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ABSTRACT

SUMMARY: We present BlastPhyMe (BLAST, Phylogenies, and Molecular Evolution) a new application to
facilitate the fast and easy generation and analysis of protein-coding sequence datasets. The application
uses a portable database framework to manage and organize sequences along with a graphical user
interface (GUI) that makes the application extremely easy to use. BlastPhyMe utilizes several existing
services and applications in a unique way that save researchers considerable time when building and
analyzing protein-coding datasets. The application consists of two modules that can be used separately or
together. The first module enables the assembly of coding sequence datasets. BLAST searches can be
used to obtain all related sequences of interest from NCBI. Full GenBank records are saved within the
database and coding sequences are automatically extracted. A feature of particular note is that
sequences can be sorted based on NCBI taxonomic hierarchy before export for visualization using existing
tools, such as fast. The application provides GUIs for automatic alignment of sequences with the popular
tools MUSCLE and PRANK, as well as for reconstructing phylogenetic trees using PhyML. The second
module incorporates selection analyses using codon-based likelihood methods. The alighnments and
phylogenetic trees generated with the dataset module, or those generated elsewhere, can be used to run
the models implemented in the codeml| PAML package. A GUI allows easy selection of models and
parameters. Importantly, replicate analyses with different parameter starting values can be automatically
performed in order to ensure selection of the best-fitting model. Multiple analyses can be run
simultaneously based on the number of processor cores available, while additional analyses will be run
iteratively until completed. Results are saved within the database and can be exported to publication-
ready Excel tables, which further automatically compute the appropriate likelihood ratio test between
models in order to determine statistical significance. Future updates will add additional options for
phylogenetic reconstruction (eg, MrBayes) and selection analyses (eg, HYPHY). BlastPhyMe saves
researches of all bioinformatics experience levels considerable time by automating the numerous tasks
required for the generation and analysis of protein-coding sequence datasets using a straightforward
graphical interface.

AVAILABILITY: Installation package and source code available from:
https://github.com/ryankschott/BlastPhyMe

CONTACT: schottr@si.edu
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INTRODUCTION

With continued advances in Next Generation Sequencing (NGS) technology and ongoing genome
sequencing projects (e.g., Genome 10K project; Koepfli et al. 2015) the amount of publically available
sequence data is growing exponentially. This data provides a valuable resource for biologists, but as the
number of available sequences continues to grow the generation and analysis of comparative sequence
datasets has become a daunting task, especially for researchers that lack bioinformatics and scripting
experience. While databases such as GenBank provide access to the vast number of publically available
sequences, searching for, finding, and extracting sequences from Genbank through a web browser is
extremely time consuming. Additionally, many bioinformatics tools for the alignment and analysis of
sequences are command-line based, which can be difficult to use, produce outputs that are difficult to
understand, and are time consuming to manually parse. To address these difficulties we have developed
BlastPhyMe (BLAST, Phylogenies, and Molecular Evolution) a new application that automatically
gathers, organizes, and analyzes gene sequences within a portable database framework using an intuitive
graphical user interface (GUI). BlastPhyMe consists of two modules that can be used separately or
together: Gene Sequences and Selection Analyses (PAML). The Gene Sequences module enables the
assembly of coding sequence datasets. This includes searches and automatic extraction of sequences from
GenBank using direct and BLAST searches, import of user data, multiple sequence alignments, and
phylogenetic analyses. The Selection Analyses (PAML) module incorporates selection analyses using
codon-based likelihood methods. The alignments and phylogenetic trees generated with the Gene
Sequences module, or those generated elsewhere, can be used to run the models implemented in the
codeml PAML package using a series of GUIs. Results are saved within the database and can be exported
to publication-ready Excel tables, which further automatically compute the appropriate statistical tests to
evaluate model significance.

