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Abstract

Type 1 diabetes mellitus (T1DM) is an autoimmune disorder that typically manifests in early
childhood but can occur in persons of any age. The condition is a result of autoreactive T
lymphocytes that target and destroy insulin-producing beta cells in the pancreatic islet. This
results in a complete lack of insulin and persistently high blood sugar levels, necessitating
lifelong insulin treatment. For the present experiment, five groups were selected, all of whom
were volunteers. Four cohorts of TIDM patients were categorized based on their age,
whereas the fifth cohort consisted of individuals without diabetes. The HLA-DRB1*03 exon
2 allele's bidirectional sequencing was established using blood samples. PCR was employed
to determine the gene sequence, amplify it, and extract the gene for DNA sequencing in both
forward and reverse directions. The sequencing output data was subjected to bioinformatics
analysis to get insights into the isolated gene and its function in TLDM. In addition, specific
software applications were utilized to forecast the translated protein and RNA secondary
structures. A modification occurred in the secondary structure of RNA, which had an impact
on the translation and release of proteins in somatic cells. Furthermore, the SNP analysis
indicated that the targeted genes in the four groups exhibited changes resulting from the
substitution or deletion of certain nucleotides. These mutations altered the predicted protein

translation in the sick groups as compared to the control group.
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1. Introduction

Type 1 diabetes mellitus (TIDM) is
a medical illness that occurs when the
body's immune system mistakenly attacks
and damages the insulin-producing cells in
the pancreas. This damage typically results
in a significant lack of insulin production
inside the body. TIDM comprises around
5-10% of the total number of diabetes
cases [1,2] (Quattrin et al., 2023; Holt et
al., 2021). T1IDM can develop at any stage
of life, and the frequency of occurrence
differs depending on age [3] (Stene &
Tuomilehto, 2024). While the typical age
for the appearance of symptoms is usually
during childhood or adolescence, there are
cases when symptoms might manifest at a
later stage [4] (Katsarou et al., 2017).
While the highest occurrence of T1DM
happens during puberty and early
adulthood, it can develop at any age.
People with TIDM can live for many
years after being diagnosed, which means
that the overall number of adults with
T1DM is higher than children. This is why
our attention is directed towards TIDM in

adults [5] (Miller et al., 2012).

The prevalence of TIDM is on the
rise globally, with an annual increase of
roughly 2—3 percent. This results in tens of
thousands of new

worldwide [6,7] (Esposito et al., 2019;

cases each year

Centers for Disease Control and
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Prevention, 2017). The worldwide
occurrence of TIDM is 5.9 cases per
10,000 individuals, with the number of
new cases increasing significantly in the
past 50 years. Currently, it is anticipated
that there are 15 new cases per 100,000
individuals per year [2,8] (Holt et al.,

2021; Mobasseri et al., 2020).

Furthermore,  the International
Diabetes Federation (IDF) estimates that
there are 1.1 million individuals between
the ages of 14 and 19 who have T1DM. If
no measures are taken to stop the rise in
diabetes, the number of individuals
affected by it will reach a minimum of 629
million by the year 2045. High levels of
blood glucose result in about 4 million
fatalities annually, and according to the
International Diabetes Federation (2017),
the estimated worldwide expenditure on
diabetes healthcare for adults in 2017 was

US$850 billion [9].

Global
that the prevalence of TIDM has been
rate of 2-5%.
Furthermore, the incidence of TIDM in
the United States is roughly 1 in 300

studies have demonstrated

steadily rising at a

among individuals who are 18 years old.
In recent times, there has been a shift in
the perception that TLDM mostly affects
children and teenagers. The age at which
symptoms appear is no longer seen as a

significant issue as it was previously
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believed [10] (Shojaeian and Mebhri-
Ghahfarrokhi, 2018).

Among the global rankings for
diabetes prevalence, six nations in the
Middle East and North Africa (MENA)
area are included in the top 10. The nations
mentioned are Bahrain, Egypt, Kuwait,
Oman, Saudi Arabia, and the United Arab
[11] (International Diabetes

2015). Egypt the
highest contribution to the overall number

of estimated childhoods T1DM cases

Emirates

Federation, makes

among Eastern Mediterranean and Middle
Eastern countries, accounting for around
25% of the [12]

(International Diabetes Federation, 2012).

region's  total
The prevalence ranges from 1/100000
annually in Pakistan to 8/100000 annually
in Egypt among children under 15 years of
age [13] (Soltész et al., 2006).

In their 2014 study, El-Ziny et al.
pediatric T1DM

epidemiology investigation in the Nile

conducted the initial
Delta region of Egypt and found a rise in
the occurrence and frequency of T1DM
over a span of 18 years (1994-2011).
There was a higher occurrence and
frequency of cases in females, and a
greater number of cases were identified as
originating from rural areas[14] (El-Ziny .,
2014). There is a lack of epidemiological
studies on childhood T1DM in Egypt.

