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Summary. To investigate the evolution of globin 
genes in the genus Xenopus, we have determined 
the primary structure of the related adult al- a n d  
a.-globin genes ofX. laevis and of the adult a-globin 
gene of  X. tropicalis, including their 5'-flanking re- 
gions. All three genes are comprised of  three exons 
and two introns at homologous positions. The exons 
are highly conserved and code for 141 amino acids. 
By contrast, the corresponding introns vary in length 
and show considerable divergence. Comparison of  
900 bp of  the 5'-flanking region revealed that the 
X. tropicalis gene contains a conserved proximal 
310-bp promoter sequence, comprised of  the ca- 
nonical TATA and CCAAT motifs at homologous 
positions, and five conserved elements in the same 
order and at similar positions as previously shown 
for the corresponding genes of X. laevis. We there- 
fore conclude that these conserved upstream ele- 
ments may represent regulatory sequences for cell- 
specific regulation of the adult Xenopus globin genes. 

K e y  words:  Xenopus laevis --  Xenopus tropicalis 
- -  Adult t~-globin genes -- Gene organization -- 
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Introduct ion  

Phylogenetic analysis of albumins (Bisbee et al. 1977) 
together with studies on D N A  content (Thirbaud 

Offprint requests to: J. Stalder 
* Present address: Institut fiir Zellbiochemie und klinische Neu- 
robiologie, Universithtskrankenhaus Eppendorf, Martinistrasse 
52, D-2020 Hamburg 20 

and Fischberg 1977) and chromosome numbers 
(Tymowska and Fischberg 1982) have led to the 
hypothesis that X. tropicalis might be closely related 
to the common ancestor of the genus Xenopus from 
which Xenopus laevis has evolved by genome du- 
plication some 30 million years (Myr) ago. This 
view is further supported by the recent demonstra- 
tion that duplicated genes coding for a- and/3-globin 
(Jeffreys et al. 1980) as well as actin (Stutz and Spohr 
1986) are present in X. laevis, whereas only one copy 
of those genes is found in X. tropicalis. Further evi- 
dence for gene duplication in X. laevis has been 
presented for the genes coding for vitellogenin (Wahli 
and Dawid 1980), albumin (Westley et al. 1981), 
ribosomal proteins (Bozzoni et al. 1982), and cal- 
modulin (Chien and Dawid 1984). 

Comparative studies on the fine structure of sim- 
ilar genes provide a powerful tool for assessing the 
evolutionary relationships of  descendent species 
(Wilson et al. 1987) and for identifing sequence ele- 
ments of putative functional signifiance. The Xen-  
opus globin gene family is most suitable for such 
studies, because it shows the same arrangement of  
the linked a- and S-genes in X. laevis and X. trop- 
icalis (Jeffreys et al. 1980). Moreover, there is evi- 
dence that the duplicated a- and/3-globin genes of  
X. laevis are expressed in a highly coordinated and 
stage-specific fashion (Widmer et al. 1981). 

From a recent comparison of  the amino acid se- 
quences deduced from the cDNA sequences corre- 
sponding to the mRNAs of  the adult a- and/5-globin 
genes of X. tropicalis and various members of  the 
X. laevis group, KnSchel et al. (1986) have proposed 
that divergence into X. tropicalis and X. laevis may 
have occurred already by 110-120 Myr ago and that 



genome duplication may  have taken place in the X. 
laevis group some 40-60  Myr  ago. 

In continuat ion o f  earlier studies on the evolution 
ofg lobin  genes in the genus Xenopus and to localize 
putative regulatory elements we have sequenced the 
two related adult a-globin genes ofX.  laevis and the 
corresponding gene o f  X. tropicalis including their 
5'-flanking regions. Sequence analysis reveals highly 
conserved exons and more  diverged introns, and 
several conserved sequence elements within 900 bp 
o f  the 5'-flanking regions o f  these genes. 

