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ThanksWelcome

Sponsors On behalf of GARNet, our Advisory Committee Members Professor David 
Salt and Dr Ian Henderson are delighted to welcome you to this conference 
entitled “GARNetNatVar16:Natural Variation as a tool for Gene Discovery 
and Crop Improvement”. I hope you agree that we have brought together 
a world-leading selection of speakers who will introduce many aspects of 
how the interrogation of natural variation has become an excellent tool in 
attempts to isolate novel loci important for plant growth across a wide range of 
environmental conditions. 

 We have kept this meeting to a small number of delegates to encourage 
discussions and debate, particular during the evening poster sessions. Hopefully 
new collaborations can be born over the next couple of days!

 GARNet is a BBSRC sponsored network that aims to make sure the UK 
Arabidopsis and wider plant research community remains competitive and 
productive at the national and international level by helping researchers make 
the best use of available funding, tools and resources.

The GARNet Advisory Committee
Katherine Denby (University of York)
Antony Dodd (University of Bristol)
Nicholas Harberd (University of Oxford) 
Ian Henderson (University of Cambridge)
Saskia Hogenhout (John Innes Centre)
Sabina Leonelli (University of Exeter)
Sean May (NASC, University of Notttingham)
Jim Murray (Cardiff University, GARNet PI) 
Christine Raines (University of Essex)
David Salt (University of Nottingham, GARNet Chair) 
Steven Spoel (University of Edinburgh)
Zoe Wilson (University of Nottingham)

The core GARNet team of Geraint Parry and Ruth Bastow are based at the Cardiff 
University.
For more information please see the GARNet website at 
www.garnetcommunity.org.uk, and the GARNet blog at 
http://blog.garnetcommunity.org.uk. 
You can also follow us on Twitter on @GARNetweets

GARNet

Look out for the JXBot special issue associated 
with this meeting coming out in 2017
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Meeting Information

 Please see facing pages for Meeting locations. More information about 
travel to Gonville and Caius college can be found at:
https://www.cai.cam.ac.uk/location

Connectivity:

 Gonville and Caius College is serviced by the EduRoam network but if 
you need a guest WiFi ID then please ask at registration.

Catering, Poster Session and Evening Reception

 Registration, tea breaks and lunch will be held in the Harvey Court 
JCR. If you have informed us of any dietary requirement then those meals 
will be labelled but if you have any queries then ask at registration.

Meeting Venues:

 The presentations will take place at the Cavonius Centre in the 
Stephen Hawking Building. The Poster session will be in the Harvey Court 
JCR. We encourage attendees to put up their posters during the registration 
session prior to the first plenary session. Drinks and nibbles will be supplied 
during the evening poster session.

Conference Dinner:

 The Conference dinner takes place in the Main Hall on the Old Courts 
college site. This begins at 8pm.

 The menu for the Conference Dinner is:
Starter: Spiced pumpkin soup with sage roasted brioche croutons
Main Meal: Spiced roasted pork belly with shallot and brandy reduction or
     Vegetarian cassoulet served in a roast butternut squash
Dessert:     Fusion crème brûlée with shortbread 

Taxis 
 If you require an incoming taxi then one can be picked up at the 
station. Otherwise please ask the organisers to book a taxi for you.

Social Media:

 We encourage you to share the meetings exciting science with the 
wider community so the twitter hashtag is #GARNetNatVar16 

Meeting Venue: 1- Harvey Court Site, Gonville and Caius College, West 
Road, Cambridge, CB3 9DS. See page 6 for more details.

Conference Dinner Venue: 2- Gonville and Caius College, Old Courts, 
Trinity Street, , Cambridge, CB2 1TA See page 7 for more details.
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Brief Program

Monday December 12th

9am: Registration Open and Poster setup

9.45am: Meeting Welcome

10am: Session I- Natural variation and QTL 
analysis

11.40am: Session II- Genome Wide Association 
Studies 

1pm: Lunch

2pm: Session III- Breakthrough technologies

3.30pm: Tea Break

4pm: Session IV- Epigenetic Variation

5.30pm: Poster Session

8pm: Conference Dinner

Brief Program

Tuesday December 13th

9am: Session V– Genetics of adaptation

10.30am: Coffee Break

11am: Session VI– Ecological and population level 
studies

1pm: Lunch

2pm: Session VII– Translational Studies

3.30pm: Final Discussions over Tea

4pm: Meeting End
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Detailed Program

Monday December 12th

9am: Meeting Registration and Poster setup  Stephen Hawking Building

9.45am: Meeting Welcome: David Salt  Stephen Hawking Building

Session I: Natural variation and QTL analysis 
  Chair: David Salt

10am:  Carlos Alonso-Blanco (CNB, Spain): Genetic mechanisms 
underlying the natural variation for the plasticity of developmental traits in 
Arabidopsis

10.30am:  Paula Kover, University of Bath: Using MAGIC to uncover the 
genetic basis of complex traits

11am:  Olivier Loudet, IJPB Versailles, France: Natural variation for 
growth response to the environment in Arabidopsis thaliana

11.30am: Comfort Break

Session II: Genome Wide Association Studies  
  Chair: Ulrike Bechtold, University of Essex 

11.40am:  Magnus Nordborg, GMI, Austria: The genotype-phenotype map 
in Arabidopsis

12.10pm:  Örjan Carlborg, SLU, Sweden: Complex trait genetics beyond 
additivity

12.40pm: Industry Talks
  Mark Thornber, PacBio
  Riki Aydeniz, BioNano 

1pm:  Lunch       Harvey Court Dining Room

Detailed Program

Monday December 12th

Session III: Breakthrough technologies Stephen Hawking Building
  Chair: Sabrina Gonzalez-Jorge, University of Cambridge

2pm:  Robin Allaby, University of Warwick: Crop evolution in ‘real 
time’ using archaeogenomics

2.30pm:  Richard Leggett, TGAC, UK: New opportunities with Nanopore 
MinION technology

3pm:  Ümit Seren, GMI, Austria: The “genotype-to-phenotypes” map  

3.30pm: Tea Break      Stephen Hawking Building

Session IV - Epigenetic Variation
  Chair: Ian Henderson, University of Cambridge  

4pm:  Detlef Weigel, Tuebingen, Germany: Contrasts in adaptation: new 
(epi)mutations and old variants

4.30pm: Caroline Dean, John Innes Centre, UK: The Flavours of FLC

5pm:  Ian Henderson, University of Cambridge, UK: Natural modifiers 
of crossover recombination in Arabidopsis

5.30pm:  Poster Session and Evening Reception  Harvey Court JCR

8pm: Conference Dinner Gonville and Caius College  Old Courts
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Detailed Program

Tuesday December 13th

Session V: Genetics of Adaptation  Stephen Hawking Building
  Chair: Sarah Marburger, JIC

9am:  Jon Ågren, Uppsala University, Sweden: Ecology and Evolution of 
Natural Plant Populations

9.30am: Levi Yant, John Innes Centre, UK: A species-wide view of gene 
flow and selection in Arabidopsis arenosa

10am: David Salt, University of Nottingham, UK: Ionomic Variation and 
its Role in Edaphic Adaptation? 

10.30am: Tea Break      Stephen Hawking Building

Session VI: Ecological and Population level studies 
  Chair: Hannah Sewell, University of Sheffield

11am:  Joy Bergelson, University of Chicago, USA: Can we structure the 
microbiome of Arabidopsis thaliana?

11.30am: Kirsten Bomblies, John Innes Centre, UK: Causes and 
consequences of the evolution of the meiotic machinery and recombination 
in Arabidopsis arenosa

12pm: Ute Krämer, Bochum University, Germany: Integrated analysis of 
extreme traits relating to the edaphic environment of Arabidopsis halleri

12.30pm: John Willis, Duke University, USA: Genetic Analysis of Parallel 
Local Adaptation to Serpentine and Mine Soils in Mimulus 

1pm: Lunch       Harvey Court Dining Room

Detailed Program

Tuesday December 13th

Session VII: Translational Studies      Stephen Hawking Building
  Chair: Charlotte Miller, JIC

2pm:  Ian Bancroft, University of York, UK: Relating genome and trait 
variation in oilseed rape

2.30pm: Robbie Waugh, James Hutton Institute, UK: Adaptation of barley 
to different environments

3pm:  Cristobal Uauy, John Innes Centre, UK: Unlocking the polyploid 
potential of wheat

3.30pm:  Tea break      Harvey Court Dining Room

4pm:  Meeting End

Look for the the JXBot Special Issue resulting from this meeting appearing in 
the 2017!
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Session 1: Variation

Genetic mechanisms underlying the natural variation for 
the plasticity of developmental traits in Arabidopsis

Carlos Alonso-Blanco, Noelia Arteaga, Mercedes Ramiro and Belén 
Méndez-Vigo.

Centro Nacional de Biotecnología (CNB), Consejo Superior de 
Investigaciones Científicas (CSIC), Madrid, Spain.

Deciphering the genetic and molecular bases of quantitative variation is a long-
standing challenge in plant biology because it is essential for understanding 
evolution and for accelerating plant breeding. During the last decade, the isolation 
and characterization of quantitative trait loci (QTL) underlying developmental traits, 
such as flowering time or plant growth, in model plants like Arabidopsis thaliana, is 
expanding the catalogue of genes and nucleotide polymorphisms contributing to plant 
adaptation and evolution (Alonso-Blanco and Méndez-Vigo, 2014). However, plant 
development depends strongly on the environment, which is referred to as phenotypic 
plasticity, and there is substantial variation for such developmental plasticity in 
nature. Therefore, to better understand plant evolution and adaptation in a changing 
environment we are addressing the mechanisms involved in the natural variation for 
the plasticity of several developmental traits. 

 To dissect the natural variation for the plasticity of flowering time we have 
carried out QTL analyses of a recombinant inbred line (RIL) population derived 
from the cross LerxDon-0 grown under four environments differing in photoperiod, 
vernalization treatment and ambient temperature (Mendez-Vigo et al., 2016). Thus, we 
have identified that FLC is a major modulator of the plasticity of flowering, for which 
Don carries a new change-of-function allele. In addition, Don and Ler also differ in 
the plasticity of growth to high ambient temperature. Genetic and molecular analyses 
identified ICARUS gene as a major determinant of this variation (Zhu et al., 2015), 
which we are currently characterizing.

References

Alonso-Blanco and Mendez-Vigo (2014) Current Op. Plant Biol. 18: 37-43.
Mendez-Vigo et al. (2016) Plant, Cell and Environment 39: 282-294.
Zhu et al. (2015) PLOS Genetics 11: e1005085.

Session 1: Variation

Using MAGIC to uncover the genetic basis of complex traits

Paul Kover

University of Bath

 Despite many recent developments, understanding the genetic basis of natural 
variation remains challenging. This is because of the large number of plants that need 
to be analyzed and the fact that different methods are better for different traits. In 
this talk I will present the different current approaches available at the moment for 
mapping quantitative variation, and discuss the best approach given the architecture of 
different traits. 

 In particular I will compare the QTL and GWAS approach using MAGIC 
population, which allows for both approaches to be carried out in the same set of 
mapping lines.
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Natural variation for growth response to the environment 
in Arabidopsis thaliana

Olivier Loudet

The VAST Lab: www.inra.fr/vast INRA, UMR1318, Institut Jean-
Pierre Bourgin, RD10, F-78000 Versailles, France

 Following a long history of quantitative genetics in crop plants, it is now quite 
popular as well to use naturally-occuring variation contained in Arabidopsis thaliana 
accessions as the source of quantitative genomics approaches, designed to map 
QTLs and try and resolve them at the gene level. Apart from being able to exploit –in 
multiple genetic backgrounds– allelic variation that cannot be easily retrieved from 
classical mutagenesis, the success of the QTL studies has often been because of the 
use of quantitative phenotyping, as opposed to the qualitative scales often used in 
typical mutant screens.

 The objective of our work is to apply genome-wide quantitative molecular 
genetics to both, a very integrative and classical quantitative trait (shoot growth) and a 
molecular trait a priori more directly linked to the source of variation (gene expression 
under cis-regulation), in both cases studied in interaction with the abiotic environment 
(especially drought stress).

 We are using a combination of our unique high-troughput phenotyping robot 
(the Phenoscope), RNA-seq, fine-mapping, complementation approaches and 
association genetics to pinpoint a significant number of QTLs and eQTLs to the gene 
level and identify causative polymorphisms and the molecular variation controlling 
natural diversity. Exploiting these strategies at an unprecedented scale thanks to the 
Phenoscope should allow to resolve enough quantitative loci to start drawing a more 
general picture as to how and where in the pathways adaptation is shaping natural 
variation.

 I will present recent results obtained when trying to decipher the genetic 
architecture of dynamic growth response to the environment, to illustrate our strategies 
and research.

Session 1: Variation Session 1I: GWAS

The genotype-phenotype map in Arabidopsis

Magnus Nordborg

Gregor Mendel Institute of Molecular Plant Biology, Dr. Bohr-
Gasse 1030 Vienna, Austria 

 The central theme of our research group is the genetic basis of adaptation. We 
use a combination of empirical and theoretical approaches from population genetics 
and related areas, such as statistical genetics and molecular evolution.

