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ene Timeline (dates from publications)

2002: Pre-genomic era for crop genomes. Rice maps projections to other species.

2006: Only rice had been sequenced and annotated. Provided syntenic relationships.

2007: Introduced pathways for functional annotation of rice genes ,
2009: Formal Collaboration with Ensembl Genomes - core databases €. Ensembl

s Plant & Pankaj
2013 : Plant Reactome portal brings curated rice pathways /81 Reactome Jaiswal
2016: Drupal CMS, Archive site, EBI Expression Atlas rene
2018: Integrated search interface embedded genomic VI

Papatheodorou I3
2021: Pan genome sites ‘

2022: CLIM Tools
2023-24: BAR eFPseq browser
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Research data
Genome assemblies, SNP markers,
RNA-seq data, GRNs
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Gramene

Follow FAIR Principles

1. Integrated Genomic
Resources

2. ldentify and apply
standard formats in
developing and
deploying analysis
workflows

3. Support
Interoperability with
reference databases

4. Provide training and
support to the
research community
and stakeholders
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Plants Site (gramene.org)

gllmm Search for genes by id, name, pathway, domain, etc. n e!Genome browser News Feedback

Genome Browser

Genome annotations, variation and
comparative tools

Plant Reactome

Browse and analyze metabolic and
regulatory pathways

e

Plant Pan Genomes

Gramene-powered sites focused on
specific crops

Curated Gene Function

Genes described in the literature

BLAST

Query our genomes with a DNA or
protein sequence

CLIMtools

Environment x Genome x Phenotype
Associations

Plant Expression Atlast;

Browse plant expression results at EBI

.
ostiama

«+  Gramene Mart

An advanced genomic query interface
powered by BioMart

Genome Browser - Genome

Annotation, Variation and Comparative

tools
BLAST - sequence similarity

Ensembl Tools - Tools for fetching data

Gramene Mart - Download the data

N
&

A)

Ensembl Tools

Tools for fetching and searching genomi
data

m Archive

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

Cite Privacy Funding Links~ Gramene Sites «
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e Plants Site (gramene.org) Gramene

glla”w'w Search for genes by id, name, pathway, domain, etc. n €/ Genome browser News Feedback P Ia nt Ex p res S i O n At I as _ P I a nt eX p re SS i O n
% Genome Browser %’P Plant Reactome res u ItS at E B I a n d e F P fro m B AR
1

Genome annotations, variation and o \ Browse and analyze metabolic and

Plant Reactome - curated metabolic
Plant Pan Genomes ﬂ Curated Gene Function pathways Of rl Ce a n d Oth e r g e n O m eS "
e

Gramene-powered sites focused on
specific crops

CLIM Tools - E x G x P associations in
Arabidopsis and Rice.

BLAST

“Iil“!~”| Query our genomes with a DNA or
I ll‘l | protein sequence

CLIMtools

Environment x Genome x Phenotype
Associations

Plant Expression Atlascz ositma  Gramene Mart
Browse plant expression results at EBI An advanced genomic query interface
powered by BioMart

Ensembl Tools W Archive

Tools for fetching and searching genomi Legacy tools and data (markers, Cyc P I

a

data pathways, etc) %}z 2 a nt @j‘%‘?} 9 C I MtOOIS
/By Reactome |

Gramene Pathways

>
Va o

Cite Privacy Funding Links~ Gramene Sites «
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lants Site (gramene.org)

gllmm Search for genes by id, name, pathway, domain, etc. n e!Genome browser News Feedback

g P OTIE

0,

Genome Browser

Genome annotations, variation and
comparative tools

Plant Reactome

Browse and analyze metabolic and
regulatory pathways

Plant Pan Genomes

X
&/ Gramene-powered sites focused on
specific crops

Curated Gene Function

Genes described in the literature

Plant PanGenomes: 4 pan sites
Curated Gene Function- from literature
Archive - Legacy data on QTLs,
markers

Tools for fetching and searching genomi
data

BLAST CLIMtools
III“U l | ” Query our genomes with a DNA or Environment x Genome x Phenotype
l l l I protein sequence Associations
Plant Expression Atlascz 0sit:mar Gramene Mart
Browse plant expression results at EBI An advanced genomic query interface
powered by BioMart
Ensembl Tools Archive