Materials and Methods  

Nucleotide Sequence Determination. Restriction fragments of the 
adult a-globin genes were isolated from genomie DNA clones 
and subcloned into Ml3mp8 and M13mp9 RF DNA (Messing 
and Vieira 1982). Where indicated, inserts &the subclones were 
trimmed with the exonuclease Bal31 (BRL) from their 3' and 5' 
ends and recloned into M 13 phages. DNA sequences were de- 
termined on both strands by the dideoxy chain termination meth- 
od (Sanger et al. 1977). 

Mapping of the Transcription Start Sites. The sites of tran- 
scription initiation were mapped with either S 1 nuclease or primer 
extension. For SI nuclease mapping, cytoplasmic 9S poly(A) § 
RNA was isolated from erythroblasts of anemic adult toads (Wid- 
mer et al. 1981) according to Ryffel and McCarthy (1975) and 
annealed to restriction fragments spanning the putative tran- 
scription initiation sites, labeled at their 5' ends with ['r32p]ATP 
and polynucleotide kinase (Maniatis et al. 1982) to a specific 
activity of 1 x l0 s cpm/ug. Hybrids obtained after incubation 
of 40 ng of9S poly(A) + RNA with 5 x 104 cpm of labeled DNA 
for 3 h at 45"C were digested with 500 or 1000 units of S 1 
nuclease (Sigma) for 90 min at 20~ (Maniatis et al. 1982). 

For primer extension, a 75-bp fragment extending from the 
PvuII to the HindllI site in exon 1 of the A ~. tropicalis gene was 
labeled at its 5' end with [3,32P]ATP and polynucleotide kinase. 
Hybridization to cytoplasmic RNA and elongation of the primer 
with reverse transcriptase was carried out according to Meyerhof 
et al. (1986). 

DNA Sequence Comparisons. For nucleotide sequence com- 
parisons the computer program described by Sege et al. (1981) 
was used. Two-dimensional dot matrix analysis was carried out 
with a computer program developed by one of us (A. Gruber, 
unpublished). The program is similar to others and compares 
two DNA sequences in a two-dimensional plot. It scores matches 
at a window setting of 6. Only perfect matches of six nucleotides 
between each sequence will score a match. If two sequences are 
identical, a diagonal line with a positive slope will be produced. 
Deletions and insertions as well as mismatches are detected by 
breaks in the diagonal. Matches at different positions in the two 
sequences create points on both sides of the diagonal. 

Results and Discussion 

Sequencing Strategy 

The adult a-globin gene ofX.  tropicalis was isolated 
as recombinant  phage XXtG 27 by screening a geno- 
mic library (Stutz and Spohr 1987) with the adult 
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a-globin c D N A  clone 1C I0 (Knrchel  et al. 1986). 
The adult a~- and an-globin genes o f  X. laevis were 
isolated previously as genomic clones ~XG 127 and 
XXG 143, respectively (Hosbach et al. 1983). Re- 
striction fragments o f  the adult a-globin genes of  
both species and the Y-flanking region of  the X. 
tropicalis gene were subcloned into M I  3 phages for 
sequencing. The BamH1 fragment on the 3' side o f  
the X. laevis adult air gene was t r immed with the 
exonuclease Bal31 from its 3' and 5' ends and re- 
cloned into M 13 phages in both orientations. Clones 
o f  both strands were sequenced using the dideoxy 
chain termination method (Sanger et al. 1977). The 
nucleotide sequence of  intron 2 o f  the X. tropicalis 
gene was determined from one strand of  eight in- 
dependent  clones. All individual sequencing reac- 
tions agreed fully. The 5' ends and the 5' flanking 
regions o f  the adult at and air genes ofX. laevis were 
sequenced previously (Stalder et al. 1986). 

