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200x Illumina + 35x PacBio + 600x Bionano Malus domestica genome
1 Daccord et al., 2017

2150 contigs/ 17 chr. (624,8 Mb)
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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

One step further...

quality ?

complete 96,8 %
fragmented BUSL@V3 1,3%
missing 1,9 %
transcript support 89,8 %
PFAM signature 74,8 % U:93,2%
TAIR or SwissProt homolog 89,6 %

Gene families of interest (defense, biocontrol...) tagged by at least one published plant member
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Gene Families genenb ok site ATG exons split
Custeine-rich secretory protein [PR-1] 20 15 ] 1 1 0
Glycasul budrolase Family 17 [PR-2] K= 58 ] K 5 4
Barwin domain protein [PR-4] 3 3 ] 0 0 0
Thaumatin [FR-5] 35 25 1 2 1 1
Chitinase AlGlvcosyl hudrolase Family 12 [PR-3] 23 13 ] 1 1 0
Prateaze inhibitar'seed storage/L TP Familu [PR-14) 27 26 ] 0 0 0
Cupindgerminfosalate aridase [PR-15,PR-1E6] 33 23 1 1 2 0
Faluphenol oxidase (FPO) 12 1 ] 0 1 0
- Hudroxumethulglutaml-Cod reductasze [HFGRE] 4 4 ] 0 0 0
50 gene fa mi I 1es F armesul diphosphate sunthase [FOS) 4 2 ] 0 2 0
Terpene Sunthase [TFS) 32 21 z 1 T 1
1194 genes Puridoxal phosphate [PLP)-dependent transterazelbllinase/C50 g g ] 0 0 0
Azcorbate Peroridase (AP0 3 5 n] q ] ]
Glutathione S-transferase [GST] 50 gz ] 1 2 2
Gluzan sunthazelCallose sunthasze 14 K 3 1 1 2
Pectinesterase it} B5 1 1 2 1
Cimnamaoul-Cod reductazelEpimerase (CAD) =) d3 q 2 3 2
Tubulin alpha 10 3 ] 0 0 1
Actin 1 2 0 3 1] 1]
CDS ok site ATG exons split merge underpred
753 18 55 54 23 20 32
78,8 % 1,9 % 5,8 % 5,7% 24% 2,1% 3,4 %
— —— _
955 functional genes
PallEr = eNertensin gl EET o 1 Z (i)
Pectate luaze C 25 24 ] 0 1 0
MPRIMIM Family 1 7 1 1] 1] 1
Saliculic acid carbosul methultransterase [SAM) 32 2d 1 5 2 0
‘wall-azzociated kinaze [\Wak] 14 n ] 1 1 1
Aaalutimine 2d 3 ] 0 0 0
Translational Elongation Factor 1-alpha T 4 ] 2 1 0
Genes with transcription affected by idansniz aomeads 10 g ] 1 1 0
Genes with transcription affected by Smvinéz amodamana G G ] 0 0 0
Aluminium activated malate transparter [BLMTI 2o 22 1 1 0 1
Acetoacetul-Cob thiolase [(RACT] 3 2 ] 1 0 0
HMGS-Cad sunthase (HMES) 2 2 0 1] 1] 1]
Mevalonate kinase [MWYE] z z n] ] ] ]
Phosphomewalonate kinaze [PME] 2 2 ] 0 0 0
Mewalonate diphosphate decarbosulase (MVO) 2 2 ] 0 0 0
_ __1cth lzapentenul diphosphate izomeraze [100) Z2 Z2 ] 0 0 0
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Arabidopsis thaliana Q§

Analysis of CATMA transcriptome data identifies hundreds of novel functional
genes and improves gene models in the Arabidopsis genome

Sébastien ,"-‘kut}cuuru,m1 Marie-Laure Martin-Maunieﬂe,1'2 Veéronigue Elrun;au.u:l,1 Ludivine Taconn;alt,1 Frédérigue Elit’[on,1

Sandrine Balzergue,! Pauline E Jullien,® Mathieu Ingouff.? Vincent Thareau,* Thomas Schiex,® Alain Lecharny,# and
Jean-Pierre I:E.ermuE1

BWC Genomics. 2007; &: 401.