Several factors have been identified as
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contributing to this phenomenon, such as
the absence of diabetes registries, the
presence of dispersed medical facilities,
and inadequate identification of new cases
[15] (Attia et al., 2023).

The majority (95%) of cases of
T1DM are caused by environmental
variables that interact with an individual
who is genetically predisposed. Previous
research on T1DM has found evidence of
genetic and environmental risk factors, as
indicated by early familial aggregation and
twins' investigations [16] (Redono & Fain,
2001). The
predisposition to T1D, although not fully

presence of a genetic

understood, is evident. Identical twins
show a concordance rate of 60%-70%
with long-term monitoring [17] (Redondo
et al., 2008), whereas first-degree relatives

have a lifetime risk of T1D of 5%—6%.

Genetic analyses have shown that the
HLA complex, particularly class II alleles,
is associated with an increased risk of
developing T1DM. This link has been
established in studies conducted by Jones
et al. (2006), Noble et al. (1996), Morel et
al. (1988), and Todd et al. (1987) [18-21].
Class Il HLA alleles (DR, DQ, and others)
are responsible for about 50% of the
hereditary risk, as stated by [18,19] Jones
et al. in 2006 and Noble et al. in 1996.
Various ethnic groups have identified

possible genetic risk loci for T1DM, such



Journal of Basic and Environmental Sciences

11.4.12 (2024) 461-482

as HLA class I molecules [22] (Noble et
al., 2010), as well as non-HLA genes
including CTLA4, PTPN22, INS, and
IL2RA [23-25] (Besser et al., 2022;
Bonifacio et al., 2018; Polychronakos &
Li., 2011).

Extensive research over a period of

forty years has demonstrated that
immunological genes, particularly those
responsible for encoding classical human
leukocyte antigens (HLA), are associated
with the highest genetic susceptibility to
disease [26,27] (Noble et al., 2024; Noble,
2015). The correlation between human
leukocyte antigens (HLA) and type 1
diabetes was initially documented in the
1970s [28-30] (Cudworth and Woodrow,
1974; Nerup et al., 1974; Singal and
Blajchman, 1973). Explaining the HLA
genes might be challenging due to their
complexity and intricacy. HLA is divided
The Class | HLA
molecules, specifically HLA-A, HLA-B,

and HLA-C, are each encoded by a single

into two classes.

gene. Class Il antigens are formed by a
heterodimer consisting of two genes. The
HLA-DQAZ1 gene encodes the chain of the
DQ antigen, the HLA-DPAL gene encodes
the chain of the DP antigen, and the HLA-
DRAL gene encodes the chain of the DR
antigen [27] (Noble, 2015).

25

researchers noticed that the frequencies of

Approximately years  ago,
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specific HLA antigens associated with
susceptibility to TLDM were higher, while
the frequencies of protective antigens were
lower, in patients with TLDM compared to
unrelated healthy individuals of the same
ethnicity[31,29] (Rich., 2017; Nerup et
al.,1974).The

protection against the development of

susceptibility to and
T1DM are primarily linked to the highly
variable exon 2 sequences of the HLA
genes: DQB1, DQAL,
DRB1[32-39] (Noble and Valdes, 2011;
Varney et al., 2010; Howson et al., 2009;
Erlich et al., 2008; Nejentsev et al., 2007;
Johansson et al., 2003; Thorshby, 1997
She., 1996).

class Il and

HLA genes have the highest level of
genetic variation among all genes in the
human genome. While the majority of
genes are either monomorphic or contain
only a few variant sequences, classical
HLA genes have the potential to possess
thousands of variable sequences [40,41]
(Robinson et al., 2015; Gonzélez-Galarza
et al., 2014). Due to the recognition of the
substantial degree of HLA variation and
advancements in molecular techniques,
multiple molecular HLA typing methods
have been created [42-44] (Moyer and
Gandhi, 2022; Bravo-Egana et al., 2021,
Dunn, 2011). The capacity of these class Il
molecules to exhibit antigens relies, to
some the amino acid

extent, on
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composition of their alpha and beta chains.
Modifications at one or two crucial
locations can have a substantial impact on
the interaction between key autoantigens,
leading to an increase or decrease in the
likelihood of developing T1DM [45]
(Rowe et al., 1994). HLA alleles exhibit
significant variation in frequency and

combinations  among ethnic
populations [46] (Dashti et al., 2023). The
objective of this study was to precisely
individuals with T1DM by
analyzing the sequence of exon 2 of the

HLA-DRB1*03 allele.

many

diagnose

2. Subject and methods:
This

participation of volunteers aged 3 to 20

experiment involved the
years who were diagnosed with T1DM
utilizing rapid, 2-hour postprandial blood
glucose  testing, and  glycosylated
hemoglobin levels. The individuals were
categorized into four cohorts based on
their

age, while a fifth cohort was

comprised of individuals who were

considered to be normal volunteers.

