The ERA-CAPS “ABCEED”
CONSORTIUM

e Michael Bevan, John Innes Centre, UK

* Loic Lepiniec, INRA Versailles, FR

tRA-CAPS

ERA-NET for Coordinating
Action in Plant Sciences



. Project Summary \
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The project integrates work in Arabidopsis thaliana, Capsella sp. Camelina sativa and
Brassica napus, aiming to identify genetic variation and genes controlling seed number,
seed size, and seed quality traits.

Work Packages

1. Control of organ and seed size in Arabidopsis and B. napus
2. Control of ovule number in Capsella and Arabidopsis

3. Seed composition and quality in Arabidopsis, Camelina and B. napus

Deliverables

Identification of genetic variation and candidate genes controlling seed
number, size and composition in B. napus

Integrated multi-scale phenotyping of seed maturation in Brassicaceae

Comparative analyses of gene function in seed formation in Brassicaceae



. Associative Transcriptomics for traits in

) Brassica napus | .
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Diversity panel of 100 B. napus accessions screened for yield traits
(In collaboration with Rachel Wells, JIC)

* Seed weight

* Number of pods
* Seeds per pod

* Pod length

e Seed quality traits
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Epﬁ Marker order

e Pseudomolecules

e Developed using B. rapa and
B. oleracea genome
seguences

e Genome assembly corrected
via:

* Unigene order in Tapidor
X Ningyou7 high density
transcriptome SNP map
(9,169 unigenes)

e Synteny with A. thaliana

Dissecting the genome of the polyploid crop oilseed rape by transcriptome sequencing
Bancroft I., et al.
Nature Biotechnology 29: (8) 762-766

Brassica Brassica
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A source of genetic variation for weight of seeds per pod

SNP

K

Low seed weight per pod
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IGCCGCARGLGTGCGGAGGLGACCTCRRC TRCCCCATCTTCTTCTTCTTCCTCTCCTCCTECTCCTECTTCCTCAGG TCCCACCACTCGCAGLARF

IGCCGLARGLG TRCGGAGGLGACCTCAACTGCCCCATCTTCTTeTTe TCC £
IGECGEAAGCg TheGLAGECGACCTCAAC TgCCCCATTTETTCTTCTTCLT
\GCCGCAAGCGTGCGGAGGLGACCTCAACTGCCCCATCTTCTTCTTCTTCCTCTCCTCCTCC
1gCCGLARGCG TRCGGAEGLGACC TCARCTRCCCCATE TTCT-CTTETTCCTETCCTCLTCE
1 e CGLARGLG TRCGLAGLLGACCTCARC TGCCCCATCTTCTTCTTICTTCL TCTCCTCCTCCTCD CCCACCACTCGCAGCRAF
IGEEGCARGEGLGLGGAGECzacctosactgeCocATETTCLTCE TETTECTETCETECLECEE CACCACTCGCAGCARF
IGCCGCARGEGTREGGAGGCGACC TCARC TRCCCCATC TTCTTCTTCTTCCTCTECTCCTCCTCC TCCTTEC
IGCCGLARGEG TRCGRAGGLGACC TCARC TRCCCCATC TTCTTETTETTCCTCTECTCCTCCTCC TCCTTECTCAG
1gCCGCARGLG TRCGEAGGLGACCTCARC TRCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCCTECTTCCTCAGE
IGECGLARGLG TRCGGAGGLGACC TCARC T CCCCATE TTETTCTTETTCCTETCCTCCTCCTCCTCCTTCCTEAGGTE
CCRCAAgCRTRCGGAGRCGACC TCAACTGCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCCTCCTTCCTCAGG TECCA
CGCARGLGTRLGEAGGLGACCTCARC TRCCCCATC TTETTCTTETTCCTCTCCTCCTCCTCCTCCTTCCTCAGG TCCCAT
AAGCGTGCggAGECGaCCTCaal Tge CCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCC TCCTTCCTCAGG TCCCAT
CETCRaCTRECCCATCTTCTTCTTCTTCCTETCCTCCTCCTCCTECTTCCTCAGL TCCCACCACTEGEA
tGCGGAGGCGACCTCAACTGCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCCTCCTTCCTCAGGTCCCACCACTCGEA
GLGGAGGLGACCTCAACTGCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCLTCCTTECTCAGG TCCCACCACTCGCAR
GCGACCTCAACTGCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCCTCCTTCCTCAGG TCCCACCACTCGCAGLAA
GegaccToRACLGeCCCATC TECTTCTTETTCCTCTCETC « TCeTee TeCt TCa TCAGL TECCACCACLEGCaG-AAF
GCGACCTCAACTGCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCCTCCTTCCTCAGE TCCCACCACTCGCAGCAAF
CCTCASCTzCCCCATCTTCTTCTTCTTCCTCLCETCCE cCTCCE CCTTCCTCAGL TCCACCAC TCGCAGLAAF
TTCTTCTTe TTCCTCTCCTCCTCCTCCECCTTCCTCAGG TCCCACCACTCGCAGLARF
AR TRECCCATC TTCTTC T TC T TCCTC T TCC TECTCC TECTTCCTCAGL TCCCACCACTEGCAGLARF
CTGCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCCTCCTTCCTCAGL TCCCACCACTCGCAGCAAF
GLCCoRtct bt e TTCTTCCTCTCCTCCTCCTCCTCCTTCETCAGG TCCCACCAC TCGCAGE R
GCCCCATCTTCTTCTTCTTCCTCTCCTCCTCCTCCTCCTTCCTCAGG TCCCACCACTCGCAGCARF
Cetlet:CCTCAG: TCCCACCACTCGCAGLARAF
CCTeCCtCAGE - CCCACCACTCGCAGLAAF
CTeCCtCtectec CetCOLCCTECCLCAG: CCCACCACTCGCAGCAAF
T T TR T T T Tr e T TeE Ter Thr T T C TR TR rrar T A TRRCARr AaE

