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ABSTRACT

Rearrangements of the human genome including deletions, duplications,
inversions and translocations play a major role in the pathogenesis of many
human diseases. In order to facilitate the discovery of dosage-sensitive
genomic regions and genes, and to investigate the contribution of genomic
rearrangements to the development of different human disorders, many
mouse models carrying genomic rearrangements of syntenic regions of the
mouse genome have been generated.

During my PhD | have been involved in the generation and phenotypic
analysis of two monosomic mouse models carrying deletions syntenic with
21911.2-921.1 and 5935.2-q35.3 in humans.

The first of these models was generated to investigate the contribution
of the genes mapped within the Lipi~-Usp25 interval to the development of
both various types of cancer and clinical features diagnosed in patients with
Monosomy 21 (a disorder associated with intellectual disability, craniofacial,
skeletal and/or cardiac abnormalities, and respiratory complications).
Monosomic mice displayed impaired memory retention, which models the
intellectual disability observed in patients with Monosomy 21. Moreover, when
fed on a high-fat diet, monosomic mice exhibited a significant increase in fat
mass/fat percentage estimate, severe fatty changes in their livers, and
thickened subcutaneous fat. Thus genes within the Lipi~Usp25 interval are
involved in memory retention and the regulation of fat deposition.

The second of these models has been developed to investigate the
contribution of the genes mapped within the 4732471D19Rik—B4galt7 interval
to the development of clinical features diagnosed in patients with Sotos
syndrome (an overgrowth disorder associated with advanced bone age,
intellectual disability, hypotonia, facial, cardiovascular and/or urinary/renal
abnormalities). Monosomic mice showed dilation of the pelvicalyceal system
in the kidneys, which mimics the renal abnormality observed in patients with
Sotos syndrome. Thus haploinsufficiency of a gene (or genes) within the
4732471D19Rik—B4galt7 interval successfully models the renal abnormality
observed in patients with Sotos syndrome.

Vi



CONTENTS

ADDIEVIALIONS. ... Xiv
LISt OF fIQUIES.....eeeeeeeeieie e xviii
LISt Of tADIES. ... XXiii
CHAPTER 1 — GENERAL INTRODUCTION........coooirriierrre s e 1
1.1 Using the mouse as a genetic t00l............c.uuviiiiiiiiiiiii e 1
1.2 Chromosome engineering in mouse ES cells..............ooooiiiiiiii 1
1.2.1 Ways of inducing chromosomal rearrangements in mice...............cccccvvvveeee. 1
1.2.2 A brief overview of chromosome engineering in mouse ES cells................. 2

1.2.3 A strategy to generate chromosomal rearrangements in mouse ES cells.... 2
1.2.4 Types of chromosomal rearrangements generated in mouse ES cells........ 4

1.2.5 Targeting vectors used to generate chromosomal rearrangements in

MOUSE ES CeIIS....oeee e e e e e e e e e eeeeeneeees 7
1.3 Chromosomal rearrangements found in humans...............cccccciiiiiiiiie, 8
1.3.1 Types of chromosomal rearrangements found in humans........................ 8

1.3.2 Mechanisms generating chromosomal rearrangements in humans............ 9

1.4 Modelling human chromosomal deletions in mice............oooooiiiiiiiiiciieeieee e, 10
1.4.1 DiGeorge syndrome mouSe MOEIS...........uuuuuummiiiiiiiiiiiiieeeeeeee e 10
1.4.1.1 DiGeOorge SYNArOME. ......ccoiiiiiiiiiiieiiiee ettt ettt 10
1.4.1.2 DiGeorge syndrome (DGS) mouse models.............ooeviiiiiiiiiiniiiennneenn. 11
1.4.2 Prader-Willi syndrome and Angelman syndrome mouse models................. 14
1.4.2.1 Prader-Willi syndrome and Angelman syndrome...............cccccvvvvvveeeeen. 14
1.4.2.2 Prader-Willi syndrome (PWS) mouse models.............ccceveeiiiiiiiiiiinnnnnnn. 16
1.4.2.3 Angelman syndrome (AS) mouse models............cccveeiiiiiiiiinniiinnnnnn, 21
1.4.3 Smith-Magenis syndrome mouse Models..............ccvveiiiiiiiiis 25
1.4.3.1 Smith-Magenis SYNdrome..............uuuiieiiiiiiiiiiie e 25
1.4.3.2 Smith-Magenis syndrome (SMS) mouse models...........ccccvvveeveeeeennnnnn. 26
1.4.4 Williams syndrome mouse MOdEIS..........ccccciiiiiiiiiiiiiieeeeeeeeee e 29
1.4.4.1 Williams SYNArOME.......ccoiiiiiiiiiiiiiiiee ettt 29
1.4.4.2 Williams syndrome (WBS) mouse models............ccccceveeiiiiiiinniinnnnnnnn. 29

