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1. Tamura-Nei Model

Table S1 Nucleotide Substitution Models

mutant nucleotide

original nucleotide

C A G
T - @9c:  Pda PYe
C a9r - Bdn  Pe
A Bar PAc - 9
G B9 BAc 9,

Note: ¢ ,transitional rate between purines; &, transitional rate between pyrimidines; ,B transversional rate;

g, , frequencies of nucleotide N, where N {T,C, A ,G}.

Under the assumption that the rate of nucleotide substitution 4 is the same for all

sites considered, Tamura and Nei used gT’gc’gA and 9¢ to represent nucleotide



frequencies for T,C,A and G, respectively. They defined %, % and B 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( F)1) and between pyrimidines( F)2) and of transversional

differences(Q) over divergence time t [1, 2]:

P = ZZL’G{QR + g, ©P(-2) —ep[-2(dna + 6 A} (s1)
2g.9. PN

Pz—g—{gy+gRexp( 2/8t) —exp[-2(9, , + 9 A)]} (S2)

Q =20, [1- ep(-2 )] (s3)

where gp =g,+0d; and g, =0; +0c.

2. Derivation of «, and «,

Under the assumption that the rate of nucleotide substitution A approximately
follows the gamma distribution, we derive the equations for estimating x, andx, .
We consider Tamura-Nei Model, where the average substitution rate is given by
[1]4=29,0,2 +20;0.2, +20:9,F, Where g, =0,+0; andg, =0; +9.. We

assume that A varies with nucleotide site according to the following gamma
distribution [3, 4] :

f(1) = % S (S4)

Where a=1"/V(A) and b=a/A, 4 and V() being, respectively, the
mean and variance of 4. z(«) 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.



Therefore, if 4 or «;,a, and £ follow the gamma distribution, the means of

P,P, and Q aregivenby[1,3,4]
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Where «,, a, and S arethe meansof «,, «, and S, respectively.

From (S5), (S6) and (S7) we can get the transformation:

— o 1 < gR P\-1lla 1 A\-1/«a

2ot =—[(1— Q- P) "¢ —0g,(1- Q) —arl (S8)
Yge 0 20g 20,06 " 29,0, "

— [0 1 < gy B \-1/a 1 A\-1/a

20t =—[(1- Q- P,) " —ggr(1- Q)" -9gv1 (S9)
gy 29y 2¢,0c © 29,0, !

sy _ 1 ~\-1l/a

2pt=al(dl- Q) -1 (S10)

29:9y

In order to conveniently remember the meanings of P,, P,and Q, in our main
manuscript we rename them as T, T,,V, respectively. Hence, the formulas for

estimating «,, x, andd are as follows.

5 hg,xi-g
Kn=a,l = o R, (S11)
" ' Or X J—0r
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d =49,0c ot +40; gc oot +49,9, At
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Where
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