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Equipe « Physiologie moléculaire de la formation du bois »

Objectif général de I'équipe: Elucidation des mécanismes moléculaires impliqués dans la formation du bois
et dans la définition de ses propriétés chimiques et mécaniques
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l. Introduction



Transcriptome = ensemble des
ARN transcrits présents dans
une population de cellules dans
une condition donnée

Le transcriptome est multiple

Transcriptome = un instantané
des transcrits présents dans
I’échantillon considéré au temps
t du préléevement
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Objectifs majeurs de la transcriptomique

Faire un catalogue des transcrits (ARNm, ARN non codants), si possible quantitatif, prenant
en compte les transcrits alternatifs Découverte de nouveaux genes

Suivre le changement de niveaux d’expression des transcrits au cours du développement /
en fonction de différentes conditions Compréhension des processus physiologiques

Résoudre la structure des genes (identification des régions 5’UTR et 3’UTR, épissage)

Et beaucoup plus encore....
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Role des ARN non codants — une illustration

LncRNA-mediated gene expression regulation

Transcription Nucleus
regulation ————
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‘ ‘ W-T;dtﬁ%rence between mRNA and ncRNA is whether an RNA molecule is encoded into a protein (mRNA) or

Proteins not (ncRNA, depicted in a red curvy line with a red star). In the nucleus, IncRNAs regulate transcription in

cis or in trans. In cis means when IncRNA-mediated franscriptional regulation occurs at a gene(s) on the
same chromosome. In contrast, IncRNA-mediated transcription regulation in trans occurs at a gene(s) on a
different chromosome. Expressed IncRNAs can stabilize and protect mRNAs from miRNA-induced
degradation and also facilitate translation of their client mRNAs in the cytoplasm. Ribosomes are shown in
light blue circles aligned on an mRNA in an orange line. In addition, IncRNAs can be processed to generate

Bunch, 2018 hairpin-structured pre-miRNAs in nucleus and then transported to the cytoplasm where they become to be
matured into miRNAs

miRNA



Structure et expression d’un gene eucaryote
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Structure et expression d’un gene eucaryote
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Epissage alternatif
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Il. Méthodes d’analyse du transcriptome



Historique

Apparition du terme « transcriptome »

Cieslik et Chinnaiyan, 2017
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Figure 1 | A historical timeline of transcriptomics.
lllustrated is the lockstep development of experimental and
computational aspects of transcriptomics. Advances inthe
experimental protocols for the high-throughput profiling of
RMNA necessitate the development of databases to catalogue
the results and trigger curation efforts to define reference
transcriptomes. However, these endeavours depend on the
development of accurate and scalable computational
methods to search, quantify and assemble RNA molecules.
Within each field. the most influential. seminal or unique
references were selected. AceView. a gene annotation
resource’": ArrayDE. a database of microarray gene
expression data™: AmrayExpress. a public repository for
microarray gene expression data™; BLAST, Basic Local
Alignment Search Tool™: CAGE, cap analysis of gene
expression’"; CEL-seq. cell expression by linear
amplification and sequencing®; CGAP. Cancer Genome
Anatomy Project’™; CIBERSORT, a tool for estimating the
abundances of cell types in a mixed cell population™; dbEST,
adatabase for expressed sequence tags™; EdgeR, a package
for differential expression analysis'™; EMBL. European
Molecular Biology Laboratory; Ensembl, a genome browser
for vertebrate genomes™; ESTs, expressed sequence tags’™;
FANTOM?S, Functional Annotation of the Mammalian
Genome 5 [REF. 271); FASTA, a text format for representing
nucleatide or peptide sequences™: GenBank, the U5
Mational Institutes of Health (NIH) genetic sequence
database: GENCODE, the genome annotation project of the
Encyclopedia of DNA Elements (ENCODEF™;

GenomeSpace, a cloud-based resource for integrative
genomics analyses*: GEQ, Gene Expression Omnibus™;
G5EA, gene set enrichment analysis™™: InsilicoDEB, a
database of microarray and RNA-seq data™: Known Genes,
aresource of RNA and protein data’™; Limma, Linear Models
for Microarray Data'®"; MiTranscriptome, a human RNA-seq
database™; Mitelman, Mitelman Database of Chromosome
Aberrations and Gene Fusions in Cancer’™; MP55, massively
parallel signature sequencing*’; Oncomine, a cancer
microarray database and integrated data mining platform'*®;
gPCR. quantitative PCR™; RACE, rapid amplification of
cDNA ends”"; RefSeqg, NCBI Reference Sequence
Database™: RNAscope, an in situ hybridization assay for RNA
detection’; RNA-seq, RNA sequencing; RNA-seq 454,

RNA sequencing using the 454 (Roche) pyroseguencing
platform**; RNA-seq 5B5, RNA sequencing using sequenc-
ing-by-synthesis platforms*™; RT-gPCR. reverse transcription
quantitative PCR**; 5AGE, serial analysis of gene
expression®™; SAGEmap, SAGE tag to gene mapping”™
Sailfish, a transcript isoform guantification tool™; SAM,
Significance Analysis of Microarrays™!; Smith—Waterman,
alocal sequence alignment algorithm™; STAR, Spliced
Transcripts Alignment to a Reference™’; Symatlas, gene
expression and annotation resource, now superseded by
BioGP5%%; TACO, Transcriptome Assemblies Combined into
One (a consensus transcriptome tool)™*; TopHat and
Cufflinks, software tools for RNA-seq alignment and
transcriptome assembly®; Trans-ABy535, Transcript Assembly
By Short Sequences™®: Trinity, a tool for de novo assembly of
RMNA-seq data®™; UM, unigue molecular identifier*;

Xena, a genomic data mining and analysis portal™’,




Avant la transcriptomique ... dans les années 80...

Qques genes étudiés a la fois
Extraction d’ARNm et Northern blot

Transcriptase inverse : synthese
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A partir des années Ceernce
90

Développement concomittant
de méthodes de biologie [<DNA microarrays | GACE |
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Banques d’EST

Extraction d’ARNm provenant de tissus / traitements différents ==  ADNCc et construction de banques d’ADNc

1234567801112

bangue d'ADNc

(avec amorces encadrant

le site de clonage des ADNc)

électrophorése ~
sur gel d'agarose

M AT A2 A3 Ad AS AB A7 AB AG A10 ATTATZ M

A1, A2, A5, AB, A8, A10 et A11 : présence d'un insert
A3 et A7 . absence d'insert (amplification du site de clonage)
A4, A9 et A12 : absence de plasmide

séquencgage partiel
de chaque ADNc

AGAGTTCTGCCATGATCEATAGAGAGAGECCAAGATTC..,

'

phase informatique

EST = Expressed Sequence Tag = Etiquette de Séquence
Transcrite

Tagu et Moussard, 2003
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Proc. Natl. Acad. Sci. USA
Vol. 95, pp. 9693-9698, August 1998
Plant Biology

Analysis of xylem formation in pine by cDNA sequencing

ISABEL ALLONA*T, MICHELLE QUINN*, ELIZABETH SHOOP¥, KRISTI SWOPEF, SHEILA ST. CYR¥, JOHN CARLISE,
Joun RiepL¥, ERNEST RETZELE, MALCOLM M. CAMPBELL*§, RONALD SEDEROFF*, AND Ross W. WHETTEN*

*Forest Biotechnology Group, Department of Forestry, North Carolina State University, Raleigh, NC 27695-8008; and f¥Computational Biology Center, University

of Minnesota, Minneapolis, MN 55455-0312
Proc. Natl. Acad. Sci. USA

Vol. 95, pp. 13330-13335, October 1998
Plant Biology

Gene discovery in the wood-forming tissues of poplar: Analysis of
5,692 expressed sequence tags

(cambium /forestry/functional genomics/xylem /xylogenesis)

FREDRIK STERKY*T, SHARON REGANTE, JaN KaRLssoNS, MagNus HERTZBERGE, ANTIE RoHDET,

ANDERS HOLMBERG*, BAHRAM AMINI*, RUPALI BHALERAOS, MAGNUS LARSSON*, RAIMUNDO VILLARROELTY,
Marc Van Montacu¥, Goran SANDBERGE, OLOF OLsson!, TuuLa T. TEERI*, WouT BoersanT,

PETTER GUSTAFSSONS, MATHIAS UHLEN*, BIORN SUNDBERGE**, AND JOAKIM LUNDEBERG*:**

*Department of Biotechnology, Kungl Tekniska Hogskolan, Royal Institute of Technology, SE-10044 Stockholm, Sweden; *Department of Forest Genetics and
Plant Physiology, Swedish University of Agricultural Sciences, SE-90183 Umed, Sweden; ¥Department of Plant Physiology, Umed University, SE-90187 Umed,
Sweden; TLaboratorium voor Genetica, Department of Genetics, Flanders Interuniversity Institute for Biotechnology, Universiteit Gent, B-9000 Gent, Belgium;
and 'Department of Cell and Molecular Biology, Lundberg Laboratory, Géteborg University, Box 462, SE-40530 Gateborg, Sweden



SAGE = Serial Analysis of Gene Expression toweetsl, 2017

DNA gene in genome

g Transcription
E premivs T N R
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Reverse transcription I TN
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- =p Concatenated tags
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Fig 2. Summary of SAGE. Within the organisms, genes are transcribed and spliced (in eukaryotes) to produce mature mBNA transcripts
(red). The mRNA is extracted from the organism, and reverse transcriptase is used to copy the mRNA into stable double-stranded—cDMNA
(ds-cDNA; blue). In SAGE, the ds-cDNA is digested by restriction enzymes (at location “X" and “X"+11) to produce 11-nucleotide “tag”
fragments. These tags are concatenated and sequenced using long-read Sanger sequencing (different shades of blue indicate tags from
different genes). The sequences are deconvoluted to find the frequency of each tag. The tag frequency can be used to report on
transcription of the gene that the tag came from.




Microarrays ou puces a ADN
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Microarrays ou puces a ADN Lowe etal, 2017

DNA gene in genome

Transcription

Pre-mRNA

In vivo

=l

Intron splicing
Mature mRNA
Reverse transcription
ds-cDNA
Fragmentation
ds-cDNA fragments
Fluorescent labelling

Labelled fragments

In vitro

== Array binding

Ordered microarray

Array fluorescence intensity

In ;ﬁico

Gene 12 3 4

Fig 3. Summary of DNA microarrays. Within the organisms, genes are transcribed and spliced (in eukaryotes) to produce mature mBRNA
transcripts (red). The mRNA is extracted from the organism and reverse transcriptase is used to copy the mRBNA into stable double-
stranded—cDNA (ds-cDNA; blue). In microarrays, the ds-cDNA is fragmented and fluorescently labelled (orange). The labelled fragments
bind to an ordered array of complementary oligonucleotides, and measurement of fluorescent intensity across the array indicates the
abundance of a predetermined set of sequences. These sequences are typically specifically chosen to report on genes of interest within the
organism’s genome.




