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A U3 RNA variant has been tdentified m mouse, the abundance of whtch relative to the previously charactertzed major form (U3B) appears to 

vary to a large extent depending upon the cell origm. Its parttal sequence analysts shows that It is clearly related to the U3A form previously 
descrtbed in rat. Sequence compartsons suggest that the separatton of the two forms of U3 genes now found in rat and mouse represent a relatively 
anctent event in rodent evolutton. Whtle mouse U3B RNA is encoded by four clustered genes, the U3A vartant is encoded by a unique gene. Both 

mouse U3 RNAs differ substanttally m prtmary structure (more than 10% divergence) Although rodent U3 RNAs exhtbtt a largely stmilar second- 
ary structure. a spectfic dtfference between the A and B form can nevertheless be observed. 

U3 RNA; Sequence; Secondary structure: Evolution; Rodent, rRNA processing 

1. INTRODUCTION 

For several snRNA species involved in pre-mRNA 
splicing, multiple variant forms may be encoded in the 
same genome and be expressed differently during 
development [1,2]. Changes in the relative amounts of 
variant forms might be involved in the control of the 
differential splicing of pre-mRNA at different stages of 
differentiation [3]. 

U3 small nucleolar RNA functions in pre-rRNA pro- 
cessing [4] through molecular mechanisms which re- 
main presently unknown [5]. So far, U3 RNA variants 
have been reported in only two eucaryotes, yeast S. 
cerevisiae and rat. In S. cerevisiae, the two variant 
forms, snRl7A and snRl7B (which exhibit an 8% se- 
quence divergence), are each encoded by a unique gene 
[6,7]. While the deletion of both genes is lethal, deleting 
one or other of the genes has no obvious phenotypic ef- 
fect [6]. However, snRl7B exhibits dosage compensa- 
tion in the absence of snRl7A (which is normally 
5-lo-fold more abundant than snR17B). In rat, three 
distinct U3 species have been identified [8] but no infor- 
mation has been reported regarding their possible dif- 
ferential expression. While the U3C variant differs 
from the most abundant U3B form by a single 
nucleotide change, the U3A species exhibits much more 

extensive differences (13% divergence). The rat haploid 
genome contains about 5-10 copies of U3 genes but the 
precise copy number for each variant is not known. A 
single gene copy has been isolated so far [9] for rat U3A 
and U3B and sequences immediately flanking their 
RNA coding regions have been shown to diverge exten- 
sively, in line with the possibility of different 
mechanisms of transcriptional control. Mouse 
represents an interesting system for further studying the 
role of U3 RNA, due to the recent development of an 
in vitro assay for one of the rRNA processing reactions 
[4] and also because it represents one of the 3 
eucaryotes for which a complete pre-rRNA primary 
structure has been reported [lo]. Moreover, the 4 func- 
tional genes which encode the major U3B RNA form in 
mouse have been recently characterized ([ll] and 
Mazan, S. and Bachellerie, J.P., submitted). In the pre- 
sent study, we have identified a mouse U3 RNA variant 
which can be differentially expressed in various mouse 
cell types (as compared to the more abundant U3B 
form). The structural analysis of this mouse variant 
which is encoded by a unique gene reveals that it is 
clearly related to the U3A form identified in rat. It also 
shows that the separation of U3B and U3A genes 
represents an ancient event in the evolution of rodents. 

2. MATERIALS AND METHODS 
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* Present address: Centre de Recherche de Biochimie 

Macromolkulaire du CNRS, BP 5051, route de Mende, 34033 

Montpellier, France 

About 2.5 mg of nuclear RNA extracted from mouse liver nuclei 
by the LiCl/urea procedure [12] were first separated onto a 2-mm- 
thick 5% acrylamide/7 M urea gel [13], using four 2.5 cm wide lanes. 
Electrophorests conditions were chosen so as to achieve approximate- 
ly a 10 cm migration for U3 RNA (500 V, 3 h 30 min, for a 27-cm- 
long gel). After electrophoresis, in order to reveal the position of the 
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Fig. 1. Separation of the mouse U3 RNA variant. Four pg ahquots 

of total cellular RNA from mouse 3T3 cells (lane 1) or from rat liver 
(lane 2) were separated on an 8% acrylamide-0.4% 
blsacrylamide-7 hl urea gel in 50 mM Tris-boric acid (pH 8.3), I mM 
EDTA. After electrophoresis, RNA was electrotransferred onto a 
nylon membrane and U3 RNAs were revealed by hybridization with 
an cu-‘2P-labeled, nick-translated DNA probe corresponding to the 

entlre RNA coding region of a mouse U3B gene [ 1 I]. 

unique U3 RNA band, a presoaked nylon membrane (Hybond N, 
Amersham) was put onto the gel for 2 min and submitted to Nor- 
thern blot hybridization [17] with a “P-labeled U3 RNA probe (as m 
the ehperlment of Fig. 1) while the gel wah stored at -80°C. Total 
U3 RNA was recovered from 1 cm slices of the frozen gel around the 

<a> 

hybridization signal according to standard procedures [13]. The two 
variant forms uere then separated from this total U3 RNA fraction 
by another electrophoresis on a more concentrated acrylamlde gel, 
under the conditions of the experiment m Fig. I. Sequence deter- 
minations [14-163 were performed as Indicated in Fig. I. 

