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ABSTRACT

Maturity onset diabetes of the Young (MODY) is the monogenic form of diabetes. MODY
comprises 1-2% of all the diabetes cases. Its diagnosis carries paramount importance as most of
MODY types have different treatment pattern. Therefore it is important to know the MODY
types for appropriate treatment. Diabetes is huge public health burden in our country. The
National Survey (2016-17) from Pakistan revealed every fourth adult person as diabetic in the
population. As there was a scarcity of data on MODY from Pakistan. therefore there is dire need

to determine its genetic etiology.

Systematic review of literature was conducted on 239 full-text studies, which idenitified 1017
causal variants for MODY. These variants were validated by softwares like Variant Validator,

Intervar, and GnomAD.

A total of 191 participants, identified as suspected cases of MODY, in the data fom National
Diabetes Survey and Diabetes Clinics located in two major cities (Lahore and Karachi) of
Pakistan. Patients diagnosed with diabetes before 25 years of age were included in the study. The
probability for MODY was determined by the online MODY probability calculator. Glutamate
Decarboxylase (GAD-65) ELISA tests were performed on the serum samples to exclude
autoimmune type | diabetes. Thirty five (35) GAD-65 negative patient’s with clinical
characteristics of low BMI, low HbAlc were selected for exome sequencing. The exome
sequencing of 35 patients identified 37 variants. Including twelve heterozygous variants
identified in nine genes i.e. HNFla, KLFIl, RFX6, BLK, ABCC8, HNFIB, INSR. WFSI,
ZBTB20. The five variants in MODY genes were novel i.e. HNFla (c.C169A. p.LSTM). KLF11

(c.G401C, p.G134A), HNFIb (c.C1058T. p.S353L), ABCCS (c.G814A. p.A272T) and BLK



(c.G94C, p.D32H) and one variant in HNFla gene i.e. ¢.526+1G>A was already reported in

literature

The six novel variants were found in other than known MODY genes i.e. RFX6 (c.G919A,
p.E307K) and (c.T1212A, p.H404Q), WFSI (c.G478A, p.E160K) and (c.G517A. p.E173K),
INSR (c.G3921C, p.M13071) and ZBTB20 (c.G1049A, p.R350H). These genes are not reported

for MODY pathogenicity.

In view of WFESI gene reports in MODY, Sanger sequencing of this gene was performed in 18
patients. WFS/ gene analysis by Sanger sequencing identified a novel variant

(c.G2416C:p.A806P) and a reported (c.C1037T:p.P346L) variant.

Further studies recruiting more patients will provide more insight into MODY causing variants
in developing countries like Pakistan. Better diagnosis will result in accurate treatment of the

disease and will improve the quality of life in patients.
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Chapter 1 Introduction

1. INTRODUCTION

1.1 Diabetes

Diabetes is an increasing public health burden globally both in developed and developing
countries. It is a chronic disease that resulted due to either inability of the body to
produce insulin or cannot use it properly which ultimately leads to the increased glucose
level in the body. The insulin is a hormone produced by the pancreas. an organ located

near to the stomach (Shepherd ef al., 2016; Urakami, 2019).
1.2 Prevalence of Diabetes

Diabetes has a huge burden worldwide, according to an estimate by International
Diabetes Federation in 2015, there were 415 million people with diabetes among adults
(20-79 years) and 5 million deaths were attributed to this deadly disease with 673 billion
US dollars health expenditure(Ogurtsova et al., 2017).The risk factors include genetics. a
sedentary lifestyle, smoking, and an unhealthy diet(Yuan ef al., 2019; Zheng er al., 2018).
Diabetes is responsible for micro-vascular and macro-vascular complications leading to
premature deaths globally in general and developing countries in particular (Bennett ef

al., 2015; "Global Report on Diabetes," 2016).

In Pakistan,the first National Diabetes Survey was conducted in 1994-98 showing the
prevalence of diabetes as 8.7%("Global Report on Diabetes," 2016; Shera et «l., 2010;
Shera et al., 1999; Shera et al., 1995; Shera et al., 1999). There were other local small-
scale studies conducted showingan increase in diabetes over time (Zafar er al.. 2011;

Zafar et al., 2016). In 2016, the 2™ National Diabetes Survey was conducted all over the
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Chapter 1 Introduction

country showed the weighted prevalence of 26.4% among adults(Basit et al., 2018) These

figures were alarming as indicating every fourth adult as diabetic.
1.3 Classification of Diabetes mellitus

Diabetes mellitus is a group of diseases having hyperglycemia due to defects in insulin
action or insulin secretion or both. The symptoms varied with the duration and type of
diabetes. The diabetes mellitus has been classified into the following types(Kharroubi er

al., 2015)

1.3.1 Type 2 diabetes mellitus
1.3.2 Type 1 diabetes mellitus
1.3.3 Gestational Diabetes

1.3.4 Monogenic Diabetes

1.3.1Type 2 Diabetes mellitus

Type 2 diabetes is more prevalent as 90% of the cases belonged to this type. The risk
factors include overweight/obesity, a sedentary lifestyle, and less healthy food (Kraemer
et al., 2014). It is recommended that overweight children and adults must be regularly
screened for diabetes (Reinehr, 2013). In this type, insulin resistance increases the
demand for insulin from beta cells of the pancreas that could not be met due to defects in
beta cells. This transforms some of the patients from independent to dependent on insulin

(Halban et al., 2014).

The disease begins with mild symptoms therefore might take years to diagnose. Its
diagnosis usually delays in countries where there is no culture of routine check-up

without symptoms. This resulted in developing complications of diabetes that are long
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term in nature. The manifestations of insulin resistance include hypertension,

nephropathy, and dyslipidemia. (Kraemer ef al., 2014; Reinehr, 2013)
1.3.2Type 1 Diabetes mellitus

Type 1 diabetes is more prevalent among children and adolescents. About 80-90% of
type 1 diabetes are in children and adolescents (Craig et al, 2009; Dabelea et al.,
2014).The destruction of pancreatic beta cells is responsible for the disease. The
pancreatic beta cells are destroyed by the autoimmune response of humoral B cell and T
cell-mediated inflammatory response(Devendra et al., 2004). The autoantibodies'
presence is an important indication for type 1 diabetes. These antibodies include
Glutamic Acid Decarboxylase (GAD 65), autoantibodies to insulin (IAA). zinc
transporter protein (ZnT8A), and islet cell autoantibodies. These antibodies can be
detected in the serum of the patient. This type of diabetes has also a strong HLA
association with DQ and DR genes (Couper et al., 2009; Vermeulen ef al.. 2011). The
symptoms of type 1 diabetes included polyuria, feeling more tiredness, lack of energy.
slow healing of wounds, recurrent infections, and blurred vision. In children. the
symptoms can be worse than in adults (Katsarou et al., 2017). This type of diabetes
makesa patient more vulnerable to other autoimmune disorders like Addison's disease.
Hashimoto’s thyroiditis, Graves disease, hepatitis, and others. In this type. usually, there

1s a complete dependence on insulin(Kawasaki, 2014).
1.3.3 Gestational Diabetes

The hyperglycemia in pregnancy is called gestational diabetes mellitus. It increasesthe

risk of adverse outcomes in the mother, fetus, and newborn. In pregnancy, hyperglycemia

Molecular characterization of genes associated with MODY Page 27



Chapter 1 Introduction

increased the risk of preterm birth, caesarian birth, preeclampsia, and macrosomia i.e.
birth weight more than 4.5 kg (Metzger et al., 2008). The important risk factors for
gestational diabetes were the age of the pregnancy, family history of diabetes. personal

history of gestational diabetes, and lack of physical activity (Zhang et al., 2016).
1.3.4 Monogenic Diabetes

Monogenic diabetes is due to a single gene defect results in disruption of beta cells
function or reduce the number of beta cells. Monogenic diabetes consists of two types;
neonatal diabetes and Maturity onset diabetes of the young (MODY). The symptoms of
neonatal diabetes appear before six months of age while MODY occurs before the 25

years of age (Craig et al., 2009).
1.3.5 Maturity Onset Diabetes of the Young

The MODY is an autosomal dominant form of diabetes. According to NCBI, there are
fourteen subtypes of MODY depending on the type of gene involved. The following are

the known 14 genes involved as shown in table 1.1(Urakami, 2019).

- . . . 1
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Table 1.1: Reported sub-types of MODY and genes

S.No Type Gene Involved
1. MODY 1 HNF4a
2. MODY 2 GCK
3. MODY 3 HNFla
4, MODY 4 PDXT
5. MODY 5 HNFIB
6. MODY 6 NEUROD!
7. MQDY 7 KLFI]
8. MODY 8 CEL
9. MODY 8 PAX 4
10. MODY 10 INS
11. MODY 11 BLK
12, MODY 12 ABCCS
13. MODY 13 KCNJII
14. MODY 14 APPL]

%
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1.4 Diagnosis of MODY

The diagnosis for the MODY is challenging as it is generally misdiagnosed as type 1 or
type 2 diabetes and the symptoms overlap with each other (A. T. Hattersley er al., 2018;
Thanabalasingham et al., 2012).The MODY is different from type 1 diabetes as there is
autoimmunity of pancreatic B cell involved in typel diabetes In the case of MODY,
diabetes remained well controlled with no or low insulin for five years (A. T. Hattersley
et al., 2018). It differentiates from type 2 diabetes in obesity as it is more prevalent in
type 2 and MODY patients are generally lean(Urakami er al., 2013). The accurate
diagnosis of MODY and identification of its subtype is by genetic testing. The suspected
cases having hyperglycemia, non-obese, absence of B-cellautoimmunity, and strong

family history must be recommended for genetic testing (A. T. Hattersley ef al., 2018).

Genetic testing is available worldwide for the diagnosis of MODY to facilitate predictive
treatment and prognosis. The already known MODY genes can be directly sequenced by
using Sanger sequencing, targeted next-generation sequencing, and whole-exome
sequencing (Szopa et al., 2015). Traditionally, the Sanger sequencing was used for the
three common genes that were involved in MODY but now a days, the targeted panel is
available for confirmation of MODY in all known genes. In recent studies, whole-exome
sequencing was used for the identification of new genes associated with the MODY (S.
Johansson er al., 2012; Johnson ef al., 2018).The diagnosis of the MODY carries
significant importance as it alters the pattern of treatment. Most common algorithms

developed for the prediction of MODY by Shields et al available online (Shields er al.,
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2012). The probability calculator needs information about the age of onset of the disease,
current age, HbAlc values, treatment information, BMI, and family history. Based on this

information, the calculator determined the probability score for MODY (Figure 1.1).
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MODY Probability Calculator
“Pisase note work on this modsl is &t} in progress and further valldation needs to b
This Is for use in patisnts diagnosed with dlabetas under the age of 35 snd was devel
Caucasian cohort.
Enter he clinical features of tho patient [n the form belew and press the "Calculate Probabilt
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Currenity irsated with ) Yas 'U'No
insulin or OHAY
Time 1o Insulin Treatmont |5, Not cumently traated with insulin
{if currenily treated with ! ' Within € months of dlagnosis
INsuling Over 6 months afler diagnosis
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Curreni Age (yrs) B ,
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diabates?
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{PPV)) of your patient having MODY s>  Mhlastin 'ehancs o1 k¢
wmony
As_ o this Is based
Figure 1.1: MODY probability calculator available at

hitpsi/iwww.diabetesgenes.org/mody-probability-caleulator/

b e . .
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1.5 Prevalence of MODY

The MODY is generally misclassified as type 1 diabetes or type 2 diabetes. In a study
from the United Kingdom, it is reported that 80% of the MODY cases were misdiagnosed
as type 1 or type 2 diabetes cases (Shields ef al., 2010). Its frequency was reported to be
1-2% in developed countries(Firdous ef al., 2018). In Canada, its incidence was reported
as 0.4 cases per 100,000 among children and youth (Amed et al., 2010). In the United
States, its prevalence was reported as more than 2.1/100,000 individuals of less than 20

years of age. Its prevalence was also reported from India as well(Mohan et a/.. 1985).

1.6 Sub-types of MODY

1.6.1 MODY 1 (HNF4a)

The MODY 1 type is relatively not common among all types. It accounts for almost 5%
of the MODY cases (Pearson ef al., 2005). The gene involved is hepatocyte nuclear factor
4 alpha on chromosome 20 and plays an important role in expression in the pancreas.
liver, and the kidney and regulates the transport and metabolism of glucose(Sladek ef al.,
1990). It usually appears before the age of 25 years (McDonald et al., 2013). It results in
progressive insulin deficiency in young adults however in neonates; it results in hyper-
insulinemic hypoglycemia (Pingul er al., 2011). This type may also be involved in
triglyceride metabolism like low levels of triglycerides and high-density lipoproteins

(Lehto et al., 1999).
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The patients of MODY 1 can be treated with a controlled diet alone at the beginning
(Stride et al., 2002). Most patients will experience beta cell deterioration over time
therefore needs pharmacological treatment. These patients can be treated with
sulphonylurea and maintain good glycemic control. The dose of sulphonylurea should be
low in the beginning to avoid hypoglycemia(Fajans et al.. 1993). These patients can be
treated with a glucagon-like peptide (GLP-1) agonist which has the same glucose-

lowering effect assulphonylurea with less risk for hypoglycemia(Ostoft et al., 2014).
1.6.2 MODY 2 (GCK)

The glucokinase (GCK) enzyme plays an important role in glucose metabolism. It
converts glucose to glucose-6-phosphate by adding phosphate from ATP in hepatocytes
and pancreatic beta cells. This enzyme acts as a glucose sensor and play role in the
release of insulin according to the glucose concentration. The mutations in the GCK gene
resulted in a low rate of phosphorylation and threshold for the release of insulin-regulated
at the upper level. By this, low insulin is released as compared to the required. As this
gene is expressed in the liver so patients having a mutation in the GCK gene also have
low storage of hepatic glycogen. In this type, there is mild hyperglycemia which is
usually asymptomatic, and a modest increase in HbAlc. Microvascular and
macrovascular complications are rarely associated with this type(Stride et al., 2002;

Velho et al., 1997).

As hyperglycemia is mild therefore most of the time, it remains undetected throughout
life or detected when checked for other routine investigations. It is important to detect
GCK MODY because the patient may be unnecessarily put to treatment by considering as

type 1 or type 2 diabetes patients (Feigerlova et al., 2006). In a study trom the Czech
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Republic, almost 43% were found to have GCK MODY among non-obese children and
adolescents (Feigerlova er al., 2006). In the United Kingdom, 32% of all the MODY
cases were of this type (Kavvoura ef al., 2012). Most of the time, it is detected during
hyperglycemiascreening in schools. It is common in those countries where the school-

based screening is conducted (Codner et al., 2009; Estalella et al., 2007).

[ts identification in pregnancy carries vital importance. In the case of an affected mother,
if a baby does not inherit the mutation, there will be an increased risk of macrosomia due
to an increase in the risk of insulin from fetal cells as a response to maternal
hyperglycemia (Spyer et al., 2001). If baby inherits the same mutation as of mother then
there will be normal weight, If baby inherits the mutation from his father, it will be at risk
of low weight (almost 500g less weight) due to the release of less insulin (A. T.
Hattersley e al., 1998). It has been reported in a review that MODY 2 was common in
Italy, Canada, Brazil, Czech Republic, United Kingdom, Spain, and Korea (Rafique I,

2018).

1.6.3 MODY 3 (HNFla)

The HNFIagene (transcription factor) is expressed in the kidney, liver, intestine, and beta
cells of the pancreas. This HNFla constitutes the network with other transcription factors
and played a role in gene expression during embryonic development. In mature beta cells,
these transcription factors regulate insulin expression and played role in the development,

proliferation, and death of beta cells (McDonald ef al., 2013).

The genetic mutations in HNFla altered the gene expression for proteins that are

involved in glucose transport and metabolism (H. Wang et a/., 1998). It was proposed
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that due to increased apoptosis and less proliferation of beta cells resulted in a decline in
beta cells function (Hagenfeldt-Johansson et al., 2001). It has been reported that about
63% of carriers developed diabetes by the age of 25, 79% by the age of 35, and about

96% by the age of 55 years (Shepherd et al., 2001).

The diabetes was developed in mice with HNFla knock out due to defective insulin
secretion (Dukes et al., 1998; Pontoglio et al., 1998). This type of MODY is prevalent in
Europe, America, and Asian countries (Rafique I, 2018). The MODY 3 appear in early
adulthood by the age of 25 years. The patient tends to be normal glycemic control by
birth, slim and normal sensitivity to insulin (Harries er al., 2006). The disease develops
due to a progressive decline in insulin secretion. It has been reported to be associated
with microvascular and macrovascular complications. The frequency of complications
was similar to type 2 diabetes (Isomaa ef al., 1998). The patients also develop glycosuria

due to a low renal threshold for glucose (Pontoglio ef al., 2000).

For treatment, oral hypoglycemic agent sulphonylurea is generally recommended for
MODY type 3. It has been reported that patients of HNFla showed five times better
response to sulphonylurea than metformin standard treatment while in type 2 diabetes
both drugs have the same efficacy. Better glycemic control was observed with
sulphonylurea instead of insulin therapy. As a result of this finding, most of the patients
have successfully shifted to sulphonylurea from insulin therapy without any effect on

glycemic control (Pearson et al., 2003; Shepherd et al., 2003).
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1.6.4 MODY 4 (PDXI)

It is a rare form of MODY. The gene PD.XIencodes the transcription factors having a role
in the expression of insulin cells and the development of § cells (Gragnoli et al., 2005).
The literature review showed 13 variants described for MODY 4 type. It was first

reported in 1997 (Stoffers et al., 1997).

1.6.5 MODY S (HNF1b)

The transcription factor HNFI1b is expressed in the liver, kidney, genital tract, and
pancreas (Urakami, 2019). Its clinical features are different from HNFla and HNF4a
MODY as it is characterized by both insulin resistance and B cell dysfunction. The insulin
therapy is required as there is not sensitivity to sulphonylurea (Pearson er al., 2004). It
can be diagnosed in ages from 0-61 years. In most cases, there is a deletion of the entire
gene. Therefore, for diagnosing this type, methods also include the detection of whole
gene deletion. There was also a report of denovo mutations in this type so it can be in
patients without a family history (Bellanne-Chantelot et al., 2005; Yorifuji et al., 2004).
Newborn babies with the mutation in this gene usually have a low birth weight due to less
secretion of insulin in utero (Edghill et al., 2006). The extrapancreatic manifestations
associated with this type are renal cysts and kidney disease (Edghill er al.. 2008). The
clinical features that differentiate this type from others are renal diseases with increased

creatinine, raised liver enzymes, and hyperuricemia (Urakami, 2019).
1.6.6 MODY 6 (NEURODI)

Neurogenic differentiation factor 1 (NEURODI) has an important role in neuronal and

pancreatic development. It is expressed in neurons and pancreas (Naya et al., 1997). The
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heterozygous mutation in this gene causes MODY while homozygous resulted in
neonatal diabetes. Many studies have been reported with mutations in NEURODI gene

(Rubio-Cabezas et al., 2010).

1.6.7 MODY 7 (KLFII)

The Kruppel like factor gene encodes the zinc finger transcription factors and is located
in chromosome 2. It plays an important role in the functioning of § cells. Mutation in this
gene is responsible for the dysfunction of B cells due to modulating the expression of free

radical scavengers (Neve et al., 2005).
1.6.8 MODY 8 (CEL)

The gene CEL encodes the lipase stimulated by the bile salt. This enzyme is the part of
pancreatic juice and helps in the digestion of fats and cholesterol (Hui ez al., 2002). This
juice played an important role in the digestion of milk and dietary esters in new-borns.
The heterozygous mutations causing MODY 8 have been reported in the literature

(Raeder et al., 2006, Torsvik et al., 2010).

1.6.9 MODY 9 (PAX4)

The PAX 4 (Paired box gene 4) is a transcription factor on chromosome 7 and play an
important role in the development and function of 3 cells (Biason-Lauber er al., 2005).

The mutations in this gene have been reported from Thailand (Plengvidhya er al., 2007).
1.6.10 MODY 10 (INS)

The gene INS encodes the precursors for insulin and is located on chromosome 11

(Dandona et al., 2001). The mutations in this gene is responsible for the disruption of
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disulfide bonds leading to a severe defect in the folding of proteins and apoptosis of f3

cells. The age of onset of disease in this type varies (Ivarsson ef al., 2008).
1.6.11 MODY 11 (BLK)

The BLK (B -lymphocyte kinase) is a tyrosine kinase expressed in f§ cells of the pancreas
where it promotes the synthesis of insulin. Decreased activity of this gene resulted in a
reduced quantity of insulin content and B cells become less responsive to glucose leading

to a decrease in insulin secretion and diabetes (Borowiec et al., 2009).
1.6.12 MODY 12 (ABCC$)

The ATP-binding cassette transporter subfamily C member 8 (ABCCS8) encodes the
sulphonylurea receptor (SUR1) which is the important component of ATP-sensitive
potassium channel across the membrane of 3 cells. It mediates the regulation of sugar
level in the blood. The mutations in this gene cause MODY which is responsive to

sulphonylurea (Bowman et al., 2012).
1.6.13 MODY 13 (KCNJ11I)

This gene encodes the subunit for the potassium ATP channel expressed in B cells of the
pancreas (Liu et al., 2013). The age of onset for this type and severity varies (Yorifuji et
al., 2005). Mutations in this gene have been reported from different countries (Massa ef

al., 2005).
1.6.14 MODY 14 (APPL1I)

The gene APPLI was identified to be involved in MODY in 2015. It is adaptor protein,

phosphor-tyrosine interaction, pH domain. and leucine zipper containing 1 (4PPLI). It 1s
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an anchor protein that has interaction with lots of other proteins including those involved

in the signaling pathway of insulin (Prudente er al., 2015).
1.7 WFS1 gene

The mutations in WFS1 gene are responsible for wolfram syndrome. This is a rare genetic
disorder having symptoms ranging from mild to severe characterized by juvenile
diabetes, optic atrophy, neurodegeneration, and hearing loss. Currently. there is no
treatment available to halt or reverse the progression of this disease. (D. Abreu et al..
2019). The prevalence is estimated to be 1 in 500,000 persons worldwide. Wolfram
Syndrome is an autosomal recessive disease.The WFSI gene has eight exons and most of
the mutations reported so far were on exon 8. The function of the gene is to regulate

endoplasmic reticulum homeostasis (Pallotta et al., 2019).

The symptoms of the disease usually started to appear in early childhood with diabetes
mellitus at the age of 06 years and optic nerve atrophy at 10 years ago. In the next two
decades, deafness, sleep apnea, and diabetes inspidiousdevelop (Urano, 2016). Wolfram
syndrome is the Endoplasmic reticulum (ER) disorder. As the ER plays a role in the
folding of proteins. The pathogenic variants of the WFSI gene induce ER stress in the
cells disturbing the calcium homeostasis and lipid biosynthesis (Fonseca er al.. 2010).
Also, urinary tract problems were presented in wolfram syndrome patients affecting
about 90% of the patients. More than half of patients develop neurological manifestations

(Barrett ez al., 1995).

Although the clinical symptoms are important for the diagnosis of Wolfram syndrome the

genetic test is used to confirm the diagnosis of this syndrome (Inoue er al, 1998). A
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review reported 178 mutations in the WFS/ gene. These mutations were distributed

throughout the protein without any major hotspot (de Heredia et al., 2013)
1.8 Aims and objectives

The study aimed to understand the genetic etiology involved in the early onset of diabetes

in the Pakistani population with following objectives:

e To determine the genetic variants responsible for MODY in Pakistani diabetic
patients among already known genes

* To identify new genes causing Maturity Onset Diabetes of the Young in Diabetic
patients from Pakistan

e To study the demographic and clinical variability in the Maturity Onset diabetes

of the Young cases
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1.9 Rationale of the study

Diabetes is a major public health burden around the globe. The National Survey
conducted in 2016-17 reported that every fourth adult is diabetic in Pakistan. The
diabetes is also associated with complications which put an extra burden on expenditure
as well as resulted in economic burden.

Being a developing country, Pakistan has a poor health care system with very low
facilities at primary and secondary health units. The other social factors like illiteracy,
poor socio-economic conditions further aggravate the situation. Diagnosis and screening
are pivotal in treatment and providing a better outcome. Proper timely diagnosis will help
in preventing the complications of the disease.

For better diagnosis and treatment, there is a need for collaborative efforts including
identification of MODY, its genetic diagnosis, and genetic counseling. There is a lack of
comprehensive studies on MODY cases from Pakistan. Its diagnosis carried vital
importance as it alters the treatment pattern. The treatment for different types of MODY
varies. Therefore it is extremely important to have genetic variant data on MODY from

Pakistan.
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2. MATERIALS AND METHODS

2.1 Ethical Approval

The study was conducted as per the Helsinki declaration. The Ethical Clearance has been
taken from the Institutional Bioethics Committee of International Islamic University.
Institutional Bioethics Committee of Pakistan Health Research Council. Ethical Review
Board of Pakistan Institute of Medical Sciences, Shaheed Zulfiqar Ali Bhutto Medical

University, Islamabad.

2.2 Consent filling

The participants were briefed about the objectives of the study and written informed
consent was taken from all participants prior to enrolment. In case of participants less

than 18 years, consent was obtained from parents/guardian.

2.3 Sample population

A total of 191 participants were enrolled in the study. The participants were identified
from National Diabetes Survey and Diabetes Clinicis located at Lahore (Diabetes Clinic
I) and Karachi (Diabetes Clinic II) as per study inclusion criteria. The demographic and
clinical information was taken from the patients and filled on a pre-designed
questionnaire. Information related to the onset of disease, treatment were noted from the

patients. The height and weight were measured for the calculation of BMI.
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2.4 Enrolment of participants

The patients were enrolled with following inclusion criteria
2.4.1 Inclusion criteria

a. Diabetic if they fulfill any one of the following criteria a) having HbA1C > 6.5%
(48 mmol/mol), b) fasting glucose level >126 mg/dl or plasma glucose after two
hours glucose load >200 mg/dl

b. The onset of the disease was less than 25 years of age.
2.4.2 MODY probability Calculator

The online available MODY probability calculator was used to determine the probability
of MODY in the study participants. The information like current age, age at diagnosis,

HbAlc, family history and BMI were entered in software for calculation of the score.
2.5 Blood Sampling

The Scc blood sample was obtained from the participants in 10ml vacutainer tubes (K2
EDTA tubes) by using Scc syringe (BD 0.8mm). Separate Scc blood samples in plain
vacutainer tubes (BD)was taken for serum preparation. The serum and whole blood was

stored at -80°C

2.6 Serum Extraction

The whole blood was collected in Scc vacutainer tubes and left for 30 minutes. The

samples were centrifuged (100-2000 xg) for 10 minutes and clot was removed. The
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serum (liquid component) was transferred by Pasteur pipette into clean tube. The serum

was stored at -80°C for ELISA testing.

2.7 DNA Extraction

The extraction of DNA was carried out by two methods

¢ Kit by Promega Corporation

o Kit by Qiagen
2.7.1 DNA extraction by Kit (Promega Corporation)

The DNA was extracted by using four steps. Whole blood (300ul) was used for the
extraction. First step was the lysis of red blood and white blood cells. Second step was
the lysis of nuclei by using nuclei lysis solution. Third step involve the removal of
cellular proteins by adding protein precipitation solution (salt precipitation method).
Fourth step was desaltation and concentrating the DNA by adding isoprpanol (DNA

rehydration solution).
2.7.2 DNA extraction by Kit (Qiagen)

The DNA extraction by Qiagen Kit is based on the principle of selective binding
properties of silica membranes. First step was the lysis of cells by using lysis buffer.
Then the sample loaded into the QIAmpa spin columns supplied with the kit. The DNA
bound to the silica membranes and the contaminants were removed in multiple washing

steps. The DNA was eluted in low salt buffer.
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2.8 Biochemical tests

Following biochemical test were carried out to rule out the presence of autoimmune type

1 diabetes

2.8.1 Fasting C-peptide test

The c-peptide was performed by two step immunoassay method using serum samples.
Firstly, assay diluents, antihuman c-peptide coated microparticles were combined with
the sample. The c-peptide in the sample combines to the antihuman c-peptide
microparticles and formed antigen-antibody complex. Second step involves the addition
of conjugate (c-peptide acridinium labeled) to form a reactin mixture. After wash cycle.
trigger solutions were added to the reaction mixtures. The chemiluminescent reaction was

measured by relative light units.

2.8.2 GAD-65 ELISA

The GAD-65 ELISA was performed by using KRONUS Glutamic Acid Decarboxylase
Antibody (GADAb) ELISA assay kit. This was used to determine the GAD-65 antibody

in serum samples.

The ELISA strips were coated with GADgs The GAD antibodies forms the bridge
between GADgs coated on the wells and liquid GADgsbiotin. This bound
GADgsbiotinwas quantitated by adding streptavidin peroxidase and TMB (chromogenic
substrate). The absorbance was read at 450 nm. The abosorbance of each well was

directly proportional to the amount of GAD-65 antibodies present in the sample. The
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antibody concentrations of the sample and the controls were interpolated with the help of

semi-log graph.

2.9 Exome Sequencing

First step in exome sequencing was the library preparation. The DNA was sheared into
small fragments and mixed with biotinylated RNA library baits and hybridization buffer.
Then targeted regions were slected by using magnetic sreptavidin beads. Then it was
washed, amplified and loaded on the sequencer. Suquencing process utilized four
nucleotides having reversible fluorophore and termination properties. Each sequencing
cycle took place in presence of all four nucleotides leading to more accuracy. The

Illumina platform sequencer was used for the sequencing.

2.10 Raw Exome data filteration

The fastq files were aligned for map referencing using Burrows-Wheeler Alignment
(BWA) tool. The duplications were marked using the PICARD tool. The variant calling
and filtering were done by using the Genome analysis toolkit (GATK). Finally, the
variant annotation was conducted by SnpEff. The analysis was mainly focused on non-
synonymous coding variants, splice sites affecting variants, and frameshift indels as these
were likely to be pathogenic. The analysis was conducted with preference to
heterozygous variants located on already known 14 genes of MODY. The genetic
variants were filtered according to the frequency reported in databases. The pathogenicity

was assessed by different computational tools like SIFT LRT, Mutation Taster.
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FATHMM, PROVEAN, Mutation assessor, MetaSVM, Meta LR, M-CAP and Fathmm-

MKL.

2.11 Pathogenicity estimation

The missense variant was selected as pathogenic if majority of 10 algorithem predicted
the variant as disease causing and PP3 by ACMG/AMP (American College of Medical
Genetics and Genomics and the Association for Molecular Pathology).The PP3 was
defined as multiple lines of computational evidence supports a deleterious effect on the

gene or gene product.

2.12 Sanger Sequencing

The genomic DNA was amplified using Poylmerase Chain Reaction (PCR) with forward
and reverse primers for exon-8 of WFSI gene. The oligonucleotide primers were
designed by Primer 3 software. The primers used for the confirmation of splice site
variant  ie. ¢.526+1G>A of HNFla gene were (Forward  primer
GGGCTCCATAACTGCTTTCA and reverse primer
CCTTTCCATCTACCTGTCTGTG) with annealing temperature of 60°C. The reagents
i.e. ANTPS, MgCl, solution, DNA polymerase, forward and reverse primers were used
which were stored at -20°C. Initialy PCR was optimized by using different annealing

temperatures and MgCl; concentrations.

The PCR products were visualized on 1.5% agarose gel using Horizontal Gel
electrophoresis system. The PCR products were then subjected to Sanger sequencing. The

Sanger sequencing was analyzed by ChromasPro software. The chromatogram analysis
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was carried out by aligning the chromatograms of other samples and comparing them

against each other.

