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Background: [-thalassaemia manifests a spectrum of clinical phenotypes, ranging from mild
subclinical disease to severe transfusion-dependent anaemia. This remarkable diversity of disease
patterns is not completely explained, but various disease modifying factors have been identified and
categorized in to primary, secondary and tertiary modifiers. Nearly 300 mutations in B-globin genes
(HBB) have been reported so far. In our previous study we identified six mutations; (Cd 5 (-CT), FR
8-9(+G), FR 16(-C), FR 41-42(-TTCT), Cd 30(G>A) and Cd 15(G>A) to be the most frequent ones
in Khyber Pakhtunkhwa province of Pakistan. It is aimed to observe if bioinformatics tools could be
used to construct the structure of globin chains carrying these six common mutations. Methodology:
Using a computational approach, the sequences of mutated HBB were hypothetically constructed,
protein structures were formulated and analysed for homology, and post-translational modifications.
In mutations where protein structure formation is halted in vivo, stop codons from the DNA
sequence of each of the mutational variant were exclude to allow further analysis. Results: These
mutants exhibited variable post-translational modification pattern with little effect on overall
structure. Mutations at critical sequences in HBB that do not allow further translation of HBB in vivo
and did not stop computer modelling from developing protein structure in-silico. Conclusion:
Computational analysis for constructing mutant proteins does not take into account some of the
critical checkpoints present in the cell. Studies using computational analysis should be followed by
rigorous in vivo validation.
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INTRODUCTION

Thalassaemias are a group of congenital disorders
characterized by genetic mutations in the globin chain
genes.' The primary defect is quantitative, whereby the
mutation(s) results in reduced production or absence of
globin chains of haemoglobin molecule. Other less
common forms include structural variants or unstable
haemoglobins due to genetic mutations. Based on the
globin chain gene involved, the disease is categorized
into o-, B-, y-, and Op-thalassaemia.” Of these, P-
thalassaemia is most prevalent form in Pakistan. With
an autosomal recessive pattern, an estimated 10 million
people are carriers and approximately 100,000 patients
are currently affected by homozygous thalassaemia.**
Like many other hereditary disorders, - thalassaemics
express a spectrum of clinical phenotypes —ranging
from mild anaemia to severe transfusion-dependent
anaemia. The pattern of diversity is not completely
understood, but various modifying factors have been
identified and categorized into primary, secondary and
tertiary modifiers of disease.

Nearly 300 mutations in B-globin genes have
been reported so far —most of them are point
mutations in the coding or regulatory regions of the

gene (http://globin.cse.psu.edu). Many common
mutations involve frameshift whereby the subsequent
sequence is entirely altered, and the transcription
process is halted. Secondary modifiers of the disease
include loci that are involved in globin synthesis.’
Family studies conducted on siblings with identical 3-
globin gene mutations have been reported to
demonstrate  variable clinical phenotype. The
secondary modifiers include: co-inheritance of a-
globin genes which reduces the cellular damage caused
by excess a-chains, and polymorphisms in Xmnl and
BCL11 genes causing a dilutional effect on the a-chain
excess. Tertiary modifiers include genetic variations
associated with disease complications and treatment
response. These include mutations in iron metabolism
genes, and genes involved in immune system resulting
in altered response to infections.’

As with most genetic diseases, the mutations
in P-thalassaemia pool in each geographic region/
ethnic population presents with a different set of
common mutations. In Pakistan, a number of common
mutations have previously been reported.® In our own
work (in press), we have reported that (Cd 5(-CT), FR
8-9(+G), FR 16(-C), FR 41-42(-TTCT), Cd 30(G>A)
and Cd 15(G>A) are the six most common mutations

68 http://www.pps.org.pk/PJP/14-3/Tehmina.pdf



Pak J Physiol 2018;14(3)

in patients from Khyber Pakhtunkhwa. The first four
of these mutations are frameshift mutations. The last
two are splice, and nonsense mutation respectively.

The current study aimed if bioinformatics
tools could be used to construct the structure of globin
chains carrying these 6 most common mutations. In a
hypothetical scenario where most of the selected
mutations did not incorporate early stop codons, it was
aimed to assess the effect of these mutations on overall
protein structure, post translational modifications and
subsequent impairment of haemoglobin protein. To
that end, the stop codons from the DNA sequence of
each of the mutational variant were excluded. It is
reported that mutations constructed through
bioinformatics tools carry significant differences from
HBB chains. The computational analysis failed to
account for the molecular checkpoints that exist in vivo
and halt further assembly of protein.

