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Abstract

Introduction: Amyotrophic Lateral Sclerosis (ALS) is a devastating, chronic
progressive neurodegenerative disorder, characterized by the loss of the upper
motor neurons in the motor cortex and the lower motor neurons of the brainstem
and spinal cord. This leads to muscle weakness, atrophy and paralysis. Death
usually occurs 3-5 years from onset. In familial ALS, mutations in TARDBP,
encoding the RNA binding protein TDP-43, cause 5% of cases. TDP-43 is mainly
localized in the nucleus and has multiple functions, of which the best
characterised is regulation of splicing/alternative splicing of hnRNA. In ALS TDP-
43 mislocates to the cytoplasm causing the characteristic protein aggregations.
The current work investigates the possible effects of both TARDBP missense
mutations and a truncation mutation on RNA processing. This was approached
by examining the changes in gene expression in both the cytoplasm and nucleus
in fibroblasts derived from familial ALS-TARDBP patients. Hypothesis: The
cytoplasmic and nuclear transcriptomic profile from mutant TARDBP fibroblasts
will generate different transcriptomic profiles than control fibroblasts and will
establish transcripts and pathways dysregulated in the presence of mutations in
TARDBP. The objectives were 1) to optimize the separation of nuclear and
cytoplasmic RNA from patient and control fibroblasts, 2) to compare the
expression profiles of the cytoplasmic and nuclear compartments from control
and mutant fibroblasts and 3) to determine the effect of both mutation types on
gene expression in fALS. Methodology: Fibroblast cell culture from fALS-
TARDBP missense mutation, truncation mutation and controls was performed. In
addition, cell fractionation and RNA extraction were performed by two methods,
osmotic pressure and Trizol and commercially available kit. Gene expression
profiing was achieved using the Human Exon Array 1.0 ST, Human
Transcriptome Array 2.0 (HTA) and RNA Sequencing. Findings: The presence
of a TARDBP mutation causes change in gene expression in fALS. Cytoplasmic
fALS-TARDBP missense mutations were significantly enriched with dysregulated
RNA processing genes using both the Human Exon Arrays 1.0 ST and the HTAs
while cytoplasmic fALS-TARDBP truncated mutation were enriched with
dysregulated angiogenesis using the HTA and dysregulated vesicle mediated

transport genes using RNA sequencing. The nuclear fALS-TARDBP missense
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mutations demonstrated dysregulated RNA splicing using both the Human Exon
Arrays 1.0 ST and the HTA while nuclear fALS-TARDBP truncated mutation was
mainly enriched with G-protein coupled receptors using the HTAs. Therefore,
fALS-TARDBP subtype mutations revealed distinct affected biological processes.
Conclusion: The different types of TARDBP mutations assayed here have
different effects on gene expression and subsequently on cellular pathways
involved in TARDBP-related ALS.
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Chapter 1: Introduction

1.1 Amyotrophic Lateral Sclerosis

Jean Marie Charcot was the first to report the characteristics of Amyotrophic
Lateral Sclerosis (ALS) in the early 18" century. ALS is known as Charcot
disease in many countries as an appreciation of his work. It is also known as Lou
Gehrigbébs disease after the death of

Gehrig who suffered from ALS in 1939 (Kumar et al., 2011). ALS is a devastating
chronic progressive neurodegenerative disorder characterized by the loss of the
upper motor neurons in the motor cortex and the lower motor neurons of the
brainstem and spinal cord. The average disease onsetis 551 60 years. However,
there is a juvenile form of ALS where patients are diagnosed in their twenties or
earlier. Patients generally present with voluntary muscle weakness beginning in
the limbs or bulbar musculature with progressive atrophy and paralysis. The

fatality of the disease usually results from respiratory failure (Chen et al., 2013).

The average survival rate is approximately 2-5 years from the appearance of
symptoms. The prevalence of ALS is nearly 2:100,000 with a higher incidence in
men than in women (Ferraiuolo et al., 2011). ALS is multifactorial and in the
majority of cases the actual cause is unknown. Moreover, ALS is categorized into
two major types: familial ALS (fALS); which accounts for 5-10% of the cases; and
sporadic ALS (sALS); which accounts for 90-95% of the cases. Both types
present similarly, which may suggest common pathological causes. It was
estimated that around 3-10% of ALS patients develop frontotemporal dementia
(FTD) which is a condition characterized by the degeneration of the anterior part
of the brain and also involves memory loss (Cooper-Knock et al., 2015c).

1.1.1 Clinical features

Most ALS cases present with limb onset ALS which accounts for ~80% of the
cases. Limb onset ALS is further subdivided into lower limb onset ALS and upper
limb onset ALS according to the location of motorneuron cell loss. Lower limb

onset ALS patients usually complain about tripping or stumbling when walking.
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However, the upper limb onset ALS patients usually complain from finger stiffness
and weakness of the hand muscles. In ~20% of cases, ALS patients present with
bulbar complications and are referred to as bulbar onset ALS. The bulbar onset
ALS patients mainly suffer from slurred speech, dysphagia and excessive
salivation (Kiernan et al., 2011). Also, rare cases of respiratory onset ALS have

been reported accounting for <3% of cases (Shoesmith et al., 2007).

1.1.2 Diagnosis

A

ALS diagnosis is mainly dependentonthepat i ent 6 s symptoms acr
motor neuron diseases (MND) have overlapping symptoms a definitive diagnosis
may require a period of time to observe disease progression. Diagnosis is mainly
accomplished by physical examination, investigative family history and
electrodiagnostic testing, excluding other disorders. Electromyography and nerve
conduction studies are both mostly used to assess and to evaluate muscle and
nerve function. fALS patients may be offered genetic testing to confirm the
diagnosis. Therefore, recent research has been focusing on the identification of
biomarkers that help in the early detection of ALS and monitor the disease

progression (Turner et al., 2009).

1.1.3 Treatment and management

To date there is no cure for ALS. However, there are a limited number of
treatments available in the market which manage the disease progress. In most
ALS cases, rapid deterioration as a result of disease is observed. Riluzole is the
treatment given to all ALS patients in an attempt to slow the disease progression.
It requires careful monitoring as it may induce liver damage and may suppress
immunity by reducing leucocytes (Miller et al., 2007). Dramatic changes in ALS
patient life style occur within the short course of the disease. Percutaneous
endoscopic gastrostomy is offered to ALS patients to minimize the amount of
body mass loss during disease progression and is especially given to those with

bulbar disease onset who experience dysphagia (Spataro et al., 2011). Also, non-
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invasive ventilation is offered to overcome respiratory insufficiency. In some
countries, when disease worsens ALS patients undergo invasive ventilation due

to respiratory failure (Swash, 2013).

1.1.4 Pathogenesis

To date, the exact defective molecular pathways in ALS are not fully understood,
however, several studies have revealed evidence of pathogenic mechanisms
involved in the disease. These include: genetic factors, dysregulated RNA
processing, oxidative stress, mitochondrial dysfunction, glutamate excitotoxicity,
defective axonal transport, protein aggregation, neuroinflammation, dysregulated
endosomal trafficking and endoplasmic reticulum stress (Ferraiuolo et al., 2011)
(Figure 1.1). An expanded elucidation of the role of the genetic risk factors and

the dysregulated RNA processing proteins in ALS will be discussed.

( Genetic factors Dysregulated RNA
N processing e
[ Oxidative stress
Excitotoxicity ) /
Protein S Mitochondrial
{ . ALS Pathogenesis \ 4
. aggregation ~._dysfunction
( Neuroinflammationk“ i paiec axonali)
N 4 _r - transport
T ~ Dysregulated \ Endoplasmic
" gndosomal trafficking / \_ reticulum stress /

Figure 1.1: Pathogenic mechanisms involved in amyotrophic lateral sclerosis
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1.1.4.1 The role of genetic risk factors in ALS

Genetic studies of fALS are growing rapidly in the field. To date there are 22
identified genes associated with disease (Table 1.1). The most common mutated
genes related to ALS are: copper zinc (Cu-Zn) superoxide dismutasel (SOD1)
which is responsible of 12-20% of fALS and 1-2% of sALS (Banci et al., 2008,
Marangi and Traynor, 2015), the trans active response DNA binding protein
(TARDBP) which accounts for 4% of fALS and nearly 1% of sALS (Kirby et al.,
2010, Millecamps et al., 2010, Ticozzi et al., 2011), fused in sarcoma (FUS) which
was shown to be responsible for ~5% of fALS and ~1% of sALS (Rademakers et
al., 2010, Ticozzi et al., 2011) and the newly discovered gene chromosome 9
open reading frame 72 (COORF72) which is responsible for 43% of fALS and 7%
in SALS (Cooper-Knock et al., 2015c). A further discussion of these genes occurs
below.
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Tablel.1l: ALS types. AD= Autosomal dominant, AR= Autosomal recessive,

Inher.= inheritance

ALS types | Locus Gene Gene name Inher Onset Reference
symbol
ALS1 21g22.1 | SOD1 Cu/Zn  superoxide | AD Adult (Rosen, 1993)
1 dismutase
ALS2 2033.1 ALS2 Alsin AR Juvenile | (Yang et al., 2001)
ALS3 18921 Unknown Unknown AD Adult (Hand et al., 2002)
ALS4 9934.13 | SETX Senataxin AD Juvenile | (Chen et al., 2004)
ALS5 15g21.1 | SPG11 Spatacsin AR Juvenile | (Orlacchio et al.,
2010)
ALS6 16pll.2 | FUS Fused in sarcoma AD/ Adult (Kwiatkowski et al.,
AR 2009),(Vance et al.,
2009)
ALS7 20p13 Unknown Unknown AD Adult (Sapp et al., 2003)
ALSS8 20g13.2 | VAPB VAMP-associated AD Adult (Nishimura et al.,
3 protein B 2004)
ALS9 14911.2 | ANG Angiogenion AD Adult (Greenway et al.,
2006)
ALS10 1p36.22 | TARDBP TAR  DNA-binding | AD Adult (Sreedharan et al.,
protein 2008)
ALS11 6921 FIG4 Polyphosphoinositid | AD Adult (Chow et al., 2009)
e phosphatase
ALS12 10p13 OPTN Optineurin AD/AR | Adult (Maruyama et al.,
2010)
ALS13 12924.1 | ATAXN2 Ataxin-2 AD Adult (Figueroa et al,
2 2009), (Van bamme
et al., 2011)
ALS14 9p13.3 VCP Valosin-containing AD Adult (Johnson et al.,
protein 2010)
ALS15 Xp11.21 | UBQLN2 Ubiquilin 2 X- Adult (Deng et al., 2011)
linked
ALS16 9p13.3 SIGMAR1 G Non AD Adult/ (Luty et al., 2010)
receptor 1 Juvenile | (Al-Saif et al., 2011)
ALS17 3p11.2 CHMP2B Charged AD Adult (Parkinson et al.,
Multivesicular Body 2006)
Protein 2B
ALS18 17p13.2 | PEN1 Proflinl AD Adult (Wu et al., 2012)
ALS19 2934 ERBB4 Erythroblastic AD Adult (Takahashi et al.,
Leukemia Viral 2013)
Oncogene
ALS20 12913.1 | hnRNPA1 Heterogeneous AD Adult (Kim et al., 2013)
3 nuclear
ribonucleoprotein Al
ALS21 5g31.2 MATRS3 Matrin 3 AD Adult (Johnson et al.,
2014)
ALS22 2935 TUBA4A Tubulin alpha-4A AD Adult (Smith et al., 2014)
FTD- 9921 C90RF72 Unknown AD Adult (Hosler et al., 2000),
ALS1 (Renton et al., 2011),
(DeJesus-
Hernandez et al,
2011)
FTD- 5035.3 CHCHD10 Coiled-coil-helix- AD Adult (Bannwarth et al.,
ALS2 coiled-coil-helix 2014)
domain-containing
protein 10
FTD- 12q14.2 | SQSTM1 Sequestosomel AD Adult (Fecto et al., 2011)
ALS3
FTD- 12914.2 | TBK1 TANK-binding AD Adult (Freischmidt et al.,
ALS4 kinasel 2015)
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1.1.4.1.1 Cu-Zn superoxide dismutasel (SOD1)

A mutation in the SOD1 gene was the first described genetic cause of ALS. In
1993, Rosen and his colleagues discovered mutations in the SOD1 gene on
chromosome 21g22.11 to be associated with the disease (Rosen, 1993). The
pattern of inheritance of SOD1 mutation(s) is primarily autosomal dominant.
SOD1 mutations are mainly missense however insertions and deletions have
also been reported (Lill et al., 2011). The mutations are not restricted to the

familial ALS; they were also reported in apparent sALS (Mackenzie et al., 2007).

The SOD1 gene encodes for the enzyme Cu-Zn superoxide dismutase 1; a 153
amino acids long protein which is localized in the cytoplasm and the mitochondria.
Normally it converts harmful superoxide radicals into oxygen and hydrogen
peroxide (Yamanaka and Cleveland, 2005). Mutated SOD1 protein results in a
toxic gain of function though the nature of this is unclear. It was shown that over
expression of SOD1 mutation, mutant SOD1%94 and SOD1”*, in transgenic mice
causes the mice to develop an ALS-like phenotype (Gurney et al.,, 1994).
Overexpression of wild type SOD1 gene in mouse has also shown a
neuropathological outcome resembling ALS (Jaarsma et al., 2000). A complete
depletion of the SOD1 gene in mouse model did not show any ALS-like
phenotype (Bruijn et al., 1998). Therefore, it hypothesized that dysfunctional
SOD1 enzyme causes ALS through a toxic gain of function, rather than a loss of
function (Ince et al., 2011).

