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Abstract

We propose a new visual analytics system designed for genetic researchers to study genome-wide homozygosity

regions. Finding significant tracts of homozygosity (TOH) using single nucleotide polymorphisms (SNPs) from a

large-scale genome data set can contribute to the discovery of genetic factors related to human diseases. Our

system helps users to visually examine TOH clusters computed from the underlying patient data, lending itself a

convenient and powerful tool for knowledge discovery. We illustrate the usability and performance of the system

with a clinical data set of human cancers.

1. Introduction

Genomics - the study of DNA and related molecules, their
functions, and their impact on human health - is a growing
biomedical science highly reliant on computational methods.
The expanding application of experimental high-throughput
and high-resolution techniques in genomics is creating enor-
mous challenges for the analysis of very large and complex
genomic data sets. In particular, knowledge discovery of ge-
netic factors associated with diseases is very important for
early diagnosis and prevention.

In human chromosomes, germline homozygosity, a type
of genomic variation, is a critical factor associated with
an increased risk of human cancers and other diseases
[HBPC∗91, RRC∗03, BDS02, ALPE08, OZBE12]. Studying
homozygosity locus based on one of the most common ge-
netic variants, single nucleotide polymorphisms (SNPs), is
important [SSHN09]. However, the scale and complexity of
genome-wide association study (GWAS) impose harsh chal-
lenge on computation and analysis: the traditional single
SNP-association study requires up to millions of tests. Re-
cent studies show that tracts of homozygosity (TOH) regions
covering a sequence of SNPs may have a significant role in
the genetics of complex diseases [BSW∗08,LLD∗08]. How-
ever, the existing tools for TOH analysis , e.g., Golden He-
lix [gol] and PLINK [PNTB∗07], only provide naive func-
tions and limited usability for biomedical researchers. A
fast, easy-to-use, and interactive visual analytics system can
greatly help researchers by facilitating a pleasant reasoning
process of genomic SNP data, to overcome the translational
barriers between clinical data and human understanding.

In this paper, we develop a visual analytics toolkit, aimed
at identifying genetic risk factors related to the TOH clusters

extracted from SNP data. Our visual system supports genetic
researchers with new functions including:

1. Defining similarity between TOHs and adapting a spec-
tral clustering algorithm to discover TOH clusters with
flexible user control of clustering parameters;

2. Proposing a new TOH cluster (TOHC) tree to hierarchi-
cally represent the clusters within common TOH regions;

3. Developing a visualization interface which supports ex-
amination of genome-wide TOH regions with (1) a visual
cluster explorer, (2) navigation rings representing TOHC
trees, and (3) an embedded NCBI Genome Map [map].

4. Incorporating statistical association study within the vi-
sualization system to investigate relationships between
genotype and phenotype information;

This system is implemented with optimized performance
and an easy-to-use graphics interface. It can be widely used
by genetics scientists on studying SNP data in the identifi-
cation of genomic regions associated with diseases. Our tool
has been used by domain experts as a part in a genetics study
whose biological background, methodology, and statistical
analysis are published in [ZOR∗13]. In this paper, we de-
scribe the details of the visualization approaches.

2. Related Work

Biomedical data visualization has been widely studied to
assist biologists and practitioners in understanding data
and conveying information. It plays a significant role in
many biological processes promoting knowledge discovery
[OGG∗10]. Genetics scientists and researchers thirst for ef-
fective and efficient visualization tools in understanding and
analyzing big sequencing data. There are three major visual
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Figure 1: Illustration of TOH and cTOH.

analytics tasks [NCD∗10]: (1) presenting sequence data in
the context of assembly and resequencing experiments; (2)
browsing annotations and experimental data; (3) comparing
sequences from different organisms or individuals. We refer
the readers to the table of tools in [NCD∗10] for the refer-
ences of these methods.

