PSODA: Better Tasting and Less Filling Than PAUP
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Abstract—PSODA is an open-source phylogenetic search ap- remarkably fast using several heuristic searches. TNT is also
plication that implements traditional parsimony and likelihood proprietary and requires a licensing fee to use.
search techniques as well as advanced search algorithms. PSODA While several phylogenetic reconstruction packages exist
is compatible with PAUP and the search algorithms are compet- . . . ’
itive with those in PAUP. PSODA also adds a basic scripting they are either too slow for analysis on medium to large data

language to the PAUP block, making it possible to easily S€ts and / or are proprietary.
create advanced meta-searches. Additionally, PSODA provides

a user-friendly GUI with real-time graphing visualizations and I1l. FEATURES

phylogeny viewer, and a multiple sequence alignment algorithm . . .

PSODA is freely available from the PSODA web site: http: Analyzing phylogenetic trees currently requires the use
/lcsl.cs.byu.edu/psoda. of several different programs. PSODA bridges the gap and

brings the many features necessary to analyze phylogenetic

trees together in one package. Some of the features PSODA
A high quality phylogeny, or evolutionary tree, is importangrovides are:

to accurately determine the relationships between species¥ Cost

Phylogenies have been in use for over a hundred years ang Open-Source Code

software has been employed to produce better phylogenies f0£ Performance

a couple of decades. These applications are among the most Models of Analysis

frequently cited papers in the Peld of bioinformatics with over v Graphical User Interface

10,000 citations for both PHYLIP [1] and PAUP* [2] (accord- v Cross-platform architecture

ing to scholar.google.com). Although many, many people use Input format

these applications, they have not been thoroughly maintaine Multiple Sequence Alignment

in the past several years. Furthermore, most existing phylo-¥ PsodaScript

genetic reconstruction packages either have a licensing fee

and are not extendible to experiment with new algorithms and cost

methods or have serious performance limitations. This work _ , L

presents an open source phylogenetic search package that l@rst of all, PSODA does not require a fee or subscription

free to use and has performance comparable to PAUP. 0 use. There is no trial period which expiresbit is simply
free. Not requiring a fee or subscription can be considered

[l. RELATED WORKS as a variable length trial period for researchers to use the

Due to the advantages of using computer algorithms to p&fogram. During this time, they can verify that PSODA meets
form phylogenetic reconstruction, several software packagB§ir needs. The lack of a cost also allows all organizations
have emerged (e.g., PHYLIP [1], PAUP* [2] and TNT [3])_(under-funded or not) to perform phylogenetic analysis.
PHYLIP was brst released in 1980 by Joe Felsenstein and
is one of the brst programs to perform Maximum Likelihoo&: OPen-Source Code
(ML) searches. It is an open source package that focuses oPSODA uses open-source code licensed under the GNU
ML, but also allows for Maximum Parsimony (MP) searchesGeneral Public License, Version 2 (see http://www.gnu.org/

PAUP* (Phylogenetic Analysis Using Parsimony *and othdicenses/old-licenses/gpl-2.0.html). This license allows others
methods) is believed to be the most widely used phylogenetiot only to collaborate and make improvements to the package,
search program. It is both feature-rich (analysis in both MiBut also to extend it and perform algorithmic experiments
and ML) and robust. Unfortunately, it is proprietary softwargith a stable code foundation. We envision many researchers
and requires a licensing fee to use. Pnally being able to implement, in code, concepts that theyOve

Another phylogenetic search package is TNT (Tree analysiavisioned, but have not implemented due to the hurdles of
using New Technology), written by Pablo Goloboff, Steveeveloping a fast and reliable foundation of code. Example
Farris, and Kevin Nixon. TNT performs parsimony searchesodibcations include a different enumeration of topologies

I. INTRODUCTION
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Fig. 1. PSODA GUI illustrating the search results (tree scores and number

f t ti . . . .
of trees over time) Fig. 2. PSODA GUI using ATV [8] to display a phylogeny.

during a TBR search and integrating both Maximum L'ke“aatasets. Three of the most valuable features in the GUI are:

Uata format conversion, a 3D visualization of the progress of
%Re search and an individual phylogeny viewer. Each of these
features are discussed in this section.

