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Plant Reactome is a Reaction Network
hosted on a Graph Database
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Plant Reactome is a Reaction Network Database

— Explicitly describes biological processes as reactions that transport, transform, and
reorganize physical entities.

Diagram key

— Thus, provides molecular representations of many biological events; o
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Interoperability at the level of data annotation

Controlled vocabularies for entities and events

® @

Referrers Dialog
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Go: Molecular Function

Entities: proteins, Gene, transcripts
GO: Cellular Component
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416

<I> UniProt:Q2R435 LAZY1
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<I> Naithani, Sushma, 2022-09-21

& inferredTo

& literatureReference
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<I> LAZY1 controls rice shoot gravitropis...

<I» ldentification of the gravitropism-rel...
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Exploring Pathways in Pathway Browser

® =£1 |AA biosynthesis |
® =1 |AA biosynthesis Il
® <21 |AA biosynthesis VI
= 1AA conjugate bios)
@ %, Brassinosteroid bio:

® =% Trans-zeatin biosyn
® 5 Cytokinins 7-N-gluc]
@ =% Cytokinins 9-N-gluc
® =1 Cytokinins-O-gluco:
® * Jasmonic acid bios
® 1 Jasmonic acid sign
=£1 GA12 biosynthesis
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= Strigolactone signa

® =% Auxin signalling
%1 Auxin transport
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Aegilops tauschii
Amborella trichopoda
Arabidopsis lyrata
Arabidopsis thaliana
Arachis duranensis
Arachis ipaensis
Beta vulgaris
Brachypodium distachyon
Brassica napus
Brassica oleracea
Brassica rapa
Cajanus cajan
Capsicum annuum
Chlamydomonas reinhardtii
Chondrus crispus
Cicer arietinum
Citrus sinensis
Coffea canephora
Corchorus capsularis
Cucumis sativus
Cyanidioschyzon merolae
Daucus carota
Dioscorea rotundata
Erythranthe guttata
Eucalyptus grandis
Fragaria vesca
Galdieria sulphuraria
Glycine max
Gossypium raimondii
Helianthus annuus
Hordeum vulgare
Jatropha curcas
Leersia perrieri
Lupinus angustifolius
Malus domestica
Manihot esculenta
Medicago truncatula
Musa acuminata
Nicotiana attenuata
Oryza australiensis
Oryza barthii
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Pathway Projections in Arabidopsis

R 08

® <% » Circadian rhythm
@ %4 » Growth and developmental processes
o F
@ » ion of p lites and energy
® <54 Amino acid metabolism
<%0 » Amine and polyamine biosynthesis
249 Carbohydrate metabolism
® 754 » Cofactor blosyntheses
® <£4  Detoxification
5 %

® <E4 » |AA biosynthesis |

© 7£4 2 |AA biosynthesis |1

® T 1aa VI (via indole-3

@ <%\ » Brassinosterold biosynthesis Il
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® . Cylokinins-O-glucoside biosynthesi

<£4» Jasmonic acid biosynthesis

<£4» Jasmonic acid signaling

@ <4 » GA12 biosynthesis

4 Gibberellin biosynthesis | (non C-3, non C-13 hydroxylation)
@ 7E. » Gibberellin biosynthesis Il (early C-3 hydroxylation)
<249 Gibberellin biosynthesis IIl (early C-13 hydroxylation)
® 9 ABA bi and mediated signali

2.9 Abscisic acid homeostasis

<.  Ethylene biosynthesis and signaling

@ 7£4 » Strigolactone biosynthesis

<% » strigolactone signaling

%4 Brassinosterold signaling

<. » Gibberellin signaling

@ Description o4y Molecules B} structures | & | il Analysis @ Downloads
RNA-seq of coding RNA of Arabidopsis seedlings from 19 natural a ders for the recombinant inbred MAGIC lines

