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Interplay between evolution,
development and genome

Biological systems (Genome + Development) are the product of evolution

- Development properties ] ]
In turn, how do ] shape phenotypic evolution?
- Genome properties
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Studying repeated evolution
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Why?
Is-there-a-strong-ecological
trigger?
Is it especially easy to do?
. How?
Placentals /mammal.s Bat/dolph.m Is it done the same way?
adapted to the same niche echolocation

Reveal hidden:
Developmental properties
Genomic properties



Overview

1: Repeated elongation of first upper molar in mice by developmental
facilitation

2: Repeated evolution of the murine dental plan: same mechanisms?

3: Tools to study the molecular basis of convergent evolution

4: Repeated adaptation of rodents to arid environments




1: Repeated elongation of first upper molar in mice
by developmental facilitation
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* Repeated evolution (lab and wild)
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* Collab. Sabrina Renaud, Pascale Chevret
* ANR Bigtooth (inc. Julien Claude)



1: Repeated elongation of first upper molar in mice
by developmental facilitation

* Heritage of evolutionary history: in
embryos, abortive premolar germ found
anterior to M1. Traced=> anterior part
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* Repeated evolution (lab and wild)
* First upper molar only
Explains why repeated evolution occurs,
* Collab. Sabrina Renaud, Pascale Chevret and why it occurs only in upper molar

* ANR Bigtooth (inc. Julien Claude)
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1: Repeated elongation of first upper molar in mice
by developmental facilitation

* Heritage of evolutionary history: in
embryos, abortive premolar germ found
anterior to M1. Traced=> anterior part

* Short/elongated strain differences in:
- Size, persistence and positioning,
- expression of premolar rescuing genes

) ‘ Vestigial
{0 /N premolargerm ¢ Interaction between first molar germ and

short N N vestigial premolar germ is jaw-specific:
O upper molar elongation only
‘ M1 germ
* intra-strain variation {inbred mice)
. ] Hayden et al. submitted
* Repeated evolution (lab and wild)
* First upper molar only
“easy” variation (achille’s heal)
* Collab. Sabrina Renaud, Pascale Chevret => Repeated evolution

* ANR Bigtooth (inc. Julien Claude)



2: Repeated evolution of the murine dental
plan: same mechanisms?
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2: Repeated evolution of the murine dental
plan: same mechanisms?
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2: Repeated evolution of the murine dental
plan: same mechanisms?
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3: Tools to study the molecular basis of
convergent evolution
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Collab. LBBE, Lyon (Bastien
Boussau, Laurent Guéguen,
Philippe Weber...)

ANR Convergenomix

* Tools to assemble transcriptomes de
novo in a phylogenetic context (Caars,
Rey et al. in review)

* Tools to detect and model convergent
evolution in coding sequence (Pcoc, Rey
et al. MBE 2018) + expression levels +
timeseries

=> QUANTIFY: Extent of convergent evolution
at the molecular level? more than the false
positives expected by chance? (Rey et al.,
submitted)

=> Take into account confounding factors (pop
size, bias in sequence composition...)



4. Repeated adaptation of rodents to
arid environments

\ ..




Questions and interests

 Are some genes repeatedly involved in adaptation to xeric life ?
* Do plasticity and adaptation involve the same genes ?
* Can we predict « markers of adaptation » ?

Changesin gene 1 - =, &=t Changes in gene
expression in “ &g;—? coding
kidney? = "% sequences?




Extracted from Fabre et al. 2012
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Graphiurus kelleni
Ictidomys tridecemlineatus
Chaetodipus baileyi
Heteromys desmarestianus
Dipodomys ordii
Dipodomys spectabilis
Cricetulus griseus
Mesocricetus auratus
Myodes glareolus
Microtus ochrogaster
Peromyscus leucopus
Peromyscus maniculatus
Peromyscus eremicus
Mus pahari

Mus musculus WLA

Mus musculus DDO

Mus macedonicus

Mus spretus

Mus caroli

Mus haussa

Mus indutus

Mastomys kollmannsperger
Mastomys coucha
Mastomys erythroleucus
Apodemus mystacinus
Apodemus sylvaticus
Arvicanthis niloticus 1
Arvicanthis niloticus 2
Arvicanthis niloticus 3
Micaelamys namaquensis
Rattus norvegicus
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Lophuromys sp

Acomys dimidiatus
Meriones unguiculatus
Saccostomus campestris
Dendromus melanotis
Cricetomys gambianus 1
Cricetomys gambianus 2
Nannopalax galili
Eospalax fontanierii
Jaculus jaculus

Octodon degus
Chinchilla lanigera

Cavia aperea

Cavia porcellus
Heterocephalus glaber
Cryptomys mechowi
Cryptomys damarensis

Strategy

Living condition

Xeric <300 mm (16/9)

Semi-Xeric 300<SM<600 mm (17/14)
Mesic 600<M<1000 mm (17/13)
Super-Mesic >1000 mm (3/2)

- BUDL

Available RNA-Seq data

Phylogenetic families

A¢
NA

Muroidae - Muridae

Ag
.
7A

Muroidae - Cricetidae
Heteromyidae
Bathyergidae

Spalacidae

000

Sciuridae

Total : 48 species



Extracted from Fabre et al. 2012

Chaetodipus baileyi
Heteromys desmarestianu:
Dipodomys ordii
Dipodomys spectabilis
Cricetulus griseus
Mesocricetus auratus
Myodes glareolus
Microtus ochrogaster
Peromyscus leucopus
Peromyscus maniculatus
Peromyscus eremicus
Mus pahari

Mus spretus

Mus musculus

Mus caroli

Rattus norvegicus
Acomys dimidiatus
Meriones unguiculatus
Nannopalax galili
Eospalax fontanierii
Jaculus jaculus

Octodon degus
Chinchilla lanigera

Cavia aperea

Cavia porcellus
Heterocephalus glaber
Cryptomys damarensis
Ictidomys tridecemlineatus

Pre-Strategy

(online

dataset)

Living condition

- BUDL

Xeric <300 mm (16/9)

Semi-Xeric 300<SM<600 mm (17/14)
Mesic 600<M<1000 mm (17/13)
Super-Mesic >1000 mm (3/2)

Available RNA-Seq data

Phylogenetic families

A
<>
v

A
<
v

0 ®O0

Muroidae - Muridae
Muroidae - Cricetidae
Heteromyidae
Bathyergidae
Spalacidae

Sciuridae

Total : 28 species



PC2: 15% variance

Transcriptome data

Analyse en composantes principales
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DE genes clusterize species according
to environment (mesic/xeric)

DE design: Versus X%“C

203 differentially expressed genes
including :
5 Slc, Ctsh, Sdc1, Afmid, Pde5a,
Nphsl, Angpt2

Ontology terms associated with
sensory perception of pain and

temperature stimulus and
hydrolase activity

l——é /Some genes also found in plastic\

response
Solute carriers, extracellular matrix
linked genes (Lum)

k Compared to MacManes 2017 data J




Changes in gene sequences

Preliminary analysis
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Xeric versus all species
design
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PCOC - Rey et al. MBE 2018
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