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Data & Databases

* Proper data management is critical for scientific
discovery and reproducibility

e 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



]X[HX[

2
N
W

[
)

ot
o 7

’t(((.

p&

The AgBioData Consortium

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

Structural & functional annotation via GO, SO (maize, rice) - AgBase*

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

Ag ontologies 2 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, oat 2 GrainGenes

Comparative genomics & pathways - Gramene
Germplasm resources = USDA-ARS GRIN*

Hardwood Genomics
Hymenoptera Genome Database
i5K National Ag Library

Rice mutants = KitBase

Legume Information System
MaizeGDB

Maize Stock Center

MusaBase

National Animal Disease Center
PeanutBase

Plant ontologies 2 Planteome*
PulseCrop

Solanaceae Genomics Network
SoyBase

SweetPotatoBase

Triticeae (wheat, barley) & oat 2 T3
TAIR

TreeGenes

WheatIS

YamBase
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Species-specific:
MaizeGDB https://www.maizegdb.org

Search
all data 4

Q/
maizeGDB

Home ~ About v Community v Genome Browsers v Genomes v  Tools w Data Centers v Search  Feedback

Welcome to MaizeGDB!

aizeGDB i ity-oriented, long-term, y
plant and model organism Zea mays.

Quick Links
GTaAsseMelY,  ANNGTATION AL GENOMES

- ) Gommon genome assemblyannotaion asks \v‘
\/
» aretier (O

BLAST MaizeMine
ontribute your data | ( Make your data FAIR
® b i B ————
Diversity cral g ’;"":_o‘:y;; recent open comment forum, the Maize Geneics
s ractert Metabolic Pathways Cooperallon, a 501c(3), has been officially established!
19, September 2019: Wi great sadness, we amnounce the
unaxpecisd Joachim Massing on Sepiombar 13
& 2013, a tha age of 73. 4o, & pioneer s molecular biclogy
and genetic anginesring, made major contiotons in many
I I e i, s oy
L I | 3, September 2019: Drew Schwartz (1918-2019): Itis with
L great sorrow that we announce the death of a pioneer in
4 . 3 26 gonolcs fesoarch and an ot membor and
Hot New Papers Project Portal Maize Meeting Bin Viewer menior n the maizs commi wartz passa

information about Drew's incrediie career can be viewst

-
m g QSDA United States

Cooperation & Outreach
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Clade-specific:
GrainGenes https://wheat.pw.usda.gov/GG3

GrainGenes

A Database for. Triticeae. and Avenai™
Home GrainGenes Tools Query Data Types Resources Collaborations About Feedback

Quick Links

o September 2019: Wheat Gene Catalog

Community Services g Newsletter v.65 (2019) is available

o T o August 2019: New Batch Queries
o Current Hot Topics Browse o July 2019: GrainGenes-T3 Shared

o Data Download GrainGenes Cmap Genome Browsers

o Database Information © July 2019: 197 Wheat Gene Catalog

© GrainGenes Mailing List QTL now in GrainGenes

< Gamaivaing Lt R e

O ST ean i o June-October 2019: Oat Map Sets

o Tutorials Wheat 10+ Genomes Project Release a0 G e o e

. Wheat 10+ Genomes Project Releases Reference Sequences of a Global Panel of Wheat o May 2019: New SQL and SSR Tutorials

Species Portals on GrainGenes Varieties on YouTube
o May 2019: 285 trait records updated in

o Annual Wheat Newsletter GrainGenes
° zrley gou\e"ilardN et © May 2019: The 1000 Wheat Exomes
o Barley Genetics Newsletter . Project’s SNP data sets are available as
o Oat Newsletter IWGSC RefSeq v2.0 now available genome browser tracks
o Wheat Gene Catalogue o April 2019: USDA-ARS Small Grains
Genotyping Labs site is updated

o April 2019: 2018 Uniform Regional

o Browse GrainGenes
Curati
| ‘ ‘ o September 2019: Wheat Annual

Genome Browsers

The International Wheat Genome Sequencing Consortium (IWGSC) is pleased to announce
Upcomng|EvanE that announce that version 2 of the reference sequence of bread wheat, IWGSC RefSeq
¥2.0, is now available at the IWGSC data repository hosted by URGI-INRA. Scab/Red Spring Wheat nurseries’
o CSHL Cereal Genomics Workshop, reports and data tables are available
October 2019 more update:

