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ABSTRACT

Pathogenic variants in the genes HNF1A and GCK (encoding hepatocyte nuclear factor 1
alpha and glucokinase, respectively) are associated with a dominant inherited subgroup of
monogenic diabetes; Maturity-Onset Diabetes of the Young (MODY). Some patients with
MODY are misdiagnosed as type 1 or type 2 diabetes, because of overlapping clinical features

and lack of knowledge about MODY disease.

In this study, HNF1A and GCK genes were analyzed in 15 individuals with suspected MODY
from a mixed ancestry population from Cape Town, based on whole genome sequencing data.
Protein coding variants that had a MAF <0.01% (more likely to be pathogenic and be the
cause of rare diagnosis like MODY) and the most common missense variants was further
examined in population frequency databases such as gnomAD and clinical variant databases
such as ClinVar. Accordingly, relevant literature from PubMed concerning the rare variants
was investigated, to support the suspicion of variants being pathogenic and cause/risk for
MODY/other diabetes, in affected individuals. Two suspected variants (MAF<0.1%) in
HNF1A was found: (c.1124delG; p.(Gly375AlafaTer9) and ¢.1243G>A; p.(Gly415Arg)).
p.(Gly375AlafaTer9) was found in two individuals with impaired glucose tolerance and
normoglycemic, respectively, and p.(Gly415Arg) was found in one individual with impaired
glucose tolerance. Based on this and other clinical features, these variants seems not a cause
of MODY, however might be risk factor for type 2 diabetes (p.(Gly415Arg)). As only rare
variants in MODY genes are known to be cause of early-onset dominantly inherited diabetes,
the probability of finding rare variants in few individuals, in only two MODY genes, was very
low. To determine the prevalence of MODY in such a population cohort, more individuals

with certain early-onset diabetes should be screened.

Key words: HNF1A gene, GCK gene, MODY, type 2 diabetes, MAF
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SAMMENDRAG

Patogene varianter i genene HNF1A og GCK (koder for hepatocytt nukleger faktor 1 alfa og
glucokinase, henholdsvis) er assosiert med en dominant arvelig undergruppe av monogen
diabetes; Maturity-Onset Diabetes of the Young (MODY). Flere pasienter med diagnosen
MODY blir feildiagnostisert med type 1 eller type 2 diabetes, pa grunn av overlappende

kliniske indikasjoner og manglende kunnskap rundt sykdommen MODY .

| dette studiet ble HNF1A og GCK gener analysert i 15 individer med mistanke om MODY,
fra en populasjon med blandede aner fra Cape Town, basert pa helgenomsekvenseringsdata.
Proteinkodende varianter som hadde en MAF <0,01% (starre sannsynlighet for a veere
patogene og arsak til sjeldne diagnoser som MODY) og de mest forekommende missense
varianter ble videre undersgkt i populasjonsfrekvensdatabaser som gnomAD og kliniske
variantdatabaser som ClinVar. Tilsvarende ble relevant litteratur i databasen PubMed om de
sjeldne variantene undersgkt, som statte til mistanken om at disse variantene var patogene og
kunne fare til/gke risiko for MODY/annen diabetessykdom i rammede individer. To suspekte
varianter (MAF>0,1%) i HNF1A ble funnet: (c.1124delG; p.(Gly375AlafaTer9) og
€.1243G>A,; p.(Gly415ArQg)). p.(Gly375AlafaTer9) ble funnet i to individer med nedsatt
glukose toleranse og normoglykemisk, og p.(Gly415Arg) ble funnet i ett individ med nedsatt
glukose toleranse. Basert pa dette og andre kliniske opplysninger ser det ikke ut til at disse
variantene forarsaker MODY, men kan veere risikofaktorer for type 2 diabetes
(p.(Gly415Arg)). Ettersom kun sjeldne varianter i MODY gener er Kjent for a forarsake tidlig
dominant arvelig diabetes, var sannsynligheten for a finne sjeldne varianter hos fa individer, i
kun to MODY gener, meget lav. For a fastsla forekomsten av MODY i en slik

populasjonsgruppe, ber flere personer med tidlig debut av diabetes screenes.

Ngkkelord: HNF1A-gen, GCK-gen, MODY, type 2 diabetes, MAF
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1. INTRODUCTION

1.1 Diabetes Mellitus

Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyperglycemia due
to defects in insulin secretion and/or insulin action. This occurs when the pancreas does not
produce enough insulin, or the body does not effectively use the insulin it produces (World
Health Organization, 2018). Insulin is the primary hormone responsible for regulating levels
of glucose in plasma by stimulating entry of glucose into the cell and by increasing
glycogenesis, lipogenesis and glycolysis (Bishop , Fody, & Schoeff, 2018). DM is a
multisystem disease that carries significant morbidity and mortality from its chronic

macrovascular and microvascular complications (Rees, Levy, & Lansdown, 2017).

A diabetes diagnosis is given if the plasma glucose is >7.0 mmol/L after fasting, or >11.1
mmol/L two hours after an oral glucose tolerance test (OGTT) (see Table 1). In addition,
HbA1c can be measured to confirm the diagnosis of diabetes, using a technique that is
certified by National Glycohemoglobin Standardization Program and standardized to the
Diabetes Control and Complications Trial Assay (WHO and International Diabetes
Federation, 2006). Diabetes is indicated with a HbAlc level >47 mmol/mol (WHO and
International Diabetes Federation, 2006). However, measurement of HbAlc is not common

practice in low-income countries.

According to the World Health Organization (WHO) 422 million adults worldwide have
diabetes. The steadily increase for the past three decades are correlated to the increased
prevalence of overweight and obesity among people. According to WHO 1.6 million people

die every year directly attributed to diabetes.
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According to the WHO, prediabetes is a state of intermediate hyperglycemia using two
different specific parameters: impaired fasting glucose (IFG) and impaired glucose tolerance
(IGT) (WHO and International Diabetes Federation, 2006). IFG is defined as abnormal
fasting plasma glucose and occurs when the liver releases too much glucose into the
bloodstream overnight (Lin, et al., 2007). IGT is defined as normal fasting plasma glucose,
but an abnormal two-hour plasma glucose after an OGTT, and occurs when the insulin does
not work like it should, if there is not released adequate insulin too meet the demand, or a
combination of both (Lin, et al., 2007; WHO and International Diabetes Federation, 2006).
Until recently, this type of diabetes was seen only in adults, but it is now also occurring
increasingly frequently in children (World Health Organization, 2018).

