Table S2. Amino acid rate matrices for 20/21AA-JTT and 20/21AA-ECM as implemented in GARLI V2.0

21AA-ECM rate matrix (in the 20AA matrix, S rates are the sum of 21AA-ECM S and Z rates)

A 5.144764 2.195588 4.229953  1.203338 10.943117 1.431657 2.066347 2.551994 5.777557 1.975596 1.408829 8.236222
Cc 0.171732  0.060174 1.418070 1.331899 1.118779 0.823508 0.150118 2.851527  0.622704 0.686527 0.473549
D 7.918377 0.119763 3.011624 1.870186 0.100626 1.272808 0.382254  0.070444 6.797966 2.466156
E 0.136811  2.187637  1.283762  0.444563 4.290266  0.999391 0.296459 1.691423 2.506945
F 0.520807  1.402246  3.381605 0.210995 11.691042 1.479972 0.407368 0.725283
G 1.196159  0.320999  1.710345 1.192392  0.494005 4.119096 2.723789
H 0.362077  1.938735 2.340967  0.486994 5.544322 2.452656
I 1.126065 27.775065  4.814082 0.731755 1.070870
K 1.643642  0.772948 4.052440 2.400410
L 11.007710 0.929799 4.139546
M 0.428094 0.325551
N 1.588971
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The above relative rates are the sum of all individual ECM rates (Kosiol ef al. 2007) of codons that encode for the same amino acid (with S (Ser/)
and Z (Ser2) for the 2144-ECM). Rescale factors and averages see below (2144-JTT).



20AA-JTT relative rate matrix as implemented in GARLI V2.0

A 0.056 0.081 0.105 0.015 0.179 0.027 0.036 0.035 0.030 0.054 0.054 0.194
Cc 0.010 0.005 0.078 0.059 0.069 0.017 0.007 0.023 0.031 0.034 0.014
D 0.767 0.004 0.130 0.112 0.011 0.026 0.007 0.015 0.528 0.015
E 0.005 0.119 0.026 0.012 0.181 0.009 0.018 0.058 0.018
F 0.005 0.040 0.089 0.004 0.248 0.043 0.010 0.017
G 0.023 0.006 0.027 0.006 0.014 0.081 0.024
H 0.016 0.045 0.056 0.033 0.391 0.115
1 0.021 0.229 0.479 0.047 0.010
K 0.014 0.065 0.263 0.021
L 0.388 0.012 0.102
M 0.030 0.016
N 0.015
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21AA-JTT matrix based on the above 20AA-JTT matrix, modified by ECM derived rescale factors with relative S rates
multiplied by S' factors, and relative Z rates being relative S rates multiplied by Z factors; S/Z rate is relative to the average
rate of all other amino acids

A 0.056 0.081 0.105 0.015 0.179 0.027 0.036 0.035 0.030 0.054 0.054 0.194
Cc 0.010 0.005 0.078 0.059 0.069 0.017 0.007 0.023 0.031 0.034 0.014
D 0.767 0.004 0.130 0.112 0.011 0.026 0.007 0.015 0.528 0.015
E 0.005 0.119 0.026 0.012 0.181 0.009 0.018 0.058 0.018
F 0.005 0.040 0.089 0.004 0.248 0.043 0.010 0.017
G 0.023 0.006 0.027 0.006 0.014 0.081 0.024
H 0.016 0.045 0.056 0.033 0.391 0.115
I 0.021 0.229 0.479 0.047 0.010
K 0.014 0.065 0.263 0.021
L 0.388 0.012 0.102
M 0.030 0.016
N 0.015
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Rates for S and Z were estimated by applying the proportions of S and Z in the above 2/44-ECM rate matrix. Rates between the two serine codon groups and other
amino acids were determined by splitting the original JTT rates for serine proportionally to the 2/44-ECM rates for S and Z relative to the total serine rate ("Rescale
factors"). For example, in the case of alanine (A), the 2/44-ECM rate for S'to A is 26.02 and for Z to A 4.94. Hence, the proportion of S and Z for a total serine rate
is 0.84 and 0.16, respectively. In the 204A4-JTT model implemented in GARLI, the serine to alanine rate is 0.38, hence, multiplying this rate with the S and Z
proportions results in rates of 0.32 and 0.06 for 2/4A4-JTT S and Z, respectively. This approach can't be used to determine the rate between S and Z, as it would be a
rate relative to itself (the synonymous substitution rate of serine). Hence, this factor was estimated by obtaining a rate between S to Z relative to the average of all
other rates in the 2/44-ECM matrix. Multiplying the average rate of the 204A4-JTT matrix with this factor provides the S to Z rate in the 2/4A-JTT matrix. In the
214A4-ECM matrix, the absolute S to Z rate is 40.75 and the average of all other rates 3.64, resulting in a S to Z rate of 11.19 relative to the average. The average rate
in the 204A4-JTT model implemented in GARLI is 0.09, which results in an absolute rate of 1.02 for the 2/4A4-JTT S to Z rate when applying the relative factor of
11.19.