Oct 152019 to Oct 21 2019
@GrainGenes Tweets

o Plant Genomes in a Changing
Tweets by @crancenes °

GrainGenes-T3 Shared Genome Browsers
Environment Hinxton, UK
Oct 16 2019 to Oct 18 2019

o Wheat Diversity and Human Health
Conference, Istanbul, Turkey

In a show of close collaboration between two USDA-ARS databases, GrainGenes and the
Triticeae Toolbox (T3) decided to maintain shared genome browsers for bread wheat and
barley reference genomes (released in July 2019). The Chinese Spring wheat and Morex

Oct 22 2019 to Oct 24 2019 ;
o 2nd Asia-Pacific Grains Conference, barley genome browsers will be housed at GrainGenes and will be populated by both GrainGenes
Tianjin, China teams. Bt

Nov 7 2019 to Nov 9 2019
o IV International Conference "The Wheat 10+ Genomes Project Releases
Quality of Grain, Flour and Bread" in Reference Sequences of a Global Panel
RS Durum Wheat (cv. Svevo) RefSeq Release 1.0 at of Wheat Varieties
Nov 25 2019 to Nov 27 2019 wheat.pw.usda.gov/GG3/node/825
o Intemational Symposium on Rye GrainGenes

Pan-species:

PanMaize

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

g"m"("w Tools Help Feedback Gramene Search

Search: Al species for

&.g. Carboxy* or chx28

Favourite genomes

Zea maysB73
‘*‘A‘ AGPv4
"

Zea mays PH207

Arabidopsis thaliana
TAIR1O

Edit favourites

All genomes

-- Select a species --

a0

Oryza sativa Japonica
0

Search all species...

Login/Register

Q

This is a preliminary release of some of the genomes sequenced and assembled

from NAM project. They are
 B73 AGPv5, NC350, Ki11
o non-stiff-stalks: Ky21i, M162W, Ms71

® Tropicals lines: CML247, CML333, Ki3 and CML52

We also includeded public released assembly Zea mays B73_RefGen_v4 for

comparision.

Gene annotation was performed in the laboratory of Doreen Ware (CSHL/USDA).
Protein-coding genes were identified using MAKER-P software version 3.1
(Campbell e al, 2014) with various edivence including ficDNAS, proteins, iso-Sed,
the same set of evidence used for Zea mays B73_RefGen_v4 gene annotation.

This sequence has been released under the Toronto Agreement. No whole-
‘genome research may be submitted for publication until the official
publication for this genome assembly has been published.

Comparative analyses

A total of 24,073 GeneTree families were constructed comprising 676,084
individual genes from 19 plant genomes with 716,754 input proteins. See stats

here

and Gene

Comparative multi-species:

Gramene

g"ﬂ”wfw Search for genes, species, pathways, ontology terms, domains..

Gramene Portals

Genome Browser

and comparative tools

Tools

Tools for processing both our data and yours

BLAST

sequence

accessible track hubs

Bulk Downloads

| l FTP download of our data

Browse genomes with annotations, variation

Query our genomes with a DNA or protein

Track Hub Registry &

A global centralised collection of publicly

Plant Reactome

Browse and analyze metabolic and regulatory

pathways

Plant Expression ATLAS ¢4

Browse plant expression results at EBI ATLAS

Gramene Mart

An advanced query interface powered by
BioMart

Outreach and Training
Educational resources and webinars

Archive

Legacy tools and data (markers, Cyc
pathways, etc)

http://www.gramene.org

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



AgBioData _¢

Toward enhanced genomics, genetics, and breeding research
outcomes through standardization of practices and protocols
across agricultural databases

Home AboutUs - Databases -  Working Groups ~  Meetings ~ Forums ~  Contact us

To cite AgBioData, please use: Harper, L. et al. (2018) AgBioData consortium recommendations for sustainable genomics and genetics databases for agriculture. Database, 2018 1-32.

User Login

Username or e-mail *

Welcome to AgBioData

AgBioData is a consortium of agricultural biological databases and associated resources working together to ensure
standards and best practices for acquisition, display and retrieval of genomic, genetic and breeding data.