Table 1: Diagnostic criteria and classification of diabetes and intermediate hyperglycemia. The reference values
are given by WHOs Technical Report relating to diabetes from 1999 (World Health Organization, 1999).

REFERENCE VALUES

Fasting glucose 2hr. OGTT

plasma (mmol/L) (mmol/L)

Normoglycemia <6.1 < 7.8 implied
STATE Prediabetes (IGT) <7.0 and >7.8-<11.1

Prediabetes (IFG) >6.1-<7.0 and <78

Diabetes Mellitus >7.0 >11.1
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1.2 Classification of diabetes mellitus

1.2.1 Type 1 diabetes

Type 1 diabetes (T1D), previously known as insulin-dependent or juvenile diabetes, is
characterized by inadequate insulin production and requires daily administration of insulin
(World Health Organization, 2018). T1D is caused by complete lack of insulin secretion due
to autoimmune destruction of pancreatic beta-cells (Atkinson & Eisenbarth, 2001). Multiple
predisposing genetic and environmental factors are thought to be the cause of T1D, however,
the complete basis for T1D disease development is still not completely understood (Rees,
Levy, & Lansdown, 2017). Genetic studies have made it possible to explain 80% of the
genetic architecture of T1D (Stankov, Benc, & Draskovic, 2013). Familial clustering has a
prevalence of 6% in siblings, however, more than 85% of the disease cases do not have a
family history (Risch, 1987; Szablewski, 2011). There is also a difference in which parent
who has the disease. If the mother has diabetes, the risk increases to 1-2% and 3-7% if the
father has diabetes (Haller, Atkinson & Schatz, 2005; Warram, Krolewski & Kahn, 1988).

Disease susceptibility is highly associated to the Human Leukocyte Antigen (HLA) alleles
DR3 and DR4, as well as the associated alleles DQ2 and DQ8 (Szablewski, 2011). More than
9% of patients with T1D express either DR3DQ2 or DR4DQ8, and patients with haplotypes
of the HLA can be highly susceptible to T1D.

1.2.2 Type 2 diabetes

Type 2 diabetes (T2D), formerly called non-insulin-dependent diabetes, accounts for 85-90%
of diabetes cases world-wide and is mainly a consequence of obesity and inactivity (poor
lifestyle) (World Health Organization, 2018). Unlike the early onset of T1D, T2D usually
onset after age 40 years, and is characterized by hyperglycemia caused by disruptions of the
body’s use of insulin and of disproportionately high glucagon production; both during fasting
and after meals (Rodger, 1991). The hormone glucagon further increases the blood sugar by
stimulating the liver to release glucose into the blood stream. T2D is also characterized by
insulin resistance. This form of diabetes can be present and undiagnosed for a long period
without clinical symptoms because the hyperglycemia develops gradually and change over

time (American Diabetes Association, 2011).
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T2D is a heritable and complex disease, and a genetic component is an important contributing
factor and estimated to explain 30-70% of T2D risk (Florez & Walford, 2010). Multiple genes
and different combination of genes play a role in the disease development in different
individuals, because of its polygenic and heterogeneous character.

1.2.3 Gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is known as glucose intolerance with onset or first
occurrence during pregnancy (Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus, 2003; Metzger & Coustan, 1998). According to Mclintyre, et al, GDM is
currently the most common medical complication of pregnancy, and prevalence of
undiagnosed hyperglycemia and even overt diabetes in young women is increasing (Mclntyre,
et al., 2019). Major GDM risk factors are maternal overweight and obesity, later age at
childbearing, previous history of GDM, family history of T2D and ethnicity. Diagnosis is
usually performed using an OGTT. The primary treatments for GDM are diet and physical

activity, but some individuals also require pharmacotherapy, in form of insulin.
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1.2.4 Monogenic forms of diabetes and maturity-onset diabetes of the young

Monogenic diabetes is caused by defects in one single gene (National Institute of Diabetes
and Digestive and Kidney Diseases, 2017). One of the most common forms of monogenic
diabetes is Maturity-Onset Diabetes of the Young (MODY). MODY was first recognized by
Tattersall in 1974 and is a dominantly inherited form of non-insulin-dependent diabetes that is
typically diagnosed before the age of 25-30 (Tattersall, 1974). Today, MODY is referred to as
a heterogenous group of monogenic disorders that result in a decrease in insulin secretion due
to pancreatic beta-cell dysfunction (Gardner & Tai, 2012). It is also characterized by an
autosomal dominant pattern of inheritance, a family history of diabetes, and absence of beta-
cell autoimmunity and insulin resistance. Although rare (represents 1-3% of all diabetes
worldwide), MODY is a serious disease which lasts through a person’s lifetime, with an
increased risk of heart disease, kidney failure and blindness. To date, according to the Online
Mendelian Inheritance in Man (OMIM) (OMIM, 2016), 14 different subtypes of MODY
exists (MODY1-14) (Table 2), each caused by a pathogenic variant in one of 14 individual
genes (HNF4A, GCK, HNF1A, PDX1, HNF1B, NEUROD1, KLF11, CEL, PAX4, INS, BLK,
ABCCS8, KCNJ11, APPL1). Some genes are more frequently affected (HNF4A, GCK, HNF1A,
HNF1B), than others, and resulting in MODY1, MODY2, MODY3 and MODYY5,
respectively (Amed & Oram, 2016).

A correct diagnosis of MODY is important for determining treatment, as patients with
specific subtypes of MODY (MODY1 and MODY 3 caused by pathogenic HNF4A and
HNF1A variants) can benefit from treatment with sulphonylureas (avoiding insulin injections)
(Sheperd, et al., 2009). In addition, patients with MODY 2 (milder form of MODY) can often
benefit from a modified diet and in most cases does not need any further treatment other than
this. Thus, molecular genetic testing is important for correct diabetes diagnosis and targeted
treatment (Shields, et al., 2010).
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MODY is challenging to diagnose for several reasons, namely, the low prevalence in a
population, shared symptoms with DM, and limited awareness of MODY (Thanabalasingham
& Owen, 2011). Further, genetic testing is not common practice in many countries,
particularly low-middle income countries. For instance, MODY2 (caused by pathogenic GCK
gene variants) is more commonly diagnosed in countries where glucose testing is more
frequent, such as France, Spain, and Italy (Thanabalasingham & Owen, 2011). As most
genetic studies have been conducted in Caucasian populations, it is important to determine the
specific prevalence and diagnose MODY in populations of varied ethnicity (Shields, et al.,
2012).
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Table 2: MODY associated diabetes and its clinical features. Information collected from (OMIM, 2016).

