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Abstract

MicroRNAs are small non-coding RNA molecules which have become appreciated over the
last decade as important regulators of gene expression. Functional microRNAs (miRNAs) are
bound to Argonaute, the core protein of the RNA induced silencing complex (RISC). They
control gene expression by guiding RISC to target mRNAs causing RNA degradation or
translational repression. Recent advances in next-generation sequencing technology have
greatly increased the pace of molecular research. Nowhere is this more evident than in the
field of RNA and microRNA with over 34,000 being identified (miRBase, 2014). However, a
challenge of the field is to follow this rate of discovery with functional validation, which is
often laborious and expensive. The underlying aim of this thesis is to better understand the
functionality of miRNAs and other small RNAs of endogenous and exogenous origin. Crucial
to this aim was the application of Argonaute HITSCLIP (High throughput sequencing of
cross-linking immunoprecipitation) as a high throughput method of assessing the function of

microRNAs, which was supported with other genomic, molecular and cellular approaches.

Beginning with an introduction to the field of microRNAs (Chapter 1) and review of the
experimental and genomic techniques available for this purpose (Chapter 2), Chapter 3
presents the use of Argonaute HITSCLIP to assess the functionality of microRNA mimic and
inhibitors. The findings reveal that the majority of transfected RNA is not functionally bound
to Argonaute but rather resides in non-functional pools within lysosomes and associated
vesicles. This has important implications for the use of these common tools for miRNA over-

expression or inhibition.
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Chapter 4 aims to interrogate theories of non-canonical miRNA biogenesis. Using RNA-seq
in MDA-MB-231 breast cancer cells we observed defined small RNAs on a transcriptome-
wide scale including small RNAs from tRNAs, snoRNAs, vault RNAs, yRNAs, and rRNAs.
Many of which are specifically Argonaute bound. To test the ability of these identified small
RNAs to silence target RNAs we used reporter assays with perfectly antisense target sites
cloned down stream of a luciferase reporter and antisense oligonucleotides for small RNA
knockdown. From these analyses, we have concluded that the repertoire of small RNAs
produced from hairpin secondary structures is not restricted to canonical miRNA precursors
and many of these are specifically enriched in Argonaute immunoprecipitates. However, we
emphasise that a miRNA’s functionality is relative to its abundance within RISC, and the vast
majority of non-canonical miRNAs such as those produced from snoRNAs are only
comparable in abundance to lowly expressed miRNAs. Although we do identify novel non-
canonical miRNAs which are of moderate abundance in these cells and have the ability to
repress the targets at endogenous expression. We also present that there are highly abundant
small RNAs which have been postulated to act as miRNAs, such as small RNAs from y3-
RNA, Chr6.tRNA166, 5s-rRNAs and U3 snoRNAs but do not repress their target despite

being as abundant as miRNAs which do.

In summary, this work provides insight to the function of small RNAs from diverse genomic

origins as well as transfected siRNAs.
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Thesis layout

The thesis presented herein contains a combination of 3 published articles, additional
supporting work not included in the manuscripts, an introduction and discussion. Collectively,
these works provide an insight into the biosynthesis and function of microRNAs and other

small RNAs of diverse origin.

The thesis is organised into chapters where each chapter can be read as its own entity but fits
into the narrative as a whole. Each chapter contains a relevant introduction, methods, results,
discussion and references section where relevant. The chapter organisation of the thesis is as
follows; Chapter 1 provides an introductory background into the field of microRNAs and
other small RNAs. Chapter 2 presents a survey and summary of the experimental strategies
for microRNA target identification (Thomson et al., 2011), of which many of the methods
discussed have been employed in later chapters. Chapter 3 presents work assessing the
functionality of transfected oligonucleotides as tools for microRNA over-expression and
inhibition (Thomson et al., 2013), additional unpublished work is presented in support of this.
Chapter 4 gives evidence of the biosynthesis of small RNAs from a range of constitutively
expressed RNA precursors and presents an assessment of the functionality of these identified
endogenous small RNAs (Thomson et al. 2014). Chapter 5 is a discussion of the work as a

whole in the context of current genomics and RNA research.

Where work was produced in collaboration with other lab members, their contribution is

acknowledged at the beginning of each section.
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Preamble

At the time of commencing my PhD, advances in next-generation sequencing technologies
were revealing new potential for genomics research. One seminal publication applied high-
throughput sequencing of RNA co-immunoprecipitated with Argonaute, allowing the
identification of miRNA targets on a genome wide scale (Chi et al., 2009). Prior to coming to
the lab, the Goodall laboratory had developed interest in the miR-200 family of miRNAs after
identifying their role in Epithelial to Mesenchymal Transition (EMT) (Gregory et al., 2008b).
In work beginning during my honours year in the same laboratory, we aimed to identify new
targets of the miR-200 family; I used miR-200 over-expression models with microarray
analysis and began to develop an Argonaute immunoprecipitation technique. After seeing the
success of the HITS-CLIP technique (Chi et al., 2009), the lab continued with this new
technique in a project spearheaded by Dr Cameron Bracken with the intention of identifying
transcriptome wide miR-200 regulated gene networks (Bracken et al., 2014). An alternate
application of HITS-CLIP drew the attention of my work; using Argonaute HITS-CLIP
selecting for and quantifying small RNAs. This approach allowed me to assess the function of

small RNAs within the RNAi1 pathway.

Argonaute HITS-CLIP was a key technique making it possible to assess the functionality of
transfected microRNA mimics. This was the first of a series of experiments used to draw
important conclusions including that transfected RNA resides predominantly within cellular
vesicles such as lysosomes and are commonly misinterpreted as functional at physiological

levels by many in the field (Thomson et al., 2013).
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I also applied Argonaute HITS-CLIP to assess the functionality of miRNAs and other
endogenous small RNAs which are increasingly being observed in sequencing data by several
groups, as well as our own. This work supported recent findings that small RNAs derived
from small nucleolar RNAs (snoRNAs) are capable of acting as microRNAs and adds to the
expanding list of non-canonical miRNAs. However importantly, I describe that microRNA
function within a cell is dependent on sufficient expression levels and I compare the relative
function of small RNAs derived from a variety of RNA precursors beyond canonical

microRNAs (Thomson et al., 2014).

BRACKEN, C. P, LI, X., WRIGHT, J. A., LAWRENCE, D. M., PILLMAN, K. A.,
SALMANIDIS, M., ANDERSON, M. A., DREDGE, B. K., GREGORY, P. A., TSYKIN, A.,
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