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ABSTRACT
We present the complete nucleotide sequence of the larval

a -globin gene of Xenopus laevis including 240 nucleotides of
tAe 5' flaniking region and 594 nucleotides beyond the poly-
adenylation site. The site of transcription initiation was
mapped by S nuclease, and the site of polyadenylation was
determined Ay comparison with corresponding cDNA clones.

The larval Xenopus B -gene shows the same internal struc-
ture as the 2-globin genel of higher vertebrates, viz. 3 exons
interrupted by 2 intervening sequences. The first intervening
sequence, which is of exceptional length, spans over 564 nucleo-
tides and interrupts the coding sequence at amino acid 30,
whereas the second one comprises 968 nucleotides and is located
between the amino acids 104 and 105. The second intervening
sequence contains a long inverted repeat of almost perfect homo-
logy.

The 5' flanking region contains a TATA- and a CAAT-box at
positions -33 and -58, respectively. An additional TATA-box is
located at -197 and two more CAAT-boxes occur at positions -105
and -237.

INTRODUCTION
Sequential changes in hemoglobin synthesis are a common

feature of vertebrate development and reflect differential ex-

pression of the globin genes which encode the polypeptide sub-
units of hemoglobin. In the South African Clawed Toad (Xenopus
laevis) the switch from larval to adult hemoglobin occurs at

metamorphosis (1) and is characterized by the complete replace-
ment of the larval by adult globin chains (2, 3). Therefore

the Xenopus globin system represents an attractive model for
investigating expression of developmentally regulated genes.

Analysis of cDNA clones, derived from anemic animals, re-

vealed four larval and four adult globin sequences, which in

each stage comprise two closely related oi- and two closely re-
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lated B-sequences (4). In contrast to higher vertebrates, whose

d(- and B-globin genes are arranged in clusters on different

chromosomes, the i- and B-genes of Xenopus laevis are linked
(5, 6). According to a recent study the Xenopus laevis globin

gene family comprises at least 12 genes, which are symmetri-
cally arranged in two clusters. Each cluster carries the linked

adult CC- and B-genes which at the 5' end are flanked by two

larval v-genes and at the 3' end by two larval B-genes (7).

To date the nucleotide sequences are available of cDNA

clones corresponding to the adult s- and B-sequences as well

as those of the larval sIand BI-sequences (8-12). Moreover,

the complete sequence of the adult AI-gene was reported by
Patient et al. (13), and part of the adult QCI-gene was sequenc-

ed by Partington and Baralle (14).
Comparative studies on the fine structure of Xenopus

laevis globin genes may provide information on the role of DNA

sequences in the developmental control of gene expression.

Since the Xenopus laevis globin genes are as yet the only

globin genes available from lower vertebrates, they are also

of interest in the study of gene evolution. To elucidate
further the molecular basis of developmentally controlled ex-

pression of the Xenopus laevis globin genes, it was of interest

also to analyze the structure of a larval gene with its flank-

ing regions. In this paper we now present the complete nucleo-

tide sequence of the larval Bi-gene including 240 nucleotides

of the 5' and 594 nucleotides of the 3' flanking regions to-

gether with the amino acid sequence of the corresponding poly-

peptide.

MATERIALS AND METHODS

Isolation of phage and plasmid DNAs

x recombinant phage DNA was isolated by the glycerol step
gradient procedure (15). Plasmid DNAs and phage M13 RF DNAs

were prepared by the rapid alkaline extraction method (16) and

further purified on CsCl gradients. Single stranded M13 phage
DNA was prepared by polyethylene glycol precipitation and sub-

sequent phenol extraction. Restriction enzyme digestions and

ligation of DNAs were performed according to the recommenda-
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tions of the suppliers (BRL, Boehringer).
Subcloning

XXG4 DNA was digested with Eco RI and ligated into the
Eco RI site of plasmid pUC8. After propagation of bacteria the

DNA of the clone containing the larval Bi-globin gene was iso-
lated and a restriction map was established. For subcloning in

