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This year's meeting is dedicated to Dr Bill Jordan (1962‐2011),
Senior Research Fellow at the Institute of Zoology, ZSL, who
passed away in May.
Bill was a familiar face at Pop Group. His scientific
contributions, and his company, will be very much missed.
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The organisers would like to thank the following sponsors for supporting
this meeting:
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General information
Accommodation is in the University of Nottingham’s Hugh Stewart Hall, on the University main campus. This hall is
close to the conference lecture theatres in Pope Building (only 5‐10 minute walk, but includes a hill). The hall address
is Hugh Stewart Hall, The University of Nottingham, University Park Nottingham NG7 2RD. There will be a Porter on
duty each day until late evening.
Registration will take place from 17.00 on Wednesday 4th January in the first‐floor foyer of Hugh Stewart Hall. The bar
will be open from 17.00 to midnight with dinner being served between 19.30 and 20.30. Please let us know if you plan
to arrive after 20.30 because we may be able to make a cold meal available for you. For those delegates arriving very
late, room keys will be left with the Porter in the hall reception. Once the Porter is off duty, access can be gained to
your room by calling the University’s security number (0115 9513013 – this number will also be posted on the Hall of
Residence door). Security personnel will then provide access to your room key.
Late registration. If you arrive on Thursday morning, proceed directly Pope Building, then contact an organiser or
student helper. Delegate packs should be available in Pope A13/A14. Room keys will be with the porter in Hugh
Stewart Hall.
Internet. The University of Nottingham provides visitors with free access to UoN‐guest wireless internet. There is also
hard‐wired internet access in the halls of residence but users may need to provide their own Ethernet cable. Please
note that the UoN‐guest network is not secure, is unencrypted and is used at your own risk so please do not enter
passwords when online. Further information on how to connect is provided at the end of this section.

Transport
Arrival. See directions on separate enclosure.
Buses. There are frequent buses between the city centre and the main campus, though most buses skirt the outside of
the campus and do not enter. From the bus station near the railway station, the main services are Indigo (Trent
Barton) and #13, #14 (both NCT, exact fare of £1.70 required; #13 enters main campus). From the city centre (Market
Square), the #36 is the most frequent service. If necessary, there are also free hopper buses that circulate campus and
also to the University’s other UK campus’s (Jubilee, King’s Meadow). See directions on separate enclosure for further
information and maps.
Taxis. If you are arriving at Nottingham railway station, and would like to get a taxi, then there is a taxi rank. If you are
leaving the campus, then local firms may be used, including Cable Cars (0115 9229229), and D&G (0115 9607607).
Note that while Beeston railway station is as close to the University as Nottingham railway station, there is no taxi
rank. On departure please try to co‐ordinate with others travelling to common destinations in order to avoid long
waiting times for the next available taxi booking.
Parking. We have free parking permits for those who are resident at Hugh Stewart Hall, but will need to put
registration numbers on these permits – please provide this information in advance, otherwise we can not guarantee
to provide the permits. For anyone not resident in the hall, please note that parking is expensive at £7.00 per day.
There are regular security checks and fines issued to cars not displaying appropriate tickets/permits. Evening (after
4.30pm) and weekend parking is complimentary and it is not necessary for drivers to obtain a parking voucher at
these times.
Departure Please vacate rooms by 10am on Saturday. There will be space to store luggage in the Pope Building until
departure.

Meals
Breakfast will be in Hugh Stewart Hall from 7.30 to 8.30.
Tea/Coffee breaks will be in A13 and A14 of Pope Building, the same building as the lecture theatres.
Lunch. On Thursday and Friday, lunch will be in Hugh Stewart Hall, from 12.40‐14.00. On Saturday a buffet lunch will
be provided in A13/A14 of the Pope building.
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Evening meals, including a vegetarian option, will be served on Wednesday and Thursday in Hugh Stewart Hall, from
19.30 to 20.30. Note that the ‘fish’ option during registration was only relevant to the conference dinner. For details
of the conference dinner, please see below.
Bar. The bar will be open in Hugh Stewart Hall on Wednesday from 17.00‐midnight and on Thursday from 19.00 (after
the wine reception and poster session) until 1am. On Friday, Hugh Stewart Hall bar will be open from 17.00 until
departure for the conference dinner at 18.30.

Events
Meet the Editors An informal session will be held on Thursday from 17.00‐17.30 in the main lecture theatre, C14. At
this session post‐graduates and post‐docs can meet with some of the editors of the journal ‘Heredity’ to ask questions
and find out more about the process of manuscript reviewing and getting work published.
Poster session. A dedicated poster session and wine reception will take place on Thursday 17.00‐19.00 in rooms A13
and A14 of Pope Building. We would like to thank Royal Society Publishing for sponsoring this event. Judging of
posters will begin once the ‘Meet the Editors’ session (see above) has finished. Please make sure that you stand by
your poster after this time.
Conference dinner. The conference dinner will take place on Friday evening at the East Midlands Conference Centre,
situated near the East entrance of the main campus – easy walking distance, or a very short drive/trip on the Hopper
bus. There will be a drinks reception in the Atrium of the conference centre from 19.00‐20.00 followed by the meal at
20.00. A popular group has been booked for entertainment. The venue will be open until 2 am. Names of persons with
special dietary requirements have been forwarded to the events team at EMCC – on sitting down to your table, it
would be helpful if you make your name known to one of the waiting staff.
Business meeting. The Annual Popgroup Business Meeting will take place at 17.00 on Friday in Pope C14. All welcome.

Talks, posters and other presentations
Talks will be held in four lecture theatres in Pope Building, C14 (main, 266 capacity), C15, C17 and C19 (on Thursday
only). In all cases, except the three plenaries, talks should be 15 minutes with 5 minutes allowed for questions. Please
upload your talk onto a computer in the lecture theatres before each session ‐ a University of Nottingham student
assistant should be present in lecture theatres at the end of each session, ready to upload talks for the next session. A
UoN student assistant should also be present during talks, in case of problems. Presentations should be compatible
with Windows 7.
Plenaries will be held in C14, from 9.00 to 10.00, including up to 10 minutes of questions.
Chairs. As is Popgroup tradition, the last speaker of each session should act as chair for that session. If for some
reason you are unable to be chair, then please let an organiser know.
Posters should be in portrait format and mounted in Pope A13/A14 in sufficient time for the poster session on
Thursday at 17.00. The poster boards are ~173 x 114 cm (landscape). Please remove your poster after the afternoon
coffee break on Friday.
Prizes will be awarded to the best poster, best student presentation and best non‐student presentation (except
plenaries). Judges for the best poster and best student presentation will be non‐students; judges for the best non‐
student presentation will be students. Voting forms should have been included in your conference bag, but if they
have not or you need more then collect forms from the organisers. Please return forms to the voting box in Hugh
Stewart Hall or to one of the organisers by 18.00 on Friday. Student presentations are indicated by an “S” in the
conference timetable. We would like to thank the following sponsors for supporting the prizes: Heredity, Oxford
University Press, Roberts & Company.
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Emergency Information
Numbers to remember: 8888 Emergencies; 13013 Security (externally 0115 951 3013). There is an A&E department in
the Queen’s Medical Centre, just the other side of the A52. A Porter will be on duty at the Hall of Residence until after
midnight each night. Security will be able to assist with issues such as lost room keys if the Porter is not available.
Fire. 1. Raise the alarm by operating the nearest break glass call point. 2. Dial 8888 on the nearest internal telephone
stating the location of the fire. 3. Attack the fire with nearest appropriate extinguisher if safe to do so and your escape
route is clear.
On Hearing the Alarm. 1. Leave the building immediately. Do not use a lift and do not stop to collect personal
belongings. 2. Close all doors and windows when leaving. 3. Report to your assembly point.
Accident. In an emergency or in case of serious injury dial 8888 and ask for an ambulance. For less serious injuries that
require medical attention the injured person should attend the Accident and Emergency Department at the Queens
Medical Centre, Nottingham. Where minor injuries have been sustained a first aider should be summoned. Lists of
local first aiders and contact details are displayed in the buildings.
Further information on Internet Access:
How to connect to UoN‐guest wireless
1. some laptops have a switch on the side of the laptop to activate the wireless adaptor. Make sure this is switched on
2. if you are in range your laptop should automatically connect to the UoN‐guest network. If not, find UoN‐guest in the
list of networks available, then double click to connect. If it is not listed you are not within range of the hotspot. Please
move the laptop until you are in range
3. open your web browser, then go to any website that is not the University of Nottingham
4. the UoN‐guest wireless login page will appear
5. enter your email address
6. select, I accept the terms and conditions of this service , to confirm you have read the terms and conditions on this
page
7. a small pop‐up window will appear. This is for you to use later to logout
8. you are now connected to UoN‐guest and can browse the internet
Please note: When using the University’s wireless service, some Android devices can only connect to internal websites
and not the Internet due to an issue with proxy settings on some Android devices. If you experience problems with
wireless on campus, switch to using a mobile network, such as 3G. If you have any problems connecting to the
wireless network then please contact the IT Helpline on 0115 95 16677.
How to connect using the wired connection in your room
Visitors to the University staying in Halls of Residence may use the wired network connections to access the internet
using their own computers. To use the service
1. connect your laptop using a network cable (not provided) to the network socket in the room
2. open a web browser (e.g Internet explorer) and try to connect to any web page
3. you will be re‐directed to a web page asking you to identify yourself
4. the next page asks for some personal details in order to register you on the network. Once you click continue, you
will be asked to download and run an application that scans your computer for potential problems that could affect
other users
5. if you pass the check, you will be allowed onto the internet. Your registration is valid for seven days.
If you are visiting the University in the near future and want to ensure your computer meets the University standards
for network access, you may wish to use the free Pre‐Arrival Scanning Service (PASS).
How to connect using Eduroam
The University of Nottingham is a member of the JANET Roaming Service (JRS). JANET UK operates the eduroam
service nationally which offers internet access to the visiting students, researchers and staff in the UK and abroad.
How to use eduroam. You will need your University username and password. You will need to use your username in
full, 'your username@nottingham.ac.uk ', to login to sites that are not part of the University of Nottingham network.
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Talks
Time
08.55‐09.00
09.00‐10.00

C14

C15

Thursday 5th January
C17

C19

Welcome &
announcements
Plenary Lecture: Michael
Lynch: Mutation and
Evolution

10.00‐10.20

Jennifer Lohr: Shortened
lifespan and faster ageing
in small populations
S

Cheryl Mills: Genetic
Population Structure of the
Hazel Dormouse,
Muscardinus avellanarius
S

10.20‐10.40

Eleanor Adamson
Phylogeography of fish in
the Mekong River;
ancient lineages in a
young river system.

David Richardson: Telomeres
as biomarkers of costs in a
wild population

10.40‐11.20

Jinliang Wang: On the
measurements of genetic
differentiation among
populations

Richard Badge: Active LINE‐1
retrotransposition in human
genomes

Shigeki Nakagome: Kernel
Bayesian Computation

Martin Carr The holozoan
Capsaspora owczarzaki
possesses a diverse complement
of active transposable element
families

Coffee break Pope A13/A14
Lewis Spurgin: EST and
anonymous
microsatellites provide
different insights into the
population history of an
island bird
S
Weihao Zhong: An
empirical test of
maternal & pathogen
effects on meiotic
recombination
S

Andre Moura: Atypical
panmixia in a European
dolphin species, and local
differentiation likely
associated with a recent
population bottleneck

Faisal Almathen:
Evolutionary history of
indigenous Arabian
Peninsula camel Camelus
dromedarius populations
S

Francesco Catania: DNA splicing
shapes genome architecture in
Paramecium

Katie Frith: X‐chromosome
markers reveal sex‐specific
behaviour in Daubenton’s bat

Samantha Wilkinson:
Genome‐wide scan for
signatures of positive
selection in the pig genome
S

Dilrini de Silva: Characterising
selection in human Conserved
Noncoding Elements (CNEs)
S

12.20‐12.20

Dominique Fasel:
Mapping of a mating
system locus in Daphnia
magna
S

Karl Phillips: Molecular
insights into the mating
system of the critically
endangered hawksbill turtle
S

Camillo Berenos: Genomic
analysis of trait variation in
Soay sheep

Beth Hellen: Treating
transposable elements at
different genomic sites as a
population, to determine
insertion times and mutation
rates

12.20‐12.40

Sevan Suni: Conservation
genetics of orchid bees in
a fragmented tropical
landscape

Kermit Ritland: Population
Pam Wiener: Evaluation of
genetics of the white‐phased
the genetic differentiation
"Spirit" black bear of British
approach to selection
Columbia.
mapping
Lunch Hugh Stewart Hall

11.20‐11.40

11.40‐12.00

12.40‐14.00

14.00‐14.20

14.20‐14.40

14.40‐15.00

Natalie dos Remedios:
Exploring the significance
of offspring sex ratio for
breeding system
evolution
S
Jordi Salmona: Signature
of a pre‐human
population collapse in
the critically endangered
Reunion Island endemic
forest bird Coracina
newtoni
S
David Mlynski: Of Birds
and Hybrids; a Networks
Approach to Avian
Hybridisation.
S

Daniel Halligan: Positive and
negative selection in murine
noncoding DNA

Yoav Ram: The Evolution of
Stress‐Induced Mutagenesis
in Finite and Infinite
Populations
S

Ludovic Duvaux: Speciation
insights from candidate gene
approach and ABC:
chemosensory genes in the
pea aphid

David Wragg: Analysis of
genome‐wide structure and
diversity in fancy and village
chickens allows fine mapping of
Mendelian traits
S

Michael Breen: Epistasis sets
the mode and tempo of
molecular evolution.
S

Eran Tauber: Natural
variation in cryptochrome in
wild populations of
Drosophila

Kang‐ Wook Kim: Past, present
and the future of the sympatric
genetic colour polymorphism of
the Gouldian finch (Erythrura
gouldiae)
S

Katie Charneski:
Atypical AT Skew in Firmicute
Genomes Results from
Selection and Not Mutation
S

Frederick van den Broeck:
The influence of parasite life‐
cycle and host characteristics
on the population genetics of
Schistosoma mansoni
S

Emma Hodcroft: Population
Based Study Indicates Viral
Genetic Effect on HIV Virulence
is Small but Significant
S

“S” denotes student talk
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Thursday 5th January (continued)

15.00‐15.20

Malgorzata Pilot: Analysis
of population genetic
changes in four species of
Baltic seals based on
historical and subfossil
samples

Adam Eyre‐Walker: A
resolution of the mutation
load paradox in humans.

15.20‐16.00

Eleanor O’Brien: Limits to
adaptation in Australian
rainforest Drosophila

Trevor Bedford: The
population genetics of the
human influenza virus

Coffee break Pope A13/A14

16.00‐16.20

Nellie Konijnendijk: The
contribution of parasitism
to gene flow in two
sympatric stickleback
species
S

Ben Blackburne: An
empirical study of the effect
of sequence alignment on
phylogenetic analysis.

NO TALK

16.20‐16.40

Jewelna Osei‐Poku:
Diversity of bacteria in the
guts of field‐caught
mosquitoes
S

Veronica Comper: Dissecting
the causes of rate variation
in the molecular clock
S

Athanasios Kousathanas: The
effects of selection on
putatively neutral diversity of
protein‐coding genes in mice
S

16.40‐17.00

Casey Bergman:
Population genomics of
the Drosophila
melanogaster Wolbachia
endosymbiont.

Richard Perry: Divergence in
codon usage bias among
Bacteria
S

Peter Keightley: Inferring the
effects and rate of adaptive
mutations

17.00‐17.30

Heredity: Meet the Editors

17.00‐19.00

Bethany Dearlove: Modelling
the Growth and Transmission
of Infectious Disease: Linking
epidemiology and population
genetics
S
Melissa Ward: Estimating the
Rate of Inter‐subtype
Recombination in Early HIV‐1
Group M in Kinshasa
S
Tim Downing: The
evolutionary epidemiology of
Leishmania donovani in the
Indian subcontinent

Poster session and wine reception (judging begins after 17.30) Pope A13/A14

“S” denotes student talk
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Timetable
Friday 6th January
C15

C17

Time

C14

08.55‐09.00

Announcements

09.00‐10.00

Plenary Lecture: Hopi Hoekstra
From mice to molecules to
mutations

10.00‐10.20

Claire Mérot: Mimicry and
speciation: Can you mimic your
sister‐species?
S

Valeria Zonato: Natural variation in D.
melanogaster overwintering genes: a
comparison between continents
S

Matthew Hartfield: Weak population
structure protects sexual populations
from asexual invasion
S

10.20‐10.40

Violaine Llaurens: Evolution of
dominance relationships among
wing colour patterns in the
mimetic butterfly Heliconius
numata

Sophie Marion de Procé: Natural
selection on X‐linked vs. autosomal
genes in the D. pseudoobscura subgroup

Daniel Weissman: Limits to the rate of
adaptation in sexual populations

10.40‐11.20

Coffee break Pope A13/A14

11.20‐11.40

John Davey: Scaffolding the
Heliconius melpomene genome
with RAD Sequencing

Colin McClure: Pathogen Exposure
Enhances Host Fitness
S

Shuhei Mano: Sampling formula for
diversity in fragmented habitat

11.40‐12.00

Kanchon Dasmahapatra: Adaptive
introgression of colour pattern loci
among mimetic butterfly species

Jose Campos: Molecular evolution in the
non‐recombining heterochromatic
regions of D. melanogaster

Daniel Lawson: Identifying fine
population structure using genomic
scale data

12.20‐12.20

Nicolas Chazot: Interplay between
mutualistic interaction and
adaptation to elevation in
butterfly community structure
S

Lewis Collins: Winter Simulated Diapause
Experiments Confirm a Fitness
Advantage for a Novel timeless Allele in
Drosophila melanogaster
S

Toni Gossmann: Applying the McDonald
Kreitman test to polymorphism and
divergence under fluctuating selection
S

12.20‐12.40

Nicola Nadeau: High throughput
genomic sequencing of wild
populations identifies loci evolving
under divergent and convergent
selection in Heliconius butterflies

Brian Charlesworth: Background
selection and the levels of neutral
variability on the X chromosome and
autosomes in Drosophila

Simon Aeschbacher: The invasion
probability of a locally beneficial
mutation in a two‐locus continent‐
island model

12.40‐14.00

Lunch Hugh Stewart Hall

14.00‐14.20

Azim Ansari: Approximate Bayesian
inference of recombination
properties under the ancestral
recombination graph in bacteria
S

Steve Jones: More About Snails

Christian Huber: Patterns of strong
selective sweeps in northern Swedish
Arabidopsis thaliana
S

14.20‐14.40

Laëtitia Husse: A self‐
incompatibility system explains
maintenance and high frequencies
of males in an androdioecious
species
S

Paul Richards: RADSeq maps the
supergene that controls shell colour and
banding polymorphism in the land snail
Cepaea nemoralis
S

Carolina Bernhardsson: Geographic
structure and adaptive population
differentiation in defense related genes
in European aspen
S

14.40‐15.00

Bárbara Parreira: The impact of the
social structure on patterns of
genetic diversity
S

Clare Marsden: Asymmetric
introgression between incipient species
of the malaria vector, Anopheles
gambiae, maintains divergence despite
extensive hybridisation.

Heidi Hirsch: Studies on the
introduction history and climatic
adaptation of invasive Ulmus pumila
populations in North America and
Argentina using cpSSR markers
S

15.00‐15.20

Vittoria Elliott: Applying Molecular
Ecology in Cambodia

Samantha O’Loughlin: RAD sequencing
for genome‐wide population structure
analysis of East African Anopheles
gambiae mosquitoes.

Deborah Charlesworth: Testing for
sexual antagonism in Silene latifolia
pseudo‐autosomal genes

15.20‐16.00

Coffee break Pope A13/A14

“S” denotes student talk
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16.00‐16.20

Douda Bensasson: The wild origins
of wine yeast

Alison Wee: Elucidating the influence of
reproductive traits on population
structure in mangroves
S

Elke Seeber A microsatellite study on
the importance of clonal growth in the
high alpine sedge Kobresia pygmaea
S

16.20‐16.40

Adrien Rieux: On the use of
temporal variation in neutral
genetic clines to estimate gene
flow: a case study in a fungal plant
pathogen
S

James Kitson: Molecular characterisation
of a trophic shift within an island
radiation of insect herbivores
S

Suo Qiu: Impact of mating systems on
codon usage bias: insights from selfing
Arabidopsis and Capsella species
S

16.40‐17.00

Chris Knight: Evolution of
behavioural complexity in yeast

Ceridwen Fraser: From sub‐Antarctic kelp
to European bark beetles: historic
climate impacts and intriguing mating
systems

Xavier Vekemans: Contrasted Patterns
of Molecular Evolution in Dominant and
Recessive Self‐Incompatibility
Haplotypes in Arabidopsis

17.00‐18.00

Business Meeting
All Welcome

19.00‐02:00

Reception and Conference Dinner at EMCC

“S” denotes student talk
Time

C14

08.55‐09.00

Announcements

09.00‐10.00

Plenary Lecture: : Steve Jones:
Scientists Find the Gene for ....

10.00‐10.20

10.20‐10.40

Jenny Hagenblad: Adaptation to
cultivation in a Swedish climate ‐ a
study of landrace field pea

Katy Morgan: Multiple introductions,
rare outcrossing and admixture events,
and apparent plasticity in host
association shape the population
structure of the hermaphroditic
nematode Pristionchus pacificus on La
Réunion Island.