 We play a significant role within an NIH-funded “Center of Excellence in 
Genomic Science” that aims to investigate the regulatory networks by which genetic 
variation leads to phenotypic variation. To aid this research effort our group has 
carried out genome-wide expression profiling of large sets of lines under different 
environmental conditions, and are complementing this information with genome-
wide epigenetic profiling. The goal is to integrate the resulting multi-level data to infer 
causal relationships and in my talk I will provide an update on our findings. 
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Session II: GWAS

Complex trait genetics beyond additivity

Orjan Carlborg

Department of Medical Biochemistry and Microbiology, Uppsala 
University

 Genetic studies of complex traits often rely on the statistical genetics models, 
methods and tools developed in quantitative genetics. The theory and assumptions 
within this framework were largely formed before molecular genetics and genomics 
provided the ability to study how individual genotypes contributed to the variation in 
complex traits. Much genetics, genomics and functional data has now shown that the 
biological mechanisms determining such quantitative traits are often non-additive. I 
will use several empirical examples to illustrate the importance of non-additive allelic 
effects for the regulation of complex trait phenotypes in natural and experimental 
populations.

 I will then show how the revealed non-additive allelic effects often contribute 
much additive genetic variance in populations. The examples illustrate the limitations 
of the classic quantitative genetics models for making inferences about the importance 
of additive and non-additive genetic mechanisms for complex trait variation. The 
present analysis paradigm in quantitative genetics was not designed to unravel the 
mechanisms contributing to complex traits. 

 By realizing the limitations of using these models for this purpose, alternative 
analytical strategies can be developed that makes better use of the powerful data 
generated in genetics today. t

Session III: Technology

Crop evolution in ‘real time’ using archaeogenomics

Robert Allaby

University of Warwick

 All the major cereal crops we use today are the result of a complex origin and 
ancestry involving different selection pressures over time and introgressions between 
various populations. The resulting genomes have mosaics of origin, which may confer 
particular properties, such as domestication syndrome traits or specific environmental 
tolerances.

 Understanding how this diversity reflects the post domestication history of 
adaptation to changing environments is of immense potential to understanding 
future crop evolution in a changing climate. Archaeogenomics allows the direct 
reconstruction of genome evolution by getting behind introgression and selection 
events. It can reveal which genes were selected in which order and at what strength, 
and the true extent of introgressive gene flow over time.

 We have applied archaeogenomic techniques to several crops, where we find 
past diversity has been as much as 100 fold higher than today, how local variation has 
been recruited by incoming crops, and how the combinations of genes under selection 
have changed over time reflecting human use. Insights are also possible on the RNA 
and epigenetic level, leading to suggestions about how past crops may have behaved 
in apparently novel ways. Such insights allow a better understanding of the human 
processes behind crop evolution, and how some of the curious patterns we see today 

in genome mosaicism came about.
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Session III: Technology

New opportunities with Nanopore MinION technology

Richard Leggett

The Earlham Institute, Norwich Research Park, Norwich Research 
Park, Norwich, NR4 7UH, United Kingdom 

 Oxford Nanopore Technologies’ MinION sequencer was launched in pre-release 
form in 2014 and represents an exciting new sequencing paradigm. The device offers 
multi-kilobase reads and a streamed mode of operation that allows processing of reads 
as they are generated. Crucially, it is an extremely compact device that is powered 
from the USB port of a laptop computer, enabling it to be taken out of the lab and 
facilitating previously impossible in-field sequencing experiments to be contemplated. 

 In this talk, we will provide an introduction to nanopore technology, discuss 
the platform’s error profile, it’s unique real-time features and compare its performance 
with systems from Illumina and PacBio. We will highlight some of the application 
areas that EI is applying the MinION to, including genome assembly and metagenomic 
surveillance. Finally, we look to the future and the potential that nanopore sequencing 
has to disrupt work in human, microbiome and plant genomics.

Session III: Technology

The genotype to phenotypes map

Umit Seren

Gregor Mendel Institute of Molecular Plant Biology, Dr. Bohr-
Gasse 1030 Vienna, Austria 

 In nature, organisms and specifically plants exhibit a diverse range of phenotypic 
variability. Understanding how genetic variation translates into phenotypic variation 
has been a prime focus of population geneticists, and we have made substantial 
progress in the Arabidopsis community.  Since the first Genome Wide Association 
Studies (GWAS; Atwell et. al 2010) many research groups have generated and mapped 
high quality phenotypic data ranging from disease resistance phenotypes to high-
dimension molecular phenotypes — e.g., RNA expression, metabolites.

 Recently, a detailed map of genetic variation was released by The 1001 
Genomes Consortium for the Arabidopsis community. With this high quality genotype 
and phenotype data on hand, we can construct a comprehensive “genotype-to-
phenotypes” map that allow us to perform meta-analyses of pleiotropy. To that end, we 
must develop databases and tools to store and examine phenotypes, respectively, and 
make them available to the community. 

 In this talk, I will present a variety of these tools ranging from a web-portal that 
allows researchers to easily carry out GWAS by simply providing phenotype data to a 
central database, to an intuitive interface for storing and navigating through published 
phenotypes. 
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Session IV: Epigenetics

Contrasts in adaptation: new (epi)mutations and old 
variants

Detlef Weigel 

Max Planck Institute for Developmental Biology, Germany

 My group is addressing fundamental questions in evolutionary biology, using 
both genome-first and phenotype-first approaches: (i) Where do new genetic variants 
come from? (ii) Why are some variants maintained for a much longer time than others? 
(iii) And why are some combinations of variants incompatible with each other? 

 The background for these questions is our population genomic work in 
Arabidopsis and the related genus Capsella. In collaboration with colleagues 
(Bergelson, Ecker, Mott, Nordborg, K. Schmid and others) and the help of Monsanto, 
we have been describing whole-genome variation in wild isolates of A. thaliana 
(http://1001genomes.org), and in Capsella, where two species have gone through 
recent extreme genetic bottlenecks (with Neuffer, Slotte & Wright). A remarkable 
finding that has emerged from the Capsella work is the ubiquity of long-term balancing 
selection at immunity loci.

 On the other end of the spectrum, we are analyzing new DNA mutations 
and epigenetic variants that have arisen under laboratory conditions or in a natural 
mutation accumulation experiment. The latter studies take advantage of an A. thaliana 
lineage that was apparently introduced to North America in historic times and 
accounts for about half the population there (with Bergelson and Burbano). 

 The ultimate goal of our top-down studies is to understand how genetic and 
epigenetic variation interacts with reassortment of variants after crosses and with 
natural selection to shape geographic patterns of diversity. To this end, we are 
following natural populations during the season and over consecutive years. This 
work in turn is complemented by forward genetic analyses, especially of detrimental 
combinations of immune receptors that evolved in separate lineages (with Dangl). 

 Additional information about our work can be found on our website:
http://weigelworld.org 

Session IV: Epigenetics

The Flavours of FLC

Caroline Dean,

John Innes Centre, Norwich Research Park, Norwich Research 
Park, Norwich, NR4 7UH, United Kingdom 

 Plants use seasonal cues to time their developmental transitions. We have 
focused on vernalization, the acceleration of flowering by the prolonged cold of 
winter. In Arabidopsis this involves the cold-induced epigenetic silencing of the floral 
repressor locus FLC. Molecular analysis of pathways regulating FLC expression has 
led to the dissection of conserved chromatin mechanisms involving FLC antisense 
transcripts, collectively called COOLAIR.
 
 These mechanisms have been modulated during adaptation of Arabidopsis to its 
wide geographical range. Through analysis of >1000 worldwide A. thaliana accessions, 
we have identified five predominant FLC haplotypes, all of which encode the same 
protein but vary in noncoding sequence. These haplotypes are functionally distinct, 
expressing FLC to different levels and requiring different lengths of cold to fully silence 
FLC. The talk will describe our current understanding of how this non-coding variation 
alters COOLAIR function and the epigenetic switching mechanism. 
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Session IV: Epigenetics

Natural variation and dosage of the HEI10 meiotic E3 ligase 
control Arabidopsis crossover recombination

Piotr A. Ziolkowski1,2, Charles J. Underwood1,3, Christophe 
Lambing1, Marina Martinez-Garcia4, Emma J. Lawrence1, Liliana 
Ziolkowska1, Catherine Griffin1, Kyuha Choi1, F. Chris H. Franklin4, 
Robert A. Martienssen3 and Ian R. Henderson1

1: Department of Plant Sciences, Downing Street, University of Cambridge, 
Cambridge, United Kingdom
2: Department of Biotechnology, Adam Mickiewicz University, Poznan, Poland
3: Howard Hughes Medical Institute, Gordon and Betty Moore Foundation, Watson 
School of Biological Sciences, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
New York, USA

4: School of Biosciences, University of Birmingham, Birmingham, United Kingdom

 During meiosis homologous chromosomes recombine via reciprocal crossover, 
which creates genetic diversity in progeny. Crossovers play essential roles in balancing 
homolog segregation during the first meiotic division and are required for Arabidopsis 
fertility. Despite these roles, meiotic recombination rate varies extensively within and 
between species. Natural modifier loci of meiotic crossover frequency have been 
detected in plants, although causal genes have remained elusive. Using Arabidopsis 
thaliana accessions we have identified two major recombination quantitative trait loci 
(rQTL) that explain 56.9% of recombination variation in Columbia×Landsberg erecta 
F2 populations. 

 We show that rQTL1 is caused by semi-dominant polymorphisms in HEI10, 
which encodes a conserved ubiquitin E3 ligase that regulates crossovers. We show that 
hei10 null mutants are haploinsufficient and that Arabidopsis crossover frequency is 
highly sensitive to HEI10 dosage. Using genome-wide crossover mapping and meiotic 
immunocytology we show that transformation of additional HEI10 copies is sufficient 
to more than double crossovers throughout euchromatin, although heterochromatic 
centromeres remain crossover-suppressed. Strongest HEI10¬mediated crossover 
increases occur in subtelomeric euchromatin, which is reminiscent of sex-differences 
in Arabidopsis recombination. Together, our work shows that HEI10 naturally limits 
meiotic crossovers in Arabidopsis and that its genetic manipulation has the potential to 
accelerate crop improvement.

Session V: Adaptation

Ecology and Evolution of Natural Plant Populations

Jon Agren

Department of Plant Ecology and Evolution, Evolutionary Biology 
Centre, Uppsala University, Norbyvägen 18 D, SE-752 36 Uppsala, 
Sweden

 Organisms inhabiting different environments are often locally adapted, yet in 
most cases the genetic and functional mechanisms of adaptive differentiation are 
poorly understood. To identify the mechanisms of local adaptation requires estimating 
selection on traits, identifying their genetic basis, and evaluating whether divergence in 
adaptive traits is due to conditional neutrality or genetic tradeoffs.

 We mapped Quantitative Trait Loci (QTL) for total fitness and putatively adaptive 
traits, and determined the relationships between trait expression and fitness using a 
large RIL population derived from a cross between two locally adapted Arabidopsis 
thaliana populations, one in Italy and one in Sweden, and planted in field experiments 
at the parental sites for multiple years.

 We show that local adaptation is controlled by relatively few genomic regions 
of small to modest effect. A third of the fitness QTL we detected showed evidence of 
trade-offs (locally favoured genotype reduces fitness elsewhere). Selection gradient 
analyses and mapping results indicated that QTL for seed dormancy, flowering time 
and tolerance to cold contribute to fitness trade-offs.

 Sequence variation and functional analyses indicate that mutations in previously 
identified candidate genes may explain some of these trade-offs. Taken together, our 
results suggest that adaptation to markedly different environments can be achieved 
through changes in relatively few genomic regions, and that genetically based 
differences in both life history and physiology contribute to adaptive differentiation 
and fitness tradeoffs among native A. thaliana populations.
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Session V: Adaptation

A species-wide view of gene flow and selection in 
Arabidopsis arenosa

Levi Yant

Department of Cell and Developmental Biology, John Innes 
Centre, Norwich Research Park, Norwich, NR4 7UH, United 
Kingdom 

 Arabidopsis arenosa has recently been the subject of a series of explicitly 
genome-wide studies of adaptive evolution. These works provide case studies for 
how population genomic approaches can be fruitfully applied to diverse biological 
questions, from detailed understandings of range-wide demography in diverse 
outcrossing populations to novel insights into adaptation to extreme challenges, both 
environmental and intracellular. In several cases, quantitative tests of introgression 
indicate that particular alleles exhibiting obvious selective sweep signatures have 
been introgressed from other species or populations. This suggests that migrant alleles 
have facilitated adaptation of A. arenosa to hazardous environments. In other cases, 
pre-existing standing variation in diploid A. arenosa facilitated rapid adaptation to the 
challenges accompanying genome duplication. 