M13 phages appropriate restriction fragments were electro-
phoretically separated on low melting temperature agarose gels
and ligated without removal of agarose (17) into the correspond-
ing cleavage sites of M13 mp8 or M13 mp9 DNA (18).
Sequence analysis

Nucleotide sequences were determined by the dideoxy chain

termination method (19) using sets of deletion mutants which
had been isolated by nuclease Bal 31 digestion (20).
Mapping mRNA start point

Cytoplasmic RNA was extracted from red blood cells of

anemic tadpoles (4) at stages 53 - 54 (21). Polyadenylated RNA
was purified by oligo(dT)-cellulose chromatography (22). Radio-
labelled probes for nuclease S1 mapping (23) were prepared by
the prime cut method according to the protocol given by Acker-
man (24). We used a DNA fragment extending from the Pvu II site
in exon I to the 5' Eco RI site (clone 841P1). DNA was digested
with Hinf I, which cuts at position -47. The labelled DNA
strand was isolated from a denaturing polyacrylamide gel and

annealed (approximately 5 x 104 cpm) in 50 % formamide at 44 0C
to RNA isolated from a total of 10 tadpoles. S1-nuclease di-

gestions (BRL) were performed at 20 0C or 37 0C, respectively.
Protected fragments were run together with control reactions

and with sequencing reactions as size markers on 0.4 mm poly-
acrylamide gels (25).
Preparation, identification and sequencing of cDNA clones

cDNA clones from mRNA of tadpole red blood cells were pre-
pared exactly as described for adult animals (9). Clones pVD12
and pVC9 were identified to encode larval BI-globin structural
gene sequences by hybridization with a labelled probe derived
from plasmid p41 (see Figure 1). Restriction fragments to be
sequenced were either 5' end labelled by polynucleotide kinase

with 32P-y ATP or 3' end labelled by terminal transferase with
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32P-cordycepin and, after cleavage with a second restriction

enzyme, submitted to the chemical sequencing reactions (26).

RESULTS AND DISCUSSION

Sequencing strategy
The larval £i-globin gene of Xenopus laevis was isolated

from a genomic DNA library (27). Figure 1 shows the restric-

tion map of the recombinant phage XXG4 (7). The 5.1 KB Eco RI

fragment containing the gene was cloned in plasmid p41. Four

fragments have been subcloned in phage M13 mp8 to obtain ini-

tial data of nucleotide sequences. According to the restriction

map clone 841P1 contains the 2.5 KB Pvu II/Eco RI fragment,
clone 841P2 the 1.4 KB Pvu II fragment, clone 841B1 the 3.5 KB

Bgl II/Eco RI fragment and clone 841B2 the 1.6 KB Bgl II/Eco RI

fragment, respectively. The inserts of the clones 841B1 and

841B2 were trimmed with the exonuclease Bal 31 from their 3'
and 5' ends and recloned into M13 mp8 or M13 mp9. Overlapping

clones of both strands were sequenced using the dideoxy chain

termination method (19).
841P1 was used to prepare the labelled probe for mapping

the mRNA start point and 841P2 was isolated to determine the

nucleotide sequence surrounding the Bgl II site.

2K3P

-p. *pa

kXG4

P41

*_______________b841P1
841 P2

*___________________* X841 B1
*- -. 841B2

map

Figure 1: Genomic clone (AXG4) and derived subclones used for
sequencing.
Restriction enzyme cleavage sites are (E) Eco RI, (B) Bgl II,
(P) Pvu II. The solid boxes in p41 represent exons, and the
open boxes indicate intervening sequences.
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-240 - 230 - 22) - 210 - 200 - t190 - 180 - 170

