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Thalassemia Autosomal recessive disorders occur due to mutations that lead
to a decrease or absence of b-globin chains because mutations occur in the
BCL11A gene being a potential therapeutic target to increase fetal hemoglobin
levels in patients to reduce the severity of thalassemia symptoms. The study
was designed to evaluate the relationship between the BCL11A gene
polymorphism and its effect on the clinical features of patients with beta
thalassemia major and intermedia. The whole blood DNA was extracted and
an amplified gene was used as a template instead of the DNA genome in the
RAPD technique PCR-RAPD-PCR, four primers (APAA11, APU15, APAA17, and
APD18) to detect genetic polymorphism of BCL11A gene. The results showed
that the number of bands in -thalassemia major patients is more than the
control group; there is also a difference in their molecular weights according
to the type of the used primer. The results showed that there were statistically
significant differences at the probability level of P<0.05 in the total number of
bands generated when using each primer separately between the patients and
the control group.
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Introduction

Thalassemia is a genetic blood disorder where
the body produces
hemoglobin. It occurs when both parents are
carriers of the disease or are affected by it so that
they can pass it on to the next generation because
thalassemia is the autosomal recessive [1].

A series of congenital
thalassemia is caused by a defect in the synthesis
of one or more globin subunits from normal
human hemoglobin [2]. It is
dependent anemia that ultimately resulted in
iron overload, which is shown by an elevated
serum ferritin level. This ongoing iron buildup
the gradual organ damage and
malfunction (liver, heart, and endocrine glands)
[3]- The body's iron stores are influenced by the
serum ferritin levels [4]. Due to a rise in iron load,
thalassemia major patients typically pass away
between the ages of 24 and 16 years. If iron
chelation is not utilized to treat iron overload
brought on by lifelong transfusion-dependent
anemias such as beta-thalassemia intermedia, it
typically leads to the deadly heart toxicity in the
second decade of life [5]. Anemia is caused by low
levels of hemoglobin, which is the primary
intracellular protein for RBCs, as well as blood
loss, or the fast death of blood cells [6]. There are
genetic variants or variables affecting some
clinical problems associated with the b-
thalassemia phenotypes but they are not mapped
to the b-globin cluster. These comprise variations
at the hemoglobin fetal (Hb F) are related to the
quantitative trait loci (QTL) like the HBS1L-MYB
intergenic region, BCL11A gene [7, 8]. BCL11A (B-
cell lymphoma/leukemia 11A) position on
chromosome (2p16.1) encodes its transcription
factor. At least isoforms of the BCL11A gene have
been noted, which share identical exons one and
two. BCL11A is primarily expressed in the brain
and major hematopoietic cells such as the early
T-cell progenitors, hematopoietic stem cells, B
cells, and common lymphoid progenitors, but it is
only weakly expressed in T-lymphocytes [9].

an abnormal form of

anemias known as

transfusion-

causes

BCL11A performs its functions in brain/multiple
cell lineages/fetal-to-adult hemoglobin switching;
BCL11A indirectly or directly regulates the
downstream targets' expression. Because of its

critical function in fetal-to-adult hemoglobin
switching in erythroid biology, BCL11A has
recently gained increased research. In human
erythroid cells, it was found that BCL11A acts as a
crucial factor for the silence of the Gamma-globin
gene and can decrease fetal hemoglobin (HbF)
while promoting adult hemoglobin (HbA) [10].
According to several studies, BCL11A interacts
with the repressor element-1, lysine-specific
demethylase 1, and silencing transcription factor
corepressor 1 to silence the y-globin [11]. It has
been discovered that KLF1 can influence the
BCL11A expression in a way that indirectly
regulates Gamma-globin, adding a greater
support for the development of clinical
therapeutic medicines leveraging this regulatory
network [12]. RNA interference has also been
demonstrated to enhance the HbF production by
chemically drugs targeting BCL11A [13]. Recently,
target genes can be safely and accurately edited
thanks to the advantages of CRISPR-Cas9
technology [14]. These findings provide patients
with beta-hemoglobinopathies with a therapeutic
approach by using autologous stem cell editing
and transplantation. All of the aforementioned
data point to BCL11A as a potential treatment
gene for beta-hemoglobinopathies [15].

In RAPD PCR, a single arbitrary primer is used in
a PCR reaction, resulting in the amplification of
many distinct DNA products. The standard RAPD
technique employs synthetic
oligonucleotides (10 bases in length) of random
sequences as arbitrary primers to amplify
nanogram amounts of total DNA by polymerase
chain reaction (PCR) at annealing
temperatures [16].

The study was designed to evaluate the
relationship the BCL11A gene
polymorphism and its effect on the clinical
features of patients with beta thalassemia major
and, secondly, the BCL11A gene being a potential
therapeutic target to increase fetal hemoglobin
levels in patients to reduce the severity of
thalassemia symptomes.

short
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Materials and Methods
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The study was conducted in the Genetic
Engineering Laboratory/Department of

Biology/College of Science/Misan University.

Blood samples collection

The samples were collected from the Center of
Hereditary Hematology of the Maysan Health
Directorate in Maysan Province, Southern Irag, in
November 2021. The study group consisted of
140 samples.

