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Summary

Background: Beta-thalassemia is one of most common autosomal recessive disorders
worldwide, characterized by reduced or absent beta globin chain synthesis, resulting in
reduced Hb in red blood cells (RBC), decreased RBC production and anemia. Recently,
the number of thalassemia patients has been increasing in other regions worldwide, but
there is a lack of comprehensive knowledge regarding the epidemiologic profile of
thalassemia in these regions. This high prevalence of thalassemia makes it one of the
major health problems and a priority genetic disease. A prevention program would be
useful to overcome these problems, but it requires a preliminary knowledge of
hemoglobin, disease pathophysiology, as well as a spectrum of globin gene mutations
among different populations. Independently, new studies are needed to validate the
clinical consequences of the mutations with undefined pathogenicity. Considering the
absence of physiopathological knowledge relative to the newly identified mutations, the
use of in silico predictors emerges as a possible tool to aid in decision-making with respect
to diagnostic, preventative, and treatment measures .

Aim of the study: Providing a guide to choose the most efficient way to design a new
specific-primer by applying web services on SNPs from the HbVar database to understand
the relationship between phenotype and genotype in the clinical setting and investigating
the effects of SNP mutations in the HBB exons and give a guideline for functional studies
and prenatal diagnosis to be developed as basis for future studies , Finding alternative
therapeutic molecules made from natural inducers that had fewer side effects than
traditional medications for treating beta thalassemia by recognizing the particular ligands
that bind to specific receptor binding sites and recognize the foremost favorable ligand
with the assistance of molecular docking , and creating a fuzzy inference system to predict
the severity involve in Thalassemia disease.

Results: Allele-specific primers corresponding to 37 kinds of SNP in B thalassemia were
designed using primer program BatchPrimer3 v1.0. Single assays were performed for the
specific amplification of each target allele using the tested primers , and all amplicons
were between 100 - 300 bp fragments in which containing the corresponding SNPs by
Silica tool . PCR products were detected on 2.5% agarose gel by insilico electrophoresis
via SnapGene tool . The results showed set of primers selected that have a unique
sequence within the template DNA, optimal melting temperatures , appropriate primer
length, suitable GC content and Specificity for allele pairs for each SNPs . These primers
result refers to 8 SNPs in studied dataset . Also, showed set of primers selected that have
a Specificity for only one allele for each SNPs . These primers result refers to 21 SNPs in



studied dataset. For the simulated results of electrophoresis on agarose gel, All 18 bands
that showed were identical with Silica results . SOPMA tool was used to predicted
Secondary structures of HBB protein , The sequence length was 147 amino acids ,a
considerable prediction was observed in mainly alpha helix classes of protein by 62.59%
and less prediction for beta sheet (extended strand ) by 9.52% , in addition random coils
and beta turn were found by 21.77% , 6.12 % respectively. Molucular docking via
SwissDOCK was used to predict the molecular interactions that may occur between a
target protein and a small molecule. The results supported usage of Coptidis Rhizome for
the treatment of thalassemia and its related conditions. Among the bioactive compounds,
Berberine was determined to be best for treatment of thalassemia compared to the
already available drugs available with binding energy of -7.57 Kcal/mol because a better
docking score corresponds to Low Binding Energy. Fuzzy Inference System was developed
in order to analyze the severity of Thalassemia disease using Fuzzy Logic Toolbox in
Matlab by developing 26 if-then rules. The fuzzy system result shows that the selected
inputs such as MCH, MCV and HGB are suitable for the study. , It was found that our
program matched the doctor’s diagnosis in 608 cases perfectly from 646 cases . This
results with an accuracy of about 94.11 % which is more stable than the results obtained
from the similar contents in (Thakur et al., 2016) with accuracy 83% . Based on the results
presented in the confusion matrix , it was discovered that there were 608 correct
classifications (175 for low, 405 for moderate and 28 for high risk-along the diagonal) .

Conclusion: Single nucleotide polymorphisms (SNPs) have been proposed as the next

generation of markers to identify loci associated with complex diseases and their
therapeutic treatment . Low-cost genotyping tools are absolutely necessary for effective
personalized medicine ,so the in silico analysis like AS-PCR methods are quick, excellent
and inexpensive strategies and require minimal instruments that are found in most
laboratories to be developed for massive implementation into clinical laboratories . we
hope that identify the mechanisms responsible for fetal hemoglobin control, since
reactivation of fetal hemoglobin can provide major therapeutic benefits to people
affected by B-hemoglobinopathies .

Keywords : Beta thalassemia, SNP, AS-PCR, SOPMA,, SwissDOCK, Fuzzy inference system



Research gap:

Recently, the number of thalassemia patients has been increasing in other
regions worldwide, including in North America, Northern Europe, and
Northeast Asia, due to an increase in migrant populations, but there is a lack
of comprehensive knowledge regarding the epidemiologic profile of
thalassemia in these regions. This high prevalence of thalassemia makes it
one of the major health problems and a priority genetic disease. In contrast,
the treatment of thalassemia is entirely different in less developed countries,
where most of the patients with this disease require safe transfusion and
chelation that are not universally available. Treatment of B-thalassemia still
represents a significant drain of the country’s resources due to the disease’s
major complications. Thalassemia encompasses serious diseases with
complex pathophysiology that is difficult to explain since it is considered a
group of defects with similar clinical effects, still not a single disorder.in
addition, a common confounding factor in hemoglobin electrophoresis is a
concomitant iron deficiency that masks an underlying beta-thalassemia
minor The resultant electrophoresis pattern appears normal.

So, the research gab is a lack of preliminary knowledge of hemoglobin,
disease pathophysiology, as well as a spectrum of globin gene mutations
among different populations. Independently, new studies are needed to
validate the clinical consequences of the mutations with undefined
pathogenicity. Considering the absence of physiopathological knowledge
relative to the newly identified mutations, the use of in silico predictors
emerges as a possible tool to aid in decision-making with respect to
diagnostic, preventative, and treatment measures.



Aim of the study :

* Providing a guide to choose the most efficient way to design a new specific-
primer by applying web services on SNPs from the HbVar database that cause
(B % or B*) genotyping in the exon regions of HBB gene because in silico
analysis is faster and easier to execute, yields more results, and costs less,
thus making it more efficient , so the application of a combined molecular
approach with clinical data and efficient bioinformatics tools will enable
understanding the relationship between phenotype and genotype in the
clinical setting and investigating the effects of SNP mutations in the HBB
exons and give a guideline for functional studies and prenatal diagnosis to be
developed as basis for future studies. In addition, allowing couples at risk to
make informed decision on their reproductive choices by population
screening associated with genetic counseling and effective prevention
eventually decreases the number of severely affected patients worldwide ,
So diagnostic methods based on single nucleotide polymorphism (SNP)
biomarkers are essential for the real adoption of personalized medicine .

e Recognizing the particular ligands that bind to specific receptor binding
sites and recognize the foremost favorable ligand with the assistance of
molecular docking to explore the behavior of small molecules in the binding
site of the targeted protein which is used as a very important tool for drug
discovery . As a result, the goal of this research was to find alternative
therapeutic molecules made from natural inducers that had fewer side
effects than traditional medications for treating beta thalassemia .

e creating a fuzzy inference system to predict the severity involve in
Thalassemia disease because thalassemia and hemoglobinopathy genotype
interpretation and phenotype determination as well as their clinical
symptoms and electrophoresis are one of the most complex issues of
Hematology. Therefore, establishing a logical digital relationship between
the above-mentioned items can contribute to the understating of this issue.



1- Literature review

The term thalassemia is derived from the Greek, thalassa (sea) and haima
(blood) [1] . Beta-thalassemia is one of most common autosomal recessive
disorders worldwide, characterized by reduced or absent beta globin chain
synthesis, resulting in reduced Hb in red blood cells (RBC), decreased RBC
production and anemia. Most thalassemias are inherited as recessive traits
[1] . Within the red blood cell precursors, when the beta globin chains are
reduced or absent, the unassembled alpha chains precipitate and lead to
oxidative damage of the cell membrane, thereby resulting in apoptosis
(ineffective erythropoiesis) [2].
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Figure 1 : Abnormal red blood cells in thalassemia
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1-1: Epidemiology

High prevalence is presentin populations in the Mediterranean, Middle-East,
Transcaucasus, Central Asia, Indian subcontinent, and Far East. It is also
relatively common in populations of African descent.[2] However, as a result
of mass migrations of populations from high-prevalence areas, thalassemias
are now encountered in most countries, including the United States, Canada,



Australia, South America, and North Europe [5] .It has been estimated that
about 1.5% of the global population (80 to 90 million people) are carriers of
beta-thalassemia, with about 60,000 symptomatic individuals born annually,
the great majority in the developing world. The total annual incidence of
symptomatic individuals is estimated at 1 in 100,000 throughout the world
and 1in 10,000 people in the European Union. [1]
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Figure 2: The prevalence of thalassemia in world

1-2 : Pathophysiology

The main types of thalassemia reported on the basis of the type of globin
chains are affected, grouped as a, B, 6B, y6B, 6, y and ey6pB thalassemia [13].

During early gestation, embryonic hemoglobins ({2g2, a2e2, {2y2)
predominate in erythroid cells in the yolk sac. For the remainder of fetal life,
fetal hemoglobin (HbF [a2y2]) is the main component of red cells produced
initially by the spleen and liver and later by the bone marrow. The key switch
from y-globin to B-globin gene expression begins around week 12 of
gestation and is completed by 6 months of age, after which the majority



(>95%) of hemoglobin in red cells is adult hemoglobin (HbA [a2[2]), with
minor concentrations of HbA2 (a262) and HbF.2 [16] .

Table 1 : Different types of hemoglobin at various developmental stages of

human.
Developmental stages Hemoglobin
Hb Growerl ((2¢€2)
Embryonic Hb Grower2 (a2g2)

Hb Portland 1 (22B2)
Hb Portland 2 (72y2)
Fetal HbF (a2y2)

Adult HbA (a2B2)

HbA2 (a252)

o :alpha-B:beta—y:gamma—056:delta-€:epsilon—-C:zeta

Beta-thalassemia is caused by the reduced (beta*) or absent (beta®) synthesis
of the beta globin chains of the hemoglobin (Hb) tetramer, which is made up
of two alpha globin and two beta globin chains (alpha2beta2) [2] It is working
in combination with heme to transport oxygen in the blood. It is iron
containing protein, synthesized inside immature erythrocyte in the red bone
marrow. The globin polypeptides bind heme molecule, which in turn allows
the hemoglobin in erythrocytes to bind oxygen reversibly and transport it
from the lungs to other part of body [13]



Hemoglobin Molecule

Figure 3 : Structure of hemoglobin

In the alpha (a)-thalassemia, there is reduced production or absence of a-
globin subunits, whereas in the beta (B)-thalassemia, there is reduced
production of B-globin subunits. The B-thalassemia can be clinically classified
according to the degree of severity i.e [13], B-thalassemia major (TM), also
referred to as “Cooley’s anemia” and “Mediterranean anemia”; PB-
thalassemia intermedia (Tl); and thalassemia minor, called “B-thalassemia
B-thalassemia trait,” or “heterozygous B-thalassemia.” [5] Apart

”n u

carrier,
from the rare dominant forms, subjects with TM are homozygotes or
compound heterozygotes for B° or B* genes, subjects with Tl are mostly
homozygotes or compound heterozygotes, and subjects with thalassemia
minor are mostly heterozygotes [5] .

Most pathologic significance in beta-thalassemia major and intermedia, the
relative excess alpha chains form insoluble alpha chain inclusions that cause
marked intramedullary hemolysis. This ineffective erythropoiesis leads to
severe anemia and erythroid hyperplasia with bone marrow expansion and
extramedullary hematopoiesis. Biochemical signaling from marrow
expansion involving the bone morphogenetic protein (BMP) pathway inhibits



hepcidin production causing iron hyperabsorption. Inadequately treated
patients and transfusion-dependent patients are at risk for end-organ
damaging iron overload. Hepatosplenomegaly from extramedullary
hematopoiesis and ongoing hemolysis also causes thrombocytopenia and
hepatic dysfunction.

Beta-thalassemia minor causes microcytosis with, at most, mild anemia as a
result of reduced HbA synthesis. Individuals with beta-thalassemia minor
have one unaffected beta-globin gene, so they can still produce sufficient
hemoglobin to supply the body’s regular demand without causing significant
erythroid hyperplasia.

Beta-thalassemia can also coexist with other hemoglobinopathies
(hemoglobin S, C, and E, for example) and cause variably clinically significant
anemias in the heterozygous beta-thalassemia carrier [6].

Table 2 : Common genotypes and basic classification of beta thalassemia

Genotypes Name Phynotype
B/B Normal None
B/B° Thalassemia minor: asymptomatic,
Beta thalassemia trait
B/B* mild microcytic hypochromic anemia

Variable severity

B*/B* Mild to moderate anemia
Beta thalassemia intermedia
B*/B° Possible extramedullary hematopoiesis

Iron overload

Severe anemia

Bo/B°

y Beta thalassemia major Transfusion dependence
B*/B*

/60 (Cooley’s Anemia) Extramedullary hematopoiesis
B*/B

Iron overload




1-3 : Clinical Features

The phenotypes of homozygous or genetic heterozygous compound beta-
thalassemias include thalassemia major and thalassemia intermedia.

