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ABSTRACT

Type II Diabetes Mellitus (T2DM) is a global cause of increase mortality and morbidity. It is
characterized mainly by high glucose index (hyperglycaemia). Moreover, hyperglycaemia is
involved in enhanced accumulation of advance glycation end products (AGEs) in body.
Detoxification of advanced glycation end products is carried out by glyoxalase system.
Glyoxalase system maintains homeostasis of advance glycation end products (AGEs) by
recycling methylglyoxal (MGO; a precursor to AGEs formation). The conversion of MGO to
D-lactate is carried out chiefly by two enzymes. Glyoxalase 1 (Glo1) is given more importance
owing to its rate limiting ability. Genetic variations like single nucleotide polymorphisms
(SNPs) in the enzyme coding or regulatory genes like in Glyocalasel gene (GLOI1) might
disturb the functional aspect of enzyme Glol1. This research study aimed to use computational
bioinformatic tools and High-Resolution Melting (HRM) analysis to predict and validate
functionally significant SNPs in GLO1 gene associated with T2DM. For computational
analysis of non-coding regulatory single nucleotide polymorphisms (SNPs), data was collected
and analysed from online databases and web-based tools. In-silico screening gave seven SNPs
expected to affect gene function and advance glycation end products accumulation (AGEs),
increasing susceptibility to Type II Diabetes Mellitus. Genetic association studies for
glyoxalase 1 gene SNPs were done by High-Resolution Melting analysis. High Resolution melt
curve analysis of Glyoxalase 1 gene SNP rs1038747749 authenticate its significant association
with disease pathogenesis, whereas SNP rs753587598 showed no significant association,

further studies can be done to check their association with large sample size.



Chapter 1 Introduction

INTRODUCTION: TYPE II DIABETES MELLITUS

Type II Diabetes Mellitus (T2DM), also known as non-insulin dependent diabetes is becoming
a global cause of increase mortality and morbidity (World Health Organization, 2018). Increase
rate of mortality is associated with early appearance and late diagnosis, especially in
underdeveloped countries. More than 80% (~90%) of patients suffering from diabetes are type
IT diabetic. T2DM is marked by constant glucose level elevation (hyperglycaemia), insulin
resistance and deficiency and pancreatic cell functioning. Environment, genetics and behaviour
are various factors contributing to the early advent of T2DM (Olokoba et al., 2012). Two
primary conditions leading to T2DM are deprivation of insulin released by P-cells and
insufficient uptake by resistance tissues (having decrease sensitivity to insulin) (Galicia-Garcia
et al., 2020). Constant hyperglycaemic condition in T2DM is hypothesized for causing

macrovascular complications.

1.1 Prevalence of Type II Diabetes Mellitus

Type Il Diabetes Mellitus accounts for 90% of the cases suffering from diabetes. World Health
Organization (WHO) reported 3% rise in mortality rate across globe from 2000 — 2019.
Moreover, in under developing countries mortality rate is 13%. According to prevalence studies
men are more prone to T2DM than women (22.2% and 14.0% respectively) (Magalhaes et al.,

2023).

Prevalence calculation for First Nation individuals suggests more incidence increase of T2DM
in younger generation (age < 30) as compared to older people (age > 30)(Gonzalez et al., 2009;
Ruth et al., 2023). Overall, prevalence of T2DM is increasing worldwide, steady increase in
incidence rate of T2DM in older age group is observed in population of Saudi Arabia (Jarrar et
al., 2023). According to International Diabetes Federation (IDF), prevalence of diabetes will

be increased 12.8% worldwide by 2024.

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 1
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—+— Male
Female

Figure 1: Gender based prevalence of T2DM in Korean population (Hong et al., 2021).

1.2 Pathophysiology

Equilibrium between glucose production from pancreatic B-cells and consumption by body
cells is necessary for the maintenance of glucose levels in body. Disruption in these
mechanisms can lead to development of Type II Diabetes Mellitus. Three main sources of
glucose in blood are: digestion of carbohydrates, gluconeogenesis and glycogenolysis.
Consumption of carbohydrates can lead to lead to increase in glucose level, consecutively
suppressing gluconeogenesis. However, fasting can lead to equal level of gluconeogenesis and
glycolysis (Henquin et al., 2017). The main factors linked with pathophysiology are insulin
resistance and malfunctioning of pancreatic cells (shown in Figure 2) (Javeed & Matveyenko,

2018).

1.2.1 Peptide hormone secretion from Pancreas

Pancreatic a-cells and B-cells are involved in the production of peptide hormones glucagon and
insulin respectively. Insulin and glucagon are mainly responsible for maintaining blood
glycaemic levels. Insulin promotes absorption of glucose, simultaneously suppressing its
neogenesis. Under normal conditions, 30-70 units of insulin is released from P -cells per day
and it is mainly controlled by glucose levels. Glycogen reduces absorption and increase

glycolysis, releasing more glucose into blood stream. Abnormal functioning of pancreatic f3-

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 2
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cells can cause increase in glucose concentration leading to diabetes (Marchetti et al., 2020;

Prato & Marchetti, 2004).

1.2.2 Insulin Resistance

Insulin resistance is characterized by inability of target tissues to utilize glucose when

stimulated by insulin. Insulin is mainly responsible for the internalization of blood glucose by

interacting with cell receptors (mainly on liver, skeletal muscle and adipose tissue). Lack of

glucose signals for more insulin production and release into blood stream. Constant elevation

of insulin can result in metabolic complications including obesity, cardiovascular diseases and

Type II Diabetes Mellitus (Paneni et al., 2014; Wondmkun, 2020).

Insulin Resistance

B-cell

1 Glucose
Function

Uptake

Glucose
Production

Type II Diabetes

Lipolysis
Inflammation

a-cell
Function

Pancreatic Islet
Failure

Figure 2: Pathophysiology of Type II Diabetes Mellitus.

1.3 Risk factors:

Diabetes of Type 2 is a heterogeneous disease, its incidence is triggered by variables including

genetic and environmental factors (Dendup et al., 2018).

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus.
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1.3.1 Genetic factors

The pathophysiology of insulin resistance has not been clear yet, but it is investigated that
genetic factors play role in onset of T2DM. T2DM, a polygenic disorder proved by segregation
analysis, is termed to have several susceptible loci located by genome wide association studies
(GWAS) in 2007. After GWAS studies conducted on people belong to different countries and
ethnicities has discovered more than 80 susceptible loci connected to T2DM. These genes
include KCNJ11, TCF7L2, IRS1, MTNR1B, PPARG2, IGF2BP2, CDKN2A, HHEX and FTO
are found to correlated with development of T2DM. There are still a lot of unsorted loci
responsible for pathogenesis of T2DM. To fully comprehend and manage T2DM, we must thus

enhance our present biological understanding (Ali, 2013; Franks, 2012).

1.3.2 Environmental factors

Environmental risk factors leading to T2DM include age, dietary intake, fat distribution,
obesity, sedentary lifestyle, genetic disposition, neglected prediabetes and gestational diabetes

(shown in Figure 3).

|
|
|

distribution |

Neglected -
Prediabetes |

Sedentary ;
lifestyle

Genetic |

Gestational "‘: B
-‘ disposition |

diabetes

Figure 3: Risk Factors for T2DM (Bellou et al., 2018).
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1.4 Diagnosis
Diagnosis criteria for diabetes is defined and updated by World Health Organization (WHO)
and American Diabetes Association (ADA). Tests available for the diagnosis are mentioned

below:

Fasting plasma glucose (FPG) test is used to measure the amount of glucose in blood in fasting
state. Glucose in our body is tightly regulated by enzymes and metabolic reactions, any change
from original value can lead to micro and macrovascular complications. Normal fasting glucose

level is 80-100 mg/dL, level greater than 126 mg/dL indicates diabetes (Punthakee et al., 2018).

Glycated haemoglobin (HbA1C) test indicates long term glycaemic control. This test is more
concrete, as the result depicts the average glucose attached to haemoglobin in last 3 months
(usual lifespan of RBCs). Normal level is < 5.7%, however, level > 6.5% are considered
diabetic. Furthermore, Prediabetic patients show levels in between these two (5.7 — 6.5%)

(Sherwani et al., 2016).

Oral glucose tolerance test (OGTT) is performed to check body’s response to glucose. Blood
is withdrawn before and after a liquid in high glucose concentration is given for oral uptake.
Level of glucose before and after will explain efficiency of cells in taking up glucose. 140
mg/dL is considered normal, while concentration greater than 200mg/L is diabetic (Punthakee

et al., 2018; Ramachandra Bhat ez al., 2019).

