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What is Molecular Ecology

Molecular Ecology utilizes molecular genetic techniques to address
guestions in ecology, evolution, behavior and conservation.

The journal “Molecular Ecology” publishes articles in various areas such
as :

Population structure and phylogeography
Reproductive strategies

Relatedness and kin selection

Sex allocation

Conservation genetics

Speciation genetics

Individual and species identification

Microbial biodiversity

Molecular adaptation and environmental genomics
Impact of genetically modified organisms

24/10/2011



q Introduction :

L’Ecologie moléculaire est un domaine de la
biologie qui a pris beaucoup d'importance ces
dernieres décennies grace au développement
d’outils moléculaires .

Ceci a permis davoir acces a de nouvelles
Informations, jusgu’alors inaccessibles sur des
caractéristiques clés des individus et des
populations, telles que la paternite, les niveaux de
diversité génetique et structure des populations.
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Un peu d’histoire...
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Systématique
« Systema Naturae »
Linnaeus, 1758

Theéorie de I'evolution
par selection naturelle

« The origin of species »
Charles Darwin,1859




1 Néo-Darwinisme

+ Loi de I'néredité, Gregor Mendel, 1866

+ Bases des theories de I'évolution
et de la génétique des
populations : Equilibre de
Hardy-Weinberg, 1908

g+ Liaison entre theorie de I'évolution et
génétique : Néo-Darwinisme ou « the
modern synthesis » Fisher, Haldane,
Wright (années 1930)
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Théorie neutraliste

+ La majorite du polymorphisme
genétigue observe doit étre
sélectivement neutre sinon le
fardeau génétique serait tel qu'il
conduirait a I'extinction (Moto
Kimura, 1968)

+ Découverte de la structure de
’ADN (Watson et Crick, 1953)
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Domaines d’utilisation des marqueurs
moleculaires

Définitions d’unités taxonomiques et
attribution d’individus a des especes ou des
populations

Utilisations :

Identification d’hybrides, zones hybrides
Analyses de proies, réegime alimentaire

Suivi de populations / individus grace a des traces laissees
dans I'environnement

Analyses d’infections multiples...
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* Main types of genetic markers

Markers evolution
Proteins
DNA fragments (RFLP’s)
PCR (e.g. RAPD microsatellites)
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RFLP’s

Gel d'agarose Membrane de nylon

Tiansfert (iméthode de SOUTHERMN)

—_
Lavages
Autoradiographie
Restriction fragment length polymorphism 12 11 12
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http://www.sesep.uvsq.fr/formation/Southern3.jpg

RFLP’'s

Carte de restriction enzymatique

des génes de I'ARN ribosomal du
genre Holcus.
Identification des différents
cytotypes et espéces du complexe ~ Heleus
Holcus, typage et des individus.

H.lanatus

2n =14

[ g -

5.5kb gmem
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SNPs (single nicleotide polymorphism)
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Quelgues exemples de marqueurs et leur
utilisation

RAPD : marqueurs codominants, non specifiques. phylogéographie,
phylogénie. Identification de clones.

Sequences mitochondriales : héréditée maternelle, phylogéographie,
phylogeénie.

Microsatellites : le plus souvent dits neutres. phylogéographie, phylogénie,
structures de populations, paternite, apparentement.

Séquences CHD-W et CHD-Z : identification du sexe, évolution du sex-ratio.

Polymorphisme immunologique : complexe majeur I'histocompatibilité
(CMH). Marqueurs sélectionnes.

Comparaison entre types de marqueurs
Transmission uniparentale et transmission biparentale

neutres et sélectionnés.
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* Microsatellites : Exemple chez Lacerta vivipara
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lllustrations

= collembole

= Gallotia galloti
= Mmésange

= |ézard vivipare
= pie et coucou

= Moineau

24/10/2011
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Molecular phylogeny in a parthenogenetic
collembola species (Tully et al. 2006)

A7

M APBRBVDKGBGMHAPB TOUS W IV M

A11

M AP BR BV DK GB GM HA PB TO US WI IV
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Figurel: RAPD-PCR
fragment profiles of 11
clones of the species
Folsomia candida (AP, BR,
BV, DK, GB, GM, HA,PB,
TO, US and WI) and of one
individual of Isotoma viridis
(IV) generated by the 2
different primers (A7, All).
Molecular size standard
(100 pb DNA ladder) is in
track M.
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Molecular phylogeny in a parthenogenetic
collembola species (Tully et al. 2006)

Figure 2. Consensus cladograms
of 11 clones of Folsomia candida
(AP to WI) using the closely
related species Isotoma viridis as
an outgroup.

(a) = analyse of the RAPD-PCR
fragments generated by five
primers.

