








bugs (Sametinger, 1997). Fifth, we developed unit tests (Ammann & Offutt, 2008) and integration tests (Ammann &277

Offutt, 2008) for many parts of Sequenceserver’s code, and used continuous integration (https://travis-ci.org/)278

to ensure these tests are automatically run whenever any change is made to the code, thus increasing the chances279

of rapidly detecting errors. Sixth, we use the rubocop code analyser (https://github.com/bbatsov/rubocop) to280

ensure that our code respects the Ruby community style guide in terms of names of variables and methods, code281

structure and code formatting. Such respect of style standards makes code more accessible to other programmers282

and scientists than if code is inconsistently styled or if we had chosen our own conventions (Martin, 2008; Wurm,283

2015). Finally, we use the Codeclimate service (http://codeclimate.com) for automatic detection of potential284

problems with software design.285

Graphical user interface design principles286

To ensure a fluid user experience that increases researcher productivity, we designed Sequenceserver around eight287

modern user interface design principles. First, the interface contains only essential information so as to minimize288

distractions for the user. Second, the information is laid out in a clear and hierarchically structured manner. As part of289

this, we paid special attention to typography, using Roboto (https://www.google.com/fonts/specimen/Roboto)290

for headings and Open Sans (https://www.google.com/fonts/specimen/Open+Sans) for normal text. These291

free, contemporary typefaces were designed to maximize legibility and overall aesthetics across electronic devices and292

print media. Third, we used automation where possible to minimize the number of decisions required from the user.293

For example, based on query type and databases selection we limit the choices for algorithm selection (except in294

the case of nucleotide-nucleotide search only a single BLAST algorithm is possible; see Supplementary Figure S1).295

Fourth, we use interactive visual feedback and cues for step-by-step discovery of the workflow. For example, the296

BLAST button remains disabled until the user has provided query sequence(s) and selected target databases. If the297

user tries to click the BLAST button while it is disabled a tooltip indicates that a required input is missing. Similarly,298

selection of protein databases is automatically disabled if the user has already selected a nucleotide database (and299

vice versa). Fifth, we remain consistent and contextual with regards to user interaction. For example, notification300

of sequence type does not depend on how query sequence was provided. This notification is shown below the query301

sequence input field – where the user’s eyes are likely to go after query input – instead of using a global designated302

notification area or displaying pop-up windows that can be disruptive or are ignored. Similarly, a “clear query” button303

is shown only after the user has provided query sequence(s) and is positioned where a user is likely to look for it. Sixth,304

we try not to let the advantages of a graphical interface and efforts to create an easily accessible user experience305

limit the scope of what the user can do. For example, all possible advanced BLAST search options can be entered306

via a generic input field. Similarly, tooltips over report download links are only shown after the mouse pointer has307

hovered for at least 500ms. This delay means most users won’t be bothered by tooltips after they have used the308

interface a few times. Seventh, we exploit intuitive human notions of colors. For example, if the user erroneously309

tries to combine nucleotide and amino acid sequences in the query, the query input-area is gently highlighted using a310

red border to indicate an error. At a different level, in the graphical overview shown for each query, the color of each311

hit indicates its strength, with stronger e-values being darker. Finally, the wording of error messages is similar to312

informal human conversation to create empathy and familiarity, which may also clarify that Sequenceserver is built by313

a community of scientists. For example, if a user encounters a bug in Sequenceserver, the error popup reads “Oops!314

Something went wonky. Below is the error detail. Please could you report it to our Google Group.”315
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Community building316

We took four measures to help create a community and allow easy customization of our software. First, we performed317

all development in an open manner on the GitHub source code sharing/development site (http://github.com).318

This ensures that bioinformatician users can easily access the source code and customize the software. Indeed, such319

customization can be easily merged back into the main codebase of the software; several GitHub users are included320

as coauthors of this manuscript because of such contributions. Second, we provide extensive documentation as321

part of the source code and on the website http://sequenceserver.com. Third, we created a dialog with users322

(via GitHub issue tracking as well as a specific Google Groups mailing list); here users ask and answer each other’s323

questions and help each other regarding issues arising with customization, installation and specific datasets. Finally,324

we isolated the most commonly used customization code into separate files (a configuration file and a specific file for325

adding links from BLAST search results to custom databases such as custom genome browsers or other databases).326