Vii



CHAPTER 2 — MATERIALS AND METHODS..........ccccoiiiirrrernnsssssssnsnneeee 35

2.1 MALEIIAIS........eiiiieie et et e e e 35
2.1.1 REAGENES. .. ettt ettt et e ettt e e e e e et e e s s e e e nne e e eneeeenneeeeanaeenn 35
2.2 MEENOAS. ... .ot e et e e e e e e e e e e e e nrraaaaean 37
2.2.1 Cell CURUIE.... ...ttt e e e e 37
2.2.1.1 Culture conditions of ES cell liNnes...........ccuuviiiiiiiiiiii s 37
2.2.1.2 Transfection of targeting vectors into ES cells by electroporation........ 38
2.2.1.3 Picking ES cell COIONIES.......ccoiuiieieeiie e 39
2.2.1.4 Passaging ES Cells........ooooiiiiieee e 39
2.2.1.5Freezing ES CelIS.........ocoiiiiiiie e 40
2.2.1.6 Thawing ES CelIS......c.ccoiviiiuiiciiecie ettt 40
2.2.1.7 Electroporation of the ES cells with the pOG231 Cre-expression
1Yo o ] PP 41
2.2.1.8 Preparing ES cells for microinjection.............coocciiiiiiiiiiceeeeeeeeee 41
2.2.2 Generation of deletion MICe............ouuuuiiiiiiii e 42
2.2.2.1 Generation of the DfP"YP25/+ ES cell liN€.......c.cocvoveeeeeeeeeeeeeeeeeeenn. 42
2.2.2.2 Generation of the conditional Df*324/7P19RkBdgaltr/ EQ cell.................. 43
2.2.2.3 Fluorescent in situ hybridization (FISH).............o, 44
2.2.2.4 Use Of ANIMAIS......coiii e 45
2.2.3 DNA MENOAS. ...ttt 45
2.2.3.1 Purification of BAC DNA........oii e 45
2.2.3.2 Extraction of genomic DNA from ES cells............ooovvviiiiiiin, 46
2.2.3.3 Extraction of genomic DNA from ear or tail biopsies..............c.ccceeee. 46
2.2.3.4 Polymerase chain reaction (PCR)........ccccuuviiiiiiiiiiiiie e 47
2.2.3.4.1 Design and synthesis of primers for PCR............ccccooiiiiiii. 47
2.2.3.4.2 General PCR protoCols...........couuuuiiiiiiiiiiiiee e 48
2.2.3.5 Southern bIOtiNG. ..o 50
2.2.3.5.1 Digestion of the DNA samples..........ccuuviiiiiiiiiiiiiiie 50
2.2.3.5.2 Electrophoresis and transfer of the DNA...........c.oooiiiiiiiiiiiiiee. 50
2.2.3.5.3 Hybridization, preparation of the probe and washing the blot....... 51
2.2.4 RNA METNOAS. ...ttt 52
2.2.4.1 Total RNA extraction from tiSSUES............coooiiiiiiiiiiiiiiieee 52
2.2.4.2 DNAse treatment of RNA.... ... 52

viii



2.2.4.3 EXpression array analysSiS...........oooiiiiiiiiiiiiiiiiieiiei e 53

2.2.4 4 First strand complementary DNA (cDNA) synthesis.............ccccceeiee 53
2.2.4.5 Real-time quantitative PCR (QRT-PCR).........ccccuiiiiiiiiiii, 53
2.2.5 Histology and immunohistoChemistry.................uueeeiiiiiiiiiiiiieeeee 54
2.2.5.1 Collection and embedding of tissues/embryos..............ccccccevniiiiinnnns 54
2.2.5.2 Hematoxylin and Eosin (H&E) staining.............cceeeeviiiis 54
2.2.5.3 VoN KOSSa StaINING.......uuuuiiiiiiiiiiieeiee e 55
2.2.5.4 ImmuNOhiStOChEMISTIY.......coiiiiiiee e 55
2.2.5.5 FISH analysis on tissue sections mounted on glass slide.................... 57
2.2.6 PhenotypiC PrOoCEAUIES. .......couuueiiiaae e eeie e e et e e e e e e e e e e eeeeeeeenneees 58
2.2.6.1 Anaesthesia with ketamine/xylazine and antisedan...................cc........ 60
2.2.6.2 DBt tYPES. ..ttt ———— 60
2.2.6.2.1 Normal-fat diet...........ccooiiii 60
2.2.6.2.2 High-fat diet...........oooiii e 60
2.2.6.3 Weighting MICE.......cooiiiiiii e 60
2.2.6.4 Hair dysmorphology...........ooooiiiiiiiiiieeeee e 61
2.2.6.5 Hair follicule CYCliNgG.......coooiiiiiiee e 61
2.2.6.6 Open field.. ... 61

