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Abstract

Genome-wide recessive genetic screens complement reverse genetic approaches to ascribe
gene function in biological pathways of interest without prior knowledge. The ability to conduct
such screens in cultured embryonic stem cells requires a tractable mutagenic system combined
with a BIm-deficient background to efficiently generate and convert heterozygous mutations to

homozygosity in parallel on a genome-wide scale.

The first part of this thesis describes the establishment of a novel mutagenic strategy based on
remobilisation of a single copy piggyBac transposon targeted within the genome. This strategy
has the significant advantage over conventional co-transfection methods for transposon
delivery in their ease of mutant library construction while maintaining a single copy of the

mutagen per cell for the subsequent establishment of the genotype-phenotype causality.

The second part of this thesis concerns the development of reporter systems to conduct genetic
screens using the established mutant pools, for the identification of novel factors in the miRNA
biogenesis pathways and dissecting possible differential regulators in the two branches of the
miRNA downstream effector pathways, i.e. miRNA mediated mRNA decay and translational
repression. To our knowledge, this is the first attempt to use non-hypothesis driven genetic
approach to identify novel components in this pathway in mammals. Preliminary screening with
one of the reporter system has revealed a homozygous mutant in a known effector in the

miRNA-mediated repression, Ago2.

A final part of this thesis presents a separate part of the research during the PhD to advance the
piggyBac transposon technology in large genomic DNA delivery. This work has demonstrated a
giant cargo capacity of to up to 100 kb for piggyBac transposons. The integrations of giant
piggyBac transposons are intact, they can be expressed stably and can be remobilised from the
genome. Giant piggyBac transposons open new doors to many applications in basic mammalian

genetics and gene therapy, which are not possible with existing methods.
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°C

4-OHT

6-TG

Ago

BAC

Bim

bghpA
BrdU
Bsd
CAG
cMv
CGH
DMSO
ESCC
FIAU
Huc
IRES
LB
LOH
miRNA
MMR
MOPS
Neo
nt

o/n
PB
PB5 or PB3

degrees centigrade

4-hydroxyltamoxifen

6-thioguanine

Argonaute

bacterial artificial chromosome

Bloom syndrome gene

base pair

bovine growth hormone poly-adenylation signal
5-bromo-2-deoxyuridine

blasticidin resistant gene

the hybrid cytomegalovirus enhancer/chicken B actin promoter
cytomegalovirus promoter

comparative genomic hybridisation
dimethylsulfoxide

ES cell-specific cell cycle-regulating
1-(2-deoxy-2-fluoro-1- D-arabinofuranosyl)-5-iodouracil
human ubiquitin C promoter

Internal ribosome entry site

Luria-Bertani broth

loss of heterozygosity

microRNA

mismatch repair
3-morpholinopropane-1-sulfonic acid, C;H15sNO,4S
neomycin resistant gene

nucleotides

over night

piggyBac transposon

piggyBac 5’ (or 3’) inverted terminal repeat

-xi-



Meng Li — Abbreviations

PBase

PB ITRs
PBS

PCR

PGK
Pri-miRNA
Pre-miRNA
Puro

PuroAtk

rbgpA
RISC
RNAI
r.p.m
RT-PCR
SCE
SDS
SiRNA
TBS

piggyBac transposase

piggyBac transposon inverted terminal repeats
Phosphate buffered saline

polymerase chain reaction

phosphoglycerate kinase

Primary microRNA transcript

Precusor microRNA transcript

puromycin resistant gene

fusion gene of puromycin N-acetyletransferase gene (puro) and truncated
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rabbit B-globin poly-adenylation signal

RNA-induced silencing complex

RNA interference

revolutions per minute

reverse transcripton- PCR

sister chromatid exchange

Sodium lauryl sulfate, C1,H,5S04Na

small interfering RNA

Tris buffered saline
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