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ABSTRACT

Twentv-one cases of Bo- and 6+-tﬁalaesaemia have been
analysed by restriction endonuclease mapoing. In most cases
no deletion in the regions surrounding the B- and &-globin
ggnes could be detected. However, in a single Asian case of

B -thalassaemia, homozygous clinically, one of the homologous
chromosomes contained a B-globin gene with a deletion of 600
base pairs of DNA and comnrising most or all of the 3' end of
the structural gene including the EcoRI restriction site
within the B-globin coding sequence.

Thalassaemia is characterised by a comolete absence or
reduced amount of either the a- or B8-globin chain. It shows
a highly non-random geogravhical distribution, with hetero-
zvgote levels of un to 25% heing found in some areas, notably
narts of Italv, Greece and some of the Mediterranean islands(l).
In this namer we concern ourselves onlv with B-thalassaemia.
B-Thalassaemia may be divided into a number of categories:

B *_thalass saemia, characterised by the nresence of a low level

(2 - 20%) of normal B-globin chain; Bo-thalaqsaemia,
characterised by a comnlete ahsence of B-chains; the rare
éﬁo—thalassaemia, in which there is the comvlete absence of both
6- and B-globin chains, and finallv Hb-Lenores, which are

caused by a fusion of the 6- and B-glohin genes(l - 3).

At the molecular level several forms of 8-thalassaemia
have been demonstrated. GBO—Thalaseaemia results from (at
least) vartial deletion of the &6- and B3-globin coding sequences
(4, 5), whereas in Bo—thalassaemia the B-globin gene is usually
intact as judged bv cDNA/DNA hybridisation(6’ 7). In S+—thalasq-
aemia normal globin mRNA is nresent, albeit at a reduced
level(s' 9); in some forms of B°-thalassaemia mRNA is either
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(10 - 12)

absent or nresent at variable levels In some

Bo—thalassaemias globin mRNA sequences are nresent in the
nucleus but not in the cvtoplasm of the erythroid cells(13).
In other cases the globin mRNA is missing a coding sequence
towards the 3' end of the molecule(ll).

The develooment of techniques for the 'mapning' of

restriction endonuclease sites in eukaryotic DNA around

(14 - 16) [.xes it nossible to examine whether

single cooy genes
deletion of DNA near to the 8- or B-globin genes has occurred
in the B-thalassaemias. Such deletions can be maoped even

when none of the structural gene sequence is affected. We

have recently derived such a 'map' of the human 6- and B-globin

gene locus (Fig. l)(z) as have others(3) and this makes it
nossible to select smecific regions of DNA in, and adjacent to,

the B-globin gene for study.
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Figure 1. A nhysical map of the 8- and B-globin genes. The
probable nositions of the coding regions of the two globin
genes are shown as filled hoxes. It should be stressed that
the only extragenic cleavage sites which can be detected for a
given enzyme by this analysis are those closest to the gene
examined. Although the 8- and B-genes are nresented as being
composed of two coding segments in each case, the nossibility
that these segments are further snlit cannot be excluded from
these data. These data are taken from Ref. 2.
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Briefly, the technique we have used includes the isolation
of high molecular weight DNA from whole, washed perinheral blood.
This includes white cells and, since many thalassaemics are
solenectomised, a large number of nucleated red cells. The DNA
is cleaved to give defined fragments using a variety of
suitable restriction endonucleases. The fragments are de-
natured and then are senarated by electronhoresis according to
size on 1.2% agarose gels, transferred to cellulose nitrate
filter sheets using the Southern "blotting" technique(l4),
the 8- and B-globin gene-containing fragments visualised by
hybridisation with >2p-labelled pHBGL DNA. nHBGL is a

recombinant nCRl plasmid containing 540 base nairs of DNA
(17)