Gene Organization 

The nucleotide sequences of  the related adult a-glo- 
bin genes o f  X. laevis and of  the corresponding X. 
tropiealis gene are shown in Fig. 1. The sites o f  
transcription initiation of  the X. laevis genes, marked 
as position + 1 in Fig. 1, were mapped by S 1 nu- 
clease digestion o f  hybrids between cytoplasmic 
poly(A) + 9S R N A  from erythroblasts and endlabeled 
genomic D N A  fragments. For the X. tropicalis gene 
the site o f  transcription initiation was determined 
by primer extension. Figure 2 shows that transcrip- 
t ion initiation o f  the X. laevis ax gene most  likely 
occurs at an A residue 128 bp 5' to the HindI I I  site 
o f  exon 1 (Bendig and Williams 1983), whereas in 
the an gene the localization o f  the 5' end is somewhat 
less precise, probably due to the AT-rich sequence 
around the site o f  transcription initiation. Analo- 
gous to the oq gene, we locate the start point o f  
m R N A  synthesis of  the Oql gene at the A residue 
129 bp 5' to the HindI I I  site in exon 1. In the case 
of  the X. tropicalis gene, the P v u I I - H i n d I I I  frag- 
ment  from exon 1 labeled at its 5' end was used as 
pr imer and elongated with reverse transcriptase. 
F rom the resulting fragment the site o f  transcription 
initiation was localized at the A residue 128 bp 5' 
to the HindI I I  restriction site in exon 1. 

To determine the 3' ends and to locate the in- 
tervening sequences, the three a gene sequences were 
compared to those o f  their corresponding comple-  
mentary DNAs (cDNAs), using the clones p X G 6 C  1 
(Kay et al. 1983) and X G A D  11 (Knrchel  et al. 1983) 
for the X. laevis al and aH genes, respectively, as 
well as the clones 1C10 and 1G6 (Knrchel  et al. 
1986) for the X. tropiealis a gene. Whereas the se- 
quences o f  the X. tropicalis gene and the a~ gene o f  
X. laevis are identical to the corresponding cDNAs,  
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X. laevts adult I I - g l o b l n  gene A 
-20 +1 20 40 60 

t at aaaagaggactgtctt tgaagat t t tgc atctggtgt agactgct tc t  tgcacaacacaaacagcaaccATGCTTCTTTCAGCCGATGACAAGAAAC 

80 100 120 140 I60 
ACATCAAGGCAATTATGCCTGCTATCGCTGCCCATGGCGACAAATTTGGGGGAGAAGCTTTGTACAG9t aaat t at actct gaat g aat gct 9t t aacca 

180 200 220 240 260 
actgct aat att aactggtt t at tgtcagatggcccttgataacattgctgaacggatt aaacaagccatttgctt aat agt aaaataactct aatgt at 

280 300 320 340 360 
c t ct t t c at ttc at t gt t t  ctc t ac agGATGTTCATAGTCAACCCCAAGACCA~CTTACTTCCCTAGTTTTGACTTCCACCACAATTCAAAACAGATC 

380 400 420 440 460 AGT•CTCAT•GCAAGAAAGTTGTG6ATGCTCT•AAT•AAGCTTCCAA•CATTTGGATAACATCGCTGGAAGCATGAGCAAGCTGAGTGACCTCCA•GCCT 

480 500 520 540 560 
ATGACCTGAGAGTGGACCCTGGCAACTTCCCAgt aagtcct attcaacaat at at at ataagtgt aaagggt aaaagtgat at at agcagt atgt aatgc 

588 600 620 640 660 
t c t t t t t  aaacagat atgcagt atgtaggttaaaacagatct t aat aat aaat acaaaaaaatgt aaacagtggtttt aggt aaaccaggt at aagcctt 

680 700 720 740 760 
t aatcacactgt atgcacagct t at t t aat acgat atcaagt ct aact t at at aaat accccaggaaggcact atgtcctgt t t aatt tg t  aat ct t at a 

780 800 820 84 0 
t actgct aat t aaatggcctt t a tgt t  tgc tc t t  atgt accct t actctggtt t t c t  t t t t  tttttcagT~GCTGGCCCATAATATAT~GTGGTTGTTG 

0 4 9 0  

98o 1ooo 1o2o 1o4o io6o 
ctcagcaacaacagcagcagaagtctcaacatcagacatcagt t aatt at atgcaatcaaactgacaaagcttgtgaaagaatgttct.gaaat aaacatt 

