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What makes us different?

between individuals between species

Where do we come
from?



What are the mutations
responsible for phenotypic

Genomes

CCTCCTCCATACCCAAATGGATGGTACGGCATTCTTGAATCATCAAAGCT
TAGAGCGGGGGAATCGAAGCATATATCATGTCTAGGCGAGCAACTTATAG
TGTTCCGTTCCCAAGCTGGTGAAGTTTATATCTTGGATGCGTATTGCCCG
CACTTGGGCGCTAATTTGAGTAAGGGAGGTCGAGTTATAGGAGATAATAT
TGAATGTCCCTTTCACCACTGGAGCTTTAGAGGCAGTGATGGCATGTGTA
CCAATATTCCCTACAGCAGCAATATACACTCATCTACAAAAACTAAAAAA
TGGACCTCCACCGAAGTGAATGGATTCATATTTCTTTGGTACAATGTCGA
AGAATCTGAAGTTCCGTGGAATATACCAAAATCAGTTGGTGTTGCAAAAA

CCTCCTCCATACCCAAATGGATGGTACGGCATTCTCGAATCATCAAAGCT
TAGAGCGGGGGAATCGAAGCATATATCATGTCTAGGCGAGCAACTTATAG
TGTTCCGTTCCCAAGCTCGTGAAGTTTATATCTTGGATTCGTATTGCCCG
CACTTGGGCGCTAATTNGAGTAAGGGAGGTCGAGTTATAGGAGATAATAT
TGAATGTCCCTTTCACCACTGGAGCTTTAGAGGCAGTGATGGCATGTGTA
CCAATATTCCCTACAGCAGCAATATACACTCATCTACAAAAACTAAAAAA
TGGACTTCCACCTAAGTGAATGGATTCATATTTCTCTGGTACAATGTCGA
AGAATCTGAAGTTCCGTGGAATATACCAAAATCAGTTGGTGTTGCAAAAA

differences?

Genomic approach

identifies rapidly-
evolving genomic
regions, new genes,
deleted genes .
‘@ Phenotypic
differences

Phenotypic approach

identifies the gene(s) and
the mutation(s)
responsible for a
phenotypic change



Evolutionary loss of bristles
in D. santomea



D. santomea has lost sex bristles

D. melanogaste

D. simulans |
D. sechellia ‘ ‘ 2 bristles
D. mauritiana

D. teissieri *

D. yakuba

D. santomea E O bristles
D. erecta

D. orena —



Bristle development

Shaft

Endolymph

cell

future future

thorax wing
Simpson 2007

Dendrite
Socket

D. melanogaster

Marcellini 2006 - PloS Biology



- Imaginal discs



scute cis-regulatory elements are “master switches”
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75kb
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Simpson 2007

| Ush

Gbémez-Skarmeta 2003



Evolution of fly bristle

pattern
Cis-regulatory element (CRE) in scute

Marcelini and Simpson 2006 PloS Biology



Genetic evolution is predictable

Evolution of fly bristle

pattern
Cis-regulatory element (CRE) in scute

Marcelini and Simpson 2006 PloS Biology
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D. santomea has lost sex bristles

D. melanogaste

D. simulans |
D. sechellia ‘ ‘ 2 bristles
D. mauritiana

D. teissieri *

D. yakuba

D. santomea E O bristles
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Is the causing mutation X-linked ?

D. yakuba @ D. santomea D. santomea @ D. yakuba &
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Is the causing mutation X-linked ?
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Screening a 100-kb region
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18C05 drives expression independently of scute

105 kb
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Mutation(s) in 78C05 cause loss of bristles

