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Abstract

NETGEN is an event-driven simulator that creates phylogenetioties
which include hybrids. The birth-death model typically dayed by bi-
ologists is extended with a hybridization event (both digland polyploid
hybrids are possible). DNA sequences are evolved in cotipmwith the ty-
pology, enabling hybridization decisions to be based ugonrhing distance
if desired. NETGEN supports variable rate lineages, root sequence specifica-
tion, outgroup generation and many other options. This dmoi provides
an overview of the software, installation and executionrirctions, as well
as a comprehensive list of input parameters.
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1 Introduction

This document is intended to accompany therSeN software which is currently
available for download at http://www.cs.unm.edutorin/ and is released under
GNU General Public License (GNU GPL).

The software is a simulation tool for generating phylogeneétworks. The
traditional birth-death mod&used often in biology to create phylogenetic topolo-
gies is extended to have hybrids (either diploid, polyploidboth) and/or variable
rate lineages. Hybrid decisions can be made according teesegs associated
with the lineages, which are developed in conjunction whid topology itself, or
randomly.

This software is command line driven, written in C, and deped in a Debian
Linux environment. Its operation on/in other platformsiesnments has not been
tried. Theoretically, interested parties should be ables® this software on any
Linux/Unix platform which has a standard C/C++ compiler.

An application note describing a previous release @T®EN has appeared
in Bioinformatics please cite the referentand/or the download web page when
using this software.

Caveat: The Network Generator software ENGEN, comprised of the exe-
cutables named NG and NSGW) is currently available as sotirom
http://www.cs.unm.edw/morin/. The software is constantly under development
as part of a research effort and is offered only “As-Is.” Enisrno guarantee, writ-
ten or implied, of the software being bug-free or reliabld ap liability related to
this software will be accepted.

1see http:/iwww.gnu.org/licenses for license details

2see Rensahw, E., 1991, Modelling Biological PopulationSpace and Time, Cambridge Uni-
versity Press.

3Morin and Moret, “NetGen: generating phylogenetic netvsonkth diploid hybrids”, Bioinfor-
matics, Vol 22 Number 15, p1921-1923 August 2006.



2 Overview

NETGEN is developed with the intent of furthering phylogenetiowmak research.
Our immediate goal is to develop a tool which can produce ltapes and se-
guences for scenarios which include diploid and/or polgphybridization events
occurring at an inter-species level.

We use a birth-death-hybrid model, where the birth-deattigois the tradi-
tional approach from biology which utilizes a Poisson modléé add “hybrid” as
a third type of event (the type of hybridizations is then deieed by “sub-rates”).
The model is event driven and is continuous in nature whigpjsopriate for our
inter-species perspective. As sequence knowledge isedekir making hybrid
decisions, we employ&-GEN* to simulate sequences for the lineages.

We also permit the birth, death, and hybrid rates to differefach lineagg in
order to permit the creation of a “variable rate model.” Agparate parameter, the
user can specify non-ultrametric networks where brancbtlenare modified by
applying a gamma distribution random variable. While canstate, ultrametric
models are the standard in the field, we wanted to providenaltiges to both
parameters as these assumptions are unrealistic undaincareénarios.

Due to these modeling choices, each lineage has its own sated (either
applied identically in the constant version or based upoausgjan in the variable
rate version) and there exist two notions of branch lengthe first is linked to
“clock-time” which corresponds to the time which is followéy the simulation.
The second is “evolutionary-time” which corresponds todh@unt of evolution-
ary change which has occurred between events. Sequencei@vas more real-
istic with anevolutionaryperspective of length, while a hybrid event requires the
two species to be contemporary which is dictated by clock fim

4Rambaut A. and Grassly N.CSeg-Gen: an application for the Monte Carlo simulation of
DNA sequence evolution along phylogenetic tree€omput Appl Biosci 12, 235-238, 1997. See

also http://evolve.zoo.ox.ac.uk for further information
Sthe “sub-rates” to determine the type of hybridization renwnstant
6In the ultrametric scenario, evolutionary branch lengthakulated by scaling the clock-time

length using a constant value derived from “expected eimiaty height” (an input value). In the



NETGEN maintains a queue of events which are processed accordihgito
scheduled clock time. Currently the event types of: birfie¢sation), death (ex-
tinction), and hybridization are implementédHowever, one can imagine adding
other event types such as “lateral gene transfer” and/dradjlevents which would
modify wide-spread behavior (e.g. a mass extinction irgingathe overall death
rate). Event occurrences follow a Poisson model by haviteganrival times drawn
from an exponential distributio®.

