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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
D7bl.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 18 months of LarKC, we have built prototype software that uses the
LarKC platform and data layer to assist with the GWAS scenario. This is Version 1
of the use case software. This report documents the software. Use and evaluation of
the software is described in D7b.3.1a Version 1 iteration report.
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1. Introduction

This report accompanies the software delivered as LarKC deliverable D7b.3.1b,
Version 1 prototype, software for LarKC WP7bh Carcinogenesis use case. This
report documents the version 1 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 WHQO’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 uses a small number of knowledge sources, and simple keyword
search. It provides a platform into which more powerful search and analysis can be
placed, once they are available as LarKC technologies.

The prototype is use-able for small demonstration searches in real time on a single
machine, and can be scaled to a full GWAS study across several processors. The
prototype gives a platform on which end-users can visualise the incorporation of prior
knowledge in analysis, allowing them to develop further ideas of how it might be used.
These ideas can be fed into further development.

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

1.2 Associated documentation

This report documents the version 1 prototype of the LarKC WP7b Carcinogenesis
use case. It is paired with a second report:

e D7b.3.1a Version 1 iteration report [6]

D7b.3.1a reports on the use of the prototype, and its evaluation.

'https://larkc.svn.sourceforge.net/svnroot/larkc/branches/wp7b/gwas—demo/
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1.3 OQutline 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.

Following this, Chapter 3 gives detailed instructions for using the prototype in-
terface. Instructions are provided as a step-by-step worked example, with annotated
screen shots.

Chapter 4 provides pointers and references to more detailed technical information,
and gives instructions for installing the prototype.

Finally, Chapter 5 gives ideas for future work, and concludes the report.
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2. Genome Wide Association Studies: an overview

2.1 Introduction

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).
Each dot represents a marker. Those above the threshold line are the ones considered
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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.

5p15 . 15g235

L) LB

Chromosome

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 [6].

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 as a proof of concept, for:

- A single data source, Entrez Gene - Simple keyword search of small free text
samples - For single markers (as opposed to 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.

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
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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).

SNP g3

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.

Genes

gl

g2 Structured
SNP g3 " knowledge

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.

Step 4

Figure 2.5. We collect a set of keywords of relevance to the disease, chosen by a
domain expert. 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. (Note: in the prototype, we don’t use the abstract, but search for keywords

in a curated piece of text describing the research paper. This text is called a GeneRIF).
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Genes
o)
° Structured
SNP 83 —® knowledge

Selected

abstracts

Figure 2.4: There may be research paper abstracts linked to this structured knowledge

Genes
g1
> Structured
SNP 83 ™ knowledge

Key words
UADT
Cancer
ACh

NNN
Tobacco

7

Selected
abstracts

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

Future plans: step 5

Figure 2.6. 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
could search for abstracts that mention anatomical parts of the lung, rather than the
lung itself.
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Genes
g1
> Structured
SNP 83 —® knowledge

Key concepts
ADT

Cancer
Ch

NNN

Tobacco

Semantically
annotated
abstracts

gl

\@

Figure 2.6: In the future: if we semantically annotate the abstracts then we can
calculate distance from key concepts

Genes
o)
° Structured
SNP gs ——® knowledge

Key concepts

@Relations

Cancer _Tpart-of

Ch is-a
NNN regulates
product
(combinations)

e

Figure 2.7: In the future: We could also include relational information from the asso-
ciated knowledge sources

Semantically
annotated
abstracts

i

X

Tobacco

|
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3. Using the prototype

3.1 Introduction

This Chapter describes use of the GWAS use case prototype. 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.

3.2 An 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 used on the
HumanHap300 beadchip, as used with the IARC lung cancer study reported in [7].

SNP IDs

The SNPs considered most important for the lung cancer example we will use, are:
e 158034191
e 151051730
o 154324798
e 153117582
e 152736100
e 15401681

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.

e Group 1
— lung
e Group 2

— smoking
— carcinogen

— non-small cell carcinoma
e Group 3
— DNA repair

— genetic disease
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3.3 Using the prototype

This section describes how to use the prototype. 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.

Each sub-section describes how to use the prototype by means of a screen shot,
together with explanatory text highlighting the important features of the prototype. 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.
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3.3.1 Step 1: Configure an experiment

Fle Edit Wiew History Bookmarks Tools Help

[+ 4m v 6 = ‘@I httpyjlocalhost:8080/gwas/service/config v |v @,

& Disable ¥ 2 Cookies ¥ [ ]CSS~ []Forms ™~ [{Images ¥ (@ Information v Miscellaneous > _/0Outline v [ I Resid

'L}

GWAS Experiments - :
Configuration S i @

experiment a na

SNPs on which
to calculate prior.
A list, or a named
set.