MATERIAL AND METHODS

Primary data (nucleotide and peptide sequences) were
retrieved from GenBank and Uniprot data bases
(www.ncbi.nlm.nih.gov/, and www.uniprot.org/). For
each of the selected six mutations (Cd 5(-CT), FR 8-
9(+G), FR 16(-C), FR 41-42(-TTCT), Cd 30(G>A)
and Cd 15(G>A), the normal HBB gene sequences
were manually mutated and six different sequences
were developed. The mutant nucleotide sequences
were translated computationally using online ExPASy-
Translate  tool  (http://web.expasy.org/translate/).
Sequences were submitted to the online MSA tool
Clustal Omega (www.ebi.ac.uk/Tools/msa/clustalo/)
with default parameters. The subsequent outcome of
the MSA was subjected to Phylogenetic Tree
development using the Tree development (Neighbour-
joining) option in Clustal Omega tool.” Online servers
provided by Center for Biological Sequence Analysis
CBS (www.cbs.dtu.dk/services/) were employed for
assessment of post-translational modifications. For
observing glycosylation, mannosylation,
phosphorylation sites in the normal and mutant
sequences; NetCGlyc 1.010, NetCorona 1.0”,
NetGlycate 1.0"2, NetNGlyc 1.0°, NetOGlyc 4.0,
NetPhos 3.1" servers were used respectively.

For normal HBB, the crystal (experimentally
determined) structure was searched and retrieved from
Protein DataBank (www.rcsb.org/). This crystal
structure was used as template for development of 3d
structures for each of the mutant sequence using Swiss
Model online protein prediction server
(https://swissmodel.expasy.org/)."®  The  resultant
structures were analyzed by Rampage server for
Ramachandran plot in order to evaluate the predicted
structure quality.”” Predicted protein structures were
visualized via Biovia Discovery Studio version 4.5."®
https://wishart.biology.ualberta.ca/SuperPose/ (The

SuperPose server) was used for protein structure-
structure alignment for observing effects of mutations

on the protein 3d structure.

RESULTS

The retrieved HBB sequences were DNA (NCBI id
NC_000011.10) and protein (UniProt id P68871). The
variant sequences and subsequent translated products
are shown in Table-1. Homology and phylogenetic
analysis revealed that Cd30 was most homologous to
the normal HBB in terms of sequences similarity while
variants with frameshift mutations, i.e., FR 8-9, FR 16,
and FR 41-42 were least homologous. The MSA
revealed the Fr 41-42 to be most distant in terms of
sequence identity with a unique gap in the alignment.
Two distinct gap patterns were observed in the FR
mutations (FR 8-9(+G), FR 16(-C), and FR 41-42(-
TTCT)) and CD mutations (CD5 (-CT), CD30(G>A),
and CD 15(G>A)). Interestingly CD5(-CT) exhibited
the both patterns (Figure-1 A). This sequential
arrangement resulted in Cd5 (-CT) to at the center of
the Phylogenetic Tree (Figure-1 B). These gaps were
the early stop codons which we deleted in the
transcript and hence appeared as deletions or gaps in
the translated sequences. CBS servers observed the
submitted sequences and provided a comprehensive
overview of the post-translational modifications for
HBB normal and mutant sequences. The default cut-
off was 0.5 for each of the prediction tool, with greater
values suggesting greater probability. No C-
mannosylation sites were observed in the sequences
using NetCGlyc 1.0 server in neither the protein nor
the variants. NetGlycate 1.0 server computed about 3—
5 similar glycation sites while 0 N-linked
Glycosylation sites in all the submitted sequences
while only Cd15(G>A) variant sequence harbored the
only predicted O-linked Glycosylation site, computed
by NetNGlycl.0 and NetOGlyc 4.0 servers
respectively. About 7-11 similar phosphorylation sites
were estimated by NetPhos 3.1 server. The 6 sites
observed in the normal sequence were observed in all
of the variants with exception of phosphorylation site
at position 5 which was absent in Cd5 (-CT), FR 8-9
(+G), FR 16 (-C), and FR 41-42 (-TTCT). Interestingly
FR 8-9 (+G) and FR 41-42 (-TTCT) both exhibited
two unique phosphorylation sites at position 9 and 12
and 21 and 40 respectively. All PTM sites are shown
in Table-1. Crystal structure of human HBB (PDB ID
1A00) was retrieved from PDB database. The
superimposed variants modelled using Swiss Model
are shown in Figure-2. Each of the variant structure is
shown in red while the normal HBB structure is
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depicted
observed

in yellow. Overall no drastic change was
in the variant structures while when

Ramachandran plots were observed in comparative

manner minor effects were observed in placement and
strain on amino acids within the structures.

