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ABSTRACT The present study was undertaken with
the objective to study molecular heterogeneity of 3
thalassemia, to correlate the phenotype with the geno-
type in B thalassemia cases, and to know the incidence
of different B thalassemia mutations in western
Mahrashtra population, from the cases referred to the
Genetic Clinic, B.J. Medical College, Pune. Total of 114
subjects were studied. These included 85 (74.6%) known
B thalassemia carriers, 25 (21.9%) cases of 3 thalassemia
major and 4 (3.5%) cases of sickle thalassemia. Total of
58 (50.9%) males and 56 (49%) females were studied.
Amongst the total 114 cases studied 102 (89.5%) showed
presence of IVS 1-5 mutation, while 12 (10.5%) cases
showed presence of cd 41/42 mutation. Amongst the
population studied the types of B thalassemia prevalent
are 3* thalassemia, B° thalassemia, B*B° thalassemia, SB*
thalassemia SR° thalassemia. Amongst these B* thalas-
semia is the most prevalent type. Frequency of blood
transfusion (B.T.) was different in thalassemia patients
with different beta globin genotypes. Hematological find-
ings showed that presence of cd 41/42 mutation in ho-
mozygous state produces more severe phenotype than
that of 1VS 1-5 mutation. IVS 1-5 mutation in combina-
tion with sickle mutation produces less severe pheno-
type than that of cd 41/42 mutation with sickle muta-
tion. The comparative incidence of 1VS 1-5 mutation in
W.M. population is higher than that reported for
Maharashtra and T.N. Incidence of cd 41/42 mutation is
similar to that found in Tamil Nadu and North-West
Pakistan and higher than that reported for Maharashtra.
The communities, which showed higher incidence of cd
41/42 mutation, are Muslim and Navbudha. An exclu-
sive occurrence of VS 15 (G-C) and cd 41/42 mutations
in Western Maharashtra population will help us to pre-
vent beta thalassemia by prenatal diagnosis.

INTRODUCTION

[3 Thalassemiasare characterized by reduced
or absent (3 globin gene expression. The inci-
denceof 3 thalassemiatraitin Indiarangesfrom
3.5t015%. Every year morethan 10,000 children
withthalassemiamgor areborninindia(Varawala

etal. 1991). Thetreatment availablefor thalassemia
major is not satisfactory, so the prevention of
disease by carrier detection and prenatal diagno-
sis is very important. 3 thalassemia can be
broadly classified into two types, 3* thalassemia
and B0 thalassemia. Dueto molecular heteroge-
neity these two formsalso show variableclinical
and hematological pattern. In 3°thalassemiathere
isatotal absenceof 3 chain synthesis. In homozy-
gous state it leads to severe transfusion depen-
dent disease. In 3* thalassemiathereisareduced
synthesis of 3 globin chains. The clinical and
hematological pictureisextremely variable. Itis
shown that these two forms of thalassemiain
heterozygous state do not show significant he-
matological difference, but when these combine
with HbS genetheresultis different phenotype
(Millard et al. 1977).

B*/B° Thalassemia— Thisisacompound het-
erozygous state of 3 thalassemia. If 3 thalassemia
geneis of severe variety its interaction with 3°
thalassemiaproducetypical 3 thalassemiamajor
with high level of HbF. (Weatherall et al. 1981).
Sicklecell B* and sicklecell B0 thalassemiasare
the compound heterozygous states known as
sicklethalassemias. Sicklecell 3* thalassemiais
found to have milder course than sickle cell B°
thalassemia. Sicklecell 3* thalassemiaproduces
HDbS, HbF and HbA, with variable amount of
HbA. Thesevereformshavelow HbA levels(3-
15%). Mild forms have higher HbA levels (18-
30%) (Donaldson et al. 2000):

Seven different [3 thalassemia mutations are
commonly known to occur in Asian Indians,
whicharelVS15(G-C),cd41/42,cd 8-9,1VS11
(G-T), 619 bp deletion, nonsense codon 15, frame
shift at codon 16 (Varawallaet al. 1991; Kazazian
etal. 1984)
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The distribution of 3 thalassemia mutations
on Indian subcontinent has been studied.
IV S 1-5 mutation isthe most common along with
that cd 41/42 mutation isalso present. The high-
est incidence of 1VS 1-5 mutation isrecorded in
Tamil Nadu (81%) whilethat of cd 41/42in Ben-
gd (20%). (Varawdlaetd.1991; Theinet a. 1988).

