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Executive Summary

The Large Knowledge Collider (LarKC) project is building a platform for scaleable rea-
soning over terabytes of scientific data, using massive distributed incomplete reasoning.
One of the use cases is carcinogenesis research. This has two scenarios, as described in
D7b1.1a Requirements summary. First, improved literature search is required to assist
with carcinogenesis reference production (Monographs). Second, literature knowledge
mining is required to assist with gene-disease involvement in Genome Wide Association
Studies (GWAS).

In the first 33 months of LarKC, we built prototype software that uses LarKC to
assist with the GWAS scenario. Version 2 of this use case software is documented in
this report. We give a brief non-technical description of the use case, describe how the
software works, and give instructions for use. Brief technical notes on installation and
use of data are also provided. Useability and evaluation of the software is described
in D7b.3.2a Version 2 iteration report.
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1. Introduction

1.1 Introduction

This report accompanies the software delivered as LarKC deliverable D7b.3.2b,
Version 2 prototype, software for LarKC WP7b Carcinogenesis use case. A previous
report, D7b.3.1b Version 1 prototype [1], documented version 1 of the prototype.
This report documents the version 2 prototype. The prototype provides support for
data analysis in Geneome wide association studies (GWAS).

GWAS use bioprobes (SNPs - gene markers) to look for higher levels of association
between genes in a diseased subjects as opposed to controls. The large numbers of
markers mean that huge numbers of samples are needed to achieve sufficient statistical
power.

Analysis of raw experimental data uses common statistical models to find the
relevance of each marker, and rank them in order of relevance to the disease. Genes
close to the top few markers are then studied in more depth. This last bit is expensive,
and improving rankings could improve both the efficiency and the economics of the
technique. Analysis could be improved if we incorporated knowledge we might already
have about genes - prior knowledge. Such knowledge is available e.g. in the vast
numbers of research databases and research publications that now exist in the Life
Sciences, sometimes known as the data-ome and bibli-ome.

LarKC WP7b aims to apply LarKC technology to this problem, scaling knowledge
discovery across the large amounts of biomedical knowledge now encoded in the data-
and bibli-ome, and applying it to the millions of data points in a typical GWAS. We
have prototyped a technique with the WHO’s cancer research unit, IARC, to combine
prior knowledge about a gene with experimental data, thus improving statistical power.
The prototype uses early versions of LarKC plugins, and uses the LarKC data layer. A
web interface has been built for the prototype. The prototype is use-able for analysis
of SNPs from a full GWAS study.

1.2 Delivery of the software

The software that this report accompanies has been placed in the LarKC version
control repository 1.

1.3 Associated documentation

This report documents the version 2 prototype of the LarKC WP7b Carcinogenesis
use case. It is paired with a second report:

• D7b.3.2a Version 2 iteration report [6]

D7b.3.2a reports on the use of the prototype, and its evaluation.

1https://larkc.svn.sourceforge.net/svnroot/larkc/branches/wp7b/service-interface
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1.4 Outline of this report

This report starts with an overview of GWAS, in Chapter 2. It gives a high level
summary of the GWAS problem and analysis, and describes the approach developed
for incorporating prior knowledge into the analysis. It gives background information
for users of the software, and puts it in the use case context. This chapter is largely
repeated from the report accompanying the previous version of the service, D7b.3.1b
Version 1 prototype [1].

Chapter 3 goes on to provide more detail on how the software works, and details
changes from version 1 to version 2.

Following this, Chapter 4 gives detailed instructions for using the prototype in-
terface. Instructions are provided as a step-by-step worked example, with annotated
screen shots.

Chapter 5 provides pointers and references to more detailed technical information,
details of the use of LarKC plugins and workflows, and gives instructions for installing
the prototype. Additionally, details of how to calculate SNP rankings from the GWAS
service output are given.

Finally, Chapter 6 gives ideas for future work, and concludes the report.
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2. The GWAS service: an overview

2.1 Introduction

This chapter is largely repeated from the report accompanying the previous version of
the service, D7b.3.1b Version 1 prototype [1].

This Chapter gives background information, to help the non-expert understand the
task that the GWAS prototype is tackling. The below description is aimed to provide
pertinent background material to experts from other domains. It is hoped that it will
put the software in context, and provide some useful explanation. It is not intended to
be a full theoretical treatment of GWAS and the approach embodied in the software,
merely to provide a high level description of those parts felt most pertinent to the
LarKC project. Further detail and references to other material can be found in the
LarKC deliverable [7].

The first section gives background information on the GWAS technique. The sec-
ond section describes the approach used in the LarKC use case prototype, to assist
with the analysis of GWAS data.

2.2 Background

2.2.1 Traditional techniques for studying gene disease associations

In the past, studies of gene disease association either concentrated on looking at those
genes in particular families susceptible to the disease, or at those genes for which we
had some strong hypothesis based on prior knowledge. This is problematic, as the
search for a gene is based on the availability of specific family groups, and on the
scientist’s own preconceptions and biases.

