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ABSTRACT

Genomic DNA must exist in a particular chromatin configuratiamd
modification d this structure is essential fahe correct control of gene
expression.There are several human genetic disorders that are caused by
misregulation of epigenetic gene contrdkacioscapulohumeral muscular
dystrophy(FSHD) is a disease that mhg caused by alterations in chromatin
strucure. FSHD is the third most common form of muscular dystrofig
majority of FSHD cases show contraction of the D4Z4 repeats ondBb 4
chromosome (FSHD1). However, a smallmber of FSHDcases show no
contractionat this region (FSHD2)yut share epigeetic changes at the D4Z4
region with the FSHD1 patients. In 2Q@enget al.reported aspecificloss of

H3K9me3 histone modification at the D4Z4 repeats in FSHD patients.

The main focus of this study was to verify the published data by gead
(2009) and further investigate the histone modification changes at the D4zZ4
array. Chromatin immunoprecipitation (ChlP) coupled with -teaé
quantitative PCR (qPOR was employedto investigate the histone

modificationswithin the D424 array.

The resultobtained were in agreement with the previously published data on
the reduction of H3K9me3 histone modification at the D474 repeats in FSHD
patients. However, contradictory to the previous data, the reduction of this
histone modification was also observed other genomic regions. A global

reduction of H3K27me3 was also observed in FSHD patients.
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1. Introduction

1.1 Concept ofEpigenetics
The term epigenetics has been defined addideichanges in gene expression

that occur wihout achange in DNA sequendg@Volffe et al. 1999)

This is made possible due to epigenetic modification of the genome, which
enables different gene regulation and expression in different cell types.
Somatic cells in a multidelar organism all have essentialligentical
genomes, but each of these cells has a distinct structure and funGieore
reguldion has two componentsabile regulationand epigenetic regulation.
Labile regulationin controlied by fluctuaton of nucleamproteirs concentration,
covalent modificatioa and subunit associations transcrptional activators

and repressorsThe chromatin structurewvith its covalent modificatios and
stable protein associationgrovides epigeneticegulation and constitutes the
epigenotypeThese two components of gene regulation act very closely and in
harmony with each other and hence there is not always a clear boundary

between their actiongdianget al.2004)

1.1.1Chromatin structure

An epigenotype is established primarily through the folding ®fADInto
chromatin and the architecture of the chromatin within the nucleus.
eukaryotic organisms, DNA is packaged with histones withe nucleus of
the cell intoeithereuchromatin or heterochromatin regioksichromatin is an

expanded open structutbat consists of mostly actively transcribed genes,

13



while heterochromatin is a contracted and closed structure, which represents
transcriptionally inactive conditions.ldentification of these two types of
chromatin led to the hypothesis that differenceshiromatin structure might be
associated with tissespecific or temporal differences in gene expression

(reviewed by Jiangt al.2004)

A first level of compaction of DNA5-10x) is achieved by organization ot
nucleosomes Approximately 146bp of DNA is wound twice around an
octamer of core histones consisting of two of each of the four histones H2A,
H2B, H3, and H4 Figure 1.1). Adjacent nucleosomes are connected by a
segment of linker DNA to form a 30m fiber, and the addition of histone H1

to each nucleosome lends stapilib and facilitates the formation of further

higherorder structure§lianget al.2004)

Double

stranded
30nm Fibre -/?_er)a/-

‘ Nucleosome
H2A, H2B, H3,

>

S

10nm Fibre

300nm
Chromosome
Scaffold

Figure 1.1 Structural organisation of nucleosome and chromatin

packaging
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1.1.2Histone modifications

Amino acid reglues within the histors particularly the amingerminal ends

of the histone proteinsare subject toa wide range of differenpost
translationalcovalent modifications. There are at least eight distinct types of
modifications found on hisnes which are shown imable 1 (Kouzarides
2007) Histone modifications affect thdistonehistone and histoneDNA
interactions, thus affecting traverall structure othe nucleosome and how it
interacs with the DNA. As a consequenbistone modifications can effettte
chromosome structure and gene expressidre entirety of these chemical
modi fications is <call ed thehmamnialen cf o n e
with anoher layer of gene regulatiomhe timing of the appearance of a
modification depends on the signaling conditions within the (&&lzarides

2007)

The use dbmodificationspecific antibodiesn chromatinimmunopecipitation
(ChIP) (section 1) has enabled study of histone modifications at particular
sites such as promoters and enhan¢Besski et al. 2007; Heet al. 2010)
Monitoring of the global incidence of histone modifications is also possible by
coupling of ChIP with DNAmicroarray analysis (Ch{EHIP) (De Gobbiet al.

2007; Pauleet al. 2009) or deep sequencing (Ch#eq)(Pauleret al. 2009)
Certain gene regulatory features have come to light regarding the composition
and enrichment of certain histone modificaaon various regions of the

genome, whiclare reviewed iflKouzarides (2007).

15
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Chromatin Modific ations Residues Modified Functions Regulated

Acetylation K-ac Transcription, Repair, Replication, Condensation
Methylation (lysines) K-me1 K-me2 K-me3 Transcription, Repair

Methylation (arginines) R-me1 R-me2a R-me2s Transcription

Phosphorylation S-ph T-ph Transcription, Repair, Condensation
Ubiquitylation K-ub Transcription, Repair

Sumoylation K-su Transcription

ADP ribosylation E-ar Transcription

Deimination R > Cit Transcription

Proiine Isomerization P-cis > P-trans Transcription

Table 1.1 Overview of different histone modifications and the functions
that have been associated with them
Tablefrom Kouzarides (2007)

Amongstall the known modifications, acetylation has the most potential to
unfold chromatin since it neutralises the basltarge of the lysine. In
agreement with thisn generaleuchromatin regions of the genome are marked
by high levels ofacetylation(Kouzarides 2007)High levels of acetylation are
detected in promoter regions of active ge(iBsrnsteinet al. 2005; Kimet al.
2005; Rohet al. 2005) Histone acetylation has also been observed i
intergenic regions, where it héagen correlated with functional enhancers in
various cell typegHeintzmanret al.2007; Rohet al. 2007) Histoneacetylation

is catalysed bydistone acetyltrasferases (HATs). HATs adidvidedinto three
main families, GNAT, MYSTand CBP/p30(Sterneret al. 2000) In general
these enzymes can acetylate more than one lysine but some limited specificity
has been observeBfor example, HAT1 can only acetylate lysine 5 and lysine
12 of histone H4(Kouzarides 2007)Acetylation is reversed byistone
deacetylase (HDAC)enzymes Deacetylation correlates witlthromatin
condensationand gene transcription repressiodDACs are involved in

multiple signaling pathways and they are present in a numbegpoéssive

16



chromatin complexes. énheraly, these enzymes do not show any specificity

towards a particular acetyl gro@igouzarides 2007)

In comparison with all the vayus histone modifications, methylations at lysine
and arginine residues are relativeljalde and are therefore considered
potential markers for carrying epigenetic information through the cell cycle.
ChIP-Seganalysis(ChIP data analysed by direct sequencmghuman HelLa
cells and Tcellshas revealed that the three methylation states of lysine 4 of H3
(H3K4) were elevated surrounding the transcription start sites (TSSs). These
signals move from mondo di to trimehylated H3K4 while approaching the
TSSs(Barskiet al. 2007; Heintzmaret al. 2007) Methylation ofH3K27 had
previouslybeen correlated with gene repressitee et al. 2006; Rohet al.
2006) The ChIRseq analysis bRBarskiet. al.(2007)confirmedthe correlation
betweendi- and trimethylation of H3K27 witlsilence promoterdn contrast
H3K27mel signals were higher at active promoters, particularly downstream
of the TSSgBarskiet al.2007) Methylation of H3K9 is often associated with
heterochromat formation and gene silencing and tih&ta from Barsket.al.
(2007) confirmed the presence of H3K9me2 and H3K9me3 in sdence
promders. However, some previousugtes havereportedthe enrichment of
H3K9me3 in someactive promoterand actively transcribed regiofigakoc et

al. 2005; Squazzet al.2006)

The enzymes involved in histone methylatame the most specific arttave
been implicated in playing critical roles in developnteand pathological
processeg¢Barski et al. 2007; Kouzarides 2007)These enzymes often work
alongside other factors such as DNA methyltransferasBdNA polymerase |l
(Cedaret al. 2009) For instanceSUV39H1 and SUV39H2 artwo of the

17



enzymegesponsible for trimethylation of H3K®8y recruitig DNMT3A and
DNMT3B to methylatedCpG sites, SUV39H1 and SUV39H2 are responsible
for heterochromanisation of satellite repeatgukset al. 2003; Lehnertzt al.

2003)

1.1.3DNA methylation

In mammals, DNA methylation is found predominantly at the cafon
position of about 80% of all cytosines that are part of symoatiCpG
dinucleotides. Mst 5methylcytosines lie withimetrotransposons, endogenous
retroviruses, orepetitive sequence@estoret al. 1996; Yoderet al. 1996)
Consequentlyt is thought thatnethylation may have evolved as a host defense
mechanism to prevent the mobilization of thedements and to reduce the
occurrence of chromosomal rearrangents. It is now clear that DNA
methylationhas essdial roles in mammalian development and plays a crucial
role in variety of different biological processes such as genomic imprinting
(FergusorSmith et al. 2001) and Xinactivation (Lee et al. 1997)
Unmethylated CpG dinucleotidese found mainly in short Cpéich sequence
domains known as CpG islands that are in the vicinity of gene pron{digrs

et al. 1999) Unmethylated CpG islandse normally found in transcriptionally
active genes, whereas developmental and tispaeific genes mostly appear
to be methylated and silenced in different tiss(asndu et al. 1999; Bird

2002)

Mouse embryologicatudies have shown that the methylation pattern is erased
in early embryo and is restablished aapproximatelythe time & implantation

(Monk et al. 1987; Kafri et al. 1992) Methylation duringdevelopmentis

18



established by twaounterating mechanisms: a wave of indiscriminate
novo methylation(Okanoet al. 1999)and a mechanism that ensures the CpG
island remain unmethylated. The precise details of how Ggl@nds are
protected from methylation are naompletely understood. Early studies
suggested that the protection might be directed by recognition of common cis
acting sequences located in C@lands(Macleodet al. 1994; Siegfrieckt al.
1999)and mediated by active demethylat{#manket al. 1991) Recent studies

in mice suggest that histone modification might be acctable for the
establishment of the basic DNA methylation profile during earymmalian
development{Ooi et al. 2007) Under this modelthe pattern of methgtion of
H3K4 across the genome might be formed in the embryo bdreovoDNA
methylation. DNA regions that are packaged with nucleosomes containing
unmethylated H3K4 are subject tie novoDNA methylation while regions
packaged withucleosomegontaining methylated H3K4 are protected from
de novoDNA methylation (Ooi et al. 2007) H3K4 methylation might be
directed by sequendadirected binding of RNA polymerase I, which was found
to recruit specific H3K4mehyltransferase¢Guentheret al. 2007) As RNA
polymerae 1l is bound mostly to CpGlands in the early embryo, these
regions are marked by methylated8K4 and are protected frode novoDNA

methylation duringlevelopment

DNA methyltransferase enzym@&NMT3A and DNMT3B complexed with
DNMTS3L are responsible fate novdDNA methylation(Jiaet al.2007; Ooiet
al. 2007) DNMT3A and DNMT3B show methyltransferase activignly on
unmethylated DNA (CpG site¢Dkanoet al. 1999) Some distinction between

the functiors of DNMT3A and DNMT3B has been aevied. DNMT3B-/- ES

19



cells lack methylation in minor satelliterepeats located in centmeres,
howeverDNMT3A -/- ES cells donot (Okanoet al. 1999) DNMT3L is a
closely related homologue thabt-localiseswith DNMT3A and DNMT3B.
DNMT3L lacks methyltransferase activity itself, but iecruits the
methyltransferases to DNA by binding K8 in the nucleosomeConsistent
with the finding of anticorrelation between DNA methylation and the presence
of methylated H3K4, entactbetween DNMT3L and the nucleosomesi®wn

to beinhibited by all forms ofmethylation on H3K (Ooi et al.2007)

Following differentiation, cellsgenerally bse boththeir de novo DNA
methylation activity and their ability to recoige and protect CpG islands.
However, the basic DNA methylation pattern that is generated at the time of
implantation ismaintainedthroughout development due to actions of DNMT1
(Chuanget al. 1997) DNMT1 is associated with the replication complex and
acts preferentially orhemimethylated DNAduring replication to maintain
methylation pattern throungcell division(Gruenbaunet al. 1982; Leonhardeét

al. 1992) It seems thathe DNA methylation profilecan act as a template to
reconstructingepigenetic sate of the genome followiegch cell division.
Methylated regias of DNA are reassembledin a closed configuration
(heterochromatinwhereas unmethylated regions tend to get packaged into
more open configuration&@uchromatih (Howard 2009) Consistent with this
statement it was reported that the heterochromatin binding proteiR1) ljas

the ability to reruit DNMT1 protein to mediate silencing of euchromatic genes

(Smallwoodet al.2007)

DNMT2 hasa weak DNAmethyltransferase activittHermannet al. 2003)
and is not essential fagither global de novoor maintenance of the DNA

20



methylation n embryonic stem (ES) cel{®kanoet al. 1998) but it is required

for methylation of aspartic acid transfer RNA (tRNA(As(}pll et al.2006)

1.1.4Relationship between DNA methylation and histone

modification

Although DNA methylation and histone modifications are carried out by
different chemical reactions and different enzymes, there seems tolbsea
biologicd relationship between the two. It seems that the relationship can work
in both directions: DNA méilylation can serve as a template for some histone
modificatiors after DNA replication, and histone methytat can direct DNA
methylation (reviwed in Cedaret al. 2009) An example of how histone
modification can effect DNA ethylation wasmentioned aboveAll forms of
H3K4 methylation inhibit recruitment of DNA methyltransfeea to that site

by DNMT3L (Ooi et al. 2007) On the other hal) requirement of th®©NA
methyltransferase enzymB&NMT3A and DNMT3B for activity of the hiene
methyltransferasenzymesSUV39H1 and SUV39HZ4Lehnertz 2003, Fuks
2003) demonstrates how DNA methylation is involved in histone

modification.

There is alsevidence that DNA methylation is important for maintenance of
patterns of histone modifications through cell divisidinis likely that the
replication fork disrupts the chromatin structuas it progresses along the
DNA. Although not dearly understoodit seemsthat the DNA methylation
pattern established during eadgvelopment acts as a template to maintain the
histone modification pattern throughout the cell divisiglethylation of DNA

at specific sites can modulate histone covalent modificatioaugifir the
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recruitment of methybinding proteins such as meth@pG- binding protein 2
(MeCP2). MeCP2 is an abundant nuclear protein encoded on the X
chromosome; it is part of a complex that also consists of histone deacetylase
(HDAC) and the ceaepressor B3a that controls transcription through the
deacetylation of core histonasthe methylated regioridoneset al. 1998; Nan

et al. 1998) MeCP2 has an {ierminal, methyiCpG binding domain (MBD)

and a transgptional repressor domainmmrRD) (Nan et al. 1993) Presence of
DNA methylationat a specific site also inhibits H3K9 dimethylation, perhaps
throughinteractions of DNMT1 and GO a histone methyltransferaseth the
replication complexEsteveet al. 2006) There is also evidence that the DNA
methylation inhibits H3K4 methylatio(LandeDiner et al. 2007) which is a

markerassociated with transcription activation.