David Field: Assigning parentage
and detecting immigrants in
polyploid populations

Audrey Chang: The genetic basis of a
mating system‐dependent phenotype in
the nematode genus Caenorhabditis

10.40‐11.20

11.20‐11.40

11.40‐12.00

12.20‐12.20

12.20‐12.40
12.40‐14.00

Saturday7th January
C15

C17

Carolin Kosiol: Estimating empirical
codon mutation models from re‐
sequencing data

Gregory Ewing: Estimating Selective
Sweep Parameters using MSMS

Coffee break Pope A13/A14
Stacey Lee Thompson: Chloroplast
genome evolution of four North
American poplars revealed
through next‐gen sequencing

Steve Paterson: Role of cytokine
diversity for immunity and pathogen
resistance in a natural population

John Welch: Undetectable epistasis can
alter evolutionary outcomes

Melinda Pickup: Local adaptation
and outbreeding depression in
fragmented plant populations

Emily Hornett: RNA‐Seq analysis in non‐
model species: assessing de novo
transcriptome assembly performance
and the utility of evolutionary divergent
genomic reference species

Jerome Kelleher: Inference in the
extinction/recolonisation model

Barbara Mable: Resistance gene
variation in natural populations of
inbred and outcrossed plants

Bruce Winney: People of the British Isles:
An analysis of fine‐scale population
structure in a UK control population

Konrad Lohse: Estimating divergence
and gene flow from genomes

Sophia Ahmed: Genetic diversity in
the Ectocarpus male sex locus

Christopher Illingworth: Quantifying
selection acting on a complex trait using
allele frequency time‐series data

Kevin Dawson: Approximate Bayesian
computation using kernel ridge
regression.

Buffet Lunch Pope A13/A14
Departure
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Plenary Lectures
Thursday 5th January
Mutation and Evolution
Michael Lynch
Indiana University
Understanding the mechanisms of evolution and the degree to which generalities exist among phylogenetic lineages
requires information on the rate at which mutations arise and their effects at the molecular and phenotypic levels.
With information on spontaneous mutations now available in a variety of organisms, general patterns have emerged
for the scaling of the mutation rate with genome size, and support will be presented for the hypothesis that natural
selection pushes mutation rates down to a lower limit set by the power of random genetic drift rather than by intrinsic
limitations on repair mechanisms. This sort of mutation‐rate scaling with effective population sizes has implications
for the rapidity with which various pathways can be exploited in adaptive evolution in different lineages, as well as
consequences for the accumulation of deleterious mutations. Not only do larger, multicellular organisms have higher
mutation rates / nucleotide site / generation than unicellular species, but gene structure in the former evolves in such
a way as to become a larger mutational target. The mutational‐hazard hypothesis, which postulates that all forms of
excess DNA impose a weak mutational burden, provides a useful framework for interpreting a diversity of
observations on phylogenetic patterns of genome content and gene‐structural complexity. In addition, recent work
provides evidence that fundamental features of protein evolution, including the tendency to evolve multimeric
complexes, is dramatically altered in lineages experiencing high levels of random genetic drift. Taken together,
empirical observations combined with population‐genetic theory suggest that a substantial fraction of evolutionary
change at the molecular and cellular levels can only be understood in a framework that acknowledges the central role
played by the major nonadaptive forces of evolution – mutation, recombination, and random genetic drift.
Friday 6th January
From mice to molecules to mutations.
H.E. Hoekstra
Harvard University
One of the main goals of evolutionary biology is to understand how and why diversity is generated and maintained in
natural populations. To address the goal, we have been studying cryptic coloration in natural populations of deer mice
(Peromyscus maniculatus), inhabiting the recently formed light‐colored Sand Hills region of Nebraska. In this talk, I will
present data ‐‐ from both the lab and the field – in which we experimentally demonstrate that color matters for
survival in the wild, and identify the genes and mutations responsible for color variation in these mice. By using this
integrative approach, we can start to retrace the path of adaptive change in the wild to better understand the
evolutionary process.
Saturday 7th January
Scientists Find the Gene for ....
Steve Jones
UCL
The public gets most of its information about science from the BBC and other broadcast media, and in 2011 I was
asked to produce a report for the BBC's governing body the BBC Trust on how well the Corporation does the job. I will
talk about some of the good, and some of the less good, aspects of BBC production and would welcome the views of
an audience of professional scientists about the coverage of science in the media could be improved. If nothing else
this talk will be an excuse to take a break from discussing the real stuff to asking how the public is informed, or
misinformed, about how science works.
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Talk Abstracts
Phylogeography of fish in the Mekong River; ancient lineages in a young river system.
E A S Adamson, D A Hurwood, P B Mather
Natural History Museum
The Mekong River Basin is the largest and longest freshwater drainage in SE Asia, and was formed only recently by the
amalgamation of several former drainage networks. Although the phylogeography of few fishes has been investigated
within the basin, it appears that many species show phylogeographical patterns of strong genetic structure that are
likely to have evolved prior to drainage rearrangement. The striped snakehead fish Channa striata is a sedentary
habitat generalist with a widespread south Asian distribution. Analysis of mtDNA, one nuclear intron and eight
microsatellite loci reveal two distinct lineages within the Mekong that are dated to have diverged approximately
8mya. This talk will describe the geographical distribution of each lineage and the implications these have for
understanding ancient drainage configurations in SE Asia. In addition, Bayesian and ML clustering analysis indicate
that in limited zones where the two lineages co‐occur there is genetic introgression between them, suggesting that
8my of evolution in isolation has not lead to reproductive isolation in this group. The unexpected and complex
phylogeographical pattern uncovered for C. striata in the Mekong contributes more broadly to the understanding of
the evolution of diversity in this highly biodiverse and geomorphologically young river system.

The invasion probability of a locally beneficial mutation in a two‐locus continent‐island model
Simon Aeschbacher, Reinhard Bürger
University of Vienna
Adaptation to a local environment may be hampered by maladaptive gene flow. A locally beneficial mutation will be
maintained only if immigration is below a critical threshold depending on the selective advantage of the mutant.
However, recent deterministic theory in the context of the continent‐island model shows that, if the beneficial
mutation arises in linkage to a second gene at which a locally adapted allele is already segregating at migration‐
selection equilibrium, the new mutation can be maintained under higher migration rates (Bürger and Akerman 2011).
This theory ignores stochastic effects during the early phase when the mutant is rare. To account for such effects, we
use a two‐type branching process to quantify the invasion probability of the mutant. Assuming that the mutant is
initially rare, and that the resident population is not affected by the mutant, we obtain exact numerical results. These
allow studying the effects of linkage, migration and selection on the invasion probability. We also attempt to find
analytical approximations and compare our results to marginal cases, such as the one‐locus continent‐island model, or
a two‐locus model without migration. Moreover, we discuss the bearing of our results for the evolution of genetic
architecture (cf. Yeaman and Whitlock 2011).
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Genetic diversity in the Ectocarpus male sex locus
Sophia Ahmed, Akira F Peters, J Mark Cock, Susana Coelho
University Pierre et Marie Curie
Genetic sex determination requires either non‐recombining chromosome regions or complete sex chromosomes, both
of which have evolved independently and repeatedly across different species. The comparative analysis of sexual
systems in various eukaryotes has played a key role in understanding how sexual systems have evolved. Our research
into sex determination in the dioecious brown alga Ectocarpus provides a contrasting perspective to previous model
organisms due to its evolutionary distance from other eukaryotic lineages. As a consequence of its haploid‐diploid life
cycle, sex in Ectocarpus is expressed during the haploid (gametophyte) stage. This differs from many of the currently
studied sexual systems where sex is determined during the diploid phase. Ectocarpus therefore provides a useful
model to study how sex chromosomes evolve when they function in distinct male and female haploid individuals.
Using resources generated by the Ectocarpus genome project (Cock et al. 2010), a sex determining region of 1 Mbp on
the male genome has been identified, where recombination is completely suppressed. Sequence data using primers
designed against the published Ectocarpus genome are being generated for genes inside and outside the male sex
determining region in order to compare the level of neutral polymorphism. Here we present initial findings from a set
of male gametophytes obtained from natural populations.

Evolutionary history of indigenous Arabian Peninsula camel Camelus dromedarius populations
Almathen F, Mwacharo J, Dawson DA, Frantz AC, Burke T, Hanotte O
University of Nottingham
Domestic one‐humped or Arabian camels Camelus dromedarius are a major livestock genetic resource for the Arabian
Peninsula. At least ten breeds are recognized, although the genetic status of these populations remains largely
unknown. Five hundred and seventy‐one blood and hair samples were collected from unrelated camels representing
all common camel types in the Arabian Peninsula. The aim of this study is to (i) unravel the genetic history of
domestication of dromedary camels and subsequent dispersion across the Arabian Peninsula, (ii) unravel the
breed/population history through the study of their genetic relationships and diversity, and (iii) understand the local
adaptation of dromedary to their environments. In order to achieve these objectives analysis of sequences variation of
mitochondrial DNA control region, genotype data of microsatellite loci and polymorphism at candidate coat colour
genes will be performed. The obtained results will provide evolutionary insights on the history and local adaptation of
the Arabian Peninsula dromedary and contribute to the design of breeding strategies for the conservation of
dromedary genetic diversity and the improvement of their productivities.

Approximate Bayesian inference of recombination properties under the ancestral recombination graph in bacteria
M. Azim Ansari and Xavier Didelot
University of Oxford
Recombination is frequent in many species of bacteria, with a process similar to gene‐conversion rather than crossing‐
over in higher organisms. The ancestral recombination graph (ARG) is the correct model to describe the ancestry of a
sample in a population subject to recombination. It is however very difficult to perform inference under the ARG
because the parameter space of graphs is very large, and even with whole genomes much uncertainty remains about
the exact ARG that generated the data. For this reason, studies often focus on a number of summary statistics such as
linkage disequilibrium (LD) or homoplasy which are known to be caused by recombination. Calculating the likelihood
of these statistics under the ARG would however require an integration over the space of ARGs which is intractable. In
order to resolve this issue and reveal the information provided by these statistics on the parameters of the ARG
model, we perform likelihood‐free inference using Approximate Bayesian Computation (ABC) techniques. These
methods release the need to compute the likelihood, but require the ability to very efficiently simulate from the
model. Here we present a method to do so, which allows ABC inference to be performed. The resulting framework is
flexible in terms of the exact model used which should enable many properties of the recombination process to be
investigated.
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Active LINE‐1 retrotransposition in human genomes
Christine R Beck; Pamela Collier; Catriona Macfarlane; Maika Malig; Jeffrey M Kidd; Evan E Eichler; Richard M Badge;
John V. Moran
University of Leicester
Previous analyses, based on bioinformatic mining of the human genome reference sequence suggested that relatively
few highly active Long Interspersed Element‐1 (LINE‐1 or L1) sequences constitute the bulk of retrotransposition
activity in the human genome. By using a fosmid‐based paired‐end DNA sequencing strategy we exhaustively screened
the genomes of 6 individuals of diverse geographic origins for full length, young and potentially active L1s. This screen
identified 68 dimorphic L1 elements that are absent from the reference genome sequence. The majority of these L1s
(37/68) were highly active in cell culture retrotransposition assays. Genotyping 26 of these elements revealed that
some are restricted to particular populations, but most are cosmopolitan and occur at appreciable frequencies.
Analysis of evolutionary relationships between these sequences revealed clusters of highly active elements sharing
the same 3' transduced sequence, some of which are novel lineages. While the majority of active sequences are young
(~1 MY old), examples of active elements belonging to much older L1 lineages were also discovered. These results
suggest that highly active L1s are more abundant in the human population than previously appreciated, and that
ongoing L1 retrotransposition continues to be a major source of inter‐individual genetic variation.

The population genetics of the human influenza virus
Trevor Bedford
University of Edinburgh
The influenza A virus infects approximately 500 million individuals each year. Owing to its RNA makeup, influenza
mutates extremely rapidly allowing the virus population to escape the pull of the human immune system. A single
individual may be infected year after year by antigenically novel strains. As result of this rate of mutation, the
timescale of influenza evolution is a human timescale. We get the chance to observe the process of evolution in
action. However, the rapid pace of evolution also causes an intrinsic link between evolutionary and ecological
dynamics in the virus population. The availability of temporally spaced sequence data allows estimation of details of
these dynamics unavailable in other systems. Through analysis of this data, I address open questions regarding
patterns of adaptation and migration in the human influenza virus.

The wild origins of wine yeast
Viranga Tilakaratna and Douda Bensasson
University of Manchester
The baker’s yeast, Saccharomyces cerevisiae, is the best‐understood eukaryote at the molecular and cellular level, yet
little is known about its ecology and population genetics. Until recently the prevailing theory was that this is a man‐
made species with its biology shaped by humans to better ferment wine. In a large‐scale DNA sequencing study of S.
cerevisiae from Europe and North America, we show that wild S. cerevisiae from oak woods seem largely unaffected
by humans and show the isolation by distance typical of multicellular eukaryotes.
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Genomic analysis of trait variation in Soay sheep
Camillo Berenos, Phil Ellis and Josephine M. Pemberton
University of Edinburgh
The genetic architecture of highly heritable morphological traits such as body weight and body size are insufficiently
understood. Efforts have been made to identify specific genomic regions that underlie such traits in humans and
animal breeding studies using high density SNP chips, and studies often detect hundreds of significant gene variants.
Yet, significant quantitative trait loci, (QTL), often only explain tiny fractions of phenotypic variance, suggesting a truly
polygenic architecture, with many more rare alleles influencing trait variation. Even less is known about the molecular
genetic basis of morphological traits in natural populations. As body size is often tightly linked to fitness, and thus
potentially exposed to natural selection, this knowledge is essential for our understanding the evolutionary potential
and trajectories in such traits. We have screened a longitudinal dataset from the well phenotyped feral population of
Soay sheep on St. Kilda on a 50K SNP chip to unravel the genomic architecture of morphological traits. We will here
present some preliminary results, using a step wise approach by first partitioning the phenotypic variance explained
by all SNPs, second by partitioning variance between chromosomes, and third, by identifying specific genomic
locations that contribute to trait variation.

Population genomics of the Drosophila melanogaster Wolbachia endosymbiont
Mark F. Richardson, Raquel S. Linheiro, Lucy Weinert, Michael M. Magwire, John Welch, Francis M. Jiggins & Casey M.
Bergman
Unversity of Manchester
Wolbachia are maternally inherited symbiotic bacteria commonly found in arthropods, which are able to manipulate
the reproduction of their host to maximise their transmission. The evolutionary history of Wolbachia in natural
populations can be revealed by integrating information on infection status with patterns of sequence variation in
Wolbachia and host mitochondrial genomes. Here we use whole genome resequencing data from over 290 lines of
Drosophila melanogaster from North America and Africa to predict Wolbachia infection status and reconstruct
complete Wolbachia and mtDNA genome sequences. Overall, 52.3% of North America strains and 76.3% of African
strains were predicted as infected with Wolbachia by our in silico criteria. Assessment of Wolbachia infection status by
PCR for the North America strains revealed 98.8% consistency between the two methods. Depth of coverage for both
Wolbachia and mtDNA is higher in strains where DNA was sampled from the adult stage relative to embryonic stages.
Complete mitochondrial and Wolbachia genomes reveal concordant phylogenies, suggesting a single ancestral
infection pre‐dating the out‐of‐Africa migration of D. melanogaster to worldwide habitats, with subsequent loss of
Wolbachia infection in many North America and Africa lineages. Results on the age of infection and mutation rate of
the Wolbachia genome will be presented using Bayesian approaches to date the mitochondrial phylogeny based on
empirical estimates of the mutation rate. This study contributes to the growing understanding of the evolutionary
history of Wolbachia‐D. melanogaster symbiosis. Moreover, by revealing the endosymbiont infection status of newly
sequenced D. melanogaster genomes we provide a useful resource to inform genome‐wide association studies of
Wolbachia on host biology.
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Geographic structure and adaptive population differentiation in defense related genes in European aspen
Carolina Bernhardsson, Pär Ingvarsson
University of Umea
We have studied genetic differentiation in genes associated with the inducible herbivore defense in European aspen
(Populus tremula), using a total of 71 SNPs from seven wound‐inducible genes. SNPs from four of these genes (PPO2,
TI2, TI4 and TI5) show substantial population differentiation and signs of strong adaptive differentiation. A PCA
conducted on these SNPs divides the Swedish population into three distinct clusters. A data set consisting of 273
primary and secondary metabolites screened from the same set of individuals, show a similar population structure
even though the structure it is not as pronounced as in the defense loci. Furthermore, we find significant associations
between a few of the defense SNPs and both metabolite data and common garden data on herbivore abundance. This
is to our knowledge one of the first studies that document adaptive population differentiation in genes involved in
plants defense against antagonistic enemies.

An empirical study of the effect of sequence alignment on phylogenetic analysis.
Ben Blackburne and Simon Whelan
University of Manchester
Phylogenetic analyses start with a multiple sequence alignment, which is often accepted as known despite wide
recognition that errors may impact downstream phylogenetic analysis. Many phylogenetic methods involve testing
which of a range of competing hypotheses best describe the evolution of a set of sequences. These tests may be
justified statistically with the correct alignment, but errors may lead to non‐homologous characters being placed
together, and so systematically bias the test.
We examine the effect of alignment on two common phylogenetic analyses: the inference of a maximum‐likelihood
tree, and a test for positive selection. We test 200 sets of sequences using nine popular aligners including ClustalW,
Muscle, ProbCons, T‐Coffee, and Prank. We also sample from the posterior distribution of the statistical aligner BAli‐
Phy to examine the validity of using a single point estimate of alignment for these analyses.
The algorithmic basis of an aligner strongly influences the outcome of the phylogenetic analysis. For example, both
trees and patterns of positive selection estimated from consistency aligners (e.g. ProbCons) tend to be more similar to
one another than those estimated from phylogenetically‐aware aligners (e.g. Prank). Of the aligners examined, our
results suggest that Prank provides the closest approximation to full statistical alignment.

Epistasis sets the mode and tempo of molecular evolution
Breen, Michael & Kondrashov, Fyodor
Centre of Genomic Regulation
Kimura proposed the neutral theory, stating that most things when are being fixed are not under selection. This is cast
into doubt by much data on positive selection. Here, we estimate the influence of epistasis on amino acid
substitutions by comparing the amino acid diversity in multiple alignments of orthologous proteins with their short‐
term rate of evolution. We find that the amino acid diversity predicts a rate of evolution at least an order of
magnitude grater than the observed rate. Thus, sites in proteins evolve in an non‐independent, epistatic fashion with
epistasis playing a role in the fixation of a vast majority of amino acids substitutions in the course of evolution.
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Molecular evolution in the non‐recombining heterochromatic regions of D. melanogaster
Jose L. Campos, Penelope R. Haddrill and Brian Charlesworth
University of Edinburgh
We have examined the effects of recombinational environment on patterns of evolution, using a genome‐wide
comparison of D. melanogaster and D. yakuba. We report the evolutionary patterns of more than 200 new genes that
lack crossing over in D. melanogaster that were recently annotated in the heterochromatin, and contrast these
patterns with the recombining regions of D. melanogaster. We found little differences in the evolutionary patterns
among recombining regions with different frequencies of crossing over. However, regions of the genome with no
crossing over showed very different patterns from any recombining regions: an excess level of non‐synonymous
divergence, lower codon usage bias, lower GC content in coding and noncoding regions, and longer introns. We
observed no lower levels of gene expression in the non‐recombining genes that could cause the observed lower codon
usage bias and higher rate of protein sequence evolution in the non‐recombining regions. We interpret these features
in terms of greater effects of Hill‐Robertson interference (HRi) when recombination is rare or absent. However, we
also detected differences among non‐recombining locations in the genome: the X chromosome seems to exhibit the
weakest HRi effects, whereas the fourth chromosome and the alpha‐heterochromatic autosomal genes showed the
largest effects.

The holozoan Capsaspora owczarzaki possesses a diverse complement of active transposable element families
Martin Carr
University of Leeds
Capsaspora owczarzaki, a protistan symbiont of the pulmonate snail Biomphalaria glabrata, is the centre of much
interest in evolutionary biology due to its close relationship to the Metazoa. The whole genome sequence of this
protist revealed the presence of 23 families of transposable element, including transposon, LTR retrotransposon and
non‐LTR retrotransposon families. Phylogenetic and population genetics analyses show that the majority of families
have recently been active within the Capsaspora genome. Most individual element copies are evolutionarily young
and old full‐length LTR retrotransposon inserts are absent from the genome. The presence of active retrotransposons,
as well as a suite of genes necessary for meiosis, indicates that C. owczarzaki has a sexual stage in its lifecycle.