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

Cite Privacy Funding Links~ Gramene Sites «
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C & ensembl.gramene.org/index.htm|

1 J
(;"0'”(’/1( BLAST | BioMart | Tools | Downloads | Help | Feedback | UploadData

ne 150 Plant Genomes

o % # 0@ :
Login/Register

@)~ Search Gramene... Q

Search: ‘AII species

v; for

©.9. Carboxy* or chx28

All genomes
v -- Select a species --

Arabidopsis thaliana

Oryza sativa Japonica Group
Triticum aestivum

Hordeum vulgare

Zea mays

Aegilops tauschii

Ananas comosus
Asparagus officinalis
Brachypodium distachyon
Digitaria exilis

Dioscorea rotundata
Echinochloa crus-galli
Eragrostis curvula
Eragrostis tef

Hordeum vulgare
Hordeum vulgare cultivars

Leersia perrieri

e/

Search for genomic regions,
genes, transcripts, variants,
phenotypes etc.

Favourite genomes /

Arabidopsis thaliana

b TARI0
P

ppna“‘m n
. . n o™ €
% Oryza sativa Japonica (
\| lon,
L) IRGSP-1. 2 ungn
S, GSP-1.0 Vi m (component &)
- l9na anguata A coarum sPoNan®
= angulari, gaccharu™ &
Phaseolus yilgens ¥ Digharia exiis
Glycine max - Panicum hallii HAL2

Musa acuminata
., Lolium perenne
[0 Secale cereale

Pisum sativum

distachyc,
igarg "

SR Hordeum vulgare
& MorexV3_pseudomolecules
)

tuberosum

.« Zeamays
% Zm-B73-REFERENCE-NAN §I5E

Solanum
Solanum lycopersi
wnnude Brodel

*Access to 150 Plant
Genomes; Gene models with
functional & structural
annotations.

279 pairwise alignments, 80
synteny maps.

Genetic variation data from 19
species; amounts to >238 M
markers including SNPs, QTLs,
SSR/RFLPs and EMS-induced
variants.

ASPB 2024 Plant Bioinformatics Workshop
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rocessing Data 6.,

Login/Register

BLAST | BioMart | Tools | Downloads | Help | Feedback | UploadData @)~ Search Gramene... Q

Gramene

Tools

We provide a number of ready-made tools for processing both our data and yours. We routinely delete results from our servers after 10 days, E n se m bl Too I s Fo r P rocessi n g
Processing your data YO ur D at a

Name Description
Variant Effect Predictor Analyse your own variants and predict the functional consequences of known and . .
unknown variants via our Variant Effect Predictor (VEP) tool.
Vel e Variant Effect Predictor
(]
e HMMER
HMMER Quickly search our genomes for your protein sequence.
‘ e BLAST/BLAT

BLAST/BLAT Search our genomes for your DNA or protein sequence.

Assembly Converter Map (liftover) your data's coordinates to the current assembly. o Asse m bly CO nve rte r

ID History Converter Convert a set of Ensembl IDs from a previous release into their current equivalents. o I D H |St0 ry CO nve r‘te r
“TOT 1aT0CT dataee We proviae an APl script that can be downloaded (you will also need to install our Perl API, below, to run the script).
Accessing Ensembl Plants data

Name Description Get it from: Documentation
BioMart Use this data-mining tool to export custom datasets from Ensembl Plants. Ensembl Plants BioMart 0
Ensembl Perl API Programmatic access to all Ensembl data using simple Perl scripts GitHub & or FTP download & (current release only) o ral
Ensembl Genomes REST serverg Access Ensembl data using your favourite programming language 0

- 3
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4 4"0"1('/1(‘ BLAST | BioMart | Tools | Downloads | Help | Feedback | UploadData

API & software  About us

Using this website Data access
In TS SECON

=)

E

Control Panel

Find a Data Display

Adding Custom Tracks

BED File Format

Large File Formats

Pairwise Interactions File Format
GFF/GTF File Format

GFF3 File Format

PSL File Format

Variation File Format

WIG File Format

Coordinate Systems for custom t
[Track Hubs

Adding Track Hubs

Track Hub Support in Ensembl
RNA-Seq studies in plants
Glossary

PBupported browsers

® Help & Documentation Using this website

Using this website

Find a Data Display

Not sure how to find the data visualisation you need? Choose the type of data you are
interested in, then browse a selection of relevant visualisations!