Search Name: |Lung Cancer Dataset 1

ALL

Base pairs on
each side of a
SNP that will be

SNP IDs

Window size [1000000 searched.
Keyword Group Remove Group
Add and remove Tung
groups of
keywords from Keywords

which priors will
be calculated.

Save and
submit an
experiment.

Add Keyword Group

Save Search

http:/jgate.ac.ukf Faar)

Figure 3.1: Configure an experiment.
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3.3.2 Step 2: Adding more keyword groups

4= v &

@ Disable v

More than one
keyword group can
be added.

Done

Ele Edit View History Boockmarks Tools

£ Cookies v [CSS v [CJForms v [#images ¥

Help

@ |@| http:/localhost:8080/gwas/service/config

v |v

@
3

@ Information v
GWAS Experiments -
Configuration

Search Name:

SNP IDs

Lung Cancer Dataset 1 ‘
AL ‘

-

1000000 |

Remove Group

Window size

Keyword Group

lung

Keywords

Keyword Group Remove Group
smoking
carcinogen
non-small cell carcinoma

IMiscellanecus v

/0utline v

IResi

ww

Each group can
have multiple
keywords.

Figure 3.2: Add more keyword groups.
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3.3.3 Step 3: Submitting an experiment

Fle Edit “iew History Bookmarks Tools Help

@ & v e " |I§\ http:flocalhost:8080/gwas/service/index ~ ‘V @

@ Disable ¥ S Cookies ¥ [1CSS~ []Forms~ [#Images ¥ @ Information v Miscellaneous ~ _/Outline ~ 7 JResi

GWAS Experiments - In

View progress of
Progress submitted
experiments.
Kidney Survey 4.7368% complete
1.958% complete
add new refresh
Click an
experiment to see
its details.
Done uar I oo

Figure 3.3: Submit an experiment.
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3.3.4 Step 4: Examining experiment details

Fle Edit View History Bookmarks Tools Help
[ & ~ e " ‘@I http:jflocalhost:8080/gwas/service/results7dir=Lung+C v |v @
GWAS Experiments -
Details
Description.
Lung Cancer Dataset 1 1.7% complete
s Number of SNPs: 283338
Window Size: 1000000
Priors, and number Keywords
. Group 1 Group 2 Group 3
of SNPs assigned omoking
: 3 DNA repair
these priors. lung carcinogen | genetic disease
non-small cell carcinoma Keyw@
Prior SNP count
0.3 211 groups.
0.1 4178
0.6 64
0.4 301
0.8 63

refresh return to list

Done

On completion, results are
downloaded and combined
with wet lab results to give
BFDP.

Figure 3.4: Examine experiment details.
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3.3.5 Step 5: Single SNP calculation

Ele Edit Wiew History Bookmarks Tools Help
™ 4= v & 2 [[e]] httpsylocalhost:goso/gwes v | @~ @)
(@ Disable v £ Cockies ¥ [ JCSS~ [JForms v [dimages ¥ @ Information v M\scellaneﬂ\hv -/ outline ¥ 7 JResi
GWAS Single S_NP Search Further insights into high-
- Details ranking SNPs can be
gained from a literature
NP ID search for a single SNP.
Window size 1000000 |
Keyword Group Remove Group
Tung
Keywords
The SNP shown was
implicated in lung
Keyword Group Remove Group cancer by GWAS.
smoking
carcinogen
non-small cell carcinoma
Keywords
Dore S # G

Figure 3.5: Single SNP calculation.
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3.3.6 Step 6: Single SNP results - no filter

Fle Edit “iew History Bookmarks Tools Help
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Figure 3.6: Single SNP results - no filter.
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3.3.7 Step 7: Single SNP results - filtered
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Figure 3.7: Single SNP results - filtered.
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3.3.8 Step 8: Linking to an Entrez Gene entry
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Figure 3.8: Link to an Entrez Gene entry.
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3.3.9 Step 9: Linking to a PubMed entry
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Figure 3.9: Link to a PubMed entry.
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4. Technical documentation

4.1 Introduction

This section reports on the installation and technical documentation provided for the
GWAS prototype. First, we describe the installation of the prototype. Following this,
we give pointers to other sources of documentation. The final section gives a summary
of the LarKC plugins used by the prototype.

4.2 |nstallation
4.2.1 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 prototype requires two web applications to be deployed, in a standard con-
tainer:

e Linked Life Data - an instantiation of the LarKC data layer.

¢ GWAS application - an interface, and underlying GWAS code.

