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Abstract. B-globin gene haplotypes were determined for
196 normal (B-A) and 419 thalassaemia {(B-Th) chromo-
somes of individuals from four different regions of the
Indian subcontinent; North-west Pakistan, Gujarat, Pun-
jab and Sindh. Analysis of B-A and B-Th haplotypes and
haplotype-mutation associations in each regional group
along with a consideration of Indian history provided in-
formation about the origin and spread of p-thalassaemia
mutations on the Indian subcontinent. The data are con-
sistent with relatively recent and local origins for most -
thalassaemia mutations. The frequencies of particular al-
leles differ markedly in various regions and these may be
useful population markers. Of the high frequency al-
leles, intervening sequence 1 (IVS-1) nucleotide 5 (G-C)
and codons 41/42 (-CTTT) appear to be older as suggest-
ed by multiple haplotype associations and a widespread
geographical distribution. The microepidemiology of B-
thalassaemia in this region reflects considerable ethnic
diversity, gene flow from population migration and nat-
ural selection by malaria infection.

Introduction

The ethnic composition of the Asian Indian population
is varied and complex with six main races described in
prehistoric India, before the arrival of the Aryan-speak-
ing tribes from Iran into the north-western region of the
Indian subcontinent in 1500 B.C. (Thapar 1966). This is
refelcted in the ethnographic complexity of the popula-
tion that today inhabits the Indian subcontinent. The
strict endogamy required by the caste system has per-
petuated local genetic diversity. This extreme and long-
standing genetic heterogeneity is a distinctive feature of
the Asian Indian population and to a certain extent ac-
counts for the uneven and variable distribution of vari-
ous genetic markers such as blood group antigens (Mou-
rant et al. 1983) as well as the haemoglobinopathies in
this population (Brittenham 1983). B-Thalassaemia,
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which is widely prevalent in the malaria infested areas of
the world, appears to be the most common monogenic
disease on the Indian subcontinent. The incidence of the
B-thalassaemia trait is not uniform in India and varies from
1%-15% in different regions (Sukumaran 1974). There
are few published gene-frequency data for Pakistan,
Bangladesh and Sri Lanka but anecdotal reports sug-
gest a high incidence. At the molecular level the dis-
ease is heterogeneous with 16 different -thalassaemia
mutations identified and 5 common ones accounting for
93% of p-thalassaemia alleles (Varawalla et al. 1991a, b).

Analysis of restriction fragment length polymorphisms
(RFLPs) in the globin gene cluster has been useful for
determining the origin and spread of the thalassaemia
and for defining the relationships of several human pop-
ulations (Wainscoat et al. 1986; Hill et al. 1989). Since -
thalassaemia is widely prevalent and heterogeneous in
the Asian Indian population we have carried out a large
survey of B-globin gene haplotypes in disease carriers to
study the origin and spread of this disease on the Indian
subcontinent. Analysis of 615 p-globin gene haplotypes
reveals clear evidence of local genetic differentiation, al-
lows inferences to be made about the origin of particular
B-thalassaemia mutations, and suggests that certain glo-
bin gene variants may be useful markers for anthropo-
logical studies in this region.

Subjects and methods

Subjects

Population sample. The population sample consisted of 708 unre-
lated carriers of B-thalassacmia originating from different parts of
the Indian subcontinent. Twenty millilitres of whole blood was col-
lected from each of these subjects along with their family mem-
bers. In all 470 individuals were interviewed and bled in India and
the blood samples were transported to Oxford. The remaining 238
were immigrants living in the U.K. DNA was extracted from the
EDTA-anticoagulated blood samples by phenol extraction (Old
and Higgs 1983). The B-thalassaemia mutation of each of these
heterozygotes was identified using allele specific primers in the
polymerase chain reaction (PCR) and direct DNA sequencing
(Varawalla et al. 1991a, b).
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Fig. 1. Map of the Indian subcontinent showing the countries., re-
gions and cities referred to in the text

Regional origins. The regional and ethnic origins of each individual
were ascertained by interview. Almost all of them originated from
North-west Pakistan, Gujarat, Punjab and Sindh (Fig. 1), which
are geographical regions not corresponding to political boundaries.
The restriction of subjects studied to these four regions reflects in
part the higher prevalence of B-thalassaemia in these regional
groups compared with the subcontinent as a whole and in part our
sampling procedure. The individuals living in India originated pre-
dominantly from the urban areas of Bombay and New Delhi: pop-
ulation movements in 1947 brought substantial numbers of p-thal-
assaemia carriers to Bombay from Sindh and into the area around
New Delhi from areas of Punjab, which then became part of Pakis-
tan. The immigrant Asian Indian population in the U.K. is com-
prised mainly of individuals originating from Pakistan and Punjab
along with the Gujaratis who had initially settled in East Africa be-
fore migrating to the U.K.

