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ABSTRACT

INTRODUCTION : Cystic fibrosis (CF) is an autosomal recessisease caused
by mutations in the CFTR gene. The gene mutatiofil@ is extremely
heterogeneous and mutations show a variable difitibamong population
groups. In SA the 3120+1G->A splice site mutatias been found
predominantly in Black and Coloured patients. citurs in Black CF patients at
an estimated frequency of 46%. The CF carrierieeqy is estimated at 1/34 in
Black and 1/55 in Coloured populations, and basethese rates, it is clear that a
significant number of Black and Coloured patieetsiain undiagnosed.

Point mutations account for the majority of the atigins that have been found in
the CFTR gene. Copy number mutations are, howawaeasingly being
detected in CF patients through the use of genagdedependant assays. These
mutations have been found to occur in the CFTR gerarious African

American families and exon rearrangements are titaiogaccount for 1.3% of all
CF chromosomes across all populatioki$S: To use haplotypes to analyse the
origin(s) of the 3120+1G->A mutation and the likélgquencies of the remaining
unknown mutations. To increase mutation detedgtidhe SA Black and
Coloured groups by searching for CFTR gene exansdpy number mutations.
METHODS: In patients with at least one copy of the 3128*A mutation
haplotype studies will be used to elucidate thgio¢s) of this mutation in SA
Black and Coloured CF patients, by analyzing pygosacing SNP genotype
data. In patients with at least one unknown morathaplotype studies will
reveal the likely relative frequencies of the unknanutations in these
populations. In Black and Coloured CF patientwait least one unknown
mutation, a multiplex ligation dependant probe afigattion (MLPA) CF kit will

be used for the detection of exon copy number natstRESULTS: The

results of the haplotype data show that thereGs@-C-G-T-A haplotype, for
markers MetD-KM19-J44-T854T-Tub18-J32, associatét the 3120+1G->A
mutation in both Black and Coloured patients. UWnwn mutation-associated
haplotypes indicate that there are two relativeljmmon unknown mutations in

each of these populations. MLPA results show ohat patient is a carrier of an
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exon 2 deletionCONCLUSION: A single origin for the 3120+1G>A mutation
in Black and Coloured CF patients is supportedhigydata. Exon copy number
changes in the CFTR gene are not a major mutatinrahanism leading to CF in

SA Black and Coloured patients.
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Chapter 1: Introduction



INTRODUCTION

1.1 Cystic fibrosis

Cystic Fibrosis (CF) is an autosomal recessive tipdesorder caused by
mutations in the Cystic Fibrosis Transmembrane Qotathce Regulator gene
(CFTR). The gene was identified in 1989 on thashakits map location on
chromosome 7, using a positional cloning appro&ehgm et al. 1989; Riordan
et al. 1989). Itis also known as the “ATP-bindoagsette, subfamily C, member
7" (ABCC7). The CFTR gene product functions asi@rde channel and also
controls the regulation of other transport pathw@isrdan et al.1989; Dork et al.
1994). The gene is about 250kb in length, witle2@ns, and the transmembrane
protein, which it encodes, is 1480 amino acids lomge CFTR protein consists
of two membrane-spanning domains (MSD) (Figure.1These are involved in
the formation of the chloride ion channel. The M&ixh contain six
transmembrane segments. Two nucleotide-bindingaitts(NBD) and a
regulatory domain (R) constitute the remaindehefprotein. The NBD interact
with cytosolic nucleotides to control channel aityiv The R domain is
phosphorylated by a cyclic-AMP-dependant proteirake. Phosphorylation of

this transmembrane channel causes it to open (Véeksh 1995).

MED MED

Figure 1.1 Model of the CFTR protein in the cell membraAdgpted from
Welsh et al. 1995)

Since this single-gene disorder is inherited aawaosomal recessive trait, carriers
are asymptomatic and affected patients must haweartutant alleles in order to

express the disease phenotype.
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1.1.2 Diagnosis

CF may be difficult to diagnose, as patients shah klinical and molecular
diversity. Since the most consistent CF featuabisormal sweat chloride levels
(Zielenski and Tsui 1995), the ‘gold standard’ daagnosis of the disease is the
sweat test: sweating is induced on the forearthepatient, using pilocarpine
nitrate and 100mg of sweat is collected. A digitalbridometer is used to
determine the sweat chloride ion concentration §Giband Cooke 1959; Green et
al. 1985). An increased concentration of electedyn the sweat result from
mutations in the CFTR gene, which functions aslarizte channel on the apical
membranes of epithelial cells lining the sweat suatients with severe CF
usually have positive sweat test results. A pessitesult is characterised by a
sweat chloride concentration of 60mEQq/L or high€hese patients present with
typical clinical features such as dysfunctionalgraatic exocrine secretions (due
to blocked pancreatic ducts), progressive obstredino-pulmonary disease and
meconium ileus (MI). Ml is an obstruction of thistdl ileum or proximal colon
with inspissated meconium and this clinical feaiarpresent in approximately
15% of neonatal patients with CF (Turcios 2005ppfoximately 5% of CF
patients have negative sweat test results (extwmat chloride test results of less
than 60mEqQ/L). These patients, or those with bdird#equivocal sweat test
results often present with congenital bilateralemiog of the vas deferens
(CBAVD) and other less severe forms of the diséBgek et al. 2000; Mickle et
al. 1998; Rosenstein and Cutting 1998). Transelinasal potential difference
(NPD) measurements may be taken in individuals therage of six as an
alternative to sweat testing (Knowles et al. 199Gince respiratory epithelia
regulate ion transport, the absence of a functiG@ralR protein at this surface
results in altered chloride and sodium transpAg.a consequence, abnormal
electrical potential across nasal epithelial sww$aoccur, with raised (more
negative) baseline NPD and a greater change in NRIDg perfusion of the nasal
mucosa with amiloride, an inhibitor of sodium chahactivity. This
measurement may only be performed using speciatigaghment by qualified
personnel, as is the case with sweat testingountcies like the USA and UK,

newborn screening using immunoreactive trypsinq¢fem) assays, which are
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performed on blood spots, have been implementegpsinogen levels are
elevated in CF patients. While the test is safen@wborns, it has a high false
positive rate and is not appropriate for the diajgmof CF in patients who do not

have abnormal pancreatic functioning.

Molecular genetic testing is used for diagnosisyimptomatic individuals; for
carrier testing and for prenatal diagnosis. Téiddne through targeted mutation
analysis, sequence analysis and deletion or daiglicanalysis in the CFTR gene.
The mutation detection rate depends on the nunflidentified CFTR mutations
and the frequency of these mutations in a giveruladion. Population-specific
diagnostic mutation panels are used in a diagnestting to test patients that
present with a clinical phenotype suggestive of @Ryho have at least one

positive sweat test result.

The ethnicity, socioeconomic status and countrgrifin of a patient all have a
large influence on whether or not they will receaveorrect diagnosis. In SA,
Black patients have a low chance of being corratithgnosed with CF for two
reasons: many healthcare workers believe thas@ktremely rare in Blacks and
therefore do not test patients who present clilyicgith CF and have a high
chance of misdiagnosing these patients. Secohdbguse mutations in the
CFTR gene are population-specific and very few ¢Rlanutations have been
identified there is a relatively low rate of molé&udiagnosis of CF in this
population. Those whose socio-economic statuariscplarly low, especially
those in rural and disadvantaged urban communtieg limited or no access to
specialist diagnostic centres. This lack of accassbe traced back to their
difficult living conditions, poverty and low levets education. Country of origin
also has an effect as in developing countriesatheunt of money spent on
research is relatively low and therefore the abditst of knowledge, resources

and skills is dependant on the economic statulseotountry.
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1.1.3 Management

Symptomatic treatment of CF has resulted in aresme in lifespan and quality of
life from 14 years in 1969 to 31.6 years in 20024 Fibrosis Foundation), and
is now even better. Treatment of individuals wehkpiratory dysfunction may
include oral, inhaled or IV antibiotics, broncheaddrs, anti-inflammatory agents,
mucolytics and chest physiotherapy. Lung or hieguty transplantation is an
option for selected individuals with severe diseadew therapies include CFTR
‘bypass’ therapy to augment alternative chloridarctels and ‘protein assist’
treatment to improve trafficking and function offeletive CFTR protein (Gibson
et al. 2003). Patients with gastrointestinal dgstion undergo nutritional
therapies whereby special formulas and supplemésgding for infants are
administered for increased intestinal absorptiahianoreased caloric intake.
Pancreatic insufficiency is treated with oral pa&atic enzyme replacement with
meals. Some patients may undergo respiratory astiaintestinal treatment,

depending on the severity and range of symptoms.

1.1.4 Mutations in the CFTR gene

The CFTR locus is extremely heterogeneous and mogin the CFTR gene
result in a widely varied phenotype. The totahier of mutations in the gene
remains unclear, as mutations are sometimes testric a single family or a
limited geographical region, while others accoumtd large proportion of CF
alleles; 1556 mutations are currently listed in@ystic Fibrosis Mutation
Databaseh(ttp://www.genet.sickkids.on.ca/cftr/ A major mutation that results in

a single amino acid deletioAEF508) accounts for approximately 70% of the
disease alleles in Caucasians globally (CysticdsigrGenetic Analysis
Consortium). Of the remainder, missense mutati@ve been detected in the
gene more frequently than any other mutation tydensense, frameshift, RNA
splicing and copy number mutations have also beéected in the gene. Only
four other mutations (G542X, N1303K, G551D, and \B2A%) have overall
frequencies >1% among the CF alleles in Europeanlptions (Dawson and
Frossard 2000). The persistence of certain muisitioroughout the ages, in

various populations, for example the 3120+1G>A AR808 mutations, provides
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support for the concept that these mutations mag peovided a selective

advantage to the carrier.

It has been propossdtterozygotes for CF

mutations may be protected against the dehydratitign ofVibrio cholerae
(Romeo et al.1989; Gabriel et al. 1994 )Balmonella typhi (Pier et al. 1998; Pier
1999, 2000) enterotoxins, although this theoryliesen disputed (Hogenauer et al.
2000; Mateu et al. 2002 ).

The quantitative and qualitative effects of speaifasses of mutations in the

CFTR gene are outlined in Table 1.1.

Table 1.1 Characterisation of CFTR mutational classesl¢zski and Tsui

Mutational Class

1995)

Effect on protein product

Mechanism

1 Defective protein production with premature termination | Non-sense, frameshift,

of CFTR production splice site or rearrangement
mutations

2 Defective trafficking of CFTR, protein does not reach Missense mutations, small
apical surface membrane amino acid deletions

3 Defective regulation of CFTR even though it is able to Missense mutations
reach the apical cell surface

4 CFTR reaches the apical surface but conduction Missense mutations

through the channel is defective

1.2. CF in South Africa

Globally, CF is the most common recessive disoir@opulations of European

origin but it is present in diverse populationsiirdifferent continents (Dork et al.

1998). CF was, at first, diagnosed sporadicallBlacck Africans, since the first

record of a patient born to Bantu-speaking par@bteve 1959). The second

record of a Black African with CF was that of a lgan child born to unrelated

parents (Mac Dougall 1962). Later, ‘Bantu’ twiner& diagnosed in SA (Levin

et al. 1967). Since these initial diagnoses, msgjvely more research has been

done to ascertain the molecular basis and cargguéncy of CF in Black as well

as other South African populations. It is likehat many CF patients in SA
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remain undiagnosed and as a result, the infantafitgrtate of untreated CF
patients in SA is likely to be high. This is esjpdlg relevant in rural areas, where
patients lack access to medical services. Itapgsed that patients are frequently
misdiagnosed with chronic pulmonary infection, mitition, TB, infantile
diarrhea and failure to thrive (Padoa et al. 1999nhong non-CF specialists, CF
is still thought to be uncommon in SA Coloureds @ in SA Blacks. False
negative sweat test results may also augment ti#gm of under-diagnosis of
CF in SA (Goldman et al. 2001).

1.2.1 CF in South African Black populations

One of the most important discoveries concerningrCFA Blacks was the
discovery of the 3120+1G>A splice site mutatioexon 16 of the CFTR gene
(Carles et al. 1996). This finding followed thdial discovery of this mutation in
African Americans, in whom the CF carrier frequeiey/61 (Macek et al. 1997;
Hamosh et al. 1998). It was first discovered ne¢hAfrican American CF
patients, two of whom were heterozygous and onehaim was homozygous for
the mutation. The father of one of these Africanegkican patients originated in
Cameroon and was found to be a carrier of the noatafThe 3120+1G>A
mutation is found at a frequency of 12.3% in Aficdamerican CF chromosomes
and is the second most common mutation in this ladipn, afterAF508. Besides
South African and African American populationssthiutation has since been
found in Saudi Arabia (Banjar 1999) and Greece t{$z al. 1997), as well as
Brazil (Cabello et al. 2006; Giselda et al. 20@6¢, Reunion Islands (Bienvenu et
al. 1996) and Bahrain (Eskandarani 2002) (Figug. 1 Carles et al. (1996)
show, through haplotype studies, that the 3120+1@r#ation arose in Africa
and proposed that the mutation has a single oinghfrican Blacks and that it
probably arose before the Bantu expansion. Dogk €1998) showed, again
through haplotype studies, that there is a comnnigincof the 3120+1G>A
mutation among African, Arab, Greek and African Aioan populations and that
the mutation is ancient and probably more comman th currently being
detected, due to the under-diagnosis of CF in ¢ad@nd sub-tropical areas of the

world. Haplotypes for these studies are shownhapZer 4. The first report of
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this mutation in Caucasian populations was in Greex it has been found in the
SA White population at very low frequencies, asas probably introduced into
this population through Black (or Coloured) admiet¢Goldman et al. 2003).
Figure 1.2 shows the geographical distributiorhef3120+1G>A mutation and a
visualisation of the probable direction of genevlloetween populations, as well
as the frequency of the mutation among CF chromesamthe different

populations, as described in the literature.

[

Figure 1.2 Geographical distribution of the 3120+1G>A miaat Arrows
indicate the probable direction of gene flow betwpepulations.
The frequency of this mutation among CF chromosonvesre
available, is shown. (This frequency refers toi@sn American
populations in the USA and the central provinc&afidi Arabia)

The carrier frequency of CF in the general Black@®$ulation is approximately
1/34 [this is an adjusted frequency based on a 1®0dation detection rate; 95%
Cl: 1in14to 1in 59] (Padoa et al. 1999). Thmdence of CF in SA Black
populations is approximately 1/4624 (Goldman e2@03). Although a number
of mutations have been detected in Southern Afriglacck populations at low
frequencies (Table 1.2), the 3120+1G>A mutatioroants for the largest number
of CF chromosomes and is therefore the only mutdtiat is tested in a

molecular diagnostic setting. As a result of thisly 21% of Black patients with
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CF will be diagnosed with two pathogenic CFTR miota in SA (Table 1.2
adapted from Goldman et al. (2003)).

Table 1.2 Frequency of common CFTR mutations in Black SApatients

Mutation Black (N*=14)

3120+1G > A 0.464
G1249E 0.036
3196del54 0.036
94G > T 0.036
2183delAA 0.036
Unknown 0.393
Total mutation detection 0.607

* N = number of patients studied

1.2.2 CF in South African Coloured populations

CF is more frequently diagnosed in SA ColouredorédCFTR gene mutations
have been identified in this population group aralenular genetic testing in
Coloured CF patients yield a higher mutation dédeatate than in Blacks. The
most common mutations found in this group are t2031G>A and th&F508
mutations. Th&F508 mutation is the most common mutation in padparia of
European origin found worldwide and has likely begroduced into admixed
African populations, such as the SA Coloured angcAh American, through
ethnic admixture. The 3120+1G>A mutation may hlagen introduced into the
Coloured population from the Black population, heese in a study done by
Padoa et al. (1999), this mutation was not detect@®7 Nguni Black Africans
(Table 1.3), with whom it is likely that Cape Cofeds would have admixed. Itis
possible that this mutation arose independenttiienCape Coloured population.
Haplotype studies on the 3120+1G>A mutation inBkeck and Coloured
populations would reveal if this mutation aroseeimcthe Black population and
was subsequently passed into the Coloured popnjairaf the mutation arose

independently in both.



INTRODUCTION

Table 1.3 Distribution of the 3120+1G>A mutation in heaitBlack Africans
(adapted from Padoa et al. 1999)
Chiefdom Subjects Carriers

Nguni 157 0
Zulu 57
Xhosa 52
Ndebele 52
Swazi 25
Sotho/Tswana 372 6
Tsonga 76 1
Venda 45 1
Hill et al. 1988 found the incidence of CF in Caled patients in Cape Town to

be 1 in 12 000 and more recently Westwood (200idcan incidence of 1 in
2853 (carrier frequency of 1 in 27) in the West€ape. Both studies conclude

o|lo|o|o

that many cases of CF remain undiagnosed in rugalsa Approximately 55% of
Coloured patients with a clinical phenotype suggestf CF are diagnosed with
two pathogenic CFTR mutations, using a diagnostiofkmultiple mutations, in
SA Coloureds (Table 1.4).

Table 1.4 Frequency of common CFTR mutations in Colour&d”F patients

Mutation Coloured (N*=43)

AF508 0.500
3272-26A > G 0.012
3120+1G > A 0.174
G542X 0.023
G551D 0.023
R1162X 0.012
Unknown 0.256
Total mutation detection 0.744

* N = number of patients studied

1.3. Origin(s) of mutations

By tracing population genetic characteristics dredgeographic distribution of
population specific (and non-specific) mutatioreng flow, historical population
migration and natural selection gradients, distisiging features of human
populations may be investigated. Clinically pertininformation that may be
population specific, such as genotype-phenotypeetaiions, counseling options,

prognosis and patient management may also be @wsand evaluated (Dawson

-10-
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and Frossard 2000). An example of how these ptipalgenetic characteristics
can be used to give us this type of informatiofoisd in the studies that have
been done on th&F508 mutation in populations of European desc&iinger
(1990), in a paper entitled ‘The emergence of modeimans’ showed through
genetic marker studies that this mutation was pitdsethe populations that
entered Europe. After the initial introductiontbis mutation into European
populations, further population expansions occuatedifferent periods
throughout Europe. This was supported by Morrall.ef1994) who demonstrated
that different haplotypes were associated toMRBO8 mutation and these
haplotypes have different frequencies in differgantts of Europe. Lucotte and
Loirat (1993) and Lucotte et al. (1995) discovetteat theAF508 mutation
frequency differs across Europe in a south-eastenhorth-westerly gradient,
which correlates with the concept of humans sprepdcross Europe, starting
from the Middle East. Lastly, through the analydfisnicrosatellite markers on
CF and non-CF chromosomes, Morral et al. (1996hdahat the mutation
originated at least 52 000 years ago in an andgsipalation that expanded and
spread the mutation. The correlations betweentiontand genetic markers
therefore serve as tools for human genetic resed@gtstudying the 3120+1G>A
mutation in the context of Black and Coloured CEquds in SA, the origin of

this mutation in these populations may be inferred.

1.3.1 Properties of markers

Studies of common genetic variants and the rolettiey may play in disease are
possible because individuals who carry a particBNP allele at one site, often
predictably carry a specific allele or alleles abther variant site (The
International HapMap Consortium). This correlatisfiknown as linkage
disequilibrium (LD). LD between alleles at specifoci within the genome may
be particularly high, in which case the segmerNA that contains these alleles
is termed a haplotype block, where pairs of allskgregate in a dependent
manner. A pathogenic mutation may arise by chawitteén a specific haplotype
block and is thereby linked to the polymorphic sats within the haplotype that

are in LD with one another. This mutation will ben-randomly associated with
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that particular haplotype and will thus segreghteugh a family with it. The LD
structure of the genome may deteriorate througbméination and mutation over
time. It is also important to consider the disamnbus nature of LD throughout
the genome due to recombination and mutation hebttatd spots, which are

regions of high and low recombination and mutatrespectively.

