou (S)
Do genomes of small populations evolve according to
neutral expectations? Population genetic
comparisons across environments and population
sizes

David Wragg (P)
Males in a matriarchy: homozygous advantage and
mapping mitotypes in the honeybee

Marguerite Lapierre (S)
Inference of human demography using oneparameter models

11:40-12:00

Martin Kapun (P)
Adaptive evolution of a clinal inversion
polymorphism in Drosophila

Richard Merrill (P)
The genetic architecture of mate preference in
sympatric Heliconius species

Jerome Kelleher
Efficient genome scale coalescent simulation and
genealogical analysis for huge sample sizes

12:00-12:20

Lunch

12:20-13:50
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Pentland West

Pentland East

Prestonfield

Bruno Vieira (S)
Eusociality influence on the effective population size

Caroline Thomson (S)
Selection and Parental Effects: the confusion,
consequences and case study

Gemma Murray (S)
Adaptive change in pathways involved in hostpathogen interactions in Rickettsia bacteria

13:50-14:10

Liisa Loog (S)
An analytical framework to reconstruct allele
frequency trajectories through time to investigate
past selection

Crispin Y. Jordan
Measuring heritability of, and correlations between,
realized female and male fitness in the
hermaphrodite plant, Solanum carolinense

Suo Qiu (P)
Understanding the genomic basis of virulence in
the parasitic weed Striga hermonthica
(witchweed)

14:10-14:30

Rok Krašovec (P)
Mutation rate varies with population density: a
general pattern across domains of life?

Fiona Milton (S)
Studying selection in pigs using time series data

Sarah Earle (S)
Controlling for population structure in bacterial
GWAS

14:30-14:50

Florence Parat (S)
Inferring population demography and mutation rate
using jointly pedigree information and genomic data

Matti J. Salmela (P)
Variation is all around: maintenance of quantitative
genetic diversity within populations in the plant
Boechera stricta

Pavel Payne (S)
Herd immunity in spatially structured bacterial
populations

14:50-15:10

Guillaume Achaz
Deeper into the duality between coalescent and drift

Stuart B. Piertney
Epigenetic signatures of parental effects in soil mites

Beth Gibson (S)
Estimating the generation time of bacteria in the
wild

15:10-15:30

Coffee
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Pentland West

Pentland East

Prestonfield

Warren Booth
Rapid and pervasive mitochondrial heteroplasmy
with recombination in the Bed Bug, Cimex lectularius

Hannah Wickenden (S)
Characterisation of the Sand Martin Flea
(Ceratophyllus styx) hybrid zone in the British Isles

R. Axel W. Wiberg (S)
The genomic response to experimental evolution
under altered mating systems in D.
pseudoobscura

16:10-16:30

Hannah Trewby (S)
Landscape genetics suggests that the spatial
distribution of Mycobacterium bovis in cattle is
affected by the population structure of its wildlife
reservoir, the Eurasian badger

Raman Akinyanju Lawal (S)
Genetic introgression through selection in domestic
chickens: Insight from whole genome sequence
analysis

Greta Bocedi (P)
Evolution of polyandry driven by sperm
competition and inbreeding depression

16:30-16:50

Leslie Faucher (S)
When human-disturbed landscapes lead to
expansion of protected species: genetic structure of
native and newly founded populations in the
natterjack toad (Epidalea calamita)

Laura Salazar-Jaramillo (P)
Genomic consequences of hybridization and the loss
of meiotic recombination in root-knot nematodes

Biz R. Turnell (S)
High opportunity for postcopulatory sexual
selection under field conditions

16:50-17:10

Nicholas Levsen (P)
Frequent, geographically structured heteroplasmy in
the mitochondria of a flowering plant, ribwort
plantain (Plantago lanceolata)

Jeannine Marquardt (S)
Hybrid advantage found in bluebells (Hyacinthoides
spec.) from a hybrid zone in Northern Spain

Lewis G. Spurgin (P)
The genomics of sexual selection and population
fitness: Insights from an evolution experiment

17:10-17:30

Daniel Wilson
Role of within-host evolution in Staphylococcus
aureus infection

Marc Stift (P)
The role of secondary admixture in driving
invasiveness of Mimulus guttatus

Jane M. Reid
All offspring are not equal: variation in parentoffspring kinship in socially monogamous
systems with extra-pair reproduction and
inbreeding

17:30-17:50

Poster Session (from 17:50) with a drink and snacks (bar available)
(Independent dinner in town – see website for suggestions)
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Thursday 17th December
Pentland West

Pentland East

Prestonfield

9:00-9:10

Information

Plenary: Christian Schlötterer
Towards understanding adaptation from standing variation: E&R in Drosophila

(S) - student prize, (P) –post-doc prize

Coffee

9:10-10:00
10:00-10:40

Matthew Hartfield (P)
Linkage and the limits to natural selection in
partially selfing species

Julio Hurtado (S)
Conservation genetics studies in Damithrax
spinosissimus Lamarck 1818 (Majoidea: Mithracidae),
the Caribbean king crab

Paris Veltsos (P)
Investigation of a homomorphic Y chromosome
in an annual plant

10:40-11:00

Ananthu James (S)
Fixation probability of a rare nonmutator and
evolution of mutation rates

Clare Bycroft (S)
The fine scale population structure of Spain and the
genetic impact of historical migrations and invasions

Guillaume Cossard (S)
Temporal dynamics of sex-biased gene
expression in an annual plant

11:00-11:20

Brian Charlesworth
Associative overdominance: Fact or fiction?

Guangpeng Ren (S)
Genetic divergence and demographic history of
Primula tibetica in Himalayas using RAD sequencing

Nicolas Rodrigues (S)
The genetic contribution to sex determination
and number of sex chromosomes vary among
populations of common frogs (Rana temporaria)

11:20-11:40

Barbora Trubenova (P)
The speed of adaptation of complex traits

Jessica Scriven (S)
Specialist species maintain gene flow across
fragmented landscapes: evidence from a complex of
cryptic bumblebee species

Rodrigo Pracana (S)
Population genomics of the fire ant’s social
chromosomes suggests fixation of the Y-like Sb
chromosome and absence of strata

11:40-12:00

Kai Zeng
The effects of background and interference
selection on patterns of genetic variation in
subdivided populations

Cathy Walton
Local adaptation in Anopheles baimaii mosquitoes in
Southeast Asia: a precursor to speciation?

Jesper Bechsgaard
X chromosome evolution in Stegodyphus spiders

12:00-12:20
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Pentland West

Pentland East

Prestonfield

12:20-13:20

Lunch

Business Meeting

13:20-13:50

Simon Aeschbacher (P)
The rise and erosion of genomic islands under
selection against gene flow

Philipp H. Schiffer (P)
Endorsing Darwin – After 160 years a population
genetics study in the goose barnacles Lepas spp.
shows complex biogeographic patterning in the open
oceans

Jackie Lighten (P)
What is the true scale of adaptive divergence at
the MHC? Supertypes explain the evolutionary
inertia in a Red Queens arms race

13:50-14:10

Sebastian Novak (S)
Multiple correlated traits and fluctuating selection:
Solutions to the paradox of high genetic variation?

Ana Marija Jakšić (S)
Expression patterns of transposable elements at
benign and stressful temperatures

Peter Moran (S)
A rare exception to Haldane’s Rule: Are X
Chromosomes key to hybrid incompatibilities?

14:10-14:30

Sona John (S)
Effect of drift, selection and recombination on the
equilibrium frequency of deleterious mutations

Kelly Bennett
Comparative phylogeography of Aedes mosquitoes
and the role of past climate change for evolution
within Africa

Lucas Marie-Orleach
Indirect genetic effects on reproductive
behaviour and morphology

14:30-14:50

A. Bradley Duthie (P)
Evolution of polyandry and inbreeding avoidance: a
genetically-explicit finite population model

Thomas J. Colgan (P)
Pollinator population genomics: Assessment of
environmental stresses on bumblebee genetic
diversity

Marie Voillemot (S)
Rapid spread of self-compatibility in different
pollinator services

14:50-15:10

Andy Gardner
The genetical theory of multilevel selection

Orly Razgour (P)
Genomic approaches to studying bat responses to
global change

Kara Dicks (S)
Major histocompatibility complex haplotyping in
the Soay sheep

15:10-15:30

Coffee

15:30-16:10
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Pentland West

Pentland East

Prestonfield

George F. Turner
Genomic islands of speciation separate cichlid
ecomorphs in an East African crater lake

Hilde Hens (S)
Genetic structure of an endangered orchid on a local
spatial scale

Joanna Hagen (S)
The genetic and developmental basis of genital
evolution between Drosophila simulans and
mauritiana

16:10-16:30

Christoph Hahn (P)
Deep water cichlids reveal new genomic mechanisms
for sensory drive speciation

Heather Ritchie (S)
Population genetic structure of a deep-sea amphipod
in geographically isolated hadal trenches

Lluis Franch-Gras (S)
The genomic basis of local adaptation in wild
populations of the rotifer Brachionus plicatilis

16:30-16:50

Amanda Trask (S)
Phenotypic expression and dynamics of a lethal
recessive allele in a wild bird population of
conservation concern

Marius A. Wenzel (S)
Landscape genomics patterns of a complex
phenotype – a cautionary tale of red grouse and
parasites

Vahan Indjeian
Evolving new skeletal traits by cis-regulatory
changes in bone morphogenetic proteins

16:50-17:10

Sherryn Ciavaglia (S)
Two newly developed forensic DNA techniques to
inform wildlife investigations

Jasmin Zohren (S)
PolyTypeR genotypes polyploid variants at RAD loci
revealing introgression among British birch trees

Sebastian Kittelmann (P)
Phenotypic variation in Drosophila melanogaster
is caused by expression changes in a micro-RNA

17:10-17:30

Craig R Primmer
The genetic architecture of age at maturity in Atlantic
salmon: a large-effect gene in common with humans
and a few other surprises

Martha Gavan (S)
Gene dynamics of Toll-like receptor 4 through a
population bottleneck in an insular population of
water voles (Arvicola amphibius)

Nicola J. Nadeau
Identifying genes involved in structural colour
production though transcriptomics analysis

17:30-17:50

Posters (From 17:50)
Conference Dinner (ticketed) and Ceilidh in South Hall (19:00-00:00). Bar Available from 18:30.
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Friday 18th December
Pentland West

Pentland East

Plenary: Loeske Kruuk
Life history evolution and quantitative genetics in the wild

Prestonfield
(S) - student prize, (P) –post-doc prize

Coffee

9:10-10:00
10:00-10:40

Keith T. Ballingall
Limited MHC diversity and an exotic virus may have
contributed to the decline of red squirrels in the
United Kingdom

Marta Piotrowska (P)
Studying the potential for evolution of fungicide
resistance in a barley pathogen, Ramularia collocygni

Mark Blaxter:
Edinburgh Genomics sponsored talk:
The genome of the tardigrade Hypsibius dujardini

10:40-11:00

Anita Malhotra
Functionally-relevant variation in the sexdetermining gene csd in a managed population of
honeybees

Sonja Grath (P)
The evolution of protein domains and domain
arrangements in Daphnia

Martin Carr
Morphological, ecological & genomic evolution
within the choanoflagellates

11:00-11:20

Wen-Juan Ma (P)
Dmrt1 polymorphism covaries with sex chromosome
differentiation in Rana temporaria

Agnieszka Kloch (P)
Innate vs. adaptive immune response in the wild:
who is right?

Timothy G. Barraclough
Horizontal gene transfer in bdelloid rotifers is
ancient, ongoing and more frequent in species from
desiccating habitats

Reuben W. Nowell (P)
Comparative genomics of adaptation to woody hosts
in Pseudomonas syringae

Jose L. Campos (P)
The relative role of positive and background
selection in shaping genetic variability at linked
sites

11:40-12:00

Yannick Wurm
Avoid retracting your analysis! Reproducible research
for ecological and evolutionary genomics

Richard Ennos
Clarifying the origins of an emerging pathogen of
native Scots pine

Jonathan P. Bollback
Does the complexity of a gene's protein-protein
interaction network restrict horizontal gene
transfer?

12:00-12:20

Terry Burke
A supergene determines highly divergent male
reproductive morphs in the ruff

11:20-11:40
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Plenary talks
Tanja Slotte
The impact of natural selection on cis-regulatory variation and divergence in plants
Science for Life Laboratory, Dept. of Ecology, Environment and Plant Sciences, Stockholm University
Changes in cis-regulatory elements that affect the expression of a focal gene have long been suggested to be
particularly important for adaptation. With the advent of massively parallel sequencing, our ability to detect
cis-regulatory changes has greatly improved, but while there is accumulating evidence for positive selection on
cis-regulatory divergence, the connection to adaptive phenotypic evolution usually remains obscure.
Furthermore, we still have a limited understanding of the role of mutation, drift and selection in shaping cisregulatory variation within species, especially in plants. Finally, the relative importance of different molecular
mechanisms that generate cis-regulatory variation remains unclear. Here, I will first give an overview of the
current state of knowledge regarding cis-regulatory variation and divergence in plants. I will then present some
of our recent work on the selective importance and mechanisms for cis-regulatory variation and divergence in
the genus Capsella. Specifically, I will present three studies, where we i) investigate the role of positive and
purifying selection in shaping cis-regulatory variation across the genome of the outcrossing species Capsella
grandiflora, ii) test whether cis-regulatory changes have been important during adaptive floral evolution in the
recently derived selfer Capsella rubella and iii) test whether transposable element (TE) silencing is a major
driver of cis-regulatory variation and divergence. Our results contribute to an improved understanding of the
evolutionary forces that shape cis-regulatory variation and divergence in plants.

Christian Schlötterer
Towards understanding adaptation from standing variation: E&R in Drosophila
University of Veterinary Medicine Vienna, Austria
The combination of experimental evolution with re-sequencing of whole genomes (E&R) provides an
unprecedented opportunity to monitor allele frequency changes in populations adapting to a novel
environment. Comparing evolved populations to a reference may even lead to the identification of the targets
of selection during the experiment.
With experimental D. melanogaster and D. simulans populations evolving in up to 15 replicates for up to 120
generations, we are maintaining on of the largest experimental evolution studies in an outcrossing eukaryote.
Contrasting phenotypic, transcriptomic and genomic responses of different species and populations to a novel
thermal environment my talk will highlight the opportunities and challenges of experimental population
genomics.

Loeske Kruuk*
Life history evolution and quantitative genetics in the wild
*Winner of the Genetics Society 2015 Mary Lyon Medal
Research School of Biology, Australian National University, Canberra
Evolutionary biology aims to explain biological variation. My research uses quantitative genetic tools to
determine causes of variation in individual life histories, using studies of wild animal populations experiencing
natural environments. I will show how analyses of the contribution of genetic sources of variation and
covariation in key traits, and ultimately in individual fitness, reveal evolutionary constraints that are not
apparent at a phenotypic level. The quantitative genetic approach combined with long-term individual-based
data also provides a powerful means of evaluating the response of populations to environmental variation
such as that due to climate change.
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Highlighted talks
Edinburgh Genomics Sponsored talk:
The genome of the tardigrade Hypsibius dujardini
1

1

1,2

1

Georgios Koutsovoulos , Sujai Kumar , Dominik R. Laetsch , Lewis Stevens ,
1
1
1
1
3
Jennifer Daub , Claire Conlon , Habib Maroon , Fran Thomas , Aziz Aboobaker
1
and Mark Blaxter
1 Institute of Evolutionary Biology, University of Edinburgh, Edinburgh EH9 3FL, UK; 2 The James Hutton
Institute, Invergowrie, Dundee DD2 5DA, UK; 3 Department of Zoology, University of Oxford, South Parks Road,
Oxford OX1 3PS, UK.
Tardigrades are meiofaunal ecdysozoans and are key to understanding the origins of Arthropoda. We present
the genome of the tardigrade Hypsibius dujardini, assembled from Edinburgh Genomics Illumina paired and
mate-pair data. While the raw data indicated extensive contamination with bacteria, presumably from the gut
or surface of the animals, careful cleaning generated a clean tardigrade dataset for assembly. We also
generated an expressed sequence tag dataset and a Sanger genome survey dataset and used these and
Illumina RNA-Seq data for assembly validation and gene prediction. The genome assembly is ~135 Mb in span,
has an N50 length of over 50 kb, and an N90 length of 6 kb. We predict 23,021 protein-coding genes in the
genome, which is available in a dedicated genome browser at http://www.tardigrades.org. We compare our
assembly to a recently published one for the same species and do not find support for massive horizontal gene
transfer. Additional analyses of the genome are ongoing.

Hill-Robertson Interference in the genome of wild house
mice (S)
Tom Booker* and Peter Keightley
IEB, University of Edinburgh, UK
Understanding how and why genetic diversity varies between species and across the genome are questions at
the heart of population genetics. Studies in multiple eukaryotic species have shown that nucleotide diversity is
reduced close to conserved, functional elements. This variation in nucleotide diversity is consistent with
models of Hill-Robertson Interference, suggesting that natural selection has played a role in generating the
observed patterns. It has, however, proven difficult to distinguish between two mechanisms that can lead to
variation in the amount of nucleotide diversity: backgrounds selection due to selection against deleterious
mutations and the recurrent selective sweeps of advantageous variants. Using estimates of the strength of
selection acting on protein coding genes and conserved non-coding elements, fine-scale recombination maps
and polymorphism data derived from genome sequences of wild mice sampled from the species' ancestral
range, we hope to tease apart the contribution of positive and negative selection to the pattern of nucleotide
diversity across the genome.
*Joint winner, with Simon Martin (Cambridge), of the Genetics Society “Sir Kenneth Mather Memorial Prize”
2013/14
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Contributed talks

(S) - student prize, (P) –post-doc prize

Deeper into the duality between coalescent and drift
E Schertzer, A Lambert and G Achaz
Since the advent of the "neutral theory of molecular evolution", the reference model (H0) that we assume,
sometimes blindly, when we analyze population genetics datasets is a mutation-drift equilibrium. In practice,
H0 is often the backward coalescent process that arises under the same assumptions. Although, we keep
exchanging drift and coalescent, as if they were identical, a closer look at the two processes (forward drift and
backward coalescent) is extremely informative on their duality. Does the forward fixation time have the same
distribution than the backward coalescent time? Why? To what corresponds the MRCA (defined backward) in
the forward fixation drift? How the fixation trajectory relates to the coalescent tree? Can we say something
about the allele frequency when we know the coalescent times (and vice-versa)? In this work, we will try to
address some fundamental questions on the most popular population genetics model.

The rise and erosion of genomic islands under selection against gene flow (PD)
Simon Aeschbacher, Sam Yeaman, and Reinhard Buerger
Over the last decade, ‘genomic islands of divergence’ have dominated our jargon to describe patterns of
genomic differentiation. The original explanation, by which they represent regions where effective gene flow is
reduced due to divergent selection and linkage, has recently been challenged. Alternative scenarios of
demography and selection can lead to similar patterns. Indeed, if divergence is measured in absolute rather
than relative terms, many of the previously reported genomic islands do not support the classical explanation.
Even in the context of selection against gene flow it is unclear to what extent the evolution and persistence of
genomic islands can be explained as a direct adaptive response to the advantage of linkage among locally
beneficial mutations. To explore this, we derive predictions about the expected width of a genomic island, the
increase in establishment probability due to linkage, and the waiting time for island evolution. We find that
there is a narrow zone of gene flow for which linkage substantially increases the establishment probability and
reduces the waiting time. However, the latter is still very long compared to the time it takes for an equivalent
island to evolve upon secondary contact by erosion of neutral divergence between adaptively diverged genes.

Limited MHC diversity and an exotic virus may have contributed to the decline of red squirrels in
the United Kingdom
Keith T. Ballingall, Angeline McIntyre, Zhenzhen Lin, Colin J. McInnes*
Moredun Research Institute, Midlothian, Scotland, UK
The red squirrel (Sciurus vulgaris) population in the United Kingdom has declined dramatically over the last
century. This is the result of the presence of the eastern grey squirrel (S. carolinensis) which was introduced in
the 19th century. The rate of population decline is greatly enhanced by squirrelpox virus (SQPV) infection
which is transmitted by asymptomatic grey squirrels to highly susceptible red squirrels. Population genetic
diversity provides some resilience to rapidly evolving or exotic pathogens. Such diversity is highest at loci
involved in the immune response including genes clustered within the major histocompatibility complex (MHC)
where any reduction in diversity is predicted to leave a population vulnerable to exotic pathogens. Using the
class II DRB locus as a marker for diversity across the MHC region we genotyped 100 red squirrels from
locations in the UK and continental Europe. While high levels of diversity were identified at two functional DRB
loci in the continental populations, only limited diversity was observed in the UK population. While we have no
evidence for a direct link between DRB diversity and disease susceptibility, the UK squirrel population appears
to lack the extensive MHC diversity present within continental populations, a feature which may have
contributed to their decline.

Horizontal gene transfer in bdelloid rotifers is ancient, ongoing and more frequent in species from
desiccating habitats
Isobel Eyres, Chiara Boschetti, Alastair Crisp, Thomas P. Smith, Diego Fontaneto, Alan Tunnacliffe and Timothy
G. Barraclough
Bdelloid rotifers are microscopic animals that contain a high proportion of horizontally transferred, nonmetazoan genes in their genomes. It has been hypothesized that bdelloids incorporate foreign DNA when they
repair their chromosomes following desiccation. If HGT contributes to species divergence and adaptation, as in
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prokaryotes, we expect species to differ in their complement of foreign genes, rather than sharing the same
set of foreign genes inherited from a common ancestor. Furthermore, there should be more foreign genes in
species that desiccate more frequently. We tested these hypotheses by surveying HGT in four congeneric
species of bdelloids from different habitats.
Transcriptomes of all four species contain foreign genes. Whole genome sequencing of one species confirmed
the presence of these foreign genes in the genome. Nearly half of foreign genes are ancestral, but many
hundreds are unique to particular species, which shows that HGT is ongoing. We estimate an average of 12.8
gains versus 2.0 losses of foreign genes per million years. Consistent with the desiccation hypothesis, the level
of HGT is higher in the species that experience regular desiccation events than those that do not. However,
HGT still contributed hundreds of foreign genes to species from permanently aquatic habitats.

X chromosome evolution in Stegodyphus spiders
Jesper Bechsgaard, Mads F. Schou, Bram Vanthournout, Frederik Hendrickx, Bjarne Knudsen, Virginia
Settepani, Mikkel Heide Schierup, Trine Bilde.
Sex is determined by the presence of one (male) or two (female) copies of the X chromosome in most spider
species; a so-called X/0 sex-determination system. This unique inheritance pattern of X chromosomes and
autosomes leads to different evolutionary predictions; i) lower diversity is predicted for X chromosomes due to
lower effective population size, and ii) recessive alleles on the X chromosome are exposed to selection natural
selection in males, potentially resulting in accelerated evolution.
We investigated the X/A diversity in several populations of two closely related spider species (Stegodyphus
mimosarum and S. africanus) with contrasting mating system and population dynamics using RAD sequencing.
We found that X/A diversity was lower than predicted based on differences in effective population size, which
is likely due to a lower mutation rate at the X chromosome and to more hitchhiking events at the X
chromosome. No effect of strong female bias in one of the species was detected, which is likely due to strong
meta-population dynamics with recurrent founder events.
We estimated dN/dS ratios of ~8000 autosome loci and ~800 X chromosome loci in the two species from
transcriptome sequencing. The dN/dS ratios were significantly higher for the X chromosome loci in both
species, consistent with accelerated evolution of X chromosomes.

Approximate likelihood inference of complex population histories using multiple whole genome
sequences (PD)
1

2

3

Champak R. Beeravolu , Lynsey Bunnefeld , Laurent A.F. Frantz , Michael J. Hickerson
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Paleogenomics and BioArchaeology Research Network, Research Laboratory for Archaeology and History of Art, University of Oxford,
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Oxford OX1 3QY, UK.; The Graduate Center, The City University of New York, New York, New York 10016,
5
USA; Division of Invertebrate Zoology, American Museum of Natural History, New York, New York 10024, USA
Inferring the demographic history of populations from whole genome data is an area of active research and the
increasing volume of genome data presents an incredible opportunity for an ever finer assessment of
population histories. Though, in the process, it also adds significant computational burden which calls for
modeling only the more salient aspects of population histories. Current approaches in this field can be broadly
divided based on how they deal with linkage between adjacent nucleotides in the genome. Methods based on
the Site Frequency Spectrum (SFS) are easy to implement but throw away a lot of information by assuming free
recombination. The other class of methods approximate the coalescent process with recombination by
considering the histories between two adjacent nucleotides to be sequentially Markovian. Between these two
extremes, we build upon an existing analytical approach accounting for linkage and recombination by dividing
the genome into blocks of arbitrary size. We make use of the distribution of blockwise SFS (bSFS) patterns,
which retains topological and recombinational information, to generate approximate likelihoods via Monte
Carlo simulations. We illustrate our Approximate Blockwise Likelihood Estimation (ABLE) approach by
reconstructing the demographic history of orangutans from whole genome data.
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Comparative phylogeography of Aedes mosquitoes and the role of past climate change for evolution within
Africa
Kelly Bennett & Catherine Walton
Africa’s forests hold a high degree of endemism and species richness, yet little is known about the evolutionary
processes that have shaped them. Africa has been subject to a turbulent climatic past leading to the periodic
reduction and expansion of forest habitats. Population isolation into forest refugia followed by expansion is
one mechanism which may have been important for generating genetic structure, including within vectors of
arboviral disease. Aedes mosquitoes are a diverse and inherently forest dependent group among this category,
transmitting diseases such as dengue, chikungunya and zika.
We take a comparative phylogeographic approach to investigate the population structure of five mosquito
species, Ae. aegypti, Ae. bromeliae, Ae. lilii, Ae. africanus and Ae. hansfordi. We use two EPIC nuclear markers
and mitochondrial COI, together with an ABC based model approach to test our hypotheses of diversification.
Findings suggest that historical climate change was important in generating genetic diversity and structure in
Aedes mosquitoes. We find evidence for divergent lineages which may have arisen through allopatry in forest
refugia during the late Pleistocene and admixture in the early Holocene. Continent-wide inferences are made
on the population structure of the dengue mosquito, Ae. aegypti, the yellow fever vector Ae. bromeliae and its
sister species Ae. lilii which may reflect more general trends in species diversity across Africa. These findings
could have additional consequences for the distribution of arboviruses in Africa.