O O bristle
O 1 bristle
@ 2 bristles

mel L> scute yak L> scute san L» scute

D. melanogaster transgenics



27 SNPs and 3 indels
between D. santomea and D. yakuba

19 20 L a0 50 L To 190 1o

G#UG TGAGTGGACCGCTATTTGTACACCGAAAAAATACATGTCATATAACAACTTAACCCCCTTTTCATTATAACGTC TTTﬂuﬁ. TTCAA T.CE TTHAATGCTCTATGTATCAGCCATT
GAGTGAGTGGACCGCTATTTGTACACCGAAAAAATACATGTCATATAACAACTTAACCCCCTTTTCATTATAACGTCTTTAATTCAATGECGTTIAATGCTCTATGTATCAGCCATT
120 130 140 150 160 170 180 150 204 210 220 230
TAAAACGTTGATTGAATTGCAACTTGAAAATTAGAAGAACATTTAAATGTCCTGCMT TTTTAAATTAGATATTATGCAGAGTTTTTATCTGTGCATTTAATGGCACATTATTATCT
TAAAACGTTGATTGAATTGCAACTTGAAAATTAGAAGAACATTTAAATGTCCTGCMT TTTTAAATTAGATATTATGCAGAGTTTTTA TE TGTGCATTTAATGGCACATTATTATCT
240 250 260 270 280 290 300 10 330 340
CTGATGAGCGAGCGAACACATCAGGGAAGATTGCAGGATGGGCTGCAATATGAAGCCACTTCCTTCGCAACACGTGCATCG CCAGEA.&ATEGC GTCCAAATCAAACACACTACCTG
CTGATGAGCGAG CGAACACATCAGGGAAGATTGCAGGATGGG CTGCAATATGAAGCCACTTCCTTCGCAACACGTGCATCGCCAGCAAATCGCGTCCAAATCAAACACACTACCTG
350 36 170 e s 410 430 430 240 450 a6

GCCAAAATTGTGTTTAATGAGTGAC TTTTG.&AGGGG#AGA TGGGAAGA TMGGAAGATCCCATCCCAAATGAGAGATCCCAAAGGAAAGG TGAGGGATAAGAGTTGGTATGCTGCTG
GCCAAAATTGTGTTTAATRAGTGACTTTTGAAGGGGAAGATGGGAAGA TIGAAGATCCCATCCCAAATGAGAGATCCCAAAGGAAAGGTGAGGGATAAGAGTTGGTATGCTGCTG

a0 480 450 500 510 520 53 540 S50 S0 570 580
CTGAGCTGCTGAGGTAGC TTAGCCCATTATTCAGGCTTTATTTATTTTGCGGACTCAGATCGCGCAGGTCCACGGGGCCCAAATTAAAAGTCCGGTGCGCCCAAGTCAAAAGTGCA
CTGAGCTGCTGAGGTAGC TTAGCCCATTATTCAGGCTTTATTTATTTTGCGGACTCAGATCGCGCAGGTCCACGGGGCCCAAATTAAAAGTCCGGTGCGCCCAAGTCAAAAGTGCA

S 630 610 630 630 640 850 (T8 670 £40 i

AATTTTCGCAGCCGCATCAGACGTCATATTAGCGAATCAACTGACAAAGCATATGAATATCAACAGCGTTTGAACAAGTGGATTAAAGAGCGATCTGAAAACGGATCGAAACGGCG
AATTTTCGCAGCCGCATCAGACGTCATATTAGCGAATC AHCTGACAAJ&GCATA TG AATATCAACAGCGTTTGAACAAG TGGATTJ’L AAGAGC G.ﬂt T'C TGAAAACGGATCGAAACGGCG

Tan na T 30 T4D 760 ™ &00 &0

AGTGCAGAEACAC.&GAEAGGTCTTTCGG‘ETCTCGTTECTTAT.&ATT&AAAC&GGAATCGGGCATTCGCA ========= GCCTTCEEAGCETTCACAGEGGEC.&AGGGEAAETCA.&T
AGTGCAGACACACAGACAGGTCTTTCGGCTCTCGTTCCTTATAATTAAAACAGGAATCGGGCATTCGCAGCCTTCACAGCCTTCACAGCCTTCACAGCGGCCAAGGGGAACTCAAT
30 &30 g40 B50 B0 870 #50 850 #50 810 920