DNA splicing shapes genome architecture in Paramecium
Francesco Catania
University of Sheffield
Despite playing a crucial role in germ line‐soma differentiation, the evolutionary significance of developmentally
regulated genome rearrangements (DRGRs) has received scant attention. The extensive DNA elimination during the
regeneration of a functional somatic genome in ciliates renders these protozoa suitable subjects for gaining
evolutionary insights into a type of DRGRs named DNA splicing. Here, we identify and chronicle the properties of 5286
sequences that putatively undergo DNA splicing (i.e., Internal Eliminated Sequences or IESs) across the genomes of
three closely related species of the ciliate Paramecium (P. tetraurelia, P. biaurelia and P. sexaurelia). The study reveals
that the collected bona fide IESs share several physical and selective characteristics. While the configuration of
excision events appears largely conserved between species, episodes of differential IES retention‐excision are not
uncommon (~1.3%), have a recent origin and frequently involve coding regions. These findings indicate an extensive
inter‐conversion between (often coding) somatic DNA sequences and noncoding IESs and highlight the role of DNA
splicing in creating potentially functional genetic innovation.
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The genetic basis of a mating system‐dependent phenotype in the nematode genus Caenorhabditis
Audrey Chang, Matthew Rockman
New York University
Shifts in animal mating systems are likely accompanied by changes in selection pressure on one or both sexes.
Phenotypes may arise as a consequence of relaxed selection or antagonistic pleiotropy. In Caenorhabditis,
androdioecy has evolved independently multiple times; in androdioecious species, hermaphrodites are predominantly
self fertilizing and males occur at low frequencies. Because males are typically absent in these species, they are
presumably seen less frequently by selection than hermaphrodites and may thus exhibit phenotypes reflecting this
discrepancy. Head plugging behavior in some strains of C. elegans may be one such phenotype. Males that show this
behavior deposit a copulatory plug over the excretory pores of other males when maintained in high density in the
absence of hermaphrodites. (Males normally deposit copulatory plugs over the vulvae of their hermaphrodite mates
to ensure paternity.) Here, we characterize male behavior in both gonochoristic and androdioecious species of
Caenorhabditis and show that aberrant plug deposition occurs only in self‐fertilizing species. Additionally, using
multiple methods, we determine the genetic basis of head plugging behavior in C. elegans. Identification of the
gene(s) that underlie head plugging behavior will allow us to distinguish whether this trait evolved as a result of
relaxed selection or antagonistic pleiotropy.

Testing for sexual antagonism in Silene latifolia pseudo‐autosomal genes
Deborah Charlesworth
University of Edinburgh
The plant Silene latifolia is in the early stages of evolving an XY sex chromosome pair. Our genetic map of the sex
chromosome pair identifies 5 pseudo‐autosomal (PAR) genes, across about 1/3 of the X genetic map. In S. latifolia, the
two sexes differ considerably in flower sizes and numbers, and, together with the finding that the PAR is not very
small, the species is suitable for testing whether genes in the region are adapting to the relatively recent evolution of
separate sexes. A question of interest is whether there is evidence for sexually antagonistic polymorphisms
maintained in the PAR. We therefore estimated diversity using samples collected from populations across Europe, to
test for signatures specific for such polymorphisms. Nucleotide diversity is indeed high for several PAR genes, as
predicted, and this is apparently not caused by a high gene mutation rate. The results from some PAR loci suggest
balancing selection, but these loci are located far from the male‐specific region of the Y chromosome (the MSY), and
we do not find strong associations of variants or haplotypes with the MSY. This does not seem to suggest sexual
antagonism.

Background selection and the levels of neutral variability on the X chromosome and autosomes in Drosophila
Brian Charlesworth
Univ. of Edinburgh
In East African populations of Drosophila melanogaster, the ratio of silent DNA sequence diversity for X‐linked loci to
that for autosomal loci is approximately one, instead of the expected value of three‐quarters. One explanation is that
background selection (the hitchhiking effect of deleterious mutations) is more effective on autosomes than on the X
chromosome, because of the lack of crossing over in male Drosophila. The expected effects of background selection
on neutral variability at sites in the middle of an X chromosome or an autosomal chromosome arm have been
calculated for several different models, using current estimates of the deleterious mutation rate, and distributions of
the fitness effects of deleterious mutations. The predicted ratio of X‐linked to autosomal variability is relatively
insensitive to these variables, except for the mutation rate. It seems likely that background selection contributes much
of the high X to autosome ratio of variability in D. melanogaster. The fact that this ratio is much less than one in D.
pseudoobscura is consistent with the model’s predictions, since this species has a higher rate of crossing over than D.
melanogaster. Background selection may thus play a major role in shaping patterns of molecular evolution and
variation.
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Atypical AT Skew in Firmicute Genomes Results from Selection and Not Mutation
Catherine A. Charneski, Frank Honti, Josephine M. Bryant, Laurence D. Hurst, Edward J. Feil
Univeristy of Bath
When considering a single strand of DNA, it is not necessarily the case that the frequency of each base should equal its
complementary partner, such that A=T and G=C. For the leading strand, it is typically the case that Gs are more
common than Cs, and Ts more common than As. This bias is widely thought to arise due to different mutational biases
during replication. The Firmi‐ cutes exhibit an atypical preference for A over T on the leading strand, and here we
show that selection, rather than mutation, can explain this exception. For those bases within coding regions, selection
acts to inflate the frequency of A over T in order to avoid stop codons and to use metabolically cheap amino acids.
Because genes are not orientated randomly, this manifests as an overall enrichment of A on the leading strand.
Furthermore, a direct examination of mutational patterns is inconsistent with the observed enrichment of As.
Curiously, our data also point to an unresolved source of selection on synonymous and intergenic sites, which are
widely assumed to be neutral.

Interplay between mutualistic interaction and adaptation to elevation in butterfly community structure
Nicolas Chazot
Museum National d'Histoire Naturelle de Paris
Recently, there have been increased efforts to incorporate evolutionary history in the study of the ecological
processes governing species assemblages. In this framework focus has been mostly placed on habitat filtering and
competition, whereas positive interactions have been largely ignored. We investigated the respective effects of
habitat filtering and mutualistic interactions on the structure of Andean butterfly communities. Ithomiine butterflies
are engaged in Müllerian, mutualistic mimicry, whereby unpalatable species locally converge upon similar warning
color patterns.
We explored community phylogenetic and mimetic structures along an elevation gradient. We detected phylogenetic
clustering along the gradient (ie., communities at similar elevation had similar phylogenetic compositions), consistent
with strong habitat filtering by elevation. In parallel, we confirmed that species sharing the same color pattern co‐
occur more often than expected by chance, and that color patterns are segregated by elevation. Using simulations of
trait evolution on the phylogeny, we showed that the observed association between elevation and color pattern is
stronger than that expected due to phylogeny alone. We conclude that mimetic interactions have played an important
role in species assemblages by maintaining together species that interact mutualistically along the slopes of the
Andes.

Winter Simulated Diapause Experiments Confirm a Fitness Advantage for a Novel timeless Allele in Drosophila
melanogaster
Lewis Collins
University of Leicester
Diapause is a state of suspended development that maximises the survival potential of offspring that may struggle in
extreme conditions. Evidence from wild Drosophila melanogaster populations in Europe suggests that a single base
insertion in timeless (tim) ‐ a gene shown to be core in maintaining circadian rhythms ‐ is associated with a selection
advantage. This alternative allele has been shown to affect the strength of diapause under constant conditions
implying a reason behind its selection in Europe. Some diapause research however, has implied that D. melanogaster
exit diapause within four weeks, concluding that the phenomenon observed in Drosophila, is a case of slow, rather
than suspended maturation. This work however, does not take into consideration the changeability of conditions
throughout winter which gradually become colder. Here I present the results of a 12 week experiment showing that
flies carrying the mutant tim allele can maintain diapause under changing conditions.
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Dissecting the causes of rate variation in the molecular clock
Veronica Comper, James Cotton & Richard Nichols
Queen Mary University of London
Molecular‐dating techniques can enable us to estimate the ages of important evolutionary events and can allows us to
study the evolutionary history of related species when a fossil record is absent or poor. However, these techniques
assume that molecular evolution occurs at a steady rate over time. Variation in this clock have been observed not only
between species but also between genes and sections of genes. This project tries to model the molecular clock and
tries to understand the causes of this variation. When the causes are found they could be incorporated into new
molecular‐dating techniques and hopefully will enable us to more accurately estimate evolutionary history.
Applying this model to real genomic data has brought some surprising and exiting results.

Adaptive introgression of colour pattern loci among mimetic butterfly species
Kanchon K. Dasmahapatra, Nicola J. Nadeau, John Davey, Camilo Salazar, Mauricio Linares, Mathieu Joron, Mark
Blaxter, Chris D. Jiggins, James Mallet
University College London
Hybrids tend to be unfit, and it is often believed that hybridization rarely contributes to adaptive evolution. However,
the extent to which gene flow among species can contribute to adaptive radiation is still unclear. Advances in DNA
sequencing now permit more powerful tests of the hypothesis that introgression among species contributes to
adaptation. Applying large‐scale sequencing and novel statistical methodologies to a rapidly radiating group of
Heliconius butterflies, we show a strong signal for the sharing of adaptive wing colour‐pattern loci between species by
introgression. Multiple independent introgression events across different populations and at two colour pattern loci
demonstrate that introgression is an important contributor to adaptation in this group, even between non‐sister
species.

Scaffolding the Heliconius melpomene genome with RAD Sequencing
John W. Davey, Simon W. Baxter, Luana S. Majora, Durrell D. Kapan, Chris D. Jiggins, Mark L. Blaxter
University of Edinburgh
It is becoming increasingly easy to sequence and assemble draft genomes of reasonable quality with next generation
sequencing technologies. However, a substantial bottleneck is assigning draft genome scaffolds to chromosomes in
order to produce a chromosomal map of the genome. We have recently completed a map of the Heliconius
melpomene genome using a linkage map constructed using RAD Sequencing. 43 intercross progeny were RAD
sequenced using the 6 bp restriction enzyme PstI in one HiSeq lane. RAD reads were aligned to the 273 Mb H.
melpomene genome. 31 Kb of high quality candidate marker positions were identified, on scaffolds comprising 243
Mb of the genome. A linkage map containing 1,040 unique markers of length 1,401 cM was constructed from the
candidate marker data. This map was used to assign 221 Mb (80%) of the genome to 20 chromosomes and was also
used to correct 141 misassembled scaffolds. This novel approach is cheap and accessible to any researcher able to
produce a mapping cross for a species of interest and we hope it will prove valuable for the assembly of many non‐
model genomes.
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Approximate Bayesian computation using kernel ridge regression.
Kevin J. Dawson
Rothamsted Research
It is possible to approximate the (marginal) posterior density of a parameter, given an observed data set, using a large
sample of observations form the joint density, without having to compute the likelihood function. Beaumont, Zhang
and Balding (2002, Genetics 162:2025‐‐2035) pointed out that the problem of computing a (marginal) posterior
density, given a sample of observations form the joint density, can be formulated as a regression problem. This
method is an example of a so‐called likelihood‐free Bayesian computation, or Approximate Bayesian Computation
(ABC). I present a variant of this ABC regression method, which uses kernel ridge regression. The potential advantages
of using kernel ridge regression in the ABC regression method are: (1) it allows very general non‐linear (for example
polynomial) dependence of response on data; and (2) it by‐passes completely the troublesome step of selecting low
dimensional summary statistics. The method is applied to the problem of inferring population parameters in a multi‐
locus multi‐deme (meta‐population) model, from allele count data. Two scenarios are treated. In the first, all loci are
neutral, having identical demographic parameters (array of effective populations sizes and migration matrix). In the
second, a subset of loci have locus‐specific demographic parameters. This second scenario is designed to approximate
the consequences of local adaptation, maintained by population‐specific selection acting on a number of target loci.
This approach is based on the Bayesian hierarchical model developed in Bazin, Dawson and Beaumont (2010, Genetics
185:587‐602).

Characterising selection in human Conserved Noncoding Elements (CNEs)
Dilrini De Silva, Richard Nichols, Greg Elgar
Queen Mary University of London
Conserved Noncoding Elements (CNEs) are a set of approximately 7000 conserved non‐coding regions of the genome
identified by whole genome comparison between human and Takifugu rubripes (Japanese Pufferfish), a vertebrate
species evolutionarily distant from humans. Some CNEs act as tissue‐specific enhancers during embryonic
development and are candidates for a network of cis‐regulatory modules. Mutations in CNEs (not the gene itself) are
known to cause congenital abnormalities in human beings, for example, certain kinds of polydactyly and the Pierre
Robin syndrome.
The catalogue of human genetic variation by the HapMap and 1000 Genomes Projects have allowed us to analyse
single nucleotide polymorphisms across worldwide populations in order to detect signals of selection in CNEs.
Preliminary analysis of the allele frequency spectrum in CNEs shows a striking similarity to the skewed distribution
observed at nonsynonymous sites indicating a signal of selection. Further analyses of genotype data are expected to
identify candidate loci under strong selection, which can then be used to study expression patterns in zebrafish.
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Modelling the Growth and Transmission of Infectious Disease: Linking epidemiology and population genetics
Bethany Dearlove, Daniel Wilson
University of Oxford
Understanding the transmission of infectious disease is important for monitoring outbreaks, informing public health
policy, and improving intervention strategies. Traditionally the fields of population genetics and epidemiology have
been studied separately; however it is clear that using genetic information alongside epidemiological models has great
potential for understanding the dynamics of infectious disease. Directly estimating epidemiological parameters such
as transmission rates can be difficult, as it relies on comprehensive monitoring during an outbreak where relevant
processes may be hidden or undetectable. However, genetic information provides an alternative window into the
past. Here we describe a combined coalescent‐based meta‐population model for estimating the parameters of the
standard susceptible‐infected‐susceptible (SIS) epidemiological model with genetic data. We apply this model to
conduct a meta‐analysis of Hepatitis C virus (HCV), with the aim of explaining differences in patterns of genetic
diversity between populations in terms of the underlying epidemiological dynamics. We show that there is a strong
correlation between diversity and the growth rate of local epidemics. However, differences between datasets in the
growth rate of HCV do not appear to be explained by subtype, host population size or prevalence of disease. We
conclude that global variation in HCV diversity is driven by other, unobserved factors whose effects are mediated via
the intrinsic growth rate of local epidemics.

Exploring the significance of offspring sex ratio for breeding system evolution
Natalie dos Remedios, Clemens Kupper, Andras Kosztolanyi, Terry Burke, Tamas Szekely
University of Bath
Theoretical models strongly suggest that breeding systems and sex ratios are tightly linked, although the empirical
evidence for these links is scanty in wild populations. Biased offspring sex ratios may produce a biased adult sex ratio,
and hence biased mating opportunities for males and females within a population. Biased mating opportunities, in
turn, induce variation in mating system and patterns of parental care. We used CHD gene markers to investigate
primary and secondary offspring sex ratios and their association with breeding systems across five populations of
small plovers (Charadrius alexandrinus and C. nivosus) that exhibit different breeding systems (polyandry and
monogamy). After hatching, mortality of female chicks was higher in the polyandrous populations but not in the
monogamous ones. It is currently unknown why such sex differences in offspring mortality exist. We suggest potential
causal factors influencing this and explore its significance to breeding system evolution.
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The evolutionary epidemiology of Leishmania donovani in the Indian subcontinent
Tim Downing, Hideo Imamura, Olivia Stark, Saskia Decuypere, Manu Vanaerschot, Simonne de Doncker, Syamal Roy,
Suman Rijal, Poonam Salotra, Mandy Sanders, Shyam Sundar, Jean‐Claude Dujardin, Gabriele Schönian, James A.
Cotton, Matthew Berriman.
Sanger Institute
Visceral leishmaniasis is a potentially fatal disease endemic to tropical regions of Asia and Africa caused primarily by
parasites from the Leishmania donovani species complex. We sequenced the genome of a Nepalese strain that was
used as a high‐quality reference for detecting variation in over 100 samples. These date from the 1950s to present and
were taken at locations spread across the world, with deeper population‐level sampling in the Indian subcontinent.
Some of these parasites come from patients with visceral leishmaniasis and showed diverse responses to drug
treatments despite a background of low genetic variability. Extensive variation in the copy number of entire
chromosomes was matched by structural mutations at protein‐coding loci, some of which were fixed between
divergent clades. This was preserved at a range of extended circularised extrachromosomal DNA segments that were
present in many copies. Placing the population‐level diversity in a global context also identified divergent lineages
from the same small geographic region, illuminating the evolutionary history and modern‐day epidemiology of this
pathogen. This also highlights evidence of ancestral migration between African and India, population size fluctuations
in response to recent parasite elimination campaigns within the Indian subcontinent, and ancient recombination
events between divergent lineages. By combining analyses of clinically and globally sampled parasites, this study
provides a foundation for continuous surveillance for outbreaks of novel and drug‐resistant variants that could
emerge as a threat to public health.

Speciation insights from candidate gene approach and ABC: chemosensory genes in the pea aphid.
Duvaux, L., Smadja, C., Ferrari, J., Zhou, J‐J., Butlin, R.
University of Sheffield
Differentiation between incipient species is expected to be variable across the genome. It's notably true when gene
flow opposes both drift and divergent selection in shaping such a pattern, forming 'islands of differentiation' around
selected loci contributing to reproductive isolation. We argue that, beyond population genomics and QTL mapping, a
candidate gene approach can advance detection of such loci even further. Many insects use chemical cues to
recognise host plants and because divergence in host plant recognition is an essential step in race formation,
chemosensory genes seems good candidates to play a key role in prezygotic isolation. To address this prediction, the
pea aphid system is unique in having multiple host races at different levels of divergence. Here, we used SureSelect
capture and Solexa sequencing to study sequence divergence for about 200 chemosensory genes and 200 control
genes in 8 aphid host races. We first used an Approximate Bayesian Computation (ABC) framework to detect loci
having experienced significantly less gene flow than expected under various demographic scenarios and so putatively
contributing to isolation. Finally, we performed various tests to detect loci having evolved under positive selection,
which might be related to the high degree of ecological specialisation of these races.
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Applying Molecular Ecology in Cambodia
Elliott Vittoria, Chin Diet, Heng Sokrith, Olsson Annette, Phoeung Chhungheang, Thach Phannara (family name first),
Kenneth J Wilson
Royal Uiversity of Phnom Penh, Cambodia
The Cambodian Molecular Genetics Group (CMGG) is involved in capacity development in Cambodia, with specific
interest in applications in molecular ecology and genetics. Currently supported largely by charitable donations and
volunteer personnel, we aim to improve the livelihoods of Cambodians whilst providing scientific data to successfully
monitor and manage Cambodian resources. Using molecular ecology as a vehicle to provide training to Khmer staff
and students, we are providing important information that will help inform conservation and commercial
management strategies. Over the past year, we have been involved with a number of interesting projects to assess
populations of Cambodian fauna. We hope that other scientists will also take an interest in the diverse flora and fauna
of Cambodia. A unique and interesting country, Cambodia has many areas yet to be explored and it is believed that
there may be many species yet to be discovered. We hope to help facilitate the research of others in the region by
offering the opportunity to work with us in Cambodia. Here, we present the early results from two of our population
genetic projects, describe some of our other activities and discuss the scope for potential future projects.

Estimating Selective Sweep Parameters using MSMS
Greg Ewing
University of Vienna
MSMS is a coalescent simulator that includes selection at biallelic loci with recombination and demography. Using this
simulator in a ABC framework with different summary statistic we estimate selective sweep parameters such as
selection strength, dominance and sweep time. We discuss current progress and consider estimation performance
with different summary statistics and other ABC tuning parameters.

A resolution of the mutation load paradox in humans.
Adam Eyre‐Walker
University of Sussex
It is estimated that each human receives at least two new harmful mutations from their parents. These mutations are
destined to be selectively eliminated through reduced survival or fertility. Classic population genetics theory predicts
that such a high rate of mutation would lead to in excess of 86% of individuals failing to reproduce, so each female
would need to have more than 15 offspring to maintain population size. This is paradoxical, because humans do not
have such a high level of reproductive excess. Here, we show that the classic result predicting the mutation load is
incorrect if selection occurs through competition between individuals. Under realistic parameter values, we show that
humans could tolerate 10s or even 100s of new deleterious mutations per genome each generation.
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Mapping of a mating system locus in Daphnia magna
Dominique Fasel, Yan Galimov, Christoph Haag
University of Fribourg
In Daphnia sex is normally determined by the environment. That is, the same embryo may develop into a male or a
female, depending on environmental conditions. However, there are some genotypes of Daphnia that never produce
males. These Non‐male producing (“NMP”) genotpyes can only persist in a population if they co‐occur with male‐
producing (“MP”) genotypes. Breeding experiments suggest that NMP is determined by a dominant allele M at a single
nuclear locus. The aim of my study is to localize the responsible chromosomal region for NMP in the genetic map of
Daphnia magna and to study if M maps to the same or different regions in divergent mitochondrial haplotypes. The
occurrence of these NMP genotypes is a very intriguing phenomenon, which may represent an intermediate step
between environmental and genetic sex determination and hence may help us to better understand the evolution of
sex determination.

Assigning parentage and detecting immigrants in polyploid populations
David Field
IST Austria
Polyploidy is common throughout much of the plant kingdom and is also present in many animal taxa. There has been
increasing interest in investigating population genetics in polyploids and developing our understanding of its role in
evolution. However, population genetic analysis for polyploid organisms has been hampered by the complexities of
polysomic inheritance and difficulties in interpreting molecular marker data. Here I present new theoretical
approaches and associated software programs for a range of population genetic analyses for auto‐polyploids using
hypervariable codominant markers (SSRs). These include population assignment and parentage analysis that account
for the presence of phenotype information (allele dosage unknown), polysomic inheritance and double reduction. I
test these new approaches with simulated and empirical genetic data in both auto‐tetraploid and auto‐hexaploid
plant populations.

