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We have identified a large family of U1 RNA genes in Xenopus laevis that encodes two distinct species of Ul
RNA. These genes are expressed primarily at the onset of transcription in the 4,000-cell embryo (D. J. Forbes,
M. W. Kirschner, D. Caput, J. E. Dahlberg, and E. Lund, Cell 38:681-689, 1984). The two types of embryonic
U1 RNA genes are interspersed and are organized in large tandem arrays. The basic 1.9-kilobase repeating unit
contains a single copy of each of the embryonic genes and is reiterated ca. 500-fold per haploid genome. This
repetitive U1 DNA accounts for more than 90% of all U1 DNA in X. laevis. In addition to this major family,
there exist several minor families of dispersed U1 RNA genes, which presumably encode the oocyte and somatic
species of X. laevis U1 RNA. Although the embryonic genes are normally inactive in stage VI oocytes, they are
expressed when cloned copies are injected into oocyte nuclei.

The Ul small nuclear RNA (Ul RNA), which is ubiqui-
tous in higher eucaryotes, is encoded by multigene families.
The estimates for gene copy number range from ca. 5 to 50
per haploid genome in Drosophila (S. M. Mount, Ph.D.
thesis, Yale University, New Haven, Conn., 1983) sea
urchin (5), chicken (24), rodent (16, 30), and human (9, 14,
15) DNAs. In spite of this multiplicity of genes, only one or
two Ul RNA species have been detected in each of these
organisms. In vertebrates, the majority of the Ul RNA
genes appears to be dispersed in the genome but, at least in
the case of humans, they are clustered in a small region of a
single chromosome (13). In the sea urchin genome, all of the
genes for N1 RNA (the equivalent of Ul RNA) are arranged
in a single large tandem array (5). Mammalian genomes also
contain several classes of abundant Ul RNA pseudogenes
(8,9, 15, 18, 21), whereas the sea urchin genome apparently
does not (5).

It has been reported elsewhere that Xenopus laevis DNA
encodes at least seven different U1 RN A species and that the
transcription of several U1 RNA genes is under developmen-
tal control (10a). That is the first demonstration of controlled
expression of Ul RNA genes. In particular, we find that two
species of Xenopus Ul RNA which we call embryonic Ul
RNAs, xUla and xUlb, are synthesized at the onset of
transcription in the 4,000-cell embryo but not in fully grown
oocytes. At least four other Ul RNAs are synthesized
during late oogenesis and in somatic cells.

As an initial step in the study of the mechanism of the
developmental control of X. laevis Ul RNA synthesis, we
have analyzed the structure and organization of the genes
that are responsible for the synthesis of xUla and xUlb
RNAs early in embryogenesis. We report here that these
genes are present in ca. 500 tandemly repeated units per
haploid genome; the repeat unit contains one copy of each of
the embryonic Ul RNA genes. Together, these two types of
genes constitute the major Ul gene family, accounting for
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more than 90% of all Ul RNA genes in X. laevis. The
remaining 5 to 10% of the genes appear to be dispersed in the
genome, analogous to the gene organization in other verte-
brates, and may encode oocyte and somatic species of Ul
RN As (32; this study). Thus the Ul RNA genes expressed at
various times of development differ both in number and in
genomic arrangements. These different gene arrangements
might be responsible, at least in part, for the developmental
control of Ul RNA synthesis in X. laevis.

MATERIALS AND METHODS

Analysis of DNA. X. laevis genomic DNA was prepared by
standard procedures from liver or erythrocytes (the latter
was a generous gift of D. D. Brown). DNA fragments were
fractionated on 0.7 to 1.2% agarose gels or 6% (60:1) poly-
acrylamide gels and transferred to nitrocellulose filters as
described by Southern (27) or by the bidirectional method of
Smith and Summers (26). DNA blots were probed with
32p_labeled human U1l DNA which was either 3’-end-labeled
pU1.15b DNA (kindly provided by A. Weiner) or single-
stranded cDNA made of M13mp7 U1-C DNA (14). Hybrid-
ization conditions were 5x SSC (1x SSCis 0.15 M NaCl plus
0.015 M sodium citrate; pH 7.0)-0.1% sodium dodecyl sul-
fate-1 mM EDTA-20 mM Tris-hydrochloride (pH 7.0)-5X%
Denhardt solution (7)-50% formamide at 37, 42, 50, or 55°C
for 20 to 30 h (14).

