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Complete nucleotide sequence of the intergenic spacer between
25S and 178 rDNA in Miscanthus sinensis var. glaber
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Abstract. The nucleotide sequence of the intergenic spacer (IGS) between the 25S and 178 ribosomal RNA genes of
Miscanthus sinensis var. glaber was determined. The spacer length (2,178 bp) in Miscanthus is close to that of rice
IGS (2,140 bp). Many repeated elements with consensus lengths of 34 and 59 base pairs are found in the nontranscribed
region (NTS), upstream of the putative transcription initiation site (TIS). Subrepeats B with four copies are longer
and better conserved than subrepeats A with ten copies. The sequences of the external transcribed region (ETS) show
high identity, ranging from 66% to 76%, among Miscanthus, rice, maize, and wheat.
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Introduction

The ribosomal DNA family with units coding for 178S,
5.8S, and 25S RNAs are tandemly arranged in plant
nuclear genomes. The intergenic spacer (IGS), located be-
tween the 25S and 17S rRNA genes and consisting of a
non-transcribed region (NTS) and an external transcribed
spacer (ETS), has been found useful for population ge-
netics (Karvonen and Savolainen, 1993) and pathogenic
studies (Appel and Gordon, 1996) as a molecular marker.
In plants, the structural and functional characterization of
this spacer region has been studied in species belonging
to gymnosperms, e.g., white spruce (Beech and Strobeck,
1993); dicots, e.g., Daucus carota (Suzuki et al., 1996),
Eruca sativa (Lakshmikumaran and Negi, 1994), and po-
tato (Borisjuk and Hemleben, 1993), and also in mono-
cots, e.g., wheat (Lassner and Dvorak, 1986) and maize
(McMullen et al., 1986). Subrepeats characterizing the
intergenic spacer region play a critical role in regulating
rRNA transcription according to experimental studies on
Daucus (Suzuki et al., 1996), maize (McMullen et al.,
1986), and Arabidopsis (Gruendler et al., 1991). Although
concerted evolution has been shown to be a common evo-
lutionary phenomenon for the homogeneity of the numer-
ous rDNA repeats (Lassner and Dvorak, 1986), length
polymorphisms caused by the variation in the numbers of
such subrepeats are commonly found in plant populations
such as Eruca (Lakshmikumaran and Negi, 1994) and
maize (Rocheford, 1994).
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Here we present the entire nucleotide sequence of the
intergenic spacer between the 3' end of the gene for 25S
rRNA and the 5' end of the gene for 17S rRNA in
Miscanthus sinensis var. glaber (Poaceae), one of the com-
monest weeds in Taiwan (Chou and Ueng, 1991) and a
relative of Sorghum and Saccharum.

Materials and Methods

Specimen and DNA Extraction

Plants of Miscanthus sinensis var. glaber were col-
lected from Taiwan’s Southern Cross-Island Highway at
an elevation of 750 m. Fresh leaf tissue was ground in
liquid nitrogen and kept in a freezer at -70°C. Genomic
DNA was extracted following a CTAB methodology
(Doyle and Doyle, 1987).

PCR Amplification and T-A Cloning

PCR amplification was carried out using a pair of prim-
ers (Figure 1), which were designated according to the con-
served sequences of 255 and 17S rRNA genes of rice
[Takaiwa et al., 1990; EMBL accession no. X54194] and
maize [McMullen et al., 1986; EMBL accession no.
X03990], on a MJ PTC-100 Thermal Cycler. A one-hun-
dred pl reaction was performed by adding 4 U Taq poly-
merase (Promega). PCR amplification conditions were as
follows: 30 cycles of 94°C denaturing for 45s, 49°C an-
nealing for 1 min, and 72°C extension for 3 min, followed
by 72°C extension for 10 min and 4°C for storing. PCR
products were separated and eluted using agarose gel pu-
rification (BM) and ligased to a pT7 Blue T-vector
(Novagen). Plasmid DNA was purified using a Wizard
Plus SV kit (Promega) and quantified.
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1 25S rRNA | 70

