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ABSTRACT  B°-Thalassemia is a heterogeneous group of dis- G-G-T sequence at the 5’-end IVS 2 splice junction using Hinfl;
orders associated with absence of B-globin. In a survey of DNAs the G-G-T sequence is completely conserved in all globin genes
from patients with B%-thalassemia of diverse ethnic origins, a from all species studied to date and in most other genes (18, 19).
change at the splice junction at the 5’ end of the large intervening We conclude that this change in nucleotide sequence at the 5’
sequence (IVS 2) of the human B-globin gene has been found in end of the B-globin IVS 2 splice junction is most likely the cause
one patient of Italian and another two of Iranian ethnic origins. of the B’-thalassemia genotype in these individuals.

The enzyme Hph I recognizes a change at this site and generates
a larger-than-normal fragment of DNA, which hybridizes specif-
ically to a B-globin IVS 2 probe. No other changes in B-globin gene MATERIALS AND METHODS
DNA structure or organization are detectable by extensive re-
striction endonuclease analysis. The enzyme Hinfl which rec-
ognizes a sequence beginning three nucleotides from the 5’ end
of the IVS 2 splice junction, produces normal fragments and lo-

i t to a G-G-T t the 5'-end IVS 2 spli
;:lnlcz:(s“:h ?rgifizq&:ee is hmu:)nlo; tem:rkal(:l'; conser:g:l?: as described (20). Restriction endonuclease analysis, transfer of

all globin genes from many species and in most other genes ex- DNA fragments to nitrocellulose filters, hybridization to *2P-
amined to date. Thus, in at least some B°-thalassemia patients, the labele:d DNA probes, and radioautography were performed as
P’-thalassemia defect is associated with a nucleotide change at a described (20). The specific probes used were a 4.4-kilobase
splice junction. These patients provide unique examples of natu- (kb) Pst I cloned DNA fragment (4.4-kb probe), a 0.92-kb 8-
rally occurring defects in splice junctions of eukaryotic genes as- globin IVS 2 probe, and a 0.95-kb 8-globin IVS 2 probe. Each
sociated with absence of specific gene function. of these probes were obtained by appropriate cleavage of
pBR322 plasmids containing these fragments (21, 22). HB1S
The B’-thalassemias are a heterogeneous group of disorders all was obtained from T. Maniatis; this is the pBR322 plasmid con-
characterized by absent B-globin synthesis (1-3). At the mRNA taining the 4~‘%‘kb human B‘$l9b1“ gene cloned ﬁ'fagment. The
level, the B’-thalassemias are characterized by one of the fol- 8- and B-globin IVS 2-containing pBR322 plasmids were pre-
lowing: (i) the absence of B-globin mRNA; (ii) the presence of pared in our laboratory by 1solat19n of EcoRI-BamHI digestion
B-globin mRNA that is abnormal in structure, usually in re- .fragx.nents from the 8- and B-globin IVS 2 and subsequent clon-
duced amounts; or (iif) an unspecified defect in B-globin mRNA ing into pBR322 (22). Each of the p‘robes was .1solated ﬁ”f’{n
in patients from the Ferrara region of Italy (4-10). Gene map- pBB§22 after growth and lsabeled by mgk translation to specific
ping studies to date, using many different restriction enzymes, activities between 1 X 10° and 8 X 10° cpm/ug (20).

have failed to reveal deletions or other alterations in nucleotide

All three patients with homozygous B°-thalassemia found to
have DNA changes had the clinical features of severe homo-
zygous B-thalassemia and parents with classical high A, B-thal-
assemia trait. DNA was prepared from peripheral blood samples

sequence in the majority of B°-thalassemia patients examined RESULTS
(11-14). Deletion of the 3’ end of the B-globin gene has been . . o
described in a few patients with 8°-thalassemia of Indian ex- Specificity of B- and 8-Globin IVS 2 Probes. Specificity was

