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Data & Databases

• Proper data management is critical for scientific 
discovery and reproducibility

• Acquiring, validating, storing, protecting, and processing 
data to ensure the accessibility, reliability, and 
timeliness of the data for its users

• Databases are physical entities to store and 
organize these data so that it can be easily 
accessed, managed & shared

• What are the FAIR data principles & why should 
you care?

• Bioinformatics resources for cereal crops



Comprised of > 100 members from >30 databases  
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https://www.agbiodata.org/databases

Structural & functional annotation via GO, SO (maize, rice) à AgBase*
Ag ontologiesà AgroPortal*

Alfalfa Breeder's Toolbox
Arabidopsis Biological Resource Center

Animal QTLdb
AraPort

Bovine Genome Database
CassavaBase

Citrus Genome Database
Cool Season Food Legume Database

CottonGen
CyVerse* 

Genome Database for Rosaceae
Genome Database for Vaccinium

Wheat, barley, oatà GrainGenes
Comparative genomics & pathwaysà Gramene

Germplasm resources à USDA-ARS GRIN*
Hardwood Genomics

Hymenoptera Genome Database
i5K National Ag Library

Rice mutantsà KitBase
Legume Information System

MaizeGDB
Maize Stock Center

MusaBase
National Animal Disease Center

PeanutBase
Plant ontologiesà Planteome*

PulseCrop
Solanaceae Genomics Network

SoyBase
SweetPotatoBase

Triticeae (wheat, barley) & oat à T3
TAIR

TreeGenes
WheatIS
YamBase

The AgBioData Consortium
=> Improve handling of data in AgBio databases via collaboration, 
communication, and developing recommendations & standards.



MaizeGDB https://www.maizegdb.org

Gramene http://www.gramene.orgGrainGenes https://wheat.pw.usda.gov/GG3

Species-specific:

Clade-specific:

PanMaize
http://maize-pangenome-ensembl.gramene.org

Pan-species:

Comparative multi-species:

Maize
Sorghum
Rice (12)
Wheat (4)
Barley
Fox millet



agbiodata.org

Data Sharing and Management 
Snafu in 3 Short Acts 

We have a problem
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Gotta move
onto that NEW 

project!

RNA SeqReads
Assembly

Method

Wait, someone 
else can USE this 

Data!!

DataData
DataData

Data

Data

Data

Data

MyPUB

Databases TODAY...



Publications are increasing exponentially

http://bar.utoronto.ca/50YearsOfArabidopsis/
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What can YOU do to make your data 
more visible, persistent and reusable to 

better support research?

Tips adapted from Lisa Harper (Maize Genetics Conference 2019)



Idea

Funding

Experiments

Analysis
Publication

Data 
LifeCycle

Making data

F  indable, 
A ccessible,
I  nteroperable, and 
R e-usable

Reuse

https://www.force11.org/group/fairgroup/fairprinciples



Credit: Melissa Haendel
Wilkinson, et al., (2016) The FAIR Guiding Principles for scientific data management and stewardship.
https://www.nature.com/articles/sdata201618

• Findable means data is human and machine readable and 
attached to persistent identifiers

• Accessible means data can be found and retrieved by 
humans and machines using standard formats

• Interoperable means data can be exchanged and used 
between systems.

• Reusable means data can be used by others

Make your Data 



What’s in it for YOU?

We all benefit from data sharing --
higher rated Grants and Publications 
(and hopefully promotion)

More citations of YOUR work, increasing your 
visibility in the research community.

Easily comply with journal and 
funding requirements.

Less time spent fulfilling requests for data.



How to Make Your Published Data FAIR
• Use standard formats
• Supply complete metadata
• Embrace ontologies
• Use persistent and unambiguous identifiers
• Put your data in a long-term stable repository
• Cite, share freely and encourage others



1.  Understand “Machine Readable”
This IMAGE of a table is NOT Machine Readable
(Published March 12, 2019 in PLOS one)



CHROM POS REF ALT Line	
1

Line
2

1 12345 A C A A

3 67891 C T H C

10 23456 G T T U

CHROM POS REF ALT Line	
1

Line	
2

Gm01 12345 A C 0/0 0/0

Gm03 67891 C T 0/1 0/0

Gm10 23456 G T 1/1 ./.

