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The large ribosomal repeat of the Lupinus luteus genome is 8.8 kb in length as revealed by Southern

blotting and hybridization to 5.8 S rRNA and cloned rDNA fragments of L. /uteus and

Schizosaccharomyces pombe. It codes for 18 S, 5.8 S and 28 S rRNAs. A cloned 3.7 kb EcoR1 sub-

fragment of the rDNA repeat, coding for 5.8 S rRNA and a large portion of the 28 S rRNA, has been

sequenced in the region of 5.8 S rRNA gene. The predicted rRNA sequence is homologous to broad bean
5.8 S rRNA and can be arranged in the generalized model of 5.8 S RNA secondary structure.

Lupinus luteus RNA gene
Plant gene

1. INTRODUCTION

The nuclear genes coding for 16 S, 5.8 S and
28 S rRNA of higher cukaryotes are arranged as
tandem repeats, each repeat coding for all 3
rRNAs. The 3 genes are transcribed as a single
ribosomal precursor which is subsequently pro-
cessed in several steps. The ribosomal repeat varies
in length between 8000 and 44000 bp and consists
of both the coding sequences and non-transcribed
spacer. The nucleotide sequences of rRNA genes
from yeast have been determined [1,2]. In higher
plants, the organization of the large ribosomal
repeat has been studied in detail in wheat, where
the major repeat is 8.8 kb in length, and barley
where two large rDNA repeats are found (9 kb and
9.9 kb) [3]. Repeat lengths and restriction maps
have also been reported for soybean [4,5], radish
[6], rye [71, rice [8], broad bean [9] and carrot [10].
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Wheat [11] and broad bean [12] 5.8 S rRNA se-
quences are known. The broad bean sequence does
not, however, fit the generalized 5.8 S rRNA
secondary structure model [13,14]. Further rRNA
sequences from higher plants are required to study
homology and phylogenic relationships [15].

Yellow lupine, a legume of agricultural impor-
tance [16], has been a subject of numerous
biochemical studies [17-21]. The mitochondrial
ribosomal RNA genes of this organism have been
mapped [22], and the organization and nucleotide
sequences of Lupinus 5 S RNA genes are known
[23]. Here we describe the organization of the large
ribosomal repeat and its DNA sequence in the
5.8 S RNA gene region.

2. MATERIALS AND METHODS

2.1. Preparation of DNA hybridization probes
DNA restriction fragments were labelled by
either E. coli DNA polymerase I Klenow fragment-
catalyzed repair of staggered ends [24], or using T4
DNA polymerase [25]. Appropriate DNA
fragments were purified by low gelling temperature
agarose gel  electrophoresis  [26].  After
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autoradiography gel pieces were cut out, DNA
denatured by boiling 10 min in 0.1 x SSC and used
for hybridization directly, without elution.

2.2. DNA-DNA hybridization conditions

DNA probe was hybridized to DNA immobiliz-
ed on nitrocellulose filters in 2 X SSC, 0.02%
polyvinylpyrrolidone 360000, 0.02%  Ficoll
400000, 0.02% bovine serum albumin, 0.5% SDS,
0.1% sodium pyrophosphate (pH 7) at 65°C for
2448 h. Filters were washed several times in a
large volume of 0.5 x SSC at 60°C. Other
materials and methods were described in [23].

3. RESULTS

3.1. Construction and analysis of recombinant
phages and plasmids

L. luteus genomic DNA was digested with
EcoRl1, separated on a 0.7% agarose gel, transfer-
red to nitrocellulose filter and hybridized with
5/-2p_labelled 5.8 S rRNA from L. luteus (fig.1)
or S. pombe (not shown). Only one band of about
3.7 kb appears on autoradiograms (fig.1A,E). Ex-
tremely overexposed autoradiograms show several
additional very weak bands. EcoRl-restricted L.
luteus DNA was therefore used to construct a
genomic library in phage A607 [27). The library
was screened [28] with 5'-*?P-labelled S. pombe
5.8 5 rRNA.