1080 II00 1120 1140 1160 
tt aaccat~atcct aaagt tgcat tt art actgtctgcacatggtt aatt aaaaaat at acat at agtgtt t actcct aat atgacaaagtt ttcagaaa 

X.laevis adult r  gene B 
-20 +1 20 40 60 

tatataaga••act•tcac•tta•ctttt•catttg•tgtc•actgctta•cgcaacaacacaaaca•caacaATGCTT•TTTCAGCTGATGACAAGA•A 

0 140 160 
CACATCAAG~AATTATG~CTTCCATAG~TCATGGCGA~ACATTT~VGGAGAAGCTTTGTA~AGgtaaattat~tct~aattaatgttgt . . . . .  

180 200 220 240 260 
aact•ctaatattaataaa•atcagtttagtgtttaataacata•ct•aat•••ttaaacaa•ccattt•ctaaaaa•gt•••t•atg••tgatggatag 

280 300 4 
t . . . .  ttactataatttatccctttattctcattttctccgca~ATG~TTGGTTAACCcTAA6AC~4A~AACC~Ac~CCTAGTT~ACT~CACC 

380 400 420 440 460 
ACAAT~CAAAACAGATC~C~T~TCATGGCAAGAAAGTCG~CGA~G~CT~AAT~AAGCTG~AA~TTTGGA~AAC~TGCTGGAAGcA~GA~CAAGCT 

480 500 520 540 560 
GAGCGACCTC~ATGCCTATGACCTGAGAGTGGATCCGGG~AACTTCCCAgtaagt~ctttgcaatgcgtattcttctctatatcgctct9tcattggtat 

580 600 620 640 660 
at•tatacttta•aa••taaacagatat•ca•tat•tag••tcaaa•a•aactaaatcataaatacta••attaacctaatacatgtaaagcccttaat• 

680 700 720 740 760 
a•attgtgtacacagtttat•tctatgtatttaattaaatattaaatagatcttattaagaacttgtataaataaagatggct•taag•tctattcaagt 

780 800 820 840 860 
tggtat•ctatatattgccaactaaatggcctttatgctt•ctgtcatatatccttactctgattttctttctttcctttgcagTTGCTGG•TCATAATT 

880 gO0 920 940 960 
TGCTGGTGGTTGTTGCTATGCACTTCCCTAAGCA•TTTGATCCTGCAACCCATAAGGcCCT••ATAAGTTCCT6GcTAcCGTATCTACTGTTCTGACTTC 

980 I000 1020 1040 1060 
CAAATATCGTTAA•gctcagcagcaactgcagca•caatttcaacatcaaaatcagcaaatcacatgcaatccaactgacacaacttgtgaaagaatgtt 

1080 1100 1120 1140 1160 
ctgaaataaaCattttaaCctt~atCs 

X. t rop i ca l l s  adult e-globln gene C 
-20 +1 20 40 60 

tataaagaggact•tc•cagta•cttta•catct••t•tggact•cttatt•cacaacacaaacaacaATGCATCTTACAGCTGATGACAAGAAACACAT 

80 I00 120 140 160 
CAAGGCCATTTGGC•TTCTGTAGCTGCTCA•GGTGACAAATATGC̀CGGAGAAGCTTTGCA•AGgtaaattatgctctgaattaatgctgttaaccaattg 

180 200 220 240 260 
•taaaat•aatta••ataaatttattgtca•at••tccttaataaa•ttgctgaat•••ttaaacat•ccatttccttaaaa•gtgcctgat•gatatta 

280 300 
aaat t at ccct t t act ct c at t t t t t tct ac agGATGTTCATGT~CTCCCAAGACCAAAACC~TTTCCTGATTTTGACTT~CGAACATTCAAAA 