CHROM POS REF ALT Line	
1

Line
2

Chr01 12345 A C AA AA

Chr03 67891 C T C/T CC

Chr10 23456 G T TT NN

ALL MEAN THE SAME!
BUT DON’T LOOK THE SAME

1.  Understand “Machine Readable”. 
Using Standard Formats (SNP example)

SNP: A chromosome number and genome position, an  alternative allele relative to 
the allele in the reference genome used, and the genotypes of the lines tested.

VCF:  Variant Call Format
is the STANDARD

Use the File format 
STANDARD 

for your data type

Note: PDF images are not findable or accessible. 
Use tables but beware of Excel (e.g., hidden 

characters)



1.  Understand “Machine Readable”
This Bar Code and QR Code are Machine Readable
but NOT human readable

Wilkinson et al (2016).
FAIR Data Principles. Nature



MetaboLights

Data goes into Data repositories:

• Nucleotide sequences

• Protein/Proteomics/Metabolomics

• General Repositories

• Not sure?
Journals

2.  Put Data in the right repository

Contact YFD

Get a DOI

Plant SNPs à
European 

Variation Archive



3.  Supply Complete Metadata
Metadata = Information about the data

Metadata: Species =  xxx
Germplasm =  xxx
Age =  xxx
Dev. Stage =  xxx
Field location =  xxx
Environment =  xxx
Measurement 

method = xxx

Data (Phenotype): Plant is 170 cm tall

Data without Metadata is NOT FAIR

Use ontologies!
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Same word, different 
meanings

Different words, 
same concept

Eggplant

Aubergine

Berenjena

Ontologies to the rescue!
Controlled Vocabulary

Hierarchy of terms & explicit relationships 
among them, understood by computers



3.  Supply Complete Metadata
Metadata = Information about the data

• Supply enough Metadata so that your experiment can be 
accurately reproduced

• Use community Standards for your data type. Examples:
• MIxS:  Minimal Information about any Sequence
• MIAPPE: Minimum Information About a Plant 

Phenotyping Experiment
• Use Ontologies (GO, PO, TO, EO)
• Don’t Know?  Ask us!

MIxS

MIAPPE

Budget TIME to 
provide Metadata



5.  Check Standards Set Forth by Species Communities 
– Let Curators Know About Your Work

u Don’t RE-name genes!  Check out gene nomenclature standards for your 
species

u If you have published on a gene or genes – Let Curators Know

u If you have a dataset that will be useful to others – Let your Community 
DB Know



The FAIR Data Principles

Image source: https://www.openaire.eu/how-to-make-your-data-fair



Good Data Stewardship

• Publish Data with the paper

• Describe Data to your fullest ability

• Use the right words to identify Data

• Deposit data in the right Data Repository

• Budget time for Data Management

• Don’t think of it as YOUR data
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Gotta move
onto that NEW 

project!

RNA SeqReads
Assembly

Method

Wait, someone 
else can USE this 

Data!!

DataData
DataData

Data

Data

Data

Data

MyPUB

Databases TODAY...
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Here is my Data!
With Metadata! 
Correct Format!

Thank You!!
I will take GOOD Care 

of it!

So easy to get the 
Data!

We Hope… Databases in FUTURE



Good data practices benefit everyone 
(and help you get funded)

The Data Management Plan is an integral part of an NSF grant 
proposal, which NSF will consider under Intellectual Merit or Broader 
Impacts. 

The plan describes how the proposal will conform to NSF policy on the 
dissemination and sharing of research results, and may include:

• the types of data, samples, software, curriculum materials, etc.;
• the standards to be used for data and metadata format and content;
• policies for access and sharing;
• policies and provisions for re-use, re-distribution, & production of 

derivatives; 
• plans for archiving data, samples, etc., and preserved access.

BIO Directorate Guidance: https://www.nsf.gov/bio/pubs/BIODMP102015.pdf



Plantae Webinar by Lisa Harper & Leonore Reiser:

Data Management 101 - Tips for making your published data 
more Findable, Accessible, Interoperable and Reusable

https://community.plantae.org/video/4992321984424576936/plantae-seminar-data-
management-101-tips-for-making-your-published-data-more-findable-accessible-
interoperable-and-reusable-with-lisa-harper-and-leonore-reiser

Making your Data 



Thanks!

Lisa Harper Leonore Reiser Marcela K. Tello-Ruiz