Methods

Southern blot analysis. Seven RFLP sites in the B-globin gene clus-
ter: HindIl-¢, HindIII-Gy, HindIII-Ay, HindII-5"yp, HindII-3yp,
Avall-B and BamHI-B (Fig.2) were studied; the combination of
these polymorphic restriction sites constituted the B-globin gene
haplotype for that chromosome. In the earlier part of this study
this was done by Southern blotting and hybridisation (Old and
Higgs 1983) using genomic DNA probes; the probes used were 1.3-
kb BamHI/EcoRle, 3.2-kb HindIIly, 3.9-kb PstIyp and a 4.4kb
PstIB.

Restriction enzyme digestion of PCR product. Later, the $-globin
gene haplotypes were determined more simply and rapidly by PCR.
Fragments of the B-globin gene cluster that contained the polymor-
phic restriction sites were amplified and subjected to restriction en-
zyme digestion. The RFLPs studied were those listed above with
the exception of the BamHI site. It is difficult to amplify the region
around the BamHI polymorphic site as it lies within a repetitive se-
quence. Hence the Hinfl polymorphism located 3’ to the B-globin
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Fig. 2. Schematic representation of the B-globin gene cluster show-
ing the restriction enzyme cutting sites used for haplotype construc-
tion. H, Hindll; Hd, Hindlll: A, Avall; B, BamHI; Hf, Hinfl.
The Hinfl (Hf) site was examined instead of the BamHI site, when
the haplotypes were constructed by the polymerase chain reaction
(PCR)

gene, which is in complete linkage disequilibrium with the BamHI
polymorphism (Semenza et al. 1989), was studied instead. The
oligonucleotide primers used for the amplification of the fragments
containing the restriction sites are listed in Table 1. along with the
fragment sizes following restriction enzyme digestion in the pres-
ence and absence of the restriction site. The primers used to am-
plify the Hinfl-B site were designed so that they avoided the region
of the 619-bp deletion that is prevalent in Asian Indians.

The PCR was performed using approximately 0.5pg of geno-
mic DNA, in a 25-ul volume containing 20 pmol of each primer,
800 uM total dNTPs, 10mM TRIS-HCI, ph8.4. 50mMKCL. 1.5
mMMgCl; and 0.5 units Tag polymerase (AmpliTaq, Cetus). The
thermal cycling regimen consisted of 30 cycles. with denaturation
at 93°C for 1 min, annealing at 55°C for | min and extension at 72°C
for 1.5min. In the final cycle extension was prolonged to 3 min.
Amplification of the DNA fragment encompassing the HindITI-Gy
site, was achieved using an annealing temperature of 65°C. The
amplified products were subjected to restriction enzyme digestion
according to the manufacturer’s recommendations. Following di-
gestion, a 10-pl aliquot of the PCR product was examined by elec-
trophoresis in a 1.5% agarose and 1.5% NuSieve (1.C.N. Biomed-
icals) gel, which was then stained with ethidium bromide and vis-
ualised by ultraviolet transillumination. The presence or absence
of the polymorphic restriction site was determined from the size of
the digested PCR product.

Haplotype construction. The seven polymorphic restriction en-
zyme cutting sites analysed were clustered in two groups: the 34-kb
region 5' to the 6 gene contained five restriction sites and two sites
were present within the B-globin gene and 3’ to it (Fig. 2). consitut-
ing 5 and 3" PB-globin gene haplotypes. From these results the -
globin gene haplotypes were constructed for both the p-A and B-
Th chromosomes (Antonarakis et al. 1982). In order to do this it
was necessary to analyse some RFLPs in affected offspring or other
family members. In 289 subjects a definite assignment of haplo-
types was not possible owing to heterozygosity for a particular
RFLP and nonavailability of family members. These subjects were
excluded from this study.