The present study was under taken with the
objective to study molecular heterogeneity of 3
thalassemia, to correlate the phenotype with the
genotype in (3 thalassemia cases, and to know
the incidence of different 3 thalassemia
mutations in western Mahrashtra population,
from the casesreferred to the genetic clinic B.J.
Medical College, Pune. The patient’s popul ation
studied isfrom the western Maharashtraregion.

MATERIALS

Subjects studied were the known cases of 3
thalassemia and sickle thalassemia, which were
referred initially to the genetic clinic for the di-
agnosis of hemoglobinopathies. Total of 114
subjectswere studied. Theseincluded 85 (74.6%)
known 3 thalassemiacarriers, 25 (21.9%) cases of
[3 thalassemiamajor and 4 (3.5%) cases of sickle
thalassemia. Total of 58 (50.9%) males and 56
(49%) females were studied, from Western
Maharashtra region.

METHODS

Initially family history of each subject was
studied with the help of following proforma.
Name, Age, Sex, Address, Community, Consan-
guinity, pedigree, blood transfusion given, age
at theonset of disease. Diagnosisof 3 thalassemia
was done by the standard hematological meth-
ods. Cellulose acetate el ectrophoresis was done
at alkaline pH, (Dacies and Lewis 1995) HbA,
guantitation, HbF quantitation was done on Bio-
Rad Variant (Wilson et al. 1983; Fuscharoen et al.
1988). Sickling test wasdonefor confirmation of
sickle cell anemia. Then 5 cc. blood of the
diagnosed cases was collected in the wintrobes
bulb and DNA isolation was perforsmed by phe-
nol chloroform extraction method (John 1991).

ABMS PCR was carried out for detection of
b thalassemiamutations (Theinet a. 1988; New-
tonetal. 1989). DNA sampleswere screened for

IVS1.5(G-C), frameshiftatcd 8/9,IVS11(G-T),
619 bp deletion, nonsense codon 15 mutations.
A 25 ul reaction mixture contained 0.5 ug genomic
DNA, 5pmoal of each oligonuclectide primer, 200
uM of eachdNTPin10mM tris-Cl, 50 mM KCl,
1.5mM MgCl ,. Thethermal cyclingwasdoneas
follows. Initial cycleof 95° Cfor 5 minfollowed
by 25 cyclesof 94°C 1 min, 65°C 1 min, 72°C 1 min
15 sec. Last cycleof extension at 72°C for 5min.
The amplified product was electrophoresed us-
ing 0.5 X TBE buffer using 2% agarose gel. The
bands were visualized on U.V. transilluminator
after EtBr staining.

RESULTS

Amongst the total 114 cases studied 102
(89.5%) showed presence of VS 1-5 mutation
(Fig. 1), while 12 (10.5%) cases showed presence
of cd (41/ 42) mutation (Fig. 2).

Amongst the total 85 cases of thalassemia
trait, IVS 1-5 mutation was present in 77 (91.7%)
cases while cd 41/42 mutation was present in
7(8.3%) cases. Amongst total 25 cases of
thalassemiaMgjor 1V S 1-5 mutation was present
in22 (88.0%) caseswhile cd 41/42 mutationswere
presentsin 3 (12.0%) cases. Amongst the 4 cases
of sickle thalassemia, 1VS 1-5 mutation was
present in 2 (50%) caseswhile cd (41/42) muta-
tionwas present in 2 (50%) cases (Table 1).