Genomic DNA isolation and column purification

The gSYNC TM DNA Extraction Kit from Geneaid
Company (Taiwan) was used to extract DNA from
whole blood according to the protocol procedure
attached to the kit and which is included in the
appendix. The DNA was extracted from the
samples and the presence of the DNA genome
was confirmed by electrophoresis on 1% agarose,
and then measuring the DNA amount by the
nanodrop device, which ranged from 1.80 to 1.98
ng/ml and the absorption ratio A 260/280 was
within the obtained amount.

Polymerase chain reaction

PCR Mixture For a 25 pl reaction volume: (2 ul
DNA template, 2 pl reverse primer, 2 ul forward
primer, 12.5 pl Taq G2 ® green master mix, and
6.5 ul nuclease free water) were added to the PCR
tubes. The components of PCR tubes were

perfectly combined by spinning them down and
up with a pipette, and then centrifuged for 10
seconds or Mini  spin
Microcentrifuge. The PCR tubes were placed in
the TECHEN thermocycler. The PCR reaction
contained 35 cycles of the following steps: initial
denaturation (5 minutes at 95 °C), DNA
denaturation (30 sec at 95 °C), primer annealing
BCL11A (45 sec at gradient 60-62 °C), primer
extension (1 minute at 72 °C), and the final
extension (10 min at 72 °C). The PCR product was
electrophoresis in 2% agarose gel and 1X TBE
buffer with ethidium bromide 3%, at 75 V for 40
min (Table 1) [17].

more with a

PCR-RAPD-PCR  technique-random
polymorphic DNA (RAPD)

amplified

The volume of reagents used in RAPD (20 pl): 10
ul Nuclease free water, 2.5 ul DNA genome, 2.5 pl
of each primer, 5 pl AccuPower® ProFi Taq PCR
PreMix, and Master Mix (Bioneer). The mixture
was inflated in a Techne prime thermocycler with
the Tables 2 and 3 [18]. The RAPD-PCR product
observations were carried out by Gel DOC UV
Transilluminator.

Statistical analysis

Data statistical analysis was carried out by SPSS
version 26. Chi-square was used to display
important statistics and significant differences
with a P<0.05 probability level [19].

Table 1: The sequence of BCL11A primer, length, and GC%

Length Size &
Gene Sequences (Base) (bp) References GC%
BCL11A F | 5-TTGTTTCGCTTTAGCTTTATTAAGGTACAA- 3° 30 bp 135 17 33.93%
. 0
(rs766432) |5 5-GACGTGTTCTGTATCTTGATTTTGGT- 3° 26 bp bp
Table 2: PCR program of RAPD for all primers
Samples characteristic NacCl 0,9% Thiamine Ascorbic acid Combination
Age (year, mean #* SD) 48,8+ 18,4 52,3+ 16,8 53,3£11,7 50,7+11,1
Gender
Male, n (%) 10 (38,5) 12 (50,0) 11 (50,0) 20 (68,8)
Female, n (%) 15 (61,5) 13 (50,0) 14 (50,0) 5(31,3)
MAP, mmHg (mean * SD) 948+ 17.0 97,6 + 25,4 91,4+ 16.0 92,4 +16.0
Lactate, acid 2,0 (1-10,0) 1,3 (1,0-5,5) 1,0 (1-10,0) 2,0(1,0-4,0)
NLR, median (min-max) 10,6 (2,5-30,3) 14,4 (0,2-86,8) 13,9 (1,6-69,3) 10,7 (1,4-64,6)

848 |Page




Mousa Z.Q., et al. /]. Med. Chem. Sci. 2023, 6(4) 846-857

Table 3. The type of RAPD primers used in the experience

Primers Length GC % Sequences
OPAA11 10 base 80 ACCCGACCTG
OPU15 10 base 70 ACGGGCCAGT
OPAA17 10 base 70 GAGCCCGACT
OPD18 10 base 60 GAGAGCCAAC
Results and Discussion thalassemia major patients were (303 bands),

The results showed that the number of bands in
B-thalassemia major patients is more than the
control group. There is also a difference in their
molecular weights according to the type of
primer used. The RAPD technique are used
because it is easy, fast, low-cost, and does not
require large amounts of DN [20, 21] since
RAPD  technology
disadvantages such as randomness, low output,
and poor reproducibility [22]. PCR-RAPD-PCR
was used in a previous study [18] and this
technique is based on polymorphism in the

traditional has some

amplified gene by using PCR. It was sued to study
genetic alteration and analyze genetic instability
to understand molecular events in the blood of
patients with beta thalassemia (Figure 1).

The results of the PCR-RAPD-PCR for the BCL11A
gene showed that the total bands in -

11 12 13 14 15 16 17 18 19

BCL11A control

while in the control group there were (97 bands),
as dsplayed in Figure 2. The reason for using the
amplified gene instead of the DNA genome as a
template is because the DNA genome contains a
coding region for proteins (Exons) and a non-
coding region (Introns), while the amplified
genes in our study contain a coding region for
proteins, thus may reduce this procedure or limit
the randomness of the RAPD technique [18]. The
OPAA17 primer showed the highest number of
bands, where the total bands reached 86 (28.3%),
while the OPU15 primer gave the highest total of
27 bands (27.8%) in the control group, the
results showed when using the four primers that
there were statistically significant differences at
the significance level of P<0.05 between patients
and the control group, as presented in Table 4.