There are still many mechaai details of honDNA methylation and histone
modifications are coordinated at the molecular level that needs to be clarified.
For example it is not clear how DNA methylation pattern is actually translated
to produce the correct histermodification profile. There are alsoysteries
about how the formation of histone methylation patterns maytatie novo

DNA methylation, becaustne presence of methylatétBK9 or H3K27does

not always lead to recruitment of DNMT3 proteirend de novo DNA

methylation(Cedaret al.2009)

1.2 Chromatin structure and disease
In 1995, Stronrmansuggested that we MAredirect
regul ation as a second informational

understand complex disease trdsrohman 1995)Genomic DNA must exist

22



in a particular chromatin configuration and hence the genotype cgrgivel

rise to a phenotype through the epigenotype. The epigenotype shows far
greater plasticity than the genotype in the normal development of an
individual, and therefore it iseasonable to speculate thegtigenetic errors
could be a major contributoo thumandiseasegJianget al. 2004) It is now
widely appreciated thanodification of chromatin structure is integral to the
correct control of geneexpression in mammals.e@eral human genetic
disordersresult from mutation in components of chromatin oremzymes
involved in rgulation of chromatin structure, these includemunodeficiency
Centromeresnstability and Rcial anomaliegICF) syndrome Rett syndrome
(RTT) and AlphaThalassemia mental Retardation,-lidkked (ATR-X)

syndrome

ICF syndrome isa rare recessive disease caused by mutatiothe gene
encoding thale novoDNA methyltransferase, DNMT3EHansa et al. 1999;
Xu et al. 1999) DNMT3bmutatiors in ICF patients most likely impairather
than completely abolish, the methyltransferaseyme activity. There is no
genomewide hypomethylation in the DNA of ICFpatients, butthe
hypomethylation is targeted to specific sequences such as saidlis 2
(Jeanpiere et al. 1993) andthe nonsatelliterepeats D4Z4 and NBL&Kondo

etal. 2000)

RTT syndromes aform of mental retardation that aused by mutation in
the gene at Xq28 that encodie® methylateddNA binding protein MECP2
(Amir et al. 1999) MeCP2 is part of a transcription repressor complex and is
thought to be responsibfer silencing of certain neural gengtanchevat al.
2003) Moreover, it has been proposed that the extensive DNA replieation
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independent replacement of H3 in neurons may rely on MeCP2édrand
Henikoff 2002). As discussed in section 1.1.zhere is a close interplay
between DNA methyladn and chromatin modification3hereforeit is likely
that sikncing of certain genes involved in neurological development m@fies

DNA methylation andecruitmentof MeCP2(Stanchevaet al.2003)

ATR-X syndromeis associated witlmutaion in ATRX, an ATRdependant
chromatin remodeling proteinAbnormal levels of DNA methylation at
repetitive elements haveeén reported in AT patients (Gibbons et al.
2000) ATRX and MeCP2were found tointeractin vitro and celocalise at
pericentromeric heterochromat{Man et al. 2007) Recently, it was reported
that ATRX is required for normalecruitmentof MeCP2, cohesin and the
insulator protein CTCF. éhceloss of the protein in ATRX probabbjters the
expression of a connected network of imprintgghes in the postnatal brain
(Kernohanet al 2010) MeCP2 and cohesin are knowno be involved in
chromosomal loopingHorike et al. 2005; Hadjuret al. 2009) which suggest
that ATRX may also be involved in chromatin loop formation and -@mge
chromatininteractions(Cunninghamet al. 2010) Involvement of cohesin in
the complex sheds light on the importance of cwhder correct gene

regulation.

Facioscapulohumeral Dystrophiy§HD) is another disease that mag caused

by alterations irchromatin struaire. Although FSHD was linked to deletions
within the macrosatellite, D474, in 1992 (Wijmenga et al. 1992) the
underlying mechanism of whereby these deletions cause FSHD is still unclear.
Several disease mechanisms have been proposed tonekpia FSHD is
causedmost of which predict a chromatin structure change followed byolioss
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control overexpression of genes in or proximal to the D4Z4 rep@atsewed
by de Greekt al. 2008). This study willfurtherinvestigate the association of
previously identified chromatin structure changes involved in FSHD

pathogenesis.

1.3FSHD

Facioscapulohumeral muscular dystrophy (FSHD)he third most common

form of musculadystrophywith an incidence of in 20,000in the Caucasian
population(Wijmengaet al. 1990; Luntet al. 1991) FSHDis an autosomal
dominant disorder thah most cases presents in the second decade of life and

is predominantly charactarised by progressive weakness and atrophy of
highly selective muscle groupan der Maareét al. 2005; Tawilet al. 2006)

The onset of FSHD involves the weakening of cerfamal musclessuch that
patients may not be able to smile or close their eyes. As the disease progresses
the muscular weaknespreads to the shouldeasid upper armmuscles. In

more severe cases the weakneas alsoaffect the abdominaland fod
extensormusclesaffectingt he posture and the . Andivi
notable characteristic feature of the disease is that the muscle weakness
displays an asymmetric distributiofLunt et al. 1991) Additional non
muscular symptoms such as deafpesinovasculopathy, mental retardation

and epilepsy are assated mostly with more severelyffected patients
(Funakoshiet al. 1998) There is a wide variability in thdisease penetrance
amongst the FSHD patients, ranging from individuals with very mild muscle
weakness, who are almost unaware of being effected, to patients who are

wheelchair dependant.
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Almost all FSHD cases(~95%) show linkage to a polymorphi&caoRl
fragment on thesubtelomeric regiorof chromosometq35 (Wijmengaet al.
1991) Cloning of thisEcoRI fragmentrevealed dighly polymorphic array of
3.3kbKpnl repeas (Figure1.2) (Vandeutekonet al. 1993; Hewitt et al. 1994)

that hasbeen named D4Z4n unaffectedndividuals the number of the 3.3kb
repeatsvariesbetween 11 an@00, equivalent td=caR| fragment of 46300kb.
Howeverin the majority of FSHD patients the D4Z4 repeat array is contracted
to 10-40kb containindl to 10 repat units(Figure1.3) (Wijmengaet al. 1992)
Alleles with 1-3 repeats are usually correlated with the earlier age of onset and
more severe phenotypes, although a linear relationship between the two has not
been observedqLunt et al. 1995; Tawil et al. 1996) However loss of a
completeD4Z4 array on one allel@oes not result in FSHD, suggesting that the

repeats themselves playl@ectrole in this diseas€Tupleret al. 1996).

Mosaicism for the D4Z4 contraction is a frequent observation in FSHDil

et al. 2006) Mitotic D4Z4 contradbns can be encountered in 40%def novo
families, equally divided between affected mosaatients and noaffected
mosaic carrierparentsof a noamosaic affected chil@Tawil et al. 2006) The
male karyotype has a prominent effect in mosaic ¢cashere mosaic males
are most affected despite having an equaahplement of affected cells to a
mosaic female. Mosaicism cawmlirectly affect the disease presentation and

transmission risk, if present in tigerm line(Tawil et al. 2006)

What makes the pictureven more complex is the fact that around 5% of
FSHD patientsshow no contraction of D4Z4 on chromosome 4q (termed
phenotypic FSHDor FSHD2 (Gilbert et al. 1993) These patients share
epigenetic changes at the D4Z4 locus with patients with the contraction,
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suggesting that this disease mechanism is alsoateddtrough D4Z4(van
Overveldet al. 2003; de Greeét al. 2007) Although FSHD was linked to the
4935 D4Z4 repeats in 199®Vijmengaet al. 1992)the underlying mechanism

of whereby these deletions cause FSHD is still unclear.

D4Z4 (1-100 units)

p13E-11 < »-
(D4F10451)
EcoRI _ EcoRI
P ~N
-~ ~N
-~ ~N
-~ - N
-~ ~
- - \
Kpnl Kpnl

Figure 1.2 The EcoRI fragment identified by the p13E11 probe

P13E11 (D4F10451) region is used a DNA probeto identify theEcaRl
fragment.Eacharrowhead represents one 3.3Kpnl repeat and the sequence
motifs within each individual repeat are shoviach repeat consists of two
low copy CGrich repeat elements, LSau and Hhspm3 and an open reading
frame (ORF) encoding a putative transcription factor with two homeodomains

known as DUX4.
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Figure 1.3 Southern analyseswith p13E-11 of EcoRI-digested DNA from
new cases of FSHD

In four of the five different cases of FSHD a nEBaoR| fragment (arrowhead)
is present which is absent in either unaffected parent. The length BEtRE
fragment is different in all affected individuals and varies betweeR81Kb.
Image taken fronWijmengaet al.(1992).

1.31 D474 array

D4Z4-like repeats are not restricted tchromosome4qter. Sequences
homologouso D474 have been identified dhe short arm of the acrocentric
chromosomeg§Wijmengaet al. 1992; Hewittet al. 1994;Winokur et al. 1994)
As a result of a ancient duplication aimilar tandemarray is located on
chromosome 10q26 thhas 98% nucleotide identityith the D4Z4 repeats on
4g35(Deiddaet al. 1995; van Geett al.2002) This region of homology starts
from a region 40kb proximal to the D4ZZ4peats and extends inthe
telomeric repeat itselfvan Geelet al. 2002) Similar to the 4935 locus, 10926
locusis also polymorphidor the number of D4Z4 repealsit short arrays at
this locus are noassociatedvith FSHD (Lemmerset al. 2001; Zhanget al.
2001) Initially the presence of this 10q array complicated the genetic

diagnosis of FSHD, since the short 10q EcoRI fragments could not be
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distinguished from those arising from 4q8%1996 aBInl recognition site was
found to be specific to 10q arrapeidda et al. 1996) Hence a double
digestion withEcdoRI andBlInl is now usedor the geetic diagnosis of FSHD

(Deiddaet al. 1996)

There are two variants of thég sultelomere termed 4gA and 4gBvan Geel

et al. 2002) The most prominent difference between these two variants is the
presence of region of 3-satellite DNA disal to D4Z4 on 4qA type alleles
which is absent from the 4qB chromosonf{Egure 1.4E) (van Geelet al.
2002) Despite the equal frequencies of A and B alleles in theulation,
FSHD is exclusively associated with contracted D4Z4 repeats on the 4gA allele

variant(Lemmerset al.2002; Lemmeret al. 2004)

There aremultiple haplotypes of chromoste 4q identified based on simple
sequence length polymorphisms (SSLR)ated 3.5kb proximal to the repeats
(Figure 1.4B) anda G/C single nucleotide polymorphism (SNP) on thst fi
repeat(Figure 1.4D). In addition, there are fifteen different SNPs in the-pl13
E11 (D4F104S1) region(Figure 14C) (Lemmers et al. 2007) So far,
contractionof D4Z4 repeat®nly on a certainhaplotype of 40A(40A161)is
associated with FSHDContraction of D4Z4 onther common haplotygs is
nonpathogeni¢Lemmerset al. 2007) suggesting thathe contaction of D424
repeats is necessary butrsufficient to cause FSHRemmerset al. 2004) It

is thought thatcertain SNPs mightalter the chromatin structure of the 4q

region reslting in the disease phetype (Lemmerset al.2007)
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Figure 1.4 Schematicoverview of the 4q and 10q subtelomeric region and

the key sequence variations

(A) Chromosomal localisation of the D4Z4 repeats, chromosome 4q or 10q.
(B) This simple sequence length polymorphism (SSLP) is a combination of
five variable number tandem repeats (VNTRS): a 8bp insertion/deletion, two
SNPs localised 3.5kb proximal to D4&hd varies in length between 157
182bp. (C) the pLE11 (D4F104S1) is localised immediately proximal to
D4Zz4, is 475bp in length and contains 15 SNPs. (D) The most proximal D4Z4
unit contains several SNPs. (E) The two variants of the subtelomeric region
distal to D4Z4. Image modified from Lemmaegsal.2010.

1.3.2Repressor complex associated with D4Z4

To investigate whetheéhe D4Z4 region has any involvement in transcriptional
control of the 4935 genes, the interaction between D4Z4 and nuclear proteins
was analysed using an electrophoretic mobility shift assay (EMGabellini

et al.2002) This study revealed that a 27bp sequence, called the D4Z4 binding
element (DBE) within the D4Z4 region, supported formation of a repressor
protein complex(Gabellini et al. 2002) This repressor protein complex
comprises of YY1 (Ying Yang 1), HMGB2 and nucleolin, termed the D4Z4
repressing emplex (DRC)(Gabellini et al. 2002) YY1 is a complex protein

involved in repression and activation of a number of genes. YY1 is known to
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interact with numerous key regulatory proteins, suggesting that these
interactions are important for determining whether YY1 is involved in gene
repressioror activation(Thomaset al. 1999) Since DBE contains a putative
YY1 recognition sequence, CCAT(Yantet al. 1995) YY1 is the most likely
component of DRC to interact directly Wwithe DBE within D4Z4Gabelliniet

al. 2002) HMGB2 is a member of one of the three families of high mobility
group (HMG) proteins. A yeast twiaybrid screen identified SP100 to interact
with HMGB2. SP100 in turn interacts with HP1, the heterochromatin binding
protein. This raises the posdity that HMGB2 might be involved in

heterochromatin formation/maintenar{tehminget al. 1998)

It has been proposed that contraction of the D4Z4 repeats may result in
decreased repressor complex binding, leading to-regdation of disant
neighboring genefGabelliniet al. 2002). Loss of control is proposed to occur
through cis-looping or cis-spreading mechanism, but chromatin studies had
failed to identify anycis-acting mechanism operating at 4qter in FS@Rng

et al. 2003) until more receny (Petrovet al. 2006; Pirozhkovaet al. 2008;
Bodegaet al. 2009) The findings of these stigs are discussed in the next

section.

1.3.3 Candidate genesfor FSHD and transcription from

chromosome 4q35

Assuming that contraction of D4Z4 would influence the transcriptional control
of genes ircis, the search for a candidate gene for FSHD foassedon the
region surroundinghe D4Z4 repeatgFigure 1.5). D4Z4 lies adjacent to a

subtelome sequence, which is within ZDkb of a telomeric repeatvan
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Geelet al. 2002) and no genes have been described or predicted distal to the
array. The first genadentified in the 4qter was FSHD region geneFRGY)
situated at 1Xb proximal to D4Z4(vanDeutekomet al. 1996) encoding a
nuclear protein involved in RNA biogesis(van Koningsbruggest al.2007)
Chromatin conformation capture (3€yperiments have been taken to indicate
that D4Z4 physiclly interacts with thepromoter region othe FRG1 which
repressesFRG1 expression in myoblast§Bodega et al. 2009) Using
chromatin immunoprecipitation (ChlP) data coupled with data obtained from
3D fluorescencen situ hybridisation (3DFISH), it was revealed that during
normal myogenic differentiation this interaction is loosened &RIG1
expression is wpegulated(Bodegaet al. 2009) A small reduction in the
frequency of lop formation between D4Z4 array aR&®G1 promoter region
was observed in FSHD myoblast with contracted D4Z4, but the difference was
too small to be involved in reregulation ofFRG1gene expressiofBodegaet

al. 2009) Previously,Gabellini et alhadreported altered expressionEiRG1
(2002) and later on showed that owexpression ofrgl in mice induced a
muscle phenotypé€Gabelliniet al.2006) However FRG1expression itfSHD
muscle is highlycontroversialas several other groups have failed to observe
FRG1up-regulation(vanDeutekonet al. 1996; Gabelliniet al. 2002; Jianget

al. 2003; Winokuret al. 2003; Masnyet al. 2010) Expression studies have
yielded different resulispossibly as aconsequencef different sources of
RNA (site of muscle biopsyseverityof pathology) and different methods
detect expressiofiTawil et al. 2009. It has also been suggested that since

FRGL1is a multiple copy genalso present on chromosomes 8, 9, 12, 20 and
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all of the acrocentric chromosomesyme ofthe positive expression signals

may come from these sit@glasnyet al.2010)

The closesputativegene to D4Z4 is situated 37kb proximal to the repeats and
is termedFSHD region gene FRG2 (Rijkerset al.2004) FRG2was found

to beexpessed in differentiateBSHD primary myoblast cultures, but not in
those of ontrol individuals(Rijkers et al. 2004) The FRG2 homologie on
chromosome 10g waalso found to be upregulated in differentiating FSHD
myoblasts. HoweveFRG2absence from 4iop some FSHD patients carryiag
proximally extended deletion of D4Z@ emmerset al. 1998; Lemmerst al.

