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Structural and Functional Annotations
From prediction to validation

2 case stories
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Malus domestica genome

2150 contigs / 17 chr. (624,8 Mb)
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SOAPdenovo-TRANS / Trinity RNA
seq

Daccord et al., 2017

200x Illumina + 35x PacBio + 600x Bionano
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coding genes 45116
snoRNA 410
rRNA 4369
tRNA 654
miRNA 141

snRNA 181
other ncRNA 54

undefined ncRNA 1816
total genes 52741

complete 96,8 %

fragmented 1,3 %

missing 1,9 %

transcript support 89,8 %
PFAM signature 74,8 %
TAIR or SwissProt homolog 89,6 %

quality ?

U : 93,2 %

One step further…

Gene families of interest (defense, biocontrol…) tagged by at least one published plant member
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proteome
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regions
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high

confidence

CDS
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50 gene families
1194 genes

CDS ok site ATG exons split merge underpred pseudo

753 18 55 54 23 20 32 239

78,8 % 1,9 % 5,8 % 5,7 % 2,4 % 2,1 % 3,4 % 20 %

955 functional genes
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Arabidopsis thaliana

Focus on a small gene of unknown function, strongly induced by the necrogenic bacteria Erwinia
amylovora

Fireblight on Rosaceae
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MEME

Uniprot screening

MAST

Motif searching
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Arabidopsis thaliana

Arabidopsis lyrata

Capsella rubella

Camelina sativa

Eutrema salsugineum

Arabis alpina

Brassica napus

Brassica rapa

Brassicaceae specific
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SCOOP motif
Serine riCh endOgenOus Peptide

72 sites
(e-value of 9.8e-213) 

39 sites
(e-value of 3.4e-179) 
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Structural features of small post-translationally modified secreted peptides in plants :

Multiple paralogous genes (from 3 to 30)

Encode 70 to 120 aa pre-propeptides

Contain N-terminal secretion signal (RE)

No or few Cysteine residues

Sequence diversity excepted in the C-terminus corresponding to 5 to 15 aa mature peptide

from Matsubayashi, 2011

• Tyrosine sulfation
• Proline hydroxylation
• Hydroxyproline arabinosylation
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Phytosulfokines
cell elongation, growth, development
pollen tube growth, vascularisation
attenuate pattern-triggered immunity

CLE family

shoot/floral meristem development
root apical meristem development

vascular cell differentiation

Root meristem
Growth Factor

root development
interact with auxin

floral abscission
cell wall, lateral roots

Inflorescence Deficient in Abscission

PSY family
cellular proliferation
regulate plant defense responses

root development

Cter-Encoded Peptide  family
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Oxidative stress

Abiotic stress

JA-SA related mutants

Root growth
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Silencing mutants

Various experiments

Transcriptome mining

Differential expression - Metadata

Zaag et al., 2015

Matrix
{DE genes x samples}

Clustering
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83 genes co-regulated with PROSCOOP12 (response to necrotrophic bacteria and fungi)
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nitrogen

metabolism

phenylpropanoid

pathway

PTI

hormone

crosstalk

literature co-citation

PPI

KEGG pathway

co-expressed genes

additional associated
genes

defense genes

SA genes

SA / JA genes

JA genes

SA / JA / ABA genes

ABA genes

nitrogen genes

nitrogen / defense genes

PROSCOOP
12

other, unknown function

PSK4

AT3G21351

PROVIR10

Relational annotation of PROSCOOP12
117 genes
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Validation 1 : mutant phenotyping (T-DNA and CRISPR-Cas9 lines)

Erwinia amylovora infection

proscoop12WT
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Validation 2 : synthetic peptide
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H202H202

cell death

differentiation

elongation

Root Leaf

PROSCOOP12

processing

BAK1

FRK1

Callose triggered

immunity

Development Stress response

AtPep1

positive
feedback

SCOOP12

PI-PLC

DGK

Pathogens

antioxidant responses

Functional model

The SCOOP12 peptide regulates defense response and root elongation in Arabidopsis thaliana.
K. Gully, S. Pelletier, M.-C. Guillou, M. Ferrand, S. Aligon, I. Pokotylo, A. Perrin, E. Vergne, M. Fagard, E. Ruelland, P. Grappin, E.
Bucher, J.-P. Renou, S. Aubourg. J. Exp. Bot. (in press)
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