MATRiX app: Mining and functional Analysis of
TRanscriptomics data

Une application dédiée a I’exploration de résultats d’analyses biostatistiques de données
transcriptomiques
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@ Criteres arbitraires pour |a sélection de listee génes

@ Compétences spécifiques pour la génération de graphiques/ analyses
complémentaires

= Développer une solution pour que les biologistes puissent manipuler leurs jeux
de données de maniere autonome
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GeT  Problématique

%
3
R

Des données complexes a explorer et ré-analyser pour les biologistes

® Criteres arbitraires pour la sélection de listee genes

® Compétences spécifiques pour la génération de graphiques/ analyses
complémentaires

= Développer une solution pour que les biologistes puissent manipuler leurs jeux
de données de maniere autonome
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GeT  Objectifs

m Stage M2 Bioinfo puis CDD Franck Soubes: développement et déploiement de 'application MATRIX

v Import datasets (microarray, RNAseq) with statistical result table

* Upload from local
e Load from server

v Explore and Analyze data
v'PCA
v'Venn
v'Heatmap
v Functional analysis

v'Export publishable quality graphics
* png
* eps, svg, pdf

v'Built into a single web application
* Interactive interface

User friendly

Responsive
* Open source and open access code (GPL-3)
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RShiny : Principes

Architecture

Coté serveur

global.R

Chargement des paquets et
des fichiers externes
contenant les fonctions

divisions du server.R en
plusieurs fichiers par thémes

Packrat

répertoire contenant les
différents paquets

server.R

Charger, filtrer, analyser,
formater les données et
produire des graphiques, des
tableaux & partir de ces

fichiers csv

données.

ui.R

bubble/jvenn.js

Utilisation des librairies
Highcharts, Jvenn et

y

Coté client

» Code Html qui sera [€
montré au client.

N

style.css

jQuery pour les
graphiques a bulles et
Diagramme de Venn

http://get.genotoul.fr
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GeT Rshiny: Exemple
UL.R
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GeT Utilisation

MATRIX

ﬁ Home

Upload data

How to import ?

e First click on the browse button to load the data

X Upload Data

User data (.csv format)
e After the pop up has appeared, you will have to select the data files.

B Mo file selected
e It is also possible to directly drag and drop your data files in the browse button S ;

¢ You need three distinct csv files, these files are respectively named xxx_pData, xxx_WorkingSet and xxx_ResTable.

e pData : The experimental design in a 2 column table that associates samples to their respective biological conditions Import local example Decimal
e WorkingSet : The table of the normalised expression values (log2, cpm, ...) with genes in rows and samples in columns. The first e Comma
column must contain the unique gene identifier (or transcript, probe, ...). @ Foint

e ResTable : The table containing the results of differential analysis (fold change, p-value and FDR) next to a first column with

Unique identifier
unique gene identifier and a second column with the gene symbol.
e The final step consist to select all the data at once and then confirm the selection by clicking on the open button.

e A green message will then appear to confirm the data loading with a summary table.

Table 1: xxx_pData.csv
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X Grp
= e Table 2: xxxx_Restable.csv
%1 “;T‘(:TRL Unique IDs | GeneName | logFC | P.value | adj.P.Val
53 | WI.COND A_52.P1600 Dbil5 2611 | 0,0048 0,785
84 | KOCTRL A 51 Pa1424 CR5102 1772 | 0,0048 0,773
55 | KOCOND A52.P108321 Cederl 1,965 | 0,0078 0,819
52 | KO.COND A 55 P10%5764 | AV310571 | 0208 | 0,00058 | 0,714
88 | KO.CTRL A51.P323014 Cops3 0859 | 0.0048 0.604
56 | WT_.COND A 52 P123354 Tusc2 10,254 | 0,000048 | 0,00023
S7 [ WI_CTRL
SO | WI_COND

Table 3: xxx_WorkingSet.csv
Unique IDs S1 S3 S4 S5 S2 S8 S6
A52P1600 | 6512 | 7511 | 7007 | 6276 | 6.760 | 6.276 | 7.064
AL DPald24 | 9,975 | 5,525 | 10479 | 9,745 | 10,040 | 9,745 | 9,662
A50PI08321 | 7.035 | 8.2 | 7150 | 8203 | 7.008 | 8203 | 7.3%
A 55 P1ORH761 | 12,252 | 9,352 | 12,610 | 12,661 | 12,302 | 12,661 | 12282
A51.P328014 | 10,8000 | 6,251 | 10,717 | 10,901 | 10,7171 | 10,901 | 10.705
A52.P123354 | 6,832 | 7,282 | 6944 | 7117 | 6,944 | 7.117 | 6.860

http://get.genotoul.fr
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Utilisation

Chargement des données (données stockées sur le serveur)

Upload data

Files configurations:

Feature Identifier Decimal

Upload project .csv files from:

