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1. Introduction

PhyloNet is a tool designed mainly for analyzing, reconstructing, and evaluating reticulate (or non-treelike) evolutionary relationships, generally known as
phylogenetic networks. Various methods that we have developed make use of techniques and tools from the domain of phylogenetic networks, and hence
the PhyloNet package includes several tools for phylogenetic network analysis. PhyloNet is released under the GNU General Public License. For the full
license, see the file GPL.txt included with this distribution.

PhyloNet is designed, implemented, and maintained by Rice's Biolnformatics Group, which is lead by Professor Luay Nakhleh (nakhleh@cs.rice.edu). For
more details related to this group please visit http://bioinfo.cs.rice.edu.

This tutorial is based on the book chapter: Practical Aspects of Phylogenetic Network Analysis Using PhyloNet. When you try the examples, we
suggest you refer to the corresponding section of the book chapter.

2. Installation

System Requirements

In order to run the PhyloNet toolkit, you must have Java 1.8.0 or later installed on your system. All references to the java command assume that Java 1.7
is being used.

® To check your Java version, type "java -version" on your command line.

® To download Java 1.8, please go to website http://www.java.com/en/download/.
® To link to the new downloaded Java 1.8, for mac, try these two commands from command line:

sudo rm/usr/bin/java
sudo In -s /Library/Internet\ Plug-Ins/JavaAppl etPl ugin. pl ugi n/ Contents/Home/bin/java /usr/bin

Downloading phylonet.jar

Acquire the current release of PhyloNet by downloading the most recent version of the PhyloNet JAR file. You will have a file named Phyl oNet _X. Y. Z.
j ar, where X is the major version number and Y and Z are the minor version numbers.

Installing the file

Place the jar file in the desired installation directory. The remainder of this document assumes that it is located in directory $PHYLONET_DI RECTORY.
Installation is now complete. In order to run PhyloNet, you must execute the file Phyl oNet _X. Y. Z. j ar, as described in the next section.


mailto:nakhleh@cs.rice.edu
http://bioinfo.cs.rice.edu/
https://www.biorxiv.org/content/biorxiv/early/2019/08/24/746362.full.pdf
http://www.java.com/en/download/
https://bioinfocs.rice.edu/sites/g/files/bxs266/f/kcfinder/files/PhyloNet_3.8.0.jar

3. Basic Usage

The PhyloNet tool is executed by typing the following command into your console:

java -jar $PHYLONET_DI RECTORY/ Phyl oNet _X. Y. Z.jar script.nex

Where $PHYLONET_DIRECTORY is the directory of jar file PhyloNet_X.Y.Z.jar, and scri pt . nex is the NEXUS file containing the commands to be
executed.

Scoring a candidate species phylogeny

® Parsimonious:

O Scoring a species tree (ILS): DeepCoalCount_tree

© Scoring a species tree/network (ILS+introgression): DeepCoalCount_network
® Probabilistic:

© Scoring a species tree/network (ILS+introgression): CalGTProb

Inferring a species phylogeny

® Maximum parsimony:
© Inferring a species tree (ILS): Infer_ST_MDC, Infer_ST_MDC_UR
O Inferring a species tree/network (ILS+introgression): InferNetwork_MP
® Maximum likelihood:
© Inferring a species tree/network (ILS+introgression): InferNetwork_ML
© inferring a species tree/network (ILS+introgression) with cross-validation: InferNetwork_ML_CV
® Maximum pseudo-likelihood:
o Inferring a species tree/network (ILS+introgression): InferNetwork_MPL
® Bayesian:
© Inferring a species tree/network (ILS+introgression): MCMC_GT
O Inferring a species tree/network (ILS+introgression) from multilocus data: MCMC_SEQ
o Inferring a species tree/network (ILS+introgression) from bi-allelic marker data: MCMC_BiMarkers
® Larger data sets:
© Inferring a species tree/network (ILS+introgression) by divide-and-conquer: NetMerger
O Inferring a species tree/network (ILS+introgression) while fixing the start tree topology: InferNetwork_MPL (-fs) and InferNetwork_MP (-fs)

Comparing and Summarizing
® Summarizing networks: SummarizeNetworks

For other tools in PhyloNet, please see here for a full list.

