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SUPPORTING MATERIALS

The Bio-TDS (BioQuery Tools Discovery Systems) has been developed to assist researchers in retrieving
the most applicable analytic tools by allowing them to formulate their questions as free text. The Bio-TDS is a
flexible retrieval system that affords users from multiple bioscience domains ( e.g. genomic, proteomic, bio-
imaging) the ability to query over 15,000 analytic tool descriptions integrated from well-established,
community repositories. One of the primary components of the Bio-TDS system is the ontology and natural
language processing workflow for annotation, curation, query processing, and evaluation. The Bio-TDS’s
scientific impact was evaluated using sample questions posed by researchers retrieved from Biostars, a site
focusing on biological data analysis. The Bio-TDS was compared to five similar bioscience analytic tool
retrieval systems with the Bio-TDS outperforming the others in terms of relevance and completeness. The
Bio-TDS offers researchers the capacity to associate their bioscience question with the most relevant
computational toolsets required for the data analysis in their knowledge discovery process.

Table 2: Support Material Overview (also available at )


http://tds.bme.usd.edu/bqt-v1/help/supporting.xhtml
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s1
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s1
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s2
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s2
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s3
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s3
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s4
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s4
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s5
http://biotds.org/BioQueryTool/faces/help/supporting.xhtml#s5

S1 - BETS Specification description and manipulation
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Figure S1a: BETS design Overview

Bioinformatics Elaborated Tools Specifications (BETS) provides a standard for analytic tool descriptions. The
analytic tool descriptions (i.e. metadata) gathered from community tool repositories integrated into the Bio-
TDS are stored in JSON format using the BETS standard. This standard consists of core BETS attributes and
domains/repositories specifics attributes (Figure S1a). The core BETS attributes are manually mapped to the
repository attribute.
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S2 - Resources extraction and semi-automatics curation

The Bio-TDS combines bioinformatics tools from five other repositories and stores them in one central
location, following BETS (Bioinformatics Elaborated Tool Specification). There are six main modules that
convert the data from each of the five repositories into BETS tools and store the new tools into the Bio-TDS
database.

The BETS Checker is a Java application that tests the compatibility of a tool with the BETS specification. A
tool is considered “compatible” if it is in the format specified by the specific BETS converter. For example, the
system contains a mapper called Galaxy Converter. A tool from the Galaxy Tool Shed can only be
“compatible” if it matches the predefined Galaxy format (Figure S2a0.
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Figure S2a: Bio-TDS extraction workflow

A rule-based (or predicate) semi-automatic curation process has been developed for the Bio-TDS by
combining human inspection and data mining methods. Rules are generated manually and are applied in a
very specific order (Figure S2b). For example, some rules such as [if tool type is ‘not tool’, then remove
the tool from the repository] are applied during the extraction process. If the scope of this rule is limited to
one attribute, its consistency among repositories and impact on the curation process is relevant and effective.
Following this logic, several categories were identified and used to lead the development of the rules:
community/domain related rules, design related rules, and human intuitive rules (Table S2). After integration
and curation, we have a very good improvement in our repository content.
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Figure S2b: Curation workflow

Community or domain related rules--are governed by information representation and information
management in each community. For scientific communities such as bioinformatics, EDAM ontology is an
important semantic and lexical information representation. These considerations led to the development of
rules such as [if “input format” value is empty, and there is a mention in the “Description” in “list of input format
from EDAM”, then fill the input format field with the mention]. Ontologies also allow us to check relationships
between terms. Therefore, a relationship such as “synonym” from the ontology can help to populate some
missing value or remove redundant data.

Design based rules include constraints related to data integration issues. The key goal is to keep the
integrated database lossless when applying operations such as merging duplicates. For example,
considering the following rule [if “Name” and “version” are the same for two tools then, merge them]. This
definition of tool similarity allows for a simple string comparison of two attributes (name, version) using simple
edit distance. During and after the integration of analytic tool definitions, missing data management rules are
used to minimize the empty values in the Bio-TDS repository.

Human inspection remains the key and most accurate action during the curation process. This include rules
for consistency checking (i.e. no contradiction, complete and close rules), data quality overview, and new
intuitive rules generation (i.e. looking at data and statistics, some rules can be inferred, and human
walkthrough suggestions. A simple Web Ul was developed to allow contributors to add curation suggestions.

At the current development stage, the Bio-TDS team has already identified 10 key rules (Table S2).The
application of that rule set has helped to improve the repository accuracy by removing duplicates and invalid
tools (from 19,000 tools to 15,000), removing inaccurate attributes values, and filling in missing information.
This has achieved an overall improvement rate of ~30%.