Two positive clones were selected for further
analysis. One of them (AR12) contained an insert
of the major 3.7 kb size class, another {AR®6) a
fragment of DNA of about 4.7 kb that gave a
weaker hybridization signal. For further analysis
the DNA fragments were recloned into pBR325
{plasmids pAR6 and pARI12). Computer analysis
{291 of broad bean 5.8 S rRNA sequence [12],
presumed to be similar to L. lureus sequence,
revealed a Clal restriction site (nucleotides 37—42
of the RNA sequence) and an EcoRV site
(nucleotides 20—25 of the RNA sequence). The
3.7 kb fragment of clone pARI12 was indeed cut
with both Clal and EcoRV, which allowed to
orient and position the 5.8 S gene within the frag-
ment. The 4.7 kb fragment of clone pAR6 was cut
only with Clgl. More detailed restriction maps
were obtained using both unlabelled and
terminally-labelled fragments. Southern blots,
probed with various labelled restriction fragments

242

FEBS LETTERS

February 1983

Fig.1. (A—~E) Genomic blots of L. luteus DNA, digested
with EcoR1 and probed with: (A) L. /uteus 5.8 § r [P}
RNA; (B) *?P-labelled 2.9 kb Clal—EcoR1 fragment of
plasmid pYM 32 [15] containing S. pombe 25 S IRNA
gene with exception of its 3’ -end; (C) **P-labelled 6.1 kb
EcoR1-EcoRl fragment of plasmid pYM 32 {15}
containing S, pombe 17 S rRNA gene with exception of
its 3"-end; (D) **P-labelled plasmid pYM 32 containing
complete S. pombe ribosomal repeat [15]; (E) L. luteus
5.8 St [**P) RNA — an overexposed autoradiogram to
show absence of additional bands; (F-I) Genomic blots
of L. luteus DNA probed with 3?P-labelled plasmid
pARI12. Restriction enzymes used were: (F) Bgl2; (G)
Bcll; (H) BamH1; (1) EcoR1.

of plasmid pYM32 [15] allowed to position the
18 S and 28 S genes on the restriction map of
clones pARS6 and pARI2.

3.2. Muapping of ribosomal repeat

To provide a restriction map of the whole
ribosomal repeat, genomic L. luteus DNA was
digested with several restriction nucleases,
separated on agarose gels, blotted and probed with
labelled fragments of pYM32, pAR12 and pARé6
DNAs. Endonucleases Clal and Hind3 do not cut
L. luteus genomic DNA within the ribosomal
repeat. Endonucleases B/l and Bgl/2 cut once
within the ribosomal repeat defining its size as
8.8 kb (fig.1F,G), although some rDNA remained
uncut by Bgl2 (not shown). Digests with these en-
zyvmes in combination with EcoR1 and BamHI1
allowed to construct the map of the complete
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Fig.2. Restriction map of L. luteus large ribosomal

repeat. Regions coding for 18 S, 5.8 S and 28 S rRNA

are indicated based on hybridization and sequence (in

the case of 5.8 S) data. The BamH]1 site indicated with

* is absent in some repeats. Two arrows connected by a

bracket indicate the EcoR1—-EcoR1 fragment present in
pAR12.

repeat (fig.2). EcoRI cuts 3-times within the
ribosomal repeat, giving fragments of about
3.7 kb, 3.4 kb, 1.7 kb (fig.1D). The 3.7 kb frag-
ment is the one cloned in pAR12 (fig.11). It con-
tains 5.8 S rRNA gene (fig.1A,E) and part of the
28 S rRNA gene (fig.1B). The 3.4 kb fragment
contains a large part of the 18 S rRNA gene
(fig.1C). The 1.7 kb fragment contains 3'-part of
the 28 S rRNA gene (fig.1D and fig.2). BamH1
also cuts 3-times within the ribosomal repeat, giv-
ing fragments of about 5 kb, 2.6 kb, 1.2 kb
(fig.1H). One of the BamH]1 sites was resistant to
cleavage in about 60-70% of the ribosomal
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repeats, as evidenced by the appearance of a band
at about 6.2 kb (fig.1H and fig.2). A small propor-
tion of other endonuclease sites was resistant to en-
zyme cutting, as evidenced by the presence of some
partial digestion products even at saturating en-
zyme concentrations (fig.1).