Cloning of X. laevis Ul RNA genes. The bacteriophage A
Charon 4A library of X. laevis embryo DNA (28) was
screened by the method of Benton and Davis (2) with the
pU1.15b human Ul DNA probe (see above). All of the five
U1 DNA clones (AX1U1-G-1 through -5) obtained by screen-
ing a total of 500,000 plaques were found to contain minor X.
laevis Ul RNA genes (see Results).

To obtain X. laevis genomic DNA enriched in the major
Ul RNA genes, total X. laevis (liver or erythrocyte) DNA
was digested with a mixture of BamHI, Bglll, Kpnl, and
Xbal (or BamHI, Bglll, and EcoRI) and size fractionated on
5 to 20% NaCl gradients (23). Fractions containing large
(>25 kilobases [kb]) Ul DNA fragments (identified by



-
E
® - = - -
==IZ =R e
% 8 & : o4 s EwuP
mmmI Hindll T T »w I aXI
kb
"we = "
e -4.0
-5.0
eg
-1.5
® -1.3
®-1.5 ‘ ® -0.6
%
12 34 1 23456788910
A B

FIG. 1. Characterization of X. laevis genomic Ul DNA se-
quences. X. laevis liver DNA was digested with different restriction
enzymes and analyzed by Southern blot hybridization. In addition to
BamHI and BgllI (lanes 1 to 3 of A), the restriction enzymes EcoRI,
Kpnl, Xbal, Xhol, Sall, and Sacll were all found to produce 30 kb
of Ul DNA fragments (data not shown). Lanes 1 to 3 in B show the
HindlIIl digests of genomic DNAs from three additional frogs and
lane 10 shows a partial HindIII digest. Genomic DNA (10 ug) was
loaded in each lane, and the digestion products were fractionated in
0.7% agarose gels. After transfer to nitrocellulose filters, hybridiza-
tion to *?P-labeled human Ul DNA (pU1.15b) was at 42C in 50%
formamide. Autoradiograms are shown.

Southern blot hybridization) were pooled, and the DNA was
redigested with Sacl or HindIIl to generate unit-length
fragments of the Ul repeat DNA. A phage A library was
constructed by the addition of EcoRI linkers to the Sacl
fragments and insertion of these fragments into the EcoRI
site of Agtl0 DNA. Six independent isolates of the major Ul
RNA genes (AX1U1-S-1 through -6) were obtained by screen-
ing 5,000 plaques from this library. Eleven additional iso-
lates of these genes (pX1U1-H-1 through -11) were obtained
by cloning in pBR322. The 1.5-kb HindIII Ul DNA frag-
ments were purified from the HindlIlI-digested enriched
DNA by preparative agarose gel electrophoresis and cloned
into pBR322 by transformation of strain HB101. Ampicillin-
resistant cells were screened by colony hybridization (12),
with human Ul cDNA probes (see above).

Expression of X. laevis Ul RNA genes. X. laevis oocyte
injections were carried out as previously described (19)
except that DNA templates were injected as supercoiled
plasmid DNAs (pX1U1-H clones) or as full-length ADNAs
(AX1U1-S and AX1U1-G clones). Total nucleic acids were
extracted from the oocytes 20 h after injection and analyzed
by polyacrylamide gel electrophoresis either directly or after
preparative hybridization to filter-bound human Ul DNA as
described elsewhere (19). Total RNAs were analyzed in 8%
(30:0.8) polyacrylamide gels containing 7 M urea (19),
whereas hybrid-selected Ul RNAs were displayed on 15%
(19:1) nondenaturing polyacrylamide gels (10a, 13). Purified
RNAs were analyzed by RNase T, fingerprinting (25) with
homomix C (1).
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RESULTS

The major Ul RNA genes in X. laevis DNA are organized in
large tandem arrays. When the genomic DNA of X. laevis
was assayed by Southern blot analysis, with human Ul RNA
genes as probes, a single strongly hybridizing band (Ul
DNA) was observed (Fig. 1). The Ul DNA migrated either
as undigested (>50 kb) fragments or as a relatively small
(<2.0 kb) fragment, depending on which enzymes were used
to digest the genomic DNA. This pattern is indicative of a
tandemly repeated sequence. In this case, the size of the
repeat unit was estimated to be at least 1.9 kb, based on the
mobility of the fragments produced by complete digestion
with Sacl or by partial digestion with other enzymes such as
HindIII (Fig. 1B, lanes 5 and 10).