2003)makes thenvolvementof this gene in FSHD pathogenesis less likely.

Approximately 40kb proximal to D4Z4, lies an inverted and truncated copy of
a D4Z4 unit(Wright et al. 1993) This inverted unit defines the proximal
boundary of the region of homology between chromosome 4935 and 10g26
and also contains a putative double homeobox gBX4C (double
homeobox Zentromeric), which is abat on chromosome 1@gan Geekt al.
2002) Expression oDUX4Chad not been documented until recently. In 2008
a study indicated a possible function @UX4C in differentiation of mouse
C2C12 cells (a mouse myoblast cell linBosnakovskiet al. 2008) More
recently Ansseaet al. (2009), repaed the presence of a putatiggomoter
which was shown to be functional by fusion upatn of a luciferase reporter
gene and transfection of C2C12, TE671 and HelLa ¢2089) In the same
study, it was shown that the ovexpression oDUX4C could activate human
myoblast proliferation and inhibit their differentiationvitro. It was suggested
that this process might be caused DYX4C inducing MYF5 myogenic
regulator and its DNAvinding activity (Ansseatet al. 2009) However, there
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are a number of FSHD patients with a proximal deletion that extend to t

inverted repeat and henb&JX4C cannot be causative of FSHD.

Another extensively studied FSHD candidate genEUBB4Q(Tubulin, beta
polypeptide 4, member QAlthough only80kb proximal to D4Z4and hence,
positionally a good candidat&élJBB4Qis mod likely to bea pseudogenévan

Geelet al.2000)

Some genest a larger distandeom D4Z4 havealsobeen considered for their
involvement in FSHD. At around 3.5Mtroximal lies the adenine nucleotide
translocatorl gene ANTD) (Li et al. 1989) ANT1is involved in the export of
ATP throughthe mitochondrial membrarand is highly expressed in heart and
skeletal muscle¢Stepienet al. 1992) ANT1is also known to benvolved in
apoptosigDoerneret al. 1997) There is evidence for ugegulation & ANT1

at the protein level in feected and uaffected FSHD muscle¢Laoudf

Chenivesset al.2005) however further verification from independent studies

is required.
D4Z4 (1-100 units)
ANT1 PDLIM3 FRG1 TUBB4Q FRG2
3.5-5Mb 120kb 80kb 37kb

Figure 1.5 lllustration of the positioning of the D4Z4 region on 4q and the
known genesproximal to the repeats.
The genes are showmsing pink boxes andheir distance from thé4z4

repeats is shown under each gene. The diagram is not drawn to scale.
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In summary there is little plausible evidence for the involvement of genes

proximal to D4Z4 in FSHD.

The D4Z4 unititself, as outlined inFigure 1.2, consists of several sequences
known to be associated with heterochromatin regions, such as low copy CG
rich repeat elements LSau and hhspg@iBanget al. 1987; Hewittet al. 1994;
Winokur et al. 1994, Meneveri, 1993 #82; Le¢ al. 1995) In addition, each of
the 3.3kbrepeats contains an 1173bp open reading frame (@Ré&9)ding a
putative transgption factor with two homeodomairfslewitt et al. 1994) This
ORF is now known aBUX4 (double homeobox 4)Gabrielset al. 1999) and

is thought to behave as a transcriptional activdkawamuraSaito et al.
2006) The DUX4 ORF has beerevolutionaryconserved for over 100 million
years which supports the idea ah protein codingunction for DUX4 (Clapp

et al. 2007) These findingsin addition to the positiang of the DUX4 ORF,

make this gene strong candidate for FSHD.

Cells transfected with DUX4 construcshowed characteristic markers of
apoptosis suggesting that the protein was toxic to the (@Hbrielset al.
1999; Kowaljowet al.2007) However, the toxicity of DUX4 could baerived
from its overexpression and therefore mawpt indicate the real function of
DUX4 in vivo. Exogenous expression of DUXvasshownto activatetransient
expression of a luciferase reporter gene fused to Ritel (pairedlike
homeodomain transcription factor fijomoter as well as the endogen®tit
gene in transfected C2C12 cqlBixit et al.2007) Additionally, genomewide
expression data from muscle biopsies of FSHD patients showeshulation
of PITX1 transcription in comparison with 11 other neuromuscular disorders
(Dixit et al.2007) However, the data from this study is not supportedthgr
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studies of global gene expression analysis by different grftygsler et al.

1999; Winokuret al.2003; Celegatet al.2006)

A putative promoter regioh49bp upsteam of the ORRKvas inserted upstream

of a luciferase reporter gene and was used to transfect TEB31Expression

of the reportegere verified that theegioncould actas a functional promoter
(Gabrielset al. 1999) Neverthelessconfirmation of the expression ddll-
length RNA and proteifrom the DUX4 ORFhas beesomewhat challenging.
However, a recent study hesported a low abundance of DUX4 protein and
transcripts in some FSHD cel(Bixit et al. 2007) A later study reported the
transcription of several overlapping sense andsarise RNA transcripts from
the 4q D4Z4 region(Snider et al. 2009) Although a fulllength DUX4
transcriptthat can be detected at low levésdsinitially produced in muscle
cells, spliced and cleaved forms are at higher abundance. Cleavage and
processing of theDUX4 transcript generates mi/siRNA (smaititerference
RNA)-sized fragments that might have a function in local or distance

chromatin silencing or even target RNA from otloai (Snideret al.2009)

In summary the most convincing eédence suggestthat DUX4 is the best
candidategenefor FSHD. As mentioned above, maintenance of at least one
D4Z4 repeat is esagal for the FSHD pathogenegiBupleret al. 1996, which
indicates the important role the D4Z4 repeats themselves play in FSHD

pathogenesis
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1.34 Sub-nuclear localisation of 4935

Chromosoms occupy distinctterritories in the mammalian nucleus. These
chromosome territories often reflect the gene density, transcriptional activity,
size and replication timingSun et al. 2000; Tanabeet al. 2002) Unlike all
other chronosomal ends studied, includingOqter, 4qter preferentially
locdises at the nuclear peripheryndependent otell type andchromosome
territory effects(Masny et al. 2004; Tamet al. 2004) It is not the D4zZ4
repeats themselves, but sequences proximal to the D4Z4 that are necessary for
the perinuclear localisan (Masny et al. 2004) This might explain the
difference between 4qter and the 10qteclear localisationsince the98%
identity between them only extends 40kb proximalRdZz4. Although no
difference has beerobserved in localisation of chromosomégtween
unaffectedindividuals and FSHD patients, the perinuclear localisation of the
4qter is largely lost in fibroblast lacking lamin A/QMasny et al. 2004)
Mutation in lamin A/C is known to cause Emddyeifuss muscular
dystrophies (EDMD), thsiraisingthe possibility that FSHD is related to these
nuclear envelope muscular dystroph{Bskay et al. 2006) More recently it
was shown that the D4Z4 macrosatellite repeat asta CTCF and Aype
laminsdependantranscriptioninsulata and it behaves as a strong perinuclear
cis-acting positioning elemenin FSHD, properties that aréost upon
multimerisation of the repea(©ttaviani et al. 2009) The same group later
showed that CTCF and-#pe lamin only contributéo and are not essential to
the positioning of D4Z4, indicating additional pathways for the anchoring of

this region(Ottavianiet al. 2009) The proposed model for the effects of D424
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contraction/demethylation in FSHD on 4gf&inuclearpositioning is shown

in Figurel.6.

NE » NE

1-11 D474

Normal 4q35 subtelomeric region FSHD 4g35 subtelomeric region

Figure 1.6 A model for tethering of the 4935 locus at the nuclear
periphery.

(A) In normal cells, D4Z4 repeats are methylated and therefore are not bound
by CTCE The 435 region is attached to the nuclear periphery through a
lamin-A-dependant tethering site located outside the D4Z4 array. (B) In FSHD
cells contraction of the D4Z4 repea#iows the binding of CTCF and the
D4Z4 repeats become specifically attachedchtogeriphery. This higher order
switch is thought to modify the expression of FSEEsociated genes probably

by preventing their repressig®ttavianiet al.2009)
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1.35DNA methylation at D4Z4

Human D4Z4 repeats are extremely @{8h, making them attractive
candidates for DNA methylationHlypomethylation of the proximal D4Z4
repeats in patients withg-linked and phenotypi&ESHD was observed in both
mutated and wild type allele with no tisssgecific methylation differences
between DNA isolated from blood lymphocytes and mugsias Overveldet
al. 2003) In 2009 de Greeét al showedthatthe D4Z4 contraction below a
certain threshold results in significant hypomgation, regardless of the
haplotype on with D4Z4 contraction occurg2009) In addition, D4z4
methylation was observed not only on both chromosome 4q, but also on both
chromosome10q in phenotypic FSHD patientbhis argues that an underlying
genetic defegtwhich is responsible for methylation of D4zdpeatsgexists in

FSHD2 patients(de Greett al.2009)

More severe hypomethylation #te 4q and 10gepeatsis observed in a
different group of patients with immunodeficiercgntromeric insatiability
facial anomalies (I€) (Kondo et al. 2000; van Overvelcet al. 2003) ICF
syndrome presents with immunodeficiency, faciahomalies, mental
retardation and developmental delay and is caused by mgtati@NMT3B

(Xu et al. 1999. As these mutations reduce the methyltransferase activity of
DNMT3B, hypomethylation of number of repeat arrays, including satellite 2
(Sat2), satellite 3 (Sat3), the NBL2 repeat and the D4Z4 repeat, is observed in
ICF patientqJeanpierreet al. 1993; Xuet al. 1999; Kondoet al. 2000) Since

the clinical presence of ICByndrome shares no similarityity FSHD and
seeing asD4Z4 hypomethylatn occurs on nonrpermissive haplotypes in

unaffected individuals(de Greefet al. 2009) it can be said that the
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hypomethylation of tie D4Z4 allele alone isot sufficient to cause FSHD.
Other epigenetic factors or haplotypeecific sequence polymorphisms yna
eventually determine the underlying mechanism to deveémt of the FSHD

phenotypdde Greeft al.2009)

1.3.6 Histone modifications at D4Z4 repeat

As discussed previously, DNA methylation is often associated with increased
chromatin condensation and gene inactivatidme D4Z4 repeat array is often
considered heterochromatimainly because of the presence of the low copy
repeats hhspm3 and LSau, which are mainly found in heterochramgitbos

of the human genoméHewitt et al. 1994) However, several studies have
reported that D4Z4 repeat array consists of both heterochromatic and
euchromatic reigns (Jiang et al. 2003; Yanget al. 2004; Zenget al. 2009)
DoubleChlIP analysis has revealed that H3K9me3 coincide with H3K27me3,
but not H3K4me2, suggesting that the D4Z4 repeats contain distinct
heterochromatin regions, marked by H3K9me3 and H3k27me3 as well as

euchromatirregions, marked by H3K4mdZenget al. 2009)

In a recent study, Zengt al employedChlIP analysis to examine the D474
chromatin structurat the DUX4 promoter and a region within th&JX4 ORF
(2009) ChIP analysi®n the noAFSHD lymphoblastsevealedhe presence of
H3K9me3, H3K27me3, H3K4me2 and H3Ac histone modifications, but the
absence of3K4me3 at these regioriBhe sametsidy revealed the presence of
H3K4me2 and H3K9nt& at the D4Z4 site in human embryonic stem (hES)
cell, suggesting thab4Z4 chromatin domains are marked by these histone

modifications early on in development and are maintained throughout
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differentiation. This was in contrast to H3Ac which was absent in hES and
added on at a later sta@i@enget al.2009) Additionally, an independent study
reported that the levels of H3K27me3 at D4Z4 are significantly reduced after

myogenic differentiatiofiBodegaet al.2009)

Zenget al. (2009) reported a significant decrease in H3K9me3 signals at D424

in both FSHD1 (D4Z4 contraction) and FSHD2 (no coatc t i on) pat.i
myoblasts fibroblastand lymphoblastsvhen compared to normal cells from

healthy individuals(figure 1.7, Zenget al. 2009) Using a4q/10qgsequence

variant at the D4Z4 regioander studyit was verifed that D4Z4 on both 4q

and 10qundergo the same H3K9me3 modificati@enget al. 2009) None of

the other forms of muscular dystrophies tested in this shaiyely Duchenne

musallar dystrophy (DMD) and limdgirdle muscular dystrophy (LGMD),

showed any sigficant loss of H3K9me3 at D4Z4. Hence, it was concluded

that the loss of H3K9me3 at 4q and 10q at D4Z4 repeats appear to be a change

uniquely associated with FSHD patie(@enget al.2009)

DNA methylationis shown to be the downstream consequeateH3K9
methylation(Lachneret al.2002) but in some instanc&NA methylationwas
shown topromote trinethylation of H3K9(Sarrafet al. 2004) Hence the loss

of H3K9me3 may have been the downstream effect of the hypomethylation of
the D4Z4 repeats in FSHD patients. However, H3K9me3 wgsliaintact in

ICF patient cell lines, which as previously reportedcarry severe
hypomethylation at the D4Z4 repeats on 4q and 10q itgs Overveldet al.

2003; de Greeét al. 2009; Zenget al. 2009) This suggested that the loss of
H3K9me3 at the D4Z4 repeats is a change distinct from the DNA
hypomethylation(Zeng et al. 2009) These findings imply that the loss of
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H3K9me3 at D4Z4 repeats, rather than DNA hypomethylation, is casually

involved in FSHD(Zenget al.2009)
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Figure 1.7 H3K9me3 is lost in both 4glinked and phenotypic FSHD

(A) ChIP analysis of H3K9me3 and H3K27me3 at D4Z4 in normal and FSHD
(4gF) myoblasts. 4qHOX region lies within tB&JX4 ORF and rDNA region
serves as a positive contralB) H3K9me3 is specificallydst in fibroblasts.
Endpoint PCR analysis with 4gHOX primers is shown on an agarose gel and
guantitation of reatime PCR with QPCR primers, which lie upstream of
DUX4 ORF, are shown as a bar chart. D4Z4 repeat numbers for 4g and 10q
and the total repeatumber for each cell line is indicated in thable (H)
Non-FSHD cell line(Pfaffl et al. 2004) phenotypic FSHD cell line (4gF) 4q
linked FSHD cell line. Image adopted from Zeng e{2009.
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1.4 Chromatin Immunoprecipitation (ChIP) assay

was first developed in 1988 for culturédrosophila cells (Solomonet al.
1988) ChIP is nowthe most widely used techniqdier mappng the in vivo
distribution of proteins associated with chraaamal DNA such asistones,
transcription factors, regulatory proteins édexiadis et al. 2007; Bodegaet
al. 2009; Zenget al. 2009) ChIP can be used to identifegions thatare
associated with thegeoteins, orconverselyit can be used to identifyroteins

thatare associated with a particular region @ gfgenome.

