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ABSTRACT

A partial cDNA sequence of 1rn23 of indica rice (Oryza sativa L. subspecies indica variety
Khao Dawk Mali 105) was obtained. The 1130 by sequence, derived and confirmed from three
independently isolated cDNA clones, covered nucleotide positions 1760 to 2887 in domains IV and
V of the 23S ribosomal RNA sequence of rice. The newly characterized indica sequence revealed
a 99.4 % sequence identity to the corresponding region of a japonica rice chloroplast DNA and a
99.0 % sequence identity to that of maize. The differences found were present in both domains which
are normally regarded as having no apparent secondary structure. The newly characterized sequence
data would be useful in varietal cataloging of cultivated rice.

INTRODUCTION

Cultivated rice (Oryza sativa L.) is one of the world's most important crops, with over
50 % of the population consuming rice as their staple diet!. Of its two major subspecies,
japonica and indica, the indica is widely grown in tropical areas while japonica is grown mainly
in temperate areas®. For indica rice, thousands of varieties are planted in various localities
worldwide. Most of the indica varieties are morphologically similar but the shapes of plant
and grain are generally distinguishable from japonica?. However, some varieties are not
easily categorized as either subspecies based on morphologies alone. Additional genetic
markers, such as isozyme and RFLP markers, are needed to put a number of varieties into
the correct taxa®* .

Ribosomal RNA genes have been well characterized in hundreds of plants, animals,
and prokaryotic organisms’. Their sequences are useful in investigation of protein synthesis
mechanism®!3 as well as in taxonomy and phylogenetics of living organisms!4?!. For
cultivated rice, the sequence of rru16, rrn18, rrn23, and rru2é of the subspecies japonica have
been reported?>?3. However, the rrm23 sequence of the predominant subspecies indica has
not been determined and it is generally assumed that those of the two subspecies are
identical. In this paper, we report a partial sequence of a chloroplast 23S rRNA based on
cloned cDNA sequences which revealed a number of sequence differences from that of the
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japonica rice in domains IV and V. Our finding on these differences opens the possibility
of using the rrn23 sequence as another marker for the cataloging of the two rice subspecies.

MATERIALS AND METHODS

A number of cDNA clones were isolated from cDNA library of an indica rice (wounded
and UV-induced), Khao Dawk Mali 105 variety, constructed in Lambda ZAP II vector
(Promega) and E. coli XL1-Blue host (kindly provided by Dr. Skorn Mongkolsuk of
Department of Biotechnology, Faculty of Science, Mahidol University). They were screened
by in situ hybridization using 3?P-labeled 3.7 kb Xho I fragment containing a putative large
rRNA gene of indica rice mitochondria earlier characterized in our laboratory?. Standard
Molecular biology techniques were used in this study®®?® and reagents were either of
analytical or Molecular biology grade. Three cDNA clones of different sizes were isolated,
purified, and sequenced manually in both strands by Sanger's dideoxy procedure using [o-
355] dATP labelling %30, The sequence of one clone was also reconfirmed by automated
DNA sequencing method (Perkin Elmer ABI PRISM"*™ 377) using dye terminator chemistry.
Sequences of all 3 clones were combined and verified to provide a composite sequence.
DNA sequence comparison was made by using Clustal V program3!3? with DNA sequences
available from GenBank via electronic mails3.

RESULTS AND DISCUSSION

The ¢cDNA sequence assembled was derived from 3 cDNA clones from a cDNA
library of the well known aromatic indica variety of Thailand, Khao Dawk Mali 105 (also
known as Jasmine rice). The cDNA clones were screened from a ¢cDNA library prepared
from leaf mRNA of stressed and damaged -induced rice plants. After several attempts of
library screening, only positive clones with short inserts (< 1 kb) could be isolated. After
the cDNA sequence was obtained, comparison was made with known sequences in the
database and the identity was assigned as rrn23 based on high percent sequence identity
with those of E. coli 3 (around 71%) and Oryza sativa chloroplast (99.4%). In fig.1, the
composite sequence (called rrn23o0zi) derived from our cDNA clones is shown aligned with
that of the japonica rice chloroplast DNA sequence (labelled as rr230zj). From the alignment,
it could be seen that the region analyzed corresponded to the 3' part of the rrn23 sequence.

Fig 1. Partial nucleotide (cDNA) sequence of 235 RNA from chloroplast of Oryza sativa L., subspecies indica, variety
Khao Dawk Mali 105 aligned with that of its counterpart from japonica subspecies.