Many computational tools have been developed for SNP
and other types of genetic variation discovery [DB10,
MSB09]. Together with the downstream data mining anal-
ysis programs, a genome browser can promote visual analy-
sis for the biological validity. Visualization provides a natu-
ral and perceptual way to interpret and manipulate the data.
A number of such browsers have been developed for visu-
alizing genomic annotations and many other related infor-
mation for various biological datasets, such as the success-
ful UCSC [KSF∗02] and Ensembl [PCB04] online browsers.
One barrier that may curb researchers from intensive use of
such general tools is: the visualization processes are discon-
nected from pertinent, computer-intensive analyses from dif-
ferent application requirements [NCD∗10]. Identifying and
analyzing TOHs is one of such particular applications. It de-
mands special design and implementation of a visual ana-
lytics system that has not been previously addressed. In this
paper we present such a system integrating computational
methods (clustering), visualization techniques (cluster ex-
plorer and navigation rings), and statistical analysis (asso-
ciation study) into one toolkit. Moreover, our system also
links to a gene browser to incorporate related information
and promote user understanding.

3. Tracts of Homozygosity and Genetic Risks

SNPs are the most common genetic variation among people
[Lis12]. SNPs occur normally throughout a person’s DNA.
On average one SNP appears every 300 nucleotides, which
amounts to around 10 million SNPs in the human genome
[Lis12]. SNPs are biomedical markers that may or may not
be associated with genes related to disease risks. Finding
the significant locus over human genomes linking to partic-
ular diseases has been a critical task for researchers. Given a
group of human subjects, SNP genotyping is performed by

SNP array, where hundreds of thousands of SNP probes are
arrayed and interrogated simultaneously on a gene chip. Ho-
mozygosity is a genetic condition where the probe shows the
same alleles for a particular SNP locus. It is then possible to
identify specific homozygous alleles associated with clini-
cal phenotypes through statistical association study. In this
paper, we study the TOH, which was defined in [OZBE12]
as a chromosomal segment that must meet the criteria of
having at least L consecutive homozygous SNPs or a ge-
netic distance of at least M kb on a single chromosome for
a given subject. Here L and M are user defined parameters.
Figure 1(a) illustrates a TOH residing in one chromosome of
a probed subject. Some genotypes have the same nucleotide
(TT, AA, CC, GG), i.e., homozygosity. The bottom row en-
codes homozygosity to 1 and heterozygosity to 0 (in this fig-
ure M represents experimentally unidentified values treated
as homozygosity). A continuous tract of 1’s constructs one
TOH. The length of the rows of a whole chromosome is very
long, e.g., human chromosome 1 has about 740,000 SNPs.
Figure 1(b) shows an example TOH data set of N subjects
(e.g., diseased and control cases attending a study). Lencz
et al. [LLD∗08] proposed a common TOH (cTOH) region
for further investigation, which is defined as a window of at
least k consecutive SNPs. Inside this region, the number of
SNPs belonging to a TOH is at least n. Figure 1(b) shows
one cTOH region where n ≥ 10.

4. TOH Clustering and Exploration

Our system takes new measures to enhance the analysis of
TOH data sets. It first groups a large set of TOHs to find
their clusters, and then uses a TOHC tree structure to manage
the identified clusters. This data structure provides a good
medium for users to examine clusters with statistical associ-
ation study and perform visual analysis.

TOH Similarity and Clustering The cTOH method
achieves its success as shown in [LLD∗08], but the simple
counting algorithm (Figure 1(b)) is not very effective. The
TOHs within a cTOH region may not all overlap or may
have distant boundaries. Therefore, TOH analysis can fur-
ther be advanced by the identification of patterned clusters
of TOHs. Clustering TOHs over the whole chromosome has
a heavy load and is not necessary due to the nature of find-
ing frequent horizontal overlaps among TOHs. We adopt a
two-stage approach. First, cTOH regions are discovered in
each chromosome across all subjects. Second, TOH clusters
are generated from the TOHs within a cTOH region, where
the similarity between two TOHs (e.g., T1, T2) is defined as

similarity(T1,T2)=min(
len(OP(T1,T2))

len(T1)
,

len(OP(T1,T2))

len(T2)
),

(1)
where OP(T1,T2) is the overlap region between T1 and T2.
len() is the length of TOHs in terms of the number of
SNPs. We adapt a normalized spectral clustering method
[HKK07, NJW01] in creating clusters. The clustering algo-
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Figure 2: System interface overview.

rithm relies on predefined parameters, such as the number
of clusters k. In TOH study, users do not have such priori
knowledge. They direly need a tool so that they can flexi-
bly group TOHs, study the groups, and change parameters
in their analysis. Our visual analytics system provides such
guidance and control for users.

