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Summary : A clone bearing a 9.8 kb insert DNA containing the
rDNA  unit was identified by screenglzg an EcoRl library of
rice DNA in A Charon 4 phage with [""P]-rRNAs. The S1 nuclease
mapping of the rDNA-precursor rRNA hybrids showed the presence
of two transcription termini on the rDNA. They were mapped
at positions 616 and 620 nucleotides downstream to the end
of the 255 rRNA gene. The 18 nucleotide sequence, where the
transcription terminates on the rDNA in rice and mice are homologous
albeit in the reverse orientation. © 1988 Academic Press, Inc.

In eukaryotes, the 185, 58S, and 255 rRNA genes are
encoded in multiple copies and are transcribed as a large precursor
which 1is processed to give the mature rRNAs (1,2). The rDNA
transcription units are organized into long tandem repeats with
the coding regions separated by nontranscribed spacers (3).
In rice, the length of these major repeat units is 7.6 to 8.8
kb (4-6). These variations are due to the presence of differing
number of tandem repeats within the nontranscribed spacer.
The termination of TrDNA transcription in plants has been shown
to be wvery near to the end of the 255 rRNA gene (7,8). We
report here that there are two transcription termination sites
for the precursor rRNA at 616 and 620 nucleotides downstream
to the end of the 255 rRNA gene.

MATERIALS AND METHODS

Isolation of rice DNA

DNA from the 48 hr germinated rice (Oryza sativa L.,IR-20)
embryos was isolated according to the method of Walbot and
Goldberg (9). The spooled DNA obtained after ethanol precipitation
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was dissolved in 10 mM Tris-HCl, 1 mM EDTA, pH 7.4, and
further purified by gel filtration on a Biogel ASm column.

Isolation of rRNAs and nuclear RNA

Ribosomes from the 48 hr germinated rice embryoc were
isolated and the T©rRNAs were extracted and purified according
to the method of Rubin (10). The ©5.85, 185 and 255 TrRNAs
were separated by electrophoresis on a 7M urea-6% polyacrylamide
gel and electroeluted.

Nuclei from the 48 hr germinated rice embryo were isolated
(11), 1lysed in 4 wvolumes of 20 mM Tris-HCl, pH 8.0, 20 mM
EDTA and 0.5% sodium dodecyl sulfate, deproteinized with phenol
and the nucleic acids were precipitated with ethanol. The DNA
was removed by digestion with DNase I (10ug/ml) at 37°C for
30 min, and the RNA was deproteinized with phenol, precipitated
with ethanol, vacuum dried and dissoclved in 20 mM Tris-HCl
pH 7.5. The nuclear RNA contains the precursor rRNA along
with the processed mature rRNAs.

Isolation of a clone containing a rDNA unit

A genomic library obtained by the «cloning of a partial
EcoRI digest of ri§§ DNA in the Charon 4 phage (12) was
screened with 5'[""P] labelled rice rRNA by the procedure
of Benton and Davis (13). Six out of the 5000 plagues screened
lighted up and the most prominent one was plaque purified
and studied.

$1 Nuclease mapping

S1 Nuclease mapping was done accordi to the method
of Harrington and Chikaraishi (14). The 3'[""P] labelled DNA
fragments (15-30 ng) were hybridized with 5 yug of the total
nuciear RNA in 10 1 of 80% formamide, 0.4 M NaCl, 40 mM
piperazine-N,N'-bis(2-ethanesulphonic  acid), 0.1 mM EDTA at
60°C overnight. It was diluted 30-60 fold with SI nuclease
buffer (28 mM NaCl, 30mM sodium acetate, pH 4.5, 4.5 mM
ZnCl,, 50 mM NaF), containing 20 ug/ml denatured calf thymus
DNA™ and digested with S1 nuclease (200 u/ml). The reaction
was terminated by the addition of 1/6th volume of 2.5 M ammonjum
acetate, 50 " mM EDTA,  extracted with phenol-chloroform, and
the DNA-rRNA hybrid was precipitated with ethanol. The protected
DNA fragments were analysed by electrophoresis either on a
1.5% agarose or on 8 M urea-7% polyacrylamide gel.

RESULTS AND DISCUSSION

By screening an EcoRI genomic library of rice DNA in
A Charon 4 phage  with [32P]-FRNAS, a clone Dbearing a 9.8
kb 1insert containing the rDNA wunit of rice was obtained. The
low frequency of detection showed that the 8.8 kb unit is
a minor repeat. The 8.8 kb repeat unit is the major one, occurring
about 1060 times in the diploid. genome of rice variety IR20

(6). The wvariation in the sizes of the rDNA units is due 1o
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the differences in the length of the nontranscribed spacer region.
Such variations in the length of the rDNA units is a common

feature in plants (4).