TCF{TGCCCTCATTTGATGTGGCTT'I AAGTTTCA1 GTTGI~AGAATCAACTTTACAATTTAAGAACTATATGG

- 16: - 150 -140 -130 -120 -110o - 100 -90

CAT TCCACATATACAAAArATATATTAGCTTAAGGTTAAAAAT TATTTT

-0o: -70 -60 -50 -40 -30 -20 -10

tAATATGACACAGCAGAAATGC 3GTGTGACTCAGCAT6GCCAOCAAGGCCAACAACTCAAAGGAACAGC

Hinf I

A 10 2

AGCCTCTT{TT4CA1

20 30 40 50

'TTGAAGTCTTAGCAGCTACTCCCATCTACAGCCACC
VAL HIS LEU SER ALA

ATO OTO CAC CTO TCA OCT

pu II

ASP GLU LYS SER ALA ILE ASN ALA VAL TRP SER LYS VAL ASN ILE GLU ASH ASP OLY HIS

GAT GAG AAA TCC GCC ATT AAC 6CC GTA T60 TCA AA6 GTC AAC ATT 6AA AAT OAT OC CAT
-J

ASF ALA LEU THR ARG

GAT GCC CTG ACC AG

158 166 176 186 196 206

GTAACTTGAAGCACATTGCTAATTACTTACAAATAGTTTTATTTTAOO6GTTTTIA1AC

216 226 236 246 256 266 276 ;26

TGTTTGTATATGTGTTTGTTTGTATATGTGTTGATTACAAAAGCAGCAACATTAAACATAATCTCCTTATAT6CTTOAAG

296 306 316 326 336 346 356 366

TTAATTTGGCCACATCCATTGC6CTTCCTCTGTACCTGTAAATTTAACTTTTTCCATGTTGTGAATTTCAACATTAAATG

-76 3106 `96 4,06 416 426 436 446

TAGCATGGTAATATAATGAAOOATAATTTAAAACAAAAIATTTACATTCTGGG3ACAATGATGCCCAGCCAGAGGACCTTT

456 466 476 486 496 506 516 526

AGATGGTGCTGGACTATGAGAAGCACCATTTATATGTTGTAGAAACTAGTAOTTOCA6TCCAACAACACTCCTOTTOCCC

536 546 556 566 576 586 596 606

CATGAGTGATGAAATACATTAAAGCCTATTTTCTATACACTSATATAAGAGGTTTTSCATGATATAOTAAATATTA

616 626 636 646 656 666 676 686

AATATTAAGAATAAATACATTTATTTTTTGTTAGTGTAAATATTTCAGTACTCTTTAACATTGATAAOCTATTTATAACT

696 706 LEU LEU VAL VAL PHE PRO TRP THR 6LN ARG TYR PHE SER
CATCAAATTTAAATTATTTCTACAO 6 CTO CTG OTT STO TTT CCC TOO ACC CAO AOO TAT TTC ABC

SER PHE GLY ASH LEU SER ASN VAL ALA ALA ILE SER SLY ASN ALA LYS VAL ARG ALA HIS

AGC TTT GGA AAC CTA TCC AAT GTG OCT 0CC ATC TCT OA AAT 6CC AAGTT COT 0CC CAT
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GLY LYS LYS VAL LEU SER ALA VAL ASP GLU SER ILE HIS HIS LEU ASP ASP ILE LYS ASN