4. Illustrating the Various Inference Methods in PhyloNet

Here we provide all the input NEXUS files in section 4 of the book chapter. The figure below is the true network we would like to infer.
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4.1 Minimize deep coalescent Inference

This section corresponds to section 4.1 of the book chapter.
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4.1.1 MDC Inference using true gene tree topologies

Input NEXUS file Maximum number of reticulations

InferNetwork_MP_pl8_0_true.nex @ 0
InferNetwork_MP_plI8_1_true.nex ' 1
InferNetwork_MP_pl8_2_true.nex | 2
InferNetwork_MP_pl8_3_true.nex @ 3

InferNetwork_MP_pl8_4_true.nex | 4

Corresponding results: Fig 4 in the book chapter.
4.1.2 MDC Inference using gene tree topologies estimated by IQTREE

Input NEXUS file Maximum number of reticulations

InferNetwork_MP_pl8_0_false.nex | 0
InferNetwork_MP_pl8_1_false.nex | 1
InferNetwork_MP_pl8_2_false.nex | 2
InferNetwork_MP_pl8_3_false.nex | 3

InferNetwork_MP_pl8_4_false.nex | 4

Corresponding results: Fig 5 in the book chapter.

4.2 Maximum Likelihood Inference

This section corresponds to section 4.2 of the book chapter.

4.2.1 ML Inference using true gene tree topologies

Input NEXUS file Maximum number of reticulations
InferNetwork_ML_pl8 0_true.nex | O
InferNetwork_ML_plI8_1_true.nex | 1
InferNetwork_ML_plI8_2_true.nex | 2
InferNetwork_ML_pl8_3_true.nex | 3

InferNetwork_ML_pl8_4_true.nex | 4

Corresponding results: Fig 6 in the book chapter.

4.2.2 ML Inference using gene tree topologies estimated by IQTREE

Input NEXUS file Maximum number of reticulations
InferNetwork_ML_pl8 0_false.nex | 0
InferNetwork_ML_plI8_ 1 false.nex | 1
InferNetwork_ML_pl8_2_false.nex | 2
InferNetwork_ML_pl8_3_false.nex | 3

InferNetwork_ML_plI8_4_false.nex | 4

Corresponding results: Fig 6 in the book chapter.

4.2.3 ML Inference using true gene tree topologies and branch lengths


https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_pl8_0_true.nex?version=1&modificationDate=1577477377109&api=v2
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https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_pl8_3_true.nex?version=2&modificationDate=1577477638185&api=v2
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https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_pl8_2_false.nex?version=1&modificationDate=1577478023967&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_pl8_3_false.nex?version=1&modificationDate=1577478033890&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_pl8_4_false.nex?version=1&modificationDate=1577478046128&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_0_true.nex?version=2&modificationDate=1577478126553&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_1_true.nex?version=1&modificationDate=1577478148148&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_2_true.nex?version=1&modificationDate=1577478160525&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_3_true.nex?version=1&modificationDate=1577478170473&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_4_true.nex?version=1&modificationDate=1577478180109&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_0_false.nex?version=1&modificationDate=1577478235163&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_1_false.nex?version=1&modificationDate=1577478267688&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_2_false.nex?version=1&modificationDate=1577478297575&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_3_false.nex?version=1&modificationDate=1577478304823&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_pl8_4_false.nex?version=1&modificationDate=1577478313275&api=v2

Input NEXUS file

InferNetwork_ML_bl_pl8_0_true.nex
InferNetwork_ML_bl_plI8_1_true.nex
InferNetwork_ML_bl_plI8_2_true.nex
InferNetwork_ML_bl_plI8_3_true.nex

InferNetwork_ML_bl_plI8_4_true.nex

Maximum number of reticulations

3

4

Corresponding results: Fig 7 in the book chapter.

