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ABSTRACT

We have determined the DNA sequence of a 1464 bp segment immediately
flanking the 5' side of the human P-globin gene. The sequence shows little
s1m11ar1ty to the corresponding regions of the €- or y-globin genes. There
is about 757 homology, however, between the 5" extragenic regions of the B-
globin genes of man, goat and rabbit respectively. The mouse B minor globin
gene, but not the mouse B major globin gene, also shares this extensive
homology. A short segment of simple sequence DNA is found from about 1418
to 1388 bp upstream from the human B-globin gene which consists of repeats
of the sequence (TTTTA). Similar DNA sequences are also found at several
sites in the large intron of the B-globin gene. We have compared the DNA
sequence of the 5' extragenic region of the normal B-globin gene with the
same segment of the f-globin gene of a patient with B thalassaemia. Of the
two nucleotide differences observed, one generates a polymorphic HinfI site
present 990 bp upstream from the B-globin gene in the thalassaemic B-globin
gene and absent in the normal gene. A second ﬂothalassaemc B-globin gene
which has the same molecular defect as the above mentioned case, however,
lacks this HinfI site. It is therefore not yet clear whether this HinfI
site will have any value in prenatal diagnosis of ﬁothalassaemia.

INTRODUCTION

The comparison of the DNA sequence of a number of eukaryotic genes
has revealed several conserved DNA sequences; the analysis of the expression
of genes lacking such sequences has in turn identified the role of certain
of these with transcription and RNA processing events, for a review see (1).
Until now the sequence comparison of the 5' extragenic regions of eukaryotic
genes has been restricted to the one to two hundred nucleotides contiguous
with the respective genes. Since evidence for a role in transcription of
sequences further upstream is accumulating (1, 2, 3), it is necessary that
these DNA sequences are available for comparison. In this article we present
the DNA sequence of a 1464 bp segment of the 5' extragenic regions of the
human B-globin gene. This sequence has been compared with that of the
g-globin gene from an individual with B°thalassaemia, and with corresponding
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sequences of several other f-globin genes and the human €- and y-globin genes.

MATERIALS AND METHODS

The general procedures for the isolation and characterization of the
globin genes and the Maxam-Gilbert (2) sequence determinations have been
described previously (3). The genes studied are described in the Results
and Discussion section.

Sequence comparisons were performed in two ways. The first used the
Sequence Analysis System (SEQ), Stanford University, 1981. programme. In
most comparisons a minimal homology of 757 was chosen with a minimal sequence
length of 5 and loop size of 3. The second approach used a computer
programme (see ref 4) which generates a matrix of dots, each of which
indicate a homologous segment. A number of criteria for the presence of
homology (and hence the presence of a dot on the matrix) were used. The
comparisons that we show presented here use a perfect match of 4 nucleotides

per dot.

GENERAL APPROACH

In this article, we discuss the DNA sequence of four human B-globin
genes.

1. The first derives from a normal Dutch individual and was originally
cloned from a sample of placental DNA as a cosmid (5). It has subsequently
been subcloned as a 1.8 kb BamHI fragment in pAT153 (see 6). We refer to
this gene as NP-globin gene -1.

2. The second derives from a sample of foetal liver DNA and was
originally cloned by Lawn et al. (7) in 4 phage charon 4A. It was subse-
quently subcloned by Maniatis and his colleagues as the 4.4 kb PstI fragment
containing the B-globin gene in pBR322. We refer to this as NB-globin
gene -2. The sequence of the B-globin gene from this clone is presented in
Lawn et al. (8).

3. The third B-globin gene was cloned from DNA from whole blood of an
Italian patient with B°/38°thalassaemia (3) as a 7.5 kb HindIII fragment
which contains the ﬂothalassaemic B-globin gene. The original fragment was
cloned in 4 charon 21A and subcloned in the HindIII site of pAT153 (3).