Evolution of polyandry driven by sperm competition and inbreeding depression (PD)
1

Greta Bocedi and Jane M. Reid

1

1

Institute of Biological and Environmental Sciences, University of Aberdeen, Zoology Building, Tillydrone
Avenue, Aberdeen, AB24 2TZ, UK
Why does costly polyandry, defined as female mating with multiple males within a single reproductive bout,
evolve? One influential hypothesis is that polyandry evolves as means of avoiding inbreeding through mate
choice. Yet, in many systems, mate choice for relatedness is not observed despite strong inbreeding
depression, but polyandry can still emerge under inbreeding conditions. We postulate and test a new
mechanism by which inbreeding could drive polyandry evolution. Specifically, if inbreeding depression in male
sperm traits creates female sperm limitation, then polyandry could evolve as insurance against infertility.
Emerging polyandry would cause sperm competition and drive evolution of sperm traits, potentially affecting
sperm limitation and polyandry. We develop a genetically-explicit individual-based model for the co-evolution
of polyandry and sperm traits in inbred populations. We show that inbreeding depression in sperm traits can
indeed cause female sperm limitation and drive the evolution of costly polyandry. Consequent sperm
competition drives the evolution of sperm traits and partially rescues the effect of inbreeding depression on
sperm limitation. The evolved mating system affects population-wide heterozygosity, creating ecoevolutionary feed-backs between polyandry, inbreeding depression, and sperm competition, potentially driving
the evolution of polyandry in small populations without requiring explicit mate choice.

Does the complexity of a gene's protein-protein interaction network restrict horizontal gene
transfer?
Jonathan P. Bollback & Hande Acar
An understanding of the origin and evolution of novel phenotypes is fundamental to an understanding of the
biological diversity on earth, the origin of species, our ability to manipulate organisms to benefit humanity, and
the emergence and spread of human disease factors and antimicrobial resistance. Horizontal gene transfer is a
process by which genes are inherited from individuals within a community rather than vertically from parent to
offspring and has occurred within and among the major divisions of life – Eubacteria, Archaea, and Eukarya.
Horizontal gene transfer occurs frequently enough among Eubacterial species to be a major source of new
genetic material generating novel adaptive phenotypes. While there is an extensive bioinformatic literature on
horizontal gene transfer, we lack a fundamental empirical understanding of what factors prevent genes from
successfully moving from one species to another. The primary aim of this research is to gain a quantitative
experimental understanding of the selective forces that act as barriers to horizontal gene transfer between
species. Specifically, we address what, if any, the fitness effects of experimentally transferred genes, with
differing number of protein-protein interactions, are after transfer from one species to another. One might
expect that genes with a large number of protein-protein interactions are more deleterious than those with
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few or none. However, we find that the number of protein-protein interactions is not a strong predictor of a
newly acquired gene's fitness effect. Furthermore, we discuss what, if any, other intrinsic factors of a gene
might explain its fitness effect (e.g., codon usage, gene length, gene function, and dosage effects).

Rapid and pervasive mitochondrial heteroplasmy with recombination in the bed bug, Cimex
lectularius
Warren Booth, Grant A. Robison, Ondrej Balvin, Zachary DeVries, Edward. L. Vargo. & Coby Schal.
Homoplasmy, the occurrence of a single mitochondrial DNA haplotype within an individual, has been the
accepted condition across most organisms in the animal kingdom. In recent years, a number of exceptions to
this rule have been reported, largely due to the ease with which single nucleotide polymorphisms can be
detected. Evidence of heteroplasmy – two or more mitochondrial variants within a single individual – has now
been documented in a number of invertebrates; however when present, heteroplasmy usually occurs at low
frequencies both within individuals and within populations. The implications of heteroplasmy may be far
reaching, both to the individual in relation to its health and fitness, and when considering the evolutionary
dynamics of populations. Here, we present evidence for frequent mtDNA heteroplasmy in U.S. and European
populations of the bed bug, Cimex lectularius L. (Hemiptera: Cimicidae). Based upon laboratory crosses of
differentially homoplasmic lineages we propose that this heteroplasmy is driven by frequent paternal leakage
in concert with rapid and pervasive mtDNA recombination. The ecological and evolutionary significance of
mtDNA heteroplasmy will be discussed along with its implications for inferring infestation dynamics in this
resurging species.

A supergene determines highly divergent male reproductive morphs in the ruff
Terry Burke
Three strikingly different alternative male mating morphs (aggressive “Independents”, semi-cooperative
“Satellites” and female mimic “Faeders”) coexist as a balanced polymorphism in the ruff, Philomachus pugnax,
a lek-breeding wading bird. Major differences in body size, ornamentation, and aggressive and mating
behaviour are inherited as an autosomal polymorphism. We have now shown that development into Satellites
and Faeders is determined by a supergene consisting of divergent alternative, dominant, non-recombining
haplotypes of an inversion on chromosome 11, which contains 125 predicted genes. Independents are
homozygous for the ancestral sequence. One breakpoint of the inversion disrupts an essential gene, and
pedigree analysis confirms lethality of inversion homozygotes. There are novel behavioural, testes size, and
steroid metabolic differences among morphs, and we have identified polymorphic genes within the inversion
that are likely to contribute to the differences among morphs in reproductive traits.

The fine scale population structure of Spain and the genetic impact of historical migrations and
invasions (S)
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Clare Bycroft , Ceres Fernandez-Rozadilla , Ángel Carracedo , Clara Ruiz-Ponte , Inés Quintela-García , Peter
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Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, UK; Galician Public Fundation of
Genomic Medicine (FPGMX)-Grupo de Medicina Xenómica-Centro de Investigación Biomédica en Red de
Enfermedades Raras (CIBERer)-University of Santiago de Compostela, Spain
The Iberian Peninsula is linguistically and culturally very diverse. It is also unusual among European regions in
that its demographic history includes a prolonged and large-scale occupation by people of predominately
North African origin. Therefore, the Iberian Peninsula provides a unique opportunity for studying fine-scale
population structure and admixture, using cutting-edge methods capable of detecting complex or subtle
population genetic patterns at a sub-national level.
We performed the largest and most comprehensive study of Spanish population structure to date by analysing
a dataset of ~1,400 Spanish individuals typed at ~700,000 SNPs. Using fineSTRUCTURE we detected striking and
rich patterns of population differentiation within Spain, at scales down to tens of kilometres. Strikingly, the
major axis of genetic differentiation in Spain runs from west to east, while there is remarkable genetic
similarity in the north-south direction.
To infer details of historical population movements into Spain, we analysed Spain alongside a sample of ~3,000
individuals from Europe, North Africa, and sub-Saharan Africa. Across Spanish groups, we identify varying
genetic contributions from north-west African ancestral populations, at times that all fall within the period of
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Islamic occupation. We also identify Basque-like admixture within Spanish groups to the south of the Basquespeaking region, implying southerly gene flow from this region.

The relative role of positive and background selection in shaping genetic variability at linked sites
(PD)
José L. Campos and Brian Charlesworth
Selection at one site shapes patterns of genetic variability of nearby sites. Both the fixation of advantageous
mutations (selective sweeps) and the removal of deleterious mutations (background selection) can reduce
genetic diversity at nearby sites. However, the relative importance of recurrent positive selection and
background selection is not well understood. The observation of a negative correlation between levels of
synonymous site variability (πS) and the rate of protein evolution (KA) in genes across the genome of
Drosophila melanogaster has been interpreted as support for a major role of recurrent positive selection.
However, background selection can also cause such a pattern when recombination within a gene is sufficiently
low. This means that genes under lower selective constraints are more susceptible to background selection and
may show less genetic variation. Here we analyse the patterns of genetic variation across the autosomal genes
of an African D. melanogaster population to test these predictions, taking into account the effects of other
genomic features that covary with πS and KA. The results suggest that both background selection and
recurrent positive selection determine the negative relation between synonymous diversity and protein
sequence divergence

Morphological, ecological & genomic evolution within the Choanoflagellates
Martin Carr
Department of Biological Sciences, University of Huddersfield,
The choanoflagellates, a group of aquatic protists, are the closest known relatives of animals. It is likely that
the last common ancestor of the choanoflagellates and animals was a marine organism that lived
approximately 900 million years ago. Studying extant choanoflagellates in the light of a multigene phylogeny
gives us insights into the evolution of the group, as well as an understanding of events which occurred early in
the evolution of animals. A 47 species phylogeny is presented here which shows that the morphology of
choanoflagellate cells is more complex than had previously been appreciated. In contrast, from an ecological
perspective, changes between the marine and freshwater environment have been extremely rare, with only
two freshwater incursions observed in the tree. Finally, from a genomics perspective, I concentrate on the
inheritance of two elongation factors, showing that most choanoflagellates employ different enzymes from the
animals in protein synthesis. Both studied elongation factors appear to have been present in the last common
ancestor of choanoflagellates and animals, with a single gene loss subsequently occurring in animal evolution
but multiple losses occurring within the choanoflagellates.
Associative overdominance: Fact or fiction?
1

Brian Charlesworth and Lei Zhao
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Institute of Evolutionary Biology, School of Biological Sciences, University of Edinburgh, UK; Centre for
Computational Systems Biology, Fudan University, P.R. China.
In a finite population, linkage of a neutral locus to loci subject to mutation to partially recessive deleterious
mutations can result in apparent selection for heterozygotes at the neutral locus (associative overdominance).
This is caused by randomly generated linkage disequilibria between the neutral and selected loci, resulting in
correlated probabilities of homozygosity at different loci. It has been suggested that this effect could help to
preserve variability in finite populations, explaining why small populations are often surprisingly variable.
We show that, while apparent overdominance can occur in a finite, randomly mating population, it is not
causally related to any effect of linkage to selected loci on the rate of loss of neutral variability. This was done
by deriving an approximation for the magnitude of associative overdominance at the neutral locus in the case
of a single selected locus, and comparing it with an expression for the rate of loss of variability at the neutral
locus, as well as by computer simulations. Unless the fitness effects of deleterious mutations are sufficiently
recessive, background selection may in fact cause a faster loss of neutral variability than is expected in the
absence of linkage to loci subject to mutation and selection.
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Two newly developed forensic DNA techniques to inform wildlife investigations (S)
Sherryn Ciavaglia, Flinders University/Forensic Science SA, Adelaide, South Australia, Australia;Shanan Tobe,
Flinders University, Adelaide, South Australia, Australia; Stephen Donnellan, South Australian Museum, South
Australia, Australia; Julianne Henry, Forensic Science SA, Adelaide, South Australia, Australia; Adrian Linacre,
Flinders University, Adelaide, South Australia, Australia
This presentation will provide a brief overview of two forensic techniques to inform criminal investigations
involving Australasian python species. A mitochondrial DNA species identification assay is reported that can
differentiate between python species native to Australia and neighbouring countries. The PCR amplification
assay of a cytochrome b locus has been developed and validated for forensic casework. The primer pair is
highly specific to pythons and yields a 377 bp amplification product that can be sequenced and compared to
reference datasets. The resulting 300 bp target sequence can identify to species all Morelia pythons. Validation
testing includes cross-species amplification, limit of template detection to 9 mitochondrial DNA copies and
suitability to poor quality samples.
Three 11-plex microsatellite assays of tetra- and penta-nucleotide repeat motifs have been developed to aid
investigations regarding individualisation of evidentiary samples and paternity relationships between
individuals. Accurate genotyping has been attained using allelic ladders. An STR genotype database containing
in excess of two hundred native carpet pythons, spanning their natural geographic range, has been constructed
to provide statistical support for the investigative hypotheses. These techniques can be used to provide
support for effective enforcement involving carpet pythons, and inform conservation management decisions
for this native species.

Pollinator population genomics: Assessment of environmental stresses on bumblebee genetic
diversity (PD)
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SL5 7PY, UK; The School of Environmental Sciences, The University of Guelph, 50 Stone Road East, Guelph,
Ontario, N1G 2W1, Canada
Insect pollination is an essential ecosystem service for the maintenance of ecologically and commercially
important crop yields. Social bees, such as honeybees and bumblebees, contribute a substantial amount to
pollination and therefore, recent global declines pose serious threats to both food security and ecosystem
stability alike. Environmental threats, such as pesticide exposure and pathogens, have been highlighted as
contributing factors to bee declines yet our understanding of the potential effects of such stresses at the
molecular and genomic level of pollinator species is limited. To address this issue, we conducted a population
genomic study on the buff-tailed bumblebee, Bombus terrestris, a common Eurasian species and key ecological
pollinator. For this we performed whole genome sequencing of individual bumblebees collected from pesticide
poor and pesticide heavy sites across the United Kingdom. This provides a comprehensive overview of genetic
variation present across natural populations and allows for examination of molecular signatures of selection
associated with exposure to pesticide. Furthermore, we characterized pathogens and parasites carried by each
individual providing an insight into pathogen prevalence and diversity across bumblebee populations. Taken
collectively, the results of this study provide a global insight into the genetic structure, health and pathogen
loads of bumblebee males.

Temporal dynamics of sex-biased gene expression in an annual plant (S)
Guillaume Cossard and John R. Pannell
Department of Ecology and Evolution, University of Lausanne, 1015 Lausanne, Switzerland
Most flowering plants are hermaphroditic, but separate sexes have recurrently and independently evolved in
about half of angiosperm families. The separation of sexes in plants, as in animals, is associated with two
potentially related processes: the frequent evolution of sex chromosomes; and the evolution of sex-biased
gene expression. Both processes are thought to allow a divergence in phenotype between males and females,
either by confining sexually antagonistic genes to the non-recombining region of sex chromosomes, or through
the differential expression of the same genes between sexes. A key question concerns when during
development differential gene expression first becomes evident. This is particularly interesting in plants that
lack a germ line: divergence in phenotype might be expected to show itself most strongly only during and after
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flowering, particularly if secondary sexual dimorphism is the outcome of different sex allocation patterns
between the sexes. Here, we report dynamic patterns of sex-biased gene expression in vegetative tissues using
RNAseq, from the seedling stage through to the onset of flowering in the dioecious herb Mercurialis annua. We
highlight two key results: (I) sexual dimorphism in gene expression occurs prior to flowering; (II) at
reproductive stage, the number of male-biased genes dramatically increases.

Experimental evolution in a parasitoid wasp: virulence through venom and the role of viruses (PD)
Alice B. Dennis*, Kerry Oliver and Christoph Vorburger
Parasitoids are organisms which require, but ultimately kill, their hosts. These include thousands of parasitoid
wasp species, most of which utilize other arthropods as hosts. Using Lysiphlebus fabarum, a parasitoid wasp
that attacks aphids, we have experimentally reared populations in each of three aphid “environments” that
either possess or lack the protective endosymbiont bacterium Hamiltonella defensa. In just ten generations,
we observe greater parasitism rates on protected aphid sublines, suggesting that we have selected for standing
variation from the founding wild populations. Using transcriptomic comparisons among lineages, we find a
suite of genes whose expression varies among parasitoid lineages. Among these are several putative venom
components, suggesting that parasitoids are actively working to counter the protection of H. defensa, and that
this venom evolution is specific to particular strains of H. defensa. We also find evidence for two types of virus
in the wasp. First, a highly expressed RNA virus differentially present among evolution lineages. Second, a lowly
expressed set of genes matching bracoviruses, domesticated viruses found in distantly related parasitoids, that
are also integrated into the wasp genome. Together, these suggest that the parasitoid arsenal is both diverse,
and contains a complexity to match that of its aphid hosts.

Major histocompatibility complex haplotyping in the Soay sheep (S)
Kara Dicks, Josephine Pemberton and Keith Ballingall
(University of Edinburgh, Institute of Evolutionary Biology) (Moredun Research Institute)
The major histocompatibility complex (MHC) encodes molecules which present pathogen-derived peptides to
the immune system. Pathogens are important drivers of selection at the MHC, yet exactly how pathogenmediated selection operates to maintain high polymorphism remains greatly debated. The free-living St Kilda
Soay sheep (Ovis aries) are an excellent non-model study system to investigate this as MHC genotypes can be
related to individual level data on parasitological and immunological measures, and fitness across temporal
and spatial times scales.
Poor genotyping methods frequently limit studies investigating selection at the MHC. We aim to address this
by generating high quality, locus specific genotype data across class I and II loci. A genotyping-by-sequencing
method was used to Sanger sequence seven linked class II genes (DRB1, DQA and DQB), and identified eight
haplotypes in the population. Class I haplotypes will be determined from targeted next-generation sequencing
(MiSeq) of class II homozygous individuals. Knowledge of MHC haplotypes within the population may enable
imputation of MHC diplotypes using SNP and pedigree information. Individuals genotyped on the Ovine HD
SNP chip and at MHC class II are being used to identify SNP haplotypes that are phased with MHC class II
haplotypes. I will report of progress to date.

Evolution of polyandry and inbreeding avoidance: a genetically-explicit finite population model
(PD)
A. Bradley Duthie, Greta Bocedi, Jane M. Reid
The evolution of polyandry, defined as female mating with multiple males within a single reproductive episode,
is a major puzzle in evolutionary biology. One hypothesis is that polyandry evolves because it allows females to
avoid inbreeding, and thereby produce fitter offspring. Yet no existing models of polyandry evolution track
changes in the frequencies of alleles underlying polyandry or inbreeding avoidance given internally consistent
variation in relatedness. Nor do existing models consider the effects of genetic drift, which might be strong in
small and viscous populations where biparental inbreeding is expected. We use individual-based modelling to
quantify the dynamics of alleles underlying polyandry and biparental inbreeding in a small population. We
thereby test the hypothesis that polyandry can evolve to facilitate inbreeding avoidance given different costs
of polyandry, magnitudes of inbreeding depression in offspring survival, and constraints on initial versus
additional mate availability. We show that polyandry and inbreeding avoidance can evolve given low direct
costs of polyandry and high inbreeding depression, and when constraints on initial mate choice are sufficiently
strong. Nevertheless, allele frequencies varied greatly among replicate simulations, reflecting genetic drift.
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Consequently, while selection may favour polyandry to avoid inbreeding, associated costs and drift may greatly
restrict its evolution.

Controlling for population structure in bacterial GWAS (S)
Sarah G Earle, Jane Charlesworth, Chieh-Hsi Wu, Daniel J Wilson
Bacteria pose unique challenges for genome-wide association studies (GWAS) because of strong structuring
into distinct strains, few chromosomes, weak decay of linkage disequilibrium across the core genome, and
mobile accessory genomes. Controlling for bacterial population structure risks considerable loss of power
because many variants are population-stratified, while fine mapping is typically a genome-wide, rather than a
localized, problem. We propose a new method to address these challenges, in order to capture lineageassociated effects when locus-specific effects cannot be pinpointed. We investigate the ability of GWAS to
detect genes and genetic variants underlying resistance to 17 antimicrobials in 3363 isolates from four
taxonomically diverse clonal and recombining bacteria: Mycobacterium tuberculosis, Staphylococcus aureus,
Escherichia coli and Klebsiella pneumoniae. Our results show that the method reliably captures lineageassociated effects even when locus-specific effects cannot be fine-mapped. We report that multidrug
resistance and multi-site resistance mechanisms compromise signals of association, yet strong selection,
elevated recombination and high penetrance confer good power to detect genuine causal mechanisms of
antimicrobial resistance.

Clarifying the origins of an emerging pathogen of native Scots pine
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Dothistroma needle blight (DNB) caused by the ascomycete Dothistroma septosporum, is an emerging disease
of multiple pine species in both North America and Europe. Epidemics are apparently triggered by climate
change and planting of susceptible species outside their natural ranges. In the last decade DNB has devastated
plantations of both exotic Corsican and Scots pine in England. More recently DNB has been reported in
Scotland both on exotic lodgepole pine plantations and, most worryingly, on native Scots pine. To determine
the origin of DNB in Scotland we sampled from an outbreak to the south of the native pine range, from native
Scots pine populations, and from adjacent lodgepole pine plantations. Using data on mating type and
microsatellite variation at 10 loci, we analysed the genetic structuring of these populations using a variety of
clustering methods. Three distinct genetic clusters were found: a highly diverse southern population possibly
derived from the English outbreak; a less diverse, possibly endemic population predominantly on native Scots
pine; and a genetically distinct set of closely related clones present exclusively on lodgepole pine. The
implications of these findings for conservation of native Scots pine in the presence of DNB will be discussed.

Hurdles out of Africa: how climate shaped the history of human migrations (PD)
Anders Eriksson
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1 Integrative Systems Biology Lab, Division of Biological and Environmental Sciences & Engineering, King
Abdullah University of Science and Technology, Thuwal (KAUST), Saudi Arabia; 2 Department of Zoology,
University of Cambridge, UK
Geography and the environment shape migrations, population bottlenecks and local movements of individuals,
and thereby the patterns of genetic variation within the species. In this talk I will discuss how spatially explicit
models, informed by past climate and ethnically diverse datasets of human genetic variation, can be used to
infer how climate and vegetation affected the spread of anatomically modern humans out of Africa into
Eurasia and the Americas and shaped genetic variation. During this process, humans encountered
environments that differed dramatically from those where our species originated. This would have presented
both challenges and opportunities, and set the stage for adaptation. However, the effects of specific
adaptations on genetic variation can be confounded by the general demographic response to the new
environments, such as local population bottlenecks. I will discuss how climate-informed spatial models can
help to disentangle these factors by providing clear signatures of different forms of selection in specific
geographic contexts.
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When human-disturbed landscapes lead to expansion of protected species: genetic structure of
native and newly founded populations in the natterjack toad (Epidalea calamita) (S)
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The coal basin of northern France is a man-made habitat highly disturbed from the start of the last industrial
revolution till the cessation of mining activities in the late eighties. This mining area was recolonized by a
protected pioneering species, the natterjack toad (Epidalea calamita), providing the opportunity to compare
the population genetic structure of recently established inland populations with that of native populations
occurring in natural habitats along the shoreline. The aims of this study were twofold (i) characterizing the
levels of genetic diversity and the spatial genetic structure of native and newly founded populations (ii) tracing
back the history of colonization of the coal basin, i.e. where do the mining area populations come from? Using
a comprehensive sampling of 84 populations and a set of 35 microsatellite loci, we showed a clear genetic
distinctiveness between coastal populations and inland populations. Coastal populations were more inbred
and less genetically diverse than inland area populations. Whereas classical isolation by distance occurred
along the coastline, the occurrence of physical barriers in the coal basin disrupts the patterns of gene flow.
Results are discussed in terms of accidental human-mediated multiple introductions and conservation
management of populations.

The genomic basis of local adaptation in wild populations of the rotifer Brachionus plicatilis (S)
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HU6 7RX, UK
Mapping phenotypes onto genotypes is needed to thoroughly understand the mechanisms underlying the
adaptive response of organisms to their environments. Continental water bodies in the Mediterranean region
range from small ephemeral ponds to permanent lakes and are remarkably diverse in their unpredictability.
This significant variability in environmental conditions can lead to divergent local adaptation patterns, even in
very closely located ponds. Facultative sexual monogonont rotifers are common members of the zooplankton
of these habitats. In particular, the rotifer Brachionus plicatilis life-history traits -namely, investment in sexually
produced diapausing eggs- show diverging local adaptation in relation to environmental unpredictability.
However, little is known of the genomic basis of this diverging adaptation. Here we report Genotyping by
Sequencing (GBS) data, obtained from 270 clones of the rotifer Brachionus plicatilis sampled from nine
populations in South-Eastern Spain. We use this data to explore the genetic structure of these populations and
to identify outlier loci as candidates for diversifying or stabilizing selection. The results obtained from these
analyses are discussed along with relevant biological and environmental data

The genetical theory of multilevel selection
Andy Gardner
The theory of multilevel selection (MLS) is beset with conceptual difficulties. Although it is widely agreed that
covariance between group trait and group fitness may arise in the natural world and drive a response to 'group
selection', ambiguity exists over the precise meaning of group trait and group fitness and as to whether group
selection should be defined according to changes in frequencies of different types of individual or different
types of group. Moreover, the theory of MLS has failed to properly engage with the problem of class structure,
which greatly limits its empirical application to, for example, social insects whose colonies are structured into
separate age, sex, caste and ploidy classes. Here, I develop a genetical theory of MLS, to address these
problems. I show that taking a genetical approach facilitates a decomposition of group-level traits - including
reproductive success - into the separate contributions made by each constituent individual, even in the context
of so-called emergence. However, I uncover a novel problem with the group-oriented approach: in many
scenarios, it may not be possible to express a meaningful covariance between trait and fitness at the level of
the social group, because the group's constituents belong to separate, irreconcilable classes.
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Gene dynamics of Toll-like receptor 4 through a population bottleneck in an insular population of
water voles (Arvicola amphibius) (S)
Martha Gavan
Understanding the extent to which diversity at immunologically important genes is reduced by demographic
perturbations such as population bottlenecks, and the resulting consequences this has on individual fitness, is
of fundamental importance for the effective management of genetic resources in natural populations. Toll-like
receptors (TLRs) are key immunological genes with well-established links to fitness. Here, levels of allelic
diversity and heterozygosity at the Toll-like receptor 4 locus (Tlr4) were characterised across 280 water voles
(Arvicola amphibius) from an isolated, island population in north west Scotland that went through a severe
population bottleneck between 2004 and 2006 that eroded neutral microsatellite variation. Two functional Tlr4
alleles were resolved prior to the population crash at frequencies close to parity and an excess of heterozygote
genotypes relative to Hardy-Weinberg expectations. Through the population bottleneck both alleles were
retained with genotype frequencies conforming to Hardy-Weinberg expectations. Tlr4 genotype was
significantly associated with gamasid mite, flea (Megabothris walkeri) and sheep tick larva (Ixodes ricinus)
burdens among individuals, suggesting a mechanism through which parasite mediated selection could affect
Tlr4 diversity. The results are examined with recourse to the extent they are consistent with the effects of
genetic drift and balancing selection.

Estimating the generation time of bacteria in the wild (S)
Beth Gibson and Adam Eyre-Walker
Generation time varies widely across organisms from all kingdoms of life and is an important factor in the life
cycle, life history and evolution of populations. In bacteria, generation time, or doubling time, has been studied
extensively in the lab. However, we have little knowledge of how long this process takes in wild populations of
bacteria. Here we present a strategy for estimating the minimum generation time for bacteria in the wild. This
involves collating estimates of mutation rates per site per year from wild populations, and mutation rates per
site per generation, either obtained from fluctuation tests and mutation accumulation experiments, or
calculated by assuming a constant rate of mutation per genome per generation (Drake 1991). Our results
indicate that generation time varies across species and for most species minimum doubling times are generally
longer in the wild than in the lab. This may reflect the optimal, high nutrient and non-competitive conditions
experienced by lab populations, versus the suboptimal, competitive and nutrient poor environments in which
wild populations exist.

