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ABSTRACT

We report sequence data from a cloned rDNA unit from Xenopus
borealis, extending leftwards from the 185 gene to overlap a region
previously sequenced by R.Bach, B.Allet and M.Crippa (Nucleic Acids
Research 9, 5311-5330). Comparison with data from other species of
Xenopus leads to the inference that the transcription initiation site in
X.borealis is in the newly sequenced region and not, as was previously

thought, in the region sequenced -earlier. The X.borealis external
transcribed spacer thus defined is some 612 nucleotides long, about 100
nucleotides shorter than in X.laevis. The X.borealis and X.laevis

external transcribed spacers show a pattern of extensive but interrupted
sequence divergence, with a large conserved tract starting about 100
nucleotides downstream from the transcription initiation site and shorter
conserved tracts elsewhere. The regions in between the conserved tracts
differ in length between the respective external transcribed spacers
indicating that insertions and deletions have contributed to their
divergence, as previously inferred for the internal transcribed

spacers. Much of the overall 1length difference is in the region
flanking the 18S gene, where there are also length microheterogeneities
in X.laevis rDNA. As in X.laevis, the transcribed spacer sequences

flanking the 18S gene in X.borealis contain no major tracts of mutual
complementarity. The accumulated data on transcribed spacers in Xenopus
render it unlikely that processing of ribosomal precursor RNA involves
interaction between the regions flanking 18S RNA.

INTRODUCTION

It is well known that the transcribed spacers of ribosomal DNA
(rDNA) in eukaryotes are phylogenetically much more variable than the
sequences encoding mature rRNA (refs.l-5 and references therein).
Sequence comparison between the internal transcribed spacers (ITS) of two
species of African frog of the same genus, Xenopus borealis and X.laevis,
has revealed a pattern of major sequence divergence with small conserved
tracts (5). The relative spacing of the conserved elements in the
X.borealis sequence with respect to that of X.laevis implies that
insertions and deletions have played a major role in ITS sequence

divergence (5). A similar conclusion has been reached for the ITS
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regions of rat and mouse (6).

Here we describe the external transcribed spacer (ETS) and
preceding region of X.borealis rDNA and we compare this with the
previously determined sequence in X.laevis (7,8). An important
requirement for this comparison was knowledge of the locations of the
respective transcription initiation sites. The transcription initiation
site in X.laevis has been unambiguously identified (9). Bach et al (10)
identified the transcription initiation site in X.clivii and, with less
certainty, a putative transcription initiation site in X.borealis. Our
sequence data reveal a region to the right of that examined by Bach et al
(10) which appears by sequence criteria to be a more favourable candidate
for the transcription initiation site. Experiments by McStay and Bird
(11) have confirmed the new identification. As in the ITS regions, a
pattern of extensive but interrupted sequence divergence is found between
the ETS regions of X.borealis and X.laevis, with evidence of a history of
insertions and deletions, and particularly large differences between the

respective ETS sequences flanking the 18S gene.

MATERIALS AND METHODS

Sequence analysis was carried out on the rDNA clone pXbrloOl.
This recombinant contains a complete rDNA unit from amplified rDNA from
X.borealis oocytes, cloned into the Hind III site of pMBY. The same
clone was also used for our previous analysis of the 1TS regions (see
ref.5). To simplify the purification of restriction fragments the
subclone pXbrl0lA was constructed. This contains the region from the
Hind III site at the 3' end of the 28S gene, through the NTS and ETS to
the Eco RI site in the 18S gene (see figure 1 of ref.5) cloned into
pPAT153.

The rDNA region of interest (figqure 1) was subjected to
restriction mapping by the procedure of Smith and Birnstiel (12).
Sequence analysis was carried out by the method of Maxam and Gilbert (13)
using the same protocols as previously (7). Most restriction fragments
were labelled at the 5' ends; a few were labelled at the 3' ends using a
"fill-in" reaction with an appropriate o(-32P labelled deoxynucleotide
triphosphate. One sequencing run was carried out by the M13 dideoxy
method (see the legend to figure 1).