80 400 4 0 440 460 
CACA~CTTGGCTcAT~G~MGAAAGTTTCGGAT~CTCTGMI~AG~C~TGCMCCAT~TGGA~AAcATTGCCGGATGCcTGTC~AAGcTGAGTGACCTCc 

480 500 520 540 560 
AT•CcTATGACCT•AGAGTGGATC•AGGcAACTT•ccA•taa•t•ctttgcaat•tgtattataaattttctatatttctaatttttatatatattt•ga 

580 600 620 640 660 
~t~taaataatatataaaa~gtatatat~t~c~tagactgt t t t tgt t t t tat~t t tatgtat t taataagatatcaa~t~ca~ctaattaa~a~ctta 

680 lO0 720 740 /60 
tgtaaata••c•caaaat•actctat•tcct•tttaattt•aaacact•tatactacttaacttaacttaatgacctttatg•tt•ctaccatg•a•a•• 

780 800 820 840 AG 860TTT 
tattctgattgtctttctttctttcttttgcagTTGCTGG•CCATCAAATT•TGGTGGTTGTTG•TATCCATTTC••TAAGC GACCCTGC AACCC 

940 960 ATAA~CCTGGACAAGTTCCTGG?~CCGTATCTAATGTTCTCd~TCC,4AATATCGTTAAggctcagcagt . . . .  , ta,ca,aa,t t tggacatcaga 

980 1000 1020 1040 1060 
catcagttaat~acaaacaatcaaactgacacagctt~tgaaagaat~ttct~aaataaa~atttt taaaat~attctaaagtt~cttctttcattatt 

Fig. 1. Nucleotide sequences of the adult 
a~- (A) and a . -  (B) globin genes of  X. lae- 
vis as well as the adult c~-globin gene of X. 
tropicalis (C). The sequences are shown 
from the TATA box (underlined) 5' to the 
genes and are extended on the 3' side be- 
yond the polyadenylation site (marked 
with an asterisk) as determined by com- 
parison with the corresponding cDNAs. 
The + 1 position indicates the start site of 
mRNA synthesis. Capital letters are used 
for exon sequences and small letters for in- 
trons and nontranslated regions. The poly- 
adenylation signal in the 3' nontranslated 
region is underlined. 
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Fig. 2. Determination of the mRNA transcription start site. The transcription initiation sites of the adult a~ (at')- and an(at'0-globin 
genes of X. laevis were mapped with S 1 nuclease. In each case an EcoRI-HindIII fragment spanning the 5' end of  the corresponding 
gene was labeled at its 5' end with 32p (marked with an asterisk). Lanes 1 and 2 show the fragments protected from Sl nuclease 
digestion using 500 U (lane l) or 1000 U (lane 2) o fS l  nuclease after annealing the probes to red blood cell RNA from anemic toads. 
Lane 3 shows the digestion of the probe without added RNA hut with 1000 U o f S l  nuclease. The transcription initiation site of the 
adult a-globin gene ofX. tropicalis was mapped with primer extension (PE). Lane 2 shows the extension product obtained with reverse 
transcriptase of the PvuII-HindIII primer labeled at the 5' end with 32p (marked with an asterisk) and annealed to red blood cell 
RNA of anemic toads. Lane 1 shows the result of primer extension without added RNA. In lane M, sequencing reactions were used 
as size markers. The arrowheads indicate the site of transcription initiation in base pairs 5' to the HindIII sites in exon 1 (see text). 

Table 1. Organization of the adult a-globin genes of )2. laevis 
(Xlctl ~, Xla~) and 2(. tropicalis (Xta A) in base pairs 

Region Xlct~ Xlan Xtaa 

5' Noncoding a 1 42 41 
Exon 1 95 95 95 
Intron 1 160 176 170 
Exon 2 205 205 205 
Intron 2 337 335 295 
Exon 3 129 129 129 
3' Noncoding 111 [ 10" 111 

Total length 1078 1092 1046 

we noticed seven base changes between the X. laevis 
a ,  gene and its cDNA. However, only two of  the 
base changes lead to amino acid substitutions. 

The exon-intron boundaries were determined ac- 
cording to the consensus sequence 5' exon/GT in- 
tron AG/exon 3' (Breathnach et al. 1978). 