M 1 2 3456 7 8 910 11 12131415 16 17

3 4 5 6 7 8 9 10 11 12 13 14 1516

BCL11A4 patients

Figure 1: PCR- RAPD-PCR generated by (OPAA 11, OPU15, OPAA17, and OPD 18) four primers. The first lane
from the right (M) is a DNA ladder marker 25-300bp in size, and the other lanes are PCR-PAPD bands on 2%
agarose gel electrophoresis
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Figure 2: The statistical numbers, the percentages of the total monomorphic, and polymorphic and unique bands
of the BCL11A gene between patients and the control group

Table 4: In patients and control groups, a total number of various markers in the BLC11A gene

Material Patients BCL11A Control BCL11A Chi-Squares P-Value
OPAA11 62 23 14.553 P <0.0001
OPU15 81 27 21.400 P <0.0001
OPAA17 86 26 25.186 P <0.0001
OPD18 74 21 22.499 P <0.0001

The results can be shown by PCR-RAPD-PCR for
the size of the band's fragments. In patients, the
largest was in the BCL11A gene (1900-2000) bp
by using OPAA11, OPU15, and OPAA17 primers,
and the smallest size was 30 bp by using the
OPU15 primer, for the control, the largest size
fragment was 2000 bp when using the OPU15
primer, while the smallest size fragment was 30
bp when using the same primer, as depicted in
Figure 3.

The results for polymorphic bands in the BCL11A
gene in patient samples showed the total 6 bands

bamds per locus
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with a percentage polymorphism of 7.7%. The
primer OPU15 gave the highest number of these
bands was 4 with a percentage polymorphism of
4.9%, while the primer OPD18 did not give any
polymorphic bands. In the control samples, the
total number of polymorphic bands was 5 and the
percentage polymorphism was (20.5%) (Figure
4). Likewise, the OPAA 11 primer gave the
highest number of these bands was 3 with
percentage polymorphism 13.04 %, while the
OPD18 primer did not give any polymorphic
bands, as listed in Table 5.
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Figure 3: The distribution of the fragment sizes in the BCL11A gene (- thalassemia patients and control
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Table 5: In patients and control group, the percentage of polymorphic bands of various markers of the BLC11A

gene
Material Patients BCL11A Control BCL11A Chi-Squares P-Value
OPAA11 16.7 60 0.480 Not significant
OPU15 66.7 20 0.571 Not significant
OPAA17 16.6 20 0.002 Not significant
OPD18 0 0 - -
A B
15 - o -
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0,03
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Primer efficiency (PB)
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Figure 4: A, B) The comparison between polymorphism four primers of control and patient in the BCL11A gene
of B- thalassemia major; (C, D) Primer efficiency in the BCL11A gene of B-thalassemia major patients and controls

The primer efficiency in the BCLI1I1A gene in
patient samples 0.013, the primer
discriminatory power was (66.66%), and it was
0.03 in the BCL11A gene in control samples. The
primer efficiency value ranges from 0 to 1 and is
identified as the primer's capacity to produce
polymorphisms. The primer's efficiency is
demonstrated by its ability to produce the
highest proportion of polymorphic bands as

was

compared with the sum number of amplified
bands. The ability to demonstrate polymorphism
between normal and patient individuals is an
important feature of an efficient primer (Figure
5) [23].

The primer discriminatory power was (60%).
There are noticeable differences in the
discriminatory power of each primer between

Patient

Primer discniminatory (PD)

NP IR R

W O
o L o

N N

Figure 5: Primer discriminatory power in the BCL11A

the control group and the patients in the BCL11A
gene. The reason for this is due to the different
number of polymorphic bands, because the
calculation of the discriminatory power depends
on the number of polymorphic bands for each
primer divided by the total of polymorphic bands
for all primers. Polymorphisms are generally
caused by point mutations
translocations, inversions,
substitutions, DNA duplication,
rearrangements involving insertions or deletions,
and mistakes in tandemly repeated DNA
replication [24]. the lost and modification bonds
intensely are due to one or more of the following
events; changes due to point mutations, genome
rearrangements, or DNA damage [25].

resulting from
single
section

nucleotide

gene of - thalassemia major patients and controls
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The results for unique bands in the BCL11A gene
in patients showed a total of band 10 with a
percentage uniqueness of 13.4%. The OPD18
primer gave the highest number of these bands 4
with percentage uniqueness of 5.4%, while the
primers OPAA 11, OPU15, and OPAA17 gave a
number of these bands 2 with percentage
uniqueness of 3.2%, 2.4%, and 2.3%, respectively.
In the control, the total number of unique bands
13, and the percentage uniqueness was 55.2%, so
OPAA 11 and OPD18 primers gave the highest
number of these bands 4, with percentage
uniqueness of 17.3% and 19.04%, respectively.
The OPAA17 primer provides two bands with

percentage uniqueness of 7.6%, as presented in
Table 6. The variation in the total of bands
between beta-thalassemia patients and control
group could be due to the nucleotides count of
these primers, genotype of beta thalassemia
patients, and the number of identical sites of
primers in beta thalassemia genes changed by
mutations and translocations. This will influence
on the template interaction sites of primers and
leads to an increase or loss of bands. The
difference in the number of bands and the change
in their intensity in the RAPD-PCR technique is
related to alterations in genetic material (Figure
6) [26].

