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Abstract 

             Type 1 diabetes is regarded as a chronic autoimmune disease characterized by dysfunctional T-

lymphocyte activation that targets pancreatic Langerhans β-cells, causing insulin deficiency. By raising the 

amounts of sugar in the blood and urine, this condition causes hyperglycemia. Five groups were chosen for the 

current experiment, with N standing in for healthy individuals. Four groups of patients were created based on 

their ages. The bidirectional sequence of the HLA-DRB1 exon 2 gene was determined using blood samples from 

the five groups. PCR was used to define the gene sequence, amplify it, and isolate the gene for DNA sequencing 

in two directions. To understand more about the isolated gene and its role in T1DM, bioinformatics analysis of 

the sequencing output data was carried out. In addition, certain software programs were used by the study teams 

to forecast the translated protein and RNA secondary structure. The findings showed that an alteration in the 

secondary structure of RNA affected protein translation and release in bodily cells. Additionally, based on SNP 

analysis, the four groups' targeted genes revealed mutations caused by the replacement or indel of certain 

nucleotides, which change the anticipated translated protein in patient groups in comparison to control. 
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Introduction 

         Type 1 diabetes mellitus (T1DM) is one of the 

most prevalent and complicated autoimmune 

disorders that primarily affects children [1]. It is 

defined by the inability of the body to manufacture 

insulin due to the loss of pancreatic cells [2]. The 

incidence rate of T1DM differs between nations, 

between ethnic groups, and within populations and 

countries. It was anticipated that the number of 

diabetes patients will grow by nearly 180 million 

by 2030, from 371.3 million in 2012 to 551.87 

million [3]. Despite significant treatment 

advancements, the incidence of type one diabetes 

continues to rise and has been very varied among 

nations [4]. 

          Variation in T1DM incidence throughout the 

world is quite evident. As it varies from 0.1/100 

000 per year in China to over 400/100 000 per year 

in Finland among children under the age of 15 [5].  

Environmental variables have been implicated for a 

long time in the pathogenesis of T1DM, both as 

initiators and intensifiers of pancreatic -cell death 

[6]. Egypt is the greatest contributor to the 

projected total number of children T1DM cases in 

the Middle East, accounting for around a quarter of 

the region's total diabetic cases. In children under 

15 years of age, the incidence of diabetes ranges 

from 1/100,000 per year in Pakistan to 8/100,000 

per year in Egypt [7, 8]. 

          Diabetes, type I, is characterized by 

inadequate insulin synthesis in the body. As a 

result, people with T1DM require daily insulin 

treatment to balance the glucose level in the blood 

and preserve their lives from potentially fatal 

prenatal complications. The cause of type IDM is 

currently unknown and cannot be prevented. 

Although the causes of type I diabetes remain 

unknown, changes in environmental risk factors 

and/or viral infections may influence the onset of 

DM. T1DM is characterized by polyuria, 

polydipsia, polyphagia, weight loss, abnormalities 

in eyesight, and weariness [9]. 

         It is now commonly known that both 

environmental and genetic factors contribute to the 

autoimmune onslaught in type 1 diabetes, which is 

extremely complex and dependent on a number of 

previously unidentified variables [10]. T1DM leads 

to severe diabetes consequences such as 

retinopathy, neuropathy, nephropathy, 

cardiovascular problems, and ulceration by causing 

extensive tissue and vascular damage. Long-term 

diabetes individuals are also susceptible to 

microvascular problems and macrovascular 

disorders such as coronary artery, heart, and 

peripheral vascular diseases [11, 12, and 13]. 

Epidemiologic patterns indicate that demographic, 

regional, biological, cultural, and other variables 

(the involvement of infections, early childhood 

food, vitamin D exposure, environmental 

contaminants, increased height velocity, obesity, 

and insulin resistance) influence the distribution of 

T1DM [14]. 

        Various studies have estimated that the risk of 

type 1 diabetes is around fifty percent hereditary 

and fifty percent environmental. Non-HLA 

candidate genes include insulin [15], CTLA4 [16], 

PTPN22 [17], IL2RA [18]. The HLA genomic 

region may be one of the most complex and 

fascinating genetic regions in the entire human and 

vertebrate genome in terms of infection [19]. Class 

I contains HLA-A, HLA-B, and HLA-C, while 

class II contains HLA-DR, HLA-DQ, and HLA-

DP. Specific HLA alleles that dictate amino acid 

residues in each gene are more common in persons 
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with T1D than in 'controls' (susceptibility alleles) or 

significantly less common (protective alleles) than 

in controls [20]. 

