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Abstract
In this paper we describe a software tool that we have developed to graphically depict the tandem
repeats occurring in a sequence. The key advantage of this tool is that while it provides much detail,
it scales well to large biological data sets. We show how this tool is used to model the tandem repeats
in the human genome. Information about each chromosome that previously was displayed to a user as
hundreds of pages of text can now be graphically depicted in a single interactive image. It possible to
zoom in to view the actual sequence alignments of the tandem repeats occurring in the DNA sequence.
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Introduction

In the past several years, there has been an explosion in the amount of the stored biological data. With
the complete sequencing of the human genome, and the computational analysis done on the sequences,
there are massive datasets available for study. This presents new challenges for researchers in computational
biology. In order to maximize the use of this data, it is imperative that the data be organized and presented
in a way that facilitates the discovery of new knowledge and the advancement of the field of biology.
One important aspect of the analysis of the genomes of eukaryotic and prokaryotic organisms, is the location of repeated sequences within the genome. Repeated sequences comprise 50% of the human genome,
and a significant percent of the genomes of several other organisms. Tandem repeats are sequences that
are repeated two or more times contiguously. Tandem repeats in DNA, also called satellite DNA, are important in numerous fields including disease diagnosis, mapping studies, human identity testing, sequence
homology, and population studies [5, 6, 11].
Sokol et al. [10] have recently developed TRED - software for locating Tandem Repeats over the Edit
Distance within a DNA sequence. Other software tools for finding tandem repeats in a sequence include:
TRF (Tandem Repeats Finder) [1], mreps [7], ATRHunter [12], STRING [9] and TandemSWAN [2]. Each
of these tools implements an original algorithm to detect tandem repeats within a sequence, under its own
definition of approximate tandem repeats. Common to all tools is the finding of an abundance of tandem
repeats within the human genome. For example, in Chromosome 1 of Homo Sapiens, TRF locates 72,530
repeats, and TRED locates 91,815 repeats. This is after heuristics are applied to combine and filter the
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View
View
View
View
View

Start
1
621
9,169
20,718
20,726

End
468
860
9,308
20,755
20,785

Length
468
240
140
38
60

Period
6.1
74.8
70
1.9
13

Repetitions
77.2
3.2
2
20
4.6

Errors
20
7
5
4
6

Score
382
140
50
20
24

Table 1: The first 5 lines of the table of repeats found in Chromosome 1 of Homo Sapiens.

repeats that are found initially. Currently, these repeats are displayed to the end-user in a table, each line
containing statistics about one tandem repeat (see table 1 for e.g.). We paginate the table, displaying 100
repeats per page, yielding close to 1,000 pages per chromosome. If we want biologists to be able to analyze
this data to advance computational genomics, it must be presented in a clear graphical visualization, allowing
both a high level overview, and variant levels of detail.
There have been some attempts at designing a GUI interface to represent repeats within an entire chromosome. The JSTRING [9] software has a graphical view of its results. We found that its interface is not
very intuitive. The pygram model [4] is very intuitive, yet it works for exact repeats (i.e. without errors) that
are not necessarily tandem. Reputer [8] also provides a graphical representation of pairwise occurrences of
non-tandem repeats, yet it does not scale well to large sequences.
In this paper we describe a software tool called TandemGraph that we have developed to graphically
depict the tandem repeats in a sequence. The idea of the representation is largely based upon the model
of the pygram (or pyramid diagram) [4], which uses overlaid triangles, in a similar manner to an earlier
design called the landscape [3]. Our representation allows one to view the entire set of tandem repeats in
a chromosome in a single image, and then to continuously zoom all the way down to viewing the actual
sequence of bases included in each repeat. In the next section, we describe the graphical model that we have
designed. In the Results section, we show how the tool depicts the repeats of several of the chromosomes
in the human genome. We conclude with a discussion of how this model can be used for all of the software
tools mentioned above, as well as to depict other types of regularities in a sequence.
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2.1