2.2.2 Genome wide associations studies

Given advances in human genome sequencing, genetic testing, and the availability of
samples from large population studies, it is now possible to carry out new types of
study in the association between genes and diseases. In these, samples are tested
from thousands of subjects with the disease in question, and thousands of disease-free
controls. Each sample is tested with many hundreds of thousands of gene markers
(SNPs). If a marker is found more frequently in disease samples as opposed to control
samples, then perhaps genes close to that marker are associated with the disease.

2.2.3 Ranking markers

Of course, analysis of raw experimental data is not quite as simple as that and uses
common statistical models to find the relevance of each marker, and rank them in
order of relevance to the disease. Genes close to the top few markers are then studied
in more depth. This last bit is expensive, and improving rankings could improve both
the efficiency and the economics of the technique.

Figure 2.1 shows the results of such a study. The horizontal axis gives position on
the human genome. The vertical axis gives relevance (more correctly, significance).
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Each dot represents a marker. Those above the threshold line are the ones considered
important enough to warrant further investigation. These markers turned out to be
clustered near two genes that are now shown to be associated with lung cancer.

Figure 2.1: Gene marker study in lung cancer

2.2.4 Improving analysis

Analysis could be improved if we incorporated knowledge we might already have about
genes - prior knowledge. For example, if we are studying lung cancer, and if we already
know that a marker is close to a gene expressed in lung tissue, then we could boost
the ranking of that marker.

Full details of the statistics behind this are given in LarKC Deliverable D7b.3.1a,
Version 1 Iteration Report [1].

2.3 Practicals: how does it work?

We first implemented this idea in scripting languages over flat data files. We have now
implemented this on LLD for:

- A single data source, Entrez Gene - Simple keyword search of both GeneRIF texts
and MEDLINE abstracts - Automated keyword selection using multiple techniques -
Semantic search using UMLS concepts - Search using linguistic features - Large sets
of markers

The diagrams below explain the technique.
Where do we get the prior knowledge from? From the vast numbers of

research databases and research publications that now exist in the Life Sciences.
We calculate a distance metric (or relevance) from a set of keywords de-

scribing the problem, to each gene marker. We then use this distance to boost the
rankings from the gene marker experiments. This is explained below.
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Does it make a difference? Yes, using the study data shown in the graph
above, this new method successfully predicts two markers known to be relevant that
were missed by the methods with no prior knowledge. To put this in perspective,
if used, it may have saved several hundred of thousand Euros, and found two genes
relevant to lung cancer. Of course, these predictions are based on old, retrospective
data. We are now running over new, previously unseen data.

Step 1

Figure 2.2. Several genes may be in the region of a gene marker. We retrieve the
IDs of all genes within a certain distance of the marker (100 000 base pairs).

Figure 2.2: Several genes may be in the region of a gene marker

Step 2

Figure 2.3. Each gene has structured knowledge associated with its ID, in several
different knowledge sources in LLD.

Figure 2.3: Each gene will have structured knowledge associated with it

Step 3

Figure 2.4. Some of these knowledge sources also contain references to research paper
abstracts of relevance to the gene.

Keyword search: step 4

Figure 2.5. We collect a set of keywords of relevance to the disease, either chosen
by a domain expert, or generated automatically from data in LLD. E.g. for lung
cancer, these might be words such as ”lung”, ”cancer”, ”tobacco”. We search for
these keywords in the abstracts and calculate a distance from the gene marker to the
keyword set, based on the presence or absence of these keywords.
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Figure 2.4: There may be research paper abstracts linked to this structured knowledge

Figure 2.5: We can search for keywords in these abstracts and calculate the distance
from these keywords to the gene marker

Semantic search: step 5

Figure 2.6. Alterntively, if we semantically annotate the abstracts then we could
calculate such a distance from key concepts. For example, we could search not just for
tobacco, but for the concept ”tobacco product”, which might include cigarettes and
pipe tobacco.

Future plans: step 6

Figure 2.7. We could also include relational information from the associated knowl-
edge sources in our search, and enhance the search with reasoning. For example, we
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Figure 2.6: In the future: if we semantically annotate the abstracts then we can
calculate distance from key concepts

could search for abstracts that mention anatomical parts of the lung, rather than the
lung itself.

Figure 2.7: In the future: We could also include relational information from the asso-
ciated knowledge sources
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3. The GWAS service: how does it work?

In this chapter we describe how the system executes search queries submitted by users.
First, we describe the two modes in which it can be used. We then briefly revisit the
previous version, and follow this details of the newer version. We give details of the
optimization carried out and how new features are implemented.

The GWAS application serves in two modes: single SNP search mode and service
mode. In the first mode, it helps retrieve background knowledge associated with genes
that are related to a SNP. The application, given a SNP ID and up to three sets
of keywords, obtains the SNP’s position and a set of genes which appear within a
certain window of the SNP’s position on the same chromosome. By searching in the
background knowledge associated with these genes and in either matching abstracts
or rif-texts with user-specified keywords, it calculates a prior score indicating how
relevant the keyword groups are for the given SNP. The interface produces a list of
background knowledge texts with matching keywords highlighted.

