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1 INTRODUCTION

1.1 Why Arlequin?

Arlequin isthe French translation of " Arlecchino”, a famous character of the Italian "Commedia dell’Arte". Asa
character he has many aspects, but he has the ability to switch among them very easily according to its needs and to
necessities. This polymorphic ability is symbolized by his colorful costume, from which the Arlequin icon was
designed.

1.2 Arlequin philosophy

The goal of Arlequinisto provide the average user in population genetics with quite a large set of methods and

statistical tests, in order to extract information on genetic and demographic features of a collection of population

samples.

The Javagraphical interface has been improved and designed to alow the user to rapidly select the different analyses

he wants to perform on his data. We felt important to be able to explore the data, to analyze severa times the same

data set from different perspectives, with different selected options.

The core routines that make all computing intensive tasks are in the executable arlecore.exe. This core programis

written in an “portable” C++ and recompiled for the different platforms. As a C++ compiler we used Borland C++
5.01 on Win/Intel, Code Warrior 4 on Mac OS/Power PC and gcc 2.7.2 on Linux/Intel. The graphical interface and
the core program exchange information through ASCII text files. The approach of separating the interface from the
core program seemed to us the best way to combine the speed of C++ and the portability of Java.

The statistical tests implemented in Arlequin have been chosen such as to minimize hidden assumptions and to be as
powerful as possible. Thus, they often take the form of either permutation tests or exact tests, with some exceptions.
Finally, we wanted Arlequin to be able to handle genetic data under many different forms, and to try to carry out the
same types of analyses irrespective of the format of the data.

Because Arlequin has a rich set of features and many options, it means that the user has to spend some time in
learning them. However, we hope that the learning curve will not be that steep.

Arlequin is made available free of charge, as long as we have enough local resources to support the development of

the program.

1.3 About this manual

The main purpose of this manual is to allow you to use Arlequin on yourimwider to limit as far as possible e-
mail exchange with us.

In this manual, we have tried to provide a description of

1. the datatypes handled by Arlequin

the way these data should be formatted before the analyses

the graphical interface

the impact of different options on the computations

a > D

methodological outlines describing which computations are actually performed by Arlequin.
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Even though this manual contains the description of some theoretical aspects, it should not be considered as a
textbook in basic population genetics. We strongly recommend you to consult the original references provided

with the description of a given method if you are in doubt with any aspect of the analysis.

1.4 Data types handled by Arlequin

Arleguin can handle several types of data either in haplotypic or genotypic form. The basic data types are:
«  DNA sequences
e RFLPdata
*  Microsatellite data
e Standard data
« Allelefrequency data

By haplotypic form we mean that genetic data can be presented under the form of haplotypes (i.e. a combination of
aleles at one or more loci). This haplotypic form can result from the analyses of haploid genomes (MtDNA, Y
chromosome, prokaryotes), or from diploid genomes where the gametic phase could be inferred by one way or
another. Note that allelic data are treated here as a single locus haplotype.

Ex 1: Haplotypic RFLP data © 100110100101001010
Ex 2: Haplotypic standard HLA data : DRB1*0101 DQ@B1*0102 DPB1*0201

By genotypic form, we mean that genetic data is presented under the form of diploid genotypes (i.e. a combination of
pairs of aleles at one or more loci). Each genotypeis entered on two separate lines, with the two alleles of each locus
being on a different line.

Ex1: Genotypic DNA sequence data:

ACGGCATTTAAGCATGACATACGGATTGACA
ACGGGATTTTAGCATGACATTCGGATAGACA

Ex 2: Genotypic Microsatellite data:

63 24 32
62 24 30

The gametic phase of a multi-locus genotype may be either known or unknown. If the gametic phase is known, the
genotype can be considered as made up of two well-defined haplotypes. For genotypic data with unknown gametic
phase, you can consider the two alleles present at each locus as codominant, or you can allow for the presence of a
recessive allele. This givesfinally four possible forms of genetic data:

e Haplotypic data,

¢ Genotypic data with known gametic phase,

«  Genotypic data with unknown gametic phase (no recessive alleles)

*  Genotypic data with unknown gametic phase (recessive alleles).
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1.4.1 DNA sequences

Arlequin can accommodate DNA seguences of arbitrary length. Each nucleotide is considered as a distinct locus. The
four nucleotides"C", "T", "A", "G" are considered as unambiguous alleles for each locus, and the "-" isused to
indicate a deleted nucleotide. Usually the question mark "?* codes for an unknown nucleotide. The following notation
for ambiguous nucleotides are al so recognized:

R: A/G (purine)

Y: CIT (pyrimidine)

M: A/C

W: AIT

S: CIG

K: GIT

B: C/IGIT

D: A/IGIT

H: A/ICIT

V: A/ICIG

N: A/CIGIT

1.4.2 RFLP Data

Arlequin can handle RFLP haplotypes of arbitrary length. Each restriction site is considered as a distinct locus. The
presence of arestriction site should be coded asa”1", and itsabsenceasa"0". The"-" character should be used to

denote the deletion of a site, not its absence due to a point mutation.

1.4.3 Microsatellite data

The raw data consist here of the alelic state of one or an arbitrary number of microsatellite loci. For each locus, one
should provide the number of repeats of the microsatellite motif as the allelic definition, if one wants his datato be
analyzed according to the step-wise mutation model (for the analysis of genetic structure). It may occur that the
absolute number of repeats is unknown. If the difference in length between amplified productsis the direct
consequence of changes in repeat numbers, then the minimum length of the amplified product could serve asa
reference, alowing to code the other alelesin terms of additional repeats as compared to this reference. If this
strategy isimpossible, then any other number could be used as an alelic code, but the stepwise mutation model could
not be assumed for these data.

1.4.4 Standard data

Datafor which the molecular basis of the polymorphism is not particularly defined, or when different aleles are
considered as mutationally equidistant from each other. Standard data haplotypes are thus compared for their content
at each locus, without taking special care about the nature of the alleles, which can be either similar or different. For
instance, HLA data (human MHC) enters the category of standard data.
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1.4.5 Allele frequency data

The raw data consist of only allele frequencies (mono-locus treatment), so that no haplotypic information is needed
for such data. Population samples are then only compared for their alelic frequencies.

1.5 Methods implemented in Arlequin

The analyses Arlequin can perform on the data fall into two main categories: intra-population and inter-population
methods. In the first category statistical information is extracted independently from each population, whereas in the
second category, samples are compared to each other.

Intra-population methods: Short description:

Standard indices Some diversity measures like the number of polymorphic
sites, gene diversity.

Molecular diversity Cadlculates several diversity indices like nucleotide
diversity, different estimators of the population parameter
6

Mismatch distribution The distribution of the number of pairwise differences
between hapl otypes based on computed inter-haplotypic
distances.

Haplotype frequency estimation Estimates the frequency of haplotypes present in the

population either by gene counting or by the maximum
likelihood method, depending on the type of data
(haplotypic or genotypic).

Linkage disequilibrium Test of non-random association of aleles at different loci.

Hardy-Weinberg equilibrium Test of non-random association of aleles within diploid
individuals.

Tajima’s neutrality test (infinite site model) Test of the selective neutrality of a random sample of
DNA sequences or RFLP haplotypes under the infinite site
model.

Fu'sFs neutrality test (infinite site model) Test of the selective neutrality of a random sample of
DNA sequences or RFLP haplotypes under the infinite site
model.

Ewens-Watterson neutrality test (infinite allele Tests of selective neutrality based on Ewens sampling

model) theory under the infinite alleles model.

Chakraborty’s amalgamation test (infinite allelé\ test of selective neutrality and population homogeneity.

model) This test can be used when sample heterogeneity is
suspected.

Minimum Spanning Network (MSN) Computes a Minimum Spanning Tree (MST) and Network

(MSN) among haplotypes. This tree can also be computed
for all the haplotypes found in different populations if
activated under the AMOVA section.
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Inter-population methods:

Short description:

Search for shared haplotypes between
populations

AMOVA

Pairwise genetic distances

Exact test of population differentiation

Assignment test of genotypes

Comparison of population samples for their haplotypic
content. All the results are then summarized in atable.

Different hierarchical Analyses of MOlecular V Ariance to
evaluate the amount of population genetic structure.

F s based genetic distances for short divergence time.
Test of non-random distribution of haplotypesinto

population samples under the hypothesis of panmixia.

Assignment of individual genotypesto particular

popul ations according to estimated allele frequencies.

Mantel test:

Short description:

Correlations or partial correlations between a
set of 2 or 3 matrices

Can be used to test for the presence of isolation-by-

distance

1.6 System requirements

1.7 Installing and uninstalling Arlequin

Windows 95/98/NT/Intel, MacOS/(Power PC), or Linux/Intel.

A minimum of 16 MB RAM, and more to avoid swapping.

At least 10Mb free hard disk space.

1.7.1 Win9X/NT installation

1.7.1.1 Archive file description

arlequin20jre_zip.exe A self-extracting archive containing the two files below

arlequin20_zip.exe A self-extracting archive containing all files necessary for Arlequin to work

jrel17-win32_zip.exe Setup file for installing the Java runtime environment (ver. 1.1.7.)

Only required if you have no Java runtime environment (ver. 1.1.7 or higher)

already installed on your system

1.7.1.2 Sofiware installation

After the download of arlequin20jre_zip.exe, proceed as follows:

1. Executethe self-extracting archive arlequin20jre_zip.exe.

2. Select atemporary folder where the two files arlequin20 _zip.exe and jrel17-win32_zip.exe will be extracted.

To start the extraction, press the Unzip button.

The temporary folder will contain two files: arlequin20.exe, a self-extracting archive to install Arlequin ver. 2.000

and jrell7-win32.exe the Java runtime environment installer.
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=  After the download or extraction of jrel17-win32_zip.exe, proceed as follows:
1. Install the Javaruntime environment (JRE) 1.1.7 on your system by executing the file jrel17-win32.exe.

2. Follow the instructions on the screen. More information and more recent equivalent software may be found on the
JavaSoft home page (http://www.javasoft.com/products/jdk/1.1/jre/ldownl oad-jre-windows.html).

=  After the download or extraction of the self extractable archive arlequin2_.zip.exe proceed as follows:
Execute the self-extracting archive arlequin20 zip.exe.

2. Select the folder where you wish to install Arlequin (for example “C:\ Program File\” using the Browse... button
see upper figure). A folder called ArlequinFolder will be created containing all necessary files to make Arlequin
work.

3. Start Arlequin by double-clicking on the arlequin.exe program, or on an alias you have created. You can also run
the arlequin.bat batch file to start Arlequin. Note that the Java runtime environment has to be installed before you
can run Arlequin. If it does not work, try to execute the batch file run_jre.bat in a Dos shell to see if something is

wrong with the Java runtime environment.

=  Then start Arlequin in one of the following ways:
1. Simply double-click on thdrlequin.exe icon or on its alias.
2. If you want to start Arlequin from a DOS shell, type-cp arlequin.jar; -cp swingall jar;
arlequin.ArlequinApp after the prompt.

3. Double click on theun_jre.bat file, which contains the command listed in point 2.

1.7.1.3 Win9X/NT uninstallation

Simply delete the directory where you installed Arlequin. The registries were not modified by the installation of
Arlequin.

1.7.2 Mac OS installation

1.7.2.1 Archive file description

Arlequin2_Mrj2.1.sea.hqx A bin-hex encoded self-extracting archive containing the two files below
Arlequin2.sea.hqx A bin-hex encoded archive containing all files necessary for Arlequin to work
MRJ 2.1.4.smi.sit Setup file for installing the Java runtime environment (ver. 1.1.7.)

Only required if you have no Java runtime environment (ver. 1.1.7 or higher)

already installed on your system

1.7.2.2 Software Installation.

Depending on which of the three files you did download, follow the procedures described below:
=  After the download of Arlequin2_Mrj2.1.sea.hqx, proceed as follows:
1. Decode and unstuff the archive by dropping it iswgfit Expander from Aladdin software
(http://www.aladdinsys.com/).
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2. A folder called Arlequin Installer will be created containing the two files Arlequin2.sea. hgx and MRJ
2.1.4.smi.sit. To continue the installation, proceed as described in the sections below.
= After the download or extraction of MRJ 2.1.4.smi.sit, proceed as follows:
1. Drop MRJ 2.1.4.smi.sit into stuffit expander. An executable file MRJ 2.1.4.smi will be extracted. Execute it
and follow the on screen instructions .
=  After the download or extraction of Arlequin2.sea.hqx proceed as follows:
1. Drop Arlequin2.sea.hgx onto Stuffit expander.
2. A folder called ArlequinFolder will be created containing all necessary files for Arlequin to work. Drag this
folder at the location where you wish to have Arlequin installed. After using Arlequin do not move this
folder anymore .
3. Start Arlequin by double-clicking on the arlequin program, or on an aias you have created. Normally a
message like "Starting Java" should appear, and the Arlequin Java interface should show up.

1.7.2.3 Mac OS uninstallation:

Simply delete the directory where you installed Arlequin.

1.7.3 Linux istallation

1.7.3.1 Sofiware installation

Step 1: Install the Java runtime environment (jre) (version 1.1.7 or higher) on your system by:

* If you have the Red Hat 6 Linux version, download the jre_glibc.gz file, otherwise go to
http://www.blackdown.org for other ports and more documentation.

» Copy thefilejre glibc.gz or its equivalent into the directory /usr/local.

»  Decompress the archive with the command : tar -xvzfjre_glibc.gz.

e Adirectoryjre 117 v3 containing al necessary files will be created.

¢ Inthefile".bshcr" (initidization of the bash shell) add the following line:
export PATH=/usr/local/jre_117 v3/bin:8PATH
s0 that the shell knows where the jrefilelies.

Step 2:

»  After downloading the file arlequin20b.tar from our web site, Untar it with the command
tar -xvzf arlequin20b.tar.

e Adirectory called ArlequinFolder will be created, containing Arlequin.jar , the executable version of
Arleguin Ver. 2.0b and all-necessary files to make the software run properly.

« Movethisfolder at any location of your hard disk. Note that once you have chosen alocation for the
software, you should not change it, or it would become impossible to correctly browse the result files.

e Tostart Arlequin 2.0b, double-click on the file called arlequin.bat. If it does not work try either to
launch arlequin. bat from a shell to see any error message, or in ashell type the full command :

Jjre -cp arlequin.jar -cp swingall.jar arlequin.ArlequinApp
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1.7.3.2 Linux uninstallation

Delete the directory where you installed Arlequin at step 2 of the installation process.

1.8 List of files included in th e Arlequin package

Required by

Arlequin to run

Files Description properly
Arlequin files
Arlequin.exe Arlequin executable file. It launches the graphical v
interface written in Java.
Arlequin.pdf Arlequin user manual in pfd format
Arlequin.jar Java byte code archive containing the code for the v
graphical user interface.
Arlecore.exe The core executable that makes all computations. This v
collection of core routines iswritten in C++.
Lax.jar Java byte code used by the Java virtual machine.
Swingall. jar Java byte code archive for using the Java swing
components.
Arlequin.ini A file containing the description of the last custom
settings defined by the user
Ftiens4.js and 12 gif ftiens4.js contains the Java script that allows the v
browsing of the result HTML files. This script needs gif
files files
Icones/ Thisfolder contains al icons used by the graphical v

Readme20.1xt

Batch\batch_ex.arb
Batch\amoval.arp
Batch\amoval.ars
Batch\amova2.arp
Batch\amova?2.ars
Batch\amovalmat.dis
Batch\genotsta.arp
Batch\genotsta.ars
Batch\microsat.arp
Batch\microsat.ars
Batch\missdata.arp
Batch\missdata.ars
Batch\phenohla.arp
Batch\phenohla.ars
Batch\relfreq.arp
Batch\relfreq.ars
Batch\indlevel.arp
Batch\indlevel.ars

interface.

A text file containing a description of the last release of

Arlequin

Example files in subdirectory datafiles

Microsat\2popmic.arp
Microsat\2popmic.ars

|
|
Microsat\micdipl.arp
Microsat\micdipl.ars

Microsat\micdipl2.arp
|

Microsat\micdipl2.ars

Dna\mtdna_hvl.arp
Dna\mtdna_hvl.ars
Dna\nucl_div.arp
Dna\nucl_div.ars

Neutrtst\chak _tst.arp
Neutrtst\chak_tst.ars
Neutrtst\ew _watt.arp
Neutrtst\ew _watt.ars
Neutrtst\Fu_s_test.arp
Neutrtst\Fu_s_test.ars

Haplfreq\hla_7pop.arp
Haplfreq\hla_7pop.ars

Amova\amovahap.arp
Amova\amovahap.ars

Amova\amovadis.ars
Amova\56hapdef.txt

|
|
Amova\amovadis.arp
|
|
Amova\amovadis. dis

Disequil\hwequil.arp
Disequil\hwequil.ars
Disequil\ld_gen0.arp
Disequil\ld_gen0.ars

Disequil\ld genl.ars

|
|
|
|
Disequil\ld genl.arp
|
Disequil\ld_hap.arp
|

Disequil\ Id_hap.ars

Mantel\custom_corr3mat.arp
Mantel\custom_corr3mat.ars
Mantel\fst_corr.arp
Mantel\fst_corr.ars
Mantelfst_partial _corr.arp
Mantel\fst_partial _corr.ars
Conversion\gene_pop1.gpp

Fregncy\cohen.arp
Fregncy\cohen.ars
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1.9 Arlequin computing limitations

The amount of data that Arleguin can handle mostly depends on the memory available on your computer. However, a

few parameters are limited to val ues within the range shown below.

Portions of Arlequin concerned Maximum
by the limitations Limited parameter value
All Number of population samples 1000
All Number of groups of populations 1000
Ewens-Watterson and Sample size 2000

Chakraborty’s neutrality tests
Ewens-Watterson and
Chakraborty’s neutrality tests Number of haplotypes 1000

1.10 Arlequin platforms specificities

1.10.1 Windows 9X/NT

This is our standard development version. We first develop for that version and then port it to other versions so that it

should be the version with most features.

1.10.2 Linux/PC

» Nothing special if you install it properly.

1.10.3 MacOS/PowerMac

* The console window messages do not appear in the message bar of the Arlequin Java interface. However, they
correctly appear in the console window.

« The console window launched by the interface needs to be manually @389 the end of each run.

« The browser is not automatically launched at the end of the computations. It has to be launched manually from

the interface. Press tiBeowse Result button in theProject tab.

1.11 How to cite Arlequin

Stefan Schneider, David Roessli, and Laurent Excoffier (2000) Arlequin ver. 2.000: A software for population

genetics data analysis. Genetics and Biometry Laboratory, University of Geneva, Switzerland.
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1.13 Bug report and comment s

Please report any bug through the bug report form available on

http.//anthro.unige.ch/arlequin/bug-report. html

Other comments and suggestions will be also appreciated and can be communicated to us using the same web page.

1.14 How to get the last version of the Arlequin software?

Arlequin will be updated regularly and can be freely retrieved on

http.//anthro.unige.ch/arlequin

1.15 What is new in version 2. 000 compared to version 1.1

New features:

1. Several bug corrections (see the list on our web site).

2. An entirely redesigned user interface written in Java.

3. New versions for the MacOS on GX/Power PC processors and for the Linux OS on Intel platforms.

4. Output a different log file for each project instead of having a single log file for all projects. The log file is now
put in the result directory that has the same name as the selected project, but with the [.res] extension.

5. Result files are now only accessible through a web browser. One can easily navigate between different sets of
results and between portions of the result files through a document tree appearing in a separate pane. The web
browser is automatically launched after each run of Arlequin.

6. Custom text editor and web browser have to be selected for having access to the project and result files,
respectively. A text editor for the edition of Arlequin projects is not provided any more.

Several bug corrections (see the list on our web site).

8. Mismatch distributions are now fitted to the observations by a generalized-least square procedure instead of using

a moment estimator. We now compute a test statistic of the validity of the estimated demographic expansion. We

also provide confidence regions around the expected mismatch that contain a given percentage of the mismatch
distributions simulated around the estimation.



Manual Arlequin ver 2.000 Introduction 17

9. Implementation of Fu's F test of selective neutrality.

10. AMOVA analyses can now be performed separately for each locus.

11. Computation of the mean number of pairwise differences within and between populations. Raw and corrected
distances are available at the inter-population level.

12. Computation of genetic distances between populations that take into account potential differencesin effective
population sizes

13. Computation of a minimum spanning network from a matrix of distances between haplotypes.

14. Mantdl tests. Computes the correlation or partial correlations between 2 or 3 matrices, and test their significance
by permuting rows and columnsin one or two matrices.

15. Assignment test of genotypes to populations. For each genotype in the sample, we compute its likelihood
assuming that it belongs to different populations.

16. Thereferences of each method used by Arlequin in a particular computation are now written directly in the result

file.

1.16 Forthcoming developments

» Treatment of pure dominant data (RAPD, AFLP). Still on our To Do list...
= Incorporation of additional population genetics methods.

Suggestions are welcome, but we only have onelife...

1.17 Remaining problems

* Some refreshment problem with Java interface
* Messages appear in console window for the Mac version. When the computations are finished, the console

window remains open, and has to be closed by the user.
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2 GETTING STARTED

Thefirst thing to do before running Arlequin for the first timeis certainly to read the manual or consult the help file.
They will provide you with most of the information you are looking for. So, take some time to read them before you

serioudly start analyzing your data.

2.1 Preparing input files

Thefirst step for the analysis of your dataisto prepare an input data file for Arlequin. Thisinput fileis called herea
project file. As Arlequin is quite a versatile program able to analyze several data types, you have to include some
information about the properties of your data in the project file together with the raw data.
There are two ways to create Arlequin projects:
1) You can start from scratch and use atext editor to define your data using reserved keywords.
2) You can use Arlequin’s “Project Outline Wizard” by selecting the tab pgawgict Wizard. The controls on
this tab panel allow you to specify the type of project outline that should be build. Once all settings done, the
project outline is loaded into Arlequin by clicking on the butipen outline as project. The name of the data

file should have a "trp" extension (for ARlequin Project).