RNA sequencing = RNAseq

Rendu possible par le développement du séquengage NGS = Next Generation Sequencing
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RNAseq Lowe et al., 2017

DNA gene in genome I

Transcription

Pre-mRNA
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Mature mRNA —
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T [ [ [ #

RNA fragments

Reverse transcription

In vitro

ds-cDNA fragments
High-throughput sequencing

Seq UENCeS  TATGAGACGCATGCTA ACCCCGCC GCGATATATATA CGCGACGATGACT ATATAGC TCGACTGCCAT

Sequence processing

Alignment ——— —— —

GATAGGTGT GACTACCGCCCCAT GAAGCGGCACT GACTATGAGACGCAT GLT AACCCCGCCGCGAT ATAT ATACGCGACGAT GACTAT ATAGCT CGACT GCCAT GACAAAAGT GAAGCCGCATATCTGETGGGTA
Genome sequence

In silico

Splice variant A

Splice variant 8 —\/—

Fig 4. Summary of ENA sequencing. Within the organisms, genes are transcribed and spliced (in eukaryotes) to produce mature mRNA
transcripts (red). The mRBNA is extracted from the organism, fragmented and copied into stable double-stranded—cDNA (ds-cDNA; blue).
The ds-cDNA is sequenced using high-throughput, short-read sequencing methods. These sequences can then be aligned to a reference
genome sequence to reconstruct which genome regions were being transcribed. These data can be used to annotate where expressed
genes are, their relative expression levels, and any alternative splice variants.




Figl

Transcriptomics method use over time.

Published papers since 1990, referring to RNA sequencing (black), RNA microarray
(red), expressed sequence tag (blue), and serial/cap analysis of gene expression

(yellow)[12].
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https://journals.plos.org/ploscompbiol/article/figure?id=10.1371/journal.pcbi.1005457.g001#pcbi.1005457.ref012

Activité 1

Analyse de l'introduction de lI'article = Wang et al., 2009, Nature reviews, 10, 57 - 63

INNOVATION

RNA-Seq: a revolutionary tool for
transcriptomics

Zhong Wang, Mark Gerstein and Michael Shyder



Principe

Intéréts

Limites

hybridation

Pas cher

Résolution de qques bases a 100
pb

Haut-débit pour applications en
génotypage, moyen débit pour
applications en physiologie

Besoin d’avoir la connaissance
d’un génome / transcriptome de
réfrence pour construire la puce
: ne permet donc pas d’identifier
de nouveaux genes.

Probléme de bruit de fond dues
aux hybridations croisées, qui
limite la détection des génes
faiblement exprimés

Probleme de saturation du signal
fluorescent, non linéaire, pas
adapté pour genes fortement
exprimés.

La normalisation des
expériences est complexe, il est
difficile de comparer les
expériences entre elles.

Séquencage Sanger

Méthode sans a priori
qui peut permettre de
trouver de nouveaux
genes

Pas besoin de génome
de référence.
Assemblage de novo
permet d’avoir un
transcriptome de
référence pour le cas
des especes dont le
génome n’est pas
séquencé.

Débit faible, cher, pas
guantitatif

Séquencage Sanger

Haut débit
Résultats précis et
guantitatifs

Moyennement cher

Ne permet pas de
détecter isoformes ou
transcrits alternatifs
Besoin d’'un génome ou
transcriptome de
référence

Séquencage NGS

Seule méthode qui
donne vraiment acces
au transcriptome
complet, a haut-débit et
de fagon quantitative
Pas besoin de génome
ou transcriptome de
référence.

Résolution a la base
pres.

A la fois adapté pour
genes faiblement et trés
fortement exprimés.



Table 1| Advantages of RNA-Seq compared with other transcriptomics methods

Technology

Technology specifications

Principle

Resolution

Throughput

Reliance on genomic sequence

Background noise

Application

Simultaneously map transcribed regions and gene expression
Dynamic range to quantify gene expression level
Ability to distinguish different isoforms

Ability to distinguish allelic expression

Practical issues

Required amount of RNA

Cost for mapping transcriptomes of large genomes

Wang et al., 2009

Tiling microarray

Hybridization

From several to 100 bp
High

Yes

High

Yes

Up to a few-hundredfold
Limited

Limited

High
High

cDNA or EST sequencing

Sanger sequencing
Single base
Low

No

Low

Limited for gene expression
Not practical
Yes

Yes

High
High

RNA-Seq

High-throughput sequencing
Single base

High

In some cases

Low

Yes
>8,000-fold
Yes
Yes

Low

Relatively low



Table 1. Comparison of contemporary methods [23] [24] [10].

Lowe et al., 2017

Method RNA-Seq Microarray
Throughput High [10] Higher [10]

Input RNA amount Low ~ 1 ng total RNA [25] High ~ 1 pg mRBNA [26]
Labour intensity High (sample preparation and data analysis) [10][23] Low [10][23]

Prior knowledge

None required, though genome sequence useful [23]

Reference transcripts required for probes [23]

Quantitation
accuracy

~90% (limited by sequence coverage) [27]

>90% (limited by fluorescence detection accuracy) [27]

Sequence resolution

Can detect SNPs and splice variants (limited by sequencing
accuracy of ~99%) [27]

Dedicated arrays can detect splice variants (limited by probe design

and cross-hybridisation) [27]

Sensitivity 107% (limited by sequence coverage) [27] 1072 (limited by fluorescence detection) [27]
Dynamic range >10° (limited by sequence coverage) [28] 10°-10* (limited by fluorescence saturation) [28]
Technical >99% [29][30] >99% [31][32]

reproducibility

RNA-Seq, RNA Sequencing

https://doi.org/10.1371/jounal.pcbi.1005457 1001




Puissance du RNAseq pour découvrir de nouveaux genes
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Importance de I'échantillonnage



Gene expression patterning along the developmental stages
of xylogenesis
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Gene expression patterning along the developmental stages
of xylogenesis

Cryosectioning of the vascular cambium
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Hierarchical cluster analysis of 1,791 selected genes with
differential expression in the tissues
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A & B: cell fate and cell identity (ATHB-8 &
ATHB-9 homologues)

A-C:

- cell-cycle machinery

Cyclins, cyclin-dependent kinases (still
expressed in late expansion zone)

- Cell expansion (pectin metabolism, protein
synthesis and 6 MYBs transcription factors)

C-E: biosynthesis of secondary cell wall
Tubulins, 2 CesA, KOR, polygalacturonase
(pectins remodelling), Glycosyl-transferases, a
specific SCW UDP glucose dehydrogenase
(hemicellulose synthesis)




Lignin biosynthesis

B C4H EC1.14.13.1
PAL EC4.315 ‘ COMT EC2.1.1.68 FSH EC1.14.13.-
Phangk, (i _.rw_c;_. - M. m—.’?
e
ECA4.1.1.28 Ecafm B . = = @
\ WCLECR2142 | = N
& s
i l - e o e CoA
: N | CCoA-3H EC2.1.1.104
EC1.1411.9 - 1 CCR
N
Conifer-
l aldehyde F5H
Flavonoids EC1.14.13-
Fokd Change CAD
N -
1S43 215 1:1 1.52 3415 : - EC114.93-  SHydroxy
T NS —
AR T aAm
lPdrnmtim Anionic ‘ ‘
AB C D . Peroxidases - e
. EC11117 . .
S G-units EC1.1032
IGNIN

Hertzberg et al., 2001

COMT EC2.1.168

-
|

Pt
ff

CCoAOMT
EC2.1.1.104

4

CCR

<
-

.
=




Echantillonnage de types cellulaires par microdissection
laser

= Micro - méthode permettant de sélectionner dans un tissu complexe des types cellulaires ou des groupes de cellules.

Plateforme Cytologie et Imagerie Végétale de Versailles .’

PALM Zeiss Le laser pulsé (355 nm) découpe sur commande la région
sélectionnée puis catapulte la zone découpée vers le capuchon d'un
tube positionné a quelques millimetres a I'aplomb des cellules.

Extraction ARN : mise au point sur des cryocoupes lyophilisées, manuellement macro-disséquées sous stéréomicroscope
RNAseq sur fibres et rayons de bois de peuplier
En cours d’analyse...



Apport du séquencage cellule unique / single cell
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Single-cell transcriptomics (Drop-seq)

Barcoded
beads

I o
E_‘ **

L
\ single 1o

cells -

Single-=cell
capture

1 bead + 1 cell = 1 single cell profile

Fig. 1. Cell type atlas by single-cell transcriptomics. (A) Experimental
workflow. (B) tSNE representation of the single-cell transcriptomics data with
clusters colored according to the expression of previously published marker
eenes @s follows. gray, neoblasts, orange, neuronal lineage; red, musde; purple,
secretory; blue, epidermal ineages, pink, protonephndia; green, gul, magenta,
parenchymazl linezges. (C) Proportions of cell types identified by Bagunia and

L'algorithme t-SNE (t-distributed stochastic neighbor embedding)
est une technique de réduction de dimension pour la visualisation
de données = une méthode non-linéaire permettant de représenter
un ensemble de points d'un espace a grandes dimensions dans un
espace de deux ou trois dimensions, les données peuvent ensuite
étre visualisées avec un nuage de points.



Plass et al., 2018
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A lineage tree for complex animals from single-cell transcriptomics. Planarians are
multicellular organisms. They contain adult pluripotent stem cells that continuously renew all
tissues and differentiate into all adult cell types. Using single-cell transcriptomics, we characterized
all major mature cell types and many intermediate cellular states. We then derived a lineage

tree describing planarian stem cell differentiation into all mature cell types of the animal.



a) Deconvolving heterogeneous cell

populations
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Figure 1. Commeon applications of single-cell RNA sequencing. (a) Deconvolving heterogeneous cell populations. Cluslering by
single-cell transcriptomic profiles can reveal population substruciure and enable the identification of cell sublypes and rare cell species
(e.g. red cells above). Clusters may be tight and well defined (purple, red) or diffuse (blue). (b) Trajectory analysis of cell state transitions,
Single-cell RNA sequencing time-series data can be used to map cell developmental trajectories over the course of dynamic processes
such as differentiation or signaling responses to an external stimulus. Some computational suites (e.g. Monocle®) can also accommodate
branching trajectories, enabling identification of lineage-specific gene expression and key genes that drive branching events. (¢) Dissecting
Iranscription mechanics. Genes' expression profiles across many cells can be compared to study transcriptional bursting and 1o model the
kinetics of stochastic gene expression. (d) Network inference. Genes can be clustered by expression profile to identify modules of putatively
co-regulated genes, and gene-gene covariation relationships can be used to infer gene regulatory networks or subnetworks,

Liu et Trapnel, 2016



Conclusions partielles / Partie 1

Analyse du transcriptome : génere des données de grandes dimensions, qu’il faut stocker
et savoir traiter - Besoins en statistiques et en bioinformatique importants. Besoins de
développer également des méthodes pour les représenter (ex: heatmap, voir Partie 2)

Les cellules / le tissu de départ sont / est primordial pour I'interprétation biologique des
résultats. Actuellement se développent des approches Single cell pour s’affranchir de

I'effet « mélange de cellules » et permettant de prendre en compte les phénomenes de
différentiation des cellules.

