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SUMMARY

The map of restriction sites including and surrounding
the §- and pg-globin genes has been established for three
Ferrara p°-thalassaemic subjects. The fragments obtained
using nine restriction enzymes do not show any differences
from normal DNA. Among others, restriction enzymes giving
short fragments at the 5' and 3' ends of the g-globin
structural gene have been employed. The results obtained
for the thalassaemic DNA are identical to those for control
DNA, thus excluding the presence of extensive deletions in
or adjacent to the coding regions of the g-globin gene in
Ferrara R°-thalassaemia.

Thalassaemiag are a group of inherited anaemias in
which the synthesis of one of the globin chains of haemo-
globin is reduced or absent.

Ferrara thalassaemia is a f°-thalassaemia: HbA is not
detectable in the red blood cells of homozygous subjects (1).
g-Globin synthesis does not occur in thalassaemic cells
incubated with labelled amino acids (2), and it is impossible
to detect radioactive g-globin peptides from thalassaemic
reticulocytes as products of incomplete translation of g-globin
messenger RNA (3).

There is evidence indicating that in Ferrara g°-thalass-
aemia B-globin mRNA is present. Thalassaemic reticulocyte
ribosomes synthesise g-globin when incubated in the presence
of ribosomal supernatant from normal or HbS reticulocytes (4),
suggesting the presence of a functional but untranslated
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B-globin mRNA. Hybridisation of RNA extracted from Ferrara
B°-thalassaemic red blood cells has demonstrated the
presence of mRNA for B-globin (5). Ramirez et al. (6), in
other hybridisation experiments, have obtained contrary
data interpreted as indicating abnormal g-globin mRNA in
Ferrara R°-thalassaemia.

The development of the Southern method (7) for the
identification of gene-specific DNA sequences after restriction
endonuclease digestion and gel electrophoresis has allowed
detection, sizing and mapping of globin DNA sequences from
mouse and rabbit (8-10). These mthods have recently been
applied to define the "restriction map" of the human DNA
fragments containing the vy~ &~ and g-globin gene family
(11-13) . The map ebtained for the §- and g—globin gene locus,
with the restriction endonuclease cleavage sites used in this
study indicated, is shown in Fig. 1.

We have used the same technique with Ferrara g°-thalassaemic
DNA to verify the presence of the §- and g-globin genes and to
attempt to identify an abnormality characteristic of this type
of thalassaemia.

METHODS

Cellular DNA was isolated from spleens removed from three
Ferrara thalassaemic subjects and from a normal placenta. All
three thalassaemic subjects synthesised no g-globin in whole
cells incubated with labelled amino acids. The three cases
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FIGURE 1: Map of the 6- and B-globin gene locus (12). The cleavage sites

for the restriction enzymes EcoRl (E), BglII (Bg), Pstl (P), Xbal (X),

TaqYI (T), BamHI (Ba), Bcl1I (Bc), Hsul (H) and Hpal (Hp) nearest to the
coding sequence, and thus generating fragments hybridising to the plasmid
probe used, are shown. The starred Bcll site has not been accurately located,
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analysed were also typical Ferrara g°-thalassaemics

1) by the presence of hybridisable g-globin RNA sequences (5);
2) by the gbility of their ribosomes to synthesise g-globin
when incubated in the presence of normal, RNase-treated
supernatant (4), and by the appearance in their circulating
reticulocytes of g-globin synthesis after transfusion with
normal packed red blood cells, a phenomenon typical of Ferrara
g°~thalassaemia and not found in g°-thalassaemias from other
regions (14).

The DNA preparations, restriction enzyme digestions,
electrophoresis, Southern transfer and filter hybridisation
were as previously described (12). The g-globin probe used
was the plasmid pHRGl (15), which contains g-globin cDNA
inserted in plasmid pCR1l, and this recombinant was handled
under Category II conditions in the London laboratory as advised
by the U.K. Genetic Manipulation Advisory Group. .

