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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 RNAi 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., 
NEILSEN, C., THOMSON, D. W., BERT, A. G., LEERBERG, J. M., YAP, A. S., JENSEN, 
K. B., KHEW-GOODALL, Y. & GOODALL, G. J. 2014. Genome-wide identification of 
miR-200 targets reveals a regulatory network controlling cell invasion. EMBO J, 33, 2040-56. 

BRACKEN, C. P., SZUBERT, J. M., MERCER, T. R., DINGER, M. E., THOMSON, D. 
W., MATTICK, J. S., MICHAEL, M. Z. & GOODALL, G. J. 2011. Global analysis of the 
mammalian RNA degradome reveals widespread miRNA-dependent and miRNA-
independent endonucleolytic cleavage. Nucleic Acids Res, 39, 5658-68. 

CHI, S. W., ZANG, J. B., MELE, A. & DARNELL, R. B. 2009. Argonaute HITS-CLIP 
decodes microRNA-mRNA interaction maps. Nature, 460, 479-86. 

GREGORY, P. A., BERT, A. G., PATERSON, E. L., BARRY, S. C., TSYKIN, A., 
FARSHID, G., VADAS, M. A., KHEW-GOODALL, Y. & GOODALL, G. J. 2008b. The 
miR-200 family and miR-205 regulate epithelial to mesenchymal transition by targeting 
ZEB1 and SIP1. Nat Cell Biol, 10, 593-601. 

THOMSON, D. W., BRACKEN, C. P. & GOODALL, G. J. 2011. Experimental strategies 
for microRNA target identification. Nucleic Acids Res, 39, 6845-53. 

THOMSON, D. W., BRACKEN, C. P., SZUBERT, J. M. & GOODALL, G. J. 2013. On 
Measuring miRNAs after Transient Transfection of Mimics or Antisense Inhibitors. PLoS 
One, 8, e55214. 

THOMSON, D. W., PILLMAN, K. A., ANDERSON, M., LAWRENCE, D. L., TOUBIA. J., 
GOODALL, G. J., & BRACKEN. C. P. 2014. Assessing the gene regulatory propeerties of 
Argonaute-bound small RNAs of diverse genomic origin. Nucleic Acids Res, 43(1):470-81. 
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A Adenosine 
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AGO1 Argonaute 1 
AGO2 Argonaute 2 
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EMT Epithelial to mesenchymal transition 
endo-shRNA Endogenous short hairpin RNA 
eRNA Enhancer RNA 
Exp5 Exportin-5 
FCS Foetal calf serum 
FL Firefly luciferase 
G Guanine 
GFP Green fluorescent protein 
GMUCT Genome-wide mapping of uncapped transcripts 
H Hours 
HEK293 Human embryonic kidney 293 
Hg18 Human genome version 18 
Hg19 Human genome version 19 
HITS-CLIP High throughput sequencing of cross-linking immunoprecipitation 
kb Kilobase 
lincRNA long intergenic non coding RNA 
LNA locked nucleic acid 
M Molar 



	
  	
  Daniel	
  Thomson	
  
	
  

Page	
  xxii	
  

MDCK Madin Darby canine kidney 
mg milligram 
min minute 
miR microRNA 
miRNA microRNA 
miRNA* microRNA star (passenger strand) 
ml millilitre 
mM millimolar 
mm9 mus musculis genome version 9 
mRNA messenger RNA 
NaCl sodium chloride 
ncRNA non-coding RNA 
neg negative 
ng nanogram 
nM nano Molar 
nt nucleotide 
OD optical density 
P phosphate 
PAR-CLIP photoactivatable-ribonucleoside-enhanced crosslinking and immunoprecipiation 
PARE parallel analysis of RNA ends 
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RNAi RNA interference 
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