1.5 Treatments

For the treatment, combination therapy is usually preferred to treat diabetes, lifestyle
adjustments and pharmaceutical treatment is provided to maintain glucose level in healthy
range. Manufacturing cost, expected side effects, potential benefits, efficiency, shelf life and
dosing schedule are all factors to consider before choosing a medicine. Insulin therapy is a

widely used treatment option. Orally administered drugs like metformin, sulfonylureas,

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 5
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thiazolidinediones and some inhibitors are also prescribed by physicians (Khan et al., 2019;

Tan et al., 2019).

1.6 Significance of single nucleotide polymorphisms:

GLO1 gene is playing important role in maintain levels of toxic carbonyl moieties. According
to Yin ef al in 2021, functional SNP (inter genic SNP with reference ID rs1781735) of GLO1
gene is involve in the dysfunction of left middle frontal gyrus in case of schizophrenia. This
shows anti-toxic role of GLO1 gene can be further studied to confirm its role in aetiology of

schizophrenia and other neural defects (Yin et al., 2021).

Another published study in 2022 tested two SNPs of GLO1 gene with rs4746 (C>A) and
rs1130534 (A>C), and their association with Type II Diabetes Mellitus. They performed ARMS
PCR and ELISA to study SNPs and MGO concentration respectively in disease and healthy
patients. The results show these SNPs were associated with increase susceptibility to T2DM.

ELISA test showed elevated levels of MGO in diabetic patients (Alhujaily ef al., 2022).

In 2019, a study was conducted on Coilia nasus to analyse the effects of GLO1 polymorphisms
on stress, antioxidation and inflammatory responses. Two SNPs from coding region were found
to be cause changes in glo1 protein structure. Increased expression of functionally active glol
protein was associated with rise in antioxidant and inflammatory responses. Ultimately it

improves fish response to stress and reduces death rate (Du et al., 2019).

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 6
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1.7 Objectives of the study

Objectives of this research study are as follows:

» To study the functional role of regulatory non-coding SNPs of GLO1 gene by in-silico
approach in T2DM.

» To investigate the association of GLO1 deleterious SNPs (rs141465532, rs753587598) with

T2DM.

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 7



Chapter 2 Literature Review

LITERATURE REVIEW

2.1 Type 11 Diabetes Mellitus and Methylglyoxal

Type II Diabetes Mellitus is marked by high glucose concentration in blood. During glycolysis
methylglyoxal is produced. Methylglyoxal (MGO) is an a-oxoaldehyde naturally formed
during sugar degradation or ingested from outside source (~3nmol/day). Endogenously,
concentration of MGO is 50-300nM in blood plasma and 1000-2000uM in intracellular tissues
(Kold-Christensen et al., 2019). MGO is an early glycation product including glyoxal and 3-
deoxyglucosone. These a-oxoaldehydes are more reactive as compared to glucose and are
involved in AGEs formation (Ogawa et al., 2010). Pathways depicting MGO production and

AGEs formation are shown in figure 4.

2.1.1 Exogenous and endogenous source of methylglyoxal

Exogenously consumed food, beverages and pharmaceutical products like coffee, bread,
biscuits, cookies, smoke and oils can cause elevation of MGO levels in body, as they contain
micromolar concentration of MGO and can trigger pathways for endogenous formation (Wang
& Chang, 2010; Zheng et al., 2021). Endogenously MGO is formed during glycolysis (triose
phosphates fragmentation), glucose auto-oxidation, acetone metabolism involving ketone
bodies and threonine catabolism (Frischmann et al., 2005; Zhang et al., 2023). Experiments
revealed that MGO formation in plasma and tissue is mostly related to oral uptake of glucose,

especially in oral glucose tolerance test (OGTT) (Zhang et al., 2023).

2.2 Methylglyoxal and Type II Diabetes Mellitus

Methylglyoxal is a biomarker which is closely related to protein glycation and insulin
resistance. MGO has been researched extensively as it can be a major player in T2DM
development (Ramachandra Bhat ef al., 2019). A study published by PJ Beisswenger in 2014,

explained MGO as potential biomarker for diabetes as it possesses all needed potential traits.

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 8
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(Beisswenger, 2014). MGO is considered as a dangerous di-carbonyl as it can disrupt normal
body mechanisms like blood pressure. Exploring ways to reduce the concentration of MG in
plasma can help us manage AGEs production and Type II Diabetes Mellitus incidence (Moraru

et al.,2018; Ogawa et al., 2010)

2.3 Methylglyoxal related complications

Methylglyoxal is a toxic but inevitable compound formed naturally in our body. MGO can
inhibit IRS-1/PI3K pathway, this inhibition can decrease insulin secretion. It can also bind to
glucose receptor GLUT4 and results in hyperglycaemia. MGO-Insulin adduct formation can
disrupt insulin feedback mechanism. MGO is also harmful to adipose tissues leading to cell

dysfunction (Ramachandra Bhat et al., 2019).

i\-_c_i_l_u_‘.:.of_e._j Glycolysis .:l-__[_)_':l_ﬁ.\flg?_l?__l: i_l_'_le_q?_: i\-'_l'_llr_e_?_r-\_i[\_?_lg
o m N e T LI
S E E | Amingzcctane |
Z g 5 SSAQ_~
» & 5
4 \J | 4
——— % P450 O MP o
i Acetone ! - - i Ketone Bodies
l;';'::.';'::.';'l. _______ M et hylg Iyoxa I ________ \ S Eh @b Gu 6 S @b S G ED :;‘i
MG Formation B Alg,
¥ | : Qse”,'-’edu ta
 CERRRTITER ) Se " TTTTTTTTT )
i Lipids ¢+ || : GSH < 0'0/,4/0'@/7 % Acetol !
o e e i B hyfog % SRTraa ’
Advanced / i HTA =y "%‘9&@ _____________
glycated - | proteins ! - o ‘ { Pyruvate |
end-products -ttt ¢ { {GLO-lJ \ Neitorrenreed
’ AR AR G !l E ' \ ' AR At T )
i Nucleicacids ! ! SDL (GLO-ZJ 1 D-Lactate |
___________________ s l \ S ——
Adducts formation | Detoxification

Figure 4: Pathways explaining MGO formation and reactions. (Ramachandra Bhat et al., 2019).
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2.4 Methylglyoxal; precursors to Advance Glycation End Products

Reactive di-carbonyl molecules can react with amino and sulphydral groups in proteins
(Cantero et al., 2007). Ex-vivo studies proved that AGEs formation in the presence of MGO is
increased. MGO reacts preferably with arginine residues of proteins than lysine residues
(Morgenstern et al., 2020). By introducing different concentrations of MGO in human plasma,

scientists observed time and dose dependent formation of AGEs (Zhang et al., 2023).

2.5 Advance Glycation End Products: Glycation and Millard reaction

In 1912, a French scientist Louis-Camille explains what happens when a sugar molecule is
attached to a protein (glycation). The reaction was named as “Maillard reaction”. This reaction
happens exogenously when we cook food, the browning in the process is due to Maillard
reaction. The process was a subject of attention in coming years, until glycated haemoglobin
was discovered in 1955. Glycated haemoglobin is a proof of endogenous glycation, now simply

termed as Maillard reaction (in-vivo) (Fournet et al., 2018).

2.5.1 Advance Glycation End Products formation

Advanced glycation end products (AGESs) are irreversible products formed by a non-enzymatic
reaction between sugar molecules to proteins and other macromolecules including DNA and
lipids. Human body is naturally equipped with anti-glycation mechanism to remove or prevent
AGEs formation, such as glyoxalase system. Abnormal functioning of these system can lead to
AGEs accumulation. Under pathological or physiological conditions like diabetes, arthritis,
cancer, hyperglycaemia or obesity aging, high level of AGEs is observed. However, reactive
carbonyl species, such as methylglyoxal (MGO) and glyoxal (GO) are involved in glycation of
proteins, nucleotides and phospholipids and can cause significant damage to proteome, genome

and lipidome (Morgenstern ef al., 2020; Saeed ef al., 2020).
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2.5.2 Advance Glycation End Products related complications
Reactive a-oxoaldehyde metabolites and associated AGEs can be harmful in many ways. Some

with the examples are shown in Figure 5.

Change in metabolism

Intracellular molecules Change in signalling pathways
=
=
§ Extracellular matrix proteins Change in mechan_ical propertie_s of organs
4 Influence cells by interacting with proteins
—
Q
Circulating proteins _Cha.nge physipl_ogical conditions an(_i
increase deposition e.g, LDL, Albumin
. . RAGE is a pattern recognition receptor and induces
Interaction with RAGE 3 : :

inflammatory signalling pathways

Figure 5: AGEs interaction with proteins and possible damage (Wortmann et al., 2014).

