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Rice cultivation as a key element 
in food security

• Rice is the most widely used crop for 
caloric intake in Latin America and Asia

• Rice is an important part of sustainable 
development strategy
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Fisberg et al., (2021); https://bit.ly/3GaLu0K; https://bit.ly/3EkWQir

https://bit.ly/3GaLu0K
https://bit.ly/3EkWQir


The problem of 
acidic soils

• pH <5

• About 50% of the arable 
land is in acid soils.

• 85% of acid soils are 
located in the torrid 
region of South America

• Aluminum is the most 
abundant metal on 
earth crust

Gallo-Franco et al., (2020)

Rice growing areas

Soils with pH <5.5
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Main types of abiotic stresses exist in plants

• Temperature
• Cold
• Salt
• Drought
• Flooding
• Heavy metals

The physiological response is 
complex!

4Lamers et al., (2020)



Plants have mechanisms that allow them 
to tolerate aluminotoxic conditions!

• Toxic effects

• Beneficial effects

• External exclusion mechanisms

• Internal mechanisms

5
Famoso et al., (2010); Bojórquez Quintal et al., (2017)

Rice can be affected by aluminum!

Phytotoxic 
chemical 
species



Rice is a model species for plant stress studies!

• 3000 rice accessions has been
sequenced

• Information for about 10000 
coding proteins is available

• Available information for
aluminum stress conditions

• There is a genetics core that act 
by identified stress types!

6Hong et al., (2019)



What do we know about the 
interaction of rice with aluminum?

• There is a molecular 
signaling network in 
different types of stresses

• Genes identified via omics 
technologies

• It is unknown how the 
interaction between 
biological processes, 
proteins, and metabolites 
related to aluminum 
tolerance takes place.

7 Jamil et al., (2020)

1. Genomics
2. Interactomics

3. Metabolic network 
reconstruction at the 

genomic scale



STAGE I: Functional 
perspective

STAGE III: 
Potential 
regulatory 
elements 

STAGE II: 
Metabolic 
response based 
on genome-scale 
network 
reconstruction
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To model the 
aluminum effect 
over the cellular 
metabolism of 
cultivated rice 

(Oryza sativa L.),

Understand the aluminum effect over the rice cellular response to aluminotoxic conditions



STAGE I: Functional perspective
(Graph theory for comparative genomics)
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Functional enrichment analysis
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The idea

• Use undirected weighted graphs to identify statistically relevant GO terms for 
categories (gene lists) and species

https://github.com/ccsosa/GOCompare

• Advantages
I. Avoid the use of complex algorithms (memory and DAG dependent)
II. Visualization of GO terms interactions
III. Detect differences in genome annotations 
IV. Numerical outcomes easily readable in Cytoscape
V. Statistical testing for  GO terms  and gene lists composition 
VI. Reproducibility

11

https://github.com/ccsosa/GOCompare
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• Categories (gene lists) similarity
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• GO Terms frequency 



• Comparison between species

• High values within categories with highly 
frequent GO terms co-occurring

• A Combined approach for categories:
• Shared:

• Combined: (Shared + Categories weight)

• An index with values from -1 (unique for 
a species) to 1 (Shared between species)

14



Functional
category

GO weight
Shared GO 

weight
Combined 

weight

Reactive 
oxygen 
species 

metabolic 
process

0.636 7.989 0.8303

Response to 
reactive 
oxygen 
species

0.36 7.6 0.3701

Response to
temperature

stimulus
0.012 0 −1

Towards a functional perspective comparative 
genomics
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¿How to detect divergences in aluminum tolerance 
mechanisms between Oryza sativa subsp. japonica 
and Arabidopsis thaliana? 

1084 genes in 
OSJ

Obtain 
orthologues in 

ARATH

Obtain functional 
categories

FEA (GO:MF)per 
functional 

categories and 
species
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Functional similarities
between species!
Future perspectives for gene 
annotation prediction?
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Categories similarity

Conserved ROS mechanisms
between OSJ and ARA!
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Most frequent GO 
molecular functions

Oxidoreduction process
Binding processes
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STAGE II: Metabolic response 
based on genome-scale 
network reconstruction

• Manual curation of the iOS2164 
model

• 228 new reactions detected 
from 1084 genes and aluminum: 
• 41 reactions associated with 

aluminum 

• 187 reactions associated with 
genes that were associated with 
aluminum studies in rice.

20Lakshmanan et al., (2015) 



How aluminum affects the root 
growth response? 21

Auxins and ethylene 
biosynthesis Kopittke, (2016) 

ONGOING: 74 candidate genes
• 39 high priority
• 16 possible targets



The Al in rice root model vs the root regulatory 
mechanisms  in rice

22Liu et al, (2022); Meng et al., (2019) 



STAGE III: Potential 
regulatory elements 

23Depuydt &Vandepoele (2020) 



The workflow

Curse +NCBI 
curation

Salmon 
counts using

nf-
core/rnaseq

edgeR_nf-
core-rnaseq 

TopGO local 
GSEA

vHRR

(WGCNA)+ 
modules

Regulatory
elements

CREs and 
CNSs
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Original nf-core/rnaseq workflow

https://nf-co.re/rnaseq

https://nf-co.re/rnaseq


|
DEG step

Bulk RNASeq experiments

• The exploratory step requires aligners
use

• A differential expressed genes 
calculation step is missing! 26https://nf-co.re/rnaseq

https://nf-co.re/rnaseq


• Red: Data preprocessing

• Yellow: EdgeR preprocessing

• Blue EdgeR paralleling processing
https://github.com/ccsosa/edgeR_nf-core-rnaseq

27

https://github.com/ccsosa/edgeR_nf-core-rnaseq


Studies:

Variety Aluminum Control
Azucena 7 (3 P1) 7  (3 P1)

AZU[IR64121] 
(near-isogenic line)

5 3

BGI 3 3

28

• 28 samples in two studies

IN PREPARATION



Thanks…
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ccsosaa@javerianacali.edu.co
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