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Abstract: Thalassemia is a common monogenic autosomal disorder prevalent in India. HbE beta thalassemia
is a compound heterozygous state of two different beta globin mutations (HBB), predominant in the Eastern
India. In HbE-beta thalassemia ([3*/°) patients, one HBB mutation does not produce any functional protein
(°); another mutation produces a structural altered haemoglobin, variant E (8*). It has been observed that in
HbE-beta thalassemia patients with same type of HBB mutations, there exist diverse phenotypic presentation
ranging from very severe, with regular transfusion-dependence to clinically non severe requiring very less
transfusion or no transfusion. To explore this phenotypic mystery, we performed trio based expanded whole
exome sequencing (WES) of two extreme phenotypes of HbE beta thalassemia subjects with similar HBB
genotype and their parents. For WES library preparation, Agilent Sure select V6+UTR kit was used and
sequencing was done through the Illumina HiSeq 2500 platform. This study aimed to search for de novo or
inherited variants associated with the clinical severity. Six significant inherited variants were found in the
genes, ATOHS, TTLL4, P2RX7, PRSS54, SLC9C2 and VRK2 in severe subject, however only one significant
inherited variant in MTRR gene was found in non-severe subject. Bioinformatic analysis also confirms that
each variant significantly changes in respective protein structure. The identified genes were either associated
with iron absorption, oxidative stress, hematopoietic stem cell differentiation, structural organization of RBC
cytoskeleton or regulating anemia. No significant de novo variant were identified associated with clinical
severity. The finding of this study indicates that the combined effect of mutation load in major pathways may
responsible for severe phenotype.

Keywords: WES; Thalassemia; phenotype

Introduction

Thalassemia is an inherited monogenic disease caused by the mutation in the beta globin (HHBB)
gene!. Although it’s monogenic origin, clinical severity of beta thalassemia (-thalassemia) varies
from very severe to mild. It has been noticed that a group of subjects present the disease at very early
age and need regular transfusion for survival, on the other hand, cases also reported with late onset
and do not require regular transfusion?. Recently, we reported the role of HBB gene mutation and
alpha globin gene (HBA) mutation has a role in the (3-thalassemia clinical severity which ultimately
regulate the globin synthesis®. Other studies also reveal that genetic variants which regulate the fetal
hemoglobin (HbF) production may also causes the (3>-thalassemia clinical severity.

The present knowledge of genotyped for thalassemia severity, either on globin chain or
globin synthesis centric. However, a huge percentage of B-thalassemia subject, in spite of having
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same globin genotype, but possess extreme different phenotype severity. Thus, it may be
involvement of non-globin genes, which might play crucial role for such phenotype heterogeneity.
To decipher this phenotypic mystery, we recruited two index cases with same HBB mutant of 3+/
B0 genotype [compound heterozygous IVS1-5(G>C) and CD26(G>A)], with HBA wild type.

Subjects and Methods

Along with the index cases, their parents also recruited for trio-based study. Although they
posses same mutant HBB genotype, but clinically they were of extreme variations (Table 1). This
study was approved by the ethics committee of The University of Burdwan.

Table 1. Clinical findings of the selected subjects.

Clinical parameter Severe Non-severe
Present age 13 year 16 year

Sex Female Female

Age of presentation 10 months 14 years

Baseline hemoglobin 6.1 gm/dl 8 gm/dl
Transfusion Interval 2 months No transfusion yet
Spleen size 7 cm 6 cm