RESULTS

Fig. 2 shows the autoradiography pattern of the fragments
obtained after digestion of normal and Ferrara g°-thalassaemic
DNA with the restriction enzymes EcoRI, BglII, PstI and Xbal
respectively. Because of the hamology between §- and B-globin
genes, both hybridise with the B-globin plasmid DNA probe (12).
No differences are evident between control and thalassaemic DNA.

Five other restriction enzymes have been used: BamHI, TagYI, BclI,
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FIGURE 2: Autoradiography pattern of &- and B-globin gene fragments in
digests of normal and Ferrara B°-thalassaemia homozygotes (A.I., B.F.,
F.G.) were digested to completion with EcoRI, BglIIl, Pstl and Xbal.

20 ug of each DNA digest was applied and electrophoresed on an 0.8%
agarose gel. Hybridisation marker (M) was 20 pg human plasmid pHyGl DNA,
digested with Bgll, After denaturation the DNA was transferred by
blotting to a nitrocellulose filter (7). 32P-labelled pHBG] DNA was

used to detect DNA fragments containing 8- and B-globin gene sequences
(12). The faint band seen at approximately 13 kb in normal DNA digested
with EcoRl or Pstl is a plasmid contaminant,
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FIGURE 3: §&- and g-globin gene fragments of control and Ferrara
B-thalassaemia DNA after digestion with BamHI, TaqYI, BclI, Hsul

and Hpal. The digestion of the DNA sample from patient B.F, with BcllI
did not go to completion,

HsuIl and HpaI (Fig. 3). In every case no differences between normal

and Ferrara f°-thalassaemic DNA are detectable.

DISCUSSION

The structure and organisation of the 6- and B-globin genes
have been studied in Ferrara g°-thalassaemia using the procedures
of Flavell et al. (12), which allow the mapping of restriction sites
within these two genes and in surrounding DNA sequences.

The data obtained show that the sizes of the various restriction
fragments in the normal DNA used as control are the same as those
previously reported (12). No differences between normal and Ferrara
g°~thalassaemic DNA have been detected. These findings demonstrate
a normal arrangement for the §- and g—globin genes in this type of
thalassaemia.

It has been suggested that the g-globin mRNA sequences fram

Ferrara g°-thalassaemia reticulocytes do not campletely saturate
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full length g—globin cDNA. If this is true, one possibility is that
only the 5'-sequence of the mRNA is present, owing to a deletion of
the 3'-portion of the gene, as has been demonstrated for several cases
of g°-thalassaemia from places other than Ferrara (16-18). There are,
of course, other possible mechanisms which would give a partial mRNA
transcript, such as premature release of RNA polymerase. The findings
reported here exclude detectable deletions in the structural genes,
the intervening sequences and the flanking regions of the 8- and
B-globin genes in Ferrara B°-thalassaemia.

In addition, BamHI and EcoRI, which recognise the codons for
amino acids 98-100 and 121-122 respectively in §- and g-globin genes,
generate the expected fragments, demonstrating structural normality
for these regions of the coding sequence (19). In human DNA, Bar#il
digestion gives a 1.8 kb fragment containing the 5'-end of the
R-globin gene, while a double digest with EcoRI and PstI yields a
1 kb fragment including the 3'-end of the g-globin gene. Because of
the small size of these DNA fragments, even short deletions of
approximately 100 base pairs would cause an altered electrophoretic
mobility and therefore be detected. The identical patterns obtained
in normal and in Ferrara R°-thalassaemia DNAs therefore exclude
deletions of this size or larger in or adjacent to the thalassaemic
f-globin gene (double digest data not shown).

In conclusion, the data presented provides evidence for the lack
of demonstrable differences between normal and Ferrara g°-thalassaemia
DNA with nine restriction enzymes. These findings are those expected
from previous data, which indicate the presence of g-globin mRNA
in Ferrara p°-thalassaemia both by translation (4) and by cDNA
hybridisation (5). It also shows the absence of DNA polymorphisms in
the Ferrara p°-~thalassaemia gene for the sequences recognised by

the restriction enzymes used, indicating that at least for these enzymes
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antenatal diagnosis using the approach pioneered by Kan and Dozy (20)

for sickle cell disease will not be applicable.
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