The second mode is a service mode. This is same as the first mode, except that in
this mode, the user is allowed to specify more than one SNP per search and set more
than one experiment to run simultaneously in the background. The GWAS application
calculates a prior score (using the same logic as explained above) for each SNP in the
query. In this mode, users only sees prior scores for each SNP, and not background
knowledge texts.

The new version offers several improvements:

1. It is faster;

2. It allows matching keywords with different morphological inflections (i.e. “syn-
thesis” will also match “synthesised” and “synthesising”).

3. It allows searching for search of MEDLINE abstracts in addition to in GeneRIFs

4. It allows for the expansion of a list of keywords with the use of UMLS and
provides three different methods of obtaining related keywords.

5. It allows users to issue time-bound queries (e.g. search records before/after some
date).

6. On completion of experiments, users are notified with emails containing links to
download results of their respective experiments.

3.1 GWAS Prototype V1

Given a SNP id, sets of keywords and a window in which to look for relevant genes,
the earlier version of the GWAS application queried a large repository of life science
information, Linked Life Data (LLD) to obtain a SNP’s position and a list of genes
that appeared within a specified number of base pairs (window) of the SNP’s position.
It also obtained all the background knowledge associated with these genes.

In order to find the relevance of keywords, each item in the background knowledge
was searched to locate keywords and a score for each keyword group was calculated.

Querying LLD to obtain a list of genes that appeared within a certain window
was found to be a bottleneck in the system. LLD is based on OWLIM. All indices in
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OWLIM are hash based (e.g. values are not sorted). For this reason, when looking
for genes that appear within a certain window of the SNP’s position, the LLD had to
probe every Gene to find out whether it is a relevant Gene or not every time a query
for new SNP was issued. When searching for more than a million SNPs in the service
mode, it made it almost impossible to carry out this operation.

Additionally, keyword lookup had problems too. The system had to have access
to all background knowledge that was stored in LLD to check whether a specific
keyword appeared in it or not. Also, because an exact keyword match was performed,
PubMed articles with different inflections of keywords in the query were overlooked
(so “synthesised” would be missed in a search for “synthesis”).

3.2 GWAS Prototype V2

From the analysis of the previous version, it was clear that there was a need for further
indexing to speed up the system. We provided this with a system called MIMIR1. The
MIMIR system allows indexing of linguistic metadata and document content. It is
based on MG4J2 (for free-text search) and OWLIM3 (semantic search). MG4J is a
Java library that allows managing (indexing) huge amount of data and is used for
full-text search. OWLIM is the technology behind LLD, and enables us to index
the linguistic metadata (annotations and annotation features) and allows semantically
enabled rich queries. The new indices therefore combine LarKC’s LLD with full text
indices and semantic annotation indices.

3.2.1 Optimization

Optimization was achieved in two ways:
First, we pre-calculated associations among SNPs and genes that appear within a

certain window (i.e. a certain number of base pairs) of one other. For the prototype
version 2, we use a window of 100,000 (i.e. 50,000 on each side). We create a document
in memory for each gene id listing all the associated SNPs. These documents are then
indexed with MIMIR. As the MIMIR indices are inverted indices, given a SNP id, it
helps us to obtain a list of gene ids that are associated with the SNP.

Secondly, for each gene we retrieve PubMed articles that have been associated with
them in Entrez Gene. We then process these articles and index them with MIMIR.
The metadata of these articles such as their publication date, associated gene ids and
their titles etc. are stored in the index. While the information such as publication
date helps in executing time-bound searches, information such as associated gene ids
are helpful in figuring out genes that are related to the PubMed articles with the user
specified keywords in them.

Additionally, we processed all the MEDLINE abstracts and GeneRIF texts with
GATE [2, 4] to obtain the root form for each token in the text. We create separate
MIMIR indices for PubMed articles and GeneRIF texts indexing not only surface forms
of words but their root forms as well. This allows us to query not only on surface forms
(like in the earlier version) but also on root forms enabling us to match documents

1http://gate.ac.uk/family/mimir.html
2http://mg4j.dsi.unimi.it/
3http://www.ontotext.com/owlim/
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with different inflections of query terms (i.e. “synthesis” will also match “synthesised”
and “synthesising”). These indices allow us to easily and quickly identify genes whose
background knowledge contain a given keyword. This is much faster than querying
LLD to obtain all the background knowledge and then looking for every keyword in
each.

As MIMIR contains a full-text search engine, it is possible to issue a single OR
query with all the keywords listed in it. The keyword query needs to be issued only
once. This is a major optimization over the earlier version where the keyword search
had to be performed for every SNP. We cache the results of keyword search and perform
an intersection with the gene ids obtained for each SNP in the first step to obtain the
final set of gene ids.