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

Fireblight on Rosaceae
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Chromosome 5
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ATSGZ44572
ATS5G44574
ATSE245€ES
ATS5G44578
ATS5GZ44580
ATSGZ44582
ATS5GZ44585
ATS5GZ44575

newl

news
ATSE445€68
ATIGZZ2850
ATI1GZZ28BS
ATSE44570
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Motif searching

Gene |D and Protein names

AT5G44565

nd

nd
AT5G44568
AT5G44570
ATEG44572
ATS5G44574
AT5G44575
AT5G44578
AT5G44580
AT5G44582
AT5G44585

AT1G22885
AT1G22890

PROSCOOP1
PROSCOOP2
PROSCOOP3
PROSCOOP4
PROSCOOPS
PROSCOOPS
PROSCOOPY
PROSCOOPS
PROSCOOP9
PROSCOOP10
PROSCOOP11
PROSCOOP12
PROSCOOP13
PROSCOOP14

Motif locations and p-values
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Uniprot screening



Arabidopsis thaliana
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Gene |ID and Protein names Motif locations and p-values
AT5G44565 PROSCOOP1 e Je-13 — 4e-10 —
nd PROSCOOP2 s 2e-5
nd PROSCOOP3 mosssss— 2e5
AT5G44568 PROSCOOP4 — oosssss 3e-5 -
AT5G44570 PROSCOOPS s 2e-6
AT5G44572 PROSCOOPE messsss——— 8e-13— 7e-5 le-9 —
AT5G4457T4 PROSCOOPT7 s 5e-11 —
AT5G44575 PROSCOOPS8 moeesssss—————————— 2e-10 — 5e-7 —
AT5G44578 PROSCOOPY s 8e-b le-9 — le-8 —
AT5G44580 PROSCOOP1) meeessss———— 728 — le6 — 6e-12 — 3e9 —
AT5G44582 PROSCOOP11 mss——————— 5¢-15 — 6e-8 le-8 —
AT5G44585 PROSCOOP12 meessss——  — — le6 - 1le7
AT1G22885 PROSCOOP13  me— Je-9 -
AT1G22890 PROSCOOP14 me— 4e-§ -
motif 1 motif 2

4 4

. B |

1 1

K

72 sites

39 sites

(e-value of 9.8e-213) (e-value of 3.4e-179)

SCOOP motif
Serine riCh endOgenOus Peptide
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Secreted peptide hormone gene

!

Prepropeptide
Signal peptide I
Propeptide ] | CcC C C CGC|
Poststranslational medification Disulfide bond formation
Processing . Tyrosine sulfation [Processing}

* Proline hydroxylation
X X * Hydroxyproline arabinosylation

Mature peptide

Small posttranslationally Cvsteine-rich tid
ysteine-rich peptide

modified peptide

from Matsubayashi, 2011

Structural features of small post-translationally modified secreted peptides in plants :