 I present an overview of these studies, which set the stage for large-scale 
investigation of within- and between-population evolutionary dynamics in this diverse 
outcrossing model system. We have resequenced 336 individuals from 46 A. arenosa 
populations from a wide variety of environments. This allows the dating and ordering 
of successive selective sweeps in major lineages as they follow separate evolutionary 
trajectories and then diversify into specific populations across Europe. We integrate 
these data with 120 resequenced A. lyrata and A. halleri genomes from 20 populations 
contrasting in edaphic preference or ploidy for a genus-wide view of adaptation to 
polyploidy and extreme environments, including mine tailings and serpentine barrens.
 

Session V: Adaptation

Ionomic Variation and its Role in Edaphic Adaptation?

David Salt

Centre for Plant Integrative Biology, School of Biosciences, 
University of Nottingham, Sutton Bonington Campus, 
Loughborough, UK

 As sessile organisms plants have evolved mechanisms to survive in a diverse 
ranges of environment, including highly heterogeneous soils. Plants take up the 
mineral nutrients they require from the soil. Therefore, the ionomic profile of plants 
grown in a common environment may reflect adaptations to their native local 
environment. 

 Several natural alleles controlling ionomic trait variation have been identified, 
and these alleles could be useful new tools for investigating the molecular basis of 
adaptation to native soils. Recently, clear signals of local adaptation in A. thaliana to 
elevated soil salinity have been identified at the coast in Catalonia, with salt tolerant 
coastal populations and salt sensitive inland populations being separated by less than 
30 km.

 Selective edaphic agents that act over short distances to maintain differentiated 
sub-populations of A. thaliana therefore do exist, and it is not inconceivable that at 

least in some cases this local adaptation could be driven by ionomic loci.



   GARNet NatVar2016

28 29

                            GARNet NatVar2016

Can we structure the microbiome of Arabidopsis thaliana?

Joy Bergelson  

University of Chicago

 As an ephemeral weed, Arabidopsis thaliana is seldom the primary host for its 
microbes and thus interacts extensively with generalist pathogens. These interactions 
are necessarily diffuse, with the selection imposed by the host being consequently 
weak. Nevertheless, Arabidopsis exhibits heritability of the microbial communities that 
they support. 

 In order to understand the relative roles of host genotype and the environment 
on natural microbial communities in the phyllosphere, we performed a GWAS 
experiment at four locations in Sweden across two years. We found substantial 
population structure in the microbial communities but consistent evidence that hosts 
shape these communities. A core microbiome exists among sites that is particularly 
prone to host control. This core is furthermore enriched for hub species that are highly 
heritable, with pervasive impacts on the microbial community. This targeted control 
of the microbiome by the host opens the door for breeding strategies that promote 

beneficial microbiomes in planta. 

Session VI: Ecology

Causes and consequences of the evolution of the meiotic 
machinery and recombination in Arabidopsis arenosa

Kirsten Bomblies

John Innes Centre, Norwich Research Park, Norwich, NR4 7UH, 
United Kingdom

 Whole genome duplication (WGD) results in polyploidy, which has important 
implications for adaptation, speciation, and crop improvement. Doubling the number of 
homologous chromosomes in a genome poses serious challenges to reliable chromosome 
segregation in meiosis. Newly formed polyploids often have low fertility attributable to 
meiotic defects such as multivalent associations among the available homologs, or failures 
in pairing that result in univalents. These challenges are evolutionarily surmountable 
- many polyploid species have stable diploid-like chromosome segregation – but the 
mechanism underlying this has remained mysterious. We use Arabidopsis arenosa, 
an outcrossing relative of A. thaliana with extant natural diploid and autotetraploid 
populations. The autotetraploid is approximately 20,000 generations old, and has 
cytologically diploidized meiosis, reduced crossover rates, and increased terminalization 
of crossovers relative to the diploid. We are currently building on our prior genome 
resequencing data that highlighted a clear set of candidate genes: among 18 genes under 
very strong selection in polyploids are six functionally connected meiosis genes. 

 We show for one gene that the tetraploid allele drives more terminal placement of 
crossovers, and in other work find that increased crossover interference is likely important 
not only for reducing crossover numbers, but also by favoring crossover placement patterns 
in multi-chromosome associations that are minimally dangerous. Our work has led us to 
a model in which stabilization of chromosome segregation in autopolyploids is achieved 
by modifying core structural proteins active in prophase I, which ultimately leads to a 
reduction in crossover number likely through increased crossover interference strength, as 
well as crossover terminalization. We hypothesize that the derived protein variants found 
in tetraploids together represent a co-evolved polygenic solution to WGD-associated 
chromosome segregation challenges. This work also provides insights into how crossover 
rates and placement can be modified by evolution more generally, as all these structures 
are present and relevant in diploids as well. Our work also promises to shed light on 
important a largely mysterious question such as the evolution of recombination rates, and 
the mechanisms and evolution of crossover interference.

Session VI: Ecology
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Integrated analysis of extreme traits relating to the edaphic 
environment of Arabidopsis halleri

J. Romário F. Melo1, Ricardo Stein1, Stephan Hoereth2, Vasantika Suryawanshi1,3, 
Ahmed Sorour1, Veronica Preite1, Justin E. Anderson1, Bjoern Pietzenuk1, 
Ardeshir Kazemi-Dinan4, Jamshaid Ali1, Caroline Mueller4, Stephan Clemens2, 
Ute Kraemer1

1: Ruhr University Bochum, Bochum, Germany
2: University of Bayreuth, Bayreuth, Germany
3: University of Southern California, Los Angeles, CA, USA; 
4: Bielefeld University, Bielefeld, Germany

 The species Arabidopsis halleri is among the rare natural colonizers of toxic soils 
contaminated with high levels of zinc (Zn), cadmium (Cd), lead (Pb) and copper (Cu). 
In addition, A. halleri is known to pursue the metal hyperaccumulator strategy, i.e. leaf 
accumulation of Zn, Cd and Pb can be more than one order of magnitude above the 
established critical toxicity thresholds in ordinary plants. Other species of the Arabidopsis 
genus are non-accumulators exhibiting only basal metal tolerance that is common to 
all plants. The goal of our laboratory is to establish and employ A. halleri as a model 
for the analysis of adaptive traits and trait variation in plants, including their genetic 
basis, molecular mechanisms, ecological roles and evolutionary history. In cross-species 
comparative approaches, we have identified a number of candidate genes. Using RNA 
interference constructs in stably transformed A. halleri, we are analysing both the functions 
of these candidate genes and the ecological roles of the traits that they govern. 

 We will discuss a gene necessary for high lead (Pb) accumulation in leaves of A. 
halleri, suggesting an ecological role also for leaf accumulation of this highly toxic heavy 
metal. As a first step towards addressing within-species trait variation, we conducted a large 
field survey of A. halleri, with the analysis of leaf samples and rhizosphere soil samples of 
more than 2,000 individuals in their natural habitats. Results from reciprocal field transplant 
experiments and common garden soil exchange experiments provide first insights into local 
adaptation in A. halleri. Sequencing-based genotyping of field-collected, environmentally 
and phenotypically characterized accessions is completed, as well as the determination 
of leaf mineral accumulation (“ionomics”) of a subset of field-collected individuals under 
controlled growth chamber conditions. Phenotypic diversity within A. halleri is very large, 
opening up powerful opportunities for both basic and applied research.

Genetic Analysis of Parallel Local Adaptation to Serpentine 
and Mine Soils in Mimulus guttatus

John Willis

Department of Biology, Duke University

 A major challenge in 21st century biology is to understand how organisms 
adapt to complex and often unpredictable environments. Evolutionary ecologists have 
studied plant adaptation to extreme edaphic environments such as serpentine soils and 
heavy metal contaminated mine tailings for decades and this classic work provides 
some of our best examples of “natural selection in action.” These extreme soils impose 
such strong selection that plant populations occurring on serpentine/mine soils and 
adjacent “normal” soils are often locally adapted over a scale of meters despite 
substantial gene flow.

 Throughout western North America local populations of the yellow 
monkeyflower Mimulus guttatus have repeatedly adapted to patches of serpentine 
soils or toxic copper mine tailings. Using a combination of reciprocal transplants in 
the field and lab, QTL mapping, physiological experiments, and population genomic 
approaches, we are beginning to identify the most important evolutionary genetic 
changes that have enabled this plant species to survive and reproduce on serpentine 
soils or mine tailings throughout its range. Serpentine soils and copper mine soils 
are patchily distributed and vary substantially in their physiochemical properties, 
and it is not known whether widespread species, such as M. guttatus, repeatedly 
adapt to different patches via the same or different molecular mechanisms. Even if 
the same gene is repeatedly used, is this due to new mutations or repeated use of 
standing variation? Are serpentine or Cu mine adapted alleles and pathways selectively 
equivalent on soils from different serpentine or mine regions, or uniquely suited to 
each particular habitat?

 This talk will highlight some of our progress towards answering some (but 
not all!) of these basic questions about evolutionary plant solutions to ecological 
challenges. 

Session VI: Ecology
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Relating genome and trait variation in oilseed rape

Ian Bancroft

University of York

 Oilseed rape, a crop type of Brassica napus, has a global production of ~70M 
tonnes (of which the EU contributes ~20M tonnes) and is grown extensively in 
rotation with cereals, making it by far the most important close relative of Arabidopsis 
economically.  Since sharing a common ancestor with Arabidopsis, the genome of 
B. napus has undergone multiple polyploidy events, each re-launching the genome 
stabilization process termed diploidization.  Consequently, the genetic control of traits 
is much more complex, with a gene in Arabidopsis typically having 4 to 6 orthologues 
in B. napus. The genomes that came together in the last event (an allotetraploidy) were 
closely related, differing by only ~3% at the nucleotide level, making whole-genome 
sequencing approaches particularly error-prone.

 In order to develop genomics platforms that can deal with the complexity 
and error profile of Brassica genome sequence resources, we developed a suite of 
sequencing-based technologies to augment genome sequencing of B. napus, to utilize 
the genome sequences of its progenitor species (B. rapa and B. oleracea) and to exploit 
gene function information from Arabidopsis, using comparative genomics. I will 
describe transcriptome sequence (mRNAseq)-based approaches and their application 
to both the characterization of the B. napus genome and the association of genome 
variation with the variation of traits of importance in the rapeseed crop. Finally, I will 
illustrate the impact delivery process for oilseed rape once trait-controlling genes have 
been identified, using as an example the targeted reduction of polyunsaturated fatty 

acid content of rapeseed oil. 

Session VII: Translation

Adaptation of barley to different environments

Robbie Waugh

The James Hutton Institute and University of Dundee 

 The barley end use sectors (maltsters, brewers and distillers) top priority is to 
safeguard provision of a reliable and sustainable supply of high quality barley for 
premium end uses. Major concerns revolve around the changing environment and 
production pressures from more economically attractive crops, which in many cases 
are pushing barley production onto more marginal land.  In evolutionary terms and 
timescales barley is well known as both a resilient and highly adaptive crop.

 In my presentation I will focus on some of the ways we have been applying new 
information and technologies in attempts to drive our understanding of how barley 
has responded to the environmental challenges it has faced in the past, in particular 
as it emerged from its centre of origin in the near east fertile crescent and spread 
throughout the world.  I will illustrate some of the consequences of intense selection 
during breeding on genome wide patterns of variation. In particular I will discuss the 
extensive and worryingly monomorphic tracts present in the elite barley genepool and, 
time permitting, some of the strategies we are starting to develop to help address this 
problem.
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Unlocking the polyploid potential of wheat

Cristobal Uauy

John Innes Centre, Norwich Research Park, Norwich, NR4 7UH, 
United Kingdom

 Polyploidy has played a central role in plant genome evolution and in the 
formation of new species such as tetraploid pasta wheat and hexaploid bread wheat. 
Until recently, the high sequence conservation between homoeologous genes, together 
with the large genome size of polyploid wheat, had hindered genomic analyses in 
this important crop species. The advent of next-generation sequencing, however, has 
radically changed the wheat genomics landscape.

