
Exercise 6:  
  

Genotype-Environment Association with 
SamBada 
  

Aim:  
  
• Prepare data for SamBada 

• Understand SamBada functionalities 

• Run SamBada  
 

INTRODUCTION   

Association of genetic patterns of diversity and environmental gradients can be performed 
by several methods. In this course we employ SamBada, a software that implements these 
analyses using logistic models. Here we will learn how to run SamBada for two different sets 
of data: the sheep samples from Morocco and the Stripey Snapper population from Australia.   
 
Data Access  

 
The genetic and the environmental data you produced during the previous exercise will serve 
as input here. If you missed a step, you can find environmental data in the course website 
as well. To start this exercise, you will need: 
 

n MOOA_ENV_ps.shp (Morocco environmental data) 
n fSNPS.robj (filtered genotype matrix Morocco) 
 
n StSn_env.shp (Australia environmental data) 
n StSn_fSNPS.robj (filtered genotype matrix Australia) 
n StSn_PCA.robj (Principal Component Analysis of Australian genotype matrix) 

 
n Two .R codes containing the instructions for each dataset. 
n Two custom R functions (createParam.Rfun, groupENV.Rfun) 

 
Software Access 
 
For this course we will use a new pre-release of SamBada that allows a facilitated handling 
of population structure. The additional features of this version are not yet documented in the 
SamBada manual, but will be described in this exercise. To download this version, go to the 
following website: https://github.com/Sylvie/sambada/releases/tag/v0.7.0beta1 
Download the version corresponding to your operating system. No particular installation is 
required for users on Windows and Ubuntu. For Mac user, it is likely that you need to 



download a GNU compiler collection to be installed. Refer to the documentation to download 
this dependency.  
 
EXERCISE 

We will work on two datasets: Sheep in Morocco and Stripey Snapper in Australia.  
 
Q1) What are the main differences between the two dataset? How should such differences 
be accounted for during the adaptation study? How do you think this would impact the 
computing performances? 
 
 
Input for SamBada 
 
SamBada documentation contains a detailed description of the different ways of running the 
software. In this exercise we will only employ some of the different functionalities, refer to 
the SamBada documentation to find out more about the options provided by the software. 
 
SamBada requires three documents to perform its analysis: 
 

1) The environmental data: a matrix where each column corresponds to an 
environmental value plus one column that contains the samples identifiers, as shown 
for ex. here below.  Variables describing population structure can be added in this 
matrix. 

 
2) The genetic data: a matrix where each column correspond to a genotype plus one 

column that contains samples identifiers. For each genotype, 1 encodes the presence 
and 0 the absence of the genotype. The analysis can also be carried on alleles, where 
1 shows the presence of an allele and 0 its absence. An example of the genetic data 
matrix is shown here below:  



 
 

3) The parameters: a set of options that will determine how to run SamBada. An 
example is shown here below: 

 

 
 

Environmental Data Preparation 
 
Environmental data does not require particular editing to be employed as a SamBada input. 
On the other hand, some considerations can be made for which concerns computational 
effort. As we had observed during the environmental characterization of the samples, there 
are usually variables that tend to be correlated. SamBada tests environmental association 
for each marker against each environmental variable, this means that the computational 
requirement is in a linear relationship with the number of variables (in other words, if we 
double the number of environmental variables, we double the computation time). The matter 
is even more complicated when we study multivariate models since SamBada builds all the 
possible combinations. This is the case when population structure wants to be accounted for: 
one (or more) variable describing the population structure is included with the environmental 
data. For instance, if we have a dataset with 1000 SNPs and 5 environmental variables, we 
will build 3x1000x5 = 15’000 univariate models (remember, each SNP has usually three 
possible genotypes). The same dataset using a bivariate approach will lead to the 
construction of 3x1000x5x4 = 60’000 models, and so on.  
There is therefore a substantial interest in reducing the number of environmental variables 
and two paths are possible. The first one relies on Principal Component Analysis for data 
complexity reduction. As we saw in one of the previous exercises, a few principal components 
can summarize several strongly correlated environmental variables and we could therefore 
use these “surrogated variables” as climatic descriptors.   



