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Abstract

We introduce the R package STRATAG as a user-friendly population genetics toolkit. STRATAG provides easy access to a

suite of standard genetic summaries as well as the ability to rapidly manipulate stratified genetic data for custom

analyses. Tests of population subdivision with most common measures of population subdivision (e.g., FST, GST,

ΦST, Χ
2) can be conducted within a single function. The package also provides wrapper functions that allow users to

configure and run popular external programs such as GENEPOP, STRUCTURE, and fastsimcoal from within R, and

smoothly interface with popular R packages ADEGENET and PEGAS. STRATAG is intended to be an open-source dynamic

package that will grow with future needs and user input.
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Introduction

The R programming language (R Core Team 2015) has

rapidly become a popular platform for analyses of

genetic data. Multiple packages have been developed to

efficiently store and manipulate genetic data (Jombart

et al. 2016; Paradis et al. 2004) summarize genetic diver-

sity (Goudet 2005; Jombart 2008; Paradis 2010; Keenan

et al. 2013; Kamvar et al. 2014), and conduct phylogenetic

analyses (Paradis et al. 2004; Schliep 2011). Still, many

population genetics studies that have relatively standard

workflows use a mixed array of software and require the

reformatting of data or results multiple times to move

among programs.

In order to alleviate this movement among soft-

ware platforms and help users create custom analyti-

cal workflows within the R environment, we present

the STRATAG package, which is designed to be an

extensible toolkit for population genetics analyses.

With STRATAG, users can easily compile suites of stan-

dard genetic summary statistics (e.g., allele frequen-

cies, heterozygosity, proportion of unique alleles,

number of private alleles) and conduct common anal-

yses of population structure (e.g., FST, GST, ΦST, Χ2)

with the flexibility of testing multiple stratification

schemes. The package also includes wrapper functions

to run several popular external analytical programs

such as GENEPOP (Raymond & Rousset 1995) or STRUC-

TURE (Pritchard et al. 2000). The results of many of

these external programs are automatically read back

into the R environment to facilitate downstream analy-

ses and visualization.

Data input and manipulation

Most of the functions in STRATAG operate on genetic

data stored within a gtypes object, which is structured

as an S4 class with slots for genotypes, stratification

schemes, optional sequences, a description of the data

and optional ancillary information. A gtypes object

can be created from data originating from a number of

standard R data structures, the most common of which

is a table-like object (an R matrix or data frame)

organized where each row is an individual and the col-

umns are its genotypes. Haplotype IDs from multiple

DNA loci can also be stored along with their respective

sequences.

STRATAG has also been designed to work with other

popular genetics packages. As such, functions (gtype-

s2genind, gtypes2loci, and gtypes2phy Dat) are

available to convert between gtypes and genind

objects for the ADEGENET package (Jombart 2008), loci

objects for the PEGAS package (Paradis 2010), or phyDat

objects for the PHANGORN package (Schliep 2011). Addi-

tionally, functions are available to help convert and
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prepare data for loading, such as splitting alleles of a

locus that are concatenated into a single column, or

translating a table of haplotype frequencies to a con-

formable table of haplotype assignment for individuals.

Within a gtypes object, genotypes are stored as an R

data.frame of factors which makes memory manage-

ment and calculation of allele frequencies more efficient.

DNA sequences are also efficiently stored as a mul-

tidna object from the APEX package (Jombart et al.

2016), simplifying analyses of multiple haploid loci from

the same object. A suite of accessor functions is avail-

able for gtypes objects to extract basic information

such as the number of individuals, the current stratifica-

tion scheme, or the set of associated sequences. Subset-

ting or indexing of gtypes for a specified set of

individuals, loci or strata, uses standard R syntax as in

this example based on bottlenose dolphin (Tursiops trun-

catus) microsattelite genotypes as presented in Lowther-

Thieleking et al. (2015).

A gtypes object can also contain alternative

stratification schemes for individuals, stored as an

R data.frame. Each column is a unique stratification

scheme, with individuals in the rows being assigned to

a stratum within that scheme. Individuals can be

excluded from a stratification within a scheme by

assigning them the value NA. Stratification schemes can

then be easily changed for different analyses using the

stratify function. For instance, in the following

example, the object is restratified according to the

broad scheme which is a stratification column in the

schemes slot of msats.g.