GGC AAG AAG GTT TTG TCT GCC GTC GAT GAA TCC ATC CAC CAT TTA GAT GAT ATC AA AAC

PHE LEU SER VAL LEU SER THR LYS HIS ALA GLU SLU LEU HIS VAL ASP PRO GLU ASN PHE

TTC CTC TCT GTA CTG AGC ACG AAG CAC GCT SAG GAA CTC CAC GTG GAC CCT GAA AAC TTC

LYS 944 954 964 974 984 994 1004

AAG GTACGTGTTATCACCTTATAATGTTCTTAGGCACACTTTTTCTOTTCAGaTTTTTATATTATTTGATTACAATA

1020 1030 1040 1050 1060 1070 1080 1090

TATATAATTCAACACAATTCTGTATGAGAATAATAAAGAATCCCCCCAGTATTTATTTCATGATTACAATCTTTAATT

1100 111o 1120 113-o 1140 1150 1160 1170

AACAAAGTGCACCAGCASAGCTAACCATATCAACCAATGAGCAATTTGTTTTGATCAGTGTACTTCAAATTAAAATATAA

1180 1190 1200 1210 1220 1230 1240 1250

AGTCAAAGATCTGATTGGTTGCTATGGOTACCTTGTTGTGCTAGTAGATCAGTCTTTTAOTTTTTCATACTAATTTATTA

Sql U

1260 1270 1280 1290 1300 1310 1320 1330

AAATGGAATCATTAATATCGACTAAAATGTAATGGAG(ATAATTT6TTTTTGACAAATAOGTTTGTTATTATTATTTTTT

1340 1350 1360 1-'70 1380 1390 1400 1410

CTTTTAATTGTTGACACATTATGGTTTATTTATAGGGTTTGTCAAACAGATTCAOTTTACTATAGTTTCGATTACOTTTT

1420 1430 1440 1450 1460 1470 1480 1490

ATAATAACGGCCTCCCTTTAATGCACACATAGACACAGCTGTGCTTGAGAACTATAGTSAGATTTGGTTTGCTATTCGTG
I I

Pvu II

1500 1510 1520 1530 1540 1550 1560 1570

TGTGCTTGCATCTAAAATSTACTCATGAGTTTTAAATTCATTTTAAGOTTTCGTTAATATAAATTTGTAATAAATATAAA

1580 1590 1600 1610 1620 1630 1640 1650

TTACTTTCTGTTTGTATAATACACTTCCTAATTTBCATAAGTGAGTAGAOTOTCTCATTTATAAACA8T8GCATATTTG

1660 1670 1680 1690 1700 1710 1720 1730

CACCTGGGCAGTAACCCATAGAAACTATTCACTOGCTSGCTTTTTTTTTTTGTCAOTTOCATTCAOTTOGTTTCATO86T

1740 1750 1760 1770 1780 1790 19O0 s81O

TACTGCCCAGGTGCACATTTGCCCAGTBTTTATAAATGAGCCCAATGCATTTTAAAATTAACATOCTAATAAGAAGAAA

18.0 1830 1840 1850 1860 1870 1880 1890

OCGTTATTCTTTTA4 TATCAAAGGAAGGCTTTTCATATCTTAATITTCTTTACCACTOCAATAAGTCTAACTCATGTTTO
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1900 ARG LEU ALA ASP VAL LEU VAL ILE VAL LEU ALA SLY LYS LEU SLY ALA

