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Abstract

High-throughput seguencing and single nucleotide polymorphism (SNP) genotyping can be used to infer complex
population structures. Fine-scale population structure analysis tracing individual ancestry remains one of the major
challenges. Based on network theory and recent advances in SNP chip technology, we investigated an unsupervised
network clustering method called Super Paramagnetic Clustering (Src). When applied to whole-genome marker data it
identifies the natural divisions of groups of individuals into population clusters without use of prior ancestry information.
Furthermore, we optimised an analysis pipeline called NetVew, a high-definition network visualization, starting with
computation of genetic distance, followed clustering using Sec and finally visualization of clusters with Cyroscare We
compared NetView against commonly used methodologies including Principal Component Analyses (PCA) and a model-
based algorithm, AomixTurg, on whole-genome-wide SNP data derived from three previously described data sets: simulated
(2.5 million SNPs, 5 populations), human (1.4 million SNPs, 11 populations) and cattle (32,653 SNPs, 19 populations). We
demonstrate that individuals can be effectively allocated to their correct population whilst simultaneously revealing fine-
scale structure within the populations. Analyzing the human HapMap populations, we identified unexpected genetic
relatedness among individuals, and population stratification within the Indian, African and Mexican samples. In the cattle
data set, we correctly assigned all individuals to their respective breeds and detected fine-scale population sub-structures
reflecting different sample origins and phenotypes. The NetView pipeline is computationally extremely efficient and can be
easily applied on large-scale genome-wide data sets to assign individuals to particular populations and to reproduce fine-
scale population structures without prior knowledge of individual ancestry. NetView can be used on any data from which a
genetic relationship/distance between individuals can be calculated.
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Overview

°The NetView idea

*Application on a simulated data set (5,
populations, 2.5 Million SNPs)

Comparison with common applied methods
(PCA and Admixture)



The NetView idea

The NetView approach is based on the so-called community structure,
which arises by minimizing number of interactions in a symmetric distance
matrix according to a mutual neighborhood criterion.
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Once, the community structures have been extracted different
approaches can be applied to detect and characterize the community
structures (e.g. the Potts Hamiltonian Model).



Simulated population structure
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PCA and k-means clustering

 Applied Horns Parallel analysis to determine
the number of significant components.
R package: paran (4 Components)

e Used the Calinksi Criterion to determine the

optimal number of clusters: R package: vegan
(5 clusters)

e Finally we used the k-means cluster alogrithm
to assign individuals to respective clusters
(Standard procedure in R)



Admixture




Cluster Stability (CS)
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Comparison of the applied methods

e PCA is an efficient method to determine the
number of significant clusters, when it is applied
in combination with various test statistics.

e Admixture provides useful information on the
admixture between populations, but failed to
seperate close related populations.

* NetView provides a high defintion network
visualization and determines the significance of
each individual.



Let's go
exploring

Visit NetView hompage: http://sydney.edu.au/vetscience/reprogen/netview/index.shtml




