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VESPA: Very large-scale Evolutionary and Selective Pressure
Analyses

Andrew E. Webb, Thomas A. Walsh, Mary ] O'Connell

Large-scale molecular evolutionary analyses of protein coding sequences requires a
number of preparatory inter-related steps from finding gene families, to generating
alignments and phylogenetic trees and assessing selective pressure variation. Each phase
of these analyses can represent significant challenges particularly when working with the
entire genome of large sets of species. We present VESPA, software capable of automating
a selective pressure analysis using codeML in addition to the preparatory analyses and
summary statistics. VESPA is written in python and is designed to run within a UNIX
environment. Large-scale gene family identification, sequence alignment, and phylogeny
reconstruction are all important aspects of large-scale molecular evolutionary analyses.
VESPA provides flexible software for simplifying these processes along with downstream
selective pressure variation analyses. The software automatically interprets results from
codeML and produces simplified summary files to assist the user in better understanding
the results. VESPA may be found at the following website: www.mol-evol.org/VESPA
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Abstract:

Background: Large-scale molecular evolutionary analyses of protein coding sequences requires
a number of preparatory inter-related steps from finding gene families, to generating alignments
and phylogenetic trees and assessing selective pressure variation. Each phase of these analyses
can represent significant challenges particularly when working with the entire genome of large

sets of species.

Results: We present VESPA, software capable of automating a selective pressure analysis using
codeML in addition to the preparatory analyses and summary statistics. VESPA is written in

python and is designed to run within a UNIX environment.

Conclusion: Large-scale gene family identification, sequence alignment, and phylogeny
reconstruction are all important aspects of large-scale molecular evolutionary analyses. VESPA
provides flexible software for simplifying these processes along with downstream selective
pressure variation analyses. The software automatically interprets results from codeML and
produces simplified summary files to assist the user in better understanding the results. VESPA

may be found at the following website: www.mol-evol.org/VESPA

Contact: m.oconnell@leeds.ac.uk

Keywords: Selective pressure analysis, protein molecular evolution, larges-scale comparative

genomics.

Supplementary information: The complete manual, tutorial, and user videos are all available at

www.mol-evol.org/VESPA
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1 Background

Estimating selective pressure variation across homologous protein-coding genes from different
species is typically done by assessing the ratio of Dn/Ds, i.e. the number of non-synonymous
substitutions per non-synonymous site (Dn) as a function of the number of synonymous
substitutions per synonymous site (Ds). The ratio of Dn/Ds is commonly referred to as omega
(w), and is routinely used to assess selective pressure variation or constraints across protein
families or protein-interaction networks (Hurst 2002, Kim et al. 2007, Kosiol et al. 2008,
Alvarez-Ponce et al. 2009). Some well-known examples of selective pressure variation include
the identification of positive selection in reproductive proteins that contribute to species
divergence in mammals (Swanson et al. 2001), and the identification of molecular signatures of
positive selection that govern protein functional divergence in a group of mammal enzymes
(Loughran et al. 2012). A number of software packages estimate selective pressure variation
(Pond, Frost et al. 2005, Yang 2007, Delport, Poon et al. 2010). One of the most popular
methods is codeML from the PAML software package (Yang 2007). The strength of this
approach is the application of flexible codon-based models capable of assessing variation in
selective pressures at two levels: (i) across sites in an alignment and (ii) across sites in a

predefined lineage on a phylogenetic tree (Yang and dos Reis 2011).

Operating codeML requires a complex file structure to compute the parameters under multiple
nested models. Associated likelihood ratio tests (LRTs) must also be performed in the
identification of the model of best fit. These complexities are often compounded by the size of
study, which increasingly are genomic in scale [Keane et al. 2015, Webb et al. 2015, Liu et al.
2014]. To take advantage of the wealth of publically available genomic data, VESPA (Very

large-scale Evolutionary and Selective Pressure Analyses) is capable of performing large-scale
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analyses of homology searching, alignment, phylogeny reconstruction and selective pressure

variation. This flexible toolkit can permit larger-scale analyses to be performed in an efficient

manner and with fewer errors.

Here we present VESPA, which is designed to automate selective pressure analyses and

associated prerequisite analyses and post-analysis summary statistics. VESPA 1s designed

primarily to minimize the majority of data manipulation requirements for standard molecular

evolutionary analyses and also to automatically implement and analyze selective pressure

variation analyses using codeML (Yang 2007). In addition, VESPA supplies an assessment of

potential false positives and produces summary files of the results that are easy to interpret.