Molecular technique:

DNA extraction: The whole cellular
DNA was obtained from the blood of
patients using the QlAamp DNA Blood
Mini kit (51104 USA and Canada)
following the instructions provided by the

manufacturer.
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The polymerase chain reaction
(PCR): is a technique utilized to amplify
The Tag DNA
polymerase was acquired from QIAGEN,
GmbH,
201443). The amplification of the HLA-
DRB1*03

performed

and detect genes.

Germany (catalog numbers

allele exon2 gene was

using Tag master mix,
following the instructions provided by the

manufacturer.

PCR purification: was performed
using the QIAquick Gel Extraction Kit
28704) the
manufacturer's procedure to purify DNA

(cat.  nos. following
from the agarose gel. The QIAquick Gel
Extraction and PCR Purification Kit
dNTPs,

unlabeled nucleotides, enzymes, and salts

effectively removes primers,
from PCR and other reaction mixtures.
The primer pair employed in this study for
the HLA-DRB1*03 allele exon2 gene
consisted of the forward primer DRB1*03
(F-5°

TACTTCCATAACCAGGAGGAGA 37)
and the reverse primer DRB1*03 (R-5’
TGCAGTAGTTGTCCACCCG 3), as

described by Wu et al. (2013) [47].

DNA Sequencing: The products of
the PCR purification technique were
subjected to the use of the BigDyeTM
Terminator v3.1 Cycle Sequencing Kit.
The

sequencer is a widely used platform for

capillary-based automated DNA
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fluorescence dideoxy DNA sequencing.
Capillary-based sequencing employs liquid
self-coating polymers to separate DNA
fragments, resulting in significantly
enhanced efficiency in DNA sequencing.
The Big Dye® Terminator 3.1 Sequencing
Standard was utilized to acquire the data.
Performance of the POP-4 Efficiently
optimized Polymers served as the matrix
for separation. The running buffer for
POP-4. 3730 was prepared by diluting a
10x genetic analysis buffer containing
EDTA to a 1x concentration. A solution
containing EDTA was prepared at a
concentration of 10 times the desired final
concentration. This solution was then
diluted to the desired final concentration
and utilized for the POP-7 runs. The
reagents, standards, software programs,
and updates used in this study were
obtained from Applied Biosystems,
located in Foster City, CA, USA [48]
(Detwiler et al., 2004). The collection of
sequence data was performed using the
ABI PRISM®3100 Data CollectionTM
v3.0, and subsequent analysis of the data
was conducted using the ABPRISM®3100
DNA Sequencing Analysis SoftwareTM

vb5.1.

Bioinformatics and Statistical Analysis:

Molecular analysis (Bioinformatics)

tools: The T-Coffee online tool was

utilized to perform a multiple sequence
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alignment and compare the sequences in
The
purpose was to identify any mutations that

the normal and treated groups.

manifest as single nucleotide
polymorphisms (SNPs) [49] (Noudame et
al., 2000). The tool may be accessed at
http://tcoffee.crg.cat/apps/tcoffee/do:regul

ar. The Vienna RNA Website, developed
by Gruber et al. in 2008[50], was utilized
to predict RNA secondary structure using
the free energy minimization technique.
The

http://rna.tbi.univie.ac.at/.

website may be accessed at

3. Results:

PCR and sequencing techniques were
utilized to find mutations in the partial
sequence of the HLA-DRBL1 exon2 gene in
the four distinct TLDM patient groups. The
DNA ladder seen in the first lane was split
into bands of differing lengths. While the
PCR products of the HLA-DRB1 gene for
the various normal and patient groups
appear as a single band in each lane with a
length of approximately 270 base pairs
(bp) in the forward direction and 270 base
pairs in the reverse direction, respectively,
Normal, the groups 1, 2, 3, and 4 were

organized in lanes 1 through 5 (Fig. 1).

The PCR products were purified
from an agarose gel after the relevant
bands were excised and sequenced. The
HLA-DRB1*03 allele

partial exon2

sequences of all groups investigated are
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depicted in figures 2 and 3. In addition to
NCBI (HE963767.1), the sequences of the
HLA-DRB1*03 exon 2 allele in all groups
consisted of 270 nucleotides in the forward
direction and 270 nucleotides in the

reverse direction.

