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Introduction

Insectes ravageurs

Les insectes provoquent des dommages
Chaque jour 10-20% de la production mondiale agricole est détruite par les insectes herbivores

Aphids Spodoptera
® bréche dans le phloéme ® megapest
® |ésion ® polyphage (coton, maize)
® transmission de virus ® immune
® prolifération des pathogenes b
® miellat L4
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Introduction Puceron et polyphénisme de reproduction

Pucerons du pois
Parthénogénese vivipare et forte démographie
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Introduction Puceron et polyphénisme de reproduction

Pucerons du pois
Cycle annuel
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Introduction Puceron et polyphénisme de reproduction

Pucerons du pois
Cycle annuel
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Sexual morphs
Meiosis

‘\ Viviparity
Sexuparae: parthenogenetic

females producing sexuals.
3 generation process
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Introduction  Puceron et polyphénisme de reproduction

Pucerons
Régulation du polyphénisme de reproduction

Transduction

‘ Juvenile Hor'manes and others
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Introduction  Puceron et polyphénisme de reproduction

Pucerons
Régulation du polyphénisme de reproduction

L4 Adult Parturition

nnm
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treatment
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Introduction Puceron et polyphénisme de reproduction

Pucerons
Régulation du polyphénisme de reproduction

Prlntemps Printemps

@H:ve} Eté g@ @H:v Eté &g

Automne O \ Automne /

Lignées "sexuées" z Lignées asexuées
(N gén. clonales + 1 gén. sexuée) (perte totale ou partielle du sexe)
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Introduction  Puceron et polyphénisme de reproduction

Pucerons
Régulation du polyphénisme de reproduction
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F1a. 1: D.E. Schones and K. Zhao Nature Reviews Genetics 2008
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Introduction  Puceron et polyphénisme de reproduction

Pucerons
Régulation du polyphénisme de reproduction

Epigenetic regulation E !
Gene
pretocerebrum —_}(-‘

lTranscription

mRNA )
Post-transcriptional regulation . 2
lTranslation Sexuals ® gPu thenogenetics
'4' )
Proteins

Meiosis ‘_‘ [~ 2+ N No meiosis

Haploid [\ Trans-generational 1 pyp1qiq
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Introduction Catalogue des données

Données NGS

RNA-Seq

1 2 génotypes distincts

e LSR1 (cycle sexué/parthénogénese) : 11 632 206 paires ends
e L121 (asexué) : 11 778 570 paires ends

2 2 stades différents

e sexupare L4 : +20 M
e sexupare adulte : +20 M
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Introduction Catalogue des données

Données NGS

ChIP-Seq

1 diméthylation de la lysine 4 de I'histone H3 (H3K4me2) : marque de
chromatine centromérique chez la drosophile

o H3K4me2 : 24 715 862 paires
e controle : 33 067 689 paires

2 diméthylation de la lysine 9 de I'histone H3 (H3K9me2) : marque
d'hétérochromatine chez la drosophile

® €n cours
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Introduction Catalogue des données

Données NGS

Small RNAs

1 adulte parthénogénétique : 3 M
2 sexuperae L4 : 26M
3 sexuperae traité
e 3 stades (T1, T2, T3) : 37M seq nettoyées
4 sexuperae non-traité :
e 3 stades (T1, T2, T3) : 43M seq nettoyées
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Introduction Catalogue des données

Génome du puceron du pois

Acyrthosiphon pisum

4 chromosomes (525 Mb)

464 Mb assembled in Dec 2007 (6.2X)

72 844 contigs (N50 : 10.7kb) - 22 801 scaffolds (N50 : 88.5 kb)
34821 genes (7% genome)

13911 different Transposable elements spread over 466727 loci (cov :
28.5%)
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Small non coding RNAs  genome mapping

Deep sequencing prediction

From Sequences

3,000,000 lllumina-Solexa ] I
reads ““
851,979 short RNA sequences o ‘ \ /‘f \
(mean : 25.2 bp, median : 26 £ /00
bp, max : 33 bp, min : 1 bp) 7 N
to alignments on the genome
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Small non coding RNAs  genome mapping

Deep sequencing prediction

From Sequences

to alignments on the genome

Using global alignment process (Gassst Rizk and Lavenier, Bioinformatics
2010)

Similarity

percentage | mapped uniques | mapped reads loci
90% 503,928 2,372,927 12,608,723
95% 335,844 1,798,056 4,068,078
100% 230,791 1,470,943 1,890,385
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short interfering non coding RNAs miRNA

miRNA

miANA gene
SAA
HO00

Pri-mifHA

Cytopiasm  Nucleus 0 Droshal Miotoprocsssor

Pasha compleit

Pre-miRNA
n
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ﬂ Dicar
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ﬂ Unuind
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Target gana
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short interfering non coding RNAs miRNA

exhaustive extraction
The hairpin review
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short interfering non coding RNAs