2 Implementation

VESPA was developed as a toolkit of various independent functions with the primary goal of

simplifying the various procedures involved in large-scale selective pressure variation analyses.

Each function of the toolkit either completes a specific stage of the analysis (e.g. homologous
gene identification) or facilitates/automates the use of third-party software packages to complete

more specialized procedures. The majority of functions are written in Python 2.7 and are

designed to operate on a UNIX command-line. VESPA categorizes functions into two analyses,
a basic analysis for confirmed single gene orthologs (SGOs) and an advanced analysis for both
confirmed SGOs and multi-gene families (MGFs) (Figure 1). Functions are further separated into
five phases (Table 1 and Figure 1). This structure also provides users with a flexible and
adaptable framework for more specialist tasks. An in-depth description of these functions can be

found in the program manual on the VESPA website along with tutorials for each command to
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86  demonstrate usage, input format requirements, and command options. Here we provide a
87 summary of the operation and current functionality of VESPA. More information on

88  functionality can be found online (www.mol-evol.org/VESPA).

89

90  VESPA operates using a standardized data input and command-line organization. Each analysis
91 phase dictates the supported input data (e.g. sequences, alignments, phylogenies, etc.) and the
92  supported file formats of its functions (e.g. FASTA, NEXUS, Newick, etc.) (Figure 1 and Table
93 1). Depending on the phase of analysis, VESPA processes input from any program capable of
94  producing the supported file format(s) or a selected collection of third-party programs (Table 1).
95  For example, the homology searching phase currently parses the output of BLAST (Altschul,
96  Gish et al. 1990) or HMMER (Eddy 1998), whereas the alignment assessment and phylogeny
97  reconstruction phase is limited only by file format requirements (e.g. FASTA, NEXUS,
98  PHYLIP). Functions in VESPA are invoked following the program call (i.e. vespa.py) along
99  with arguments to indicate the phase-relevant input data and function-specific optional
100  arguments. Depending on the function, optional arguments enable users to modify parameter
101  wvalues (e.g. BLAST search thresholds, phylogenetic reconstruction settings) or alter command-

102 specific settings.

103

104  Functions in VESPA complete by producing the relevant output files without modifying the
105  original input files. While this design results in the generation of a number of intermediate files
106  (especially in the later stages of selection analysis), it enables users to easily keep track of all

107  data modifications. Each phase of VESPA’s analysis produces the necessary data files for
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conducting a specialized analysis using third-party software (Figure 1). Some of these packages
are not fully automated by VESPA for two reasons: i) they are best suited for individual serial
tasks on large high-end computing clusters, or ii) the submission processes differ across compute

clusters.

3 Example implementation from a mammal dataset

As detailed above, VESPA incorporates two analyses, a basic analysis for analyzing SGOs and
an advanced analysis for analyzing both SGOs and MGFs (Figure 2). Here we provide an
example of an application of the basic analysis using ten genes from eleven species as a small

test dataset.

As seen in Figure 2, the process begins with the user supplying transcript data for the data

preparation phase. The first phase begins with the clean function, a basic quality control (QC)

filtering step, followed by translate, to translate the filtered transcripts. VESPA then proceeds to

the make_database function to create a sequence database for homology searching with either

BLAST (Altschul, Gish et al. 1990) or HMMER (Eddy 1998). Upon completion of homology

searching, the function reciprocal groups is used to identify proteins that share reciprocal

similarity. Then files containing these families of sequences are produced. This function is

highly configurable by optional arguments so that users can evaluate various different similarity

scenarios (i.e. different e-value cutoffs) with only a single output file. The produced sequences
files are then aligned using any multiple sequence alignment (MSA) method that can produce a
supported file format (e.g. programs such as MUSCLE [Edgar 2004] and PRANK [Loytynoja

and Nick Goldman 2005] are supported). It is advisable to explore a variety of MSA methods for
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every gene family (Muller et al. 2010), and VESPA facilitates this the user to compare these
different approaches. The metal compare function (within the Alignment Assessment and
Phylogeny Reconstruction phase) in VESPA allows alignment approaches to be compared.
MSAs are then used in combination with the user-defined species phylogeny to create gene
phylogenies using the function infer genetrees. The MSAs and gene phylogenies are then used
for the selective pressure analysis preparation phase. The function create branch can be used to
specify label internal nodes as ancestral lineages that the user may wish to explore. The MSAs
and gene phylogenies are then used by the function setup codeml to automatically create the
complex codeML file structure and a task file for automating codeML (Yang 2007). Upon
completion of codeML the codeml reader function is used to automate the interpretation of the

results and producing summary files of the results.