traction (13, 14). In addition, a nonsense mutation at codon 17 demonstrated by hybridizing th‘“j B- and 8-globin IVS 2 probes
has been reported by analyzing the B-globin cDNA structure to EcoRI- and EcoRI/ BamHI-dnges{ed DNA from normal in-
of a patient with *-thalassemia (15). To specifically evaluate dividuals. Studies (1, 'll, 20) have {ndlcated that the 5.2-kb
splice junctions in the B-globin gene in patients with 8*- and EcoRI fragment contains the B—globm IVS 2 a‘}d the 2;25'k,b
B’-thalassemia, we utilized a cloned probe representing the EcoRI fragment contains the &-globin IVS 2 (Fig. 14); in this
large intervening sequence (IVS 2) of the B-globin gene (B-glo- study (Fig. 1B), the B-globin IVS 2Pr°be specifically hybrfdgzed
bin IVS 2 probe). Using this probe, we found three individuals to the 5.2-kb fragment, and the &-globin IVS 2 p.rc"b'e hybridized
homozygous for 8°-thalassemia who generate a unique fragment to the 2.25-kb fragment, mdwatmg their specificity. Further,
of DNA that is 100 base pairs longer than the normal fragment when n(?rmal DNA was cleaved ‘f“th EcoRI and BamH'I,'the
with the enzyme Hph I. This enzyme recognizes the 5'-end IVS apprqprlately '51zed IVS 2-containing fragment ‘was hybridized
2 splice junction in the B-globin gene (16, 17); we further lo- with its specific probe. In the case of the 8-globin IVS 2, a 0.95-

alized th leotide ch t £ thr leotides of kb fragment was hybridized, whereas with B-globin IVS 2, a
calized the nucleotide ¢ ange fo one of tree nucleotides ol @ 0.92-kb fragment was hybridized (data not shown). These stud-

ies indicate that the B-globin IVS 2 probe only hybridizes with

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “advertise-
ment” in accordance with 18 U. S. C. §1734 solely to indicate this fact. Abbreviations: IVS, intervening sequence; kb, kilobase.
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FiG. 1. Specificity of - and &-globin IVS 2 probe. (A) Restriction
map of & and B-globin genes showing EcoRI (E) and BamHI (B) sites.
The rectangles are the structural genes, in which the dark areas are
the coding sequences, and the light areas are the IVSs. The sizes of the
EcoRI fragments and the BamHI-EcoRI fragments containing IVS 2
of the & and B-globin genes are shown in kb. (B) Radioautographs of
EcoRI-digested normal human DNA, subjected to electrophoresis and
hybridization with 32P-labeled DNA probes. The only difference in the
three lanes is the origin of the probe (see text). Lanes: 1, 4.4-kb probe;
2, B-globin IVS 2 probe; 3, -globin IVS 2 probe. The B-globin IVS 2
hybridizes only to the 5.2-kb fragment, and the 5-globin IVS 2 hybrid-
izes to the 2.25-kb fragment alone, indicating their specificity.

fragments of DNA containing the B-globin IVS 2 and not with
other DNA fragments containing either B-globin structural
genes alone, 8- or y-globin gene sequences, or other unrelated
DNA sequences.

A Change in Hph I Cleavage Site in the B-Globin IVS 2 in
Three Patients Homozygous for B°-Thalassemia. The enzyme
Hph 1 is known to cleave at the 5’ end of B-globin IVS 2 (17)
(Fig. 2A). A single fragment, 0.9-kb in size, was generated from
B-globin IVS 2 in normal DNA when this cleavage took place
and the B-globin IVS 2 probe was used (Fig. 2). In three patients
homozygous for B%-thalassemia, one of Italian and another two
of Iranian ethnic origins, a new fragment, 1.0-kb in size, was
found, consistent with the loss of an Hph I site at the 5’ end of
the B-globin IVS 2 (Fig. 2). Loss of an Hph I site 3' to IVS 2
would be expected to generate a 1.2-kb fragment (Fig. 24).
When the three B°-thalassemia DNAs showing the abnormal
1.0.kb Hph 1 fragment were cleaved with both Hph I and
BamHI, a 0.95-kb fragment was generated, confirming that the
altered Hph I sequence is at the 5' end of the B-globin IVS 2,
rather than at the 3’ end (data not shown). If the 3'-end Hph
Isite in B-globin IVS 2 had been affected, this double digestion
would have resulted in no significant change in the size of the
fragments from that with Hph 1 alone (Fig. 2). Five patients with
homozygous B*-thalassemia and 10 other patients homozygous
for B°-thalassemia produced normal-sized 0.9-kb fragments
with Hph 1 (Fig. 2).