GenotypePhenotypeCorrédation

In case of 3 thalassemia carriers with cd 41/
42 mutation (B° thalassemia) the average HbA,
was5.57% and HbF 1.4% (Table 2). The couples
with this mutation had history of death of sib-
lings. In cases of B9 thalassemia carriers with
IV S1-5 mution the average Hb was 12.49%, HbA ,
5.4% and HbF 2.2% (Table 2). Amongst 78 carri-
ersof 1VS1-5mutation 6 couplesshowed history
of death of siblings at 5 monthsto 5 yr. of age.
Amongst thetotal 7 carriersof cd 41/42 mutation,
4 couples showed history of death of their sib-
lingsat 9 monthsto 3yr. of age (Table 3). Amongst
thetwo cases of homozygous3° thalassemiathe
average Hb was 6.0 g%. HbA, 4.0% and HbF
79.0% one child received blood transfusion at 1-
2 monthsinterval up to 3 yearsof of ageand then
died, another child received blood transfusion at
1-month interval and died at 11 months of age
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Fig. 1. A photograph showing results obtained after electrophoresis of amplified product using mutation specific
Primers1VS 1-5 G-C and cd 41/42.

Well No. 1 to 11 showing internal control band of 861bp and mutation specific band of 285 bp with mutation
specific Primer 1VS 1-5 G-C. Well no. 8 shows positive control for 1IVS 1 5. Well no.12 shows molecular weight
marker (PBR 322 Hinf 1 digest), well no.13, 14 shows 440 bp band with cd 42/42 mutation specific primers, and

theinternal control bands of 861 bp, well no. 15 shows 861 bp band in negative control.

Fig. 2. A photograph showing results obtained after electrophoresis of amplified product using mutation specific
Primers1VS 1-5 G-C and cd 41/42.

Well no. 1to 6 shows an internal control band of 861 bp and a mutant band of 285 bp with mutation specific
primers VS 15. Well no. 7 shows molecular weight marker (PBR 322 hinf 1 digest). Well no. 8 shows positive
control for cd 41/42 mutation. Well no.9-13 show internal control band of 861 bp and mutant band of 440 bp with
mutant specific primers of cd 41/42. Well no. 14 shows negative control.



222

S.SAMBEKAR, M.A.PHADKE, D.N. BALPANDE ET AL.

Table 1: Distribution of beta thalassemia mutations according to the type of disease

Disease Thalassemia trait  Thalassemia major  Sickle thalassemia Total No. of Cases Frequency %

Mutation No. of chro- Per cent No. of chro- Per cent No. of chro- Percent - -
mosomes mosomes mosomes

IVS 1-5 (G-C) 78 91.7 22 88.0 2 50.0 102 89.5

Cd 41/42 7 8.3 3 12.0 2 50.0 12 10.5

Table 2: Hematological findings in beta thalassemia cases from western Maharashtra region

Type of Sate of Hb g% HbA, % HbF % HbS% HbA % Mutation No. of Cases Per cent

thalassemia Disease

po Heterozygous 11.7 5.5 1.4 84.0 Cd41/42 9 7.9

go Homozygous 6.0 4.0 79.0 18 Cd 41/42 2 1.8

Bo /Bt Compound 7.8 4.7 84.3 13.0 Cd41/42 3 2.6
Heterozygous IVS15

SRO Compound 8.0 5.0 25.0 68.0 5.0 Cd41/42 2 1.8
Heterozygous Sickle

St Compound 13.0 3.5 28.0 61.7 19.8 IVS 15 2 1.8
Heterozygous Sickle

+ Heterozygous 12.4 5.4 2.2 83.0 IVS 1-5 76 66.6
B* Homozygous 7.05 3.9 48.6 54.0 IVS 1-5 20 17.5
Total 114 100.0

Table 3: Average frequency of blood transfusion and age at the onset of disease in homozygotes and
compound heterozygotes according to their genotype

Genotype Age at onset of disease Freg. of B.T. Age at death
Cd 41/42 6 months —-1.5 yrs 4-8 weeks 9m -3yrs
Cd 4142/ IVS15 1-5yrs No/ once in life 1.5 yrs/ no death
IVS15 7- 18 months 4-6 weeks No death/5m-5yrs

(Table3). In case of compound heterozygoteswith
IVSl-5and cd 41/42 mutationi.e. B*/RCthalassemia
the average Hb was 7.8% HbA, 4.7% and HbF
98%in onecaseand 75.0% in two cases studied.
Onechild had received 1 blood transfusionin 11
yearsof life span while another has not received
blood transfusion until now and both are till
survying. In 3/ case child had received only one
B.T. and died at 1% years of age. In case of ho-
mozygoteswith 1V S1-5 mutation average Hb was
7.059% HbA , 3.9% and HbF 48.6%. The average
frequency of B.T. was 2-4 weeks.