MCV (fl) 61.1 64.4

MCH (pg) 18.1 19.3

RDW% 28.5 29.8

HPLC impression HbE-{ thalassemia HbE-f thalassemia
HbAO (%) 3.1 6.6

HbEF (%) 50.3 31.5

HbA2+E (%) 42.6 57.4

Subiject 1, was presented the disease at 10 months of age and found to have severe anemia (steady
state hemoglobin level was 6.1 g/dl). She undergone a regular blood transfusion at an interval of 2
months for the last 13 years (Table: 1). The sanger sequencing of HBB gene confirms the 3 thalassemia
disease with [IVS1-5(G>C) and CD26(G>A)]. Both the parents are found to be carrier for (3 thalassemia
(Figure 1A). She representing as severe, transfusion dependent thalassaemic subject
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Figure 1. (A) Pedigree of family- 1, showing both the parents are carriers (I-1, I-2) and both the
children are affected. II-1 is index case, the severe subject (marked by arrow) (B, C, D, E) IGV view of
sequence BAM file, shows that all the selected variants are in heterozygous condition with high
sequence coverage. B; RHAG (rs553258732) Reference base ‘C” altered to G. C; TTLL4 (rs116116034);
D; ATOHS (rs558361422); E; P2RX7 (rs28360447). (F, G, H, I) Conservation analysis of mutated amino
acid by Multiple sequence alignment by Clustal Omega software, mutated amino acid sequence
compare with human and other 6 mammalian ortholog species, conserved amino acid position
marked in box, F. RHAG G. TTLL4, H. ATOH8 I. P2RX7 (J, K, L, M) Protein tertiary structure template
PDB were either retrieved from RSCB PDB database or predicted by I-TASSER software and overall
impact of missense mutations, were predicted by Comparing wild and mutated proteins using
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PyMOL software. J; 3D structure of RHAG protein based on Protein Data Bank (PDB) template 7V0S.
Substitution of p389 Gly>Arg in extended strand region introducing two new unfavorable
interactions with the neighboring water molecule and with 2°¢ Arg amino acid. The water molecule
is indicated by the red sphere and the unfavorable interaction indicated as orange dotted line. K;
Predicted 3D structure of TTLL4 protein by I-TASSE, in wild type, 1005th Asp amino acid forms 2
hydrogen bonds with 1008th Arg, and is involved in 1 hydrogen bond with the 1009th Ile, but in
mutant p1005 Asp> Gly all the 3-hydrogen bonds (yellow dotted line) are abolished, indicated with
yellow arrow, which might leads to the disruption of the tight packaging of TTLL4 protein. L;
Predicted 3D structure of ATOHS protein by I-TASSER, mutation from Gly to Arg at 59th position
involving a steric clash (orange dotted line) with Asn at 58th position indicated with yellow arrow M;
Predicted 3D structure of P2RX7 protein by I-TASSER, mutation at 150th position from Gly to Arg
creating 2 new hydrogen bonds (yellow dotted line) with neighbouring 133rd Arg amino acid which
might introduce more rigidity to the protein conformation.

Subject 2, was presented the disease at 14 years of age with anaemia during regular blood test
(Figure 2A). She did not take any transfusion for the last 16 years and maintained a steady state
hemoglobin level of 8g/dl. She had a splenomegaly of 6 cm from the left costal margin. (Table 1). The
sanger sequencing of the HBB gene of this subject also confirms the {3 thalassemia disease with
[IVS1-5(G>C) and CD26(G>A)]. Both the parents are found to be carrier for (3 thalassemia. She
representing as a non-severe thalassemia subject.
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Figure 2. A; Pedigree of family-2, index II-1 (marked by arrow) is non-severe and both the parents are
carriers. B; IGV view of sequence BAM file, shows that the TFR2 (rs150618729) variant are in
heterozygous condition with high sequence coverage C; Multiple sequence alignment by Clustal
Omega, of TFR2 gene, and the conserved amino acid position marked in box. D; Predicted 3D
structure of human TFR2 protein by I-TASSER, substitution from Val> Ile at 502nd position creating
steric clash (orange dotted line) with Arg at 469th position at adjacent coil region might destabilize
the protein structure.

We performed trio based extended whole exome sequencing (WES) of six subjects , two index
cases as well as, father, mother of each one. For WES, DNA from the peripheral blood was
extracted from the subjects. Agilent Sure select XT Human all Exome V6+UTR kit (Agilent, USA) was
used for library preparation. Sequence run was performed in Illumina HiSeq 2500 platform. The
sequence data was aligned using human reference genome, hgl9 and variant calling file (VCF) was
generated and annotated with VarAFT tool’. To find out the significant genetic variants we perform
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both de novo variant and inherited variants searching (Supplementary Fig-1, Supplementary Fig-2).
Among the total variants, only the non-synonymous, exonic, splice site, indel, stop-gain, stop-loss
variants were considered. Variants were further filtered MAF < 0.01as per 1000genome data base®.
Variants with damaging prediction, either by SIFT, PolyPhen2, and Mutation tester were retained.
These variants were compared between both severe and non-severe patient and only unique variants
in both patients were further selected, as per the guidelines of the American College of Medical
Genetics (ACMG) 20157. Only the uncertain significant, pathogenic, and likely pathogenic variants
were considered for further functional prediction /structural analysis. Function and disease
association of each gene of respective variants were obtained from exhaustive literature survey as
well as the public database, Gene Cards® and OMIM?. The impact of the variants on the gene product
were predicted using SOPMA!? and I-Mutant 2.0" tools. The tertiary protein structure were obtained
from RSCB PDB database'2. The 3D stricture were generated by I-TASSER®' . To compare the
alteration between wild and mutant proteins, PyMol was used's. Multiple sequence alignment was
performed using Clustal Omega'® tools to examine the sequence conservativeness of the translated
protein sequence.

