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A B S T R AC T In an individual homozygous for
G,-8f8-thalassemia, a physical alteration in y-globin
gene organization was detected by restriction enzyme
mapping. The data indicated that the absence of A,-
globin chains resulted from extension of the DNAdele-
tion from the 8,8-globin gene region into the y-globin
gene region rather than a functional disturbance of
y-gene expression.

INTRODUCTION

During late gestation in humans a switch from y- to
,8-globin chain synthesis occurs accounting for the
transition from predominantly hemoglobin F (HbF)
(a2y2) to HbA (a2f32) in erythrocytes (1). Accompanying
this developmental switch is regulation of expression
of the nonallelic y-chain loci, designated G, and Ay,
to denote the presence of either glycine or alanine
at amino acid position 136 of their gene products (2).
Although the percentage of Gy-chains is about 70%
in HbF of cord blood samples, it is 50% or less in the
small amount of HbF found in adult erythrocytes (3).
Acquired and inherited conditions are associated with
increases in HbF in adults (1, 4). Most striking among
these entities are two rare conditions, 8,8-thalassemia
and hereditary persistence of fetal hemoglobin (HPFH),'
in which only HbF is present in homozygotes. Usually
homozygotes have both G,- and Archains in the normal
adult proportions, but occasionally HbF of only one
type may be present (1, 3). Huisman and co-workers (3)
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'Abbreviations used in this paper: HPFH, hereditary per-
sistence of fetal hemoglobin; kb, kilobase pairs.
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have proposed that different deletions of DNAwithin
the 'y8f,globin gene complex may account for the various
observed phenotypes.

Deletion of 8- and ,8-globin gene sequences has been
found in DNAof individuals homozygous for 8,8-thalas-
semia and HPFH, as studied by liquid hybridization
analysis (5-8) and gene mapping (9, 10). In HPFH
the 8- and f-genes are entirely deleted (10). Homozy-
gotes for 813-thalassemia appear to be of at least two
varieties: one of which has no 8- or (-gene sequences
(10) and another in which residual ,8-like sequences are
present (9). Wereport here that in a homozygote for
the former type of 8(8-thalassemia only G,-globin chains
are present in HbF, and this is associated with a physical
alteration in y-gene organization in cell DNA.

METHODS

Gene mapping. The methods used have been described
elsewhere (10-12). Cell DNAwere digested with restriction
enzymes, and electrophoresed in agarose. DNA fragments
were transferred to filter sheets by the Southern procedure (13)
for hybridization with 32P-globin complementary DNA(sp act,
400 cpm/pg) transcribed from HPFHreticulocyte messenger
RNA(10, 12). This probe is specific for both a- and y-globin
sequences. Filters were washed under stringent conditions
(14) and autoradiographed to reveal the globin-specific DNA
fragments.

HbF analysis. Hemolysates were electrophoresed in 12%
acrylamide in 6 Murea, 2%Triton X-100 (Rohm and Haas Co.,
Philadelphia, Pa.), and 5%acetic acid, adapted from the method
of Rovera et al. (15). The proportions of G, and Ay globin chains
were determined by scanning of gels after staining with
Coomassie Blue dye.2

2Alter, B. P., S. C. Goff, G. D. Efremov, M. E. Gravely, and
T. H. J. Huisman. Globin chain electrophoresis: a new ap-
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FIGURE 1 Globin chain electrophoresis. Lane 1, HPFH
homozygote. Lane 2, 8,8-thalassemia homozygote; lanes 3
and 4, mother and father, respectively, of 8,8-thalassemia
homozygote. Samples of parental hemolysates were intention-
ally overloaded to permit adequate quantitation of HbF globin
chains. The slowly migrating band present in lanes 3 and 4
just above the position of the Ay chain is carbonic anhydrase.