Table 6: In patients and control group, the percentage of unique bands of various markers of the BLC11A gene

Material Patients BCL11A Control BCL11A Chi-Squares P-Value
OPAA11 20% 30.7% 0.064 Not significant
OPU15 20% 23.1% 0.005 Not significant
OPAA17 20% 15.3% 0.011 Not significant
OPD18 40% 30.7% 0.066 Not significant
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Figure 6: A, B) A total number of unique bands controls and patients of four primers in the BCL11A gene. C, D)
Percentage uniqueness of each primer in BCL11A gene controls and patients

The results for monomorphic bands in the
BCL11A gene in patients showed the total of these
bands 17, with a percentage monomorphism of
22.6%. The primer OPD18 gave the highest
number of these bands 7 and percentage
monomorphism of 9.4%, while the primers OPAA
11 and OPU15 gave the lowest number of these

bands 3 and percentage monomorphism 4.8%
and 3.7%, respectively. In the control group, the
total number of monomorphic bands was 13, and
the percentage of monomorphism was 54.4%.
Therefore, OPAA11 and OPAA17 primers gave
the highest number of these bands 4, with the
percentage of monomorphism 17.3% and 15.3%,
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respectively, while the OPU15 primer gave only
two bands with percentage monomorphism

7.4%, as indicated in Table 7 and Figure 7.

Table 7: In patients and control group, the percentage of monomorphic bands of various markers of the BLC11A

gene
Material Patients BCL11A Control BCL11A Chi-Squares P-Value
OPAA11 17.65 30.8 0.135 Not significant
OPU15 17.65 15.3 0.004 Not significant
OPAA17 23.5 30.8 0.047 Not significant
OPD18 41.2 23.1 0.270 Not significant
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Figure 7: A, B) Total number of monomorphism bands of controls and patients of four primers in BCL11A gene.
C, D) Comparison between monomorphism bands of control and patient in the BCL11A gene of (3- thalassemia
major

Genetically, it shows a contrasting pool of
fragments in its genotypes due to the point
mutations at oligonucleotide sites. Also, when
there is a distance between the termini sequences
that changes due to the deletion or insertion
mutation leads to the genetic
polymorphism [27].

Although there is a clear difference in the total
band preparation between patients and the
control group for the BCL11A gene, the statistical
analysis showed that there were no statistical
differences at the probability level of P<0.05 by
using chi-square where the P-value was (0.621),

events

as reported in Table 8. There are noticeable
differences in the molecular size of fragments
generated from primers between patients and
control groups in BCL11A. Polymorphism also
includes variations in molecular weights of the
amplified bands caused by various types of
mutations and translocations, causing movement
shifts of bands and possibly the addition of new
bands (Table 8) [28].

RAPD-PCR was discovered to be a powerful
molecular genetic technique for detecting genetic
variability and similarity in different populations
and genetic polymorphism (Figure 8) [29, 30].
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Table 8: Statistical analysis for monomorphic, polymorphic, and unique bands of the BCL11A gene between
patients and control group

Total Total
Overall total No. of No. of
Gene Types of band X2 P-value
o band band band vart
(patient) (control)
Polymorphic band 11 6 5
BCL11A Unique band 23 10 13
0.954 0.621
Monomorphic band 30 17 13
Total 64 33 31
Significance *P <0.05,**P <0.01,***P <0.005, NS=No significance P >0.05
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Figure 8: A, B) Statistical numbers and percentages of the total monomorphic, polymorphic, and unique bands of
the BCL11A gene between patients and the control group; C, D) A total number of polymorphic bands in the
BCL11A gene between patients and control group

Conclusion

The results of this study proved the modification
precision to the standard RAPD technique which
produced bands in thalassemia patients more
than in control. The primers at the RAPD level
can be nominated to be a distinctive indicator of
B-thalassemia, and thus these primers can be
adopted to distinguish B-thalassemia genetically.