4.2.2 Linked Life Data

The prototype uses a basic Linked Life Data service, as described in [4, 5]. This needs
to be loaded with at least the Gene Ontology and EntrezGene from the core Linked Life
Data dataset (or with the entire data set). In addition, the items in the following list
are required to be loaded. These can be loaded with LLD import software provided
in the LarKC version control repository !. For each additional dataset, a specific
importer is provided. These are given in the sub-sections below.

GeneRIFs

Entrez Gene contains short curated pieces of text, GeneRIF's, which describe literature
citations related to a gene. The prototype searches these for keywords. GeneRIF's
are not included in LLD by default. They can be imported with the GeneRid2RDF
importer, which takes as its input a tab delimited list of Entrez Gene 1D, PubMed ID,
and GeneRIF text.

NC Accessions

A single gene may be found by multiple techniques and in multiple experiments. Each
of these is considered to be an accession of the gene. Each of these accession may have
slightly different experimental results, and thus different data associated with them.

'https://larkc.svn.sourceforge.net/svnroot/larkc/branches/11d-1load
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Entrez Gene contains start/end positions for multiple accessions, but the accession
is not preserved in the schema default LLD schema. Multiple start/end positions are
linked to a single gene id, without distinguishing which start is paired with which end.

An additional importer is needed to pair the start and end position for the accession
used by the GWAS prototype, the NC accession. This importer, NCAccessions2RDF,
takes as input an Entrez Gene dataset, and adds the NC accession pait to genes already
in LLD.

TARC cancer dataset

IARC cancer datasets provide SNP data points from GWAS studies, giving chromo-
some location and odds ration for each SNP [2]. These dataset can be imported with
the importer IARC2RDF. The prototype may be used without such a dataset, if an
alternative set of SNPs is provided in LLD.

4.2.3 GWAS application

The GWAS prototype has been built with the GRAILS application toolkit [1]. This
can be installed as described at [1].

Once GRAILS has been set up, the GWAS prototype can be built, run and deployed
using standard GRAILS commands. For convenience, a few of the more useful are
given below:

e grails help Get help

e grails clean Delete all built files

e grails compile Compile the application

e grails run-app Run the application with the built in servlet container

e grails war Build a WAR file for deployment on another servlet container

4.3 Further documentation

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

e The GWAS prototype makes use of software written in LarKC WP2. This is
described more fully in the following section.

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

e 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 [1].
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4.4 LarKC plugins

The GWAS prototype makes use of code from two LarKC plugins, although in the
prototype described here, these are run outside of the LarKC platform itself. This is
because at the time of writing the reported version of the prototype, the early version
of the platform did not provide all of the functionality required by the prototype.
The plugins are described in LarKC deliverable D2.2.1, 2.5.1 Month 12 Selection
Components (report accompanying two software deliverables) [3]. Relevant
sections of this deliverable are paraphrased below for convenience.

4.4.1 Prior Knowledge Selector

This plugin takes a list of ontology instance identifiers, a repository, and some knowl-
edge selection criteria, and returns a subset of the repository that further describes
the identifiers. The Ontology instance identifiers are provided as a KeywordQuery to
the setInputQuery method. The repository and the knowledge selection criteria are
currently provided in a base class wrapped by the plugin, although these could easily
be exposed in later versions, were this to be supported by the LarKC API.

In the GWAS scenario, prior knowledge for the relationship between gene probes
(SNPs) and a given disease are used to provide greater discrimination in the analysis of
wet lab experiments. This represents background knowledge required for finding prior
knowledge of a given gene probe in the context of a gene-disease association study.
The background knowledge is retrieved from the LarKC data layer using SPARQL
queries, in the form of text, against which keyword matches are performed.

45 Ranked Selector

This plugin takes a triple set of ontology instance identifiers, and prior knowledge
about the identified objects, and ranks those objects within a context, according to
some metric, selecting and returning the top n ranked objects. Instance identifiers and
context are provided as a TriplePatternSetQuery. This is a Set of the existing LarKC
TriplePatternQuery. Each TriplePatternQuery in the TriplePatternSetQuery defines
a triple with a subject of the instance identifier, and an object of the context against
which the instance will be scored and ranked. The GWAS implementation provides
a specific metric used in gene-disease association studies, Bayesian False Discovery
Probability, BFDP.
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5. Future work and conclusion

5.1 Future work

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

Use of the LarKC platform The reported software used LarKC plugins and the
LarKC data layer. These are, however, used outside of the LarKC platform. Most
significantly, the early version of the platform available when the reported software
was written, did not support 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 one million
data points.

Using more powerful search and analysis The reported software uses a small
number of biomedical knowledge sources, and keyword search over biomedical lit-
erature. The technique, and LarKC platform, should support the use of multiple
interconnected knowledge sources, and search using deeper text semantics.

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. These are discussed further in the relevant LarKC deliverable [6].

5.2 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 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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