The variants found were interpretated and analyzed by using databases dbSNP. PubMed.
Clinvar, HGMD (Human Genome Mutation Database) and EXAC (Exome Aggregation

Consortium).

e ——
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3 Results

The results chapter comprised of two sections i.e. i) systematic review and ii) original

research.
3.1 Systematic Review

A systematic review of the literature was conducted to enlist all the causal variants
reported in the literature for MODY. The reviews were available on diagnostics,
types, and guidelines for treatment but a review on causal variants was lacking

therefore this review was carried out.
3.1.1 Search Strategy

PubMed database was used for this review. The literature was searched and articles
were included until 01 December 2019. Different combinations of search terms were
used for search strategy, as follows: Maturity Onset Diabetes of the Young OR
Monogenic diabetes AND MODY OR 4BCCS8 OR APPL1 OR BLK OR CEL OR
GCK OR HNFIA OR HNFIB OR HNF44 OR INSOR KCNJII OR KLFII OR
NEURODI OR PAX4 OR PDXI. The initial screening was done by reviewing the
titles and abstracts. Those found relevant were accessed for full text. The articles were

then reviewed as per the inclusion criteria.
3.1.2 Study Selection

The studies were selected based onthe following inclusion criteria:

1) The study identified MODY cases i.e. which was young onset, non-
autoimmune, non-insulin resistance non-neonatal and non-syndromic

i) Identified a novel pathogenic variant
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iii) Published in English Language (studies published in other languages but with
an abstract in English, and describing novel variants were also included in
the analysis).

iv) The studies from all geographical locations were included, irrespective of year

of publication.

The exclusion criteria were reviews, commentaries, and already reported variants
(Figure 3.1) and details of excluded full-text studies are described in supplementary

table 1.

3.1.3 Data Extraction

The studies fulfilling the inclusion criteria were reviewed and information from these
studies was tabulated. Data including author name, country of origin, publication year.
variant, a gene involved, and methodology used to identify the variant was taken.
Only those novel variants which were pathogenic. likely pathogenic or uncertain
significance, and having an impact on protein structure (software prediction) as
reported by the authors were included. The benign, likely benign were excluded. The
ClinVar database of NCBI (https://www.ncbi.nlm.nih.gov/clinvar/) was also searched
for variants in the 14 known genes involved in MODY, which were also included

even if not reported in the literature.

The variants were validated by using variant validator (https://variantvalidator.org/)
and accession numbers were provided in the supplementary table. The ACMG criteria
were assessed by the software “Intervar”. The variants were also confirmed from the
Human Gene Mutation Database (HGMD) and the PMID number of the articles were

retrieved and mentioned in supplementary table 2.

- . -
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3.1.4 Systematic Review Findings

A total of 1647 results were retrieved after literature searching. After reviewing their
titles and abstracts, full articles were retrieved for 326 citations. After the final review,
87 studies were excluded resulting in 239 studies to be included in the analysis. The
reasons for exclusion were reviews, no variants reported in the study, and no novel
variants. A summary is presented in figure 3.2 and the details are in supplementary

table 1.

The most frequently reported mutated gene was GCK, followed by HNFla (Figure
3.3). When analyzing the methods employed for identifying the variants causing
MODY, a majority (76%) used traditional Sanger sequencing while 11% used whole-

exome sequencing (Figure 3.4).

The whole-exome sequencing and targeted next-generation sequencing were reported
from studies from 2012 onwards till 2019. These techniques have played a major role
in identifying new MODY types. The variants in PDXI, INS, ABCC8 KCNJII,
NEURODI, KLFIIl, BLK, and APPL] were identified through targeted next-
generation sequencing or whole-exome sequencing. Significantly more (65%) studies
were conducted in 2011-2019 as compared to 23.5% in 2001-2010 and 11.5% in

1990-2000.

When analyzing according to the countries, variants in MODY genes were reported
from almost every region of the world. The largest number of variants was found from
the French population followed by Italy, Japan, and the United States of America

(Figure 3.5).

A total of 1017 variants were identified through a literature review in 14 known genes

and attached as supplementary table 2. A total of 94 pathogenic variants were

Yaaaaa—————— ]
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identified from ClinVar and 20 among them were already in the list and were

therefore excluded. The list of those 74 variants is attached as supplementary table 3.

s —————————————— ]
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Figure 3-1: Flow chart showing the steps for a systematic review of the literature

- ___ _____ __ . __ __ ___ ______ _____________  ______ __ _ |
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! m summary of excluded studies

Reviews

No variants describad

No Novel variants

Figure 3-2: Detail-wise breakup of excluded studies from review with reasons
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Molecular characterization of genes associated with MODY Page 59




Chapter 3 Results

+

Figure 3-3: Number of gene-wise variants reported in literature. X-axis showing
the name of the gene while the y-axis presenting the number of reported variants
in literature.

L ___ . _________ . ____ __. . ___ . ]
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® Sanger mHNGS or WES » Targetted NGS s MLPA

Figure 3-4: Percentage of methods used for reported variants in MODY

——— _________ __ __ _____________ __________________ ____
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Number of Causal variants country-wise

Figure 3-5: Graph showing Country-wise number of causal variants reported in
the literature. The number of variants is presented on the x-axis while countries
are shown on Y-axis

L _ _ _____ _____ ___ _______ ______ ____ __ ______ __ _______ __ |
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3.2 Research Findings

The search study was conducted to enroll patients from the National diabetes survey
(2016-17) of Pakistan and Diabetes Clinics located in Lahore (Diabetes Clinic 1) and

Karachi (Diabetes Clinic II) within Pakistan to identify diabetes in youth (Figure 3.6)

. ______________________________________{
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Enrolment of
suspected MODY cases

5 . National Diabetes '
; i Survey (10834) i
Enrolled as per :
inclusion criteria
¥

. Diabetes Clinic 11
i {(n=96)

-
P ———

(n=15)

e mEmm—-——-

~ #
" ———-

Figure 3-6: Schematic presentation of patient enrolment

- ]
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3.2.3 Characteristics of the study participants:

In National Diabetes Survey, data of 80 participants is presented in Table 3.3. The
median age was 24 years, 62% females, average BMI was 28 kg/m?* and mean HbAlc
was 6.2. When the MODY score was calculated, it was observed that 16 cases (20%)
were having a probability score of more than 75%. In most of the cases (58%) the
score was zero or could not be calculated due to missing information on some

variables. (Table 3.4)

Based on probability score, patients were classified into two groups . One group of
patients (Group 1) had MODY score >75 whereas the second group (Group 2) having
a score of <75. The groups were compared for variables i.e. age, height, weight, BMI,
and HbAlc as presented in Table 3.5. The HbAlc and BMI were significantly low in

group 1 as compared to group 2.

Patients with high probability score were processed for ELISA testing of GAD-65.
Among 34 patients, 10 were positive and 24 were negative. The GAD-65 positive

indicates that patients were suffering from autoimmune type 1 diabetes (Figure 3.7)
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National Diabetes Survey of
Pakistan
Total participants
10,834

r

Inclusion criteria:
e Diabetic
* Onset age <25

80
Included

h 4

GAD-65 ELISA test

24 negative 10 positive

Figure 3-7: Selection of participants from National Diabetes Survey
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Table 3.2: Demographic Characteristics of the participants of the National

Diabetes Survey

S.No Description Frequency
1. Median age (years) 24
2. Average GTT Fasting (mg/dl) 169
3. Male 37.5%
4, Female 62.5%
5. Getting treatment 6.25%
6. BMI (kg/m?) 28
7. | Average Systolic and Diastolic Blood Pressure (mmHg) 119/80
8. HbAlc (%) 6.4

Table 3.3: MODY probability score of the study participants

S.No Description Number | Percentage (%)

1. Probability Score >75 16 20

2. Probability Score = 1-74 17 21.25
3. Probability Score =0 47 5875

Body Mass Index (BMI) | Number | BMI (kg/m°)

4. BMI <25kg/m’ 38 475
s, BMI 25-29.9 kg/m” 19 23.7
6. BMI >30 kg/m’ 12 15

.
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Table 3.4: Comparison of variables between Group 1 (high score) and Group 2

(low score) in study participants:

Group 1 Group 2 P
Total (n=80) (n=17) (n=16)
Value
P>75% P<75%
Age (years) 24.00+£5.97 24.20+£7.60 29.30+8.80 0.985
Age at diagnosis
23.10+1.67 23.18+1.33 23.19+1.36 0.085
(years)
Duration of diabetes
10.25+9.18 11.10+£10.20 13.20+6.00 0.535
(years)
Fasting glucose
168.20+68.63 | 151.80+£59.40 | 231.70+84.20 0.004*
(mg/dl)
Random glucose
215.53£89.99 | 250.10+94.50 | 275.60+58.0 0.354
(mg/dl)
Height (cm) 158.9849.92 | 162.36+£11.67 | 156.59+8.20 0.131
Weight (kg) 62.45+£15.13 | 62.56+14.83 73.44+13.49 0.035
Waist circumference
88.91+15.92 | 87.87+14.00 97.27+14.14 0.064
(cm)
Hip circumference
92.90+19.61 | 86.34+22.13 98.66+15.33 0.075
(cm)
Systolic blood
118.65£17.04 | 122.40+20.70 | 121.40+14.10 0.876
pressure (mmHg)
Diastolic blood
79.73£11.98 | 82.90+14.40 80.80+6.90 0.585
pressure (mmHg)
Hemoglobin Alc (%) 6.37+£2.15 6.21£1.99 9.14+1.71 <0.001
Body Mass Index
2 24.65+5.77 23.54+£3.93 29.30+4.07 <0.001
(kg/m")
——— s e @0 ]
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3.2.4 Enrolment from Diabetes Clinics

The patients were enrolled from two main cities i.e. Diabetes Clinic I and Diabetes
Clinic II. From Diabetes Clinic I, fifteen patients mean current age of 26.06 years
ranging from 16-48 years while the mean age of diagnosis was 23 years. The mean
Body Mass Index was 21.5 kg/mz. The low BMI is indicative of a patient having more

probability for having Maturity Onset diabetes of the Young (MODY)

The mean systolic blood pressure was 113.57 mmHg and diastolic blood pressure was
77.14 mmHg. The mean value for fasting blood sugar level was 239.26 mg/dl. The
Hbalc level was ranging from 6% to 11% with a mean value of 8.27%.(Table 3.6 &

3.7)

Fasting c-peptide test results showed that 66.8% have normal fasting c-peptide levels.
26.6% have high value while 6.6% have values below the normal fasting c-peptide.
The low fasting c-peptide is indicative of type-1 diabetes. Among the total, 73% of
patients have a MODY score of more than 75. The GAD-65 ELISA testing was

performed. (Figure 3.8)
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Table 3.5: Demographic characteristics of the participants registered at Diabetes
Clinic [

Standard
Descripti M R
escription ean ange Deviation
Age (vears) 26.06 16-48 8.05
Age at Diagnosis 307 16-30 40
(years)
Height (cms) 157.7 146-178 10.69
Weight (Kg) 53.6 42-80 11.53
BMI (kg/m?) 21.5 15.5-31.10 3.93
Systolic Blood 113.57 100-140 12.15
pressure {(mmHg)
Diastolic Blood 77 14 70-90 796
pressure (mmHg)
Fasting sugar level 239.26 130.0 - 375.0 70.55
(mg/dl)
HbAlc (%) 8.27 6-11 1.59
Fasting C-peptide 1.703 0.16-3.83 0.97
(ng/ml})
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Table 3.6: Clinical description of the participants registered at Diabetes Clinic |

Description Sub-headings Percentage
Normal fasting C-peptide 66.8%
level
Fasting C-peptide Above Normal 26.6%
Below normal 6.6%
]
MODY Probability More than 75% 73.3%
Score Less than 75% 20.7%
Antenatal screening 20.1
Loss of weight 40.1
How come to know
lyuri 13.4
about the diabetes Polyuria
Pain 13.4
Regular check-up 6.7
Yes 40
Taking treatment
No 60
Oral hypogl}yjl(:mlc agent 26.7
Type of treatment ( )
OHA and insulin 13.3

L ]
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Diabetes Clinic-1

v

15 samples

L

GAD-65 ELISA
n=3

03 negative 02 positive

Figure 3-8: Summary chart of sampling details of patient enrolment at Diabetes
Clinic 1

e
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From Diabetes Clinic II, 96 patients were enrolled. Their mean current age was 26.2
years while the age of onset of the disease was 16.5 years. Among all, 51 (53.1%)
were males while 45 (46.8%) were females. Mean height was 161.4 cm, weight was
64.2 kg and BMI was 24.3 kg/m®. The majority of the cases (95.8%) were having a
family history of diabetes. Of the total, 93.75% were taking treatment (both oral and
insulin injections) for diabetes and 68% were taking insulin as treatment. About 25%
of the patients have a probability score of more than 75%. The Glutamate
decarboxylase (GAD-65) test was performed on the patient’s serum samples. Out of
the total, 15 patients were GAD-65 negative having values less than 4 1U/ml. The
samples were analyzed for having a high probability, family history, BMI, and HbAlc

level (Figure 3.9).
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Diabetes
Clinic IT

y

96 samples

¥

Performed GAD-65

ELISA
N=66
GAD-65 GAD-65
negative positive
N=15 N=41

Figure 3-9: Summarized chart of sampling details of patient enrolment at
Diabetes Clini¢ I1
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3.2.5 Selection for exome sequencing

All the GAD-65 negative samples were reviewed for clinical features like low BMI,
parental family history, and moderately high HbAlc and further processed for exome
sequencing. A total of 35 samples were shortlisted for exome sequencing. (Figure

3.10)

The detailed demographic features of the participants selected for exome sequencing
are described in Table 3.8. Genderwise distributions identified 19 males and 16
females in total. Maternal diabetes history was positive in 23 patients while 12 had
positive paternal diabetes history. The GAD-65 test was negative in 19 patients.
Among all the patients, 21 patients were having BMI well below 25 indicating that
they were lean indicating the important characteristic of MODY. The age for onset of

diabetes was below 25 years in all patients.
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Final ,shorthstm%

. GAD-65 not
GAD-65 negative performed
n=42 n=30
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Selection fo XOI

Figure 3-10: Selection of patients for exome sequencing
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Table 3.7: Demographic characteristics of the participants selected for exome

sequencing
FBS
Patient Mother | Father
S.No Age | Gender mg/d] BMI1 | GAD 65
1D affected | affected
{HbalC)
1. 471 25 Male 237 NA NA 22 Negative

2. 612 25 | Female | 119 (9.2) Yes Yes 22 | Negative

3. 705 23 | Male | 148(5.4) NA NA 26 | Negative

4. 830 21 | Female 7.2 NA NA NA | Negative
5. P-4 25 Male | 173 (7.5) No Yes 27 NA
6. P-5 24 | Male | 149(6.10) No No 16 NA
159
7. P-9 20 | Male No No 20 NA
{6.20)

8. P-12 16 Male | 290{10.8) Yes Yes 19 | Negative

9. P-13 23 | Female | 279(8.4) Yes No 22 Negative
10. | P33530 | 25 | Male NA Yes No 22 | Negative
11. { P43614 | 18 | female NA Yes Yes 21 | Negative

. ]
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FBS
Patient Mother | Father
S.No Age | Gender | mg/d] BMI | GAD 65
ID affected | affected
(HbalC)

12. | PB3936 | 18§ | female NA Yes Yes 26 | Negative
13. | P-17 15 | female NA Yes No 19 | Negative
14. | P68 13 | Male 6.8 Yes No NA NA
15. P69 18 | Male 7.6 Yes No NA NA
16. | P71 12 | Male 7.10 No Yes 14 NA
17. P78 20 | Female 10.10 Yes Yes 26 NA
18. P79 19 1 Male 9.8 Yes No 31 NA
19. | P87 25 | Male 6.10 Yes No 31 NA
20. | P90 4 | Female 8.20 Yes No 24 NA
21. | M46 17 | Male 6.5 Yes No 24.2 | Negative
22. | M54 15 | Female 13.6 No Yes | 24.87 | Negative
23. [ Mb64 21 | Female 12 Yes No 223 | Negative
24, MI13 13 | Female 8.1 No Yes 29.3 | Negative
25. M6 17 | Male 8.2 Yes No 24.6 | Negative

- . . . _______]
Molecular characterization of genes associated with MODY

Page 78




Chapter 3 Results

FBS
Patient Mother | Father
S.No Age | Gender | mg/dl BMI | GAD 65
ID affected | affected
{HbalC)
26. MI15 15 | Female 7.4 No Yes 18.3 Positive
27. M24 12 Male 8.1 Yes Neo 26.9 Positive
28. 91 14 Male 12 Yes No 20.32 NA
29. 92 16 | female 9.7 No Yes 254 NA
30. 88 21 | female 9.6 No Yes 26.96 NA
31. 85 3 Male 9.4 Yes No 17.94 NA
32. 86 18 | female 6.6 Yes No 28 NA
33. | 84669 | 25 male NA Yes No 20 | Negative
34. 08 25 Male 7.8 Yes No 24 | Negative
35. | 66103 14 | Female NA Yes No 24.5 NA

- . . __ . __]
Molecular characterization of genes associated with MODY Page 79




Chapter 3 Results

3.2.6 Exome Sequencing

The exome sequencing was carried out from Macrogen, Korea, and Quebec Genome

Centre, Canada and FastQ file format raw data was obtained.
3.2.7 Bioinformatics analysis

FastQ) files were processed according to Genome analysis tool kit (GATK). The reads
were mapped to human reference genome GRCh37 using Burrows-Wheeler alignment
(BWA-MEM). The duplicate alignments were marked and removed by using the
PICARD tool and then indel realignment and base quality score recalibration were
done. The gVCFs were generated with GATK haplotype and joint variant calling was
done. The variants with low map read {DP<20) and loss genotype quality (GQ<20)
were discarded. Annovar was used o annotate the variants. The UTR. synonymous,
and intronic {unless splicing) variants were discarded by standard ES filtering
procedure to focus on protein-altering ones. These variants were filtered for frequency
in three public dalabases (Exome Aggregation Consortium. 1000 genomes. and
gnomAD). For dominant genes. the Maximal allele frequency cutoft’ was 0.0001 n
any population while it was .005 for recessive genes. The missense variants were
selected only if predicted disease-causing by the majority ot [0 algorithms (PP3 by

ACMG/AMP). Details of design and analysis are presented in figure 3.11.
3.2.8 Description of variants

A total of 36,732 variants were filtered from 35 patient’s exome data according to the
criteria mentioned in figure 2.12. A list of 37 variants was identified in genes which
were further shortlisted and screened according to cut off frequency and resulied in 12
variants.

e
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Among the total 37 variants, 4 were from KLFI] gene, 1 in APPLI gene, two in
ZBTB20, three in WESI gene, three in RFX6 gene, two in BLK gene, three in GATA4
gene, three in CEL gene, one in INS-IGF2, six in HNFla, one in PDX]I, three in INSR

gene, one in NKX2-2, one in HNF1b, one in HNF4a, one in ABCCS& and one in GCK.

Among the variants, 21 were found to be in known 14 MODY genes while others
variants were found in genes other than known for MODY but functionally involved
in diabetes. Of the total, 27 variants were missense while 10 variants were either
duplication, frameshift, or splice variations. The SIFT score prediction was damaging
for 12 variants. The 16 variants were supposed to be disease-causing as predicted by
the mutation taster prediction software. The 17 variants have uncertain significance

according to Intervar interpretation.
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Exome Sequencing

¢

Genome analysis tool kit (GATK) practices

I

Mapping to GRCh37 by Burrows Wheeler
alignment (BWA-MEM)})

PICARD Tool (to remove duplicate alignments)
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GATK haplotype, Joint variant calling

!

Variants discarded
(Low map reads (DP<20}), (Low genotype quality
(GQ<20)
>
Annotation of Variants by Annovar

|

Synonymous, UTR , intronic other than splicing) -
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For dominant, frequency cutoff was 0.0001
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L

Missense variant selected only if predicted disease
causing by 10 algorithm (PP3 by ACMG/AMP).

Figure 3-11: Bioinformatics analysis and steps in filtering variants
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Table 3.8: Details of variants identified through exome scquencing

S.No | Patient | Gene cDNA change, SIFT Mutation Intervar

(score, taster
ID name amino acid change | prediction) .
(score,
prediction)

1. 471 APPL] c.A200G, p.E67G 0088 ) T 1 D VUS*
2. 612 HNFla c.CI69A, pL5TM | 0.081 | T 1 D VUS
3. 705 HNFla | ¢865dupC, p.G288f

4, P83936 | HNFla | ¢.865dupC, p.G288fs

5. P-4 HNFla | ¢.865dupC, p.G288fs

6. P69 HNFia | ¢.865dupC, p.G288fs

7. hY (s HNFla c.526+1G>A - - - - -

8. 705 KLF11 c.G401C, p.GI34A | 078 | T 1 N vUS
9. P-4 KLF1l | ¢GI1331A, p.R444Q 0 D 1 D VUS
10. [ P43614 | KLFil c.C731T, p.P244L | 0182 | T 1 D LB
11. M54 KLFil ¢.*96dupA - - - - -
12. 830 RFX6 c.G919A, p.E307K | 0.267 | T ] D VUS
13. P-9 RFX6 ¢.C1927T, p.P643S | 0.001 | D | D VvUS
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S.No | Patient | Gene ¢DNA change, SIFT Mutation lntervar
{score, taster
ID name aming acid change | prediction) (score,
prediction)
14. P68 RFX6 c.T1212A,p.H404Q | 0.668 | T | 0.687 D VUS
15. P-4 WFSI | ¢.G2380A,p.E794K | 0.087 | T 1 D VUS
16. P-17 WESI c.G478A,p.E160K | 0341 | T | 0.705 N vUS
17. P-17 WESI c¢.G517A,p.E173K | 0023 | D 1 D VUS
18. P-12 CEL c.A1622G, p.Y541C [ 0.001 [ D | 0.683 N LB*#
19. | P43614 | CEL c.2168_2200del
p.723_734del
20. Mé64 CEL {¢1235C>T,p.Thrd121 | 0.008 | D 1.0 D -
le
21. P-5 BLK ¢.G9%C, p.D32H 0171 | T 1 N VUS
22. P78 BLK c.G500A, p.R167Q | 0.001 | D 1 D LB
23. P-5 GATA4 | ¢.G1273A,p.D425N | 0001 | D 1 A B
24. P68 GATA4 | ¢.C1040T,p.A347V | 0133 | T 1 N LB
235. P90 GATA4 | ¢ Cl067G, p.T356S 1 T | 0978 N B
26. | P33530 | PDXI ¢.G670Ap.E224K | 0.007 | D | 0.989 A LB

L
Molecular characterization of genes associated with MODY

Page 84




Chapter 3 Results

S.No | Patient | Gene c¢DNA change, SIFT Mutation Intervar

(score, taster
ID name amino acid change | prediction) (score,
prediction)
27. P-9 ABCCS | c.G814A, p.A272T | 0.31 T | 0.558 N vUS
28. P-13 INS- ¢.T362C, p.I121T 0 D 1 N LB
IGF2
29. [ P43614 | INSR | c.G3957C,pMI3I91 | 0104 | T 1 D VUS
30. P87 INSR ¢.G607A,p.G203R | 002 | D 1 D VUs
31. M15, INSR | ¢.653-5_653-4delTC - - - - -
M54.M
64
32. P9 HNFIB | ¢.ClI0S8T, p.S353L 1 D VUS
33. P69 HNF44 ¢.933_935del,
p.311_312del

34, P71 ZBTB20 | ¢.G1318A,p.E440K [ 0005 | D 1 D B
33, P87 | ZBTB20 | ¢.G1049A,p.R350H | 0.038 | D | 0.993 D VUS
36. M15 GCK c.-45G>A - - - - -
37. P79 | NKX2-2 | c.C677T,p.A226V [ 0.057 | T | 0.999 D vUS

*VUS, Vanant of Uncertain Significance, **LB, likely benign, ***B, Benign

____________________________ .
Molecular characterization of genes associated with MODY

Page 85




Chapter 3 Results

The above mentioned variants in table 3.9 were further analyzed based on low
frequencies and Clinvar predictions. Only twelve (12) variants were selected and
details of these are given in table 3.10. Among these 12 variants, six variants are from
already known MODY genes (HNFla, KLF11, BLK, ABCCS8, and HNF1b) and six
variants were from other genes i.e. RFX6, INSR, WFESI, and ZBTB20 genes. The
functions of these genes are mentioned in table 3.11. The variant i.e. ¢.526+1G>A in

HNFIla gene was confirmed in M6 patient (Figure 3.12).
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Table 3.9: Variants selected based on frequency and pathogenicity

Prediction
Amino | Max of
S.N | Patien | Positio cDNA Inter
Gene acid | Frequ | pathogeni
0 t ID n change Var
change | ency city
T, NA,
12:
HNFI | ¢.Cl169 D.D.N.
1. 612 141674 p.L57M 0 VUS
a A L.
0
D.D.D,D
2; T.
c.G401 | p.G134
2. 705 101879 | KLFi1 o 0 NNTN, | VUS
A
16 N, T,T,T,N
6,1172 ¢.G919 | p.E307 T,D,D,TN,
3. 330 RFX6 0.0001 VUS
37424 A K N, T.T.D,D
8; T.N,N.T.N,
4, P-5 114008 | BLK | ¢.G94C | p.D32H | 0.0003 | N, T,T,T. | VUS
27 N
. T,N,N.D,N
" | ABCC | c.G814 | p.A272 .
5. P-9 | 748313 0.0002 vUS
g 8 A T L, T,D,D.
D
(7 NA,D.D,
" | HNFI | cCL136 0.0000 | NA, NA,
6. P-9 | 607058 p.S379L VUS
| b T 3 L,
D,D,D,D
19; T.N.D.T.N,
¢.G392 | pM130
7. 43614 | 711725 | INSR i - 0.0008 ! L, T.T. vUS
9 DD
4, :¢.G478 | p.E160 T.N.N,D,N
8. P-17 WFS| 0 VUS
629294 A K ,

. —— . . ]
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Prediction
Amino | Max of
S.N | Patien | Positio ¢DNA Inter
Gene acid Frequ | pathogeni
) tID n change Var
change | ency city
1 M,
D,D,D.D
s D.D.D.D.D
’ ¢.G517 | pEL73 ,
9. P-17 | 629298 | WFSI 0 VUS
0 A K M, TT1.D,
D
6; T:DstTaNs
¢.T1212 | p.H404
10. | P-68 | 117241 | RFX6 A o 0.0001 | L. T,TT. { VUS
502 D
3; D.D.D,T,N
ZBTB2? | ¢.G104 | p.R350
11. | P-87 | 114069 0 , VUS
0 9A H
876 N, T,T.T.D
12121 | ENFr | @327
12. M6 - - - -
426836 a G>A

* SIFT, LRT, Mutation taster, FATHMM, PROVEAN, Mutation Assessor,
MetaSVM, MetaLR, M-CAP, fathmm-MKL codingare mentioned in sequence. D,
deleterious; T tolerated for SIFT, LRT, MetaSVM, MetaLR_pred, M-Cap prediction.
FATHMM. N is neutral for LRT and Provean. For muation assessor. H: high: M:

medium; L: low; N: neutral

E . . . . __ . ]
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Table 3.10: Functions of other than known MODY genes identified in this study

S.No Gene Name OMIM Functions
1. RFX6 * 612659 Direct islet cells differentiation
Instruct making protein Insulin
2. INSR * 147670
receptor
Encodes transmembrane protein
located in the endoplasmic
3. WFSI * 606201 reticulum and expressed in the
pancreas and insulinoma beta-cell
lines.
Acts as a transcriptional repressor
4. ZBTB20 * 606025 and played role in glucose
homeostasis

L ______________ .___________ . . _________ _________ _____}
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3.3 WFSI gene sequencing

Among the samples collected from Diabetes Clinic II, there were 30 samples where
GAD-65 could not be performed. These samples were reviewed carefully for clinical
characteristics that were more relevant to MODY clinical features like low BMI and
family history. These samples were processed for Sanger sequencing of exon 8 in

WEFSI gene (Table 3.12).

Two missense homozygous recessive mutations were identified in the WFSI gene.
One of the homozygous recessive variants was ¢.G2416C:p.A806P identified
inpatient (ID-96). This variant was not reported in Clinvar. The variant was identified
in females who had developed diabetes at the age of 05 years. The pathogenicity
predictions of SIFT and LRT were deleterious and Polyphen HDIV and HVAR were
probably damaging. The mutation taster predicted disease-causing and mutation

assessor as a medium. The details are presented in Table 3.13 & 3.14 and Figure 3.13.

The second homozygous recessive variant was ¢.C1037T:p.P346L identified in a
patient ID-93. This missense low frequency variant is deleterious by SIFT and LRT
software predict while polyphenol HDIV and polyphen HVAR predicted i.e. probably
damaging and mutation taster as disease-causing. The details are presented in Table

3.15 & 3.16 and Figure 3.14.

i ]
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Table 3.11: Clinical features of the participants undergoing Sanger sequencing of

exon-8 of WFS1 gene

Onset
Patient ID age of
S.Neo Gender BMI (kg/m’?) Family History
number diabetes
(years)

1. P-43614 18 Female 21.2 Father affected
2. P-11906 25 Female 29.98 Mother affected
3. P-19008 19 Male 324 Mother affected
4, P-48103 25 Male 283 Mother atfected
5. P-66103 14 Female 24.5 Mother affected
6. P-33530 25 Male 222 NA

P-26688
7. 25 Female 39 Both affected

(33)

P-67636

3. 15 Female 19.3 NA
(17)

9. P-83936 18 Female 26.0 Both affected
10. P-84669 25 Male 20 Mother affected
11. P-85 03 Male 17.9 Mother affected
12. P-90 04 Female 24 Mother affected
13. P-91 14 Male 20.3 Mother affected
14, p-92 16 Female 254 Father atfected
15. P-71 12 Male 14 Father affected

i —
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16. P-86 18 Female 28 Mother affected
17. P-93 08 Female 28 Father affected
18. P-96 05 Female 14.86 Father affected

-  ___ __ . __ ___ ______  ___ __ . _________________|
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Table 3.12; Summary Card for recessive missense variant ¢.G2416C:p.A806F in

WFS1 identified in Patient (ID-96)

S.No Features Values
1 Patient ID 96
2 Gene WFS1
3. | Type of mutation Missense Variant
4 Position chrd;6302211 (GRCh38.p12)
5 Alleles G>C
6 SNP rs762075088
; Frequency: C=0.00001 (2/247186, GnomAD _exome)
C=0.00001 (1/117622, ExAC)

Table 3.14: Pathogenicity predictions for homozygous recessive variant

c.G2416C, p.A80GP in WFSI identified in patient (ID-96)

Converted
S.No Softwares score prediction | Interpretation
ranked score
1. SIFT 0.004 0.654 D Deleterions
Polyphen _
2. 1 0.899 D Probably damaging
HDIV
Polyphen
3. 0.99 0.916 D Probably damaging
HVAR
4, LRT 0 0.843 D Deleterious
Mutation
5. 1 0.81 D Disease causing
Taster
Mutation
6, 2,51 0.734 M Medium
assessor
7. FATHMM -3.55 0.948 D Deleterious

e —
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Figure 3-13: Sanger sequencing of homozygous recessive variant

c.G2416C:p.A806P in WFS1 gene (patient 1D 96). The nuclcotide G (black

hightighted) changed to C in the last row. The peaks were compared with other

samples processed for exon 8 sequencing of WFS1. The arrow idicating the

mutation.
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Table 3.15: Summary Card of homozygous recessive variant c.C1037T:p.P346L

in WFS1 identified in patient (ID-93)

S.No Features Values
1. Patient ID 93
2 Gene WESI
3. | Type of mutation Missense
4. Position chrd:6300832 (GRCh38.p12)
5 Alleles C>T
6 SNP 1773900146
T=0.00002 (5/251458, GnomAD_exome)
7. Freduency: T=0.00001 (1/125568, TOPMED)
T=0.00002 (2/121406, ExAC) (- | less)

Table 3.16: Pathogenicity software predictions for homozygous recessive variant

¢.C1037T:p.P346L in WFS1 identified in patient (ID-93)

Converted
S.No Softwares Score Prediction | Interpretation
ranked score
1. SIFT 0 0912 D Deleterious
Probably
2. | Polyphen HDIV 1 0.899 D
damaging
Polyphen Probably
3. 1 0.971 D
HVAR damaging
4, LRT 0 0.843 D Deleterious
5. | Mutation Taster 1 0.81 D Discase Causing
Mutation
0. 2.85 (.831 M Medium
Assessor
7. FATHMM -4.02 0.964 D Deleterious

e - _____
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4 Discussion

Comprehensive study on Maturity Onset diabetes of the Young (MODY) involving
191 participants from Paksiatn were designed. Clinical tests i.e. HbAlc, C-peptide
and GAD-65 were performed for initial screening. Probability calculator was used to
generate score and 35 indivdual samples were shortlisted for exome sequencing
analysis. Sanger sequencing were performed in eighteen patients for causative

variants in WFS/gene.