ChIP methodology often involves protddNA and proteirprotein
crosslinking, which consists of treating cells or tissues with fateiglde The
chromatin is extractednd is fragmented prior to immunoprecipitation with an
antibody specific to a target protein associated with the chromosomal DNA.
Reversal of the proteiDNA crosslink prepares the DNA fragments for
identification. The CHP procedure is summarised Figure 1.8. There is
varietyof identification procedures that can be employed including PCR, DNA
microarray and DNA sequencingstandard or quantitative PCR can be
preformed to verify whether a particular region of the genome is associated
with the protein of interes{Garrick et al. 2008; Zenget al. 2009) The
combinaton of ChIP and microarray (CHEHIP) allows genomavide
identification ofbinding sites for the chromatessociated protein®e Gobbi

et al. 2007; Pauleet al. 2009) Alternatively, high throughput sequencing of
the immunoprecipitated DNAChIP-Seq) offers a more precise way of

mapping proteirDNA interactions across the genoffauleret al.2009)
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The main drawback of ChIP its inherent variabilifukhopadhyayet al.
2008) ChIP is a multstep procedure and hence some level of variability is to
be expected. The variability in tfi@al results may arise from variability in the
crosslinking stepimmunoprecipitatioror the proteirDNA washing stage. A
number of carefully chosen controls are needed to accoutitd variability in
thesesteps. Other limitations of ChIP analysis ilucle the dependence on the
availability of a highly specific antibody as well as broad expression of the

DNA-binding protein of interegMukhopadhyayet al.2008)
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Crosslinking

P-ormaldehyde treatment crosslinks proteins
to DNA to ensure ceprecipitation

Cell lysis and Sonication

FSonication shears the chromatin to generate
200-700bp of DNA to achieve a high degree
of resolution during the detection step

FThe average fragment size is verified by gel
electrophoresis

Immunoselection

PEnrichment of a specific DNAprotein
complex of interest. A primary antibody is
used in combination with protein A or G
conjugated solid support matrix such as
agarose or magnetic beads

Reversal of crosslinking

FThe crosslinking is reversed by proteinase K
treatment

FThe elute is purified to remove the
chromatin proteins and to prepare the DNA
for the detection step

Figure 1.8 a summary of chromatin immunoprecipitation (ChlP) assay
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As mentioned abovejuantitativereattime PCR (qPCR) can be employed as
the method of detectioto analysethe ChIP datagPCR allowsclose analysis
of the histone composition at specific regiasfsinterestwithin the genome

Section 1.5 explains the basis of gPCR methodology:

1.5 Quantitative real-time PCR (gPCR)
Quantitative reatime PCR (qPCR) is a method for DNA amplification in
which fluorescent dyes that interact with the DNA are usedietect the

amount of PCR product amplified after each PCR cycle (Higuchi et al 1992).

Threshold cycle (Ct) is the metric used for analysing gPCR results. The Ct
value represents the number of cycles needed to reach a set threshold
fluorescent signal leveLower number of cycles needed to cross the threshold,
indicates the greater the amount of starting material and vice (€pae

1.9). Threshold level should be chosen in a way so that it captures data during
the exponential phase and is the same lfaha samples analysed in a qPCR
run. The threshold value can be chosen either manually or using an instrument

specific algorithm.

I n this study, the gPCR ass&gnebtl@re ca
and the results were analysed using R@ene 6000 Software 7.1. The
threshold value was calculated using the instrurspatific algorithm, which

was carried out by the software after each run.
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Ct Value

Figure 1.9 An example of a typical gPCR run.
The threshold level is set above background fluorescemu at the
exponential level of amplification. The miber of cycles requiretb reach the

threshold is determined as Ct value.

1.5.1 Methods of detection:

1.5.1.1Target-specificdetection

This method involves the use of an oligolmotide probe that has
complanentary sequence to the target region. This probe is constructed to
contain a reporter fluorescent dye (fl
dye at the 306end. FIl uorophores absorb
almost immediately remit light at another, higher wavelength. Quenchers are
molecules that can accept energy from fluorophores and then dissipate it
without light emission. As long as the probe is intact the proximity of the
guencher absorbs the light etad by the fluorophore byFluorescence
Resonance Energy Transf@¢RET). The specific fluorophore and quencher

must be matched to each other and to the optic of the qPCR instrument. The

probes can be labeled with two distinguished reporter dyes, which allow
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amplification of two diferent target sequences in one reaction tube. TagMan
probes (also called hydrolysis probes
commonly used targedpecific detection metho(Figure 1.10). Other target

specific detection chemistries include hairpin @e, LightUp probes and

hybridization probes.

Although this method offers outstanding specificity and reduction in
background and false positive signals for gqPCR assays, it requires synthesis of
a different probe for each target sequence, which can bly.clrstaddition

prior knowledge of the DNA sequence of the target region is essential for

designing these probes.
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Figure 1.10 Schematicdiagram of agPCR reaction using TagMan probe

The probe binds to the target sequence downstream of one irtiers(A).

The probe is cleaved by the 506 nucl eac
primer is extended(c). The cleavage of the probe allows continuous
amplification of the target sequence as well as removing the fluorophore from

the close proximityof the quencher, which results in increase in reporter
signals(C). After each cycle, additional fluorophores are cleaved from their
respective probes, resulting in increased fluorescent intensity proportionate to

the amount of amplicon produced.
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1.5.1.2Non-specificdetection

This approach uses dsDN#nding fluorophores for nespecific detection of

the target DNA sequence. Fluorophore used in-gpmtific gPCR assays
exhibit low fluorescence when unbound in solution, but starts to fluoresce
brighty when associated with dsDNA and exposed to tablawavelength of

light. SYBR greeris the most commonly used fluorophoFegure1.11). This
approach was chosen in this study for its simplicity and lower cost. The
advantage of this method is that kquires less optimization and less
information about the target sequence. The disadvantage of this approach is
that only the primers determine the sensitivity and specificity of the qPCR
assay as the dsDNBinding fluorophore binds to any dsDNA, even untean
primer dimmer products. For this reason gPCR assays using SYBR green as
the method of detection, generally include a f6R melting curve analysis

to detect the possible presence of pringdémers or any other unwanted
products. During the melting owe analysis the qPCR instrument is set to
gradually increase the temperature and monitor the fluorescence. A sharp drop
in fluorescence is expected when the temperature is high enough to denature
dsDNA due to the release of the fluorophdFégure 1.12). The melting
temperature (Tm) I's calculated by the
curve data by plotting negative first derivatifahange in fluorescent signals)
versus temperaturedfF/dT). The Tm of a DNA fragment is dependent on its
length, G+Ccontent, sequence, strand conmpéantarity, concentration and on
buffer component. The difference between the melting temperatures allows the
detection of primer dimers or other nonspecific amplification products, which

could potentially prevent accurate qtification (Figure1.12B).
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Figure 1.11 Schematic diagram ofa qPCR reaction using SYBR green
SYBR green exhibits low fluorescence when unbound in solution. Upon
association with dsDNA, SYBR green starts to fluoresce brightly, which

indicates producsynthesis.
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Figure 1.12 Example of a specific and a notspecific melting curve

The derivative melting peak is the highest at the melting temperature. (A) A
specific melting curve with no primer dher or unwanted products. (B) A
melting curve showinghree peaks at different melting temperatures indicating
significant primerdimer formation or other nespecific amplification during

this qPCR assay.
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2. Aims

The focus of this work will be on further investigation of the association of
previously identified chromatin structure changes involved in FSHD
pathogenesis. In 2009 Zeeg al. reported the reductioof H3K9me3histone
modificationat a specific regiomwithin the D4Z4 repeats®n FSHD patient cell
lines. The loss of H3K9me3 at this site was exclusive to FSHD patients and
independent of DNA hypomethylation at this region. No significant loss of
H3K9me3 was observed in other repeat sequences anéfesaglet al. 2009)

The first aim of this study will b&o repeat and validate the data from Zeng

al. (2009).ChIP analysis will be carried out on a number of patient and control
lymphoblastoid cell lines, usin antibodies against four different histone
modifications including H3K9me3. The ChIP outcome will be analysed by
gPCR using SYBR green as the method of detection and -Bg&eific
primers used by Zengt al (2009).Further to the previous findings, othe
regions within the D4Z4 array will be analysed for any significant change in

histone composition.

53



3. Materials and Methods

3.1 Growth and maintenance of cells

3.1.1 Growth and maintenance of patient and control

lymphoblastoid cell lines

Lymphoblastoid cell lines grow in suspension with cells clumped in loose
aggregates. These aggregates can be dissociated by gentle trituration with a
pipette All lymphoblastoid linesvere grown in 20ml appropriate medsee
section 3.1.5)n T25 tissue alture flasks at upright position. The cultures were
seeded at a concentration no lower than 200,000 viable cells/ml. To maintain
the growth of the cells and avoid the plateau growth level the number of cells
were kept below 500,000 viable cells/ml. Théscerere kept in an incubator at
37eC wi t.lror thébull GsOof the lymphoblastoid cell lines ds@ this

study refer torable3.1

3.1.2 Growth and maintenance of somatic hybrid cells

Several human/rodent somatic cell hybrids wesed in this study. These cells
were grown as attached cells in 12ml appropriate méghation 3.1.5)in
75cnf tissue culture flasks. For pasgg cells, 3 to 5 minutes of incubation
with 1 x trypsinwas performed to detach the cells from the flaBks.the full

list of the somatic cell hybrids ugein this study refer toTable 3.2.
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ID Disease Status Additional Information Array size Sequence haplotype
GMO08729 Unaffected male | Father of an ICF patient 49B163, 10qA162, CABCABCTT7+
GM16351 FSHD male Clinically affectedbrother of GM16348
GM16352 Unaffected female | Clinically unaffectedsister of GM16348 4qB163, CA9CA8
GM16348 FSHD female 4gA161, 49B168, 10gA166 Hc, 10gA166Hb
GM17939 FSHD male 4q: 3/33, 10qg: 15/26 409A161, 49B163, 10gA166¢ (2peat haplotypes)
GM18207 FSHD male 4q: 3/27, 10q; 18/39 iizfiﬂ(g disinct repeat haplotypes). ~ 100A1
GM18476 Unaffected female 4q: 25/34, 10q: 8.6/12 | 49B163, 100B161Ta

Table 3.1lInformation on the lymphoblastoid cell lines used in this study.

All the cell lines were obtained from Coriell Cell Repositoriesease status is indicated for @ll lines. The D4Z4 array size is indicated for

three the cell lines. The array siseunknown for the other cells. Tlk@own haplotypes for each cell line have also been included idbig
GM16351 has not yet been haplotyped.
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Contains human Sequence
ID Background
chromosome haplotype
4L10 Mouse #49B
Cy7 Mouse #10q, #16, #12
GM10115 (HHW416) | Chinese hamster #4 (96% of cells)
GM10479A Mouse #14 (96% of cells)
GM11418A Chinese hamster #15 (80% of cells)
GM11687 Mouse #4 (100% of cells) 49B163
GM11688 Mouse #10 (92% of cells) 10gB166

Table 3.2 Information on the somatic cell hybrids used in this study.

3.1.3 Longterm storage of cells

The cells were pelleted by centrifugation at 60@ for 3 minutes. The old

media was removed and the cell pellets were resuspended in 1ml of freezing
media (appropriate growth media for the cells containing 10% DMSO). The

cells were then transferred to one or two cryotubes placed in a freezing rack,
east 4

wrappea in bubble wrap and transferred-®0e C f or at I

storage in liquid nitrogen.

3.1.4 Revival of cells from frozen stock

Appropriate medi a wlhesfrozenacellsnwedthawed in3 7 e C
room temperature.ml of appropriate growthmedia was added to the cells
before transferring them to a flask of media. The flask was then transferred to

the incubator and the media replaced the following day.
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3.1.5 Media used for growth and maintenance of the cell lines

Cell line Growth Media

Lymphoblastoid lines RPMI-1640
2mM L-glutamine
15% fetal bovine serum (FBS)
120U/ml Penicillin

120pg/ml Streptomycin

Somatic cell hybrids:
HHWA416, 4L10, GM14193 DMEM
2mM L-glutamine
15% FBS
120U/ml Penicillin
120pg/ml Streptomycin

0.2mM Proline

GM10479A, GM11687, GM11688 HAMO6s F12/ DME M,
2mM L-glutamine
15% FBS
120U/ml Penicillin
120pg/ml Streptomycin

0.25mg/ml Geneticin
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CY7 HAMG6s F12
2mM L-glutamine
15% FBS
120U/ml Penicillin
120pg/ml Streptomycin

0.2mM Proline

3.2.1 DNAextraction from cultured cell lines
The salting out procedur@liller et al. 1988) was used to extract DNA from

the cultured cells.

The cells were pelleted by centrifugation at 1G9@r 3 min followed by
removal of the culture media. The cell pellet was washed withl BB%
(Phosphate Buffer Saliphebefore it was resuspended in 3ml of nuclei lysis
buffer (10mM TrisHCI, 400mM NaCl, 2mM EDTA, pH 8.2). 0.2ml of 10%
SDS and0.5ml of prdease K solution (@g/ml Protease K in 1% SDS and
2mM EDTA) were added to the cell lysates and then incubated overnight at
37eC. After the digestion was compl ete
was added followed by 15 seconds of vigorous shakingr&ekentrifugation at
2500rpm for 15 min. The supernatant containing the DNA was transferred to a
new tube. Exactly two volumes of absolute ethanol was aaloi@dhe tube was
inverted severatimes. The precipitated DNA strands were removed to 100
200ul of TE buffer (10mM TrisHCI, 0.2mM EDTA, pH 7.5). The DNA was

all owed to dissolve for 2 hours at 37¢
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3.2.2 Phenol/chloroform extraction of DNA

An equal volume of phenol/chloroform :{1 v:v) was addedo the DNA
sample The sample wathen centrifuged in a microfuge at 1600@ for 5

min. The aqueous phase was removed to a new tube and an equal volume of
chloroform was added. The sample was then centrifug&60t xg for 5 min.

The upper aqueous phase was removed to a new tubehafteentrifugation.

1pl glycogen (20mg/ml)and 10% 3M NaAc, pH 5.5 was addpdor to the
addition of twovolumes of absolute ethandfter incubationat -2 0Cefor 30
minutes, the sample was centrifuged at 16080g for 10 minutes. The
supernatant was stiarded andhe pellet was washed with 70% ethan@he

pellet was left to air dry then dissolved in 10pl of distilled water.

3.3 Electrophoresis

Agarose gels (1%, 2%, 3% or 4% w:v) were prepared using agaoosder

and 1x TAE buffer.Ethidium bromide(0.5ug/ml) was added to the gel to
enable visualization of the DNA with UV light. Electrophoresis was carried out

in 1% TAE buffer at 5V/cm until the required resolution was achieved.

3.4 Haplotyping of the cell lines
PCR was carried out on the genomic DNAtbe lymphoblastoid cells to
amplify the SSLP or pX&11 regions. For the primer pairs and the conditions

used for each PCR refer Table3.3.

3.5 Subcloning
Subcloningof the SSLP PCR products was carried asing the CloneSmart

Blunt Cloning Kit (Cambidge Bioscience #40858):
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3.5.1 ligation

The PCR products were purified usirsg GeneElute PCR Cleabp Kit
(#NA1020) and eluted in 30ul of distilled water. The PCR products were
phosphorylated by treatment with 1pl T4 polynucleotide kinase (PNK)
(Promega) and 5ul of T4 ligase buffer in total volume of S5@xidlabeling

the PCR product with a phosphate group is necessary to enable ligation into the
vectorrThe PNK treatment was <carried out
i ncubati on at to6deagti@ate fthe renzytn@hosphorylated
fragments were then purified using the GeneElute PCR @JgaKit in order

to remove PNK from the solution. The presence of the PCR products in the

elute was verified by electrophoresis at this stage.

100-200ng of blunt and phosphorylated DNA was ligated into pSMART
LCKan vector by following the CloneSmart Blunt Cloning Kit protocol
(Lucigen Corporation). Each reaction was incubated at room temperature for 2

hours. The ligase was inactivated by 15min incubatio® & T .

3.5.2 Transformation

E.Cloni 10G chemically competent cells (Lucigen Corporation) were used for
transformation. 1pul of ligations was added to the cells followed by incubation

on ice for 30 minutes. The cells were thanubateda t 42eC for 45
and placed back on ice for a further 2 minu@&0ul of room temperature
Recovery Medium was added to the cells. The cells were then incubated at
37eC for 1 hour in a shaking incubator
a nutrient gar plate contaimg kanomycin (30pug/ml) and incubated over night

at 37eC.
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3.6 Selection of positive clones

3.6.1 lony PCR

Colony PCR was carried out to select for the clones carrying the correct insert.