 A series of advances in genomic resources and tools for functional genomics 
are shifting the paradigm of what is possible in wheat molecular genetics and 
breeding. I’ll discuss how understanding the relationship between homoeologs can 
inform approaches to modulate the response of quantitative traits and how functional 
redundancy has ‘locked up’ a wide range of phenotypic variation in wheat. Genomics 
offers new ways to assess natural variation and provides key tools to inform targeted 
manipulation of multiple homoeologs, thereby allowing researchers and plant breeders 
to unlock the full polyploid potential of wheat.
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Oxygen Sensing Coordinates Photomorphogenesis to 
Facilitate Seedling Survival

Mohamad Abbas1,2 Sophie Berckhan2 Daniel J. Rooney2 Daniel J. Gibbs2,3 
Jorge Vicente Conde2 Cristina Sousa Correia2 George W. Bassel2,3 Nora 
Marın-de la Rosa1 Jose Leon1 David Alabad1 Miguel A. Blazquez1 and 
Michael J. Holdsworth2

1: Instituto de Biologıa Molecular y Celular de Plantas, Consejo Superior de 
Investigaciones Cientıficas, Universidad Politecnica de Valencia,Ciudad Politecnica de 
la Innovacion, 46022 Valencia, Spain
2: Division of Plant and Crop Sciences, School of Biosciences, University of 
Nottingham, Loughborough LE12 5RD, UK
3:School of Biosciences, University of Birmingham, Edgbaston B15 2TT, UK

 Successful emergence from the soil is essential for plant establishment in 
natural and farmed systems. It has been assumed that the absence of light in the soil 
is the preeminent signal perceived during early seedling development, leading to a 
distinct morphogenic plan (skotomorphogenesis), characterized by traits providing an 
adaptive advantage until emergence and photomorphogenesis. These traits include 
suppressed chlorophyll synthesis, promotion of hypocotyl elongation, and formation 
of a closed apical hook that protects the stem cell niche from damage. However, 
absence of light by itself is not a sufficient environmental signal for early seedling 
development. Reduced oxygen levels (hypoxia) can occur in water-logged soils. We 
therefore hypothesized that below-ground hypoxia may be an important, but thus far 
undiscovered, ecological component regulating seedling development. Here, we show 
that survival and establishment of seedlings following darkness depend on their ability 
to sense hypoxia, through enhanced stability of group VII Ethylene Response Factor 
(ERFVII) transcription factors. 

 Hypoxia is perceived as a positive environmental component in diverse taxa 
of flowering plants, promoting maintenance of skotomorphogenic traits. Hypoxia 
greatly enhances survival once light is perceived, while oxygen is necessary for 
the subsequent effective completion of photomorphogenesis. Together with light 
perception, oxygen sensing therefore allows an integrated response to the complex 
and changing physical microenvironment encountered during early seedling growth. 
We propose that plants monitor the soil’s gaseous environment after germination, using 
hypoxia as a key external cue to protect the stem cell niche, thus ensuring successful 
rapid establishment upon emergence above ground.

Poster Abstract  01 Poster Abstract 02 

Genetic Dissection of Phenotypic Plastic Traits to Cold 
Tolerance in Arabidopsis thaliana

Qurat-ul Ain, Jinquan Li, Niklas Körber, Silvia Braun, Thorsten Brehm, Birgit 
Bleise, Kathrin Heinz, Bernd Kastenholz, Kerstin A. Nagel, Fabio Fiorani

1: BG-2: Plant science, Institute for Bio- and Geoscience, Forschungszentrum Jülich 
GmbH, Jülich, Germany

 Growth is a complex trait determined by interaction between genes and 
environment. To identify the genetic basis of growth responses to sub-optimal 
temperatures, we exploited natural variation in Arabidopsis rosette growth by using 
80 re-sequenced accessions1 for cold stress responses. We used Forschungszentrum 
Jülich (IBG-2) phenotyping pipeline including: automated sowing by PhenoSeeder2; 
germination analysis; seedling selection and transplantation, and; time course 
imaging by RGB and fluorescence cameras3. We conducted an experiment for cold 
temperature stress (15°C, 20°C as control; 8 h photoperiod) for three weeks and 
determined 24 shoot traits by imaging for cold stress response. GWAPP web interface 
was used for genome-wide association study (GWAS) with Accelerated Mixed Model 
and 250K SNPs data.

 Based on a threshold after Bonferroni corrections (P-value = 0.05) four loci 
were considered associated with cold induce changes in dry weight, leaf area, growth 
rate and stockiness at 15°C. One locus was significantly associated with leaf area 
and growth rate at 20°C. Annotation of these genes includes functions such as Cam-
binding protein 60-like G, and tirucalladienol synthase. Our results indicate that 
GWAS with a relatively small number of ecotypes could be possible with high density 
SNPs. However, simulation models based on this dataset suggest that using a larger 
number of ecotypes would increase the power of detection especially for associated 
genomic regions with relatively small effects. Additionally, to dissect the phenotypic 
plasticity of Arabidopsis in potential future environmental scenarios, we are also 
conducting experiments under elevated CO2 concentrations, and its combination with 
high and low temperature.
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Identifying genes controlling nutrient uptake and 
distribution in oilseed rape

Thomas D Alcock, Rory Hayden, Lolita Wilson, Ian Bancroft, Philip J White, 
Martin R Broadley, Neil S Graham

Centre for Plant Integrative Biology, University of Nottingham

 Processes involved in the uptake and utilization of nutrients are controlled by 
numerous traits including root architecture, membrane transport, and root-to-shoot 
translocation. Identifying markers for these traits will enable targeted breeding for 
improved nutrient use efficiency and biofortification. The aim of this study is to use 
recently developed mapping techniques to identify genes involved in the uptake and 
utilization of nutrients (including P, Ca & Mg) in a large diversity set of Brassica napus 
(ASSYST population, ~400 accessions).

 In total, 387 lines of the ASSYST population plus controls were grown 
in polytunnels. Leaf and seed samples were digested in nitric acid prior to 
broad-spectrum mineral analysis. These data were used to conduct associative 
transcriptomics to locate associated quantitative trait loci (QTL). Candidate genes were 
selected from analyses and Arabidopsis and Brassica plants mutated in corresponding 
genes were acquired for characterization.

 Leaf mineral concentrations varied greatly between accessions with up to 10-
fold differences observed for some elements. Correlations between different element 
concentrations were also observed, including strong positive correlations between leaf 
Ca and Mg. Several overlapping QTL were observed for leaf Ca and Mg concentration, 
including a locus on chromosome C2. Analysis of Arabidopsis plants mutated in genes 
at these loci has led to the identification of three mutant lines with reduced shoot Ca 
& Mg concentration compared to wild type plants under normal conditions. Brassica 
rapa plants homozygous for EMS mutations in candidate genes have also been 
identified and are undergoing characterization. Markers for leaf P concentration have 
been identified and these are being further investigated. Results so far illustrate the 
efficacy of the associative transcriptomics approach, and show promise for future crop 
improvement through targeted breeding.

Poster Abstract 04 

Pollination syndromes and scent production in Petunia

Avichai Amrad1, Michel Moser2, Therese Mandel1, Michel de Vries2, Robert 
C. Schuurink2, Loreta Freitas3 and Cris Kuhlemeier1

1: Institute of Plant Sciences (IPS), University of Bern, Bern, Switzerland
2: Swammerdam Institute for Life Sciences, University of Amsterda, Amsterdam, The 
Netherlands
3: Department of Genetics, Universidade Federal do Rio Grande do Sul, Porto Alegre, 
Brazil

 The interactions of plants with their pollinators are thought to be a driving 
force in the evolution of angiosperms. Adaptation to a new pollinator involves 
coordinated changes in multiple floral traits controlled by multiple genes. Surprisingly, 
such complex genetic shifts have happened numerous times during evolution. We 
investigate the genetic basis of the changes in one such trait, floral scent emission, in 
the genus Petunia (Solanaceae).

 In the first shift, from bee- to hawkmoth pollination, we have identified that 
de novo expression of the genes encoding benzoic acid/salicylic acid carboxyl 
methyltransferase (BSMT) and benzoyl-CoA:benzylalcohol/2-phenylethanol 
benzoyltransferase (BPBT) are responsible for the significant increase in the complexity 
of emitted volatiles. 

 In a second transition, from moth- to hummingbird pollination, we identified 
and confirmed that the loss of cinnamate-CoA ligase (CNL) function as well as a 
reduction in the expression of the MYB-transcription factor ODO1 are responsible 
for the complete loss of scent production. The CNL gene in the hummingbird-
adapted species is inactive due to a stop codon, but also appears to have undergone 
further degradation over time. This suggests that the loss of methylbenzoate, the most 
abundant and strongest attractive volatile in the moth-pollinated species, happened 
relatively early in the transition towards hummingbird pollination and probably 
preceded other phenotypic changes. Our findings provide insight on the evolutionary 
targets that drive natural variation in the phenylpropanoid/benzenoid biosynthetic 
pathway. 



   GARNet NatVar2016

40 41

                            GARNet NatVar2016
Poster Abstract 05
Root-VIS: An approach to generate and visualise representative 
root architectures based on quantitative data from individual 
plants

Adrian Hills1, Fabian Kellermeier1, Simon Rogers2, Guillaume Lobet3 and 
Anna Amtmann1

1 Laboratory of Plant Physiology and Biophysics, Institute of Molecular, Cell and 
Systems Biology, University of Glasgow, G12 8QQ   UK
2 School of Computing Sciences, University of Glasgow, G12 8QQ UK
3 PhytoSYSTEMS, Université de Liège, Belgium

 Plants are able to adapt growth and development of individual parts of the root 
system to external and internal factors, which allows them to adopt an overall root 
system architecture (RSA) that is best suited to exploit the given soil environment. 
Identifying genes that underpin RSA holds great promise for improving water and 
nutrient uptake efficiency. On the one hand, evolutionary plasticity of RSA provides 
a handle to use natural variation as a means to identify the genetic determinants of 
RSA. Furthermore, RSA plasticity of an individual plant in response to a changing 
environment allows the identification of sensory and regulatory elements through 
forward and reverse genetics. Many experimental protocols and software tools have 
been developed to capture RSA features quantitatively. However, there is considerable 
variation of RSA between isogenic individuals even if grown under controlled 
laboratory conditions. Quantitative genetics analyses therefore rely on averaged data 
that are representative for a population of individual plants. 

 Averaging RSA is not trivial because only a few features (e.g. main root length) 
can easily be represented by means. Many averaged features (e.g. mean lateral 
root length) do not describe root architecture unless position is taken into account, 
and there are multiple approaches to do so (e.g. averaging over a certain region or 
averaging by order of appearance). Similarly, multiple options exist for averaging 
angles, curvatures etc. A further challenge consists in the visualisation of average 
architectures. The problem is comparable to that of facial reconstruction from a 
partial description or of displaying typical facial expressions from a dataset obtained 
from individuals. Our new RootVis programme is a first approach to the problem of 
averaging RSA features and generating a ‘prototype RSA’ for a particular genotype, 
environment or time point. The programme is integrated into a new improved version 
of our EZ-Rhizo software, EZ-Rhizo II, but can also operate as a standalone programme 
using data outputs from other RSA analysis software. The programme is exemplified 
with data from recent experimental studies in our lab using Arabidopsis accessions and 
nutritional conditions 

Poster Abstract 06 

Diversity and Local Adaptation in the Metal Hyperaccumulator 
Arabidopsis halleri 

Justin Anderson and Ute Kraemer

Ruhr-Universität Bochum, Germany 

 The colonization of heavy metal contaminated soils by Arabidopsis halleri offers 
a unique window into the mechanisms of local adaptation and hyperaccumulation. 
Arabidopsis halleri is an outcrossing perennial, facultative metallophyte, and 
heavy metal hyperaccumulator. Recent work sampled multiple individuals from 
165 populations across Europe, including heavy metal contaminated and non-
contaminated sites, in the largest Arabidopsis halleri collection to date. 

 Multi-element analysis of paired leaf and soil samples conducted for each of 
these individuals reveals significant trait variation within populations and between 
contaminated and non-contaminated sites. The strong population structure observed 
with GBS genotyping data generally aligns with geography and appears unrelated to 
the heavy metal contents of the soil. Ongoing efforts are exploring signals of selection 
and association between the widespread genotypic and phenotypic variation.
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Role of the sodium transporter AtHKT1;1 in locally adapted 
Arabidopsis thaliana demes from the Mediterranean coast

Sílvia Busoms1, Charlotte Poschenrieder2, Levi Yant1, David E Salt3

1: Department of Cell and Development Biology, John Innes Centre, Norwich, UK
2: Department of Plant Physiology, Universitat Autònoma de Barcelona, Spain
3: Centre for Plant Integrative Biology, School of Biosciences, University of 
Nottingham, Sutton Bonington Campus, Loughborough, UK

 Environmental stresses such as soil salinity are major factors that limit plant 
growth and productivity and that cause yield losses in crops around the world. 
Evolutionary forces are known to drive the fixation of locally adaptive genetic variation 
within demes. We have good evidence for local adaptation to the coast in wild demes 
of A. thaliana from the NE of Catalonia where soil salinity is a major selective force 
(Busoms et al., 2015). We have determined that some of these coastal plants have a 
low expression of AtHKT1;1 (weak allele) and consequently they accumulate high 
amounts of Na in leaves even in control conditions. Plants containing the weak allele 
of AtHKT1;1 are located in an intermediate region 500 – 1500 m from the coast, 
where soil sodium levels are highly variable from season to season and year to year . 
This contracts the constantly high levels of sodium found in soils at sites very close to 
the coast. Plants with the weak allele always appear in demes also containing plants 
with the strong allele. However, heterozygous plants are rarely observed. Interestingly, 
the ratio of plants with the weak or strong allele varies between years. Whole genome 
sequencing of 80 plants from 20 demes has revealed a complex set of structural 
variations at the AtHKT1;1 locus.
 The weak allele of AtHKT1;1 occurs in a genetic background that still confers 
coastal adaptation, compared to plants from inland demes. However, in a 2-year 
coastal common garden experiment, plants with the strong allele flowered later and 
outperformed those with the weak allele. However, in hydroponics and soil irrigated 
with different concentrations of NaCl, plants with the weak allele had a fitness 
advantage compared to plants with the strong allele when cultivated at intermediate 
levels of salinity. In conclusion, the weak allele of AtHKT1;1 may provide tolerance 
to medium levels of salinity by allowing plants to take up more sodium and use it as 
a osmoticium that is accumulated in the vacuole. Closer to the coast, where salinity 
is constantly high, vacuolar storage capacity may be overwhelmed and the weak 
allele causes plants to be more sensitive. The absence of heterozygous plants for these 
alternative alleles of AtHKT1;1 may be explained by the differences we detected in 
flowering time under coastal conditions, and this also indicates a potential relation 
between AtHKT1;1 and flowering time genes.