We refer to this gene as Bo-globin gene -1,
4, The fourth p-globin gene derives from spleen DNA of an Italian

patient with homozygous Bothalassaemia and was cloned as described for the
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other thalassaemic patient (3). We refer to this gene as poglobin gene -2,

RESULTS AND DISCUSSION

The DNA sequence of the 5' extragenic region of the human B-globin gene

The segment of DNA sequenced and the sequencing strategy employed
is shown in Fig. 1(a). Fig. 2 shows the DNA sequence. Immediate inspection
of the sequence shows a few interesting features. First, a segment of simple
sequence DNA is located at the 5' end of the DNA sequence determined, which
consists of several repeats derived from the basic umnit (TTTTA)n. The
central portion of this region is a perfect repeat, but at the extremities
the sequence differs by one or more nucleotides from this basic unit. We
have determined the DNA sequence of this region for 3 f-globin genes. In
two cases (NB-globin gene -1 and Bo-globin gene —1) the sequence is identical.
In the third case, namely NB-globin genme -2 cloned by Lawn et al. (7) there
is one fewer TTTTA repeat present. Since this difference is detectable by
gel electrophoresis we have examined this point for ao-globin gene -2,
Judged by gel electrophoresis this gene has the same number of repeats as in
NB-globin gene -1 and Bo-globin gene -1 (not shown). It is not clear whether
the deficiency of one TTTTA repeat in NB-globin gene 2 occurred during
cloning in bacteria or existed in the DNA from the original sample used for
cloning by Lawn et al. (7) Clearly such a TTTTA repeat can be deleted by
unequal crossing over, either in man or in E.c¢oli. We have searched the
remainder of the B-globin gene sequence of Lawn et al. (8) for the TTTTA
repeated structure. Several short sequences similar to this repeating unit
can be detected within the large intron. (Table I). This type of structure
has much in common with the basic type of repeating unit seen in satellite
DNAs but, in the case described here the total repeated segment only con—
tains a few copies of the repeat. In addition to this type of structure,
other areas of simple sequence DNA are evident e.g. alternating TA inter-
spersed with TG and CA.

Comparison of the 5' flanking DNA sequence of human B-globin genes from a

normal and a thalassaemic individual

Prior to the comparison of the structure of a given gene region from
different individuals, it was speculated that considerable polymorphic
differences may exist (see e.g. ref 9). Polymorphic differences can be
utilized to identify a given allele of a gene if these are in linkage dis-

equilibrium with that allele. This is particularly useful if the allele is
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Fig. 1
The sequencing strategy for the 5' extragenic regions of the
a) normal human and
b) BOthalassaemic B-globin gene.

The first two exons of the gene are shown as boxes; the filled areas encode
the B-globin protein and the open area the 5' untranslated region.

linked with a mutated form of a human gene such as the human B-globin gene

in B-thalassaemia. Indeed, Kan and colleagues (10) have utilized the linkage
disequilibrium between a polymorphic Hpal site at the 3' side of the human
B-globin gene and the human B-globin gene from patients with sickle cell
anaemia to perform prenatal diagnosis of sickle cell anaemia. Unfortunately,
this approach has not yet been fruitful for the diagnosis of the

important hereditary anaemia B-thalassaemia, although in one case such a
diagnosis has been carried out successfully (11).

We have recently cloned two B-globin genes from patients who both
have a form of pothalassaemia which results from a stop codon in the B-globin
gene at the position encoding amino acid residue 39 of the B-globin protein
(3);Kan and his colleagues have identified a similar case, also in an Italiamn
patient (12). These preliminary indications suggest that this may be a
common form of po-thalassaemia and we have therefore determined the DNA
sequence of the 5' regions of the B-globin gene of one of these patients to
search for polymorphic differences. Fig. 1lb shows the strategy followed.
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10
GGATCCAGTT