Acknowledgments

The authors would like to thank the Center of
Hereditary Hematology of the Maysan Health
Directorate in Maysan Province, Southern Iraq to

provide with blood samples and support to
graduate students. Also, they would like to
express thanks to the genetic engineering
laboratory/Department of Biology/College of
Science/Misan University.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

854 |Page



Mousa Z.Q., et al. /]. Med. Chem. Sci. 2023, 6(4) 846-857

Authors' contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

ORCID:

Maytham A. Dragh
https://www.orcid.org/0000-0002-2276-7849

References

[1]. Aksu T. Unal S. Thalassemia, Trends in
Pediatrics, 2021, 2:1 [Crossref], [Google Scholar],
[Publisher]

[2]. Jazuli M.L,, Bintoro S.U.Y., Mudjanarko S.W.,
The Association between Serum Ferritin Levels
and 25(OH)D Levels in Adult Patients with
Transfusion Dependent Thalassemia, Journal of
Medicinal and Chemical Sciences, 2022, 5:35
[Crossref], [Google Scholar], [Publisher]

[3]. AlSaadi E.K., Disturbances of Lipid Profile,
Hemoglobin and Serum Ferritin Levels in
Thalassemia Patients in Misan City, Amara, Iraq,
Journal of Medicinal and Chemical Sciences, 2022,
5:779 [Crossref], [Google Scholar], [Publisher]
[4]. Rahman H., Saikia T., Khalda E., Comparative
Evaluation of Efficacy, Safety, Cost Effectiveness,
and Acceptability of Ferric Carboxymaltose
versus Iron Sucrose for Treatment of Iron
Deficiency Anaemia in Pregnancy: An Open Label
Randomized Controlled Trial, Journal of Medicinal
and Chemical Sciences, 2023, 6:195 [Crossref],
[Google Scholar], [Publisher]

[5]. Nourmohammadi H., Daresh H., Shafiei E,
Bonyadi M. Khorshidi A, Complications of
Tuberculosis Packs and Iron Chelators in Patients
with Thalassemia Major in Mostafa Khomeini
Hospital in 2018-19, journal of Medicinal and
Chemical Sciences, 2022, 5:619 [Crossref],
[Google Scholar], [Publisher]

[6]. Mahmoud ].H., Ghareeb 0.A., Mahmood Y.H,
The Role of Garlic Oil in Improving Disturbances

in Blood Parameters Caused by Zinc Oxide
Nanoparticles, Journal of Medicinal and Chemical
Sciences, 2022, 5:76 [Crossref], [Google Scholar],
[Publisher]

[7]. Thein S.L., Menzel S., Peng X., Best S, Jiang ].,
Close ., Silver N. Gerovasilli A., Ping C,
Yamaguchi M., Wahlberg K., Ulug P., Spector T.D,,

Garner C., Matsuda F., Farrall M. Lathrop M,
Intergenic of HBS1L-MYB
responsible for a major quantitative trait locus on
chromosome 6q23 influencing fetal hemoglobin
levels in adults, Proceedings of the National
Academy of Sciences, 2007, 104:11346 [Crossref],
[Google Scholar], [Publisher]

[8]. Menzel S., Garner C. Gut I, Matsuda F,
Yamaguchi M., Heath S., Foglio M., Zelenika D.,
Boland A., Rooks H., Best S., Spector T.D., Farrall
M., Lathrop M., Thein S.L., A QTL influencing F cell
production maps to a gene encoding a zinc-finger
protein on chromosome 2p15, Nature genetics,
2007, 39:1197 |[Crossref], [Google Scholar],
[Publisher]

[9]. Luc S., Huang ], McEldoon ].L.,, Somuncular
E., Li D., Rhodes C., Mamoor S., Hou S., Xu J., Orkin
S.H., Bcllla Deficiency Leads to Hematopoietic
Stem Cell Defects with an Aging-like Phenotype,
Cell Reports, 2016, 16:3181 [Crossref], [Google
Scholar], [Publisher]

[10]. Xu ], Sankaran V.G, Ni M. Menne T.F,
Puram R.V.,, Kim W., Orkin S.H., Transcriptional
silencing of y-globin by BCL11A involves long-
range interactions and cooperation with SOX6,
Genes & development, 2010, 24:783 [Crossref],
[Google Scholar], [Publisher]

[11]. Roosjen M., McColl B., Kao B., Gearing L.J.,
Blewitt M.E, Vadolas ], Transcriptional
regulators Myb and BCL11A interplay with DNA
methyltransferase 1 in developmental silencing
of embryonic and fetal (-like globin genes, The
FASEB Journal, 2014, 28:1610 [Crossref], [Google
Scholar]

[12]. Amaya M., Desai M., Gnanapragasam M.N.,
Wang S.Z., Zu Zhu S., Williams Jr D.C., Ginder G.D.,
Mi2(-mediated silencing of the fetal y-globin
gene in adult erythroid cells, Blood, The Journal of

variants are

the American Society of Hematology, 2013,
121:3493 [Crossref], [Google Scholar],
[Publisher]

[13]. Finotti A. Gasparello ], Breveglieri G,
Cosenza L.C, Montagner G. Bresciani A,
Altamura S., Bianchi N., Martini E., Gallerani E.,
Borgatti M. Gambari R. Development and

characterization of K562 cell clones expressing
BCL11A-XL: Decreased hemoglobin production
with fetal hemoglobin inducers and its rescue