Poster Abstract 08 

Identification of cis-regulatory elements governing differential 
expression of HEAVY METAL ATPASE4 genes between Arabidopsis 
species contrasting in metal homeostasis

Leonardo Castanedo, Ravikumar Mayakrishnan, Ines Kubigsteltig, Justyna 
Cebula, Maria Bernal and Ute Krämer. 

Ruhr University Bochum, Bochum, Germany.

 In Arabidopsis and closely related species, Heavy Metal ATPase4 (HMA4) 
genes encode P1B-type ATPases that export Zn2+ and Cd2+ cations across the 
plasma membrane of specific cell types. This governs root-shoot partitioning of 
these metal cations and has a profound impact on the entire metal homeostasis 
network throughout the plant. HMA4 transcript levels are between 6- and 130-fold 
higher in A. halleri than in A. thaliana, the genome of which harbors a single HMA4 
gene. It was previously shown that higher HMA4 transcript levels are the result of a 
combination of gene copy number expansion and altered cis-regulation of all three 
tandem HMA4 gene copies of A. halleri. Strongly increased HMA4 transcript levels of 
HMA4 were shown by RNA interference to make the predominant contribution to Zn/
Cd hyperaccumulation specifically in above-ground biomass of A. halleri and to be 
necessary for the full extent of Zn and Cd hypertolerance in A. halleri. 

 The primary goal of this present study is to identify cis-regulatory elements 
(CREs) that determine the differential expression of AhHMA4-1 and AtHMA4 genes. 
For this purpose, we generated A. thaliana transformants carrying different promoter 
deletion constructs fused to the GUS reporter gene. Histochemical staining of 
transformants identified two regions in the AtHMA4 promoter (PAtHMA4) which 
act independently to repress GUS activity. One of these regions corresponds to 
an intron located in the 5’-UTR of the HMA4 primary transcript, the other one is 
located upstream of HMA4 in a conserved region annotated as lncRNA. In addition, 
we identified a ~44 bp region of PAhHMA4-1 that is necessary for GUS activity. In 
contrast to the AhHMA4 promoter, deletion of the homologous region in PAtHMA4 
only diminishes the intensity of histochemical GUS staining, but does not completely 
abrogate it. 

 In both AhHMA4-1 and AtHMA4, this ~44 bp region contains three predicted 
CREs that correspond to the DNA-binding sites recognized by circadian clock 
regulatory transcription factors (e.g. CCA1, RVE1, or similar), pointing towards a 
potential circadian regulation of the expression of HMA4 genes. 
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Regulation of endoplasmic reticulum and cytosolic Ca2+ dynamics 
by Arabidopsis CATION/Ca2+ EXCHANGER2 is crucial in salt 
stress tolerance

Massimiliano Corso1, Alex Costa2, J. Romário F. de Melo2, Fabrizio G. 
Doccula2, Nathalie Verbruggen1

1: Laboratory of Plant Physiology and Molecular Genetics, Université Libre de 
Bruxelles, 1050 Brussels, Belgium
2: Department of Biosciences, University of Milan, 20133 Milan, Italy

 Given the lack of a nervous system in plants, signalling molecules such as 
Ca2+ are of vital relevance for perceiving environmental stimuli. Despite this, little 
information on genes families that control this network are available. Here, we 
report that the Arabidopsis CATION/Ca2+ EXCHANGER2 (AtCCX2), a member of the 
CCX family encoding a putative novel cation/Ca2+ exchanger that localized to the 
endoplasmic reticulum, is strongly induced by salt and osmotic stresses. Compared 
with the wild type, CCX2 loss- and gain-of-function mutants were less and more 
tolerant to different osmotic stresses, respectively, displaying the most noteworthy 
phenotypes during salt stress. Remarkably, NES-YC3.6 and CRT-D4-ER Cameleons 
Ca2+ sensors revealed that CCX2 activity impacts cytosolic and endoplasmic 
reticulum Ca2+ concentrations under osmotic stresses. 

 To our knowledge, ccx2 is the first plant mutant with measured alteration in 
the ER Ca2+ concentrations. Our results give new insights into the unexplored role 
of CCX gene family in planta and highlight a major role for CCX2 in the regulation of 
cytosolic and ER Ca2+ dynamics with downstream effects on salt stress sensitivity and 
responses.

Poster Abstract 10 

Genetic and Epigenetic Variation in Tomato Landraces

Fabio Fedi1,3, Richard Finkers2, Antonio Granell3 and Graham Seymour1 

1: Plant and Crop Sciences division, University of Nottingham, Sutton Bonington, LE12 
5RD, UK
2: Plant Breeding, Wageningen Plant Research, PO Box 386, Wageningen 6708PB, NL 
3: IBMCP, Building 8E, Ciudad Politécnica de la Innovación, Universidad Politécnica 
de Valencia, Ingeniero Fausto Elio s/n 46022 Valencia. Spain

 Epigenetic changes are emerging as factors influencing tomato fruit phenotypes. 
They have been shown to influence ripening and given the narrow genetic basis of 
tomato, it is likely that epigenetic variation may play a role in the establishment of fruit 
quality phenotypes. Epigenetic variability is assessed among tomato landraces and 
different growth conditions as part of the H20:20 TRADITOM project, by comparing 
promoter methylation in the regulatory regions of ripening-related genes from a range 
of old traditional varieties with contrasting fruit ripening rates based on evaluation of 
texture changes. 

 The initial focus will be on the distribution of DNA methylation across well- 
defined cis –regulatory elements in the promoters of cell wall remodelling genes and 
ripening master switches, e.g. RIN and CNR known to influence fruit shelf life but 
some new targets will be addressed where appropriate by whole genome bisulfite 
sequencing in a reduced number of cases. Through bisulphite sequencing changes 
in the methylation status of gene promoters in response to altered environmental 
conditions will be investigated. This information will inform on relationships between 
genotypes, phenotypes and selected epigenetic marks. 
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Allelic variation at FRI and FLC determines lifetime water 
consumption within an Arabidopsis mapping population

John N. Ferguson1, Matthew Humphry2, Tracy Lawson1, Oliver Brendel3, 
Rhonda C. Meyer4, Ulrike Becthold1

1: School of Biological Sciences, University of Essex, Colchester, United Kingdom; 
2: Advanced Technologies Cambridge, Cambridge Science Park, Cambridge, United 
Kingdom 
3: INRA, Ecologie et Ecophysiologie Forestières, Champenoux, France; 
4: Department of Molecular Genetics, Leibniz Institute of Plant Genetics and Crop 
Plant Research, Gartersleben, Germany

 Selection driven by water availability has resulted in considerable variation 
for traits associated with drought resistance and water-use efficiency (WUE) in 
Arabidopsis. This variation has been well demonstrated; however the degree to which 
it pertains to variation in actual water consumption and reproductive performance 
has remained unclear. We tested the effectiveness of a host of developmental and 
physiological parameters for forecasting reproductive performance and lifetime 
water consumption in a diverse panel of Arabidopsis ecotypes. Results demonstrate 
the complexity of phenotypic plasticity associated with water consumption and 
productivity, and suggest that flowering time, vegetative performance, and WUE, 
which have traditionally been considered accurate proxies of plant performance, are 
much better indicators of water consumption. 

 To elucidate the genetic basis of water consumption, we phenotyped a 
recombinant inbred line population derived from the crossing of a moderate (Col-
0) and low (C24) WUEi ecotypes for lifetime water consumption and reproductive 
performance. Subsequent QTL mapping and validation through near-isogenic lines 
revealed that a combination of weak and non-functional alleles of the FRI and FLC 
flowering time genes substantially reduced lifetime water-consumption without 
penalising reproductive performance. .

Poster Abstract 12 

Tetraploidy enhances abiotic stress tolerance.

Sina Fischer, David Salt

Centre for Plant Integrative Biology, School of Biosciences, University of Nottingham, 
Sutton Bonington Campus, Loughborough, UK

 Whole genome duplication events are widespread in the plant kingdom and 
have enabled neo-functionalisation and influenced evolution. The direct fitness 
benefit of autopolyploidy however is so fare not understood. In a ground breaking 
study Chao et al. described the influence of root ploidy on potassium uptake and 
sodium tolerance. To illuminate the connection between K-homeostasis, ploidy and 
salt tolerance we performed an RNAseq experiment comparing expression between 
diploid and tetraploid Arabidopsis thaliana Col-0 under control conditions and salt 
stress. 

 This approach will enable us to define as candidates those genes that are 
differentially regulated between diploid and tetraploid. By doubling the genomes of 
mutants harbouring loss-of-function alleles of these candidate genes we will test their 
role in the elevated K and salt tolerance observed in tetraploids. Our RNAseq data 
reveal that most expression differences are visible at control conditions and disappear 
upon Na stress, leading us to hypothesis that tetraploid plants are pre-adapted to 
abiotic stress.
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Specific and pleiotropic regulation fine-tune primary metabolism 
and impact on plant reproduction, development and growth

Corina M. Fusari, Rik Kooke, Ronan Sulpice, Martin A. Lauxmann, Maria 
Grazia Annunziata, Joost J. B. Keurentjes and Mark Stitt.

Max Planck-Institute of Molecular Plant Physiology

 Plant primary metabolism is regulated at multiple levels to integrate signals 
about resource availability, environment conditions and developmental cues. The 
genetic basis of this network has previously been explored by mapping QTL for 
metabolites. A more direct approach would be to search for polymorphisms that 
determine the abundance or properties of enzymes. We have applied genome-wide 
association (GWA) mapping to 349 Arabidopsis accessions to identify QTL for 24 
enzyme activities.

 We were interested to determine whether genetic variation in enzyme activity 
is mainly due to cis-QTL in structural genes for enzymes, or in regulatory trans-QTL. 
We also mapped QTL for 13 metabolites that are transformed by these enzymes, some 
structural components and biomass. Correlation analysis revealed strong connectivity 
between many traits, as in many previous studies. The strongest QTL were cis-QTL. 
These were detected in six structural genes and were responsible for four enzyme 
activity QTL and two metabolite level QTL. A strong cis-QTL for UGPase activity 
located in the promoter region of UGP1 is maintained through balancing selection. 
Variation in acid Invertase activity mapped to both the promoter and the coding region 
of VAC-INV, and reflected multiple evolutionary events. Both genes, together with 
APL1, which associated to AGPase activity, are important for correct development of 
flower and seeds. 

We also detected many trans-QTL. They included transcription factors, E3 ligases, 
protein targeting components and protein kinases. A major pleiotropic QTL located in 
the genomic region containing ACD6 in Chr4 was also detected. This QTL associated 
with six enzyme activities, three metabolite levels and biomass. These traits are co-
ordinately determined by different ACD6 alleles, pointing to a trade-off between 
central metabolism and defence against biotic stress.

Poster Abstract 14 

Using natural variation to uncover potentially adaptive 
transcriptional networks in Arabidopsis thaliana seed size 
regulation.

Dexter Griffin and Jonathan Fitz Gerald

Rhodes College, Memphis TN, USA

 Understanding the genetic pathways that regulate seed size is of agricultural 
importance. However, discovering the genes involved in seed size can be confounded 
by parent-of-origin effects. Differences in gene regulation between paternal and 
maternal genomes could result in non-additive effects on trait values that appear 
heterotic but are difficult to isolate.

 We have previously characterized the expression of an Arabidopsis formin, 
AtFH5, that is involved in endosperm development.  In the C24 background, the 
action of Polycomb restricts AtFH5 expression to maternally expressed genes in the 
posterior chalazal pole. Genome-wide transcriptome analysis from various groups 
has suggested that AtFH5 expression can be imprinted, maternally biased or biallelic 
depending on the ascension background.

