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1. Tamura-Nei Model 

 

Table S1  Nucleotide Substitution Models 

original nucleotide 
mutant nucleotide 

T C A G 

T - Cg2  
Ag  Gg  

C Tg2  - Ag  Gg  

A Tg  Cg  - Gg1  

G Tg  Cg  
Ag1  - 

Note: 1 ,transitional rate between purines; 2 ,transitional rate between pyrimidines;  , transversional rate; 

Ng , frequencies of nucleotide N, where },,,{ GACTN . 

Under the assumption that the rate of nucleotide substitution   is the same for all 

sites considered, Tamura and Nei used Tg , Cg
, Ag  and Gg

 to represent nucleotide 
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frequencies for T,C,A and G, respectively. They defined 1 , 2  and   as 

transitional rates between purines and between pyrimidines, and transversional rate, 

respectively. They derived the formulas (S1-S3) for the proportions of transitional 

differences between purines( 1P ) and between pyrimidines( 2P ) and of transversional 

differences( Q ) over divergence time t [1, 2]: 
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where GAR ggg   and CTY ggg  . 

2. Derivation of R  and Y  

Under the assumption that the rate of nucleotide substitution   approximately 

follows the gamma distribution, we derive the equations for estimating R  and Y . 

We consider Tamura-Nei Model, where the average substitution rate is given by 

[1]  YRCTGA gggggg 222 21  , where GAR ggg   and CTY ggg  . We 

assume that   varies with nucleotide site according to the following gamma 

distribution [3, 4] : 
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Where )(/
2

 V  and  /b ,   and )(V  being, respectively, the 

mean and variance of  . )(  is the gamma function. Here note that   is the 

square of the inverse of the coefficient of variation. To avoid using too many 

parameters, we set b =   so that the mean of the distribution is 1, with variance 1/ . 

The shape parameter   is then inversely related to the extent of rate variation at 

sites. 
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Therefore, if   or 
1 , 2  and   follow the gamma distribution, the means of 

1P , 2P  and Q  are given by [1, 3, 4] 
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Where 1 , 2  and   are the means of 1 , 2  and  , respectively. 

From (S5), (S6) and (S7) we can get the transformation: 
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In order to conveniently remember the meanings of 1P , 2P and Q , in our main 

manuscript we rename them as RT , YT ,V, respectively. Hence, the formulas for 

estimating R , Y  and d are as follows. 
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Where  
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