1-3-1: B-thalassemia minor : Carriers of thalassemia minor are usually
clinically asymptomatic but sometimes have a mild anemi

1-3-2: B-thalassemia intermedia: Individuals with thalassemia intermedia
present later than thalassemia major, have milder anemia and by definition
do not require or only occasionally require transfusion. As a result of
ineffective erythropoiesis and peripheral hemolysis, thalassemia intermedia
patients may develop gallstones, which occur more commonly than in
thalassemia major

1-3-3: B-thalassemia major: the clinical picture of thalassemia major is
characterized by growth retardation, pallor, jaundice, poor musculature,
genu valgum , hepatosplenomegaly, leg ulcers, development of masses from
extramedullary hematopoiesis, and skeletal changes resulting from
expansion of the bone marrow. Skeletal changes include deformities in the
long bones of the legs and typical craniofacial changes [1] . Individuals with
thalassemia major usually come to medical attention within the first two
years of life and require regular RBC transfusions to survive [1]. However,
patients who have undergone transfusions may develop complications
related to iron overload, depending on their compliance with chelation
therapy [5].

1-4 Diagnosis :

Several procedures have been proposed for beta-thalassemia carrier
screening. The cheapest and simplest is based on MCV and MCH
determination, followed by HbA2 quantitation for subjects showing
microcytosis (low MCV) and reduced Hb content per red blood cell (low
MCH) [2] .
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1-4-1 Thalassemia minor: is characterized by reduced MCV and MCH, with
increased Hb A2 level [1] .

1-4-2 Thalassemia intermedia : is characterized by Hb level between 7 and
10 g/dl, MCV between 50 and 80 fl and MCH between 16 and 24 pg [1] .

1-4-3 Thalassemia major : is characterized by reduced Hb level (<7 g/dl),
mean corpuscolar volume (MCV) > 50 < 70 fl and mean corpuscolar Hb
(MCH) >12<20pg[1].

TM is suspected in infants or children less than 2 years old with severe
microcytic anemia, mild jaundice, and hepatosplenomegaly [5] .

we include MCV and MCH determination and Hb chromatography by HPLC,
which can quantitate HbA2 and HbF and can detect the most common Hb
variants (HbS, HbC, and HbE) that may result in a Hb disorder by interacting
with beta-thalassemia [2] .

Table 3 : Hemoglobin electrophoresis of thalassemia types

Thalassemia type Hb A Hb A2 Hb F

Beta thalassemia minor 90% 3% to10% | 3% to 10%
Beta thalassemia intermediate 50% to 70% | 3% to 8% 20% to 40%
Beta thalassemia major 0% 3% to 8% >90%

[9]
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Figure 4 : Hemoglobin electrophoresis of thalassemia
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Figure 5 : Thalassemia intermedia on electrophoresis

1-4-4 : Prenatal diagnosis

Because of the high carrier rate for HBB mutations in certain populations and
the availability of genetic counseling and prenatal diagnosis, Population
screening associated with genetic counseling is extremely useful by allowing
couples at risk to make informed decision on their reproductive choices.
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When the hematological analysis indicates a beta-thalassemia carrier state,
molecular genetic testing of HBB can be performed to identify a disease-
causing mutation. If both partners of a couple have the HBB disease-causing
mutation, each of their offspring has a % risk of being affected. Through
genetic counseling and the option of prenatal testing, such a couple can opt
to bring to term only those pregnancies in which the fetus is unaffected [2] .

Newborn screening is an important way to identify thalassemia, especially in
high-risk populations, before symptoms appear. Common methods of
diagnosis in the newborn and later life are the Hb separation techniques,
such as gel-based electrophoresis (especially isoelectric focusing), high-
performance liquid chromatography, and capillary electrophoresis [15] .

1-4-5 : Expert systems for thalassemia disease diagnosis :

Diseases should be treated well and on time. If they are not treated on time,
they can lead to many health problems and these problems may become the
cause of death. These problems are becoming worse due to the scarcity of
specialists, practitioners and health facilities. In an effort to address such
problems, studies made attempts to design and develop expert systems
which can provide advice for physicians and patients to facilitate the
diagnosis and recommend treatment of patients [32] .The fuzzy control can
be applied in cases where the control processes are too complex to analyze
by conventional quantitative techniques or the available sources of
information are interpreted qualitatively, inexactly, or uncertainly [31] .
Having so many factors to detect Thalassemia makes doctor’s work difficult.
So, experts require an accurate tool that considering these risk factors and
give some certain result in uncertain terms. Because of uncertainty involve
in the diagnosis of Thalassemia disease a new method for Thalassemia
disease diagnostic problem solving based on fuzzy inference system is
constructed [27] .The constructed system is an efficient attempt to solve the
Thalassemia disease problem. The proposed model detects Thalassemia on
the basis of both Thalassemia Symptoms and CBC Test which are useful for

13



identifying carriers of the Thalassemia trait. The results of this work can
facilitate laboratory work by reducing the time and cost [27].

Lotfi A. Zadeh in 1965 (Zadeh et al., 1965) of the University of California at
Berkelely published fuzzy sets. Then Mamdani in 1975 applied the fuzzy logic
in a practical application to control an automatic steam engine. In 1976
MYCIN, an early expert system, or artificial intelligence (Al) program, for
treating blood infections was developed [28] . Fuzzy modeling owns some
distinctive advantages, compared to traditional mathematical modeling,
such as the mechanism of reasoning in human comprehensible conditions,
the capability of captivating linguistic information from human experts and
combining it with numerical data and the ability of approximating complex
nonlinear functions with simple models.

Fuzzy expert systems are oriented toward numerical processing. It takes
numbers as input, and then translates the input numbers into linguistic
terms like Small, Medium and large(fuzzification) . Then the task of Rules
isto map the inputlinguisticterms onto similar linguistic terms describing
the output. Finally, the translation of output linguistic terms into an
output number is done (Defuzzification) [32].

14
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Figure 6 : Fuzzy logic controller

The basic framework used in this approach involves a presentation of the
relationship being modeled by a collection of fuzzy IF-THEN rules [31]. These
rules are based on the knowledge and experience of a human expert within
that domain. Fuzzy rules are of the general form:

if — antecedent (s ) then consequent s )

There are two major types of fuzzy rules, Mamdani fuzzy rules and Takagi-
Sueno (TS) fuzzy rules, general Mamdani fuzzy rule can be expressed as:

15



IF vy is §{AND .......... ANDv,, is S,
THEN z, isWy,...z, is W,

where v, i=L..M, is an input variable and
z,,Jj=1..,P . 1s an output variable. S; and W are input

and output fuzzy sets respectively.

The features of the Fuzzy Mamdani method can be summarized as: It is
intuitive, It has widespread acceptance and it is well suited to human input
[32].

In previous studies, a Fuzzy Inference System was designed to diagnose the
severity of the Thalassemia disease of a patient and Define linguistic
Variables by using Fuzzy Logic, there was 3 input variables and 1 output
variable [27], then the authors presented an improvement of the previous
study (Thakur et al., 2016), such that the obtained results are more stable
which included 26 rules instead of 15 rules [28]. In this study, we will design
a Fuzzy Inference System of Dataset for various thalassemia patients in Iraq
in 2022 from Hematology Center (Thalassemia) in Ibn Al-Baladi Hospital to
diagnose the severity of the Thalassemia disease .

In classification, the confusion matrix can be used to evaluate performance
of the method. Confusion matrix show the number of samples that were
correctly and incorrectly diagnosed from classification model compared to
the actual results in the data [42].

Table 4 : The confusion matrix

Predicted
Class — -
Positive Negative
Positive TP FN
Expected .
Negative FP TN

16



Based on Table 4, there are four conditions for measuring performance. True
Positive (TP), it means the number of samples having thalassemia disease
which are correctly diagnosed. False Negative (FN), it means the number of
samples having thalassemia disease which are incorrectly diagnosed. False
Positive (FP), it means the number of non-thalassemia samples which are
incorrectly diagnosed. True Negative (TN), it means the number of non-
thalassemia samples which are correctly diagnosed [42] . According to the
value in confusion matrix table, we can calculate the value of accuracy,
precision, and recall . The sum of the values of the cells across provides the
number of actual cases in the training dataset while the sum of the columns
provide the number of predicted cases in the training dataset. The cells
located on the diagonal are the correct classifications (true
positives/negatives) while other cells are the misclassifications/incorrect
classifications (false positives/negatives) [43] .

1-5 : Etiology

The globin gene clusters show variability in their base composition and are
organized into alpha globin gene cluster and beta globin cluster [16] .

The a-globin gene cluster is located on the short arm of Chromosome 16
(16p13.3). The clusterincludes three protein coding functional genes (a1, a2,
and {2) and spans about 30 kb, and the genes are arranged in order as per
their expression during developmental stages in human beings [16].

The beta globin (HBB) gene maps in the short arm of chromosome 11
specifically on the short arm of the chromosome at position 15.5 [11] .

NCBI Reference Sequence: NC_000011.10 for HBB gene
https://www.ncbi.nlm.nih.gov/nuccore/NC 000011.10?from=5225464&to=
5227071&report=fasta&strand=true !

1 This link was validated on 4/2023

17


https://www.ncbi.nlm.nih.gov/nuccore/NC_000011.10?from=5225464&to=5227071&report=fasta&strand=true
https://www.ncbi.nlm.nih.gov/nuccore/NC_000011.10?from=5225464&to=5227071&report=fasta&strand=true

*NC_B0eall,10:c5227871-5225464 Homo sapisens chromosoms 11, GRCh38.pl4 Primary Assembly
ACATTTGCTTCTGACACAACTOTET TCACTAGCAACCTCARACAGACACCATOATGCATCTGACTCCTGA
GEAGAAGTCTECCGTTACTACCCTETGOOOCAAGGTEAACGTOATGAAGT TEETGGTEAGGLCCTGGGC
AGGTTOGTATCAAGGTTACAAGACAGGT TTAAGRAGACCAATAGARACTOOOCATGTEOAGACAGAGAAT
ACTCTTOEGTTTCTEATAGECACTRACTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAGRLTGCTGE
TEETCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTT TOGEEATCTGTCCACTCCTGATGCTGTTATGEE
CAACCCTAAGGTGAAGGCTCATGECAAGAAAGTECTCOOTGCCTTTAGTGATGGCCTEECTCACCTGGAC
AACCTCAAGGGECACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTEGCACGTGRATCCTGAGAACT
TCAGOGTEAGTCTATGEEACGCTTEATGTTTTCT T TCCCCTTCTTTTCTATGGTTAAGTTCATGTCATAG
GAAGOGEATAAGTAACAGGETACAGT TTAGAATGGEAAACAGACGAATGAT TGCATCAGTGTGEAAGTCT
CAGGATCATTTTAGTTTCTTTTATTTGCTGTTCATAACAATTGTTTTCTTTTGTTTAATTCTTGCTTTCT
TTTTT T T TCT T G CAAT TTTTACTATTATACT TAATGCCTTAACATTGTGTATAACAAAAGEAAATA
TCTCTGAGATACATTAAGTAACT TAAAAAAAAACTTTACACAGTCTGCCTAGTACATTACTATTTGGAAT
ATATGTGTGCTTATTTGCATATTCATAATCTCCCTACTTTATTTTCTTTTATTTTTAATTGATACATAAT
CATTATACATATTTATGOGT TAAAGTGTAATGT T TTAATATGTATACACATATTGACCAAATCAGGOTAA
TTTTGCATTTGTAAT TTTARAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTCTAATA
CTTTCCCTAATCTCTTTCT T TCAGGGCAATAATGATACAATGTATCATGCCTCTTTGCACCATTCTARASG
AT AR AGTOATAATTTCTGOG T TAAGGCAATAGCAATATCTCTGCATATAAATATTTCTGCATATARAT
TaTAACTGATGTAAGAGGT TTCATATTGCTAATAGCAGC TACAATCCAGCTACCATTCTGCTTTTATTTT
ATGOTTOGOATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCATGTTCATACCTCTT
ATCTTCCTCCCACAGCTCCTGGGCAACGTACTGATCTOTETGCTGACCCATCACTTTEOCAALAGAATTCA
CCCCACCAGTGECAGGCTOCCTATCAGAAAGTGETGECTOGTETAGCTAATECCCTGECCCACAAGTATCA
CTAAGCTCGCTTTC T TOCTATCCAATTTCTAT TAAAGGTTCCTTTATTCCCTAAGTCCAACTACTAAACT
GOOGOATATTATOAAGGOCCTTOAGCATCTOOATTCTOCCTAATARAAAACATTTATTTTCATTGCAA

Figure 7 : NCBI Reference Sequence for HBB gene

In a region also containing the delta globin gene, the embryonic epsilon gene,
the fetal A-gamma and G-gamma genes, and a pseudogene (PB1). The five
functional globin genes are arranged in the order of their developmental
expression [2] .The HBB gene, which spans 1.6 Kb, contains three exons and
both 5 and 3’ untranslated regions (UTRs).The HBB is regulated by an
adjacent 5’ promoter in which a TATA, CAAT, and duplicated CACCC boxes
are located. A major regulatory region, containing also a strong enhancer,
maps 50 Kb from the beta globin gene [2] .
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Figure 8 : Location of HBB gene on the chromosome 11

This region, dubbed locus control region (LCR), contains four (HS-1 to HS-4)
erythroid specific DNAse hypersensitive sites (HSs), which are a hallmark of
DNA-protein interaction [2]. The LCR appears to interact with a combination
of transcription factors at the onset of erythroid maturation in such a way as
to enhance access of the transcriptional machinery and other transcriptional
factors to the promoters, enhancers, and silencers within the gene complex.
LCR function is absolutely required for expression of globin genes at the
extraordinary high levels needed for normal hemoglobin synthesis [16].

