J

(www.gramene.org)

Marcela Karey Tello-Ruiz*, Kapeel Chougule', Nicholas Gladman'?, Vivek Kumar?, Sunita Kumari*, Andrew Olson', Audra Olson®, Sharon Wei', Justin Elser?, Parul Gupta3, Sushma Naithani?, Nancy George*, Guy Naamati*, Peter D’Eustachio®, Sarah Dyer*, Irene Papatheodorou?, Pankaj Jaiswal®, Doreen Ware'?

VERSATILE SEARCH INTERFACE & PAN-GENOME SITES

Highlights

* Gramene’s homepage has been reimplemented for easy deployment across our sites.

» Search results integrate six data types as embedded views: Location, Expression,
Homology, Pathways, Papers & Cross-References.

* The Homology view allows zooming in (Multi-alignment view) and out (Neighborhood
conservation) from the Alignment Overview of a gene family tree.

* Integration of gene functions described in the literature (354 Z. mays, 4006 O. sativa,
7184 A. thaliana), see Papers tab.

Updated layout

New Papers tab. More control over search filters, automatically pruned species tree, relocated configuration

button for choosing genomes of interest

lox9 Zm00001eb005920 Zea mays

GRMZM2G017616, Zm00001d027893, lipoxygenase9

LOX4 Arabidopsis thaliana

PLAT/LH2 domain-containing lipoxygenase family
protein

Location Expression  Homology Pathways Xrefs
Curated publications

This gene has been described in the literature:

PubMed Curation
link source Title/Description

19817685 geneRIF The oxidation of 20:2 and 22:2 by 9-LOX afforded low yields of racemic 11-, 12-, 14-, and 15-hydroperoxides.

20673209  geneRIF Lox9 was stable form pH 4.5 to 9.5 with a maximum activity at pH7.5.

Pathways view

Shows the reactions and pathways that a gene takes part in and offers links to data downloads in Plant Reactome

lox9 Zm00001eb005920 Zea mays

GRMZM2G017616, Zm00001d027893, lipoxygenase9

LOX4 Arabidopsis thaliana

PLAT/LH2 domain-containing lipoxygenase family protein

Location Expression ~ Homology Pathways Papers Xrefs
bolism and regulati = 1.
Metabolism and regulation Search for a term, e.g. pten . ﬂ ) ’ J ‘)
Hormone signaling, transport, and metabolism I L.

[
Jasmonic acid biosynthesis
©2+linolenate->13-HPOT '
Secondary metabolism

13-LOX and 13-HPL pathway
Mo l Linoleate 138-lipoxygenase. '

02+linolenate->13-HPOT

=
Zm00001eb005920 - 0 entit...  Interactors: Exclude + .4 Lo,
) 5

Search Filters

{ All genes in this Reaction

Links to other resources

» Plant Reactome Reaction =

Highlights

*128 plant reference assemblies including 14 new genomes added in the past
year.

*Gene models with functional & structural annotations.

* Protein-based gene trees with 152K gene families (5.1M input proteins) provide
access to orthologs and paralogs and the ability to transverse across species.

278 whole-genome alignments between each genome and a reference monocot
(e.g., rice) and dicot (e.g., grape) genomes & 79 synteny maps.

* A new CLIMtools portal brings interactive web-based views of Environment x
Genome associations, RiboSNitch prediction, and correlations between the local
environment and a pool of curated phenotypes.

* Genetic variation amounts to >238 M markers including SNPs, QTLs, SSR/RFLPs
and EMS-induced variants.

*336 curated rice pathways and orthology-based projections for 120 species
allow inter-species comparisons (Plant Reactome).

*Baseline and differential expression data sets from 982 experiments and 28
reference plant species (Expression Atlas).

*Read more: https://www.gramene.org/news

Contact us! gramene.org/feedback

Outreach and Training
Educational resources and webinars

 Download a quick start Gramene pamphlet and other e-learning materials:
http://www.gramene.org/outreach

* Subscribe to Gramene’s mailing list

* Gramene's You[l[fJ channel to

* Follow Gramene in Social Media:

@GrameneDatabase

Gramene is developed in collaboration with Ensembl Plants, and leverages the Ensembl & Reactome platfori

0SU

Oregon State

Gramene: Comparative Plant Genome Resource

Homology view

Shows inferred evolutionary histories from Compara, integrated with functional domain

information from InterPro.
Alignment Overview

lox9 Zm00001eb005920 Zea mays LOX4 Arabidopsis thaliana

GRMZM2G017616, Zm00001d027893, lipoxygenase9

Location Expression Homology Pathways Papers Xrefs

PLAT/LH2 domain-containing lipoxygenase family protein

Compara Gene Tree

This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara.