Patient material. Descriptions of our HPFH and 8,I-
thalassemia homozygotes have been reported (10). The HPFH
homozygote has mild thalassemia by globin chain synthesis
studies (y/a = 0.53 [10]). The 88-thalassemia homozygote
is an 8-yr-old Turkish male with thalassemia intermedia.
Marked globin chain synthesis imbalance is present (y/a = 0.2,
case 10 of Table III in reference 16). HbF is heterogeneously
distributed among the erythrocytes in both parents. By gene
mapping the 8,8-thalassemia homozygote lacks 8- and f,-genes
as studied after digestion of DNAwith the enzymes Eco RI (10),
Hin dIII (10), Pst I, and Xba I (unpublished observations).

DNAwas prepared from skin fibroblasts of the 8,-thalassemia
homozygote and from peripheral blood leukocytes of the
HPFH homozygote or normal individuals as previously
described (10).

ments, reported by Little et al. (17) as 6.5, 2.5, 1.65,
and 0.65 kilobase pairs (kb) long. The HPFHhomozy-
gote DNAhad the same y-fragments as normal DNA
(Fig. 2, lane 1), estimated in our gels to be 7.0, 3.0, 1.5,
and 0.5 kb long. In contrast to normal and HPFHDNA
digested with Eco RI, DNAof the G,-8,8-thalassemia
homozygote revealed only one of the normal y-fragments
(7.0 kb) (Fig. 2, lane 2). Alteration in the hydridization
of y-DNA fragments in this patient's DNAwas not
limited to the use of Eco RI. Whereas normal (17) and
HPFHDNAcontain a single y-DNA fragment of about
13 kb after digestion with the enzyme Bgl II, the Gy-8,8-
thalassemia homozygote had a new, shorter y-fragment
of about 8 kb that was also present in both parents
in addition to a normal Bgl II y-fragment (Fig. 2,
lanes 3-6).
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RESULTS

The 8,8-thalassemia homozygote had only G,- and a-
globin chains in his erythrocytes (Fig. 1). The HbF
in the parental erythrocytes was almost exclusively of
the G,-type as well. These analyses indicate that the
homozygote has G,-8,8-thalassemia. The elevated HbF
in each parent is produced from the chromosome carry-
ing the 8,8-lesion. The HPFHhomozygote, as in other
cases (4, 5, 7), had approximately equal amounts of
G,- and A,-globin chains.

DNA samples were treated with the restriction
enzyme Eco RI, and analyzed for the presence of
y-sequences by hybridization with a + y-32P-comple-
mentary DNA. Normal DNAcontain four y-DNA frag-

FIGuRE 2 Globin gene mapping. DNAsamples were treated
either with Eco RI (lanes 1 and 2) or Bgl II (lanes 3-6), elec-
trophoresed in agarose, and hybridized with 32P-a + y-globin
complementary DNA. HPFHand G,,-8f-thalassemia homozy-
gote DNAare compared in lanes 1 and 2, respectively. HPFH,
as well as normal (not shown), DNAcontains the y-specific
fragments denoted by the arrowheads, a 22.5-kb a-specific
fragment marked "a" (10), and band "X", which is thought
to represent a globinlike sequence (possibly "e") with exten-
sive homology with y. Minor bands just above and below
the 7.0 kb y-fragment, seen in lane 2, were variably seen
in normal, HPFH, and G,,8,-thalassemia DNAin many experi-
ments and are not thought to be globin related. Bgl II-digested
normal and Gy-8,-thalassemia homozygote DNAare compared
in lanes 3 and 4, respectively. Normal, as well as HPFH(not
shown), DNA has the 13-kb y-specific fragment (17). The
smaller fragment of about 9 kb hybridizes specifically with
a probe and is absent in homozygous a-thalassemia DNA
(Orkin, unpublished data). The G,-8,8-thalassemia DNAhas
a new y-specific fragment at about 8 kb (lane 4). This fragment
does not hybridize with a probe alone. Bgl II-treated DNA
of the mother and father of the homozygote are shown in
lanes 5 and 6.
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proach to the determination of the G,,/A-, ratio in fetal hemo-
globin and to studies of globin synthesis. Br. J. Haematol.
In press.