Exome analysis revealed 37 variants for the cause of the disease. Based on frequency
and software predictions, 12 heterozygous variants were shortlisted as a pathogenic
candidates for disease The five variants were found novel in i.e. HNFla (c.C169A.
p.L5TM), HNF1b (c.C1058T, p.S353L), ABCCS (c.G814A, p.A272T), BLK (c.G94C,
p.D32H), KLFI11 (c.G401C, p.G134A) and one was already reported in HNFla

c.526+1G>A.

Six novel variants were found in other than known MODY genes i.e. RFX6 (c.G919A,
p.E307K), WESI (c.G478A, p.E160K), WFSI (c.G517A, p.EL173K), RFX6
(c.T1212A, p.H404Q), INSR (c.G3921C, p.M1307I) and ZBTB20 (c.G1049A,

p.R350H).

Sanger sequencing revealed two homozygous recessive variants i.e.
(c.G2416C:p.A806P), (C1037T:p.P346L) in the WFSI gene. The WFESIgene is
responsible for causing Wolfram syndrome however the clinical data of the patient is

not supporting.
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4.1Variants in Known MODY genes

4.1.1 Variants in HNFla gene

The novel missense variant (c.C169A, p.L57M) was found in HNFla gene in patient
ID-612. The MODY 3 type was one of the most common forms of MODY and also
known as HNF1a-MODY (Pavic et al., 2018). The HNFla gene expressed in beta
cells of the pancreas and encodes members of transcription regulatory networks
during embryonic development of the pancreas (Ferrer, 2002). During adult life, this
HNFla gene is expressed in the pancreas, liver, kidney, and gut (Harries er al., 2006).
The HNFIa binds to 106 genes in islets cells of the pancreas and 222 genes in the
liver (Odom et al., 2004). This also regulates the expression of glucose co-transporters

which played role in reabsorbing glucose (Pontoglio et al., 2000)

The heterozygous mutations in HNF/a genes resulted in the dysfunction of beta cells
and progressive hyperglycemia with diabetes that is also associated with diabetic
complications in later age (Kyithar et al., 2011; Velho er al., 1996). It has been
reported that HDL cholesterol was higher in HNFla patients as compared to normal
and type 2 diabetic patients which can be used as a biomarker in the identification of

HNFla MODY (McDonald et al., 2012).

The patients with HNFla mutations respond well to a low dose of sulfonylurea
(Pearson et al., 2000) therefore it was suggested in the studies to change the treatment
pattern from insulin to sulfonylurea (A. Hattersley er al., 2009; Raile er al., 2015).
The use of therapy will also result in low rates of complications as reported in the
literature with optimum glycaemic control (Bacon et al., 2016). The prevalence of
MODY 3 (HNFIla) was reported in the literature from 33% to 65% (Moises er al.,

2001). The quality of life among MODY 3 patients was significantly less affected as

. . - - o 0 ]
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compared to type 1 diabetic patients while it was more affected when compared to
GCK MODY type (Szopa et al., 2019). The HNFIa mutations have been reported
from different countries including Ireland (Kyithar er al., 2011), Turkey (Agladioglu
et al., 2016), Croatia (Pavic et al., 2018). In different studies conducted globally, there
was a majority of the MODY cases have mutations in the GCK gene like in Turkey
(Agladioglu et al., 2016). The MODY 3 (HNFla) was more prevalent in Ukraine as
compared to GCK MODY and other types (Globa et al., 2017). In Tunisia, a study
conducted on 23 subjects reported that the majority of the MODY types prevalent
globally (GCK, HNla, HNF4a) were not present in the Tunisian population (Ben

Khelifa et al., 2018).

The said variant ¢.C169A, p.L57M inHNFla gene identified in a patient diagnosed
with diabetes at 25 years of age having HbAlc 9.2% andBMI 22 kg/m? exhibiting the

features of MODY 3. This variant was novel and not reported before in the literature.

The second identified variant in HNFla gene is the splice donor variant i.e.
¢.526+1G>A in patient M6. The patient developed diabetes at the early age of 17
years with 24.6kg/m®. This variant was already reported in different studies to be

involved in the MODY type 3 (Fu et al., 2020; Habeb et al., 2011).
4.1.2 Variant in KLF11 gene (MODY 7)

One novel variant was identified (c.G401C, p.G134A) in the KLFI] gene in patient
705. The Kruppel like factor 11 is a transcription factor and negatively regulates the
growth of exocrine cells (Neve et al., 2005). These factors belong to the KLF family
and their presence range from flies to humans and played role in the regulation of GC
promoters (Lomberk ef al., 2005). The variants in KLFI] gene are responsible for

MODY 7 (Neve et al., 2005). The KLFI] is involved in insulin secretion as it was
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reported in a study that KLFI] knockout mice showed low serum insulin level as
compared to wild type mice (Bonnefond et al., 2011). In 2005, it was reported as the
causative gene for the MODY (Neve ef al., 2005). The variants in this gene have been
reported from France and Japan in different studies (Lomberk ef al., 2013; Ushijima et

al., 2019).
4.1.3 Variant in BLK gene

The novel variant identified in BLK gene i.e. ¢.G94C, p.D32H in patient P5. This type
is named as MODY 11. The patient having this variant identified was of 24 years,
diabetic and regularly taking oral drugs for hyperglycemia. His fasting c-peptide was
0.62ng/ml. This type was also found in a study from Norway (B. B. Johansson et al.,
2017), India (Doddabelavangala Mruthyunjaya et al., 2017), Poland (Borowiec ef al.,

2009), and Russia (Glotov er al., 2019).

4.1.4 Variant in ABCCS8 gene

The novel variant i.e. c.G814A, p.A272T was identified in ABCCS gene in patient P9.
The type of MODY caused by ABCCS8is called as MODY 12. A study with
bioinformatics assessment showed that patients with 4ABBC8 gene exhibits better
response to sulphonylurea (Song et al., 2017). The variants were also reported from
Turkey (Ozdemir ef al., 2018) and in United Kingdom by (Bowman ef al., 2012). The
south Indian detailed study on 152 clinically diagnosed MODY patients reported that
the ABCCS gene mutated in these cases at the second-highest number after HNFla
(Mohan er al., 2018). Another study from Tunisia also reported three mutations in the
ABCCS gene in 11 suspected patients for MODY (Dallali ef al., 2019). Variants in the
ABCCS8 gene in MODY patients were also identified in a study from Brazil (de

Santana ef al, 2019). The case report mentioned that sulphonylurea and

- - - e
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sodium/glucose co-transporter 2 inhibitors (SGLT2) can be considered as the best

option for the treatment of MODY 12 (ABCC8) cases (Ovsyannikova et al., 2016).

The ABCCS8 gene encodes the SUR1 (sulphonylurea receptor 1) and a component of
the sodium-potassium channel in beta cells of the pancreas. This played a role in
linking the cellular metabolism with the electrical activity of the membrane resulted in
the secretion of insulin. The mutations in this gene cause the dysfunction inactivity of

the sodium-potassium channel (Bowman et al.., 2012).

4.1.5 Variant in HNF1b gene

The novel variant (c.1136T, pS379L) was identified in the HNF1b gene in patient P9.
This type was named as MODY 5. The hepatocyte nuclear factor 1 beta being the
member of transcription factors played a role development of kidneys, pancreas, bile
duct, and liver (Bellanne-Chantelot et al., 2004; Edghill et al., 2006). This MODY 5
type is rare among the MODY types and accounts for almost 2-6% of all diagnosed
MODY (Horikawa et al., 2014). This type was generally reported with dysfunction in
the kidney like renal cysts (Omura et al., 2019). It has been reported that
complications of diabetes, cardiovascular diseases, chronic kidney disease stage 3-4,
and end-stage renal diseases were most common among this type of MODY (Dubois-
Laforgue ef al., 2017). Among all cases of HNF1b, around 40-50% of cases were due
to mutations in the ANFIb gene while others were due to whole gene deletion
(Bellanne-Chantelot et al., 2005; Edghill et al., 2008).The mutations in HNFI1b were
reported from Brazil (Dotto ef al., 2016; Dotto et al., 2019), Korea (Kim et al.. 2014).
Turkey (Ozsu et al., 2018), Japan (Nagano et al., 2019) and Greece (E. B. Tatsi ef al..
2020). The complications also include hypomagnesemia and coronary calcifications

in this type (H. J. Li et al., 2019).
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4.2Variants in other than known MODY genes

4.2.1 Variants in RFX6

Two novel missense variants i.e ¢.G919A, p.E307K, and c.T1212A, p.H404Q were
identified in the RFX6 gene in patients 830 and P68 respectively. The regulatory
factor 6 (RFX 6) gene has been reported to be associated with monogenic diabetes
(Patel et al., 2017). The RFX6 reported being involved in the development of the
endocrine pancreas in humans and mice (Smith ef a/.. 2010; Taleb et al.. 2011). In a
recessive manner, the RFX6 caused Mitchell Riley syndrome which resulted in islet
cell absence, diarrhea (Mitchell er al., 2004). It has been reported that heterozygous
RFX6 variants were associated with MODY in the Finnish population (Patel et al..
2017). The variants from the same gene were reported in a case study from Japan to
be involved in diabetes in pregnancy or early-onset diabetes (Akiba ef al., 2019). A
comprehensive study from India found RF.X6 variants to be found in MODY patients
(Mohan et al., 2018). The dipeptidyl peptidase 4 (DPP4) inhibitors were reported to

show the best results in treatment in this type of MODY (Artuso ef al., 2015).
4.2.2Variant in INSR gene

The novel missense variant ¢.G3957C, p.M13191 was identified in the INSR gene in
patient 43614. The Insulin receptor (INSR) is a member of family tyrosine receptor
kinases consisting of two subunits i.e. alpha subunit and a beta subunit. Its function is
to mediate the action of insulin on target cells. The defect in this gene is responsible
for insulin resistance (Seino et al., 1989; Sesti et al., 2001). The homozygous
recessive mutations in the INSR gene caused the Donhue syndrome characterized by
insulin resistance, coarse facial features, and enlarge genitalia in males while cystic
ovaries in females (Qin er al, 2017). This gene was reported to be involved in

. a— ]
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diabetes in India (Bodhini ef al., 2012) and China (Zhu et al., 2015). This gene had an
association with type 2 diabetes in Iran (Khodaeian e al., 2015) and Bangladesh

(Parvin et al., 2019).

4.2.3 Variants in the WFS1 gene

The two novel heterozygous variants were identified in the WFS/ gene i.e. ¢.G478A,
p.E160K, and ¢.G517A, p.E173K in patient P17. The Wolfram Syndrome (WFS) also
known as Diabetes inspidus (DI), Diabetes mellitus (DM), Optic atrophy (OA), and
deafness (D), collectively called (DIDMOAD). The minimum criteria for this disease
were the onset of diabetes at a young age and optic atrophy(Chaussenot ef al., 2011).
The protein product of this gene is called wolframin(Eiberg ef al., 2006). The wolfram
syndrome can be caused by both heterozygous dominant and homozygous recessive
manner. It has been reported that heterozygous variants in the WFS1 gene were also

responsible for this syndrome (Eiberg et al., 2006; Valero ef al., 2008)

The WFS1 mutations were reported from in Spanish families(Gomez-Zaera er al.,
2001), Italy (Rigoli er al., 2013), French population (Giuliano et al.. 2005). Iran
(Noorian ef al., 2016), United Kingdom (Hardy et al., 1999), Brazil (Gasparin er al.,

2009).

4.3Homozygous recessive variants in WFS1gene by Sanger
sequencing

In this study, two homozygous recessive variants were found in the WFS/ gene. A
novel variant ¢.G2416C:p.A806P identified in patient 96 is not available in Clinvar
with damaging effect prediction. The second variant i.e. C1037T:p.P346L in the

WFESI gene in patient 93 is rare and reported in two studies (Chaussenot ef al., 2011;
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Ganie et al., 2011). The study from Lebanon reported that WFS/ mutations were
found in 5.5% of the case of Juvenile onset diabetes (Zalloua et al., 2008). The cases
of Wolfram syndrome have been reported with various degree of severity in

symptoms appearance (L. Hansen et al., 2005)

The patient having a novel variant (c.G2416C:p.A806P) was examined by the

physician and the clinical features were not indicative of Wolfram syndrome.

4.4 Conclusions

The current study identified a wide spectrum of genetic variants causing MODY in
Pakistan. Globally prevalence of MODY genes in developed countries is not common
in Pakistan. WFS/ variants found in the study suggest the possibility of the gene

involved in the early onset of diabetes in Pakistani patients.

4.5 Recommendations

Large-scale genetic studies on young adult diabetics need to be conducted in the
Pakistani Population to identify the unknown gene variants involved in MODY. New
variant detection will provide an insight into disease diagnosis and will help in the
management of the disease. The diagnosis of the MODY is very important for
appropriate and accurate treatment. The proper and timely diagnosis will ultimately

improve the quality of life in diabetic patients.
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Appendix-I
CONSENT FORM
Project Information:

Name of Project: Application of next-generation sequencing (NGS) in diabetes screening
and Identification of maturity-onset diabetes in young

Name of organization & donor: Pakistan Health Research Council& International Islamic
University, Islambad

Purpose:The purpose is to identify the common variants/mutations in the genes responsible
for MODY in Pakistani families/patients

Methods: Patient will be enrolled for having symptoms of diabetes and onset of age below 25
years Tests like an antibody to glutamic acid decarboxylase (GAD-Ab) by ELISA or fasting
C-peptide shall be performed to rule out type | diabetes.

The DNA will be extracted and exome sequencing will be done.

Possible benefits: The patients will be informed about the gene involved in the disease and
their physicians are also informed.

Financial Considerations: There will be no financial compensation for participation in this
research.

Confidentiality: The information will not be kept confidential and will be used for research
purposes only.

Refusal to participate: if you feel that participating as a respondent in the research will put
you at hazard, you have full authority to refuse to participate or continue at any given time.
Participation is completely voluntary and there is no obligation to answer/respond to any
question, part of a question, or the study asa whole.

Further Information: if you would like to have more information about the study, you can
contact the person/s given below for more information;

Name: Dr. Asif Mir, 051-9019736-2736
Ibrar Rafique, 051-9207386, 0334-9567202
Consent to participate in the study:

I have read/ I have been explained about the study (put the name) with possible hazards and
refusal. I am voluntarily participating in the study without any coercion. | am assured it will
not contradict any provincial or national regulation applicable or civil rights.

Name:

Signature/Thumb Impression of
participant:
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Appendix-I11

Questionnaire

Application of next generation sequencing (NGS) in diabetes screening and

identification of maturity onset diabetes in young

(International [slamic University, Islamabad)

1. Name:

2. Current Age: years

3. Age at Diagnosis years

4,  Gender Male (ID Female (2)

5. Ethnicity Punjab (1)  Sindhi(2}  Pathan (3} Urdu Speaking (4)
Baluch(3) others (specify)} (6)

6.  Place of Residence:

7. Telephone Number:

8.  Education:

INiterate (1), Primary (2), Middle (3). Secondary (4}, Graduation (5)

Post graduation (6) Unknown (7}

9.
10.

Socio Economic Status: (As per income criteria) Low (1) Medium (2) High (3)
Family History Of Diabetes: Yes (1) No (2)

Relation: Yes (1); No (2) Types of Diabetes: Type 1 (1); Type2

(2);Others, (please specify) (3)

I

(N

2)

(3)

{4)

(3)

(6)

Mother

Father

Siblings with Driabetes
Male (n}

Female (n} ___

Grand Parents

Maternal

Paternal

Information On Above ltems Was Provided By
Self {1} Family Member/Relative of Patient (2} Friend of Patient (3) Medical
Records (4)
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CLINICAL INFORMATION

12. Date of First Diagnosis DD MM YY
13. Duration of Diabetes Years months
14, Mode of presentation at the onset:
Osmotic (1) Weight Loss (2) Ketosis (3) Incidental (4) Others (5)
15. Height: ~ cm, Weight  Kg, BMI Waist cm
16. BP: Systolic (mm Hg) Diastolic (mm Hg)
17. Currently treated with insulin or Oral Hypoglycemic Agent? Yes (1) No (2)
18. Time to Insulin Treatment (if currently treated with insulin)

o Not currently treated with insulin
o Within 6 months of diagnosis
o  Over 6 months after diagnosis
19. Complications:
Present (1); Absent (2); Not Known (3) If (1); Specify Treatment
a) Retinopathy

b) Nephropathy

¢) Neuropathy

d) Tuberculosis

e) Sepsis

f) Coronary Artery Disease

g) Stroke

h) Peripheral Vascular Disease

i)  Any others Specify

20. Current Treatment
Insulin
(A) Type
Regular (1) Intermediate Acting (2) Pre-mixed (3) Long Acting
Analogue (4) Short Acting Analogue (5) Pre-mixed Analogue (6)
(B) Regimen
TDS (1) OD(2) BD (3) Multidose (4) Pump (5)
21. Oral hypoglycemic agents (OHA)
Biguanides (1)  Sulphonylureas (2) Glitazones (3) u-Glucosidase inhibitor (4)
Meglitinide analogues (5) DPP IV inhibitor (6) Combination of insulin and OHA
22. Treatment for Other Co-Morbidities (e.g. Hypertension, Dyslipidemia and Coronary
Artery Disease, Autoimmune thyroid disease, Celiac Disease)

Yes (1) No(2) If yes specify

23. Diagnostic tests:
(a) Glycosylated Haemogloblin HbalC(%) ,

e —_ , e —e———_— T = ]
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(b} Urinary C-peptide creatinine ratio(if available):

(c) Fasting C-peptide test:

(d) Glutamte decarboxylase antibody test:
() Fasting (pmol/mt):

e —————
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Appendix-III

Supplementary table 1: Full-text studies excluded from the final
analysis:

S. No | Reasons for exclusion Number of studies
5 No novel variants 39
6 No variants described in 14 46
known MODY genes
7 Reviews 2
Total 87

Reason for exclusion:

S.no Excluded studies Reason

Early Onset of Liver Steatosis in a
JapaneseGirl with Maturity-Onset Diabetes
of theYoung Type 3 (MODY?3)

Nakamura A 2012 No novel variant
PMID: 22672869

Pregnancy Complicated by Maternal MODY
3 andPaternal MODY 2 Diabetes and
Subsequent RapidlyFalling Insulin
Requirement
Mikuscheva 2018
PMID 30356406

No novel variant

Maturity-onset diabetes of the young type 5:a
case report

Bafiares JJ 2011 No variant described

PMID: 22233861

Using highly sensitive C-reactive protein
measurement todiagnose MODY in a family
with suspected type 2 diabetes No variant described
Besser 2012, 22787179

HNF1A gene p.I27L is associated with
earlyonset,maturity-onset diabetes of the
5. young-like diabetes in Turkey Association studies

Beysel S 2019,
PMID: 31109344

GCK-MODY in the US National Monogenic
Diabetes Registry: Frequently Misdiagnosed

6. and Unnecessarily Treated No variant described
Carmody 2016
PMID 27106716
7. Next-generation sequencing No variant described

e ————————— ]
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identifiesmonogenic diabetes in 16% of
patientswith late adolescence/adult-onset
diabetes
selected on a clinical basis: a crosssectional
analysis
Donath, 2019
PMID: 31291970

Hepatocyte nuclear factor 1-alpha mutation
in normal glucose-tolerant subjects and early No novel variant

8. onset type 2diabetic patients
Lim 2008, PMID: 19119252
Diabetic ketoacidosis in the setting of NO novel variant
9. HNF1A-maturity onset diabetes of the young

Egan, PMID: 25837654

First UK survey of paediatric type 2 diabetes
10. and MODY No variant described
Ehtisham 2004, 15155395

Optimal Glycemic Control in a Patient

WithHNF1A MODY With GLP-1 RA

11. Monotherapy: Implications forFuture No variant described
Therapy

Fantasia, 2018, PMID: 31737858

Prevalence of monogenic diabetes amongst
Polish children after a nationwide genetic
screening campaign
W. Fendler 2012, PMID: 22782286

12. No variant described

An evolving spectrum of diabetes in a
13. woman with GCK-MODY No novel variant
Garrahy 2019, PMID: 30608898

Maturity-Onset Diabetes of the Young
Caused by aBalanced Translocation Where
the 20q12 Break PointResults in Disruption
14. Upstream of the Coding Region No variant described
ofHepatocyte Nuclear Factor-4 (HNF4A)

Gene
Anna L. Gloyn 2002, PMID: 12086970

Assessment of Newly Proposed Clinical
Criteria toldentify HNF1A MODY in
15. Patients with an Initial Diagnosis of Type 1 or | No variant described
Type 2 Diabetes Mellitus
Grzanka 2016, PMID: 26942212

Exploring Phenotype-GenotypeCorrelations
Using InterstitialGlucose Results in a Family

16. With aGlucokinase Mutation No variant described
Lunt 2018, PMID: 29944009
Low Frequencies of Autoimmunity-
17. Associated No variant described

PTPN22 Polymorphisms in MODY Patients,
Including Those Transiently Expressing Islet

“
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Cell
Autoantibodies
Heneberg 2015, PMID: 25896041

18.

Assessing the phenotypic effects in the
general population of rare variants in genes
for a dominant mendelian form of diabetes

Flannick2013, PMID: 24097065

No novel variant

19.

Identification of a Locus for Maturity-Onset
Diabetes ofthe Young on Chromosome 8p23
Kim 2004, PMID: 15111509

No variant described

20.

Structural and Functional Study of
theGInB22-Insulin Mutant Responsible
forMaturity-Onset Diabetes of the Young
Kri'z'kova’ 12014, PMID: 25423173

No novel variant

21.

Juvenile-Onset Diabetes and Congenital
Cataract:
“Double-Gene™ Mutations Mimicking
SyndromicDiabetes Presentation
Lenfant 2017, PMID: 29112131

Not relevant

22.

Dysmorphic Features, Frontal Cerebral
Cavernoma, andHyperglycemia in a Girl
with a De Novo Deletion of 7.23 Mb in
Region 7p13 pl12.1
Loépez 2017, PMID: 28387648

Syndromic

23.

Non-penetrance in a MODY 3 family with a
mutation in the hepatic nuclear factor 1a
gene:
implications for predictive testing
Miedzybrodzka, 1999, PMID: 10482964

No novel or causal
variant

24,

Clinical and molecular characterization of
maturity onset-diabetes of the young
causedby hepatocyte nuclear factor-4 alpha
mutation:red flags for prediction of the
diagnosis
Mohamed 2014, PMID: 25266181

No novel variant

25.

Functional Investigations of HNF1Aldentify
Rare Variants as Risk Factors for Type 2
Diabetes in the GeneralPopulation
Najmi 2017, PMID: 27899486

No variant described

26.

Low serum level of high-sensitivity C-
reactive
protein in a Japanese patient with
maturityonsetdiabetes of the young type 3
(MODY3)
Ohki 2014, PMID: 25411618

No novel variant

27.

Maturity Onset Diabetes of the Young due
to Glucokinase, HNF1-A, HNF1-B, and
HNF4-A
Mutations in a Cohort of Turkish

No novel variant
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ChildrenDiagnosed as Type 1 Diabetes
Mellitus
Ozsu, 2018, PMID: 30481753

Heterozygous RFX6 protein truncating
variants areassociated with MODY with

28. No variants described
reduced penetrance

Patel 2017, PMID: 29026101

Maturity Onset Diabetes of the Young is Not
Necessarily Associated with Autosoma
29. Inheritance: Case Description of a De Novo No novel variant
HFN1A Mutation
Salzano 2019, PMID: 31098941

Genetic causes of maturity onset diabetes of
the young may be less prevalent in American
pregnant women recently diagnosed with
diabetes mellitus than in previously studied
European populations
. Sewell 2015, PMID: 25012807

30. No variants described

Digenic heterozygous HNF1A and HNF4A
mutations in two siblings with childhood-

onset diabetes
Shankar 2013, PMID: 23551881

31. No novel variant

A UK nationwide prospective study of
treatment changein MODY': genetic subtype
and clinical characteristics predict
optimalglycaemic control after discontinuing
insulin and metformin
Shepherd 2018, PMID: 30229274

32, No variant described

Can Biomarkers Help Target Maturity-Onset
Diabetes of the Young Genetic Testing
in Antibody-Negative Diabetes?
Majidi 2018, PMID: 29355436

33, No variant described

Expression of mutant mRNA and protein in
pancreatic cells derived from MODY?3- iPS
cells
Yabe 2019, PMID: 31145732

34, No variant described

Novel Presentations of Congenital
Hyperinsulinism due to Mutations in the
MODY genes: HNF1A andHNF4A
Stanescu 2012, PMID: 22802087

35. No novel variant

In silico and in vitro analyses of the

pathological relevance of the R258H

36 mutation

' of hepatocyte nuclear factor 4a identified in

maturity-onset diabetes of the young type 1
Sugawara 2019, PMID: 30325586

No novel variant

Genetic testing for monogenic diabetes using
37. targeted next-generation sequencing in No variant described
_patients with maturity-onset diabetes of

_
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theyoung
Szopa 2015, PMID: 26552609

Systematic Assessment of Etiology in
Adults With a Clinical Diagnosis of Young-
Onset Type 2 Diabetes Is aSuccessful
38. Strategy for IdentifyingMaturity-Onset No novel variant
Diabetes of the Young
THANABALASINGHAM, 2012, PMID:
22432108

Letter to the Editor
Identification of novel and
recurrentglucokinase mutations in Belgian
andLuxembourg maturity onset diabetesof
the young patients
Vits 2006, PMID: 16965331

39. No novel variant

Bilateral Cataracts in a 6-year-old with New
Onset Diabetes: A novel presentation of a
known INS gene mutation
Wasserman, 2016, PMID: 26530398

40. No novel variant

Clinically-Defined Maturity Onset Diabetes
of

41. the Young in OmanisAbsence of the No variants

common Caucasian gene mutations

Woodhouse 2010, PMID: 21509085

Assessing the Pathogenicity, Penetrance,
and Expressivity of Putative Disease-
CausingVariants in a Population Setting
Wright 2019, PMID: 30665703

42. No variants for MODY

Studies of genetic variability of the
hepatocyte nuclear factor- 1a gene in an
43. Indian No pathogenic variants

maturity-onset diabetes of the young family
Yang, 2016, PMID: 27148439

Like-Triple Diabetes as First
Manifestation of MODY?2 in anOverweight

44 Teenager With TransientMultiple Antibodies No variant described
Wedrychowicz 2014, PMID: 24652732
Absence of Islet Autoantibodies
and Modestly Raised GlucoseValues at
45 Diabetes DiagnosisShould Lead to Testing No variant described

for MODY:Lessons From a 5-Year Pediatric
Swedis National Cohort Study
Carlsson 2019, PMID: 31704690

Linkage of maturity-onset diabetes of the
46 young to theglucokinase gene - evidence of
' genetic heterogeneity

Hattersley 1992, PMID: 8449303

No variant described

47 Structure-function studies of HNF1A No novel variant
] (MODY3) gene mutations in South ©van

%
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Indianpatients with monogenic diabetes
Balamurugan 2016, PMID: 26853433

48.

Bioinformatic detection of copy number
variation in HNF4 Acausing maturity onset
diabetes of the young
Berberich 2019, PMID: 31309534

No variant described.

49.

The coexistence of type 1 diabetes, MODY?2
and metabolicsyndrome in a young girl
Calcaterra 2012, PMID: 21688019

No novel variant

50.

Exonic Duplication of the Hepatocyte
Nuclear Factor-1_Gene (Transcription Factor
2, Hepatic) as a Cause ofMaturity Onset
Diabetes of the Young Type S
Carette 2007, PMID: 17440011

No variant described

51

Research: Pregnancy
An Irish National Diabetes in Pregnancy
Audit aiming for best outcomes for women
withdiabetes
Egan 2019, PMID: 30710451

No variant described

52.

From Biology to Genes and BackAgain:
Gene Discovery forMonogenic Forms of
Beta-Cell
Dysfunction in Diabetes
De Franco 2016, PMID: 31479665

Review

53.

Identification of Twelve Novel Mutations in
PatientsWith Classic and Variant Forms of
Maple SyrupUrine Disease
Henneke 2003, PMID: 14517957

No variant for MODY

54.

Molecular background and clinical
characteristics of HNF1A MODYin a Polish
population
Skupien 2008, PMID: 18838325

No novel variant

55.

Whole-exome sequencing for mutation
detection in pediatricdisorders of insulin
secretion: Maturity onset diabetes of
theyoung and congenital hyperinsulinism
Johnson 2017, PMID: 29417725

No novel variant

56.

HNF1la Mutations Are Present in Half of
Clinically Defined MODYPatients in South-
Brazilian Individuals
MARASCHIN 2008, PMID: 19169489

No novel variant

57.

A case of Type-1 diabetes mellitus formerly
diagnosed asmaturity-onset diabetes of the
young (MODY) carryingsuggestive MODY 3
gene
Miura 1997, PMID: 9483378

No variant described

58.

An analysis of the sequence of the BAD
geneamong patients with maturity-onset
diabetes

Not relevant gene

“
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Antosik 2017, PMID: 27935851

59.

A Common Haplotype for the 677T
Thermolabile
Variant of the 5,10-
MethylenetetrahydrofolateReductase Gene in
Thrombophilic Patients and
Controls
Linnebank 2002, PMID: 12442281

No relevant variant

60.

High Prevalence of Rare Monogenic Forms
of Obesityin Obese Guadeloupean Afro-
Caribbean Children
Foucan 2018, PMID: 29216354

No relevant variant
described

61.

Monogenic diabetes prevalence among
Polish children—Summary of 11 years-long
nationwide geneti screeningprogram
Matachowska 2018, PMID: 28436179

No variant described

62.

Onset of type 1 diabetes mellitus in two
patients with maturity onset diabetesof the
young
Maltoni G, 2012, PMID: 21696527

Not relevant

63.

GCK-MODY diabetes as a protein
misfolding disease: The mutationR275C
promotes protein misfolding, self-association

and cellulardegradation
Negahdar M 2014, PMID: 24001579

No novel variant

64.

Meglitinide Analogues in Adolescent
Patients WithHNF1A-MODY (MODY 3)
Marianne Becker 2013, PMID: 24567025

No variant described

65.

High prevalence of glucokinase mutations in
italian children with MODY'. Influence on
glucose tolerance, first phase insulin
response, insulin sensitivity and BMI
Massa 2001, PMID: 11508276

No novel variant

66.

Case Report
An infant with combination gene mutations
for
Monogenic Diabetes of Youth (MODY) 2
and
4, presenting with Diabetes Mellitus
Requiring
Insulin (DMRI) at 8 months of age
Odem 2009, PMID: 19515026

No novel variant

67.

A description of clinician reported diagnosis
of type 2 diabetes and other non-type 1
diabete included in a large
internationalmulticentered pediatric diabetes
registry (SWEET)

Pacaud 2016, PMID: 27748026

No variant described

68.

Short Report: Epidemiology

No novel variant

- - 0 o—_
e |
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Substantial proportion of MODY among
multiplexfamilies participating in a Type
diabetes prediction
Petruzelkova 2015, PMID: 26641800

69.

Prevalence of
Maturity-OnsetDiabetes of theYoung
Mutations inBrazilian FamiliesWith
Autosomal-Dominant Early-Onset Type
2Diabetes
Moises 2001, PMID: 11315851

No novel variant

70.

Dimerization defective MODY mutations of
hepatocyte nuclear factor 4a
Singh, 2019, PMID: 30648609

No variant described

71.

Screening of mutations in the GCK gene in
Jordanian maturity-onset diabetes of the
young type 2 (MODY?2) patients
Khalil, 2009, PMID: 19551638

No variant described

72.

Etiology of Early-Onset Type 2 Diabetes in
Indians: IsletAutoimmunity and Mutations in
Hepatocyte NuclearFactor 1 and
Mitochondrial Gene
Ravi 2007, PMID: 17440016

No novel variant

73.

