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ABSTRACT
The complete nucleotide sequence of a rice nuclear 17S rRNA

gene (rDNA) has been determined. The rice rDNA is 1812 bp long
and its G + C content is 51.3%. This nucleotide sequence shows
797, 807,, and 80% homology to those of yeast, Xenopus laevis and
rat 18S rDNAs, respectively. Divergency of nucleotide sequences
is largely attributed to five blocks of highly variable regions,
where eukaryotic specific sequences can be observed.

INTRODUCTION

Eukaryotic ribosomes contain four species of rRNAs. The
25-28S, 5.8S and 5S rRNAs are associated with the 60S ribosomal
subunit and the 17-18S rRNA is associated with the 40S subunit.
Determination of primary structures of eukaryotic 17-18S rRNAs
is essential for understanding the subunit association, ribosomal
assembly and interaction with mRNA, 5S r"INA and tRNA. Further-
more, comparative sequence analysis of rDNAs from a variety of

organisms is regarded as one of the effective methods for dedu-
cing a secondary structure as well as for providing some insight
into evolutional trends. However, the complete nucleotide sequ-
ences so far determined are limited to yeast (1), Xenopus laevis
(2), rat (3) and Dictyostelium discoideum (4).

We have recently cloned a major class (7.7 kbp, formerly des-
ignated as 5.0 Md) of rice rDNA repeating units and determined
the entire nucleotide sequence of a spacer region between 17S
and 25S rDNAs (5). In the present study, we present the complete
sequence of a rice 17S rDNA and compared it with correspondina
sequences of yeast, X. laevis and rat. This is -to our knowled-

ge- the first complete nucleotide sequence of a 17S rDNA from
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higher plants. Its length and sequence is highly conserved
among eukaryotic organisms.

MATERIALS AND METHODS
Recombinant plasmid pRR217 contains whole rRNA gene sequen-

ces in its inserted 7.7 kbp EcoRI fragment (5). The plasmid DNA
was cleaved with BamHI + HincII, BamHI + BstEII or SacII. The
digested DNA fragments were fractionated in 4.5% polyacrylamide
gels. The 2.4 kbp BamHI - BstEII fragment, 0.78 kbp BamHI -
HincII fragment, 0.29 kbp and 1 kbp HincII fragments and 0.8 kbp
SacII fragment that encode 17S rDNA were recovered from the
excised ael pieces and sequenced by the chemical method as
described (5).

RESULTS AND DISCUSSION
Recombinant plasmid pRR217 contains a major class (7.7 kbp)

of rice rDNA repeating unit (5). The DNA fragments encoding
the 17S rDNA were isolated from pRR217 DNA and used for sequen-
cing. A detailed physical map and the sequencing strategy are
shown in Fig. 1. Most of the regions were confirmed by sequen-
cing in opposite directions and more than twice in the same
directions. Fig. 2 shows the complete nucleotide sequence (RNA-
like strand) of the 17S rDNA. The 5' end of rice 17S rDNA was
deduced by comparison with 18S rRNA sequences from other organ-
isms. The 3' end was assigned based on the 3' terminal sequences
of wheat 17S rRNA (6). The T residue at the 5' end is found to
be identical among eukaryotic organisms sequenced so far, while
the G residue at the 3' end seems to be unique to higher plants.
The coding region of rice 17S rDNA is estimated to be 1812 bp.
The rice 17S rDNA is 23 bp longer than the yeast 18S rDNA (1789
bp) and 57 bp shorter than the rat 18S rDNA (1869 bp). This is
mainly due to two insertions (5 bp and 10 bp) at positions 651-
655 and 995-1004 and two long deletions (11 bp and 26 bp) at
positions 191/192 and 225/226 (Fig. 2). It has recently been
presented that D. discoideum 18S rDNA is 1872 bp long (4) and
is the longest of all species reported so far. This is attribu-
ted to an unique insertion (79 bp) at positions 1366/1367.
Eukaryotic 17-18S rRNAs are similar in size to each other, which
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Fig. 1. Physical map of the cloned 7.7 kbp rDNA from rice and
the sequence strategy of 17S rDNA. Thick lines represent the
inserted rice DNA fragments and single lines show parts of
pBR325. Coding regions are shown in black. Horizontal arrows
indicate the direction and extent of the DNA regions sequenced.

is in remarkable constract to what is observed in 25-28S rRNAs.
The 17-18S rRNA range in size from 1789 bp to 1872 bp, whereas
the 25-28S rRNAs from 3380 bp (rice) to 4718 bp (rat) (7). Such
a conservation in the size of 17-18S rRNA may be related to
important function in protein synthesis.