         Human Leukocyte Antigen (HLA) class II 

genes contributed to around fifty percent of the 

hereditary risk for type 1 diabetes [21]. DRB1 and 

DQB1 alleles independently or in combination 

were related with changed T1D risk, and it was 

found that both susceptible and protective DRB1, 

DQA1, and DQB1 alleles were implicated in T1D 

pathogenesis [22, 23]. The connection of 

DRB1*03:01:01 DQB1*02:01 and DRB1*04:01:01 

DQB1*03: 02 haplotypes is responsible for 

Bahraini Arabs' increased vulnerability to T1D. 

[24]. As the frequency of HLA alleles, haplotypes, 

and genotypes vary significantly by population and 

ethnicity, population studies have established that 

the association between HLA and T1D also varies 

by geographical location and ethnic background 

[25, 26]. Both the high frequency of another 

vulnerable haplotype (DRB1*03:01-DQA1*05:01-

DQB1*02:01) and the low frequency of a 

protective haplotype (DRB1*15:01-DQA1*01:02-

DQB1*06:02) contribute to the high prevalence of 

T1DM among Sardinians [27]. In this work, we 

sought to accurately diagnose T1DM patients based 

on the HLA-DRB1 exon2 sequence. 

Subject and methods: 

          In the present investigation, individuals aged 3 

to 20 years were diagnosed with type 1 diabetes 

mellitus (T1DM) using clinical blood glucose 

testing. They were sorted into four groups by age 

range, with a fifth group consisting of normal 

individuals. 

Molecular technique: 

         DNA extraction: total cellular DNA was 

isolated from patients’ blood by using QIAamp 

DNA Blood Mini (51104 USA and Canada) as the 

manufacturer’s protocol. 

        Polymerase chain reaction (PCR): used for 

gene amplification and detection Taq DNA 

polymerase was purchased from QIAGEN, GmbH, 

Germany (cat. nos. 201443) Taq master mix was 

used for HLA-DRB1 exon2 gene amplification 

according to the manufacture protocol. 

      PCR purification: The QIAquick Gel 

Extraction Kit (cat. nos. 28704) was used for DNA 

purification from the agarose gel according to the 

manufacture protocol. The QIAquick Gel 

Extraction and PCR purification kit effectively 

removes primers, dNTPS, unincorporated labeled 

nucleotides, enzymes, and salts from PCR and other 

reaction mixtures. The HLA-DRB1 exon2 gene 

primer pair used here included the forward primer 

DRB1-(F-5’ CCCCACAGCACGTTTCTTG 3’) 

and the reverse primer DRB1- (R-5’ 

CCGCTGCACTGTGAAGCTCT 3’) according to 

[28]. 

        DNA Sequencing: BigDye™ Terminator v3.1 

Cycle Sequencing Kit was applied to the products 

of the PCR purification procedure. A common 

platform for fluorescent dideoxy DNA sequencing 

is the capillary-based automated DNA sequencer. 

Capillary-based sequencing uses liquid self-coating 

polymers to separate DNA fragments and has vastly 

improved the efficiency of DNA sequencing. Data 

was obtained using the Big Dye® Terminator 3.1 

Sequencing Standard. POP-4 performance 

Optimized Polymers were used as the separation 

matrices. A 10× Genetic Analysis buffer with 

EDTA, diluted to 1×, was used as the running 

buffer for POP-4. 3730 Buffer (10×) with EDTA, 

diluted to 1×, was used for POP-7 runs. All 

reagents, standards, software programs, and updates 

were from Applied Biosystems (Foster City, CA, 

USA) [29]. Sequence data were collected using 

ABI PRISM®3100 Data Collection™ v3.0, and 

Data were analyzed with ABPRISM®3100 DNA 

Sequencing Analysis Software™ v5.1. 

Bioinformatics and Statistical Analysis: 

Molecular analysis (Bioinformatics) tools:  

            T-Coffee is a multiple sequence alignment 

online tool. It was used to compare all sequences in 

normal and treated groups to detect mutations 

which appear as single nucleotide polymorphism 

(http://tcoffee.crg.cat/apps/tcoffee/do:regular) [30]. 