Beta®-thalassemias, characterized by the complete absence of beta chain
production result from deletion, initiation codon, nonsense, frameshift, and
splicing mutations, especially at the splice-site junction. On the other hand,
beta’-thalassemias, characterized by reduced production of the beta chains,
are produced by mutations in the promoter area (either the CACCC or TATA
box), the polyadenylation signal, and the 5 or 3’ UTR or by splicing
abnormalities. According to the extent of the reduction of the beta chain
output, the beta+-thalassemia mutations may be divided into severe, mild,
and silent [1] .
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Figure 9 : Chromosome localization and structure beta globin gene

1-5-1: Single nucleotide polymorphisms (SNPs) In causing 8-thalassemia

During the past few years there has been a rapid increase of knowledge in
the field of genetic control of hemoglobin synthesis in health and disease,
which led to reviving the interest in thalassemia and associated disorders of
hemoglobin (Hb) production [17]. More than 200 mutations have been so
far reported; the large majority are point mutations in functionally important
regions of the beta globin gene . Deletions of the beta globin gene are
uncommon. The beta globin gene mutations cause a reduced or absent
production of beta globin chains [1] . Point mutations affecting the beta
globin expression belong to three different categories: mutations leading to
defective beta-gene transcription (promoter and 5 UTR mutations);
mutations affecting messenger RNA (mRNA) processing (splice-junction and
consensus sequence mutations, polyadenylation, and other 3’ UTR
mutations); and mutations resulting in abnormal mRNA translation
(nonsense, frameshift, and initiation codon mutations) [2]. One important
reason for the variability in the expression pattern of the genes is due to
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change in the protein sequence caused by a type of mutations known as SNPs
[11].

Diagnostic methods based on single nucleotide polymorphism (SNP)
biomarkers are essential for the real adoption of personalized medicine.
Single nucleotide polymorphisms (SNPs) have been proposed as the next
generation of markers to identify loci associated with complex diseases and
their therapeutic treatment [1]. The main initiative behind SNP-related work
is that genetic differences between people to be used to predict phenotypes
and phylogeny [22]. Single Nucleotide Polymorphism (SNP) can be defined
as a nucleotide variation in which a single base change occurs that may or
may not lead to a phenotypic change. It is a variation in the DNA sequence
in which a single nucleotide (A, T, G or C) differs between members of a
biological species or paired chromosomes in an individual [11]. There are two
types of nucleotide base substitutions resulting in SNPs: A transition
substitution occurs between purines (A, G) or between pyrimidines (C, T).
This type of substitution constitutes two thirds of all SNPs. A transversion
substitution occurs between a purine and a pyrimidine [22] . In humans these
variations occur at a frequency of more than 1% i.e. occurs in about every
3000 base pairs of the genome. SNPs occur both in the coding as well as the
non-coding region of the DNA [11] . Understanding of SNPs can help in
identifying the cause of B-thalassemia AND analysis of various SNPs involved
in the gene sequence variations helps in discovering newer engineered
methods which can be successfully used to reduce the severity of
hemoglobin opathies includes B-thalassemia and sickle cell anemia [11].

SNPs in the non-coding region do not hinder the translation of
standardproteinshence report normal functional protein but SNPs in the
coding region may alter the functionalities of the translated proteins which
may lead to a noticeable phenotypic change. Synonymous SNPs are the third
base pair changes in the codon which does not lead to any change in the
amino acid; asper the Wobble hypothesis, a single amino acid can be coded
by multiple codons, any change in the third base pair does not lead to any
change in the protein structure. Nonsynonymous SNPs are the mutations
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leads to the formation of abnormal protein sequences occurs due to either
missense mutation or nonsense mutation. In case of missense type, the
change in a base pair of the amino acid leads to the change in the codon,
forms different amino acids which inturn change the entire protein sequence
and the functionality of the protein may be altered . In case of nonsense type
of mutation, the change in the single base pair leads to the formation of a
stop codon yields an incomplete non functional protein upon translation
[11]. Mutations that create a premature translation termination codon
(nonsense codon) account for the most common forms of thalassemia, in
terms of numbers of patients affected. These mutations create translation
stop signals prematurely, so that the complete beta globin polypeptide is
never made. In the most common type of thalassemia, globin fragments are
highly unstable, resulting in the accumulation of protein synthesized from
the mutated gene (i.e., beta (0) thalassemia) . As a result, patients
homozygous for this defect cannot make any beta chains and suffer from a
severe form of beta thalassemia [13]. Latent SNPs are the variations which
occur in the coding and regulatory region, do not cause any harm at the
present state but may transform from harmless to harmful under certain
stress conditions [11].

Single Nucleotide
Polymorphisms

' v

NON-SYNONYMOUS
SNPs

SYNONYMOUS
SNPs

Figure 10 : Types of SNPs
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Change in charge properties of amino acids due to mutation results in the
change of overall integrity and 3 dimensional (3D) confirmations of the
proteins and hence it altered functionality. The SNPs causing change in
charge properties of amino acids results in B-thalassemia was discussed in
the Figure 11 [11] .

Accession  Posttion Amino acid Property
number Nomal sequence  Mutated sequence  Normal sequence  Mutated sequence

rs28933077 475 Cysteme Glycme Polar uncharged ~ Non polar
533986703 102 Lysine (ilutamine Positive Polar uncharged
rs33986703 102 Lysine (ilutamate Positive Negative
rs33959855 117 (rlutamate Lysine Negative Posttive
rs33959855 117 Glutamate (ilutamune Negative Polar uncharged
533941844 370 Leucine (ilutamine Non polar Polar uncharged
rs33941844 370 Leucine Arginine Non polar Posttive
34379351 3 Aspartate (rlycine Negative Non polar

Figure 11 : Change in charge properties of amino acid due to mutation

1-5-2 : Molecular diagnosis of modifying genes

Distinction between TM and Tl is currently based on clinical criteria and it
often, therefore, takes at least four years of follow up before classification
can be confirmed. Variant genotyping of genetic modifiers may possibly help
in the early prediction of the type of thalassemia the patient will develop
later. If further validated, this prediction tool of severity may have
implications not only for genetic counseling but also for therapeutic decision
making concerning [7] .

Polymerase-chain-reaction (PCR) technology has been used for more than a
decade to detect point mutations or deletions in chorionic-villus samples,
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enabling first-trimester, DNA-based testing for thalassemia . Commonly
occurring mutations of the HBB gene are detected by a number of
polymerase chain reaction (PCR)-based procedures [3] .

There are many computational tools available to assist with critical
bioinformatics issues related to primer design. These resources allow the
user to define parameters and criteria that need to be taken into account
when designing primers. Following the initial in silico selection, a primer pair
should be further tested in vivo for their amplification efficiency and
robustness [21]. One remarkable program is BatchPrimer3,
https://probes.pw.usda.gov/cgi-bin/batchprimer3/batchprimer3.cgi * based

on the Primer3 algorithm, which incorporates a specific module to choose
the best primer pairs for AS-amplification [20] . BatchPrimer3 was designed
as a web application consisting of a set of CGI programs written in Perl, which
can run on different operating systems, such as Solaris, Linux, Mac OS or
Windows with an Apache HTTP server and Perl interpreter program.
BatchPrimer3 adopted the Primer3 core program as a major primer design
engine to choose the best primer pairs. It is a high throughput web
application for PCR and sequencing primer design [30] . BatchPrimer3 v1.0
implements several types of primer designs including generic primers, SSR
primers together with SSR detection, and SNP genotyping primers (including
single-base extension primers, allele-specific primers, and tetra-primers for
tetra-primer ARMS PCR), as well as DNA sequencing primers [30] .

In most SNP detection platforms, SNP detection requires previous PCR
amplification of the genomic region that flanks the SNP site [30] .Deletion
alpha®- or alpha*-thalassemias are detected by PCR using two primers
flanking the deletion breakpoint, which amplify a DNA segment only in
presence of specific deletions [2]. Primer extension is the most commonly
used approach to SNP genotyping because it can be used in a wide variety of
high-throughput detection platforms, i.e., electrophoresis [30] .

L This link was validated on 4/2023
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* SNP flanking primers forward and reverse

* ATCGGGTATATCGAGATCTAGACTAGETGAGAGATACTAGAGATCTAGAGTA
* TAGCCCATATAGCTCTAGATCTGATCIHACTC T CTAFGATCTC TAGATCTCAT

Figure 12 : SNP flanking primers

For SNP flanking primer or SNP genotyping primer design, the SNPs or alleles
in sequences need to be converted to IUB/IUPAC codes ,and the sequence
file follows the NCBI dbSNP FASTA format [30] .

Table 5 : IUB/IUPAC Code of a SNP

IUB/IUPAC
Code of a SNP R Y S w K M B D H 74 N
A"e;‘;'\fpof @ Vel Tc | eie| am|em|ac|cicit|amcit|acit| aicie | ? C/T/ G

The genotyping principle is based on an effective primer extension by the
polymerase when the 3 terminal base of the primer matches its target,
whereas extension is inefficient or nonexistent when the terminal base is
mismatched [20] . AS-PCR approach is to use primer mixtures combined to
genotyping determination based on product size or amplification kinetics.
SNPs can be genotyped using AS primers with the last nucleotide at the 3'
end of a primer corresponding to the site of the SNP . Thus, an AS primer is
specific to one of two alleles of a SNP at the 3' end of primers and specifically
amplifies one of the two alleles. If a common reverse primer is used in the
reaction, the reaction is called Allele-Specific PCR (AS-PCR) [30] . AS-PCR is
also known as amplification refractory mutation system (ARMS) . This
technique is a quick and dependable genotyping protocol that requires
minimal instruments found in most laboratories .
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Figure 13 : Primer design of allele-specific (AS) primers

Once resulting AS primer set is obtained, these primers can be verified for
their global uniqueness by running through an in silico PCR . the genotyping
results can be observed by simply comparing the length of PCR products [33].
SnapGene (https://www.snapgene.com/free-trial ') is the most popular
cloning tool for a reason. It’s fast, smart and extremely user-friendly and is

the primary tool utilized to facilitate students’ understanding of gene cloning
by allowing them to design primers, generate the results of Gibson assembly
or ligation cloning, and simulate polymerase chain reaction (PCR), restriction
digestion, and agarose gel electrophoresis . Intuitive technology identifies
design flaws in cloning procedures so they can be corrected and simulate
standard PCR using your own primers, or allow SnapGene to design them
automatically Specialised cloning tools ensure fast accurate construct design
for all major molecular cloning techniques and Clear visual schematics let you
see exactly how your construct will be put together and Visualise exactly

L This link was validated on 5/2023
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what you will see in the lab with SnapGene’s empirically based gel simulation
algorithm and Flexible configuration of all gel elements, including number
of lanes, % agarose, running time and a full set of MW markers, recording
and identifing your band of interest with detailed fragment information for
each lane [37] .
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Figure 14 : Web interface of SnapGene

In previous studies, 2071 primer pairs were designed based on SNPs from
Brassica oleracea , rapeseed (Brassica napus L.) and sesame (Sesamum
indicum). High polymorphism percent (75%) of the designed primers
indicated it is a general method and can be applied in other species [19] and
the variationsinthe HBB genein the 1,000 Genomes database were analyzed
to describe the mutation frequencies in the different population groups, and
to investigate the pattern of pathogenicity , Twenty different mutations were
found in 209 healthy individuals [29] . In addition ,Thai B0-thalassemia/HbE
disease genome-wild association studies (GWAS) data of 487 patients were
analyzed by SNP interaction prioritization algorithm to find predictive SNPs
for disease severity [46].
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These studies need to reference which include SNP primers database for all
Mutations that have been discovered ,soin this study we will provide a guide
to choose the most efficient way to design a new specific-primer by applying
BatchPrimer3 on SNPs from the HbVar database that cause ( B ° or B*)
genotyping in the exon regions of HBB gene , so the application of a
combined molecular approach with clinical data and efficient bioinformatics
tools will enable understanding the relationship between phenotype and
genotype in the clinical setting and investigating the effects of SNP mutations
in the HBB exons and give a guideline for functional studies and prenatal
diagnosis to be developed as basis for future studies.

