
●

●●●

●
●●● ●

●●●
●●●●

●●● ●

●● ●●●●●

●

●● ●●

● ●● ●

●●●●

● ●● ●

●
●●●

●●● ●●●

●

●● ●●

●●●●●●●

●

●●

●●●

●

●●●

●●●●

●

●

●●●

●●●●
●●

●●●

●●●●

●●●

●●

●●

●●●

●● ●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●

●●

●●
●

●● ●●●●
●●

●
●●

●

●

●●●

●

●●●

●●

●●●

●●●

●

●

●

●

●

●

●

●

●

●●● ●●●
●●●

●●●●

●●●●

●●●●

●●

●

●

●●

●

●

● ●

●●

●

●●
●●●●

●●●

●

●
●

●●

●●

●
●

●

●●

●

●

●

●
●●

●

●

●
●

●●●●● ●●●●●●●●●

●

●

●
●●●● ●●

●

●
●

●●

●

●

●

●●●●
●●
●● ●

●
●●

● ●●

●

●

●

●●●●

●
●

●●

●

●●
●●

●

● ●

●●●

●

●

●

●

●
●●

●

● ●

● ●

●

●

●

●

●

●
●

●●

●

●●

●●

●

●●

●●●●●●
●

●●

●●
● ●

●● ●●● ●● ●●

●●

●●●●
●●

●
●●●

●

●

●

●●
●●
●● ●●

●

●

●

●
●

●

●●

●●

●

● ●● ● ●●
● ●

●

●

●

●
● ●

●

●

●

●●●● ●●

●●

● ●

●

● ●● ●

●

●

●●
●●

●

●●
●

●

●
●

●
●

● ●●●●●●

●●
●

●●

●

●

●

● ●
●●

●
●●●●●

● ●
● ●●●

●

●

●●

●●

●
●

● ●
●

●●●

●

●
●● ●●

● ●●

●●

●●

●

●

●

●●●●●●
●● ●

● ● ●

●●

●
●

●

●● ●
●

●

●

●

●
●

●

●
● ●●●

●●●

●
●

●● ●●

●

●

●●
●●●

●

●

●

●●

●

●●●

●
●

●

●●

●
●●●

●

●

●

●

●●
●

●

● ● ●●
●●

●

●
●

●●

●●

●

●

●

●

●

●

●

●
●

●●●● ●
●●●●●●

●●

●
● ●● ●●●●●

●●●● ●●● ●
●

● ●
●●●

●

● ● ●● ●
●

● ●

●

●
●

●●

●● ●●
● ●●●

●
●

●
●

●

●●●

●

●
●

●●
●●

●●

●●

●

●

●

●

●

●

●

● ●

●

● ●●●●
●● ●●

●
●

●
● ● ●●●● ●●●●●●

●● ●●● ●
●●

●●
●●●●

●●

●● ●●●

●

●

●

●

●

●●
●

●
● ●

●

● ●

●

●

●

●

●●●●

●

●
●●

●
●●●

●●●● ●●●
●

●

●

●

●●●

●●

●●●●●●●

●●●●●●●●●

●
●

●

●●
●

●

●

●●

●

●●

●●

●
●● ●

●

●●●

● ●
●

●●

●● ●● ●●

●●

●●
●

●●●●

●●

●●
●●

●

● ●●● ●

●
●

●●
●

●

●

●●

●

●

●●

●
●● ●

●

●

●●

●

●

●

● ●● ●
●

●

●

●

●
● ●

●

●●
●

●

●

●

●

●
●

●

●●●●

●
●

●

●

●●

●
●

●

●

●

●●

●
●

●
●

●
●

●

● ●●

●

●

● ●
●

●
●●●●●

●
●●●

●

●●●
●●●

●
● ●●●

●

●

●
●

●●●

● ●

●

●

●● ●

●●●●

●
●● ●

●

●
●

●

●
● ●

●

●●

●
●

●
●

●
●●

●●

●

●●

●

●●
●

●●
● ●

●●
●●

●

●

●
●

●
●●

●

●

●●
●

●

●
●

●

●●

●●●
● ●
● ●

●
●●●●

●●●●●

●

●

●●
● ●

●

● ●● ●●
● ● ●

●●

●

●

●
● ●

●

●
●●

●●
●

●
●

●
●●●●

●
●●●●

●
●

●

● ●
●

●
●●

●

●●

●
●

●●
●