(b) = consensus tree with three
different characters (18S rDNA,
28S rDNA sequences and RAPD-
PCR fragments). The two major
lineages are labelled A and B.
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Phylogeography

Richard M. and Thorpe R.S., MPE 2001.:

Microsatellite Phylogeny of G. galloti

Thorpe R.S. and Richard M., PNAS
2001: Evidence that UV markings are
associated with patterns of molecular
gene flow

24/10/2011
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q Questions

Jusqu’a quelle échelle les marqueurs microsatellites restent-ils
fiables ?

Quelle information peut-on tirer de la comparaison de marqueurs
mitochondriaux et nucléaires ?

+ Méthodes

5 marqueurs microsatellites

Individus des 12 populations de 4 iles precédemment utilisées
pour une phylogénie
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Microsatellite Phylogeny of G. galloti
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FIG. 1. Site location in the western Canary Islands and hypothesized colonization sequence of Gallotia galloti in the western Canary
Islands from miDNA phylogeny. (Left) Phylogeny of . gaffoii populations based on mtDNA and RAPDs (Thorpe er al, 1994). (Right)
Colonization pathway of & galloti among western Canary Islands. Times of island origin (above; boldface) and island colonization (below;
italics) are given for each island {in my bp. from Thorpe ef al.. 1994) based on 1-2% bp change per my (see text for the case for considering
1% change per my).
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* Comparison between markers
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|

Evidence that UV markings are associated with
patterns of molecular gene flow

24/10/2011
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Hypotheses

Fig. 1. Map of Tenerife showing study localities. Distribution of eastern and western
MtDNA lineages (X) and northern and southern biotopes (Y).

24/10/2011
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Patterns of UV markings

Nord

joue

Sud

épaule
tronc

Fig. 3. UV photographs. The northern specimen {(Upper) has a well
developed cheek UV mark and the southern specimen (Lower) has well
developed shoulder and trunk UV marks.

24/10/2011
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Evidence that UV markings are associated with
patterns of molecular gene flow
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Fig. 4. Histograms showing the bimodality of UV reflective markings based
on four pairs of populations either side of the ecotone (Inset) in largely the
range of the eastern lineage (southern, solid bars; northern, hatched bars). (4)
The ratio of the size of the cheek marking to flank (shoulder + trunk) marking
shows distinct widely separated modes with almost no overlap.”
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q Evidence that UV markings are associated with
patterns of molecular gene flow

GST/1-GST (microsatellites) Distribution of eastern and western
MtDNA lineages (X) and northern and
southern biotopes (Y).

La Gomera
Gl

La Palma

Tenerife
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Sexual selection and bias In
broods sex ratio

Dreiss A. et al/, BE 2005: Sex ratio and male sexual

characters in a population of blue tits, Parus caerulus
Figure 1:

Sonograms of two types of strophes from a male blue tit.

One example of a sequence of strophes sung at dawn, with the
succession of three strophe bouts.
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> time
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q Theoretical framework

Theorie de l'allocation sexuelle : Si les parents
pouvaient predire la valeur relative de leurs fils
et filles, les individus capables de biaiser le
sex-ratio de leur descendance envers le sexe
qui a la valeur reproductive la plus élevee,
seraient favorisés par la sélection naturelle
(Trivers and Willard, 1973).

24/10/2011
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Sexual selection and bias in broods
sex ratio

Questions :

m variation du sex-ratio des pontes et
caracteristiques du chant a l'aube du
male (social)

® liaison entre sex-ratio et couleur de la
couronne

m |e sex-ratio des poussins issus de
copulations hors-paire est-il biaisé en
faveur des males ?

m effet des conditions de développement
sur les caractéristiques du chant :
valeur adaptative de I'ajustement du
sex-ratio des pontes.
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q Methods:

Enregistrement du chant a l'aube

Analyse de la couleur de la couronne

Manipulation des pontes

Mesure des caracteres biomeétriques

Sexage moléculaire des poussins (CHD1-W CHD1-2)
Analyse de paternité (multiplex de 5 loci microsatellites)

Analyses statistiques — test des hypotheses

24/10/2011
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Strophe bout length at dawn and
broods manipulation

4.5
Figure 2
1 Strophe bout length at dawn of
£ * " 1-year-old males from
;E:’ experimentally manipulated
= T broods.
E & * The manipulation variable has 3
-§_ 2 I values:
& . 1 for decreased brood,
L .
* I -1 for increased brood,
¢ 0 for non-experimental brood
25 T with no manipulation.