2.6 Advance Glycation End Products and diabetes

Advance Glycatrion End Products (AGEs) are found 5-15 times more in diabetic patients than
normal when compared to other biomarkers (Beisswenger, 2014; Brings ef al., 2017). AGEs
precursors and oxidative stress are found to be associated with diabetes, they are studied to

explore other metabolic pathways related to incidence of diabetes (Moraru ef al., 2018).

2.6.1 Advance Glycation End Products involvement in wound healing

In 2007, Cantero and group published their research on the linkage between AGEs precursors
and PDGFRp receptors. They find AGE-PDGFRf adducts in mesenchymal, SMC and
fibroblasts when treated with GO and MGO. These adducts were discovered in diabetic mice
model rendering PDGFRp dysfunctional, leading to reduce tissue repair and wound healing in

patients suffering with diabetes (Cantero et al., 2007).
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2.7 Glyoxalase system

Glyoxalase system is a primary innate mechanism to detoxify reactive aldehydes formed during
carbohydrate (hyperglycaemic) metabolism. It is a highly conserved system with cooperating
enzymes existing in simple prokaryotes to complex mammalian organisms (Morgenstern et al.,
2020). Major substrate for this reaction is MG. With this mechanism, MGO is converted to less
reactive D-Lactic acid in a two-step reaction with the help of two intra-cellular enzymes;
glyoxalase I (Glo1) and glyoxalase II (Glo2). Glyoxalase I enzyme (lactoylglutathione lyase)
is a ubiquitously expressed enzyme catalysing the conversion of MGO to S-D-
Lactoylglutathione (hemithioacetal) with the help of catalyst glutathione (GSH) (Figure 6). It
is a rate limiting step in glyoxalase system, making it significantly important in maintaining

levels of glycated products or AGEs (He et al., 2020; Yumnam ef al., 2021).

Glyoxalase 1

Methylglyoxal + Glutathione q S-D-Lactoylglutathione
Glyoxalase 2

S-D-Lactoylglutathione + H,O q D-Lactate + Glutathione

Figure 6: Systematic representation of glyoxalase system.

2.7.1 Glyoxalase 1 gene

2.7.1.1 Nomenclature
Glyoxalase 1 or GLOI is a gene encoding glyoxalase I enzyme (lactoylglutathione lyase).

Other aliases for this gene are GLYI, GLOD1 and HEL-S-74) (Farrera & Galligan, 2022).

Chromosome 6 21.3
¢ 110D,

LA

region

Figure 7: Schematic presentation of Glyoxalase 1 gene.
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2.7.1.2 Location
GLOI1 gene is a protein coding gene located on 6p21.2. It is flanked by Human Leukocyte
Antigen HLA and centromere of chromosome 6 on the short arm of chromosome (Figure 7). It

is linked to HLA and transcribes glo1 enzyme, a notably important protein (Farrera & Galligan,

2022).

2.7.1.3 Structure

GLOI1 gene is approximately 27000 bp long. GLO1 contains 6 exons and 5 introns. GLO1 gene
is orthologous with 425 other organisms. Many species have conserved regions for this gene,
homolog for GLO1 are found in chimpanzee, Rhesus monkey, dog, cow, fruit fly, 4. thaliana
etc (Ensembl release 109). It is ubiquitously expressed in prostate and duodenum and 24 other

tissues.

2.7.1.4 Isoforms encoded

GLO1 gene has two splice variants or transcripts. Among them, only one is protein coding.

Table 1: Protein coding transcripts and isoforms from GLOI gene.

Transcript ID Transcripts Nucleotide Protein Biotype  UniProt
name number match
ENST00000373365.5 GLO1-201 | 2016 184aa Protein Q04760-1
coding
ENSTO00000470973.1 GLO1-202 | 1939 No Protein -

protein | coding
CDS not

defined
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2.7.2 Glyoxalase I enzyme

Glyoxalase 1 enzyme or lactoylglutathione lyase is a 184 amino acid long proteinaceous
enzyme transcribed from chromosome 6. Glo1 is a metal-containing enzyme, its core can be
made of zinc (humans, yeast, E. coli) or nickel (Trypnosoma cruzi, L.major). Regulation of
glol enzyme involves threonine (by phosphorylation) and cysteine residues (modification
mediated by nitric-oxide) (Saeed ef al., 2020). Glo1 enzyme is mainly involve in maintaining
low levels of MG in plasma. It is an important part of glyoxalase system due to its involvement
in rate-limiting step. Glo1 enzymes makes 10% of the total plasma protein concentration in all

eukaryotic cells (Morgenstern et al., 2020).

2.7.2.1 Significant role of Glyoxalase 1 enzyme

Glyoxalase 1 enzyme has a complex regulation, and many areas can be explored related to its
pathway. However, it contains many responsive elements for, antioxidant, metal, and insulin.
It has high activity for copy number variations. Upregulation (by Nef2 elevation) and
downregulation (by hyperglycaemia and hypoxia) of Glo1 enzyme is directly linked with MGO
homeostasis in cytosol. Many studies suggest that Glo1 impact cell morphology of healthy cells
in stress condition and cancerous cells in increased energy demand (Morgenstern ef al., 2020).
Research done on Caenorhabditis elegans by Morocos et al in 2008 suggest that increase Glo1
activity will reduce MG level resulting in low ROS production. This experiment resulted in
increased life span by 40% (Morcos et al., 2008). In hyperglycaemic conditions,
overexpression of glol enzyme reduces AGEs accumulation in endothelial cells and reduce
ateriogenesis. Furthermore, haperglycaemia and diabetic complications related to nervous or
cardiovascular system are related abnormal functioning of Glol and elevated levels of MG
(Morgenstern et al., 2020; Saeed et al., 2020). However, induction of Glo1 by hesperidin gave

positive health benefits to patients suffering from obesity, cardiovascular and diabetic disease.
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MATERIALS AND METHODS

3.1 In-Silico Analysis of Regulatory Single Nucleotide Polymorphisms
3.1.1 Data mining for regulatory SNPs
The SNP data (reference IDs) on Human gene Glyoxalase 1 (GLO1) was retrieve from

Ensemble database (https://asia.ensembl.org; accessed March 2023). After searching human

gene GLO1 on Ensembl, we get SNPs, consequences for intronic, 3’ and 5’ variants were turned
on and downloaded as a single file. Obtained SNPs were screened for minor allele frequency
equal and above 0.01 (MAF > 0.01) to get a final dataset (as shown in figure 2). To substantiate

the data, SNPs for GLO1 gene from dbSNP database (https://www.ncbi.nlm.nih.gov; accessed

L Ensembl J

-

l Screen SNPs for MAF > 0.01 ]

Reference
sequence IDs

—( RegulomeDB )
FuncPred
(SNPinfo)

—( PolymiRTS )

Figure 8: Schematic diagram for in-silico analysis of GLOI gene by computational tool.

Authentication by
dbSNP and UCSC
browser

on May 2023) and UCSC genome browser (https://genome.ucsc.edu; accessed on May 2023)

were also extracted and corroborated with selected dataset (from Ensembl). Results showed

that among 111 Ensembl extracted SNPs, 107 were reported in both dbSNP and UCSC genome
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browser (Table 3). The strategy followed for computational analysis of Glol SNPs is given in

figure 8.

3.1.2 Analysing molecular effects of regulatory SNPs
Intronic, 5 prime and 3 prime SNPs were investigated by using three different tools to analyse

their regulatory function.

RegulomeDB is an integrated platform containing data on functional aspect of non-coding

DNA polymorphism. Data on RegulomeDB comes by intersecting position of polymorphisms

Scoring scheme of Regulome DB

Possibly effect
binding and linked Possibly affect Low possibility to Least binding
to expression of a binding affect binding evidence
target gene

Figure 9: Annotation scores of RegulomeDB with consequences.

with functionally active non-coding regions. Information on functionally active non-coding

regions was obtained from genomic assays (TF Chip-seq and DNase-seq) which provides

computational outputs (https://regulomedb.org; accessed May 2023). RegulomeDB provide
scored and prioritised results of variants which helps in identifying variants with more
significant regulatory role shown in figure 9 (Boyle et al., 2012). Score annotations of variants
on database range from 1-7, 1 being most functionally significant while 6 being least. 7 is for
SNPs having no annotation data. Reference IDs of filtered SNPs were submitted in Regulome

DB.

FuncPred (SNP function prediction) is a discreate tool of SNPinfo server. FuncPred is used to

predict polymorphisms which changes TFBS (transcription factor binding site), ESE (Exonic
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splicing enhancers) and miRNA binding sites (https://snpinfo.gov; accessed March 2023). We

used this tool to predict functional aspects of variants under study (Xu and Taylor., 2009). The

selected DNA polymorphisms were queried based on their reference IDs.

PolymiRTS (Polymorphisms in microRNA and Target Sites,) is an unconfined online database.

