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Aims

Use raw gene expression data to
reconstruct and complete in silico

biological pathways



How to measure gene expression levels?

I Hybridization (base pair complementarity)

I Sequencing (determine each base)
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Using gene expression data
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Correlation of gene expression levels
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Getting gene expression data

I Generate new data
a b c d i j

e f g h k

Characterization of new model herbivory model on C. roseus
by RNA-seq allowed the discovery of new P450

I Reuse previously published data
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Public databases with raw and/or processed expression
data

I SRA: 5 petabases in 2017 (all origins combined)

I More than 610,000 RNA-seq accessions (ca. 1 Million
accessions of DNA high throughput sequencing)

I 1 sequencing run: an average of 30 Million of bases, file size
ca 3 Go

I Storage: >100 000 000 Go



Public databases with raw and/or processed expression
data



Work in progress @ EA2106 BBV: complete knowledge on
biological pathways

Metabolic pathway: monoterpene indole alkaloids in
Catharanthus roseus

Signaling pathway: cytokinin (CK) signaling in plants



Association within levels? several proteins in each level
Extract associations with query genes from a global network
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Construction of co-expression networks in Arabidopsis
thaliana

Reuse of expression data

I Microarrays: more than 10,000 samples (obtained and

processed with “ArrayExpress” package)

I RNA-seq: more than 1,600 samples downloaded from EBI



Processing of RNA-seq expression data

1. Identify accessions (DRR, ERR or SRR numbers)

2. Download raw Fastq files

3. Remove low-quality reads with Trimmomatic

4. Pseudo-align reads to Arabidopsis reference transcriptome
with Salmon

5. ca. 1h for a 15 Million of paired-end reads with 5 threads
(parallelization with subsets of accessions and array jobs)



Construction of co-expression networks
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Construction of co-expression networks in Arabidopsis
thaliana
Calculate all pairwise correlations between each pairs of genes

I 33,600 predicted transcripts in A. thaliana

I 33,600 x 33,600 correlation matrix

I Which distance estimator? and for which data?



Construction of co-expression networks in Arabidopsis
thaliana
Calculate all pairwise correlations between each pairs of genes

I Development of parallelized tool (mpich2) written in C to
compute all pairwise correlations (<15 minutes on 50 cpus)

I Pearson Correlation Coefficient, Spearman

I Ranked Correlation Coefficients (Mutual ranks or Highest
Reciprocal ranks)

I Mutual Information (with ”Parmigene“ R package, in
multicore mode)



How to estimate the quality of the resulting networks?
Compare transcriptional associations with biologically known assocations

I Gene Ontology

I Protein-Protein Interactions



A Cytokinin co-expression network
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A Flavonoid co-expression network
A well known biosynthetic pathway with specific branches
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Prospects (1)

Are predicted associations conserved between plant species?

I Identify available data

I Construction of orthology groups

I Comparison of co-expression networks

Extend to other plant species

Solanum lycopersicum

Solanum tuberosum

Physcomitrella patens

Medicago truncatula

Triticum aestivum

Malus domestica

Glycine max

Populus trichocarpa

Sorghum bicolor

Vitis vinifera

Oryza sativa

Arabidopsis thaliana

Chlamydomonas reinhardtii

Mapping rate%Number of reads Final matrix size

33,603x1,676

14,038x431

68,705x768

65,783x410

39,613x266

40,149x495

39,649x1,264

32,420x1046

44,857x313

29,669x180

86,211x478

27,319x600

31,495x188



Prospects (2)
How much information do we need to capture a relevant transcriptional relationship?
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