The multiply sequence alignment
was built by using the online software T-
Caffee (MSA) of the HLA-DRBL1 (Exon 2)
in both directions (Figs. 2 and 3). It
revealed that all studied groups were
differentiated into two clusters. The first
cluster was the NCBI sequence and the
HLA-DRB1 exon2, while the
second cluster was groups Al, A2, A3,
and A4.

normal

In all groups, the HLA-DRB1 EXON
2 sequences were 270 nucleotides in the
forward direction and 270 nucleotides in
the reverse direction, in addition to the
NCBI (NG_029921.1) sequence (270 bp).
The normal and NCBI sequences of the
HLA-DRB1*03
identical at 270 bp. The Al, A2, A3, and
A4 groups differed (SNPS) from the NCBI

reference and the normal sequence in both

exon2 allele were

forward and reverse directions. First, the
forward direction was changed to the
following: A/T, C/T, AIG, C/A, G/A, AIT,
G/A, AIT, AlG, GIT, GIA, AIT, GIT, GIC,
T/C, GIA, GIC, G/A, CIG, AIC, and C/T at
positions 19, 21, 25, 26, 28, 37, 47, 51, 52,
54, 63, 66, 89, 98, 113, 117, 159, 161, 162,
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170, and 176, respectively. Also, there are
missing nucleotides in positions 22, 24,
50, and 211, and extra nucleotides at
position 196. While in the
direction, there were replacements as G/T,
CIT, AIT, CIT, CIG, TIA, GIA, AIT, GIC,
G/C, GIT, G/A, AIC, and T/A at positions
24, 55, 58, 77, 82, 88, 104, 107, 114, 160,
163, 166, 167, and 196, respectively. Also,
there is a is a missing nucleotide at

reverse

position 171 and extra nucleotides at

position 186.

The

caused a change in arrangement and

substitution in  nucleotides
converted the protein amino acids, which
were able to be produced from the HLA-
DRB1*03 exon2 allele, to different amino
acid sequences, as shown in Tables 1 and
4. With regard to the forward direction,
we noticed an identity between the NCBI
reference, normal group, group 1, group 2,
and group 4 of patients studied. Also,
group 3 had tiny variations in comparing it
with the NCBI reference and the normal
group. These variations involve glycine,
proline, threonine, and tryptophan. The
reverse direction and variations in the
amino acid count and percentage among
the groups were also noticed. Although the
NCBI reference, the normal group, group
1, group 2, and group 4 were identical, as
in the forward direction. Variations were

found between Group 3 and the rest of the
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of the groups. The amino acids involved in
these variations were Alanine, Arginine,
Asparagine, Cysteine, Glycine, Histidine,
Proline, and Threonine, as shown in tables
(2) and (5).

The RNA molecule is an ordered
sequence of nucleotides that contain one of
the four bases: adenine, cytosine, guanine,
and uracil, arranged in the 5 to 3
direction. Pairing (via hydrogen bonds)
these four bases within an RNA molecule
gives rise to the secondary structure. The
canonical base pairs include the Watson-
Crick base pairs (A-U and G-C) and the
wobble base pair (G-U). These base pairs
often result in the formation of a nested
structure, in which multiple stacked base
pairs form a helix and one or multiple
unpaired base pairs form a loop [51] (Zhao
et al., 2021). So, modifications occur in the
secondary structure in the event of any
change in the sequence of RNA. These
modifications can affect the free energy
values. This is due to the fact that it
the
this

requires more energy to break
We

secondary structure and the minimum free

hydrogen bonds. obtained

energy values by using the online RNA

Fold Web Server,
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http://rna.tbi.univie.ac.at/cqi-
bin/RNAWebSuite/RNAfold.cqi.

The results revealed the minimum
free energy (MFE) calculated for RNA
secondary structures predicted from the
consensus RNA sequence transcribed from
the HLA-DRB1*03 exon2 allele in the
forward direction in groups 2 and 3 TIDM
patients studied were slightly lower than
that of the NCBI reference, normal group,
group 1, and group 4. Also, the RNA
secondary structure stability in these
studied groups will be different than that
of the NCBI

Consequently,

and normal
the

reference.
sequences. rate of
protein translation for group 2 and group 3
studied groups will be slightly greater than
that of the NCBI reference. and the normal

sequences, but it could be nonfunctional.

On the other hand, in the reverse
direction of the HLA-DRB1*03 exon 2
allele sequence, the MFE in group 3 was
higher than normal in the NCBI reference
sequence, group 1, group 2, and group 4.
So, the protein production rate would be
less than normal, but it may be non-
functional due to the change in amino acid

sequence.


http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
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Figure 1: PCR products of the HLA exon2 gene alleles DRB1*03 with approximately