Ces données sont disponibles et partagées : Openscience / Opendata (voir Partie 2)
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lll. Applications : apport de la transcriptomique



Apport a la génomique structurale

Genome browser : interface graphique qui permet de naviguer, faire des recherches, récupérer
de l'information dans un génome donné.
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Pour le modeéle de géne Potri.001G00500, les données EST/ADNc et RNAseq viennent en appui
en grande partie aux différents transcrits proposés.

Phytozome
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Populus trichocarpa v3.0
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LU'analyse du transcriptome permet de:

- préciser les régions 5’UTR et 3’ UTR souvent mal prédites

- de préciser la structure exon/intron, voire de mettre en évidence des transcrits alternatifs
- d’identifier de nouveaux genes (notamment pour les ARN non codants)



DNA Research, 2018, 25(1), 61-70

doi: 10.1093/dnares/dsx038

Advance Access Publication Date: 23 September 2017
Full Paper

Full Paper

Genome re-annotation of the wild strawberry
Fragaria vesca using extensive lllumina- and
SMRT-based RNA-seq datasets

Yongping Li', Wei Wei', Jia Feng', Huifeng Luo’, Mengting Pi’,
Zhongchi Liu"?, and Chunying Kang' *

Fraisier sauvage, Fragaria vesca, génome séquencé en 2011
Annotation : prediction modeles de gene ab initio, seulement les séquences codantes

Amélioration de I'annotation en utilisant les données de sequences d’'une banque PacBio (SMRT = Single
Molecule Real Time sequencing, longues séquences = long reads)+ 90 banques RNA-seq lllumina
(sequences courtes, short reads) + 9 banques pour petits ARN



Modifications Example Number of genes
Genes with 5' and/or 3' UTRs b 18,641
Genes with madified gene models c 13,168
Genes split from one longer gene model d 2,692
Genes combined from neighbor genes e 213
Genes removed { 2,031
Movel genes ! B31
Legend:
{b} BN Cps EEQUTE  —— Inton

Gene20640
(c) .
- e S—— V2.0.a1
Gene12679
(d) e V2.0.21
| Gene20642 |
- V20,82
Genel6495 GenelB496
N R V2.0.21
(e) enel12833 : Gene12832
- - ; V2.0.a2
Gene12832

Figure 2. lllustration of the modifications to protein-coding genes in v2.0.a2. (a) Summary of the major types of modifications. The examples of four types are
shown in the subfigures b to e. ‘Number of genes’ indicates the number of genes with each type of modifications in v2.0.a2. (b) 5" and 3' UTRs were added for
gene20640. (c) Gene12679 has different and fewer exons than the v2.0.a1 equivalent. (d) Gene20642 in v2.0.a1 was split to create two loci, gene36495 and
gene3B6496. (e) Gene12833 and gene12832 in v2.0.a1 were fused to create a single locus, gene12832. Exons are in blue, untranslated regions (UTRs) are in dark
red, and introns are indicated by the thin black lines. The modified regions were highlighted by a dotted rectangle.

Li et al., 2018



Table 1. Summary of the v2.0.a2 annotation

Type V2.0.al V2.0.a2
Protein-coding genes

Number of genes 33,673 33,538
Mean length of genomic loci 2,863 2,856
Mean exon number 51 4.62
Mean CDS length 1,188 1,123
Mean length of introns 408 320
Genes with 5 UTR - 17,616
Genes with 3' UTR - 17,971
Genes with both 5" and 3’ UTR - 16,946
Mean 5’ UTR length (bp) - 320
Mean 3’ UTR length (bp) - 513
Number of genes with isoforms - 7,370
Mean isoform number per gene 1.00 1.51
Genes with functional annotations 27,875 28,798
Genes with GO terms 17,156 22,106
Complete BUSCOs 88.9% 95.7%
Fragmented BUSCOs 5.6% 1.9%
Missing BUSCOs 5.5% 2.4%
Non-coding genes

microRINAs (muRINAs) - 171 *
Small RNA clusters - 51,714
Long non-coding RNAs (IncRNAs) - 1,938
Total loa 33,673 87,361

Li et al., 2018



Découverte de nouveaux genes

Ici, gene = unité fonctionnelle, dont la protéine qui en dérive a un réle dans la cellule
Méthodologie : RNAseq (ou EST par le passé) car identification du transcriptome sans connaissance a priori
Assemblage de novo ou alignement contre un génome de référence

Annotation fonctionnelle : a quoi correspondent les genes identifiés?



List of biocinformatics tools and databases used for sequence based function annotation

S.no Software Function

A Sequence similarity search

1 Basic local alignment tool (BLAST) Used for finding similar sequences in protein databases

B Physiochemical characterization

2 ExPASy — Protparam tool Used for computation of various physical and chemical parameters like molecular weight, isoelectric point (Pi),
amino acid compaosition, atomic composition, extinction co-efficient, instability index, aliphatic index, and grand
average of hydropathy (GRAVY)

C Sub-cellular localization

3 signalP Predicts signal peptide cleavage sites.

4 secretomeP Used for identifying proteins involved in non-classical secretory pathway.

5 PSORT B Predicts subcellular localization of bacterial proteins.

6 PSLpred Predicts subcellular localization of proteins from Gram-negative bacteria.

7 CELLO Assign localization to both prokaryctic and eukaryatic proteins

8 TMHMM used to authenticate whether the protein is a membrane protein or not.

9 HMMTOP Predict transmembrane topology.

ljag et al., 2015



Domain analysis and protein

10 Pfam Collection of multiple protein sequence alignments
11 SVMprot SVM (Support vector machine based classification of proteins
12 SYSTERS For grouping of proteins on the basis of their functions.
13 SUPERFAMILY Hierarchical domain classification of PDE structures.
NCBI Entrez protein database search of domain architecture
14 CATH (Class, Architecture, Topology, Used for finding protein similarities across evolutionary
Homology) distances based on domain architecture.
Classification based on HMM-HMM search. PANTHER is a
15 CDART (The conserved domain comprehensively organized database of protein families and
architecture
retrieval tool) sub-families, their evolutionary relationships in the form of
phylogenetic trees
16 PANTHER (Protein analysis through Identification and annotation of protein domains.
evolutionary relationships)
17 SMART Automatic hierarchical clustering of the protein sequences
18 ProtoNet
E Motif Analysis
19 InterProScan Searches interPro for motif discovery. [t is the integration of
several large protein signature databases.
20 MOTIF used for Motif discovery.
21 MEME suite Database searching for assigning function to the discovered motifs.
F Protein-Protein interaction
22 STRING Used for predicting protein—protein interactions.

ljag et al., 2015



BLAST = Basic Local Alignment Search Tool

Méthode développée par Altschul et al., 1990
https://blast.ncbi.nlm.nih.gov/Blast.cgi

Elle permet de mettre en évidence des régions similaires au sein de séquences biologiques
(ADN, protéines). Le programme compare des séquences nucléotidiques ou protéiques a des
bases de données et calcule des tests statistiques de significativité.

Différentes variantes selon la nature de la séquence d'entrée, et de la base de donnée utilisée :

- blastn, de nucléotides, séquence nucléotidique contre une base de données de séquences
nucléotidiques ;

- blastp, de protéines, séquence de protéine contre une base de données de séquences de protéines ;

- blastx, séquence nucléotidique traduite en séquence de protéine contre une base de données de
séquences de protéines ;

- tblastn, séquence de protéine contre une base de données de séquences nucléotidiques traduites en
séquences de protéines ;

- tblastx, séquence nucléotidique traduite en séquence de protéine contre une base de données de
séquences nucléotidiques traduites en séquences de protéines.


https://blast.ncbi.nlm.nih.gov/Blast.cgi
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NIH U.5. National Library of Medicine NCBI National Center for Biotechnology Information

BLAST ~ » blastn suite » RID-WXK5K5NF014

BLAST Results
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Job title: Potri.001G002500.1##CDS (1824 letters)
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Description Potri.001G002500.1##CDS
Molecule type nucleic acid
Query Length 1824
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© Graphic Summary

Database Name nr
Description Nucleotide collection (nt)
Program BLASTN 2.8.1+ & Citation

Distribution of the top 100 Blast Hits on 100 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores
W <40 Il 40-50 W s0-80 W 50-200 M ==200
| | | Query | | |
1 350 700 1050 1400 1750




Sequences producing significant alignments:
Select: All None Selected:0

i1 Alignments

o

Description Max

score

[[] PREDICTED: Populus trichocarpa chaperonin 60 subunit beta 2, chloroplastic (LOCT7483228) mRMNA 3369
O] Populus trichocarpa clone W301225 K11 unknown mRNA 3369
[[] PREDICTED: Populus euphratica chaperonin 80 subunit beta 2. chloroplastic-like (| OC105142287) mRMNA 3179
[C] PREDICTED: Populus trichocarpa chaperonin 60 subunit beta 2, chloroplastic (| OC7461344) mRMA 2736
[C] PREDICTED: Populus euphratica chaperonin 60 subunit beta 2, chloroplastic (LOC105126079), mRMNA 2736
[C] PREDICTED: Hevea brasiliensis ruBisCQ large subunit-binding protein subunit beta, chloroplastic (LOC110632315), franscript variant X3, mRMNA 2056
[C] PREDICTED: Hevea brasiliensis chaperonin &0 subunit beta 2. chloroplastic (L 0C110632898) transcript variant X1, mRNA 2039
[C] PREDICTED: Jatropha curcas chaperonin 60 subunit beta 2, chloroplastic (| 0C105640997), franscript variant X2, mRNA 2023
[C] PREDICTED: Jatropha curcas chaperonin 60 subunit beta 2, chloroplastic (LOC105640997), transcript variant X1, mRMNA 2023

