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P1 FROM GENOTYPE TO

PHENOTYPE

ORGANISED BY: WOLFGANG BUSCH (SALK INSTITUTE, UNITED STATES) AND
CHRIS TOPP (DONALD DANFORTH PLANT SCIENCE CENTER, UNITED STATES)

P1.1 FROM GENOTYPE TO PHENOTYPE
IN LEAF DEVELOPMENT AND EVOLUTION

™ MONDAY 3 JULY, 2017 ©® 09:00

@& MILTOS TSIANTIS (MAX PLANCK INSTITUTE FOR PLANT BREEDING
RESEARCH, GERMANY)

@ TSIANTIS@MPIPZ.MPG.DE

A key challenge in biology is to understand how diversity in
organismalformisgenerated. Geneticanalysesinmodelsystems
haveidentifiedkeyregulatorsthatsculptthebodyplansofmetazoa
andseedplants. However,lessisknownabouthowtheactionofsuch
regulatorsproducesparticularorganshapes,orhowthebalanceof
conservationversusdivergenceofsuchformregulatingpathways
generatedthetremendousmorphologicaldiversity of multicellular
eukaryotes.Oneimpedimenttoansweringthesequestionsisthe
relativepaucity ofexperimentalplatformswheregenetictoolscan
beutilized tounambiguously studymorphogenesisanditsevolution
inagenome-wide,unbiasedfashion. Tocircumventthisproblem
wedevelopedthe Arabidopsisthalianarelative Cardaminehirsuta
intoaversatilesystemforstudyingmorphologicalevolution. We
aimtounderstandthemolecularmechanismsthroughwhichleaf
morphologyevolvedinthesespecies,resultinginsimple,undivided
leavesinA.thalianaanddissectedleaveswithdistinctleafletsin
C.hirsuta. This presentation will discuss our progress towards
understandingthemorphogeneticpathwaysthatspecifydissected
versusentireleafshapesandthatregulatethenumber, position
andtimingofleafletproduction. ltwillalsodetailhowstudiesinC.
hirsutahavehelpedunderstandtowhatdegreepathwaysunderlying
morphological variationbetweenandwithinspeciesoverlap.

P1.27 LINKING ECOPHYSIOLOGICAL
MODELLING WITH GWAS TO DESIGN
IMPROVED WATER DEFICIT STRESS
RESILIENT RICE (ORYZA SATIVA L.)

™ MONDAY 3 JULY, 2017 ©® 09:40

& XINYOU YIN (WAGENINGEN UNIVERSITY, NETHERLANDS),
NITEEN KADAM (WAGENINGEN UNIVERSITY, NETHERLANDS),
KRISHNA SV JAGADISH (INTERNATIONAL RICE RESEARCH
INSTITUTE, PHILIPPINES), PAUL C STRUIK (WAGENINGEN
UNIVERSITY, NETHERLANDS)

@ XINYOU.YINEWUR.NL

Genotype-phenotype relationships are often modelled using
statistical genetics approaches. However, growing evidence
hasshownthatgeneticmarkerscanbeusedincombinationwith

ecophysiologicalmodelstopredicttheperformanceof genotypes
ingivenenvironments, especially forcomplexphenotypictraits
atcropscale. Weexploretheuseofcropmodelstodesignmarkers
andideotypes forimproving yields of rice (Oryza sativa) under
field water-deficit stress. Using the model GECROS (Genotype-
by-Environment interaction on CROp growth Simulator), crop
yieldwasdissectedintoseveraleasilymeasured parameters. SNP
locifortheseparameterswereidentified viaGWASforanindica
ricepanelof~275accessionsdifferingin water-deficit tolerance.
SNP-basedvaluesofaccessionsforeachoftheseparameterswere
calculatedfromestimatedeffectsoftheloci,and werefedtothe
modeltosimulateyieldsoftheaccessionsgrownunderwell-watered
and water-deficit conditions and todesign virtualideotypesfor
thoseconditions. Geneticvariationinsomeparametershad more
significanteffectonyieldthanthatofotherparameters.Usingthe
SNP-basedparametervalues, GECROSalsosimulatedyieldvariation
amongtheaccessionsinindependentexperiments. The GECROS-
baseddissectionapproachdetectedmore SNPlocithantheanalysis
usingonlyyieldperse. Model-basedsensitivityanalysisranked
allSNPlocifortheirimportanceindeterminingyielddifferences
amongtheaccessions. Virtualideotypesbasedon SNPsidentified
bymodellinghadhigheryieldthanthosebasedonSNPsforyieldper
se.Ecophysiologicalmodellingisapowerfultool for cropdesignfor
improvedriceyieldsundercontrastingconditions.

P1.3 APPROACHING THE GENETIC AND
MOLECULAR BASES OF ENVIRONMENTAL
ROOT GROWTH REGULATION

™ MONDAY 3 JULY, 2017 ® 09:55

& WOLFGANG BUSCH (GREGOR MENDEL INSTITUTE OF MOLECULAR
PLANT BIOLOGY, AUSTRIA)

© WOLFGANG.BUSCH@GMI.OEAW.AC.AT

To grow and survive plants need access to nutrients and water:
resourcesthatarenotevenlydistributedinthesoilenvironment.
Plants have evolved complex, often highly branched root
systemsthatallowthemtoexploreandforagethesoiltoacquire
theseresources. Atthesametime,amultitude ofenvironmental
signals are processed in order to continuously adjust root
growth. Interestingly, growth responses to environmental
signalsdiffernotonlybetweenspecies,butalsowithinspecies.
However, little is known about which genetic components are
responsible for determining genotype-specific differences
in root growth and its response to environmental signals.