The clones pXbrl04, 105 and 106 are of homologous construction to
pXbrlO0l and were used for comparative restriction analysis as summarised

at the end of the results section.
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RESULTS

Figure 1 shows the rDNA region sequenced in this work, the
sequencing strategy, and the regions sequenced by Bach et al (10) and
McStay and Bird (11). Figure 2 shows our sequence with the
corresponding sequence from X.laevis (7) for comparison.

Overlap with sequence of Bach et al

The sequence of Bach et al (10) was derived from a different rDNA
clone to ours. Nevertheless, comparison of the data revealed a clear
overlap of some 400 nucleotides with only a few minimal differenc_es
between the two sequences.

The overlap includes the last part of the repetitive region of the

NTS (10). In the repetitive region as a whole a number of different
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Figure 1 X.borealis NTS and ETS: summary of sequence analyses. The
regions sequenced by Bach et al (10) and McStay and Bird (11) are
shown. In the present work sequencing runs were carried out by the
Maxam and Gilbert method on 5' labelled restriction fragments, with the
following exceptions. The two runs marked by asterisks were carried out
on 3' labelled material. The long run extending rightwards from the
boxed Alu I site at nucleotide =-1150 was obtained by the dideoxy
terminator method after subcloning into bacteriophage M13 mpll. (This
and other Alu I sites in the NTS are also Sst I sites: the fragment
subcloned was the 1.3 kb Sst I/Xba I fragment). The general structure
of the region to the left of the boxed Alu I site was examined by the
restriction mapping procedure of Smith and Birnstiel (12). The pattern
of interspersed Alu I and Ava II sites and the Hinf I site is
reduplicated to the left but is not included in the diagram because the
distances were not accurately calibrated. Although our sequence data
agree closely with those of Bach et al (10) in the region of overlap it
is possible that the respective rDNA clones differ in sequence
organisation further to the left in the repetitive region of the NTS.
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X.borealis Sst1/ Alul
NTS

-...GAGCTCT -1151

44 bp repeat
CGGGGCACGC GGGCACGGCG CCTCCGCTCC CCGGGCCCGC TCCGGTAGGA - 1101

AGGCAGGGGC GAGGCCCTCC TCTCCCGGGA ACGGAGGCGC AGCCGGGGGC -1051
44 bp repeat
GCGACGTTGA CACCACCGCT CGTGGGCACG CTCCGGTAGG AAGGTAGGGA -1001
end of repetitive region.

CGAGGTCCTC CTCACCCCGC CAGGAGCGCA GCCCCAACCC CAACCCCGGC  -951
CCCGGCCCTG GCCCCGACCC TAGCCCGGGT TAGCGCCCGG CTCCTCCGAC  -901
CCCACCCCCC GGCCOGGTCG CCGAGGCAGG GGCCGGGCCC TCCTCTCCCG  -851
CGGGCGGAAA TTTCCGCAGA CTGTCGCGCC GACGCCGACT TGCACGGAGG  -801
GGCCCCGTTC TCCTCCCCAC CCCCCGGGCC CCCGAGCCTC CGCGGAGGTC  -751

end of Bach et.al sequence
—_—
CCGATGAGGA CGGATTTGCC CCTCGGGCCG GGCCTCGGTT COGGGAGCCC -701

