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| DIANE : a graphical user interface to infer and explore regulatory pathways

Gene expression reprogramming is studied to understand development, adaptation to environmental constraints in living organisms. The rise of NGS techniques and RNA-Seq made genome-wide transcripts quantification available
to researchers. A number of software tools exist to bring to users with little programming experience the standard analysis pipelines of these kind data :

» These existing tools allow satisfacory possibilities for normalisation, exploration, differential expression, Gene Ontologie enrichment.

o However, they either do not propose, or do not reflect state of the art methodological advances to perform gene clustering, gene regulatory network inference, and explore their respective outputs.

. Expression data

BIOINFORMATIC PIPELINE
Quality control, mapping and quantification are steps that

need to be performed prior to any analysis in DIANE --.- EXPLORATION OF NORMALIZED EXPRESSION DATA
EXPRESSION MATRIX Dimensionality reduction allows to assess replicates homogeneity, and quantify the impact of experimental

Genel perturbations on gene expression variation. Expression levels of genes of interest can be browsed.

2. Explore normalized transcriptomes

Data upload

Normalisation can be performed with 3 standard procedures : TMM, DESeq?2 or TCC method.

Gene expression in each experimental conditions are

. . . . = - rincipal components 1 an rincipal components 2 an Normalized expression levels

required. Optional other inputs: deisgn, gene gGeneN Normalisation \ et | e e . e i T

annotations, GO terms for non-model organisms i g sw 5, P 1 %, | e
) AM AMHMH 2 H 70 @

DEMONSTRATION DATA : ARABIDOPSIS UNDER COMBINED ABIOTIC STRESSES Exploratlon ¥ SO A o I

. . . . . . % L = MH H 7,
In the context of climate change, Arabidopsis plants were studied under the multifactorial 5. kA sicas | A D e : X o« o e
. . . . ':": g 7)) '
design of salinity stress, heat stress, and osmotic stress'¥, g : J 3 RPN : o |
4 00 o5 s a0 o5 i ® L -8
o x-axis : cor. to Comp1 57.28 % x-axis : cor. to Comp2 12.25 % E @ C v W W & o e\ 5\1]'\\’\ C v W \j\\'\ S o oW 5&\\'\
" _Pnnmpal components 3 and 4 m_PCA Screeplot §>0 e T
gn g 2 L : ) ?00 ° 7 +
P R I AT T | :
E aft A E D ] ®
8 s AH £ o 0 1 I
= g‘ _ 70 9 ® @
L - i - ° 0 8 o 7 " - o
M-A p|0t LogCount of differentially expressed genes between : C and H SO A \? ut . s v 00 ] n : .
DIFFERENTIAL EXPRESSION ANALYSIS . i ey e LR S T L 1 e ey ey D T L T

EdgeR is used to compare pairs of ©

transcriptomes, with custom FDR and LFC o :.:':..';.. Here, heat stress has a predominant effect on plant transcriptomes, as the first principal component, linked to

heat stress, explains 57 % of gene expression variance.
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MIXTURE MODELS TO GROUP SIMILAR GENE EXPRESSION PROFILES
The Coseq package!? enables gene clustering using Mixture Models, adjusted through an Expectation-
Maximisation algorithm. It is possible fit either Poisson multivariate distributions to the clusters, or
Gaussian mixtures after prior transformations on expression values. A penalized model selection criteria
(ICL) is then used to determine the optimal number of clusters. We applied this method to the genes
differentially expressed in at least one of the perturbation in the experiment against the control :

Venn diagram of 3 lists of
differentially expressed genes ..

Mean-normalized expression profiles for 5 representative gene clusters
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i S The chosen approach, GENIE3 B!, uses Random Forests to infer oriented edges from regulators to targets,
i il wieghted by the predictive power of each regulator on the target gene expression.
_ To select statistically significant pairs in the final network, we designed a procedure of empirical tests on
Jes | S EL regulatory edges using permutations on Random Forests importance metrics via the rfPermute package.
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Some of the most connected TFs of the network are known to be involved in drought and heat
responses, the other ones are promising candidates for crops improvement
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We applied our novel edges selection strategy from GENIE3 edges ranking on two different datasets, for which robust

regulator-gene validation information is available. We validated the network of heat-responsive genes in our companion | Re p ro d u Cl b | llty'
data using the ConnecTF* database. For E. coli, conditions from a public compendium of expression data (Faith JJ, 2007) was

used to infer a gene regulatory network that we validated via RegulonDB (Santos-Zavaleta A, 2019).

Use DIANE locally

A E. coli : precision benchmarked on RegulonDB B A thaliana : precision benchmarked on connecTF .
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