4.2.4 ML Inference using gene tree topologies and branch lengths estimated by IQTREE

Input NEXUS file
InferNetwork_ML_bl_plI8_0_false.nex
InferNetwork_ML_bl_pl8_1_false.nex

InferNetwork_ML_bl_pl8_2_false.nex
InferNetwork_ML_bl_plI8_3_false.nex

InferNetwork_ML_bl_plI8_4_false.nex

Maximum number of reticulations

Corresponding results: Fig 9 in the book chapter.

4.3 Maximum Pseudo-likelihood Inference

This section corresponds to section 4.3 of the book chapter.

4.3.1 MPL Inference using true gene tree topologies

Input NEXUS file

InferNetwork_MPL_plI8_0_true.nex | 0
InferNetwork_MPL_plI8_1_true.nex | 1
InferNetwork_MPL_plI8_2_true.nex | 2
InferNetwork_MPL_plI8_3_true.nex | 3

InferNetwork_MPL_plI8_4 true.nex | 4

Maximum number of reticulations

Corresponding results: Fig 10 in the book chapter.

4.3.2 MPL Inference using gene tree topologies estimated by IQTREE

Input NEXUS file
InferNetwork_MPL_pl8_0_false.nex
InferNetwork_MPL_pl8_1 false.nex
InferNetwork_MPL_plI8_2_false.nex
InferNetwork_MPL_pl8_3_false.nex

InferNetwork_MPL_pl8_4 false.nex

Maximum number of reticulations
0
1
2
3

4

Corresponding results: Fig 11 in the book chapter.

4.3.3 MPL Inference using bi-allelic marker data

Input NEXUS file Maximum number of reticulations


https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_0_true.nex?version=1&modificationDate=1577478325563&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_1_true.nex?version=1&modificationDate=1577478335534&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_2_true.nex?version=1&modificationDate=1577478344216&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_3_true.nex?version=1&modificationDate=1577478352934&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_4_true.nex?version=1&modificationDate=1577478359876&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_0_false.nex?version=1&modificationDate=1577478373495&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_1_false.nex?version=1&modificationDate=1577478246688&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_2_false.nex?version=1&modificationDate=1577478386300&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_3_false.nex?version=1&modificationDate=1577478279948&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_4_false.nex?version=1&modificationDate=1577478394115&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_0_true.nex?version=1&modificationDate=1577480577443&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_1_true.nex?version=1&modificationDate=1577480591465&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_2_true.nex?version=1&modificationDate=1577480600850&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_3_true.nex?version=1&modificationDate=1577480610050&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_4_true.nex?version=1&modificationDate=1577480620653&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_0_false.nex?version=1&modificationDate=1577477964201&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_1_false.nex?version=1&modificationDate=1577480754333&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_2_false.nex?version=1&modificationDate=1577480780460&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_3_false.nex?version=1&modificationDate=1577480765323&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_4_false.nex?version=1&modificationDate=1577480789554&api=v2

mle_bi_Opseudo.nexus | 0
mle_bi_lpseudo.nexus | 1
mle_bi_2pseudo.nexus | 2
mle_bi_3pseudo.nexus | 3

mle_bi_4pseudo.nexus | 4

Corresponding results: Fig 12 in the book chapter.

4.4 Bayesian Inference

This section corresponds to section 4.4 of the book chapter.

4.4.1 MCMC_SEQ: Bayesian inference on the sequence alignment data

To use MCMC_SEQ, you need to download an additional package beagle to calculate Felsenstein Likelihood. Please follow "Installing from source”.
Add this package to your java library, and load this library before you run PhyloNet.

