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Abstract

The Isolation with Migration (IM) programs (e.g., IMa2) have been utilized extensively by evolutionary biologists for
model-based inference of demographic parameters including effective population sizes, migration rates, and divergence
times. Here, we describe a graphical user interface for the latest IM program. IMGui provides a comprehensive set of tools
for performing demographic analyses, tracking progress of runs, and visualizing results. Developed using node. js and the
Electron framework, IMGui is an application that runs on any desktop operating system, and is available for download at

https://github.com/jaredgk/IMgui-electron-packages.
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Introduction

IMa2 (Hey 2010b) and its parallel implementation IMa2p
(Sethuraman and Hey 2016) are the most recent versions
of a series of programs for the population genetics inference
of divergence times, ancestral and current effective popula-
tion sizes, and migration rates under the lIsolation with
Migration (IM) model (Nielsen and Wakeley 2001; Hey and
Nielsen 2004, 2007). These tools belong to a class of methods
called genealogy samplers (Kuhner 2009), which use a
Bayesian Markov Chain Monte Carlo (MCMC) framework
for the estimation of posterior density distributions of evolu-
tionary parameters, given haploytpic, or genotypic data. A
typical IM run is divided into an MCMC phase (also called
“M” mode) and an analysis phase (called “L” mode) wherein
quantities of interest are generated using the samples ob-
tained in the MCMC phase. The analyses typically comprise
parameter estimation, but can also include likelihood ratio
tests of nested demographic models (Hey and Nielsen 2004).
To help ensure better mixing of the Markov chain simulation,
the programs implement Metropolis coupled MCMC (MC3);
and to improve runtimes, a parallelized version of the pro-
gram has recently been made available (Sethuraman and Hey
2016).

The IM programs implement a command-line interface
(CLI), which needs user-specification of numerous required
and optional values that determine the details of screen and
file output, the MCMC sampling process, the model being
analyzed, and the analyses to be carried out. For a given
analysis, the programs often require long runs, or multiple
independent runs, as well as periodic checks of run perfor-
mance to ensure sufficient MCMC mixing. For larger prob-
lems that run slowly, users generally mine periodic output
files to track trajectories of sampled divergence times,

likelihoods, and marginal posterior densities. Unfortunately,
all these steps come with a learning curve for new users that
are not entirely familiar with command lines, shell scripting,
or methods for assessing the mixing properties of Markov
chain simulations.

In an effort to improve usability, ease of mining and visu-
alizing output, and tracking runs, we developed IMGui, a user-
friendly desktop-based front-end implementation of IMa2p
that provides users with several interactive functions.
Developed with the Electron v. 1.3.1 framework for nodejs,
IMGui can be used across operating systems and platforms,
allows interactive validation and monitoring of runs, produ-
ces trace-plots and histograms of run parameters at regular
intervals, and assists with mining run outputs to create pub-
lication quality graphs and visualizations. The IMGui software
bundle is freely accessible in packages for a variety of operat-
ing systems through https://github.com/jaredgk/IMgui-elec
tron-packages

IMGui

IMGui is a Node.js v0.10.25 (https://nodejs.org/en/foundation/)
based application developed using the Electron v. 1.3.1
(http://electron.atom.io/) framework which allows the de-
velopment of a cross-platform desktop application using
Javascript/HTML/CSS. IMGui bundles a fully functional
front-end GUI for IMa2/IMa2p, includes basic output anal-
yses and visualization tools, and a GUI for IMfig, a plotting
script which produces IMa2/IMa2p output summaries. The
included IMa2 executable generates XML-formatted out-
put files that are parsed to generate tables and histograms
of output data in the visualization component of the app.
The IMGui app is composed of three pages:
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m for IMa command line

Dema Job

* MCMC Mode Load Genealogy Mode
Working Directory (optional)

sample
Input File (-i)
ima2_testinput.u

Output file directory and tag (-0)

Mame for job (optional)

Test Job

1000  Duration of burn, steps if integer (e.g. 100000), float for hours using user-controlled duration (-b) (MCMC onlyirequired)
MNumber of steps between genealogy saving, default is 100 {-d) (MCMC only)
.ml.J[J Run duration, in steps if integer, in hours if float for user-controlled duration (-L) (required)
Number of steps between terminal output, default is 10000 (-z) (MCMC only)
Random number seed (-s) (default is time at execution)
Number of processors to run on
Population Size and Migration Prior Parameters (Required)
3 Max Population Size (-q)
|1 Migration Prior Values (-m)

2 Maximum Time of Population Splitting (-t)
Calculation Options (-c)
Model Options (-}
‘Output Options (-p)
Run Options (-r}
Heating terms (MCMC only)
IMfile options
Execule
Validate that input files are present before run
Jobs Started:
Test Job v
lete IMburn file Mrun f Restart Job Remave Job Information Refresh Output
Current Splitting Time Values -

Split times 10: 1,190 t1:1.740 12: 1.941

STEP # 29000 # Genealogies Saved: 290 p(D|G): -3326.7 p(G) -208 5
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Fic. 1. Screen shot of the IMa2p command line module of IMGui, showing user input fields for prior values on estimable parameters, and run-time
parameters.
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Data Analysis

To use, choose an XML oulput file from a job run. Examples can be found in the sample/ folder in the IMgui direclory.
Choose File | visualizatio...stograms.xmi

Analyze

Population Sizes and Migraion Rates v

Make Graph

Save Image as .png Save Columns as .csv
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Code
Select Language
Matplotib -

