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Main Points

1 Not all Big Data are Born Big

1 Data Curation Is a real, pervasive,
emerging need
— Not yet a designated occupation title

— Some full-time practitioners
— Near-universally required skill for researchers
— Increasingly a necessary life-skill for all

1 Examples from biodiversity research
community
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Data Curation as a Career

1 McKinsey report characterization:
— Deep Analytical Talent
— Big Data Savviness
— Supporting Technology

1 Not yet a recognized ‘occupation’
Digital librarian

Database manager

nformation specialist

Data analyst

— Computer programmer




Data Curation in Research
1 Sometimes by people, sometimes
automated

1 Data preservation, longevity, migration to
new media

1 Error-trapping for consistency, accuracy
1 Metadata and documentation

1 Compliance with standards

1 Interoperability with related databases

1 Web exposure, web services




EU Survey of Data Curators

Management for digital preservation

Workflow planning

Functionaltasks

Research

General management

Training of practitionars

Technical development/programming

Education of students 77

Recruitement of staff 73

Other 76

0 50 100 150 200

Fig. 4: Tasks the respondents are responsible for




Distribution of Needs
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The Rising Data Tide

The Era

11980: Me and my
microscope: Access-
limited

11990: Emaill,
microcomputer: Network-
limited

12000: Web-based data,
sensors: Provider-limited

12010: Aggregator portals:
Dialect-limited

The Needed Skills

1 Domain knowledge, setting
priorities, time management

1 Basic computer skills, social
networking

1 Hardware system design,
data capture, web
Interfaces, negotiating data
release

1 Data integration and re-use,
negotiating partnerships
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Sources of Big Data in Biology

1 New high-volume sensors
— Next-Generation Sequencing
— Sensors for environmental monitoring
— Remote sensing

1 Data mobilization
— Digitization of analog records (NSF ADBC)
— Networking of databases (e.g., VertNet)
— Rise of Aggregators (GBIF, EOL)

1 Data archiving (DataOne, data.gov)
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Next-Generation
Sequence data

J DNA BARCODE

data
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A DNA barcode is a
short gene sequence
taken from

standardized portions
of the genome,
used to identify species
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INSDC POLICY ADVISORS DOCUMENTS

International Nucleotide Sequence Database Collaboration

e The International Mucleotide Sequence Databases (INSD) have been developed and
maintained collabaratively between DDEJ | EMEBL |, and GenBank for over 18 years.

o The INSDC advisory board, the International Advisory Committee | i1s made up of
EMBI.W members of each of the databases’ advisory bodies. At their most recent meeting,
Nucleotide members of thiz committee unanimausly endorsed and reaffirmed the existing data-
Database sharing policy of the three databases that make up the INSDC, which 15 stated below.

o Individuals submitting data to the international sequence databases should be aware of

INSDE palicy .

How to submit data

o Forfull detailz of how to submit data to the databases, please select a collaborating
parthner.

« DDBJ  EMBL , GenBank
e [he INSDC Feature Table Definition Document is avallable here .

INSIDE,




1 Whole Genome Seqguencing:
— 191 billion bases
— 62 million records

1 “Traditional” GenBank — small projects:
— 127 billion bases
— 135 million sequence records




1 Technology of sensors
1 Popular demand
1 Supply rate

1 Cost of production

1 Ease of access

1 Inter-connectivity among data records
1 Viral buzz




Neanderthal DNA Study

Pseudomonadales Rhizobiales

(1,470; 0.6%}\\ (1,230; 0.5%)

Burkholderiales
(1,912; 0.8%) ~— ——— 3 Enterobacteriales
(788; 0.3%)

S = Poales
(8,408; 3.3%) (429: 0.2%)

Rhodocyclales

Primates | A= 394 0.2%)
(15,701; 6.2%) j\
AI[ other orders

(6,559; 2.6%)
Actinomycetales

(17,213; 6.8%)

No hit
(200,829; 79.0%)

254,933 DNA
sequences from
one bone

Green, et al., Nature 444:330-336 (16 November 2006)
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For "invertebrates” 2010 saw an explosive growth in the number of new taxa sequenced,
with nearly 71,000 new taxa added to GenBank.

Invertebrates

B hot
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This coincides with a spectacular drop in the number of properly-named taxa, but even
before 2010 the proportion of named invertebrate species in GenBank was in decline: in
2009 just over a half of the species added had binomials.

R. Page, IPhylo blogspot, 12 April 2011




A 30-year Trend

ncreasing access to publications
Release of data
Development of data standards, ontologies

1 Growth of data aggregators, networks,
centers

1 Mandates for open access publication
1 Mandates for data management plans




Sharing Data from Large-scale
Biological Research Projects:

A System of Tripartite Responsibility

Report of a meeting organized by the Wellcome Trust
and held on 14-15 January 2003 at Fort Lauderdale, USA.

‘Win-Win’ roles of funders, producers and users
‘Community Resource Projects’ to generate data for re-use
Global public goods versus self-interest of researchers
Pre-publication release of publicly-funded genomic
research through GenBank, EMBL, DDBJ

Protect researcher rights through publication of ‘Project
Descriptions’ to describe plans, timeline for publication




Data Aggregators and Networks

Major Data Repositories

Data Standards

DNA and Genes

International Nucleotide Sequence
Database Collaboration (GenBank,
EMBL, DDBJ)

Gene Ontology

Genomic Standards Consortium

Species

|Global Biodiversity Information
Facility

Darwin Core Standards

Populations

|Global Population Dynamics
Database

Ecological Markup Language

Ecological communities

DataOne

Ecological Markup Language

Coastal and Marine
Environments

Digital Coast

Coastal and Marine Ecological

Classification Standard

Habitats

European habitats

EUNIS Habitat Classification

Geospatial landscape data

US National Geospatial Program

European Environment Agency

Open Geospatial Consortium

|data§ma%s




Global Biodiversity Information Facility

EIDL-]%'” RS”'T’ SPECIES COUNTRIES DATASETS OCCURREMCES SETTINGS ABOUT
IYE e .-:.J' .
INFORMATION

389,467,366 data records
340,426,764 with coordinates
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®NEM er CU@‘ A DataONE Search Tool for Scientific Data
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PINO GATE PRAIRIE DOG STUDY: LANDSCAPE PLOT GROUND-DWELLING ARTHROPOD DATA  06/01/2000 - 10/01/2001

Datasource: LTER NETWORK MEMBER MODE

Keystone speces have large impacts on community and ecosystem properties, and create important ecological interactions with other species. Prairie dogs
(Cynomys spp.) and banner-tailed kangaroo rats (Dipodomys spectabilis) are considered keystone spedes of grassland ecosystems,and create a mosaic of
unique habitats on the landscape, These habitats are known to attract a number of animal spedies, but little is known about how they affect arthropod
communities. Our research evaluated the keystone roles of prairie dogs and kangaroo rats on arthropods at the Sevileta Mational Wildlife Refuge...

View full metadata || Data Files (0) |
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Training Needs

1 Some specialist advanced degrees
— Staffing for data centers, aggregators

1 Coursework for all doctoral candidates
1 Undergrad concentration/majors

— Library/information schools
— Joint with Computer Science

1 Undergrad courses for science credit

1 K-12 life skills in math/science, personal
finances

1 YouTube instruction, Citizen Science