Password *

Participating Databases and Resources News & Events Creat .
o Create new account
fgmme,w Searc or genes, space, ptways,criclogy tens, Gomains © | 2078020 ganes i 53 genenes + N.oveml?er AgBioData Conference ‘_:3" o Request new password
Discussion about the future of agricultural GGB
Gramene Portals Latest News databases ... .
St s Uy Posted: 10/02/2019 %) Log in
Genome Browser Plant Reactome L feen e e T
S ) g\: e X :"*‘:‘:‘ S October AgBioData Conference Call
%’5;5%:; e Join us for our October AgBioData conference Tweets by @AgBioData PN
& — e e e Posted: 09/12/2019
ey B
s AgBioData
s N ey Recordings of conference calls available @AgBioData
B ramene Mart e 16y g i 4
[T e o Don't worry i you missed a conference cal .. #DataSharing and #datamanagement
e ostes: Snafuyoutu.be/660Nv_DJuPc
LEE R Track Hub Registry 9 o § e o St P September AgBioData Conference Call
::::;:«u:m:naMMWm %I;J Em,ﬁ: ﬂ::fwm :M"_‘-"':‘: R Join us for our September AgBioData No properly described datasets whether deposited or
2 E=2 Renctomspetoeey e conference ... supplemental, and the lead author may have ...
Bulk Downloade Archive e B Posted: 08/20/2019 returned to China ... and maybe named Sam Lee
FIP donrioad of our cata SRR soec toos s cats e, Oy Roactomo
(A e RGROED August AgBioData Conference Call
S gt Join us for our August AgBioData conference

i9*)

0000000000000 000000000O0O0CO0 hos ec 050820/

June AgBioData Conference Call

Join us for our June AgBioData conference ...
Posted: 05/09/2019

May AgBioData Conference Call
Join us for our April AgBioData conference ...
Posted: 04/07/2019 More "~ Youlube [

Data Sharing and Management
Snafu in 3 Short Acts



Databases TODAY...

Gotta move
onto that NEW
project!

Wait, someone
else can USE this
Datall



Publications are increasing exponentially
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http://bar.utoronto.ca/50YearsOfArabidopsis/



What can YOU do to make your data
more visible, persistent and to
better support research?

Tips adapted from Lisa Harper (Maize Genetics Conference 2019)
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Data
LifeCycle

Making data

F|indable, e\
A|ccessible,
I

R

nteroperable, and
e-usable

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



Make your Data Fnln

(OO EJ ()

* 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

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



What’s in it for YOU?
More citations of YOUR work, increasing your
N & Visibility in the research community.

Easily comply with journal and
funding requirements.

Y
%

100% RECYCLABLE

C
» @ “Less time spent fulfilling requests for data.

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




How to Make Your Published Data FAIR

 Use standard formats

* Supply complete metadata

* Embrace ontologies

 Use persistent and unambiguous identifiers

 Putyour data in a long-term stable repository
Cite, share freely and encourage others

OO @)



1. Understand “Machine Readable”

This IMAGE of a table is NOT Machine Readable

(Published March 12, 2019 in PLOS one)

Species Ensembl Plants Id’s Gene cDNA CDS
Length in bp (chr. no.) | Similarity (%) | Length in bp | Similarity (%) | Length in bp | Similarity (%)