Showing 4 genes: @ Gramene genome browser ~ | ‘ Download | ~ ‘

Click on a cell to open the selected genome browser with attached tracks if available
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® <Z4 » Secondary metabolism
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& 7E4 » Inorganic nutrients metabolism
@ 24 9 Nucleotide metabolism
® <Z4 » Photorespiration
© %4 » Responses to stimuli: abiotic stimuli and stresses

® <24 » Response to cold temperature | | | -- !
 E M R to phosphate defici This page is a summary of the data held in Expression Atlas for this gene; click here for the full record. : eactome

Z» Response to Drought Please send any queries or feedback via the EBI Support & feedback form.. Gramene Pathways
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Displaying Gene Interaction Data on Plant Reactome Pathways
Synthesizing gene-gene interactions information

NS
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AT2632950 Data source:http://www.functionalnet.org/aranet/
o= Geisler-Lee J et al. (2007). Plant Physiol. 145(2):317-29 "
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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,

Zﬁl Analysis tools Select a species...

| zn,l Analysis tools Actinidia chinensis

w il Aegilops tauschii

Amborella trichopoda Specnes Compa"son
== v, This tool allows you to compal  Ananas comosus species inferred from Plant Reactome by orthology.
e Arabidopsis halleri s

Use the species selector to ch button to perform the comparison.

: Analyse your data Arabidopsis lyrata
Q | Compare Oryza sativa v Arabidopsis thalia
o Arachis duranensis
C 1 Arachis ipaensis
Species Comparison c Asparagus officinalis
Beta vulgaris
Brachypodium distachyon
Brassica juncea
Brassica napus
Brassica oleracea
Brassica rapa
Cajanus cajan
Camelina sativa
Cannabis sativa
Cannabis sativa subsp. indica
Capsella rubella
Capsicum annuum
Chara braunii
Chenopodium quinoa
Chlamydomonas reinhardtii
Chondrus crispus
Cicer arietinum
Citrullus lanatus
Citrus clementina
Citrus sinensis
Coffea canephora
Corchorus capsularis
Corchorus olitorius
Corymbia citriodora
Cucumis melo
Cucumis sativus
Cyanidioschyzon merolae
Cynara cardunculus var. scolymus
Daucus carota
Digitaria exilis
Dioscorea rotundata (

Species Comparison
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Analysis Tools: Species Comparisons

= ":- Cellular processes (47/284) FOR: 1E0 J —) J

® <2,

"=+ DNA replication: activation of the pre-replicative complex

® <%, Intracellular transport: COPII (Coat Protein 2) mediated vesicle trang

o X
@ %,

Protein metabolism: translation

Cell cycle (47/73) FOR: 1.58E-1

Circadian rhythm (10/23) FOR 5.1E-1
e
© =2+ Growth and developmental processes (

FDR: 8.79€-1
® 75, Reproductive structure development (81/230) FDR: @ 89£-1
B <2

=+ Vegetative structure development (26/68) FDR: 7 29€-1

@ =24 Regulation of leaf development (1

® =24 Root structure development (25/43) FOR: 3.55E-1

<% Metabolism and regulation (s

9/1,418) FOR: 8.28E3

o .

@ =2+ Generation of precursor metabolites and energy (17/33) FOR: 3.558-1
o=

@ =2« Amino acid metabolism (19/277) FOR: 1.69E-4

oo

@ =2+ Amine and polyamine biosynthesis (10/17) FOR: 3.55E-1

@ <%, Carbohydrate metabolism (113:215) FDR- 2881

@ =24 Cofactor biosyntheses (76/140) FDR: 3 858-1

21 Detoxification (3/18) FOR: 3.556-1
o
@ =24 Hormone signaling, transport, and metabolism (138457) FOR: 10E-1

=
@ =2+ Secondary metabolism (74/213) FOR:

© =24 Fatty acid and lipid metabolism (49/88) FOR: 3.55€-1

S5€-1

@ =24 Inorganic nutrients metabolism (2042) FOR: 3
@ =24 Nucleotide metabolism (3/13) FOR: 3 55E-1

o

j =
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———- Plaarrs Marmians

Rice vs. Arabidopsis

SPECIES COMPARISON J
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- - N e =% Plant
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21;! Analysis tools

Options Analysis

Step 1: Select a file from your computer or paste your own data and click on the corresponding "Continue” button.

