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Case studies

• Common frog in the Alps

• Pine weevil in Europe

• Goats in Europe/western asia

• Biscutella laevigata - Swiss Alps

• Cichlids in Lake Victoria 



Common frog

Bonin, A., Taberlet, P., Miaud, C., & Pompanon, F. (2006). Explorative Genome Scan to 
Detect Candidate Loci for Adaptation Along a Gradient of Altitude in the Common 
Frog (Rana temporaria). Molecular Biology and Evolution, 23(4), 773–783. 





Pine weevil

Joost, S., Bonin, A., Bruford, M. W., Després, L., Conord, C., Erhardt, G., & Taberlet, P. (2007). A spatial analysis method (SAM) to detect
candidate loci for selection: towards a landscape genomics approach to adaptation. Molecular Ecology, 16(18), 3955–3969. 

10 environmental variables
83 AFLP markers



Pine weevil

Joost, S., Bonin, A., Bruford, M. W., Després, L., Conord, C., Erhardt, G., & Taberlet, P. (2007). A spatial analysis method (SAM) to detect
candidate loci for selection: towards a landscape genomics approach to adaptation. Molecular Ecology, 16(18), 3955–3969. 

• 6 populations

• 367 weevils (larvae and adults)

• 10 environmental variables

– Climate Research Unit (CRU), Norwich

• 83 AFLP markers

• Analyses with Fdist and Matsam

• Goal: detect signatures of selection

http://www.cru.uea.ac.uk/


Validation with theoretical approaches in 
population genetics

3 markers (38, 52, 63)
congruently identified by
both methods
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Pine weevil: main result

Diurnal temperature range exerts a selective pressure on a given region of the genome



Biscutella laevigata (Swiss prealps)

Parisod, C., & Joost, S. (2010). Divergent selection in trailing- versus leading-edge populations of Biscutella laevigata. Annals of Botany, 105(4), 
655–660. doi:10.1093/aob/mcq014





Biscutella laevigata (Swiss prealps)

Parisod, C., & Joost, S. (2010). Divergent selection in trailing- versus leading-edge populations of Biscutella laevigata. Annals of Botany, 105(4), 
655–660. doi:10.1093/aob/mcq014
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Cichlids in the lake Victoria

Joost, S., Kalbermatten, M., Bezault, E., & Seehausen, O. (2012). Use of Qualitative Environmental and Phenotypic Variables in the Context
of Allele Distribution Models: Detecting Signatures of Selection in the Genome of Lake Victoria Cichlids. In F. Pompanon & A. Bonin (Eds.), 
Data Production and Analysis in Population Genomics (pp. 295–314). Humana Press. 



Why Lake Victoria?

• The cichlid flock in this lake is one of the most 
explosive examples  of  adaptive  radiation

• Where more  than  500  species have evolved 
during  the last 15,000 years. 

• The repetitive occurrence  of the  same 
adaptively important traits in unrelated  taxa

• Lake Victoria flock is an ideal model  system 
for studying  adaptation



Pundamilia pundamilia & Pundamilia nyererei

• 2 sympatric sister species inhabiting the 
shores of rocky islands, widely distributed in 
the lake

• Differ in male nuptial coloration, in feeding 
ecology, depth distribution, photic 
environment, visual pigment, female mating 
preference for male nuptial coloration

• However such divergences appear only in 
near islands with high water transparency,

• Whereas in near islands with low water 
transparency, genetic differentiation is 
reduced or absent and intermediate color 
phenotypes are common or even dominate





Sampling

• Along the Mwanza Gulf, Southern part of the lake
• Rocky islands show a continuous gradient of water 

clarity, from turbid in the South to clear in the North
• Associated with an increased heterogeneity of the light 

environment
• Populations of Pundamilia exhibit different stages of 

speciation along this gradient
• 4 replicate pairs of divergent Pundamilia populations 

along this speciation transect 
• 234 individuals
• 520 AFLP loci 





Qualitative environmental variables

• Matsam improvement in order to support 
qualitative environmental predictors 

• To permit the identification of associations 
between genomic variation and individual 
phenotypes

• Allowing the detection of loci involved in the 
genetic architecture of polymorphic 
characters



Methods

• Dfdist, Bayescan and Matsam

• Identification of signatures of divergent selection 

between the two Pundamilia species (or eco-morphs) 

• Analyses:

– (a) independently within each replicate pair of divergent 

populations (at the island level) to detect outlier loci 

within each of the four study islands

– (b) across all island populations grouped by color-morph 

(i.e. blue P. pundamillia vs . red P. nyererei ) to detect 

global outliers over the entire study area. 





Color class Color class Color class

Color class

Depth Depth Depth

Head lengthColor class

2
G

2
2
5

2
B

0
6
7

3
N

3
3
3

2
G

2
2
5

2
G

2
2
5

2
G

2
2
5

2
G

2
2
5

2
G

2
2
5

2
G

2
2
5



• High proportion of genomic loci exhibiting both a signature 
of selection and association with divergent color-morph 
characters (73% of significant and marginally significant 
loci) 

• Suggests a predominant action of selection on male nuptial 
coloration in the divergence between P. pundamilia and 
P.nyererei



Goats in Europe and western asia

Colli, L., Joost, S., Negrini, R., Nicoloso, L., Crepaldi, P., Ajmone-Marsan, P., & the ECONOGENE Consortium. (2014). Assessing The Spatial Dependence of 
Adaptive Loci in 43 European and Western Asian Goat Breeds Using AFLP Markers. PLoS ONE, 9(1), e86668. 



Goats in Europe and western asia

• 43 European and Southwestern Asian goat breeds
• 1239 animals
• Environmental variables

– Altitude (SRTM30, NASA)
– Climate Research Unit (CRU), Norwich
– Yearly mean + monthly values for each variable

• 101 AFLP markers
• Analyses with Bayescan, Mcheza and Matsam
• Goal: detect signatures of selection and analyse 

their spatial dependence

Colli, L., Joost, S., Negrini, R., Nicoloso, L., Crepaldi, P., Ajmone-Marsan, P., & the ECONOGENE Consortium. (2014). Assessing The Spatial Dependence of 
Adaptive Loci in 43 European and Western Asian Goat Breeds Using AFLP Markers. PLoS ONE, 9(1), e86668. 

https://www2.jpl.nasa.gov/srtm/
http://www.cru.uea.ac.uk/


Sampling: simple constraints

• The sampling strategy = balanced effort of collecting 
information from a list of selected key breeds 

• While ensuring spatial representativeness to prevent from 
over-representing any environmental condition 

• Blood samples were collected from 1’239 animals 
belonging to 43 European and Southwestern Asian goat 
breeds

• Between 28 and 33 unrelated individuals were sampled in 
10 farms covering the area of origin and the present 
distribution of breeds

• A maximum of 3 individuals per farm were sampled to 
reduce the relatedness among animals and to increase the 
breed representativeness





Spatial dependence of M86