Monocots
Z. mays Zm00001d043442_T001 3522 (3) 100 2191 100 1719 100
T. aestivum TraesCS3A02G274300 3732 (3) 65.98 2196 78.44 1683 87.19
-A sub-genome
- B sub-genome | TraesCS3B02G308000.1 3748 (3) 63.95 2210 77.82 1683 86.71
-D sub-genome | TraesCS3D02G273500.1 3718 (3) 65.42 2196 79.33 1683 86.77
T. urartu TRIUR3_28465-T1 2088 (3) 75.81 1404 80.84 1404 80.84
Ae. tauschii EMT16146 3172 (3) 72.06 1524 85.31 1524 87.53
O. sativa 0OS01T0746400-00 3109 (1) 72 1710 87.66 1710 89.05
B. distachyon BRADI2G49670.1 3577 (2) 68 2140 80.13 1713 86.23
S. bicolor Sb03g034400.1 3545 (3) 75.91 1867 91.48 1740 94.76
Dicots
A. thaliana AT4G32810.1/Max4 3265 (4) 52.8 2026 56.59 1713 61.99
G. max GLYMA06G09000.2 3891 (6) 52.72 2049 60.53 1692 65.88
V. vinifera VIT_04s50008g03380.t01 2823 (4) 58.83 1782 64.65 1641 67.59
S. lycopersicum | Solyc08g066650.2.1 3075 (8) 52.36 1907 57.96 1674 61.56
T. cacao EOY29749 (TCM_037195) 3680 (9) 52.04 2051 58 1680 63.75
P. trichocarpa POPTR_0006s25490.1 3983 (6) 54.84 1674 63.79 1674 64.84
P. persica EM]J23585 (PRUPE_ppa006042mg) 2893 (1) 56.11 2436 58.41 1296 67.28
M. truncatula AES73861 (MTR_3g109610) 3439 (3) 52.31 2057 57.35 1698 63.28

https://doi.org/10.1371/journal.pone.0213531.t001



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.

CHROM POS REF ALT Line Line CHROM POS REF ALT Line
1 2

VCF: Variant Call Format
is the STANDARD GmO3 67891 | C T |o/1 |o/0

Note: PDF images are not findable or accessible. | gm10 23456 | G T 1/1 | /.
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

ISBN 978-140007998-8

781400 079988

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



2. Put Data in the right repository

Data goes into Data repositories:

/'A
* Nucleotide sequences () 0 2 DDB
NCBI EMBL .:.E:Eo:o A Data Bank of Japan I Plant SNPS%
European
. Prote|n/Proteomlcs/MetaboIom|cs - Variation Archive
I E ili | atlbeAt{as A
prOt o' Mass V il s PRIDE
* General Repositories @@ e sl Environment ==

MetabolLights
5 i . f|gshare & CYVERSE [caele]

Journals Contact YFD

i
re2dataoeg FAIRsharing org nature Fele
REGISTRY OF RESEARCH DATA REPOSITORIES <——><__> standards, databases, policies e am s =

Not sure?

=
P

v
2



3. Supply Complete Metadata

Metadata = Information about the data

Data (Phenotype): Plant is 170 cm tall
Metadata: Species = XXX
Germplasm
Age
Dev. Stage

Field location

Environment

Measurement
method = xxx

Data without Metadata is NOT FAIR

Use ontologies!

XXX
XXX
XXX
XXX
XXX



Same word, different Different words,
meanings same concept

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! -
* MIAPPE

((Q

[=]

Budget TIME to
provide Metadata



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

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

» If you have published on a gene or genes — Let Curators Know

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

Q
MaizeGDB

o } Reactome @ Aboutv (# Contentv 7 Docsv i Toolsv & Community v <& Download

aaaaaaaaaaaaaaa

2d. To convert between the old GRMZM annotations and the Reference Assembly Find Reactions, Proteins and Pathways
jownload the full gene model associations list between B73v3

w ‘w e.g. YUC4, cytokinin, jasmonic m vll
B73
8 £7

ally funded informatics service to res rs Report assembly  Report gene
ays. ‘ error model error
( B73 RefGen_v4 is now available

Contribute data

Contact Us

Pathway Browser Analyze Data Documentation

0. ( Contribute your data to MaizeGDB
qTel ler Visualize and interact with Plant Reactome Species com parison, OMICS data analyses, Information to browse the database and

MaizoMine _ biological pathways pathway mapping, gene interaction use its principal tools for data analysis.

11, March 2019: Congratulations to Dr. Margaret
Woodhouse for being selected as MaizeGDB's new
Computational Biologist!




The FAIR Data Principles

FAR DATA TRINCIPLES
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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



Databases TODAY...

Gotta move
onto that NEW
project!

Wait, someone
else can USE this

26



We Hope... Databases in FUTURE
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- Good data practices benefit everyone

-

st (and help you get funded)
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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



Making your Data Fnln

(OO EJ ()

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



Lisa Harper

Leonore Reiser

Marcela K. Tello-Ruiz