855|Page


https://www.orcid.org/0000-0002-2276-7849
https://doi.org/10.5222/TP.2021.10820
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Thalassemia&btnG=
https://trendspediatrics.com/jvi.aspx?un=TIP-10820&volume=2&issue=1
https://doi.org/10.26655/JMCHEMSCI.2022.1.5
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+Association+between+Serum+Ferritin+Levels+and+25%28OH%29D+Levels+in+Adult+Patients+with+Transfusion+Dependent+Thalassemia&btnG=
http://www.jmchemsci.com/article_139189.html
https://doi.org/10.26655/JMCHEMSCI.2022.5.12
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Disturbances+of+Lipid+Profile%2C+Hemoglobin+and+Serum+Ferritin+Levels+in+Thalassemia+Patients+in+Misan+City%2C+Amara%2C+Iraq&btnG=
http://www.jmchemsci.com/article_147837.html
https://doi.org/10.26655/JMCHEMSCI.2023.2.3
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Comparative+Evaluation+of+Efficacy%2C+Safety%2C+Cost+Effectiveness+and+Acceptability+of+Ferric+Carboxymaltose+versus+Iron+Sucrose+for+Treatment+of+Iron+Deficiency+Anaemia+in+Pregnancy%3A+A+Multicenter+Open+Label+Randomized+Controlled+Trial&btnG=
http://www.jmchemsci.com/article_154871.html
https://doi.org/10.26655/JMCHEMSCI.2022.4.17
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Complications+of+Tuberculosis+Packs+and+Iron+Chelators+in+Patients+with+Thalassemia+Major+in+Mostafa+Khomeini+Hospital+in+2018-19&btnG=
http://www.jmchemsci.com/article_145017.html
https://doi.org/10.26655/JMCHEMSCI.2022.1.9
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+Role+of+Garlic+Oil+in+Improving+Disturbances+in+Blood+Parameters+Caused+by+Zinc+Oxide+Nanoparticles&btnG=
http://www.jmchemsci.com/article_139302.html
https://doi.org/10.1073/pnas.0611393104
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Intergenic+variants+of+HBS1L-MYB+are+responsible+for+a+major+quantitative+trait+locus+on+chromosome+6q23+influencing+fetal+hemoglobin+levels+in+adults&btnG=
https://www.pnas.org/doi/full/10.1073/pnas.0611393104
https://doi.org/10.1038/ng2108
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+QTL+influencing+F+cell+production+maps+to+a+gene+encoding+a+zinc-finger+protein+on+chromosome+2p15%2C+&btnG=
https://www.nature.com/articles/ng2108
https://doi.org/10.1016/j.celrep.2016.08.064
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Bcl11a+Deficiency+Leads+to+Hematopoietic+Stem+Cell+Defects+with+an+Aging-like+Phenotype&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Bcl11a+Deficiency+Leads+to+Hematopoietic+Stem+Cell+Defects+with+an+Aging-like+Phenotype&btnG=
https://www.sciencedirect.com/science/article/pii/S2211124716311457
https://doi.org/10.1101/gad.1897310
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Transcriptional+silencing+of+%CE%B3-globin+by+BCL11A+involves+long-range+interactions+and+cooperation+with+SOX6.+&btnG=
https://genesdev.cshlp.org/content/24/8/783.short
https://doi.org/10.1096/fj.13-242669
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Transcriptional+regulators+Myb+and+BCL11A+interplay+with+DNA+methyltransferase+1+in+developmental+silencing+of+embryonic+and+fetal+%CE%B2-like+globin+genes&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Transcriptional+regulators+Myb+and+BCL11A+interplay+with+DNA+methyltransferase+1+in+developmental+silencing+of+embryonic+and+fetal+%CE%B2-like+globin+genes&btnG=
https://doi.org/10.1182/blood-2012-11-466227
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Mi2%CE%B2-mediated+silencing+of+the+fetal+%CE%B3-globin+gene+in+adult+erythroid+cells&btnG=
https://ashpublications.org/blood/article/121/17/3493/31257/Mi2-mediated-silencing-of-the-fetal-globin-gene-in

Mousa Z.Q., et al. /]. Med. Chem. Sci. 2023, 6(4) 846-857

with mithramycin, Experimental hematology,
2015, 43:1062 [Crossref], [Google Scholar],
[Publisher]

[14]. Canver M.C, Smith E.C., Sher F., Pinello L.,
Sanjana N.E., Shalem O., Chen D.D., Schupp P.G,
Vinjamur D.S., Garcia S.P.,, Luc S. Kurita R,
Nakamura Y., Fujiwara Y., Maeda T., Yuan G.C,,
Zhang F., Orkin S.H., Bauer D.E., BCL11A enhancer
dissection by Cas9-mediated in situ saturating
mutagenesis, Nature, 2015, 527:192 [Crossref],
[Google Scholar], [Publisher]

[15]. Chang K.H., Smith S.E., Sullivan T., Chen K,
Zhou Q., West J.A,, Liu M., Liu Y., Vieira B.F., Sun C,,
Hong V.P., Zhang M., Yang X.,, Reik A., Urnov F.D,,
Rebar E.J.,, Holmes M.C, Danos O., Tan S., Long-
Term Engraftment and Fetal Globin Induction
upon BCL11A Gene Editing in Bone-Marrow-
Derived (CD34+ Hematopoietic
Progenitor Cells, Molecular Therapy-Methods &
Clinical Development, 2017, 4:137 [Crossref],
[Google Scholar], [Publisher]