W4 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

S. Aubourg — PEPI IBIS — 15t Nov. 2018



A sk
paEL e METRSEVETFFFTLYLLLSMASSYILAEDGE APBRPSETTHEAS THCORDGVENS DSE [ 44 cell elongatlon: grOWthl development
PEe2 eV SAL L T DHELCESTIMC 7= BRPEBAL TSI TTAARCMME RN LKL DOMMVE [ RETLY ar H . .
PEK3 == emmem=HKGS LCLAVL FLILS T3 55T RRGKEDGE INBLYSAT SV DEVNKLWGMEY : REMMTES 11 PhytOSUIfOklnes pollen tube growth, vascularisation
PEEd WG KT P IMALEL EETUT Y AL THTTTTAL SommEm SymbE [ RESLVI el . . .
P3KS MVKFTTFLCTTALLLESTLTHAS ARLKET 5¥amPF amENa S Pkl I RRTLYA " attenuate pattern-triggered immunity
B civueLe
CLVE - FLLLL & Il. Qs HAH VG S MR KHHMCME S ERVGANC] <Te@ L TR O UNEERQPERMEGL P a8
CLE4E SWFLI HE S5m0 FE bl GE T (o T KmAmME o= ane I T Fmmmm——— #e
CLEL [ Y N N oy L LT M FPHARGTERG—MN—TE - A EEY LBA—5M-—F £ LNERGFNESM 74
CLEZ ==MAKLE FTFCF LEFE-L -L5 STAAGSEPL--~EGARVG-VRVRGLIPEI -~ EATEPTVEDDGAALSH-- G 75
CLE3 [R5 - —LELWVELVELLYL ELT SVH-ECEPLVA- C[PF<G>S<L(HPIIL FERLKE-MEGRSEGEETILGN &3
CLEA a5 -~ FELMVELTLLL-L &
CLES MATL DR TE-IILLLTF S ILRS Y RAY SHENMOS YL HELGF 0~ LBk~ FRGHNE 51
CLES MAKLILRGSLRT TELTTYS TP TLRTYRPTTHEOMOSOVLL BELG 10 a L S = FRG) —— 1
CLEF RS m i LD v T WL VI EMEG LYPLLSEPRE &6
CLER KVLRRDS ML TTLY—FL - TT5-Me AR~ [~ P ——F—L VGVE R (= WVPAG-TILKQNKAKPHL PHLFRT -4 £
CLES SlLr'l'5 LLKESTASSTYWDEGHRT SAMFRYRTHEFVPRFNHHPYHYT-PHRECOSFI-APYA-RE-NCIELQRINRESRKQPLL SPPPP-- EIDP -RYGHDK 124
i LL-TTARAA T__R__Lh'l’__q - THATVFCY- QHM'-' rm-| RECESFS—RPYA-RE-HCTELERIHRS SR-OPLF SFPPRETELDG-RYGHEN 1e7 CLE f 'I
CLERL ~LASN-FOFTPFL-KNKDRT RO -R-05-—-PSLTVKE-NEFWENDEE 93 ami y
CLELZ NFR-RLYSLMAV—EPS L~ L0~ HYRS ALY~ S—RE—VL SDR~FFTFHSHONSRMA-H-B-S6———EQYDGUELOF~RYGVEK 118
CLELY ST GmL EGmHE S ShmmP INFERSPY I T L timL Y mm ¥ RimPom B Rmml AVKCT £ FF TPE LmK DL KRS H = MR AL muF A mG 65 ETOF nRYGHEN 187
CLEL4 NKWNSGRLS FIIVMIF ILAGLHS SSAGRELPSMTTTEE FORLSFDGKRILSEVTADKKYDRI FEASA T
CLELE B F A —C K - R - RRRRAY TTSTTG-¥—A—h¥FF - (-~ GIF -¥-—FAQF G555 -A- L FA—PDHYPSL PREAGHF———- HEMASFQ-AP -KATVS—F -TGOR-—REEENRDEVYEEDT 183 .
CLELT M VL VAR GG KRR~ MDWKMTMCF —=F ~LFF - = F-VFYWS—F~QTVL 355 -A-—-5—¥G-¥ - 5 -—R-L—HL SPPP—P-PPRKA-LE-Y-5TAP-FRGPLSRODTYGADAS 99 shoot/ﬂoral meristem deve|0pment
CLELD HEIKGLMILASSLLILAFTHOSESASHASLLMNNGSYEEEEQYLKYDSMGTIANS SAL IS H 74 . .
CLE2® MKMMMPSRPRLLCLIVELFLYIVLSKS ERRRFSSKFS—GENREFLPSORTFPYY-DAEELLPD- B3 root ap|ca| meristem deve|0pment
CLEZ1 L - TL S SR = AMKACYL - 1= IV D= FTVLVLT LTSRS S LOAGRFMT TGRNANLE =Vm AREL Y Y KN ===y =L == T EMENFMEVRRAS S = R mF =R R == KT 186
CLEZZ M i Y SRR m SRR Tm TWALL DLl mLL Fmmmmm L m mm AKAS w5 55 m PN LHAKS THom G5 Lo K S G LOPKLHOL DS KA mAS SAG Sm K Y m T Y E il 183 vascular cell differentiation
CLEZS weano TR WGHTAs - LAMS=AP 5= - 5=5F - T1 R —F 5 G-V K L—FHV: g 81
CLEZ6 RN - SR U RT—L THGWY T - —L—TDh N —E LT E 17T AN 5D ETQ0FL EOfs RND-BLEY ) i 182
CLEAS WLGSSTREMI FLLVETGLLADNRYKYS AMRHAE F FLKE TOAE KBGY—0T EETSK R S—Teli- -n D EML - KRR AR EEVM -k I3 E- £ TO—ERKNETE—B-SFK- SEL 6 [ — 124