Phenotype, genotype and glycaemic
variability in peoplewith activating mutations
in the ABCCS gene response toappropriate
therapy
Reilly 2019, PMID: 31562829

No variant described

74.

Diagnostic screening of
NEURODI(MODY®6) in subjects
with MODY or gestational diabetes mellitus
Sagen 2005, PMID: 16026366

No novel variant

75.

A Prevalent Amino Acid Polymorphism at
Codon 98 (Ala98Val) of the Hepatocyte
Nuclear Factor-1 Is Associated With
Maturity-Onset Diabetes of the Young and
Younger Age at Onset of Type 2 Diabetes
Younger Age at Onset of Type Diabetes in
Asian Indians
ANURADHA 2005, PMID: 16186275

No variant described

76.

Minigene splicing assessment of 20 novel
synonymous andintronic glucokinase gene
variants identified in patients
withmaturity-onset diabetes of the young
Tiulpakov 2019, PMID: 31529753

No variant described

77.

The unique clinical spectrum of maturity
onsetdiabetes of the young type 3
Lebenthal 2017, PMID: 29107759

No novel variant

78.

Hepatocyte Nuclear Factor-1 _ Gene
Inactivation:

No novel variant
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Cosegregation between Liver Adenomatosis
and
Diabetes Phenotypes in Two Maturity-Onset
Diabetes ofthe Young (MODY)3 Families
REZNIK 2004, PMID: 15001650

79.

Hepatocyte nuclear factor-a genetic mutation
ina
Chinese pedigree with maturity-onset
diabetes of
the young (MODY?3)
Zhang 2015, PMID: 26436572

No novel variant

80.

Mutation screening of the hepatocyte nuclear
factor(HNF)-6 gene in Japanese subjects with
diabetes mellitus
Zhu 2001, PMID: 11323086

No variant described

81.

Heterozygous lys169Glu mutation of
glucokinase gene in a Chinese family having
glucokinas maturity-onset diabetes of the
young (GCK-MODY)

Zhou 2019, PMID: 31571622

No novel variant

R2.

Variation in Maturity-Onset Diabetes of the
Young Genes Influence Response to
Interventions for Diabetes Prevention

Billings 2017, PMID: 28453780

No variants described

83.

Molecular diagnosis of maturity onset
diabetes of the young in India
Nair 2013, PMID: 23869298

Review

84.

Familial early-onset diabetes is not a typical
MODY in several Tunisian patients.
Amara 2012, PMID: 23247789

No novel variant

85.

Davis TM, Makepeace AE, Ellard S,
Colclough K, Peters K, The prevalence of
monogenic diabetes in Australia: the
Fremantle Diabetes Study Phase II.
Davis 2017, PMID: 29020906

No novel variant

86.

Glucokinase diabetes in 103 families from a
country-based study in the Czech Republic:
geographically restricted distribution of two
prevalent GCK mutations.
Pruhova2010,PMID: 20337973

No novel variant

87.

Prevalence of diabetes in Australia: insights
from the Fremantle Diabetes Study Phase II.
Davis 2018, PMID: 29512259

No novel variant
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Appendix-IV
Supplementary table 2:List of causal variants for MODY identified

through literature review

Accession
number Gn Pub.
S, Nucleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
NM_00135480
0.1 (Papadimit
p.Argi03Lle Greec 2010
1. GCK | ¢.903G>T NP_00134172 | NA LP s tiou ¢ af.,
u e
9.1 2015)
(25921421)
(Milenkov
p.Arg250Cy | NP _000153.1 200
2. GCK | ¢.748C>T NA | Serbkia | VUS icefal .
s {17204055) 6
2008)
NP_000133.1
3. CGCK | c.182G>A n.Toll NA | Spain | VUS
(8433729)
4. GCK | ¢358C>T p-A120T 9 NA | Spain | VUS
5. GCK | ¢.238delT | M238fsdelT | NP_000153.1 | NA | Spain - 200 | (Costaer
c.226dehi | V226fsdelTi 0 al., 2000)
6. GCK NP _000153.1 | NA | Spain -
nsAA nsAA
¢.intrond|
7. GCK S418-7dell] | NP_000153.1 | NA | Spain -
8-7dell1
NP_000153.1 201 (Mota er
8. GCK | ¢76C>T, | p.Gin26Ter NA | Brazil | VUS
(11508276) 3 al, 2013)
c.1012G> NP_0001353.1 Turke
9. GCK p-Q338X - NA P
A (26226118) y
€. 755G > NP_0001353.1 Turke 201 (Anik ef
10. | GCK p.C2528 NA vus
C (26226118) y 3 al., 2015)
NP _000153.1 Turke
1. | GCK | ¢257T>C | p.ValB6Ala - NA VUS
(26226118) y
NM_00135480
201 (Aloi er
12, | GCK | c43A>T p.Lys15* 0.1 NA | ltaly P
7 al [ 2017)
NP 00134172

e —
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Accession
number Gn Pub.
S, Nucleotid Pratein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
2.1
(23771925)
NM_0D0135480
c.579G>T 0.1
13. | GCK p.Gly183Gly NA | ltaly | VUS
NP_00134172
9.1
c.505A>G
14. | GCK p.Lys169Glu | NP_000153.1 | NA | laly | VUS
NM_00135480
¢.580- 0.1
5. | GCK - NA | ltaly -
3C=A NP_00134172
9.1
C. p.Vall99Me
16. | GCK NP_00C153.1 | NA | laly | vUS
395G>A t
17. ) GCK | ¢944T>C | p.Leu315Pro | NP_000153.1 | NA | Mhaly LP
¢.1229G>
18. | GCK T p.Glyd10val | NP_00O153.1 | NA | lualy LP
c. 1103 11
- p.Arg368{s2
19. | GCK | 22_dell19 7 NP 000153.1 | NA | laly -
nt_
¢.1322
20. | GCK p.SerddlLeu | NP_000153.1 | NA | haly LP
C>T -
NM_(0135480
c.1226del | p.D40SVIEX 0.1 Canad 201 | (Brahm e/
21. | GCK NA
A 21 NP 00134172 a 6 al., 2016)
9.1
c.880 891
delinsCA NM_00135480
_ | TGGCGA | p.Gly294His 0.1 Argen 200 | (Lopez er
22, | GCK NA
GCTGGT | fs5Terl79) NP_00134172 tina 6 al., 2016)
GT 9.1
p.Gly299Ar [ NM_ 00135480 Argen
23. | GCK | ¢©.895G>C NA LP
g 0.1 tina
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Accession
number Gn Pub.
S. Nueleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No € pusition position try | rvar
number from | freq r
HGMD)
NP 00134172
9.1
(1303265)
NP _000153.1 Turke
24. | GCK | ¢.260T>C | p.Val86Ala NA VUS
(26226118) y
NM_ 00135480
p-His105Thr 0.1 Turke
25. | GCK | ¢.313delC NA
fsX 11 NP_00134172 ¥y
9.1
Turke
26. | GCK [ ¢.349G>A | p.Glyl178er | NP_000153.1 | NA VUs
hJ
NP _000153.1 Turke
27. | GCK | c387C>A | p.Cysi29Xx NA P
{11508276) ¥y
NM_00135480
p.Ser131Pro 0.1 Turke
28. | GCK | c.390delC NA
X9 NP_00134172 y
9.1
NM_00135480
_0 201 (Aykut e
A
Turke 8 al , 2018)
29. | GCK | ¢475A>G | pllel59Val | NP_00134172 | NA vUus
8.1 Y
(21978167)
NM (0135480
0.1 Turke
30, | GCK | ¢AT8G>C | p.Aspl60His NA LP
NP 00134172 y
9.1
NM_00135480
0.1 Turke
31 | GCK | ¢.512T>C | p.Phel71Ser NA vuUs
NP_0Q134172 y
9.1
NM_00135480
¢.686delG | p.Gly229Afs 0.1 Turke
32. | GCK NA
X65 NP 00134172 y
9.1

e —
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No

Gene

Mucleotid

€ position

Protein

position

Accession
number
(PMID

number from

HCMD)

Gn
om

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

33

GCK

c.713T>C

p-Met238Th

r

NM_00135480
0.1
NP_00134172
9.1

NA

Turke

vUS

34.

GCK

c.819T
>G

p. Ty1273X

NM_00135480
0.1
NP_00134172
9.1

NA

Turke

LP

3s.

GCK

c.841T>G

p.Ser281Ala

NM 00135480
0.1

NP 00134172
9.1

NA

Turke

VUS

36.

GCK

¢.950A>C

p.His317Pro

NM_00135480
0.1
NP_00134172
9.1

NA

Turke

Lp

31

GCK

c.1055T>
C

p.Leul52Pro

NM_00135480
0.1
NP_00134172
9.1

NA

Turke

VUS

38.

GCK

¢.1179_11
92delGC
GCGAG
AGCCGC
A

p.Glu395Gly
fs¥59

NM_00135480

0.1
NP_00134172
9.1

NA

Turke

39,

GCK

c. 1222G>
T

p-Vald408Leu

NM_00135480
0.1
NP_00134172
9.1

NA

Turke

VUS

40.

GCK

c.1256T>

p.Pfe419Cys

NM_ 00135480

0.1
NP_00£34172
9.1
(19790256)

NA

Turke

VUS

S e —
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No

Gene

Nucleotid

e pasition

Protein

position

Accession
number
(PMID

number from
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.
Yea

Reference

4],

GCK

¢.1391_13
92delGC

?

NA

Turke

42.

GCK

[VS8+1de
IG

2.51709_517
09delG

NA

Turke

43,

GCK

c.208+3A
=T

NM 00135480
0.1
NP_00134172
9.1

NA

Turke

44.

GCK

¢.729delG

p.Val2ddTmp
fsTer50

NM 00115480
0.1
NP_00134172
9.1

NA

Czech
Repub

lic

201

{Bazalova
et al.,
20100

45,

GCK

c.1268T>

p.Phed23Tyr

NM_00135480
Q.1
NP_00134172
g.1

(19790256)

NA

Portu

gal

LP

201

{Almeida
etal

2014)

46.

GCK

¢.718A>G

p.Asn240As
p

NM_00135480
0.1
NP 00134172
9.1
(24735133)

NA

ltaly

vuUs

47,

GCK

c.751G>T

p.Val253Phe

NM_ 00135480
0.1
NP_00134172
9.1
(24735133}

NA

ltaly

LP

201

48.

GCK

c.372A>C

p-Lys29EThr

NM_0¢135480
0.1
NP_00134172
9.1
(24735133

NA

[taly

VUS

49

GCK

¢c.1151C>
T

p-Ala384Val

NM_0013548
0.1

NA

{taly

Vus

{Costantin
ietal,

2015)
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No

Gene

Nucleotid

e position

Protein

position

Accession
numbey
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

NP_00134172
9.1
(24735133)

50.

GCK

c.175C>T

p.Pro59Ser

NM_00135480
0.1
NP_00134172
9.1
(22060211)

NA

Ltaly

LP

5l.

GCK

¢.49G>T

p.Glul7X

NM_00135430
0.1
NP_00134172
9.1
(22335469)

NA

lealy

52,

GCK

c.1114G>
T

p.Glu372X

NM_00135430
0.1
NP_00134172
9.4
(22335469)

NA

ltaly

201

{Delvecchi
oetal,
2013

53

GCK

c.118G>A

p.GludOLys

NP_000153.1
(12627330)

NA

Czech
Repub

lic

LP

54,

GCK

¢.944T>A

p.Leu3I5His

NP_000153.1
(17204055)

NA

Czech
Repub

lic

LP

55.

GCK

¢.952G>A

p.Gly318Ar
g

NP_000153.]
(12627330)

NA

Czech
Repub

lic

LP

56.

GCK

c.98T>C

p.Val33Ala

NP_000153.1
(18271687)

NA

Czech
Repub

lic

Lp

201

(P.
Dusatkova
ered,
2012)

57.

GCK

¢.605T>C

p.Met202Th

r

NP_000153.1
(17937063)

NA

[srael

58.

GCK

c.616A>C

p.T206P

NP_000153.1

NA

Israel

LP

200

{Stern ef
at., 2007)

e —
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
(17937063)
(E. B.
c.1113C> Greec 202
59. | CCK A p.Cys371X | NP_000153.1 0 Tatsi et
€
al , 2020)
NM_00135480
p-Met2027h 0.1
60. [ GCK | c.6053T>C r NP 00134172 | NA | Spain | LP
2.1
{Estalella
(17937063) 200
el af.,
NM_00133480 7
2007)
0.1
¢.1258A>
6l. | GCK G pLys420Glu | NP_00134172 | NA | Spain | VUS
9.1
(17573900}
(F. M.
96_98del 201 | Giuffrida
62. | GCK p.Lys32del NP_00Q0153.1 | NA | Brazil
AAG, 3 et al.,
2013)
(F. M.
Gruffrida
NM_00135480 et al ,
0.1 201 2013 F.
63, | GCK | ¢.533G>C | p.Gly178Ala NA | Brazil | LP
NP 00134172 7 M. A,
9.1 Giuffrida
et al,
2017y
NM_00135480
A
64. | GCK | ¢.227C>G | p.Ser76Cys | NP_00134172 | NA | Israel | VUS
9.1 201 | (Gozlan et
(2197816M) 2 al, 2012)
NM_00135480
65. | GCK | c.455T>C | p.Phel52Ser 0.1 NA | lsrael | VUS
NP 00134172

L ___ __ ____ __ ..
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No

Gene

Nueleotid

¢ position

Protein

position

Accession
number
(PMID
number from

HGMD)

om

freq

Coun

try

Inte

rvar

FPub.

Yea

Reference

91
(21978167)

66.

GCK

c476T>A

p.lle!59Asn

NM_00135480
04
NP_00134172
9.0
(21978167)

NA

[srael

VUS

67.

GCK

¢c.499T=>C

p. Trpl67Arg

NM_00135480
01
NP_00134172
9.1
(21978167)

NA

israel

vus

68.

¢.532G>T

p.Glyl78Trp

NM_060135480
0.1
NP_00134172
9t
(21978167)

NA

[srael

LP

69.

GCK

¢.820G>C

p.Asp274His

NM 00135480

0.1
NP_00134172
91
(21978167)

NA

Israel

vUS

10.

GCK

¢.567 568
insTATC

p.Lys190fst
97X

NM_00135480
0.t

NP _00134172
9.1

NA

Israel

71.

GCK

p.Gly30Ser

NP_006153.1
(10694920)

NA

ltaly

c.661G>A

p.Giu221Lys

NP_000153.1
(10694920)

NA

Italy

73.

p.Gly227Cy

S

NP_000153.1
(10694920)

NA

italy

199

{Guazzint
el al.,
1998}

74.

¢.579+1G
>

NM_00135480
0

NA

Norw

ay

201

(Irgens et

ad’.,ZOI3)J

. ]
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No

Gene

Nucleotid

€ position

Protein

position

Accession
number
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

NP_00134172
.1

73.

GCK

€.556C>G

p.Argl86GlI
y

NM_00133480
0.l
NP 00134172
9]
(24097065)

NA

Norw

ay

vus

76.

GCK

c.227C>A

p.Ser76Tyr

NM_00135480
0.1
NP 00134172
9.1
(21978167)

NA

Norw

ay

Vus

77.

GCK

¢. 1175G>
C

p.Arg392Pro

NM_00135480

0.1
NP_00134172
9.1
(24097065)

NA

Norw

ay

LP

78.

GCK

c.629T>A

p-Met210Ly

3

NM_00135480

0.1

NP 00134172
9.1

(11372010)

NA

Norw

ay

LP

79.

GCK

c.697T>C

p.Cys233Ar
g

NM_00135480
0.1
NP_00134173
8.1
(17573900)

NA

Norw

ay

vus

80.

GCK

c.579+1G
>C

NM_00135480
[}
NP_00134172
9.1

NA

Norw

ay

81.

GCK

c.766G>A

p.Glu256Lys

NM_00135480

0.1
NP 00134172

NA

Norw

ay

LP

- . - _____ . |
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No

Gene

Nucleotid

€ position

Protein

position

Accession
number
(PMID

number from
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.
Yea

Reference

9.1
(8446612)

82,

GCK

¢.706G>A

p.Glu237Lys

NP_000153.1
(15305805)

NA

Canad

83,

GCK

cO71IT>C

p.Leu324Pro

NP_000153.1
{15305805)

NA

Canad

84.

GCK

IVS3 -
8G>A

?

NA

Canad

(.
McKinney
eral.,
2003; J. L.
McKinney
et al |

2004)

85.

GCK

¢.349G>C

p.GI17R

NM_00135480

0.1
NP 00134172
9.1

NA

USA

86,

GCK

¢.397T>C

p.F133L

NM_00135480
0.1
NP _G0134172
9.1
(25555642)

NA

USA

vuUs

87

GCK

¢.601G>C

p.A201P

NM_00135480

0.1
NP_00]134172
2.1
(25555642)

NA

USA

LP

88.

GCK

c.883G>T

p.G295C

NM_00135480
0.1

NP_00134172
9.1
(25555642)

NA

USA

LP

89.

GCK

c.951delC

p.H317Qfs*
36

NM_0035480
0l

NP_00134172
9.1
(25555642)

NA

usa

940,

GCK

c.1113C>

p.C371*

NM_00135480

NA

Usa

201 | (Bennett o/
5 al., 201%)
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Accession
number Go Pub,
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq T
HGMD)
A 0.1
NP_00134172
9.1
NM 00135480
0.l
c.1268T>
91. | GCK c p.F423S NP 00134172 | NA | USA | VUS
9.1
(25555642)
NP_000153.1
92. | GCK | ¢A64G>C | p.Arg)55Thr NA | Spain
(19410318)
NP_000133.1
93. [ GCK | c764C>T | p.Thr2551le NA | Spain
(19410318)
NP_000153.1
94, | GCK | c995C>A | p.Thr332Lys NA | Spain
(19410318} 200 | (Solera et
NP_000153.1 9 al , 2009)
95. | GCK p.His424Y Spain
(19410318)
NP_000153.1
96. | GCK p.Argad9Ser Spain
{19410318)
97. | GCK p. Tyr289X NP_0001353.1 Spain
98, | GCK p-Lysl43del | NP_000153.1 Spain
NP_000153.1 South 200 } (Hwang e
99. | GCK | ¢371C>T | p.Argl9lTrp )
{10753050) Korea 6 al., 2006)
NM_00]35480
.1
Denm
100.| GCK | ¢ 24G>A p.Met8lle NP 00134172 X vus
ar|
9.1
{15928245)
(Johansen
NM_00135480 200
et al,
0.1 5
Denm 2005}
101,] GCK | ¢.365T>C | p.Lenl22Pro | NP_00134172 X VUS
ark
9.1
(15928245)
NM_00135480 Denm
102.| GCK | ¢.533G>A | p.Glyl78Glu o1 NA ‘ LP
0.1 ar

e ..___ _— .. ___ __ . - _ " . __ . ____]
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number rom | freq r
HGMD)
NP 00134172
9.1
(15928245)
NM_00135480
0.l
p.Thr206Me Denm
103.] GCK | c.617C>=T NP Q0134172 | NA . vUs§
t ar
9.1
(11508276)
NM_00135430
€. 1019+1 [N} Denm
104 | GCK - NA
G>A NP Q0134172 ark
9.1
NM 00135480
[N}
c.1183G> Denm
105.| GCK p.Glu395Ter | NP 00134172 | NA p
T ark
9.1
(15928245)
c.1210-
NP_000153.1 Denm
106.] GCK | 1211delA
ark
T
NP_000153.1 Franc
107.| GCK p-Argl86X -
(1360036} ¢
397
687
052
NP_000153.1 Franc
108.} GCK | ¢.626C>T | p.Ala209Val 104
(8168652) 957 ¢ 199 [ (Hagerer
4 al., 1994)
E-
06
NP_000153.1 Franc
109.| GCK p.Gly261Glu -
(8168652) e
nel Gex ArgI6T NP_000153.1 Franc
. p.AT
® (3168652) e
11| GCK | ¢.835_836 { p.Glu236Ala | NP_000153.1 Japan 200 | (Kawakita

o ——
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No

Gene

Nucleotid

€ position

Protein

position

Accession
number
(PMID
number from
HGMD)

om

freg

Coun

try

Inte

rvar

Pub.
Yea

Reference

del

NM_001335480
0.1
(24804978)

112,

GCK

c.864-
ZA>(

NM_00135480

0.l
NP_00134172
9.

Japan

113,

GCK

¢.538A>C

p-Asnl80His

NM_00135480

0t
NP_00134172
9.0
(24804978)

Japan

vus

114,

GCK

c.635_637
del

p.Ser2 | 2del

NM _00135480

0.1
NP_00134172
9.1

Japan

FLS.

GCK

¢ 1055T>
G

p.Leu352Ar
g

NM 00135480

0.1
NP_00134172
9.1
(24804978)

NA

Japan

vUS

116.

GCK

c.707A>C

p.Glu236Ala

NM_00135480
0.1
NP_00134172
9.1
(24804978)

NA

Japan

vUS

117.

GCK

c.1144.
1 149dup

p.C382_538
Jdup

NP_000153. 1

NA

Japan

4 et al,

2014)

118.

GCK

32insC(33

Jintron3

NA

Germ

any

119,

3%insC(40

Jintron3

NA

Germ

any

120.

c.364C>A

p.Leul22lle

NP _000153.1
(15216446)

Germ

any

LP

(Knebel er
al., 2004)

e —————————————
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Accession
number Gn Pub,
S. Nucheotid Protein Coun | Inte
Gene (PMIED om Yea | Reference
No € position position try rvar
number from | freq r
HCMD)
NP_000153.1 Swed
121.| GCK | ¢.72G>R
(10447526) en
IVE3 + Swed
122.| GCK ?
1G> A en
IVS3 £2A Swed 199 | (Lehto et
123.| GCK ?
>G en 9 al., 1999)
NM_00135480
133dupY | p.Leud45Prof 0.1 Swed
124, GCK
125-D132 sTer? NP 00134172 en
9.1
NM_00135480
0.1 (Weinert
¢.1093G> | p.Asp3635As ] 201
125.| GCK NP 00134172 | NA | Brazil | VUS 4 et ai.,
A n
9.1 2014)
(25174781)
NM_ 00135480
0.1
126.| GCK | ¢.242G>A | p.Gly8lAsp | NP_00134172 | NA | Brazil | VUS
9.1
(20132997)
NM_00135480
0.1
127.| GCK | ¢.757G>C | p.Val253Les | NP_00134172 | NA | Brazil [ LP
9.0
(25174781
NP _000153.1 )
128.| GCK | ¢.571C>T | p.Argl91Trp - NA | Brazil | VUS (Caetano
(10753050) 201
el ul.,
NP_000153.1 2
129.] GCK | c.661G>A | p.Glu22ILys - NA | Brazil | LP 2012)
(10694920)
130.] GCK | c.584T>C | p.Phel958er | NP_000153.1 | NA | China
3.97 i
201 | (Liv eral.,
p.Met21 [ Th 674
131.] GCK | ¢.632T>C NP_000153.1 China 8 2018)
r 400
108

e S —
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {(PMID om Yea | Reference
No € position position try | rvar
number from | freq r
HGMD)
167
E-
06
p.Val222As
132} GCK | ¢.665T>A NP _000153.1 | NA | China
P
133, GCK | e 707A>G | p.Glu236Gly | NP 000153.1 | NA | China
¢.1373A> | p.Lysd458Ar
134.| GCK NP 000153.1 | NA | China
G g
c.dé-
(Loomba-
15_46-
201 Albrecht
135.] GCK 11del 7 NA | USA
0 et al.,
nsGGGA
2010)
GGG
NM_00135480
c45+1G>
0.1 Mace 201 | (Kocova et
136.| GCK A NA
NP 00134172 donia 7 al., 2017)
9.1
p.Gly299Cy | NP_000153.] 199 ; (Stoffel e
137.| GCK | ¢.895G>T NA UK
s (1303265) 2 al., 1992)
NM_00135480
0.1
p.Lysl6lAs
138, GCK | ¢.483G>C NP 00134172 | NA | ltaly | VUS
n
9.1
(12955723)
NM_00135480
p.Phel?lLe 0.1 {Mantovan
139.]| GCK | ¢.511T>C NA | Ttaly | VUS | 200
u NP_00134172 . iefal,
3
9.1 2003)
NM_00135480
0.1
140.[ GCK | c.682A>G | p.Thr228Ala | NP_00134172 | NA | laly LP
9.1
(12955723
ML | GCK | ¢.683C>G | p.Thr228Arg | NM_00135480 | NA | Traly LP

Molecular characterization of genes associated with MODY

Page 164




Appendices

No

Gene

Nucleotid

€ position

Protein

position

Accession
number
(PMID

number from
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

0.1
NP_00]34172
9.1
(12955723)

142.

GCK

¢.772G>T

p.Gly258Cy

5

NM_00135480
01
NP_00134172
9.1
(12955723)

NA

Italy

vUS

143.

GCK

c.1148C>
A

p.Ser383Ter

NM_00135480
0.1
NP 00134172
9.1
(12955723)

ltaly

144,

GCK

C.1253+]
G>T

NM 00135480
0.1
NP_00134172
9.1

italy

145.

GCK

c.1298_13
09del12

p.Serd33_lle
436del

NP_000153.1

laly

146.

GCK

c.48_50de
[AGA,

p-Glul7del

NM_00135480
0.1
NP_00134172
9.1

Ltaly

VECL

201

(Del

hio
ef

al,

201
7)

147,

GCK

¢.167A>G

p.Lys56Arg

NM_00135480
0.1

NP _00134172
9.1

ltaly

VUS

148.

GCK

c.208+1G

NM_00135480

italy
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S, Nucleotid
Gene )
No e position

Protein

position

Accession
number
(PMID
number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea

Relerence

>T

0.1
NP_00134]172
9.1

149, | GCK | c.457C>T

p.Pro133Ser

NM_00135480
0.1
NP_00134172
9.1

ltaly

LP

150.] GCK | c.466C>A

p.His156Asn

NM_00135480
0.1
NP_00134172
9.0

Italy

LP

151.1 GCK | c475A>T

p.lle159Phe

NM_00135430
0.1

NP 00134172
9.1

Italy

YUSs

152.| GCK | c.685G>T

p.G1y229Cy

5

NM_00135480
0.1
NP_00134172
9.1

ltaly

VUus

153.| GCK | c.688T>G

p.Cys230GlI
y

NM_00133480

0.1
NP_00134172
9.1

ltaly

LP

154, | GCK | ¢.763A>C

p.Thr255Pro

NM_00135480

0.1
NP_00134172
9.0

baly

YUus

¢.778 777
delGCC

155.1 GCK

p-Ala259del

NP_000153.1

NA

[taly

156.| GCK | ¢.859C>T

P
GIn287Ter

NM_00135480
0.1

NP_00134172
9.1

fraly

157.| GCK | ¢925C>G

p.Leu309val

NM_00135480

NA

laly

VUS

e e,
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Aceession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
0.1
NP_00134172
9.1
c.960 970
158.] GCK d_l p-Ala320del { NP_000153.1 | NA | ltaly
e
NM_00135480
¢.1019G> 0.1
159.| GCK p.Ser3d0Asn NA | lwaaly | VUS
A NP 00134172
2.1
NM_00135430
c.1180C> 0.§
160.1 GCK p.ArglodSer ltaly | VUS
A NP 00134172
9.1
c.1182ins
161.| GCK A p.Arg3%ins | NP_000153.1 laly
NM_00135480
c.1222G> | p.Val408Me 0.1
162.| GCK ftaly ; VUS
A t NP_00134172
9.1
c.1228C> | p.Gly410Ar
163.| GCK NP_000153.1 taly | VUS
G g
NM_00135480
c.1310C> 0.1
164.! GCK p.Thra37Tlle ltaly | VUS
T NP_00134172
9.1
NM_00135480
c.1318G> 0.1
165.1 GCK p.GluddOLys lealy | VUS
A NP_00134172
9.1
¢.1332_13 | p.Glydd4deli
166. GCK - NP_000153.1 ltaly
33dupGC, n§ -
(Henderso
p.Val226Me | NP_000153.1 Canad 200
167.| GCK | c.676G>A LP netal,
f (9049484) a 7
2007)

e ————————————
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
(Henderso
nefal,
NP_000153.1 Norw 199
168.| GCK | c.185T>C | p.Valé2Ala LP 3007,
(9736233) ay 8 .
Njolstad er
al., 1998)
€.509G > NP 000153.] Portu 201 | {(Afonso e
169.| GCK p.Glyl170Val LP
T {25372588) gal 4 al,, 2014)
{Plengvidh
NP 000153.1 Thaila 200
170, GCK | c.980G=A | p.Arg327His yaet al,
(18811724) nd 9
2009)
NM_00135480
Czech
c.208+1G 0.1
17V, GCK Repub
=A NP_00134172
lic
9.1
NM_00135480
0.1 Czech
172.] GCK | ¢.242G>A | p.GlyBlAsp | NP_00134172 Repub | VUS
9.1 lic
(20132997}
NM_001335480
N1 Czech
€.370G>A | p.Aspl24As {Pruhova
173.| GCK NP_00134172 Repub | LP | 201
. n et al.,
9.1 lic 0
2010)
{19790256)
NM_00135480
o1 Czech
174.| GCK | ¢.540de)T | p.Asn180fs — Repub
NP 00134172
lic
9.1
NM 00135489
Czech
¢.579+1G 0.1
175, GCK NA | Repub
>T NP 00134172
lic
9.1
c.026C~A NM_00135480 Czech
176.] GCK p.Thr209Lys YUsS
) 0.1 Repub

 ___ __ ______ __ __ . __ _____ . _____ ______ ____ __ __ ______ __ ___ . ____________ ______
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Accession
number Gn Pub.
S, Nucleotid Protein Coun | Inte
Gene {(PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HCMD)
NP 00134172 lic
9.1
(20337973)
NM 00135480
ol Czech
c.677T>A
177.| GCK p.Val226Glu | NP_00134172 Repub | LP
’ 9.1 lic
(20337973)
NM_ 00135480
Czech
¢.730delG 0.1
178.1 GCK p.Val244fs Repub
. NP_00134172
li¢
9.1
NM_00135480
c.B29 o1 Czech
179.| GCK | 830delins | p.Val277Arg - Repub
NP (0134172
AG, lic
9.1
NM 00135480
0.1 Czech
¢.864-
180, GCK NP 00134172 Repub
1G>C
9.1 lic
{20337973)
NM_ 00135480
c.1153G> 0.1 Czech
181.| GCK T p.Gly385Trp | NP_00134172 Repub | LP
9.1 lic
(20337973)
c.1233
Czech
1238delCi
182.| GCK p.Vald12fs | NP_000153.1 Repub
nsACCC .
lic
CA,
NM 00135480
c.1334G> Czech
p.Gludd2sto 0.1
183.| GCK T Repub | VUS
p NP 00134172 ,
o1 lic

L . . .
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No

Gene

Nucleotid

e position

Protein

position

Accession
number
(PMID
number from
HGMD)

om

freq

Coun

try

Pub.
Yea

Inte
Reference

rvar

(20337973)

184,

GCK

p. Leu77Arg

NP_000153.1
(27185633)

China

201 (Q.Liet
6 al., 2016)

185.

GCK

c.323A>G

p.Tyr108Cys

NM_00135480

0.1
NP_00134172
9.1
(12050210)

Spain

VUS

186,

GCK

c.563CA
+564T>A,

[83A>E

NM_00135480
0.1
NP_00134172
9.1

Spain

LP

200 | (Barrio et

187.

GCK

¢.755G>A

p.Cys252Tyr

NM_00135480
0.1
NP_ 00134172
9.t
(12050210}

Spain

[ 3]

al., 2002)

VUS

188.

GCK

¢c.893T>A

p.Met298Ly

s

NM_00135480
0.t
NP_00134172
9.1
(12050210)

Spain

vuUSs

189.

GCK

¢.1106G>
C

p.Arg369Pro

NM_00135480
0.1
NP_00134132
9.1

(12050210)

Spain

Vus

190,

GCK

c.L148C>
T

p.Ser333Leu

NM_00135480
0.1
NP_0034172
9.1
{11942313)

Spain

LP

191.