The Vienna RNA Website [31] 

(http://rna.tbi.univie.ac.at/.) was used for   the 

prediction of RNA secondary structure by free 

energy minimization method. 

Results: 

       PCR and sequencing techniques were utilized 

to find mutations in the partial sequence of the 

HLA-DRB1 exon2 gene in the four distinct T1DM 

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 217-221 base pairs (bp) in the 

forward direction and 196 base pairs in the reverse 

direction, respectively. Normal, the groups 1, 2, 3, 

and 4 were organised in lanes 1 through 5 (Fig. 1).  

        The PCR products were purified from agarose 

gel after the relevant bands were excised and 

sequenced. The partial HLA-DRB1 exon2 

sequences of all groups investigated are depicted in 

figure (2 and 3). In addition to NCBI (NG 

029921.1), the sequences of HLA- DRB1 exon 2 in 

all groups consisted of 217-221 nucleotides in the 

forward direction and 192 nucleotides in the reverse 

direction. 

         The multiply sequence alignment were built 

by using the online software T- Coffee (MSA) of 

the HLA-DRB1 (Exon 2) in both directions (Fig.2, 

3).It revealed that all studied groups were 

differentiated in two clusters. The first cluster was 

NCBI sequence and the normal HLA-DRB1 exon2 

while the second cluster was groups A1, A2, A3 

and A4. 

http://rna.tbi.univie.ac.at/
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The sequences of HLA-DRB1 EXON 2 in 

all groups were of 217-221 nucleotides in the 

forward direction and 192 nucleotides in the reverse 

direction addition to NCBI (NG_029921.1) 

sequence (220 bp). The normal and NCBI 

sequences of HLA-DRB1 exon2 gene were 

identical with 220 bp. A1, A2, A3, A4 groups were 

different (SNPS) when compared to the NCBI ref. 

and normal sequence in both forward and reverse 

direction. First the forward direction was changed 

as the following A/T, C/T, A/G, C/A, G/A, A/T, 

G/A, A/T, A/G, G/T, G/A, A/T, G/T, G/C, T/C, 

G/A, G/C, G/A, C/G, A/C and C/T at position 19, 

21, 25, 26, 28, 37, 47, 51, 52, 54, 63, 66, 89, 98, 

113, 117, 159, 161, 162, 170 and 176, respectively. 

Also, there missing nucleotide in position 22, 24, 

50, 211 and extra nucleotides at position 196. 

While in the reverse direction there were 

replacement as G/T, C/T, A/T, C/T, C/G, T/A, G/A, 

A/T, G/C, G/C, G/T, G/A, A/C and T/A at position 

24, 55, 58, 77, 82, 88, 104, 107, 114, 160, 163, 166, 

167 and 196 , respectively. Also, there missing 

nucleotide at position 171 and extra nucleotides at 

position 186. 

The substitution, extra and missing 

nucleotides caused changing in the arrangement 

and converted the protein amino acids which able 

to be produced from the HLA-DRB1 exon2 gene to 

different amino acids by adding some amino acids 

as N, E, H, K, F, Y, Y and V in the protein amino 

acid sequence and they were missing from the 

normal group and NCBI ref. as showed in Table (1) 

and Fig. (4) and found in one or more of the 

patients group in forward direction of the gene 

partial sequence. As well as, in the reverse direction 

there were other missing amino acids in normal 

group as E and M, group A2 was missing F amino 

acid and M amino acid was found only in group A4 

as showed in table (2) and Fig.(5). 

         RNA is one strand and has a higher capacity 

for hydrogen bonds than DNA, so it tends to form 

complex base-pairing interactions. Stems and loops 

are terms for regions with base pairing and a single 

strand, respectively. For stems, it require more 

energy to break the hydrogen bonds. The RNA 

secondary structure was assessed by RNAfold web 

service (http://rna.tbi.univie.ac.at//cgi-

bin/RNAWebSuite/RNAfold.cgi). The results 

revealed the minimum free energy (MFE) 

calculated for RNA secondary structures predicted 

from consensus RNA sequence transcribed from 

HLA-DRB1 exon2 in forward direction in A1, A3 

and A4 T1DM patients studied groups were slightly 

lower than that of the NCBI ref. and normal 

sequences. While, it was slightly higher in A2 

group. Also, the RNA secondary structure stability 

in these studied groups will be different than that of 

the NCBI ref. and normal sequences. Consequently 

the rate of the protein translation for A1, A3 and A4 

studied groups will be slightly greater than that of 

the NCBI ref. and the normal sequences, but it 

could be nonfunctional. While as the secondary 

structure of A2 would be more stable than the 

NCBI ref. and the normal group and the protein 

production rate of would be much more less than 

the protein production of NCBI ref. and normal. 