O Comma

& Point

1. your local machine

Browse... Mo file selected

2. your team's project on the server location

File select

Please select all the files

(f)EE

15 M data

|
0

= = = = =

MAD439 MAOG59 MAOTS9 MAQE3L MADE34
= = =
MA2004

Please select all the files

< t

[}

BB Ma0439 :I

> m = El It
name

[z All_topTableAll.csy

(& TOXA_HEGU_MAD435_All_pData.csv

= TOXA_HEGU_MAD43S_All_WorkingSet.csv 13.6 MB jeudi 21 janv. 2019 3 09:31 lundi 18 févr. 2019 a 14

size modified created
232 MB jeudi 31 janv. 2019 & 09:31 lundi 18 févr. 2019 a 14

360B  jeudi 31janv. 2019 & 02:31 lundi 18 févr. 2019 a 14

Cancel Select

http://get.genotoul.fr
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GeT  Explore Results

E’ MATRIX =
} A Home
§ Summary tables Volcano plot Stripchart genes Data summary Data summary
E Upload Data . )
; png ¥ Statistical method
S - o
= LXRKO_0 versus WT_0
<
i; ® Log (base 2} foldchange @ P value & Log [base 2) fokdchange
i( VOLCANO plot
I
’ ! Choose a Choose regulation
} 307 | comparison
|
< |
ENSMUST00000091759 i
Eg i Fold-Change cutoff P-value cutoff
| 1 10 001
NR1H3 . H .— .
E( CD5L/ ENI-:,F,.| ! CYP281.3 12345678910 00l 002 003 0M 005
% 207 \@m20752,/GM11033 ! '
E; o N LXAF1 . ! . CYP2B1_0 Advanced Graphical Options
2 . ! CYP2C39 C:(PQBg Label size Point size Pt
E‘ E’ DR ' | ' ' 1 6 1 3 transparenc
5 ! LYN.CD209F ; i CYP2B10 [ ) y
REN? : 903 I g 123456 0511172329 ol 1
- seot, 7t . ! MEG3 ®
. i . .MEG3
i 10 7 ' H 0103050709
| "
E N I Highlight gene(s): fill comma-separated
! GeneNames
|
Es i FOXP2,0TAVPR1a
( T B, Highlight a gene Highlight top X
0 family genes

Log- fold change
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Explore results

MATRIX

Summary tables Volcano plot Stripchart genes

Filter the table

This table shows the normalized values

Data summary

Search: |cyp2bl0

ProbeName GeneName KO_CARBO.KO_CARBO1 KO_CARBO.KO_CARBO2 KO_CARBO.KO_CARBO3 KO_CARBO.KO_CARBO4
A_55_P2044653 Cyp2bl0 1577 14.89 1578 1552
F ipchart  [ERLT-SE

b .

o »
.

Cyp2b10 Log2 expression level

~

e O Ry
o
&
NS © BN
Group
Error bar: mean +/- SEM: n=6

10

Data summary

Statistical method

a val (FDR)

VOLCANO plot

Choosea Choose regulation

WT_CARBO-
WT_CTRL

Fold-Change cutoff P-value cutoff

Advanced Graphical Options
[ELTIET Point size Pt
transparenc

Highlight gene(s): fill comma-separated
GeneNames

FOXP2,0TAVPR1a

Highlight top X genes

20

Visualize the Venn diagram Venn GO enrichment

& Download thedata | & Download venn set

WT_CARBO-
WT CTRL

Size of each iist

KO_CARBO-KO_CTRL

WT_CARBO-WT_CTRL

Number of elements: specific (1) or shared by 2, 3, ... lists

T TN

2 1
Plot top DE genes & plot png™

Filter the datatable +

Table showing the probes and genes associated

with their respective logFC for the
intersection(s) selected

You can directly filter the table by fold change and save the outputtable

Search:

logFC_WT_CARBO-
v

ProbeName GeneName =
A_51_P249286 Rgsl6 3565
A_S5_P2178578  Tmprss4 282
A_55_P2052290  Psatl 234
A_55_P2011111 230
A_66_P112399 BC029722 218
A_55_P2032167  Ifi20zb 2,05
A_55_P1986247  Futl 192
A_55_P2050628  Cypdadl 191
A_52_P608322 Maff 188
A_51_P254895 Cypdal 185
A_30_P01019537  chrlil7565 R 183

Gomparsons [l sFo W cARevaier w1 o7 [l ofC Ko CARED vieFS K2 TR

Log Fold-Change

Gene Names

Venn settings

Choose your comparison

« WT_CARBO-WT_CTRL

« KO_CARBO-KO_CTRL

. KO_CARBO-WT_CARI

. KO_CTRL-WT_CTRL

. (WT_CARBO-WT_CTRL)-(KO_CARBO-
KO_CTRL)

electall  [JClear selection

statistical method Choose your

N regulation
adj.p.val (FDR) ¥

both -

Acomma-separated list of x11 or he:
olor

green,blue red,purple.orange brown

P-value treshold FCtreshold

001

Choose if you want to display probes or genes

probes -

@ Removethegenes o Showthe logFC
that are not forall

annotated comparisons

http://get.genotoul.fr
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GeT Analyses fonctionnelles

