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CLARIFYING NOTE ON VARIANT VS MUTATION NOMENCLATURE

The American College of Medical Genetics and Genomics (ACMG) and the
Association of Molecular Pathology (AMP) variant classification were confronted with
two crucial terminology points. Firstly, the ACMG/AMP alluded to the use of the word
“mutation”, which initially referred to any deviation from the original deoxyribonucleic
acid (DNA) sequence, irrespective of its pathogenicity. However, the improving
clarification of variants in patients, ranging from no phenotypic impact to pathogenic,
has complicated the use of the term “mutation”. Therefore, the ACMG/AMP advocate
using more accurate terminology, such as a “pathogenic variant®, “risk variant’,
“disease-causing variant”, or a (new) “novel variant” (Jarvik and Evans, 2017).
Throughout this dissertation, it was attempted to refer to the more accurate
terminology of “variant” where results were discussed. However, the word “mutation”
was not completely removed from the dissertation, especially when it was used in the

context of historical literature.
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SUMMARY
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Introduction and Aim: Haemophilia B is an X-linked recessive bleeding disorder
characterised by a deficiency of coagulation factor IX (FIX), due to a wide spectrum of
causative mutations in the FIX encoding gene (F9). Based on the plasma
concentration of normal FIX coagulant activity (FIX:C), haemophilia B can be classified
as mild (>5 — <40 international units per decilitre (IU/dL)), moderate (1 — 5 IU/dL) or
severe (<1 IU/dL). Genetic testing is an important aspect in the haemophilia B
diagnostic approach and appropriate patient management. Given the low prevalence,
haemophilia A and B are considered orphan diseases; however, because haemophilia
B is much rarer than haemophilia A, it is a disorder that is often neglected in terms of
basic research, resulting in suboptimal disorder management. The aim of this study
was to screen haemophilia B patients in our region for known and novel F9 causative
gene variants, as well as determine the genotype/phenotype relationship for each

study participant.

Methods: Atotal of 21 participants were enrolled in this study. All the participants were
screened using conventional PCR assays to amplify F9 exon 1 — 8, followed by direct
Sanger sequencing to analyse and confirm causative F9 gene variations. The F9
variants identified were compared to various F9 gene variants databases to confirm
known and novel variants. Furthermore, for the functional analysis a FIX one-stage
and an enzyme-linked immunosorbent assay (ELISA) assay were done to measure
the FIX:C. Discrepancies between the ELISA and one-stage assay were determined
by calculating the p-value. The genotype/phenotype relationship was determined for

the study participants and subsequently compared to previously published data.
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Results and Discussion: A total of eight pathogenic F9 variations were identified
throughout the FIX protein domains: p.Ser*®Leu, p.Glu?*™*, p.Asn3%del,
p.Asn'%“Metfs*31, p.Phe''Leufs*3, p.Lys**Serfs*24, p.Val***Phefs*2, and
Thr84Glufs*20. Approximately 63% of the variants detected were novel. The previously

published variants identified in our study did correlate with previously published data.

Conclusion: The discovery of novel F9 pathogenic variations in our South African
population is an exciting finding, proving that genetic analysis of people with
Haemophilia B is an important undertaking to better understand the pathogenesis of

Haemophilia B in our population, and the wider sub-Saharan African population.
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Haemostasis is a complex process that, under normal physiological conditions,
maintains blood flow. A normal haemostatic balance depends on the delicate
equilibrium of coagulation and anticoagulation. The disruption of this haemostatic
balance can lead to either uncontrolled thrombosis or bleeding (Bonar et al., 2017;
Mohammed et al., 2018; Peters and Harris, 2018; Zaidi and Green, 2022). Rare
bleeding disorders (RBDs) are known to represent only 3 — 5% of all coagulation factor
deficiencies and haemophilia is one of the most common hereditary RBDs (Gupta et
al., 2019b; Mahmood et al., 2020; Palla et al., 2015).

Haemophilia A and B are congenital X-linked coagulopathies, characterised by a
deficiency of the coagulation factor VIII (FVIII) and vitamin K-dependent factor IX (FIX)
proteins, respectively (Bowen, 2002; Castaman and Matino, 2019; Hazendonk et al.,
2018; Tjarnlund-Wolf and Lassila, 2019). Haemophilia A (FVIII deficiency), with an
incidence rate of 1 in every 5,000 male births, represents 80 - 85% of all haemophilias.
Haemophilia B is rarer, with an incidence rate of 1 in every 30,000 male births (Anson
et al., 1984; Santagostino and Fasulo, 2013; Srivastava et al., 2013; Thorat et al.,
2018).

According to the 2020 global survey by the World Federation of Hemophilia (WFH),
there are 2,365 individuals diagnosed with haemophilia in South Africa. Of the 2,365
haemophilia patients, 1,986 (~84%) were identified as haemophilia A and 379 (~16%)
as haemophilia B cases, respectively (World Federation of Haemophilia, 2021) (Table
1.1).
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Table 1.1. Summary of the demographics for individuals identified with haemophilia globally and
in South Africa (World Federation of Haemophilia, 2021).

Population Haemophilia (total) HA HB HU
Globally* 5,537,527,603 195,263 157,517 31,997 5,749
South Africa 58,558,270 2,345 1,967 378 0

#: World population covered by the countries in the survey report; HA Haemophilia A; HB: Haemophilia B;
HU: Haemophilia of unknown type.

Haemophilia B is considered an orphan disease, which by definition affects very few
individuals in a specific region. The definition of an orphan disease varies in different
countries, depending on the country’s prevalence criteria and the population size. In
the United States of America (USA), a disease is considered rare when fewer than
200,000 people are affected (Aronson, 2006; Thorat et al., 2018). The prevalence-
based definitions in different countries range from 1 in 2,000 to 1 in 500,000 (Dharsi
et al., 2017). Unfortunately, according to the South African Non-Communicable
Diseases Alliance annual report of 2017 on rare diseases, there is no decisive
definition of a rare disease in South Africa (Rare Diseases South Africa — Annual
Report, 2017). With orphan diseases often being neglected in academic and industry-
driven research and development, we feel it is imperative to investigate these
disorders to contribute towards improved quality of life (QoL) for people affected by

these rare diseases or disorders.

Haemophilia B is caused by a wide spectrum of mutations in the FIX gene (F9), which
is located on the X chromosome and comprises eight exons (Alvarez Roman et al.,
2021; Bowen, 2002; Burke et al., 2021; Lv et al., 2019; Lyu et al., 2016; Rocino et al.,
2017; Soucie et al., 2018; Stark, 2020). Based on the data published by the European
Association for Haemophilia and Allied Disorders Coagulation Factor Variant
Databases (EAHAD-CFVD) 1,244 unique F9 genetic variants corresponding to 4,713
individual cases have been reported (available at: https://F9-db.eahad.org/). These F9

variants are distributed throughout the coding as well as the non-coding regions of the
F9 gene. Point mutations were found to be the most prominent, representing 71.9%
of all F9 variants, followed by deletions (17.1%), polymorphisms (4.1%), insertions
(1.1%), insertion/deletions (indels) (1.4%), and duplications (3.9%) (Shen et al., 2022).
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The detection of existing and novel variants plays an important role in improved
diagnosis of different haemophilia B variants, improved treatment models, and
improved risk prediction of FIX inhibitor development (Salviato et al., 2019).
Furthermore, mutational analysis to identify pathogenetic F9 variants can also assist
in prenatal diagnosis and detection of carriers of haemophilia B variants or
women/qgirls with haemophilia B (van Galen et al., 2021). Therefore, mutational
analysis of the South African haemophilia B population may not only improve patient
management and care but may also assist extended families in management of the

potential disorder, and add to the current understanding of haemophilia B in our region.
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INTRODUCTION

This chapter is a comprehensive expansion of the introductory chapter, and provides
an overview of the available literature regarding haemophilia B. A brief history of
haemophilia B is given, followed by the discussion of the inheritance pattern,
classification, and the genetic aspects of this disorder. Furthermore, the current
diagnostic methods and various treatment options for haemophilia B are also

discussed briefly, as causative genetic variants may influence these entities.

2.1 Background of haemophilia B

Haemophilia B, also known as FIX deficiency or Christmas Disease, is a congenital
rare bleeding disorder characterised by a deficiency of coagulation FIX caused by
mutations in the F9 gene (Alvarez Roman et al., 2021; Burke et al., 2021; Lyu et al.,
2016; Soucie et al., 2018; Stark, 2020). Haemophilia B (Christmas Disease) was first
described in 1952 when a patient, Stephan Christmas from the Western Cape in South
Africa, presented with deficient plasma levels of the FIX protein (Biggs et al., 1952).
Thus, the South African haemophilia B population has been at the forefront of
haemophilia B research since the beginning of the specific classification.
Unfortunately, due to the rarity of haemophilia B compared to haemophilia A in the
country, the majority of South African haemophilia studies focus more on haemophilia
A. As a consequence, limited data exists regarding haemophilia B in the country.

2.2 Inheritance pattern of haemophilia B

Haemophilia B follows an X-linked recessive inheritance pattern, predominantly
affecting males. A carrier mother has a 25% chance of having an affected boy and a
25% chance of a carrier girl (Figure 2.1). However, in the case of an affected father,
none of his boys will be affected, whereas 100% of his daughters will be haemophilia
B carriers or women with haemophilia B, depending on their FIX levels (Radic et al.,
2013).
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It has been reported that the term “haemophilia carrier” and its corresponding
connotations, such as potential or possible carrier, have not only restricted research
but also appropriate treatment and patient management in these cases (van Balen et
al., 2021). In rare cases, a woman may inherit the mutated X chromosome from both
parents, resulting in either the complete expression of the variant’s severity or, due to
skewed lyonisation, present with moderate to severe haemophilia B (van Balen et al.,
2021). Therefore, it is important to not only look at the genetic variants in females, but
also to evaluate their phenotypic information, in order to provide an accurate diagnosis

and effective patient management.

X-Linked Recessive Inheritance

Unaffected father Unaffected mother
(Carrier)
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Figure 2.1. lllustration of the X-linked recessive inheritance pattern of haemophilia B. (Available

at and copied from https.//www.cancer.qov/publications/dictionaries/qenetics-dictionary/def/x-linked-

recessive-inheritance Accessed: 10 July 2022).

2.3 Haemostasis and the role of FIX in coagulation

Multiple haemostatic mechanisms are involved in maintaining a normal blood flow and
tissue perfusion by preventing sudden changes in blood volume and pressure
(Mohammed et al., 2018). In the case of a vascular injury, the formation of a fibrin plug
relies on a series of sequential events, known as the coagulation cascade (Peters and
Harris, 2018; Zaidi and Green, 2022). The traditional coagulation cascade (Figure 2.2)
is defined as the initiation of coagulation proteins through the extrinsic or intrinsic

pathways, which ultimately intersect at the common pathway (Ho and Pavey, 2017).
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The initial trigger of the traditional coagulation cascade is the activation of the extrinsic
pathway (Bowen, 2002; Ho and Pavey, 2017).

The extrinsic pathway is activated by releasing tissue factor (TF) at the site of vessel
injury. Tissue factor has a high affinity for its cofactor, activated factor VIl (FVlla), thus,
resulting in the formation of the TF/FVIla complex. The TF/FVlla complex catalyses
the conversion of factor X (FX) to activated factor X (FXa) and FIX to activated FIX
(FIXa) (Grover and Mackman, 2019; Palta et al., 2014). FIXa, together with its
cofactor, activated factor VIII (FVIlla), forms the tenase complex and promotes further
FX activation. FXa will propagate the common pathway by forming the prothrombinase
complex with its cofactor, activated factor V (FVa) (Bowen 2002; Chaudhury et al.,
2021).

The intrinsic pathway is initiated in the presence of prekallikrein (PKK), high molecular
weight kininogen (HMWK), and factor XII (FXIl), leading to the activation of FXII to
activated FXIl (FXlla). FXlla converts factor XlI (FXI) to activated factor XI (FXla),
which can also activate FIX, and ultimately the activation of FX in the common pathway
(Lowe, 2001; Rallapalli et al., 2013; Tjarnlund-Wolf and Lassila, 2019; Top et al., 2019;
Zaidi and Green, 2022). Consequently, the prothrombinase complex converts
prothrombin (FII) to thrombin (Flla) (Rallapalli et al., 2013; Tjarnlund-Wolf and Lassila,
2019). Thrombin will cleave fibrinogen (FI) to insoluble fibrin (Fla) and induce the
activation factor XIII (FXIII), which will stabilise the fibrin clot by creating a fibrin
network, through the incorporation of crosslinked fibrin polymers (Top et al., 2019;
Zaidi and Green, 2022).

The traditional coagulation model suggests two separate, redundant pathways that
operate independently, with limited interaction between them. The traditional model,
however, explains mechanisms involved in the maintenance of haemostasis in vivo
inadequately. In addition, clinical observations in hereditary bleeding disorders, due to
coagulation factor deficiencies, do not support the independent working of the extrinsic
and intrinsic pathways depicted by the traditional coagulation cascade (Ho and Pavey,
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2017). Therefore, an alternative cell-based model was developed to replace the

traditional coagulation cascade (Velou and Ahila, 2020).
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Figure 2.2. Depiction of the traditional coagulation cascade.
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The cell-based model, highlighting the interaction of coagulation factor proteins with
respective cell surfaces, sheds light on the constraints demonstrated by the
hypothesis of the traditional coagulation models. This model is portrayed as three
overlapping phases: initiation, amplification, and propagation (Ho and Pavey, 2017,
Velou and Ahila, 2020). In the cell-based model (Figure 2.3) the two pivotal cellular
components are TF and platelets, whereas thrombin and fibrinogen are the main
clotting factors that interact with the cell-based components to maintain a haemostatic
balance (Velou and Ahila, 2020).

The initiation phase is activated when blood cells are exposed to TF at the site of
injury. The TF, together with its cofactor, FVlla, forms the TF/FVIla complex to activate
small amounts of FIX and FX. FXa subsequently forms the prothrombinase complex
with its cofactor, FVa. Subsequently, the formation of FXa cleave prothrombin to
produce thrombin. The little thrombin formed is important for the activation of the
cofactors, FV and FVIII, located on the surface of activated platelets. Furthermore,
FIXa diffuses to the activated platelets and attaches to the surface receptor, followed
by the interaction with its cofactor (FVIlla) to form the tenase complex (FIXa/FVllla).
However, the amount of thrombin produced during the initiation phase is too small to
produce a fibrin clot but is crucial for the amplification phase (Ferreira et al., 2010; Ho
and Pavey, 2017; Velou and Ahila, 2020).

The amplification phase involves additional platelets, activated by the thrombin, to be
recruited to the site of injury. In addition, during amplification, the tenase complex is
effective in producing the appropriate amount of FXa to maintain haemostasis.
Furthermore, platelets can bind to the tenase and prothrombinase complex, which
enhance an increased thrombin production. The positive feedback loop of the
activated coagulation factors and the cooperative working of the tenase and
prothrombinase complexes rapidly starts the propagation phase (Ferreira et al., 2010;
Ho and Pavey, 2017; Velou and Ahila, 2020).

The propagation phase involves the continued activation of the coagulation cascade,
leading to the formation of a fibrin mesh that strengthens the clot. This phase is

10
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initiated when, in the presence of calcium and phospholipid membrane over activated
platelets, both the tenase and prothrombinase complexes are available at the same
time and site. The thrombin burst allows for high volumes of fibrinogen conversion to
fibrin. FXllla, activated by thrombin, links the fibrin polymers to form a stable fibrin clot
(Ferreira et al., 2010; Ho and Pavey, 2017; Velou and Ahila, 2020). When evaluating
both the traditional and the contemporary cell-based models of coagulation, it is clear
that FIX has a central role in coagulation. Therefore, any change in function or quantity
of FIX may compromise the body’s ability to form a stable blood clot, resulting in

excessive bleeding.

Fibrinogen
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Figure 2.3. Depiction of the cell-based coagulation cascade (Copied from Ho and Pavey, 2017).

2.4 Molecular biology of the factor IX gene (F9)

The understanding behind the molecular basis of haemophilia B began with the
characterisation of the FIX gene (F9) during the 1980s. The complete nucleotide
sequence for F9 was published in 1985 (Goodeve, 2015; Yoshitake et al., 1985). The
F9 gene (OMIM 306900) is located on the long arm (q) of chromosome X, at position
27.1 (Xq27.1) and spans roughly 34 kilobase pairs (kbp) (Bowen, 2002; Gomez, 2010;
Perez Botero et al., 2018; Yi et al., 2020). F9 comprises eight exons, transcribed to a
messenger ribonucleic acid (mRNA) transcript of 2,803 base pairs (bp), which contain
a five prime (5’) untranslated region of 29 bp, an open reading frame (ORF) of 1,380
bp, and a three prime (3’) untranslated region of 1,390 bp in length (Bowen, 2002).

11
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The ~1.4 kbp ORF F9 mRNA molecule translates into an immature FIX glycoprotein
(Bowen, 2002; Sutherland et al., 2020).

FIX, a highly post-translationally modified glycoprotein, is the largest vitamin K-
dependent coagulation factor protein synthesised by hepatocytes. The immature FIX
polypeptide (461 amino acids (aa)) comprises six extensive protein domains: a signal
peptide (28 aa residues), an N-terminus propeptide (18 aa residues), the primary
mature peptide (415 aa residues) comprising a gamma-carboxyglutamic acid (GLA)
domain, two consecutive epidermal growth factor (EGF) like domains (EGF1 and
EGF2), a short linker domain, the activation peptide (AP) domain, and the C-terminus
serine protease (SP) domain (Figure 2.4) (Goodeve, 2015; Radic et al., 2013;
Rallapalli et al., 2013; Zacchi et al., 2021).

1 2 3 4 5 6 7 8
F9 gene i
0 klbp ~34 Ikbp
B
—1 2 345 6 7 8
FIX mRNA ¢ ¢
5 UTR Sequence coding for FIX (including stop codon) 3 UTR
(29 bp) (1382 bp) (1390 bp)
-46 -19 1 40 85 145 180 415
c N| o | PP | GLA | EGF1 | EGF2 AP Serine Protease c
FIX protein
Light chain Heavy chain

Figure 2.4. Schematic presentation of the relationship between F9 and the domain structure of
the FIX protein. (A) Structure of the human F9 gene, with the vertical bars (1-8) depicting the eight
exons. The thickness of each bar is approximate to the size of the specific exon. (B) The primary FIX
mRNA transcript demonstrates the relative size and location of the coding sequences transcribed from
each exon, depicted by the numbered blocks. (C) The FIX protein structure, which includes propeptide
domains and mature poly-peptide domains. (Copied and modified from Rallapalli et al., 2013 and Shen
et al., 2022). *AP: Activation Peptide; bp: base pairs; C: Carboxy terminal; EGF: Epidermal growth
factor; FIX: Coagulation factor IX; GLA: Gamma-carboxyglutamic acid; N: Amino terminal; PP:

Propeptide; UTR: Untranslated region.
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The mature FIX protein structure (Figure 2.5) consists of an N-terminal propeptide, the
GLA domain (residues 1 — 40), a six—residue hydrophobic stack (residues 41 — 46),
the two consecutive EGF-like domains (EGF1, spanning from residue 47 — 83; EGF2,
spanning from residue 88 — 127), which is connected by linker residues 84 — 87, the
AP domain (residues 146 — 180), and a C-terminal protease domain (residue 181
- 415) (Zacchi et al., 2021). The binding of Calcium ions (Ca?*) to the different FIX
protein domains imparts specific properties to the FIX structure, which confer specific
biological function (Liu et al., 1997; Schmidt and Bajaj, 2003). The GLA domain
possesses multiple low- and intermediate-affinity Ca?* binding sites, whereas both the
EGF1 and protease domain possess a single high-affinity Ca?* binding site (Bajaj et
al., 1992, Rao et al., 1995; Schmidt and Bajaj, 2003). The Ca?* binding sites are
essential for Fl1Xa to achieve complete enzymatic activity through the formation of the

Ca?*-dependent tenase complex with its cofactor (FVIlla) (Shen et al., 2022).

The complex process of FIX biosynthesis involves several post-translational
modifications (PTMs) (Figure 2.5). The majority of the PTMs occur close to or on the
GLA domain, EGF-like 1 domain and the AP domain (Zacchi et al., 2021). These
modifications include gamma (y)-carboxylation of the first 12 Glutamate (Glu) residues
(Glu7:815.17,20,21,26,27,30,33,36.40) of the GLA domain; O-glycosylation of Serine (Ser)%,
Ser®', Threonine (Thr)'®°, Thr'®®, Thr'72, and Thr'’%; g-hydroxylation of Aspartic acid
(Asp)®4; N-glycosylation of Asparagine (Asn)'®” and Asn'®’; sulfation of Tyrosine
(Tyr)™®%; and phosphorylation of Ser'%® (Schmidt and Bajaj, 2003). Additionally, the N-
terminus propeptide and AP domain are removed by means of proteolytic events,
which is vital for FIX (Zacchi et al.,, 2021). Consequently, the mature FIX protein
molecule comprises a 415 single aa chain (Mr 57,000), containing roughly 17%
carbohydrate by weight (Di Scipio et al., 1977; Schmidt and Bajaj, 2003).
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Figure 2.5. The coagulation FIX structural protein domains and post-translational modifications
(PTMs). lllustration of the previously discussed PTMs in FIX (plasma derived or recombinant). The GLA
domain (purple), undergoes y-carboxylation at 12 potential Glu residues (Glu?81517,20,21,26,27,30,33,36,40)
The EGF1 domain undergoes O-glycosylation of Ser®” and Seré', B-hydroxylation of Asp%, and
phosphorylation of the Ser®® residue. The EGF2 domain (red) does not contain any potential sites for
PMTs. The EGF2 domain is linked to the AP domain (green) by the short linker domain (white), which
contains one potential site for O-glycosylation on Ser’#!. The AP domain (green) contains two potential
sites for N-glycosylation at Asn’®” and Asn'67; four sites of O-glycosylation (partial) at Thr'®, Thr'69,
Thr'72, and Thr79, sulfation of Tyr'%, and phosphorylation of Ser'®. Finally, the Serine protease domain
(orange) contains one potential site for N-glycosylation at residue Asn?%. *y: Gamma; B: Beta; AP:
Activation peptide; Asn: Asparagine; Asp: Aspartic Acid; EGF: Epidermal growth factor; GLA: Gamma-
carboxyglutamic acid domain; Glu: Glutamic acid; Ser: Serine; Thr: Threonine; Tyr: Tyrosine (Copied
and modified from Zacchi et al., 2021).

Subsequently, FIX will be secreted into the bloodstream as a zymogen, with a
molecular mass of approximately 57 kilodaltons (kDa) (Giannelli et al., 1998; Orlova
et al., 2012; Radic et al., 2013; Top et al., 2019). In the case of injury to a vessel wall,
in terms of the traditional coagulation cascade, FIX will be cleaved by FXla (intrinsic
pathway) or by the TF/FVlla complex (extrinsic pathway), to produce circulating
activated FIX (FIXa) (Figure 2.6) (Bowen, 2002; Orlova et al., 2012; Top et al., 2019).
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Figure 2.6. Depiction of the activated coagulation FIX (FIXa) protein structure as a residue
interaction network. lllustrated on the three-dimensional (3D) ribbon FIXa structure (left), is the GLA
domain (pink), two consecutive EGF-like (EGF1 (turquoise); EGF2 (green)) domains and the SP
domain. In the FIXa residue interaction network (RIN) structure, each amino acid is represented by a
node, which are connected by an edge if their atoms are in close proximity (~5 A). *3D: three
dimensional; EGF1: Epidermal growth factor like 1 domain; EGF2: Epidermal growth factor like 2
domain; GLA: Gamma-carboxyglutamic acid; RIN: Residue interaction network; SP: Serine protease

(Copied and modified from Lopez et al., 2022).

2.5 Distribution of F9 variants

Knowledge of genetic variants within the F9 gene contributed significantly to the
understanding of haemophilia B. Currently, the European Association for Haemophilia
and Allied Disorders (EAHAD) Coagulation Factor Variant Databases (CFVD)
(available at: https://F9-db.eahad.org/index.php, November 2022) have compiled a

total of 1,244 unique F9 variants, corresponding to 4,713 individual haemophilia B
patients. This heterogeneous spectrum of variants occurs throughout the coding and
non-coding regions of the F9 gene, including the promoter region, introns, as well as
in the 3’ untranslated region (UTR) (McVey et al., 2020). Of the 1,244 reported F9
variants, 895 (71.9%) are point mutations, 213 (17.1%) deletions, 51 (4.1%)
polymorphisms, 48 (3.9%) duplications, 18 (1.4%) indels, 14 (1.1%) insertions, and 5

(0.4%) complex variants.
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2.6 Classification and clinical aspects of haemophilia B

Taking into account the crucial role of circulating FIX in coagulation, deficiencies in
both quality and quantity, due to variants in F9, are connected to bleeding phenotypes
(Figure 2.7). Haemophilia B, as reported by the WFH and the International Society on
Thrombosis and Haemostasis (ISTH), can be classified into three levels of severity
based on the residual FIX activity in the plasma (Srivastava et al., 2013). The severity
of haemophilia B generally correlates with the plasma level or residual clotting activity
of FIX. It can be classified as mild (FIX:C >5 — <40 IU/dL), moderate (FIX:C 1 -5
IU/dL) or severe (FIX:C <1 IU/dL) (Table 2.1) (Nigam et al., 2014; Radic et al., 2013;
Santroro et al., 2018; Srivastava et al., 2020).

N-terminus

. Hydrophobic Signal peptidase GGCX Peptidase
Sub-domains region recognition site recognition site recognition site
Function of sub- ;ﬁf&'ﬁ:{;{, Signal peptide y-carboxylation of Peptide
domains the ER cleavage the Gla domain cleavage

s = o=

Figure 2.7. Hierarchical demonstration of the mutational effect on the functional sub-domains
of the FIX signal- and propeptide. The signal peptide comprises two subdomains, namely the
hydrophobic region and the signal peptidase recognition site. The hydrophobic region is recognised by
signal recognition particles, which assist in co-translational translocation of FIX into the Endoplasmic
Reticulum (ER). Furthermore, mutations in this region will result in the protein molecule having a lower
molecular weight. Mutations within the signal peptidase recognition site will alter the cleavage of the
signal peptide, compromise the process of the protein secretion, expression, as well as the y-
carboxylation efficiency. *y: Gamma; ER: Endoplasmic Reticulum; GGCX. Gamma-glutamyl

carboxylation enzyme (Copied and modified from Gao et al., 2020).
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Table 2.1. Classification of the haemophilia B severity, based on the plasma concentration of

functional FIX and correlation to clinical features.

Seventy Plasma AX Clinical features Reference(s)
55— <40 U/dL Spontaneous bleeding is rare. Bolton-Maggs and Pasi, 2003
Mild N Bleeding events may occur after moderate to severe trauma, Franchinietal., 2013
e surgery, dental extractions and accidents. Srivastava et al., 2013

1—51U/dL Seldom spontaneous bleeds into joints (hemarthrosis) and Bolton-Maggs and Pasi, 2003

Moderate muscles. Franchini et al., 2013
(1-5% FIX) Usually prolonged bleeding following mild trauma or surgery. Srivastava et al_, 2013

<1 1U/dL Spontaneous and recurrent bleeding events intojoint and muscle. Bolton-Maggs and Pasi, 2003

Severe o Excessive haemorrhage may occur after surgery, accidentrelated Booth et al., 2018
(<1% FIX) injuries and dental extractions. Salviato et al.. 2019

* di- Decilitre, FIX: Factor IX, IU: Infusion units

A new nomenclature for haemophilia B carriers has been clinically defined into five
distinct categories (Figure 2.8). For the international standardisation of terminology
and classification of haemophilia B carriers, based on the plasma level of FIX,
haemophilia B carriers can be clinically classified as mild (FIX:C >5 — <40 [U/dL),
moderate (FIX:C 1 — 5 |U/dL), severe (FIX:C <1 IU/dL), symptomatic haemophilia B
carrier (FIX:C <40 IU/dL; bleeding phenotype), or asymptomatic haemophilia B carrier
(FIX:C >40 IU/dL; woman or girl without a bleeding phenotype) (van Galen et al.,
2021).

Patients with mild haemophilia usually present with excessive bleeding only after
major injuries or surgical trauma. In contrast, in moderate haemophilia B patients,
excessive bleeding events may occur due to minor traumatic injuries (Santagostino
and Fasulo, 2013). Furthermore, spontaneous, and frequent bleeding events may be
experienced by patients diagnosed with severe haemophilia B (Nigam et al., 2014;

Santagostino and Fasulo, 2013).
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HAEMOPHILIA B CARRIER

FIX Plasma levels

FIX Plasma levels

< 40 IU/dL > 40 IU/dL
5 - 40 1u/dL 1-5I1U/dL <1 Iu/dL Bleeding phenotype?
o o o yes no
Woman/girl with Woman/girl with Woman/girl with
mild moderate severe
haemophilia B haemophilia B haemophilia B Symptomatic Asymptomatic
haemophilia B carrier haemophilia B carrier

Figure 2.8. The new nomenclature for haemophilia B carriers and women and/or girls with
haemophilia B (Copied and modified from van Galen et al., 2021).

2.7 Genotype-phenotype relationship for haemophilia B

The activity level of endogenous FIX dictates the severity of haemophilia B, however,
the absence of FIX alone does not always correlate with the bleeding phenotype.
Therefore, related patients with the same F9 pathogenic variant might present with
different bleeding tendencies, due to the potential change in other related genotypes,
which consequently tilt the haemostatic balance more to either the procoagulant or

anti-coagulant state (Tjarnjund-Wolf and Lassila, 2019).

Also, knowledge of specific pathogenic variants in haemophilia B is vital in
understanding the genotype-phenotype relationship. The severity of clinical and
biochemical haemophilia B is in close relation to the specific pathogenic variants,
distributed throughout the protein domains and controlling regions of F9, except the
poly-A site (Figure 2.4) (Gao et al., 2020; Giannelli et al., 1994; Radic et al., 2013).
Patients with severe haemophilia B reportedly have large or small deletions and

nonsense mutations in F9. In contrast, missense mutations are more likely to be found
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in patients diagnosed with moderate and mild forms of haemophilia B (Oldenburg and
Pavlova, 2006). Additionally, there are a few databases that document F9 mutations,
such as the EAHAD-CFVD ( https://F9-db.eahad.org/), the Human Gene Mutation
Database HGMD (www.hgmd.cf.ac.uk/), FIX mutation database

(http://www.factorix.org/), and UniProt (http://www.uniprot.org/).

The aims of these databases are (Li et al., 2013):

1. To confirm whether F9 variants detected in a study population were previously

described,
2. To identify and report novel variants, and
3. To predict the pathogenicity of a variant.

At the time of writing this dissertation, South Africa had not contributed genetic data to
any of these databases. Therefore, limited genotype-phenotype data exist for our
population. Thus, it is vital to perform genetic studies in people with haemophilia B to

better understand the molecular contributions to phenotypes in this population.

2.8 Treatment of haemophilia B

Knowledge of how a certain pathogenic variant may influence the possible treatment
options is vital to ensure appropriate patient management. Different treatment options,
together with their advantages and disadvantages, will be discussed in the following
paragraphs. The initial haemophilia treatment protocol included direct blood
transfusions in the year 1840, followed by fresh frozen plasma as a treatment for
bleeding episodes in the 1950s and most of the 1960s. In 1965, modern treatment
was initiated when Judith Pool identified the cryoprecipitate fraction of fresh frozen
plasma (Key and Negrier, 2007; Peyvandi et al., 2016). Currently, replacement
therapy of deficient coagulation FIX is the predominant treatment choice for
haemophilia B (Weynand and Pipe, 2019). FIX replacement therapy can either be
administered at the time of a bleeding event (episodic) or at regular intervals with the
aim of maintaining haemostasis to prevent bleeding and the development of joint
damage (prophylaxis) (Franchini et al., 2013; Martinowitz and Lubetsky, 2013;
Srivastava et al., 2020; Weynand and Pipe, 2019). Plasma-derived FIX (pdFIX), as
well as recombinant FIX (rFIX) coagulation concentrates, are standard treatment
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methods for haemophilia B (Franchini et al., 2013). An article published by Potgieter
et al. (2017) highlights that FIX replacement therapy remains the dominant treatment
approach for haemophilia B in South Africa. However, it is important to note that the
presence of large molecular defects in the F9 gene, carries an increased risk for
adverse reactions against this common treatment approach. Therefore, determining
the causative mutation in a person with haemophilia B may potentially influence the

chosen treatment plan of the clinician.

2.8.1 Plasma-derived FIX (pdFIX) concentrates

In the 1970s, plasma-derived FIX concentrates became commercially available,
resulting in effective treatment for bleeding events, as well as the emergence of home
and self-infusion replacement therapies (Bolton-Maggs and Pasi, 2003). The pdFIX
concentrates available include the following: intermediate-purity pdFIX (Konyne-80
and Bebulin®), high-purity pdFIX (AlphaNine® SD), and ultra-high-purity monoclonal-
purified pdFIX (Mononine®, Nonafact®). However, none of these products are
commercially available in South Africa. Patients receive these therapies through
intravenous infusions (Gater et al., 2011). The transmission of viral and blood-borne
diseases is a notable safety concern associated with the conventional FIX concentrate

derived from human plasma (Shapiro et al., 2005).

