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ABSTRACT

The breadth of biological data collected in the last
decade has far outstripped the methods available to
process it. To effectively investigate and explore this
abundance of data, novel automated collection and
analysis approaches must be devised. We have devel-
oped a new open software framework, the Open Ge-
nomic Analysis Platform (OGAP), to aid in the
analysis of genomic data. It is capable of analyzing a
variety of data source, and focuses on using informa-
tion theory to characterize data. The frameworks has
is capable of import a variety of genome tied data,
and provides custom analysis and visualization of re-
sults. We then demonstrate the use of this framework
analyzing the Prochlorococcus Marinus organism.
We show a strong correlation between the informa-
tion content of sequence data and up regulation of
gene expression during lytic infection.

1. INTRODUCTION

We present the Open Genomic Analysis Platform
(OGAP) as a novel information theory driven platform,
with significant advantages over current tools. OGAP’s
distinction is its genome centric organization, allowing
end users to quickly associate new genomic data with a
specific organism. Data associated in this way can be
quickly and efficiently analyzed and visualized, allowing
end users to quickly and effectively test novel hypothe-

Ses’.

A variety of tools are currently available to statis-
tically analyze biological data. Tools like Bioconduc-
tor[1] are highly capable, but require the user to be com-
fortable with command line tools and R programming,
interacting with the data at a much lower level. In com-
parison, OGAP offers the user an intuitive graphical in-
terface to manage data manipulation, while maintaining
powerful computational methods. By providing the
source code though an open source license, along with

clearly structured interfaces, the OGAP platform is de-
signed to allow users to add new data sources with a
minimal amount of programming.

2. MATERIALS AND METHODS

The Open Genomic Analysis Platform was designed to
open and extensible, and was developed using the Java
language. Java virtual machines are available for most
common computing platforms, making OGAP portable
to a variety of systems. The OGAP framework provides
a variety of software interfaces to extend its capabilities
and allow the end user to add new data sources. Each
data source associates itself with the genome with a spe-
cific tag, where by each value can then be retrieved by
the its associated tag. The object hierarchy is detailed in
figure 1.
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Fig. 1. Genome object hierarchy. The gene and it’s associated
data is the focus

OGAP was designed as a framework, with the goal of
leveraging as much functionality as possible from cur-
rently available tools. Biojava[l] is an open source bi-
ology toolset, that we integrated to process sequence
files. Basic statistical analysis functions are provided by
Apache Commons math package. The platform also pro-
vides a Java math interface, that end users can imple-
ment to tie in various commercial tools. For instance,
the spearman correlation values used in the P. Marunis
experiment were determined by Wolfram’s Mathe-
matica. This interface can be extended for commercial



tools that provide either a Java APl or command line
functionality.

2.1. Processing Genome Information

Incorporating sequence information requires flexibility;
although some formats provide superior annotation and
feature information, many sequences are available in less
verbose formats. OGAP supports the most common
format FASTA, though the more annotated Genbank
format is also supported and is a better option when
available. OGAP stores gene annotations, sequences,
and information content calculations for each gene tar-
geted on specific organisms.

OGAP currently supports the most common gene
expression format provided by the NCBI Gene expres-
sion omnibus and the European Bioinformatics Institutes
ArrayExpress databases. Files provided in MINiML for-
mat are easily incorporated, along with data in comma
separated value format.

OGAP also provides for an automated discovery of
associated data set from the National Center for Bio-
technology Information (NCBI), using their publicly
available ENTREZ toolset. Searches can be conducted
using taxonomy identifiers or a less strict keyword
search. OGAP will attempt to retrieve all associated
sequence and gene expression data publicly available
from the NCBI databases that match the target organism.

2.2. Information Content

OGAP was designed with the goal of strongly incorpo-
rating information theory concepts into the heart of the
application. Information theory has a well-established
role in biological analysis, and has been used in a variety
of different ways to describe and categorize biological
data. The relative weights of ontology terms in an organ-
ism, or the relative abundance at a specific binding site
are two common examples [2]. To calculate the informa-
tion content of a sequence, OGAP uses the following
formula [3]:

I(A,) =—log, p(A,)

Where p(A,) is the probability of seeing a particular
nucleotide at the specific location in the sequence.
OGAP calculates the information content of each gene’s
nucleotide encoding sequence, using the organisms
overall nucleotide abundance to determine the back-
ground probability for each nucleotide.

Along with calculating the sequence information
content, the Shannon entropy is also calculated and
stored for each sequence. We calculate this value using
the following equation:

H=2_p(A,)log, p(A,)

i=1
Where p(A,) is again the probability of seeing a spe-
cific nucleotide at a specific sequence location.

3. RESULTS

To evaluate the effectiveness of the OGAP framework,
we used the platform to investigate the relationship be-
tween sequence entropy values and gene expression lev-
els. We used the OGAP framework to data mine all as-
sociated sequence and gene expression data from NCBI
within our specified constraints. We focused on organ-
isms where a complete genetic sequence was available,
and where the sequence length was less than thirty mil-
lion base pairs. This was done using the NCBI Entrez
tool wrappers provided by the OGAP framework. Ap-
proximately ten gigabytes of data were obtained over a
multiday period. This represented 49 unique species:
their genomes and gene expression profiles from a vari-
ety of experimental conditions.

The OGAP toolset was then used to generate Spear-
man rank correlation values between the two data sets.
This value is determined using the follow equation [4]:

Where d represents the distance between paired values,
and N represents the number of joint data points. This
calculation is useful in quickly determining if the two
data sets are correlated, regardless of their distribution.
Figure 2 shows the results of calculating Spearman rank
correlation values between gene expression levels and
total gene sequence entropy.
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Fig. 2. Spearman rank value across all retrieved species,
sorted by correlation value. The majority showed little to no
correlation between gene expression values and gene informa-
tion content.

We chose then to focus on the Prochlorococcus Marinus
(P. Marinus) results, since it showed a high favorable
correlation between gene expression and sequence en-
tropy, with a P value of 1x10°. This P value is calcu-
lated using the Spearman rank correlation value along
with the sample size, in this case the gene count for the
organism. P. Marinus is a highly abundant photosyn-
thetic bacterium in the world’s oceans. [5] The specific
strain of interest in our experiment was Prochlorococcus



Marinus MED4, which was sequenced by the Depart-
ment of Energy’s Joint Genome Institute. [6] Since
many gene expression experiments were associated with
the species; we used the OGAP platform to enumerate
each gene expression experiment against the total en-
tropy values of the gene sequences.

Each set was analyzed to determine which experimental
conditions contributed to the high Spearman rank. We
found that the gene expression values from a data set as-
sociated with lytic infection of the bacteria were respon-
sible for the strongest correlation.

4. CONCLUSION

This article introduces a new framework for the analysis
and investigation of genomic data, the Open Genome
Analysis Platform, with an emphasis on information
theoretic methods. It allows researches to incorporate
and mine a large variety of publicly available data
sources, while removing the burden of excess knowl-
edge of the underlying implementation. OGAP has been
designed with the open source community in mind, al-
lowing users to quickly expand the OGAP tool to proc-
ess new genome related information. Finally, it incorpo-
rates visualization methods that allow end users to
quickly analyze and evaluate experimental results. The
OGAP framework allows biological researchers to
quickly test complex and computationally expensive hy-
potheses across vast amounts of genomic data in mini-
mal time, which should allow new and previously im-
possible theories to be explored.
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