Hamming distance is calculated as part of the hybridizatiecision process.
In early versions of BTGEN, the hamming distance between two lineages was cal-
culated as summing the difference found for each pairingngils strands of DNA
across the lineages. For example, with two lineages (A aneé&h having three
strands, the hamming distance (hd) was calculated as btighd1, Bstrandl) +
hd(A_strand2, Bstrand2) + hd(Astrand3, Bstrand3), where hd is calculated in the
normal manner of counting 1 for every base pair index thas cat agree between
the two strands/strings (e.g. hd(AGT, AGG) = 1).

However, with the addition of polyploid hybridizationswitis necessary to re-
define hamming distance as it is possible that two lineagews lexamined may
not agree in their number of homologous chromosomes (asull cégprior poly-
ploidizations). Hence, hamming distance is now defined as/arage value. The
average is calculated by summing all pairwise comparisbfeqoivalent” strands.
Equivalent strands are defined by having the same strand @ndlbgous chro-
mosome number. The number of strands per homologous chooneois fixed for
the simulation so strand numbers are identical to the stiraahek in the code (as
strand index is reset for each new chromosome). The homasogbromosome

non-ultrametric scenario, evolutionary branch lengthdditonally multiplied by a random value

drawn from a gamma distribution to create evolutionaryatise deviation.
"The type of hybridization (either diploid or polyploid) igrmined when the event occurs
8A Poisson model provides a probability distribution baspdrua rate (lambda). We know from

statistics that events occurring based upon a Poisson rhaselinterarrival times which follow an
exponential distribution with the parameter lambda. Fothier details, see pages 159 and 163 of
Hahn and Shapiro “Statistical Models in Engineering” and®oss “A First Course in Probability”
page 165.



number however refers to the biological notion of a homol@ychromosome
where a lineage may have more than one of the same homologousasome
(again as a result of polyploidization). For example, tweéiges (one with 2 ho-
mologous chromosomes and one with 1 homologous chromosazaeh-with 1
strand) one would proceed as follows. Verifying that botieéiges have the same
number of “unique” homologous chromosomes (one in this)ciésecode calcu-
lates average hamming distance as (hd{fsomolstrandl, Bchromolstrandl)

+ hd(A_.chromo2strandl, Bchromolstrandl))/2. In the case of multiple strands
per homologous chromosome, an average for each strandrid fand then the
average strand values are averaged for the homologous cboome and all aver-
age distances for chromosomes are then averaged for anl @verage hamming
distance between the two lineages. Note that under thisitigfinthe maximum
average hamming distance is the length of a single sequeraced (a value which
is constant throughout the simulation).

An option for establishing an outgroup is provided iBENGEN. Sequences for
an outgroup are assigned at the end of the simulation witleeapoutine which
attempts to have the sequensesilar, but nottoo similarto the other extant leaves
of the network. Input parameters establish the range ofaiityi and also the level
of effort that is given to generating these outgroup secgggnc

Provided there are lineages active in the simulation, thrulsition continues
until a specified number of extant (current-day) taxa istedc The clock time
of when this is achieved is considered the “initial end tirmedl event processing
stops. At this point, the simulation looks ahead to what wdwdve been the next
event and its associated time. An “official end time” thendaadomly chosen
between the “initial” and “next event” times. It is this “affal end time” that the
extant leaves (and outgroup if requested) will be assighbid avoids the artificial
result of having final branches with length zero and emulatekogical reality
in that current day taxon sampling occurs at a random poitwdsn two event
times. If the simulation ends prematurely (due to no aciwedges remaining),



the outgroup is not made and the desired number of extanidanai reached.