The utilisation of contaminated pdFIX concentrates caused the widespread
transmission of blood-borne infections such as the human immunodeficiency virus
(HIV) in patients with haemophilia in the early 1980s. It increased mortality rates from
the acquired immune deficiency syndrome (AIDS) in this population (Gater et al., 2011;
Mannucci, 2003). The safety of modern-day plasma-derived products has advanced
significantly due to the adoption of multiple viral inactivation and purification steps for
FIX products (Franchini et al., 2013). However, the risk of disease transmission
through plasma-derived products, such as the variant Creutzfeldt Jacob disease
(vCJD), and non-capsulated viruses, still exists (Gater et al., 2011; Ludlam and Turner,
2006; Ungchusak et al., 2005). Although FIX replacement therapy is widely available,
effective, and a safe treatment option for haemophilia B, patients are still experiencing
unfortunate bleeding episodes and recurrent joint problems.
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2.8.2 Recombinant FIX (rFIX) concentrates

The introduction of rFIX replacement therapy overcame some of the disadvantages of
the pdFIX concentrates, such as viral transmissions (Weynand and Pipe, 2019).
Recombinant FIX is manufactured without any proteins derived from humans or
animals, which makes it free from the risk of infection and furthermore deemed to be
more effective and safer than pdFIX (Franchini et al., 2013; Weynand and Pipe, 2019).
The introduction of the human FIX into Chinese hamster ovary cells led to the
production of genetically engineered rFIX, which became commercially available in
1998 (Franchini et al., 2013; Hoots and Shapiro, 2018; Shapiro et al., 2005). Currently,
the licenced standard half-life rFIX products available for haemophilia B treatment
include, BeneFIX®, Ixinity and Rixubis (Franchini et al., 2013; Hoots and Shapiro,
2018). Another study demonstrated that BAX 326, a novel rFIX with two viral
inactivation steps, is a safe and effective treatment option, with a pharmacokinetic

profile similar to the commercially available rFIX products (Windyga et al., 2014).

While recombinant FIX products closely resemble the natural protein, none of them
are entirely identical. The primary reason for these variations lies in the various PTMs.
Additionally, an interesting factor to consider is a polymorphism present in plasma-
derived FIX, specifically at residue 148. Two variants have been identified for this
polymorphism: Thr'48 and Ala™®. The prevalence of this polymorphism varies across
different populations, with Thr'4® consistently being the predominant variant. Up until
now, all developed rFIX products have been designed to match the Ala'® variant.
However, a newly approved FDA-licensed recombinant human FIX called IXINITY
(trenonacog alfa) differs by having the primary amino acid sequence aligned with the
prevalent Thr'#® polymorphism (Monroe et al., 2016). Currently available rFIX
products, as well as pdFIX, have a relatively short half-life. Therefore, patients require
frequent intravenous infusions (2 — 3 times per week) in order to achieve adequate
prophylaxis (Martinowitz and Lubetsky, 2013). The half-life (t12) of all these rFIX
products is between 16 and 17 hours. Extended half-life rFIX products are available

which could translate into reduced infusion frequencies (Dolan et al., 2018; Hoots and
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Shapiro, 2018). There are currently three licenced extended half-life rFIX products
available; Alprolix, Idelvion and Refixia (Table 2.2) (Hart et al., 2022).

Table 2.2. Currently licenced rFIX products with extended half-lives.

X
product

Strategies and properties

Reference{s)

rFIX-Fc

rFIX-FP

N9-GP

rFIX-Fc (Alprolix) is a fusion protein with a single FIX molecule fused to the Fc-portion of
human IgG1, developed to address the short half-life (ti2) of current available FIX
products. rFIX-Fc demonstrates a 2- to 3-fold longer tiz (approximately 84 hours) than
rFIX. Moreover, the rFIX-Fc product has a greater effect regarding the treatment of
episodic bleeds, due to the potential reduction in the number of follow-up treatments.

The rFIX-albumin (ldelvion) protein composed of the FIX gene fused with the albumin
gene via a cleavable linker sequence. This product was approved by the Food and Drug
Administration (FDA) in 2016 as prophylaxis and/or treatment for bleeding episodes in
patients with haemophilia B. This rFIX-FP product has demonstrated a 5 to 6-fold
prolongation in tiz (approximately 102 hours) than standard rFIX.

Nonacog beta pegol is a site specific glycoPEGylation product (Refixia) composed of
FIX gene fused with a PEG moiety, which is attached to an activation peptide of the FIX
protein, by site-directed glycoPEGylation. Pharmacokinetic data demonstrate a 5-fold

Peters et al., 2010
Shapiro et al., 2012
Franchiniet al., 2013
Jiménez-Yuste et al., 2014
Hart et al., 2022

Nolte et al., 2012
Santagostino et al, 2016
Hoots and Shapiro, 2018
Hart et al., 2022

Negrier et al., 2011
Collins et al., 2014
Hart et al., 2022

increased tiz (approximately 93 hours), compared to standard rFIX.

*FIX: Factor IX; igG1: Immunoglobulin G; N9-GP: GlycoPEGyiated rAIX; PEG: Polyethylene glycol; rAIX: Recombinant FIX;
tyz: Half-life

2.8.3 Episodic versus prophylaxis

The main objectives for episodic treatment include the immediate and short-term
compensation of FIX, in order to halt ongoing haemorrhage, as well as to decrease
the impact of a bleeding episode on survival and long-term culminating damage (Gater
et al., 2011). Prophylaxis for haemophilia was first described during the 1940s and
1950s. The rationale for prophylactic FIX replacement therapy is based on an
observation made during a Swedish study in 1965, which demonstrated the
association between arthropathy and the baseline levels of clotting factor (Ahlberg et
al., 1965; Castaman, 2018; Fischer, 2012). Many observational studies regarding the
impact of prophylaxis were reported in a haemophilia A and B combination group
(Ahlberg et al., 1965; Castaman, 2018). Contrary to episodic treatment, the principle
of prophylaxis is to prevent the occurrence of future bleeding events using FIX
replacement therapy timeously (Coppola et al., 2009; Gater et al., 2011).
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Prophylaxis is a long-term treatment approach that necessitates regular adherence.
Its primary objective is to prevent joint bleeds and mitigate the long-term complications
that arise from such bleeds, including the development of arthropathy, in individuals
with haemophilia. (Coppola et al., 2009; Hoots and Shapiro, 2018; Oldenburg, 2015).
Terminology to clarify whether prophylaxis is primary, secondary or tertiary, depending
on the time of treatment initiation, previous joint bleeds and age, was updated in the
2020 WFH Guidelines for the Management of Hemophilia (Table 2.3) (Srivastava et
al., 2020). Prophylaxis can be characterised based on the time of initiation, the number
of previous joint bleeds and age. Primary prophylaxis is defined as regular prophylaxis
initiated in absence of joint disease previously documented, prior to a second joint
bleed and usually before or at the age of three. Secondary prophylaxis is when the
regular intervals of prophylaxis are started after the occurrence of two or more joint
bleeds, but before the development of joint disease, and normally at the age of three
years or older. Tertiary prophylaxis is characterised as the initiation of regular
continuous prophylaxis at the commencement of documented joint disease and

normally pertains to prophylaxis started during adulthood (Srivastava et al., 2020).

Table 2.3. Different regimens for replacement therapy in haemophilia B.

Regime Definitions Reference{s)

Episodic FIX replacement therapy administered at the time of a clinically evident Berntorp etal., 2021
bleeding event. Castaman, 2018
Srivastava et al., 2020

Continuous prophylaxis Regular replacement of clotting factor concentrate (CFC), FIX, to prevent Bemtorp et al_, 2021
bleeding events. Castaman, 2018

Primary Regular, continuous prophyiaxis in absence of a fust or second joint bleed, Srivastava et al., 2020

no clinical documentation of joint disease and therapy and is initiated prior
to the age of three years.

Secondary Regular, confinuous prophyiaxis starfed affer the occurrence of two or more
Jjoint bleeding events but before the onset of chronic joint disease and is
usually initiated at the age of three years or older.

Terfiary Regular, confinuous prophylaxis initiated after the development of dinically
evident joint disease to prevent fulure arthropathy and usually pertains fo
the stari of prophylactic treatment starfed during adulthood.

Intermittent Prophylaxis Administration of FIX replacement therapy in order to prevent short term Berntorp et al., 2021
bleeding events (e.g. during or after a surgical procedure), not more than Castaman, 2018
45 of 52 weeks (85%) of the year.

*CFC: Clotting factor concenirate; FIX: Factor IX
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The introduction of prophylaxis has changed the lives of many patients with
haemophilia remarkably (Hazendonk et al., 2018). On that account, compared to
episodic treatment, prophylactic regimens demonstrated fewer bleeding episodes,
notably less joint arthropathy and a tolerable quality of life, including reduced physical
and psychological restrictions (Castaman, 2018; Coppola et al., 2009; Hazendonk et
al., 2018). Even though prophylactic FIX replacement treatment is an effective option
to prevent the occurrence of spontaneous bleeding events, it is not a cure for
haemophilia. Further disadvantages include the cost and inconvenience for the patient
who needs regular FIX infusions (Nathwani, et al., 2014; Pipe, 2021). These

disadvantages are especially relevant in our resource-restricted setting.

2.9 Gene therapy

Gene therapy is ideal for treating haemophilia B, because only a minor increase of
factor FIX concentration to 1-2% of normal is required to attain successful prophylaxis,
but without the need for regular infusions (Bolton-Maggs and Pasi, 2003). Therefore,
the aim of gene therapy is to alleviate all the complications encountered with other
forms of haemophilia treatment and provide patients with a life-long haemostatic
balance after gene transduction using a suitable vector (Samelson-Jones and Arruda,
2019). Adeno-associated virus (AAV) vectors are being used in the majority of all
published and currently ongoing studies (Doshi and Arruda, 2018; Pipe 2021).

Manno et al. (2006) demonstrated the first gene transfer with compelling evidence of
success in a liver-directed AAV gene therapy in a haemophilia B trial (Manno et al.,
2006; Samelson-Jones and Arruda, 2019). Additionally, a study published by O’'Hara
and Neumann (2022) suggests that a vector-based delivery of the F9 gene provides
a long-term approach as treatment for patients diagnosed with haemophilia B (O’Hara
and Neumann, 2022). Published data suggests that the first liver-directed AAV gene
therapy for haemophilia B served as a breakthrough towards current successful
strategies, by demonstrating achievement of a therapeutic functional FIX level in a
dose-dependent manner. Pre-existing neutralising antibodies (Nab) to the AAV capsid

can prevent liver transduction (Arruda et al., 2018; Dolan et al., 2018; Manno et al.,
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2006). After decades of clinical research, phase 3 gene therapy trials for haemophilia

B are finally underway (O’Hara and Neumann, 2022).

The clinical potential of gene therapy licencing of a gene therapy product for
haemophilia B is a very realistic expectation. Etranacogene dezaparvovec
(HEMGENIX®), a gene therapy under investigation, is an AAV serotype 5 (AAV5)
vector, which contains a FIXa Padua R338L transgene controlled by a liver-specific
promoter. The phase 3 HOPE-B clinical trial of HEMGENIX® reached its point of
primary efficacy by providing haemostatic balance, surpassing the standard FIX
prophylactic care, with a follow-up period of 52 weeks after the expression of stable
FIX Padua (Pipe et al., 2022). In December 2022, the European Medicines Agency
(EMA) recommended that conditional marketing authorisation (CMA) should be
granted in the European Union (EU) for the first haemophilia B gene therapy,
HEMGENIX®. In February 2023, the Global Biotechnology leader, CSL, announced
that the European Commission has granted CMA for HEMGENIX® for treatment of
adults diagnosed with moderately severe or severe haemophilia B (CSL, 2023). The
current approach to haemophilia B gene therapy does not take causative mutations
into account, but rather focuses on replacement of the whole gene segment (O’'Hara
and Neumann, 2022). Subsequently, we hypothesise that a more focused approach,
focusing on the correction of the causative defect, may in future result in a more
personalised treatment option, with fewer potential adverse reactions. These adverse
reactions may manifest as immediate or delayed responses to the treatment. Some
possible adverse reactions include: Hepatotoxicity, which refers to liver damage, is a
frequently observed side effect associated with AAV-based gene therapies for
haemophilia B. This adverse reaction occurs due to an immune response triggered by
the therapy, leading to an elevation in liver enzyme levels known as transaminases.
Fortunately, this condition can be effectively managed through the administration of
corticosteroids. Additionally, it is essential to closely monitor patients for any infusion-
related reactions. Headache and flu-like symptoms are also commonly reported as
side effects of this treatment (EMA, 2022). It is important to note that adverse reactions
can vary in severity and occurrence rate among individuals undergoing gene therapy
for hemophilia B. Thorough monitoring, close follow-up, and ongoing research are

essential to understand and mitigate these potential risks.
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2.10 Development of inhibitors against FIX in patients with haemophilia B

Inhibitors (alloantibodies) against coagulation FIX concentrate is a significant
complication in haemophilia B care. FIX antibodies can contribute to the
ineffectiveness of classic substitution therapy, limited access to safe, effective
treatment, as well as an increase in morbidity and mortality (Dolan et al., 2018;
Oldenburg and Pavlova, 2006; Thorat et al., 2018).

Previous studies reported an inhibitor incidence rate of 1 — 5% of haemophilia B cases,
occurring almost exclusively in patients diagnosed with severe haemophilia B. Given
the small number of haemophilia B patients, large enough cohorts of previously
untreated patients are not sufficient and not easy to obtain. Therefore, the FIX inhibitor
incidence rate in haemophilia B is inadequately defined. To date, the majority of
studies had a very small population group and included patients with different levels
of severity and also excluded prospective follow-up visits for inhibitor incidence (Male
et al., 2021). The presence of FIX alloantibodies is typically detected as a high titre
and presents shortly after (approximately nine to eleven days after treatment
exposure) the initiation of FIX replacement therapy (Giangrande, 2005). Furthermore,
the development of inhibitors reflects a multifactorial process that involves genetic and
non-genetic risk factors (Bolton-Maggs and Pasi, 2003; Oldenburg and Pavlova,
2006).

2.10.1 Genetic risk factors for inhibitor formation

The genetic predisposition for the development of inhibitors can be linked to the type
of F9 gene mutation (Abla et al., 2018; Dolan et al., 2018). In the majority of patients,
inhibitor development is commonly associated with the complete absence of FIX
antigen as a result of large deletions or other major changes, including nonsense
mutations, small deletions, and splice mutations of F9 (Table 2.4) (Male et al., 2021;
Warrier and Lusher, 1998). However, small deletions and splice mutations display a
lower risk for inhibitor development than large deletions and nonsense mutations (Abla
et al., 2018; Goodeve, 2015).
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It has been described that other risk factors, such as ethnicity and age, also influence
inhibitor formation (Dolan et al., 2018; Puetz et al., 2014). In the study conducted by
Puetz et al. (2014), using bivariate statistical analysis, the authors found a higher
prevalence of FIX inhibitor formation in non-white ethnic populations (black, Hispanic,
etc.). However, for the multivariate study results, only individuals of black ethnic
background demonstrated a higher risk for inhibitor development than white
individuals, with an odds ratio of 2.2 (95% confidence interval (Cl) 1.2 — 4.1).
Additionally, children under the age of 11 demonstrated an odds ratio of 2.5 (95% ClI
1.5 — 4.0) for inhibitor development. Finally, with an odds ratio of 13.2 (95% CI 6.2 —
28.7), individuals with severe haemophilia B were found to have a higher risk of FIX
inhibitor development than those diagnosed with a mild to moderate level of severity
(Puetz et al., 2014). Irrespective of the product, the risk of antibody development is
the highest within the first 20—100 treatments, therefore, increasingly evident in young
children (Bolton-Maggs and Pasi, 2003).

Table 2.4. F9 variants associated with inhibitor development in patients diagnosed with

haemophilia B.
Seri Inhibitor cases/ Inhibitor cases/ F9 abnomalities associated Refe
®S  total cases severe cases with inhibitor development {n} eference{s)

1 (11/77) 14.3% (11/38) 28% Complete F9 deletion (3) Ljung et al., 2001
Partial F9 deletion (1)
Small F9 deletion (3)
Nonsense (4)

2 (8/236) 3.4% (8/152) 5.3% Large F9deletion (3) Belvini et al., 2005
Nonsense (5)
Complete F9 deletion (2) Tagariello et al., 2007

3 (8/302) 2.6% (8/211) 4% Large F9 deletion (1)
Nonsense (5)

4 (1/33) 3% (127)3.7% Large F9 deletion (1) Kwon et al., 2008

5 (2/144) 1.4% (2/47) 4.2% Large F9 deletion (2) Miller et al., 2012

6 (5/55) 3.8% (5/43) 5% Large F9deletion (2) Radic et al., 2013

Nonsense (3)

*F9: Factor IX gene; n: number of cases

2.10.2 Non-genetic risk factors

The low prevalence rate and inconsistent methodology to define the incidence of
inhibitor development in current literature cause major hindrances in addressing the

risks of inhibitor development. Thus, more extensive studies with larger cohorts are
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required for a more comprehensive investigation into the epidemiology and
immunological aspects of FIX inhibitor development (Chitlur et al., 2009; Dolan et al.,
2018). FIX neutralising antibodies might be polyclonal (DiMichele, 2007). Available
data suggest that allergic reactions might be associated with transient IlgG1-subclass
antibody production (Christophe et al., 2001; DiMichele, 2007; Sawamoto et al., 1996).
Even though the current understanding with regards to the immunological aspects of
inhibitor development against FIX is still rudimentary, a FIX antibody response has
previously been observed and confirmed, with FIX epitopes reported to be recognised
predominantly by the IgG1 and IgG4 subclass antibodies (Christophe et al., 2001).
Furthermore, the FIXa/FVllla complex, responsible for the activation of FX, is inhibited
by antibodies through at least two mechanisms, including interference with binding of
FIX to the phospholipids and phospholipid-independent FIX binding to the FVIII light
chain (Christophe et al., 2001). Nevertheless, additional in vivo and in vitro studies
need to be conducted to confirm and define the immunological and biochemical nature
of FIX inhibitory antibody response (DiMichele, 2007).

2.10.3 Complications due to FIX inhibitor development

Apart from a reduced clinical response to FIX therapy, FIX inhibitors can also be
associated with an elevated risk of an allergic reaction, often accompanied by severe
anaphylactic shock (Dolan et al., 2018; Sawamoto et al., 1996). The exact cause of
the allergic responses is unclear due to a lack of data regarding patients with FIX
inhibitor development (DiMichele, 2007; Male et al., 2021; Sawamoto et al., 1996).
However, studies based on genetic linkage in multiple recombinant inbred strains of
mice with haemophilia B shows that multiple gene loci could be connected to inhibitor
immune response (DiMichele, 2007; Lozier et al., 2005). These studies revealed that,
in mice, the loci of the major histocompatibility complex (MHC) class Il (H-2) and/or K
class l-a (laK) were critical to this response. Furthermore, other genes were also
shown to contribute to FIX inhibitor development, and the observed linkages include
polymorphic markers from chromosomes 1 and 10, with proximity between the
immunoregulatory genes, Interleukin-10 (IL-10) and interferon-y (logarithm of the odds
score of 2.3 — 3.6) (DiMichele, 2007).
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2.11 Inhibitor eradication

Given the low incidence rate of haemophilia B, research with regards to diagnosis and
treatment is limited (Rivas-Pollmar et al., 2022). Additionally, there is a lack of
evidence-based data to support clinical decisions regarding inhibitor eradication, given
the low risk of FIX inhibitor development (DiMichele, 2007; Rivas-Pollmar, et al., 2022;
Santoro et al., 2018). In addition to the lack of experience with immune tolerance
induction (ITl) in patients diagnosed with haemophilia B, the very limited data
published demonstrates a poor success rate (Rivas-Pollmar et al., 2022). However,
the current treatment guidelines suggest that ITI treatment initiation may be justified
in haemophilia B patients with high-titre FIX inhibitors, with frequent bleeding events,
and who are unresponsive to bypass agents, and should be closely monitored and
evaluated (Rivas-Pollmar et al., 2022).

Currently, prolonged exposure to FIX by frequent administration of high dosage FIX
concentrates is the only way to eradicate inhibitors. ITI, when successful, suppresses
the immune response and subsequently restores FIX tolerance, thus, enabling
treatment with the FIX concentrates (Giangrande et al., 2018). Based on data from the
International Society on Thrombosis and Haemostasis, Scientific and Standardization
Committee (ISTH-SSC) registry, there is a noteworthy indication that patients with
severe haemophilia B, treated with IT| therapy, demonstrate a poor response to these
ITI regimens. Furthermore, the occurrence of nephrotic syndrome (in patients with a
history of previous anaphylaxis or allergies) was a unique association observed during
ITI treatment with FIX-containing products (Chitlur et al., 2009; DiMichele, 2007;
Santoro et al., 2018).

2.12 Current diagnostic tests

The diagnostic approach to haemophilia comprises a family bleeding history
interrogation (seen in two-thirds of patients) and coagulation screening tests to
determine bleeding tendency (Konkle et al., 2018; Srivastava et al., 2013; Salviato et
al., 2019). Furthermore, genetic testing can assist in diagnosis, and serve as a
predictor for severity and FIX inhibitor development, as well as carrier detection. The
diagnosis of haemophilia is usually established shortly after birth when any
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spontaneous or mild post-trauma haemorrhage events occur (Fijnvandraat et al.,
2012).

2.12.1 Diagnosis based on FIX levels

Accurate diagnosis is critical to ensure appropriate management and treatment of
haemophilia B and carrier patients (Srivastava et al., 2013). In the laboratory
measurement to quantify the level of FIX in the plasma, FIX:C, usually expressed as
a percentage, refers to the activity level of FIX. The measurement of FIX:C evaluates
the levels of FIX by comparing the activity level of functional FIX in the blood plasma
to a reference standard. Functional testing for FIX quantification is conducted for the
clinical classification of haemophilia B (Bhatnagar and Hall, 2018; Sgrensen and
Young, 2010). Functional FIX quantification tests are based on the general principles
of parallel line bioassays. For FIX, this test is based on the APTT. The test sample
and a control sample (with known FIX levels) are mixed FIX-deficient plasma, and a
range of serial dilutions are made. APTT clotting times are then determined and plotted
on a graph against the plasma concentrations. Subsequently, the levels of functional
FIX can be determined from the graph (Lewis et al., 2006). In our setting, this process

is automatically performed by the automated coagulation instrument.

2.12.2 Molecular genetic testing

Over the past decades, genetic testing has been an extremely beneficial aid in
comprehensive management models and genetic counselling (Salviato et al., 2019).
Molecular genetic testing is conducted to confirm known family mutations or identify
novel mutations in new (de novo) haemophilia B cases. Furthermore, genetic testing
is a significant part of haemophilia care and management (Bhatnagar and Hall, 2018).
The WFH recommends that genetic testing should be performed for all patients with
haemophilia, as mutational analysis is vital to assist in the diagnostic confirmation of
haemophilia B, potentially predict the risk of inhibitor development against FIX, to
identify carriers and/or women/girls with haemophilia B, as well as to offer the
opportunity for prenatal diagnosis (PND), should that be desired (Sutherland et al.,
2020). Genetic testing is essential for mutation detection in both possible carriers and
in prenatal diagnosis of haemophilia B to aid genetic counselling. Polymerase Chain
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Reaction (PCR) deoxyribonucleic acid (DNA) amplification is generally used for
mutation detection, followed by Sanger sequencing of the eight exons, as well as the

5" and 3’ untranslated regions and splice boundaries of F9 (Goodeve, 2015).

There are different F9 pre-sequencing screening methods available for the detection
of possible F9 variants. These include single-strand conformation analysis, high
resolution melting (HRM) analysis, denaturing high-performance liquid
chromatography (DHPLC), denaturing gradient gel electrophoresis, and conformation
sensitive gel electrophoresis (CSGE). These pre-sequencing methods enable the
visualisation of a change in fragment size, therefore, identifying the region of interest,
which needs to be confirmed. Furthermore, each method differs in applicability and
efficacy of variant detection (Peake et al., 1993; Hinks et al., 1999; Lin et al., 2014;
Salviato et al., 2019). Pre-sequencing tools are beneficial in decreasing analytic time
and cost. However, they cannot be used as standalone diagnostic tests, and the
genetic variants detected by one of these pre-sequencing screening methods require

confirmation with sequencing analysis.

Depending on the resource availability, full F9 gene screening should be performed
with Sanger sequencing or next-generation sequencing (NGS) for the detection and
confirmation of genetic variants. In clinical practice, the most frequent molecular
diagnostic screening method for the confirmation of haemophilia B F9 variants is
Sanger sequencing. NGS is an alternative molecular screening method, which allows
for the simultaneous screening of multiple genes at a reasonable cost while
additionally overcoming the limitations of Sanger sequencing (Li et al., 2020).
However, in a setting with limited resources, a more cost-effective screening approach
might be the method of choice (Sutherland et al., 2020). Even though NGS
demonstrates a high level of sensitivity and sample throughput, with a low limit of
detection (LOD), it is not cost-effective as well as being very time-consuming to
sequence small numbers of DNA samples. Sanger sequencing has proved to be less
time-consuming and more cost-effective for the sequencing of low numbers of targets
(roughly 1 — 20 samples) (Lin et al., 2014; Sutherland et al., 2020). Therefore, given
the small haemophilia B population in the central South African region, Sanger
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sequencing remains the method of choice in our setting. Finally, the NGS method
should only be conducted after it is confirmed that specific structural variants can be
detected using this screening technique. Furthermore, all genetic testing results
should be confirmed by independent testing of any DNA sample. This may be
achieved by repeating the original assay or using a different methodology, such as
performing Sanger sequencing analysis to confirm the NGS result obtained
(Srivastava et al., 2020). Thus, further confirming the sustained use of Sanger
sequencing as a screening method.

2.13 Current mutational status of haemophilia B patients in the central South

African region

According to the HGMD, as well as the Factor IX Gene Variant Database, over a
thousand F9 variants have been described globally. The extensive heterogeneity of
haemophilia B has been demonstrated by the mutational analysis of different cohorts,
identifying different F9 variants among thousands of people diagnosed with
haemophilia B (Bors et al., 2015; Goodeve, 2015). However, in the central South
African region, there was at the time of writing no routine genetic testing performed to

identify the causative mutations in patients with haemophilia B.

A previous publication described a patient who presented with FIX deficiency at our
local Haemophilia Treatment Centre (HTC) at Universitas Hospital in Bloemfontein,
South Africa. The patient had FIX inhibitors and experienced anaphylaxis after FIX
replacement therapy. This was the first such case reported in South Africa (Stones
and McGill, 2000). Unfortunately, variant detection was not available for this patient.
This case illustrated the importance of genetic testing in this patient cohort, as a

complex F9 variant may have been a positive risk predictor for the adverse reaction.

Therefore, it is vital to determine whether there is a link between certain F9 variants
and inhibitor development and consequently anaphylaxis. Furthermore, molecular
genetic testing is also a very important tool for prenatal diagnosis as well as carrier
detection. Given the importance of haemophilia B genetic testing, the issue of limited
genetic testing done in South Africa needs to be addressed. This is illustrated by the

32



Chapter 2: Literature Review

fact that, at the time of writing, no South African laboratory or HTC has
contributed mutational data towards the Factor IX Gene Variant Database
(http://www.factorix.org/), EAHAD-CFVB (https://F9-db.eahad.org/), or the HGMD
(www.hgmd.cf.ac.uk/).
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CHAPTER 3: METHODOLOGY

INTRODUCTION

This chapter presents the rationale, aim and objectives for the study. The study design,
study population and the ethical considerations that were adhered to, are also
discussed. In addition, a complete outline of the study procedure and the various

methods used to conduct this study are highlighted.

3.1 Rationale, aim and objectives
3.1.1 Rationale

There is a heterogeneous mutational spectrum for all types of haemophilia B, with no
common prevalent variants identified. The mode of pathogenicity has been explored
through in vivo expression for a minority of mutations. However, very limited molecular
data exist in the Southern African haemophilia B population. Therefore, knowledge of
the specific causative variants can assist in more accurate diagnosis, inhibitor risk
prediction, improved treatment models, carrier detection, as well as prenatal diagnosis

in affected families.

3.1.2 Aim

The aim of this study was to analyse and confirm the mutational status of a

haemophilia B population in South Africa.

3.1.3 Objectives

1. The first objective was to optimise a Sanger Sequencing method for F9 mutational

analysis.

2. The second objective was to determine the mutational status of people with
haemophilia B in central South Africa.

3. The third objective was to determine the genotype-phenotype relationships in our

confirmed haemophilia B population.
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A laboratory-based analytical study was conducted in the Human Molecular Biology

Unit of the Department of Haematology and Cell Biology at the Faculty of Health

Sciences, University of the Free State, South Africa.

3.3 Study procedure

Study control was used to
evaluate and optimise the F9
mutation screening method

Approval obtained from the _
Commercially avalable DNA was
HSREC, the HOD and the MSc
B B used as the study control
evaluation committee
Screened the 21 study
Functional analysis for each
o participants using the optimised
study participant _ _
mutation screening method

Identified and recruited 21 study
participants

Determined the genotype-
phenotype relationship for each
study participant

Com pared results with previous
published dafa

Figure 3.1. A schematic flow diagram, representing the outline of the study procedure.
*DNA: deoxyribonucleic acid; F9: Factor IX gene; HOD: Head of department; HSREC: Health Science

Research Ethics Committee.
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3.4 Optimisation of the F9 conventional PCR assay
3.4.1 Normal control sample

Commercially available DNA (University of California, Los Angeles (UCLA), USA), with
a known concentration of 100 ng/uL, was used as the normal study control to optimise

the variant detection method.

3.4.2 Primer selection

Previously published primers by Abla et al. (2017) (Table 3.1) were evaluated to
optimise the cycling conditions of the F9 conventional PCR assay. The primers were
evaluated using the Basic Alignment Search Tool (BLAST) to ensure that each primer
pair is specific to their F9 target sequences (available at:
https://www.ncbi.nlm.nib.gov/BLAST).

Table 3.1. Eight F9 primer pairs for the mutational analysis of the F9 gene (Abla et al., 2017).

F9 exon Primer sequence Primer name Expected fragment size

5 AGTCCAAAGACCCATTGAGG-3'
Exon 1 5-GACTCTTCAATATTGCTGTCAAATC-3' HEMBex1-M13 321bp

5-TGCCCTAAAGAGAAATTGGC-3
EXoN23 5 TGGGTTAGAGGGTTGGACTG-3 HEMBex2-3M13 627 bp

5-GAGGACCGGGCATTCTAAG-3
Exon 4 5-CCAGTTTCAACTTGTTTCAGAGG-3' HEMBex4-M13 236 bp

5.CAAAATTTCTCTCCCCAACG-3'
Exon 5 5-GGTCTAATTCAAGCTACTGATATTTTC-3  EMBEXS-MT3 411 bp

5-TGTAATACATGTTCCATTTGCC-3
Exon 6 5 -TAGCCTCAGTCTCCCACCTG-3' HEMBex6-M13 342bp

5.TTTCTGCCAGCACCTAGAAG-3
Exon7 5-ACCCTTCTGCCTTTAGCCC-3' HEMBex7-M13 353bp

5-GCCAATTAGGTCAGTGGTCC-3
Exon 8a 5-CTTCATGGAAGCCAGCAC-3’ HEMBex8a-M13 458 bp

5- TGTAAGTGGCTGGGGAAGAG-3'
Exon 8b 5-TGAGAGGCCCTGTTAATTTTC-3' HEMBex8b-M13 388 bp

*3’— Three prime end; 5’ — Five prime end; bp: Base pairs
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3.4.3 F9 conventional PCR optimisation
3.4.3.1 Optimisation of PCR annealing temperature

To determine the optimal annealing temperature of each F9 primer pair, a temperature
gradient experiment was conducted, with the different annealing temperatures ranging
from 54°C to 62°C, with an increment rate of 2°C. Using the commercial DNA, three
reactions were prepared for each F9 PCR fragment, which were subsequently
conducted at five different temperatures (54°C, 56°C, 58°C, 60°C, 62°C). A seventh
reaction that contained no input DNA, served as a no-template control (NTC) for
quality control, and was conducted at the lowest temperature. The PCR reactions were
prepared using the Q5 High-Fidelity 2X Master Mix (New England Biolabs (NEB),
USA) (Table 3.2). The temperature gradient of each F9 PCR assay (Table 3.3) was
performed on the Veriti thermocycler (Applied Biosystems, USA) in the Human

Molecular Biology Unit.

Table 3.2. Standard PCR reaction protocol (According to the NEB Q5 High-Fidelity 2X Master

mix package insert)

Components 25 L RXN 50 uL RXN Final concentration
10 uM Forward Primer 1.25 uL 25uL 0.5 uM

10 uM Reverse Primer 1.25 uL 25uL 0.5 uM
Template DNA variable variable <1,000 ng

Q5 High-Fidelity 2X Master Mix 12.5 uL 25 ub 1X
Nuclease-Free Water to 25 uL to 50 pL

*DNA: Deoxyribonucleic acid; RXN: Reaction

Table 3.3. PCR cycling conditions.

PCR cycle steps Temperature Time Number of cycles

Phase 1 Initial denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Phase 2 Annealing 54-58°C 1 min 35
Propagation/Extension 72°C 1 min

Phase 3 Final 4°C o 1
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The PCR products were analysed using agarose gel electrophoresis. The PCR
products of each reaction were resolved on a 2% agarose gel in 1X TAE buffer (2 M
Tris-acetate and 0.5 M Ethylenediaminetetraacetic acid (EDTA) pH 8.0), stained with
5 pL of EZ-Vision® Bluelight DNA dye. The gel was electrophorised at 150 V for 40
minutes (min). A molecular weight marker (100 bp DNA ladder) (NEB, USA) was also
resolved on the gel to analyse and confirm the specific PCR fragment sizes obtained.
Finally, the gel images were visualised under ultraviolet (UV) light on the Kodak Gel
Logic documental system (Carestream Molecular Imaging, Rochester, New York (NY),
USA), in order to determine if the PCR assay was successful and consequently
analyse the DNA fragment sizes obtained. However, in some cases even optimised
PCR conditions yielded more than one fragment on visualisation. In these cases, the
fragment corresponding to the expected fragment size was excised from the gel and
incubated in double-distilled water (ddH20) overnight. This process allows the elution
of the PCR product from the gel. Subsequently, we used the elution as the input DNA
in a follow-up PCR reaction. The corresponding PCR reaction was repeated, and
agarose gel electrophoresis was performed as described previously to determine if the

non-specific fragments were successfully removed.