GGGGAGAGGA GGCCCGGGGC CGGCCTCTCG GGGGGGCCCG CACGGCGCCG -651

start
CCATGCTACG GGC A( GGAC AGGAAGGTAG GGAGAGGCCT ~ -601
Xb CATGCTACG CTTTTCGGGC ACGTGC L
ETS CCTCTCGGGG CGCACGOGTC CCGAGGCGAG AGGGCCGGAG GCCGGGTCAG  -551
t 1
CCGTCGAGGC CCCGCGCCCC CCGGTCGGAG ACTCGGGCGG c@: -501
tract 1 tract 2
GCTCCCGCCA AACCCG CGCCl GGGGAGGGCC ~ -451
tract 2 —
CTCTGCCCGG CCGACCCCCT GGCGGGGCGG CCGCTACACG GGCAGGGAGG  -401
t
CTTCCTCCCG CCTCGCCCCA GGAGCGCCCC CGGTAGTCCC GGGTCOGAGE  -351
tract 3
GGGCCTCCCC GACCGCCTCA CCCGCGGCGG GAAGGCCCCC CGCACGTGAG — -301
tract 3
TTCGLCCCGC GCCGTCGGGC AGCCCGCCCC CGAGCAGTCG CACGAAGACG  -251
tract 4
GCCGGGTCGG GGCCCGGGGC GGGGAAGCCG CGCGCCGLGG CTCCTCTCCE  -201
tract §

CCCGGTGCCC CACCCGGCGG AGCGCCTEGT TTCGCCCCCG CCCGGTCTCT - 151
CAGCCGAACC CACCCCAACC TCGAGCAGCA GGCCGCGGGG TGGGGGGGCG  -101
TCCTCGCCGE CGCCCCCCGC CCCCTCCCTC GGGAGGGAGG CGGAGGCGGE -51

GCGGGGTCGC CCCCCCCACC CCCACGGGGT TCCCCCCCGG AGCCGAGEGE -1
Xb/XI TACCTGGTTG ATCCTGCCAG TAGCATATGC TTGTCTCAAA GATTAAGCCA  +50

18Ss
Figure 2 Sequence comparison between X.borealis and X.laevis rDNA in

the ETS and adjacent region of the NTS. In both species the repetitive
regions of the NTS contain Alu I/Sst I sites, but the sequence
organisation surrounding these sites differs between the two species.

The sequences shown here start at the last Alu I/Sst I site in the NTS
and extend into the start of the 18S gene. The sequences are from the
clones pXbrlOl (X.borealis) and pX1lrl0l (X.laevis). A few uncertainties
remain in the sequences (dots above nucleotides) concerning the exact
number of nucleotides at the indicated positions; for example at
nucleotide -10 in the ETS of X.borealis there was a spacing irregularity
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X.laevis
NTS
Sst1/ Al
..... GAGCT -1001
end of repetitive region —
CGGGCAGGGG GAGCCGGCTC GTCCCCCGGC ACCGGAGGTC CCCGGGCCCT  -951
TTGGCGCCCG TTTTTTCGCA AAGTGCGGCG CCCGCGGGGA CTTGCTCGGC  -901
.. —
CGGGCCGGGE CCCGGOGGCC CCGGGGCCCC GGGGCCCTCC CGOGGAGGCE  -851
CCGATGAGGA CGGATTCHCC GGGCCCGCCC CGGCCGGAGT TCCGGGAGCC  --801
CGGGGAGAGG AGCCGGCGGC CCGGCCTCTC GGGCCCECCTG CAl -151
408 start

XI CCATGCTACG IGGC ATGTGCGGGC AGGAAGGTAG GGGAAGACCG -701

ETS GCCCTCGGCG CGACGGGCGC CCGAAAAAAG GACCGGGGCG TTTCCCGCCT — -651
omnaxamrmvmmuncmmxanﬁﬁ@iﬁﬂ&i}ﬁ&qug -601