4 1" 20
primer DRB1 -allel 03

Al CACGTTTCTTGGAGTACTCTACGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGG
A2 CACGTTTCTTGGAGTACTCTACGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGG
A3 CACGTTTCTTGGAGTACTCTACGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGG
A4 CACGTTTCTTGGAGTACTCTACGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGG
N CACGTTTCTTGGAGTACTCTACGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGG
ref CACGTTTCTTGGAGTACTCTACGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGG
con B
Al TGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGTTCGTGCGCTTCGACAGCG
A2 TGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGTTCGTGCGCTTCGACAGCG
A3 TGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGTTCGTGCGCTTCGACAGCG
A4 TGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGTTCGTGCGCTTCGACAGCG
N TGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGTTCGTGCGCTTCGACAGCG
ref TGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGTTCGTGCGCTTCGACAGCG
con B T
Al ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGA
A2 ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGA
A3 ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGA
A4 ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGA
N ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGA
ref ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGA
con B T
Al ACAGCCAGAAGGACCTCCTGGAGCAGAAGCGGGGCCGGGTGGACAACTACTGCAGAC
A2 ACAGCCAGAAGGACCTCCTGGAGCAGAAGCGGGGCCGGGTGGACAACTACAGCAGAC
A3 ACAGCCAGAAGGACCTCCTGGAGCAGAAGCGGGGCCTGGTGGACACCTACTGCAGAC
A4 ACAGCCAGAAGGACCTCCT GCAGAAGC {e GGACAACTACTGCAGAC
N ACAGCCAGAAGGACCTCCTGGAGCAGAAGC {e GGACAACTACTGCAGAC
ref ACAGCCAGAAGGACCTCCTGGAGCAGAAGCGGGGCCGGGTGGACAACTACTGCAGAC
con B L
Al ACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAG
a2 ACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAG
A3 ACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAG
a4 ACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAG
N ACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAG
ref ACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAG
con Ihkhkhkhhhhhhhhhhhhkhhhkhhhhhhhhhhhhhhhhhdhhhh*

11.4.12 (2024) 461-482

Figure 2: T-coffee alignment of the exon2 DNA consensus sequence of the HLA-

DRB1*03 gene in the forward direction for all groups under study.
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Al
A2

A3
A4
N
ref

con

Al

A3
A4

ref

con

Al

A3
A4

ref

con

Al

A3
A4

ref
con
Al

A3
A4

ref

con

CTCGCCGCTGCACTGTGAAGCTCTCCACAACCCCGTAGTTGTGTCTGCAGTAGTTGT
CTCGCCGCTGCACTGTGAAGCTCTCCACAACCCCGTAGTTGTGTCTGCAGTAGTTGT
CTCGCCGCTGCACTGTGAAGCTCTCCACAACCCCGTAGTTGTGTCTGCAGTAGTTGT
CTCGCCGCTGCACTGTGAAGCTCTCCACAACCCCGTAGTTGTGTCTGCAGTAGTTGT
CTCGCCGCTGCACTGTGAAGCTCTCCACAACCCCGTAGTTGTGTCTGCAGTAGTTGT
CTCGCCGCTGCACTGTGAAGCTCTCCACAACCCCGTAGTTGTGTCTGCAGTAGTTGT

khkkdkhkdhhkkhkhhhhhhhhhhhhhhhhhhdhhdhhhhhhhdhhdhhdhhhhhhhhhdkhdkhdhhdhn

CCACCCGGCCCCGCTTCTGCTCCAGGAGGTCCTTCTGGCTGTTCCAGTACTCGGCAT
CCACCCGGCCCCGCTTCTGCTCCAGGAGGTCCTTCTGGCTGTTCCAGTACTCGGCAT
CCACCCGGCCCCGCTTCTGCTCCAGGAGGTCCTTCTGGCTGTTCCAGTACTCGGCAT
CCACCCGGCCCCGCTTCTGCTCCAGGAGGTCCTTCTGGCTGTTCCAGTACTCGGCAT
CCACCCGGCCCCGCTTCTGCTCCAGGAGGTCCTTCTGGCTGTTCCAGTACTCGGCAT
CCACCCGGCCCCGCTTCTGCTCCAGGAGGTCCTTCTGGCTGTTCCAGTACTCGGCAT

khkhkhkhkhkhkhkhhhkhkhkhhkhkhhkhhkhkhhhhhkhhhhhhhhhhkhhhhhkhhhhhhhhhhhhhhhh

CAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTGTCGAAGCGCA
CAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTGTCGAAGCGCA
CAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTAACACAACACA
CAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTGTCGAAGCGCA
CAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTGTCGAAGCGCA
CAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTGTCGAAGCGCA

khkhkhkhkhkhhkhkhkhkhhkhkhkhhhhkhkhkhhkhhkhhhhhhhhhhhhhhhhhhhhk * * * k%

CGTTCTCCTCCTGGTTATGGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCAT
CGTTCTCCTCCTGGTTATGGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCAT
CACACAACACACAACTATAGTAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCAT
CGTTCTCCTCCTGGTTATGGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCAT
CGAACTCCTCCTGGTTATGGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCAT
CGAACTCCTCCTGGTTATGGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCAT

* * * % khkk Kk hkhkhkhkkhkkdkhkhhkhkhhkhkhdhhdhhdhhhhkhdhdhdkhdhhdhx

TGAAGAAATGACACTCAGACGTAGAGTACTCCAAGAAACGTG
TGAAGAAATGACACTCAGACGTAGAGTACTCCAAGAAACGTG
TGAAGAAATGACACTCAGACGTAGAGTACTCCAAGAAACGTG
TGAAGAAATGACACTCAGACGTAGAGTACTCCAAGAAACGTG
TGAAGAAATGACACTCAGACGTAGAGTACTCCAAGAAACGTG
TGAAGAAATGACACTCAGACGTAGAGTACTCCAAGAAACGTG

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhhhkhkhhhkhkhhkhkhhkhhhkhkhk*x

Figure 3: T-coffee alignment of the HLA-DRB1*03 exon2 DNA consensus sequence for

all groups under investigation, presented in the reverse orientation.