3 Installation Guidelines

NETGEN is available as a compressed tar file. The directory streétuwvery spe-
cific and needs to maintained in order for the code to fungimperly. The fol-
lowing sections discuss the details of code location anemniggncies.

3.1 Directory Structure

The tar file available for download has the required dirgcsiructure. The fol-
lowing depicts the basic hierarchy:

NETGEN

release_notes execs 10 sources
* NSGW ng nsgw S¢
* seg-gen

Figure 1: Required directory structure foENGEN and related codeNG, NSGW
andseg— genare names of distinct executables needed for this simuol&bial.

3.2 Code Dependencies

NETGEN as a simulation tool is comprised of multiple executableachaf which
has an independent use. However, for the purposes of thisrdaod, we assume
the goal is to create phylogenetic networks with sequeniceshich case the exe-
cutables are used in a combined fashi®n.

9A premature end to the simulation is reported in the outppoe
10we will therefore not address how to use the executablesaimpaat this time.



NETGEN is a simulator which creates a birth-death-hybrid topolagile the
topology is evolving, sequences are needed for the lineagpscifically, before
a hybrid event takes place, all active lineages must have sbguences updated.
In order to achieve this, NG makes a call to NSGW (Network 8aqa Genera-
tor Wrapper) which handles the administrative work of cglland processing the
results from $Q-GEN (our chosen external sequence generatdr).

Hence, the three executabld& NSGW andseq- gen are needed for a single
run. The executables are kept in theecsdirectory (see Figure 1) and must be
run from this same directory. There are intermediate filekvhre produced as
the programs “talk” to each other and the intermediate fitespdaced here, each
identified with the original process id (pid). Once a run isnpbete, these files
can be deletetf The files are named uniquely for each run in order to facditat
concurrent runs of NTGEN. It is recommended that the input and output files as
specified as part of the command line are kept indhdirectory, though this is not
enforced or required as these locations are specified bystreatirun time.

Our source code fdlGandNSGAcan be found in theourcedirectory. When
these two sources are compiled using their respective Megethe executables
are automatically put into thexecsdirectory. The running of NTGEN with se-
quences requires a copy oE&GEN.'3 As currently implemented, the executable
for SEQ-GEN must be placed in thexecdirectory and be nameskqg- gen. Cur-
rently SEQ-GEN VERSION 1.3.2 is being used. It is recommended that the copy
of SEQ-GEN be kept in thesources/sgbubdirectory, but again this is not required
or enforced. The file seut.seq-genpid which can be found in thexecdirectory
will contain output from the most recent call t&& GEN and will contain the

currently, S0-GEN from the University of Oxford is used to generate sequeridesever it is
possible to use a different sequence generator by modifi@dNSGW source code. (The NSGW
code is designed as a customized piece of software actingiateaface between NG and a sequence

generator.)
12The files are named ssut* for easy identification.
13The current version is available from th&a& GEN creators (see http://evolve.zoo.ox.ac.uk).

A copy of SEQ-GEN version 1.3.2 (which we used for development) is posted anwab-site
(http://www.phylo.unm.edw/morin/) for convenience.



version number of 6Q-GEN utilized. This file can also be deleted after the run is
complete.

The random numbers used in all three executables are gedénatode known
asMersenne Twister. This random number generator is known for its high peri-
odicity and was thus chosen for NG and NSG#?®

4 Execution Guidelines

4.1 Execution Summary

The standard command line format for running™GEN from the execs directory
is:

e ./ NG -i inputfile - o outputfile [ - r unsignedlong] [ > run_capturg

For example:

e . /NG-i ../iol/lsinple.in -0 ../io/sinple.out -r 84319
> ../liolsinple.run_capture

The first four items after the executable are required; tiee nmist specify the
input and output files in this format. The next parameter &drgument (-r and
an unsigned long value) are optional allowing the user toigpa random number
seed for repeatability purpos¥sit is also recommended that STDOUT (standard
out) is redirected as in the above format and example. Alludgimg and error
messages are directed to STDOUT and it is best to capture ithaesseparate file.