3.3. Sequence determination of the 5.8 S rRNA
gene

Recombinant plasmids were partially sequenced
from their Clal sites within the 5.8 S rRNA gene,
using both 5'-end and 3'-end labelling of DNA
fragments to obtain overlaps. Fig.3 shows the
resulting sequence of pAR12. The ends of the L.
luteus 5.8 S TRNA molecule were determined, to
enable exact positioning of the coding sequences
within the DNA stretch required. The 5'-end of
the 5.8 S rRNA was heterogenous: 85% pC (cor-
responding to the sequence of the clone pAR12),
15% A (corresponding to the sequence of the clone
PARG6). The 3’-end of the rRNA was determined
to be CACou. Most 5.8 S rRNA molecules ter-
minated with Cies but some were one or two
nucleotides shorter. It is not clear whether this is
due to nuclease action in the organism. Clone
PARG6 did not contain the complete 5.8 S gene se-
quence. It terminated with nucleotide 82 of the

40 50 60 70

GTCCCACCCTCTGCGGTGTCCTCCTGGCCTAATAACAAAACCCCGCGCCGAACGCGCCAAGGAAATTGAA
CAGGGTGGGAGACGCCACAGGAGGACCGGATTATTGTTTTGGGGCGCGGCTTGCGCGGTTCCTTTAACTT

80 90 100

110 120 130 140

ATCGTTTAGTTCGCCCCCGCCGGCCCGGAGACGGTGCTCGTGCGGGCGGCGTTGCGACACGCTTATCLTA
TAGCAAATCAAGCGGGGGCGGCCGGGCCTCTGCCACGAGCACGCCCGCCGCAACGCTGTGCGAATAGEAT

150 160 170

180 190 200 210

AAGACTCTCGGCAACGGATATCTCGGCTCTTGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGT

220 230 240 250 260 270 280
GAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGGGC
CTTAACGTCTTAGGGCACTTGGTAGCTCAGAAACTTGCGTTCAACGCGGGCTTCGGTAATCCGGCTCCCG

_ 290 300 310 320 330 340
ACGCCTGCC GGGTGTTGEA TCGTTG CCCCGTGCC§TGGCCACGTGCAGGCACGAAACGGGGC—3 '
TGCGGAC CCCACAACGTHTAGCAACGGGGGCACGGAACCGGTGCACGTCCGTGCTTTGCCCCG-5"'

Fig.3. Nucleotide sequence of clone pARI2 in the region of 5.8 S rRNA gene. The 5.8 S rRNA coding sequence is

boxed. Direct repeats are indicated with arrows. The Clal restriction site used for sequencing is underlined.
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RNA sequence, with the EcoR1 site (which does
not occur in pAR12 due to a base change).

4, DISCUSSION

4.1. rDNA organization

In higher plants, the length of the large
ribosomal repeat coding for 18 S, 28 S and 5.8 S
rRNA varies between about 7.8 and 11.5 kb
[3-10]. In many instances size heterogeneity was
observed [3]. In L. luteus, unlike in several other
species, EcoR1 cuts more than once within the
ribosomal repeat. Clal and Hind3 do not cut L.
luteus genomic DNA; this is presumably due to
methylation, since these restriction sites are present
in cloned fragments. Endonucleases Bc/l and Bgl2,
the recognition sequences of which do not include
CG base sequence, which is highly methylated in
plants [3], define the length of repeat as 8.8 kb. No
repeat length heterogeneity was observed. A
similar situation was found in soybean [4,5]. The
restriction map of the whole repeat, deduced from
Southern hybridization data wusing Schizosac-
charomyces pombe clone pYM32, and L. luteus
clones pAR12 and pARS, is similar to the publish-
ed restriction maps of other eukaryotes (e.g. [3]).
One of two BamH]1 sites within the 28 S rRNA
coding region appears only in about 30-40% of
the ribosomal repeats. Similar observation was
made in carrot {10]. Although clone pAR12 has
both BamHI1 sites in the 28 S rDNA region, we
cannot differentiate between two possible explana-
tions for this effect: methylation and sequence
heterogeneity. It is pertinent to note that we have
observed extensive methylation of the L. luteus 5 S
gene DNA [23]. Cross-hybridization between L.
luteus and S. pombe ribosomal DNA containing
28 S and 18 S RNA genes indicates significant se-
quence homology. Similar cross-hybridization was
observed between S. pombe 5.8 S rRNA and L.
Iuteus 5.8 S DNA.