BIDownload v GenBank Graphics

PREDICTED: Hevea brasiliensis ruBisCO large subunit-binding protein subunit beta, chloroplastic (LOC110632315), transcript variant X3, mRNA

seq 10: XM_021780503 1 Length: 2260 Number of Matches: 1

Range 1: 164 to 1987 GenBank Graphics
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Sbijct 340 GITTGCCATGECCARGEAGTIGCATITCARTARGGATGCEATCAGCAATTRAAGRRRTTGCA 399

Query 237 ARCTGGIGTGAACAAGCTTGCAGATCTAGTIGGGGITACCCTITGGACCTARAGGCCGGRAR 236
FEEEEE e e beer e e e e et et b frrer et 1l
Sbjct 400 ARCTGGECGIGAATARACTIGCAGATCTAGTIGGGGITACTICICGGACCIARAGGCCGARA 459

Query 297 IGTIGTICTIGAGAGCARGTACGETTCACCTARRRATTGTCRAATGATGETGTGACTGTIGE 356
N N N N e NNy
Sbjct 460 IGTIGTICTIGARAGCARGTATGECTCTCCCARRATAGTTRAATGATGETGTGACTGTIGE 519

Query 357  TRARAGAGGTTGRATTGGAGGATCCAGTTGAGRACATTGGTGCTRAGCTAGTGAGACAAGC 416
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Ny
Sbjct 520  TARAGRGGTT ATCCAGTTGAGARTATTGETGCCARSTTGGTGAGACAGEE 579

Query 417 TGCTGCCARGACRRATGACTIGECTGETGATGEEACCACRACATCTIGTIGITCTTIGCACE 474
LLELEETEEE Lt e bbb e e bbb ey 1l
Sbjct 580 AGCTGCCARGACRARATGACTIGGCIGGTGATGGGACCACARCATCIGTIGITCITGCICR 639

Query 477 GGGCCTARTTGCAGARGETGTCRAAGGT TGTGECGECTGETGCARACCCTGTTITTARTCAC 536
Lt e e e beree e et okl
Sbjct €40  AGGICTIATIGCAGARGEIGICRAGGTTGIAGCTGCIGGIGCARACCCIGTICTGATIAC 699

Query 537 TRGAGGCATTGRARAGACCACRAGAGCTCTTGTARATGARCTTARATTGATGTCRAARAGE 596
N N e
Sbjct 700 TAGGLETATTGAGAAGACCACARAGGCTCTAGTGAATGAACTTAAGTCAATCTCARRAGE 759

Total
score

3369
3369
178
2736
2736
2056
2039
2023
2023

Query
cover

100%
100%
99%
99%
99%
100%
99%
7%
97%

E
value

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

|dent

100%
100%
98%
94%
94%
7%
7%
87%
87%

Attention aux annotations
automatiques en cascade!

Accession

XM _002297581.3
EF145973.1

XM 0110498611
XM 002303947 3
XM 011026824 1
AM 0217805031
KM 0217812671
XM 020682048 .1

KM 012225434 2




Pfam

= base de données de familles de protéines qui classe diverses propriétés des domaines protéiques
sur la base de leurs alignements de séquences multiples

Published online 15 December 2015 Nucleic Acids Research, 2016, Vol 44, Database issue D279-D285
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The Pfam protein families database: towards a more
sustainable future
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Pfam includes annatations and additional family information from a range of different sources. These sources can be accessed via the tabs below.

Wikipedia: Protein kinase domain Pfam | InterPro

This is the Wikipedia entry entitled "Protein kinase domainc®". More...

Protein kinase domain

The protein kinase domain is a structurally conserved protein domain containing the catalytic function of protein kinases.[2113104] protein kinases are a group of enzymes that move a phosphate group
onto proteins, in a process called phosphorylation. This functions as an on/off switch for many cellular processes, including metabolism, transcription, cell cycle progression, cytoskeletal rearrangement and
cell movement, apoptosis, and differentiation. They also function in embryonic development, physiclogical responses, and in the nervous and immune system. Abnormal phosphorylation causes many
human diseases, including cancer, and drugs that affect phosphorylation can treat those diseases.[5]

Protein kinase domain

Protein kinases possess a catalytic subunit which transfers the gamma phosphate from nucleoside triphosphates (often ATP) to one or more amino acid residues in a protein substrate side chain, resulting
in a conformational change affecting protein function. These enzymes fall into two broad classes, characterised with respect to substrate specificity: serine/threonine specific and tyrosine specific.[8]

Contents [hide]

1 Function

2 Structure

3 Examples

4 References Structure of the catalytic subunit of
5 External links cAMP-dependent protein kinase.[t]

Identifiers
Function Symbol Pkinase
Protein kinase function has been evolutionarily conserved from Escherichia coli to Homo sapiens. Protein kinases play a role in a multitude of cellular processes, including division, proliferation, apoptosis, Pfam PFO0069 &7
and differentiation.[”] Phospharylation usually results in a functional change of the target protein by changing enzyme activity, cellular location, or association with other proteins. InterPro IPROOO719 &
Structure SMART Tyrkce?
- - - - - s PROSITE PDOC00100 &

The catalytic subunits of protein kinases are highly conserved, and several structures have been solved,[®] leading to large screens to develop kinase-specific inhibitors for the treatments of a number of =D 1lapm®

diseases.[9]
SUPERFAMILY lapmd

Eukaryotic protein kinases[21[21[10][11] 3re enzymes that belong to a very extensive family of proteins which share a conserved catalytic core commen with both serine/threonine and tyrosine protein =
OPM superfamily 417 &

kinases. There are a number of conserved regions in the catalytic domain of protein kinases. In the N-terminal extremity of the catalytic domain there is a glycine-rich stretch of residues in the vicinity of a
lysine residue, which has been shown to be involved in ATP binding. In the central part of the catalytic domain there is a conserved aspartic acid residue which is important for the catalytic activity of the OPM protein 2w5ad
enzyme.[12] DD cdoo180 e

Examples Available protein structures: [show]

The following is a list of human proteins containing the protein kinase domain:(23]

AAKL; ABL1; ABL2; ACVR1; ACVRIB; ACVR1C; ACVR2A; ACVR2B; ACVRL1; ADCK1; ADCK2; ADCK3; ADCK4; ADCKS5; ADRBK1; ADRBK2; AKT1; AKT2; AKT3; ALPK1; ALPK2; ALPK3; STRADB; CDK15; AMHR2; ANKK1; ARAF; ATM; ATR; AURKA; AURKB;
AURKC; AXL; BCKDK; BLK; BMP2K; BMPR1A; BMPR1B; BMPR2; BMX; BRAF; BRSK1; BRSK2; BTK; BUB1; C21orf7; CALM1; CALM2; CALM3; CAMK1; CAMK1D; CAMK1G; CAMKZ2A; CAMK2B; CAMK2D; CAMK2G; CAMK4; CAMKK1; CAMKK2; CAMKV; CASK;
CDK20; CDK1; CDK11B; CDK11A; CDK13; CDK19; CDC42BPA; CDC42BPB; CDC42BPG; CDC7; CDK10; CDK2; CDK3; CDK4; CDK5; CDKS; CDK7; CDKS; CDK9; CDK12; CDK14; CDK16; CDK17; CDK18; CDKL1; CDKL2; CDKLZ; CDKL4; CDKLS; CHEK1;
CHEK2; CHUK; CIT; CKB; CKM; CLK1; CLK2; CLK3; CLK4; CSF1R; CSK; CSNK1A1; CSNK1A1L; CSNK1D; CSNK1E; CSNK1G1; CSNK1G2; CSNK1G3; CSNK2A1; CSNK2A2; DAPK1; DAPK2; DAPK3; DCLK1; DCLKZ; DCLK3; DDR1; DDR2; DMPK; DYRK1A;
DYRK1B; DYRK2; DYRK3; DYRK4; EGFR; EIF2AK1; EIF2AK2; EIF2AK3; EIF2AK4; ELK1; EPHAL; EPHAZ; EPHAZ; EPHA4; EPHAS; EPHAG; EPHAY; EPHAE; EPHB1; EPHB2; EPHBE3; EPHB4; ERBB2; ERBB3; ERBB4; ERN1; ERN2; FER; FES; FGFR1; FGFR2;
FGFR3; FGFR4; FGR; FLT1; FLT3; FLT4; FYN; GAK; GRK1; GRK4; GRKS; GRK6; GRK7; GSK3A; GSK3B; GUCY2C; GUCY2D; GUCYZE; GUCYZF; HCK; HIPK1; HIPK2; HIPK3; HIPK4; HUNK; ICK; IGF1R; IGF2R; IKBKE; IKBKE; ILK; INSR; IRAK1; IRAKZ; IRAKZ;
IRAKA; ITK; JAK1; JAKZ; JAK3; KALRN; KDR; SIK3; KSR2; LATS1; LATSZ; LIMK1; LCK; LIMK2; LRRK1; LRRK2; LYN; MAK; MAPZK1; MAP2KZ; MAP2K3; MAP2K4; MAP2KS; MAP2KS; MAPZKT; MAP3K1; MAP3K10; MAP3K11; MAP3K12; MAP3K13; MAP3K14;



KEGG = Kyoto Encyclopedia of Genes and Genomes

KEGG désigne un ensemble de
bases de données relatives aux
génomes, aux voies
métaboliques et aux composés
biochimiques.
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KEGG = Help

= Japanese

KEGG: Kyoto Encyclopedia of Genes and Genomes

KEGG is a database resource for understanding high-level functions and utilities
of the biclogical system, such as the cell, the organism and the ecosystem, from
molecular-level information, especially large-scale molecular datasets generated
by genome sequencing and other high-throughput experimental technologies.
See Release notes (October 15, 2018) for new and updated features.