Results

Haplotype analysis of the whole population sample

Amongst 196 normal Asian Indian chromosomes, 19 dif-
ferent p-globin gene haplotypes were identified (Table
2). Of the 32 (2°) possible 5" haplotypes, 8 were present
and 3 5" haplotypes, +———— (51%), —+—++ (20%)
and —++—+ (19%), accounted for 90% of B-A chro-
mosomes. Of the 3’ haplotypes, both the Avall-B and
BamHI-p sites were present (framework 1) (Orkin et al.
1982) in 97 (50% ) chromosomes, in 31 (16% ) the BamHI-



445

Table 1. Oligonucleotide primers used for analysis of restriction fragment length polymorphisms (RFLPs) by PCR. 1VS-2, Intervening se-

quence 2
Restriction Primer sequence Position of 5’ nucleotide ~ Product Absence Presence
site with respect to the gene  size of site (—) of site (+)
e-HindIl 5-TCTCTGTTTGATGACAAATTC 890 bp upstream from 760 bp 760 bp 446 and
the first codon 314bp
5'-AGTCATTGGTCAAGGCTGACC 130 bp upstream from
the first codon .
Gy-HindIIl 5’-AGTGCTGCAAGAAGAACAACTACC 1VS-2 position 709 328bp 328bp 91 and
237bp
5'-CTCTGCATCATGGGCAGTGAGCTC 22 bp downstream
from termination site
Ay-HindIII 5S'ATGCTGCTAATGCTTCATTAC IVS-2 position 453 635bp 635bp 327 and
308 bp
5" TCATGTGTGATCTCTCTCAGCAG 93 bp downstream
from termination site
5'yp- 5'-TCCTATCCATTACTGTTCCTTGAA IVS-2 position 541 794bp 794 bp 104 and
HindlIl 690 bp
5'-ATTGTCTTATTCTAGAGACGATTT 357 bp downstream
from termination site
3'yp- 5'-GTACTCATACTTTAAGTCCTAACT 2,431 bp downstream 914 bp 914 bp 435 and
HindIl from termination site 479bp
5" TAAGCAAGATTATTTCTGGTCTCT 3,345bp downstream
from termination site
B-Avall 5'-GTGGTCTACCCTTGGACCCAGAGG Codon 33 328bp 328bp 228 and
100bp
5'“TTCGTCTGTTTCCCATTCTAAACT IVS-2 position 112
B-Hinfl 5'-AGTTAGAGGCTTGATTTGGAGG 368 bp downstream 638bp 336bp 123 and
5'-GTTAAGGTGGTTGATGGTAAC termination site constant 213bp
1,006 bp downstream fragment
from termination site =302bp

B site was absent (framework 2) and in 68 (35%) the
Avall- site was absent (framework 3).

A total of 12 different B-globin gene haplotypes were
identified in the 419 B-Th chromosome studied. With the
exception of 5 (1% ) chromosomes their 5’ haplotype was
either +———— (78%), —+—++ (13%) or —++—+
(8%). The distribution of the 3" haplotypes was different
from that of the B-A chromosomes: 148 (35%) B-Th
chromosomes had framework 1, 46 (11%) framework 2
and 225 (54% ) framework 3. Three common haplotypes
+-——-———-+,+~———++and —+—++ ++ account-
ed for 80% of the B-Th chromosomes.

The B-Th haplotypes were found to be less diverse
than those of B-A. With the single exception of + —+—+
—+, all the B-Th chromosomes were represented amongst
the B-A haplotypes. Further, the frequency of each B-Th
haplotype was similar to that of its -A counterpart. How-
ever, the commonest haplotype, +———— —+, occur-
red at twice the frequency amongst B-thalassaemia chro-
mosomes (46% ) as compared with normal ones (22%).

Strong linkage disequilibrium between the 15 B-thal-
assaemia mutations present and the B-globin gene haplo-
types was observed (Table 3). However, the association
between the mutations and haplotypes was not absolute.
With the exception of some of the rare mutations, all
were found to be associated with more than one haplo-

type. The association between the five most common
mutations and their major haplotype ranged from 77%
to 99% . Table 3 also shows the extent of association be-
tween each of the five most common B-Th haplotypes
and their predominant mutation, thus by haplotype anal-
ysis it would be possible to predict the p-thalassaemia
mutation with 60% to 86% accuracy. Six B-thalassae-
mia mutations were found to be present on two different
frameworks.

The —+—++ and the ++—++ 5’ haplotypes have
been found to be strongly linked to an Xmnl restriction
site at —158 Gy, which is associated with increased HbF
production (Thein et al. 1987). The —+—++ 5’ haplo-
type was found in 53 out of 419 (12.7%) B-Th chromo-
somes, including 33 out of 36 (92% ) chromosomes carry-
ing the intervening sequence 1 (IVS-1) nucleotide 1 (G-
T) mutation and the ++—++ 5’ haplotype was not found
in a single B-Th chromosome. In contrast 47 out of the
196 (24.6%) B-A chromosomes studied had these haplo-
types: 39 with —+—+4 and 8 with ++—++.