Methods

Graphical Model

Our model uses overlaid colored triangles to represent the substrings of the input string that have been
reported as tandem repeats (see Figure 1). Each triangle represents one tandem repeat (which by definition
can be split into approximate periods). Given a sequence S of length n, and a list of the substrings of S
that are tandem repeats, a representation is a 2-dimensional graph, where the x-axis is labeled with the
actual sequence, and triangles are drawn in the matrix above, with the height of each triangle representing
the length of the repeat. The left x-coordinate of each triangle represents the first nucleotide of the repeat
sequence, while the right x-coordinate represents the end of the repeat.
Formally, given a value xScale and yScale, each representing the scale factor of the x and y axis, respectively, the ith nucleotide of S will be at location i/xScale. Each repeat from beginning position
begPos to end position endPos of length `, is drawn as an isosceles triangle with points begP os/xScale,
endP os/xScale, and `/yScale. In practice, the values of xScale and yScale are calculated from the width
and height of the current window, which is resizable by the user. For the exact formulas that calculate the
points of each triangle, see the java code that appears in Figure 3.
Remark: It is important to note that the multiple alignment of the periods of a given approximate tandem

Figure 1: This graph shows how overlaid colored triangles are used to represent tandem repeats.

Figure 2: When a triangle is clicked, the multiple alignment of the repeat’s periods is displayed in a pop-up
textbox.

ScalesM ethods :
xScale = (double)repeats.getRange()/(component.getW idth() − LEF T M ARGIN );
yScale = (double)repeats.getM axSize()/(component.getHeight() − BOT T OM M ARGIN );
T ranslationM ethods :
privateinttranslateXP oint(intx){
return(int)((x − repeats.getStartP oint())/xScale) + LEF T M ARGIN ;
}
privateinttranslateY P oint(inty){
returncomponent.getHeight() − BOT T OM M ARGIN − (int)(y/yScale);
}
ZoomM ethod :
intactualX = (int)((x − LEF T M ARGIN ) ∗ xScale) + repeats.getStartP oint();
updateV als(actualX − (repeats.getRange()/ZOOM LEV EL/2), actualX + repeats.getRange()/ZOOM LEV EL/2));

Figure 3: The formulas that calculate the three points of each triangle that represents a tandem repeat.
repeat is often not unique. Due to the possible insertions and deletions in the copies of a repeat, it is often
possible to break up the repeat into approximate periods, in several different ways. Thus, it is appropriate
that each triangle represent the entire repeat, as opposed to the exact case of the pygram, where each period
is represented by its own triangle.
The triangles are outlined, therefore all overlapping repeats are clearly visualized. Information about
other attributes, such as period size and percent error, appear in a triangle as the user mouses-over the
triangle. In addition, as the mouse is placed in a triangle, the triangle gets filled in, to clarify which of the
overlapping triangles is selected. Once a triangle is selected, the user can click on it to view the multialignment of the actual repeat (see Figure 2).
Zooming Features: The highest level view represents an entire chromosome. For this level the graph
generally degenerates to a column graph, each column representing a repeat, with the height of the line
representing the repeat’s length. If there is more than one repeat located at the same (or close) location, the
column will appear as a multicolored line, the bottom part representing the shortest repeat, the piece above
another color representing the next longer repeat, and so on.
Zooming has been implemented in several different user-friendly ways. The slider at the right provides
a continuous zoom, with zoom-out and zoom-in buttons on top and bottom. The red rectangle on the bottom
allows the user to drag a range of the chromosome to zoom, while the text boxes underneath the rectangle
allow the user to enter actual start and end locations in the chromosome. All three of these zooming features
are fully integrated, so that the actual indices appear in the start and end box as the user drags through a
range.