MODY Gene OMIM link | Clinical features
no.
MODY1 HNF4A 125850 Rare (<3-5%). Typically nonobese; Macrosomia;

Hyperinsulinemia; Progressive decrease in insulin secretion.

MODY2 GCK 125851 Common (30-50%). Mild, long-lasting, stable fasting
hyperglycemia; GDM; Usually asymptomatic.

MODY3 HNF1A 600496 Common (30-50%). Typically nonobese; Progressive decrease
in insulin secretion; Renal glycosuria; Raised cardiovascular
risk.

MODY4 PDXI 609392 Rare (<1%). Hyperinsulinemia; Pancreatic agenesis.

MODY5 HNF1B 137920 Rare (<5%). Progressive decrease in insulin secretion; Renal

abnormalities.

MODY6 NEUROD1 606394 Very rare (<1%). Adult onset; Overweight.

MODY7 KLF11 610508 Very rare (<1%). Phenotype similar to T2D.

MODY8 CEL 609812 Very rare (<1%). Pancreatic exocrine dysfunction.

MODY9 PAX4 612225 Very rare (<1%). Associated with ketoacidosis in some cases.
MODY10 INS 613370 Very rare (<1%). < 20 years at onset.

MODY11 BLK 613375 Very rare (<1%). Increased BMI (Body Mass Index) and

overweight in some cases.

MODY12 ABCCS8 600509 Very rare (<1%). Hyperinsulinemic hypoglycemia;

Noninsulin-dependent.

MODY13 KCNJ11 616329 Very rare (<1%). Phenotype similar to MODY1 and MODY?3.

MODY14 APPL1 616511 Very rare (<1%). Increased BMI and weight in some cases.
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1.2.5 MODY2

Heterozygous inactivating mutations in the GCK gene, which results in MODY?2, is the
second most common cause of MODY (Gardner & Tai, 2012). MODY?2 is characterized by
mild, stable fasting hyperglycemia and treatment is generally not required. Clinical features
include raised fasting glucose levels, with a small rise in two-hour glucose (<3 mmol/L)
following 759 OGTT (Gardner & Tai, 2012). MODY?2 is often identified during routine
screening or during screening in pregnancy (Gloyn, 2003; Stride & Hattersley, 2009).
Recognizing MODY2 from other causes of diabetes is important because it will save patients

from unnecessary treatment and improve quality of life (Sagen, et al., 2008).

GCK has the cytogenetic location 7p13 and the gene consists of 12 exons (Nishi, et al., 1992;
Stoffel & Shih, 2001). It encodes the enzyme glucokinase, which is a key enzyme in the
regulation of insulin secretion and has been termed the glucose sensor in pancreatic beta-cells
(Zelent, et al., 2005). Glucokinase is expressed mainly in the pancreatic beta-cell and the
liver. The expression of the pancreatic isoform (465 amino acids), encoded by exons 1a and 2-
10, is driven by a beta-cell specific promoter (glucose stimulated), which is located around 10
kb upstream from the liver specific promoter (Stoffel & Shih, 2001; Tanizawa, et al. 1991).
The liver isoforms are 466 and 464 amino acids long and insulin is the key regulator of liver

glucokinase expression (Guo, et al., 1990).
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1.2.6 MODY3

MODY3 is caused by heterozygous loss-of-function mutation in the HNF1A gene and is the
most common cause of MODY in most populations (Colclough, et al., 2013; Yamagata,
2003). Clinical features include a large rise in two-hour glucose levels (>5 mmol/L) on 75g
OGTT. MODY3 patients have a progressive beta-cell failure resulting in reduced insulin
secretion and increased hyperglycemia, with treatment requirements. A pharmacogenetic
effect has been shown in patients as some are sensitive to sulphonylureas (Gardner & Tali,
2012).

The HNF1A gene is located on chromosome 12q24.2, the long (q) arm of chromosome 12 at
position 24.31 (Colclough, et al., 2013; Yamagata, 2003). It consists of 10 exons and spans
about 23 kb of genomic DNA. The gene is expressed in the liver, pancreas, stomach, small
intestine, and kidney (Baumhueter, et al., 1990; Frain, et.al., 1989; Miquerol, et al., 1994),
where both endocrine and exocrine cells express HNF1A during development of the pancreas
(‘YYamagata, 2003).

According to Fajans et al., variants in the HNF1A gene have been identified in all racial and
ethnic backgrounds, including European, Chinese, Japanese, African, and American Indian
(Fajans, et al., 2000). Although pathogenic variants have been identified in all exons of
HNF1A, variants in exons 1-6 have been reported to give earlier onset of MODY 3 than
variants in exon 8-10 (Frayling, et al., 2001) (Figure 1). Before the age of 25, 63% of people
with a pathogenic HNF1A variant have developed diabetes, and further 79% have developed
diabetes before the age of 35, and 96% before the age of 55 (Amed & Oram, 2016).
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Amino acids mutated and associated with MODY3 (%)

>60% 45-55% <25%
Dimerization DNA binding domain (aa100-287) Transactivation domain
domain (aal-32) Pseudo POU Homeo (aa287-631)
P | v | v |
Less tolerant to variation More tolerant to variation

Figure 1: An outline of the HNF1A pancreatic protein isoform and functional domains, including the
dimerization-, DNA binding- and transactivation domain. The heatmap illustrates the frequency of reported
variants associated with MODY3 where the domain areas in red shows the accumulation of most variants
associated with MODY3, and blue accumulation of fewer MODY3 associated variants (Harries, Ellard, Stride,

Morgan, & Hattersley, 2006). Figure collected with permission from Prof. Lise Bjgrkhaug Gundersen.

The protein encoded by pancreatic HNF1A is a 631 amino acid long transcription factor. As
Figure 1 shows, the HNF-1A protein is composed of three functional domains: a dimerization
domain (amino acids 1-32), a DNA binding domain (homeo domain amino acids 100-184;
POU domain amino acids 198-287) and a transactivation domain (amino acids 287-631)
(Ryffel, 2001; Vaxillaire, et al., 1999). A total of three different protein isoforms of HNF-1A
has been reported produced (HNF-1A A-C), due to differential splicing and polyadenylation
(Bach & Yaniv, 1993), of which one is termed the pancreatic isoform (A) and two the liver
isoforms (B and C). As illustrated in Figure 1, pathogenic variants leading to MODY3 are
more frequently associated with variants located in the dimerization domain and the DNA

binding domain, compared to the transactivation domain.
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1.2.7 MODY versus T2D and disease association

An increased overlap between traits and phenotypes of monogenic and complex genetic
diseases provides a platform to understand the disease biology better (Tallapragada, Bhaskar,
& Chandak, 2015). Most of the T2D susceptibility genes identified in the pre-GWAS era are
key players in the development of some forms of monogenic diabetes. Later, studies have
identified additional monogenic diabetes loci including HNF1A, HNF1B, GCK, and others,
with variants associated with T2D risk. Of importance, several variants in these loci influence
intermediate glycemic and anthropometric traits associated with T2D like fasting plasma
glucose (FPG), insulin and lipid related traits, HbAlc levels, C-reactive protein,

homocysteine, and waist circumference.