[16]. Rahiman F., Academy M.E.S., Rahiman F. P-
4,4-Random  Amplified Polymorphic DNA
(RAPD)-A tool for gene mapping. In National
conference on Advances in Laboratory Medicine,
2015, 2:163 [Google Scholar]

[17]. Bashir S., Mahmood S., Mohsin S., Tabassum
[, Ghafoor M., Sajjad O. Modulatory effect of
single nucleotide polymorphism in Xmnl,
BCL11A and HBS1L-MYB loci on foetal
haemoglobin levels in (-thalassemia major and
Intermedia patients, jJournal of the Pakistan
Medical Association, 2021, 71:1394 [Crossref],
[Google Scholar], [Publisher]

[18]. Allami Z.Z.G., Dragh M.A,, Identification of
Some Breast Cancer Related Genes by RAPD
Technique in Maysan Province, Irag,
Bionatura, 2022, 7:20 [Crossref], [Google
Scholar], [Publisher]

[19]. Al-Rawi KM. Allah A.A, Design and
Analysis of Agricultural Experiments Ministry of
Higher Education and Scientific Research,
University of Al Mosul. Dar Al-Kut for Publishing,
2000 [Google Scholar]

[20]. Nkongolo K. Alamri S., Michael P,
Assessment of Genetic Variation in Soybean
(&lt;i&gt;Glycine max&lt;/i&gt;) Accessions from
International Gene Pools Using RAPD Markers:

Stem and

Revis

Comparison with the ISSR System, American
Journal of Plant Sciences, 2020, 11:1414
[Crossref], [Publisher]

[21]. AbouZid S. Authentication of Silybum
marianum varieties using RAPD analysis, Plant
Tissue Culture and Biotechnology, 2014, 24:57
[Crossref], [Google Scholar]

[22]. Fu S. Cheng ], Wei C., Yang L. Xiao X,
Zhang D., Fu ]., Development of diagnostic SCAR
markers for genomic DNA amplifications in
breast carcinoma by DNA cloning of high-GC
RAMP-PCR fragments, Oncotarget, 2017, 8:43866
[Crossref], [Google Scholar], [Publisher]

[23]. Yalcinkaya T., Kogoglu T., Polymerase chain
reaction, Mikrobiyol Bul, 1992, 26:373 [Crossref],
[Google Scholar], [Publisher]

[24]. Selvakumari E., Jenifer ]., Priyadharshini S.,
Vinodhini R., Application of DNA Fingerprinting
for Plant Identification, J. Acad. Ind. Res., 2017,
5:149 [Google Scholar]

[25]. Liu W, Li PJ, Qi X.M., Zhou Q.X.,, Zheng L.,
Sun T.H., Yang Y.S, DNA changes in barley
(Hordeum vulgare) seedlings induced by
cadmium pollution wusing RAPD analysis,

Chemosphere, 2005, 61:158 [Crossref], [Google
Scholar], [Publisher]

[26]. Rocco L. Valentino LV. Scapigliati G,
Stingo V., RAPD-PCR analysis for molecular
characterization and genotoxic studies of a new
marine fish cell line derived from Dicentrarchus
labrax, Cytotechnology, 2014, 66:383 [Crossref],
[Google Scholar], [Publisher]

[27]. Amiteye S, Concepts  And
Methodologies Of Dna Marker Systems In Plant
Molecular Breeding, Heliyon, 2021, 7:e08093
[Crossref], [Google Scholar], [Publisher]

[28]. Papadopoulos S., Benter T., Anastassiou G.,
Pape M., Gerhard S., Bornfeld N., Ludwig W.D,,
Dorken B., Assessment of genomic instability in
breast cancer and uveal melanoma by random
amplified polymorphic DNA analysis,
International journal of cancer, 2002, 99:193
[Crossref], [Google Scholar], [Publisher]
[29]. K, Thakur SK,
amplified polymorphic DNA-a brief review,
American Journal of Animal and Veterinary
Sciences, 2014, 9:6 [Crossref], [Google Scholar],
[Publisher]

