Molecular Phylogenetics of the Genus Oryza L. (Poaceae): Evidence from the Sequences of the Internal Transcribed Spacer (ITS) of Nuclear Ribosomal DNA

Xie Zhongwen^1 Zhou Yi^{1,2}

xiezw@public.east.cn.net

Lu Baorong^3 Hong Deyuan^1

1 Laboratory of Systematic & Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, P. R. China 2 Department of Forest Science, Texas A & M University, College Station, Texas 77843 USA 3 Genetic Resources Center, International Rice Research Institute, P.O. Box 3127, Makati Central Post Office (MCPO) 1271 Makati City, Philippines

Keywords: Oryza L., ITS, rDNA, molecular phylogenetics, PAUP analysis

1 Introduction

Oryza L., a genus in the tribe Oryzeae of the family Poaceae, is composed of two cultivated rice species and 21 recognized wild species distributed across pantropical and subtripical regions of four continents. According to Vaughan’s recent revision (1989, 1994), the genus Oryza was divided into four species complexes, Sativa complex, Officinalis complex, Meyeriana complex and Ridleyi complex, as well as two isolated species: O. schlechteri and O. brachyantha. Phylogenetic relationships among the species in the genus Oryza have been established on the basis of cytogenetic, biochemical and molecular data. In nuclear genome, internal transcribed spacer (ITS) has been widely used to reveal phylogenetic relationships of closely related genera and species. In present study, the ITS region of nrDNA of all known species in the genus Oryza was sequenced. The phylogenetic relationships among the species and genome were assessed based on nucleotide sequence of ITS region using PAUP analysis.

2 Method and Results

The sequences of the ITS region of 23 species in the genus Oryza together with four outgroups were sequenced, and further aligned with the CLUSTAL V multiple sequence alignment program and Multalign. The aligned sequences were analyzed employing Wagner parsimony, which assumes equal probability of character loss and character gain, with the ”heruistics” option of PAUP 3.1.1 with simple sequence addition and TBR branch-swapping option in effect. As measures of the amount of homoplasy in the characters, consistency index (CI) and retention index (RI) were presented. Bootstrap values were obtained from 100 replicates parsimony analyze using ”heuristics” option and ”simple” addition sequence of the taxa in PAUP program.

The sequence divergence between species ranged from 0.9%-42.5%. Out of 503 aligned sequence sites from ITS1 and ITS2 regions in 29 accessions of 27 species, 151 were phylogenetically informative. Using these informative data with gaps treated as missing, PAUP found five most parsimonious trees with 1047 steps and a tree Pairwise The ITS1 in these taxa varied from 194 bp to 214 bp, and the ITS2 ranged from 228 bp to 236 bp in length. Sequence divergence ranged from 0.9% to 42.5%. The phylogenetic trees reconstructed from the ITS sequence data were in general agreement with those based on morphological, cytological, biochemical and the most of other molecular data. The Sativa group and the Officinalis group form a natural group in the genus Oryza. O. ridleyi and O. longiglumis show very close relationship with each other. O. brachyantha occupies its position between the Ridleyi group and the Meyeriana group. The ITS sequence data indicated that the genus Porteresia has close affinity to O. brachyantha, O. granulata and O. meyeriana. Porteresia coarctata may be actually a member of the genus Oryza.

References

[1] Baldwin, B. G. et al., The ITS region of nuclear ribosomal DNA: a valuable source of evidence on angiosperm phylogeny, Ann. Missouri Bot. Gard., 82:247–277, 1995.

[2] Hamby, R. K. and Zimmer E. A., Ribosomal RNA as a phylogenetic tool in plant systematics.

In: Soltis, P. S., Soltis, D. E. and Doyle, J. J. (eds) Molecular systematics of Plants. Chapman & Hall, New York. 50–91, 1992.

[3] Swofford, D. L. and PAUP: phylogenetic analysis using parsimony. version 3.1.1. Computer program distributed by the Illinois Natural History Survey, Champaign, Illinois, 1993.

[4] Xie, Z.W., Zhou, Y., Lu B.R., Zou Y.P. and Hong D.Y., Phylogenetic relationship of genus Oryza:

inferred from RAPD data, International Rice Research Notes, 23 (3): 5–8, 1998.

[5] Zhou, Y., Zou,Y.-P., Hong D.-Y. and Chen, Sh.-Y., ITS1 sequences of nuclear ribosomal DNA in wild and cultivated rice of China and their phylogenetic implications, Acta. Bot. Sin. 38:785–791, 1996.

[6] Zhou, Y., Zou,Y.-P., Lu, B.R., and Hong D.-Y., Molecular systematic implications of ITS1 sequences of nuclear rDNA in wild and cultivated rices, International Rice Research Notes, 22 (2): 4, 1997.