1
ATCGATCTGG CAACCCGCGC CCGGG AGGGCCCTCT GCCCGGCCGA  -551
tract 2
CCCCCCEGCG GGGCGGCCGC TACACGGGCA GGGAGGCTCC CTCCCGCCTC -501
GCCCOGGGCG CGACCCCCGG ACCCCCCCCC GGTCCGGTCC GCCGCCGGGC  -451
CCACCCECCC GGECGCCECG GOGGCCGGGE GGCGCCOGEG CCCCCCCEGT  -401
tract 3
GAGTTCCCCC CGCACCGTCC GACCCCGGCA GGCGCCCGAA GAAGGCCCGG  -351
tract 4
ACAGGCGGGG AGCCCGCCCC GGGGGACCCC GCTTCCCCCG GECGCGGAET — -301
tract 4 tract 5
CCTCTCCCCT GGCCCGGGCC GAGCACCCCG TTTCGCCCGA CACCCGCAGA  -251
GCGAGAGAGA AAGACGGAAA GAAAGGAGAG TAGGCCOGCGG GCCCCGTCCC  -201
GGCCGCCGCC TCCCCCCCCC CTCCCCGGGG GGGGGGAGCG GCAGGCCGGG  -151
CGGGGCCCCC GGCCCGGACG GGAGGGCCCG GGCGCCGGGA GCGCCGCCGA  -101
GGGGACGGGC CCGGGTGACG CCTCAGGGCG CCGACCCGCC GCCCCCCCCC -51
CCCGGCCACC CCCGCGCCCG CCCGCCCGCG CCGGGCCCGG GAAAGGTGGL -1
XBbS/XI +51  TGCACGTGTA AGTACGCACG GCCGGTACAG TGAAACTGCG AATGGCTCAT  +100
1

which may possibly conceal a second A residue. The numbering system
extends leftwards from the start of the 18S gene and is based on the best
interpretation of sequence data at ambiguous points. Minor variants in
the sequences including length microvariants occur in other X.laevis
clones outside the 185 coding region (15), and possibly in X.borealis
also, and this fact renders any numbering system somewhat arbitrary.
Boxes surround regions of strong homology between X.borealis and
X.laevis. In the ETS these homologous regions are denoted tracts 1-5.
At the top of the X.borealis panel the boxing over the central regions of
the 44 bp repeats denotes the short zones of strong homology with the 40S
initiation sequence. For further details see the text.
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Hinf I
X.laevis CGG66CCCCG GGGCCCTCCC 6CGGAGGCCC CGATGAG--6 ACGGATTCGC
X.borealis CCCCG66CCC cCcCGAGCCCC GCGGAGGTCC CGATGAGF-G ACGGATTTGC

o

X.clivii CCCCGGCCC6 GCGCCCTGGIC GCGGAGGTCC CGATGAGITCC GGAACGGCCC
X.laevis cce6ceceec  ccofeecls6Ale TTCCl6[6GAGC CCGGGGAGAlG GAGICCGGCGG
X.borealis CCC-TCGG6C CGG[GCC[TCE6 TTCCGIGGAGC CCGGGGAGAIG GAGGCCCGGG
X.clivii GGCCEGCECC CCAGCCICAG TTCCMAGGAGC CCGGGGAGIGG  GAGCCGGCGT
X.laevis ckceeekfrct  cGel-ccclcc  CGCACGACGC CTCCATG cocfifrrjrife
X.porealis GCGGCL[TCT  CGGBGGGGCC CGCACGGCGC CGCCATGICTA  CGCT[TTT/CGH|6
X.clivii CLCGGC[TCT  CGGFCCCCICC  CGCACGAGGC TCTAAT- CGC6|T T T[T Al6
408
X.laevis GCAlTTGCl6G  GlCAGGAAGGT [AGGGGAAGAC CGGCC[CTCG6| CGCGACGGGC
X.borealis GCA[CETGCIGG ACAGGAAGGT |[AGGGAGAGGC CTCCTCTCGG| GGCGCACGCG
X.clivit GCA[TGTGCICG A|CAGGAAGGT |AGGGAGAGAA GGACT|CTCGG| CGCAAAAGTG
X.borealis
NTS, uupp b 66GCACGCTCCE G[CAGGAAGGT AGGGAIGAGGAC crccrcacce
0