& [ Display Mode ~ | Color Scheme ~

Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.
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Multiple Sequence Alignment

Multiple Sequence Alignment: Amino acid MSA. Drag slider to reposition.
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Neighborhood Conservation (+/- 10 genes)

Neighborhood conservation: +/- 10 genes flanking the gene of interest (top row) are color-coded by gene family. Gray

o3 [ Display Mode ~ J Color Scheme ~
genes are from other families. Central genes (green) are shaded based on similarity with gene of interest.
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GENOMES, PATHWAYS & EXPRESSION — BUILD 66

128 reference genomes
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Plant Pan Genomes

Gramene-powered sites focused on specific crops

sorghum

R5

(Dec 2022)

maize

R3

(Mar 2023)

rice

R6

(Jan 2023)

grapevine

R3

(May 2022)

Zea mays mo18w 47,186
Zea mays tzi8 47,064
Zea mays p39 46,980
Zea mays m162w 46,762
Zea mays cmli228 46,542

Zea mays ms71 46,286
Zea mays ki3 46,274
Zea mays m37w 46,088
Zea mays b97 46,046
Zea mays cmli322 45,924
Zea mays ky21 45,894
Zea mays nc350 45,576
Zea mays cml247 45,418
Zea mays cml277 45,242
Zea mays oh7b 45,168
Zea mays cml69 45,059
Zea mays il14h 45,056
Zea mays oh43 44,886
Zea mays cml103 44,866
Zea mays cmli52 44,780
Zea mays ki11 44,752
Zea mays nc358 44,655
Zea mays hp301 44,652
Zea mays B73 v4 44,474
Zea mays cmli333 44,323
Zea mays B73 44,303
Zea mays B73 v3 39,474

Arabidopsis thaliana 32,833
Vv. vinifera PN40024 v3 29,971
S. moellendorffii 34,888
C. reinhardtii 17,743
D. melanogaster 17,559

0000000000000 0000O0O0O0DO0OO0DOO0OOOODOODOOOOOO

lox9 Zm00001eb005920 Zea mays B73 v5

‘GAMZM2GO17616, Zm000014027293, lipowygenassd

Location _ Expression |TRSIOl Pathways apers

Zea mays tx303 46,329 |

Sorghum BTx623 35479 B

Os. Japonica 90,162 I

Xrefs

SORGHUMBASE

LOX3 Arabidopsis thaliana

'Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, USA; 2USDA ARS NAE Robert W. Holley Center for Agriculture and Health, Ithaca, NY, USA; 3Oregon State University, Corvallis, OR, USA; “EMBL-EBI, Hinxton, UK;*NYU School of Medicine, New York, NY, USA

Compara Gene Tree

™

Neighborhood conservation: /- 10 genes flanking the gene of interest (top ro
jene of interest.

This phylogram shows the relationships between this gene and others similar to it as determined by Ensembl Compara.
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Comparative pathway analysis
Example: JA signaling in rice vs 4 species

Components for COI1 bound to
JA-lle:

[Component Name
(©s0650449600 [cytosol]
(050390265500 [cytosol]
(©s01g0853400 [cytosol]
jlasmonoyl-isoleucine [cytoplasm]

R ) =
=R Maize

Components for COI1 bound to
JA-lle:

Component Name
(050550449500 [cytosol]
050190853400 [cytosol]

(0s03g0265500 [cytosol]

[iasmonoyt-isoleucine [cytoplasm]

CLIMTOOLS

https://gramene.or

= Arabidopsis CL.IMtools v2.0

CLIMtools

CLIMtools is a set of interactive web-based databases of the
environment x genome associations and correlations between the

local environment and a pool of curated phenotypes.
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MODO5L2 Total precipitable water (water vapor) spring (cm): 1.715906