From sub‐Antarctic kelp to European bark beetles: historic climate impacts and intriguing mating systems
Ceridwen Fraser
Université Libre de Bruxelles
What do sub‐Antarctic kelp and European bark beetles have in common? I used to work on the former and now work
on the latter. In this talk I will first give an overview of my recent, New Zealand‐based phylogeographic research on
sub‐Antarctic intertidal taxa, the results of which give insights into how high‐latitude Southern Hemisphere
ecosystems have responded to historic climate change. Biological data from this and related studies have also allowed
us to re‐assess estimates of the extent of Antarctic sea ice at the Last Glacial Maximum. In the second part of the talk,
I will introduce my current, Belgium‐based research on the Great Spruce Bark Beetle (Dendroctonus micans). This
species has an apparently purely endogamous mating system; solitary gravid females bore egg galleries beneath the
bark of spruce trees, and resulting offspring mate before emerging from their natal brood chamber. Observations of
adult males flying through the forest, however, raise the question of whether exogamous matings can occur for D.
micans. Using microsatellite markers to determine paternity in both laboratory and field experiments, I will test
whether multiple matings can occur, and whether they lead to some or all progeny being sired by the less‐related
latecomer.
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X‐chromosome markers reveal sex‐specific behaviour in Daubenton’s bat.
Katie Frith, Roger Butlin, John Altringham.
Durham University
To fully resolve the genetic structure of a natural population it is recognised that multiple markers with different
mutational properties and modes of inheritance must be used. The X‐chromosome has emerged as a useful source of
information to investigate sex‐specific population structure in humans due to its asymmetrical mode of inheritance
and the potential to access multiple unlinked loci. Despite this X‐chromosome markers remain relatively underutilised
in studies of natural populations. Here we utilise X‐chromosome, autosomal and mitochondrial markers to investigate
sex‐specific population structure in a highly vagile vertebrate – Daubenton’s bat. The addition of X‐chromosome
markers not only provides further support for sex‐biased dispersal but also enables us to reveal characteristics of the
mating system in this species.

Applying the McDonald Kreitman test to polymorphism and divergence under fluctuating selection
Toni I. Gossmann, David Waxman and Adam Eyre‐Walker
University of Sussex / Hohenheim
Fluctuating selection intensities, for example as a consequence of changes in environmental conditions, are widely
accepted. However, most approaches in population genetics assume that individual fitness effects are constant over
time. As a consequence, the influence of changing selection intensities are neglected. The effect of fluctuating
selection on the rate of adaptive evolution has been intensively studied, within a theoretical framework. However
there is only limited evidence of fluctuating selection under experimental conditions, partly due to lack of statistical
power. Here we investigate by simulations the application of a classic population genetic test statistic on fluctuating
data. We apply three variants of one of the most fundamental tests in population genetics, namely the McDonald
Kreitman test, to polymorphisms and divergence generated under fluctuating conditions. We find, in agreement with
earlier studies, that the contribution of fluctuating selection to divergence can be substantial and is detected as
positive selection by McDonald Kreitman type tests. However, we show that this increased divergence is caused by
mutations which have undergone substantial episodes of positive directional selection. Therefore such mutations are
genuinely adaptive and the major cause of the increased divergence created by fluctuating selection.

Adaptation to cultivation in a Swedish climate ‐ a study of landrace field pea
Jenny Hagenblad & Matti Leino
Linkoping University
Pea is among the historically most cultivated species in Sweden and field peas were for a long time of major
importance for human consumption. Although plant improvement of field pea began in the 19th century, landrace
peas were still of major importance well into the 20th century, possibly due to them being well‐adapted to the local
growing conditions. We have studied Swedish field peas from three different sources: Peas conserved ex situ in
genebanks, peas conserved in situ on farm in active cultivation, and non‐conserved peas stored as harvest seed
samples for more than 100 years. These materials have been screened for genetic variation in both neutral genetic
markers and genes controlling flowering time to explore the effects of cultivation history, landrace conservation and
local adaptation.
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Positive and negative selection in murine noncoding DNA
Halligan DL, Ness R, Eory L, Kousathanas A, Keane TM, Adams DJ, Li H, Harr B, Keightley PD
University of Edinburgh
Few attempts have been made to quantify adaptation in noncoding DNA and as yet there has been no comparison of
the amount of adaptive evolution attributable to noncoding vs coding DNA from any taxa. Using whole genome
polymorphism data from ten wild caught mice (Mus musculus castaneus) and divergence to a close relative (rat), we
investigate the extent of purifying selection and the rate of adaptive evolution in noncoding and protein‐coding DNA.
We have restricted this analysis to regions of the genome with a priori evidence for functionality, independent of the
information we use to quantify selection. Specifically we have examined exonic sequence, noncoding regions flanking
genes and noncoding regions that show conservation in phylogenetically independent comparisons. In the regions of
the genome that we examine we find that the majority of deleterious mutations and adaptive substations occur in
noncoding as opposed to protein‐coding DNA. Furthermore, we may have substantially underestimated the
contributions from noncoding DNA in the whole genome as a whole.

Weak population structure protects sexual populations from asexual invasion
Matthew Hartfield, Sarah P. Otto and Peter D. Keightley
University of Edinburgh
Although obligate sexual reproduction is widespread in eukaryotes, there has been no convincing general explanation
for how such populations can resist asexual invasion in the face of high costs. Previous work has shown that sexuals
can outcompete asexuals in structured populations, where restricted gene flow slows the spread of asexuals, allowing
more time for the advantages of recombination to be realised. However, the degree of subdivision needed to
overcome a twofold cost has previously appeared to be unrealistically large. Here, we investigate the conditions under
which obligate sexuals, suffering a twofold cost, resist asexual invasion in structured populations subject to recurrent
deleterious and advantageous mutations. We show that the amount of structure needed to maintain sex decreases
with population size. This effect emerges because the time required for asexual takeover and the advantages of
recombination both increase with population size. Populations exceeding a few tens of thousands of individuals
maintain obligate sex with modest population structure, compatible with levels observed in nature. Less population
structure is needed to maintain sex if demes are arranged in a circular formations, than if demes are spread out over a
two‐dimensional torus.

Treating transposable elements at different genomic sites as a population, to determine insertion times and
mutation rates
Elizabeth HB Hellen, John FY Brookfield
Univerisity of Nottingham
A family of transposable elements can be treated in a similar way to a genetic population, creating phylogenies using
the elements observed in modern genomes. This allows population genetics methods to be implemented. We have
used molecular dating techniques, such as BEAST, to analyse the mutation rates and insertion times of a set of
transposon families. By using homologous data from more than one organism, and assigning dates to the speciation
events between orthologs, we can obtain estimates of both the root age and the mutation rate of the transposon
family. However, this method is forced to assume there have been no lineage‐specific changes to the mutation rate.
To overcome this, we have compared results of this analysis from five pairs of genomes, two primate pairs, two
carnivore pairs and an artiodactyl pair. The comparison allows independent estimations to be made simultaneously of
mutation rates, root height and even the times to the speciation events. A wide scale analysis has been carried out
using Mammalian Type II transposons, and the results allow inferences to be made about mutation rates seen in non‐
coding DNA and the timescales when these transposons were active.
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Studies on the introduction history and climatic adaptation of invasive Ulmus pumila populations in North America
and Argentina using cpSSR markers
Heidi Hirsch, Carolin Kleindienst, Henrik von Wehrden, Karsten Wesche, Daniel Renison & Isabell Hensen
Martin‐Luther‐University, Halle
Ulmus pumila is a native tree in East Asia, where it covers a wide variety of habitats and climatic ranges. Due to its
good performance under hard conditions and a high tolerance to the Dutch elm disease, this species was used for
plantings and breeding programs in several regions outside its native range. To date, the Siberian elm is considered as
naturalized or invasive in the United States, Canada, Mexico, Spain and Argentina.
The focus of this study was on invasive populations of U. pumila in the Western United States and Argentina. We
analyzed length polymorphisms of chloroplast microsatellites to gain information on the introduction history and to
test if there is a climatic pattern of haplotype distribution between the native range and both invasive ranges.
The comparison of invasive and native haplotypes leads to the conclusion that invasive populations resulted from
multiple introductions. Furthermore, we found haplotypes which occur exclusively in the invasive ranges. The
dominant invasive haplotype originates from native regions with lower annual precipitation compared to the invasive
regions. Based on our results, we discuss the invasion success of U. pumila in relation to the role of hybridization and
the role of adaptation to different climatic conditions.

Population Based Study Indicates Viral Genetic Effect on HIV Virulence is Small but Significant
Emma Hodcroft, Esther Fearnhill, Andrew Phillips, David Dunn, Deenan Pillay, Jarrod Hadfield, Andrew Leigh Brown,
and UK HIV Drug Resistance Database
University of Edinburgh
Time to onset of AIDS varies greatly among HIV‐infected individuals. There is a significant host genetic contribution to
this variation, and there could also be a contribution by viral genotype. Estimates of the viral genetic effect have
ranged from 5‐50%, based on transmission‐pair studies and analysis based on phylogenetic contrasts in small numbers
of individuals. We have adopted a population‐scale approach to avoid potential biases associated with transmission
pairs using a novel technique based on analysing the phylogeny as a pedigree, which allows powerful likelihood‐based
methods to be applied to large numbers of individuals.
HIV is divided into several different clades, known as subtypes. 539 subtype A, 1,821 subtype C, and 8,483 subtype B
samples were analysed separately. For subtype A and C the estimates were not significantly different from zero. For
subtype B the estimate was significant with 7.7% (CI 4.3‐11.0%) of the variance in viral load explained by viral
genotype (p<0.0025). Re‐analysing this data set after collapsing poorly‐supported nodes (bootstrap equivalent values
<0.9) produced an estimate of 7.1% (CI 3.6‐10.5%, p<0.0025).
We conclude that a significant but small contribution to progression rate is made by viral genotype, but the
mechanism remains to be determined.
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RNA‐Seq analysis in non‐model species: assessing de novo transcriptome assembly performance and the utility of
evolutionary divergent genomic reference species
Emily A Hornett & Christopher W Wheat
University of Helsinki
How well does RNA‐Seq data perform for quantitative whole gene expression analysis in the absence of a genome?
This is one unanswered question facing the rapidly growing number of researchers studying non‐model species. Using
Homo sapiens data and resources, we compared the direct mapping of sequencing reads to predicted genes from the
genome with mapping to de novo transcriptomes assembled from RNA‐Seq data. Eight transcriptomes, composed of
varying amounts of Illumina and 454 data, were assembled and assessed. The results demonstrate that hybrid
assemblies had the highest transcriptome and individual gene coverage. Quantitative whole gene expression levels
were highly similar between using a de novo hybrid assembly and the predicted genes as a scaffold, although de novo
mapping provided data on fewer genes. Gene coverage and expression analysis was further investigated in the non‐
model context by using increasingly divergent genomic reference species to group assembled contigs by unique genes.
Using non‐target species as references does result in some loss of sequence and expression data, and as evolutionary
distance increases so does the level of bias and error. However, within a 100 million year window these effect sizes
are relatively small, and thus the use of predicted gene sets from sequenced genomes of related species can provide a
powerful method for grouping RNA‐Seq reads and annotating contigs. Quantitative, whole gene expression results
similar to when using gene models derived from a high quality genome can be produced. Our results demonstrate the
power and limitations of conducting RNA‐Seq in non‐model species.

Patterns of strong selective sweeps in northern Swedish Arabidopsis thaliana
Christian D. Huber, Quan Long, Magnus Nordborg, Ines Hellmann
Vetmed Vienna
A. thaliana plants from the northern part of Scandinavia (latitude > 60°N) show stronger genetic differentiation from
other European plants than southern Scandinavian populations. This is commonly explained by northern samples
coming from small and isolated populations with a lot of genetic drift. We explore the possibility that the high
differentiation is a result of adaptation of A. thaliana to the local environmental conditions at this extreme northern
limit of the species distribution.
We find regions with strong signals of selective sweeps in the northern Swedish sample, characterized by a reduction
of intermediate frequency alleles. Genes within those regions are involved in lipid storage and cold response as well as
high salt, UV‐B radiation, immune system and flowering time. In accordance with a model of local selective sweeps,
the putative sweep regions show a significantly higher degree of genetic differentiation from the South than the rest
of the genome.
Overall, the regions showing strong sweep signals can explain at least 11.9 % of the high differentiation of the
northern plants. We currently explore the effect of a more complex demography including fine structure and
population size change on these estimates.
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A self‐incompatibility system explains maintenance and high frequencies of males in an androdioecious species
Laëtitia Husse, Sylvain Billiard, Philippe Vernet, Jacques Lepart and Pierre Saumitou‐Laprade
Université Lille 1
Androdioecy, the co‐occurrence of males and hermaphrodites in a single population, is a rare breeding system
because of restrictive conditions of maintenance of males. In Phillyrea angustifolia, an androdioecious shrub, males
frequencies are much higher than expected by classical theoretical models. The existence of a sporophytic self‐
incompatibility system in P. angustifolia with two self‐incompatibility groups has been demonstrated. The existence of
two self‐incompatibility groups among hermaphrodites can explain these high frequencies of males: hermaphrodites
can reproduce only with half hermaphrodites while males can fertilize all. This mechanism was verbally proposed as a
causal explanation of the unexpected observations in this species. Here, we will present a model allowing to formally
test this hypothesis. Our model shows that a slight reproductive advantage of males relatively to hermaphrodites
allows the existence and maintenance of the former. We also show that the expected frequency of males at
equilibrium can reach high values even for relatively low advantage. Finally, we analyse and discuss data on the
observed frequencies of males in different populations of P. angustifolia and other androdioecious species.

Quantifying selection acting on a complex trait using allele frequency time‐series data
Christopher Illingworth, Leopold Parts, Stephan Schiffels, Gianni Liti, and Ville Mustonen
Wellcome Trust Sanger Institute
We present a population genetic method to analyse time‐series data of allele frequencies from an experiment in
which artificial selection is applied to a large, genetically diverse population. Beginning with a range of proposed
evolutionary scenarios, the method measures the consistency of each with the observed changes in allele frequency.
Evolutionary theory is used to formulate equations of motion for the allele frequencies, following which likelihoods for
having observed the sequencing data under each scenario are derived. Comparison of these likelihoods gives an
insight into the prevailing dynamics of the system under study. We illustrate the method by quantifying selective
effects from an experiment in which two phenotypically different yeast strains were crossed and then propagated
under heat stress. We discover that close to 6% of polymorphic sites evolve non‐neutrally, due either to inherent
selection or linkage to selected alleles. We identify 44 genomic regions containing one or more candidate driver
alleles, quantify their apparent selective advantage, obtain estimates of local recombination rates, and show that the
dynamics of the drivers display a strong signature of selection going beyond additive models. Our approach is
applicable to the study of adaptation in a range of systems under different evolutionary pressures.

More About Snails
Steve Jones
UCL
Much of the Pop Group was once devoted to describing the shell polymorphism in the land snail Cepaea but it seems
to have slipped under the radar in the past few decades. I will talk about some new work that suggests that its
response to thermal stress involves a suite of adaptations, from habitats selection to behavioural clines and the
evolution of differences in sensitivity to thermal stress.

Inferring the effects and rate of adaptive mutations
Peter Keightley, Adrian Schneider, Adam Eyre‐Walker, Brian Charlesworth
University of Edinburgh
We present an approach for simultaneously inferring the selective effects and rates of adaptive and deleterious
mutations. Our method uses the unfolded distributions of frequencies of segregating SNPS in a population sample
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(site frequency spectra), and relies on using of one or more outgroup species to infer the ancestral state at each
nucleotide site. We apply the method to two data sets of protein‐coding genes from Drosophila, and estimate that
between 1% and 2% of new amino acid mutations are advantageous, with scaled selection coefficients (Ne x s) of
about 2.5.

Inference in the extinction/recolonisation model
Jerome Kelleher, Nick Barton, Alison Etheridge and Amandine Véber
University of Edinburgh
In the extinction/recolonisation model, a population evolves through recurrent events falling at random locations in a
spatial continuum. In each event, some fraction of the local population dies and is replaced by the offspring of a small
number of parents. We discuss the inference of the parameters of this model from data, and, in particular, the
inference of the parameters driving local structure from patterns of recombination.

Past, present and the future of the sympatric genetic colour polymorphism of the Gouldian finch (Erythrura
gouldiae)
Kang‐Wook Kim, SR Pryke, SC Griffith, TA Burke
University of Sheffield
Previous studies on the Gouldian finch showed remarkable differences between sympatric colour morphs in various
aspects in relation to a colour locus (Red) that determines black and red face plumage colour. In particular, pre‐ and
post‐zygotic incompatibilities between morphs suggested that there might be genetic differentiation between
morphs. Although genetic differentiation between populations is often tested using a small number of neutral
markers, recombination in a sympatric population hampers our ability to test for it by homogenizing the genome
except at the focal locus causing the differentiation. Recent identification of the Red locus by using RADSeq enables us
to test directly for differentiation and incompatibility between morphs.
Using autosomal microsatellite markers, we concluded that there is no global differentiation between morphs. We
sequenced many loci within and outside the core region of the Red locus, and other neutral loci as control. There was
highly significant differentiation in the core region of the Red locus but it disappeared rapidly outside the core.
However, tests for deviation from HWE suggested that the observed differentiation was not due to the
incompatibilities between morphs. Genomic rearrangement, introgression and balancing selection are suggested here
to be possible causes of the observed differentiation.

Molecular characterisation of a trophic shift within an island radiation of insect herbivores.
Kitson JJN, Warren BH, Florens FBV, Baider C, Strasberg D, Emerson BC
University of East Anglia
The weevils are the most species rich insect family known, with much of this diversity having been attributed to both
co‐evolution with foodplants and host‐shifts at key points in the group’s early evolutionary history. Less well
understood is the extent to which patterns of host‐use vary within species, largely because of the technical difficulties
associated with quantifying this. Here we develop a recently characterised molecular approach to quantify diet within
and among populations of two closely related species of weevil occurring primarily within dry forests on the island of
Mauritius. We quantify dietary variation across populations and assess adaptive and non‐adaptive explanations for
this, we also characterise the nature of a trophic shift within an ecologically distinct population within one of the
species.
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Evolution of behavioural complexity in yeast
Bharat Rash, Heather Seaton, John Houseley, Christopher Knight
University of Manchester
An organism’s complexity is manifested in its behavioural response to environmental cues. Among microbes, some of
the most complex behaviours are potentially anticipatory, asymmetric cue‐response relationships. We have
characterised a large network of such behavioural cues and responses in wild strains of two yeast species taken from
the same environment. The complexity of these networks has evolved, the oak‐tree associated Saccharomyces
paradoxus showing more, and more complex, cue‐response behaviours than the baker’s yeast S. cerevisiae. This
increase in behavioural complexity is associated with an increased response to metabolic complexity in the
environment. This response varies among populations and species in a way related to generalism.

The contribution of parasitsm to gene flow in two sympatric stickleback species
Nellie Konijnendijk, Dorien Daneels, Filip Volckaert, Joost Raeymaekers
K. U. Leuven
Determining drivers of local adaptation is crucial for both understanding the mechanism of evolution and protecting
diversity generated by this process. It is assumed that strong selection pressures will have impact on populations
because they can alter the composition of a gene pool. Parasites are an example of such a stressor. Parasites can
greatly reduce fitness of their host and are themselves often limited to specific habitats. This makes them good
candidates for environmental pressures that trigger local adaptation. Several examples are known where host‐
parasite interactions drive local adaptation, but whether this can affect gene flow among populations is not well
established and whether this process affects different species in the same way is also unclear. We test whether
parasite occurrence can explain levels of divergence among populations. We study a network of populations of the
threespined stickleback (Gasterosteus aculeatus) and compare levels of gene flow to parasites distribution and the
overlap between these two. We than compare these results to gene flow and infections rates of the closely related
nine spined stickleback (Pungitius pungitius) that lives in sympatry with the first species. By comparing the two, we
determine whether parasite distribution affects gene flow evenly in closely related species.

Estimating empirical codon mutation models from re‐sequencing data
Carolin Kosiol and Nicola De Maio
Vetmeduni Vienna
Models of molecular sequence evolution are essential tools in bioinformatics: estimation of phylogenies, alignments,
prediction of function, detection of selection. Empirical models summarize the pressures and mutational patterns of
sequence evolution from large data sets. In this talk, I will present how we take advantage of the new re‐sequencing
data to estimate empirical codon models. In particular, I will present results for empirical Hidden Markov Models
(ecHMMs) that allow for lineage and clade specific variation on the 12 Drosophila Genome Phylogeny. I will also
introduce a new model that simultaneously uses inter‐ and intraspecific data to estimate transition probabilities
between polymorphic and fixed states. The calculation of the transition probabilities is based on an approximation of
the multi‐allele model by Kai Zeng (2010) and disentangles mutational and selective forces. Since the new model also
allows for polymorphisms at internal nodes of the tree, we can account for incomplete lineage sorting. Preliminary
results for the estimation of empirical polymorphism models from Drosophila melanogaster data of the Drosophila
Population Genomic Project (DPGP) and the African Survey (DPGD2) will be discussed.
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The effects of selection on putatively neutral diversity of protein‐coding genes in mice
Kousathanas A, Halligan D, Ness R, Keane T, Adams D, Harr B, Keightley PD
University of Edinburgh
Genetic hitchhiking events such as recurrent selective sweeps and background selection can reduce neutral nucleotide
diversity (πS) linked to sites under selection. The correspondence between rates of recombination (r) and πS , and
divergence at putatively selected sites (dN) and πS has been used to estimate the strength and frequency of genetic
hitchhiking in the genome of Drosophila melanogaster and humans. We have obtained whole genome polymorphism
data from ten wild caught mice and investigate the effects of genetic hitchhiking on πS in mice. We find a strong
positive correlation between r and πS which indicates that genetic hitchhiking has affected the mouse genome. We
also find that the positive correlation between r and πS is stronger for X‐linked genes than for autosomal genes.
However, we find a weak positive correlation between dN and πS for both autosomal and X‐linked genes, which is
indicative of background selection reducing πS close to negatively selected regions.