1-5-3 : Secondary structure prediction of protein

Of all the molecules found in living organisms, proteins are the most
important as they are the biological workhorses that carry out vital functions
in every cell. With the advent of various sequencing techniques, amino acid
sequences for a number of proteins have been determined. However, three-
dimensional structural information obtained through X-ray crystallography,
nuclear magnetic resonance, and other experimental methods are available
only for around 10% of these protein sequences. Hence, computational
prediction of protein structures has become important with the rapid growth
of database of protein sequences. Such an attempt for the use of
computational methods for protein structure prediction based on only
primary structure information started over 40 years ago. The prediction of
protein secondary structure is an important step in modeling the tertiary
structure of a protein which indeed is essential for the functional annotation
of the protein [38]. The secondary structure arises from the hydrogen bonds
formed between atoms of the polypeptide backbone. The hydrogen bonds
form between the partially negative oxygen atom and the partially positive
nitrogen atom. Most proteins have segments of their polypeptide chains
that are either coiled or folded in patterns that contribute to the protein’s
shape. Many of these coils and folds repeat so often that they have been
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given names. Two folds that are extremely common in biochemistry are the
alpha-helix and the beta-pleated sheet [41] . Some regions of the protein
chain do not form regular secondary structure and are not characterized by
any regular hydrogen bonding pattern. These regions are known as random
coils and are found in two locations in proteins: Terminal arms ( both at the
N-terminus and the C-terminus of the protein); Loops which are
unstructured regions found between regular secondary structure elements.

B Alpha helix

Beta turn and random coil

Figure 15 : Secondary structure of protein

Recently, we have described a new method called SOPMA (self-optimized

prediction method with alignment) https://npsa-prabi.ibcp.fr/cgi-
1

bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html| to predict the

secondary structure of a given protein. Briefly, this method: (i) builds a
limited database of protein sequences with their known secondary
structures; (ii) predicts the secondary structure of all the proteins of the

1 This link was validated on 5/2023
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database using a similarity algorithm; (iii) determines the prediction
parameters that maximize the accuracy of the prediction; (iv) applies the
prediction parameters to the given protein [36] . According to this method,
short homologous sequence of amino acids will tend to form similar
secondary structure. So it has a whole database consist of 126 chains of non-
homologous proteins. If the user enters an unknown protein, it will search
against a collection of proteins in the database that have some similar
properties and evolutionary history [38] .

Protein Sequence

MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTOQRFFESFG
DLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCD
KLHVDPENFRLLGNVLVCVLAHHFGKEFTPPVOQAAYQKVVAGVANAL
AHKYH

Hemoglobin fo Red Blood Cell
Oxygen

Figure 16 : Protein sequence of HBB
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In previous studies, the molecular epidemiology characteristics of Hb
variants, along with associated structural and functional predictions in the
Yunnan province population of Southwestern China were investigated.
Based on bioinformatics and structural analysis, as well as protein modeling,
the pathogenesis and type of Hb genetic mutations were characterized [47].
Also, Secondary structure prediction was achieved for two common
mutations with online tools. The mutations were also common among the
countries neighboring Iran, which are responsible for 71% to 98% of
mutations. In particular, This is valuable for the analysis of panel-based
studies in the region that may have no access to advanced genetic
technologies [44]. In addition ,the secondary and tertiary structures of
common Hb Q variants using bioinformatics tool were investigated .
Differences in secondary and tertiary structure of various Hb Q variants have
been observed in the present study [45] .

In this study , we will predict secondary structure of HBB protein by SOPMA
tool . The study will provide valuable data for better understanding of these
uncommon hemoglobinopathies . And the recent advances in molecular
biology will allow us to simulate mutations on the basis of their known
sequences. Also, a greater understanding of this will help to shed light on
the pathogenesis of these disorders.

1-6: Management of thalassemia and treatment

A comprehensive review of the management of thalassemia major and
thalassemia intermedia has been published by Thalassemia International
Federation and is available at the Thalassemia International Federation Web
site [2] .

In the most severe forms of beta thalassaemia the anemia is so severe that
unless it is corrected regularly by blood transfusion the patient will die early
in life (mostly in infancy). The condition is then known as transfusion
dependent thalassaemia or TDT. Other cases may be able to survive with
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occasional or no blood transfusions, known as non-transfusion thalassaemia
or NTDT [12] .

1-6-1 Management of thalassemia minor

Patients with beta thalassemia minor are usually asymptomatic and are
often monitored without treatment [14] .

1-6-2 Management of thalassemia intermedia:

Patients with beta thalassemia intermedia require no transfusions or may
require episodic blood transfusions during certain circumstances (infection,
pregnancy, surgery) [14] .

Treatment of individuals with thalassemia intermedia is symptomatic . As
hypersplenism may cause worsening anemia, retarded growth and
mechanical disturbance from the large spleen, splenectomy is a relevant
aspect of the management of thalassemia intermedia. Risks associated with
splenectomy include an increased susceptibility to infections mainly from
encapsulated bacteria (Streptococcus Pneumoniae, Haemophilus Influenzae
and Neisseria Meningitidis) and an increase in thromboembolic events.
Prevention of post-splenectomy sepsis includes immunization against the
above mentioned bacteria and antibiotic prophylaxis as well as early
antibiotic treatment for fever and malaise [1]. Recently promising results
have been obtained with platelet derived growth factor. Since patients with
thalassemia intermedia have a high risk of thrombosis, exacerbated by
splenectomy. Supplementary folic acid can be prescribed to patients with
thalassemia intermediato prevent deficiency from hyperactive bone marrow

[1].
1-6-3 : Management of thalassemia major :

Thalassemia major is treated with red blood cell transfusion. The aim of
transfusion is mainly to suppress erythroid expansion. It also serves to
mitigate symptoms of anemia and to inhibit gastrointestinal iron absorption

[6].
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The most widely used drug is Hydroxyurea. Hydroxyurea could be a cell-cycle
specific agent which blocks DNA synthesis by inhibition of the ribonuclease
reductase, the enzyme which converts ribonucleotides to
deoxyribonucleotides. It's been seen that chronic daily low dose
administration of hydroxyurea will enhance gamma globin synthesis,
increase red cell production, and partially or substantially correct the anemia
in patients with homozygous beta-thalassemia. Hydroxyurea is also one of
the most costeffective options available in the market [23] , but there are
worries about negative side effects, such as long-term carcinogenesis .
Hence, it is necessary to develop good inhibitor for beta thalassemia from
natural inducer to treat beta thalassemia a without any side effects [26] .

The most common secondary complications are those related to
transfusional iron overload, which can be prevented by adequate iron
chelation [2] ,Later iron overload-related complications include involvement
of the heart (dilated myocardiopathy or rarely arrythmias), liver (fibrosis and
cirrhosis), and endocrine glands (diabetes mellitus, hypogonadism and
insufficiency of the parathyroid, thyroid, pituitary, and, less commonly,
adrenal glands) Other complications are hypersplenism, chronic hepatitis
(resulting from infection with viruses that cause hepatitis B and/or C), HIV
infection, venous thrombosis, and osteoporosis [1], As the body has no
effective means for removing iron, the only way to remove excess iron is to
use iron binders (chelators), which allow iron excretion through the urine
and/or stool [1] .

Deferoxamine continues to be the most common iron-chelating agent in use,
but it has several limitations: the need for parenteral administration (which
is painful and reduces compliance), side effects, and cost (which is
prohibitive in underdeveloped countries) [3] . Bone marrow transplantation
(BMT) remains the only definitive cure currently available for patients with
thalassemia. If BMT is successful, iron overload may be reduced by repeated
phlebotomy, thus eliminating the need for iron chelation [1] . Therapies
under investigation are the induction of fetal hemoglobin with
pharmacologic compounds and stem cell gene therapy [2] .
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1-6-4 Gene therapy :

Thalassemias typically affect only the mRNAs for production of the beta
chains (hence the name). Since the mutation may be a change in only a single
base (single-nucleotide polymorphism), on-going efforts seek gene therapies
to make that single correction [6]. The possibility of correction of the
molecular defect in hematopoietic stem cells by transfer of a normal gene
via a suitable vector or by homologous recombination is being actively
investigated . The most promising results in the mouse model have been
obtained with lentiviral vectors [1] . Small interfering RNA is the basis for a
new strategy to augment transduced B-globin expression. Small interfering
RNA corresponding to transcripts of BP1 (a protein that negatively regulates
B-globin expression by binding to its upstream region) enhanced B-globin
promoter activity in erythroid cells [3] .

1-6-5: Molecular docking

After 2000, all of these developments led to a significant trend in decreasing
cardiac mortality, which was previously reported to cause 71% of deaths for
individuals with TM. Recent studies have shown that despite geographic
differences, most individuals with transfusion-dependent thalassemia have
normal cardiac iron; however, a significant proportion have simultaneous
liver iron overload and the number of patients who die from liver disorders
now exceeds that of individuals who die from cardiac diseases in some
European countries. In particular, the risk for hepatocellular carcinoma has
progressively increased secondary to liver viral infection, iron overload, and
longer survival [5].

Clearly, these types of therapies remain highly experimental; accordingly,
their clinical potential remains uncertain. Nevertheless, these methods may
be useful molecular approaches for the development of new therapies for
thalassemia [3]. Linkage analysis and genome-wide association studies have
greatly contributed to results, and next generation sequencing might further
improve prediction ability and eventually guide the development of new
therapies [4] . In novel therapeutics molecules, in silico drug discovery is an
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emerging and effective alternative for identification . Various bioactive
compounds have been discovered to be effective for a wide range of
therapeutic applications [26] .

Programs based on different algorithms were developed to perform
molecular docking studies, which have made docking an increasingly
important tool in pharmaceutical research. The docking process involves two
basic steps: prediction of the ligand conformation as well as its position and
orientation within these sites (usually referred to as pose) and assessment
of the binding affinity [24] .Molecular docking programs like AUTODOCK 4
perform a search algorithm in which the conformation of the ligand is
evaluated recursively until the convergence to the minimum energy is
reached [25] . Docking studies revealed that the best hit molecule for for
beta thalassemia was the drug Indicaxanthin and the bioactive Berberine
from CoptidisRhizome .The Coptidis Rhizome is commonly used in the
Traditional Chinese Medicine (TCM) for treating various diseases and contain
bioactive compounds such as alkaloids, phenylpropanoids, flavonoids and
other compounds, All these bioactive compounds tend to have
pharmacological activities, especially berberine is known to have anti-
pathogenic and antibacterial effects [23] .

The majority of patients are thought to be receiving plant-based medication
treatment in order to maintain a healthy lifestyle with fewer side effects.
Many studies have extracted bioactive chemicals from natural sources, but
more research is needed to discover their molecular interactions, such as
computational analyses. As a result, in the current investigation, we used
molecular docking to explore the efficacy of several bioactive compounds
[26] .
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Ligand Molecular Docking

Figure 17 : Molecular docking

A large interest for docking web servers has emerged recently, such as
SwissDock (http://www.swissdock.ch/! ). With the SwissDock web site, we

aim at extending the use of protein-small molecule docking software far
beyond experts in the field by providing convenient answers to many of the
difficulties . First, manually curated protein structures can be downloaded
from the web site, and original PDB files can be prepared through ad hoc
scripts . Second, the docking software is easily accessible through either a
web browser or a programmatic interface. Third, predicted binding modes
(BMs) can be viewed online with a simple embedded applet or analyzed in
more details thanks to a seamless integration with the UCSF Chimera
molecular viewer , with the help of the online documentation and the user
community. In brief, several docking parameters are adjusted in order to
reach the desired docking time and exhaustiveness of the search: the
number of sampled BMs, the number of minimization steps that are
performed to relax the ligand and the number of predicted BMs . This
docking result web page features a Jmol applet for the visualization of the
predicted BMs within the web browser [40].

SwissDock is based on the docking software EADock DSS . Its algorithm
consists of the following steps. First, a large number of BMs (typically from
5000 to 15 000) are generated, either in a user-defined box (local docking) or
in the vicinity of the target cavities of the entire protein surface (blind

1 This link was validated on 6/2023
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docking). Simultaneously, their CHARMM energies are estimated on a grid.
Then, BMs with the most favorable energies are ranked . This unique
combination of features allows accurate docking assays to be carried out
within minutes [40] .

Figure 18 : Molecular docking prediction performed by SwissDock.

In this study , we will perform molecular docking between HBB protein and
four different ligands via SwissDock .
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2- dataset

To perform this study, data from the HbVar database
https://globin.bx.psu.edu/cgi-bin/hbvar/query vars3 were used. HbVar is
the oldest and most appreciated database of hemoglobin variants and

thalassemia mutations established in 2001 . It is a locus specific database,

which was developed as a combined academic effort to keep a record of
hemoglobin variants, new data entries, updates, and corrections. It provides
high quality and up-to-date information on the genomic variations,
associated phenotypic and hematological effects, pathology, frequency of
different mutations, ethnic prevalence, and references [34] .

Using this database, we identified Mutations of the thalassemia that cause
( B%or B*) genotyping in the exon regions of HBB gene and picked up (only
single nucleotide substitutions ) for in silico investigation .