GCK

¢.1232C>
T

p.Serd | 1Phe

KNM_00135480

01

Spain

Vus

. ____ ______________]
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Gene
No

Nucleotid

€ position

Protein

position

Accession
number
(PMID

number from
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

NP 00134172
9.1
(12050210)

192.| GCK

c.-457C>

NM_00135480
0.4
NP_00134172
9.1

0.00
003
18

Tunisi

a

(Ben
Khelifa er
al., 2018)

201

193, GCK

¢227C>A

p-Ser76Tyr

NP_000153,1
(18399931)

Norw

ay

194.| GCK

¢.692A>C

p.Asn2318er

NP_000153.1
(18399931)

NA

Norw

ay

Sagen ef
( §OOSe
af., 2008)

195.| GCK

c.110T>C

p.Met37Thr

NM_00135480
0.1
NP_00134172
9.1

Brazi!

vUS

1961 GCK

c.326delC

p.llel105erf
5*6

NM_00135480
0.1

NP 00134172
9.1

Brazil

197.1 GCK

c4183A>0

p-Lys140Glu

NM_00135480
0.1
NP_00134172
9.1

Brazil

VUs

198.| GCK

¢.505A>G

p.Lys169Glu

NM_00135480
0.1
NP_00134172
9.1

NA

Brazil

vUus

199.| GCK

c.580-
3C=A

NM_00135480
0.1

NP_00134172
9.1

Brazil

200.| GCK

¢.749G>A

p.Arg250His

NM_00135480
0.1

NA

Brazil

VUS

(Santana
201
et al.,

201

- . . . . _______]
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Gene

Nucleotid

¢ position

Protein

position

Accession
number
(PMID

number from
HGMD)

am

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

NP_00134172
9.1

201,

GCK

¢.767A>C

p.Glu256Ala

NM 00135480
0.1
NP_00134172
9.1

NA

Brazil

vUS

202,

GCK

¢ 7oG=A

p.Gly264As
p

NM_00135480
0.1
NP_00]34172
9.1

NA

Brazil

vUus

203.

GCK

c.i106_11
11dup,

p.Cys3713er
fs*33

NM_00135480
0.1
NP_00134172
9.1

NA

Brazil

204.

GCK

c.1135_11

54del;113

4_1135ins
9,

p.His386Gy
fsTer85

NM_00135480
0.1
NP 00134172
9.1

NA

Brazil

205,

UCK

¢.1226del
A

p.Aspd0SVa
ts*22

NM_00135480
0.1
NP_00134172
9.1

NA

Brazil

206,

GCK

c.1247del
A

p.Hisd 16Pro
fs*15

NM_00135480
0.0
NP_00134172
9.1

NA

Brazil

207.

GCK

c. 745G >

p.G249C

NM_00135480
0.1
NP_00134172
91
(19790256}

NA

Turke

VUS

208.

GCK

c91A>T

p.Lys31Ter

NM_00135480
0.1
NP_00134172

NA

Turke

201

{Agladiogl|
uetal,
2016)

L . .
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No

Gene

Nu¢leotid

¢ position

Protein

position

Accession
number
(PMID

number from
HGMD)

am

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

9.1

209.

GCK

¢.0943C >

p.Leu3 15Ph

=

NM_00135480
0.1
NP_00134172
9.1
(1696533 1)

NA

Turke

VUS

210

GCK

c.1i2C >
T

p.GIn38Ter

NM_00135480
Q.1

NP 00134172
9.1

NA

Turke

211

GCK

¢.214G >
A

p.Gly72Arg

NM_00135480
0.1
NP 00134172
9]
(10447526)

NA

Turke

LP

212.

GCK

c.379T >

p.Ser127Pro

NM_00135480
0.1
NP_00134172
9.1

NA

Turke

VUS

213,

GCK

c.
1178T>C

p-Met393Th

T

NM_00135480
0.1
NP_00134172
9.1
(19790256)

NA

Turke

VUus

214,

GCK

6670 >
A

p.Gly2238er

NM_00135480
0.1
NP_00134(72
9.1
(11508276)

Turke

LB

215.

GCK

C.658T =

p.Cys220Ar
g

NM 00135480

0.1
NP_00134172
9.1
(24097065)

Turke

LP

. ______ ___ _____ . ____ . . _ . ]
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No

Gene

Nucleotid

¢ position

Protein

position

Accession
number
(PMID
number {from
HCMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

216.

GCK

CHI6A >
G

p-Thr206Ala

NM_00135480
0.1
NP 00134172
9.1
(24405491)

NA

India

LF

201

(Kanthima
the et af.,
2014y

217

GCK

p-His156fs

NP_000153.1

NA

Korea

2138,

GCK

c490C>T

p.Leul 64Ph

5]

NP_000153.1
{18248649)

Korea

219,

GCK

¢ 363+2T
>C

NM 00135480
0.1
NP_00134172
9.1

Korea

201

(Park et
al., 2019)

220.

GCK

¢.1030G>
T

p-Asp3ddTy

r

NM_00]35430
0.1
NP_00]34172
9.1
(27016322)

India

vus

201

(Jha ef af .
2016)

221,

GCK

c.151G>T

p.GluS1Ter

NM_00]35480
0.1
NP_00134172
9.1

Turke

222.

GCK

C. 1396T=
A

p.*466R

(19790256)

Turke

vUus

201

(Ozdemir
el al.,
2018)

223,

GCK

c.595G>A

p.Vall99Me
t

NP_000153.]

Austr

alia

201

(Taylor &t
af , 2019}

224,

GCK

¢.206C>
G

p.Ser69Stop

NM_00135480
0.1
NP_00134172
9.1
(23295287)

Brazit

201

(DellaMan
naet &l .
2012)

225,

GCK

cA31_432
deITGins
CT L144P

p.Leul44Pro

NM_00135480
0.1
NP_00134172
9.1

Germ

any

200

(Toaima et
al., 2005)

ey —
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Accession
number Gn Pub.
s. Nucleotjid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
NM 00135480
c.580- 0.1 Germ
226.1 GCK
1G>A NP 00134172 any
9.1
NM_ 00135480
0.t
Germ
227.| GCK | c891C>A | p.Tyr297Ter | NP_00134172 P
any
a1
(15841481)
NM_00135480
0.1
c. H195G> Germ
228.] GCK p.Glu399Ter | NP 00134172 P
T any
9.1
(1584148))
c.1377del Germ
229.| GCK Ka59fsX610 | NP 000153.1 | NA
G any
Unc
Germ
230. GCK | ¢.73G>C | p.Ala25Pro ? NA ernai
an
Y n
NM_00135480
c.1155_11
p.Leu386Thr 0.1 Germ
231, GCK | 36insA
fsTer86 NP 00134172 any
9.0
NM_ 00135480
c.1323del | p.Gludd2Ar
0.1 Germ
232.| GCK G gfsTer22
NP _00134(72 any
9.1
Franc
233.] GCK [ ¢.157G>T | p.Ala53Ser | NP_000153.1
e
NP _000153.1 Franc
234, GCK [ €239G>C | p.Gly80Ala - 199 | (Velho et
(9049484) e
7 af., 1997)
E122-1G Franc
235.| GCK ? NA
>T e
236.f GCK | ¢c410A>G | p.HisI37Arg | NP_000153.1 | NA | Franc
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Accession
number Gn Pub.
S, Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HCMD)
{9049484) ¢
Ki6i + Franc
237.| GCK ? NA
1dell0 e
NP_000153.1 Franc
238.| GCK | ¢.502A>C | p.Thr168Pro NA
(9049484} €
Frane
239, GCK p.Argl86X | NP_000153.1 P
€
p.Met210Th | NP_000153.1 Fran¢
240, GCK | c.629T>C NA
r (9049484) e
p-Cys213Ar | NP_000153.1 Franc
241.| CGCK | ¢637T>C B NA
g (90494 84) e
p.Vai226Me | NP _000153.1 Franc
242 GCK | ¢.676G>A - NA LP
t (90494384) e
NP_000153.1 Franc
243.| GCK p.Glu248X
(9049484) e
p.Gly261Ar | NP_000153.1 Franc
244 GCK | e 781G>A LP
g 1502186 e
¢ 1007C> NP_000153.i Franc
245.| GCK p.Ser3l6leu
T (9049484) ¢
¢ 1079C> NP _000153.1 Franc
246.| GCK p-Ser360X
A (90494384) e
c.1099G> | p.Val367Me | NP_000153.| Franc
247.| GCK -
A 1 (9049484) e
Frane
248.| GCK | v401dell NP _000153.1 | NA
e
c.1257- NM_00135480
(Y. K.
20_1315d Gl 201
249.| GCK NA | Korea Choetal,
el NP 04134172 8
2018)
9.1
NM_00135480 .
c.1084_10 (Ming-
0.1 201 )
250, GCK 36del p.Thr362del China Qiang et
NP_00134172 9
al, 2019}
9.1
251.| GCK | c.1165del | p.V339Sfs*1 | NM_00135480 China
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No

Gene

Nucieotid

¢ position

Protein

position

Accession
number
{PMID

number from
HGMD)

o

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

39

0.1
NP_00134172
9.1

252,

GCK

c.871A >

p.Lys291Ter

NM_00135480

0.1
NP_00134172
9.1

Germ

any

253.

GCK

¢.1340_13
68del

p.Argddile
ufsTerl s

NM_00135480
0.1
NP_00134172
9.1

Germ

any

254

GCK

¢.863+1G
=T

NA

Germ

any

255,

GCK

¢.484G>A

*

p.Glyl1628er

NM 00135480
0.1
NP_00134(72
9.1
(19790256)

NA

Germ

any

VUS

256.

GCK

C.952G=A

p.Gly318Ar
g

NM_00135480
0.t
NP_00134172
9.1
{12627330)

Germ

any

LP

257.

GCK

c.617C>T

p.Thr206Me

(

NM_00135480
0.1
NP_00134172
o]
(11508276)

Germ

any

VUS

258.

GCK

©.238G>A

p.Gly808er

NM_00135480
0.1
NP_00134172
9.1
(10694920)

Germ

any

LP

259.

GCK

¢.1349C >

p.Alad50Val

NM_00135480

8.33

Germ

VUS

201 | (Bansal e
7 al., 2017)

e b —
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S. Nucleotid
Gene .
No e position

Protein

position

Accession
num ber
(PMID

number {rom
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.
Yea

Reference

01
NP_00134172
9.1
(22035297)

270
838
020
481

06

any

c9lIT>
C

260.| GCK

p.Len304Pro

NM_00135480
0.1
NP_00134172
9.0
(11942313)

Germ

any

LP

261.| GCK | ¢.5359G>T

p-Aspl87Ty

r

NM_00135430
0.1
NP 00134172
91
(17573900)

Germ

any

VUs

c.2140=A

262.| GCK

p.Gly72Arg

NM_ 00135480
01
NP_00134172
9.1
(10447526)

Germ

any

LP

263.| GCK | c.118G>A

p.Glud0Lys

NM_00133480
0.1
NP_00134172
2.1

Germ

any

LP

¢.562G >
A

264, GCK

p.Alal88Thr

NM_00135480
0.1
NP_00134172
9.1
{8314448)

Germ

any

vUS

265.| GCK | ¢.640T>G

p.-Tyr214As
p

NM_00135480
0.1
NP_00134172
9.1

Germ

any

VUS

e
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No

Gene

Nucleotid

€ position

Protein

position

Accession
number
(PMID
number from
HGMD)

Gn
om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

(213488068)

266,

GCK

c 131G >

p.GlyddAsp

NM_00135480
0.1
NP_00(34172
9.1
(12627330)

3.97
702
868
233
085

D6

Germ

any

LP

267,

GCK

€.572G =
A

p.Argl91Gi

n

NM_00135480
0.1
NP 00134172
9.1
(11508276)

NA

Germ

any

LP

268.

GCK

¢.787_801
del

p.Ser263_As
p267del

NM_00135480
0.1
NP_00134172
9.1

Germ

any

269,

GCK

c.544G>A

p.Vall82Me
t

NM_00135480
0.1
NP_00134172
9.1
(8433729)

Germ

any

LP

270.

GCK

c.706G>A

p.Glu236Lys

NM_00135480
0l
NP_00134172
9.1
(19790256)

NA

Germ

any

LP

271,

GCK

c.394G>A

p-Aspl32As

n

NM_00135480
0.1
NP_00134172
9.1
(18382660)

NA

Germ

any

vUS

272,

GCK

c.7570>A

p.Val253lle

NM_00135480

Germ

LP

s —
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
, 0.1 any
NP 00134172
9.1
NM_00135480 likel
0.1 0.00 | Germ y
273, GCK | e31G>A | pAlallThr .
NP 90134172 | 2} any | beni
9.1 gn
7.96
996
NM_00135480
915
0.1 Germ
274.1 GCK | ¢.35A>G | p.Lysi2Arg 621 VUS
NP 00134172 any
936
9.1
E-
D6
i NP_000153.1
275.| GCK p.Argd3His UK
(11942313) 201 {Beer er
NP_000153.1 2 al., 2012)
276.1 GCK | ¢203G>A | p.Gly68Asp UK
(19790256)
NM 00135480
c.208 + 0.1 Turke
27| GCK NA
3A>T NP 00134172 y
%1
NM_00135480
0.1 Turke
278.| GCK | ¢.368T=C | p.Phel23Ser NA vUS
NP 00134172 y
(Haliloglu
9.1 a0l
et al.,
NM_00135480 6
2016)
0.1 Turke
279.| GCK | €.173T>C | p.Leu58Pro vUS
NP_00134172 ¥
9.1
NM_00135480
¢.1256T> | p.Phed4]9Cy .1 Turke
280.1 GCK
G $ NP_00134172 ¥y
9.1

L . . . . ____________]
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Accession
number Gn Pub.
S. Nucleotid Protein _ Coun | Inte
Gene (PMID om Yea | Reference
No e position position tey | rvar
number from | freq r
HCMD)
NM_00133480
c.208+3A 0.1 Turke
281.1 GCK NA
>T NP 00134172 y
2.1
NM 00135430
Turke
282.| GCK | ¢452C>G | p.SerlSICys 0.1 NA
NP_00134172 Y
9l
{Bonfig et
al.. 2011;
Germ 20]
283.] GCK [ ¢.676G>A | p.Phe330Ser [ NP_000153.1 | NA l Haliloglu
an
y elal,
2016)
NP_000153.1
284.1 GCK | ¢.120G>C | p.Glu40Asp NA | ltaly
(22761713)
NP_000153.1
285.| GCK | ¢.460G>T | p.Vall54Leu N NA | laly
(22761713)
¢.1339del | p.Argdd7Gl | NP_000153.1
286.| GCK NA | laly
C yfs (26587058)
{Capuano
c.l 373_] 3 p‘Lys458_c 201 P
287.| GCK NP_000153.1 | NA { Italy et al.,
85del ysd61del 2
2012)
p-Glu3ds A
288,y GCK NP_000153.1 | NA | ltaly
rg397del
NM_00135480
¢.580- 0.1
289.| GCK NA | ltaly
A>T NP_00134172
9.1
c.431 NM_00135480 201 (Chambers
290.1 GCK T=C p.Leul44Pro [N} NA | USA | VUS 6 et al.,
NP_00134172 2016)
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Accession

number Gn Pub.

S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference

No e position positien try rvar
number from | freq r

HGMD)

9.1

NM_00135480
0.1
cA60G>C
291.| GCk p.VallSdLeu | NP_00134172 | NA | USA | VUS
9.1
(22761713)

NM_00135480
¢.605 0.1
p.Met202Th
292.| GCK =C NP 00134172 | NA | USA LP
r

9.1

(17937063)

NM_00135480
¢.1160C> 0.1
293.| GCK A p.Ala387GIu | NP_00134172 | NA | USA | LP
9.1
(23771925)

NM_00135480
c.1265G> 01

294, GCK C p.Argd422Pro NA | USA | VUS
NP 00134172

9.1

NM_00135480 (d
e
¢.554T > | p.Leul85GI 0.1 201
295.| GCK NA | Brazil | VUS Santana ef
A n NP 00134172 9
al., 2019)

9.1

NM_00135480
¢.1334 01 ‘
296.| GCK p.SerddSThr NA [ China | VUS
G>C NP_00134172

9.1

c.1289 12 NM_00135480
94del TG Leud30 T 0.1

297.| GCK P - — NA | China 9 2019)
ACGC hed3 1de! NP 00134172

9.1

20t | (Fueral,

¢.584 NM_00135480 ’
298| GCK p.Phel95Ser NA | China | VUS
T>C 0.1
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S. Nucleotid
Gene
No ¢ position

Protein

position

Accession
number
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

var

Pub.
Yea

Reference

NP_00134172
9.1

299.| GCK | ¢.30delC

p.Alal1Prof
sTerb

NM_00135480
0.1
NP_00134172
9.1

NA

China

300.| GCK

p.Gly71Cys

NA

UK

200

{Gasperik
ovael al,
2009

c.5396T>C

301.| GCK

p.Vall99Ala

NM_00 135480
0.1

NP 00134172
9.0

NA

Serbia

201

{(Komazec
eral,

2019)

c45G>A

302.| GCK

p.Lysl5s=

NM_00135480

0.1
NP_00134172

9]
(23771925)

NA

ltaly

303, GCK | ¢ 7G>A

[taly

cA51T>C

304, GCK

p.Serl51Pro

NM_0035480
0.1
NP_00134172
9.1
(19564454)

NA

ltaly

vUus

c.483G>A

305, GCK

p-Lysl6l=

NM_00 135480
0.t
NP_00134172
9.1
{12955723)

NA

ltaly

VUS

¢.013G>T

306.| GCK

p.Asp205Ty

r

NM 00135480
g1

NP_00134172
9.1
(19564454)

NA

ltaly

VUS

(Lorini et
af., 2009)

e S
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No

Gene

Nucleotid

€ position

Protein

position

Accession
number
{PMID

number from
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.
Yea

Reference

307,

GCK

¢.749G>C

p.Arg250Pro

NM_00135480
0.1
NP_00134172
9.1
(19564454)

NA

ltaly

LP

308.

GCK

¢.794A>T

p.Glu265Val

NM_00135480
0.1
NP_00134172
2.1
(19564454)

NA

Italy

vUS

309.

GCK

¢.805T=>C

p.Phe269Le

u

NM_00135480
0.1
NP_00134172
2.1
(19564454)

NA

lialy

VUS

310,

GCK

c.827T>C

p.Leu276Pro

NM_00135480
0.1
NP_00134172
91
(19564454)

NA

ltaly

VUS

3Ll

GCK

c.865T=C

p. Tyr289His

NM_00135480
0.1
NP_00134172
9.1
(195644 54)

NA

ltaly

vUS

312,

GCK

¢.976A=C

p.Thr326Pro

NM 00135480
0.1
NP_00134172
9.1
(19564454)

NA

laly

VUS

315,

GCK

¢.991G>A

p.Glu331Lys

NM_00(35480
0.1

NP_00134172
9.1

NA

[taly

vusS

e —
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No

Gene

Nucleotid

e position

Protein

position

Accession
number
(PMID

number from
HGMD)

Gn
om

ireq

Coun

try

Inte

rvar

Pub.

Yea

Reference

(19564454)

34,

GCK

c. 1019+5
G>A

NM_00135480
0.1
NP_00134172
9.1

NA

Italy

315,

GCK

¢ 1313T>
A

p.Phed38Tyr

NM 00135480

0.1
NP_00]134172
9.1
(19564454)

NA

ltaly

YUS

316.

CGCK

33ValraAl

a

p.ValilAila

NP_0001353.1
18271687

NA

Czech
Repub

lic

200

(Lukasova
et al,
2008)

317,

GCK

gene

1343G
A,

p.Gly448As
P

NM_00135480
0.1
NP_00134172
9.1

NA

USA

VUS

201

(Estica et
al,2018)

318

GCK

259A>T

p.Ala259Thr

NP_000153 ]
(9662401)

NA

UK

199

(Matyka et
al., 1998)

9.

GCK

c.i0i0del
A

p.GIn337Ar
gfsTerlé

NM_00135430
0.1
NP_00134172
9.1

NA

[ran

201

(Noorian
eral.,
2013)

320.

GCK

c44A>T

p.LysI5Met

NM_00135480
0.1
NP_00134172
9.1
(23771925)

NA

USA

Vus

321

GCK

¢.1265G>
T

p.Argd22Le

u

NM_00135480
0.1
NP_00134(72
9.0
(23771925)

NA

USA

201

(Pihoker er
al., 2013)

322,

GCK

p.GIy259Ar

NP_000153.1

NA

USA

LP

201

(Gandica
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No € position position try | rvar
number from | freq r
HGMD)
g (1303263) 5 etal,
p.vall82Me | NP 000153.1 2015)
323, GCK USA LP
t (8433729)
185Arg>
324. | GCK p-Arg185Ter ? USA
Ter
340Arg> Argl40L
325.] GCK & p-Arg d ? USA
Lys 5
NM 00135480
{Tarantino
0.1 201
326.| GCK | c.181T>G | p.Tyr61Asp Brazil | VUS et al ,
NP 00134172 9
2019)
9.1
NP_000153.1 Norw
327.] GCK p.Val62Ala ~
{9736233) ay
NP_000153.1 Norw
328.| GCK p.Gly72Arg
(10447526) ay
p.Lysl46Ar | NP_000153.1 Norw
329.| GCK
g (16731834) ay
NP_000133.1 Norw
3301 GCK p.Ala208Thr
(16731834) ay
p.Met210Ly | NP _000153.1 Norw
331.| GCK N
s (11372010) ay
NP_000153.1 Norw 200 | (Sagenes
332.| GCK p-Tyr215X R
(10753050} ay 6 al., 2006)
NP_000153.1 Norw
333.| GCK p.Ser263Pro
(12442280) ay
NP_000153.1 Norw
33| GCK p.Glu339Gly
(16731834) ay
p.Arg377Cy | NP_000153.1 Norw
335.| GCK
5 {16731834) ay
NP_000153.1 Norw
336.| GCK p.Serd53Leu LP
(14517956) ay
IVS5 Norw
337.| GCK ?
1G=>C ay
338.| GCK | 203v>A | p.Val203Ala | NP_000t53.| Switz 200 | {Schnyder

_________ _ ______ . ________ __ __ _______ ___ ________________ _____ ___|
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No

Gene

Nucleotid

¢ position

Protein

position

Accession
number
{(PMID

number from
HGMD)

Gn
om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

(8433729)

erland

etal,
2003)

339,

GCK

c.244
A>G

p.Thr82Ala

NM 00135480
0.1
NP_00134172
9.1
(20587714)

Canad

YUS

340.

GCK

c.B3delA

p.Glu28Glyf
sTer3

NM_00 135480
0.1
NP_00134172
9.1

Canad

201

(Marks ef
al., 2010

341.

CCK

¢.1340G>
A

p.Argdd7Gl

n

NM 00135480

0.1
NP_00134172
9.1
{14517956)

UK

LP

201

(Shepherd
et al,
2016)

342.

GCK

¢.659G>A

p-Cys220Tyr

NM_00135480
0.1
NP_00134172
9.1
(22341229)

USA

LP

201

{Shoemak
eref al,

2012)

343,

GCK

p-Glu70Asp

NP _000153.]
(18382660)

italy

344,

GCK

p-Phel23Le

U

NP_000153.1
(18382660)

Italy

200

{Tinto er

al.. 2008)

345,

GCK

p.Aspl32As

n

NP_000153.1

Italy

346.

GCK

p.His137Asp

NP_000153.1
(18382660}

ltaly

347.

GCK

p-Gly1624As
P

NP_000153.1
(18382660)

Italy

348.

GCK

p.Thr168Ala

NP_000153.1
(18382660)

ltaly

L ___________ . . . ]
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Accession
number Gn Pub.
s. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
NP _000753.1
349.| GCK p.Arg392Ser ltaly
{18382660)
NP 0001531
350.| ¢CK p.Glu290X - ltaly
{18382660)
p.Ginl06_M
351 GCK etl07delinsL. | NP_000153.1 Italy
eu
NP_000153.1 Slova
352.| GCK p.liel ION N
22493702 kia
NP_000153.1 Slova
353 | GCK p.Val2¢0Ala -
(22493702) kia
p-Asn204As | NP 000153.1 Slova
354, GCK
p (22493702) kia
p.Gly258Ar | NP_000153.1 Slova
355, GCK -
g2 (22493702) kia 201 {Valentino
NP _000153.1 Slova B vaet al.,
356.] GCK p.Phed19Ser 2
(22493702) kia 2012)
NM_00135480
¢.580- 0.1 Slova
357 GCK
A>C NP 00134172 kia
9.1
c.ll13-
Slova
358. GCK | 1114delG ?
kia
C
NM_0D0135480
0.1
p.Lys|69As
359.| GCK | ¢.507G>C NP 00134172 | NA | China | VUS
n
9.1
(Z. Wang
(11508276) 201
etal,
NM_00135480 9
2019
0.1
360.| GCK | c.645C>A | p.Tyr215Ter | NP 00134172 | NA | China p
9.1

(10753050)

e —
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Accession
number Gn Pub.
S. Nueleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
NM_00135480
01
361.| GCK | ¢.771G>A | p.Trp257Ter | NP_00134172 | NA | China P
9.1
Unc
NM_00135480 )
ertai
0.1 (Wheeler
c.6983G>A NewZ n 201
362.| GCK p.Cys233Tyr | NP 00134172 | NA etal,
ealand | signf | 3
9.1 ) 2013)
ican
(24355479)
ce
NM_00135480
C.483+2T 0.4
363.| GCK China
>A NP_00134172
9.1
_ 201 {X.Lies
364.| GCK p.Serl5ldel | NP_000153.1 China
8 al., 2018)
p-Met3 7Glyf ]
365, GCK NP_000153.] China
5X29
p.Val374_Al
366.| GCK NP_000133.1 China
a377del
NP_00129310
HNF p-Vall33Me
367. 8.2 NA | Spain
fa t
(10754480}
NP 00129310
HNF p.Argl 539Gl 200 | (Costa et
368. 8.2 NA | Spain
la n 0 al., 2000)
{9097962)
NP 00129310
HNF p.Val259As B
369. ; §2 NA | Spain
a
P (10754480)
HNF c.l-
370. ? NA UK
fa 326del 201 (Juszczak
NM_00130617 et al.,
ANF | c.404de]lA | p.Aspl35Va 9
371 9.1 NA UK 2019)
fa ifsTer20
NP 00129310

- _______ _ _ __ _____ _______ ]
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Accession
number Gn Pub.
5. Nucleotid Pretein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
8.1
7.96
355
NP 00529310 | 875
HNF | ¢.685C>T B
372. / . p.Arg229Ter 8.2 513 | UK P
a
(9032114) 649
E-
06
4.01
NP_00129310 | 174
82 639
HNF p.Thr260Me
373 ; ¢.779C>T NM 00130617 | 343 | UK LP
a t
9.1 999
(9166684) E-
06
NM 00130617
9.1
HNF | ¢.872delC | p.Pro291Gin
374. NP_00129310 | NA UK
fa fsTers|
8.1
(23771925)
NP_00129310
HNF p.Gly292Ar 8.2
375, c.872dup NA UK
la gfsTer25 NM_00130617
9.1
NP_00129310
HNF | c.1129del B.2
376. p.Leu377fs NA | UK
la C NM 00130617
9.1
NM_00]30617
¢.1136_11
HNF p.Pro379Arg 9.1
377, 37delCTY NA UK
la fsTer39 NP 00129310
8.1
HNF | ¢.1136C> NP 00129310 | 3.99
378. p.Pra379Arg - UK | VUS
la G 8.2 817

= - - . ]
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Accession
number Gn Pub,
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try | rvar
number from | freq r
HGMD)
NM_00130617 | 683
9.1 136
(15657605) 489
E-
046
NP 00129310
8.2
HNF Turke 20] (Anik et
379. ¢.723C>A | p.Cys241Ter | NM 00130617 | NA P
la y 5 al, 2015)
9.1
(26226118)
HNF NP_0D0129310 Canad
380. c.707G>A | p.Cys236eyr NA VUS
ia 8.2 a
. HNF | ¢.137_138 | pK46KfsX1 | NP_00129310 NA Canad
| fa insG 3 8.2 a 201 | (Brahm es
182 HNF | ¢243 244 | p.T82REXT7 | NP_00129310 NA Canad 6 al., 2016)
| ta insAG 3 8.2 a
HNF | ¢.1108- Canad
383, NA
la 3delTAG a
NP (0129310
HNF - Argen
384, p.Glud8Asp 8.2 NA
la tina
(21168233)
HNF | g2.914fsins Argen
385. £ 5
la GA tina
NP_00129310
HNF | g2707C> | p.Arg2030! - Argen
386. 8.2 NA
la G ¥ tina
(21168233) 201 | (Lopez et
HNF | g.3430del Argen I al, 2011)
387, ?
la C tina
HNF Atgen
388 p.GInd63X ?
la tina
HNF | £.4962+3i Argen
389, ?
fa nsT una
HNF A777- A
390, & ? reet
la 2le>t — tina
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Accession
number Gon Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
HNF S513+2 Argen
391, s 7 8
la gt tiha
HNE | g3482C> NP _00129310 Argen
392 p-Pro308Pro N .
la G 8.2 tina
HNF | £.4962+6 Argen
393. "
la 8a>g tina
NP_00129310
8.2 Czech (Bazalova
HNF p-Phe268Le 201
394, . ¢.802T>C NM 00130617 | NA | Repub | VUS 0 etal..
a u
9.1 lic 2010)
(20132997)
NP 00129310
Like
82 Czech
HNF 0.00 ly
395, c.871C>T | p.Pro291Ser | NM_00130617 Repub
fa 023 beni
g.1 lic
(20132997) &
NP_00129310
8.2 0.00
HNF Nethe 200 [ (Beijers et
396, c.92G>A | p.Gly3lAsp | NM_00130617 | 074 LP
fa rland 9 al., 2009)
a1 9
(9754819}
NM_00130617
9.1 :
HNE | ¢.1501G> 201 | (Chaplaet .
397. p.Alas01Ser | NP_00129510 | NA | I[ndia ; VUS
iA T 5 al,2015)
8.1
(25041077}
NP 00129310
HNfI ) 201 | (Fanget
398. C. p.Argsax 8.2 NA [ China
a 5 al, 20135)
(12547858)
NP 00129310
HNf1 - 0.00 | Franc
399, c.92G>A | p.Gly3lAsp 82
a 074 ¢ 199 | (Chevre ef
{9754819)
8 al.. 1998)
HNf! NP 00129310 | 0.00 | Franc
400. c.481G>A | p.Alal6lThr
a 8.2 009 e
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Accession
number Gn Pub.
s. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HCMD)
(9754819) 54
NP_00129310
HNS1 Franc
401. p-Arg200tp 8.2 NA vUSs
a e
(9754319)
NP_00129310
HNfI Franc
402. p.Arg271Trp 8.2 NA
a e
{9754819)
HNfT | 1IVSSnt+2 Franc
403. ? NA
a T>A €
HNF 200 (Stern et
404, P175delll ? NA | Israel
la 7 | at,2007)
NP_00129310
8.2
HNF Norw 200 {Eide er
405, c. 17G>A p.Ser6Asn | NM 00130617 | NA VUS
la ay 8 al., 2008)
9.1
(185133035)
(E. B.
HNF p.Asnd02Ty | NP_00129310 Greec 202
406, NA Tatsi er
14 ¢ 8.2 e 0
al., 2020)
ANF p.lled14Gly | NP_00129310 200 | (Ellard er
407, NA | UK
la 8.2 0 ai., 2000)
408 HNF | ¢.1425ins | p.P475PfsX | NP_00129310 Turke
| 1a C 74 8.2 y
c.90_108d
elGGGT
NM 00130617
GAGCC
HNF p.Gly31_Tyr 9.1 Turke
409, GGGGC - ,
fa 36del NP 00129310 v 201 | {karaca et
CCTACin :
8.1 7 | al.2017)
sT
NM 00130617
HNE c.- 9.1 Turke
410. vUs
la 187C>A NP 00129310 y
8.1
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Accession
number Gn Pub.
5. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try | rvar
number from | freq r
HGMD)
NP_ 00129310
HNF 8.2 Ukrai
411, ¢.707G>A | p.Cys236Tyr NA
la NM 00130617 ne
9.1
NP_00129310
HNF | ¢.1621C> 8.2 Ukrai 201 | {Globaer
412, p.Gin541* NA P
la T NM 00130617 ne 7 al., 2017)
9.1
NM_00130617
al3 ANF | ¢.326+4A 9.1 Ukrai
| ia >G NP_00129310 ne
B1
NP_00129310 (Fehmann
HNF Germ 200
414. p.Pro224Ser 82 NA et al.
ta any 4
(15031772) 2004)
NP _00§29310
HNF -
415, ; p-GIn9X 82 NA | Japan
a
(22432108)
NP 00129310
HNF -
416, ; p.Leul2His 8.2 NA | Japan
a
(9287053)
NP_00129310
HNF -
417, / pAla15Asp 8.2 Japan
a
(24905847) 201 (Horikawa
NP_00129310 - etal.,
HNF 4
418, ; p-Arg5dX 3.2 Japan | VUS 2014
a
(12547858)
NP 00129310
HNF -
419, ; pArg1 31 Trp 8.2 Japan | VUS
a
{9166684)
NP 00129310
HNF -
420, ; p-Hisl43Asn 8.2 Japan
a
(24905847)
421.| HNF p.Lys158As | NP_00129310 | NA | Japan

e e —
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Accession
number Gn Fub.
s, Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | (req r
HGMD)
la n $2
(10078571)
NP_00129310
HNE p.Argl59GlI
422, $.2 Japan | LP
la n
(9097962)
NP 00129310
0.00
HNF p.Arg203Cy 8.2
423, c.607C>T 000 { Japan | VUS
la 5
397
(10078571)
7.96
355
NP 00129310 | 875
HNF -
424, ; c.685C>T | p.Arg229X §.2 513 | Japan
a
(9032114) 649
E-
06
NP 00129310
HNF
425. ; p.Val233Leu 8.2 NA | Japan
a
(1248896 1)
NP_00129310 § 0.0D
HNF -
426, ; ¢.716C>T | p.Ala239Val 82 017 | Japan | VUS
a
(12488961) 2
NP (0129310
HNE p.Arg271Gl
427, ; 82 NA | Japan
a
Y {12050210)
NP 04129310
HNF
428, ; p.Arg271Tmp 8.2 NA | Japan | LP
a
{9754819)
NP 04129310
HNF p.Met283Ar N
429. 82 NA | Japan
la g
(24905847
HNFE
430, P291fsinsC ? NA | Japan
la
431.[ HN¥F | ¢.1340C> | p.Prodd7Leu | NP_001293(0 | 0.00 | Japan | LP

e —
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No

Gene

Nucleotid

€ position

Protein

position

Accession
nember
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

la

3.2
(8945470)

001
20

432,

HNF

la

p.Prod99Leu

NP_00129310
8.2
(24905847)

NA

Japan

433.