Patients with T2D have a more variable blood glucose profile than patients with MODY 2.
This variability may affect the complication prevalence and severity rates in T2D. MODY?2 is
infrequently related with vascular complications, and affected patients do not require
treatment (Steele, et al., 2014). Patients with MODY 2 are younger than patients diagnosed
with T2D later in life with the same duration of hyperglycemia. Age as well as duration are
significant factors for complication development (Steele, et al., 2014). However, it is stated in
Amed and Orams study (Amed & Oram, 2016), that “these patients have the same risk as the

general population for developing polygenic T2D”.

MODY 3 patients demonstrate mild increase in fasting blood glucose levels during childhood,
and then later develop progressive hyperglycaemia and finally diabetes in adulthood (Fajans,
Bell, & Polonsky, 2001). MODY 3 patients are at similar risk as T2D patients for developing
cardiovascular disease (CVD) (Fajans, Bell, & Polonsky, 2001) and carries a two to six times
risk of death from cardiovascular aetiologies (Wong, Fan, & Glovaci, 2019). Microvascular
complications, especially those involving the retina or kidneys, are as common in these
patients as in patients with T1D and T2D and are probably determined by the degree of
glycemic control (Fajans, Bell, & Polonsky, 2001). In South Africa, CVD is the second
leading cause of death after HIV/AIDS (Matsha, et al., 2012).
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1.3 Next-Generation Sequencing

Next-generation sequencing (NGS) is a high-throughput methodology that enables rapid
sequencing of the base pairs in DNA or RNA samples (Thermo Fisher Scientific, n.d.). NGS
is driving discovery and enabling the future of personalized medicine, as well as gene
expression profiling, chromosome counting, molecular analysis, and detection of epigenetic
changes. General NGS methods include whole genome sequencing and targeted sequencing,
which is further subdivided into exome sequencing and gene or region-specific panels.

Whole genome sequencing (WGS) is the most comprehensive method and was the method
used for screening individuals in this study. It enables an in-depth analysis of entire genomes,
including exons, non-coding regions, and structural variants (Thermo Fisher Scientific, n.d.).
WGS does not require prior knowledge of the genome sequence being analyzed. Even though
WGS has advanced discovery and human health, certain complex regions of the genome are
difficult to analyze by this approach. This may result in a population sequencing bias, and
existing WGS-based databases are noted to be neither complete nor accurate (Thermo Fisher

Scientific, n.d.).

1.4 Aim of the project

A large number of patients with MODY are often misdiagnosed as T1D or T2D, due to
similar clinical features and lack in knowledge of MODY as a diabetes type (Gardner & Tali,
2012). To confirm a clinical diagnosis of MODY, genetic screening for rare pathogenic
variants in MODY genes is necessary, however not a common practice in for instance low-
middle income countries. A correct diagnosis can adjust the treatment protocols and the
patient’s life quality, as MODY patients can benefit from oral treatment by sulfonylureas
instead of insulin. The prevalence of MODY by rare pathogenic HNF1A and GCK gene

variants in Africa is currently unknown.

The overall aim of this project was to investigate the presence of MODY by HNF1A and GCK
rare variants in individuals with diabetes, pre-diabetes, or normotolerant (controls), from a
mixed-ancestry population in Cape Town, South Africa, by screening and evaluating WGS

data from 15 analyzed individuals.
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2. MATERIALS AND METHODS

The following chapter describe and present the sample material (2.1), instruments and
software’s (2.2) and NGS methodology (2.3) used in the study.

2.1 Sample material

Bellville South is located within the northern suburbs of Cape Town, South Africa. The
township was formed in the late 1950s and largely consists of a mixed-ancestry population.
According to South African census data of 2011, the population is comprised of 76.0%
mixed-ancestry, 18.5% black, 1.0% Asian, 0.5% Caucasian, and 4.0% individuals from other
ethnicities (Statitics South Africa, 2011). A study conducted by Erasmus, et al., reported on
the increase in diabetes incidence in this population, thus providing the ideal setting to

investigate MODY prevalence (Erasmus, et al., 2012).

The term “township” has no formal definition but is commonly understood to refer to the
underdeveloped, usually (but not only) urban, residential areas that during Apartheid were

reserved for non-whites (Africans, Coloreds and Indians) (Pernegger & Godehart, 2007).

DNA samples from 15 randomly selected individuals underwent WGS and sequence data on
HNF1A and GCK was provided by Cape Peninsula University of Technology (CPUT) (prof.
Tandi Matsha). Among these, five were characterized with diabetes, six with prediabetes and
four as normotolerant. In this assignment, HNF1A and GCK genes from these 15 individuals
was evaluated and variations as cause of MODY was considered. Anthropometric
measurements like diagnosis, gender, age (years), BMI, glucose fasting blood (mmol/L),
glucose 2 hours post prandial (mmol/L), glycosylated Hb (HbA1c) (%), insulin fasting
(mIU/L) in these 15 individuals, were also provided by CPUT.
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2.2 Instruments and software’s

Table 3 and 4 gives an overview of the instruments and software used, supplier, and their

application.

Table 3: Analytical instruments.

Name Supplier Application
lon GeneStudio S5 System Applied biosystems by Thermo Fisher Scientific NGS
lon Chef™ System Applied biosystems by Thermo Fisher Scientific NGS

Table 4: Analytical software.
Name Supplier Application
Torrent Suite™ Software Applied biosystems by Thermo Fisher Scientific NGS
lon Reporter™ Software Applied biosystem by Thermo Fisher Scientific NGS
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2.3 Methodology

Theory of methods and approach used in the study is presented in the following chapter.