Table S2: Selected curation rules

# Type* | Condition (if...) Consequence (then...) Notes /Scope
1 HR Tool type not “Tool” Remove the tool from the repository Extraction, Galaxy
2 DR “Version™ contain string Remove string and keep numeric BioQueryTool repository
3 DR “Name” and “version” are the same for 2 | Merge them BioQueryTool repository
tools
4 CR “input format” value is empty, and there Fill the input format field with the BioQueryTool repository
is a mention in the “Description” in “list of | mention
input format from EDAM”
5 DR The tool source specification is Send to the SUCCESS folder for Extraction (ToolChecker), all integrated
compatible with BETS BETS converter and add to the repositories
repository. Otherwise, send to
ERROR folder for manual integration.
6 HR Inmany tools a given attribute value is Manually check and locate the most Extraction, BioQueryTool repository
empty relevant related field to populate (e.g. when platform is “R Bioconductor”,
them. “Operating System” aftribute is filled)
7 DR A tool attribute contain 2 or more Remove duplicate Extraction, all repositories
duplicate
8 CR The tools annotation is weak (<5 Use the ontology context (hierarchy TOMER, BioQueryTool repository
annotation terms) parent-child, synonyms, preferred
name) to enrich the a notation
9 HR A given attribute value is empty Use homolog attribute to populate the | BioQueryTool repository
attribute value e.g. ifthere is no “link” or “author” for a
given tool, Use “reference URL" or
“contact” to populate the field
10 HR A tool doesn't have a quality attribute Check if there is similar{name, BioQueryTool repository
reference, ...) tool from SEQAnswer
or GALAXY, and use the related
quality attribute (citation count, ...).

**Rules Type: CR= Community Rules; DR= Design Rules ; HR= Human intuitive Rules




S3 - TONER: Tools ontology-based annotation
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S4- Bio-TDS Query processing workflow and programmatic access
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Figure S4a: Bio-TDS System Workflow
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Table S4: REST Endpoints (Base URL http://jacksons.usd.edu/BTL-REST)

URL | HTTPVERB RETURNS
Tools
fresourcesftools/ GET Disabled - Get ranges instead - List of All Tools
Iresourcesftoolsiid} GET Tool by ID
Iresourcesftoolsf{from}i{io} GET Toaols within a range
Iresourcesftoolsicount GET Countof All Tools
Iresourcesftoolsinames GET All Tool Names
Iresourcesftoolsisummaries GET All Tool Summaries
BETS
Iresources/bets/ GET Disabled - Get individual bets - All BETS data for each tools
Iresources/betsiid} GET BETS far toal by ID
Iresources/bets/inputsiid} GET Inputs for Tool by ID
Bridges
Iresources/bridges/ GET All Bridges data
Iresources/bridgesiid} GET Bridge by 1D
Iresources/betsffrom}ito} GET Bridges within a range
Iresources/bets/count GET Countofthe Bridges
Repositories
Iresources/repos/ GET List of the Repositories our tools came from
Iresources/reposiools GET List of Every Tool ID and its Repo 1D
Iresources/repositoolsiid} GET ResourceTool by ID
Iresources/reposigetbytoolids GET Get example JSON for posting
fresources/reposigetbytoolids POST Postan array of tool ids to get their repository names
Storing Bridges ar Tools (these are normally disabled)
fresources/stare-bridges GET An example Bridge JSON to POST
Iresources/store-bridges POST Returns the URI ofthe created bridge
Iresourcesistore-bridges/list POST Disabled
Iresources/store-bridgesiid} POST Accepted if it updates the bridge id specified
fresources/store-tools GET Returns an example Tool JSON to Post
Iresources/store-toals POST Disabled
Iresources/store-tools/ist POST Disabled
Iresources/store-toolsfid} FOST Accepted if it updates the tool id specified

*Subjectto change

*Query parameter "PrettyPrint=true’ will return prettified JSOMN



http://jacksons.usd.edu/BTL-REST
http://jacksons.usd.edu/BTL-REST

S5 - Bio-TDS Evaluation and comparison

& Note: The data used for the current tests have been collected from the associated repositories in
December 2015. Because each repository may have been updated, the reproducibility should consider
repository versions for accuracy.
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0

Table 1: Bio-TDS evaluation and comparison overview

@ Criteria” Bio-TDS BLD ELIXIR GALAXY SeqAnswer
MRR* 1 0.0131 0.0087 0.0043 0.1484
MAP* 0.0004 NS NS NS NS
MAR* |0.8?55 0 0 0.0036 0.0339%
MAF* |I}.00I}8 NS NS NS NS
MRR™ 0.7598 NS 0.1441 0.131 0.6899
MAP™ 0.0427 NS NS NS 0.0572
MAR"™ 0.3474 0.02 0.0696 0.0518 0.2327
MAF™ |0.EIBU1 NS NS NS 0.1383
*Evaluation Criteria: MRR = Mean Retrieval Rate; MAP = Mean Average Precision; MAR = recall; MAF = mean Average F-measure.
NS = not significant result. User Query Type: “Free text Query; “Keyword Query

Figure S5a: Bio-TDS Evaluation and Comparison Overview

Figure S5a shows the existing repository statistic (b), as of May 2016, the tools count overlap Venn diagram
(a), and repositories comparison overview (c).

Note: "NS" value in a given evaluation criteria (Precision, Recall,...) indicates limited data point (missing
>40% data points compare the variable dataset size) to compute an accurate meaningful criteria value. This
is due to a low retrieval rate in the related repository (e.g. no result return for the query).
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Figure S5b: Bio-TDS Retrieval Rate Comparison
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Figure S5c: Bio-TDS exactness (Precision) and completeness (Recall) Comparison.
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