2.2 Loading project files into Arlequin

Once the project file is built, you must load it into Arlequin. You can do this either by activating the ifegnu

Open, or by clicking on the Open project button on the toolbar. The Arlequin project files must havejthe *.
extension. If your project file is not valid, Arlequin will open the Arlequin Log file in the text editor you selected in
the Configuration tab panel to help you pointing out the problems. For each project, Arlequin creates a log file called
Arlequin_log.txt, where warnings and error messages are issued. The log file also keeps track of all the operations

performed during an Arlequin session. This file is located in the result directory of the project file.
If your project file is valid, its main properties will be shown in the Project Tab.

At this point, you just have to choose which analyses to perform on your data by seleatinlgihgion Settings
Tab.

2.3 Selecting analyses to be p erformed on your data

The different settings can by tuned by first selectingddaeulation Settings Tab. Navigate the tree on the left upper
part of the panel to select the group of controls you whish the set up. Depending on your selection the lower part of

the panel is updated.

2.4 Creating and using Setting Files

By settings we mean any alternative choice that can be made when using Arlequin. As you can choose different types
of analyses, as well as different options for each of these analyses, all these choices can be saved into setting files.
These files generally take the same name as the project files, but with the extemsi@etting files can be created

at any time of your work by clicking on the save button right to the tree. Alternatively, if you activate the
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associated settings checkbox, the last used settings used on this project will be automatically saved when you close
the project and reloaded when you open it later again. The setting are stored in afile having same name as the project
file, and the.ars extension. These setting files are convenient when you want to repeat some analyses done
previously, or when you want to make different types of computations on several projects, asit is possible using batch
files (see section 3.6) giving you considerable flexibility on the analyses you can perform, and avoiding tedious and
repetitive mouse-clicks.

2.5 Performing the analyses

The selected analyses can be performed either by clicking on the Run. If an error occurs in the course of the
execution, Arlequin will write diagnostic information in the log file. If the error is not too severe, Arlequin will open
thelog file for you. If thereisamemory error, Arlequin will shut down itself. In the latter case, you should consult
the Arlequin log file before launching a new analysisin order to get some information on where or at which stage of
the execution the problem occurred. The file Ariequin_log.txt islocated in the project results directory.

2.6 Stopping the computation s

The computations can be stopped at any time by pressing the Stop button on the toolbar. However, note that the

results may be incorrect if the computations did not terminate normally.

For very large project files, you may have to wait for afew seconds before the calculations are stopped.

2.7 Consulting the results

When the calculations are over, Arlequin will create aresult directory, which has the same name as the project file,
but with the *.res extension. This directory contains all the result files, particularly the main result file with the same
name as the project file, but with the * .arm extension. The main result file can be viewed in any html browser, as
specified in the Configuration tab panel. If avalid path to aweb browser has been selected in the Configuration tab
panel, the web browser, the result file [project name] main.html is automatically loaded in the configured html
browser after the end of the computations. Y ou can also view your results at anytime by clicking on the Browse

results button.



Manual Arlequin ver 2.000 Getting started 20

3 INPUT FILES

3.1 Format of Arlequin input files

Arlequininput files are also called project files. The project files contain both descriptions of the properties of the
data, as well as the raw data themselves. The project file may also refer to one or more external datafiles.
Note that comments beginning by a"#" character can be put anywhere in the Arlequin project file. Everything that

follows the "#"character will be ignored until an end of line character.

3.2 Project file structure

Input files are structured into two main sections with additional subsections that must appear in the following order:
1) Profile section (mandatory)

2) Data section (mandatory)
2a) Haplotype list (optional)
2b) Distance matrices (optional)
2c) Samples (mandatory)
2d) Genetic structure (optional)
2e) Mantel tests (optional)

We now describe the content of each (sub-) section in more detail.

3.2.1 Profile section

The properties of the data must be described in this section. The beginning of the profile section isindicated by the
keyword [Profile] (within brackets).

One must also specify

* The title of the current project (Used to describe the current analysis)
Notation: Title=
Possible value: Any string of characters within double quotes
Example: Titl e="An anal ysis of hapl otype frequencies in 2 popul ati ons”

o The number of samples or populations present in the current project
Notation: NbSamples =
Possible values: Any integer number between 1 and 1000.
Example: NoSanpl es =3

* The type of data to be analyzed. Only one type of datais allowed per project
Notation: DataType =
Possible values: DNA, RFLP, MICROSAT, STANDARD and FREQUENCY
Example: Dat aType = DNA
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If the current project deals with haplotypic or genotypic data
Notation: GenotypicData =

Possible values: 0 (haplotypic data), 1 (genotypic data)
Example: Genot ypi cData = 0

One can aso optionally specify

The character used to separate the alleles at different loci (the locus separator)

Notation: LocusSeparator =

Possible values: WHITESPACE, TAB, NONE, or any character other than "#", or the character specifying
missing data.

Example: LocusSepar at or = TAB

Default value: WHITESPACE

If the gametic phase of genotypes is known

Notation: GameticPhase =

Possible values: 0 (gametic phase not known), 1 (known gametic phase)

Example: Ganet i cPhase = 1

Default value: 1

If the genotypic data present a recessive allele

Notation: RecessiveData =

Possible values. 0 (co-dominant data), 1 (recessive data)

Example: Recessi veData =1

Default value: 0

The code for the recessive allele

Notation: RecessiveAllele =

Possible values: Any string of characters within double quotes. This string can be explicitly used in the input

file to indicate the occurrence of arecessive homozygote at one or severa loci.
Example: Recessi veAl | el e =" xxx"
Default value: "null”
The character used to code for missing data
Notation: MissingData =

Possible values: A character used to specify the code for missing data, entered between single or double

quotes.
Example: M ssi ngData =" $’
Default value: * ?

If haplotype or phenotype frequencies are entered as absolute or relative values

Notation: Frequency =



Manual Arlequin ver 2.000 Getting started 22

Possible values: ABS (absolute values), REL (relative values: absolute values will be found by multiplying

the relative frequencies by the sample sizes)
Example: Fr equency = ABS
Default value: ABS
e [fadistance matrix needs to be computed from the original data, when calculating genetic structure indices
Notation: CompDistMatrix =

Possible values: 0 (use the distance matrix specified in the DistanceMatrix sub-section), 1 (compute distance

matrix from haplotypic information)
Example: ConpDi st Matrix = 1
Default value: 0
o The number of significant digits for haplotype frequency outputs
Notation: FrequencyThreshold =
Possible values: A real number between 1e-2 and 1e-7
Example: Fr equencyThreshol d = 0. 00001
Default value: 1e-5
o The convergence criterion for the EM algorithm used to estimate haplotype frequencies and linkage
disequilibrium from genotypic data
Notation: EpsilonValue =
Possible values: A real number between 1e-7 and 1e-12.
Example: Epsi | onVal ue = le-10

Default value: 1e-7

3.2.2 Data section

This section contains the raw data to be analyzed. The beginning of the profile section is indicated by the keyword
[Data] (within brackets).
It contains several sub-sections:

3.2.2.1 Haplotype list (optional)

In this sub-section, one can define alist of the haplotypes that are used for all samples. This section is most useful in
order to avoid repeating the allelic content of the haplotypes present in the samples. For instance, it can be tedious to
write afull sequence of several hundreds of nucleotides next to each haplotype in each sample. It is much easier to
assign an identifier to agiven DNA sequence in the haplotype list, and then use thisidentifier in the sample data
section. Thisway Arlequin will know exactly the DNA sequences associated to each haplotype.

However, this section is optional. The haplotypes can be fully defined in the sample data section.

Anidentifier and a combination of alleles at different loci (one or more) describe a given haplotype. The locus

separator defined in the profile section must separate each adjacent allele from each other.
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It is also possible to have the definition of the haplotypesin an externa file. Use the keyword EXTERN followed by
the name of the file containing the definition of the haplotypes. Read Example 2 to see how to proceed. If thefile
"hapl_file.hap" contains exactly what is between the braces of Example 1, the two haplotype lists are equivalent.

Example 1.

[[ Hapl ot ypeDefinition]] #start the section of Hapl otype definition
Hapl Li st Name="11i st 1" #give any nane you whish to this |ist

Hapl Li st ={
hi AT #on each line, the nane of the haplotype is
h2a GC # followed by its definition.
h3 A G
hd4 A A
hs GG

}

Example 2:

[[Hapl otypeDefinition]] #start the section of Haplotype definition
Hapl Li st Name="11i st 1" #give any nane you whish to this |ist
Hapl Li st = EXTERN "hapl _fil e. hap"

3.2.2.2 Distance matrix (optional)

Here, amatrix of genetic distances between hapl otypes can be specified. This section is here to provide some
compatibility with earlier WINAMOV A files. The distance matrix must be alower diagonal with zeroes on the
diagonal. This distance matrix will be used to compute the genetic structure specified in the genetic structure
section. Asspecified in AMOVA, the elements of the matrix should be squared Euclidean distances. In practice,
they are an evaluation of the number of mutational steps between pairs of haplotypes.

One also hasto provide the labels of the haplotypes for which the distances are computed. The order of these labels
must correspond to the order of rows and columns of the distance matrix. If a haplotype list is aso provided in the

project, the labels and their order should be the same as those given for the haplotype list.
Usually, it will be much more convenient to let Arlequin compute the distance matrix by itself.

It is also possible to have the definition of the distance matrix given in an external file. Use the keyword EXTERN
followed by the name of the file containing the definition of the matrix. Read Example 2 to see how to proceed.

Example 1.

[[Di stanceMatri x]] #start the distance matrix definition section
Mat ri xNane= "none" # nane of the distance matrix
Matri xSi ze= 4 # size = nunber of lines of the distance matrix
Mat ri xDat a={
hl h2 h3 h4 # |abels of the distance matrix (identifier of the
0. 00000 # hapl ot ypes)
2. 00000 0. 00000
1. 00000 2. 00000 0. 00000
1. 00000 2. 00000 1. 00000 0. 00000

Example2:
[[Di stanceMatri x] ] #start the distance matrix definition section
Mat ri xNane= "none" # name of the distance matrix
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Matri xSi ze= 4 # size = nunber of lines of the distance matrix
Mat ri xDat a= EXTERN "nmat _file. dis"

3.2.2.3 Samples

In this obligatory sub-section, one defines the haplotypic or genotypic content of the different samplesto be
analyzed.
Each sample definition begins by the keyword SampleName and ends after a SampleData has been defined.
One must specify:
* A name for each sample
Notation: SampleName =
Possible values: Any string of characters within quotes.
Example: Sanpl eName= "A first exanple of a sanple nane"
Note: This name will be used in the Structure sub-section to identify the different samples, which are part of a
given genetic structure to test.
o The size of the sample
Notation: SampleSize =
Possible values: Any integer value.
Example: Sanmpl eSi ze=732
Note: For haplotypic data, the sample sizeis equal to the haploid sample size. For genotypic data, the sample
size should be equal to the number of diploid individual s present in the sample. When absolute
frequencies are entered, the size of each sample will be checked against the sum of al haplotypic
frequencies will check. If adiscrepancy isfound, a Warning message isissued in the log file, and the
sample size is set to the sum of haplotype frequencies. When relative frequencies are specified, no
such check is possible, and the sample size is used to convert relative frequencies to absolute
frequencies.
o The data itself
Notation: SampleData =
Possible values: A list of haplotypes or genotypes and their frequencies as found in the sample, entered
within braces
Example:

Sanpl eDat a={

idl 1 ACGGIGICGA
id2 2 ACGGTGTCAG
id3 8 ACGGTGCCAA
i d4 10 ACAGTGICAA
ids5 1 GCGGIGICAA
}

Note: Thelast closing brace marks the end of the sample definition. A new sample definition begins with
another keyword SampleName.

FREQUENCY data type:
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If the datatypeis set to FREQUENCY/, one must only specify for each haplotypeitsidentifier (a string of
characters without blanks) and its sample frequency (either relative or absolute). In this case the haplotype
should not be defined.

Example:
Sanpl eDat a={
idl 1
i d2 2
i d3 8
i d4 10
i d5 1
}
Haplotypic data

For al data types except FREQUENCY', one must specify for each haplotype itsidentifier and its sample frequency.
If no haplotype list has been defined earlier, one must also define here the allelic content of the haplotype. The
haplotype identifier is used to establish alink between the haplotype and its allelic content maintained in alocal
database.

Once a haplotype has been defined, it needs not be defined again. However the alelic content of the same hapl otype
can also be defined several times. The different definitions of haplotypes with same identifier are checked for
equality. If they are found identical, awarning isissued isthe log file. If they are found to be different at some loci,
an error isissued and the program stops, asking you to correct the error.

For complex haplotypes like very long DNA sequences, one can perfectly assign different identifiersto al
sequences (each having thus an absolute frequency of 1), even if some sequences turn out to be similar to each other.
If the option Infer Haplotypes from Distance Matrix is checked in the General Settings dialog box, Arlequin will
check whether haplotypes are effectively different or not. Thisisagood precaution when one tests the selective
neutrality of the sample using Ewens-Watterson or Chakraborty’s tests, because these tests are based on the observed
number of effectively different haplotypes.

Genotypic data

For each genotype, one must specify itsidentifier, its sample frequency, and its allelic content. Genotypic data can
be entered either asalist of individuals, all having an absolute frequency of 1, or asalist of genotypes with different
sample frequencies. During the computations, Arlequin will compare al genotypes to al others and recompute the
genotype frequencies.

The aléelic content of a genotype is entered on two separate lines in the form of two pseudo-haplotypes.

Examples:
1):
Idl 2 ACTCGGEGTITCGCGCGC # the first pseudo-haplotype
ACTCGGGECTCACGCGC # the second pseudo-haplotype
2)
ny_id 4 001101
010011
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If the gametic phase is supposed to be known, the pseudo-hapl otypes are treated as truly defined
haplotypes.
If the gametic phase is not supposed to be known, only the alelic content of each locus is supposed to be

known. In this case an equivalent definition of the upper phenotype would have been:

ny_id 4 011001
000111

3.2.2.4 Genetic structure

The hierarchical genetic structure of the samplesis specified in this optional sub-section. It is possible to define
groups of populations. This subsection starts with the keyword [[ Structure]]. The definition of a genetic structureis
only required for AMOVA analyses.

One must specify:

* A name for the genetic structure
Notation: StructureName =
Possible values: Any string of characters within quotes.
Example: St ruct ureNane= "A first exanple of a genetic structure”
Note: This name will be used to refer to the tested structure in the output files.

o The number of groups defined in the structure
Notation: NbGroups =
Possible values: Any integer value.
Example: NoG oups = 5
Note: If thisvalue does not correspond to the number of defined groups, then calculations will not be

possible, and an error message will be displayed.

o [fwe add the individual level in the variance analysis
Notation: IndividualLevel =
Possible values: 0 (no) or 1 (yes)
Example: | ndi vi dual Level = 0
Note: Default value: 0. The value 1 isonly possible with genotypic data.

o The group definitions
Notation: Group =

Possible values: A list containing the names of the samples belonging to the group, entered within braces.
Repeat this for as many groups you have in your structure. It is of course not allowed to put
the same population in different groups. Also note that a comment sign (#) is not allowed
after the opening brace and would lead to an error message. Comments about the group
should therefore be done before the definition of the group.
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Example ( NbGroups=2) :
G oup ={
popul ati onl
popul ati on2
popul ati on3

}

G oup ={
popul ati on4
popul ati on5

}

3.2.2.4 Mantel test settings

This subsection alows to specify some distance matrices (Ymatrix, X1 and X2). The goa isto compute a correlation

between the Ymatrix and X1 or apartial correlation between the Ymatrix, X1 and X2. The Ymatrix can be either a

pairwise population Fsr matrix or a custom matrix entered into the project by the user. X1 (and X2) haveto be
defined in the project.

This subsection starts with the keyword [ [ Mant el ] ] . The matrices, which are used to test correlation between

genetic distances and one or two other distance matrices, are defined in this section.

One must specify:

The size of the matrices used for the Mantel test.

Notation: MatrixSize=

Possible values: Any positive integer value.

Example: Matri xSi ze= 5

The number of matrices among which we compute the correlations. If this number is 2 the correlation
coefficient between the YMatrix (see next keyword) and the matrix defined afier the DistMatMantel keyword.
If this number is 3 the partial correlation between the YMatrix (see next keyword) and the two other matrices
are computed. In this case the Mantel section should contain two DistMatMantel keywords followed by the

definition of a distance matrix.
Notation: MatrixNumber=
Example: Mat ri xNunber = 2

The matrix that is used as genetic distance. If the value is “fSt” then the correlation between the population
pairwise Fsp matrix other another matrix is computed. . If the value is “custom” then the correlation between

a project defined matrix and other matrix is computed

Notation:YMatrix=

Possible values: Corresponding YMatrix
"fat" Y=Fst
"log_fst" Y =log(Fst)
"dlatkinlinearfst" Y =Fst/(1-Fst)
"log_slatkinlinearfst" Y =log(Fst/(1-Fst))
"nm" Y=(1-Fst)/(2 Fst)

"custom" Y = user-specified in the project
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Example: YMatrix = “fst”

e Labels that identify the columns of the YMatrix. In case of YMatrix = “fst” the labels should be names of
population from witch we use the pairwise Fgr distances. In case of YMatrix = “custom”the labels can be
chosen by the user. These labels will be used to select the sub-matrices on witch correlation (or partial

correlation) is computed.
Notation: Y MatrixLabels =
Possible values: A list containing the names of the label name belonging to the group, entered within braces.
Example:YMat ri xLabel s = {
"Popul ationl " "Popul ati on4" "Popul ati on2"

"Popul ati on8" "Popul ati on5"

}

* A keyword that allows to define a matrix with witch the correlation with the YMatrix is computed.
Notation:DistMatMantel =

Example:Di st Mat Mant el ={
0. 00
3.20 0.00
0.47 0.76 0.00
0.00 1.23 0.37 0.00
0.22 0.37 0.21 0.38 0.00

}

» Labels defining the sub-matrix on witch the correlation is computed.
Notation:UsedYMatrixLabels=
Possible values: A list containing the names of the label name belonging to the group, entered within braces.

Example:UsedYMat ri xLabel s={
"Popul ationl "
"Popul ati on5"
"Popul ati on8"

}

Note: If you want to compute the correlation between entirely user-specified matrices, you need to list a dummy
population sample in tHe[ Sanpl e] ] section, in order to allow for a proper reading of the Arlequin project. We
hope to remove this weird limitation, but it is the way it works for now !
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Two complete examples:

Example 1: We compute the partial correlation between the Y Matrix and two other matrices X1 and X2. The
Y Matrix will be the pairwise Fsr matrix between the population listed after YMatrixLabels . The partial
correlations will be based on the 3 by 3 matrix whose labels are listed after UsedYMatrixLabels.

[[Mant el 1]
#size of the distance matri x:
Matri xSi ze= 5
#nunber of declared matrixes:
Mat ri xNunber =3
#what to be taken as the YMatrix
YMat ri x="Fst"
#lLabels to identify matrix entry and Popul ati on
YMatri xLabel s ={
"pop 1"
"pop 2"
"pop 3"
"pop 4"
"pop 5"
}
# distance matrix: Xl
Di st Mat Mant el ={
0. 00
1.20 0.00
0.17 0.84 0.00
0.00 1.23 0.23 0.00
0.12 0.44 0.21 0.12 0.00

}

# di stance matrix: X2
Di st Mat Mant el ={
0. 00
3.20 0.00
0.47 0.76 0.00
0.00 1.23 0.37 0.00
0.22 0.37 0.21 0.38 0.00

}

UsedYMat ri xLabel s ={
“pop 1°
"pop 3"
"pop 4"

}

Example 2: we compute the correlation between the Y Matrix and another matrix X1. The Y Matrix will be
defined after the keyword YMatrix. The correlation will be based on the 3 by 3 matrix whose labels are
listed after UsedYMatrixLabels.

[[Mantel ]]
#si ze of the distance matri x:
Matri xSi ze= 5
#nunmber of declared matrixes: 1 or 2
Mat ri xNunber =2
#what to be taken as YMatrix
YMat ri x="Cust onf
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#lLabels to identify matrix entry and Popul ation
YMat ri xLabel s ={
B A
wgn nge
}
#This will be the Ymatrix
Di st Mat Mant el ={
0. 00
.20 0.00
.17 0.84 0.00
.00 1.23 0.23 0.00
.12 0.44 0.21 0.12 0.00

N PP

}
#This will be X1

Di st Mat Mant el ={
0. 00
3.20 0.00
2.23 1.73 0.00
2.55 2.23 0.35 0.00
2.23 1.62 1.54 2.32 0.00

}

UsedYMat ri xLabel s ={
W won
wgn
g wg

}

3.3 Example of an input file

The following small example is a project file containing four populations. The datatypeis STANDARD genotypic
data with unknown gametic phase.

[Profile]
Titl e="Fake HLA data"
NbSanpl es=4
CGenot ypi cDat a=1
Ganet i cPhase=0
Dat aTy pe=STANDARD
LocusSepar at or =\\HI TESPACE
M ssi ngbat a=" ?’