1.3.2 Using HapMap data

The DNA markers that are used for studying origid &equency of mutations in
SA populations will be selected by studying thdligla and genotype frequencies
and LD information contained in genotype data dufnps the HapMap project

(www.hapmap.ory They will also be selected based on their presén

previously published haplotype studies for comperisf the haplotypes found in
this study to those studies.

The haplotype map of the human genome is presémteg@ublic database of
common variation in the human genome. The pragecompile these data was
done in two phases. Phase | contained informatiotmore than one million
SNPs for which accurate and complete genotypes lbeee obtained in 269 DNA
samples from four populations including ten 50@#dse regions in which
essentially all information about common DNA vanathas been extracted”
(International HapMap consortium 2005) and sengd guide to genetic studies,
as it was used in this project. Phase Il of tluggat resulted in an additional 2.1
million SNPs that were genotyped in the same imials. A minimum minor
allele frequency (MAF) of 0.05 was targeted for sfiedy and SNPs with a MAF
greater than or equal to 0.05 are considered “camifiogp the HapMap database.
MAFs and the minor alleles for a particular SNRvadl as the LD between the
markers may differ between the four populations Were genotyped for the
HapMap project (Figure 1.3). These populations 4990 individuals (30 parent
offspring trios) from the Yoruba in Ibadan, Nige(¥Rl); 2) 90 individuals (30
parent offspring trios) from Utah, United Statestofierica (USA), from the
Centre d’Etude du Polymorphisme Humain collecti&(); 3) 45 Han Chinese
in Beijing, China (CHB); 4) 44 Japanese in Tokyapahn (JPT). All markers for
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which information is available in the databasep®morphic in at least one of

the populations studied.

The marker information that is available for theT&gene may be obtained from
the HapMap site and analysed in a program callgud¥éew. This is a program
that was developed as a tool for the analysis @&whlisation of LD and

haplotype maps. “It provides computation of LDtistics and population
haplotype patterns from primary genotype data” (8aet al. 2005) that is
obtained from the HapMap project. A graphical preation of the several
pairwise measures of LD as well as haplotypes e population frequencies
are created by the software, with the display iatiing) the degree of LD between
the bocks, as well as the haplotype block frequncLastly, the software
employs a suite of statistical tests to aid researcin the selection of markers for
disease studies, by exploiting the redundancy ansd®s (due to their non-
random correlation), with the aim of maximisingi@incy in the laboratory,

while minimising the loss of information (Daly dt 2001). The non-redundant
markers that are selected by this software aread#dlg SNPs. Researchers may
utilise this information to decrease the numbe8NPs that they genotype for a
particular study. Figure 1.3 shows the LD bloakshree main groups and clearly
illustrates that these blocks tend to be much shartthe African population
compared to the European and Asian population.|dV¥agw shows that there are
two haplotype blocks for the European and Asiarupadons and seven for the
YRI population. This indicates that there is leBsacross the YRI CFTR gene
than the other populations. These data indicateniany more tag SNPs will
need to be used in African populations when conmgpayd=uropean and Asian

populations than are found in African populatiodaMap consortium 2005).

1.3.3 Using pyrosequencing for marker genotyping

Pyrosequencing, a sequencing method based on ssomdy synthesis, through
the detection of nucleotide incorporation, usingiener-directed polymerase
extension is used in this project for marker gepioty (Ronaghi et al. 1996, 1998;
Ronaghi 2000). The resultant genotypes for patiantples will be phased
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manually and the control samples will be phasedguaisoftware program called
PHASE (Stephens et al. 2001). The details of #rotyping technique and the

haplotype inference are described in Chapter 2.
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Figure 1.3 HapMap SNP genotype linkage data across CFTR ¢fEX6 909 253
to 117 095 952, NCBI b36), as viewed in HaploVieW. plots for
the YRI, CEU and CHB and JPT analysis panels ave/shwhite,
D'<1 and LOD < 2; blue, D’=1 and LOD < 2; pink, B 1 and
LOD > 2;red, D’=1and LOD > 2. (D’ is a pairgisneasure of
linkage disequilibrium)

1.4. Copy number variants

Copy number changes (also referred to as chromdgearaangements) are
mutations in the genome involving new juxtaposkiaf chromosomal parts and
are caused by unequal crossovers during replicasomell as breakages (e.g.:
translocation). The fragment parts of chromosamgions may form a novel
chromosomal arrangement of DNA sequence or theyrmajain in the same
arrangement as before the breakage occurred, thtbegaction of DNA repair
mechanisms. There are two different categorigsarangements: balanced and

unbalanced, referring to the maintenance of thetifysof genetic material or a
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change in copy number of genetic material, respelgti Balanced chromosomal
rearrangements include inversions and reciproaaktocations and unless these
involve breakages that disrupt normal gene functiogy are not usually
pathogenic. Unbalanced rearrangements are usaipgenic as normal gene
balance is disrupted through copy number changgsriblude insertions
(duplications) or deletions. The effect of the atigtn depends on the size and
nature of the imbalance caused. Copy number ar{@&NVs), which are
structural variants in the genome that result gaia or loss of genetic material,
usually range from 1kb to several megabases irthesugd are currently being
detected at a higher rate than ever before. Fifpeecent of the assembled human
genome sequence is involved in CNVs. These typearidnts are currently
being included in many different types of studied aare and common CNVs are
being found to be involved in complex disorderst@dase of genomic variants:
http://projects.tcag.ca/variation/) (Estivill andmengol 2007).

1.4.1 Origin of rearrangements

Allelic homologous recombination (AHR) is the nolraeossing over that occurs
during meiosis and gives rise to genetic diversitthe population. When
repetitive segments within a single chromosome, paion different
chromosomes act as substrates for illegitimatesargsover, non-allelic
homologous recombination (NAHR) takes place. firigposed that chromosomal
rearrangements arise in the genome through thesgiahcross-over events. The
non-reciprocal exchange of DNA between duplicatgliences that have
recombined is one of the mechanisms that can ggego regions with a high
level of sequence similarity and therefore perpetddAHR (Blanco et al. 2000;
Papadakis and Patrinos 1999). Through this proeesgcle occurs, whereby
paralogous sequences give rise to even more dtedisequences with even
higher sequence similarity, until the similarityhlveen paralogs is higher than
between orthologs. This homogenization procesgwisually occurs within
gene families, is called concerted evolution. S8axamples of concerted
evolution giving rise to more sequence similarigpvieeen paralogs, which may

encourage further duplicated sequences within twden chromosomes and thus
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increasing the incidence of chromosomal rearrangésraee: NEMO and
LARGEZ2 genes (Aradhya et al. 2001); on the Y-Chreome AZF region
(human and ape genomes studied) (Hurles et al.)2GDATIA paralogus repeats
(Hurles 2001) and many others. Hurles et al. 2806¥irms that the most likely
passage of origin of chromosomal rearrangements$@gth duplicated
sequences in the genome that diverge through rantatid undergo gene
conversion. Since homologous (allelic) recomboraand non-homologous
(non-allelic) recombination are determined by thespnce of nucleotide sequence
similarity between the parental sites of recomliamgtAlu, LINE-1 and SINE
repeat sequences have been known to give risemtolbgous recombination.
Recombination can also occur in the absence of lagjnos sequences. This
type of recombination can be produced by ‘recontimngpromoting motifs’.
Alternating purine or pyrimidine tracts as well@sypyrimidine tracts are know
to induce genomic instability and are often foumdhie vicinity of deletions
(Abeysinghe et al. 2003; Bacolla et al. 2004; Fetéal. 2006).

1.4.2 Rearrangements in the CFTR gene

Chromosomal rearrangements are often complex ambiegxtensive allelic
heterogeneity (Audrezet et al. 2004). This is fii@ient for the rearrangement
mutations that have been found in the CFTR gergu(Eil.4). In a study done
by Audrezet et al. (2004) (Table 1.5) a frequenic¥(320% of deletions or
insertions was found in CF chromosomes that preWoouad unknown mutations.
It was concluded that “complex rearrangements fi &e far more frequent than
previously expected”. Similarly, Hantash et aD@2) concludes that large
chromosomal rearrangements may represent a grdssastimation of the total
contribution of this type of mutation to the CF ggyool.

In a study of rearrangements in the CFTR gene, éagdret al. (2004) found that
intron 3 and intron 18 of the CFTR gene are dateticeakpoint hotspots, but
contain a low number &lu repeats, which suggests that homologous
recombination is not the predominant mutational ma@esm giving rise to

rearrangements in the CFTR gene. Similarly, Fetéd. (2006) found that
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homologous recombination does not appear to genargt of the deletions that
have thus far been found in the CFTR gene (TaBlg as Alu, LINE-1 and SINE
repeats are not commonly found in the vicinity 6fTR gene deletion
breakpoints. This study also revealed that recoatlin-promoting motifs that
give rise to non-homologous recombination (Abeyisegt al. 2003), especially
polypurine tracts, are the most frequently encaedtenotifs in the vicinity of
CFTR deletion breakpoints. This study also rewee#tat CFTR deletion
breakpoint junctions tend to occur in regions @f lmomplexity (where sequence
complexity was measured with reference to diredtiamerted repeats as well as
symmetric elements). Both studies conclude tharde mutational mechanisms

are implicated in the rearrangement mutationstibgé been found in the CFTR

gene.
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Fig:ure 1.4 Schematic diagrém of fully characterized groéé’R genomic
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Key:
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Key for Figure 1.4 (continued):

Upper panel: Genomic structure of the CFTR gene

Numbers above and below denote the sizes (bpkdhtlons and exons
respectively

Lower panel: Fully characterized large genomicraaagements involving

deletions of the CFTR gene
Vertical bars: Breakpoints have occurred withidiog sequences
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Table 1.5 Summary of large chromosomal rearrangementserCFTR gene

Deletion Ethnicity Reference
Exons 4-7 and 11-18 Spanish Caucasians Morral 08B
703bp deletion at the 5’ end of exon 17b ltaliam@asians Mangani et al. 1996
Exons 14b-18 Caucasians Shrimpton et al. 1997
Exons 4-10 Caucasians Chevalier-Porst et al. 1p98
86Kb spanning exons 17a, 17b and 18 Palastinian erlegral. 1999
21kb spanning introns 1-3 Slavic Caucasians Dost. 62000
Introns 17b-18 with short Unknown Kilinic et al. 2002

Local duplications at the breakpoints

Promoter, exons 1 and 2 African American | Hantash et al. 2004
Promoter and exon 1 African American
Exon 4 French Caucasians Audrezet et al. 2004
Exon 1 French Caucasians Audrezet et al. 2004
Exons 4-6a French Caucasians Audrezet et al. 2004
Exons 11-16 French Caucasians Audrezet et al. 2004
Exons 22-23 French Caucasians Audrezet et al. 2004
3120+1kbdel8.6kb Italian Caucasians Bombieri e2@05
Reunion Islands
Exons 17a-18 Caucasians Nectoux et al. 2006
Exons 2-4 Irish Caucasians Férec et al. 2006
Exons 17-18 French Caucasians Férec et al. 2006
Exon 20 Spanish Caucasians Férec et al. 2006
IVS16-908_¢.3085del1005insGACAG French Caucasiang éredet al. 2006
€.4344_Stop486del585insTTG Spanish Caucasiaps E€edc2006
Exon 1 Czech Caucasians Férec et al. 2006
Complete deletion of CFTR gene Italian Caucasiany éred-et al. 2006

Duplication Ethnicity Reference

Exons 7-10 Dup 26kb American Caucasign  Hantash 20@7
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The most frequently occurring CFTR chromosomalreesgement worldwide is
the 21kb deletion described by Dork et al. (20@0@)ich removes exons two and
three. This mutation appears, on the basis ol analysis, to have a
common origin in Central and Eastern Europe. Emeaining copy number
mutations seem to be restricted to certain popuiati Hantash et al. (2004)
describe a deletion of the promoter and exons 2asfdhe CFTR gene in two
African American families (Table 1.5). In the péstdings in African Americans
have been extrapolated to SA Black and even Caliopagients with great
success. In this study | aim to determine whetbamrangement mutations
account for a proportion of the high number of emitfied alleles in Black and
Coloured SA CF patients.

1.4.3 Detection of chromosomal rearrangements

Balanced chromosomal rearrangements may be detietedih sequencing of
breakpoints, if a particular region is implicated,they do not cause a change in
copy number of a particular sequence. Copy nurohanges are challenging to
detect in a laboratory setting. This is becausBB@&sed methods amplify the
normal allele, in the case of a heterozygous capyber change, which masks
the effect of the mutated allele, and thus the tedtaopy is simply invisible
when using such techniques. Despite these diffesylthere are a number of
techniques that may be used to detect copy nunhizerges: comparative
genomic hybridisation (CGH) (Kallioniemi et al. 1299fluorescentn situ
hybridisation (FISH) (Pinkel et al. 1986); BAC ays (Snijders et al. 2001);
Quantitative real-time PCR (ORT-PCR) (Casilli et2002); loss-of-
heterozygosity (LoH) assays (an assay that malkesfudosely spaced markers
to determine if an inordinate number of markershem@ozygous, which would
serve as an indication to investigate a regiorharrfor deletions) (Devilee et al.
2001) and multiplex ligation-dependant probe angaifon (MLPA) (Schouten et
al. 2002) (please refer to Figure 1.5 below fuanmary of techniques that may
be used to detect CNVs. The figure shows that Mb@aa relatively low level of

resolution when compared to other techniques). eQine rearrangements have
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been found, their breakpoints are usually deteloyeldng-range PCR (if the
region is too big to amplify through traditional RICand sequencing.
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Figure 1.5 Approaches used for the identification of CN Vsl ather types of
structural changes in the human genome. Many msthod
technologies provide very different levels of regimn. The majority
of findings (80%) are attributable to a restrictesmber of
highthroughput experiments with a limited resolaot{&stivill and
Armengol 2007). (The arrow in the diagram poinis [LPA)
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1.4.4 Multiplex ligation-dependant probe amplifcation
MLPA is a multiplex, PCR-based mutation detectiogtimod, which effectively
establishes exon copy number (Schouten et al. 209Xt for the detection of

insertions and deletions in CFTR gene exons willded in this project.

1.5. Aims of the study

It is proposed that South African Black and Colaupepulations have a unique
CFTR mutation profile. In order to investigatesthiypothesis the following study

objectives will be completed:

1.5.1 Use haplotypes to determine if the 3120+1G>A maitakias a single

evolutionary origin in Black and Coloured populaso

1.5.2 Use haplotypes to predict the frequency of mutatemong unidentified
CFTR alleles

1.5.3 Identify exon copy number variants in Black anddmed SA patients
with a clinical phenotype of CF and at least onielentified CFTR

mutation

In Chapter 2, the subjects and controls testedtanchaterials and methods used
for genotyping and mutation detection will be ds®ed. The results of these tests
are displayed in Chapter 3 and the implicationthese results are discussed in
Chapter 4.
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2.1. Subjects

2.1.1 Patients and families

For copy number mutation detection, patients wamsen based on three
selection criteria: they had to be Black or Coémband South African; have a
confirmed clinical diagnosis of CF (at least onsipee sweat test or clinical
features indicative of CF, as discussed with patiectors: Dr Westwood, Dr
Klugman and Dr Henderson) and a CFTR genotype atiteast one unknown
CFTR mutation. Out of approximately 1000 patiefdswhom CFTR mutation
detection had been requested, in the CF database Biational Health
Laboratory Service (NHLS), 42 met all three setattriteria (24 Coloured CF
patients and 18 Black CF patients). In order tadthe origin of the 3120+1G>A
mutation, patients with at least one copy of thigation and family members
were collected for the purpose of the haplotypesptza(seven Coloured family
members and two Black family members). These fami#émbers were tested for
their 3120+1G>A carrier status, in the cases whwezi offspring carried at least
one copy of this mutation. Please refer to Apperdior a summary of the
infor124mation related to the subjects testedim study as well as the ethics

approval documentation.

2.1.2 Controls

The Black control samples that were used in thoggot had been collected before
the commencement of this project and included sasnjpbm Johannesburg,
Gauteng. These controls are representative dldek population in Gauteng
which is a mixture of different SA chiefdoms. T@eloured controls were
selected from a Western Cape Coloured sample tioltethat was available in

the laboratory, owing to the fact that a large prtipn of the Coloured CF patient

samples tested in this project originated fromWhestern Cape. Carrier testing of
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controls for the 3120+1G>A mutation was done fahkthe Black and Coloured
controls collected (51 Black and 50 Coloured cdsatveere collected) (refer to

Appendix A for ethics approval documentation).

2.2. Genotyping for haplotype inference

2.2.1 Carrier testing of controls and families

The 3120+1G>A mutation abolishes &8l (NEB) restriction enzyme
recognition site, resulting in PCR fragment sizeS3¥ and 33 bp in the presence
of the mutation and 340, 197 and 33 bp fragmentswvthe mutation is absent.
The NHLS Division of Human Genetics: Molecular Gersediagnostic protocol
for testing of the 3120+1G>A mutation was used (&pgix B).

2.2.2 Selection of markers for genotyping and hagtype study

Markers were chosen that had previously been phddisn haplotype studies and
would provide useful information for comparisondditional markers were
selected based on allele frequencies and LD rektiips across the CFTR gene in

the YRI population from the HapMap study.

2.2.2.1 Identification of ‘rs’ numbers for markers

It was necessary to identify the ‘rs’ numbers farkers in order to extract SNP
genotype information from the HapMap database. eDdmg on what
information was available for each of the markdi§erent avenues were
explored to identify the correct ‘rs’ numbers faich of the SNPs. Previously
published marker region and primer sequences ws=é for the markers Met D,
XV-2C, KM 19, MP6-D9, J44, M470V, T854T and TUB (Bork et al. 1992;
Horn et al. 1990) to run an silico PCR reaction (www.genome.UCSC.org).
This identified the genome co-ordinates for theusege and was hyperlinked to
an image of the region that showed all the ‘rs’ bans for the polymorphic
variants (SNPs, STRs, single base insertions aletiales) in that region.
Detailed information and the sequences flankingvdr&ant were identified. The

restriction enzyme recognition sequence then alibfwethe correct ‘rs’ number
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to be matched to the marker names. In the absdric®wn primer sequences,

the ‘rs’ number was found by searching ENSEMBM{v.ensembl.org/ for the

particular genome co-ordinates for the region tdriest, for example, ‘intron nine
of the CFTR gene’, and these co-ordinates couleetbie viewed in UCSC or
they could be searched in ENSEMBL.

2.2.2.2 Downloading information from HapMap

The genotype information that was downloaded froenHapMap site was
obtained by searching for a particular ‘rs’ numaed then downloading the SNP
genotype data for defined populations (NCBI b38NP genotype information

for YRI and the CEU populations was then savedtastdile. The following
information was included: the marker ID (that is trs’ number); the observed as
well as predicted heterozygosity; the Hardy-Weighgt-W) equilibrium p-value;
the percentage of non-missing genotypes for aquéati marker; the number of
fully genotyped family trios for the marker; thember of observed Mendelian
errors; the minor allele frequency (less frequdletaain a particular population)

and the minor allele.

2.2.2.3. Analysis in HaploView

The marker genotype information obtained from HapNta each SNP was
consolidated into a single file that was uploaded HaploView version 3.32.
The program has thresholds for quality metricshso it may filter out data that is
deemed sub-standard quality. These thresholdsbmagjusted by the user
(default settings are also available): a H-W p-gatut off of 0.1 was set, meaning
that the program should designate all markers ad™lh the probability that their
deviation from H-W could have been explained byndeawas less than 10%. A
minimum percentage of non-missing genotypes of W&t4 set, as well as a
maximum of 1 Mendelian error and a minimum mindelalfrequency (MAF) of
0.10 (10%). HaploView generates blocks of LD whamea file is uploaded but
these blocks can be edited and redefined basedenfeseveral block definitions
and this partitions the genomic region of intemet segments of strong LD.