Query Resule:
There ave 126 muatches % your guan
Query descoiption: category = Thalausbmias AND type of Sl in (beeal) AND Jocation 1n (exce) AND cham = (beta)

Mstation Mutation, HCVS lature
beta Iusianon codon Ma>lal EBBe lASG
bety Imstatson codon Mat>Arg EBB.eIT>G
beta Ixstiation codon Met>The HBB:c2T>C
beta Iusaton codon MaesTle FEBB.e3GoA
beta Imstancs coden MecTle EBB:eiGC
beta Iutiation codon Mec>Tle EBB:c3G>T

HEB:c47GoA
EBB.c43GA
betz 17AL4) LysSaop EBB:c SIAST
beta 2/B4) Gh>Stop HBB:c 67G>T
Codo 28 (G>T) GAGG! x = EBB:c "96>T
TS (-2 cesodeg 30 (ASGT AG CTTCGT GG CTICGT Probath el EBB<SIAC
Hh Moeros HBB:c92GC
i -1 cr codon 30 (GoAV AG ' GTTIGET > AN GTTGGT berald EBB.e32G>A
Hb Madicza Like >\t AND beta 32(514) LesGln EBB:e D96GoASToA]
Codon 35 (CoAY TACSTAA (Thy->Tam codon) betal ) TersSicp EBBc 1E80A
Ca37 TGE-TAG beta 37C3) TrpoStop HEBc l13GA
Codoe 37 (GoA) TCG T -> TG A sten codon) betad beta 3NC3) TrpoSeop EBB.c ll4GA
Codo 33 (CoTL CAG Gln > TAG 3200 codos) betal beta IXCS) Ci>Step EBB:c I18CT
Codon 43 (G>T). GAGGhu->TAG (stop codon) beta) 3 EBB:c 130G>T

EBB:e 17857
HEBc I84AST

Ca59 (AAGSTAG)

Cadon 61 (A>T AAGT S TAG o coden) batal)

Cadon 30.(G>Tk GAG/Gh-5TAG op codon) betal) HEB:c 271G>T
; ! HBB:c 335T>A
Cadsn 121 (G5T): GAAGHSTAA e codes) batal (Gaminacs baea toa] i) beta 121(GHA) GhoSiop EBB:e 364G5T

Figure 20 : Dataset for 8 ° mutants in exons of HBB
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HbVar: A database of Human Hemoglobin Variants and Thalassemias
Query Results
There are 12 tatches to vour query
Query description: category = Thalassemias AND type of thal in (beta~) AND location in (exon) AND chain i (beta)
Name Mutation Mutation, HGVS nomenclature
Codon 10 (C=A), GCC(AL->GCA(AlR) beta+ beta 10(A7)Ala=Ala  HBB:c33C>A
Bb Malay beta 19(B1)Asn>Ser  HBB:c.39A>G
Codon 24 (T-2A), GCTiGH)->GGAIGI) beta* beta 24(B6) Gly>Gly  HBB:c 75T>A
HbLE beta 26(B8) Glu>Lys  HBB!c.79G>A
Hb Knessos beta 27(B9) Ala>Ser  HBB:«c.82G>T
Hb Chesterfield beta 28(B10) Leu>Arg HBB!c 86T>G
IVS-1(:3) er codon 29 (C->T):. GGC(GIVI>GGT(Gly) betat  beta 29(B11) Gly>Gly HBB.c.S90C>T
Hb New Berlin beta30(B12) Arg>Trp  HBB:c.91A>T
Hb Cagliars beta 60(E4) Val>Glu  HBB:c.182T>A
Hb Showa-Yakushin beta 110(G12) Lew=Pro HBB:c.332T>C
Hb Hradec Kralove (or Hb HK) beta 115(G17) Ala>Asp HBB:c 347C>A
Hb Dhonbur beta 126{H4) Val>Gly  HBB:c.380T>G

Figure 20 : Dataset for B* mutants in exons of HBB

Then, the Ensemble database https://asia.ensembl.org/index.html * was

used to complete information about Accession number and position of each

SNP on HBB gene..
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Table 6 : Dataset for SNPs of thalassemia (B °type) in the exon

regions of HBB
Accession . Type .
Position | HbVar Name Normal Mutant . Disease
no mutation
ATG CTG
HBB: c.1A>C/ Methionine Leucine )
1 rs34563000 5227021 Missense ™
G ATG GTG
Methionine Valine
ATG AGG
. . TM /Hb SS
Methionine Arginine .
2 rs33941849 5227020 c.2T>G/C Missense
ATG ACG
. . ™
Methionine Threonine
ATG ATAICIT .
3 rs33930702 5227019 | c.3G>C/A/T o ] Missense ™
Methionine Isoleucine
GAG TAG
4 rs33930165 5227003 c.19G>T Nonsense ™
Glutamate Stop
GAG GTG . TM/ Hb E/
5 Rs334 5227002 c.20A>T ) Missense
Glutamate Valine Hb SS
TGG TAG
6 rs63750783 5226975 c.47G>A Nonsense TM/ Hb SS
Tryptophan Stop
TGG TGA
7 rs34716011 5226974 c.48G>A Nonsense ™
Tryptophan Stop
AAG TAG
8 rs33986703 5226970 C.52A>T ) Nonsense TM /Hb SS
Lysine Stop
GAA TAA
9 rs33959855 5226955 c.67G>T Nonsense ™
Glutamate Stop
GAG TAG
10 rs33950507 5226943 c.79G>T Nonsense ™
Glutamate Stop
AGG GGG .
11 rs35684407 5226931 c.91A>G o . Missense ™
Arginine Glycine
AGG ACG
o i TM /Hb SS
Arginine Threonine .
12 rs33960103 5226930 c.92G>C/ A Missense
AGG AAG
- . ™
Arginine Lysine
TAC TAA ,
13 rs33982568 5226784 c.108C>A . Missense ™
Tyrosine Stop
TGG TAG
14 rs33991059 5226779 c.113G>A Nonsense ™
Tryptophan Stop
TGG TGA
15 rs33974936 5226778 c.114G>A Nonsense ™
Tryptophan Stop
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CAG TAG
16 rs11549407 5226774 c.118C>T i Nonsense TM / Hb SS
Glutamine Stop
GAG TAG
17 rs33922842 5226762 c.130G>T Nonsense TM /Hb SS
Glutamate Stop
AAG TAG
18 rs33969400 5226714 c.178A>T . Nonsense ™
Lysine Stop
AAG TAG
. Nonsense
Lysine Stop
19 | rs33995148 5226708 | c.184A>T/G ™
AAG GAG .
. Missense
Lysine Glutamate
GAG TAG
Nonsense
Glutamate Stop
20 rs33913712 5226621 c.271G>T ™
GAG AAG .
. Missense
Glutamate Lysine
GTG ATG .
21 | rs33933298 5226597 €.295G>A i o Missense ™
Valine Methionine
TGT TGA
22 rs33930977 5225703 €.339T>A ) Nonsense ™
Cysteine Stop
GAA TAA
Nonsense TM /Hb SS
Glutamate Stop
23 | rs33946267 5225678 c.364G>T/C
GAA CAA _
. Missense ™
Glutamate Glutamine
CAG CGG .
24 rs33910569 5225659 c.383A>G i L Missense ™
Glutamine Arginine
AAG TAG
25 rs33953406 5225645 c.397A>T . Nonsense ™
Lysine Stop
AAT ACT . .
26 | rs34407387 5225623 c.419A>C . ) Missense Hb sagami
Asparagine Threonine
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Table 7 : Dataset for SNPs of thalassemia (B* type) in the exon regions

of HBB
Accession Type
Position | HbVar Name Normal Mutant Disease
no mutation
GCC GCA
1 rs35799536 5226989 HBB:c.33C>A . . synonymous ™
Alanine Alanine
AAC AGC . TM/TI/ Hb
2 rs33972047 | 5226963 | HBB:c.59A>G : . Missense
Asparagine Serine Malay
3 rs33951465 5226947 HBB:c.75T>A G G,T G G.A Synonymous TM /Tl /Hb SS
Glycine Glycine
TM /TI /Hb SS/
4 | rs33950507 | 5226943 | HBB:c.79G>A GAG AAG Nonsense
Glutamate Stop HB E
TM /TI /Hb SS/
5 rs35424040 5226940 HBB:c.82G>T N C.C T C ¢ Missense
Alanine Serine Hb Knossos
Hemoglobin
6 rs33916412 5226936 HBB:c.86T>G ¢ T.G ¢ G G Missense 8 ]
Leucine Arginine Chesterfield
7 rs35578002 5226932 HBB:c.90C>T G G_ ¢ G G_T Synonymous ™
Glycine Glycine
8 | rs33931779 | 5226710 | HBB:c.182T>A GTG GAG Missense | TM/ Hb Cagliari
Valine Glutamate
TM/TI/ Hb
9 | 1535256489 | 5225710 | HBB:c.332T>C CTG CCG Missense
Leucine Proline Showa-Yakushiji
Hb Hradec
10 | rs35485099 | 5225695 | HBB:c.347C>A Gec GAC Missense | Kralove or Hb
Alanine Aspartate
HK
GTG GGG . TM /Tl /Hb
11 rs33925391 5225662 | HBB:c.380T>G . . Missense ]
Valine Glycine Dhonburi

Hb SS : is common in African and Mediterranean populations.. The phenotype of the B-

globin gene defect determines the severity of the co-inherited sickle cell mutation; B0

results in a severe disease, while B+ causes a milder clinical picture of the disease

Observed when there is a variation in B chain and leads to sickle cell anemia (SCD) [4]

Hb E :is Common in India, Bangladesh, and throughout Southeast Asia , it has become

the most common form of B-thalassemia detected through many newborn screening

programs. It is clinically characterized by marked variability, ranging from mild

asymptomatic anemia to a life-threatening disorder requiring transfusions from infancy

[4].
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e Second dataset was retrieved from :
https://data.mendeley.com/datasets/p8rv84hrbs

This dataset contain HLPC test information for 1073 patients that collected
in 2022 from Hematology Center (Thalassemia) in Ibn Al-Baladi Hospital for
various thalassemia patients in Iraq containing test features (MCV- HGB-
MCH- RBC- HBA2- HBA- HBF) to create a thalassemia Diagnosis system.

A E = =) E F G H I o K L M ] =] P =] R =
, | ID | Gender| Age |[MCV|HBG|MCH| RBC| S |HBAZ|HBA | HBF | Iron
2 1 1 30 | 638 | 115 | 204 58 |21 ] 17 | o6
s | 2 0 14 | &2 7 | 178 22 | 978
s | 3 1 25 | 72 | 168 | 241 35 | 963
s | 4 0 27 | 61 | 85 | 248 23 | 976 0.1
N 1 2 | 536 88 | 17 25 | 875
7 5 0 562 [ 57 | 188 5 |e21] 2
s 7 1 23 | 687|161 | 274 8 [ 872
3 g 0 17 [ 775 | 104 | 261 ENEER 0.7 | ] o
w| 9 0 36 | 6+ | 109 | 208 5 o2 | 25 [ 154
n | 10 1 17 | 668 | 119 | 208 49 | 845
e | 11 1 21 | 85 [ 159 | 28 3 | 68
13 | 12 0 15 | 56 [ 115 | 184 54 |s25] 18 2
1w | 13 0 2 833 [ 124 | 275 26 | 973
s | 14 0 5 68 | 6.6 | 175 21 | %68
w | 15 1 2 58 | 105 | 181 5 | s17 | 3.1
n | 16 0 22 | 665 [ 115 | 216 | 5 24 | 976
s | 17 1 25 [1258[11.14] 384 3 32 | 966
1a | 18 0 37 | 58 [ 82 | 18 25 [e72] 05
20 | 19 0 38 | 613 | 7.7 | 18 23 | 977
21 | 20 0 3 2 o4 | 18 57 |s1a| 57 | 26
22 | 2 1 1 54 | 66 | 168 | 35 28 | 971
23 | 22 0 25 | 603 [ 52 | 15 | 48 48 [831] 2 4
24 | 23 0 11 [ 531105 | 174 5 51 |28 | 06 | 106
a5 | 24 0 37 | 613 [ 1053 | 15 | 54 54 | 9355] o8
26 | 23 0 o 106 55 [173] 58 57 |s28 ] 12
a1 | 26 1 15 | 654 118 | 213 | 55 27 | 872
25 | 27 1 24 | 597 [ 118 | 183 | 614 33 | 965

Sheetl ()]

Figure 21 : Dataset of HLPC test information for various thalassemia
patients in Iraq

MCV stands for mean corpuscular volume with Normal Ranges (82.5- 98 fl) for adults. An MCV
blood test measures the average size of your red blood cells.

HGB: Hemoglobin with Normal Ranges: (for Males 13.6 - 16.9, Females 11.9 - 14.8) Grams per
deciliter

MCH stands for Mean Corpuscular Hemoglobin with Normal Ranges (27 — 32 pg), and is a
calculation of the average amount of hemoglobin contained in each of a person's red blood cells

RBC: Red Blood Cell with Normal Ranges: (for Males 4.2 - 5.7, Females 3.8 - 5.0) 10"%/microliter.
HBA2: Subunits of HLPC Test with Normal Range (1-3) % for adults

HBA: Subunits of HLPC Test with Normal Range (> 97) % for adults

HBF: Subunits of HLPC Test with Normal Range (<1) % for adults

Iron: Iron in Blood cells with Normal Range (60 — 170) micrograms per deciliter
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3- Tools and methods
Six tools were chosen to perform our study for the following reasons :

1- To design Allele specific primers and allele flanking primers for detecting
SNPs and mutations, we found BatchPrimer3 and WASP (a Web-based Allele-
Specific PCR assay designing) tools. We used BatchPrimer3 because this tool
was the only tool that create comprehensive results which validated them
via PCR.