[ Dat a]
[[ Sanpl es] ]
Sanpl eNane="A sanpl e of 6 Al gerians"
Sanpl eSi ze=6
Sanpl eDat a={
1 1 1104 0200
0700 0301
3 3 0302 0200
1310 0402
4 2 0402 0602
1502 0602
}

Sanpl eNanme="A sanpl e of 11 Bul gari ans"
Sanpl eSi ze=11
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Sanpl eDat a={

}

1

2

3

1

4

1

1103
0301
1101
0700
1500
0301
1103
1202
0301
1500
1600
1301

0301
0200
0301
0200
0502
0200
0301
0301
0200
0601
0502
0603

Sanpl eNane="A sanpl e of 12 Egypti ans"

Sanpl eSi ze=12

1104
1600
1303
1101
1502
1500
1101
1101
1302
1101
1500
0402

0301
0502
0301
0502
0601
0602
0301
0301
0502
0609
0302
0602

Sanpl eNanme="A sanpl e of 8 French"

Sanpl eDat a={
1 2
3 1
4 3
6 1
8 4
9 1

}

Sanpl eSi ze=8

Sanpl eDat a={
219
239
249
250
254

}

[[Structure]]

1

0301
0101
0301
0301
1302
1500
1401
1301
1302

0200
0501
0200
0200
0604
0602
0503
0603
0604

St ruct ur eNanme="My popul ati on structure”

NbG oups=2

G oup={

"A sampl e of
"A sanmpl e of

}
G oup={

"A sanpl e of
"A sanmpl e of

6 Al gerians"
12 Egypti ans"

11 Bul gari ans”
8 French"
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3.4 Automatically creating th e outline of a project file

In order to help you setting up quickly a project file, Arlequin can create the outline of a project file for you.
In order to do this, use the Project outline wizard dialog box by activating the Project | Build Project Outline menu. A
special dialog box will appear, allowing to quickly define which type of data you have and some specificities of the
data.
* Data file
Specify the name of the target file (the new Arlequin project). It should have the extension “.arp”.
e Data type
Specify whichtype of data you want to analyze (DNA, RFLP, Microsat, Standard, or Frequency).
Specify if the data is undgenotypic or haplotypic form.
Specify if thegametic phase is known (for genotypic data only).
Specify if there areecessive alleles (for genotypic data only)
e  Controls
Specify the number of population samples defined in the project
Choose docus separator
Specify the character coding fmissing data
Specify thecode for the recessive allele
e Optional sections
Specify if you want to include a globkidt of haplotypes
Specify if you want to include a predefindidtance matrix
Specify if you want to include group structure
By pressing th®pen outline as project button, an empty outline of a project file will be created for you. It will be

automatically loaded in Arlequin, and you can then paste your sample data by editing the project.

3.5 Conversion of data files

By selecting the Tab dialdgport Data, one activate a dialog box for the translation of data files from one format to
the other. This might be useful for users already having data files set up for other data software packages. It is also
possible to convert Arlequin data files into other formats.

The currently recognized data formats are:

* Arlequin ver. 1.1

e GenePop ver. 3.0,

* Biosys ver.1.0,

e Phylip ver. 3.5

e Megaver. 1.0

*  Win Amova ver. 1.55.

The translation procedure is fully described in section 6.3.4.

These conversion routines were done on the basis of the description of the input file format found in the user manuals
of each of aforementioned programs. The tests done with the example files given with these programs worked fine.

However, the original reading procedures of the other software packages may be more tolerant than our owns, and
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some data may be impossible to convert. Thus, some small corrections will need to be done by hand, and we
apologize for that.

3.6 Arlequin batch files

A large number of data files can be analyzed one after the other using batch files.

A batch file (having usually the .arb extension) is simply atext file having on each line the name of the project file
that should be analyzed. The number of datafiles to be analyzed can be arbitrary large.

If the project type you open is of Batch file type, the Batch file tab panel allows you to tune the settings for your batch
run.

Y ou can either use the same options for all project files by selecting Use interface settings, or use the setting file
associated with each project file by selecting Use associated settings. In the first case, the same analyses will be
performed on all project fileslisted in the batch file. In the second case, you can perform different computations on
each project file listed in the batch file, giving you much more flexibility on what should be done. However, it implies
that setting files have been prepared previoudy, recording the analyses needing to be performed on the data, as well as
the options of these analyses.

Some results can be collected from the analysis of each batch file, and put into summary files (see section 6.3.6).

If the associated project file does not exist, the current settings are used.

Note that the batch file, the project files, and the setting files should all be in the same folder.
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4 OUTPUT FILES

The output files are now all located in a special sub-directory, having the same name as your project, but with the
".htm" extension. This has been done to structure your result files according to different projects. For instance, if your

project fileis called my_file.arp, then the result files will be in a sub-directory called [my_file.res]

4.1 Result file

Thefile containing all the results of the analyses just performed. By default, it has the same name than the Arlequin
input file, with the extension (.4tm. Thisfileis opened in the right frame of the html browser at the end of each run.
If the option Append Results of the configuration tab panel is checked, the results of the current computations are
appended to the one of previous calculations, otherwise the results of previous analyses are erased, and only the last
results are overwritten in the result file.

4.2 Arlequin log file

A file where run-time WARNINGS and ERRORS encountered during any phases of the current Arlequin session are
issued. The file has the name Arlequin_log.txt and is now located in the result directory of the opened project You
should consult thisfile if you observe any warning or error message in your result file. If Arlequin has crashed then
consult Arlequin_log.txt before running Arlequin again. It will probably help you in finding where the problem was
located. A reference to the log file is provided in the left pane of the html result file and can be activated in your web

browser.

4.3 Linkage disequilibrium result file

Thisfile contains the results of pairwise linkage disequilibrium tests between all pairs of loci. By default, it has the
name LK_DIS.XL. As suggested by its extension, this file can be read with M S-Excel without modification. A
tabulator separates the columns.

4.4 View your results in HTM L browser

For very large result files or result files containing the product of several analyses, it may be of practical interest to
view the resultsin an HTML browser. This can be simply done by activating the button Browse results of the project
tab panel. The HTML browser can be selected through the Configuration tab panel. The location of your browser is
then stored in arlequin. ini.

In the web browser the file [project name] main.html is|oaded and the main window is divided in two panes.

1. Theleft pane contains atree where each first level branch corresponds to a run. For each run we have several
entries corresponding to the used settings for the calculation, the inter-population analyses (Genetic structure,
Shared haplotypes) and finally all intra-population analyses with one entry per population. The description of this
treeisstored in [project name] tree.html. At this point it isimportant to notice that this tree uses the java script
file fiiens4.js located in Arlequin’s installation directory. If you move Arlequin to an other location, or uninstall it,
the left pane will not work anymore.
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2. Theright pane, shows the results concerning the selected item in the left pane. The HTML code of this paneisin

the main result file. Thisfileislocated in result sub-directory of your project and is named /project name].htm.

Thefollowing figure illustrates way results are presented inaHTML browser.

2 Arlequin Result Browser - Main_file - Microsoft Internet Explorer

J File Edit Miew Favorites Tools Help |J-':'-QE|FESS I@ G:MLaurentArdequintCodet avatwin_java_ 'I o Go

J Ao o= v@ ﬁ|@@fﬁﬂ§l =k ] JLinks [ ]'w'eb perso || Recent o

Different runs of

K [OITs dre LOL DOCIl Salp LIy Al S CoCIids
I Arlequin -]
3 ARLEQUIN RESULTS (amovahap.c
@ Arlequin log file /: ======================================================
#{] Runof10/03/00 atl4:54:18/ == Sauple : Wolof
=43 Runofl0/03/00atl4:54:20% || A
@ Settings
D Genetic siructure == Molecul diverzsity indices : (Wolof)
E.a Samples ======z=z=zsf======================
“[8] Tharu Refe : Tajime, F., 1983.
(@] Criental Tajima, F. 1993.
Nei, M, , 19287,
Walof i ’ -
[ €— Results concerning sample Zourcs, E., 1979,
8] Peut « Wolof » Ewens, W.J. 1972.
@ Pitna J Sample size : llo.o00 |
Io. of haplotypes : 13
.@ I'I.I'I&ET&
@ Fintiish Allowed lewel of missing data : L.00000
@ i il Mumber of obserwed indels HEI|
Leran 24 Iunber of polvmorphic sites i 11 i
1| I k 4| I 3
&) [ | [ =) My Computer o

4.5 Variance components null distribution histograms

Specifies the name of an output file where the histograms of the (co)variance component null distributions are outpuit.
By default, the nameis set to AMO_HIST.XL. Thistabulated text file can be read directly by MS-Excdl, for a
graphical output of the distributions.

All values of the permuted statistics are found in files, having the same name as the project file, with * .va, * .vb, * .vc

* 2 2 2 2 .
and *.vd for g,.0,,0, , and g, , respectively.



Manual Arlequin ver 2.0 Output files 36

5 EXAMPLES OF INPUT FILE S

5.1 Example of allele frequen cy data

The following exampleis afile containing FREQUENCY data. The allelic composition of the individualsis not

specified. The only informations we have are the frequencies of the alleles.

[Profile]
Titl e="Frequency data"
NbSanpl es=2

CGenot ypi cDat a=0
Dat aTy pe=FREQUENCY
[ Dat a]
[ [ Sanpl es] ]
Sanpl eName="Popul ation 1"
Sanpl eSi ze=16
Sanpl eDat a= {
000 1
001 3
002 1
003 7
004 4
}
Sanpl eName="Popul ati on 2"
Sanpl eSi ze=23
Sanpl eDat a= {
000 3
001 6
002 2
003 8
004 4

}

5.2 Example of standard data (Genotypic data, unknown gametic phase, recessive alleles)

In this example, the individual genotypes for 5 HLA loci are output on two separate lines. We specify that the gametic
phase between loci is unknown, and that the data has a recessive allele. We explicitly defineit to be "xxx". Note that
with recessive data, al single locus homozygotes are also considered as potential heterozygotes with anull allele. We
also provide Arlequin with the minimum frequency for the estimated haplotypes to be listed (0.00001), and we define
the minimum epsilon value (sum of haplotype frequency differences between two steps of the EM a gorithm) to be

reached for the EM algorithm to stop when estimating haplotype frequencies.

[Profile]
Titl e="CGenotypi c Data, Phase Unknown, 5 HLA loci"
NbSanpl es=1

Genot ypi cDat a=1
Dat aType=STANDARD
LocusSepar at or =V\Hl TESPACE
M ssi ngDat a=" ?’
Ganet i cPhase=0
Recessi veDat a=1
Recessi veAl | el e="xxx"
FrequencyThr eshol d=0. 00001
Epsi | onVal ue=0. 000000001

[ Dat a]

[ [ Sanpl es] ]
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Sanpl eName="Popul ati on 1"
Sanpl eSi ze=63
Sanpl eDat a={
MANO102 12 A33 w10 B70 DR1304 DQ301
A33 owi0 B7801 DR1304 DQ0302
MANO103 22 A33 owl0 B70 DR1301 DQ0301
A33 owi0 B7801 DR1302 DQ0501
MANO108 23 A23 onwe B35 DR1102 DQ0301
A29 w7 B57 DR1104 DQ0602
MANO109 6 A30 o B35 DRO801  xxx
A68 o B35 DRO801  xxx

}
5.3 Example of DNA sequen ce data (Haplotypic)

Here, we define 3 population samples of haplotypic DNA sequences. A simple genetic structure is defined that just
incorporates the three popul ation samples into a single group of populations.

[Profile]
Titl e="An exanpl e of DNA sequence data"
NbSanpl es=3
Genot ypi cDat a=0
Dat aType=DNA
LocusSepar at or =NONE
[ Dat a]
[[ Sanples]]
Sanpl eName="Popul ati on 1"
Sanpl eSi ze=6
Sanpl eDat a= {
000 3 GACTCTCTACGTAGCATCCGATGACGATA
001 1 GACTGTCTGCGTAGCATACGACGACGATA
002 2 GCCTGTCTGCGTAGCATAGGATGACGATA
}
Sanpl eNanme="Popul ati on 2"
Sanpl eSi ze=8
Sanpl eDat a= {

000 1 GACTCTCTACGTAGCATCCGATGACGATA
001 1 GACTGTCTGCGTAGCATACGACGACGATA
002 1 GCCTGTCTGCGTAGCATAGGATGACGATA
003 1 GCCTGICTGCCTAGCATACGATCACGATA
004 1 GCCTGICTGCGTACCATACGATGACGATA
005 1 GCCTGTCCGCGTAGCGTACGATGACGATA
006 1 GCCCGTGTGCGTAGCATACGATGGCGATA
007 1 GCCTGTCTGCGTAGCATGCGACGACGATA

}
Sanpl eNanme=" Popul ati on 3"

Sanpl eSi ze=6

Sanpl eDat a= {
023 1 GCCTGTCTGCGTAGCATACGATGACGGTA
024 1 GCCTGTCTGCGTAGCGTACGATGACGATA
025 1 GCCTGTCTGCGTAGCATACGATGACGATA
026 1 GCCTGT CCGCGTAGCATACGGT GACGGTA
027 1 GCCTGTCTGCGTGGCATACGATGACGATG
028 1 GCCTGTCTGCGTAGCATACGATGACGATA

}
[[Structure]]
StructureNanme="A group of 3 popul ations anal yzed for DNA"
NbG oups=1
Group= {
"Popul ation 1"
"Popul ati on 2"
"Popul ati on 3"
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}

5.4 Example of microsatellite data (Genotypic)

In this example, we show how to prepare a project file consisting in microsatellite data. Four population samples are
defined. Three microsatellite loci only have been analyzed in diploid individuals. The different genotypes are output
on two separate lines. The frequencies of the different genotypes are listed in the second column of the first line of
each genotype. Alternatively, one could just output the genotype of each individual, and simply set its frequency to 1.
One should however be careful to use different identifiers for each individual. It does not matter if different genotype
|abels refer to the same genotype content. Here, only afew different genotypes have been found in each of the
populations (which should not correspond to most real situations, but we wanted to save space). The genotypes consist
in the number of repeats found at each locus. The genetic structure to be analyzed consists in 2 groups, each made up
of 2 populations.

To make things clear, the genotype "Genot1" in the first population, has been observed 27 times. For the first locus,
12 and 13 repeats were observed, 22 and 23 repeats were observed for the second locus, and finally 16 and 17 repeats
were found at the third locus.

[Profile]
Title="A smal|l exanple of nmicrosatellite data”
NbSampl es=4
CGenot ypi cDat a=1
#Unknown ganetic phase between the 2 | oci
Ganet i cPhase=0
Dat aType=M CROSAT
LocusSepar at or =V\Hl TESPACE

[ Dat a]

[ [ Sanpl es] ]

Sanpl eName="M CR1"
Sanpl eSi ze=28

Sanpl eDat a= {
Genot 1 27 12 23 17
13 22 16
Cenot 2 1 15 22 16
13 22 16
}
Sanpl eNarme="M CR2"
Sanpl eSi ze=59
Sanpl ebDat a= {
Genot 3 37 12 24 18
12 22 16
Genot 4 1 15 20 18
13 22 18
Cenot 5 21 14 22 16
14 23 16
}
Sanpl eNarme="M CR3"
Sanpl eSi ze=30
Sanpl eDat a= {
Genot 6 17 12 21 16
13 22 15
Genot 7 1 12 20 16
13 23 16
Cenot 8 12 10 22 15
12 22 15
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Sanpl eNanme="M CR4"
Sanpl eSi ze=16

Sanpl eDat a= {
Genot 9 15 13 24 16
13 23 17
Cenot 10 1 12 24 16
13 23 16

}
[[Structure]]
St ruct ureNane="Test nicrosat structure"
NbG oups=2
#We explicitly exclude the individual |evel fromthe genetic
#structure. FIS and FIT statistics won't be conputed
I ndi vi dual Level =0
#The first group is made up of the first 2 sanples

G oup={
"M CR1"
"M CR2"
}
#The last 2 sanples will be put into the second group
G oup={
"M CR3"
"M CR4"
}

5.5 Example of RFLP data(H aplotypic)

In this example, we show how to use a definition list of RFLP haplotypes. Different RFLP haplotypes are first defined
inthe [ [ Hapl ot ypeDefi ni tion]] section. Thealelic content of each haplotype is then defined after a given
identifier. The identifier isthen used at the population samples level. Note that the list of haplotypes can include
haplotypes that are not listed in the population samples. The genetic diversity of the samplesis then simply described

as alist of haplotypes found in each population as well as their sample frequencies.

[Profile]
Title="A smal |l exanple of RFLP data: 3 popul ati ons”
NbSanpl es=3
CGenot ypi cDat a=0
Dat aType=RFLP
LocusSepar at or =V\HI TESPACE
#We tell Arlequin to conpute Euclidian square distances between
#t he hapl otypes |isted bel ow
ConpDi st Mat ri x=1
M ssi ngDat a=" ?’

[ Dat a]

[ [ Hapl ot ypeDefinition]]

Hapl Li st Name="A fictive list of RFLP hapl otypes"

Hapl Li st = {
1 000011100111010011011001001011001101110100101101100
2 100011100111010011011001001011001101110100101100100
6 000011100111010010011001001011001101110100101101100
7 100011100111010011011001001011001101110100101101100
8 000011100111010011011001001001001101110100101101100

11 000001100111011011011001001011001101110100101111100
12 000011100111010011011001101011001101110100101101100
17 000011100111010011011001001011001100110100101101100
22 000011100111011011011001001011001101110100101100100
36 000011100111010011011001001010001100110100101101100
37 000011100111011011011001001111001101110100101100100
38 000111100111010011011001001011001101110100101101100
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40

40
47
139
140
141

}
[[Sanpl es]]

000011100111000011011001001011001101110100101101100
000011100111010011011001001011001101110100101100100
000011100111010011011001001011001111110100101001110
000011100111010011011001001011001101110100101100101
000011100111010010011001000011001101110100101100100

#1
Sanpl eNarme="pop 1"
Sanpl eSi ze=28
Sanpl ebDat a= {
1 27
40 1
}
#2
Sanpl eNarme="pop 2"
Sanpl eSi ze=75
Sanpl eDat a= {
1 37
17 1
6 21
7 1
2 1
22 5
11 2
36 1
139 1
47 1
140 1
141 1
37 1
38 1
}
#3
Sanpl eNarme="pop 3"
Sanpl eSi ze=48
Sanpl ebDat a= {
1 46
8 1
12 1

}
[[Structure]]
St ruct ur
NbG oups
G oup={

eName="A single group of 3 sanples"
=1

“pop 1"
“pop 2"
n pop 3"

5.6 Example of standard data (Genotypic data, known gametic phase)

In this example, we have defined 3 samples consisting of standard multi-locus data with known gametic phase. It

means that the alleles listed on the same line constitute a haplotype on a given chromosome. For instance, the

genotype G1 is made up of the two following haplotypes: AD on one chromosome and BC on the second, A and b

being two alleles at the first locus, and C and D being two alleles at the second locus. Note that the same allele

identifier can be used in different loci. Thisisobviously true for Dna sequences, but it also holds for al other data

types.
[Profile]

Titl e="An exanpl e of genotypic data with known ganetic phase”

NbSanpl es=3
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Genot ypi cDat a=1
Ganeti cPhase=1
#There is no recessive allele
Recessi veDat a=0
Dat aType=STANDARD
LocusSepar at or =V\HI TESPACE

[ Dat a]

[[Sanmpl es] ]

Sanpl eNarme=" st andar d_pop1l"
Sanpl eSi ze=20

Sanpl ebDat a= {
Gl 4 A D
B C
& 5 A B
A A
&3 3 B B
B A
G 8 D C
D C
}

Sanpl eName="st andar d_pop2"
Sanpl eSi ze=10

Sanpl eDat a= {
G 5 A C
C B
&G 5 B C
D B
}

Sanpl eNanme=" st andar d_pop3"
Sanpl eSi ze=15

Sanpl eDat a= {
Gr 3 A D
C A
&8 12 A C
B B
}
[[Structure]]
St ruct ur eName="Two groups"
NobG oups=2
G oup={
"standar d_pop1"
}
G oup={
"standar d_pop2"
"standar d_pop3"
}
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6 ARLEQUIN INTERFACE

& Arlequin Yer. 2.000 X |
File  Help

‘@ Open Project... |

About | Cnnﬂguratinnl PrnjectWizardI Irnport Datal

MUIt-platfom version of ARLEQUIN

The Arlequin Suppored platforms:
interface has been g

o . ﬂ Windaws MNT, 95, 98
written in Javain
order to present a ‘, MaE O Bx

consistent look and
. A Fed Hat linux 6.x%
behavior across

different platforms.

Current 05 : pindows NT Authors:

Message: Stafan Schhneldar

To start, open an exXisting project Davic Roessil
O Ccreate a new one with the Laurent Excoffier
"Project Wizard™

The graphical interface is made up of a series of tabbed dia og boxes, whose content varies dynamically depending on
the type of data currently analyzed.

6.1 Menus

Only two menus will appear at the top of the program window.

6.1.1 File Menu

The menu by which you can open or close projects files.

= Open project... Call adialog box listing the last 10 opened projects, and allowing you to
browse files on your disk.

» Close project... Closes the active project file.

= Quit Exits Arlequin and closes all windows (Java graphic interface and

console window).

6.1.2 Help Menu

The menu to get access to the Help File System
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= About Some information about Arlequin, its authors, contact address and the
Swiss NSF grants that supported its development.
= Help... Cadls Arlequin help file. Actually it attempts at opening the file

"arlequin.pdf" into the web browser. Y ou thus need to have installed the
Adobe Acrobat extensions in your web browser.

6.2 Toolbars

Arlequin’s toolbar contains icons that are shortcuts to some commonly used menu items as shown below. Clicking on

one of these icons is equivalent to activating the corresponding menu item.

’%i Open Project... |

Arlequin tool bar when no project is opened.

Reload the
opened project Close the open Start the Stop the Refresh
into Arlequin project calculations calculations screen

@Relaad | ﬁcmse Project | g Run | eﬂtnp | Fefresh

Arlequin tool bar when a project is opened.

6.3 Tab dialog boxes

Most of the tasks that Arlequin can perform are possible irrespective of the data type. Nevertheless, the testing
procedure that might be used for performing a given task (e.g. testing linkage disequilibrium) may depend on the data
type. The aim of this section is to give an overview of what happens in which situation and how to set up the
numerous options in an optimal way.

The items that appear «grayed» in Arlequin’s dialog boxes indicate that a given task is not possible in the current
situation. For example, if you open a project containing haplotypic data, it is not possible to test Hardy-Weinberg
equilibrium, and the task will appear as «grayed» in the dialog box. Or, for STANDARD data it is not possible to set
up the transversion, transition, and deletion weights.

The way inter-haplotypic distances are calculated depends also on the data type. According to the situation, different
lists of distance methods are presented in the dialog box.