       On the other hand, in the reverse direction of 

HLA-DRB1 exon 2 gene sequence the MFE in A4 

were higher than normal and NCBI reference 

sequence and the protein production rate would be 

less the normal but in the other three diabetic 

groups the minimum free energy were lower the 

normal and that would lead to increase the protein 

production but it may be non-functional due to the 

change of amino acid sequence.   

 

 

Fig. (1) PCR products of HLA-DRB1 exon2 gene with approximately 220pb 

http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
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NG_029921.1   GGACGGAGCGGGTGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGAACGTGCGCTTCGACAGCG 

N             GGACGGAGCGGGTGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAGAACGTGCGCTTCGACAGCG 

A1            GGACGGAGCGGGTGCGGTACCTGGACAGATACTTCCATAACCAGGAAGA-TGCTTGCGCTTCAACTGCG 

A2            GGACGGAGCGGGTGCGGTACCTGGACAGATACTTCCATAACCAGGAAGA-TGCTTGCGCTTCAACTGCG 

A3            GGACGGAGCGGGTGCGGTTCT-G-GCAAATACTTCCATAACCAGGAGGAGTACTTGCGCTTCAACTGCG 

A4            GGACGGAGCGGGTGCGGTTCCTGGAAAGATACTTCCTTAACCAGGAGGAGAACGTGCGCTTCGACAGCG 

 

cons          ****************** *  *   * ******** ********* **   * ******** ** *** 

 

NG_029921.1   ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGAACAGCCAGAAGG 

N             ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGAACAGCCAGAAGG 

A1            ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGAACAGCCAGAAGG 

A2            ACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGAACAGCCAGAAGG 

A3            ACGTGGGGGAGTTCCGGGCTGTGACGGAGCTGGGGCGGCCTGACGCCGAGTACTGGAACAGCCAGAAGG 

A4            ACGTGGGGGAGTTCCGGGCGGTGACGGACCTGGGGCGGCCTGATGCCAAGTACTGGAACAGCCAGAAGG 

 

cons          ******************* ******** ************** *** ********************* 

 

NG_029921.1   ACCTCCTGGAGCAGAAGCGGGGCCGGGTGGACAACTACTGCAGACACAACTACGGGGT-TGTGGAGAGC 

N             ACCTCCTGGAGCAGAAGCGGGGCCGGGTGGACAACTACTGCAGACACAACTACGGGGT-TGTGGAGAGC 

A1            ACCTCCTGGAGCAGAAGCGGGCCCAGGTGGACACCTACTGCAGACACAACTACGGGGT-TGTGGAGAGC 

A2            ACCTCCTGGAGCAGAAGCGGGCCCAGGTGGACACCTACTGCAGACACAACTACGGGGT-TGTGGAGAGC 

A3            ACCTCCTGGAGCAGAAGCGGGCCGAGGTGGACACCTACTGCAGACACAACTACGGGGT-TGTGGAGAGC 

A4            ACCTCCTGGAGCAGAAGCGGGCCCGGGTGGACCCTTATTGCAGACACAACTACGGGGTTTGTGGAGAGC 

 

cons          ********************* *  *******   ** ******************** ********** 

 

NG_029921.1    TTCACAGTGCAGCG 

N             TTCACAGTGCAGCG 

A1            TTC-CAGTGCAGCG 

A2            TTC-CAGTGCAGCG 

A3            TTC-CAGTGCAGCG 

A4            TTCCCAGTGCAGCG 

 

cons          *** ********** 

 

Fig. (2) T-coffee alignment of the HLA-DRB1 exon2 DNA consensus sequence of all studied groups in forward 

direction 
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NG_029921.1    TCCTTCTGGCTGTTCCAGTACTCGGCATCAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTG 

N              TCCTTCTGGCTGTTCCAGTACTCGGCATCAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTG 