¥ ,ﬁ. » CHELSA Maximum temperature spring (Celsius): 25.65761

‘Q

-0.5
-1.0
1.5
2.0
25

3.0

MODO5L2 Total precipitable water (water vapor) spring (cm)

v
Leaflet | Map data: © OpenStreetMap contributors, SRTM | Map style: © OpenTopoMap (CC-BY-SA), © OpenStreetMap contributors

Global distribution of germplasm climate data
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missense_variant
Base Pair: 36,504
Chromosome: 5
Y-value: 8.701
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AT5G01100.1

Location: 34,596-37,948

Chromosome: 5, Strand: -

Short Desc.: O-fucosyltransferase family protein

R o) g

GEED GRED GIb aB & - = e
ok 25k 50k 75k
([
o b
@

20M

Map view shows locations where specific germplasm were collected, color coded by climate
variables.
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25M
e associations with climate data
Interactive plot shows variants colored by consequence type and overlapping genes (inset).

http://plantreactome.gramene.org

OMICs data analysis tool

Gramene Pathways for: | Gy

Event Hierarchy:

<

Cajanus cajan

-] (MDEe

J [ our this pathway browser? Hlde]

[ Protein () Small molecute () Complex () %

Capsicum annuum

Fragaria vesca

® £ Plant pathways Chlamydomonas reinhardtii Analysis Tools
Cicer arietinum
Citrus sinensis This tool merges pathway identifier mapping. overrep rtation and \ analysis into a single tabbed data analysis portal, with
Coffea canephora integrated visualization and summary features.
Cyanidioschyzon merolae
Eucalyptus grandis Select a file from your computer and click on the "Analyse” button to perform the analysis.

Gossypium raimondii

Select data file for analysis

| Choose File | glycine-E-MTAB-4352.

txt Project to Oryza sativa

Hordeum vulgare
Jatropha curcas
Leersia perrieri

P Click here to paste your data or try example data sets...

0
P00

Cucumis sativus
Cucumis mﬁ‘s
nal .
Citrulus \:a\i\u‘“
Prunus - gica WIT
WS 0

EEmonyT-
isoleucine

Sorghum bicolor

Chr. 9
Genes
Sequence
Contigs

Sequence
S.bic-O.sat lastz-net

Chr. 9

Oryza sativa Japonica

l.,g(:hr. =
S.bic-O.sat lastz-net
Genes

Sequence

Contigs
Sequence

O.sat-nam11L lastz-...

rosum
\a

Vitis vinifera
Chr2

po) aoyoueed
Mol 910080\

Icotiang atte,
olanum tube
Solanum lycopersi
wnnuue Lﬁnogsﬁ'é?‘)

S
10uBYosH

Gene Family Trees

- SIS Green algae: 2 homologs T T 00

-—« Petrosaviidae: 22 homologs T T T W T 20000000

1 MANES_14G169500, Manihot esculenta T T N WO 2000
e POPTRDRAFT_639801, Populus trichocarpa T T O W T 000
I GLYMA_08G159600, Glycine max T T N WA 000000
- -7 PHAVU_005G043300g, Phaseolus vulgaris BN | (NN B IR N
" - mw<l]l Trifolicae: 4 homologs I T B AT T 00000
il TCM_019124, Theobroma cacao || | | NI I IN 1 N
[
77 — 1 CCACVL1_29121, Corchorus capsularis . m | im mL N I |
- B456_001G088100, Gossypium raimondii | | W T I W T 00000000
L L " ©1 PNT1, Vitis vinifera T T Y TNy 0000
- PNT1, Solanum tuberosum | I.D:-:[-E-]_j]:
A5 Solyc02g083260.2, Solanum lycopersicum T T O W T 0 000
- i1 PIGM, Nicotiana attenuata str. UT I l-ljm_ﬂ:
PNT1, Helianthus annuus || N T T VAT 000000000
T HannXRQ_Chr14g0454151, Helianthus annuus T B AT
'« Mustard family: 8 homologs N T T W T 00000000
BVRB_6g152530, Beta vulgaris subsp. vulgaris T T T N WO o 00—
= sl fabids: 2 homologs I T I TN 00000
AMTR_s00155p00014230, Amborella trichopoda W NNV N TENTENTE T
- S Flowering plants: 2 homologs W 1T TN T

- Land plants: 2 homologs

- Opisthokonta: 5 homologs

Whole-Genome Alighments
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Components for COI1 bound to
JA-lle:

|Componem Name
[os05g0449500 [cytoson

hasmonoyl»isoleucine [cytoplasm]