Isolating the parts of code that a bioinformatician is most likely to edit facilitates customization and reduces risks327

when upgrading the software.328
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Supplementary Information337

TBLASTN

BLASTN

TBLASTX

BLASTX

ALGORITHMQUERY TYPE DATABASE TYPE

Nucleotide

Amino Acid

Nucleotide

Amino Acid
BLASTP

Figure S1. Automatic BLAST algorithm selection. BLAST includes five basic algorithms (right column). Arrows
indicate how Sequenceserver automatically selects an appropriate BLAST algorithm based on the sequence types of query
(left column) and selected databases (middle column). For the first three combinations of query and database types, only
one algorithm is possible. The circle indicates that for nucleotide query and nucleotide database, the user can choose
between BLASTN and TBLASTX.

Figure S2. Screenshot of viewing interface for a protein hit sequence. Residues are grouped in multiples of 5,
and the coordinates of the first residue of each line are shown in gray. Here, the user selected a range of amino acids;
their specific coordinates are shown in a tooltip. The viewing interface for nucleotides is similar.
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ViroBlast NCBI's 
wwwblast

GMOD's 
BlastGraphic Galaxy Blast NCBI Amazon 

Cloud BLAST Sequenceserver

Reference and/or URL Deng et al 2007

Tao T (2006) 
wwwblast: Setup 
and usage. http://
www.ncbi.nlm.nih.

gov/staff/tao/
URLAPI/

wwwblast/.

Oconnor et al 
2008 Cock et al 2015

NCBI (2014) 
BLAST searches 

at the cloud. 
http://

blast.ncbi.nlm.nih
.gov/ blast/docs/
BLAST_at_AWS.

pdf.

This publication

Specific software requirements Apache web 
server, PHP

Apache web 
server, CGI

Apache web 
server, Perl and 

several Perl 
modules from 

CPAN

Galaxy server
Only runs on 
Amazon Web 

Services

Ruby 
programming 

language1

BLAST software download Manual Manual Manual Automatic2 Included Automatic

BLAST configuration Manual Manual Manual Automatic Included Automatic

Detection and formatting of new 
datasets Manual Manual Manual Manual Manual Automatic/

assisted

Adding new datasets to interface Manual 
configuration

Manual 
configuration

Manual 
configuration

Manual 
configuration

Manual 
configuration Automatic

Support for NCBI's current BLAST+ 
software (Camacho et al 2009). Yes No Yes Yes Yes Yes

Updating software while preserving 
configuration Involved Involved Involved Involved Involved Trivial

Can be integrated with standard 
web servers for community 
website

Yes Yes Yes Yes Yes Yes

Automatic BLAST algorithm 
selection No No No No No Yes

Prevent user from mixing protein 
and nucleotide query sequences No No No No No Yes

Prevent user from running BLAST 
with impossible query-database-
algorithm combinations

No No No No No Yes

Ability to select multiple databases 
for search Yes No Yes Yes No Yes

Ability to enter advanced options Yes Yes Limited Yes Yes3 Yes

Graphical overview of hits No Yes Yes No No Yes

Results clearly structured as in the 
NCBI’s public BLAST interface. No No No No No Yes

Ability to filter results Yes: by e-value 
and identity. No No No No No

Link hits to custom external 
resources No No Yes No No Yes

Ability to download hit sequences Yes No No No No Yes

Ability to download BLAST reports No Yes4: XML No No
Yes4,5: XML, Tab-
delimited, JSON 

& text
Yes: XML & Tab-

delimited

Development status Unclear Inactive Inactive Active, open 
community

Active, 
developed only 

by NCBI
Active, open 
community

Notes

1 Pre-installed on Mac. One-line installation through package managers on Linux.
2 Through ‘ncbi_blast_plus’ package from galaxy tool shed
3 Default: only e-value; configuration enables more options.
4 The format in which results are desired can be pre-selected from the search form.
5 Using the command line blast_formatter tool.
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Table S1. Alternatives to Sequenceserver. Presence or absence of features in BLAST GUIs is highlighted across four
broad categories: Installation and configuration, BLAST query submission, Output, and Development status. Preferred
features are indicated in green.
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Griebel T, Brinkmeyer M, Böcker S. 2008. EPoS: a modular software framework for phylogenetic analysis. Bioinformatics, 24:450