TEIFACLESL  METENEGTNT SETL=[N -L=F LFs5LTIPHTR= BTN ==HAPHERVL=LE S STHD LR =R T[T S T S e = E F =G AT AT £
CLE4Z ] ==T 1B FL=F IEGTHIRTIOGT GER Y [HWmmDmmba T -[.<|m- FRY mlil b T WL G b [ A u‘wsnp‘unm- an
TOIF/CLESS  MRETIEREST kv IREr-1TT L1 P 5HKH S5KKTMARAERT LmLr =T T 5 5 5 A RK R E R A= F A e g S 12
C RGF .
REFL S TRV LEYLLVFSVLOWHAKVSNANFN S8 POUKNSE GLGASNG TG IAKKHAEDVIENRKT LKNVKVKVEANEKNGLE LESKEMVKKRENKKRLTRTESLTA 116 Root meristem
RGF2 . MTNITSSFLELLILLLFCLSFGYSLHGDEDEWL SVOVES MAXNMKHL DG D0 AMKE KA VRS hmmmmS GUE FSKETTKMMYma KK T TREE TN Obmmal WAY=TA 104
RGF3 - - MITL=SKILCVLIILLLLFSF Y SLHEDGR] QS SROFVS TAXATK Y =a = UMK CHa TRGRELMMAS GEKE EAE TKNKRCNRE TERRSS Kmn SVEEDGmmal WAY=TAD 11e Growth Factor
HGFA QSLEEEQILVTARLGREACHH S LDYQGDGDS STLHPKEL YOAPREVRF GRATRAEEEQYTAMNNDGMS FK IS GASKE L IVERKLGFHKRSKS 55 FKAKPHRERSSGPFYA YD ) 141
RGFS S5 THVASHTLLLFmL FLH=HS DS IHL DKVHT=TASRF 5L VEDQRYYSS 5T SKEPVIEY SRFY PGP LKHH=HRRPPLL=F & kA
RGFE SCSLRSGLYTVFCETL =L LLSSHWGCASARRRL REHKHHHHKVAS L IVFHGGERRAAL CGVETCEEVYVM B
RGFF JEMKKMS AL TTLALLFLFFTTLLLAFQGGS ADDOHGHVHVATRTE DT SNGREL K51 KPTHPTKKNGFE Y POOG SHOVIEREVYVELE 182 root development
RGFE cmemmeeemeceeeeed] MKLIRVTLFLCALATLLLYTPT S-S QL-KHPY SEPSQGL SKETVT KM -~--ATRELMI TS SEYVMT STIHEGSSEQLAVT SSGKSKDEEKKL SEEE CEXKALAKY LN 123 H H H
REFo MATRWSHKSFLYALLLILF IS SPTQARSL R-EVVRNRTLLVVEKSQE SRETRHE G565 DVDGLMDN IS 7 interact with auxin
D wa
(1) =M CRTHUVLCFYLFLARSS SCVABARTOKT=Mmmm MmN T KR, TFENSH T B LBR GVR T 7 . . . . .
Ly —==-MKLSHKTHEMTL-YINFLLIFG S YHATAR TGP TKL SETE TVGTRSROETTGGF TFE~GRV[E-HS FSKRVLIGP a6 |nf|0rescence Def|C|ent in AbSC|SS|0n
L2 MESENQRSATTSSFFVSFFTRTTLLLL TLLLGFCHGARTNTNY FNSKPHKKHNEAYSS S— -—-TK--0[f Br IPRHF 95
I0L3 MESEIHASA-—-EYQLTR-TIPILWLLLYLLSCCHGART-THY FRT 35 PPRQK DYV SPPRIHVHHQVQDH K S G5 LPRGF ¥ ..
10L4 - ——m - MY PTREHTARREL SINRPQAFLLLILCL FF IHNCDASRF S 55 FYRRPNTDHERNTYRRGH L GF LBRAL B 93 floral abscission
16LS = -——MGHIR LEAMMILVVH ISV SHRLCEADS LRAYSS SSRPQAF FKVARPHERNHHIINGGFNGODY PPE S [J56F LBKT LRI 183 I Il lat | t
cell wall, lateral roots
E rsvi
EH - vo I [P vSVEGSF ENsBFgRsL [ T M s AR oG 75 i i
At3g47295 %MT—:E E ::E@JLH SPHTLHMEG-TVETGTT s:rﬁf;ﬁ PEANHDP ﬁnmnrp-n " PSY famlly cellular proliferation
At229995 [t ALLSE-WRTS Lsr N R P s e B o T T 7
v S regulate plant defense responses
F cers
CEPL MSRREVE TS TEFDALVWLIE=T Q0T EEHER T TS LE TECTYRmE TEAE=HPSm VY TH TRAGY=IKE VT AHPT =mam n BN "l;a. R Hm- a1 . .
At1g59835  MELFTITVWTILTISAVEOKTRATTEARKSKKHVEHERFREYLOPTEAGHT FGVYEE DFLEVEKL KK TGDEMNLENRF TREF APTRBEDSLG T GHPRVLRMEFTH F‘E-THF : TR Gyl - 176 Cter-EnCOded Peptlde famlly
Rt2g2iaqan AT TN = VTV FAF === TP LT T 5=V =5 == T GREL T =K F e = TW =T =TS E=FE TRAGGSIV . SESPRTEPLESPP=SH=GV=0T - F PTR ‘] 5 -HE—- B2
At2535612 MYSREC RFLIYLLVIGYHFENTKAARKAPYY SHSFPEPRKDDFYWYHCINRFKNIEQ TN GAP BE
ALSGEEELS  mmmmmememememee ME S FMGQRETLYACY ~F LML vEF DG FNCVINERT LKW DO~ K INGGHYDS K THMAL AK NEMEVCOKBROF S BRER FP—-2PP- S (S GERDAE Pﬁl 5 5HK—- 185 root deve|opment