The evolution of protein domains and domain arrangements in Daphnia (PD)
1

1

Sonja Grath , Karolina Worf , Ann Kathrin Huylmans
1*

1

Department of Biology II, University of Munich (LMU), Planegg-Martinsried, Germany

Modularity is a hallmark of molecular evolution. At the protein level, protein domains are the building blocks
on which evolution acts. Modular protein domain rearrangements can create high diversity with only a few
operations allowing for fast changes to the functional repertoire of organisms. As domain rearrangements
occur with lower rates than amino acid changes, it is possible to compare species over long evolutionary time
scales. Here, we assess the evolution of protein domains and domain arrangements in three Daphnia species in
comparison with several other pancrustaceans. The detailed comparison of several species per lineage allows
us to infer modular domain arrangements and to link the emergence of new domains and arrangements to
very different ecological backgrounds and life styles. The domain annotation of all proteomes was performed
based on Pfam and InterPro. Our current results show that, even if all three Daphnia species have more
proteins and predicted domains, they do not possess more species-specific or unique domains than any other
species. We now reconstruct ancestral proteomes based on a parsimony approach and determine the gain and
loss of domain arrangements along the evolutionary tree. In addition, we develop methods to deal with
complex repeats within protein domain arrangements.

P a g e 21 | 70

Talks……PopGroup49
The genetic and developmental basis of genital evolution between Drosophila simulans and
mauritiana (S)
Joanna Hagen, Kentaro M. Tanaka, Pedro Gaspar, Amber Blogg, Mathew Herbert, Alistair P. McGregor and
Maria D. Santos Nunes
The study of natural phenotypic variation facilitates the identification of genes underlying morphological
change. However, it can also provide new insights into the developmental regulation and evolutionary history
of divergence in these morphological traits.
The morphology of the male genital arch has evolved rapidly in the Drosophila simulans species clade. For
example, males of D. simulans and D. mauritiana species exhibit striking differences in the size, shape and
bristle composition of their claspers; structures that seem to be important for the correct positioning and
attachment of the male to the female during copulation. Using QTL and high-resolution introgression mapping,
we detected two small regions on the left arm of the 3rd chromosome that contribute to interspecific
differences in clasper size and bristle number between D. simulans and D. mauritiana. However, we also found
non-overlapping nearby loci underlying divergence in the morphology of posterior lobes and anal plates. While
generally these loci affect each trait in the same direction and act additively, we also found evidence for
epistasis.
To investigate if positional candidate genes that are differentially expressed between the sexes or species also
regulate genital development, we performed an RNAi screen in D. melanogaster. We found six genes that are
required for development of genital traits consistent with the effects of the introgressed regions in which they
are located. We are currently using CRISPR/Cas9 in D. mauritiana and D. simulans to identify which of these
candidate genes have contributed to the evolution of genital differences between these two species.

Deep water cichlids reveal new genomic mechanisms for sensory drive speciation (PD)
Christoph Hahn, Martin Genner & Domino Joyce
Divergent selection on sensory systems may act as a key driver for speciation. ‘Sensory drive speciation’ (SDS)
is an exciting research avenue, but the underlying genomic mechanisms are so far studied only in a few model
systems. Lake Malawi deep-water cichlids of the genus Diplotaxodon differ to some extent in morphology, but
more obviously in male monochromatic nuptial colour. Previous work has hypothesized that the ambient
narrow, blue/UV-dominated light spectra at different water depths may be key for speciation in Diplotaxodon,
and under such a scenario we would predict genomic signatures of SDS. We analysed genome-wide SNP data
from four species. Based on three independent Fst outlier detection approaches we infer ‘genomic islands of
speciation’, enriched for genes involved in transcriptional regulation and craniofacial development. We
extended our analyses using a novel approach to identify SNP loci showing significant population allele
frequency correlations with interspecific head-morphological differences (such as eye size). In addition to the
initially identified craniofacial development genes this method highlights eye developmental genes, which have
not previously been associated with speciation, such as genes specifically controlling eye lens transparency for
blue light. Our results are consistent with SDS in Diplotaxodon spp. and suggest previously undiscovered
underlying genomic mechanisms

Linkage and the limits to natural selection in partially selfing species (PD)
Matthew Hartfield

1,2,3

and Sylvain Glémin

4,5

(1) Laboratoire MIVEGEC (UMR CNRS 5290, IRD 224, UM1, UM2), 911 avenue Agropolis, B.P. 64501, 34394
Montpellier cedex 5, France. (2) Department of Ecology and Evolutionary Biology, University of Toronto,
Ontario, Canada. (3) Bioinformatics Research Centre, University of Aarhus, 8000C Aarhus, Denmark. (4) Institut
des Sciences de l'Evolution de Montpellier, UMR 5554 CNRS, Place Eugéne Bataillon, 34095 Montpellier cedex
5, France. (5) Department of Ecology and Genetics, Evolutionary Biology Centre, Uppsala University, SE-752 36
Uppsala, Sweden.
Single locus theory indicates that selfing species are more able than outcrossing ones to fix emerging recessive
beneficial mutations. However, partially selfing organisms suffer from relaxed recombination, reducing
selection efficiency. The extent to which multiple adaptations interfere in partially selfing organisms is
unknown. We derive branching-process models to quantify how emergence of a second beneficial allele is
obstructed by an existing selective sweep. We consider the potential loss of the second beneficial mutation if it
has a weaker advantage than the first sweep (‘stochastic interference effect’), and the potential replacement
of the first sweep if the second mutant is fitter (‘replacement effect’). Overall, the stochastic interference
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effect has a larger impact on preventing fixation of both sweeps with high selfing, but the replacement effect
can be stronger with multiple mutations. Interference has two opposing effects on allele emergence. First,
recessive mutants are disproportionally likely to be lost, so mostly dominant mutations will emerge in
outcrossers. Second, with frequent rates of adaptive mutation, outcrossing organisms are more able to fix
weak beneficial alleles of any dominance value. Even under low rates of adaptive mutation, interference can
be sufficient to greatly limit adaptation in selfing organisms.

Becoming domestic: Genetic basis of domestication of European domestic goose (S)
Marja E. Heikkinen, Michelle Alexander, Thomas A. White, Minna Ruokonen, Jouni Aspi, Tanja Pyhäjärvi,
Jeremy B. Searle
Plant and animal domestication has greatly influenced the development of human civilizations for the past
11 000 years. Simultaneously, domestication affects the genome of the species under domestication. Some of
the changes result from stochastic processes, i.e. genetic drift and inbreeding, while others are the outcome of
selection affecting the species in the form of natural selection or artificial selection induced by man. One
intriguing but understudied domesticate is the European domestic goose. The domestic goose in Europe is
derived from greylag goose (Anser anser) but the genetic basis for domestication remains largely unknown. We
used GBS (genotyping-by-sequencing) to investigate genetic differences between wild greylag geese and
domestic geese. Our results indicate genetic separation between greylag goose and domestic goose but also
past or still ongoing hybridization between these two types. The results also reveal that many breeds of
European domestic goose share ancestry with Chinese domestic goose that originates from swan goose (Anser
cygnoid) suggesting intentional or unplanned crossing of these two types of domestic geese. We used
differences in allele frequencies between greylag and domestic geese to detect selection in genomic regions
that may offer potential candidate genes of domestication for further investigations.

Genetic structure of an endangered orchid on a local spatial scale (S)
1,2,

Hilde Hens*
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Laura Kvist , Anne Jäkäläniemi
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3
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Department of Biology, University of Oulu, P.O. Box 3000, 90014 Oulu, Finland, Thule Institute, University of
3
Oulu, P.O. Box 7300, 90014 Oulu, Finland, Thule Institute, Oulanka Research Station, Liikasenvaarantie 134,
93999 Kuusamo, Finland
We studied the genetic variation and structure of Epipactis atrorubens, a regionally endangered perennial
orchid, within and between forty populations in northern Finland. Using microsatellites and chloroplast
sequence markers, we found low levels of genetic variation. Despite the small spatial scale, we found
significant levels of differentiation, which were much greater in chloroplast markers than in nuclear markers.
Where 54.5 % of the chloroplast genetic variation is partitioned among populations, this is only 11% in the
nuclear markers. The differentiation patterns indicate the presence of restricted gene flow among populations.
This is supported by signs of isolation by distance and the assignment analysis, which identified only 20
migrants out of 744 individuals. The estimated ratio of pollen to seed gene flow indicated that only 13% of the
total gene flow can be accounted to seed dispersal and 77% to pollen dispersal. This is contrary to the
expectations for orchid species, where long distance seed dispersal is expected due to light wind dispersed
seeds. This indicates that gene flow among populations in Epipactis atrorubens depends highly on its
pollinators. The observed low genetic variation and low levels of gene flow can have strong negative
implications for the viability of this species.

Linkage disequilibrium and the estimation of historical population size (S)
Tin-Yu Hui & Austin Burt
Linkage disequilibrium (LD) measures the non-random association among genetic loci and has been used to
estimate the effective population size (Ne) of a closed population. Through studying the magnitude of LD
under various recombination rates it is possible to infer the Ne backward in time. Our work proposes a novel
understanding of the relationship between these two genetic quantities and suggests how the historical Ne can
be estimated through LD signals. We illustrate the use of the method by analysing empirical LD data obtained
from a sample of Anopheles mosquitoes from Burkina Faso, and discuss the practicability of using LD to infer
the Ne in the past.
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Conservation genetics studies in Damithrax spinosissimus Lamarck 1818 (Majoidea: Mithracidae),
the Caribbean king crab (S)
1

2

3

Hurtado, J, Campos N, Marquez, E.
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Graduate Program in Ecology, Universidad Nacional de Colombia, Sede Medellín – Universidad Eafit, Medellín;
2
3
Colombia, CECIMAR, Universidad Nacional de Colombia Sede Caribe; Escuela de Biociencias, Universidad
Nacional de Colombia Sede Medellín
Damithrax spinosissimus is a large crab distributed throughout the sub-tropical Atlantic Ocean in the United
States of America, the Bahamas and the West Indies in the Caribbean Sea. There is a lack of information about
conservation genetics aspects of this species. Oceanic and coastal islands from Caribbean Sea have differences
in geological origins and environmental conditions and life history traits of D. spinosissimus populations could
affect their distribution range. We present conservation genetic analysis in D. spinosissimus in five different
sampling sites in Colombian Caribbean by using molecular markers and ecological information. Firstly, we
sequenced partially the genome of D. spinosissimus by using next generation sequencing. We assembled the
nuclear and mitochondrial genomes and designed de novo primers for population genetics and
phylogeography analysis in Colombian populations of D. spinosissimus. The microsatellite loci and the
mitochondrial DNA regions tested were useful to found two management units (the oceanic island and
continental populations). The ecological information from marine currents and the biological background of D.
spinosissimus as their larval period, were related to the genetic information obtained. This work is useful for
management recommendations for conservation genetics of artisanal fisheries in developing countries.

Evolving new skeletal traits by cis-regulatory changes in bone morphogenetic proteins
Vahan Indjeian

1,2,3

and David Kingsley

1

1,2
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Howard Hughes Medical Institute; Stanford University School of Medicine, Department of Developmental
3
Biology, 279 Campus Drive, Beckman Center B300, Stanford, CA 94305, USA; MRC Clinical Sciences Centre,
Imperial College London, Du Cane Road, London, W12 0NN, UK
Changes in bone size and shape are defining features of many vertebrates, but the genomic changes that
control species-specific skeletal alterations are still largely unknown. High-resolution mapping of armor plate
size in sticklebacks identified the gene for a secreted bone morphogenetic protein, Growth/differentiation
factor 6 (GDF6), as a major locus controlling bone size evolution in wild species. Freshwater fish have cis-acting
regulatory changes that increase GDF6 expression, and transgenic overexpression phenocopies evolutionary
changes in armor plate size. The human GDF6 locus also has undergone distinctive regulatory evolution,
including complete loss of an enhancer that is highly conserved in other mammals. Functional tests show that
the ancestral enhancer drives expression in hindlimbs but not forelimbs, in locations that have been specifically
modified during the human transition to bipedalism. These results add to growing evidence that regulatory
modifications of BMP genes represent a common mechanism for evolving specific skeletal changes in
vertebrates.

Expression patterns of transposable elements at benign and stressful temperatures (S)
Ana Marija Jakšić

1,2

and Christian Schlötterer

1

1 Institut für Populationsgenetik Vetmeduni Vienna, Vienna, Austria; 2 Vienna Graduate School of Population
Genetics, Vetmeduni Vienna, Vienna, Austria
Transposition rates of different transposable element (TE) families in Drosophila melanogaster have been well
described genome-wide, on both individual and population level. However, despite we know that high TE
transposition is mainly deleterious and triggered by stress, the transcriptome-wide expression of TEs at
stressful conditions still remains unexplored. In our study we investigate TE expression patterns at both
stressful (13°C and 29°C) and benign temperatures (18°C and 23°C) in two strains of D. melanogaster. We
found that the patterns are correlated between two strains, but vary between different TE families.
Interestingly, we observed some TE families that show unexpected expression patterns with high expression at
benign temperatures and low expression at stressful temperatures in both strains. This remarkable finding
challenges the hypothesis that transposition is triggered by stress.
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Fixation probability of a rare nonmutator and evolution of mutation rates (S)
Ananthu James and Kavita Jain
Theoretical Sciences Unit (TSU), JNCASR, Bangalore, India.
In a large asexual population, capable of undergoing both deleterious and compensatory mutations on a
nonepistatic fitness landscape, and assumed to be at mutation-selection equilibrium, we analytically calculate
the fixation probability of a mutant with much lower mutation rate than the background using a multitype
branching process. When the selective effects remain constant, fixation probability is larger if resident
population has higher mutation rate. If the background mutation rate is kept constant, fixation probability
increases with selection coefficient when selective effects are mild compared to mutation rate, while it
remains independent of selective effects otherwise. In presence of compensatory mutations, if selective
effects are strong relative to mutation rates, fixation probability decreases, while it shows a surprising
nonmonotonic behavior when selection is weak. Using these results which are valid for a large population and
a drift barrier hypothesis that takes care of stochastic fluctuations, we argue that the optimum mutation rate
for an adapted population scales as inverse of population size when mutations are lethal, and inverse of
product of selection coefficient and square of population size when mutations are slightly harmful, and verify
our claims using Wright-Fisher simulations.

Adaptive evolution in animal mitochondria (S)
Jenny James
University of Sussex
We investigate whether we can detect adaptive evolution in animal mitochondria, using an extensive dataset
containing a wide range of taxonomic groups. We apply a variety McDonald-Kreitman style tests to the data,
and find that the evolution of mitochondrial DNA is dominated by deleterious mutations. This finding is
supported by a number of previous studies. However, when we control for the presence of deleterious
mutations using a new method, we find that mitochondria undergo a significant amount of adaptive evolution,
with an estimated 26% (95% confidence intervals: 5.7% to 45%) of non-synonymous substitutions fixed by
adaptive evolution.

Effect of drift, selection and recombination on the equilibrium frequency of deleterious mutations
(S)
Sona John, Kavita Jain
We studied the advantage of recombination for a population evolving under the action of random genetic drift,
selection and both deleterious and back mutations. We have found that the equilibrium fraction of deleterious
mutations decreases
(or the fitness increases) as the population size increases for both sexual and asexual populations. Whereas
recombination alleviates the effect of deleterious mutations for moderately large populations, for small and
very large populations, the fraction of deleterious mutations depends weakly on recombination rate. Using an
analytical argument we show that recombination decreases the fraction of deleterious mutations appreciably
when beneficial mutations are rare as in the case of adapting populations. It has a moderate effect when both
beneficial and deleterious mutations rates are of the same order, which is the case in codon bias where the
mutation rates between the preferred and unpreferred codons are comparable.
All the above results were obtained when a smooth single peak fitness landscape was considered. Now we are
trying to explore the advantage of recombination in a more realistic tunable rugged landscape.

Measuring heritability of, and correlations between, realized female and male fitness in the
hermaphrodite plant, Solanum carolinense
1

2

Crispin Y. Jordan , Elizabeth Elle , Tom R. Meagher
1

3

Institute of Evolutionary Biology, University of Edinburgh, UK;
of St. Andrews, UK

2

Simon Fraser University, Canada;

3

University

In sexual species, the magnitude of genetic variation for realized fitness and genetic correlations between
female and male fitness represent strong constraints for adaptive evolution. Several studies have estimated
genetic variance for realized female and male fitness in animal species, but no estimates exist for plant species.
Using a previously published dataset, we estimated genetic variation for realized female (seed production) and
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male (siring success) fitness in a hermaphrodite plant. We detected little evidence for genetic or
environmental correlations between female and male fitness, but had little power to do so. As expected,
genetic variance for both female and male fitness was small, as environmental effects dominated variance in
fitness. Moreover, the environmental variance of ‘per flower’ male fitness exceeded that of ‘per flower’
female fitness, whereas the environmental variances of female and male fitness were equal on the scale of
entire floral displays. We discuss the implications of these findings for the evolution of floral displays

Adaptive Evolution of a Clinal Inversion Polymorphism in Drosophila (PD)
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1
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Martin Kapun , Chloe Schmidt , Jérome Goudet , Paul Schmidt , and Thomas Flatt
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Department of Ecology and Evolution, University of Lausanne, Lausanne, Switzerland; Department of Biology,
University of Pennsylvania, Philadelphia, USA
In(3R)P, a common cosmopolitan inversion in D. melanogaster, exhibits steep latitudinal clines across multiple
continents, but whether this pattern is due to spatially varying selection or demography remains unclear. To
address this fundamental question we first estimated inversion frequencies by applying diagnostic marker
SNPs to pool-seq data from 10 populations along the North American east coast. By comparing our estimates
to published records we find that the inversion cline has remained stable for over forty years. Consistent with
this cline being maintained by selection, comparisons between clinal patterns of In(3R)P and neutrally evolving
intronic SNPs suggest that this inversion evolves non-neutrally. In further support of an adaptive scenario, SNPwise regression reveals numerous inversion-associated alleles differentiated in parallel between the North
American and Australian clines. Second, we sequenced pools of isochromosomal lines of In(3R)P karyotypes
from the endpoints of the North American cline and identify major inversion-specific genetic differentiation
among karyotypes. Finally, again paralleling observations from Australia, we find that In(3R)P makes a major
contribution to the well-known body size cline in North America. Together, these results provide compelling
evidence that In(3R)P is maintained by spatially varying selection across multiple continental clines.

Efficient genome scale coalescent simulation and genealogical analysis for huge sample sizes
Jerome Kelleher and Gil McVean
A central challenge facing the analysis of genetic variation is to provide realistic genome simulation across
millions of samples. Present day simulations are mostly based on the Sequentially Markov Coalescent (SMC)
approximation, which discards important linkage information. Even using this approximation, simulating data
over hundreds of thousands of samples may require months of computation time for a single replicate.
We solve these problems by introducing sparse trees and coalescence records as the key units of genealogical
analysis. We present an implementation of these ideas called msprime and show that it is substantially faster
than SMC simulators for large sample sizes. For example, simulating the genealogies for 100000 samples over a
100 megabase region with a population scaled recombination rate of 0.001 requires around 10 minutes and
less than 1GB of RAM on a modern desktop computer.
Storing and processing the trees output by coalescent simulations also presents a substantial challenge. In the
example above, the genealogies consume 3.5TB of storage when encoded in Newick format and would require
around 40 days of processing time to parse using the BioPython library. Using coalescence records, the same
information can be encoded in around 90MB and requires less than 5 seconds to process using mprime's
Python API.

Phenotypic variation in Drosophila melanogaster is caused by expression changes in a micro-RNA
(PD)
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Analysing variation in phenotypic traits, as well as the underlying genetic architecture can help to understand
the forces involved in morphological evolution. Trichomes are short actin protrusions found on insect
epidermis. A region on the femur of the second leg of several Drosophila species is free from trichomes. Size of
this ‘naked valley’ (NV) differs among strains of Drosophila melanogaster while other species exhibit little
variation. The trait distribution is bimodal, with strains from a given natural population having either a large or
small NV. Moreover, the trait is codominant because heterozygous individuals exhibit an intermediately sized
NV. NV size is largely determined by a 25 kb region on the right arm of the third chromosome. This region
contains a gene encoding microRNA-92a, which represses trichome formation. Most likely a mutation that led
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to lower expression levels of miR-92a underlies the derived smaller NV phenotype. Currently we are taking
different approaches to uncover the mutations responsible for miR-92a expression differences, involving
further high resolution mapping of the evolved region and analysis of miR-92a regulation. Eventually we seek
to understand if the small NV phenotype arose several times independently or is the result of standing genetic
variation in an ancestral population.

Innate vs. adaptive immune response in the wild: who is right? (PD)
1

Agnieszka Kloch , Olek Michalski
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Poland; perlism.org, ul. Przy Agorze 5a m. 98, 01-960 Warszawa
Until recently, most we knew about parasite-driven selection acting on host immune genes was restricted to
the genes of the major histocompatibility complex (MHC). Yet, MHC is just a part of evolutionary younger,
adaptive immune response. It is triggered days after infection on contrary to innate immune response
constituting the first line of defense against pathogens. Innate immune response is evolutionary older and
comprises many components, notably cytokines such as Toll-like receptors (TLRs) and interleukins. Here, we
will present results of an ongoing project aimed at characterizing the genetic polymorphism and evolution of
cytokines in two populations of free-living bank voles. The populations differ in parasite fauna and MHC
diversity, and parasite-driven selection acting on MHC was shown in previous studies. Here, we will compare
the patterns of selection acting on cytokines to those influencing MHC to find out if MHC-associated patterns
are a rule or rather an exception in the evolution of immunity genes.

Mutation rate varies with population density: a general pattern across domains of life? (PD)
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The degree and nature of organismal and environmental control over mutation rates remains an open
question. We recently demonstrated, using fluctuation tests, that in Escherichia coli, mutation rates increase
>5-fold with decreasing cell-density at the end of a culture cycle. This mutation rate plasticity (MRP) is
mediated by luxS-dependent cell-cell interactions. Initial results concerned MRP at rpoB conferring rifampicin
resistance. We find that mutation rate at gyrA, conferring resistance to nalidixic acid, is also densitydependent, strongly suggesting plasticity of the general mutation rate. To further explore the generality of
MRP we conducted a meta-analysis of published mutation rates where the cell-density of the assayed
population was known. Hundreds of estimates were available for 19 organisms from all three domains of life.
Having accounted for confounding variables we find that density explains a significant proportion of the
variance in published mutation rates and the two are again inversely related to one another. This is the first
evidence that MRP might be widespread. We are now testing this hypothesis using baker’s yeast. Furthermore,
ongoing study of MRP suggests the involvement of DNA repair. Details of this downstream mechanism and
how conserved it might be across life remains a question of great interest.

Inference of human demography using one-parameter models (S)
Marguerite Lapierre, Cécile Delaporte, Amaury Lambert & Guillaume Achaz
In this study, we aim at putting into perspective the inferences based on reference models, such as the WrightFisher neutral model. Going against the current trend, which tends to multiply the number of parameters
under a single reference model, we infer the demography of an African population (Yoruba, data from the
1,000 human genomes project) using a variety of models with only one parameter: the time of foundation of
the population. These models are based on the Wright-Fisher standard model with explicit and implicit
demography, but also on a branching process (critical birth-death model). Using the folded site frequency
spectrum to fit these models to the data, we show that under a certain range of parameters, different models
of growth result in almost identical trees: the site frequency spectrum doesn’t allow the inference of the
demography. This raises the question of our ability to infer a precise demography using summary statistics
such as the site frequency spectrum.
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Genetic introgression through selection in domestic chickens: Insight from whole genome
sequence analysis (S)
Raman Akinyanju Lawal and Olivier Hanotte
The Ecology and Evolution Group, School of Life Sciences, The University of Nottingham, University Park.
Nottingham, NG7 2RD.
Domestication of chicken occurred for at least 5400 years ago from its main maternal ancestor, Gallus gallus
spp. From its centre(s) of domestication in South and/or Southeast Asia, domestic chicken has migrated to
different parts of the world and adapt to varying agro-ecological conditions. Indigenous chickens represent a
major asset to farmers. They have been subjected to both natural and human-driven selection leading to a
mosaic of genetic structure and extensive phenotypic diversity. In this study, we assess the presence of
introgressed haplotypes from non-Gallus gallus jungle fowl species (G. sonneratii, G. lafayetii and G. varius)
into domestic chicken’s population using full genome sequence analysis. We present the results from two
indigenous chicken populations from Ethiopia. Following, a new admixed pooled population heterozygosity Hp
analysis approach, and pairwise population specific Fst analysis, several candidates’ population or domestic
specific introgressed selected genomic regions were identified. Outputs from this study are expected to
contribute to advance knowledge on the evolutionary history and adaptation of wild and domestic fowls.

Frequent, geographically structured heteroplasmy in the mitochondria of a flowering plant,
ribwort plantain (Plantago lanceolata) (PD)
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Recent research has convincingly documented cases of mitochondrial heteroplasmy in a small set of wild and
cultivated species. Heteroplasmy is suspected to be common in flowering plants; investigations of additional
taxa may be critical to understanding the mechanisms generating heteroplasmy and its effects on plant
phenotypes. The role of mitochondrial heteroplasmy is of particular interest in plants with cytoplasmic male
sterility (CMS), as CMS is controlled by mitochondrial genotypes, which can lead to co-occurring female and
hermaphroditic individuals (gynodioecy). Paternal leakage may therefore be important in the evolution of
mating systems in such populations. We conducted a genetic survey of the gynodioecious plant Plantago
lanceolata, in which heteroplasmy has not previously been reported, and estimated its frequency across from
15 European populations for two mitochondrial loci. In addition, we analysed shotgun Illumina sequences for a
limited number of heteroplasmic individuals. The incidence of heteroplasmy was highest in Northern England
and Scotland. We present evidence for paternal leakage and low rates of nuclear restoration of male fertility,
as well as for an effect of CMS on mitochondrial polymorphism.