14The creators provided .c and .h files for inclusion in coderante information can be found at

http://www.math.sci.hiroshima-u.ac.jpm-mat/MT/emt.html.
15M. Matsumoto and T. Nishimurdviersenne Twister: A 623-dimensionally equidistributed

uniform pseudorandom number generator, ACM Trans. on Modeling and Computer Simulation

\ol. 8, No.1, January pp.3-30 (1998).
18while this is recommended it is not required and in the abseiia specified seed, the code will

generate one based upon the processor clock.

10



4.2 Input File

The input file, which is specified on the command line, is a &ntext file con-
taining the parameters for a single simulation run. If a desires multiple runs, a
shell or perl script is recommended. (Most likely the usdrwant to establish and
use a separate random number seed for each run. The pipiadisobetween the
various executables are kept separate by attaching thegzatto the intermediate
files.) The following is a very simple input file and is inclublie the downloadable
tar file assimple.in

num extant _taxa 6

out group

sp_rate 1.0

ex_rate 0.2

hyb rate 0.5

si mul t aneous_sequences

i nit_sequence_length 10

nodi fi ed_new ck_report

splitstree_report

node |isting_report

4.3 Input Parameters

This section lists and describes parameters for the siranlathich can be speci-
fied in an input file. Unless otherwise noted, each paramatet ény accompany-
ing arguments) needs to be on a line by itself. Blank lineskigped and any line
starting with a# is considered a comment line and is ignored.

4.3.1 GENERAL PARAMETERS

e num_extant taxa x

wherex is an integer which specifies the number of extant taxa; omise t
number of active lineages is reached by the simulation, ithalation will

11



halt; this value does not include an outgroup taxon if désire

outgroup

including this parameter will have the code generate anrouftaxon (see
Outgroup Related section below for further details abouwt Hwe outgroup
is created)

sp_rate x.x

wherex is a real number which gives the instantaneous birth (spec)aate

exrate x.x

wherex is a real number which gives the instantaneous death (¢xti)c
rate

hyb_rate x.x

wherex is a real number which gives the instantaneous hybridizatite;

dip _rate x.x

wherexis a real number which gives the percentage of hybrids whitHhoey
diploid in nature; the default if not specified is 1.0; thisueawhen summed
with the polyploid rate must equal 1.0

poly_rate x.x

wherex is a real number which gives the percentage of hybrids whidh w
be polyploid in nature; the default if not specified is 0.0sthialue when
summed with the diploid rate must equal 1.0

variable_rate

variable rate networks will be produced by applying varyapgciation, ex-
tinction, and hybridization rates to every lineage; if thewameter is speci-
fied, each event rate (3pte, exrate, hybrate) will be taken as the mean of
a normal distribution and variances for each can be spea8ddllows:

12



— sprate_var x
— exrate_vary

— hyb_rate_var z

wherex, y, zare the variance values from the user; if variable rate is re-
guested, but the individual variances are not provided byuser, each vari-
ance will have a default value of 1.0; (rate variations carbe specified
unless the variableate option is specified explicitly)

desired.height x

wherex is a real number between 0 and 1; this value is used to cadculat
a scalar which is applied to every evolutionary branch lerigtthe hope
that the final height will be realistic with respect to evadatry terms; this

is provided as an option because it is believed biologisitsgus simulation
such as MTGEN have a rough estimate as to how much evolutionary change
is expected between the root and the extant taxa; the hefighe metwork

is not guaranteed to be the desired height as onlgxgectedheight can

be calculated in advance of the simulation; note that thrarpater does
not affect the ultrametricity of a network as it is a constantlacthat is
employed if chosen; if this parameter is not chosen, a defaight scalar

of 1 is used which has no effect on the evolutionary brancbtlen

non_ultrametric xy

if this parameter i1ot specified, the default is that the network generated
will be ultrametric (all extant taxa will be equi-distanbin the root with
respect to evolutionary branch lengths); if specified, a-nitrametric net-
work will be produced by multiplying each evolutionary bcanlength by

a gamma random variable;is the shape value for gamma amdistbe an
integer, whiley is the scale variable for gamma