A small amount of a colony was added to 12ul of sterile distilletemaith

12.5ul of BIOMIX Red (Bioline) and appropriate primers (2uM). Standard

PCR conditions <consisted of 30 cycl es
annealing at different temperatures depending on the primer pair todiable

3.3 for 30sec,elongai on at 72eC for 30sec/ Kb. Th

sized insert were selected after analysis by electrophoresis.

3.6.2 DNA purification - Plasmid DNA miniprep

The positive clones were grown over night in growth media containing
kanomycine. The Geng&lute plasmid Miniprep kit (Sigma) was used. The
manufacti r e prodosol was followed except thétte DNA was eluted from

the purification columns in 50pl sterile distilled water.

3.6.3 Restriction digestion

The plasmid DNA minipreps were further verifiad positive clones by EBd

digestion. DNA was incubated with 10pl of BR®D solution containing 1pl

EcaR1and 2ul buffer H (Promega #R6011 at 3 7 e C THealones2 h o u

containing the right sized fragments were sequenced.

3.7 Sequencing
50ng of DNA wasused per sequencing reaction. Big dgdufed 1:12with 5 x
sequencing buff¢rand appropriate primers (10pM) were used to amplify

cloned regionThe cyclingconditions wereas follows: 5milaet 95e C, f ol |
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by 45 <cycl es 030C %06 20¢ecaridé6i0e 0% ®The 4 mi n.
products were purified using CleanSagd sent t®urham sequencindgditing

of sequence traces was carried out uSiaguencher 4.9.

3.8 Chromatin Immunoprecipitation (ChlP)
ChIP procedure was carriedit using EZMa g n a  C h (Mifi BorepAll

the reagents used were provided by the kit unless otherwise stated.

3.8.1 Crosslinking of chromatin

Patients and control lymphocytes were cultured and counted using a
haemocytometer. Approximately 1 x “1@ells were used per reaction.
Formaldehyde solution (38%) (Sigma -690) was added to a final
concentration of 0.4% and the sample was incubated at room temperature for
10 min on a rotator. 1M glycine was added to a final concentration of 125mM
to quench unreded formaldehyde and stop ov@psslinking. The sample was
inverted to mix and incubated at room temperature for a further 5 min. The
sample was kept on ice from this point on. Aftentrifugationat 800 xg for 5

mi n at 4eC, t he s amueé¢he pellet was tesuspended me mo v
10ml of chilled PBS and Protease inhibitor Cocktail 1l solution (96% 1x PBS,
4% Protease inhibitor Cocktail 11). This wash was then repeated once. The

crossinkedcell pellets were snap frozen in ligunitrogen and stockat-8 (Ce
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PCR Conditions

Product Denaturation Annealing Elongation No. of
Primer name Sequemrcde 50 _ i i :
size (bp) | Temp. | Time | Temp. | Time | Temp. | Time | cycles
(ecC (ecC (eC
D4F104S F1 | CCCAGTTACTGTTCTGGGTGA
500 98 10sec 60 5sec 72 30sec| 30
D4F104S R1 | GAAAGCCCCCTGTGGGAG
SSLP F1 GGTGGAGTTCTGGTTTCAGC
160 95 15sec 59 15sec 72 15sec| 30
SSLP R CCTGTGCTTCAGAGGCATTTG

Table 3.3 Primers used for SSLP and pLE11 amplification by PCR.
The sequence of each primer in addition to the PCR conditions used for amplification is also shovilrabiglF104S primer pair was used

for pA3E11 amplification. SSLP primer pair was used to amplify the SSLP region.
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3.8.2 Preparaion for sonication

The crosslinked cell pellet was resuspended in 500ul of Cell Lysis Buffer

(CLB) containing 1% Protease inhibitor Cocktail Il. This was followed by
incubation on ice for 15 min, vortexing every 5 mirhe sample was then
centrifuged at 800xf or 5 min at 4ecC. The superne
pellet was resuspended in 500ul of Nuclear Lysis Buffer (NLB) containing 1%

Protease inhibitor Cocktail II.

3.8.3 Optimisation of the sonication conditions

Different power settings of the sonicators in addition to different duration and
number of pulses were tested. 10% of the samples were removed prior to the
sonication for analysis of the unsheared DNA. During the sonication 10%
aliquots were removed after a setmher of cycles. After the sonication the

sample volumes were made up to 50ul with ChIP elution buffer and 0.5mg of
RNase A (Sigma #R6148) was added to each sample. This was followed by 30
minutes incubatio  at 3 @ Bra@teinas2 B @Qiagen) was addedetch
sample and incubated over night at 62:¢
The DNA fragments were purified by phemblforoform extraction (section

3.2.2) and analysed on a 2% gel.

3831lSonication using Diagenode Bioru
The crosslinked sample in NLB was split equally between two 1.5ml
eppendorf tubes as 250pl aliquots. Each sample was sonicated at high power

for 14 cycles of sonication (30 sec on/30 sec off). The ice was changed every 5
cycles to avoid heating of the sample. After satian, the sample was

centrifuged at 1200k g f or 10 min at 4¢ecC. 10% of
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removed to assess sonication efficiency by performing standard
phenol/chloroform extraction (sectior8.2.2) and electrophoresis. The
remainder of the supernatanasvdivided into 50pul aliquots, each containing
approximately 1x19cells, which is sufficient for one immunoprecipita.
Aliquots were eitheusedimmediately or were snap frozen in liquid nitrogen

and stored a8 0 ¢ C.

~

3832Soni cation ussemeg CovarisEkE S
The sample in NLB was transf-&3mmad t
65mm (#520025). The sample was sonicated for 20 to 50 cycles (30 seconds
on/30 second off) with the intensity ranging from 3 to 8. Duty cycle was set to
20% with 200 cycles pdyurst. After the sonication the sample was transferred

to a 1.5ml eppendorf tube and centrifuged at 12000 or 10 mi n at
of the supernatant was removed to analyse the sonication efficiency and the

rest of the supernatant was aliquoted and dtasedescribed above.

3.8.4Immunoprecipitation (IP)

For each immunoprecipitation reaction 50ul of sonicated material was
combined with 450pul of Dilution Buffer (DB) containing 2.25ul of Protease
Inhibitor Cocktail Il. 5ul was removed from one of the Ies input control,

which represents the total amount of chromatin in the sonicated samples before
IP. An appropriate amount of aotidy (described in section86) and 20pl of

fully re-suspended protein A magnetic beads were added to each IP. The IPs

werei ncubated overnight at 4eC on a rot a

Protein A magnetic beads were pelleted using a magnetic separator and the

supernatant was discarded. The beads were then washed consecutively with
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500pl of Low Salt Immune Complex Wash Buffer, High Salt Imeaun
Complex Wash Buffer, LICl Immune Complex wash buffer and TE Buffer.
The samples were incubated for 5 min

wash.

3.8.5 Reversal of crosslinking and DNA purification

100pl of ChIP Elution Buffer (warmed to room temperatto ensure the SDS

was dissolved containing Proteinase K (10upg/dinal concentration was

added to the washed and precipitated Protein A magnetic beads as well as the

I nput control . The samples were then
rotatingincubator. After incubation, the samples were incubated for a further

10 minutes at 95eC before cooling dow
separator was used to pellet the beads and the supernatant was transferred to a
new tube. 500ul of Bind Reaget A0 was added to each
supernatant. The sample was then transferred to a spin filter in collection tube

and centrifuged for 30 seconds at 13%@ The flowthrough in the collection

tube was discarded and 500 Ob theospin Was h
filter in the collection tube. The sample was centrifuged at 135@0for
30seconds. The flothrough was discarded and the spin filter column was
centrifuged for a further 30 seconds at 13%06. The spin filter was then
transferredtoaclea col |l ecti on tube and 500l of
directly to the centre of the spin filter membrane. The column was centrifuged

for 30 seconds at 13508 g. The purified DNA was then either used

immediately for gPCR analysis or storedat0 ¢ C .
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3.8.6 Antibodies used for ChIP
Control antibodies, normal Rabbit IgG and H3Ac antibody were supplied by
the EZMagna ChIP A kit and 5ug of each was used for eachOfPer

antibodies used are listedTiable3.4.

_ Amount usedper
Antibody Source Cat no. Lot no.
IP (ng)

H3K4me2 | Millipore 07-030 DAM1570816 4
DAM1595626

H3K9me3 | Millipore 17-625 4
DAM1682222

H3K9me3 | Diagenode| pAb-013-050 001 2.4 0r4.8

H3K27me3| Millipore 17-622 DAM1647850 4

Table 3.4 Test antibodies used in this study.

3.9 Detection byquantitative real-time PCR (gPCR)

Realtime PCR was used to quantify enrichment levels for different histone
modifications using the purified DNA obtained by ChiP. All gPCR
experiments in this study were carried outaoforbettRotorGene 6000 (on
standad settings) and the results were analysed using f&oe 6000
Software 7.1. The threshold value was calculated using the instrspetific
algorithm, which was carried out by the software after each run. All gPCRs
were run in triplicates (duplicates ptimer optimization stage) and the mean
value from the triplicates was used in calculations and to create the standard
curves after each run. SYBR green was used as the method of detection in this

study. Maxi maE SYBR Green/ ROXasdiRCR Mas
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Sciences) was used for all gPCR experiments. The typical gqPCR conditions

used were recommendesit op Egpcimemg apr 6o

95eC 10 minutes

95¢C 15 seconds

40x
60eC 60 seconds

gPCR reactions were carried out in a tatalume of 25ul, containing 12ul
SYBR green master mix and 5ul of -f@ld diluted elae from ChIP
purification columns. The appropriate amounts of forward and reverse primers
were added for efficient and specific gPCR reaction (discussed in section

3.9.1).

3.9.1 Calculating the correct primer concentration for gPCR

A primer concentration test was performed for each primer pair used in this
study (seeTable 3.5 for the full list of primers) The aim of this test was to
identify a final primer concentrationhereby the gqPCR was the most efficient
but still specific to the target sequence. The efficiency of the gPCR at different
primer concentrations was determined by the slope of the standard curve
produced from a set of DNA serial dilutions at differeritnigr concentration

(Section 39.2). For some primer pairs, the chromosomal specificity was tested

by using genomic DNA from the somatic cell hybrids carrying a single human

chromosome.
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Primers were tested at four final concentrations: 0.08pM, 0.4pM, 0.8jpM an
1.2pM. Each primer concentration was tested on fouplDserial dilutions of
5ng/ul genomic DNA extracted from lymphocytes according to the salting out

procedure (Sectio®.2.1).

3.9.2 Creation of standard curve

For each gPCR run and for each primet, & standard curve was produced.
Standard curves were created by serial dilutionfld) of genomic DNA.
Serial dilutions covered the range of 5ng/pl to 5X19g/ul which covered the
data range obtained from the ChIP samples. Mean Ct value fromsinesle

dilutions were plotted against the DNA concentratioreath sampleHigure

3.1).
30.00
25.00
\ y =-3.382x + 27.255
O 15.00 —

10.00

5.00

0.00 . . . .

0.005 0.050 0.500 5.000
DNA Conc. (ng/ul)

Figure 3.1 An example of a standard curve using the €CR primers.

The slope in this graph i8.38, which represents a qPCR run with less than
100% efficiency.
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Plotting the standardurve showsthe consistency of the relationship between
the DNA concentration and the Ct value, it also deterntimesfficiency, the
sensitivity and the reproducibility of the gPCR assay. The value of the slope of
the line (x) defies the efficiency of the reaction. A value-8f32 for the slope
represents a theoretically 100% efficient gPCR as this is the number of cycles
required for a 14old increase in product. A more negative value tHag2
represents a qPCR reaction whishéss efficient than 100%, whereas a value
less negative thar3.32 indicates a reaction operating at a greater than the
maximum efficiency, which may suggests the presence of more DNA in the

standard curve serial dilution than thought.
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Primer name

Sequemrcde 506

Product size (bp)

49A161 F AGACCCTTGTCATGCCATTT 196
49A161 R GGGCAGGTTGGGAGAC

40A161 2 CTTCTGGAGACCCTTGTCAT

40A161 R2 TGGGAGACCCCCTCTGCCGT o1
49B163 F AGACCCTTGTCATGCCATTA

49B163 R GGGCAGGTTGGGAGAT 195
alphaSYBR F GGGTGCGGGCTGACTTT

alphaSYBR R CAGCGCCACCCTTTCCT o
DIST F GAGATGCTGGAGTCAGGACCAT

DIST R AGGAGTCAGGAGCAGCAGTCA o
DXZ4 F GCCTACGTCACGCAGGAAG

DXZ4 R TATGTTTGGGCAGGAAGATCG 210
GAPDH F TACTAGCGGTTTTACGGGCG

GAPDH R TCGAACAGGAGGAGCAGAGAGCGA 106
LUCT7L F CCACGATGGCATAAGGATAATCT

LUC7LR CATACTTTCCGTGCCCTTGTG ~
Q-PCRF CCGCGTCCGTCCGTGAAA 107
Q-PCRR TCCGTCGCCGTCCTCGTC

Q-PCR R2 GGGGTCCAAACGAGTCTCC

Q-PCR F3 CACAGTCCGGCTGAGGTG 113
Q-PCR R3 GTGCTGTCCGAGGGTGTC

Table 3.5 Sequences of all the primers used for gqPCR analysis.

The gPCR conditions used were the same fdhalprimer pairs (see section

3.9).

71




3.10 Data analysis and normalization of ChIPgPCR data

3.10.1 Percent input method
This method represents the CHJPCR results of the IPs as a percentage of the
total amount of chromatin that was present before the immunoprecipitation

step.

Firstly, t he @a&Ct bet ween the | P sampl «
The input Ct value was corrected before the sutitmradbecause the input

sample represented one hundredth of the total chromatin in the IP samples
before immunoselection. A 1f@ld increase in product is represented&82

cycles when the reaction has 100% efficiency. Hence afdl@0ncrease in

produds must be represented {8/64 cycles.
Corrected input Ct value = gapuy i 6.64

Since majority of the qPCR reactions carried out in this study showed less than
100% efficiency, a specific correction value was calculatedetch primer

pair (Section 3).
dCt = Cyp) 1 corrected input Ct value

Then, theoinput value was calculatesg:parately for each of the 3 replicates of

an IP sample
%input = 3¢V

The %input value of the triplicates was averaged. The data was then corrected

for any backgroundignals indicated in the no template control (NTC).
Av %inputi Av %input NTC
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The standard deviation between the triplicate %input values for each IP was
calculated using Microsoft Excel software. The standard error was then

calculated from the standardvitation.
SE = SDEVA(3)

This value indicated the standard error of the average taken from the triplicates

for each IP.

3.10.2 Normalization to a reference geneGAPDH

All the gPCR data obtained from different primers were normalized to GAPDH
ChIP-gPCR raults. In the concept of ChHEPCR data, this method represents
the histone enrichment in the target regions relative to the histone enrichment
at the GAPDHregion. As GAPDH is a housekeeping geand therefore
should be expressed in all cell lines Hentegoretically, the chromatin
arrangementat this regiorshould beeuchromatic and similan all the cells.

This method enables the direct comparison of the histone enrichment levels at
different regions of the genome in a cell line or a number of difterell lines.
GAPDH normalisation also corrects for the experimental variation between

separate ChIP experiments.
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4. Results

4.1 Haplotyping of BN cell line

The BN lymphoblastoidcell line wasprovided by Dr. Cristina TufarelliThis

cell inewasprevously used as a control by Dr
and thought to potentially be a suitable control cell line for FSHD. To
determine whether the BNelt line was a suitable FSHD contrible haplotype

of this cell line at the 4q35 allelead to bedetermined Ideally, an FSHD
control cel |l ' ine should contain the
on at least one of the 4q allelés.order todetermine the haplotype of the BN

cell line at theFSHD locusthe SSLP and p1B11 regions were ampigd and

sequenced.

