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Table 1 Some mathematical models of nucleotide substitution and their p-distance, d-distance and I' distance d;
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* P, () are transition ratio and transversion ratio respectively, ga, g1, gc and gg are nucleotide frequencies, 6\=gc+g6 6:=gatgr. dr is obtained by Nei,

Gojobori and Jin , Nei®.
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Table 2 The substitution results of (#+1)"

Homology (the sameness ratio)
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Table 3 Names and GenBank accession numbers and geological time of 16 species

Name Accession number Geological time (Ma)

Human V00662 8

Mouse V00711 11.5
Cattle V00654 23
Gibbon X99256 29
Pig AJ002189 51
Cat U20753 53

Guinea pig AJ222767 55.5
Squirrel AJ238588 61
Opossum 729573 66
Shrew AF348081 78
Platypus X83427 177
Turtle AB012104 225
Chicken AP003580 300
Newt AY458597 360
Carp X61010 410
Shark AJ310141 460

Table 4 Same ratio and difference ratio of nucleotide sequence in mitochondrial

Shark Carp Newt Chicken Turtle Platypus Shrew Opossum Squirrel . Cat
pig

Gui
uined Pig Gibbon Cattle Mouse Human

Shark 0.2511 0.2851 0.3067 0.2823 0.3167 0.3121
Carp  0.7489 0.2919 0.3042 0.2788 0.3286 0.3129
Newt  0.7149 0.7081 0.3211 0.2981 0.3307 0.3239
Chicken 0.6933 0.6958 0.6789 0.2669 0.3363 0.3277
Turtle  0.7177 0.7212 0.7019 0.7331 03136 0.3037
Platypus 0.6833 0.6714 0.6694 0.6638 0.6864 0.2726

Shrew  0.6879 0.6871 0.6761 0.6723 0.6963 0.7274
Opossum 0.6832 0.6780 0.6722 0.6666 0.6957 0.7244 0.7283
Squirrel  0.6815 0.6777 0.6664 0.6661 0.6893 0.7214 0.7647
Guinea pig 0.6770 0.6771 0.6663 0.6670 0.6895 0.7067 0.7460

Cat 0.6866 0.6850 0.6752 0.6775 0.6986 0.7178 0.7875
Pig 0.6960 0.6964 0.6810 0.6873 0.7081 0.7246 0.7909

Gibbon 0.6704 0.6733 0.6538 0.6757 0.6795 0.6908 0.7392

Cattle  0.6945 0.6899 0.6754 0.6813 0.7058 0.7265 0.7881
Mouse  0.6884 0.6871 0.6697 0.6741 0.6992 0.7158 0.7547
Human 0.6733 0.6729 0.6591 0.6769 0.6887 0.6932 0.7368

0.3168 0.3185 0.3230 0.3134 0.3041 0.3296 0.3055 0.3116 0.3267
0.3220 0.3223 0.3229 0.3150 0.3036 0.3267 0.3101 0.3129 0.3271
0.3278 0.3336 0.3337 0.3248 0.3190 0.3462 0.3246 0.3303 0.3409
0.3334 0.3339 0.3330 0.3225 0.3127 0.3243 0.3187 0.3259 0.3231]
0.3043 0.3107 0.3105 0.3014 0.2919 0.3205 0.2943 0.3008 0.3113
0.2756 0.2786 0.2933 0.2822 0.2754 0.3092 0.2735 0.2842 0.3068
0.2717 0.2353 0.2540 0.2125 0.2091 0.2608 0.2119 0.2453 0.2632

0.2735 0.2856 0.2768 0.2723 0.3080 0.2719 0.2737 0.3034

0.7265 0.2507 0.2330 0.2302 0.2692 0.2369 0.2494 0.2650
0.7144  0.7493 0.2537 0.2471 0.2780 0.2533 0.2651 0.2784
0.7232  0.7670 0.7463 0.1939 0.2572 0.2003 0.2503 0.2549
0.7277 0.7698 0.7529 0.8061 0.2500 0.1885 0.2437 0.2493
0.6920 0.7308 0.7220 0.7428 0.7501 0.2546 0.2775 0.1533
0.7281 0.7631 0.7467 0.7998 0.8115 0.7454 0.2465 0.2497
0.7263  0.7506 0.7349 0.7497 0.7564 0.7225 0.7536 0.2754
0.6967 0.7350 0.7216 0.7452 0.7508 0.8467 0.7503 0.7246
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i
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Table 5 Evolution distances of »#=13.04 in Jukes-Cantor’s selection model

Carp Newt Chicken Turtle Platypus Shrew Opossum Squirrel Guinea pig Cat Pig  Gibbon Cattle Mouse Human

Shark  11.661 29.316 54.610 27.104 73.574 64.064 73.729 77.728 89.068  66.519 50.508 109.070 52.732 63.136 99.809
Carp 35.599 50.715 24.588 105.810 65.552  86.259 87.185 88.688  69.804 49.789 99.593 60.311 65.689 100.890
Newt 83.902 42.483 112.690 91.582 103.100 123.520 124.060 93.971 78.722 184.410 93.568 111.470 155.820
Chicken 17.746 134.290 102.870 122.710 124.610 121.370  87.745 65279 92.569 78.058 97.260 89.259
Turtle 67.078 49.993  50.819 61.450 61.068 46.735 35.528 82.485 38.028 45.887 62.482
Platypus 20.709  22.538 24.493 37.050 27.051 22.408 58.707 21.273 28.577 54.723
Shrew 20239  7.742  12.576 4373 4.020 15.064 4.313 10.000 16.056
Opossum 21.232  29.723  23.245 20.551 56.677 20.316 21.355 49.484
Squirrel 11.533 7.300 6.799 18.895 8.067 11.138 16.863
Guinea pig 12.460 10.485 24.069 12.346 16.927 24.304
Cat 2784 13.696 3.245 11.406 12.858
Pig 11302 2.448 9.591 11.097
Gibbon 12.787 23.745 1.076
Cattle 10.315 11.220
Mouse 22.364
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Fig. 3 Gene tree of 16 species based on dj,
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A New Evolution Distance of DNA Sequence and Its Application”
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In order to study the variation, dynamic equation of DNA sequences was established by the homology

in nucleotide sequences, and further evolution distance d, (selected evolutionary distance) between species was

obtained. Selected evolutionary distance 4, was calculated in 4 nucleotide substitution models, and indicated the

relationship among p-distance, d-distance and I' distance d,. According to the characteristics of dynamic equations,

selection model can be transformed into a linear regression problem. Then both of the parameter 5 and the average

substitution ratio of nucleotide each year r were obtained by the Least Square Method. Take the mitochondrial

DNA sequences of 16 species for example to illustrate the new evolution distance, and then evolution trees are

constructed in order to compare different evolution distance. The results indicate that the new distance 4, is an

efficient evolution distance to analyze DNA sequence.
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