The two most common pairwise measures of LD areidep(D’) and f. For this
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study the D’/LOD score block definition (Gabrieladt 2002) was used, which
calculates a pairwise measure of LD (a block iste@ if 95% of informative [i.e.
non-inconclusive] comparisons are in ‘strong LDidahe log of the likelihood
odds ratio (a measure of the confidence in theevafiD’). This method allows
the user to view the LD relationships between tR@Sin the LD plot in the
“standard colour scheme” (Table 2.1).

Table 2.1 Standard colour scheme

D'<1 D'=1

LOD <2 white blue

LOD >2 Shades of pink or red | bright red

This method, by default, ignores markers with a M#Ress than 0.05.
Haplotypes for selected blocks are also calculbsetthe program. Haplotype
phase as well as population frequency are infarséaly an accelerated
expectation-maximisation (EM) algorithm (Excoffemd Slatkin 1998; Long et

al. 1995) with a partition-ligation approach (Qiraé 2002) for blocks with more
than 10 markers. Conformance with Hardy-Weinbeggilbrium in the program
is computed using an exact test. The haplotyggalishows each haplotype in a
block with its population frequency and connectitnasn one block to the next.
The level of recombination between the blocks $® @hown. Markers with a
high level of heterozygosity and a low level ofuadance were selected by a
program to which HaploView acts as an interfacagger, as the software for this
program is called, combines the simplicity of passv’ methods (Chapman et al.
2003; Carlson et al. 2004) with the potential é#ficy of multimarker haplotype
approaches (HapMap consortium 2005). Tagger résegmvhich markers are in
LD and aggressively searches for effective multkeapredictors to capture the
alleles of interest, without selecting markers #rat perfectly (the pairwisé r
between such SNPs is 1), or highly correlated. réggjve or pairwise tagging
may be selected by the user. Aggressive taggirsgusead in this project to
capture as many tags as possible (SNPs that coulaercaptured in the pairwise
method are captured when aggressive tagging i9.u3éxtre are fewer of these

perfectly comparable (and therefore redundant) SNR®RI data as compared to
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CEU data, adding weight to the hypothesis thatcafni populations are the oldest
extant populations on earth because of the incdeaagation induced through
mutation and recombination that takes place ovarynggnerations. HaploView
allows the user to view which SNPs are tagged withé blocks that are
partitioned. In the cases where there were nitae vne tagged SNP in a
particular block, redundance was further minimibgaelecting the marker with
the highest heterozygosity. YRI and CEU SNP ggmogata were used as
proxies for African and European populations. Tt&J linkage information
across the CFTR gene and across the entire gerfaoms $ewer, but longer
blocks of tightly linked variants (haplotype blogled less variation in general.
For this reason, the YRI data was primarily useénvbhoosing markers to
include in this study. The markers chosen wesd1770163, rs916727, rs43035,
rs3802012, rs1042077 and rs213989.

2.2.3 Pyrosequencing

The markers that were chosen for genotyping fotdtgpe analysis were
genotyped using Pyrosequencing. This is a teclerigsed on sequencing by
synthesis, through the detection of nucleotidenipotion, using a primer-
directed polymerase extension. The laboratoryoguaitis outlined in Figure 2.1

below and the details of these methods are disdusse

Pyrosequencing: Flow diagram of method

Assay design
Pyrosequencing Assay Design Softwesas used to design the PCR primers and

the PSQ sequencing primer.

J
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PCR

Amplification of the target sequence was done bggithe primer sequences
determined above with the sequence containing\aetsal ‘tail’. A universal
biotinylated primemas included in the PCR assay so that the PCRupta@duld

be used for subsequent immobilisation of biotirelia DNA to sepharose bead

J

Immobilisation of target strand
Immobilisation of the biotinylated PCR productsmttte streptavidin-coated

beads precedes the capture of the beads ontodhespof the vacuum prep tool

for washing and neutralisation of the immobiliséaisd.

J

Annealing of sequencing primer

The vacuum prep tool probes, to which the immabdibiotinylated PCR produg
was attached, were exposed to sequencing primearamehling buffer and the
PCR product was released so that it binds the sequeprimer, which binds

adjacently, or very near to the target variant sega.

J

Sequencing by synthesis

The DNA template was incubated with the enzynidSA polymerase, ATP
sulfurylase, luciferase and apyrase, and the saatbstadenosine 5
phosphosulfate (APS) and luciferin. The first afifaleoxynucleotide
triphosphates (dNTPs) was added to the reactio pdlymerasecatalyses the

incorporation of the dNTP into the DNA strand,tifs complementary to the bas

in the template strand. Each incorporation eveat@mpanied by release of

pyrophosphate (PPih a quantity equimolar to the amount of incorpeda

nucleotide. ATP sulfurylase quantitatively conve®®i to ATPin the presence of

adenosine 5 phosphosulfate. This ATP drives thiédtase-mediated conversio

of luciferin to oxyluciferin that generates visillight in amounts that are

S.

—



SUBJECTS AND METHGD

[®N

proportional to the amount of ATP. The light proddadn the luciferase-catalyse
reaction was detected by a charge coupled devic®JCamera and seen as a
peak in a pyrogram™. Each light signal was propasil to the number of
nucleotides incorporated. Apyrase, a nucleotideatigg enzyme, continuously
degrades unincorporated dNTPs and excess ATP. \égradation is complete
another dNTP is added (Ronaghi 2000).

I

Haplotype analysis

Genotypes for patients were phased bysenotype data for controls was phased
hand according to homozygosity and | using the PHASE software program.

family data.

Figure 2.1 Outline of pyrosequencing and analysis

2.2.3.1 Assay design using the PyrosequencifgAssay Design Software

The target region sequence for each of the six enankas imported into the
“Sequence Editor” tab in the “Assay” window. TkBguence was obtained from
dbSNP and contains the sequences flanking thentariehe assay type was
selected as “genotyping” and therefore the analteiss and the primer set
scoring was automatically set according to thisselmoapplication. The SNPs in
the sequence, entered in FASTA format, were noiddWPAC codes. The
default target region of the sequence was thetogbe first polymorphism in the
sequence as there was only one polymorphism paesegq for all the SNPs
genotyped in this project. Every primer set wasgased a score and quality
index, which reflects the suitability of that primset for use both in PCR and for
pyrosequencing analysis. The primer sets weregelgult sorted according to
this rating, so that the best primer set was atdpef the list. The primers
chosen were scored in blue indicating that theyeveéhigh quality and had a
score greater than or equal to 88. Assay desiing®were not modified for any
of the markers used in this project. The assagrte@ntains detailed information

on the primers including: GC content (percentageplementarity; duplex
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formation; hairpin loops; melting temperature; mispng; primer end stability;
primer length as well as detailed information o& giiimer pairs, including:
amplicon length; duplex formation; CG content diffece; melting temperature

difference.

2.2.3.2 Amplification of relevant region by PCR

Polymerase chain reaction (PCR) was used to antpifyarget region for
genotyping using pyrosequencing. The details @RER reactions are shown
below. For immobilisation of single stranded PGRBduct, each reaction
included a biotinylated universal primer. As atcmving feature, rather than
biotinylating one of the primers for each markere @f the primers was
synthesized with an additional sequence to whiefbibtinylated universal
primer binds (Table 2.3). The reverse primer segedfor rs11770163,
rs916727, rs43035 and rs3802012) and the forwamntepisequence (for
rs1042077 and rs213989) included a complementairoy sequence for the

universal primer. This universal primer was inéddn every reaction.

The products were amplified in the ABI GeneAhRCR system PCR cycling
conditions were as follows:
95°C; 5 minutes

95°C; 15 seconds
[Annealing temperature appropriate to SNP]; 30 sdsol. 45 cycles
72°C; 15 seconds
72°C; 15 minutes

The general PCR mix protocol shown in Table 2.2Wweklas followed.

-10-
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Table 2.2 General PCR mix protocol

PCR Volume  Stock Final
Components concentraton ~ concentration |
DNA 1l 50ng/ul 2ng/ul
dNTPs 2.5ul 1.25mM 0.125mM
PCR Gold Buffer (Applied Biosystems, Roche) 2.5ul 10 x 1x
MgCl, Applied Biosystems, Roche) 2.5ul 25mM 2.5mM
Universal biotinylated primer 0.5ul 10mM 0.2mM
Forward primer (Inquaba) 0.5ul 10mM 0.2mM
Reverse primer (Inquaba) 0.5ul 10mM 0.2mM
Amplitag Gold (Inquaba) 0.2ul 5U/ul 0.04U/ul
Distilled H,O 14.8ul
TOTAL 25l

For rs1042077 and rs11770163, the above PCR miopt@mised to include
0.75ul for all of the primers. The PCR products weisugalised and verified on a
3% agarose gel (run at 4 VV/cm) and the successnliglified samples were
sequenced by using pyrosequencing as described.b&wvery PCR and
pyrosequencing reaction included the following riegacontrols according to the
manufacturers (Biotage) recommendations: i) PCéttipe control (irrelevant
genotype as no PSQ reagents are added and thetefocentrol is a PSQ
negative control); ii) Sequencing primer only; HCR negative control (to which
sequencing primer is added); iv) PCR negative obftio which sequencing

primer is not added); v) Annealing buffer only.

The genome positioning of the markers as well aP@R primer information are
shown in Figure 2.2.

-11-



Table 2.3 Primers used for amplification of products fgrgsequencing

SNP Primers (5'- 3) Score Annealing
temperature

Met D Forward TGT TTT GCA AGT GAC ATT TCT G 94 60
rs11770164 | Reverse GAC GGG ACA CCG CTG ATC GTT TAG CCT CTG GGT AAA ATG AGT CA

Sequencing | ACT ATT GGA AGC ATG TTG
Km 19 Forward TTT CGC TCG GTT CCC TAAA 92 51
rs916728 Reverse GAC GGG ACA CCG CTG ATC GTT TAA ACA TAC CAA GAA AGC CAA GAG A

Sequencing | TGA CAT TTC ATA GAG CCT
J44 Forward GAT TTT GCT TCA TTA GCA TGA TAT 88 57
rs43035 Reverse GAC GGG ACA CCG CTG ATC GTT TAT GGC AAA ATA CTT TGG AAC TCT TA

Sequencing | AGC ATG ATATAC TTT GTT CT
T854T Forward GAC GGG ACA CCG CTG ATC GTT TAA ACC ACA ATG GTG GCA TGA A 91 53
rs1042077 Reverse CTC TGC CAG AAA AAT TAC TAA GCA

Sequencing | AAATTA AGC TCT TGT GGAC
TUB 18 Forward GAC GGG ACA CCG CTG ATC GTT TAT AAG AAT GGC AGA CAA TTT CAC A 89 57
rs213989 Reverse GCC CGA CAA ATA ACC AAG TGA

Sequencing | TTT ACA AGT TAT TTT TTA GG
J32 Forward GGA AAT TAT CTAGTA TGT CTT TCA 72 55
rs3802012 Reverse GAC GGG ACA CCG CTG ATC GTT TAA TCA GCA CCT ACA CAG CAA TAA

Sequencing | TCT TTC ACA AAA TTC TAT AA
Key
Red text Indicates which primer contains the addél sequence complemetary to the universal primer
Score PSQ Assay design software score (percentage)
Annealing
temperature  Calculated by gradient PCR (°C) expanim

Universal primer sequenceé. GAC GGG ACA CCG CTGATC GTTTA S
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116 707 575
116 829 006

116 582 636

124 939 kb

121431k
117 402 359

116 205 084
32496 Kb 116 361 462

570873k
540 897 ko

Met O Frm 19 TUE 18 J 3z
Jl TESaT

H CFTF gene 116 9209 253 - 117 095 952

Figure 2.2 Genomic positioning of intragenic and extrage®itPs genotyped in
this project. Bolded numbers indicate genome clirates (NCBI
b36)

2.2.3.3 Immobilisation of biotinylated PCR produts

The streptavidin-coated sepharose beads (streptag@harose HP, Amersham
Biosciences) were used for the immobilisation oRAZoducts at room
temperature. The streptavidin sepharose beadsmigesl with binding buffer to
a volume equivalent to 40ul per sample and thisadaked to the amplified
template that was mixed with ddH20. The sample®ween allowed to incubate

by agitation for five to ten minutes.

2.2.3.4 Wash or neutralise the immobilised strand

The workstation troughs were filled with differesalutions (Appendix C).
Seventy percent ethanol (180ml) in trough 1; denaditon solution (120ml) in
trough 2; washing buffer (180ml) in trough 3 andrhpurity water (180ml) in
trough 4. Vacuum was applied to the Vacuum Pregd &od the probes were
washed by lowering it into the water trough for mpgmately 20 seconds. The
Vacuum Prep Tool was slowly lowered into the PC&eplor strip tubes)
containing the PCR product. This process was pedd within three minutes of
immobilisation of the biotinylated PCR productsmitte streptavidin-coated

beads. When all the liquid in the wells was aspitand the beads were captured
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onto the probe tips they were slowly lowered iracteof the troughs in numerical

order as indicated above for five seconds (exaaphie water trough).

2.2.3.5 Anneal sequencing primer

The vacuum was released and the beads were reieésé¢de PSQ 96 Plate Low
(Biotage) that was pre-filled with 0.4uM of sequieigcprimer and 40ul of
Annealing buffer. This plate was heated to 80°Crfm minutes (for all SNPs
except Km 19, which was heated to 60°C for 5 misjute the PSQ 96 Sample
Prep Thermoplate Low. Thereafter the samples akwe/ed to cool to room
temperature. Refer to Figure 2.3 below for a sumroéthis process and an

approximation of the time taken to complete théspss

Sample preparation time line using the Vacuum Prep Tool:

Add sepharose beads to PCR plate /,/"' \\
¢ Aetual use of Vacuum Prep Tool ™,

mmobilize PCR product to Streptavidin coated *._approximately 50 seconds. -
sepharose beads (1400 rpm) 5 - 10 minutes T——

Annealing of primer
at 80 Cfor 2 minutes

_- and allow to coo

o 1 2 3 4 5 6 7 8 9 10 1 12 13 Minutes

1. Capture beads with Vacuum PrepTeol 5 - 10 seconds
2. Flush with 70% ethanol b seconds
2. Flush wyith Q.20 NaOH for & seconds
4 Flush with 10mM Tris Acetate buffer for 5 seconds

5. Turn off vacuum and release templates with beads 10 seconds

6. Wash with MilliQ water 15 seconds

Figure 2.3 Systematic diagram of sample preparation tinher &CR products

have been immobilised to Sepharose beads
http://www.pyrosequencing.com/graphics/2983.gif

2.2.3.6 Setting up a run on the PSQ 96 Software

The run name, plate ID and instrument parametengeisas the sample
information was entered into the Run setup windofshe software. In the
“Web Browser” area, which is below the “Run Setwphidow in the PSQ 96

Software, the run could be viewed. It is in this4view that the recommended
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volumes of substrate, enzyme and nucleotides angrsfor pipetting into the

reagent cartridge. These volumes are specifiedoh run.

2.2.3.7 Cartridge preparation

The clean and dry cartridge was filled with sulistiend enzyme mixes as well as
dNTPs, according to the volume recommendationstwaie specified for each
run. The reagent cartridge was placed with thelltdzing forward and the
reagents were pipetted according to the manufatdulecommendations. Once
the cartridge was prepared, the PSQ 96 run waedthy loading the cartridge

and plate into the instrument.

2.2.3.8 Post-run procedures

The well overview is a graphical representatiothefactivated runs and shows
the progression of the runs by indicating whataacts taking place in each well
at a given time through the display of various aodo When the run ended, the
“Close” button was selected in the instrument statindow. This automatically
caused the run to close and to be saved into terferom which it was set up.

To view the results of this run, “Analyse All” waslected once it had opened.
This caused the PSQ 96 Software to analyse thasimg default analysis settings

and the results were saved.

2.2.4 Data analysis

2.2.4.1 Haplotype inference

2.2.4.1.1 Manual Phasing
The transmission of alleles from parents to offspican sometimes be ambiguous
in that the phase of the alleles is not always kmo\f all the loci were
homozygous in an individual, or if only one of fbei was heterozygous, then the
two haplotypes could be assigned without ambiguitiie remaining haplotypes
were phased according to family data, where passibhe haplotypes that could

not be phased according to homozygosity or famaadvere inferred: the most
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likely phase was determined to be compatible withknown unambiguous

mutation associated haplotype.

2.2.4.1.2 PHASE
The haplotype structure in the SA Black and Colduren-CF populations,
representatives of which were genotyped in thidystwas compared using a
cohort of 51 Black and 50 Coloured unaffected irdiials. The inferred allelic
phase haplotype of these unrelated controls wascgeldthrough a Bayesian
statistical approach using the software package$HE®2.1.1 (1 would like to
acknowledge Dries Oelefse for running the datautjinathis software on my
behalf). This method approximates the coales@amttionary history) of the
alleles through specialised algorithms. The gg®tjata were converted into the
format required by the program and were run usefgult settings. Genotype
data sets that contained gaps (markers that didawat a genotype result) were
included in each run and the results of these apalwere used. The software
was used to test datasets with zero gaps onlyr@@@amples with gaps were
removed) and datasets with control samples withdmmore gaps were removed.
Analysis of these results in comparison to theyaigakresults of the datasets with
the gaps showed similar results, and for this neéise datasets with gaps were
used, so as to minimise the loss of information ¢leald occur through the

exclusion of samples.

2.2.4.2 Statistical analysis of data

The Hardy-Weinberg law is a fundamental principl@opulation genetics stating
that the genotype frequencies and allele frequsrafia large, randomly mating
population remain constant provided that gene fiowtation and selection do not
take place. The Hardy-Weinberg (H-W) Principle barused to calculate the
expected frequency of genotypes. Testing devidtmm H-W equilibrium is
generally performed using Pearson’s chi-squarad®esrson 1903), using the
observed genotype frequencies obtained from theatad the expected genotype
frequencies obtained using the H-W Principle. dme cases, for instance where

there are a large number of alleles and not enmditiduals in the population
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(small sample size) to adequately represent aljémotype classes, it may be
necessary to test if the population is in H-W dftiiim by using Fisher’s exact
test (probability test), which requires a comptibesolve (Guo and Thompson
1992; Wigginton et al. 2005). In this project fisher’s exact test was used to
test if the control populations were in H-W Equilibon. The exact test was
calculated using Powermarker v3.25 (Liu and Mug@520 Please refer to

Appendix B for further information on the calcutais used for these tests.

2.3. Detection of rearrangements using MLPA
MLPA is a multiplex, PCR-based mutation detectiogtimod, which effectively

establishes exon copy number. The technique idativinto three parts:
Hybridisation of probe pairs to target sequendgatibn of probe pairs and
finally amplification of the ligated probe. Up 4& pairs of probes are hybridised
to target DNA, ligated and amplified in a singlacgon using universal primers,
which are fluorescently labelled. The fluoresceniceach band is detected and
guantified and compared to controls. The CFTR RGB@RC-Holland;
www.mrc-holland.com) contains 44 different probaegwvamplification products
between 130 and 463 base pairs (Schouten et &) 28ppendix E). The use of
the kit requires a thermocycler with a heated $icdvell as sequencer-type
electrophoresis equipment. Heterozygous deletomiplications of probe
recognition sequences will result in an apparerAb@ reduced or increased
relative peak area of the amplification producthait probe (Figure 2.4). The
relative amount of probe hybridisation and ligatismependant on the copy
number of the target sequence. For example, indke of a duplication, where
there is increased gene dosage, there will becaaage in target sequence and
consequently more amplification of products. Twilk be reflected in a higher
probe peak relative to the peak for a control witfiploid number of copies of the

gene (usually two copies).
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Duplication
Normal
Deletion
_|I||_ JII\_ |
d copies 2 copies 1 copy

Figure 2.4 MLPA peak picture depicting a 35-55% increaseé decrease of a
single target exon in a heterozygous state asaselhe normal
diploid dosage (2 copies). The relative amouraroplification
depends on the copy number of the target regidineisample

2.3.1 Principle of technique

Many pairs of probes hybridise, in a multiplex t&@, to a unique region of the
genome and will detect the copy number thereofe Fitobe pair is made up of a
synthetic probe, consisting of a primer sequendewis complementary to the
universal primer and a hybridisation sequence wii@domplementary to a target
sequence on the genomic DNA. The probe pair sraBde up of a single
stranded M13-derived probe, which also containsragy sequence that is
complementary to the universal primer; a stuffejuemce as well as a

hybridisation sequence (Figure 2.5).