A1             TCCTTCTGGCTGTTCCAGTACTCGGCATCAGGCCGCCCCAGCTCCGTCACCGCCCGGAACTCCCCCACGTCGCTG 

A2             TCCTTCTGGCTGTTCCAGTACTCGGCATCAGGCCGCCCCAGCTCCCTCACCGCCCGGAACTCCCCCACGTCGCTG 

A3             TCCTTCTGGCTGTTCCAGTACTCGGCATCAGGCCGCCCCAGCTCCGTCACCGCCTGGTACTCCCCCACGTCGCTG 

A4             TCCTTCTGGCTGTTCCAGTACTCTGCATCAGGCCGCCCCAGCTCCGTCACCGCCTGGAACTCCCCCACGTCGCTG 

 

cons           *********************** ****************************** ** ***************** 

 

NG_029921.1    TCGAAGCGCACGTTCTCCTCCTGGTTATGGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCATTGAAGAAA 

N              TCGAAGCGCACGTTCTCCTCCTGGTTATGGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCATTGAAGAAA 

A1             TCGAAGCGCACGTACTCCTCTTGGTTATAGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCATTGAAGAAA 

A2             TCGAAGCGCACGTTCTCCTCCTGGTTATGGAAGTATCTCTCCAGGTACCGCACCCGCTCCGTCCCATTGAAGAAA 

A3             TTGAAGCGCACGTACTCCTCTTGGTTATAGAAGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCATTGAAGAAA 

A4             TCGAAGGGCACGTACTCCTCCTGGTTATGGATGTATCTGTCCAGGTACCGCACCCGCTCCGTCCCATTGAAGAAA 

 

cons           * **** ****** ****** ******* ** ****** ************************************ 

 

NG_029921.1   TGACACTCAGACGTAGACTA-CTCCAAGAAACGTGGCTGTGGG 

N             TGACACTCAGACGTAGACTA-CTCCAAGAAACGTGGCTGTGGG 

A1            TGACACTCAGACTTAACCTAGCTCCAAGAAACGTG-CTGTGGG 

A2            TGACACTCAGACTTAAGCAAGCTCCAAGAAACGTG-CTGTGGG 

A3            TGACACTCACACTTAACCTAGCTCCAAGAAACGTG-CTGTGGG 

A4            TGACACTCACACTTAAACTAGCTCCAAGAAACGTG-CTGTGGG 

 

cons          ********* ** **  * * ************** ******* 

Fig. (3) T-coffee alignment of the HLA-DRB1 exon2 DNA consensus sequence of all studied groups in reverse 

direction 

 
NG_029921.1  GRSGCGTWTDTSITRRRTCASTATWGSSGRRSWGGLMPSTGTARRTSWSRSGAGWTTTADTTTGLWRAS 

N            GRSGCGTWTDTSITRRRTCASTATWGSSGRRSWGGLMPSTGTARRTSWSRSGAGWTTTADTTTGLWRAS 

A1           GRSGCGTWTDTSITRKMLALQLRRGGVPGGDGAGAACRVLEQPEGPPGAEAGPGGHLLQ-TQLRGCGEL 

A2           GRSGCGTWTDTSITRKMLALQLRRGGVPGGDGAGAACRVLEQPEDLLEQKRAQVDTYCR-HNYGVVESF 

A3           GRSGCGSGKYFHNQEEYLRFNCDVGEFRAVTELGRPDAEYWNSQRPPGAEAGRGGHLLQ-TQLRGCGEL 

A4           GRSGCGSWKDTSLTRRRTCASTATWGSSGRRTWGGLMPSTGTARRTSWSRSGPGWTLIADTTTGFVESF 

 

cons         ******: .     ..    .       .    *        ..     . .                  

 

NG_029921.1   QCQ 

N             QCQ 

A1            PVQ 

A2            QCQ 

A3            PVQ 

A4            PVQ 

 

cons            * 

Fig. (4) Encoded amino acids of HLA-DRB1 exon2 in forward direction in all groups 
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                NG_029921.1 SFWLFQYSASGRPSSVTARNSPTSLSKRTFSSWLWKYLSRYRTRSVPLKKHSDVDYSKKRGCG 

