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Abstract
Background: Gene copy number and gene expression values play important roles in cancer
initiation and progression. Both can be measured with high-throughput microarrays and some
methodologies to integrate and analyze these data exist. However, varying gene sets within
different gene expression and copy number microarrays present significant challenges.
Results: We report an advanced version of earlier published CGH-Plotter that rapidly can
identify amplified and deleted areas using gene copy number data. With CGH-Plotter v2, the
copy number values can be filtered based on the genomic location in basepair units. After
filtering, the values for the missing genes can be interpolated. Moreover, the effect of noninformative areas in the genome can be systematically removed by smoothing and interpolating.
Further, we developed a tool (ECN) to illustrate the CGH-data values annotated based on the
gene expression. The ECN-tool is a MATLAB toolbox enabling straightforward illustration of
copy numbers annotated based on the gene expression levels.
Conclusion: CGH-Plotter v2 provides two methods for analyzing copy number data; dynamic
programming and genomic location based smoothing. With ECN-tool the data analyzed with
CGH-Plotter v2 can easily be illustrated along the chromosomes individually or along the whole
genome. ECN-tool plots the copy number data annotated based on the gene expression data,
and it is easy to find the genes that are both over-expressed and amplified or under-expressed
and deleted in the samples. From the resulting figures it is straightforward to select interesting
genes.
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Background

Gene copy numbers as well as gene expression values play
an important role in biomedical research. Especially in
cancer research both are often on focus. In particular, it is
very important to find genes that are both over-expressed
and amplified, or under-expressed and deleted because
these genes may be over- or under-expressed in cancers
due to large chromosomal instabilities that are common
in various cancers.
Copy number changes are common in cancer, and they
are known to involve genes that play a crucial role in the
development and progression of this malignant disease
[1]. These amplifications and deletions often happen for
a larger part of the genome spanning over several genes at
the same time. With array-CGH (Comparative Genomic
Hybridization) the copy number values of the genes can
be measured [2]. In a CGH microarray experiment,
strands of DNA are hybridized to the slide and copy numbers of thousands of genes can be measured simultaneously [3].
The alterations in the gene copy numbers have been associated with aberrant gene expression [4]. In many cases,
both the gene copy numbers, and the gene expression values of the sample are analyzed with DNA microarrays
[5,6]. In general, the microarrays used to measure either
copy number or gene expression data are different, which
hinders integration of the values.
We have earlier developed CGH-Plotter – the first toolbox
for systematic array-CGH data analysis and illustration,
with which the amplified and deleted regions within a
genome can be identified [7]. In addition to CGH-Plotter,
there are now several methods for analyzing copy number
data, especially for finding the copy number alterations,
amplifications and deletions. For example, M-CGH uses
first nearest neighbour method for smoothing the data,
then fuzzy k-nearest neighbour to classify the data to three
classes, gain, normal and loss [8]. Often, the aberrations
are sought with smoothing algorithms [9,10]. Additionally, unsupervised hidden Markov models approach [11]
and circular binary segmentation [12] have been used for
identifying the alterations in the copy numbers of genes.
Thus, a widely-used tool CGHPRO provides both of them
with several additional smoothing possibilities for analyzing the CGH data [13]. There are not many options to analyze and illustrate the copy number and expression data
together. However, one option is ISACGH, a web based
interface, with which the gene expression and copy
number values can be studied together [14].

Results

CGH-Plotter is a MATLAB toolbox for detecting amplified
and deleted areas within the CGH data [7]. Here we
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present modifications to CGH-Plotter, which improve its
performance in CGH data analysis, and provide new possibilities for analyzing gene copy number data (Figure 1).
Original version of CGH-Plotter analyzes the copy
number values with three step function that included filtering, k-means clustering and dynamic programming [7].
In addition, CGH-Plotter offers several options for plotting the data. However, in several collaborations we identified that the genomic location should be taken into
account more also in the analysis step in addition to visualization. Therefore, we added a possibility to smooth the
data based on the cumulative basepair location of the
genes. Further, often the copy numbers of the genes are
compared to the other measures of the genes, such as gene
expression values.
Since often the microarrays used in gene expression measurements are different from the microarrays used in CGH
measurements, the direct comparison between the data
values is challenging. Therefore, we added a possibility to
obtain the copy numbers of the genes not present in the
array in use. The assumption behind this function is that
the number of the genes in the array is dense enough to
give the copy number levels of regions in the genome.
Genomic location based gene value smoothing
Cumulative basepairs define the locations of the genes. In
CGH-Plotter v2, the copy number data can be smoothed
based on basepair indicated genomic location. CGH-Plotter utilizes moving window median or mean filter with a
constant window size in basepair units. The user may
select the size of the window in basepair units for filtering
the data.

In the real CGH data, there are always locations, such as
centromeres and telomeres, where adjacent genes should
not interact with each other during the filtering process.
Therefore, we have added a possibility to give CGH-Plotter the regions that should be treated separately during the
filtering process. With these regions we are able to filter
the data in a more reliable fashion.
The moving window for smoothing is defined by a
genomic distance around each gene instead of the number
of genes. Moreover, known gaps in the genome, such as
telomeres, centromeres, and heterochromatin regions,
can be taken into account, and the genes on different sides
of these areas will not be included into the same window
in filtering. Thus, a file of all the areas including genetic
information needs to be input to the CGH-Plotter and the
filtering will be done based on these areas. The filter
moves along each chromosome and selects the window
around the genes based on the given window size and
gaps in the genome.
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Figure 1
Overall
view of CGH-Plotter v2
Overall view of CGH-Plotter v2. CGH data, chromosome indices, basepairs and names of the samples are input into
CGH-Plotter. Further, the type of the filter and the size of the window, which are used in filtering phase, are inputs if constant
levels are calculated with dynamic programming algorithm. CGH-Plotter clusters the filtered data into three clusters with kmeans clustering algorithm. Clustered data are delivered to the function, which computes the maximum number of the change
points. The number of changes is needed when dynamic programming algorithm computes the gains and losses [7]. Other
option is to smooth the data with basepair location based filter. Known gaps and the window size for filtering needs to be input
in basepair units. Further, if interpolation wanted to take place, new basepair locations for genes with need for copy number
value has to be given to CGH-Plotter. The results of the analyses can be plotted and saved into ASCII-file.

Genomic location based gene value interpolation
There are also cases where interesting clones of the
genome are not observed, or the clones are not included
in the microarray at all. Therefore we have added a possibility to add clones to the filtered data. Since the amplifications and deletions span large regions, we are able to
estimate the values of the missing genes based on the filtered copy number ratios of the genes next to the missing

one. The values for these missing clones are determined
with linear interpolation.
Illustration of CGH and gene expression values
The results of the CGH-Plotter can be further illustrated
and annotated based on the gene expression values with
the Expression annotation of Copy Number (ECN)-tool.
The ECN-tool is a MATLAB toolbox enabling straightfor-
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