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closure (17); and channel opening occurs when
LBD clamshells adopt their maximally closed con-
formation (22, 23,30–32), represented by agonist-
bound structures of isolated LBD (13, 17) with
the D1-D1interface intact (fig. S7). The first model
represents a traditional view (18) where the final
desensitized state has the D1-D1 interface modi-
fied (fig. S12A). In this model, the GluA2NOWstruc-
ture represents the agonist-bound closed state,
which is predicted to be a transient state with
negligible occupancy (Fig. 1B and fig. S2F) insuffi-
cient to produce protein crystals. Nevertheless,
such a scenario is plausible if only a limited range
of conformations of the protein is accessible in the
solubilized receptor or the crystal lattice contacts
substantially affect protein conformation.

The second model (fig. S12B) assumes two-step
desensitization with GluA2NOWrepresenting adeep
desensitized state. This model is consistent with
the predictions of kinetic modeling that, at high
NOW concen trat ion s, the majority of receptors
accumulate in the deep desensitized state (D24
in fig. S2). It also predicts that the same tension
forces, applied from ATD and the ion channel
through the connecting linkers that open LBD
clamshells during deactivation, help transition the
receptor from the deep desensitized state back to
the desensitized state. Therefore, the second model
explains why mutations that change the rate of
deactivation often produce similar effects on the
rate of recovery from desensitization (14,33, 34).

Independent of gating model, the entry into de-
sensitization is associated with modification of the
D1-D1 interface (fig. S12) (18, 20,35–37). One pos-
sible modification is represented by structures of
the S729C and G725C cross-linked isolated LBDs
(18) where the D1-D1interface isruptured. However,
K493C cross-linking does not affect desensitiza-
tion (Fig. 4C) and argues against these structures
representing the desensitized state of the intact
receptor. Alternatively, the D1-D1 interface modi-
fication might bea rotation of the D1lobes relative
to each other that does not change the distance
between K493 lysines but introduces relative dis-
placement of pairs of other residues at the D1-D1
interface. Correspondingly, mutations like L483Y
(28) or S497C (Fig. 4C and fig. S11) or positive
allostericmodulators like CTZ(10,29) would block
desensitization by imposing constraints on the
D1-D1 interface rearrangement.
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EVOLUTI ONARY GENOM I CS

Rabbit genome analysis reveals a
polygenic basis for phenotypic change
during domestication
M iguel Carnei r o,1* Carl -Johan Rubin,2* Federica Di Palma,3,4* Frank W . Albert,5†
Jessica Al földi ,3 Alvar o M artinez Bar r io,2 Gerl i Pielber g,2 Nima Rafati ,2 Shumaila Sayyab,6

Jason Turner -M aier,3 Shady Younis,2,7Sandra Afonso,1Bronwen Aken,8,9 Joel M . Alves,1,10

Daniel Barr ell ,8,9 Ger ard Bolet,11Samuel Boucher,12 H er nán A. Burbano,5‡ Ri ta Campos,1

Jean L . Chang,3 Veron ique Dur an thon,13 Luca Fontanesi ,14 H er vé Gar reau,11

David H eiman,3 Jer emy Johnson,3 Rose G. M age,15 Ze Peng,16 Gui l laume Queney,17

Clai re Rogel-Gai l lard,18 Magal i Ruffier,8,9 Steve Searle,8 Rafael Vi l lafuer te,19 Anqi Xiong,20

Sarah Young,3 Kar in Forsberg-N i lsson,20 Jeffr ey M . Good,5,21Er ic S. Lander,3

