
Results
We obtained variance-weighted mean diversities for a set of 17

and 14 loci from D. miranda (mir, πA=0.086%; θS=0.502%) and D.
pseudoobscura (pso,πA=0.294%; θS=2.86 %) and estimated Ne
(mir=0.84x106; pso=4.77x106) from the number of segregating sites

to minimize influence from recent population expansions in pso.

Assuming a gamma DME and mutation-selection-drift equillibrium with

backmutations, we estimate the DMEs shown in Fig. 3 with  parameters

reported in Tab. 1. Results show that most mutations are strongly

deleterious, DME shapes are very leptokurtic, harmonic means of s are

much more meaningful than arithmetic means and results do not

 depend critically on assumptions about the parameters cn, µ, κ.

Why is this important?
The distribution of mutational effects (DME) is of fundamental

importance in evolutionary theory. For example, it is not

possible to predict observable parameters such as diversity

within species and divergence between species without

making assumptions about the distribution of mutational

effects. Thus we need to know the DME if we want to

understand genome evolution. Several methods have

been devised to estimate the DME (ref.1), but since

all methods are indirect, it is very difficult to assess

their reliability. We developed a new method that will

hopefully use new aspects of observable data to

increase overall reliability of DME estimates.

Ecological Setting
Our method is applicable to settings where large

sets of diversity data are available for at least two

closely related species with significantly different

effective population sizes Ne (Fig. 1). Then we

need an a priori criterion to divide diversity into

that which is from effectively neutral and that which

is from sites that are effectively under selection.

Here we assume that partitioning into silent and

non-synonymous sites will achieve this. Finally,

the ecology of these species must be similar

enough to assume that they are all subject to the

same absolute DME, which we assume to be

unimodal. In other words, some mutations that

are removed as deleterious in the species with

the large Ne can accumulate as effectively neutral

in the species with the small Ne.

Principle
We exploit the effects of this difference in Ne on

πA, the diversity at the non-synonymous sites that

we assume to be under selection. Assuming a

constant mutation rate µ and genic selection

coefficient s suggests the following simple principle:

Effectively neutral sites (Nes<<1): diversity is mainly

determined by Ne, since mutation and drift are

most important and selection is negligible (π=4Neµ).

Strongly selected sites (Nes>>1): diversity is mainly

determined by selection, since mutation and selec-

tion are most important and drift is negligible (π=2µ/s).

Intermediate sites: use mutation-selection-drift-

equilibrium to predict diversity (ref.2).

Algorithm
1. Use diversity at silent sites and assume a

mutation rate µ to estimate Ne in both species.

2. Assume an arbitrary unimodal DME that is 

characterized by two parameters only

(shape and location).

3. Compute πA for each species by integrating over

 the full DME (i.e. sum up the contribution of

all potential mutational effects between

neutral and lethal, weighted by their frequency

 as determined from the DME).

4. Compare predictions and observations:

a. Predictions are correct:

Bingo! You found the right shape and location.

b. Predictions outside of acceptable error-margins:

Go back to (2) and try better parameters.

Much of the success of this algorithm depends on an

intelligent way to guess increasingly better values for

shape and location of the DME. We use the ‘Amoeba’-

algorithm as implemented in the statistical script

language R(ref.3).

Extensions & Simplifications
We assume above that all amino-acid substitutions are effectively

deleterious. If cn% of them are completely neutral (see Fig.2),

then πA is easy to correct. If all mutations are either neutral

or strongly deleterious (bimodal DME), then formulae simplify

greatly. Key results like sh, the harmonic mean of effectively

deleterious s and the fraction of effectively neutrals cne

are remarkably stable to changes in the

 assumptions.
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Adaptive mutations
In the presence of an outgroup (D. affinis in our case) one

can attempt to quantify the proportion of adaptive amino-

acid substitutions Pa by comparing observed and predicted

substitution rates. However, results are very sensitive to

assumptions about ancestral population sizes and confidence

intervals are huge. While it is not uncommon to predict some

fraction of advantageous mutations with this method, we cannot

place any confidence in such a result, since it usually includes

0 (i.e. no adaptive mutations). Perhaps independent estimates

of ancestral population sizes (ref.4) and inclusion of more genes

in the diversity surveys will one day lead to better estimates.

(%) Species (am) (hm) (5%) (95%) CV (%) ;
(%)

(%)
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(0.843 / 3.01)

2.22
(1.40 / 5.06)
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(36.9 / 558000)

1100
(37.8 / 560000)

1.67
(1.08 / 2.15)

1.64
(1.02 / 2.11)

12.7
(7.91 / 17.0)
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(10.5 / 35.2)

21.5
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I wonder
what these

humans fuss about.
Every decent fly knows

that the distribution
of mutational effects

is L-shaped!
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Table 1 Estimates of the (gamma-) distribution of mutational effects for variance-weighted data

The Nes values reported here describe the distribution of deleterious mutational effects (DME) for all effectively non-neutral and non-lethal

sites, where (am) denotes the arithmetic mean and (hm) the harmonic mean of such sites; (5%) and (95%) represent the lower and upper fifth

percentiles of this truncated distribution; mir and pso refer to D. miranda and D. pseudoobscura respectively. For a given species and value

of cn, the upper and lower values in all Nes columns correspond to assumed borders to neutrality of Nes = 0.5 and 1, respectively. Values in

brackets indicate the lower and upper approximate fifth percentiles from bootstrapping across genes, after omitting all values that did not give

a perfect fit to the data. cn is the fraction of completely neutral mutations assumed in the calculations; cne is the fraction of effectively neutral

mutations (reported for Nes ≥ 0.5). All estimates assume a mutational bias of κ=2, a mutation rate of µ=1.5x10-9 and a gamma distribution of

mutational effects (DME) with the given shape parameter α and location parameter β, which is computed from the given arithmetic mean of s
(β=α/s

am
). All predictions based on DMEs reported here fitted observations at 6 digits or more. Pa1, Pa2 and Pa3 gives the proportion of adaptive

substitutions assuming an ancient Ne of D. miranda, D. pseudoobscura or the mean of both, respectively.

Figure 2 Fitness relevant configurations of sites.

The four alternatives A, T, C and G stand for any of the four nucleotides

that can occupy a base pair. This work assumes that configurations B and

C do not exist and captures the frequency of D in the parameter cn.

Figure 3 Realistic distributions of mutational effects

Estimated from the variance weighted data assuming cn = 0%, 2.5% and 5%

(curves 1,2 and 3, respectively) and a gamma DME. The spike below 10-10

corresponds to the integral down to 0. The vertical line correspnds to Nes=0.5

for D. miranda. See Table 1 for more details.

Figure 4 Contribution to diversity declines with increasing s
This graph shows the diversity at non-synonymous sites for a population of D.
miranda where all mutations have the effect specified on the x axis and cn=2.5%.

Figure 1 Basic

three-species setting

The shaded areas indicate the

availability of polymorphism

data. We assume fixed Ne for

all species. The third species

is not needed to infer the DME.
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