Basic

Nandani Randomly

856 |Page


https://doi.org/10.1016/j.exphem.2015.08.011
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Development+and+characterization+of+K562+cell+clones+expressing+BCL11A-XL%3A+Decreased+hemoglobin+production+with+fetal+hemoglobin+inducers+and+its+rescue+with+mithramycin%2C+&btnG=
https://www.sciencedirect.com/science/article/pii/S0301472X1500658X
https://doi.org/10.1038/nature15521
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=BCL11A+enhancer+dissection+by+Cas9-mediated+in+situ+saturating+mutagenesis&btnG=
https://www.nature.com/articles/nature15521
https://doi.org/10.1016/j.omtm.2016.12.009
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Long-Term+Engraftment+and+Fetal+Globin+Induction+upon+BCL11A+Gene+Editing+in+Bone-Marrow-Derived+CD34%2B+Hematopoietic+Stem+and+Progenitor+Cells&btnG=
https://www.sciencedirect.com/science/article/pii/S2329050117300037
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rahiman+F.%2C+Academy+M.E.S.%2C+Rahiman+F.+Random+Amplified+Polymorphic+Dna+%28+Rapd+%29+-a+Tool+for+Gene+Mapping.%3B+2015&btnG=
https://doi.org/10.47391/JPMA.1351
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Modulatory+effect+of+single+nucleotide+polymorphism+in+Xmn1%2C+BCL11A+and+HBS1L-MYB+loci+on+fetal+hemoglobin+levels+in+%3F+thalassemia+major+and+Intermedia+patients&btnG=
https://ojs.jpma.org.pk/index.php/public_html/article/view/454
https://doi.org/10.21931/RB/2022.07.01.20
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Identification+of+Some+Breast+Cancer+Related+Genes+by+RAPD+Technique+in+Maysan+Province%2C+Iraq&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Identification+of+Some+Breast+Cancer+Related+Genes+by+RAPD+Technique+in+Maysan+Province%2C+Iraq&btnG=
https://www.revistabionatura.com/2022.07.01.20.html
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Design+and+Analysis+of+Agricultural+Experiments+Ministry+of+Higher+Education+and+Scientific+Research.+Univ+Al+Mosul+Dar+Al-Kut+Publ.+Published+online+2000.+&btnG=
https://doi.org/10.4236/ajps.2020.119102
https://www.scirp.org/journal/paperinformation.aspx?paperid=103106
https://doi.org/10.3329/ptcb.v24i1.19200
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Authentication+of+Silybum+marianum+varieties+using+RAPD+analysis&btnG=
https://doi.org/10.18632/oncotarget.16704
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Development+of+diagnostic+SCAR+markers+for+genomic+DNA+amplifications+in+breast+carcinoma+by+DNA+cloning+of+high-GC+RAMP-PCR+fragments&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5546446/
https://doi.org/10.1016/B978-0-12-765561-1.50061-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+%5B23%5D.%09Yal%C3%A7inkaya+T.%2C+Ko%C3%A7oglu+T.%2C+Polymerase+chain+reaction%2C+Mikrobiyol+Bul%2C+1992%2C+26%3A373+&btnG=#d=gs_cit&t=1665675820252&u=%2Fscholar%3Fq%3Dinfo%3AE8A-Xg7GYiUJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://europepmc.org/article/med/1435369
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Application+of+DNA+Fingerprinting+for+Plant+Identification&btnG=
https://doi.org/10.1016/j.chemosphere.2005.02.078
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=DNA+changes+in+barley+%28Hordeum+vulgare%29+seedlings+induced+by+cadmium+pollution+using+RAPD+analysis&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=DNA+changes+in+barley+%28Hordeum+vulgare%29+seedlings+induced+by+cadmium+pollution+using+RAPD+analysis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0045653505003619
https://doi.org/10.1007/s10616-013-9586-y
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=RAPD-PCR+analysis+for+molecular+characterization+and+genotoxic+studies+of+a+new+marine+fish+cell+line+derived+from+Dicentrarchus+labrax&btnG=
https://link.springer.com/article/10.1007/s10616-013-9586-y
https://doi.org/10.1016/j.heliyon.2021.e08093
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Basic+Concepts+And+Methodologies+Of+Dna+Marker+Systems+In+Plant+Molecular+Breeding.+&btnG=
https://www.sciencedirect.com/science/article/pii/S2405844021021964
https://doi.org/10.1002/ijc.10297
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Assessment+of+genomic+instability+in+breast+cancer+and+uveal+melanoma+by+random+amplified+polymorphic+DNA+analysis&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/ijc.10297
https://doi.org/10.3844/ajavsp.2014.6.13
https://thescipub.com/abstract/10.3844/ajavsp.2014.6.13

Mousa Z.Q., et al. /]. Med. Chem. Sci. 2023, 6(4) 846-857

[30]. Atienzar F.A. Venier P, Jha ANN., Depledge of DNA damage and mutations, Mutat Res - Genet
M.H., Evaluation of the random amplified Toxicol Environ Mutagen, 2002, 521:151
polymorphic DNA (RAPD) assay for the detection [Crossref], [Google Scholar], [Publisher]

HOW TO CITE THIS ARTICLE

Zahraa Qasim Mousa, Maytham. A. Dragh. The Study of BCL11A Gene in Patients with Beta-Thalassemia Major and
Intermedia by Random Amplephed Polymorphism DNA in Iraq. J. Med. Chem. Sci., 2023, 6(4) 846-857
https://doi.org/10.26655/[MCHEMSCI.2023.4.16

URL: http://www.jmchemsci.com/article 158870.html

857|Page


https://doi.org/10.1016/S1383-5718(02)00216-4
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Depledge+M.H.%2C+Evaluation+of+the+random+amplified+polymorphic+DNA+%28RAPD%29+assay+for+the+detection+of+DNA+damage+and+mutations%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1383571802002164
https://doi.org/10.26655/JMCHEMSCI.2023.4.16
http://www.jmchemsci.com/article_158870.html