METHODS

BlastPhyMe is a Microsoft Windows application coded in the C# programming language on the
Microsoft .NET Framework platform, version 4.0 (http://msdn.microsoft.com/en-
us/library/zw4w595w(v=vs.100).aspx). The database engine that BlastPhyMe interacts with for storing
data is the Microsoft SQL Server 2014 Express LocalDB engine (http://msdn.microsoft.com/en-
ca/library/hh510202(v=sql.120).aspx). For communicating with the NCBI BLASTN web service,
BlastPhyMe uses the .NET Bio open source library (https://github.com/dotnetbio/bio). BlastPhyMe has
been designed to the standard of an n-Tier application. The application code is separated between three
distinct layers: user interface, middle tier, and database.

The User Interface layer includes all code necessary to display visual interfaces for the user to
interact with. User Interface code does not interact directly with the Database layer or third-party systems
(e.g., NCBI) and is abstracted from both by objects within the Middle-Tier layer. The Middle-Tier layer
includes all code necessary to transfer data between the User Interface and Database layer. Code within
the Middle-Tier interprets the database architecture into objects that are exposed for the User Interface to
interact with. The Middle-Tier is responsible for all direct communication with the database, and all
interaction with third-party systems and products (e.g., .NET Bio) is contained within the Middle-Tier
layer. The Database layer comprises all of the architecture necessary to store data for the BlastPhyMe
application as well as code to manipulate that data within the database. The BlastPhyMe database exposes
stored procedures to handle all data collection and modification processes performed by the Middle-Tier
layer. BlastPhyMe is capable of exporting data from its database to a “data file”, distinguished by the
“.bpmd” file extension. A BlastPhyMe data file is an XML document compressed via the GZip
compression algorithm.
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BlastPhyMe communicates with NCBI’s GenBank nucleotide database to search for and
download GenBank records. This communication is performed via HTTP requests of the E-utilities web
services hosted by NCBI (http://www.ncbi.nlm.nih.gov/books/NBK25499/). BlastPhyMe also
communicates with NCBI’s BLAST web service using the aforementioned .NET Bio libraries, which
make use of the QBlast URL API (http://www.ncbi.nlm.nih.gov/blast/Doc/urlapi.html).

In addition to communicating with NCBI, BlatPhyMe utilizes several third party programs. These
programs are accessed and run through the BlastPhyMe interface. Gene sequences and alignments can be
exported to MEGA (Tamura et al. 2013; http://www.megasoftware.net/) for visualization and editing.
Multiple sequence alignments can be performed using PRANK (L6ytynoja and Goldman 2008;
http://wasabiapp.org/software/prank/) and MUSCLE (Edgar 2004; http://www.drive5.com/muscle/).
Phylogenetic trees can be inferred using PhyML (Guidon et al. 2010; http://www.atgc-
montpellier.fr/phyml/binaries.php). Resulting phylogenetic trees can be sent to TreeView
(https://code.google.com/archive/p/treeviewx/) for visualization. Selection analyses can be performed
using PAML (Yang 2007; http://abacus.gene.ucl.ac.uk/software/paml.html). Finally, sequences and
PAML results tables can be exported to Microsoft Excel (www.microsoftstore.com).

INSTALLATION

BlastPhyMe comes with a complete installation package available at:
https://github.com/ryankschott/BlastPhyMe/releases. Prerequisites will be installed automatically. Third
party programs need to be downloaded and installed separately. A complete installation guide is available.

FEATURES AND USE

Upon running BlastPhyMe for the first time the user will be asked to create a database. This database will
store all of the sequences, analyses, and results that you generate, or import into, BlastPhyMe. The
database is stored in a .mdf file. Each user will only need a single database and these can be shared
between users. After creating a database file the user will be prompted to create a project. Projects are a
way to organize sets of similar data and each database can have multiple projects.

BlastPhyMe consists of two distinct modules: (1) Gene Sequences and (2) Selection Analyses
(PAML). These can be accessed via the tabs as shown in Figure 1. Each module can be used completely
independently of the other, but they are also designed to offer a continuous workflow from dataset
generation to selection analyses as shown in Figure 2.