CCCCGCETCGCACGGATTCGTCCCTCCCCCTCCACTCTCGCGGGTTGARGTCAGGCTGGGAGTCCGCGTG
primer 258 -

71 : 140

ACCGTAGCCGACCCAAGTTCATAIGGTCARAARACAGCAGTTCGGCCARGGCGTCCTGGGCCARAAACAGC

Al | A2
141 210
AGTTCGGCCGAGGCGTCCGTARGCAGCCCAAGTCCCCGGGARAGCCGAGTGTCGTACGCGTTGACGGATG
Bl
211 280
Al TCA AGTT TT

281 350
T Al T TCGTA ATGT

A7 | A8
491 560
CAAARACAGCAGTTCGCCGCGCGTCCGTGAGCAGCCCAAGTCCCCGGGAAAGCCGGGTTTCGTACGCGTG
B4

561 630
BCCGGATGTGCGGCTTGGGCARAAACAGCAGCTCGGCCGAGCGACATCGGTTCGGCARGCCGGTCCGCGCT

A9
631 700
CGGGCTACACACGACTTAAGTGCCACCGCACCGTACACCACAGGGGCTAAGCGTGTATGCGCGGTCGGAT
701 770
GGACTTTTTTTTTTGCATGTGCGCGGTCGGATGGACT TGCGTGTAAGCGTGTGTGCGCGGCGAGACTCCC
751 840
CGTGTAACGTGTATGCCCGGTCGATGACCTTGGCGTGCATACCCGGTCCACCAGCTGTTCACCCACCGTA
841 910
CACACGACCGCGTGGTCGGATGGACTTGCGTGCGTGTATGCGCGGTTGGT TGGATGGATGGCGACGAACG
911 980
GCTAGGACTCGGACCGCGCGTGATGGATATGCCTCACGAGGTCACGGGAGRAGGACAATATGACGTCGGS
981 1050
ACAAACGATGGCGARACGGGACCCGGTCCCACCGGGGGTTGCCCACGGGGCCGGTCCATCCGCGGARRAC
1051 1120
AARCGAATGCCGTGCCCTCCTCGGCGGARACCTGCGTGTCTTGCCGAAAACCATTGAARAACTACGTATCA

Al0

1121 1190
CATGGATGTCCTGAGGTCCTCARAACACTGAAGAARCCATACAGARAACTGACAGAACCTCCTGGTAGTG
1191 1260
GGTTTGCCCATCTGGCACATTAGGGGGTGATGTCCGGTTGCCTGGGGCCTCGGGTARAATGCTTCGAARC

*
1261 1330
CACTAGTGTTTCGATGACCCGCTAATGAGGCTCCACCARATGTCGGTCACGCCCCCAGCGCCCGTGGTCG
1301 1400
GCAGGCGGCCTGCCGTGGCTAGCTTCGGCTGGCTGCCARCGGGCTGCTGCTGCCCGAGCCACATCGCCAT
1401 1470
ATCCGGACCCTGTGAGTGGCAGRAGTTTTGGTGGCAGCTAGCTAGCTTGGTGCCACGTGTGTTGRACTGT
1471 1540
TTCGTGACTCACGCCCTCCCTTGTCTGCCGCCAGCTACCGGTGCCGTGCTTCTATGAACGTGCTGCTGTG
1541 1610
GGCAGCTGGCTGCGTGGGTGTGTAGCTTGTTGTTGAACAGTTTCGGTGATGCACGCCCTCCCTGGCCGGT
1611 1680
CGGCAGCCTGTGTTGGCCTGCTTCTGTGGGCGCTGGCCCGGTTGATGGTTAAGTTTTGGTATCTCCCGTG
1681 1750
CTCTGTGGACTTCGGTTGCTGTCCTCGCAAGCAGACACACCGTGCCTTGCGCGGAGTGATGCTTTGGATG
1751 1820
GCTTAACCGTCGTGGCTACCTGGCGCATGAGTTGTTTTAGACCTGTGACTGCTTGGAGGACCCCCTACCG
1821 1890
ATGTGTGGCCGACTCACGGCGCCAGTGTCCGTTCATTCGCGCGGGCATGTTTTGCCTGCTGCATTGACAA
1891 1960
GTCGTTCGTGCTCTACCTGTTGCATTGGARGTTGTGCTCATTACATGTTGTTTACGTCGAGRACATCCTC
1961 2030
TGGGTGTGGCTCGTCGGCTACARAGCGCTTGTGCGTTGCCCCGTGCTGCCGTCCGCCCATGTCGGCAGCG
2031 2100
CTAAGGACACCTCGCTTGTGCTCTTGGTCTTGGATGAGGCTGATGCTGAAGGCTGGAGGGCGTTCAGCCT
2101 2170
CCCGTGCCTAAAAATTCAGTCCGTTTGGARACAACTACAGCCAGCTCCTGGCCGATGCCTCGTGTGGAGS
2171 2212
CTGGTGCTGGCTCGTCGATGAGGACGTGCTACCTGGTTGATC

