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The SeedAdapt Project 

• Dimorphic fruits, seeds, and seedlings as 
adaptation to abiotic stress in unpredictable 
environments 

• Aethionema arabicum – 2 distinct types of 
diaspores 



The consortium 

• 6 partners + 1 associated group 
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The Aims of the Research 

• Dimorphic diaspores represent distinct 
adaptations as dormancy bet-hedging strategy 

• Evolved in annual plant species as adaptations 
to abiotic stresses 

• Regulatory basis of fruit, seed, and seedling 
trait diversity  

• Comparative investigation of the epigenomes, 
hormonomes and transcriptomes  



Scientific background  
and programme 



Typical annual plant life-cycle 

• Abiotic stress during 
life-cycle 
> seed ‘stress memory’ 

• Monocarpic life-style: 
one type of fruit 
one type of seed 

 



Heterocarpy 

• Multiple types of fruits on the same plant 

Heterocarpy in Aethionema heterocarpum 

Aethionema heterocarpum 



Dimorphic diaspore syndromes in 
Aethionema arabicum 



Dimorphic diaspore syndromes in 
Aethionema arabicum 

Die Modellpflanze Aethionema arabicum reagiert auf Umweltstress mit

der Bildung unterschiedlicher Frucht und Samentypen.

A: Samen aus Öffnungsfrucht, der aus der Frucht entlassen wird und bei

Kontakt mit Wasser verschleimt.

B: Samen aus Schließfrucht, der nicht aus der Frucht entlassen wird und nicht

verschleimt 

A Same aus Öffnungsfrucht mit 

Schleimsäulen

B Same aus Schließfrucht
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Aethionema arabicum  
heteromorphic life-cycle 

WP4: Ecophysiology, ecobiochemistry, evolution and molec. genetics of 

Aethionema dimorphic diaspore (fruit /seed) development and dispersal 

high dispersal / low dormancy 
escape in space 

low dispersal / high dormancy 
escape in time 

Fruit/seed heteromorphism: 

Bet-hedging strategy in 

environmentally fluctuating 

(unpredictable) habitats; 

Reduces risk of failure 

under temporal environ- 

mental uncertainty 

 



SeedAdapt – 
aim and work packages 

The aim of the SeedAdapt project is to elucidate the molecular 
mechanisms of heterocarpic fruit/seed-related life history traits that 
evolved in annual plant species as adaptations to abiotic stresses. 

 

WP4: Ecophysiology, ecobiochemistry, evolution and molec. genetics of 

Aethionema dimorphic diaspore (fruit /seed) development and dispersal 

high dispersal / low dormancy 
escape in space 

low dispersal / high dormancy 
escape in time 

Fruit/seed heteromorphism: 

Bet-hedging strategy in 

environmentally fluctuating 

(unpredictable) habitats; 

Reduces risk of failure 

under temporal environ- 

mental uncertainty 

 

Core experiment: 
Investigate the influence of 
abiotic stress (heat) on  
epigenomes, hormonomes and 
transcriptomes  during  
seed germination, seedling 
establishment and reproductive 
development of A. arabicum. 
 
 
> Six work packages contribute to the core experiment 
 
 



Work package 1  
(Gerhard Leubner, London) 

 
Abiotic stress physiology, hormone analysis, seed 
biomechanics and growth imaging of Aethionema 
dimorphic diaspore syndromes 

• Comparative 
germination analysis in 
relation to heat and 
water availability 

• Seed hormone analysis 
• Biomechanical and 

imaging analysis of 
germination in relation 
to abiotic stress 



Work package 2 
(Kai Graeber, London) 

 
Global and targeted comparative analyses of 
transcriptomes and small RNAs in dimorphic seeds and 
seedlings upon abiotic stress 

• Genome-wide comparative 
seed- and seedling-type 
RNA-Seq analyses  
(mRNA, sRNA) 

• Targeted expression 
analyses (qRT-PCR) to 
validate DEG expression 
patterns from global 
analyses and to extend 
analysis (accessions, time-
points, treatments) 



Work package 3 
(Ortrun Mittelsten-Scheid, Vienna) 

 
Comparative analyses of the epigenetic mechanisms 
regulating dimorphic seed and seedling responses upon 
abiotic stress 

• Establishing epigenetic facts and 
protocols 

• Characterizing the chromatin state at 
specific target genes known to 
determine fruit and 
germination/dormancy traits 

• Determining chromatin states (DNA 
methylation , histone modification) 
genome-wide during developmental 
transitions and upon abiotic stress by 
BS-Seq and ChIP-Seq 



Ecophysiology, ecobiochemistry, evolution and 
molecular genetics of Aethionema dimorphic diaspore  
development and dispersal 

Work package 4 
(Klaus Mummenhoff, Osnabrück) 

 

• Analysis of abiotic stress (heat) and biotic 
stress (herbivory) during reproduction on 
the DEH/IND fruit ratios 

• Qualitative and quantitative analysis of 
glucosinolate patterns in fruit valves and 
seeds of DEH and IND fruits 

• Comparative evolutionary and 
developmental (EvoDevo) genetics of the 
formation of IND and DEH fruits 
investigating known fruit development 
genes 
 

Objective: 
Evolutionary comparison of „dispersal 

genes“ 

Deliverables: 

 

• Definition, identification 

(beyond fruit dehiscence?) 