4.2. 5.8 S rDNA sequence

We have sequenced completely the 5.8 S rRNA
coding region of the L. luteus rDNA repeat from
clone pAR12 (fig.3). It is the first known 5.8 S
gene sequence from higher plants. As observed
before in other systems, the GC content of the
coding sequence (53.6%) is lower than that of the
spacer (64.8%). The coding sequence is very
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similar to broad bean 5.8 SrRNA — the difference
being 8 base changes and 3 base deletions (6.7%
total difference).

The 3'-end of the 5.8 S rRNA coding sequence
is preceded and followed by two pairs of short
direct repeats; GTTGC (proximal to the 3’-end),
TGCCT (distal to the 3'-end of 5.8 S rDNA).
These sequences might constitute signals for pro-
cessing the RNA transcript. Similar repeats have
been found in other 5.8 S rRNA genes [30]. Com-
pared to L. luteus, broad bean 5.8 S rRNA has a
deletion of two nucleotides within the sequence
corresponding to proximal repeat (GTTGC —
GTC) [12]. It would be interesting to ascertain
whether the extragenic part of the repeat also has
an appropriate sequence change. No similar
repeats were found at the 5'-end of the 5.8 S gene.

The sequence of the 5.8 S gene provided by
clone pARG6 is incomplete, as the clone extends on-
Iy to the EcoR1 site at position 82 of the RNA. The
available sequence is in 18.4% different from the
clone pAR12 sequence and only 8% different from
S. pombe 5.8 S rRNA gene [15]. We cannot ex-
clude the possibility that clone (AR6) DNA is
fungal in origin, although care was taken to ex-
clude such contamination during seed germina-
tion. The genomic blots probed with labelled clone
pAR6 show that the abundance of the 4.7 kb
EcoR1 fragment that gave rise to that clone in L.
luteus DNA is extremely low.

4.3. 5.8 S rRNA secondary structure

It has been recently pointed out {15] that broad
bean 5.8 S rRNA sequence does not conform to
the secondary structure model of Nazar [13] or
Pace [14] and that more plant sequences have to be
known, before this question can be studied in
detail. We have examined the L. luteus 5.8 S
rRNA sequence as deduced from the DNA se-
quence and found that it could be arranged in a
structure similar to the Pace model ([14]; see also
[15] and fig.4). The continuity of the helix e is,
however, disrupted; 7 out of 8 base pairs remain
intact, but with an unpaired stretch of 3
nucleotides in the middle. Loop VI consists of 4
nucleotides. Unpaired 5'-terminus is 31
nucleotides long and the unpaired 3’-terminus 21
nucleotides long. Most of the changes, in relation
to S. pombe 5.8 S RNA occur in the helix e and
loop VI. This may suggest a somewhat different
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Fig.4. L. luteus 5.8 S rRNA as deduced from the DNA
sequence and RNA sequencing data on the 5'- and
3'-terminus, arranged in the standard secondary
structure model [14,15]. Differences with broad bean
RNA sequence [12] are indicated in parentheses.

arrangement of the 5.8 S—28 S complex in plants,
since helix e is proposed to play an important role
in its stabilization [14]. In broad bean, two of the
G—C base pairs proposed here for the e helix are
not possible, due to a base change and a base dele-
tion. Clearly, more 5.8 S rRNA and rDNA se-
quences are needed before any generalizations can
be made.
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