3.4.3.2 Determination of the limit of detection (LOD) for each F9 PCR assay

The lower limit of detection (LOD) for input DNA for each of the F9 conventional PCR
assays was determined. The control sample with a known starting DNA concentration
of 100 ng/uL was diluted with nuclease-free H20 to 50 ng/pL, 25 ng/pL, 12.5 ng/uL,
6.25 ng/uL, and 3.125 ng/uL, respectively. Subsequently, for each of the eight F9
conventional PCR assays, six PCR reactions, using the control sample (100 ng/uL)
and the five different diluted samples, were performed at the respective optimal
annealing temperatures, as determined in section 3.4.3.1. For each PCR assay a NTC
reaction was included to serve as quality control. Finally, the PCR results were

analysed using gel electrophoresis, as described in section 3.4.3.1.

3.4.4 PCR product purification

The PCR products that consequently yielded the correct size single DNA fragments,
were purified using the ExoSAP-IT® Express PCR product clean-up kit (Applied
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Biosystems, USA), as highlighted in Table 3.4. PCR product purification was
performed in order to eliminate contaminants such as enzymes, salts, primers, buffer
components or any other additional impurities that could compromise the downstream

analysis.

Table 3.4. PCR product purification protocol (According to the Applied Biosystems ExoSAP-IT®
Express PCR product clean-up kit package insert).

Cycle components Cycle 1 Cycle 2
5 uL PCR product Inc:;)?Ction Inactivation of IZ)é(:iAP-IT@ enzyme
2 uL ExoZAP-IT® Express ) .

4 min 1 min

3.4.5 Sanger sequencing to confirm the PCR products obtained

The purified product produced in 3.4.4 above was used to perform a Sanger
sequencing reaction. Sanger sequencing analysis was used to confirm the PCR
results obtained with the commercial DNA. All the F9 PCR assays were conducted
using optimal cycling conditions, determined in sections 3.4.3.1. and 3.4.3.2. The
analysis was based on whether each of the optimised F9 assays amplified the desired

F9 exon sequences.

The purified PCR product of each F9 fragments produced with the conventional PCR
assays, which yielded fragments detectable by gel electrophoretic analysis, were used
to perform a Sanger sequencing reaction using the BigDye™ Terminator V3.1 Kit
(Applied Biosystems, USA). The Sanger sequencing reactions were prepared as
tabulated in Table 3.5. The Sanger sequencing cycling conditions are summarised in
Table 3.6.
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Reaction volume

Standard reaction Final reaction Forward Reverse
Components quantity [20 uL] quantity [10 uL] reaction reaction
BigDye™ Terminator V3.1 Ready
Reaction Mix ElES s [ i
Forward primer [3.2 uM] 1L -
2 I 2 uM
Reverse primer [3.2 uyM] 3.2 pmo 3.2 - 1L
P Varies based on
D d H20
elonized iz primer and template 4 L 4 uL 4 uL
(RNase/DNase-free] volume
PCR template Based on template 1L 1L 1L
Total volume 10 pL 10 pL 10 pL
* PCR: Polymerase chain reaction
Table 3.6. Sanger sequence cycling conditions.
Steps Temperature Time Remarks
Denaturation 96°C 2 min 1 cycle
Denaturation 96°C 10 sec
Annealing 50°C 5 sec 25 cycles
Extension 60°C 4 min
Final 4°C S Hold

3.4.5.1 Sequencing product purification

The sequencing products were purified using the ZR DNA Sequencing Clean-Up Kit™

(Zymo Research, USA) according to the manufacturer’s instructions. Firstly, 240 uL

Sequencing Binding Buffer was added to each 10 pyL sequencing reaction and the

mixture was transferred to the Zymo-Spin™ IB Column. The column was placed in a

collection tube provided and centrifuged for 30 seconds (sec) at 13,000 x centrifugal

force (g). For the wash step, 300 yL Sequencing Wash Buffer was added to each

column and again centrifuged for 30 sec at 13,000 x g. Finally, to elute the DNA, 10

uL ddH20 was added directly to the matrix of the column. The column was transferred

to 1.5 mL microcentrifuge tube and centrifuged at 13,000 x g for 15 sec. The eluted

DNA for each sequencing reaction was used for the Sanger sequencing analysis.

40



Chapter 3: Methodology

3.4.5.2 Sequence analysis

The raw sequence reads were loaded onto the ABI Prism 3500 Genetic Analyser
(Applied Biosystems, USA) and through the process of sequence reads, each
sequence was constructed into an electropherogram using the Sequencing Analysis
Program V5.3.1. All the sequencing data was evaluated using the Chromas-lite

version 2.6 software (available at: https://chromas-lite.software.informer.com/2.6/) and

converted to simplified nucleotide text using the online Sequence Massager version
1.0 software (available at:

https://biomodel.uah.es/en/lab/cybertory/analysis/massager.htm). Online Pairwise

Sequence alignment version 7.13.8 software (available at:

https://www.ebi.ac.uk/Tools/psa/emboss _needle/#) was used to align each nucleotide

sequence to its known F9 reference sequence (NM_000133.4; Appendix G), retrieved
from the NCBI online database (available at:

https://www.ncbi.nim.nih.gov/gene/2158). Subsequently, each nucleotide sequence

was translated to an amino acid sequence using the online ExPasy translation

software tool (available at: http://web.expasy.org/translate). The amino acid

sequences were compared to the reference F9 sequence (NP_000124.1), obtained
from NCBI, using the Online Pairwise Sequence alignment version 7.13.8 software

(available at: https://www.ebi.ac.uk/Tools/psa/emboss needle/#).

3.5 Variant detection in people with haemophilia B in Central South Africa
3.5.1 Study participants

Individuals were enrolled only after written informed consent was obtained to
participate in the study. According to the latest available clinic data in our setting, there
were nine adults, and sixteen (16) minors diagnosed with haemophilia B, who regularly
attended the haematology clinics at the Universitas Academic Hospital in
Bloemfontein, as well as at the Robert Mangaliso Sobukwe Hospital in Kimberley
(previously known as Kimberley Hospital Complex). The recruitment was done by the
primary investigator when patients came for their routine follow-up at the respective
clinics. Unfortunately, not all people with haemophilia B in our region regularly
attended the clinic during the time we performed volunteer recruitment, possibly

resulting in a discrepancy in the estimated and real recruitment numbers.

41


https://chromas-lite.software.informer.com/2.6/
https://biomodel.uah.es/en/lab/cybertory/analysis/massager.htm
https://www.ebi.ac.uk/Tools/psa/emboss_needle/
https://www.ncbi.nlm.nih.gov/gene/2158
http://web.expasy.org/translate
https://www.ebi.ac.uk/Tools/psa/emboss_needle/

Chapter 3: Methodology

Considering that haemophilia B is an orphan disease, a small population for this study
was predicted. As stated earlier, an orphan disease is defined as a rare disease by
the fact that it affects only a small number of people in a specific region. The definition
of an orphan disease varies in different countries, depending on the country’s
prevalence criteria and the size of their population (Thorat et al., 2018). We aimed to
recruit at least twenty (20) participants. We believe that a population size of twenty
(20) participants is a mid-range sample size when compared with other haemophilia
B published studies which ranged from seven to sixty-one (61) participants (Mukherjee
et al., 2004; Nigam et al., 2014; Abla et al., 2017; Pasi et al., 2017; Zahari et al., 2018;
Salviato et al., 2019).

3.5.1.1 Inclusion criteria

The study included minor (<18 years) and adult (=18 years) participants if they met

the following criteria:

(1) Participants were included if they were diagnosed with haemophilia B or identified
as a potential carrier according to the guidelines of the International Society on
Thrombosis and Haemostasis (ISTH) (Borhany et al., 2018);

(2) All participants had to voluntarily give written informed consent or assent if old
enough (minors over the age of five years);

(3) The parents or legal guardians of minors also had to give written consent.

3.5.1.2 Exclusion criteria

Participants were excluded from the study for the following reasons:

(1) The participants were diagnosed with acquired haemophilia B;

(2) The participant did not/was not able to give informed consent;

(3) The participant was pregnant;

(4) Parents/legal guardians of minors refused to give written consent for minors;

(5) Minors were unwilling to complete an assent form.
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3.6 Ethics considerations

For this study, ethics approval was obtained from the Health Sciences Research
Ethics Committee (HSREC) (UFS-HSD2019/1569/2611) (Appendix A) in the Faculty
of Health Sciences at the University of the Free State, Bloemfontein, South Africa. This
study was also approved by the Free State Department of Health (FSDOH)
(FS_201910_009) and the Northern Cape Department of Health (NCDOH)
(NC_201910_001), South Africa (Appendix B). Each participant had to give written
informed consent (Appendix C) and was given an information document for genetic
research (Appendix D). The parents or legal guardians had to sign an informed
consent form in case of the participant being a minor younger than 18 years old
(Appendix E). All minors over the age of five years, had to complete an assent form to
participate in the study (Appendix F). All consent forms were available in English,
Afrikaans and Southern Sotho. Furthermore, approval for the study was obtained from
the relevant University of the Free State authorities, as well as from the business
managers of the different National Health Laboratory Service (NHLS) laboratories at

the respective hospitals.

3.7 Sample collection

A total of approximately fifteen millilitres (15 mL) of venous blood was collected from
each study participant in one EDTA containing tube and two sodium citrate containing
tubes (BD Vacutainer, Becton Dickinson, South Africa). DNA extraction was performed
from the blood-containing EDTA tube and subsequently used to screen each
participant for F9 mutations. The sodium citrate tubes were used for functional analysis
to measure the FIX plasma levels and screen for the presence of FIX inhibitors. Blood
collections took place during the routine follow-up clinic visits. Therefore, research-
specific samples could be obtained by the phlebotomist or treating clinician while
collecting the routine samples. This limited the discomfort of the participant by

reducing the number of venepunctures.
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3.7.1 DNA extraction

The MACHEREY-NAGEL ™Nucleospin® Blood kit (Separations, South Africa) was
used to isolate the DNA from the twenty-one (21) study volunteers. During the step of
cell lysis, 25 puL Proteinase K, which is used to digested proteins and additional
contaminants, and 200 uL blood were pipetted into a 1.5 mL microcentrifuge collection
tube. Thereafter, 200 uL of Buffer B3 was added, and the samples were vortexed
vigorously for 10 — 20 sec. The samples were incubated at 70°C for 10 — 15 min. Next,
210 puL of a 98% ethanol solution was added to the samples, which were vortexed to
adjust the DNA binding conditions. The purpose for washing the DNA with ethanol, is
to increase the level of purity, while keeping the DNA bounded to a silica membrane,
by removing excess contaminating proteins, ribonucleic acid (RNA), and
lipopolysaccharides. Subsequently, the sample lysate was transferred into a
NucleoSpin®Blood Column, placed in a collection tube. The samples were centrifuged
for 1 min at 11,000 x g and the collection tube containing the flow-through was
discarded. The silica membrane for each sample was washed in two separate steps.
During the first wash step, the NucleoSpin® Blood Column was placed into a new 2 pL
collection tube and 500 uL Buffer BW was added. The sample was centrifuged for 1
min at 11,000 x g and again, the collection tube with the flow-through was discarded.
For the second wash step, the NucleoSpin® Blood Column was placed into a new 2
uL collection tube, followed by the addition of 600 uL Buffer B5 to the NucleoSpin®
Blood Column. The samples were centrifuged for 1 min at 11,000 x g. Subsequently,
only the flow-through was discarded and the collection tube was reused. The
NucleoSpin® Blood Column was placed back into the collection tube and centrifuged
for 1 min at 11,000 x g, in order to dry the silica membrane. The last step aimed to
elute highly pure DNA by placing the NucleoSpin® Blood Column in a 1.5 mL
microcentrifuge tube and adding 100 uL preheated Buffer BE (70°C), followed by
incubation at room temperature for 1 min. Lastly, the sample was centrifuged for 1 min
at 11,000 x g and the elution containing the highly pure DNA was collected in the 1.5

mL microcentrifuge collection tube.
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3.7.2 Determination of DNA concentration

The DNA concentrations (ng/uL) of the study samples were measured using the
BioDrop ULITE UV/VIS Spectrophotometer (BioDrop, United Kingdom). Firstly, 2 uL of
nuclease-free water was pipetted onto the measurement pedestal for cleaning
purposes. The instrument was then blanked by pipetting 2 mL of 0.1X TE (Lonza
Rockland, ME, USA) buffer onto the measurement pedestal. The DNA concentration
was measured by pipetting 2 puL of the eluted DNA from each sample onto the
pedestal. The DNA concentration measurement step was performed in duplicate,
followed by the determination of the mean DNA concentration value, which was
documented. Finally, the extracted DNA was stored at minus 20°C (-20°C) in a
temperature-controlled freezer in the Human Molecular Biology Unit, until needed for
further analysis.

3.7.3 F9 conventional PCR assay to screen study participants

The mutational screening for the study participants was conducted using the optimised
conventional F9 PCR assays (optimised conditions are discussed in the results section
to follow). For each study sample, eight PCR reactions were conducted, which
included seven F9 PCR assays, as well as an NTC reaction for quality control

purposes.

3.7.4 Sanger sequencing analysis

For each study sample, the PCR products of all the F9 PCR assays, which yielded
DNA fragments detected by gel electrophoretic analysis, were purified, as explained
in section 3.4.5. The purified DNA samples for each study participant were subjected
to Sanger sequencing for mutational analysis. The sequencing reaction conditions, the
purification of sequencing products, as well as sequence analysis were conducted as
described in section 3.7.4. The alignment results obtained for each study participant,
using Online Pairwise Sequence alignment software (Appendix M) were analysed to
confirm F9 variants. The nucleotide sequence was then translated to the amino acid
sequence using the online translation software, Expasy (available at:

https://web.expasy.org/translate/). Subsequently, the altered amino acid sequence of
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each genetic variant for each study sample was compared to the reference amino acid
sequence using the online sequence alignment software (available at:

https://www.ebi.ac.uk/Tools/psa/emboss needle/#). The pathogenicity of the F9

variants was predicted using the VarSome online software (available at:

https://varsome.com/), which is based on the American College of Medical Genetics

and Genomics (ACMG) criteria. Finally, our results were evaluated against previously
published data and databases in order to identify whether the variant has been
described previously or whether it is a novel variant.

3.7.5 Mutational analysis of each F9 study participant

The mutational analysis for each sample was done by comparing the DNA sequences
obtained for each study participant to the F9 reference sequence (NM_000133.4),
obtained from NCBI. The different F9 variants observed for each sample were
documented, interpreted, and described according to the ACMG and the Association
for Molecular Pathology guidelines (Richards et al., 2015). The ACMG criteria for the
classification of benign and/or pathogenic variants was used to categorise the F9
variants identified in this study. The criteria for the classification of benign F9 variants
(Table 3.7), was scrutinised as stand-alone (BA1), strong (BS1 — BS4), or supporting
(BP1 - BP7). Furthermore, the criteria for the classification of pathogenicity (Table 3.8)
of a F9 variant was weighed as very strong (PVS1), strong (PS1 - PS4), moderate
(PM1 — PMG), or supporting (PP1 — PP5). Ultimately, for each F9 variant detected, the
selected criteria were combined based on the ACMG scoring guidelines (Table 3.9) to

classify the F9 variant pathogenicity from the five-tier system (Richards et al., 2015).
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Table 3.7. The ACMG criteria for classifying benign variants (Copied and modified from Richards
et al., (2015)).

Evidence of
benign mpact Category

Stand-alone BA1 Allele frequency is above 5% in Exome Sequencing Project, 1000 Genomes Project, or
Exome Aggregation Consortium).

Strong BS1 Allele frequency is greater than expected for disorder.

BS2 Observed in a healthy adult individual for a recessive (homozygous), dominant
(heterozygous), or Xlinked (hemizygous) disorder with full penetrance expected at an early
age.

BS3 Wellestablished in vitro or in vivo functional studies shows no damaging effect on protein
function or splicing.

BS4 Lack of segregation in affected members of a family.

Supporting BP1 Missense varant in a gene for which primarily truncating variants are known to cause
disease.

BP2 Observed in trans with a pathogenic variant for a fully penetrant dominant gene/disorder; or
observed in cis with a pathogenic variant in any inheritance pattern.

BP3 In-frame deletions/insertions in a repetitive region without a known function.

BP4 Multiple lines of computational evidence suggest no impact on gene or gene product
(conservation, evolutionary, splicing impact, etc).

BP3 Variant found in a case with an alternate molecular basis for disease.

BP6 Reputable source recently reports variant as benign but the evidence is not available to the
laboratory to perform an independent evaluation.

BP7 A synonymous (silent) variant for which splicing prediction algorithms predict no impact to
the splice consensus sequence nor the creation of a new splice site AND the nucleotide is
not highly conserved.

*ACMG: American College of Medical Genetics and Genomics.
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Table 3.8. The ACMG criteria for classifying pathogenic variants (Copied and modified from
Richards et al., (2015)).

Evidence of
pathogenicity Category

Very strong PVS1 Null variant (nonsense, frameshift, canonical £1 or 2 splice sites, initiation codon, single or
multiexon deletion) in a gene where LOF is a known mechanism of disease.

Strong PS1 Same amino acid change as a previously established pathogenic variant regardless of
nucledtide change.

PS2 Novel (both matemity and patemity confirmed) in a patient with the disease and no family
history.

PS3 Well-established in vifro or in vivo functional studies supportive of a damaging effect on the
gene or gene product.

PS4 The prevalence of the variant in affected individuals is significanily increased compared with
the prevalence in control.
Moderate PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.g.,
active site of an enzyme) without benign variation.
PM2 Absent from controls (or at extremely low frequency if recessive) in Exome Sequencing
Project.
PM3 For recessive disorders, detected in trans with a pathogenic variant.

PM4 Protein length changes as a result of in-frame deletions/insertions in a nonrepeat region or
stop-loss variants.

PM5 Novel missense change at an amino acid residue where a different missense change
determined to be pathogenic has been seen before.

PM6é Assumed de novo, but without confirmation of paternity and maternity.
Supporting PP1 Cosegregation with disease in multiple affected family members in a gene definitively known
to cause the disease.

PP2 Missense variant in a gene that has a low rate of benign missense variation and in which
missense variants are a common mechanism of disease.

PP3 Multiple lines of computational evidence support a deleterious effect on the gene or gene
product (conservation, evolutionary, splicing impact, etc.).

PP4 Patient's phenotype or family history is highly specific for a disease with a single genetic
aetiology.

PP5 Reputable source recently reports variant as pathogenic but the evidence is not available
to the laboratory to perform an independent evaluation.

*ACMG: American College of Medical Genetics and Genomics; LOF: Loss of function.
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Table 3.9 The ACMG rules for combining criteria to sequence variants (Copied and modified
from Richards et al., (2015)).

Pathogenic .
I

Ml

Likely Pathogenic L
.

I

Iv.

V.

Vi

Benign l.
Il

Likely Benign R

Uncertain Significance l.

1 Very strong (PVS1) and
a) 21 Strong (PS1-PS4) or

b) =2 Moderate (PM1-PM6) or
1 Moderate (PM1-PM6) and 1 supporting (PP1-PP5) or
a) =22 Supporting (PP1-PP5)
b) =2 Strong (PS1-PS4) or
1 Strong (PS1-PS4) and
a) =23 Moderate (PM1-PM6) or
b) 2 Moderate (PM1-PM6) and =2 Supporting (PP1-PP5) or
c) 1 Moderate (PM1-PM6) and =4 supporting (PP1-PP5)

1 Very strong (PVS1) and 1 moderate (PM1— PME) or

1 Strong (PS1-PS4) and 1-2 moderate (PM1-PM6) or

1 Strong (PS1-PS4) and 22 supporting (PP1-PP5) or

=3 Moderate (PM1—-PM6) or

2 Moderate (PM1-PM6) and =2 supporting (PP1-PP5) or
1 Moderate (PM1-PM6) and =4 supporting

1 Stand-alone (BA1) or

22 Strong (BS1-BS4)

1 Strong (BS1-BS4) and 1 supporting (BP1— BP7) or

. =2 Supporting (BP1-BPT)

Other criteria shown above are not met or

the criteria for benign and pathogenic are contradictory

*ACMG: American College of Medical Genefics and Genomics.

3.7.6 Phenotypic/Functional analysis of each study participant

3.7.6.1 Medical history

At the time of the recruitment of study participants we recorded the lowest FIX level

recorded on their medical records, stated haemophilia severity, previous bleeding

episodes, the presence and levels of inhibitors, as well as current FIX treatment

documented.

3.7.6.2 FIX plasma concentration and level of severity

Whole blood collected in sodium citrate was centrifuged (Beckman Coulter Allegra X22

centrifuge) for 10 min at 2,200 x g in order to separate the plasma from the cellular

components. The plasma was then pipetted into 2 x 500 pl aliquots into 1.5 mL tubes
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and frozen at -80°C until needed for analysis. For the FIX level detection, a one-stage
FIX clotting assay, as well as an enzyme-linked immunosorbent (ELISA) assay were

conducted to measure the FIX plasma levels of the study participants (S1 — S21).

The one-stage FIX coagulation assay for S1 — S21 was conducted by the Free State
NHLS, using the Siemens Coagulation Factor IX Deficient Plasma OTXX17 kit. The
level of plasma FIX for each sample was measured using the Sysmex CS2100-I fully
automated analyser (Siemens Healthcare GmbH, Germany).

Furthermore, the Human Factor IX ELISA Kit (ab188393) (Abcam, USA) was used to
conduct a FIX coagulation factor ELISA assay, which was prepared according to the
manufacture’s protocol. The plasma samples were diluted 100-fold using the 10X
Diluent M reagent and all sample assays were done in duplicate. The ELISA assay
was performed at room temperature (18-25°C). Firstly, 50 yL of each FIX standard and
sample was added to thoroughly coat the respective wells. A sealing tape was used to
cover all the wells, which were incubated for two hours. Then, 200 pyL of 1X Wash
Buffer was used to manually wash each well. This washing step was repeated five
times. Thereafter, 50 uL of Biotinylated Factor IX Detector Antibody was pipetted into
each well, followed by incubation for one hour. A second wash step was performed in
the same manner as described above. 50 pL of 1X SP Conjugate was added to each
well and incubate for 30 min. Again, the microplate was then washed as described
above. Next, 50 yL of Chromogen Substrate was added per well and the microplate
was incubated for approximately 12 min until the optimal blue colour density developed
in each well. Finally, 50 pL of Stop solution was added to each well and the blue colour
in each well changed to yellow. Immediately after the colour in all the wells changed
to yellow, the absorbance was read at a wavelength of 450 nm. The BIOBASE EL-10A
enzyme-linked immune ELISA reader (Biobase, China) was used to quantify the FIX
antigen levels for each sample, including standards, a positive control, a negative
control, and the study participants. This assay was calibrated using the FlIXa
international standard. The controls and participant samples were all analysed at the

same time, however, the sample values were only accepted if the controls passed
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according to the manufacturer specifications. The LOD for this assay, as indicated by
the manufacturer, is 0.24 ng/mL (Abcam, USA).

An ELISA standard curve was generated by using the concentrations (ng/mL) of the
calibration standards (x-axis), which were plotted against the corresponding mean
optical density (OD) values measured at 450 nm (y-axis). The concentrations of the
seven standards used for the ELISA assay were 0.78 ng/mL, 1.56 ng/mL, 3.13 ng/mL,
6.25 ng/mL, 12.5 ng/mL, 25 ng/mL, and 50 ng/mL. The best-fit line for the standard
curve was determined by regression analysis four-parameter logistic curve-fit.
Subsequently, the unknown sample FIX concentrations (ng/mL) were determined from
the ELISA standard curve, using the mean OD measurement for each sample and
multiplying the corresponding FIX:C value by the dilution factor (1:100). For the ELISA
results, the OD absorbance results were converted to the concentrations of test
samples using the GraphPad Prism 9.4.1 software (GraphPad Software, San Diego,
CA) (available at: https://www.graphpad.com/). The absorbance of each sample was

converted to ng/mL, then multiplied by the dilution factor of 100. The normal 100%
concentration for FIX is reported to be 5,000 ng/mL, which was used to calculate the
final concentration of test samples (Ponder, 2011). Therefore, our final concentration
in ng/ml was divided by 5,000 and multiplied by 100 to determine the percentage
concentration. The percentage concentration (FIX:C %) is taken as equal to the IU/dL.

3.7.6.3 Presence of inhibitors against FIX

The data regarding the presence and level of FIX Inhibitors was obtained from the
NHLS TrakCare Lab Webviewer system database for each participant. If FIX levels
and inhibitor screening results were not available on the NHLS TrakCare system,
samples were registered under the specific study location and sent for analysis to the
NHLS laboratory. The NHLS reports the presence and level of FIX inhibitors using the
Nijmegen-Bethesda Assay (NBA), which gives a numeric value, quantified in
Nijmegen-Bethesda Units (NBU). The NBU refers to the inhibitor titre. A test result of
< 5.0 NBU demonstrates a low inhibitor titre, whereas a result of > 5.0 NBU indicates
a high inhibitor titre (Collins et al., 2013; Miller et al., 2012).
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3.8 Data analysis

Descriptive data analysis was conducted based on the mutational and phenotypic
results obtained for each study participant. The standardised recom mendations,

provided by the Human Genome Variation Society (HGVS), were used for describing
the F9 sequence variants detected in our study population (Callenberg et al., 2018).
Depending on the significance of the physiochemical difference between the two
amino acids, the F9 variants were classified as either radical or conservative (Smith,
2003). Distinguishing between radical and conservative F9 variants is important for
understanding the potential clinical severity of haemophilia B. Additionally, it helps in
guiding treatment decisions, such as the frequency and intensity of FIX replacement
therapy, as well as identifying individuals who may be at higher risk of spontaneous
bleeding episodes or complications. Furthermore, knowledge of the specific mutation

can aid in genetic counselling for affected individuals and their families.

The SWISS-MODEL online building software was used to perform theoretical 3D-
structural analysis of the FIX variants and was assisted by the SWISS protein data
bank (PDB) Viewer version 11 software (available at: https://swissmodel.expasy.org/)
(Guex et al., 2009; Waterhouse et al., 2018). The 3D coordinates of three partial
human FIXa crystal structures, deposited on PDB files 1NLO.pdb (GLA domain),
1EDM.pdb (EGF1 domain), and 2WPH.pdb (combination of the EGF2 and serine
protease domain), were superimposed onto the porcine FIXa crystal structure
(1PFX.pdb) (available at: https://www.rcsb.org/3d-view/1PFX/1).

The PolyPhen-2 online software was used to predict the potential impact of an amino
acid change, due to F9 missense variants, on the functional FIX protein (available at:

http://genetics.bwh.harvard.edu/pph2/). This software additionally determines the

surface accessibility of an amino acid residue. The Accessible Surface Area (ASA) of
a protein may be used as a main predictor in protein folding and stability. ASA indicates
if an amino acid residue within a protein is either buried or open. For the surface
accessibilities of the FIXa residues, a value of zero indicates a solvent accessibility of
0 - 9%; a value of one correlates to a surface accessibility of 10-19%; a value of two
corresponds to 20-29% surface accessibility, and so forth. A surface accessibility of
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zero or one is indicative of a buried residue, whereas the accessibility value of exposed
residues ranges from two to eight (Rallapalli et al., 2013). It has been reported that
amino acid residues in buried conformation are more likely to be associated with a
disease-related amino acid variant, than in an open confirmation. Furthermore,
variations in the amino acids glycine, tryptophan (Trp), Tyr and cysteine (Cys) are
more likely to be associated with diseases than other amino acids (Savojardo et al.,
2021). Finally, based on the ACMG criteria for classifying pathogenic variants, in
combination with the VarSome (https://varsome.com/) online software, we predicted
the pathogenicity of confirmed F9 variants.

For the functional analysis, all data were tabulated using Microsoft Excel, which was
used to conduct the statistical analysis. A student t-test was used to determine if there
is a statistically significant difference between the two assays. For the one-stage
assay, using the Siemens Automated Coagulation Analyser, the lower limit of
detection for the measurement of functional FIX is 0.4%. Therefore, all the FIX levels
lower than the LOD were reported as <0.4%. (<0.4 1U/dL).

The ELISA assay standard curve was used to determine the diluted FIX:C (ng/mL),
which was multiplied by the dilution factor (100) to obtain the undiluted FIX:C. The final
FIX concentration in ng/mL was divided by 5,000 (FIX:C 100%) and multiplied by 100
to obtain the % (equivalent to IU/dL). For the statistical analysis of the FIX one-stage
and ELISA assay, all FIX:C determined are presented as % (IU/dL). To determine the
discrepancy between the two assays, a p-value was calculated with the student t-test,

using Microsoft Excel. A p-value of <0.05 was considered to be statistically significant.

The mutational and phenotypic data obtained for each study participant were tabulated
to determine the genotype-phenotype relationship. This includes the relationship
between certain F9 variants and the severity level of FIX deficiency, severity of
bleeding episodes, reaction to replacement therapy, and inhibitor development. All the
results recorded were compared to existing published data, to strengthen our study

results as well as to identify F9 novel variants.
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CHAPTER 4: RESULTS AND DISCUSSION

INTRODUCTION

In this chapter the results of the study are presented and the data obtained is analysed,
followed by an extensive discussion of the results. Furthermore, the limitations and
impacts of this study are highlighted, and future recommendations are also addressed.

4.1 Study population

Atotal of 21 participants were enrolled in the study (Figure 4.1). This number included
18 people with haemophilia and three putative carriers. When compared to the 25
people with haemophilia B recorded in our HTC, we had a recruitment success rate of
72%. This is especially noteworthy considering that most of the recruitment coincided
with the restrictions brought by the COVID-19 pandemic.

Study population
(n=21)
Adults Minors
(n=8) (n=13)
R | n=2 ]
: 12 | E
A4 ¢ h 4 h 4
Diagnosed with haemophilia B Carrier
(n=18) (n=3)
Mild Moderate Severe
(FIX:C 540 IU/dL™) (FIX:C 1-5 1U/dL™") (FIX:C <1 1U/dL")
(n=0) (n=1) (n=17)

Figure 4.1. Summary of the data collected for the study population at the time of recruitment.

*dL: Decilitre; FIX:C: FIX plasma concentration; IU: International units; n: Number of study participants.
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4.2 Evaluation and optimisation of the F9 conventional PCR detection method

4.2.1 Primer selection

For the F9 screening method, the F9 conventional PCR assays were optimised to
successfully amplify the whole region of interest of the translated region of the F9
gene. Previously published primers (Table 4.1) were used to optimise the PCR
conditions. Ultimately, we determined the optimal PCR conditions for seven fragments

spanning all eight exons of the F9 gene.

Table 4.1. Seven F9 primer pairs for the respective F9 conventional PCR assays.

F9 PCR assay (F9Exon) Primer name Primer sequence Expected fragment size
S F1_F 5-AGTCCAAAGACCCATTGAGG-3' 221 b
9 F1_R 5-GACTCTTCAATATTGCTGTCAAATC-3' P
F2 F 5-TGCCCTAAAGAGAAATTGGC-3
Fragment 2 (exon 2,3) F2 R 5 TGGGTTAGAGGGTTGGACTG-3 627 bp
. S e F3_F 5-GAGGACCGGGCATTCTAAG-3 236 b
ragmen F3_R 5_CCAGTTTCAACTTGTTTCAGAGG-3' P
F4 F 5_-CCCCAATGTATATTTGACCC-3
Fragment 4 (exon 5) F4 R 5_ACTTGAATCTGCTTCCTTTTG-3 334bp
e F5_F 5-TGTAATACATGTTCCATTTGCC-3 242b
9 F5 R 5-TAGCCTCAGTCTCCCACCTG-3' P
F6 F 5_-TTTCTGCCAGCACCTAGAAG-3'
Fragment 6 (exon 7) F6 R 5_ACCCTTCTGCCTTTAGCCC-3 353bp
" F7_F 5-GCCAATTAGGTCAGTGGTCC-3'
AELECEI (G F7_R 5 TGAGAGGCCCTGTTAATTTTC-3 SR

*3’: Three prime end; 5’: Five prime end; bp: Base pairs; F1_F: Fragment 1 forward primer; F1_R: Fragment 1
reverse primer; F2 F: Fragment 2 forward primer; F2_R: Fragment 2 reverse primer; F3 F: Fragment 3 forward
primer; F3_R: Fragment 3 reverse primer; F4_F: Fragment 4 forward primer; F4_R: Fragment 4 reverse primer;
F5 F: Fragment 5 forward primer; F5 R: Fragment 5 reverse primer; F6_F: Fragment 6 forward primer; F6 R:
Fragment 6 reverse primer; FI_F: Fragment 7 forward primer; FI_R: Fragment 7 reverse primer; F9: Factor iX
gene; PCR: Polymerase chain reaction. Primers for exon 1-4 and exon 6-8 were published by Abla et al., (2017)
and the primers for exon 5 were obtained from Radic., (2010).

**Primer pair includes the exon 8a forward primer (HEMBex8a-M13) and the exon 8b reverse primer (HEMBex8b-
M13), published by Abla et al_, {2017).

4.2.2 Optimal annealing temperatures (Appendix H)

The optimal primer annealing temperatures determined for the respective PCR assays
ranged from 60°C to 62°C (Table 4.2). We defined the optimal annealing temperature

as the temperature that provided a single fragment with electrophoresis, with no non-
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specific fragments observed. Figure 4.2 illustrates an example of an electrophoretic

gel image, depicting the temperature gradient results for the F9 fragment 6 PCR assay.