Select data file for analys No file chosen Continue

Paste your data to analyse or try example data sets: Some examples:

#probesct  sample-1 sample-2 sample-3 sample-4 sample-5 sample-6 Reference accession list (UniProt)
Q5MBR3 478243415 830440878 1100243415 981512646 704992349 482262101
DOTZFO 261395468 231031834 301605527 42684154 447243415 392519656
Q6ZGT7 3006713147 173231783 1430.780379 1596420213 2588963853 2923243415
Q2QNMY 5079345586 6107.397261 5041904379 2923.12803  2504.527743 2861.13692
QSNBQI204.781876 212876599 180239779 200787211 314.696447 608 878932
Q6K969 681637362 462628729 341229246 357538181 674.629706 795897787
Q339V1 1624393248 3519.012646 547302835 551155477 3104.885117 1883089569 A e R AN LS
AICMO6 4286.490125 5950.303214 §285.897261 9128935723 7392934086 S5208.982221
QIXUHS 215220999 407.791151 77554568  1084.174941 1021.962522 537.248323
Q6YTI6 382607882 484906132 755935723 971835695 BOS5.179618 48848417
QSINBO 959.880655 1361.750331 1814.108902 2059.034093 1444558982 1221012646
Q65XM994.187098 165995252 719701596 1513781876 1191140937 608228744
Q6ZGW6 114259885 179.512033  308.243415 357701733 247.690067 167.796192
BTEM60 35696747 75373266  337.166492 1221042897 186272088 217391089
Q7XTHO 221551107 129538613  104.790631 166337742  264.94454 278265148

C

Species Comparison

Gene Identifiers

Small molecules (ChEBI)

Expression data (microarray)

Clear Continue

ant
P v < aCtome

Gramene Pathways

Plant Bioinformatics




Analysis Tools
Users can upload their own omics data and download analysis results

933
"‘ﬂ Pathways for: Oryza sativa
* =14
= Event Hierarchy:
® =% Cellular processes (1/263) FDR: 1E0

® =% Circadian rhythm
S A Metabolism and regulation (686/1,284) FDR: 9

® 52‘ Generation of precursor metabolites and €
® & Amino acid metabolism (179/230) FDR: 5.14.
@ 'E Amine and polyamine biosynthesis (12/12)
-'ff; Carbohydrate metabolism (121/205) FDR: 2
® 1‘5 Cofactor biosyntheses (125/154) FDR: 2.72E
EE- A Hormone biosynthesis, signaling, and trai
*
® % 1AA biosynthesis Il (7/7) FDR: 2.26E-1
@® éﬁ IAA biosynthesis VI (via indole-3-aceta
@ % 1AA conjugate

1/6 :: sample-1

® =%, Brassinosteroi ’ .‘.

: % Trage:zeciit DY Mowes €2 l { Type: Expression ] [ [Data: probeset] 1 [ Results Identifiers not found: 195 1

@ % Cytokinins 7-N ( e '

*Z: Cytokinins 9-N __P‘"'“"y' sample-2 sample-3 sample-4 sample-5 sample-6 Species name

@ 24 Cytokinins-O-gf 907.4 936.7 877.743 718.121 720.495 Oryza sativa

'g Jasmonic acid \ 1,232.557 1,157.162 996.514 881.239 871.965 Oryza sativa

@ éf: Jasmonic acid signaling DR 0.74 ,243.4 1,288.961 1,215.849 1,054.949 927.867 906.546 Oryza sativa