●● ●●●
●●

●●

● ●

●● ● ● ● ●●

●

●

●

●

●

●●
●

●
●

●●

●

●

●

●●

●
●

●

●
●● ● ●

●●●●

●●●

●

●

●

● ●

●

●●●

●●●

●●●

●● ●●

●● ●●

●●

●
●
●

●

●

● ●

●
●

●

● ●●

●

● ●●
●●

●

●

●

●

●

●● ●●
●●

●●
●● ●

●

● ●●

●●
● ●
●

●

●●

●

●● ●

●

●

●

●

●●

● ●
●

●● ●

●
●

●

●
●●

● ● ●
●●●● ● ●

●
●

●

●

●

●

●

●

●

● ●

●●
●

● ●●

●

●

●

●
●

●

● ●● ●

●

●

●●
●●●

●
●

●
● ●

●

●

●

●

●

●

●●

●
● ●

●●
●

●●

●

●

●

●

●
●

●
●
●●

●

●

●
●

●
●

●

●
●

●

●

●●●
●

●
●

●
●● ●●

●

●

●

●
●

●

●●
●●

●● ●
●●

●

●

●●
●

● ●●

●
●●●● ●

●

●

●●

●

●●●
●

●●
●

●

●●
●●●

●●●●●●
●●●●● ●

●

●

●

●

●

●● ●
●●

●●●

● ●●

●

●●

● ● ●●●

●

●
●●

● ●

●●● ●●

●●●●

●●
●●●

●

●

●●● ● ●
●● ●

●●
●

●
● ●

●●
●●●● ●●

●

●

●
●

●

●

●●

●

●● ●●
●●

● ●

●

●
● ●●

●
●

●

●

●
●

●
●

● ●

●

● ●●
●

●
●

●

●●

●

●

● ●

●

●

●●

●●

●

●
●

●●

●●

●

●

●●●●

●

●●
●

●●
●

●

●

● ● ●

● ●●

●

●

●●

●

●

●

●

●
●

●
●

●●
●

●●●●●●

●

●●

●
●●

●●●●
●●●●

●●●●
● ●

●

●

●

●●●

●●●
●●●

●●●

●●

●

● ● ●● ●
●●●●

●●●●
●●●●●●●

●●●●

●

●●●

●

●
● ● ●

●

●

● ● ●●●

●

●● ●●

●

●

●
● ●●

●
●

●

●
●

●
●

●

●●

●

●●●

●
●●

●●

●

●

● ●●

●

●

●
●

●●●

●●●

●
●

● ●

●
●●

● ●

●

●●●
●

●

●
● ●

●
●●

●
●●

●
●●●

●

●●
●●

●
●●●

●

●

●

●
●

●●
●●●●

●
●

● ●

●
●

●●●● ●●

●

●

●●● ●

●

●

●

●●● ●●

●
●

●● ●
●●

●

● ●

●

●
●●● ●

● ●

●
●

● ●
●● ●●●● ●●●●●

●

●

●●

●●● ●
●● ●

●

●

●
●●●

●●●

●

●

●

●
●● ●

●

●
●●● ●

●

●●●● ●

●●●

●

●●
●●

●
●●

●●

●

●

● ●
●●

●
●

●

●

●●

●●

●

●
●

●

●
●●

● ●●●● ●
●

●

●

●

●● ●
●

●

●

●

●●●●
●●●●

●

●

●●●
●
●

●● ●
●

●●

●

●●

●

● ●●●●

●

●

●●

●●●●● ●
●

●

●

● ●● ●●●

●
●

●
●

●

● ●

●
●●

●

●

●

● ●●
●

●●

●

●

●

●

●

●

●●

● ●●

●●

●●

●

●

●●●●

●●●●
●●● ●●

●
●

●●●●

●●●

●

●
●

●
●

●

●

●
●

●
● ●●

●

●● ●

●

●

●
●●

●
●

●●
●●● ●

●

●

●
●

●●
● ●

●

●●● ●
●

●●
●●●

●

●

●●● ●● ●● ● ●●

●

●

●

●

●● ●
●

●

●●
● ●

●
●● ●●● ●
●● ●

●

● ●● ● ●
●

●

●

●●● ●

●

● ●

● ●

●●●

●

●●●●
●

● ●● ●● ●●

●

●

●
●
● ●

●●
●

●●

●

●

●

●

●
●

●

●

● ● ●

●●

● ●
● ●

●
●

● ●●

●

●

●

●●●●

●
●

● ●
