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Nucleic Acids Res, Volume 52, Issue D1, 5 January 2024, Pages D1538–D1547, https://doi.org/10.1093/nar/gkad1052

An overview of the Plant Reactome knowledgebase
https://plantreactome.gramene.org  

• Open access and 
free-of-cost, FAIR 
data

https://doi.org/10.1093/nar/gkad1052
https://plantreactome.gramene.org/
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https://plantreactome.gramene.org  

• Gene-orthology-based 
pathway projections for 
129 species

• Open access, 
free-of-cost, FAIR data

• Videos Tutorials, and 
Training material 

We manually curate reference 
pathways in rice

https://plantreactome.gramene.org/
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Plant Reactome is a Reaction Network 
hosted on a Graph Database

Entities

Relationships
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The Reaction:

Plant Reactome is a Reaction Network Database
– Explicitly describes biological processes as reactions that transport, transform, and 

reorganize physical entities.

– Thus, provides molecular representations of many biological events;

species (NCBI)
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Go: Molecular Function

Controlled vocabularies for entities and events
Interoperability at the level of data annotation 
…

Entities: proteins, Gene, transcripts
GO: Cellular Component

Reactions:
GO: Biological process We have provision in our 

data schema to 
accommodate

Details

• Cell type

• Protein modifications

• Disease models and 
pathogens
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https://plantreactome.gramene.org  

https://plantreactome.gramene.org/
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Exploring Pathways in Pathway Browser

Rice
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Pathway Projections in Arabidopsis
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Data source:http://www.functionalnet.org/aranet/
Geisler-Lee J et al. (2007). Plant Physiol. 145(2):317-29

Displaying Gene Interaction Data on Plant Reactome  Pathways
Synthesizing gene-gene interactions information 

Users can also 
upload their 
own data

Users can send 
us the data from 

their favorite 
species

http://www.functionalnet.org/aranet/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geisler-Lee%20J%5bAuthor%5d&cauthor=true&cauthor_uid=17675552
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+Predicted+Interactome+for+Arabidopsis+Jane+Geisler-Lee,
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Analysis Tools: Species Comparisons

Rice vs. Arabidopsis

Rice vs. Maize
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Analysis Tools
Users can upload their own omics data and download analysis results
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LIMITATIONS 
for 

Pathway Biocuration

16
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2000      🡪----------- Phases of genome reannotation--------- 🡪2024

Genetics, Volume 227, Issue 1, May 2024, iyae027, https://doi.org/10.1093/genetics/iyae027

The annotation status of the Arabidopsis proteome as of 2024

Arabidopsis thaliana genome 
was published in 2000

Molecular Function
~30% experimental evidence

~39% genes: unknown function

~30% have only GO

~27,000 genes

https://doi.org/10.1093/genetics/iyae027
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Rice genome 
Draft genome in 2002 
and high-quality 2005

~ 39,045 protein-coding 
genes 

Up to Nov 2021
 
• ~ 4100 functionally characterized rice genes 

• ~ 6000 members of different gene families 

• 22.3% of the 39,045 annotated protein-coding genes in the rice genome.

The annotation status of the Rice proteome as of 2021

https://thericejournal.springeropen.com/articles/10.1186/s12284-022-00569-1
https://thericejournal.springeropen.com/articles/10.1186/s12284-022-00569-1
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Can we use existing knowledge from other species to curate pathways in 
the Plant Reactome?
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(Kirschner et al., 2021; PMID: 34446550)

HORVU.MOREX.r3.5HG0447830 
(EGT2)

Johnson et al., 2022 
(PMID: 35685275)

Arabidopsis    Rice

Os12g0514600
Unknown Function

AT3G07760 
(AtSAM5)

Use of gene-orthology relationships to improve functional annotation of a rice gene

Gene Name for Os12g0514600 🡪 OsEGT2

Functional Annotation 🡪 transcriptional Fact

 Pathway 🡪 root growth angle formation

Response to Gravitropism 🡪 anti-gravitropic offset, 
negative gravitropic response
 

Barley

Barley EGT2 is a Transcriptional regulator of root growth angle 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=50&show_snippets=off&term=Kirschner+GK&cauthor_id=34446550
https://www.biorxiv.org/content/10.1101/2021.01.23.427880v1.full.pdf
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Gene-orthology relationships to predict potential functions of a rice gene