3.2.2 Why MIMIR?

One could argue against storing the information on SNP and gene’s association in
MIMIR and suggest storing this information in LLD (in the form of triples). The
problem is that doing so could result in millions of new triples. Although the repository
size is not an issue with LLD, there are couple of other problems at this stage of the
developement:

The work has been at experimental level and should a user decide to change the
window size, one would have to delete all these statements from the LLD and add
new pre-calculated statements. This would place an administration overhead on the
people managing LLD. On the other hand, building MIMIR indices is cheap and could
be achieved within few hours. The indices are small in size too, which means one
could have more than one index available for different window sizes at the same time.
However, the goal here was to let users play with different window sizes and once they
have decided a fixed window size, add relevant triples to the LLD.

3.2.3 Keywords Suggestions

Sometimes specifying keywords relevant to the disease can be difficult. When keywords
are assigned by a domain expert, this can inevitably introduce bias. One of the future
plans listed in the report accomapnying version 1 of the GWAS service [1] was to
provide an automatic way of identifying relevant keywords to the disease in question.
We have implemented two methods namely, Random Indexing (RI) and TF-IDF to
address this issue. The Random Indexing method has been described in the LarKC
deliverable [3]. In this section we describe the TF-IDF approach.

TF-IDF is a popular method for identifying keywords by obtaining a product of
term frequency (TF) and inverse document frequency (IDF). In other words, how
frequently a term occurs in the corpus in relation to how many documents in the
corpus have the term appearing in them. A term with the highest product score is
said to be the most relevant term describing the corpus. In our case, where the goal
was to obtain terms that are highly relevant to the user specified keyword, we adopted
the following approach.

We use MEDLINE abstracts and pre-process them to locate high frequency nouns
and noun phrases. When a user provides a seed keyword (usualy the disease being
considered, e.g. lung cancer), first, we query the MIMIR index to obtain all the
documents with the user keyword (such as lung cancer).
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The terms identified at the pre-processing step in these documents are considered
as candidate terms. For each of these terms, a TF-IDF score is calculated and the top
N terms are presented to the user.

For the calculation of TF score, we consider all the documents with the user term in
them as a single large document. The TF score is calculated by dividing the number
of times a term appear in the big document by the number of all terms in the big
document. For the calculation of IDF score, we use all the documents in the dataset
(i.e. all MEDLINE abstracts) as individual documents. First, we divide the total
number of documents in the collection by the total number of documents with the
term in the context. Secondly, we take a log of this number. Finally, the TF-IDF
score is calculated by taking the product of the TF score and the IDF score for that
term.

For example, for the query “lung cancer”, the method returns the following top
five keywords:

1. tg+/fvb

2. hsae cells

3. number of clinical predictors

4. e-cadherin genes

5. egfr-tk mutations

3.2.4 Semantic Searches

As explained in the previous deliverable, we wanted to annotate MEDLINE abstracts
to make it possible for users to benefit from semantic and relational information in
the associated knowledge sources. For example, one could search for abstracts that
mention anatomical parts of the lung, rather than the lung itself.

In order to achieve this, we processed MEDLINE abstracts with GATE [2, 4]. We
used a GATE wrapper for MetaMap4 to annotate those texts with relevant UMLS
concepts. This allows us to expand keyword lists by including other keywords that
belong to same or sub-concepts in the UMLS taxonomy. We indexed the MetaMap
processed MEDLINE articles with MIMIR. For each UMLS concept found in the
MEDLINE abstracts, we created a document containing all the keywords annotated
as that concept. Indices of such documents help to identify a concept from a given
keyword and also in obtaining all the keywords for a given concept.

The keyword expansion procedure can be described as below:

1. Obtain a keyword from the user;

2. Search the MIMIR index to obtain a concept for the keyword;

3. Use LLD to obtain all equivalent and subclasses of the concept;

4. Use these subclasses to query the MIMIR index and obtain all the keywords that
are annotated with these concepts;

4http://mmtx.nlm.nih.gov/
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5. Finally, expand the respective keyword group list with the keywords obtained in
step 4.

For example, for the query “lung”, the method returns the following five keywords
(randomly chosen from total of 8000 terms returned by the search):

1. pulmonary alveoli

2. bronchiolar

3. primary hbe

4. venous thromboembolic diseases

5. lamina cribrosa

3.3 Performance Statistics

With a single thread process on a standard desktop, we are able to process between
600 and 700 SNPs per second when search is restricted to gene-rifs. This number
goes down to between 350 and 400 SNPs per second when the search is issued over
MEDLINE abstracts. This happens because the MEDLINE abstracts are bigger in
size and far greater in number than the total GeneRIF texts.
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4. Using the prototype

4.1 Introduction

This Chapter describes use of the GWAS use case prototype. We discuss web interfaces
for both search modes (the single SNP search mode and the service mode) and explain
how to use them with the help of a few screen shots. The first section gives examples of
the type of input with which the prototype can be used. The second section describes
how to use the software, screen by screen.