 An AtFH5::H2B-RFP reporter based on C24 sequences was silenced in a 
Columbia background suggestion some of the natural variation in gene expression may 
be due to trans-regulators. To identify these regulators, a yeast one-hybrid approach 
was used to identify differences in Col vs. C24 binding proteins to similar motifs in 
the AtFH5 promoter. Our first attempts have uncovered several candidates for altered 
transcriptional regulation.
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Molecular mechanisms of insect egg-induced hypersensitive 
response in Arabidopsis

Raphaël Groux, Philippe Reymond

Department of Plant Molecular Biology, University of Lausanne, Biophore Building, 
1015 Lausanne

 Plant responses to oviposition are well documented at the metabolic and 
phenotypic levels, but the underlying molecular mechanisms are still poorly 
understood. Pieris brassicae oviposition on plants from the Brassicacae family 
triggers a response that ressembles typical defense against biotroph pathogens. This is 
accompanied by local cell death and accumulation of salicylic acid, callose, reactive 
oxygen species, and defense gene expression. 

 In certain interactions, this hypersensitive (HR)-like response increases 
egg mortality and represents a direct defense against insect eggs. We found that 
Arabidopsis thaliana accessions vary in the strength of egg-induced HR. Here 
we propose to use this natural genetic variation to gain a better understanding of 
molecular pathways underlying this response.

Poster Abstract 15 Poster Abstract 16 

Investigating mechanisms of non-coding adaptation to climate at 
FLOWERING LOCUS C

Jo Hepworth, Rea Antoniou Kourounioti, Catja Selga, Kristina Berggren, 
Deborah Cox, Torbjörn Säll, Svante Holm, Martin Howard, Caroline Dean.

John Innes Centre, Norwich, UK

 2016 is predicted to be the world’s warmest year on record. Nevertheless, 
across the Northern hemisphere Arabidopsis thaliana plants are under evolutionary 
pressure to flower in line with the season of their local microclimates, to maximise 
their reproductive success. A key regulator of this process is FLOWERING LOCUS C, a 
temperature-responsive gene that represses flowering in many Arabidopsis accessions 
until repressed itself by the prolonged cold of winter. FLC has been repeatedly found 
in QTL and GWAS studies as an important site of natural variation and selection, with 
almost all of this variation occurring at the level of gene regulation. 

 Extensive laboratory study has revealed several of the mechanisms that allow 
FLC to sense and record, in a quantitative epigenetic manner, the length of time that 
plants have experienced cold. Here, we investigate how the mechanisms of FLC action 
in the field produce adaptive responses to different environments. We investigated 
the dynamics of FLC downregulation in response to cold in a range of natural 
accessions and FLC haplotypes at different field sites. Combining these results with 
mechanistic understanding we aim to determine the principal temperature inputs to 
this environmental sensor and how different alleles have evolved to be calibrated to 
compensate for different climates.
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Arabidopsis natural variation of root morphology in response to 
nitrogen supply 

Jiajia Xu1, Jérôme De Pessemier1, László Kupcsik1, Hugues De Gernier1, 
Magnus Nordborg2, Dirk Inzé3 and Christian Hermans1

1: Laboratory of Plant Physiology and Molecular Genetics, Interfacultary School of 
Bioengineers, Université libre de Bruxelles, Campus Plaine CP 242, Bd du Triomphe, 
1050 Brussels Belgium.
2: Gregor Mendel Institute of Molecular Plant Biology, Dr. Bohr-Gasse 1030 Vienna, 
Austria
3: Department of Plant Systems Biology, VlB, Department of Plant Biotechnology, 
Ghent University, B-9052 Ghent, Belgium 

 Arabidopsis thaliana has a broad geographical distribution and offers a great 
opportunity to unravel variation in adaptive evolutionary responses to the environment. 
The genetic diversity provided by an ample number of natural accessions, has set the 
foundation for numerous studies on the response to mineral stress factors. Our research 
focus is on the mechanisms governing the Nitrogen Use Efficiency (NUE). Optimizing 
root morphology is a potential strategy for increasing NUE and coping with soil fertility 
problems under low N-input conditions. Root morphology traits (length of primary 
root, number of lateral roots, density of lateral roots) are measured in response to 
nitrate supply in panels of accessions being publicly available in seed stock centres or 
being collected in Belgium and bordering countries. 

 Genome wide association study is combined to QTL mapping with existing 
recombinant inbred lines or with new experimental populations originating from the 
crosses between accessions having the most contrasting root morphologies. Those 
combined mapping approaches led to the identification of hundred candidate genes. 
Through reverse genetic analysis, we are validating several genes regulating root 
morphology. We may also provide some genetic markers that could be further used in 
crops (e.g. rapeseed) for marker assisted selection.

Poster Abstract 18 
Natural variation of Arabidopsis thaliana as a tool for study 
structure-function analysis of selected Fe(II)- and 2OG-dependent 
dioxygenases involved in plant responses to environmental 
stresses
Joanna Siwinska1, Alexandre Olry2, Victoire Coqueret2, Alain Hehn2, 
Frederic Bourgaud2, Ewa Lojkowska1, Anna Ihnatowicz1

1: Intercollegiate Faculty of Biotechnology of University of Gdansk and Medical 
University of Gdansk, Department of Biotechnology, Poland
2: Université de Lorraine, INRA, UMR 1121 Laboratoire Agronomie et Environnement, 
France

 In silico analysis performed in our group identified some interesting 
polymorphisms present in the promoter regions and coding sequences of selected 
dioxygenases in the genomes of different Arabidopsis thaliana accessions. Some of the 
detected polymorphisms result in changes to the amino acid sequences of a protein. 
In order to check the possible impact of detected nonsynonymous substitutions 
on the protein structure and dioxygenase catalytic activity, we started testing (1) 
protein structure by molecular modelling, (2) in vitro enzymatic characterization of 
dioxygenase activities with purified proteins overexpressed in Escherichia coli cells, 
(3) and in vivo quantification of secondary metabolites accumulation on Nicotiana 
benthamiana leaves overexpressing selected dioxygenases. 

 Our first results showed that among two dioxygenases involved in the 
biosynthesis of scopoletin that is an important compound involved in plant responses 
to environmental stresses, one called F6’H2 has an arginine to proline substitution 
in Est-1 accession when compared to Col-0 sequence. Interestingly, these two 
Arabidopsis accessions also differed in scopoletin accumulation. We detected a higher 
in vitro enzymatic activity of Col-0 F6’H2 in E. coli, which was in agreement with a 
higher scopoletin accumulation obtained in N. benthamiana leaves transformed with 
pBin-35S-Col-0-F6’H2. A molecular modelling of F6’H2 also showed some differences 
in the N-terminus of Col-0 and Est-1 protein structures. Further investigation is needed 
to check whether it could explain slower enzymatic reaction rate of F6’H2 in Est-1.
Even though, the F6’H2 is not a major player in scopoletin biosynthesis, it cannot be 
excluded that detected R12P substitution might become beneficial under particular 
environmental stresses. This hypothesis seems to be supported by our gene expression 
data, in which the expression level of F6’H2 is influenced by a combination of 
different environmental stress factors. 

This work was supported by the NCN grant OPUS 8 (UMO-2014/15/B/NZ2/01073).
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Natural Variation of Root System Architectural Traits in 
Dependence of the Nitrogen Nutritional Status in Arabidopsis 
thaliana

Zhongtao Jia, Ricardo F.H. Giehl, Nicolaus von Wirén

Molecular Plant Nutrition, Leibniz Institute of Plant Genetics and Crop Plant Research 
(IPK), Corrensstrasse 3, 06466, Gatersleben, Germany

 Previous work has shown that root architectural traits display a high plasticity 
in response to different nitrogen (N) supplies. To date, the mechanisms underlying 
developmental plasticity are still poorly understood. Here, 200 natural accessions 
from Arabidopsis thaliana were grown under low and adequate N supplies for the 
assessment of root morphological traits, followed by a genome-wide association study 
(GWAS) to identify genes regulating root architectural plasticity. Our results revealed 
a remarkable independence in the response of individual root traits to different N 
supplies.

 Thereby, N-dependent changes in morphological plasticity could overcome 
the inherent developmental plasticity within the population. GWAS results indicated 
that the variation in root traits was governed by multiple loci with small to moderate 
effects. A list of significantly associated genes was obtained which showed an 
enrichment of a priori candidates known to be involved in root development. 
Meanwhile, a set of potential de novo candidates was compiled with SNPs showing 
–logP values >5 in combination with metadata analysis on their transcriptional 
regulation under varied N supplies as obtained from publicly available transcriptome 
studies. Currently, reverse genetic approaches are carried out with mutant lines to 
validate gene functions and to associate the phenotypic variation with genotypic 
diversity.

Keywords: Natural variation, root system architecture, nitrogen, Arabidopsis thaliana

Poster Abstract 20 

Mapping Meiotic Recombination Modifiers using Fluorescent 
Reporters in Arabidopsis thaliana

Emma Lawrence, Catherine Griffin, Ian Henderson

Department of Plant Sciences, Downing Street, University of Cambridge, Cambridge, 
United Kingdom

 During meiosis, homologous chromosomes pair and undergo a process of 
reciprocal genetic exchange known as recombination, producing crossovers. The 
position of these crossover events genome-wide is highly non-random, and their 
frequency and distribution varies between different accessions of Arabidopsis thaliana. 
However, the genetic factors responsible for this variation remain elusive.

 A series of Fluorescent Tagged Lines containing seed-expressed transgenes 
flanking a defined region of the genome can be utilized to measure recombination 
frequency within the interval. A quantitative trait loci (QTL) approach has been 
adopted using an FTL on chromosome 3 in a Colombia background, crossed to the 
accessions Cvi-0 and Bur-0, to identify novel trans-modifiers of recombination in the 
segregating populations. Significant QTLs contributing to crossover rate variation have 
been identified and will be mapped and characterised. 
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Using Natural Variation to Uncover Regulators of Seed Dormancy

Dana MacGregor1,2, Zhang, N1, Penfield, S.1

1: John Innes Centre, Norwich Research Park, Colney Ln, Norwich, Norfolk NR4 7UH, 
UK
2: As of January 2017: Department of Biosciences, Durham University, South Road, 
Durham, DH1 3LE, UK

 By determining the timing of seed germination, plants are able to control when 
seedlings will emerge and therefore when all subsequent development take place. 
Seeds are prevented from germinating under what would otherwise be favourable 
conditions by dormancy. The level of dormancy that a seed has is determined by 
both genetic and environmental factors. To uncover allelic variants controlling 
environmental regulation of seed dormancy we used a panel of ~270 natural 
accessions of Arabidopsis and tested the primary seed dormancy that resulted from 
seed production at two contrasting temperature regimes. These data confirm that the 
temperature a mother plant experiences strongly influences the level of dormancy of 
the seeds it produces and that the ability to alter dormancy in response to different 
maternal temperatures is very well conserved among Arabidopsis. 

 A series of genome wide association studies (GWAS) using the natural accessions 
set at the two temperatures with or without stratification allowed us to identify 90 
genes of interest, henceforth referred to as DORMANCY IN GWAS (DIG), which 
were contained within 36 distinct peaks. Of these, insertion lines in three dig genes 
showed repeatable, robust dormancy phenotypes. Further analysis of these three DIG 
genes will allow us to uncover the mechanisms through which they control primary 
dormancy in response to maternal temperature.

Poster Abstract 22 

Genome wide analysis of microsomal fatty acid desaturation and 
its plastic response to temperature in Arabidopsis thaliana seeds

Guillaume N. Menard1, Jose Martin Moreno1, Fiona M. Bryant2, Olaya 
Munoz-Azcarate1, Keywan Hassani-Pak1, Smita Kurup1 and Peter J. 
Eastmond1

1:Department of Plant Biology and Crop Science, Rothamsted Research, Harpenden, 
Hertfordshire, AL5 2JQ, UK
2:School of Biological and Biomedical Sciences, Durham University, Durham, DH1 
3LE, UK.

 Plants modify the polyunsaturated fatty acid content of their membrane and 
storage lipids in order to adapt to changes in temperature. In developing seeds this 
response is largely controlled by the activities of the microsomal ω-6 and ω-3 fatty 
acid desaturases, FAD2 and FAD3. Although temperature-regulation of desaturation 
has been studied at the molecular and biochemical level, the genetic control of this 
trait is poorly understood. Here we have characterised the response of Arabidopsis 
thaliana seed lipids to variation in ambient temperature and found that heat inhibits 
both ω-6 and ω-3 desaturation in phosphatidylcholine, leading to a proportional 
change in triacylglycerol composition. 