100 bp

ladder 54°C 56°C 58°C 60°C 62°C NTC
700 bp —
600 bp ——
500 bp
400 bp — S
———— 353bp
300 bp ——

200bp——

100 bp ——

Figure 4.2. Gel image depicting the temperature gradient results of the F9 fragment 6
conventional PCR assay, with an expected fragment size of 353 bp. A temperature gradient PCR
was conducted to determine the optimal annealing temperature of the F9 fragment 6 primer pair. The
temperature gradient was performed using a temperature range of 54°C, 56°C, 568°C, 60°C and 62°C.
Gel electrophoretic analysis exemplified the optimal annealing temperature for the primer pair to be
62°C, as indicated by the red box.

4.2.2.1 Troubleshooting for the Fragment 5 (exon 6) PCR assay

Following troubleshooting attempts to optimise the fragment 4 PCR assay using
primers published by Abla et al., (2017) (Table 3.1), the issue of non-specific
amplification persisted. Consequently, a different primer pair published by Radic,
(2010) (Table 4.1) was employed to optimise the PCR assay for exon 6. During the
initial temperature gradient experiment, the fragment of interest (342 bp) exhibited
non-specific amplification across all tested temperatures, leading to its excision (refer
to Appendix H). Subsequently, using the excised fragment as a template for a repeated
temperature gradient, minimal amplification was observed at 54°C, evident by the
presence of a very faint band in the gel electrophoresis analysis. However, the assay
was not repeated as amplification at 56°C and 58°C was lower compared to that
obtained at 60°C. Furthermore, the fragment's integrity began to deteriorate at 62°C,
prompting the determination of 62°C as the optimal annealing temperature.
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4.2.2.2 Troubleshooting for the Fragment 7 (exon 8) PCR assay

During the initial annealing temperature gradient experiment conducted for fragment
7a (Table 3.1), non-specific amplification was observed across all tested temperatures.
Subsequently, several troubleshooting measures were undertaken, and gel
electrophoretic analysis indicated either no amplification or non-specific binding of
primers. Consequently, a modified approach was adopted, whereby the forward primer
for fragment 7a and the reverse primer for fragment 7b (Table 3.1) were combined to
form a novel primer pair for the amplification of the entire exon 8 (Table 4.1). Despite
the presence of minimal non-specific amplification observed at the optimal annealing
temperature (Appendix H), the assay reached its maximum level of optimisation. Given
that Sanger sequencing generated a clean sequence from both the forward and
reverse reaction, the targeted fragment was not excised for reamplification.

4.2.3 Input template DNA and the limit of detection (LOD) (Appendix I)

The LOD for each F9 conventional PCR assay was determined using a range of six
different DNA concentrations, described in section 3.4.3.2. To summarise, the LOD
was determined as the lowest concentration of input DNA required for each PCR
assay, without losing integrity. Each F9 assay was conducted at optimised annealing
temperatures discussed above in section 4.2.2. The electrophoretic gel image in
Figure 4.3 depicts an example of the LOD results obtained for the F9 fragment 4
conventional PCR assay. Furthermore, the LOD, summarised in Table 4.2, for each
F9 PCR assay was analysed using gel electrophoresis. The LOD ranged from 3.125
ng/ul to 12.5 ng/ul. Therefore, we can conclude that to perform a comprehensive
variant detection in a person with an unknown variant, the minimum concentration of
extracted DNA should not be below 12.5 ng/ul. However, if the mutation location of a
familial variant is known, the LOD of the specific exon may be used as an indicator, if
less than 12.5 ng/ul were extracted. This is especially relevant in participants where
blood collection is difficult, and where resampling should preferably be avoided. We
believe that determining the LOD for input DNA is a vital element of our method, taken
that the ultimate goal is to implement this method into the diagnostic platform, thus,
providing minimum sample parameters for the use of this method in different

laboratories is important.
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100 ng/pL
50ng/uL
25ng/uL
12.5ng/pL
6.25 ng/ful
3.125 ng/uL

100 bp
ladder

500bp 7.

300bp ——

200 bp

100bp —

oot — - e - -— -

334 bp

Figure 4.3. Gel image depicting the LOD results obtained for the F9 fragment 4 conventional
PCR assay. To determine the LOD for the F9 fragment 4 conventional PCR assay, a range of six
different DNA concentrations was used to set up six respective PCR reactions. Furthermore, the six
PCR reactions, as well as a NTC reaction, were conducted at the optimal annealing temperature
determined for the PCR assay. As indicated by the red box, a DNA concentration of 3.125 ng/uL, was
concluded to be the LOD for the F9 fragment 4 conventional PCR assay.

Table 4.2. Optimised PCR conditions for each F9 conventional PCR assay.

F9 PCR assay (F9 exon) Optimal annealing temperature Assay limit of detection {LOD)

F9 fragment 1 (Exon 1)
F9 fragment 2 (Exon 2;3)
F9 fragment 3 (Exon 4)
F9 fragment 4 (Exon 5)
F9 fragment 5 (Exon 6)
F9 fragment 6 (Exon 7)
F9 fragment 7 (Exon 8)

62°C 6.25 ng/ed
62°C 6.25 nglad
62°C 6.25 ng/ed
62°C 3.125 ng/od
60°C 6.25 ng/d
62°C 3.125 ng/od
62°C 12.5 ng/d

*F9: Factor IX gene; LOD: Limit of detection

4.2.4 Sanger sequencing (Appendix J)

Each sequencing reaction was prepared, purified and analysed as described in section

3.4.5. We deemed our Sanger sequencing reaction as successful, as we were able to

create electropherograms with clear peaks and minimal non-specific background
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(Figure 4.4), and we determined a 100% similarity between the normal control

sample’s nucleotide sequence and the reference sequence (Figure 4.5).

|
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Figure 4.4. An example of the electropherogram obtained using Chromas-lite; an example that
illustrates an optimised wild-type electropherogram obtained for the forward reaction of the F9 fragment

2 PCR assay, using the control DNA.
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10 20 30 40 50 60
F9Ex2,3 TTTTTCTTGATCATGARAACGCCAACAAARATTCTGAATCGGCCARAGAGGTATAATTCAG

il TTTTICTTGATCATGAARACGCCAACAAAATTCTGAATCGGCCARAGAGGTATARTTCAG

70 80 90 100 110 120
F9Ex2,3 GTARATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAARGAARAGTGTA

T, T GTARATIGGARGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA

130 140 150 160 170 180
F9Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT

222, 3net NG ARANGRGRRRGRAG -, 5.1 71 CCACAT
130 140 150 160 170 180

190 200 210 220 230 240
F9Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAR

Ex2, 3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAARAGACACTTCTCTTTAAA
190 200 210 220 230 240

250 260 270 280 290 300
F9Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT

Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300

310 320 330 340 350 360
F9Ex2,3 ACCAARACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT

Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360

370
F9Ex2,3 TTGGAAGCAGTATGTTG

Ex2, 3Ref TTGGAAGCAGTATGTTG
370

B F9Exon 2

F9Exon 3

Figure 4.5. An example of the nucleotide alignment results (combined sequence of the forward
and reverse reaction) obtained, using the Online Pairwise Sequence alignment software
(https://www.ebi.ac.uk/Tools/psa/emboss_needle/#). This figure depicts the results obtained for the
alignment of the F9 fragment 2 (exon 2 (highlighted in teal) and exon 3 (highlighted in yellow))
sequencing reaction and its reference sequence, obtained from NCBI (NM_000133.4). The desired

sequence was confirmed, as a 100% similarity was obtained.

4.3 Screening of 21 study participants using the optimised F9 conventional
PCR assays

4.3.1 DNA isolation and the concentration of each sample

The DNA concentrations of all the samples ranged from 41.69 ng/uL to 71.25 ng/pL

(Appendix K). Therefore, all our samples yielded extracted DNA with concentrations
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higher than the LOD determined for the F9 conventional PCR assays. Thus, the
concentration of the extracted genomic DNA for each sample was acceptable to be

used in the F9 conventional PCR detection method.

4.3.2 F9 conventional PCR assay fragment analysis (Appendix L)

Based on the successful amplification of the F9 regions of interest, the optimised F9
conventional PCR assays were demonstrated to be dependable and precise.
Therefore, we believe this can be implemented in a routine diagnostic laboratory to
analyse the mutational status of people affected with haemophilia B and possible
carriers. Figure 4.6 is an example of an electrophoretic gel image, depicting fragments
1 to 7 of the conventional PCR assays of one of the study participants. It is clear that
F9 fragment 5 PCR assay amplifies additional non-specific fragments. However, the
desired fragment of 342 bp was excised and reamplified to obtain only one fragment

on the gel image (Appendix L).

Figure 4.6. An example of gel image depicting the F9 fragment 1-7 conventional PCR assay
results obtained for the study sample 11. This figure demonstrates the successful amplification of
each fragment with the respective F9 conventional PCR assays. The fragment sizes obtained with each
F9 PCR assay, were as follows: F1: 321 bp; F2: 627 bp ; F3: 236 bp; F4: 334 bp; F5: 342 bp (correct
fragment was excised and reamplified); F6: 353 bp; and F7: 697 bp. *bp: Base pairs; F1: Fragment 1;
F2: Fragment 2; F3: Fragment 3; F4: Fragment 4; F5: Fragment 5; F6: Fragment 6; F7: Fragment 7.

4.3.3 Sanger sequencing analysis

The Sanger sequencing alignment results (Appendix M) confirmed the F9 variant
detected for each sample (Figure 4.7). Each FIX variant will be discussed separately.

In this study population of 21 individuals, ten pathogenic F9 genetic changes were
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identified. Due to the fact that two of the variants were complex variants, each with
one novel and one previously described genetic change, we can conclude that in our
participants there were eight pathogenic variants detected. These genetic variants
included one missense variant (c.1217C>T), one nonsense variant (c.721C>T), four
deletions (c.311delA; ¢.363_364delTG; ¢.1178_1180delACA; c.1376delA), and two
complex variants (250A>G and 251delC; 580A>G and 726delT) (Figure 4.7). After
comparing the changes to previously published data, five of the ten genetic changes
(n=5/10; 50%) were found to be novel. When evaluating the variants, five of the eight

variants (5/8, 62.5%) we described were found to be novel variants.
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Figure 4.7. Summary of all the F9 pathogenic variants identified within the study population. *AP: Activation peptide; EGF1: Epidermal growth factor like

1 domain; EGF2: Epidermal growth factor like 2; GLA: Gamma-carboxyglutamic acid domain: SP: Serine protease.

63



Summary

4.3.3.1 Missense variant
4.3.3.1.1 c.1217C>T (p.Ser4%Leu)

A previously described F9 missense variant, ¢.1217C>T (p.Ser*’®Leu), was
identified in two of our study participants (S5 and S10) (Bicocchi et al., 2006; Chen
etal., 1991; Costa et al., 2000; Ghanem et al., 1993; Saad et al., 1994). Both study
participants were diagnosed with severe haemophilia B, based on the functional
plasma level of FIX (FIX:C <1.0 IU/dL (S5) and FIX:C 0.6 IU/dL (S10),

respectively).

This missense variant was detected in exon 8 of the F9 gene, at position 1217 of
the nucleotide sequence. Figure 4.8 depicts an example of the sequence alignment
results obtained for S10, confirming the variant detected. The ¢.1217C>T variant
results in the radical amino acid change of Ser*®Leu within the FIX serine protease
domain (Figure 4.9). The Ser*% is a buried residue within the random coil region of
the FIX structure, with a surface accessibility of 15.4%. Besides changing the
polarity of this site from partially hydrophilic to hydrophobic, the Ser*®Leu variant
fills this cavity intended to host the p-amino benzamidine inhibitor, resulting in the
prevention of this molecule to access the FIX catalytic region. Figure 4.10 depicts
the theoretical 3D structure created, using the SWISS-MODEL online building
software to predict the effect on the FIX protein structure. Furthermore, the
PolyPhen-2 online prediction tool predicted the p.Ser*®Leu variant to be possibly

damaging with a score of 0.779 (sensitivity: 0.85; specificity: 0.93).

The ACMG criteria for classifying pathogenic variants and the categories of
pathogenicity for this missense variant, are summarised in Table 4.3. Based on the
ACMG rules for combining criteria for the classification of sequence variants, in
combination with the online VarSome software, this F9 missense variant

(c.1217C>T), was predicted to be pathogenic.
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10 20 30 40 50
10 Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGARATGTG

ExB8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGARATGTG
10 20 30 40 50

60 70 80 90 100
10 _Ex8 ATTCGAATTATTCCTCACCACRACTACAATGCAGCTATTAATAAGTACAR

Ex8Ref ATTCGAATTATTCCTCACCACRACTACAATGCAGCTATTAATAAGTACAA
60 70 80 90 100

110 120 130 140 150
10 _Ex8 CCATGACATTGCCCTTCTGGAACTGGACGAACCCTTAGTGCTARACAGCT

Ex8Ref CCATGACATTGCCCTTCTGGAACTGGACGAACCCTTAGTGCTAAACAGCT
110 120 130 140 150

160 170 180 190 200
10 Ex8 ACGTTACACCTATTTGCATTGCTGACAAGGAATACACGAACATCTTCCTC

ExBRef ACGTTACACCTATTTGCATTGCTGACAAGGAATACACGAACATCTTCCTC
160 170 180 190 200

210 220 230 240 250
10 Ex8 AAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCTTCCACAAAGG

Ex8Ref AAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCTTCCACARAAGG
210 220 230 240 250

260 270 280 290 300
10 Ex8 GAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG

ExBRef GAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
260 270 280 290 300

310 320 330 340 350
10 _Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGT

ExB8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGT
310 320 330 340 350

360 370 380 390 400
10 _Ex8 GCTGGCTTCCATGAAGGAGGTAGAGATTTATGTCAAGGAGATAGTGGGGG

Ex8Ref GCTGGCTTCCATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGG
360 370 380 390 400

410 420 430 440 450
10 Ex8 ACCCCATGTTACTGAAGTGGAAGGGACCAGTTTCTTAACTGGAATTATTA

ExBRef ACCCCATGTTACTGAAGTGGAAGGGACCAGTTTCTTAACTGGAATTATTA
410 420 430 440 450

460 470 480 490 500
10 _Ex8 GCTGGGGTGAAGAGTGTGCAATGAAAGGCAARTATGGAATATATACCAAG

Ex8Ref GCTGGGGTGAAGAGTGTGCAATGARAGGCAAATATGGAATATATACCAAG
460 470 480 490 500

510 520 530 540
10 Ex8 GTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGCTCACTTAA

ExBRef GTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGCTCACTTAA
510 520 530 540

Figure 4.8. Alignment comparison of the F9 exon 8 nucleotide sequence between S10 and
the corresponding reference sequence. The sequence F9 variant, c.1217C>T, is highlighted in

green. The reference sequence was obtained from NCBI (NM_000133.4).

65



Chapter 4: Results and Discussion

10 20 30 40 50
10 FIX MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSG

FIXRef MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSG
10 20 30 40 50

60 70 80 90 100
10 FIX KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN

FIXRef KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN
60 70 80 90 100

110 120 130 140 150
10 FIX PCLNGGSCKDDINSYECWCPFGFEGEKNCELDVICNIKNGRCEQFCKNSAD

FIXRef PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD
110 120 130 140 150

160 170 180 190 200
10 FIX NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVEPDVD

FIXRef NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVEFPDVD
160 170 180 190 200

210 220 230 240 250
10 FIX YVNSTEAETILDNITQSTQSENDFTRVVGGEDAKPGQFPWQVVLNGKVDA

FIXRef YVNSTEAETILDNITQSTQSFNDETRVVGGEDAKPGQFPWQVVLNGKVDA
210 220 230 240 250

260 270 280 290 300
10 FIX FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRII

FIXRef FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIT
260 270 280 290 300

310 320 330 340 350
10 FIX PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKEFGS

FIXRef PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKEGS
310 320 330 340 350

360 370 380 390 400
10 _FTX GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFH

FIXRef GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMEFCAGFEFH

360 370 380 390 400
410 420 430 440 450
10 FTX EGGRDLCQGDSGGPHVTEVEGTSFLTGITSWGEECAMKGKYGIYTKVSRY
M S S A A A A A A A R R R
FIXRef EGGRDSCQGDSGGPHVTEVEGTSFLTGIISWGEECAMKGKYGIYTKVSRY
410 420 430 440 450

460

10 _FTX VNWIKEKTKLT

FIXRef VNWIKEKTKLT
460

Figure 4.9. Alignment of the compromised translated FIX protein sequence for S10 and the
FIX reference amino acid sequence (NP_000124.1). The p.Ser*%Leu FIX amino acid variant is
highlighted in yellow. *®: Radical amino acid change. The reference sequence was obtained from
NCBI (NP_000124.1).
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Figure 4.10. Prediction of the altered FIX 3D structure (p.Ser*°Leu).

Table 4.3. The categories of pathogenicity for F9 variant c.1217C>T.

Categories

PS1 Same amino acid change as a previously established pathogenic variant regardless of nucleotide change.

PS3  Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.g., active site of an
enzyme) without benign variation.
Strong - Hot spot of length 17 amino acids has 14 missense/in-frame/non-synonymous variants (13 pathogenic,
1 uncertain and 0 benign), which qualifies as a dense hot spot.

PM2 Absent from controls in Exome Sequencing Project, 1000 Genome Project, or Exome Aggregation Consortium.

PP3 Multiple lines of computational evidence support a deleterious effect on the gene or the gene product
(conservation, evolutionary, splicing impact, etc.).

PP5 Reputable source recently reports variant as pathogenic, but the evidence is not available to the laboratory to

perform an independent evaluation.
ClinVar classifies this variant as Pathogenic.

(Categories for classification of variant pathogenicily were copied and modified from Richards ef al_, {2015)).
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4.3.3.2 Nonsense variant
4.3.3.2.1 c.721C>T (p.Glu?41*)

A previously published nonsense variant, c.721C>T (p.GIn?*'*) (Onay et al., 2003),
was identified in six study participants (S2, S7, S8, S9, S12, S13). All, except S13
were diagnosed with severe haemophilia B, based on the respective FIX levels
(FIX:C 0.7 IU/dL (S2); FIX:C <1.0 IU/dL (S7); <1.0 IU/dL (S8); <0.4 IU/dL (S9); 0.6
IU/dL (S12)). Furthermore, all these study participants, except S2, were related.
S13 did not have a patient file at the time of recruitment, thus, she had no
documented FIX plasma levels. However, as this participant is the sister of S8, a
confirmed person with severe haemophilia B, it was suspected that she was an

asymptomatic carrier.

The ¢.721C>T variant occurs in exon 6 at position 721 of the F9 coding nucleotide
sequence (Figure 4.11), resulting in the amino acid change of GIn to a premature
stop (*) codon, at position 241 (GIn?*'Stop) within the serine protease domain of the
FIX heavy chain. The GIn?*'is a buried residue, located in a beta sheet region of
the FIXa structure. Consequently, the amino acid change results in the premature
termination of FIX translation and the production of a FIX protein structure,
comprising only 240 amino acids. Figure 4.12 shows the alignment between this
truncated FIX protein and its reference sequence. According to the SWISS 3D
model prediction (Figure 4.13), folding of the protein results in a further loss of 22

amino acids, resulting in a folded mature protein that is only 218 amino acids long.

The categories of pathogenicity, based on the ACMG criteria for classifying
pathogenic variants for this nonsense variant, are summarised in Table 4.4. Based
on the ACMG pathogenic classifying criteria, in combination with the online
VarSome software, this F9 nonsense variant (721C>T), was predicted to be

pathogenic.
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10 20 30 40 50 60
52 _Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGITTCACAAACTTCTAAGCTCACCCGTGCTGAGA

F9 Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60

70 80 90 100 110 120
52 Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA

F9 Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
70 80 90 100 110 120

130 140 150 160 170 180
52 Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA

F9 Exé6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180

190 200
52_Ex6 AACCAGGTCAATTCCCTTGGTA

F9 Ex6 AACCAGGTCAATTCCCTTGGCA
190 200

Figure 4.11. Alignment comparison of the F9 exon 6 nucleotide sequence between S2 and the
corresponding reference sequence. The sequence F9 variant, c.721C>T, is highlighted in green.
The reference sequence was obtained from NCBI (NM_000133.4).
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KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN

KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN
60 70 80 90 100

110 120 130 140 150
PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD

PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD
110 120 130 140 150

160 170 180 190 200
NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVEPDVD

NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVEPDVD

160 170 180 190 200
210 220 230 240 250
YVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWX—————————
TrTririiiriiiiriiiiiiiiiiiiiiiiiiiiiini:ia@®
YVNSTEAETILDNITQSTQSEFNDFTRVVGGEDAKPGQFPWQVVLNGKVDA
210 220 230 240 250
260 270 280 290 300

FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIT
260 270 280 290 300

PHHNYNAATNKYNHDIALLELDEPLVLNSYVTPICIADKEY TNIFLKEGS
310 320 330 340 350

GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKET IYNNMFCAGEFH
360 370 380 390 400

EGGRDSCQGDSGGPHVTEVEGT SELTGIISWGEECAMKGKYGIYTKVSRY
410 420 430 440 450

VNWIKEKTKLT
460
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Figure 4.12. Alignment of the translated FIX protein sequence for S2 and the corresponding
FIX reference amino acid sequence. The p.Glu?*'* FIX amino acid variant is highlighted in yellow.

*®: Radical amino acid change The reference sequence was obtained from NCBI (NP_000124.1).

Figure 4.13. Prediction of the truncated FIX 3D structure (p.Glu?"*).

Table 4.4. The categories of pathogenicity for F9 variant ¢.721C>T.

Categories

PV81 Null variant (nonsense).
PS1 Same amino acid change as a previously established pathogenic variant regardless of nucleotide change.

PS3  Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

PM2 Absent from controls in Exome Sequencing Project, 1000 Genome Project, or Exome Aggregation Consortium.
PM4  Protein length changes as a result of in-frame deletions/insertions in a non-repeat region or stop-loss variants.
PP1  Cosegregation with disease in multiple affected members in a gene definitively known to cause the disease.

PP3  Multiple lines of computational evidence support a deleterious effect on the gene or the gene product.

(Categories for classification of variant pathogenicity were copied and modilfied from Richards et al_, (2015)).
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4.3.3.3 Deletions
4.3.3.3.1 c.311delA (p.Asn'**Metfs*31)

A novel deletion, c.311delA (p.Asn'%Metfs*31), was detected in four participants
(S6, S14, S18, and S19). At the time of recruitment, both S6 and S14 presented
with severe FIX deficiency (FIX:C <0.4 1U/dL (S6); FIX:C 0.5 IU/dL (S14)). At the
time of recruitment, S18 presented with a moderate FIX level of severity (FIX:C
1.8 IU/dL). However, a severe FIX level of deficiency was obtained with the
functional analysis performed in this study. Based on the FIX plasma levels, this
discrepancy emphasises that the severity classification of moderate haemophilia
B needs to be handled with caution, and this will be discussed in more detail later.
Additionally, S19 (related to S18) was, at the time of recruitment, classified as a
potential asymptomatic carrier as no FIX:C data was available at this point.

This novel variant was identified in F9 exon 4, at position 311 of the translating
nucleotide sequence (Figure 4.14). This deletion results in the radical amino acid
change of Asn'®*Met, which occurs within the EGF 1 protein domain, followed by
an additional 21 radical changes (p.Gly'®Asn, p.Gly'%Asn, p.Ser'%’Val,
p.Cys'%Ala, p.Asp'°Met, p.Asp™'Thr, p.Asn'lle, p.Ser''*Pro, p.Tyr'"*Met,
p.Glu'Asn, p.Cys''"Val, p.Trp''8Gly, p.Cys'®Val, p.Phe'?'Leu, p.Gly'??Asp,
p.Phe'?3Leu, p.Gly'?°Glu, p.Asn'?"Thr, p.Cys'?Val, p.Glu'?°Asn, and p.Asp'3'His)
five conservative changes (p.Lys'%Arg, p.lle'?Leu, p.Glu'?'Lys, p.Lys'?%Arg, and
p.Leu’®Met), and subsequently, premature termination of translation at the FIX
residue 134. The Asn'% is an exposed residue, with a surface accessibility of 9%.
Figure 4.15 demonstrates the results for the alignment between this truncated FIX
protein and its reference sequence. A theoretical 3D ribbon FlXa protein structure
was predicted with SWISS-MODEL online building software, shown in Figure 4.16.
The complete amino acid sequence is folded into a mature FIXa protein of 133
amino acids. Summarised in Table 4.5. are the combined criteria for the prediction
of variant pathogenicity, using the ACMG criteria and the VarSome online software.

Finally, the c.311delA F9 variant was predicted to be pathogenic.
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10 20 30 40
6 Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTT-AATGGCGGCAGTTGCAAG

Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAaTGGCGGCAGTTGCAAG
10 20 30 40 50

50 60 70 80 90
6 _Ex4 GATGACATTAATTCCTATGRATGTTGGTGTCCCTTTGGATTTGAAGGRAAA

Ex4Ref GATGACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGARA
60 70 80 90 100

100 110
6 Ex4 GAACTGTGAATTAG

Ex4Ref GAACTGTGAATTAG
110

Figure 4.14. Alignment comparison of the F9 exon 4 nucleotide sequence between S6 and
the corresponding reference sequence. The sequence F9 variant, c.311delA, is highlighted in
green. The reference sequence was obtained from NCBI (NM_000133.4).
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10 20 30 40 50
6 FIX MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSG

FIXRef MORVNMIMAESPGLITICLLGYLLSAECTVELDHENANKILNRPKRYNSG
10 20 30 40 50

60 70 80 90 100
6 FIX KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN

FIXRef KLEEFVQGNLERECMEEKCSFEEAREVEENTERTTEFWKQYVDGDQCESN

60 70 80 90 100
110 120 130
6 FIX PCLMAAVARMTLIPMNVGVPLDLKERTVNMHVTX-———————————————
1@ B . : . P
FIXRef PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD
110 120 130 140 150
160 170 180 190 200

6 FIX ——————mmmm e
FIXRef NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVEPDVD
160 170 180 190 200

6 FIX ——————mmmm e
FIXRef YVNSTEAETILDNITQSTQSFNDETRVVGGEDAKPGQFPWQVVLNGKVDA
210 220 230 240 250

B FIX —

FIXRef FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIT
260 270 280 290 300

FIXRef PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKEGS
310 320 330 340 350

FIXRef GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKEFTIYNNMFCAGEFH
360 370 380 390 400

FIXRef EGGRDSCQGDSGGPHVTEVEGTSEFLTGIISWGEECAMKGKYGIYTKVSRY
410 420 430 440 450

FIXRef VNWIKEKTKLT
460

Figure 4.15. Alignment of the altered translated FIX protein sequence for S6 and the FIX
reference amino acid sequence. The radical p.Asn'%Metfs*31 FIX amino acid variant is
highlighted in yellow. *®: Radical amino acid change; X: Stop codon. The reference sequence was
obtained from NCBI (NP_000124.1).
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Met104 P T ——

Figure 4.16. Prediction of the compromised FIX 3D structure (p.Asn'*Metfs*31).

Table 4.5. The categories of pathogenicity for F9 variant c.311delA.

Categories

PVS1

PS3

PM2

PM4

PMé6

PP3

Null variant (nonsense, frameshift, canonical + 1 or 2 spice sites, initiation codon, single or multiexon deletion)
in gene where LOF is a known mechanism of disease.
Null variant (frameshift), in gene F9 for which LOF is a known mechanism of disease (gene has 45 pathogenic
LOF variants and gnomAD LOF observed/expected = O is less than 0.763), associated with haemophilia B,
due to the FIX defect and Warfarin sensitivity, X-linked.

Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

Absent from controls in Exome Sequencing Project, 1000 Genome Project, or Exome Aggregation Consortium.
Protein length changes as a result of in-frame deletions/insertions in a non-repeat region or stop-loss variants.
Assumed novel, but without confirmation of paternity or maternity.

Multiple lines of computational evidence support a deleterious effect on the gene or the gene product

(conservation, evolutionary, splicing impact, etc.).
Pathogenic computational verdict based on 1 pathogenic prediction from PhyloP versus no benign predictions.

*FIX: Factor IX; LOF: Loss of function.

(Categories for classification of variant pathogenicity were copied and modified from Richards et al., (2015)).
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4.3.3.3.2 ¢.363_364delTG (p.Phe'?'Leufs*3)

A novel deletion, ¢.363 364delTG (p.Phe'?'Leufs*3), was detected in study
participant 3 (S3), who was diagnosed with a severe FIX deficiency (FIX:C 0.6
IU/dL). This novel variant was identified in F9 exon 4, at position 363-364 of the
nucleotide sequence (Figure 4.17). This results in the radical amino acid change
of Phe'?'Leu, within the EGF1 protein domain of FIX, resulting in the premature
termination of FIX translation. Figure 4.18 demonstrates the results for the
alignment between this truncated FIX protein and its reference sequence. Phe'?
is a buried residue with a surface accessibility of 4%. Furthermore, Phe'?' is a turn
residue within a random coil of the FIXa structure and can compromise the folding

of the truncated 122-residue FIXa molecule. (Figure 4.19).

The ACMG criteria for classifying pathogenic variants, in combination with the
VarSome online prediction software, were used to predict the classification of the
pathogenicity for c¢.363_364delTG. Based on the classification criteria,
summarised in Table 4.6., the F9 variant, c.363 364delTG, was determined to be

pathogenic.

10 20 30 40 50
3 Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAG

ExdRef ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAG
10 20 30 40 50

60 70 80 90
3 Ex4 GATGACATTAATTCCTATGAATGTTGGTGTCCCTT==GATTTGAAGGAAA

ExdRef GATGACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGARA
60 70 80 90 100

100 110
3 Ex4 GAACTGTGAATTAG

Ex4Ref GAACTGTGAATTAG
110

Figure 4.17. Alignment comparison of the F9 exon 4 nucleotide sequence between S3 and
the corresponding reference sequence. The sequence F9 variant, ¢.363 364delTG, is

highlighted in green. The reference sequence was obtained from NCBI (NM_000133.4).
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10 20 30 40 50 60
3 FIX MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQGNTL

FIXRef MORVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKITLNRPKRYNSGKLEEFVQGNL
10 20 30 40 50 60

70 80 90 100 110 120
3 _FIX ERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCPE

FIXRef ERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCP

70 80 90 100 110 120

3 FIX BIX———mm—mmmm oo mmm e
®

FIXRef FGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGR

130 140 150 160 170 180

3 FIX  —mm oo -

FIXRef VSVSQTSKLTRAETVFPDVDYVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPW
190 200 210 220 230 240
3 FTH  mmm e
FIXRef QVVINGKVDAFCGGSTVNEKWIVTAAHCVETGVKITVVAGEHNTEETEHTEQKRNVIRTT
250 260 270 280 290 300
3 FTX  mmm o
FIXRef PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGSGYVSGWGRVFE
310 320 330 340 350 360
3 LK mm oo
FIXRef HKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFHEGGRDSCQGDSGGPHVTEVE
370 380 390 400 410 420
3 FTIX  mmm oo

FIXRef GTSFLTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT
430 440 450 460

Figure 4.18. Alignment of the compromised translated FIX protein sequence for S3 and the
FIX reference amino acid sequence. The radical p.Phe'?'Leufs*3 FIX amino acid variant is
highlighted in yellow. *®: Radical amino acid change; X: Stop codon. The reference sequence was
obtained from NCBI (NP_000124.1).
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Figure 4.19. Depiction of the truncated FIX 3D structure (p.Phe121Leufs*3).

Table 4.6. The categories of pathogenicity for F9 variant ¢.363_364delTG.

Categories

PVS1 Null variant (nonsense, frameshift, canonical + 1 or 2 spice sites, initiation codon, single or multiexon deletion)
in gene where LOF is a known mechanism of disease.

PS3 Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

PM2 Absent from controls in Exome Sequencing Project, 1000 Genome Project, or Exome Aggregation Consortium.
PM4 Protein length changes as a result of in-frame deletions/insertions in a non-repeat region or stop-loss variants.
PP3 Multiple lines of computational evidence support a deleterious effect on the gene or the gene product

(conservation, evolutionary, splicing impact, etc.).
Pathogenic computational verdict based on 1 pathogenic prediction from PhyloP versus no benign predictions.

*LOF: Loss of function.
(Categories for classification of variant pathogenicity were copied and modified from Richards et al., (2015)).
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4.3.3.3.3 ¢.1178_1180delACA (p.Asn3%3del)

The deletion, ¢.1178 _1180delACA, which has previously been described, was
identified in three study participants (S11, S16 and S17) (Belvini et al., 2005; Miller
et al.,, 2012; Saad et al., 1994). At the time of recruitment, two participants
presented with severe FIX deficiency (FIX:C 0.9 IU/dL (S11); FIX:C <0.3 IU/dL
(S16)) and S17 (FIX:C 68.4 IU/dL) was diagnosed as an asymptomatic
haemophilia B carrier.

This variant is located in exon 8 of the F9 gene, spanning from position 1178-1180
of the nucleotide sequence. Depicted in Figure 4.20, are the sequence alignment
results obtained for S11, confirming the variant detected, which results in the loss
of Asn3%3 within the serine protease domain (Figure 4.21). The Asn3%3is a buried
residue, located within a hydrogen bonded turn region, with a surface accessibility
of zero from the mature FIXa molecule. Figure 4.22 depicts the theoretical 3D
ribbon structure of this FIXa protein. Furthermore, summarised in Table 4.7, are
the ACMG pathogenicity criteria, together with the online VarSome prediction
software for this F9 variant (c.1178_1180delACA), consequently classified as

pathogenic.