One input example: mcmc_seq.nex

All input NEXUS files: download

Corresponding results: Fig 13 in the book chapter.

4.4.2 MCMC_GT: Bayesian inference on gene tree topologies
4.4.2.1 MCMC_GT sampling using true gene tree topologies

Input NEXUS file Maximum number of reticulations
MCMC_GT_pl8_0_true.nex @ 0
MCMC_GT _pl8_1_true.nex @ 1
MCMC_GT_pl8_2_true.nex 2
MCMC_GT _pl8_3_true.nex @ 3

MCMC_GT_pl8_4_true.nex 4
This inference ran out of 192 CPU hours.

4.4.2.2 MCMC_GT sampling using gene tree topologies estimated by IQTREE

Input NEXUS file Maximum number of reticulations
MCMC_GT_pl8_0_false.nex | 0
MCMC_GT _pl8 1 false.nex @ 1
MCMC_GT_pl8_2_false.nex | 2
MCMC_GT_pl8_3_false.nex @ 3

MCMC_GT _pl8 4 false.nex | 4

This inference ran out of 192 CPU hours.

4.4.3 MCMC_BiMarkers: Bayesian inference on the bi-allelic markers

This method uses an additional package jeigen. You need to follow the instructions to install it,
and add this package to your java library.

Input NEXUS file: memc_bimarker.nexus

This inference ran out of 192 CPU hours.


https://wiki.rice.edu/confluence/download/attachments/39500205/mle_bi_0pseudo.nexus?version=1&modificationDate=1577496280172&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/mle_bi_1pseudo.nexus?version=1&modificationDate=1577496288215&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/mle_bi_2pseudo.nexus?version=1&modificationDate=1577496297828&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/mle_bi_3pseudo.nexus?version=1&modificationDate=1577496307329&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/mle_bi_4pseudo.nexus?version=1&modificationDate=1577496315399&api=v2
https://github.com/beagle-dev/beagle-lib/wiki
https://wiki.rice.edu/confluence/download/attachments/39500205/mcmc_seq.nex?version=1&modificationDate=1577641293705&api=v2
https://drive.google.com/file/d/1KQLoA-7h7aDtqCkpMWyYgLgHiT4mK8wG/view?usp=sharing
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_0_true.nex?version=1&modificationDate=1577480886499&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_1_true.nex?version=1&modificationDate=1577482058759&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_2_true.nex?version=1&modificationDate=1577483207854&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_3_true.nex?version=1&modificationDate=1577483218698&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_4_true.nex?version=1&modificationDate=1577483226887&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_0_false.nex?version=1&modificationDate=1577483292633&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_1_false.nex?version=1&modificationDate=1577483305975&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_2_false.nex?version=1&modificationDate=1577483322758&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_3_false.nex?version=1&modificationDate=1577483334412&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/MCMC_GT_pl8_4_false.nex?version=1&modificationDate=1577483340965&api=v2
https://github.com/hughperkins/jeigen#how-to-build-linux
https://wiki.rice.edu/confluence/download/attachments/39500205/mcmc_bimarker.nexus?version=1&modificationDate=1577496253513&api=v2

4.5 Analyzing Larger Data Sets

This section corresponds to section 5 in the book chapter.

4.5.1 Tree-based Augmentation

The -fs command in MP and MPL is to fix the start tree topology.

The following two examples are to infer a network using gene trees estimated by IQTREE and fixing the start species tree inferred by ASTRAL.
Input NEXUS file for MP: InferNetwork_MP_pl8_3_false_fs.nex

Input NEXUS file for MPL: InferNetwork_MPL_pl8_3_false_fs.nex

4.5.2 Divide-and-conquer

The data set contains the MCMC_SEQ outputs of 680 trinets. You need to download the data and change the path ".../DivideAndConquer/" in netmerger.
nex.