In case of compound heterozygotes of sickle
thalassemiawith VS 1-5 mutation, the average
HDbA, was 3.5 % HbF was 28.0%, average HbS
was 61.7%, and HbA 19.8%. Therewas no his-
tory B.T. Therewas not any history of death of
siblingsinacouplewith SB* thalassemia. In case
of compound heterozygotes of sicklethalassemia
with cd 41/42 mutation, the average Hb was 8.0
g% HbA, 5.0%, HbF 25.0%. HbS 68.0 and HbA
5%. There was no history of B.T. Couplesin

which one member was carrier for cd 41/ 42
mutation along with sickle mutation, showed
history of death of siblings.

Compar ativel ncidenceof 3 ThalassemiaM uta-
tion in Wester n M ahar ashtra Population with
Other Partsof India

InMaharashtraincidenceof VS 1-5 mutation
reported is 54%, that in Sindh is 12%, Punjab
38%, Bengal 60%, Tamil Nadu 81%, Gujarat 41%.
(Varawalla et al. 1991). Incidence of IVS 1-5
mutation reported by us for W.M. region is
around (90.4%) which is quite higher than that
reported for Maharashtra.

Incidence of cd 41/42 mutation reported for
Maharashtra is 7.6% that for N.W. Pakistan is
10%, Bengal 20%, Tamil Nadu 10%. Incidence
reported by usfor W.M. Regionis9.6% whichis
higher than that reported for Maharashtra.

The communitiesthat showed presence of cd
41/42 mutation are Muslim (4), Navbudha (3),
Lingayat (2), Matang (1), Brahmin (1).
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DISCUSSION

Amongst the popul ation studied the types of
B thalassemias prevalent are B* thalassemia, B°
thalassemia, B*/B° thalassemia, SB* thalassemia
SBO thalassemia. Amongst these, 3+ thalassemia
isthe most prevalent type.

Theincidence of IVS 1-5 mutation is 89.5%
and cd 41/42 mutation is 10.5% in Western
Maharashtra population.

30 thalassemia in Asian Indians is found to
be caused by either cd 41/42 mutation, 0.6 kb
deletion or 619 bp deletion (Spritz and Orkin 1982;
Kazazian et al. 1984). B thalassemiain Western
Maharashtra population is found to be caused
by cd 41/42 mutation only.

Anexclusive occurrenceof VS 15 mutation
isreportedin Orissastate of India. (Kulozik et al.
1991). In Western Maharashtra population also
around 90% cases showed presence of this
mutation.

Hematological findings showed that pres-
ence of cd 41/42 mutation in homozygous state
produces more severe phenotype than that of
IVS 1-5 mutation. Heterozygotes of these two
mutations do not show significant hematologi-
cal difference. IV S 1-5 mutation in combination
with sickle mutation produces less severe phe-
notypethan that of cd 41/42 mutation with sickle
mutation.

Frequency of B.T. wasdifferent in thalassemia
patients with different genotypes. Frequency of
blood transfusion was 2-4 Wksin homozygotes
of IVS1-5mutation, it wassimilar in homozygotes
of cd 41/42 mutation but the shorter lifespan was
seen in these. In compound heterozygotes of
VS 1-5 and cd 41/42 mutations the frequency of
blood transfusion was very less (once or twice
in alifespan) or there was no history of blood
transfusion, but early death was seen in some
cases (Table 3).

The comparative incidence of 1VS 1-5
mutation in Western Maharashtra populationis
higher than that reported for Maharashtra and
Tamil Nadu. Incidence of cd 41/42 mutation is
similar to that found in Tamil Nadu and N.W.
Pakistan and higher than that reported for
Maharashtra. The communities, which showed
higher incidence of cd 41/42 mutation are Mus-
lim and Navbudha.

An exclusive presence of two mutations|VS
1-5 and cd 41/42 in Western Maharashtra
population can be correlated to the independent
origin of these mutations in this population
group. Thiswill definitely help usto prevent beta

thalassemiaand sicklethal assemiaby prenatal di-
agnosis.
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