The tandem organization of the major Ul RNA gene
repeat was established by partial digestion of the genomic
DNA with either Sacl (Fig. 2) or HindIII (data not shown).
In both cases, a ladder of bands of Ul DNA was obtained,
and the mobilities of the partial digestion products indicated
that they were multimers of the 1.9-kb Sacl fragment. The
results (Fig. 2) demonstrated that the X. laevis genome
contained multiple, tandemly repeated 1.9-kb units of Ul
DNA. Similar analysis of partial HindIII digests in a 0.4%
agarose gel indicated that the tandem array(s) contained at
least 20 repeat units (data not shown).

Several of the fragments (Fig. 1B) were smaller than 1.9
kb, presumably as a result of more than one cleavage of the
repeat unit. In most cases only one of the resulting fragments
was capable of hybridizing the Ul RNA gene probe, but
both of the enzymes PstI (lane 9) and Pvull (data not shown)
generated two fragments of Ul DNA, the sizes of which
added up to 1.9 kb (Fig. 1B). The fact that the two fragments
generated by either Ps:I or Pvull each hybridized approxi-
mately half as well as the larger fragments (see also Fig. 3)
suggested that the repeat contained two Ul RNA genes
which were separated by PstI and Pvull cleavage sites. This
conclusion was confirmed by restriction mapping of cloned
X. laevis Ul DNA fragments, as described below.

Sac |

- =%

- =4x

- =3X

- - =%

~@8 -|.ok
i 2345

FIG. 2. Tandem organization of the major repeated Ul RNA
genes of X. laevis. X. laevis liver DNA was subjected to partial
digestion with restriction endonuclease Sacl and analyzed by South-
ern blot hybridization as in Fig. 1. Samples containing 10 pg of DNA
were withdrawn after 0, 1, 3, 10, or 30 min of digestion with 2 U of
Sacl per pg of genomic DNA (lanes 1 to 5). The single major band
in lane 5 corresponds to 1.9-kb-long Ul DNA fragments, and the
ladder of bands observed in lanes 2 to 4 corresponds to integral
multimers of the basic 1.9-kb repeat DNA, as indicated.
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In addition to the major intense band of hybridization,
each digest of genomic DNA contained several minor bands
which were detectable only upon longer exposures of the
autoradiograms. Since each restriction enzyme produced a
distinct pattern of minor bands (Fig. 1 and 3B), it appeared
that the corresponding Ul DNA sequences were dispersed
in the genome rather than being tandemly arranged. A few of
these bands might represent Ul DNA fragments derived
from the junctions between the ends of the tandem arrays
and the adjacent sequences. However, other minor bands
were found to correspond to Ul RNA genes which differed
from the major Ul repeat DNA (see below). Few, if any, of
these minor bands represented Ul RNA pseudogenes, since
the patterns of bands were not influenced by the stringency
of hybridization, i.e., no differences were observed between
patterns generated by hybridization at 37 or 55°C (data not
shown).

The same patterns and size classes of fragments were
produced by analysis of genomic DNAs isolated from the
liver (Fig. 1) or erythrocytes (Fig. 3). Furthermore, no
differences were observed between either the major or minor
bands of Ul DNA in genomic DNAs obtained from individ-
ual frogs (cf. lanes 1, 2, and 3 of Fig. 1B).
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FIG. 3. Determination of gene copy numbers of the major and
minor Ul RNA genes of X. laevis. Samples (4 pg) of X. laevis
erythrocyte were digested with PstI (lanes 1) or Hindlll (lanes 2)
and fractionated in a 1.2% agarose gel. Copy number standards for
the major Ul DNA repeat were provided by adjacent lanes (3 to 6)
containing different amounts of HindllI-digested pX1U1-H1 DNA
(cf. Fig. 4C and 5). Autoradiograms of the nitrocellulose filter
exposed for 20 (A) or 100 (B) h are shown. The dots in lanes 1 and
2 of B indicate the position of minor Ul hybrid bands. Assuming
that the haploid genome of X. laevis contains 3 X 10° base pairs (6),
the amounts of pX1U1-H1 DNA loaded corresponded to 20, 100,
1,000, and 2,000 copies of Ul RNA coding region sequences per
haploid genome (lanes 3 to 6). Lanes 3 to 6 also contained 4 pg of
Hincll-digested human fibroblast DNA as a carrier and as an
internal control for low copy numbers of Ul RNA genes. The
human DNA fragments indicated corresponded to 5 to 15 copies of
Ul RNA genes per haploid genome (14). The nitrocellulose filter
was probed with 32P-labeled human Ul DNA (HU1-1C) in 50%
formamide at 50°C.
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The X. laevis genome contains ca. 500 copies of each of the
major Ul RNA genes. The copy number of the major Ul
DNA repeat was determined by a reconstruction experiment
in which various amounts of a cloned copy of the repeat (see
below) were digested with HindIIl and electrophoresed
adjacent to Hindlll-digested X. laevis genomic DNA. The
results (Fig. 3) demonstrate that the intensity of the major
hybrid band in the genomic DNA corresponds to ca. 500
copies of the repeat DNA per haploid genome equivalent or
to 1,000 copies of Ul RNA coding region sequences (see the
legend to Fig. 3).