Species: IOryza sativa Japonica Group v

Feature type: O Genes
O  Genomic locations

@ Variants

Identifier: 10522356134

Login/Register
&\~ Search Gramene...

Upload Data
Adding Custom Tracks:

e BED File Format

Large File Formats
Pairwise Interactions File
Format

GFF/GTF File Format
GFF3 File Format

PSL File Format
Variation File Format
WIG File Format

ASPB 2024 Plant Bioinformatics Workshop E%maaﬁﬂé‘::li”“‘
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ql'(l/”W BLAST | BioWart | Too s | Downloads | Help | Feedback | UploadData

Download a sequence or region

PP Export data
il

ARAGAAGC aﬂ
CTGTCATGC
ATARNGAA W

AGTGATAC - -

Click on the 'Export data' button in the lefthand
menu of most pages to export:

o FASTA sequence
o GTF or GFF features

.and more!

:: Cold Spring Harbor Laboratory

Customise your download

oW

%\\( '-, Z

Custom datasets can be retrieved using the
BioMart data-mining tool.

You may find exploring this web-based query
fool easier than extracting information direct from
our databases.

Fetch data programmatically

o~
~

- -

Wite your own Per scripts to refrieve small-to-
medium datasets. All our data, as well as added
functionalty, is available through the Ensembl
Perl API.

Use the AP to retrieve gene and transcript sets,
fetch alignments between sequences, compare
allele frequencies and much more!

(&) Search Gramene...

Download databases & software

Allof our data and software, including pipelings
and web code, s available free.

# Download data via FTP
o Ensembl pipeline on GitHub &

# Set up your own Ensembl Plants website

You can also use {r REST APl to retrilve
data to process in : ge of

your choice.

ASPB 2024 Plant Bioinformatics Workshop

Download data:

e Export data

e (Customize
download using
Biomart

e Fetch data
programmatically
using REST APls

e Download data via
FTP Or Github

USDA Agricultural
Resear
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e Mart - Data Export

< C' @& ensembl.gramene.org/biomart/martview/21213f50a7508d59d3542a78df0acb8e M

) -
(’/'(IIII('II(‘ BLAST | BioMart Tools | Downloads | Help | Feedback | UploadData (&) - Search Gramene...

D New || @ Count ‘ H Results % URL || @ XML || & Perl || @ Help

Please select columns to be included in the output and hit 'Results' when ready

Dataset

Arabidopsis thaliana genes Features O Variant (Germline)

(TAIR10) O Structures O Sequences
Filters O Homologues (Max select 6 orthologues)

[None selected] GENE:

Gene stable ID B EXTERNAL:
Transcript stable ID GO

T Step 1: Dataset Step 2: Filters Step 3: Attributes Step 4: Results

[None Selected]

Choose the Narrow down the Specify your output ~ Choose the format
database and dataset. and what to print of your results and

species. on your table. export.

TN Oy o7 OO SO T T STHPtUTT

External References (max 3)
(JBioGRID Interaction data, The General Repository for Interaction Datasets (JRefSeq DNA ID

D (JRefSeq mRNA ID
(JChEMBL ID (JRefSeq ncRNA ID
JEntrezGene transcript name ID JRefSeq peptide ID
[JEuropean Nucleotide Archive ID [JRNAcentral ID
!
\) . . .
§CSHB Cold Spring Harbor Laboratory ASPB 2024 Plant Bioinformatics Workshop

Biological queries
made easy.

Query multiple things
(gene / variants) at once:
* ID conversions

* gene locations

» download sequences

* Export large amounts
of data
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-rtnership with eFP Browser at Gramene Gramene

The "electronic fluorescent pictograph
browser" (eFP browser), developed by the
BAR team facilitates the interpretation of gene
expression data through pictographic
representation of experimental samples

Internode & Vascularization eFP Browser

Ii: %
n)
3dayold

seedings 60 DAP intemodes )y

1
2
3
i Lol ons
: itemadita
Vasa o 10 dayod seeding
n Vel B0DAP
[
Bundle Sheath of Sorghum bicolor Btx623 Sufficient Phosphorus Limiting Phosphorus
AN\ [7
/i
N
v

PhOSphOFUS StUdy BTx623 Sorghum bicolor
WareLab Internal Dataset

Sorghum goen n cuaponicterks

\
Im

Q (B Recently, Gramene added the eFP browser
tool for 4 plant genomes for Arabidopsis,
sorghum, maize, and soybean.