A 3.3 kb EcoRI-BamHI fragment from the BamHI  digest
of the 9.8 kb DNA, hybridized only with 255 rRNA and contained
the 3' end nucleotide sequence of the 255 TrRNA gene, (data
not shown). This fragment was analysed to determine the
transcription termination site on the rDNA. The 9.8 kb insert
DNA  was restricted with HindIIT (Fig.1) and the DNA . fragments
were separated by 1% agarose gel electrophoresis and electroeluted.
The 3'(°’Pllabelled 0.88 kb BeoRI-HindIIT, 0.25 kb HindIlI
and 1.9 kb HindIII fragments were hybridized with the precursor
rRNA,  digested with S1 nuclease and the DNA-RNA hybrids
were analysed by electrophoresis on a 1.5% agarose gel (Fig.2).
The signals at 0.88 kb and 0.25 kb showed that these fragments
were fully- protected against S1 nuclease digestion, while the
1.9 kb HindIII fragment was not protected. In addition to the
0.88 kb fragment, a fragment of 0.47 kb was protected which
may be due to the hybridization of the mature 255 rRNA present
in the RNA preparation. The 0.25 kb HindIII fragment was fully
protected, indicating that the precursor rRNA ends within this
fragment. When the protected portion of the 0.25 kb HindIIl
fragment was analysed on a sequencing gel, two fragments of
the size 248 and 244 nucleotides were seen (Fig.3) which may

represent the two 3' termini of the precursor rRNA.

The 0.88 kb EcoRI-HindIII and the 1.9 kb HindIII fragments
were cloned in M13mpl8 and the 0.25 kb HindIII fragment was
cloned in M13mpl9 (16) and transformed into E.coli MV1180.
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Fig.1: Restriction sites on the 3.3 kb fragment and the sequencing
strategy. The 3.3 kb EcoRI-BamHI fragment of the 9.8 kb DNA
bearing the TrDNA was restricted with HindIII, separated by
1.5% agarose gel electrophoresis and the 255 rRNA gene was
located by hybridization with labelled 255 rRNA probe. The
restriction fragments were cloned in M13mpl8 or M13mpi9 and
sequenced to the extent and in the directions indicated.
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Fig.2: 8352 Nuclease mapping of the rDNA-nuclear rRNA hybrids.
The P] end labelled 0.88kb  EcoRI-HindIII, 0.25kb and
1.9kb HdeII fragments (Fig.l) were hybridized with the nuclear
rRNA, digested with S1 nuclease and analysed by electrophoresis
on a 1.5% agarose gel. The radioactive bands were detected
by autoradiography and their sizes were determined using ©@x174
HaeIll DNA fragments as molecular size markers. Hybrid from:
Lane 1, 0.88kb; 2,0.25kb and 3, 1.9kb DNA fragments.

Fig.3: Size of the protected fragmem32 of the 0.25kb HindIII
fragment-nuclear rRNA hybrid. The 3'[""P] end labelled 0.25kb
DNA was hybridized with the nuclear RNA, digested with S1
nuclease and analysed on a sequencing gel, where the same
DNA fragment was sequenced by the dideoxy chain termination
method. Lane 1: protected DNA fragment.

phage was 1isclated, the DNA was prepared and sequenced

using the wuniversal primer and [a —32P]dATP by the dideoxy
chain termination method (17) in the directions indicated (Fig.1).

A sequence of 884 nucleotides including the terminal 35 nucleotides

the 255 rRNA gene and 848 nucleotides of the 3' flanking

region were obtained (Fig.4). The 3'flanking region is characterized

the presence of 3 long imperfect repeats from 285 to 488,

to 745, and the 732nd nucleotide onwards. The last 98

nucleotides seem to be part of the third repeat. The presence

of long repeats in the nontranscribed spacer is a feature common
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T [ 2 50