Arlequin’s interactive graphical user interface should prevent the user from selecting tasks impossible to perform, or

from setting up parameters that are not taken into account in the analyses.
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We do now describe the different dialog boxes accessible in Arlequin.
We have sometimes used the following symbols to specify which type of input was expected in the dialog boxes:
[f] : parameter to be set in the dialog box as a floating number.
[i] : parameter to be set in the dialog box as an integer.
[b] : check box (two states: checked or unchecked).
[m] : multiple selection radio buttons.
[IT : Listbox, alowing the selection of an item in a downward scrolling list.

[r] : readonly setting, cannot be changed by the user.

6.3.1 Open project

B2 select a Project... E3

Project File: none. IData file Project j

List of recent Projects

Ok Cancel CClear Listt Add to list...

In this dialog box, one can select a new project to analyze: either from alist showing the last 10
opened projects, or by browsing the hard disk, using the Browse new button. One can also specify
whether the chosen fileis aproject file or abatch file listing a series of project filesto be

analyzed.
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6.3.2 Configuration

& Arlequin Yer. 2.000 X |

File  Help

| @Open Project... I

About  Configuration | PrnjectWizardI Import Diata

[T Use associated settings [~ Include distance matrix into results

[¥ Append results [¥ keep AMOWA null distributions

: . Browse...
Location of browser to view results: —l

C:yProgram Filez'Plus!‘\Microsoft Internet)IEXFLORE.EXE

: : : : Browse... |
Location of editor to view project:

E:VProgram Files'TextPad\TATPADI:Z.EXE

File system folder separatar lf

Care rautine used to perfarm computations: |ar|ecnre.exe

Different options can be specified in this tabbed dialog box.

= Use associated settings: By checking the Use associated settings checkbox, the settings and options last
specified for your project will be used when opening a project file. When closing a project file, Arlequin
automatically saves the current calculation settings for that particular project. Check this box if you want
Arleguin to automatically load the settings associated to each project. If this box is unchecked, the same settings
will be used for different projects.

= Append Results: If the option Append Results is checked, the results of the current computations are appended to
the one of previous calculations, otherwise the results of previous analyses are erased, and only the last results are
overwritten in the result file.

= Include distance matrix into results: If checked, the inter-haplotypic distance matrix used to evaluate the

molecular diversity is printed in the result file.

2 52 o g2
generated by an AMOV A analysis are written in files having the same name as the project file, but with the
extensions .va, .vb, .vc, and .vd, respectively.

= Location of Browser to view results: Specifies the path and filename of the chosen web browser, where html

result files will be output.
= Location of Editor to view project: Specifies the path and filename for the chosen text editor one can use to

= Keep AMOVA null distributions: If this option is checked, the null distributions of 2 ,

edit the Arlequin projects and view the log files in case of errors during the computations
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= File system folder separator: Separator used by the operating system to specify the directory hierarchy. It is
usually a"\" for Windows, a":" for MacOS, and a"/" for Linux.

= Core routine used to perform computations [r]: The name of the compiled program called by the Java
interface to make the computations specified by the interface.

6.3.3 Project Wizard

& Arlequin Yer. 2.000 ] |
File  Help

| “%Oopen Project... I

apout| Configuration  ProjectWizard | import Data|

Data File:

none Browse... |

Data Type:
Genotypic data
DINA j [ typ
[ Gametic phase
[T Recessive data

Controls:

Humber of samples: |1

Locus separator; INDNE j

Missing data: I?
Optional Sections:

[ Include haplotype list [ Include distance matrix
[ Include genetic structure

Cpen outline as project

In order to help you setting up quickly a project file, Arlequin can create the outline of a project file for you.
This dialog box should alow you to quickly define which type of data you have and some of its peculiarities.

* Data file

Specify the name of the target file (the new Arlequin project) by browsing your hard drive. It should have the

extension “.arp”.

* Data type

Specify whichtype of data you want to analyze (DNA, RFLP, Microsat, Standard, or Frequency).

Specify if the data is undgenetypic or haplotypic form.

Specify if thegametic phase is known (for genotypic data only).

Specify if there areecessive alleles (for genotypic data only)

e Controls
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Specify the number of population samples defined in the project
Choose alocus separator
Specify the character coding for missing data
Specify the code for the recessive allele
* Optional sections
Specify if you want to include a global list of haplotypes
Specify if you want to include a predefined distance matrix
Specify if you want to include agroup structure
By pressing the Open outline as project button, an empty outline of a project file will be created for you and it will be
automatically loaded into your text editor.

6.3.4 Import data

& Arlequin Yer. 2.000 X |
File  Help

| “%}Open Project... I

Abuutl Cnnﬂguratinnl Project\izard Import Data |

Source Data:
Source file: Inl:une Browse... |
Source file farmat: Ignequm j
Target data:
Targetfile: naone
Targetfile format. | Arlecuin j

With this dialog box you can quickly trandlate data into several other file formats often usin population genetics
analyses. The currently supported formats are:

e Arleguinver. 1.1

e GenePop ver. 1.0,

e Biosys ver.1.0,

e Phylipver.35
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e Megaver. 1.0

«  Win Amovaver. 1.55.

The translation procedure is as follows:

1
2.
3.
extension in the edit field.
in several input files (like in WinAmova).
6.
6.3.5 Loaded Project

Select the source file with the upper right Browse button.

Select the format of the source datafile, as well asthat of the target file.

A default extension is automatically given to the target file, but you can change the target file name and

Thefile conversion is started by pressing on the central button.

In some cases, you might be asked for some additional information, for instance if input data is fractionated

If you have selected to trandate a data file into the Arlequin file format, you'll have the option to load the

newly created project file into the Arleguin Java Interface.

22 Arlequin Yer. 2.000 [amovahap.arp]

File  Help

@_ Relozd I mCIasePrnject | g Run | g&tnp | Refresh

Froject | Calculation Bettingsl Cnnﬂguratinnl

4 Project

=4 Samples
----- # thary
----- ® oriental
----- # wolof
----- ® peul
----- ® pima
----- ® maya
----- # finnish
----- ® sicilian
----- ® israelljew

- jsraeli arab

= :_q Structure

= Group 1
-] Group 2
- Group 3
- Group 4
= Gmup S

Project Profile:
Project title:

Computation of an AMOVA with
an external file listing
haplotypes

I Genotypic data
[V Garmetic phase

[ Recessive data

Diata tvpe: IW
Locus separatar W
Missing data: I‘?—
(T

Brovwwze results | Edit project

Messa

oe: lArquuin is idle

Once a project has been loaded, the Project tab dialogbecomes active. It shows a brief outline of the project in an

explorable tree pane, and a few information on the data type. The project can be edited by pressing the Edit Project
button that will launch the text editor currently specified in the Configuration tab dialog. All the information shown
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under the project profile section is read only. In order to modify them, you need to edit the project file with your text

editor and reload the project by pressing the Reload project... button at the top of the above window.

Project title[r]: Thetitle of the project as entered in the project.

Genotypic data [r]: Specifies whether input data consist of diploid genotypic data or haplotypic data. For
genotypic data, the diploid information of each genotype is entered on separate linesin the input file. The
gametic phase of the genotype can be either assumed to be known or unknown. If the gametic phaseis
known, then the treatment of the data will be essentially similar to that of haplotypic data.

Gametic phase [r]: Specifies whether the gametic phase is known or unknown when the input file is
made up of genotypic data.

Recessive data [r]: Specifiesif the data contains arecessive alele or not.
Data type [r]: Datatypein the input file.
Locus separator[r]: The character used to separate alelic information at adjacent loci.

Missing data[r]: The character used to represent missing data at any locus. By default, a question mark
(?) is used for unknown alleles.

Recessive allele [r]: Specifiesthe identifier of the recessive dlele.

6.3.6 Batch files

E‘ﬂ Arlequin Yer. 2.000 [batch_ex.arb] [ X] |
File  Help

Q’Reluad | %CInsePrnjem | g Fun | aﬁtnp | Refresh

Batch File | Calculation Settingsl Cnnﬂguratiunl

Batch file: G:Laurentharlegquint Codel Java'win jawa arlecu
inhdatafilez\Eatchhbatch ex.arh

relfreq.arp i |lze azsocisted settings
genotsta.arp i Use irterface seftings
ph_ennhla_arp Results to summarize:
missdata.arp . .
microsat.arp [ Gene diversity

indlevel arp [~ Mucleatide composition
armovaz.arp [ Malecular diversity
arnoval.arp [ Mismatch distribution

[T Theta values

[T Linkage disequilibrium
[ Hardy Yeinberg

[ Tajima's test
Processed files: IIZI [~ Fu's F test

[T Ewens Wattersan test
Innne [T Chakrahory's test

[ Population comparisons

Message:

IArquuin is idle

The project files found in the selected batch file appear listed in the left pane window.
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= Use associated settings [b].: Use this button if you have prepared settings files associated to each project.

= Use interface settings [b] : Use this button if you want to use the same predefined calculation settings for all
project files.

=  Results to summarize: This option allows you to collect a summary of the results for each file found in the
batch list. These results are written in different files, having the extension * sum. These summary files will be
placed into the same directory as the batch file.

List of summary files that are created by activating different checkboxes.

Checkbox Summary file Description
Gene diversity gen_div.sum Gene diversity of each sample
Nucleotide composition nucl_comp.sum Nucleotide composition of each sample
Molecular diversity mold_div.sum Molecular diversity indexes of each sample
Mismatch distribution mismatch.sum Mismatch distribution for each sample
Theta values theta.sum Different theta values for each sample
Linkage disequilibrium |_d_pro.sum Significance level of linkage disequilibrium for each
pair of loci
link_dis.sum Number of significantly linked loci per locus
Hardy Weinberg hw.sum Test of departure from Hardy-Weinberg equilibrium
Tajima’s test tgjima.sum Tajima’s test of selective neutrality
Fu’s Fs test fu_fs.sum Fu'sF test of selective neutrality
Ewens Watterson ewens.sum Ewens-Watterson tests of selective neutrality
Chakraborty’s test chakra.sum Chakraborty’s test of population amalgamation
Population comparisons coanst_c.sum Matrix of Reynolds genetic distances (in linear form)
NM_value.sum Matrix of Nm values between pairs of populations (in
linear form)
slatkin.sum Matrix of Slatkin’s genetic distance (in linear form)
tau_uneqg.sum Matrix of divergence times between populations,
taking into account unequal population sizes (in
linear form)
pairdiff.sum Matrix of mean number of pairwise differences

between pairs of samples (in linear form)

pairdist.sum Different genetic distances for each pair of
population (only clearly readable if 2 samples in the
project)
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6.3.7 Calculation Settings

"@ Arlequin Yer. 2.000 [amovahap.arp] [ X] |
File  Help

‘%}Reluad | %CInsePrnjem | g Fun | aﬁtnp I Refresh

Project Calculation Settings | Cnnﬂguratiunl

Info:

2| Hierachical Analysis of
Molecular Variance. The
F-statistics are tested
by permutations.

A Calculation seftings
B | General settings
-] Diversity indices
-] Linkage diseguilibrium
-] Meutrality tests
=4 + Genetic structure _
e+ AMOVA T MSN S HE

----- # Fopulation comparisaons — L ki e
- T - - % =
# Fopulation dlﬁerentlatmn ‘r:n | _E‘ | % |

[ Locus by locus A0 A

Mumber of permutations: |1IIIIZIIII

|_ Compute minimum spanning netywork among haplotypes

ICDmpute distance matrix j [ Print distance matrix

IPairwise difference j Gamma & IEI.EI

The Calculation Settings tabbed diaog is divided into three zones:

At the upper left, atree structure allows the user to quickly select which task to perform. The options for those tasks

(settings) will appear in the lower pane of the dialog. Finally, an upper right pane will show some information on the
task selected in the lower pane.

If a particular computation has been selected, it will be reflected by a"+" sign in the tree structure.

® Settings: Three buttons always allow to perform particular actions on the settings:

Load: Load a particular set of settings previously saved into a settings file (extension ".ars") .

Save: Saves the current settingsinto a given setting files (extension ".ars") .
=  Reset: Reset al settings to default values.
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6.3.7.1 General Settings

Eﬁ Arlequin Yer. 2.000 [dna_test.arp] [ X] |
File  Help

‘%}Reluad | ﬁCInsePrnjem | g Fun | aﬁtnp | Refresh

Project Calculation Settings | Cnnﬂguratiunl

Info:

2| Information ahout input
and output files.

A Calculation seftings
E 4 General seftings
ot files
- % Polyrmorphism control

- # Settings for the EM algarith

~__| Diversity indices )
-] Linkage disequilibrium SE“L'“Q;' < -
-] Meutrality tests == EiE £
<] + Genetic structure 2 2 B

L hAminbim ] oyt il il = %

Project file: Gi % LaurenthArlemqmint CaodeyTest_filezdna
Ydna test.arp

Fesult file: G: % LaurenthAdrlequint CodelTest fileshdna
Ydna test.res\dna test.htm

HTRL file: G: % Laurenth drlequiny Code’Test files)dna
Ydna test.reshdna test main.htm

Amova histogram:  amo_hist =l

® Project file [r]: The name of the project file containing the data to be analyzed (it usually hasthe ".arp"
extension).

® Result files: The html file containing the results of the analyses generated by Arlequin (it has the same name as
the project file, but the ".itm" extension).

® HTML file [r]: The main html file containing the structure of the resullt files.

® Amova histograms [r]: Specifies the name of an output file where the histograms of the covariance component
null distributions are output. By default, the nameis set to amo_hist.x/. It is atabulated text file which can be
read directly by MS-Excel, for agraphical output of the distributions.
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E Arlequin ¥Yer. 2.000 [dna_test.arp] E |
File Helgp

@Relnad | wcmse Project | ‘{? Fun | QStnp | Refresh

Project Calculation Settings | Cunﬂguratinnl

Info:
4 Calculation settings | How to ewaluate the

E|_"4 Genera.l settings polymorphism and how to
""" ® Projectfiles treat missing data.

- # Settings for the EM algorith
-] Diversity indices
~__| Linkage disequilibrium
- | Meutrality tests
+ Genetic structure = = =
= 2| 2] %]

L bt ] domd

Settings:
Load Save Reset

Polymiorphizsm control:
Alloweed missing level per site: | 0.05
Transversion weight: |1.0

I—
Transition sweight: I 1.0
I—

Deletion wweight:  |1.0

ze original haplatype definition j

¢ Polymorphism control:
= Allowed missing level per site [f]: Specify the fraction of missing data allowed for any locus to be taken
into account in the analyses. For instance, alevel of 0.05 means that alocus with more than 5% of missing
datawill not be considered in any analysis. This option is especially useful when dealing with DNA data
where different individuals have been sequenced for slightly different fragments. Setting alevel of zero will
force the analysis to consider only those sites that have been sequenced in al individuals. Alternatively,
choosing alevel of one means that al sites will be considered in the analyses, even if they have not been

sequenced in any individual (not avery smart choice, however).
» Transversion weight [f]: The weight given to transversions when comparing DNA sequences.
« Transition weight [f]: The weight given to transitions when comparing DNA sequences.
= Deletion weight [f]: The weight given to deletions when comparing DNA or RFLP sequences.

= Infer haplotypes from distance matrix [m] or Use original haplotype definition [m]: With the first option,
similar haplotypes will be identified by computing a distance matrix based on the settings chosen above.
Sel ecting the second option has the consequence that haplotypes are identified according to their origina

identifier.
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E Arlequin ¥er. 2,000 [dna_test.arp]

File  Help

‘%}Reluad | %CInsePrnjem | g Fun | aﬁtnp | Refresh

Project Calculation Settings | Cnnﬂguratiunl

=

A Calculation seftings

-4 General settings

-~ % Projectfiles

----- # Folymorphism contral

~__| Diversity indices
~__| Linkage disequilibrium
~__| Meutrality tests

<] + Genetic structure
Lhd~mtel ot

Info:

Aditional settings
concerhing the EM
estimation procedure

Settings:
Load Saye Reset

= = =}
o I

Additional settings for the EM algorithm

Significant digits for output: IS

Epsilon value: I 1.0E-7

® Settings for the EM algorithm: Some settings directly related to haplotype frequency estimation by the

EM agorithm and outpuit.

» Significant digits for output [i]: The number of significant digits shown for the estimated haplotype

frequenciesin the result files.

= Epsilon value [f]: The criterion used to stop the EM algorithm when estimating haplotype frequencies or

linkage disequilibrium from genotypic data with unknown gametic phase (see section 7.1.3.2). The

criterion is the difference in the sum of haplotypic frequency change between two successive iterations.

The default valueis 1e-7.
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6.3.7.2 Diversity indices

Eﬁ Arlequin ¥er. 2,000 [dna_test.arp]

File  Hel

‘%}Reluad | ﬁCInsePrnjem | g Fun | aﬁtnp | Refresh

P

Project Calculation Settings | Cnnﬂguratiunl

Info:

A Calculation seftings

-] General settings

4 + Diversity indices

- @+ Molecular diversity
-~ # Mismatch distribution
- @ Haplotype frequencies
~_| Linkage diseguilibriam
-] Meutrality tests

<] + Genetic structure
Lhd~mtel ot

4

Jettings for the
standard and molecular
diverzity indices.

Settings:
Load Saye Reset
2 Bk =)
i | e | =)

[v Standard diversity indices

[ Molecular diversity

|_ Compute minimum spanning netvwork among haplotypes

Molecular distance: IF‘airWise difference j
FAMMa & I':'-':' [ Prirt distance matrix
Theta estimators:

[ ThetafHom)

[~ Thetars)

[~ Thetark) [~ Theta(Pi)

¢ Standard diversity indices [b]: Compute several common indices of diversity, like the number of aleles, the

number of segregating loci, the heterozygosity level, etc. (see section 7.1.1).

® Molecular diversity [b]: Check box for computing several indices of diversity at the molecular level.

» Compute minimum spanning network among haplotypes [b]: Computes a minimum spanning tree and

a minimum spanning network among the haplotypes found in each population sample (see section 7.1.2.9).

= Molecular distance [I]: Choose the type of distance used when comparing haplotypes (see section 7.1.2.5

and below).

= Gamma a value [f]: Set the value for the shape parameter of the gamma function, when selecting a

distance allowing for unequal mutation rates among sites. This option isonly valid for some distances

computed between DNA sequences. Note that a value of zero deactivates here the Gamma correction of

these distances, whereas in reality, a value of infinity would deactivate the Gamma correction procedure.

» Print distance matrix [b]: If checked, the inter-haplotypic distance matrix used to evaluate the molecular

diversity is printed in the result file.

» Theta(Hom) [b]: Anestimation of & obtained from the observed homozygosity H (see section

7.1.2.3.2).
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« Theta(S) [b]: An estimation of & obtained from the observed number of segregating site S (see section
7.1.2.3.2).

» Theta(k) [b]: An estimation of @ obtained from the observed number of alleles k (see section 7.1.2.3.3).

= Theta(71) [b]: An estimation of & obtained from the mean number of pairwise differences /T (see

section 7.1.2.3.4).

@ Arlequin Yer. 2.000 [dna_test.arp] E |
File Helgp

‘%’Relnad | wcmse Project | ‘{? Fun | QStnp | Refresh

Project Calculation Settings | Cunﬂguratinnl

Info:
A Calculation seftings o

: ) — Computes the
—| Ger?eral.ae.ttln.gs distribution of pairwiss
=4 + Diversity indices

: : _ differences and estimats
o # + Molecular diversity demographic parameters.
-+ Mismateh distribution

- % Haplotype frequencies

&) Linkage disequilibrium SE“Li“9:= . -
-] Meutrality tests o ave B3
-] + Genetic structure - 2 2 2
i L kAo ] et il i | F8 %

[v Mismatch distribution

Malecular distance: IF‘airWise difference j

Mumber of bootstrap replicates: (100

Mismatch distribution [b]: Compute the distribution of the observed differences between al pairs of
haplotypes in the sample (see section 7.1.2.4). It also estimates parameters of a sudden demographic
expansion using a generalized |east-square approach, as described in Schneider and Excoffier (1999) (see
section 7.1.2.4).

= Molecular distance [I]: Here we only allow one genetic distance: the mere number of observed differences
between hapl otypes.

« Number of bootstrap replicates [I]: The number of coalescent simulations performed using the estimated
parameters of the demographic expansion. The parameters of the stepwise expansion will be re-estimated
for each simulation in order to obtain the empirical distribution of the output statistics such as the sum of
sguared deviations between the observed and the expected mismatch, the raggedness index, or percentile
values for each point of the expected mismatch (see section 7.1.2.4) .

Haplotype frequencies:
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Depending on the data type, different methods are used to estimate the haplotypic frequencies.

Case a: Haplotypic data, or genotypic (diploid) data with known gametic phase

E Arlequin Yer. 2.000 [dna_test.arp] E |
File Helgp

@Relnad | %Clnse Project | ‘{? Fun | QStnp

Project Calculation Settings | Cunﬂguratinnl

Info:
A Calculation settl.ngs 2| Compute the haplotypic
F-__| General settings frequencies by gene
EI . Diversity indices counting
i b+ Molecular diversity
o # + Mismatch distribution
J Linkage diseqguilibrium Sﬁttl_i"g;: 5 Feset
-] Meutrality tests o8 e =
-] + Genetic structure = (| =3 2
Gl 8 hdmntad boed i - | = %

|_ Gene frequency estimation

[T/ Estimate slliele frequenciesat alllosi

|_ Search for shared haplotypes between populations

= Gene frequency estimation [b]: Estimate the maximum-likelihood haplotype frequencies from the observed
data using a mere gene counting procedure
» Estimate allele frequencies at all loci: Estimate allele frequencies at all loci separately.
¢ Search for shared haplotypes within and between populations [b]: Look for haplotypes that are effectively
similar after computing pairwise genetic distances according to the distance calculation settingsin the
Polymorphism control section. For each pair of populations, the shared haplotypes will be printed out. Then will
follow atable that contains, for every group of identified haplotypes, its absolute and relative frequency in each
population. Thistask isonly possible for haplotypic data.
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Case b: Genotypic data with unknown gametic phase

@ Arlequin Yer. 2.000 [HLA_7pop.arp] E |
File Helgp

‘%’Relnad | wcmse Project | ‘{? Fun | QStnp | Refresh

Project Calculation Settings | Cunﬂguratinnl

Info:
4 Calculation setti.ngs 2| Compute the haplotypic
—| General settings fremqiencies uzing the E!
£l 4 + Diversity indices algorithn.
i b+ Molecular diversity
-~ # + Mismatch distribution
“ @ + Haplotype frequencies

-] Linkage disequilibrium SET"Q:: < et
-] Meutrality tests o8 e ==
-] + Genetic structure — e = =
L 70 Rmnbal toet hd — | = %
[v Maximum likelihood frequencies

[ Haplotype level [ Pair of laci [ Lacus by locus

Mumber of starting walues (EMY: S0
Intial conditions for bootstragp: |10

haximum number of terations: | S000

111

Mumbet of bootztrap replicates:

[ Recessivedsta [ | Compact haplotypes

» Maximum likelihood frequencies [b]: We estimate the maximum-likelihood (ML) haplotype frequencies

from the observed data using an Expectation-Maximization (EM) agorithm for multi-locus genotypic data

when the gametic phase is not known, or when recessive alleles are present (see section 7.1.3.2).