and

complementary to B-globin mRNA
Individuals, of known nationality, were diagnosed as
suffering from homozygous B-thalassaemia by clinical nresent-
ation, haematological analysis, familial studies and globin
chain synthesis ratios(l). This also allowed, in some natients,
a further categorisation into B+— or Bo-thalassaemia.
Figure 2 shows the results obtained when Pst I digests of
DNA from patients with B+- or Bo-thalassaemia are analysed in
this way. Pst I normally gives a 5.0 kilobase (kb) fragment
containing the B-globin gene and a 2.3 kb fragment containing
the 6-globin gene (Fig. l). For the majority of cases
analysed here no difference can be seen between the DNA of
B-thalassaemics and control pnlacental DNA from a haematologi-
cally normal subject. This suggests that deletions greater
than 100 - 200 base vairs in the fragments containing the
6- or B-globin genes are not present in these patients. ™e
have also obtained similar results with EcoRI, Xba I and
Hind III digests. This 'normal' nattern has been observed
with the following thalassaemic patients: Southern Italian:
a*- (3 matients) and Bo- (4 natients), Asian: B°- (4 patients),
Greek Cypriot: B+— (1L natient), Turkish Cynriot: B+— (6
natients) and unclassified B-thalassaemia major (1 matient).
In addition 'normal' natterns were also obtained for two cases
of Italian Bo-thalassaemia with detectable levels of globin
(13) (Fig. 2 and unpublished data).
One patient (track 1l in Fig. 2) of Asian origin nre-

RNA in the nucleus
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Figure 2. &- and B-globin gene fragments in digest of DNA from
natients homozygous for B-thalassaemia. DNA wii)isolated from
either spleen or perinheral blood as described digested to
completion with Pst I and analysed for the &- and B-globi?z)
gene fragments by blotting and hybridisation as described .
The figure shows an autoradiogram of the nitrocellulose filter
after hybridisation to probes for the 6- and B-globin genes.
Patient 5 is described in Ref. 13 and rnatient 11 is a B of
Asian origin. Patients 2, 3 and 10 have been diagnosed as

B~ -thalassaemics (Southern Italian origin, S. Ottolenghi vers.
comm.) and the remainder as homozygous B -thalassaemics. Lanes
1, 4, 8 and 12 contain control DNAs (from a nlacenta from a
normal Dutch baby).

senting clinically as homozygous Bo—thalassaemia, shows an
abnormal pattern. Here, in addition to the normal fragments

of 5.0 and 2.3 kb, a third fragment of 4.4 kb is visible. This
suggests that this patient, while clinically homozygous, is
'molecularly' heterozygous for two different thalassaemia
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genes. There are several possible explanations for the
presence of a new 4.4 kb fragment. First, it might arise by
a deletion of 600 base pairs from the 5.0 kb Pst I B-globin
gene fragment. Second, a new Pst I site(s) may have been
introduced into the 5.0 kb Pst I fragment, to generate a
fragment 600 base pairs shorter. Finally, it is possible that
deletion of Pst I sites around the &-globin gene may have
given rise to a new fragment of 4.4 kb.

To distinguish these alternatives we analysed DNA from
this patient with other restriction endonucleases. Fig. 3
displays sore of these data and Table I contains details of
fragment sizes generated in all digests discussed here. Pst I,
BglII and Pst I plus BglII digests all show, in addition to
the normal fragments, a novel fragment 600 base nairs smaller

i Thal. P P«Bg P+E

Normal M E l P

EE
i

Figure 3. Mavoping the deletion in the DNA of a patient with
homozygous B -thalassaemia. DNA from a matient, no. 1l in
Fig. 2, or from a control DNA (of Dutch origin) was digested
with Pst I, Pst I plus EcoRI, or Pst I plus BglII and
analys?g)for the 6- and B-globin gene fragments as des-
cribed .
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TABLE I

The size of B-globin DNA fragments in a patient with
B~-thalassaemia comnared with the normal B-globin gene frag-
ments.

Pst I Pst I BglII Pst I [EcoRI BglII BglII
+

+ + +
BglII EcoRI EcoORI Bam
Normal 5.0 4.0 5.4 4.0 6.5 3.0 1.8
+ + +
4.0 2.4 3.3
2.3 2.3 9.5 1.8 2.3 2.3 3.3
+
1.8 1.8
B°-Thal 4.4 3.4 4.8 4.0 10.0 4.8 1.8
(broad) +
3.3
()

Sizes are measured relative to the marker fragments described in
(2) .and normal _sizes are taken from Ref. 2. The DNA of the

patient with B®-thalassaemia contains a second allele with sizes
as in normal DNA (gee Fiqg. 2).