Weaimtoidentify genes, genenetworks,and theirmolecular
functionsthatareresponsibleforthesedifferentresponses. Weuse
customphenotypingpipelinesthatenableustocapturequantitative
rootphenotypesfromaverylargenumberofindividuals, GWAS
toidentifytheassociatedlociinthe genome,andsystems-biology
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driven approaches to identify networks of interacting genes
andpathwaysthatprovidethemolecularandcellularcontextin
whichtheunderlyinggenesquantitativelyregulaterootgrowth.
Usingtheseapproaches,wehaveidentifiednovelregulatorsand
regulatorymodulesofgenesthatshaperootgrowthinArabidopsis
thaliana.Theseincludeaclusterofgenesencodingfor LEUCINE-
RICHRECEPTOR-LIKE-KINASESthatinteractattheproteinlevel,
constitutinganovelmolecularsignalingmoduleforrootgrowth
regulation. Overall, our systems-genetics approach enables
us toapproach the complex genetic and molecular bases for the
determinationofrootgrowthbyenvironmentalsignals.

P1.4 ARABIDOPSIS LEAF GROWTH
ANALYSIS FOR THE SEARCH OF
GROWTH-REGULATING GENES AND
GENE NETWORKS

™ MONDAY 3 JULY, 2017 ® 10:25

@ NATHALIE GONZALEZ (INRA, FRANCE), DIRK INZE
(VIB-PSB, BELGIUM)

@ NATHALIE.GONZALEZ@INRA.FR

Plant growth is a quantitative, dynamic, and multi-factorial
trait regulated by numerous genetic and environmental
factors. The study of this complex machinery requires the
integration of multiple approaches, at different scales (plant,
organ, cell) including genetics, physiology, quantitative
phenotyping,andvarious-omicstechnologiesinordertoobtain
a holistic image of the molecular regulation of organ growth.

Arabidopsis leaf growth consists of a complex sequence of
interconnectedeventsinvolvingcelldivisionandcellexpansion,
andrequiringmultiplelevelsofgeneticregulation. Toidentify the
molecularplayersinvolvedinleafsize control, we combinedifferent
phenotypicandmolecularapproaches. First, withclassical genetics,
we have identified and functionally characterised regulators
involved in distinct cellular processes governing leaf growth.
Second, sincegeneticbackgroundcaninfluencetheexpressivity
ofaphenotypecausedbyaspecificmutation, wehaveexploredthe
naturalvariationresponse,atmorphologicalandmolecularlevel,
afterperturbationoftheexpressionofknownregulators,in Col-0
background, ofleafgrowth.Finally,sinceonlyatightco-ordination
betweenthenumerousmolecularplayerscansupporttheformation
ofafunctionalorgan,wehavestudiedtheconnectionsbetweenthe
componentsofthenetworkthrough gene-stackingapproaches.

Despite these advances in the understanding of leaf growth
control, thepictureoftheregulatorynetworkisfarfromcomplete.
Theuseofhigh-throughputphenotypingtechnologiestostudy
largenumbersofnaturalaccessionsormutants willallowforfurther
identification ofadditional playersthatconstitutetheleafgrowth
regulatorynetworks.
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P1.5 THE BLESSINGS OF
DIMENSIONALITY

™ MONDAY 3 JULY, 2017 ® 14:00

& DAVID HOULE (FLORIDA STATE UNIVERSITY, UNITED STATES)

© DHOULE@BIO.FSU.EDU

Withgenomesinhand, weareallinthebusinessofstudyinghowthe
genomesaffectsthetraitsthatweallcareabout, whetherwelike
itornot. Thisisthegenotype-phenotypemapproblem. Themapis
inherentlymultidimensional, meaningthatitrequiresattention
tomanybiological attributessimultaneously. Fromthe viewpoint
ofthegenome,eachchangemayaffectmanyphenotypes;fromthe
viewpointofasinglephenotype,manypartsofthegenomearelikely
toaffectit. Despitethis,manybiologistsstillstudythegenotype-
phenotypemapasaverylargesetofone-to-onemappingsbetween
asingleSNPandasingletrait.Partofthereasonthatbiologistsare
oftenstuckinthismodeistheclaimed “curseofdimensionality”
where measuring more and more becomes less and less useful.
Iarguethatthecurseisanartifact of ourlimitedimaginations;
dimensionalityisablessing,notacurse.Directlyapproachingthe
many-to-manyrelationshipsinthemapwill speed our progress
towardsunderstandingthemap.lillustratethisclaimwithdatafrom
ourstudiesofthedevelopmentandevolutionofwingsinfruitflies.

P1.6 THE ADDED VALUE OF NATURAL
VARIATION IN THE ELUCIDATION OF
QUANTITATIVE TRAIT REGULATION

™ MONDAY 3 JULY, 2017 ©® 14:40

& JOOST J B KEURENTJES (WAGENINGEN UNIVERSITY RESEARCH,
NETHERLANDS)

©@ JOOST.KEURENTJES@WUR.NL

Over the last decade genome wide association (GWA) mapping
hasrapidly become a major tool for the identification of natural
polymorphisms explaining observed population variation.
Especially in Arabidopsis the field has rapidly developed and
contributed to many aspects of modern biology. Here, we will
highlight some of the advancements made and illustrate this
withrecent case studies. GWA mapping has beeninstrumental
inidentifying novelregulators of complex traits. As such, ithas
contributedtoourfurtherunderstandingofphysiologicaltraits,
plantmetabolismandadaptationandevolution. Nowthatmany
studieshaveappeareditisbecomingincreasinglyclearthatnatural
variationatspecificlocicanhavestrongpleiotropiceffectsonmultiple
traits. This is especially noticeable in the coregulation of plant
metabolism, whereoftenhotspotsoftraitassociationsarefound.In
addition,manyexamplesofepistaticgeneticregulationcanbeseen,
furtheraddingtothecomplexityof quantitativetraitregulation.
Nonetheless, GWA mappinghasallowedtheidentificationofmany
novelplayersinthepathwaytopologyof manytraits. Someofthese
showstrongsignaturesofevolution,suchasselective sweepsor
balancing selection. This is often reflected in the geographical
distributionofallelicvariationand thusprovidesindications for
ecologicaladaptation. Wewillprovideexamplestodemonstratethe
contributionthat GWA mappinghasmadetoourunderstandingof
theevolutionandregulationofquantitativetraitvariation.
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P1.7 THE GENETIC BASIS FOR LOTUS
JAPONICUS COLD ADAPTATION AND
COLONIZATION OF JAPAN

