Supplementary Figure and Discussion

Substitutions at adjacent codons  

The strong preponderance of cases where both substitutions occurred in the same lineage (either rat or mouse) is confined to pairs of nonsynonymous substitutions at the same codon. However, there is also smaller but significant excess of such cases within pairs of nonsynonymous substitutions at adjacent codons.
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Supplementary Figure 1.  Data on pairs of nonsynonymous (solid line) and synonymous (broken line) substitutions between rat and mouse. The fraction of cases where one substitution occurred within each lineage is presented as a function of the distance between codons at which the two substitutions occurred. Distance 0 means that both substitutions occurred at the same codon.

Biased misidentification of RMCA  

Suppose that, on the path from RMCA to human, substitutions I1→R, I1→M, I2→R, and I2→M (false excess) occurred more often than reciprocal (false deficit) substitutions. If so, cases where the human codon coincides with M or R, despite RMCA codon being I1 and I2, would outnumber the opposite cases where human codon coincides with I1 or I2, despite RMCA being M or R, thus leading to a false excess of patterns 0 and 2. We determined the frequencies of all amino acid substitutions on the path from RMCA to human within our data on 0-substitution codons. Then, we measured P0, P1, and P2 for only those rat-mouse codon pairs that encode such amino acids that the frequency of each of the four false excess substitutions is above (or below) the frequency of the reciprocal false deficit substitution. Only a marginally different excess of patterns 0 and 2 has been observed at potential false excess and false deficit codons (Table 2). The differences between the rates of a majority of reciprocal amino acid substitutions are not large (data not reported), and, without such differences, misidentification of RMCA can only obscure real deviations of the P0:P1:P2 ratio from 1:2:1.

Fluctuating negative selection  

This mechanism can lead to some deficit of pattern 1, but this deficit is much smaller than the one observed (Table 2). Naturally, P1 → 0.5 when T → ∞ (both lineages mostly keep the same ancestral state of negative selection at a codon, so that r → 0.5) or T → 0 (multiple switches in both lineages also lead to r → 0.5; see Methods for notations). When, under a given T, b increases, i. e. episodes of absent negative selection get rarer, P1 declines. Since rat-mouse Kn is ~ 0.2Ks, selection against nonsynonymous substitutions operated ~80% of time, i. e. the average b ~ 4. Under this b, the minimal P1 is 0.32 (under T = 0.4), i. e. below the observed 0.36. However, different codons evolve at highly variable rates, and most of two-substitution codons must be under weak selective constraint (low b), where even the minimal P1 is only slightly below 0.5. Also, there is no reason why the frequency of switches of negative selection, relative to the time since rat-mouse (or other sister genome) divergence, should be adjusted to minimize P1.
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Supplementary Figure 2  Simulation of switches of negative selection. The probabilities of a codon accepting two substitutions since the rat-mouse divergence (broken lines) and of pattern 1 at a 2-substitution codon (solid lines) are presented as functions of the expected waiting times for switches of negative selection.
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