Q2) What is the main drawback of this approach?  
 
A similar approach, the one we are proposing for these exercises, simply consists in creating 
groups of highly correlated variables and then randomly choose one member of each group. 
The advantage of this approach is that it eases results interpretations.   
 
Genetic Data Preparation 
 
SamBada works with logistic models, meaning that each genetic marker has to be coded in 
a presence (=1) or absence (=0) format. This transformation can be done in two ways: 

1) Work on genotypes: for each marker, create three distinct instances: 
presence/absence of recessive homozygous, presence/absence of heterozygous and 
presence/absence of dominant homozygous. 

2) Work on alleles: for each marker, create two markers distinct instances: 
presence/absence of dominant allele, presence/absence of recessive allele.  

 
Q3) What are the pros and cons of each approach? 
 
In this exercise we will work on genotypes.  
 
Parameter File Preparation 
 
The last file we need to prepare before launching the analysis is the parameter file. This file 
contains all the options of the SamBada run. Some options are essential so that Sambada 
can understand how the data is structured, others are optional and modify the output and 
the type of analysis carried on. We will manually create this file for the Morocco case study, 
while for the Australian example we will see how to automate this procedure with R.  
Generally speaking, the parameter file must contain the following lines: 
 
HEADERS YES 

 Add this line to the top of each parameter file, since our environmental and genetic input 
have headers. 
 
NUMVARENV <e> 

This correspond to the number of columns in the environmental input.  
 
NUMMARK <m> 

This line indicates the number of columns in the matrix of genetic data.  
 
NUMINDIV <i> 

Here we need to specify the number of individuals (the number of rows of each file without 
the header).  
 
IDINDIV Name 

Indicates the name of the column carrying the samples IDs.  
 
DIMMAX <d> 

Indicates the maximal degree of complexity for the models that will be built.  
 
SAVETYPE <REAL|END> <ALL|SIGNIF|BEST> <p>  



This line indicates how the output should be written. The second parameter sets whether all 
models should be written, or rather only the ones significant (p-value below the <p> 
threshold). The first parameter sets whether the models should be written in the output in 
real time or whether this should be done at the end, so that SamBada can rank them by 
significance. In our cases, we want to use the flags END ALL.  
 
Run SamBada 
 
SamBada is a command line application, we therefore need to use a terminal in order to 
make it run. On windows, open the Command Prompt or Powershell. On mac and ubuntu, 
open the Terminal. Alternatively, Rstudio has its own terminal that is accessible by clicking 
on Tools > Terminal > New Terminal. The advantage of using the Rstudio terminal is that 
you will already be in the R Studio working directory. Make sure that three input files you 
require, as well as the Sambada application (or executable on windows) are in the working 
directory. Then type in the terminal: 
 
./sambada param-data.txt env-data.txt mol-data.txt 

 
 
 
The Morocco Case Study 
 
As we saw in the previous exercise, the Moroccan Sheep population did not show a strong 
genetic structure. For this reason, we will run SamBada to produce only univariate models 
(i.e. the frequency of markers will be explained only by the effect of environmental 
variables).  
 
Open the Morocco_SamBada_Preprocessing.R script and follow the instructions.  
 
SamBada is now ready to run. Open a terminal window and type the command (remember 
to adapt the name of your files accordingly!).  
 
 
The Australian Case Study 
 
In the Australian case study things are bit more complicated. As we discovered in the 
previous exercise, there is a quite stressed genetic structure and we need to account for it 
when looking for adaptive signals. We will therefore run SamBada with a multivariate 
strategy using population structure variables as co-variables.  
 
Q4) What co-variable can we use to define population structure?  
 
Open the Australia_SamBada_Preprocessing.R script and follow the instructions. In this 
example, you will also see how to launch SamBada directly from R, without the need of 
opening a terminal window.  
 
 
 
 