4.2 A small example

This section gives examples of the data that can be used with the prototype. It is not
intended to imply that the prototype can only run with this input, only that these
examples give interesting results. The prototype can be run with any SNP specified
in the HapMap data (build 37).

SNP IDs

The SNPs considered most important for the lung cancer example we will use, are:

• rs8034191

• rs1051730

• rs4324798

• rs3117582

• rs2736100

• rs401681

In the examples in the next section, we will use rs1051730.

Keyword groups

We will use the following keyword groups, as used for analysis of a lung cancer data
set.

• Group 1

– lung

• Group 2

– smoking

– carcinogen

– non-small cell carcinoma
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• Group 3

– DNA repair

– genetic disease

4.3 A bigger example

Further sample data is provided in Appendix A. This data is suitable for use in GWAS
service mode, and consists of approximately 1000 random SNPs combined with six
SNPs known to be relevant in lung cancer.

Service mode can take many hours to run over a full set of SNPs. It is suggested
that for demo and review purposes, the sample data given in the appendix is instead
used. This data will run in minutes. It should be copied and pasted into a local text
file for upload via the GWAS web interface.

4.4 Using the prototype

This section describes how to use the prototype for both the search modes. The
following sub-sections run through using the prototype for a fully worked example, in
the analysis of data from a lung cancer GWAS. The sub-sections describe using the
prototype in sequence, and should be followed in the order given. It is intended that a
user following these steps should be able to replicate the experiment shown, and then
go on to try their own analyses.

4.4.1 Single SNP search mode

As the name suggests, the interface allows users to obtain a prior score for a single
SNP. The figure 4.1 shows the web interface for the single SNP search. We will go
through each caption in the image and explain.

Configuring a single SNP search

The user is expected to provide a SNP ID for which he/she wants to obtain a prior
score.

The user can also provide keywords in three different groups. The prior score is
calculated based on which keywords from what groups are found in the background
knowledge. The user should write only one keyword per line. The user can also write
phrase expressions to match (for example, “non-small cell carcinoma”). Given such a
keyword/phrase, the program will try to locate MEDLINE abstracts or GeneRIF texts
with these keywords appearing in them. The new version also allows user to specify a
root form of a word (by specifying e.g. “root:smoke” in the search box). This allows
retrieving documents with different inflections of the word “smoke” appearing in them
(i.e. smoke, smokes, smoking and smoked).

A user can now also specify if he/she wants to expand the keywords list by obtaining
related keywords from the UMLS database. This is done by selecting the “Expand
keyword list with UMLS” check box. For instance, when a user specifies “lung” as
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a keyword, a user might want to include the term “alveolus”, which is part of the
“lung”. Expanding keywords list with the UMLS makes it possible to achieve this.

The earlier version only allowed searching on GeneRif texts. The new version
allows users to select one of the two sources: MEDLINE abstracts and GeneRif texts.
The text to be searched is chosen via a drop down list.

The new version also indexes information such publication dates of the MEDLINE
articles. Such information is used to allow users to issue time-bound searches. In
other words, user can specify if they want to restrict their keyword searches to the
MEDLINE articles published before or after a certain date.

Figure 4.1: Configure a single SNP search.
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Automatic keyword acquisition

The interface has a new option that assists users in deciding keywords relevant to the
disease name. This option appears at the top with caption “To expand keywords list
click here”. Clicking on the link “click here” expands the interface (see figure 4.2).

Figure 4.2: Automatic Keyword Aquisition

As can be seen in the figure (figure 4.2), the user needs to provide a name of the
disease or important keyword related to a disease for which he/she wants to obtain
keywords (e.g. lung cancer). There are three methods of obtaining keywords automat-
ically: Random Indexing (RI) search, TF-IDF search and the UMLS search. The user
can choose one of the three methods to retrieve a maximum of 30 keywords relevant to
the user’s seed keyword. It also provides a way to move these keywords into different
keyword groups. For example, a user can select the first five keywords and click on
the link “Group 1”. This will move the selected words to the Keyword Group 1. If no
text is selected, all the keywords are moved to the specified keyword group.
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Single SNP search results

On the submission of a search, the system, using the keywords and a SNP ID, tries to
locate genes that appear within a window of 100K of the SNP’s position. On the one
hand, if no keywords are provided, the system obtains all such genes and asks index
to return all the associated background knowledge to these genes. On the other hand,
when keywords are provided, only the background knowledge with at least one of the
keywords in them is selected.