Feature

minimum free energy /sequence length *100
unpaired base percentage

monomer repetition percentage

dimer repetition percentage

GC percentage

Maximum asymmetry observed in a single loop
terminal loop region excluded

Total asymmetry observed over all loops
terminal loop region excluded

Maximum asymmetry observed in the terminal loop
region

Maximum size of internal loop

Total size of internal loops

left arm length

right arm length

total sequence length

score reported by Microprocessor

SVM (Snorre A. Helvik et al. 2006)
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exhaustive review
Hairpin filtering

AMFE < 31.7685

GC. < 01455668
R2 <009143

TaileTotdle <765

<0023

R2<04221492
TaleBojge<75 "




short interfering non coding RNAs miRNA

mirDeep

Desp sequencing reads Optional:
genome annotaton

mapped 1o the genoms.
Discard reads that map
‘Geramic lac
Optiora: discard raada that
‘map to (ANAS, (RINAS, otz
= Us= s=quence reads.
16 eoise petsntial
U s precursors
from the genome
—= Discard uniiksly
B . R

¥

=

=55 mmneep cors aigoritm:

= “ecorig of
Sinnirs and signature

e .

FI1G. 1: Friedlénder et al., Nat Biotechnol. 2008




short interfering non coding RNAs miRNA

e 161 mature microRNA

e 189 precursors

—
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short interfering non coding RNAs miRNA

Results

e 161 mature microRNA 29
e 189 precursors

e Only 53 (32.9%) of the 161 aphid mature miRNAs showed significant
homology with known miRNAs.

Q miRDeep
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short interfering non coding RNAs miRNA

miRNA expression and the switch of reproductive mode

10 replicates of 149 miRNA and their mir*

only four mature miRNAs and nine mir* gave no
signal with any of the hybridizations.

® 17 miRNAs showed significant differences
between the morphs

Legeai etal. BMC Genomics 2010, 11:281
hitp://www.biomedcentral.com/1471-2164/11/281

BMC
Genomics

RESEARCH ARTICLE Open Access

Bioinformatic prediction, deep sequencing of
microRNAs and expression analysis during
phenotypic plasticity in the pea aphid,
Acyrthosiphon pisum

Fabrice Legeai1,2, Guillaume Rizk?, Thomas Walsh?, Owain Edwards?, Karl Gordon®, Dominique Laveniers,
Nathalie Leterme?, Agnés Méreau?, Jacques Nicolas?, Denis Tagu' and Stéphanie Jaubert-Possamai*!
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Sexuparae  Oviparae

12 31 2 3
mirt3a
mir2a-1
mir2a-2
mir7
let-7

f mir580*
mirt00

Sexuparae Virginoparae

12 31 23

mir307*
mir34
mir-X47
mirX-52*
mirX103

Oviparae  Virginoparae

123123
mir-X110*
mir2a-2
mir2%b
mirl0
mi275

| mirx81*
let-7
mirl00
mifk103

Log2(s/0)

1.03
122
135
112
-2.88
-0.92
-1.32

Log2(s/0)

059
-0.76
-1.04
-0.36
-0.72

Log2(V/0)

094
126
264
225
-0.73
-0.66
295
-1.32
072
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short interfering non coding RNAs miRNA

Validation avec un nouveau jeu de données

e transcription de 119 / 161 microARN
e transcription de 69 / 108 microARN spécifiques

e 46 microARN différentiellement exprimés entre les 2 conditions a au
moins 1 des stades
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short interfering non coding RNAs piRNA

piRNA features

e 26-30 nucleotides long

e no structural motifs |
® no conservation among species oA
e mainly associated with repeats SR ,,/ \

(rasiRNA)

e in euchromatin, often distributed in
discrete loci from at least 20 piRNAs
(flamenco, Maf in flies)

‘‘‘‘‘‘

e strong and strict interaction with a
transposon

o preference for a 5’ term U
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short interfering non coding RNAs piRNA

piRNA transposon silencing mechanism

Antisense precursor transcript
o 1234567890 2
5 000000000000 0000 ¥
¥ OOOOOOOOOOOOOOOOOOOOOOO OPO-5"
0987654321
AGO3-associated sense piRNA

. sense
pIRISC

e - @ —

Exonuclease

Antisense pIRNA precursor

Sense transposon MRNA

Antisense SAM
] PRISC sAH
3 ZLOCH’ 5 v 2-0CH, <= -~ FD

Se (]
ransposon transcript Bronuclease
/AUB-associated antisense piRNA
1234567890 %
OPO-5 ¥
¥ 0000000000000000C000000ROOOOCEO00000C00000 s
10987654321
Sense transcript
Fia. 2: Ghildayal M and Zamore D, Nat Rev Genet 2009
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N - ke e o onRcou R NETI  viRNA