Haplotype analysis in different regions

Of the 419 B-Th chromosomes haplotyped, 404 originat-
ed from either North-west Pakistan, Gujarat, Punjab or
Sindh; correspondingly 187 of the 196 B-A chromosomes
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Table 2. B-A and B-Th haplotypes in Asian Indians

Haplotype B-A (%) B-Th (%)
to——— 4t 41 (21) 95 (23)
—+—++ ++ 25 (13) 44 (10
—t+=—+ ++ 21 (11) 9 (2)
S 3 (2) -
—f——+ ++ 1 (0.5) -
-+t 4 T4 Q) -
————— ++ 1 (0.5) 1 (0.3)
+++—+ ++ 1 (0.5) -
e 15 (8) 38 (9
— =ttt - 4 (2 5 (1)
—tt—t +— 5 (3) 3 (1)
—tt—— - 2 (1) -
—t——t 4 1 (0.5) -
+t+—++ +- 4 (2) -
-t 44 (22) 194 (46)
—t—++ —+ 10 (5) 4 (1)
~tt—t —+ 12 (6) 2 (5)
R 1 (0.5) -
—F-—+ —+ 1 (0.5) 3D
—t—+ -+ - 1 (05)
Total 196 419

originated from one of these regions as well. The distri-
bution of common B-A and $-Th haplotypes, i.e. those
present in the population at a frequency of over 3%, are
shown in Table 4a and the regional distribution of the

five common [-thalassaemia mutations in this popula-
tion sample is shown in Table 4b.

In each region the B-A haplotypes were found to be
more diverse, i.e. the common haplotypes accounted for a
smaller proportion of B-A haplotypes, as compared with
B-Th chromosomes. With the exception of the —+—++
—+ B-Th haplotype in North-west Pakistan, each of the
common B-Th haplotypes were represented amongst
their normal counterparts in that particular region. The
predominant (-Th haplotypes varied in each region.
Further, the predominant -Th haplotype in North-west
Pakistan (+———— ++), Gujarat and Sindh (+————
—+) was represented at a substantially greater frequency
amongst B-Th chromosomes as compared with the p-A
ones in that region. The predominant B-Th haplotype in
each region was the one that was most closely associated
with the regions predominant mutations. In North-west
Pakistan, the predominant haplotype, +———— ++.,1s
associated with the codons 8/9 (+G) mutation. which
account for 48% of B-thalassaemia mutations in this re-
gion. The predominant haplotype in Gujarat and Sindh,
+——~—— —+. is associated with the IVS-1 nucleotide 5
(G-C) mutation and the 619bp deletion, which are the
two commonest mutations present in these neighbouring
regions. In Punjab, the observations were slightly differ-
ent, the +——-—— +— and —++—+ —+ B-Th haplo-
types, which are associated with the codons 41/42 (-CTTT)
and 1VS-1 nucleotide 5 (G-C) mutations, respectively.
occur at almost three times the frequency amongst p-Th
chromosomes as compared with 3-A ones. Amongst the
four regions analysed, the codons 41/42 (-CTTT) muta-
tion was most frequent in Punjab and 10 of the 19 —~++—+
—+ B-Th haplotypes that were associated with the IVS-1

Table 3. Linkage disequilibrium between B-thalassaemia mutations and B-globin gene haplotypes. n, Nucleotide: ¢, codon: bp, base pair:

del, deletion; IVS-1-1, IVS-1 minus 1

Haplotype Mutation
IVS- C8/9 619 IVS- c¢41/ c¢15 IVS- cl1l6 IVS- Cap IVS- IVS- —88 (C88 Linkage
In5 (+G) bp  Inl 42 (G—A) (-=CT) 1-1 (=C) 2n- site  1-1 2nl (C— (+T) withmain
(G-C) del (G- (- (G- 837 +1 (G- (G- T) mutation