It is used to investigate DNA polymorphisms related to miRNA (https:/polymiRTS.edu;

accessed May 2023). It provides on DNA variants disrupting miRNA-mRNA interactions,
miRNA target sites, miRNA seed regions and biological pathways (Bhattacharya et al., 2014).
“GLO1” was searched in ‘gene search’ portion of PolymiRTS. Lists of SNPs for different

categories were retrieved.

3.2 IN-VITRO ANALYSIS OF SNPs (rs141465532 and rs753587598)
Genetic association study for SNPs was done on the missense SNPs of GLO1 gene. This study
was approved by Institutional Review Board (IRB) of National University of Science and

Technology (NUST).

3.2.1 Sample size and blood collection

In the present association study, SNPs of GLO1 gene were studied for their significant role in
T2DM patients in comparison to healthy patients. A total of 150 blood samples were obtained,
including 50 healthy and 100 T2DM patients (Figure 10). Sample blood collection was
performed after taking informed consent from donor. Patients were asked about their family
history and other complication they might have, like cardiovascular diseases. The samples were

taken from collaborating hospitals over the period of 3 to 4 months.

Control Group T2DM patients

Group No. of samples = 150

No. of samples = 50

Figure 10: Distribution of sample size.
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Blood samples were taken with the help of nursing staff. Syringes of 5cc (ml) or 10cc (ml)
were used to collect blood in vacutainer tubes (EDTA vials). Vials are labelled with name, age,

and gender. Collected samples are stored at 4° C in lab.

3.2.2 Variants selection of Glyoxalase 1 gene

Genetic variants of GLO1 gene with reference sequence IDs 1rs141465532, rs753587598 and
rs1038747749 were selected for in-vitro analysis on blood samples of T2DM patients. These
SNPs were shortlisted previously by our research group with the help of computational tools.

SNPs with consequence, amino acid change and alleles are shown in table 2.

3.2.3 Organic method of DNA Extraction and Purification

DNA from blood samples was extracted by phenol-chloroform method. It is an organic method
of extraction. Blood of volume 750ul was added to 1.5ml micro centrifuge tube (Axygen,
California, USA). 750ul volume of A solutrion is added to same tube and is incubated at room
temperature for 5-10 min. Centrifugation was performed at 13000rpm for a minute.
Supernatant was removed and resuspension of pallet was done by adding solution B (400ul),

208 SDS (12ul), 5ul of proteinase K solution. Solution was left overnight on room temperature.

Equal ratio of solution C and D (500ul each) was mixed and added to previous tube.
Centrifugation for 10 minutes was done at 13000 rpm. Upper aqueous layer is separated with
great care into new tube followed by the addition of 55ul CH3COONa and isopropanol in equal
ratios. Inversion of tube for multiple times was performed and again centrifugation was done
at 13000rpm to separate DNA. DNA pallet obtained after removing supernatant was subjected
to 70% chilled ethanol, it was left to dry at room temperature. Following the evaporation of

ethanol DNA was dissolved in Tris-EDTA.
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3.2.3.1 Reagents preparation

All glass wear and distilled water were autoclaved before making solution. Triton-X was added
after autoclaving solution A. Solution A is used for the lysis of blood cells. 1L is prepared by
adding 109.44¢g Sucrose (0.32M), 1.21g 10mM Tris (pH 7.5), 1.01g SmM MgCl2, 1% (v/v)
Triton X-100. Solution B works in precipitation of DNA and proteins. 1L is prepared by adding
1.21g 10mM Tris (pH 7.5), 23.37g 400mM NaCl, 0.58g 2mM EDTA (pH 8.0). Solution C is
phenol. It is used for DNA isolation. Solution D is prepared by adding chloroform and isoamyl
alcohol in 1:1. It is used to purify DNA. 20% SDS solution is prepared by adding 20g in 100ml

of distilled water.

3.2.4 1% Agarose gel electrophoresis
To verify the presence and quality of extracted DNA, we prepare 1% agarose gel. Agarose gel
electrophoresis can efficiently separate DNA which was visualized in UV transilluminator and

gel doc system.

3.2.4.1 Gel preparation and electrophoresis

Gel was prepared by dissolving 1g agarose in 1X TAE buffer, heated in oven, to form 100ml
solution. This gel solution was cooled until evaporation stopped; 3ul ethidium bromide is added
to the solution. Gel solution was poured in gel-casting tray and was left to solidify. Afterwards,
gel was loaded with samples mixed with loading dye and was placed in buffer tank. Buffer
tank was filled with 1X TAE buffer. 1L 1X TAE buffer was made by adding 20ml 50X TAE
buffer [242g Tris base, 57.1ml glacial acetic acid and 100ml of 500mM EDTA solution

(pH=8.0) are added, and volume is raised to 1litre] in 980ml of distilled water.

3.2.5 DNA Quantification and dilutions
The isolated genomic DNA was quantified with the help of microvolume spectrometer LB 915

Colibri (NanoDrop). At first, the PCR water was used for blank and then the sample was loaded
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to calculate the absorbance ratio. The absorbance of nucleic acids was arbitrated at wavelength
260nm optimum absorption was recorded. The absorbance ratio of 260/280nm was suggestive

towards purity of DNA (1.8 - 2.2 is considered “pure” for nucleic acid).

3.2.6 Primer designing
To perform High resolution melting analysis (HRM), one forward and one reverse primer was
designed for SNPs utilizing tools such as doSNP, Ensemble, Primer 3, Europhin, Oligocalc and

UCSC genome explorer.

Table 2: Deleterious SNPs description with primer sequences.

rsID AITIND OE0 Allele (COEENEIE | Hilie? Primer Sequence (5’ to 3°)
change e Name

rs14146553 | Ile128Thr (A>G) | Missense GLOI132FW | CATCAGGAACAGCAATTCCAA

2 Variant GLOI132RC | CTTCTGCCTTGATCTCCAGTC

rs75358759 | Phel25Cys (A>C) | Missense GLO198FW | AAACAGGCAAACTTACCGA

8 Variant GLO198RC | GTTCTTGTCCAGTACCTGTAT

FASTA sequence for SNPs was retrieved by entering SNP ID in dbSNP, a database for
identifying gene variations. Hair-pin formation and self-complementarity were verified by
entering that SNP sequence in Oligocalc, a software for calculating oligonucleotides.
Subsequently, in-silico PCR in reference to UCSC genome browser was done to verify the
specific binding of primers through target allele, as it calculates the hypothetical effects of PCR
and gets to know the amplicon size. Forward and reverse primers were entered to amplify the

target DNA sequence, and computational amplification was tested.

3.2.7 High Resolution Melt Curve Profiling
We performed high resolution melting (HRM) analysis on SNP with rsID rs1038747749 to
amplify a DNA fragment of length of 207 nucleotides with primers GLO149RW

(5’TGCAGCAGACCATGCTACG3’) and GLO149FC(5’GCCTAATCACAGACTCCTG3).
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The reaction mix of 20ul was prepared by adding 10ul PCR water, 1ul reverse primer, 1pul

forward primer, 2ul template DNA and 8ul Cyber green qPCR master mix.

All HRM-PCR reactions were performed on AB QuantGene automated real time PCR system
(SYSTAAQ Diagnostic Products). The HRM-PCR protocol consists of initial preincubation at
95°C for 12:00, then 40 cycles for 30s at 95°C, 45s at 61°C, 30s at 72°C. Finally, melt analysis

was performed at 2°C / s.

3.2.8 Statistical Analysis

The results were statistically analysed using “GRAPHPAD PRISM 10” and online 2 X 2
contingency table. Fisher’s exact test, Odds ratio, Relative risk, Genotypic frequency & Allelic
frequency were calculated. P values; *P: <0.05, **P: <0.01, ***P: <0.001 were considered as

significant.
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RESULTS

4.1 In-silico Analysis

4.1.1 SNP retrieval dataset

Human gene “GLO1” was searched on Ensembl, and we extracted a total of 5201 SNPs;
including 4921 intronic, 237 3° UTR and 43 5° SNPs from Ensembl (Ensembl Release 109;
accessed March 2023). after screening 5201 SNPs for MAF >0.01, we got a total of 111 SNPs,
as shown in figure 2. The reference sequence IDs of these 111 SNPs were tallied from dbSNP-

NCBI  (https://www.ncbi.nlm.nih.gov; accessed on May 2023) and UCSC

(https://genome.ucsc.edu; accessed on May 2023) to get a final dataset of 107 SNPs (Table 3).