1.1.4.1.2 Trans-active response DNA-binding protein (TARDBP)

The TARDBP encoded TDP-43 was first recognized by Neumann et al. as a
major protein signature for ALS and FTD. Using immunohistochemical methods,
TDP-43 was found to be present in the ubiquitinated cytoplasmic inclusions in
ALS (Neumann et al., 2006). TARDBP is located on chromosome 1p36.22 and
TARDBP mutations are inherited in an autosomal dominant pattern (Sreedharan
et al., 2008). 53 TARDBP mutations have been identified so far with the majority
being missense mutations located in the glycine rich domain of the encoded

protein and only one truncation mutation has been identified
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(http://alsod.iop.kcl.ac.uk/Overview/gene.aspx?gene id=TARDBP) (Figure 1.2,

adapted from (Lagier-Tourenne et al., 2010)). There are several protein isoforms
encoded by the TARDBP gene which are mainly localized in the nucleus. TDP-
43 is recognized to be the most significant isoform that plays a major role in ALS.
Structurally, TDP-43 consists of 414 amino acids with a molecular weight of 43
kDa. It has three major domains; two RNA recognition motifs (RRM1 and RRM2)
and a glycine rich domain. These structures facilitate nuclear localization and
protein-protein interaction (Van Deerlin et al., 2008, Kuo et al., 2009a). TDP-43
binds directly to RNA preferably at the UG-rich sequences and also binds to
double strand DNA at the TG-rich sequences. Therefor it is involved in
transcription and RNA processing (Kuo et al., 2009c, Kirby et al., 2010) (see
section 1.1.4.2.1 for more details).

TDP-43
[ RRM1 RRM2 GLY-rich ]
N-Terminal { C-Terminal
D169G K263E

G287S  A315T N345K S379P/C
G290A A321V G348C/V A382T/P
S282N Q331K  N352S/T 1383V
G294A/V S332N  R361S G384R
G2955/R G335D P363A A321G
G298S M337V  Y374X N390D/S
M311V  Q343R N378D S393L

N267S

Figure 1.2: lllustrates the location of 38 of the 53 mutations identified to date in TDP-43.

RRM1= RNA recognition motifs1, RRM2= RNA recognition motifs2, GLY-rich= Glycine rich, NLS=
nuclear localization signal, NES= nuclear export signal, variants labelled in red were studied in
the current work. Figure adapted from (Lagier-Tourenne et al, 2010),

http://alsod.iop.kcl.ac.uk/Overview/gene.aspx?gene id=TARDBP.
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1.1.4.1.3 Fused in sarcoma/ translocated in liposarcoma (FUS/TLS)

The FUS gene was identified as playing a role in ALS by Kwiatkowski and
colleagues in a Cape Verde family. The FUS gene is linked to chromosome
16pl11.2 and the related defect is inherited both in autosomal dominant and
autosomal recessive patterns. 25% of FUS mutations are located in exon 5-6 and
75% in exon 13-14 (Kwiatkowski et al., 2009, Vance et al., 2009, Hewitt et al.,
2010). Mutations mostly occur in the glycine rich domain or at the nuclear signal
domain, as a result the protein molecule loses its nuclear compartmentalization
and there is an increase in cellular toxicity (Ince et al., 2011). FUS belongs to the
heterogeneous ribonucleoprotein (hnRNP) family. It was shown that FUS binds
directly to RNA and also to single strand DNA. Therefore it is involved in

transcription and splicing (Wang et al., 2015).

1.1.4.1.4 Chromosome 9 open reading frame 72 (C90RF72)

The large expansion hexanucleotide GGGGCC repeats of CO9ORF72 was
recently discovered to be the most common cause of ALS and FTD. The mutation
is located in intron 1 of the C9ORF72 gene which is located at chromosome 9921
(DeJesus-Hernandez et al., 2011, Renton et al., 2011). It was reported that the
frequency of C9ORF72 in ALS patients is ~43% in fALS and 7% in SALS (Cooper-
Knock et al., 2012a). In addition, up to ~50% of ALS-C9ORF72 had a history of
FTD. Furthermore, it has been shown that both ALS-C9ORF72 positive and ALS-
C90RF72 negative patients share similar clinical presentation however the ALS-
C90RF72 positive patients demonstrated a shorter survival rate (mean<32
months) (Cooper-Knock et al., 2012a). Also, a study has shown that in ALS-
C90RF72, neurons and glial cells from post mortem tissue showed TDP-43

positive inclusions (Stewart et al., 2012).

1.1.4.2 The role of RNA processing in ALS

RNA processing is a group of different molecular events that take place in the
nucleus (Figure 1.3). These events include: 5 6 ¢ a p -methylgudnosine),
splicing and 3 {Garpead eya. d260)y Traadcriptoom is the first
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step in which a DNA template is copied, both exons and introns, with the thymine
repl aced by u-F-amahylguanosiné is adgeq simmuiganeously during
transcription processes. Splicing occurs co-transcriptionally, this is a modification
step in which intronic regions (noncoding) are removed and the exonic regions

(coding) are joined. Also3 6 pol yadenyl a(Garoeau etah, 2GO8).

Mutations in RNA processing genes have been identified in ALS. Mutations in the
TARDBP gene which encodes for the RNA binding protein TDP-43 were
identified in both fALS and sALS (Neumann et al., 2006, Van Deerlin et al., 2008).
Furthermore, changes in FUS were then discovered and it was found to be an
hnRNP that is involved in several aspects of RNA processing. Mutations in FUS
were associated with ALS (Kwiatkowski et al., 2009). The newly identified
mutation in the C9ORF72 gene, which is responsible for the majority of the
genetic related cases of ALS, has also been demonstrated to disrupt RNA

processing (Cooper-Knock et al., 2015a)

Additional RNA processing proteins that are involved in the pathogenesis of ALS
have been described. Some variants of the angiogenin gene (ANG) were
suggested as a risk factor for fALS and sALS in individuals of Scottish or Irish
ancestry (Greenway et al., 2006). ANG is considered a member of the pancreatic
RNase A superfamily. It is also capable of stimulating rRNA transcription under
hypoxic conditions, thereby promoting neovascularisation (Gao and Xu, 2008).
Furthermore, mutations in senataxin (SETX) were associated with a juvenile form
of ALS (Chen et al., 2004). SETX has a DNA/RNA helicase activity which is
involved in RNA processing by unwinding the DNA or RNA molecule (Zhao et al.,
2009). Mutations in some variants of the elongator protein 3 (ELP3) were
suggested be a risk factor for ALS. ELP3 is a component of the RNA polymerase
II which is involved in RNA processing (Simpson et al., 2009a). In addition,
abnormal copy number of the survival motor neuron 1 (SMN1) gene is a risk
factor for sALS (Corcia et al., 2002). SMNL1 is also involved in transcription and
RNA splicing (Eggert et al., 2006).
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As TDP-43, FUS and C90ORF72 are three most commonly dysregulated RNA
processing proteins associated with ALS, further discussion of their pathogenic

mechanisms in relation to RNA processing will follow.
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Figure 1.3: Schematic diagram representing the transcription, co-transcriptional processing

event, mRNA transport, translation and degradation.
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1.1.4.2.1 TAR DNA binding protein 34 (TDP-43)

TDP-43 is a heterogeneous ribonucleoprotein (hnRNP) with a 43kDa molecular
weight. As explained previously (section 1.1.4.1.2), TDP-43 consists of 414
amino acids. It has N terminus homodimerization domain with an ubiquitin-like
fold, RNA recognition motifs (RRM1 and RRM2) and a glycine rich domain (Kuo
et al., 2009a). TDP-43 was first recognized as a transcription repressor which
binds to TAR DNA in Human immunodeficiency virus-1(HIV-1) (Ou et al., 1995).
In addition, Abhyankar et al. demonstrated that TDP-43 is capable of binding to
the SP-10 promoter region in mouse which is essential for spermatogenesis
(Abhyankar et al., 2007).

The majority of TDP-43 functions were observed in regulation of other RNA
processing mechanisms. TDP-43 has been shown to regulate alternative splicing
of the genes for several proteins such as: apolipoprotein A-Il and cystic fibrosis
trans-membrane regulator (CFTR). In the case of CFTR, TDP-43 binds to a UG
rich area of a CFTR intronic region, specifically the intron 8 T exon 9 junction.
This action promotes exon 9 skipping of CFTR mRNA (Buratti et al., 2001).
Depletion of TDP-43 leads to ineffective exon 9 skipping (D'Ambrogio et al.,
2009). TDP-43 also regulates alternative splicing of the apolipoprotein A-1l gene
by binding to the intron 2 7 exon 3 region (Mercado et al., 2005).

In SALS mutant forms of TDP-43 has been strongly implicated in dysregulated
RNA splicing and affected spliceosome components (Highley et al., 2014).
Furthermore, genes involved in RNA splicing were also shown to be dysregulated
in SALS cases with TARDBP mutations (Raman et al., 2015). A recently identified
function of TDP-43 was its ability to suppress cryptic exonic splicing. Cryptic
exons are non-conserved sequences expression of which might result in faulty
MRNA transcripts that deteriorate and therefore be cleared by the nonsense-
mediated decay machinery. De Conti et al. has recently shown that the loss of
TDP-43 function directly affects the splicing profile of six genes which were: BIM,
SKAR/POLDIP3, STAG2, MADD, FNIP1 and BRD8 (De Conti et al., 2015).
Studies have also shown that TDP-43 binds to multiple mRNA transcripts and is

hence thought to regulate their splicing (Polymenidou et al., 2011, Sephton et al.,
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2011, Xiao et al., 2011). Ayala et al., have recently shown the role of TDP-43 in
autoregulation. It was demonstrated the ability of TDP-43 to bind to the 3 6

untransl at ed r EARDBPMRNASIgadING B )instabifity and decay
(Ayala et al., 2011). Moreover, Tollervey et al., showed that TDP-43 binds to

transcripts at the UG-rich sequences of long pre-mRNAs (Tollervey et al., 2011).

TDP-43 has also been demonstrated to play a role in microRNA processing. It
wasshownthatTDP-43 i s capable of binding to
in the nucleus during microRNA synthesis. It was also shown to participate in
microRNA cleavage in the cytoplasm by interacting with the protein argonaute 2
during microRNA maturation (Freibaum et al., 2010). Finally, TDP-43 may be
involved in mRNA transport to the cytoplasm (Wang et al., 2008).

1.1.4.2.2 Fused in sarcoma/ translocated in liposarcoma (FUS/TLS)

The FUS protein consists of 526 amino acids and is characterized by; an N-
terminal domain rich in tyrosine, serine, glycine and glutamine, a C-terminal
domain which contain a nuclear localization signal (NLS), an RNA recognition
motif (RRM) and a zinc finger motif (Kwiatkowski et al., 2009, Vance et al., 2009).
Similarly to TDP-43, FUS belongs to the heterogeneous ribonucleoprotein
(hnRNP) family and is mainly involved in RNA processing such as: transcription,
transport, and splicing (Lagier-Tourenne et al., 2010). FUS is an ubiquitinated
protein which is normally located in the nucleus, however in ALS it is mutated and
was shown to form characteristic cytoplasmic inclusion bodies (Kwiatkowski et
al., 2009, Vance et al., 2009).

1.1.4.2.3 Chromosome 9 open reading frame 72 (C90RF72)

C90RF72 was shown to encode for three mRNA isoforms which encode for two
protein isoforms of 481 amino acids ~50kDa and 222 amino acids ~25 kDa
(DeJesus-Hernandez et al., 2011). The normal function of COORF72 is still not
fully understood. However, a recent study by Webster et al., showed that normal
C90ORF72 mediates the initiation of the autophagy pathway by forming

complexes with two other proteins, Rabla and ULK1, to facilitate the
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autophagosome formation (Webster et al., 2016). Furthermore, it was also
suggested that C9ORF72 is a nucleocytoplasmic shuttling protein (Xiao et al.,
2015). Other studies showed the possible pathological role of the C9ORF72 in
the disease pathogenesis. Researchers have suggested two main pathologic
mechanisms of the C9ORF72, either loss of function or toxic gain of function.
These proposed mechanisms were based on current observations, first was the
low expression levels of the COORF72 variant 1 in patients compared to controls
which may support loss of function (Fratta et al., 2012). In contrast, the toxic gain
of function was proposed based on two suggestions, GGGGCC hexanucleotide
repeats were suggested to undergo a non-ATG translation which results in the
formation of pathogenic toxic dipeptide proteins (Cleary and Ranum, 2013). In
addition, the formation of nuclear RNA foci which sequestered RNA and RNA
binding proteins which might be toxic to the cell and their presence may indicate
a defective RNA processing mechanism however this is still under study
(Mizielinska and Isaacs, 2014). A study by Cooper-Knock et al., showed that RNA
splicing was defective which may lead to neuron injury. In ALS-CO9ORF72 cases,
defective RNA splicing correlated positively with the disease progression
(Cooper-Knock et al., 2015a). This supports the hypothesis that the CO9ORF72
hexanucleotide expansion disrupts RNA processing. Whether the normal protein
is involved in RNA processing remain to be established.