2.2

Log-graph

In some chromosomes there are repeats that are extremely long, possibly spanning over 100,000 bases.
These long repeats cause the short tandem repeats (which are much more common) to be barely visible as
their heights scale to close to zero. In situations where data covers a large range of values it is common
to present the data on a logarithmic scale. This has been done in the pygram, which translated to a logpygram, and we offer this option as well. Thus, the y-axis is labeled with powers of 10 (10, 100, 1000, etc).
A repeat with length ` has height log10 `. Using the log-scale, a triangle that represents a repeat that is a
substring of another repeat will not necessarily fit entirely inside its superstring’s triangle. Therefore, we
represent repeats as trapazoids. The left and right x values are the same as described above for the triangles,
and the height of the trapazoid is y = log10 ` where ` represents the repeat’s actual length. TandemGraph
includes radio buttons to allow the user to switch the graph from triangles and linear heights to trapazoids
and log-scale heights.

Figure 4: This graph depicts all of the tandem repeats found by TRED in chromosome 1 of homo sapiens.
Each vertical line represents a tandem repeat.

2.3

Implementation Details

Language: The core program has been written in Java. Swing was used to provide the necessary graphical
components, and the Java AWT was used for event handling. The project was developed in the Eclipse IDE,
which provided a friendly environment for students, and allowed easy sharing of the modularized package.
The following open source technologies were used as well: MySql DBMS was used for the database, Spring
was used to simplify the database access routines and provide an elegant method of implementing inversion
of control. Log4j permitted us to have a more fine-tuned control over debugging the different states and
procedures of the application during run-time. The commons-dbcp package was used for adding database
pooling functionality. JUnit was used for conveniently testing the separate modules; Maven was used as the
build tool, and git was used as the version control system.
Model-View-Controller (MVC): The Model-View-Controller is a popular software design paradigm. The
model refers to the code that deals with the data, the view refers to the code that manages the user-interface,
and the controller controls the flow of the entire application using interfaces to the models and the views. The
idea is to allow changes to be made either to the underlying data or the visual appearance of the application,
without affecting the other component. TandemGraph was developed using MVC, this enabled an intuitive
and simplified approach for the development process, and for future changes.
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Results

We have run TandemGraph on all 23 chromosomes of Homo Sapiens and the results are excellent.
TandemGraph provides a GUI interface to huge amounts of data, previously available as text only. In
Figure 4 we show the graph for all 91,815 repeats found in chromosome 1. This figure represents information
that previously had to be viewed on 918 different pages.
The data for all 23 chromosomes is available online at the TRED website. In fact, we have fully integrated the tool with the database, and provided a link from the TRED website1 to TandemGraph. Thus,
when the user opens the application, there will be a menu of all of the chromosomes in the human genome.
When a chromosome is chosen, the application automatically connects to the TRED database, downloads

(a) This graph shows the repeats
found in the entire chromosome 15.

(b) The graph of chromosome 15
is zoomed in to display index
98,912,184 to index 98,914,794.

(c) A trapazoid has been selected,
and the multi-alignment of the selected repeat is displayed.

Figure 5: Log-graph depicting the tandem repeats in Homo Sapiens chromosome 15.
the information about the repeats in that particular chromosome, and draws the graph.
In Figure 5 we show the log-graph of chromosome 15 of the homo sapiens. The longest repeat found by
TRED in chromosome 15 has length 4,388. The highest level graph is shown (a), as well as two zoomed in
graphs (b and c).
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Discussion

We have developed an open source software tool, TandemGraph, that graphically depicts the set of
tandem repeats found in a genome. The software is very simple and easy to use. We have shown how
TandemGraph works in conjunction with TRED, a tandem repeats software tool. In addition, TandemGraph
can be coupled with other tandem repeats software tools (such as those mentioned in Section 1).
The basic concept of drawing triangles to represent a repeat comes from the pygram. We have essentially
constructed a generic pygram, which can be used to represent tandem repeats under any definition of a
tandem repeat. In particular, tandem repeats usually contain insertions, deletions, and replacements of
nucleotide sequences. Furthermore, our new representation can be used to represent other regularities in
a sequence such as the set of inverted repeats, palindromes, or any other set of significant substrings of a
sequence. TandemGraph can accept as input any set of substrings that is arranged as a listing of starting and
ending locations within a sequence. We believe that this tool will prove to be very useful in many existing
and future applications.
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