Identifying fine population structure using genomic scale data
Daniel Lawson, Garrett Hellenthal, Simon Myers, Daniel Falush
University of Bristol
Modern genetics DNA resequencing datasets are huge and highly correlated between individuals due to shared
ancestry history, and correlations between single nucleotide polymorphisms (SNPs) due to recombination. Traditional
approaches such as Structure (Pritchard Et Al 2000) which directly model SNPs become impractical in this setting due
to both the size of the dataset and the correlations. Here we describe a model‐based approach that is theoretically
equivalent to Structure in some limiting cases but solves both problems simultaneously by splitting the process into
two parts. In the first `ancestry painting' step each individual is in turn reconstructed using chunks of DNA donated
from the other individuals in the sample. This produces a matrix that is equivalent to a principal components analysis
(PCA) eigenvalue matrix accounting for correlations and for which variances for elements are calculable. In the second
`population assignment' step, individuals are probabilistically assigned to populations defined by statistically
significant ancestry profiles. The resulting algorithm is computationally efficient and uses a Bayesian approach
implemented with a reversible jump Markov Chain Monte Carlo algorithm. Population subdivision can be
simultaneously found at the continental, regional, local and family scales.

Evolution of dominance relationships among wing colour patterns in the mimetic butterfly Heliconius numata
Llaurens V, Billiard S, Joron M
National Museum of Natural History ‐ Paris
The evolution of dominance is still a debated topic; however in traits under balancing selection, the dominance is
likely to evolve through natural selection because of the high rate of heterozygotes. One fascinating example relies on
the neo‐tropical butterfly Heliconius numata, which retain more than 10 different wing colour patterns, exhibiting
high similarity to different Melineae species. Those unpalatable species display aposematic colours which constitute a
recognizable signal for predators. When the number of unpalatable butterflies exhibiting the same wing colour
pattern increases, the avoidance by predators also increases, leading to a positive frequency‐dependent selection. The
persistence of the wing patterns polymorphism in H. numata is then due to the spatial variability of the butterfly
community. These complex wing colour patterns are mainly determined by the P supergene and the dominance
among P‐haplotypes may thus be under a high selective constraint due to mimicry.
Here we theoretically explore the influence of the dominance among P‐haplotypes on the persistence of
polymorphism in H. numata. We then investigate the evolution of dominance among P‐haplotypes to test in which
conditions dominance is favoured with respect to co‐dominance or recessivity. We then compared these theoretical
expectations to the observed dominance relationships in H. numata.
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Shortened lifespan and Faster Ageing in Small Populations
Jennifer N. Lohr, Patrice David, Christoph R. Haag
University of Fribourg
Lifespan is a complex demographic phenotype, encompassing many parameters of an organism’s biology. Ageing is a
key component of lifespan and is defined as a decrease in reproductive output and an increase in intrinsic mortality
with age. Recently a great deal of progress has been made in determining the genetic basis of ageing1‐2; however, the
reasons for the strong variation in ageing (i.e., in the rate at which damage builds up) among organism are still largely
unresolved. Here we show a strong relationship between lifespan and population size among populations of Daphnia
magna. Individuals from genetically less diverse populations, which occur in physically smaller habitats, have a
reduced lifespan and a more pronounced increase in mortality with age (i.e., they age faster). Previously, species and
population level differences in selection regimes and pressures have been the main research focus3‐4, while the role
of genetic drift has been largely dismissed. However, as the infinite population size assumed in many models does not
exist, all populations experience some level of drift, making the implications for ageing relevant. As small populations
often carry a greater number of deleterious mutations5, these results highlight the role of mutational load in
determining organismal lifespan.

Estimating divergence and gene flow from genomes
Konrad Lohse, Jack Hearn, Graham Stone, Nick Barton
University of Edinburgh
We have recently developed a numerical likelihood scheme for inferring divergence and gene flow from blocks of
sequence sampled from small numbers of genomes. I will discuss how this method performs in practice using two
contrasting genomic datasets as examples; i) Drosophila simulans and D. melanogaster, and ii) a comparison between
de novo assemblies of two individual haploid genomes of the gallwasp Biorhiza pallida sampled from different
Pleistocene refugia. These tests illustrate both the power of the method and its practical limitations given by the
underlying assumptions of infinite sites mutations and the absence of ascertainment biases and recombination within
blocks.

Resistance gene variation in natural populations of inbred and outcrossed plants
Barbara K. Mable, Anne Morecroft, and Elizabeth Kilbride
University of Glasgow
Host‐pathogen interactions are dynamic systems that are influenced by factors that act on both interacting partners,
either separately, or in response to one another. Many studies have focused on how such interactions are altered by
respective changes in immune recognition and pathogen avoidance systems but fewer have focused on how factors
indirectly related to the interaction might affect the abilities of hosts and pathogens to coexist. A wide range of
economically important plants vary in either mating system (inbreeding or outcrossing) or in ploidy level (many crops
are polyploids, with more than two sets of chromosomes) from wild relatives but it has not been well studied how
such changes affect pathogen response systems. We are currently investigating this in wild populations of Arabidopsis
lyrata (family Brassicaceae), which is a relative of the model plant Arabidopsis thaliana but varies in mating system and
ploidy across its natural range. This talk will focus on natural variation at candidate resistance genes in relation to: 1)
levels of infection in natural populations with pathogens known to be problematic for crop plants in the same family;
2) mating system of the hosts; and 3) geographic distribution.
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Sampling formula for diversity in fragmented habitat
Shuhei Mano
Institute of Statistical Mathematics
It is well known that duality of Markov chain is very useful to analyze interacting particle systems. In this talk, a
particle system, whose diffusive limit has a dual process which
generates a random graph which represents the structure in the sample, will be presented. I would like to
demonstrate that the duality is useful to analyze structured sample from a population which obeys complex
probability model. The interacting particle system on graphs is the Markov process of number of particles which take a
value of a node of the graph. Two particles are randomly chosen, and if these particles have neighboring values one of
them change its value to the other particle. For a complete graph the dual is Kingman's coalescent and thus the
sampling formula in infinite deme limit is the Ewens sampling formula. But in general the dual is a random collision
model. Properties of samples taken from fragmented habitats which represented by graphs are discussed.

Natural selection on X‐linked vs. autosomal genes in the D. pseudoobscura subgroup
Sophie Marion de Procé, Andrea J. Betancourt, Nicola Palmieri, Christian Schloetterer, Brian Charlesworth
University of Edinburgh
The X chromosome has peculiar evolutionary properties, such as a lower effective population size and a higher
exposure to natural selection in males. The hypothesis of faster‐X evolution states that X‐linked genes evolve faster
than autosomal genes due to more adaptive evolution. However, studies investigating X‐autosome differences in rates
of evolution have not found conclusive evidence for or against this hypothesis. Since the XR chromosome in the D.
pseudoobscura subgroup is orthologous to the 3L autosome in the D. melanogaster subgroup, we can compare the
same genes in both autosomal and X‐linked contexts. Using a polymorphism and divergence dataset for 123 fast‐
evolving genes, we estimated the proportion of mutations due to the fixation of beneficial mutations to determine
whether X‐linked genes experienced more adaptive evolution.
We also obtained divergence for a genome‐wide analysis in which we added D. affinis and D. lowei genes to
alignments of the 12 Drosophila genomes. This data was used for PAML analysis, which allows the use of likelihood
ratio tests to test whether differences in Ka between the D. pseudoobscura subgroup and the D. melanogaster
subgroup for XR/3L genes are larger than those for autosomal genes.

Asymmetric introgression between incipient species of the malaria vector, Anopheles gambiae, maintains
divergence despite extensive hybridisation.
Clare D. Marsden, Yoosook Lee, Catelyn Neiman, Michelle R. Sanford, Joao Dinis, Cesario Martins, Amabelia Rodrigues,
Anthony J. Cornel, Gregory C. Lanzaro
University of California‐Davis
The suggestion that genetic divergence can arise and/or be maintained in the face of gene‐flow has been a
contentious since first proposed and a rarity of good examples has resulted in few opportunities to study this process.
As such, assessments of partially reproductively isolated taxa are receiving more attention. The African malaria vector,
Anopheles gambiae s.s., consists of two incipient species, the M and S molecular forms. However, there has been
much debate about the extent of reproductive isolation between M and S, with one view positing that divergence is
being maintained despite gene‐flow, and the other proposing a more advanced speciation process with little realised
gene‐flow due to low hybrid fitness. These hypotheses have been difficult to address because hybrids are typically
rare (<1%). We assessed samples from an area of high hybridisation and demonstrate that hybrids are fit and
responsible for extensive introgression. Nonetheless, we show that strong divergent selection at a subset of loci
combined with highly asymmetric introgression has enabled M and S to remain genetically differentiated despite
extensive gene‐flow. We propose the extent of reproductive isolation between M and S varies across their sympatric
range resulting in a “geographic mosaic of reproductive isolation”.
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Pathogen Exposure Enhances Host Fitness
Colin D. McClure, Weihao Zhong, Vicky Hunt, Nick K. Priest
University Of Bath
Pathogens are often thought to be costly for hosts. These costs not only arise from the pathogen's interactions, but
also from the host's response to exposure and/or infection. The immune system plays a major role in this response
and is often termed as a 'double‐edged sword' due to it’s induction of immune‐stress upon the organism. It is known,
however, that many forms of stress elicit hormetic responses which benefit the organism under light exposure. Here,
we test if such response is observed with immune‐stress through the exposure of fruit flies, Drosophila melanogaster
to a heat‐killed entomopathogenic fungus Metaharizium robertsii. We find that light pathogen exposure increases
host survival and fitness through demographic investigations. Additionally, we reveal that this beneficial effect is seen
only at 25oC the temperature preferred by control flies and not 22oC where flies migrate when infected. We suggest
explanations for these results and discuss their importance in an evolutionary context.

Mimicry and speciation: Can you mimic your sister‐species?
Claire Mérot, Jésus Mavarez, Kanchon Dasmahapatra, James Mallet, Mathieu Joron
National Museum of Natural History, Paris
Mimetic butterflies, such as Heliconius, have undergone rapid adaptive radiation for warning wing patterns, and are
good models to study the mechanisms underlying diversification. In Heliconius, mimicry rings typically involve
distantly‐related species, while closely related species tend to join different mimicry rings. Genetic and behavioural
work indeed suggests that reduction of gene flow in Heliconius is largely mediated by natural and sexual selection on
wing color pattern. However, recent studies are starting to uncover cases in which pairs of closely‐related species are
perfect mimics of each other. Here, we provide morphological and genetic evidence for the coexistence of two very
closely‐related, hybridizing co‐mimics on the eastern Andean foothills, H. melpomene amaryllis and H. timareta
sspnov. A joint analysis of multilocus genotyping and geometric morphometrics of wing conformations show a high
level of differentiation between the two species with only limited gene flow. This contrasts with morphological
overlap when considering only the wing pattern. Convergence in colour patch could be either inherited, or results
from introgression of wing pattern alleles. By contrast, genetic isolation without wing pattern divergence implies that
other factors keep the two taxa separate, such as pheromone or behavioural signals, or micro‐habitat preferences.

Genetic Population Structure of the Hazel Dormouse, Muscardinus avellanarius.
Mills, C.A., Godley, B.J. and Hodgson, D.J.
University of Exeter
Declines in Hazel dormouse, Muscardinus avellanarius range due to habitat loss and fragmentation have led to the
species being protected by UK legislation and European Directives. Dormice are particularly vulnerable to such threats
as they are habitat specialists, with low population densities, limited dispersal and low reproductive potential.
Subsequently, this species is an ideal model to investigate the effects of habitat fragmentation on genetic population
structure.
Plucked hair samples were acquired from dormice surveyed as part of a national monitoring scheme. Microsatellite
loci were isolated and used to genotype dormice from woodland sites across south‐west England. Data analysis
revealed strong genetic structure and identified multiple genetic populations. We discuss how habitat and landscape
features may have contributed to the observed patterns.
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Of Birds and Hybrids; a Networks Approach to Avian Hybridisation.
David Mlynski, Nicholas Priest, Richard James
University of Bath
It is well known that different species of birds mate and produce hybrid offspring in nature; thus far, studies have
viewed such events in the context of pairwise interactions. However, following the compilation of extensive
hybridisation datasets, it is possible to obtain a broader view of avian hybridisation via the production of hybridisation
networks. Our preliminary evidence suggests that bird groups form intricate patterns of hybridisation where species
closer together in a geographic and phylogenetic sense are more likely to hybridise and that the incidence of
hybridisation is greatly influenced by levels of sexual selection and sexual conflict. The current focus of our research
involves exploring what facets of our hybridisation networks can be explained by the production of certain null
networks, investigating the links between an individual’s network position and their position in a phylogenetic tree
and whether hybridisation disproportionately affects recently diverged species. The overall purpose of the research is
to elucidate the evolutionary role and patterns of hybridisation.

Multiple introductions, rare outcrossing and admixture events, and apparent plasticity in host association shape the
population structure of the hermaphroditic nematode Pristionchus pacificus on La Réunion Island.
Katy Morgan, Angela McGaughran, Ralf Sommer
Max Planck Institute
Pristionchus pacificus is a cosmopolitan nematode, which has a necromenic association with several scarab beetle
species. Natural P. pacificus populations are thought to mainly comprise self‐fertilising hermaphrodites, with
outcrossing only possible through the periodic production of males. Mitochondrial sequence and nuclear
microsatellite data reveal high genetic diversity within La Réunion Island P. pacificus populations, likely generated
through multiple introductions from diverse geographical sources, in association with multiple beetle species.
Admixture between divergent genetic lineages is evident, and may aid adaptation by generating novel allelic
combinations. Bayesian clustering analysis reveals a strong genetic break across the island; constrained dispersal
between eastern and western regions appears to have driven differentiation across this break, potentially due to the
differential climatic conditions characterising these regions, and/or the history of volcanic activity on the island.
Although genetic data support frequent switching between host beetle species, experimental chemotaxis data suggest
some degree of host preference. Strong linkage disequilibrium across the genome supports self‐fertilisation as the
dominant mode of reproduction, although rare outcrossing events are evident. Analysis of natural variation in
outcrossing rates within a range of habitat types may shed light on the role of outcrossing in adaptation to novel
environments.

A comprehensive comparative evolutionary analyses of gene family expansions and contractions in 12 primate
genomes
Stephen P Moss, Domino A Joyce, David H Lunt
University of Hull
The expansion and contraction of gene families is one of the main processes underlying variation in genome size and
complexity. Both segmental and polyploid duplications, and subsequent contraction or fixation of the duplicate alleles
can contribute significantly to overall gene structure and content. Duplications are also a powerful mechanism by
which novel genetic functionality can arise, as they provide the raw materials for adaptive evolution. Here we present
a large scale comparative genomic analyses of gene families in the 12 primate species genomes available from the
EnsEMBL genome databases. We have mined data from over 650,000 protein families across all taxonomic groups for
primate genes, in order to identify significantly expanded and contracted gene families. We have further developed
our highly adaptable "Genome Comparison and Analysis Toolkit" (GCAT) bioinformatics pipeline to retrieve these data
and incorporated statistical analyses via existing software packages, in order to test specific evolutionary hypotheses.
We should expect to identify key genes and gene families involved in adaptive evolution between these 12 species
and particularly those responsible for human adaptations.
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Atypical panmixia in a European dolphin species, and local differentiation likely associated with a recent population
bottleneck
Andre E. Moura, Ada Natoli, Emer Rogan, A. Rus Hoelzel
Durham University
Despite the scarcity of geographical barriers in the ocean environment, delphinid cetaceans often exhibit marked
patterns of population structure on a regional scale. The European coastline is a prime example, with species
exhibiting population structure across well defined environmental boundaries. Here we undertake a comprehensive
population genetic study on the European common dolphin (based on 492 samples and 15 loci) and establish that this
species shows exceptional panmixia across most of the study range. We found differentiation only between the
eastern and western Mediterranean, consistent with earlier studies, and here use Approximate Bayesian
Computations to explore different scenarios to explain the observed pattern. Our results suggest that a recent
population bottleneck likely contributed significantly to the differentiation of the Eastern Mediterranean population
(in Greek waters). This interpretation is consistent with independent census data which suggests a sharp population
decline in the recent past. The implication is that an unperturbed population may currently show panmixia across the
full study range. This exception to the more typical pattern of population structure seen for other regional dolphin
species (and for common dolphin populations elsewhere in the world) suggests particular ecological or life history
traits distinct to this species in European waters.

High throughput genomic sequencing of wild populations identifies loci evolving under divergent and convergent
selection in Heliconius butterflies
Nicola J. Nadeau, Carolina Pardo‐Diaz, Kanchon Dasmahapatra, Simon Martin, Simon W. Baxter, Grace C. Wu, James
Mallet, Chris Jiggins
University of Cambridge
The Heliconius butterflies are a system that has fascinated biologists since the early days of evolutionary biology
because of their close mimicry between species and striking divergence within species in colour pattern. We have a
relatively good understanding of the ecological factors driving the evolution of colour pattern and also its relatively
simple Mendelian genetic control. However, identifying the particular genes controlling these traits has proven
difficult. Whole genome and targeted re‐sequencing of multiple colour pattern races and species of Heliconius has
revealed narrow “islands of divergence” containing loci that control colour pattern. We also find particular alleles that
are shared between populations and even species that share the same colour patterns, either ancestrally or through
adaptive introgression. Combined with gene expression analyses this has allowed us to identify particular genes and
even suggest candidate SNPs that control colour pattern.

Kernel Bayesian Computation
Shigeki Nakagome, Kenji Fukumizu, & Shuhei Mano
The Institute of Statistical Mathematics
When we study complicated statistical models as in population genetics, likelihood computation becomes always
difficult and it hampers Bayesian inference based on the model. Approximate Bayesian Computation (ABC) was
proposed, which is a modification of the rejection method with discarding simulated samples by some tolerance
threshold between summary statistics of the observed data and those of the simulated data. But the tolerance could
be adhoc and ABC will be inefficient when the number of summary statistics is large. Recently, Fukumizu et al. (2010)
proposed the kernel Bayes rule on a reproducing Kernel Hilbert space. The rule provides an alternative method to
ABC. Here we develop a method, named as Kernel Bayesian Computation (KBC), that is unrestricted with the tolerance
parameter, and apply KBC to complex problems in population genetics, such as the inference of demography. We find
that KBC is more efficient in time and accuracy of the parameter estimation than ABC, because KBC is free from
dimensionality of parameters and does not discard simulated samples. We will discuss the advantage of KBC in the
demographic models involving many parameters.
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Limits to adaptation in Australian rainforest Drosophila
Eleanor O'Brien, Jon Bridle, Alan Reynolds
University of Bristol
Adaptation may be constrained at species’ range margins by a lack of genetic variance available to selection, or by
swamping of local adaptation by asymmetric gene flow from high density central areas into areas of lower population
density at the edge of the range. We examined spatial changes in the mean and additive genetic variance of a suite of
quantitative traits of the rainforest specialist Drosophila birchii along four altitudinal transects of varying steepness, to
test hypotheses about what limits adaptation at species’ range margins. Results to date reveal: (1) putatively adaptive
divergence occurs more often along shallow gradients than along steep ones, and (2) populations that diverge along
altitudinal transects exhibit less reduction in density towards the edge of their range. Both of these observations are
consistent with the hypothesis that gene flow from central populations impedes local adaptation at range margins.
However, within transects, patterns vary substantially between traits, which may be because a lack of genetic
variance, or covariance between traits, also constrains adaptive divergence in some traits.

RAD sequencing for genome‐wide population structure analysis of East African Anopheles gambiae mosquitoes.
Samantha O'Loughlin
Imperial College London
RAD sequencing utilises next‐generation high‐throughput sequencing methods to sequence a small but reproducible
fraction of the genome to high coverage. The resulting sequences (or ‘RAD tags’) can be used with or without a
reference genome for SNP discovery. We have successfully carried out RAD sequencing on 72 mosquitoes of the
malaria‐transmitting Anopheles gambiae complex from Tanzania and Kenya; 24 An. gambiae s.s., 36 An. arabiensis and
12 An. merus. We have created several data sets for genome‐wide population structure analysis, including a
conservative set of SNPs found at 15x coverage in every sample (4934 SNPs on 914 RAD tags) and a set of genotyped
sites (variant and invariant) in An. gambiae s.s. present at 15x coverage in at least 2 samples per sampling location
(400,887 sites on 3315 RAD tags). We are using the data sets to look at inter‐ and intra‐species differentiation across
the genome and to look at patterns of genetic diversity within and between populations. The analysis has revealed
surprising differences between An. gambiae s.s. from Kenya and Tanzania; similar differentiation is not seen between
An. arabiensis from the same locations.