TTACTCTACTTTACAATCETTTTTACG TAACGGCATTCTAGGCTAGGCTGCTC TTTHAAGTCGGC TTAACAAGCTC TTGACGATGGTGGACATGTCTATTTTCTATTTTCAMG TGA
TTACTCTACTTTACAATCETTTTTACG TAACGGCATTCTAGGCTAGGC TGCTCTTTEAAGTCGGC TTAACAAGC TCTTGACGATGGTGGACATGTCTATTTTCTATTTTCANG TGA
930 adi 950 360 %74 %80 500 1600 1010 1420 1030 1040
GCTTTCTATAAATAGAAAGTGTTCGGGGCAGCGATTTAGTTMAGAGCCAGG TACGCGCTACTTTCCACCAAG TTAAAGCHG TTCAAGGTGTIAAAGGAATTGTACGCAGCCAAGAT
GCTTTCTATAAATAGAAAGTGTTCGGGGCAGCRATTTAGT TIAGAGCCAGGTACGCGCTACTTTCCACCAAGTTAAAGCIGTTCAAGGTGTRAAAGGAATTGTACGCAGCCAAGAT
LS L0860 1070 1,080 1030 L1 L11e 1120 1130 1,140 1,150 L1
CACGTGGTGAATGGACTTCTTGGACAGTTGGCAATCGGGTCTCCATGC TGAGC TGCGATACCAGTTTCAGTTGGCAATCGGGTTTCGGTGGGATTCATTCATGGAGTTCGCGGACC
CACGTGGTGAATGGACTTCTTGGACAGTTGGCAATCGGGTCTCCATGCTGAGC TGCGATACCAGTTTCAGTTGGCAATCGGGTTTCGGTGGGATTCATTCATGGAGTTCGCGGACC
1L L0 L300 1,200 1310 1320 1230 Lasn L350 1260 1370
TAAGCCGCTTAAGTTCTCTCTTTCATTTCCTTCTTTTTTTCCCGCACATTTCGAGGACCTGTTTATTTTITTTATCGGGTGCTTTTTGTATTTGTTTGTATTTTTCCCTCTTTTTGA
TAAGCCGCTTAAGTTCTCTCTTTCATTTCCTTCTTTTTTTCCCGCACATTTCGAGGACCTGTT--TTTTTTTATCGGGTGCTTTTTGTATTTGTTTGTATTTTTCCCTCTTTTTGA
1,280 1250 1,300 1310 1320 1,330 1340 1,350 L3560 L370 1,380 1390
CTAATGTGCAACTTACACTTGACTGGCGCACAATCAACACCATCAACGGGAGCAGCAGATTCCGCGGGTTTEGTCTGGTTTTTTAGGGTTCTTGGCTGCTTCATGGGATCCTCATG
CTAATGTGCAACTTACACTTGACTGGCGCACAATCAACACCATCAACGGGAGCAGCAGATTCCGCGGGTTTRGTCTGGTTTTTTAGGGTTCTTGGCTGCTTCATGGGATCCTCATG
1400 1410 1420 1430 L4 1450 14860 1474 1.484 1480 L1800
GGTCTCATCAGC TEEAGETG TATCACGGAAATAAATGETGCCTTCTTTGGAAATAGTAGTGAAGCATCTTATATATATTTTGTTTTGGGHAAACAACTGCAATGTGACTTGATTGC