Haplotype level [b]: Estimate haplotype frequencies for haplotypes defined by aleles at all loci.

Pair of loci [b]: Estimate haplotype frequencies for all haplotypes defined for al pairs of loci, aswell as
for all loci taken separately. This option can be quite time-consuming when the number of loci islarge.
The EM procedure is done with the same settings as those used for the haplotypic frequency estimation.
Locus by locus [b]: Estimate allele frequencies for each locus.

No. of starting values (EM) [i]: Set the number of random initial conditions from which the EM
algorithm is started to repeatedly estimate haplotype frequencies. The haplotype frequencies globally
maximizing the likelihood of the sample will be kept eventually. Figures of 100 or more are usually in
order.

Initial conditions for bootstrap [i]: Set the number of initial conditions for the bootstrap procedure.
It may be smaller than the number of initial conditions set when estimating the haplotype frequencies,
because the bootstrap replicates are quite time-consuming. Setting this number to small valuesis
conservative, in the sense that it usually inflates the standard deviations.
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= Maximum no. of iterations [i]: Set the maximum number of iterations allowed in the EM a gorithm.
The iterative process will have at most this number of iterations, but may stop before if convergence
has been reached. Here, convergence is reached when the sum of the differences between haplotypes
frequencies between two successive iterations is smaller than the epsilon value defined in the Error!

Reference source not found. section 6.3.2.

= No. of bootstrap replicates [i]: Set the number of parametric bootstrap replicates of the EM
estimation process on random samples generated from a fictive population having haplotype
frequencies equal to previoudly estimated ML frequencies. This procedure is used to generate the
standard deviation of haplotype frequencies. When set to zero, the standard deviations are not
estimated.

= Recessive data [b]: Specify whether arecessive alele is present. This option appliesto al loci. The
code for the recessive allele can be specified in the project file (see 3.2.1).

= Compact haplotypes [b]: Specify whether haplotypes can be compacted to get rid of monomorphic
loci. This option just saves up memory and has no effect on the estimation procedure outcome.

6.3.7.3 Gametic disequilibrium

® Linkage disequilibrium [b]: Test for the presence of significant association between pairs of loci.
Thistest can be done with all data types except FREQUENCY datatype. The number of loci can be arbitrary, but if
there are less than two polymorphic loci, there is no point performing this test.
Different approaches will be used depending on the data type:
Case a): Genotypic data with unknown gametic phase
A procedure for testing the significance of the association between pairs of loci when the gametic phaseis not
known (see section 7.1.4.2). The likelihood of the sample under the hypothesis of no association between
loci (linkage equilibrium) is compared to the likelihood of the sample when association is allowed (see
Slatkin and Excoffier, 1996). The significance of the observed likelihood ratio is found by computing the

null distribution of thisratio under the hypothesis of linkage equilibrium, using a permutation procedure.

= No. of permutations [i]: Number of random permuted samples to generate. Figures of several thousands
arein order, and 16,000 permutations guarantee to have less than 1% difference with the exact probability
in 99% of the cases (Guo and Thomson, 1992). A standard error for the estimated P-value is estimated
using a system of batches (Guo and Thomson, 1992).
= No. of initial conditions [i]: Sets the number of random initial conditions from which the EM is
started to repeatedly estimate the sample likelihood. The haplotype frequencies globally
maximizing the sample likelihood will be eventually kept. Figures of 100 or more are in order.
» Generate histogram and table [b]: Generates an histogram of the number of loci with which
each locusisin disequilibrium, and an s by s table (s being the number of polymorphic loci)
summarizing the significant associations between pairs of loci. Thistableis generated for

different levels of polymorphism, controlled by the value y: alocus is declared polymorphic if

there are at least 2 alleles with y copies in the sample (Slatkin, 1994&). Thisis done because the
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exact test is more powerful at detecting departure from equilibrium for higher values of y
(Slatkin 1994a). The results are output in a file calléd/ist.x!".

» Significance level [f]: The level at which the test of linkage disequilibrium is considered significant for the
output table.:

E Arlequin Yer. 2.000 [HLA_7pop.arp] E |
File Helgp

@Relnad | wcmse Project | ‘{? Fun | QStnp

Project Calculation Settings | Cunﬂguratinnl

Info:
A Calculation seftings o

: ) — Test of gametic
F-__| General settings disequilibrium for all

=14 + Diversity indices pairs of loci.
o+ Molecular diversity
- @+ Mismatch distribution

- # + Haplotype frequencies

=14 + Linkage disequilibrium SﬂﬁLi“Q;: < et
- # + Pajrwise linkage o8 e =s
e i Hardy-Weinherg = = =

) WA P T [T P i = - %

[v Linkage disequilibrium

Mumber of permutations: |1EIIIIIIIIIIEI
Murmbet of initial conditions: |1EI

[ Generate histagram and table
imthe dile EHCRIET

Signifizance [eyel | 0.03

Case b): Exact test of linkage disequilibrium

A test analogous to Fisher’'s exact test on a two-by-two contingency table but extended to a contingency
table of arbitrary size (see section 7.1.4.1).

= No. of steps in Markov chain [i]: The maximum number of alternative tables to explore. Figures of
100,000 or more are in order. Larger values of the step number increases the precisiBrvafubeas
well as its estimated standard deviation.

= No. of dememorization steps [i]: The number of steps to perform before beginning to compare the
alternative table probabilities to that of the observed table. A few thousands steps are necessary to reach a
random starting point corresponding to a table independent from the observed table.

» Required precision on probability [f]: The precision required on the inferred probability of linkage
equilibrium. A system of batches (Guo and Thomson 1992) is used to constantly estimate the standard-
deviation of the probability. The estimation process is stopped once the required precision has been
reached, or once the maximal number of steps has been performed.
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= Generate histogram and table [b]: Generates a histogram of the number of loci with which each locus
isin disequilibrium, and an s by s table (s being the number of polymorphic loci) summarizing the
significant associations between pairs of loci. Thistable is generated for different levels of
polymorphism, controlled by the value y: alocusis declared polymorphic if there are at least 2 alleles
with y copiesin the sample (Slatkin, 1994a). This is done because the exact test is more powerful at

detecting departure from equilibrium for higher values of y (Slatkin 1994a). The results are output in a

file called “Tk_hist.xI".

« Significance level [f]: The level at which the test of linkage disequilibrium is considered significant for
the output table.

» D and D’ coefficients for all pairs of alleles at different loci [b]:

See section 7.1.4.3
1. D: The classical linkage disequilibrium coefficient measuring deviation from random association

between alleles at different loci (Lewontin and Kojima, 1960) expresséd =a§01-j —pl-pj.

2. D’ The linkage disequilibrium coefficied? standardized by the maximum value it can take

(Dmax)’ given the allele frequencies (Lewontin 1964).

B4 Arlequin Yer. 2.000 [dna_test.arp] E3 |
File Help

‘%}Relaad | %Clnse Project | ‘f? Fun | QS‘tnp | Fefresh

Project Calculation Settings | Cnnﬂguratinnl

Info:

:_q Calculation settings Test of gametic

#-__] General setings disequilibrium for all

_| + Diversity indices pairs of loci.

=4 + Linkage diseguilibriurm

R B Fairvise linkage
L+ Hardw-YWeinberg

B ] + Neutrality tests SEﬂLi"gdS: . coset
-] + Genetic structure o e ==
-] + Mantel test = =n g

- o] =] %]

[v Linkage disequilibrium
Mumbet of stepz in Markow chain: |1IZIIZIIIIEIIZI

Mumbet of dememarization steps: |1IZIIZIIII

[v D and D' coetficients for pairs of alleles at different loci
|_ GZenerate histogram and table (LK_HIST XL

Sienificance [eyel | 0.03
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® Hardy-Weinberg equilibrium [b]: Test of the hypothesis that the observed diploid genotypes are the
product of arandom union of gametes. Thistest isonly possible for genotypic data. Separate tests are carried
out at each locus.

This test is analogous to Fisher’s exact test on a two-by-two contingency table but extended to a contingency
table of arbitrary size (see section 7.1.5). If the gametic phase is unknown the test is only possible locus by
locus. For data with known gametic phase, it is also possible to test the association at the haplotypic level
within individuals.

= No. of steps in Markov chain [i]: The maximum number of alternative tables to explore. Figures of
100,000 or more are in order.

= No. of dememorisation steps [i]: The number of steps to perform before beginning to compare the
alternative table probabilities to that of the observed table. A few thousands steps are necessary to reach a

random starting point corresponding to a table independent from the observed table.

B2 Arlequin Yer. 2.000 [HLA_7pop.arp] E3 |
File Help

‘%}Relaad | %Clnse Project | ‘f? Fun | QS‘tnp

Project Calculation Settings | Cnnﬂguratinnl

Info:
_A Calculation seftings 2! Exact test of Hardy
—| General settings Weinbery egquilibrium.
=4 + Diversity indices
- # + Molecular diversity
- # o+ Misratch distribution

- % + Haplotype frequencies

=+ 4 + Linkage disequilibrium SET“QHS: - ot
-~ # +Pairwise linkage o Ave =9
-+ Hardy-Weinherg P2 =1 23

) | bl b Lt toet e x - - %

|7 Hardy-Weinberg equilibrium
Mumbet of steps in Markoy chain: |1IZIIZIIZIIIIEI

Mumbet of dememarization steps: |1IZIIZIIZI
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6.3.7.4 Neutrality tests

E‘ﬂ Arlequin ¥er. 2,000 [dna_test.arp]
File  Help

‘%Reluad | %CInsePrnjem | g Fun | aﬁtnp | Refresh

Project Calculation Settings | Cnnﬂguratiunl

A Calculation seftings

B | General settings

-] + Diversity indices

-] + Linkage disequilibrium
=4 + Meutrality tests

- # +lnfinite-allele models
- # +lnfinite site rmodels
-] + Genetic structure

=] Mantel test

[v Ewens-Watterson neutrality tests

Info:

Neutrality tests for
infinite alleles

nodels.
Settings:
Load Saye Reset
Ei 2 =
o e

Mumber of random samples: I*IEIEIEI

|_ Chakraborty’s test of population amalgamation

Tests of selective neutrality, based either on the infinite-allele model or on the infinite-site model (see section 7.1.6).

less and 1000 different alleles (haplotypes) or less.

= Ewens-Watterson homozygosity test: This test, devised by Watterson (1978, 1986), is based on Ewens’

Ewens-Watterson neutrality tests [b]: Performs tests of selective neutrality based on Ewens sampling theory

in apopulation at equilibrium (Ewens 1972). These tests are currently limited to sample sizes of 2000 genes or

sampling theory, but uses as a statistic the qualtagual to the sum of squared allele frequencies,

equivalent to the sample homozygosity in diploids (see section 7.1.6.1).

= Exact test based on Ewens’ sampling theory: In this test, devised by Slatkin (1994b, 1996), the probability
of the observed sample is compared to that of a random neutral sample with same number of alleles and

identical size. The probability of the sample selective neutrality is obtained as the proportion of random

samples, which are less or equally probable than the observed sample.

= No. of random samples [i]: Number of random samples to be generated for the two neutrality tests

mentioned above. Values of several thousands are in order, and 16,000 permutations guarantee to have less

than 1% difference with the exact probability in 99% of the cases (see Guo and Thomson 1992).

Chakraborty’s test of population amalgamation [b]: A test of selective neutrality and population

homogeneity and equilibrium (Chakraborty, 1990). This test can be used when sample heterogeneity is
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suspected. It uses the observed homozygosity to estimate the population mutation parameter HHOm . The

estimated value of this parameter is then used to compute the probability of observing & alleles or morein a

neutral sample drawn from a stationary population. This test is based on Chakraborty’s observation that the
observed homozygosity is not very sensitive to population amalgamation or sample heterogeneity, whereas the

number of observed (low frequency) alleles is more affected by this phenomenon.

22 Arlequin Yer. 2000 [dna_test.arp] E3 |
File  Help

@Relaad | mCIasePrnject | g Run | g&tnp | Refresh

Project Calculation Settings | Cnnﬂguratinnl

Info:

Neutrality tests for
infinite sites models.

A Calculation settings

-] General settings

-] + Diversity indices

-] + Linkage disequilibrium
=14 + Neutrality tests

- # +lnfinite-allele models

. &+ |niinite site models SEﬂLi"g;: . o
-] + Genetic structure o e ==
H- ] Mantel test g Em g

= Slla] %]
[ Tajima'D
[v Fu's Fs

Mumber of zimulated samples: |1IIIEIIZI

Tajima’s test of selective neutrality [b]: This test described by Tajima (1989a, 1989b, 1993) compares two
estimators of the population paramegr one being based on the number of segregating sites in the sample,

and the other being based on the mean number of pairwise differences between haplotypes. Under the infinite-
site model, both estimators should estimate the same quantity, but differences can arise under selection,

population non-stationarity, or heterogeneity of mutation rates among sites (see section 7.1.6.4).

Fu’s Fjg test of selective neutrality [b]: This test described by Fu (1997) is based on the probability of
observingk or more alleles in a sample of a given size, conditioned on the observed average number of
pairwise differences. The distribution of the statistic is obtained by simulating samples according to a given
B value taken as the average number of pairwise differences. This test has been shown to be especially

sensitive to departure from population equilibrium as in case of a population expansion (see section 7.1.6.4).
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6.3.7.5 Genetic structure

E‘ﬂ Arlequin Yer. 2.000 [dna_test.arp] [ X] |
File  Help

‘%Reluad | %CInsePrnjem | g Fun | aﬁtnp | Refresh

Project Calculation Settings | Cnnﬂguratiunl

] \ETIETH] SELTES ;I Infu: _ :

J + Diversity indices Hierachical Analysis of
&[] + Linkage disequilibrium lolesilsr varlamce, e
E| 4 + Meutrality tests F-statistics are tested

. h ermitations.
----- # + |nfinite-allele models ¥ P

----- # +|nfinite site models

=4 + Genetic structure Settings:
AhCNA SR (. Load Save Reset
----- # Fopulation comparisons 5 o Bt
----- # Population differentiation = .':T' | _Ei | %

[ AMOVA /MSH

[ Locus by locus A0 A

Mumber of permutations: |1IIIIZIIII

|_ Compute minimum spanning netywork among haplotypes

ICDmpute distance matrix j [ Print distance matrix

IPairwise difference j Gamma & IEI.EI

A dialog box to set up the options for the analysis of population genetic structure, and genetic distances between

populations. The genetic structure is analyzed using an analysis of variance framework (Weir and Cockerham, 1984;
Excoffier et al. 1992; Weir, 1996).

AMOVA / MSN [b]: Analysis of MOlecular V Ariance framework and computation of a Minimum Spanning
Network among haplotypes. Estimate genetic structure indices using information on the allelic content of
haplotypes, as well as their frequencies (Excoffier et al. 1992). The information on the differencesin allelic
content between haplotypesis entered as a matrix of Euclidean squared distances. The significance of the
covariance components associated with the different possible levels of genetic structure (within individuals,
within populations, within groups of populations, among groups) is tested using non-parametric permutation
procedures (Excoffier et a. 1992). The type of permutationsis different for each covariance component (see
section 7.1.7).

The minimum spanning tree and network is computed among all haplotypes defined in the samples included
in the genetic structure to test (see section 7.1.8).

The number of hierarchical levels of the variance analysis and the kind of permutations that are done depend
on the kind of data, the genetic structure that is tested, and the options the user might choose. All details will
be given in section 7.1.7.
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= Locus by locus AMOVA [b]: A separate AMOV A can be performed for each locus separately. For this purpose,
we use the same number of permutations as in the global Amova.

» No. of permutations [i]: Enter the number of permutations used to test the significance of covariance
components and fixation indices. A value of zero will not lead to any testing procedure. Values of several
thousands are in order for a proper testing scheme, and 16 000 permutations guarantee to have less than 1%
difference with the exact probability in 99% of the cases (Guo and Thomson 1992).

The number of permutations used by the program might be dlightly larger. Thisis the consequence of
subdivision of the total number of permutation in batches for estimating the standard error of the P-value.
Note that if several covariance components need to be tested, the probability of each covariance component
will be estimated with this number of permutation. The distribution of the covariance components is output
into a tabulated text file called amo_hist.x/, which can be directly read into MS-EXCEL .
» Compute minimum spanning network among haplotypes. A Minimum Spanning Tree and a Minimum
Spanning Network are computed from the distance matrix used to perform the AMOV A calculations.

» Include individual level for genotype data [b]: Include the intra-individual covariance component of
genetic diversity, and its associated fixation indices. It thus takes into account the differences between
genes found within individuals. Thisis another way to test for global departure from Hardy-Weinberg

equilibrium. The selection of this option is only possible for genotypic data with known gametic phase.
s Choice of Euclidian square distances [m]:

= Use project distance matrix [m]: Use the distance matrix defined in the project file (if available)

» Compute distance matrix [m]: Compute a given distance matrix based on a method defined below.

With this setting selected, the distance matrix potentially defined in the project file will be ignored. This
matrix can be generated either for haplotypic data or genotypic data (Michalakis and Excoffier, 1996)

» Use conventional F-statistics [m]: With this setting activated, we will use alower diagonal distance
matrix, with zeroes on the diagonal and ones as off-diagonal elements. It means that all distances
between non-identical haplotypes will be considered as identical, implying that one will bas the analysis
of genetic structure only on allele frequencies.

« Distance between haplotypes [m]: Select a distance method to compute the distances between haplotypes.

Different square Euclidean distances can be used depending on the type of data analyzed.

= Gamma a value [f]: Set the value for the shape parameter a of the gamma function, when selecting a

distance allowing for unequal mutation rates among sites. See the Molecular diversity section 7.1.2.5.
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Eﬁ Arlequin ¥Yer. 2.000 [dna_test.arp] [ X] |
File  Helg

‘%}Reluad | ﬁcmse Project | g Run | aﬁtnp

Project Calculation Settings | Cnnﬂguratiunl

|1|_| SETMETd] SELNY:S ;I Laif:t . 5 5
-] + Diversity indices Population pairwise
-] + Linkage disequilibrium COMpAL1Sons.
=4 + Meutrality tests
----- # + nfinite-allele models
----- # + [nfinite site models
El-_4 + Genetic structure Settings:
----- &+ AMOVA T SH = Load Save Reszet
----- # + Population comparisons T s =
----- # Population differentiation | = —~ | = | J% |

|7 Population comparisons
[w Computation of FST [w Pairwize differences

|- Coancestry coefficients |- Compute relative populstion sizes
[ Slatkin's distances

Mumber of permutstions: | 100 Significance level: 0.05

ICDmpute distance matrix j

IPairwise difference j Gamma & IEI.EI

® Population comparisons [b]: Computes different indexes of dissimilarities (genetic distances) between pairs

of populations, like Fs7 statistics and transformed pairwise Fs7 ‘s that can be used as short term genetic
distances between populations (Reynolds et al. 1983; Slatkin, 1995), but also Nei’'s mean number of pairwise
differences within and between pairs of populations.

The significance of the genetic distances is tested by permuting the haplotypes or individuals between the
populations. See sectidnl.9 for more details on the output results (genetic distances and migration rates
estimates between populations).

« Computation of Fgr [b]: Computes pairwisé&yy ‘s for all pairs of populations

= Reynolds’s distance [b]: Computes Reynolds’ et al. (1983) linearizgg for short divergence time (see
section 7.1.10.1).

= Slatkin’s distances [b]: Computes Slatkin’s (1995) genetic distance derived from paifiis€see section
7.1.10.2).

» Pairwise differences [b]: Computes Nei's average number of pairwise differences within and between
populations (Nei and Li, 1979) (see section 7.1.10.4)

= Compute relative population sizes [b]: Computes relative population sizes for al pairs of
populations, as well as divergence times between populations taking into account these potential
differences between population sizes (Gaggiotti and Excoffier 2000) (see section 7.1.10.5)
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= No. of permutations [i]: Enter the required number of permutations to test the significance of the derived
genetic distances.. If this number is set to zero, no testing procedure will be performed. Note that this

procedure is quite time consuming when the number of populationsis large.
= Choice of Euclidian distance [m]:
» Use project distance matrix [m]: Use the distance matrix defined in the project file (if available)

» Compute distance matrix [m]: Compute a given distance matrix based on a method defined below.
With this setting sel ected, the distance matrix potentially defined in the project file will be ignored. This
matrix can be generated either for haplotypic data or genotypic data (Michalakis and Excoffier, 1996)

= Use conventional F-statistics [m]: With this setting activated, we will use alower diagonal distance
matrix, with zeroes on the diagonal and ones as off-diagonal elements. It means that all distances
between non-identical haplotypes will be considered as identical, implying that one will bas the analysis
of genetic structure only on allele frequencies.

= Distance between haplotypes [m]: Select a distance method to compute the distances between haplotypes.
Different square Euclidean distances can be used depending on the type of data analyzed.