1.1.5 Gene expression profiling in ALS using human tissues and cells

An adequate amount of RNA is required for gene expression profiling studies and
for qRT-PCR validations. Current studies showed that different tissue sources
from ALS patients can be used to extract RNA material and study gene
expression changes that occur in the disease process. The three main tissue
types previously used to study ALS are: motor neurons extracted from post-
mortem tissue, venous whole blood and fibroblasts. Each of the advantages and

limitation of these tissue sources will be discussed below.
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1.1.5.1 Use of human CNS tissue

There is no doubt that motor neurons from the central nervous system (CNS) are
the best source to study ALS as they demonstrate the actual changes that occur
in the disease. However major limitations have been identified. Motor neurons
are not accessible during the course of the disease and only available from post-
mortem tissue where most of the motor neurons are lost. This may result in an
examination of a sub-population of motor neurons that have survived the worst
of the disease process and hence are not fully representative. RNA extracted
from post-mortem tissue is often markedly degraded. This may be due to delay
in processing the CNS tissue, the pre-mortem state of the sample and also as an
effect of any chemical preservation (Sidova et al., 2015). As stated another
essential point is that studying gene expression changes from post-mortem tissue
will only reflect the end stage of the disease giving limited therapeutic approaches
(Cooper-Knock et al.,, 2012d). With these kind of limitations a shift towards
utilizing peripheral tissue derived from ALS patients has been applied.

1.1.5.2 Use of human peripheral tissue

1.1.5.2.1 Venous whole blood

Venous whole blood has been shown to overcome some of the limitations of post-
mortem tissues. Fresh blood samples are easy to collect from ALS patients at
any stage of the disease. Also, adequate quantities of RNA can be obtained from
blood collected via a simple venipuncture procedure. Studies on ALS using
peripheral blood were shown to be a great source that may mimic some changes
in the motor neurons (Bayatti et al., 2014, Bury et al., 2016). The limitation of
using of whole blood is the mixed cell population and the increased amount of
globin RNA which may mask some changes in gene expression (Wright et al.,
2008), though this can be limited by using commercially available globin RNA
removal kits. However, this remains a favourable source of material for diagnostic

biomarker identification.

34



1.1.5.2.2 Fibroblasts

Fibroblasts are easy to collect from patients via skin biopsies and also are easy
to grow in the laboratory. They have shown to be a good model to study gene

expression profiling in neurodegenerati ve

disease patients with a mutated parkin gene showed mitochondrial abnormalities

which mimic the changes in the neurons (Mortiboys et al., 2008). Fibroblasts from

siblings to familial Al zhei mer 6s di seasete

genes, amyloid precursor protein (APP), presenilin 1 (PSEN1) and presenilin 2
(PSENZ2), were utilized to detect diagnostic biomarkers before the onset of
cognitive decline (Nagasaka et al., 2005). Furthermore, fibroblasts from ALS
patients were used to study gene expression changes during the disease (Raman
et al.,, 2015). Fibroblasts have been used to investigate the role of oxidative
stress, mitochondrial dysfunction and dysregulated RNA processing in ALS (Allen
et al., 2014, Highley et al., 2014, Raman et al., 2015). In these studies, fibroblasts
have been shown to be a good source of cells that can be used in the laboratory

and showed changes that mimics those observed in the disease process.

1.1.6 Gene expression profiling

The discovery of microarray technology has helped considerably in
understanding the gene activity in biological samples (Heller, 2002). In research,
GeneChip® microarrays have been used for a wide range of purposes, such as:
identification of biomarkers and discovery of novel genes. Whilst several
GeneChip® arrays have been designed throughout the years they share common
method of design and production. GeneChip® platforms consist of short
sequences of probes attached to a plastic wafer via both chemical reactions and

photolithography (http://www.affymetrix.com).

The three main human microarray GeneChips® designed by Affymetrix® used to
study global gene expression were, the In Vitro Transcription (IVT) Array, Human
Exon 1.0 ST Array and Human Transcriptome Arrays 2.0. More recently next

generation sequencing (RNA sequencing) has been developed to study global

35


http://www.affymetrix.com/

gene expression profiling. A further description of these microarrays and the next

generation sequencing is shown below.

1.1.6.1 In Vitro Transcription (IVT) Array GeneChip®

The IVT Array GeneChip® were first made commercially available in April 2001,
to enable global gene expression profiling. The arrays were designed targeting
t h e enB @gion of MRNA. It consists of 1.3 million features with a total of ~
54,000 probe sets. Each transcript is represented with 11 perfect match probes
and 11 mismatched probes at the 13™ position of the 25 base pair long probe.
The probe sequences were designed against the available known sequences in
the data bases NCBI, dbEST, GenBank® and RefSeq database

(http://www.affymetrix.com).

Gene expression profiling using the IVT arrays has been used extensively.

However, these arrays had limitations. They were dependent on the detection of
polyadenylated mRNA which may result in the loss of several transcripts that lack

a poly A tail. A challenging issue was also the detection of mMRNA transcripts

which undergo alternat i ve pol yadenyl ati on. The 360
designed based on available known 3086 en:
unable to detect alternatively polyadenylated transcripts (D'Mello et al., 2006).

With these limitations in mind Affymetrix® designed the Human Exon 1.0 ST Array
GeneChip® with better features (see 1.1.6.2).

1.1.6.2 Human Exon 1.0 ST Array GeneChip®

The Human Exon 1.0 ST Array GeneChip® has shown several advantages over
theconventional 30 9 Thaypmavidetheymaeum afGrmatipn
needed to understand total gene expression as their target is to detect transcripts
along the entire | ength reedgonmiduAquefeatuteer t h
also suggested that novel spliced transcripts could be discovered. Each exon is
presented on the GeneChip® by four perfect match probes scattered throughout
the chip. The array consists of 1.4 million probe sets and over a million exon

clusters. The feature size is 5um X 5um and each probe is 25 base pair long.
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These exons were identified against known sequences from databases,
Genbank, Ensembl and dbEST (in July, 2003) (www.Affymetrix.com).

1.1.6.3 Human Transcriptome Arrays 2.0 GeneChip®

In 2011, Affymetrix® designed the Human Transcriptome Arrays 2.0 (HTA) which
showed improved features compared to the Human Exon 1.0 ST Array
GeneChip®. This was achieved by increasing the probe density from 4 probes
per exon to 10 probes per exon and including 4 probes for each predicted exon-
exon splice junction. Furthermore, these probe sequences have been compared
to an available mRNA database. ~94% of mMRNA sequences in the data mapped
to the probes designed on the arrays. 85% of the mapped mRNA sequences from
the database were exons and 7% were exon-exon junctions (Xu et al., 2011). The
HTA contain > 6.0 million feature oligonucleotides and they utilize low RNA
concentrations of total RNA (50ng 1 500ng) for input. These highly efficient arrays
were designed to identify instances of alternative splicing, coding SNP and
noncoding transcripts. Furthermore, they are designed to be analysed with their
own software known as Transcriptome Analysis Console (TAC). The software
has a unique feature which is the assembling of multiple data sources in one
compact software package. Thus, all transcript isoforms of a known gene can be

analysed in a single analysis tool (Xu et al., 2011).

1.1.6.4 Next generation sequencing (NGS) (RNA sequencing)

The first widely used DNA sequencing method was developed by Frederick
Sanger who described the chain-termination method that led to the initial
identification of the human genome sequence (Sanger et al., 1977). In the past
decade there has been a rapid development of new sequencing technologies.
Now, NGS is widely available in the market and serves numerous areas such as:
clinical diagnostics, genetic disease studies and molecular biology studies
(Morozova and Marra, 2008). The most commonly used type of DNA sequencing
nowadays is the sequencing by synthesis which was first introduced by
Balasubramanian and Klenerman in 1989 and commercialised under the banner

Solexa (http://www.illumina.com/technology/next-generation-sequencing/solexa-
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technology.html). In 2004, the Solexa technology was purchased and enhanced

by introducing the DNA cluster amplification method which increased the
accuracy of base calling which was then known as Illumina sequencing.

(http://www.illumina.com/technology/next-generation-sequencing/solexa-

technology.html)

The principle of this method is that mRNA is converted into double stranded
cDNA molecule which is then fragmented and tagged by an index sequence and
a flow cell adaptor sequence. Each fragmented single stranded molecule is
clustered via an isothermal amplification method. This is performed within a flow
cell glass slide that is composed of different lanes. Each lane is internally coated
with short sequence oligonucleotides complementary to the adaptor region on the
fragmented single stranded cDNA. Once the reaction starts the fragmented
double stranded molecules are made single stranded and bound to the short
sequence oligonucleotides complementary to the adapter region. These
processes initiate the DNA polymerase to synthesise the reverse stand. The
original stand is denatured and cleaved. The reverse strand is then cloned by a
bridge amplification method forming millions of clusters. This process is followed
by the sequencing step, also known as sequencing by synthesis, reversible
fluorescent terminator nucleotides are incorporated into the newly synthesised
DNA sequence. The four chemically modified nucleotides (2,3 dideoxynucleotide)
are added to the DNA molecule by DNA polymerase allowing one of the four
nucleotides to bind to the DNA sequence in each synthesis cycle as a result of
complementary hybridisation. This is followed by a washing step to remove all
the remaining nucleotides. The nucleotides are then excited by a light source and
a snapshot image of the incorporated terminated nucleotides is taken by a
camera. The synthesis cycle is repeated until the cDNA fragment is sequenced.
These images are then combined and interpreted as a cDNA sequence

(http://www.illumina.com/technology/next-generation-sequencing/sequencing-

technology.html) (Figure 1.4).

This method has major advantages. It is the only one that can perform a single
read as well as paired-end reads which increases the efficiency and resolution of

the genome sequence. Paired-end read generation overcomes many issues that
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are faced in sequencing, for example: the alignment of DNA sequence that
contains repetitive sequences. It can, to some degree, identify rearrangements
such as deletions, insertions and inversions in addition to novel spliced isoforms
(Figure 1.5), depending on the size of the expansion, insertion, deletion or
inversion.

(http://www.illumina.com/technology/next-generation-sequencing/sequencing-

technology.html)
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Figure 1.4: lllumina Sequencing workflow. (1) the DNA is fragmented and ligated to the adaptors
(2)The fragmented single stranded DNA is attached to the surface of the flow cell in the channels
(3) unlabelled nucleotides are added along with enzymes to initiate the bridge amplification (4) A
double strand bridge is synthesis on the flow cell (5) the original stand is denatured and cleaved
leaving the reverse strand (6) bridge amplification continues to form millions of clusters (7) the
sequencing cycle starts by the addition of the four labelled reverse terminator nucleotides along
with DNA polymerase and primers (8) the laser excite the fluorescent labelled incorporated
nucleotide and an image is captured to detect the first base (9&10) is a repeated process of the
synthesis cycle steps 7&8 (11) all the images are combined to identify the DNA sequence (12)
data alignment to the reference sequence. (Image from lllumina sequencing webpage:

http://www.illumina.com/documents/products/techspotlights/techspotlight sequencing.pdf )
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Figure 1.5: Paired-end Sequencing and alignment detecting sequence repeats.

(Adapted from: http://www.illumina.com/technology/next-generation-sequencing/paired-end-

sequencing_assay.html)

1.1.7 Studying alternative splicing

Alternative splicing is defined as the mechanism that allows the production of
different transcript isoforms from a single gene. It is one of the most complex
functions that the human genome undergoes. Over 92% of the human genome
is alternatively spliced which indicates its importance in many cellular
mechanisms and pathways (Blencowe et al., 2009). A defective alternative
splicing process has been implicated in several neurodegenerative disorders.
Mutations in RNA processing genes lead to disorders other than ALS, for
exampl e: Al zhei mer 6s -bdi,s ePaasrek i (nS)n 6 (A my Isa
synuclein), FTD (TDP-43) and spinal muscular atrophy (SMA) (SMN1) (Tang,
2016). Each of these neurological disorders has distinct complex defective

cellular mechanisms and pathways. Thus, studying the role of RNA processing
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genes is potentially important to underline how these diseases develop as well to

establish therapy.

1.1.8 The rationale behind the proje

expression profilingo

This study was developed based on two major observations. The first was that
TDP-43 is an RNA binding protein that is normally located in the nucleus and has
a role in RNA processing and particularly in splicing. In ALS TDP-43 is mutated
and mislocalized resulting in the characteristic cytoplasmic inclusion bodies
(Neumann et al., 2006). Studies have shown that TDP-43 binds to multiple mRNA
transcripts, thereby thought to regulate their splicing (Polymenidou et al., 2011,
Sephton et al., 2011, Xiao et al., 2011). However the actual effect of how mutant
TDP-43 dysregulates the splicing machinery in ALS has not been studied before.
Thus, the current work aimed to uncover possible dysregulated mRNA spliced
transcripts in fALS-TARDBP.

