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Box 2. Clarification of terms

A number of recent terms, including landscape
genetics (Manel et al. 2003), landscape genomics (Lu-
ikart ef al. 2003; Joost et al. 2007), molecular genecol-
ogy (Hamilton et al. 2002; Skot et al. 2002), and
ecological genomics (Ungerer et al. 2008), have
recently been introduced to describe studies aimed
at understanding the impact of the environ-
ment/landscape on genetic response. These are in
fact not new research fields, but rather involve the
interdisciplinary integration of multiple pre-existing
research disciplines, including spatial statistics, land-
scape ecology, population genetics and molecular
biology. These terms were initially introduced to
facilitate the discussion of researchers across disci-
plines; however, the multiplication of similar terms
has led to the need for clarification|



Landscape genetics (Manel et al. 2003) aims to
provide information about the interaction between
landscape features and microevolutionary processes,
such as gene flow, genetic drift or selection. Most
current applications of landscape genetics focus on
gene flow and migration (processes that can either
facilitate or constrain local adaptation), i.e. the effect
of the environment on the selectively neutral compo-
nent of genetic diversity (Storfer et al. 2007; Ander-
son et al. 2010). However, landscape genetics also
aims to correlate allele frequencies with the environ- I
ment in order to understand the effect of the envi-
ronment on the adaptive component of genetic
diversity (Holderegger et al. 2006).

Few markers — adaptive landscape genetics



Landécape genﬁnﬁics (Luikart et al. 2003; Joost
et al. 2007) uses correlation studies between the
genomic data and the environment to identify genes

either potentially linked to candidate genes or the
genes themselves under selection. Landscape genom-
ics is included in landscape genetics, but refers more

I specifically to the use of the future large amount of
genetic data due to high-throughput sequencing.
Landscape genomics is thus at the interface of bioin-
formatics, genomics, spatial statistics and landscape
ecology.



Molecular genecology (Hamilton ef al. 2002) is the
study of geographical clines in the frequencies of
alleles and their relationship to ecological clines in
environmental conditions. Its objectives are largely
the same as for the other research fields listed above.

Ecological genomics (Ungerer et al. 2008) inte-
grates over several disciplines and seeks to under-
stand the genetic mechanisms underlying responses
of organisms to their natural environment. It is
broader than landscape genetics and genomics, since
it further includes experimental and laboratory
approaches.
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Landscape genetics: combining
landscape ecology and population
genetics
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THE POWER AND PROMISE OF
POPULATION GENOMICS: FROM
GENOTYPING TO GENOME TYPING

Gordon Luikart, Phillip R. England, David Tallmon, Steve Jordan and Pierre Taberlet

Population genomics has the potential to improve studies of evolutionary genetics,
molecular ecology and conservation biology, by facilitating the identification of adaptive
molecular variation and by improving the estimation of important parameters such as
population size, migration rates and phylogenetic relationships. There has been much
excitement in the recent literature about the identification of adaptive molecular variation
using the population-genomic approach. However, the most useful contribution of the
genomics model to population genetics will be improving inferences about population
demography and evolutionary history.
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Natural selection and
adaptation of species to their
local environment



Goal

* Show how GIScience methods and data may
contribute to :

— The advancement of our understanding of
mechanisms controlling the evolution of species
(adaptation to local environment in particular)



Signatures of natural selection
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Why looking for signatures of natural
selection ?

* Any genetic marker selected by an environmental variable
may be associated with a gene

* The function of this gene may be discovered by means of
clues provided by this environmental variable (e.g.

temperature) / \

The study of the effects of These signatures permit to

natural selection may identify regions of the

improve our genome with a particular

understanding of the adaptive value

genetic mechanisms of — Important in conservation

evolution biology to establish priorities
among endangered
populations
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Complete the genetic matrix...
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...wWith environmental variables
characterizing sampling locations
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New sensors and DEMs

Molecular Ecology (2010) 19, 3760-3772 doi: 10.1111/}.1365-294X.2010.04717 x

Perspectives on the use of landscape genetics to detect < , ' Bhancon esete dversi
genetic adaptive variation in the field ﬁ';» . 3 oor010

7) 012019

BPCA score |
® -119-0.01
¢ 0.01-0.41
0.41-0.74
0.74-0.91
0.91-1.35

STEPHANIE MANEL,*+STEPHANE JOOST,} BRYAN K. EPPERSON,§ ROLF HOLDEREGGER,Y
ANDREW STORFER,** MICHAEL §. ROSENBERG,H KIM T. SCRIBNER,{+ AURELIE BONIN§§ and
MARIE-JOSEE FORTINYY

*Laboratoire Population Environnement Dévelopy . UMR 151 UP/IRD, Université de Provence, 3 place Victor Hugo,
1333
Gre:
Laus,
Enst
S
Medil
4501
§§D¢
1904 journal homepage: www.elsevier.com/locate/geomorph

Contents lists available at SciVerse ScienceDirect

Geomorphology

Multiscale analysis of geomorphological and geological features in high resolution
digital elevation models using the wavelet transform
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Logistic regression

Individuals Genetic markers Environmental variables
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Multiple parallel logistic regressions




Significance of the models

Sheep breeds : allele OARIMPZ9 157

[y

=
w0

=
Ea

=
=

=
[n]
1

=
h
1

=
I

logit(p) = By + B1x

Probability of presence
(o}
o

=
b

o}
=

=

0 1 2 3 4 5 B 7 8 3 10 11 12 13 14 15 16 17 18
Number of wet days (yearly mean of monthly values)
 Does a model including the tested environmental variable

significantly explain more variance than a model with a
constant only ?