Synthetic oligonucleotide ~ M13-derived oligonucleotide
50-60 bp 60-450 bp

PCR primer sequence Y PCR primer sequence X
y Stuffer sequence
(different for each probe)

Hybridization sequence Hybridization sequence

Figure 2.5 Model of a single probe pair for MLPA)
(http://www.mlpa.com/pages/support_mipa_infopag.html
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The M13 derived probes in the multiplex reactioffiediin terms of their
hybridisation and stuffer sequences (shown in gneéigure 2.6). The stuffer
sequence serves only to lengthen the M13 deriveldepso that the amplification
products may be distinguishable on a polyacrylargelehrough size separation.
Many target regions of DNA may be investigated stemeously, using the
universal PCR primer pair once the probe pairténix have been ligated. All

resultant fragments differ by six to eight basegai

3 Target A 5 3 Target B 5
A
5 Termostable ligose 5 Termestable ligase
3  Target A 5 T Target B 5
B , :
\‘\ N ﬂ‘ r
Male '\ /\ | }‘ , \‘\ | jﬂ\
UL U
T — b |
r ;
L
Female | M IBimi
C
Triple X f”\ ﬂ p
| \J J\ ﬁ\J
D JJUJUUIL

Figure 2.6 Depiction of events on a molecular level, durihg MLPA
technique. A) Hybridisation of probe, each witloager stuffer
sequence to target sequences in the genome. &jdngof the
directly adjacent probe pair. C) PCR products eparted due to
their size differences. D) Products are visualsegpeaks
(http://www.mlpa.com/pages/support_mlpa_infopaglhtm
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2.3.2 Principle of analysis of MLPA amplificationproducts

Dosage data are quantitative and can thereforéfimutl to analyse. It is for this
reason that dosage quotients and statistics ace Before the details of the
analysis are discussed, it is important to undedstehy MLPA data is a
challenge in terms of analysis: Firstly, becauseter-run variation. This means
that the peak pattern of the same sample may clsligédly from run to run.
Secondly, longer fragment peaks may wane off,ithdtagments longer than
300-400bp may suffer from decreased peak signadaatly, MLPA is
susceptible to contaminants and therefore therelmagyreferential amplification
of certain probes, which will result in an artiicresult for that sample. These
caveats will be discussed in more detail in Chagterhe analysis is done by
comparing relative peak area ratios between pasemiples and control samples.
First, each peak is compared to the sum of thenateontrol peaks within the
same sample and this is referred to as normalisatibhis normalised peak is
compared to the same normalised peak in the cosdraples; this is called a
dosage quotient (DQ). A normal, deleted and daf#d range of values is

specified for the DQs.

2.3.2.1 Control fragments

In each kit probe mix, DNA quantity control fragmemre included (Appendix
E). These fragments generate amplification pragtit are smaller in length
than the probe amplification products (64, 70, @@ 82bp). Even if the
technique fails these fragments will be presentwitidndicate when the sample
DNA was less than the required 20ng of DNA (Schoweal. 2002). In addition
to these, a 92bp amplification product is presdmtivis sample-DNA and
ligation-dependant. This reflects the copy nundfexr 2q14 DNA sequence. The
purpose of this probe is to warn the user whertibgaof probe pairs in the mix
did not take place or was sub-optimal. The peek and height of this probe is
usually 60-80% of the peak dimensions of the ofieatks. These DNA quality
control probes are not the only non-CFTR probekérkit to serve as controls for
the technique. There are thirteen other probdésearkit that hybridise to loci

throughout the genome that will be referred tdis tlissertation as internal
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control (IC) probes. The purpose of these probdsrirelative peak ratio
analysis. If the entire gene was deleted, theslegsrwould indicate that the

technique had not failed.

2.3.2.3 Filtering raw data

“Raw data” refers to the peak signals (both he@gitt area) that are generated by
a capillary genetic analyser. These are scrutinis€&seneMapper. Filtering is
needed because there is always a certain amotmoisé” in the sample, which

is not relevant to the result of that sample. €hm® small peaks that lie on either
side of the larger, relevant peaks that correspomedgions on the genome, as
specified by the kit manufacturers. These smalkpere manually removed

from the data.

2.3.2.4 Identification of homozygous deletions

The first goal of the analysis is to identify horpgaus deletions in the samples.
These will be obvious to the user, as missing peakse identified from the
peak picture. An astute user may be able to eyrbalozygous duplications;

however these will have to be confirmed by the ysial

2.3.3 Laboratory protocol

2.3.3.1 Preparation of sample and control DNA

DNA quality and quantity of sample and control DAng with dilutions of
DNA were used to select and prepare samples forargement detection using
MLPA. Quality assessment of samples and contrals @one by runningl of
genomic DNA on a 0.8% agarose gel for 30 minutamples that showed
exaggerated smearing due to degradation of DNA@ess salt concentrations as
a result of the salting out DNA extraction methodthose that showed very low
concentrations were excluded from the analysisngas were quantified by
analysing 1l of genomic DNA on thédD-1000 Spectrophotometer nanodrop
spectrophotometer. These results were used tedile samples and controls to
75ngful, in 1XTE buffer (pH 8). Please refer to AppenBixor dilution
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calculation equations that were used. Diluted $aswere re-quantified in the

nanodrop spectrophotometer to check that the DN#é auarectly diluted.

2.3.3.2 MLPA protocol

A CFTR Kit (P091 from MRC-Holland) was used to tpatients who present
clinically with CF, and have at least one unknowfif® mutation. The technique
is divided into three steps and requires a mininofi25 hours to complete (please

refer to Appendix E for a detailed protocol of theteps).

2.3.3.2.1 The Hybridisation reaction

The hybridisation takes place over a period of déré. Two probe pairs bind
adjacently on their single stranded DNA target seges after denaturation of the
DNA for 5 minutes at 98°C. The probes will onlybiperfectly when 100%
complementarity exists between them and the tibf. The thermal cycler lid
was opened once the products had cooled to 25M€.hybridisation probes and
buffer were added to the denatured DNA and thisinagbated for 1 minute at
98°C and then 60°C overnight (16-18 hours).

2.3.3.2.2 The Ligation reaction

The adjacent probes must be ligated in order fgliéication to take place. A
thermostable ligase requires 15 minutes to ligaewo ends of a single probe
pair. The ligase mix was added to the hybridisagmducts once they were
cooled to 54°C. The ligation reaction was stoppgthcubating at 98°C for 5

minutes.

2.3.3.2.3 Amplification

SALSA (kit) buffers and water were added to tigation products and heated to
60°C. At this temperature polymerase mix, whiatiudes primers, one of which
is fluorescently labelled (FAM), is added and tl@&RPreaction is immediately
started. The PCR conditions used were: 30 sec@bffs; 30 seconds 60°C; 60

seconds 72°C for 25 cycles and then a final inéabatt 72°C for final extension.
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Exponential amplification of the probes takes pldéi¢eo probe pairs were

successfully ligated.

2.3.3.2.4 Visualisation of MLPA products

The separation of MLPA products takes place inmlleay genetic analyser
(3130xI, ABI) and the fluorescence of the fragmestguantified by the software
and visualised in the form of peaks, the heightame of which is proportional to
the amount of fluorescence. The fragment sizé@®MLPA amplification
products is determined by the software (GeneMagpat)compares the products
to an internal size standard (ROX 500). Pleass tefAppendix E for the details
of the protocol for visualisation of MLPA amplifitan products on a capillary

genetic analyser.

2.3.4 Analysis of MLPA products

2.3.4.1 Analysis programs

The analysis of MLPA PCR fragments may be donegugarious macros and
software analysis packages. A macro is a seriesrafnands and functions that
are stored in Microsoft Visual Basic and it is an&ded in Microsoft Excel. The
macro created in this project was recorded, whekdioyosoft Excel stores
information about each step of calculations as #reyperformed. Each macro is
given a specific identifier (name) and is stored mworkbook. Many macros and
software programs for the analysis of MLPA dosagia ére commercially
available but MRC-Holland has developed an analyackage for public use
called Coffalyser (http://www.mrc-
holland.com/pages/support_mlpa_analysis_coffalysgehiml). The national
genetics reference laboratory at Manchester Untyers
(http://www.ngrl.org.uk/Manchester/Informaticsputisa#MLPA) has also made
analysis sheets freely available. Softgenetice moduced a program called
Genemarker (version 5.1), which was assessed OrdayBtrial basis. By making
use of some of the guidelines for analysis spetiiiy the authors at MRC-
Holland as well as the University of Manchesteraaalysis macro in Microsoft

Excel for the analysis of filtered MLPA data frone@typer was also developed
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in this project (CDC_AnalysisMacro). These progsanere assessed and
compared for future use in the laboratory. A skgropsis of these analysis
programs and macros is given below:

A) Coffalyser
Principles of analysis are as mentioned above. eSafrthe differences include
intra-normalisation, where each peak signal isdgigiby each internal control
peak signal and the median of these is calculateddch peak. The analysis
offers a median of all peak signals as an alteredt using internal control peaks
for normalisation. Regression analysis is alscedmnthe software to correct for
falling peak signals in longer probes. It is céted through the internal control
probes and a line is drawn through these valuesrygprobe signal is then
calculated in relation to this line and all subsagunormalisation are one minus
the distance of every probe signal to the regraedsie. Internal control probes
that fall between 70 and 130% of the median oftelinternal control probes are
used to build the regression line. A second regredme is calculated so that
internal control probes that fall outside of thstfiregression line are not unfairly
excluded from the analysis (a program-defined nurobstandard deviations is
used to define how far from the regression lindopsomay fall, and still be
included in the analysis). The internal contrahlp@ormalisation is actually done
by comparing probes to one minus the value to ¢lecersd regression line.

B) Manchester analysis sheets
This macro uses a maximum of five controls to dakeudosage quotients (as
described above) and graphically displays the ndeasage quotient for each
ligation product, as well as the likelihood probispiand odds for each ligation
product calculated for one of three hypothesesmabdosage, deleted and
duplicated. The mean and standard deviationsa¥f peoduct are also calculated
for normalised control and test samples. The otsgive a measure of
variability and the probability of deviation is esated using a t-statistic. The
relative likelihood of each of the three competiypotheses is calculated for
each ligation product as an odds ratio, to indiedieh hypothesis is more likely.
A quality control calculation is included by calatihg DQ'’s for all the internal

control fragments and measuring the standard derié®D) of these within each
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sample. A SD of greater that 0.1 for a sample dethiat sample as poor quality
and warns the user that the result obtained fdrsdwaple is not reproducible.

C) Genemarker v 1.5
The user may choose their preferred analysis mettn@oh using this program:
either the internal control probe method or theytaioon method. The
normalisation in this program increases the signehsities of the longer
fragments. The two different methods use diffepobes to create an intensity
ratio that is comparable; for both, the square abadhis value is calculated and
plotted to a linear regression, using the controbps as reference points. The
population normalisation calculates this ratio bynparing peak intensities of the
amplified probes between all peaks in the lanegré&ssion analysis uses a t-
distribution to form the regression line betwees slquare root of the sample and
of the control. It is iteration based which metrat it is computationally
repeated until the regression line has reachedairtamount of confidence
(greater than 99%).

D) CDC_AnalysisMacro v 2
This macro normalises patient as well as contnoipdas by using the sum of
internal control peaks, and compares these noretgafisaks to one another. The
result of this comparison is called a dosage quobti&@he macro allows the user to
visualise which samples have erratic internal admteak values and flags
samples that are of poor quality, that is, thesuhs may be un-reproducible. The
macro includes a one tailed t-test whereby a zestmrsingle samples is
calculated. Individual data values are comparetieanean of control sample
data. The z-score is a measure of the distaneaatt data point from the mean,
in standard deviations. To test if the differebeéwveen data points and the
control population mean is statistically significaam p-value can be determined
from the z-score. For significance testing, thi Imgpothesis is that there are no
rearrangements. This hypothesis can then by egjeattthe 0.05 significance
level. The lower the p-value, the more likely ttreg null hypothesis is true by
chance. The macro displays both the DQ and p-Valueach data point. A

short synopsis of the analysis macro is given énTable 2.4 below.
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Table 2.4 Synopsis of CDC_AnalysisMacro calculations aratksheets

Worksheet Action Calculations
Raw Data 1. Past filtered peak areas of up to 15 controls and 20 patients

according to P091 kit order of exons
Normalisation | 1. Exons arranged in CFTR gene order

2. Internal control (IC) areas are summed Z(le--JCﬂ)

3. Normalisation (N) : Every exon peak (PA) is divided by the
sum of IC

4. Internal control peak areas are also normalised

N =PA / 5(ICi...ICf)

z-test Normalised peak values for control samples are:
1. Averaged” =3 (N..Np) / p
i " (e~ M)
50D = s=1 /=1
(1, - 1)
2. Standard deviation is calculated® o
Py
3. zis calculated® z=X-u/SD
1 2
p:]-' f(zjl=ﬂe .
4. p values are calculated (NORMSDIST(Z)¥)
where NORMSDIST is defined by the positive value of z
Quality
control 1. Dosage quotients (DQ) for IC peaks are calculated by DQ = N / Ho
dividing the normalised IC peak value by the average of the
IC peak areas for the same IC peak in the control samples
L%y, - M)
5D.- \jﬁ _:;'_/_ -
2. Standard deviation of DQ's is calculated” & &
M= = i
3. Bar graph¥ representing SD and p-values for IC peaks is
shown
Results 1. DQ for exon peaks are calculated DQ = N pa) / U (pa)

DQ ranges define if a samples is deleted, duplicated or
normal

2. Scatter plot¥ of DQ values is shown
3. Bar graph® representing SD and p-values for PA is shown

IC

MSTE WnWZ2T
O

Calculation or plot was done using EXCEL functiamsl formulae

Internal control peak
Exon peak
Normalised peak
Standard deviation
Sample mean
Sample size

Sum of
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In order to assess the most effective way of uieganalysis macro, various
analysis experiments were done. Through this, smimelusions could be drawn
and these guided the way that the data were amklyf@eme of the questions that
were answered concerned the use of controls sapptieshal control peaks as
well as exon peaks. This analysis experimentatias possible because of the
availability of two known deletion controls. Thesere good controls because
they were heterozygous for the deletion; they weréied in other laboratories
and contained no other unknown rearrangement®iCHIR gene. The one
patient originated form South Korea and the othas & Black South African (this
deletion was identified both in this project andumpublished data of Prof M
Claustres in France). The questions asked, andgdle that they were answered

are covered in the Table 2.5.
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Table 2.5 Assessment of the most effective way of using>CBnalysis Macro

Question Action Method
Control samples
1. How can control samples be evaluated? | Check samples for homozygous deletions of IC and exon peaks Manual (visual) analysis

Evaluate 64-84bp peaks to check DNA concentration and 92bp
peak to check ligation
Manually fail samples that wane off

Analyse each control against all other controls Use analysis program(s)
from the same and different laboratory runs
2. What is the effect of comparing samples | Controls samples that were unmatched (for ethnicity) were used The Black SA deletion
to unmatched controls? to analyse the deletion controls control and the Korean deletion

control were compared to
Black, Coloured and a mixture
of both controls

3. What is the effect of comparing samples | Control samples that were generated in different laboratory runs Deletion controls were compared

to controls that were generated in different were used to analyse the deletion controls to controls generated in the same run,
laboratory runs? different runs and a mixture of both

1. Should certain IC peaks be removed Samples with many IC peak aberrations and samples with two or The peaks that were deleted or duplicated
from the analysis? less IC peak aberrations were tested were removed from the analysis

Exon peaks

1. Should certain exon peaks be removed Check deletion control samples for rearrangement of exon 6b Test deletion controls, that should not

from the analysis? show a deletion or duplication of exon 6b




Chapter 3: Results
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3.1. Carrier testing

The Black and Coloured unaffected controls, thatwepresentative of these
general SA populations, were tested to determitieelf were carriers of the
3120+1G>A CFTR mutation. The results of this RRest are shown below:
Table 3.1 3120+1G>A carrier test for Black unaffected colst

Control RFLP result for 3120+1G>A

RB1-RB51 Non-carrier
RB 52 Carrier

Table 3.2 3120+1G>A carrier test for Coloured unaffectedtecols
Control RFLP result for 3120+1G>A
RC1-RC50 Non-carrier

The control sample that was determined to be @etavas excluded from
haplotype testing. The objective of haplotypeitgstf controls was to calculate
the frequency of the 3120+1G>A mutation-associatgaotype in the general
population. The introduction of controls that ¢edrthis mutation would have
biased the calculation, albeit very marginally.eThsult in the general Black SA

population can be translated into a 3120+1G>A eafrequency of 1 in 52.
Patient families were genotyped for the purposehafsing haplotype(s) in this
study, therefore the available family members vedse tested for the presence of

the 3120+1G>A mutation. The results of this testshown below:

Table 3.3 3120+1G>A carrier test result in relatives of g#ients

Parent Ethnicity = RFLP result for 3120+1G>A
CF225M Black Carrier
CF225F Black Non-carrier

CF 620 M Coloured | Carrier
CF672 M Coloured | Non-carrier
CF 788 M Coloured | Carrier

Key
M Mother
F Father
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3.2. Genotype results

3.2.1 PCR results
The six markers genotyped for haplotype analysiadigg pyrosequencing were
amplified first by PCR. Below is a representatj picture of the results of one

these amplification experiments.

lkb+ 1 2 3 4 5 6 7 8 1kb+

Figure 3.1 PCR result of rs1042077 (T845T). Lane 1) RB2IRBS; 3)RB11,
4)RB22; 5)PCR positive control; 6) and 7) PCR niegatontrol (no
DNA added). PCR products run on a 3% Agarose Ggpected
fragment size of 225bp was found (please refergpehdix B for
molecular marker fragment sizes)

3.2.2 Pyrosequencing results

Pyrosequencing software was used to determine g@moésults for each sample.
A representative of these is shown below in Figu2 For the purpose of this
dissertation, the genotype results for all six reeslor all patient and control

samples are not shown.

Samples that are designated as “checks” by theve8(ation software may be
re-tested or they may be “manually called” by tkeru In the Figure 3.3, B is an
example of a sample that needed to be checkedyasdnanually determined to
have a G / C genotype. This manual calling is doneomparing sample
pyrograms to hypothetical bar graphs that are shoywie PSQ software. These
graphs may show all three genotypes of a particuknker. The peaks that are

highlighted in yellow are representative of sangdaotype. The user makes a
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comparison of these and the proceeding peak patterthe hypothetical graph

patterns.

Figure 3.2 Pyrogram showing passed PSQ results for rs48D85;A) CF 638
genotype A/ CB) CF 736 genotype C / @) CF 800 genotype A/

A; Sequence to analyse: AG(A/C)AGTA

14

12

0

104

102

Figure 3.3 Pyrogram of rs11770163 (Met D) showing a G /edatype.A)
Sample that passed the software verification {Gf@ genotype B)
Sample that was designated as a “check” by the \R®fcation
software and that was passed manually for a G/Gtgpe.
Sequence to analyse: (G/IC)ACTAC
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3.3. Haplotype results

Please refer to Appendix F for summary tables efgbnotype results for Black
and Coloured CF patients and Black and Coloureffectad controls. Tables 3.4
and 3.5 show inferred haplotypes of patient gerotygta. The phasing was
manually determined by analysis of homozygosityab as family data, where
available. Family data is shown in a shade of giethe CF chromosomes
represented in these parents are identical to thasgresent in their offspring
and are thus duplicated in this table. They ackided for the convenience of the

reader. Inference is indicated in the table byuse of brackets.