TOHC Tree We use hierarchical clustering and propose
a new tree-based data structure, namely TOH cluster tree
(TOHC tree), to accommodate TOH clusters and advocate
user exploration. Within one cTOH region, a binary spectral
clustering (i.e., setting the number of clusters k = 2) creates
two clusters. The two clusters are further clustered by an-
other binary clustering, respectively. Repeating this process,
a TOHC tree is generated where each tree node represents
one TOH cluster. Each cluster of the tree is potentially im-
portant for further analysis, not only the leaf node. So the
TOHC tree preserves and manages all the clusters, and pro-
vides users a tool to navigate over them. The TOHC tree gen-
eration is controlled via three stopping criteria: (1) when the
maximum depth of the tree is reached, which relates to the
computational performance; (2) when the number of TOHs
in a cluster is less than a given minimum, which determines
the necessity of further clustering; (3) when statistical at-
tributes are smaller than given thresholds.

Cluster Region Each TOH cluster node of the TOHC tree
defines its starting and ending positions over a chromosome.
A straightforward method is to use the leftmost and right-
most positions of all the belonging TOHs. Users can flexi-
bly attenuate such a region: TOHs in a cluster are sorted by
their start points in ascending order. For each point, we com-
pute the number of those TOHs covering its position. If this
number is more than a percentage (set as a user-controlled
threshold θ ) of all the TOHs, this point is kept. Otherwise,
the point is removed. Then, the farthest left point remaining
in the list is used as the starting position of this cluster re-
gion. The ending position is determined in a similar fashion.

Statistical Association Study Each TOH cluster presents a
region which will be tested by statistical association study
for its relationship with disease risks. By considering each
such region as a genomic variant, a genome-wide case-
control analysis was conducted. P-values are obtained to
present the significance of the association. Such study is im-
plemented through an embedded statistical computing com-
ponent in our system.

Chromosome Selection
Sliding Magnifier

Interesting cTOH

Figure 3: Exploring and selecting chromosomes and cTOHs.

Target Cluster

Zoom-in Ring

Figure 4: Navigating TOHC tree.

5. Visual Analytics System

Given a genome-wide SNP genotyping data set, our sys-
tem performs preprocessing computation: (1) homozygosity
detection, (2) TOH identification, (3) cTOH region genera-
tion, (4) clustering that creates one TOHC tree within each
cTOH region, (5) statistical testing that produces P-values
for each cluster. Then the corresponding results are loaded
into the visualization system for user exploration. The first
four stages are implemented with C++ and the fifth stage
of statistical computing is implemented by the scripting lan-
guage R [Gen08]. For a data set including thousands of sub-
jects, the data processing runs in about ten minutes on a
quad-core consumer PC. Figure 2 shows the visual interface
supporting interactive exploration. It consists of three views:

Chromosome and TOH cluster explorer (Figure 2(1)): all
cTOH regions inside a user-selected human chromosome are
shown as colored bars on the top panel. The colors (red to
blue) are mapped from the P-values (low to high) of the
cTOH region. Users can drag a sliding magnifier to fully
review all the cTOH regions. Below the panel, a close-up
view displays the magnified TOHs for users to clearly ob-
serve them.

Navigation rings of clusters (Figure 2(2)): As an interac-
tive visualization tool of the TOHC tree, the root node cor-
responds to the given cTOH region, and outward rings are
the offspring of the inner rings. This approach adapts the
sunburst visualization [SZ00] by using only the upper half
circle, which is easy to read and gains user satisfaction in
analysis. Each cluster is represented by a wedge-shaped bar
whose color manifests its P-value, so that users can identify
interesting clusters easily. Hovering over a cluster will high-
light the bar and all its children, and clicking it will trigger a
zoom-in view.