The copy numbers of the minor dispersed Ul DNA se-
quences were determined in the same experiment after a
longer exposure of the autoradiogram. It appears that each of
the minor X. laevis bands corresponds to between S and 20
copies per haploid genome of Ul DNA sequences (Fig. 3B).
A comparison of the minor hybrid bands with bands of
known copy numbers in human genomic DNA (lane 4)
supports these estimates. Therefore, we conclude that there
is a total of ca. 40 to 50 copies per haploid genome of Ul
DNA sequences that are not located in the highly repeated
tandem array.

Cloning of the major and the minor Ul RNA genes.
Initially, we attempted to isolate the major 1.9-kb repeat
DNA from a genomic bank of X. laevis embryo DNA cloned
in bacteriophage A\ (28), but from ca. 500,000 plaques
screened, no representatives of the highly repeated Ul DNA
were isolated. We did, however, obtain five clones AX1U1-
G) which upon digestion with HindIII produced a 5-kb Ul
DNA fragment (Fig. 4A), presumably corresponding to one
of the minor fragments observed in HindIII-digested ge-
nomic DNA (cf. Fig. 3). Zeller et al. (32), who reported the
isolation of a clone very similar (or identical) to these clones,
also were unable to obtain clones of the major Ul repeat
from this genomic library. Analysis of total DNA isolated
from this particular genomic library indicated that it was
deficient in recombinant phages carrying the major Ul RNA
gene repeat (data not shown).

To clone the major DNA repeat, we prepared X. laevis
DNA enriched in these sequences by size fractionation of
total genomic DNA which had been digested with enzymes
that do not cleave the tandem array. Unit-length U1 repeat
DNA was then released from the large (>50 kb) DNA
fragments by cleavage with Sacl or HindIII and was cloned
into A or pBR322 DNA, respectively.

The cloned Sacl fragments of X. laevis Ul DNA were
identical in size to that of the 1.9-kb repeat units of genomic
DNA (Fig. 4B). In each A phage DNA preparation, however,
a various amount of DNA was observed that contained
a smaller insert; apparently, this smaller insert resulted
from the loss (by homologous recombination) of 0.6 kb of
DNA between two Ul RNA coding regions (data not
shown).