R CANV VAN

* Heatmap clustering * Functional Analysis

MATRIX = Functional Analysis
Visualize the Heatmap  Heatmap clusters  (GO) enrichment-based cluster analysis Heatmap Heatmap clustering Send genes from a cluster to a web service
Cut heatmap Heatmap settings Choose a Cluster Submit to:
& sa atma - i
e Choose your group to visualize ﬁ E n ric h r

+ LXRKO_0

« LXRKO_10

LXRKO_10 —wro

WT_10 g WT_10 i
_ . Login | Register
M select all O Clear selection @ E n r I c h r

Choose your comparison

g LXRKO_O-WT_0 Transcription  Pathways Diseases/Drugs  Cell Types  Misc  Legacy Crowd

' LXRKO_10-WT_10
v LXRKO_10-LXRKO_0 HeatmapCluster_1 (49 genes)
W WT_10-WT_0

¢ (WT_10-WT_0)-(LXRKO_10-LXRKO_0)

GO Biological Process @ GO Cellular Component @ GO Molecular Function @
[ select all O clear selection 2023 2023 2023

e e CHSRSEEY T T (o DG s e Houie1:

comparison(s) Statistical method -EnaSE Aty (CO:001661
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P-value treshold FC treshold
01 1

1234567 38910

Advanced settings

Advanced Computatienal Options

o
_acyi-CuA Metabolic Proces:
BB - i Process (Go0006se!

MGI Mammalian

henaiie Level 4 2021

FEHJ':H‘II

E—
[ e
[ - oot 000333

2||

[« o006 128)

Human Phenotype
Ontolo

f

saocharl de metabalism |
_ul\p\n metabolism (HP:0(
_usp hingelipid metabolist

-negative bacterial infection:

R : (co:0031433)
ISR Factor 1 Binding (60:00
[ - vy (G0:0009322)

Jensen TISSUES [i]

&) https://maayanlab.cloud/enrich
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Evolutions prévues

® Correction « bugs »
* Table sorting
* Scroll lag

® Améliorations

* Send venn list to enricher...
* Implémenter API string.DB

* enrichr-KG

Sample Input

CACNB4

SMO glycogen biosynthetic process (GO 0D05978)

INTU

glucan biosynthetic process (GO:00092
DHTKD1 Al DHgA1
CAT Tyrosing matabolism GBE1 4 bapss
ADHS i ed i
aromatic amino acid family catabolic procass (GEIRA0T4) NAGLU inereased fver g
abnermal hepatocyle morphology MP.0000607
palocyte memphclogy T
broad limb buds MP-0004574 LIFR
FAHD1
Glyoxylate and dicarboxylate metabolism
Tryplogh thbol Thiamine matabolism
ryptophan metabolism NFS1
KMO MTFR1
GSTZ1
o bsent thymus corticomedullany b Jary MB,O013741
absent thymus corticorneduliany boundary I‘[’F—%‘.T’
CIsD1
AFMID abnormal mitochondrial ATP synthasis coupled alactron ransport MP 0010056
CDKSRARP1

mitochondnal transcnption {G0.0006390)

LRRGBANdrial RNA metabelic process (GO.0000959)

POLRMT

TFBAM

http://get.genotoul.fr
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GeT Hebergement 1: shinyproxy/ VM genotoul

https.//www.shinyproxy.io/

I
I
docker

wrtual Machine () Eﬁ'gfﬁw

https://forgemia.inra.fr/ylippi/MA_Trix_App application.yml
specs:
- id: monapp
display-name: Mon application
container-cmd: ["R", "-e",
"shiny::runApp('/root/monapp')"]
container-image: MyDockApp

S sudo docker build -t

S java -jar shinyproxy-3.0.1.jar

o https://matrix.toulouse.inrae.fr:8080
ro:

- configurable

Cons:

- Configure and maintain host server (VM)

- Pay VM location service http:/ /get.genotoul.fr m

14



CeT Hebergement 2: kubernetes/ SK8 INRAE

https://sk8.inrae.fr

tg https://sk8.inrae.fr/
3

Hebergement et déploiement a INRAE

Gestion al hébangameant
d'application R-Shiny

Pro:
Déploiement automatisé via gitlab CI/CD
Cluster kubernetes
Peformance

Cons:

Réservé développeurs INRAE http://get.genotoul.fr w
Financement infra a identifier pour solution d’hébergement pérenne

ié

is automatisation

&

EE 4 &y GitLab

Eg = - P, _ I::rnsunatian> E .

i‘ T *4%? \ N\ ul|:mnu

E’ @ R Shiny App ; . _._ ¥ hilps./sk8-demo.skB. inrae.ir
Es R shiny App [ : St

3 (= -

& . %

S

E; Version 1 instance/ multi-users https://matrixapp.sk8.inrae.fr/

Eé Version multi-instances / multi-users https://shiny.sk8.inrae.fr/app/get-trix-matrixapp (shinyProxy)
&

[
(92}


https://sk8.inrae.fr/
https://shiny.sk8.inrae.fr/app/get-trix-matrixapp
https://matrixapp.sk8.inrae.fr/
https://sk8.inrae.fr/
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https://matrix.toulouse.inrae.fr
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