2.3.1 lon Torrent Technology

According to Thermo Fisher Scientific, the lon Torrent NGS technology uses the fact that
addition of a dNTP to a DNA polymer releases a hydrogen ion. It measures the pH change
resulting from the hydrogen ions using semiconductors. These changes are measured
simultaneously millions of times in different wells on a single chip (e.g. lon 5 Series chip) to
determine the sequence of each fragment (Thermo Fisher Scientific A., n.d.). The technology
is able to translate chemically encoded information such as Adenine (A), Cytosine (C),
Guanine (G) and Thymine (T) into digital information on a semiconductor chip (Thermo
Fisher Scientific B., n.d.). This contributes to information about inherited disease, oncology,
infectious disease, human identification (HID), human leukocyte antigen (HLA) typing and

agrigenomics (Thermo Fisher Scientific A., n.d.).

2.3.2 lon GeneStudio S5 System

The lon GeneStudio S5 system uses the lon Torrent technology to enable simple targeted
sequencing workflow (Thermo Fisher Scientific C., n.d.). Cartridge-based reagents make the
system simple to use and makes it possible to run all targeted sequencing or microbial
applications on a single next-generation sequencer. The system uses lon 5 Series chips to
more quickly and cheaply read large amounts of sequences (Churko, et al., 2013). The chips
are capable of sequencing from 2-80 million reads per run which makes it possible to analyze
both small and large projects on a single system (Thermo Fisher Scientific C., n.d.). As little
as 1 ng input DNA or RNA from for instance formalin-fixed paraffin-embedded (FFPE)
tissue, retrospective samples from fine needle aspirates, and cell-free DNA extracted from
blood (cfDNA) can be used.
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2.3.3 lon Chef™ system

The lon Chef™ system, using lon AmpliSeq technology, automates and incorporates all steps
of library preparation such as targeted PCR amplification with respective primer panel, partial
digestion of primer sequences, adapter/barcode ligation, purification, library equalization and
pooling (Thermo Fisher Scientific D., n.d.). It also automates all steps in template preparation
and chip loading, making one or two chips that are ready for sequencing on the lon
GeneStudio S5 systems. In doing so, it integrates several manual and instrumental steps into
one single process and by this greatly cuts down on time used on manual work. The system
uses pre-packaged reagent Kits that combined with the fact that it automates many of the
processes greatly helps reduce the chance for user-introduced variability and errors.

lon Chef / lonS5

Figure 2: The figure illustrates the lon Chef™ system and lon GeneStudio S5 system (One Lambda). The system
is equipped with a visual system that provides barcode reading and identification of samples, chips and
reagents, as well as preforming the setup check before runs, a load and unload check, calibration and
diagnostics (Thermo Fisher Scientific D., n.d.).
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2.3.4 Torrent Suite™ software

Prior to starting a run on the lon Chef™ and lon S5 systems, Torrent™ Suite software grants
the possibility of reviewing the accuracy and quality of the run, as well as planning, tracking,
monitoring and viewing sequencing run results (Thermo Fisher Scientific E., n.d.). The
software is also used in detecting single nucleotide polymorphisms, as well as performing
variant calling (Thermo Fischer Scientific G., 2019). The software analyzes lon Torrent raw
data, does alignments and variant calling (Thermo Fisher Scientific E., n.d.). The Torrent
Suite™ Software works well with lon Reporter™ Software to make a smooth workflow from

start to finish (Thermo Fisher Scientific F., n.d.).

2.3.5 lon Reporter™ software

lon Reporter™ Software uses over 20 public and proprietary databases to simplify the

analysis and identify relevant variants from the analysis data provided by lon S5 systems and
the Torrent Suite™ software. The use of parameters copy number baselines and filters makes
is possible to determine how the data is analyzed and to remove variants that are not relevant

to the research being done (Thermo Fisher Scientific H., 2020).

2.3.6  Minor Allele Frequency

Minor allele frequency (MAF) refers to the frequency at which the second most common
allele occurs in a population. It is widely used in population genetics studies because it
provides information on how to differentiate between common and rare variants in the
population. If a single nucleotide polymorphism (SNP) for instance has an allele G frequency
of 0.40, it implies that 40% of the population has the G allele versus the major allele which is
found in 60% of the population. Common variants have a MAF > 5% and indicates an effect
size that is very small and insufficient to independently cause disease (Mani, 2017). The
common variants reside mainly in the introns of the genome and are unpowered to show
disease causality. Rare variants with a MAF < 0.1% have a large effect size and are sufficient

to independently cause disease.
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In this study, rare variants, either in the exon or within +8 base pairs from the intron/exon
boundary of the gene, with a MAF <0.01% and the most common missense variants were
further examined for occurrence and prevalence in population databases (e.g. gnomAD),
reported disease association based on clinical variant databases (e.g. ClinVar), and literature
(e.g. PubMed).

2.3.7 Genome Aggregation Database

The Genome Aggregation Database (http://www.gnomad.broadinstitute.org), or gnomAD, is a

database where researchers and investigators from all over the world can submit and
harmonize their sequencing projects and genomic data. The database consists of a collection
of exome and genome sequencing data, which is available for the wider scientific community
(gnomAD, 2020).

GnomAD (v.2.1.1) spans exomes from 125 748 individuals and genomes from 15 708
individuals, in total 141 456 individuals, from a broad specter of disease-specific and genetic
studies from multi-ethnic populations (Francioli, et al., 2018). GnomAD is aligned against the
GRCh37 reference (gnomAD, 2020).

Further, gnomAD houses information on genes, regions, and variants, by allele counts (counts
of each alternate allele for each site across all samples), allele number (number of times the
exome/genome has been sequenced), age distribution, and MAF in individual populations.
MAF data is collected from approximately 18 million variants identified through exome or
genome sequencing from the 141 456 unrelated individuals tested. The database is therefore
useful obtaining estimates of MAF for variants and relevant in evaluating disease relevance

for individual variants (Karczewski, et al., 2019).

2.3.8 Clinically Relevant Sequence Variations

Clinically Relevant Sequence Variations (ClinVar) (http://www.ncbi.nlm.nih.gov/clinvar/) is
an open database with a public archive of reports about genomic variations evidence and its
relationship to human health. The database thereby promotes access to and communication
about the relationships claimed between human variation and noted health status, and the

history of that interpretation (NCBI, 2020). It also provides information about the variant (e.g.
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SNV) and which amino acids that are affected in the encoded protein. Each variant is
provided with an accession number with the format SCV000000000.0, where all submitted
data on the specific variant is gathered, and when possible harmonized to controlled
vocabularies or other data standards (Landrum, et al., 2014). The database presents assertions
made regarding the clinical significance of the variants and indicates an interpretation of the
variants pathogenicity based on the submissions. Variant interpretation is further explained in
chapter 2.3.9.