The rn230zi DNA is shown in the lower line of the alignment. The sequence from nucleotide position
1 to an internal Xho I site was from one cDNA clone and the rest was from two other clones. The
position 1 of this sequence corresponds to position 1760 of a 235 RNA gene from japonica rice chloroplast.
Asterisks (*) show identical nucleotides between the two sequences. The differences are indicated by the
lack of the asterisk. Gaps in the alignment due to the lack of some nucleotides in a sequence are shown
by dashes (-).
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GGGCGCGAGACAACTCTCTCTAAGGAACTCGGCAAAATAGCCCCGTAACTTCGGGAGAAG
GGGCGCGAGACAACTCTCTCTAAGGAACTCGGCAAAATAGCCCCGTAACTTCGGGAGAAG
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GGGTGCCCCCTCGCAAAAGGGGGTCGCAGTGACCAGGCCCGGGCGACTGTTTACCAAAAA
GGGTGCCCCCTCGCAAAAGGGGGTCGCAGTGACCAGGCCCGGGCGACTGTTTACCAAAAR
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CACAGGTCTCCGCAAAGTCGTAAGACCATGTATGGGGGCTGACGCCTGCCCAGTGCCGGA
CACAGGTCTCCGCAAAGTCGTAAGACCATGTATGGGGGCTGACGCCTGCCCAGTGCCGGA
Fek ok ok Kk Kk ok Kk kK kKK KRR KX KKK KKk kKK ok ke k ok Rk ok ko kK kK Kk KKK KKK KK
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Aé—%CAAGGAAGTTGGTGAACTGATGACAGGGAAGCCGGCGACCGAAGCCCCGGTGAACG
AGGTCAAGGAAGTTGGTGAACTGATGACTGGGAAGCCGGCGACCGAAGCCCCGGTGAACG
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GCGGCCGTAACTATAACGGTCCTAAGGTAGCGAAATTCCTTGTCGGGTAAGTTCCGACCC
GCGGCCGTAACTATAACGGTCCTAAGGTAGCGARATTCCTTGTCGGGTAAGTTCCGACCC
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GCACGAAAGGCGTAACGATCTGGGCACTGTCTCGGAGAGAGACTCGGTGAAATAGACATG
GCACGAAAGGCGTAACGATCTGGGCACTGTCTCGGAGAGAGACTCGGTGAAATAGACATG
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TCTGTGAAGATGCGGACTACCTGCACCTGGACAGAAAGACCCTATGAAGCTTTACTGTTC
TCTGTGAAGATGCGGACTACCTGCACCTGGACAGAAAGACCCTATGAAGCTTTACTGTTC
Kk h Kk k Ak kA kA kAT d Ak Ak F A bk kA A AN kAR AR A A Ak hh ok kA Ak kk ke k ok ko ok ok ok k%
223% %236
CCTGGGATTGGCTTTGGGCCTTTCCTGCGCAGCTTAGGTGGAAGGCGAAGAAGGCCC ——T
CCTGGGATTGGCTTTGGGCCTTTCCTGCGCAGCTTAGGTGGAAGGCGAAGAAGGCCCCCT
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TCCGGGGGGGCCCGAGCCATCAGTGAGATACCACTCTGGAAGAGCTCGGATTCTAACCTT
TCCGGGGGGGCCCGAGCCATCAGTGAGATACCACTCTGGAAGAGCTCGGATTCTAACCTT
ook ok ok ek ok ok ok K Sk kK ok K ok ok ok ek ko Kk Rk Rk kR kA k ok ok kK Kk kK kK kK kR K R K ok
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GTGTCAAGACCCGCGGGCCAAGGGACAGTCTCAGGTAGACAGTTTCTATGGGGCGTAGGC
GTGTCA-GACCCGCGGGCCAAGGGACAGTCTCAGGTAGACAGTTTCTATGGGGCGTAGGC
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CTCCCAAAAGGTAACGGAGGCGTGCAAAGGTTTCCTCGGGCCAGACGGACATTGGTCCTC

CTCCCAAAAGGTAACGGAGGCGTGCAAAGGTTTCCTCGGGCCAGACGGACATTGGTQEEE
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GAGTGCAAAGGCAGAAGGGAGCTTGACTGCAAGACTCACCCGTCGAGCAGAGACGAAAGT