Duplication and diversification of Dipteran Argonaute genes (PD)
Samuel H. Lewis, Heli Salmela & Darren J. Obbard
RNA interference (RNAi) is an ancient mechanism that uses small RNAs bound to Argonaute proteins to
regulate gene expression, combat viruses and suppress transposable elements (TEs). Studies of Drosophila
melanogaster have provided a paradigm for RNAi in arthropods in which the miRNA pathway and antiviral
pathways are each mediated by one Argonaute protein (Ago1 and Ago2), while germline suppression of TEs is
mediated by three Piwi-subfamily proteins (Ago3, Aub and Piwi). Without suitable evolutionary context,
deviations from this can be seen as derived or idiosyncratic. Here we analyse the evolution of Argonaute genes
across 86 Dipteran species to show that variation in copy number can occur rapidly, and that there is constant
flux in some RNAi mechanisms. The lability of RNAi is illustrated by recent duplications of Ago2 and Ago3 in
Glossina morsitans, and multiple Piwi-family genes in Aedes mosquitoes. In each case the tissue-specificity of
these genes has altered, suggesting functional divergence driven by dynamic selection pressures across the
Argonaute gene family. We also find large differences in evolutionary rates and gene turnover between
pathways, and that paralogues of Ago2, Ago3 and Piwi/Aub show contrasting rates of evolution after
duplication, potentially reflecting widespread patterns of functional divergence.
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What is the true scale of adaptive divergence at the MHC? Supertypes explain the evolutionary
inertia in a Red Queens arms race (PD)
1

2

3

4

Jackie Lighten, Alexander S.T. Papapdopulos, Ian Paterson, John Eimes, Andrew Hendry,
1
and Cock van Oosterhout,

5, 6

Paul Bentzen

3

1. School of Environmental Sciences, University of East Anglia, Norwich, Norfolk, UK; 2. Conservation Science,
Royal Botanical Gardens, Kew, Richmond, Surry, UK; 3. Marine Gene Probe Laboratory, Department of Biology,
Dalhousie University, Halifax, Nova Scotia, Canada; 4. Department of Biology, Seoul National University, Seoul,
South Korea; 5. McGill University, Montreal, Quebec, Canada; 6. Redpath Museum, Mc Gill University,
Montreal, Quebec, Canada
The Red Queen co-evolutionary arms race between hosts and pathogens drive immunogenomic evolution.
Despite adaptation, species’ share similar immunogenomic diversity (trans-species polymorphism, TSP). Using
Major Histocompatibility complex (MHC) loci as an example, we show that this evolutionary inertia of immune
loci can be explained by stabilizing selection acting on supertypes (groups of alleles with identical or similar
functions). In wild guppies (Poecilia reticulata) we demonstrate that neutral evolutionary processes (mutation,
gene flow and drift) govern the population structuring of MHC allelic diversity. However, MHC supertypes show
little population differentiation; consistent with strong stabilizing selection acting on the functional properties
of alleles within supertypes. This also explains TSP at the MHC, and other immune gene families. Simulations
show that stabilizing selection maintains stable supertypes over millions of years. Mini-Red Queen processes
are taking place between parasites virulence alleles and host immune alleles within each supertype resulting in
a dynamic equilibrium. Large effective population sizes (Ne) result in high diversity with supertypes consisting
of many similar alleles, but in populations with smaller Ne the number of distinct alleles within a supertype
declines. Our new synthesis can explain TSP and the maintenance of high allelic diversity at the MHC. Hostparasite coevolution, gene flow, and drift govern the dynamics of immune alleles within the level of
supertypes, whilst stabilizing selection acting among supertypes explains TSP.

An analytical framework to reconstruct allele frequency trajectories through time to investigate
past selection (S)
1,2

2,3
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Liisa Loog , Anders J. Eriksson , Mark G. Thomas , Andrea Manica , Greger Larson
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Arabia; Department of Genetics, Evolution & Environment, UCL, UK
Understanding the genetic changes that took place during the process of domestication is of interest to
researchers from fields ranging from genetics to archaeology. To understand these processes it is essential to
reconstruct the history of genetic selection, especially the strength of selection and the time period during
which it has operated. In this talk, I will focus on two loci in European domestic chickens that have been argued
to have undergone selection during the process of domestication, BCDO2 and TSHR, associated with skin color,
and linked to photoperiod regulation and reproduction, respectively. However the timing, as well as the
strength of selection in these two loci remains unknown. The issue is further complicated by historic gene flow
from Asian chickens during the formation of modern breeds in the past few hundred years. Here, we are
presenting an analytical framework that allows full likelihood calculation of starting time of the selection as
well as selection strength and ancestral allele frequency, explicitly taking confounding effects of Asian gene
flow into account. Applying this framework to ancient and modern allele frequency data for the two loci, we
find firm support for strong recent selection, most likely starting a few hundred years ago.

Dmrt1 polymorphism covaries with sex chromosome differentiation in Rana temporaria (PD)
Wen-Juan Ma, Nicolas Rodrigues, Roberto Sermier, Alan Brelsford, Nicolas Perrin
Within-species polymorphisms in sex-chromosome differentiation can shed light on the evolutionary dynamics
of sex-determination mechanisms. Sex-chromosome differentiation in common frogs was shown to vary with
latitude in Sweden, in parallel with patterns of gonadal development. Frogs from the northern-boreal
population of Ammarnäs display well-differentiated X and Y haplotypes with no XY recombination, early sex
differentiation, and a perfect match between phenotypic and genotypic sex; those from the southern
population of Tvedöra show no differentiated Y haplotypes and late sexual differentiation: most juveniles
present ovaries at metamorphosis, which in some individuals are replaced by testes at later developmental
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stages. Here we show these patterns to covary with a polymorphism at three markers flanking exons 1, 3 and 5
of the candidate sex-determining gene Dmrt1. In the northern population, distinct X and Y alleles are fixed for
all three markers; juveniles with XY haplotypes always develop as males, those with XX haplotypes always as
females. In the southern population, a male-specific allele was only found for intron 1. Juveniles with the Y
allele tend to ultimately develop as males; those without it may nevertheless become functional males, but
with strongly female-biased progeny. Our results thus provide evidence for a much smaller non-recombining
segment in the southern population, associated with delayed sex differentiation and a weaker sexdetermination effect, leaving scope for epigenetic influences. This segment encompasses at least the Nterminal (DNA-binding) part of Dmrt1, the only known marker that co-segregates with sex in this population.
Functionally-relevant variation in the sex-determining gene csd in a managed population of honeybees
Ian Williams and Anita Malhotra
School of Biological Sciences, College of Natural Sciences, Bangor University, Gwynedd, UK
Honeybees (Apis), which display the haplo-diploid sex determination system of all hymenopterans, possess a
complementary sex determination gene (csd) found within the Sex Determination Locus (SDL) on chromosome
3. Functionally different csd proteins likely combine to form an active RNA splicing product that activates a
downstream response in another gene within the SDL (fem) to produce female-specific mRNA. Only individuals
that are heterozygous at csd develop into females. Inbreeding thus causes increased production of diploid
drones, which fail to complete development, and represent a significant cost in managed populations. The
basis of the difference between functional alleles is not yet understood, although the hypervariable region
(HVR) is the prime candidate. We explored population level csd diversity within a single managed population of
Apis mellifera and revealed extensive HVR fragment length variation by genotyping. Subsequent sequencing
showed that size variation was mostly due to differing combinations of (N1-4) Y repeats, but substantial single
nucleotide variation also occurred both within and around the HVR. Our data suggest that if the HVR is
functionally relevant, differences at a small number of relevant locations might be sufficient to release sexual
development out of the default male mode. The high number of fragment sizes found suggests that other
forces might also drive the specificity of csd alleles.

Indirect genetic effects on reproductive behaviour and morphology
1,2

1

1,3
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Lucas Marie-Orleach , Nadja Burri , Pierick Mouginot , Aline Schlatter , Dita B. Vizoso and Lukas Schärer
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Evolutionary Biology, Zoological Institute, University of Basel, Basel, Switzerland.; Centre for Biological
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Diversity, School of Biology, University of St Andrews, St Andrews, UK.; General and Systematic Zoology,
Museum and Zoological Institute, Ernst Moritz Arndt University of Greifswald, Greifswald, Germany.
The trait values expressed by an individual depend on both its genes and the encountered environmental
conditions. Because the latter often encompass social interactions with conspecifics, an individual's phenotype
may possibly be affected by the specific genotypes of its partners (i.e., "indirect genetic effects"). In two
experiments where we crossed distinct genetic lines of the free-living flatworm Macrostomum lignano we
found clear evidence of indirect genetic effects on morphological and behavioural reproductive traits. The
genetic line of the partner significantly affected the focal's testis size — which varied up to 2.4-fold — and its
propensity to copulate and to perform the postcopulatory suck behaviour that has been postulated to be
involved in sexual conflicts over the fate of received ejaculate. Interestingly, we found not indirect genetic
effects on copulation duration, a trait compounded from both partners. Overall, our results show that the
expression of reproductive traits can be affected by the genotype of social partners. We discuss how such
indirect genetic effects are expected to alter the evolutionary trajectories of reproductive traits and mediate
the interplay between social evolution and sexual selection.
Hybrid advantage found in bluebells (Hyacinthoides spec.) from a hybrid zone in Northern Spain (S)
1,2
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Queen Mary University of London, E1 4NS London, UK; Natural History Museum London, SW7 5BD London
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UK’; University of Vienna, 1090 Vienna, AT
The native British bluebell, Hyacinthoides non-scripta, is a spring flowering lily, which is well-known in natural,
old forests across the British Isles. Its distribution expands along the Atlantic coast to northern Spain, where it
forms a belt of hybrid populations along the Cantabrian Mountains with its sister species, the Spanish bluebell
– Hyacinthoides hispanica. Studying exonic markers from individuals across a specific hybrid zone of 120 km
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length, we found that the population structure is highly influenced by geography and the limited seed dispersal
rate of bluebells. Gene flow occurs faster through pollen exchange, which is pollinator dependent and which
we can indirectly trace by organelle genotypes. Each parent species exhibits its private chloroplast genotype,
which can be found admixed in the hybrid populations and forms a strong cline. Further, we performed cross
hand-pollination experiments to explore the hybrid performance and frequency of hybrid formation. These
experiments have shown that bluebells are preferentially outbreeding. Especially, F1 crosses produce a higher
seed set than intra-specific crosses. The hybrids are as fertile as the parental species.

Selective sweeps in colonizing Arabidopsis lyrata populations (S)
1

1

Tiina M. Mattila , Jaakko Tyrmi , Outi Savolainen

1,2

1 Plant Genetics Group, Department of Genetics and Physiology, University of Oulu; 2 Biocenter Oulu,
University of Oulu
Range expansion is often accompanied with novel selective pressures which may lead to local adaptation.
Using a whole-genome resequencing approach, we studied the demographic history and signals of selection in
four Arabidopsis lyrata populations with different colonization history. One population was sampled from the
region of the species origin (Central Europe) and three from colonized regions. The more recent colonization
from Central to Northwestern Europe was represented by two populations and more ancient colonization from
Central Europe to North America by one population. In line with previous studies, the genomewide site
frequency spectra (Tajima’s D) deviated from the standard neutral expectation. Using the Stairway plot
method, we generated detailed demographic models for each population and found that in all the four
populations the effective size has decreased considerably within the past 250 000 years. We further studied
the population specific signals of selection using a combination of site frequency spectrum (SweeD) and linkage
disequilibrium (OmegaPlus) based methods with the generated demographic models as a background.
Population comparisons indicated that selective sweeps have been more frequent in the colonizing
populations. This emphasizes the interplay between demography and selection in shaping the patterns of
genomewide variation

The genetic architecture of mate preference in sympatric Heliconius species (PD)
Richard Merrill, Maria-Clara Melo, John Davey, Sarah Barker & Chris Jiggins
The genetic architecture of traits that contribute to reproductive isolation can profoundly influence speciation
in the face of gene flow. Heliconius butterflies are well known for brightly coloured mimetic warning patterns.
Because wing colour patterns are also used as mating cues mimetic shifts can cause both pre- and post-mating
isolation. However, shifts in colour pattern cannot drive reproductive isolation alone; rather, they must be
accompanied by corresponding mate preferences. Here we present the first genome wide QTL study for
Heliconius of male attraction towards conspecific females. Our results suggest that at least two QTL of major
effect influence mating decisions that contribute to reproductive isolation between the sympatric species
Heliconius cydno and H. melpomene. We discuss how this may have played a role during speciation in this
group.

Studying selection in pigs using time series data (S)
Fiona Milton, Nader Deeb, James Prendergast, Pamela Wiener
Although selection for specific traits is a major factor in the dynamics of domestic animal populations, the
associated genes are generally unknown. Analysis of selection signatures can be used to identify possible
selection targets using several methods, but these usually focus on one or two time-points and so may miss
interim effects. The increasing availability of high-throughput genomics techniques has made it possible to
collect several generations of genotype data from a single population. This allows the investigation of the
population’s genetic history, including the trajectory of potential selection events.
In this study we used genotype data collected from a commercial pig line over eleven generations to
investigate allele frequency changes for evidence of selection. Comparisons with drift simulations identified
SNPs showing significant evidence of selection at individual time-points or over the full time period. Different
patterns of selection were then identified by grouping allele frequency trajectories of putatively selected SNPs.
Gene ontology (GO) enrichment analysis was used to determine whether these SNPs were associated with
functional terms related to pig breeding goals.
The results suggest the existence of different allele frequency trajectories and that GO terms associated with
certain traits show more evidence of selection than more generalised terms.
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A rare exception to Haldane’s Rule: Are X chromosomes key to hybrid incompatibilities? (S)
Peter Moran, Mike Ritchie and Nathan Bailey
Centre for Biological Diversity, Sir Harold Mitchell Building, University of St. Andrews, St. Andrews, Fife KY16
9TS, Scotland, UK
The prevalence of Haldane’s rule, which states that the heterogametic sex suffers disproportionate sterility or
inviability in hybrid crosses, suggests that sex chromosomes play a key role in reproductive barriers and
speciation. However, the majority of research on the genetic basis of Haldane’s rule has been conducted in
conventional sex determination systems (XY and ZW) and exceptions to the rule have been largely
understudied. Here we investigate a remarkably rare exception to Haldane’s rule for reciprocal sterility in two
closely related Australian field cricket species Teleogryllus oceanicus and T. commodus, both of which have an
XO sex determination system. We predicted that the presence of two different species X chromosomes plays a
key role in hybrid female sterility. Through three generations of lab hybridization experiments we introgressed
X-chromosomes onto different species genomic backgrounds and tested the fecundity and viability of the
different cross types. Surprisingly, contrary to our predictions, we found no large X effect on female fertility or
viability. Instead our results indicate that epistasis amongst autosomal loci may supersede X incompatibilities
and oppose Haldane’s rule. This rare exception to Haldane’s rule may represent a more general pattern of
deviation from the rule in systems without dimorphic sex chromosomes.

Adaptive change in pathways involved in host-pathogen interactions in Rickettsia bacteria (S)
Gemma GR Murray and John J Welch
Department of Genetics, University of Cambridge
Rickettsia is a genus of obligate intracellular bacterial parasites that infect a wide range of arthropods, and
display many host-specific adaptations. The distribution of host taxa is very variable across the Rickettsia
phylogeny, suggesting that switches between distantly related hosts have occurred many times. Such switches
will involve evading immune responses, which may differ substantially across taxa. At the same time, Rickettsia
is undergoing genome reduction. We find that genes in pathways that are likely to be involved in immune
evasion have elevated lineage-specific ratios of non-synonymous to synonymous substitution. We test whether
these elevations can be explained by differences in selective constraint across genes through applying a test for
deviation from a best-fit nearly neutral model of molecular evolution. This model reflects the fact that an
apparent gene-by-lineage effect might result from locus-specific responses to changes in effective population
size. This method differs from other commonly used tests for positive selection by not relying on identifying a
class of sites where the rate of non-synonymous substitution is greater than the rate synonymous substitution.
While the elevations in some pathways can be explained by variation in constraint, others show significant
deviations from the best-fit estimates of the nearly neutral model.

Identifying genes involved in structural colour production though transcriptomics analysis
Nicola J. Nadeau
Some of the brightest and most striking colours found in nature are produced not by pigments but through
coherent scattering of light by nano-scale structures. Despite the importance of these colours for animal and
plant signalling and communication, and their application in man-made products, very little is known about
their synthesis in natural systems. We are using genetically controlled within-species variation in iridescent
blue structural colour in the Heliconius butterflies in order to study the genetic basis of these colours. We have
analysed transcriptomic data from races of Heliconius erato with and without iridescent blue colour. By
comparing gene expression profiles between these races, as well as between wing regions that differ in scale
ultrastructure, we have identified genes that are consistently upregulated during iridescent scale development.
These are the first candidate genes for producing structural colour to be identified in animals.

Multiple correlated traits and fluctuating selection: Solutions to the paradox of high genetic
variation? (S)
Sebastian Novak, Srdjan Sarikas, Nick Barton
Genetic variability is a central concept for evolutionary biology. Yet, its evolution is only understood for the
simplest of models. A key problem is that because a very large number of loci influence an indefinitely large
number of traits, their effects must overlap, so that the effective selection on each allele increases.
Furthermore, selection cannot act independently on many traits, without an inordinate fitness cost. To
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overcome these problems, we consider an organism in its entirety, rather than reducing it to a single trait. Our
model includes multiple traits that are subjected to – possibly correlated – stabilizing selection, and are
determined pleiotropically by a large number of loci. To alleviate the technical difficulties entailed by such a
general approach, we describe the selection coefficients of individual genes by stochastic processes whose
properties derive from macroscopic variables only. Our model thus describes selection on multiple correlated
traits by fluctuating selection; its broad setup makes it a promising candidate for improving our present
understanding of multivariate quantitative genetics.

Comparative genomics of adaptation to woody hosts in Pseudomonas syringae (PD)
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Institute of Evolutionary Biology, University of Edinburgh, United Kingdom; Forest Research, Centre for
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Evolution, University of Edinburgh, United Kingdom
The diversification of lineages within the plant-pathogenic Gammaproteobacterium Pseudomonas syringae has
involved a number of adaptive shifts from herbaceous hosts onto various species of tree, resulting in the
emergence of a range of highly destructive diseases. Rates of gene gain and loss are high for this species, such
that genome fluctuation is likely to play a major role in the adaptation of individual lineages onto their hosts. In
order to better understand the evolution of P. syringae onto woody plants, we have generated de novo
genome sequences for 26 strains from the P. syringae species complex that are pathogenic on a range of
woody hosts, and have looked for statistical associations between gene presence and host type (i.e., woody or
herbaceous) across a phylogeny of 64 strains. We find evidence for a common set of genes associated with
adaptation onto woody plants, suggesting that divergent lineages have acquired similarities of genome
composition that may form the genetic basis of their adaptation to woody hosts. Overall, we present a novel
approach for the detection of candidate genes that may functionally underlie a shared trait across a phylogeny,
allowing for a greater understanding of how genome fluctuation contributes to adaptation in bacteria.

Inferring population demography and mutation rate using jointly pedigree information and
genomic data (S)
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Florence Parat , Daniel Wegmann , Aurélien Tellier
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Technische Universität München, Freising, Germany, University of Fribourg, Fribourg, Switzerland

Inferring complex demographies of domesticated species using genetic data is challenging. Adding other
sources of information, as pedigrees, might be part of the solution. Therefore, we developed a Likelihood
method allowing the joint use of information from pedigrees and genetic data. This also enables us to estimate
parameters usually out-of-reach, such as the population mutation rate and sex ratio.
The pedigree of random samples of individuals contains information on the recent demography of the
population whereas genetic data, summarized as a Site Frequency Spectrum, is the result of both demographic
and mutational processes. We can then draw inference from genetic data by tracing back possible sample
genealogies constrained by the pedigree under a given mutation model, and by calculating the probability of
this pedigree given the demography drawn using MCMC.
Our method is particularly suitable for reintroduced or domesticated species for which large pedigrees and
numerous genome sequences are available, though these populations often display violations of Kingman’s
coalescent (e.g. overlapping generations, unbalanced sex ratio, small population). Using simulated datasets we
demonstrate the power of our method accounting for these features. Additional work on cattle pedigrees
yields promising results, and prompts us to model further the complexity of real populations.

Herd immunity in spatially structured bacterial populations (S)
Pavel Payne
One of the major challenges for bacteria is the ubiquitous threat from phages in their environments. In order
to survive this battle, bacteria have evolved multiple defense systems such as host restriction-modification
systems, abortive infection systems, and the Cas/CRISPR system. In this study, we explore the dynamics of
phage spread in structured and non-structured populations consisting of phage-susceptible and phageresistant individuals. To better understand the dynamics of herd immunity we use both experiments and
theoretical modeling. The experimental system consists of Escherichia coli strains with varying degrees of
immunity to the T7 phage. In addition, we have developed a fully parameterized model of the experimental
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system. We find that a relatively small fraction (~10-20%) of the resistant to sensitive cells can effectively halt
the epidemic spread of the T7 phage in spatially structured populations. In contrast, this herd immunity effect
is substantially reduced when (i) the efficacy of the immune system is lowered, or (ii) the population has no
structure. Surprisingly, this result holds even when the fraction of resistant to sensitive cells is very high. Using
mathematical and numerical analysis of the herd immunity model, we describe the conditions, under a broad
range of parameters, in which herd immunity arises.

Epigenetic signatures of parental effects in soil mites
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Individual variation in life-history phenotype can be influenced by past environmental conditions
communicated across generations via parental effects. The extent to which such parental effects reflect and/or
influence epigenetic variation remains underexplored, despite offering a mechanism through which phenotypic
plasticity can be generated.
Here we describe a study that examines interrelationships between parental effects and CpG methylation in
the soil mite Sancassania berlesei. Microcosm populations were established that differ in the age structure of
males and females and food availability. Offspring from these populations were then kept under common
garden conditions and multiple phenotypic traits measured over four generations. The patterns of genomewide DNA methylation were assayed throughout using a modified RAD-genotyping approach involving parallel
restrictions with methylation sensitive and insensitive isoschizomers.
Comparison of the levels of DNA methylation between different parental backgrounds provides estimates of
the extent to which environment affects epigenetic signatures and how it is correlated with phenotype.
Comparison within parental backgrounds across generations highlights the potential for vertical transmission
of epigenetic variation.
Numerous epi-alleles were resolved and examined using gene ontology and pathway analyses to highlight
potential functional linkages with phenotypic variance

Studying the potential for evolution of fungicide resistance in a barley pathogen, Ramularia collocygni (PD)
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Jealott's Hill International Research Centre, Bracknell, Berkshire RG42 6EY, UK
Ramularia collo-cygni (Rcc) is a damaging fungal pathogen of barley that has caused serious economic losses in
the last 20 years. In the absence of other control measures, protection against the disease has been based on
foliar fungicide applications. Succinate Dehydrogenase Inhibitors (SDHIs) have been extensively used for this
purpose in cereals since 2005 in the UK. We evaluated the risk of evolution of resistance to SDHIs in Rcc using a
combined approach of assessing SDHIs field performance, testing sensitivity of field isolates in vitro, molecular
and fitness analysis of UV induced resistant mutants and studies of the population genetic structure of
populations. Our study demonstrated that to date SDHI fungicides remain effective in controlling Rcc. However
resistant phenotypes generated by mutation are likely to be fit enough to outcompete sensitive genotypes.
Additionally an analysis of the genetic structure of Rcc populations revealed their high evolutionary potential.
We conclude that there is a risk of resistance evolution to SDHIs in Rcc and that the efforts should be
concentrated on extensive monitoring studies and delaying resistance by applying relevant anti-resistance
strategies.

Population genomics of the fire ant’s social chromosomes suggests fixation of the Y-like Sb
chromosome and absence of strata (S)
Rodrigo Pracana, Anurag Priyam, Richard Nichols and Yannick Wurm
Queen Mary University of London
The social chromosome system of the fire ant Solenopsis invicta, which controls two divergent forms of colony
organisation, is analogous to a sex chromosome system. The two social chromosome variants, the X-like SB and
the Y-like Sb, do not recombine over a region spanning about 55% of the chromosome. We have identified
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variants in the non-recombining region of haploid SB males and of haploid Sb males. We show that the two
chromosomes are highly differentiated, that the Sb variant has almost no genetic diversity and that the genetic
diversity in SB is slightly lower than in the rest of the genome. These patterns suggest that the social
chromosomes are evolving in a similar way to sex chromosomes, with loss of recombination allowing
divergence between SB and Sb and decreasing the genetic diversity of the Y-like Sb. We find no evidence for
distinct clusters of divergence (evolutionary strata), which suggests that the social chromosome system
evolved after a single event of recombination loss.

The genetic architecture of age at maturity in Atlantic salmon: a large-effect gene in common with
humans and a few other surprises
1*

2*

3

4

3

3

Nicola J. Barson , Tutku Aykanat , Kjetil Hindar , Matthew Baranski , Geir H. Bolstad , Peder Fiske , Céleste
4
3
5
3
1
6
7
Jacq , Arne J. Jensen , Susan E. Johnston , Sten Karlsson , Matthew Kent , Thomas Moen , Eero Niemelä ,
1
3
7
7
8
8
7
Torfinn Nome , Tor F. Næsje , Panu Orell , Atso Romakkaniemi Harald Sægrov , Kurt Urdal , Jaakko Erkinaro ,
1#
2
Sigbjørn Lien , Craig R Primmer
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FINLAND; 3- Norwegian Institute for Nature Research (NINA), NO-7485 Trondheim, NORWAY; 4- Nofima Norwegian Institute of Food, Fisheries and Aquaculture Research, NO-1431 Ås, NORWAY; 5- Institute of
Evolutionary Biology, University of Edinburgh, Edinburgh, EH9 3FL, UNITED KINGDOM; 6- AquaGen, NO-7462
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The age at which an individual reproduces is a critical point in its life history. Age at maturity affects fitness
traits including survival, size at maturity and lifetime reproductive success. Recent studies have demonstrated
highly polygenic architectures of age at maturity in domestic animals and humans, yet, in wild populations, the
genetic architecture of age at maturity is poorly understood. Age at maturity in Atlantic salmon (Salmo salar)
represents a classic evolutionary trade-off: larger, later maturing individuals have higher reproductive success
on spawning grounds, yet also have a higher risk of dying prior to first reproduction. There is also evidence for
sex-specific selection patterns on age at maturity, as life-history strategies differ considerably between males
and females. Using high density SNP data across 57 wild salmon populations and whole genome re-sequencing,
we identified a major-effect gene. VGLL3, an adiposity regulator associated with size and age at maturity in
humans, explained 39.4% of the variation in age at maturity across populations. Further, we found evidence for
divergent selection towards local optima in age at maturity and sex specific dominance patterns that permit
greater optimisation of phenotypes within each sex, thus resolving a potential sexual conflict. These results are
also consistent with theory predicting evolution towards complex traits controlled by fewer loci with larger
effects where there is gene flow between environments with different trait optima.