Nuno Fer rand,1,22* K erstin Lindblad-Toh,2,3*§ Lei f Andersson2,6,23*§

The genetic changes underlying t he init ial st eps of animal domest ication are st ill poorly
understood. We generated a high-qualit y reference genome f or t he rabbit and compared it
t o resequencing dat a from populations of wi ld and domestic rabbit s. We identi fied more
t han 100 select ive sweeps specific to domestic rabbit s but only a relat ively small number
of f ixed (or nearly fixed) single-nucleot ide polymorphisms (SNPs) for derived alleles.
SNPs wit h marked allele frequency d ifferences between wild and domest ic rabbit s were
enriched for conserved noncoding si tes. Enrichment analyses suggest t hat genes affect ing
brain and neuronal development have oft en been t argeted during domest ication. We
propose that because of a t ruly complex genet ic background, t ame behavior in rabbi ts
and ot her domest ic animals evolved by shift s in allele frequencies at many loci , rat her t han
by crit ical changes at only a few domest icat ion loci.

D
omestication of animals (that is, the evo-
lution of wild species into tame forms) has
resulted in notable changes in behavior,
morphology, physiology, and reproduc-
tion (1). The genetic underpinnings of the

initial steps of animal domestication are poorly
understood but probably involved changes in be-
havior t hat allowed the animals to survive and
reproduce under conditions that might be too
stressful for wild animals. Given the differences
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Pool and conquer: new tricks for (c)old
problems

A RC A D I N A VA R RO * † ‡ § and RU I FA R I A *¶
*Institute of Evolutionary Biology (Universitat Pompeu Fabra-
CSIC), PRBB, Doctor Aiguader 88, Barcelona 08003, Catalonia,
Spain;†Centre de Regulacio´ Genomica (CRG), Barcelona, Spain;
‡National Institute for Bioinformatics (INB), Barcelona, Spain;
§Institucio Catalana de Recerca i Estudis Avancßats (ICREA),
Barcelona, Spain;¶CIBIO, Centro de Investigacßão em
Biodiversidade e Recursos Geneticos, InBIO, Laboratorio
Associado, U niversidade do Porto, Campus Agrario de Vair~ao,
Vair~ao 4485-661, Portugal

The early period of genetics is closely associated with the
study of ch rom osomal inversions. For almos t a century,
evolutionary biologis ts found eviden ce for th e role of
invers ions in central processes such as adaptation and
speciation. In spite of huge effor ts, many questions
remain about the evolutionary forces un der lying the dis-
tribution and d ynamics of inversions in natural popula-
tions. Fortunately, o ld p roblems can be solved w ith new
tools. In th is issue, Kapunet al . (2014) present a rem ark-
able combination of resources and techniques, including
publicly availab le data, karyotyping, statistical estim ation
of haplotypes , Pool-Seq data and exper imental evolution,
setting th e ground for exciting developments in the field .

Keywords: clines, Drosophila, experim ental evolution, inver-
sion, natural selection, Pool-Seq

Received 20 December 2013; revised 22 January 2014; accepted
29 January 2014

‘They’ll bring you in. She’ll m ake you talk’ w as the tagline
of The Closer, a very popular Am erican cr iminal investiga-
tion show that became one of the most-v iewed series on
TV (w ww .tntdrama.com/ series/ closer/ ). The tagline refers
to the two-tiered w ork that the team of detectives led by
Deputy Chief Brenda L. Johnson carr ied out in each epi-
sode: the team w ould gather evidence and arrest the sus-
pects, and Johnson, an ace interrogator, would come up
w ith a way to make them talk . That is exactly what Kapun
et al. (2014) achieve: they come up w ith a fresh m ethod to
get data and they make the data ‘talk ’.

The problem faced by Kapun et al. (2014) is a long-
standing one: w hat are the evolutionary forces affecting