C. Performance 1) Data Format ConversionSeveral formats currently ex-

The performance of a phylogenetic search application & for genetic and phylogeny data such as PHYLIP [1],
usually measured by the phylogeny scores that it achiededStal [9l, MEGA [10], NEXUS [11], and FASTA [12];
over time. PSODA has comparable performance to othapWever, none of the standard programs accept all of these
phylogenetic search packages in terms of the trees scoi@gnats, nor do they perform all types of analyses common for

obtained over time. For a more detailed treatment of PSOD glogengtic tree. To do so requires using multiple programs
performance, see the Results section. and multiple ble formats. The process of converting from

one format to another can be difpcult for many users, so
D. Models of analysis DataConvert (David McClellan, http://biology.byu.edu/faculty/

The two main models of phylogenetic analysis are Maxfam83/cdm/), which is capable of converting each Ple format
mum Parsimony [5] and Maximum Likelihood [6]. MP hag0 any other, is included in PSODA. When converting the
been used for phylogeny analysis longer than ML. It is basémats, DataConvert offers the option of interleaving the
on the same principles as OccamOs razor B the simgieguences or leaving them discrete. Also, if there is an entire
solution is the best solution. Joe Felsenstein fathered the Mirectory of bles that needs to be converted, DataConvert can
movement when he discovered inconsistencies with MP whe@nvert all of those pbles instead of requiring the user to convert
long branches are present in a phylogeny. ML uses differegch Ple individually.
models of evolution. PSODA allows users to perform both 2) 3D Search VisualizationWhile tree space visualization
Maximum Parsimony and Maximum Likelihood searches. Fé¢ & current topic of research, PSODA provides a 3D graph of

and additions to the existing code.

ML searches, PSODA uses the F84 model [7]. the progress of the search (see Figure 1). The default graphOs
] axes are elapsed time, tree score and the number of trees
E. Graphical User Interface found of the score. The graph is updated in real-time. Such

PSODAQOs graphical user interface (GUI) (see Figures 1 angisualization can provide insights into the progress of the
2) is an important part of making PSODA user-friendly andearch and when enough searching is enough. Since PSODA is
portable. All of the other programs used in searching trepen source, it is possible for others to contribute by debning
space have only a command-line interface, or the GUI tha¢w dimensions to better map the phylogenetic tree space.
is available only works on an older operating systems. Many3) Phylogeny ViewerTo analyze a specibc tree for biolog-
users prefer the option of being able to interact with a prograigal accuracy it is necessary to view it. While there are several
using the GUI on a variety operating system. To met this neddke viewers available, other phylogeny search applications
PSODAOs GUI uses the Java programming language, givindat not integrate a viewer into their program. To view the
portability without further installations of libraries. saved trees from a search often requires converting to a new

There are several features offered in PSODAOs GUI in orftaimat specibPc to the tree viewer of choice. Integrated into
to facilitate many of the tasks required to run and analyZSODA is ATV (A Tree Viewer) [8]. ATV is a powerful tree



BEGIN PSODA;
hsearch (start=stepwise, nreps=5);

while (true) P ~
hsearch (start=current); Ve \
align (guidetree=best);

/ \
endwhile; / \
end; ! |
! !
Fig. 3. An example PSODA block using PsodaScript: iterations of phylogeny /
search and multiple sequence alignment. NOTE: PSODA also recognizes \ /
N\ /

BEGIN PAUP to start the block.

N 7
\~—,

viewer written in Java, and therefore provides the same lev, Ig 4. A set of QNode objects used to represent a vertex in a phylogeny.
of portability enjoyed by PSODA. Among the most useful = '
features of ATV are its ability to view trees with a large

number of taxa, view branch lengths and zoom in and out. % f

_ Y=

F. Cross-platform architecture ‘O'
PSODA has been carefully designed to run on the most qf e

popular operating systems. Executable binaries of PSODA for TN

Mac OS X, Linux and Windows operating systems are avail- g‘:.d‘_

able from the PSODA website, http://csl.cs.byu.edu/psoda.

Additionally, the source code is also available for contribution
and modibcation.