Table-1: List of HBB mutations and respective nucleotide and peptide sequences

Mutations|

Nucleotide sequence

Translated product

>CD5

ATGGTGCATCTGACTCGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAAC
GTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCC
AGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCT
AAGGTGAAGGCTCATGGCAAGAAAGTGCTC
GGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACAC
TGAGTGAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGG
CAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCACCAGTG
CAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATC
ACTAA

WCILEEKSAVTALWGKVNV
DEVGGEALGRLLVVYPWTQ
RFFESFGDLSTPDAVMGNPK
VKAHGKKVLGAFSDGLAHL
DNLKGTFATLSELHCDKLH
VDPENFRLLGNVLVCVLAH
HFGKEFTPPVQAAYQKVVA
GVANALAHKYH

>FR 8-9

ATGGTGCATCTGACTCCTGAGGAGAAGGTCTGCCGTTACTGCCCTGTGGGGCAAGGTG
AACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGA
CCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAAC
CCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTC
ACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCT
GCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCC
CATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGG
CTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAA

WCILLRRRSAVTALWGKVN
VDEVGGEALGRLLVVYPWT
QRFFESFGDLSTPDAVMGNP
KVKAHGKKVLGAFSDGLA
HLDNLKGTFATLSELHCDK
LHVDPENFRLLGNVLVCVL
AHHFGKEFTPPVQAAYQKV
VAGVANALAHKYH

>FR 16

ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGAAGGTGAA
CGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACC
CAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCC
TAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCAC
CTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGC
ACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCA
TCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCT
GGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAA

GASDSGEVCRYCPVGKVNV
DEVGGEALGRLLVVYPWTQ
RFFESFGDLSTPDAVMGNPK
VKAHGKKVLGAFSDGLAHL
DNLKGTFATLSELHCDKLH
VDPENFRLLGNVLVCVLAH
HFGKEFTPPVQAAYQKVVA
GVANALAHKYH

>FR 41 42

ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGA
ACGTGGATGAAG
TTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTGAG
TCCTTTGG
GGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAG
AAAGTGCTCGGT
GCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGA
GTGAGCTGCACT
GTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTG
TGTGCTGGCCCA
TCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCT
GGTGTGGCTAAT

GCCCTGGCCCACAAGTATCACTAA
ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGA
ACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGAC
CCAGAGGTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTA
AGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCT
GGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCAC
GTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATC
ACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGG
TGTGGCTAATGCCCTGGCCCACAAGTATCACTAA

GASDSGEVCRYCPVGQGER
GSWWGPGQAAGGLPLDPE
VESFGDLSTPDAVMGNPKV
KAHGKKVLGAFSDGLAHLD
NLKGTFATLSELHCDKLHV
DPENFRLLGNVLVCVLAHH
FGKEFTPPVQAAYQKVVAG
VANALAHKYH

>CD30

ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGA
ACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAAGCTGCTGGTGGTCTACCCTTGGAC
CCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACC
CTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCA
CCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTG
CACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCC
ATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGC
TGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAA

MVHLTPEEKSAVTALWGK
VNVDEVGGEALGKLLVVYP
WTQRFFESFGDLSTPDAVM
GNPKVKAHGKKVLGAFSD
GLAHLDNLKGTFATLSELH
CDKLHVDPENFRLLGNVLV
CVLAHHFGKEFTPPVQAAY
QKVVAGVANALAHKYH

>Cs 15

ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGAGGCAAGGTGA
ACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGAC
CCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACC
CTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCA
CCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTG
CACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCC
ATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGC
TGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAA

MVHLTPEEKSAVTALGKVN
VDEVGGEALGRLLVVYPWT
QRFFESFGDLSTPDAVMGNP
KVKAHGKKVLGAFSDGLA
HLDNLKGTFATLSELHCDK
LHVDPENFRLLGNVLVCVL
AHHFGKEFTPPVQAAYQKV
VAGVANALAHKYH
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Table-2: List of predicted post-translational sites