Data: https://drive.google.com/file/d/1mJfgDObQOO0BFZTIaQkIHLqvJIX5QPIVg/view?usp=sharing

Input NEXUS file: netmerger.nex

4.6 Analyzing Polyploids

This section corresponds to section 7 in the book chapter.
4.6.1 MDC Inference with unknown hybrid species

Input NEXUS file Maximum number of reticulations
InferNetwork_MP_0.nex | 0
InferNetwork_MP_1.nex | 1
InferNetwork_MP_2.nex | 2

InferNetwork_MP_3.nex | 3

Corresponding results: Fig 17 in the book chapter.

4.6.2 MDC Inference with known hybrid species

Input NEXUS file Maximum number of reticulations Specified hybrid species
InferNetwork_MP_1.nex 1 LPS168
InferNetwork_MP_2.nex 2 LPS168
InferNetwork_MP_2_2.nex | 2 LPS168, LPS189
InferNetwork_MP_3.nex 3 LPS168
InferNetwork_MP_3_2.nex | 3 LPS168, LPS189

Corresponding results: Fig 18 in the book chapter.

5. Visualizing a Phylogenetic Network

Phylogenetic network in Rich Newick string can be visualized in Dendroscope or icytree. The former needs downloading, and the latter is online. However,
Dendroscope cannot recognize inheritance probabilities (branch lengths are fine), and icytree sometimes can and sometimes cannot. You need to remove
those probabilities manually from the Rich Newick string, or use option "-di" so that PhyloNet returns the network that Dendroscope takes directly. For
example, the following network is what PhyloNet returns when the input NEXUS file InferNetwork_ML_plI8_1_true.nex is used:

((F:12.842, ((L:5.576504712905155, ( (O 1. 2260000000000002, P: 1. 2260000000000002) | 6: 0. 8559999999999997, K: 2. 082) | 2:
3.4945047129051554) 1 0: 0. 08027116443257487) | 8#HL: 7. 18522412266227: : 0. 4334172270375128) 1 1: 19. 128, (| 8#HL1:
1.81722412266227: : 0. 5665827729624873, C: 7. 474) | 4: 24. 496000000000002) | 7;

After removing "::" and the number after it, we have the network below, which can be visualized in both tools.


https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_pl8_3_false_fs.nex?version=1&modificationDate=1577561376090&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MPL_pl8_3_false_fs.nex?version=1&modificationDate=1577561442177&api=v2
https://drive.google.com/file/d/1mJfqD0bQOOoBFZTlaQklHLqvJX5QPlVg/view?usp=sharing
https://wiki.rice.edu/confluence/download/attachments/39500205/netmerger.nex?version=1&modificationDate=1577564096876&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_0.nex?version=1&modificationDate=1577565619544&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_1.nex?version=2&modificationDate=1577565689649&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_2.nex?version=2&modificationDate=1577565727720&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_3.nex?version=2&modificationDate=1577565734972&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_1.nex?version=2&modificationDate=1577565689649&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_2.nex?version=2&modificationDate=1577565727720&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_2_2.nex?version=1&modificationDate=1577565707548&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_3.nex?version=2&modificationDate=1577565734972&api=v2
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_MP_3_2.nex?version=1&modificationDate=1577565742964&api=v2
http://ab.inf.uni-tuebingen.de/software/dendroscope/
https://icytree.org/
https://wiki.rice.edu/confluence/download/attachments/39500205/InferNetwork_ML_bl_pl8_1_true.nex?version=1&modificationDate=1577478335534&api=v2

((F:12.842, ((L:5.576504712905155, ((O 1. 2260000000000002, P: 1. 2260000000000002) | 6: 0. 8559999999999997, K: 2. 082) | 2:
3.4945047129051554) 1 0: 0. 08027116443257487) | 8#HL1: 7. 18522412266227) | 1: 19. 128, (| 8#HL: 1. 81722412266227, C. 7. 474) | 4:
24.496000000000002) | 7;
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