Article in 2019 NAR DB Issue
New approach for understanding genome variations in KEGG

&' Main entry point to the KEGG web service
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KEGG PATHWAY  KEGG pathway maps
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Pathway
KEGG MODULE  KEGG modules Brite
KEGG ORTHOLOGY KO functional orthologs [Annotation] Brite table
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&' Organism-specific entry points

KEGG Organisms

&' Analysis tools
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Tree Genetics & Genomes (2018) 14: 57
https://doi.org/10.1007/511295-018-1270-0

ORIGINAL ARTICLE

De novo transcriptome assembly based on RNA-seq and dynamic
expression of key enzyme genes in loganin biosynthetic pathway
of Cornus officinalis

Chengke Bai ' - Yongmei Wu' - Bo Cao? - Jun Xu' - Guishuang Li’

Sensory system 34
Nervous system 290

Attention aux classifications qui Immune system 207

’ . . Excretory system 17
n‘ont pas de sens biologique! Environmental adaptation 0 F
Endocrine system 420
Digestive system 167
Development 59
Circulatory system 120
Xenobiotics biodegradation and metabolism 124
Overview 572
Nucleotide metabolism 257
Metabolism of terpenoids and polyketides 213
Metabolism of other amino acids 258
Metabolism of cofactors and vitamins 255
Lipid metabolism 411
Glycan biosynthesis and metabolism 153
Energy metabolism 600
Carbohydrate metabolism 845
Biosynthesis of other secondary metabolites 270
Amino acid metabolism 559
Translation 957
Transcription 367 C
Replication and repair 272
Folding, sorting and degradation 766
Signaling molecules and interaction | 3 B
Signal transduction 914
Membrane transport 61
Transport and catabolism ] 543
Cellular commiunity |1 140
Cell motility =1 107
Cell growth and death ] 374

0 2 4 6 8 10 12 14
Percent of Genes (%)

Fig.4 KEGG classification of assembled unigenes. A, cellular processes; which includes “phenylpropanoid biosynthesis™ (166 genes, ko00940),
B, environmental information processing; C, genetic information “flavonoid biosynthesis™ (30 genes, ko00941), “tropane, piperidine and
processing; D, metabolism; E, organismal systems. 4517 unigenes with pyridine alkaloid biosynthesis™ (30 genes, ko00960), and “isoquinoline
a high mapping ratio of 45.3 % were involved in “metabolism™ processes, alkaloid biosynthesis™ (28 genes, ko00950)



Gene Ontology (GO)

Gene Ontology est un projet bio-informatique destiné a structurer la description des genes
et de leurs produits dans le cadre d'une ontologie commune a toutes les espéces.

Une ontologie est I'ensemble structuré des termes et concepts représentant le sens d'un
champ d'informations

Le vocabulaire est controlé : le méme terme pour parler de la méme chose
Dans le cadre de GO, les propriétés des produits génigues sont décrites selon trois axes :

- Cellular component : les composants cellulaires auxquels ils s'appliquent, qu'il s'agisse
du milieu intracellulaire ou de I'environnement extracellulaire,

- Molecular function : la fonction moléculaire réalisée, par exemple une activité
catalytique pour une enzyme

- Biological process : le processus biologique dans lequel il est impliqué
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Molecular Function

Cellular Component

Biological Process

in cellular processes (12,993 unigenes) and metabolic processes (12,544
unigenes) of biological process group, in the cell (8587 unigenes) and

catalytic activity (10,768 unigenes) of molecular function group

Fig.3 Histogram of'the GO classifications of annotated unigenes from C.

officinalis transcriptome. 22,332 unigenes (40.73%) were assigned to at

least one functional group in GO. The most abundant proteins were found

Bai et al., 2018



An InterMine interface to data from Phytozome

Gene : Potri.001G002500 P. trichocarpa

Defline: {1 of 2) PTHR11353:5F8 - CHAPERONIN 60 SUBUNIT BETA 1, CHLOROPLASTIC-RELATED  Mame: @ Potri.001G002500
Secondary |dentifier: @ PAC:27044297

proteins Potri.001G002500.1, Potri.001G002500.2
transcripts Potri.001G002500.2, Potri.001G002500.1

Quick Links: Skl Genomics  Expression

Genome feature

Region: gene Length: 4676
Location: Chr01:155815-160480

Ontology Annotations

There are 19 ontology annotations.

Ontology ~ Term MName Namespace Description
GO GO:0005524 ATP binding malecular_function Interacting selectively and non-covalently with ATP, adenosine 5-triphosphate, a universally important coenzyme and enzyme regulator.
GO GO:0005737 cytoplasm cellular_component All ofthe contents of a cell excluding the plasma membrane and nucleus, butincluding other subcellular structures.
GO GO:0042026 protein refolding biological_process The process carried out by a cell that restores the biological activity of an unfolded or misfolded protein, using helper proteins such as chaperones.
PFAM PFOO11E CpnG0_TCP1 TCP-1/cpni0 chaperonin family
PANTHER ~ PTHR11353 CHAPEROMIN
PANTHER ~ PTHR11353:3F8 CHAFPEROMIN 60 SUBUNIT BETA 1, CHLOROPLASTIC-RELATED
KEGG KO4077 groEL, HSPDA chaperonin GroEL
TIGRFAMs  TIGR02343 TIGRO2348 GroEL: chaperonin GroL
PRINTS PROD298 CHAPEROMINGD G0kDa chaperonin signature
PRINTS PRO0304 TCOMPLEXTCP1 Tailless complex polypeptide 1 (chaperone) signature

= Show 9 more rows

Genomics

Gene Ontology
cellular component
GO:0005737 9 gytoplasm B IS5 @
maolecular function
GO:0005524 B ATP binding B 155 @
biological process
GO:0042026 @ protein refolding @ 1S5 @

Gene models - Potri.001G002500
B Gene models
Transcripts: 2 Exons: 30 Introns: 28 CDSs: 2



Un exemple d’identification de nouveaux genes
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The seco-iridoid pathway from Catharanthus roseus

Karel Miettinen'*, Lemeng Dong?*, Nicolas Navrot>*, Thomas Schneider®", Vincent Burlat?,
Jacob Pollier®, Lotte Woittiez%", Sander van der Krol?, Raphaél Lugan3, Tina llc3, Robert VerpoorteT,
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s , Pervenche de Madagascar
Alcaloides indolo-monoterpéniques = _ :

composés naturels dérivés de certaines
plantes qui ont des propriétés
pharmacologiques

Tra|tement deS cancers ° CamptotheCIne Internal Phloem Associated Parenchyma geraniol
. ’ 1 ]
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vincristine, vinblastine Y early iridoid pathway
loganic acid
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Secologanin = iridoid ou secoridoid ,l,

strictosidine

v

cathenamine

Y Y
tabersonine catharanthine
|
Idioblasts/Laticifers A4
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Supplementary Figure 1: Overview of the MIA pathway and the cell-specific
localization of the branches leading to vinblastine and vincristine. Solid +
arrows represent single enzymatic steps, dashed arrows multiple enzymatic steps. vinblastine
The arrow bearing a black circle represents the transport of loganic acid from one ¢

type of cells to the other. vincristine
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Figure 1 | The secologanin-strictosidine pathway. Genes indicated in
boxes were published before (black background) or during (white
background) the present study, or are reported here (yellow background).
Frames indicate mRNA localization in the leaf IPAP (pink) or epidermis
(blue). Numbers indicate predicted enzyme classes in the initial gene
discovery strategy. 1: oxidoreductase, 2: cytochrome P450, 3: UGT. IPP,
isopentenyl pyrophosphate; DMAPP, dimethylallyl pyrophosphate; Glc,
glucose; GPPS, geranyl diphosphate synthase, GES, geraniol synthase; G80O,
geraniol 8-oxidase; 8-HGO, 8-hydroxygeraniol oxidoreductase; IS, iridoid
synthase; |0, iridoid oxidase; 7-DLGT, 7-deoxyloganetic acid glucosyl
transferase; 7-DLH, 7-deoxyloganic acid hydroxylase; LAMT, loganic acid
O-methyltransferase; SLS, secologanin synthase; STR, strictosidine
synthase; TDC, tryptophan decarboxylase. Iridotrial indicated in brackets
was a previously proposed intermediate that we did not detect in vitro or
in vivo.



Activité 2 : A partir de I'article Miettinen et al., 2013:

Quelle stratégie mise en ceuvre pour identifier les genes manquant dans la voie de
biosynthese de la strictosidine?

Comment les auteurs démontrent-ils que le gene caros003452 est I'enzyme 8-
hydroxygeraniol oxydoreductase recherchée?



Sd

9]
o
(7]
c
7

Not
Med A6
MeJA24

3
Ss

02
03

Caros010005-STR1
Caros003452-ADH10
Caros006766-G80O
Caros003727-GES
Caros005234-CYP72A224 (7-DLH)

Caros001222-CYP81Z1

Caros009839-UGT709C2 (7-DLGT)

Caros009903-0OPR-like

Caros020058-CYP76A26 (10)

Caros018961-CYP71AY1

Caros008267-1S (e

Caros020659-SLS

Caros011578-STR2

Caros002904-LAMT b CellSus HairRt
Caros020166-STR3
Caros009426-SGD
Caros014930-TDC

Caros020166-STR3
Caros010005-STRA1
Caros003452-ADH1( “‘m——
Caros003727-GES
Caros020058-CYP76A26 (10)
Caros006766-G80
Caros008267-1S
Caros018961-CYP71AY1
Caros014930-TDC
Caros009426-SGD
Caros002904-LAMT
Caros020659-5LS
Caros011578-STR2
Caros005234-CYP72A224 (7-DLH)
Caros009839-UGT709C2

Caros009903-0OPR-like {ummmm——

Caros001222-CYP81Z1

Figure 2 | Gene discovery strategy. (a,b) Complete-linkage hierarchical clustering of early MIA pathway gene expression in C. roseus based on our data
(a) or the Medicinal Plant Genomics Resource consortium (http://medicinalplantgenomics.msu.edu) (b). Colours indicate transcriptional activation (blue)
or repression (yellow) relative to untreated samples. Tissues: Fl, flower; mL, mature leaves; iL, immature leaves; St, stem; Ro, root; Sdlg, seedling.
Suspension cells (CellSus): Wt, wild-type; 02, ORCA2; O3, ORCA3. Hairy roots (HairRt): Wt, wild-type; Td, TDCi; RebH, RebH_F. Treatments: Not, no
treatment; MelA, methyl jasmonate (6, 12 or 24 h); Con, mock; YE, yeast extract. (¢) Candidate P450 protein hits in the epidermis and mesophyll
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Figure 3 | Functional characterization of recombinant 8-HGO. Affinity-purified enzyme expressed in E. coli was incubated with 8-OH-geraniol and
NAD *. (a) GC-MS profile of the reaction extract compared with authentic standards. (b) The identity of peaks 1-4 was confirmed by comparison

of MS spectra with authentic standards. 8-HGO catalyses the stepwise conversion of 8-OH-geraniol into 8-oxogeraniol or 8-0OH-geranial and then into
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Figure 8 | Reconstitution of the strictosidine pathway in N. benthamiana. (a) Gene combinations infiltrated in leaves in triplicate. (b) Principal
component analysis. PC1 and PC2 describe 36.2 and 31.1% of the total mass variation, respectively. (¢) LC-MS analysis showing selected masses 401 and
359 representing (acetylated) 7-deoxyloganic acid (7-DLA) from infiltrations with 8-carboxygeranic acid (CGA), 7-DLA or gene combinations 6 or

7 (negative control). The two peaks likely represent 7-DLA acetylated at two different positions in the glucose moiety. (d) LC-MS analysis showing selected
masses 433 (formic acid adduct of secologanin) and 575 (formic acid adduct of strictosidine) from infiltrations with secologanin or strictosidine, or with
gene combinations 9 or 10, with or without iridodial. *Identical profiles with iridotrial or 7-DLH. Hex = hexosyl; CPS = counts per second.