The organization of  the related adult a-globin 
genes of  X. laevis and o f  the corresponding X. trop- 

icalis gene is shown in Table 1. All three genes con- 
tain three exons of  95,205, and 129 bp, respectively, 
which together code for 141 amino acids. The cod- 
ing sequences are interrupted by two introns at ho- 
mologous .positions. The smaller first intron inter- 
rupts the coding sequence within codon 31 and the 
larger second intron between codons 99 and 100. In 
contrast to the constant size of  the corresponding 
exons, the corresponding introns of  the three genes 
show some variation in length. The length o f  the 5' 
leader as well as the 3' trailer sequences is almost 
identical in the three Xenopus genes. 

Except for the greater intron length in the Xen- 
opus genes, the overall organization of  these genes 
is very similar to that of  the human a~ and an genes 
(Liebhaber et al. 1980; Michelson and Orkin 1983) 
as well as to the chicken a A and a D genes (Dodgson 
and Engel 1983). This comparison shows that the 
overall organization of  the adult a-globin genes is 
not only conserved within the genus Xenopus but 
also between lower and higher vertebrates, 
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Table 2. Nucleotide sequence similarity in percentages between 
the adult a-giobin genes ofX. laevis (Xla[ s, Xla~) and X. tropicalis 
(Xta ~) 

Region Xla~/Xlafi Xla~/Xta A Xla~/Xta A 

5' Noncoding 88.6 92.1 89.5 
Exon 1 90.2 84.8 85.9 
Intron 1 84.0 78.2 82.6 
Exon 2 93.2 83.4 82.9 
Intron 2 60.4 64.2 72.0 
Exon 3 94.4 89.7 89.7 
3' Noncoding 87.4 87.6 82.9 

Table 3. Similarity boxes within the 5'-flanking regions of  the 
adult ~-globin genes of  3(. laevis (Xla~, Xla~[) and X. tropicalis 
( X t ~ )  

Iden- Iden- 
tical tical 

5'-Flanking Xlaf' nucle- Xta A nucle- Xla~ 
region length otides length otides length 

5' Proximal 289 bp 235 310 bp 225 287 bp 
Box I 22 bp 18 20 bp 19 22 bp 
BoxII 23 bp 20 38 bp 18 23 bp 
Box III 6 1 b p  48 6 4 b p  44 6 1 b p  
Box IV 53 bp 44 53 bp 42 56 bp 
Box V 109 bp 67 86 bp 64 111 bp 
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Fig. 4. Similarity boxes 
within the 5'-flanking regions 
of the adult at- and a,-globin 
genes of X. laevis and the cor- 
responding gene of X. tropi- 
calis. From position -900 to 
- 1, the X. tropicalis up- 
stream sequence is aligned to 
obtain maximal matching 
with the similarity boxes 5' 
to the X. laevis genes. For 
comparison the sequence 5' 
to the X. tropicalis gene is 
taken as reference. Above 
and below the sequences of 
the similarity boxes 5' Io the 
adult a~- and a.-globin genes 
of X. laevis, respectively, are 
shown. Identical bases are 
marked by dots. The TATA 
and the CCAAT motifs are 
underlined. The boxed areas 
represent conserved se- 
quences 5' to the three genes. 

Sequence  S imi lar i t i e s  

In  a p r e v i o u s  c o m p a r i s o n  o f  the nuc l eo t i de  se- 
quences  o f  adu l t  a -g lob in  c D N A  clones,  KnOehel  et 
al. (1986)  r epor ted  a d ive rgence  o f  7 .6% be twe e n  
the  re la ted  ~ sequences  o f  X. laevis, a n d  o f  14.7% 
a n d  15.1% be tween  the  a sequence  o f  X. tropicalis 
a n d  the iV. laevis oq a n d  a ,  sequences ,  respect ively.  
T o  assess s imi la r i t i e s  a m o n g  the  adu l t  X. laevis 

