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Abstract

Genome-wide association studies (GWA studies) identify alleles that are associ-

ated with a disease. These allele variations are called single nucleotide polymor-

phisms (SNPs). However, GWA studies do not account for interaction between

SNPs. Gene set analysis (GSA) is used in GWA studies to account for interaction.

GSA methods map SNPs to gene sets and identify gene sets that are associated

with a disease. Comprehensive reviews of GSA exist in the literature. However,

these reviews do not compare specific methods or implement them on data.

In this thesis, we compare six GSA methods. We use seven factors highlighted

by the reviews as important in GSA to compare these methods. For example, we

analyse how each method accounts for parameters that could affect the analysis.

These parameters include gene size and SNP interaction. We consider the null

hypothesis tested by each method. We also analyse the sensitivity of methods

to individual SNPs with small p-values. In contrast, the marginal effect of many

SNPs that cause diseases is often small. The p-values of such SNPs need not be

small.

We conduct a simulation study to compare four GSA methods. We investigate

the sensitivity of these methods to SNPs with very small p-values. We use Man-

hattan plots to display gene sets that were assigned disparate p-values by different

methods. We also use receiver operating characteristic curves to compare the per-

formance of each method. Finally, we recommend a method that gave excellent

performance.
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mercy, God sent his son, Jesus Christ, into the world, to take

the punishment for people’s sins, so that anyone who believes in

him can be in right relationship with God for all eternity. If you

don’t believe this good news yet, but you’d like to find out more,

please just ask me.

Also, to those of you who think that ES is a bunch of weirdos,

or are put off because you think we’re pushy about the gospel

message, please reconsider your scepticism. We just want every-

one to know the good news about Jesus Christ, and we don’t

want anyone to fall under God’s judgment. Forgive us for the

times when we have been unloving in our portrayal of the gospel

message, but please understand that we only share the gospel

message because we love you.

Finally, to those of you who resonate with what I’ve said,

and who are passionate about the ministry of ES, one more piece
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of advice. Seriously consider serving ES in full-time vocational

ministry. You know how God has used the staffworkers in ES to

change our lives, and it would be an amazing privilege to be used

by God to change the lives of the next generation of university

students. If you’d like to consider this challenge more, chat to

one of the staffworkers about it, chat to me about it, or come

along to CV Conference in 2016. Ultimately, nothing is more

important than sharing the gospel message with everyone that

does not know Jesus, and discipling those that do know Jesus, so

that they can disciple others.

In one sense, I’m sad that my time at ES has drawn to a close.

Nonetheless, I know that now is the right time for this season,

amazing as it has been, to come to an end. For the next few years,

I will be working with the ATO in Adelaide. But soon, God

willing, I will come back to serve ES as a ministry apprentice.

And then, after getting some formal theological education and

training at Bible College, I will come back to serve ES full-time,

for as long as I am physically able. And I can’t wait. Bring. It.

On. Praise God for everything.

To my parents, thank you for so much. Thank you, first and foremost, for rais-

ing me to know my Lord, Jesus Christ. Thank you for supporting me throughout

my university studies. Thank you for providing so much for me. Thank you for

loving me so much. Thank you also to my mother for proofreading my thesis and

finding approximately 15 typographical errors.

Finally, to my Father God, my Lord Jesus Christ, and the Holy Spirit. Thank

you for foreknowing me, predestining me to be conformed to the image of Jesus,

calling me, justifying me and glorifying me (Romans 8:29,30). Only by your grace

do I exist; only by your grace do I have the skills that I needed to complete this

thesis, and only by your grace did Jesus die for me, so that I can be in right
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relationship with you. Please help me to keep giving my life to you, for your

glory. Amen.
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