13



4.3.2 SEQUENCE RELATED

NOTE: If neither of the following two parameters is expligistated in the input
file, the default is simultaneousequences.

e simultaneoussequences

if this is specified, NSGW will be called by NG to generate sames dur-
ing the topology creation

e no_simultaneoussequences

this option is intended to be used for quick execution affSEN when only
trees (no hybridization events) are desired; sequencésatibe generated
under this option; if hybrids are desired, and this optiospscified:’ a
method other than hamming distance, must be used to choessetond
parent (see the Hybrid Related section for further details)

e init_sequenceength m

wheremis an integer value specifying how long each of the root secee
should be

e seggenoptions“string’

where ‘string” (including the quotes) is used as input to NSGW which
passes it along as input t&8§-GEN; this allows the user to specify things
such as which model is used bg& GEN; the argument isot sanity checked
— it must be a legitimate string to givee8-GEN; note that in newer versions
(including 1.3.2) of £Q-GEN there cannot be a space betwesmnand the
model hame, s6m HKY” , will fail and “-mHKY” is needed

e num_root_strands_per_homologouschromosomen

wheren is an integer value to specify how many strands the root shiwae
(default is 2 if not specified); however if sequences arerg(gee below) the

17this combination is implemented for algorithmic researatppses and is not intended for com-
mon use

14



user must provide nurroot strandsper hc with a number so the input rou-

tine will know how many sequences to read; note that mopt strandsperhomogouschromosomes
* num_root. homologouschromosomes is the number of sequences that will

be associated with the root

e num_root_homologouschromosomem

wheren is an integer value to specify how many chromosomes the root
should have (default is 1 if not specified); however if seqesnare given
(see below) the user must provide nuioot. homologouschromosomes with

a number so the input routine will know how many sequencesdd;rnote
also it is assumed the sequences are grouped by homologandsstor each
chromosome

e initial _root_sequences

AGCT... (chromosome 0/ strand 0)
AGCT... (chromosome 0/ strand 1)
AGCT... (chromosome 0/ strand 2)
AGCT... (chromosome x / strand 0)
AGCT... (chromosome x / strand 1)

lets the user specify exactly what the starting sequenee§fanot specified,

a sequence will be generated randomly and copied into edble obot’s se-

guences as the assumption is that initially the root sesqseare identical);

can only be used if numoot. homologouschromosomes and nunoot strandsper_homologouschromos
have been previously declared

4.3.3 HYBRID RELATED

e max_.num_hybrids m

15



wheremis an integer limiting the number of hybrids created durimg $im-
ulation

hyb_ev_dist_threshold x.x

for use with the hylparentmin_ev_distance option for selecting second par-
ent discussed below; this is a real value of a threshold fachwvivo lineages
can hybridize (evolutionary distance must be less thanwaleq this value);
the default (if the parameter is not specified, is DBIAX which results in
effectively no threshold being applied)

hyb_exp_fn_threshold_rate 0.x

for use with the hylparentexp.fn option for selecting second parent dis-
cussed below; this is a real value between 0 and 1 which isptiett by
the max hamming distance (the sequence length) — the resulilue deter-
mines the boundary for which two lineages can hybridize gigfault for the
parameter if not specified is .20;

hyb_ham_threshold_rate 0.x

for use with the hytparentmin_hamming option for selecting second parent
discussed below; this is a real value which multiplied witexthamming
distance (sequence length) (and truncated if needed to amakéeger value)
dictates the threshold for which two lineages with sequemes hybridize
(average hamming distance must be less than or equal todhis)y the
default, if this parameter is not specified, is 1.0 (resgliim effectively no
threshold being applied)

hyb_parent_min_hamming

this parameter specifies that the second parent of a hybllidevchosen by
finding a second parent with minimal average hamming distdram the
first parent (which also meets the hamming threshold as skiscliabove); if
there are multiple potential second parents one is chosetonaly; this is
the default for choosing the second parent if another methodt specified