™ MONDAY 3 JULY, 2017 ©® 15:10

@& STIGUANDERSEN (AARHUS UNIVERSITY, DENMARK), NIRAJ
SHAH (AARHUS UNIVERSITY, DENMARK), TOMOMI WAKABAYASHI
(KYOTO UNIVERSITY, JAPAN), YASUKO KAWAMURA (TOHOKU
UNIVERSITY, JAPAN), MING-ZHUO WANG (TOHOKU UNIVERSITY,
JAPAN), VIKAS GUPTA (AARHUS UNIVERSITY, DENMARK),
HAOJIE JIN (AARHUS UNIVERSITY, DENMARK), SHOHEI
KUSAKABE (TOHOKU UNIVERSITY, JAPAN), MADS S@NDERGAARD
(AALBORG UNIVERSITY, DENMARK), KAARE L NIELSEN (AALBORG
UNIVERSITY, DENMARK), KORBINIAN SCHNEEBERGER (MAX PLANCK
INSTITUTE FOR PLANT BREEDING RESEARCH, GERMANY), JENS
STOUGAARD (AARHUS UNIVERSITY, DENMARK), SHUSEI SATO
(TOHOKU UNIVERSITY, JAPAN)

@ SUA@MBG.AU.DK

The]Japanesearchipelagoisseparatedfrommainland Asiabythe
Japansea, whichactsasanaturalbarrierforplantcolonization.
Furthermore, thearchipelagoshowslarge variationinclimatic
conditions, challengingplantadaptation. Lotusjaponicus(Lotus)
hasovercomethesechallengesandcanbefoundthroughoutjapan.
Tounderstandthegenomichistoryof LotusinJapananddecipherthe
geneticeventsthatunderpincolonizationandadaptation, wecarried
outapopulationgeneticanalysisbased onre-sequencingof133
Lotusjaponicusaccessions. Wefoundevidence ofapopulation-wide
selectivesweepoverlappingwithaseed-expressedtranscription
factor, suggesting a possible requirement for a specific seed
dormancyphenotypeduringtheestablishmentoftheJapanese
population.Ourdataindicatedthat Lotusfirstappearedinthesouth
ofJapan, migratingtothenorthwhilelosinggeneticdiversityand
separatingintothreesub-populationswithdifferentpopulation
histories. Thisindicatedathree-stage colonizationofJapaninstep
withglobaltemperaturefluctuations,andwiththenorthernmost
HokkaidoIsland only veryrecently colonized. Based on winter
hardinessfielddata, wefoundtwosignificantsignalsinagenome-
wideassociationscan,suggestingthat Lotushasexploitedboth
standingvariationanddenovomutationforsuccessfulmigration
and cold adaptation. Ourresultsindicate that afew key genetic
adaptationshaveallowed Lotustocolonizeaverygeographically
diversearchipelagoinashortperiodoftime,suggestingthatgreat
phenotypic versatility does not necessarily require extensive
geneticpolymorphism.
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P1.18 THE WONDROUS CYCLES
OF POLYPLOIDY IN PLANTS

™ MONDAY 3 JULY, 2017 ©® 16:10

& JONATHAN WENDEL (TOWA STATE UNIVERSITY, UNITED STATES)

©@ JFWeIASTATE.EDU

One of the signal realizations of the genomics era is that all
floweringplantsaremultiply polyploid, varyinginthenumber
andrelativeantiquity oftheirepisodic, whole-genome doubling
events. Gossypium,the cotton genus, exemplifiesthisrecurrent,
episodicpolyploidization, withbothancient polyploidyand more
recentneoallopolyploidsthatoriginated followingabiological
reunion 1-2MYA of divergentdiploids fromdifferenthemispheres.
Thismostrecentserendipitousmergerbetweendiploid genomes
that varied two-fold in size generated myriad genomic and
transcriptomicresponses, whichserveasillustrative models for
understandingevolutionaryprocessesfollowingallopolyploidy.
Theseinclude genesilencing,intergenomic gene conversion,and
novel cytonuclear interactions. Allopolyploid formation also
induces complextranscriptomicresponses,including genome-
widemodification ofgenicexpressionandco-expressionpatterns
andvariablecis-andtrans-control of duplicate gene expression.
Cyclical,recurringpolyploidy occurringovertimescalesranging
fromhundredstomillionsof yearssetsinmotionprocessesthatlead
togenomedownsizing,genomicfractionation,andchromosomal
diploidization. Thispolyploidy-induceddynamism, observedin
Gossypium,isepisodicallyand variablyreiterated throughout
theangiosperms. Amajorchallengeistoconnecttheselongand
short-termprocessestoourunderstanding of the genotype-to-
phenotypeequation,andhencetheadaptiverole of polyploidy and
itsimportancetothegenerationofbiodiversityandtoagriculture.

P1.19 ADAPTATION OF MEIOTIC
RECOMBINATION AFTER WHOLE
GENOME DUPLICATION

™ MONDAY 3 JULY, 2017 ©® 16:40

& KIRSTEN BOMBLIES (JOHN INNES CENTRE, UNITED KINGDOM)

©@ KIRSTEN.BOMBLIES@JIC.AC.UK

Whole genomeduplication (WGD) hasimportantimplicationsfor
adaptation, speciation,andagriculture. Butdoublingthenumber of
homologouschromosomesinagenomeposeschallengestomeiotic
chromosome segregation. Newly formedpolyploids oftenhavelow
fertilityattributabletodefectssuchasmultivalentassociations
amongtheavailablehomologs,orfailuresinpairingthatresult
inunivalents. These challenges are, however, evolutionarily
surmountable - many polyploid species have stable diploid-
likechromosomesegregation—butthemechanismunderlying
thishasremainedmysterious. Toinvestigatethemechanistic
basisofmeioticstabilizationinpolyploids, weuse Arabidopsis
arenosa,anoutcrossingrelativeof A.thalianawithextantnatural
diploidand autotetraploid populations. The autotetraploid has
cytologicallydiploidized meiosis,reduced crossoverrates,and
increasedterminalizationofcrossoversrelativetothediploid—
apatternseeninawiderangeofpolyploids.Inagenomescanfor
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selectionweidentifiedsixfunctionally connected meiosis genes
asbeingunder strongselectionin tetraploids. The products of
thesegenesarestructuralproteinsthatfunctioncollaboratively
tocoordinate chromosome pairing, synapsis, and the number
anddistribution of crossovers. We show forthree genesthatthe
tetraploid alleles indeed reconfigure crossovers and promote
polyploidmeioticstability. Ourworkhasledustofavoramodelin
whichstabilizationof chromosome segregationinautopolyploidsis
achievedbymodifyingbothplacementandnumberofcrossovers,
likelythroughincreasedstrengthofcrossoverinterference.