The SSLP regiomwas amplified by PCRndcloned in a sequencing vector and
11 positive clones were sequenced. The -B13 PCR products were
sequenced directly. The sequencing results were analysedagtotyped
according toLemmerset d (2010).Only four haplotypes are expected within
each cell line (two from the 4q and 2 from the 10q allele). Due to the identical
sequence variasitbetween certain haplotyped the SSLP and the piBl11
region, some haplotypes cannm distinguiskd using the sequencing data
from these two regions alor{see Table 4.1Hence, the sequencing data for
the BN cell line indicated the presence of 2 possible haplotypes for the 10q
allele: 10gA166 (the sequencing did not reach far enough to distinguish
betweena, b and the c variants of 48166 haplotypepr 10gA166Ha and 4

possible haplotypes for the 44A166, 4gA166Ha, 4gA166Hb or 4qC166H.
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Nevertheless, it was indicated that the BN cell line does not have a 4gA161

allele.
SsLP D4F104S1 (p13-E11)

cat| A |caz|eiT |cTifet2|cts|sbpfc | T |c |Aa e |t AT T ]| T]T]|]A]A]|6G DISTAL
HAPLOTYPE clc|Tt)e|T|c|e]|e|[a]|a]|]c|e [T |c|c |SHROMOSOMEL" .
4A161 10(A 10| G 5 1 6 X cC| T C|A C|T]|A T T|IG|T T T|A |G 4 A

9 A 8 T 5 1 710 G C|T |G| T C|I|G|G|A|A TIG|T|A]|G 4 A
4A166Ha 9|A |8 |T]|S5 117110 GC|[T|G|T|C|G|G|A|A|T|G|T|A]|G 4 A
4A166Hb 9 A 8 T 5 1 710 G C|T|G|T C|IG|G|A|A TIG|T|A]|G 4 A
4C166H 9 A 8 T 5 1 7 10Q G C|T|G|T C|IG|G|A|A TIG|T|A]|G 4 c
10A166Ha 9 A 8 T 5 1 710 G C|T|G|T C|IG|G|A|A TIG|T|A]|G 0 A
10A166a 9|A|8|T]|S5 117113 G|[C|[T|G|T|C|G|G|A|A|T|G|T|A]|G 0 A
10A166b 9 A 8 T 5 1 710 G C|T|G|T C|G|IG|A]|A C|G|T|A]|G b A
10A166¢C 9 A 8 T 5 1 7 i G C|T|G|T C|I|G|G|A|A T|IG|T C| G 0 A
rsiionin [l elelelslalals|els]lalelalelalelelel=]z]elc]s
AF117653 | S| Q| Q||| S|S| S| I I 2|22 |2 |2 ||| 5|5|5|5]F

Table 4.1The sequence variants within the SSLP and the p1B11 regions
Only the haplotypes discussed in section 4E included in this tablelfhe
diseasepermissive allele4gA161, is shown in the first row aniget possible 4q
and 10g haplotypes for the BN celldiare shown in the remaining rowkhe

tablewas adapted fromoanne Pollington.

In order to ensure that no preferential amplification of one allele had occurred a
Pst digeston was carried out on the pBL1 PCR products from the BN cell
line, along wih apreviously haplotypedymphoblastoid cell line (GM16348)
usedas positive control for the digestiohhere is an A/G varianwithin the
p13-E11 region that distinguishes between the 10gA166/49gA166 and
49A161/49B163 haplotypesee Table 4.1 position @3). Pst digestion of
10gAl66and 4gAl66alleles produces4 fragmentq266bp, 188p, 39bp and
35bp). WhereasPstl digestion of 40A161/49B163 allelessults in only two

fragments 488bp and 350bp
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The results of thést digestion of p1&E11 PCR productfom the BN cell

line and the control(GM16348)is shown inFigure4.1 The control displayed

3 bands representintpe 488bp fragments corresponding to 40A161/49B163
and the 266bp and 183bp fragmeotsresponding td0qA166849A166 The
35bp and 39bp fragents werebelow the resolution of the agarose gel
electrophoresis under the conditions usédis was in agreement with the
known haplotypes assigned to GM16348e digestion results from the BN
cell line only displayed th&66bp and 183bp fragments @sponding to
10gqA16849A166 This supports the conclusion form the SSLP data that the
BN cell line does not carry the 4gA161 haplotype. Hence there was a concern
that the BN cell line was not a sable control for FSHD and therefore other

control cell lires were obtained.
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Figure 4.1 Pst digestion of the p13E11 region.

Pst digestion was done on the PCR products from a FSHD lymphoblastoid
cell line carrying the permissive 4gA161 haplotype (GM16348) and the PCR
product from the BN cell line. Thredeands at 488bp, 266bp and 183bp were
produced from digestion of the pE31 of the GM16348. The digestion of the
pl3-E11 region of the BN cell lines resulted in two bands at 266bp and 183bp
(arrows). Absence of the band at 488bp indicated that this wcelldibes not
carry a 4gA161 or 4qB163 allele.

4.2gPCR optimisation

As explained in section 1/ the primer specificity to the region of interest is
crucial when using SYBR green as the method of detection for gPCR analysis.
In this section the optimisdion of the gPCRs used in the subsequent ChIP
assay is describedlhe aim of the gPCR optimisation was to determine

conditions that enable efficiersersitive and the reproducibRCRs.

4.2.1 Primer concentration optimisation
In addition to the primer segnce, which is the most important factor in
primer specificity, the final concentration of the primers in the PCR reaction is

also important. Having excessive amount of primers in the reaction increases
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the level of norspecific binding by the primers. &hefore, each primer pair
used in this study was first testeddrprimer concentration titrationsaayto
determine the lowest final primer concentration without compromising the
gPCR efficiency.The qPCR efficiency was measured by the quality of the

stardard curve obtained (sectiotD?).

The titration assay consisted of testing four different primer concentrations
against three Zfbld dilutions of the template DNA. The four final primer
concentrations used were 80nM, 0.4uM, 0.8uM and 1.2uM. A meltecwas
obtained after each RCR run to check for primer dems. The 80nM
concentrationproved to be inefficient with low reprodudily for most
primers Figure 4.2). However, 4uM, 0.8uM and 1.2uM final primer
concentrationsusually gave very similar ragdts to each other. Some primer
pairs, especiallyGAPDH, did not work very well ad.4uM (Figure4.2A). In
addition, 04uM final concentratiorgave inconsistent resulfer other prime

pairs such as ®CR Figure4.2C, D).

Therefore,0.8uM final concentration was chosen for all the prirpairs used

in this study, ashis final concentration proved to be the lowest concentration
that produced efficient and reproducible PCRctieas for all primer pairs.
One standard final concentration was choden all primer pairs because
choosing different concentration for each primer pair introduces an additional
variable step in the ChiBPCR assay. In addition, changing the primer
concentration maynaskthe biological differences between the samples when

comparing the ChIRPCR results of different regions in the genome.
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A GAPDH

Figure 4.2 Primer concentration titration assay.

Legend on nexfpage
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Data fromgPCRs with four different primer concentrations on threefal@
dilutions of the template DNA. The four fihconcentration used were 80nM
(green), 0.4uM (red), 0.8uM (blue) and 1.2uM (not shown on these graphs).
The digram shows the gPCR run and thelt curve for four different primer
pairs. Black lines represent the no template control at the three diffenaer
concentrations. No primeatimersformation was observed on any of the melt
curves. (A) Primer concentration titration test on GAPDH primer pair. GAPDH
primer pair did not work efficiently at 80nM or 0.4uM. (B) Primer
concentration titration testnoDXZ4 primer pair. DXZ4 primer pair produced

an efficient gPCR at all three primer concentrations, (@ Primer
concentration titration test on-RCR primer pair(C) Q-PCR primer pair did

not work efficiently at 80nM. Both the 0.4uM and 0.8uM primer
corcentrations produceefficient andvery similar results(D) Results obtained

for Q-PCR primer pair at 0.4uM were not consistent as they showed much less
efficiency compared to the first test (C).) (Brimer concentration titration test

on rDNA primer pair rDNA primer pair produced an efficient gPCR at all
three primer concentrationglowever, aplification in no template control
(black) was observed emetime these primers were used and so they were not

used for the remainder of this project.
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4.2.2 Primer specificity

The specificity of some of the primer pairs to their target sequevas tested
by using somatic cell hybrids containironly one or alimited nunber of
human chromosomed:rom these experimés it was concluded that the
Q-PCR and4gAl61primers used by Zengt al (2009) werenot asspecific as

suggested by these authors

D4Z4 repeats [i-satellite Telomere

H—D]j/] T T LT H }+——TTAGGG(n)
Centromere = ! T
/// ] )
4gA161-1
HHSPM3 5ixa LSau
1kb -
/
Q-PCR

Figure 4.3 A schematic diagram of the Q-PCR and the 4gAl61
amplification regions.

Diagram shows thdq allele and a single D4Z4 repeat. PCR products for Q
PCR and 49gA161 primer pairs are shown with black b&rgure modified
from Zenget al (2009).

4.2.2.1Q-PCR primer pair

The Q-PCR primer pair sequences were obtained from 2¢ady (2009). This
primer pairamplifiesa 107bpregion withinthe D4Z4 repeatshat overlaps
with the start of theDUX4 ORF (Figure4.3). Zenget al (2009) reported that
this primer pairarespecific to the D4Z4 repeats on chromosomes 4q and 10q

They showed this using (end state) PCR on DNA from a number of-mono
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chromosomal somaticell hybrids(2009) In the currentstudy, the specificity

of the QPCR primer pair to 4q and 10q was tested ugif@R andyenomic
DNA from a FSHD lymphoblastoidetl line (GM18207) as pmtive control
and five different somatic cell hybrids containing specific human
chromosome(s): HHW41@&hromosome 4)GM11688(chromosome 4)CY7
(chromosomes 10, 12 and 1§M10479A (chromosome 14and GM11418A
(chromosome 15)Somatic cell hybrids cdaining acrocentric chromosomes
were used because D4liKe repeats are known to be present on these
chromosomegLyle et al. 1995) GM10479A and GM11418A were used as
negatve controls as they contain chromosomes 14 ande$pectivelyDetails

of the somatic cell hybrids uden this study are provided ihable3.2. The
primers were tested drOD-fold dilutions of DNA from the selected cell lines. A
melt curve was producedter each run to investigate the presence of any

primer dimers or amplification of alternative products in the samples.

Usinga60e C anneal i nmplifitaBom pvasr absenvad ein the
chromosome 4 anchromosome 10 hybrid$igure4.4). GM18207 produced

the lowest Ct values, which is to be expected as this cell line contains a full set
of chromosomes and therefore many target sequences for-B@&RQrimer

pair. The Ct values from HHW416, which carr@dy human chromosome 4,
were simila to the Ct values from GM1820However, amplification also
occurred in the hybrids containing only chromosome 14 or 15, indicating non
specific amplification Figure 4.4). Increasingthe annealing temperature did
not improve the specifity of this prime pair (Figure4.4). The melt curves
showed one peak for all the samples. This indicated formation of a product in

the negative controls with similar size and C/G content to the product from the
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positive controls. This nespecific binding was not due txaess of primers,
since lowering the primer concentration to 0.4uM did nrealuceamplification

from the negative controls. The Ct values from the negative controls were
higher than that of GM18207 and HHWA418igher Ct value can indicate
lower amount of émplate or target sequencehis is consistent with the

Q-PCR primer paipreferentiamplification from4qand 10q repeats.
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Q-PCR primers at 60°C
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Figure 4.4 Specificity of QPCR primers to 4q and 10q at different
annealing temperatures.
Legend on nexpage
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Q-PCR primers were tested on four-fodd dilutions of DNA from a human
lymphoblastoidcell line (GM18207) carrying a complete set of chromosomes
(46XY) and DNA from fou different somatic cell hybridThe somatic cell
hybrids withhuman chromosome(s brackets) are indicatedhe average Ct
values were plotted against their relevant DNA concentration to produce the
graphs on the left. The error bars represent the standard error of the triplicate
Ct values. The mel t c uarea&se showmtRaisinged at
the annealing temperature did not improve the specificity of tR&CQ primer

pair, as amplification was stihbservedin all the negative controls. The Ct
values of all samples increased as the annealing temperature increased,
indicating less efficient amplification during these qPCR runs at higher
temper at ur eThe nielh eurves How formation of a single peak
indicating that the products from the negative controls have a similar size and

C/G content to the product frometipositive controls.
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To investigate whether the-RCR primer pair show teedcy to target 4qver
the other sites, the gPCR products after a full gPCR run were digested with
Xap restriction digest. The @CR amplification region contains a C/G
polymorphism that can determinghether the amplicons are from 4¢
variant)or 10q(G variant)(Zenget al. 2009) A Xapl digestion sitas situated
at the site of this polymorphism. Henck¥ap digestion can beused to
investigate whier the majority of the (PCR amplification is from 4q rather
than other regionsXapl digestion of theQ-PCR products from 4q would be
expected to producan 88bp and a 19bp fragmentRTR amplicons from 10q
and other chromosomes do not contakap site and therefore no digestion is
expectedXap digestion of the gPCR products fromd&XY lymphoblastoid
cell line (GM17939) and themoncchromosomal somiat cell hybrid
(HHWA416) is $iown inFigure4.5. Genomic DNA from HHW416 was used as
a positive control foiXap digestion, since all PCR amplifications from this
template are expected to be from chromosome 4q. However, 4A€RQ
products from HHW416 werenly partially digested Kigure 4.5), indicating
the presence of nefig ampliconsXap digestion was negative for the sample
where the genomic DNA from GM17939 (46XY) was used as tem(ifajare
4.5). This indicated that the majority of the gP@Rducts amplified by the -Q

PCR primers were not from the 4q repeats.
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GM17939 (46XY) HHW416 (4)

f T L)

Xapl - Xapl + Xap! - Xapl +

€—107bp
€— 88bp

Figure 4.5 Xapl digestion of gPCR products with QPCR primers.

gPCR was carried outon genomic DNA obtaed from a patient
lymphoblastail cell line, GM17939(46XY), and a somatic celhybrid
(HHW416) carrying human chromosome Xap did not digest QPCR
products from GM17939. ®CR products from HHW416 were only partially
digested byKapl.

4.2.2.2 Alternative QPCR primers

An alternative @QPCR reverse primer sequence was designed@R R2) and
tested for specificity to the 4q alle(@-PCR.2 primer pair) Kigure 4.6A).

High levels of amplification were observed in all the samples at both annealing
temperatures tested. However, the melt curve showed formation of a different
product inthe monechromosomal somatic cell hybrids carrying chromosomes
14 and 15 to the cells carrying 4 or 10. Interestingly, the melt curve peak from
the FSHD lymphoblastoid cell line (46XX) grouped with the peak observed for
hybrid cell lines withchromosomeg and 10 Figure4.6A). It was concluded

that this primer pair showed a tendency to amplify D4Z4 repeats on
chromosome 4 and 10 over other regions. Similar results were observed when
both forward and reverse primer sequences were af@r&CR.3 primer pa)

(Figure4.6B).
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Q-PCR.2 primers at 60°C
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Figure 4.6 Specificity of the QPCR.2 and QPCR.3 primer pairs.