Diversity of bacteria in the guts of field‐caught mosquitoes
Jewelna Osei‐Poku and Francis Jiggins
University of Cambridge
Bacterial symbionts of mosquitoes are thought to play important roles in controlling the rate at which human and
animal diseases can be vectored. We investigated the diversity of the bacterial microflora in eight species of
mosquitoes collected in Kenya using next generation sequencing. We found that there is surprisingly little diversity in
the gut flora of a single mosquito. However, within a species individuals often harbor very different bacteria in their
guts, which could potentially result in differences in disease transmission. In contrast, there is little evidence that
different species have distinct gut bacteria. Overall, our results highlight the need to understand how variation in
mosquito's micro‐biota affects disease transmission.
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The impact of the social structure on patterns of genetic diversity
Bárbara Parreira, Lounès Chikhi
Instituto Gulbenkian de Ciência, Portugal
Genetic data are increasingly used to study natural populations and understand their ecology, recent demographic
history and behavior. In most population genetics studies it is customary to assume that samples are obtained from
populations that are at Hardy‐Weinberg (HW) equilibrium. However, populations are rarely isolated; rather they are
part of a network of populations. Moreover, many vertebrate species typically exhibit social grouping, with different
breeding strategies and complex gene flow patterns.
Real data from populations with a known social structure, show significant deviations from HW expectations at the
social group level, these deviations observed at the social group level, correspond to heterozygote excesses and are
often interpreted to result from "inbreeding avoidance".
Here we simulate different types of social structure and we quantify how genetic diversity is distributed within and
between social groups. We show that real data patterns can be reproduced by the presence of a social structure and
asymmetrical gene flow.

Role of cytokine diversity for immunity and pathogen resistance in a natural population
Paterson S, Turner AK, Begon M, Jackson JA and Bradley JE
University of Liverpool
Much of what we know about the genetic basis of immunity to infection has come from studies of laboratory animals.
However, these animals are kept in conditions very different from those experienced in the natural environment. In
order to improve our understanding of the genetic determinants of disease susceptibility, it is therefore important to
examine how genetic variation impacts on immunity in natural populations. So far, studies into the genetic basis of
pathogen resistance in the wild have focussed almost exclusively on genes of the Major Histocompatibility Complex
(MHC). The MHC is undoubtedly important in immunity to infection, but there are many other genes involved in the
immune response that are yet to be investigated. Here we examine genetic variation in cytokines, signalling molecules
crucial in the induction and regulation of the different effector arms of the immune response. We use a natural
population of field voles, wild rodents related to common laboratory species, and show that variation within cytokine
genes is linked to differences between individuals in their immune response and in resistance to multiple pathogens.
Cytokines are then likely to be an important source of genetic variation to help individuals combat infection and
survive in the wild.

Divergence in codon usage bias among Bacteria
Richard Perry
University of Edinburgh
Most species of bacteria exhibit selected codon usage bias, i.e., a preference for a subset of translationally optimal
codons in genes expressed at high levels. These optimal codons are those best recognised by the most abundant tRNA
species. The identity of these optimal codons varies among bacteria, correlated with changes in the complement of
tRNA genes. An intriguing question is how can this co‐adapted state diverge? Changes in either codon usage bias or
tRNA genes are likely to be detrimental, and yet there is no obvious mechanism to change both in a coordinated
fashion. One recent paper (Herschberg & Petrov, 2009) claimed to address this, and found "General rules for optimal
codon choice", where the "rules" are that optimal codons track the genomic base composition of genomes. Closer
examination reveals that their findings are mainly an artefact created by biased methods rather than being based
upon actual data. We have analysed genome sequences from a large number of bacterial species. In those species
showing evidence of selection, we have identified the likely optimal codons and tracked the co‐adapted state between
tRNA gene complement and codon bias in highly expressed genes to examine the possible causes of these changes.
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Molecular insights into the mating system of the critically endangered hawksbill turtle
Karl P. Phillips, Kevin G. Jolliffe, San‐Marie Jolliffe, Jock Henwood, Tove H. Jorgensen, David S. Richardson
University of East Anglia
Genetic techniques offer a powerful means for investigating life history parameters of species that are difficult to
study by direct observation. We used microsatellites to investigate the mating system of the hawksbill turtle
Eretmochelys imbricata, a species that has declined substantially in its global population over the last century. We
sampled 1600 hatchlings from 43 females on Cousine Island, Seychelles, over one nesting season. Our results suggest
that a large number of males contribute to the population, with little reproductive skew and no evidence for genetic‐
based mate choice. Furthermore, the patterns of paternity within and across repeat nests (up to four) laid by
individual females reveals intriguing evidence regarding the storage and utilisation of sperm in this species. We discuss
the role that the mating behaviour of the hawksbill may have had in helping to maintain genetic diversity within this
species, despite the dramatic historic population declines it has experienced.

Local adaptation and outbreeding depression in fragmented plant populations
Melinda Pickup, David Rowell and Andrew Young
IST Austria
Understanding patterns of population divergence and the fitness consequences of interpopulation hybridisation can
provide important insights into the trade‐off between inbreeding and outbreeding. While the deleterious
consequences of inbreeding have been well documented, fewer studies have examined the fitness of inter‐population
hybrids beyond the first generation or in relation to characteristics of the home and foreign source population (size,
genetic diversity and inbreeding), molecular (FST) and quantitative (QST) genetic distance and environmental
variation. Here I present results from experimental crosses (F1, F2, F3 and backcrossed progeny) between home and
foreign populations for 12 population pairs of the perennial self‐incompatible plant Rutidosis leptorrhynchoides
(Asteraceae). Rather than outbreeding depression, I found that interpopulation hybrids and backcrosses showed
either similar fitness or significant heterosis for a range of fitness components. Variation in heterosis among
population pairs was consistently explained by characteristics of the foreign source or home population. Moreover,
the loss of self‐incompatibility alleles (S‐alleles) in small populations resulted in an additional benefit of increased
fertilization success following interpopulation mating. Consequently, rather than a trade‐off, augmenting small
populations may provide a two‐fold fitness benefit for self‐incompatible species, firstly, through the addition of novel
S‐alleles and secondly, through the multi‐generational fitness benefits of heterosis.
Analysis of population genetic changes in four species of Baltic seals based on historical and subfossil samples
Malgorzata Pilot and A. Rus Hoelzel
Durham University
We studied the dynamics of population genetic changes in four species of seals that have inhabited the Baltic Sea
during the Holocene: the extant ringed seal, harbour seal, and grey seal, and the harp seal that went extinct about
2,800 years ago. Comparison between modern (from years 1975‐2005) and historical samples (1843‐1970) of each
extant species showed a decline in the number of mtDNA haplotypes and haplotype diversity without a decline in
nucleotide diversity, consistent with a recent population bottleneck in the 1970’s. Panmixia in historical populations of
harbour seals and grey seals constrasted with contemporary genetic structure, which likely results from recent
population declines and fragmentation. Subfossil samples (9,500‐2,800 yBP) had higher haplotype and nucleotide
diversity than historical samples of each extant species, suggesting that seal populations have been losing genetic
variability throughout the Holocene, and not only as a result of recent population declines. Nucleotide diversity in
ancient harp seals was comparable with harbour seals (known to have low population numbers throughout the
Holocene) and lower than grey and ringed seals. Further analyses will be carried out to assess whether the low
diversity was a cause or a result of a process leading to the harp seal extinction.
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Impact of mating systems on codon usage bias: insights from selfing Arabidopsis and Capsella species
Suo Qiu, Kai Zeng, Tanja Slotte, Stephen Wright, Deborah Charlesworth
University of Edinburgh
Population genetic theory predicts that the efficacy of natural selection in a self‐fertilizing species should be lower
than its outcrossing relatives, because of the reduction in the effective population size (Ne) in the former brought
about by inbreeding. However, previous analyses comparing Arabidopsis thaliana (selfer) with A. lyrata (outcrosser)
have not found conclusive support for this prediction. In this study, we addressed this issue by examining silent site
polymorphisms, which are expected to be informative about changes in Ne. Two comparisons were made: A. thaliana
versus A. lyrata, and Capsella rubella (selfer) versus C. grandiflora (outcrosser). Extensive polymorphism datasets were
obtained by compiling published data from the literature and by sequencing 354 exon loci in C. rubella, and 89
additional loci in C. grandiflora. We further extended two recently developed models, in order to investigate detailed
selective differences between synonymous codons, mutational biases, and biased gene conversion, taking into
account the effects of recent changes in population size. We found evidence that selection on synonymous codons is
significantly weaker in the selfers compared to the outcrossers, and that this difference cannot be fully accounted for
by mutational biases or biased gene conversion.

The Evolution of Stress‐Induced Mutagenesis in Finite and Infinite Populations
Yoav Ram and Lilach Hadany
Tel‐Aviv University
Numerous empirical studies show that stress of various kinds induces a state of hypermutation in bacteria via multiple
mechanisms, but theoretical treatment of this intriguing phenomenon is lacking. We used deterministic and stochastic
models to study the evolution of stress‐induced hypermutation in finite and infinite size populations of bacteria
undergoing selection, mutation, and random genetic drift in constant environments and in changing ones. Our results
suggest that stress‐induced mutagenesis is advantageous for bacteria at both the individual and the population levels
and that it is likely to evolve in asexual populations in a wide range of conditions because it is favored by selection.
These results imply that mutations are not, as the current view holds, uniformly distributed in populations, but rather
that mutations are more common in stressed individuals and populations.

RADSeq maps the supergene that controls shell colour and banding polymorphism in the land snail Cepaea
nemoralis
Paul M Richards, Natalie Lowe, Maureen Liu & Angus Davison
University of Nottingham
Recent high‐throughput sequencing technologies, such as RADseq, have enabled the mapping of evolutionary
important loci in non‐model systems, for which there is little or no genomic data. Here I introduce our work using
RADseq to develop a linkage map for the supergene of the polymorphic land snail Cepaea nemoralis. Ultimately the
linkage map, and associated set of genetic markers, will enable us to characterise the supergene at the molecular
level, investigate the mechanisms by which the supergene evolved, and test if and how balancing selection has
maintained the polymorphism in this classic system.
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Telomeres as biomarkers of costs in a wild population
David S Richardson and Emma Barrett
UEA
How to measure the costs that individuals pay when participating in different activities/experiences in their natural
setting is a fundamental problem in evolutionary biology. Quantifying such costs using a universal measure would
allow us to determine the relative impact of different experiences and how this varies between environments.
Telomeres, the protective caps of chromosomes, may provide such a generic currency. Telomeres shorten as a result
of cell replication, but also in response to oxidative stress, and short and shortening telomeres have been associated
with poor individual state and survival. Here, we use a longitudinal study of an isolated population of Seychelles
warblers (Acrocephalus sechellensis) to determine if telomere shortening can be used as a measure of biological aging
in a wild population. Our results show that in adults telomeres shortened over time, that telomere length explained
more of the variance in survival than chronological age, and that rate of telomere shortening was related to reduced
life expectancy. In juveniles, telomere length was influenced by rearing conditions and explained variance in survival
and recruitment. These results indicate that telomere length/shortening can reflect individual state and that it holds
promise as a biomarker of the costs and consequences of different experiences.

On the use of temporal variation in neutral genetic clines to estimate gene flow: a case study in a fungal plant
pathogen
A. Rieux , T. Lenorman , J. Carlier , L. De Lapeyre De Bellaire and V. Ravigne
CIRAD‐Montpellier
Neutral genetic clines theory provides a powerful conceptual framework to estimate the strength of dispersal in
natural populations, especially in the case of populations deviating from genetic equilibrium. Here, we introduce a
new method based on the analysis of the rate of change in the shape of clines observed at unlinked neutral markers
and further apply this method in the case of a plant pathogen fungus in which a secondary contact between two
genetically differentiated populations have been previously detected. We observe genetic clines of allelic frequencies
at 8 out of the 15 microsatellites markers studied and further analyse the temporal evolution of these multilocus
genetic clines over time. We show that all cline centres are coincident and stable in time. In addition, over the studied
period, these clines gradually vanish at a common pace. These findings indicate that clines evolve under the effect of
isotropic migration only. Confronting a theoretical model of the temporal dynamics of neutral genetic clines under
migration, we estimate the intensity of gene flow in this area. Finally we used theoretical simulations to show that this
method is robust to many of its initial assumptions.

Population genetics of the white‐phased "Spirit" black bear of British Columbia.
Philip Hedrick and Kermit Ritland
University of British Columbia
The Spirit bear is a white‐phased black bear found on the northwest coast of British Columbia, and is one of the most
striking color polymorphisms found in mammals. We have previously shown in 2001 that it is due to a single
nucleotide polymorphism at Mc1r. Recently, using population genetic modeling, we conclude that, most likely, genetic
drift on islands first established this rare coat colour variant, then it spread though selective advantage of the white
colour in capturing salmon during the day established this conspicuous coat colour. A complicating factor is that
evidential positive assortative mating affects the establishment of the Spirit Bear gene. We provide models that show
how population genetic factors, singly and jointly, affects the establishment and equilibrium of this polymorphism.
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Signature of a pre‐human population collapse in the critically endangered Reunion Island endemic forest bird
Coracina newtoni.
Jordi SALMONA, Marc SALAMOLARD, Damien FOUILLOT, Thomas GHESTEMME, Christophe THEBAUD, Lounès CHIKHI
Instituto Gulbenkian de Ciência
This study focuses on the critically endangered species Reunion cuckoo‐shrike Coracina newtoni, a rare endemic forest
bird surviving in a restricted 12‐km2 upland forest area. The total known population consists of 22 pairs and 26
solitary males. The objective was to characterize the genetic structure and the demographic history of the population.
Using seventeen polymorphic microsatellites, we found a limited level of genetic variability and a weak population
structure. Applying Bayesian methods, our results also showed a strong decline in population size, most likely as a
consequence of an old climatic or volcanic event, balancing the accepted theory of recent population collapse due to
human pressure and predator introduction during the 350 years of human colonization. Indeed, we found that the
population underwent a major demographic collapse most likely occurring around 5000 years ago. Our results provide
new and controversial insights on Reunion Island Cuckoo‐Shrike demographic history.

A microsatellite study on the importance of clonal growth in the high alpine sedge Kobresia pygmaea
Elke Seeber, Isabell Hensen, Karsten Wesche
Senckenberg Museum of Natural History Goerlitz
The Cyperaceae Kobresia pygmaea is the most abundant species of the Tibetan Plateau, where it occurs over
approximately 450.000 km2 and over an altitudinal range of 2500 m asl. Due to its extensive coverage of up to 98% it
has a huge importance for the Tibetan rangelands. This is in contrast to the lack of data on the biology of K. pygmaea.
Based on available studies on other species from alpine regions, we expected that clonal growth is the main strategy
for population spreading and survival under the harsh conditions of the Tibetan Plateau. To test our hypothesis, we
newly established eight K. pygmaea‐specific microsatellite primers and applied them to samples collected in a grid‐
wise fashion. Our results showed evidence for clonal growth but also for high clonal diversity. In contrast to former
assumptions, most of the investigated samples were tetraploid rather than diploid. Ploidy levels varied even within
populations. These findings were confirmed by chromosome counting and flow cytometry.
We conclude that clonal growth is not the main reason for the persistence and dominance of K. pygmaea in Tibet.
Instead, sexual regeneration occurs at least occasionally. Adaption towards harsh environmental conditions is
facilitated by varying levels of polyploidy.

EST and anonymous microsatellites provide different insights into the population history of an island bird
Lewis G. Spurgin, Juan Carlos Illera, Tove H. Jorgenses, Deborah A. Dawson and David S. Richardson
University of East Anglia
Microsatellite markers developed from expressed sequence tag (EST) databases are becoming increasingly used in
population genetic studies. However, due to functional constraints at linked genes, EST microsatellites have lower
levels of variability than anonymous microsatellites, and the consequences of this for population genetic analyses are
not well understood. We analysed patterns of genetic variation at 10 EST and 12 anonymous microsatellite loci across
13 island populations of Berthelot’s pipit (Anthus berthelotii) from three archipelagos in the North Atlantic. The two
sets of markers yield markedly different results in analyses of population structure and tests for population
bottlenecks. We suggest that due to purifying selection acting on EST microsatellites, they exhibit reduced homoplasy
and sensitivity to bottlenecks, and as a result more accurately reflect population divergence. Meanwhile, highly
variable anonymous microsatellites better reflect past changes in population size. Using both EST and anonymous
microsatellites may therefore provide a more complete picture of population history than just one set of markers in
isolation.
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Conservation genetics of orchid bees in a fragmented tropical landscape
Sevan S. Suni and Berry J. Brosi
University of Arizona, USA
Habitat fragmentation has been implicated as a major driver of declines in abundance and species diversity across
taxa, because it changes the distribution of resources, and reduces genetic connectivity among populations.
Population persistence in fragmented areas depends on dispersal potential and maintenance of gene flow among
fragments of habitat. We used landscape genetic techniques to characterize, for two orchid bee species with equal
abundance, levels of genetic differentiation among fragments of tropical forest in Southeastern Costa Rica. We
measured population differentiation with an analogue to the traditional summary statistic Fst, as well as two new
measures that may more accurately reflect the level of differentiation when highly variable loci are used: G’st and
Dest. We found a surprising difference in levels of genetic differentiation between the species in all three measures
used. This suggests that generalizing conservation status of a species based only on abundance may be of limited
value.

Natural variation in cryptochrome in wild populations of Drosophila
Mirko Pegoraro, Shumaila Noreen, Supriya Bhutani, Ralf Schmid, Charalambos P Kyriacou, Eran Tauber
University of Leicester
The circadian clock allows organisms to predict and respond to the daily fluctuating environment. Here, we explored
natural variation in Drosophila cryptochrome (cry), the fly’s dedicated circadian photoreceptor. Initial screen of
natural cry alleles revealed substantial variation, including seven non‐synonymous changes. The SNP frequency
spectra and linkage disequilibrium suggests that this variation is maintained by balancing selection. We focused on a
non‐conservative SNP in the FAD domain involving a leucine ‐ histidine replacement (L232H). Congenic strains, as well
as transgenic flies, harbouring either the L232 or the H232 alleles show significantly different behavioural profiles. The
frequency of the two alleles was assessed in 13 populations across Europe, and revealed that this polymorphism is
common, with the minor allele representing > 40% in all populations tested. To examine these allele frequencies
further, replicate population cages were initiated, having reversed initial frequencies (0.1:0.9) of the two cry alleles.
Within 12 generations, the two allelic variants converged to an approximately equal frequency, recapitulating the
situation in the wild. We hope to identify the fitness characteristics, behavioural or otherwise, that may be
contributing to this balanced polymorphism.

Chloroplast genome evolution of four North American poplars revealed through next‐gen sequencing
Douglas G. Scofield, Pär K. Ingvarsson, Manuel Lamothe, Nathalie Isabel, Stacey Lee Thompson
Umeå University
The use of next‐generation sequencing technologies allows a great opportunity to examine intra‐ and interspecific
evolution of the chloroplast genome. Using the Illumina GAII platform, we sequenced 20 trees collected from
throughout the natural ranges for each of four poplar species: Populus balsamifera, P. deltoides, P. fremontii, and P.
trichocarpa (80 trees total). Sequences from one European aspen (P. tremula) were also included as an outgroup.
Whole‐‐chloroplast genomes were assembled for each species, annotated based on the P. trichocarpa assembly.
Genomes were highly collinear with only small indels detected among species. Using a conservative SNP calling
strategy, 871 SNP were identified across all 80 chloroplast genomes. Nucleotide polymorphism was generally low,
averaging 6.8‐9.9 x10^‐4 across all polymorphic genes, compared with 4.1‐8.2 x10^‐4 across the entire chloroplast.
Sliding‐window analyses of Tajima’s D show some small deviations from neutrality, with the relatively low values for P.
trichocarpa suggesting a prior bottleneck. P. balsamifera was surprisingly divergent. Additional analyses of 22 cpDNA
SNP from 1500 trees reveal a deep phylogeographic split within this species. Future work will include the addition of P.
tremula and P. tremuloides, as well as a deeper examination of evolutionary signatures of selection within different
functional classes of genes.
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The influence of parasite life‐cycle and host characteristics on the population genetics of Schistosoma mansoni.
Frederik Van den Broeck, Lynn Meurs, Nele Boon, Filip Volckaert, Katja Polman, Tine Huyse
KULeuven
Schistosoma mansoni is a human endoparasite that affects more than 200 million people worldwide. This digenean
trematode has a special aspect of reproduction in that there is an asexual amplification stage in the snail intermediate
host, yielding thousands of clonal cercariae that infect the vertebrate final host. Although empirical evidence is still
scarce, this feature is likely to affect population genetics of natural schistosome populations. Other important factors
are geography and host mobility. Little attention has however been paid to the impact of host‐specific factors on the
distribution of schistosome strains, although this question is important from both an evolutionary and epidemiological
point of view. We therefore assessed the genetic diversity within and between natural S. mansoni populations in
Northern Senegal, taking into account the impact of the complex life‐cycle characteristics. F‐statistics revealed a
random parasite distribution (panmixia) that correlated with high host mobility. In addition, we found significantly
higher inbreeding values (Fis) for parasite populations within children than those within adults. These results confirm
the hypothesis that human hosts function as ‘genetic mixing bowls’, accumulating parasite strains during their lives.
Our study provides insight into the epidemiological factors that can influence transmission dynamics and host‐parasite
coevolution.