In accordance with the aims of this study, the 31ZB>A mutation-associated
haplotype(s) were inferred. Table 3.6, pg 56ssimmary of all the Black and
Coloured 3120+G>A mutation-associated haplotypgsarialysing the inferred
haplotypes in Tables 3.4 and 3.5 a frequent, 31&&-ALcompatible haplotype
was found that is common to both Black and Coloyratient samples. There is
little deviation from this haplotype, with only twoarkers, TUB 18 and J32
presenting with a different allele on only one CHi&plotype each. This result
indicates that there is a common origin for 3120*A@@ Black and Coloured

SA CF patients. The results of this analysis arthéu discussed in Chapter 4.

Analysis of theAF508-associated haplotypes in the Coloured patigassnot a
major aim of this project; however, as the dataensrailable, the haplotypes
were phased. The selected, compatible haplotyjgesh@wn below in Table 3.7,
pg 57. These results show a relatively commf\6608-associated haplotype.
These results indicate that there is a commonrofagithis mutation in the
Coloured population of the Western Cape. Thesadtsewill be further discussed

in Chapter 4.
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Table 3.4 Coloured haplotypes of patient and family daithwferred genotype phases

Subjects

shown
CFTR

Met D

Km 19

Jaa

T845T

TUB 18

NEYA

genotype rs11770163 rs916727 rs43035 rs1042077 rs213989 rs3802012
CF 32 AF508 © (G) C (M G (G)
U ©) (A) C ©) G (A)
CF 120 AF508 © Nr C T G G
AF508 (G) Nr C T G A
CF 120 M AF508 (G) Nr C T G G
N (C) Nr A T G A
CF 120 F AF508 (G) Nr C T G A
N (C) Nr C T G A
CF 217 3120+1G>A | (G) (G) C G ) A
R1162X (©) (A) C G (G) A
CF 433 U G G C T G A
U C G A T T A
CF 546 U (G) G (A) G (G) A
U (C) G (© G (T) A
CF 620 3120+1G>A | G (G) C G (M) A
U G (A) C G (G) A
CF 620 M 3120+1G>A | G (G) C G (T A
N G (A A T (G A
CF 626 AF508 © nr C T g (9)
3120+1G>A | (G) nr C G (1) a
CF 626 M 3120+1G>A | (G) (G) C G T A
N (© (A) A T G A
CF 626 F AF508 © (G) C T G (G)
N (G) (A) A T G (A)
CF 640 U G A (A) (G) G (A)
U G A (©) (T G (G)
CF 651 3120+1G>A | G G C G T (A)
3120+1G>A | G G C G T (G)
CF 662 AF508 © (G) C (T G (G)
U ©) (A) C ©) G (A)
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Table 3.4 Continued

Subjects CFTR Met D Km 19 Ja4 T845T TUB 18 NKY

genotype rs11770163 rs916727 rs43035 rs1042077 rs213989 rs3802012
CF 664 AF508 nr (G) C (M G (G)
U nr (A) C (G) G (A)
CF 665 u G (A) A (G) (G) A
U G (G) A (T) (T A
CF 665 M N G (A) (A) (G) (T A
U G (©)] © M ©) A
CF 666 3120+1G>A | G G C (G) ) A
U G G C (T (G) A
CF 672 AF508 © G C T G (G)
3120+1G>A | (G) G C G T (A)
CF672M AF508 © G nr T G (G)
N (G) A nr T G (A)
CF 675 AF508 © G C (M (©) A
3120+1G>A | (G) G C (G) (T A
CF 685 u (G) G © (M (G) (A)
U © G (A) (©)] M (©)]
CF 741 u (G) A A (G) G A
U (©) A A (M G A
CF 766 3120+1G>A | G G C G T A
3120+1G>A | G G C G T A
CF 788 AF508 C G C T (G) G
3120+1G>A | G G C G (T A
CF 788 M 3120+1G>A | G G C G (T A
N G G C G (G) A
CF 917 u G A (A) nr (G) (A)
U G A (C) nr (T (G)
CF 947 u C G C (G) G G
U C G C (T) G G
CF 1008 u G G nr G T A
U G G nr G T A
CF 1014 u (G) G nr G (M (A)
U (©) G nr G (G) (G)
Key:
() Inferred phase
g lower case indicates that although there was no result, a genotype may be determined
(9) lower case, bracketed indicates that the determined result could not be phased
nr No result
U Unknown CFTR mutation
N A non-CF allele
Grey shading: unaffected family members
F Father
M Mother
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Table 3.5 Black haplotypes of patient and family data witferred allele phases shown
Subjects Met D Km 19 J44 T845T TUB18  J32

rs11770163 rs916727 rs43035 | rs1042077 rs213989 rs3802012

CF 225 3120+1G>A | G G C (G T A
G1249E G G C (M G A
CE225M 3120+1G>A | G G C (G T A
N G G A (M T G
CE225F G1249E G G A (G G A
N C nr C (M T G
CF 387 U G G A T G (A
U G G A T G (G)
CF 389 U (G) G A (M G A
U (©) G A (G) G A
CF 390 3120+1G>A | G G C (G) T nr
U G G C (M G nr
CF 395 U C (A) A (G (G) A
U C (G A (M (M A
CF 462 U G (G (A T G A
U G (A) (© T G A
CF 526 3120+1G>A | G nr C G T A
3120+1G>A | G nr C G T A
CF 534 3120+1G>A | G (G) C (G) (M A
U G (A) C (M (G) A
CF 538 3120+1G>A | (G) (G) C (G) G A
U (© (A) C (M G A
CF 603 3120+1G>A | G G C G T A
3120+1G>A | G G C G T A
CF 638 U G (G (© (G G (A
U G (A) (A) M G (©)]
CF 652 3120+1G>A | G nr C G T A
3120+1G>A | G nr C G T A
CF 736 U G G C (G) (G) A
U G G C (M (M A
CF 782 U C G A T (M (A)
U C G A T (G) (G)
CF 800 U G (G A (G G A
U G (A) A (M G A
CF 801 U (G) G C (G) G A
U (© G C (M G A
CF 826 U C A (© G G G
U C A (A) G G G
CF 849 3120+1G>A | G G C G T A
U G G A G T G
Key:
() Inferred phase
g lower case indicates that although there was no result, a genotype may be determined
(9) lower case, bracketed indicates that the determined result could not be phased
nr No result
N A non-CF allele
Grey shading: unaffected family members
F Father
M Mother

-56-



RESULTS

Many of the patient samples that were genotypeaddichave a known CFTR
mutation. These patient genotypes were analyseglaased according to
homozygosity (Table 3.8). One patient had famédyadthat was largely
uninformative for the purpose of haplotype phasiige results summarised in
Tables 3.8 and 3.9, show that there may be onetionitaf appreciable frequency
in each of the groups, but that the majority of e@aining unknown mutations
are likely to be low frequency alleles in this goouOn six of the 27 (22%) alleles
in the Coloured samples the following haplotype wésrred: G-A-C-G-G-A. If
there is an unknown allele in the Coloured poparfathat is associated with this
haplotype, then this allele may account for apprately 22% of the 25.6% of
mutations that are not currently detected througkenular diagnostic mutation
testing. Similarly, there is a common inferredlbfype (G-G-A-T-G-A) in the
Black samples that accounts for 7 of the 23 (30.406)es genotyped. These data
indicate that there may be a mutation in the pdmrahat accounts for 5.63%
and 16.3% of all the mutations in the Coloured Blatk populations
respectively. [The total mutation detection in Biack population is 60.3%, but
the only mutation that is tested for in a molecudli@agnostic setting is the
3120+1G>A mutation, and therefore the mutation ct&ie rate when testing for
this mutation is used]. Table 3.10 shows the fotakase in mutation detection
that could occur if the mutations that are assediatith these haplotypes are
detected and included in molecular diagnosticrigsti these populations.
(Please refer to Table 1.2 and 1.3 on page 9 $ormanary of mutation detection

in Coloured and Black populations).
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Table 3.6 Inferred 3120+1G>A -associated haplotypes focBland Coloured CF patients

Subjects  Ethnicity Met D Km 19 J44 CFTR T845T TUB 18 J32
rs11770163 | rs916727 rs43035 genotype rs1042077 rs213989 rs3802012

CF 526 Black

CF 603 Black

CF 652 Black

CF 225 Black
CF 390 Black
CF 534 Black
CF 849 Black
CF 538 Black
CF 766 Coloured

CF 788 Coloured
CF 672 Coloured
CF 626 Coloured
CF 620 Coloured
CF 675 Coloured
CF 666 Coloured
CF 217 Coloured
CF 651 Coloured

Key

Indicates that there is no result
Colour indicates 3120+1G>A -associated haplotype
Colour indicates deviation from the 3120+1G>A -associated haplotype

Red letter indicates that phase is inferred for that particular marker
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Table 3.7 InferredAF508 -associated haplotypes for Coloured CF patient

Subjects  Ethnicity = Met D Km 19 CFTR J44 T845T TUB 18 J32
Rs11770163 rs916727 genotype rs43035 | rs1042077 @ rs213989 | rs3802012

CF 672 Coloured € G AF508 C T G G

CF 675 | Coloured C G AF508 C T G -

CF 788 Coloured € G AF508 C T G G

CF 626 Coloured C nr AF508 C T nr nr

CF 662 Coloured © G AF508 C T G G

CF 32 Coloured © G AF508 C T G G

CF 664 Coloured nr G AF508 C T G G

CF 120 Coloured C nr AF508 C T G G
_ nr AF509 C T G -

Key

nr Indicates that there is no result

Colour indicates AF508-associated haplotype
- Colour indicates deviation from the AF508-associated haplotype

A Red letter indicates that phase is inferred for that particular marker
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Table 3.8 Inferred Coloured patient unknown mutation-assed haplotypes

Subjects | Ethnicity = CFTR Met D Km 19 J44 T845T TUB 18
genotype  rs11770163 rs916727 rs43035 rs1042077 rs213989 rs3802012
CF 32 Coloured | U G A C G G A
CF 620 Coloured | U G A C G G A
CF 662 Coloured | U G A C G G A
CF 664 Coloured | U nr A C G G A
CF 666 Coloured | U G G C T G A
CF 433 Coloured | U G G C T G A
U C G A T T A
CF 546 Coloured | U G G A G G A
U C G C G T A
CF 640 Coloured | U G A A T G G
U G A C G G A
CF 665 Coloured | U G A A G G A
U G G A T T A
CF 685 Coloured | U G G C T G A
U C G A G T G
CF 741 Coloured | U G A A G G A
U C A A T G A
CF 741 Coloured | U G A A G G A
U C A A T G A
CF 917 Coloured | U G A C nr G A
U G A A nr T G
CF 947 Coloured | U C G C G G G
U C G C T G G
CF 1008 | Coloured | U G G nr G T A
U G G nr G T A
CF 1014 | Coloured | U G G nr G T A
U C G nr G G G
Key
nr Indicates that there is no result
A Red letter indicates that allele phase is inferred for that particular marker
U Indicates an unknown CFTR genotype

Most common inferred Coloured haplotype
Second most common inferred Coloured haplotype

-60-




RESULTS

Table 3.9 Inferred Black patient unknown mutation-assaaidtaplotypes

Subjects

Ethnicity

CFTR

Met D

Km 19

Jaa

T845T

TUB 18

genotype | rs11770163 | rs916727 rs43035 rs1042077 rs213989 rs3802012
CF 534 Black U G A C T G A
CF 538 Black U C A C T G A
CF 849 Black U G G A G T G
CF 387 Black U
U
CF 389 Black U
U
CF 395 Black U
U
CF 462 Black U
U
CF 638 Black U
U G A C G G G
CF 736 Black U G G C G G A
U G G C T T A
CF 782 Black U C G A T T A
) C G A T G G
CF800 |Black |U [ ¢ | o | A [ 7 | o [ a ]
U G A A G G A
CF 801 Black U G G C G G A
U C G C T G A
CF 826 Black U C A C G G G
) C A A G G G
Key
nr Indicates that there is no result
A Blue letter indicates that allele phase is inferred for that particular marker

Table 3.10 Postulated mutation detection rate if unknowel@s$ that are associated
with the most common haplotypes in Coloured afatiBpopulations

Indicates an unknown CFTR genotype
_ Most common inferred Black haplotype

are tested for in a molecular diagnostic setting

Current Postulated*
74.40% 80.03% Coloured
46.40% 69.90% Black

* Calculated by studying the frequency of unknown-associated haplotypes
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It should be noted that the highlighted haplotyp@able 3.9 occurs at a relatively
high frequency in the normal Black and Colouredtargroups (9% and 8%)
respectively. From these findings it is not exflifcclear if there is a single or
multiple mutations associated to this relativelynooon haplotype, and therefore
the detection of this haplotype in the control greveakens the evidence that
there may be another single mutation that accdonts high proportion of Black

CF alleles in whom no mutation is currently detdcte

3.3.1 Control sample inferred haplotypes

In order to infer haplotypes for Black and Colouceatrol samples, a statistical
program, PHASE, was used. The results are shovwalie 3.11 and are
discussed in Chapter 4. The results show tha3126+1G>A mutation-
associated haplotype identified in Black and Ca&duBA healthy controls was
inferred in only one of 102 Black chromosomes i ¢lntrols samples, which are
representative of the general population. Thiddtgpe was not inferred in the
general Coloured population. These results cortfira the G-G-C-G-T-A
haplotype is highly correlated with 3120+1G>A andgests that the mutation
did not arise independently in the Coloured popartat
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Table 3.11 Inferred results for Black and Coloured controising PHASE

Inferred
haplotype*

GGCGGA

Black
21

Coloured
3

GGCGGG

8

4

GGATGA

9

8

GGAGGA

=
[N

13

GGAGTG

1

GACTGA

4

GACGGA

12

GACGTA

6

GACGTG

1

GAATGA

GAAGGA

=
o |w

GAAGGG

GAAGTA

GGATTA

GGAGTA

GGCTGA

GGCGTA+

GGCGTG

GACTGG

CGCGGA

CGCGTA

CGATGA

CGAGGA

CGAGGG

CACTTA

CACGGA

CACGTA

CAAGGA

CGAGTA

CGCTGA

CGCGGG

CGCGTG

CAATTA

RINO_IRIN|IP|IO|ICICO|RA|OCOIWIOC R IFP|IFP|IARIOIN|OIO O, |IOIN|O|O|F

(ol o} (o} (o] (o} L) VN P [N L] LVH G N [N | N | i (o} o} (o} (o} (o} (e} | U] [od]

Total
alleles

102

100

Key

Light grey shading indicates the commonest three

inferred haplotypes in Blacks and Coloureds

Markers in chromosomal order: rs1177016; rs916727; rs43035;
rs1042077; rs213989; rs3802012

3120+1G>A-associated haplotype in Black and Coloured CF patients
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3.3.2 Genotype and allele frequencies

In order to test weather the control populatioresiaHardy-Weinberg

equilibrium for each of the markers, a Fisher'satxast was used. This was

calculated using PowerMarker v3.25. The resuttsshown in Table 3.12.

Table 3.12 Genotype frequency and Hardy-Weinberg equilitorior control
samples form two populations

Black Coloured
Marker Genotype i n H-W f n H-W
rs11770163 G/G 0.3913 | 18 0.5435 | 25
G/C 0.4783 | 22 0.3478 | 16
c/cC 0.1304 | 6 0.1087 5
total 46 | Yes (1.00) 46 Yes (0.47)
rs916727 G/G 0.7857 | 22 0.1778 | 16
G/A 0.1429 | 4 0.4667 | 21
AlA 0.0714 | 2 0.3556 8
total 28 | Yes (0.07) 45 Yes (0.78)
rs43035 c/C 0.3469 | 17 0.2245 | 16
A/C 0.5306 | 26 0.4490 | 22
AlA 0.1224 | 6 0.3265 | 11
total 49 | Yes (0.57) 49 Yes (0.57)
rs1042077 G/G 0.5349 | 23 0.6744 | 29
GI/T 0.3953 | 17 0.1627 7
T/T 0.0698 | 3 0.1627 7
total 43 | Yes (1.00) 43 No (<0.001)
rs213989 G/G 0.6200 | 31 0.7200 | 36
GI/T 0.2600 | 13 0.2200 | 11
TIT 0.1200 | 6 0.0600 3
total 50 | Yes (0.05) 50 Yes (0.13)
rs3802012 AlA 0.6327 | 31 0.6522 [ 30
AlG 0.3673 | 18 0.3478 | 16
G/G 0 0 0 0
total 49 | Yes (0.36) 46 Yes (0.32)
Key
f Genotype frequency
n number of genotypes
Sample result indicates that the population is in Hardy-
H-W Whether the sample is in Hardy-Weinberg equilibrium
Brackets p-value

The control samples were found to be in H-W equililn at all but one locus in

the Coloured samples. This may be a chance ewvex this locus is closely
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linked to the other loci and one would not expéet drift or selection are acting
to cause the disequilibrium. However, it is possithiat there is linkage
disequilibrium, due to hitch-hiking, with anothezarby locus which has been
selected for or against. On the other hand, sindépte testing was done and a
5% significance level was chosen, the applicatioin® Bonferroni correction

may render this finding non-significant.

3.4. Mutation testing

3.4.1 MLPA Results

MLPA was used to test for rearrangements in theRCE&ne using a CFTR kit
from MRC-Holland. As MLPA can be sensitive to egmttypes of contaminants,
this was resolved through the use of low conceaotrat(30-75ngil) of genomic
DNA. Decreased signal strength of long fragmestsat entirely avoidable and
most analysis programs have built-in regressiotyaisato prevent longer probes
from appearing to be deleted, however the pealabgjrengths are greatly
improved by increased mixing of MLPA reagents amtiAbat every step of the
protocol. There should not appear to be deletiotise regions spanned by the
probes that yield longer peak fragments if the msto which they are compared
suffer from the same effect, however due to thenabinter-run variation, it is

not always prudent to rely on this fact. Empirigabeak areas are generally more
robust than peak heights for analysis. Table 8hi#vs that one copy number
mutation was found: a deletion of exon two of @f€TR gene. This deletion was
detected in the heterozygous state in one blacgmqgCF390). Figure 3.4 shows
the Genemapper peak picture of this patient arah&r@ sample. This figure
clearly demonstrates a reduction in peak heightzaied for this exon.
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Table 3.13 MLPA result for patients that passed the analgsiality control

Ethnicity Sample Genotype Detection of exon copy number variation
Black CF 389 u/u No
Black CF 390 3120+1G>A/U Yes*
Black CF 395 u/u No
Black CF 462 u/u No
Black CF 534 3120+1G>A /U No
Black CF 538 3120+1G>A/U No
Black CF 638 u/u No
Black CF 736 u/u No
Black CF 782 u/u No
Black CF 801 u/u No
Black CF 849 3120+1G>A/U No
Coloured CF 32 AF508 /U No
Coloured CF 433 u/u No
Coloured CF 620 3120+1G>A/U No
Coloured CF 664 AF508 /U No
Coloured CF 665 u/u No
Coloured CF 666 3120+1G>A/U No
Coloured CF 685 u/u No
Coloured CF1016 |U/U No
Coloured CF 1131 u/u No
Key

* Heterozygous deletion of exon 2

u Unknown CFTR mutation
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Figure 3.4 MLPA result (Genemapper) confirming the preseoican exon 2
deletion of the CFTR gene. The numbers above ¢h&gprefer to
the exon number of the gene. Exons 1-3 are shonecoimparison.
A: Peak profile of a control showing no rearrangeits of the
CFTR gene. B: Peak profile of the SA black CReuatwith a
heterozygous deletion of exon 2
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As this deletion is present in only one of the saty tested in this study, it would
seem that copy number changes of CFTR gene exemsaa critical mechanism
for mutations in the SA population.
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In this project we propose that Black and Colousédpopulations have unique
CFTR mutation profiles. Since a significant prapmr of mutations remain
unknown, we aimed to search for copy number vasianCFTR gene exons, with
a view to increasing molecular diagnostic mutatietection in these populations.
Another aim was to do a haplotype analysis actes€FTR gene with the
primary objective of shedding light on the origiintiee 3120+1G>A mutation in
Black and Coloured SA populations. The signifieaon€our findings and our

conclusions are discussed below.