The second observation which initiated this current work was an interesting study
conducted by Trask et al., in 2009, which studied gene expression profiling on
separate cellular components i.e. cytoplasmic RNA and nuclear RNA extracted
from the same cell line. They showed strong supporting evidence that mRNA
extracted from the whole cell does not accurately represent cytoplasmic mMRNA
and that polyadenylated nuclear mRNA should not be neglected as their

contribution is significant (Trask et al., 2009).

Therefore, it was interesting to explore the possible effects of mutant TDP-43 on
MRNA splicing on both cellular compartments in fALS-TARDBP mutations as this
was not been studied before. As TDP-43 is an ubiquitinated protein which is
expressed in fibroblasts of ALS patients (Sabatelli et al., 2015), the present study
aimed to utilize fibroblasts derived from fALS patients to understand the cellular
defective mechanisms and pathways related to TDP-43 mutation using the
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following technologies: the Human Exon 1.0 ST Arrays, the Human

Transcriptome Arrays and RNA sequencing.

1.1.9 Hypothesis

Cytoplasmic and nuclear transcriptomic profile from mutant TARDBP will

generate different transcriptomic profiles than control fibroblasts.

This will establish the dysregulated pathways in the presence of mutations in
TARDBP.

1.1.10 Objectives

1. To produce a good quality and quantity of separated cytoplasmic and

nuclear RNA from mutant TARDBP fibroblasts and control fibroblasts.

2. To compare the expression profiles of the cytoplasmic and nuclear

compartments of the cell from control and mutant TARDBP fibroblasts.

3. To determine the effect of the TARDBP mutation in the cytoplasmic and

nuclear RNA expression profile.
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Chapter 2: Materials and methods

Table 2.1: Reagents and suppliers

Reagents

Supplier

Agencourt AMPure XP beads

Beckman Coulter

Ammonium acetate

Sigma

Chloroform

Fisher Scientific

Cytoplasmic and nuclear RNA purification kit

Norgen biotek

DMSO Sigma

DNase treatment New England Biolabs
Dithiothreitol Sigma

Ethanol Fisher scientific
Ethidium bromide Fluka
Essenti al Medi a ( MEM) -Guiarnife | Lonza

Fetal bovine serum (FBS) Biosera
GeneChip® arrays and reagents Affymetrix
Glycoblue Ambion
HEPES Sigma

Hyper ladder IV Bioline

Hyper ladder V Bioline
Isopropanol Fisher Scientific
KCI Fisher

MgCI2 Sigma
MycoAlert ® Mycoplasma Detection Kit Lonza

Na pyruvate Sigma
Non-essential amino acids Lonza

Penicillin / streptomycin solution Lonza

pH meter ORION
Protease Inhibitor Cocktail Sigma
Quantitect Reverse Transcriptase kit Qiagen

RNAse inhibitor Bioline
RNase-free water Ambion

Stratagene Brilliant Il SYBR® Green PCR Master Mix

Agilent Technologies

Trizol Ambion
Trypan blue Sigma
Trypsin Lonza
Uridine Alfa Aesar
Vitamins Lonza
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Table 2.2: Equipment and suppliers

Equipment Supplier
BioAnalyser 2100 Agilent

Centrifuge Sigma

Filtered pipette tips Fisher Scientific

G25 needles BD microlance TM
Hoods Envair

Incubator SANYO

M3000P gPCR Agilent Technologies
Nanochips Agilent Technologies

Nanodrop 1000 Spectrophotometer

Labtech International, UK

Next generation sequencing (Hi scan SQ system)

Hlumina

PCR plates and sealing caps BlOplastics
Serological pipette Fisherbrand
TBE gel (4-20%) Invitrogen

Thermo Cycler

MJ Research

T75 flasks

Thermo scientific

Water bath

Grant
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2.1 Fibroblast cell culture

All samples were collected according to the ethical approval granted by NRES
Committee for Yorkshire and Humber (REC ref 12/YH/0330; Protocol number
STH16573).Frozen control and TARDBP patient fibroblasts were closely
matched for age and sex (Table 2.3).

Control and TARDBP patient fibroblasts were defrosted from liquid nitrogen at
room temperature and were cultured using the minimum essential media (MEM)
with Ear | e 0lut@ank supplememtdd with the following: 10%fetal
bovine serum (FBS), 1%Sodium pyruvate, 1%non-essential amino acids,
1%vitamins, 0.25mg/ml uridine and 1%penicillin streptomycin solution. To each
cultured fibroblasts 10ml of pre-warmed media was added to the cells in a T75
flask and allowed to grow at 37°C, 5%CO:2 in a humid incubator. Cells were
examined regularly under a light microscope and estimated confluency was

recorded.

Table 2.3: Control and patient fibroblasts characteristics. Fibcon= Fibroblast
control, Fibpat=Fibroblast patient

Condition Fibroblast Gender Mutation Age at time of skin
ID biopsy
Controls Fibcon 2303 | Male None 62
Fibcon 155 | Male 40
Fibcon 170 | Male 63
Fibcon 159 | Female 62
Fibcon 8 Female 41
Fibcon 11 Male 58
Missense Fibpat 48 Female p.A321V 40
mutation Fibpat 51 Male p.M337V 62
Fibpat 55 Male p.G287S 56
Truncated Fibpat 192 | Male p.Y374X 41
mutation Fibpat 193 | Male p.Y374X 53
Fibpat 194 | Male p.Y374X 68
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2.1.1 Splitting fibroblasts

Fibroblasts were passaged regularly when they reached ~90% confluency. Cells

were washed with 5ml of 1x phosphate buffered saline (PBS), harvested with 1ml

of

tryps-EBDTAO0OO0S52g4g1l L)

and

neutr al

zed wi

cells were equally distributed into a number of flasks with 10ml of pre-warmed
MEM, incubated at 37°C, 5% CO..

2.1.2 Mycoplasma testing

In SITraN all cell samples were tested by a member of the technical team staff.

The kit used was MycoAlert ® Mycoplasma Detection Kit by Lonza.

2.2 Cell fractionation and RNA extraction

2.2.1 Cell fractionation and RNA extraction using Norgen kit for

Cytoplasmic and Nuclear RNA Purification

When fibroblasts reached ~90% confluency they were harvested for cell

fractionation and RNA extraction (Figure 2.1). The procedure was performed

using Norgen kit for cytoplasmic and nuclear RNA purification, (product number

2100).

Cell lysis

¥

Supernatant (Cytoplasmic)

!

Pellet (Nuclear)

!

Bind Bind
Cson ] | | [spin |
Wash Wash

[_spin | 1

| [_spin_|

Elute (Cytoplasmic RNA)

Elute (Nuclear RNA)

Figure 2.1: A flow chart illustrating cell fractionation and RNA extraction. Adapted from:

https://norgenbiotek.com/sites/default/files/resources/Cytoplasmic-Nuclear-RNA-Kit-Insert-

P121000-19-M14.pdf
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2.2.2 Cell fractionation by osmotic pressure

Fibroblast cell membranes were lysed using freshly prepared lysis buffer (1ml of
hypotonic lysis buffer (10mM HEPES pH 7.9, 1.5mM MgCl2 ,10mM KCI, 0.5mM
DTT), 1x of protease inhibitors complete (PIC), 2ul of (40 u=U/ul) RNAse
inhibitor. To the contents of three combined confluent T75 flasks 200ul of lysis
buffer was added. Cells were slowly re-suspended then passed through a G25
needle 10 times every 10min. The lysate was examined under light microscope
to evaluate the lysed cells and to monitor the nucleus integrity. Trypan blue was
used to stain the nuclei by mixing 1:10 ratio of lysate to trypan blue. 10yl of the
stained lysate was applied on a plain slide and covered with coverslip then
examined under a light microscope. After 20min, the cytoplasm was separated
from nuclei by centrifugation at 13,000rpm for 3min at 4°C. At that point the
supernatant was the cytosol and the pellet was the nuclei. The supernatant was
transferred to a fresh tube and placed on ice. 100pl of lysis buffer was then added
to the nuclei to lyse the nuclear membrane. It was carefully mixed and passed
through a G25 needle several times. The nuclear lysate was examined under
light microscope to evaluate nuclei lysis. After complete nuclear lysis, RNA
extraction was performed on both the cytoplasmic and the nuclear fractions.

2.2.2.1 RNA extraction by Trizol method

A ratio of 3:1 of Trizol was mixed with the lysate and incubated for 120min at room
temperature. Afterwards, 1:5 ratio of chloroform was added and mixed for 20sec
then incubated for 5min at room temperature followed by centrifugation at
11,000rpm for 10min at room temperature. The aqueous phase was transferred
to a new tube. Then RNA was washed with equal volume of absolute isopropanol.

The precipitated using the glycoblue precipitation method (see below section 2.3)

2.3 Glycoblue precipitation method

1pl of 15mg/ml glycoblue reagent was applied to the RNA samples. Next, a ratio
of 1:15 of 7.5M ammonium acetate was added. Then, an equal amount of
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absolute isopropanol was added to the total volume, mixed and incubated at -
20°C overnight. After incubation, RNA samples were spun down at 12000g for 20
min at 4°C. The supernatant was removed and the blue pellet was resuspended
in 100pl of 75% ethanol. Samples were spun down at 12000g for 20 min at 4°C.
The ethanol was discarded and the tubes were left to air dry. The concentrated

RNA was then resuspended in the 50ul of nuclease free water.

2.4 Nanodrop 1000 spectrophotometer

The principle of the Nanodrop 1000 spectrophotometer was to measure the
guantity of RNA by measuring the absorbance of UV light at a wavelength 260nm
and 280nm. The measurement at 260nm indicates the amount of RNA in the
sample and the amount of protein was estimated at 280nm. In addition, the purity
was measured by the calculating the ratio of both absorbance which ranges
betweenl.8 - 2.0.

2.5 Agilent Bioanalyser 2100

The Agilent Bioanalyser analyzer was used to analyse the RNA quality. The
technique is based on using chips designed with a set of microchannels that
separates nucleic acid species based on size by electrophoresis. The procedure
was performed using the manufacture instructions.

(http://lwww.genomics.bham.ac.uk/Nano Kit.pdf).

2.6 DNase treatment

DNase treatment was performed on the nuclear samples. 1ug of RNA was mixed
with 1x DNase w reaction buffer. 2 units
was incubated at 37°C for 10min. Finally, to stop the reaction 1yl 0.5M EDTA was

added. The mixture was then incubated at 75°C for 10min.
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2.7 GeneChip®Arrays

Two GeneChip® array types were used in the current work, therefore, two
manuals were followed to prepare the samples for hybridization. The Human
Exon Arrays 1.0 ST (The Ambion® WT Expression Kit For Affymetrix® GeneChip® Whole
Transcript (WT) Expression Arrays and GeneChip® Whole Transcript (WT) Sense Target
Labeling Assay Manual part number 701880) and for the Human Transcriptome Arrays
(GeneChip® WT PLUS Reagent Kit Manual Target Preparation for GeneChip £ Whole Transcript
(WT) Expression Arrays part number 703174). Most of the steps were similar therefore
were described together. However some steps were different thus were

described separately.

2.7.1 Sample preparation for both Human Exon Arrays 1.0 ST (HEA) and

Human Transcriptome Arrays (HTA) RNA samples

The ultimate RNA concentration prior RNA labelling was ~200ng diluted in 3pl of
RNase free water. Thus, the amount of RNA required in the experiment was
calculated then precipitated using the glycoblue method and resuspended in 3l
of RNase free water (Table 2.4 & 2.5).

The poly-A RNA spike in controls, synthesis of first strand cDNA, synthesis of
second strand cDNA, synthesis of cRNA by In Vitro Transcription (IVT), purifying
cRNA, synthesis of 2" cycle cDNA, Hydrolysis using RNase H and purifying 2"

cycle cDNA steps were performed as shown below.
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Table 2.4: RNA precipitation by glycoblue method for the HEA. ng/ul
=nanograms/ microliter, pl =microliter, GB= glycoblue, conc=concentration,
pat=patients, con=control

Cell Mutation Fibroblasts ID RNA 200ng of | GB (ul) | Ammonium 100%
fraction type conc. RNA acetate Isopropanol
(ng/pl)
Cytoplasm | - Con 8 60.5 5 1 0.3 7
Con 11 27 10 1 0.6 12
Con 170 70 5 1 0.3 7
Missense Pat 48 16 15 1 1 17
mutation Pat 51 20 12 1 0.8 14
Pat 55 82 5 1 0.3 7
Nuclear - Con 8 13 20 1 1.3 23
Con 11 21 20 1 1.3 23
Con 170 25 20 1 1.3 23
Missense Pat 48 11 20 1 1.3 23
mutation Pat 51 15 20 1 1.3 23
Pat 55 12 20 1 1.3 23
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Table 2.5: RNA precipitation by glycoblue method for HTA. ng/pl =nanograms/ microliter, pl =microliter, GB= glycoblue.