HNE

la

c.686G>A

p.Arg229Gl

n

NP_00129310
8.2

NM_00130617

9.1
(9032114)

NA

Norw

ay

LP

434,

HNF

la

c.1136_11
37deiCT

p.Pra379fs

NP_00129310
82

NM_00130617

9.1

NA

Norw

ay

435.

HNF

la

c.872dup

p-Gly262fs

NP_00129310
8.2
NM_00130617
9.1

NA

Norw

ay

436.

HNF

la

C.686G>A

p-Arg229Gl

n

NP_00129310
8.2
NM_00130617
9.1
(9032114)

NA

Norw

ay

LP

437,

HNF
fe

c3INCT

p.Arg131Trp

NP_00129310
8.2
NM_00130617
9.1
(8945470)

NA

Norw

ay

VUS

438.

HNF

fa

c.086G>A

p-Arg229Gi

]

NP_00129310
8.2

NM_00130617

9.1
(23348805)

NA

Norw

ay

LP

439,

HNE

c.1745A>

p-His582Arg

?

0.00

Norw

LP

201

([rgens et

af.. 2013)

- " . .
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Accession
numher Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
la G (23348805) 005 ay
40
NP_00129310
HNF | ¢.872dup 8.2v Norw
440. p.Gly292fs NA
la C NM_¢0130617 ay
a1
NM 00130617
HNF ¢.956- 9.1 Norw
441, NA
fa 2A>G NP 00129310 ay
8.1
NP 00129310
82
HNF | c.1351A> Norw
4432, p-Serd51Gly | NM_00130617 | NA VUs
la G ay
9.1
23624530
NP_00129310
HNF | c.666_668 8.2 Norw
443, B p.Lys222del NA
la delGAA NM_00130617 ay
9.1
NP_00129310
8.2 (Iwabuchi |
HNF 201
444. , c.593delA | pLysi98fs | NM_00130617 | NA | Japan , etal,
a
9.0 2013)
HNF IVS3- Canad
445, ? NA
la 1delTAG a
HNF | E275fsdel NP 00129310 Canad
446, NA {J. L
la GAAG 32 a )
200 | McKinney .
NP 00129310
HNF Canad 4 et al.,
447, p.Phe268Ser 82 NA
la a 2004)
(15305805)
HNF p.Lys4dfsdel | NP 00129310 Canad
448, NA
fa C 8.2 a
449.| HNF | ¢.768delC | p.Asn257Tfs | NM_00130617 | NA usa 200 | (Bennett er

e —
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try | rvar
number from | freq r
HGMD)
la *§5 9.1 5 al, 2015)
NP (3129310
£2
NP 00129310
HNF - 200 | (Japetdl,
450. p.Tyr218Cys 8.2 NA [ China | VUS
la 0 2000)
(10872540)
HNFE South 200 | {Hwang ¢t
451, P393 fsdelC ? NA
la Korea 6 al., 2006)
7.95
804
NP 00129310 | 518
HNF - Norw
452. ; c.608G>A | p.Arg203His 8.2 578 LP
a a
(10588527 056 Y
E-
06 (B. B,
NP_0D0t29310 | 0.00 201 | Johansson
HNF | ¢ 1061C> | p.Thris4Me Norw
453, §.2 006 vUS 7 etal,
la T t ay
(11058894) 365 2017)
HNF | ¢, 1640_16 | p.Thr347Arg Norw
454, ?
ta 4 1 del fsTer ay
NM_00130617
0.00
HNF | c1739C> 9.1 Norw
455. p.Pro580Leu 001 vuUs
ia T NP_00129310 66 ay
8.1
NP _00129310¢
82
HNF | ¢.539C > Norw 201 (Sagem er
436. p.Alal80Val | NM 00130617 | NA vUS :
fa T ay 7 al., 2007)
9.1
{24097065)
NP 00129310
HNF - germa 201 (fwen er
457, p.GInd95X 8.2 NA
fa ny 3 af.,2013)
(21224407)
HNF NP 00129310 Swed 199 | (Lehto et
438. p.Leul07He -
la 8.2 en 9 al., 1999)

. __ _____ ________ ______ _ ___
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Accession
number Gn Pub.
s. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No & position position try rvar
number from | freq r
HGMD)
(10447526)
459 HNF p-Ser3 15fsin | NP_00129316 Swed
| la sA 8.2 en
160 HNF p.Gly375fsd | NP 00129310 Swed
| la elG 3.2 en
NP_00129310
HNF Norw
461. p-Glyd7Glu 8.2
la ay
(12574234)
162 HNE | T1%6fsdel NP_00129310 Norw
't la | CCAA 82 ay
HNF V83— Norw
463. ?
la 1G>A ay
0.00
NP _00129310
HNF - 002 | Norw
464. c.766T>A | p.Ser256Thr 8.2
la 00% ay
(12574234)
64
NP_00129310 :
HNF p-Ala276As Norw (Bjorkhau
465, ; 32 LP 200 /
a ay getal,
P (12574234) 3
2003)
166 HNF p.S445fsdel | NP_00129310 Norw
"t oa AG 3.2 ay
397
933
NP 00129310 | 927
HNF | ¢ 1564A> | p.Met522Va Norw
467, 8.2 050
fa G | ay
(12574234) 752
E-
06
NP_00129310 | 0.00
HNF | ¢ 1592G> Norw
468. p.SerS31Thr 8.2 001
ia C ay
(12574234) 990
¢.-154 - {Lopez-
HNF - ) 201 p
469. ) [60TGG ? NA | Spain ] Garride ef
a
GGGT al., 2013)

-
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene . (PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
¢.368T > NP_00129310
HNF 200 (Jesic et
470, C p.Leul23Pro 8.2 NA | Serbia | VUS
la 8 al., 2008)
(18433912)
0.00
NP_00129310 | 000
HNF p.Argl31Gl -
471. ¢.392G>A 8.2 397 | Japan | LP
fa n (Moritani
(8945470) 788 201
et al.,
2 6
2010)
NP_00129310
HNF
472, p p.Arg203Ser 32 NA | Japan
a
(23343805)
NP_00129310
HNF 3.2
473, ¢.226G>A | p.Asp76Asn NA | ltaly | VUS (Delvecchi
la NM_00130617 201
oefal,
el 7
2017)
HNF | c.1182ins NP_00129310
474, p.Pro3%4ins NA | ltaly
la A §.2
NP_00129310
HNF | ¢.1053del 32 lrelan
475. p.Ser352fs NA
la G NM_00130617 d
o1 201 | (Kyithar ef
_ l al, 2011)
c.1276
HNF NP 00129310 Irelan
476, 1277insA | p.Phed26X - NA
la 82 d
GGT
NP 00129310
HNF p-Arg229(Gl germa
477. 8.2 NA
fa n ny
(9032114)
NP_00129310 i
HNF - germa {Frayling
478. p.Arg229x 8.2 NA LP 199
la ny ef al.,
(9032114} 7
1997)
NP_00129310
HNF - germa
479, ¢.241C>G 82 NA
fa ny
(90321 14)
480.| HNF p.Arg272His | NP_00129310 | NA | germa { LP

L. . ____ . . ]
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID am Yea | Reference
No e position position try | rvar
number (rom | freq r
HGMD)
la 8.2 ny
(0032114)
HNF NP 00129310 germa
481. P291fsinsC B NA
fa 8.2 ny
HNF p-GInd0Ifsd | NP_00129310 germa
482. B NA
la elC 8.2 ny
0.00
HNF | c.1424C> NP_00129310 | 005 | Thaila
483, p.Prod75Leu (Plengvidh
la T 82 202 nd 200
vaetal,
l 9
2009)
HNF p-Gly554fsX Thaila
484, ? NA
fa 556 nd
NP 00129310
HNE p.Arg271GI1 - 200 | (Barrio et
485. c.811C>G 82 NA | Spain | LP
la y 2 uf., 2002)
(18811724)
NM 00130617
9.1 (Kitanaka
HNF 200
486. | p.HisIS3N | NP 00129310 { NA | Japan 4 et al.,
a
81 2004)
o.(GlvS1=)
NP_00129310
HNF | ¢.1558C> 8.2
437, p.GIn520Ter Brazil P (Sanfana
la T NM_00130617 201
etal,
9.0 7
2017y
HNF | €1722_17
488. - ? Brazil
fa 40dup
NP 00129310
c.1192C> 8.2 (Agladiog]
HNF p.Q398* Turke 201
489, T NM 00130617 P wetal,
la y 6
9.1 2016)
(21224407)
NP_00129310 {Yamada
HNF - 199
490. ; p-Arg272His 82 Japan | LP . etal.
a
(9032114) 1997)

g —
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Accession
nuimber Gn Pub.
s. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
HNF | P29I1fsins NP_00129310
491, Japan
fa C 82
4.16
347
466
HNFE | ¢ 1747C> | p.Arg583GI ?
492. 942 | Japan
ta G y (9313763)
ol
E-
06
NP_00129310
8.2
HNF 201 (Kwak ef
493, c.415C>G | p.Leul39Val | NM 00130617 | NA | Korea | VUS
fa ] al., 2016)
9.1
HNF | P291fsins NP_00129310 Tunisi 201 | {Khelifa e
494, NA
la C 8.2 a 6 al., 2016}
NP_00129310
8.2 0.00
HNF c.1340 201 | (Cantu et
495, p-Prod47len | NM_00130617 | 001 [ USA | LP
ia T i al., 2016)
9.1 20
(8945470)
NP 00129310
HNF
496, 619E>K | p.Glu619Lys 82 NA | USA
fa 199 | (Elbein es
(96206139)
8 al., 199%)
HNF ?
497, p.Arg537Thr Usa
fa {9626139)
NP_00129310
82
HNF p.Arg238Gl Turke
498, c.712A>G NM_ 00130617 vus
fa ¥ ¥ {Ozdemir
9.1 201
etal,
8
2018)
c.1831_18
HNF p.H613Qfs* Turke
499, 38delCC ?
fa G 64 y

A
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {PMID om Yea | Relerence
No € position position try rvar
number from | freq r
HGMD)
GCCCA
7.95
804
NP 00129310 | 518
HNF - 199 | {Awata e
500. ¢.608G>A | p.Arg203His 32 578 | fapan
fa 3 al., 1998)
(10588527 056
E-
06
NM 00130617
9.1
HNF Greec
501. ) c481G>C | p.Alal61Pro | NP 00129310 vUS
a ¢
8.2
{23517481)
NP_00126310
82
HNFE p.Trpl63Arg Greee
502. c493T>C NM_00130617 vUsS
la * &
9.1
(23517481)
c.682- {C. Tatsi
HNF NP 00129310 Greec 201
503, 684delGA | p.Glu228del - et al.,
fa 32 e 3
G 2013)
NP_00129310
c.1177del
HNF 82 Greec
504. T p-Ser393fs
fa NM_00130617 €
9.1
NP_00129310
BNF | c.12001C> - Greec
505. p-GInd01X 8.2 P
fa T e
{23517481)
c.1331-
HNF NP_00129310 Qreec
506. 1332 p.Serd45fs - NA
la 82 e
delAG
HNF p.Pro379fsd | NP_00129310 (Frayling
507, NA UK 199
fa elCT 82 ; et al,,
508.] ANF p.Add3fsdel | NP_00129310 | NA UK 1997}

L ___ _________ _ _____ ____________ ____ _ __ ]
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Accession
number Gn Pub.
5. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try | rvar
number from | freq r
HGM D}
fa CA 8.2
NP 00129310
HNF
509. ; p.Prol29T 82 NA UK
a
(9075818)
NP 00129310
HNF
510. p p.Argl31Trp 8.2 UK
2§
(9166684)
107
807
NP _ 00129310 | 286
HNF
511 ; ¢475C>T | p.Argl39Trp 8.2 238 UK LP
i
{9754819) 254
E-
06
NP_00129310
HNF
512, ; p.Pro319Leu 82 NA UK
a
(9075818)
HNF ?
513, p. Thr6201le NA UK
la (9075818)
NP 00129310
HNF B
514, ; p.llel128Asn 82 USA
a
(9075819)
NP_00129310
HNF
515, | p-Hisl43Tyr 82 USA
a
(9075819) (T.
199
NP 00129310 Hansen er
HNF - ?
516, , p-Prodd47Lys 8.2 USA al., 1997)
a
(8945470)
HNF p.Pro379fsd | NP 00129310
517. USA
fa elT 8.2
HNF p.Ala359fsin
518. ? USA
la SA
HNF c.- NM 00130617 200 | (Radha er
519, p.Alal80Pro india | VUS
fa 538G>C 9.1 9 al., 2009)

e — . ____ . . . ]
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
NP_00129310
8.1
NP_00129310
8.2 0.00
HNF p.Argl14Cy
520. . c.340C>T NM 00130617 | 001 | India | VUS
a 3
9.1 19
{19336507)
NP 00129310
- Like
g2 0.00
HNF ly
521, ¢.402C>T | p.Vall34val | NM 00130617 | 001 | India .
la bent
9.1 19
en
(19336507)
NP_00129310
82
HNF p.Arg1 71G1
522, cS11C>G NM_ 00130617 India | VUS
fa ¥
9.1
(19336507
3.98
NP 00129310 | 787
82 683
HNF
523. ; ¢.703G>C | p.Glu235GIn | NM_00130617 | 436 | India | VUS
a
9.1 273
(19336507) E-
06
NP_00129310
32
HNF p.Gly245Ar
524. ¢.733G>A NM 00130617 | NA | India | VUS
fa g
9.1
(19336507)
NP_00126310
82
HNF
325, p ¢.788G>A | p.Arg263His | NM_00130617 | NA { India Le
a
9.1
(16917892)

e ————
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reflerence
No ¢ position position try | evar
number from | freq r
HGMD)
NM_00130617
(X. Wang
HNF | ¢.864_865 | p.Pro289Ala 9.1 . 201
526. B NA | China et al.,
la insG fsTer28 NP 00129310 9
2019)
&1
NP_00129310
8.2 0.00
HNF
527, ; c.245C>T | p.Thr@2Met | NM_00130617 | 004 | China | VUS
a
9.1 836
(16834925)
NP 00129310 _
- 8 200 | (Yang et
HNF ' 6 | ai,2006)
528. / ¢.390G>T | p.GInl30His | NM_00130617 | NA | China | VUS
a
9.1
(16834925
p.Pro3s3fsd
HNF
326, ; elACGGGC 2 NA | China
a
CTGGAGC
NP_00129310 . {Zubkova
HNF p-Leuld8Ph Russi 201
530. c.442C>T 82 NA YUS eral.,
la € a 5
2019}
NP_00129310 {Ovsyanni
HNF Russi 201
331 p.SerbArg 8.2 NA kova er
fa a 8
al., 2018)
HNF NP_00120310 Germ
332 €.994delG | p.Glu332fs - NA
fa 8.2 any
NM_00130617
HNF | ¢955+1G 9.1 Germ
333, NA 201 | (Bansal er
Ia =T NP_00129310 any
7 al,2017)
8.1
c.1730_17
HNF Germ
534, 33dupAC | p.Gln579fs ? NA
la any
CT
HNF NM 00130617 Franc 200 | (Bellanne-
535. ¢ 1A>C p-MetlLeu NA Lp
{a 9.1 e 8 Chantelot

S —— PR
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No

Gene

Nucleotid

e position

Protein

position

Accession
number
(PMID

number from
HGMD)

Gn
Om

freq

Coun

try

Inte

rvar

FPub.

Yea | Reference

NP_00129310
8.2
(18003757)

536.

HNF

la

¢22C>A

p.LeugMet

NP_00129310
8.2

NM_00130617

9.1
(18003757)

NA

Franc

vUS

537.

HNF

la

c.41C>T

p.-Alal4val

NP_00129310
8.2

NM_001306t7

9.1
(18003757)

NA

Franc

vUs

538.

HNF

la

c49C>G

p.Leul7Val

NP_00129310
8.2

NM 00130617

9.1
(18003757)

NA

Franc

VUs

539,

HNE

la

.50T=A

p.Leul7Gln

NP_00129310
8.2

NM_ 00130617

91

NA

Franc

vUS

540.

HNF

la

€.59G>C

p.Gly20Ala

NP_00129310
8.2

NM_00130617

9.1
(18003757)

NA

Franc

LP

S41.

HNF

la

c.77T>C

p.Leu26Pro

NP_00129310
8.2

NM_00130617

9.1
(18003757)

NA

Franc

VUS

542.

HNF

la

¢.30T>C

p.le27The

NP_00129510
8.2

NA

Franc

vUS

et al.,

2008)

e
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No

Gene

Nucleotid

¢ position

Protein

position

Accession
number
{PMID

number from

HGMD)

om X
ry
freq

Coun

Inte

rvar

Pub.

Yea

Reference

9.1
(18003757)

NM_00130617

543,
la

HNF

c.30T>G

pUe27Ser

NP_G0129310
8.2

NM _00130617
9.1
(18003757)

NA

Franc

VUS

HNF
la

544,

c.32C>T

p.GIn28X

NP_00129310
8.2
NM_00130617
9.1

NA

Franc

vus

HNF
la

345.

c.98C>T

p.Pro3iLleu

NP_00129310
8.2
NM_00130617
9.)
(18003757)

Franc

vUS

HNF

fa

546.

c202C>T

p.-Arg68Trp

NP_00129310
8.2
NM_00130617
9.1

(18003757)

4.32
271
674
101
739

Franc

vUS

HNF

la

547,

€.206delG

p.Gly6%fs

NP_00129310
82
NM_00130617
9.1

NA

Fran¢

HNF

fa

548.

c.217G>T

p.Glu73Ter

NP 00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

VUS
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No

Gene

Nucleotid

e position

Protein

position

Accession
number
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Fub.

Yea

Reference

549.

HNF

la

¢.225C>A

p.Asp75Glu

NP_00129310
8.2
NM_00130617
9.1
(18003757)

4.25
3l
115
080
681

06

Franc

vuUs

550.

HNF

la

¢.259A>T

p.Lys87X

NP_00129310
8.2
NM 00130617
9.
(18003757)

NA

Franc

VUS

551,

HNF

la

¢.282_283

insT

p.Glu9sX

NP_00129310
82
NM_00130617
9.1

NA

Franc

552,

HNF

la

c.319C>G

p.Leul07Val

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

VU3

553.

HNF
fa

c.326delA

p.Glnl09fs

NP_00129310
8.2
NM_00130617
9.1

NA

Franc

554,

HNF

la

€.346G>A

p.Alal16Thr

NP 00129310
8.2
NM 00130617
9.1
(18003757)

NA

Franc

vUuUS

555,

HNF

la

c.368T>G

p.Leul23Ar
g

NP_00129310
8.2
NM_00130617
9.1

NA

Franc

vus

o et —.
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Ne

Gene

Nucleotid

e position

Protein

position

Accession
number
{PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.
Yea

Reference

(18003757)

556.

HNF

la

¢.396G>C

p.Glul32As
p

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

vUs

557,

HNFE

la

€.397G>T

p.Vallilleu

NP_00129310
8.2
NM_001306)7
9.1
(18003757)

NA

Frang

YUS

558.

HNFE

1o

c.403G>A

p.Aspl35As

n

NP_00129310
8.2
NM_00§30617
9.1
(18003757)

NA

Franc

vus

559,

HNF

la

c410C>G

p.Thr1378er

NP 00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

VUS

560,

HNF

la

¢A12G>A

p.Gly138Ser

NP 00129310
82
NM_00130617
9.1
(18003757)

NA

Franc

vUS

561,

HNF

la

€.427delC

p.His143fs

NP_00129310
32

NM 00130617
9.1

NA

Franc

362.

HNF

fa

c.436_438
dup

p-Ginl46dup

NP_00129310
8.2
NM_00130617
9.1

NA

Franc
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No

Gene

Nuclegtid

€ position

Protein

position

Accession
number
(PMID

number from
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.
Yea

Reference

563.

HNF

la

c436C>T

p.Glnl46X

NP_00129310
82
NM_00130617
9.1
(18003757)

NA

Franc

564.

HNF

la

cAA2C=4A

p.Leuld8lle

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

VUS

5635,

HNF

la

c447C>G

p.Asnl49Ly

g

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

vUsS

366.

HNF
ia

c.d460A>0

p.Metl54Va
1

NP 60129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

YUS

567.

HNF

la

c461T>C

p.Met134Th

r

NP_00129310
82
NM_00130617
9.1
(18003757)

NA

Franc

vUS

568.

HNF

la

cd461T>G

p.Metl54Ar
g

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

VUS

569.

HNF

fa

¢S517067A

p.Vall73Me
{

NP 00129310
8.2

NM_ 00130617
9.1

NA

Franc

vus
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
rene (FMID om Yea | Reference
No e position position try rvar
number frem | freq r
HGMD)
(18003757
NP 00129310
82 0.00
HNF Franc
570. , ¢.521C>T | p.Alal74Val | NM_00130617 | 0i9 YUS
a e
9.1 5
(18003757}
NP_00129310
32
HNF Fran¢
571. / ¢.523C>T | p.GInl75X | NM_00130617 P
a e
9.1
(18003757)
HNF | ¢.526+1G Franc
572. ¥
la >C e
HNF | €.526+5G Franc
573. ?
fa >A e
NP_00129310
g2 0.00
HNF Franc
3714, ; ¢.586A>G | p.Thr196Ala | NM_00130617 | 026 YUS
a g
9.1 5
(18003757
NP _00129310
82
HNF Franc
575. ! colddelA | plLlys205fs | NM_00130617 | NA
a e
9.1
HNE | ¢.620 621 NP 00129310 Franc
576. - p.Gly207fs NA
la insG 82 e
NP _00129310
82
HNF Fran¢
571. ; ¢.650C>G | p.Ala217Gly | NM_00130617 | NA vUusS
a e
9.1
(18003757
HNF NP 00129310 Franc
578. ; c.676A>G | p.Lys226Glu - g2 NA vus
a . e

e
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No

Gene

Nucleotid

e position

Protein

position

Accession
number
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

NM_00130617

9.1
(18003757)

579,

HNF

la

c.682_683
insG

p.Glu228fs

NP 00129310
8.2

NM_00130617

9

NA

Franc

580,

HANF

la

¢.682G>A

p.Glu228Lys

NP 00129310
8.2
NM 00130617
9.1
(18003757)

NA

Franc

VUS

581.

HNF
la

696 607

insA

p.Val233fs

NP_00129310
8.2
NM_00] 30617
9.1

NA

Franc

382,

HNE

la

¢.704_705

insA

p.Cys236fs

NP_00129310
8.2
NM_00130617
9.1

NA

Franc

583.

HNF

la

e 711 _713
_6de)

p.Arg238fs

NP_00129310
8.2

NA

Franc

584,

HNF

la

c.713+1G
>C

NA

Franc

385.

HNF

la

c.715G>A

p.Ala239Thr

NP_00129310
8.2
NM_00130617
9.0
(18003757)

NA

Franc

vUS

586.

HNF

la

c.722G>A

p.Cys241Tyr

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

VUS

e e _______
Molecular characterization of genes associated with MODY

Page 213




Appendices

No

Oene

Nucleotid

¢ position

Protein

position

Accession
number
(PMID

number from
HGMD)

Gn
om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

587.

HNF
la

c.732A>T

p.Arg244Ser

NP_00129310
§.2
NM_00130617
9.1
(18003757)

NA

Franc

vUs

588.

HNF

fa

¢.732 733
delAG

p.Ser247fs

NP_00129310
8.2
NM_00130617
9.1

NA

Franc

589,

HNF

la

¢, 737T>G

p.Val246Gly

NP 00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

VUS

590.

ANF

ia

¢.746_747

insC

p-GIn250fs

NP_00129310
8.2

NM_00i30647

9.1

NA

Franc

591,

HNF

fa

c.763G>A

p-Gly2355er

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

vUS

592

HNF

fe

c.785 786

insT

p.Arg263fs

NP_00129310
8.2
NM_00130617
9.1

NA

Franc

593.

HNF

fa

¢.790G>T

p.Val264Phe

NP 00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

LP

594

HNF

fa

c.798C>G

p-Asn266Ly

s

NP_00129310
8.2

NA

Franc

vus

L . ]
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No

Gene

Nucleotid

€ position

Protein

position

Accession
number
(PMID

aumber lrom
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

NM_ 00130617

9.1
(18003757)

595,

HNF

la

C.814C>A

p.Arg27285er

NP_00129310
8.2
NM_00130617
9.1
(18003757)

NA

Franc

LP

596.

HNF

la

¢.827C>G

p.Ala276Gly

NP_00129310
8.2
NM_00130617
9.1
(18003757)

7.14
546
013
190
519

06

Franc

LP

597.

HNF

la

¢.842T>C

p.Leu2&1Pro

NP_00129310
8.2

NM_00130617

9.1
(18003757)

Frane

vUS

HNF

fa

c.865C>T

p.Pro2893er

NP_00129310
8.2

NM 00130617

9.1
(18003757)

Franc

VUSs

HNF

la

¢.871C>A

p.Pro2¢1Thr

NP_00129310
8.2
NM_00130617
9.1
(18003757)

0.00
001
251

Franc

vUS

600,

HNE

la

¢.919delC

p.Leu307fs

NP_00129310
8.2
NM_00130617
9.1

Franc

e e s ——
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No

Gene

Nucleotid

€ position

Protein

position

Accession
number
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

601.

HNF

ta

c.923C>T

p.Pro308Leu

NP_00129310
82
NM 00130617
9.1
18003757

0.00
002
8l

Franc

YUS§

602,

HNF

la

€.955+2T
>C

Franc

603.

HNF

la

c.959 962
dupTGC
G

p.Tyr322fs

NP_00129310
8.2
NM_00]306]7
9.1

Franc

604.

HNF

la

¢.965A>C

p. Tyr322Cys

NP_00129310
8.2
NM_00130617
9.1
18003757

0.00
014

Frang

YUS

605.

HNF

la

¢.966T>G

p.Tyr322X

NP_00129310
8.2
NM_00130617
91
18003757

NA

Franc

LP

606.

HNF

ta

c.970C>T

p.Gin324X

NP_00129310
8.2
NM_00130617
9.1
18003757

NA

Franc

607.

ANF

la

¢.984T>0

p.Ser328Arg

NP 00129310
82
NM_00130617
9.1
18003757

NA

Franc

VUS

608.

HNF

la

c.1017del
T

p.Leu34lX

NP_00E29310
82
NM_00130617

NA

Franc

T —
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No

Gene

Nucleotid

¢ position

Protein

position

Accession
number
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.
Yea

Reference

9.1

609.

HNF

la

¢.1059_10
60insC

p.Thr354f5

NP_00129310
8.2

NM_ 00130617

91

NA

Franc

610.

HNF

fa

¢.1080_10
8 1dupCA

p.Ser36lfs

NP_00129310
8.2
NM_00130617
9.1

NA

Franc

all.

HNF

fa

c.1118C>
G

p.-Ala373Gly

NP_00129310
8.2
NM_00130617
9.1
18003757

NA

Franc

VUS

612.

HNF

la

c.1135C>
A

p.Pro379Thr

NP_00129310
1.2
NM_00130617
21
18603757

0.00
002
48

Franc

LP

613,

HNF

la

c.1135C>
G

p.Pro379Ala

NP_00i29310
8.2
NM_00130617
8.1
18003757

0.00
018
476

Franc

LP

614,

HNF
la

c.1135C>
T

p.Pro379Ser

NP_00129310
12
NM_00130617
9.1
180:03757

0.00
003
598

Fran¢

LP

613,

HNF

la

c.1136del
C

p.Pro379fs

NP_00129310
82
NM_00E30617

9.1

Franc

616.

HNF

c.1137_11

p.Val380fs

NP_00129310

Franc

P—_ e
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No

Gene

Nucleotid

¢ position

Protein

position

Accession
number
{PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea

Reference

la

38insT

3.2
NM 00136617
9.1

017,

HNF

la

c.1165T>
G

p.Leu389Val

NP_00129310
8.2
NM_00130617
9.1
18003757

0.00
060

Franc

Like

beni

gn

618.

HNF

la

c.1195C>
T

p.GIn399X

NP_00129310
8.2
NM_00130617
9.1
18003757

NA

Franc

619,

HNF
la

¢.1226C>
A

p.Pro409His

NP_00129310
8.2
NM_00130617
9.1
18003757

7.96
197
361
401
944

06

Franc

vUS

620.

HNE

fa

c1271C>
T

p.Prod24Leu

NP 00129310
8.2
NM_00130617
9.1
18003757

Franc

yuUs

621,

HNF

la

¢ 15302+2
A>G

NM_00130617
9.1

NP 00129310
8.1

Frane

622,

HNF

la

c.1502+2
A>T

NM_00130617

9.1

Franc

623,

i

HNF

la

c.1369 13
&3dup

p.Thrd57_Pr
od61ldup

NP_00129310
8.2

NP 00129310

Franc
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No

Gene

Nucleotid

e position

Protein

position

Accession
number
(PMID

number from

HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

81

624,

HNF

la

c.1387C>
T

p.GIn463X

NP_00129310
8.2
NM_00130617
9.1
18003757

NA

Franc

625.

HNF
la

€.1394C>
T

p.Serd65Phe

NP_00129310
8.2

NM_00130617

9.1
18003757

Fran¢

€

vUS

626.

HNF

fa

€.1400C>
T

p.Prod67Lau

NP_00129310
8.2
NM_00130617
9.1
18003757

0.00
001
601

Franc

e

VLUS

627

HNF
fa

c.1421 14

22insA

p-Prod475fs

NP_00129310
8.2
NM_00130617
9.l

Franc

628,

HNF
fa

c.1444 14
45delAG

p.Serd§2fs

NP_00129310
8.2
NM_00130617
9.1

Franc

629.