T)  CITD) C) (T- (A— A) A) (%)
G O

+———— ++ 4 81 1 2 2 3 2 85

—t—t+ 1+ 1 9 33 1 75

—ft—+ ++ 1 6 2

tm——— - 27 303 1 71

—+—f+ +- 3 1

—+t+—t+ - 2 1

Fo——— -+ 17 271 2 1 1 60

—t—t+ 3 1

—t -t —+ 19 1 1 86

— =t —+ 2 1

ot —+ —F 1

————— —+ 1

Total 148 92 72 36 35 11 6 3 3 2 2 1 1 1

Linakge with major 78 88 9 92 77
haplotype (%)
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Table 4. Regional distribution of the common B-A and B-Th haplotypes on the Indian subcontinent, as well as the distribution of B-thalas-

saemia mutations
a Common B-A and B-Th haplotypes on the Indian subcontinent

Haplotype North-West Pakistan Gujarat Punjab Sindh

B-A (%) B-Th (%) B-A (%) B-Th (%) B-A (%) B-Th (%) B-A (%) B-Th (%)
== 4+ 18 (25) 58 (45) 8 (17) 11 (9) 7 (19) 14 (17) 8 (36) 10 (15)
fom—— 4 8 (10) 14 (11) 2 @ 8 (6) 2 (9 12 (14) 2.9 1@
=== =+ 15 (19) 36 (28) 11 (23) 77 (62) 13 (36) 32 (37) 2 (9 40 (60)
—+—++ ++ 9 (10) 10 (8) 6 (13) 13 (11) 5 (14) 8 (9 4 (18) 13 (19)
—+—++ —+ - 2 (2 6 (13) - 1 (3) 1 () 3 (14) -
—++-+ ++ 9 (12) 4 (3) 6 (13) 4 (3) 3 (6) 1 (1) 1 (5 -
—t+—+ —+ 6 (7) 4 (3) 4 (8 6 (5) 2 (5 12 (14) - -
Total no. 81 128 48 124 36 85 22 67

studied

b B-Thalassaemia mutations?®
Mutation North-West Gujarat, Punjab, Sindh, Whole population,

Pakistan, no. (%) no. (%) no. (%) no. (%) no. (%)
IVS-1n5 40 (31) 53 (43) 33 (40) 12 (18) 148 (335)
c8/9 62 (48) 7 (6) 15 (18) 7 (10) 92 (22)
619 bp del - 29 (23) 11 (13) 32 (48) 72 (17)
IVS-1n1 2 (2 16 (13) 7 (8) 11 (16) 36 (9)
c41/42 11 (9) 11 9 10 (12) 3 (4) 35 (8)

? Some of these results have been published previously

nucleotide 5 (G-C) mutation were from Punjabi car-
riers.

There were no differences in mutation-haplotype as-
sociations amonst the four regions studied. A difference
in the regional distribution of mutations was present, but
these mutations remained linked with the same haplo-
types irrespective of the regional origin.

Discussion

The similarity of B-Th and B-A haplotypes on the Indian
subcontinent as a whole and in the regional groups sug-
gests that the B-thalassaemia mutations have arisen rela-
tively recently on chromosomal backgrounds already exist-
ing in this population. The predominant f-Th haplotype
occurred at a substantially greater frequency than its
normal counterpart on the Indian subcontinent as a whole
and within each of the regions studied. On the Indian
subcontinent, the +———— —+ haplotype, associated
with the commonest and most widespread B-thalassae-
mia mutation, IVS-1 nucleotide 5 (G-C), occurred in 46%
of B-Th chromosomes and in only 22% of normal ones.
The same phenomenon was observed in each genetically
isolated regional “micro-population”, an outstanding
example being the presence of the +———— —+ haplo-
type in 60% of B-Th chromosomes in Sindh and in only
9% of its B-A chromosomes. This greater frequency of
the predominant B-Th haplotype as compared with its
normal counterpart occurred irrespective of its associ-
ated B-thalassaemia mutation; the codons 8/9 (+G) muta-
tion in North-west Pakistan associated with the + ————

++ haplotype, the codons 41/42 (-CTTT) mutation in

Punjab associated with the +———— +— haplotype and
the IVS-1 nucleotide 5 (G-C) mutation in Gujarat and
Sindh associated with the +———— —+ haplotype all

having the same effect. These observations are consis-
tent with the hypothesis that chromosomes carrying -
thalassaemia mutations experienced positive selection
pressure, probably because of the protection against ma-
laria experienced by B-thalassaemia carriers. Although
endogamy is common, genetic drift is unlikely to contri-
bute substantially in populations of this size (e.g. Guja-
rat has a population of about 60 million).