GGTCTCATCAGC THIRAGETG TATCACGGAAATAAATEMTGCCTTCTTTGGAAATAGTAGTGAAGCATCTTATATATATTTTGTTTTGGCGMAAACAACTGCAATGTGACTTGATTHEC
1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 LELD 1620
CTCATTTAATTGAATGTTTAACTCATCATCGAGCACCTAAATHTGTGTGAGAAAATACTAGTTGTGGCATTTGTTGTTCTCTGTGCGGCGCTCATCAATTTTTGGCCGAAAGGAGG
CTCATTTAATTGAATGTTTAACTCATCATCGAGCACCTAAATITGTGTGAGAAAATACTAGTTGTGGCATTTGTTGTTCTCTGTGCGGCGCTCATCAATTTTTGGCCGAAAGGAGG
LE30 1640 1650 1660 1,670 1,680 L1630 L.00 1,710 1720 1,130 L4
GATTTGATCCCGATTGCTCATATTAAAGCCAACGCGTGCTGCCAACGTACTGAMTCCGCTGTGGATAGCTCATCTTGATGCCEGTCATTTACTTACGCCAAGAAGAGGGCHETTCCT
GATTTGATCCCGATTGCTCATATTAAAGCCAACGCGTGCTGCCAACGTACTGANMTCCGCTGTGGATAGCTCATCTTGATGCCGGTCATTTACTTACGCCAAGAAGAGGGCIEITTCCT
1750 L7560 L7 1,780 1700 100 LB LB20 LB30 LA40 1850
CTGAAGCTCCTTGGCCACCAATGTACCGTTTCTTRTATTTGACTTTGTTACGCCCACCTCGGAATAATAACCAAGATACCAATAACCACGACGCAGGAAGGCAAGAGAAAAGGGTG
CTGAAGCTCCTTGGCCACCAATGTACCGTTTCTTTATTTGACTTTGTTACGCCCACCTCGGAATAATAACCAAGATACCAATAACCACGACGCAGGAAGGCAAGAGAAAAGGGTG
1,860 170 1,880 Lasn La00 1,810 1520 1830 L340 L350 1960 1970
GCGGCCCTGGTCATCAAGTTTTCGGATTGCCTAACGGCGCTTCAGATTAGCCATCTIGC TACATCCTCTTATTTTTTTTTTATTATTTTCTCTGAAARAGCCCTGGTTACTCATTAC
GCOGCCCTGGTCATCAAGTTTTCGGATTGCCTAACGGCGCTTCAGATTAGCCATCTIGC TACATCCTCTTA-TTTTTTTTTATTATTTTCTCTGAAAAGCCCTGGTTACTCATTAC
1,980 1.990 2.400 2.010 2.020 2030 2040 2,50 2,960 EX 2,080 2,088
CAACAGAAGATCTAAATTGAAACGGTAGCTTCAATTGACGGCATCTTGATGGAAAGGTGATGTAAGAGGCAGCCTTTTGCAGAGAGACATCATCGCACCCCGATAGCAAACAGCTC
CAACAGAAGATC TAAATTGAAACGGTAGC TTCAATTGACGGCATCTTGATGGAAAGGTGATGTAAGAGGCAGCCTTTTGCAGAGAGACATCATCGCACCCCGATAGCAAACAGCTC