Genomic DNA \va? isolated from BALB/‘c mouse hver by pro- 
telnase K/SDS treatment follo\\ed by phenol eltractlon, dlgested by 
restrictlon enzymes, fractionated on 1% agarose gel, and transferred 
ro a nylon membrane (Hybond N. Amersham) essentially accordmg 
to Maniatls et al. [17]. Hybridlration of Southern blots with the label- 
ed cynthetlc oligodeo\ynucleotlde was performed at 55°C in 5 x SSC. 
1 x Drnhardt’q solution, 10 mM sodium phosphate buffer (pH 7.0). 
0.5% SDS. in the presence of 20% formamlde. 125 pg/ml yeast 
tRNA and 125 pg/ml E. CO/I DNA. The hybrldlration probe had been 

5’ end-labeled with [T-~~P]ATP (5000 Ci/mmol) using T4 
polynucleotlde klnase (qpec. act. of the labeled probe. 2.5 x 
10’ cpm/Fg), Hybridlzatlon of the membrane was carried out over- 
mght in the presence of 2.5 x 10” cpm/ml of labeled probe. After 
hybridization, the membrane was \\ashed se\,eral times in 0.1 x SSC, 
0.1% SDS (t\\ice at 20°C for 30 mm, then 3 time, at 37’C). 

3. RESULTS AND DISCUSSION 

When total RNA extracted from mouse cells is 
separated by electrophoresis on urea-acrylamide gels 
(acrylamide concentrations ranging from 6 to 12%) and 
submitted to Northern blot hybridization with a mouse 
U3 DNA probe [ll], the hybridization signal can be 
resolved into two labeled bands provided the migration 
is long enough. A minor, faster migrating, band was 
detected in all the mouse cell types or tissues tested so 
far. However, its abundance relative to the overall U3 
RNA content exhibited large and reproducible varia- 

GTGMGCCGG CTATTAGTGC TGCATTlTGC AACTGCTATC TGCCAnGAT GATCGTKTC AACTCTCTFG AGGGTFGAGA GGGAGAGGAC ACAGTCTGAG TGGl 
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Fig. 2. Sequence of the mouse U3 RNA variant and comparison with’ other vertebrates. (a) The sequence shown corresponds to the 3 ’ termmal 
portion of the molecule (104 nucleotides). It was derived by the combined utilization of three techmques, with the extent of sequence determined 
in each case denoted by lines: (I) chemical RNA sequencing [14] after 3’ end-labehng by [“P]pCp: tluck overline; (ii) DNA sequencing 1151 after 
PCR amplification [I81 of a cDNA obtained by reverse transcrlptase extension 1161 of a synthetic ohgonucleotide primer’ dotted overhne; (Iii) 
direct RNA sequencing by primer extension [16]: thick underline. (b) Comparison with the other vertebrate U3 sequences: the mouse U3B sequence 
[l l] serbes as a reference (hyphens denote IdentItles and a star a missing nucleotide). The 3 boxed portions (termed b-d) of the alignment delmeate 
regions of highly conserved sequences in eucaryotes [Ill. The motif boxed m the mouse U3A sequence has been used (as a synthetic 
oligodeoxynucleotide probe) to identify the corresponding sequence m mouse genonuc DNA (see Fig. 4). The human and Xenopus sequences are 

taken from [19] and [20], respectively. 
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Fig. 3. Sequence relationships among vertebrate U3 RNA sequences. Thts unrooted tree was deduced from the comparison of the sequences 
aligned in Fig. 2. Distance matrrxes were obtained for the portion of the sequence determmed for the mouse vartant and the tree derived by using 

the Fitch program (211 of Felsenstein’s Phylip computer package. 

tions according to the origin of the cells. A den- 
sitometric analysis of series of Northern blot 
autoradiographs (in the conditions used for the Fig. 1 
experiment) shows that the relative amount of the 
faster migrating band is very low in brain and liver (4 
and 6%, respectively), tissues for which the cell turn- 
over is very slow. However, it is markedly increased 
in bone marrow (13%) which contains stem cells 
capable of further differentiation, and in exponentially 
growing 3T3 cells (in which it represents 21% of total 
U3 RNA). 