Analysis with Other Restriction Enzymes. Cleavage of the
B’-thalassemia DNAs containing the abnormal Hph I pattern
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Fig. 2. Hph I cleavage of normal and B-thalassemia DNAs. (A)
Restriction map of the Hph I (H), BamHI (B), and EcoRI (E) sites in
the: i .The dark areas-are the.coding regions of the gene. -
The sizes of Hph I fragments are shown in kb. A 0.9-kb fragment is
expected with the -globin IVS 2 probe. (B) Radioautograghs of Hph
I-digested DNAs treated as described and hybridized to a *P-labeled
B-globin IVS 2 probe. The source of the DNAs used, normal (N) and
B*- and B’-thalassemia patients, is indicated below. Lane 3 contains
the DNA from the B’-thalassemia patient from Northern Italy de-
scribed in the text; lanes 8 and 9 are DNAs from two Iranian patients.

with other enzymes, such as EcoRI alone, EcoRI and BamHI,
Pst1, Asul, HaeIll, and Hinf1, showed no changes from normal
(Fig. 3). The presence of a normal Hinfl pattern with the B-
globin IVS 2 probe was particularly informative because this
enzyme recognizes the nucleotides that are three to seven bases
away from the 5’ end of the IVS 2 (Figs. 3 and 4). Thus, the
normal Hinfl patterns in the three affected g°-thalassemia sub-
jects indicate that these nucleotides are intact and eliminate the
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Fic. 3. Restriction analysis of normal (N) and 8*- and g°-thal-
assemia DNAs with HinfI (H) and Asu I (A). (A) Restriction map of
the B-globin gene. The dark areas are the coding regions of the gene.
The Hinfl and Asu I fragments expected in normal DNA with the 8-
globin IVS 2 probe are 0.8 kb. DNA in lanes 1-6 are cleaved with Hinf1
and in lanes 7-10 with Asu I. Lanes 4 and 8 contain DNA from the g°-
thalassemia patient from Italy with an abnormal Hph I fragment.
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Codon 101 102 103 104 :IVS 2 -~
AA Glu Asn  Phe Arg : Hinfl
5" GAGAACTTCAGGGTGAGTCT A +3°
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|

Fic. 4. Nucleotide sequence in the B globin gene at the junction of coding sequence and IVS 2. The vertical line indicates the 5’-end splice junction
of IVS 2. The Hph I and Hinf1 restriction sites are shown by brackets and diagonal lines. AA, amino acid.

nucleotides G-A of the G-G-T-G-A Hph I recognition sequence
as being the altered nucleotides (Fig. 4). The results also show
that there is no obvious deletion of structural B-globin gene
sequences in the B°-thalassemia subjects studied.

DISCUSSION

B°-Thalassemia is a heterogeneous group of disorders charac-
terized by absent B-globin synthesis. Deletion of B-globin
structural genes and the presence of a nonsense mutation in the
B-globin structural gene have been demonstrated to date as two
mechanisms for this disorder (13-15). We now report a change
in the nucleotide sequence at the splice junction at the 5’ end
of IVS 2 of the human B-globin gene in some patients with 8-
thalassemia. We have shown that the usual Hph I site at the 5’
end of B-globin IVS 2 is missing in these individuals. The nu-
cleotide defect is further localized by two additional observa-
tions. First, the fact that Hinfl digestion reveals a normal pat-
tern (Fig. 3) indicates that nucleotides three to seven bases from
the 5' end of B-globin IVS 2 are intact (Fig. 4). Second, an ab-
normal hemoglobin, hemoglobin Camperdown (8!* Arg—Ser),
has been described (23). The replacement of arginine by serine
at position 104 in this hemoglobin (Fig. 4) requires a change in
the third base of the arginine codon AGG to either a Tora C
because the two serine codons are AGT and AGC. The pro-
duction of hemoglobin Camperdown in significant amounts
shows that these changes in sequence just 5’ to the splice junc-
tion of B-globin IVS 2 are unlikely to cause a B°-thalassemia
defect. A change from AGG to AGA, which also codes for ar-
ginine, cannot be ruled out. Therefore, it is possible that the
base change in the G-G-T sequence at the 5'-end splice junction
is in the G preceding the splice site. However, it is more likely
that this change is in either the G or T at the 5’ end of IVS 2.