ClinVar was used to investigate whether the whole genome identified and selected variants
had a known clinical significance or not, if the variant previously had been reported and
whether it was reported in connection with MODY2, MODY3 or T2D.

2.3.9 Variant interpretation

To confirm a MODY diagnosis, DNA sequencing and identification of pathogenic variants in
MODY genes is required (Valkovicova, et al., 2019). If a variant has previously been reported
in ClinVar as MODY, based on identification in other families/individuals with a MODY
phenotype, MODY suspicion can be confirmed. If a novel sequence variant is identified
(previously unreported in MODY genes), the next step is the classification of the variant

according to degree of predicted pathogenic effect.

In 2015 the American College of Medical Genetics and Genomics (ACMG) reported a
clinical guidance for reporting and interpreting sequence variations (Richards, et al., 2015).
The report is used to describe variants identified in Mendelian disorders, such as MODY, and
provide a process for classification of variants into five categories. Based on the instructions
of ACMG, the variants can be placed in one of the following modifiers: benign (class 1),
likely benign (class 2), uncertain significance (class 3), likely pathogenic (class 4), or

pathogenic (class 5).

As stated in the report from ACMG the process is based on different criteria’s using a
collection of information from literature, functional criteria, MAF data from population
databases (e.g. gnomAD), disease databases (e.g. ClinVar, OMIM), sequence databases (e.g.
NCBI), and tools for in silico analyses (e.g. SIFT, Poly-Phen-2) (Valkovicova, et al., 2019).

Page 25 of 46



Due to insufficient information from these databases and tools, numerous variants are
classified as variants of unknown significance (VUS; class 3). As reported in the ACMG
guidelines, VUSs cannot be used in clinical decision making to avoid any mis-diagnosis and

mis-treatment (Richards, et al., 2015).
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3. RESULTS

The WGS resulted in 388 identified variants in total (both HNF1A and GCK gene) for all the
15 analyzed individuals from the cohort in Bellville South, Cape Town. Of the 388 variants,
14 were in UTRSs, 355 in introns, 7 in upstream regions and 12 in exons. Further, the
screening for protein coding variants in HNF1A and GCK in the 15 analyzed individuals
resulted in two rare sequence variants (MAF<0.01%) and four common sequence variants
(MAF>5%) in the HNF1A gene, and none in the GCK gene. The two rare HNF1A variants
included a frameshift variant c.1124delG p.(Gly375AlafsTer9) in exon 6 and the missense
variant ¢.1243G>A p.(Gly415Arg) in exon 6 (NM_000545.6) (Table 5). The four common
missense HNF1A variants were ¢.293C>T p.(Ala98Val), ¢.1460G>A p.(Ser487Asn),
€.79A>C p.(lle27Leu) and ¢.1720A>G p.(Ser574Gly) (Table 5), and were further considered
due to the consequences they may cause HNF-1A protein function and association with

diabetes according to previous literature.

If an intron or UTR variant was to be evaluated, the variant had to be within + 8 base pairs
from the exon, and additionally have a MAF<0.01%. None of the introns or UTR variants in
nor HNF1A nor GCK met these requirements, and therefore none of them were further
considered. However, it is not possible to completely exclude the intronic variants as benign
because theoretically they can influence RNA splicing and therefore function of the protein.
In addition, it is challenging to evaluate the intronic variants because of missing reports in
ClinVar and in literature (PubMed). Also, none of the individuals harbored protein coding
(exon) variants in the GCK gene, which is important for such a variant to have a pathogenic
effect (due to MODY2 being a mild diabetes disease). In addition, several non-significant
variants were identified in HNF1A (p.(Thr10=), p.(Leul7=), p.(Ser70=), p.(Gly288=),
p.(Leud59=), p.(Thr515=)). All these are common variants that had MAF>13%, except from
p.(Ser70=); a rare variant with MAF=0.02%.

Page 27 of 46



Table 5: Variants identified in the HNF1A gene and the sequence identity (based on NCBI accession number
NM_000545.6). All variants are single nucleotide variants (SNV). Numbering is according to the nomenclature

for description of sequence variations (den Dunnen, et al., 2016), reported frequency according to gnomAD

(overall and in African specifically), and classification of pathogenicity according to ClinVar and reference

reports. NA: Not Available.

Frequency | Region | Nucleotide Amino acid Total MAF in Clinvar Reference
of variant in change change in MAF (%) Africans
HNF1A HNF1A (gnomAD) (%)
(gnomAD)
Exon6 | c¢.1124delG | p.(Gly375Alafs NA NA NA (Lehto, et al.,
Ter9) 1999)
Rare
Exon6 | ¢.1243G>A | p.(Gly415Arg) | 0.001194 0.00 NA (Flannick, et
al., 2013;
Yoshiuchi, et
al.,1999)
Exonl | ¢.293C>T p.(Ala98Val) 2.820 0.5131 Class 1/2 | (Awa, etal.,
2011)
Common
Exon7 | c.1460G>A | p.(Ser487Asn) 32.96 12.03 Class 1 (Awa, et al.,
2011)
Exon 1 C.79A>C p.(lle27Leu) 34.79 11.91 Class 1 (Awa, et al.,
2011)
Exon9 | ¢c.1720A>G | p.(Ser574Gly) 99.54 95.27 Class 1

Both rare and common variants in the HNF1A gene were further evaluated based on data from

gnomAD and ClinVar, and by revisiting clinical data from carrier individuals. Revisiting

clinical data for signs of early-onset diabetes (non-obesity etc.) is necessary in the further

evaluation of whether a variant is likely to be a cause of MODY, or whether may represent a

risk factor for other types of diabetes (T2D).

Table 6 gives an indication of how rare or common the different variants are based on how

many of the 15 analyzed individuals they were identified in. The common variants
€.1720A>G (p.(Ser574Gly)) was identified in all individuals, ¢.79A>C (p.(lle27Leu)) in 10

Page 28 of 46




individuals, ¢.293C>T (p.(Ala98Val)) in 2 and c. 1460G>A (p.(Ser487Asn)) in 9. The rare
variants ¢.1124delG (p.(Gly375AlafsTer9)) was identified in 2 individuals and ¢.1243G>A
(p.(Gly415Arg)) in 1 individual.

Table 6: The table gives an overview of which variants in HNF1A that are identified in which of the 15

individuals.