Cloning of the 1.5-kb HindIII fragments of the Ul repeat
DNA in plasmid pBR322 resulted in the isolation of stable
recombinant plasmids that showed no evidence of accumu-
lating deletions upon propagation. Figure 4C shows four
representative isolates of these clones. Although multiple
independent isolates of these sequences appeared homoge-
nous in size (Fig. 4C), fine structure analyses revealed
several regions of minor sequence heterogeneity (Fig. 4D).
As indicated on the physical map of the U1 repeat unit DNA,
these heterogeneities corresponded to small deletions (15 to
25 base pairs) located both outside and within the coding
region of one of the Ul RNA genes (thin vertical arrows in
Fig. 5).
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FIG. 4. Characterization of cloned copies of the major and minor U1 RNA genes of X. laevis. Three types of clones carrying X. laevis U1l
DNA fragments were characterized by restriction enzyme analyses: (A) recombinant phages (A\X1U1-G) from the genomic library of Wahli
and Dawid (28); (B) A recombinant phages (\X1U1-S) from a bank enriched in the full-length 1.9kb-long Ul DNA repeat; and (C and D)
pBR322 recombinant plasmids (pX1U1-H) carrying 1.5 kb of the major U1 DNA repeat. (A) Analysis of HindIII digests of AX1U1-G DNAs
obtained from plaque-purified isolates of three independent clones (lanes 1 to 4). Southern blot hybridization was performed as in Fig. 1; an
autoradiogram is shown. The different sizes of the Ul DNA fragments in independent isolates of one clone (lanes 3 and 4) indicate that DNA
sequences within this fragment were lost upon phage propagation. (B) Analysis of EcoRI digests of AX1U1-S DNAs obtained-from four
independent clones (lanes 1 to 4). A Sacl digest of genomic Xenopus liver DNA (lane 5) and a limit EcoRI-partial Pstl digest of A DNA from
the recombinant phage of lane 1 (lane 6) are shown. The Ul DNA fragments were detected as in Fig. 1A; an autoradiogram is shown. The
presence of smaller Ul DNA inserts in all phage DNA preparations suggests that sequences within the Ul repeat DNA are frequently lost.
(C and D) Analyses of four independent isolates of pX1U1-H clones. Ethidium-bromide stained gels (left) and corresponding autoradiograms
(right) of the U1 DNA fragments are presented. Southern blot hybridizations were performed as in Fig. 3 with the human Ul RNA coding
region probe. (C) HindlIl digests of DNAs from clones 1, 8, 6, and 7 are shown. HindIlI-digested X. laevis erythrocyte DNA (genomic),
HindlIll plus EcoRI-digested ADNA (), and HindIll-digested pBR322 DNA (pBR322) were included as size markers in the 1% agarose gel.
(D) Ddel digests of the same four DNAs, analyzed in a 6% polyacrylamide gel. The size markers were pBR322 DNA digested with Haelll
(Haelll) or Ddel (pBR322). The observed sequence heterogeneities define three classes of 1.5-kb HindIII U1 repeat DNA fragments (clones
1 and 7 belong to the same class). The presence (and the sizes) of the four Ddel U1 DNA fragments indicates that the U1 repeat DNA contains
two Ul RNA genes.

Southern blot analysis, with a variety of restriction en- embryonic Ul RNAs (cf. Fig. 3 and Table 1 of reference

zymes, confirmed that each repeat unit contained two dif-
ferent Ul RNA gene coding regions (Fig. 4D and data not
shown). The orientations of the two Ul RNA coding regions
were determined by the relative positions of restriction
enzyme cleavage sites known to be located within the coding
regions of U1 RNA genes from RNA sequence data (3, 10a,
14).

The Ul RNA genes within the repeat DNA were tenta-
tively identified as coding for xUla and xUlb embryonic
RNAs (10a) on the basis of their restriction cleavage sites.
Specifically, both U1 RNA coding regions contained a Ddel
cleavage site (CTCAG) at the position corresponding to
nucleotides 59 to 63 in the RNAs, and sequences correspond-
ing to this site were found to be hallmarks of the two

10a). Furthermore, the Sall cleavage site (GTCGAC, corre-
sponding to positions 115 to 120 of xU1lb RNA) unique to
one of the coding regions (gene B, Fig. 5) was indicative of
a gene for xUlb RNA.

The embryonic Ul RNAs, xUla and xU1b, are encoded by
the Ul RNA genes of the major repeat unit. The suggestion
that both embryonic Ul RNA species were encoded by the
major Ul repeat DNA was tested directly by injection of the
cloned DNA into the nuclei of mature X. laevis oocytes. In
this experiment, the cloned DNAs from seven independent
isolates of the 1.5-kb HindIIl fragment were coinjected with
[«-3?P]GTP; 20 h later, total RNA was isolated and analyzed
by polyacrylamide gel electrophoresis (Fig. 6). Clearly,
injection of each of the cloned DNAs of the X. laevis Ul
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FIG. 5. Physical map of the major U1 DNA repeat of X. laevis. The restriction enzyme cleavage map was obtained by analyses of cloned
copies of the repeat DNA by standard procedures (cf. Fig. 4B to D). The positions and orientations of the two Ul RNA coding regions are
indicated by heavy arrows. Thin vertical arrows denote regions of sequence heterogeneities. The general structures of the X1U1-DNA clones
discussed in the text are shown above and below the map. D, Ddel; H2, Hincll; H3, HindIll; P, PstI; Pv, Pvull; S, Sacl; Sa, Sall; (D),

polymorphic Ddel cleavage site (cf. pX1U1-H-6 of Flg. 4D); bp, base pairs.