P1.20 HOW TODAY’S PHENOTYPING
TECHNOLOGIES CAN SPEED UP GAINS
IN AGRICULTURAL PRODUCTIVITY

™ TUESDAY 4 JULY, 2017 ® 10:30

@ MICHELLE WATT (FORSCHUNGSZENTRUM JULICH, GERMANY),
ULI SCHURR (FORSCHUNGSZENTRUM JULICH, GERMANY)

@ M.WATT@FZ-JUELICH.DE

A goal of plant science is to find new solutions to increasing
productivity, toprovide affordable food tothe world’s population
andconserveland, waterand chemicalinputs. Productivityarises
fromthe combination of crop Genotype, Environment, and soil
inputsand Management (GXxExM).Linksamongplantscience,
genomicsforbreedingandinputtechnologiesandsoilmanagement
canbestrengthenedtoenhance GxExMproductivity.Phenotyping
canmeasuretheresultofcombining GxExM. Today’s phenotyping
technologiesuseautomationtoallowthedynamicsofplantand
cropdevelopmenttobetrackednon-destructivelyinfieldsand
greenhouses using a wide range of wavelengths andimaging
methodstoselectbeneficialgrowthandphysiologytraits. Arapidly
advancingareaofphenotypingisthatofthecroprootsystems.
Thisallows quantificationofroot growth, soilinteractionsand
function,andthecontributionsfromgenotype,environment,and
management. Phenotypingcanmeasurewhole-plantphenotypes
(root,rhizosphereandshoottraits)andhenceproductivitytraits
canbe much more accurately quantified thanin the past.This
talkwill presentexamplesto supporthowtoday’s plantandcrop
phenotypingtechnologiescanbebetterintegratedinto Gx MxE
selectionstrategiestoenhancetheefficiencyofgainsfromseed
genomicsandinputtechnologiestoincrease cropproductivity.
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P1.21 WHAT’S GOING ON IN THERE?
IMAGING TECHNOLOGIES AND ANALYSIS
FRAMEWORKS TO INVESTIGATE THE
HIDDEN PARTS OF PLANTS

™ TUESDAY 4 JULY, 2017 ©® 11:10

& CHRISTOPHER N TOPP (DONALD DANFORTH PLANT SCIENCE CENTER,
UNITED STATES)

@ CTOPP@DANFORTHCENTER.ORG

TheToppLabisinterestedincroprootsystemgrowthdynamics
and function in response to environmental stresses such as
drought, rhizosphere interactions, and as a consequence of
artificial selection for agronomically important traits such as
nitrogenuptakeandhighplantdensity.Studyingrootsrequires
the development of imaging technologies, computational
infrastructure, and statistical methods that can capture and
analyze morphologically complex networks over time and at
high-throughput. The lab uses severalimaging tools (optical,
X-ray CT, PET, others) along with quantitative genetics and
molecularbiology to understand the dynamics of root growth
andphysiology. Weaimtounderstandtherelationshipsamong
roottraitsthat canbe effectively measured bothin controlled
laboratoryenvironmentsandinthefield,andtoidentify genes
andgenenetworksthatcontrolroot,andultimately wholeplant
architecturalfeaturesuseful forcropimprovement.

P1.22 BUILDING A LEAF WITH CELLS
OR VICE VERSA - ANALYSING AND
MODELLING THE RELATIONSHIPS
BETWEEN TRAITS

™ TUESDAY 4 JULY, 2017 O® 11:40

@& CHRISTINE GRANIER (INRA MONTPELLIER, FRANCE)

©@ GRANIER@SUPAGRO.INRA.FR

Plantorgangrowthresultsfromacombinationofcellularprocesses.
Thenumberofcellsisincreasedbymitoticcycles, cellsizeincreases
throughcytoplasmicgrowthandturgor-drivencell-wallextension.
Inaddition,inmanyplantspecies,theendocycle,isusedtoincrease
cellularDNA contentswithoutcelldivisionandisassociatedwith
cellenlargement.Manymolecularactorscontrollingeachprocess
havebeenidentified within plantleaves during the last decades.
However,reversegeneticsapproacheshavefailedinmanycasesto
elucidatehowthesecellularprocessesarecoordinatedtogether, with
contradictoryconclusionsfromastudytoanother.Manyreasonscan
explaintheseapparentcontradictionsincludingthelowconsideration
ofgeneredundancy,environmentaleffects,developmentalphases,...
Recent advances in plant phenotyping technologies and the
developmentofwholepipelineofanalyseshaveincreasedthecapacity
to measure and analyse many morphological and physiological
traits onlarge number ofindividuals. By combining quantitative
genetics,modellingandstatistics, werecentlydisentangledhowleaf
growth-relatedtraitsareembeddedinnetworksofdependenciesand
independencies. Analysingtherelationshipsbetweenbiochemical,
physiological, tissular,organandwholeshootdevelopmentaltraits
andhowtheseareaffectedbygeneticsandenvironmentgavenew
insightintomulti-scaleleafgrowthcontrolsanditsplasticity.
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P1.23 ASSESSMENT OF PLANT
PERFORMANCE TRAITS IN CONTROLLED
ENVIRONMENTS AND TRANSLATION