than the normal B-globin fragment. This demonstrates that

the novel fragment cannot be generated from the 6-globin
containing fragment, since it is found with two different
enzymes, both of which generate a fragment 600 base prairs
smaller than the normal B-fragment. Secondly, these digests
suggest that a deletion of 600 base nairs has generated the
novel fragments, since it is unlikely that new sites for both
BglII and Pst I would have been introduced at identical
nositions. This is proved by use of EcoRI digests singly and
in double digests with Pst I and BglII. EcoRI digests of

this patient's DNA show a novel fragment of 10 kb (Fig. 4) and
in addition the novel fragments in BglII and Pst 1 digests are
not cut by EcoRI, whereas the normal B-globin fragments are
cut by this enzyme. Thus the intragenic EcoRI site in the
abnormal B-globin gene has been deleted, along with 600 bp of
DNA. The 10 kb fragment is exnlained by fusion around the
EcoRI site of the 6.5 and 4.0 kb fragments, and the loss of
0.6 kb from this fusion nroduct. It is annarent from Fig. 2
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that the novel Pst I fragment shows less intense hybridisation
than the normal B-globin fragment. This suggests that there
has been a loss of coding information from the affected
B-globin gene.

It is known that the intragenic EcoRI site is located
within the DNA at the position coding for amino acids 121 - 122
in the B-globin chain(la). It would therefore be exnected that
a 600 base vair deletion, including the EcoRI site, would
remove much of the coding sequence of the affected gene. Eow-

ever, it is also known(z’ 3)

that the human B-glohin structual
sequences is interrunted by at least one 'intron' (a seguence
within a structural gene that does not code for mRNA) of about
900 bp within the DNA coding for amino acids 104 and 105(19).

e may therefore attemnt to locate the deletion more
accurately by detecting the bresence or absence of the BamHI
site located in the DNA coding for amino acids 99 - 100(18),
and by hybridisation with nrobes snecific for the DNA to the 3'
or 5' side of the intragenic EcoRI site. A double dicest of
DNA cut with BglII nlus 3amHI indicate that the novel BglII
fragment is cut by BamHI. In normal DNA the 5.4 kb BglII
fragment is cut by BamllI to give fraaments of 3.3 and 1.8 kb
(Fig. 1). We would nredict that a deletion of 600 base nairs
(including the intragenic EcoRI site) would generate a new
double digest fragment of 2.7 kb which contains the 3' exon of
the B-globin gene. This is not seen (Table 1).This is confirmed
by the vattern of hybridisation of 3' and 5' snecific nrobes
shown in figure 4. With 5' nrobes, the 4.4Kb fragment is
readily seen whereas the 3' orobe does not hybridise to this
fragment. It is not possible from these data to show that all
of the mMRNA coding sequence to the 3' side of the normal EcoRI
site has been deleted, only that a substantial nronmortion has
been removed. Figure 5 shows the man of the deletion round the
B-globin gene in this patient. These data narrow down the site
of the 600 bp deletion to a region of 1,200 bp, 600 bn to either
side of the intragenic EcoRI site.

Since this form of B-thalassaemia seems exceotional we
should ask whether this patient really has homozygous
B°-thalassaemia. Both parents of the natient showed elevated
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Figure 4. Hybridisations with 3' and 5' specific probes.

nPHRGT was fragmented with EcoRI plus BamHI nlus Hind III. This
generates a 4 kb fragment containing the fragment of double
strand cDNA from the EcoRI site codina for amino acid 121 - 122
to the 3' end of the mRNA coding seauence, a 10 kb fraament
containing the DNA from the 5' end of the mRNA coding sequence
to the BamHI site coding for amino acids 99 - 100 and a small
67 base pvair fragment containing the double stranded cDNA con-
tained between BamHI and EcoRI sites. The 4 and 10 kb frag-
ments are nrobes for the 5' and 3' regions of the agene resnec-
tively.

Conditions of hybridisation are as described in Figure 2
excent a 3-fold excess of unlabelled DNA of omnnosite smecificity
was included in each hybridisation.