Sorghum
lateral oot

N,

Enlged seed spicleland sem

s Asher Pasha
' ¥ UNIVERSITY OF
% TORONTO
:: Cold Spring Harbor Laboratory ASPB 2024 Plant Bioinformatics WOI’kShOp USDAaggg;::rltural



Expression Data in Gramene

Explore gene expression data across species, tissues, cells, and conditions in
Gramene for cross-species hypothesis generation.

e 1011 experimental studies across 26 plant genomes, funded by Gramene

e Collaboration on prioritizing, curating, validating, and configuring expression data.

e Tailored bulk and single-cell expression data for Gramene pan-genome sites.

:: Cold Spring Harbor Laboratory

ASPB 2024 Plant Bioinformatics Workshop

Genomes Bulk Expression Single Cell

Baseline Differential Nancy George N
Arabidopsis thaliana 17 606 13 €
Sorghum bicolor 8 3 Irene Papatheodorou
Oryza sativa 15 95 3
Vitis vinifera 10 23
Zea mays 32 32 2
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mBioData sc RNAseq Biocuration WG Gramene

The current and possible future process in agricultural
A= m: SC data ingestion into portal as well as data analysis.
The inner circle emphasizes the existing problems,

and the outer circle demonstrates a potential future
environment with FAIR data and Computational tools
ot e to use such data.

Data + Metadata
File creation

MANUAL
CURATION

S iV [
nome annotaio tok Sunita Kumari
FAANG Single Cell Expression Atlas
7 @) Sincle el Exp [c5e)
PLANT CELL ATLAS Single cell gene expression across species
o ) USDA Agricultural
Cold Spring Harbor Laboratory ASPB 2024 Plant Bioinformatics Workshop aESesear
erwce



Plant P 4
me at Gramene AV Reactome # Cramene

Gramene Pathways

http://plantreactome.gramene.org
>34,000 curated and projected

,iﬁ Elantt m @ Aboutv (£ Contentv 7 Docsv i Toolsv % Community v & Download plant pathways . .
PP, heacrome Orthology-based projections

for 130 species allow

Find Reactions, Proteins and Pathways . . .
|nter-speC|es comparisons

‘ hype your search term to see suggestions, e.g. "cytok"...

Search examples: jasmonic, YUC4

"=/ Version 23 (Gramene 67)

7 | |\ @ Yot S =/
~ (X} — b -/
>34,000 >102,000 >223,000 1,299 130 912 ‘ ]
Curated and Projected Reactions Proteins Small Molecules Projected Plant Species Literature References S us h ma N aith an i
Plant Pathways
L. . USDA Agrlcultural
Cold Spring Harbor Laboratory ASPB 2024 Plant Bioinformatics Workshop gesear
ervice




* AraCLIM V2__ Interactive spatial analysis of local Arabidopsis environments

* GenoCLI M V; : Genetic variation associated with environmental variables

* Ql MGeno V;_ Environmental variation associated with genes or variants

* T-CLIM V2. association between expression and environmental variables

Latitude.csv Results for Chromosome 1
Rollover for more info. Drag chart area to zoom. Click point for zoomed annotated plot.

RiboSNitch prediction <o

SNPs that change RNA ig .
secondary structure ., L .;ﬁ ,".{t ) .; Y ST
between the reference o o

& the alternative allele.

3_prime_UTR_variant @® 5_prime_UTR premature start_ codon qam variant ® 5_prime_UTR_variant
intron_variant ® mi :_variant e_region_variant
@ splice_region_variant ® splice_region_ var:am&muon vanam
® stop_gained
@ synonymous_variant