●

●●

● ●

● ●● ●
●

●●

●

●

●
●

●●●

●●
●●

●
●

●

●● ●●

●

●

●

●
●

●

●

●
●

●

●

●●
●

●

●

●

●
●

● ●
●

●●●
●

● ●
●

● ●

●

●

●●
●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

● ●

●●

●

●

●
●●

●

●●●

●

●● ●●● ● ●
●●

● ●●

● ●●

●

● ●
●

●
●

●

●

●

●

●●

●

● ● ●●

●●

●

●

●

●
●

●

●

●●
●

●● ●●
●

●
●●

●

●

●

●

●

●
●
●

●●

●●

●

●

●

● ●

● ●

●

●

●●
●●

●
●●

●

●

●

● ●
●● ●

●

●

●●

●

●

●●

●
●●●

●

●

●

●

●●
●
●●

●● ●●
●●

●● ●
●

●

●
●

●
●

●●
● ●

●

●

●●●●
●

●
●

●

●

●

●●

● ●●

●
●

●

●●●

●●

●●

●●
●

●●

●

●

●

●

●●

●

●

●

●●

●

●

●●●●

●

●
●

●

●

●●●

●
●

●

●
●
●

●

●
● ●

●

● ●●
●

●
●

●

● ●
●●

●

●

●●
●●

●

●

●

●
●●

●●
●

●
●

●

●●

●

●●

●

●●

●

●

●
●

●
●●●● ●●●●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

● ●
●

●
●

●●

●

●

●

●●

●
●

●

●

●

●

●●
●

●●

●
●

●●●
●

●

●
●

●
●● ●

● ●●
●●●● ●

●

●●
●

●●

●

● ●

●

●

●●● ●

●

● ●

●

●

●●

●

●

●

●

● ●
●

●

●●

●
●

●
●

● ●●

●

●

●

●
●● ●●●

●
●● ●●●●

●
●●●●

●
● ●

●●●

●●●

●

●●
●

●
●

●
●

●
●

●
●

●

●●

●●
● ●●●●

●
●

●●●

●

●● ●● ●●

●

●

●

●
●
● ● ●

●
●● ●

●

●
●

●

●

●●● ●● ●●●
●●

●
●

●

●●

●● ●

● ●

●
●●

●
●

●

●
●

●
●

●

●
●●

●

●●

●

●

●
● ●

●●

●

●

●
●

●
●

●●

●

●

●●

●

●●●

● ●

●

●
●●●

●

●●

●●

●

●

●

●

●

●

●
●

●● ●●

●

●●● ●
●

● ●
●

●

● ●

●

●

●
● ●●

●

●

●

●
●

●

●

●●
●

●

●

●●●

●

●● ●

●

●●
●

●● ●●●
●

●

●

●●● ●●●

●●●

●

●

●
●

●●● ●●

●

●

●●
●

●

●

●

●

●●

●●●●

●

●

●

●

●

●
●● ●●

●
●●

●

●

●

●
●●●

●
●●

●●●
●

●

●

●●

● ●●

●
●●

●●

●

●

● ●

●

●
●

●

●

●●

●

●●

●●

●

●●

●●●
●

●●●
●

●
●

●
●

●

●●●●
●

●
● ●

●

●

●●
●

●

●●

●●

●

●

●●●●●●

● ●●● ●●●●
●●

●
●●●

●

●
● ●●

●

●●● ●● ●
●

●

●●

●

●
●

●

●

●

● ●
●

●

●

●

●
●●

●● ● ●●

●

●

●

●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●● ●●
●

●

●

●

●● ●●
●

●

●

● ●

●

●
●

●

●

●●
● ●●●●

●

●● ●
●●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●
● ●● ●

● ●

● ●

● ●

●
●●

●

● ●

● ●

●

●

●
●

●

●
●

● ●

●

●

●

●
●

●●
●

●
●

●
●

●●

●

●

●
●

●●●
●
●●●

●●
●

●●

●

●

●

●

●

●●●●●●●