Cell fraction | Mutation type | Fibroblasts | RNA conc. | Amount required | GB (ul) | Ammonium 100%
ID (ng/ul) 200ng acetate Isopropanol
Cytoplasm - Con 155 284 1 - - -
Con 2303 198 1 - - -
Con 170 148 1.5 - - -
Con 159 216 1 - - -
Missense Pat 48 81 2.5 - - -
mutation Pat 55 68 3 - - -
Pat 51 100 2 - - -
Truncated Pat 192 81 2.5 - - -
mutation Pat 193 128 2.5 - - -
Pat 194 50 4 1 0.5 5.5
Nuclear - Con 155 128 2 - - -
Con 2303 192 1.5 - - -
Con 170 136 1.5 - - -
Con 159 218 1 - - -
Missense Pat 48 27 8 1 0.5 9.5
mutation Pat 55 72 3 - - -
Pat 51 147 1.5 - - -
Truncated Pat 192 36 6 1 0.5 7.5
mutation Pat 193 144 1.5 - - -
Pat 194 16 13 - 0.8 13.8
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2.7.2 Poly-A RNA controls preparation for both HEA and HTA RNA

samples

To each RNA sample a series of exogenous positive controls were added to the

reaction in order to monitor the labelling process. These controls were artificially
polyadenylated RNA designed against B. subtilis genes which are absent in

human cells. The genes were: lys, phe, thr, and dap. The dap gene was expected

to show the highest intensity followed by thr, phe and lys. The poly-A RNA

controls were spiked in at a certain concentration prior to the first strand synthesis

reaction step (Table 2.6).

Stepwise, first 2ul of poly-A cont r ol stock was -Amcomtreld wi t
dilution buffer to achieve (1:20) dilut]i
added t o 9 &ecantrobdilutiom dbuffgr to prepare the second dilution

(1:50). After war d s, 2gelL of the second dilAtion
control dilution buffer to make the third dilution (1:50). Finally, the fourth dilution

was prepared by diluting the third dilution (1:4) using poly-A control dilution buffer
accordingtothe number to samples in the experin

was added to the prepared 200ng of total RNA samples (Table 2.7).

Table 2.6: Final concentrations of the spiked in poly-A RNA controls for both HEA
and HTA

Poly-A RNA Spike Final concentration
lys 1:100,000

phe 1:50,000

thr 1:25,000

dap 1:6,667

Table 2.7: Total RNA/Poly-A RNA control mixture for both HEA and HTA

Component VVolume for one reaction ()
Total RNA sample (200ng) 3
Diluted 4th Poly-A RNA Controls 2
Total volume 5
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2.7.3 Synthesis of first strand cDNA, second strand cDNA and cRNA by In

Vitro Transcription (IVT) for both HEA and HTA

To synthesize the first strand cDNA a reverse transcription reaction was

performed (Tables 2.8 and 2.9). The RNA samples were primed with a mixed

random and oligo dT primer each supplemented with T7 promoter sequence. This

reaction produced ss cDNA. The ss cDNA was then converted to double stranded

cDNA and the T7 polymerase promoter was completed (Tables 2.10, 2.11 &

2.12). Afterwards, using T7 RNA polymerase enzyme, an antisense cRNA was

synthesized and amplified from the second strand cDNA template (Tables 2.13,

2.14).

Table 2.8: First strand master mix components for both HEA and HTA

First strand master mix component

Volume for one reaction (pl)

First strand buffer mix

4

First strand enzyme mix

1

Total volume added to each sample

5

Table 2.9: First strand amplification protocol using thermocycler for both HEA

and HTA
Temperature (°C) | Time
Annealing 25 1 hour
Reverse transcription 42 1 hour
Hold 4 2 min
Single cycle
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Table 2.10: Second strand cDNA master mix components of the HEA

Second-Strand Master Mix component (Vol ume f or one
Nuclease-free Water 32.5

Second-Strand Buffer Mix 12.5

Second-Strand Enzyme Mix 5

Total Volume 50

Table 2.11: Second strand cDNA master mix components for the HTA

Second strand master mix component | Volume for one reaction ( € L
Second strand buffer 18

Second strand enzyme 2

Total volume 20

Table 2.12: Second strand amplification protocol using thermocycler for both
HEA and HTA

Temperature (°C) | Time
Second strand synthesis 16 1 hour
Enzyme denaturation 65 10 min
Hold 4 2 min
Single cycle

Table 2.13: IVT Master Mix components for both HEA and HTA

IVT master mix component Vol ume for one re
IVT buffer mix 24

IVT enzyme mix 6

Total volume 30

55



Table 2.14: IVT amplification protocol using thermocycler for both HEA and HTA

Temperature (°C) | Time
Incubation 40 16 hour
Hold 4 Indefinitely

2.7.4 cRNA purification for both HEA and HTA

In this step all interfering substances are removed leaving a clean stable cRNA.
These substances include: salts, enzymes, unincorporated nucleotides and
inorganic phosphates. The purification step is based on using nucleic acid binding
beads. cRNA binds to the magnetic beads which allows the removal of all the
unbound interfering material. The procedure was performed using the

ma n u f a c ingtructonsd s

2.7.5 Synthesize 2" cycle cDNA

2.7.5.1 Synthesize 2" cycle cDNA for HEA

A sense strand cDNA was synthesized by using random primers and the purified
CRNA. I n this step 10&g of total ONReoh22dof r e g u i
nuclease free water (Table 2.15). 2ul of random primers were added to the 10ug
cRNA, mixed thoroughly and incubated in the thermal cycler (Table 2.16).
Afterwards, the 2nd-cycle master mix was prepared as shown in (Table 2.17) and
16elL of the master mix was added to each

thermal cycler (Table 2.20).
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Table 2.15: 2" cycle cDNA synthesis (1 0e g / 2201 ) oHEA agRINFA f ot
nanograms/microliter, pl=microliter, con=control, pat=patient

Cellular Mutation Sample ID | cRNA (ng/ul) cRNA Nuclease
fraction type () free water
(1)
Cytoplasm - Con 8 1688.73 6ul 16ul
Con 11 481.41 20ul 2ul
Conl70 1093.68 oul 13ul
Missense Pat 48 718.27 14ul 8ul
mutation Pat 51 2406.26 4ul 18ul
Pat 55 1412.87 7ul 15ul
Nuclear - Con 8 1494.49 7ul 15ul
Con 11 2658.18 4ul 18ul
Con 170 3010.44 3ul 19ul
Truncated | Pat 48 1312.43 8ul 14ul
mutation Pat 51 2223.56 5ul 17ul
Pat 55 616.55 16ul 6ul

Table 2.16: Thermocycler protocol for 2" cycle cDNA synthesis using random
primers for the HEA

Temperature ( °C) Time
Denature 70 5 min
Annealing 25 5 min
Hold 4 2 min
Single cycle

Table 2.17: 2" cycle master mix components for the HEA

2"d cycle master mix component | Volume foronereacti on (& L)
2"d cycle buffer mix 8

24 cycle enzyme mix 8

Total volume 16

2.7.5.2 Synthesize 2" cycle ss cDNA for HTA

I n this step, 15e g cRNA i n a (Tawet2d8).Tovol um
each 15ug sample 4ul of 2" cycle primers was added, mixed thoroughly by
vortexing and incubated for 5 min at 70°C, 5min at 25°C, then 2min at 4°C.
Immediately after the incubation, 2" cycle sense strand cDNA master mix was
prepared and 12ul of the master mix was added to each sample (Table 2.19).

Samples were incubated in the thermal cycler (Table 2.20).
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Table 2.18: 2nd-cycle ss cDNA ( 15¢g

/| 240

nanograms/microliter, pl=microliter, con=control, pat=patient

¢ RN.Ang/ plE or

Cellular fraction | Mutation type Sample ID CRNA (pl) Nuclease-free
water (ul)
Cytoplasmic - Con 2303 12.3 11.7
Con 155 7 17
Con 170 13.6 10.4
Con159 20.3 3.7
Missense Pat 51 16.9 7.1
mutation Pat 48 13 11
Pat 55 4.5 19.5
Truncated Pat 192 8 16
mutation Pat 193 10 14
Pat 194 8 16
Nuclear - Con 2303 12.5 11.5
Con 155 4.5 19.5
Con 170 7.3 16.7
Con 159 10 14
Missense Pat 48 8.7 15.3
mutation Pat 55 10 14
Pat 51 23 1
Truncated Pat 192 6.5 17.5
mutation Pat 193 5 19
Pat 194 8 16
Table 2.19: 2" cycle sense strand cDNA master mix for HTA
Master mix component Vol ume Or one
2"d cycle sense strand cDNA buffer 8
2"d cycle sense strand cDNA enzyme 4
Total volume 12

Table 2.20: 2" cycle cDNA thermocycler protocol for both HEA and HTA

Temperature (°C) | Time
Annealing 25 10min
extension 42 90min
stop reaction 70 10min
Hold 4 2min

Single step
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2.7.6 Hydrolyze cRNA using RNase H

cRNA template was degraded using RNase H enzyme leaving ss cDNA.

2.7.6.1 Hydrolyze cRNA using RNase H for HEA
2ul of RNase H was added to the sense strand cDNA samples. The samples

were mixed thoroughly and incubated using the thermocycler (Table 2.21).

2.7.6.2 Hydrolyze cRNA using RNase H for the HTA
4ul of the RNase H was added to sense strand cDNA samples. The samples

were mixed thoroughly and incubated using the thermocycler (Table 2.21). After
i ncubati on, 11 efieewater wastagdedtoreach sampedo achieve

a final volume of 55ul.

Table 2.21 The thermocycler protocol for the hydrolysis of cRNA using RNase H
for both HEA and HTA

Temperature ( °C) Time
Incubation 37 45min
Enzyme denaturation 95 5min
Hold 4 2min
Single cycle

2.7.7 Purify 2"d cycle cDNA for both the HEA and HTA

This step is similar to the previous purification procedure. All interfering
substances were removed. These include: salts, enzymes and unincorporated
dNTPs. The purification step was based on using nucleic acid binding beads
which allows the removal of all the unbound interfering material leaving purified
sense strand cDNA. The procedure was performed usingthe manuf act ur

instructions (refer to section 2.7)
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2.7.8 Fragmentation for both HEA and HTA

The ss cDNA was fragmented by uracil-DNA glycosylase (UDG) and
apurinic/apyrimidinic endonuclease 1 (APE 1) at the unnatural dUTP residues
which resulted in DNA breakage. Sense strand cDNA samples were prepared to
achieve 5.5ug in a total volume of 31.2ul (Tables 2.22 and 2.23). Fragmentation
master mix was prepared (Table2.24) and 16. 8¢L of mixture
sample, mixed and incubated in the thermocycler (Table 2.25). The quality of the

samples was examined using the Agilent Bioanalyser.

Table 2.22: HEA sample preparation for fragmentation

Cellular Mutation type Sample ID | ss-cDNA =5.5ug | RNase free
component water
Cytoplasmic | - Con 8 15 16.2
Con 11 22 9.2
Con 170 20 11.2
Missense Pat 48 18 13.2
mutation Pat 51 18 13.2
Pat 55 21 10.2
Nuclear - Con 8 18 13.2
Con 11 17 14.2
Con 170 18 13.2
Missense Pat 48 20 11.2
mutation Pat 51 20 11.2
Pat 55 21 10.2
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Table 2.23: HTA sample preparation for fragmentation. ss cDNA = sense strand
complementary DNA , Con=control, Pat=patient, pul= microliter, ug= micrograms

Cellular Mutation type | Sample ID 5.5ug ss cDNA | Nuclease free
fraction water 31.2ul
Cytoplasmic - Con 2303 10.8 20.4
Con 155 8 23.2
Con 170 11.4 19.8
Con 159 12.6 18.6
Missense Pat 48 12.7 18.5
mutation Pat 51 11.5 19.7
Pat 55 7.5 23.7
Truncated Pat 192 9 22.2
mutation Pat 193 9 22.2
Pat 194 10 21.2
Nuclear - Con 2303 11.3 19.9
Con 155 7 24.2
Con 170 9.5 21.7
Con 159 10.4 20.8
Missense Pat 48 10 21.2
mutation Pat 51 13.5 17.7
Pat 55 8.5 22.7
Truncated Pat 192 8.5 22.7
mutation Pat 193 7 24.2
Pat 194 11.5 19.7

Table 2.24: Fragmentation master mix for both HEA and HTA

Component Volume for one reaction (ul)
RNase-free Water 10

10X cDNA Fragmentation Buffer 4.8

UDG, 10 U/ gL 1

APE 1, 1,000 U/ elL |1

Total Volume 16.8

Table 2.25: Thermocycler protocol for fragmentation step for both HEA and HTA

Temperature (°C) | Time
Incubation 37 60min
Stop reaction 93 2min
Hold 4 2min
Single cycle
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2.7.9 Labelling for both HEA and HTA

The fragmented ss cDNA were labelled with biotin by adding 60ul of labelling
reaction master mix to each sample (Table 2.26). The samples were incubated
using the thermocycler (Tables 2.27)

Table 2.26: The labelling reaction master mix for both HEA and HTA

Component Volume for one reaction (pl)
Fragmented sense strand DNA 45

5X TdT Buffer 12

TdT 2

DNA Labeling Reagent, 5mM 1

Total Volume 60

Table 2.27: The thermocycler protocol for labelling for both HEA and HTA

Temperature (°C) Time
Incubation 37 60min
Enzyme 70 10min
denaturation
Keep 4 2min
Single cycle

2.7.10 Gel-Shift Assay for both HEA and HTA

The gel shift assay is a procedure that assesses the efficiency of the labelling

step. This will prevent poor hybridization of fragmented ss cDNA to the targeted

probe on the array. First, 2mg/mL of NeutrAvidin solution was prepared in of in

1XPBS. Meanwhile, 4-20% gradient TBE gel was placed into the gel holder and

loaded with 1XTBE buffer. Random samples were selected to be tested as
positive and negat e fragmeotedrss adDNA gas hedtedlat o f t
70AC for 2min. For the positive sampl es,
to each sample. Samples were mixed and incubated for 5min at room
temperature. Negative samples were treal
NeutrAvidin. 5pl of loading dye was added to all samples and 10pl of the samples

were loaded to the wells and 5ul of Hyper ladder IV or Hyper ladder V was added

to the first well. The samples were then run at 150 volts for 1h. After the run was
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completed the gel was stained with 1X ethidium bromide for 10min. Finally, the

gel was visualized under UV light.