repeat C T

Figure 3 Sequence homologies between the 40S initiation regions of

X.laevis (refs.7-9), X.borealis (this work) and X.clivii (ref.1l0). Gaps
have been introduced at a few sites where necessary to maximise
homologies. Boxes denote tracts of three or more nucleotides which are
identical between all three species. This criterion for boxing differs
from that in figure 2, where only X.borealis and X.laevis are
considered; nevertheless the general pattern of conserved sequences is
apparent in both figures. The oligo 4T tract at 25 nucleotides to the
left of the transcription initiation site is not identical between the
three species. The indicated Hinf I site in X.laevis is homologously
located to the Bam HI sites of the Bam islands in the X.laevis NTS
(16) . A Hinf I site also occurs at this site in the X.borealis clone
sequenced by McStay and Bird (11) but not in the present clone pXbrlOl.
On the bottom line, the X.borealis 44bp repeat refers to the region that
is centred upon nucleotide -1000 in figure 2. The 44bp sequence is
aligned in the figure with the transcription initiation region. The
tract of strong homology is boxed, and two "extra" nucleotides are shown
with A signs to permit alignment of the rest of the sequence with the 40S
sequence.

repeated elements are interspersed in a rather complicated pattern (see
ref. 10 for a full description). Of importance in the present context
is the following.

Recurring at intervals in the repetitive part of the NTS is a
44-46 bp 'canon' (10) containing a 13bp sequence which is homologous with

the transcription initiation sequence in X.laevis. The sequence in
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Figure 4 Summary diagram of ETS and preceding region in X.laevis and
X.borealis, showing the relative 1locations of the tracts that are
conserved between the two species. The 5' end of the 185 coding
sequence is shown in black and is fully conserved (5). Conserved tracts
in the ETS and promoter region are shaded. Conserved tracts which are
internally located in the ETS (i.e. tracts which are non-contiguous with
the transcription initiation site or 18S gene) are designated by boxed
numerals which correspond to the numbers of the tracts in figure 2.
Numbers in between these boxes, and shown within arrows where space
permits, designate the 1lengths, in nucleotides, of the respective
divergent tracts. X.b - X.1l denotes the length differences between the
divergent tracts in X.borealis and X.laevis: a minus sign signifies that
the respective tract is shorter in X.borealis than in X.laevis, a plus
sign signifies that the tract is longer in X.borealis.

figure 2 contains two of these features (underlined). The second of
these corresponds to the last such feature in the region sequenced by
Bach et al (10), and is followed by a transition from repetitive to
unique sequence DNA. This non-repetitive DNA was thought by Bach et al
to represent the ETS, and hence the last 13bp tract was thought to be the
initiation site for transcription of 40S RNA. However, their Sl
nuclease protection experiments did not confirm this identification (10).

A region showing extensive homology with the X.laevis promoter

A search of the newly sequenced region in figure 2 revealed a more
likely candidate sequence for the transcription initiation site. There
is an extensive region of incomplete homology between the X.borealis
sequence and a section of the X.laevis sequence extending from about 150
nucleotides upstream to a few nucleotides downstream of the transcription
initiation site in X.laevis (figure 2). The region of homology
corresponds to the X.laevis promoter defined by functional tests (14)
(see also the discussion) and also to a region of strong sequence
homology preceding and including the transcription initiation site in

X.clivii (10). We infer that the X.borealis transcription initiation
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site lies in this region as shown in figure 2, and not where it was
previously thought to be. This inference has been substantiated by

combined sequencing and S, mapping data obtained by McStay and Bird

1
(11). The sequence homologies in the promoter regions of X.laevis,
X.clivii and X.borealis are summarised in figure 3.

The ETS in X.borealis: major divergence from X.laevis

The ETS in pXbrl0l is 612 nucleotides 1long, 100 nucleotides
shorter than in the X.laevis clone pX1lrl0l (figure 2), from which it
shows major sequence divergence. The sequences diverge within a few
nucleotides of the transcription initiation site, and next to the 18S
gene only three nucleotides are identical. However a number of
homologous tracts occur internally within the ETS.