TCACTTTCACAG CGT CTT GCT GAT GTG CTG GTO ATT GTC TTG GCT GGC AAA CTG MGA GCT

ALA PHE THR PRO GLN VAL GLN ALA ALA TRP GLU LYS PHE SER ALA GLY LEU VAL ALA ALA

GCC TTC ACT CCT CAA GTC CAG GCT GCC TGG GAG AAA TTC AGC OCT 660 CTO GTG OCT OCT

LEU SER tHIS GLY TYR PHE 2040 2050 2060 2070 2080

CTT AOC CAT GGC TAC TTC TAA AGAATTTCATTCCATGCAAAGCCCAATATCTGCTCGCCTGCAACAAAOA

2090 210.0)(, 110) 2120 2130 2140 2150 2160

CAACTCTCACAATAAGTGCATTGCTTGTTGTCR3ATTTCTTGTCAAACTGCTAAAAAAAATTGTTTTTCAATT{

217 C.) 2180 2190 2200 2210 2220 2230 2240

TTCAAGAP'AATTAGAAC+GTGTtAATATGACAAGGTAAATTATTTCATACCAAAATACAATCTATTTTTATO

--25' 2260 2270 2280 2290 2300 2310 2320

ATATTGGTAATAAGATATTAAATTGTTATCAGATATTTAAACTTTAAGGAACCGTATATTAATGTGPATGTGAATGATAA

233.0 2 40( 2350 2360 2370. 2380 2390 2400

AAAAAACATCCCATCCCTAATGTCATCATTACTGAAATATTATATAACACAGTGTAGATTTAATTACATTTTATTCAGTA

2410x 2420: 2-430 2440i 2450 2460 2470 2480

TGTCACAAAATACCAACATTACTCTAACTTTAGCATTCCACAGCAATCTTGATATTATTGTTGCAATACCAGTTAAATAC

2490 2500.: 2510 25-20 2530 2540 2550 2560

ATACACAAATTATTTTTGCTATTCTAGTTAGATATATCTATGGTTTACGGCTAAATTCTATACTATATATTCCCTTAGCA

257(0 2580 2590 2600 2610 2620 2630 2640

CCTAACTATCTTTCTTTGGTATTTAGTTGCATTGTTTGCATCCCTTGTATCCCTTCAGA6TGAAACACAAGTAGCACCTT

2650 266: 267') 2680 2690 2700 2.710 2720

TTGGGGGACACGGATCAAACCTACCATGTGGTGCAGCATATAAATGTTTCTCCATTTACCAATTCTAACAAAAACTGATT

27.30

TGCATGGAATTC

Eco RI

Figure 2: Nucleotide sequence of the Xenopus laevis larval
a -globin gene.
TAe nucleotide sequence of the anticoding strand is shown from
5' to 3' including the flanking regions. The mRNA start point
is indicated by an asterisk. The mRNA 3' terminus is indicated
by a vertical arrow. Nucleotides which diverge from pXGBT1 (11)
are underlinded, and putative signal sequences are boxed (for
explanation see text). Within the coding region the amino acid
sequence is given above the nucleotide sequence. Horizontal
arrows indicate an inverted repeat within IVS II. Restriction
sites, referred to in the text, are indicated.
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Mapping of the larval 1BI-globin gene

The complete nucleotide sequence and the derived amino

acid sequence of the larval BI-globin gene is shown in Figure 2.
The start point of the mRNA was determined by S1 nuclease mapp-

ing. From single-stranded DNA of the M13 clone 841P1 we synthe-
sized a complementary DNA strand uniformly labelled with 32p
dCTP. This probe extends from the universal 17 nucleotide M13
primer to the Hinf I site located 14 nucleotides upstream of

the TATA box. S1 digestions of hybrids with larval globin mRNA

were carried out at 20 0C and 37 0C using various amounts of

enzyme (20, 200, 2000 and 10 000 U). In contrast to incubations
at 37 0C more reproducible results were obtained at 20 0C with

2000 U of enzyme. As shown in Figure 3, a protected fragment of

71 nucleotides was found. This fragment extends from the Pvu II

site to an A residue (designated by an asterisk in Figure 2).
This corresponds to the rule that transcription is usually
initiated at an adenine (28).

To determine the 3' end of exon III we compared the gene

sequence with those from our cDNA clones pVD12 and pVC9 derived

from larval BI-globin mRNA (unpublished) and with the published

cDNA sequence pXGBTl (11). However, the precise location of the
3' end of exon III was not possible, because 19 nucleotides 3'

to the polyadenylation signal we find a T followed by a tract

of eight A residues in the gene sequence; a T also precedes the

poly(A) tail of the mRNA sequence. Therefore, each of the A

residues or the preceding T could be used as the poly(A) addi-

tion site. However, since exon III of the adult AI-gene also

ends with CTA and the A was suggested to be the polyadenylation

site (13), the first A in the anticoding strand of the larval

gene sequence may, indeed, have the same function.

The sequence of 2972 nucleotides shown in Figure 2 thus

includes 240 nucleotides of the 5' flanking region, 2138 nucleo-

tides of the gene and 594 nucleotides of the 3' flanking se-

quence.

The exons

The exons of the gene perfectly match to the sequence of

our larval cDNA clones pVD12 and pVC9 (unpublished). In con-

trast, we note 3 base changes compared with the cDNA sequence
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Mc RNA -S1 SI
174- U