79



Chapter 4: Results and Discussion

10 20 30 40 50 60
11 Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA

Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60

70 80 90 100 110 120
11 Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG

Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120

130 140 150 160 170 180
11 Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG

Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180

190 200 210 220 230 240
11 Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT

Ex8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240

250 260 270 280 290 300
11 Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG

Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
250 260 270 280 290 300

310 320 330 340 350
11 Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATZ—\ACA-T GTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACA-T GTTCTGTGCTGGCTTCC
310 320 330 340 350 360

360 370 380 390 400 410
11 Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG

Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420

420 430 440 450 460 470
11 Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

480 490 500 510 520 530
11 Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

540
11 Ex8 TCACTTAA

Ex8Ref TCACTTAA

Figure 4.20. Alignment comparison of the F9 exon 8 nucleotide sequence between S11 and
the corresponding reference sequence. The sequence F9 variant, c.1178_1180delACA, is
highlighted in green. The reference sequence was obtained from NCBI (NM_000133.4).
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10 20 30 40 a0 al
11 FI¥ MORVHNMIMAESPGLITICLLGYLLSAECTVFLDHENANEI LNRPFERYNSCGELEEFVQGNL
FIXRef MORVHNMIMAESPGLITICLLGY LLSAECTVFLDHEMANEILNRFERYNSGELEEFVOGHL
10 20 30 40 50 al

70 20 a0 100 114 120
11 FI¥ ERECMEEKCSFEEAREVFENTERTTEFWEQYVDGDQCESNPCLNGGSCEDDINSYECHCE
FIXRef ERECMEEKCSFEEAREVFENTERTTEFWEQYVDGDOCESNPCLNGGSCKDDINSYECWHCE
70 20 a0 100 110 120

130 140 150 la0 170 180
11 FI¥ FGFEGKNCELDVTCNIENGRCEQFCENSADNEVWCSCTEGYRLAENQKSCEPAVEFPCGR
FIXRef FGFEGKNCELDVTCHIKNGRCEQFCENSADNEVWVCSCTEGYRLAENQKSCEPAVEFPCGR
130 140 150 1&0 170 130

140 200 210 220 230 240
11 FIX WEVESQTSKLTRAETVFPDVDYVHNSTEAETILONITOSTQSFHNDFTRVVGEEDAKPGOEFFW
FIXRef VEVSQTEKLTRAETVEPDVDYVNSTEAETILONITQESTOS FHNDFTRVVGEEDAKPGQEEFH
140 200 210 220 230 240

250 Zal 270 280 2490 300
11 FIX QVVLNGEVDAFCGGS IVHNEEWIVTAAHCVETGVEITVVAGEHNIEETEHTEQKENVIRII
FIXRef QWVVLNGEVDAFCGGEIVNEEWIVTAAHCVETGVEITVVAGEHNIEETEHTEQERENVIRIT
250 2a0 270 280 2490 300

310 320 330 340 350 380
11 FIX PHENYNAAINKYNHDIALLELDEFLVLNSYVTPICIADEEYTNIFLEFGSGYVSEWERVE
FIXRef PHHENYHAARINKYNHDIALLELDEFLVLNSYVITPICIADKEYTNIFLEFGSGYVSEWEREVE
310 320 330 340 350 3a0

370 380 340 400 414
11 FIX HKGRSALVL&YLRVPL?DRATCIRSTKFTIYN-MFCAGFHEGGRDECQhDEGGPH?TEVE

FIXRef HEGRSALVLQYLRVPLVDRATCLRSTEFTIYNNMFCAGFHEGGRDSCQGEDESGGFHVTEVE
370 380 340 400 410 420

420 430 440 450 4480

11 FI¥ GTEFLTGIISWGEECAMEGEYGIYTEVSRYVHWIKEKTELT

FIXRef GTESFLTGIISWGEECAMEGEYGIYTEVSRYVHNWIKEKTELT
430 440 450 a0

Figure 4.21. Alignment of the altered translated FIX protein sequence for S11 and the FIX
reference amino acid sequence. The p.Asn3%3del FIX amino acid variant is highlighted in yellow.
The reference sequence was obtained from NCBI (NP_000124.1).
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Figure 4.22. Depiction of the altered FIXa 3D ribbon structure (p.Asn’%3del).

Table 4.7. The categories of pathogenicity for F9 variant c.1178_1180delACA.

Categories

PVS1

PS3

PM1

PM2

PM4

PP1

PP3

Null variant (nonsense, frameshift, canonical + 1 or 2 spice sites, initiation codon, single or multiexon deletion)
in gene where LOF is a known mechanism of disease.

Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

Located in a mutational hot spot and/or critical and well-established functional domain (e.g., active site of an
enzyme) without benign variation.

Hot spot of length 19 amino acids has 15 missense/in-frame/non-synonymous variants (14 pathogenic, 1
uncertain and 0 benign), which qualifies as a dense hot spot.

Absent from controls in Exome Sequencing Project, 1000 Genome Project, or Exome Aggregation Consortium.
Protein length changes as a result of in-frame deletions/insertions in a non-repeat region or stop-loss variants.
Cosegregation with disease in multiple affected members in a gene definitively known to cause the disease.

Multiple lines of computational evidence support a deleterious effect on the gene or the gene product
(conservation, evolutionary, splicing impact, etc.).

*LOF: Loss of function.

(Categories for classification of variant pathogenicity were copied and modified from Richards et al., (2015)).
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4.3.3.3.4 c.1376delA (p.Lys***Serfs*24)

A novel deletion, c.1376delA (p.Lys***Serfs*24), was detected in sample 15 (S15),
20 (S20), and 21 (S21). Based on the lowest FIX level on file, at the time of
recruitment, all three study participants presented with severe FIX deficiency
(FIX:C 0.8 IU/dL (S15); FIX:C <0.4 IU/dL (S20); <0.3 IU/dL (S21)).

This novel F9 variant was identified in exon 8, at position 1376 of the nucleotide
sequence, resulting in a frameshift of the translating nucleotide sequence. Figure
4.23 depicts an example of the sequence alignment results obtained for S21,
confirming the variant detected. This deletion results in the radical amino acid
change of Lys**®Ser within the serine protease domain and consequently, the
translation of an elongated 481-residue FIX molecule (Figure 4.24). Finally, as
shown in Figure 4.25, a theoretical 3D FIXa ribbon structure was created with the
SWISS-MODEL online building software. This novel variant, c.1376delA, was
predicted to be pathogenic, based on the criteria published by the ACMG for
classifying pathogenic variants. The categories of pathogenicity for this deletion,

are summarised in Table 4.8.
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10 20 30 40 50 60
21 Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA

Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60

70 80 90 100 110 120
21 Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG

Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120

130 140 150 160 170 180
21 Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG

Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180

190 200 210 220 230 240
21 Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT

Ex8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240

250 260 270 280 290 300
21 Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG

Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
250 260 270 280 290 300

310 320 330 340 350 360
21 Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360

370 380 390 400 410 420
21 Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG

Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420

430 440 450 460 470 480
21 Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530
21 Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAA.GC
Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAA.GC
490 500 510 520 530 540

540
21 Ex8 TCACTTAA

Ex8Ref TCACTTAA

Figure 4.23. Comparison of the F9 exon 8 translating nucleotide sequence between S21 and
the reference sequence. These alignment results confirm the deletion (c.1376delA) detected in
F9 exon 8, as highlighted in green. The reference sequence was obtained from NCBI
(NM_000133.4).
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10 20 30 40 50 60
21 FIX MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQGNL

FIXRef MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQGNL
10 20 30 40 50 60

70 80 90 100 110 120
21 FIX ERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCE

FIXRef ERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCP
70 80 90 100 110 120

130 140 150 160 170 180
21 FIX FGFEGENCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGR

FIXRef FGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGR
130 140 150 160 170 180

190 200 210 220 230 240
21 FIX VSVSQTSKLTRAETVEPDVDYVNSTEAETILDNITQSTQSFNDETRVVGGEDAKPGQEFPW

FIXRef VSVSQTSKLTRAETVEFPDVDYVNSTEAETILDNITQSTQSENDETRVVGGEDAKPGQEPW
190 200 210 220 230 240

250 260 270 280 290 300
21 FIX QVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIT

FIXRef QVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIT
250 260 270 280 290 300

310 320 330 340 350 360
21 FIX PHHNYNAAINKYNHDIALLELDEPLVLNSYVIPICIADKEYTNIFLKEGSGYVSGWGRVE

FIXRef PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGSGYVSGWGRVE
310 320 330 340 350 360

370 380 390 400 410 420
21 FIX HKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFHEGGRDSCQGDSGGPHVTEVE

FIXRef HKGRSALVLQYLRVPLVDRATCLRSTKETIYNNMECAGFHEGGRDSCQGDSGGPHVTEVE

370 380 390 400 410 420

430 440 450 460 470 480

21 FIX GTSFLTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTSSLNERWISKVNSLELKINRAS
Trrrrrriiiiiiiiiiiiiiiiiiiiiiiiiiiiin:®

FIXRef GTSFLTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT-—————————————————-
430 440 450 460

21 FIX HX

FIXRef —--

Figure 4.24. Alignment of the compromised translated FIX protein sequence for S21 and the
FIX reference amino acid sequence. The radical p.Lys**Serfs*24 FIX amino acid variant is
highlighted in yellow. *®: Radical amino acid change: X: Stop codon. The reference sequence was
obtained from NCBI (NP_000124.1).
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Figure 4.25. Depiction of the compromised FIX 3D ribbon structure (p.Lys**°Serfs*24).

Table 4.8. The categories of pathogenicity for F9 variant c.1376delA.

Categories

PVS1

PS3

PM2

PM4

PMé6

PP1

PP3

Null variant (nonsense, frameshift, canonical + 1 or 2 spice sites, initiation codon, single or multiexon deletion)
in gene where LOF is a known mechanism of disease.

Strong because null variant (frameshift), situated only 3 amino acids from the end of the protein, in F9 gene for
which LOF is a known mechanism of disease.

Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

Absent from controls in Exome Sequencing Project, 1000 Genome Project, or Exome Aggregation Consortium.
Protein length changes as a result of in-frame deletions/insertions in a non-repeat region or stop-loss variants.
Assumed novel, but without confirmation of paternity or maternity.

Cosegregation with disease in multiple affected members in a gene definitively known to cause the disease.

Multiple lines of computational evidence support a deleterious effect on the gene or the gene product
(conservation, evolutionary, splicing impact, etc.).
Pathogenic computational verdict based on 1 pathogenic prediction from PhyloP versus no benign predictions.

*F9: Factor IX gene; LOF: Loss of function.

(Categories for classification of variant pathogenicity were copied and modified from Richards et al., (2015)).
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4.3.3.4 Complex F9 variants
4.3.3.4.1 ¢.250A>G;c.251delC (p.Thré*Glufs*20)

A complex F9 variant was detected in study participant 4 (S4), which included a
missense variant, c.250A>G, previously published by Wulff et al., (1999), and a
novel F9 deletion, c.251delC. At the time of recruitment, S4 presented with a
severe level of FIX deficiency (FIX:C <0.3 1U/dL).

The missense variant (c.250A>G) and the novel F9 deletion (c.251delC), are
located in exon 4 of F9, at nucleotide position 250 and 251, respectively (Figure
4.26). Consequently, the combined effect of this complex variant results in the
radical amino acid change and a frameshift (Thr®Glufs*20) within the EGF1
domain of the FIX protein, as depicted in Figure 4.27. The Thr84 is a buried residue,
within an alpha helix strand, with a surface accessibility of zero, where the value
of zero corresponds to 0% — 9% solvent accessibility. As depicted in Figure 4.27,
this radical variant is followed by several radical and conservative changes and
ultimately, the translation of a pre-mature stop codon. The predicted 3D ribbon
structure of this truncated FIXa protein is shown in Figure 4.28. The ACMG
pathogenicity classification of this complex F9 variant is summarised in Table 4.9.
Based on the rules for combining criteria for pathogenic classification, this complex
F9 variant [(c.250A>G)(c.251delC)] was predicted to be pathogenic.
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10 20 30 40 50 60
4 Ex2, TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG

Ex2, 3R TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGCGTATAATTCAG
10 20 30 40 50 60

70 80 90 100 110 120
4 Ex2, GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA

Ex2,3R GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAARAGTGTA
70 80 90 100 110 120

130 140 150 160 170
4 Ex2, GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAG-AGTGAGTATTTCCACAT

Ex2, 3R GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAG AGTGAGTATTTCCACAT
130 140 150 160 170 180

180 190 200 210 220 230
4 Ex2, AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA

Ex2,3R AATACCCTTCAGATGCAGAGCATAGAATAGAARATCTTTAAAAAGACACTTCTCTTTARA
190 200 210 220 230 240

240 250 260 270 280 290
4 Ex2, ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT

Ex2, 3R ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300

300 310 320 330 340 350
4 Ex2, ACCAARACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT

Ex2,3R ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360

360 370
4 Ex2, TTGGAAGCAGTATGTTG

Ex2, 3R TTGGAAGCAGTATGTTG
370

Figure 4.26. Comparison of the F9 fragment 2 (exon 2,3) translating nucleotide sequence
between S4 and the reference sequence. These alignment results confirm the complex variant
detected in F9 fragment 2, as highlighted in green (c.250A>G) and yellow (c.251delC). The
reference sequence was obtained from NCBI (NM_000133.4).
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10 20 30 40 50 60
4 FIX MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQGNL

FIXRef MORVNMIMAESPGLITICLLGYLLSAECTVELDHENANKILNRPKRYNSGKLEEFVQGNL
10 20 30 40 50 60

70 80 90 100
4 FIX ERECMEEKCSFEEAREVFENTERELNFGSSMIMEISVSPIHVX————————————————=

FIXRef ERECMEEKCSFEEAREVFENTERETEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCP
70 80 90 100 110 120
4 FIX —mmmmm oo
FIXRef FGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGR
130 140 150 160 170 180
4 F X oo
FIXRef VSVSQTSKLTRAETVFPDVDYVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPW
190 200 210 220 230 240
4 FIX mm oo
FIXRef QVVLNGKVDAFCGGSTVNEKWIVTAAHCVETGVKITVVAGEHNTEETEHTEQKRNV IRTT
250 260 270 280 290 300
4 F X oo
FIXRef PHHNYNAATNKYNHDTALLELDEPLVLNSYVTPTICTADKEYTNTFLKFGSGYVSGWGRVE
310 320 330 340 350 360
A F X oo
FIXRef HKGRSALVLQYLRVPLVDRATCLRSTKFT IYNNMFCAGFHEGGRDSCQGDSGGPHVTEVE
370 380 390 400 410 420
4 FTX oo

FIXRef GTSFLTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT
430 440 450 460

Figure 4.27 Alignment of the compromised translated FIX protein sequence for S4 and the
FIX reference amino acid sequence. The radical p.Thr3*Glufs*20 FIX amino acid variant is
highlighted in yellow. *®: Radical amino acid change; X: Stop codon. The reference sequence was
obtained from NCBI (NP_000124.1).
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Figure 4.28. Depiction of the truncated FIX 3D structure (p. Thr**Glufs*20).

Table 4.9. The combined categories of pathogenicity for the complex F9 variant

[(c.250A>G)(c.251delC)].

Categories

c.250A>G

PS1 Same amino acid change as a previously established pathogenic variant regardless of nucleotide change.

PS3  Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.g., active site of an
enzyme) without benign variation.

PP2 Missense variant in a gene that has a low rate of benign missense variation and in which missense variants
are a common mechanism of disease.

PP3  Multiple lines of computational evidence support a deleterious effect on the gene or the gene product
(conservation, evolutionary, splicing impact, etc.).

c.251delC

PVS1 Null variant (nonsense, frameshift, canonical + 1 or 2 spice sites, initiation codon, single or multiexon deletion)
in gene where LOF is a known mechanism of disease.

PS3  Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.g., active site of an
enzyme) without benign variation.

PM4  Protein length changes as a result of in-frame deletions/insertions in a non-repeat region or stop-loss variants.

PM6é Assumed novel, but without confirmation of paternity or maternity.

PP3  Multiple lines of computational evidence support a deleterious effect on the gene or the gene product

(conservation, evolutionary, splicing impact, etc.).

*LOF: Loss of function.

(Categories for classification of variant pathogenicity were copied and modified from Richards et al., (2015)).
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4.3.3.4.2 c.580A>G;c.726delT (p.Val?**Phefs*2)

A second complex F9 variant was detected in S1, which included a missense
variant, c.580A>G, previously published by McGraw et al., (1985) and a novel F9
deletion, c.726delT. At the time of recruitment, S1 presented with a severe level of
FIX deficiency (FIX:C <0.6 IU/dL).

The missense variant is located in F9 exon 6 and the novel deletion was detected
in exon 7, at nucleotide position 580 and 726, respectively (Figure 4.29a and b).
The A allele in the previously published missense variant (c.580A>G), which
results in a conservative amino acid change of p.Thr'®*Ala, within the AP domain
of FIXa, has a minor allele frequency (MAF) of 0.298 in European Americans. MAF
is defined as the frequency of the second most prevalent allele in a specific
population (Hernandez et al., 2019). Currently, there is no data available on the
frequency of this variant in an African population. Furthermore, the G allele, seen
in the F9 Malmé polymorphism, ¢.580G>A (p.Ala'®Thr), has a MAF of 0.32
(Jayandharan et al., 2003). However, according to a study published by Bezemer
et al., (2009), the Malmd variant has not been reported to have any association
with haemophilia B (Khan and Taj, 2019).

The combined effect of this complex variant results in the amino acid change
(p.Val?*3Phefs*2) within the EGF1 domain of the FIX protein, as depicted in Figure
4.30. Val®*? is a buried residue with a surface accessibility of zero and is located
within a beta strand of the FIXa molecule. Furthermore, by using the online
SWISS-MODEL online building software, a prediction of the 3D ribbon structure
for the FIX protein was created using compromised FIX amino acid sequence and
its reference sequence (Figure 4.31). Table 4.10 summarises the ACMG
categories for pathogenic sequence variants. The combined criteria for pathogenic
classification predicted this complex F9 variant [(c.580A>G)(c.726delT)] to be
pathogenic. According to previous publications, the c¢.580A>G variant is
associated with a mild haemophilia B and classified as “benign” (Goodeve, 2015)
and “likely benign” (Kulkarni et al., 2021). Therefore, we can hypostasise that the
severe phenotype observed in this study might be due to the novel deletion,
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resulting in a radical amino acid change (Tyr?*3Phe) rather than the conservative

amino acid variant (Thr'%4Ala).

A 10 20 30 40 50 60
1_EX6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGG

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60

70 80 90 100 110 120
1 Exé& CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA

Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
70 80 90 100 110 120

130 140 150 160 170 180
1 Ex& TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA

Ex6Ref TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180

190 200
1 Ex6 AACCAGGTCAATTCCCTTGGCAG

Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200

B 10 20 30 40 50
1_EX7 GT=-GTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG

Ex'/Ref GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
10 20 30 40 50 60

60 70 80 90 100 110
1 Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTARAATTACAGTTGTCGCAG

Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110

Figure 4.29. Comparison of the F9 (A) exon 6 and (B) exon 7 translating nucleotide sequence
between S1 and the reference sequence (NM_000133.4). These alignment results confirm the
complex variant detected in F9 exon 6 (c.580A>G) and 7 (726delA), as highlighted in turquoise
and yellow, respectively. The reference sequence was obtained from NCBI (NM_000133.4).
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10 20 30 40 50 60
1 FIX MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQGNL

FIXRef MORVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQGNL
10 20 30 40 50 60

70 80 90 100 110 120
1 FIX ERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCP

FIXRef ERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCP
70 80 90 100 110 120

130 140 150 160 170 180
1 FIX FGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGR

FIXRef FGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPEPCGR

130 140 150 160 170 180

190 200 210 220 230 240

1 FIX VSVSQTSKLTRAEAVEPDVDYVNSTEAETILDNITQSTQSFNDEFTRVVGGEDAKPGQEPW

R © N N

FIXRef VSVSQTSKLTRAETVEFPDVDYVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPW

190 200 210 220 230 240

243

1 FIX QVFX——————— ==~~~ —— -
1i®

FIXRef QVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRII

250 260 270 280 290 300

1 FIX  mmmmm oo
FTXRef PHHNYNAATNKYNHDTALLELDEPLVLNSYVTPICIADKEYTNIFLKFGSGYVSGWGRVE
310 320 330 340 350 360
1 FIX  mmmmmm oo e
FIXRef HKGRSALVLQYLRVPLVDRATCLRSTKETIYNNMFCAGFHEGGRDSCQGDSGGPHVTEVE
370 380 390 400 410 420
T FTX  mmmmm oo o

FIXRef GTSFLTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT
430 440 450 460

Figure 4.30. Depiction of the compromised translated FIX protein sequence for S1 and the
FIX reference amino acid sequence. conservative amino acid variant (p.Thr'%*Ala), caused by
the missense F9 variant is highlighted in turquoise. The radical p.Val?*3Phefs*2 amino acid variant
(highlighted in yellow), is followed by a stop codon, indicated in red. *©: Conservative amino acid
change; ®: Radical amino acid change; X: Stop codon. The reference sequence was obtained from
NCBI (NP_000124.1).
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Figure 4.31. Depiction of the truncated FIX 3D structure (p.Val?**Phefs*2).

Table 4.10. The combined categories of pathogenicity for the complex F9 variant
[(c.580A>G);(c.726delT)].

Categories

c.580A>G
PS1 Same amino acid change as a previously established pathogenic variant regardless of nucleotide change.

PS3  Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.g., active site of an
enzyme) without benign variation.

PP2 Missense variant in a gene that has a low rate of benign missense variation and in which missense variants
are a common mechanism of disease.

PP3  Multiple lines of computational evidence support a deleterious effect on the gene or the gene product
(conservation, evolutionary, splicing impact, etc.).

BA1 Allele frequency is >5% in Exome Sequencing Project, 1000 Genomes Project or Exome Aggregation
Consortium.
GnomAD exomes allele frequency = 0.217 is greater than the 0.05 threshold.

BP6 Reputable source recently reports variant as benign, but the evidence is not available to the laboratory to
perform an independent evaluation.

c.251delC

PVS1 Null variant (nonsense, frameshift, canonical + 1 or 2 spice sites, initiation codon, single or multiexon deletion)
in gene where LOF is a known mechanism of disease.

PS3  Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or the gene
product.

PM2 Absent from controls in Exome Sequencing Project, 1000 Genome Project, or Exome Aggregation Consortium.
PM4 Protein length changes as a result of in-frame deletions/insertions in a non-repeat region or stop-loss variants.

PM6 Assumed novel, but without confirmation of paternity or maternity.

*LOF: Loss of function.

(Categories for classification of variant pathogenicity were copied and modified from Richards et al., (2015)).
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Chapter 4: Results and Discussion

The clinical data (lowest FIX level on file, previous bleeding episodes and current

treatment) for each study participant are summarised in Table 4.11. Unfortunately, an

accurate annual bleeding rate could not be established.

Table 4.11. Summary of the functional data of S1 - S21 at the time of recruitment.
2 .
L] Current s 2 £ &
2 Adm ) ] FIX Replacement &3 <3 <2 s
a2 Minor Previous bleeding eveni(s) treatment F5 8 EE EES ¥4
Spontaneous bleed in right elbow (target joint) and shoulder. Prophylaxis .
S acllt Bleeds in both knees, with severe bilateral knee deformities. 1500 IU weekly S ILEL Negative MR SEUerS
Bleeding events in left elbow {target joint), as well as he left Episodic -
52 Adult knee and ankle. 1500 IU 0.7 1u/dL Negative N/A Severe
Intracranial bleed as a child, resulting in slow intellectual Episodic .
<E adcit development. Severe bleed in right elbow. 20001V Cell NEFHTE MR S
Bleeding evenis in right ebow and wrisl, resulling in difficulty ic
54 Adult 1ouse hand. Bleeds in both imees and presenfing with chronic Ep1 SOOEMIU <03IUdL  Positive 2150NBU  Severe
swelling of both knees. Mulliple nasal bleeds.
’ Bleed in right forearm and received on-demand. Thereafter, Prophylaxis ’
3 ey patient started prophylaxis treatment and had no bleeds since. 1500 IU weekly RLUILCLI cgative MR SSYEE
Experienced bleeding evenis in right upper amm, lefl thigh
- {more than once), right knee and right ankle {more than once Episodic -
S6  MWNOr  nd received 5000 IU FIX on demand after last bleed). Patient 2000 1U <041UML  Negative NA Severe
also experienced heavy bleeding afler a tooth came loose.
. No major bleeding events. One bleed in right knee, resulting in Prophylaxis .
7 Moy a small bruise. Small haematoma on scalp. 500 IU weekly FDMLEL  REEFETs MR SEVEIS
Major bleed in right knee {target joint), which is very swollen yiaxis
58 Minor and patient presents with chronic synovitis. Bleed in the right 1000“ DPIU" " <1.0IUL  Negalive N/A Severe
elbow.
" Bleed in left knee (target joint) and patient presents with Prophylaxis o
= Moy chronic swollen knee. 1000 IU 2x/week WHMIEL  REFEos MR SEVEIS
- Muliiple bleeding events in right knee {targel jaint). One bleed Prophylaxis -
S$10 Minor in left elbow and loft ankle. 2000 IU 2x/week <0.61U/dL  Negative N/A Severe
s11 Minor Multiple nose bleeds. No other information available in patient Episodic 0.9 1U/dL e N/A e
file. 1000 U
Two bleeds in right shoulder (larget joini) and shoulder Episodic
swollen and palient experiences chronic pain in jonk. One 1200 IU {farget
$12 Minor bleeding event in left shoulder {swollen and painful). One jounty 0.6 IUAL Negative N/A Severe
bleed in right knee (swollen). Pafient also presenis with 1000 1U {other
ostecarthropathy and previous intra-arficular rifampicin. bleeding events)
$13 Minor No previous bleeding events. Patient is a carrier. N/A Unknown Unknown N/A Unknown
Bleeding event in left knee. Patient plains about a chroni 15002me§|:|(
ing n ee. com 5 a chronic -
S14  Adult facling of numbness in loft log. +400 IU for 0.5 UAL Negative N/A Severe
Episodic use
. Prophylaxis .
$15 Minor  Unknown 1000 1U 2x/week 0.8 [U/dL Negative N/A Severe
§16 Mmor No previous bleeding events {newbom). Unknown <031UMdL Unknown Unknown Severe
S17  Adult No previ_cgus bleeding events. Patient is a carrier of N/A 68.4I1U/dL  Unknown N/A Carrier
haemophilia B.
- Bleeding event on head when baby was injured during a
$18  Minor fion. Unknown 18IUML  Unknown N/A Moderate
No previous bleeding events. Patient is a carrier of
$19  Adult haemophilia B. N/A Unknown Unknown N/A Unknown
Bleed in the left buttock due io injury during soccer game. Prophylaxis
§20 Minor Multiple bieeding events in the right shoulder {larget joint). o 0, <04IUL  Negalive N/A Severe
Overall, bleeding is well conirolled. weekly
Multiple bleeding events in left elbow (target joint) and patient
presents with haematoma. Bleed in left shoulder, left elbow, Episodic
s21 Adult  left hip, left grein (1500 IU FIX received afterwards), and left 5p00 U <0.31U/dL  Negative N/A Severe

thumb (chronic swelling). Patient also experienced a mild
intracranial bleed as a child, as well as a iliopsoas bleed.
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4.4.1 One-stage FIX assay

The one-stage assay FIX levels determined for each sample at the time of recruitment
(this level may differ from the lowest level on file, due to treatment), are summarised
in Table 4.12. For the people with haemophilia B, the one-stage FIX levels ranged from
<0.4% to 18.8%. The lower limit of detection of the one-stage FIX assay determined
on the Siemens Automated Coagulation Analyser Model CS-2100i is 0.4%. Thus, all
levels lower than this cut-off value were reported as <0.4%.

For possible carriers, the one-stage FIX results ranged from 49.3 IU/dL to 93.3 1U/dL.
Based the modified classification communicated by the ISTH, participant S19, with a
FIX level of 49.3% and no history of previous bleeding events, could be classified as
an asymptomatic carrier of haemophilia B. However, given that this result is close to
the upper limit of the woman with mild haemophilia range (5 — 40 |U/dL), and taking
biological and intra-assay variation into consideration, it is recommended to repeat the
test on a fresh sample to confirm the results. We did not repeat the test, as the
objective of this part of the study was not to make a diagnosis, but to compare the
one-stage and ELISA methods.

It was determined that the one participant who was classified with moderate
haemophilia (S18, FIX:C 1.8 IU/dL) had a one-stage FIX level of 0.4 |U/dL. Therefore,
the participant was re-classified with severe haemophilia B. When further evaluating
the specific case, the original result was derived from a sample taken shortly after
birth, as the mother was a known carrier of haemophilia B. The sample for this study
was taken a few days later, before any FIX replacement therapy was initiated. Taken
that the variant detected in both the mother and baby was detected in other study
participants with severe haemophilia B, we can hypothesise that the slightly elevated
FIX level detected shortly after birth might be due to residual FIX derived from the
mother, and that our lower result is more indicative of the endogenous FIX of the baby.
Nonetheless, it is recommended to re-evaluate FIX levels three to six months after
birth to confirm the haemophilia diagnosis (Indiana Hemophilia and Thrombosis

Center, 2022). All subsequent results of this specific case were much higher than both
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the FIX level at birth and the FIX level obtained in this study, as the baby was placed

on prophylactic FIX replacement treatment.

4.4.2 FIX ELISA assay

The ELISA assay standard curve is depicted in Figure 4.32. The four-parameter
standard curve, using regression analysis, ranged from 0.78 ng/mL to 50 ng/mL. The
FIX ELISA assay results of the possible carriers ranged from 28.4 |U/dL to 74.3 1U/dL.
Based on the ISTH classification, and the ELISA results, participant S13 can be
classified as a girl with mild haemophilia B. The ELISA assay does not measure the
levels of functional FIX, therefore, intra-assay variance should again be considered for

appropriate classification.

ELISA Standard Curve
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Figure 4.32. Standard curve for the FIX ELISA assay. *ELISA: Enzyme-linked immunosorbent assay;
FIX:C: Plasma concentration of FIX coagulant activity, OD: Optical density.
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Table 4.12. FIX level analysis using two different detection methods.

FIX Plasma level (IU/dL)

Study Participant Lowest on file One stage ELISA
S1 0.6 <0.4 0.7
s2 07 27 01
S3 0.6 2.0 2.0
s4 <03 <0.4 03
S5 <1 3.6 2.9
S6 <04 27 13
S7 <1 5.1 4.0
S8 <1 <0.4 09
S9 <0.4 18.8 11.1

s10 06 14 09
S11 0.9 <0.4 0.8

812 06 134 122
S$13 - 933 28.4
514 05 07 01

S$15 0.8 <0.4 46.3
816 <03

S$17 68.4 545 74.2
S18 18 <0.4 12
S19 - 493 57.0
£20 <04 <04 02
S21 <0.3 <0.4 0.4

4.4.3 Discrepancies between the FIX one-stage and ELISA assay

The FIX one-stage assay measures the functional levels of FIX based on its ability to
form a blood clot, whereas the ELISA assay is not a functional assessment tool as it
only measures the actual quantity of FIX (Miller, 2018). The statistical difference
between the two FIX:C assays was not significant (p = 0.473). However, 45% of the
participants (S1, S2, S6, S8, S11, S13, S14, S15 and S18) demonstrated classic inter-
assay discrepancy, defined by having a FIX one-stage/ELISA ratio >2.0 (Kihlberg et
al., 2017) (Table 4.13). Another noteworthy finding is that for participant S15, the ELISA
method determined the FIX level at near normal levels of 46.3 IU/dL. This level does
not correlate clinically to the bleeding phenotype and history of this participant, with
the one-stage level of <0.4 1U/dL being a more accurate reflection of the phenotype.
Therefore, taken together with the inter-assay discrepancy, we believe that the ELISA
method is not a useful tool in haemophilia B diagnostics, and that the one-stage

method remains the gold-standard for FIX level detection.
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It must be noted that the results determined in this study are expected to differ from

the lowest FIX levels reported in the medical records of the participants, as the

participants may be at different time points regarding post-FIX replacement therapy.

Therefore, the purpose of this part of our study was not to determine the severity level

of the participants, but to determine if the two detection methods are comparable.

Furthermore, the comparison was also to identify any genetic variant that may only

have an effect on the functionality of the FIX, and not the physical quantity of the

protein.

Table 4.13. FIX:C one-stage/ELISA assay discrepancies.

FIX:C (lurdL)
Sample AX Replacement treatment One-stage ELISA One-stage/ELISA ratio >2.0
S$1 Prophylaxis: 1000 |U/week <04 0.7 1 @ >2
sat Episodic: 1500 IU 27 0.1 27 - 1
S6 Episodic: 2000 U 27 1.3 21 : 1
sgt Prophylaxis: 1000 IU2x/week <04 09 1 @ >225
S11 Unknown <04 0.8 1 @ >2
s13t Unknown 93.3 284 ~329 : 1
S14* Prophylaxis: 1500 1U/2x/week 0.7 0.1 7 01
515 Prophylaxis: 1000 IU2x/week <04 46.3 >1 : >118.7%
S18* Unknown <04 1.2 >1 3

tNonsense variant (c.721C>T} identified; *Deletion (c.311delA) identified
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4.5 Mutational and functional relationship

For an appropriate and comprehensive analysis of the mutational and functional
relationship, a comprehensive approach was followed which included the patients’

medical history, genetic variant status, and functional analysis.

The previously described missense variant, c.1217C>T (p.Ser*®Leu), identified in the
serine protease domain of FIXa, was found in S5 and S10, who both presented with
severe FIX deficiency at the time of recruitment. This correlates with the previous
published data regarding this missense variant (Bicocchi et al., 2006; Chen et al.,
1991; Costa et al., 2000; Ghanem et al., 1993; Saad et al., 1994). However, both
individuals revealed a higher FIX:C deficiency level for the one-stage and ELISA assay
(Table 4.12), which is evident of the prophylactic replacement received by both

participants twice a week.