chrom osomal inversions, both in experim ental populations
and in the wild? The interest in inversions has been a
fundamental part of evolutionary genetics for alm ost
100 years (Sturtevant 1917; see Krimbas & Pow ell 1992).
Drosophila inversions w ere the markers of choice during
the early years of genetics because they are relatively easy
to spot w ith one of the few tools availab le at the tim e: the
optical m icroscope. It turned out inversions them selves
were also interesting from an evolutionary point of view
and, since that realization, many influential papers have
been written about the fitness of heterokaryotypes, inver-
sion clines, supergenes trapped w ithin inversions, the
content of breakpoints and the role of inversions in sex
chrom osome evolution, adaptation and speciation, among
others (for review s see White 1973; Krimbas & Pow ell
1992; N oor et al. 2001; Rieseberg 2001; H offmann & Riese-
berg 2008; Far ia & N avarro 2010; Far ia et al. 2011). Despite
their obvious interest and extraord inary effor ts by some
researchers, fundamental aspects of these problems remain
unsolved. This is relatively frequent in science: new tech-
nology comes along and researchers change their focus
to new questions. After d ecades of research, the most
cost-effective and efficient w ay of estimating inversion
frequencies in Drosophila populations w as still classical
cytogenetic analysis, w hich is not easy and certain ly not
new . With the exciting possibilities brought about by
high-throughput sequencing, the bulk of the community is
no longer working on the problems posed by chromo-
somal rearrangem ents.

H ow ever, it w as a m atter of time until researchers real-
ized that m assive sequencing could be used to tackle inver-
sion-related questions (e.g. Corbett-Detig & Hartl 2012)
(Fig. 1). Using indiv idual-based w hole-genome sequencing
to ad dress population genomics problems is still too expen-
sive. Kapun et al. (2014) prov ide a w ay of avoid ing both
the limitations of classical cytogenetics and the high costs
of sequencing a large num ber of individuals at h igh cover-
age: they identify SNPs that can be used to diagnose seven
cosmopolitan chromosomal gene arrangements from
pooled ind ividuals of Drosophila melanogaster . Of course,
using Pool-Seq d ata to infer SN P frequencies is not new
(Futschik & Schl€otterer 2010). The added value here con-
sists of using a combination of w hole-genome sequencing
of cytogenetically karyotyped ind ividuals and smart soft-
ware tools to reconstruct paternal haplotypes w ith the goal
of identify ing ser ies of SN Ps alleles that are reliably d iag-
nostic for these inversions. This is possible by m erging
their ow n haplotypic information w ith that from the
Drosophila Population Genomics Project (Langley et al.
2012; Pool et al. 2012; ww w .dpgp.org).

Once th is is done, fixed differences between alternative
chrom osomal arrangements can be used as SNP markers,Correspond ence : Arcad i N avar ro, Fax: +34 93 3960901;

E-mail: arcad i.navarro@upf .edu

© 2014 John Wiley & Sons Ltd
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Hall of
Biodiversity

Outreach

4 M€ grant (2012-14)

May 2015 Symbolic opening

Feb 2016 Museum Centenary

Inauguration Hall of Biodiversity

Jun 2017 ECSITE Conference



Infrastructures

PORBIOTA
e-Infrastructure for Information, Research and Services 

on Portuguese Biodiversity, Ecosystems and Biological 

Resources

8.9 M€ (2.5 InBIO)

Strategic Programme

Next Generation 

Sequencing platform
GenomePortugal
Next Generation Sequencing

3.6 M€
9 M€ (1.1 InBIO)
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Strategic Programme

SusFOR
In 2013 

12 PhD scholarships
• 235 applications

In 2013 

8 PhD scholarships
• 52 applicationsPrograms • 235 applications

• 40% foreign applicants
• 30 countries

In the next 4 years:

• 36 PhD scholarships (FCT)
• 16 PhD scholarships for 

Angolan citizens

• 52 applications
• 2 foreign grantees

In 2014

• 8PhD scholarships
• 36 applications
• 2 foreign grantees
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New research group
Developing applied population and community ecology

EDP Biodiversity Chair

Invited Prof. Pedro Beja, at University of Porto (Portugal)



DELTA Biodiversity Chair

15 postdoctoral fellows, 2 doctoral students and 8 technicians

Invited Prof. Miguel Araújo, at University of Évora (Portugal)



REFER Biodiversity Chair

Invited Prof. David Vieites at MNCN – CSIC (Spain)



REN Biodiversity Chair

To be announced (early 2015)