4.1 Origins of mutations

4.1.1 Evolutionary origin of 3120+1G>A mutationm Black and Coloured

SA populations

In this study | found that the Met D-Km 19-J44-T85#UB18-J32 CFTR
haplotype for 10 Black 3120+1G>A chromosomes waspatible with the G-G-
C-G-T-A haplotype. Of these, three were inferraddal on this common
haplotype, the others were determined without anmityig Three Black patients
were homozygous for the mutation and every markaotyped. This haplotype
was also inferred on, and compatible with, 10 CaduCFTR alleles that carried
the 3120+1G>A mutation. Four of these were phagduut inference and one
Coloured sample was homozygous for the mutationeaedy marker genotyped.
The shared haplotype identity for these intra- @xtdgagenic markers for Black
and Coloured SA CF patients suggests that the rmntatose once in the Black
population and was then introduced into the Coldyoepulation through genetic

admixture.

This haplotype was compared to haplotypes foundhisame markers in
previous studies. As shown in Table 4.1, the hgpkassociated with the
3120+1G>A mutation found in this study correlatesf@ctly with those found in

two previous studies.
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Table 4.1 Summary of 3120+1G>A associated haplotypes

Met D Km 19 J44 T845T TUB 18 J32
rs11770163 | rs916727 rs43035 rx1042077 rs213989 rs3802012
G G C G T A This study
G C G T Dork et al. 1998+
G G C Carles et al. 1996*

*NB the markers shown in this table are not fubpresentative of all the markers
that were genotyped in these studies

The haplotypes found in the Carles et al. (1996Jys{three SA families and one
Cameroonian family were studied) suggest thatrtiugation has a single origin
and that it is an old mutation that accounts fonynaf the CFTR mutations in
African Blacks, as it had been found associatet ¢ same haplotype in
Southern Africa and Cameroon. The haplotype dasaribed in the Dork et al.
(1998) study, on 17 unrelated CF patients of Afriéanerican, Arabic, African
(8 samples) and Greek origin strongly suggestethimutation has a common
origin in all but the Greek population, which diféel only at a single
microsatellite locus by one repeat unit. The arglonclude: ‘Greek and
Arab/African haplotypes of the 3120+1G>A mutatitimis] may have diverged
from a common ancestor and then evolved separiatéhe respective
populations’. In a study done by Padoa et al. 9199 identify the frequency of
the 3120+G>A mutation in African populations, tHe28+1G>A mutation was
found in several of the Sotho-Tswana-speaking @ipmris, but not in the Xhosa
(Nguni). This led us to postulate that this matatmay have arisen
independently in the Cape Coloured population emathan through Xhosa-
speaking Black admixture, as they are the predamiBEck group in the Cape
and the 3120+1G>A mutation was not found in thérhe present study shows
that this mutation was most likely passed fromBleck to the Coloured
population, indicating that the sample size studhieithe Padoa et al. (1999) (n=
52 Xhosa out of n=157 Nguni) study was too smatlétect this mutation. The
results, therefore mitigate against the possibihigt the 3120+1G>A mutation

arose independently in the Coloured population.
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4.1.2 AF508 associated haplotypes in Coloured CF patients

Analysis of theAF508 associated haplotypes revealed a C-G-C-T-@Ggbotype
in Coloured samples genotyped for Met D-Km 19-J854T-TUB18-J32. These
samples were genotyped as they carried one coie @&120+1G>A mutation or
one copy of an unknown CFTR gene mutation. Se¥é¢mea\F508 alleles out of
a total of nine appeared to carry this haplotypke two that did not carry this
haplotype showed deterioration of the haplotypé¢henextremities, those being
the furthest extragenic markers which lie 571Mbtigzsn and 541Mb
downstream of their nearest neighbours. This patiEdecay usually reflects
that the haplotype has existed for a long timethatirecombination has eroded
its ends.

The AF508 mutation has been extensively studied andéas shown to have a
single origin in many different populations, ascdissed in Chapter 1 (Stringer et
al. 1990, Morral et al. 1994 and 1996, Lucottel 1995 and 1993). Table 4.2
below highlights this, as there is a shared hapktyetween Coloured SA CF
patients; admixed African American population (Détkal. 1998) and German
Caucasians (this haplotype is also found in mahgrdEuropean countries,
specifically France) (Kerem et al. 1989; Dork etl#192) indicating that there is a
common origin for this mutation in these populasiomhe study done on the
German population supports the theory thatARB08 mutation arose from a
‘single mutational event that spread through Euanpggopulations according to a
south-east to north-west gradient’. TAl€508 mutation is assumed to have
entered the African American population throughegenadmixture because
known Europear\F508 associated haplotypes were found in thesentatin the
Dork et al. (1998) study. In the present studg AR508-associated haplotype
indicates that this mutation did not arise indeenky in the SA Coloured
population but was introduced from the White SAylagon. This haplotype has
been found in French populations and now has bmamdfin the Western Cape
Coloured population, which is likely to be admixeiih descendants of French
Huguenots, as predicted by Westwood et al. (2007).
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Table 4.2 Summary of AF508 associated haplotypes
Met D Km 19 J44 T845T TUB18  J32

rs11770163 rs916727 rs43035 rx1042077 rs213989 rs3802012

G C T G G This study
G C T G Dork et al. 1998*
G C T Kerem et al. 1989+, DOrk et al. 1992*

*NB the markers shown in this table are not fubpresentative of all the markers
that were genotyped in these studies

4.1.3 Frequency of mutations among unidentified E alleles

Haplotype inference of unknown mutation-associdkgolotypes showed a
common haplotype for six and seven of the Coloaredi Black samples
respectively. If this is calculated as a perceataigthe total number of alleles
genotyped (27 Coloured and 23 Black), then we fiivad the mutation detection
rate increases by 5.63% and 16.3%. When addisddlthe total current
mutation detection rate, we find that it is incie$o 80.03% in the Coloured and
69.9% in the Black population. It is importantiote that these samples were
phased manually with very little homozygosity amdimformative family data

and therefore the allele phase was rarely assigitedut ambiguity.

The remaining unknown mutations are likely low freqcy mutations, as no
other dominating haplotypes were found, and theeefall each account for a
low proportion of mutant CF alleles in these popates. This result provides
evidence for high heterogeneity in the CFTR gengArmBlack and Coloured CF
patients. The high amount of genetic heterogerneitiiese populations suggests
that there has been an accumulation of many differaitations and, other than
possibly 3120+1G>A andF508, selective pressure has not driven specifiesl

to high frequencies in these populations.
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In conclusion, the inferred unknown mutation-asatexd haplotypes show that
there may be two mutations that account for anesggble proportion of the
currently undetected CF alleles in these populatidhthese mutations may be
detected, then it may be worth including thesdérholecular diagnostic
mutation testing. The remaining unknown mutatiseeziated haplotypes
indicate that up to 20% and 30% of currently uncket® mutations in the
Coloured and Black mutations, respectively, arélgiikely to be low-frequency
mutations that would probably not be included imgtiostic mutation detection as

they are probably very rare and may be confinespeeific families.

4.1.4 CFTR haplotype inference in healthy controls

Carrier testing of healthy controls revealed a %2rcarrier frequency for the
3120+1G>A mutation in the SA Black population. 9 comparable to a study
done by Padoa et al. (1999), that recorded a 31@8Alcarrier frequency of 1 in
91 (8/728) in South African blacks with a 95% cdefice interval of 1 in 46 to 1
in 197.

PHASE software was used to predict haplotypesearhtdalthy controls genotyped
in this project. In healthy Black control samplég®e G-G-C-G-T-A haplotype
(the haplotype associated with the 3120+1G>A mautaith both Black and
Coloured populations) was predicted only once 6at total of 102 Black
chromosomes and was not predicted in 100 Colourszhwosomes. The C-G-C-
T-G-G haplotype associated with thE508 mutation was not predicted by the
software to be present in the samples genotypetthi®project. A total of 23
different Black and 22 different Coloured haplotypeere predicted in these
controls. Eleven exclusively in the Black samaad 10 exclusively in the
Coloured samples. Twelve haplotypes were fouriwbth, but not at the same
frequencies (five of these were found at similarlbw frequencies). The results
of this analysis show that there is a clear disitimcin haplotype distribution
between non-CF chromosomes and CF chromosomestagitind to the markers
studied. The haplotypes found associated witt3ifi#9+1G>A and\F508

mutations are underrepresented in healthy contiiss finding is in line with
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studies in European populations that have comparetb non-CF chromosomes
(Estivill et al. 1997; Morral et al. 1996).

The PHASE version used takes into consideratiorsplaeing of the markers and
the decay of linkage disequilibrium with distande.this way, the pattern of LD
among multiple loci, which depends on the undegdyiacombination rate in the
region, is estimated by the software. This prpvobability distribution of
parameter values before observing the data) isreef¢o as the “coalescent with
recombination” (MR) which is a setting that candeéected by the user, and is
computationally more intensive than settings tlranhdt take recombination rate
into account. Studies, that have used this setsimgw that there are benefits to
taking distance into account, even over short desta (Stephens and Donnelly
2003).

The accuracy of this software for inferring missgenotypes (gaps) has also been
shown in previous studies (Stephens and Schee).20bbs is important as there
are few studies, including this one, in which gapsnot found. PHASE uses the
same algorithms to infer haplotypes as it doesingsgenotypes, and therefore
infers these with comparable accuracy. The utilftthis feature was confirmed
in this study, whereby two datasets were compavbdye the one contained
missing genotypes and the other did not. Thispgarieon showed that both data
sets resulted in similar haplotype distributioribe# occurring at different
frequencies, with the dataset that did not corgajms having three additional
haplotypes. By removing samples with missing ggoex for one or more of the
markers genotyped, an unnecessary loss of infoomatcurs. The overall loss
of information and reduced sample size that ocdunga a greater effect on the
results than the presence of gaps. Because thatypresults for datasets that
contain gaps and those that do not contain gapsigingy comparable, and in
order to retain as much information as possiblmakes sense to run the PHASE
program with datasets that contain gaps. Thism@eendation, however, is
subject to the sample size and the number of santipdd contain gaps as well as

how many gaps there are in the samples on average.
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This haplotype inference program does not relgtigron the assumption of H-W
equilibrium. This was an important factor for ttteice of this software for
inference of haplotypes in Black and Coloured papahs as population
stratification, gene flow, drift, mutation and sglen are all expected to be acting
on these populations. This even more so in thekBdamples genotyped in this
project, as they represent many different chiefd@ub-populations) in Gauteng
and in the Coloured population, that is expecteshtmwv high levels of
population-specific variation and heterogeneity.fact, the H-W tests (exact
testing done by PowerMarker software) on these jadipas show that they are in
H-W equilibrium at all but one locus (KM 19 in ti@oloured population). As a
result, the PHASE program was expected to off@iréyfaccurate estimation of
haplotypes for these populations due to its redawiency when it comes to H-

W equilibrium.

The number of haplotypes that may theoreticallgXxgected when studying six
biallelic markers is 264. Approximately 35% of these potential hapletypvas
detected in both populations, which is expectethasample size is not large
enough to detect extremely rare haplotypes. Téatseof the program for these
populations may be overestimating the number ofdtgpes found and the
differences between the two populations. Thiseisaise the program allows for
recombination, which results in a higher numbeptusible’ haplotypes for
each individual; and because analysing samples diffarent genetic
backgrounds separately would tend to consistengyastimate the differences
between them and by the same token, analysing sarfrpin different genetic
backgrounds together would consistently underestiriiee differences between
them. This is because of the assumption in thisvaoé that haplotypes tend to
cluster together due to their shared ancestry lagr@tore the prediction of the
relationship between genotypes at specific lodieigendant on the prediction of
haplotypes at other loci. It may be worthwhile lggismg populations that are not
highly diverged in the same run, for the sake afga size and to maximise

genotype information per run (Stephens and Scl#)2 These types of

-03-



DISCUSSION

statistical analyses are more accurate with ineadaample sizes, number of
markers used and the uniformity of their positionhie genome (evenly spaced)
and by analysing smaller regions and lastly, bypgohany computational
iterations. In studies like this one, where statidly reconstructed haplotypes are
not critically important on an individual basisetmaccuracies which are

expected may be accepted, as long as the reseabgrarthem in mind.

In conclusion, the most reliable methods for hagetinference among unrelated
samples are Bayesian approaches which take intmatcecombination and
which do not rely heavily on the assumptions of HeWuilibrium (Stephens and
Scheet 2005). These approaches are all exercishd PHASE run that was used
for this project. The results of the haplotype gtirdBlack and Coloured healthy
controls show that the two populations have didaintiaplotype structures for the
markers genotyped, highlighting the genetic diffiers that exist between
Western Cape Coloured and Gauteng Black populatdespite the Black
admixture in the Coloured samples. The 3120+1GxAation-associated
haplotype in the CF patient samples is found arg low frequency in the
healthy Black population, which either indicatesttthe mutation arose on a rare
haplotype in the ancient population, that is stite today, or it arose on a
haplotype that was common but is no longer comrasr result of genetic drift.
Because this haplotype is extremely rare in théttne&oloured population (was
not detected in this dataset by PHASE) but is foatna very high frequency in
the patient group (Black and Coloured) associatdtd 3120+1G>A mutation,
this mutation was probably introduced into the Qodal population from the
Black population and therefore did not arise inaejestly in the Coloured
population. This conclusion also makes sens@i bf the fact that the
Coloured population is much younger than the Blaagulation, which

contributed to its gene pool.
4.1.5 Comparison between HapMap and SA populatioBNP genotype data

A comparison of SNP genotype information betweena84 HapMap

populations is highly relevant to genetic studiesSé\ populations that may
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require the use of HapMap genotype informatione Ebmparison may reveal
that the HapMap data for specific populations mayktrapolated to certain SA
populations, or that the population differenceallale frequencies between them
are dissimilar and therefore, HapMap populatiomdabuld not be relevant as
proxies for SA data. The allele frequencies inBleck and Coloured SA
populations (computed by studying Black and Coldwrentrols genotyped in this
project), and the YRI and CEU populations (inforimatobtained from the
HapMap database) were compared for the six mastedsed. Table 4.3 below
shows allele frequencies for these datasets. fRignce testing was done for the
YRI and SA Black allele data in order to test wieetthe differences between
them were significant of not. These results amwshin Table 4.4. (An example

of the calculations that were done are shown inefglix D).

Table 4.3 Allele frequencies for HapMap and SA populations

Population
HapMap: HapMap: SA: Black SA: Coloured (Western
YRI CEU (Gauteng) Cape)

Marker

Met D 0.48 (G) NA 0.63 (G) 0.72 (G)
rs11770163

Km 19 0.48 (A) 0.66 (A) 0.14 (A) 0.59 (A)
rs916727

Ja4 0.45 (C) 0.52 (C) 0.61 (C) 0.45 (C)
rs43035

T854T 0.254 (T) 0.57 (T) 0.27 (T) 0.24 (T)
rs1042077

TUB 18 0.12 (T) 0.23 (T) 0.25 (T) 0.17 (T)
rs213989

J32 0.19 (G) NA 0.18 (G) 0.17 (G)
rs3802012

Key

O Allele is indicated in brackets

NA No SNP genotype information available

The significance testing (Table 4.4) showed thatdifferences in allele
frequencies between the HapMap YRI population &aerd3A Black population

were statistically significant at the 5% confideteeel at all the marker sites.
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Table 4.4 Significance testing for differences in alletequency between

YRI and SA Black populations
Marker P-value
Met D 0.03
rs11770163
Km 19 6.03
rs916727
Ja4 0.017
rs43035
T854T 0.83
rs1042077
TUB 18 0.011
rs213989
J32 0.95
rs3802012
*df=1

p = significance level = 0.05

Ho: Allele frequencies are not significantly different

For markers Km 18, T854T and J32, the null hypathesas accepted and the
allele frequencies between the populations weresigoificantly different and
therefore, YRI SNP genotype information may be wsegroxies for SA Gauteng
Black SNP genotype information. For markers Mefl®} and TUB 18, this
result indicates that, because of their signifisadifferent allele frequencies,
HapMap YRI SNP genotype data and SA Black SNP ggeotata are not
comparable. As this work represents only a tiagtion of the genome, this mini-
study is probably best viewed as preliminary dataaflarger, more
comprehensive comparison. Despite this, this tesules as a potential warning,
as it indicates that up to half of HapMap data malybe appropriate as proxies
for the SA Black population.

4.2 Exon copy number variation in Black and Coloted CF patients

In this study SA Black and Coloured CF patientseniavestigated for exon copy
number changes in the CFTR gene, using MLPA. T®@1Fkit developed by
MRC-Holland was designed to detect exon deletiagrduplications. Although
most of the mutations that have been detectedsrgine have been point
mutations and small insertions and deletions, tleegeowing evidence in the

literature of copy number variants in this geneichtare listed in the CF
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mutation database (http://www.genet.sickkids.orft@btatisticsPage.html) as
large in/dels and account for 2.83% of the 1556atmts listed in the database.

4.2.1 MLPA: technical discussion

MLPA is a quantitative, reliable and robust metiobdetecting copy number
changes in the genome. When compared to SouthettinB, the technique is
faster; less genomic DNA is used and large numiiesamples can be analysed
simultaneously without a corresponding proportidnatease in man-labour.
There is also no threat of incomplete digestionafaiver risk of false positives.
When compared to other techniques such as comypauiggnomic hybridization
(CGH) and fluorescende situ hybridization (FISH) as well as quantitative-real
time PCR (QRT-PCR), many would argue that the tegles are comparable. In
the past five years, numerous researchers have unsadef QRT-PCR, or
modifications of this technique, to detect copy bemchanges in many different
genes, including the CFTR gene. The main benefitsis technique are that it is
also multiplex (albeit not with universal primebsit usually multiple primers,
which decrease the robustness of the techniquefaauatitative measures of
DNA copy number are ascertained using light-cytdehnology, whereby the
DNA of interest is compared to a reference (copsample. MLPA is also rapid,
reliable and sensitive and does not require thengd computational analysis that,

for example CGH requires.

Schouten et al. (2002) proposes that Southernrmcdind long range PCR be
used to verify the result found by using the MLPA kn a study by Meuller et al.
(2004), genomic deletions in the APC gene weredotirst by performing

MLPA and then quantitative real-time PCR (QRT-P@R} used to verify the
MLPA result. These are both quantitative methaa$waere followed by
subsequent verification using fluorescansitu hybridisation (FISH). The
deletion was further verified and characterisedhwong-range PCR and
sequencing. The authors concluded that MLPA “eesarsensitive high-

throughput screening for large deletions of the Afé@e”. This study highlights
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the importance of verification of MLPA results. @MLPA technique is only

diagnostic in cases where a mutation in a famikniswn.

MLPA is relatively labor intensive but it is extrety sensitive and is easily
performed with equipment that is readily availablenost research laboratories.
It is very effective for the detection of deletiamsduplications in genes, even of
single exons in a multiplex-type reaction, whiclowak for relatively rapid and

high-throughput mutation detection.

4.2.2 Analysis of MLPA products

Once guantitative MLPA data were generated, théyaiseof the data was done
by using a macro that was developed specificaliyHis project. The most
effective way of using this CDC_AnalysisMacro foLRIA data analysis was
investigated (the aims of this are outlined in Eahb). The following are some
conclusions that were drawn. These conclusionagpécable not only to the
analysis of the data using this particular macu abso addresses some of the
principles of analysing MLPA data in general: Bssfound that control samples
do not necessarily yield good quality products, @y must be evaluated as
controls before they are used as a standard tdwaaimple data is compared.
Controls with homozygous exon copy number variants internal control peak
copy number variants as well as controls thatdgfadlity control evaluation, when
compared to other controls, should be eliminatethfthe analysis. When
comparing the deletion control samples to unmatcuwedrols (for ethnicity) it
was found that the result was the same or verylaimwhen comparing to the
results of data that was analysed against matabretdods. Interestingly, when
comparing the Korean deletion control to unmatat@atrols (no matched
controls were available), the use of Black contyad$ded better results (no other
exon copy number variants were found, other thard#ietion that is present in
that sample). This may be because there werehahigimber of Black controls
than Coloured controls and therefore the standevéhtion of normal inter-run

variation was found to be higher in Black controlhis testing showed that it is
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discretionary to compare Black and Coloured samplesmatched controls (for

ethnicity), so long as the controls were checketideemed reliable.