2.2.6.7 SmithKline Beecham Pharmaceuticals; Harwell, MRC Mouse
Genome Centre and Mammalian Genetics Unit; Imperial College School of
Medicine at St Mary’s; Royal London Hospital, St Bartholomew’s and the

Royal London School of Medicine; Phenotype Assessment (SHIRPA)........... 63
2.2.6.8 Grip strength.............ocoooiiiiii 65
2.2.6.9 DySMOrPROIOgY......ccooiiiiiieiieii e 66
22610 Hotplate...........oooii 67
2.2.6.11 Indirect calorimetry.............ccooiiii 67
2.2.6.12 Intra-peritoneal glucose tolerance test (ipGTT).......ccooveiiciiiiiinnnnen. 69
2.2.6.13 Auditory brainstem response (ABR).........ooooiiiieeee 69
2.2.6.14 Dual energy X-ray absorptiometry (DEXA)........ccooviiiiiiiiiiiiiiiiiiiies 70
2.2.6.15 X-ray iMagiNg.......cceiiiueiiiiiiiiei ittt e e e e e e e e e e e 71
2.2.6.16 Core temperature Stress.............ccoooeeiiiiiiic 72
2.2.6.17 Eye morphology SCrEEN..........uiiiiiiiiiiee e 73
2.2.6.18 Retro-orbital bleed...............ccooriiiii 74



2.2.6.19 Heart WeIgNtS........oooiiiiiieeee e
2.2.6.20 Haematology panel............coooiiiiiiiiiii e
2.2.6.21 Plasma chemistry panel...........ccccoiiiii e
2.2.6.22 Behavioural testS.........oooi i
2.2.6.22.1 Elevated pluS Maze.........ooeiiiiiieiiiieiie e
2.2.6.22.2 Social recognition teSt............uuuiiiiiiiiiiii
2.2.6.23 Infection of mice with bacteria.................ccccoiii
2.2.6.23.1 Citrobacter rodentium infection — an OvVerview.............cccceeveeeeeeenen.
2.2.6.23.1.1 Preparing inoculum to infect mice with C. rodentium...............
2.2.6.23.1.2 Infecting mice with C. rodentium..............c...ccooviiiiiiiiiiiiiinnnen.
2.2.6.23.2 Salmonella Tymphimurium infection — an overview........................
2.2.6.23.2.1 Preparing inoculum to infect mice with S. Tymphimurium........
2.2.6.23.2.2 Infecting mice with S. Tymphimurium.............cccccoiiiiiii.
2.2.6.23.3 Processing of blood for serum and tissues, caecal contents and
faecal samples for bacterial counts from mice infected with C. rodentium or
S, TYMPRIMUIIUML ..
2.2.6.23.3.1 BlOOG. ..o
2.2.6.23.3.2 Tissues/faecal contents..............eueevieiiiiiii s
2.2.6.23.3.3 Faecal SampIes........uoiiiiiiieeeeee e
2.2.6.23.4 Bacteria enumeration in tissues, caecal contents and faecal
7= 0] 0] 1= RSSO
2.2.6.23.5 Counting the bacterial colonies from tissues, caecal contents and
faeCal SAMPIES. ... e
2.2.6.23.6 Determination of Immunoglobulin titre from blood serum................

2.2.7 Tumour WatCh StUAY.......coooiiiiiiiii e

CHAPTER 3 - MODELLING A DELETION OF THE HUMAN REGION
21911.2-q21. 1 IN MICE........co oo ceeeeecserr e s r e rrr s es s s s s s s s s smmmmmmmmnnnnnnnns
3.1 GENEral OVEIVIEW. ...t e e ettt e e e e e e e e e e e eeeaeeeenees
B 2228 | 1o o [ 1o (o o T PO SR
3.2.1 Overview of human chromosome 21...........ooouiiiiiiiieeee e
3.2.2 Brief description of genes mapped to the human region
02 ol 2 o e PR PPUPPRRS

80
80
80
80

81

81
81
83

84
84
85
85

85



3.2.3 MoN0SOMY 21 SYNAIOME......ccciiiiiiiiiiiiiiiiit ettt e e e e e 87
3.2.4 Mouse models of Monosomy 21 Syndrome.............ccccuvvemiiiieeeiiieinieeee e 91
3.2.5 Increased frequency of tumour formation in patients with deletions of the

proximal end of the long arm of chromosome 21............oouiiiiiiiis 92
3.2.6 Generation of a new mouse model of Monosomy 21 syndrome................. 98
B TR B =TS | € 99
3.3.1 Generation of monosomic mice for the 1.6 Mb Lipi-Usp25 region............. 99