Result and Discussion

In case of severe subject (Subject 1), we identified 4 significant inherited variants. We don’t find
any significant de novo variants in this study

The identified 4 inherited variants in the severe subject are of in gene RHAG (rs553258732),
TTLL4 (rs116116034), ATOHS (rs558361422), P2RX7 (rs28360447) (Fig;1.B-E). All the variants were
disease causing and present in the conserved region (Figure 1 F-I) We further check the protein level
changes of these variants using the bioinformatic tools and found that all the variants were
significantly changes in the protein secondary.

structure and stability (Table 2). The tertiary structure of the altered protein was also
significantly changes (Figure 1.J]-M).

RHAG encodes the rhesus associated glycoprotein. Mutated RhAG leads to Overhydrated
hereditary Stomatocytosis (OHST). Previously, it was reported that reduced or null expression of
RhAG is associated with osmotically fragile erythrocyte and exhibit cation leak which leads to mild
to moderate macrocytic hemolytic anemia'”.

TTLL4 is a member of the tubulin ligase like family protein and abundantly expressed in the
hematopoietic tissue of bone marrow and maintains the structural organization of RBC
cytoskeleton’®. A recent study reported that TTLL4 knock out mice have greater average diameter of
RBCs than that of the wild type and showed greater vulnerability to oxidative stress leading to
erythrolysis'®. Mutation in these 2 major membrane proteins might destabilize the structural integrity
of RBC membrane, making it much more fragile which can lead to hemolysis thus exacerbating
anaemic state and enforcing severe condition.

Table 2. Selected Variants and their effect on the protein structure.

. Predictive Effect on the Secondary structure of the
Subject Gene db SNP ID .
protein**

RHAG rs553258732 | Alpha helix: Increases. Extended strand: Decreases. Beta turn:
Increases. Random coil: Decreases

Alpha helix: No change, Extended strand: No change, Beta
TTLL4 rs116116034
turn: Decreases. Random coil: Increases

Severe
Alpha helix: Increases, Extended strand: Decreases. Beta turn:
ATOHS rs558361422
Decreases. Random coil:  Decreases

Alpha helix: Decreases, Extended strand: No change.
P2RX7 1528360447

Beta turn: No change. Random coil: Increases
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Non- TFRD rs150618729 | Alpha helix:  Increases, Extended strand: Decreases, Beta
Severe turn: Decreases, Random coil: Increases

ATOHS gene, is a positive regulator of hepcidin transcription in the liver, which maintains iron
homeostasis through regulating its own synthesis®. It has been reported that, hepcidin and ATOHS
expressions are downregulated in 3 thalassemia mice?'. Mutation in this gene may causes the iron
overload in the subject. Further evaluation reports that liver iron concentration is 6.1 mg/g in dry
tissue in this subject, which is far more than the normal level.

P2RX7 is an ATP gated cation channel, previously it has been reported that, P2RX7 mediates
ROS production in mature RBCs?2. Mutation in the P2RX7 gene may lead to various consequences
that disrupt cellular homeostasis, and may induce severe phenotype.

In case 2 (Non -sever subject), only single inherited variant in the gene TFR2 (rs150618729) was
identified. (Figure 2. B; Supplementary table-2). Protein modelling confirms the tertiary structure
changes (Figure 2.). TFR2 encodes a transmembrane glycoprotein of transferrin receptor like family,
which regulate iron homeostasis®. A recent study reported that, TFR2 knockout {3 thalassemia mice
sustained amelioration of anemia through improvement of the RBC count. Haploinsufficiency of
TFR2 triggers erythroid cells to became more susceptible to erythropoietin (EPO) stimulation which
helps erythropoiesis and improved anemic condition?. Thus this variant may help in the non-severe
subject as better clinical outcome.

In the present whole exome based pilot study, ithas been addressed the phenotype mystery
or extreme clinical variability with same globin genotype (Beta globin, as well as alpha globin).
We have sequenced the parental members of the index cases, anticipating the effect of any sporadic
mutation for this clinical mystery. But didn’t get any responsible variants out of sporadic mutation.

To the best of our knowledge, this is the first report in the world, explaining diverse clinical
presentation of thalassemia with same globin mutations. From our study, it has been hypothesized
that  if the patient co associated with severe mutation in the gene/s responsible for RBC
membrane, cytoskeleton formation, iron homeostatic, ROS generations, may be presented with
severe clinical outcome, having beta globin genotype {3 +/ 3 0 genotype.

In conclusion, hypothesis generated out of this study need to be validated, through the
multi-omics study with large sample number. Generally, (3 0/ 3 0 genotype, would be severe clinical
outcome, by the loss of two beta globin allele for 3 o mutation, but 3 +/ 3 0, would have non -severe
type. Thus, clue of the present study can helps to formulate suppurative therapy for g +/ 3 0
thalassemia of severe subjects.
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