Expression de genes et implication dans certains processus biologiques

Genes différentiellement exprimés

On compare deux conditions ou un traitement et une condition controle

Hypothese sous-jacente : les genes dont I'expression varie sont impliqués dans la réponse
au traitement

C D C D

Cond A Cond B

mMRNA molecule associated
to a given gene

Ol 02



Geénes co-exprimeés

On compare plusieurs conditions, plusieurs traitements ou un processus de
développement avec plusieurs étapes bien identifiées

Hypothese sous-jacente : les genes co-exprimés sont impliqués dans les mémes grandes
fonctions biologiques

The Plant Cell, Vol. 29: 1585-1604, July 2017, www.plantcell.org © 2017 ASPB. i) Check for updates

LARGE-SCALE BIOLOGY ARTICLE

AspWood: High-Spatial-Resolution Transcriptome Profiles
Reveal Uncharacterized Modularity of Wood Formation in
Populus tremula®™

David Sundell,®' Nathaniel R. Street,®' Manoj Kumar,?' Ewa J. Mellerowicz,” Melis Kucukoglu,®
Christoffer Johnsson,? Vikash Kumar,® Chanaka Mannapperuma,? Nicolas Delhomme,? Ove Nilsson,”
Hannele Tuominen,? Edouard Pesquet,? Urs Fischer,P Totte Niittyl4,” Bjorn Sundberg,” and Torgeir R. Hvidstena9:2



Echantillonnage par préparation de coupes tangentielles
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Cambium [ &
Expanding xylem
Lignified xylem




Activité 3 : A partir de I'article Sundell et al., 2017:

Etude de la figure 1

Qu’est-ce que présente la figure 1?
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Figure 1. Hierarchical Clustering of Samples and Genes across Developing Xylem and Phloem Tissues.

(A) Transverse cross-section image from one of the sampled trees (tree T1). The pooled samples used for RNA-seq are visualized by overlaying them on the
transverse cross section (positions of the pooled samples on the section are approximated). The color bar below the image shows four sample clusters
identified by hierarchical clustering (see [B]). The color bar above the image shows the estimated tissue composition for each sample.

(B) Hierarchical clustering of all 106 samples from the four replicate trees using mBNA expression values for all expressed genes. The four main clusters are
indicated with colors.

(C) Heat map describing hierarchical clustering of the 28,294 expressed annotated genes using mRNA expression values for all samples. Expression values
are scaled per gene so that expression values above the gene average are shown in red and below average in blue. Eight main clusters have been assigned
colors and are denoted a to h.

(D) Average expression profiles intree T1 for each gene expression cluster and distinct subclusters (solid white lines). The expression profiles of all individual
genes assigned to each cluster are shown as gray lines in the background.



A B..
e,
- o
— ] o
o =
= 0
|"'_|':| il
= =
= o
= o
= O
2 o]
o =
@ o
e = -
o i
=
W = @
L
=
mﬂ
D_

1
— u -
=

]
2 & &

Supplemental Figure 3.

The expression profiles of selected marker genes. Expression is shown with (A) the variance stabilized transformation (VST) and (B) scaled counts per million
(CPM, calculated as 2V5T, scaled: mean centered and normalized by the standard deviation of each gene). PtSUS6/Potri.004G081300: A. thaliana sucrose
synthase (SUS) genes SUS5 and SUS6 are known to be phloem localized (Barratt et al., 2009). The Populus homologs of SUS5 and SUS6 peaked in the two or
three outermost sections of the single section series covering the cambial meristem, thus marking a phloem identity to these samples. The pooled phloem sample,
consisting of six to seven section showed lower levels indicating that SUS5 and SUS6 expression decreased in the older phloem tissues. Expression was shown
for one SUS6 homolog (PtSUS6). PICDC2/Potri.016G142800: The dividing meristem was marked by a set of cyclins typically known to be involved in the different
stages of cell cycling. These markers indicated that sample cluster i and ii from the hierarchical clustering was split in the middle of the meristem. Expression was
shown for PtCDC2. PtEXPA1/Potri.001G240900: Cell expansion was marked by the Populus alpha expansin (Gray-Mitsumune et al., 2004). The PtEXPA1
expression marked the broader region covering both the phloem and xylem side, and decreased sharply at the border to sample cluster iii. PtCesA8-
B/Potri.004G059600: CesA4, 7 and 8 are well-described hallmark genes for secondary wall formation in xylem cells (Kumar et al., 2009). The corresponding
transcripts in aspen showed two distinct peaks, one minor on the phloem side marking secondary wall formation in phloem, and another major peak on the xylem
side marking the bulk of secondary wall formation in xylem vessels, fibers and rays. Expression was shown for PtCesA8-B. PtBFN1/Potri.011G044500: Vessel
cells undergo cell death before fiber cells. Xylem specific proteases and nucleases are responsible for the autolysis of xylem cells following cell death were
selected to mark the timing of the cell death of fibers and vessel elements (reviewed by (Escamez and Tuominen, 2014)). In aspen, a homolog of the A. thaliana
bifunctional nuclease 1 (BFN1) protein showed two peaks of expression; one appearing at the end of sample cluster jii and the other at the end of sample cluster
iv. This corresponds well with the locations of cell death, as estimated on the basis of the viability assays of the xylem tissues (Supplemental Data Set 1). Thus,
the sharp decrease in the expression of PIBFNT marks the border of living vessel elements and fibers, respectively.



Réseaux de coexpression
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Figure 3. A Modular Version of the Coexpression Network.

Genes with representative expression profiles were identified in the coexpression network (at a Z-score threshold of 5) by iteratively selecting the gene with
the highest centrality and a coexpression neighborhood not overlapping with any previously selected genes’ neighborhood. Only annotated genes and
positively correlated coexpression links were considered (i.e., Pearson correlation > 0). The selected genes and their coexpression neighborhoods (network
modules) were represented as nodes in a module network. The modules were numbered according to the order in which they were selected (and hence
according to size) and given descriptive names based on gene function enrichment analysis (Supplemental Data Set 8). The nodes are colored according to
the hierarchical clusters in Figure 1 and reflect the proportion of genes in each network module belonging to the different hierarchical clusters. Nodes were
linked if the neighborhoods overlapped at alower coexpression threshold (Z-score threshold of 4). Link strengths are proportional to the number of common
genes. Overlaps of fewer than five genes were not represented by links, and only the 41 network modules with at least 20 genes were displayed. Asterisks
next to the module names indicate conservation in Norway spruce: *, 6-24% of the genes have conserved coexpression neighborhoods; **, 25-50%;
and ***, >50% (Supplemental Data Set 8D).
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Figure 5. Primary and Secondary Cell Wall Biosynthesis Genes.

(A) Expression profiles for pectin and xyloglucan biosynthetic genes. All genes are highly expressed during primary wall biosynthesis, but also at later stages
during xylem development. (i) Representative expression for homogalacturonan biosynthesis genes (illustrated by PtGAUT1-A); (i) expression pattern of
PtGALS 1 (iii) representative pattern of other RG-I biosynthesis genes(represented by PtGALS2-A); and (iv) representative expression pattern for three of the
putative xyloglucan biosynthesis genes (illustrated by PtXXT7-B). For a list of identified putative pectin and xyloglucan biosynthesis genes, see
Supplemental Data Set 9.

(B) Expression patterns for CesA genes. (i) Members responsible for cellulose biosynthesis in the secondary wall layers are all induced in SCW biosynthesis
zones inthe xylem and phloem (illustrated by PtCesA4); (iiymembers classified as primary wall CesAs typically peakin primary wall biosynthesiszone, but are
also highly expressed during later stages of xylem differentiation (illustrated by PtCesA6-A); and (iii and iv) some members even peak during these later
stages (illustrated by PtCesA6-C and PtCesA6-F). For a complete list of putative CesA genes, see Supplemental Data Set 9.

(C) The GT43 gene family responsible for xylan biosynthesis comprises three clades, A/B, C/D, and E, each having different expression here illustrated by (i)
PtGT43A, (i) PtGT43C, and (iii) PtGT43E. Expression profiles support the hypothesis that PtGT43A/B and PtGT43C/D are members of secondary wall xylan
synthase complex, whereas PtGT43E and PtGT43C/D are members of the primary wall xylan synthase complex. For a complete list of genes coregulated
with the three clades of GT43 genes, see Supplemental Data Set 9.



Transcript profiling ou gene atlas

Avoir une carte / un atlas de I'expression des génes selon l'organe, le tissu, etc...
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ol Jaime 1K

Data Source Mode | [  Primary Gene ID Secondary Gene D Signal Threshold [_|
(?) Developmental Map ~ Absolute - Atlg01010 At3¢27340 500

Arabidopsis eFP Browser at bar utoronto.ca
B Seed/
Silique 4
[ Shoot Apex
Inflorescence

Winter ef al., 2007. PLoS Cne 2(8). e718
Shoot Apex

Transition

Shoot Apex

‘Vegetative

Si i-:|L= + +

Embryc globular I'|-=ﬁr ick curlec I cof :,Ir'-:m 3 green cotyledons

0®O

2 4 6 T (dist/proxipeticle) 8 2 Cauline Senescent

Vegetative Rosette

Entire Rosatte
after transition
to flowering

O

WETS 12 (sep/pet'stamicarp) 15 (flower/pedicel) 15 (sep/pet/stam/carp) mature pollen

eFP Browser by B. Vinegar, drawn by .J. Alls and N. Provart. Data from Gene Expression Map of Arabidopsis Development: Schmid et al., 2005, Nat. Gen. 37:501,
N T .

and the Mambara lab for the imbibed and dry seed stages. Data are normalized by the GCOS method, TGT value of 100. Most tissues were sampled in triplicats.