Al

A3
A4

ref

con

Al

A3
A4

ref

con

HVSWSTLRLSVISSMGRSGCGTWIDTSITRRSSCASTATWGS SGRRSWGGLMPSTGT
HVSWSTLRLSVISSMGRSGCGTWIDTSITRRSSCASTATWGSSGRRSWGGLMPSTGT
HVSWSTLRLSVISSMGRSGCGTWIDTSITRRSSCASTATWGSSGRRSWGGLMPSTGT
HVSWSTLRLSVISSMGRSGCGTWIDTSITRRSSCASTATWGS SGRRSWGGLMPSTGT
HVSWSTLRLSVISSMGRSGCGTWIDTSITRRSSCASTATWGS SGRRSWGGLMPSTGT
HVSWSTLRLSVISSMGRSGCGTWIDTSITRRSSCASTATWGS SGRRSWGGLMPSTGT

% Je J e J Je Je d  d de de de ok de de g g d de de g o d de de g dk de de gk d g e o e de g o de e e ok ok e e e ok e e ke ke ke e

ARRTSWSRSGAGWTTTADTTTGLWRASQCSGE
ARRTSWSRSGAGWTTTADTTTGLWRASQCSGE
ARRTSWSRSGAWWTPTADTTTGLWRASQCSGE
ARRTSWSRSGAGWTTTADTTTGLWRASQCSGE
ARRTSWSRSGAGWTTTADTTTGLWRASQCSGE
ARRTSWSRSGAGWTTTADTTTGLWRASQCSGE

khkkkkhkhkhkhkhkk *k Khhkkkkkkhkhkhkhkhhhhkk

Figure 4: The encoded amino acids of HLA-DRB1*03 exon2 in the forward orientation

across all groups.
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Al
A2
A3
A4
N
ref

con

Al
A2
A3
A4
N
ref

con

LAAALSSPQPRSCVCSSCPPGPASAPGGPSGCSSTRHQAAPAPSPPGTPPRRCRSAR
LAAALSSPQPRSCVCSSCPPGPASAPGGPSGCSSTRHQAAPAPSPPGTPPRRCRSAR
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Figure 5: The encoded amino acids of HLA-DRB1*03 exon2 in the reverse orientation

across all groups.

Table 1: The percentage and numbers of amino acids in the protein of HLA-DRB1%*03

exon?2 in the forward direction for all groups.

N | N% Al Al% | A2 | A2% | A3 A3% | A4 | Ad%
Ala (A) 6 6.742 | 6 6.742 | 6 6.742 | 6 6.742 | 6 6.742
Arg (R) 10 | 11.236 | 10 11.236 | 10 | 11.236 | 10 11.236 | 10 | 11.236
Asn(N) |0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Asp(D) |2 2.247 | 22.247 2 2.247 |2 2247 |2 2.247
Cys (O) 3 3371 |3 3371 |3 3371 |3 3371 |3 3.371
Gln (Q) 1 1.123 |1 1.123 |1 1.123 | 1 1.123 |1 1.123
Glu (E) 1 1.123 |1 1.123 |1 1.123 |1 1.123 |1 1.123
Gly (G) 12 | 13.483 | 12 13.483 | 12 ] 13.483 | 11 12.359 | 12 | 13.483
His (H) 1 1.123 |1 1.123 |1 1.123 |1 1.123 |1 1.123
Ile (I) 2 2247 |2 2247 |2 2247 |2 2.247 |2 2.247
Leu (L) 4 4494 |4 4.494 | 4 4.494 | 4 4.494 | 4 4.494
Lys (K) 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Met(M) |2 2247 |2 2247 |2 2247 |2 2.247 |2 2.247
Phe (F) 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Pro (P) 1 1.123 |1 1.123 |1 1.123 |2 2247 |1 1.123
Ser (S) 19 |21.348 |19 21.348 |19 | 21.348 | 19 21.348 | 19 | 21.348
Thr (T) 16 | 17.977 | 16 17.977 116 | 17.977 | 15 16.854 | 16 | 17.977
Tp(W) |7 7.865 |7 7.865 |7 7.865 |8 8989 |7 7.865
Tyr (Y) 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Val (V) 2 2247 |2 2247 |2 2.247 |2 2247 |2 2.247
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Table 2: The percentage and numbers of amino acids in

exon2 in the reverse direction for all groups.