Homologous tracts in the ETS

The main tracts of homology are indicated by boxing in figure 2.
The tracts thus identified contain a minimum of ten perfectly homologous
nucleotides or a larger number with almost perfect homology. The
longest tract starts about 120 nucleotides downstream from the
transcription initiation site and is just over 100 nucleotides long.
The homologous tracts occur in the same linear order in the two sequences.

Divergent tracts and length differences

In between the homologous tracts the sequences differ in content
and length. The length differences are summarised in figure 4. These
divergent regions contain several traces of partial homology, such as the
C rich tract a short distance upstream from the start of the 18S gene.
However, none of these is as clearcut as the tracts identified in figures
2 and 4.

The region flanking the 18S gene is the most extensive divergent
tract in the ETS. This region differs in length by 100 nucleotides
between X.borealis and X.laevis (figure 4).

Other X.borealis and X.laevis rDNA sources

We have carried out restriction tests on three further X.borealis
rDNA clones, pXbrl04, 105 and 106, in parallel with pXbrlOl. The tests
afforded length calibration of the four clones in the region between the
Alu I and Xba I restriction sites denoted by boxes in figure 1, and some
data on the internal sequence organisation in this region. No
differences were detected between the clones. We conclude that pXbrl0l
is typical of X.borealis in its overall sequence organisation in this

region. This is confirmed in part by the substantial agreement between
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our sequence data and those of Bach et al (10) and McStay and Bird (1ll).
Comparative data on X.laevis rDNA clones show that pX1lrl0l is
typical in its sequence organisation throughout the region discussed in
this paper (7,8,9,15 and our unpublished data) . However
microheterogeneities occur in the transcribed spacers of X.laevis rDNA
(15) as discussed later, below. We have not as yet examined X.borealis

rDNA for microheterogeneities at the nucleotide sequence level in the ETS.

DISCUSSION

The promoter region

The present findings and those of McStay and Bird (11) lead to a
revised assignment of the promoter region in X.borealis, which is of
interest in relation to the assay for promoter function developed by Moss
(14). The assay involved microinjection of X.laevis rDNA into
X.borealis oocytes and detection of X.laevis transcripts. On the basis
of the previously reported very limited homology between the X.borealis
and X.laevis transcription initiation regions it was perhaps surprising
that endogenous X.borealis RNA polymerase I functioned efficiently on an
exogenous X.laevis rDNA template. The relatively high degree of
sequence homology which is now evident is presumably a key factor in
successful heterologous transcription.

Nevertheless, sequence homology between the respective promoter
regions is not complete. One feature of the X.leavis promoter which has
elicited comment is a tract of six T residues some 25 nucleotides
upstream from the transcription start site (14,9). Only four of the six
T residues occur in the X.borealis sequence: hence no absolute
functional requirement can be attributed to the six T motif.

The region thought by Bach et al (10) to be the X.borealis 40S
start site is the 1last of a series of very similar tracts in the
repetitive NTS region, as already mentioned. It is possible that these
partly promoter-like tracts may serve as pseudopromoters or RNA
polymerase I binding sites, as is the case for the Bam islands and
repetitive regions of the NTS in X.leavis (16).

Downstream from the promoter/transcription initiation region the
X.borealis and X.laevis ETS sequences are fairly widely divergent for
almost 100 nucleotides. This lack of homology enabled Moss (14) to
distinguish X.laevis transcripts in the presence of excess X.borealis

oocyte RNA by using an X.laevis rDNA probe terminating at the Taqg I site
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tract 1 tract 2
+ 81 1 217
-632 Taq 1 -602 -49%6
! — [
X.laevis 66CTCCG6C66 T[ceaGTCTCl [6CTCCCJc66C C[CGATCGAT|C [TGGCAACCCG CG6CC—F=
+ 93 +124 +231
-520 -489 -332
X.borealts ACTCGGGCGG CCGAGTCTC|C |6CTCCCGCCA GICGATCGAT|G |[TGGCAACCCG CGCC—~A >
+87 +118
X.cliwl 6CGGTCGGNN CTCTCTCCCC ACCCCCCACA CICGATCGAT)T ([TGGCAACCCG coce/
Figure 5 Sequence comparison through the left hand boundary of the