When comparing the Black deletion control to colsttbat were generated in
different laboratory runs, it was found that thalgisis showed false duplications
or deletions if those controls were not checkedr dny statistical analysis, it is
always better to have as many control samples ssilge. For this reason, the
question of whether samples may be compared toa@amples that were
generated in other runs is important, so that theber of controls tested can be
balanced against cost. If samples are to be cadpmaly to controls that are
generated in the same run, then at least five goadity controls must be
generated in each run. This could be very expensgnerefore it would be
advantageous if samples could be compared to dsritoon other runs; and if
this were possible, then control sample sizes cactdimulate, until fewer
numbers of controls would have to be tested per fitre evaluation showed that
samples can be compared to a mixture of controptesn some that were
generated in the same run and some that were gedéneother runs, so long as

the controls were checked and deemed reliable.

Internal control peaks are used in the analystatoulate the quality of the
samples used. When testing whether internal clopéaks can be removed from
the analysis of MLPA products, it was found thag guality control calculation
showed less accurate results, the fewer IC peakes uged to calculate it. The kit
that was used in this project was produced for @sian European or North
American populations. This means that it was neated with SA population-
specific SNP and STR variants in mind. These wigianay have an effect on
probe binding, even if they are near to, and ntheiprobe ligation site (Schouten
et al. 2002). There is therefore, a possibiligttlC peak signals may be affected
by variants that are located in or near the probditg sites, in SA populations.

If this is found, should these peaks be removeuh fitte analysis? These peaks
are meant to give an indication of the qualitytattsample. The question of

whether IC peaks should be removed is importardiee if one or more of the

-99-



DISCUSSION

peaks had low or high peak signal due to populapetific variants, then the
peak(s) that are affected should be removed rétherdiscarding (or optimising)
the sample. The evaluation of the analysis shahatthese peaks can be
removed only if one of these peaks is deleted plichted. If there was a
common variant in a population, the control andsheple peaks would both
have it and therefore it is unlikely that the as@yvould pick it up. Samples
with IC peak aberrations should be optimised andineand if still present, the
mutations should be validated and if the copy nunchanges are not verified

(shown to be a false artefact) then the sampleldisudiscarded.

Users are warned, in the P091 kit specificatidmet, ¢xon 6b shows more inter-
run variability than other exons, and this was taméd in this project. Removing
this exon from the analysis had no effect on thayesis of other exons. By
removing exon peaks from the analysis, one runsisheof missing true deletions
or duplications in those exons, however by keepinth peaks in, one runs the
risk of publicising exon copy number variationsttaee not real. This problem
emphasises the importance of validation of copylmemechanges that are found

using MLPA, in the research setting.

The evaluation of the MLPA data analysis asseseaddontrol samples, internal
control peaks and exon peaks should be evaluatkdplied for the analysis of
MLPA data. In conclusion: Control samples shalldays be checked before
they are used in the analysis. Control samplg®of DNA quality (degradation
or contamination), those that show copy number gbamor severe waning off of
peaks signals of longer fragments should not bd.uBéack and Coloured
samples may be analysed using a mixture of BladkGuloured controls.
Samples may be compared to controls that are gexdoath in the same and in
different runs, but not exclusively to controls geated in different runs.
Removing internal control peaks and exon peaks ftwranalysis is not

recommended.
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The analysis macro that was made for use in thigprwas assessed in the ways
discussed above and was also contrasted againstafdime other software that is
currently available (all of these are availableffee download except
Genemarker). Table 4.5 below highlights only treganadvantages and
disadvantages of these programs. The finer pthatscould be discussed are
beyond the scope and the aims of this project. ma@r reasons that these other
programs were not used are outlined in this tablee macro that was developed
in this project was based largely on the calcutatithat are used in Coffalyser
and the Manchester analysis sheets. The only @amognat | would not advise for
the analysis of MLPA data is Genemarker (versi@wlas used in this project).
The major disadvantage of this program is thagl#cs only one control sample
to which the patient samples are compared, ancevilid user may change this
control at their own discretion, the software tahtieselect a patient sample
rather than a control sample, to use as a confifais is very disconcerting as, if
there is a common aberration in the patient samjple®uld not be detected and
would appear normal; and as there are usually patient samples than healthy
controls in a typical run, the controls would ‘séenutated and the patients
samples normal, if they all contained the same timuta Caution should be
exercised when using the Manchester analysis slaetse macro tends to
overestimate the number of mutations in a samples means that the macro
calculations are too ‘lenient’ or, more likely, thie ranges that are set to define
the parameters of their hypotheses (this being abmeleted or duplicated) are
too wide. This could, in my opinion be avoidedhese sheets, by simply
allowing the user to analyse their data againsencontrols (if need be, the SD
range would therefore be widened). This probleghlights the importance of
allowing the data to dictate the ranges rather thamesearcher, and this can only

be done if enough data is available.
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Table 4.5 The advantages and disadvantages of four pragfanthe analysis of MLPA data

Software Advantages Disadvantages

Coffalyser * Regression analysis * Program contains many bugs and
 Option of filtering data for the user could not be used

Genemarker » User may choose between two * A major disadvantage is that

(30 day trial normalisation methods while the user inputs both controls

version used)

Regression analysis

Performs many iterations

and sample data, the program

selects which it considers to be

the control and analyses all samples
against this control. The software tended

to choose a patient sample as a control

Manchester analysis
sheets

Calculates DQs, and likelihood

of three hypotheses: normal, deleted

or duplicated dosage

Sample quality is assessed

* Maximum of five controls and ten
samples can be analysed at once

» Sheets showed the incorrect deletion

when tested with the known deletion

control

CDC_AnalysisMacro

Sample quality is assessed
Can analyse up to 15 controls per run
Calculates DQs as well as significance

testing

¢ Requires manual filtering

* No regression analysis

4.2.3 MLPA findings
In this project a deletion of exon two of the CFg&he was found in one Black

patient (CF 390). This deletion was not confirnbgdalternative techniques and

the breakpoints were not determined, however, & alsao found in this patient

independently in a French laboratory to whom theAD¥dmple had been sent

many years ago for mutation detection. The mutatias verified by the French

group using semi-quantitative fluorescent PCR. éxhe deletion was detected,

whole genome amplification was used to increasatheunt of DNA that was

available (as only minute quantities remained) tedntronic mutation
(c.54-1161 c.164+1603del2875) was characterisedigin mapping and

sequencing. The study revealed that the mutatimeahanism could be

explained by a classical model of replication slige due to direct repeats present

at the 5’ and 3’ breakpoints (des Georges et &l7P0As the mutation was
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concurrently detected and verified in the Frenaugy it was used in this project,
after it had been independently identified, as sitp@ control to test the analysis

macros and programs for MLPA, as discussed in@edti2.2.

This mutation removes residues 91 to 163 of thenaracid chain and the effect
of this mutation on the protein is the removalhd first two transmembrane
regions within the first membrane spanning domuaihi¢h forms the chloride
channel). Two cytoplasmic and one extracellulaotogical domains
(topological domains are the regions that conrfectiansmembrane domains,
either on the extracellular or on the cytoplasndes of the channel) are also

removed (http://www.expasy.orgttp://www.genet.sickkids.on.ca/chir/ This

patient has one positive sweat test and other symgpsuggestive of CF,
including respiratory failure. The seemingly claaksymptoms of CF combined
with the mutation that results in a defective aierihat will hinder conduction
through the membrane indicates that this is a seweitation and could probably
be classified as a class 4 mutation (accordinpectassification of Zielenski and
Tsui 1995). The classification of a mutation igortant for treatment and
counselling purposes, but since this mutation veagaund in any other patients,
it is probably isolated to this family and is presat very low frequencies
amongst CF alleles. This implies that the mutatidhnot be included in the
diagnostic panel of mutations that are testedrfd@lack patients with symptoms
suggestive of CF. This result suggests that copylber variants of CFTR gene
exons is not a major mutational mechanism givisg to CF in Black and
Coloured SA CF patients. It must be noted thad,tha sample size been larger, a
more accurate frequency of the mutation in thegaifadions may have been

calculated.

4.3 Future studies

Some follow-up studies that may be undertakenrasult of the conclusions
drawn from this project for mutation detection e tgene include: a) Test Black
patient samples with at least one unknown mutdtiothe low frequency
mutations that have been detected in this populd@d1249E, 3196del54, -94G >
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T, 2183delAA); b) Increase sample size of patievith at least one unknown
CFTR mutation and test for copy number changegt@gnore accurate
frequency of the exon 2 deletion and to furtheede€NVs in SA Black and
Coloureds CF patients c) Denaturing gradient gattedphoresis or single
stranded conformation polymorphism (SSCP) and sexug of products that

that showed a different mobility from those in &erence control, of coding and
flanking intronic sequences of the CFTR gene, is@gith the samples that
showed a common unknown mutation-associated hag@otin these samples, the
exons or introns that harbour the highest numbenwtations worldwide should
be studied first; d) Copy number mutation deteciionon-coding sequences as

well as upstream and downstream regulatory seqeearsiag QRT-PCR.

4.4 Conclusions

The MLPA results obtained in this study indicatattexon copy number variants
in the CFTR gene do not contribute significantlyrtatations in Black and
Coloured SA CF patients. The detection of a hetggous exon 2 deletion in a

single Black patient is probably isolated to thanily.

Haplotype analysis of patients with at least on2031L.G>A mutation shows a
common origin of the 3120+1G>A mutation in Blaclda@oloured South African
CF patients. These data provide further evidehae@F has a common origin in
many populations and that there is probably aneamcsingular, Black African
origin for the 3120+1G>A mutation.

Haplotype analysis of patients with at least onenemwn mutation shows that
there is likely one mutation each in the Coloured Black population that may
account for an appreciable fraction of the unkn@#TR mutations in this
population. The remaining 20% of Coloured and 3fi%lack mutations are
likely low-frequency. These unidentified mutatiomere shown in this project

not to be deletions or duplications of CFTR genansx
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APPENDICIES

APPENDIX A: SUBJECTS AND ETHICS APPROVAL

Table A.1: Coloured patients and family members: phenogekgenotype

information
CF Code Molecular tests Genotype Selection Criteria
CF032 Kitl2, 3120+1G>A AF508/U One positive sweat test
Patient in ICU
Pseudomonas
CF120 Kit12, 3120+1G>A AF508/AF508 Two CFTR mutations
CF120 M AF508508 AF508/N Haplotype phasing
CF120 F AF508/N Haplotype phasing
CF217 Kit22,3120+1G>A 3120+1G>A /R1162X | Two positive sweat tests
Two CFTR mutations
Personal communication with
CF433 3120, 394 delTT U/U Dr Westwood
CF546 Kit22,3120+1G>A u/uU Two positive sweat tests
Personal communication with
CF620 Kit20, 3120+1G>A 3120+1G>A/U Dr Westwood
CF 620 M 3120+1G>A 3120+1G>A/N Haplotype phasing
CF626 Kit22,3120+1G>A AF508/3120+1G>A Two CFTR mutations
CF626 M Kit22,3120+1G>A AF508/N Haplotype phasing
CF 626F Kit22,3120+1G>A 3120+1G>A/N Haplotype phasing
Personal communication with
CF640 Kit22,3120+1G>A uU/U Dr Klugman
3120+1G>A/
CF651 Kit22,3120+1G>A 3120+1G>A Two CFTR mutations
Personal communication with
CF662 Kit22,3120+1G>A AF508508 /U Dr Westwood
Personal communication with
CF664 Kit20, 3120+1G>A AF508508 /N Dr Westwood
Personal communication with
CF665 Kit20, 3120+1G>A u/u Dr Westwood
CF665 M 3120+1G>A U/N Haplotype phasing
Personal communication with
CF666 3120+1G>A 3120+1G>A/N Dr Westwood
CF672 Kit22,3120+1G>A AF508/3120+1G>A Two CFTR mutations
CF672M Kit22,3120+1G>A AF508/N Haplotype phasing
CF675 Kit22,3120+1G>A AF508/3120+1G>A Two CFTR mutations
Personal communication with
CF685 Kit22,3120+1G>A AF508508 /U Dr Westwood
Personal communication with
CF741 Kit22,3120+1G>A N/N F5080r 3120 Dr Klugman
3120+1G>A/
CF766 Kit22,3120+1G>A 3120+1G>A Two CFTR mutations
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Table Al: Continued

CF788 Kit22,3120+1G>A AF508/3120+1G>A | Two CFTR mutations

CF788 M | 3120+1G>A 3120+1G>A/N Haplotype phasing

CF917 Kit31 u/J Recurrent wheezing
symptoms suggestive of
CF

CF947 Kit31 U/U One sibling died of CF

CF1008 Kit32 U/U One positive sweat test

CF1014 Kit33 U/U One positive sweat test

Key

M Mother

F Father

U Unknown CFTR genotype

N Non-CF allele

Table A.2: Black patients and family members: phenotype gartbtype information

CF Code
CF225

CF225 M
CF225 F

Molecular tests
AF508,
G1249E, 3120+1G>A

3120+1G>A

Genotype
G1249E / 3120+1G>A

3120+1G>A/N
G1249E /N

Selection Criteria
Three positive sweat tests
Fatty stool
Failure to thrive
Haplotype phasing
Haplotype phasing

CF387

3120+1G>A, AF508

u/u

Two positive sweat tests
Chronic or recurrent pulmonary infections
Parents are related

CF389

3120+1G>A, AF508

u/u

Symptoms strongly suggestive of CF
Recurrent respiratory infections
Chronic lung disease

CF390

3120+1G>A

3120+1G>A/U

One positive sweat test
Symptoms suggestive of CF
One sibling died of respiratory problems

CF395

3120+1G>A, AF508

N/N

One positive sweat test

Severe asthmatic

Pseudomonas infection

Failure to thrive

Kwashiorkor/Marasmus

Chronic or recurrent pulmonary infections

CF462

Kit12, 3120+1G>A

u/u

Severe inspissated meconium
Patient on respirator

CF526

3120+1G>A

3120+1G>A/3120+1G>A

Diarrhoea, Kwashiorkor
Bowel obstruction
Meconium lleus
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Table A.2. Continued

Personal communication with Dr

CF534 3120+1G>A 3120+1G>A/U Henderson
CF538 3120+1G>A 3120+1G>A/U Meconium lleus
Bowel obstruction
CF603 3120+1G>A 3120+1G>A/3120+1G>A | Failure to thrive
CF638 3120+1G>A u/U Meconium lleus
Constipation
Chronic or recurrent chest infections
CF652 3120+1G>A 3120+1G>A/3120+1G>A | Two CFTR mutations
CF736 3120+1G>A u/U Recurrent chest infections
Failure to thrive
Unsuccessful sweat test
CF782 Kit22,3120+1G>A u/u One positive, two negative sweat tests
Recurrent chest infection
Lobectomy
Personal communication with Dr Klugman
CF800 3120+1G>A u/u One positve and one negative sweat test
Lower respiratory infection
Patient treated as CF and recovered
Personal communication with Dr Klugman
CF801 3120+1G>A u/u Two positive sweat tests
Severe failure to thrive
CF826 3120+1G>A u/u Oxygen Needed
Low Chymotrypsin
Failure to thrive
Respiratory difficulty
CF849 Kit29, 3120+1G>A 3120+1G>A/U Two positive sweat tests
Symptoms strongly suggestive
of CF
Key
M Mother
F Father
U Unknown CFTR genotype
N Non-CF allele
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University
of the Witwatersrand,

Human Research Ethics Committee (Medical) Johannesburg
(formerly Committee for Research on Human Subjects (Medical)

Secretariat: Research Office, Room SH10005, 101
: \ , 10th floor, Senate House + Telephone: +27 - 2 ;
Private Bag 3, Wits 2050, South Africa > e pn i

18 December 2006

_ MsCLDe Carvalho
“MSC (Med) Students— = — R S
Department of Human Genetics ;

NHLS
AW
Dear Ms De Carvalho
RE: _ Ethics for Masters Project M050533
This letter serves to confirm that the Chairman of the Human Ethics Research
Committee (Medical) has approved your request to use the abovementioned
protocol number for your MSc (Med) research project. Copy attached
Yours sincerely,
Anisa Keshav (Ms)
e Secrelany. . T
Human Research Ethics Committeg (Medical) : R
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R14/49 Ramsay/Soodyal et al . e

LEARANCE CERTIFICATE PROTOCOL NUMBER M050706

CLEARANCE CERTIFIL A

PROJECT Genetic Disease Related Studies in
Southern African Population: Control
Samples
INVESTIGATORS ; Professors M/H Ramsay/Soodyal et al
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A
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DATE 05.08.01 CHAIRPERSON . (122 S

(Professor PE Cleaton-T ones)
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ce: Supervisor : Prof A Krause

DECLARATION OF INVESTIGATOR(S)
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APPENDIX B: RFLP protocol

Diagnostic protocol for CF 3120+1G>A mutation
1. PCR reaction

PCR Stock Final Volume (ul)
Components concentration concentration

DNA il
dNTPs 1.25mM (10x) 1x 25
Amplitag polymerase 2.5 Ul 1U 0.2
MgCl, 25mM 2.5mM 25
Spermidine 1/40 dilution of 0.1M 2.5
Forward primer (16bi-5) 10pmol/ul S5pmol/ul 0.5
Reverse primer (16bi-3) 10pmol/pl 5pmol/pl 0.5
Amplitag polymerase

buffer 10 x 1x 25
Distilled H,O 12.3
TOTAL 25

Include a normal and a heterozygote control for each PCR run.
Include an additional sample in the PCR reaction to be used as an uncut control

PCR conditions: (2.5

hours)

94<C; 5 minutes

94<C; 1 minute}

51C; 1minute} 30 cycles
72C; 1 minute}

72<C; 10 minutes

Check 5u PCR product on a 3% agarose gel. PCR product size: 570bp

2. Restriction enzyme digestion

Reagent Stock Final Volume (ul)
concentration concentration

PCR product 20

BstN1 (NEB) 10 U/ul 10U 1

NEB buffer 2 10x 1x 3.5

Distilled H,O 10.5

Total 35

Incubate at 60<C for 2 hours

Run 35ul of digestion product on a 3% agarose gel

Expected fragment sizes: Mutation: 537bp, 33bp; no mutation:
340bp, 197bp, 33bp
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APPENDIX C: SOLUTIONS AND BUFFERS

Expected fragment sizes of 1kb+ ladder (Invirogen)

0.5M EDTA (pH 8)

93.069g EDTA

500ml dHO

Adjust pH by adding concentrated 5M NaOH
Adjust the volume of the solution to 1 liter usidig,O

10x TBE Buffer

108g Tris base
55¢g Boric acid
7.49 EDTA

Adjust the volume of the solution to 1 liter usidig,O

1x TBE Buffer
Iml 10x TBE buffer
9ml dBoO
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1x TE Buffer pH 8.0

5ml 10mM Tris
iml 1ImM EDTA
Make up to 500ml with dpO

Adjust pH by adding concentrated HCI

3% Agarose Gel

300ml 1x TBE

9g Agarose
Mix agarose and 1x TBE

Heat until all agarose is dissolved

Add 3ul ethidium bromide (10mg/ul) and mix

0.8% Agarose Gel

300ml 1x TBE
249 Agarose
Mix agarose and 1x TBE

Heat until all agarose is dissolved

Add 3ul ethidium bromide (10mg/pl) and mix

dNTPs (1.25mM stock) (Invitrogen)
12.511 100mM dGTP

12.511 100mM dATP

12.511 100mM dCTP

12.511 100mM dTTP

95Qul ddH,O

Ficol-bromophenol blue loading dye (100ml)
259 sucrose

5ml 0.5M EDTA (pH7)

0.05g Bromophenol blue dye

5g Ficoll

Make up to 50ml with dkD

1kb/ 1kb+ Ladder
109ul 1kb/1kb+ ladder
50ul Ficoll dye

8.4ul 1IXTE

PCR primers

For a 100uM stock solution, 1XTE (pH8) buffer wasled to the primer
according to the primer manufacturers specification

To prepare working stock: Add 10ul of the 100pMusioh to 90ul of 1XTE
buffer for a final volume of 100pl
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NaOH (10N)
800ml distilled water
4009 NaOH pellets

Adjust the volume of the solution to 1 liter usidig,O

Tris-Cl (1M) pH 8.0

121.19g Tris base

800ml ditilled water

Adjust pH by adding concentrated HCI

Adjust the volume of the solution to 1 liter usidig,O

Binding buffer pH 7.6

10mM Tris-HCI 1.21g
2M NaCl 1179
1mM EDTA 0.292¢g
Tween 20 1ml

Adjust pH using HCL
Adjust the volume of the solution to 1 liter usidig,O

Annealing buffer pH 7.6

20mM Tris-Acetate 2.429

5mM Mg-Acetate 1.07¢g

Adjust pH using acetic acid

Adjust the volume of the solution to 1 liter usidig,O

0.5M Denaturation solution
NaOH 20g
Dissolve in 1 liter d&HO

Washing buffer pH7.6

10mM Tris-acetate 1.219g

Adjust pH by adding acetic acid

Adjust the volume of the solution to 1 liter usidig,O

70% Ethanol
100% ethanol 70ml
dH,O 30ml
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APPENDIX D: EQUATIONS AND CALCULATIONS
A) PowerMarker

H-W equilibrium is calculated; for a single loctise MLE of the disequilibrium
coefficientD w for allelesAus andAv is:

. '35_—“ I u=v
D, = [ TPl .
|55, ~ 18,

and the variance 1s estunated using the follow formulas:

Var(D )— pr(-p) +(1-2p)D, - D’ ]

L uu

1
Var(D,,) £ — ]pnml pA- pJ+Z{pHD +p.D,,)

-[-B,-5) -2, -5, |D, + Bi B, -2D, }.