GAGTGCAAAGGCAGAAGGGAGCTTGACTGCAAGACTCACCCGTCGAGCAGAGACGARAGT
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CGGCCTTAGTGATCCGACGGTGCCGAGTGGAAGGGCCGTCGCTCAACGGATAAAAGTTAC
CGGCCTTAGTGATCCGACGGTGCCGAGTGGAAGGGCCGTCGCTCAACGGATAAAAGTTAC
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TCTAGGGATAACAGGCTGATCTTCCCCAAGAGTCCACATCGACGGGAAGGTTTGGCACCT
TCTAGGGATAACAGGCTGATCTTCCCCAAGAGTCCACATCGACGGGAAGGTTTGGCACCT
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CGATGTCGGCTCTTCGCCACCTGGAGCTGTAGGTGGTTCCAAGGGTTGGGCTGTTCGCCC
CGATGTCGGCTCTTCGCCACCTGGAGCTGTAGGTGGTTCCAAGCGTTGGGCTGTTCGCCC
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ATTAATGCGGTACGTGAGCTGGGTTCAGAACGTCGTGAGACAGTTCGGTCCATATCCGGT
ATTAATGCGGTACGTGAGCTGGGTTCAGAACGTCGTGAGACAGTTCGGTCCATATCCGGT
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2774
GTGGGCGTTAGAGCATTGAGAGGACCTTTCCCTAGTACGAGAGGACCGGGAAGGACGCAC

GTGGGCGTTAGAGCATTGAGAGGACCTTTCCCTAGTACGAGAGGACCGGGAAGGACG-AC
************************x*******************************4 L*
2799 2800 1016 1017
CTCTGGTGTACCAGTTATCGTGC~TACGGTAAACGCTGGGTAGCCAAGTGCGGAGAGGAT
CTCTGGTGTACCAGTTATCGTGCCTACGGTAAACGCTGGGTAGCCAAGTGCGGAGAGGAT
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AACTGCTGAAAGCATATAAGTAGTAAGCCCACCCCAAGATGAGTGCTCTCTC
AACTGCTGAAAGCATATAAGTAGTAAGCCCACCCCAAGATGAGTGCTCTCTC
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The 1130 bp sequence characterized corresponded to nucleotide position 1760 to
position 2887 of the japonica rrn23 sequence?®. When comparison was made between the
sequence with the corresponding region of rrn23 of the japonica rice by Clustal V program,
around 99.4 % sequence identity was found. Differences found included a base change
(nucleotide 209, which corresponded to the japonica sequence position 1967) and a number
of deletions or insertions of bases. These included the presence of extra nucleotides for the
indica sequence at positions 183, 478, 479 and 1042, which corresponded to japonica sequence
between positions 1941-1942, 2235-2236 and 2799-2800, as well as missing nucleotides of
the indica sequence positions between 546-547, and 1016-1017, which corresponded to the
japonica sequence at positions 2303 and 2774, respectively. All of the discrepancies were
located in non-hydrogen bonded domains IV and V of the 23S rRNA thus did not affect the
predicted secondary structure of the rRNA.

It is quite surprising to see that a gene which is normally regarded as highly conserved
across the wide range of organisms in various Kingdoms showed such a degree of sequence
differences at the subspecies level, especially in the domain V of 23S rRNA which has been
known to have peptidyltransferase activity of the ribosome %13. Perhaps, one could speculate
that the mutated nucleotides might not play a role in such catalytic activity. When the
DNA sequence was compared to the corresponding region of the 23S RNA sequence of
maize® which belongs to the same Poaceae (Gramineae) family, a 99.0 % sequence identity
was found. Thus the 99.4 % sequence identity found between the two rrn23 sequences of
the two rice subspecies is thus unexpectedly low. However, the fact that rice is a man-
made crop as well as being self-fertilizing could explain the relatively high degree of divergence
between descendents of this highly conserved gene.

The sequence divergence found between the two subspecies would be useful for
phylogeneticists. Since cultivated rice is a man-made crop, the differences would be a useful
parameter for following changes created by domestication and human-selection during the
past few millennia of rice breeding. Furthermore, the divergent nucleotide sequences are
also potentially useful as another criterion in cataloging the thousands of major rice varieties
into the two subspecies for plant breeders' germplasm. Rice breeders frequently have problems
in telling the two subspecies apart based on the two subspecies' general morphology. Although
RFLP and RAPD analysis have been recently introduced to help in such varietal cataloging
3632 the availability of the two rice chloroplast 23S rRNA sequences opens the possibility
of using PCR sequencing to directly and rapidly analyze the chloroplastic rRNA gene.
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