The previously described nonsense variant, c.721C>T (pGlu?*'*) was identified in six
study participants (S2, S7, S8, S9, S12, S13). All the related individuals, except S13
(carrier), are receiving prophylactic replacement therapy of 1,000 IU twice a week,
whereas S2 is being administered episodic FIX replacement therapy of 1,500 IU.
Based on the data presented in Table 4.13, S8 and S13 revealed discrepancies
between the one-stage and ELISA FIX assays. S8 was the only participant with this
nonsense variant, who revealed a higher FIX:C for the ELISA than the one-stage
assay. We hypothesised that a potential reason for the higher FIX levels observed with
the ELISA assay could be the presence of interfering substances in S8. These
interfering substances may affect the reliability of the one-stage assay, resulting in a
decreased FIX level detected. However, it is also possible that the ELISA assay might
be less susceptible to these substances, resulting in an artificially higher level of FIX
being detected. Further investigations in required to identify these interfering factors
present in the patient sample to evaluate the impact on the ELISA assay. These
investigations may involve conducting additional test, for example, diluting the sample
or performing alternative quantification assays to confirm the discrepancy observed
between the ELISA and one-stage assay, as well as determine the underlying cause.

When evaluating the combined analysis for the variant-phenotypic relationship of
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these six participants (Table 4.14), our data correlates with the published data (Onay
et al., 2003). Looking at the FIX:C and inhibitor development post-treatment, these
findings also suggest that there is no significant difference between the FIX:C levels
and inhibitor formation regardless of whether a patient received episodic or
prophylactic replacement therapy. Nonetheless, since various other environmental
and epigenetic factors may contribute to the formation of inhibitors, these results
should be interpreted with caution. However, given the rarity of inhibitor development
in individuals with haemophilia B, the limited size of the study population presents

challenges in conducting feasible investigations into immunogenicity.

A novel deletion, c.311delA (p.Asn'%Metfs*31), within the EGF1 domain was detected
in four study participants. Ultimately, three of the participants (S6, S14 and S18) had
severe FIX deficiency (FIX:C <1 IU/dL) and S19, the mother of S18, was diagnosed
as a potential haemophilia B carrier, since no FIX:C data was available at the time of
commencing the study. S18 presented with a moderate FIX:C level of 1.8 |U/dL at the
time of recruitment, as well as for the ELISA assay (FIX:C 1.2 IU/dL) (Table 4.12). Both
related individuals (S18 and S19), as highlighted in Table 4.14, revealed a higher level
of functional FIX:C levels measured by quantitative ELISA assay compared to the one-
stage assay. The one-stage assay revealed a severe FIX deficiency for S18. However,
S6, who was receiving episodic replacement therapy of 2,000 IU at the time of a
bleeding episode, presented a higher level of FIX for the one-stage assay than with
the ELISA. With reference to Table 4.13., discrepancies were identified between the
one-stage and ELISA FIX assay, with a FIX one-stage/ELISA ratio of >2, for both S6
and S18. Furthermore, to conclude what the effect of replacement therapy is on these
individuals is limited to the variant-phenotypic relationship documented for S6 (Table
4.14), since no treatment data for S18 and S19 were available at the time of

recruitment.

A previously described deletion, ¢.1178_1180delACA (p.Asn3%3del) (Belvini et al.,
2005; Miller et al., 2012; Saad et al., 1994), located in the serine protease domain of
FIXa, was identified in three study participants. At the time of recruitment, correlating
the previous published data, two individuals (S11 and S16) were diagnosed with
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severe haemophilia B. Additionally, the functional FIX one-stage assay for S11, with
an unknown treatment history, also revealed a severe FIX deficiency. Due to the lack
of treatment data for S11 and S16, a complete understanding regarding this variant’s
clinical presentation for each individual, was inconclusive. However, the data we do
have correlates with previously published data (Belvini et al., 2005; Miller et al., 2012;
Saad et al., 1994), where severe haemophilia B is described. Based on the lowest FIX
level on file, the one-stage and ELISA FIX assay results, S17 is classified as a carrier
of haemophilia B.

Another novel F9 deletion c.1376del A (p.Lys**°Serfs*24), also detected in the serine
protease domain, was found in three study participants (S15, S20 and S21). All three
participants presented with severe haemophilia B at the time of recruitment. However,
only S20 and S21, who are related, as shown in Table 4.14, presented with severe FIX
deficiency using the one-stage and ELISA FIX assay. However, the ELISA assay for
S15 revealed a normal FIX:C plasma level of 46.3 IU/dL but a severe level of deficiency
(FIX:C <0.4) using the functional one-stage assay. The discrepancy in results may
indicate that the amino acid change may destabilise the protein in such a manner, that
in some cases (such as S15) the epitope for the anti-FIX antibody used in the ELISA
assay may become exposed, resulting in an elevated estimation of the non-functional
protein levels. This hypothesis can be tested in future by performing more in-depth
protein structure crystallography. S15 and S20 are both treated with FIX prophylaxis
(1,000 IU per week), whereas S21 receives episodic replacement (1,500 IU) treatment

at the time of bleeding episodes.

A complex variant [(c.250A>G; c.251delC) (p.Thr®*Glufs*2)], located in the EGF1
domain of FIXa, was identified in S4, the only study participant who presented with
FIX inhibitors against FIX replacement treatment (episodic), summarised in Table 4.14.
The level of haemophilia B severity presented by S4 correlates with a previously
published case for the missense variant (Wulff et al., 1999). However, the data
published by Wulff et al. (1999), did not present with FIX inhibitors against the
replacement therapy. Therefore, we can predict that the additional, novel deletion
(c.251delC) may cause further instability to the FIXa molecule, resulting in a more
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identifiable protein, and consequently the risk of eliciting an immune response with
resultant inhibitor development. No discrepancy was identified between the one-stage

and ELISA FIX assays for the measurement of FIX levels in this participant.

A second complex variant [(c.580A>G; c.726delT) (p.Val**3Phefs*2)], also containing
a known missense variant, c.580A>G (resulting in a conservative amino acid change),
and a novel deletion (c.726delT), was detected in S1 (Figure 4.30). Despite the FIX
prophylaxis of 1,000 IU per week, FIX:C levels at the time of recruitment as well as the
results obtained with the FIX one-stage and ELISA assay, revealed a severe level of
FIX:C deficiency. The results for this missense variant and the corresponding level of

severity, correlate with the data published by McGraw et al. (1998).

The genotype-phenotype results suggested that no variant consistently resulted in
more or less bleeding episodes. However, as an accurate historic annual bleeding rate
could not be established for all participants, this finding would need to be confirmed in
another study. Unfortunately, the historic annual bleed rate was not available or
complete for all participants, thus, these results need to be interpreted with caution, as
a definite conclusion cannot be made. Nonetheless, it is evident that all of these
variants are associated with a severe bleeding history, when present in males.
Furthermore, it was encouraging to find that none of the carriers presented with a
history of excessive bleeding, indicating that the presence of at least one wild-type F9
allele is sufficient to maintain the haemostatic balance in women. The variants also
had a diverse range of treatment options used, with no variant having a clear
preference for a specific treatment modality. Bi-weekly prophylaxis remained the
treatment of choice (9/18), closely followed by episodic treatment (7/18). It is also
apparent that the variants could not predict a possible discrepancy between the one-
stage functional FIX levels and the physical protein levels as determined by the ELISA
method.

The low incidence of inhibitors in our cohort also indicates that inhibitor formation in
people with haemophilia B may not be as significant a challenge as seen in people
with haemophilia A, possibly due to the much smaller FIX protein compared to the
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FVIIl protein. However, taken that the only participant who had inhibitors had a
complex variant, we hypothesise that the presence of more complex genetic variants
in the F9 gene may serve as a positive predictor for FIX inhibitor formation. However,
future studies are required to confirm this, as there are numerous risk factors, not
related to F9, that can cause inhibitor development. Thus, we recommend that an even
more cautious treatment approach should be followed in patients where a complex
variant has been detected. This further illustrates the vital role genetic testing may play

in the management of people with haemophilia.
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Table 4.14. Summary of genotypic and phenotypic data.

F9 variant FIX Plasma level {IU/dL})
c. P- Novel FIX domain Sample Lowest on file One-stage ELISA Inhibitors Related individuals
S6 <0.4 2.7 1.3 -
S14 0.5 0.7 0.1 -
c.311delA p.Asn'*Metfs*31 Yes EGF1
S18 1.8 <0.4 1.2 -
S18 and S19
S19 - 49.3 57.0 -
€.262 364delAT p-Phe'?Leufs*3 Yes EGF1 53 06 20 20 -
S2 0.7 2.7 0.1 -
S7 <1 5.1 4.0 -
» S8 <1 <0.4 0.9 -
c.721C>T p.Glu=*'* No Serine Protease
s9 <0.4 18.8 111 i S7, S8, S9, S12 and
S13
S12 0.6 13.4 12.2 -
S13 - 93.3 284 -
511 09 <04 08 -
c.1178_1180delACA p.Asn**‘del No Serine Protease S16 <0.3 - - -
S16 and S17
S17 684 545 742 -
S5 <1 3.6 29 -
c.1217C>T p.Ser‘®Leu No Serine Protease
S10 0.6 1.4 0.9 -
515 08 <04 46.3 -
c.1376delA p.Lys**Serfs*24 Yes - S20 <04 <04 02 -
S20 and S21
521 <03 <04 04 -
¢.250A>G No -
p.Thr84Glufs*20 GLA S4 <0.3 <0.4 0.3 Fz':’ss't;"j
c.251delC Yes .
c.580A>G No Linker
p-VaP*Phefs*2 51 06 <04 0.7 -
¢ 726delT Yes Serine Protease
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CHAPTER 5: CONCLUSION

Haemophilia B (Christmas disease), an X-linked recessive coagulation disorder, is
characterised by the deficiency of coagulation FIX, caused by a broad spectrum of F9
gene variants. FIX, the largest vitamin K-dependent protein synthesised by the liver,
is translated from the F9 gene which is located on chromosome Xq27.1. Haemophilia
B is caused by a heterogeneous spectrum of pathogenic variants distributed
throughout the coding and non-coding regions of F9. According to the EAHAD-CPDB,
more than 1,200 unique pathogenic F9 variants have been identified in 4,713
respective haemophilia B cases. Despite the extensive heterogeneity of haemophilia
B, at the time of writing, no routine genetic testing to identify causative F9 variants
within a South Africa population was available. Needless to say, very limited genotype-
phenotype data have been published in our population. The justification to perform this
study arose from a South African publication by Stones and McGill (2000), highlighting
the importance of genetic testing for a more comprehensive clinical diagnosis, as well
as prediction of inhibitor development, and improved patient management (Stones and
McGill, 2000).

Therefore, it is vital to determine whether there is a link between certain F9 variants
and inhibitor development and consequently anaphylaxis. The detection of known and
novel F9 variants is an important aspect in assisting with the improvement of
haemophilia B diagnosis, prediction of inhibitor development against FIX, as well as
improved treatment models and patient management. Additionally, the ability to
identify pathogenic variants can potentially enhance the undertaking of prenatal
diagnosis and diagnosis of carriers and women/girls with haemophilia B (Salviato et
al., 2019).

In this study, we optimised a F9 variant detection method, and subsequently,
successfully screened 21 study participants. We thereby identified eight pathologic F9
variants, distributed throughout the FIX protein domains, with no mutational hotspot
recognised, which is consistent with findings described in literature (Radic et al., 2013;
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McVay et al., 2020). We detected previously published variants including the missense
variants ¢.1217 (p.Ser*®®Leu) and c.580A>G (p.Thr'%*Ala), the nonsense variant
c.721C>T (p.Glu?*'*), and the deletion ¢.1178_1180delACA (p.Asn3%del). Additionally,
we detected five novel variants including the deletions c.311delA (p.Asn'%Metfs*31),
c.363_364delAT  (p.Phe'?'Leufs*3), c¢.1376delA (p.Lys**°Serfs*24), 726delT
(p.Val?*3Phefs*2), and c.251delC (Thré*Glufs*20).

Two complex F9 variants were identified in our study population. The complex variant
included one existing missense variant (c.580A>G) and an additional novel deletion
(726delT), which resulted in a radical amino acid change, p.Val**3Phefs*2. We also
confirmed the detection of a complex variant, containing one known missense variant
(c.250A>G) as well as a novel deletion (c.251delC) and consequently, a radical amino
acid change, Thré*Glufs*20.

Based on the ACMG criteria for the classification of sequence variants, in combination
with the online VarSome software, all of these confirmed radical F9 variants were
predicted to be pathogenic. Interestingly, the previously published missense variant
detected in S4 (c.250A>G), who was the only individual who presented with the
presence of FIX inhibitors, was not previously associated with inhibitor development.
Therefore, the additional novel deletion (c.251delC) is a very exciting finding, as it
might be a potential predictor of inhibitor development against FIX replacement
therapy. This finding highlights the importance of genetic testing for appropriate patient
management of individuals diagnosed with haemophilia B.

Some major discrepancies were found between the one-stage and the ELISA FIX
assays. The ELISA assay FIX levels, which were highly elevated in comparison to the
one-stage assay in some cases, and even came close to the borderline of normal FIX
levels, did not correlate with the bleeding phenotype in these individuals. Therefore,
taking all discrepancies between the one-stage FIX and the ELISA assay into account,
it was concluded that, in our setting, the ELISA assay is not suitable for the
measurement of FIX:C in the process of diagnosing haemophilia B. As a result, we
confirm that the one-stage FIX assay should remain the gold standard and the method
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of choice in laboratories performing routine haemophilia diagnostics. However, it must
be noted that a chromogenic FIX assay may be a valuable diagnostic addition when

one-stage results and phenotypic presentation do not correlate.

To conclude, the fact that we identified five novel variants in our study further confirms
how vital genetic screening is in our population. It emphasises how the African
continent can contribute to a better understanding of haemophilia B. However, this can
only be achieved when more directed studies are performed, and when genetic testing

becomes more accessible to the population in developing countries.

5.1 Limitations and Impacts of the study

5.1.1 Limitations

The first limiting factor of this study was a small study population group. A larger study
population would have aided in a comprehensive and accurate representation of
haemophilia B in the larger South African context. Secondly, another limitation was, in
some cases, the insufficient recordkeeping of clinical data, such as bleeding events
and treatment history. This could have compromised the accuracy of the determination
of a genotype/phenotype relationship for a study participant. In addition, most of the
study participants were recruited during the restrictive time of the COVID-19
pandemic, resulting in certain patients not attending follow-up appointments. This
could have contributed to a small study population, as well as precluding thorough
documentation of clinical data. A further limitation of this study could be the lack of

consistency in the recorded FIX level at the time of diagnosis.

5.1.2 Impacts and future research

In South Africa, there is currently no routine genetic testing done for haemophilia B
diagnosis. The results of this study highlight the possible positive contribution of
genetic testing to haemophilia B patient management. Furthermore, mutational and
phenotypic data obtained, including the detection of F9 novel variants, will contribute
to the disorder-specific database and contribute to both the local and global

understanding of haemophilia B.
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We recommend that future studies be done to evaluate the specific impact of the novel
variants on the FIX crystal structure. In addition, we recommend ongoing development
and refinement of reliable genetic assays to establish efficient and cost-
effective variant detection methods which can be applied on the routine diagnostic
platform in future.
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Appendix A: The Health Science Research Ethics Committee (HSREC) Approval
Letter

UNIVERSITY OF THE UFS'UV
FREE STATE
UNIVERSITEIT VAN DIE
VRYSTAAT HEALTH SCIENCES
YUNIVESITHI YA GESONDHEIDSWETENSKAPPE

Health Sciences Research Ethics Committee
06-Nov-2019
Dear Ms Chené Bester
Ethics Clearance: Mutational analysis of a South African haemophilia B population.
Principal Investigator: Ms Chené Bester
Department: Haematology and Cell Biology Department (Bloemfontein Campus)
APPLICATION APPROVED

Please ensure that you read the whole document

With reference to your application for ethical clearance with the Faculty of Health Sciences, I am pleased to inform you on
behalf of the Health Sciences Research Ethics Committee that you have been granted ethical clearance for your project.

Your ethical clearance number. to be used in all correspondence is: UFS-HSD2019/1569/2611

The ethical clearance number is valid for research conducted for one year from issuance. Should you require more time to
complete this research, please apply for an extension.

We request that any changes that may take place during the course of your research project be submitted to the HSREC for
approval to ensure we are kept up to date with your progress and any ethical implications that may arise. This includes any
serious adverse events and/or termination of the study.

A progress report should be submitted within one year of approval. and annually for long term studies. A final report should be
submitted at the completion of the study.

The HSREC functions in compliance with. but not limited to. the following documents and guidelines: The SA National
Health Act. No. 61 0f2003; Ethics in Health Research: Principles, Structures and Processes (2015); SA GCP(2006);
Declaration of Helsinki; The Belmont Report; The US Office of Human Research Protections 45 CFR 461 (for non-exempt
research with human participants conducted or supported by the US Department of Health and Human Services- (HHS), 21
CFR 50,21 CFR 56; CIOMS; ICH-GCP-E6 Sections 1-4; The International Conference on Harmonization and Technical
Requirements for Registration of Pharmaceuticals for Human Use (ICH Tripartite). Guidelines of the SA Medicines Control
Council as well as Laws and Regulations with regard to the Control of Medicines, Constitution of the HSREC of the Faculty
of Health Sciences.

For any questions or concems. please feel free to contact HSREC Administration: 051-4017794/5 or email
EthicsFHS@ufs.ac za.

Thank you for submitting this proposal for ethical clearance and we wish you every success with your research.

Yours Sincerely
/m&)&t\\wy

Dr. SM Le Grange
Chair : Health Sciences Research Ethics Committee

Health Sciences Research Ethics Committee

Office of the Dean: Health Sciences '7"“7 i
T: +27 (0)51 401 7795/7794 | E: ethicsfhs@ufs.ac.za t ) =Y
IRB 00006240: REC 230408-011: IORG0005187: FWA 00012784

Block D, Dean's Division, Room D104 | P.O. Box/Posbus 339 (Internal Post Box G40) | Bloemfontein 9300 | South Africa

www.ufs.ac.za
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Appendix B: Approval letters from the Free State Department of Health and the
Northern Cape Department of Health

health

Department o
Health
FREE STATE PROVINCE

I8 October 2019
Dr C Bester
Dept. of Havmatology and Cell Biology

LFS
Dear Dr C Bester o —
Subject: Mutationa! analysis of a South African haemophilia B pepulation, ]
. Please ensure thal you read the whole docis B herehy gramted for the above — mentionod rescarch on the
owing conditions
. Participation i the study must be voly
. A written comsent by cach partcipant must b
. Serious Adverse evenls W be reported 10 the Froe Saate depanment of health and’ or termination of the dudy

s nether interferes with the day 1o day nanning of Universitas Hospital nor the

performance of duties by the respondents or health eare workers

. Ascurtain that your data collection exer

e Confidentiality of information will be ensuned and pleasce do it oblsn information regarding the identity of the participants

*  Research results and a complete report sheuld be made available to the Free State Department of Health an completion
af the study (2 hard copy plus a soft copy )

- Frogress report must be presented not iter then one year afier approval of the project (o the L thics Committee of the University

ol the Free Smie and 1o Free Sune Depariment of Heshh

\nty & vtemsion or olber modifications 1o the protocol or investigatorns must be submitied 10 the Ethics Commitiee of
the University of the Free State and to Free State [egarment of Health

¢ Conditions stated in your Ethical Approval letter should be adbered to and a final copy of the Ethies Clearance
Certificate should he submitted to scheclatsr Bheallh gov s makename i deulih goy zg before you eommence with the
study

®  No financial liabitity will be placed vn the Frew Stute Depariment of Health

*  Please discuss your study with Institation Manager on commencement for bogistical arrangements see 2** page fur contuct

detadls,

. Department of Health to be fully ndemmificd from 2 1y harm that pan.cipants aod stall” experiences in the sudy

& Rescarchers he reyuired (o enier it a formal agreement with the Free Stiate depamment of health regulsting and
tormakizing the research relationshp (document will follow §

*  As part of feedback you will be required to present your study findings/results at the Free State Provincial health
research day

Trast you find the shove in onde

Kind Reps

s( — (L §TATE '&WNC\ALE@@
ff’ r D Matau F——"gErEIVED
HEAD: HEALTH

. \
ae: gy 11[3a19 29 -10- 2018 |

3F THE HOD _ i

Head : Heath
277, Bowrfoten, $300

Ave S Bophao House r Miwend ane Harsey Read Bloermfiolasn

W Tax (D51) 408 1550 emad khusemgdishealh

Tt T
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) DEPARTMENT OF HEALTH Robert Mangaliso
! A Sobukwe Hospital
s i, LEFAPHA LA BOPHELO BO BOTLE
¥ 4 ‘ Head Clinical Management: Medical
i DEPARTEMENT VAN GESONDHEID
s Du Toitspan Road Tel: 053 802 2147
ISEBE LENKONZO ZENTLALONTLE Private Bag X5021 Fax: 053 8329435/
Kimberley 0BG 617 4089
e -
s o= 21" October 2019 Dr H Saeed

Isslathisc  : Umia

TO: Ms C Bester

RE: Permission to do research

Permission is hereby granted to conduct a medical research project at Robert Mangaliso
Sobukwe Hospital, title proposed: “Mutational analysis of a South African haemophilia B
population”

Please submit proof of ethics clearance, before commencing with the research.
Kindly submit research protocol to the Northern Cape Provincial Health Research and Ethics
Committee for approval.

Contact Details:
Dr E Worku

Email address: eworku@ncpg.gov.za

Mr Mashute

Email address: bmashute@ncpg.gov.za
Tel: (053) 8302134

o= i

MBBS,H.Dip.Int.Med.(CMSA),M.Fam.Med.(UFS),
Specialist Family Physician, Affiliate Lecturer — UFS
Acting Head Clinical Management: Medical
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Appendix C: Example of an informed consent form signed by adult study

participants

INFORMED CONSENT FORM

Title of the research project Mulalional analysis of a South African haemophilia B population.

Principal investigator. Chené Bester

Address: Department of Haematology and Cell Biology
Faculty of Health Sciences
University of the Free State
Bloemfontein, 9301

Contact number: 071 628 3552

To Project Participant:

A. PURPOSE AND BACKGROUND

You are invited to take part in a research project conducted in the Human Molecular Biology Unit at the University
of the Free State, Bloemfontein, South Africa. We (Me Chené Bester, together with Dr Janse van Rensburg and
Mr Kloppers) are planning to conduct a research project wherein we will attempt to detect mutations involved in
haemophilia B and to establish how these mutations influence the functions of the blood clotting system.
Haemophilia B is a hereditary rare bleeding disorder that a person is bomn with and where a person’s blood can't
clot due to a deficiency or defect of an important protein that plays a role in blood clotting. This protein is known
as coagulation factor IX (FIX). Mutations in the FIX gene may prevent certain functions or production of this protein,
causing a person with haemophilia B to bleed for longer. Genes are what you inherit from your parents. It is
important that these mutations are diagnosed as they may play a role in the treatment of the disorders.

B. PROCEDURES

We need (15 mi) of blood and your time involvement will approximately be five (5) minutes as the blood is drawn.
There will be no further engagements, remunerations (payment for service) or costs involved.

C. RISKS

The risks should not exceed those that are normally expected in donating blood samples for scientific research.
You may experience a slight degree of pain and discomfort during the procedure and adverse effects like a slight
bruise or swelling at the site where the blood was drawn.

We do not expect any of these adverse medical effects to occur. However, if you do experience any medical
problems, because of your participation, the necessary medical freatment will be provided.

D. CONFIDENTIALITY

Reports resulting from this study might in future be used for scientific publication purposes but will not identify you
as a participant. All information gathered in this study will remain confidential and be given out only with your
permission or as required by law. If you give us permission by signing this consent form, we will protect your
confidentiality.

E. VOLUNTARY PARTICIPATION

Your decision whether to participate in this study is voluntary. If you choose not to participate, there will be no
penalty or loss of benefits that you are entitled to. If you choose to parficipate in this study, you can withdraw your
consent and discontinue participation at any time without prejudice.
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F. QUESTIONS

If you have any questions about this research at any time, please call Ms Chené Bester (071 628 3552). You may
contact the Secretariat of the Health Sciences Research Ethics Committee of the Faculty of Health Sciences,
University of the Free State at telephone number 0514052812 if you have questions regarding your right as a
participant in this research project.

G. CONSENT

By signing this consent form, you indicate that you have read the form and agree that you voluntarily participate
in the study. If you choose not to participate in this study there will be no penalty or loss of benefits to which you
are enfitied to. If you agree to take part, you are free to withdraw your consent from it at any time. Likewise, no
penalty or loss of benefits to which you are otherwise entitlied to will occur.

The research study, including the above mentioned information has been verbally described to me. | agree to
voluntarily participate in the study, as set out above.

Signedat (place) ... on(date). ...,

Signature of participant Signature of witness

Signature of researcher
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Appendix D: Example of the information document for genetic research signed

by adult participants

INFORMATION DOCUMENT FOR GENETIC RESEARCH: ADULT PARTICIPANTS

Title of the research project. Mufational analysis of a South African haemophilia B population.

Principal investigator: Chené Bester

Address: Department of Haematology and Cell Biology
Facuity of Health Sciences
University of the Free State
Bloemfontein, 9301

Contact number: 071 628 3552

To Project Participant:

A. PURPOSE AND BACKGROUND

We are planning to conduct a research project wherein we will attempt to detect mutations involved in
haemophilia B and to establish how these mutations influence the functions of the blood clotting system.
Haemophilia B is a hereditary rare bleeding disorder that a person is bomn with and where a person’s blood
can't clot due to a deficiency or defect of an important protein that plays a role in blocd clotting. This protein
is known as coagulation factor IX (FIX). Mutations in the FIX gene may prevent certain functions or production
of this protein, causing a person with haemophilia B to bleed for longer. Genes are what you inherit from your
parents. It is important that these mutations are diagnosed as they may play a role in the treatment of the
disorders.

B. PROCEDURES

We request your permission to draw blood (15 mL) and to use your blood and DNA (blood) for future
laboratory analysis. We will determine which mutations may be responsible for your haemophilia B, and how
this mutation is affecting the function of your blood clotting system. The findings of this study will not have
direct bearing on your management of this bleeding disorder however, it will allow the diagnosis of mutations
that causes haemophilia B to be detected. These mutations might play a role in how haemophilia B is treated
in the future. You are free to refuse consent and you do not have to give reasons for doing so.

C. CONFIDENTIALITY

The following amangements have been made to ensure privacy and confidentiality of your genetic

information:

0 Your blood sample will be marked with a code and not your name. Researchers will, therefore, be able to
identify the sample, but not technicians working with the sample._\

D. RESULTS OF RESEARCH STUDY

If this research generates information about you which may be of relevance to the health of other family
members, your consent will be sought before offering to disclose such information to the family members
concemned, except if such disclosure is compulsory as determined by the law.

E STORAGE OF BLOOD AND DNA

We would like to retain your blood and DNA (blocd) for possible future research.
The duration of storage will be maximum fifteen (15) years.
Your blood and DNA sample will be marked with a code to protect your identity.
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If you are unhappy to have your blood and DNA stored for future research, your genetic matenal and
information will be disposed of at the end of this study, once the sample storage and record-keeping
requirements of good research practice have been met.

Do you have any sensitivity on how your blood should be disposed of? If so, what are they?

These will be recorded and considered at the time of disposal.
We can dispose your genetic material even after the research has started, since the samples are stored in
an identifiable form.

F. VOLUNTARY PARTICIPATION

You are not obligated to participate in this research and if you choose to participate in this study, you can
withdraw your consent and discontinue participation at any time without prejudice. Your decision whether to
participate in this study is voluntary and your routine medical treatment will not be compromised if you choose
not to participate.

G. RISKS

The risks should not be more that those which are normally expected during the donation of blood samples
for scientific research.

You may experience a small degree of pain and/or discomfort during the blood drawing procedure. Possible
undesirable affects, such as a slight bruise or swelling at the sight where your blood was drawn, may occur.
WWe do not expect any of these adverse medical effects to occur. However, if you do experience any medical
problems, because of your participation, the necessary medical treatment will be provided.

H. PUBLICATION OF DATA

Reports resulting from this study might in future be used for scientific publication purposes but will not identify
you as a participant. All information gathered in this study will remain confidential and be given out only with
your permission or as required by law. If you give us permission by signing this consent form, we will protect
your confidentiality.

I. CONTACT INFORMATION

If you have any questions about this research at any time, please call Chené Bester on 0716283552. You
may contact the Secretanat of the Health Sciences Research Ethics Committee of the Faculty of Health
Sciences, University of the Free State at telephone number 0514052812 if you have questions regarding
your right as a participant in this research project.

J. CONSENT

By signing this consent form, you indicate that you have read the form and agree that you voluntarily
participate in the study. If you choose not to participate in this study there will be no penalty or loss of benefits
to which you are entitled to. If you agree to take part, you are free to withdraw your consent from it at any
time. Likewise, no penalty or loss of benefits to which you are otherwise entitled to will occur.

The research study, including the above-mentioned information has been verbally described to me. | agree
to voluntarily participate in the study, as set out above
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PLEASE SELECT THE OPTIONS BELOW:

| give consent to participate in the study Yes/ No
| give consent for collection of genetic matenal Yes/ No
| give consent that my genetic maternial may be stored Yes/ No
I give consent that stored material may be used in future haemophilia related studies Yes/ No
Signedat (Dlace) ... on(date). ...,
Signature of participant Signature of resea

Signature of researcher
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Appendix E: Example of an informed consent for signed by the parents/legal

guardians of minor participants

TITLE OF THE RESEARCH PROJECT: Mutational analysis of a South African haemophilia B
population.

PRINCIPAL INVESTIGATOR:  Chené Bester

ADDRESS: Department of Haematology and Cell Biology
Faculty of Health Sciences
University of the Free State
Bloemfontein, 9301

CONTACT NUMBER: 071 628 3552

To Project Participani:

A. PURPOSE AND BACKGROUND

Your child is invited to take part in a research project conducted in the Human Molecular Biology
Unit at the University of the Free State, Bloemfontein, South Africa. We (Me Chené Bester, together
with Dr Janse van Rensburg and Mr Kloppers) are planning to conduct a research project wherein
we will attempt to detect mutations involved in haemophilia B and to establish how these mutations
influence the functions of the blood clotting system.

Haemophilia B is a hereditary rare bleeding disorder that a person is born with and where a person’s
blood can't clot due to a deficiency or defect of an important protein that plays a role in blood clotting.
This protein is known as coagulation factor IX (FIX). Mutations in the FIX gene may prevent certain
functions or production of this protein, causing a person with haemophilia B to bleed for longer.
Genes are what you inherit from your parents. It is important that these mutations are diagnosed as
they may play a role in the treatment of the disorders.

B. PROCEDURES

We need (15 ml) of blood and your child’s time involvement will approximately be five (5) minutes
as the blood is drawn. There will be no further engagements, remunerations or costs involved.

C. RISKS

The risks should not exceed those that are normally expected in donating blood samples for
scientific research. Your child may experience a slight degree of pain and discomfort during the
procedure and adverse effects like a slight bruise or swelling at the site where the blood was drawn.
We do not expect any of these adverse medical effects to occcur. However, if your child do experience
any medical problems as a result of his or her participation, the necessary medical treatment will be
provided.

D. CONFIDENTIALITY

Reports resulting from this study might in future be used for scientific publication purposes but will
not identify your child as a participant. All information gathered in this study will remain confidential
and be given out only with your permission or as required by law. If you give us pemmission by signing
this consent form, we will protect your child's confidentiality.
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E. VOLUNTARY PARTICIPATION

Your decision whether or not to allow your child to participate in this study is voluntary. If you choose
not let you child participate, there will be no penalty or loss of benefits that your child is enfitled to.
If you choose to allow your child to participate in this study, you can withdraw your consent and

discontinue your child's participation at any time without prejudice.

F. QUESTIONS

If you or your child have any questions about this research at any time, please call Ms Chené Bester
{071 628 3552). You may contact the Secretariat of the Health Sciences Research Ethics Committee
of the Faculty of Health Sciences, University of the Free State at telephone number 0514052812 if
you have questions regarding your child's right as a participant in this research project.

G. CONSENT

By signing this consent form, you indicate that you have read the form and agree that your child can
voluntarily participate in the study. If you choose not to allow your child to participate in this study,
there will be no penally or loss of benefits to which you or your child are entitled to. If you agree to
let your child take part, you are free to withdraw your child from it at any time. Likewise, no penalty
or loss of benefits to which you or your child are otherwise entitled to will occur.

The research study, including the above-mentioned information has been verbally described to me.
| agree to let my child voluntarily participate in the study, as set out above.

Signedat(pface) ... ... ... ...................... on (date):

Signature of parent/legal guardian Signature of witness

Signature of investigator
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Appendix F: Example of an assent form signed by minor participants

Title of research project:
Mutational analysis of a South African haemophilia B population.

%Ry

Researcher's name(s): Miss Chené Bester

Dr W1 lanse van Rensburg
Mr IF Kloppers

Address: Department of Haematology and Cell Biology
Francois Retief Building, Second Floor, Room 409A
University of the Free State
DF Malherbe avenue
Bloemfontein, South Arica

Contact number: 051 405 3098 /071 628 3552

WHAT IS RESEARCH?

Research is something we do to find new knowledge about the way things (and people) work. We use
research projects or studies to help us find out more about disease or illness. Research also helps us to find
better ways of helping or treating children who are sick.

WHAT IS THIS RESEACH STUDY ALL ABOUT?

In our research study, we would like to find out new things about the disease, known as haemophilia B. We
want to develop a new test so that we will be able to find specific mutations (change/different working of your
gene) that is the reason that you have haemophilia B. If we can do this, we can help more people, like you,
to get better treatment and care.

WHY HAVE | BEEN INVITED TO TAKE PARTIN THIS RESEARCH STUDY?
You have been invited to participate in this research study because you have haemophilia B.

WHO IS DOING THE RESEACH?