Legend onnext page
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The primer pairsvere tested on four Hold dilutions of DNA from a human
lymphoblastoidcell line (GM16352 carrying a omplete set oEhromosomes
(46XX) and DNA from four differentmonochromosomalsomatic cell
hybrids The consequent melt curve from each gPCR run is shown on the left.
(A) Specificity of the QPCR.2 primer pair (°CR F and €PCR R2). High
levels of amplification were aerved in all the samples at both annealing
temperatures tested. However, the melt curve showed formation of a different
product from the monehromosomal somatic cell hybrids carrying
chromosomes 14 and 15 to the cells carrying 4 or 10 or the lymphathlestio

line (46XX). (B) Specificity of the PCR.3 primer pair (PCR F3 and

PCR R3). Similar results were observed for this primer pair as the old forward

and the new reverse primer sequences.
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4.2.2.3 TestingdgA161 primer pair

Zenget al (2009) reported a gPCR primer pair that amplified a region within
the p13E11 region (proximal to the D4Z4 repeats) and was specifichior
4gA161 haplotypeHRigure4.3). This primer pair waslesigned using sequence
variants in the pl-E11 region that & present irthe 4gAl6land not in the
40B163 haplotype Kigure 4.7). The specificity of this primer pair to this
regions was tested by performing a primer concentration titration on feur 10
fold dilutions of genomic DNA from a positive and a negative nt
Genomic DNA from a FSHD lymphoblastoid cell lisentainingthe 4gA161
haplotype (GM18207) was used as positive control and the genomic DNA
from a monechromosomal somatic cell hybrid containing hunshromosome
49B163 (HHW416) wasused as negative control. A standard curve was

produced after each run to investigate the efficiency of the gPCR.

The 4gA161 primer pir did not showspecificity to the target region at any
primer concentration ashown byformation of an alternative pradt in the
negative controlKigure4.8). Since the gPCR was most efficient with primer
concentration of 0.8uM, and less nspecific amplification was observed at
this concentration than the higher concentrations, this was the final
concentration choserwif this primer pairincreasinghe annealing temperature
from 60eC to 61eC, 62eC and 63eC did
4gA161 primer pair. The specificity of these primers was also tested on DNA
from three somatic cell hybrids carrying D4£drntaining human acrocentric
chromosomes. Amplification was observed all the cell lines testedthis
indicated that this primer pair was not speciio the 4qA161 locusHgure

4.9).
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TGGAGACCCTTGTCAGBCCAT YT TTATARATCTATTGTGCCTCARGTCAGAAGTGTCYGAGGGGAGATGGGGAGACH
TGOAGACCCTTOTCAGBCCATTTIFTTATARATCTATTGTGCCTCARGTCAGCAGTGTOTGAGGCGAOATGOGGAGHCA
TOOAGRCCCTTGTCATRBCCATTATTTATARATCTATTEGTOCCTCARGTCAGAAGTGTGTGAGGCGCACATGOGGARGACH
TOGAGACCCTTOTCATRBCCATTTITTTATARATCTATTGTGCCTCARGTCACAAGTGTOTGAGGOCAGATGGGORGACH
TOOAGACCCTTOTCAGBCCATTTTTTATARARTCTATTOTOCCTCARGTCAOARDTGTOTOAGOOGAOATCOGGAOACH
AGACCCTTGTCATBCCATT|T
TTGGGATGTGCGLGLCTOGGELTYCTCCCACAHGGGGOLTTTCOTGRGLCAGGCAGCGAGGGCCGECCCCGLGCTYGLAGE

TTIGGOATGCOCGEGCCTGGGGCTCTCCCACAGGGOGCTYTTCOTGAGCCAGGCAGCOAGGGCCGCCCCCOLGLTGLRGE
TTGGGRTGCGCGCGLLTOGGBCTCTCCCACAGGGGOLETTTCGTGRGCCAGGCAGCORGGOCCGCCCCCOCGLETGCAGE
TTGGGRTGCGLGLEGCCTOOGGCICTCCCACHGEGGOLTTTCGTGRGECAGOCAGCOAGGGCCGCCCCCBLGLTGLAGE
TTGGGATGCOCGEGCCTOGOGCTCTCCCACAGOGGOCTTTCOTGAGCCAGGCAGCGAGGGCCGCCCCCOLOCTGLAGE

ATCTCCCARCCTBCCCCGBCGLGLOT
ATCTCCCARCCTGCCCCOBCOCOCOC
RTCTCCCARCCTOCCCCOGCOCGTAL

CTCCCARCCTOCCCCOOCOCOCGT
RTCTCCCARCCTGCCCCOOCGCOCGL

CCAGCCAGGCCOCOCCOOCAGAGGO
CCABCCAOGGCCOCGCCOOCAGARGE
CCAGCCAGOCCOCOCCOOCAGADGD
CCAGCCAOOCCOCORCGCGCAGAGOD
CCROCCAGOCCOCOCCOOCAGAGEOD

G CTCCCARCCTOOCC

Figure 4.7 Alignment of the 4gA161 primers sequences against part tife

pl3-E11 region from five different cell lines.

The mismatches of the primer sequences with 4qB163, 10gA166, 4gA166 and

49B166 haplotypes are highlighted. Sequencing gaitavided by Joanne

Pollington.
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4gA161 primers at 60°C

— \ GMIE207 (4gA161 +ve
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4gA161 primers at 63°C
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F:’ n = \“ A HHWA16 (4gAT161 ve
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GM10479 14)

GM114184 15

Figure 4.8 Testing the specificity of 4gA16primers in gPCR.

( A) 4gA161 specificity at 60eC anneal
observed in the negative control, HHW4Xthoughwith higher Ct values

than the Ct values for the positive control, GM18207. The melt curve shows

the formation of a alternative product in the negative control (red peak). (B)
49gA161 specificity at 63eC annealing
tested on five different somatic cell hybrids as negative controls.
Amplification was seen in all theegative controlsndicating a highevel of
non-specific birding by the 4gA161 primer pair.

4.2.2.4 Alternative 4gA161 primers

A new 4gA161 primer pair was designed with slightly altered sequences
(49gA161.2 primer pair)Rigure4.9). Thisprimer pair was tested for specify

as aboveysing GM18207 DNA aa positive and HHW416 DNA aa negative
control Figure 4.10A). Amplification was still observed fothe negative

control, althougtwith higher Ct values than the 4qA161 primer paias still
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observedand the melt curvalsoindicated formation of an alternative product

in the negative controFjgure4.107).

Different combinations of primers for the 4gA161 region were then tested

(Figure 4.10. No improvement was observed using #gl61.3 primer pair

(49A161 F2 and 49A16R) (Figure 4.1B). The 4gAl1l61.4 primer pair

(49A161 F and 49A161 R2also resulted in amplification in the negative

control. Howeverthe melt curve produced from this gPCR dlid not show

formation of

the alternative productinlike the other 4gA161 primer

combinatisms igure 4.10C). Since the 4gA161 primers showed high nhon

specificity to the 4qA161 allele, these primer pairs were not used in the ChIP

gPCR assay.
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&) 617939 408163
@ GM1 7898 4qA161
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& or117935 48163

) 61117898 49A161

) or17892 4qh16E

é]qu‘6| F2

) sqa161 R2

) 617724 48168

4 6117724 100A166
&) 61117939 4qB1632

& 6117898 4qA161

B 117892 4qA166

&) squr61 F2

) sqmr161 R2

TOCACACTTCTOGRGACCCTTOTCROBCCRTTTTTTATARARTCTATTGTOCCTCARGTCAGARGTGTCTGRGO

TGCACACTTCTGGAGACCCTTGTCAGRCCATTTTTTATRRATCTATTOTGCCTCARGTCAGCAGTGTGTYGAGG

TGCRCACTTCTGGRGRCCCTY 'Gl('ll CCRTTATTITATARATCTATTGTGCCTCARGTCAGARGTGTGTGAGE

TOCACACTTCTOORGACCCTTOTCATPCCATTITTTTATARATCTATTOTGCCTCAAGCTCAGARGTGTOTORAGEO

TGCACACTTCTGGAGRCCCY TGTCAGECCATTTTTTATRRRTCTATTIGTGCCTCAARGTCAGARGTGTGYGAGS
CTT7C TGGF‘GF‘CCCTTGYC:E

GGRGATGO00GAGACATTOGOATGTOLGCGCCTOOOOCTCTCCCACAGOOOGLTTTCOTOROCCAGOCAGCORG
CGAGATOGCGAGACATTOBOATGCOCCCGCCTOOGOCTCTCCCACAGOOOOCTTTCOTOGAGCCAGOCAGCGRG
GGRGATGGGGAGRCATTGGGATGCGCGCGLCTGGGGCTCTCCCACAGGGGGCTTTCGTGAGCCAGGCAGCGRE
OORGATOOOGAGACATTOGOATOCGCOCOCCTOOOOCTCTCCCACAGOGOOGLTTTCOTORGLCAGOCAGCORD
OGAGATOGGGGAGACATTGOGATGCGCGCOCCTGOOGETCTCCCACAGGGOGLTTTCGTGAGCCAGGLAGCGAG

‘}IBL‘.CGCCCC-.'.GCGIZTGCHGCECHGCC#GGCCGCGECGGCHGHGGGG:“CYCCCHHCCYG'TCI“
GGCCOCCCC-ZGCGC‘IOCHOCECRGCCf'GOCCOCGCCGGCI"GRGBOOR;LTETCCCﬂﬂCCTGEEC
GGCCGCCC’CCGCGCTGCF!GCCC»’«GCCE'GGCCGCGCCGGCﬂ.GﬂGGGG-{iTC"lCCCFmCCTGI:CC
GGCCGLCCCOOCOCTOLAGCCCAGLCAGOCLGLAAEGGLAGAGGOGG]ICTCCCARCCTGECC
DGCCOCCCCCGCGE'.'GCﬂOC'ZCﬁGCCﬁOGCCGCO".'CGGC"‘OROGGOW%’TCTCCC!‘MCCTGCCC

j_CGGCnGROGOOGLC TCCCA

Figure 4.9 Alignment of the 4gA161.2 primers sequences against past

the p13E11 region from five different cell lines.

The missmatches of the primers with n@gAl61 haplotypes have been

highlighted. Sequencing dgvaovidedby Joanne Pollington.
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4gA161.2 primers at 60°C
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AqA161.3 primers at 60°C
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4qA161.4 primers at 60°C
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Figure 4.10 Specificity of 4gA161.2, 4gA161.3 and 4gA161.4 primer pairs.

(A) Specificity of the4qA161.2 primer pair. Somamplification, was still
observed in negative contralthoughwith higher Ct values than thgA161
primer pair, was observed in the ngga control. The melt curve indicated
formation of an alternative product in the negative control samples with the
highest DNA concentration. (B) Specificity of th#ql61.3 primer pair
(49gA161 F2 and 49A161 R)Some level of amplification was still being
observed in the negative control. The melt curve indicated the formation of an
alternative product in the negative control. (C) Specificity of 4q&161.4
primer pair (4gA161 F and 4gA161 R2) higher level of amplification was
observed from the negatiwentrol. However the melt curve did not show any

evidence of an alternative product formation in the negative control.
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4.2.2.549B163 primer pair

This primer pair was designed usisgquence variants in the pE31 region
that are present in the 4qB168ptotypebut notin 4gA161(Figure4.11). The
specificity of this primer pairwas testedas aboveby performing a primer
concentration titration on four if@ld dilutions of genomic DNADNA from a
FSHD lymphoblastoid cell line with the 49gB163 haplotypeM@@939) and
DNA from a monechromosomal somatic cell hybrid containing human
chromosome 4qB163 (HHW416) were used as positive cent@dnomic
DNA from a FSHD lymphoblastoid cell line with the 4gA161 haplotype
(GM18207) was used as negative control fag firimer pair. A standard curve

was produced after each run to investigate the efficiency of the gPCR.

The 49gB163 pmers were mostfficient at 0.8uM final concentratiofFigure

4.12A). This primer pair showedspecificity to the 4gB allele as it was falito

also amplify the 49B168 haplotype. Amplification of 4gB168 haplotype was

not surprising as there are no mismatches between the 4qB163 R primer and
this alleles and there is only one mi
primer sequenceHowever, someamplification wasalso observedfor the

4gA161 haplotypeat higher DNA concentratios To improve the specificity

further the annealing temperature was mhisef r om 6 0 efgure o 62 ¢
4.128), which resulted in a morespecific amplification Figure 4.12B).

However increasing the temperatuded compromise the qPCRBfficiency, as

the Ct values obtained for the positive control were higher than the Ct values
obtainedoat t®i0sCreason, 60eC annealing
primer pair in all the subsequent CH&PCR assays. Nespecific

amplification by 4qB163 primers was only observed in samples containing
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5ng/ul and 0.5ng/ul of DNA. The amount of DNA recovered from ChIP was
usually lower than these concentrations. In addition, keeping rthealng
temperature consistent with the other qPCR analyses allowed direct

comparison of the data obtained by 4qB163 primer with data obtained using

the other primer pairs in this study.
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CCRTﬁY”TYRTQRHYCYRTTOTGCCYCFRGYCRGﬂﬂGTGTCTOROG

ARRTCTGTGCACACTTCTGOAGACCCTTOTCH
CCRY"‘TLYTRTﬁﬁﬂ\’c'RTTGTGCCTCﬁRG?cﬁGCRGTGYGTDGOO

ARATCTGTGCACACTTCTGGAGRCCCTTGTC

ARATCTGTGCACACTTCTOOAGACCCYTOTCHT CCR]"{}-‘«FHRTHRHTC?>‘<YYGTGCCTCFQGYCO’!OFH‘{GTGYGI’G~'~GG

ARATCTOTOCACACTTCTGORGACCCTTOTCATRCCAT T TTATARARTCTATTGTGCCTCRAGTCROARGTGTOTORGE

ARATCTGTGCACACTTCTGOAGACCCTITGTCHGECCATRTITTATARRTCTATTGTGCCYCAAGTCAGARGTGTGTORGE
AOACCCTTOTCAT CCF‘T'-J‘F«!

tGﬁGﬂTGGGGEGRCﬁT TGGOARTGTOLGCGLCTGLGOE TCTCCCACAGGGGOLT TTCOTGAGCCAGGCAGCGAGEGLCGCC
GOACATOCOCA0ACATTOOGATOCOCOCOCCTOBOGCTCTCCCACACGOGOGCTTTCOTOAGCCAGOCABCORCOGCCOCC
GOAGATOGGGROACATTOOGATGCGCGLOCCTOOOGCTCTCCCACAGLOLOCTTTCOTGAGLCAGGCAGCGAGOOCTOCC
IGGAGATGGOGAGACATTOGGATGCOCGCGCCTGOOGETCYCCCACAGGOGOCTTTCOTORGCCAGGLAGCGAGGELLGLE
[GGRAGATOGGOARGACATTOOGRTOLGCOGLGCCTOOGOCTCTCCCACAGGOOGCTTTCOTGROGCCAGOLACCOAGHGLCGLC

TCTCCCARCCTGCCCCGOCO
TCTCCCARCCTGCCCCOGGLG!
TCTCCCARCCTGBCCCCOGLO
TCTCCCARCCTOECCCGGLG!
TCTCCCAACCTGCCCCGOCG!

t‘CCOCOCTGCWOCCCO’!GCCROGCCOCOCCGGCROﬁGGGjE
CCCGCGLTGCAGCCCAGCCAGGCCGCGLCGOCAGAGGGGH
CCCOCOCTGCAGCCCABCCAGOCCOCOCCOGLAGRGOOaNR
CCCOCOLTGCAGCCCAGCCAGOCCOGCGREGGCAORGOGG0
CCCOCOCTOCABCCEAGCCAGOCCOCOCCCECAGAGOCAR

TCTCCCARCCTGCCE

]

Figure 4.11 Alignment of the 4qB163 primers against part of th p13E11

region from five different cell lines.

The mismat

ches of this primer pair with 4gA161, 4qB166, 49A166 and

10gA166 haplotypes have been highlighted. Sequencing tataded by

Joanne Pollington.
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Figure 4.12 Specificity of 4gB163 primers forhe 4gB163 allele.

(A) 49gB163 specificity at 0.8pM final
temperatureThe gPCR run is shown on the left. The melt curve obtained from

the same run is shown on the rigBome amplification is observed in the
negativecontrol samples (green lines) with the highest DNA concentration.
However, the melt curve indicates the formation of a different product in the
negative control (green) to the products formed in the positive control (blue).

(B) Average Ct values are platteagainst their relevant DNA concentration.