107 111

4526

H Unknown ®™<0.001 ™0.001-0.009 20.01

Figure 11:A41l SNPs with minor allele frequencies from Ensembl.
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Table 3: SNPs screened from three online data bases.
Variant ID Alleles Global MAF | Class Source Consequence

Type

rs16890915 AlG 0.015 SNP dbSNP 3’ UTR variant
rs75200860 TIA 0.016 SNP dbSNP 3’ UTR variant
rs7604 CIT 0.052 SNP dbSNP 3’ UTR variant
rs9470916 C/IA 0.129 SNP dbSNP 3’ UTR variant
rs1049346 G/A/IC 0.435 SNP dbSNP 5 UTR variant
rs10447398 G/A/IC 0.237 SNP dbSNP intron variant
rs10484854 CIT 0.102 SNP dbSNP intron variant
rs10947755 T/C 0.463 SNP dbSNP intron variant
rs111345107 CIT 0.126 SNP dbSNP intron variant
rs111624192 G/AICIT 0.044 SNP dbSNP intron variant
rs112436015 G/A 0.014 SNP dbSNP intron variant
rs114031410 CIT 0.02 SNP dbSNP intron variant
rs114153557 G/A 0.02 SNP dbSNP intron variant
rs114637114 G/A 0.02 SNP dbSNP intron variant
rs114762451 AIG 0.046 SNP dbSNP intron variant
rs115199318 A/C 0.014 SNP dbSNP intron variant
rs115962292 A/G 0.015 SNP dbSNP intron variant
rs116697025 AIG 0.015 SNP dbSNP intron variant
rs117588402 T/C 0.021 SNP dbSNP intron variant
rs117707770 CIT 0.02 SNP dbSNP intron variant
rs12209475 CIT 0.192 SNP dbSNP intron variant
rs12209477 CIGIT 0.187 SNP dbSNP intron variant
rs12210866 CIT 0.187 SNP dbSNP intron variant
rs12212511 G/A 0.354 SNP dbSNP intron variant
rs12214815 G/CIT 0.182 SNP dbSNP intron variant
rs12526818 GIT 0.051 SNP dbSNP intron variant
rs13196356 G/IA 0.104 SNP dbSNP intron variant
rs13200763 C/AIG 0.187 SNP dbSNP intron variant
rs13212218 G/A/IC 0.052 SNP dbSNP intron variant
rs13215896 T/AIC 0.05 SNP dbSNP intron variant
rs13216215 CIT 0.111 SNP dbSNP intron variant
rs13219781 G/A 0.05 SNP dbSNP intron variant
rs140084648 G/A 0.052 SNP dbSNP intron variant
rs140458850 CIT 0.046 SNP dbSNP intron variant
rs147563311 G/A 0.021 SNP dbSNP intron variant
rs148519062 T/IA 0.015 SNP dbSNP intron variant
rs148831289 T/C 0.013 SNP dbSNP intron variant
rs150649525 CIGIT 0.049 SNP dbSNP intron variant
rs1579028 G/A 0.173 SNP dbSNP intron variant
rs1621483 G/AIT 0.206 SNP dbSNP intron variant
rs1623947 T/AIC 0.409 SNP dbSNP intron variant
rs1626200 A/CIT 0.338 SNP dbSNP intron variant
rs1626217 AlG 0.167 SNP dbSNP intron variant
rs16890922 CIT 0.024 SNP dbSNP intron variant
rs1698987 G/A 0.033 SNP dbSNP intron variant
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rs17622621 G/A 0.188 SNP dbSNP intron variant
rs1781715 AIGIT 0.244 SNP dbSNP intron variant
rs1781716 G/C 0.123 SNP dbSNP intron variant
rs1781717 CIGIT 0.418 SNP dbSNP intron variant
rs1781719 C/IAIT 0.418 SNP dbSNP intron variant
rs1781737 TIAIG 0.31 SNP dbSNP intron variant
rs2277109 C/IAIG 0.052 SNP dbSNP intron variant
rs2455773 G/IAIT 0.123 SNP dbSNP intron variant
rs2471999 GIT 0.446 SNP dbSNP intron variant
rs2490026 CIGIT 0.499 SNP dbSNP intron variant
rs2736655 A/CIGIT 0.145 SNP dbSNP intron variant
rs2894415 T/AIC 0.068 SNP dbSNP intron variant
rs2894416 G/C 0.068 SNP dbSNP intron variant
rs34349982 G/A 0.054 SNP dbSNP intron variant
rs34637217 CIT 0.05 SNP dbSNP intron variant
rs34971977 T/C 0.053 SNP dbSNP intron variant
rs35207097 G/A 0.053 SNP dbSNP intron variant
rs375414591 A/G 0.059 SNP dbSNP intron variant
rs3778443 G/AIT 0.07 SNP dbSNP intron variant
rs3799703 A/G 0.414 SNP dbSNP intron variant
rs4711556 T/C 0.173 SNP dbSNP intron variant
rs4714175 A/G 0.442 SNP dbSNP intron variant
rs55784543 G/A 0.102 SNP dbSNP intron variant
rs57156564 G/A 0.183 SNP dbSNP intron variant
rs57204119 G/C 0.044 SNP dbSNP intron variant
rs58702853 A/G 0.014 SNP dbSNP intron variant
rs58749921 A/G 0.235 SNP dbSNP intron variant
rs59905759 CIT 0.014 SNP dbSNP intron variant
rs60262339 G/C 0.173 SNP dbSNP intron variant
rs60896390 CIT 0.014 SNP dbSNP intron variant
rs61287418 CIT 0.016 SNP dbSNP intron variant
rs62396384 G/A 0.068 SNP dbSNP intron variant
rs62396385 G/C 0.07 SNP dbSNP intron variant
rs6932648 CIT 0.231 SNP dbSNP intron variant
rs6935120 CIT 0.015 SNP dbSNP intron variant
rs71571340 A/G 0.011 SNP dbSNP intron variant
rs71571342 G/IC 0.011 SNP dbSNP intron variant
rs72856546 GIT 0.109 SNP dbSNP intron variant
rs73414381 G/A 0.014 SNP dbSNP intron variant
rs73414382 G/AIT 0.014 SNP dbSNP intron variant
rs73414392 T/G 0.014 SNP dbSNP intron variant
rs73414393 CIT 0.014 SNP dbSNP intron variant
rs73414402 G/A/IC 0.034 SNP dbSNP intron variant
rs73734417 AlG 0.075 SNP dbSNP intron variant
rs74423628 A/G 0.05 SNP dbSNP intron variant
rs74721526 CIT 0.02 SNP dbSNP intron variant
rs75203003 A/G 0.015 SNP dbSNP intron variant
rs75990857 A/G 0.021 SNP dbSNP intron variant
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rs76070225 AIT 0.019 SNP dbSNP intron variant
rs76395406 G/IA 0.015 SNP dbSNP intron variant
rs7761715 T/C 0.014 SNP dbSNP intron variant
rs79023646 CIT 0.053 SNP dbSNP intron variant
rs9366973 A/GIT 0.443 SNP dbSNP intron variant
rs9369075 C/IA 0.246 SNP dbSNP intron variant
rs937662 CIT 0.355 SNP dbSNP intron variant
rs9394522 G/A 0.163 SNP dbSNP intron variant
rs9394523 CIT 0.246 SNP dbSNP intron variant
rs9394524 T/G 0.249 SNP dbSNP intron variant
rs9462450 T/C 0.282 SNP dbSNP intron variant
rs9470917 A/C 0.175 SNP dbSNP intron variant
rs9470918 C/IAIT 0.175 SNP dbSNP intron variant
rs9791292 G/A 0.123 SNP dbSNP intron variant

Regulome DB

Reference sequence IDs of 107 SNPs were submitted to RegulomeDB. Output data for 107

SNPs was obtained. 41 SNPs were found with annotation score range from 1 - 3, 51 SNPs with

annotation score from 4 - 6, while remaining 15 SNPs fall in the last category with score 7
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Figure 12: Distribution of annotation scores from RegulomeDB.
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FuncPred

SNP Function prediction result was obtained for 71 SNPs. In the obtained results, 3 SNPs
(rs1049346, rs2277109, 1s2490026) were predicted to lie in TFBS (transcription factor binding
site) and 3 more (rs16890915, rs7604, rs9470916) were predicted to affect miRNA binding

(Table 4).

Table 4: List of non-coding SNPs obtained from FuncPred.

SNPs TFBS miRNA
rs1049346 v
rs16890915 v
rs2277109 v
rs2490026 v
rs7604 v
rs9470916 v
PolymiRTS

To understand the potential effect of GLO1 polymorphisms on the miRNA functioning and
target sites, we screened SNPs from PolymiRTS. A total of 18 3° SNPs were retrieved. Among
the 3° SNPs retrieved, 4 SNPs (rs7604, rs9470916, rs75200860, rs16890915) are from our

selected data set (Table 5).