 Analysis of the 19 parental accessions of the multi-parent advanced generation 
inter-cross (MAGIC) population showed that significant natural variation exists in the 
temperature-responsiveness of ω-6 desaturation. A combination of quantitative trait 
loci (QTL) analysis and genome wide association studies (GWAS) using the MAGIC 
population suggest that ω-6 desaturation is largely controlled by cis-acting sequence 
variants in the FAD2 exon and promoter that determine the expression level of the 
gene. However, the temperature responsiveness of ω-6 desaturation is controlled by 
a separate QTL on chromosome 2. The identity of this locus is unknown but GWAS 
identified potentially causal sequence variants within a ~450 Kb region of the QTL 
interval. Our data show that Arabidopsis seeds exhibits natural variation in the 
temperature-responsiveness of their lipid metabolism and the genetic basis of variation 
in ω-3 desaturation is not at FAD2 but at an unknown locus.
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Blinded by the light: an alternative type of seed dormancy in 
Aethionema arabicum

Zsuzsanna Merai1, Kai Graeber2, Per Wilhelmsson3, Nguyen Thu Phong4, 
Sarhan Khalil1, Stefan Rensing3, Gerhard Leubner2, M. Eric Schranz4, Ortrun 
Mittelsten Scheid1

1: Gregor Mendel Institute of Molecular Plant Biology, Austrian Academy of Science, 
Vienna, Austria
2: Royal Holloway University of London, UK
3: Philipps-University Marburg, Germany
4: Wageningen University, The Netherlands

 Light has numeorus important roles during plant development, including in 
seed germination. Seeds are classified by photoblastism into three categories based on 
their response to white light during germination: (i) Positive photoblastic seeds require 
light to germinate; (ii) light-insensitive seeds germinate with or without light; (iii) 
negative photoblastic seed germination is inhibited by light. Research on the positive 
photoblastic seeds of lettuce or Arabidopsis has contributed the majority of knowledge 
about the molecular regulation of light-dependent germination, while little is known 
about the two other classes. 

 We recently discovered a remarkable natural variation of photoblastism in 
Aethionema arabicum (Brassicaceae). Seeds of one A. arabicum accessions from 
Cyprus (CYP) are negatively photoblastic, while another ecotype from Turkey (TUR) 
is insensitive to light. Preliminary data revealed that the germination of CYP seeds is 
not just temporarily inhibited by light, but extended exposure induces a secondary 
seed dormancy that suppresses germination for a long period even after seeds are 
transferred back to darkness. We aim to set up A. arabicum as a new model plant to 
study the molecular mechanism of light-inhibited and light-insensitive germination and 
investigate the role of abscisic acid, gibberellic acid and chromatin modifications at 
genes for key regulators of germination. 

Poster Abstract 24 

Exploring rice genetic resources to improve nutrient use efficiency

Nahed Mohammed, Michael Schultze, Frans Maathuis

University of York, Department of Biology, York, UK

 Rice, as a major staple crop, is one of the most important targets for plant 
breeders in an attempt to secure enough food for a growing world population. 
Producing plants with high nutrient use efficiency under varying environmental 
conditions would reduce the use of fertilizers, environmental pollution and cost of 
production. 

 This project aims to test around 317, fully genotyped, publicly available rice 
accessions for differences in N, P and K use efficiency and identify chromosomal 
loci linked to nutrient uptake and transport using Genome Wide Association Studies 
(GWAS). Accessions were grown in adequate and low NPK supply in hydroponic 
conditions for three weeks. Variations were observed among the accessions in different 
treatments in terms of morphology and biomass. 

 The following parameters were measured: total fresh and dry weight, relative 
growth rate, shoot and root fresh and dry weight and shoot to root ratio. Ion content 
in tissues is still being measured. Several candidate genes linked to nutrient transport 
were identified and will be used for further studies.
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The genomic architecture of flowering time varies across space 
and time in Mimulus guttatus

Patrick Monnahan, Levi Yant

John Innes Centre, Norwich Research Park, Colney Ln, Norwich, Norfolk NR4 7UH, 
UK

 The degree to which genomic architecture varies across space and time is 
central to the evolution of genomes in response to natural selection. Bulked-segregant 
mapping combined with pooled sequencing provides an efficient method to estimate 
the effect of genetic variants on quantitative traits. 

 We develop a novel likelihood framework to identify segregating variation 
within multiple populations and generations while accommodating estimation error on 
a sample- and SNP-specific basis. We use this method to map loci for flowering time 
within natural populations of Mimulus guttatus, collecting the early and late flowering 
plants from each of three neighboring populations and two consecutive generations. 

 We find appreciable variation in genetic effects on flowering time across both 
time and space; the greatest differences evident between populations. Structural 
variants, such as inversions, and genes from multiple flowering time pathways exhibit 
the strongest associations with flowering time. It is also clear that genotype-by-
environment interactions are an important influence on flowering time variation.

Poster Abstract 26 

Mechanisms regulating inflorescence development and outgrowth 
in Arabis alpina

Evelyn Obeng-Hinneh1, Hequan Sun2, Korbinian Schneeberger2 and Maria 
Albani1

1: Botanical Institute, University of Cologne, Zülpicher Str. 47B, 50674 Köln, Germany, 
2: Max Planck Institute for Plant Breeding Research, Carl-von-Linné-Weg 10, 50829 
Köln, Germany.

 The perennial model species, Arabis alpina, like most temperate perennials have 
the ability to suspend and resume growth recurrently in response to environmental 
conditions. Floral initiation leading to flower bud formation in A. alpina occurs during 
exposure to cold periods (vernalization). These flower buds emerge as flowers once 
there are permissive temperatures. The A. alpina accession Pajares, was previously 
characterized to have an obligate vernalization requirement to ensure flowering. 
A MADS box transcription factor PERPETUAL FLOWERING 1 (PEP1), which is the 
orthologue of A. thaliana gene, FLOWERING LOCUS C (FLC) regulates flowering 
and other perennial traits in the accession Pajares. pep1 mutants do not require 
vernalization to flower and also flower perpetually (Wang et al., 2009). PEP1 is also 
a subject of natural variation. Accessions without active PEP1 alleles flower without 
vernalization and have compromised perennial traits (Albani et al., 2012).  

 We characterized the effects of vernalization duration on flowering and 
inflorescence development. Our data shows that, exposure of Pajares to prolonged 
vernalizations reduces the time to flower emergence and affects inflorescence 
architecture. To identify other molecular mechanisms involved in these processes, the 
pep1 mutant was mutagenized to obtain second site enhancer mutants, enhancer of 
pep1 (eops) with simpler inflorescence and early flowering phenotype. Three eops 
were sequenced by NGS and mapped to the same chromosome region which did 
not contain any flowering genes. All mutants carried nonsynonymous mutations in 
a gene predicted to be in the AAA+ ATPase protein family. The candidate region was 
introgressed into a functional PEP1 background. Introgression lines flowered with 
shorter vernalization periods and showed faster inflorescence outgrowth. 
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The Genetic Basis of Edaphic Adaptation to High Metal 
Concentrations   

Christian Sailer1, Veronica Preite2, Lara Syllwasschy2, Ute Krämer2, Levi 
Yant1

1: John Innes Centre, Department of Cell and Developmental Biology, Colney Lane, 
Norwich, NR4 7UH, UK
2: Department of Plant Physiology, Ruhr-University Bochum, Universitätsstrasse 150 
ND3/30, D-44801 Bochum, Germany 

 Adaptation to different soil environments is a central factor in plant species 
diversification. Highly skewed levels of elements such as Cd, Mg and Zn constitute a 
strong selective force on plant colonists. Given the patchy distribution of such sites and 
plants¹ inability to escape these forces once encountered, sites with extreme elemental 
concentrations provide powerful models of adaptation. Using a population genomic 
resequencing approach paired with individual level elemental profiling we identify 
genes under selection in the wild outcrossing sister species Arabidopsis arenosa and A. 
halleri from highly metal contaminated (M) and uncontaminated (NM) soils. 

 We sampled leaf and soil of 144 individuals of both species from 3 M-NM 
paired sites, resequenced to ~10x genome-wide coverage. Additionally, we measured 
the content of 17 elements in paired plant and soil samples. Here, we present the first 
results of this SNP-based selection scan. Per M-NM pair we identified on average 650 
and 330 candidate genes that are outliers for at least one summary statistic (99.9% 
confidence interval) for A. arenosa and A. halleri, respectively. These represent a broad 
range of physiological processes. Current directions include development of CNV/SV 
selection scans as well as understanding the contribution of multiple allelic variants to 
polygenic and repeated adaptations across these species ranges.

Poster Abstract 28 

HAC1: novel insights of a new arsenate reductase with root-tissue 
specific activity in Arabidopsis

Eduardo Sanchez-Bermejo1 and David E Salt1,2

1: University of Aberdeen
2: Centre for Plant Integrative Biology, School of Biosciences, University of 
Nottingham, Sutton Bonington Campus, Loughborough, UK

 Arsenate, a toxic compound for all living forms, is an analogue of the plant 
macronutrient phosphate sharing both the phosphate transporter PHT1 in roots. The 
first step of arsenate detoxification that is its reduction to arsenite has been recently 
unraveled in plants through Quantitative Trait Loci (QTLs) studies. Such new arsenate 
reductase, termed Arsenate Tolerance QTL 1 and High Arsenic Content 1  (ATQ1 / 
HAC1 ) and uncovered in Arabidopsis (Sanchez-Bermejo et al., 2014; Chao et al., 
2014), has been confirmed in rice as well (Shi et al., 2016). 

 HAC1 expression has been detected in Arabidopsis roots in a tissue specific 
manner mainly in the epidermis and the pericycle, resulting in low arsenic levels in 
plant (Chao et al., 2014). HAC1 could be coupled with a arsenite efflux system in the 
outer layer of the root that is responsible for pumping arsenite out to the soil. Therefore 
such arsenite efflux would limit the arsenate transport to the shoot likely through 
the phosphate load into the xylem mediated by PHO1 (Chao et al., 2014). There are 
multiple gaps regarding both of these potential control levels of arsenic metabolism. 
In order to address these caveats we have generated several HAC1 reporter lines 
under the control of the root-tissue specific promoters in the epidermis, cortex and 
endodermis. Hence it has been obtained the double mutant hac1 pho1 to elucidate 
whether the arsenate is loaded into the xylem in the same way as phosphate.
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The effect of rising CO2 on stomatal density

Hannah Sewell, Stuart Casson

Department of Animal and Plant Sciences, University of Sheffield

 Rising atmospheric CO2 has been shown to influence development of stomata of 
many plant species, leading in many cases to lower stomatal densities (SD) in elevated 
CO2. This reduction in stomata can be an advantage to the plant, through a reduction 
in water loss and increased water use efficiency, or a hindrance, as a reduction in 
water loss can lead to elevated leaf temperatures and heat stress. 

 Despite this response to CO2 being well known, relatively little is known about 
the genes involved in the changes that lead to altered SD in elevated CO2. To fill more 
of the gaps, Multiparent Advanced Generational Inter-Cross (MAGIC) Arabidopsis, a 
series of recombinant inbred lines, are being used in this project to attempt to identify 
Quantitative Trait Loci (QTL). 

 A QTL analysis has been run on over 400 of the MAGIC lines, highlighting 
regions of the genome controlling stomatal density in different CO2 concentrations. 
Work is currently being carried out to identify the gene controlling the trait in each 
region and how they effect this developmental pathway

Poster Abstract 30 

Hydraulic Conductivity of Root 1 controls potassium-dependent 
oxygen sensing to regulate root hydraulics

Zaigham Shahzad1,3, Matthieu Canut2, Colette Tournaire-Roux1, Alexandre 
Martinière1, Yann Boursiac1, Olivier Loudet2, Christophe Maurel1

1: Biochimie et Physiologie Moléculaire des Plantes, UMR5004, INRA/CNRS/
Montpellier SupAgro/Université Montpellier, F-34060 Montpellier, France 
2: Institut Jean-Pierre Bourgin, INRA/AgroParisTech/CNRS/Université Paris-Saclay, 
RD10, F-78026 Versailles Cedex, France
3: Present address: Plant Science Group, MCSB, MVLS, University of Glasgow, 
Glasgow G128QQ, UK 

 Soil water uptake by roots is central for plant growth and survival. Flooding, 
as many other environmental constraints such as drought, nutrient deprivation or 
oxidative stress exerts deep effects on root functions by altering root water permeability 
(root hydraulic conductivity; Lpr). These effects, which are mediated mainly through 
the regulation of aquaporins, are fundamental for adaptation of wild plant species to 
diverse natural habitats and a major target for crop improvement (Maurel et al (2015) 
Physiol Rev 95: 1321-1358). However, the signaling mechanisms which link soil 
properties to root hydraulics and aquaporin functions remain largely unknown. 

 We have been investigating the genetic bases of root hydraulics in the model 
plant, Arabidopsis thaliana. Using quantitative genetics approaches, including linkage 
mapping and genome-wide association mapping, we have identified several genes 
controlling Lpr that offer interesting perspectives for understanding as yet unknown 
mechanisms involved in the regulation of root hydraulics. The signaling pathway for 
regulation of Lpr by a RAF-like MAP3 kinase named Hydraulic Conductivity of Root 
1 (HCR1) will be discussed in details (Shahzad et al (2016) Cell 167: 87-98.e14). 
This protein kinase delineates a combinatorial signaling pathway integrating two soil 
signals, K+ and O2 availability, to regulate root hydraulics and hypoxia responsive 
genes, through the control of RAP2.12, a key transcriptional regulator of the core 
anaerobic response. 