18C05

D. erecta
D.melanogaster iso-1

alighment

D. sechellia
D. simulans
D. simulans w501
D. simulans M252

D. teisseri #132
E D. teissieri #222
D. teissieri #135

D. yakuba LP1
D. yakuba IC
_" D. yakuba 15.6.8

D. yakuba PB3.1.3

D. yakuba PB1.4.21
- D. yakuba 4.32.1
- D. yakuba Tail8E2
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r D. santomea Q650.14
" D. santomea Field3.4
- D. santomea 51.7.3_1560
D. santomea A1200.4

[‘- D. yakuba 2.22.1

30
mutations

12 D. santomea-specific »
mutations

7/ affect sites that are
conserved in the
melanogaster subgroup

D. santomea Quija650.37
D. santomea Quija650.22
D. santomea C1350.14
— D. santomea 5T04
 D. santomea SYN2005
D. santomea OBAT_1200.13
D. santomea car1490.3F

D. santomea Rain42

D. santomea B1300.13

0.03

D.elegans



3 mutations affect genital bristle number

yak - scute
.J: _ scMé

O O bristle
O 1 bristle
‘ 2 bristles

o

D. yakuba | . n=20
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Gakri77sO Il () -2




T1775G mutation disrupts an AbdB binding site

D. yakuba D. santomea

1775 T1775G 1775
ACCGTTTCTTTTATTTGACTT \ ACCGTTTCTTGTATTTGACTT
TGGAAAAGAAAATAAACTGAA TGGCAAAGAACATAAACTGAA

0.91 0.78 JASPAR

Binding Score



T1775G mutation disrupts an AbdB binding site

D. yakuba D. santomea
1775 1775
ACCGTTTCTTTTATTTGACTT T1775|G ACCGTTTCTTGTATTTGACTT
TGGAAAAGAAAATAAACTGAA TGGCAAAGAACATAAACTGAA
JASPAR
: 7 e
0.91 0.78 Binding Score
Probe yak san = yakT1775G
Unlabelled - = Y3k san - San  yak
450X 450X 450X 450X
ABD-B-HD _____ _4-_
B




D. santomea lost genital bristles via 3 mutations in scute

ancestor D. santomea

T-G
ik q Abd-B i
scute e




QTL mapping

D. yakuba backcross
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Genomic reéion associated with the phenotype



LOD
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10 -

QTL mapping

One major QTL at the tip of the X chromosome
Two minor QTL on the 3™ chromosome
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LOD

12 | D. santomea \"—ﬁ
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L?E | D. santomea Ny

backcross

Introgression of \
18CO05 (scute) i |

2 bristles D. yakuba 2 bristles
n=30 n=30

effect 18C05
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D. santomea lost genital bristles via mutations in scute

ancestor D. santomea

T-6G
Abd-B -
scute 08s TGTA scute

.. and in at least 2 other genes on 3L.

The scute locus has no effect alone.

Sensitive genetic and environment backgrounds help to
magnify the QTL effects.



Evo-devo In butterflies
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Butterfly Alphabet by Kjell Sandvell






Mimicry : natural selection for resemblance
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Henry Walter Bates (1863)

On these expanded membranes nature writes, as on
a tablet, the story of the modification of species



A CASE OF DIRECTIONAL SELECTION

Dark-colored moth Light-colored moth
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Discover Biolegy, 5/e Figure 18.8
© 2012 W. W. Norton & Company, Inc.



Dark NNANNNNNNNS
genotype  VNANANANANANANNY

Upregulates cortex,
resulting in increased
darker coloration

carbonaria TE
Light
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Crosses: Riccardo Papa
Brian Counterman ,

ﬁ Forward genetics Owen McMillan p® -
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Martin et al., PNAS 2012
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Pharmaceutical WntA gain-of-function assay

H. sara sara

Davaloprment 124, 223232 (1597) 2623
Printed in Geoat Britain © The Compary of Biglogists Limied 1957
DEVSI2E

Genetic evidence that heparin-like glycosaminoglycans are involved in

wingless signaling

Richard C. Binari', Brian E. Staveley', Wayne A. JohnsonZ, Ranga Godavarti?, Ram Sasisekharan® and
Armen 5. Manoukian®*

Opg '
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Heparin

Martin et al., PNAS 2012



CRISPR-Cas9

Clustered regularly-interspaced short palindromic repeats




Done by Carolina Concha
Richard Wallbank

WntA knock-out

WntA CRISPR
removal of black/yellow boundaries



27% CRISPR Normal



Methods to identify the genes and the mutations
responsible for phenotypic evolution



Two types of approaches

Google

Guugli Search | I'm Feeling L‘clw

Genetic mapping Candidate gene
no a priori, fewer bias Based on an a priori idea
long and tedious can be fast and efficient

rarely ends with identification of the gene

only with strains/species which produce fertile will only find known genes
hybrids

In both cases genes with small effect are more difficult to identify




Various methods

Genetic

which chromosome (ex: autosomal versus sex)
QTL mapping

Genetic association studies

Candidate Gene

Complementation tests

General biology

General knowledge of the genes involved in the phenotype
Similarity with a known phenotype

Correlation with a change in gene expression levellpattern

Final test of protein activity
in vitro in E. coli, by transgenesis in the studied species or the closest model
organism (ex: beta-defensin of dogs tested in mouse)