Post-Translational Sites
Sequences netglycate-1.0 prediction results # netphos-3.1b prediction results
Serine/
position Score Site nature Position Threonine Context Score Kinase
9 0.89 glycate 5 T MVHLTPEEK 0.557 p38MAPK
18 0.778 glycate 5 T MVHLTPEEK 0.929 unsp
67 0.842 glycate 39 T VYPWTQRFF 0.633 PKC
Normal 121 0.825 glycate 45 S RFFESFGDL 0.571 CKI
145 0.779 glycate 45 S RFFESFGDL 0.62 unsp
50 S FGDLSTPDA 0.987 unsp
51 T GDLSTPDAV 0.529 p38MAPK
88 T GTFATLSEL 0.624 PKA
88 T GTFATLSEL 0.586 unsp
7 0.796 glycate 37 T VYPWTQRFF 0.633 PKC
16 0.781 glycate 43 S RFFESFGDL 0.571 CKI
65 0.841 glycate 43 S RFFESFGDL 0.62 unsp
CD5 119 0.825 glycate 48 S FGDLSTPDA 0.987 unsp
143 0.779 glycate 49 T GDLSTPDAV 0.529 p38MAPK
86 T GTFATLSEL 0.624 PKA
86 T GTFATLSEL 0.586 unsp
17 0.93 glycate 9 S LRRRSAVTA 0.951 unsp
66 0.841 glycate 9 S LRRRSAVTA 0.856 PKA
120 0.825 glycate 9 S LRRRSAVTA 0.646 PKG
144 0.779 glycate 12 T RSAVTALWG 0.561 PKC
38 T VYPWTQRFF 0.633 PKC
Fr 8-9 44 S RFFESFGDL 0.62 unsp
44 S RFFESFGDL 0.571 CKI
49 S FGDLSTPDA 0.987 unsp
50 T GDLSTPDAV 0.529 p38MAPK
87 T GTFATLSEL 0.624 PKA
87 T GTFATLSEL 0.586 unsp
16 0.719 glycate 37 T VYPWTQRFF 0.633 PKC
65 0.841 glycate 43 S RFFESFGDL 0.62 unsp
119 0.825 glycate 43 S RFFESFGDL 0.571 CKI
Fr16 143 0.779 glycate 48 S FGDLSTPDA 0.987 unsp
49 T GDLSTPDAV 0.529 p38MAPK
86 T GTFATLSEL 0.624 PKA
86 T GTFATLSEL 0.586 unsp
62 0.841 glycate 21 S GERGSWWGP 0.659 PKA
116 0.825 glycate 21 S GERGSWWGP 0.557 unsp
140 0.779 glycate 40 S PEVESFGDL 0.98 unsp
Fr41-42 40 S PEVESFGDL 0.521 CKI
45 S FGDLSTPDA 0.987 unsp
46 T GDLSTPDAV 0.529 p38MAPK
83 T GTFATLSEL 0.624 PKA
83 T GTFATLSEL 0.586 unsp
9 0.89 glycate 5 T MVHLTPEEK 0.929 unsp
18 0.778 glycate 5 T MVHLTPEEK 0.557 p38MAPK
67 0.842 glycate 39 T VYPWTQRFF 0.633 PKC
121 0.825 glycate 45 S RFFESFGDL 0.62 unsp
cd30 145 0.779 glycate 45 S RFFESFGDL 0.571 CKI
50 S FGDLSTPDA 0.987 unsp
51 T GDLSTPDAV 0.529 p38MAPK
88 T GTFATLSEL 0.624 PKA
88 T GTFATLSEL 0.586 unsp
9 0.834 glycate 5 T MVHLTPEEK 0.929 unsp
66 0.841 glycate 5 T MVHLTPEEK 0.557 p3SMAPK
120 0.825 glycate 38 T VYPWTQRFF 0.633 PKC
144 0.779 glycate 44 S RFFESFGDL 0.62 unsp
csl5 44 S RFFESFGDL 0.571 CKI
49 S FGDLSTPDA 0.987 unsp
50 T GDLSTPDAV 0.529 p38MAPK
87 T GTFATLSEL 0.624 PKA
87 T GTFATLSEL 0.586 unsp
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(A) Multiple Sequence Alignment
of normal and mutated HBB gene product

CLUSTAL 0(1.2.4) multiple sequence alignment

FRA1-42 GASDSGEVCRYCPVGQGERGSWWGPGQAAGGL P -LDPEVESFGDLSTPDAVMG 52
FR-16 GASDSGE NVDEVGG - - EALGRLLVVYPWTQRF FESFGDL STPDAVMG
GG - - EALGRLLVVYPWTQRFFESFGDL STPDAVMG
G- - EALGRLLVVYPWTQRF FESFGDLSTPDAVMG
5- - EALGRLLVVYPWTQRF FESFGDL STPDAVMG
EALGRLLVVYPWTQRF FESFGDLSTPDAVMG
WHG

_WCILLRRR
oS WCIL-EEX
Cs15 MVHLTP -EEX

ATLSELHCDKLHVDPENFRLLGNVLVCVLAH 112
SELHCDKLHVDPENFRLLGNVLVCVLAH

FRA1-42
FR-16
FR8-9
s
Cs15
Hormal
D30
FR41-42
FR-16
FR8-9
s
Cs15
HNormal
co3e

(B)

