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The acquisition of multi-omics data in the context of complex experimental design is a widely used practice to identify entities and characterise related biological processes. The investigation of each omic
layer is a good way to explore and extract relevant biological variability, and restrict statistical integration to only pertinent omics levels and features. The analysis of heterogeneous data remains a
technical challenge with the needs of relevant methods and parameters to take into account data specificity. Moreover, applying different statistical methods from several tools could also implies
important data management issues. In this context, we developed RFLOMICS, an R package with a shiny interface: it offers a guided, comprehensive and reproducible analysis in a framework which can
manage several omics-data. The interface offers an interesting flexibility between the visualization of the results and the data manipulation (filtering, setting).

RFLOMICS is available at : https://forgemia.inra.fr/flomics/rflomics

Models are written from the simplest one to the most complete one. Only the two orders interaction terms

The list and order of conditions : 0 1 Lo a d d a t a 0 Z S (] (] between the biological factors will appear. Batch factor will never appear in interaction terms.
- . Set statistical model

~Repeat + imbibition

- supports up to three types of omics: gene - computes the list of possible model vt ppapare I
Medium . . . . . . ~Repeat + temperature + imbibition + temperature:imbibition

expression matrix and protein/metabolite | formulas from experimental design setup
Set the type and the reference fo each design factor : abundance matnx (frOm same b|0|0g|ca| Context) _ a” pOSS|bIe COntraStS are aUtomat|Ca||y

- S u p p O rts m u It i -fa Cto ri a I ex p e ri m e nta I d eS i g n ( u p ge n e ra te d fro m t h e C h Ose n m O d e I fo r m u I a con:t:anj:):’,:z;eslf:‘v:{etemperatureElevated) in imbibitionDS Con::::)::ti;eaL‘:)ev:a-gt:iperatureElevated) in mean
- . atureMedium - temperatureElevated) in imbibitionDS temperatureMedium - temperatureElevated) in mean
® Bo o Bio o Bio to 3 biological factors and 2 batch factors)

Valid model choice

atureMedium - temperatureLow) in imbibitionDS temperatureMedium - temperatureLow) in mean

(
(
(
atureLow - temperatureElevated) in imbibitionEl (imbibitionEl - imbibitionDS) in mean
(
(

t
t
t
temperat
o batch ® batch ® batch ‘ temperatureMedium - temperatureElevated) in imbibitionEl imbibitionLl - imbibitionDS) in mean
temperatureMedium - temperatureLow) in imbibitionEl imbibitionLl - imbibitionEl) in mean
tureLow - temperatureElevated) in imbibitionLI
temperatureMedium - temperatureElevated) in imbibitionLlI
temperatureMedium - temperatureLow) in imbibitionLI Contrast type : interaction
imbibitionEl - imbibitionDS) in temperatureElevated temperatureLow - temperatureElevated) in imbibitionEl -
sample list : imbibitionEl - imbibitionDS) in temperatureLow temperatureLow - temperatureElevated) in imbibitionDS

atureMedium - temperatureElevated) in imbibitionDS

atureMedium - temperatureLow) in imbibitionEl -
atureMedium - temperatureLow) in imbibitionDS

25 items selected -

| Metabolomics Proteomics RNAseq

imbibitionLl - imbibitionDS) in temperatureElevated

(
(
(
(
(
® Meta ® Meta ® Meta Etempera ure
1 1 1 (
(
(
(
(
(
(

)
t t
t t
imbibitionEl - imbibitionDS) in temperatureMedium temperatureMedium - temperatureElevated) in imbibitionEl -
t
t
t
¢ t