Software developed at EPFL

* MatSAM v1 (Matlab)

Univariate logistic regressions on quantitative data,
Wald and likelihood ratio (G) statistical tests

* MatSAM v2 (Matlab)

Univariate logistic regressions on qualitative data,
with pseudo R?

* Samfada (C++) — Dr Sylvie Stucki
Univariate and multivariate logistic regressions,

intelligent selection of significant models, pseudo R?,
Moran’s I, GWR, HPC capacities



Most recent developments

Samf3ada is a C++ development, fast software
Scythe C++ library

Samfada processes uni- and multivariate models
Sam[3ada integrates spatial statistics

Analysis of the spatial autocorrelation of alleles
frequency

Supports distinction between signatures of
selection and demographic processes

Useful support to identify false positives




R-Sambada

The functions of the package include pre-processing, running of sambada and post-processing.
Preprocessing

The first function of this category is used to prepare the genomic file. Relying on the package SNPRelate
it accepts various formats (plink bed, plink ped, vgf, gds). According to user-defined thresholds the
dataset is filtered for Minor Allele Frequency (MAF), Linkage Disiquilibrium (LD) and Missing Rate.
Rather than blindly pruning the dataset, an interactive mode will first show the distribution of the
considered criterion (e.g. MAF, LD) to illustrate de proportion of lost SNPs if the defined-threshold is
applied, thus allowing the user to change the thresholds if too many SNPs are discarded. Then the
filtered dataset is transformed into a format that sambada accepts. A second function provides the user
with a pipeline to create an environmental dataset out of a file containing the sample location. Unless a
raster with an environmental variable is also provided, the program will download climatic and
altitudinal variables from global databases (wordclim, SRTM) choosing the needed tiles according to the
location of samples. Then a csv file containing the ID of the sample, its location and the associated
environmental variable is created. Finally, a third function will prepare the final “environmental file”
according to sambada standard. First, too-correlated environmental variables are removed (according to
a user-defined threshold). Then the population structure is assessed. It is important to understand here
that sambada treats population variables in a similar way as environmental variables, thus explaining
the inclusion of population variables in the environmental file. The population structure is assessed
using the PCA-based implementation in SNPRelate. If the user prefers to have a membership coefficient
to a population rather than the principal components, the result of the PCA can be processed using
clustering algorithm. The membership coefficient is then computed as the distance to the cluster
centroid. An interactive mode allows the user to see the changes in the clustering according to the
chosen k-number of clusters.



R-Sambada

Running Sambada

The C++ sambada code is included in the R package and invoked with an R
function. Interestingly, sambada had from the start a module called
supervision that was used to split the input file into several files, so that
several sambada processes could be started in parallel. Then supervision was
again called at the end to merge all result files. The whole chain was tedious,
so that in fact supervision, despite its evident benefit, was rarely used. In this
R-package we include supervision in the processing chain and run sambada in
parallel using the R-package foreach and doParallel. Furthermore, while in
sambada population structure could be accounted for by considering it like
any other environmental variable. This required a bit of post-processing to
adjust the scores and filter out multivariate models that did not contain any
population variable. In this release of sambada, population structure can be
assessed by specifying in the input parameters the name of the column
containing population structure.



R-Sambada

Postprocessing

Sambada computes G-score and Wald-score but does not compute p-values, because the computing of
p-values for all models would be time-consuming. Consistently, the first function of the postprocessing
includes the computation of p-values for all kept model. Alongside pvalues, the g-values are also
calculated based on Storey method. A function can then be called to print a global summary report. This
will plot the manhattan plot of all environmental variables and list the most significant markers. Then a
connection to the ensemble database is established to list the genes in the nearby region of these
markers. Some geographic maps are also provided, showing the distribution of the marker and the
environmental variable. The goal with this report is to identify interesting region to further investigate.
Once this is done, the user can start an interactive window by specifying an environmental variables and
a chromosome (several chromosomes can be handled if the number of kept markers is not too high).
This operation relies on the package shiny which opens a local web-browser page first displaying the
manhattan plot of the chosen region. The user can interactively click on a point, which will provide the
name of the marker, its position and nearby genes. Additionally, the pvalue of the marker with other
environmental variables is given. A geographic map is also provided, showing the distribution of the
marker, the environmental variable and the population structure. Finally, if the user is only interested in
printing a map, it can use the mapping function to plot the geographic distribution of a marker, an
environmental variable, a population structure or the spatial autocorrelation of a marker.