Wild type  egt1 TILLING 
mutant TM194

( Fusi et al., 2022; PMID: 35881796)

EGT1 appears to function as a component of an antigravitropic offset mechanism 
that regulates tissue stiffness, which impacts final root growth angle.

egt1 mutant has a steep root growth angle phenotype

HORVU6Hr1G068970 (EGT1) HORVU.MOREX.r3.6HG0607550

Arabidopsis thaliana 
(AT2G18280)

TLP6, TULP2 (a TF)

Oryza sativa Os02g0705300
OsTLP8 (TF)

Functional Annotation 🡪 transcriptional Factor

 Pathway 🡪 root growth angle formation

Response to Gravitropism 🡪 anti-gravitropic offset, 
negative gravitropic response
 

Barley

Manual Curationgene-orthology

projection

hypergravitropic root phenotype
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SOR1

HMT

EGT2 EGT1

root 
growth 
angle

Stiffened cell wall

anti-gravitropic 
response

OMT GXM

Transcriptional 
regulation of root 

elongation 
zone-specific 

genes involved in 
root bending upon 

gravistimulation

gravitropic 
response

RMD1

OsPIL16
(blocked in light)

OsPIL15
low expression in light

PhyB

Light

Pi 
deficiency

(expressed in roots)

tiller angle 
(shoot)

OsARF23
OsARF24

RMD promotes the 
polarized localization of 

OsPIN1b and OsPIN2 
through vesicle 

trafficking and promotes 
PAT and auxin 

distribution to the site of 
action.

( Li et al., 2014; PMID: 24982173)

Gene-gene interaction network based on evidence from rice and other species
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Re-use and Re-analysis of Transcriptome  Data

23



Plant Bioinformatics Resource Workshop on 22 June 2024, Plant Biology 2024 meeting at Honolulu Hawaii 

Literature and 
transcriptome data 

review

Compilation of gene list

Biocuration of rice transcription factor network involved in stress response

Promoter analysis 
of the genes

Score TF-Target 
relationship

• Sequence Data
• ChIP-qPCR
• ChIP-Seq
• TSS-mapping

• Re-use/re-analysis of Omics data
• Review of published papers

Co-expression analysis

Identification of the genes 
belonging to same network

Transcriptome Data

Manual biocuration of  
genes: improved  

functional annotation 
with linked evidence 

 Biocuration in Reactome 
Curator Tool

Integration into the Plant 
Reactome & Orthology 

projections
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Needed: Increased Support for 
Biocuration

Functional characterization of rice genes
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Shayla Rao (spring 2020)

Callan Stowell 
(winter-spring 2020)

URSA-fellowAmi (Amitavo) Ganguli
URSA-Fellow, 2021 winter-spring

Quentin Beers
URSA-Fellow, 2021 winter-spring

Sarah El-Husseini
URSA-Fellow, 2021 winter-spring

Honors Thesis (2021-2022)

Olivia Worley
URSA-Fellow, 2021 winter-spring

Maddie Goebel
URSA-Fellow, 2021 winter-spring

Gwendolyn Michna
URSA-Fellow, 2021 winter-spring Kennedy  Sparks

URSA-Fellow, 2022 winter-spring

Our Undergraduate Biocurators : Plant Gene and Pathway Curation

Christina Partipilo
2014-2016

Eli Waddell 2013-2014

Elizabeth Hooks
URSA-Fellow, winter-spring 
2022, continued until Fall 

2023

Tutorials and Videos on Gramene YouTube Channel
tinyurl.com/grchannel
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Madeleine Zeller 
(Fall 2023)

Tongsak, Annette
URSA-Fellow, 2023 winter-spring
 

Riley Callahan and Jenna Rosenau presenting their work at the 
URSA conference in May 2023 

Joie Beasley-Bennett presenting a poster at the URSA 
conference in May 2023 

We train undergraduate students in critical review  of scientific literature 
and gene biocuration
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Siena Buchanan 
second-year biology major

Isabella Ramirez
second-year microbiology major

Carolyn Crofford 
Bioresource Research and 

Sustainability major

URSA undergraduate Research Fellows of 2024 working on Biocuration of genes and pathways 
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Daemon A. Dikeman (2019-2020)
(Honors Thesis, undergraduate)
Joined Ph.D.  at Univ. of Maine 

Biocuration of a gene family using transcriptome data to infer tissue specific 
expression and association with stress response  

Views: 736
Downloads: 128
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Thanks