DISCUSSION
Our results are best interpreted by reference to the
structure of the normal y-globin gene region reported
by Little et al. (17). In normal DNArestriction enzyme
sites about the closely linked nonallelic G,- and A,-loci
are arranged as depicted in Fig. 3. Based on the cross-
over between Ay- and ,8-genes leading to the formation
of hemoglobin Kenya, the 8- and ,3-loci can be situated
3' to the y-complex (1, 17). Fragments of DNA3.0 and
0.5 kb long, derived from the A,-gene, were absent
in Eco RI digests of our G,-8,t-thalassemia homozygote
DNA. The 1.5-kb fragment, normally derived from
the 3'-portion of the G,-locus, was not apparent either,
although the presence of G,-chains indicates that it
cannot be missing from the genome. The 3'-G,-sequences
must reside in a fragment of different size from normal
on account of the creation of a new Eco RI restriction
site 3' to the G,-locus (see Fig. 3). Because of limita-
tions in the Southern procedure, some DNAfragments
may not be well seen, especially if they are particularly
small or large (13). Weexpect that this is the case with
the 3'-G,-fragment in this patient. Taken together,
the absence of both A,-globin chains and Ay-DNA frag-
ments in association with an alteration in the position
of the 3'-Gr-fragment indicates that the deletion within
this DNAextends from the 8,8-gene region, normally
present 3' to the y-genes (1, 17), into the y-region itself
(Fig. 3). The alteration in the size of the y-Bgl II frag-
ment is a direct consequence of deletion of the usual
Bgl II site 3' to the y-loci (Fig. 3). Wepresume that
the deletion is continuous, i.e., the entire DNAsegment
between the A,- and 8-loci is absent. Alternatively,
though less likely, it is possible that two separate dele-
tions, one involving the 8,k-region and the other involv-
ing the Ar-gene, occurred in this Gy-8,&thalassemia DNA.

* EcoRI
Bgl 11

Ikb G-G Ai
A&A&~

FIGURE 3 Organization of the y-globin gene region in normal
DNAand the deletion in the G,-68I-thalassemia homozygote.
Locations of the Eco RI and Bgl II restriction sites about and
within the Gr- and Aryloci in normal DNAwere deduced by
Little et al. (17). The orientation of the y-gene sequences
is indicated by the arrow above the physical map (drawn
5' to 3', as the sequences are ultimately represented in mes-
senger RNA). Each globin locus is interrupted by a large inter-
vening sequence preceding the Eco RI site (17). The arrows
drawn below the normal map indicate the possible extents
of deletion of DNA in the G,-8,I-thalassemia homozygote.
The deletion originates 3' to the y-gene cluster, eliminating
the 8- and 8-loci (10), and extends to the region flanking the
G.-gene. At a minimum, the deletion would terminate just
to the 5' side of the first extragenic Eco RI site (right vertical
line). At a maximum, the deletion could end just 3' to the
G,-gene itself (left vertical line). The extent of the deletion
3' to the a-gene is unknown.

Our observations are in general accord with the notion
that various extents of deletion of DNAoccur in the
8f8-thalassemias and the HPFHsyndromes (3). The data
exclude the possibility that deletion of the 8,8-region
alone is responsible for the deficiency of A,-globin
chains in our Gy-8f8-thalassemia homozygote.

It has been proposed that a region of DNA5' to the
8-locus is required for normal shutoff of y-gene expres-
sion in the transition from fetal to adult life (1, 3). Its
deletion in HPFHmight lead to continued y-gene ex-
pression. In our patient with Gy-8,8-thalassemia this
putative control region would be missing. His severe
impairment in y-chain synthesis may be the consequence
of a gene dosage effect in that y-gene sequences re-
quired for maximal compensation are deleted. Alter-
natively, deletion of other critical DNA regions may
lead to clinical differences. Whether clear-cut distinc-
tions among disorders associated with maintenance of
high levels of y-gene expression into adult life can rest
on physical analysis of DNAalone must await careful
correlation of hematologic and molecular data in a wide
number and variety of additional patients.

Note added in proof. Recently the intergene dis-
tance between the Ay- and 8-loci has been determined
as _16 kb by restriction mapping (18, 19). Similar con-
clusions regarding the deletion in our 8,B-thalassemia
homozygote were reached by Fretsch et al. (18).
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