Figure 4.3: Single SNP Search Results

As shown in the figure 4.3, it shows the SNP ID with the assigned prior score.
The link on the SNP ID takes users to the relevant HapMap page. At the top of the
page, it also provides a list of genes found for the SNP. Along with the gene IDs, the
page also shows names of these genes. Clicking on the gene ID links, the interface
links users to the articles associated with the gene, on the PubMed website. For each
abstract on PubMed, the result page shows information such as its ID, article title,
its publication date and the abstract text with the matching keywords highlighted in
red.
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4.4.2 Service mode

This mode allows users to submit a list of SNPs and process them in a batch to obtain
their prior scores. The mode is first described, and then a step-by-step example given
using the sample data in Appendix A.
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Experiment progress reports

Figure 4.4: Shows the Progress of an Experiment

Figure 4.5 shows the first screen of the interface for the service mode. The screen
lists all experiments in progress. The progress is reported in percentages. Figure
4.4 demonstrates this. User can click on the experiment name to see details of the
experiment. A new experiment can be added by clicking on “add new”, as described
in the next section.
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Configuring an experiment

Figure 4.5: Configuring an Experiment in the Service Mode

If a user chooses “add new” on the previous screen, they are taken to a screen to
configure a new experiment.

Users can provide IDs of one or more SNPs (one SNP per line) to analyse, or simply
type “ALL” to obtain prior scores for all the SNPs in the database (approx. 15 million
SNPs). It is NOT recommended that users do this for demo or review purposes, as
results can take many hours to compute. Instead, it is suggested that the sample data
in Appendix A is used. Users can also write a SPARQL query that is executed against
LLD to obtain a list of SNPs. The interface also allows users to upload a file with
SNP IDs listed one SNP per line (as in Appendix A).

As is the case with the single SNP search, users can configure their experiments by
providing all the other parameters in exactly the same way, and as described for the
single SNP search.

Users are asked to provide their email address. The email address is used for
notifying users with updates on their experiments. On completion, users are sent
email with links to download the experiments’ results. A user can then simply click
on the link to initiate download of their results.
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Examining experiment details

Figure 4.6: Experiment Details

Figure 4.6 shows the page with details of an in progress experiment. This screen
is reached by clicking on the experiment name from the first screen, As shown in the
figure, it gives the total number of SNPs the experiment is configured to process. It also
shows the keywords that user provided for the experiments. It also gives distribution
of SNPs for the prior scores they are assigned. In other words, it shows the number
of SNPs for each prior score.

At the bottom of this page, a button is given to download the results of an exper-
iment, once it is completed, labelled “download search results”. Results are provided
one line per SNP, with commas separating fields. The user may then combine the prior
probabilities with experimental GWAS results, to give a ranking of SNPs. Formulae
for combining results in a Bayesian model are given in Chapter 5.

A service mode example

This example uses the sample data given in Appendix A). In order to use the data,
copy and paste it into a plain text file on your local computer.

1. Go to the first page of the GWAS service mode.

2. Click on “add new”.

3. Give your search a name in the first field, e.g. “test”

4. Click on the “Browse...” button and navigate to the file of sample data from
Appendix A.
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5. Enter keywords in the boxes for group 1, 2, and 3. Each keyword should be on
a new line. Try the keywords given in Section 4.2.

6. Add your email address.

7. You will be returned to the first screen. Your experiment will appear in the
list, with a percentage completion. You can refresh this every so often with the
“refresh” button. You will also receive an email when 100% complete.

8. Once complete, click on the name of your serach to go to the results page.

9. Download results with the “download search results” button. You can open
results in a spreadsheet to examine them. Search for the SNPs known to be
associated with lung cancer (see Appendix A), and note that they usually have
higher prior probabilities.
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5. Technical documentation

5.1 Introduction

This section reports on the installation and technical documentation provided for the
GWAS prototype. First, we give a summary of the LarKC workflow and plugins
used by the prototype. This is followed by details of installation and then pointers to
other sources of documentation. The final section describes how the prior probabilities
delivered by the GWAS service can be used to calcualte a Bayesian statistic for use in
ranking SNPs in a GWAS analysis.

5.2 LarKC plugins and workflow

The GWAS prototype web interface has been placed in the LarKC version control
repository 1.

The web interface is used to collect the relevant information from the user and
to publish the results. Scientists are unlikely to be used to accessing a raw SPARQL
endpoint and as such a web GUI was adopted. This service is, however, implemented
as a LarKC workflow consisting of three distinct plugins; a decider, a query transformer
and an identify plugin. The workflow and plugins are available in the LarKC source
code repository:

• GWASQueryTransformer https://larkc.svn.sourceforge.net/svnroot/
larkc/trunk/plugins/transform/GWASQueryTransformer

• GWASDecider https://larkc.svn.sourceforge.net/svnroot/larkc/trunk/
plugins/decide/GWASDecider

• GWASIdentifier https://larkc.svn.sourceforge.net/svnroot/larkc/trunk/
plugins/identify/GWASIdentifier

The interface packages the collected information into a SPARQL query which is
then passed to the LarKC platform which hands it to the GWAS specific decider plugin.
This plugin is responsible for moving data between other plugins in the workflow and
for returning results through the end-point. The first stage in the workflow is then for
the decider to pass the SPARQL query to the query transformer.