16



e hyb_parent_min_ev_distance

this parameter specifies that the second parent of a hyblidb&vichosen

by finding a second parent with minimal evolutionary disefrom the first

parent (which also meets the distance threshold as distasese); if there

are multiple potential second parents with the same distame is chosen
randomly;

e hyb_parent_exp_fn x

this parameter specifies that the second parent of a hybifidewthosen ac-
cording to an exponential functiorjs the average hamming distance which
has /e probability of being the second parent’s distance from trst fiar-
ent (declaringx defines an exponential functiory;must be at least 1 and
less than or equal to the max hamming distance possibledrsequength);
when it is time to choose a second parent, a random wafeem the de-
fined exponential distribution is chosen; all active linea@paving average
hamming distance from the first parent are identified and drtlease can-
didates is chosen randomly; if there are no active lineagemgy distance,
the search is expanded incrementally by increasing/dsiogahe value of
y by 1 (until thehyb_exp_f n_t hr eshol d discussed above is reached)
and searching for candidates and repeating the process;)

The following three parameters are not intended for commns® Urhey are
implemented for algorithmic research purposes and araded here only for the
sake of completeness. When one of these parameters isedgladquences and
the threshold do not play a role in the simulation.

e hyb_parent_random

this parameter specifies that the second parent of a hyblidb&ichosen
randomly from all active lineages; this permits explomtiaf any biasing
which occurs with hamming distance based selection

e hyb_parent_min_bl

17



this parameter specifies that the second parent of a hybllidevchosen by
finding the active node with the smallest branch length; pleisnits further
exploration of any biasing of how second parents are chosen

e hyb_parent_max_bl

this parameter specifies that the second parent of a hybllidevchosen by
finding the active node with the longest branch length; tleismgts further
exploration of any biasing of how second parents are chosen

4.3.4 OUTGROUP RELATED

e min_outgroup_diff _valuem

allows user to specify an integer value of the minimum hangndistance
between the outgroup and each leaf — the hamming distaneeishealcu-
lated at the strand/sequence level

e max.outgroup_diff _valuen

allows user to specify an integer value of the maximum hargndistance
between the outgroup and each leaf — the hamming distaneeihealcu-
lated at the strand/sequence level

e min_outgroup_diff _perc 0.x

to be used in place ahinoutgroupdiff_perg allows user to specify a per-
centage of the initial sequence length to describe the mimirhamming
distance between the outgroup and each leaf — hamming cistagre is
calculated at the strand/sequence level

e max_outgroup_diff _perc 0.y

to be used in place aohaxoutgroupdiff_percg allows user to specify a per-
centage of the initial sequence length to describe the maxirhamming
distance between the outgroup and each leaf — hamming cistaere is
calculated at the strand/sequence level

18



e max.outgroup_tries m

integer value to cap the maximum number of tries when lookimgn out-
group which meets the above bounds

4.3.5 OPTIONAL REPORTS

All optional reports have each line started with &or comment). This allows for
easy identification and parsing of the output file as a whade t6e Output Report
section for some details about these reports.

e modified_newick_report
if specified, either the Newick Format (for a tree) or our odified
Newick format (for a network—see next section) will be peihtat the end
of the output file

e nodelisting report
if specified a report sequentially listing all nodes (andrteequences if sim-
ulated) will be printed at the end of the output file

e hhd_from _root_report
if specified a report listing each diploid hybrid’s hammirigtdnce from the
root will be printed at the end of the output file

e splitstree report

if specified a report compatible with theeSTSTREE software (see the next
section) will be printed at the end of the output file
4.3.6 MISCELLANEOUS

The following are for debugging and validation purposeg/oiihey are included
here for completeness, but it is not expected that they wér ée used by the
average user.