HNF

la

c.1465T=>
G

p.Phe48%Val

NP_00129310
8.2
NM_00130617
9.1
18003757

Franc

VUS

630.

HNF
fa

c.1495C>
T

p.Prod99Ser

NP_00129310
82

NM_00130617

9l
18003757

Franc

YUS
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Accession
number Go Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No € position position try | rvar
number from | freq r
HGMD)
c.1498C> NP 00129310 ] 0.00
HNF Franc
631. ; A p.His500Asn 8.2 006 vUS
a e
18003757 38
NP_001293 1§
82
HNF | ¢.1509C> Frane
632 p.Tyr303X | NM 00130617 P
fo A e
9.1
18003757
NP 00129310
- 0.00
8.2
HNF | ¢.1513C> . 007 | Franc
633. p.His505Asn | NM_00130617 VUS
la A 369 e
9.1
6
18003757
NP_00129310
82 0.00
ANF | ¢.1522G> Franc
634, p-Glu508iys | NM 00130617 | 044 Vus
la A €
9.1 27
18003757
7.96
NP_00129310 | 463
8.2 701
HNF | ¢.1537A> Franc
635. p.The513Ser | NM_00130617 | 166 VUS
la T e
9.1 819
18003757 E-
06
NP 00129310
8.2 0.00
ANF | ¢.1544C> Franc
636. p.The515Lys | NM 00130617 | 003 | VUS
la A e
9.1 582
18003757
NP_001293i0
0.00
HANF | ¢.1573A> 8.2 Franc
637, p-Thr5258er 003 vuUsS
fa T NM 00130617 e
ol 39

L U
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (FMID om Yea | Reference
No e position position try | rvar
number from | freg r
HGMD)
18003757
NP_00129310
82
HNF | ¢.1574C> Franc
638. p.Thr5250le | NM_00130617 | NA YUS
fa T €
9.1
L80O3757
NP_00129310
8.2 0.00
HNF | ¢.1576G> | p.Asp526As Franc
639. NM_ 00130617 | 001 LpP
la A n e
9.1 9
18003757
NP_00129310
82
HNF | ¢, 1576G> | p.Asp526Ty Franc
640, NM 00130617 | NA LP
ta T r e
9.1
18003757
NP_00129310
HNF | ¢ 1587 15 82 Franc
641. p.Asn529fs NA
la 88insA NM 00130617 e
9.1
NP_00126310
c.16k1_16
HNF - 8.2 Franc
642. 14delGC p.Pro338fs NA
la NM_00130617 ¢
CC
9.1
HNF | ¢.1623+2 Franc
643, ?
fa T=C e
HNFE | c.1637A> | p.Asp546GI ? Franc
644, VUS
fa G Yy 18003757 e
8.05
892
HNF | ¢ 1863C> | p.Len3ssPh 687 | Frane
645. ? vus
fa T e 329 e
755
E-

- _______ ___ _ ______ ____________ ___ _____ ___ ______ . - . _______J]
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Accession
number Gn Pub.
S. Nueleotid Protein Coun | Inte
Gene {(PMID om Yea | Reference
No € position position try rvar
number lrom | (req r
HGMD)
06
NM 00130617
HNF | ¢.1670_16 | p.His563GIn Franc
646, 9.1 NA
fa 85dup fsTer2 @
NP_(012%310
8.1
NM 00130617
HNF | c.1673_16 9.1 Franc
647. p.Alas39fs NA
la 74insC NP 00129310 e
8.1
4.18
154
600
HNFE | ¢.1762C> ? Franc
648, p.Pro588Ser 118 vUsS
ia T 13003757 e
755
E-
06
HNF | ¢.1840 18 Franc
649, - p.Asn614fs ?
la 41delAA e
HNF | ¢.1853 18 Franc
650. - p.lleé|8fs ?
fa 54delTC e
NM_00130617
651 HNE | c.1864 18 | p.Ile622 Ser 9.1 Frang
1 la 90dup 630dup | NP_00129310 e
8.1
NP 00129310
HNF -
652, p.Alal5Ala 8.2 Brazil {Bonatwo
fa 201
, etal.,
HNF NP_00129310 ] 2012)
653, p.GIni141GIn Brazil
ia 8.2
3.97
NP_060129310 {(Chambers
HNF | ¢.599G>A | p.Arg200G! 873 201
654, 8.2 USA LP el al.,
fa n 762 6
0472859 2016)
612

L ___ .. _______ - _ . _ ]
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Accession
number Gn Pub.
S, Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMDY)
598
E-
06
NP_00129310
c.1136C> 82 0.00
HNF
655, ; A p.Pro379His | NM 00130617 ( 005 [ USA | VUS
a
9.1 197
15883474
NP 060129310
HNF -
656. p p.Glu235Gly 82 Spain
a
21170474 201 (Galan et
¢-57- I al  2011)
HNF
657. ; 64delCA ? Spain
a
CGCGGT
ANF | c117 119 Russi
658. - p.Lys39del 2
la delAAG a
HANF | ¢.1346_13 Russi
639. p.Alad49{s ?
la 47delCG a
HNF ? Russti
660, ¢.868G>C | p.Glu290GIn vuUS
fa a
HNF | ¢.1253G> Russi 201 | (Glotov et
661. p.Serd 18Thr ?
ta C a 9 al.,2019)
HNFE Russi
662, c. 199G>T p.Glug7* ?
la a
NP 00129310
HNF p.Leul62Ar 82 Russi
663. ¢.485T>G LP
la g NM 00130617 a
9.1
NM_00130617
Saudi
HNF | ¢.526+1G 2.1 201 | (Habeb es
664, Arabi
ta >A NP 00129310 ] ul. 2011)
a
gt
HNF | c176IC > 7 Germ | Like | 201 | (Knebel e
6635, p-Pro388Ala
la G any Iy 6 al., 2016)

. .
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Accession
number Gn Pub.
S. Nueleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No e position position try rvar
number from | {req T
HGMD)
beni
gn
c.1765_17
66delinsG NM 00130617
ANF p.His589Ala Germ
666. CCCGfs8 9.1
la fsTer6? any
&* NP_00129310
8.1
HNf] Arg3esc 200 Lorini et
667. 4 PArO3Cy 7 ltaly (
a 5 9 al,, 2009)
{Moghbeli
HNF 2 201
668. p.Cysd9Gly Iran et al.,
la 8
2018)
NP_00G129310 (Mogaroto
HNF - 201
669, ; p-Trpli3X 8.2 Brazil | el af.,
[}
11692182 2011)
NP_00129310
HNF 201 (Pace et
670, p.Gly292fs 8.2 Malta
la 9 al., 2019)
NP_00129310
HNF Croati
671. p.Ser3Cys 8.2
ta a 2010 (Pavic er
8 al., 2018)
HNF NP 00129310 Croati
672. p.Glyl51Ser
la 82 a
NP 00129310
8.2
HNF 0.00
673, ¢ 155G>C | p.GlyS2Ala | NM_00130617 UsA | VUS
la 027
9.1
23771925
201 | (Pihoker er
NP 00129310
- 3 al., 2013)
8.2
HNF
674. ; c.725T>C | p.Me242Thr | NM_00130617 | NA | USA | VUS
a
9.1
23771925
675.| HNF | ¢.800G>C | p.trp267Ser | NP_00129310 | NA | USA | YUS

e ——
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Accession
number Gn Pub.
s Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
Ia 8.2
NM_00130617
9.1
23771925
NP 00129310
B 0.00
82
HNF 002
676. ; ¢.872C>A ¢ pPro291Q j NM 00130617 091 USA LP
a
9.1
91
23771925
4.00
NP_00129310 | 641
82 023
HNF | c.1124G>
677. ; T p.Gly375Val | NM 00130617 | 641 | USA | VUS
a
9.1 025
23771925 E-
06
NP 00129310
82
HNF | ¢ 1504C>
678. / G p-Lys502Val | NM_00130617 | NA [ USA | VUS
a
a1
23771925
HNF | c.670delA NP 00129310
679, p.lys226del - NA | USA
fa AG 8.2
0.00
NP_00129310 ) (Plengvidh
ANF p.Arg203Cy 000 | Thaila 201
680. c.607C>T 8.2 ya ¢f af.,
ia s 397 nd 9
10078571 2019)
39
{Gandica
HNF | IVSI+IG 201
681, ? NA | USA etal,
la A 5
20135)
NP_00129310 (Rama
HNF 8.2 201 | Chandran
682, ¢.734G>T | p.Gly245Val UK Lp
la NM 00130617 8 et af.,
a.1 2018)
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No

Gene

Nucleotid

e position

Protein

position

Accession
number
{PMID

number from
HGMD)

om

freq

Coun

try

Inte

rvar

Pub.

Yea | Reference

(19336507)

683.

HNF
la

¢.398T>A

p.Vall33Glu

NP (0129310
8.2
NM_00130617
9.1
{18003757)

Brazil

VUs

684.

HNF

la

c.1296_12
97insC

p.Thrd33His
fs*116

NP_00129310
82

NM 00130617
9.1

Brazil

(Tarantino
201
etal,

2019)

685.

HNF

la

P291fsins
C
¢.872dup

p.Gly292Ar
gfsTer25

NP_00129310
8.2
NM_00130617
9.1

USA

(Shankar
et ai.,
2013)

201

686.

HNF

la

¢.1349dup

p.Asnd450Ly
sfsTerl06

NM_00130617
9.1
NP_00129310
8.1

UK

687.

HNF
la

¢.391C>T

p.Argl31Trp

NM_00130617
9.1
NP_00129310
8.0
9166684

UK

VYUS

688.

HNF

la

¢493G>C

p-Trpl635Cys

NM_00130617
9.1
NP_00129310
8.1

UK

vUus

689.

HNF
fa

c.28A>C

p. Thrl0Pro

NM_00130617
9.1
NP_00129310
8.1
(23348805)

UK

VUS

690.

HNF

¢.814C>T

p.Arg272Cy

00130617

UK

LP

201 | (Shields et
7 al,, 2017

. . . |
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No € position position try | rvar
number from | freq r
HGMD)
fa \ s 9.1
NP_00129310
g1
23348805
HNF c.-
691. ? UK
la 258A>G
401
NP_00129310 | 174
8.2 639
HNF c.779 p.Thr260Me 201 {Tang et
692, NM_ 00130617 | 343 | China | LP
la C>T t 7 al,,2017)
A 999
9156684 E-
06
HNF NP_0D129310 201 | (Urrutia et
693. p.Val264fs Spain
ia 82 9 al., 2019)
NP_ 00129310
- {Whegler
HNF | c.864delG | p.Gly292ar 82 NewZ 201
694, et al.,
Ia insCC gfsX25 NM_00130617 ealand 3
2013)
9.1
NP_00129310
HNFE -
693, ; p.GIn243Glu 82 China
a
(15657605)
5.48
964
NP 00129310 | 679
ANF p.Ala3llAs B
696, c.932C>A 8.2 534 | China
ia p 200 | (Xueral.
627
5 2003)
E-
06
399
817
HNF | ¢.1136C> NP_00129310
697, p.Pro379Arg 683 | China
la G 82
136
489

L _______________________________ ]
Molecular characterization of genes associated with MODY

Page 227




Appendices

Accession
nember Gn Pub.
8. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try rvar
number from | freq T
HGMD)
E-
06
HNF p-Prod88fsd | NP 00129310
698. NA | China
la elC 3.2
NP_00129310
$.2 {Mohamm
HNF | ¢.758G>A 201
699. ; p.Gly253GIlu | NM_00130617 | NA | lran | VUS 9 adi ef al..
a
9.1 2019)
(23348805)
7.07
108
562
HNF NP_000448.3 Canad 201 | (Brahmet
700. c.G25A p-Asp9Asn 377 VS
4a a 6 al., 2016)
581
E-
06
HNF | Phe7505de Denm 199 | (Moller e
T01. ? NA
da T ark 9 al, 1999)
HNF c.-
702. ? MNA | [ndia LP
4a 1009G=>C
Like
(Anuradha
HNF C.- ly 201
703. ? NA | India etal,
4a 129T>C beni 1
2011)
£n
HNF
704, ¢.-T9C>T ? NA | India | VUS
4o
HNF ? Nethe 200 | (Beijers er
705. ¢.640C>T | p.His214Tyr NA LP
da rland 9 al, 2009)
{Bulman
HNF ? 199
706. p.Glu276GIn NA UK ef al.,
4a 7
1997}
NM 00128718
HNF p.Asp271As 201 | {Chapla et
707. c.311G>A 21 NA | India | LP
4a (] 5 ail., 2015)
NP 00127411

e ————
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Accession
number Gn Pub.
s Nucleotid Protein Coun | Inte
Cene (PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
L1
(Gragnoli
HNF 199
708. c.58A>C NA | lHtaly | VUS et al.,
da 7
1997)
ANF NP_00127411 200 | (Stern et
709. p.-Alal93Val NA | Israel
Ja 31 7 al., 2007)
(E. B.
HNF Greec 202
710. p.Glu285Lys [ NP_0004483 | NA Tatsi e
44 e 0
af., 2020)
HNF NP 00124528 Ukrai 20 | (Globa er
711, ¢.572delT | p.Leul9Ifs - NA
fa 4.1 ne 7 al, 20017y
HNF NP 00124528 199 | (Furuta et
712 pArgl27tep NA | Japan
{a 4.1 7 al., 1997)
HNF ) NP 00102517
713, ¢ [46A>G | p.His49Arg NA | USA LP
da 5.1
NP 00102517
5.1
HNF p.Argl 138Gl
714 ¢.353G>A NM 00128718 | NA | USA | VUS
4q n 5 201 | (Bennett er
N 5 | al.2015)
(233488035)
HNF [ ¢318_331 | p.Vallo8Gfs | NP 00102517
715. NA | USA
4a del *11 5.1
HNF | ¢.878_881 | p.GIn294Hfs | NP_00102517
716. NA | USa
4q dup *15 5.1
€.556>55
HNF 7 p.Aspl77fsi Denm
717 ? NA
4a | GATinsG nsG ark 200 (Johansen
fs s eral.,
¢.929GA 2005)
HNF p-Arg30IGl | NP_00127411 Denm
718. CGG3CA NA LP
da n 2.1 ark
G
(Apperle
HNF NP_00102517 201 PReriey
719. ¢.734G>C | p.Arg245Pro - NA UK LP et al.,
da 5. 9
2019)
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try rvar
number from | freq r
HGMD)
{Delvecchi
HNF | c426+1G 201
720, ? NA | Tltaly oetal,
4a >A 7
2017
HNF
721, c37A>T | plLys(3* ? USA
da
HNF Trp99Glyf
722. ¢.295del b-1tP Y ? USA
{a s*3
HNE [ 317 333 | p.GInl06Ar | NP_00127411
723. - NA | USA
4a del gfs*9 2.1
NM 00128718
HNF | c.3dddup | p.Metll5Ilef 2.1
724, USA (Sanyoura
da s%6 NP 00127411 201
et af.,
1.1 9
2019
c.848del NM 00128718
HNF | Asn283T | p.lle283Thef 2.1
725, USA
da hrfs*11 sTerl0 NP_00127411
Ll
HNF {1 ¢.1082dup | p.T362Hisfs
726. 2 USA
{a C *97
HNF | ¢ 1113C>
727, p.Cys3i71* ? USA LP
da A
3.97
778
NP_000448.3
803
HNF NM_00128718 trelan
728. ¢2T>C p.Met! 163
da 2.1 d .
137 201 | (Kyithar et
(21683639)
E- ] al., 2011)
06
NP_00102517
HNF p.Arg290Cy Irelan
729, c.868C>T 5.1 NA LP
4a 5 d
(21683639)
HNF c.842- 200 | (Barrio ef
730. ? NA | Spain
4a 2delA 2 al., 2002)
731.| HNF p-Metllle NP_000448.3 | NA | Korea 201 (Park et

e A —
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Accession
number Gn Pub,
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
4a (21683639) 9 al., 2019)
NP_000448.3
HNF | c950T>C NM_00128718 201 (Kwak ef
732. p.Leul19Pro NA | Korea | LP
da , 2.1 6 al, 2016)
(15830177
NP_0:00448.3
HNF | ¢344G>A - Turke
733. p.Cysl15tyr | NM_00128718 | NA LP
4a ¥
2.1
NP_000448.3 | 0.00
HNF | c.149C>T - Turke
734, p-Ala50Val | NM 001287t8 | 002 vUS
da ¥
2.1 12 (Ozdemir
201
HNFE | ¢ 736427 Turke eral.,
735. ? NA 8
4a >A y 2018)
NP_000448.3
HNF - Turke
736. p c.736G>A | p.Gly246Ser | NM_ 00128718 | NA LP
a
2l Y
HNF | c.534 536 Turke
737 p.lys179del NP_849181.1 NA
fa delGAA - y
HNF NP 00102517
738. p.GIn142His - NA | Japan (Ushijima
4a 5.1 201
el af.,
HNF NP 00102517 8
739, p-Glu256Ala - NA | Japan 2018)
qa 5.1
4.02
197
607 (X. Wang
HNF ) 201
740. ‘ p-Arg331His | NP 000448.3 | 728 | China 9 etal.,
a
629 2019)
E-
06
HNF 201 (Arva ef
741, ¢317G>A | p.Metllé6lle 7 NA UK Lp
4A 4 al., 2014)
HNF | €575 582 (Chambers
742, ? NA | USA 201
da +10del ‘ et al,
743, HNF | c932G>A | pArg3L1HIs | NP 00102517 | NA | USA LP 2016)
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try rvar
number from | freq r
HGMD)
4q 5.1
(10768098)
4.04
226
593 (de
HNFE NP 00102517 201
744, , c.7A>G p-Ser3Gly 5 259 | Brazil | VUS o Santana ef
a .
117 al, 2019
E-
06
HNF NP_00102517
745, ¢.145C>T | p.His49Tyr NA | Brazil | LP
4a 5.1
HNF 201 | (Forlani et
746. p.Arg80GIn NA | ltaly
da 0 al., 2010)
HNF Franc 199 (Hani et
747. p.Val393ile NA
4a e 3 al., 1998)
HNF p- 200 | (Haraer
748, NA | Japan
4a Arg244Gln 2 al., 2002)
(S.
HNF Norw 201 | Johansson
749, c.266G>A | p.Arg89GIn | NP 0004483 [ NA LP
4a ay 2 el al.,
2012)
NP 00102517
HNF 201 | (Gordon et
750. c.200G>A | p.Arg67Gln 5.1 NA USA LP
4a 9 al., 2019}
{20705777)
HNF p-Argl14GlI | NP_00124528 201 | (Laveret
751, NA UK
4a n 4.1 6 al., 2016)
(Lindner
HNF germa 199
752. p.Argl54 7 NA etal,
4a ny 7
1997)
NP_00102517 {Delvecchi
HNF 201
753, ‘ ¢.932G>A | p.Arg311His 5.1 NA | ltaly LP 4 oetal,
a
(10768098) 2014)
HNF p.Argl 683Gl ? 201 | (Pihoker et
754. ¢.5303G>A NA usa LP
4a n {23771925) 3 al,2013)

e —
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
HNE ?
755. c.779T>C { p.Lys260Pro NA | USA | LP
4g (23771925
NP_00124528
HNF Y ¢ | 183G>
756. p.Val395lle 4.1 NA | USA | VUS
4a A
23771925
HNF Norw
757, p.Gly326arg NA
da ay
HNF Norw 200 | (Raeder e
758. p-Thr339lle NA
4a ay 6 al., 2000)
HNF Norw
739. p.Trp340X NA
da ay
(Shankar
HNF NP_00124528 201
760. p.Arg127Trp NA [ USA et al.,
da 4.1 3
2013)
NP 00102517
HNF -
761, ‘ c.340C>T | p.Argl14Trp 5.1 NA UK | VUS
a
(9313765) 20] {Shepherd
NM_00128718 “6 et al.,
HNF | ¢12G>A 2.1 2016)
762. p.Trp4Ter NA UK P
da NP 00127411
Li
c.1064-
HNF
763, 5_1070de NA UK
4a |
201 | (Shields et
NM_001238718
7 al, 2017
HNF | c-12G>A 21
764, p TrpdTer NA UK p
4a NP_001274] ]
Ll
{Taghavi
HNF p.Val255Me 200
765, NA Iran etal.,
4a t 9
2009)
NM_000458.3
HNF | ¢274C>T | p.Leu92Phe 201 | (Chaplaer
766. NP _000449.1 { NA | India | VUS
1B 5 al., 2015)
(2504 1077)

e e ———— . .
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No e position position try rvar
number from | Treg r
HGMD)
HNF NP_000449.1 Franc
767. p.Argl12Pro NA
16 {15068978) €
HNF N P__000449. | Franc
768. p.GIn136Glu NA
ib (15068978) ¢
HNF NP_000449.1 Franc
769. p-lys164Gin NA
ib (15068978) €
HNF NP_(00449.1 Franc (Bellanne-
770, Arglé5His NA
4 et al.,
HNF NP_000449.1 Franc
771. p.Argl81X NA 2004)
ib (15068978) €
HNFE Franc
772, p.Argl82X NA NA
1b e
HNF | 1VS21G3 Franc
773, NA
ib T €
HNE NP_000449, | Franc
774, p.Arg295His NA
1b (15068978) €
HNFE Germ 200 | (Mayere!
775, 443 C>T | p.Cysd43Thr | NP_000449.| NA
Ib any 8 al., 2008)
176 HNF Serl4sL NP_000449.1 NA 1
. Ser eu apan ;
1b P (15930087) P sgp | (HOTkawa
et al,
HNF NP_000449.1 4
T, 354Q>X p.GIn354X NA | Japan 2014)
1h (24905847)
NP_000449.1
HNF Norw
778. b ¢.393A>T | p.GInl3IHis | NM_000458.3 | NA vuUs
a
NP_000449.1 ¢
(B.B.
HNF p.Asn289Ly | NP_000449.] Norw
779. c.867C>G NA vUS | 201 | Johansson
b ] NM_000458.3 ay
R 7 ef al.,
NP_000449.]
HNF p.Arg295Cy - Norw 2017)
780. b c.883C>T NM_0004583 | NA VUS
s a
(16249435) Y
781.| HNF | ¢.1085C> | p.Seri62Phe | NM_0004583 | NA | Norw | VUS
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
1b T NP_000449,1 ay
HNF Norw
782, c.124G>A | p.GlvaZArg NA NA
1é ay
{Shimoda
ANF p.A263fsins 201
783. NP_000449.1 [ NA ! Japan et al,,
1b GG - 6
2016)
(Thirumal
HNF NP_000449.1 201
784, ¢.727C>T | p.GIn243X NA | USA P aieraf,
ib NM_000458.3 3
2013)
{(Ushijima
HNF NP_000449.1 201
785. " p.Leul68Pro NA | Japan 2 el ai.,
2018)
(Wentwort
HNF p.Metlo0Va | NP_000449.( Austr 201
786. 160M>V NA h et al,,
Ib | (22034641) alia 4
2014)
NP_000449,| (Y. Wang
HANF | ¢ 1007A 201
787. b G p.His336Arg | NM_000458.3 [ NA | China | VUS ; ef al,
=
(16971638) 2017)
HNFE 201 {Luo e
788. 239G>E | p.Gly239Glu | NP 0004491 | NA | China
ib 7 al., 2017)
NP_000449.1
HNF | ¢.1005dup ) germa 201 | (Bansal e
789. p.His336fs | NM_000458.3 | NA
ib C ny 7 al,2017)
(16971658)
HNF NP_000449.1 Franc
790. ¢.143delT | p.Levd8fs NA
Ib NM_000458.3 e
0.00
NP_000449.1
HNF - 054 | Franc
791, b ¢.226G>T | p.Gly76Cys | NM_000458.3 508 LP {Bellanne-
e
{16249435) s 200 | Chantelot
b et al.,
NP 0004491
HNF B Franc 200%)
792. Ih c.406C>T | p.GIn136X | NM 0004583 | NA P
e
(162494335)
HNF pArg235GI | NP_000449.1 Franc
793. c.704G>A NA vus
1o n NM_000458.3 ¢

b ——
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Accession
number Gn Pub.
S, Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
aumber from | freq r
HGMD)
(16249435)
HNF p-ATg276Gl | NP_000449.1 Franc
754, c.826G>A NA P
ib ¥y (16249433) e
NP_000449.1
HNF p.Gly285As - Franc
7535, b ¢.854G>A NM_000458.3 | NA VUS
e
P (16245435)
NP_000449.1
HNF Arg295C Franc
796. c.883CT P-Arg293Cy NA vus
ib 5 NM_000458.3 ¢
{16249435)
0.00
HNF | . 1108G> NP_(00449,1 Franc
757. p.Gly3708er - I LP
ib A (16249435) 0 e
c.1046— NP_000449.1
HNF p.Gly349 M - Franc
798. 2941206 XP_(01152346 | NA
) - et4(2de! - e
704del 2.1
HNF | ¢.1+1671 | p.Metl_Trp Franc
799, - NP_000449.1 ; NA
ib del 557del - e
c207_211
- NM_000458 3
HNF | delCGCC | p.His69GInf 201 | (Carrillo er
800, NA | Spain
ib A sTerl? NP_(00449. | 7 al [ 2017)
{Fujimoto
HNF NP_000449.1 200
801, p-Arg276X ~ NA | Japan et al.,
ib (12161522) 7
2007)
397
845
270
HNF | ¢ 578T>C | p.Met193Th | NM_000458.3 201 | (Joeral,
802. 017 | Japan | VUS
Ib r NP_000449.1 saq 2 2012)
E-
06
HNfI p.Leuld3Gl | NP_000449.1 201 (Kato er
803. c434T=A NA | japan | YUS
b n NM_000458.5 g al. 2018)
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No € position position try rvar
number frem | freq r
HGMD)
HNF NP_000449.1 201 (Kim ef
804. p.Prol5%Leu NA | Korea
16 (20378641) 4 af, 2014)
NP_000449.1 | 0.00
HNFE | c.1580G> | p.Arg527GI 201 (Pace ez
805. NM_000458.3 | 001 | Malta | VUS
b A n 3 al., 2018)
590
(Shepherd
HNF c.l- 201
806. NA UK ef al.,
ib *151+del 6
2016)
c.l-
HNF 201 | (Shields ez
807. _1674+de NA UK
ib | 7 afl . 2017)
HNF 201 Zhou et
808. ¢.77C>T NA | China (chou e
1b 6 ed., 2016)
NP _000198.1
c.397>G Canad 201 | (Brahm et
809.| INS p-Leu3DArg | NM_00129189 LP
a 6 al., 2016)
7l
NP_000198.1
201 | (Picciniet
810.[ INS | c.i25T>C | pVald2Ala | NM_00129189 ltaly LP
6 al., 2016}
1l
NP_000198.1
c.163C>T NM_00129189 Norw 201 | (Irgens e
811.| /NS p.Arg55Cys LP
i1 ay 3 al.. 2013}
{18192540)
Cc.—
8l12.} INS ? USA
331delC
NM 00129189
. 201 | (Bennett er
— 5 | al,2015)
813.) INS [ c.265CNT | p.Arg89Cys | NP_00127882 USA LP
6.1
(17855360)
0.00
NP_000198.1 | 003 201 (Yan et
Bld.f INS | c4G>A p.Ala2Thr - china
244 7 al., 2017
084

aae——— . . ]
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try rvar
number from | freq r
HGMD)
95
NP_000198.1 {Johnson
Austr 20t
815.] IN§S [¢277G>A | p.Glu%3Lys | NM_00129189 | NA i 2 et al.,
alia
7.1 2018)
(L.
NP_000i98.1 Czech
201 | Dusatkova
816.| INS | ¢233delA | p.GIn78fs | NM_00129189 | NA Repub s .
ef af.,
7.1 lic
20t5)
{Moritani
NP 0001981 201
817.| INS p.Gly32Ser NA | Japan etal,
(17855560} 6
2016)
818.| INS p.Gly75Cys | NP _000198.1 } NA | Japan 201 (Ushijima
B el al.,
819, INS p-Cys96Phe | NP_000198.1 | NA | Japan 8
2018)
¢.212dup NP_0001938.1
201 Xiao es
820.] INS G p.Gly73fs | NM_0012918% | NA | China (Rimo e
9 al., 2019)
7l
NP_000198.1 (Ming-
¢.298T>G | p.Cys100GI 201
B21.| INS NM_0012918% | NA | China | LP 0 Qiang er
4 71 al.. 2019)
NP_000198.1 | 0.00
{Boesgaar
NM_00129189 { 008 | Denm 201
8220 INS | ¢.I7G>A | p.Arg6His VUS detal,
7.1 638 ark )]
2010)
(20007936) 50
NP_000198.1 (de
p.Ala23GInf 201
823.! INS | c.65delC NM_00129189 | NA | Brazil Santana ¢t
sTerd 9
1 al, 2019)
NP_000198.1
c163C>T | p.Arg35Cys | NM_00129189 Norw 200 | (Molven et
824.( INS NA LP
7.1 ay 8 ai., 2008)
(18192540)
NP 00127410
ABC | ¢3202T> | p.Phel068I] - 200 | (Cattoni er
325, 3 UK | vUS
C8 A e g al, 2019)
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea  Reference
No ¢ position position try rvar
number from | freq r
HGMD)
.2376del -
$26 ABC c p.Phe7938er | NP_000343.2 Tunist
| cs fs*71 NM_000352.4 a _
201 | (Dallali et
c.4608+4 9 | al, 2019)
A8C NM _000352.4 Tunisi
827. A>G
C8 NP _000343.2 a
%28 ABC pMet1514T | NP 00127410 Greec
| cs hr 3.1 e (E. B.
202
NP 00127410 Tatsi et
ABC p.Ser1386Ph B Greec 0
829, 31 al., 2020)
C8 e e
(10204114)
3.97
649
NP 00127410 | 098
ABC | c1277A> -
£30. p-Asnd26Ser 31 529 | USA | VUS
Cs G
NM 0003524 | 493
E-
06
NM_000352.4
ABC | £.3545G> | p.Argl 182G
831. NP_000343.2 LP
C8 A In
(16885549)
NP_00127410
20t | (Benmett et
ABC | c.1608T> | p.PheS36Le 31
832, USA | VUS 5 al., 2013)
8 G u NM_000352.4
(25535642)
0.00
ABC | ¢2422C> NP 0003432
833. p-GIn808Lys B 005 | USA | VUS
cs A, NM_000352.4
302
¢.2506C>
ABC T p.Arg836Ter | NM_000352.4
834, s c4138_41 | p.Thr1380G! | NP _000343.2 USA P
40delinsC nfs*80
A
835.| ABC | c.4138 41 | p.Thri380Gl NM_000352.4
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Accession
number Ga Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
C8 | 40delinsC nfsTer80 NP _000343.2
A
c.4543A> NP_000343.2
ABC p. Thri513A1
836, G NM_000352.4 USA | VUS
C8 a
(25555042)
NP_000343.2 {Johnson
ABC | c4169C> | p.Afal390V - Austr 201
837. NM_000352.4 vUS et al.,
C8 T al alia h
(21378087) 2018)
NP_00127410 | 0.00
ABC -
838. o c.307C>T | p.His103Tyr 3.1 003 | Korea | VUS
NM 0003524 | 58
201 | {(Kwak et
NP 00127410
h 0.00 6 al., 2016}
ABC 31
839, c.221G>A | p.Arg74Gin 000 | Korea | VUS
8 NM_000352.4 7
{9618169)
NP 00127410 | 0.00 ) {Zubkova
ABC | ¢.18B0A> Russi 201
840. p.His627Arg 31 001 vUS etal,
3 G a 9
NM_ 0003524 | 76 2019)
(S
NP _000343.2
ABC | c4096G> | p.Alal366T Norw 201 | Johansson
841, NM_000352.4 vUS
Cc8 A hr ay 2 et al.,
(226622635)
2012)
NP 00127410 {Koufakis
ABC | c4058G> | p.Argl353H Greec 201
842. 31 LP et al.,
c8 A is € 9
2019)
8.00
371
NP_00127410
- 372
ABC | c.1819G> | p.Val6dTMe 3.1 201 | (Shimaer
843. 316 | Japan | YUS
C8 A t NM_000352.4 255 3 al., 2018)
{18025408)
E-
06
844.1 POX | c.t64G>A | p.Gly554Asp | NP_000200.1 | 0.00 | Turke 201 {Anik et