• cDNA and genomic 

sequences  

 

• Gene phylogenies (including 

duplications and loss) 

 

• Information about mutational 

changes along the way to 

Aethionema arabicum 

Die Modellpflanze Aethionema arabicum reagiert auf Umweltstress mit

der Bildung unterschiedlicher Frucht und Samentypen.

A: Öffnungsfrucht mit 4-6 Samen, die sich öffnet, die Samen entlässt, welche

dann bei Kontakt mit Wasser verschleimen

B: Schließfrucht mit einem Samen, der nicht aus der Frucht entlassen wird

und auch nicht verschleimt 

A Öffnungsfrucht

B Schließfrucht

DEH 
IND 



Work package 5 
(Eric Schranz, Wageningen) 

 
Comparative forward and reverse genetics of dimorphic 
diaspore syndromes and generation of Aethionema 
genetic resources 

5.1 Aethionema QTL analysis 

Growth 
- Green house 
- Growth Chamber 
 

TRAITS? 
- Flowering Time 
- GSLs 
- Growth form 
- Photosynthesis 
- Fruit/seed traits – major regulators? 

- Ratio types 
- Dormancy 
- Size 
- Germination – imaging (Germinator) 

• QTL analysis of fruit/seed 
syndroms 

• Forward genetics EMS 
population generation 

• EMS mutant screen  
different conditions 

• Establishing genetic 
transformation 

 
 



Work package 6 
(Stefan Rensing, Marburg) 

 
Integration of SeedAdapt project data and transfer of 
results to other species 

• Comparative expression and population genetic 
analysis of key DEGs between Aethionema 
populations/species 

• Identifying TFBSs and TFs involved in seed/fruit 
syndromes by cross-species phylogenomics of 
DEGs 

• SeedAdapt data management and web-tool 
establishment 

• Integration of SeedAdapt project data and 
dissemination of knowledge 
 



Use of joint facilities 

• Core project will allow group to access to 
state-of-the art facilities in the collaborating 
parties institutuions. 

• For example consortium will have access to: 

– Greenhouse facilities at Wageningen 

– Sequencing facilities at Vienna 

– Aethionema arabicum genome sequence  

– Marburg bioinformatics technology 

 



Other benefits of  
collaborative project 

• Highly inter-disciplinary project brings 
together wide-ranging expertise. For example: 

– RHUL expertise in seed biology and biomechanics 
and molecular techniques 

– Evolutionary biology expertise at Jena 

– Fruit biology and Aethionema accessions at 
Osnabrück 

– Plant epigenetics at Vienna 

 

 



Expectations of ERA-CAPS 
/ Comments on call 

• Aims of ERA-CAPS fits well with our research 

– Cross-disciplinary collaborative calls on 
fundamental science topic 

 

• Processes and support have been good  

 

• Consortium looking forward to an exciting 
project 
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SeedAdapt core experiment 

Six work 
packages 
contribute to 
the core 
experiment 



Genus Aethionema 

• Brassicaceae crown radiated ~ 32 mya 

• Aethionema base diverged ~ 38 mya 

• Alpha event occurred ~ 40 mya 

Aethionema base  

45 species 
Diverged ~38 mya 

Polyploidy, Diploidization and Radiation  

CROWN 

GROUP 

Brassicaceae 

BASAL 

GROUP 

 

Br 

Brassicaceae crown 

 3700 species 

 Radiated ~ 32 mya 

Alpha event  

Occurred ~40 
mya 

Crown Group - Sister Group asymmetries 

Fabaceae 
Faboideae 

~13,600 spp.  

Asteraceae 
Crown group 
~23,500 spp. 

Solanaceae 
Solanoideae  
~1940 spp.  

Poaceae 
Crown group 
~11,160 spp. 

Brassicaceae 
Crown group 
~3720 spp.   

Ks=0.80 

Ks=0.60 

Ks=0.90 Ks=0.75 

Ks=0.60 

 Alpha-WGD 



Genus Aethionema 

• Brassicaceae crown radiated ~ 32 mya 

• Aethionema base diverged ~ 38 mya 

• Alpha event occurred ~ 40 mya 

Aethionema base  

45 species 
Diverged ~38 mya 
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Br 

Brassicaceae crown 

 3700 species 

 Radiated ~ 32 mya 

Alpha event  

Occurred ~40 
mya 

Habitat of Aethionema arabicum. Shanjan rangeland in Shabestar district, 

1600 m to 2050 m, East Azerbaijan province, Iran (May 28, 2011, Ghassem Habibi 

Bibalani). 

Study area in Iran 

Aethionema collecting and team 