●

● ●

●

●

●

● ●

●

●

●
●

●

●
●

●
●●

●

●

●●

●●
●

● ●● ●●
●

●

●

●
●●

●

●●

●

●●●

● ●

●

●

●
●●

●
●

●

●
●

●●
●

●

●

●
● ●

●

●●
● ●

●●

●

●

●
●

●●●●
●● ● ●

●●●●

●

●

● ●

● ● ● ●●●

●

●●●
●

●

●

●
●

●

●

●

●
●

●●●●

●

●

●

● ●

●●

●●

● ●●●

●
●

●●
● ●●

●

●●
●

●

●●

●

●●●
●

●

●●

●

●

●
● ●●

●●
●

●●

●
● ●●●●

●

●

●

● ●

●
●●●

●●
●

●●

●

●●
● ●●

●●
● ●

● ●

●

●

●● ●●

●

●

●

●

●

●●

●

●

●●
●

● ●

●

●●

●

●

●
●

●
●

●●

●
●

●

●

●●
●

●

●
●

●● ●

●●

●● ●●●●

● ●

●●

●

●●● ●
● ●

●

● ●●●

●

●

● ●

●
●

●
●

●●
●

●

●

●

●

●●
● ●

●

●●
●

●
●

● ●

●

●●

●

●

●

●●

●

●

●●●

●●●●

●

●
●

●●●

●
●●

●

●
●●

●

●
●

●
●

●

●●

●●
●●●●
●●

●●
● ●

●

●
●

●

●●●

●
● ●

●

●

●

●●●

●

●●●

●
●

●
●

●●

●

●
●●●

●● ●

●

●

● ●●

●

●

●

●●●

●●●

●

●
●

●

●
●

●●
●● ●

●

●

●●
●●

●

●●

●●●

● ●

●

●●

●
●

●

●
● ●

●

●

●

●●

●●

●●

●

●●●

●

●●

●

●

●

●

●●

●●
●

●

●

●

●
●●●●

●●

●●●●

●

●

●

●

●

●●
●

●●●●
● ●●

●●

●

●●

●

●●
●

●●

●●
●

●●●●●

●●

●

●

●

●
●

●

●

●●●

●

●●
●

●

●

●●● ●

●

●●●

●

●

●

●

●

●

●

●

●●

●●
●

●

●

●

●

●

●●●

● ●

●

●

●

●

●●

●● ●

●● ●
●●

●

●

●

●●

●
●●

●

●● ●●

●

●●

●

●

●
●

●

●

●

●

● ●
●

●●

●●

● ●●

● ●● ●

●

●

●●●

●●

●
●

●●●
●●

●

●

●

● ●

●

●●

●

●

●

●

●

●
●

●

●

●

●●●
●

●

●

●

●

●

● ●●
●

●

●●

●
● ●●

●

● ●
●

●

●●● ●●●●

●

●●
●

●●

● ●●

●

● ●●

●

●● ●●

●

●
● ●

●

●

●

●

●

●

●●

●●

●

●●

●

●●●●

●
●●

●●●●●●●●● ●

●

●

●●●● ●

●

●

●●

●

●
●

●

●
●

●●
● ●

●
●

●

●

●

●

●

●●●●

●

●●

●●

●

●

●

● ●

●
●

●

●● ●●●●●

●●●

●●

●
● ●

●●
●

● ●

●

●●

●
●●

●●
●

●●

● ●

●●

●

●●

●

●

●●

●●●●

●
●

● ●
●●

●●
●

●

●●●●

●

●

●
●

●

●●

●● ●●
●

●

●

●

●●

●

●

●

●

●

●

●

●●

●●

●●

●

●

●●
●●

● ●

●

●

●●

●

●●

●

●

●

●

●
●

●●● ●

●●●●

●●●●●

●

●

●

●●

●●

●

●●

●

●●

0.0 0.1 0.2 0.3 0.4 0.5 0.6

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

Number of synonymous substitutions per synonymous site

N
um

be
r 

of
 n

on
sy

no
ny

m
ou

s 
su

bs
tit

ut
io

ns
 p

er
 n

on
sy

no
ny

m
ou

s 
si

te