When the nucleotide sequence of rice 17S rDNA is aligned
with those of yeast, X. laevis and rat 18S rDNA so as to maximize
sequence homology, numbers of identical residues are 1434, 1449
and 1446, respecively (Fig. 2). We have recently presented that
the rice 5.8S rDNA sequence shows 80%, 71% homologies to those
of yeast and X. laevis (5). Therefore, the degree of homology
found in 17-18S rDNA is slightly higher thar that of 5.8S rDNAs.

Conserved regions are observed all over the 17-18S rDNAs
(Fig. 2). Consecutive identical sequences longer than 40 bp are

detected in positions 373-449, 549-608 and 1766-1811 (3' terminal
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Ri TACCTGGTTGiATCCTGCCAGTAGTCATATGCTTGTCTCAM'GATTAAGCCATGCATGTGCAAG,TATGAACTAATTCGA-ACTGTGAAACTGCGAATGGCt 99

I ..T............................CT....A.G.A.T. .AT.C.G..-.......... 98

x.............................C.. .T....CC. .GGCCGGT.C.G..-.......... 97

Ra ..........-.....................CT....C.C..GGCCGGT.C.G..-.......... 97

Ri CATTAAATCAGflTATAGTTTGTfGA---TGGTACG--TGCTACTCGG-ATAACCGTAGTAATTCTAGAGCTAATACGTGCACAAACCCC-GACTT-CC 191

I .........C....A.. -.....A..T.CTT.A....AT..T.....G...........A...TTA...T.T.-...CC--- 191

x .........G... CC. --...TC.C.C.ATC. .T.. ..T. .....T.G...........A....CGACG.G.G.T...CC-CC 193

Ra ........6 .. CC.....TCGC.C.CT.CTC.C ...T. ..T...T.G ..........A....CGACGGG.G.T... .CCCCC 196

RI-------GGGAGGGGCGCATTTATTAGAT-AAAA--GGCTGACG--------------CGGGCTCCGCCCGCTGATCCGATGAT 251

Y TT----T----.-.A..A.AT.T.......A....ATCAA.---.TC----T---T------------GGA.-TC.TT....248

O -------A....T.C.T.C....C...CC....-CCAA.CCG.-------------GGCC.CC. .G..C.GG-.C.C.TT.G...C 259

Ra TTCCCGTGGGG.... .C.C.T.....C.... C.....CCAACCCG.TCAGCCCCCTCCCGCTCCGGCCGGGGGTC.GG.GC.GGA.G.C.TT.G...C 295

Ri TCTAACTrACGTGAGCCCTCGGAGACTCAMTCCACATTGTGAGTGGCTCA 349

Y .... A....CT.TTCG--A....T....T.-.....T....T.GT......................T......345

O ..TA...C....GG.C......T...C-...A.....ATA....GG..G..............CTT.CT.C......358

Ra .TA ...C.... .GG.C.......TC........ACC....G..CG..............TCGCC.T......395

Ri GGGTAGGGCGMTAGTCATCCGGGGCGGACGTCAACAGAGCGAGGGAATCC 449

I ....TTCA....A.... G.....A.......................................445
O .....ACC....A.....6....C.......................................458
Ra .....ACC....A.... G.... C.......................................495

Ri ATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACCGGGCGCTTAG-TGTCTGGTAATTGGMTGAGTACAATCTAAATCCCTTAACGAGGATCC 548

I A.TT.A.6............G...A....C.A. .C.-G.....T...........G...A.......A.A 544

I C... C...G.........G.A.......A... .T. ....C.AG.C.CT..........C.T....T.......T 558

Ra C... C.. .C.........G.A.......A... .T.....C.AG.C.CT.........C. .C.T....T........595

y...............................A.................A..T.....644

O...............................A....C..............T....A 658

Ra...............................A....C..............T....A 695

y C.----. T-T.GG. .GTC.GATTTTTTCGTGTAC-TGGAT.TCCAA.GGGGC..TT.CTTCTG.TAT....T.AG.CCTTGT.G.TCT.GGCGAA.CA 737

O T. .AG.T.......G-..GA.. .GGCT-......C.TG.C.CA.C. ..- .G-C. .CT....CCT.C.CGA. .CT. .. .G.. ..AGT.TCCCG-G.GGC. 753

Ra ....G.6.........GSA... .G..T.C..C.GCC.CC....G-C. .CT...CCC.CTCGA. .CT. ...G.G...AGT.TCCCGCG.GGC. 793

I G.A--TT.......A.......T.....G..--GTAT.GCTC.A...T......A....T.GA....CG.TT...T....T. 833
O ..AA..GT......A.......T.C..C.G...GCGT.G-C.....T.C...TA..A....TGGA....C.-...T....T. 851