primer 178 |- 178 IRNA

Figure 1. Nucleotide sequence of the intergenic spacer (IGS) between 25S and 17S rRNA genes of Miscanthus sinensis var. glaber.
Subrepeats A (Al to A10) and B (B1 to B4) are underlined and indicated. Positions of rRNA genes, i.e. the 3 end of 25S rRNA and
5’ end of 17S rRNA, and the primers for amplification are indicated. The putative initiation transcription site (ITS) is printed in bold
letters and indicated by an asterisk.
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Nucleotide Sequencing

Cycle sequencing with Taq polymerase was performed
by *?P radioactive labeling using the fmol™ Sequencing
System (Promega). The two strands were sequenced from
both ends, using primers for PCR amplification and three
internal primers (not shown), with overlaps of about 100
bp.

Results and Discussion

The intergenic spacer with 2,178 base pairs (Figure 1)
of M. sinensis var. glaber was amplified and sequenced.
Like many other higher plants, the intergenic spacer re-
gion of Miscanthus is characterzied by repeated sequences,
which are located upstream of a putative RNA polymerase
I transcription initiation site (TIS) (Figure 1) (Borisjuk and
Hemleben, 1993). At least two classes of repeated se-
quences can be identified in this region, designated as A
subrepeats and B subrepeats (Figure 1 and Figure 2). The
consensus length of subrepeats A (34 bp) is shorter than
that of subrepeats B (59 bp). A conserved short sequence
AAAAAC (7-12; Figure 2) distributed in the ten copies
of the subrepeats A may act as a promotor for transcrip-
tion (cf. Borisjuk and Hemleben, 1993). A three-base de-
letion and two other single deletions make the A10
sequence shorter and less similar (55.9% identity to the
consensus sequence) to the other copies. Subrepeats B
(159-574) with four copies are not only longer but also
better conserved (93.2% to 96.6%) relative to subrepeats
A (55.9% to 94.1%). That no repeated element was found
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in the region downstream of TIS in Miscanthus is
congruent with reasearch on potato (Borisjuk and
Hemleben, 1993) and maize (McMullen et al., 1986) IGSs.

Similar IGS lengths are found in Miscanthus (2,178 bp)
and rice (2,140 bp), which are only two-thirds the lengths
(3,018 bp) in maize. Owing to weak functional constraints,
the sequences of the nontranscribed spacer (NTS), slightly
upstream of the putative transcription initiation site, show
high divergences among Miscanthus, rice, maize, and
wheat. Quite a low NTS region identity is shared by the
above grasses. In contrast, the external transcribed spacer
(ETS), especially the region lying upstream from the 5'
end of 17S rRNA gene, has better conserved nucleotide
sequences. The identities based on computer alignment
are 76.0%, 71.1%, and 66.3% between Miscanthus and
maize, wheat, and rice, respectively. The difference in the
degree of conservation between ETS and NTS has thus
made the intergenic spacer region useful for elucidating
either the phylogenetic relationships of species complex
(Lanadu et al., 1992) or the genetic diversity at population
level (Karvonen and Savolainen, 1993).
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Figure 2. Sequence comparison of subrepeats A and B shown in Figure 1. Dots (*) indicate the same nucleotides and gaps (-) are
introduced to maximize homology. Consensus sequences were determined from the repeated elements.
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