éﬁ GA12 biosynthesis (2/4) FDR: 6.41E-1 0.107 822.458 830.169 837.556 789.027 681.045 708.017 Oryza sativa

® 1¥¢ Gibberellin biosynthesis | (non C-3, nor | 0.012 1,456.309 1,410.835 1,217.947 1,040.095 942.91 976.011 Oryza sativa

: 'Ec (-Blbberellln blosynthe5|s Il (early C-3hy " ¢ Result’] ’iﬂMappmg‘ D cohememe nrrnem o @ "”"1_"2';)"°f 184 ;'" ::" hm e - h P I a nt

7P, Reactome
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The annotation status of the Arabidopsis proteome as of 2024

Proteome Annotation Status- August 2023

Unknown Non-Experimental [l Experimental

100%

39%

21% 10% ®
52% v tair
75% a7% Molecular Function
~30% experimental evidence
30%
~39% genes: unknown function
.
~30% have only GO
Molecular Function Biological Process Cellular Component
GO aspect
Arabidopsis thaliana genome pssemply  Automated o GenBank  Dissemination
was publlshed |n 2000 Annotation Submission /Integration
2000 [J-========-- Phases of genome reannotation--------- [12024
~27,000 genes
é;:—? Plant

Genetics, Volume 227, Issue 1, May 2024, iyae027, https://doi.org/10.1093/genetics/iyae027 1‘(": ) ReaCtome

Gramene Pathways


https://doi.org/10.1093/genetics/iyae027

The annotation status of the Rice proteome as of 2021

Research | Open access | Published: 19 April 2022

New Data and New Features of the FunRiceGenes
(Functionally Characterized Rice Genes) Database: 2021
Update

Fangfang Huang, Yingru Jiang, Tiantian Chen, Haoran Li, Mengjia Fu, Yazhou Wang, Yufang Xu, Yang_Li,
Zhengfu Zhou, Lihua Jia, Yidan Ouyang & Wen Yao &

-
- o e -

‘Science:

Rice 15, Article number: 23 (2022) | Cite this article

4125 Accesses | 12 Citations | 2 Altmetric | Metrics

Up to Nov 2021

« ~ 4100 functionally characterized rice genes

Rice genome « ~ 6000 members of different gene families
Draft genome in 2002
and high-quality 2005 . 22.3% of the 39,045 annotated protein-coding genes in the rice genome.
~_39,045 protein-coding
genes A ngz?gtome

Gramene Pathways


https://thericejournal.springeropen.com/articles/10.1186/s12284-022-00569-1
https://thericejournal.springeropen.com/articles/10.1186/s12284-022-00569-1

Can we use existing knowledge from other species to curate pathways in
the Plant Reactome?

+% Plant
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Gramene Pathways



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

e
=

ENHANCED GRAVITROPISM 2 encodes a STERILE
ALPHA MOTIF-containing protein that controls root
growth angle in barley and wheat

Barley EGT2 is a Transcriptional regulator of root growth angle

Arabidopsis Rice
Barley
HORVU.MOREX.r3.5HG0447830~ = = = = AT3G07760 "= === === == == 0s12g0514600
(EGT2 (AtSAM5) Unknown Function

,5  §

Gene Name for 0s12g0514600 [1 OsEGT2

Functional Annotation [] transcriptional Fact

55

Avg lateral root angle for all roots

Pathway [ root growth angle formation

(degrees)
- o @ o
w Qo Qo w
° EEeee-
4
*o N 7
-
- -

& g &&:@a" Response to Gravitropism [J anti-gravitropic offset,
(Kirschner et al., 2021; PMID: 34446550) Johnson et al,, 2022 negative gravitropic response

(PMID: 35685275) -
70\ Reactome

Gramene Pathways


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

Gene-orthology relationships to predict potential functions of a rice gene

2 egtl mutant has a steep root growth angle phenotype
hypergravitropic root phenotype

Root angle is controlled by EGTI in cereal crops employing an
antigravitropic mechanism