Considerable variation in the regional distribution of
B-thalassaemia mutations is present on the Indian sub-
continent (Varawalla et al. 1991a). The codons 8/9 (+G)
mutation predominates in North-west Pakistan, the 619
bp deletion in Sindh and the IVS-1 nucleotide 1 (G-T)
mutation is restricted to the neighbouring regions of Gu-
jarat, Sindh and Punjab. These mutations could serve as
useful anthropological markers for local populations. For
example, the strong linkage disequilibrium between the
619bp deletion and +———— —+ haplotype and the geo-
graphical distribution of this mutation suggests that the
619bp deletion arose in Sindh and subsequent spread
has been by gene flow through population migration.

The strong linkage disequilibrium between the 619 bp
deletion, IVS-1 nucleotide 1 (G-T) and codons 8/9 (+G)
mutations and their B-globin gene haplotypes as well as
their localised distribution suggests a relatively recent
origin of these mutations. In contrast, the IVS-1 nucleo-
tide 5 (G-C) and the codons 41/42 (-CTTT) mutations
have a more widespread distribution and are less closely
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associated with their major haplotype. The great diver-
sity of haplotypes associated with the IVS-1 nucleotide 5
(G-C) mutation, its high frequency and widespread dis-
tribution suggest that it may be the oldest B-thalassaemia
mutation on the Indian subcontinent.

The explanations for the association of a particular
mutation with more than one haplotype are that the mu-
tation has arisen independently on multiple occasions, as
has been postulated for the codon 39 (C-T) mutation
(Pirastu et al. 1987) or there have been recombination
events. We have found six mutations associated with dif-
ferent (-globin gene frameworks, thus these mutations
in particular, may have arisen more than once, as has
been argued for the sickle cell mutation in Africa (Cheb-
loune et al. 1988). However, in spite of significant differ-
ences in the regional distribution of B-thalassaemia mu-
tations, no difference in haplotype-mutation associations
amongst the different regions was found: this argues
against multiple independent origins of these mutations
in the different regions. Hence, the finding of multiple
haplotype associations may have simply resulted from
interallelic gene conversion events, which have been
well documented in globin genes (Slightom et al. 1980).

Throughout its recorded history the Indian subconti-
nent has had political, military and commercial interac-
tions with Central, Western and South-East Asia and
later Europe (Thapar 1966), which are very likely to have
resulted in gene flow resulting in the spread of some f-
thalassaemia alleles. The TVS-2 nucleotide 1 (G-A) mu-
tation was identified in an individual from Punjab on the
same haplotype as has been described in Turkey and
Northern Cyprus (Diaz-Chico et al. 1988), which could
be explained by the Turkish invasion of Northern India
in the 11th century (Thapar 1966). Similarly, the codon
5 (-CT) mutation has been described in Greeks on a hap-
lotype identical to that found in this population (Kollia
et al. 1989), also suggesting a common origin with subse-
quent gene flow. In Indonesia (Lie-Injo et al. 1989), Bur-
ma (Brown et al. 1992) and Malaysia (Yang et al. 1989)
the IVS-1 nucleotide 5 (G-C), codons 41/42 (-CTTT)
and IVS-1 nucleotide 1 (G-T) mutations have been de-
scribed in association with haplotypes similar to those
found in B-Th chromosomes carrying these mutations on
the Indian subcontinent. Also in Thailand, the IVS-1
nucleotide 5 (G-C) mutation has been described in as-
sociation with the +———— —+ haplotype (Laig et al.
1989). As early as the 6th century B.C., Indian sea-trad-
ers have been exploring the coasts of Burma, the Malay
peninsular and western Indonesia offering possible routes
for the spread of these alleles. However, the codons 41/
42 (-CTTT) and the IVS-1 nucleotide 5 (G-C) mutations
have also been described in other population groups as-
sociated with different haplotypes and frameworks. The
codons 41/42 (-CTTT) mutation is present in the Chinese
and Thais on two different frameworks, +———— ++
and + ———— —+ (Kazazian et al. 1986; Laig et al. 1989)
while the IVS-1 nucleotide 5 (G-C) mutation has been
described in association with the +———— -+ haplo-
type in Chinese (Kazazian et al. 1986) and Melanesians
(Hill et al. 1988) and with the —+——+ —+ haplotype in
Lebanon (Chehbab et al. 1987). These observations sug-

gest that these two mutations may have had more than
one independent origin.

Further detailed microepidemiological analysis of -
thalassaemia on the Indian subcontinent including the
isolated tribal groups should be of value in providing evi-
dence of historical gene flow in this region and in defin-
ing local population relationships.
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