Xenopus Laevis M13 mpB

152-152pY- primer
_ 841 PI linkerf

SsDNA 31bp 17 bp

125- ~ Hint I Pvu 1i/Sma I

DNA Polymerase (KIenow)
Hini I

102- _ c DNA

mRNA >

83- 3

70- -71 SI prctected fragment j--
71 bp

Figure 3: Determination of the mRNA start point.
The experimental strategy is schematically outlined. Poly-
adenylated RNA was isolated from red blood cells of anemic tad-
poles. As labelled probe we used a single stranded transcript
of template DNA from clone 841P1, which was isolated from a
denaturing polyacrylamide gel after Hinf I cleavage. Including
the 17 bp primer the M13 mp8 sequence to the Pvu II/Sma I
cleavage site contains 48 nucleotides. Lane M shows the
C-track of a sequencing reaction of a DNA fra&ment used as
size marker (lengths in nucleotides). Lane S shows the pro-
tected fragment of 71 nucleotides extending Irom the Pvu II
site to the mRNA start point. Lane -S1 shows the labelled
probe without S1 digestion. Lane -RNA shows a control without
addition of RNA prior to incubation at annealing conditions
and subsequent SI digestion.

pXGITl recently published by Banville et al. (11), which, based

on the restriction man, was suggested to be identical to the

larval B2-globin cDNA clones described by Widmer et al. (4) and

therefore correspondsto the larval fI-gene (7): The first ex-

change in triplett 107 is a G-C transversion resulting in an

amino acid exchange Gly -Ala, the second one is a silent mu-

tation at the third position of codon 138 (C--*G) and the third

one is a T--*C transition in the 3t untranslated region. These

differences in sequence may reflect polymorphism in the Xenopus

laevis population. The amino acid exchange from Gly107 to
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Ala107 is probably not of physiological importance. Although it

involves one of the (1B1 contact sites in hemoglobin (29), both

Gly and Ala are neutral amino acids, which should not affect

protein conformation.

The 5' untranslated region,exclusive the initiator ATG,

comprises 55 nucleotides, which is in the same range as in other

B-globin genes (30, 31). Between the cap site and the initiator

ATG we find at position +10 a sequence 5'-CTTCTG -3'. An almost

identical sequence occurs at a similar position in most eucaryo-

tic mRNAs (32, 31) including both the adult BI- (13) and the

adult I-globin genes of Xenopus laevis (our unpublished result).I
This sequence element is assumed to be involved in ribosome

binding (33).
The intervening sequences

The internal structure of the larval aMI-gene was establish-

ed by comparing its sequence with those of our larval fI-globin
cDNA clones; this allows positioning of the intervening sequen-

ces within the gene. Like all known B-globin genes of verte-
brates the Xenopus laevis B1-globin gene contains two inter-

vening sequences. IVS I interrupts the coding region at codon

30. This is also the case for the chicken embryonic .P- and £-

genes (30). Although two different splicing frames are possible
for generation of the mRNA sequence, we favour the frame shown

in Figure 2, because it is consistent with the observation that

intervening sequences as a rule start with GT and end with AG

(34).
A striking feature of the larval Bi-globin gene is the

length of IVS I which consists of 564 nucleotides. The unusual

length of IVS I confirms previous measurements of R-loops (7)
which showed that very large IVS I sequences are a common

feature in all larval Xenopus laevis globin genes. Large inter-

vening sequences of vC-globin genes have already been reported
for the embryonic human zeta-gene (35) and the chicken 7>-gene
(36), respectively. Whereas the IVS I of the human zeta-gene

contains a several fold reiterated short DNA sequence, there is

no evidence of repeated sequences within IVS I of the larval
AI-gene; this also holds true for the IVS I of the chicken 'rY'-
gene (36). Furthermore, there is no evidence of insertion ele-
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ments within the IVS I of the larval Xenopus BI-gene, as it was
described for the IVS II of the goat y-globin gene (37).

The second intervening sequence (IVS II) interrupts the

coding region between amino acid positions 104 and 105. Its
length of 968 nucleotides is similar to the IVS II of several

mammalian B-like globin genes (31) and is only slightly longer
than the IVS II of the adult Xenopus laevis BI-gene (13). The

IVS II of the larval Xenopus laevis BI-globin gene contains an
almost perfect inverted repeat of 50 nucleotides (indicated by
arrows in Figure 2) which even extends for another 30 nucleo-

tides although at a reduced homology.
The 5' flanking regizn

The DNA region precediig the site of transcription initia-
tion of polymerase II genes contains highly conserved sequence
motifs which are essential for gene expression (for review see:

38). A first motif is the TATA-box which is located in most
eukaryotic polymerase II dependent genes about 30 nucleotides
upstream the site of transcription initiation. In the larval
Xenopus aI-globin gene this sequence is found at position -33,
and an additional TATA-box occurs further upstream at position
-197.