The SPARQL query created by the interface is designed to do two things; pass
keyword grouping information and to select a set of SNPs to score. The GWAS query
transformer takes the initial SPARQL query and breaks it down into two distinct
queries for use by the identify plugin. The keyword information is extracted leaving a
standard SPARQL query which when executed will select the IDs of SNPs to process.
These two queries are returned to the decider which then passes them to the identify
plugin.

The first stage in the GWAS identifier is to run the SPARQL query against LLD
in order to determine the set of SNPs to process. The SPARQL query can take any
form as long as each result is a single variable binding containing the URI of the
SNP to score. This information along with the keywords extracted from the original

1https://larkc.svn.sourceforge.net/svnroot/larkc/branches/wp7b/service-interface
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query is then used to drive the main service code as described above. This results
in each selected SNP being given a prior score, and these pairs are then storred as a
set of statements which are returned to the decider and back to the web interface for
consumption by the scientist who initiated the search.

5.3 Installation

5.3.1 Introduction

This section gives a high-level description of installing the software. In order to install,
a system administrator will need a good understanding of web application deployment
and Java, and will need to refer to other documentation as referenced here.

The GWAS Prototype V2 requires the following components to be installed, de-
ployed or accessible:

• MIMIR indices

• Linked Life Data repository

• UMLS repository

• Random Indexing service

• GWAS application

5.3.2 MIMIR Incides

The prototype V2 relies heavily on the MIMIR indices. It uses these indices to store
information such MEDLINE abstracts, GeneRif texts, MetaMap annotations on MED-
LINE abstracts, SNP to Gene associations and terms identified for the TF-IDF score
calculations. The MIMIR library allows its indices to be accessed remotely, however,
for the GWAS prototype V2, they are expected to live together with the GWAS web
application.

There are five indices of approximately 2.9GB in suze. Since the GWAS application
requires access to these indices, the absolute location of the MIMIR indices (on the
disk) is required to be specified in the GWAS configuration file. The steps to configure
the configuration files are described later in the section 5.3.6.

In order to build these indices from scratch, one needs to have access to several huge
datasets. For example, all of the MEDLINE abstracts, their GeneRif texts, SNP data
sets, UMLS datasets, MetaMap installation etc. If a user can afford to download all
these data, it is possible to rebuild all the MIMIR indices with the GWAS application.
However, the easiest and recommended way to get access to the ready-to-use indices
is to contact the authors.

5.3.3 Linked Life Data repository

It was a requirement of the previous version to install a copy of the LLD and customize
it to use with the GWAS application. The current GWAS prototype utilizes the
publicly available LLD instance (running at http://www.linkedlifedata.com).
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If one wants to deploy and use his or her own copy, it is mandatory to set appro-
priate property values in the GWAS configuration files. A URL of the LLD along with
any authentication details need to be specified in the configuration file. The section
5.3.6 provides more information on these parameters.

5.3.4 UMLS repository

As explained earlier in the deliverable, the GWAS application makes use of MetaMap
annotations along with the UMLS dataset to exploit the relational knowledge avail-
able in these resources. Instead of storing UMLS related information in LLD, we have
created a separate repository with all the relations among UMLS concepts. Given a
concept, this allows quering the repository with a SPARQL query and obtain infor-
mation such as the subconcepts of the concept. As it is based on the same technology
used for the LLD, it scales to milliions of triples and makes it possible to retrieve
results in real-time.

The size of the UMLS repository totals to 33GB. As is the case with other com-
ponents of the GWAS prototype V2, the GWAS application needs to know about the
URL of this repository too and it can be set by setting the appropriate parameter in
the configuration file. The section 5.3.6 provides more information on this parameter.

5.3.5 Random Indexing service

The LarKC Random Indexing service has two components: a web application and a
vector space model. The web application provides an easy to use web interface to
query the vector space model with a keyword or phrase and obtain related keywords.

A war file along with the vector space model based on the MEDLINE abstracts is
distributed for the deployment of the random indexing service. One needs to simply
drop the war file in a web application container and set the location of the vector
space model in a file called “Services.properties”. The file is located inside the “WEB-
INF/classes” folder. The parameter “vectorsFilePath” should be set to the absolute
location of the vector space model on the server.

The GWAS application needs to know about the URL of this service. Once de-
ployed, URL of the service should be set in the configuration file of the GWAS appli-
cation.

5.3.6 GWAS application

The GWAS prototype that this report accompanies has been placed in the LarKC
version control repository 2.

The GWAS prototype has been built with the GRAILS application toolkit [5] and
is distributed as a war file. The war file can be easily deployed in a web application
container such as the tomcat or jetty.

As explained earlier, the GWAS application relies heavily on several other com-
ponents. In order for GWAS application to use them, details of these components
need to be specified in a configuration file “gwas/grails-app/conf/Config.groovy”. Pa-
rameters in the configuration file must be set prior to building a war file for the final
deployment.

2https://larkc.svn.sourceforge.net/svnroot/larkc/branches/wp7b/service-interface
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Below, we list these parameters:

• mimir.index.dir: absolute location of the mimir indices’ root folder.