» Gamma a value [f]: Set the value for the shape parameter a of the gamma function, when selecting a

distance allowing for unequal mutation rates among sites. See the Molecular diversity section 7.1.2.5

22 Arlequin Yer. 2.000 [dna_test.arp] E3 |
File  Help

‘%&Relaad | mCIasePrnject | g Run | g&tnp I Refresh

Project Calculation Settings | Cnnﬂguratinnl

III_| ETIETAI SELUTNY S ;I e .
-] + Diversity indices Exact test of populatio:
_| + Linkage disequilibrium differentiation based o
=4 + Meutrality tests 2 LISTERE (RN
----- # +|Infinite-allele models procedure.
----- # + Infinite site models
=4 + Genetic structure Settings:
----- #® + AMOVA TSN I Load Save Reset
..... # + Fopulation comparisons 2 | = | Bl |
----- # + Population differentiation = = = ‘:3

[v Exact test of population differentiation

Mumber of steps in Markoy chain: |1IIIIIIEIIZI
Mumber of dememorisation steps: |1IZIIIIEI

[w Generate histogram and table

Significance level:  |0.05

® Exact test of population differentiation [b]: We test the hypothesis of random distribution of the
individuals between pairs of populations as described in Raymond and Rousset (1995) and Goudet et al.
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(1996). This test is analogous to Fisher’s exact test on a two-by-two contingency table, but extended to a

contingency table of size two by (no. of haplotypes). We do also an exact differentiation test for all

populations defined in the project by constructing a table of size (no. of populations) by (no. of haplotypes).
(Raymond and Rousset, 1995).

No. of steps in Markov chain [i]: The maximum number of alternative tables to explore. Figures of
100,000 or more are in order. Larger values of the step number increases the precisiBrvafibeas

well as its estimated standard deviation.

No. of dememorisation steps [i]: The number of steps to perform before beginning to compare the
alternative table probabilities to that of the observed table. A few thousands steps are necessary to reach a
random starting point corresponding to a table independent from the observed table.

Generate histogram and table [b]: Generates a histogram of the number of populations which are
significantly different from a given population, and by s table § being the number of populations)
summarizing the significant associations between pairs of populations. An association between two
populations is considered as significant or not depending on the significance level specified below.
Significance level [f]: The level at which the test of differentiation is considered significant for the output
table. If theP-value is smaller than th®gnificance level, then the two populations are considered as

significantly different.

® Genotype assignment

@ Arlequin Yer. 2.000 [HLA_7pop.arp] E |
File Helgp

‘%’Relnad | wcmse Project | ‘{? Fun | QStnp | Refresh

Project Calculation Settings | Cunﬂguratinnl

Info:

Fenotype assignment
assumes unlinked loci.

] PETIErdl SELLTIYS ;I
-] + Diversity indices
-] + Linkage disequilibrium
- |+ Meutrality tests
-4+ Genetic structure

----- &+ AMOWVA S MER

----- # + Population comparisons Settings:

----- # + Population differentiation Load Save Rezet

1ITIE = =t = z
4 | n| %

SIGNIMe

[T Genotype assignment
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Genotype assignment: Computes the log likelihood of the genotype of each individual in every sample,
asif it was drawn from a population sample having allele frequencies equal to those estimated for each
sample (Paetkau et al. 1997; Waser and Strobeck, 1998). Multi-locus genotype likelihoods are computed
asthe product of each locus likelihood, thus assuming that the loci are independent. The output result file

lists, for each population, a table of the log-likelihood of each individual genotypein all populations (see
section 7.1.12).

6.3.7.6 Mantel test

E Arlequin Yer. 2.000 [HLA_7pop.arp] E |
File Helgp

@Relnad | %Clnse Project | ‘{? Fun | QStnp | Refresh

Project Calculation Settings | Cunﬂguratinnl

|I|_| FUWETSILY ITaICe:S ;I Info: . -

-] + Linkage dizeguilibrium Test zignificance of
B + Meutrality tests EOEEELEELEN (o5

=4 + Genetic structure permutations (Mantel
o # + AMOVATMSN Lest).

----- # + Population comparisons
-~ # + Population differentiation | Settingss

: L @ Genolype assignment Load Save Rezet
=4 + Mantel test 0 = 5

: — Ej = =

- # + Gettings hd = | = | B |

[v Compute correlation between distance matrices

Mumber of permutations for Mantel test: I*IEIEIEI

* Mantel test of correlation between distance matrices: Test the correlation or the partia correlations between
2 or 3 matrices by a permutation procedure (Mantel, 1967; Smouse et a. 1986).

= Number of permutations: Setsthe number of permutations for the Mantel test.
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7 METHODOLOGICAL OUTL INES

The following table gives arapid overview of the methods implemented in Arlequin. A v indicates that the task
corresponding to the table entry is possible. Some tasks are only possible or meaningful if there is no recessive data,

and those cases are marked with a X

Data types

DNA and RFLP Microsat Standard Frequency
Types of computations G+ | G-| H G+ | G- | H| G+ | G | H
Standard indices X v v v v v v v v v v
Molecular diversity X| v |v |V 4 v | v | Vv v | v
Mismatch distribution v 4 v | v v
Haplotype frequency estimation v | v v v v | v v v | v v
Linkage disequilibrium v | v v v v | v v v | v
Hardy-Weinberg equilibrium X | v | v v | v v v
Tajima’s neutrality test v v
Fu’s neutrality test v v
Ewens-Watterson neutrality tesfs v/ v 4 v v
Chakraborty’'s amalgamation test v/ v 4 v v
Search for shared haplotypes v v v v
between samples
AMOVA X v v v v v v v v v v
Minimum Spanning Network v v | v v | v v
Pairwise genetic distances X | v | v | ¥V v vV Vv v | v v
Exact test of population X| v | v |V v v vV v | v v
differentiation
Individual assignment test X v v v
Mantel test vivivi v ivi|iv]v|v|v v

G+: Genotypic data, gametic phase known

G- : Genotypic data, gametic phase unknown

H : Haplotypic data

! Computation of minimum spanning network between haplotypes is only possible if a distance matrix is provided or
if it can be computed from the data.
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7.1 Intra-population level methods

7.1.1 Standard diversity indices

7.1.1.1 Gene diversity

Equivalent to the expected heterozygosity for diploid data. It is defined as the probability that two randomly chosen

hapl otypes are different in the sample. Gene diversity and its sampling variance are estimated as

A== 7

I:ID]:I

A k D k k
V(H) = _1)§2(n 2)% p} (ZP Ei Z
1 =1 i=1

where 7 isthe number of gene copiesin the sample, £ is the number of haplotypes, and D, is the sample frequency

of the i-th haplotype.

Reference:

Nei, 1987, p.180.

7.1.1.2 Number of usable loci

Number of loci that present less than a specified amount of missing data. The maximum amount of missing data

must be specified in the General Settings dialog box.

7.1.1.3 Number of polymorphic sites (S)

Number of usable loci that present more than one allele per locus.

7.1.2 Molecular indices

7.1.2.1 Mean number of pairwise differences (1)

Mean number of differences between al pairs of haplotypesin the sample. It is given by

k
=% 3 pp
i=l j<i

where dz'j is an estimate of the number of mutations having occurred since the divergence of haplotypesi andj, , &

is the number of haplotypes, and D; isthe frequency of haplotype i. Thetotal variance (over the stochastic and the

sampling process), assuming no recombination between sites and selective neutrality, is obtained as
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3n(n+1)7T+2(n? +n+3) 2

V T) =
¢ 11(n? - 7n +6)

(Tajima, 1993)

Note that similar formulas are also used for Microsat and Standard data, even though the underlying assumptions of

the model may be violated.
References:
Tgima, 1983
Tgima, 1993

7.1.2.2 Nucleotide diversity or average gene diversity over L loci (RFLP and DNA data)

It is the probability that two randomly chosen homologous nucleotides are different. It is equivalent to the gene

diversity at the nucleotide level.

k ~
> D iy
L _iFl j<i
T =
n L
. +1 . 2(n+n+3) .
V(r )=ttt g 2T rnt3) 4

C3m-DL " 9n(n-1) 7

Note that similar formulas are used for computing the average gene diversity over L loci for Microsat and Standard
data, assuming no recombination and selective neutrality. As above, one should be aware that these assumption may

not hold for these data types.

References:
Tgima, 1983
Nei, 1987, p. 257

7.1.2.3 Theta estimators

Several methods are used to estimate the population parameter 8 = 2Mu , where M is equal to 2 N for diploid

populations of size NV, or equal to NV for haploid populations, and # is the overall mutation rate at the haplotype level.

7.1.2.3.1 Theta(Hom)

The expected homozygosity in a population at equilibrium between drift and mutation is usually given by

1
g+1
However, Zouros (1979) has shown that this estimator was an overestimate when estimated from a single or afew

loci. Although he gave no closed form solution, Chakraborty and Weiss (1991) proposed to iteratively solve the

following relationship between the expectation of é Jos and the unknown parameter &

E(6,)=03+ %E (Zouros, 1979)
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starting with afirst estimate of éH of (1— H)/ H , and equating it to its expectation.
Chakraborty and Weiss (1991) give an approximate formula for the standard error of é &

(2+6)?%(3+6)?sd.(H)
H2(1+0)[(2+6)(3+6)(4+6) +10(2+6) + 4]

s.d(f,)=
where S.d.(H) isthe standard error of H givenin section 7.1.1.1.

7.1.2.3.2 Theta(S)

A

HS is estimated from the infinite-site equilibrium relationship (Watterson, 1975) between the number of

segregating sites (S), the sample size () and & for a sample of non-recombining DNA:

where

V@)= -2 (Tajima, 1989)

where

7.1.2.3.3 Theta(k)

A

e

k is estimated from the infinite-allele equilibrium relationship (Ewens, 1972) between the expected number of

aleles (k), the sample size (n) and & :

E =05 L
W= 2o

Instead of the variance of ék , we give the limits ( éo and él) of a 95% confidence interval around ék , obtained
from Ewens (1972)

Pr(lessthan & alleles|6 = 6,) = 0.025

Pr(morethan £ aleles|@ = 91) =0.025,
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These probabilities are obtained by summing up the probabilities of observing &’ alleles (k'=0,...,k), obtained as

(Ewens, 1972)
sk| gk
n

S ©)

Pr(K =k|6) =

where ‘S’I;‘ isa Stirling number of the first kind (see Abramovitz and Stegun, 1970), and Sn () isdefined as

66+1)(@+2)...0+n-1).

7.1.2.3.4 Theta( 1)

A

077 is estimated from the infinite-site equilibrium relationship between the mean number of pairwise differences
(7T) and theta (€ ):
E(n) =6, (Tajima, 1983)

and itsvariance V (71) isgivenin section 7.1.1.1.

7.1.2.4 Mismatch distribution

It isthe distribution of the observed number of differences between pairs of haplotypes. This distribution is usually
multimodal in samples drawn from populations at demographic equilibrium, as it reflects the highly stochastic shape
of genetrees, but it is usually unimodal in populations having passed through a recent demographic expansion
(Rogers and Harpending, 1992; Hudson and Slatkin, 1991).

If one assumes that a stationary haploid population at equilibrium has suddenly passed T generations ago from a
population size of N 0 to V. 1 then the probability of observing S differences between two randomly chosen non-

recombining haplotypesis given by

6,+1 & ¢/ .
Fs(T.6,.6) = Fs(6) +exp(—T6—) Z 7[FS_j(é?O)-FS_]-(Hl) , (Li, 1977)
1 ;=0 7
S
where F¢ @)= W is the probability of observing two random haplotypes with S differencesin a
+1

stationary population (Watterson, 1975), 8 0= 2uN 0 7] 1= 2uN. 1 T= 2ut , and u isthe mutation rate for the
whole haplotype.
Rogers (1995) has simplified the above equation, by assuming that & 1~ % implying there are no coalescent

events after the expansion, which is only reasonable if the expansion sizeislarge. With this simplifying assumption,

it is possible to derive the moment estimators of the time to the expansion (7 ) and the mutation parameter & 03
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00 =iv—-m

" ~ (Rogers, 1995)
T=m- 90

where m and v are the mean and the variance of the observed mismatch distribution, respectively. These estimators
can then be used to plot F ¢ (7,8 o ) values. Note, however, that this estimation cannot be done if the variance

of the mismatch is smaller than the mean.

However, Schneider and Excoffier (1999) find that this moment estimator often leads to an underestimation of the
age of the expansion (7). They rather propose to estimate the parameters of the demographic expansion by a
generalized non-linear least-square approach. Thisis the method we now use to estimate the parameters of the
demographic expansion 7, &, and &.

Approximate confidence intervals for those parameters are obtained by a parametric bootstrap approach. The

principleis the following: We computed approximate confidence intervals for the estimated parameters

01, 90 andf using a parametric bootstrap approach (Schneider and Excoffier, 1999) generating percentile
confidence intervals (see e.g. Efron, 199, p. 53 and chap. 13).
« We generate alarge number (B) of random samples according to the estimated demography, using a coal escent
algorithm modified from Hudson (1990).

» For each of the B simulated data sets, we reestimate 7, &, and 6, to get B bootstrapped values
6,6 and 1.
» For agiven confidence level a, the approximate limits of the confidence interval were obtained as the a/2 and

1-a/2 percentile values (Efron, 1993, p. 168).

It isimportant to underline that this form of parametric bootstrap assumes that the data are distributed according the

sudden expansion model. In Schneider and Excoffier (1999), we showed by simulation that only the confidence
interval (Cl) for Thasagood coverage (i.e. that the true value of the parameter isincluded in a 100x(1-a)% CI with

aprobability very closeto 1-a.). The ClI of the other two parameters are overly large (the true value of the parameter

was almost always included in the Cl), and thus too conservative.

The validity of the estimated stepwise expansion model istested using the same parametric bootstrap approach
as described above. We used here the sum of square deviations (SSD) between the observed and the expected
mismatch as a test statistic. We obtained its distribution under the hypothesis that the estimated parameters are the true

ones, by simulating B samples around the estimated parameters. As before, we re-estimated each time new parameters
* * *
90 , 91 and 7, and computed their associated sums of squares SSDy;,,,. The P-value of the test is therefore

approximated by

. number of SSD.. larger or equal to SSD ), . |
B
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For convenience, we also compute the raggedness index of the observed distribution defined by Harpending (1994)
as

d+1

— 2
r= Z (xl. _xi—l) :
i=1

where d is the maximum number of observed differences between haplotypes, and the x's are the observed relative

frequencies of the mismatch classes. Thisindex takes larger values for multimodal distributions commonly found in
a stationary population than for unimodal and smoother distributions typical of expanding populations. Its
significance is tested similarly to that of SSD.

7.1.2.5 Estimation of genetic distances between DNA sequences

Definitions:
L: Number of loci
Gamma correction: This correction is proposed when the mutation rates cannot be assumed as
uniform for al sites. It had been originally proposed for mutation rates among
amino acids (Uzell and Corbin, 1971), but it seems also to be the case of the
control region of human mtDNA (Wakeley, 1993). In such a case, a Gamma
distribution of mutation rates is often assumed. The shape of this distribution
(the unevenness of the mutation rates) is mainly controlled by a parameter a,
which isthe inverse of the coefficient of variation of the mutation rate.
The smaller the a coefficient , the more uneven the mutation rates. A uniform
mutation rate corresponds to the case where a is equal to infinity.
n, Number of observed substitutions between two DNA sequences
n Number of observed transitions between two DNA sequences
S -
n Number of observed transversions between two DNA seguences
V-
w G+C ratio, computed on al the DNA sequences of a given sample

7.1.2.5.1 Pairwise difference

Outputs the number of loci for which two haplotypes are different

~

d:nd

V(d)=d(L-d)IL
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7.1.2.5.2 Percentage difference

Outputs the percentage of loci for which two haplotypes are different
d=n J /L

V(d)=d(l-d)/ L

7.1.2.5.3 Jukes and Cantor
Outputs a corrected percentage of nucleotides for which two haplotypes are different.

The correction allows for multiple substitutions per site since the most recent common ancestor of the two DNA
sequences. The correction also assumes that the rate of nucleotide substitution isidentical for al 4 nucleotides A, C,
GandT.

nd/L

_3
4

=»
1

~ 4.
d= logl——
a( 3p)

V() = p(-p)
_452
@ 3p)L

Gamma correction:

A:_E _ﬂ -1/a _
d 40[0 3p) 1]

V(d) = p- p)| (1—§p)‘2<1’“+1> Iz

References:
Jukes and Cantor 1969
Jinand Nei 1990
Kumar et al. 1993
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7.1.2.5.4 Kimura 2-parameters
Outputs a corrected percentage of nucleotides for which two haplotypes are different.
The correction also allows for multiple substitutions per site, but takes into account different substitution rates

between transitions and transversions. The transition-transversion ratio is estimated from the data.

f)ns A v
_L’Q L

_ 5_ Oy . = N
¢, =U(@A-2P-Q),c, =1/(1-20),c5 = >

%Iog(l 2 - Q)——Iog(l 20)

c12P + ch - (clP + c3Q) 2
L

V(d) =

Gamma correction:

=(1-2P-Q) W) o, = (1- 20) WatD cy = ‘1 ;cz

a=5] a-2p-0) e sZa-20) Ve -

]

le

clzP + c%Q = (eP+¢30) 2

V(d) = 7

References:
Kimura (1980)
Jin and Nei (1990)

7.1.2.5.5 Tamura
Outputs a corrected percentage of nucleotides for which two haplotypes are different.

The correction is an extension of Kimura 2-parameters method, allowing for unequal nucleotide frequencies. The

transition-transversion ratios, as well as the overall nucleotide frequencies are computed from the original data.

~ ns ~ V
=1 977
1 1
01:1_—13, cZ:l—ZQ’ c3:2a)(1—a))(cl—c2)+c2
20(1- w)
d = ~20(1- w) |og(1—m ) —%(1— 20(1- ) log(L—20)
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c12P + c%Q - (clP + c3Q) 2

V(d) = -

References:
Tamura, 1992,
Kumer et al. 1993

7.1.2.5.6 Tajima and Nei
Outputs a corrected percentage of nucleotides for which two haplotypes are different.

The correction is an extension of Jukes and Cantor method, allowing for unequal nucleotide frequencies. The overall

nucleotide frequencies are computed from the data.

x2

4 N 34 A
Z T c_izzl jzzﬂ-lzgg

where the g's are the four nucleotide frequencies, and xij isthe relative frequency of the nucleotide pairi andj .

n
~—_d
p I

II
I\)lH

d =-blog-L)
b
V() = p(ll; p)
1-5)2p
€=
References:

Tgimaand Nei, 1984,
Kumar et a. 1993

7.1.2.5.7 Tamura and Nei
Outputs a corrected percentage of nucleotides for which two haplotypes are different.

Like Kimura 2-parameters, and Tajimaand Nei distances, the correction allows for different transversion and

transition rates, but adistinction is a'so made between transition rates between purines and between pyrimidines.

c _28,8¢ c _2808r o = 28 4868R
1 » 6 O3 S ~
gR gY nggGgR_glzgpl_gAgGQ
Zngch

4
28:808y gYP ngCQ

2gAgG
2,28 ,8:8, ~83P -2 ,8,0)

‘s
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ZngC
gy (28,8,8y ~82P, ~8,8-0)

+

+g,ze(g% +g2)+g2(g4+g2)
29287 ~2,8,0

R=n(d < G), B=n(C-T) O=*

= —cjoga-—2-—2)-c loga--2--2
¢ 28p ¢, 28y
—2(g,8y —¢18y —C,8 ) l0g(l- )
ReY 18y  “25R 26,8,
2D 2D _ -~ N A\ 2
V(d)— 3P +c P, +05Q (c3P1+c4P2+05Q)
L

Gamma correction:

~ PO P
d= 261[ cl(l_ 1_2Q ) 1/ a +6’2(1_—2_
1 “8p )
#(gpy —L-"Rya- Lyl
) REY

C3P +c2P, +c20~(ca Py +c Py +c0)?

_ 3
V(d) = ;

References:
Tamura and Nei, 1994,

Kumar et al. 1993

—28 85 728,80~ 28,8y ]
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7.1.2.6 Estimation of genetic distances between RFLP haplotypes

7.1.2.6.1 Number of pairwise difference

We simply count the number of different alleles between two RFLP haplotypes.

d, Z J,.(7)

where ny (7) isthe Kronecker function, equal to 1 if the alleles of the i-th locus are identical for both haplotypes,

and equal to 0 otherwise.

When estimating genetic structure indices, this choice amounts at estimating weighted F g7 statistics over al loci

(Weir and Cockerham, 1984; Michalakis and Excoffier, 1996).

7.1.2.6.2 Proportion of difference

We simply count the proportion of loci that are different between two RFLP haplotypes.

1
=3 o (i
= Z ()
where ny (7) isthe Kronecker function, equal to 1 if the aleles of the i-th locus are identical for both haplotypes,

and equal to O otherwise.

When estimating genetic structure indices, this choice will lead to exactly the same results as the number of pairwise
differences.

7.1.2.7 Estimation of distances be tween Microsatellite haplotypes

7.1.2.7.1 No. of different alleles

We simply count the number of different alleles between two haplotypes.

25 ()

where ny (7) isthe Kronecker function, equal to 1 if the aleles of the i-th locus are identical for both haplotypes,

and equal to O otherwise.

When estimating genetic structure indices, this choice amounts at estimating weighted F g7 statistics over al loci

(Weir and Cockerham, 1984; Michalakis and Excoffier, 1996).

7.1.2.7.2 Sum of squared size difference

Counts the sum of the squared number of repeat difference between two haplotypes (Slatkin, 1995).
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L
3 = _ 2
dxy - Z (axi ayi) '
=
where a. is the number of repeats of the microsatellite for the i-th locus.
When estimating genetic structure indices, this choice amounts at estimating an analog of Slatkin's Rsr (1995) (see
Michalakis and Excoffier, 1996, as well as Rousset, 1996 , for details on the relationship between Fgrand Rs7) .