The chi-square goodness-of-fit test is formed bBgutating the chi-square
statistic:

n

2 (7, ?rpu (n,, —2np, P,
r= Z— »

u ?'ilpu U vFU '—"}'i'};.up'L

)?

B) Significance testing

| Allele: G C TOTAL
YRI 57 61 118
Expected 64.6190476 | 53.38095
Chi Squared 0.89834018 | 1.087464
SA Black 58 34 92
Chi Squared 1.15221892 | 1.394791
Expected 50.3809524 | 41.61905
TOTAL 115 95 210

To calculate chi squared: Sum all Chi Squaredesain table
Themed, Chi Squared = 4.532
To calculate p: Use CHIDIST Excel function
Therefore p = 0.03325
Significance level: 0.05

Therefore, the null hypothesis is rejected at $testgnificance level
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APPENDIX E: MLPA INFORMATION

Length (nt) |SALSA Probe #

Chromosomal position

64-70-76-82 DQ-control bands*

94 Synthetic Control probe 2q14
130 Control probe 0797-L0463 5g31
136 GASZ probe 3571-L.3264 58 Kb before the CFTR gene
142 CFTR probe 2956-L.2388 Exon 13
148 CFTR probe 3842-L3315 Exon 23
154 CFTR probe 2944-L2376 Exon 1 promoter region
160 CFTR probe 2957-L2389 Exon 14
166 Control probe 2881-L2348 19q12
172 CFTR probe 3578-L2939 Exon 24
178 CFTR probe 2958-.2390 Exon 14
184 Control probe 2882-L2349 19q13
190 CFTR probe 3574-L2400 Exon 24
198 CFTR probe 2946-L3265 Exon 2
204 CFTR probe 2959-L3266 Exon 15
211 Control probe 0472-L0088 12q14
220 CFTR probe 2947-12379 Exon 3
229 CFTR probe 2960-L2392 Exon 16
238 CFTR probe 3839-L3312 Exon 1
247 CFTR probe 2948-L2380 Exon 4
256 CFTR probe 2961-12393 Exon 17
265 Control probe 2318-L1809 19p13
274 CFTR probe 2949-L2381 Exon 6
283 CFTR probe 2962-L2394 Exon 17
292 CFTR probe 3841-L3314 Exon 12
301 CFTR probe 2950-L2382 Exon 6
310 CFTR probe 3576-L3179 Exon 18
320 Control probe 1866-L1425 1p34
328 CFTR probe 3102-L2510 DF508 mutation specific. Not yet present
337 CFTR probe 2951-L2383 Exon 7
346 CFTR probe 3840-L3313 Exon 5
353 CFTR probe 3577-L2396 Exon 19
364 CFTR probe 2952-1.2384 Exon 8
373 Control probe 1589-L1161 13q14
382 CFTR probe 2965-L2397 Exon 20
391 CFTR probe 2953-L2385 Exon 9
400 Control probe 2598-L2069 535
409 CFTR probe 2966-.2398 Exon 21
418 CFTR probe 2955-L.2387 Exon 11
427 Control probe 0680-L0121 7935
436 CFTR probe 2967-L2399 Exon 22
445 CORTBP2 probe 3572-L3267 58 Kb after the CFTR gene
454 Control probe 0605-L0018 15926
463 CFTR probe 2954-L2386 Exon 10
472 Control probe 1032-L0604 1p13.2
481 Control probe 1060-L0628 17921

Table E.I. Chromosomal position of probes in MLPA kit (P)91
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Table E.2: Laboratory protocol for MLPA

MLPA Kit-Based PROTOCOL

Reagents Amount ( pl)
1. HYBRIDISATION PROTOCOL
SALSA PROBE-MIX (black cap) 15
MLPA BUFFER (yellow cap) 15
DNA (200ng/ul 5
Total 8
2. LIGATION PROTOCOL

(transparent
LIGASE-65 BUFFER A cap) 3
LIGASE-65 BUFFER B (white cap) 3
WATER 25
(mix thoroughly)
LIGASE-65 (brown cap) 1
(mix thoroughly)
Hybridisation product 8
Total 40
3. PCR PROTOCOL
MLPA LIGATION
REACTION 10
SALSA PCR BUFFER (red cap) 4
WATER 26
(heat to 60 C)

(to be
POLYMERASE MIX prepared) 10
TOTAL 50
POLYMERASE MIX
SALSA PCR-PRIMERS (purple cap) 2
SALSA ENZYME
DILUTION (blue cap) 2
WATER 55
SALSA POLYMERASE (orange cap) 0.5
TOTAL 10

Thermocycler protocol

Denaturation:
98°C 5 mins
open
25°C lid
Hybridisation:
95°C 1min
60°C 16hrs
54°C hold
Ligation:
54°C 15mins
98°C 5mins
PCR:
60°C hold

95°C  30s  }

¥
60°C 30s 35cycles

72°C  1min  }

72°C 20min
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Notes on the MLPA laboratory protocol

1. Centrifuge reagents before first use only. Theeeafesuspend by
repeated pipetting to prevent the disintegratiolong probes.

2. Buffers are extremely viscous; therefore all mighsuld be thoroughly
resuspended.

3. To avoid contamination in the PCR reaction, be soirgse dedicated
pipettes and to clean bench surfaces with 1% hypatasolution.
Ideally work in another room, and remember to vilpgrmocycler.
Always use a PCR negative control.

4. Ligation products may be stored up to one weekR@tat longer at -20°C.

5. MLPA is extremely sensitive to contaminants; thereflow
concentrations (30-74ng) of genomic DNA should be used.

Protocol for visualisation of products on capillarygenetic analyser

Sample preparation

1. Prepare master mix: HiDi formamide (d)7and ROX 500 (0.3)

2. Aliquot Qul of this mix into wells of an ABI plate and addlof MLPA amplification
product

3. "Blank" empty wells with 1@ of HiDi formamide

4. Denature products by heating plate in thernaddeyfor 2 minutes at

95°C

3120x! software protocol
In plate manager

1. Choose a run-specific name

2. Application: GeneMapper 3130xI
In plate editor

Priority: 100

Size standard: GS 500 (-250)

Panel: None

Analysis method: Microsatellite default

Results group: create

Instrument protocol: ppl6_36 pop7 ANY4DYE
Load plate onto the try and link the plate in tbé&ware
Click PLAY

Analysing products in GeneMapper

1. After uploading results from the results granp GeneMapper, select the analysis settings
tab

2. Select specific settings, or use default sgitemd analyse by pressing
play

3. View the product peak pictures and export pead, height and area information
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APPENDIX F: GENOTYPE RESULTS

Table F.1: Genotype results for Coloured patient samplekiding family results where available

Subjects CFTR genotype Met D Km 19 J44 T845T TUB 18 J32
rs11770163 @ rs916727 rs43035 rs1042077 | rs213989 rs3802012
CF 32 AF508 /U G/C G/A c/cC GI/T G/G AlG
CF 120 AF508 / AF508 G/C nr c/C T/T G/G AlG
CF120M | AF508/N G/C nr AlC T/T GI/G AlG
CF120F | AF508/N G/C nr c/cC T/T GI/G AlG
R1162X/
CF 217 3120+1G>A G/C AlG c/cC GI/G G/T AlA
CF 433 u/u G/C G/G AlC T/T G/T AlA
CF 546 u/uU G/C G/G A/C G/G G/T AlA
CF 620 3120+1G>A/ U G/G AlG c/cC GI/G G/T AlA
CF620M | 3120+1G>A/N G/G AlG A/C GI/T G/T AlA
CF 626 AF508 / 3120+1G>A G/C nr c/cC GI/T nr nr
CF626 M | 3120+1G>A/N G/C AlG A/C GI/T G/T AlA
CF626 F | AF508/N G/C AlG AlC T/T GI/G AlG
CF 640 u/u G/G AlA A/C GI/T G/G AlG
3120+1G>A/
CF 651 3120+1G>A G/G G/G c/cC G/G T/T AlG
CF 662 AF508 /U G/C AlG c/cC GI/T GI/G AlG
CF 664 AF508 /U nr AlG c/cC GI/T GI/G AlG
CF 665 u/u GI/G AlG AlA GI/T T/G AlA
CF665M | U/N G/G AlG A/C T/G G/T AlA
CF 666 3120+1G>A/ U G/G G/G c/cC GI/T G/T AlA
CF 672 AF508 / 3120+1G>A G/C G/G c/C GI/T G/T AlG
CF672M | AF508/N G/C AlG nr T/T GI/G AlG
CF 675 AF508 / 3120+1G>A G/C G/G c/C GI/T G/T AlA
CF 685 u/u G/C G/G AlC GI/T G/T AlG
CF 741 u/u G/C AlA AlA GI/T G/G AlA
3120+1G>A/
CF 766 3120+1G>A G/G G/G c/C GI/G T/T AlA
CF 788 AF508 / 3120+1G>A G/C G/G c/cC GI/T G/T AlG
CF7838 M | 3120+1G>A/N G/G G/G c/cC GI/G G/T AlA
CF 917 u/u GI/G AlA AlC nr G/T AlG
CF 947 u/uU c/C G/G c/C GI/T G/G G/G
CF 1008 u/u GI/G G/G nr GI/G T/T AlA
CF 1014 u/uU G/C G/G nr G/G G/T AlG
Key
nr Indicates that there is no result
U Indicates an unknown CFTR genotype
N In obligate carriers, indicates where there is no CFTR mutation genotype
M Mother
F Father
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Table F.2 Genotype results for Black patient samples idicig family results
where available

Subjects CFTR genotype Met D Km 19 Ja4 T845T TUB 18 J32

rs11770163 rs916727 rs43035 @ rs1042077 rs213989 | rs3802012

G1249E /
CF 225 3120+1G>A G/G G/G Cc/C T/G GI/T AlA
CF225M 3120+1G>A/N G/C G/G AlC GI/T T/T AlG
Cf225 F G1249E /N G/C nr A/C G/T G/T AlG
CF 387 Uu/uU G/G G/G AlA T/T G/G AlG
CF 389 Uu/uU G/C G/G AlA T/G G/G AlA
CF 390 3120+1G>A/ del 2 G/G G/G c/C T/G G/T nr
CF 395 u/u c/C AlG AlA GI/T GI/T AlA
CF 462 Uu/uU G/G Al/G A/C T/T G/G AlA
3120+1G>A/
CF 526 3120+1G>A G/G nr c/C G/G T/T AlA
CF 534 3120+1G>A/ U G/G AlG c/C G/T G/T AlA
CF 538 3120+1G>A/ U G/C AlG c/C G/T G/G AlA
3120+1G>A/
CF 603 3120+1G>A G/G G/G c/C G/G T/T AlA
CF 638 u/u G/G AlG AlC G/T G/G AlG
3120+1G>A/
CF 652 3120+1G>A G/G nr Cc/C G/G T/T AlA
CF 736 u/u G/G G/G c/C GI/T GI/T AlA
CF 782 u/u c/C G/G AlA T/T GI/T AlG
CF 800 u/uU G/G AlG AlA G/T G/G AlA
CF 801 u/u G/C G/G c/C G/T G/G AlA
CF 826 u/u c/C AlA AlC G/G G/G G/G
CF 849 3120+1G>A /U G/G G/G AlC G/G TI/T AlG
Key
nr Indicates that there is no result
Indicates an unknown CFTR
] genotype
N In obligate carriers, indicates where there is no CFTR mutation genotype
M Mother
F Father
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Table F.3 Genotype results for Black unaffected controls

Controls MetD Ja4 T845T Tub 18 J32
rs11770163 rs43035 rs1042077 rs213989 rs3802012

RB1 G/G G/G c/C nr G/G AlA
RB2 G/C AlA A/C T/T G/T AlG
RB3 G/G G/G AlA G/G G/G AlA
RB4 G/G AlG c/C G/G GI/T AlA
RB5 G/C nr A/C G/G G/G AlA
RB6 nr G/G AlA GI/T G/T AlA
RB7 G/G AlG A/C G/T G/G AlG
RB8 G/G G/G AlA nr TI/IT AlG
RB9 G/C G/G A/C TI/T G/G AlA
RB10 G/C AlA c/C G/G TI/IT AlA
RB11 G/G G/G AlC G/G G/G AlG
RB12 G/C nr A/C G/G G/T AlG
RB13 G/C nr A/C G/T TIT AlA
RB14 c/C AlG AlC G/G G/G AlG
RB15 G/C nr AlC G/G G/G AlG
RB16 G/C nr c/C G/G G/G AlG
RB17 c/C G/G c/C GI/T GI/T AlG
RB18 G/C G/G c/C G/G G/T AlG
RB19 nr G/G nr G/G G/G AlA
RB20 G/C AlG A/C G/G G/G AlA
RB21 G/C nr nr G/T nr nr

RB22 G/C G/G A/C G/G G/T AlA
RB23 nr G/G A/C G/T G/G AlA
RB24 G/G nr c/C nr G/G AlA
RB25 G/G nr A/C G/T G/G nr

RB26 G/C nr AlA G/T TI/T AlA
RB27 G/C nr Cc/C nr G/G AlG
RB28 G/C nr AlC G/G G/G AlA
RB29 G/C nr A/C G/G G/T AlA
RB30 G/G nr AlC G/G GI/T AlA
RB31 G/G G/G Cc/C G/T G/G AlA
RB32 G/G nr AlC GI/T G/G AlA
RB33 G/G G/G c/C G/T G/G AlG
RB34 G/G G/G AlA TIT G/G AlA
RB35 G/C nr AlC GI/T G/G AlA
RB36 G/G nr c/C G/T G/G AlG
RB37 G/C nr c/C G/G G/T AlA
RB38 nr nr c/C nr G/G AlA
RB39 c/C nr AlA GI/T G/G AlA
RB40 G/C G/G A/C nr TIT AlA
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Table F.3: Continued

Controls MetD KM 19 Ja4 T845T Tub 18 J32
rs11770163 rs916727 rs43035 | rs1042077 rs213989 rs3802012
RB41 G/C A/C nr G/G AlA
RB42 G/G G/G c/C G/G GI/T AlG
RB43 c/C G/G AlC G/G T/T AlA
RB44 G/G A/C G/T G/G AlA
RB45 G/C G/G c/C G/T G/G AlG
RB46 G/C nr AlC G/G G/T AlA
RB47 nr nr A/C nr G/G AlG
RB48 c/C G/G A/C G/G G/G AlA
RB49 c/C G/G c/C G/G G/G AlG
RB50 G/G G/G AlC G/G G/T AlG
RB51 G/G G/G c/C G/T G/G AlA
Key
nr No result
RB Random Black

Table F.4 Genotype results for Coloured unaffected costrol

Controls Met D Km 19 Ja4 T845T TUB 18 N
rs11770163 | rs916727 | rs43035 rs1042077 | rs213989 rs3802012
RC1 G/C AlG AlC T/T G/G AlA
RC 2 nr AlG AlC GI/T G/G AlA
RC 3 G/C G/G AlA nr G/G A/G
RC 4 G/G AlG nr GI/T G/G AlG
RC S5 G/G AlA c/C G/G T/G AlA
RC 6 G/C AlA AlC G/G G/G AlG
RC 7 G/C nr AlA G/G G/G AlG
RC 8 G/C AlA A/C G/G G/G AlG
RC 9 G/C AlG AlC G/G T/G AlA
RC 10 G/G AlG AlC G/G T/G AlA
RC 11 G/G AlA AlA G/G G/G AlG
RC 12 G/G AlG Cc/C G/G G/G AlG
RC 13 G/G AlG AlA G/G G/G AlA
RC 14 G/G AlG A/C G/G G/G AlA
RC 15 G/G AlG Cci/C G/G G/G AlG
RC 16 c/C AlG A/C G/G G/G AlG
RC 17 G/C AlA A/C G/G G/G AlA
RC 18 c/C AlA Cci/C G/G T/G AlA
RC 19 G/C nr c/C G/G T/T AlG
RC 20 G/C G/G A/C nr G/G AlG
RC 21 G/C AlA AlC G/G T/G AlG
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Table F.4: Continued

Controls Met D Km 19 Jaa T845T TUB 18 J32
rs11770163 | rs916727 | rs43035 rs1042077 | rs213989 rs3802012
RC 22 c/C AlA A/C G/G T/G AlA
RC 23 G/G AlG AlA GI/T G/G AlG
RC 24 nr AlA AlA GI/T G/G AlA
RC 25 G/G AlA Cc/C G/T T/G AlA
RC 26 nr AlG AlA G/G G/G AlG
RC 27 c/C AlG Cc/C nr T/T nr
RC 28 G/G nr Al/C GI/T G/G nr
RC 29 G/G AlG Cc/C G/G G/G AlA
RC 30 G/G AlA A/C T/T G/G AlA
RC 31 nr nr AlA T/T G/G AlA
RC 32 G/G AlG A/C T/T G/G AlA
RC 33 G/G AlG AlA nr G/G AlA
RC 34 G/G AlG A/C nr G/G AlA
RC 35 G/G G/G AlA GI/T G/G nr
RC 36 G/G AlA A/C G/G T/G AlA
RC 37 G/C G/G c/C G/G G/G AlA
RC 38 G/G G/G AlA T/T G/G AlA
RC 39 G/G AlG AlA G/G T/T AlG
RC 40 c/C AlG A/C T/T T/G AlA
RC 41 G/C G/G AlA T/T G/G AlA
RC 42 G/C AlG AlA G/G G/G AlA
RC 43 G/C G/G A/C G/G G/G AlG
RC 44 G/G AlA AlA nr T/G nr
RC 45 G/G AlA CcC/C G/G G/G AlA
RC 46 G/C AlA A/C G/G G/G AlA
RC 47 G/G AlA c/C G/G G/G AlA
RC 48 G/G AlG A/C G/G T/G AlA
RC 49 G/C G/G A/C G/G G/G AlA
RC 50 G/G nr AlA nr G/G AlA
Key
nr No Result
RC Random Coloured
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