major homology region in the Xenopus ETS. The X.laevis and X.borealis
ETS sequences show no major homology tracts leftwards from the region
shown, although there are traces of homology in the form of purine-rich
or pyrimidine-rich blocks at similar locations in the sequences. The
Taq I site in X.laevis borders the transition into a region of high
homology with X.borealis. This region encompasses the relatively short
tract 1 and then tract 2 whose full extent is shown in figure 2. The
X.clivii sequence shows only a trace of homology with tract 1 in the form
of a C-rich sequence (interrupted underlining) but shows extensive
homology in tract 2 up to the end of the sequenced region (10),
delineated in the figure by a slanting line. Nucleotides are numbered
both positively in relation to the respective transcription initiation
sites and negatively (in X.laevis and X.borealis) in relation to the 18S
gene.

91 nucleotides downstream from the transcription initiation site. The
present sequence data (figures 2 and 5) show that this Tag I site may
well be the best possible restriction site for this particular purpose

since immediately further downstream is a region of extensive sequence

conservation.

The ETS: pattern of conserved and divergent tracts

The criteria adopted for definition of the homology tracts in
figures 2 and 4 are the presence of ten perfectly homologous nucleotides
or a longer tract of nucleotides showing at least 90% homology, as
mentioned in the results section. The tracts so defined occur in the
same linear order in the two sequences, and it is reasonable to conclude
that they are the surviving, conserved remnants of a common ancestral
sequence. It is not known whether any of these tracts plays a
sequence-specific role in ribosome biosynthesis. However, all or part
of the long tract 2 may be a possible candidate for such a role:
X.clivii also contains this homology block starting at the same point
(figure 5) and extending downstream to the end of the sequenced region.

By contrast the shorter tract I has diverged in the X.clivii sequence
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(figure 5). This finding implies that tract 1 has only survived
unchanged by chance between X.borealis and X.laevis. Further
comparative analyses should reveal which tracts, if any, have been
consistently conserved.

As in the ITS regions (5), there are substantial 1length

differences between the respective divergent tracts in the ETS regions of

the two species (figure 4). This implies a history of insertions and

deletions during divergence, which in turn suggests a lack of

sequence-specific function in these regions.

Major divergence in the ETS region flanking the 18S gene

Sequence divergence by insertions and/or deletions appears to have
been particularly active in the region flanking the 18S gene. If this
region is defined for descriptive purposes as extending rightwards from

homology tracts 4 and 5, is about 100

then the X.borealis sequence

nucleotides shorter than that of X.laevis in this region.

The following findings from X.laevis may afford some insight into

the apparent instability of this region. As already mentioned, the
-180— tract 5 -2
ETS AGCGCCT|CGT TTCGCCCCCG CCCGGTCTCT CAGCCGAACC CACCCCAACC TCGAGCAGCA
11s 1 GIGGGGCCGAT CCATGGGCCC G}AGCAAAAAA AACAACAACA AGGAAAAGGC GAGAGAGGAG
+180 tract 1 -— 2
-120 —— — -6
l_'—l r 1 1 r 1 r 1
ETS GGCCGC6666 T6666666CG TCCTCGCCGC CGCCCCCCGC CCCCTCCCTC GGGAGGGAGG
ITS1 CACAGCCCCG CCCGCCCTCG GGCGCGGGCC TGGACAGCAG CAGGCGCCCC cCcTCGGCCCT
+120 -« +61
-60 —> -1
r - r J r r— —L— ——
ETS CGGAGGCGGC GCGGGGTCGC CCCCCCCACC CCCACGGGGT TCCCCCCCGG AGCCGAGGGC
ITST GCCACCGCCC CCACGCCGTC TCGGCGCGAG AGCGTGGCAC TCGGAGAGCG GGAGAGAGCA
+60 - 4]
Figure 6 Alignment of the 18S flanking regions of the ETS and ITS I

of X.borealis
regions
alignments,

in antiparallel orientation.
of potential complementarity can be found by
there are no long regions of complementarity.

