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Abstract

Summary: The Poisson Random Field (PRF) model has become an important tool in population

genetics to study weakly deleterious genetic variation under complicated demographic scenarios.

Currently, there are no freely available software applications that allow simulation of genetic vari-

ation data under this model. Here we present PReFerSim, an ANSI C program that performs

forward simulations under the PRF model. PReFerSim models changes in population size, arbitrary

amounts of inbreeding, dominance and distributions of selective effects. Users can track summa-

ries of genetic variation over time and output trajectories of selected alleles.

Availability and Implementation: PReFerSim is freely available at: https://github.com/LohmuellerLab/

PReFerSim

Contact: klohmueller@ucla.edu

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Understanding the behavior of selected mutations in finite popula-

tions is important in population, medical and conservation genetics.

Two main computational approaches have been used to model

weakly deleterious mutations. First, under the Poisson Random

Field (PRF) framework (Hartl et al., 1994; Sawyer and Hartl, 1992),

a Poisson number of independent mutations enter the population

each generation, with subsequent changes in allele frequency due to

selection and drift. The PRF framework is a mainstay in population

genetic inference of demography and selection (Akashi and

Schaeffer, 1997; Boyko et al., 2008; Bustamante et al., 2001; Desai

and Plotkin, 2008; Eyre-Walker et al., 2006; Gutenkunst et al.,

2009; Huerta-Sanchez et al., 2008; Williamson et al., 2005).

However, existing implementations of the PRF model do not pro-

vide the ages or selection coefficients of individual mutations or per-

mit the user to follow allele frequency trajectories over time.

Moreover, including biological complications, like inbreeding at cer-

tain time points, or dominance effects, are difficult for the average

user within existing software (Boyko et al., 2008; Gutenkunst et al.,

2009).

The second approach involves simulation of entire populations

forward in time. Here, individuals reproduce each generation in pro-

portion to their fitness. Several software programs exist to perform

such simulations, including SFS_CODE (Hernandez, 2008), SLiM

(Messer, 2013) and fwdpp (Thornton, 2014). These programs are

designed to simulate large regions of genetic variation with linkage

and arbitrary recombination and they track chromosomal regions

through time, rather than the behavior of individual mutations.

Thus, unless the recombination rate is exceptionally large, they

are not directly comparable to the PRF model which assumes free

recombination. Further, these simulations may not be ideal for gen-

erating trajectories of selected alleles because the trajectories of
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individual alleles may be altered through linkage to other selected

sites (Felsenstein, 1965). Finally, some features, such as arbitrary

amounts of inbreeding, are not included in SFS_CODE and SLiM.

The recently released GO Fish (Lawrie, 2016) also models individual

mutations, but currently does not model distributions of fitness

effects nor does it have a complete stand-alone software package.

Here, we present a new program, PReFerSim, which combines

these approaches and performs forward simulations under the PRF

model for a single population. Two features distinguish PReFerSim

from existing implementations of the PRF model and forward simu-

lation programs. First, PReFerSim can track allele frequencies over

time, and the ages and trajectories of individual mutations. Second,

PReFerSim can simulate large amounts of genetic variation data

with free recombination quickly.

2 Implementation

PReFerSim will simulate genetic variation data under the Poisson

Random Field model. Each generation a Poisson number (with

mean h/2, where h is the population-scaled mutation rate) of muta-

tions enter the population. Information about each mutation is

stored in a linked list. Mutations change frequency every generation

due to natural selection and genetic drift. Genetic drift is imple-

mented through a binomial sampling step. The program in written

in ANSI C and utilizes the GNU Scientific Library for random num-

ber generation.

PReFerSim allows users to consider a variety of models of selec-

tion and demography. The program accepts demographic models

with an arbitrary number of population size changes. Inbreeding can

be modeled by specifying an inbreeding coefficient, F, which can be

constant or change over time. Variable inbreeding is useful to simu-

late domestication events, or inbreeding following population de-

cline, and is a unique feature of this software. Six distributions of

fitness effects are included and the program allows selected muta-

tions to have arbitrary dominance. PReFerSim will output summa-

ries of genetic variation in the present day as well as at various times

throughout the simulation. Trajectories of selected alleles can be

generated and used in downstream coalescent simulations to model

neutral genetic variation linked to the selected site (Ewing and

Hermisson, 2010; Przeworski et al., 2005). Importantly, trajectories

from PReFerSim can be conditioned to have any present-day fre-

quency desired by the user. Such simulations can be used to estimate

the ages of selected alleles and/or strength of selection (Ormond

et al., 2016; Przeworski, 2003; Tishkoff et al., 2007), to estimate the

rate of selective sweeps (Jensen et al., 2008), or to distinguish be-

tween hard and soft selective sweeps (Garud et al., 2015; Peter

et al., 2012).

3 Results

To demonstrate the performance of PReFerSim, we generated the

site frequency spectrum (SFS) under a population expansion demo-

graphic model with a gamma distribution of fitness effects (Boyko

et al., 2008). The SFS produced by PReFerSim is comparable to that

generated using dadi (Fig. 1). Additionally, ages of deleterious alleles

obtained from PReFerSim are comparable to classical theoretical

predictions made by Maruyama (1974; Supplementary Table S1). In

sum, these results demonstrate that PReFerSim can generate predic-

tions about the frequency spectrum and allele ages under complex

models of demography and selection. Example applications of

PReFerSim can be found in Marsden et al. (2016) and Robinson

et al. (2016).

4 Conclusion

PReFerSim is a forward-in-time population genetic simulation pro-

gram that can generate data under the PRF model considering com-

plex demography and arbitrary models of selection and dominance.

Given the growing interest in studying how demography affects

deleterious variation across a wide range of taxa (Brandvain and

Wright, 2016; Henn et al., 2015; Marsden et al., 2016; Schubert

et al., 2014), there is a need for population genetic software that can

easily simulate large amounts of data under complex evolutionary

models. As such, we anticipate that PReFerSim will play an import-

ant role in future studies.
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Fig. 1. Comparison of the SFS between PReFerSim (gray) and the diffusion

approximation (black; dadi) for complex demographic models with purifying

selection. Top: the SFS are similar in a sample of 2000 chromosomes. SNPs

with counts greater than 22 are combined in the last bin. Bottom: SFS for a

sample of 24 chromosomes. See Supplementary Text for a description of the

model parameters
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