Gene Sequences
The Gene Sequences module is organized into datasets. Each dataset can contain any number of
sequences from one or more genes and species. To create a dataset click the new dataset button.
Sequences can be added to the dataset using the ‘Search GenBank’ function. User data (e.g., FASTA file)
can also be imported using the ‘Import from’ function. The ‘Search GenBank’ function opens a dialog
box allowing search terms to be submitted to NCBI GenBank (Fig. 3). All search terms supported by the
Genbank website are also supported when submitting with BlastPhyMe. Search results will appear in a
separate window (Fig. 4). Sequences that the user wishes to download can be selected and then added to
an existing or new dataset using the ‘Add to’ button. This will save the complete GenBank record for the
selected sequences.

Once added to a dataset, sequences can be doubled clicked to open up a separate window with
additional information about the sequence including a link to the GenBank page (Fig. 5). Sequences can
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be ordered by clicking on any of the column headings. Sequences can be filtered using both text matching
and taxonomic filtering using the ‘Apply Filter’ function. Sequences can be deleted and moved or copied
to another dataset using the ‘Move to’, ‘Copy to’, and ‘Delete’ buttons. Sequences can be exported to
different formats, including FASTA, or opened directly into MEGA for visualization and editing, using
the ‘Export to button’.

The dataset can be further expanded using the ‘BLAST for Similar Sequences’ function. This
function will submit selected sequences for BLAST analysis against the full NCBI nucleotide database
(Fig. 6). Resulting BLAST hits will be automatically combined, removing duplicates, and can be
downloaded and added to a dataset (Fig. 6). This function allows the user to quickly expand a dataset to
include all available sequences of a particular gene or set of genes.

Selected sequences from a dataset can be aligned using either PRANK or MUSCLE using the
‘Align with’ function. This will open a dialog box allowing parameters to be set (Fig. 7). It will be
necessary to add the location of PRANK .exe and MUSCLE.exe on first use. Sequences submitted for
PRANK codon alignment will be automatically trimmed to the last complete codon. Upon completion of
the alignment a new window will open allowing the aligned sequences to be selected and added to a new
(aligned) dataset. The output of the alignment will also be save to the selected working directory. The
aligned dataset (or an alignment imported separately using the ‘Import from’ function) can then be
submitted for phylogenetic analysis using the ‘Generate Tree with PhyML’ function. This function will
open a dialog box to initiate phylogenetic inference using PhyML (Fig. 8). The location of PhyML.exe
will need to be added at first use. Upon completion a dialog box will open with links that will open the
resulting tree in TreeView for visualization. Treeview can also be used to label foreground
branches/clades for the PAML branch, branch-site, and clade models implemented in the Selection
Analyses (PAML) module (see PAML manual for details). Results will be automatically saved in the
selected working directory.

A complete history of BLASTN, MUSCLE, PRANK, and PhyML jobs is stored and can be
accessed from the Gene Sequences dropdown menu.

Selection Analyses (PAML)
The Selection Analyses (PAML) module is similarly organized into datasets except that instead of storing
sequences and GenBank records they store the results of PAML analyses. PAML jobs are initiated using
the ‘New PAML Job’ button. This will open a dialog box allowing PAML analyses to be set-up (Fig. 9).
Upon first use the location of codeml.exe will need to be specified. The number of processes to use and
the working (output) directory should also be specified.

When creating a new PAML job, clicking the ‘Add’ button will open a new dialog box (Fig. 9).
Here a tree and sequence alignment file will need to be specified. If a phylogenetic analysis was
performed using BlastPhyMe these can be found in the PhyML output folder that was specified. The
‘Add’ button in this dialog window allow models to be specified to run with the selected tree and
alignment files. Models are specified using the drop-down menu, and for the site models multiple models
can be specified simultaneously using the check boxes (Note: completion time is often faster when sites
models are added individually). Starting values for kappa and omega can be set and specifying a range of
values will automatically set-up replicated analyses with each combination of starting values in the range.
Multiple sets of models can be run for each tree and alignment pair and multiple tree and alignment pairs
can be run with each PAML Job. Once executed with the ‘Run’ button, BlastPhyMe will initiate codeml
for the specified number of process and will run sequentially through each specified model until
complete. A progress window will be displayed but this can be close and the job will continue to be run in
the background.
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Upon completion of a PAML job a results dialog box will appear. Each line will display the best
replicate for the model specified. These can be double clicked to see the results of all replicates. Select
results can be added to a new or existing dataset. From within a dataset selected results can be exported to
a preformatted Excel table using the ‘Export to’ function (Fig. 10). This produces a publication ready
table that automatically computes the appropriate likelihood ratio tests to determine significance.