The CCAAT-box is another highly conserved sequence which
in many eukaryotic genes occurs 70 - 90 nucleotides in front
of the transcription start. The larval Xenopus B1-gene does not
contain the complete CCAAT-box, but, as already known from
other eukaryotic genes, a modified CAAT-box, of which three
copies occur at positions -58, -105 and -237 respectively.

Interestingly, absence or modification of CCAAT homologies
in B-globin genes are known to occur in pseudogenes like the
rabbit X2-gene (39) and a lemur 2-pseudogene (40). The CCAAT-
box is also modified in the human c-globin gene which is only
expressed at a very low level (41).

On the other hand, recent studies of the Herpes simplex
virus thymidine kinase gene promoter revealed that the adjacent
sequences of the CCAAT-box may be even more important for tran-
scriptional efficiency (42). In view of this, the homology of
the sequence 5' GGGTGGGGTGGAG 3' immediately following the CAAT-
signal at -105 with the sequence 5' GGGTGGGGAGGAG 3' at corre-
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sponding positions in the embryonic chickenp- and E-globin
genes is striking. The conserved sequence of the embryonic
B-like chicken globin genes is part of an inverted repeat which
may represent a promoter element (30). In the larval Xenopus

AI-gene the -105 CAAT-motif and the adjacent conserved sequence
are flanked by an inverted repeat of 6 nucleotides. The result-
ing sequence 5' TATTTTNNNNNCAATAGGGTGGGGTGGAGNNNNNAAAATA 3'
shows an obvious homology with the putative promoter element
of the embryonic chicken globin genes.

In some eukaryotic genes the -100 and further upstream re-

gions contain sequences which modulate transcriptional effi-

ciency (43). In the avian and mammalian B-globin genes there
are short homologous sequences within this region (44, 45), yet
such motifs are lacking in both the larval and the adult B-
genes of Xenopus laevis.

As mentioned above the larval Xenopus aB-gene contains a

second TATA-box (at -197) preceded by a further CAAT-box (at
-237). Similar findings were reported for the human £-, B- and

y-globin genes (46-48). In these instances alternative sites
of transcription initiation were found. On the other hand, no

additional transcription start has as yet been detected in the
larval Xenopus BI-gene. Even if the labelled probe only extends

to the Hinf I cleavage site at -47 (-44 on the coding strand),
additional further upstream initiation should result in another
Sl protected fragment of 115 (71+44) nucleotides. This was not
observed. However, we would like to mention that the sensitivi-
ty of our S1-mapping experiment should still be improved to ex-

clude minor initiation sites.
The 3' flanking region

Although various conserved sequences, including inverted
repeats, were found in the 3' flanking regions of many eukaryo-
tic genes, the functional significance of these elements is as
yet not well understood. Apart from the putative polyadenylation
signal AATAAA the larval Xenopus AB-gene contains additional
conserved sequences in the 3' flanking region. In fact, the se-

quence 5' TTTCAAGAA 3' (boxed in Fig. 2) which shows some homo-
logy to a sequence of the Xenopus laevis U2 snRNA genes is also

present in the 3' region of many eukaryotic polymerase II genes
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(49). Moreover, the partially overlapping sequences
5' TGTGTTTAC 3' and 5' TACCTAATA 3', located 63 nucleotides

downstream of the polyadenylation signal, are closely related
to sequence motifs discovered in the 3' flanking regions of
human interferon genes (50-53), the rabbit B-globin gene (54),
chicken ovalbumin gene (55) and even the SV40 early functions
(56). However, the functional .3ignificance of these sequences
remains to be demonstrated.
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