Genome map of a chromosome region (Figure 2(3)):
Genome region related to a TOH cluster involves a large set
of attributes of existing biomedical and genetic knowledge
such as gene symbols, gene names, protein, regulation, etc.
We integrate a genome browser, the widely used NIH NCBI
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Parent TOH Cluster Region
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Controls

Figure 5: Exploring one selected target cluster.

Figure 6: Genome map of a target cluster region.

Map Viewer, to plot genome maps. When users click on an
interesting TOH cluster, the genome map will display asso-
ciated cytogenetic, genetic, physical, and other information.

6. Visual Exploration of Lung Cancer Genome Data

Clinical Data: We utilize a data set of lung cancer project in
the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer
Screening Trial [PAB∗08], designed and sponsored by the
National Cancer Institute (NCI). It includes DNA sequenc-
ing samples of 1618 subjects which have 788 lung cancer
cases and 830 controls of European Americans. After geno-
typing, 514,355 autosomal SNPs were available for subse-
quent TOH analyses. The data set is processed following the
five stages in Section 5 for the preparation of visual analy-
sis. TOHC trees for the cTOH regions are obtained using the
following criteria: (1) 5 minimum components in a cluster;
(2) a maximum tree depth of 100, and (3) the average of the
lower quartile of similarity values smaller than 0.75 . The
cluster region attenuation threshold is set as θ = 0.50.

Exploring Chromosome cTOHs: Figure 3 depicts Chro-
mosome 6 selected for investigation. The whole chromo-
some is shown as cTOH segments with colors representing
the P-values. Using the sliding magnifier, a cTOH region 328
(shown in teal) attracts the user’s attention and is selected for
further investigation.

Navigating Clustered TOH Groups: The corresponding
navigation rings are shown in Figure 4. The user finds some
cluster nodes in the outer layers of the ring (i.e., deeper lev-
els of the TOHC tree). The bright red colors indicate small
P-values of statistical importance (the smaller a P-value is,
the more significant it is). By clicking on a parent node of
those potentially important clusters, the user highlights the
region and a zoom-in ring is created for clearer details. One
target TOH cluster at a leaf is selected. This cluster refers to

Figure 7: Plot of P-values of the target region.

a special region over this chromosome. Users can browse it
in the cluster explorer by scrolling up and down. A snapshot
of the TOH view shows part of this cluster in Figure 5.

Linking Genome Maps: To further study the region of this
target cluster, the NCBI Map Viewer is loaded automatically
by setting the physical starting and ending position of this
region (26,220k to 27,130k basepair (bp) in Human Chro-
mosome 6), shown in Figure 6 as the green highlighted box.
The regional genome map is shown, which allows the user
to further examine this region with associated information,
e.g., many known genes on this region are presented for fur-
ther investigation.

Analysis After statistical association study, Figure 7 plots
the P-value of this target region, as well as P-values for in-
dividual SNPs inside the cTOH region containing this target
region. Single-SNP association analysis was performed in-
dependently of TOH analysis and compared. X-axis is the
genomic position, and Y-axis represents −log10(P-value)
computed from P-values. With this function, small P-values
(more significant) are shown higher than large P-values (less
significant). Black dots represent SNPs at P-value ≥ 0.05
based on single SNP analysis, and purple dots represent
SNPs at P-value< 0.05 based on single SNP analysis. The
blue line depicts the P-value computed for the whole cTOH
region. The red line shows the P-value for the selected tar-
get TOH cluster region. This figure illustrates that the tar-
get TOH cluster region is more significant compared with
the whole cTOH region, as well as most single SNPs. The
domain researchers among our authors performed intensive
study over the genome region with many others, to gain in-
sights of its link to human cancers. The detailed statistical
analysis and discussion can be found at [ZOR∗13].

7. Conclusion

We have proposed a new visual analytics system to compute
and study clusters of SNPs with extended homozygosity. It
supports investigation of the characteristics of TOHs. This
genome-wide visualization system, incorporating statistical
measures, allowing intuitive and interactive exploration for
critical analysis.
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