4 Discussion

The VESPA toolkit was designed to both simplify and streamline large-scale comparative
genomic analyses including codeML-based selective pressure analyses. The goal of the toolkit
was to provide the community with functions capable of performing the associated prerequisite
analyses and to minimize the error-prone or technically challenging procedures associated with
selective pressure analyses. VESPA also provides a flexible frameowrk for analyzing both single
gene orthologous families and multigene families. Users can apply the entire suite of available
options within VESPA or only specific functions that are of interest (e.g. homology searching).
VESPA is also capable of directly interpreting and presenting all relevant information from a

selective pressure analysis within simplified summary files.
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5 Conclusion:

VESPA provides a flexible software package designed to simplify large-scale selective pressure
variation analysis, including those using the program codeML (Yang 2007), by automating the
entire comparative genomic process from data quality checks and homology searching to
phylogeny reconstruction and selective pressure analyses, and it produces simple summary files
for the user. VESPA offers users various functions that automate many of the required

prerequisite analyses and removes error-prone data manipulation steps.
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162  Figure 1: Overview of the phases implemented in VESPA.
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’ Quality Control ‘
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’ Reciprocal Groups ‘
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Phylogeny Reconstruction

’ Model Selection ‘

’ MrBayes Preparation ‘
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Phylogenetic Reconstruction

Selective Pressure Analysis Preparation

’ MrBayes Reader ‘

’ codeML Preparation ‘

|<-

Selective Pressure Analysis

Selective Pressure Analysis Assessment

’ codeML Reader ‘

163

164  Figure 1 legend: The 5 phases of VESPA are listed from “Data Preparation” to “Selective

165  Pressure Analysis Assessment”. Underneath each is a grey box enclosing some representative
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167

168

169

170

171

commands from that phase. Each phase concludes with a black box indicating the use of a third-
party program to perform the necessary task (e.g. sequence alignment or phylogenetic
reconstruction). The output of the first 4 phases is then used as the input of the next phase. The
final phase concludes with the creation of summary files that contain all the relevant information

from the selective pressure analyses.
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Figure 2: Overview of the options available in the VESPA package.

Data Preparation

Phase Input: Transcript Data

| clean |

| clean |

¥

¥

| translate |
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v
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| make database |
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Phase Output: Homology Searching Files
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Homology Searching
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Phase Input: MSAs and Phylogenies

create_branch
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\2

¥

| reciprocal _groups |
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setup_codeml

create_branch

Phase Output: Sequence Files

MSA Software

Alignment Assessment and
Phylogeny Reconstruction
Phase Input: MSA Flles

¥

setup_codeml

| metal compare |
v

| infer_genetrees |

| metal compare |
v

| prottest_setup |
v

Basic Output:
Gene Phylogenies

| prottest _reader |
v

| mrbayes_setup |

Phase Output: CodeML Input Directories

CodeML

Selective Pressure

Analysis Assessment
Phase Input: CodeML Output

codeml reader

codeml reader

Advanced Output:

MrBayes Input

MrBayes

Phase Output: Summary Files

Figure 2 legend: An overview of both the basic (on left) and advanced (on right) analysis

options at each phase of VESPA highlighting key differences. The functions of each phase are

shown as white boxes, and are invoked in the order shown (Note: that not all functions are
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shown). In addition to the functions, the input and output of each phase are shown in dark grey
boxes and if a third-party program is required to analyze the output of the phase, the program
will be specified below the phase in a light grey box. For three of the five phases (data
preparation, homology searching, and selective pressure analysis assessment) the functions
invoked in both the basic and advanced options are identical. The primary difference between the
analyses (basic/advanced) is found in the alignment assessment and phylogeny reconstruction
phase. The advanced option uses ProtTest (Darriba et al. 2001) for substitution model selection
and MrBayes (Ronquist and Huelsenbeck 2003) for phylogenetic reconstruction. Beyond this
major difference, the selective pressure analysis preparation simply requires a function to import

the output of MrBayes.

Tables

Table 1: Overview of the Phases in the VESPA software package

Phase Purpose Supported Input Type Supported File Formats
1 Data Preparation Sequences] FASTA
. BLAST/HMMER BLAST tabular, HMMER
2 Homology Searching
output standard
Alignment Assessment
3 and Phylogeny Alignmentsl FASTA, NEXUS, PHYLIP
Reconstruction
4 Selective Pressure Phylogenies with Trees: Newick, NEXUS;
Analysis Preparation alignments' Alignments: See above
5 Selective Pressure codeML output LaMP formmated codeML

Analysis Assessment output

"Indicates phases of VESPA that incorporate third-party programs.
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