Nucleotide change

16

17

18

44

75

86
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109
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p.(Ser574Gly)

p.(lle27Leu)

p.(Ala98
Val)
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p.(Gly375Alafs
Ter9)

p.(Gly415Arg)
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The clinical information and biometric data on the 15 individuals are presented in Table 7 and
sorted according to whether individuals are carriers of rare and common variants. The 15
individuals are placed in one of three categories of DM: Normotolerant, IGT or DM, which is
based on gender, age, BMI and values of; glucose fasting blood, 2hr-OGTT, HbAlc and

fasting insulin.

WHO defines overweight as BMI >25, and obesity as a BMI >30. The three individuals that
carry a rare variant in HNF1A has BMI of 21.7, 30.5 and 32.5. This indicates that one of the
individuals is normal (BMI<25) and two have obesity (BMI>30). The individuals that are
carriers of common variants has BMI between 17.9 and 34.8, which indicates that three
individuals are normal (<25), three have overweight (25<30) and five have obesity (>30).
Only one individual (1484) of the 15 individuals show indications of insulin resistance, based

on the insulin fasting value.
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Table 7: Clinical data on the 15 individuals selected for WGS. The three categories from WHO is either
normotolerant, IGT, or DM. IGT: Impaired fasting glucose. Reference values in Table 1. BMI: Body Mass Index.
NA: Not Available. Reference value: 18.5-25 indicates normal weight.

Frequency | Sample Diagnosis Gender | Age | BMI Glucose Glycated Insulin
of ID WHO: DM (3 Fasting 2hr OGTT HB Fasting
Variants categories) Blood (Ref.value: (HbAlc) | (Ref.value:
(Ref.value: | 8.5mmol/L) | (Ref.value: | <25mIU/L)
<5.6mmol/L) 4-6%)
1488 IGT Male 59 | 21.7 3.9 8.0 6 1.3
Rare 1508 Normotolerant | Female | 51 | 30.5 4.9 4.0 6.1 2.9
18 IGT Female | 52 | 32.5 4.7 7.08 5 5.7
9 DM Female | 49 | 28.6 NA NA 10.7 17.9
16 DM Female | 41 NA 7.0 5.7 6.1 18.7
Common | 17 DM Female | 38 | 32.2 7.7 5.1 5.6 23.0
44 DM Female | 30 | 34.8 7.0 10.3 7.1 12.2
75 IGT Male | 62 | 235 4.4 9.8 5.3 2.9
86 Normotolerant | Female | 38 | 28.8 49 3.6 5.5 4.5
104 IGT Female | 36 | 21.9 5.2 7.8 5.7 2.4
109 Normotolorant | Female | 25 | 17.9 3.2 4.6 5.1 3.3
333 DM Female | 46 | 29.4 4.6 125 6.6 4.8
1467 Normotolorant | Female | 36 | 31.2 4.2 7.7 6.0 12.0
1484 IGT Female | 26 | 30.5 5.8 8.2 6.2 325
1500 IGT Female | 65 | 31.7 4.7 7.9 5.7 4.3
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In order to further investigate whether the HNF-1A variant p.(Gly415Arg) affects an amino
acid that is evolutionary conserved between species, sequence alignment by Clustal Omega
was performed. This analysis gives an indication whether the amino acid change, based on
being conserved, may have an impact on the structure, and hence the function of a specific
protein. Since the p.(Gly375AlafsTer9) variant is a frameshift variant causing early
termination, only alignment of the variant p.(Gly415Arg) was performed. As shown in Figure
3, all the different species analyzed have the same amino acid glycine in position 415, which
indicates that this amino acid is highly conserved in HNF-1A.

p.(Gly415Arg)
!
Human T | G P G
Western clawed frog T | G T D
Red junglefowl A | G A G
Rat T I G P G
Mouse T | G P G
Salmon S L G E S
Wild boar A | G P S

Figure 3: The figure illustrates an alignment between human HNF1A amino acid sequence and selected species
including Gly415 (changed in individual 1D18 by p.(Gly415Arg) due to ¢.1243G>A). The alignment is retrieved
from the Clustal Omega software (Madeira, et al., 2019; Multiple Sequence Alignment, n.d). Highly conserved
amino acids are indicated in dark blue, while moderately conserved amino acids are colored lighter blue, and

low conserved amino acids are colored white.
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4. DISCUSSION

The overall aim of the project was to investigate the presence of MODY by HNF1A and GCK
rare variants in individuals with diabetes, pre-diabetes, or normotolerant (controls), from a
mixed-ancestry population in Cape Town, South Africa, by screening and evaluating WGS
data from 15 analyzed individuals.

Based on the WGS data we identified two rare variants of interest, one frame shift variant
€.1124delG p.(Gly375AlafsTer9) and one missense variant ¢.1243G>A p.(Gly415Arg) in
HNF1A, with MAF <0.01% in the mixed-ancestry population from Cape Town, South Africa.
In addition, four common HNF1A missense variants were identified among the 15 analyzed

individuals.

The ¢.1124delG p.(Gly375AlafsTer9) is as mentioned a frame shift variant, which means that
one guanine (G) nucleotide gets deleted (del) and causes a frame shift causing an early
termination of protein sequence. A deletion occurs when a part of a DNA molecule is not
copied during DNA replication. When a nucleotide gets deleted, the following amino acid
sequence will also be a target for frame shift. If a frameshift occurs in an early exon (except
the last two exons), the mRNA will in most cases be degraded in a process called nonsense
mediated mMRNA decay (NMD) (Nagy & Maquat, 1998; Zhang, et al., 2009). Consequently,
the protein will not be produced. The exception is if the frameshift occurs in the second last
exon (55 nucleotides from last exon/intron transition), or if it occurs in the last exon. In these
cases, NMD will in most cases not take place. The protein will be produced, but with some
defects. In the case of p.(Gly375AlafsTer9), where the frameshift takes place in exon 6/10
(Table 5), NMD will most likely occur. This signalizes that the mMRNA will be degraded and
an end of translation of the HNF-1A protein. p.(Gly375AlafsTer9) is located in the
transactivation domain. Based on reports on tolerance for variability in HNF-1A, the
transactivation domain is more tolerant to variability in terms of MODY 3, compared to the
dimerization and DNA binding domain (Bellanne-Chantelot, et al., 2008). This variant has

been previously reported in a MODY family (Lehto, et al., 1999).
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In our study, the p.(Gly375AlafsTer9) was identified in two individuals (sample ID 1488 and
1508). Based on clinical data (Table 3) from carrier individuals in our study, they were
characterized with IGT (1488) or was normotolerant (1508). For other indicators like BMI
and fasting insulin, individual 1508 had high BMI (30.5) and slightly elevated HbAlc levels
(6.1). Based on the clinical data, these two carriers of p.(Gly375AlafsTer9) indicated no sign
of early-onset diabetes, which is a requirement for MODY'. Age of individuals being 59/51
years for 1488 and 1508, respectively, this further supports that this variant is not associated
with MODY in these individuals. Based on this variant being previously associated with

MODY, it is unexpected that this frameshift variant seems neutral in our carrier individual.