110
GAGCTGAAAG

210
ACTGACAGGG

310
ACTCTGCACT

410
TAGAGAAAGA

510
TCTTAGTGGA

610
ACACTCTTGC

710
TGTAAGTGAC

810
AGCACATTGA
910
TGTATGTGTG
1010
TTTTCA
1110
TCTTCCACTT

1210
AATACACTTG

1310
CTCCTAAGCC

1410
GGAGCAGGGA

Fig. 2

20
TCTTTTGGTT
120
GAAGAAGTAG

220
CCCTTAGGGA

320
TCAAAAGTTT
420
AGAGTAAATT
520
CTAGAGGAAA
620
AGATTAGTCT

720
TTTTTATTTA

820
TTTGTATTTA
920
‘TATATATACA

1020
TCCATTCTGT

1120
TTAGTGCATC

1220
CAAAGGAGGA

1320
AGTGCCAGAA

1420

30
AACCTAAATT

130
GAGAAACATG

230
ACACTGAGAC

330
TTCCTCACCT
430
TTAGTAAAGG
530
AAAATAATCT
630
AGGCAGAAAC

730
TTTGTATTTT

830
TTCTATTTTT
930
CATATATATA

1030
CCTGTAAGTA

T 1130
AACTTCTTAT

1230

40
TTATTTCATT

140
CAAAGTAAAA

240
CCTACGCTGA

340
GAGGAGTTAA

440
AGGTTTAAAC

540
GAGCCAAGTA

640
AGTTTAGATG

740
TGACTGCATT

840
AGACATAATT
940
TATATTTTTT

1040
TTTTGCATAT

1140
TTGTGTAATA

1240

"AGT AGCAATTTGT

1330
GAGCCAAGGA

1430

GGGCAGGAGC CA(

1340
CAGGTACGGC

1440
CATAAAAGTC

50
TTATTGTTTT

150
GTATAACACT

250
CCTCATAAAT

350
TTTAGTACAA

450
AAACAAAATA

550
GAAGACCTTT
650
TCCCCAGTTA

750
AAGAGGTCTC

850
TATTAGCATG

950
TTCTTTTCTT

1050
TCTGGAGACS

1150
AGAAAATTGG

1250
ACTGATGGTA

1350
TGTCATCACT

1450
A

60
ATTTTATTTT

160
TTCCTTGCTA

260
GCTTGCTACC

360
GGGGAAAAAG
460
TAAAGAGAAA
560
660
ACCTCCTATT

760
TAGTTTTTTA

860
CATGAGCAAA

960
ACCAGAAGGT

1060
CAGGAAGAGA

1160
GAAAACSGATC

1260
TGGGGCCAAG

1360
TAGACCTCAC

1460
CATCTATTGC

70
ATTTTATTTT

170
AACCGACATG

270
370
TACAGGGGGA

470
TAGGAACTTG

570
CCCCTACTTT

670
TGACACCACT

770
870
TTAAGAAAAA

970
TTTAATCCAA

1070
TCCATCTACA

1170
TTCAATATGC

1270
AGATATATCT

1370
CCTGTGGAGC

TTA

80
ATTTTGTGTA

180
GGTTTCCAGG
280
TAATTACATC

380
TGGGAGAAAG

G 480
AATCAAGGAA

580
CTAAGTCACA
680
GATTACCCCA

780
CCCAAAACCT

880
CAACAACAAA
980
ATAAGGAGAA

1080
TATCCCAAAG

1180
TTACCAAGCT

1280
TAGAGGGAGG

1380
CACACCCTAG

20
ATCGTAGTTT

190
‘TAGGGGCAGG
290
TTTTAATAGC

390
GCGATCACGT

490
ATSATTTTAA

590
GAGGCTTTTT
690
TTGATAGTCA

790
AATAAGTAAC

890
TGAATGCATA
990
GATATGCTTG

1090
TGAATTATGG

1190
GTGATTCCAA

1290
GCTGAGGGTT

1390
GG

100
CAGAGTGTTA

200
ATTCAGGATG

300
AGGAAGCAGA
400
TGGGAAGCTA

500
AACGCAGTAT

600
GTTCCCCCAG

700
CACTTTGGGT

800
‘TAATGCACAG
900
TATATGTATA

1000
GAACTGAGGT

1100
TAGACAAAAC

1200
ATATTACGTA

1300
TGAAGTCCAA

1400
TCTACTCCCA

The DNA sequence of the 5' extragenic region of the human B-globin gene.
Two polymorphic differences were found between the sequence of the normal
and thalassaemic B-globin gene region.
and 1123 (-341)
sequence.