Fig. 5. PSODAQs internal representation of a phylogeny.
G. Input format

PSOD’E Uses thedNEﬁtds ::ormat fpr flnpl_Jlt.tmg SEQUENCERy it in language that allows users to create searches of their
trees and commands. e format is familiar to many rGwn design [15]. For example, with the PSODA language

searchers,_ar_ld there is a wealth of supporting tools that e_x_is B can develop a specialized search that iterates between
convert existing data and create new NEXUS Ples. Additio hylogeny searches and multiple sequence alignments [16],

ally, PSODA allows auxiliary mput. beyond the NEXUSIforma 17] as shown in Figure 3.
to handle features not present in other phylogenetic search
applications. An example of this is unaligned data. Currently, IV. | MPLEMENTATION DETAILS

the NEXUS format does not support unaligned data (unless ODA hvi . I d. Each
the sequences are all the same length). PSODA uses unalign p rr]epresents pny ogefmﬁs mterlgady asbgnroote ) ;C

data to perform a progressive multiple sequence alignment\.’ertex of the tree conS|sfcs of three Q. ode o Je.CtS (see Fig-
ure 4). Each of these objects has an internal pointer to other

H. Multiple Sequence Alignment QNodes in the vertex, and an external pointer to a QNode

While most phylogenetic search applications only handfbject. The direction of the parent and children of this vertex
previously aligned data sets, PSODA also can perform dgpends on how the tree is viewed. Each external pointer can
progressive multiple sequence alignment [13] of unalignélpi”t to a parent or a child in the tree structure. To make a tree,
data. Given a guide tree, PSODA traverses the tree, a"gmf,lq@ external pointers from two vertices are connected. This
the most closely related sequences brst (the leaves of $fgicture allows for Rexible traversal and optimizations. Single
tree). After those sequences are aligned, it aligns a“gnmeﬁ}yode objects represent leaves of the tree. This representation
of sequences. This continues and results in an alignmé&htirees is similar to that of PHYLIP.
of all the sequences. PSODA uses the Needleman-WunscAO create an unrooted phylogeny, multiple QNodes are
algorithm [14] to perform the alignments. Including an a”gnLinked together via their external pointers. Figure 5 illustrates
ment algorithm in a phylogenetic search application allows fow several QNode objects are connected together to repre-
interesting combinations of alignment and phylogeny search3gnt & phylogeny such as ((A,B),(C,D),(E,F)). Phylogenies of

be efbciently combined. virtually any size can be represented using this architecture.
. PSODA executes both Maximum Parsimony and Maximum
|. PsodaScript Likelihood searches using Tree Bisection and Reconnection

All of the standard search programs available require spg@BR). TBR works by removing a branch of a phylogeny,
cibc settings, which become numerous, in order to accompligtereby creating two subtrees. The brst subtree is re-connected
normal and specialized searches; but even then it is not alwaysvarious points to the other subtree. Each internal branch
possible to produce certain types of searches. PSODA haBamn the brst subtree is re-connected at every possible location



PSODA versus PAUP - rbcl. data set (after 2,033 seconds) with simpler methods than those used

elsewhere.
16500 ‘ ; ;
PAUP —«— VI. CONCLUSION
[ 16450 k PSODA —s— 1 .
S 16400 PSODA is an open-source phylogeny reconstruction pack-
‘Q 1 age made freely available to the public. It implements tradi-
S 16350 ¢ 1 tional search algorithms for Maximum Parsimony and Maxi-
% 16300 L ] mum Likelihood as well as more advanced search techniques.
& 16250 | It also provides a user-friendly GUI, and is available for
MP e S R . more operating systems. The input format is compatible with
16200 . . . . . .

PAUP. Furthermore, PSODAQs performance is comparable with
PAUP. Finally, PSODA has several features unique to itself,
such as integrated graphing visualizations, a multiple sequence
alignment algorithm and a scripting language.

Fig. 6. Performance results, in terms of best parsimony score found over
time, for a parsimony search using PSODA and PAUP* on the 500 taxa seed ACKNOWLEDGMENTS
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V. RESULTS
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results of running a TBR search with PSODA and PAUP on they
rcbL data set. While PAUP initially has better performance (the

brst 20 seconds), PSODA quickly catches up and surpas;gf

PAUP. The best parsimony score found by PAUP is 16,2

(after 1,507 seconds). PSODA bnds a phylogeny with a
better (of 16,226) after only 653 seconds. Furthermore, it ]
interesting to note that the best parsimony tree score published
for this data set is 16,218 [19], and PSODA achieved 16,219
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