a - g l o b i n  genes a n d  be tween  these  a n d  the  corre-  
s p o n d i n g  X. tropicalis gene,  we h a v e  c o m p a r e d  the  
sequences  pa i rwise  by  t w o - d i m e n s i o n a l  do t  m a t r i x  

analysis .  In  such plots  s i m i l a r  s equences  are de tec ted  
as stretches o f  dots  on  the  d iagona l .  F r o m  Fig. 3 it  

is e v i d e n t  tha t  in  all cases the  sequence  s imi l a r i t y  
is greater  be tween  e xons  t h a n  b e t w e e n  in t rons .  
Howeve r ,  the sequence  c o n s e r v a t i o n  be t w e e n  the 
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three genes is not  evenly distributed over  the entire 
coding region: Table 2 shows that exon 3 is more  
conserved than exons 1 and 2. The higher conser- 
vat ion within exon 3 is also evident in the deduced 
amino  acid sequences, suggesting that subdomains  
o f  the adult  ~-globin polypeptides may  be under  
different functional constraints. The 5' and the 3' 
noncoding regions show a similar degree o f  simi- 
larity as do the exons. All three genes contain the 
putative polyadenylat ion signal A A T A A A  at ho- 
mologous positions in the 3' noncoding region (cf. 
Fig. 2). 

In contrast  to the exons, the introns display less 
sequence similarity, which in all three genes is low- 
est in intron 2. However ,  short sequence elements 
ranging between 10 and 30 bp are highly conserved 
in both introns (Fig. 3). Particularly striking is a 
sequence o f  41 nucleotides at the very 5' end of  
intron 1, of  which 36 nucleotides are identical in 
the three Xenopus genes. Because this sequence is 
absent in the adult human  or adult chicken a-globin 
genes it may  not  be o f  general functional signifi- 
cance. On the other hand, that  shorter sequences o f  
5-8 bp may  be conserved in introns between .,Yen- 
opus species and higher vertebrates as are splice 
junct ions is not  excluded. 

Conserved Sequence Elements  in the 
5 ' -Flanking Region 

We have previously shown that the 5'-flanking re- 
gions o f  the coordinately expressed adult a-globin 
genes o f  X. laevis contain several conserved se- 
quences o f  different length (Stalder et al. 1986). 
Moreover ,  the 5'-flanking regions include a func- 
tional p romoter  and at least some regulatory ele- 
ments  for cell-specific gene expression (J. Stalder, 
manuscr ipt  submitted). It  was o f  interest, therefore, 
to extend a sequence compar ison to the upstream 
region of  the corresponding gene o f  X. tropicalis. 

To this end the available 900 bp of  the X. trop- 
icalis upstream region were compared  to the simi- 
larity boxes in the upstream regions o f  the X. laevis 

genes. Figure 4 shows that  by  al ignment o f  the X. 
tropicalis upstream sequence with the similarity 
boxes o f  X. laevis for maximal  matching, several 
regions o f  similarity can be detected. The proximal 
310 bp o f  the Y-flanking region o f  the X. tropicalis 
gene, which include a T A T A  box 25-30  bp up- 
stream of  the transcription initiation site and a 
C C A A T  mot i f  a round posit ion - 9 0 ,  show a re- 
markable sequence similarity to the corresponding 
regions o f  the X. laevis O/I and Odii genes (Table 3). In 
addition, further upstream five stretches o f  D N A  
comprising between 20 and 86 bp are very similar 
to five previously identified regions o f  similarity 
within the 5'-flanking regions of  the X. laevis genes 

(boxes I-V). The similar regions are separated from 
each other by sequences showing less than 50% sim- 
ilarity. Although the extent o f  similarity between 
corresponding conserved regions 5' to the X. laevis 
and X. tropicalis genes may  vary, it is noteworthy 
that they occur in the same order  and are located at 
similar positions. The fact that  these regions are 
conserved over  some 120 Myr  suggests that  they 
may  indeed represent essential elements for pro- 
moter  activity and cell-specific regulation o f  the adult 
Xenopus a-globin genes. 
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