3.3.2 Homozygous deletion of the Lipi-Usp25 region results in embryonic
IEENAIITY ... 102
3.3.3 Phenotypic analysis of monosomic mice.............c.ccccooviiiiiiiiiiiiic, 106
3.3.3.1 Phenotypic analysis of monosomic mice reveals that loss of one
copy of the Lipi—Usp25 region does not affect general morphology, motor or
neuromascular function................... 106
3.3.3.2 Behavioural phenotyping of monosomic mice reveals that loss of one
copy of the Lipi~Usp25 region is associated with a deficit in memory
FOIENTION. ... 108
3.3.3.3 Analysis of the body composition of monosomic mice reveals that
loss of one copy of the Lipi~Usp25 region results in increased fat
dEePOSItION. ... 111
3.3.4 Increased body fat percentage in monosomic mice fed on a high-fat
(o[- SR 114
3.3.5 Increased fat deposition in monosomic mice is high-fat
diet-INAUCEd..........oe 115
3.3.6 Increased fatty changes in the livers of monosomic mice fed on a high-fat
(o [T=] SR 123
3.3.7 Expression analysis of subcutaneous adipose tissue in monosomic mice
fed on ahigh-fat diet................ooo 127
3.3.8 Histopathological analysis of bones of 10-week old monosomic mice fed
on a normal-fat diet suggests that loss of one copy of the Lipi—-Usp25 region
might affect bone ossification..................ccoii 131
3.3.9 Follow-up analysis of bones of 8-, 25-week and 1-year old monosomic
mice reveals that loss of one copy of the Lipi~Usp25 region does not affect
DONE OSSIfICALION. ... ceeeiieeie e e e 132

Xi



3.3.10 Increased fat mass in 8- and 25-week old mice does not lead to the
INCrease iN DONE MASS......ooiuiuuiiiiee e e e e e e e e e eeeeee e e s
3.3.11 Differential responses of monosomic females to the infection with
Citrobacter rodentium lux caused by subtle changes in the
(a1 ToT oY oLV o] T 0 41T o | PSR
3.3.12 Ageing study suggests an increased predisposition to tumour formation
1o g T aTeX:ToT 0 o1 e o ¢ T

I B [-To U [-1=1 1o o PR O PPN

CHAPTER 4 - MODELLING A DELETION OF THE HUMAN REGION
5035.2-35.3 IN MICE.......coo e iirrie e mn e s mn e s smnn e s e nn e e
4.1 GENEIAl OVEIVIEW. ...ttt e ettt e e e e e e e e e e e eeaaeeeaaeaaaeaeeees
2322 | ] (o o [T 4] o T
4.2.1 Overview of SOt0S SYNAIOME........ccoiiiiiiiiiiiiiiiee e
4.2.2 The molecular and genetic basis of Sotos syndrome...........cccccccvvveveenennnnn.
4.2.3 Phenotypic differences between Sotos syndrome cases carrying
intragenic mutations and 535 microdeletions..............cccceiiii s
4.2.4 THE INSDT GENE... .t e e e e e e e e e as
4.2.5 A mouse model of SOtos SYNdrome..............eeuuviiiiiiiiiiiiiiiiiii s
4.2.6 Generation of a new mouse model of Sotos syndrome.................cccoinnneee
4.3 RESUIES. .. e e
4.3.1 Generation of monosomic mice for the 1.5 Mb 4732471D19Rik—B4galt7
[£=Te 0] o FOR RSP PTPPPPOPPP
4.3.2 Phenotypic analysis of MONOSOMIC MICE..........cceeeeiiiiiiiiiiiiiiiiieieeee
4.3.2.1 Analysis of body weight and body composition of monosomic mice
reveals that loss of one copy of the 4732471D19Rik—B4galt7 region does not
FESUIt IN OVEIGrOWEN......ciiiiiiiii e
4.3.2.2 Histopathological analysis of different tissues of monosomic mice
reveals that loss of one copy of the 4732471D19Rik—B4galt7 region affects

the urinary/renal SYSteM.........c..uuuiiiiiii e

T D 1T T o1 U 11 o) o U

Xii

132

142

172
172
173
173
173

176
177
178
179
180

180
185

185



CHAPTER 5 - GENERAL SUMMARY. ..o iiiieiiirecrirrnesrnessssensssssnssssssnsssssnnnssnes 196
5.1 OVErall SUMMAIY......ccueiiitiiiiiiiieitie et eieeeeee et et eeaae e sseeesee e ssaeesaesseeeseeesnneesneesnnas 196
5.2 Correlation between the results gathered from monosomic DFP"U$*?° and

