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Abstract

Summary: RANGER-DTL 2.0 is a software program for inferring gene family evolution using

Duplication-Transfer-Loss reconciliation. This new software is highly scalable and easy to use, and

offers many new features not currently available in any other reconciliation program. RANGER-

DTL 2.0 has a particular focus on reconciliation accuracy and can account for many sources of rec-

onciliation uncertainty including uncertain gene tree rooting, gene tree topological uncertainty,

multiple optimal reconciliations and alternative event cost assignments. RANGER-DTL 2.0 is open-

source and written in Cþþ and Python.

Availability and implementation: Pre-compiled executables, source code (open-source under GNU

GPL) and a detailed manual are freely available from http://compbio.engr.uconn.edu/software/

RANGER-DTL/.

Contact: mukul.bansal@uconn.edu

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Duplication-Transfer-Loss (DTL) reconciliation is widely recognized

as one of the most powerful computational techniques for under-

standing the evolution of microbial gene families (Kamneva and

Ward, 2014). DTL reconciliation works by comparing a given gene

tree (for the gene family of interest) against the corresponding spe-

cies tree and postulating gene duplication, horizontal gene transfer

and gene loss events to explain the evolution of that gene tree inside

the species tree. The result of DTL reconciliation is a mapping of the

nodes of the gene tree to nodes (or edges) of the species tree, show-

ing the embedding of the gene tree inside the species tree, as well as

a labeling of each internal node of the gene tree as either a speci-

ation, duplication, or transfer event. Such detailed knowledge of

gene family evolution has many important biological applications,

and the DTL reconciliation problem has therefore been extensively

studied, e.g. (Bansal et al., 2012, 2013; David and Alm, 2011;

Doyon et al., 2010; Jacox et al., 2016; Kordi and Bansal, 2016;

Sjostrand et al., 2014; Stolzer et al., 2012; Szollosi et al., 2012;

Tofigh et al., 2011).

While probabilistic models of DTL evolution also exist

(Sjostrand et al., 2014; Szollosi et al., 2012), we focus here on

parsimony-based models of DTL reconciliation which are much

more scalable and require fewer parameters. Parsimony-based DTL

reconciliation is also known to be highly accurate in practice; see

Section S3 in the Supplementary Material for a detailed discussion

on accuracy.

A preliminary version of RANGER-DTL (short for Rapid

ANalysis of Gene family Evolution using Reconciliation-DTL) was

released in 2012 with a paper on the algorithmics of DTL reconcili-

ation (Bansal et al., 2012), providing only rudimentary functional-

ity. Despite its limited functionality, the preliminary version of

RANGER-DTL has been frequently used for biological data analysis
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(Dupont and Cox, 2017; Heitlinger et al., 2014; Heshiki et al.,

2017; Jeong et al., 2016; Koczyk et al., 2015; Ricci et al., 2015).

Here, we release the first full version of RANGER-DTL with greatly

extended and improved functionality, and featuring the new algo-

rithms and techniques developed in Bansal et al. (2013); Kordi and

Bansal (2016); Kundu and Bansal (2018).

2 Features

RANGER-DTL 2.0 is designed to enable fast and rigorous analysis of

gene families and provides several advanced features not available in

any other reconciliation software. The software takes as input a gene

tree (rooted or unrooted) and a rooted species tree and reconciles the

two by postulating speciation, duplication, transfer and loss events.

Advanced capabilities of RANGER-DTL 2.0 include (i) principled

handling of unrooted gene trees by considering all possible optimal

rootings, (ii) uniformly random sampling of the space of all optimal

reconciliations, making it possible to compute multiple optimal recon-

ciliations and account for the variability in optimal reconciliation

scenarios, (iii) use of distance-dependent transfer costs to better model

transfer dynamics, (iv) handling gene tree uncertainty by collapsing

weakly supported gene tree edges and computing and considering all

optimal resolutions of the gene tree and (v) computing support values

for individual DTL event inferences and species mapping assignments

while accounting for multiple optimal reconciliations, uncertainty in

gene tree rooting, alternative event cost assignments and even gene

tree topological uncertainty. Furthermore, RANGER-DTL 2.0 can ef-

ficiently analyze trees with thousands of taxa.

While it can handle both undated and fully-dated species trees,

the focus of RANGER-DTL 2.0 is on undated species trees, for

which it offers the most options and functionality. The reason for

focusing on undated species trees is explained in Section S1 in the

Supplementary Material.

Several features of RANGER-DTL 2.0, including consideration

of all optimal gene tree roots, all possible optimal resolutions of un-

resolved gene trees and distance-dependent transfer costs, are not

available in any comparable software package. A detailed compari-

son of RANGER-DTL 2.0 with existing DTL reconciliation soft-

ware appears in Section S2 of the Supplementary Material.

3 Availability and requirements

The software package consists of 10 related programs designed to

work together to support various reconciliation analyses. These ten

programs are organized into (i) three core programs, which define

the core functionality of RANGER-DTL 2.0, designed to be applied

sequentially, (ii) five Supplementary programs that provide addition-

al functionality and (iii) two summary scripts. Further details on the

implementation of RANGER-DTL 2.0 are given in Section S4 of the

Supplementary Material.

RANGER-DTL 2.0 is available open-source under GNU

General Public Licence v3. Pre-compiled executables for Linux,

Mac, and Windows, source code and a detailed manual are freely

available online. The eight core and Supplementary programs

are written in Cþþ and can be compiled on any operating system

with a Cþþ compiler supporting the ANSI Cþþ standard. These

Cþþ programs use standard Cþþ libraries along with the freely

available and widely used Boost Cþþ libraries (http://www.boost.

org/). The two summary scripts are written in Python and can be run

on any operating system with the Python interpreter. RANGER-DTL

is designed to be efficient in both time complexity and memory

requirements, and all programs, except for the two that consider unre-

solved gene trees, are scalable to hundreds or thousands of genes and

taxa on commodity hardware. For instance, computing an optimal

reconciliation using the core Ranger-DTL program for species trees

and gene trees with 200 leaves and 1000 leaves each requires approxi-

mately 5 s and 9 min, respectively, on a desktop computer with a

3.1 GHz Intel i5 processor and both instances require less than 1 GB

of RAM. In fact, with the supplementary program Ranger-DTL-Fast,

reconciling the 1000-leaf trees takes less than a second.

4 Conclusion

Accurate and efficient DTL reconciliation of gene trees and species

trees is crucial to understanding microbial gene and species evolution

and to inferring horizontal gene transfer and other evolutionary

events. RANGER-DTL 2.0 makes it possible to perform fast and

rigorous analysis of gene family evolution through DTL reconciliation

and offers many important features, such as consideration of all opti-

mal gene tree roots, all possible optimal resolutions of unresolved

gene trees, and distance-dependent transfer costs, that are not avail-

able in any comparable reconciliation software. RANGER-DTL is

also designed to be easy to use, with easily interpretable results.

There are several additional features that we intend to add to

RANGER-DTL to further improve its functionality and accuracy.

These include fast heuristics for handling gene tree uncertainty and

estimating its impact on the reconciliation, and consideration of

transfers from unsampled or extinct lineages, e.g. (Jacox et al.,

2016). These and other new features will be extensively tested to as-

sess their impact on DTL reconciliation accuracy, and those that re-

sult in an improvement will be added to RANGER-DTL.
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