These are at nucleotide 474 (= -990)
and are indicated above the relevant part of the DNA

Only two nucleotide differences have been found in this comparison (although

a segment of about 107 nucleotides of the ﬁothalassaemic sequence has not

been determined), aC->G transversion at position -990 and a C->T tramsition

at -340 (Fig. 2).

in the thalassaemic individual.

Interestingly, the first of these deletes a HinfI site

This cannot be a cloning artefact since we

have shown the absence of thigs HinfI site in the genomic DNA of this patient

by Southern blotting HinfI-cut DNA and hybridizing the blots with a probe
for the human B-globin genes; (T. de Lange, unpublished). The
observation suggests that HinfI could possibly be used for the diagnosis of

this form of B-thalassaemia.

latter

We have therefore analyzed two normal B-globin

genes and another pothalassaemic B-globin gene (with the same genetic lesion

as in this case).

(not shown).

In all these cases, however, the HinflI site is present

We are currently analyzing a series of genomic DNAs from the

thalassaemic individuals to see how widespread this HinfI polymorphism is.
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TABLE

Presence of DNA sequences related to TTTTA in the human B-globin gene region

Sequence Position Coordinates
* *k *
1. TTTGG TTAAC(CTAAA)TTTTA TTTCA TTTTA(TTG)
5' extragenic =1449 to -1388
TTTTA TTTTA TTTTA TTTTA TTTTA TTTTG
Xk X *
2. rrrra &rred rrrra TrTCE TeTTC intron +638 to +662
* Xk kx
3 TTTTC TTTTG TTTAA TTCTT GTTCT
intron +669 to +713
* x k%
TTTTT TTTTC TTCTC
kkk *
4, (CCCTA)CTTTA TTTTC TTTTA TTTTT intron +874 to +895
Xk Kk Kk kkk ok kkk *
5. CTTTC TTCTT TTAAT (ATACT)TTTTT
intron +1007 to +1046
* * *
GTTTA TCTTA(T)TTCTA

The conservation of the DNA sequence in the 5' flanking region of
the B-globin gene is remarkable and reminiscent of the results recently
obtained (e.g. ref 3) which show very few polymorphisms in the DNA sequence
of the B-globin genes of different individuals.

Comparison of the DNA sequence of the 5' flanking regions of related

f-globin genes

The availability of the DNA sequence of the 5' flanking regions

of a number of B-globin genes permits the comparison of these sequences and
thus a search for DNA sequence conservation. About 400 nucleotides of 5'
flanking DNA sequence has been determined for the rabbit f-globin gemne (13)
and around 200 nucleotides for the mouse B major and £ minor globin genes

(4) and the goat (14) P-related globin genes. We have compared these DNA
sequences with the corresponding region of the human B-globin gene; the
results are shown in Figs. 3 to 6. About 757 homology can be seen between
the human and rabbit sequences from about -370 to the cap site; 75% homology
is also found between the goat and human sequences throughout the published
sequence of the goat 5' region (14). In the case of the human/rabbit sequence
comparison, we have performed the homology search in two ways. In the first,
a computerized dot-matrix comparison was carried out (Fig. 3A; see ref. 4)
and in the second, we have used the SEQ programme (see Materials and Methods).

In the latter case, short sequences are matched and printed when the homology
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Comparison of HBETR and RABBIT
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Fig. 3
Dot matrix comparison of the 5' extragenic regions of the human (H Beta) and
rabbit f-globin genes.

A computer programme (see 4) was used to generate a matrix of dots indicating
segments of homology. The human DNA sequence is from this paper, the rabbit
sequence from ref. 13. Each dot represents a homologous segment of 4 nucleo-
tides in length. The two vertical lines at the right of the figure indicate
the CAAT and ATA boxes.

falls within chosen limits of minimal homologous sequence length. 7 mis-
match and so on. The results of this comparison of the human 5' sequences
with those of the rabbit, goat and mouse B-globin genes is shown in Figures 4,
5 and 6 respectively. Both the mouse § major and f minor genes are homo-—
logous to the human f-globin gene, but the homology is significantly less
than in the rabbit and goat comparisons (about 65Z for both mouse (genes)
versus 75Z for the goat and rabbit homology). Van Ooyen et al., (15) noted
previously that the rabbit and human B-globin gene mRNA coding sequences were
more similar to each other than are the mouse and rabbit sequences. The
divergence time for all the ma-mals discussed here is considered to be the
same, that is about 85 million (MY). The rate of sequence divergence cal-

culated from the rabbit and goat comparison is therefore about 0.15% per MY
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-400
.

