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Assumption for population structure analysis:

• neutral loci = no effect of natural selection included

• classical population genetics approach = populations are 

a priori (thought to be) known (e.g. we want to quantify 

level of genetic differentiation between two localities / 

?populations)

• BUT populations are not usually known (e.g. due to no 

obvious spatial heterogeneity over the distribution range) 

– we want to reveal any potential population 

differentiation/structure according to our genetic 

data -> non-a priori methods



We have sampled animals in nature – 

Is it one or several populations???



We are interested in genetic

structure of populations



Recently observed genetic 

structure indicates what happened 

in the past



Clustering methods for „non-a 

priori“ identification of populations
DISTANCE-BASED methods

• a tree or a plot is
constructed according to a 
pairwise distance matrix

• clusters then may be
defined visually

MODEL-BASED methods

• observations from each
cluster are random draws
from some parametric
model

• inference for the 
parameters corresponding
to each cluster is done
jointly with inference for the 
cluster membership of each
individual

• standard statistical methods
are used (e.g. maximum-
likelihood in Bayeasian
methods)



Turdus helleri
• Fragments of humid 

tropical forest

• Localities Chawia, 

Ngangao, Mbololo, Yale 

(Kenya)

• 7 microsatellite loci

• Neighbour-joining

• * „wrongly“ clustered 

individuals

Clustering method based on microsatellite distances



Frequency correspondence analysis

- each locus as one variable, reduction of number of variables

- Genetix – Belkhir et al. 1999 – inference about population structure

- individuals vs. populations

PCA

Eigensoft – Patterson et al. 2006

adegenet – Jombart 2008



STRUCTURE program
Pritchard, Stephens and Donnelly 2000, Genetics

• a model-based Bayesian clustering method

• uses multilocus genotype data (e.g. 
microsatellites, RFLPs, SNPs; various levels of ploidy)

• MCMC algorithm

• INFERS POPULATION STRUCTURE:

– presence of population structure

– assignment of individuals to populations

– identification of migrants or admixed individuals 
(parameter Q – individual membership coefficient)



Model implemented in STRUCTURE 

assumes:

– K populations/clusters (K may be unknown)

– each of K populations is characterized by a set of
allele frequencies at each locus

– within each of K populations marker loci are at 
LINKAGE EQUILIBRIUM with each other and in 
HARDY-WEINBERG EQUILIBRIUM

– i.e. the model tries to explain/correct deviation from 
HWE and LD by introducing the population genetic 
structure

• Unknown number of populations characterised by distinct allele frequencies → the 
number of populations (clusters – K) and the allele frequencies to be estimated

• The individuals are assigned to the clusters simultaneously



Barplot for K = 7

Genome proportion of each individual assigned to each of K clusters

Admixture model – allows assignement of 

an individual to several clusters
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K=5



CLUMPAK was designed to aid users in four main objectives: 

• Separate distinct solutions obtained from 
STRUCTURE-like programs. 

• Compare and align solutions obtained for different K 
values. 

• Compare results obtained using different models/data 
subsets/programs. 

• Indicate the preferred value of K according to Evanno
et al. 

Post-processing of the STRUCTURE outputs



Graphical 

output from 

STRUCTURE – 

a serie of 

barplots with 

increasing K

Picture of hierarchical structure between clusters

Bartáková et al. 2013



• Q-values for whole locality samples (not 

individuals)

Bartáková et al. 2013

K = 7



! introgression vs. ancestral polymorphism
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A whole bunch of population 

genetics software 
(with specific input data formats)

CREATE is software for the 

creation of new and conversion 

of existing data input files for 64 

genetic data analysis software 

programs

https://bcrc.bio.umass.edu/pedigreesoftware/sites/default/files/CREATE1.37.zip


Acoording to purpose of our 

population genetic analysis

allele frequency
allele frequency + 

mutation model



Software for analysis of intra-population 

genetic variation (genetic diversity)

• Conversion of input data formats: 

• GenAlEx (http://biology-assets.anu.edu.au/GenAlEx/Download.html)

• CREATE (https://bcrc.bio.umass.edu/pedigreesoftware/node/2)

• GenAlEx – Ho, He, HWE

• Genepop – LD, HWE

• FSTAT – allelic richness

popgen softwares:

https://courses.washington.edu/popgen/Software.htm

http://biology-assets.anu.edu.au/GenAlEx/Download.html
https://bcrc.bio.umass.edu/pedigreesoftware/node/2




GenAlEx - Genetic Analysis in Excel (Peakall and Smouse 2006, 2012) is 

designed as a user-friendly package with an intuitive and consistent interface that 

allows users to analyse a wide range of population genetic data within a software 

environment with which most users will have some familiarity (MS Excel).



Diploid codominant markers (microsatellites)
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