Contrasted Patterns of Molecular Evolution in Dominant and Recessive Self‐Incompatibility Haplotypes in
Arabidopsis
Vekemans X, Goubet P, Castric V
University of Lille
Self‐incompatibility is a common genetic system preventing selfing through recognition and rejection of self pollen in
hermaphroditic flowering plants. In the Brassicaceae family, this system is controlled by a single genomic region,
called the S‐locus, where many distinct specificities segregate in natural populations. In this study, we obtained
genomic sequences comprising the whole S‐locus region for eleven specificities belonging to two closely related
Brassicaceae species, Arabidopsis lyrata and A. halleri and we analyzed their diversity and patterns of molecular
evolution. We report compelling evidence that the S‐locus presents many similar properties with other genomic
regions involved in the determination of mating‐types in mammals, insects, plants or fungi. In particular, in spite of
their diversity, these genomic regions all show absence of similarity in intergenic sequences, large depth of
genealogies, highly divergent organization and accumulation of transposable elements. Moreover, some of these
features were found to vary according to dominance of the S‐locus specificities, suggesting that dominance/recessivity
interactions are key drivers of the evolution of this genomic region.

On the measurements of genetic differentiation among populations
Jinliang Wang
Zoological Society of London
FST, a measurement of the genetic differentiation among subpopulations, is a fundamental parameter in population
genetics, with valuable applications in molecular biology, evolutionary biology, conservation and forensics. Its
multiallelic version, GST, has been widely used to measure differentiation from highly polymorphic marker loci, such
as microsatellites. However, because of the high gene diversity of such loci, GST tend to underestimate the genomic
differentiation due to demographic causes such as migration rate and subpopulation size. A new statistic proposed
recently, Jost’s D, was claimed to have better properties than GST and was advocated to replace GST as a measure of
differentiation. This paper shows that D is not a proper measure of differentiation because it fails to meet some
fundamental requirements as a differentiation statistic. D is highly dependent on the initial gene diversity of a marker
locus, is highly sensitive to how alleles are defined and data are analyzed, does not increase monotonically with
divergence time and with drift, and does not always have a maximal value of 1. I suggest continuing the use of GST,
with caution in its interpretation when highly polymorphic markers are used, before a better estimator of FST that
explicitly accounts for mutations is developed.
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Estimating the Rate of Inter‐subtype Recombination in Early HIV‐1 Group M in Kinshasa
Melissa Ward, Samantha Lycett, Emma Hodcroft, Andrew Rambaut and Andrew Leigh Brown
University of Edinburgh
The human immunodeficiency virus (HIV) epidemic has its roots in West Central Africa, where many distinct subtypes
circulate. Recombination occurs when an individual is infected with two genetically different viruses and novel
variants containing genetic information from both ‘parental’ viruses can arise during viral replication. Recombination
between different subtypes increases the diversity of HIV and can cause further outbreaks, as well as problems for
vaccine and drug design. When its presence is not accounted for, recombination can confound studies of evolution.
However, the rate at which recombination events contribute to the diversity of HIV (and other viruses) in a population
is not known. Here, we developed a method for estimating rates of inter‐subtype recombination in a population, using
phylogenies constructed from viral sequence data. The method was applied to HIV sequences isolated in the
Democratic Republic of the Congo shortly after the epidemic was recognised. We estimated over one third of lineages
to have undergone a historical inter‐subtype recombination, confirming it as a substantial evolutionary force. Our
study is the first to provide a population‐level recombination rate estimate which can be compared to rates of other
evolutionary processes such as nucleotide substitution.

Elucidating the influence of reproductive traits on population structure in mangroves
Alison K.S. WEE & Edward L. WEBB
National University of Singapore
Mangroves have a high potential for long distance dispersal due to their intertidal habitat and water‐dispersed seeds
(i.e. hydrochory). However, among mangrove species, hydrochory characteristics (e.g. floatation duration) and
pollination syndromes differ greatly. Since the vector for propagule dispersal is nearly identical for all mangrove
species, differences in genetic structure among species found in the same localities could be attributed largely to
differences in reproductive traits. Until now, there has been limited inter‐species or ‐genera genetic studies relating
reproductive traits to difference in patterns of gene flow. Here, we sampled four mangroves species with widely
varied reproductive traits—Avicennia alba (insect‐pollinated; relatively short flotation period), Sonneratia alba (bat‐
pollinated; relatively short flotation period), Bruguiera gymnorrhiza (bird‐pollinated; relatively long flotation period)
and Rhizophora mucronata (insect‐pollinated; relatively long flotation period)—from the Malay Peninsula. Initial data
will be presented for selected target species to demonstrate the effect of reproductive traits on gene flow.

Limits to the rate of adaptation in sexual populations
Daniel Weissman, Nick Barton
IST Austria
In large populations, multiple beneficial mutations may arise simultaneously. In order for them all to fix, they must
occur in the same individual or be brought together by recombination. This requirement limits the rate of adaptative
substitutions. We calculate the dependence of the rate on population size, mutation rate, strength of selection, and
recombination rate in a basic model of adaptation. We find that for a broad range of parameters, adaptation in very
large populations is primarily recombination‐limited: the rate of adaptation increases only slowly with increasing
population size, mutation rate, and selection strength, but increases nearly linearly with increasing recombination
rate. This increase saturates when recombination is frequent enough that competing beneficial mutations are almost
always unlinked.
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Undetectable epistasis can alter evolutionary outcomes
John Welch, David Waxman, Joel Peck
University of Cambridge
Negative epistasis is an important component of several evolutionary theories, such as Kondrashov’s theory for the
maintenance of sexual reproduction. However, experimental tests have not found negative epistasis to be
widespread, and so, it has been argued, these theories have been falsified. Here, some theoretical results will be
presented showing how negative epistasis can substantially alter evolutionary outcomes and yet be undetectable by
standard experimental approaches. The existence of “hidden epistasis” might explain several puzzling features of
nature, including the ubiquity of sexual reproduction and recombination, and the ability of populations to persist
despite drift load.

Evaluation of the genetic differentiation approach to selection mapping
Pamela Wiener, Mohammad A Edriss, John L Williams, David Waddington, Andrew Law, John A Woolliams, Beatriz
Gutierrez‐Gil
The Roslin Institute (University of Edinburgh)
Scanning the genome with high density SNP markers has become a standard approach for identifying regions of the
genome showing substantial between‐population genetic differentiation, and thus evidence of diversifying selection.
However, few studies have attempted to address the power or efficacy of such an approach. In this study, the
patterns of allele frequency differences between two cattle breeds were compared with statistical evidence for QTL
based on a linkage mapping study of an experimental population formed by a cross between the same breeds. The
overall consistency between the two studies was weak, with low genome‐wide correlation between the statistical
values obtained in the linkage mapping study and between‐ breed genetic differentiation from the Bovine HapMap
study. While concordance between the two datasets was seen for chromosomes carrying QTL with strong statistical
support, such as those carrying genes associated with coat color, such an association was not seen in a broader
comparison including chromosomes carrying less significant QTL. Furthermore, markers with strong between‐breed
genetic differentiation were not found in some chromosomal regions with substantial QTL effects. These results
suggest that genomic diversity scans may be limited in their power to detect regions that are associated with
quantitative phenotypic differences between populations.

Genome‐wide scan for signatures of positive selection in the pig genome
S Wilkinson, AL Archibald, CS Haley, H‐J Megens, MAM Groenen, R Ogden, P Wiener
The Roslin Institute and University of Edinburgh
Following domestication, livestock breeds have experienced intense selection pressures for development of desirable
traits. This has resulted in a large diversity of breeds that display variation in many phenotypic traits, such as coat
colour, muscle composition, maturity, growth, body size, immunity, reproduction and behaviour. The detection of
positive selection can contribute to a better understanding of the relationship between genomic composition and
phenotypic diversity. Fourteen traditional and commercial pig breeds were genotyped using the Porcine60K SNP chip.
Genomic regions showing evidence of positive selection were identified using a combination of statistical approaches.
Breed differentiation was estimated using FST to detect regions that exhibited high genetic divergence. Heterozygosity
levels were also estimated for each SNP to identify regions that exhibited low multi‐locus heterozygosity. Regions that
showed signatures of selection were further examined to identify genes potentially under selection. Results will be
discussed in the context of past breed development.
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People of the British Isles: An analysis of fine‐scale population structure in a UK control population
Bruce Winney
University of Oxford
There is a great deal of interest in fine‐scale population structure in the UK. A powerful means of detecting such
structure is to control and document carefully the provenance of the samples involved. Here we describe the
collection of a cohort of rural UK samples that can be used as a resource by the research community as well as
providing fine‐scale genetic information on the British population.
So far, 4,300 samples have been collected, the majority of which fit the collection criteria. 3,000 samples were
genotyped on the Illumina 1.2M and Affymetrix v6.0 platforms. Using a novel clustering algorithm that takes into
account linkage disequilibrium structure, approximately 2,500 of the samples were clustered into more than 50
groups purely as a function of their genetic similarities. When the appropriate geographical position of each individual
within a cluster is plotted on a map of the UK, there is a striking association between clusters and geography. Thus, for
example, individuals from Cornwall and Devon fall into different, but coherent clusters. Further details of this
comprehensive analysis of the genetic structure of the UK, together with an analysis of the potential contributions
from the surrounding European countries, will be given in the presentation.
Analysis of genome‐wide structure and diversity in fancy and village chickens allows fine mapping of Mendelian
traits
David Wragg, Joram Mwacharo, Paul Hocking, Olivier Hanotte
University of Nottingham
Traditional chicken breeds exhibit a wide range of phenotypic diversity, having been selected by man for fanciful traits
over hundreds of years. Using the Illumina 60K SNP chip we show that it is possible to map simple Mendelian traits
without the need for a mapping pedigree, using an across‐breed strategy to exploit historical recombination. We
demonstrate this by remapping the yellow skin phenotype, and refining the mapping interval of the oocyan locus.
Furthermore we show how panmictic populations such as village chickens can be of use for down‐sizing large mapping
intervals. Through analysis of linkage disequilibrium and haplotype block estimation, we reveal that ideally at least
100K SNPs are required for genome‐wide analysis using this approach. Our results highlight the effectiveness of
mapping phenotypic traits across different breeds of chicken in lieu of a pedigree resource population.

An empirical test of maternal & pathogen effects on meiotic recombination
Weihao Zhong, Nicholas Priest
University of Bath
The evolution of meiotic recombination is puzzling because it simultaneously creates and destroys advantageous
genetic combinations. Models of fitness‐associated recombination (FAR) show that modifiers of recombination can
spread in diploid populations when 1) there is a negative correlation between recombination and fitness, and 2) in
response to stressful conditions, mothers can influence the rate of recombination of their offspring. Here, we report
the first empirical test for cross‐generational influences of a pathogen on both recombination and fitness. We
assessed the rate of recombination by exposing fruit flies heterozygous for phenotypic markers to a pathogenic fungus
in both maternal and daughter generations. Initial results suggest that pathogen exposure could have both direct
(within‐generation) and maternal (cross‐generation) effects on recombination. Together, these results suggest that
maternal effects could facilitate the evolution of recombination and that exposure to stressful conditions might
increase genetic variation available for selection.
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Natural variation in D. melanogaster overwintering genes: a comparison between continents
Valeria Zonato
University of Leicester
D. melanogaster has Afrotropical origins, colonising Europe around 10‐15 thousand years ago. Here, they faced the
challenges of a variable, seasonal environment, and individuals able to predict (instead of merely react to) oncoming
unfavourable winter conditions were at a selective advantage. This led to the evolution of seasonal diapause, a
physiological response allowing flies to overwinter. Several genes have been found to modulate diapause, and several
of these are characterised by two (or more) alleles whose frequencies are distributed as latitudinal clines in North
America and Australia. We have studied the allele frequencies of three genes (timeless, tim; couch potato, cpo and
Insulin‐like‐Receptor, InR) in European natural populations of D. melanogaster. Overall, our results highlight a peculiar
and complex situation in Europe, as compared to North America or Australia, where significant and robust clines were
found for cpo and InR. Interestingly, such differences persist at the phenotypic level: clines in diapause are robust in
North America but extremely weak in Europe, perhaps reflecting different environmental conditions, as well as
important genotype dynamics in the Old World.
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Reproductive systems and the demography of plant populations: The effect of deleterious mutations
Diala Abu Awad, Sophie Galina and Sylvain Billiard
Université de Lille 1
The effect of the reproductive system on the demography of populations could bring us closer to understanding the
observed differences in extinction rates between selfing and outcrossing species of the same family. A demographic
model, with density dependent reproductive rates, is used with the introduction of a genetically explicit model, with
an infinite number of loci, to compare the demographic evolution until equilibrium of isolated, non‐structured
populations with different rates of self‐pollination.

Comparison of PCR and microscopy‐based assessment of prevalence of Schistosoma mansoni in the Gombe
ecosystem of Tanzania
Jared Bakuza, Robert Gillespie, Aileen Adam, and Barbara K. Mable
University of Glasgow
Increased human and wildlife contacts around Gombe National Park in western Tanzania have raised the risks of
disease sharing between them. Although both humans and non‐human primates in the area have been diagnosed
with schistosomiasis, it is not known whether their schistosome strains are epidemiologically and genetically distinct.
This study investigated the infection patterns of schistosomiasis in humans and non‐human primates, as well as the
snails that act as intermediate hosts in the Gombe area. Snails were collected and exposed to light to induce them to
shed schistosome larvae and then dissected and preserved in RNA‐later for molecular analysis Primers
complementary to a region of the ITS rDNA region were used to screen for the presence of schistosomes in snails
using PCR, for comparison with the shedding assays. Faecal samples were obtained from vervets, baboons and people
and examined for schistosomes and other parasites; microsatellite genotypes from a subset of schistosome‐infected
samples from humans and baboons were compared to determine whether parasites were shared between the two
groups. The information obtained from this study will help in understanding the epidemiology of schistosomiasis and
facilitate control programmes for the disease in humans and wild animals in the area.

Genetic diversity and phylogenetics in a diverse avian family, the Penduline tits (Remizidae)
Alexander D. Ball, René E. van Dijk, Steve Dorus and Tamás Székely
University of Bath
Sexual selection is a potent evolutionary force that can cause the rapid diversification of morphological and
behavioural traits. In this study we focus on a family of passerine birds most notable for their diverse array of
reproductive strategies. The Penduline tits (Remizidae) are a small passerine family distributed throughout Eurasia
and Africa. The European species (Remiz pendulinus) is known to be highly promiscuous, with both males and females
obtaining upto 6 mates sequentially in a single season. This is only possible with constant desertion of their current
partner, leading to uni‐parental care by either parent or bi‐parental desertion in 30% of nests. However within an
African species (Anthoscopus minutus), monogamous pair‐bonds are formed and bi‐parental care is the norm. What
are the reasons for these vast differences in such closely related species? Recently we have produced the first
molecular phylogeny of this family (13 species) and begun to reconstruct the evolution of key reproductive traits. I will
also present a preliminary assessment of the genetic differentiation across the Eurasian species.
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Predicting evolutionary responses in habitat and ecological networks
Charlotte Bickler, Jon Bridle, Jane Memmott and Lucy Rogers
University of Bristol
In a rapidly changing world, conservation management must focus on preserving ecological and evolutionary
processes in an increasingly modified landscape. Adaptation provides opportunity for population persistence yet may
itself be limited by anthropogenic drivers such as habitat fragmentation. Evolutionary responses to abiotic factors
such as temperature have been recorded globally across broad taxa; however knowledge of their role in biotic
interactions is still limited. Understanding the genetic and demographic parameters which promote or limit
adaptation will improve our ability to predict species’ responses to environmental change.
This project explores the impact of phenotypic variation and evolutionary change within and between populations of
the cowslip Primula veris in the Avon Wildlife Trust’s ‘Living Landscapes’ habitat network. P. veris is an obligate
outbreeder fully dependent on foraging insects, commonly found in fragmented UK grasslands. Preliminary data
indicates significant divergence in floral traits between sites over a small geographical area. Families from these sites
are being grown in a common garden experiment to quantify levels of heritable variation and test for local adaptation.
Molecular analysis will assess population genetic structure. This research should aid in understanding the potential
role of evolution in maintaining connectivity between populations and biotic interactions.

The search for neo‐Y chromosome specific motifs in the grasshopper Podisma pedestris
Chris Clarkson
Queen Mary, University of London
Using 454 sequencing and BLAST, putative sequences novel to a neo‐Y chromosome in the grasshopper Podisma
pedestris have been found. Molecular techniques including qPCR are being employed to discover if these sequences
fit the signature of a neo‐Y chromosome with the reduced recombination expected of a chromosome passed down a
single sex lineage. The aim of the study is track the neo‐Y chromosome penetration across a hybrid zone in the French
Alps, thus allowing a calculation of selection against the neo‐Y in hybrid grasshoppers.

The NERC Biomolecular Analysis Facility at Sheffield (NBAF‐S)
Deborah Dawson
University of Sheffield
The NERC Biomolecular Analysis Facility provides biomolecular resources at five UK sites (http://nbaf.nerc.ac.uk/).
The NERC Biomolecular Analysis Facility at Sheffield (NBAF‐S) was established in 1998. We provide state‐of‐the‐art
molecular genetics facilities and training to the UK environmental sciences community. All UK researchers may apply
for access (NERC and non‐NERC‐funded), providing that their research falls under the remit of the Natural
Environment Research Council. Successful applicants are provided with training and consumables free at the point of
use (except for sequencing). The application process is straightforward and each application is judged on its scientific
merit.
The main call on the Facility at Sheffield has been the development and application of genetic markers for use in
population genetics and behavioural ecology. Techniques we support include the preparation of enriched
microsatellite libraries, microsatellite genotyping, SNP typing, RSCA analysis, AFLP analysis, mtDNA sequencing and
avian sex‐typing. The service is based on a well‐proven arrangement, in which researchers visit the laboratory to
complete the majority of the bench work under the supervision of Facility staff. Training and advice on data analyses
are provided, as appropriate. Facility staff carry out those procedures that require a high level of training, such as
microsatellite cloning or SNP typing, and may complete some smaller projects in their entirety (e.g. avian sex‐typing).
For more details please contact Dr Deborah Dawson (D.A.Dawson@Sheffield.ac.uk). NBAF ‐ Sheffield homepage:
http://www.shef.ac.uk/nbaf‐s/home.html
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Estimating selection from evolutionary histories
Harold P. de Vladar, Nick Barton
IST Austria
Estimations of selective values based on maximum likelihood might show sever biases, if the sampled histories
increase allele frequencies under the effects of drift. We study the distribution of histories (a path ensemble) and find
that, conditioned on the time to increase allele frequency, auto‐correlations in the histories provide a way to account
for the biases in selection estimates.

Phenotypic diversity of two Ethiopian village chicken ecotypes
Takele Taye Desta, Tadelle Dessie, Stacey Lynch, Paul Wigley, Pete Kaiser, Rob Christley and Olivier Hanotte
University of Nottingham
Village chickens are omnipresent in the sub‐Saharan Africa region. They all share common characteristics in spite of
displaying high level of within population phenotypic diversity. The main objective of this study was to compare the
phenotypes of two Ethiopian chicken ecotypes “Jarso” and “Horro” and to assess the impact of human and
environmental pressures in shaping the within and between population morphological diversities. Phenotypic traits
(comb type, and shank, earlobe and plumage colour) were recorded from 200 birds’ photographs in each location.
One hundred small‐holder farmers were also one‐to‐one interviewed in each location to elicit their preferences for
particular phenotypes. Single comb was less frequently observed in Horro cocks (17.9%, n = 15) than in Jarso (40.3%, n
= 27; χ2= 8.3448; P =, 0.0039). Yellow shank was found in 69.6% of Horro and 55.0% of Jarso chickens (χ2= 1.8000; P =
0.1797). Crested head was found in 23.5% of Horro chickens whereas it was rare in Jarso chickens (2.0%) (χ2= 18.6154;
P <0.0001). The commonly seen red earlobe also varied in frequencies between the two ecotypes (52.8% in Horro
versus 29.3% in Jarso, χ2= 7.0244; P = 0.0080). Only 2.0% of Horro and 4.0% of Jarso farmers preferred the single
comb phenotypes (χ2= 0.6667; P = 0.4142). ‘’Red’’ plumage hens and cocks were highly preferred by Horro and Jarso
farmers (Red hen 74.7% (Horro) and 73.0% (Jarso), χ2= 0.0270; P = 0.8694; ’Red’’ cocks 81.8% (Horro) and 84% (Jarso),
χ2= 0.0241; P = 0.8766). Therefore, while some phenotypes frequencies show wide variation between ecotypes,
farmers preferences for the studied phenotypes are similar in both areas. It suggests that breeding structure and/or
environmental factors are shaping the phenotypic diversity of the two ecotypes rather than human selection.