TO THE FIELD

™ TUESDAY 4 JULY, 2017 ® 12:10

@ ASTRID JUNKER (LEIBNIZ INSTITUTE OF PLANT GENETICS AND
CROP PLANT RESEARCH (IPK) GATERSLEBEN, GERMANY), MARC
HEUERMANN (LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP
PLANT RESEARCH (IPK) GATERSLEBEN, GERMANY), RONGLI SHI
(LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), HENNING TSCHIERSCH
(LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), MATTHIAS LANGE
(LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), DANIEL AREND
(LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), JEAN-MICHEL PAPE
(LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), RHONDA C MEYER
(LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), KATHLEEN WEIGELT-
FISCHER (LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP
PLANT RESEARCH (IPK) GATERSLEBEN, GERMANY), MICHAEL
GRAU (LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), ANDREAS BOERNER
(LEIBNIZ INSTITUTE OF PLANT GENETICS AND CROP PLANT
RESEARCH (IPK) GATERSLEBEN, GERMANY), UWE SCHOLZ (LEIBNIZ
INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH
(IPK) GATERSLEBEN, GERMANY), THOMAS ALTMANN (LEIBNIZ
INSTITUTE OF PLANT GENETICS AND CROP PLANT RESEARCH
(IPK) GATERSLEBEN, GERMANY)

@ JUNKERA@IPK-GATERSLEBEN.DE

To meet the challenges in global food security requires the
development of strategies towards the optimization of yield
formation and resource efficiency of crop plants under future
climate scenarios. To enable this, a deeper understanding of
processesunderlyingplantacclimationtochangingenvironments
isnecessary. Usinghighthroughputautomatedplantphenotyping
systemsatIPK,thedynamicsofplantgrowthandphotosynthetic
efficiencyhavebeenstudiedinaccessionpanelsof Arabidopsisand
themaizeIPK Genebankcollectionundercontrolled conditions.
Thisledtotheidentificationof Arabidopsisandmaize candidate
accessions with different acclimation strategies to high light
and variations in biomass yield and photosynthetic efficiency,
respectively. Toevaluateandenhancetheprospectsoflab-tofield
translation,candidatemaizeaccessionshavefurthermorebeen
phenotypedforroot-andshoottraitsunderdifferent cultivation
conditions in the glasshouse and in the field. Modification of
the standard cultivation procedures improved the lab-to-field
translationof phenotypictraitexpressionwhichwillbefurther
optimizedinthePlant Cultivation Hall currently beingerected
atIPK.Thisbuildingwillenabletorunspecificallydesignedand
reproducible cultivationscenariosthatmimicfield conditions.In
thisway, traitexpressionsimilartothatinthefield willbetriggered
and monitored using automated phenotyping installations.
Investigations involving precise variation of environmental
parameters will yield a deeper understanding of acclimation
processes and underlying molecular mechanisms and genetic
determinants and will support the prediction of idiotypes with
improvedperformanceunderfuture climatescenarios.
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P1.24 COMPLEX TRAIT GENETICS
BEYOND ADDITIVITY

™ TUESDAY 4 JULY, 2017 ©® 13:40

& ORJAN CARLBORG (UPPSALA UNIVERSITY, SWEDEN)

©@ ORJAN.CARLBORG@IMBIM.UU.SE

Geneticstudiesof complextraitsoftenrelyonthestatistical genetics
models,methodsandtoolsdevelopedinquantitative genetics. The
theoryandassumptionswithinthisframeworkwerelargelyformed
beforemoleculargeneticsandgenomicsprovidedtheabilitytostudy
howindividualgenotypescontributedtothevariationincomplex
traits. Muchgenetics, genomicsandfunctionaldatahasnowshown
thatthebiologicalmechanismsdeterminingsuch quantitative
traitsareoftennon-additive.Iwilluseseveralempirical examples
toillustratetheimportance ofnon-additivealleliceffectsforthe
regulationofcomplextraitphenotypesinnaturalandexperimental
populations. I will then show how the revealed non-additive
alleliceffectsoften contributemuchadditive geneticvariancein
populations. Theexamplesillustratethelimitationsoftheclassic
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
quantitativegeneticswasnotdesignedtounravelthemechanisms
contributingtocomplextraits.Byrealizingthelimitationsofusing
thesemodelsforthispurpose,alternativeanalyticalstrategiescan
bedevelopedthatmakesbetteruseofthepowerfuldatagenerated
ingeneticstoday.

P1.25 PUBESCENCE IN MEXICAN
HIGHLAND MAIZE IS DRIVEN BY
GENE FLOW FROM WILD RELATIVES

™ TUESDAY 4 JULY, 2017 ©® 14:20

& CAROLINA CINTORA (LANGEBIO-CINVESTAV, MEXICO), ROCIO
AGUILAR-RANGEL (LANGEBIO, MEXICO), MIRIAM N SALAZAR-
VIDAL (LANGEBIO, MEXICO), JUNE K SIMPSON (CINVESTAV,
MEXICG), RUAIRIDH J H SAWERS (LANGEBIO, MEXICO)

@ CARO.CINTORA@GMAIL.COM

Maizewasdomesticated 9000BPfrombalsas Teosinte (Zeamays
subsp.parviglumis)inthebasinoftheBalsasriverin Mexico.Once
itwasdomesticated, maizedispersedtothehighlandsofcentral
Mexico.Inthisnewnichemaizeencounteredand hybridized with
Chalcoteosinte (Zeamays subsp.mexicana)resultingingeneflow
frommexicanaintomaize.Chalcoteosinteand Mexicanhighland
maizeshareintensestalkpigmentationandahighdensity of macro-
hairsaroundthesheath,traitsabsentfrombothbalsasteosinteand
maizefromthemexicanlowlands,suggestingthatthepresence of
thesetraitsinmaizeresultsfromgeneflowfromchalcoteosinte.
QTLmappingofsheathpubescenceusingarecombinantinbred
linemapping population, derived fromthe cross of the Mexican
highlandlandrace Palomero Toluquefioandreferenceinbred B73,
identifiedamajor QTL onchromosome chromosome9, which co-
localizeswithapreviouslyreportedregionofintrogressionfrom
Chalcoteosinte. Thisiscompellingevidencethatthistrait,which
ispresentinthemajority of mexicanhighlandmaize, wasderived
fromChalcoteosinte,andcouldpotentiallyrepresentanimportant
adaptationtothehighlandenvironments.
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P1.26 MODEL-ASSISTED ESTIMATION
OF THE GENETIC VARIABILITY OF
TOMATO GROWTH PHYSIOLOGICAL
PARAMETERS UNDER CONTRASTED
WATER CONDITIONS