The ¢.1243G>A (p.(Gly415Arg)) HNF1A missense variant, identified in individual 18, is
reported in three alleles in gnomAD and none reported in Africans. The variant is located in
the transactivation domain (exon 6) (Table 5), which is more tolerant to variations in terms of
cause of MODY (Ellard, et al., 2008; Flannick, et al., 2016; Harries, et al., 2006).
Unpublished data communicated by supervisors have shown that the p.(Gly415Arg) effect on
HNF-1A transactivation activity was measured to ~73% in transfected HelLa cells, which is
lower than WT HNF-1A (set to 100%). Variants that are associated with MODY 3 usually
display transactivation activity of 20-30% (Balamurugan, et al., 2016; Bjgrkhaug, et al., 2003;
Malikova, et al., 2020), which is much lower than what is communicated for p.(Gly415Arg).
Further, the DNA binding activity of p.(Gly415Arg) showed a non-significant reduction
(reduced to 84% compared to WT HNF-1A of 100% by unpublished data). Sequence
alignment of Gly415 shows strong conservation between numerous species (Figure 3). This
may indicate that Gly415 is structurally important and that the variant may lead to altered

HNF-1A structure and potentially loss of some protein function.

A Japanese study detected the same HNF1A missense mutation with partial dysfunction,
p.(Gly415Arg), in a Japanese patient with early-onset T2D (Yoshiuchi, et al., 1999). The
missense mutation is also reported in a Danish cohort of T2D individuals (personal
communication, unpublished data) where both patients with diabetes have overweight. The
same variant is also identified in an overweight diabetic patient in the Norwegian MODY
Registry, where both mother and brother are diagnosed with T2D (personal communication,

unpublished data).
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Based on the clinical features of individual 18 (Table 7), including prediabetes, overweight
and high BMI, these observations indicate that p.(Gly415Arg) in individual 18 may present a
risk factor for T2D rather than MODY, as no overt sign of diabetes is present at her age of 51.
However, this individual has a normal level of HbAlc and fasting insulin, which usually is

not a characteristic for T2D.

The four common missense variants identified was ¢.79A>C p.(lle27Leu), ¢.293C>T
p.(Alag8Val), c.1460G>A p.(Ser487Asn) and ¢.1720A>G p.(Ser574Gly). The variant
p.(Ser574Gly) was identified in all 15 analyzed individuals (Table 6), which is not surprising
considering the allele frequency of >95% (Table 5). The allele frequency classifies the
p.(Ser574Gly) variant as benign and cannot be a sole cause of disease.

As presented in Table 6, the p.(lle27Leu) and p.(Ser487Asn) variants were identified in the
following individuals: 9, 16, 17, 18, 44, 104, 1467, 1488 and 1500. The p.(lle27Leu) variant
was also identified in individual 86. Both variants have a MAF~12% (p.(lle27Leu)=11.91%
and p.(Ser487Asn)=12.03%), which indicate that they are common variants (MAF>5%) and
cannot be the cause of MODY. The p.(Ala98Val) variant was identified in individuals 1467
and 1508 (Table 6), with MAF=0.51% in African individuals. Even though the MAF for
p.(Ala98Val) is significantly lower than for p.(lle27Leu) and p.(Ser487Asn), it is too high to
be the cause of MODY. However, p.(lle27Leu), p.(Ser487) and p.(Ala98Val) have been
associated with a decrease in glucose-stimulated insulin secretion, which was found to further
deteriorate over a 6-year period, reduced transcriptional activity, enhanced insulin sensitivity

and increased risk of T2D in elderly overweight individuals (Holmkvist, et al., 2006).

With early genetic screening, it is possible to identify members of pedigrees who have
inherited a specific variant affecting diabetes in their family, and before diabetes develops,
with for instance the identification of pathogenic variants responsible for MODY (Fajans, et
al., 2000). Here, periodic testing for slight abnormalities of carbohydrate metabolism is
recommended, as in the case of pathogenic HNF1A variant and MODY 3, it may have
important prognostic and therapeutic significance (oral treatment by sulphonylureas).
Therefore, it is important to characterize the prevalence of MODY3 in poorly genome-

investigated populations like Africa, as most such studies have been performed in Europeans.
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With early diagnosis of MODY 3, appropriate therapy can also be instituted early in the course
of their hyperglycemia, because of the risk of progression to severe hyperglycemia and
insulin-requiring diabetes. Vascular and neuropathic complications can be prevented with
early treatment to achieve normoglycemia (Fajans, et al., 2000). Genetic diagnosis may also
be advised for patients who have been classified as having T1D and have a strong family
history of diabetes.

If carbohydrate intolerance or diabetes is due to a mutation in the gene encoding GCK, limited
therapy and follow-up are acceptable, because of the benign and nonprogressive course of
diabetes in such cases (Amed & Oram, 2016; Osbak, et al., 2009).

Confirming a genetic diagnosis of MODY is important, especially since MODY 3 is often
misdiagnosed as T2D because of overlapping clinical features (Colclough, et al., 2013). By
confirming such a diagnosis, it provides the knowledge to classify the subtype, predict the
prognosis of the patient, select the precise treatment, and estimate the risk in patient relatives.
MODY is however rare, and only represents 1-3% of all diabetes. Thus, expected number of
MODY in the general population is about 1:1000. Thus, limitations with this study is that
only 15 individuals were investigated. Among these, only 5 had diabetes, while 6 had
prediabetes by IGT. Thus, the chance of identifying MODY by pathogenic variants in HNF1A
or GCK is extremely small. To determine the true prevalence of MODY in this Bellville

South cohort, a larger number of individuals would need to be screened.

Molecular genetic testing allows confirmation of a MODY diagnosis and defines the MODY
subtype, prognosis, and relevant treatment. However, the sample material (type of clinics and
number) is essential to get the best possible understanding of MODY and its prevalence in
South Africa. We believe that the quality of this study would be improved if the sample
material consisted of members from suspected MODY families, with clinically confirmed
early-onset diabetes (not IGT or normoglycemia). By molecular genetic testing of such
individuals, it would increase the chances of identifying MODY individuals in such South
African population and contribute to therapeutic benefits for all possible carriers with

particularly pathogenic HNF1A variants.
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