Heritability of parasite resistance in the three‐spined stickleback, Gasterosteus aculeatus, explored through line‐
cross analysis.
Aliya El Nagar and Andrew MacColl
University of Nottingham
Populations of the three‐spined stickleback Gasterosteus aculeatus are highly diverse in the wild, and carry different
species and abundances of parasites. Infection experiments on progeny of various populations has shown that
resistance to parasites is genetically determined because when treated equally and exposed to the same parasite
strains, resistance differed. The next step is to understand how the resistance trait is genetically determined.
Investigating how the quantitative trait works can reveal whether hybridization between populations influences
fitness, and if this could create a breeding barrier. Line‐cross analysis between a resistant and susceptible population
was conducted. Parentals, F1, F2, and backcrosses were bred and infected experimentally with a digenean trematode
Diplostomum pseudospathaecum. Results show how the resistance trait may be genetically controlled, and how
fitness of the crosses differs to parental fitness.
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Approximate Bayesian Methods to Inferring Signals of Natural Selection
Chris Gamble
Wellcome Trust, Oxford
Natural or adaptive selection is believed to have played a significant role in the evolution of organisms. We approach
the problem of detecting signals of selection, genome‐wide, from a model based perspective; using Selective Sweep
methods to simulate genomic data and Approximate Bayesian Computation (ABC) to conduct the inference. We begin
by creating our 'observed' genomic data for 200 individuals with a reasonably strong selective signal. Then using a
novel ABC implementation we attempt to infer the mutation and selection parameter of the 'observed' data set. We
discover that this methodology works quite well and is capable of inferring the selection parameter to a reasonably
high degree of accuracy.

The spatial scale of pathogen‐mediated selection on the MHC
Catalina Gonzalez Quevedo, Richard Davies, David S Richardson
University of East Anglia
In vertebrates, genes of the major histocompatibility complex (MHC) produce molecules that are central to host
immunological response to pathogens. The extraordinary polymorphism observed in the MHC genes is thought to be
driven by pathogen‐mediated balancing selection. One potential mechanism involved is fluctuating selection caused
by spatial and temporal variation in abundance and type of pathogens distribution, due to environmental and
stochastic processes. Although some work has addressed the question of variation in pathogen regimes and MHC
variation between discrete populations, little has directly investigated the scale at which fluctuating selection may
occur within a landscape. We intend to investigate this in a population of Berthelot’s pipit (Anthus berthelotii), a
sedentary passerine that is widespread in the Canary Islands and occupies different habitat types. On Tenerife, 388
birds were captured across altitudinal and latitudinal gradients covering most of the island. These samples were
screened for a range of pathogens. Environmental variation was assessed using a GIS and we tested relationships
between vegetation type and pathogens. Birds will be genotyped at 22 microsatellites to infer demographic patterns,
and at MHC class 1 genes to test whether selection is operating and to discern the nature of this selection acting on
the MHC.

Evolutionary Genomics of Plant Reproductive Isolation
Toni I. Gossmann and Karl J. Schmid
University of Sussex / Hohenheim
This project aims at the analysis of genetic variation in novel and candidate genes to test whether genes expressed in
reproductive tissues evolve differently from other genes in response to reproductive isolation. We aim to investigate
on a genome wide context the genetic variation of genetically divergent populations of A. thaliana and compare those
to the closely related species of A. lyrata and A. halleri. Based on these results outlier genes will be functionally
characterized.
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Environmental change causes the relaxation of divergent selection and speciation reversal in adaptive radiations
Alan G. Hudson, Pascal Vonlanthen, Etienne Bezault & Ole Seehausen
Museo Nacional de Ciencias Naturales, Madrid
The Alpine whitefish (Coregonus spp.) species complex is a classic example of a recent postglacial adaptive radiation,
forming an array of endemic lake flocks. Here we use population genomics to investigate the effects of anthropogenic
eutrophication on the selective forces that shaped the radiation. Studying eight sympatric assemblages belonging to
five independent parallel adaptive radiations, and one species pair in secondary contact, by means of FST outlier and
logistic regression analyses, we identify candidate loci and associations with adaptive traits. We find fewer selection
candidate loci and fewer adaptive trait/candidate loci associations in the more polluted lakes. We hypothesize that
this is caused by weakened disruptive selection leading to increased interspecific gene flow, recombination breaking
the physical association between alleles at marker loci and alleles at the target loci of divergent selection. To our
knowledge, this is the first time that a genomic signal of human‐mediated relaxed selection has been shown.

A genomic approach to the genetic impacts of an invasive congener on a threatened pond fish.
Daniel Jeffries
University of Hull
The native crucian carp, Carassius carassius is threatened in the U.K. and Europe by two invasive species of the same
genus; the goldfish, Carassius auratus and the gibel carp, Carassius gibelio. Whilst not entirely responsible for
population decline; hybridisation and introgression are serious problems in this system; however the extent of these
impacts is unknown in both regions and has been left out of conservation strategies in the past. Further, the
morphological similarities between the species in this system have resulted in taxonomic ambiguity and thus have
hampered previous conservation efforts. With the use of 2nd generation sequencing techniques this PhD aims to
firstly provide comprehensive information of the status (species identity, amount of genetic variation) of U.K. crucian
populations for conservation purposes and secondly to examine the genetic impact of these invasive spp. on the
native crucian carp. More specifically the potential advantage conferred to invasive species through the introgression
of locally adapted genes from native species will be addressed. Finally, comparisons will be made between selectively
functional and neutral areas of the genome in order to ascertain whether (and how) these regions act differently
under the selection and genetic bottlenecks associated with this system.

Interpreting the weighted frequency spectrum
Alexander Klassmann, Thomas Wiehe
University of Cologne
Some commonly used population genetic tests on neutrality such as Tajima's D can be derived in a general framework
by a weighted frequency spectrum (Achaz 2009). Ferretti et al (2010) explored properties of generalized tests using
those spectra. We follow those lines and argue that the spectra have interpretative value in themselves and we give
an overview of typical spectra under some standard population genetic scenarios. Furthermore we show applications
to data from the human 1000 genomes project.
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Conflicting phylogenies and unexpectedly recent divergence estimates for the butterfly tribe Heliconiini
(Lepidoptera: Nymphalidae)
Krzysztof M. Kozak, Niklas Wahlberg, Chris D. Jiggins
Zoology, U. of Cambridge
We use diverse approaches to analyse the systematics of the neotropical Heliconiini butterflies, which for over 150
years have served as a crucial model for the study of adaptation and selection in the wild. We sequenced 12.5 kilobase
pairs of DNA spanning 16 nuclear and two mitochondrial loci from 87 individuals in all genera of the tribe. Tree
reconstructions using concatenated loci (TNT, BEAST) and multispecies coalescent based on both sequence alignments
(BEST) and gene trees (MDC) yielded conflicting hypotheses. Although the relationships within major genera are
recovered with high consistency, the proposed intergeneric relationships differ widely between the phylogenies.
Furthermore, a dating of the radiation using the relaxed clock model in BEAST shows an outburst of rapid speciation in
the diverse genus Heliconius between six and four mya. This contrasts the previous mtDNA‐based estimate, which
suggests gradual diversification between 15 and five mya. Our work demonstrates surprising uncertainties in the
systematics of an important model group, thus highlighting the significance of analytical choices in species tree
reconstruction and the perils of relying solely on concatenation‐based approaches.

Revealing Patterns of Genetic Diversity in Three Species of Marine Bivalve through Analysis of mtCOI
Kara Layton, Paul D.N. Hebert
University of Guelph
This study focuses on the role of larval development and gene flow in the genetic differentiation and diversity of three
planktotrophic bivalve species inhabiting Canada’s ocean basins. I am sequencing the cytochrome c oxidase I gene
(COI) to determine patterns of mitochondrial sequence divergence and diversity between populations of Hiatella
arctica, Macoma balthica and Mya arenaria along Canada’s three coasts. If these bivalve populations exhibit
substantial gene flow due to their planktotrophic larvae, then their populations should show little phylogeographic
structure but high levels of sequence variation. In addition, it is believed that during the Pleistocene the Pacific coast
provided more glacial refugia than the Atlantic coast as coastal glaciers were less contiguous and less severe. Thus, I
will also investigate genetic signatures in response to patterns of glaciation during the Pleistocene with an aim
towards determining how Atlantic and Pacific populations responded to the last glacial maximum.

On an approximate formula for the distribution of 2‐locu 2‐allele model with mutual mutation
Chiaki Miura
The Institute of Statistical Mathematics
An asymptotic approximation of the density function of 2‐locus 2‐allele model with mutual neutral mutations was
developed invoking the small disturbance asymptotic theory(SDAT). SDAT enables a Taylor expansion of the stochastic
differential equation representing this model. It was shown by comparing the approximate formula with simulations
that this asymptotic method gives a good approximation over the whole time evolution when the mutation rates are
high, though it does not give good approximations near the stationary state when the mutation rates are low.
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Local adaptation in a changing climate: population genetics of the common frog (Rana temporaria) in Scotland.
Anna Muir, Barbara Mable, Roman Biek and Rob Thomas
University of Glasgow
Species with broad distributional ranges often show phenotypic differentiation between populations. Observed
phenotypic differentiation can be due to environmental effects via phenotypic plasticity or through genetic
differentiation. Genetic differentiation through population structuring can lead to local adaptation. Local adaptation
to temperature will have consequences for how species respond to climate change. The common frog (Rana
temporaria) is common throughout Scotland and occurs from low altitudes to over 1000m at the top of mountains.
Mountain populations experience large differences in temperature even over short geographical distances, providing
an excellent study system for looking at local adaptation. The aim of this research is to assess the potential for, and
presence of, local adaptation in populations of common frogs (Rana temporaria). Specifically, it quantifies the
temperature differences experienced by populations at different altitudes and assesses population structure using
microsatellite markers. It determines if populations are adapted via QST‐FST analysis and to what extent local
adaptation has taken place in terms of key temperature‐related fitness traits.

The evolution of the plant pathogen P. syringae pv. aesculi, the causal agent of bleeding canker in the European
horse chestnut Aesculus hippocastanum
Reuben Nowell, Paul Sharp and Sarah Green
University of Edinburgh
Recently, the bacterium Pseudomonas syringae pathovar aesculi (Pae) has been shown to be the causal agent of
bleeding canker disease in the European horse chestnut tree (Aesculus hippocastanum). This highly destructive
disease is currently epidemic across much of north‐west Europe, with over 70% of surveyed horse chestnut trees in
England, and over 40% in Scotland, showing symptoms of bleeding canker.
In 2010 the genome sequence for Pae was published, adding to a growing volume of whole‐genome data for
pathovars of the P. syringae species complex. Here, we describe a comparative genomics method that is able to
reconstruct the history of evolutionary adaptations that have allowed Pae to adapt onto the horse chestnut.
Comparative genomics allows for the definition of core‐ and pathovar‐specific gene‐sets, and for the study of phyletic
patterns of gene presence and absence across genomes. From this, evolutionary processes such as gene gain and loss
can be mapped onto a core genome phylogeny, indicating along which branches potential adaptive gene acquisitions
may have occurred. Thus, we aim to reconstruct the evolutionary history of this important plant pathogen, in terms of
adaptive gene gain events, that have lead to the current epidemic of bleeding canker in horse chestnut.

Positive selection on alternatively spliced transcription factor fruitless across Drosophila species
Darren J. Parker, Anastasia Gardiner, Megan C. Neville, Stephen F. Goodwin and Michael G. Ritchie
University of St. Andrews
Fruitless is an alternatively spliced transcription factor found in many insect species. In Drosophila it has been shown
to be an essential developmental gene for both sexes, and is also involved in neural development necessary for a wide
range of male‐specific behaviours. Such essential and highly pleotropic genes are typically thought to be constrained,
evolving mainly under strong purifying selection. It has been hypothesised however that gene diversity could evolve in
such genes through exon duplication and alternative splicing. Selection analysis across 11 Drosophila species found
evidence of positive selection on alternatively spliced exons of fruitless, in contrast to common coding exons which
showed evidence of purifying selection.
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Ecological constraints on evolution: a case study with Lake Malawi's 'prototype' cichlid fish
Paul Parsons, Martin Genner, Jon Bridle, Lucas Ruber
University of Bristol
The Lake Malawi cichlid radiation was seeded by riverine ancestors, yet only one species from the radiation,
Astatotilipia calliptera, currently persists in both the main lake body and the rivers of the catchment. Interestingly,
certain lake populations of Astatotilipia calliptera show signs of differentiation and/or specialization (in both colour
and morphology) which has yet to be seen in riverine populations. This project compares lake and river populations of
Astatotilipia calliptera in order to assess the underlying mechanisms that drive radiation in lakes but constrain
divergent evolution in rivers. It primarily focuses on the potential role of environment stability in promoting rapid
diversification. The project uses common‐garden experiments to assess life history trait differences between river and
lake populations. Landmark based morphometrics and stomach content analysis will be used to investigate the
possibility of diet and trophic specialization in lake forms. Gene flow will be assessed along lake shore line populations
and river courses using Microsatellite markers. Phylogenetic relationships between populations will be assessed using
RAD sequencing. It is hoped that insights from this study will contribute to our knowledge of the mechanisms that
promote and constrain adaptive radiation.

Cooperation and conflict in Staphylococcus aureus populations and the implications for virulence
Eric J.G. Pollitt, Owen Darch, Stuart A. West, Shanika A. Crusz, Stephen P. Diggle
University of Nottingham
Staphylococcus aureus causes significant morbidity in hospital environments. It coordinates production of many
virulence determinants using a cell‐to‐cell signalling mechanism termed quorum sensing (QS), which involves the
production and sensing of autoinducing peptide (AIP) signal molecules by the agr locus. This type of cooperation is
costly to perform for individual cells and social evolution theory predicts that such behaviours are vulnerable to
invasion by non‐cooperating ‘cheats’.
We experimentally tested the theory by introducing mixed populations of RN6390B wildtype: agr mutant (QS cheat) S.
aureus into a waxworm (Galleria mellonella) virulence model. Results indicate that the agr mutants invaded the
cooperating WT populations during infections and that cheat invasion also leads to a reduction in infection severity.
We have demonstrated for the first time that QS in Gram positives is a social trait and that S.aureus cooperating
populations can be invaded by cheats in an animal model resulting in the reduction in the overall virulence of an
infection. The work suggests that asocial cheats could be developed to treat infections, which has major implications
for the treatment of antibiotic resistant organisms such as S. aureus.

Some like it hot: Are English summers too cold for the wine yeast?
Ana Pinharanda*, Heather Robinson*, Douda Bensasson (* = equal contributions)
University of Manchester
The wine yeast Saccharomyces cerevisiae is not readily isolated in the U.K., whilst its sympatric cousin, S.paradoxus is
frequently isolated. We sampled 10 sites in the U.K., and 7 in Southern Europe, to compare their biogeography, and
ascertain whether microbial systems are constrained by geography or by environmental factors. We use species‐
specific PCR to identify the yeast species present in oaks and figs. We discuss our findings in relation to climate
information.
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The genetic diversity in the UK benthic foraminifera Ammonia beccarii
Salha Saad, Chris Wade
University of Nottingham
The benthic foraminifera are a diverse and widespread unicellular test‐building eukaryote group. They have been
recorded from a range of ecological systems and have an excellent fossil record. Genetic analyses of the ribosomal
rRNA gene expose a further hidden diversity in this group. The genetic diversity of 12 populations of Ammonia beccarii
from different intertidal environments around the English and the Welsh coastlines will be examined by sequencing
~1,000 bp at the 5´ terminal end of the large subunit ribosomal rRNA (LSU) gene. Our preliminary results from 10
individuals in one population of Ammonia beccarii show that the LSU rRNA gene has high variability with different
sequence copies even within a single individual. These findings are comparable to what has been found elsewhere in
Europe. This variation within a single individual in the rRNA genes is interesting and we hope to use Ammonia in the
future to examine the process of concerted evolution.

Detecting Populations‐specific Selection in Genomes
Agnès Sjöstrand, Per Sjödin, Mattias Jakobsson
EBC, Uppsala University
Detecting genes targeted by selection in the Human genome has been a challenge for population geneticists and
several tools have been developed for this purpose. Here we describe a new statistical tool–MFPH–to scan genomes
for signals of recent population‐specific selection. MFPH, which is the Maximum Frequency of Private Haplotypes, is
easy to compute on phased SNP and sequence data and it is more robust than SNP‐based analyses. Comparing with
other statistics (heterozygosity, FST, Tajima’s D, Fay and Wu’s H) and studying the influence of different model
parameters; we show that MFPH is a powerful statistic to detect strong and recent population‐specific selection
events when migration among populations is restricted

The Molecular Basis of Adaptive Evolution in Yeast: Response to Ethanol
Daniel Smith
University of Manchester
Ethanol is not just a substrate and product of yeast metabolism; it is also a toxin that damages many different cellular
components. Ethanol tolerance is accordingly a complex polygenic trait and multiple approaches have been used to
study it. Progress has been made with gene deletion library screening, quantitative trait loci studies, and gene
expression analysis comparing strains of varying tolerance or in response to added ethanol. The resulting picture is of
a complex and highly integrated system that potentially provides both multiple constraints and multiple opportunities
for evolutionary change in response to different ethanol environments.
We have experimentally evolved yeast strains in different ethanol environments. By adding ethanol to parallel batch
cultures on multi‐well plates we have evolved strains with changed growth patterns within 60 generations. Working
with fluorescently tagged HO deletion strains , we are quantifying fitness effects using competition assays,
characterising correlated phenotypic changes and aim to identify genetic changes by complete genome sequencing.
We aim to build a library of genetic changes associated with experimental evolution different ethanol environments.
Much remains to be learnt about adaptive evolution of complex traits and this work will provide data on the
distribution of sizes and genetic basis of fitness effects in evolving populations.
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Estimating the rate of irreversibility in protein evolution using Dobzhansky‐Muller hybrid incompatibilities
Onuralp Soylemez, Fyodor Kondrashov
Center for Genomic Regulation
Evolution is often perceived as a process that creates novel phenotypes and genotypes. However, to what degree the
acquired phenotypes in an evolving lineage can revert back to the forms realized in its direct ancestors remains an
open question. Dollo's law of irreversibility has been formulated for complex phenotypes and cannot be applied to all
substitutions on the DNA level. However, there must also be many genotypic changes that have profound effects on a
phenotypic level, and the issue of whether or not such changes may be reversed in the course of further evolution is
the issue at hand. There is a handful of examples where the irreversibility of specific amino acid changes in proteins
has been tested empirically. Nevertheless, the overall rates of irreversibility of evolutionary change on the molecular
level and the underlying genetic mechanisms of genotype irreversibility have not been addressed previously. We test
the rate of irreversibility of phenotypically relevant amino acid changes by comparing data on disease mutations with
sequence divergence data between human genes and orthologs from vertebrates. We find that 4% of all amino acid
substitutions are irreversible, such that a return to the ancestral amino acid state would lead to an unequivocally
deleterious phenotype.

Polyploidy, Speciation and Adaptation in British Campanula rotundifolia (L.)
J. Wilson, A. Telford, J. Shepherd, S. Cavers
Centre for Ecology and Hydroloyu
The harebell (Campanula rotundifolia) is a short‐lived perennial native to the British Isles, where tetraploid, hexaploid
and (rarely) pentaploid types occur. The hexaploid and tetraploid cytotypes show geographic separation; hexaploids
are largely restricted to Ireland and the west coast of Britain.
Here, we analyse morphometric and molecular genetic variation in harebell populations from across Britain and from
three European locations, and assess quantitative genetic variation in phenology through a common garden trial, to
determine levels of diversity and divergence, and test whether phenotypic divergence is associated with geographic
variation in environment. Morphometric analysis resolves tetra‐ and hexaploids. Molecular data supported the
separation of the cytotypes, with unique chloroplast DNA haplotypes in each cytotype and nuclear ITS data showing a
single haplotype for hexaploids but numerous haplotypes in tetraploids. The molecular divergence between cytotypes
suggests possible different origins and invasion pathways since the last glacial maximum.

Genetic maps of reproductively isolated natural populations of Drosophila montana
Veltsos P, Morrissey B, Gregson E, Wicker‐Thomas C, Butlin RK, Slate J, Hoikkala A, & Ritchie MG
University of St Andrews
We are working on genetic variability in natural populations of the non‐model Drosophilid *Drosophila montana*. We
have established laboratory pedigrees from two natural populations showing some reproductive isolation. The
pedigrees will be used to detect QTLs for cuticular hydrocarbons, potentially associated with adaptation and mating
success, and courtship song, a sexually selected male trait.
We present comparisons of the genetic maps made from the two different populations, based on 150 SNPs developed
from transcriptome sequencing. Segregating inversions within the populations were detected. We present association
analysis of song and CHCs with SNP variation.
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How and Why Isolation by Distance Depends on Density Regulation
Robert Verity, Richard Nichols
Queen Mary University of London
One of the cornerstones of modern genomics is the ability to tease apart selection from the background variation
predicted under neutral evolution. While this is relatively easy within panmictic populations, over large spatial scales
things become more complicated – the geographic patterns laid down by the happenstance of history can resemble
the patterns generated by selection. Conversely, if the effects of physical separation could be accounted for in an
appropriate neutral model then the physical location of samples would become a useful source of information.
Attempts to construct a model of neutral evolution under isolation by distance have been hampered by mathematical
difficulties, leading to a variety of techniques being put forward. For example, it is common to model the sample as a
series of panmictic subpopulations, rather than a single continuous population. This is often achieved using the
“characteristic length” to define subpopulations, before regressing pairwise (1‐FST)/FST against log(distance) to
establish isolation.
We put forward a new mathematical framework, which not only gives a fresh view of existing techniques, but also
hints that the entire problem could be solved within a single framework. Density dependent regulation will prove very
important in this new paradigm.
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