™ TUESDAY 4 JULY, 2017 ©® 14:35

@& DARIO CONSTANTINESCU (INRA, FRANCE), MOHAMED M MEMMAH
(INRA, FRANCE), GILLES VERCAMBRE (INRA, FRANCE), MICHEL
GENARD (INRA, FRANCE), VALENTINA BALDAZZI (INRA, FRANCE),
NADIA BERTIN (INRA, FRANCE)

@ DARIO.CONSTANTINESCU@INRA.FR

Drought stress is a major abiotic stress threatening plant
and crop productivity. Understanding mechanisms
governing water and carbon accumulations and identifying
genes, QTLs and phenotypes that will enable trade-offs
between fruit growth and quality under Water Deficit (WD)
condition is a crucial challenge for breeders and growers.

Inthepresentwork, 117recombinantinbredlinesofapopulation
of Solanumlycopersicumwere phenotypedundercontrol (C)and
WD condition. Data of plant water status, fruit growth, and
compositionwereusedtocalibrateaprocess-basedmodeldescribing
waterand carbonfluxesingrowingfruit,inordertoanalysethe
principal mechanismsinvolvedin the plant adaptationto WD.

Eight model genotypic parameters were estimated
and their variability was analysed, permitting to
explore diverse genetic strategies in response to WD.

Themodelwasthenappliedtodesignideotypes(i.e.idealplants)
producingfruitswithhighdrymattercontentin Cconditionandlow
freshmasslossinWDcondition. Theideotypeswerethenconfronted
withtheexistingrecombinantlines, confrontingthe processes
involvedinthe WDresistance.

P1.2 LINKING THE ARABIDOPSIS
BIOLOGICAL CLOCK MODEL TO THE 1001
GENOMES PROJECT

™ TUESDAY 4 JULY, 2017 ©® 14:50

@ URIEL URQUIZA-GARCIA (THE UNIVERSITY OF EDINBURGH,
UNITED KINGDOM), NACHO MOLINA (IGBMC - CNRS, FRANCE),
ANDREW J MILLAR (THE UNIVERSITY OF EDINBURGH,

UNITED KINGDOM)

@ URIEL.URQUIZA@GMAIL.COM

24-hourbiologicalrhythmsdrivenbythecircadianclock control
plant processes from elongation growth, to metabolism and
seasonal flowering. Mathematical models of the clock gene
circuit have been fundamental for integrating heterogeneous
data into quantitative theories for circadian rhythms in
Arabidopsis thaliana. We show that recasting a clock model
into absolute units (molecules per cell) provides a first step in
linking mechanistic models to the 1001 Arabidopsis genomes.

Successiveplantclockmodelshaveincreasedin complexity by
incorporatingnewly-identifiedbiochemicalcomponentsandlinks.
Whilerealunitsoftimehavebeencentral,themassscalehasbeen
leftinarbitraryunits. WethereforerescaledtheP2011 clockmodel
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tomatchpublically-availabledatawithabsolutemassunits,inorder
totestwhetherthemodel’spredictedkineticswerebiochemically
reasonable. TheresultsforRNA andproteinconcentrationswillbe
discussed,locatingpotentiallyproblematicdynamicsofspecificclock
components. Experimental,absolutequantificationofkeycircadian
clockproteinsiscrucialtotestthesehypotheses. Thisprocessrevealed
anapproachtolinkcircadianoscillatordynamicstotranscriptomic
profiles,notonlywithinasingleecotypebutalsointhecontextofthe
Arabidopsis 1001 genomesproject. Weexemplify theprocessforakey
clockcomponent. OurresultspromiseamechanisticlinkfromSNPs
ingenomicDNA sequencetogeneexpressiondynamicsthatcontrol
multiple,physiologicalphenotypes.

P1.29 SHAPE UP - STUDY OF
NATURAL VARIATION IN ROOT-SHOOT
RATIO UNDER SALT STRESS REVEALS
GENES INVOLVED IN EARLY SALT
STRESS RESPONSES

™ TUESDAY 4 JULY, 2017 ©® 16:00

& MAGDALENA M JULKOWSKA (KING ABDULLAH UNIVERSITY OF
SCIENCE AND TECHNOLOGY, SAUDI ARABIA), ARTHUR KORTE
(UNIVERSITY OF WUERZBURG, GERMANY), RACHID AIT HADDOU
(KING ABDULLAH UNIVERSITY FOR SCIENCE AND TECHNOLOGY,
SAUDI ARABIA), CHRISTA TESTERINK (UNIVERSITY OF
AMSTERDAM, NETHERLANDS), MARK A TESTER (KING ABDULLAH
UNIVERSITY FOR SCIENCE AND TECHNOLOGY, SAUDI ARABIA)

© MAGDALENA.JULKOWSKA@KAUST.EDU.SA

Highsoilsalinityisone ofthemajorfactorslimiting cropyield. Shoot
sodiumexclusionisanimportant contributortosalinitytolerance,
butitisnotalwayscorrelatedwithsalinitytolerance,indicating
importance of other traits. Notably, salt stress rapidly impacts
thegrowthanddevelopmentofdifferent plantorganstodifferent
extents,leadingtoalterationsinplantdevelopment.In Arabidopsis
Col-Ogenotype,reductioninmainrootgrowthismoreseverethan
reductioninlateralrootgrowthordevelopment,resultinginaltered
rootarchitecture. Otheralterationstoplantdevelopment,such
asroot:shootratio arelikely to be also contributing to salinity
tolerance.Inthisstudy,wedescribesaltstressandhormoneinduced
changesinroot:shootratioin Arabidopsisplantsgrownonagar
plates,byquantifyingthedynamicsofrootandshootgrowthin
differentconditions. Wedevelopedatoolthatenablesestimation of
increasesinrootandshootmassthroughquantificationofgreenand
whitepixelsandautomatedfittingof growthcurves. Weidentified
genetic components underlying salt stress-induced changesin
root:shootratiobystudyingnaturalvariationinthe Arabidopsis
“HapMap” populationandperformingassociationgeneticanalyses
toidentify candidate genesspecifictostressconditions. Further
validationofcandidategeneswillprovidemoreinsightintosignals
regulatingstress-inducedalterationsinplantdevelopmentandtheir
roleinoverallsalinitytolerance.
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P1.30 MAKING SPACE TO BREATHE:
THE ROLE OF THE CELL WALL IN
DETERMINING STOMATAL AND
MESOPHYLL CONDUCTANCE