2.7.11 Hybridization

BioB, BioC, BioD and Cre are pre-labeled hybridization controls that monitor the
hybridization, washing and staining process of the each array. These controls are
a mixture of fragmented and biotinylated cRNA extracted from Escherichia.coli
except for Cre which is extracted from P1 bacteriophage. They were designed to
bind to the arrays in different intensities. It is expected that the Cre generates

the highest signal intensity followed by BioD, BioC, BioB.

Hybridization Cocktail was prepared in a 1.5mL RNase-free microfuge tube as
shown below (Table 2.28 and 2.29). The 20X Eukaryotic Hybridization Controls
was heated at 65°C for 5min to ensure a complete dissolution before use. The
complete Hybridization Cocktail was heated at 99°C for 5min then cool to 45°C
for 5min. The GeneChip® Arrays were labelled and allowed to equilibrate to 21°C
prior use. 200ul of the mixture was injected to each array then were placed in

45°C hybridization oven, rotating at 60rpm, and incubated for 16h.

Table 2.28: Hybridization cocktail for HEA

Component Volume in each sample (ul)
Fragmented and labeled DNA 59

target

Control oligonucleotide B2 (3 nM) 3.7

20X Eukaryotic hybridization 1

controls (bioB, bioC, bioD, cre)

2X Hybridization mix 110

DMSO 154

Nuclease-free water 20.9

Total volume 220
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Table 2.29: Hybridization cocktail for the HTA

Component Volume in each sample (ul)
Control oligonucleotide B2 (3 nM) 3.7

20X Eukaryotic Hybridization 11

Controls (bioB, bioC, bioD, cre)

2X Hybridization mix 110

DMSO 154

Nuclease-free Water 19.9

Total Volume 160

2.7.12 Wash, Stain and Scan for both HEA and HTA

The Genechips® were serially washed to remove any unspecific materials

followed by staining with Streptavidin Phycoerythrin (SAPE). Afterwards, the

Genechips® were scanned (Table 2.30). The scanner emits laser that detects the

bound labelled sense

expression.

Table 2.30: Fluidics p

strand fragmented cDNA which corresponds to the level of

rotocols for the GeneChip® ST Arrays

Fluidics Station

Post Hyb Wash #1

10 cycles of 2 mixes/cycle with Wash Buffer A at 30°C

Post Hyb Wash #2

6 cycles of 15 mixes/cycle with Wash Buffer B at 50°C

Stain

Stain the probe array for 5 minutes in SAPE solution at
35°C

Post stain wash

10 cycles of 4 mixes/cycle with Wash Buffer A at 30°C

2"d Stain Stain the probe array for 5 minutes in antibody solution at
35°C

3" Stain Stain the probe array for 5 minutes in SAPE solution at
35°C

Final wash 15 cycles of 4 mixes/cycle with Wash Buffer A at 35°C.

Holding buffer

Fill the probe array with Array Holding Buffer.
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2.7.13 Quality control for both HEA and HTA

The raw data was generated as CEL files using the Affymetrix GeneChip
Command Console (AGCC) software. Quality control checks of the arrays was
performed through Affymetrix Expression Console v1.0 software. This was used
to check the hybridization quality control of the arrays as it produces informative

quality control charts and graphs.

2.8 Gene expression analysis

2.8.1 Gene expression analysis using Partek® Genomics Suite ™ software

Partek® Genomics Suite ™ 6.6 software was used to explore the differentially
expressed genes of the Human Exon Array 1.0 ST. An ANOVA test was
performed and the genes with a significant P-v al ue O 0 .>0+52wered FC
identified. The analysis was performed as the following: cytoplasmic missense
mutation MT vs. cytoplasmic controls CON and nuclear missense mutation MT
vs. nuclear controls CON. This allows the identification of differentially expressed
genes in the cellular compartments. DAVID v6.7 was used to identify the
biological processes dysregulated in fALS-TARDBP fibroblasts. Biological
pathways containing differentially expressed genes that had an enrichment score

(ES) > 1.3 were highlighted as significant which is equivalent to p-value of 0.05.

2.8.2 Gene expression profiling using Qlucore Omics Explorer software

Qlucore Omics Explorer software was used to explore the differentially expressed
genes of the HTA. CEL files were uploaded into the Qlucore Omics Explorer
software and samples were normalized according to their cellular fraction type
prior to the analysis. The p-value was set to < 0.05 and fold change to > + 1.2.
Two comparison studies were carried out on each type of mutation. For the

missense mutation; cytoplasmic missense mutation MT vs. cytoplasmic controls
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CON and nuclear missense mutation MT vs. nuclear controls CON. For the
truncated mutation, cytoplasmic missense mutation TT vs. cytoplasmic controls
CON and nuclear missense mutation TT vs. nuclear controls CON. Similarly to
the Human Exon Arrays 1.0 ST, DAVID v6.7 was used to identify the
dysregulated biological processes in fALS-TARDBP fibroblasts in both mutation
types. Biological pathways with enrichment score > 1.3 were highlighted as

significant which is equivalent to p-value of 0.05 (Huang da et al., 2009).

2.9 Quantitative reverse transcription polymerase chain reaction (QRT-

PCR)

2.9.1 cDNA synthesis

lug of RNA was converted into cDNA using the (QuantiTect® reverse
transcription kit). First, a genomic DNA elimination reaction was prepared for
each sample as shown in (Table 2.31). Samples were incubated at 42°C for 2min
then were placed immediately on ice. Next, the reverse transcription reaction was
prepared as shown (Table 2.32). Samples were incubated at 42°C for 15 min.
The reaction was completed by an enzyme inactivation step, 95°C for 3 min.
cDNA samples were stored at -20°C.

Table 2.31: Genomic DNA elimination reaction component

Component Volume (ul)
gDNA wipeout buffer 2

Template RNA (1ug) variable
RNase free water variable
Total reaction volume 14

Table 2.32: Reverse transcription reaction component

Component Volume (ul)
Reverse transcription master mix 1
Quantiscript RT buffer 4

RT primer mix 1

The template RNA after genomic DNA | 14
elimination

Total volume 20
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2.9.2 SYBR green qRT-PCR method

SYBR green is a dye has the ability to bind to double stranded DNA and is widely
used in experimental studies. In the current work primers were optimized prior to
use.

The optimal forward and reverse primers were determined by testing a
combination of primer concentrations, 150nmol, 300nmol and 600nmol. This was
achieved by testing the multiple primer concentrations against a universal total
cDNA. 1pug of universal total RNA was converted to cDNA using (QuantiTect®
reverse transcription kit) and the staring concentration for the optimization utilized
12.5ng/ul of cDNA as a starting concentration. The test was performed in
triplicates using the Brilliant ° SYBR green master mix from with a total volume
20ul for each reaction (Table 2.33). The samples were run on the MX3000P Real-
Time PCR machine (Table 2.34). For primer sequences see (Table 2.35).

The optimal primers where those with the lowest cycle thresholds (Ct) value
showing a single amplified product in the dissociation curve. The efficiency of the
optimal primers to detect variable cDNA concentrations tested by generating a
standard curve of two fold serial dilution of the universal cDNA, 12.5ng/pl-
0.0ng/ul against the optimized primers. The statistical analysis was carried out

using Graph Pad Prism Software.

Table 2.33: Primer optimization using SYBR green method

Forward primer Reverse primer SYBR Universal RNase
concentration concentration green x2 cDNA free water
master (12.5ng/pl) (V)]
mix (ul)
150nmol (0.6pl) 150nmol (0.6pl) 10 1 7.8
150nmol (0.6ul) 300nmol (1.2ul) 10 1 7.2
300nmol (1.2pl) 150nmol (0.6pl) 10 1 7.2
300nmol (1.2ul) 300nmol (1.2ul) 10 1 6.6
300nmol (1.2pl) 600nmol (2.4pl) 10 1 54
600nmol (2.4pl) 600nmol (2.4ul) 10 1 4.2
NTC 300nmol 300nmol (1.2pl) 10 - 7.6
(1.2ul)
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Table 2.34: gRT-PCR thermocycler program using SYBR green method

Temperature (°C) Time (min)
Initial denaturation 95 10min
Denaturation 95 30sec
Annealing and extension | 60 1min
Number of cycles 40
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Table 2.35: Primer sequences generated by prime blast (SYBR green method)

Gene Genename |SequenegCG% Tm Sequen< CG |Conc. Tm | Primer
symbol 30 °C > 360 % (pmol/pl) °C location
Forward Reverse
ACTB Actin beta | TCCCCCAACT | 46 58 AACTGGTCT | 48 100 58 Exon 6-6
TGAGATGTAT CAAGTCAG
GAAG TGTACAGG
TARDBP | TAR DNA | ACAACCGAA |50 57.3 ACGAACAA |50 100 57.3 | Exon 3-4
binding CAGGACCTG AGCCAAAC
protein AA CCCT
SRSF10 FUS TCTGTTCGTC | 55 594 AAATCCTCT | 55 100 59.4 | Exon 1-2
interacting | AGGAACGTG TGGACGGC
protein G GAG
(serine/arqi
nine-rich) 1
NRNP200 | Small GGATGTAAC |60 61.4 CAAACAAG |55 100 59.4 | Exon 1-2
nuclear CGCCCGTAG GGACAGCA
ribonucleop | TC CCTCT
rotein
200kDa
(US5)
SF3Al Splicing CAAGACTGC |55 59.4 GACCTTGT |60 100 59.4 | Exon 2-3
factor 3a, | CAGCTTTGTG GGCGGTAG
subunit 1,| G TAGG
120kDa




2.9.3 Prime time gRT-PCR method

The prime time gRT-PCR application guide fourth edition (IDT) was followed in

this reaction.

This method was developed to increase primer specificity by utilizing a third
oligonucleotide labelled probe that binds to the targeted sequence of interest
along with the forward and the reverse primers but which is tagged with a
fluorescent label and a quencher. The principle of the reaction is that after primers
and probes anneal to the targeted DNA sequence, the Taqg polymerase enzyme
extends the forward and reverse primer sequences. Thus, as Taq polymerase

encounters the bound labelled probe, it cleaves the labelled molecule on the

probe ->By htucl ease activity which rel

excitation that is detected by the instrument. This method has better measures
than the classical SYBR green methods as it has higher sensitivity, primers were

optimized by the manufacturer (IDT) and are heat stable.
Samples were run in triplicates. Table 2.36 and 2.37 shows the gqRT-PCR
component for a single reaction and the thermocycler program followed

respectively. For primer specification see (Table 2.38).

Table 2.36: Prime time gRT-PCR reaction component using prime time qRT-PCR

method
Component Amount for 1 reaction (ul)
20X prime time assay 0.5
2X master mix 5
50ng cDNA 1
RNase free water 3.3
Total volume 10
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Table 2.37: gRT-PCR thermocycler program using prime time gRT-PCR method

Temperature (°C) Time (min)
Initial denaturation 95 10min
Denaturation 95 30sec
Annealing and extension | 60 1min
Number of cycles 40

71



Table 2.38: Primer sequences using prime time qRT-PCR method

Gene Gene name Sequenc¢GC% |[SequendGC% | Conc. | Probe Primer Probe
symbol 36 30 (nM) 56 36 location location
Forward Reverse
GAPDH Glyceraldehyd | TGTAGTTGA | 455 | ACATCGCTC |52.6 | 500 56- Exon 2-3 Exon 3
e-3-phosphate | GGTCAATGA AGACACCAT FAM/AAGGTCGGA/
dehydrogenas | AGGG G ZEN/GTCAACGGAT
e TTGGTC/31ABKFQ
ADARB1 | Adenosine TGGGATCAG | 476 | GCGGTTTTC | 455 | 500 56- Exon 2-4 Exon 3
deaminase, AGCAAGACA CTTCACATTC FAM/TCCGCCAGT/
RNA-specific, | TAAAG AG ZEN/CAAGAAACCC
Bl (RED1 TCAAA/31ABKFQ
homolog rat)
METTL1 Methyltransfer | AGCCACGAT | 55.6 CTTGTGCTTT | 52.6 500 56- Exon 2-3 Exon 3
ase like 1 GACCCAAAG GTCCGCTTG FAM/TCTTCCTCT/Z
EN/TCCCCGACCCA
CAT /31ABKFQ
SEMAS5A | Sema domain, | CAGATCCTG | 61.1 | TCTTCATTAC | 47.6 | 500 56- Exon 12-14 | Exon 13
seven CACAGCCAG CACATCCCA FAM/CAGTTCTAC/Z
thrombospondi GC EN/CGCACACACG
n repeats (type CAGC/31ABKFQ
1 and type 1-
like),
transmembran
e domain (TM)
and short
cytoplasmic
domain,
(semaphorin)
5A
ENAH Enabled ACTCACAAC | 455 | CTCTCCAAC |50 500 56- Exon 4-6 Exon 5
homolog TACCTGCTC CTTTCTCTTT FAM/TCTTTCTCG/Z
(Drosophila) AAG CCA EN/CTCCAGCCTTT
CCC/31ABKFQ
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2.10 RNA Sequencing

The mRNA isolation, fragmentation and priming, first strand cDNA synthesis,

second strand cDNA synthesis, end prep of cDNA library, adaptor ligation and

PCR library enrichment were performed using NEBNext E Ul traE Di
RNA library prep kit for Illumina, part number NEB #E7420S/L.