At1g01010 261585 _at  ANACONT Arabidopsis eFP Browser at bar utoronto_ca
S_— Winter et al., 2007. PLoS One 2(8). e718

Shoot Apex
Inflorescencs

"'I'I.-tl.'l'l

I 66006000

otyledons

globular heart  forpedoe, walking-stick ¢ I cotyledons green cotyl e-:l-:-*e

|-|'||"||"|
3
A
0 4w

Enfire Rozette
after transition
to flowering

Ahsolute

4563
43.76
=R

34.04
2917
24.31
19.45
14.55

Voo
o@® o

000G

Flowers 9 10 11 12 12 (zep/petistamicarp) 15 (flower/pedicel) 15 (sep/pet/stamicarp) mature pollen

eFP Browser by B. Vinegar, drawn by J. Alls and N. Provart. Data from Gene Expression Map of Arabidopsis Development. Schmid et al., 2005, Mat. Gen. 37:501,
;N . . . I — .
and the Mambara lab for the imbibed and dry seed stages. Data are normalized by the GCOS method, TGT value of 100. Most tissues were sampled in tniplicate

| Click Here for Table of Expression Values | | Click Here for Chart of Expression Values |




AtTg01010261585_at  AMACOO!

Root Cells Types

Lateral R

oot Cap (1.1} and Epidermis (1LII)

Stage Il

Proto- Stage
alert!
Quiescent center
; Stage |

o

- Matenal from the roots of 6 day old wild-type Col-0
Arabidopsis thaliana plants was analyzed

- Plantz grown under 16/8 hour ight/dark condifions
on M3 + 4 5% sucrose media

- Root cell types were izolated by protoplasting and
fiuorescence-activated cell soring. RNA was exiract-
ed from protoplasts and hybed to ATH1 GeneChips

- The data were nomalized by ¢ 1S normalization,
TGET 100. Triplicate measurements were made

um et al. (2003) Science 3021956
05) Plant Cell 17:1908

Results from Bi
and Mawy et al

Microgametogenesis (Pol-
len Development)

cell wa
pore

nuUCiaws
WACUowe

©

Uninucleate Microphore

generative
cell

b

Bicellular Pollen

(o)

Tricellular Pollen

N

Mature Polien Grain

- Plant material from the pollen of 5.10
growth stage wild-type
Arabidopsis thal plants of Ler-0
ecotype was analyzed

- Plantz grown under 16/8 hour
ightfdark conditions at 21°C

- All measurements were taken in
duplicates - the average of
which is shown

- RMNA was izolated and hybridized fo
the ATH1 GeneChip

- The data were nomnalized by GCOS
nommalization, TGT 100

Honys & Twell (2004) Geno. Biol. 5:R&5

- Plant material from embry

Arabidopsis eFP Browser at bar.utoronto.ca

Embryo Development

apica

basa

Globular

cotyledons
root

rieart

cotyledons

apical

Torpedo

type Col-0 Arabidopsis t
plants of was isolated by laser

-capiure microdissection

- Plants grown under 16/8 hour

ight/dark conditions

- RNA was amplified and hybridized to

the ATH1 GeneChip. Naote: 3’ bias/

- All measurements were taken in
triplicates - the average is shown.
Results can be highly variable -
standard deviation filtering advisable!

- The data were nomalized by S
normalization, TGT 100

Casson et al. (2005) PlantJ. 42-111

- Plant material from the xylem and

- Secondary thickened hypocotyl

- Plants grown in growth room under

- All measurements were taken in

Winter ef al, 2007. PLoS One 2(8). e718
Xylem and Cork

Col-0

MYBE1
knockout

MYB50
knockout

Fylem Within Cork
(Separate)

cork of Arabidopsis thaliana plants
of Columbia-0 ecotype was
analyzed

was induced by continual remova
of the inflorescence stem for 10
weeks

continuous light condifions at 22°C

triplicates - the average of which
is shown

- RMNA was izolated and hybridized
to the ATH1 GeneChip

- The data were nomalized by

GCOS normalization, TGT 100 Hypocotyl
) (Xylem and Caork
Results provided by the Campbell Lab Together)



Guard and
Mesophyll
Cells

Water Spray

Proto-
alert!

100 uhd ABA
for 4 Hours

Cross Section of Leaf

Surface View of Leaf

Plant material from the leaves of 5 wesk old
Arabidopsis thaliana plants of Columbia-0
ecotype was analyzed

Mesophyll and guard cell protoplasts were used
Plants grown in growth room under 16/8 hour
light'dark conditions at 22°C

Measurements were taken in duplicates - the
average of which iz shown. Actinormycin and
cordycepin were added to one of the reps. The
individual reps are displayed in the table below.
- RMNA was izolated and hybridized fo the ATH1
GeneChip. The data were normalized by GCOS
normalization, TGT 100.

Resuits from Yang et al. (2008) Plant Methods 4:6
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IQ. GCs without ABA treatment

. -
(m-_‘ Q‘ GCs with ABA treatment
m H/ﬁ Mezophyll cells without ABA
m ﬂh Mezophyll cells with ABA

Abzolute

25278
227.5
a02.22
176.94
151 BB
126.39
10111
F5.83
G055
25.27
oo
Masked




Matural Vanation eFP Browser. Data from the Weigel Lab (Lempe et al., 2005, PLoS Genetfics 1:e6). Aenal parts of 4 day old seedlings greenhouse-grown in soil at 23C under
continuous light were sampled. Data normalized by the GCOS method, TGT value of 100. Plant material sampled in friplicate where indicated by italics, otherwise once.
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Détection de polymorphisme de séquence et GWAS

GWAS : Genome-wide association study = étude d’association pangénomique

Sur des milliers d’individus, on cherche des associations entre variations génétiques (SNP) et
variations de certains caracteres étudiés

SNP = Single nucleotide polymorphism = polymorphisme d’un seul nucléotide (une base modifiée
dans une séquence)

Wang et al. Genome Biology (2018) 19:72

https:/doi.org/10.1186/513059-018-1444-y Gen ome B|O|Ogy

A major locus controls local adaptation and &
adaptive life history variation in a perennial
plant

Jing Wang'?'®, Jihua Ding’, Biyue Tan'", Kathryn M. Robinson’, Ingrid H. Michelson®, Anna Johansson®,
Bjorn Nystedt®, Douglas G. Scofield'”®, Ove Nilsson®, Stefan Jansson®, Nathaniel R. Street® and Par K. Ingvarsson'"



@©

I
o
8]

T T
n o

(d)0+Boj -

25

GEMMA

T
[Tp)

s

20 A

T
o

—

0|—

10 M1 13 15 17 19

9

8

Chromosome



: © : PLAAD PtFASg’ T PtINOS8D PIET2p
! 5 2
20 - o5 - | TR T T
[C]
— 154
Q
S Coyp
6’) 10 [
O - - -
_| ° 0.75
- - sol
5 L
. .°0.25
o wb -f'.“:' 'IL"U
I T T T T T T 1 ) I I T 1
0 100 200 300 400 500 600 700 380 390 400 410 420

Position Position

Fig. 2 Local adaptation signals across the genome. a Manhattan plots for SNPs associated with population structure (PCAdapt), climate variation
(LFMM), and phenotype (GEMMA). The 700-kbp region surrounding PtFT2 gene (marked in red) is identified by all methods. The dashed
line represents the significance threshold for each method. Quantile-quantile plot is displayed in the right panel, with significant SNPs
highlighted in red. b Magnification of the phenotype association results (from GEMMA) for the region surrounding PtFT2 on Chr10. The
coordinates correspond to the region 16.3 Mbp-17.0 Mbp on Chr10. Individual data points are colored according to LD with the most
strongly associated SNP (Potra001246:25256). The two potential causal variants identified by CAVIAR within this region are marked by
black circles. ¢ Close-up view of the phenotype association results (from GEMMA) in a region corresponding to the blue bar in (b). This

. region contains the two PtFT2 homologs (red - exons, blue - UTRs) and several other genes (dark gray - exons, light grey - UTRs)
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Fig. 5 PtF12 expression affects short-day induced growth cessation and bud set in P. tremula. a Bud set phenotype under 19-h day-length conditions.
Two southem clones (marked with a red box, SwAsp 018, Ronneby, latitude 56.2 °N; SwAsp 023, Vargarda, latitudes 58 °N) and two northern clones
(marked with a blue box, SwAsp 100, Umeg, latitude 63.9 °N; SwAsp 112, Luled, latitudes 65.7 °N) were chosen to be analyzed. Trees were grown under
23-h day length for one month and then shifted to 19-h day length. Photos were taken one month after the shift to 19-h day length. b Dynamic
expression analysis of PtFT2 in two southern clones (red, SwAsp018 and SwAsp023) and two northern clones (blue, SwAsp100 and SwAsp112) from
the greenhouse experiment. The genotypes of these trees at the most strongly associated PtFT2 SNP are SwAsp018: T/T, SwAsp023: T/T, SwAsp100:
not available and SwAsp 112: G/G. Samples for RT-PCR were taken two weeks after the trees were shifted to 19-h day length. Error bars, +standard
deviation. ZT zeitgeber time. ¢ Dynamic expression analysis of PtF12 in two southern clones (red, SwAsp005 and SwAsp023) and two northern clones
(blue, SwAsp100 and SwAsp116) from common garden experiment. The genotypes of these trees at the most strongly associated PtFT2 SNP are
SwAsp00S5: T/T, SwAsp023: T/T, SwAsp100: not available and SwAsp 112: G/G. Samples were collected in the Sdvar common garden in early July 2014
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Fig. 6 Phenotypic effects of PtFT2. a The timing of bud set for the three genotypes classes at the PtFT2 SNP (Potra001246:25256) that displays the
strongest signal of local adaptation identified by all three methods as shown in Fig. 2a. The plot displays mean genotype bud set after correcting
for common garden site, year, and block effects. The horizontal line indicates the median value and the vertical line marks the interquartile range.
The number of genotypes in the respective classes is indicated above the figure. b The timing of bud set for wild type control lines and transgenic
PtFT2 lines in the field experiments at Vaxtorp. The structure of the plots is the same as in (a)



IV. Ressources disponibles



Liste non exhaustive...