Ra ..AA..GT...................CGA-CC:A....CGC...TA..A....TGGA....C-CG....T....T. 892

RI GTTGGCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCGGGGG6CATTCGTATTTCATAG .TCAGAGG TGAAATCTTGGATTTATGAAAGCGAAC 939

Y ... TT.CTA. .. .C.ATC..........G........CG....CA. .T. ...............TG...T....T931
.. ITT....A.CT. .G.CC.....G....S.C..........GTGCC.C.A-..........CCGGC.C .....C 950

Re TT... ...A.CT.AG.CC..6........C.........G.GCC.C.A-..........CCGGC.C.....G.C 991
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RI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~1039
.......G.......C....G.A...........A--------.. .T......G....T......T.... 1021

0 AA...........A...............C..A. .T............G... .TC.G.1050....l

Ra GA...........A...............C..A. .T..............G...TC.G.1091....l

Ri CCACGTCGGAGTCTTGATCCGCCTAGGATAATMGTCGGGATTGCCAGCG 1138

y T..-...T...G.G ...TT. .TA.T. .. .C.ACT....T....C............T...........A....1119

O .. T.C...C.GC.GC...AT.CCC.T ... .C.GC.GA...G ...CC.G ....C.................T....A.-.... 1149

Ra ...TGC. .... CGCOGC.. .AT.CCC.T. .. .C.GC.G ... G.0.. G.C ....................CT.... A.-.... 1190

Ri AATAAATGCGGGACCGCTGGCGGCTATGCCAACGAATACGTCGCTGAGA 1238

................T...A..A. ..................-C........C.AT.... 1218

O ..................A... .A................A..C. C...C. .C.G.0... .CG.A....1249

Ra ..................A....-................A.C.CC... C. .C.G.0....CG.AC....1209

Ri TGCGCL GCCTCTATTTGTGGGCTGCTTTATGTGGGTTTTTTATCTACACA 1337

y ... T...........T.G............T...C......T......C....O..A.......1318

I T...T......C.0....G..............................A.......1348

Ra..T...T...T......C....CO................................A.......1380

Ri ACTCGTGTATCTTC-'GGCT--TCCGTACTTAAGATTCCM GCA-GATTAG 1429

y ... -TA..A...0 ...TOO .. .T----..-----.TTG.-.GGTT.T.C-..-.........COT-..C.A... OAT.........1408

0 .-.C.TC.A......T.CC....--C..CCGG.GG. .G..GT.C-.A........A.GT.G.... C.-.. ..AC. .GA.C-.. .-. 1439

Ra .-.CTG.A.0......T.CC.. .ACCCCCGAGCGGT.GG.-.TCC.CC.A........A.GT.G.... C.-.CC. .GA0..-...-. 1483

RI AATAACAGGTCTGTGATGCCCTTAGA-TGTTCTGGGC-OCACGCGCGCTACACTGA-TGTATCCAACGAGTATATAGCCTGGTCCGACAGGCCCGGGTAA 1526

...............AC.....C.-.........COOG..G..0.C--A... .T.G.. ...G..T.TT....1505

I ...........-...... COG... .T..........ACG.. -.G. .T. .G.C..C....CCO....TO.....1537

Ra ................-COG..T..........C..GC..-.G..T..GCC..C...ACGO..0...G....1581

RiTT01TCTGLTGGT~TATGAATTGTTCAGGATCTATACCATACGTGGTATC 1626

y T....C.C.GO...C.0.......T....A...C........T.......A.......T.....T.... 1600
O C.CGCT...CCCCGT ....A....CGGG......A..TCC.A.GO......T..C....T...G....A.T......L.A. 1637