CONCLUSIONS

BlastPhyMe saves researchers of all bioinformatics experience levels considerable time when generating
and analyzing sequence datasets. BlastPhyMe incorporate existing services and utilities in a novel
portable database framework with intuitive user interfaces not offered by other bioinformatics programs
BlastPhyMe is still under active development with planned updates including additional options for
phylogenetic reconstruction (eg, MrBayes) and selection analyses (eg, HYPHY), as well as a new module
to facilitate evolutionary medicine studies.
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FIGURES

A. Module 1: Gene Sequences
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B. Module 2: Selection Analyses (PAML)

| |J/ BlastPhyMe - v1.5.0.5 Beta - C:\BlastPhyMe Demonstration\BlastPhyMe Demonstration.mdf - Demo Project M
File  Selection Analyses (PAML) Manage Help
| £ Gene Sea | =€ Sselection Analyses (PAML) |

: i New PAML Job 2] PAML Job History 1 [% Moveto... 53 Copyto.. X Delete || g Exportto... v 4 Import from... v \
: ) NewDataset [§ Open Dataset J§ Close Dataset \

A [swst
[C] Selectall 0 of Orecords selected Showing 0 of 0 sequences  Aoply Fitter
Job Tite Tree Model K WLk  RnA Sequences Fie

Figure 1. The two distinct modules of BlastPhyMe: Gene Sequences and Selection Analyses (PAML).
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Figure 2. BlastPhyMe workflow. The two modules are distinct, but results from Module 1 provide the
necessary input files for Module 2.
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Figure 3. GenBank Search Function. This function directly searches the GenBank nucleotide database.
All search terms used on the webpage can be used with BlastPhyMe.
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2| Search Results s B it Lilm

Select results to add to your dataset To view additional details for a record, double-click on a row or right-click and select "Details"
Found 2,206 nuclectide sequences.
Definition Length Accession GenBank In Project