Using standard R functions such as sapply or

lapply, the same analyses can be conducted for a

suite of stratification schemes with the results for all

combined into single object for further processing or

summary.

Summaries

The standard display of a gtypes object provides infor-

mation about the size and contents of the object along

with many commonly used summary statistics (e.g., the

number of alleles, observed and expected heterozygos-

ity, allelic richness) for each stratum as well as each

locus, and differ for genotype and sequence data. If

saved to an R object, the result of the summary function

contains information about haplotype or allele frequen-

cies. Each of these summary statistics is also available

as individual functions if only certain ones are desired

for a particular application. A predefined set of by-

locus summaries are available from the summa-

rizeLoci function.

The package also includes summary functions for

sequence data, stored either as a gtypes, DNAbin (Par-

adis et al. 2004) or multidna (Jombart et al. 2016) object.

These include functions for calculating transition/

transversion ratios (Ti/Tv), identifying fixed and vari-

able sites, and calculating estimates of selective pressure

such as Tajima’s D and Fu’s Fs (Tajima 1989; Fu 1997). A

set of sequence-specific summaries, such as length distri-

butions and base frequencies are available from the sum-

marizeSeqs function.
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Quality control checks

In order to facilitate the use of routine error checks and

quality control analyses as part of all analytical work-

flows, we have provided a suite of functions for quality

assurance/quality control (QA/QC) checks. As an exam-

ple, there is a function that will identify potential dupli-

cate genotypes by reporting all individuals that share

genotypes across a specified number or fraction of loci

(dupGenotypes). The jackHWE function will identify

homozygotes that occur at an unusually low frequency,

implementing the Hardy–Weinberg (HW) jackknife pro-

cedure described in Morin et al. (2010). The result of this

function identifies all individuals that, when removed

from the data, will cause a locus that was previously out

of HW equilibrium (HWE) to be in HWE. Most by-indi-

vidual and by-locus summaries and QA/QC checks have

also been bundled into a single function (qaqc) that con-

ducts all tests and will optionally write the resulting

summaries to comma-delimited (.csv) text files, as illus-

trated in the following example:

Population structure

At the heart of STRATAG are the tests of population

structure. Included in the package are functions to

calculate FST, F’ST, GST, G’ST, G’’ST, hST, v2 and Jost’s

D. Each function takes a gtypes object, and returns

the test statistic based on the current stratification of

samples as well as the permutation test P-value, and

optionally the null distribution of the statistic from

the random permutations. Each statistic can be run

independently or multiple statistics can be run at

once with either the overallTest or pairwiseTest

functions. The former performs a ‘global’ test of pop-

ulation differentiation, while the latter performs tests

across all pairs of strata. In both overallTest and

pairwiseTest, individual statistics can be specified,

or all statistics appropriate to the data will be run.
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The pairwise Test function produces a single

data.frame of all results as well as individual pair-

wise matrices for each test statistic.

External software

STRATAG provides wrapper functions for several popu-

lar population genetics programs. As of this writing,

functions are available for GENEPOP (Raymond & Rous-

set 1995), the Bayesian clustering program STRUCTURE

(Pritchard et al. 2000), the DNA sequence alignment

program MAFFT (Katoh & Standley 2013), the coalescent

simulator FASTSIMCOAL (Excoffier & Foll 2011), and

PHASE (Stephens & Donnelly 2003) for identifying hap-

lotypes of linked loci. The wrappers are designed to

facilitate use of these programs within the R environ-

ment, especially in cases where R-coded packages with

the same functionality are not available. The wrappers

are composed of functions to format and write input

data and parameter files, execute the programs on the

command line with options specified as arguments to

the functions, and then in most cases, parse the out-

put from the programs and return results to the user

as R objects. These programs are not distributed with

the STRATAG package and must be downloaded and

installed separately. STRATAG assumes that the pro-

grams are installed such that they are executable on

the command line from the working directory. This

usually means installing them into a folder within the

system path environmental variable. More detailed

instructions are available in a vignette in the package.