™ TUESDAY 4 JULY, 2017 © 16:30

@ ALICE L BAILLIE (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), SAMUEL M J AMSBURY (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), MARJORIE R LUNDGREN (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), SARAH CARROLL (UNIVERSITY
OF SHEFFIELD, UNITED KINGDOM), ROSS CARTER (JOHN INNES
CENTRE NORWICH, UNITED KINGDOM), LEE HUNT (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), JULIE E GRAY (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), ANDREW J FLEMING (UNIVERSITY
OF SHEFFIELD, UNITED KINGDOM)

@ ALBAILLIE1@SHEFFIELD.AC.UK

Photosyntheticcarbonuptakeisdependentondevelopmentally
anddynamicallyregulatedgasfluxthroughthestomatalpores
andcomplexunderlyingairspace. The cellwallmustbeimportant
instomataandmesophyllformation, yetourunderstandingofits
roleremainslimited. Animmunological screenof Arabidopsis
leaves indicated that differential methylation of pectic
homogalacturonan (HG)isassociatedwithdifferentiationofboth
themesophyllandthestomata.Inthemesophyll,esterified HGis
mostabundantatthecornersofairspaces, whereasjoinedcellwalls
containanabundanceofde-esterified HG, suggestingarole for
pectinmodificationinregulatingcellseparationanddetermining
porosity.Instomata, guardcellslackmethyl-esterified HG. Our
previousworkwhichidentifiedapectinmethyl-esterasewitha
specificroleinguardcell functionshowed thatgain of methyl-
esterified HGintheguardcellwallcompromisesstomatalfunction.
Inaddition, weshowthatstomatalpoleshaveaspecificpatternof
methyl-esterified HG. Probing guardcellstiffnessby atomicforce
microscopysuggeststhatthispolarpatternofmethyl-esterified
HGleadstoalteredmechanical propertiesandfunctionoftheguard
cells.Finallythisprojectaimstoexaminehowmesophyllairspace
formationiscoordinatedwith stomatal positioningtoformsub-
stomatalcavities.ByexaminingcellulararchitecturebymicroCT
scanning,andmeasuringgasexchangeinmutantswithaltered
stomataldensity orreducedstomatalfunction, wewillinvestigate
thecouplingofthesetwodevelopmentalprocesses.
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P1.31 MAPPING THE EARLY
RESPONSES TO SALT STRESS
IN ARABIDOPSIS THALIANA

™ TUESDAY 4 JULY, 2017 ©® 16:45

& MARIAMAWLIA (KING ABDULLAH UNIVERSITY OF SCIENCE AND
TECHNOLOGY, SAUDI ARABIA), ARTHUR KORTE (UNIVERSITY OF
WURZBURG, GERMANY), KLARA PANZAROVA (PHOTON SYSTEMS
INSTRUMENTS (PSI), CZECH REPUBLIC), SONIA NEGRAO (KING
ABDULLAH UNIVERSITY OF SCIENCE AND TECHNOLOGY (KAUST),
SAUDI ARABIA), MARK TESTER (KING ABDULLAH UNIVERSITY OF
SCIENCE AND TECHNOLOGY (KAUST), SAUDI ARABIA), MAGDALENA
M JULKOWSKA (KING ABDULLAH UNIVERSITY OF SCIENCE AND
TECHNOLOGY (KAUST), SAUDI ARABIA)

@ MARIAM.AWLIA@KAUST.EDU.SA

Saltstressreducesplantgrowthveryrapidlyaftersaltexposure.
Thisreductionoccurspriortotoxicionaccumulationintheshoot
and the early responses to salt stress are part of the osmotic
componentofsalinitytolerance.Inthisstudy, weexaminedthe
naturalvariationintheearlysaltstressresponsesof Arabidopsis
accessionsfromthe HapMappopulationusinghigh-throughput
non-destructivephenotyping. RGBimagesofrosettesandkinetic
measuresofchlorophyllfluorescence were captureddaily forseven
daysfromthetimeofsaltapplication. Traitsassociated withrosette
growthandchlorophyllfluorescence,suchasrosettearea,rosette
greennessandnon-photochemical quenching, were quantified
non-invasivelyusingthe PSIPlantScreenphenotypingsystem.
Thenaturalvariationobservedwasemployedfortheidentification
ofcandidategenesusinggenome-wideassociationstudies (GWAS)
and 10M SNPmarkers.Inadditiontothecommonsingle-trait GWAS
model, we alsoused amulti-trait mixedmodel to determine salt
stress-specificassociations. Weidentified geneticassociations
that are unique for individual time points and traits, but also
associationsrecurringthroughtimeandacrossdifferenttraits.
Validatingcandidategenesunderlyingtheobservedassociations
andperformingmolecularcharacterisationoftheallelicvariation
willimproveourunderstandingofthe genetic control ofrapid growth
ratereductionscausedbysaltstress. Gaininginsightinto genes
affectingtheearlyresponsestosaltstress,andtheircontribution
tooverallsalinity tolerance, willaid crop salinityresearch and
facilitatecultivationofplantsinaridandsalineconditions globally.
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P1.8 IDENTIFICATION OF A PROLINE
RICH FAMILY PROTEIN THAT IS
NEGATIVELY CORRELATED WITH
ETIOLATED ARABIDOPSIS THALIANA
HYPOCOTYL GROWTH