W Columba livia LWS opsin (ws) gene, complats cds AHODO7800.2
[ | Epinephelus bruneus VWS mRNA for red opsin, complete cds 1,074 hitp ./ www nebi..... =
[ |Eubalaena glacialis long-wavelength sensitive cone opsin (LWS) pseudogene mRNA, partial sequen... |627 KU3638181 hitp /s ncbi..... [}
[ | Thamnophis proximus long-wavelength-sensitive opsin (LWS) mRNA, complete cds 1,085 KU306727 1 hitp ./ www ncbi..... [}
[ | Gomphesus varius clone ¢112%0_g1_i1 long wavelength sensitive opsin (LWS) mRNA, complete cds | 1,394 KPE81286.1 hitp ./ www ncbi.... [}
[ | Labroides dimidiatus clone c30919_g1_i1 long wavelength sensitive opsin (LWS) mRNA, complete c... | 1,718 KP881285.1 hitp ./ www nebi.... =
[T |Halichoeres chrysus clone c7660_g1_i1 long wavelength sensitive opsin (LW5) mRNA, complete cds | 1,409 KPE81284.1 hitp ./ wwew.ncbi..... |}
[ |Cirhilabrus punctatus clone ¢33387_g1_i1 long wavelength sensitive opsin (LWS) mRNA, complete ... | 1,343 KP8B12831 hitp ./ www nchbi..... [}
[ |Halichoeres omatissimus clone c6444_g1_i1 long wavelength sensitive opsin (LWS) mRNA, complet... | 1,523 KPBB12821 hitp ./ www ncbi..... [}
[ | Thalassoma lunare clone c29104_g1_i1 long wavelength sensitive opsin (LWS) mRNA, complete cds | 1,467 KP881280.1 hittp /e nebi.... ]
[ | Corie gaimard clone £31276_g1_i1 long wavelength sensitive opsin (LWS) mRNA, complete cds 1,807 KP8812781 hitp ./ www nebi..... =
[ |Halichoeres chloropterus clone c32345_g1_i1 long wavelength sensitive opsin (LWS5) mRNA, compl... | 1,379 KPE81275.1 hitp ./ www nchbi..... [}
[ |Choerodon fasciatus cene ¢185935_g1_i1 long wavelength sensitive opsin (LWS)mRNA, complete ... | 1,480 KPBB12741 hitp ./ www ncbi..... [}
[ |Bodianus mesothorax clone c45355_g1_i1 leng wavelength sensitive opsin (LWS) mRNA, complete ... | 1,402 KPE81273.1 hitp ./ www ncbi.... [}
[ | Pyropyga nigricans LW-sensitive opsin (LWS opsin) mRMA, partial cds 7T KR150964.1 hitp ./ www nebi..... =
[ | Pyractomena dispersa LW-sensitive opsin (LWS opsin) mRNA, complete cds 1,140 KR150%63.1 hitp ./ wwew.ncbi..... |}
[ | Photurs sp. 1 GJM-2015 LW-sensitive opsin (LWS5 opsin) mRNA, complete cds 1,143 KR150%62 1 hitp ./ wwwe ncbi.... [}
[ | Photurs sp. 2 GIM-2015 LW-sensitive opsin (LWS opsin) mRNA, complete cds 1,143 KR150961.1 hitp ./ www ncbi.... [}
[ | Phatinus pyralis LW-sensitive opsin (LWS opsin) mRMNA, complete cds 1,137 KR150960.1 hittp /e nebi.... ]
[ | Photinus marginellus LW-sensitive opsin (LWS opsin) mRNA, complete cds 1,137 KR150955.1 hitp ./ www nebi..... =
O records selected €a] =] Page: 1 oF1m

[EY | [LWS v] Update from GenBank

Figure 4. Genbank Search results window. Sequences can be selected using the check boxes and added to
a new or existing dataset using the ‘Add to’ button.
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Bos taurus opsin 1 {cane pigments), short-wave-sensitive (OPN15W), mRNA @
Detailz | Aligned from Guery Sequences |
Definition: Bos taurus opsin 1 {cone pigments), short-wave-sensitive (DPN15W), mRNA
Organism: Bos taurus Tawonomy:  Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; L
Gene: SWS1 Accession:  MM_174567.1 Locus: NM_174567
GenBank ID: 27807026 http:www nehinim.nih.gov/nucleotide 227807026
Sequence: ATGAGCARGATETCAGAGEAGEAGEAGTITCTTCTETTCARGARCATCTCCTTEETEEEECCETEEEATEEACCTCAGTACCACCTCECECCTE -

T GEECC T TCCA T CC A GG A TCTTCATGECI T T TG ICT ICI I TE T ACGEACECCACT CAR TECCACEETECTEETGECCACACTECECTR
CACAR AT TECGECACCCACTCAACT AT AT TCT GETCAACCTETCT CT GEEEEECT TCATCTACTECATCTTCTCTGTCTTCATCETCTTCATC
A CCACTTGTTATCECTACTICETCT T CCECCECCATETCTGTECCCTGEACECCTTCCTGEECT ETACAGCAGCTCTGETGACAGECTGETCAC
TEECCTTCTTGECCT TCEAGCECTACATCATCATCTET AR A CCCTTCEECAACTTCCGCTTCAGCTCCARCCATGCCCTGATEETEETCETGEC
CACCT R AT T AT TEET T CT CCATCCCACCCT TCT T TG T GEAGCCEAT TCCTCCCT GAGEECCTECACTCTTCCTETEETCCCOGAT
TEETACACCETGEECACCARAGT AT TACAGCGAGTACTATACCTGETI TCCICTICATCTICTGCTACATIGTGCCTCICTCCCICATCTGCTICT
CCTACTCT CAGCT T GEEEECCCTCAGAGCTET TGCEECT C AR A CCACEACT CAGCT TCCACCCRAGRRGECT CAGCEEEAGETGAGCCRACAT
GETEETEETCATEEIGEEATCCTITITGICICTETTACACACCCTACGCTECCCTEECCATETATATACGTCARCARCCETARCCATEEEETEERAC
TIACEECT TG CACCATTCCTECCT T T T C T CC A ACACTGCT TG TETCTACAR T CCCATCATCTACTECTTCATGARTARCCACTTCCGAECTT
GCATCATGEACATEETETETGEARAR M CCCATGACAGATCACTCTGAGCTETCTAGCTCCCAGRAA A ACCCARCTETCTACTETCTCTTCTASCCR

