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ABSTRACT

Nucleotide sequence analysis of a clonmed deletion B-globin gene from a
patient with 5°—thalassenia demonstrates a 619 nucleotide deletion
extending from the 3’ third of the second intervening sequence through 209
bases of 3’ flanking DNA. However, an additional novel heptanucleotide was
identified between the deletion endpoints, suggesting a complex etiology
for this rearrangement.

INTRODUCTION

The po-thaltsse-its are an heterogeneous group of autosomal recessive
anemias characterized by an absence of synthesis of B-globin chains in the
erythroid cells of affected individuals, Although most B-thalassemia
alleles do not contain large DNA rearrangements (1-3), a deletion of
approximately 600 nucleotides has previously been characterized in some po-
thalassemia alleles from Asian Indian individuals (1,2,4). This deletion
includes the terminal portion of the second interveming sequence, the third
globin coding region, the 3'-untranslated sequence, and approximately the
first 150 bases of 3'-flanking DNA (4). Ve have now determined the
complete nucleotide sequence of one of these deletion ﬂ°-thala:senia
alleles. This p°—thnlasse-ia gene contains a 619 base deletion with
addition of a novel heptanucleotide between the deletion endpoints,

suggesting a complex etiology for this rearrangement.

MATERIALS AND METHODS

The molecular cloning of an 8.2 kb Eco RI DNA fragment containing the
deletion B-globin geme in AgtWES has been described previously (4). This
fragment was isolated from the recombinant bacteriophage and subclomed in
pBR322. Nucleotide sequence determination was by a modification of the
method of Maxam and Gilbert (5). Restriction endonucleases were purchased
from New England Biolabs, and a~32[P]-deoxynucleotide triphosphates and

© IRL Press Limited, Oxford, England. 8025
0305-1048/82/1024-8025$2.00/0



Nucleic Acids Research

1-32[P]-adenosine triphosphate were from Amersham.

RESULTS

We determined the complete DNA sequence of the thalassemic B-globin
gene from the Rsa I site 127 nucleotides 5’ to the cap site of the normal
p-globin gene to the Dde I site ordinarily 331 nucleotides 3' to the
polyadenylation site., Comparison of this sequence with the DNA sequence of
the intact human B-globin geme (6-9) showed a deletion of 619 nucleotides
which extended from 149 bases upstream from the 3' splice site of the
second intervening sequence to 209 bases 3’ to the polyadenylation site
(Fig. 1). Between the endpoints of this deletion a novel heptanucleotide,
AAGTAGA, was found. .

In addition to the deletion and addition noted above, five single
nucleotide differences were detected. Four of these, the C to T transition
in the third base position of codon two, the C to G and G to T
transversions at the 16th and 74th, and a T to C transition at the 666th
bases of the second intervening sequence, have been described in several
other normal (10) and thalassemic (10-15) B-globin alleles and thus appear
to be common DNA sequence polymorphisms. The fifth, a C to G transversion
311 nucleotides 3' to the polyadenylation site, has been noted only once
before (9) and may represent either another polymorphism or an error in the
published normal B-globin geme sequence (6). Another polymorphism
previously noted in other alleles, the C to T change at position 81 of the
second intervening sequence (10-15), was not present in the deletion Bo—
thalassemia gene. Accordingly, this gene has a combination of
polymorphisms typical of the Asian subtype of type 3 PB-globin alleles as
proposed by Orkim and colleagues (10,16) which may represent an
intermediate type allele.