2- To performin silico PCR, we found Silica, UCSC in silico PCR and Fast-PCR
tools . Fast-PCR is offline program with only 10-day Free Trial , so we used
Silica instead UCSC in silico PCR because this tool has colorful interface and
give us not only information about amplicons and product size and primer
melting temperatures but also primer binding sites .

3- To perform in silico electrophoresis for evaluating SNP primers and
ensuring PCR product size results , we found DNASTAR and SnapGene tools.
we used SnapGene tool with 30-day free trial because DNASTAR has only 14-
day free trial and more difficult to use .

4- To predict secondary structure of protein, we found many tools but we
choose SOPMA because it is online server , easy to use and you don’t need
to inter your E-mail and password and wait 24 hours to receive results on it .

5- To perform molecular docking between protein and ligand, we found
SwissDOCK and PatchDOCK tools . PatchDOCK page wasn’t working so, we
choose SwissDOCK because it is online server, easy to use and get results in
30 minutes .

6- To diagnose the severity of the Thalassemia disease via expert system , we
used Fuzzy Inference System from matlab platform because it has
computationally efficient and well-suited to mathematical analysis .
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3-1: BatchPrimer3 :

The nucleotide sequences for the studied SNPs were retrieved from the SNP
database of the National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov). The input data were the FASTA sequence of
the gene regions, SNP alleles and design  constraints
https://probes.pw.usda.gov/cgi-bin/batchprimer3/batchprimer3.cgi .
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Figure 22 : DNA sequences of studied SNPs

Allele specific primers and allele flanking primers were selected from the
primer type pull-up combo-box . When inputting a FASTA file or a single
sequence, a header line starting with ">" is mandatory for each sequence.
Alleles were indicated by IUPAC codes (G/C: S, A/T: W, G/A: R, T/C: Y, G/T: K,
A/C: M).
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BatchPrimer3
a high-throughput web tool for picking PCR and sequencing primers

GainGenses Home | BatchPrmer) Moms | ek | Pramard Wik | Coorphl Notics sod Disgigmar of Prnsc] | Acknowdosmeants
\ Alele-specific primers and abele-flanking primers V| "Pick Prirmers |
Choaose primaer type: | Generic primars "
SSR scroening and primors Rusel ihe enlite form
Hybridization oligos

- SNP (alela) flanking primers F
. Single base extension (SBE) primears and SNP (allele) flanking primers
Input Sequences: “h‘ Single base extension (SBE) primers
A% Abela-speciic primers
o Tetra-primer ARMS-PCR primars fes] Clear saquencs
| Sequanding primers 23

Doad 5 rica b
Uooag saguanca &

OR copy/pasts Lourcs 3&
»r234563000

AAGTCCAACTCL TAMGCCAGT CCABAABAGC CAAGAACAGAT ALOOC TETCATCACTTAGACCTCACCCTGTEOAGCCACALCCTAGEA
TTGGCCAATCTACTCCCAGGAGCAGGRAGOECAGEAGCCAGOECTOOECATAMAAG TCAGGECAGAGICATCTATTGCTTACATTTGCTY
CTGACACAAC TGTGT TCACTAGCAACC TCAAACAGACACCYTGGTGCATC TGAC TCC TGAGGAGAAGTC TRCCGTTAC TGCCCTGTGEEE
CAMGTEAMCGTORATOAAGT TEO TGO TAGGCCC TOGGCAGGT TGOTATCALGAT TACAAGACAGST T TAAGGAGAC CAATAGARAC TG
GGCATGTGRAGACAGAGAAGACTC TTGOGT TTCTGATAGGCAC TEACTCTCTCTGCCTATTOATCTATTTTCCCACCCTTAGEC TECTGG

Figure 23 : Web interface of BatchPrimer3 v1.0 application

The design output is the compatible primer sequences and amplification
product sequences. Information is provided about oligonucleotides, such as
size, melting temperature among others. The BatchPrimer3 program
produces four parts of outputs: (1) a main HTML page containing the primer
design summary of all input sequences, (2) an HTML table page listing all
designed primers and primer properties, (3) a tab-delimited text file with the
same contents in the HTML table page, and (4) a detailed primer view page
for each sequence with successfully designed primers .
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Primer type Alele-specific primers and alieie-flanking prmer pars

Sequence Index: 1

Sequence 10: (334553000
Aliele Sariing primers
lm-mmm_-m:_m—mm-
FORWARD 8 5001 5500 3 ACTCCTAAGCCAGTGOCAGA 24 450 450 700 0.00
REVERSE 24 23 5968 5500 4 00 200 CTCAGGAGTCAGATGCACCA
2 FORWARD 137 20 802t 5000 200 200 GGCATAAAAGTCAGGGCAGA 105 450 450 400 000
REVERSE 241 20 5998 5500 40 200 CTCAGGAGTCAGATGCACCA
3 FORWARD 37 20 3871 5500 500 20 GACAGGTACGGCTGTCATCA 205 450 450 400 200
REVERSE 241 20 35958 5500 400 200 CTCAGGAGTCAGATGCACCA
4 FORWARD 8 20 6001 5500 300 00 ACTCCTAAGCCAGTGOCAGA 43¢ 450 450 400 1.00
REVERSE 446 20 6031 50.00 700 200 CAGCCTAAGGGTGGGAAAAT
5 FORWARD 145 20 5067 5500 300 200 AGTCAGGGCAGAGCCATCTA 302 450 450 300 100
REVERSE 446 20 o031 5000 700 200 CAGCCTAAGGGTGGGAAAAT

Aligle-$0eCinic pHmers

l—-mmm—-mmm—

FORWARD 202 5073 2 ' 9018 A 22t GCAACCTCAAACAGACACCA
2 FORWARD 202 23 50.85 55 2 1 8737 C 221 GCAACCTCAAACAGACACCC
3 FORWARD 202 20 5189 85 2 2 7765 G 221 GCAACCTCAAACAGACACLG
4 REVERSE 241 21 5028 5238 4 3 9273 A 1 CICAGGAGTCAGATGCACCAT
5 REVERSE 240 20 3983 55 4 2 MM G R TCAGGAGTCAGATGCACCAC

Figure 24 : The primer design results of sequence ID (rs34563000) for allele
flanking primers and allele specific primers

3-2: Silica ( in silico PCR)

The aim of in silico PCR is to provide an easy way to obtain the theoretical
PCR results we may expect from DNA and check quality primers . Ideally
designed primer pairs will ensure the efficiency and specificity of the
amplification reaction, resulting in a high yield of the desired amplicon.
Important criteria such as primer-sequence, -length, and-melting
temperature (Tm) are fundamental for the selection of primers and
amplification of targeted nucleotide sequences from a DNA template .

After the primers were obtained , Two primers methods were selected for
mutant / wild type identification or hetero / homozygosity identification :
(forward allele specific primer for mutant / wild and common reverse primer
from allele flanking primer pair or reverse allele specific primer for mutant /
wild and common forward primer from allele flanking primer pair) .using
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silica application (https://www.gear-genomics.com/silica/) , All primers

were tested and the best result was chosen .

When choosing two PCR amplification primers, the following guidelines
should be considered : Primers should be at least 18 nucleotides in length to
minimize the chances of encountering problems with a secondary
hybridization site on the vector or insert ,the optimal melting temperatures
for primers in the range 52-58° C, generally produce better results than
primers with lower melting temperatures, primers with melting
temperatures above 65° C should also be avoided because of potential for
secondary annealing , a good working approximation of this value (generally
valid for oligos in the 18-30 base range) can be calculated using the formula
of Wallace et al. (1979), Tm = 2(A+T) + 4(G+C), Primers should have a GC
content between 45 and 60 percent, a "G" or "C" is desirable at the 3' end
but the first part of this rule should apply, this GC clamp reduces spurious
secondary bands , primers must be chosen so that they have a unique
sequence within the template DNA that is to be amplified [35] .

Silica

Figure 25 : Web interface of Silica application
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1 Amplicons Found!

175 Primer Binding Sites Found!

o

Amplicon 1
Length: 233 be
Penalty: 17547
Location: 11:3227002-5227215

Fotward Priener Name: 134563000

Forward Primer Ton: 3837

Forward Primer Sequence: TCACCAGTCAGATGCALCAL
Reverse Primer Name: 1533563000 ¢

Reverse Primes To: 60.5°C

Reverse Primes Sequence: ACTCCTAAGCCAGTOITAGA
Amplicon Sequence:

GEAR < % 1% Teems of Use mtact Us spported by EMBL

Figure 26 : The Silica application result

3-3: SnapGene ( in silico electrophoresis)

It allows the simulation of Agarose gel, PCR Amplification, Restriction
digestion. It is a large collection of MW markers.

The sequence of HBB gene was inserted in SnapGene tool
(https://www.snapgene.com/free-trial ) ,Then the 36 candidated primers
results (each wild type with common primer) was added to evaluate them
and ensure that PCR product size results was the same .
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Figure 27 : Position of candidated primers on HBB gene

The simulate agarose gel was done, The suitable MW marker(1 kb plus DNA
ladder) was selected and 2,5 % agarose was used to gives good resolution for
small fragments .
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Figure 28 : Parameters for simulate agarose gel of SnapGene

3-4 : SOMPA

The protein sequences for HBB gene were retrieved from the National
Center for Biotechnology Information (NCBI) (
https://www.ncbi.nlm.nih.gov/protein/NP_000509.1 ) and pasted it in
SOMPA sever (https://npsa-prabi.ibcp.fr/cgi-

bin/npsa automat.pl?page=/NPSA/npsa _sopma.html ) to determine
proteins complex structures which is valuable to understand the biological
process at the atomic level and thus develop therapeutic interventions or
drugs targeting these interactions [39] .
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Figure 29 : Web interface of SOPMA

3-5: SwissDOCK

SwissDOCK is web service to predict the molecular interactions that may
occur between a target protein and a small molecule
(http://www.swissdock.ch/ )

A target protein structure (Hbb) was determined either by specifying its
identifier from the Protein Data Bank (1DXT) or by uploading structure files .
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Figure 30 : Target protein structure 1DXT from PDB

Ligands selection (Indicaxanthin, Hydroxyurea , Berberine , Coptisine ) were
defined either by specifying its identifier from the ZINC database or by
uploading structure files from Pupchem . The ligand is immediately set up
after its definition and its prepared structure can be downloaded and
reviewed prior to the docking assay, if needed. After a docking assay had
been submitted, a link of the docking result web page will be sent once the
docking was completed.
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Figure 31 : Web interface of the SwissDOCK server

3-6 : Fuzzy inference system (fis)

MATLAB (a programming and numeric computing platform used by millions
of engineers and scientists to analyze data, develop algorithms, and create
models ) was downloaded on PC from ( https://matlab.mathworks.com/)
then , mamdani fuzzy logic system was designed by next steps
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Figure 32 : Mamdani fuzzy inference system for thalassemia diagnosis

Table 8: Linguistic Variable for Input Variables

Input Variables Linguistic Variables
Mean corpuscular hemoglobin (pg) MCH
Mean Corpuscular Volume (fl) MCV
Hemoglobin (g/dl) HGB

Table 9 : Linguistic Variables for Output Variables

Output Variable

Linguistic Variables

Thalassemia Type

Possible_Risk
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2- Ranges and values for input/output fields of the system were described .

Table 10 : Values for all Input Linguistic Variables

Linguistic Variables Ranges Values

<20 pg HRI

MCH 16-24 pg MRI

>20 pg LRI

<70 fl HRI

MCV 50-80 fl MRI

>60 fl LRI

<7g/dl HRI
HGB 7 -10 g/dl MRI
9-12g/dl LRI

HRI=High Risk Interval, MRI=Moderate Risk Intervals, LRI=Low Risk Intervals.

Table 11 : Values for all Output Linguistic Variables

Linguistic Variables

Ranges

Values

Possible_Risk

HGB is 9 —12 g/dI

MCV is <80 fl

MCH is <27 pg

Thalassmia_Minor

HGB is 710 g/dI

MCV is 50 — 80 fl

MCH is 16 — 24 pg

Thalassemia_Intermedia

HGB is < 7 g/dl

MCV is >50 <70 fl

MCH is >12 <20 pg

Thalassemia_Major
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3- Membership functions of the variables were presented.
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Figure 33 : Fuzzy Membership for all Input and Output Variables

The output will be a value within the range [0, 10]. The value 0 means that
no Thalassemia problems exist as of yet. We have divided this range into
smaller fuzzy sets to make a cluster of type of Thalassemia disease.
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“Thal_Minor" (Thalassemia Minor) is given to those patients whose output
value is in between 0 and 3.0 “Thal_Intermedia"™ (Thalassemia Intermedia )
is given to the patients who gets a value between 3.0 and 6.5 also
“Thal_Major" (Thalassemia Major) is given to the patients who gets a value
between 6.5 and 10, The basic relationship is that the higher the severity of
Thalassemia disease, the higher the output value.