We and others have suggested that 8°- and 87 -thalassemias
might be due to defects in processing of B-globin mRNA pre-
cursors (2, 24, 25). The accumulation of such precursors in 8*-
thalassemia has been reported in studies of newly synthesized
nuclear RNA (26, 27). A single base change in the small IVS
(IVS 1) of the human B-globin gene has been reported in one
cloned DNA from a patient with 8*-thalassemia (28). It has been
suggested that this change generates a “false” splicing signal
within IVS 1 and limits B-globin mRNA processing. In this 8-
globin gene and in two other clones from patients with 8*-thal-
assemia, the major splice junctions of both IVS 1 and IVS 2 of
the B-globin gene are intact by direct nucleotide sequence de-
termination (22, 28; unpublished data).

We provide evidence in this paper that a change in the nu-
cleotide sequence at the 5'-end splice junction of B-globin IVS
2 may be the cause of the underlying defect in B-globin syn-
thesis in some individuals with B°-thalassemia and may com-
pletely prevent normal B-globin synthesis. The presence of a
single Hph I fragment suggests homozygosity for the defect at
the splice junction in each of the three affected patients. This
is in contrast to evidence for heterozygosity in the gene defects
in B’-thalassemia patients with deletions at the 3’ end of the 8-

globin gene (13, 14). Additionally, we find apparently similar
defects in one Italian and two other Iranian patients, most likely
caused by independent mutations, although unusual transmis-
sion of a single gene remains possible. Pedigree analysis of the
Italian family suggests no evidence of consanguinity in three
generations studied; inbreeding in the affected populations re-
mains a possibility and is being investigated. Sequencing of
these genes should precisely define the nucleotide defect at the
5' end of IVS 2 and clarify other structural changes and, per-
haps, the genetic relationships of these genes.

Functional studies of globin mRNA metabolism in the bone
marrow cells of the affected patients, which may demonstrate
the lack of B-globin mRNA and accumulation of abnormal B-
globin mRNA precursors in the nucleus of these cells, will be
required to definitively relate the structural abnormality we
describe to the functional absence of B-globin. The clones con-
taining these abnormal B-globin genes should provide useful
materials for studying the relationship between changes in gene
structure at splice junctions and gene function with in vitro and
in vivo systems for gene transcription and RNA processing. The
new restriction fragment generated by Hph I also should facil-
itate prenatal diagnosis of fetuses-at-risk for B8°-thalassemia hav-
ing this defect and an analysis of the population genetics related
to this gene.

The G-G-T sequence at the splice junction at the 5’ end of
IVS 2 is conserved in all globin genes studied in several species
and in most other genes (18, 19, 29). The remarkable conser-
vation of this sequence suggests its functional significance and
makes it extremely unlikely that the change at the 5’ end of the
IVS 2 in these patients with 8°-thalassemia represents a poly-
morphism unrelated to the underlying defect in B-globin syn-
thesis, although this possibility formally exists. Appropriate
expression of globin genes or globin cDNAs using simian virus
40 recombinants in monkey cells has been shown to require
intact splice junctions for function (30-33). Our results dem-
onstrate the in vivo significance of intact splice junctions for
normal gene function and are unique examples of naturally oc-
curring nucleotide defects at these junctions. A similar defect
involving a G-to-A change at the 5’ end of IVS 2 in a cloned B°-
thalassemia gene has been reported recently in abstract form
(34).
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