Nucleotide bias

| size | gene sense | gene antisense | repeat sense | repeat antisense | intronic | intergenic

[EZHN I A N N I A

[EEHN I I N A I

[ECHN I I N A I
[NEZZ I A N A I I

ECH I I N A U
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N - ke e o onRcou R NETI  viRNA

Nucleotide bias

X X X X
I O I I I N I
X X X X X
I I N S O N R
X X
I N N N S S R
I N N N S S R
I N N E S S R
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s hontser einginoTicott R RIVASIN  piRNA
Nucleotide bias

X X X X X X
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s hontser einginoTicott R RIVASIN  piRNA
Nucleotide bias
[ size | gene sense [ gene antisense | repeat sense | repeat antisense | intronic | intergenic |
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short interfering non coding RNAs piRNA

piRNA

Masterloci
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F1G. 3: Drosophila Flamenco locus, Brennecke et al Cell 2007




short interfering non coding RNAs piRNA

piRNA

Masterloci
rE—— e : ‘ )
L Ihll _-H-| -__.-F ) 10 - Ill -
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F1G. 3: Drosophila Flamenco locus, Brennecke et al Cell 2007

=> Region selection where several small RNAs 26-28bp long were uniquely mapped (141644 /
230791)

s
B IRISA v
S YIP-NGS



short interfering non coding RNAs piRNA

piRNA

Masterloci

EQ120815

t t i t } i t ) + +HH ) i +HHH ) t + + g t + t
1% 46k 47k 18k 48k 20k 2k 22k 23k 24k 25k 26k 27k 26k 29k 3ok 3k 32k 33k 3k 35k 36k
EE B EQ120815.piRNA

Piii’“)‘“) &k Xy ROROR B BRI PRY >IIE) B3% > BERE B BN R INN pod
B E H Reference annotation v1.2 (transcript)
GLEAN_32273 GLERN_32275 GLEAN_32271 BLEAN_32270 GLEAN_32269  GLEAN_32268
L == S s e
H1_001947766 GLEAM_32267
Bel/Pao LTR retrotransposon_
BE @ mIRNA
Region from 20,000 to 34,000
type number (strand) gene gene transposon | transposon
sense | antisense sense antisense
unique 572 (5664, 6-) 4 223 27 63
non unique | 273 (252+,21-) 4 72 44 56
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short interfering non coding RNAs piRNA

piRN.

Masterloci

EQ120815

o t + + + ) + i ) + i t + i ) t + + i + + t
1% dok 47k L8k 45k 20k 21k 22k 23k 24k 25k 26k 2¥k 20k 29k 3ok 3k 32k 33k 3k 35k 3ok

BEH EQ120815.piRNA

iRNA
P 4B Ky BORCOR D B ORDNNBRD > IV 3% > BHHE 3B BH I > %
EIE @ Reference annotation v1.2 (transcript)
GLEAN_32273 GLEAN_32275 GLEAN_32271 GLEAN_32270 GLEAN 32269 GLEAN 32265
mwy e caa - aam ewd
H1_001847766 GLEAN_32267
——
Bel/Pao LTR retrotransposon_
B
EE B miRNA
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short interfering non coding RNAs piRNA

piRNA

Masterloci

EQ120815

4 n L 4 | b | T | T | 4 n I n L 4
19k 16k 17k 18k 19k 20k 21k 22k 23k 24k 20k 26k 27k 28k 20k 30k 31k 32k 33k 3dk 30k 3Bk

BB B EQ120815.piRNA

iRNR
P 5B > GROICOD D BN BRI > IEIWI PIR > INE B BIBO>IRIEEB >
EE B Reference annotation v1.2 (transcript)
GLEAN_32273 GLEAN_32275 GLEAN_32271 GLEAN_32Z270 CLEAN_32269  GLERAM_32268
s - caa - caa—Tm | et
1001347766 GLEAN_32267
—
Bel/Pao LTR retrotransposon_
EEH miRNA
Gene Type Annotation Alignment to Repbase
XM_001947766 RefSeq piggyBac transposable element derived 1 Vandal6 piggyBag
Glean_32271 Glean Hypothetical protein none
Glean_32270 Glean Hypothetical protein none
Glean_32269 Glean Hypothetical protein none
Glean_32268 Glean Hypothetical protein none
Glean_32267 Glean reverse transcriptase Gipsy

™ IRISA INA

ISYIP-NGS



short interfering non coding RNAs piRNA

Antisense genes

Genes Loci Uniques
RefSeq | Glean RefSeq Glean RefSeq | Glean
in the aphid genome 10466 24355

with sense piRNA 4740 7452 16896 76358 15335 | 26526
with antisense piRNA 1061 8086 7148 202,625 6682 49846




short interfering non coding RNAs piRNA

Validation des clusters avec un nouveau jeu de données
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short interfering non coding RNAs piRNA