The partial sequence analysis of this RNA fraction 
(Fig. 2) shows that it does not represent a degradation 
product of the major form but corresponds to a distinct 
gene product (24 nucleotide differences over the analyz- 
ed portion) which is definitely more related to rat U3A 
RNA than to mouse U3B RNA (Fig. 3). Several se- 
quence ambiguities have not been resolved so far over 
the 5’ half of the molecule (sequence not shown): the 
sequence analysis of this region by primer extension 
methods is hampered by the particular susceptibility to 
endonucleolytic cleavage during reverse transcription 
of the phosphodiester bond between position +92 and 
+93 (using mouse U3B RNA sequence [ll] coor- 
dinates). However, since this portion of the sequence is 
strongly conserved among the A and B forms of rat 
(only 4 differences, as compared to 28 differences over 
the 3’ half), it is likely to be poorly informative (as 
compared to the 3’ half), for evaluating the genetic 
relationships among the various vertebrate U3 se- 
quences available so far. The two amphibian sequences 
[20] provide an outgroup for identifying the node cor- 
responding to the primates/rodents divergence (Fig. 3), 
thus suggesting that the diversification of the U3A and 

U3B variant genes is posterior to the mammalian radia- 
tion, but represents a rather ancient event in rodent 
evolution. 

The U3 RNA secondary structure has been shown to 
be largely conserved among vertebrates [9,11,20], with 
an accumulation of compensatory base changes over its 
four major stem regions. Mouse U3A RNA sequence 
data are in general agreement with this observation, at 
least for the portion determined so far. However, the 
availability of a second specimen of rodent U3A form 
reveals a distinctive feature of its folding pattern as 
compared to the rodent U3B forms. As shown in Figs 
2 and 4, helix III represents a major area of sequence 

Fig. 4. A secondary structure feature specific to U3A RNA in 
rodents. Region (+ 157, +192) of the folded mouse U3B RNA 
sequence [ 1 I] is shown. The portion boxed with a dotted lute has 
accumulated nucleottde changes between rodent B and A forms (with 
the correspondmg portion for mouse and rat U3A RNAs depicted in 
Insets). Substituttons in rat U3B are indicated (crrcled nucleotides). 
Outside the boxed portion, the smgle nucleotide difference in rodent 

U3A RNAs relative to mouse U3B is also shown. 
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&2,3,4,5, number of nucleotide differences between the A and B 
forms have accumulated (Fig. 2, bottom) in order to 
recognize selectively U3A genes in a Southern blot 
hybridization of mouse genomic DNA. As shown in 
Fig. 5, a unique radioactive band is detected for each 
of the 5 different digests analyzed (using enzymes with 
a 6-nucleotide recognition sequence) indicating that 
mouse U3A RNA is encoded by a unique gene. As ex- 
pected, a strong signal is also observed at the same posi- 
tion in each lane (result not shown) when the same blots 
are probed with a labeled DNA fragment correspon- 
ding to the entire mouse U3B coding region [Ill; this 
signal is distinct from the ones corresponding to the 
previously identified functional U3B genes and to non- 
functional retrogenes [24]. The cloning of this unique 
mouse U3A gene (now in progress) should help to 
assess the mechanisms involved in the differential ex- 
pression of both RNA forms (particularly at the 
transcription level) according to the growth rate or 
development stage. The characterization of two 
markedly different forms of U3 RNA which have been 
preserved throughout a long period of rodent evolution 
should also provide novel clues regarding the detailed 
molecular mechanism of action of U3 in pre-rRNA 
processing. 
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Fig. 5. Southern blot analysis of mouse DNA with a U3A RNA 
specific probe. Genomic DNAs dlgested by EarnHI (lane 1). EcoRI 
(?), HIndI (3). PvuII (4) or Sac1 (5) ha\e been electrophoresed on 
a 1% agarose gel, transferred onto a nylon membrane and hybrIdwed 
with a 5’ “P-labeled synthetic ohgonucleotlde (boxed In Fig 2) 

recognizing selectt\ely the U3A variant form. 

variation between the A and B forms of rodents. 
Several nucleotide changes are also observed in this 
area for U3A between rat and mouse which never- 
theless preserve the regularity of the stem. By contrast, 
a bulged nucleotide is found, while in the B-form ver- 
sion of this stem, which is maintained at the same posi- 
tion in both rodents, compensatory base changes 
between mouse and rat are detected over adjacent base- 
pairings. This subtle difference between the A and B 
structures could be biologically significant, taking into 
account that a bulge nucleotide may represent a key ele- 
ment for protein-RNA recognition [22]. It could be 
related to some unknown difference in the structural 
organization of the corresponding U3 snRNPs, the 
cellular substrate for U3RNA function [4,23]. In 
mouse, U3B RNA is encoded by 4 functional genes 
which are clustered in a single chromosomal locus ([ 1 l] 
and Mazan, S. and Bachellerie, J.P., submitted). A 
synthetic oligonucleotide (35-mer) probe was selected in 
a region of the mouse U3 RNA sequence where a large 
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