 Extensive genetic studies revealed substantial functional variation in HCR1 to 
regulate Lpr at the species-wide level in Arabidopsis, thus highlighting the adaptive 
significance of this mechanism during flooding stress. 
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Dissecting the regulation of imprinted gene targets using natural 
ascensions of Arabidopsis thaliana.

Matthew Smith, Jonathan Fitz Gerald

Rhodes College, Memphis, TN USA

 Parental genomic imprinting (PGI) is the selective expression of only one allele 
after fertilization depending solely on its parent-of-origin. In Arabidopsis, PGI has 
been characterized in the seed endosperm, a structure linked to the provision of 
maternal resources. As loss of PGI can result in large seeds when maternal silencing is 
compromised or small seeds when paternal silencing is compromised, understanding 
the developmental programs regulated by parental genomic imprinting may provide 
clues to optimizing breeding strategies for seed size.  In FIS Polycomb (PcG) mutants 
specifically, maternally expressed targets can display biallelic expression and this 
correlates with loss of domain structure, cellularization and ectopic chalazal cysts in 
the endosperm. 

 The Arabidopsis formin, AtFH5, is a direct target of FIS PcG.  In the C24 
background, the action of PcG restricts AtFH5 reporter expression to maternal alleles 
in the posterior chalazal pole.  Curiously, when this marker is crossed into Col or Ler 
backgrounds, resulting F2 display multiple expression phenotypes suggesting that PcG 
activity is potentially retargeted in these segregating backgrounds.  We have initiated 
a DNA-methylation sensitive AFLP based mapping strategy using Col x C24 and Ler x 
C24 F2 populations to simultaneously map the cis- and trans- effects important for PcG 
targeting and DNA methylation patterns at known imprinted loci.

Poster Abstract 32 

Using association mapping and artificial selection to dissect the 
genetics of shoot branching in Arabidopsis

Hugo Tavares, Maaike de Jong, Urszula Kania, Rebecca Butler, Alice 
Thomas, Julie Affleck, Rachel Burrows, Gilu George, Katya Kozhevnikova, 
Hayley McCullock, Raj Pasam, Anne Readshaw, Sally Ward, Lisa 
Williamson, Ottoline Leyser

The Sainsbury Laboratory, University of Cambridge

 Dissecting the genetics of complex quantitative traits remains a challenge, even 
in the era of genomics. This is particularly true when traits are controlled by many loci 
of small effect and/or by multi-allelic loci. Here, we try to dissect the genetics of shoot 
branching in Arabidopsis by using complementary approaches: association (QTL) 
mapping and an evolve-and-resequence artificial selection experiment. 

 We predict that this trait has a heritability in the order of 20%-30%, but it proved 
challenging to identify QTL to explain it. By doing association mapping in a multi-
parent mapping population (the Arabidopsis MAGIC lines), we hypothesize that part 
of the challenge is related with multi-allelic loci controlling the trait, which are not 
captured when using conventional (bi-allelic) SNP-based mapping.

 Furthermore, we have evidence that this trait might involve multiple (small effect) 
loci spread across the genome, which were revealed in an evolve-and-resequence 
experiment, where we artificially selected individuals with high number of branches 
in replicate randomly mating populations. We found evidence for several putative 
selective sweeps in these populations, and, in some cases, a broader reduction in 
haplotype diversity across the genome. We believe these are not just due to drift, as 
randomly selected (control) populations did not show the same pattern of variability. 
Our study suggests that shoot branching is a canonical example of a complex trait, 
controlled by many loci with multiple functional alleles.
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Different tolerance to carbonated soil in natural populations of 
Arabidopsis thaliana

Joana Terés1, Silvia Busoms1, Xin-Yuan Huang2, Roser Tolrà1, David E. Salt2, 
Charlotte Poschenrieder1

1: Plant Physiology Laboratory, Bioscience Faculty, Universitat Autònoma de 
Barcelona, 08193 Bellaterra, Spain
2: Centre for Plant Integrative Biology, University of Nottingham

 A recent large-scale sampling throughout Catalonia located new wild 
populations of Arabidopsis thaliana (Busoms et al., 2015; Plant Physiol. 168: 915-929). 
Noteworthy, all studied populations were found on silicate substrates with neutral 
rhizosphere pH (7.2 ± 0.6) and low carbonate.  Nonetheless, a few inland accessions 
grew well in slightly carbonated soils (10-30% CaCO3) with low iron bioavailability. 
These A. thaliana ecotypes with naturally selected differences in sensitivity to soil 
carbonate provide excellent material for investigating the physiological mechanisms 
behind carbonate tolerance. This characterization will help to connect physiological 
traits for iron efficiency and carbonate tolerance with the genes governing these 
processes. The aim of this study was to test the fitness of some of the ecotypes differing 
in performance on carbonate soil in order to evaluate the existence of local adaptation 
to carbonated soils.
For this purpose, we performed different experiments including,  
• Common garden experiments at two field sites in Catalonia with contrasting soil 
carbonate levels. Les Planes (high soil carbonate) and Santa Coloma de Farners (low 
soil carbonate).  
• The same substrates were also used for laboratory experiments in which all other 
environmental conditions were controlled.  
• Hydroponic culture with and without Fe supply to evaluate Fe-efficiency based 
on leaf chlorophyll concentrations.

 Plants from all populations had similar fitness on low carbonate soil. However, 
on the carbonate-rich substrate those populations originating from sites nearby the 
carbonate-rich area produced more siliques than individuals collected from sites 
distant from carbonate-rich soils. Both field and lab experiments produced similar 
results. We conclude that A. thaliana plants collected from sites nearby carbonate-rich 
soils are locally adapted to elevated soil carbonate, potentially through mechanisms 
that decrease the rhizosphere pH and improve iron efficiency. We are currently 
investigating the genetic basis of this enhanced tolerance to carbonated soil.
       Supported by MICINN BFU2013-42839-R
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Dissecting the role of secreted coumarins in iron acquisition  

Huei-Hsuan Tsai, Jorge Rodríguez-Celma and Wolfgang Schmidt

Institute of Plant and Molecular Biology, Academia Sinica, Taipei, 11529, Taiwan 
(ROC) 

 Iron (Fe) is an essential element for all organisms, catalyzing numerous redox 
reactions by virtue of its unique electrochemical properties. Despite being one of the 
most abundant elements in soil, the phyto-availability of Fe is restricted in alkaline 
calcareous soil, limiting the yield and nutritional quality of crops. In response to Fe 
deficiency, Arabidopsis triggers the production and secretion of scopoletin-derived 
Iron Mobilizing Compounds (IMCs) to enhance Fe uptake from soils with limited Fe 
phyto-availability. Transgenic Arabidopsis lines overexpressing S5’H1, encoding a 
dioxygenase that putatively mediates the transfer of a hydroxyl group to a coumarin 
downstream of feruloyl-CoA in the scopoletin pathway, showed increases in growth 
rate, IMC production, chlorophyll concentration and Fe concentration compared to 
wild-type plants when grown on conditions where Fe is not phyto-available. 

 We further show that IMCs produced in this pathway can reduce and chelate 
Fe with an alkaline pH optimum and high efficiency. To gain further insight into 
the regulation of the production, secretion and the uptake of IMCs, we studied the 
performance of a set of geographically distributed Arabidopsis accessions after growth 
under conditions with low Fe phyto-availability using a GWAS approach. Arabidopsis 
accessions exhibit dramatic variation in response to iron deficiency, making this a 
suitable method to identify candidate genes for further validation. Our results show 
that the manipulation of the scopoletin pathway can improve Fe uptake at alkaline 
pH and will set the stage for successful manipulation of this pathway, opening a new 
avenue for Fe bio-fortification of crop plants.
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MANOMICS: Understanding the mechanisms underlying cellular 
Manganese homeostasis in Arabidopsis

Yi-Hsiu Tsai, Jorge Rodríguez-Celma and Wolfgang Schmidt

Institute of Plant and Molecular Biology, Academia Sinica, Taipei, 11529, Taiwan 

 Manganese (Mn) is an essential mineral nutrient for all organisms. In plants, 
Mn serves as a cofactor in many important processes such as photosynthesis, lipid 
biosynthesis and oxidative stress. Plants grown under both Mn-deplete conditions and 
at supra-optimal Mn concentrations suffer from decreased growth and yield, which is a 
worldwide problem in agriculture. However, the mechanisms controlling cellular Mn 
homeostasis in plants and Mn acquisition from the soil solution are largely unknown. 

 Using an integrated RNA-based transcriptomic and high-throughput shotgun 
proteomics approach, we generated a comprehensive inventory of transcripts and 
proteins that showed altered abundance in response to Mn deficiency in roots of 
the model plant Arabidopsis. While high concordance between mRNA and protein 
expression was observed for transcript/protein pairs in which both gene products 
accumulated differentially upon Mn deficiency, only approximately 10% of the total 
alterations in the abundance of proteins could be attributed to transcription, indicating 
a large impact of protein-level regulation. Differentially expressed genes spanned a 
wide range of biological functions, including the maturation, translation, and transport 
of mRNAs, as well as primary and secondary metabolic processes.

 Although numerous studies have shown that several transporters for the uptake 
of iron, zinc or other divalent metals are also involved in the uptake of Mn transports, 
Mn acquisition mechanism remain unclear. We here apply a GWAS approach to 
identify new players in the acquisition of Mn and to understand the mechanisms by 
which cellular Mn homeostasis is recalibrated in response to changes in the availability 
of external Mn. Our data show that Arabidopsis accessions differ largely in their 
response to variations in the Mn regime, providing the basis for understanding how 
plants respond to sub- or supra-optimal Mn levels.     

Poster Abstract 36 

Comparative ecophysiology of cultivated and natural species: new 
avenues for translational research

Denis Vile1, François Vasseur2,3, Agathe Roucou1,3, Oscar Ayala-Garay1,4, 
Brian Enquist5, Detlef Weigel2, Christine Granier1, Cyrille Violle3

1: Laboratoire d’Ecophysiologie des Plantes sous Stress Environnementaux (LEPSE), 
Montpellier, France
2: Max Planck Institute, Tuebingen, Germany 
3: Centre d’Ecologie Fonctionnelle et Evolutive (CEFE), Montpellier France
4: Colegio de Postgraduados, Mexico
5: Tucson University, Arizona, USA.

 The ecophysiological trade-offs described by the Leaf Economics Spectrum (LES) 
and the Metabolic Scaling Theory (MST) are pervasive across species. However, the 
evolutionary and ecological hypotheses regarding their potential variability across 
levels of biological organization, and their robustness under changing and stressing 
environments, are still debated. Combining a multidisciplinary and translational 
approach, we tested the position of wild and cultivated species into trait relationships 
supposed to reflect how biophysical constraints and selection shape plant phenotypes. 
In the model plant A. thaliana, we identified pleiotropic genes responsible for 
the coordination of several ecophysiological traits that shape both LES and MST. 
Interestingly, combining alleles into artificial crosses triggered variability with strong 
effects on plant responses to water deficit and high temperature. In addition, hundreds 
of natural ecotypes collected through the geographic range of this species revealed the 
pivotal role of LES and MST for the local plant adaptation to contrasted environments. 
In Durum wheat, we showed that domestication caused functional shifts favouring 
more efficient resource acquisition vs. conservation. However, weak correlations 
between some traits indicated possible relaxation of constraints within this species. 

 Altogether, our results suggest that similar global mechanisms are involved in 
both the diversification of natural species and the selection of desirable crop attributes. 
However, domestication and artificial selection in crops may have led to extreme 
trait combinations, at the edges of the envelope of constraints that limit phenotypic 
diversity in plants. We argue that our comparative approach explicitly based on the 
constraints that shape plant phenotypes may help to engage efficient translational 
research programs. This approach gives a unique opportunity to merge knowledge 
from multiple disciplines and test challenging hypotheses, notably in the context of 
future crop improvement. 
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Identification of a novel flowering time QTL in Arabidopsis 
thaliana

Lei Zhang1, Inga Schmalenbach1, Jose Jimenez-Gomez1,2

1: Max Planck Institute for Plant Breeding Research, Department of Plant Breeding and 
Genetics, Carl-von-Linné-Weg 10, 50829 Cologne, Germany
2: INRA – Institut National de la Recherche Agronomique, UMR 1318, Institut Jean- 
Pierre Bourgin, Versailles, France

 Arabidopsis thaliana accessions have developed sophisticated systems to adapt 
to wide range of local environment where they can be found now. Flowering time is 
a crucial adaptive trait and some of the most important genes regulating this trait are 
under selective pressure.

 A novel flowering time QTL was found on the top of chromosome three in a 
quantitative trait locus (QTL) analysis performed in a recombinant inbred line (RIL) 
population derived from a cross between Ler and An-1 accessions. This QTL was 
confirmed using heterogeneous inbred family (HIF) lines derived from four population: 
Ler x An-1; Ler x Eri; Ler x Sha and AMPRIL. In all of the four cases, Ler allele delays 
flowering and no known flowering time gene was found in the region. Further fine 
mapping narrowed down the locus to a small region with only a few genes. The 
identification of candidate genes will be presented.
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