• bk.endpoint: a URL to access the LLD instance

• repository.id: id of the repository

• bk.endpoint.username: username to access the LLD instance

• bk.endpoint.password: password to access the LLD instance

• umls.endpoint: a URL to access the UMLS repository instance

• umls.repository.id: id of the UMLS repository

• umls.endpoint.username: username to access the UMLS repository
instance

• umls.endpoint.password: password to access the UMLS repository in-
stance

• ri.endpoint: a URL to access the random indexing service

The current version of the prototype provides an easy way to create a war file. It
can be built by simply calling the “ant clean war” command in the “gwas” folder.

5.4 Further documentation

Those readers interested in the technical detail at a program code level may consult
three sources of information:

• The GWAS prototype makes use of software written in LarKC WP2. This is
described more fully in the previous sections.

• The above software is fully documented in the source code repository, using
Javadoc.

• The interface is written as a standard webapp using the Grails application frame-
work. The structure and content of the interface may be understood with an
introductory level of Grails. See for example [5].

5.5 Computing BFDP from priors

The web service computes a prior π0 for SNPs, based on the occurence of key words
or concepts in text and biomedical knoweldge resources. To use this with data from
a GWAS, π0 must be combined with the experimental Odds Ratio (OR) to give a
Bayesian False Discovery Probability (BFDP ), as detailed in [8] . The smaller a
BFDP is, the more likely the corresponding SNP is relevant to the disease. The notes
below show how BFDP is calculated step by step from π0 and OR.

Given:
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• Odds Ratio of the SNP, OR

• Upper 95% confidence interval of the SNP, U95

• Prior of the SNP, π0

And defining the following:

• Standard normal deviate, N = 1.96

• Upper odds ratio, UO = 2

Then the following steps may be used to calculate BFDP:

θ̂ = log (OR) (5.1)

vroot =

∣∣∣∣ θ̂ − log(U95)

N

∣∣∣∣ (5.2)

w =

(
log

(
UO

N

))2

(5.3)

r =
w

w + v2
root

(5.4)

z =
θ̂

vroot
(5.5)

The Approximate Bayes Factor, ABF , is given by:

ABF =
e

−r×z2

2

√
1− r

(5.6)

and the prior odds is given by:

PO =
π0

1− π0

(5.7)

BFDP can now be computed as

BFDP =
ABF × PO

ABF × PO + 1
(5.8)
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6. Future work and conclusion

6.1 Future work

The software deliverable accompanying this report is a second version, and a prototype.
Future work can be considered along three dimensions, as describe below.

Use of the LarKC platform The reported software uses LarKC plugins running on
the LarKC platform, and the LarKC data layer. There are, however, some aspects of
the platform that are not yet fully used. Mainly, the version of the platform available
when the reported software was written, did not support full parallelisation of plugins.
For the reported software, this is a highly desirable requirement, as each analysis
may take hundreds of milliseconds on a commodity workstation, and analysis must be
carried out over around fifteen million data points.

Using more powerful search and analysis The reported software uses a small
number of biomedical knowledge sources, keyword and semantic search over biomedical
literature. The technique, and LarKC platform, should support the use of multiple
interconnected knowledge sources.

Extending the range of prior knowledge The last point considered the limited
number of knowledge sources from a technology perspective, we may also consider the
limited number of knowledge sources from a domain perspective. Now that end users
have seen the approach in use, they have several ideas of how the theoretical approach
can be extended.

6.2 Conclusion

This report has presented an approach to improving the analysis of data from Genome
Wide Association Studies (GWAS). GWAS experiments look at the relative likelihood
of a gene marker (SNP) being present in disease subjects and controls. Experimental
data for a SNP is combined with prior probabilities, derived from the presence or
absence of relevant information in the research literature and research databases.

The deliverable accompanying this report provides software that implements this
approach. The approach has been implemented using LarKC plugins, a LarKC work-
flow, and the LarKC data layer. A web interface has been developed, with which
end-users can use the prototype.

This report has documented the software, providing a step-by-step user guide, and
technical documentation.

The prototype and its use are further described in the relevant LarKC deliver-
able [6].
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A. Appendix - Sample data

A.0.1 Introduction

This appendix provides a small sample of SNPs with which to try out and demonstrate
the GWAS service. The data comprises IDs for 1000 SNPs. Six of the SNPs are known
to be associated with lung cancer:

• rs1051730

• rs8034191

• rs4324798

• rs3117582

• rs401681

• rs2736100

These six are distributed amongst the remainder, which are randomly chosen from
all known SNPs. A user can cut and paste these 1000 SNPs into a text file, and
load them into the GWAS service via the web interface, for experimentation and
demonstration. If succesful, the resulting data file exported from the service will give
higher priors for the above 6 SNPs than for most random SNPs. This can be verified
by searching for the above six in the results file.

A.0.2 Sample data
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