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

Functional Annotation [ transcriptional Factor

Ba rley Pathway [ root growth angle formation

Wild type egtl TILLING Response to Gravitropism [ anti-gravitropic offset,
mutant TM194

negative gravitropic response

/ |, Arabidopsisthaliana o, Manual Curation
() (AT2G18280) Ofoe*o%
Qo 0y,
Seminal __ Crown Lateral ‘f!!: TLP6,/TULP2 (a TF) GCOO/) O‘Qk
4
> / .
5 Ry Oryza sativa 0s02g0705300
g "y OsTLP8 (TF)
V4 _ -
& & & P P / -
@é bl oy — '/ ,”, =0—0 Plant
HORVU6Hr1G068970 (EGT1) ~ ™= HORVU.MOREX.r3.6HG0607550 = = A~ Reactome
( Fusi et al., 2022; PMID: 35881796) "

Gramene Pathways

Plant Bioinformatics Resource Workshop on 22 June 2024, Plant Biology 20




Gene-gene interaction network based on evidence from rice and other species

OMT GXM

HMT &
.5_‘//

EGT2

Y4

Transcriptional
regulation of root
elongation
zone-specific
genes involved in
root bending upon
gravistimulation

SOR1 —|

EGT1

Stiffened cell wall

i

anti-gravitropic

response

'

root
growth
angle

gravitropic
response

Light

v
PhyB

OsPIL15

low expression in light

Y

<— RMD1 #

|
Pi
deficiency

(expressed in roots)

> Proc Natl Acad Sci U S A. 2014 Jul 15;111(28):10377-82. doi: 10.1073/pnas.1401680111
Epub 2014 Jun 30

Rice actin-binding protein RMD is a key link in the
auxin-actin regulatory loop that controls cell growth

Gang Li 7, Wanaqi Liang *, Xiaoqing Zhang 1, Haiyun Ren 2, Jianping Hu 3, Malcolm J Bennett 4,
Dabing Zhang

Affiliations + expand
PMID: 24982173 PMCID: PMC4104909 DOI: 10.1073/pnas.1401680111

Abstract

The plant hormone auxin plays a central role in plant growth and development. Auxin transport and
signaling depend on actin organization. Despite its functional importance, the mechanistic link
between actin filaments (F-actin) and auxin intracellular signaling remains unclear. Here, we report
that the actin-organizing protein Rice Morphology Determinant (RMD), a type Il formin from rice
(Oryza sativa), provides a key link. Mutants lacking RMD display abnormal cell growth and altered
configuration of F-actin array direction. The rmd mutants also exhibit an inhibition of auxin-
mediated cell elongation, decreased polar auxin transport, altered auxin distribution gradients in
root tips, and ) of plasma ization of auxin transporters O. sativa PIN-
FORMED 1b (OsPIN1b) and OsPIN2 in root cells. We demonstrate that RMD is required for
endocytosis, exocytosis, and auxin-mediated OsPIN2 recycling to the plasma membrane.
Moreover, RMD expression is directly regulated by heterodimerized O. sativa auxin response factor
23 (OsARF23) and OsARF24, providing evidence that auxin modulates the orientation of F-actin
arrays through RMD. In support of this regulatory loop, osarf23 and lines with reduced expression
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Biocuration of rice transcription factor network involved in stress response
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Biocuration of a Transcription Factors Network Involved in
Submergence Tolerance during Seed Germination and Coleoptile
Elongation in Rice (Oryza sativa)

by @ Sushma Naithani 1" & © @ Bijayalaxmi Mohanty 2 & ® @ Justin Elser 1 9 ®,
© Peter D’Eustachio 3 & ® and @ Pankaj Jaiswal 1 & ©

1 Department of Botany and Plant Pathology, Oregon State University, Corvallis, OR 97331, USA
2 NUS Environmental Research Institute, National University of Singapore, Singapore 117411, Singapore

3 Department of Biochemistry and Molecular Pharmacology, NYU Grossman School of Medicine, New York, NY
10016, USA

Author to whom correspondence should be addressed.