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 26



Chapter 4 Results

Table 5: List of 3' SNPs screened from PolymiRTS..

rsIDs Alleles miRNA motif Eg::tlonal Context + score
hsa-miR-500b-3p | D -0.203
rs7604 G hsa-miR-5096 D -0.15
hsa-miR-6802-3p | D -0.217
hsa-miR-500b-3p | C 0.053
hsa-miR-5096 C -0.096
A hsa-miR-6802-3p | C -0.096
hsa-miR-500b-3p | C -0.105
hsa-miR-5096 C -0.155
hsa-miR-6802-3p | C -0.161
rs9470916 T hsa-miR-338-5p | C 0.055
rs75200860 A hsa-miR-548¢-3p | D 0.07
rs16890915 T hsa-miR-4724-5p | D -0.198
C hsa-miR-4468 C -0.149
hsa-miR-6857-3p | C -0.21

4.2 In-vitro Analysis
High resolution analysis was performed was performed to ascertain the association of GLO-1

gene polymorphisms with susceptibility of Type II Diabetes Mellitus. We

4.2.1 DNA Extraction and Quantification
DNA form blood samples was extracted in two days by using organic (phenol-chloroform)
method. NanoDropTM 2000 software was used to assess the quality and quantity of extracted

genomic DNA. The 260/280 ratio was established to ensure genomic DNA purification.

4.2.2 Analysis of GLO-1 rs1038747749 polymorphism

Analysis of GLO-1 polymorphism with rs1038747749 was done by performing HRM analysis
to get melt curves. Blood samples were screened to confirm the presence or absence of specific
allele. Melt curves and peaks were obtained for the samples. Melt peaks for blood samples of

controls and patients are shown in Figures 13 and 14.

GLO-1 rs1038747749 i1s an SNP variant present on second exon at chromosome 6

(6:38686946). For this SNP, nucleotide C>T variation occurs where C is ancestral allele and T
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is risk allele. Consequence of this SNP is the change in amino acid at position 38 from arginine

to glutamine i.e., Arg38Gln.
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Figure 13: Melt peaks obtained from HRM analysis of control group for GLO-1 rs1038747749.
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Figure 14: Melt peaks obtained from HRM analysis of patient samples for GLO1 rs1038747749.

4.2.3 Association GLO-1 rs1038747749 polymorphism with T2DM susceptibility

GLO-1 151038747749 showed a significant association with T2DM. Calculated p-value is
0.486*, which confirms the significant association of rs1038747749 with disease prevalence.
Genotypic frequencies with respect to the presence and absence of ancestral and risk allele are

shown in figure 15. It shows more presence of mutant variant in Diabetic patients.
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Figure 15: Variant genotype distribution of GLO-1 rs1038747749 in healthy and diabetic patients.

4.2.4 Analysis of GLO-1 rs753587598 polymorphism
Analysis of GLO-1 polymorphism with rs753587598 was done by performing HRM analysis
to get melt curves. Blood samples were screened to confirm the presence or absence of specific

allele. Melt curves and peaks were obtained for the samples. Melting peaks are shown in figure

16 and 17.

GLO-1 15753587598 is an SNP variant present on forth exon at chromosome 6 (6:38682810).
For this SNP, nucleotide A>C variation occurs, where A is ancestral allele and C is a risk allele.
Consequence of this SNP is the change in amino acid at position 125 from phenylalanine to

cysteine i.e., Phe125Cys.
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Figure 16: Melt peaks obtained from HRM analysis of control group for GLO1 rs743587598.
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Figure 17: Melt peaks obtained from HRM analysis of patient group for GLO1 rs743587598.

4.2.5 Association GLO-1 rs753587598 polymorphism with T2DM susceptibility
GLO-1 5753587598 showed no association with T2DM. Calculated p-value is >0.05, which
confirm no significant association of this SNP with T2DM. Genotypic frequencies with respect

to the presence and absence of ancestral and risk allele are shown in figure 18.
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Figure 18:Variant genotype distribution of GLO-1 rs753587598 in healthy and diabetic patients.
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DISCUSSION

Type II Diabetes Mellitus (T2DM) is a non-communicable disease of global concern.
Glyoxalase 1 gene is involved in the detoxification of methylglyoxal and methylglyoxal is
directly or indirectly involved in the development of T2DM. To better understand disease
etiopathology at molecular level we study single nucleotide polymorphisms. Single nucleotide
polymorphisms (SNPs) are the most abundant genetic variations, they are a cause of many
complicated diseases. Around 2% of the known SNPs are linked to diseases by changing amino
acid and might result in non-functional protein (Alanazi ef al., 2011). SNPs involved in the

regulation of proteins and genes can also play a role in disease development.

The data obtained for the research using computational bioinformatic tools and genetic analysis
suggests that regulatory SNPs specifically intronic, 3* and 5’ and missense SNPs can play
important role in gene expression and protein function. They can also be consequential in

prevalence and disease outbreak.

The results from computational tools predict 7 SNPs (Table 6) of importance. These SNPs are
expected to alter binding sites for proteins and miRNA. Among the screened SNPs some have
high regulomeDB score of 4. These seemingly less important SNPs gave hits on FuncPred and
PolymiRTS. Obtained results are accordant with the hypothesis. The results from genetic
analysis of missense SNP rs1038747749 through high resolution melt analysis (HRM)
demonstrate more presence of risk allele in patient samples than healthy people. HRM analysis
is more precise and accurate when compared to conventional PCR. Calculated p-value for this

SNP is significant and represents association of SNP with disease phenotype (T2DM).

Considering the constraints, we cannot omit the fact that some seemingly non-significantly

SNPs could also be associated to T2DM. Other categories of variant and SNPs can also be
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Discussion

analysed further. The short listed regulatory non-coding SNPs can be further studies in-vitro in

patients with T2DM to get deeper understanding.

This study is gender non-specific, and more research can be done to check association

respective to gender. Furthermore, sequencing can be performed to validate the results in more

precise way. These significantly associated SNPs can be used for target therapies, personalized

medicines.

Table 6: Selected associated SNPs list.

. Global RegulomeDB(SNPinfo| SNPinfo .
Variant ID [Alleles MAF Conseq. Type Score (TFBS) | (miRNA) PolymiRTS
3 prime UTR
rs16890915| A/G 0.015 variant 4 % %
1575200860 T/A | 0016 | - PrimeUIR
variant 2a Y
3 prime UTR
rs7604 C/T 0.052 variant I v v
3 prime UTR
rs9470916 | C/A 0.129 variant 4 v v
151049346 |G/A/C| 0435 | °PrimeUIR
variant 1f Y
rs2277109 |C/A/G| 0.052 intron variant 1f Y
rs2490026 |C/G/T| 0.499 intron variant 1f Y
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CONCLUSION AND PROSPECTIVE

Computational analysis of single nucleotide polymorphisms of Glyoxalase 1 gene predicted
seven pathogenic non-coding SNPs: four 3’SNPs, one 5’SNP and two intronic SNPs. These
SNPs can be potentially harmful for the regulation of gene by disturbing transcription factor
binding sites or by interfering with miRNA. In the genetic association analysis of missense
SNP rs1038747749; ancestral allele C is observed in healthy patients and risk allele T is
observed more in T2DM patients, confirming the significant association of SNP rs1038747749
with T2DM. SNP rs753587598 showed no difference in the pattern in wild or mutant genotype
in patients and controls, therefore it is not found to be associated with T2DM. Present research
study can be replicated with a larger sample size. High resolution melt curve analysis followed
by sequencing can help in refining of the data. Potentially damaging SNPs can also be verified

by using in-vitro genetic association analysis.