2399–2400.451

Wintersinger JA, Wasmuth JD. 2015. Kablammo: An interactive, web-based blast results visualizer. Bioinformatics, 31:452

1305–1306.453

Neumann RS, Kumar S, Haverkamp THA, Shalchian-Tabrizi K. 2014. BLASTGrabber: A bioinformatic tool for visualization,454

analysis and sequence selection of massive BLAST data. BMC Bioinformatics, 15: 128.455

Darzentas N. 2010. Circoletto: Visualizing sequence similarity with Circos. Bioinformatics, 26: 2620–2621.456

Lagnel J, Tsigenopoulos CS, Iliopoulos I. 2009. NOBLAST and JAMBLAST: New options for BLAST and a Java application457

manager for BLAST results. Bioinformatics, 25: 824–826.458

Gollapudi R, Revanna KV, Hemmerich C, Schaack S, Dong Q. 2008. BOV – a web-based BLAST output visualization tool.459

BMC Genomics, 9: 414.460

Xing L, Brendel V. 2001. Multi-query sequence BLAST output examination with MuSeqBox. Bioinformatics, 17: 744–745.461

Paquola AC, Machado AA, Reis EM, da Silva AM, Verjovski-Almeida S. 2003. Zerg: A very fast BLAST parser library.462

Bioinformatics, 19: 1035–1036.463

Pirooznia M, Perkins EJ, Deng Y. 2008. Batch Blast Extractor: An automated BLASTX parser application. BMC Genomics,464

9: S10.465

Catanho M, Mascarenhas D, Degrave W, de Miranda AB. 2006. BioParser: A tool for processing of sequence similarity analysis466

reports. Applied Bioinformatics, 5: 49–53.467

Neumann RS, Kumar S, Shalchian-Tabrizi K. 2013. BLAST output visualization in the new sequencing era. Briefings in468

Bioinformatics, 15: 484–503.469

Nielsen CB, Cantor M, Dubchak I, Gordon D, Wang T. 2010. Visualizing genomes: Techniques and challenges. Nature470

Methods, 7: S5–S15.471

Eddy SR. 2009. A new generation of homology search tools based on probabilistic inference. Genome Informatics, 23: 205–211.472

Buchfink B, Xie C, Huson DH. 2015. Fast and sensitive protein alignment using DIAMOND. Nature Methods, 12: 59–60.473

Koboldt DC, Steinberg KM, Larson DE, Wilson RK, Mardis ER. 2015. The next-generation sequencing revolution and its474

impact on genomics. Cell, 155: 27–38.475

Ries E. 2011. The lean startup: How today’s entrepreneurs use continuous innovation to create radically successful businesses.476

Crown Business, New York.477

17

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 

The copyright holder for this preprint (whichthis version posted November 27, 2015. ; https://doi.org/10.1101/033142doi: bioRxiv preprint 

https://doi.org/10.1101/033142
http://creativecommons.org/licenses/by-nc-nd/4.0/


Thiel P, Masters B. 2014. Zero to one: Notes on startups, or how to build the future. Crown Business, New York, NY.478

Altschul S, Demchak B, Durbin R, Gentleman R, Krzywinski M, Li H, Nekrutenko A, Robinson J, Rasband W, Taylor J, et al..479

2013. The anatomy of successful computational biology software. Nature Biotechnology, 31: 894–897.480

Lehman M. 1980. Programs, life cycles, and laws of software evolution. Proceedings of the IEEE, 68: 1060–1076.481

Flanagan D, Matsumoto Y. 2008. The Ruby programming language. O’Reilly, Beijing.482

Ruby S, Thomas D. 2011. Agile web development with Rails, 4th ed. Pragmatic Bookshelf, Raleigh, NC.483

Goto N, Prins P, Nakao M, Bonnal R, Aerts J, Katayama T. 2010. BioRuby: Bioinformatics software for the Ruby programming484

language. Bioinformatics, 26: 2617–2619.485
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