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

4:{% FR-16-0.00134
FR8-90.01887
CD5 0.00182

Cs15 0.00413

——
Figure-1: HBB Homology and Phylogenetic
Analysis. (A) Multiple sequence alignment (B)

Phylogenetic tree. Both analyses revealed Cd30 to

be more identical and homologous to normal HBB

while Fr41-42 was the least identical variant

Figure-2: Built 3-D structures of the HBB variants
superimposed on the normal structure. Each
variant is shown in red while normal HBB is

depicted in yellow

DISCUSSION

In this study we have focused on the effects of HBB
mutations on sequence, post-translational modification,
and structure using in-silico computational approaches.
Hypothetically all the nonsense mutations were assumed
to be missense. Moreover, early stop codons from the
translated sequences were removed. This strategy relied
on prediction tools available in public domain.
Post-translational modifications in general,
have been reported to enhance haemoglobin yield
without effecting the gene expression levels.”” Hence,
studying such, in our opinion, was a critical factor in

better understanding of haemoglobin disorders. Our
selection of HBB mutations was influenced by our
previous study (in press) in which prominent HBB
genetic polymorphism among various ethnic groups
within Khyber Pakhtunkhwa, Pakistan population were
reported. The same study observed Fr 8-9 (+G) to be the
most frequent or the only mutation in 13 ethnic groups
followed by CD 5 (-CT). When considered in reference
to geographic distribution, Fr 8-9 (+G) mutation was
most common in central regions of Khyber
Pakhtunkhwa, i.e., Kurram, Khyber, Peshawar,
Charsadah, Mardan, Hangu, Swabi. While distant
regions harbored different mutations, i.e., Cd-15 (G>A)
in North Waziristan, ISV 1-5/Cap+1 (A-C) in Karak,
and Fr 41-42 (-TTCT) in Swat. These reported
mutations are in accordance with local and regional
reported data.”*

A unique O linked glycosylation site was
observed in CD15 (G>A) variant unlike in the other
mutants or the normal protein itself. Generally,
glycation increases the overall stability of a
glycoprotein®® Yet for haemoglobin glycation is
considered as diagnostic marker for diabetes.”> Another
key post-translational modification was the varying
number of Phosphorylation sites. Four such unique sites
(two in each) in proteins FR8-9(+G) and FR41-42(-
TTCT) make them target for unnecessary victim of
PTMs. Unlike the other variants where the sites were
shifted up or down stream due to inde/ mutations, these
four sites were different in protein sequence.
Phosphorylation of eukaryotic initiation factor 2a
(elF2a) is reported to enhance fetal haemoglobin
production in thalassemia patients.” However, the
implication of new phosphorylation sites needs to be
studied in more details before deducing any
implications. In a surprising manner the built variant
structures did not exhibit any prominent structural
variation in comparison to the normal structure, yet
when Ramachandran plots were studied, the effects of
the variations were evident in terms of slight strains on
the amino acids as observed due to varying sequence.

The current results underscore the utility of
computational modelling in hypothesizing the
pathogenesis of genetic disorders. Despite its potential,
ease of access and low costs, this approach carries a
number of weaknesses. Firstly, human body has a
complex ecosystem and processes such as haemoglobin
function are modulated by numerous cellular and
molecular mechanisms, not taken into consideration
during in-silico analysis. It is remarkable how protein
structures which are halted from production in the body
were produced hypothetically. Secondly, lack of
understanding of computational biology by clinical
scientists makes it difficult to use this in clinical
research. Nonetheless, this study highlighted several
critical dissimilarities of HBB molecules from mutated
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sequences which may help in understanding the
pathogenesis of reduced production of HBB in
thalassaemia. There is a need for greater collaboration
between computational biologists and clinical and lab
scientists to utilize the potential of computational
biology in understanding, preventing and treating
disease.

CONCLUSION

HBB genetic polymorphic variants exhibit a varying
pattern of post-translational modification sites, i.e.,
glycation and phosphorylation sites. At least one O
linked glycosylation site in CD 15(-CT) and two
phosphorylation sites in FR 8-9(+G) and FR 41-42(-
TTCT) were predicted. This study is proof-of-principle
that thalassaemia genetic mutations not only reduce the
amount of globin chain synthesis, but also produce
differentially structured proteins, adding to the
complexity of the genotype-phenotype relationship.
Integration of computational biology and clinical
sciences will be required to fully utilize the potential of
in-silico studies.
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