Plants 2023, 12(11), 2146; https://doi.org/10.3390/plants12112146
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: [ Pathways for: Oryza sativa v Toul |ﬂ
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A R2R3-type MYB gene, OsMYB2, is involved in salt, cold, and dehydration tolerance in rice -
J. Exp. Bot.: 2012 63; 2541-56. Pubmed
Author(s):
» Yang, A
» Dai, X
P Zhang, WH

Arice gene, OSH1, is before orgar in a specific region during early embryogenesis
of tolerant rice cultivars: the Sub1 locus and beyond

Expression of rice SUB1A and SUB1C transcription factors in Arabidopsis uncovers flowering inhibition as a submergence tolerance mechanism
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Flood resilience loci °E 1</i> and OBIC ON 1</i> interact in seedlings established underwater

‘Genome-wide analysis of loop- factor family in rice and

Identification of jumonjiC domain containing gene family among the Oryza species and their expression analysis in FL478, a salt tolerant rice genotype
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Our Undergraduate Biocurators : Plant Gene and Pathway Curation
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Honors Thesis (2021-2022)
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URSA-Fellow, 2021 winter-spring URSA-Fellow, 2022 winter-spring
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We train undergraduate students in critical review of scientific literature
and gene biocuration
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URSA undergraduate Research Fellows of 2024 working on Biocuration of genes and pathways

o N 3 ,

Siena Buchanan Isabella Ramirez o ﬂCaolyn Crofford
second-year biology major  second-year microbiology major Bioresource Research and
Sustainability major
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Biocuration of a gene family using transcriptome data to infer tissue specific
expression and association with stress response

Daemon A. Dikeman (2019-2020)
(Honors Thesis, undergraduate)
Joined Ph.D. at Univ. of Maine

Plant Bioinformatics Resource Workshop on 2

> Peerd. 2021 Mar 15;9:€11052. doi: 10.7717/peerj.11052. eCollection 2021.

Beyond gene ontology (GO): using biocuration
approach to improve the gene nomenclature and
functional annotation of rice S-domain kinase
subfamily

Sushma Naithani ', Daemon Dikeman !, Priyanka Garg ', Noor Al-Bader ', Pankaj Jaiswal '

Affiliations + expand
PMID: 33777532 PMCID: PMC7971086 DOI: 10.7717/peerj.11052
Free PMC article

Abstract

The S-domain subfamily of receptor-like kinases (SDRLKs) in plants is poorly characterized. Most
members of this subfamily are currently assigned gene function based on the S-locus Receptor
Kinase from Brassica that acts as the female determinant of self-incompatibility (SI). However,
Brassica like SI mechanisms does not exist in most plants. Thus, automated Gene Ontology (GO)
pipelines are not sufficient for functional annotation of SDRLK subfamily members and lead to
erroneous association with the GO biological process of Sl. Here, we show that manual bio-curation
can help to correct and improve the gene annotations and association with relevant biological
processes. Using publicly available genomic and transcriptome datasets, we conducted a detailed

o us M um [ e — R o....

SRK I"I

extracellular (S-domain) CoABaaiE e

1 100 200

SRK2:b |— |
(QOSXHS)| SP sie

300 400 500 854

— e —
— ™ UniProt

(B)

5 Plant
fﬁf‘ \ Reactome

Gramene Pathways

ILife & Environment

2




Sushma Naithani group, OSU
Undergraduate Biocurators

, Cold Spring Harbor Laboratory
Q=Doreen Ware (PI)
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7 =Andrew Olson

Oregon State University
=Pankaj Jaiswal (Co-PI)

oregonstate  "JUstin Elser (Software Dev)

Bijayalaxmi Mohanty "7 =Parul Gupta (biocuration)
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