Understanding the genomic basis of virulence in the parasitic weed Striga hermonthica
(witchweed) (PD)
Suo Qiu, Peijun Zhang, Roger Butlin, Julie Scholes
Department of Animal and Plant Sciences, University of Sheffield
Striga species are parasitic weeds that infect the roots of the staple cereal crops of Africa causing devastating
yield losses. Much research is focussed on identifying genes underlying resistance in different crops. However,
the extensive Striga seed bank, the fact that S. hermonthica is outbreeding and that parasite populations are
highly genetically variable, pose a great risk to the durability of host resistance thus making sustainable
management of resistant cultivars difficult. The aim of this project is to use population genomic approaches to
locate virulence loci within the S. hermonthica genome that allow parasites to overcome host resistance genes
in rice cultivars. To do this, we first assembled the first reference genome of S. hermonthica which is highly
heterozygous. Meanwhile, we infected two rice cultivars with contrasting resistance profiles with the S.
hermonthica seeds collected from one population, hypothesizing that the few individuals are able to grow
successfully on the strongly resistant cultivar will possess virulence gene(s) showing very different allele
frequencies from those of the Striga plants growing on the very susceptible cultivar. The analyses revealed that
several genes were differentiated between the Striga individuals. Blast analysis of the gene sequences predicts
that they have a variety of functions
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Genomic approaches to studying bat responses to global change (PD)
Orly Razgour, Stephanie Manel, John Taggart, Gareth Jones, Javier Juste, Carlos Ibáñez, Hugo Rebelo, Antton
Alberdi, Simon MacKenzie, Kirsty Park
University of Bristol, Bristol, UK
A key challenge this century is to understand how biodiversity responds to global environmental change so we
can predict and prepare for the effects of future conservation threats. Climate change will produce a range of
new selection pressures due to rising temperatures and increased frequency of droughts and extreme events,
forcing many species to move in search of suitable conditions or adapt. Whether species can respond to these
threats depends on their sensitivity to change, their ability to adapt or adjust to new environmental conditions,
their ability to move away, and the rate and magnitude of change. We integrate genomic tools with ecological
research, geographical data and modelling approaches to understand and predict the responses of bat species
to global environmental change, focusing on the grey long-eared bat (Plecotus austriacus). We sampled 9-10
individuals from 10 populations in the Iberian Peninsula and England, representing the gradient of climatic
conditions along the species’ western range. We used ddRAD-sequencing to generate a dataset of >6000 SNPs.
Using population and landscape genomic approaches we identified climate-driven genetic adaptations. We
combined genetic and spatial data to study the effect of environmental heterogeneity on range shifts in
response to future climate change and identify populations under threat from future changes

All offspring are not equal: variation in parent-offspring kinship in socially monogamous systems
with extra-pair reproduction and inbreeding
Jane M. Reid
Reproductive interactions among relatives, and consequent inbreeding, can substantially shape the
evolutionary dynamics of reproductive systems. In socially monogamous systems with biparental care, female
extra-pair reproduction is widely postulated to cause socially-paired males to reduce paternal investment,
causing selection against extra-pair reproduction. However, underlying verbal and quantitative models do not
consider that males might be related to their socially-paired female and/or to her extra-pair mate, and hence
be related to extra-pair offspring that they failed to sire but could rear. Selection against paternal investment,
and consequent selection against female extra-pair reproduction, might then be weakened. We used longterm paternity and pedigree data from song sparrows (Melospiza melodia) to quantify the kinship between
males and their socially-paired females’ extra-pair and within-pair offspring. We thereby quantify the effect of
extra-pair reproduction on a brood’s total genetic value to a female’s socially-paired male. Males were
commonly related to extra-pair offspring that they reared. Although brood genetic value decreased by 46% on
average following female extra-pair reproduction, this decrease was itself reduced by 15% due to within-pair
and extra-pair reproduction among relatives. Such reproductive interactions among relatives consequently
need to be incorporated into models predicting co-evolutionary dynamics of extra-pair reproduction and
parental investment.

Genetic divergence and demographic history of Primula tibetica in Himalayas using RAD
sequencing (S)
1,2

Guangpeng Ren , Nicolas Salamin
1

1,2
2

Department of Ecology and Evolution, Biophore, University of Lausanne, 1015 Lausanne, Switzerland; Swiss
Institute of Bioinformatics, Quartier Sorge, 1015 Lausanne, Switzerland
Identifying the intraspecific divergence and range dynamics of dominant plant species in response to climatic
changes is of major importance to an understanding of their recent evolution and demography. This is
especially true for high-altitude adapted species. We used a restriction site-associated DNA sequencing
(RADseq) data set containing 3509 single nucleotide polymorphisms to characterize population structure and
evaluate the effects of historically climatic changes on demographic history of Primula tibetica, which has
typically Himalayan distribution with altitude ranging from 2600 m to 4900 m. Four genetic groups are
identified and the genetic differentiation among populations is mainly shaped by the Isolation by Distance
(IBD). Demographic analyses indicate that the central group is the ancestral populations of this species. The
following divergence of other groups coincides well with the historically glacial and interglacial events, which
highlights the importance of the Quaternary climatic oscillations on demographic history of this species in the
Himalayas. Combining with species distribution models, our results further indicate that the two marginal
groups (i.e. the western and eastern groups) had opposite response to the past climatic changes, reflecting
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complex effects of climatic changes in mountain areas. This study also highlights the importance of combining
genomic approaches with environmental data when evaluating the effects of past climatic changes

Population genetic structure of a deep-sea amphipod in geographically isolated hadal trenches (S)
a

b

Heather Ritchie , Alan J. Jamieson and Stuart B. Piertney

a

a

Institute of Biological and Environmental Sciences, University of Aberdeen;
Aberdeen

b

Oceanlab, University of

The hadal zone is the deepest marine biozone (>6000m) and is the most poorly explored and least understood
ecosystem on Earth. It is comprised of several geographically isolated trenches formed along subduction
zones, primarily around the the Pacific Rim. Due to their isolation it was conventionally believed that trenches
lacked connectivity through dispersal, which would promote speciation and localised endemism. This assertion
is difficult to reconcile in the presence of species with cosmopolitan distributions across the abyssal and hadal
zones and highlights how little is known about patterns of gene flow and the drivers of phylogeographic
structure.
Here we examine patterns of genetic divergence between abyssal-hadal trench populations of the deep sea
amphipod Paralicella tenuipes which is a significant and ubiquitous component of the abyssal-hadal fauna.
Microsatellite markers were developed using an Illumina Miseq approach and individuals were screened across
five trenches around the Pacific Rim. Data is combined with phylogenetic analysis to resolve patterns of
population structure and phylogeography, and results couched in a seascape genetic context to assess extent
of gene flow in relation to deep ocean currents and the history of trench formation.

The genetic contribution to sex determination and number of sex chromosomes vary among
populations of common frogs (Rana temporaria) (S)
1

1

2

Nicolas Rodrigues , Yvan Vuille , Juha Merilä , Nicolas Perrin

1

1 Department of Ecology and Evolution, University of Lausanne, CH 1015 Lausanne, Switzerland; 2 Ecological
Genetics Research Unit, Department of Biosciences, University of Helsinki, FIN 00014 Helsinki, Finland
Sex-determination mechanisms vary strikingly among populations of common frogs. In Sweden, association
between phenotypic sex and linkage group 2 (LG2) has been shown to be perfect in a northern population, but
weak and variable among families in a southern population. By genotyping markers from other linkage groups,
we bring two new insights: i) the variance in phenotypic sex not accounted for by LG2 in the southern
population does not stem from genetic factors on other linkage groups, and is thus likely epigenetic; ii) a
second linkage group (LG7) co-segregates with sex and LG2 in the northern population. This neo-sex
chromosome does not seem to result from a fusion, but more likely from a translocation between the original
Y chromosome (LG2) and an autosome (LG7), causing their co-segregation during male meiosis. By generating a
strict linkage between several important genes from the sex-determination cascade (Dmrt1, Amh and Amhr2),
this neo-sex chromosome possibly contributes to the ‘differentiated sex race’ syndrome (strictly-genetic sex
determination and early sex differentiation).

Genomic consequences of hybridization and the loss of meiotic recombination in root-knot
nematodes (PD)
Laura Salazar-Jaramillo, Amir Szitenberg, Dominik Laetsch, Dave Lunt, Mark Blaxter
Plant-parasitic root-knot nematodes (genus Meloidogyne) have undergone repeated transitions from sexual to
asexual reproduction, exhibiting both mitotic and meiotic parthenogenesis. The clade of tropical apomicts is of
special interest because it contains wide-spread and damaging parasites of major crop plants. We are analysing
Meloidogyne to understand the origins and genomic effects of transitions to asexuality. Transition from sexual
reproduction to mitotic parthenogenesis has been shown to be associated with an inter-specific hybrid origin
in M. incognita. Hybridization has been suggested to also explain the origin of other tropical apomicts closely
related to M. incognita. To investigate the hypothesis of a hybrid origin for this clade and the species'
phylogenetic relationships, we have sequenced and assembled the genomes of several new Meloidogyne
species. We are currently analysing these genomes to understand (1) whether all tropical apomicts are the
products of hybridization, (2) whether there was a single hybridisation event, or several, and (3) the posthybridisation behaviour of their genomes, especially in terms of possible aneuploidy. Understanding the origins
and complexity of these genomes may help explain the great host-range expansion of some root knot
nematode species.
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Variation is all around: maintenance of quantitative genetic diversity within populations in the
plant Boechera stricta (PD)
1

2

2

2

Matti J. Salmela , Kathleen Greenham , Ping Lou , C. Robertson McClung , Brent E. Ewers
1,3,4
Weinig
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& Cynthia
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Department of Botany, University of Wyoming, Laramie, Wyoming 82071, USA; Department of Biological
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Sciences, Dartmouth College, Hanover, New Hampshire 03755, USA; Program in Ecology, University of
4
Wyoming, Laramie, Wyoming 82071, USA; Department of Molecular Biology, University of Wyoming, Laramie,
Wyoming 82071, USA
Quantitative traits often exhibit environment-driven genetic differences among populations, but substantial
genetic variation may also occur locally. We investigated patterns of adaptive genetic diversity in Rocky
Mountain populations of the Arabidopsis relative Boechera stricta. We found population differences related to
elevation in one characteristic of the circadian clock which coordinates the expression of various biological
processes over the course of the day. However, the magnitude of genetic diversity was greater within
populations. In fact, we captured within just 200 m over 50 % of the genetic diversity in the clock previously
documented in a global sample of A. thaliana genotypes. Associations between the clock and growth provided
evidence on the adaptive significance of such variation. We hypothesised that performance tradeoffs among
families across seasonal environments could explain the preservation of genetic diversity on a fine spatial
scale. Contrary to expectations, growth rankings of families were similar across treatments, but for growth
allocation genotype × environment interactions contributed significantly to total variation. Follow-up
experiments also indicate that naturally variable conditions can have a significant impact on performance
rankings of families within populations, highlighting the importance of combining environmental data with
quantitative genetic approaches when exploring the maintenance of genetic diversity in the wild.

Endorsing Darwin – After 160 years a population genetics study in the goose barnacles Lepas spp.
shows complex biogeographic patterning in the open oceans (PD)
*1

Philipp H. Schiffer & Hans-Georg Herbig

2

*

1

corresponding author: http://orcid.org/0000-0001-6776-0934; University of Cologne, Institute for Genetics,
2
Cologne, Germany; University of Cologne, Institute for Geology and Mineralogy, Cologne, Germany
Already Darwin noted the large intraspecific diversity of the goose barnacle Lepas and speculated about
distinct regional varieties. Today, biogeographic compartmentation is known from marine species, but data
from globally occurring species remains scarce. We analysed interspecific and population divergence within the
epipelagic rafter Lepas from tropical and temperate oceans. Besides phylogenetic relations, we resolved
biogeography and controlling factors. The southern hemisphere inhabiting Lepas australis shows gentically
separate populations from coastal Chile and from circum-Antarctic waters, most probably related to
temperature differences in the current systems. The cosmopolitan L. anatifera displays four distinct regional
populations (coastal Chile, Northeast Pacific/Oregon, southern hemisphere Indopacific, Atlantic), and a global
population which might be an ancestral stem-group. The differentiation reflects vicariance effects rooted in
geological history: Neogene closure of the circumequatorial Tethys in the Middle East and at the Panama
Isthmus, installation of the cool Benguela Current, differing Pleistocene currents and temperatures, and
modern current systems. The extreme ecological generalists L. anserifera and L. pectinata are not
differentiated and might represent true global species. In conclusion, compartmentation of the oceans acts on
species level according to ecospace limits. For Lepas, the multitude of barriers favours allopatric speciation and
population differentiation.

Do genomes of small populations evolve according to neutral expectations? Population genetic
comparisons across environments and population sizes (S)
1

1

1

2

Mads F. Schou , Volker Loeschcke , Jesper Bechsgaard , Christian Schlötterer & Torsten N. Kristensen
1

3

2

Department of Bioscience, Aarhus University, Aarhus C, Denmark; Institut für Populationsgenetik, Vetmeduni
3
Vienna, Wien, Austria; Department of Chemistry and Bioscience, Aalborg University, Aalborg East, Denmark
Natural populations are finite in size and thus subjected to genetic drift. Selection may counteract the effects
of genetic drift, and environmental conditions determine not only the strength and direction of selection but
also the targeted loci. We performed a experimental evolution study using 42 replicate populations of
Drosophila melanogaster subjected to three levels of genetic drift, by rearing them at population sizes 10
(N10), 50 (N50) or 500 (N500). Replicate populations were reared in two different thermal regimes, one stable
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across generations and one increasing in minimum, maximum and average temperature (ramping). The rate at
which genetic variation was lost in the different sized populations did not differ between the two rearing
environments. However, N50 from the ramping environment had a lower exon/intergenic diversity ratio, and a
lower πNπS when compared to the stable environment, suggesting that selection is a contributing factor to the
evolutionary change. Additionally, Ne/N increased from 1/12 for N500 to 1/1 for N10 indicating that the loss of
genetic variation in large populations may be faster than expected when compared to small populations.
Finally, we performed simulations to compare the observed rates of loss of genetic variation with those
expected under neutrality.

Specialist species maintain gene flow across fragmented landscapes: evidence from a complex of
cryptic bumblebee species (S)
Jessica Scriven, Dave Goulson, Matt Tinsley
It is unclear whether habitat-specialist species should be expected to have high or low dispersal capabilities. On
the one hand, a discontinuous distribution of patchy habitat can increase the cost of emigration for specialists,
selecting for decreased dispersal propensity. On the other hand, specialists may have evolved enhanced
dispersal abilities, enabling them to traverse areas of unsuitable habitat to exploit distant habitat patches. We
tested this using the lucorum complex: three cryptic bumblebee species with near-identical morphology that
vary along a generalist-specialist continuum. We assessed the genetic diversity and population structuring in
these species from multiple sites across Great Britain, using 13 microsatellite loci. As expected, the most
generalist species, B. lucorum, exhibited the highest genetic variation and very little population differentiation
across large spatial scales. However, B. magnus, a specialist on heathland habitat had very similar levels of
genetic diversity and population structuring as the moderate generalist, B. cryptarum. Furthermore, we found
stronger isolation by distance in the moderate generalist than in the specialist species, indicating that
specialists can be good at dispersing and may be well adapted to persisting in and recolonising habitat patches
in fragmented landscapes. These results also suggest that mid-generalists may be those most at risk from
anthropogenic habitat fragmentation.

The great tit HapMap project: population structure and adaptation in a model passerine species
(PD)
1

2

3
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Lewis G. Spurgin , Mirte Bosse , Martien Groenen , Veronika Laine , Kees van Oers , Marcel E. Visser , Ben C.
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Sheldon , Jon Slate
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Edward Grey Institute, University of Oxford, United Kingdom; NIOO-KNAW, Department of Animal Ecology,
3
Wageningen, the Netherlands; Animal Breeding and Genomics Center, Wageningen University, the
4
Netherlands; Department of Animal and Plant Sciences, University of Sheffield, United Kingdom
The European great tit (Parus major major) is a widely distributed passerine and model species for ecological
and behavioural research. Previous genetic studies suggest this species consists of a large, panmictic
population; however, the extent to which fine-scale structure and local adaptation shape variation across the
genome is unknown. I will report the results of a detailed analysis of population structure and selection using
~500,000 SNPs typed in ~2,500 great tits from 24 populations across Europe. We find that Southern European
populations are genetically distinct from the rest of Europe, consistent with a scenario of southern refugia, but
that Central and Northern European populations are remarkably uniform in terms of genome-wide diversity
across an enormous geographic range. We find strong and consistent signatures of selection that are shared
among European populations, suggesting past adaptation, as well as evidence for recent, local adaptation at
specific genes. I will discuss the relevance of these findings for our understanding of how adaptation occurs in
natural populations.

The role of secondary admixture in driving invasiveness of Mimulus guttatus (PD)
Marc Stift, Michael Roeckle, Yan Li, Mark van Kleunen
Hybridization often precedes invasiveness. However, few studies have addressed the potential facilitating role
of ongoing hybridization (i.e., admixture) in species that have already become invasive. Here, we used plants of
Mimulus guttatus from seven native North American populations, three invasive Scottish populations and four
invasive New Zealand populations to address this. We generated two generations of seeds by self fertilisation,
within-population outcrossing, between-population outcrossing within the same range, and outcrossing
between the native and invasive ranges. In the first generation, between population outcrossing (especially
between continents) resulted in heterosis in terms of growth, and asexual- and sexual reproduction. In the

P a g e 39 | 70

Talks……PopGroup49
second generation, the benefits of admixture could still be detected for some traits, but in general heterotic
effects were reduced compared to the first generation or absent. However, admixture generally did not lead to
hybrid breakdown, even when F2 progeny was formed by selfing. This suggests that breakdown of co-adapted
gene complexes are of minor importance, and that the net-effects of admixture in invasive populations are
positive. If this pattern can be generalized to other invasive species, it may be wise to impose restrictions on
the distribution of already invasive species (which now normally do not exist).

Selection and Parental Effects: the confusion, consequences and case study (S)
Caroline Thomson and Jarrod Hadfield
Edinburgh
There is abundant evidence in many taxa for positive directional selection on body-size, and yet little evidence
for microevolutionary change. In species where variation in body-size is caused by variation in parental care, a
proposed explanation is a negative genetic correlation between direct and parental effects; selecting genes
that increase body-size causes a correlated reduction in parental care, which reduces body-size in the following
generation. However, empirical evidence seems to suggest that this genetic correlation is not sufficiently
negative (less than -0.9) to explain evolutionary stasis. Here we show that these arguments implicitly assume
that parental care is cost free, and including a cost could allow evolutionary stasis without requiring such
extreme genetic architectures. Using a large cross-fostered population of blue tits, we estimate selection on
parental care (i.e. the cost) and show that evolutionary stasis would be possible under more reasonable
genetic correlations. Thus, we highlight the importance of accounting correctly for the complete selection
acting on traits across generations.

Phenotypic expression and dynamics of a lethal recessive allele in a wild bird population of
conservation concern (S)
Amanda Trask, Stuart Piertney, Eric Bignal, Davy McCracken, Pat Monaghan, Jane Reid
Deleterious recessive alleles of large- and small-effect that are masked in outbred populations are expected to
be expressed in small, inbred populations. However, no studies have demonstrated a lethal recessive allele
acting in a wild population of conservation concern, meaning that the relevance of such alleles to population
management is unclear. Red-billed choughs (Pyrrhocorax pyrrhocorax) are of conservation concern in Scotland,
with an estimated effective population size of <30. This population has been affected by lethal blindness in
nestlings. Determining whether blindness is caused by the expression of a lethal recessive allele is therefore a
conservation priority. We used family data to show that the rate of occurrence of blindness within and among
affected families matched the 0.25 expected given Mendelian inheritance of a single-locus recessive allele.
Estimates of relatedness and multi-locus heterozygosity in and among affected and unaffected families suggest
that heterozygous carriers are likely to be widely-distributed in the population, rather than clustered within a
single family. Furthermore, affected families produced significantly more offspring per year than unaffected
families, suggesting potential overdominance. The likely wide distribution and high fecundity of heterozygous
carriers may mean the blindness allele will persist in the population, despite strong selection against
homozygous carriers.

Landscape genetics suggests that the spatial distribution of Mycobacterium bovis in cattle is
affected by the population structure of its wildlife reservoir, the Eurasian badger (S)
1
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Spatial population structure in a pathogen can potentially provide information on the mechanisms involved in
its spread. We characterised the spatial structure of Mycobacterium bovis Variable Number Tandem Repeat or
VNTR-types throughout Northern Ireland based on 10049 cattle and 265 badger isolates. Consistent with other
studies, we found spatial clustering within the M. bovis population and associations between VNTR-types in
badgers and cattle. A landscape genetics approach was used to evaluate possible correlates of spatial
structuring, with the underlying hypothesis that transmission within the wildlife reservoir drives spatial
structuring of the pathogen in cattle. We found no evidence that major landscape features (high elevations or
major rivers) coincide with cluster boundaries nor that topography acts as a barrier to badger gene flow (n=172
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badger genotypes). Only limited population genetic structure was detected in badgers, but observed
population boundaries correlated with discontinuities in VNTR-type communities. This indicates that reduced
mixing within the badger population is associated with spatial structure observed in M. bovis isolates from
cattle, consistent with badgers playing a role in the spatial dissemination of the pathogen. Our analytical
approach could be useful in other multi-host pathogen systems where wildlife hosts are suspected of driving
transmission patterns.

The speed of adaptation of complex traits (PD)
Barbora Trubenova, Jorge Perez Heredia, Dirk Sudholt and Tiago Paixao
Many adaptations are complex; they involve large numbers of genes that may interact in non-additive ways.
The efficacy of natural selection to produce these adaptations has been a long-standing question. In particular,
how long does it take for natural selection to evolve such complex adaptations?
Here, we address this question by making use of tools from computer science to characterize the time it takes
for a population to reach a particular genotype sequence. We focus on how this time scales with the
complexity of the trait, and find the conditions on selection strength that enable efficient adaptation. We
quantify the ‘cost of complexity’ on several classes of fitness landscapes and show that this cost depends
strongly on the details of the genetic architecture. We distinguish between polynomial and exponential
scalings as efficient and inefficient adaptation and show that there is sharp threshold between the two for
populations in the weak mutation regime. Moreover, we show that even when the loci contributing to the trait
interact in an extreme form of epistasis, the time required to reach the fitness peak scales polynomially.

High opportunity for postcopulatory sexual selection under field conditions (S)
Biz R. Turnell, Kerry L. Shaw
Cornell, Ithaca, NY
In polygamous systems, male fitness is determined not only by mating success but also by fertilization success.
Despite the growing interest over the past several decades in postcopulatory sexual selection, its relative
importance compared to precopulatory sexual selection remains a subject of debate. Here, we use extensive
behavioral observations of a semi-natural population of Hawaiian swordtail crickets, Laupala cerasina, and
molecular paternity assignment to measure the opportunities for pre- and postcopulatory selection. Because
postcopulatory selection has the potential to operate at multiple stages, we also separately attribute its effects
to factors specific to mating events versus factors specific to males. We find that variance in postcopulatory
success is over four times as great as variance in precopulatory success, with most of it unexplained by male
mating order or the number of nuptial gifts given. Surprisingly, we also find that male singing effort is under
postcopulatory selection, suggesting that males who sing more frequently also have more competitive
ejaculates. Our results are consistent with the hypothesis that high polyandry levels promote greater relative
postcopulatory selection. They also highlight the need for detailed behavioral observations under conditions as
natural as possible when measuring mating and reproductive success.

Genomic islands of speciation separate cichlid ecomorphs in an East African crater lake
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The genomic causes and effects of divergent ecological selection during speciation are still poorly understood.
Here, we report the discovery and detailed characterization of early-stage adaptive divergence of two cichlid
fish ecomorphs in a small (700m diameter) isolated crater lake in Tanzania. The ecomorphs differ in depth
preference, male breeding color, body shape, diet and trophic morphology. With whole genome sequences of
145 fish, we identify 98 clearly demarcated genomic ‘islands’ of high differentiation and demonstrate
association of genotypes across these islands to divergent mate preferences. The islands contain candidate
adaptive genes enriched for functions in sensory perception (including rhodopsin and other twilight vision
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associated genes), hormone signaling and morphogenesis. Our study suggests mechanisms and genomic
regions that may play a role in the closely related mega-radiation of Lake Malawi.

Eusociality influence on the effective population size (S)
Bruno Vieira, Richard Nichols, Yannick Wurm
Queen Mary, University of London
A major challenge in evolutionary biology is to understand whether phenotypic traits are selectively
advantageous, neutral, or deleterious. Effective population size (Ne) is a key factor determining the relative
strengths of selection and drift. We expect that in social species, such as ants and bees, the restriction of
reproduction to a small number of individuals (e.g., a queen and few males) would result in an overall lower Ne
when compared to related solitary species. Here we use the Pairwise Sequentially Markov Coalescent (PSMC)
method to obtain the effective population size history of species. This approach uses the heterozygosity of a
genome from a single diploid individual. To understand if the evolution of eusociality is associated with a
reduction in Ne, we specifically compared Ne between all social and solitary species of insects and rodents
available on NCBI that where suitable for this method.

Investigation of a homomorphic Y chromosome in an annual plant (PD)
Paris Veltsos, Guillaume Cossard, Camille Roux, Santiago González-Martínez, Kate Ridout, Roman Hobza, Boris
Vyskot and John Pannell
M. annua is an annual herb displaying extraordinary variation in its mating system. Some populations have
separate sexes, some are composed entirely of hermaphrodites and some show the rare androdioecy, where
males and hermaphrodites coexist. Despite this variation, the main identifying male characteristic, the
presence of erect peduncles on which male flowers grow, is inherited in a Mendelian fashion even in crosses
spanning ploidy levels, which is compatible with the presence of a Y chromosome. The Y chromosome is
homomorphic and its characterisation will further inform us about the rarely studied early events in sex
chromosome evolution. We will present results from complementary studies aimed at identifying Y-specific
sequences, including BAC cloning and sequencing, segregation analysis through a genome project, molecular
cytogenetics and exon capture. Overall, our data point to substantial differentiation between Y and X
chromosomes, though in the absence of any evidence for heteromorphy.

