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Breaking down big data:

A two-step method for visualising complex
data structures
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¢ Background

« Principal Component Analysis (PCA) is a widely used method for uncovering
patterns in complex data structures.

 If effectively simplifies complex data by reducing their complexity.

« This method is less-suited to explore big datasets including thousands of
observations, as the visualization beyond three dimensions becomes ineffective.

« PCA s one of the prevailing methods to explore population structures using
genotype information (SNP arrays or whole-genome sequencing).

 To assess high-resolution population structures we developed a two-step
approach by visualizing the PCA result on a population network (identification of
key contributors)
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U PCA results of a simulated population structure
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poph: NerView: A High-Definition Network-Visualization
Approach to Detect Fine-Scale Population Structures
from Genome-Wide Patterns of Variation
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. Abstract

High-throughput sequencing and single nuclectide 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
| J I I I J J ' I ! network clustering method called Super Paramagnetic Clustering (Sec). When applied to whole-genome marker data it
-0.04 -002 000 0.02 0.04 -0.04 -002 000 002 0.04 identifies the natural divisions of groups of individuals into population clusters without use of prior ancestry information.
Furthermare, we optimised an analysis pipeline called NeView, a high-definition network visualization, starting with
PC1(33%) PC1 (33%) computation of genetic distance, followed clustering using Sec and finally visualization of clusters with Cvroscare. We
compared NetView against commonly used methodologies including Principal Component Analyses (PCA) and a model-
based algorithm, Aomiaure, on whole-genome-wide SNP data derived from three previously described data sets: simulated
c D (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
.--.1’ relatedness among individuals, and population stratification within the Indian, African and Mexican samples. In the cattle
o data set, we comectly 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.

¥
%

-0.04

-0.02
1
)
s

,

0.04
1
0.02
1

0.01
1
)

-

L)
wy ™ w
.

A ’ Citation: Newditschko M, Khatkar M3, Raadsma HW (2012) MetVies: A High-Definition Network-Visualization Approach to Detect Fine-Scale Population Strectures
from Genome-Wide Parterns of Variation. PLoS OME 7(10}: e48375. dot10.1371/jourmal pone 004E375

Editor: Nicholas John Timpson, University of Bristal, United Kingdom
Received March 24, 2012; Accepted September 25, 2012; Published Ociober 31, 2012

Copyright: © 2012 Neuditschko et al This is an open-access articke distributed under the terms of the Creative Commaons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

PC3 (0.08%)
0.00
1
PC4 (0.02%)
0.00

-0.02
-0.01

Iﬂ’ Funding: The authors have no support o funding to report.
1 | I | I | 1 ) I
-0.02 0.00 0.02 0.04 0.06 -0.04 -0.02 0.00 0.02 0.04

PC2 (20%) PC3 (0.08%)

- Competing Interests: The authors have declared that no competing interests exist.

-0.02

= E-mail: markus. neuditschko@sydney edu.au

-0.04

o
<
3]
o
v
o
t
o

<

Al 4 Animal Science




U NetView of a simulated population structure
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Identification of key contributors

The method is based on the Singular Value Decomposition (SVD) and requires
a symmetric relationship matrix between n individuals.

Key contributors (individuals accountig for most of the genetic variance) are
identified by calculating the correlation with the number of significant k principal
components (PCs); so called genetic contribution score.

* In population genetics we applied the method on pedigree- and genome-derived

relationship matrices and used the the empirical method Horn’s parallel analysis
to determine the number of significant PCs.
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U Results — PCA (Lowland Honeybees)
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U Results — Admixture (Lowland Honeybees)
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U Results — High-resolution population structure
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U Results — Honeybees (symbiosphere data)

« Symbiosphere is defined by bacteria (1156 species), viruses (318 species), and
fungi (139 species).
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U Results — Apple (genotype data)
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U Conclusion

In population genomics (genotype and microbiome data), we have demonstrated
that combining the identification of key contributors (PCA) with network
visualization (NetView) helps to uncover fine-scale population structures.

Besides the assessment of high-resolution population structures, the selection of
key contributors improved imputation accuracy and genomic prediction in
target populations.

We believe our two-step method offers substantial potential for visualizing
complex data structures across various research disciplines, extending far beyond
population genetics (e.g. by optimizing the training data in machine learning).
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