Bases de données Génomes

Phytozome
https://phytozome.jgi.doe.gov/pz/portal.html
10/2018 : 93 génomes de 82 especes de plantes supérieures

Sites dédiés pour une espece, généralement avec des
données expertisées

Ex : Arabidopsis

TAIR = The Arabidopsis Information Resource
https://www.arabidopsis.org/

https://1001genomes.org/

Amaranthus hypochondriacus v1.0
Amaranthus hypochondriacus v2.1
Amborella trichopoda v1.0
Anacardium occidentale v0.9
Ananas comosus v3

Aquilegia coerulea v3.1
Arabidopsis halleri v1.1
Arabidopsis lyrata v2.1
Arabidopsis thaliana Araport11
Arabidopsis thaliana TAIR10
Asparagus officinalis V1.1
Boechera stricta v1.2

Botryococcus braunii v2.7

Brachypodium distachyon Bd21-3 v1.1

Brachypodium distachyon v3.1
Brachypodium hybridum v1.7
Brachypodium stacei v1.1
Brachypodium sylvaticum v1.1
Brassica oleracea capitata v1.0
Brassica rapa FPsc v1.3

Capsella grandiflora v1.1

Capsella rubella v1.0

Carica papaya ASGPBv0.4
Chenopodium quinoa v1.0
Chlamydomonas reinhardtii v5.5
Chromochloris zofingiensis v5.2.3.2
Cicer arietinum v1.0

Citrus clementina v1.0

Citrus sinensis v1.1

Coccomyxa subellipsoidea C-169 v2.0
Coffea arabica UCDV0.5

Cucumis sativus v1.0

Daucus carota v2.0

Dunaliella salina v1.0
Eucalyptus grandis v2.0
Eutrema salsugineum v1.0
Fragaria vesca v1.1

Glycine max Wm82.a2.v1
Gossypium hirsutum v1.1
Gossypium raimondii v2.1
Helianthus annuus r1.2
Hordeum vulgare r1
Kalanchoe fedtschenkoi vi.1
Kalanchoe laxiflora v1.1
Lactuca sativa V8

Linum usitatissimum v1.0
Malus domestica v1.0
Manihot esculenta v6.1
Marchantia polymorpha v3.1
Medicago truncatula Mt4.0v1
Micromonas pusilla CCMP1545 v3.0
Micromonas sp. RCC299 v3.0
Mimulus guttatus v2.0
Miscanthus sinensis v7.1
Musa acuminata v1

Olea europaea var. sylvestris v1.0
Oropetium thomaeum v1.0
Oryza sativa Kitaake v3.1
QOryza sativa v7_JGI
Ostreococcus lucimarinus v2.0
Panicum hallii v2.0

Panicum hallii v3.1

Panicum hallii var. hallii v2.1
Panicum virgatum v1.7
Panicum virgatum v4. 1
Phaseolus vulgaris v2.1
Physcomitrella patens v3.3
Populus deltoides Wv94 v2.7
Populus trichocarpa v3.0
Populus trichocarpa v3.1
Porphyra umbilicalis v1.5
Prunus persica v2.1

Ricinus communis v0.1

Salix purpurea v1.0
Selaginella moellendorffii v1.0
Setaria italica v2.2

Setaria viridis v1.1

Setaria viridis v2.1

Solanum lycopersicum iTAG2.4
Solanum tuberosum v4.03
Sorghum bicolor Rio v2.1
Sorghum bicolor v3.1.1
Sphagnum fallax v0.5
Spirodela polyrhiza v2
Theobroma cacao vi.1
Trifolium pratense v2
Triticum aestivum v2.2
Vigna unguiculata v1.1

Vitis vinifera Genoscope. 12X
Volvox carteri v2.1

Zea mays Ensembl-18

Zea mays PH207 v1.1
Zostera marina v2.2



Bases de données Stockage de données brutes Transcriptome

GEO
https://www.ncbi.nlm.nih.gov/geo/

Gene Expression Omnibus %o

Gene Expression Omnibus

GEO is a public functional genomics data repository supporting MIAME-compliant data submissions. Array- and
sequence-based data are accepted. Tools are provided to help users query and download experiments and curated gene

expression profiles.

Keyword or GEQ Accession Search
Getting Started Tools Browse Content
Owerview Search for Studies at GEO DataSets Repository Browser
FAQ Search for Gene Expression at GEO Profiles DataSets: 4348
About GEO DataSets Search GEO Documentation Series: |:J 103808
About GEO Profiles Analyze a Study with GEO2R. Platforms: 18995
About GEOZR Analysis Studies with Genome Data Viewer Tracks Samples: 2689466

How to Construct a Query Programmatic Access

How to Download Data FTP Site


https://www.ncbi.nlm.nih.gov/geo/

GEO DataSets » |poplar AND wood |

Create alet  Advanced

Summary = 20 per page » Sort by Default order =

Search results
Items: 1 to 20 of 181

Series GSE49911

Status
Title

Qrganism
Experiment type
Summary

Overall design

Contributor(s)
Citation(s)

Submission date
Last update date
Contact name
E-mail

Organization name

Department
Lab

Street address
City
State/province
ZIP/Postal code
Country

Platforms (1)

Samples (18)
H More...

Relations
BioProject
SRA

Query DataSets for GSE49911

Public on Apr 01, 2014

SMND1 Transcription Factor-Directed Quantitative Functional Hierarchical
Genetic Regulatory Network in Wood Formation in Populus trichocarpa

Populus trichocarpa
Expression profiling by high throughput sequencing

We focused on RNA-seq-based full transcriptome responses to PtrSND1-B1
overexpression at 7, 12, and 25 h in stem defferentiating xylem (SDX)
protoplasts

We transfected PtrSND1-B1l and sGFP into stem differentiating xylem
protoplasts and performed RMNA-seq to reveal the whole transcriptome.

Chiang VL

Lin ¥iC, Li W, Sun Y¥H, Kumari S et al. SND1 transcription factor-directed
guantitative functional hierarchical genetic regulatory network in wood
formation in Populus trichocarpa. Plant Celf 2013 Nov;25(11):4324-41.
PMID: 24280390

Aug 15, 2013

Jun 17, 2016

Vincent L Chiang

vchiang@ncsu.edu

Morth Carolina State University

Forestry and Environmental Resources

Forest Biotechnology Group

840 Main Campus Drive

Raleigh

NC

27095

USA

GPL17579 Illumina Genome Analyzer IIx (Populus trichocarpa)

GSM1209500 GFP (7h)-1
G5M1209501 GFP (7h)-2
GSM1209802 GFP (7h)-3

PRINAZ15318
SRPO28843



Bases de données Intégration de données transcriptome

Ex : PopGenlE = Populus Genome Integrative Explorer
https://www.ncbi.nlm.nih.gov/geo/

Potri.018G142700.5, POPTR_0001s03760, AT2G32080.2 or desc

Genome Tools  Expression Tools  Analysis Tools Community Annotation FTP  Projects Help Populus trichocarpa -

Welcome to v3 PopGenlE: The Populus Genome Integrative Explorer

Click here to §Si:li#R0 i@ of PopGenlE basic features.

v exHeatmap

v Enrichment

S. suchowensis v Chromosome Diagram
v4.1 - Nanjing Forestry University v GBrowse

v Sequence Search

v WebApollo

Genome Data | Expression Data
P. trichocarpa . =
v3.0 - Phytozome v10.1 ; eximage and exPlot _
| —e P. trichocarpa Tissues enle.QB_C,
microamay ~
P. tremula : —o ;’;l;.r:er;lu!a exDiversity e g T
v1.1 - UPSC @ — 4 i
| P. tremula exAtlas =T % - Gn enle&
I —9 RNA-s=q <) P q
| exNet and exHeatmap l %
P. tremuloides | —o P. tremula exAtlas —
v1.1 - UPSC | Al s
——@& P. trichocarpa congenie.oss
| microamay
. |
P. tremula X tremuloides-T89"
: | v BLAST
v0.1 - UPSC [draft version] | / GenelList
| J Gene Pages
| J eximage
P. tremula X alba - '717-1B4' I / exNet
v1.1 - AspenDB | v exPlot
|
|
J



https://www.ncbi.nlm.nih.gov/geo/

NB :

Chague année, la revue NAR sort un numéro spécial sur les bases de données de biologie moléculaire

Nucleic Acids
Research

Volume 46, Issue D1
4 January 2018

Article Contents
Abstract

NEW AND UPDATED
DATABASES

NAR ONLINE MOLECULAR
BIOLOGY DATABASE
COLLECTION

ACKNOWLEDGEMENTS
FUNDING

REFERENCES

B Comments (0)

Next =

The 2018 Nucleic Acids Research database issue and
the online molecular biology database collection 3

Daniel J Rigden ™, Xosé M Fernandez

Nucleic Acids Research, Volume 46, Issue D1, 4 January 2018, Pages D1-D7, https://doi.org
/10.1093/nar/gkx1235
Published: 18 December 2017  Article history v

Abstract

The 2018 Nucleic Acids Research Database Issue contains 181 papers spanning
molecular biology. Among them, 82 are new and 84 are updates describing
resources that appeared in the Issue previously. The remaining 15 cover
databases most recently published elsewhere. Databases in the area of nucleic
acids include 3DIV for visualisation of data on genome 3D structure and
RNArchitecture, a hierarchical classification of RNA families. Protein databases
include the established SMART, ELM and MEROPS while GPCRdb and the
newcomer STCRDab cover families of biomedical interest. In the area of
metabolism, HMDB and Reactome both report new features while PULDB
appears in NAR for the first time. This issue also contains reports on genomics
resources including Ensembl, the UCSC Genome Browser and ENCODE. Update
papers from the IUPHAR/BPS Guide to Pharmacology and DrugBank are
highlights of the drug and drug target section while a number of proteomics
databases including proteomicsDB are also covered. The entire Database Issue
is freely available online on the Nucleic Acids Research website
(https://academic.oup.com/nar). The NAR online Molecular Biology Database
Collection has been updated, reviewing 138 entries, adding 88 new resources
and eliminating 47 discontinued URLs, bringing the current total to 1737
databases. It is available at http://www.oxfordjournals.org/nar/database/c/.

Issue Section: Database Issue



Conclusions

Analyse du transcriptome : génere des données de grandes dimensions, qu’il faut stocker
et savoir traiter - Besoins en statistiques et en bioinformatique importants. Besoins de
mettre en ceuvre des méthodes pour les représenter.

Les cellules / le tissu de départ sont / est primordial pour I'interprétation biologique des
résultats. Actuellement se développent des approches Single cell pour s’affranchir de
I'effet « mélange de cellules » et permettant de prendre en compte les phénomenes de
différentiation des cellules.

Ces données sont disponibles et partagées : Openscience / Opendata
On peut ré-analyser des données de séquence générées par des collegues avec une autre
guestion de recherche.

’'analyse du transcriptome permet de faire un catalogue exhaustif des genes exprimés
dans un organe / un tissu / une cellule donnée, d’identifier de nouveaux genes, de mieux
comprendre certains processus biologiques et peut également étre utilisée pour des
études de polymorphismes génétiques.
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