4- Fuzzy Rules were Defined, in this section fuzzy inference rules generated;
relevant inference rules can be determined by experience human operators
well, as we have 26 rules conveniently are represented in IF- ELSE Form :
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Figure 34 : Rule viewer for generated rules

The first three columns of plots (the yellow plots) show the membership functions
referenced by the antecedent, or the if-part of each rule. The fourth column of plot (the
blue plots) shows the membership functions referenced by the consequent, or the then-

part of each rule. The plots which are blank in the if-part of any rule correspond to the
characterization of none for the variable in the rule. The last plot in the fourth column of
plots represents the aggregate weighted decision for the given inference system. This
decision will depend on the input values for the system. The defuzzified output is
displayed as a bold vertical line on this plot. The variables and their current values are
displayed on top of the columns. In the lower left, there is a text field Input for entering
specific input values.

To test the accuracy of our system , data was collected in 2022 from
Hematology Center (Thalassemia) in lbn Al-Baladi Hospital which was
included 1073 patients with 12 features (
https://data.mendeley.com/datasets/p8rv84hrbs ) , Subsequently this data
was checked for the presence of error in data entry including misspellings
and missing data and filtered to 646 patients with 3 features
(MCH,MCV,HGB). These cases were diagnosed by specialized local doctors .
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Figure 35 : Dataset for evaluating Fuzzy inference system

The fuzzy expert system was tested on dataset by recall code which had
written by C languages in command window ( Figure 36). Then, accurate
classification presentage and number of error classification were calculated
to compare our program results with doctor‘s diagnosis .
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Figure 36 : Code for evaluating fuzzy expert system results

Finally , These results were presented on confusion matrix , for this study
the confusion matrix was a 3 x 3 owing to the three labels for the output
class-risk of Thalassemia, namely: low, moderate and high risk.
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Table 12 : The diagram of the confusion matrix that was used for evaluating

the performance Fuzzy inference system

. . Predicted
Confusion Matrix - - -
Minor Intermedia Major
Minor A B C
Expected Intermedia D E F
Major G H I

Accuracy, precision, recall and f-score were calculated from The formula :

Accuracy : is the total number of correct classifications (positive and
negative). Accuracy : A+E+ 1/ All
Error rate : 1- Accuracy

Precision : is the proportion of the predicted cases that were correctly
predicted. Precision minor: A/ A+D+G , Precision intermedia : E / B+E+H , Precision
Major: | / C+F+|

Recall / Sensitivity : is the proportion of actual cases that were correctly
predicted. TP minor : A/ A+B+C, TP intermedia: E / D+E+F , TP major: |/ G+H+I

f-score : It combines precision and recall into a single score . f-score: (2 *
Precision* Recall) / (Precision + Recall )

4- Results

4-1 : BatchPrimer3 and In-silico PCR :

The result of Allele flanking primers , Allele Specific primers and PCR
amplification were as following :
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Table 13 : Primers for both alleles of each SNP ( hetero / homozygosity

identification )

Allele flanking primers

Allele Specific primers

Amplicon Location

F: ACTCCTAAGCCAGTGCCAGA

R (mutant): TCAGGAGTCAGATGCACCAC

N; TM : 60.5°C TM : 58.3°C 11:5227002-5227186
rsSf:Gé;(/)go F: GACAGGTACGGCTGTCATCA R (wild): CTCAGGAGTCAGATGCACCAT Length : 205 bp
. 5957021) T™ : 59.7°C ™ : 59.9°C

RO R: CAGCCTAAGGGTGGGAAAAT F (wild): GCAACCTCAAACAGACACCA 11:5226796-5227021

TM : 58.3°C TM : 59.0°C Length : 246 bp
R(mutant): TCAGGAGTCAGATGCACCG
TM : 56.6°C

b F: ACTCCTAAGCCAGTGCCAGA R(mutant): TCAGGAGTCAGATGCACCC 11:5227002-5227215
“33941349 T™ : 60.5°C TM : 57.1°C Length : 233 bp
Pf'522T2>7GOZCO / R(wild): CTCAGGAGTCAGATGCACCA

RO TM: 59.0°C

R: AACGGCAGACTTCTCCTCAG F(wild): GCAACCTCAAACAGACACCAT 11:5226986-5227020
TM : 59.7°C TM : 59.0°C Length : 55 bp
F: AGTCAGGGCAGAGCCATCTA R(mutant): CACGTTCACCTTGCCCT 11:5226948-5227078

N TM : 60.0°C TM : 69.2°C Length : 150 bp
FSSZSGO:/fs F: TCAGGGCAGAGCCATCTATT R(wild): CACGTTCACCTTGCCCC 11:5226959-5227076
P- 6226975/ TM : 58.1°C TM: 58.7°C Length : 137 bp

RO R: CAGCCTAAGGGTGGGAAAAT F(wild): GCCGTTACTGCCCTGTG 11:5226796-5226975

TM : 58.3°C TM: 58.7°C Length : 196 bp
R(mutant): ATCCACGTTCACCTTGCCT 11:5226947-5227078

8 F: AGTCAGGGCAGAGCCATCTA T™M : 68.1°C Length : 151 bp
rsi’gﬁ%l TM : 60.0°C R(wild): CCACGTTCACCTTGCCC 11:5226958-5227078
P: 5226974/ T™ : 59.1°C Length : 140 bp

B R: CAGATCCCCAAAGGACTCAA F(wild): CGTTACTGCCCTGTGG 11:5226745-5226974

TM : 57.0°C TM : 54.6°C Length : 245 bp

N: F: GTCAGGGCAGAGCCATCTA R(mutant): CAACTTCATCCACGTTCACCTA | 11:5226943-5227078
rs33986703 TM : 60.0°C TM : 68.6°C Length : 155 bp
chéiigsj;o/ R: CAGATCCCCAAAGGACTCAA F(mutant): TACTGCCCTGTGGGGCT 11:5226745-5226971

BO TM : 57.0°C TM : 54.9°C Length : 254 bp
r5115’\11:9407 F: GGCACTGACTCTCTCTGCCT CCAAAGGARC(Té‘AtZ‘ZE;ACCTCT A 11:5226747-5226824

- T™M : 62.0°C T™ : 65.5°C Length : 98 bp
P: 5226774/ R: CTTTCTTGCCATGAGCCTTC F(mutant): GGTGGTCTACCCTTGGACCT | 11:5226690-5226775

B° TM: 57.9°C T™M : 57.9°C Length: 113 bp

N: F: GGTTGGGATAAGGCTGGATT R(mutant): CCACACCAGCCACCACTTA 11:5225627-5225765
rs33953406 TM : 57.8°C TM : 62.5°C Length : 158 bp
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C.397A>T F: GAGTCCAAGCTAGGCCCTTT R(wild): ccACACCAGCCACCACTTT
P: 5225645/ TM : 59.3°C TM : 61.3°C

B R: AGTGATACTTGTGGGCCAGG F(wild): GTGCAGGCTGCCTATCAGA 11:5225600-5225645

TM : 59.7°C TM : 59.9°C Length : 64 bp
F: TATGGTTGGGATAAGGCTGG R (mutant): GCCAGCACACAGACCG 11:5225695-5225793

bl T™ : 56.9°C T™ : 56.9°C Length: 118 bp
r5352§$4§9 F: GAGTCCAAGCTAGGCCCTTT R(wild): GGCCAGCACACAGACCA 11:5225694-5225765

P:c'_:'323257>10/ T™ @ 59.3°C T™ : 59.4°C Length: 91 bp
B* R: GATGCTCAAGGCCCTTCATA F (wild): TCCTGGGCAACGTGCT 11:5225503-5225710

TM : 57.6°C TM : 58.2°C Length: 223 bp

Table 14 : Primers for only one allele of each SNP ( hetero / homozygosity

identification )

Allele flanking primers

Allele Specific primers

Amplicon Location

N: rs33930702
c.3G>C/A/T
P: 5227019/ B

R(mutant): CCTCAGGAGTCAGATGCACG

F: AGTCAGGGCAGAGCCATCTA TM : 58.5°C 11:5227000-5227078
TM : 60.0°C R(mutant): CCTCAGGAGTCAGATGCACA Length : 99 bp
TM : 59.0°C
F(mutant): GCAACCTCAAACAGACACCATT
R: CAGCCTAAGGGTGGGAAAAT TM: 51.1°C 11:5226796-5227020
TM : 58.3°C F(mutant): GCAACCTCAAACAGACACCATA | Length : 246 bp
TM : 51.4°C

N: rs33930165

R: AGTGATACTTGTGGGCCAGG

F(mutant): CAAAGAATTCACCCCACCAGT

11:5225600-5225662

c.19G>T
:59.7° TM : 58.3°C :
P: 5227003/ B° T™M:59.7°C Length : 83 bp
N:ZROS:)jf F: AGTCAGGGCAGAGCCATCTA R(mutant): CAGTAACGGCAGACTTCTCCA 11:5226982-5227078
C.

P: 5227002/ B°

T™M: 60.0°C

TM :59.9°C

Length : 116 bp

N: rs33959855
c.67G>T
P: 5226955/ B®

F: AGTCAGGGCAGAGCCATCTA

R(mutant): GGGCCTCACCACCAACTTA

11:5226937-5227078

T™ : 60.0°C T™ : 62.1°C Length : 161 bp
F: TCAGGGCAGAGCCATCTATT R(wild): GGCCTCACCACCAACTTC 11:5226938-5227076
TM : 58.1°C TM : 58.5°C Length : 158 bp

N: rs35684407
c.91A>G
P: 5226931/ B

F: AGTCAGGGCAGAGCCATCTA
T™ : 60.0°C

R(mutant): GTCTTGTAACCTTGATACCAACCC
TM : 58.6°C

11:5226908-5227078
Length : 190 bp

N: rs33982568
c.108C>A/ G
P: 5226784/ B®

R: CAGCATCAGGAGTGGACAGA
T™M : 59.0°C

F(wild): CTTAGGCTGCTGGTGGTCTAC
™™ : 60.6°C

11:5226729-5226784
Length : 76 bp
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N: rs33991059
c.113G>A
P: 5226779/ B®

F: GGCACTGACTCTCTCTGCCT
T™M: 61.6°C

R(wild): ACTCAAAGAACCTCTGGGTCC
T™M :60.4°C

11:5226759-5226824
Length : 85 bp

N: rs33922842
¢.130G>T
P: 5226762/ B®

F: GGCACTGACTCTCTCTGCCT
TM:61.6°C

R(mutant): GGACAGATCCCCAAAGGACTA
T™: 61.0°C
R(wild): GACAGATCCCCAAAGGACTC
TM: 57.9°C

11:5226743-5226824
Length : 101 bp

N: rs33969400
c.178A>T
P: 5226714/ B®

R: GAAAACATCAAGCGTCCCAT
T™M: 57.6°C

F(wild): TGCTGTTATGGGCAACCCTA
TM: 58.9°C

11:5226549-5226715
Length : 185 bp

N: rs33995148
c.184A>T /G
P: 5226708/ B®

F: GGCACTGACTCTCTCTGCCT
T™ :61.6°C

R(wild): CACTTTCTTGCCATGAGCTT
TM : 56.4°C

11:5226688-5226824
Length : 156 bp

N: rs33933298
c.295G>A
P: 5226597/ B®

R: GAAAACATCAAGCGTCCCAT
T™M: 57.6°C

F(wild): CACTGTGACAAGCTGCACG
TM : 60.9°C

11:5226549-5226597
Length : 67 bp

N: rs33930977
€.339T>A
P: 5225703/ B®

R: GATGCTCAAGGCCCTTCATA
T™ : 57.6°C

F(wild): GGCAACGTGCTGGTCTGT
™M : 60.5°C

11:5225503-5225703
Length : 218 bp

N: rs33946267
€.364G>T/C
P: 5225678/ B®

F: GAGTCCAAGCTAGGCCCTTT

R(mutant): GCACTGGTGGGGTGAATTA

11:5225660-5225765

TM : 59.3°C TM : 60.0°C Length : 125 bp
F: TATCATGCCTCTTTGCACCA R(mutant): CACTGGTGGGGTGAATTG 11:5225661-5225960
TM :57.1°C TM : 56.9°C Length : 319 bp

N: rs34407387
c.419A>C
P: 5225623/ B

R: GACCTCCCACATTCCCTTTT
T™M 57.3°C

F(wild): GGTGGCTGGTGTGGCTAA
T™M : 60.4°C

11:5225410-5225623
Length : 231 bp

N: rs35799536
c.33C>A
P: 522698/ B*

F: TCAGGGCAGAGCCATCTATT
TM: 58.1°C

R (wild): CCCACAGGGCAGTAACG
TM : 57.6°C

11:5226973-5227076
Length : 123 bp

N: rs33972047
c.59A>G
P: 5226963/ B*

F: TCAGGGCAGAGCCATCTATT
TM: 58.1°C

R (mutant): CACCAACTTCATCCACGC
TM : 54.7°C

11:5226946-5227076
Length : 150 bp

N:rs33951465
c.75T>A
P: 5226947/ B+

F: TCAGGGCAGAGCCATCTATT
TM: 58.1°C

R (mutant): GCCCAGGGCCTCACCT
TM: 61.6°C

11:5226932-5227076
Length : 164 bp

N: rs33916412
c.86T>G
P: 5226936/ B*

F: AGTCAGGGCAGAGCCATCTA

TM : 60.0°C

R (mutant): CTTGATACCAACCTGCCCC

11:5226918-5227078

TM :57.2°C Length: 180 bp
R(wild): CTTGATACCAACCTGCCCA 11:5226918-5227078
TM : 57.5°C Length: 180 bp