19



e report_branch_hd

if specified, this will produce a report that gives an edgenigsfor all edges
that includes the hamming distance from the node to its paenvell as
other branch information; this report is used to examinehid@ming dis-
tance for each edge, which is not expected to be the same esdiutionary
distance as sites can reverse themselves along a singthbtiis report can
be used for the typical run and/or in conjunction with thetraption

e update_seqsfor_all_events

this option forces the intermediate update of branch lengtid sequences
for all events (birth, death, and hybridization) whereagamally this only
occurs for hybrid events; when this option is invoked, thevius option
should also be used so a report at the branch length levebvéded — note
that the intermediate steps are not reported, but a congpadg branch
length hamming distances for when run with and without thpsiom is
meaningful in showing that sequences froegSGEN change linearly; note
that this significantly slows down the simulation process simould be used
rarely with small sizes

e hamming_edgereport

if specified a VERY lengthy report concerning edge lengthd lrmmming
distances (at the sequence level) and how they relate dororg than one
“generation” will be printed at the end of the output file

e track_nsgw.seeds
if specified, the seeds given to NSGW (up to 10,000 of them)heilsaved
(as well as the corresponding node id for which NSGW is beailgd); this
information is printed as part of the final report for testmgposes

¢ fake_branch_lengths

if this is specified, fakéoranchlengthsyn in the code is set to true and the
FakeBranchLength routine will be used to assign hard codaach lengths

20



to all branches

4.4 Output Reports

The primary output report is given the name specified by tlee ais the command
line (see Section 4.1). Basic run parameters are reported) alith a listing of
branches, nodes, and their affiliated sequences. The fitainesrcomment lines,
starting with the lettec, which explain the output.

The parsimony score of the network is reported on a commeait The parsi-
mony score is the sum of all the evolutionary changes (asilkedér! by hamming
distance) along each branch of the network for every sinméand sequence. Ev-
ery strand can be followed down the network thus the calicmaif this measure
is straightforward. (Hybrid nodes are either comprised artipl sequences from
each parent (as in the case of diploid hybridizations) osetjuences from each
parent (as in the case of polyploid hybridization).) Figueand 3 illustrate the
idea for both types of hybrids.

Phylogenetic Network Path of Red Chromatid Path of Blue Chromatid

Figure 2: Parsimony score idea (diploid hybrid) — trace eaci strand down the
network and measure the evolutionary change along the way.

Additional reports can be requested (see the previousosgctEach line of
these additional reports also starts with the letteso to avoid input confusion
when using this file/report as independent input into a @egsuch as NSGW.
Typically if these additional reports are to be used, the uskwant to copy the
appropriate section into a separate file and remove thengadcharacter before
proceeding.
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Phylogenetic Network Path of Red and Blue Chromatids

Figure 3: Parsimony score idea (polyploid hybrid) — traceheaot strand down

the network and measure the evolutionary change along tlye-wete that that

the path of evolution for the strands is the same as the nktwahis case because
all sequences are used for a polyploid hybrid.

Thenodi fi ed_new ck_report is acustom version of the well accepted
Newick format. If NETGEN has produced a tree, this report will generate the stan-
dard Newick format. If however a network has been createdirtadified version,
identifying hybrid nodes with#H will be outputted. LikewiseéfE is used to an-
notate extant leaves. This format includes all informati@eded to recreate the
topology including evolutionary branch lengths. It is hdgbat software which
accepts and displays the Newick format for trees will be tathjfor this exten-
sion. Figure 4 shows a simple example of the original Newackiiat and modified

version.

Thesplitstree_report generates anetwork format for the software.S-
STREE!8 After the removal of the first linec( Spl it sTree For mat)and the
leading c character of each line, the report can be read by the latesioneof
SPLITSTREE. This is a possibility for viewing the network topology. Omnaust
realize this does not include branch lengths (either clookvolutionary) and the
default depiction is not a rooted network, thoughL8 STREE allows the user to

8Daniel H. Huson and David Bryanfipplication of Phylogenetic Networks in Evolution-
ary Studies Molecular Biology and Evolution 23(2):254-267, 2006;phthwww-ab.informatik.uni-
tuebingen.de/software/jsplits/welcome.html
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Original Newick Format Modified Newick

((4,5)2, (6, 7)3)1; ((5, (6)3#H )2, (3#H, 7)4 )1,

Figure 4: Original versus Modified Newick formats. Phylogem the right con-
tains the hybrid node (3) denoted b #n the text string.

manually rearrange vertices.
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