Site specific evolution rates of amino acids sequences of vertebrate mitochondrial genes.
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Abstract
Mitochondria are one’s of the most important organelles in the eukaryotic cell. The important genes which are related to energy metabolism are encoded on the mitochondrial DNA. Since active oxygen arises in the mitochondria, it is known that the mutation rate of mitochondrial DNA is higher than that of chromosomal DNA. In spite of being such high mutation rate, the gene on the mitochondrial DNA encodes some parts of enzymes with the main role of the energy metabolism. Though it is expected that the amino acid sequence of those genes is preserved advanced, it is reported that there are some differences in the amino acid sequence of the gene on vertebrate mitochondria. In this study, non-synonymous substitution ratio(dN), synonymous substitution ratio(dS) and dN/dS ratio of each Mitochondrial gene were estimated and it was tried that amino acid site which has generated large change of evolution rate between animals groups was detected.
   Mitochondrial DNA fragments were amplified using the LA-polymerase chain reaction (PCR) Kit and the two LA-PCR primer sets. The two sets of LA-PCR primers were designed based on the conserved sequences of 16S rRNA and Cytochromoe b(Cytb ) among related species. Amplified fragments about 16 kb were then purified through 0.5% SeaKem GCG agarose gel and MagExtractor –PCR & Gel Clean up kit, and used for segmental amplification using the appropriate primer pairs. The primer sets over twenty were designed based on conserved sequences among related species. Each primer set amplified a mitochondrial DNA fragment containing at least 100 base pairs (bp) overlap with the adjacent amplified fragment at both termini. The PCR products from the segmental amplification were sequenced using an ABI PRISMTM Big Dye Terminator Cycle Sequencing Kit. Four data sets were produced for the research of evolution rate of mitochondrial genes and site specific evolution rate of amino acids sequences of Vertebrate. The sequence data which we decided and the data collected from the Genbank/EMBL/DDBJ are included in these data sets.

   All amino acids sequences of each data set were aligned using CLUSTAL W. (Ver.1.82; Thompson et al. 1997) and the phylogenetic tree was constructed by the neighbor-joining method (Saitou and Nei 1987). The tree and bootstrap values were computed using CLUSTAL W. Non-synonymous and synonymous substitution rate were estimated from the pairwise comparison using NG method(Nei and Gojobori 1986) and ML method(Goldman and Yang1994). The codonml program of PAML 3.13(Yang 1997) was used to estimate these rates. The evolutionary rate shift of amino acids sequences was estimated using Rate shift analysis server(Knudsen and Miyamoto 2001). Aves data set and Mammalia data set was compared by rateshift.

The averages and standard deviations of dN/dS ratios of NADH dehydrogenase 2(ND2) and Cytb gene estimated from the Galliformes data set using the pairwise method were shown in Table 2. It was recognized that average dN/dS ratio of ND2 was significantly higher than that of Cytb in ML and NG method. However, the average dN/dS ratios estimated in ML method were considerably small value in comparison with average dN/dS ratio estimated in NG method.   
The averages and standard deviations of dN, dS and dN/dS ratios of 13 mitochondrial genes estimated from the Artiodactyla data set using the pairwise method were shown in Table 3. The average dN/dS ratios estimated in ML method were considerably small value in comparison with dN/dS ratio estimated in NG method as well as Galliformes data set except for ND6. In the NG method, average dN/dS ratio of Atpase 8(ATP8) was the highest, and the value of ND2 and NADH dehydrogenase 5(ND5) and NADH dehydrogenase (ND6) was over 0.1. 
The results of comparing animo acids sequences of ND2 of Aves data set and Mammalia data set using rateshift program was shown in Fig.1. The part of the thick grey color is an amino acids site with low evolution rate and the part of the thin grey color is an amino acids site with high evolution rate. The amino acid sequences of Aves data set are shown from the top to 9 lines, and the amino acid sequences of Mamalia are shown after 10 lines. For example, Fig 1 showed that the first and third sites are well preserved in Aves and Mamalia, and the evolution rate of the fourth, sixth and seventh sites are comparatively high. In the ninth site, the color of Aves was different form the color of Mammalia. This result might suggest that it was inflicted on the constraint on the physiological function in this amino acid site, when it evolved from Reptilia to Mammalia.    
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