Below we demonstrate an example run of STRUCTURE

on the bottlenose dolphin microsattelite data showing

differentiation between Coastal and Offshore popula-

tions, but none between Offshore.North and Off-

shore.South (Lowther-Thieleking et al. 2015). The

structureRun function formats the microsatellite

data, writes input files, runs the external executable

for STRUCTURE, then reads and parses and reads the

output files into an R list structure. The evanno func-

tion displays diagnostic plots of number of groups (K)

and first- and second-order changes in LnP(K) as

described in Evanno et al. (2005) using base R graphics

(Fig. 1). The clumpp function aggregates STRUCTURE

runs for a single value of K and is visualized with

the structurePlot function which uses the GGPLOT2

graphics package (Wickham 2009) (Fig. 2).

Performance

Where possible, STRATAG has been designed for opti-

mal performance in terms of computational speed

and memory management, while still retaining ease

of code maintenance. The core algorithms of the com-

putationally intensive population structure tests have

been written in C and integrated using the RCPP pack-

age (Eddelbuettel 2013). Additionally, where useful,

code has been written to take advantage of multiple

CPUs using functions in the PARALLEL package that is

distributed as part of base R. The functions will auto-

matically detect the user’s operating system and set-

up the clusters in the appropriate format. Users only

need to specify the number of cores to use as a func-

tion argument.

Although it is difficult to conduct performance

benchmark tests that would cover every data set and

analysis, as a simple example, we generated a simu-

lated microsatellite data set of 300 samples, 100 from

each of three populations to demonstrate computa-

tional times in STRATAG (Appendix S1, Supporting

information). Using the fastsimcoal interface in

STRATAG, we simulated 1000 loci, then randomly sub-

sampled for 50, 100 and 500 loci. Mutation rates were

randomly chosen for each loci from a uniform distri-

bution from 10�7 to 10�4 mutations per generation,

which produced from one to 15 alleles per locus, with

a mean of seven. On a MacBook Pro with a 2.8 GHz

Intel Core i7 CPU and 16 GB of 1600 MHz RAM, the
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Fig. 1 Diagnostic plots of first and second order changes in the likelihood for K (number of groups) for STRUCTURE analysis following

Evanno (2005). Figure is automatically generated by EVANNO function.
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average execution time for calculating overall FST and

conducting 1000 permutation replicates to estimate a

P-value on each subset as well as all 1000 loci was

0.2 s, 0.4 s, 2 s and 4 s, respectively. This indicates a

simple linear increase in time with the number of loci.

For most population genetics data sets, processing

should be relatively rapid on standard personal sys-

tems or servers.

Obtaining STRATAG

The current stable release of STRATAG (version 1.0.5 as of

this writing) is available for download from the Compre-

hensive R Archive Network (CRAN) at [https://cran.r-

project.org]. Prerelease versions with recent bug fixes

and additions are available through GitHub at [https://

github.com/EricArcher/strataG], which also has instruc-

tions on how to install the package using the in-

stall_github function available in the DEVTOOLS

package.

STRATAG is actively maintained and contains many

other additional functions. Users are encouraged to

explore the package starting with the list provided by

help(package = ”strataG”). The package includes

vignettes covering how to create gtypes, summarize

data, conduct population differentiation tests, and install

and run external programs. With the rapid spread of

next generation sequencing and the growth of popula-

tion genomics, we expect an increasing demand to store

and process ever larger data sets and the development of

novel analytical methods. Because the gtypes object is a

strongly typed S4 object with accessor functions for the

data, the underlying structures can easily be modified to

take advantage of more efficient storage methods with-

out necessitating changes to existing code. Given the

open-source nature of the R programming environment

and the growing popularity of collaborative develop-

ment platforms such as GitHub, we envision STRATAG to

be a dynamic toolkit that can grow with the addition of

new methods and community needs. We invite the pop-

ulation genetics community to actively participate in its

development with suggestions for improvements and

contributed code.
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Additional Supporting Information may be found in the online
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Appendix S1. R source code for benchmark performance test.
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