H earccarc TACATATCCCAAAGT GAATT ATGG TAGACAAAACTCTTCCAC
R AN R AR RN RARNR R AR RN * ERRAEE ARk kR ERRRNERR & * wa e

R GATCTCTCTCTCTCTCTCTCTCTCTCTCTCTACCTATCTATTTATCTATTTAAGTGGATTTCAACACACAAATCTTCTCCCT

. =300
.
H  TTTTAGTGCATCAACTTCTTATTTGTGTAATAAGAAAATTGGGAAAACGATCTTCAATATGCTTACCAAGCTGTGATTCCAAATATTACGTAAATACACTT
e LR I * % . * LT T T * * - x wn - e . .

R  TTTCTGTGCCTTAAATCCTCATTTGTATGATAAATAA TTGATTTTTCAATTTTTCATAGGCTTACCAGGCTCTAATAACAAAAATTATATAAATAAATTT

-200
H G CAA  AGGAGGATGTTTTTAGTAGCAATTTGTACTGATGGTATGGG CCA 'nunu.'l T2.Gi TTGAA
e * * . * Ty T T an % ane
R GGCAAGAAAGGAGG TGTTTTCAGTAGCAATT. TGCT AGATACAT AGAAGGAAGGCTGAG TCT

-100
'
H  GTCCAACTCCTAAGCCAGTGCCAGAAGAGCCAAGGACAGGTACGGCTGTCATCACTTAGACCTCACCCTGTGGAGCCACACCCTAGG GTTGGCCAATCTACT

hld * * e tene L 3 . % *

R GTCAGACTCCTAAGCCATTGCCATAACTGCCAAGGACAGG GCTGTCATCACCCAGACCTCACCCTGCAGAGCCACACCCT GGTGTTGGCCAATCTACA

H CCCAGGAGCAGGGA GGGCAGGAGCCAGGGCT GGGCATAAAAGTCAGGGCAG — AGCCATCTATTGCTTA

LRI T T T ARRRREERRE R * * axs *E & A

R CAC GGGGTAGGGATTACATAG TTCAGGACTTGGGCATAAAAGGCAGAGCAGGGCAGC TGT TGCTTA

Fig. 4

Alignment of the human (H) and rabbit (R) 5' extragenic B-globin gene sequence
to display homology. The sequence was aligned with the help of the SEQ
search computer programme as described in the text and Materials and Methods.
*denotes a region of non-homology.

-200
H TTTTAGTAGCAATTTGTACTGATGGTATG GGG CCAAGAGATATATCTTAGAGGGAGGGCTGAGGGTTTGAAGTCC
* * - * * *RE K * L2 ] Rk A hR L i * F221 222222
G TTT AGTAGCAATGTGTATTGCTGGAATGACTGAGACCTTGAGATGCC C AGAAAGAGGGCTGACGG
-100
H AACTCCTAA GCCAGTGCCAG AAGAGCCAAGGACAGGTACGGCTGTCATCACTT AGACCTCACCCTGTGGAGCCACAC
k& * * & * * * * * * * * L2 * * -
G TC TAAAGTCAGTGCCAGGAAGA CCAAGTAGAGGTATGGCTATCACCA TTCAAG CCTCACCCTGTGGAACCACA
H CCTAGGGGGTTGGGCCAATCTACTCCCAGGAGCAGGGAGGGCAGGAGCCAGGGCTGGGCATAAAAGTCAG GGCAGAGCCA
* x E2 223 ] - * - * L] * ® & &
G ACT TGGCACGAGGCCAATCTGCTCACAGAAGCAGGGAGGGCAGGAGGCAGGGCTGGGCATAAAAGGAAGAGCC GGGCCA
H TCTATTGCTTA
* R I
G GCTGCTGCTTA
Fi.g. 5