Df*732471D19Rk-BAgalt7 mice and symptoms in patients with Monosomy 21 and Sotos

53700 [ o3 0 =S 198
5.3 Strengths and weaknesses of the approach taken and the results generated... 199
5.4 Further studies that could be undertaken in both mice and humans.................. 200
8 L0 N 203

Xiii



°C
uCi

ug
ul

AB2.2
ABR
aCGH
AS
BAC
BMC
BMD
BME
BMI
bp
cDNA
CGH
cm

dB
ddH0
DECIPHER

DEXA
DGS
DMEM
DMSO
dNTP
DSB
dsDNA

ABBREVIATIONS

degrees Celsius

microcurie

microfarad

microgram

microlitre

micromolar
129S7/SVEVBrdHprt®™?
auditory brainstem response
array comparative genomic hybridization
Angelman syndrome

bacterial artificial chromosome
bone mineral content

bone mineral density
B-mercaptoethanol

body mass index

basepair

complementary DNA
comparative genomic hybridization
centimeter

decibel

double-distilled H20

Database of Chromosomal Imbalance and Phenotype in

Humans using Ensembl Resources
dual-energy X-ray absorptiometry
DiGeorge syndrome

Dulbecco's Modified Eagle Medium
dimethyl sulfoxide
deoxyribonucleotide triphosphate
double-strand break
double-stranded DNA



E14Tg2a
EDTA
EFT
ELISA
EDMD
ES
FBS
FISH
FPLD
g
gDNA
GPS
HAT
HFD
HGPS
HMT
HSA
HSW
HT
H&E
g

IMS
ipGTT
kb
kHz
LB
LCR
LDL
LIF
LOD
LOH
loxP
LPS

129P2/OlaHsd
ethylenediaminetetraacetic acid
Ewing family tumours

enzyme-linked immunosorbent assay
Emery-Dreifuss muscular dystrophy
embryonic stem

foetal bovine serum

fluorescence in situ hybridization
familial partial lipodystrophy of the Dunnigan
gram

genomic DNA
glutamine/penicillin/streptomycin
hypoxanthine-aminopterin-thymidine
high-fat diet

Hutchinson-Gilford progeria syndrome
histone-methyltransferase

human chromosome

high stringency wash
hypoxanthine-thymidine
haematoxylin and eosin
immunoglobulin

industrial methylated spirit
intra-peritoneal glucose tolerance test
kilobase

kilohertz

lysogeny broth

low-copy repeat

low-density lipoprotein

leukaemia inhibiting factor
logarithm of odds

loss of heterozygosity

locus of crossover P1

lipopolysaccharide

XV



LRP lipoprotein receptor-related protein

LSW low stringency wash

Mb megabase

mbar milibar

mg miligram

MICER Mutagenic Insertion and Chromosome Engineering Resource

ml mililitre

mm millimeter

mM milimolar

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

NAHR non-allelic homologous recombination

NCBI National Center for Biotechnology Information

NEFAC non-esterified free fatty acids

NFD normal-fat diet

ng nanogram

NHEJ non-homologous end joining

NID nuclear receptor interaction domain

nm nanometer

NR nuclear receptor

NSCLC non-small cell lung carcinoma

oD optical density

OMIM Online Mendelian Inheritance in Man

(O] osteosarcoma

0OSCC oral squamous cell carcinomas

PBS phosphate buffered saline

PCR polymerase chain reaction

PCR-SSCP polymerase chain reaction-single strand conformation
polymorphism

PEV position-effect-variegation

pH potential of hydrogen

PHD zinc-finger plant homeodomain

PWS Prader-Willi syndrome

PWWP proline-tryptophan-tryptophan-proline

XVi



gRT-PCR
RA
rpm

s

SAC
SCC
SCLC
SDS
SET
SMS
SMCR
snoRNA
SNP
SoS
SSC
SSLP
STS
TAE
TBST
TC
Tris
TRAIL
TSG

u

uv

\Y
VCFS
WAT
WBS

real-time quantitative PCR

retinoic acid

revolutions per minute

seconds

SET-associated cysteine-rich
squamous cell carcinomas

small cell lung carcinoma

sodium dodecyl sulfate

Su(var)3-9, Enhancer-of-Zeste, Trithorax
Smith-Magenis syndrome

SMS critical region

small nucleoar RNA

single nucleotide polymorphism

Sotos syndrome

saline-sodium citrate

simple sequence length polymorphism
sequence-tagged site
Tris-acetate-EDTA

tris buffered saline with Tween 20
tissue culture

tris(hydroxymethyl)aminomethane

tumour necrosis factor related apoptosis-inducing ligand

tumour suppressor gene
unit

ultraviolet

volt

velocardiofacial syndrome
white adipose tissue

Williams syndrome

XVii



LIST OF FIGURES

CHAPTER 1 - GENERAL INTRODUCTION

Figure 1.1. Gene targeting in ES cells....... ...,
Figure 1.2. Engineering a deletion and/or duplication in embryonic stem cells.......
Figure 1.3. Engineering an inversion in embryonic stemcells.............................
Figure 1.4. Engineering chromosomal translocations..................ccoooiiiinn .
Figure 1.5. DGS mouse models that have been generated to date.....................
Figure 1.6. PWS mouse models that have been generated to date.....................
Figure 1.7. AS mouse models that have been generated to date........................
Figure 1.8. SMS mouse models that have been generated to date......................
Figure 1.9. WBS mouse models that have been generated to date.....................