the protein of HLA-DRB1*03

N  |[N% |Al |Al% |A2 |A2% |A3 | A3% | A4 | Ad%
Ala(A) |11 | 12.644 | 11 12.644 | 11 12.644 | 10 11.628 | 11 | 12.644
Arg(R) |8 9.195 |8 9.195 |8 9.195 | 6 6977 |8 9.195
Asn(N) |2 2299 |2 2299 |2 2299 |4 4651 |2 2.299
Asp(D) |1 1.149 |1 1149 |1 1149 |1 1163 | 1 1.149
Cys(C) |6 6.896 | 6 6.896 | 6 6.896 |5 5814 |6 6.896
Gln (Q) |3 3.448 |3 3.448 |3 3.448 |3 3.488 | 3 3.448
Glu(E) |0 00 |0 00 |0 00 |0 00 |0 0.0
Gly(G) |8 9.195 |8 9.195 |8 9.195 | 6 6.977 |8 9.195
His(H) |2 2299 |2 2299 |2 2299 |5 5814 |2 2.299
Tle (T) 1 1149 |1 1.149 |1 1149 |1 1.163 | 1 1.149
Leu(L) |2 2299 |2 2299 |2 2299 |2 2326 |2 2.299
Lys(K) |0 00 |0 00 |0 00 |0 00 |0 0.0
Met (M) | 0 00 |0 00 |0 00 |0 00 |0 0.0
Phe F) |0 00 |0 00 |0 00 |0 00 |0 0.0
Pro(P) |19 |21.839 |19 |21.839|19 |21.839 |17 19.767 | 19 | 21.839
Ser(S) |14 |16.092] 14 16.092 | 14 16.092 | 14 16279 [ 14 | 16.092
Thr (T) | 7 8.060 |7 8.060 |7 8.060 |9 10.465 | 7 8.060
Trp (W) | 0 00 |0 00 |0 00 |0 00 |0 0.0
Tyr (Y) | 1 1149 |1 1149 |1 1149 |1 1163 | 1 1.149
Val (V) |2 2299 |2 2299 |2 2299 |2 2326 |2 2.299

Table 3: The predicted secondary structure of HLA-DRB1 *03 allele in the forward

direction.

The predicted secondary
structure of RNA for
normal group, NCBI
(HE963767.1) reference,
Al, and A4 sequence.
The  minimum  free
energy is -93.02 kcal/mol
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The predicted secondary
structure of RNA A2
sequence. The minimum
free energy is -93.42
kcal/mol

The predicted secondary
structure of RNA A3
sequence. The minimum
free energy is -93.22
kcal/mol

The predicted
secondary structure of
RNA for N, R, Al,
A2, andA4 sequence.
The minimum free
energy is  -72.64
kcal/mol

The predicted
secondary structure of
RNA A3 sequence.
The minimum free
energy is  -60.86
kcal/mol
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4. Discussion

Type 1 diabetes mellitus (T1IDM) is
an autoimmune disorder that arises from
the interaction of hereditary and
environmental elements. The majority of

persons who acquire Type 1 Diabetes

(T1D) possess a Human Leukocyte
Antigen  (HLA)  composition  that
contributes to 50% of the genetic

susceptibility to the disease. In addition to
these HLA haplotypes and the insulin area,
which play a significant role in the
hereditary aspect, genome-wide
association studies have discovered several
variations in more than 60 non-HLA gene
regions that the

vulnerability to T1IDM [52] (Gootjes et

also contribute to

al., and

studies have established that TIDM is a

2022).Both genome screens

genetically polygenic illness, resulting
from the interaction of many susceptibility
and protective genes[53] (Field et al.,
2002). Out of the top 10 nations with the
highest prevalence of diabetes worldwide,
six of them are located in the Middle East
and North Africa. The countries mentioned
are Bahrain, Egypt, Kuwait, Oman, Saudi
Arabia, and the United Arab Emirates [11]
(International Diabetes Federation, 2015).
Egypt
impacted the most out of all the countries

is the country that has been

in the Eastern Mediterranean and Middle
Eastern regions. It accounts for around

25% of the total number of cases in the
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region [12] Diabetes

Federation, 2012). The prevalence of this

(International

condition in children under the age of 15
ranges from 1/100 000 per year in Pakistan
to 8/100 000 per year in Egypt [13]
(Soltész et al., 2006).

El-Ziny et al. (2014) conducted the
first study on
childhood T1DM in the Nile Delta region
of Egypt.

the epidemiology of

They discovered that the
incidence and prevalence of TIDM have
been increasing over the previous 18 years
(1994-2011). According to El-Ziny et al.
(2014), females had a higher incidence and
prevalence of the condition, and a greater
number of cases were reported from rural

areas [14].

