Informatics Infrastructure
at the start of the Second

Decade of DNA
Barcoding

SUJEEVAN RATNASINGHAM

BIODIVERSITY INSTITUTE OF ONTARIO
UNIVERSITY OF GUELPH



10+ Years AM+ Records 0.5M+ Species 100+ Nations




Decade 1 - Capacity Bullding

Data
Standards

-

&

Collaborative Networks Community Database Software Tools




Data Standards

CONSORTIUM FOR THE

BARCODE OF LIFE




Building the Library

BOLDSYSTEMS  Databases | Taxonomy | Identification | Workbench | Resources

A data retrieval interface that allows for searching
over 1.7M public records in BOLD using multiple

search criteria including, but not limite
geography, taxonomy, and depository.

d to,

A custom platform for educators and students to
explore barcode data and contribute novel barcodes

to the BOLD database.

10,000,000

1,000,000

A searchable database of Barcode Index Numbers
(BINs), sequence clusters that closely approximate
species.

100,000

An integrated data collection and analysis
. environment that securely supports the assembly and
‘ validation of DNA barcodes and ancillary sequences.

The Barcode of Life Data Systems is designed to support the generation and application of DNA barcode data. The platform
consists of four main modules: a data portal, a database of barcode clusters, an educational portal, and a data collection workbench.
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Community Benchmarks
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Collaborative Networks
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BOLD User Network - 2015
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BOLD User Network - 2015
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Austria

1K - 10K
10K — 100K

BOLD User Network - 2015

Kenya Argentina
Madagascar  Jordan

Across Nations
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Testing the Library Depth
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Top Match Similarity
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Testing the Library Depth
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Barcode Index Numlber (BIN
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Abstract

Because many animal species are undescribed, and because the identification of known
species is often difficult, interim taxonomic nomenclature has often been used in biodiversity
analysis. By assigning individuals to presumptive species, called operational taxonomic units
(OTUs), these systems speed investigations into the patterning of biodiversity and enable
studies that would otherwise be impossible. Although OTUs have conventionally been
separated through their morphological divergence, DNA-based delineations are not only
feasible, but have important advantages. OTU designation can be automated, data can be
readily archived, and results can be easily compared among investigations. This study exploits
these attributes to develop a persistent, species-level taxonomic registry for the animal kingdom
based on the analysis of patterns of nucleotide variation in the barcode region of the
cytochrome c oxidase | (COI) gene. It begins by examining the correspondence between
groups of specimens identified to a species through prior taxonomic work and those inferred
from the analysis of COI sequence variation using one new (RESL) and four established
(ABGD, CROP, GMYC, jMOTU) algorithms. It subsequently describes the implementation, and
structural attributes of the Barcode Index Number (BIN) system. Aside from a pragmatic role in
biodiversity assessments, BINs will aid revisionary taxonomy by flagging possible cases of
synonymy, and by collating geographical information, descriptive metadata, and images for
specimens that are likely to belong to the same species, even if it is undescribed. More than
274,000 BIN web pages are now available, creating a biodiversity resource that is positioned
for rapid growth.
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Importance of registering OTUs
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The técnology that links taxonomy and Star
Trek

What made Star Trek's original tricorder a great piece of fictional
technology, writes Maggie Koerth-Baker, wasn't its sci-fi looks. It was
what it did.



Identification:
Linkia laevigata

Species Information Page.........
DNA Barcode results:
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LifeScanner Solution Overview
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MHAT'S A PIGEON nature
Rise of the citizen scientist

From the oceans to the soil, technology is changing the part that amateurs can play in research.

But this greater involvement raises concerns that must be addressed.
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Moving into decade 2



Embrace Big Data

Complexity (Data volume & Dimensionality)

What might happene

Forecasting

What is happeninge
Monitoring

Why it happened?
Analysis

What happenede ®
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Impact



Support for multiple scales




Support for NGS based Barcoding
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A BIOINFORMATICS PLATFORM FOR DNA BARCODING OF ANIMAL, PLANT, AND FUNGAL SPECIES.

BOLD

Launch of on Sept 29,2015

DESIGNED TO SUPPORT THE GENERATION & APPLICATION OF DNA BARCODES

PUBLIC DATA PORTAL

A DATA RETRIEVAL INTERFACE THAT
ALLOWS FOR SEARCHING OVER
1.7M PUBLIC RECORDS IN BOLD
USING MULTIPLE SEARCH CRITERIA
INCLUDING, BUT NOT LIMITED TO,
GEOGRAPHY, TAXONOMY, AND
DEPOSITORY.

DNA BARCODE
EDUCATION PORTAL

A CUSTOM PLATFORM FOR
EDUCATORS AND STUDENTS TO
EXPLORE BARCODE DATA AND
CONTRIBUTE NOVEL BARCODES TO
THE BOLD DATABASE.

BARCODE INDEX
NUMBERS

A SEARCHABLE DATABASE OF

BARCODE INDEX NUMBERS (BINS),

SEQUENCE CLUSTERS THAT
CLOSELY APPROXIMATE SPECIES.

WORKBENCH

AN INTEGRATED DATA COLLECTION
AND ANALYSIS ENVIRONMENT
THAT SECURELY SUPPORTS THE
ASSEMBLY AND VALIDATION OF
DNA BARCODES AND ANCILLARY
SEQUENCES.

Advancing the Automation of
Species ldentification



Community Curated Libraries

Purpose generated & reference specimens available
Barcode compliant & consistent
Key species (e.g. Dirty 22, Domesticated & Bush meat)

Curated for consistency in tfaxonomic assignments
Barcode compliant & consistent
CITES/REDLIST (e.g. Endangered & conftrolled species)

Mined from BOLD
Limited verification and only to be used as last resort
Disease vectors & invasive species

Center for
Veterinary Medicine




Community Defined Metadata Extensions
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Rougerie R, Smith AM, Fernandez-Triana J, Lopez-Vaamonde C, Ratnasingham S
Hebert PDN. 201 1. Molecular analysis of parasitoid linkages (MAPL): gut contents
of adult parasitoid wasps reveal larval host. Mol Ecol 20:179-186.



More Analytical Tools
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Community Developed Analytical Tools

Plug-in Framework

BOLD

()

6000+ Analytical Packages in CRAN




Analytical Pipelines

Qao

e —_—> select records of interest
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Simple Pipeline




BOLD 4 + SAP Lumirc
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BOLD4 — Some other features

« Checklist Support (synonyms, progress, shopping lists)

« Data portal for core facilities

« Complete record histories

BO LD * RESL algorithm on your own datasets

« Storage and analysis of pre-clustered NGS data




Support for Metabarcoding

Support for the application of Next Generation Sequencing in DNA
Barcoding Initatives

from the

oLt

European Nucleotide Archive

Storage of NGS Data Data Preprocessing

genom iC

DARDS consortium

Linkages & Partners

MBRAVE

Metabarcoding Research And Visualization Environment
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