Final test of cis-regulatory regions
- with reporter constructs, transgenesis, comparison of both regions
- comparison of allele expression levels in hybrids (pyrosequencing)
- CRISPR-mediated targeted mutation




Evolution repeats itself



WWW. gephebase org
GepheBase

The Database of Evolutionary Genotype-Phenotype Relationships

Virginie Courtier-Orgogozo
Arnaud Martin (Washington DC)
Laurent Arnoult (former postdoc)
Stéphane Prigent (former postdoc)



WWW. gephebase org
GepheBase N

The Database of Evolutionary Genotype-Phenotype Relationships

Includes Natural, Domesticated and Experimental Variation
but NO LAB MUTANTS and NO CLINICAL TRAITS

>1600 genes and mutations
associated with

Virginie Courtier-Orgogozo n atu ral p h e n Otyp I C C h an g eS
Arnaud Martin (Washington DC) . .
Laurent Arnoult (former postdoc) | n an | m aIS an d p I aﬂtS

Stéphane Prigent (former postdoc)
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Ge-phe
a Genetic VARIATION causing
a Phenotypic VARIATION

coding region
of SLC25A2 gene
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Orgogozo, Morizot & Martin Frontiers Genet. 2015



THE QTN PROGRAM AND THE ALLELES THAT
MATTER FOR EVOLUTION: ALL THAT’S GOLD
DOES NOT GLITTER

Matthew V. Rockman®?

The shiny
“large effect” loci we can
document experimentally

Density

True effect size (d)



THREE APPROACHES to FIND the GOLDEN LOCI of EVOLUTION

CANDIDATE GENE

REVERSE GENETICS FORWARD GENETICS
From genes to traits From traits to genes

Little Ascertainment Bias, but Micro-Evolution only:

Requires the intermixing of two gene pools
or lineages



CHKov1
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L+ Most Visited % Les plus visités @ Getting Started N\ Latest Headlines & PubMed b BiblioviE §J GoogScholar <# FlyBase <+ DicoCNRS @ BLAST & m-webMail >

SN A B

keyword

Base

GEPHE SUMMARY

The Databaze of Genotype-Phenotype Relationships

Gephebase Gene CHEowv1 GephelD GPooooo182
Entry Status - Main curator Martin
PHEMOTYPIC CHANGE Show All Details
Trait #1
Trait Category Physiology
Trait Pathogen resistance
Trait State in Taxon A Drosophila melanogaster - susceptible
Trait State in Taxon B Drosophila melanogaster - resistant
Trait #2
Trait Category Physiology
Trait Xenobiotic resistance (insecticide)

Trait State in Taxon A -

Temik Ctnbm inm Tawam H -
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' 1, BON eyword

Base

The Datab. f Genotype-Phenotype Relationships

Generic Gene Mame CHEKov1 UniProtkKB Qes1Vy
Synonyms CGios18 Drosophila melanogaster
String - GenebanklD or AY 047531
Sequence Similarities - UniProtkB
GO - Molecular Function -

GO - Biclogical Process -

GO - Cellular Component -

Presumptive MNull Mo
Molecular Type Coding
Aberration Type Insertion
Insertion Size 1-10 kb
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To understand the molecular basis of how hosts evolve resistance to their parasites, we have investigated the
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genes that cause variation in the susceptibility of Drosophila melanogaster to viral infection. Using a host-
specific pathogen of D. melanogaster called the sigma virus (Rhabdoviridae), we mapped a major-effect
polymorphism to a region containing two paralogous genes called CHKov1 and CHEov2. In a panel of
inbred fly lines, we found that a transposable element insertion in the protein coding sequence of CHKowv1 is
associated with increased resistance to infection. Previous research has shown that this insertion results in a

truncated messenaer RMA that encodes a far shorter protein than the susceptible allele. This resistant allele
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The Wrinkled-Seed Character of Pea Described by
Mendel Is Caused by a Transposon-like Insertion in
a Gene Encoding Starch-Branching Enzyme
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Repeated evolution

coding region
of SLCZ5A2 gene

TGCGTGGTC

C v vV Also in:

Humans
Horses
Quails
Chickens
Mice
Pigeons
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Orgogozo et al 2015 Frontiers Genetics



Repeats In..