@ stop_lost

stop_lost&splice_region_variant upstream_gene_variant

Ferrero-Serrano et al (2022) 10.1186/s13059-022-02656-4

:: Cold Spring Harbor Laboratory

LIMtools: Environment x Genome x Phenotype Associations

Gramene

CERES Solar insolation spring (W/m2): 106.25

+
SRTM 90m Digital Elevation Database v4.1 (m): 1472
b 4
. . ®
g o1 3, %
; * g r) [ ]
L] CERES Solar insolation spring (W/m2)
®
40fll NA
60
- 80
100
120
140
v
Leaflet | Map data: © OpenStreetMap contributors, SRTM | Map style: © O (CC-BY-SA), © 0
55000 @00 mem
’ °
5,000+
€ 4,500+
= .
> 4,000
8 o
£ 3,500 .
3
H 3,000+
3 2,500
2
£ 2,000
a
£ 1,500
=
H 1,000
500+
of
20 40 60 80 100 120 140 160

ASPB 2024 Plant Bioinformatics Workshop

CERES Solar insolation spring (W/m2)
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Is at Gramene: Oryza v1.0

ece M- < Dl gramene.org 2 h + @

~ 40 Indica varieties °
- _ ®
() Oryza CLIMto Gramene = *J; @ Japonica varieties ° %
ez:mnmentlndlIir'epoolnlcunheduryn genotypes. 8 30 s r,e? o o g CO o %
} Ve “ Pe° © % 4
(@)] Qi 5@o o 3 e
% GenoCLIM D 20 °® & 5
—— What is the GxE of my gene of interest? 'c " % { Q
=l s oo g 3
,,,,,,,,,, / 10 o ] ° ®
ﬁ OryzaCLIM © % 8, 5o,
aliAa =, R AR
D - & g © ‘5'5 :s -
@ g = . g
;}% What s the G for myenvironmental variableofntrest? | % &o Fn
A -10 °

100 120

8'i_ongitude (degrees)

Oryza CLIMtools: A Genome-Environment Association Resource

Reveals Adaptive Roles for Heterotrimeric G Proteins in the
Regulation of Rice Agronomic Traits.

Angel Ferrero-Serrano & = e David Chakravorty * Kobie J. Kirven ¢ Sarah M. Assmann 2

https://doi.org/10.1016/j.xplc.2024.100813 J

:: Cold Spring Harbor Laboratory ASPB 2024 Plant Bioinformatics Workshop

Gramene

941 Genomes 413 env
658 Indica and 283 variables

Japonica landraces

Sources:
Satellite: 248
Satellite & climate stations: 60
Climate stations: 59
Soil survey: 34
Climate model: 6
Geography and physical terrain: 3
Digital Elevation Model: 2
Environmental classification: 1

Environment-genome
associations

OryzaCLIM

Local environments
of sequenced

Oryza Oryza landraces
GenoCLIM CLIMGeno

Gene associations  Climate variable
with climate associations with
variables genes

Release 67 (August 2023)
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I Gramene Pan Genome Sites

Comparative plant 28 Rice

genomics focused on rice (R7, August 2023)
Gramene  aietes
Comparative plant 38 Maize

g‘ amerne iear.‘fé“ \i/:i:tjicezsed " (R4, Feb 2024)

Comparative plant

29 Grapevine

genomics focused on
glla,ne”e grapevine varieties (R4, Feb 2024)

Gramene

‘3 T Genomic resources for | 29 Sorghum
the sorghum research (R7, March 2024)

community

Common reference
genomes (8)

® Maize B73

® Rice Nipponbare

® Grapevine PN40024

® Sorghum BTx623

® Populus trichocarpa

® Arabidopsis thaliana

® Selaginella moellendorffii

® Chlamydomonas reinhardltii

:Z Cold Spring Harbor Laboratory ASPB 2024 Plant Bioinformatics Workshop

)
&)

AZ Sharon Wei
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unity Engagement

e Targeted news feeds for Gramene sites
e Release notes and user guides
. °YOUTUhevideo-tutorials - 50 Videos

e Conferences: PAG, ASPB, etc.
e AgBioData: standards and best practices

e Contact us for training, workshops,
webinars and support

https://gramene.org/feedback

O

At [

=3
U

Gramene

Gramene Database

(@gramenedatabase3929 - 166 subscribers - 50 videos

Gramene Database
929 - 155 subscribers - 50 videos
Yl 1] More abous >
Subscril

il

Gramene Synteny Maps

¥ Follow @GrameneDatabase @ ﬂ

Cold Spring Harbor Laboratory ASPB 2024 Plant Bioinformatics Workshop USDA Fog ey
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