Maximum line length (optional, default is none)

Prefix for download name (optional)

Generale Code Download Code

import malplotiib_pyplot as pit
import numpy as np

= [0.006,0.018,0.03,0.042,0.054,0.066,0.078,0.09,0.102,0.114,0.126,0.138,0.15,0.162,0.174,0.186,0.198,0.21,0.222,0.234,0.246,0.258,0.27,0.282,0.294,0.306,0.318,0.33,0.342,
.0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0.0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0.0,0.0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0.0

pitplot(x,y)

pltadabel{xl)

pltylabel Estimated Posterior Probability’)
pittitie('IMa Plot’)

pltgrid{True)

pltshow()
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Fic. 2. Screen shot of the Data Analysis module of IMGui displaying a histogram of estimated parameters. Also shown is the MATLAB and
matplotlib extension for generation of code for user-defined plotting.

(1) Job Manager—This page has two components: a com- computer (but will not verify their contents). If errors

mand line generator and a job status control panel.
The command line generator allows users to select a
run mode (“M” or “L”) and to input job arguments and
input files. The job manager will verify that all required
options are present and no incompatible options have
been selected. An option can be selected to verify that
all provided input file paths are present on the user’s

are present, they will be displayed and highlighted for
the user to fix (see fig. 1). If a job passes all checks, it is
started and logged in the app’s job list. The control
panel allows the user to view output from the job
and restart/delete active jobs. The user can also con-
trol when to end burn-in, and begin sampling, or to
end sampling using options on the control panel.
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Input File (Required)

~Downloads/pan.out

Output File Prefix (no directory)

ima_figure

Font (default is Arial)

2

Migration Arrows: * Arrows When 2NM is Statistically Significant

Adjust width of Population Boxes (values > 0, default=1)
Global plot scale (0 < value <= 1, default =1)

Arrow width (default = 1)

Font size, scales with -g (default = 14)

Relative Height of Oldest Time Point (0 <= value <= 1, default is 1/(number of populations)
Adjust Width of Plot {value > 0, > 1 for wider, < 1 for narrower)

Adjust Height of Splittimes (0 < value <= 1)

Arrows For All 2NM > 0

Inchude Ancestral Population #'s in Plot

Space Spiit Times Evenly (no confidence intervals)

Do Not Use Demographic Scale information

Print Square, Rather Than Landscape

Simple colors, blue for poputation boxes and red for migration

#IMultiple colors for population boxes, red ammows for migration

Subrmit
To download jpg. right click on image and select "Save Image As..”
The .eps flie for this figure s scated at Mome} fima_figure.eps
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Fic. 3. Screen shot of the IMfig generator module of IMGui, visualizing IM parameters estimated using the four-population IM model of Hey
(2010a), comprising the Western common chimpanzee (Pan troglodytes verus), Central common chimpanzee (P. troglodytes troglodytes), Eastern
common chimpanzee (P. troglodytes schweinfurthii), and bonobos (Pan paniscus). Species are coded by color, with the width of solid boxes
indicative of their highest posterior density estimate of mutation scaled population sizes. 95% confidence intervals are shown by dotted boxes and

solid arrows indicate significant migration events in evolutionary time.

)

All output generated during the run are saved in the
XML format for further analyses.

Output Analyzer—Parses XML output and displays it
in the app window. There are three XML output files:
main output, intervals, and histograms. The interval file
can be loaded to view run-time tables for use with
determining when to end user-controlled burn-in or
run modes. After a run ends, the main XML file can be
loaded to view final output tables (which summarize

the estimated parameter distributions). Tables can also
be exported to .png or .csv formats. In addition to
tables, the histogram file contains visualizations of mar-
ginal posterior density distributions for population de-
mographic  parameters (e.g, population sizes,
divergence times, migration rates). Histograms in
IMGui are generated with C3js (http://c3js.org/), an
extension of the visualization library D3,js (https://
d3js.org/). Additionally, output histograms can be
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exported as a .png file, or the tables can be exported to
a .csv file. In addition to in-app visualization, a code
snippet generator is available to create short scripts in
R, Python (requires matplotlib), and MATLAB for user
customized plotting options (fig. 2).

(3) IMfig generator—Provides a GUI for the IMfig plotting
script that produces a visualization of divergence times,
population sizes, and migration rates. IMfig is a Python
program that generates a graphic representing esti-
mates of demographic history from the IMa2/IMa2p
run. Population sizes are represented by boxes with
height corresponding to the time duration of the pop-
ulation (before/after a split) and width representing
population size. Confidence intervals for these popula-
tion sizes are represented by faint boxes. Migration is
represented by curved arrows between population
boxes. Various output options can be selected to tog-
gle output features and scale/color the image. The
IMfig generator parses user input to validate that all
options are in a legal range, then generates an EPS file
for use in publications and a JPG file for viewing in the
app—see figure 3.

IMGui has been developed to provide users access to either
run IMa2p in serial (i.e, on a single CPU machine), or in
parallel. Additionally, the IMGui app has been tested on nu-
merous commonly utilized operating system platforms, in-
cluding Windows, Linux (CentOS, SUSE, Red Hat, Ubuntu,
and Fedora), and OS-X. A demo job that includes an input

file (comprising five loci, and testing a four-population IM
model), and suggested parameters has been bundled with
all distributions of IMGui. A detailed description on how to
set up parameters, run, and visualize output from this job is
available on the IMGui GitHub page: https://github.com/jar
edgk/IMgui-electron-packages.
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