- - . . ______
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Accession
number Gn Pub.
s Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position Position try rvar
aumber from | freq r
HGMD)
i (26226118) Q13 ¥ 5 al., 2015)
PDX | ¢713 714 Canad
843, - p.L238ins P | NP _000200.1
i ins a 201 | (Brahm et
PDX | cAS71C NP_000200.1 Canad 6 al., 2016)
846. p.lys191Gin LP
{ NM_000209.3 a
NM_ 0002093
PDX p.Vall77Me
847, ; €.529G>A NP_000200.1 India | VUS
(
(25041077 201 | {Chapla ez
NM_000209.3 ! 0.00 5 al, 2015)
PDX | c.670G>A
848, ; p.Glu224Lys | NP_000200.1 | 113 | India | VUS
’ (14764823) | 9
0.00
001 {Caetano
PDX | c.188delC | p.Pro63Argf | NP_000200.| 201
3490, 446 | Brazil et al.,
{ 5Ter60 NM_ 0002093 g
152 2018)
5
0.00 {de
PDX NP_000200. 201
850, / ¢.664G>A | p.Glu222Llys NM_ 000209 00l | Brazil | VUS g Santana er
RM DL s al., 2019)
0.00
PDX NP_000200.1 | 007 201 | (Denger
851. c.463C>A | p.Argl55Ser China | VUS
! NM_000209.3 | 458 9 al., 2019}
|
{Doddabel
NP_000200.1 | 0.00 avangala
PDX ¢.670 B 201
852. , GoA p.Glu22diys | NM_000209.3 | 113 | India | VUS . Mruthyunj
=
{14764823) 9 ayaetal,
2017)
0.00 {Mangrum
DX 201
853. / ¢.694G>A | p.Gly232Ser [ NP_000200.1 | 004 | USA s et al.,
61 2015)
NEU NM_002500.4 | 0.00
¢.175 201 | (Chapla er
854.| ROD p.Glu59Gin | NP_0024912 | 004 | India | VUS
G>C 5 | al,2015)
i (25041077) 34
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Accession
number Gn Pub.
5. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
NEU
c.- NM_002500.4
855.| ROD NA | India
; 162G>A NP _00249] 2
NEU NP_002491.2
es6.| ROD c.616 617 | p.His206Pro - NA |
. apan
; insC, fsTer38 NM_0023004 P
NEU p.Pro245Arg
NP_002491.2
857.| ROD | ¢.734deiC |  fsTerl? NA | Japan _
/ NM_0025004 201 (Horikawa
2 et al,
NEU
p.Leul57Ar 2018)
858.| ROD NP_002491.2 [ NA | lapan
g
i
NEU
p.His206The | NP_002491.2
859.1 ROD | ¢.616delC NA | Japan
; fsTerSé NM 0025004
NEU | ¢.308G > NP_002491.2
Pol 201 t
860.{ koD | ¢ | p.Argtospro | NM_0025004 | NA | (Gzopae
d 6 al., 2016)
! (26773576)
NEU
c.1972G> Thaila
861.| ROD 7 NA
A nd {Plengvidh
i 200
vaeral,
NEU 9
p.Ala322As Thaila 2009}
862.| ROD NP_002491.2 | NA
n nd
!
NEU 0.00 ing-
NP_002491.2 201 (Ming
863.| ROD | ¢d451T>C | p.TrpiS1Arg 005 | China | VUS Qiang et
NM_002500.4 9
! 63 al., 2019}
NEU {G. M,
p.Phe236Le 201
864.| RCGD NP _002491.2 | NA | Brazil Abreu er
ufs*2 - 9
! ., 2019}
NEU
NP_002491.2 201 (de
865.| ROD | c.693C>G | p.Tyr231Ter NA ; Brazil | VUS Santana et
NM_002500.4 9
/ al., 2019)
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
NEU .
c.616dup | p.His206Pro | NM_002500.4 201 | (Shields es
866.| ROD NA UK
; fsTer3d NP_00249(.2 7 al., 2017}
(Sujjiticon
PAX 1VS7- Thaila 201
8467. 7 NA el al.,
4 1G>A nd 6
2016)
NM_006193.2
PAX 0.0¢ | Canad
868. ‘ c.92G>T | p.Arg3llen | NP 0061342 oal Vus
a
(25041077) 200 | {Brahm er
NM 0061932 | 0.00 6 al., 2016)
PAX | ¢.G290A . Canad
869. ) p.Argg7His | NP 006[84.2 | 003 VUS
a
18
NM_006193.2
PAX 0.00 20 | (Chapla e
§70. ¢92G>T | p.Arg3lleu | NP_006184.2 India | VUS
4 041 5 al., 2015}
(25041077
0.00 (Plengvidh
PAXY ? Thaila 200
871, c.490C>T | p.ArgledTrp 004 ya et af.,
4 (17426099) nd 7
95 2007)
Like
0.00
PAX | ¢.574C> NM_006193.2 ly
372, p.Arg192Ser 276 | China
4 A NP_006184.2 beni
22 {Ming-
gn [ 201 )
Qiang et
Like 9
0.00 al., 2019)
PAX NM 0061932 ly
873. c.92G>A | pArg3IGln 347 | China
4 NP_006184.2 . beni
gn
PAX p.Aspl26G! | NM_006193.2 Russi
874, ¢.377A>G NA vUuSs
4 y NP _006184.2 a
7.95
{Zubkova
646 201
et al.,
PAX NM _006193.2 | 223 | Russi 9
875. c.55C>T | p.Argl9Trp vus 2019)
4 NP 0061842 863 a
021
E-
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
06
PAX | 374412 201 | (Joetal,
g76. NA | Japan
4 del 39 | 2011)
PAX ¢.593 NM_006193.2 201 | (Pezzilli ez
877. p-Alal98Val NA | [taly | VUS
4 C>T NP_C06184.2 8 al., 2018)
0.00
p.Thr270Me | NP_001706.2 Canad 201 | (Brahm et
878.] BLK | c.809C>T - 010 vUS
t NM_001715.2 a 6 al, 2016)
60
879, BLK | ¢57G>A NA | USA
0.01
NP_001706.2
880.[ BLK | ¢211G>A | p.Ala71Thr 160 | USA
(19667185) |
Chr3:114
8%1.| BLK 59,364 NA | USA 200 (Borowiec
=G o etal,
Chré:114 2009}
882 BLK 59,531 NA | USA
G>T
Chr8:11,4
883.| BLK 68,050 NA | USA
T
NP_001706.2 201 | (Pezzilli er
884.] BLK | ¢338T>G | p.Vall 13Gly NA | ltaly | VUS
NM _001715.2 8 | al,2018)
NP_000516.3
KCN Norw 201 | (Irgens et
885, ¢ 175G>A | p.Vals9Met | NM _000525.3 vUS
i ay 3 al., 2013)
{(15113830)
NP 000516.5 | 0.00
KCN p.Arg206Cy
886, 11 c.616C>T NM_000523.3 | 001 | USA | VUS
§
(235355642) 20
NP _000516.3 201 | (Bennett of
KCN | ¢.691G>C
887, il p.-Val23lleu | NM_000525.3 USA | VUS 5 al., 2015)
(27118464)
KCN Gly324Ar | NP_000516.3 | 0.00
888. ¢.970G>A PO DR 16] usa | vUS
Ji 4 NM_000525.3 | 001

eaaaa— ...
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Accession
number Gn Pub.
S. Nug¢leotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
(27118464) U6
NP_000516.3 (Johnson
KCN p-Arg29Alaf Austr 201
889. ¢.85delC NM_0005253 | NA . et al.,
Jif sTerl0! alia 9
2019)
{Ushijima
KLF 201
890 y p.Hisd418GIn | NP_003588.0 | NA | Japan o et al.,
2019)
NP _003588.1
KLF -
891. y ¢.604G>A | p.Glu202Lys | M 003597.4 | NA | China | VUS
NFP_003588.1
KLF -
892, ' ¢.686T>C | p.Val229Gly | NM_003597.4 | NA | China | VUS
0.00 :
50 KLF o . NP 003588.1 ~01 (Ming-
. ¢ 14A> p.Asp5Gly 003 | China | VUS .
1" NM_003597.4 g | Chanee
60 al, 2019)
3.99
176
100
KLF NP_003588.1
894, ¢.316A>C | p.llel06Leu 528 | China | VUS
if NM_003597.4
509
E-
06
c.1655T> NP_036228.1
APP -
895. N A p-Leus52Ter { NM 0120962 | NA | laly P
{26073777T)
4.03 {Prudente
222 201
s etal,
NP 036228.1
APP - 354 2015}
896. g ¢.280G>A | p.Asp94Asn | NM_012096.2 | 656 | ltaly | VUS
(15115830) 87
E-
06
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Accession
number Gn c Int Pub.
i i oun nte
> Gene Rucleotid Protein (PMID om Yea | Reference
No ¢ position position try | rvar
number from | freq r
HGMD)
c.1785del | p.Val396Cys | NM_001807.4 Norw 200 | (lrgens et
897.| CEL NA vUsS
C fsTerlll NP 001798.2 ay 3 af., 2013)
NP _001293t0
82
HNF Denm
898, ; ¢34C>T | p.Lewl2Phe | NM_000345.6 | NA ) vUS
a ar
NP _000536.5
{15928245)
NP_00i129310
82
HNF Denm
299, p ¢.370C>T | p.GInl24Ter | NP _000536.5 1 NA ) P
a ar
NM_000545.6
(15928245}
NP_00129310
82
HNE | ¢.686G>C Denm
900. p p.Arg229Pro | NP _000536.5 | NA \ LP
a , ar
NM. 000345.6 {Johansen
200
(11058894) s etal,
NP_00129310 2005)
HNF | ¢700G>T 8.2 Denm
901, p.Glu234Ter P
fa NM_000545.6 ark
(11058894)
c. 1636-
1639delG
p.Asp546Th
HNF ACA Denm
902, r3d7fsdelGA | NP_0005366 [ NA
fa | GACACT ark
CA
delGACA
fs
c. 1767-
HNF | 1768insA | p.Val590fsin Denm
903. NP_000536.6 | NA
fa GTG- sA - ark
insAfs
904.; INS | ¢.187+24 NM_ 00129189 | NA | USA 201 | {(Carmody

s ————
Molecular characterization of genes associated with MODY

Page 246




Appendices

Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
1G>A 7l 5 etal,
NP_00127382 2015)
6.1
HNF p-Pro328Leu | NM_000458.3 _ 201 | (Dotto e
903, €.983delC NA | Brazil
ib fs*48 NP _000449.1 9 al., 2019)
NM_033507.1 (E. H. Che
906, GCK | ¢92T>C | p.Leu3lPro NA | Korea | LP | 201
NP 277042 .1 . et al.,
c.1151C> 2017)
907.| GCK T p.Ser383Pro | NP_000153.1 | NA | Korea | LP
. 201 | (Franco ef
908.| GCK p.Glyl78Ala | NP_000153.1 | NA | Brazil
7 al., 2017)
HNF Nethe 201 | (Haring er
909. c.815G>A | p.Arg272His | NM_000545.6 | NA YUS
la rland 9 al., 2019)
NP_000536.5
NM 00116592
- Like
33 (Fujimoto
HNF | ¢.276C>T ly 200
910. p.Arg276X | NP_00115939 Japan et of.,
b beni 7
3.1 2007)
gn
(12161522}
Gly288fs
o1 HNE | *863_864 | p.Pro289Ala | NM_000545.6 Denm
1 e insC fsTer28 NP_000536.5 ark
4.402 201 | (Giesi
esing er
197 jesing
7 al, 2017
NM_178846.2 | 607
HNf4 Denm
912, 992G>A | p.Arg331His | NP_849180.1 | 728 \ vus
a ar
629
E-
06
NM 00128718
(Kleinberg
HNf4 2.1 201
813. ¢.256C>T | p.GIng6X NA | USA P erefol,
a NP_00127411 8 2018)

11
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {PMID om Yea | Reference
No € position position try rvar
number from | freq r
HGMD)
c.987
HNF NP_00124528
914, 1003dell p.Lew330fs NA Uk
4a 4.1
7ins9
HNF c.264-
915. UK
4a 21A>G 200 | (Kapoor ef
NM 00128718 3 al., 2008)
2.1
HNF
a16. s c.48C>G p-Tyr16X NP 00127411 UK P
a
11
(17407387)
HNfl XP_ 02430493
a17. p-Pro61 1 Leu - India
a 6.1
HNfI XP 02430493
918, p.Val648lle India
a 6.1
XP 02430493 | 0.00
HME | ¢.1061C> | p.Thr354Me -
919, 6.1 006 | India
a T t
(11058894) 36
XP 02430493
HNf! -
920, p.Trpl13* 6.1 NA | India
a
{11692182)
NP_00127410
ABC p.lys1023GI ] 201 | (Mohan er
921. 3.1 India
8 n & af.,2018)
0.00
ABC | ¢2912A> NP 00127410
922. p.Glud71Val 000 | India
C8 T 3.1
397
ABC p.Alal473T | NP_00127410
923. - India
8 hr 31
ABC p.Gly1009Se | NP 00127410
924, india
1 r 3.1
ABC NP_00127410
925, p.Asn781Ser India
o, 3.1
926.| BLK p.Argdd6Gl | NP_001706.2 India

i ——
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | freq r
HGMD)
¥
4.00
936
587
927.| CEL | ¢.294C>G p.tyr9g* ? 869 | India
262
E-
06
928.| GCK p.Thi207Ala | NP_277042.1 | NA | India
397
630
124
HNF | ¢.1306A>
929. " G p.Thrd36Ala | NP_000449.1 | 458 | India
229
E-
06
0.00
KCN | ¢.1084G> 002
930. p.Ala362Thr | NP_000516.3 India
JIi A 389
8
0.00
KLF | ¢.1394G>
931 [ A p.Argd65His NP_003588 001 { India
193
PDX .
932, ; plysldTArg | NP_000200.1 India
) (Ovsyanni
ABC p.Alal457T | NP 0003432 Russi 201
933, kova et
C8 hr {12364426) a 6
al,2016)
NM_ 00116592
33
HNF Franc
934, b ¢.374T>C | pllel25Thr | NP_00115939 VUS| 201 {Poitou el
e
3.1 2 al., 2012)
(22432796)
935, HNF | ¢.544+] NM_00116592 Franc

e —
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Accession
number Gn Pub.
s, Nucleotid Protein Coun | Inte
Gene {(PMID om Yea | Reference
No e position position try | rvar
number from | lreq r
HGMD)
16 544+4del 33 e
NP 00115939
5.1
NM_000458.3
HNF Frang
936. b c.698G>A | p.Arg233His | NP_000449.1 vUS
e
(22432796)
Yamagata
HNF 199 { e
937. p ¢.268C>T | p.GIn268Ser USA 6 et al.,
a
1996)
Polan
938. GCK p.Vald06Ala | NP_000153.1 y
p-Argdd7Gl Polan
939.1 GCK NP_000153.1
n - d
NP _000153.1 Polan
940.| GCK p.Argd3Cys
(17573900) d
Arg33ic Polan
941, GCK pAte y ?
8 d 201 ¢ (Fendler er
p.Gly318Ar Polan 4 al ,2014)
9421 GCK NP_000153.1
g d
Polan
943, GCK p.Phel50fs | NP _000153.1 4
Polan
944, GCK p-Argl86X | NP 000153.1 d
p.Gly318Ar | NP_000153.1 Polan
945. GCK - NA
2 {12627330) d
ABC | c1763C> | p.Thr588lle Finlan
046, NP_000343.2 | NA vUS
C8 T d 201 | {(Huopio ef
c.635_637 Finlan ) al , 2016)
947.1 GCK p.Ser212 NP 000153.1 | NA
delCCT - d
c.304- {Yaghootk
NM_033508.1 20]
948.| GCK 8T>G NA tran ar et al,
NP_277043.1 g
2019)
201 (Yellapu
949, GCK p.Arg308lys | NP_000153.1 [ NA | India 4 )
et al,

e ———
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene {(PMID om Yea | Reference
Ne € position position try rvar
number from | freq r
HGMD)
2014)
¢.1278_12
- p-Argd27 L | NM_033508.2
950.| GCK | 8bdup9, NA | Japan
eud29dup NP _277043.1
¢ 1142T>
p.Met381Ar | NM_000162 4
931.| GCK G NA | Japan | LP
g NP_000153.]
NM_000162.4
¢ 175C>T
952, GCK p.Pro59Ser | NP_000153.1 | NA | Japan | LP
{22060211)
NM_000162.4
953.| GCK | ¢.182A4>G | p.Tyr61Cys | NP_000153.1 | NA | Japan | VUS
{22060211)
NM_033508.2
954.| GCK | ¢.576G>T | p.Gly193Trp | NP_277043.1 | NA | Japan | VUS
(24804978)
NM_000162.4 01 (Yorifuji
955.| GCK | ¢.500G>A | p.Trp167Fer | NP_000153.1 | NA | Japan P ) et al.,
(24804978} 2012)
NM_000545.6
HNF | ¢ 1043T>
956. ; c p.Leu348Pro | NP_000536.5 | NA | Japan | VUS
a
(24804978)
ur | &1 p.Ser3s2Pro | NM_000545.6
Ser rQ .
957. T NA | Japan
la fsTerl2 NP_000536.5
NM_00]16552
33
HNF
958. " ¢.395A>C | p.Hisl32Pro | NP_00115939 Japan | VUS
3.1
(24804978)
N 128718
¢.915_916
HNF i p.Arg3065er 4.1
959, insT Japan
da fsTer37 NP_00127411
3.1
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try | rvar
number from | freq r
HGMD)
HNF p-Arg324Cy | NP_00124528
960. c.970C>T Japan | LP
da s 4.1
c492 494
NM_000162.4
961.| GCK | delTCT | p.Leul65del Japan
NP_000153.1
NM_000162.4
962, GCK | ¢.533G>C | p.Gly178Ala Japan | LP
NP_000153.1
¢.538A>C NM_000162.4
963.| GCK p.Asnt80His Japan | VUS
NP_000153.1
NM_000162.4
964.| GCK | ¢.577G>T | p.Glyl93Trp | NP _000153.1 Japan | VUS
(24804978)
p.Me224Ly | NM_000162.4
965.| GCK | c67IT>A Japan | VUS
5 NP_000153.1
NM_000162.4
966.| GCK | c.707A>C | p.Glu236Ala Japan | VUS
NP_000153.1
NM 000162.4
c.836_837 (Yorifuji
967.| GCK p.Glu279Efs | NP_000]53.1 Japan 201
delAG 2 el al.,
2018)
NM_000162.4
¢.398G>T
968.| GCK p.Glu300* NP_000153.1 Japan P
(24804978)
NM_000162.4
c.]055T> | p.Leu352Ar
969.| GCK G NP_000153.1 Japan | VUS
s (24804978)
c.l144 11
NM_000162.4
970.| GCK 490upTG | pCysitd. s NP_000153 J
. 133.1 apan
CTCG er383dup i
c.1278_12
86dupCG NM_000162.4
p.Serd26 Ar
971.| GCK | TGCGCA NP_00Q153.1 Japan
G £428dup

ke ————— . ]
Molecular characterization of genes associated with MODY

Page 252




Appendices

Accession
number Gn Pub.
5. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
¢.1340_13
p.Argdd7Le | NM 0001624
072.| GCK | 68del29 Japan
ufsTer2 NP _000153.1
NM_000545.6
HNF | c618G>A
073. ; p.Trp206Ter | NP_000536.5 Japan P
a
(24642958)
NM 000545.6
HNFE
974, ; ¢.752C>T | p.Ala251Val | NP_000536.5 Japan | VUS
a
HNF NM_000545.6
973, c.778A>T | p.Thr260Ser Japan | VUS
la NP_000536.5
HNF NM 000545.6
974, c791T>C | pVal264Ala Japan | VUS
la NP _000536.5
NM 00116592
3.3
ANF
977. b c.395A>C | p.HisI32Pro | NP_00115939 Japan | VUS
5.1
(22060211}
NM_00128718
HNF 41
978. c.l146A>C | p.His49Pro Japan | LP
4a NP_00i27411
3.1
HNF | c426+1G
979. ? Japan
4a >A
NM 00128718
HNF 4.1
980. c.857T>A | p.lie286Asn Japan | LP
4a NP_0012741 1
EN |
FNF
981, ‘ c.874C>T | p.GIn292* NP 787110.2 Japan P
a
0.00
PDX . 201 | (Sahoo et
982. c.302C>T | p.Prol0ILeu | NP_000200.1 | 001 | India
I 9 al., 2019)
536
983.| GCK | c.70G>A NP _000153.1 | NA | Franc P 199 | (Froguel ef

- . . _ .. ]
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Accession
number Gn Pub.
S, Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try | rvar
number from | freq r
HGMD)
€ 3 al., 1993)
Franc
984.| GCK | ¢ 98C>T NP_000153.1 NA
e
c.l61-
Franc
985.| GCK | 15bpdelet NA
e
ion
Frang
086.| GCK | ¢c.175G>A NP 0001531 NA LP
€
Fran¢
087.) GCK | c.182G>A NP_000153.1 VIS
¢
Like
0.00
Frane ly
988.| GCK | c.186C>T | pTyr62Tyr | NP_000153.1 | 003
e beni
537
gn
Franc
080, GCK | ¢.203T>C NP_{00153.1 | NA vus
e
Franc
990, GCK | ¢.227G>T
e
Like
Franc ly
991.| GCK | ¢.228C>T NP_000153.) .
e beni
an
Franc
92, GCK | ¢.261G>A NP_000153.] YUS
e
Franc
993, GCK | ¢.279G>T NP_000153.1
e
Like
Franc ly
994, GCK | ¢.300G>A NP_000133.1 .
e beni
n
Franc
995.| GCK | ¢.300G>C NP_000153.1 vUS
€
¢.309T=>C Franc
996.| GCK NP 0001531

. _____ ____ ____ _ ______ _____ . _______ _____ __ _____ _____ . . _________]
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No ¢ position position try | rvar
number from | freq r
HGMD)
Like
Franc ly
9971 GCK | c414A>0 NP_000153.1 .
e beni
gn
heterozyg New (Mikusche
HNF 201
598, ous Zeala vaetal,
) 7
deletion nd 2017)
HNF | HNFIb 201 | (H ). Lier
909, USA
1o deletion 9 al., 2019}
(Marucci
c.1116G> | p.Glu372As 201 efal.,
100(4 GCK NP_000153.1 | NA | lItaly | VUS
C p 9 2019}
201
HNF HNF1b {Omura et
1001 Japan 9
ib deletion al, 2019
HNF | HNFIb 201 {(Stiles et
1002 UK
) deletion 8 al., 2018}
(Clocquet
PDX | Pro63fsde 200
1003 NP 000200.1 USA et al,
! IC - 0
2000)
HNF | HNFlb 201 | (Edghill e
1064 UK
1b deletion 3 al., 2013)
GCK exo
1005 GCK UK
n2
HNF
1006 ; Exon! UK 200 | (Elard et
a
7 al., 2007)
HNF
1007 Exon2-10 UK
fa
1008 ANF | Exon [-10 UK

e A —
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Accession
number Gn Pub.
S. Nucleotid Protein Coun | Inte
Gene (PMID om Yea | Reference
No e position position try rvar
number from | lreq r
HGMD)
la
HNF | HNFIb Germ 200 | (Raile &
1009
b deletion any 9 al., 2009}
{Roehlen
HNF | HNFIb Germ 201
1010 et al.,
16 deletion any 3
2018)
(Taberner
ABC NP_00127410 Argen 201
1011 p.Arg826Trp ) etal,
C8 31 tina 6
2016)
ANFlae New {Willson
HNF
1012 ; x2-3del Zeala el al
a
mutation nd 2013
0.00
HNF | ¢ 1512C> NM_000545.6
1013 p.Ser504Arg 000
la A NP_000536.5
797
014 HNF c.956- NM 000345.6
la 1G>C NP_000536.5
397
946 .
{M.Liet
NM 0005456 | 595 | China
HNF c. al., 2020)
1015 p.Alall6Val [ NP_000536.5 | 566
la 347C>T
(11315828) 874
E-
06
HNF | c.1192C> NM_000545.6
1016 p.GIn398GIu
la G NP_000536.5
(Domingu
0.00
HNF | ¢.1136C> ) NP_000536.6 Mexic ez-Lopez
1017 p.Pro379His 005
la A (15883474) | 0 etal,
2005)

e e —
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Appendix V

Supplementary table 3:

Mutation~ retrieved from Clinvar that could not be identified in literature

Molecular characterization of genes associated with MODY

review:
S.N Protein Accession Interpretatio
DNA changes Gene
0 change number n
| c123342T>A VeV000393449 | Geg | paihogenic
p.Ala378Th _
2. ¢ 132G>A VCV000016145 GCK Pathogenic
r
c.103i_1034du | p.Lys346fs ]
3. VCV000802307 GCK Pathogenic
Y
p-Glu339Gl i
4, ¢ ID16A>G VCV000393450 GCK Pathogenic
¥
p.Glu339Ly _
5. ¢.1015G>A VCVO00039759 GCK Pathogenic
S
6. (. 1003del p.Val335fs | VCV000036166 GCK Pathogenic
_ p.Leu315Hi '
7. ¢ OHT>A VCV000036266 GCK Pathogenic
s
p.Leu314Pr _
8. O T>C VCV000435305 GCK Pathogenic
0
p.Glu279Te _
9. v.835G>T VCV000016132 GCK Pathogenic
r
p.Glu265Te )
10. ¢ 793G>T VCV000016139 GCK Pathogenic
r
p.Gly261Ar )
11. ¢.781G>A VCV000016135 GCK Pathogenic
g
p.Ala259Th )
12. ¢ T75G>A VCV000435302 GCK Pathogenic
r
p.Thr228Me _
13. ¢ O83C>T VCVO00016134 GCK Pathogenic
t
14. | c.os0-1G>A VCV000393452 | GCK Pathogenic
S — . . - ——————————————————————————————————
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S.N Protein Accession Interpretatio
DN A changes Gene
0 change number n
¢.678 679+2de .
15. | VCV000435308 GCK Pathogenic
p.Val226Me .
16. ¢ 076G>A VCV000036243 GCK Pathogenic
t
p.Glu221Ly
17. ¢.661G>A VCV000036241 GCK Pathogenic
s
) p.Tyr215Te ‘
18. ¢ 45C>G VCV000036238 GCK Pathogenic
r
) p.-Argl91Tr
19. ¢ S71C>T VCV000426122 GCK Pathogenic
p
p.Phel50Se
20. v HH9T>C VCV000036218 GCK Pathogenic
r
21, c3INT>C p.Serl31Pro | VCV000016138 GCK Pathogenic
22. | ¢.317_333del | p.GinlO6fs | VCV000211071 | GCK Pathogenic
23. ¢.295del p.Trp99fs | VCV000435304 GCK Pathogenic
24, <.291del p-GIn98fs | VCV000590262 GCK Pathogenic
25. ¢ 214G>A p.Gly72Arg | VCV000036209 GCK Pathogenic
26. c.184G>A p.Val62Met | VCV000419624 GCK Pathogenuc
27. | ¢ 183C>A | p.Ty61Ter | VCV000802309 | GCK Pathogenic
28. o [48C>T p.HisS0Tyr | VCV000631495 GCK Pathogenic
29. ¢ 106C>T p.Arg36Trp | VCV000431973 GCK Pathogenic
30. CcAS+1G>T VCV000619964 GCK Pathogenic
GCK,
VCV000016137. _
31 IVSHDS, 15- | GCK Pathogenic
3P DEL
32. ¢ 130del p.Leuddfs | VCV000036798 | HNFla | Pathogenic
p.Proll2Le )
33. ¢ 335C>T VCV000014942 | HNFla Pathogenic
u
p.Tyr122Cy )
34. ¢ S0SA>G VCV000014930 | HNFla Pathogenic
s
L _ e __ ____ __________ . ___ . . _________J
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Molecula: vharacierization of genes associated with MODY

S.N Protein Accession Interpretatio
DN A changes Gene
] change number n
p.Argl59Gl
35. v 476G>A VCV000586792 | HNFla Pathogenic
n
36. ¢.094dup p.Leu232fs | VCV000393456 | HNFla | Pathogenic
37. | ¢T14-1G>A VCV000014941 | HNFla | Pathogenic
p-Arg272Hi
38. ¢ RISG>A VCV000014931 HNFla Pathogenic
s
39§ ¢.804_897del | p.Pro290fs | VCV000585219 | HNFla Pathogenic
40. [ c936-1G>C VCV03(617646 | HNFla Pathogenic
c.1328_1329C | p.Glndddfs
41. A VCV000617650 | HNFla Pathogenic
) p.SerdSafs | VCV000435427.
42. ¢ 1359del l HNFla Pathogenic
] p-Sers31Thr | VCV000014947. _
43. ¢ 15392G>C | HNF1a Pathogenic
p.Arg583Gl )
44. ¢ ICEG VCV000014932 HNFla Pathogenic
Y
45. | ¢ 3039dup VCV000438709 | HNFla | Pathogenic
46. | ¢.72998G>A VCV000014935 | HNFla | Pathogenic
' p.Glnl11Te
47, ¢ 331C>T VCV000009212 | HNFla Pathogenic
r
HNITA, 2-BP VCV000014946. ‘
48. HNFla Pathogemc
1ML, AG 1
H\:i 1A, 4-BP VCV000014944, _
49, HNFla Pathogenic
DEL 1
HN\: 1A, 1-BP
50. | DI1.-119G, VCV000014936. | HNFla Pathogenic
PROMOTER ]
HNI A, A-C,
51, -58, VCV000014933 | HNFla Pathogenic
PROMOTER
. N . _ . ]
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S.N Protein Accession Interpretatio
DNA changes Gene
0 change number n
HNFLA, 1-BP
52. VCV000014929 | HNFla Pathogenic
DEL
53. ¢ 253C>T p-Arg85Trp | VCV000156152 | HNF4a Pathogenic
p.GInl11Te .
54. ¢ ISC>T VCV000617653 | HNF4a Pathogenic
r
p-Argl63Te )
55. ¢ 487C>T VYCV000009211 HNF4a Pathogenic
r
56. | c-u3-1G>A VCV000587398 | HNF4a Pathogenic
57. | c.(48+1G>A VCV000617652 | HNF4a | Pathogenic
58. ¢ (49-2del VCV000009215 HNF4a Pathogenic
p.GIn277Te *
59, ¢ 829C>T VCV000009210 HNF4a Pathogenic
r
p-Met373Ar ’
60. e HTI8T>G VCV000009216 | HNF4a Pathogenic
g
HNE4A, 1-BP ,
61, VCV000009214. | HNF4a Pathogenic
DIl I.. PHE75T |
62. ¢ 137G>A p-Arg46Gin | VCV000013391 INS Pathogenic
63. . 16C>T p.Arg6Cys | YCV000013390 [NS Pathogenic
p-Glul78Gl1 i
64. ¢ 333A>G VCV000030124 PDXI1 Pathogenic
y

..~ o e e et —
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S.N Protein Accession Interpretatio
DANA changes Gene
0 change number n
PLXI, 1-BP VCV000008857.
65. PDX1 Pathogenic
DEL.188C 1
NEUROD
66. ¢ 309C>G p.Argl03 | VCV(000218145 | Pathogenic
67. | ¢ 772-1G>A VCV000013794 |  PAX4 Pathogenic
' p.Argl72Tr | VCV000013793. ,
68. . S14C>T | PAX4 Pathogenic
P
69. | <. *305G>T VCV000059736 BLK Pathogenic
70. ¢.967dup p.Asp323fs | VCV000478917 | KCNII1 Pathogenic
71. v 124T>C p-Cysd2Arg | VCVO000008676 | KCNI11 Pathogenic
o p.Glu227Ly ]
7. ¢ 679G>A VCV000158682 | KCNII1 Pathogenic
8
73. | c1030G>T [ P-Ala347Ser | VCV000006498 | 1y k11 | Pathogenic
CI:L. 1-BP VCV000017600. )
74. CEL Pathogenic
DEL.1686T 1
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