Note that the new EcoRI fragment of 10 kb in the Bo DNA
and that the novel 4.4 kb 8~ fragment generated by Pst I only
hybridises with the 5' snecific nrobe. The faint band seen in
EcoRI-digested B~ DNA between ‘the 10 and 6.5 kb EcoRI fragment
is artifactual. (N = Normal, Bo = Thalassaemic)

Hb A2 levels, characteristic of pmarents of Bo—thalassaemiCG,
and hence the natient is not a double heterozygote for
8B9thalassaemia and B-thalassaemia defects.

Reticulocytes from this matient have been analysed for
globin mRNA sequences. Within the limits of detection, no
B-globin mRNA could be detected (P. Tolstoshev, nersonal

communication). This imolies that either the genes are not
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Figure 5. A nhysical map of the B-globin gene regions in a
normal and a vatient with B -thalassaemia. The man shows a
600 base vair deletion centred round the B8-globin intragenic
EcoRI site, which is missing in this Bo-thalassaemia gene.
Also shown are the possible limits of this deletion,
including the intragenic EcoRI site and 600 bn to the 3' or
5' side.

transcribed or that the RNA transcripts are not stable within
the cell. If the described delétion is the primary B-thalass-
aemic lesion in this gene then it is possible that the loss of
the 3'-end of the mRNA has resulted in lack of noly (A)
addition, or in failure to terminate the nrimary transcriot.
Similarly, the deletion of the intron-exon junction would
conceivably prevent processing of nutative mrecursor RNAs. 1In
each case we might exvect an unstable RNA to be produced. It
is also possible that the deletion of extragenic DNA to the
3'-side of the B-globin has orevented transcriotion of the
abnormal globin gene.

It is likely that the deletion we have mapved is the
orimary lesion in this tyne of thalassaeria gene, but it is not
nroven. The deletion might be a secondarv event which
occurred in a B-thalassaemic gene of the tvne observed in all
other cases we have studied. This is of course nossibhle since
the gene sequence is of no selective value once it has ceased
to function. It would be useful, in this respect, to perform
a oonulation studv in the regions from which this patient
originates.

It is evident from these data that many cases of
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thalassaemia nresenting from Mediterranean countries, and some
Asian cases as well, do not result from large deletions of DNA
sequence within several thousand base pairs of the B-globin
structural gene. Since no major deletion can be detected, ante-
natal diagnosis by a change in band pattern, as described by
orkin (20

cases. However, Kan

for 65°-thalassaemia, will not be possible for these

(21)

which makes use of linked mutations or rearrangements of remote

has described an alternative annroach,

restriction enzyme cleavage sites for the antenatal diagnosis
of sickle cell disease, and such an approach could be gtill
anolicable for B-thalassaemias even where no deletion can be
demonstrated.

It is known that the thalassaemic lesion sedgregates
genetically with the B-globin gene, and therefore is unlikely
to be a remote mutation. The data oresented here suggests that
the primary lesion in Bo- and B+-thalassaemias in general
affects a DNA sequence less than 100 - 200 base nairs in length,
and may nossibly be a noint mutation. Identifying such a
lesion may be possible when B-thalassaemic genomic DNA is
cloned in recombinants and the sequences compared with those
from normal individuals. These comparisons, in conjunction with
in vitro assays for gene exnression (see, e.g., ref. 22) and
in vitro base-specific mutagenesis techniques (see, e.g., ref.
23) should reveal the nature of the primary lesion in the
B-.halassaemias.

We would like to stress that it is not formally nossible
to nrove a lesion is the primary thalassaemic event without
such. in vitro methods to study expression. The exnmeriments of
Kan(z1 have shown that a tight linkage may exist between an
advantageous gene (in this case HbS) and an anwnarently
unrelated restriction site polvmornhism. It is nossible that
similar effects could occur for the advantageous B-thalassaemic
gene, only by demonstration of lack of in witwrn transcription by
correction of the lesion and restoration of transcriontional
activity, is it formally nossible to discriminate between
tightly linked polymormhism and the nrimary thalassaemic lesion.

Since the completion of this work, we have seen similar
data (Orkin, Old, Weatherall and Nathan, personal comrunication)
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derived independently demonstrating the deletion for patient 1l
and for two additional patients (submitted for nublication).
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