repeat resulted in the synthesis of large amounts of U1 RNA,
comparable to the amount obtained by injection of a clone of
a human Ul RNA gene (compare pHU1-1D with pX1U1-H
[lanes 1 to 7] in Fig. 6A). The X. laevis Ul RNAs were
further characterized by analysis of the hybrid-selected Ul
RNAs in a nondenaturing 15% polyacrylamide gel. (The use
of this gel system for the separation of different species of X.
laevis Ul RNAs is discussed in detail elsewhere [10a).)
From electrophoretic mobilities of the Ul RNAs in this gel
(Fig. 6B) and from the RNase T, fingerprints of the individ-
ual gel-purified RNAs (Fig. 6C), we concluded that the two

species of Ul RNAs encoded by the repeat unit did, in fact,
correspond to the embryonic Ul RNAs, xUla and xUlb,
which we had recently identified (10a). The AX1U1-S clone,
containing the 1.9-kb Sacl fragment, was also transcription-
ally active and was found to encode embryonic Ul RNAs
(data not shown). As predicted, injection of the DNA of a
subclone of the major U1 repeat containing only the A gene
coding region (pX1U1A; cf. Fig. 5) resulted in the synthesis
of only xUla RNA (Fig. 6B).

Oocyte and somatic U1 RNAs are encoded by less abundant
U1 RNA genes. Injection of the cloned DNA containing the
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FIG. 6. Expression of the embryonic Ul RNAs encoded by the major Ul DNA repeat in X. laevis oocytes. Cloned copies of the 1.5-kb
HindlII fragments (pX1U1-H DNAEs, cf. Fig. 5) were coinjected with [a-32P]JGTP into the nuclei of X. laevis stage V to VI oocytes. Total
nucleic acids were prepared after 20 h of incubation and analyzed by electrophoresis in an 8% (30:0.8) polyacrylamide gel containing 7 M urea
(A). Each lane contains total RNA of two oocytes; the injected DNAs were pX1U1-H-1 through -7 and pHU1-1D, a cloned human Ul RNA
gene (19). (B) Hybrid-selected U1 RNAs from 1 to 2 oocytes injected with pX1U1-H-2 (lane 1) or pX1U1A-2 (lane 2) or from 20 oocytes which
received no DNA (lane 3) were fractionated in a 15% nondenaturing polyacrylamide gel. (C) The individual Ul RNAs of lanes 1 and 2 were
eluted and analyzed by RNase T fingerprinting, revealing that the two Ul RNAs encoded by the major U1l repeat DNA were the embryonic
species, xUla and xU1b, as indicated. The lower case letters (a to €) and numbers (12 and 13) refer to RNase T oligonucleotides which were
found to be characteristic of the two embryonic Ul RNAs as shown in Fig. 2 and in Table 1 of reference 10a.
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minor 5-kb HindIII Ul DNA fragment (i.e., DNA from
AX1U1-G, cf. Fig. 4A) also led to the synthesis of U1 RNA.
This Ul RNA was shown by RNase T fingerprint analysis to
be one of the minor Ul RNA species synthesized in X. laevis
tissue culture cells and stage VI oocytes rather than either of
the embryonic species xUla and xUlb (data not shown).
This finding is in agreement with the sequences of two minor
Ul RNA genes from a similar clone as determined by Zeller
et al. (32).

DISCUSSION

We have demonstrated that X. laevis contains ca. 1,000
copies of the genes for U1 RNA per haploid genome and that
two different embryonic Ul RNA genes make up more than
90% of the Ul DNA sequences. These embryonic Ul RNA
genes are organized in one or more large arrays, with a total
of ca. 500 tandemly repeated units. Each 1.9-kb repeat unit
encodes both of the two Ul RNAs that are synthesized
during early embryogenesis (10a).