Gramene [ Pathways for: Glycine max
[Event Hierarchy-
© “E2% (Plant pathways (1,362/1.728) FDR: 0E0)
c¥~@ i ion (1.362/1.728) FDR: 0£0)

[=] ] [I_ [: L jLi] Tour this pathway browser? Hide]
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EEEE g @ Find Reaction/Entity:
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upregulation of ERF.

ke 2

upregulation of ERF
PDF 2.1 Like

Chlamydomonas

COLOR KEY _ No homolog found

-:I If more than one gene (e.g. paralogs) is associated to a reaction, then only some (yellow) had ortholog match

Interactor Overlay

Polyploid Views
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40kb 5]
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40kb 60kb 80kb
Protein Coding
EEl TGAC high confidence protein coding
m PGSB protein coding
117.02 kb —F . Forward strand s

Scaffold TGACv... |
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Scaffold TGACv... |

Protein Coding Non-Protein Coding

EE TGAC high confidence protein coding
m PGSB protein coding

EEN PGSBE non translating CDS
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20kb
TGACv._scaffold_344765_4DL >

Chr. 5 J— — —_— — — — —_— JR— JU— —_— —_— F— — — —_— —_— —_— J— — —_— [— — —
L5 738,200 738,300 738,400 738,500 738,600 738,700 738,800 738,900 739,000

—=a Reverse strand 906 bp
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Gene (CSHL) —
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—m Reverse strand 906 bp
Gene Legend
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Orthologue 1-to-many or many-to-many

Whole-Genome Alignment region comparison view between Nipponbare, Sorghum and Maize
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@ Add a new resource

P Plant Interactome

EBI

Zea mays

& =242 Generation of precursor metabolites and energy (22/2¢

® =24 Amino acid metabolism (252/316) FDR: 1E0

=
@ <4 Amine and polyamine biosynthesis (13/18) FDR: 1E0
& <% Carbohydrate metabolism (242/302) FDR: 1E0

& =24 Cofactor biosyntheses (192/246) FDR: 1E0

CR-4 i is and sig (4477563) FDR: 1

@ =Z.9 |AA biosynthesis | (29/49) FDR: 1E0
@ =242 |AA biosynthesis Il (9/11) FDR: 1E0

@ =247 |AA biosynthesis VI (via indole-3-acetamide) (2/2) Fi

@ =242 Polar Auxin transport (21/29) FDR: 1E0

@

=Z+? trans-zeatin biosynthesis

B8 e

®

“Zu2 GA12 biosynthesis (4/4) FDR- 1E0

@ =24 gibberellin biosynthesis | (non C-3, non C-13 hydro,

@ T g in bi i i

@ =24 gibberellin biosynthesis Il (early C-3 hydroxylation) | Resutts for: ensemsL c1s) [=] | | Type: Expression | | [File: glycine-E-MTAB-4352.1xt] [t}ata: probeset] |

@ =24 gibberellin biosynthesis 11l (early C-13 hydroxylation| = == e = =
@ =2:2 ABA biosynthesis and mediated signaling (39/45) FL, Pathway name Species name found Total ratio pValue FDR found

=2+ Strigolactone signaling (22/32) FDR: 1E0
=2+ Auxin signalling (64/75) FDR: 1E0

+» Salicylic acid signaling (54/66) FDR: 1E0

®

@ e o . e A

+» |AA conjugate biosynthesis | (4/5) FDR: 1E0

+> brassinosteroid biosynthesis Il (14/17) FDR: 1E0

=2+ jasmonic acid biosynthesis (32/35) FDR: 1E0

LIl Jasmonic acid signaling (54/68) FDR- 1E0

=Z:» Ethylene biosynthesis and signaling (50/58) FDR: 1E)

“Z2 Strigolactone Biosynthesis (4/8) FDR: 1E0

=Z4» Brassinosteroid signaling (57/73) FDR: 1E0
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Component Name

LYMA14G06740 [cytosol] GLYMAl4acoe740ha |
LYMA18G03420 [cytosol] IcLymaiscozazofo ]
LYMA02G42150 [cytosol] [GLYMA02G42150]]

[Expression ID [Expression Level

¢

i

S
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Close
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S| rvctye 109

Identifiers not found: 32,495 J
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