CHAPTER 2 - MATERIALS AND METHODS

Figure 2.1. Photo of an ActiMot2 surrounding an open field apparatus....................
Figure 2.2. Photo of @ SHIRPA VIEWING Jar.........cciiiiiiiiiieee e
Figure 2.3. Photo of @ SHIRPA @rena...........oooeeeeeee e
Figure 2.4. Photo of a grip strength meter............ooo e
Figure 2.5. Photo of @a hot plate meter.............ooooiiiii e,
Figure 2.6. Photo of a calorimetry Cage.........cccoooviiiiiiiiiiiiiii e
Figure 2.7. Photo of a Lunar PIXImus Il Bone Densitometer............ccccccccciiiinnne
Figure 2.8. Photo of an elevated plus maze................oooiiiiiiiiiii e

CHAPTER 3 - MODELLING A DELETION OF THE HUMAN REGION
21q11.2-g21.1 IN MICE

Figure 3.1. Schematic representation of the q11.2-921.1 interval on HSA21 and
the syntenic region in the C3.1 band on MMU1G.............cooooiiiiiiiiiiiiiieeeee
Figure 3.2. Generation of a 1.6 Mb deletion between the Lipi and Usp25 loci using
Crel/loxP-mediated chromosomal engineering..........ccooouviiiiiiiiiiiiiisiiiieeeee e
Figure 3.3. Embryonic lethality of mice homozygous for the Lipi-Usp25 deletion....
Figure 3.4. Open field results recorded at centre and periphery for 14-week old

control (+/+) and monosomic (Df-P"UP2/4+) littermates............cocoeeveeeeeceeieeeeeeen

XViii

100

101
104-105



Figure 3.5. Elevated plus maze results recorded at open and close arm for
14-week old control (+/+) and monosomic (Df*P"YP?%/+) male littermates................
Figure 3.6. Social recognition teSt............ccuuiiiiiiii
Figure 3.7. DEXA analysis of 14-week old control (+/+) and monosomic
(DfPFUsP25/4) Jittermates fed a high-fat diet............co.oveeeieeeeeeeeeeeeeeeeeeee e,
Figure 3.8. Comparison of fat percentage estimate of 14-week old wildtype
C57BL/6Jc-/c- and 129P2/OlaHsd mice with control (+/+) and monosomic
(DfPFUsP25/4) Jittermates fed a high-fat diet...........cooeveveeieeeeeeeeeeeeeeeeee e,
Figure 3.9. DEXA analysis of 8-week old control (+/+) and monosomic
(DfPFUsP25/4) littermates fed either on a normal-fat or a high-fat diet.......................
Figure 3.10. DEXA analysis of 25-week old control (+/+) and monosomic
(Df-PFUsP25/4) littermates fed either on a normal-fat or a high-fat diet.......................
Figure 3.11. Photos of 25-week old control (+/+) and monosomic (Df-P"UsP?%/+)
LY = = PSS
Figure 3.12. DEXA analysis of 1-year old control (+/+) and monosomic
(Df-PFUsP25/4) Jittermates fed on @ normal-fat diet............ocoovveeeceeeeeeeeeeeeeeee
Figure 3.13. Histopathological analysis of livers collected from 8-week old control
(+/+) and monosomic (Df*P"UP?°/+) littermates fed either on a normal-fat or a
Righ-fat diet..... ...
Figure 3.14. Histopathological analysis of livers and skin sections collected from
25-week old control (+/+) and monosomic (DfP"UsP?%/+) littermates fed either on a
normal-fat or @ high-fat diet..............o e
Figure 3.15. Histopathological analysis of livers and skin sections collected from
1-year old control (+/+) and monosomic (DfP"U*?%/+) littermates fed on a
normal-fat diet..........ooo e
Figure 3.16. Quantitative RT-PCR (gRT-PCR) analysis of adipose tissue...............
Figure 3.17. Histopathological analysis of bones collected from 10-week old
control (+/+) and monosomic (Df-P"Y**%/+) littermates fed on a normal-fat diet.......
Figure 3.18. DEXA and histopathological analysis of bones collected from
8-week old control (+/+) and monosomic (DfP"USP?%/+) littermates fed on a
normal-fat or high-fat diet..............oo e
Figure 3.19. DEXA and histopathological analysis of bones collected from
25-week old control (+/+) and monosomic (Df-P"USP?%/+) littermates fed on a