N: rs33931779
c.182T>A
P: 5226710/ B*

F: TTGGACCCAGAGGTTCTTTG

R (mutant): TTTCTTGCCATGAGCCTTCT

11:5226691-5226762

TM : 57.3°C TM : 57.2°C Length: 91 bp
F: GGCACTGACTCTCTCTGCCT R(wild): TTCTTGCCATGAGCCTTCA 11:5226692-5226824
TM : 61.6°C TM : 56.9°C Length: 152 bp
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N: 1535485099 | b AGTGATACTTGTGGGCCAGG F (wild): GCTGGTCTGTGTGCTGGC

C.347C>A TTere STCTG
P: 5225695/ B* M :59.7°C T™ : 62.1°C

11:5225600-5225695
Length: 113 bp

N:rs33925391 | o G ATGCTCAAGGCCCTTCATA F (wild): CAAAGAATTCACCCCACCAGT

c.380T>G ] o . A
P: 5225662 /B* T™M: 57.6°C TM : 58.3°C

11:5225503-5225662
Length: 180 bp

4-2 : SnapGene
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Figure 37 : Electrophoresis simulation for 18 primer pairs via SnapGene
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4-3 : SOPMA

1
n
]
F |
a8 m
L

Helii

PE=E=SY | AL E i VIS VLG
g

tistidshishiti bbbt I il tishthd il

WLKGTF TraAA R AT AN nm

Figure 38 : Secondary structure prediction of HBB gene via SOPMA

4-4: SwissDOCK

The results page provides a list of the docked complexes in a tabular manner
on the right hand side of the page and the 3D structure of the docked
complex on the left hand side of the page . In the table, the first column
namely ‘Show’ contains the radio buttons, by clicking on any one of those
radio buttons, it’ll display the conformation for the complex against which
it’'ll present. Then in the next two columns, it provides the number of
conformations (in the ‘Elements’ column) against each cluster number (in
the ‘Cluster’ column). Each cluster represents various conformations of a
ligand at the given location on the protein and each cluster represents a
pocket on the target protein. The different clusters could be viewed in the
SwissDock web browser through a Jmol applet . Then in the next column it
provides the values for the ‘FullFitness’ and then in the next column, namely
‘Estimated AG’ it provides the estimated binding free energy of the complex.

68
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Figure 39 : Prediction binding modes for HBB with indicaxanthin via
SwissDock
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Figure 40 : Prediction binding modes for HBB with berberine via SwissDock
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Figure 41: Prediction binding modes for HBB with coptisine via SwissDock
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Figure 42 : Prediction binding modes for HBB with hydroxyurea via
SwissDock
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The following results are a comparison between current study of the
SwissDOCK tool with a previous study of the AutoDOCK4 program .

Tabel 15 : Binding energy of available drugs with hemoglobin beta chain.

Drugs Binding energy from SwissDOCK

Binding energy from AutoDOCK4

Indicaxanthin -9.62 Kcal/mol

-5.13 Kcal/mol

Hydroxyurea -5.93 Kcal/mol

-2.82 Kcal/mol

Table 16 : Binding energy of bioactives from coptidisrhizome with
hemoglobin beta chain.

Bioactives | Binding energy from SwissDOCK

Binding energy from AutoDOCK4

Berberine -7.57 Kcal/mol

- 6.0 Kcal/mol

Coptisine -7.29 Kcal/mol

-5.49 Kcal/mol

4-3 : Fuzzy inference system (fis)
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Figure 43 : Accuracy result for Fuzzy inference system
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Figure 44 : Possible risk and error rate for Fuzzy inference system

Table 17 : Confusion matrix results

Predicted
Confusion Matrix
Minor Intermedia Major Total
Minor 175 34 0 209
Expected | Intermedia 2 405 1 408
Major 0 1 28 29
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Table 18 : Performance evaluation of the results of fuzzy inference system

Accuracy | Errorrate | Precision | Recall / Sensitivity | f-score
Th-Minor 0.98 0.83 0.89
Th-Intermedia 0.941 0.059 0.92 0.99 0.95
Th-Major 0.96 0.96 0.96

5- Discussion

Beta-thalassemia is one of most common autosomal recessive disorders
worldwide . Thalassemia and hemoglobinopathy genotype interpretation
and phenotype determination as well as their clinical symptoms and
electrophoresis are the one of the most complex subjects of Hematology.
The application of a combined molecular approach with clinical data and
efficient bioinformatics tools will enable a guideline for functional studies
and prenatal diagnosis to be developed as basis for future studies.
Bioinformatics has become an essential tool not only for basic research but
also for applied research in biotechnology and biomedical sciences.
Diagnostic methods based on single nucleotide polymorphism (SNP)
biomarkers are essential for the real adoption of personalized medicine. The
Allele-specific PCR method was developed for allele analysis of clinically
significant mutations to facilitate reliable discrimination between two alleles
highly .Optimal primer sequence and appropriate primer concentration are
essential for maximal specificity and efficiency of PCR. The key to the PCR lies
in the design of the two oligonucleotide primers. It is essential that care is
taken in the design of primers for PCR. Several parameters including the
length of the primer, %GC content and the 3' sequence need to be optimized
for successful PCR. A number or software packages such as BatchPrimer3
has allowed the process of primer design to be less troublesome , Silica
confirm primer quality and SnapGene separate DNA fragments according to
their size by simulate gel agarose and compare with Silica results .
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In this study , Allele-specific primers corresponding to 37 kinds of SNP in 3
thalassemia were designed according to different combinations between
mismatch base and mismatch site . Optimization of melting temperature,
primer length and amplified products length were achieved using primer
program BatchPrimer3 v1.0 (https://probes.pw.usda.gov/cgi-

bin/batchprimer3/batchprimer3.cgi ). Primers were designed according to

the genome sequences near these SNP sites. The program output was a list
of the primer sets (wild-type FP/ RP, mutant-FP / RP, common FP /RP)
selected for each targeted region. Single assays were performed for the
specific amplification of each target allele using the tested primers , and all
amplicons were between 100 - 300 bp fragments in which containing the
corresponding SNPs by Silica tool (https://www.gear-genomics.com/silica/).

PCR products were detected on 2.5% agarose gel by insilico electrophoresis
via SnapGene tool (https://www.snapgene.com/free-trial )

The result in (table 13) showed set of primers selected that have a unique
sequence within the template DNA, optimal melting temperatures ,
appropriate primer length, suitable GC content and Specificity for allele pairs
for each SNPs . These primers result refers to 8 SNPs in studied dataset which
are rs34563000 , rs33941849 , rs63750783 , rs34716011 , rs33986703 ,
rs11549407 , rs33953406 , rs35256489 . The result in (table 14 ) showed set
of primers selected that have a unique sequence within the template DNA,
optimal melting temperatures , appropriate primer length, suitable GC
content and Specificity for only one allele for each SNPs . These primers
result refers to 21 SNPs in studied dataset which are rs33930702 ,
rs33930165 , Rs334 , rs33959855 , rs35684407 , rs33982568 , rs33991059 ,
rs33922842 , rs33969400 , rs33995148 , rs33933298 , rs33930977 ,
rs33946267 , rs34407387, rs35799536 , rs33972047 , rs33951465 ,
rs33916412 ,rs33931779, rs35485099 , rs33925391 . Other SNPs in studied
dataset like rs33950507 , rs33960103 , rs33974936 , rs33913712 ,
rs33910569, rs33950507 , rs35424040, rs35578002 were ruled out due to
getting a non specificity amplification or the melting temperature of primers
were smaller than 50 c® or the melting temperature differences between
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primers were bigger than 7 ¢ . All these reasons form hairpin or primer
dimer and lead to misleading results.

For the simulated results of electrophoresis on agarose gel , All 18 bands
that showed in ( figure 37 ) were identical with Silica results for rs34563000
, r$33941849 , rs63750783 , rs34716011 , rs33953406 (x2) , rs35256489 (x2)
, rs33982568 , rs33991059 , rs33922842 , rs33969400 , rs33995148 ,
rs33933298 , rs33930977 , rs33931779 , rs35485099 , rs33925391
respectively . These results helped us to Verify the validity of the
amplification results under particular gel conditions.

For Secondary structures of HBB protein predicted by SOPMA tool ,
(https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html) , The sequence
length was 147 amino acids ,a considerable prediction was observed in
mainly alpha helix classes of protein by 62.59% and less prediction for beta
sheet (extended strand ) by 9.52% , in addition random coils and beta turn
were found by 21.77% , 6.12 % respectively (figure 38 ). These accurate
predictions corroborate that this method are efficient because It will be
anticipated that the combination of protein secondary structure prediction
methods with additional protein structure features has found to provide
more accurate results. Therefore, it could be concluded that synchronized
employment of secondary structure prediction methods could enhance the
accuracy of insilico analysis. Based on the observed results, we can compare
ssecondary structure data of mutant proteins obtained through
experimental methods with that of predictions made by SOPMA to
determine the best treatment of thalassemia in the future compared to the
already available drugs available .

In SwissDOCK tool results (http://www.swissdock.ch/) , A better docking
score corresponds to Low Binding Energy. The binding energy parameter is
used to determine which ligand has a stable complex interaction with
protein. The more negative value or lower binding affinity, the more stable
ligand-receptor is achieved , so in our study , Among the drugs , the hit
molecule of beta hemoglobin was Indicaxanthin with binding energy of -9.62
Kcal/mol (table 15). Among the bioactives derived from Coptidis Rhizome,
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the hit molecule of beta hemoglobin was Berberine with binding energy of -
7.57 Kcal/mol (table 16) . These results corresponded with many works have
been previously done for the treatment of thalassemia with the help of
bioactive compounds from Coptidis Rhizome by AutoDOCK4 program
(Chowdhury, A. and Sruthi, V.S. (2021) that revealed berberine is a safe
bioactive compound without any toxicity and electrolyte imbalance when
administered with the herbal concoction of Coptidis Rhizome for 1252 days.
Based on traditional dosage and indication, this herb is safe for oral
concoction .

For fuzzy inference system results, It was found that our program matched
the doctor’s diagnosis in 608 cases perfectly from 646 cases . The other 38
were marginally off. This results with an accuracy of about 94.11 % (figure
43-44) which is more stable than the results obtained from the similar
contents in (Thakur et al., 2016) with accuracy 83% because we defined
output value between 0 and 3.0 to make a cluster of “Thal_Minor"
(Thalassemia Minor) of Thalassemia disease instead 0 -3.5 which was more
matching between predicted and actual results for Thalassemia Minor and
Thalassemia intermedia .

Based on the results presented in the confusion matrix , it was discovered
that there were 608 correct classifications (175 for low, 405 for moderate
and 28 for high risk-along the diagonal) as shown in (table 17).Also, the
results showed that the TP rate which gave a description of the proportion
of actual cases that was correctly predicted was TP minor : 0.83, TP intermedia :
0.99, TP major: 0.96 , while the precision which gave a description of the
proportion of predictions that were correctly classified was Precision minor :
0.98, Precision intermedia : 0.92 , Precision major: 0.96 ,while the f-score which
combines precision and recall into a single score was f-score minor: 0.89, f-
SCOre€ intermedia : 0.95, f-score major: 0.96 . From the viewpoint of an end-user,
the results of this work can facilitate laboratory work by reducing the time
and cost.
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6- Conclusion and Recommendation :

e Bioinformatics has become an essential tool not only for basic research
but also for applied research in biotechnology and biomedical sciences.
In particular, low-cost genotyping tools are absolutely necessary for
effective personalized medicine. Single nucleotide polymorphisms
(SNPs) have been proposed as the next generation of markers to identify
loci associated with complex diseases and their therapeutic treatment .

e Constructing a relationship between the genotype and phenotype
experimentally is an important aspect of research , but it can prove to
be highly difficult ,so the in silico analysis provides a solution here which
it helps researchers analyze enormous amounts of data in biology to
narrow down the positive leads that can be further analyzed
experimentally for validation. This saves an extensive amount of labor,
time, and costs like AS-PCR methods which are quick, excellent and
inexpensive strategies and require minimal instruments that are found
in most laboratories to be developed for massive implementation into
clinical laboratories .

As a future perspective, augmentations could be brought about in the
protein secondary structure prediction methods and molecular docking
which computationally predicts the complex from individual structures to
further enhance the prediction accuracy where the discovery of a natural
inducer in an existing licensed medicine based on the findings a significant
step forward in the development of drugs to treat beta thalassemia.

we hope that finally, in addition to providing detailed information to help
promote enhanced B-thalassemia pre-natal screening, achieving these
objectives will also help to identify the mechanisms responsible for fetal
hemoglobin control, since reactivation of fetal hemoglobin can provide
major therapeutic benefits to people affected by B-hemoglobinopathies .

By performing fuzzy inference system we hope the result can help the
medical sector to classify and detect whether the patient has thalassemia or
not, so the patient can receive the right treatment to increase their life
expectancy and reduce the risk of thalassemia to the next generation.
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