S. Aubourg — PEPI IBIS — 15 Nov. 2018



Transcriptome mining

Differential expression - Metadata

Clustering

30 4
[l Pathogen infections
[l Oxidative stress
Abiotic stress
25 1

JA-SA related mutants
¥ Root growth
Hypocotyl growth
Silencing mutants
M various experiments

% of micro-array experiments

g Data selection
CATdb ) + dﬁ,—'swaps

BIOTIC

STRES _sh .
ABIOTIC

STRESS

Matrix

Gaussian Mixture Models

Zaag et al., 2015
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83 genes co-regulated with PROSCOOP12 (response to necrotrophic bacteria and fungi)




@@ defense genes

mm literature co-citation @D SAgenes
— PP > SA/JAgenes

KEGG pathway > JAgenes
o co-expressed genes O SA/JA/ ABA genes
<> additional associated @ ABA genes

genes @ nitrogen genes

nitrogen / defense genes

@ other, unknown function

nitrogen
metabolism

4
- \!‘\.\v“iﬁ “'fq'A |
NESES
S L

N\,

phenylpropanoid
pathway

QESEND QEiEsity PRO%DOP

AT1G14780

>
=
8
g

00000

=5

263

ATSG58080,

00000

»
:
g

000000000

%
2
g
g

000
00000000

00

PROVIR10

K s12G44370
AT2G4438" g3 ECRKAT

000000
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Validation 1 : mutant phenotyping (T-DNA and CRISPR-Cas9 lines)

Erwinia amylovora infection
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Validation 2 : synthetic peptide
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Functional model
Stress response

Development
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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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