Rapid spread of self-compatibility in different pollinator services (S)
Marie Voillemot and John R. Pannell
Department of Ecology and Evolution, University of Lausanne, 1015 Lausanne, Switzerland.
Evolution toward selfing is one of the most frequent transitions to have occurred in flowering plants, and its
causes, mechanisms and consequences continue to pose puzzles. Specifically, it is still not clear how selfincompatible (SI) and self-compatible (SC) plants interact with each other when competing in similar
environments and how one strategy might spread into populations in which it is absent. I will report on a multigenerations experiment with the plant Linaria cavanillesii, which shows among population variation in mating
systems, to ask (1) whether one mating strategy performs better than the other when competing in similar
environment, (2) how much these differences can influence a mating-system shift, and (3) how competition
between two contrasting strategies depends on pollinator availability. Six mixed arrays were composed of 12
SC and 12 SI plants, with different treatment levels of exposure to pollinators. Reproductive success was
estimated using fruit set and paternity, and selfing rates were measured for each plant’s progeny. We present
here results for two successive generations, in which a rapid shift from SI toward SC is observed under most
conditions.
Local adaptation in Anopheles baimaii mosquitoes in Southeast Asia: a precursor to speciation?
Cathy Walton, Ryan Ames, Petri Kemppainen
We conducted a landscape genomics study of the major malaria vector, Anopheles baimaii, in Myanmar and
northeast India using restriction-digest associated DNA (RAD) markers. Analyses of RAD loci outside of the five
inversions detected, revealed two genetically distinct groupings that may be hitherto unrecognized
species/incipient species. The whole genome was sequenced for four population pools: two from the
southeast where the mosquitoes breed in village wells and two from the northeast where they breed in forest
pools. There were consistent differences at several genomic locations between, but not within, the southeast
and northwest groupings. As these groupings coincide with the locations of the putative new species, we

P a g e 42 | 70

PopGroup49……Talks
suggest ecological speciation is at play, likely involving differential adaptation to larval habitat or another
environmental variable. Understanding these differences is important for vector control and to understand
how mosquitoes can adapt to environmental variation, particularly that due to man-made change.

Landscape genomics patterns of a complex phenotype – a cautionary tale of red grouse and
parasites (S)
§

Marius A. Wenzel, Alex Douglas, Marianne C. James , Steve M. Redpath & Stuart B. Piertney
Institute of Biological and Environmental Sciences, University of Aberdeen, Tillydrone Avenue, Aberdeen AB24
2TZ, UK; § current address: Food Standards Scotland, Aberdeen AB11 5RL, UK
Landscape genomics promises to provide novel insight into how neutral and adaptive processes shape
genome-wide variation within and among populations. This requires an ability to identify the genetic basis of
ecologically relevant phenotypes, and to detect the signatures of selection at these genetic regions against a
neutral genome-wide background. An emerging strategy in landscape genomics combines individual-level
phenotype-genotype mapping through QTL/GWAS with population-level methods for detecting FST outliers or
spatially explicit association testing. Here, we illustrate a range of inherent problems with such landscape
genomics methods, using a case study on the role of parasite-driven selection in shaping landscape genomic
structure in red grouse (Lagopus lagopus scotica) in north-east Scotland. We identify multiple large-effect SNPs
underlying variation in chronic gastrointestinal nematode (Trichostrongylus tenuis) burden using GWAS. We
then examine whether population genetic structure in these same SNPs shows signatures of selection and
associations with parasite burden across a small-scale landscape. Surprisingly, there was no evidence of
parasite-driven selection either in these five SNPs or other genomic regions putatively under selection. These
findings demonstrate that individual-level patterns do not necessarily translate into population-level patterns
across small-scale landscapes if selection is swamped by gene flow or has a polygenic basis.

The genomic response to experimental evolution under altered mating systems in D.
pseudoobscura (S)
R. Axel W. Wiberg, Michael G. Ritchie and Rhonda Snook
Polyandry has important ecological and evolutionary consequences. It can increase conflict between and
within the sexes leading to coevolutionary dynamics that are predicted to lead to diversification and
speciation. Experimental evolution in the lab can help to shed light on responses to selection while controlling
for potentially confounding factors. Replicate experimental evolution lines have been set up to study the
evolutionary responses to elevated polyandry and forced monandry in Drosophila pseudoobscura. Previous
work has shown some responses to selection in behavioural and morphological traits among both males and
females. Significant differences have also been observed in patterns of female and male gene expression
variation. This study uses a pooled sequencing approach to uncover the genomic responses to mating system
manipulation in D. pseudoobscura. Pools of females from four replicate lines in each of two experimental
evolution treatments were whole-genome sequenced to look for consistent differences between the elevated
monandry and forced monandry treatments. We investigate transcription factor binding site motifs, candidate
genes from the literature and gene functions around significantly associated SNPs.

Characterisation of the Sand Martin Flea (Ceratophyllus styx) Hybrid Zone in the British Isles (S)
H. Wickenden, L. Hughes, C. J. Breuker and B. J. Riddoch
Two hybridising subspecies of Sand Martin Flea (Ceratophyllus styx styx and C.s. jordani) in the UK. The
distribution of the subspecies and putative hybrid zone was mapped following morphometric analysis of the
mating structures (male clasper and female sternum VII) and was compared to earlier records dating back 30
years or more. Over this period the hybrid zone has shifted northwards and become more diffuse. Significant
differences between years within sites suggest that the C. styx hybrid zone is prone to change, perhaps as a
consequence of unpredictable colonisation and extinction dynamics. A closer inspection of the male clasper
found novel trichome-like structures lining the inner surface of the clasper; the shape of these structures
varied between all the C. styx subspecies. The trichome- were only observed in 3 out of 20 Ceratophyllidae
species (C. styx, C. rusticus and C. chutsaensis), and no other flea taxa, despite an extensive investigation of
Siphonatera in museum collections. The alignment of the trichomes strongly suggests a role in maintaining
copula. This study makes considerable advances into the understanding of difficult non-model organism, but
many further questions have been raised.
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Role of within-host evolution in Staphylococcus aureus infection
Daniel Wilson
Is the body's natural flora capable of evolving over time to become more virulent? Could evolvable virulence
explain why some people suffer invasive bacterial infections while others do not? Despite its notoriety as a
dangerous hospital-associated pathogen, Staphylococcus aureus is a commonly carried commensal, found in
the noses of 30% of adults. From the perspective of the bacteria, invasive disease occurs rarely compared to
asymptomatic carriage. In previous work, we investigated the evolutionary dynamics of nasal carriage, and
discovered that in one long-term nasal carriage population an excess of protein-truncating substitutions was
associated with the transition to a life-threatening invasive blood stream infection. Here, we report results of a
systematic study we are conducting into the role of within-host evolution in the progression of invasive
Staphylococcus aureus disease.

Males in a matriarchy: homozygous advantage and mapping mitotypes in the honeybee (PD)
D Wragg, M Marti, B Basso, JP Bidanel, E Labarthe, O Bouchez, Y Le Conte, A Vignal
The haploid nature of males of the honeybee Apis mellifera offers a number of advantages over their female
diploid conspecifics. Haploid data circumvents issues of heterozygosity, and so high confidence variant
detection can be achieved at lower depths of coverage. Most bioinformatics tools are designed with diploids in
mind, and for compatibility haploid genotypes are typically recorded as homozygous. Where heterozygous
genotypes are detected in haploids they can be indicative of copy number variations (CNVs), whilst in diploids
distinguishing a heterozygous SNP from a CNV requires a detailed analysis of sequencing depths. Furthermore,
haploid genotype data are phased enabling haplotype-based methods for analysing signatures of selection to
be conducted efficiently. Traditionally, population genetics studies of the honeybee, and many other species,
analyse a specific mitochondrial sequence referred to as the 'mitotype'. Several mitotypes have been
characterised, corresponding to different evolutionary lineages of the species. The genetic architecture of the
sequence, which includes large deletions and variable duplications, poses a challenge if it is to be retrieved and
analysed from whole-genome sequence data. I will discuss these points whilst presenting an overview of the
SeqApiPop project, an initiative to characterise the genetic diversity of French honeybees through sequencing
hundreds of drones

Avoid retracting your analysis! Reproducible research for ecological and evolutionary genomics.
Yannick Wurm, Bruno Vieira, Anurag Priyam, Ismail Moghul, Filip Ter
The dramatic plunge in DNA sequencing costs is transforming evolutionary genetics into a big-data science.
This is exciting & empowering - in particular for small teams working on emerging model organisms that lacked
genomic resources. But with great powers come great responsibilities... and risks of doing things wrong. These
risks are far greater for us than for research areas where there is a longer tradition (among students,
technicians, postdocs, PIs, reviewers, and funders) of big-data handling.
I will discuss the specific challenges our community faces, and provide examples of small mistakes being
extremely costly. Subsequently, I will outline concepts that can help us detect and prevent errors early on.
These concepts - inspired by those used in internet startups and software development companies - limit risks
and simultaneously increase researcher productivity. Finally, I will give specific examples of approaches we are
using in my lab to ensure that we can trust our results.

The effects of background and interference selection on patterns of genetic variation in subdivided
populations
Kai Zeng and Pádraic Corcoran
Department of Animal and Plant Sciences, University of Sheffield
Most new mutations that affect fitness are deleterious, and natural populations are often subdivided. To gain a
better understanding of the joint effects of purifying selection and population structure, we analyse a model
where an ancestral population splits into multiple demes, and study neutral diversity patterns in regions linked
to selected sites. In the background selection regime of strong selection, we derive analytic equations for
pairwise coalescent times and FST as a function of time after the ancestral population splits into two demes.
We also construct a flexible coalescent simulator that can generate samples under complex models such as
those involving multiple demes or non-conservative migration. Forward simulations show that the new
methods can accurately predict diversity patterns. In the interference selection regime of many tightly linked
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selected sites, forward simulations provide evidence that neutral diversity patterns may be virtually
indistinguishable for models that have identical variance in fitness, but are nonetheless different with respect
to the number of selected sites and the strength of purifying selection. This equivalence in neutral diversity
patterns suggests that data collected from subdivided populations may have limited power for differentiating
among the selective pressures to which closely linked selected sites are subject.
PolyTypeR genotypes polyploid variants at RAD loci revealing introgression among British birch trees (S)
Jasmin Zohren, Nian Wang, Igor Kardailsky, James S. Borrell, Anika Joecker, Richard A. Nichols, and Richard J. A.
Buggs
Hybridisation may lead to introgression of genes among species. Introgression may be bidirectional or
unidirectional, depending on factors such as the demography of the hybridising species, or the nature of
reproductive barriers between them. Previous microsatellite studies suggested bidirectional introgression
between diploid Betula nana and tetraploid B. pubescens and also between B. pubescens and diploid B.
pendula. Here we analyse introgression among these species using 76,587 variants in restriction-site associated
(RAD) markers in 196 individuals. We found unidirectional introgression into B. pubescens from both of the
diploid species, in clear clines with greater B. nana introgression in the north and greater B. pendula
introgression in the south. These patterns of introgression fit with the nature of the reproductive barrier
between diploids and tetraploids, and historical range shifts of the three species since glaciation. To facilitate
our analysis we developed a new script for genotyping polyploids based on read counts and average base
quality, with an algorithm that calculates the maximum likelihood variant configuration at each locus. This is
implemented in R and, besides population genetics, should be of use in cancer research and haplotype based
analyses.
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(S) - student prize, (PD) –post-doc prize

[1] The NERC Biomolecular Analysis Facility at Sheffield (NBAF-S)
Deborah Dawson
We encourage UK researchers to apply for funded access to state-of-the-art molecular genetics facilities and
training. Techniques supported include metabarcoding, RAD-sequencing, marker development, microsatellite
& SNP typing and bird sexing. We support science areas that fall under the remit of NERC but researchers do
not need to be NERC-funded to apply. Usually, a researcher (often a PhD student) visits Sheffield to complete
their own lab work and analyses under the supervision of our experienced staff. Funded consumables are
provided and we offer support for data analyses.
Typical projects supported: Individual identification & distribution – species & hybrid identification – diet
analysis; Behavioural ecology – mating strategies– reproductive behaviour – kin & sexual selection; Population
structure – landscape genetics– spatial ecology –population size – bottlenecks; Molecular systematic –
biodiversity – conservation biology; QTL identification – linkage mapping – evolutionary genetics.
NBAF comprises nodes at Sheffield, Edinburgh, Liverpool and Birmingham, which collectively provide a range of
biomolecular support. We are supported by the Natural Environment Research Council (NERC). NBAF-Sheffield
has supported 214 projects (121 PhD students). Our users have published over 200 publications from Facilitysupported studies, several in Nature and Science.
Informal enquiries are always welcome - please contact Dr D.A.Dawson@Sheffield.ac.uk

[2] How can behaviour influence population structure in shorebirds? (S)
Josie Jackson
Dispersal is one of the most influential factors determining genetic differentiation and gene flow. When
examining the effects of dispersal on population differentiation many studies solely consider physical barriers
or distance rather than considering variation in behavioural traits. Here we conduct a comparative analysis to
assess how mating system and migratory status influence spatial genetic patterns across ten species and 76
populations of Charadrius plovers using spatial genetic statistics and population clustering analysis, based on 7
- 20 microsatellite markers per species. Overall, low genetic structure was present, however, resident and
monogamous species displayed stronger population differentiation and greater isolation by distance patterns
compared to migratory and polygamous species. Consistent patterns were found when expanding our mating
system hypotheses across 155 shorebird species using subspecies richness as a proxy for genetic
differentiation. We conclude that polygamous breeding behaviour which is linked to higher breeding dispersal
promotes homogenisation of gene pools in shorebirds. This is in stark contrast to the view that sexual selection
should promote speciation. Further comparative studies are needed to test the robustness of this hypothesis
across more taxa.

[3] Genetic monomorphism and high differentiation across sky islands populations of Lupinus
alopecuroides (Fabaceae) in the northern Andes (S)
Diana L. A. Vásquez, Henrik Balslev, Michael Møller Hansen, Petr Sklenář.
Abstract: The tropical-alpine flora in the northern Andes has caught the attention from evolutionary biologists
and conservationists because of the extent of its diversity and its vulnerability. Although population genetics
studies are essential to understand how diversity arises and how it can be maintained, plant populations
occurring above 4100 m a.s.l. in the so-called super-páramo, have rarely been explored at the molecular level.
We use microsatellites to examine genetic structure in populations of Lupinus alopecuroides, which is a longlived semelparous giant rosette known from only 10 geographically isolated populations. Each population is
located at a different mountain top, of which 3 are in Colombia and 7 in Ecuador. We find genetic depletion
within the populations. Four populations are completely monomorphic, and other five show only one
polymorphic locus each. On the other hand, we find significant high genetic differentiation between the
populations (FST = 0.84, GST= 0.785). We suggest that this pattern is related to lack of gene flow, founder
effects, and autogamy. The genetic relationships among the populations, and the lack of correlation between
the genetic and geographic distances also point to the importance of founder effects and colonization history
in driving differentiation among the populations.
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[4] Hunting the drivers of sex chromosome turnover in Ranid frogs (PD)
1

1

2

1

Daniel Jeffries , Guillaume Lanvanch , Alan Brelsford , Wen-Juan Ma , Nicolas Perrin

1

1 Department of Ecology and Evolution, Université de Lausanne, Switzerland; 2 University of California,
Riverside, CA.
Understanding the mechanisms by which sex chromosomes evolve has been a longstanding goal for
evolutionary biologists. In many model species, including mammals, birds and flies, high levels of
heteromorphy are observed between the sex limited chromosome (Y or W) and its non-sex-limited counterpart
(X or Z) due to long periods of reduced recombination between them. However in cold blooded vertebrates,
and in particular, frogs, this is not the case. Sex chromosomes in ~96% of frog species are undifferentiated, and
this is thought to be due, in part, to frequent turnovers in sex determination systems (XY / ZW) and in the
chromosome pairs used for sex determination. In the frog family Ranidae, sex chromosome turnover has been
shown to be common, however, out of a possible 13 pairs of chromosomes, only three or four are regularly coopted for sex determination, likely because they carry important genes from the sex-determining cascade. The
goal of this study is to use genomic tools and comparative phylogenetic approaches to quantify the rate of
turnover within the family, ask whether some chromosomes are, indeed, more likely than others to take over
the role of sex-determiner, and to elucidate the drivers of such turnovers.

[5] Epistatic interactions in the arabinose cis-regulatory element (S)
Mato Lagator, Claudia Igler, Anaísa B. Moreno, Călin C. Guet and Jonathan P. Bollback
IST Austria, Klosterneuburg, Austria
Epistatic interactions in an Arabinose cis Regulatory Element Gene regulation plays an important role in
adaption and is a source of evolutionary innovation. To better understand the role of gene regulation as a
source of adaptive innovation, we focused on decomposing the architecture of a single cis binding site involved
in the transcriptional regulation of the Escherichia coli araBAD operon — a component of the arabinose sugar
metabolic pathway. We constructed an experimental system in which we introduced both single and double
mutations in the operators of this site, for which transcriptional control is decoupled from any posttranslational effects on expression, in order to obtain precise estimates of the single and double mutational
effects on gene expression. We find epistatic interactions within this cis binding site in half of the mutants,
most of them showing synergistic epistasis, and that the magnitude of synergistic epistasis depends on
whether the mutations were solely in the activator or activator/repressor region, or between these regions.
Furthermore, epistasis exhibited a strong dependence on the environment, with a significant change in the sign
of epistasis between environments. Our results suggest that, even in a seemingly simple system, epistasis in cis
regulatory elements results in complex interactions that selection may not be able to resolve — selection
towards optimal gene expression in the presence of a sugar may negatively affect the optimal expression in its
absence in an unpredictable, uncorrelated, and a potentially deleterious manner.

[6] Sex-biased dispersal, kin selection and the evolution of sexual conflict (S)
Gonçalo S. Faria†, Susana A. M. Varela* & Andy Gardner†
*cE3c – Centre for Ecology, Evolution and Environmental Changes, Faculdade de Ciências, Universidade de
Lisboa, Lisboa, Portugal; †School of Biology, University of St Andrews, St Andrews, UK
There is growing interest in resolving the curious disconnect between the fields of kin selection and sexual
selection. Rankin’s (2011, J. Evol. Biol. 24, 71–81) theoretical study of the impact of kin selection on the
evolution of sexual conflict in viscous populations has been particularly valuable in stimulating empirical
research in this area. An important goal of that study was to understand the impact of sex-specific rates of
dispersal upon the coevolution of male-harm and female-resistance behaviours. But the fitness functions
derived in Rankin’s study do not flow from his model’s assumptions and, in particular, are not consistent with
sex-biased dispersal. Here, we develop new fitness functions that do logically flow from the model’s
assumptions, to determine the impact of sex-specific patterns of dispersal on the evolution of sexual conflict.
Although Rankin’s study suggested that increasing male dispersal always promotes the evolution of male harm
and that increasing female dispersal always inhibits the evolution of male harm, we find that the opposite can
also be true, depending upon parameter values.
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[7] The genetic and structural basis of convergent iridescent colour in Heliconius butterflies (S)
1

1

2

2

Emma Curran , Melanie Brien , James Bradford , Andrew Parnell , Nicola Nadeau
1

1

2

Dept. Animal and Plant Sciences, University of Sheffield, UK; Dept. Physics and Astronomy, University of
Sheffield, UK
Instances of convergent evolution are common in nature, but how often is this driven by parallel genetic
changes, particularly in polygenic traits?
Here we address this question using the Heliconius butterflies of South America as a study system. These
species form "mimicry rings", where different species in one area share extremely similar colour patterns.
These warning colours advertise their toxicity to predators. Most of these patterns are produced by pigments,
fall into discrete groups, and are controlled by a small number of major-effect genes. In addition, the co-mimics
Heliconius erato and Heliconius melpomene in Western Ecuador also display iridescent blue, which decreases in
intensity northwards, across a natural cline.
Preliminary phenotypic measurements from natural populations and controlled crosses show that this
iridescence segregates as continuous variation, suggesting it is more polygenic than the pigment colours. A
genome-wide association study will be used to describe the genetic architecture of iridescence in both species.
We will then ask whether iridescence arose via parallel genetic changes in each case.
We also uncover which nanoscale structures are responsible for iridescence, and whether these structures are
more similar between the distantly related co-mimics, or between more closely related non-mimics which also
display iridescence.

[8] Reconstructing the assembly of Australian fig wasp communities: a genomic approach
1

1

1

1

1

2,3

Lisa Cooper , Lynsey Bunnefeld , Jack Hearn ,James Nicholls , Konrad Lohse , James Cook , Graham Stone
1

1

2

Institute of Evolutionary Biology, University of Edinburgh, School of Biological Sciences, University of
3
Reading, Hawkesbury Institute for the Environment, Western Sydney University
The advent of next generation sequencing technologies has had a major impact on inference methods for
population genetics. For example, community ecology studies can now assess species interactions using
population history parameters estimated from genomic scale data. Figs and their pollinating fig wasps are
obligate mutualists thought to have coevolved for some 75 million years. This relationship, along with
additional interactions with many species of non-pollinating fig wasps (NPFW), makes this system an excellent
model for studying multi-trophic community interactions. A popular way of investigating the population
histories of a community's component species is to use genetic markers to estimate demographic parameters
such as divergence times and effective population sizes. The extent to which histories are congruent gives
insights into the way in which the community has assembled. Because of coalescent variance, using thousands
of loci from the genomes of just a couple of individuals gives more statistical power and more realistic
estimates of population parameters than previous methods using just a handful of loci from many individuals. I
plan to use genomic data from a number of fig wasp species from across the east coast of Australia to
characterise community assembly in this system.

[9] Getting more for less: Cross-species amplification of microsatellites in Australasian pythons (S)
Sherryn Ciavaglia, Flinders University/Forensic Science SA, Adelaide, South Australia, Australia
Hannah Dridan, Department of Environment, Water and Natural Resources, Adelaide, South Australia,
Australia
Adrian Linacre, Flinders University, Adelaide, South Australia, Australia
The Australian carpet python is protected by legislation and managed in trade through legal provisions such as
licensing. This species is often implicated in criminal activities, at state, national and transnational levels. My
PhD project aims to develop forensic techniques that can assist compliance, monitoring and criminal
investigations involving Australian carpet pythons. The main goal of the project has focused on the
development of microsatellite multiplex assays yielding highly resolved data that can inform pedigree analysis,
individualisation and provide statistical support for associated forensic investigations with the application of
associated genetic databases.
Other Australasian pythons are similarly popular in illegal activities. Tools under development for the
Australian carpet python have been cross-tested on representatives of eight Australian and six Australasian
python species to determine the applicability of the forensic DNA markers to a much wider range of wildlife
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criminal investigations involving other python species. The Australian pythons demonstrate high transferability
of most markers, while the genetic divergence of the more geographically remote species is reflected their
microsatellite attrition rate. The results indicate cross-species applicability of a large number of loci, facilitating
development of effective regulatory and investigative tools for these species using already identified
microsatellite loci

[10] No sex difference in expression of partially sex-linked genes in the plant Silene latifolia
Deborah Charlesworth and Roberta Bergero
In an XY system, male beneficial mutant alleles may spread, even if they reduce fitness of females (i.e. the
mutation is sexually antagonistic). In response, it is predicted that female-specific control of expression may
evolve, as lower expression may reduce the fitness loss in females. This is expected to be most important in
partially sex-linked genes, because the male-benefit alleles will be associated with the fully Y-linked maledetermining region (fully Y-linked male-benefit mutations can spread, whatever the effect in females); the
fitness benefit in males that permits the mutant allele to spread or become fixed can therefore be less than for
an autosomal mutant with the same cost in females. Whether such expression differences are seen thus offers
one way to test the sexually antagonistic mutation hypothesis. We tested this in the plant Silene latifolia, using
newly ascertained partially sex-linked genes (in the pseudo-autosomal region, or PAR). We find no evidence
for reduced expression in females in the set of PAR genes studied.

[11] Phenotypic and molecular consequences of mutation accumulation in Chlamydomonas
Peter Keightley, Rob Ness, Andrew Morgan, Susanne Kraemer, Nick Colegrave
By transfer of single cells, we allowed independent lines of six different strains of the green alga
Chlamydomonas reinhardtii to accumulate spontaneous mutations for approximately 1,000 generations.
Growth rate generally declined and variance among lines increased as a consequence of mutation
accumulation, and the extent of decrease in mean growth rate and increase in genetic variance depended on
the environment in which the cells were grown. We sequenced the genomes of 85 of the lines and determined
that each carried an average of 80 mutations, but this varied substantially both between starting genotypes
and within lines derived from the same ancestor. Using the Bateman-Mukai approach, we estimated that the
average effect of a deleterious mutation was ~4%. However, this is about two orders of magnitude higher than
a more direct estimate obtained by dividing the average change in fitness by the number of mutations
accumulated. Possible reasons for this discrepancy are discussed.

[12] Para-allopatry in hybridising fire-bellied toads (Bombina bombina and B. variegata): inference
from transcriptome-wide coalescence analyses
Beate Nürnberger, Konrad Lohse, Anna Fijarczyk, Jacek M. Szymura and Mark L. Blaxter
Ancient origins, profound ecological divergence and extensive hybridization make the fire-bellied toads
Bombina bombina and B. variegata (Anura: Bombinatoridae) an intriguing test case of ecological speciation.
Narrow Bombina hybrid zones erect barriers to neutral introgression whose strength has been estimated
previously. We test this prediction by inferring the rate of gene exchange between pure populations on either
side of the intensively studied Kraków transect. We developed a software pipeline to extract high confidence
sets of orthologous genes from de novo transcriptome assemblies, fitted a range of divergence models to these
data and assessed their relative support with analytic likelihoods calculations. There was clear evidence for
post-divergence gene flow, but, as expected, no perceptible signal of recent introgression via the nearby hybrid
zone. The analysis of two additional Bombina taxa (B. v. scabra and B. orientalis) validated our parameter
estimates against a larger set of prior expectations. Despite substantial cumulative introgression over millions
of years, adaptive divergence of the hybridizing taxa is essentially unaffected by their lack of reproductive
isolation. Extended distribution ranges also buffer them against small-scale environmental perturbations that
have been shown to reverse the speciation process in other, more recent ecotypes.

[13] Colonization of Glacier Ice by Microinvertebrate Bdelloid Rotifers
Einar Árnason(1), Daniel H. Shain(2)
(1) Institute of Biology, University of Iceland, Reykjavik, Iceland; (2) Biology Department, Rutgers The State
University of New Jersey, New Jersey, USA
Very few animal taxa are known to reside permanently in glacier ice. Here we report the wi despread
colonization of Icelandic glaciers and ice fields by two distinct species of bdelliod rotifers. Specimens were
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collected from surface firn on the accumulation zones of Langjökull and Vatnajökull glacier areas, two of the
largest European ice masses. Rotifers reached surface densities up to ~100 individuals per liter-equivalent of
glacier ice/snow, and appear to be freeze-tolerant. Phylogenetic analyses of DNA sequences suggest that the
glacier rotifers are polyphyletic, with ancestries predating the appearance of modern glaciation in Iceland.
Collectively, these data identify an unexpected evolutionary niche for an animal lineage that has reproduced
asexually over the past ~40 million years.