.. the genes responsible for natural evolution

Ex : hemoglobin in dogs and humans in Tibet
(Wang et al 2014 GBE)

.. the genes responsible for experimental evolution

EX : sulfate transporter SUL1 in yeasts in low sulfate
(Gresham et al 2008 PloS Genetics)

.. the phenotypes evolving in certain environments

Ex : flying marsupial phalanger and placental flying squirrel

Orgogozo 2015 Interface Focus



For a given phenotypic change
the underlying gene is predictable

Color vision




Genetic predictions
broader than the gene level

Morphological evolution Drosophila pigmentation evolution
Is likely to involve Is likely to involve
ligand-coding genes. cis-regulatory mutations.
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19 signaling genes represent 20% of the cases where an ;{
imal hological ch h
?g(l)r/réa;l;norp ological change has been mapped to a gene 32 cases, 9 genes, all cis-regulatory.

Martin and Orgogozo 2017 in press Massey and Wittkopp 2016



There are genetic paths of least resistance




Why Is the set of genes
causing evolution limited?



There are specialized genes in a genome

Colorvision 4 specialized tissue

-4 _ specialized molecules mutations in opsin
R genes

Hypoxia resistance mutations in
haemoglobin genes

—a SpeCial ized tissue

~ specialized molecules

McCracken
2009

Specialized genes are usually genes that interact
with external parameters



Specialized loci in the genome

Proteins that interact with external molecules
oxygen, photons, insecticide, cholesterol...



Specialized loci in the genome

Proteins that interact with external molecules

oxygen, photons, insecticide, cholesterol...

Cis-regulatory elements of
“developmental switch genes”

Simpson 2007 Trends Genetics
“‘Stern and Orgogozo 2009 Science
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From random processes can emerge
predictability

Many unpredictable processes - Predictable Evolution
at a low level at the genetic level

Mutations in DNA
Chromosome segregation during meiosis
Assortative mating
Gamete competition during fecondation
Life history traits
Genetic linkage
Environmental changes (meteorite, etc.)
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From random processes can emerge
predictability

Microscopic world
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Position, mass, velocity of each particle

Macroscopic world
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Pressure, Volume, Temperature,
Number of moles









After a few seconds




Evolution:
unconstrained and unpredictable?

[past and present organisms are]

a subset of workable, but basically
fortuitous, survivals among a much
larger set that could have functioned
just as well, but either never arose,
or lost their opportunities, by
historical happenstance.

Stephen Jay Gould, 2002

It is hard to realize that the living
world as we know it is just one among
many possibilities; that its actual struc-
ture results from the history of the
earth.

1977

Evolution and Tinkering

Frangois Jacob




Would life evolve again,
would it produce similar living beings?

How?
evolution < Why? (1) rather than nothing
Why? (2) rather than another change



P

DAW KI N S ﬂm
THE .
GENE gl

‘Compelling . . . masterful . . .
outstan dingly good.’
Richard Davaking, TLS

WHY
LUTION

LEWIS I. HELD,




Collaborators

Genital evolution Left-right asymmetry Seph%bslse i
Alexis Lalouette Michael Lang Brn?_ut I\/Elir N ¢
Bénédicte Lefévre aptiste viorizo
Fly anatomy
Glue evolution Jean David
Flora Borne :
Morphometrics
Francois Graner
Genotyping
Virginie.courtier@ijm.fr David L. Stern
@Biol4Ever
Fly crosses
Daniel Matute
|_
o)
: =
‘ w0 i S ¥
INSTITUT g et Gt JOHN TEMPLETON [
MOXOD <5 Eerc FOUNDATION  FGNDATION
' o BRE RECHERCHE

MEDICALE


mailto:Virginie.courtier@ijm.fr