N           SFWLFQYSASGRPSSVTARNSPTSLSKRTFSSWLWKYLSRYRTRSVPLKKHSDVDYSKKRGCG 

A1              SFWLFQYSASGRPSSVTARNSPTSLSKRTYSSWL-KYLSRYRTRSVPLKKHSDLT-LQETCCG 

A2              SFWLFQYSASGRPSSLTARNSPTSLSKRTFSSWLWKYLSRYRTRSVPLKKHSDLSKLQETCCG 

A3              SFWLFQYSASGRPSSVTAWYSPTSLLKRTYSSWL-KYLSRYRTRSVPLKKHSHLT-LQETCCG 

A4              SFWLFQYSASGRPSSVTAWNSPTSLSKGTYSSWLWMYLSRYRTRSVPLKKHSHLN-LQETCCG 

cons             ***************:**  ***** * *:****  ****************.:   ::  ** 

Fig. (5) Encoded amino acids of HLA-DRB1 exon2 in reverse direction in all groups 

Table (1) percentage and numbers of amino acids in protein of HLA-DRB1 exon2 in forward direction for all 

groups 

 

 

 

Amino 

Acids (F) 

Normal 

% 

A1 

% 

A2 

% 

A3 

% 

A4 

% 

Ala 

(A) 

6 

8.33% 

6 

8.33 

5 

6.94 

4 

5.56 

4 

5.56 

Arg 

(R) 

10 

13.89% 

6 

8.33 

7 

9.72 

7 

9.72 

9 

12.50 

Asn 

(N) 
-------- --- 

1 

1.39 

3 

4.17 

---- 

 

Asp 

(D) 

2 

2.78% 

2 

2.78 

4 

5.56 

2 

2.78 

2 

2.78 

Cys 

(C) 

3 

4.17% 

3 

4.17 

4 

5.56 

3 

4.17 

2 

2.78 

Gln 

(Q) 

2 

2.78% 

5 

6.94 

6 

8.33 

5 

6.94 

1 

1.39 

Glu 

(E) 
------- 

4 

5.56 

4 

5.56 

7 

9.72 

1 

1.39 

Gly 

(G) 

11 

15.28 

16 

22.22 

10 

13.89 

12 

16.67 

11 

15.28 

His 

(H) 
--- 

1 

1.39 

1 

1.39 

2 

2.78 
--- 

Ile 

(I) 

1 

1.39 

1 

1.39 

1 

1.39 
---- 

1 

1.39 

Leu 

(L) 

2 

2.78 

8 

11.11 

6 

8.33 

6 

8.33 

3 

4.17 

Lys 

(k) 
--- 

1 

1.39 

2 

2.78 

1 

1.39 

1 

1.39 

Met 

(M) 

1 

1.39 

1 

1.39 

1 

1.39 
---- 

1 

1.39 

Phe 

(F) 
---- ---- 

1 

1.39 

3 

4.17 

2 

2.78 

Pro 

(P) 

1 

1.39 

6 

8.33 

2 

2.78 

4 

5.56 

3 

4.17 

Ser 

(S) 

11 

15.28 

2 

2.78 

3 

4.17 

3 

4.17 

11 

15.28 

Thr 

(T) 

16 

22.22 

5 

6.94 

5 

6.94 

2 

2.78 

13 

18.06 

Trp 

(W) 

6 

8.33 

1 

1.39 

1 

1.39 

1 

1.39 

5 

6.94 

Tyr 

(Y) 
---- --- 

2 

2.78 

3 

4.17 
---- 

Val 

(V) 
--- 

3 

4.17 

5 

6.94 

3 

4.17 

2 

2.78 
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Table (2) percentage and numbers of amino acids in protein of HLA-DRB1 exon2 in reverse direction for all groups. 

 

 

 

 

 

 

 

 

 

 

Amino acids (R) 
Normal 

% 

A1 

% 

A2 

% 

A3 

% 

A4 

% 

Ala  

(A) 

2 

3.17 

2 

3.17 

2 

3.17 

2 

3.17 

2 

3.17 

Arg 

 (R) 

7 

11.11 

6 

9.52 

6 

9.52 

5 

7.94 

4 

6.35 

Asn  

(N) 

1 

1.59 

1 

1.59 

1 

1.59 
--- 

2 

3.17 

Asp  

(D) 

2 

3.17 

1 

1.59 

1 

1.59 
--- --- 

Cys  

(C) 

1 

1.59 

2 

3.17 

2 

3.17 

2 

3.17 

2 

3.17 

Gln 

 (Q) 