-1 0 1
Manipulation

Males from decreased broods have longer strophe bout length
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Brood sex ratio and male dawn chorus

, X?=568p=0.017
. Figure 3:
0.8 o :
Natural brood sex ratio
- in relation to the mean
E 0.6 - length of strophe bouts
§ produced by the social
'§ o male at dawn during
) eo o o0 ‘oo the fertile period of the
L
. '. o female.
0.2 - *
L
L
L
':' ¥ ¥ L
2 3 4 5

Male strophe bout length _ _
Brood sex ratio tend to increase

with social male bout length
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* Condition-dependence and EPC in the blue tit
I

Dreiss et al., JEB 2008 :

Condition-dependent
genetic benefits of
extrapair fertilization in
female blue tits
Cyanistes caeruleus

24/10/2011
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Condition-dependence and EPC in the blue tit

Fig: Probability of occurrence of
extrapair fertilization in female blue
tits as a function of female body mass
and pair genetic similarity.

Lean females(light grey) had a higher
probability of producing EPY when
mated with genetically similar males
(P = 0.007).

Heavier females (white and dark grey)
did not (P = 0.38).

The interaction between female body
mass and pair genetic similarity was
significant (P = 0.0005).
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Behaviour:
Mate choice and senescence

Richard et a/, ME 2005 : Age-specific
mating strategies and reproductive
senescence.

24/10/2011
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Sexual conflict and reproductive
senescence

Méthodes :

Mise en élevage en enclos semi-naturels en 1995
Sessions de recapture en 1997 et 1998

128 individus adultes ou subadultes : 63 femelles et 65 males
tous d’age connu

Génotypage des individus (adultes et jeunes), attribution des
paternités

Pour chague jeune on a ses caracteristiques et celles de ses
deux parents, entre autre I'age, le nombre de partenaires et le
nombre de jeunes.
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Sexual conflict and reproductive

94 . Fig.1: Numbers of offspring
B - as a fonction of parents
7 . _ = sex, age and age=Z.

(symbols are for mean
values and lines are fitted
regression lines).

NMumber of youngs
£

4
3 Similar results for juvenile survival
2
: young or old < 2to 4 years old
0 2 4 ] for males and females
Age
¢ Males - === [it male
O Females — Fit female
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Probability of mating

Sexual conflict and reproductive

senescence
100 - ;
a0 - 92 24 156 18 ; Females
80 -
70
60
50
40 |
30
20
1E' 93 48 21 18 7 Males
0 2 4 6
Age
¢ Males === Fit male
O Females —— Fit female
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Fig.3: Mating probability varies
with age in both sexes.

The probability of mating was
dependent on the OSR
(P<0.001).

The probability of mating
depended on the age and age?
of individuals (age: A<0.001,

age2: P=0.03).

This probability was not sex
dependent  (sex, sex=xage,
sex~age?2: all #>0.1).
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Sexual conflict and reproductive

7 Females

senescence
3_
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L 26-
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b ]
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Fig.4: Evolution of polygamy
with age in female and male.

The number of effective
partners was significantly
affected by age in both sexes

The age-dependent patterns
were however, strongly opposite
between sexes: the number of
effective partners for females
first decreases with age and then
increases for old ages, while the
trend is opposite for males.

38



Sexual conflict and reproductive

proportion of pairs

24/10/2011

senescence

Fig.5: Assortative
mating by age.

Under x and py axes,
number of males or
females for each class of
age.

The 2- to 4-year-old
females are  mainly
reproducing with males
of the same age when
compared to younger or
older females.
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Condition-dependence and optimal level
q of inbreeding in the common lizard

Richard et al. 2009 Proceedings B : Optimal level of
Inbreeding in the common lizard

A partir du méme dispositif expérimental, nous avons
examiné la possibilité d’un choix de partenaire lié a la
similarité genétique, et si oui, si il pouvait varier en
fonction du contexte (environnement ou condition).
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q Context

Context:

Owing to the deleterious effect of inbreeding (inbreeding
depression), individuals were until recently thought to avoid
closely related partners and even to seek-out genetically distant
partners (outbreeding).

However, some exceptions to these generalities have been
reported (inbreeding tolerance).

Theoretical framework:

It has been suggested that selection for inbred mating could
depend on the costs and benefits of mating with a genetically
close or distant partner.

The optimal balance between costs and benefits will be achieved
for a particular genetic distance between partners and will
determine the optimal degree of inbreeding/outbreeding
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q Questions

How do mating patterns vary with local
conditions and genetic similarity ?

How do genetic similarities between partners
Influence reproductive success (number and
quality of the young) ?

24/10/2011
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Condition-dependence and optimal level of
Inbreeding in the common lizard
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Condition-dependence and Optimal level
of inbreeding in the common lizard

For adult females (age>1 year), the optimal mean relatedness = 0.18.