The error bars represent the standard error of the triplicate Ct values.
Amplification is observed in the negati control samples at both 5ng/ul and
0.5ng/ Ol DNA with an annealetemgerature mper a
resulted in increase in the Ct values for the positive control (GM18207 was not
used in this assay). No amplification was observed in the negative control with

an annealing temperature of 62¢eC.
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4.3 Calculating the corrected input value

Almost all the standard curves obtained frdme different qPCR runs wlit

each primer pair illustrateless than 100%fficiency (i.e. slope value was not

3.32). Since the data analysis of the CHFCR data relied on this value to

correct the input Ct vak (section 3.9.2 and 3.10,1a specific input correction

value was calculated for each primer pair. At least three different standard

curves for each specific primer pair were compared and the slope values were

averaged and then doubled to obtain theitirgorrection value specific for that

primer pair. hese values are shownTiable4.1

Average slope

SD of the average slope

Input correction

Primer pair value value value
49B163 3.46 0.0702 6.91
alphaSYBR 3.29 0.0624 6.58
DIST 3.31 0.168 6.63
DXZ4 3.29 0.0982 6.58
GAPDH 3.48 0.0906 6.96
LUCTL 3.48 0.309 6.95
Q-PCR 3.38 0.121 6.76

Table 4.2 Average slopevalue and the input correction value for each of

the primer pairs that were used in ChIRgPCR analysis.
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4.4 Sonication optimization

The aim ofthe sonication step is to break down the chromatia small
fragments without damaging the DN#Anding proteins. Keeping the proteins
intact ensurefficient coprecipitation The size of thehromatinfragments

has a direct effect on the resolution tbe ChIP such that the smaller the
fragments are after the sonication, the higher the resolution of the ChIP. The
regions of DNA bound by nucleosomsisow some protection from breakage

by sonication Therefore the smallest fragent size obtained by somiton
without damaging the nucleosomes is around 200bp. If the chromatin is broken
down to 200bp fragments, when a certain region is found to be bound by a
certain histone modification after the ChIP analysis, it can be said that this
histone modificatiorwasmost likelypresent in the nucleosome bound directly

to this region. However, having the DNA fragments too snfiad. one
nucleosome long may compromiseamplification of thetarget sequence,
which may stretch to the regions in between two nucleosohtencethe aim

was to obtain 20000bp fragments with the majorityeing between 360
500bp, approximately 23 nucleosomes long. A minimum size of two
nucleosomes ensures that most targgions stay intact. Theifia particular
histone modification i$ound to be associated with a particular region, it can be
said that this modification was present either in the nucleosome directly bound
to this regionor in one of theneighboring nucleosomes which may be ~100

300bp away.

To check the level of shearirgj the chromatin after sonication, the samples
were analysed byagarose gelelectrophoresis after emosslinking. The

sonicated samples appear as a smear on the gel indicating a range of different
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sized DNA fragments within the sampld=or this study, wo sonicators of
different makes and models were compared tlogir efficiency to shear the

chromatin with less damage to the DNA binding proteins:

A~

44 1 Cov aseriess E S

Originally the sonicating conditions recommended by Covaris were used for
chromatinshearing. Sonicator conditions were set to duty cycle of 20% with
200 bursts at intensity 8 for 30 continuous 60sec cycles. The chromatin was
sheared very effiently to 300700bp fragments. éivever there were some
concerns about thancrease of sampleemperaturethat occurredduring the
course of sonication, which may have resulted in damaging the pRtAn
complexes. Hence, 30setervalsbetween each 30sec burst were introduced.
As thesample still increased it@mperaturethe intensity of the soocator was

reducedo 5.

The sonicator conditions were set to duty cycle of 20% with 200 bursts at
intensity 5 for 40cycles (30sec on/30sec off)liguots weretaken out after
cycles 15, 20, 25, 30, 35 and 40 for getgbphoresis analysi§igure4.13B).

As the desired fragment size was obgdimfter 30 cycles without ovéeating,
these conditions were used to obtain samples for the immunoprecipgtep.

The result of qPCR analysis digse samples is shown kigure4.13D.

A~

4.4.2 Diagenode Biorup ur eE 200

The samples were sonicated at high power for 22 cycles (30sec on/ 30sec off).
The ice was changed every 5 cycles in otde&keep the samples cool. Aliquots
weretaken out after 6, 10, 14, 18 and 22 cycles for gadtedphoreis analysis

(Figure4.13A). As the desired sized fragments were obtained after 14 cycles
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without over heating, these conditions were used to obtain samples for
immunoprecipitation. The result of gPCR analysishesé samples is shown in

Figure4.13C.

As mentioned above, thaim of the sonication step is to break down the
chromatins into 20000bp fragments without damaging the Di¥ikding
proteins. Theappropriatesizerange was successfully obtathesing both of
the sonicators. Howevehdre were much lower levels of DNi&covery after
the immunoprecipitation stageom the samples sonicated with the Covaris S
series sonicator compared to the samples frormgddiode Biorupture 200
(Figure 4.13C, D). The gP® results from the two ChlPs wememparalé
because the starting teaial (i.e. crosslinked samplefor both sonicators were
from the same cell line and were crosslinkethatsame time. In additiothe
norrimmune 1gG control result is similar foroth sonicated sample§igure
4.13C, D). As a result of this comparisotihe Diagenode Biorupture 200 was
used to prepare the chromatin & the subsequent ChlP analyses performed

in this study.
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Figure 4.13 Sonication conditions optimisation.

(A) Gel electrophoresis analysis of the sonicated material after 6, 10, 14, 18
and 22 sonication cycles, using DiagenodeBiorupture 200 (C) Gel
electrophoresis analysis of sonicated material after 15, 20, 25, 30, 35 and 40
sonication cycles, using CovarisS-series (C) ChIRgPCR analysis of the
samples sonicated for 14 cycles with Diagenode Biorupture 200. (D) ChIP
gPCR analysis of the samples sonicated for 30 cycles with Covaesies
sonicator. The gPCR results wenermalisedto the input. The errobars
represent the standard error between the triplicate gPCR reactions for each

sample.
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4.5 Optimisation of the ChIP protocol

ChIP was carried out according to the-E& gna Ch | P(Rillipdre K i
#17-408) protocol As mentionedaboveChlP results areften subjetto some
variability (section 1.%1 Hence a number of controls were chosen to indicate
the level of variability in some of the steps. Before the addition of the
antibodies, 10% of the sonicated material was removed as a reference sample
(input). This indicates the amount of starting material in each sample before
immunoprecipitation(IP) with an antibody. Rabbit IgG antibody was used as
the negative control for the immunoprecipitation stage. Any level of DNA
recovered from the IgG IP is countasl background signals, which indicate the
level of nonspecific binding bylgG orthe protein A magnetic beads other
possible contaminanAcetylated histone H3H3Ac) antibody was used as the
positive control for the ChIP protocol. H3Ac is known to &eriched in
GAPDH gene promoteihence H3Ac binding at the GAPDH promoter region
was used as a positivertool for the ChlP protocoH3K4me2, HK9me3 and
H3K27me3 antibodies were the teanhtibodies used in this studyhese

histone antibodies were uskdthe original study by Zenet al.(2009).

ChIP was carried oubn two control lymphoblastoid cell lines (GM16352,
GMO08729)and three FSHDymphoblastoid cell line§GM16348, GM17939,
GM16351). H3K4m2,H3K9me3 and H3K27me3antibodies were used
alongsice the control antibods H3Ac and rabbit IgG The DIST andLUC7L
primer pairs amplify two regions within human chromosome 16p13.3 flanking
the alphaglobin gene locus andiere previously reported to be negative for
H3K4me2 occupancy in EBYansformed cellines after ChIRgPCR and

ChlIP-chip analyse¢De Gobbiet al. 2007) Hence these regions were used as
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negative controls for H3K4mez2 in this study. H3K4me2 bindinthaDXZ4
regionhasbeen shown to bgexspecific, with females having higher levels of
H3K4me2 modification at DXZ4 site thanales (Chadwick 2008)DXZ4 is a
tandem array orthe X chromosome, which is similar to the D4Z4 repeaats
C/G content.The DXZ4 primer pairwas also used as positive control for
H3K9me3(Zenget al. 2009) The alphaSYBRprimer pair amplify a region
within the alphaglobin promoter region, whictvas shown to be negative for
H3K9me3 histone motication in the EBVtransformed cell line Hence, this

region was used as negative control for H3K9me3 binding.

The ChIP samplesvere analysed by qPCR and the data obtained was then
processed according to the normalisatimethod described in section 2.10
The %input data obtained from eadP@R with a specific primer paivas then
used to construct a column grapbmparing the %input obtained from each IP.
This graph represented thevel of eachhistone modificatiorstudied (H3Ac,
H3K4me2, H3K9me3 and 3K27me3)in that specific region which was

amplified by the primer pair.

H3K9me3 H3K27me3and in most cases H3K4me2 %input values appeared to
be notably higher than that of H3Ac in all genomic regions analyd&d.in
addition to positive results obt@d from the negative control regions,
alphaSYBR, DIST antlUCT7L, raised the suspiciatihat the antibodiessed in
these ChIP analysdsave some norspecific binding. Norspecificity of an
antibody in ChIP analysis could resultimmundaorecipitation of regpns of the
genome thatmay not have been bound by tepecific proteinof interest.

Attempts were therefore made to asses the specificity of antibody binding.
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4.5.1 H3K9mea3 titration

To investigate whier antiH3K9me3 norspecificity was due to excessive
amounts of the antibody in the IP samples, H3K9me3 antibody concentration
titration was carried out oomotha control and a FSHD tgphoblastoid cell line
(Figure4.14). Prior to this, H3K9me3 antibody was usedh&tmanufactureis
recommendedoncentration of 4ug/IP. The amount of antibody was reduced
from 4ug to 3ug, 2ug and 1ug for the titration experiment. H3Ac and rabbit
IgG antibodies were used as positive and negative controls for the ChIP
procedures. The data from the gPCR analyses wseel to calculate the

%input value for all the IP@igure4.14).

The data showed that reducing the amount of the antibody resulted in lowering
of the %input value, which represents the DNA recovefyer the
immunoprecipitation step. A sharp drop in %ibpalues was observed when
1pg of H3K9me3 antibody was used on the FSHD sample. This was not true
when the titration ChIP was repeated on a control cell Vumere the decrease
observed in %input vatuhad more of a gradual decreagke sharp drop in
%input value observed in the FSHD sampigsthoughtto haveoccurreddue

to a pipetting error, which resulted ia lower concentration ofprotein A

magnetic beads in this IP comparedrte other five IPs in this ChiP.

The %input values obtained from the aBge control region, alphaSYBR,
stayed close to the %input values obtained from the DXZ4 aRE&R regions
regardless of the arti3K9me3 concentration. It was concluded that the
decrease in H3K9me3 antibody concentration does not result in more specific

binding.
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Interestingly, thesamepatternof related%input valuesat differentregionswas

seen for all antH3K9me3 concentratios; H3K9me3 %input value was the
lowest at the GAPDH region and the highas the QPCR region Figure
4.14). Maintenance ofhis pattern throughout the titration assay indicétes

the H3K9me3 antibody shows some specificity to its epitope(s), which was

maintained at different concentrations.

The impact of thentibody concentratiodifference between the different IPs

in thetitration assayvas undermined when the %input data was normatized
the GAPDH data(Figure 4.15). The %input values obtained wiltXZ4, Q-

PCR and alphaSYBR wergormalized to the %input valuebtained with
GAPDH. This method accounted for some of the differences in the DNA
recovery after the immunoprecipitation stage. Note that some level of
variability is still observed between the IPs even after the normalisédigur ¢
4.15). This highlights the importance refpeating the ChHgPCR analyses for

obtaining more accurate results.

Thus, t was concluded that as long as the data obtained for an IP is represented
as a %input value relative to the %input value of GAPDH, it is comparable to
the other IPs with the sana@mtibody.Thus, GAPDH normalisation was used as

a method to reduce the effects of the variability between different ChIP assays

induced by the IP step.
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Figure 4.14 Antibody titration analysis.

Parallel ChIP assaysusing H3K9me3 where performed on eaontrol
(GM16352) and a patient (GM17939) lymphoblastoid cell liflee amount of
H3K9me3antibody was reduced from 4pg 3ug, 2ug and 1uger IP. H3Ac

along with the GAPDH primers was used as positive control for ChIP. Rabbit
IgG was used as negative tah to indicate any background signals.
alph&8YBR primers were used as negative control for H3K9me3 bindihg.

error bars represent the standard error between the three Ct values obtained for

each IP.
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Figure 4.15 GAPDH normalisation of the antibody titration analysis data.
The %input data from DXZ4, ®CR and alphaSYBR was normalised to the
%input data from GAPDH
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4.5.2 Comparison ofH3K9me3 antibodiesfrom Diagenodeand

Millipore

New batches of H3K9me3 @inody were obtained from Millipore (Cat #17
625 Lot #DAM1682222) and Diagenode (Cat#p@13-050 Lot #001) in order

to compare the specificitguring the ChIP procedure. ChIP and qPCR were
carried outin parallelusing these new antibodies. IgG and H3Acaewesed as
negatve and positive controls for thiShIP. H3K4me3 antibody (Millipore),
which was used in all therevious ChIP assaysyas alsousedhere as a
comparisonfor %input valuesthat were obtained with the first batch of
Millipore H3K9me3 antibogy. However, loth batches of antibodies failed to
recover any significantraount of DNA, even when the ChIP experimentse
repeated independently. The %input values obtained from H3Ac and
H3K4me2 antibodies weraimilar to previous ChIP experiments, which
indicates that there was unlikely to b@mblem with the ChIP or the gPCR
procedurs. The failure to recover DNAvas therefore due to problems witte
new batches of antibodiesThis problem precluded further analysis of

H3K9me3 modification during tkiproject.

4.5.3 Normalisation of the ChIP-qPCR data to GAPDH

The %input data obtained for each antibody using different primer pairs were
combinedto compare the values at different regions. The data from the two
repeat ChiPs on each cell lisaoweda vay similar pattern. However, there
was a great difference between %input values, with the second ChIP having
much lower recovery than the first ChiBne possibility is a reduction in the
efficiency of theantibodies in the time between the first and theoad ChiP.

However, mrmalisation to GAPDH made the %input values more comparable
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between the two ChIPs. Tingean of thelata from the two ChlParepresented

in Figures 4.16- 4.19

4.6 Result of theChIP-gPCR analysis

4.6.1H3AC

The normalised ChHgPCR data for H3Ac ishown inFigure4.16 There was

a largevariability between the cell lines regarding the H3Ac occupancy in the
genomic regionsthat were analysed, with one of the conteall lines
(GM08729) vyielding the lowest iels in most regions analysedhis was
closely followed by one of the FSHD cell lines (GM17939), which had very
low levels of H3Ac in all regions except at DXaad 49gB163The control cell

line (GM16352) showed very small variability in H3Ac content lesw
different sites. The H3Ac content for the two remaining FSHD cell lines
(GM16348, GM16351were similar at DXZ4, @PCR and alphaSYBR sites.
GM16348 showed Bpwer H3Ac cantent at DISTLUC7L and 4qB163 regions
compared to GM16351. The highest level l48BAc was observed at the
49B163 region of the GM16351 cell line. This high value was obtained from
one of the ChIP assays and was not true for the other two. This is indicated by

the large gor bar on the grapt{gure4.16).

Overall, there was no sigmofant pattern observed for H3Ac histone
modification between control and FSHD cell lines amongst the regions

analysed.
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Figure 4.16 ChIP-gPCR results for H3Ac histone modification.

Data is from two control lymphoblastoid cell lines (GM16352, GM08729) and
three FSHD lymphoblastoid cell lines (GM16348, GM17939, GM16351). The
%input value for each region is normalised %input value of GAPDH. The error
bars represent the standard error between the normalised data from three
independent ChIP assays (except GBU& where the standard error is

obtained from two separate ChIP assays).
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