Sequence conservation between the human (H) and goat (G) B-globin genes
(see Fig. 4 for details).
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=200

Mmin AGAA CT TAAGCCTGTGCCA T AGCCACC
SAREREE & 40 & -t e " * e - "t te "ARE & . KERE e - Ll - %
1
H TACTGATGGTATGGGGCCAAG ~ AGATA TA AG AGC
e . 8 anaw e man
Mmaj ACCTGA GAC  GTCCTAAGCCAGTG AG T GGC
=100
Mmin  CTGTGT AGATATGGTTG TCATCTCTGAAG CCTCACCC TGCAAGGTAAC AC CCCT GGCATTGGCCAATCTGCT
R " e I I T .
H c % 766
I Y T o+ eese .
Mmaj ACA GCA TGTCCA ATCGCT TCGC TCCG TAG cr
Mmin caGac TT CTTA
e e s S T T T P
H CCCAGGAG cc TTGCTTA
- - atn - . " - RE T L] . ey - LI L N -
Mmaj caca

Fig. 6
Sequence conservation between the human (H) and mouse £ major (M maj) and
B minor (M min) globin genes.

per single lineage, whereas the value calculated for the mouse genes is about
0.25% per MY. Both numbers are significantly lower than the values (0.5% -
1Z per MY) normally used for the rate of change of DNA sequences where little
selective pressure is thought to be exerted (see e.g. 17). This discrepancy
can be explained in two general ways. First, the rate of change of nucleo-
tide sequence per unit time might differ between different gene combinations,
between different regions of the genome in a given animal or, more likely,
between different animals. The fact that the rate of change differs
significantly between the mouse and, say, rabbit supports this notion. It is
possible, as has been suggested repeatedly, that the generation time of the
organism might influence the rate of accumulation of mutations at a given site
in the genome. Specifically, the generation time of the mouse is signif-
icantly shorter than that of the other mammals studied here. Alternatively,
this discrepancy could reflect DNA sequence conservation as a result of
selection pressure. The rate of sequence divergence in the 5' extragenic

regions seems to be significantly less than the rate of change of the DNA
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sequence of the large intron of the B-globin gene which has been reported,
both in the case of the rabbit-mouse comparison (15) or the rabbit—human
comparison (our unpublished comparison). This might reflect differential
rates of mutation at the two sites (albeit unlikely!) as discussed above and/
or the effect of selection. This selection might act to conserve the 5'
flanking region. In addition, a high proportion of the DNA sequences differ-
ences seen in the large intron is the result of deletions and insertions. It
is also possible, therefore, that this type of sequence change is tolerated
in an intron, but prohibited in the 5' flanking regions. This type of
mutation would obviously have a serious effect on the functioning of DNA
sequence elements whose position with respect to one another must be kept
constant (e.g. promotor elements). The DNA sequences from -100 up to and
including the ATA box at -31 have been shown to play a role in the trans-
cription of globin (19, 13, 20, 27) and other genes (e.g. 21, 22, 23).
Sequence conservation in these regions has been given ample coverage in the
literature and need not be reiterated here. There are two other regions
which show apparant DNA sequence conservation in all the five mammalian B-
globin genes that we have compared here. One of these is an approximately
13 base pair region localized at about -170 to -157 in the case of the mouse
g-major globin gene, but at about -160 to -147 in the other genes. The
consensus sequence for this region is TC%TAAGgCAgTCCCA. The region down-
stream from -120 is also conserved in all these f-globin genes. The
sequence at about -160 is not conserved (data not shown) between the human
B-globin gene or the other human f-related globin genes (y and €) for which
DNA sequence information is available in these regions (see 18, 24 and 25).
This sequence conservation seen in the P-globin genes might then reflect a
role for these DNA sequences in the functioning of the P-globin gene specic-
ically rather than a general sequence element for all genes. Functional
analysis of the DNA sequence requirement for the expression of the f-globin
gene in erythroid cells should help to elucidate this point.
Note added

After this manuscript was prepared a paper by Spritz (26) appeared
which also describes the simple sequence DNA (TTTTA) to the 5' side of the

human P-globin gene.
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