1 

1.59 

2 

3.17 

2 

3.17 

2 

3.17 

2 

3.17 

Glu 

 (E) 
--- 

1 

1.59 

1 

1.59 

1 

1.59 

1 

1.59 

Gly 

 (G) 

3 

4.76 

2 

3.17 

2 

3.17 

2 

3.17 

3 

4.76 

His 

 (H) 

1 

1.59 

1 

1.59 

1 

1.59 

2 

3.17 

2 

3.17 

Ile 

 (I) 
--- --- --- --- ---- 

Leu  

(L) 

5 

7.94 

7 

11.11 

8 

12.70 

8 

12.70 

7 

11.11 

Lys  

(k) 

6 

9.52 

4 

6.35 

5 

7.94 

4 

6.35 

3 

4.76 

Met 

 (M) 
--- --- --- --- 

1 

1.59 

Phe 

 (F) 

3 

4.76 

2 

3.17 
--- 

2 

3.17 

2 

3.17 

Pro 

 (P) 

3 

4.76 

3 

4.76 

3 

4.76 

3 

4.76 

3 

4.76 

Ser  

(S) 

14 

22.22 

13 

20.63 

14 

22.22 

12 

19.05 

13 

20.63 

Thr  

(T) 

4 

6.35 

6 

9.52 

5 

7.94 

6 

9.52 

5 

7.94 

Trp  

(W) 

3 

4.76 

2 

3.17 

3 

4.76 

3 

4.76 

4 

6.35 

Tyr 

 (Y) 

4 

6.35 

4 

6.35 

3 

4.76 

5 

7.94 

4 

6.35 

Val  

(V) 

3 

4.76 

2 

3.17 

1 

1.59 

2 

3.17 

2 

3.17 
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Fig. (6) The predicted RNA secondary structure for 

normal group and NCBI (NG_029921.1) Ref. sequence 

in forward direction. Free energy-75.70 kcal/mol 

Fig. (7) The predicted RNA secondary structure for 

A1 group sequence in forward direction. Free energy -

81.60 kcal/mol 

 
 

Fig. (8) The predicted RNA secondary structure for A2 

group sequence in forward direction. Free energy -72.50 

kcal/mol 

Fig. (9) The predicted RNA secondary structure for 

A3 group sequence in forward direction. Free energy -

81.50 kcal/mol 

  

Fig. (10) The predicted RNA secondary structure for A4 

group sequence in forward direction. Free energy -77.60 

kcal/mol. 

Fig. (11) The predicted RNA secondary structure for 

normal group and NCBI (NG_029921.1) Ref. 

sequence in reverse direction. Free energy-46.70 

kcal/mol. 
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Fig. (12) The predicted RNA secondary structure for A1 

group sequence in reverse direction. Free energy -47.20 

kcal/mol 

Fig. (13) The predicted RNA secondary structure for 

A2 group sequence in reverse direction. Free energy -

47.23 kcal/mol. 

 

 

Fig. (14) The predicted RNA secondary structure for A3 

group sequence in reverse direction. Free energy -46.90 

kcal/mol. 

Fig. (15) The predicted RNA secondary structure for 

A4 group sequence in reverse direction. Free energy -

41.70 kcal/mol 

 

Discussion    

 Several prior genetics studies have found over 

sixty genes related with the likelihood of acquiring 

T1DM. Genome-wide association studies (GWAS) 

identified the majority of genetic loci using large 

case-control populations of European origin [32]. 

Understanding the biology of type 1 diabetes has 

been fundamentally aided by genetic investigations 

[33]. Human leukocyte antigen (HLA) regions were 

the first to be associated with Type 1 diabetes [34, 

35, 36] As a result of this finding, scientists have 

attempted to comprehend the underlying processes 

through which alleles of HLA-encoding genes 

contribute to the T1D association.  

 Recent molecular research revealed 

discrepancies in the partial HLA-DRB1 exon2 gene 

sequence between T1DM patients and NCBI 

database sequences. In addition, they identify the 

mutations that differentiate T1DM groups from 

non-diabetic ones. In this investigation, total DNA 

was taken from the patient's blood tissue, and then 

the targeted sequences were amplified using the 

Polymerase Chain Reaction (PCR) technique. The 

target bands at roughly 221 bp in the forward 

direction and 196 bp in the reverse direction were 

visualised by electrophoresis, excised from the gel, 

and purified. DNA sequencing and bioinformatics 

tools such as T-coffee, RNAfold web server, and 

other bioinformatics tools were utilised to evaluate 

genetic variants in the targeted regions of the HLA-

DRB1 gene. 