7.1.2.8 Estimation of distances be tween Standard haplotypes

7.1.2.8.1 Number of pairwise differences

Simply counts the number of different alleles between two haplotypes.

L
a’xy = Z 5xy 0)
i=1
where ny (7) isthe Kronecker function, equal to 1 if the alleles of the i-th locus are identical for both haplotypes,

and equal to O otherwise.

When estimating genetic structure indices, this choice amounts at estimating weighted F g7 statistics over al loci

(Weir and Cockerham, 1984; Michalakis and Excoffier, 1996).

7.1.2.9 Minimum Spanning Network among haplotypes

We have implemented the computation of a Minimum Spanning Tree (MST) (Kruskal, 1956; Prim, 1957) between

OTU’s (Operational Taxonomic Units). The MST is computed from the matrix of pairwise distances calculated

between all pairs of haplotypes using a modification of the algorithm described in Rohlf (1973). The Minimum

Spanning Network embedding all MSTs (see Excoffier and Smouse 1994) is also provided. This implementation is

the translation of a standalone program written in Pascal called MINSPNET.EXE running under DOS, formerly

available on http://anthropologie.unige.ch/LGB/software/win/min-span-net/.

7.1.3 Haplotype frequency estimation

7.1.3.1 Haplotypic data or Genotypic data with known Gametic phase
If haplotypeiis observeotl. times in a sample containing n gene copies, then its estimated freqq?e}.r)dy given

by

~ xi
pi =,
n

whereas an unbiased estimate of its sampling variance is given by
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7.1.3.2 Genotypic data with unknown Gametic phase

Maximum-likelihood haplotype frequencies are computed using an Expectation-Maximization (EM) algorithm (see
e.g. Dempster et a. 1977; Excoffier and Slatkin, 1995; Lange, 1997; Weir, 1996). This procedureisan iterative
process aiming at obtaining maximum-likelihood estimates of hapl otype frequencies from multi-locus genotype data
when the gametic phase is unknown (phenotypic data). In this case, a simple gene counting is not possible because
several genotypes are possible for individuals heterozygote at more than one locus. Therefore, aslightly more
elaborate procedure is needed.

The likelihood of the sample (the probability of the observed data D, given the haplotype frequencies - p ) is given
by

n &
Lolp=Y 1%
i=1l j=1

where the sum is over al » individuals of the sample, and the product is over all possible genotypes of those
o _ e 2 e ..
individuals, and Gij —2pl.pj, if iz jor Gij =p; Jfi=j.

The principle of the EM algorithm is the following:
1. Start with arbitrary (random) estimates of haplotype frequencies.

2. Usethese estimates to compute expected genotype frequencies for each phenotype, assuming Hardy-
Weinberg equilibrium (The E-step).
3. Theréelative genotype frequencies are used as weights for their two constituting haplotypesin a gene

counting procedure leading to new estimates of haplotype frequencies (The M-step).

4. Repeat steps 2-3, until the haplotype frequencies reach equilibrium (do not change more than a predefined
epsilon value).

Dempster et al (1977) have shown that the likelihood of the sample could only grow after each step of the EM
agorithm. However, there is no guarantee that the resulting haplotype frequencies are maximum likelihood
estimates. They can be just local optimal values. In fact, there is no obvious way to be sure that the resulting
frequencies are those that globally maximize the likelihood of the data. This would need a complete eval uation of
the likelihood for al possible genotype configurations of the sample. In order to check that the final frequencies are
putative maximum likelihood estimates, one has generally to repeat the EM algorithm from many different starting
points (many different initial haplotype frequencies). Several runs may give different final frequencies, suggesting
the presence of several "peaks' in the likelihood surface, but one has to choose the solution that has the largest
likelihood. It may also arise that several distinct peaks have the same likelihood, meaning that different haplotypic
compositions explain equally well the observed data. At this point, there is no way to choose among the aternative

solutions from a likelihood point of view. Some external information should be provided to make a decision.

Standard deviations of the haplotype frequencies are estimated by a parametric bootstrap procedure (see e.g. Rice,
1995), generating random samples from a population assumed to have haplotype frequencies equal to their
maximum-likelihood values. For each bootstrap replicate, we apply the EM a gorithm to get new maximum-
likelihood haplotype frequencies. The standard deviation of each haplotype frequency is then estimated from the

resulting distribution of haplotype frequencies. Note however that this procedure is quite computer intensive.
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7.1.4 Linkage disequilibrium between pairs of loci

Depending on whether the haplotypic composition of the sample is known or not, we have implemented two different
waysto test for the presence of pairwise linkage disequilibrium between loci.
We describe in detail below how the two tests are done.

7.1.4.1 Exact test of linkage diseq uilibrium (haplotypic data)

Thistest is an extension of Fisher exact probability test on contingency tables (Slatkin, 1994a). A contingency table
isfirst built. The k1xk, entries of the table are the observed haplotype frequencies (absolute values), with k1 and k»
being the number of alleles at locus 1 and 2, respectively. The test consists in obtaining the probability of finding a
table with the same marginal totals and which has a probability equal or less than the observed table. Under the null-
hypothesis of no association between the two tested loci, the probability of the observed tableis

(n /n) * I_l(n* /n)
H T

LJ

where the ;s denote the count of the haplotypes that have the i-th allele at the first locus and the j-th allele at the

second locus, n;+ isthe overall frequency of the i-th allele at the first locus (i=1,... k1) and n+; is the count of thei-th
allele at the second locus (i=1,... ky).
Instead of enumerating all possible contingency tables, a Markov chain is used to efficiently explore the space of all
possible tables. This Markov chain consists in arandom walk in the space of all contingency tables. It is doneis such
away that the probahility to visit a particular table corresponds to its actual probability under the null hypothesis of
linkage equilibrium. A particular table is modified according to the following rules (see also Guo and Thompson,
1992; or Raymond and Rousset, 1995) :

1. Weselect in the table two distinct lines 71, i2 and two distinct columns j1, j2 at random.

2. Thenew tableis obtained by decreasing the counts of the cells (i1, j1) (72, j2) and increasing the counts of the

cells (i1, j2) (i2, j1) by one unit. Thisleaves the marginal allele counts #; unchanged.

3. The switch to the new table is accepted with a probability equal to
+ +
L — (nil'jz 1)(ni2'jl Y

1
LO n. .n. .
ldy 1p0dn

R=

where R isjust the ratio of the probabilities of the two tables.
The steps 1-3 are done a large number of times to explore alarge amount of the space of all possible contingency
tables having identical marginal counts. In order to start from arandom initial position in the Markov chain, the chain
isexplored for a pre-defined number of steps (the dememorization phase) before the probabilities of the switched
tables are compared to that of the initial table. The number of dememorization steps should be enough (some
thousands) such asto alow the Markov chain to "forget” itsinitial state, and make it independent from its starting
point. The P-value of thetest isthen taken as the proportion of the visited tables having a probability smaller or equal
to the observed contingency table.
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A standard error on P is estimated by subdividing the total amount of required stepsinto B batches (see Guo and

Thompson, 1992, p. 367). A P-valueis calculated separately for each batch. Let us denote it by P; (i=1,...,B). The
estimated standard error is then calculated as

s.d.(P) =

The processis stopped as soon as the estimated standard deviation is smaller than a pre-defined value specified by the

user.

7.1.4.2 Likelihood ratio test of lin kage disequilibrium (genotypic data, gametic phase unknown)

For genotypic data where the haplotypic phase is unknown, the test based on the Markov chain described above is
not possible because the haplotypic composition of the sampleis unknown, and isjust estimated. Therefore, linkage
disequilibrium between a pair of loci istested for genotypic data using alikelihood-ratio test, whose empirical
distribution is obtained by a permutation procedure (Slatkin and Excoffier, 1996). The likelihood of the data

assuming linkage equilibrium ( L 17 ) is computed by using the fact that, under this hypothesis, the haplotype
frequencies are obtained as the product of the allele frequencies. The likelihood of the data nor assuming linkage

equilibrium (L u ) is obtained by applying the EM algorithm to estimate haplotype frequencies. The likelihood-ratio
statistic given by

LH*
S =-2log(
Ly

)

should in principle follow a Chi-square distribution, with (k1-1) (k2-1) degrees of freedom, but it is not always the

casein small samples with large number of alleles per locus. In order to better approximate the underlying
distribution of the likelihood-ratio statistic under the null hypothesis of linkage equilibrium, we use the following
permutation procedure:

1. Permute the alleles between individuals at one locus only.

2. Re-estimate the likelihood of the data L o " by the EM algorithm. Note that L 7+ is unaffected by the
permutation procedure.

3. Repeat steps 1-2 alarge number of times to get the null distribution of L e and therefore the null

distribution of S.

Note that this test of linkage disequilibrium assumes Hardy-Weinberg proportions of genotypes, and the rejection of
the test could be aso due to departure from Hardy-Weinberg equilibrium (see Excoffier and Slatkin, 1998)
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7.1.4.3 Measures of gametic disequilibrium (haplotypic data)
» D and D’ coefficients:

1. D: Theclassical linkage disequilibrium coefficient measuring deviation from random association between

aleles at different loci (Lewontin and Kojima, 1960) is expressed as
Dij =P PiP
where pij is the frequency of the haplotype having alele i at the first locus and allele j at the second

locus, and p; and pj are the frequencies of alleles i and j, respectively.

2. D’ij : The linkage disequilibrium coefficient Dij standardized by the maximum value it can take

(D..

y,max)’ given the alele frequencies (Lewontin 1964), as

D.
D =—Y9

ij, max

where Dij takes one of the following values:

,max
min(p;p,; ,d-p)d-p;)) if D, <0

min(@-p)p; p,d-p,) if D;>0

7.1.5 Hardy-Weinberg equilib rium.

To detect significant departure from Hardy-Weinberg equilibrium, we follow the procedure described in Guo and

Thompson (1992) using a test analogous to Fisher’s exact test on a two-by-two contingency table, but extended to a
triangular contingency table of arbitrary size. The test is done using a modified version of the Markov-chain random
walk algorithm described Guo and Thomson (1992). The modified version gives the same results than the original
one, but is more efficient from a computational point of view.

This test is obviously only possible for genotypic data. If the gametic phase is unknown, the test is only possible for
each locus separately. For data with known gametic phase, it is also possible to test for the non random association of
haplotypes into individuals. Note that this test assumes that the allele frequencies are given. Therefore, this test is not

possible for data with recessive alleles, as in this case the allele frequencies need to be estimated.
A contingency table is first built. Thexk entries of the table are the observed allele frequenciek iarttie number

of alleles. Using the same notations as in section 8.2.2, the probability to observe the table under the null-hypothesis

of no association is given by Levene (1949)
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2H

(2n

ks
g

where H isthe number of heterozygote individuals.

Much like it was done for the test of linkage disequilibrium, we explore aternative contingency tables having same
marginal counts. In order to create a new contingency table from an existing one, we select two distinct lines i1, 7> and
two distinct columns j1, j2 at random. The new table is obtained by decreasing the counts of the cells (i1, j1) (i2, j2)
and increasing the counts of the cells (i1, j2) (i2, j1) by one unit. Thisleaves the alleles counts 72; unchanged. The

switch to the new table is accepted with a probability R equal to :

I o (1+5 )(1+5 )
1 R=—2H= 22 2 it i # ) Ori,# ]
L (nl.j +l)(nl.j +1) (1+5 )(1+5 ) R R e
1/2 2/1 1
i,j, i2j2 4
2. R= 7’l+l: 1 — / and
L (n. *)n . +21 "1 RT,
n 1/2 271
n..(n . -1
3 R:Ln+l: 11]1(12]2 ) 1 if i) andi, = j
' L (n. . +(n. . +1) 4’ /2 271
" 172 21

Asusual Odenotes the Kronecker function. R isjust the ratio of the probabilities of the two tables. The switch to the
new tableis accepted if R islarger than 1.
The P-value of the test is the proportion of the visited tables having a probability smaller or equal to the observed

(initial) contingency table. The standard error on the P-value is estimated like in the case of linkage disequilibrium
using a system of batches (see section 7.1.4.1).

7.1.6 Neutrality tests.

7.1.6.1 Ewens-Watterson homozy gosity test

Thistest is based on Ewens (1972) sampling theory of neutral alleles. Watterson (1978) has shown that the
distribution of selectively neutral haplotype frequencies could be conveniently summarized by the sum of haplotype
(allele) frequencies (F), equivalent to the expected homozygosity for diploids. This test can be performed equally
well on diploid or haploid data, asthe test statistic is not used for its biological meaning, but just as away to
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summarize the allelic frequency distribution. The null distribution of F'is generated by simulating random neutral
samples having the same number of genes and the same number of haplotypes using the algorithm of Stewart
(1977). The probability of observing random samples with F' values identical or smaller than the original sampleis
recorded. Thistestsis currently limited to sample sizes of 2000 genes or less and 1000 different alleles (haplotypes)
or less. It can be used to test the hypothesis of selective neutrality and population equilibrium against either

balancing selection or the presence of advantageous alleles.

7.1.6.2 Ewens-Watterson-Slatkin exact test

Thistest is essentially similar to that of Watterson (1978) test, but instead of using /' as a summary statistic, it
compares the probabilities of the random samples to that of the observed sample (Slatkin 1994b, 1996). The
probability of obtaining arandom sample having a probability smaller or equal to the observed sampleis recorded.
Theresults arein general very close to those of Watterson’s homozygosity test. Note that the random samples are

generated as explained for the Ewens-Watterson homozygosity test.

7.1.6.3 Chakraborty's test of population amalgamation

Thistest is also based on the infinite-allele model, and on Ewens (1972) sampling theory of neutral alleles. By
simulation, Chakraborty (1990) has noticed that the number of allelesin a heterogeneous sample (drawn from a
population resulting from the amalgamation of previously isolated populations) was larger than the number of aleles
expected in a homogeneous neutral sample. He also noticed that the homozygosity of the sample was less sensitive

to the amalgamation and therefore proposed to use the mutation parameter inferred from the homozygosity (

7] Hom) (see section 7.1.2.3.1) to compute the probability of observing a random neutral sample with a number of

aleles similar or larger than the observed value (Pr(K = kobs) (see section 7.1.2.3.3 to see how this probability

can be computed). It is an approximation of the conditional probability of observing some number of alleles given

the observed homozygosity.

7.1.6.4 Tajima's test of selective n eutrality

Tajima’s (1989a) test is based on the infinite-site model without recombination, appropriate for short DNA
sequences or RFL P haplotypes. It compares two estimators of the mutation parameter theta (6 = 2Mu , with
M=2N in diploid populations or AM=N in haploid populations of effective size N). The test statistic D isthen
defined as

én_éS
\/Var(én_éS)

s . -1
where 971 = JT and BS =S/ Z?‘O (1/7), and S isthe number of segregating sites in the sample. The limits of

D=

confidence intervals around D may be found in Table 2 of Tajima’s paper (Tajima 1989a) for different sample sizes.

The significance of the D statistic is tested by generating random samples under the hypothesis of selective
neutrality and population equilibrium, using a coal escent simulation a gorithm adapted from Hudson (1990). The P
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value of the D gtatistic is then obtained as the proportion of random Fg statistics less or equal to the observation. We
also provide a parametric approximation of the P-value assuming a beta-distribution limited by minimum and
maximum possible D values (see Tajima 19893, p.589). Note that significant D values can be due to factors other

than selective effects, like population expansion, bottleneck, or heterogeneity of mutation rates (see Tajima, 1993;
Aris-Brosou and Excoffier, 1996; or Tajima 1996, for further details).

7.1.6.5 Fu’s Fg test of selective ne utrality

Like Tajima’s (1989a) test, Fu's test (Fu, 1997) is based on the infinite-site model without recombination, and thus
appropriate for short DNA sequences or RFLP haplotypes. The principle of the test is very similar to that of
Chakraborty described above. Here, we evaluate the probability of observing a random neutral sample with a number

of alleles similar or smaller than the observed value (see section 7.1.2.3.3 to see how this probability can be

computed) given the observed number of pairwise differences, taken as an estirflatbr wiore details, Fu first
calls this probabilityS'= Pr(K =k, |6 = én) and defines thé statistic as the logit of

S’
Fo. =In(——
S (1—5')

Fu (1997) has noticed that thg statistic was very sensitive to population demographic expansion, which generally

(Fu, 1997)

lead to large negativEs values.

The significance of th& statistic is tested by generating random samples under the hypothesis of selective neutrality
and population equilibrium, using a coalescent simulation algorithm adapted from Hudson (1990). The P-value of the
Fs statistic is then obtained as the proportion of randéigrstatistics less or equal to the observation. Using

simulations, Fu noticed that the 2% percentile of the distribution corresponded to the 5% cutoff value (i.e. the critical
value of the test at the 5% significance level). We indeed confirmed this behavior by our own simulations. Even
though this property is not fully understood, it means that statistic should be considered as significant at the 5%

level, if its P-value is below 0.02, and not below 0.05.

7.1.7 Population genetic struc ture inferred by analysis of variance (AMOVA)

The genetic structure of population is investigated here by an analysis of variance framework, as initially defined by
Cockerham (1969, 1973), and extended by others (see e.g. Weir and Cockerham, 1984; Long 1986). The Analysis of
Molecular Variance approach used in Arlequin (AMOVA, Excoffier et al. 1992) is essentially similar to other
approaches based on analyses of variance of gene frequencies, but it takes into account the number of mutations

between molecular haplotypes (which first need to be evaluated).

By defining groups of populations, the user defines a particular genetic structure that will be tested (see the input file
notations for more details). A hierarchical analysis of variance partitions the total variance into covariance
components due to intra-individual differences, inter-individual differences, and/or inter-population differences. See
also Weir (1996), for detailed treatments of hierarchical analyses, and Excoffier (2000) as well as Rousset (2000) for
an explanation why these at@variance components rather thaariance components. The covariance components
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(o 1.2 's) are used to compute fixation indices, as originally defined by Wright (1951, 1965), in terms of inbreeding
coefficients, or later in terms of coal escent times by Slatkin (1991).

Formally, in the haploid case, we assume that the i-th haplotype frequency vector from the j-th population in the 4-th
group is alinear equation of the form

X., =x+a

ijk +bjk+c

k ik

The vector x isthe unknown expectation of x ..;, averaged over the whole study. The effects are a for group, b for

population, and ¢ for haplotypes within a population within a group, assumed to be additive, random, independent,

2 42

and to have the associated covariance components Ja , Jb ,and O c2 , respectively. The total molecular variance

(o 2) isthe sum of the covariance component due to differences among haplotypes within a population (O 3), the
covariance component due to differences among haplotypesin different populations within a group ( JI‘JZ ), and the

covariance component due to differences among the G populations (G 2 ). The same framework could be extended

to additional hierarchical levels, such asto accommodate, for instance, the covariance component due to differences
between hapl otypes within diploid individuals.

Note that in the case of asimple hierarchical genetic structure consisting of haploid individuals in populations, the

implemented form of the algorithm leads to a fixation index F's7 which is absolutely identical to the weighted

~

average F-statistic over loci, 6’w , defined by Weir and Cockerham (1984) (see Michalakis and Excoffier 1996 for a

formal proof). In terms of inbreeding coefficients and coal escence times, this Fs7 can be expressed as

_fomh LTl

ST =7 —
1-5 hh

(Slatkin, 1991)

where fO isthe probability of identity by descent of two different genes drawn from the same population, f1 isthe
probability of identity by descent of two genes drawn from two different populations, t_l is the mean coalescence

times of two genes drawn from two different populations, and t_O is the mean coal escence time of two genes drawn

from the same population.

The significance of the fixation indicesis tested using a non-parametric permutation approach described in Excoffier
et al. (1992), consisting in permuting haplotypes, individuals, or populations, among individuals, populations, or
groups of populations. After each permutation round, we recompute all statistics to get their null distribution.
Depending on the tested statistic and the given hierarchical design, different types of permutations are performed.
Under this procedure, the normality assumption usual in analysis of variance tests is no longer necessary, nor isit
necessary to assume equality of variance among populations or groups of populations. A large number of

permutations (1,000 or more) is necessary to obtain some accuracy on the final probability. A system of batches
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similar to those used in the exact test of linkage disequilibrium (see end of section 7.1.4.1) has been implemented to

get an idea of the standard-deviation of the P values.

We have implemented here 6 different types of hierarchical AMOVA. The number of hierarchical levels varies from

two to four. In each of the situations, we describe the way the total sum of squares is partitioned, how the covariance

components and the associated F-statistics are obtained, and which permutation schemes are used for the

significance test.

Before enumerating all the possible situations, we introduce some notations:

SSD(7)

SSD (4G)
SSD (4P)
SSD (41)
SSD (WP)
SSD (1)
SSD (4PIWG)
SSD (411WP)
G

P

N

Tota sum of squared deviations.

Sum of squared deviations Among Groups of populations.

Sum of squared deviations Among Populations.

Sum of squared deviations Among Individuals.

Sum of squared deviations Within Populations.

Sum of squared deviations Within Individuals.

Sum of squared deviations Among Populations, Within Groups.
Sum of squared deviations Among Individuals, Within Populations.
Number of groupsin the structure.

Total number of populations.

Total number of individuals for genotypic data or total number of gene copies for
haplotypic data.

Number of individualsin population p for genotypic data or total number of gene copies

in population p for haplotypic data.

Number of individualsin group g for genotypic data or total number of gene copiesin

group g for haplotypic data.

7.1.7.1 Haplotypic data, one group of populations

Source of variation

Degrees of freedom Sum of squares (SSD)  Expected mean squares

Among Populations P-1 SSD(4P) 2 2
naa + Ub
Within Populations N-P SSD(WP) o2
b
Total N-1 SSD(7) o2
T

Where n and F's7 are defined by

N2
N_ZTP
- P

P-1
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I
For = o2
T

« Wetest 0 5 and Fs7 by permuting haplotypes among populations.