AETTEECCCCRRCTRR
| |
Length: 1.060 (CDS: 1.050) View Source Seguence
Motes: i
Updated At: 2016-06-13 03:47 by User Source:  BLASTN (NCEI)

Figure 5. Additional data available for each sequence stored within the database accessible by double
clicking on a sequence entry.
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Figure 6. BLASTN search and results windows used to expand a dataset to include additional related
sequences from the NCBI nucleotide database.
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Figure 7. PRANK alignment window. A similar window is also available to set up alignments using
MUSCLE.
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Figure 8. PhyML window to set up a phylogenetic analysis.



https://doi.org/10.1101/059881
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/059881; this version posted January 29, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Configure job options:

i BlastPhyMe - v15.0.5 8ta - C4\BlastPhyMe D ; v ion.mdf - Demo Project =@ =

File  Selection Analyses (PAML) Manage Help

[} Gene Sequences | == Selection Analyses (PAML) |

£, New PAML Job | =] PAML Job History © [&4 Move to... & Copy to... X Delete | Ly Exportto.. » L4 Import from.. ~ | i ) New Dataset [§ Open Dataset 3§ Close Dataset

i —

R Showing 0of D sequences  Acaly Fiter

Job Thle Tree del L K Run 2 Sequences Fis
Configure PAML B B
Corfigure models to run for each tree and sequence fie: Tree Fie: J
Tree Fle Sequences Fie #Seq. lengh  Tile Frrm T [g
C:\BlastPhyM . 13 |1 Tile:
Show Additional Optiong Exract from Control File
Aralyses: Model Ste Models Categories Kapoa Omega
Random Stes (M0, M1a, M2, M... [0.1.2.3.7.8 |10 200-30@1.00 |0.00-200@ 1.00
Random Sttes (M2a_rel) 2 0 200-300@1.00 [0.00-200€@ 1.00
Random Stes (Méa) [] 0 200-30@1.00 | 1.00 fxed)
Branch Model (A) 0 3 200-30@1.00 | 100
Branch Mode! (Nul) [] 3 200-300@1.00 | 1.00 feed)
G lice. ) Eacow. ) [KRemore ) Branch-Site Model (1) 2 3 200-300@100 | 100

Branch-Site Mode! (Null) 2 3 200-300@1.00 | 1.00 fixed)
Clade Model C (A) 2 3 200-300@1.00 | 100

CodeML exe: Ci\Users\Ryan\Sync\pami4.8\bin'\codeml exe

Working Directory:  C:\BlastPhyMe Demonsiration [=f Eat ][4 Copy | [XRemove

SE] crureny . FE

Dema Project - SWS1 Aigned

[Random Stes (M0, M1a, M2a, M3, M7, M8) ~]
Mo M1 @z M3 M7 Fs

2
109 4] 10 2] b 100 [2] P et
G Fow ]

Figure 9. Interfaces used to set up and run PAML jobs.
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Figure 10. Excel table exported from BlastPhyMe using the ‘Export to’ function. The table comes
automatically organized and formatted with test statistics computed.
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