XiX

110
111

113

114

117-118

119-120

121

122

124

125

126
128

131

134



normal-fat or high-fat diet..............o e
Figure 3.20. Histopathological analysis of bones collected from 25-week old
control (+/+) and monosomic (Df-P"Y*"%/+) littermates fed on a normal-fat..............
Figure 3.21. DEXA and histopathological analysis of bones collected from
1-year old control (+/+) and monosomic (DfP"U*?°/+) littermates fed on a
normal-fat  diel.........ooo e
Figure 3.22. DEXA analysis of 8-week old control (+/+) and monosomic

(DfPUP?%/4)  male  littermates fed on a normal-fat or high-fat diet

Figure 3.23. DEXA analysis of 8-week old control (+/+) and monosomic
(DfPFUsP25/4)  female littermates fed on a normal-fat or high-fat diet

Figure 3.24. DEXA analysis of 25-week old control (+/+) and monosomic
(DfPFUsP25/4)  male littermates fed on a normalfat or high-fat diet

Figure 3.25. DEXA analysis of 25-week old control (+/+) and monosomic
(DfPFUsP25/4)  female littermates fed on a normal-fat or high-fat diet

Figure 3.26. Bacterial enumeration and ELISA assay results for monosomic
(DfFP*UsP25/+) and control (+/+) male littermates infected with Salmonella
Typhimurium TET €.
Figure 3.27. Bacterial shedding results for the first group of monosomic
(DfFP*UsP25/+) and control (+/+) female littermates infected with Citrobacter
FOAGNTIUIM TUX.....eeeeeeeeie ettt e e e e e e e e e e e e e eeeas
Figure 3.28. Bacterial enumeration results for monosomic (Df**"Us*?°/+) and

control (+/+) female littermates infected with Citrobacter rodentium

Figure 3.29. Histopathological analysis of caecums collected from control (+/+)
and monosomic (DfP"USP?/+) female littermates infected with Citrobacter
T0T0 (=T 1o N U U
Figure 3.30. Bacterial shedding results for the second group of monosomic
(DfFP"UsP25/+) and control (+/+) female littermates infected with Citrobacter

FOAGNTIUIM UX. .ottt

XX

136

137

138

139

140

141

144

145

146

146

147



Figure 3.31. Bacterial shedding results for the third group of monosomic
(DfFP*UsP25/+) and control (+/+) female littermates infected with Citrobacter
FoTo (=T 011 U
Figure 3.32. Histopathological analysis of haematoxylin and eosin-stained skin
sections collected from Df-PrUsP2%/+;BIm™¥m3 - DfPrUsP2)+ BIm*™* and +/+;BIm™¥™
mice that were culled due to severe ulceration..............ccceevieiiiiiie
Figure 3.33. Histopathological analysis of haematoxylin and eosin-stained livers
collected from Df-P*UsP2%/+:BIm™¥™3 and DFf-PUsP?5/+:BIm*™* mice that were found
dead or culled as they looked pale or had hunched piloerection...................c..........
Figure 3.34. Histopathological analysis of haematoxylin and eosin-stained bladder
and bone collected from Df-P"USP2%/+: BIm™¥™3 mice that were culled sick................

Figure 3.35. Analysis of liver collected from DfP"YP2%/+: BIm™™ mouse.............

Figure 3.36. Analysis of lungs collected from Df*P"UsP?%/+; BIm™™ mouse..............

Figure 3.37. Analysis of kidney collected from Df-P"Y**?/+:BIm** mouse................
Figure 3.38. Analysis of abdominal lymph node and liver collected from

DFFPUSP 2O Bl ™M o OUSE ...t

Figure 3.39. Analysis of lungs collected from +/+;BIm™™ mouse...........c.ccococou.....

Figure 3.40. Analysis of abdominal lymph node collected from +/+;BIm™™3

Figure 3.41. Analysis of kidneys and pancreas collected from
DA PUSP 20 Bl ™M T OUSE ...t

Figure 3.42. Analysis of small intestine collected from Df-P"Us*2°/+:BIm™¥™ mouse

Figure 3.43. Analysis of liver collected from DfP"UP2%/+: BIm™™ mouse................

Figure 3.44. Analysis of liver collected from DfP"UP2%/+: BIm™™ mouse................

Figure 3.45. Analysis of uterus collected from DFFP"U*%/+; BIm™¥™ mouse.............