7.1.7.2 Haplotypic data, several groups of populations

Source of variation Degrees of freedom  Sum of squares (SSD) Expected mean squares
Among Groups G -1 SSD(4G) o2+ gl + o2
a b c
Among Populations/ P-G SSD(4PIWG) nag + acz
Within Groups
Within Populations N-P SSD(WP) 02
C
Total: N-1 SSD(7) 2
Ir

Where the n’s and the F-statistics are defined by:

2
S . = Z & n:—N_SG
G N’ P-G '
glGplg g
N Ng2
"o T %P " DG7
n’: p , n’l: g
G-1 G-1
N A S 1
:_’ = an =
cr a% SC ab2+02 ST o2
c T

« Wetest 0 3 and Fs7 by permuting haplotypes among popul ations among groups.

2

*  Wetest Ub

« Wetest 0 5 and For by permuting popul ations among groups.

and Fsc by permuting hapl otypes among popul ations within groups.
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7.1.7.3 Genotypic data, one group of populations, no within- individual level

Source of variation  Degrees of freedom  Sum of squares (SSD) Expected mean squares

Among Populations P-1 SSD(4P) 2 2
naa + Ub
Within Populations 2N - P SSD(WP) o2
b
Total: 2N-1 SSD(T) 02
T

Where n and F's7 are defined by

5 2N1§
N—Z—N
n= L ,
P-1
P
ST T 2
Or

If the gametic phase is know:
e Wetest O 5 and F g7 by permuting hapl otypes among popul ations.
If the gametic phase is unknown:

« Wetest 0 5 and Fs7 by permuting individual genotypes among populations.

7.1.7.4 Genotypic data, several groups of populations, no within- individual level

Source of Variation Degrees of freedom  Sum of squares (SSD) Expected mean sguares

Among Groups G -1 SSD(4G) ny2 52 4 52
n Ua n Jb Uc
Among Populations/ P-G SSD(AP/WG) 2 2
- na, * O
Within Groups
Within Populations 2N - P SSD(WP) 02
C
Total: 2N -1 SSD(7) o2
T

Where the n’s and the F-statistics are defined by:

2N 2 _
6= 3 TN g
glGplg g
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2
2N 2 2N
o3 Y
1 G PDP N nH: gDG N
G-1 ' G-1 ’
R .
:—’ = - an :—_

CT a% ST a% Ne 05+02
C

If the gametic phase is known:
e Wetest 0 3 and Fs7 by permuting hapl otypes among popul ations and among groups.

2

*  Wetest O'b

and Fs¢c by permuting haplotypes among populations but within groups.

If the gametic phase is not known:
« Wetest 0 3 and Fs7 by permuting individual genotypes among populations and among groups.

2

*  Wetest O'b

and Fs¢c by permuting individual genotypes among populations but within groups.

In all cases:

« Wetest 0 5 and Fo7 by permuting whole popul ations among groups.

7.1.7.5 Genotypic data, one population, within- individual level

Source of variation  Degrees of freedom  Sum of squares (SSD) Expected mean sgquares
Among Individuals N-1 SSD(4D) 202 + abz
Within Individuals N SSD(WI) 02
b
Total: 2N -1 SSD(T7) 2
Or

Where Fg isdefined as:

o2
FIS -

g

NN

e Wetest 05 and Fs by permuting haplotypes among individuals.
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7.1.7.6 Genotypic data, one group of populations, within- individual level

Source of Variation Degrees of freedom Sum of squares (SSD) Expected mean squares
Among Populations P -1 SSD(4P) 2 2 2
no’ + Zab +0;
Among Individuals/ N-P SSD(41/WP) 2 2
_ . 2Ub + Uc

Within Populations

Within Individuals N SSD(WI) 02
c

Total 2N -1 SSDY) o2
T

Wheren and theF-statistics are defined by:
2N ]§
2N — —
2,
n= p
P-1
R A o2 S
=—, -~ an = .
ST 02 IT 02 IS 02 + 02
T T b c

« We testaf andF 7 by permuting haplotypes among individuals among populations.

e  We testo

SN \CHEEAS N N

*  WetestOo

andF g by permuting haplotypes among individuals within populations.

andFs7 by permuting individual genotypes among populations.

7.1.7.7 Genotypic data, several groups of populations, within- individual level

Source of Variation:

Degrees of freedom  Sum of squares (SSD)

Expected mean squares

Among Groups G -1 SSDYG) o2+l +202 + g2
a b c d
Among Populations / P-G SSDUPIWG) 2 2 2
o no; +20€ to}
Within Groups
Among Individuals / N-P SSD@I/wP) 2 2
I . 200 +ad
Within Populations
Within Individuals N SSDWI) 02
d
Total: N-1 SSD{) o2
T
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Where the n’s and the F-statistics are defined by:

22 (N=N,) , > 2n?
2N — — —=-\ 2N
Z Z N Z N Z p 2N _ste
"= glGplg g =806 g plg 0= N
P-G ' N(G-)) ' G-1
I e P S
- — . ——— - an -
CT 2" IT 2 ’ IS 2 2 SC 2 2 2
Ir Igr g, %9, gy *0, %0,
e Wetest 0 2 and F;7 by permuting haplotypes among popul ations and among groups.

d

« Wetest 0 3 and Fs by permuting haplotypes among individuals within popul ations.
« Wetest 0 b2 and F'sc by permuting individual genotypes among populations but within groups.

e Wetest O 5 and Fo7 by permuting popul ations among groups.

7.1.8 Minimum Spanning Network (MSN) among haplotypes

It is possible to compute the Minimum Spanning Tree (MST) and Minimum Spanning Network (M SN) from the
squared distance matrix among haplotypes used for the calculation of F-statisticsin the AMOV A procedure. See

section 7.1.8 for abrief description of the method and references.

7.1.9 Locus-by-locus AMOVA

AMOV A analyses can now be performed for each locus separately in the same way it was performed at the haplotype
level. Variance components and F-statistics are estimated for each locus separately and listed into a global table. The
different variance components from different levels are combined to produce synthetic estimators of F-statistics, by
summing variance components estimated at a given level in the hierarchy in the numerator and denominator to
produce F-statistics as variance component ratios. Therefore the global F-statistics are not obtained as an arithmetic
average of each locus F-statistics (see e.g. Weir and Cockerham 1984, or Weir 1996).

If there is no missing data, the locus-by-locus and the haplotype analyses should lead to identical sums of squares,
variance components, and F-statistics. If there are missing data, the global variance components should be different,
because the degrees of freedom will vary from locus to locus, and therefore the estimators of F-statistics will also

vary.

7.1.10 Population pairwise gen etic distances

The pairwise Fs7 s can be used as short-term genetic distances between populations, with the application of a glight
transformation to linearize the distance with population divergence time (Reynolds et al. 1983; Slatkin, 1995).

The pairwise Fs7 values are given in the form of a matrix.
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The null distribution of pairwise F's7 values under the hypothesis of no difference between the populations is obtained
by permuting haplotypes between populations. The P-value of the test is the proportion of permutations leading to a

Fsrvaue larger or equal to the observed one. The P-values are also given in matrix form.

Three other matrices are computed from the Fs7 values:

7.1.10.1 Reynolds’ distance (Reynolds et al. 1983):

Since Fis7 between pairs of stationary haploid populations of size N having diverged ¢ generations ago varies

approximately as
1 -
FST ——1—(1——)t =l-e tIN

The genetic distance D = —log(1— F ST) is thus approximately proportional to #/N for short divergence times.

7.1.10.2 Slatkin’s linearized Fst's (Slatkin 1995):

Slatkin considers a simple demographic model where two haploid populations of size N have diverged T generations
ago from a population of identical size. These two populations have remained isolated ever since, without exchanging

any migrants. Under such conditions, Fs7 can be expressed in terms of the coalescence times t_l, which isthe mean

coal escence time of two genes drawn from two different populations, and t_o which is the mean coal escence time of

two genes drawn from the same population. Using the analysis of variance approach, the Fs7's are expressed as

fl - fo
Fop === (Slatkin, 1991, 1995)
{
1

Because, 7~isequa to N generations (see e.g. Hudson, 1990), and t_lisequal to T + N generations, the above

expression reduces to

7
Fo, = .
ST r+N

Therefore, theratio D = Fg,. /(- F ST) isequal to T/ NV, and is therefore proportional to the divergence time

between the two populations.

7.1.10.3 Mvalues (M = Nm for haploid populations, M = 2Nm for diploid populations).
This matrix is computed under very different assumptions than the two previous matrices. Assume that two
populations of size V drawn from a large pool of populations exchange a fraction 72 of migrants each generation, and

that the mutation rate u is negligible as compared to the migration rate m. In this case, we have the following simple

relationship at equilibrium between migration and drift,

1
Fop ="
ST 2M +1

Therefore, M, which is the absolute number of migrants exchanged between the two populations, can be estimated by
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Py

2F

If one wasto consider that the two populations only exchange with each other and with no other populations, then

M

one should divide the quantity M by afactor 2 to obtain an estimator A" = Nm for haploid populations, or M'= 2Nm
for diploid populations. This is because the expectation of Fg; isindeed given by

1

ANmd
(di”l) +1

For = (e.g. Slatkin 1991)

where d is the number of demes exchanging genes. When d is large this tends towards the classical value 1/(4Nm +1),
but when d=2, then the expectation of Fg;, is 1/(8Nm+1).

7.1.10.4 Nei’s average number of differences between populations
As additional genetic distance between populations, we aso provide Nei’sraw (D) and net (D4) number of

nucleotide differences between population (Nei and Li, 1979). D and net D4 are respectively computed between
populations 1 and 2 as
A koK
D=rr, = Z Z x]szjé'l.j , and
il =1
T, + IT.
—_~ _"1 2

D, =7, 5
where k and k’ are the number of distinct haplotypesin populations 1 and 2 respectively, x;; is the frequency of the i-
th haplotype in population 1, and dj is the number of differences between haplotype i and haplotype .
Under the same notation concerning coal escence times as described above, the expectation of D4 is

D, =2u(t;—ty) =2ur+6,
where uis the average mutation rate per nucleotide, 7 is the divergence time between the two populations, and fis
either 2Ny for haploid populations or 4Ny for diploid populations. Thus D4 is aso expected to increase linearly

with divergence times between the populations.

7.1.10.5 Relative population sizes - Divergence between populations of unequal sizes

We have implemented a method to estimate divergence time between populations of unequal sizes (Gaggiotti and
Excoffier 2000). The model assumes that two populations have diverged from an ancestral population of size Ny some
T generationsin the past, and have remained isolated from each other ever since. The sizes of the two daughter
populations can be different, but their sum adds up to the size of the ancestral population.

From the average number of pairwise differences between and within populations, we try to estimate the divergence

time scaled by the mutation rate (T = 27u ), the size of the ancestral population size scaled by the mutation rate
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(00 = 2N0u for haploid populations and 90 =4N, o4 for diploid populations), as well asthe relative sizes (k and [1-

k]) of the two daughter populations.

The estimated parameters result from the numerical resolution of a system of three non-linear equations with three

unknowns, based on the Broyden method (Press et a. 1992, p.389).

The significance of the parameters is tested by a permutation procedure similar tot that used in AMOVA. Under the

hypothesis that the two populations are undifferentiated, we permute individuals between samples, and re-estimate the

three parameters, in order to obtain their empirical null distribution. The percentile value of the three statistics is

obtained by the proportion of permuted cases that produce statistics larger or equal to those observed. It thus provides

a percentile value of the three statistics under the null hypothesis of no differentiation.

The values of the estimated parameters should be interpreted with caution. The procedure we have implemented is

based on the comparison of intra and inter-population diversities ( 77°s) which have a large variance, which means that

for short divergence times, the average diversity found within population could be larger than that observed between
populations. This situation could lead to negative divergence times and to daughter population relative size larger than
one or smaller than zero (negative values). Also large departures from the assumed pure-fission model could also lead
to observed diversities that would lead to aberrant estimators of divergence time and relative population sizes. One
should thus make those computations if the assumptions of a pure fission model are met and if the divergence time is
relatively old. Simulation results have shown that this procedure leads to better results than other methods that do not
take unequal population sizes into account when the relative sizes of daughter populations are indeed unequal.
According to our simulations (Table 4 in Gaggiotti and Excoffier 2000) conventional methods such as described
above lead to better results for equal population &=z@.%) and short divergence timegX,<0.5). However, the fact

that the present method leads to clearly aberrant results in some cases is not necessarily a drawback. It has the
advantage to draw the user attention to the fact that some care has to be taken with the interpretations of the results.
Some other estimators that would be grossly biased but whose values would be kept within reasonable bounds would
often lead to misinterpretations.

Note that the numerical method we have used to resolve the system of equation may sometimes fail to converge. An

asterisk will indicate those cases in the result file that should be discarded because of convergence failure.

7.1.11 Exact tests of population differentiation

We test the hypothesis of a random distributiof dffferent haplotypes or genotypes amengppulations as
described in Raymond and Rousset (1995). This test is analogous to Fisher’s exact test on a 2x2 contingency table

extended to a X k contingency table. All potential states of the contingency table are explored with a Markov chain
similar to that described for the case of the linkage disequilibrium test (section 7.1.4.1). During this random walk
between the states of the Markov chain, we estimate the probability of observing a table less or equally likely than the
observed sample configuration under the null hypothesis of panmixia.

For haplotypic data, the table is built using sample haplotype frequencies (Raymond and Rousset 1995).

For genotypic data with unknown gametic phase, the contingency table is built from sample genotype frequencies
(Goudet et al. 1996).

As it was done previously, an estimation of the error orPthialue is done by partitioning the total number of steps

into a given number of batches (see section 7.1.4.1).
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7.1.12 Assignment of individual genotypes to populations

It can be of interest to try to determine the origin of particular individuals, knowing alist of potentia source
populations (e.g. Rannala and Montain, 1997; Waser and Strobeck, 1998; Davies et a. 1999). The method we have
implemented here is the most simplest one, asit consists in determining the log-likelihood of each individual multi-
locus genotype in each population sample, assuming that the individual comes from that population. For computing
the likelihood, we simply use the allele frequencies estimated in each sample from the original constitution of the
samples. We also assume that all loci are independent, such that the global individual likelihood is obtained as the
product of the likelihood at each locus. The method we have implemented is inspired from that described in Paetkau
et a. (1995, 1997) and Waser and Strobeck (1998). The resulting output tables can be used to represent log-log plots
of genotypes for pairs of populations likelihood (see Paetkau et a. 1997 and Waser and Strobeck 1998), to identify
those genotypes that seem better explained by belonging to another population from that they were sampled.

w
D

For instance we have plotted on this graph the log-
25 likelihood of individuals sampled in Algeria (white
. circles) for two HLA class 11 loci versus those of
20 ,‘ % s o Senegal ese Mandenka individuals (black diamonds). The
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difficult and hazardous.

7.1.13 Mantel test

The Mantel test consistsin testing the significance of the correlation between two or more matrices by a permutation
procedure alowing getting the empirical null distribution of the correlation coefficient taking into account the auto-
correlations of the elements of the matrix. In more details, the testing procedure proceeds as follows:

Let'sfirst define two square matrices X = {x;;}and Y={y;} of dimension N. The N? elements of these matrix are not
al independent as there are only N-1 independent contrasts in the data. Thisis why the permutation procedure does
not permute the elements of the matrices independently. The correlation of the two matricesis classically defined as

SP(X,Y)

Ty JSS(X). SS(Y)

the ratio of the cross product of X and Y over the square root of the product of sums of squares. We note that the

denominator of the above equation isinsensitive to permutation, such that only the numerator will change upon
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permutation of rows and columns. Upon closer examination, it can be shown that the only quantity that will actually
change between permutations is the Hadamard product of the two matrices noted as

N
Zyy=X*Y=3 3% ¥
=]

which isthe only variable term involved in the computation of the cross-product.
The Mantel testing procedure applied to two matrices will then consist in computing the quantity Zyy from the

original matrices, permute the rows and column of one matrix while keeping the other constant, and each time
recompute the quantity Z ;(Y , and compare it to the original Zyy value (Smouse et al. 1986).

In the case of three matrices, say Y, X, and X,, the procedure isvery similar. The partial correlation coefficients are
obtained from the pairwise correlations as,

Fyy. —Fy y I
vx; ~ Txx, v,

r =
T a2 ) rd)

The other relevant partial correlations can be obtained similarly (see e.g. Sokal and Rohlf 1981). The significance of

the partial correlations are tested by keeping one matrix constant and permuting the rows and columns of the other

two matrices, recomputing each time the new partial correlations and comparing it to the observation (Smouse et al.

1986). Applications of the Mantel test in anthropology and genetics can be found in Smouse and Long (1992).
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8 APPENDIX

8.1 Overview of input file key words

Keywords Description Possible values
[Profile]
Title A title describing the present A string of aphanumeric characters within double quotes
analysis
NbSamples The number of different A positive integer larger than zero
sampleslisted in the datafile
DataType Thetype of datato be STANDARD,
analyzed DNA,
(only one type of data per RFLP,
project file is allowed) MICROSAT,
FREQUENCY
GenotypicData Specifiesif genotypic or 0 (haplotypic data),
gametic datais available 1 (genotypic data)
LocusSeparator The character used to separate WHITESPACE,
adjacent loci TAB,
NONE,
or any character other than "#", or the character specifying
missing data
Default: WHITESPACE
GameticPhase Specifiesif the gametic phase 0 (gametic phase not known),
isknown (for genotypic data 1 (known gametic phase)
only) Default: 1
RecessiveData Specifies whether recessive 0 (co-dominant data),
dlelesarepresent at al loci 1 (recessive data)
(for genotypic data) Default: 0
RecessiveAllele Specifies the code for the Any string within quotation marks
recessive alele This string can be explicitly used in the input file to
indicate the occurrence of arecessive homozygote at one
or severa loci.
Default: "null"
MissingData A character used to specify "?' or any character within quotes, other than those
the code for missing data previously used
Default: "?"
Frequency Specifies the format of ABS (absolute values),
hapl otype frequencies REL (relative values. absolute values will be found by
multiplying the relative frequencies by the sample sizes)
Default: ABS
CompDistMatrix Specifiesif the distance 0 (use any specified distance matrix),

matrix has to be computed
from the data

1 (compute distance matrix from haplotypic information)
Default: 0
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FrequencyThreshold The minimum frequency a A real number between 1e-2 and 1e-7.
hapl otype has to reach for Default: 1e-5
being listed in any output file

EpsilonValue The EM algorithm A real number between 1e-7 and 1e-12.
convergence criterion. (For Default: 1e-7
advanced users only)

Keywords Description Possible values

[Data]

[[HaplotypeDefinition]] (facultative section)

HaplListName The name of a haplotype A string within quotation marks
definition list

HaplList Thelist of haplotypeslisted A seriesof haplotype definitions given on separate lines
within braces ({...}) for each haplotype. Each haplotype is defined by a

hapl otype label and a combination of aleles at different
loci. The Keyword EXTERN followed by a string within
quotation marks may be used to specify that a given
haplotype list isin adifferent file

Keywords Description Possible values
|Data]
[[DistanceMatrix]] (facultative section)
MatrixName The name of the distance A string within quotation marks
matrix
MatrixSize The size of the matrix A positive integer larger than zero (corresponding to the
number of haplotypes listed in the haplotype list)
LabelPosition Specifies whether haplotypes ROW (the haplotype labels will be entered consecutively
labels are entered by row or  on one or severa lines, within the MatrixData segment,
by column before the distance matrix elements),

COLUMN (the haplotype labels will be entered as the first
column of each row of the distance matrix itself )

MatrixData The matrix dataitself listed ~ The matrix datawill be entered as a format-free lower-
within braces ({...}) diagonal matrix. The haplotype labels can be either

entered consecutively on one or severa lines (if
Label Position=ROW), or entered at the first column of
each row (if labelPosition=COLUMN).
The special keyword EXTERN may be used followed by a
file name within quotation marks, stating that the data
must be read in an another file
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Keywords Description Possible values
|Data]
[[Samples]]
SampleName The name of the sample. This A string within quotation marks

keyword is used to mark the
beginning of a sample definition

SampleSize Specifies the sample size Aninteger larger than zero.

For haplotypic data, it must specify the number of
gene copiesin the sample.
For genotypic data, it must specify the number of
individualsin the sample.
SampleData The sample data listed within The keyword EXTERN may be used followed by afile
braces ({...}) name within quotation marks, stating that the data

must be read in a separate file. The SampleData
keyword ends a sample definition

Keywords Description Possible values
[Data]
[[Structure]] (facultative section)
StructureName The name of a given genetic A string of characters within quotation marks
structure to test
NbGroups The number of groups of An integer larger than zero
populations
- 0 :the component of variance due to differences
IndividualLevel Specifies whether the level of P varl uetod

genetic variability within between haplotypes within individuals will be ignored

individuals has to be taken into

i 1 :the component of variance due to differences
account (for genotypic data only)

between haplotypes within individuals, and its
associated statistics will be computed

Group The definition of a group of A series of strings within quotation marks all enclosed
samples, identified by their within braces, and, if desired, on separate lines
SampleName listed within
braces ({..})

Keywords Description Possible values

[Data] (facultative section) Allows

[[Mantel]| computing the (partial)
correlation between YMatrix
and X7 (X2).

MatrixSize The size of the matrix entered  An integer larger than zero
into the project

Y Matrix Specifies which matrix isused "fst", "log_fst", "datkinlinearfst", "log_datkinlinearfst”,
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as YMatrix. "nm". " custom”

MatrixNumber Number of matrices to be 1 :we compute the correlation between YMatrix and X1
compared with the YMatrix. 5 \ye compute the partial correlation between YMatrix,

Xland X2

YMatrixLabels Labelsto identify the entriesof A series of strings within quotation marks all enclosed
the YMatrix. In case of within braces, and, if desired, on separate lines
YMatrix="fst", these labels
should correspond to
population names in the
sample.

DistMatMantel A keyword used to define a The matrix data will be entered as a format-free lower-

matrix, which can be either theliagonal matrix.
Ymatrix, or another matrix that

will be compared with the

Y matrix.

UsedYMatrixLabels Labels defining the sub-matrixA series of strings within quotation marks all enclosed
of the YMatrix on which the within braces, and, if desired, on separate lines
correlation is computed.
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