When mated with a polyandrous
female, a male will fathered a
more important proportion of the
young if its genetic relatedness to
the female is closest to 0.2

o o
o

o
ol
@

© O !
N W
|

paternity in litter (%)
C C o
o B ESN

o

closeto 0.2 others

pair relatedness
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q Conclusions
|

dynamic mate choice: individuals of different
phenotypes select their partners in different ways
according to their genetic similarity.

optimal inbreeding, with both an important inbreeding
component, and strong outbreeding depression for
partners that were more genetically distant than
cousins.

This trade off between inbreeding and outbreeding
seems to operate through the action of plasticity (it
can change with age for a given individual)
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Génetique des populations
Co-évolution hote-parasite

Martin-Galvez D. et a/, JEB 2005 : A quantitative trait
locus for recognition of foreign eggs in the host of a
brood parasite

e
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V4

Génetique des populations
Co-évolution hote-parasite

Protocole 8 populations de pies x 10 nids (min)

Ajout

d’un ceuf expérimental

L B <

éjecteurs accepteurs

6 populations en sympatrie avec des coucous

2 allopatriques
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Genetic evidence for egg recognition

Allglic frequency (%)
R

0- |

417 421 425|42D|433 437 441 445 449 453| 457 | 461
Alleles (bp) of Ase B84

Fig. 1 Allelic frequencies (%) for Ase6d microsatellite locus of
nestlings coming [rom accepter and ejector nests. Symbols refer to
alleles whose [requencies significantly differed between accepters
and ejectors.
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Genetic evidence for egg recognition

24/10/2011
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Fig. 2 Relationship between dillerences in ejection rate (%) and
genetic distances [or the Ase64 locus [or sympatric populations (n =
15 differences between six populations) (Mantel's test: r = 0.88,

P < 0.001, ¥ = 0.78).
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Immune response and MHC

Bonneaud C. et a/,
Immunogenetics 2005 : An
Mhc class | allele ssociated
to the expression of T-
dependent immune
response in the house
sparrow

Haussperling (Passer domesticus)

24/10/2011

Rossen (15.05.2003)
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Immune response and MHC

63 moineaux sauvages par groupes de 4 a 6 dans des volieres
2 challenges immunitaires :

PHA 1 PHA 2 | SRBC 1 SRBC 2
injections l l l l
12 35 36 43 52 59
T T T T N jours
mesure . .
Mesure ailes Mesure ailes Prise de sang Prise de sang

Prise de sang
contréle
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|

Mhc class | allele and immune response in the

house sparrow

EJ_

8 8 8 8

Individuals carrying the allele (%0)
=

al72
Fig. 1 Frequency distribution
of the 31 Mhe class T alleles
found in the 63 house sparrows
screened in this study
RBRRCRECRAXEARIBITARRBAR2GRIAR]ZE
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Mhc class | allele and immune

=

Wing web swelling {mm)

the house sparrow

0 absence of al 72

response in

1.6 -
W presence of al 72 b
1.4 4.5 -
1.2 £ 4 -
T o 35 -
1 - a
2 3
0.8 1 B 25
0.6 - % 2 -
04 g e
g '
0.2 Z 05 -
0 - 0
PIETATY Tesponse secondary response PIETATY Tesponse
Fig. 2: Effect of the al72 allele on the primary and secondary immune response
(a) Cell mediated immune response to an intradermal PHA injection,
(b) humoral immune response to an injection of SRBC.
39 individuals with al72 allele and 24 individuals without. Bars represent SE
24/10/2011
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Mhc class | allele and immune response
In the house sparrow

Ce n’est pas le nombre total d’allele mais un allele en particulier
(al72) qui est associé a une meilleure réponse immunitaire

Confere-t-il un avantage selectif aux individus porteurs ?

2 autres explications possibles, a part un effet direct dans la
reponse a la PHA et aux SRBC :

Al172 en déséquilibre de liaison avec un gene impliqué dans la
condition individuelle

A172 peut conférer une résistance a un pathogene ou un groupe
d’antigenes, permettant a 'organisme de lutter contre d’autres
agressions.

Les individus porteurs de l'allele a172 ne sont pas plus apparenté
entre eux (microsatellites) qu’'avec les autres.
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Bonneaud et al., Evolution 2006

Difference  between the
%ge of infected individuals
carrying the Mhc allele and
the %ge of infected
individuals not carrying the
allele, for the two
populations of house
sparrows (Passer
domesticus).

Positive values: increased
susceptibility to infection
linked to the presence of
the Mhc allele

Negative values: increased
resistance associated to the
allele.
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Bonneaud et al., ProcB 2006

Probability of forming a
breeding pair as a
function of the number of
Mhc alleles for both
males (solid line) and
females (dotted line).

Observed values of male
pairing success are
represented by circles
that vary in  size
according to the number
of observations (=1, 2,
3,4 0rb).
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