TCCACTGAGATCCAGCCCCGGCOICGACGRATTCGTCCCTCCCCTCTCATGTGCGTAAACCTCTAGGCTTAAAACATTTCAAAGTGT

100

TTCTAGTGAGCGTTTTTATGTTTGTGTCAAGTGAGGCTAAAAATTATACGAGTCCTAAGAATCAAAAATTGGCTAACTGGACGAAT

150 200,
GAAGGCAGTGATGATGGTTGAAACATGGCTGGTTGCTTGAGCGTATAAAAGAACATGAAGGATATTTTGCTTTATTTTGAAGTCCC

300

250 :
TTGATAGAGATAAAAAGGACATATGGAACATACTACTGCGTTCCGGCCTTCCCCGGGCTGGAGAAAACAGACAGTTTTTGAAGAAA

" HindIll

359 4
ATGTATCCGAAGTCACTGCCAAAAACATCATTCCTCCTTTCCCGGGCAGACAGGCGGAACGGGAAGCTTGGCTGCCATAAAGGACG

400 459
GAGGGTATTCAGAGTAAACGTATGACAACATGGGTGCCACGGCGCAAGAAACGTCGTATCCGAAGGAGAACCATGATGTTGGATGG

500 550
CTCCTCAAGATCGCAATCCGGAGCTCCGGGCCGTCCCTAGCGCCTTGGTTCCAGAAAACAGGACAGAGTTTTTGAAGGTAAACCTG

2 Hind HI

609 s ' ¥ ?
CCTAAAATCCGCTGCCTGAAATCCTGTGCGCATGGCGTACCAGqCCCAGGCTGGCGCAAGG@PAGCTTGCAAGCCACAAAAAACGA

700 S —
GGGATTTGGAGGAACCTATGAGACATGCATCACGGGACATCGAAACGTCGTATCCGGTTGAGGCGGGACCGTTGGATGGCTCCCTG

Zj¥ 800
GTGTCGGGTTGGAGAAAACAGACGGGTTTTAAGAGACAACAGCTCAAAAACACTGCCGAAATCATGTCTCCGGCCTACCCGGGCAT

3

849
GCCGACAGGACCTGGTGTCGTGTTG

to

Fig.4: Nucleotide sequence of the 3'end and flanking region
of the 255 rRNA gene. The cloned DNA fragments (Fig.1l) were
sequenced by the dideoxg{2 chain termination method using the
universal primer and [a P]dATP. The sequence of nucleotides
were read from the ladder sequences. The nucleotides are numbered
from the start of the 3'~flanking region. Arrows indicate the
S1 signals. The deleted C and T from the published 255 rRNA
gene sequence are indicated. The long repeats ‘are underlined
and the putative transcription termination signal 1is  boxed.
The complementary sequences in the 255 rRNA gene and the
flanking region are overlined.

maize (7), wheat, (18) Raphanus sativus (8), Vicia faba

(19), pea (20) and cucumber (21) -rDNAs. The nucleotides at

the

near end of the 2nd long repeat are complementary to the

3'end of the 255 rRNA gene.

was

The 3'end of the 255 rRNA gene of the rice variety IRZ0

homologous to the 255 rRNA gene sequence of rice wvariety

Mangetsumochi (22} except for the deletions of a C and a T

at
the

positions 11 and 22 vrespectively upstream toc the end of
255 rRNA gene. The fully protected 0.47 and 0.88 kb DNA

-nuclear rRNA hybrids (Fig.2) indicated the extent of protection

up

to the end of the 255 rRNA gene and the precursor rRNA

transcription termination site on the rDNA, respectively. From

the

sizes of the protected 0.25 kb DNA-precursor rRNA hybrids

(Fig.3), the two 3'termini of the precursor rRNA were mapped

on

the rDNA at positions 616 and 620 from the 3' end of the
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258 TrRNA gene (Fig.4). The sequence from the positions 611
to 628 Dbears extensive homology in the reverse orientation
to the 18 nucleotide repetitive motif AGGTCGACCAG?KNTCCG
which is a signal for the transcription termination of rDNA
in mice (24). The 18 base pair motif in the rice DNA is at
the middle of the second repeat and spans the junction of the
2 long stems (data not shown), generated by the computer analyses
of the 3' flanking region (23). The analogous 18 base pair
motif is not present in the other two repeats. Thus the 18
nucleotide motif may represent the signal for termination of
rDNA  transcription in rice. The 3' terminus of the precursor

rRNA in maize and Raphanus sativus was found to be very near

the 3' end of the 255 rRNA gene (7,8). In mice the polymerase
seems to halt at the 18 nucleotide long conserved motif located
at 565 nucleotides downstream to the 3' end of the 285 rRNA
gene (7,8). In Xenopus it does so at a position 235 nucleotides
downstream to the 3' end of the 285 rRNA (26). It has been
shown in both these «cases, that transcription proceeds till
it reaches a similar signal adjacent to the initiation site, and
this signal has been shown to be a part of the promotor for
rDNA transcription. In the case of rat, the SI nuclease mapping
studies have shown multiple 3' termini for the precursor TRNA
among which two coincided with the probable termination site
in vivo (27). In rice, all the rDNA transcription may end around
this termination signal or traverse the nontranscribed spacer

before terminating adjascent to the site of initiation of transcription.
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