2.10.1 The mRNA Isolation, fragmentation and priming

The sample concentrations were calculated to achieve 500ng of RNA in a total

vol ume of 50c¢&flr ecef waumelreasFe r st , 20¢e4dk of
beads were aliquoted inaclean-upp | at e and washed by add
binding buffer (2X) to the beads and mixed by pipetting the entire volume up and

down 6 times. The plate was then placed on the magnetic rack for 2min at room
temperature. After incubation, all the supernatant was removed and discarded

without disturbing the beads. The plate was then removed from the magnetic rack
andasecondwashi ng step was performed. 50¢l of
50¢ | of tot al RNA sample was added to t
carefully resuspended. The plate was then placed on the thermal cycler and
incubated at 65°C for 5min then kept at 4°C to denature the RNA and facilitate

binding of the polyadenylated mRNA to the beads. After incubation, the plate

was removed from the thermocycler. The beads were resuspended by slow

mixing followed by 5min incubation at room temperature this allowed mRNA to

bind to the beads. The beads were mixed for a second time and incubated for

5min at room temperature. After incubation the plate was placed on the magnetic

rack for 2min at room temperature in order to separate the polyadenylated mRNA

that was bound to the beads from the solution. Carefully, the supernatant was
aspirated and discarded. Then the plate was removed from the magnetic rack

and the beads were washed. The unbound RNAwaswashed-out by addi ng
of wash buffer to each sample. This was then mixed thoroughly by pipetting the

entire volume up and down 6 times. The plate was placed on the magnetic rack

for 2min. The supernatant was carefully removed and discarded without
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disturbing the beads. The plate was then removed from the magnetic rack and
thewas hi ng step was repeated for a total of
buffer was added to each well and gently mixed by pipetted up and down 6 time.

The plate was then placed on the thermal cycler, incubated at 80°C for 2min, then

hold at 25°C in order to elute the polyadenylated mRNA from the beads. After

i ncubation was completed 50¢l of RNA bin
sample allowing the mRNA to rebind to the beads. The entire volume was mixed
thoroughly and incubated at room temperature for 5min. After incubation the

mixture was resuspended by pipetting up and down 6 times and left at room
temperature for 5min in order for mRNA to bind to the beads. Next, the plate was

placed on the magnetic rack for 2min at room temperature. The supernatant was

aspirated and discarded without disturbing the beads. The plate was then

removed from the magnetic rack andthe beads were washed.
buffer was added to each sample and was mixed thoroughly by pipette the entire

volume up and down 6 times. The plate was then placed on the magnetic rack at

room temperature for 2min. The entire supernatant was removed and discarded.

The mMRNA was eluted from the beads by :
synthesis reaction buffer and random primer mix (2X) (Table 2.39), the samples

were then incubated at 94°C for 15min and immediately placed on the magnetic

rack. i BBe sbipernatant was transferred to a clean nuclease-free PCR

tube which contains the purified mMRNA. The purified mRNA were paced on ice to

be taken forward for the next step first strand cDNA synthesis.

The first strand cDNA synthesis reaction was prepared as shown in (Table 2.40)

and incubated in the thermocycler (Table 2.41). Then, the second strand cDNA
synthesis reaction was immediately prepared as described in (Table 2.42) and
was incubated in the thermocycler for 1 hour at 16°C, with heated lid setat O
40°C.
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Table 2.39: First strand synthesis reaction buffer and random primer mix (2X)

Component Amounts per reaction
(1)

NEBNext first strand synthesis reaction buffer (5X) | 8

NEBNext random primers 2

Nuclease-free water 10

Total volume 20

Table 2.40: First strand cDNA synthesis

Component Amounts per reaction
(el)

Murin RNase inhibitor 0.5

Actinomycin D ( 0.1 e€g/|5

ProtoScript Reverse transcriptase 1

Total volume 20

Table 2.41: Thermocycler incubation, heated lid set 105°C

Temperature Time
25°C 10 min
42°C 15 min
70°C 15 min
4°C Hold

Table 2.42: Second strand cDNA synthesis

Component Amount per
Second Strand Synthesis Reaction Buffer (10X) 8

Second Strand Synthesis Enzyme Mix 4

RNase free water 48

Total volume 80

2.10.2 Purify the double stranded cDNA using 1.8X Agencourt AMPure XP

Beads

144¢| of (1. 8x) resuspended AMPure

strand synthesis reaction. The mixture was thoroughly mixed by pipetting up and
down 10 times followed by 5min incubation at room temperature. Next the plate
was placed on the magnetic rack to separate the beads from the supernatant.

After 5min the clear supernatant was removed and discarded. A washing step
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was performed by adding20 0l of freshly prepared 80%
while the plate on magnetic rack. The samples were incubated for 30sec then the
ethanol was aspirated and discarded. This washing step was repeated for a total
of two washes. Afterwards, the beads were incubated for 5min to air dry while on
magnetic rack. The plate was then removed in order to elute the ds cDNA target
from the beads. -0 wak addeflto ga@hrsiemple,rmixed well
and incubated at room temperature for 2min. The plate was placed on the
magnetic rack and | eft until the soluti ol
removed and transferred to a clean nuclease free PCR tube. The ds cDNA
samples were then taken forward to perform the end preparation and adaptor

ligation.

2.10.3 End preparation and adaptor ligation

The end preparation was prepared as shown in (Table 2.43) and was incubated

in the thermocycler (Table2.44) . I n addition, 15&gM NEBNex
was diluted 10 fold to achi evOoeM &ris-d@.ncent
The adaptor ligation components were directly added to each sample and were

not pre-mixed (Table 2.45), as this would prevent adaptor-dimer formation. The

samples were mixed by pipetting and incubated at 20°C for 15min in thermocycler

with the heated lid turned off.

Table 2.43: End preparation of cDNA Library

Component Amount per
Purified ds cDNA 55.5

NEBNext End Repair Reaction Buffer (10X) 6.5

NEBNext End Prep Enzyme Mix 3

Total 65

Table 2.44: The thermocycler incubation

Temperature Time
20°C 30 min
65 °C 30 min
4°C Hold
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Table 2.45: Adaptor ligation

Components Amounts per reaction
(el)

End Prep Reaction 65

Blunt/TA Ligase Master Mix 15

Diluted NEBNext Adaptor 1

Nuclease-free Water 2.5

Total 83.5

2.10.4 Purify the Ligation Reaction Using AMPure XP Beads

16.5¢ lof nuclease-free water was added to each ligation reaction to bring the
final volume to 100¢ | prior to adding AMPure
resuspended AMPure XP Beads was added to each sample, mixed well by
pipetting the entire volume up and down 10 times followed by 5min incubation at
room temperature. After incubation the plate was placed on the magnetic rack to
separate the beads from the supernatant. Once the supernatant was clear (~
5min), it was discarded. A washing step was performed by adding 200ul of freshly
prepared 80% ethanol to each sample on the magnetic rack, incubated for 30sec
at room temperature then was carefully removed and discarded. This step was
repeated for a total of two washes. The beads were left to air dry for 5min while
the plate on the magnetic rack. Next, the DNA target was eluted from the beads
with 52pl of 10mM Tris-HCI. The beads were mixed thoroughly and incubated for
2min at room temperature. Then, the plate was placed on the magnetic rack until
the solution was clear (~2min). 50pul of the supernatant was transferred to a clean
well-plate and the beads were discarded. 50ul of (1.0X) resuspended AMPure
XP Beads were added to each sample and mixed well by pipetting up and down
10 times, incubated for 5min at room temperature. After incubation, the plate was
placed on the magnetic rack and incubated for about 5min, until the supernatant

was clear then was discarded.

A washing step was then performed by adding 200ul of freshly prepared 80%
ethanol to each sample on the magnetic rack, incubated for 30sec at room

temperature then was carefully removed and discarded. This step was repeated
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for a total of two washes. The beads were left to air dry for 5min while the plate
on the magnetic rack. Next, the DNA target was eluted from the beads with 19yl
of 10mM Tris-HCI, mixed well and incubated for 2min. Then, the plate was placed
on the magnetic rack until the solution v

was transferred to a clean PCR tube and proceed to PCR enrichment.

2.10.5 PCR library enrichment

To each 17ul a PCR library enrichment was performed as shown in (Table 2.46).
The samples were mixed and a PCR reaction was performed (Table 2.47).

Table 2.46: PCR library enrichment component

Components Amounts per reaction (ul)
NEBNext USER enzyme 3
NEBNext Q5 Hot Start HiFi PCR | 25
Master
Index (X) primer 1
Universal PCR primer 1
Sterile H20 3
Total 50
(X) Index number

Table 2.47: PCR cycling conditions
Cycle step Temperature Time Cycles
USER Digestion 37 °C 15 min 1
Initial denaturation 98 °C 30 sec 1
Denaturation 98 °C 10 sec 12
Annealing/Extension 65 °C 75 sec
Final Extension 65 °C 5 min 1
Hold 4°C b
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2.10.6 Purify the PCR reaction using Agencourt AMPure XP Beads

The samplesweret r ansferred from the PCR tubes
resuspended Agencourt AMPure XP Beads

reaction, mixed well and incubated for 5min at room temperature. After incubation
the plate was placed on the magnetic rack. After 5min carefully the supernatant
was aspirated and discarded without disturbing the beads. A washing step was
performed by adding 200ul of freshly prepared 80% ethanol to each sample while
on the magnetic rack, incubated for 30sec at room temperature then was carefully
removed and discarded. This step was repeated for a total of two washes. The

beads were left to air dry for 5min with the plate on the magnetic rack. Next, the

plate was removed and the DNA target was eluted from the beads with 2 3 ¢ |

0.1XTE. The beads were mixed thoroughly and incubated for 2min at room
temperature. The plate was then placed on the magnetic rack until the solution
was clear (~ 2min). Next, 20c¢l of th
tube and stored at 1 20°C.

The quality of the fragmented ds cDNA libraries were assessed using Bioanlayser
High Sensitivity DNA Chip, product number G2938-90321. The libraries were
quantified using the Qubit Fluorometer. 2ul from each DNA library was measured
and the concentration of each library was obtained, this was then converted into
nmol/ul. The total nM for each sample was calculated and diluted to achieve 2nM.
10 libraries were pooled together in a lane i.e. lane 6 and 7. The libraries were
loaded into the Illumina HiScan SQ and the standard protocol was followed for
2x93bp paired end sequencing. The bioinformatics analysis was performed in

collaboration with Dr Wenbin Wei/ Professor Winston Hide group.

The lllumina sequencer generated the bcl files which then were converted to fastq
files by bcl2fastq program. The fastq files were then aligned to the GRCh37

t

W

human genome wusing bcbi odvere @uned usikglthegner .

feature Counts. Furthermore, the differentially expressed genes were identified
using the edgeR program with the criteria of a fold change > +1.5 and p-value
<0.05 (Figure 2.2).

(http://bcbionextgen.readthedocs.io/en/latest/contents/introduction.html)
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human genome using bcl2fastq files
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p-value < 0.05

dysregulated pathways

Figure 2.2: Schematic diagram showing the analysis of the RNA sequencing data.

2.11 Fluorescence in situ hybridization

Fluorescence in situ hybridization (FISH) is a powerful technique that reveals the
location of nucleic acid inside the cell using a designed complementary labelled
probe. In the current work three probes were designed by the manufacturer
against potential nuclear mRNAs (Table 2.48).

Table 2.48: Labelled probe sets

Condition Gene Filter set
Control 155 RNUG6-1 Cy5 (650)

Patient 48 (missense mutation) MMP1 FITC (488)

Patient 192 (truncated mutation) | LUC7L3 | Cy3 (550)

2.11.1 Fibroblast culture in 24 round well plate and 4% formaldehyde cell
fixation
A representative fibroblast from each condition was cultured in a 24 round well

plate, control 155, patient 48 missense mutation and patient 192 truncated
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mutation. A pre-immersed cover slips in 70% ethanol were placed in each well
prior to culture using sterile forceps. Then each fibroblast condition was placed in
a well. Cells were allowed to grow in MEM and were monitored until they reached
~90% confluency.

In a fume hood, 10mL of fresh 4% formaldehyde solution was prepared by diluting
1.08mL of a 37% stock formaldehyde with 8.92mL of 1XPBS and was briefly
mixed. The culture medium was carefully aspirated off, avoiding contact with
cover slips and cells. Then, gently the cover slips were rinsed twice, each time
with 2mL/ well of 1XPBS. The final 1XPBS v
of freshly prepared 4% formaldehyde was added, making sure that the cover slips
are immersed completely. Incubated at RT for 30min. Next, the formaldehyde
solution was aspirated off and gently rinsed three times each with 2mL/well of

1XPBS. Finally, fixed cells were used immediately in the in situ assay.