[14] Evidence for on-going selection on codon usage bias and GC-biased gene conversion in
Drosophila simulans, with a comparison to Drosophila melanogaster (S)
Ben Jackson [Not attending], José Campos, Brian Charlesworth and Kai Zeng
We are trying to identify the forces affecting evolution at 4-fold degenerate and short intron sites in Drosophila
simulans and Drosophila melanogaster, because these sites are often used to make inferences about selection
and demography, and because they are an important compositional part of the genome. Most previous work
has tried to identify the extent to which codon usage bias (CUB) and GC-biased gene conversion (gBGC) affect
D. melanogaster, but these analyses were complicated by excessive fixation of GC>AT substitutions along the
D. melanogaster lineage, and reduced effective population size (relative to D. simulans), which have led some
workers to suggest that there is no on-going selection on CUB and gBGC in this species. Less is known about D.
simulans, although there is evidence that its genome composition may have been closer to equilibrium. We
address these questions by using whole-genome datasets from D. simulans and D. melanogaster. By using D.
yakuba as an outgroup and a non-homogeneous substitution model that takes into account the effects of nonequilibrium base composition, as well as models that infer selection signals from polymorphism data, we
obtained evidence for on-going selection on CUB and gBGC in both species. Consistent with its having a smaller
effective population size, the patterns in D. melanogaster are less clear than those for D. simulans.

[15] The site-frequency spectrum associated with multiple-merger coalescents
Einar Árnason and Bjarki Eldon
We review recent progress in computing the expected site-frequency spectrum associated with multiplemerger coalescents. Multiple-merger coalescents can be derived from population models of highly fecund
populations, and in which the offspring distribution is highly skewed. Such population models, and resulting
multiple-merger coalescents, have been suggested to be appropriate for some marine organisms, including
oysters and codfish. In fact, they may have much wider applicability, for example for trees, insects, and
viruses. Recursions (Birkner etal, Blath etal) have recently been obtained for the expected site-frequency
spectrum (ESFS) associated with so-called Lambda- and Xi-multiple-merger coalescents. The ESFS associated
with multiple-merger coalescents, as well as population growth, can show an excess of singletons relative to
the classical Kingman coalescent; a feature commonly observed among oysters and codfish. Efficient methods
for computing the ESFS (Song etal, Polanski and Kimmel) allow us, among other things, to estimate the power
of distinguishing between multiple-merger coalescents and population growth.

[16] Genetic dissection of fatness traits in divergently selected broiler chicken (S)
1,2

1

1

1

Choon-Kiat Khoo , Almas A. Gheyas , Lel Eory , Paul M Hocking and David W Burt

1

1

The Roslin Institute, Royal (Dick) School of Veterinary Studies, University of Edinburgh, United Kingdom;
Department of Veterinary Services, Ministry of Agriculture & Agro-Based Industry Malaysia, Federal
Government Administrative Center, Malaysia.
2

Unravelling the mechanisms underlying genetic variation associated with complex traits is a formidable
endeavour. This is often complicated by the abundant candidate genes within the large confidence intervals of
quantitative trait loci (QTL). Herein we describe the integration of genetic and genomic approaches to refine
and characterise the chromosomal regions involved in controlling fatness traits in two lines of broiler chicken
divergently selected for plasma very low density lipoprotein (VLDL). Three significant QTLs for plasma
triglyceride and nine significant QTLs for abdominal fat pad weight were identified, both traits being important
metrics for carcass fatness. Integration of FST-based selection signatures analysis, opposite genotype filtration
and functional annotation of variants with different tools including evolutionary constrained elements, refined
and characterized the candidate variants. Results show that most candidate variants lie within non-coding
regions, suggesting their role to be primarily regulatory. Our study demonstrates the power of an integrative
approach in reducing the QTL interval for fatness traits, thereby facilitating the prioritization of candidate
genes and variants. Leveraging on quantitative genetics and genomics approaches coupled with the knowledge

P a g e 50 | 70

PopGroup49……Posters
of selection history, this study highlights ACSL1, AKT1 and VGLL2 genes as potential candidates for the fatness
traits in broiler chickens.

[17] Sequoia: Pedigree reconstruction from SNP data
Jisca Huisman
Pedigree reconstruction based on hundreds of bi-allelic SNPs (Single Nucleotide Polymorphism) has the
potential to be much faster and more accurate than when based on a dozen multi-allelic microsatellite
markers. Often not all candidate parents are sampled, and parentage assignment is then only a first step in
reconstructing a pedigree. Methods for sibship reconstruction are available, but none harvests the power of
SNPs to reliable distinguish between first, second and third degree relatives, and identifies grandparents as
well as half-siblings. Sequoia uses a fast, heuristic likelihood approach, allowing for genotyping errors,
overlapping generations and inbreeding loops, to create a multi-generational pedigree in a single run. For each
set of potentially related individuals the likelihoods to be parental, full or half siblings, grandparental, full or
half avuncular, or unrelated are compared, conditional on parents and siblings already assigned in previous
iterations, resulting in a high-likelihood pedigree while minimising false-positive assignments. Application to a
wild red deer population recovered maternities and maternal sibships correctly, and identified several
previously unknown relationships between founders and immigrants. Simulations are planned to assess
accuracy under various pedigree structures, with varying SNP numbers and proportions of non-genotyped
individuals.

[18] Within-host variation and evolution of a Staphylococcus aureus non-conjugative plasmid
Jane Charlesworth, Tanya Golubchik, Antonina Votintseva, Daniel Wilson, Rory Bowden, Sarah Walker and
Derrick Crook.
Our group previously investigated variation in gene content in seven people selected for intensive sampling
because they were identified as carrying multiple lineages of Staphylococcus aureus during a long-term
carriage study. Here, we describe in more detail the variation in presence or absence of a non-conjugative
plasmid in one of these individuals and examine variation in both the plasmid and bacterial chromosome, with
the aim of identifying approaches to studying plasmid variation and transfer in natural populations of
pathogenic and commensal bacteria.

[19] Coevolution of the range and niche of a species in a changing environment (PD)
Jitka Polechová
Populations adapting to an environment that changes through time benefit from a spatially extended habitat
for three reasons: i) wide habitats support a larger population, whose standing genetic variation further
increases as a result of gene flow across heterogeneous environments ii) the population can move to a more
favourable habitat and thus (at least temporarily) avoid extinction and iii) the existence of favourable habitat in
the vicinity provides extra time for increase of genetic variance, which allows a population to adapt to a faster
temporal change. Yet, theoretical studies of the evolution of a species' range in changing environments
typically assume that genetic variance is fixed; conversely, most studies of adaptation to temporal change
assume a homogeneous environment and soft selection. By modeling the joint population dynamics and
evolution of the trait mean and its variance, via change in allele frequencies, I explain how a species’ range and
niche evolves under both spatially and temporally changing environment. Specifically, I show how spatial
structure elevates the maximum rates of temporal change to which a population can adapt.

[20] Comparative genomics reveal common diversity and signature of positive selection in African
cattle (S)
Abdulfatai Tijjani, Jaemin Kim, Heebal Kim, Raphael Mrode, Hussain Bahbahani and Olivier Hanotte
African cattle possess unique adaptation to the tropical environmental conditions such as high temperatures
and tropical parasitic and infectious diseases challenges. Their genome diversity as well as the genetic basis of
their adaptive traits remains poorly understood. This study reports the analysis of whole genome sequences
from 16 indigenous African zebu (Kenyan Boran n =7, Kenana n = 9) and eight African taurine (N’Dama n = 8)
sequenced using the Illumina platform as well as 10 East African Shorthorn Zebu (EASZ) sequenced in 2 pools of
5 animals using the ABI Solid platform. All reads were aligned against UMD3.1 and variants called using GATK v.
3.4. Around 26 million SNPs were identified in Boran and Kenana, 9 million in EASZ and 15 million in N’Dama.
Average counts of insertion/deletion (InDels) ranges from 3,433,304 in Boran to 384,250 in EASZ. Candidate
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regions for positive signature of selection were identified using the pooled heterozygosity (Hp) approach (ZHp
≤ -4.0). Putative selective sweeps ranges from 193 in the EASZ to 22 in N’Dama. Eight are shared by all the
breeds, 11 are common only to zebu breeds. Zebu specific regions overlap with 45 genes. Further analysis of
the genes in these shared regions and also in each breed specific candidate regions may reveal the causal
variants associated with tropical adaptive traits.

[21] Divergent genome architecture underlies distinctly adapted phenotypes in the Timema
cristinae stick insect (PD)
1

1

2

Kay Lucek , Doro Lindtke , Zach Gompert , Patrik Nosil

1

1

2

Department of Animal and Plant Sciences, University of Sheffield, Sheffield, S10 2TN, UK; Department of
Biology, Utah State University, Logan, UT 84322, USA
Whereas the phenotypic and environmental aspects that underlie evolutionary diversification have been
extensively studied, much remains unclear about the role of genome architecture during adaptive divergence
and speciation. In particular we lack empirical evidence on how divergent genomic architecture may shape the
genome and subsequently may impede or promote speciation. Using next generation sequencing mate-pair
data, we aim to understand how structural changes, such as inversions could relate to phenotypic
differentiation in the wild. Our analyses identified clusters of genetic differentiation between distinct colour
morphs that are otherwise not genetically differentiated. Additional analyses of discordant breakpoints
confirm that structural changes linked to an inversion underlie these regions of increased genetic
differentiation. The inverted region is moreover characterized by a lower level of additional structural changes
when compared to other parts of the genome. Consequently our findings highlight the importance of structural
variation in maintaining distinct adaptive genotypes in the face of gene flow, which otherwise would breakup
regions of coadapted genes and hence provide the seed for divergence with gene flow.

[22] Investigating a bacterial genetic basis for pulmonary and extra-pulmonary tuberculosis (PD)
Hedge, J., Walker, T. M., Peto, T. E. A., Crook, D. W., Walker, A. S. and Wilson, D. J.
Tuberculosis (TB) represents a major global public health challenge, causing 1.2 million deaths worldwide in
2014. It predominantly infects the lungs of its host (pulmonary TB) but in 15% of TB cases, disease manifests in
tissues outside of the lungs (extra-pulmonary TB). While previous studies have found that TB lineages are
differentially associated with extra-pulmonary TB, results from these studies are conflicting. We have
performed a genome wide association study (GWAS) of 1188 pulmonary and extra-pulmonary Mycobacterium
tuberculosis genome sequences to identify plausible genetic variants associated with extra-pulmonary TB. We
estimate that the heritability of this phenotype is around 8%, suggesting that a considerable proportion of the
distribution in phenotypes can be explained by differences between bacterial genome sequences. While we do
not detect any significant association with single nucleotide polymorphisms, we identify several short DNA
fragments (k-mers) that are associated with extra-pulmonary TB. The genetic variants identified in this way
may help to explain why some M. tuberculosis leave the lungs, from where it can successfully transmit to other
hosts and easily enter the bloodstream, to infect other tissues, which represent an evolutionary dead-end.

[23] Ecological speciation in the Neotropical flora (S)
1,2
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2

Rowan Schley ; Manuel de la Estrella ; Bente Klitgård ; Félix Forest ; Timothy Barraclough
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Imperial College London, London, United Kingdom; Royal Botanic Gardens Kew, Richmond, Surrey, United
Kingdom
The Neotropics is arguably the most floristically diverse region on Earth, with c.100,000 plant species; one of
the processes that could have given rise to this staggering diversity is ecological speciation, whereby natural
selection drives the evolution of reproductive isolation through adaptive divergence. The Brownea clade
(Leguminosae) is a characteristic component of the lowland Amazonian tree flora that is poorly understood,
and is made up of around 125 species. These species are particularly diverse in floral morphology and the
range of pollinators that visit them, with phenological adaptations to attract a wide variety of visitors.
This PhD project aims to investigate the factors driving the diversification of the Neotropical flora using the
Brownea clade as a proxy. Initially, a framework phylogeny will be built using a representative sample of
species from across the Brownea clade. From this adaptive divergence and resulting speciation will be
investigated in a spatial context by examining the correlation between phylogenetic relationships, occurrence
and ecological factors. Furthermore, by inferring the degree of neutral genetic differentiation between
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ecotypes (such as within the Brownea grandiceps complex), the evolution of reproductive isolation in the initial
stages of speciation may be investigated, which is instrumental in studying the origins of biodiversity.
[24] Genome-wide analyses of selection in Chalcid parasitoid wasps (PD)
1

1

1

1

Jack Hearn , William Walton , Lynsey Bunnefeld , Graham Stone and Konrad Lohse

1

1

Institute of Evolutionary Biology, University of Edinburgh

Many species of chalcid wasps (superfamily Chalcidoidea) are parasitoids of the plant-galling cynipid wasps
(family Cynipidae). They do so by hunting developing galls and ovipositing their eggs in- or onto larvae.
In six-species pairs of parasitoids sampled across the Chalcidoidea we predicted genes using the model chalcid
Nasonia vitripennis gene set as a reference. We then tested if genes expressed in the venom glands, encoding
odorant-binding proteins and chemoreceptors are undergoing greater rates of positive section than
background levels. Venom gland-expressed proteins are oviposited into the host alongside the egg where they
suppress host defences. The odorant-binding proteins and chemoreceptors are necessary for detecting and
transducing the environmental signals parasitoids use to locate galls.
Selection among these genes was contrasted with background rates of genomic selection using McDonaldKreitman based methods. We then asked if the same genes are under adaptive selection across species to
identify conserved genes key to parasitism in the chalcid wasps. This project provides initial insights into the
long-term evolutionary processes that structure chalcid parasitoids of cynipid gall wasps.
[25] Stress response of mutation accumulation lines of the green algae Chlamydomonas reinhardtii across
two environmental gradients (PD)
S. A. Kraemer, A. D. Morgan, R. Ness, P. Keightley, N. Colegrave.
Understanding the distribution of fitness effects (DFE) of novel mutations is central to many areas of
evolutionary biology. Importantly though, mutational effects are not fixed but will depend on the environment
that the organism experiences. However, the effect of the environment on DFE, expressed as changes to the
mean and variance of fitness, has been rarely investigated experimentally. Intuitively it might be expected that
selection coefficients against deleterious mutations will increase in stressful environments but experimental
tests so far have produced conflicting results. Clones of the green algae Chlamydomonas reinhardtii were
previously subjected to a mutation accumulation experiment. Here, we measured fitness of thirty independent
MA lines derived from two ancestors across two different environmental gradients, increasing salt and
decreasing phosphorous. We investigated changes in expressed genotypic variation and the consistency of the
genetic response to environments between the two MA lines, between the two different stressors, between
MA lines and their ancestors and in relation to the severity of stress. This allowed us to determine how DFE
changes in response to stressful conditions, which, in turn, will determine the future capacity for adaptation in
this model plant.

[26] A maximum likelihood implementation of an isolation-with-migration model for three species
(PD)
Daniel A Dalquen, Tianqi Zhu, Ziheng Yang
Gene flow is an important process in the evolution of populations and the emergence of new species that
affects the patterns we observe in genetic sequence data from both within and between species. The isolationwith-migration (IM) models are convenient for studying migration between populations as well as their
phylogenetic structure. They incorporate the population or species phylogeny in a model of migration.
Here we present an extension to our previous maximum likelihood implementation of the symmetrical IM
model for three species (SIM3s) that accepts arbitrary data configurations for loci with two or three sequences.
By limiting the number of sequences per locus to three, the genealogical process of coalescence and migration
can be described by continuous-time Markov chains. This characterisation integrates over the migration
histories analytically, enabling the analysis of genome-scale datasets with tens of thousands of loci.
We show in a simulation study that adding data from a third species increases the power of the likelihood ratio
test for gene flow between two in-group species, while inclusion of population data substantially improves
parameter estimation. Finally, we apply the new method to a Drosophila dataset, detecting small but
significant amounts of gene flow between D. melanogaster and D. simulans.
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[27] Factors Affecting the Rate of Spread of P-element in Drosophila simulans (S)
Tom Hill, Andrea Betancourt
In a classic story of the spread of a selfish element, P-element, a DNA transposon, invaded D. melanogaster
and spread world-wide in a matter of decades. This invasion caused hybrid dysgenesis-- a range of deleterious
phenotypes, including sterility. Recently, we (and others) discovered the P-element invading in D. simulans
worldwide, paralleling its previous invasion in D. melanogaster. In D. simulans, as in D. melanogaster, the Pelement transposes within genomes and causes hybrid dysgenesis. But compared to that of D. melanogaster,
the D. simulans P-element appears to be spreading substantially faster. There are several factors that might
affect the success of the P-element invasion, including the presence of a cytoplasmic incompatibility inducing
Wolbachia strain, the presence of small RNAs repressing the P-element, and the severity of hybrid dysgenesis.
Here, using a combination of simulations, DNA sequence information, and experimental crosses, to ask if and
how these factors the rate of spread of the P-element.

[28] Development of a SNP panel for the identification of wild and farmed individuals of Gilthead
sea bream (Sparus aurata) sampled in Greece (S)
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Gkagkavouzis K. , Murray-Dickson G. , Maroso F. , Karaiskou N. , Triantafyllidis A. , Taylor M.
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Department of Genetics, Development and Molecular Biology, School of Biology, Aristotle University of
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Thessaloniki, Greece; Edinburgh Zoo - The Royal Zoological Society of Scotland, Edinburgh, UK; Department of
Comparative Biomedicine and Food Science, School of Agricultural Sciences and Veterinary Medicine,
4
University of Padova, Italy; School of Biological Sciences, University of East Anglia, Norwich, UK.
Gilthead sea bream is a key target for fisheries and the subject of intensive farming in Greek seas. Based on the
high commercial value of the species, it is crucial to develop molecular tools for the genetic identification of
wild and farmed individuals, for both customer assurance of fish origin, and the control and detection of
escapees. Farmed stocks may be genetically different to local wild populations as a result of domestication and
if they escape, may potentially influence natural stocks through competition and genetic introgression. In the
present study, 5 farmed and 14 wild population samples, from across the specie’s expansion range in Greece,
have been analysed using ddRAD sequencing (910 individuals in total). 457 SNPs were assessed and ranked by
FST values. Assignment tests were performed to determine the optimal assignment panel size and best
combination of SNPs. A panel of 15 SNPs was identified and the robustness was checked in terms of
consistency of assignment. The panel performs with mean assignment accuracy of 93.5% for wild individuals
and 83.7% for farmed individuals. Randomly introduced missing data affects the effectiveness of the panel
unpredictably, but does not lead to large changes in assignment success. We therefore conclude that the panel
is robust and after further validation, shows promise as a traceability tool.

[29] Estimating the contribution of pedigree- and SNP-associated genetics and recent environment to
anthropometric variation in humans (S)
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1
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Charley Xia , Carmen Amador , Archie Campbell , David Porteous , Generation Scotland , Nicholas D. Hastie ,
1
1
1
1,4*
Caroline Hayward , Veronique Vitart , Pau Navarro , Chris S. Haley
1 MRC Human Genetics Unit, MRC Institute of Genetics and Molecular Medicine, University of Edinburgh,
Western General Hospital, Edinburgh, EH4 2XU, United Kingdom; 2 Generation Scotland, Centre for Genomic
and Experimental Medicine, MRC Institute of Genetics and Molecular Medicine, University of Edinburgh,
Western General Hospital, Edinburgh, EH4 2XU, United Kingdom; 3 A collaboration between the University
Medical School and NHS in Aberdeen, Dundee, Edinburgh and Glasgow, Scotland, United Kingdom; 4 The Roslin
Institute and R(D)SVS, University of Edinburgh, EH25 9RG, Midlothian, United Kingdom
Genome-wide association studies (GWAS) have identified thousands of loci for numerous human complex
traits but these explain a limited proportion of trait variation. Mixed linear model analyses capture a greater
proportion of phenotypic variance. Using this approach, we analysed 8 anthropometric traits in a Scottish
population comprising ~20,000 individuals genotyped for ~520,000 common autosomal SNPs. We found that,
on average across traits, SNP-associated and pedigree-associated genetic effects each explained around half
the genetic variance with recently-shared environment of couples and the environment shared largely in the
past by full-siblings accounting for ~10% and ~5% of the phenotypic variance, respectively. The joint family
environment shared by parents and offspring had a limited impact on trait variation. Our findings point to
appropriate models to use in future studies as pedigree-associated genetics and couple environment have
seldom been taken into account in genotype-based analyses. Even with a large number of common SNPs, much
of the genetic variance is not captured by these but by pedigree-associated effects (that may reflect rare
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variation), providing insight on potential trait architectures. In samples of unrelated individuals commonly used
in GWAS, the pedigree-associated effects we captured here cannot be captured, explaining at least part of the
missing heritability.

[30] Genomic analysis reveals depression due to both individual and maternal inbreeding in a freeliving mammal population
Camillo Bérénos*, Philip A. Ellis, Jill G. Pilkington and Josephine M. Pemberton
There is ample evidence for inbreeding depression manifested as a reduction in fitness or fitness-related traits
in the focal individual. However, in many organisms, fitness is not only affected by genes carried by the
individual, but also by genes carried by their parents, for example if receiving parental care. While maternal
effects have been described in many systems, the extent to which inbreeding affects fitness directly through
the focal individual, or indirectly through inbreeding coefficients in its mother, has rarely been examined
jointly. Here, in the feral Soay sheep population in St Kilda, we tested for both maternal and individual
inbreeding depression in three fitness-related traits (juvenile body size) and three fitness components using
either pedigree-derived inbreeding coefficients or genomic estimators calculated using ~37'000 SNP markers.
We found strong evidence for inbreeding depression in juvenile body size and fitness, while maternal
inbreeding depression was found for birthweight and first year survival. Genomic estimators were able to
detect more instances of significant inbreeding depression, which is at least partly explained through increased
sample sizes. Our results highlight that the importance of maternal inbreeding depression in natural
populations warrants further exploration.

[31] Lep-MAP2: linkage map construction software (not just) for Lepidoptera (PD)
Pasi Rastas
Current high-throughput sequencing technologies allow cost-efficient genotyping of millions of SNPs for
hundreds of samples. However, the tools that are currently available for constructing linkage maps are not well
suited for such large datasets. Large data linkage maps are helpful in de novo genome assembly by facilitating
comprehensive genome validation and refinement, as well as in family-based linkage and association studies,
quantitative trait locus (QTL) mapping, analysis of genome synteny and other complex genomic data analyses.
I will give a general overview of linkage map construction software Lep-MAP2 for such large datasets. LepMAP2 can produce very dense and accurate maps and utilize data simultaneously on multiple outbred families.
It can model achiasmatic meiosis (recombination in only one sex), found in many insects and especially in
Lepidoptera. Moreover, Lep-MAP can be used to model sex-specific or sex-averaged recombination. Some
empirical comparisons on simulated data are provided against other software to prove that Lep-MAP2 is stateof-the-art in linkage mapping. Also brief a preview of new features in Lep-MAP3 are described. Lep-MAP2 is
publicly available with its source code from http://sourceforge.net/projects/lepmap2/.

[32] The genome of Ramularia collo-cygni (PD)
Elisabet Sjökvist, Graham McGrann, Mark Blaxter & Neil Havis
Ramularia collo-cygni is a fungal pathogen of barley, and the causal agent of Ramularia leaf spot (RLS). The
fungus has a long asymptomatic growth stage, typically causing disease after the switches from vegetative to
reproductive growth. The genome of one isolate of R. collo-cygni from Denmark has been sequenced. The
genome is 30.3 Mb, with 11617 predicted genes. Phylogenetic analyses based on 1026 single copy proteins
from 26 Dothidiomycetes + outgroups places R. collo-cygni in the Capnodiales, sister to Zymoseptoria tritici. A
putative secretome of 1053 genes were identified, of which 150 of were identified as potential effectors.
Seventy three proteins matched known pathogenicity determinants associated with toxin production in other
Dothidiomycetes. R. collo-cygni has approximately twice as many polyketide synthase genes compared to
other species of Capnodiales. Some of these may be involved in the biosynthesis of the toxin rubellin which has
been identified in the fungus.

[33] The effect of gynodioecy on the molecular evolution of mitochondrial and nuclear genomes
R Bergero, N Levsen, K Wolff, D Charlesworth
Interactions between mutations in plant mitochondrial DNA (causing male sterility) and nuclear genes
(restoring male fertility) represent a classical example of "selfish genetic elements”. In mitochondrial DNA
sequences from several gynodioecious species, substitution rates appear to be highly elevated for
synonymous, but not non-synonymous, sites, and this has been attributed to high mtDNA mutation rates. An
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alternative possibility is balancing selection acting on mtDNA haplotypes within gynodioecious species, leading
to polymorphisms maintained for long evolutionary times and high within-species nucleotide diversity. To
produce evidence for mitochondrial high mutation rates, or for long-term mtDNA polymorphisms , we have
analysed sequence diversity in mtDNA and nuclear genes in a gynodioecious Plantago species, and divergence
from an outgroup species (P. nivalis). With sequences from both nuclear and mitochondrial genes we can test
whether gynodioecious species have unduly high mtDNA diversity, relative to levels expected based on nuclear
genes, which would suggest balancing selection, versus high inter-species divergence, which would suggest a
high mutation rate.

[34] Candidate gene repertoires for host specific adaptations in a monogenean fish parasite (S)
Heidi Aisala and Jaakko Lumme
University of Oulu
Most parasites are specialized to use only a single or a few species as their hosts in each developmental stage.
This host specificity is controlled by two main factors: host choice, including detection, recognition and
infection of the right species, and host performance, determining survival and fitness on the infected host.
Both of these factors are highly genetically controlled, but the molecular mechanisms have evolved
independently in each host-parasite pair. Our studies focus on Gyrodactylus, a monogenean genus that
consists of thousands of host specific fish parasites. In this study we utilize genomic sequence of our model
species G. salaris to explore gene repertoires behind the key parasitic adaptations: orientation, attachment,
feeding, and reproduction. We find a lot of interesting lineage specific expansions including recent serial
duplications in gene families connected to both host choice and host performance. These are promising
candidates underlying host specificity and thus diversification in the whole genus.

[35] Genetic architecture and selection on recombination rate in Soay sheep.
Susan E. Johnston*, Camillo Bérénos*, Jon Slate†, Josephine M. Pemberton*
* Institute of Evolutionary Biology, University of Edinburgh, Charlotte Auerbach Road, Edinburgh, EH9 3FL,
United Kingdom.; † Department of Animal and Plant Sciences, University of Sheffield, Western Bank, Sheffield,
S10 2TN, United Kingdom.
Meiotic recombination breaks down linkage disequilibrium and forms new haplotypes, meaning that it is an
important driver of diversity in eukaryotic genomes. Yet, there remains little data on if, how and why
recombination rate varies in natural populations, and if it has the potential to respond to selection. We
investigated the genetic architecture of individual autosomal recombination rates in Soay sheep (Ovis aries).
Autosomal recombination rate was heritable in both sexes (h2 = 0.16 & 0.12 in females and males,
respectively), but with different genetic architectures. In females, 46.7% of heritable variation was explained
by the locus RNF212 on chromosome 6; however, this region had no detectable effect on male recombination
rate. Regional heritability approaches identified a second region on chromosome 7 containing REC8, which
explained 26.2% of heritable variation in recombination rate in both sexes. Females with RNF212 genotypes
conferring increased recombination rates tended to have offspring with reduced reproductive success,
suggesting that this trait is under selection in this population. Our findings provide a key empirical example of
the genetic architecture and potential evolution of recombination rate in a natural system.

