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S1 Discrete and continuous time models for
diploids

Consider a randomly mating population of N diploids with discrete gener-
ations in which the selection acts on the viability of an individual. Then
the life cycle consists of a juvenile phase during which mutation, selection
and random genetic drift act, and determine the chance of survival of an
individual to the adult phase in which reproduction occurs. For a large pop-
ulation, immediately after random mating, the frequency of the genotypes
can be approximated by the corresponding Hardy-Weinberg proportions as
the deviations from it are of order 1/N (NAGYLAKI, 1992). The dynamics in
the juvenile phase can be modeled by a discrete time Wright-Fisher process
(EWENS, 2004).

In contrast to the discrete time model described above, in the main text,
we worked with a continuous time model as the environment is assumed
to change gradually. In overlapping generations, a model that incorporates
details of the life cycle is necessarily complex as the age-structure of the
population must be carefully taken into account. Moreover, besides large
N, additional assumptions, viz., small selection coefficient, s and mutation
probability, u are required for Hardy-Weinberg equilibrium to hold in such

continuous time models (NAGYLAKI, 1992).



However, in the diffusion approximation where s — 0,u — 0, N — o0
with finite 2Ns,2Np in the continuous time model and 4Ns, 4Ny in the
discrete time model, we obtain essentially the same Kolmogorov equations
for both models (EWENS, 2004). In the main text, we studied the dynamics
of adaptation in the framework of diffusion theory when the mutant is on
average neutral as the § # 0 case does not seem to be analytically tractable.

However, for positive 3, it is possible to make analytical progress by mod-
eling the fixation process as a branching process (DESAI and FISHER, 2007;
UECKER and HERMISSON, 2011). The branching approximation applies as
long as the mutants are rare, that is, a finite number of mutants are present
in an infinitely large population. In this approximation, the transition rate
matrix for the discrete time model discussed above is not a continuant matrix
(EwWENS, 2004). However, as the number of mutants is small, it is reasonable
to assume that the transition rates are significantly different from zero only
when the number of mutant allele changes by one in a generation; in other
words, we arrive at a birth-death model. The above discussion thus provides
a justification for the birth-death model for diploids and in the main text,

we have used it for all parameter regimes.



S2 Fixation probability of a mutant that is

beneficial at all times
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Figure S1: The inset shows the fixation probability P (w) given by (5)
for a mutant that is beneficial on average for dominance coefficient h =
0.4,0.5,0.6 (bottom to top). In the main figure, the effect of a changing
environment is shown by subtracting the fixation probability Py, (w = 0) =
hs(t,)/[1 + hs(t,)] with s(t,) = § + osin(d,) for h = 0.1,0.5,0.9 (bottom to
top). In both plots, § = 0.05,0 = 0.25,6, = 0.



S3 Fixation probability of an on average neu-

tral mutant
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Figure S2: Fixation probability of a mutant that is neutral on average for
No > 1 when the mutant appeared at 6, = /4 (left panel) and 57/4
(right panel). The solid line shows the expression (11b) (left panel) and
(11c) (right panel) for small cycling frequencies and the dashed lines rep-
resent (8b) for large cycling frequencies. Here N = 100,0 = 0.1 and h =
0.3(v),0.5(0),0.7(A). The numerically obtained value Py (w = 0) = 2.53 X
1072,3.40 x 1072,4.38 x 1072 for h = 0.3,0.5,0.7, respectively, for the left
panel. For the right panel, P, (w = 0) = 3.55x107°,2.58 x 107°,1.98 x 10~°
for h = 0.3,0.5,0.7, respectively. The simulation results are averaged over
107 runs.




S4 Fixation probability of a mutant in tran-

siently varying selection
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Figure S3: Fixation probability of a mutant in transiently varying environ-
ments defined by (1) and (2) and illustrated in the inset. The lines show
the expression (4) and the points show the simulation data obtained by av-
eraging over 107 independent runs for 6, = 37 /4,T, = 27 /w (left panel) and
0, = 7/2,T. = w/w (right panel). In all the plots, N = 100, ¢ = 0.1 and
h=0.1(v),0.9(n).

Here we consider a situation in which the time-averaged selection coeffi-

cient is nonzero and changes over a finite time 7,

o sin(wt) , t< T, (1)
s(t) = {

0 , t>T0 . (2)

WAXMAN (2011) has shown that in such a case, the fixation probability is

simply given by the mean allele frequency at the end of selection. Here we



estimate this allele frequency using the deterministic evolution equation,

r—0

T=s(t)x(l1—x)(z+ h(l—2x)) = hs(t)z . (3)

For large w, starting from a single mutant, the number of mutants at time

T, is then given by

2Nz(T,) =n(T,) =1+ f;_a (cos(6,) — cos(wTy)) . (4)

For large cycling frequencies, this prediction matches qualitatively with the
numerical results in Fig. S3, and therefore captures the effect of dominance

when the environment changes fast over a short interval of time.
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