Investigation of anti-glycation role Glyoxalase 1 (GLO1) gene with increase susceptibility to Type II Diabetes Mellitus. 34



Chapter 7 References

REFERENCES

Alanazi, M., Abduljaleel, Z., Khan, W., Warsy, A. S., Elrobh, M., Khan, Z., Amri, A. A., &
Bazzi, M. D. (2011). In Silico Analysis of Single Nucleotide Polymorphism (SNPs) in
Human B-Globin Gene. PLOS ONE, 6(10), €25876.
https://doi.org/10.1371/journal.pone.0025876

Alhujaily, M., Mir, M. M., Mir, R., Alghamdi, M. A. A., Wani, J. 1., Sabah, Z. ul, Elfaki, I.,
Alnour, T. M. S., Jeelani, M., Abomughaid, M. M., & Alharbi, S. A. (2022). Clinical
Implications of Glyoxalasel Gene Polymorphism and Elevated Levels of the Reactive
Metabolite Methylglyoxal in the Susceptibility of Type II Diabetes Mellitus Mellitus in
the Patients from Asir and Tabuk Regions of Saudi Arabia. Journal of Personalized
Medicine, 12(4), Article 4. https://doi.org/10.3390/jpm12040639

Ali, O. (2013). Genetics of Type II Diabetes Mellitus. World Journal of Diabetes, 4(4), 114—
123. https://doi.org/10.4239/wjd.v4.14.114

Beisswenger, P. J. (2014). Methylglyoxal in diabetes: Link to treatment, glycaemic control and
biomarkers of complications. Biochemical Society Transactions, 42(2), 450-456.
https://doi.org/10.1042/BST20130275

Bellou, V., Belbasis, L., Tzoulaki, ., & Evangelou, E. (2018). Risk factors for Type II Diabetes
Mellitus mellitus: An exposure-wide umbrella review of meta-analyses. PLOS ONE,
13(3), e0194127. https://doi.org/10.1371/journal.pone.0194127

Brings, S., Fleming, T., Freichel, M., Muckenthaler, M. U., Herzig, S., & Nawroth, P. P. (2017).
Dicarbonyls and Advanced Glycation End-Products in the Development of Diabetic
Complications and Targets for Intervention. International Journal of Molecular
Sciences, 18(5), Article 5. https://doi.org/10.3390/ijms18050984

Cantero, A.-V., Portero-Otin, M., Ayala, V., Auge, N., Sanson, M., Elbaz, M., Thiers, J.-C.,
Pamplona, R., Salvayre, R., & Negre-Salvay-e, A. (2007). Methylglyoxal induces
advanced glycation end product (AGEs) formation and dysfunction of PDGF receptor-
B: Implications for diabetic atherosclerosis. The FASEB Journal, 21(12), 3096-3106.
https://doi.org/10.1096/1].06-7536com

Dendup, T., Feng, X., Clingan, S., & Astell-Burt, T. (2018). Environmental Risk Factors for
Developing Type II Diabetes Mellitus Mellitus: A Systematic Review. International
Journal of Environmental Research and Public Health, 15(1), Article 1.
https://doi.org/10.3390/ijerph15010078

Du, F., L1, Y., Shen, J., Zhao, Y., Kaboli, P. J., Xiang, S., Wu, X., Li, M., Zhou, J., Zheng, Y.,
Yi, T, Li, X., Li, J., Xiao, Z., & Wen, Q. (2019). Glyoxalase 1 gene improves the
antistress capacity and reduces the immune inflammatory response. BMC Genetics,
20(1), 95. https://doi.org/10.1186/s12863-019-0795-z

35



Chapter 7 References

Farrera, D. O., & Galligan, J. J. (2022). The Human Glyoxalase Gene Family in Health and
Disease. Chemical ~ Research in Toxicology, 35(10), 1766—1776.
https://doi.org/10.1021/acs.chemrestox.2c00182

Fournet, M., Bonté, F., & Desmouliére, A. (2018). Glycation Damage: A Possible Hub for
Major Pathophysiological Disorders and Aging. Aging and Disease, 9(5), 880-900.
https://doi.org/10.14336/AD.2017.1121

Franks, P. W. (2012). The Complex Interplay of Genetic and Lifestyle Risk Factors in Type II
Diabetes Mellitus: An Overview. Scientifica, 2012, €482186.
https://doi.org/10.6064/2012/482186

Frischmann, M., Bidmon, C., Angerer, J., & Pischetsrieder, M. (2005). Identification of DNA
Adducts of Methylglyoxal. Chemical Research in Toxicology, 18(10), 1586—1592.
https://doi.org/10.1021/tx0501278

Galicia-Garcia, U., Benito-Vicente, A., Jebari, S., Larrea-Sebal, A., Siddiqi, H., Uribe, K. B.,
Ostolaza, H., & Martin, C. (2020). Pathophysiology of Type II Diabetes Mellitus
Mellitus. [International Journal of Molecular Sciences, 21(17), Article 17.
https://doi.org/10.3390/ijms21176275

Gonzalez, E. L. M., Johansson, S., Wallander, M.-A., & Rodriguez, L. A. G. (2009). Trends in
the prevalence and incidence of diabetes in the UK: 1996-2005. Journal of
Epidemiology & Community Health, 63(4), 332-336.
https://doi.org/10.1136/jech.2008.080382

He, Y., Zhou, C., Huang, M., Tang, C., Liu, X., Yue, Y., Diao, Q., Zheng, Z., & Liu, D. (2020).
Glyoxalase system: A systematic review of its biological activity, related-diseases,
screening methods and small molecule regulators. Biomedicine & Pharmacotherapy,
131, 110663. https://doi.org/10.1016/j.biopha.2020.110663

Henquin, J.-C., Ibrahim, M. M., & Rahier, J. (2017). Insulin, glucagon and somatostatin stores
in the pancreas of subjects with type-2 diabetes and their lean and obese non-diabetic
controls. Scientific Reports, 7(1), Article 1. https://doi.org/10.1038/s41598-017-10296-
z

Hong, Y. H., Chung, I.-H., Han, K., & Chung, S. (2021). Prevalence of Type II Diabetes
Mellitus Mellitus among Korean Children, Adolescents, and Adults Younger than 30
Years: Changes from 2002 to 2016. Diabetes & Metabolism Journal, 46.
https://doi.org/10.4093/dm;.2021.0038

Jarrar, M., Abusalah, M. A. H., Albaker, W., Al-Bsheish, M., Alsyouf, A., Al-Mugheed, K.,
Issa, M. R., & Alumran, A. (2023). Prevalence of Type II Diabetes Mellitus Mellitus in
the General Population of Saudi Arabia, 2000-2020: A Systematic Review and Meta-
Analysis of Observational Studies. Saudi Journal of Medicine & Medical Sciences,
11(1), 1-10. https://doi.org/10.4103/sjmms.sjmms_394 22

Javeed, N., & Matveyenko, A. V. (2018). Circadian Etiology of Type II Diabetes Mellitus
Mellitus. Physiology, 33(2), 138—150. https://doi.org/10.1152/physiol.00003.2018

36



Chapter 7 References

Khan, R. M. M., Chua, Z. J. Y., Tan, J. C., Yang, Y., Liao, Z., & Zhao, Y. (2019). From Pre-
Diabetes to Diabetes: Diagnosis, Treatments and Translational Research. Medicina,
55(9), Article 9. https://doi.org/10.3390/medicina55090546

Klafke, G. M., Miller, R. J., Tidwell, J. P., Thomas, D. B., Sanchez, D., Feria Arroyo, T. P., &
Pérez de Leon, A. A. (2019). High-resolution melt (HRM) analysis for detection of
SNPs associated with pyrethroid resistance in the southern cattle fever tick,
Rhipicephalus (Boophilus) microplus (Acari: Ixodidae). International Journal for
Parasitology: Drugs and Drug Resistance, 9, 100-111.
https://doi.org/10.1016/j.1jpddr.2019.03.001

Kold-Christensen, R., Jensen, K. K., Smedegird-Holmquist, E., Serensen, L. K., Hansen, J.,
Jorgensen, K. A., Kristensen, P., & Johannsen, M. (2019). ReactELISA method for
quantifying methylglyoxal levels in plasma and cell cultures. Redox Biology, 26,
101252. https://doi.org/10.1016/j.redox.2019.101252

Magalhaes, P. M., Teixeira, J. E., Bragada, J. P., Duarte, C. M., & Bragada, J. A. (2023).
Prevalence of Type II Diabetes Mellitus, Impaired Fasting Glucose, and Diabetes Risk
in an Adult and Older North-Eastern Portuguese Population. Healthcare, 11(12), Article
12. https://doi.org/10.3390/healthcare11121712

Marchetti, P., Suleiman, M., De Luca, C., Baronti, W., Bosi, E., Tesi, M., & Marselli, L. (2020).
A direct look at the dysfunction and pathology of the B cells in human Type II Diabetes
Mellitus.  Seminars in Cell & Developmental Biology, 103, 83-93.
https://doi.org/10.1016/j.semcdb.2020.04.005

Moraru, A., Wiederstein, J., Pfaff, D., Fleming, T., Miller, A. K., Nawroth, P., & Teleman, A.
A. (2018). Elevated Levels of the Reactive Metabolite Methylglyoxal Recapitulate
Progression of Type II Diabetes Mellitus. Cell Metabolism, 27(4), 926-934.e8.
https://doi.org/10.1016/j.cmet.2018.02.003

Morcos, M., Du, X., Pfisterer, F., Hutter, H., Sayed, A. A. R., Thornalley, P., Ahmed, N.,
Baynes, J., Thorpe, S., Kukudov, G., Schlotterer, A., Bozorgmehr, F., El Baki, R. A.,
Stern, D., Moehrlen, F., Ibrahim, Y., Oikonomou, D., Hamann, A., Becker, C., ...
Nawroth, P. P. (2008). Glyoxalase-1 prevents mitochondrial protein modification and
enhances lifespan in Caenorhabditis elegans. Aging Cell, 7(2), 260-269.
https://doi.org/10.1111/1.1474-9726.2008.00371.x