Although several

short
sliding the
Brackets in

ETS show some blocks of nucleotides which would be expected to interact

locally.
4; tract 1

Tract 5 is the respective ETS homology tract in figures 2 and
is the respective ITS 1 homology tract in ref.5.

The

occurrence of these homology tracts at equal distances from the 18S gene
in X.borealis seems to be fortuitous;

unequal.

in X.laevis the distances are

For further discussion see the text.
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transcribed spacers in X.laevis are known to contain several sites of
microheterogeneity (15). In the 250 nucleotide region of the
X.laevis ETS next to the 185 gene there are five sites of length
microheterogeneity where individual variants differ in 1length by 1-3
nucleotides (figure 5 of ref.l1l5). Thus the shortest and 1longest
X.laevis sequences so far analysed differ in length by eight nucleotides
in this region. Sequence comparisons in the remainder of the ETS have
been less detailed, but two clones which show several differences between
the 18S flanking regions (pX1rl0l and pX1108, ref.l1l5) show no further
differences throughout the upstream region except at one or two sites
where there are possible ambiguities in the sequence data (7,8). It was
suggested that microheterogeneities in the transcribed spacers are
indicative of a state of sequence flux which may underly larger-scale
phylogenetic variability (15). The good correlation in the ETS between
the specific distribution of length microheterogeneities in X.laevis and
the region of greatest length difference between X.laevis and X.borealis
is consistent with this suggestion.

One point of detail in this region is also of interest. In the
X.laevis sequence there is a highly CG-rich tract which would generate a
stable hairpin in RNA (nucleotides -218 to -137: see figure 3 of
ref.7). In the X.borealis sequence this tract is absent or extremely
changed: the G-rich tract at -110 may be a remnant. Hence it is
unlikely that this secondary structure feature is of great functional
significance.

Lack of complementarity between the regions of the ETS and ITS I flanking

the 18S gene
In E.coli, the sequences flanking 16S rRNA in the primary

ribosomal transcript interact to form an extensive base paired structure
which contains a recognition site for the processing enzyme RNase III
(17) (A similar interaction occurs between the sequences flanking 23S
rRNA (18)).

There 1is no convincing evidence for such an interaction in
Xenopus, and the available evidence is unfavourable. This evidence may
be summarised as follows. In X.laevis the 18S-flanking regions lack the
complementarity required for such an interaction, as discussed in detail
in ref.7. In X.borealis, a similar search of the 180 nucleotides of the
ETS flanking the 18S gene and the corresponding region of ITS I in

antiparallel orientation to the ETS again reveal no complementary tracts
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of more than a few nucleotides (figure 6). Moreover the potential for
local secondary structure in parts of the ETS would compete against any
long range interactions, and a highly A-rich tract in ITS I between
nucleotides 120 and 160 lacks any T-rich counterpart in the ETS. The
region of ITS I flanking the 18S gene, like the corresponding region of
the ETS, appears to be a region of sequence instability. The distance
from the 185 gene to the first homology tract in ITS I is some 64
nucleotides longer in X.laevis than in X.borealis (5); there are
microheterogeneities within this region in X.laevis (15) and simple
sequence tendencies in this region in both species, as discussed (5).
The conserved tracts bounding the respective regions of the ETS and ITS I
also do not appear to be designed for mutual interaction (figure 6,
compare also figure 2 and ref.5). Finally the known intermediates in
IRNA processing in both Xenopus and mammals indicate that kinetically
distinct cleavages occur on the 5' and 3' flanks of 18S rRNA (19 and
references therein, 20).

In conclusion, the findings summarised here imply that the
transcribed spacer regions flanking 18S rRNA in Xenopus are
phylogenetically highly variable and do not perform a concerted or other
sequence-specific role in ribosome maturation. What is not clear is
whether these regions are functionless or whether they perform some

general function which is not sequence-dependent.
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