High seed weight per pod

ICARCTGCCCCATCTTCTTCTTC T TCCTCTCCTCC TCCTCCTCC TTCC TCAGG TCCCACCAC TCGCAGCARACGCGCTCGCCTCTCGTC TCCCTE
TCARCTGCCCCATCTTCTTCTTCTTCG TCTCCTCCTCCTCCTCCCTCCTCAGG TCCCACCAC TCGCAGLARACGCGC TCHHHNHNHNHNHMHMHN

CARCTGecCCAECT CreboAgeAasCoeGCTCGCCTCTCGTCTCCCTE
scafictgocClatCET
MCARCTGCCCCATCTTCTTCTTCTTC . TCTCCEccteCecCTCC
MCAaCTGCCCCATCETCTTottCe TCCLCLCOECOTC Cc'CCTTCCTCHFGTCCCRC
MCAactgeCelaTcTTCTTCTTetkcCteTec TCCTCCEcstCCTTCC Tea: caCaccacTCGCAG
CCaltCgcRGLARACGLG
TCTTCTTeteCetcetetCOACCTCCTCotCe e tCCTCagg teceall o CTeGC - GLCARACGLGETC



Current work on seed weight per pod locus

Sequencing the locus and flanking region in multiple variants

Assessment of phenotypes in Arabidopsis knockout lines

What happens when we drive the Arabidopsis gene with the proposed varying
promoters of B. napus?

RNAseq of developing seeds in multiple lines
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eed lipid content measured in 87
accessions in triplicate.
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NIRS analyses performed at
INRA Rennes.

» Humidity

> lipid content L (dry matter)
» protein content P (dry
matter)

» glucosinolate content GLS
» erucic acid content 22:1

» Other fatty acids not
reliable
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There is a negative correlation
lipid and protein content
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Protein x lipid correlation

Negative correlation between L and P contents (r = 0.91)

« 00 » exhibit the highest L content




@ Enhancing seed size and seed oil content in
ERA- Camelina sativa, a promising oilseeds crop

Camelina (false flax) is an oilseed crop that requires
genetic improvement to increase yield

 Very high omega 3 fatty acids

. High tocopherol

o.. High polyunsaturated fatty acids
e “Excellent cooking properties

o An excellentyetifuell:



@ Identification of Arabidopsis seed development genes in
ERA- Camelina

The candidate genes are: LEC1 (atlg21970), LEC2 (at1g28300), ABI3
(at3g24650), FUSCA3 (at3g26790), NF-YC2 (atlg56170), WRI1 (at3g54320)
and SHB1 (at4g25350), /KU1 (at2g35230), MEE (at3g46330), IKU2
(at3g19700) and AP2 (at4g36920).

The identified AFL Camelina genes(ABI3, FUS3, LEC1 and LEC2) will be first
cloned (cDNA) into expression vectors and then tested in Physcomitrella
patens using Oleosin promoter pOlel:::GFP for functionality (i.e.
transcriptional activation of the promoter, ability of synergistic effect).
Genes displaying activity in Physcomitrella will be used to complement

Arabidopsis mutants and overexpressed in Camelina wild type.

The overexpression of Arabidopsis IKU2 results
in 30% increase in seed size and total oil
content in Arabidopsis transgenic seeds.




Selfing Capsella species have
reduced flower size

Measurements of seed composition from subset of C.
grandiflora x C. rubella recombinant inbred lines (Sicard et
al., 2011) is ongoing at INRA Versailles.



ﬁ Isolating genes for ovule number
ERA-
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Mendelization of QTL F, one of two QTL for ovule
number (Slotte et al., 2012)



@ Future Plans

ERA-

Consortia meetings

- April 2014 Versailles

- May 2015 Potsdam

- May- June 2016 London

Joint activities

e GWAS of B. napus lipid and protein composition

e RNAseq of developing seeds

e Detailed lipid and seed protein composition

 Regulatory network function in seed
development
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