[36] The global population diversity of evolutionarily young parthenogenetic nematodes
Philipp H. Schiffer*€, Martina Rauscher*€, Luca Ferretti#, Thomas Wiehe*,
*Institute for Genetics, University of Cologne, Köln, Germany; #The Pirbright Institute, United Kingdom;
€Presenting authors
Almost all parthenogenetic animals reside on terminal phylogenetic branches and are thus thought to be
evolutionarily young and evolving towards fast extinction. Yet, most research efforts into "the Queen of
Evolutionary Questions", why sex is the predominant mode of reproduction, have been invested into the few,
old "evolutionary scandals". Thus, the diversity, and evolutionary origin and trajectory of most parthenogenetic
animals remains enigmatic. In this study we analyse the fitness and genomic mutation rates of parthenogenetic
nematodes in the genus Panagrolaimus in a comparative mutation accumulation (MA) lines experiment. We
also develop a new method to access the evolutionary age of species and populations and analyse the
population diversity between globally sampled isolates. We find elevated mutation rates in parthenogenetic
species in MA experiments. In agreement with this, their levels of population differentiation in the wild are
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higher than in sexual con-geners. The parthenogenetic species in Panagrolaimus appear to be evolutionarily
young, but we observe a pronounced fitness loss after only very few generations under MA conditions.
Our results show that parthenogenetic species have the potential to diversify quickly, but are on a steep
mutationally driven trajectory to extinction that is most likely only temporarily buffered by large population
sizes.

[37] Complex life histories and the dissociation of genetic covariance via metamorphosis
Debora Goedert, Ryan G. Calsbeek
Department of Biological Sciences, Dartmouth College, Hanover-NH, USA.
Metamorphosis is hypothesized to play an adaptive role in the decoupling of genetic correlations between
larvae and adults, such that organisms with complex life histories are free to respond independently to
selection in different life stages. Whether metamorphosis results in the dissociation of developmental stages,
however, is not clear. Through a multi-response animal model, we estimated the G-matrix of tadpole and
froglet traits in the wood frog (lithobates sylvaticus). Animals were fertilized in-vitro following a half-sib design.
We tested the prediction that, if dissociation occurs, within-tadpole and -frog covariances should present more
integration than between-life stages covariances using the Escoufier's RV coefficient. Our results indicate that
metamorphosis may indeed play a role in the decoupling of additive genetic covariances between stages in the
wood frog (RV= 0.284, 95%CI = 0.080-0.469). Moreover, few larval and adult traits were phenotypically
correlated, whereas most of the within-tadpole traits were correlated with each other. Frog traits, showed
similar levels of integration as the between life stage correlations, suggesting the possible dissociation could be
persistent. The additive genetic correlations indicated a similar trend, but such pattern was not statistically
significant due to large confidence intervals, possibly as a consequence of the small sample size.

[38] Using low coverage multispecies genomic data to reconstruct the assembly of a widespread
insect community (PD)
Lynsey Bunnefeld, Jack Hearn, Konrad Lohse, Graham N. Stone
Whether biologically widespread communities assemble through codispersal of associated lineages (host
tracking) or local recruitment (ecological sorting) remains an open question. A statistically robust comparative
analysis of recent demographic histories requires large numbers of independent loci per species, efficient
analytical tools and a means to compare histories among species. To this end, we have developed a maximum
likelihood method that can use low coverage data from individual samples to fit explicit models of community
history. We use our method to assess the evidence for host tracking and ecological sorting models during the
assembly of a community of herbivorous gallwasps and parasitoid wasp natural enemies, each sampled from a
longitudinal series of Pleistocene glacial refugia spanning the Western Palearctic. Our inference framework is
extremely flexible, requires no prior genetic resources and can be extended to assess support for a wide range
of demographic histories.

[39] A novel theoretical approach to associative overdominance and background selection (S)
Lei Zhao
1
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and Brian Charlesworth

1
2

Institute of Evolutionary Biology, School of Biological Sciences, University of Edinburgh, UK; Centre for
Computational Systems Biology, Fudan University, P.R. China.
Associative overdominance is a phenomenon that can arise when a neutral locus is linked to one or more loci
under selection. Unlike background selection or selective sweeps, it can help to maintain genetic variation at
the neutral locus. We have used a simulation approach and a theoretical model to study the case of a neutral
locus linked to a locus subject to mutation to deleterious alleles. We modelled the dynamics of a small
population segregating for two neutral alleles, founded from a large population in equilibrium with respect to
the selected locus. The effects of both background selection and associative overdominance are included in the
models. The simulation and analytical results agree well. When the level of recessivity of the deleterious
mutations is below a threshold value, there is a retardation of the loss of heterozygosity at the neutral locus,
reflecting a more powerful effect of associative overdominance than background selection.
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[40] Fine-scale population epigenetic structure in relation to gastrointestinal parasite load in red
grouse (Lagopus lagopus scotica) (S)
Marius Wenzel and Stuart Piertney
University of Aberdeen
Cytosine methylation patterns may be altered by environmental stresses and consequentially affect
phenotypic plasticity and adaptation. Parasites are potent stressors, but there is little understanding of the
epigenetic consequences of long-term parasite insult. Here, we estimate epigenetic diversity and
differentiation among 21 red grouse (Lagopus lagopus scotica) populations in north-east Scotland and test for
association of gastrointestinal parasite load (caecal nematode Trichostrongylus tenuis) with hepatic genomewide and locus-specific methylation states assayed through methylation-sensitive AFLP. The populations
differed significantly in genome-wide methylation levels and were also significantly epigenetically (FSC = 0.0227;
P < 0.001) and genetically (FSC = 0.0058; P < 0.001) differentiated. However, parasite load was not associated
with either genome-wide methylation levels or epigenetic differentiation. Instead, eight epilocus-specific
methylation states were disproportionately differentiated and 35 epilocus-specific methylation states were
significantly positively and negatively associated with parasite load. Following Sanger sequencing, genome
mapping and GENEONTOLOGY (GO) annotation, some of these epiloci were linked to genes involved in
regulation of cell cycle, signalling, metabolism, immune system and notably rRNA methylation, histone
acetylation and small RNAs. These findings demonstrate a locus-specific epigenetic signature of parasite load in
populations of a wild bird and suggest intriguing physiological effects of parasite-associated cytosine
methylation.

[41] The importance of siblings in parent-offspring coadaptation (S)
Caroline Thomson and Jarrod Hadfield
Parent and offspring behaviours are predicted to act as both the agents and targets of selection through their
interactions with one another. This is expected to generate parent-offspring coadaptation in which parental
and offspring behaviours are genetically correlated, and matched within families. Cross fostering is often to
study parent-offspring coadaptation, with the prediction that offspring raised by foster parents should suffer
compared to those raised by genetic parents. Studies on birds have provided mixed evidence, but experimental
design means some studies keep siblings together, whereas others do not. When parent-offspring
coadaptation acts at the level of the brood (such as response to mean begging level), only studies that keep
siblings together are expected to show evidence of coadaptation. In order to test this we performed a crossfostering experiment in blue tits (Cyanistes caeruleus) in which eggs within nests were either all crossed, all
remained in the nest they were laid in, or half of them crossed. This resulted in broods of all siblings, with
foster or genetic parents, or half siblings and half non-siblings. We evaluated the effects of these treatments
on the weights of chicks throughout ontogeny, in order to determine the importance of siblings in parentaloffspring coadaptation.

[42] Analysing the human thousand genomes using genealogical properties: phylogeography,
selective sweeps and long range linkage disequilibrium (S)
Martina Rauscher, Saurabh Bhandari, Thomas Wiehe
Institute for Genetics, University of Cologne, Germany; and University of Bonn, Germany
We have devised a statistic, called T3, to detect bias in the balance of binary genealogical trees. Under neutral
evolution and panmixis T3 is expected to be standard-normally distributed. Genealogies after selective sweeps
tend to be unbalanced and to produce negative values of T3.
We have screened all populations from the recent release of the human 1000 genomes project with the T3 test
to find candidate regions of swept loci. To corrobarate significance, we subjected the found regions to a resampling strategy. We placed our candidates on a phylogeographic tree and find that most of them are either
private to a population or shared by a few geographically related populations. Also a non-negligible number of
candidates were found which are geographically dispersed. Such candidates may represent interesting cases of
convergent evolution.
Furthermore, we introduce a measure of 'topological' linkage disequilibrium which is based on clustering
individuals rather than alleles and haplotypes. We show that this measure also decays exponentially with
distance, however at a much slower rate than regular LD.
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We computed long range LD between all pairs of swept candidate regions identified with T3 and we will
present the results of this analysis.

[43] Genetic diversity and relatedness within packs in a newly established population of the grey
wolf Canis lupus (PD)
1

2

1

1

1

Robert W. Mysłajek , Sabina Nowak , Maciej Szewczyk , Natalia Niedźwiecka , Monika Kłodawska Carsten
4
Nowak
1

University of Warsaw, Faculty of Biology, Institute of Genetics and Biotechnology, Conservation Genetics
2
Group, ul. Pawińskiego 5a, 02-106 Warszawa, Poland; Association for Nature „Wolf”, Twardorzeczka 229, 343
324 Lipowa, Poland; Senckenberg Research Institute, Station Gelnhausen, Conservation Genetics Group,
Clamecystrasse 12, D-63571 Gelnhausen, Germany
A population of the grey wolf Canis lupus inhabiting Lower Silesian Forest (LSF) on the Polish-German border
has recovered after extermination in the 1990s, and now is an important part of the endangered Central
European wolf population. To assess genetic diversity of the population after natural recolonization, we
analysed 351 non-invasive samples (scats, hair and tissue of individuals found dead), collected in 2008-2015.
Samples were genotyped at 12 microsatellite loci and sexed using the ZFX gene. Microsatellite DNA analyses
revealed high genetic diversity. Mean expected heterozygosity was 0.56. Spatial locations and kinship analyses
showed that the wolves belong to seven different family groups. The breeding pair of one group showed a
complete turnover in the one sampling season. Family groups consist of a breeding pair and their offspring,
with occasional adoption of unrelated individuals. Pair-bonds in the breeding pair lasted up to 6 years. High
genetic diversity may result from immigration of outside individuals, as we revealed dispersal of 14 wolves
from and to LSF at distances up to 260 km.

[44] The identification of viral pathogens suitable for the control of Drosophila suzukii in the UK (S)
1

2

Nathan Medd , Jerry Cross , Darren J. Obbard
1.

1
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University of Edinburgh, Ashworth Laboratories, Charlotte Auerbach road, Edinburgh, EH9 3FL; East Malling
Research, New Road, East Malling, Kent, ME19 6BJ
Drosophila suzukii is a highly destructive pest of soft skinned fruit, currently causing substantial crop losses in
Europe and the USA. Since detection in Spain (2008), this invasive has spread northward and now threatens
fruit production in the UK (reported 2012). Effective control is challenging and a sustainable pest management
solution is therefore required. This project aims to identify, isolate, and characterise viruses suitable for control
of D. suzukii. Because D. suzukii is closely related to the laboratory model D. melanogaster, this work will
capitalise on our knowledge of melanogaster genetics, immunity, and parasitology.
This project uses a metagenomic approach to characterise viral diversity in D. suzukii and to identify potential
viral control agents. Total RNA extracted from large pooled samples of wild-caught flies (>1600) have been
sequenced using the Illumina HiSeq platform. Wild-caught D. suzukii that test positive by PCR for viral
sequences identified by the above metagenomic process are macerated in isotonic buffer then serially
passaged through D. suzukii, and mortality recorded as a marker of potential infection. When high-mortality
extracts are identified, larger numbers of flies will be infected and viral particles isolated by gradient
centrifugation. Particles will then be examined morphologically via EM, and purified RNA/DNA will be
sequenced to obtain complete viral genomes. To maximise the chances of viral detection, extracts will be
passaged in parallel through immune-deficient D. melanogaster (null mutants for Dcr2) which are hypersusceptible to viral infection and maintain higher viral loads. Characterisation of any isolated viruses will follow.
The prevalence of newly discovered viruses will also be analysed in other species of co-occurring Drosophila. By
doing this we hope to answer questions about viral ecology and host specificity

[45] Is sexually antagonistic selection causing the replacement of a sex chromosome system in
Podisma pedestris? (S)
Hannes Becher & Richard A Nichols
The grasshopper Podisma pedestris has a hybrid zone in the Southern French Alps where two races meet
differing in their sex chromosome systems. The ancestral X0 system “unfused race” has been replaced by a
neo-X/neo-Y system in the “fused race”, presumably created by a Robertsonian X-to-autosome fusion. Due to
its male-only inheritance in the fused race, the neo-Y might have evolved sexually antagonistic alleles, which
would cause it to be positively selected in males but negatively selected in hybrid females. Modelling predicts
that this can fuel sex chromosome turnover.
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Here, I explore the behaviour of such kind of hybrid zone under conditions of directional gene flow as found in
nature. I conclude that sexually antagonistic selection is likely to have a net influence on the hybrid zone. But
the advancing wave of a neo-sex chromosome system can easily be counteracted by directional gene flow,
which is likely to occur in tension zones.

[46] The eyes have it sometimes: investigating the genetic basis of natural variation in eye
morphology within and between Drosophila species.
Maria D. S. Nunes, Isabel Almudi, Montserrat Torres, Maarten Hilbrant, Daniel Leite, Pedro Gaspar, Michaela
Holzem, Nico Posnien, Alistair P. McGregor.
Phenotypic diversity among multicellular organisms is generated by differences in cell size, number and fate.
However, little is known about how the genetic regulation of these cellular parameters evolves to give rise to
diversity in organ size and function. We have described extensive natural variation in the size, shape and
rhodopsin expression of the compound eyes among species of the Drosophila melanogaster complex. To
investigate the genetic basis of these differences, we carried out QTL and high resolution mapping of
differences in ommatidia size and number within and between species. Our results suggest that changes in the
expression of the transcription factor Orthodenticle contribute to the difference in ommatidia size between D.
mauritiana and D. simulans. Moreover, we have found several loci on chromosome III that underlie variation in
ommatidia number among strains of D. simulans. Interestingly, differences in ommatidia number correlate
with variation in the frequency of ommatidium types as defined by their rhodopsin expression. Taken together,
our work evidences how studying natural phenotypic variation can help to understand the genetic basis of
morphological evolution, and provide new insights into the developmental regulation of organ size and
function

[47] Adaptive evolution in RNAi interference genes of invertebrates (S)
William H. Palmer, Jarrod D Hadfield, Darren J. Obbard
An evolutionary arms race can manifest itself as an increased evolutionary rate in the genes which underlie the
conflict, as well as leave genomic signatures of past selection. These indicators have been observed in RNA
interference (RNAi) pathway genes involved in the suppression of viruses and transposable elements in
Drosophila melanogaster, and it is therefore enticing to speculate that a subset of RNAi genes may be locked
into an arms race with these parasites. However, before using this system as a model arms-race scenario, we
must first understand which genes may be evolving adaptively in response to these selection pressures, as well
as whether rapid evolution of RNAi genes is a general phenomenon or specific to D. melanogaster. We have
summarised the evidence for adaptive evolution in 6 insect and 2 nematode species by calculating rates of
adaptive evolution among RNAi pathways, testing for past and current sweeps, and attempting to identify
single genes undergoing adaptation across lineages. We find that RNAi genes have a greater rate of adaptation
in all lineages tested, with functional groups of genes showing relative consistencies across species while
evidence for selective sweeps is spread across functional classes of RNAi genes and occur mostly in a subset of
species.

[48] Using miRNA in Quantitative Trait Analysis in Brassica napus (S)
1

2

2
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Andrea Hatlen , Geoffrey Wagner , Birgit Samans , Richard A Nichols and Rod Snowdon

2

(1) Queen Mary University of London, UK, (2) Justus Liebig University, Giessen, Germany
Brassica napus, commonly called rapeseed, is a crop plant used for cooking oil, biofuels, and animal feed; it is
the third most consumed vegetable oil globally. Each year, agricultural companies run extensive field tests on
new cultivars. To maximize the efficiency of these highly expensive field tests, NGS technology can be used to
select among the candidate cultivars or potential crosses. Genomic prediction has shown great promise, but
there are also complementary sources of information unlocked by NGS technologies. Here we investigate the
value of characterising miRNAs – sequences which are involved in post-transcriptional regulation. We are
studying the miRNA and mRNA composition of a set of B. napus cultivars selected to have a diverse range of
seed vigor; a quantitative trait characterizing the successful establishment of seedlings. We are using various
statistical approaches to explore the correlation between the trait, miRNA, and mRNA expression.
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[49] Inferring dispersal from spatial patterns of IBD sharing (S)
Harald Ringbauer, Nick Barton
Recently it has become feasible to reliably detect long blocks of pairwise shared genome (>3 cM, say) from
human data. This will likely also become practical for many other species in the near future. I show that for a
range of models of populations occupying a two dimensional habitat with spatially limited migration, the
probability of sharing such long blocks falls off approximately exponentially with increasing sample distance
and that the rate of this decay only depends on the backward dispersal rate and not on peculiarities of local
population structure. Therefore, dispersal can be estimated by fitting this decay rate from observed block
sharing data. Since long shared blocks have predominantly recent common ancestry, using recombination as
clock allows one to probe relatively recent time scales. Thus, unlike currently used methods based on spatial
allelic correlations (which can actually only infer the product of dispersal and effective density), the proposed
inference scheme is not subject to ancestral confounding and does not need prohibitively long equilibrium
times.
Combining a general diffusion approximation and Poisson recombination I derive explicit formulas for the
probabilities of block sharing and propose an inference scheme based on these patterns. I demonstrate the
utility and robustness of this novel inference method via simulations.

[50] Mapping structural variants in the Heliconius melpomene genome (S)
Ana Pinharanda, John W. Davey and C. D. Jiggins
University of Cambridge
Strong and rapid ecological divergence seems to be the main driver of the earliest stages of speciation
in Heliconius (Jiggins et al., 1996 & Merrill et al., 2011). Gene duplications in the genus have been linked to
traits that could play a role in the speciation process such as the evolution of visual complexity (Briscoe et al.,
2010), development and immunity (HGC, 2012), and female oviposition behaviour (Briscoe et al., 2013) . Here
we use Pindel (Ye et al., 2009), CNVnator (Abyzov et al., 2011) and DELLY (Raush et al., 2012) to map structural
variations (SVs) for whole genome data of Heliconius melpomene rosina samples and show that SVs are a major
source of genomic variation in this species.

[51] Phylogenetic confirmation of cryptic species of Aedes arfricanus from the Ugandan forests of Africa
(S)
Fortunate Shija
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1.University of Manchester, UK; 2. Sokoine University of Agriculture, Tanzania; 3.Uganda Virus Research
Institute
Despite their global importance, the flora and fauna of Africa’s forests are understudied while deforestation
and human development currently threatens these habitats. Forest fragmentation due to historical climatic
change has played a major role in generating biodiversity in these forests. Conversely, the spread of forests
during warm wet periods can lead to mixing and the co-location of diverse genetic lineages and closely related,
morphologically indistinguishable species. This is likely to be true for the many taxa in the Aedes genus of
mosquitoes that inhabit African forests. Aedes africanus mosquitoes are important vectors of yellow fever,
chikungunya, Zika and Rift Valley fever viruses. Since the vectorial capacity and ecological characteristics
among Aedes species may differ, distinguishing species is paramount for effective vector control.
The Consortium for the Barcode of Life Initiative promotes the use of the mitochondrial COI region to
distinguish between species. Although this has proven useful for a large number of animals, the sole use of the
COI marker may not be appropriate for use in all taxa, especially where diverse mtDNA lineages may result
from allopatric fragmentation, as may be the case in Aedes africanus. To estimate the number of taxa within
Ae. africanus we have generated and compared sequence data from the CO1 gene and the internal transcribed
spacer 2 (ITS2) of the ribosomal DNA. This study has important implications for understanding Aedes mosquito
diversity and disease transmission in Africa, as well as understanding the role of historical environmental
change in generating biodiversity in African forests.

[52] A modern natural history of Brassica oleracea (S)
Elizabeth Mittell
The overall aim of this project is to improve understanding of the role that microbial communities play in the
ability of plants to adapt to changing environments. This will involve consideration of how the biotic context of
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the rhizosphere influences important traits that might be relevant to plant defence, nutrition and
food security, such as glucosinolates. The project will also involve genomic screening (using double digest
Restriction Associated DNA sequencing) to examine the population genetic structure of the sampled
populations and to see if there is a relationship between plant diversity and the diversity of the rhizosphere
recruited. The focal species is wild Brassica oleracea across its Atlantic range.

[53] ddRAD sequencing of Atlantic, Pacific and Arctic cod-fish
Katrín Halldórsdóttir and Einar Árnason
To date the genome wide studies in Atlantic cod comprise analyzes of about 1600 EST (expressed sequence
tags) SNPs. Subsets of the outlier loci show cline of adaptation to various environment, spatial patterns or
complex spatio-temporal patterns while no differentiation is found among neutral loci. We have 32 individuals
sequenced using the ddRAD method, i.e. partial genome sequencing of individuals of Atlantic cod Gadus
morhua, Pacific cod Gadus macrcephalus, Walleye pollock Gadus chalcogrammus, Greenland cod Gadus ogac
and Arctic cod Boreogadus saida. From this data we gained information on 400.000 SNPs between species and
about 100.000 SNPs among Atlantic cod from throughout the species range. We use analytical methods based
on genotype likelihood and discuss patterns of variation within and between species.
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Tuesday 15th December
Rooms /
Times
from 08:30
9:00-9:10
9:10-10:00
10:00-10:40

Wednesday 16th December
Pentland West

Pentland East

Thursday 17th December

Prestonfield

Registration (from 08:30)
Welcome and information
Tanja Slotte
Coffee

Pentland West

Pentland East

Friday 18th December

Prestonfield

Registration (from 08:30)
Information
Christian Schlötterer
Coffee

Pentland West

Pentland East

Prestonfield

Registration (from 08:30)
Information
Loeske Kruuk
Coffee

Rooms /
Times
from 08:30
9:00-9:10
9:10-10:00
10:00-10:40

10:40-11:00

Samuel H. Lewis
(P)

Tom Booker (S)

Champak R.
Beeravolu (P)

Matthew
Hartfield (P)

Julio Hurtado
(S)

Paris Veltsos
(P)

Keith T. Ballingall

Marta
Piotrowska (P)

Mark Blaxter

10:40-11:00

11:00-11:20

Tiina Mattila (S)

Marja E.
Heikkinen (S)

Anders
Eriksson (P)

Ananthu James
(S)

Clare Bycroft (S)

Guillaume
Cossard (S)

Anita Malhotra

Sonja Grath (P)

Martin Carr

11:00-11:20

11:20-11:40

Jenny James (S)

Alice B. Dennis
(P)

Tin-Yu Hui (S)

Brian
Charlesworth

Guangpeng Ren
(S)

Nicolas
Rodrigues (S)

Wen-Juan Ma (P)

Agnieszka Kloch
(P)

Terry Burke

11:20-11:40

11:40-12:00

Mads F. Schou
(S)

David Wragg (P)

Marguerite
Lapierre (S)

Barbora
Trubenova (P)

Jessica Scriven
(S)

Rodrigo
Pracana (S)

Timothy G.
Barraclough

Reuben W.
Nowell (P)

Jose L.
Campos (P)

11:40-12:00

12:00-12:20

Martin Kapun (P)

Richard Merrill
(P)

Jerome
Kelleher

Kai Zeng

Cathy Walton

Jesper
Bechsgaard

Yannick Wurm

Richard Ennos

Jonathan P.
Bollback

12:00-12:20

12:20-13:50

Lunch

Departure (Remove Posters)

Lunch

Meeting

12:20-13:20
13:20-13:50

13:50-14:10

Bruno Vieira (S)

Caroline
Thomson (S)

Gemma
Murray (S)

Simon
Aeschbacher (P)

Philipp H.
Schiffer (P)

Jackie Lighten
(P)

13:50-14:10

14:10-14:30

Liisa Loog (S)

Crispin Y.
Jordan

Suo Qiu (P)

Sebastian Novak
(S)

Ana Marija
Jakšić (S)

Peter Moran
(S)

14:10-14:30

14:30-14:50

Rok Krašovec (P)

Fiona Milton (S)

Sarah Earle (S)

Sona John (S)

Kelly Bennett

Lucas MarieOrleach

14:30-14:50

14:50-15:10

Florence Parat
(S)

Matti J. Salmela
(P)

Pavel Payne
(S)

A. Bradley Duthie
(P)

Thomas J.
Colgan (P)

Marie
Voillemot (S)

14:50-15:10

15:10-15:30

Guillaume Achaz

Stuart Piertney

B Gibson (S)

Andy Gardner

Orly Razgour (P)

Kara Dicks (S)

15:10-15:30

15:30-16:10

Coffee

16:10-16:30

16:50-17:10
17:10-17:30
17:30-17:50

Hannah Trewby
(S)
Leslie Faucher
(S)
Nicholas Levsen
(P)

R. Axel W.
Wiberg (S)
Greta Bocedi
(PD)
Biz R. Turnell
(S)
Lewis G.
Spurgin (P)

Daniel Wilson

Marc Stift (P)

Jane M. Reid

Warren Booth

16:30-16:50

Registration
(from 17:00)
Buffet
(19:00)

Posters
(from
17:00)

Coffee

Hannah
Wickenden (S)
R Akinyanju
Lawal (S)
Laura SalazarJaramillo (P)
Jeannine
Marquardt (S)

George F. Turner

Hilde Hens (S)

Christoph Hahn
(P)

Heather Ritchie
(S)
Marius A.
Wenzel (S)
Jasmin Zohren
(S)
Martha Gavan
(S)

Amanda Trask (S)
Sherryn Ciavaglia
(S)
Craig R Primmer

15:30-16:10
Joanna Hagen
(S)
Lluis FranchGras (S)
Vahan
Indjeian
Sebastian
Kittelmann (P)
Nicola J.
Nadeau

Posters
Poster Session (from 17:50)

Dinner and Ceilidh in South Hall (19:00-00:00)

16:10-16:30
16:30-16:50
16:50-17:10
17:10-17:30
17:30-17:50

(S) – student prize, (P) – post-doc prize