+/+

Figure 3.46. Analysis of spleen, bone and liver collected from Df-P"UsP?%/+.Bim

+/+

Figure 3.47. Analysis of skin section collected from Df-P"YP?5/+:BIm** mouse........

CHAPTER 4 - MODELLING A DELETION OF THE HUMAN REGION
5q35.2-q35.3 IN MICE

Figure 4.1. Physical map covering microdeletions and their flanking regions, and a

XXi

148

153

154

154
155
155
156

156
157

157

158
159
159
160
160



summary of 50 microdeletions identified by FISH or microarray CGH analysis......... 176
Figure 4.2. Schematic representation of the NSD7 gene............ccoccoiieeiiiiiicieennen. 178
Figure 4.3. Schematic representation of the q35.2-935.3 interval on HSAS5 and the
syntenic region in the B1 band on MMU13..........oui e 181
Figure 4.4. Generation of a 1.5 Mb deletion between the 4732471D91Rik and
B4galt7 loci using Cre/loxP-mediated chromosomal engineering..............cccoeeveiineee 184
Figure 4.5. DEXA analysis of 8-week old control (+/+) and monosomic
(Df*732471D19Rik-Bdgalt7 1) ittermates fed a normal-fat diet............ccocoovoveeeeciieeees 186
Figure 4.6. DEXA analysis of 14-week old control (+/+) and monosomic
(Df*732471D19Rik-Bdgalt7 1) ittermates fed a normal-fat diet............ccocooveveeeeececeeens 187
Figure 4.7. DEXA analysis of 8-week old control (+/+) and monosomic
(Df*732471D19Rik-Bdgalt7 1) ittermates fed a normal-fat diet............ccoooveveeeeececeens 188
Figure 4.8. A schematic representation of akidney................ocooiii, 189
Figure 4.9. Histopathological analysis of kidneys collected from 8-week old control
(+/+) and monosomic (Df*732471P19RkB4galt7/ vy male littermates fed on a normal-fat... 190
Figure 4.10. Histopathological analysis of kidneys collected from 8-week old
control (+/+) and monosomic (Df'732471D19Rik-B4galt7, 1y male littermates fed on a
NOrMal-fat. .. e 191
Figure 4.11. Histopathological analysis of kidneys collected from 8-week old

fi732471D19RIk-B4galt7/ 1) female littermates fed on a

control (+/+) and monosomic (D
L0 =1 o = 192

Figure 4.12. Analysis of uterus collected from Df*"3247'P19Rik-B4galt7/y ouse............ 192

XXii



LIST OF TABLES

CHAPTER 1 - GENERAL INTRODUCTION

Table 1.1. Brief summary of DGS mouse models that have been generated to

Table 1.2 continued. Brief summary of PWS mouse models that have been
generated 10 date.... ...
Table 1.3. Brief summary of AS mouse models that have been generated to

CHAPTER 2 - MATERIALS AND METHODS

Table 2.1, VOIUMES. ...t e e e e e e e e e e e eeaeeeenees
Table 2.2. PCR PriMer SEQUENCES.........coeuieiieiiiiiiaeee e ee e et e e e e e e e e e e
Table 2.3. gRT-PCR primer SEQUENCE.........ccoeeie e e
Table 2.4. Short summary of the phenotypic tests performed on 14 monosomic
Df-PrUsP25 mice and 14 wildtype littermates fed on a high-fat diet..............c.c.coco......

CHAPTER 3 - MODELLING A DELETION OF THE HUMAN REGION
21911.2-q21.1 IN MICE

Table 3.1. Short summary of the results obtained from phenotypic tests performed
on 14 monosomic DfP*Y*?> mjice and 14 wildtype littermates fed on a high-fat

Table 3.2. Gene expression analysis of subcutaneous adipose tissue from

monosomic (DfP"UP?) and control (+/+) littermates fed on a high-fat

XXiii

12

17

18

23

27

31

40

48

54

59

107

129



Table 3.2 continued. Gene expression analysis of subcutaneous adipose tissue
from monosomic (DfP"U*?%) and control (+/+) littermates fed on a high-fat
Table 3.3. Summary of the morphological and histopathological findings observed
in culled or dead mice subjected to ageing StUdY............uuuviiiiiiiiiiiiiii s
Table 3.3 continued. Summary of the morphological and histopathological findings
observed in culled or dead mice subjected to ageing study...........ccccuvveiiiiiiiiiiiinnnnn.

CHAPTER 4 - MODELLING A DELETION OF THE HUMAN REGION
5g35.2-g35.3 IN MICE

Table 4.1. Summary of the genes mapped within the 4732471D19Rik-B4galt7
region (NCBI BUIld MB37)...coeie e

Table 4.1 continued. Summary of the genes mapped within the
4732471D19Rik-B4galt7 region (NCBI build m37)

XXiV

130

151

152

182