2.11.2 QuantiGene® ViewRNA FISH cell assay

The following were prepared prior to experiment: the dry incubator (GeneChip®
Hybridization oven 640 by Affymetrix) was set at 40 + 1°C prior, 420mL of 1XPBS
was prepared by adding 42mL of 10X PBS to 378mL of H20 and mixed well and
the protease QS was placed on ice. Also, wash buffer was prepared by adding
the following components in order to avoid formation of precipitates: 624.96mL
H20, 1.89mL wash comp 1 and 3.15mL wash comp 2. The probe set diluent QF,
amplifier diluent QF and label probe diluent QF were pre-warm to 40°C in a water
bath for 30min. The probe sets: pre-amplifier mix, amplifier mix, label probe mix
and 100X DAPI were thawed at RT then placed on ice. The label probe mix was

protected from light.
2.11.3 Permeabilize cells with detergent solution
The 1XPBS was aspirated and replaced wit

QC. The plate was covered with lid and incubated for 5 min at RT. After incubation

the detergent solution QC was aspirated and cells were rinsed twice with

81



2mL/well of 1XPBS. The cells were allowed to sit in the final 1XPBS wash while

preparing the working protease solution for the next step.

2.11.4 Digestion with working protease solution

The working protease solution was prepared by diluting the protease QS 1:4,000
in 1X PBS (Table 2.49). The mixture was mixed briefly then 1XPBS was replaced
with400e L/ wel | of working protease solution.
incubated for 10 min at RT. After incubation the working protease solution was
aspirated off and cells were rinsed three times with 2mL/well of 1XPBS. Samples
were allowed to sit in the final 1XPBS wash while preparing the working probe

set solution for the next step.

Table 2.49: Working protease solution for 1 well

Component Amount (elL)
Protease QS 0.1

1XPBS 399.9

Total volume 400.0

2.11.5 Hybridization with probe sets

The working probe set solution was prepared by diluting each Probe Set 1:100 in
pre-warmed probe set diluent QF (Table 2.50). The mixture was mixed briefly,

the 1XPBS was aspirated off and replacec
working probe setsoluton.For t he fAno probed negative cC
warmed probe set diluent QF was used. The wells were covered with lid and

incubate at 40 = 1°C for 3h.

Table 2.50: Working probe set solution for 1 well

Component Amount (pl)

Probe set 4

Probe set diluent QF (pre-warmed at 40 °C) | 396

Total volume 400
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2.11.6 Cells wash

The plate was removed from the incubator and the working probe set solution
was aspirated off. The cells were washed three times each with 2mL/well of wash
buffer. Then cells were allowed to soak in wash buffer for 2min in each wash.
Samples were left in the final washing buffer while preparing the pre-amplifier mix

solution.

2.11.7 Hybridize with pre-amplifier

The working pre-amplifier mix solution was prepared by diluting pre-amplifier mix

1:25 in pre-warmed amplifier diluent QF (Table 2.51). The mixture was mixed
briefly, the wash buffer was aspirated a
pre-amplifier mix solution. The plate was covered with a lid and incubate at 40 +

1°C for 30min.

Table 2.51: Working pre-amplifier mix solution for 1 well

Component Amount (elL)
Amplifier Diluent QF (pre-warmed at 40 °C) 384

Pre-amplifier Mix 16

Total volume 400

2.11.8 Cells wash

The plate was removed from the incubator and the working pre-amplifier mix
solution was aspirated off. The cells were washed three times each with 2mL/well
of wash buffer. Cells were allowed to soak in wash buffer for 2min in each wash.
Samples were then left in the final washing buffer while preparing the amplifier

mix solution.
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2.11.9 Hybridize with amplifier

The working amplifier mix solution was prepared by diluting amplifier mix 1:25 in
pre-warmed amplifier diluent QF (Table 2.52).

Table 2.52: Working amplifier mix solution for 1 well

Component Amount (eL)

Amplifier diluent QF (pre-warmed at 40 °C) | 384

Amplifier mix 16

Total volume 400

2.11.10 Cells wash

The plate was removed from the incubator and the working amplifier mix solution
was aspirated off. The cells were washed three times each with 2mL/well of wash
Buffer. Cells were allowed to soak in wash buffer for 2min in each wash. Samples
were then left in the final washing buffer while preparing the working label probe

mix solution.

2.11.11 Hybridize with labelled probe

The working label probe mix solution was prepared by diluting label probe mix
1:25 in pre-warmed label probe diluent QF (Table 2.53). The mixture was mixed
briefly and was protected from light. The wash buffer was aspirated and replaced
with 400¢eL/ well of working | abealdpmobe.
incubated at 40 £ 1 °C for 30min.

Table 2.53: Working label probe mix solution for 1 well

Component Amount (eL)

Label probe diluent QF (pre-warmed at 40 °C) | 384
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Label probe mix 16

Total volume 400

2.11.12 Cells wash

The plate was removed from the incubator and the working label probe mix
solution was aspirated off. The cells were washed three times each with 2mL/well
of wash buffer. At the first two washes cells were allowed to sock in wash buffer
for 2min and the final wash was incubated for 10min. Samples were then left in

the final washing buffer while preparing the working DAPI solution.

2.11.12 DAPI staining

The working DAPI solution was prepared by diluting the 100X DAPI 1:100 in
1XPBS (Table 2.54). The mixture was mixed briefly and was protected from light.
The wash buffer was aspirated and replaced working DAPI solution. Cells were
incubated at RT for 1min. Afterwards, DAPI working solution was aspirated off

and cells were washed once with 2mL/ wel

1XPBS was added.

Table 2.54: Working DAPI solution for 1 well

Component Amount (g L)
1XPBS 396

100XDAPI 4

Total volume 400

2.11.13 Mounting on glass slide

A small drop of VECTASHIELD anti-fade mounting medium was placed on a
microscope slide avoiding air bubbles. Using a fine tipped forceps the cover slip

was removed from the 24 round well plate and the edge of the cover slip was
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gently dabbed on a dry laboratory wipe to remove excess 1XPBS. The cover slips

were mounded facing down on the spot of mounting media avoiding air bubbles.

Slides were left to cure overnight at RT. After that slides were stored at 2-8°C

protected from light from light. The fluorescent signals were stable for up to one

week.

2.11.14 Image samples using confocal microscope

Leica SP5 confocal microscope using 63x 1.20 lens along with the appropriate

filter settings (Table 2.55) were applied to examine the cells.

Table 2.55: Leica SP5 confocal microscope filter settings

RNA Probe Probe set Filter set
Human RNUG6 Type 6 Cy5 (650)
Human MMP1 Type 4 FITC (488)
Human LUC7L3 Type 1 Cy3 (550)
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Chapter 3: Human Exon 1.0 ST Array GeneChip®

3.1 Human Exon 1.0 ST Array GeneChip®

Affymetrix GeneChip® Human Exon 1.0 ST Arrays were designed with better
featuresoverc o n v e n t iVbmiaolrrags @s discussed in section 1.1.6.1 and
1.1.6.2. They provide the maximum information needed to understand gene
expression as their aim is to detect transcripts along the entire length of an mRNA
rather than t lody. Eadh transcipt isoferm iofaarparticular gene
consists of exons which can be identified by measuring the signal intensities of
each exon which is presented on the GeneChip® by four probes. Measuring the
combination of these signals allows the identification of known or novel
alternatively spliced transcripts when compared to the current data bases

(http://www.affymetrix.com).

In this chapter, RNA extracted from fibroblasts of fALS-TARDBP missense
mutation and controls was hybridized to the Human Exon 1.0 ST Arrays and the
resulting gene expression profiles were analysed in order to identify dysregulated

pathways occurring in the presence of mutant TARDBP.
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3.2 Fibroblast culture

Primary fibroblasts from three fALS-TARDBP cases carrying missense mutation
and three aged and gender matched controls (Table 2.3 in chapter 2: materials
and methods) were grown and the doubling rate was monitored carefully. Cells
were evaluated under the light microscope. The goal was to achieve evenly
distributed monolayer fibroblasts throughout the flasks avoiding clump formation
or contamination. Cells were allowed to grow to no more than 90% confluency to

avoid contact inhibition (Abercrombie, 1970).

3.3 Cytoplasmic and nuclear RNA concentrations using the Nanodrop

spectrophotometer

Cell fractionation and RNA extraction was carried out using the Cytoplasmic and
Nuclear RNA purification kit (Norgen Biotek). The Nanodrop spectrophotometer
was used to measure the quantity of RNA in the samples. RNA yields from each
cellular compartment are shown in Table 3.1. All samples presented good
quantity of RNA except cytoplasmic control 11 which showed the lowest RNA
concentration (yield= 7.47ng/ul). All RNA samples were eluted in 50ul of RNase
free water, thus the total RNA yield of cytoplasmic control 11 was 373.5ng which
was sufficient for the Human Exon 1.0 ST Array experiment which requires a total
of 200ng. However, a further accurate measurement of the quantity and quality
was necessary using the Agilent Bioanalyser for all samples prior to the Human

Exon 1.0 ST Array RNA preparation.

The nuclear samples were DNase treated in order to eliminate any genomic DNA
that might interfere with the Human Exon 1.0 ST Array experiment or in gqRT-PCR
validation. Table 3.2 illustrates the RNA yields post-DNase treatment. Nuclear
samples demonstrated good quantity of RNA. The lowest RNA concentration
post-DNase treatment was patient 51(28.86ng/ul). The total yields of patient 51

=1443ng which was sufficient.
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Table 3.1: Controls and patients RNA yields using the Nanodrop
spectrophotometer. ng/ul=nanograms/microliter, Con= Control, Pat= Patient,
ID= identification

Cellular Mutation | Sample RNA vyields (ng/ul) | Total yields (ng/ul)
fraction type ID
Cytoplasmic - Con 8 68.47 3423.5
Con 11 7.47 373.5
Con 170 |50.61 2530.5
Missense | Pat 48 10.24 512
mutation | Pat 51 20.41 1020.5
Pat 55 71.25 3562.5
Nuclear - Con 8 79.42 3971
Pre-DNase Con 11 32.99 1649.5
treatment Con 170 | 88.25 4412.5
Missense | Pat 48 84.47 4223.5
mutation | Pat 51 13.57 678.5
Pat 55 59.42 2971

Table 3.2: Nuclear RNA yields post-DNase treatment using the Nanodrop
spectrophotometer. Cytoplasmic RNA samples were not DNase treated.
ng/pl= nanograms/microliter, Con= Control, Pat= Patient, ID= identification

Cellular Mutation | Sample ID RNA yields (ng/pl) | Total RNA yields (ng/ul)
fraction type
- Con 8 48.03 2401.5

Nuclear Con 11 36.2 1810
Post- Con 170 66.14 3307
DNase Missense | Pat 48 38.3 1915
treatment | mutation | Pat 51 28.86 1443

Pat 55 45.64 2282
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3.4 RNA quality using Agilent Bioanalyser 2100

An accurate measurement of the RNA concentrations and integrity was
performed by the Agilent Bioanalyser 2100. The device separates 1pl of RNA
sample into its different major species creating informative electropherograms
that can be visibly interpreted. A good RNA integrity can be defined as achieving
the following two characteristics: first, detecting two distinct peaks of rRNA both
18s and 28s. Second, the level of rRNA28s is required to be approximately twice
the level of rRNA18s. This implies that mMRNA transcripts are full length (Figure
3.1). Figure 3.1B is the cytoplasmic control 8 RNA demonstrating sharp distinct
peaks of rRNA18s and rRNA28s at sizes ~2000 (nt) and ~4000 (nt) respectively
and the rRNA28s was about double the level of rRNA18s. Similarly, pre-DNase
treated nuclear RNA of control 8 showed the same characteristics of the
cytoplasmic RNA however a peak between rRNA18s and rRNA28s was present
which is suggested to be genomic DNA and degraded rRNA highlighted in a red
box (see figure 3.1C). Post-DNase treated nuclear RNA of control 8 is shown in
(Figure 3.1D) the graph indicates that genomic DNA was reduced effectively.
However, it is clearly observed that RNA integrity was affected. This was also
confirmed by the RIN values which were shown to be decreased following DNase
treatment (Table 3.3). RNA sample selection for the Human Exon 1.0 ST Array
experiment was based on two criteria: RIN cut-off value >5 and a minimum of
~200ng RNA vyields. The cytoplasmic RNA samples yields ranged ~4000ng to
800ng and the post-DNase nuclear RNA samples ranged ~200ng to 500ng
(Table 3.3). All RINs were >5, therefore, all samples were taken forward.
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Figure 3.1: Representative electropherograms generated by the Agilent Bioanalyser 2100 of
sample (Control 8). (A) Standard ladder graph that represents the RNA markers which act as a
reference for the other RNA samples. (B) Cytoplasmic RNA sample (Control 8), (C) Nuclear RNA
sample (Control 8) and (D) Post-DNase treated nuclear RNA sample (Control 8). The Y axis
represents the UV light absorption in fluorescence unit (FU) and the X axis represents the size in

nucleotides (nt).
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