imbibitionLI - imbibitionDS) in temperatureLow

WARNING : The experimental design is cornr

o ! = [ ] (] [
i .l. analysis analysis analysis [1]
%1 N ® Pvalue's distribution MA plot Volcano plot Table Heatmap
é / 03. Data explorato ry & pre-proceSSIng (tempera::;::;:rv-temperatj::zf:::?ted) in imbibitionEl - (temperatureLow - temperatureElev
: l l . =" /- quality control and multivariate statistics to check for batch effects/outliers L o 1 L S
, 2 —f . :
I - outlier samples removing )
SILL \ - low count genes filtering and TMM normalization of RNA-Seq data :
S - transformation of proteomics/metabolomics data :
valgl L2 Mediug ﬁﬁwé;i’ | | .A
£, » “ 04. Differential expression analysis I s
; - applied for each selected contrast using: > P_valye
e ———— - edgeR (GLM) for RNA-Seq data .E
Lo ° ° ° - 55 Pvalue's distribution MA plot Volcano plot Table Heatmap
- Ilmma (LIVI) for prOteomICS/mEtabOIomlcs data [3' (temperatureLow - temperatureElevated) in imbibitionEl - (temperatureLow - temperatureEl
lidated DEG ists: T profiles probapost_boxplots probapost_barplots boxplots boxplots_bis clusters_composition summary / n—'%:,
O | s e _.. R S S W WO S S S U 05. Co-exp ression and Iy5|s '%i* J i e
: | < - identification of entities expression profiles using coseq ~ ’ T —
e 2| nE \ (gaussian mixture model) from the union/intersection of the DE entities lists. o o
o v ' l — , oo e z
Naumbero&;lusters: Replicat : v
ST L S . .
s . . ICL  profiles probapost_boxplots  probapost_barplots  boxplots | boxplots_bis clusters_composition surr;mary 06 . E n rl c h m e nt a n a Iys I S \
- functional enrichment analysis of DE lists and co- \ onpormiecun. pogentmom oot
M 4-]-.;,4-.;.*4-.;..;. -L+++++4-++ expression clusters > %g%%g% =— = = °
B8 Lot . . 7 o
ggg;ggf - user-provided annotation (GO, KEGG, custom / §§§§§§§3§ 6 e
i e -
-LH&H-M sitaihatd J-M-M;; ! annotation) / = .
------------------------- I [ I s ¢
Term Name Domain ek (g 0.004
G3:88087d3° p 0.003
‘ e e I
1 G0:0000028 ' - biological_process ERB0AEL5" : 0.001
g300083%8°- @
ekl gaggiglels 8
contosods- 8
1 2 Gow000723  Lelomere biological_process godaisis: S
maintenance G30018388- o
RFLOMICS 3 G0:0006412  translation biological_process 885?888831-5 ) 30 60 % 120
(st o for i) 07. Data Integ ration o Do st ,,r - © overrepresented
= setting - use MOFA [4] to analyse selected layers of omics | oo pmptlm icogical proces molecular_function
- | - - integration is done from the union/intersection oo [1] 2 5 4w
sef.tt::::‘att:::ow-temperatUIeElevatedJInmean.:’ter- '1 H s l l I' I I ‘Ii :Z:;t : ::;_;F :::at Baxplot Of the DE entities IiStS
intersection “ Factor! l Factor2 [ actord :
- - Technical choices
] Y - multiAssayExperiment harmonizes data management of different omics levels (matrix, results, parameters...)
- . @ ) ( <{>§? S Fa - Clustermq aI.Iows the remote computmg.for resource consuming tasks
o - rmarkdown is used to generate a dynamic html report
2 g - Docker technology is user to facilitate deployment of RFLOMICS and ensure the reproducibility of analyses
Rur w
: —— - Future developments & . f
- code and interface improvement ] rmarkdown
Acknowledgements - include clusterProfiler for functional enrichment
This project is part of CATI SySmics [2]. We thank ML. Martin-Magniette, V. Brunaud, G. Rigaill (IPS2) for helpful - include missing value imputation strategies for proteomics/metabolomics data
discussion and feedback. We also thank L. Rajou (IJPB) for given access to Ecoseed project data. - include supervised integration methods (mixOmics)
References

1. Lambert, |, et al. (2020). “DiCoExpress: a tool to process multifactorial RNAseq experiments from quality controls to co-expression analysis through differential analysis based on contrasts inside GLM models”. Plant Methods.
2. https://sysmics.cati.inrae.fr/

3. Efstathiou G, et al. (2017). ProteoSign: an end-user online differential proteomics statistical analysis platform. Nucleic Acids Res.

4. Argelaguet, Ricard, et al. "MOFA+: a statistical framework for comprehensive integration of multi-modal single-cell data." Genome biology 21.1 (2020): 1-17.

Institut Jean-Pierre Bourgin

> .. . _ _ _ . _ .
REPUBLIGUE  |NJR AC universite grOPa”STeCh Centre lle-de-France - Versailles G.rlgnon

PARIS-SACLAY Route de Saint-Cyr
78000 Versailles



mailto:firstname.lastname@email.fr
mailto:delphine.charif@inrae.fr
https://sysmics.cati.inrae.fr/
https://forgemia.inra.fr/flomics/rflomics