The major and minor gene families encode different species
of Ul RNAs. In addition to the major family of highly
repeated Ul RNA genes, the X. laevis genome also contains
several minor families of dispersed Ul RNA genes that are
present in less than 50 copies per haploid genome. Similar
results have been obtained independently by Zeller et al.
(32), who recently reported the isolation of one of the minor
5-kb HindIIlI fragments of X. laevis Ul DNA. That clone,
which contains three genes for different species of Ul
RNAs, might well correspond to the AX1U1-G clones de-
scribed here (cf. Fig. 4A). Thus it appears that at least one of
the minor families of Ul RNA genes encodes somatic Ul
RNAs. We infer that the dispersed genes must be responsi-
ble for the synthesis of all of the Ul RNAs specific to late
oocytes and somatic cells since the repetitive U1 RNA genes
encode the embryonic Ul RNAs. A possibility, which
cannot be ruled out at the present time however, is that a
small fraction (<10%) of the major Ul DNA repeat encodes
oocyte or somatic Ul RNA species. This latter possibility
seems highly unlikely in view of the sequence homogeneity
of the cloned repeats. In particular, we note that the Ul
RNAs encoded by seven different clones of the repeat
appeared identical by RNase T; fingerprinting (data not
shown) and that restriction enzyme cleavage sites were
highly conserved between independent isolates of the repeat-
ing unit.

X. laevis Ul and U2 RNA genes show striking homology in
organization. Recently, Mattaj and Zeller (17) described the
organization of the U2 RNA genes in X. laevis. Again, the
major U2 RNA genes were found to be tandemly repeated
(in this case with a single copy of the U2 DNA per 0.85-kb
repeating unit), and minor U2 RNA genes appeared to be
dispersed rather than tandemly arranged. Because of the
similar organization of the Ul and U2 RNA genes, it is
appealing to speculate that the expression of the highly
repeated genes is coordinately controlled during develop-
ment. Unfortunately, there is no evidence for this idea since
little information is available about the synthesis of U2 RNA
in X. laevis. However, RNase T, fingerprint analysis of U2
RNA synthesized during early embryogenesis supports the
hypothesis that the embryonic U2 RNA is encoded by the
abundant reiterated U2 RNA genes (E. Lund and D. Forbes,
unpublished data).

Differential control of expression of RNA genes in X. laevis.
For several years the oocyte and somatic 5S RNA genes of
Xenopus spp. have provided a model system for studying
developmental control of the expression of two classes of
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reiterated RNA genes (4, 11, 22). The presence of 20,000
tandemly arranged oocyte-specific 5S RNA genes allows for
the high rate of 5SS RNA synthesis that is required during
oogenesis.

It is possible that a high copy number of the embryonic Ul
RNA genes is required in a similar way for the very efficient
Ul RNA synthesis at the onset of transcription in the
4,000-cell blastula embryo. At this stage of embryogenesis,
the midblastula transition (20), the cells are still dividing
rapidly (approximately once per hour), and the stockpile of
previously synthesized Ul RNAs has been depleted (10).
Therefore, a high rate of Ul RNA transcription might be
required at this time; that may be accomplished most effi-
ciently by activation of the tandemly reiterated Ul RNA
genes. Whether the mechanism of differential control of Ul
RNA expression is similar to that regulating the 5S gene
system (29, 31) remains to be determined.

Transcription of embryonic genes in X. laevis oocytes.
Although transcription of the highly reiterated Ul RNA
genes is not normally observed during late oogenesis, effi-
cient transcription of these genes does occur upon injection
of cloned copies of the repeat DNA into stage V and VI
oocytes. The relative levels of xUla and xU1b synthesis in
oocytes injected with pXU1l-H DNAs, however, are not
identical to those in embryos. More specifically, xUla RNA
is the minor product in such injected oocytes (cf. Fig. 6B),
whereas it is the major Ul RNA species in the embryo; the
reverse is true for xXUlb RNA (cf. Fig. 2 of reference 10a).
One explanation for this quantitative discrepancy is that the
injected clones of the 1.5-kb HindIII fragment lack some of
the 5 flanking region sequences normally located far up-
stream of the xUla genes (see the map of Fig. 5); the
absence of such far-upstream sequences could affect the
level of transcription of the xUla RNA. A more interesting
possibility, however, is that the difference in xU1la and xU1b
RNA accumulation might accurately reflect the control of
expression of the two embryonic genes in the oocyte. In that
case, the low rate of transcription of the xU1la gene (which is
very actively transcribed in the embryo) might demonstrate
some of the cell specificity observed during development.
Additional experiments utilizing our clone of the full-length
Ul repeat DNA should allow us to distinguish between these
possibilities.

Although it is unknown how the major class of Ul RNA
genes is maintained in a quiescent state until the onset of
embryonic transcription, it is possible that the clustering of
the embryonic Ul RNA genes could facilitate the simulta-
neous activation of many repeating transcription units. It
will be of interest to determine how differences in flanking
region sequences affect the differential expression of the
various Ul RNA genes.
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