The Sanger DNA sequencing technique is one 

of the fundamental methods used to identify the 

precise sequence of nucleotides inside a DNA 

molecule. This technique is able to analyze 

thousands of genes by high throughput sequencing, 

and there are a number of issues that currently urge 

the implementation of high throughput sequencing 

in routine clinical diagnostics due to its accuracy, 

genotype-phenotype correlation, clinical utility, and 

ethical considerations [37]. In this work, this 

approach was utilized to explore the partial 

sequence of the HLA-DRB1 exon 2 gene in a 

bidirectional manner for mutations that occurred in 

T1DM patients relative to the normal population 

and NCBI reference. Without bioinformatics tools, 
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the sequencing of raw materials would not produce 

high-quality findings; hence, these tools are 

required to get the desired outcome [38]. 

Koonin stated that the biological sciences are 

composed of three groups. DNA stores genetic 

information, RNA translates to proteins, and 

proteins are important for several biological 

processes [39]. Therefore, it was suitable to utilize 

Sequence Manipulation Suite to predict the RNA 

and the translated protein sequence for further 

research. 

 SNPs are the most prevalent kind of genetic 

variation and serve as the foundation for the 

majority of molecular markers. Before they can be 

employed for direct sequence-based SNP detection 

or in a derived SNP assay, however, they must be 

recognised. Multiple sequence fragments 

originating from distinct genotypes and reflecting 

the same area of the genome can be aligned in order 

to identify sequence variations. The corresponding 

mismatched nucleotides are likely SNPs or 

insertions/deletions [40]. Exon2 of the HLA-DRB1 

gene in the A1, A2, A3, and A4 patients included a 

significant number of missing, extra-addition, and 

replacement nucleotides. These mutations alter the 

predicted amino acid sequences of their patients' 

HLA-DRB1 exon2 proteins. RNA molecules, 

which are naturally single-stranded, fold onto 

themselves to form physiologically active 3D 

structures, using Watson-Crick base pairing 

principles that are mostly comparable [41]. Which 

has a regular pattern of Watson-Crick and GU pairs 

(helices) and less regularly arranged lengths of 

nucleotides (loops) [42]. 

 RNA secondary structure and minimal free 

energy (MFE) evaluation may be performed using a 

variety of techniques and methods for structure 

prediction [43]. RNA secondary structure plays an 

important role in the biosynthesis of proteins, and it 

can have a negative effect on translation by slowing 

or blocking the initiation and movement of 

ribosomes along the mRNA, thereby reducing the 

yield of protein and becoming a major factor in the 

regulation of gene expression by altering the 

minimum free energy required to unwind the 

secondary structure stems and initiate the 

translation process [44]. In this work, the RNA 

secondary structure was reconstructed using the 

RNAFOLD web server. The results showed that the 

computed free energy for RNA secondary 

structures predicted from consensus RNA sequence 

transcribed from HLA-DRB1 exon2 in forward 

direction was somewhat less than that of the NCBI 

reference and normal sequences. However, it was 

slightly greater in the A2 group. In addition, the 

stability of the secondary structure of RNA in these 

examined groups will differ from that of the NCBI 

reference and normal sequences. Therefore, the 

protein translation rate for the A1, A3, and A4 

examined groups will be slightly higher than that of 

the NCBI reference and the usual sequences, but it 

may be dysfunctional. While A2's secondary 

structure would be more stable than that of the 

NCBI reference and the normal group, its protein 

synthesis rate would be significantly lower than that 

of the NCBI reference and the normal group. 

On the other hand, in the reverse direction of 

the HLA-DRB1 exon 2 gene sequence, the MFE in 

A4 was greater than normal and the NCBI reference 

sequence, and the protein production rate would be 

lower than normal. However, in the other three 

diabetic groups, the minimum free energy was 

lower than normal, which would lead to an increase 

in protein production, although it may be non-

functional due to a change in amino acid sequence. 

In conclusion, this study showed that the 

HLA-DRB1 exon2 gene of the four studied groups 

were mutated when compared to the normal and 

NCBI reference. 
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