Validation des clusters avec un nouveau jeu de données
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Eztension et intégration de données
Ezxtension et intégration de données

Methylome

Epigenetic regulation Histone marks

Gene

Transcriptome
microarray
RNA-Seq

Photoperiod mRNA alternative splicing

Post-transcriptional regulation
lTranslation Small non coding RNAs
miRNAs
PiRNA
Proteins endosiRNAs

lTranscription

Proteomics
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Ezxtension et intégration de données

Ezxtension et intégration de données

cible microARN rupture de synténie

piRNA

Cytosines méthylées
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Ezxtension et intégration de données

Ezxtension et intégration de données

Annotati Genomes Populations

0 nnotation Epigenetics

O  Transcriptomics \\

2 p \ / GenomeScan
Proteogenomics

% \

& Morph. Atlas —_— E‘ T Phenotype
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Ezxtension et intégration de données

Ezxtension et intégration de données

Fichier Edition Affichage Historique Marque-pages Outils Aide

& & v @ O @ [8|nhttpsameools.sourceforge net/ v \
google [& Les plus visités v ESURGI v Java v IRISA~» = Persov Perlv £ GnpAnnotv nsectv IGMOD~ Biblio v 5
[@] SAMtools + hd
SOURCEFORGE.NET*
Home
Introduction eral Information
- . SAM Format Specification
SAM (Sequence Alignment/Map) format is a generic format for storing large nuclectide SE Project Page
N N SF Project Page
sequence alignments. SAM aims to be a format that SF Download Page
Mailing Lists
® |sflexible enough to store all the alignment information generated by various
alignment programs;
® |ssimple enough to be easily generated by alignment programs or converted from
existing alignment formats;
= |scompactin file size
. \Mtools in C
= Allows most of operations on the alignment to work on a stream without Ioading the
whole alignment into memory; General Introduction
. A‘Hmﬂ:s [h[? m? to be indexed by genomic position to efficiently retrieve all reads Manual Page
algningtoalocus Pileup Format
Multisam)| o]
SAM Tools provide various utilities for manipulating alignments in the SAM format, Consensusindel Calling
including sorting, merging, indexing and generating alignments in a per-position format :
SAMtools is hosted by SourceForge net The project page is here. The source codes are
available from the download page. You can check out the latest source codes with
T )

—
= |RISA




Ezxtension et intégration de données

Ezxtension et intégration de données

Fichier Edition Affichage Historigue Marque-pages Outils Aide

@ P ~ @ O 4 ®|httpysearch.cpan.org/~Ids/Bio-SamTools/lib/Bio/DB/Sam.pm

v: Bio::DB::Sam @,

'Jgoogle
W Bio::DB::5am - search.cpan.org | =

C P ﬁ Hme Authors - Recent - News - Mirrors - FAQ - Feedback

~
in (Al %) [[CPN S=arch

Les plus visitées v FSURGI~ f=Java~ FIIRISAv F=Persov (= Perlv F=GnpAnnotv &Jlnsect~ F2GMOD~v »

Lincoln D.Stein > Bio-SamTools' > Bio:DB:Sam

permalink

Module Version: 1.21 Source

NAME 1 e
SYNOPSIS €
DESCRIFTION L
The Righ-level API Download:
The low-leve| AP| Bio-SamTools
Bio:DE::Sam Constructor and basic accessors 12l0araz
Getting information about reference sequences
Creating and querying segments Dependencies
Retrieving alignments, mate pairs and coverage infarmation
The generic fetch() and pileup() methods Annotale If
Indexed Fasta Files
TAM Files
BAM Files
BAM index methads
BANM header methods lView Bugs
Bio: DE:Bam: Pileup methods Report a bug
The alignment objects
EXAMPLES
GBrowse Compatibility
SEEALSO
AUTHOR

NAMEE

Bin:DB:Sam -- Read SAM/BAM database files
SYNOPSIS &

| use Bio::DB::Sam; | Tl
— k
= IRISA ) INRA



Ezxtension et intégration de données NGS

Autre collection de NGS

Aphids | Spodoptera
frug. | litt.
RNA-Seq (454) X X
RNA-Seq (Illumina) X X X
RNA-Seq (pair ends) X
ChIP-Seq X X
Genome sequencing X X
resequencing X
P IRISA INA
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Eztension et intégration de données NGS

RNA-Seq 454 Assembly

TGICL++, a multi-step Transitive Clustering and Assembling
S. Carrere, J. Gouzy INRA, Toulouse
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Eztension et intégration de données NGS

RNA-Seq 454 Assembly

TGICL++, a multi-step Transitive Clustering and Assembling
S. Carrere, J. Gouzy INRA, Toulouse

Jean-Pierre

Gauthier

INRA Rennes .
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Extension et intégration de données NGS
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