Morgenstern, J., Campos Campos, M., Nawroth, P., & Fleming, T. (2020). The Glyoxalase
System—New Insights into an Ancient Metabolism. Antioxidants, 9(10), Article 10.
https://doi.org/10.3390/antiox9100939

Ogawa, S., Nakayama, K., Nakayama, M., Mori, T., Matsushima, M., Okamura, M., Senda,
M., Nako, K., Miyata, T., & Ito, S. (2010). Methylglyoxal Is a Predictor in Type 2
Diabetic Patients of Intima-Media Thickening and Elevation of Blood Pressure.
Hypertension, 56(3), 471-476.
https://doi.org/10.116 1/ HYPERTENSIONAHA.110.156786

37



Chapter 7 References

Olokoba, A. B., Obateru, O. A., & Olokoba, L. B. (2012). Type II Diabetes Mellitus Mellitus:
A Review of Current Trends. Oman Medical Journal, 27(4), 269-273.
https://doi.org/10.5001/0m;j.2012.68

Paneni, F., Costantino, S., & Cosentino, F. (2014). Insulin Resistance, Diabetes, and
Cardiovascular ~ Risk.  Current  Atherosclerosis  Reports,  16(7), 419.
https://doi.org/10.1007/s11883-014-0419-z

Prato, S. D., & Marchetti, P. (2004). Beta- and Alpha-Cell Dysfunction in Type II Diabetes
Mellitus.  Hormone  and  Metabolic ~ Research,  36(11/12), 775-78]1.
https://doi.org/10.1055/5-2004-826163

Punthakee, Z., Goldenberg, R., & Katz, P. (2018). Definition, Classification and Diagnosis of
Diabetes, Prediabetes and Metabolic Syndrome. Canadian Journal of Diabetes, 42,
S10-S15. https://doi.org/10.1016/j.jcjd.2017.10.003

Raizada, A., & Souframanien, J. (2021). SNP genotyping and diversity analysis based on genic-
SNPs through high resolution melting (HRM) analysis in blackgram [Vigna mungo (L.)
Hepper]. Genetic Resources and Crop  Evolution, 68(4), 1331-1343.
https://doi.org/10.1007/s10722-020-01064-6

Ramachandra Bhat, L., Vedantham, S., Krishnan, U. M., & Rayappan, J. B. B. (2019).
Methylglyoxal — An emerging biomarker for diabetes mellitus diagnosis and its

detection  methods.  Biosensors and  Bioelectronics, 133, 107-124.
https://doi.org/10.1016/j.b10s.2019.03.010

Ruth, C., McLeod, L., Yamamoto, J. M., Sirski, M., Prior, H. J., & Sellers, E. (2023). Changes
in prevalence and incidence at the population level of Type II Diabetes Mellitus in First
Nation and all other adults in Manitoba. Canadian Journal of Diabetes.
https://doi.org/10.1016/j.jcjd.2023.03.005

Saeed, M., Kausar, M. A., Singh, R., Siddiqui, A. J., & Akhter, A. (2020). The Role of
Glyoxalase in Glycation and Carbonyl Stress Induced Metabolic Disorders. Current
Protein and Peptide Science, 21(9), 846-859.
https://doi.org/10.2174/1389203721666200505101734

Sherwani, S. I., Khan, H. A., Ekhzaimy, A., Masood, A., & Sakharkar, M. K. (2016).
Significance of HbAlc Test in Diagnosis and Prognosis of Diabetic Patients. Biomarker
Insights, 11, BMI1.S38440. https://doi.org/10.4137/BMI1.S38440

Tan, S. Y., Mei Wong, J. L., Sim, Y. J., Wong, S. S., Mohamed Elhassan, S. A., Tan, S. H., Ling
Lim, G. P, Rong Tay, N. W., Annan, N. C., Bhattamisra, S. K., & Candasamy, M.
(2019). Type 1 and 2 diabetes mellitus: A review on current treatment approach and

gene therapy as potential intervention. Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, 13(1), 364-372. https://doi.org/10.1016/j.dsx.2018.10.008

Wang, J., & Chang, T. (2010). Methylglyoxal Content in Drinking Coffee as a Cytotoxic Factor.
Journal of Food Science, 75(6), H167-H171. https://doi.org/10.1111/5.1750-
3841.2010.01658.x

38



Chapter 7 References

Wondmkun, Y. T. (2020). Obesity, Insulin Resistance, and Type II Diabetes Mellitus:
Associations and Therapeutic Implications. Diabetes, Metabolic Syndrome and
Obesity, 13,3611-3616. https://doi.org/10.2147/DMS0O.S275898

Wortmann, M., Peters, A. S., Hakimi, M., Bockler, D., & Dihlmann, S. (2014). Glyoxalase I
(Glo1) and its metabolites in vascular disease. Biochemical Society Transactions, 42(2),
528-533. https://doi.org/10.1042/BST20140003

Yin, J., Ma, G., Luo, S., Luo, X., He, B., Liang, C., Zuo, X., Xu, X., Chen, Q., Xiong, S., Tan,
Z.,Fu,J., Lv,D., Dai, Z., Wen, X., Zhu, D., Ye, X., Lin, Z., Lin, J., ... Wang, Y. (2021).
Glyoxalase 1 Confers Susceptibility to Schizophrenia: From Genetic Variants to
Phenotypes of Neural Function. Frontiers in Molecular Neuroscience, 14.

https://www.frontiersin.org/articles/10.3389/fhmol.2021.739526

Yumnam, S., Subedi, L., & Kim, S. Y. (2021). Glyoxalase System in the Progression of Skin
Aging and Skin Malignancies. International Journal of Molecular Sciences, 22(1),
Article 1. https://doi.org/10.3390/ijms22010310

Zhang, X., Scheijen, J. L. J. M., Stehouwer, C. D. A., Wouters, K., & Schalkwijk, C. G. (2023).
Increased methylglyoxal formation in plasma and tissues during a glucose tolerance test
is derived from exogenous glucose. Clinical Science, 137(8), 697-706.
https://doi.org/10.1042/CS20220753

Zheng, J., Guo, H., Ou, J., Liu, P, Huang, C., Wang, M., Simal-Gandara, J., Battino, M., Jafari,
S.M., Zou, L., Ou, S., & Xiao, J. (2021). Benefits, deleterious effects and mitigation of

methylglyoxal in foods: A critical review. Trends in Food Science & Technology, 107,
201-212. https://doi.org/10.1016/j.tifs.2020.10.031

39



IR Lozl &f Heathzzim & niazhan i
Allarhatman H-.Ir-.ull:-‘.i.ml‘r-'u
| Rlessiancas JARARY, MUST b brmabag

Digital Receipt |

turnitiﬁ@ 'i_;i_x e Rk S

This receipt EI:'{n:l'u‘-.'IEﬂ_L!H Ihal Turrisn recaived YILP EEper, Breloews WL W I dimd thie receiol
information regarding wour subimission,

The first page of your submizsions 15 displayed below

Submizsion autho Faria Fhanid
Segsighiment bitle: M5 Thesis
Cubmissian Uil MASTERS THEISIS
File narme; FARI_WEW.dOCx
Silp siga 1.085%
Fage count. 36
Word cnunt: 8,501
‘Characler couct: 38,54
WBriission cate:  32-Sep-2023 10:15PM (LTCHDS00)
Smission 100 2173375306

Coistiation o) watghcadan pelp ol Ghacsalae |
LA pors v I dne mid mages LTy w T

[HFCECRa ) I8 ]

Furfp fmbal
[PRPRCEL RS e

A o s a5

tap=—s
Frel TesmaDbaid
A e i i et AT
B T U -'l'fl"‘"--"-'-'_-'
L ikl TR T L BTN CF T F AT
Pein L AILESE PanEre s
k)



MASTERS THEISIS Cﬁ}‘i’.ﬁu.,
ORIGIMALITY nl_;{m 5 TN
b 1 3 % 6 ) 7 0
SIMILARITY INDEX INTERMET S0URCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

n Submitted to Unwerswg.r Df West Lunclcrn 4%

atudent Paper

n JamESJ. Beaudoin, Kim L.R. Brouwer, Melina 3
M. Malinen. "Novel insights into the organic
solute transporter alpha/beta, OSTa/B: From
- the bench to the bedside”, Pharmacology &
Therapeutics, 2020

Publication

www.mdpi.com 'l
Internet Source %

T

hmitted to University of East London 1 -

I Paper

itted to Higher Education Commission 1 o

ted to University of Birmingham e