AAGTAGA

*
Sl-WATAOCAATA'I%' A TTCTGC. AATTGTAACGATTCAAGTAGAGGCTTGATTTGGAGGTTAA-3' DELETION B° -THALASSEMIA

s —mocmuur‘: A TTC AATTGTAACTGATGTAAGAGGTTTCATATTGCT ... ... NORMAL IVS2

....... CCCTCAGAAAAGGAT TCAAGTAGAGGCT TGATTTGCAGGTTAA-3' NORMAL 3'- FLANKING
-

Figure 1, Nucleotide sequence in the region of the deletion in the B°-
thalassemic and normal P-globin genes. The deletion endpoints are
indicated by vertical bars, The nineteen base overlapping direct repeat
sequence flanking the 5’ deletion endpoint is indicated by brackets. The
23 base direct repeat sequence in the region of the 3’ deletion endpoint is
indicated by over— and underlining. Polymorphic nucleotides are starred.
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DISCUSSION

A simple model accounting for the generation of this thalassemic gene
is presented in Figure 2. It involves two events, duplication followed by
deletion. The duplication of a dodecanucleotide, either GATTCAAGTAGA or
ATTCAAGTAGAG in the 3’ flanking region of the f-globin gene, may have
resulted from sliding of the coding and non-coding DNA strands relative to
each other (17) at an overlapping imperfect 23 base direct repeat sequence
(AGNAPuAGGNTINANNTPuGAGGPyT) which spans the duplicated region (Figure 1).
Following the duplication, intra— or intermolecular misalignment and simple
recombination at one of two alternative positions appears to have produced
the 619 base deletion, The novel heptanucleotide which occurs between the
deletion endpoints is thus the remnant of half of the leftward
dodecanucleotide duplication described above. Other models might also
account for this rearrangement; however, the model presented here appears
to be the simplest.

Although the immediate stimuli for recombination events are not known,
analysis of other known deletions suggests that misalignment between short
regions of DNA sequence homology may be an important feature (17-23).
However, examination of the sequence of the normal human B-globin gene in
the relevant regions demonstrates segments of only limited DNA sequence
similarity, approximately 30 bases in length, spanning each end of the
region of the deletion, These segments may have facilitated the

5'-GAAAAGGATTCAAGTAGAGGCTT- 3'
DUPLICATION
5'-GAAAAGGATTCAAGTAGAGAT TCAAGTAGAGGCTT -3'

lMISALDGNMENT
TG

585 nt
U A LS J
5 -TAAATTGTAAI:] ATGTAGAGGTTCATATTGCTAATA

L GAAAAGGATT TAGAGAT TCAAGTAGAGGCTT - 3'
loﬂ.enou
5'- TAAATTGTAACAAGTAGAGAT TCAAGTAGAGGCTT-3'

Figure 2, Model for the generation of the deletion 5°—tha1assenia allele.
Although an intramolecular nonhomologous recombinational event is depicted,
an intermolecular event is equally possible.
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nonhomologous recombination event which produced the deletion., It is
intriguing that, prior to the deletion, both deletion endpoints were
flanked by direct repeat sequences (Figure 1). The 3’ endpoint was flanked
by the duplication described above, and the 5’ endpoint by an overlapping
19 base direct repeat, (AATATgTCNCATATAAAT) normally present in the second
intervening sequence of the B-globin genme (6,8). It may be that local
strand slippage at these repeats stimulated misalignment and recombination
between these sites (24).

Thus, the rearrangement in the 'deletion’ p®-thalassemia allele
actually appears to be the result of two successive events, a twelve base
duplication and a nonhomologous crossover producing a 619 base deletion.
This deletion could only have occurred on the background produced by this
duplication, therefore these events necessarily proceeded in the order
duplication>deletion. Whether these events occurred independently or not
cannot be determined at present, and the model presented in Fig. 2 is also
consistent with the existence of alleles having this duplication but
lacking this deletion. However, this deletion should not be observed in
the absence of this duplication. As the deletion can be identified in
approximately 20% of Indian f-thalassemia alleles (H, Kazazian, personal
communication), a search for Bp-globin alleles which contain this
duplication but lack this deletion should probably focus on the Indian
population, Unfortunately, the duplication would not create a novel
restriction endonuclease cleavage site, therefore such a search would

require direct nucleotide sequence analysis of cloned genes.
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