Ra C.CGTT...CCCCAT........COGGO......A..CCC.A.GO......T..C....T...GO..A....T.T...LA. 1681

Ri TCTCCTGAAACCCTGTCACATATGCGTAGGTGACCGGCGGCGTGCCCCA- 1725

.0................0G........CTTA .... G.CC.CA....TGCTTAGA.AA. .G-.G-.AA.-T. .ATCT.-- 1700

.................A.0......G...TTA ...G.CC.....OCC.CG.C.... TC.GC.A-. .G...TOO.. 1736

Ra.................A.0......G...TTA.... G.CCC.....OCC.CG.C.... .TC.OC.CA..G. .TT.-.G. 1780

Ri -TCGCG-AO~AGTCCATTOAACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTCCGTAGGTO.AACCTOCGGAAGGATCATTG 1812

008A .. .0... .T.TGGACA... TOO ...G..0.C.MA........................ 1789

O A0..CC.0.0..A.CA... .T.G.MCT .C.....T.A........................ 1825

Ra AG...TTO..A.GGC ... .T.GO.CT .C.....T.A........................ 1869

Fig. 2. *Nucleotide sequence of the rice 17S rDNA (Ri). The non-
coding (RNA-like) strand is shown. Sequences of yeast (Y),
X. laevis (X) and rat (Ra.) are presented for comparison. Dots
Tndi~cat`enucleotides identical wiith the rice sequence. Bars
present gaps introduced to maximize homology. Numbers in the
rig,ht-hand margin refer to actual nucleotide residues from 5' end.
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Table 1 G + C content value

Complete Highly variable regions Rest ofregions

I II III IV V

Rice 51.3% 55.4% 76.0% 57.8% 60.0% 61.3% 48.1%
1812bp (175-268) (648-751) (1045-1089) (1340-1384) (1674-1766)

Yeast 45.0% 29.2% 55.4% 44.2% 39.5% 48.4% 45.3%
1789bp (177-265) (644-743) (1027-1069) (1321-1365) (1653-1743)

X. laevis 53.8% 65.1% 73.3% 63.1% 63.0% 61.1% 50.5%
1825bp (176-278) (658-761) (1059-1100) (1350-1396) (1685-1779)

Rat 55.6% 69.3% 76.9% 68.9% 64.0% 62.1% 51.6%
1869bp (178-314) (695-800) (1097-1141) (1391-1440) (1729-1823)

Numbers in parentheses indicate positions of variable regions in rice, yeast,
X. laevis and rat.

regions), suggesting that these regions are important for ribo-
some function. The 3' terminal regions of 17-18S rRNAs are well
characterized among eukaryotes as well as prokaryotes (6,8).
It has been proposed that the 3' terminal regions are involved
in interaction with the 5' terminal regions of mRNAs or the 3'
terminal regions of 5S rRNAs (8). The function of two other
conserved regions is as yet unknown.

Highly variable regions (longer than 40 bp) which show less
than 45% homology are found in positions 175-268, 648-751, 1045-
1089, 1340-1384 and 1674-1766. These sequences found in rice,
X. laevis and rat are 7-28% more rich in G + C content than the
rest of regions, whereas the corresponding regions of yeast are
similar or less except for region II (Table 1). The G + C
content of 17-18S rRNiA progressively increases from 45% (yeast)
to 56% (rat) during evolution. As conserved and semiconserved
regions of 17-18S rRNAs are similar in G + C content among
organisms, overall increases of the G + C content in the rRNAs
are mainly due to increase in the G + C content found in highly
variable regions. It is known that increase in size of 17-18S
rRNA during evolution from prokaryotes to eukaryotes is the
result of the four insertions (9,10). These inserts can be
detected at the highly variable regions. Therefore, it is

5446



Nucleic Acids Research

Rice

A-~~~~
UUGUU AG UC

u
C

, _

A 16~ AC
A ! c Û
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Fig. 3. Possible secondary structures for five highly variable
regions of rice and yeast 17-18S rRNAs deduced from the DNA
sequences.
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suggested that highly yariable regions were originated by inser-
tions of eukaryotic specific sequences into non-essential
regions during evolution.

Several secondary structure models have been proposed for
eukaryotic 17-18S rRNAs (9-12). When the secondary structure of
rice 17S rRNA was constructed according to the model of Atmadja
et al. (12), it can be folded by base pairing in a similar way
as shown in yeast and X. laevis. Most of the herical regions
are maintained by many compensating base substitutions. It is
noteworthy that highly variable regions also show roughly
similar secondary structures to yeast and X. laevis (Fig. 3).
Therefore, higher plant 17-18S rRNA is similar in primary and
secondary structures to other eukaryotic rRNAs.
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