This
identifies differences in the partial HLA-

latest molecular research
DRB1*03 exon2 allele sequence between
patients with TIDM and sequences from
the NCBI database. Furthermore, ascertain
the mutations that distinguish certain
T1DM groups from individuals without
diabetes. For this study, the blood tissue of
the volunteer was utilized to extract the
whole DNA, which was then amplified
using the polymerase chain reaction (PCR)
method to amplify the specific sequences
of interest. The target bands had a length
of 270 base pairs in both the forward and
reverse directions. Subsequently, it was

visualized via electrophoresis, removed
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from the gel, and purified. The T-coffee
and RNAfold web service, along with
other bioinformatics tools, were utilized to
assess genetic variations in specific areas
of the HLA-DRB1*03 exon?2 allele.

This work employed the Sanger
DNA sequencing technology to identify
the partial sequence of the HLA-DRB1*03
exon 2 alleles. The purpose was to find
any mutations that occurred in T1DM
compared to the
the NCBI

Bioinformatics tools are essential

patients normal

population and reference.
for
obtaining high-quality discoveries from
the sequencing of raw materials.
Therefore, these tools are necessary to get
the intended conclusion [48] (Detwiler et
al.,2004).

This study employed this method to
investigate the partial sequence of the
HLA-DRB1*03 exon 2 allele in both
directions, aiming to identify mutations
that occurred in patients with T1DM
compared to the general population and
the NCBI reference. Bioinformatics tools
are essential for obtaining high-quality
discoveries from the sequencing of raw
materials. Therefore, these tools are
necessary to get the intended conclusion

[48] (Detwiler et al., 2004).

Koonin asserted that the field of
biological sciences can be categorized into
three distinct areas [54] (Koonin.,2012).
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DNA serves as the repository of genetic
RNA the

conversion of genetic information into

information, facilitates

proteins, and proteins play a crucial role in
[49]
(Notredame et al., 2000). Hence, it was

numerous biological processes
appropriate to employ the Sequence
Manipulation Suite to forecast the RNA
and the translated protein sequence for

subsequent investigation.

Single nucleotide polymorphisms
(SNPs) are the most common form of
genetic variation and form the basis for the
majority of molecular markers. Prior to
their utilization in direct sequence-based
SNP detection or any related SNP assay, it
is necessary for them to be acknowledged.
Sequence fragments from  different
genotypes that come from the same part of
the genome can be aligned to detect
the The

do match

correspondingly are most likely SNPs or

differences in
that

sequence.
nucleotides not
insertions or deletions [55]. (Oeveren &
Janssen, 2009).

All patients had a substantial number
of missing and substituted nucleotides in
exon2 of the HLA-DRB1*03 genotype.
These mutations cause alterations in the
anticipated amino acid sequences of the
HLA-DRB1*03 exon2 allele proteins in
the patients. The single-stranded RNA

molecules undergo folding by Watson-
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Crick base pairing principles, resulting in
the formation of secondary structures.
These structures consist of a helix formed
by several stacked base pairs, together
with one or more unpaired base pairs that
form aloop [51] (Zhao et al., 2021).

The RNA secondary structure is
accountable for various biological tasks
and holds a significant position in genome
instability, cellular evolution, genetic
and The

citation is from Hurst et al. in 2024[56].

diversity, mutation, illness.
Various methodologies and procedures can
be used to estimate the secondary structure
and evaluate the minimal free energy
(MFE) of RNA. The source of this
information is Knudsen and Hein's
publication from 2003[57]. There is no
text provided. The secondary structure of
RNA is crucial for protein biosynthesis. It
can hinder translation by impeding the
initiation and movement of ribosomes
along the mRNA, resulting in reduced
protein production. This plays a significant
role in regulating gene expression by
modifying the minimum energy needed to
unravel the secondary structure and initiate

translation [58] (Gaspar et al., 2013).

The RNA secondary structure was
reconstructed using the RNAFOLD online
service in this study. The findings
indicated that the minimum free energy

(MFE) computed for RNA secondary
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structures forecasted from the consensus
RNA sequence transcribed from the HLA-
DRB1*03 exon2 allele in the forward
direction in groups 2 and 3 T1DM patients
examined were marginally lower than that
of the NCBI reference, normal group,
group 1, and group 4. Moreover, the
stability of the RNA secondary structure in
these groups under investigation will vary
from that of the NCBI reference and
normal sequences. As a result, the rate of
protein synthesis for group 2 and group 3
examined groups will be slightly higher
than that of the NCBI reference and the
usual sequences, although it may not be
functional.

Conversely, the HLA-DRB1*03 exon 2
allele sequence exhibited a larger MFE in
group 3 compared to the NCBI reference
sequence, group 1, group 2, and group 4.
Therefore, the pace of protein production
would be reduced compared to the usual
rate, and the protein may not function
properly because of the alteration in the

sequence of amino acids.

Overall, this study demonstrated that
the HLA-DRB1*03 exon2 allele in the
four groups examined exhibited mutations

in comparison to the normal and NCBI.
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