The research will be done by Chené Bester, who is a student at the medical school at the University of the
Free State. This research project is being supervised Dr Janse van Rensburg and Mr Kloppers, who is also
working for the University of the Free State.

WHAT WILL HAPPEN TO ME IN THIS STUDY?
A doctor will draw a little blood from you. This is all that will happen to you in this project

CAN ANY THING BAD HAPPEN TO ME?

There is a risk that you might feel a bit of pain where the blood is drawn, and it might cause a bruise. If you
feel any pain or discomfort during or after blood is drawn you should tell the doctor or your parents about it
immediately.
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CAN ANY THING GOOD HAPPEMN TO ME?

There is no direct benefit for you in this study. Your participation will however help to get a better
understanding about the illness (haemophilia B) that cause bleeding and in future help to develop a possible
cure.

WILL ANYONE KNOW THAT | AM IN THIS STUDY?

j:.e 5
L)

(=

Only you, your parents and the researchers that you are participating in this study. Nobody
else will know that you are in this study unless you tell them.

VAIHICD CAR RILIE T ABOUT WHIE ST

If you have any questions about this research study, you can contact Chené Bester directly on 071 628 3552.
Emails can be sent to chenebesterd0@gmail.com.

Altemnatively, you can also contact Dr Janse van Rensburg on 051 405 3116.

VHAT I 10O ROT WIHAT T DO THIS?
You can refuse to take part in this study, even if your parents agree that you can participate. You can also
withdraw from the study at any time you want, and you will not get in trouble for doing so.

Do you understand the research study and are you willing to take part?

@)

Has the researcher answered all your questions?

Y

Do you understand that you can pull out of the study at any time?

©
1 Q2

Signature/mark of child Signature of witness

Signature of researcher
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Appendix G: Reference sequence for F9 fragment 1 - 7, demonstrating the

forward and reverse primer sequences (red), as well as the F9 exon sequence

within the respective fragment

Reference Sequence

F9 exon nt
positions

Start
End

Fragment size

F1 (exon 1) | Fofragment

agtecaaagacccattgagggagatggacattatttceccagaagtaaatacagectcagettgtacttt
ggtacaactaatcgaccttaccactttcacaatctgctagcaaaggttatgcagecgecgtgaacatgat
catggcagaatcaccaggcctcatcaccatctgecttttaggatatctactcagtgctgaatgtacag
gtttgtttccttttttaaaatacattgagtatgcttgecttttagatatagaaatatctgatgectgte
ttcttcactaaattttgattacatgatttgacageaatattgaagagte

5117

5001

321 bp

F2 (exon 2;3)

tgecetaaagagaaattggetttcagattatttggattaaaaacaaagactttcttaagagatgtaaa
attttcatgatgttttcttttttgctaaaactaaagaattattcttttacatttcagtttttcttgat
catgaaaacgccaacaaaattctgaatcggccaaagaggtataattcaggtaaattggaagagtttgt
tcaagggaaccttgagagagaatgtatggaagaaaagtgtagttttgaagaagcacgagaagtttttg
aaaacactgaaagaacagtgagtatttccacataatacccttcagatgcagagcatagaatagaaaat
ctttaaaaagacacttctctttaaaattttaaagcatccatatatatttatgtatgttaaatgttata
aaagataggaaatcaataccaaaacactttagatattaccgttaatttgtcttcttttattctttata
gactgaattttggaagcagtatgttggtaagcaattcattttatcctctagctaatatatgaaacata
tgagaattatgtgggttttttctctgcataaatagataatatattaaactttgtcaaaaggactcaga
aagatecagteecaaccctectaaccea

11275
11438

827 bp

F3 (exonh 4)

gaggacegggeattetaagecagtttacgtgeccaattcaatttecttaacctatctcaaagatggagate
agtgtgagtccaatccatgtttaaatggcggcagttgecaaggatgacattaattcctatgaatgttgg
tgtccctttggatttgaaggaaagaactgtgaattaggtaagtaactattttttgaatactcatggtt

caaagtttcectctgaaacaagttgaaactgg

11627
11651

236 bp

F4 (exoh 5)

cececaatgtatatttgacecatacatgagtcagtagttceccatgtactttttagaaatgecatgttaaa
tgatgctgttactgtctattttgcttcttttagatgtaacatgtaacattaagaatggcagatgcgag
cagttttgtaaaaatagtgctgataacaaggtggtttgctcctgtactgagggatatcgacttgecaga
aaaccagaagtcctgtgaaccagcaggtcataatctgaataagattttttaaagaaaatctgtatctg
aaacttcagcattttaacaaacctacataattttaattcctacttgaatetgetteettttg

22828
227586

334 bp

F8 (exon 6)

tgtaatacatgttecatttgecaatgagaaatatcaggttactaatttttecttctatttttcectagtge
catttccatgtggaagagtttctgtttcacaaacttctaagctcaccegtgectgagactgtttttect
gatgtggactatgtaaattctactgaagctgaaaccattttggataacatcactcaaagcacccaatc
atttaatgacttcactcgggttgttggtggagaagatgccaaaccaggtcaattcecttggecaggtac

tttatactgatggtgtgtcaaaactggagctcagctggcaagacacaggceaggtgggagactgagge
ta

25327
25529

342 bp

F8 (exon 7)

tttetgeecageacctagaageccaatattttgectattectgtaaccagcacacatatttattttttte
tagatcaaatgtattatgcagtaagagtcttaattttgttttcacaggttgttttgaatggtaaagtt
gatgcattctgtggaggctctatecgttaatgaaaaatggattgtaactgctgececcactgtgttgaaac
tggtgttaaaattacagttgtcgcaggtaaatacacagaaagaataataatctgcagcaccactagct
ctttaatatgattggtacaccatattttactaaggtctaataaaattgttgttgaataaattgggeta

aaggcagaagggt

35008
36120

353 bp

F7 (exon 8)

gecaattaggtecagtggteccaagtagtcacttagaaaatctgtgtatgtgaaatactgtttgtgact
taaaatgaaatttatttttaataggtgaacataatattgaggagacagaacatacagagcaaaagcga
aatgtgattcgaattattcctcaccacaactacaatgcagctattaataagtacaaccatgacattge
ccttctggaactggacgaacccttagtgectaaacagctacgttacacctatttgecattgectgacaagg
aatacacgaacatcttcctcaaatttggatctggctatgtaagtggctggggaagagtcttccacaaa
gggagatcagctttagttcttcagtaccttagagttccacttgttgaccgagccacatgtcttcgatce
tacaaagttcaccatctataacaacatgttctgtgctggcttccatgaaggaggtagagattcatgte
aaggagatagtgggggaccccatgttactgaagtggaagggaccagtttcttaactggaattattage
tggggtgaagagtgtgcaatgaaaggcaaatatggaatatataccaaggtatcccggtatgtcaactg
gattaaggaaaaaacaaagctcacttaatgaaagatggatttccaaggttaattcattggaattgaaa
attaacagggectetea

35788
37723

879
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Appendix H: Gel

Appendices

images depicting the optimal annealing temperature

determined for each primer pair of the respective F9 conventional PCR assays
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400 bp
300 bp

200 bp

100bp

Repeated reactions at 56°C, 58°C, and 60°C

334 bp

334 bp 62°C
ladder  sgec 58°C 60°C NTC

400 bp i

300 bp

200 bp

100 bp.

The fragment obtained at 62°C in the first temperature gradient was
still the darkest and therefore the optimal annealing temperature
100 bp
ladder
00 bp 342 bp
300bp
200bp
100bp
Correct fragment (342 bp) amplified at 62°C was excised and used
342 bp as femplate DNA fo repeat the temperature gradient 60°C

400 bp
300 bp Se2 ke
200bp
406 bp
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353 bp

100 bp
ladder

60°C 62°C NTC

62°C

697 bp

353 bp
100bp —
100 bp 100 bp
58°C  ladder ladder 58°C 60°C
697 bp

62°C
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Appendix I: Gel images depicting the level of detection determined for each

primer pair of the respective F9 conventional PCR assays
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r/Bu gzi-e

Ir/bu g'Z|

Inbu szi'e

njbu sz'9

qnjbu g7z

b 5z

B 05

n/bu oL

ladder

100 bp

353 bp

300 bp

a
a
g
-

NTC

6u szL'E

Busze

697 bp

Bugzy

r/Bu sz

T/Bu 0g

T/Bu ooL

100 bp
ladder

300bp

200bp—

100 bp'

353 bp

697 bp

6
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Appendix J: Sanger sequencing analysis of the F9 conventional PCR products

obtained at optimal cycling conditions

F9 fragment 1 (Exon 1)

10 20 30 40 50 60
S1Ex]l ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

ExlRef ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
10 20 30 40 50 60

70 80
S1Exl GGATATCTACTCAGTGCTGAATGTACAG

ExlRef GGATATCTACTCAGTGCTGAATGTACAG
70 80

10 20 30 40 50 60
FO9Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG

h el TTTTTCTTGATCATGAAARCGCCAACARAATTCTGAATCGGCCAAAGAGGTATAATTCAG

70 80 a0 100 110 120
FY9ExZ2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA

L, GTARATTGGARGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAARAGTGTA

130 140 150 160 170 180
FO9Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT

62, 3rc RN RRRGRGRGRRAGRRGH " 57" CCACAT

130 140 150 160 170 180

190 200 210 220 230 240
FY9ExZ2,3 AATACCCTTCAGATGCAGAGCATAGAATAGARAAATCTTTAARAAGACACTTCTCTTTAAR

Ex2,3Ref RAATACCCTTCAGATGCAGAGCATAGAATAGAARATCTTTAARAAGACACTTCTCTTTARA
190 200 210 220 230 240

250 260 270 280 290 300
FOEx2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAARAGATAGGARATCAAT

Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAARAGATAGGAAATCAAT
250 260 270 280 290 300

310 320 330 340 350 360
FOEx2,3 ACCARARACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT

Ex2, 3Ref ACCRAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT

310 320 330 340 350 360
370
FO9Ex2,3 TTGGAAGCAGTATGTTG . F9 Exon 2
Ex2, 3Ref TTGGAAGCAGTATGTTG F9 Exon 3
370
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F9 fragment 3 (Exon 4)

10 20 30 40 50 60
F9Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
10 20 30 40 50 60
70 80 90 100 110
F9Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGARAAGAACTGTGRAATTAG
Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
F9 fragment 4 (Exon 5)
10 20 30 40 50 60
FO9ExS5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAARAATAGTGCTGATA
Ex5Ref ATGTRAACATGTAACATTAAGARAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
10 20 30 40 50 60
70 80 90 100 110 120
FOEx5 ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGRAARAACCAGAAGTCCTGTG
Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
70 80 90 100 110 120
FO9Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
F9 fragment 5 (Exon 6)
10 20 30 40 50 60
F9Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60
70 80 90 100 110 120
F9Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
70 80 90 100 110 120
130 140 150 160 170 180
F9Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGT TGGTGGAGAAGATGCCA
Ex6Ref TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180
190 200
F9Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG

190 200
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F9 fragment 6 (Exon 7)

10 20 30 40 50 60
F9Ex7 GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAARAAATGG
Ex7Ref GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAARAATGG
10 20 30 40 50 60
70 80 90 100 110
F9Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAARATTACAGTTGTCGCAG
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
F9 fragment 7 (Exon 8)
10 20 30 40 50 60
F9Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
F9Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATARGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
F9Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
F9Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGARAGAGTCT
ExB8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240
250 260 270 280 290 300
F9Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
Ex8Ref TCCACARAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
250 260 270 280 290 300
310 320 330 340 350 360
F9Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360
370 380 390 400 410 420
F9Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420
430 440 450 460 470 430
F9Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAARGGCA
Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480
490 500 510 520 530 540
F9Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAARRCAAAGC
Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540
F9Ex8 TCACTTAA
Ex8Ref TCACTTAA
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Appendix K: DNA concentration measurements for S1 — S21

DNA Concentration measurements {ng/uL)

Study participant 15t Measurement 2™ Measurement Mean value
Participant 1 (S1) 56.82 57.20 57.01
Participant 2 (S2) 4911 5007 49.59
Participant 3 (S3) 43.14 40.77 41.96
Participant 4 (S4) 6973 69.46 69.59
Participant 5 (S5) 70.12 68.98 69.55
Participant 6 (S6) 4472 4164 4318
Participant 7 (S7) 45.08 45.31 45.19
Participant 8 (S8) 5999 5783 58.91
Participant 9 (S9) 62.24 66.04 64.14
Participant 10 (S10) 6173 6127 61.50
Participant 11 (S11) 70.40 72.09 71.25
Participant 12 (S12) 5502 57.38 56.20
Participant 13 (S13) 66.81 67.02 66.92
Participant 14 (S14) 4972 5275 51.24
Participant 15 (S15) 53.44 53.01 53.23
Participant 16 (S16) 5190 54 57 53.24
Participant 17 (S17) 61.72 63.11 62.42
Participant 18 (S18) 58.32 5707 57.70
Participant 19 (S19) 69.89 70.54 70.22
Participant 20 (S20) 56.97 56.71 56.84
Participant 21 (S21) 47.70 4713 47.42
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Appendix L: Gel electrophoretic analysis of F9 fragment 1 — 7 conventional PCR
assays conducted for the 21 study participants

100 b
ndder  F1 F2 F3 F4 F5* F6 F7
e & - -
P — . ok
= | o - -
o - -
200bp ——
100bp —— -
100 b
iadder  Fi F2 F3 F4 F&  F6 F7
G,
by - -
600bp
B | I .
400bp
e
300 bp ——— “ - 2
200 bp ——
100 bp —— S
100 by
ladder  IFY F2 F3 F4 F5* F6 F7
arvicr 4
T00bp - -
600 bp —
a 500 bp —— S
“0bp - -
300bp -
200 bp ——
100bp —

Fragment sizes: F1: 321 bp; F2: 627 bp ; F3: 236 bp; F4: 334 bp; F5*: 342 bp (before correct
fragment was excised and reamplified); F6: 353 bp; and F7: 697 bp.
*Correct F5 fragment (342 bp) was excised and reamplified for S1, S2 and S3.

NOTE: Gel images of all reamplification results are presented later in the Appendix L section.
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100 bp 100 bp
ladder  >p5*
A B &
700 bp 700bp —
600 bp 600 bp
500 b 500 bp
‘7) 400 bp 400 bp
300 bp 300 bp
200 bp 200 bp
100 bp
100 bp
n
»
700 bp
. 600 bp
500 bp
»
400 bp
300 bp
200 bp
100 bp

Fragment sizes: F1: 321 bp; F2: 627 bp ; F3: 236 bp;, F4: 334 bp; F5*: 342 bp (before correct
fragment was excised and reamplified); F6: 353 bp; and F7: 697 bp.
*Correct F5 fragment (342 bp) was excised and reamplified for S4, S5 and Sé6.

#F7 PCR reactions were repeated for S5 and S6.
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100 b
\adder F1 F2 F3 F4 F5* F6

S7
:
|

100bp

100 bp
iadder  F1 F2 F3 Fa F5* F6

700 bp h,__‘.

22 500 bp
w 400 b
p ——
s00ep - — e -
wi. § -
100bp
100 bp
ladder F1 F2 F3 F4 F5* F6 F7
| —
—— -
600 bp —— -
- 0055 ——
(7] 400bp ——
00bp = -
200bp ——
100 bp

Fragment sizes: F1: 321 bp; F2: 627 bp ; F3: 236 bp; F4: 334 bp; F5*: 342 bp (before correct

fragment was excised and reamplified); F6: 353 bp; and F7: 697 bp.
*Correct F5 fragment (342 bp) was excised and reamplified for S7, S8 and S9..
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100 bp
ladder  F1 F2" F3 Fa4 F5*  F6 F7
— -
oy -
o 500 bp —— W
= 400 bp -
(Y -_— - -
we -
o
200 bp ——
100 bp ——
100 bp
ladder F1 F2 F3 F4 F5* F6 F7
700 bp —— -
mr— - -
500 by 7“
N m:
- P ——
(7] 0 4p—— - -— - e
20 0p —
100 bp =
100 bp
ladder  F1 F2* F3 F4 F5* F6= F7
soorp [
500bp ——
N 00bp _! . - - -
- 300bp —— 9
[72)
200bp 1
100bp ——

Fragment sizes: F1: 321 bp; F2: 627 bp; F3: 236 bp; F4: 334 bp; F5*: 342 bp (before correct
fragment was excised and reamplified); F6: 353 bp; and F7: 697 bp.

*Correct F5 fragment (342 bp) was excised and reamplified for S10, S11 and S12.

AF2 PCR reaction was repeated for S10 and S12.

“F6 PCR reaction was repeated for S12.
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100 bp
ladder Fq F2 F3 F4 F5* F6 F7
——
=
) 500 tp
-« 500 bp
w 400 bp
300 bp
200 bp
mobp -
100 bp 100 bp
ladder S14 S15 S16 ladder S17 S18 S19 S20 S NIC
e
I sootp . oo -
< 400mp ~r a0ty oy
X i
B | o - e e soo - - - - -
-
L. 200 bp 200 bp
100 bp -
100 bp [,
2} 1% 510 "s12 ‘s13 s14 s15 100bp
2 ladder NTC S16 S17 S18 S19 S20 SH
(/2]
<
&
) :0_: 700 bp ‘ 700 bp .
SN | coobp 2 --.-- woe - s g o
(7 500 bp - 400 bp ?
=0 W0bp
o] 200 bp 200 bp
N~
S
~ 100 bp 100 bp
o~
L

Fragment sizes: F1: 321 bp; F2: 627 bp; F3: 236 bp; F4: 334 bp; F5*: 342 bp (before correct
fragment was excised and reamplified); F6: 353 bp; and F7: 697 bp.
*Correct F5 fragment (342 bp) was excised and reamplified for S13.
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ASuccessful reamplification of F2 for S10, S12, and S13

100 bp
- 100bp ladder S19 820 S21
N ladder §14 8§15 8§16 S17 S18 NTC
(/5] -
|
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2
= ot
400 bp 300 bp s
Qo 300 bp -
2 O -
g’ 200 bp g
(32 el
L 100 bp o 100bp
100 bp
100 bp ladder S21
ladder S14 S15 S16 S17 S18 S19 $20
—
-
N
(/2]
|
<
- e
9 500bp
— a0bp
T | e - -
g 200 bp ——
©
E 100bp —— 100 bp o

Fragment sizes: F3: 236 bp; F4: 334 bp
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100 bp
Jadder 58 S§9* S10¢ S11° S12*
100 bp
ader S1* S S3* S+ S5 SsS¢ ST
' o ‘
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400
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—_ 200 bp e 200 bp s
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Fragment sizes: F5*: 342 bp (after correct fragment was excised and reamplified); F6: 353 bp.

*Successful reamplification of F5 fragment (342 bp) for S1— S21.

=Successful reamplification of F6 for S12.
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100 bp
ladder 514

100 bp

F7 (697 bp) (S14 - S21)

700 bp

600 bp
500 bp

400 bp
300 bp

200 bp

100 bp

817

NTC

100 bp

Fragment sizes: F7: 697 bp

#Successful reamplification of F7 for S5 and S6.
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Appendix M: Sanger sequencing analysis results for 21 study participants

Participant 1 (S1)

10 20 30 40 50 60
S1Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
i R R R R R R R R R R R R R R R R R R R E R R R e ]
c Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
g 10 20 30 40 50 60
I.ul
o 70 80
w
-
7
70 80
10 20 30 40 50 60
S1Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S1Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAARAAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAARAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S1Ex2,3 AAAGAACAGTGAGTATTTCCACAT
Ex2, 3Ref
M 130 140 150 160 170 180
)
~
c 190 200 210 220 230 240
g S1Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
wl HER R - S-S S S
c’l Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
o 190 200 210 220 230 240
o
b 250 260 270 280 290 300
S1Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAARAGATAGGAAATCAAT
Ex2, 3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S1Ex2,3
Ex2, 3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S1Ex2,3 TTGGAAGCAGTATGTTG
Ex2, 3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
S1Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
<|' R R R R R R R R R R R R R R R R R R R E R R R R ]
c Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
Q 10 20 30 40 50 60
w
o 70 80 90 100 110
w S1Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
; R R R R R R R R R R R R R R R R R R R R R R R
7 Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG

70 80 90 100 110
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10 20 30 40 50 60
S1Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
c
2 70 80 90 100 110 120
|.I.lI S1Ex5 ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
(o))
w Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
i 70 80 90 100 110 120
(%]
S1Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
10 20 30 40 50 60
S1Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGE
Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60
70 80 90 100 110 120
-] S1Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
c HE R
g Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
w 70 80 90 100 110 120
|
()}
w 130 140 150 160 170 180
"_i S1Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
(7,3 HE R
Ex6Ref TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180
190 200
S1Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
~ S1Ex7 GT-GTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
c R R R
] Ex7Ref GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
x
w 10 20 30 40 50 60
|
& 70 80 90 100 110
- S1Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAARAATTACAGTTGTCGCAG
(%]
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG

70 80 90 100 110

Appendices
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F9 Exon 8

S1

10 20 30 40 50 60
S1Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA

Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60

70 80 90 100 110 120
S1Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG

Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG

70 80 90 100 110 120
130 140 150 160 170 180
S1Ex8
Ex8Ref
130 140 150 160 170 180
190 200 210 220 230 240

S1Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT

Ex8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240

250 260 270 280 290 300
S1Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG

Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
250 260 270 280 290 300

310 320 330 340 350 360

S1Ex8

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360

370 380 390 400 410 420
S1Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG

Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420

430 440 450 460 470 480
S1Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAARAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S1Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S1Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 2 (S2)

10 20 30 40 50 60
i S2Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
: HER A
g Ex1lRef ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
|.|.|I 10 20 30 40 50 60
& 70 80
é& S2Ex1 GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S2Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAARAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S2Ex2, 3
Ex2, 3Ref
70 80 90 100 110 120
130 140 150 160 170 180
S2Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
0 130 140 150 160 170 180
(o)}
g 190 200 210 220 230 240
x S2Ex2, 3
I.MI
(=) Ex2, 3Ref
If'_ 190 200 210 220 230 240
o
v 250 260 270 280 290 300
S2Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAARAGCATCCATATATATTTATGTATGTTARATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S2Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCARAACACTTTAGATATTACCGTITAATTTGICTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S2Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGRAGCAGTATGTITG
370
10 20 30 40 50 60
< S2Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
< Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
]
X 10 20 30 40 50 60
I.I-'I
()} 70 80 90 100 110
H: S2Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGARAGAACTGTGAATTAG
N HEE A
w Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S2Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
<
g 70 80 90 100 110 120
w S2Ex5 ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAARACCAGAAGTCCTGTG
I HER A
EE Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
- 70 80 90 100 110 120
o
(%]

2 Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S2Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAARACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
(-] S2Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
[ = MMM R R R R R R
g Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
] 70 80 90 100 110 120
|
()
o 130 140 150 160 170 180
a S2Ex6
()
Ex6Ref
130 140 150 160 170 180
190 200
S2Ex6 AACCAGGTCAATTCCCTTGGHA
Ex6Ref AACCAGGTCAATTCCCTTGGEA(
190 200
10 20 30 40 50 60
~ S2Ex7
c
© | ExTRet
3 10 20 30 40 50 60
|
2 70 80 90 100 110
& | S7BX7  ATTGTAACTGCTGCCCACTGIGITGAAACTGGTGTTARAATTACAGTTGTCGCAG
[7,) HEE M R R R R R R R R S R R
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S2Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S2Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S2Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S2Ex8
Ex8Ref
190 200 210 220 230 240
250 260 270 280 290 300
°g S2Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° HER A
x Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
“ 250 260 270 280 290 300
&
- 310 320 330 340 350 360
&8 | 52Ex8 CCACATGICTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S2Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S2Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGARAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S2Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S2Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 3 (S3)

10 20 30 40 50 60

- S3Ex1l ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

g Ex1lRef ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

x 10 20 30 40 50 60

I.I-'I

& 70 80

e S3Ex1l GGATATCTACTCAGTGCTGAATGTACAG

m Trrriiiiiiiiiiiiiiiiiiioooo:

v ExlRef GGATATCTACTCAGTGCTGAATGTACAG

70 80

10 20 30 40 50 60
S3Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGARAACGCCAACARAAATTCTGAATCGGCCAAAGAGGTATAATTCAG

10 20 30 40 50 60

70 80 90 100 110 120
S3Ex2, 3
Ex2, 3Ref

70 80 90 100 110 120

130 140 150 160 170 180
S3Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT

"’_ 130 140 150 160 170 180

(o)}

g 190 200 210 220 230 240

x S3Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA

L

QJ Ex2,3Ref ARATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA

w 190 200 210 220 230 240

(23]

L] 250 260 270 280 290 300
S3Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAARAGCATCCATATATATTTATGTATGTTAARATGTTATAAAAGATAGGAAATCAAT

250 260 270 280 290 300
310 320 330 340 350 360
S3Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCARAACACTTTAGATATTACCGTITAATTTGICTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S3Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
< S3Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA

c DrrIIrrirrriiririiiiiiiiiiiiiiiiiiiiiiiiioiiiiiiiiiiiiiiooc

g Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTARATGGCGGCAGTTGCAAGGATGACATTA

w 10 20 30 40 50 60

|

8: 70 80 90 100 110

éi S3Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG

7, TrrIIririiriiiiiiiiiiioiiiiiiiiiiiiiiiiiiiiiiiiiiioo
Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG

70 80 90 100 110

10 20 30 40 50 60
S3Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA

n 10 20 30 40 50 60

[=

g 70 80 90 100 110 120

w S3Ex5

|

& Ex5Ref

o 70 80 90 100 110 120

(%]

S3Ex5 AACCAGCAG

Ex5Ref AACCAGCAG

Appendices

166



10 20 30 40 50 60
S3Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAARACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
(Ce] S3Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
c DrrIIrirririiririiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioo
g Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
w 70 80 90 100 110 120
|
()}
w 130 140 150 160 170 180
f‘ﬂ. S3Ex6
"
Ex6Ref
130 140 150 160 170 180
190 200
S3Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
~N S3Ex7
c
g Ex7Ref
w 10 20 30 40 50 60
|
83 70 80 90 100 110
ai S3Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
7, TrrIIririrriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioos
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S3Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S3Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S3Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S3Ex8
Ex8Ref
190 200 210 220 230 240
250 260 270 280 290 300
zg S3Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° HER A
x Ex8Ref TCCACARAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
uJ| 250 260 270 280 290 300
E:
— 310 320 330 340 350 360
m S3Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S3Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S3Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAARAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S3Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S3Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 4 (S4)

10 20 30 40 50 60
-
c
=]
x
wi 10 20 30 40 50 60
|
82 70 80
éi S4Ex1 GGATATCTACTCAGTGCTGAATGTACAG
7, Trrrriiiiiiiiiiiiiiiiiiiooo:
Ex1Ref GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S4Ex2, 3
Ex2, 3Ref
10 20 30 40 50 60
70 80 90 100 110 120
S4Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170
S4Ex2, 3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAI—AGTGAGTATTTCCACAT
Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAICAGTGAGTATTTCCACAT
o 130 140 150 160 170 180
1S
(o]
c 180 190 200 210 220 230
g S4Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
w DrrIIriiirriiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioo
cn| Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAARAAGACACTTCTCTTTAAA
w 190 200 210 220 230 240
3; 240 250 260 270 280 290
250 260 270 280 290 300
300 310 320 330 340 350
S4Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
360 370
S4Ex2,3 TTGGAAGCAGTATGTT
10 20 30 40 50 60
S4Ex4
<
g Ex4Ref
x 10 20 30 40 50 60
I.ul
[+)) 70 80 90 100 110
?: S4Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGARAGAACTGTGAATTAG
Q TIIIIIIIIIIItItItItitititititttttttttt sttt
el Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S4Ex5
Ex5Ref
n 10 20 30 40 50 60
c
o 70 80 90 100 110 120
Iﬁ S4Ex5 ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGARAAACCAGAAGTCCTGTG
I M-
EE Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
. 70 80 90 100 110 120
<
wv

S4Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S4Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
(Te) S4Ex6 CTGTTTTTCCTGATGTGGACTATGTARATTCTACTGAAGCTGAAACCATTTTGGATAACA
c TrrrrIIrIiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooo:
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
wi 70 80 90 100 110 120
|
(o))
w 130 140 150 160 170 180
<": S4Ex6
wv
Ex6Ref
130 140 150 160 170 180
190 200
S4Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
~ S4Ex7
C
2 Ex7Ref
wi 10 20 30 40 50 60
|
& 70 80 90 100 110
éi S4Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
7, TrrrrIIriiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioo
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S4Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S4Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACARACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S4Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S4Ex8
Ex8Ref
190 200 210 220 230 240
250 260 270 280 290 300
:g S4Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° M-
x Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
uﬂ 250 260 270 280 290 300
E:
. 310 320 330 340 350 360
5; S4Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S4Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S4Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S4Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S4Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 5 (S5)

10 20 30 40 50 60
| S5Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
: R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
al 10 20 30 40 50 60
2 70 80
&
0
70 80
10 20 30 40 50 60
S5Ex2, 3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAAGAGGTATAATTCAG
Ex2, 3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S5Ex2, 3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2, 3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S5Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
en | Ex2s3Ref GITTTGAAGAAGCACGAGAAGTTTTTIGAAAACACTGAAAGAACAGIGAGTATTTCCACAT
) 130 140 150 160 170 180
~
S 190 200 210 220 230 240
X | S5Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGARAATCTTTAARARGACACTICTCTTTARA
| L o, .. L. o L
(<)} Ex2,3Ref
"fj 190 200 210 220 230 240
n
2] 250 260 270 280 290 300
S5Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S5Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S5Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
S5Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
Q R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
€ | Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
e 10 20 30 40 50 60
Wi
o 70 80 90 100 110
w S5Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
ﬁ R R R R R R R R R R R R R R R R R R R R R R R
| Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S5Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
" 10 20 30 40 50 60
c
° 70 80 90 100 110 120
b
"'"I S5Ex5
g_\ Ex5Ref
o 70 80 90 100 110 120
n
0

S5Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S5Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
(Te) S5Ex6 CTGTTTTTCCTGATGTGGACTATGTARATTCTACTGAAGCTGAAACCATTTTGGATAACA
c TrrrrIIrIiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooo:
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
wi 70 80 90 100 110 120
|
(o))
w 130 140 150 160 170 180
ﬁi S5Ex6
wv
Ex6Ref
130 140 150 160 170 180
190 200
S5Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
~ S5Ex7
C
2 Ex7Ref
wi 10 20 30 40 50 60
|
& 70 80 90 100 110
ﬁi S5Ex7 ATTGTAACTGCTGCCCACTGTGTTGAARACTGGTGTTAAAATTACAGTTGTCGCAG
[7,) TrrrrIIriiiiriiiiiiiiioiiiiiiiiiiiiiiiiiiiiiiiiiiooc
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S5Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S5Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACARACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S5Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S5Ex8
Ex8Ref
190 200 210 220 230 240
250 260 270 280 290 300
:g S5Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° M-
x Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
uﬂ 250 260 270 280 290 300
E:
. 310 320 330 340 350 360
& S5Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S5Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S5Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S5Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S5Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 6 (S6)

10 20 30 40 50 60
| S6Exl ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
: R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
al 10 20 30 40 50 60
2 70 80
&
wn
70 80
10 20 30 40 50 60
S6Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S6Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S6Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
ey | EX2/3Ref GITTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
L 130 140 150 160 170 180
~
g 190 200 210 220 230 240
X | s6mx2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAARATCTTTAAAAAGACACTTCTCTTTARA
| A, L. .. .. .. ..
(<)} Ex2,3Ref
"f: 190 200 210 220 230 240
o
v 250 260 270 280 290 300
S6Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S6Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S6Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50
S6Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAABTGGCGGCAGTTGCAAGGATGACATTA
Q P - S IR R R R R R R R R R R
c Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAITGGCGGCAGTTGCAAGGATGACATTA
e 10 20 30 40 50 60
w
o 60 70 80 90 100 110
w SoEx4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
CD' R R R R R R R R R R R R R R R R R R R R R R R
O | Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S6Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
" 10 20 30 40 50 60
c
o 70 80 90 100 110 120
<
I""I S6Ex5
E_\ Ex5Ref
" 70 80 90 100 110 120
©
n

S6Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S6Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
(Te) S6Ex6 CTGTTTTTCCTGATGTGGACTATGTARATTCTACTGAAGCTGAAACCATTTTGGATAACA
c TrrrrIIrIiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooo:
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
wi 70 80 90 100 110 120
|
(o))
w 130 140 150 160 170 180
CD' S6Ex6
wv
Ex6Ref
130 140 150 160 170 180
190 200
S6Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
~N S6Ex7
C
2 Ex7Ref
wi 10 20 30 40 50 60
|
& 70 80 90 100 110
ds S6Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
[ TrrrrIIriiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioo
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S6Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S6Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACARACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S6Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S6Ex8
Ex8Ref
190 200 210 220 230 240
250 260 270 280 290 300
:g S6Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° M-
x Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
uﬂ 250 260 270 280 290 300
E:
. 310 320 330 340 350 360
8 S6Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S6Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S6Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S6Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S6Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 7 (S7)

10 20 30 40 50 60
e | STExl ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
: R R R R R R R R R R R R R R R R R R R R E R R R R ]
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
al 10 20 30 40 50 60
-y
w 70 80
[ | S7Ex1 GGATATCTACTCAGTGCTGAATGTACAG
W R R R R R R R R R R R R R ]

Ex1Ref GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S7Ex2, 3
Ex2,3Ref
10 20 30 40 50 60
70 80 90 100 110 120
STEx2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
STEx2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
e | EX2:3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTICCACAT

), 130 140 150 160 170 180
N
S 190 200 210 220 230 240
Iﬁ S7Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA

I HE R TR H HEH HH S HE
@ | Ex2,3Ref AATA
W 190 200 210 220 230 240
~
w 250 260 270 280 290 300

S7Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S7Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S7Ex2,3 TTGGAAGCAGTATGITG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
STEx4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
q HEEH-E - T - - S
€ | Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
g 10 20 30 40 50 60
w
o 70 80 90 100 110
w S7Ex4
R
wv Ex4Ref
70 80 90 100 110
10 20 30 40 50 60
STExXS5
Ex5Ref
" 10 20 30 40 50 60
c
o 70 80 90 100 110 120
X | s7ExS ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG

I R R R R R R R R R R R R R R R R R R R R R R R R R ]
E: Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
- 70 80 90 100 110 120
~
w

S7TEx5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S7TEx6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
(Te) STEx6 CTGTTTTTCCTGATGTGGACTATGTARATTCTACTGAAGCTGAAACCATTTTGGATAACA
c TrrrrIIrIiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooo:
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
wi 70 80 90 100 110 120
|
(o))
w 130 140 150 160 170 180
F; STEx6
(7]
Ex6Ref
130 140 150 160 170 180
190 200
STEx6 AACCAGGTCAATTCCCTTGG.A
Ex6Ref AACCAGGTCAATTCCCTTG G
190 200
10 20 30 40 50 60
™~ STEx7
C
2 Ex7Ref
wi 10 20 30 40 50 60
|
& 70 80 90 100 110
F; STEx7 ATTGTAACTGCTGCCCACTGTGTTGAARACTGGTGTTAAAATTACAGTTGTCGCAG
[7,) TrrrrIIriiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioo
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
STEx8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S7TEx8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
STEx8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
STEx8
Ex8Ref
190 200 210 220 230 240
250 260 270 280 290 300
:g STEx8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° M-
x Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
uﬂ 250 260 270 280 290 300
E:
. 310 320 330 340 350 360
!7’ STEx8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
STEx8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S7TEx8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S7TEx8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S7Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 8 (S8)

10 20 30 70 50 50
S8Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
e
g Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
e 10 20 30 40 50 60
i
o 70 80
w S8Ex1 GGATATCTACTCAGTGCTGAATGTACAG
w HEHE S
V| ExlRef GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S8Ex2, 3 AATCGGCCAAAGAGGTATAATTCAG
Ex2, 3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S8Ex2, 3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2, 3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S8Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
e | Ex2s3Ref GITTTGAAGAAGCACGAGAAGTTTTTIGAAAACACTGAAAGAACAGIGAGIATTTCCACAT
) 130 140 150 160 170 180
~
S 190 200 210 220 230 240
X | S8Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTITAARARGACACTICTCTTTARA
I R R R R R R R R R R R R R R R R R R R R R R )
@ | Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
"fj 190 200 210 220 230 240
0
©w 250 260 270 280 290 300
S8Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2, 3Ref
250 260 270 280 290 300
310 320 330 340 350 360
S8Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAARACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
SEx2,3  TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
S8Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
Q R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
€ | Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
e 10 20 30 40 50 60
Wi
o 70 80 90 100 110
w S8Ex4
&
w Ex4Ref
70 80 90 100 110
10 20 30 40 50 60
S8Ex5
Ex5Ref
" 10 20 30 40 50 60
c
° 70 80 90 100 110 120
5 | S8Ex5  ACARGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGARAACCAGRAGTCCTGTG
I HEH-E - T - S
E: Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
p 70 80 90 100 110 120
0
7]

S8Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S8Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
(Te) S8Ex6 CTGTTTTTCCTGATGTGGACTATGTARATTCTACTGAAGCTGAAACCATTTTGGATAACA
c TrrrrIIiIiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooo:
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
wi 70 80 90 100 110 120
|
(o))
w 130 140 150 160 170 180
ﬁ S8Ex6
wv
Ex6Ref
130 140 150 160 170 180
190 200
S8Ex6 AACCAGGTCAATTCCCTTGG.A
Ex6Ref AACCAGGTCAATTCCCTTG G
190 200
10 20 30 40 50 60
~N S8Ex7
C
2 Ex7Ref
wi 10 20 30 40 50 60
|
& 70 80 90 100 110
66 S8Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
7, TrrrrIIriiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioo
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S8Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S8Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACARACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S8Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S8Ex8
Ex8Ref
190 200 210 220 230 240
250 260 270 280 290 300
:g S8Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° M-
x Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
uﬂ 250 260 270 280 290 300
E:
. 310 320 330 340 350 360
8% S8Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S8Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S8Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S8Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S8Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 9 (S9)

10 20 30 40 50 60
| S9Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
: R R R R R R R R R R R R R R R R R R R R R ]
g Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
a 10 20 30 40 50 60
2 70 80
& | S9EXl GGATATCTACTCAGTGCTGAATGTACA
a3 . .. ..
70 80
10 20 30 40 50 60
S9Ex2, 3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2, 3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S9EX2, 3
Ex2, 3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S9Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
e | Ex2/3Ref GITTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGIGAGTATTTCCACAT
13 130 140 150 160 170 180
~
S 190 200 210 220 230 240
X | some2,3 CACTTCTCTTTAAA
| .
(=) Ex2, 3Ref
w 190 200 210 220 230 240
a
w 250 260 270 280 290 300
S9Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAARATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S9Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S9Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
S9Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
q R R R R R R R R R R R R R R R R R R R R R R R R E R ]
€ | Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
Q 10 20 30 40 50 60
W
o 70 80 90 100 110
w S9Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
a R R R R R R R R R R R R R R R R R R R E R
O | Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S9Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
" 10 20 30 40 50 60
c
° 70 80 90 100 110 120
3
wl S9Ex5
S\_ Ex5Ref
" 70 80 90 100 110 120
a
"

S%9Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S9Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60
70 80 90 100 110 120
© S9Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
[ = HEE MM R R R R R R R
Q Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
w 70 80 90 100 110 120
[
[+))
riy 130 140 150 160 170 180
& S9Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
7))
Ex6Ref TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180
190 200
S9Ex6 AACCAGGTCAATTCCCTTGGEAG
Ex6Ref AACCAGGTCAATTCCCTTGGIAG
190 200
10 20 30 40 50 60
~ S9Ex7 GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGARARATGG
e ..
g Ex7Ref GITGTTTTGAATGGTAAAGTTGATGCATTCTGTGCAGGCTCTATCGTTAATGAARARTGG
w 10 20 30 40 50 60
[
2 70 80 90 100 110
& S9Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTARRATTACAGTTGTCGCAG
wv MMM R R R R R R R R R R R R
Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 920 100 110
10 20 30 40 50 60
S9Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S9Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S9Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref ARCTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S9Ex8 AATACACGAACATCTTCCTCARATTTGGATCTGGCTATGTAAGTGGCTGGGGARGAGTCT
Ex8Ref AATACACGAACATCTTCCTCARATTIGGATCTGGCTATGTAAGTIGGCTGGGGAAGAGTCT
190 200 210 220 230 240
250 260 270 280 290 300
?g S9Ex8 TCCACARAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° HE
X Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
”‘| 250 260 270 280 290 300
&
~ 310 320 330 340 350 360
a S9Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360
370 380 390 400 410 420
S9Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATCITACTGAAGTCG
370 380 390 400 410 420
430 440 450 460 470 480
S9Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGARGAGTGTGCAATGAAAGGCA
Ex8Ref ARGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480
490 500 510 520 530 540
S9Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAARGGAAAAAACARAGC
Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACARAGC
490 500 510 520 530 540
S9Ex8 TCACTTAA
Ex8Ref TCACTTAA

Appendices

179



Participant 10 (S10)

10 20 30 40 50 60
‘;' S10Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
° R R R R R R R R R R R R R R R R R R R R R ]
> Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
'-'-'l 10 20 30 40 50 60
[+
w 70 80
<) S10Ex1 GGATATCTACTCAGTGCTGAATGTACA
~1 . .. ..
)
70 80
10 20 30 40 50 60
S10Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S10Ex2, 3
Ex2, 3Ref GGAAGAARAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S10Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
n | Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAARACACTGAAAGAACAGTGAGTATTTCCACAT
~ 130 140 150 160 170 180
c
o 190 200 210 220 230 240
3 S10Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
I .o .o .. .
D | Bx2,3Ret
- 190 200 210 220 230 240
o
=1
) 250 260 270 280 290 300
S10Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAARATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S10Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S10Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
< S10Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
| L
Q| Ex4Ref ATGGAGATCAGIGTGAGTCCAATCCATGITTAAATGGCGGCAGITGCAAGGATGACATTA
'-'-'I 10 20 30 40 50 60
[+
w 70 80 90 100 110
6 S10Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGARAAGAACTGTGAATTAG
L
Y | Gr4Ref ATTCCTATGAATGITGGTGTCCCTTTGGATTTGAAGGARAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S10Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
c
2 70 80 90 100 110 120
o S10Ex5 ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGC
& Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
S 70 80 90 100 110 120
=1
)
S10Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S10Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60
70 80 90 100 110 120
© S10Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=25
g Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
(s}
w 130 140 150 160 170 180
o S10Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
v Ex6Ref
130 140 150 160 170 180
190 200
S10Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
~ S10Ex7 GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
c . .. .. R
g Ex7Ref GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATG
'-l-'l 10 20 30 40 50 60
(s}
w 70 80 90 100 110
o S10Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
=
v Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S10Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S10Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S10Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S10Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTC
Ex8Ref
190 200 210 220 230 240
0 250 260 270 280 290 300
c S10Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° R R R R R R E R R R R R R R R R R R R E R R R R ]
aj Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
cnl 250 260 270 280 290 300
w
.. 310 320 330 340 350 360
3 S10Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
V) R R R R R R E R R R R R R R R R R R R E R R R R ]
Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360
370 380 390 400 410 420
S10Ex8
Ex8Ref TTACTGAAGTG!
370 380 390 400 410 420
430 440 450 460 470 480
S10Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480
490 500 510 520 530 540
S10Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540
S10Ex8 TCACTTAA
Ex8Ref TCACTTAA
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Participant 11 (S11)

10 20 30 40 50 60

‘;‘ S11Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

° R R R R R R R R R R R R R R R R R R R R R E R R R R ]

x Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

'-”I 10 20 30 40 50 60

[+

"}' 70 80

-

-

)

70 80
10 20 30 40 50 60
S11Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S11Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S11Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
en | Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT

~ 130 140 150 160 170 180

c

o 190 200 210 220 230 240

& | S11Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAARA

I s e e s s s e s . .. .. .o oo

D | Ex2,3Ret

- 190 200 210 220 230 240

-

-

) 250 260 270 280 290 300
S11Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT

250 260 270 280 290 300
310 320 330 340 350 360
S11Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S11Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
< S11Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA

g Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA

< 10 20 30 40 50 60

|.I.II

[+ 70 80 90 100 110

'._L. S11Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAARAGAACTGTGAATTAG

H R R R R R R R R R R R R R R R R R R R R R R R

A | Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG

70 80 90 100 110

10 20 30 40 50 60
S11Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA

n 10 20 30 40 50 60

c

2 70 80 90 100 110 120

a S11Ex5

82 Ex5Ref

5 70 80 90 100 110 120

-

)

S11Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S11Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
©o S11Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
- S11Ex6
a
Ex6Ref
130 140 150 160 170 180
190 200
S11Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
N | s11Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
- S11Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
T,
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S11Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S11Ex8
Ex8Ref
70 80 90 100 110 120
130 140 150 160 170 180
S11Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S11Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
Ex8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240
250 260 270 280 290 300
°§ S11Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
2 Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
"'-'I 250 260 270 280 290 300
[+
"_': 310 320 330 340 350
- S11Ex8
-
7]
Ex8Ref
310 320 330 340 350 360
360 370 380 390 400 410

S11Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG

Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420

420 430 440 450 460 470

S11Ex8

Ex8Ref
430 440 450 460 470 480

480 490 500 510 520 530
S11Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

540
S11Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 12 (S12)

10 20 30 40 50 60
e | S12Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
: M-
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
o 10 20 30 40 50 60
2 70 80
&
b
7
70 80
10 20 30 40 50 60
S12Ex2,3 TTTTTCTTGATCATGAARACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S12Ex2,3 GTARATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S12Ex2,3
Ex2, 3Ref
(] 130 140 150 160 170 180
~
c 190 200 210 220 230 240
2 S12Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAARATCTTTARAAAGACACTTCTCTTTAAA
w HESEHHE NN N N N
o | Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAARATCTTTAAAAAGACACTTCTCTTTAAA
w 190 200 210 220 230 240
N
b7 250 260 270 280 290 300
S12Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAARAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S12Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTICTTCTTTTATTCTTTATAGACTGAATT
Ex2, 3Ref ACCARAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S12Ex2,3 TTGGAAGCAGTATGTT
Ex2,3Ref TTGGAAGCAGTATGIT
370
10 20 30 40 50 60
< S12Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAARATGGCGGCAGTTGCAAGGATGACATTA
S | Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
X 10 20 30 40 50 60
I.ul
o 70 80 90 100 110
.. S12Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGARAGAACTGTGAATTAG
(o] HEEH N N
A | Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGARGGARAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S12Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
c
2 70 80 90 100 110 120
al S12Ex5 ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
E: Ex5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG
T 70 80 90 100 110 120
N
b
7]
S12Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S12Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60
70 80 90 100 110 120
© S12Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
N S12Ex6
a
Ex6Ref
130 140 150 160 170 180
190 200
S12Ex6 AACCAGGTCAATTCCCTTGGEA
Ex6Ref AACCAGGTCAATTCCCTTGGEAG
190 200
10 20 30 40 50 60
N | s12Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
N S12Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
e
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S12Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S12Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S12Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S12Ex8
Ex8Ref
190 200 210 220 230 240
0 250 260 270 280 290 300
c S12Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
Iﬁ Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
m' 250 260 270 280 290 300
w
.. 310 320 330 340 350 360
ﬁ S12Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
V') R R R R R R R R R R R R R R R R R R R R R R E R R R R ]

Ex8Ref

S12Ex8

Ex8Ref

S12Ex8

Ex8Ref

S12Ex8

Ex8Ref

S12Ex8

Ex8Ref

CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360

370 380 390 400 410 420

370 380 390 400 410 420

430 440 450 460 470 480
AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

TCACTTAA

TCACTTAA
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Participant 13 (S13)

10 20 30 40 50 60
| S13Exl ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
: M-
o Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTITA
3 10 20 30 40 50 60

|
2 70 80
P
ﬁ
n
70 80
10 20 30 40 50 60
S13Ex2,3
Ex2, 3Ref
10 20 30 40 50 60
70 80 90 100 110 120
S13Ex2,3 GTARATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAARAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S13Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAARGAACAGTGAGTATTTCCACAT
o Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
o 130 140 150 160 170 180
c
o 190 200 210 220 230 240
ﬁ S13Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAARATCTTTARAAAGACACTTCTCTTTAAA
I HESEHH N N N
E: Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAARAAGACACTTCTCTTTAAA
- 190 200 210 220 230 240
)
ﬁ
n 250 260 270 280 290 300
S13Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAARAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAA
250 260 270 280 290 300
310 320 330 340 350 360
S13Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTICTTCTTTTATTCTTTATAGACTGAATT
Ex2, 3Ref ACCAARACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S13Ex2,3 TTGGAAGCAGTATGTT
Ex2, 3Ref TTGGAAGCAGTATGTT
370

10 20 30 40 50 60
o | S13Ex4 ATGGAGATCAGIGIGAGICCAATCCATGITTAAATGGCGGCAGTTGCAAGGATGACATTA
g Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
X 10 20 30 40 50 60
|.I.'l
@ 70 80 90 100 110
L | s13Ex4
)

A | Bxdret
70 80 90 100 110
10 20 30 40 50 60
S13Ex5
Ex5Ref
n
c
2
W | s13Exs
|
82 Ex5Ref
@ 70 80 90 100 110 120
\—|
»
S13Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S13Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA
10 20 30 40 50 60
70 80 90 100 110 120
©o S13Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
o | S13Ex6
a
Ex6Ref
130 140 150 160 170 180
190 200
S13Ex6 AACCAGGTCAATTCCCTTGGEA
Ex6Ref AACCAGGTCAATTCCCTTGGEAG
190 200
10 20 30 40 50 60
N | s13Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
& | S13Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
1
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S13Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S13Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S13Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S13Ex8
Ex8Ref
190 200 210 220 230 240
© 250 260 270 280 290 300
g S13Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
* R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
Hﬂ Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
) 250 260 270 280 290 300
w
o 310 320 330 340 350 360
a S13Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

Ex8Ref

S13Ex8

Ex8Ref

S13Ex8

Ex8Ref

S13Ex8

Ex8Ref

S13Ex8

Ex8Ref

CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360

370 380 390 400 410 420

370 380 390 400 410 420

430 440 450 460 470 480
AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

TCACTTAA

TCACTTAA
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Participant 14 (S14)

10 20 30 40 50 60

‘;‘ S14Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

° R R R R R R R R R R R R R R R R R R R R R R E R R R R ]

x Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

'-”I 10 20 30 40 50 60

[+

"}' 70 80

<

-

)

70 80
10 20 30 40 50 60
S14Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S14Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
70 80 90 100 110 120
130 140 150 160 170 180
S14Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
en | Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT

~ 130 140 150 160 170 180

c

o 190 200 210 220 230 240

& | S14Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA

I s e e s s s e s . .. .. .o oo

D | Ex2,3Ret

I 190 200 210 220 230 240

<

-

) 250 260 270 280 290 300
S14Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT

250 260 270 280 290 300
310 320 330 340 350 360
S14Ex2,3 ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACCAAAACACTTTAGATATTACCGTTAATTTGTCTTCTTTTATTCTTTATAGACTGAATT
310 320 330 340 350 360
370
S14Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
< S14Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA

g Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA

< 10 20 30 40 50 60

|.I.II

2 70 80 90 100 110

. S14Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAARAGAACTGTGAATTAG

Q R R R R R R R R R R R R R R R R R R R R R R R

A | Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG

70 80 90 100 110

10 20 30 40 50 60
S14Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA

n 10 20 30 40 50 60

c

2 70 80 90 100 110 120

a S14Ex5

82 Ex5Ref

& 70 80 90 100 110 120

-

)

S14Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S14Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
© S14Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
L S14Ex6
a
Ex6Ref
130 140 150 160 170 180
190 200
S14Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
N | s14Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
L S14Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
T
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S14Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S14Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S14Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S14Ex8
Ex8Ref
190 200 210 220 230 240
0 250 260 270 280 290 300
c S14Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
Iﬁ Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
m' 250 260 270 280 290 300
w
.. 310 320 330 340 350 360
3 S14Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
V') R R R R R R R R R R R R R R R R R R R R R R R E R R R R ]

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S14Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S14Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S14Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S14Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 15 (S15)

10 20 30 40 50 60
- S15Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
g Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
|.|><.l 10 20 30 40 50 60
|
g_s 70 80
.e S15Ex1 GGATATCTACTCAGTGCTGAATGTACAG
n Trrrriiiiiiiiiiiiiiiiiiiooo:
a Ex1Ref GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S10Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S15Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTA.
70 80 90 100 110 120
130 140 150 160 170 180
S15Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
o Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
~ 130 140 150 160 170 180
c
o 190 200 210 220 230 240
Iﬁ S15Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
I HEE A
EE Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
. 190 200 210 220 230 240
n
-
wv 250 260 270 280 290 300
S15Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAARAGATAGGAAATCAAT
Ex2,3Ref ATTTTAARAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S15Ex2,3 ACCA TCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACC
310 320 330 340 350 360
370
S15Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
<
g Ex4Ref
|.|><.| 10 20 30 40 50 60
|
82 70 80 90 100 110
. S15Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
I-ﬂ TIIIIIIIIIIItItItItititititittittttttt sttt
a Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S15Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
c
2 70 80 90 100 110 120
wi S15Ex5
|
82 Ex5Ref
o 70 80 90 100 110 120
-
wv

S15Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S15Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
©o S15Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
N S15Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
-
V| oi6Ref TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180
190 200
S15Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
NN | S15Ex7 GTTGTTTTGAATGGTARAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
c ..
2 Ex7Ref GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
A | S15Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAARATTACAGTTGTCGCAG
=
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S15Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S15Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGE
70 80 90 100 110 120
130 140 150 160 170 180
S15Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S15Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
Ex8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240
250 260 270 280 290 300
°§ S15Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
2 Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
'-'-'I 250 260 270 280 290 300
[+
"_': 310 320 330 340 350 360
ﬁ S15Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
b ..

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360

370 380 390 400 410 420
S15Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG

Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420

430 440 450 460 470 480
S15Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530
S15Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAIGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAA.GC
490 500 510 520 530 540

540
S15Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 16 (S16)

10 20 30 40 50 60
- S16Ex1l ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
c TrrrrIIrIiiiiiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooo:
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
w 10 20 30 40 50 60
|
82 70 80
&
i
wv
70 80
10 20 30 40 50 60
S16Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S16Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTA.
70 80 90 100 110 120
130 140 150 160 170 180
S16Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
o Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
~ 130 140 150 160 170 180
c
o 190 200 210 220 230 240
ﬁ S16Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
I HEE A
82 Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAARAAGACACTTCTCTTTAAA
. 190 200 210 220 230 240
(-]
-
wv 250 260 270 280 290 300
S16Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAARAGATAGGAAATCAAT
Ex2,3Ref ATTTTAARAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S16Ex2,3
Ex2, 3Ref
310 320 330 340 350 360
370
S16Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
< S16Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
g Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA
x 10 20 30 40 50 60
|'I"I
82 70 80 90 100 110
. S16Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
CD TIIIIIIIIIIIlItItItItitititittttttttttt it
a Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S16Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
c
2 70 80 90 100 110 120
wi S16Ex5
|
82 Ex5Ref
o 70 80 90 100 110 120
-
wv
S16Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S16Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
© S16Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
© | SléEx6
a
Ex6Ref
130 140 150 160 170 180
190 200
S16Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
N | s16Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
O | S16Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
=
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S16Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAARAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S16Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S16Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S16Ex8
Ex8Ref
190 200 210 220 230 240
0 250 260 270 280 290 300
c S16Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
Iﬁ Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
m' 250 260 270 280 290 300
w
.. 310 320 330 340 350 360
ﬁ S16Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
V') R R R R R R R R R R R R R R R R R R R R R R E R R R R ]

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S16Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S16Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S16Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S16Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 17 (S17)

10 20 30 40 50 60
| S17Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
c HEH-E - - - S
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
i 10 20 30 40 50 60
I
2 70 80
~ S17Ex1 GGATATCTACTCAGTGCTGAATGTACAG
-] HEHE S
(%] Ex1Ref GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S17Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAARATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S17Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTA
70 80 90 100 110 120
130 140 150 160 170 180
S17Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
o | Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
F¢ 130 140 150 160 170 180
(=
o] 190 200 210 220 230 240
|ﬁ S17Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
I HER R - S-S S S
,_0,2 Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
.o 190 200 210 220 230 240
~N
-
wv 250 260 270 280 290 300
S17Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S17Ex2,3 ACC TCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACC
310 320 330 340 350 360
370
S17Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
<
S | Exdret
ﬁ 10 20 30 40 50 60
I
82 70 80 90 100 110
. S17Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
h R R R R R R R R R R R R R R R R R R R R R R R
a Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S17Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
[=
2 70 80 90 100 110 120
w S17Ex5
I
82 Ex5Ref
F; 70 80 90 100 110 120
Ll
(7]

S17Ex5 AACCAGCAG

Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S17Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
© S17Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
~ S17Ex6
a
Ex6Ref
130 140 150 160 170 180
190 200
S17Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
N | s17Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
~ S17Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
e
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S17Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S17Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S17Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S17Ex8
Ex8Ref
190 200 210 220 230 240
0 250 260 270 280 290 300
c S17Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
Iﬁ Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
m' 250 260 270 280 290 300
w
.. 310 320 330 340 350 360
5 S17Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
V') R R R R R R R R R R R R R R R R R R R R R R E R R R R ]

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S17Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S17Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S17Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S17Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 18 (S18)

10 20 30 40 50 60

1 | S18Exl ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

c HEH-E - - - S

2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA

] 10 20 30 40 50 60

I

2 70 80

6 S18Ex1 GGATATCTACTCAGTGCTGAATGTACAG

-] HEHE S

O | ExlRef GGATATCTACTCAGTGCTGAATGTACAG

70 80
10 20 30 40 50 60
S18Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S18Ex2,3 GTAA
Ex2, 3Ref GTA
70 80 90 100 110 120
130 140 150 160 170 180
S18Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT

o Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT

~ 130 140 150 160 170 180

c

) 190 200 210 220 230 240

3 | S18Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAARATCTTTAAAAAGACACTTCTCTTTAARA

I HER R - S-S S S

E: Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA

. 190 200 210 220 230 240

0

-

) 250 260 270 280 290 300
S18Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAARAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT

250 260 270 280 290 300
310 320 330 340 350 360
S18Ex2,3 ACC TCTTTTATTCTTTATAGACTGAATT
Ex2, 3Ref ACC
310 320 330 340 350 360
370
S18Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50
S18Ex4 ATGGAGATCAGTGTGAGTCCAATCCATGTTTAAITGGCGGCAGTTGCAAGGATGACATTA

q P - S IR R R R R R R R R R R

€ | Ex4Ref ATGGAGATCAGTGTGAGTCCAATCCATGTTTAANTGGCGGCAGTTGCAAGGATGACATTA

Q 10 20 30 40 50 60

w

ml 60 70 30 90 100 110

w

%

-

w 70 80 90 100 110

10 20 30 40 50 60
S18Ex5
Ex5Ref

n 10 20 30 40 50 60

c

) 70 80 90 100 110 120

W | S18Ex5 ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG

I HEH-E - T - - S

D | 5x5Ref ACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTG

N 70 80 90 100 110 120

]

-

)

S18Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S18Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
© S18Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
0 S18Ex6
a
Ex6Ref
130 140 150 160 170 180
190 200
S18Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
N | s18Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
00 | S18Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
e
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S18Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S18Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S18Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S18Ex8
Ex8Ref
190 200 210 220 230 240
0 250 260 270 280 290 300
c | S18Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
Iﬁ Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
m' 250 260 270 280 290 300
w
.. 310 320 330 340 350 360
ﬁ S18Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
V') R R R R R R R R R R R R R R R R R R R R R R E R R R R ]

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S18Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S18Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S18Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S18Ex8 TCACTTAA

Ex8Ref TCACTTAA
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Participant 19 (S19)

10 20 30 40 50 60
- S19Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
c TrrrrIIriiiiiiiiiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooo:
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
w 10 20 30 40 50 60
|
82 70 80
65' S19Ex1 GGATATCTACTCAGTGCTGAATGTACAG
- Trrrriiiiiiiiiiiiiiiiiiiooo:
(%] Ex1Ref GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S19Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S19Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTA.
70 80 90 100 110 120
130 140 150 160 170 180
S19Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
o Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
~ 130 140 150 160 170 180
c
o 190 200 210 220 230 240
ﬁ S19Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
I HEE
8: Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAARAAGACACTTCTCTTTAAA
. 190 200 210 220 230 240
[<)]
-
wv 250 260 270 280 290 300
S19Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAARAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S19Ex2,3 ACC
Ex2,3Ref ACC
310 320 330 340 350 360
370
S19Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50
<
c
=]
x 10 20 30 40 50 60
|'I"I
82 60 70 80 90 100 110
. S19Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
m TIIIIIIIIIIIIItItItItitititittttittttt sttt
a Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S19Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAARAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
c
2 70 80 90 100 110 120
wi S19Ex5
|
82 Ex5Ref
& 70 80 90 100 110 120
-
wv
S19Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S19Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
© S19Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
o | S19Ex6
a
Ex6Ref
130 140 150 160 170 180
190 200
S19Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
N | s19Ex7
c
2 Ex7Ref
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
& | S19Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
= 5 1,
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S19Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S19Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
70 80 90 100 110 120
130 140 150 160 170 180
S19Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S19Ex8
Ex8Ref
190 200 210 220 230 240
0 250 260 270 280 290 300
c S19Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
° R R R R R R R R R R R R R R R R R R R R R R E R R R R ]
Iﬁ Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
m' 250 260 270 280 290 300
w
.. 310 320 330 340 350 360
g,’ S19Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
V') R R R R R R R R R R R R R R R R R R R R R R E R R R R ]

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC

310 320 330 340 350 360
370 380 390 400 410 420
S19Ex8
Ex8Ref
370 380 390 400 410 420
430 440 450 460 470 480

S19Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530 540
S19Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGC
490 500 510 520 530 540

S19Ex8 TCACTTAA

Ex8Ref TCACTTAA

Appendices

199



Participant 20 (S20)

10 20 30 40 50 60
| S20Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
c HEH-E - - - S
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
i 10 20 30 40 50 60
I
2 70 80
S S20Ex1 GGATATCTACTCAGTGCTGAATGTACAG
o HEHE S
v Ex1Ref GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S20Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S20Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTA
70 80 90 100 110 120
130 140 150 160 170 180
S20Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
o | Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
(\r 130 140 150 160 170 180
(=
o] 190 200 210 220 230 240
LI*-I S20Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
I HER R - S-S S S
,_0,2 Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
.o 190 200 210 220 230 240
o
(o]
wv 250 260 270 280 290 300
S20Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S20Ex2,3 ACC TCTTTTATTCTTTATAGACTGAATT
Ex2,3Ref ACC
310 320 330 340 350 360
370
S20Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
<
S | Exdret
x 10 20 30 40 50 60
|.I.'I
82 70 80 90 100 110
. S20Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
° R R R R R R R R R R R R R R R R R R R R R R R
a Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S20Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
[=
2 70 80 90 100 110 120
w S20Ex5
I
82 Ex5Ref
6 70 80 90 100 110 120
(o]
wv
S20Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S20Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
© S20Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
o S20Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
I
7))
Ex6Ref TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180
190 200
S20Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
NN | S20Ex7 GTTGTTTTGAATGGTARAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
c ..
2 Ex7Ref GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
& | S20Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
(] HEHE - S - - - S
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S20Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S20Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGE
70 80 90 100 110 120
130 140 150 160 170 180
S20Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S20Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
Ex8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240
250 260 270 280 290 300
°§ S20Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
2 Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
'-'-'I 250 260 270 280 290 300
[+
"_': 310 320 330 340 350 360
8 S20Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
o ..

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360

370 380 390 400 410 420
S20Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG

Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420

430 440 450 460 470 480
S20Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530
S20Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAIGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAA.GC
490 500 510 520 530 540

540
S20Ex8 TCACTTAA

Ex8Ref TCACTTAA

Appendices

201



Participant 21 (S21)

10 20 30 40 50 60
| S21Ex1 ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
c HEH-E - - - S
2 Ex1Ref ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTA
i 10 20 30 40 50 60
I
2 70 80
5 S21Ex1 GGATATCTACTCAGTGCTGAATGTACAG
o HEHE S
v Ex1Ref GGATATCTACTCAGTGCTGAATGTACAG
70 80
10 20 30 40 50 60
S21Ex2,3 TTTTTCTTGATCATGAAAACGCCAACAAARATTCTGAATCGGCCAAAGAGGTATAATTCAG
Ex2,3Ref TTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAG
10 20 30 40 50 60
70 80 90 100 110 120
S21Ex2,3 GTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA
Ex2,3Ref GTA
70 80 90 100 110 120
130 140 150 160 170 180
S21Ex2,3 GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
o | Ex2,3Ref GTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCACAT
(\r 130 140 150 160 170 180
(=
o] 190 200 210 220 230 240
LI*-I S21Ex2,3 AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
I HER R - S-S S S
EE Ex2,3Ref AATACCCTTCAGATGCAGAGCATAGAATAGAAAATCTTTAAAAAGACACTTCTCTTTAAA
.o 190 200 210 220 230 240
-
(o]
wv 250 260 270 280 290 300
S21Ex2,3 ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
Ex2,3Ref ATTTTAAAGCATCCATATATATTTATGTATGTTAAATGTTATAAAAGATAGGAAATCAAT
250 260 270 280 290 300
310 320 330 340 350 360
S21Ex2,3 ACC
Ex2,3Ref ACC
310 320 330 340 350 360
370
S21Ex2,3 TTGGAAGCAGTATGTTG
Ex2,3Ref TTGGAAGCAGTATGTTG
370
10 20 30 40 50 60
<
S | Exdret
x 10 20 30 40 50 60
|.I.'I
82 70 80 90 100 110
. S21Ex4 ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
ﬁ R R R R R R R R R R R R R R R R R R R R R R R
sg Ex4Ref ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAG
70 80 90 100 110
10 20 30 40 50 60
S21Ex5 ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
Ex5Ref ATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATA
n 10 20 30 40 50 60
[=
2 70 80 90 100 110 120
w S21Ex5
I
82 Ex5Ref
"_i 70 80 90 100 110 120
o
wv
S21Ex5 AACCAGCAG
Ex5Ref AACCAGCAG
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10 20 30 40 50 60
S21Ex6 TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

Ex6Ref TGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGA

10 20 30 40 50 60
70 80 90 100 110 120
©o S21Ex6 CTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACA
=S
2 Ex6Ref CTGTTTTTCCTGATGTGGACTATGTAARATTCTACTGAAGCTGAAACCATTTTGGATAACA
'-l-'l 70 80 90 100 110 120
[+
w 130 140 150 160 170 180
-l S21Ex6 TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
o
V| oi6Ref TCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCA
130 140 150 160 170 180
190 200
S21Ex6 AACCAGGTCAATTCCCTTGGCAG
Ex6Ref AACCAGGTCAATTCCCTTGGCAG
190 200
10 20 30 40 50 60
NN | S21Ex7 GTTGTTTTGAATGGTARAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
c ..
2 Ex7Ref GTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGG
'-l-'l 10 20 30 40 50 60
[+
w 70 80 90 100 110
w | S21Ex7 ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
(o] HEHE - S - - - S
n Ex7Ref ATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAG
70 80 90 100 110
10 20 30 40 50 60
S21Ex8 GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
Ex8Ref GTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTA
10 20 30 40 50 60
70 80 90 100 110 120
S21Ex8 TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGG
Ex8Ref TTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGE
70 80 90 100 110 120
130 140 150 160 170 180
S21Ex8 AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
Ex8Ref AACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGG
130 140 150 160 170 180
190 200 210 220 230 240
S21Ex8 AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
Ex8Ref AATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCT
190 200 210 220 230 240
250 260 270 280 290 300
°§ S21Ex8 TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
2 Ex8Ref TCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAG
'-'-'I 250 260 270 280 290 300
[+
"_': 310 320 330 340 350 360
: S21Ex8 CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
o ..

Ex8Ref CCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCC
310 320 330 340 350 360

370 380 390 400 410 420
S21Ex8 ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG

Ex8Ref ATGAAGGAGGTAGAGATTCATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGG
370 380 390 400 410 420

430 440 450 460 470 480
S21Ex8 AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA

Ex8Ref AAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCA
430 440 450 460 470 480

490 500 510 520 530
S21Ex8 AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAIGC

Ex8Ref AATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAA.GC
490 500 510 520 530 540

540
S21Ex8 TCACTTAA

Ex8Ref TCACTTAA
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