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ MALGORZATA ZDANIO (UNIVERSITY OF ANTWERP, BELGIUM),
AGNIESZKA K BORON (UNIVERSITY OF ANTWERP, BELGIUM),
DARIA M BALCEROWICZ (UNIVERSITY OF ANTWERP, BELGIUM),
MARIOS N MARKAKIS (UNIVERSITY OF ANTWERP, BELGIUM),
GREGORY MOUILLE (INRA CENTRE DE VERSAILLES-GRIGNON,
FRANCE), DMITRY SUSLOV (SAINT-PETERSBURG STATE
UNIVERSITY, RUSSIA), HERMAN HOFTE (INRA CENTRE DE
VERSAILLES-GRIGNON AGROPARISTECH INSTITUT JEAN-PIERRE
BOURGIN, FRANCE), KRIS VISSENBERG (UNIVERSITY OF
ANTWERP, BELGIUM)

@ MALGORZATA.ZDANIO@UANTWERPEN.BE

Growthoftheetiolated Arabidopsishypocotylisbiphasic. During
thefirstphaseallcellselongateslowlyand synchronously. At48hrs
after imbibition, cells at the hypocotyl base undergo a growth
acceleration. Subsequently, this rapid elongation propagates
throughthehypocotylfrombasetotop.Itislargelyunclearwhat
regulates the switch from slow to fast elongation. Micro-array
analysisperformedbefore,duringandaftergrowthacceleration
identifiedmanydifferentially expressed genes.Reverse genetics-
based screening for hypocotyl phenotypes identified three
independent mutant lines of At1g70990, a proline-rich family
protein, withshorteretiolatedhypocotylsduringtheslowelongation
phase.Dark-grownhypocotylsofthosemutantsstarttoelongate
faster compared to wild type at 72hrs after imbibition. Mature
8-day-olddark-grownhypocotylsweresignificantlylongerthan
wildtype.Analysisoftransgenicseedlingsbearingapromoter::GFP
constructindicatedexpressionintheroot,thatwasconfinedtothe
endodermis and pericycle. In 2-days-old dark-grown seedlings
expressionwasespecially stronginthebasal partofhypocotyl,
whilstmatureseedlingsexhibited expressionthroughoutthisorgan.
Theproteinencodedby At1g70990waslocalizedtothecytoplasm
inC-terminalprotein-GFPfusionlinesusingconfocalmicroscopy.
Fourier Transformed Infrared (FT-IR) Microspectroscopyidentified
subtlechangesincellwallcomposition.Inaddition, altered cellwall
biomechanicsweredetectedinthemutantlinesusingconstantload
extensiometry. Althoughthepreciseworkingmechanismremains
unknown, ourresultssuggestthattheproline-richfamilyprotein
isrequiredduringthefirstphaseofelongationandregulatesthe
momentandextentofthegrowthaccelerationbyregulatingcell
wallextensibility.
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P1.9 GENOME-WIDE ASSOCIATION
STUDY REVEALS THE GENETIC

ARCHITECTURE OF GRAIN CALCIUM
ACCUMULATION IN FINGER MILLET

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& SWATI PURANIK (INSTITUTE OF BIOLOGICAL ENVIRONMENTAL
AND RURAL SCIENCES ABERYSTWYTH UNIVERSITY, UNITED
KINGDOM), HENRY OJULONG (INTERNATIONAL CROPS RESEARCH
INSTITUTE FOR THE SEMI-ARID TROPICS (ICRISAT), KENYA),
RATTAN YADAV (INSTITUTE OF BIOLOGICAL ENVIRONMENTAL
AND RURAL SCIENCES ABERYSTWYTH UNIVERSITY,

UNITED KINGDOM)

@ SWP4@ABER.AC.UK

Calcium(Ca)isanessentialmacromineralandrequiredinrelatively
largedietaryquantitiesformaintainingasoundoverallhealth.
Therefore, significant progress is needed for biofortification of
staple crops toenhance grain Ca content. Among all cultivated
cereals,fingermillet[Eleusinecoracana(L.) Gaertn.],hasthehighest
concentrationofCa(350mg/100g)initsgrainsandcanserveas
anexcellentsustainable candidate for Cabiofortification. With
theaimtoidentify genomiclociunderlyinggrain Cacontent, we
performed genome-wide association (GWA) analysis utilizing
aworldcollectionoffingermillet germplasm. Grain Ca contents
showedveryhighvariabilityamongthecollectionwithdistinct
differencesobservedamongAfrican, Asian, Europeanand American
genotypes.Large-scalegenotyping-bysequencingwasemployed
and154238bialleleic, polymorphic SNPswithaMAF 21%across
the genotypes were employed for GWA mapping. Associations
weredonebyfittingthreestatisticalmodels. Aftercorrectionfor
populationstructureandfamilyrelatedness,locishowingstrong
associationswithgrain Cacontenthavebeenidentified. Thisisthe
first GWA studybasedonlarge-scale SNPgenotypinginfingermillet
forgrain Cacontent. Thenovelgenomiclociidentified canfacilitate
positionalcloningofunderlying causalgenes. Theseresults will
facilitatefurtherimprovementoffingermilletandalsootherstaple
crops.Suchcropswillbeatremendousboostforsmallholderfarmers,
agriculturesectors,andfoodindustrieswhichwillhelptoreducethe
burdenofCadeficiency.




ANNUAL MEETING GOTHENBURG 2017

P1.10 LINKING TRANSCRIPTOME
TOPOLOGY TO PHENOTYPE TO IDENTIFY
CANDIDATE TRANSCRIPTS DRIVING
IMPORTANT CROP TRAITS IN POTATO

™ TUESDAY 4 JULY, 2017 POSTER SESSION
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P1.11 IDENTIFICATION AND
CHARACTERIZATION OF APOLLO, AN
ARABIDOPSIS THALIANA MUTANT WITH
INCREASED HYPOCOTYL ELONGATION

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ ERIK ALEXANDERSSON (DEPARTMENT OF PLANT PROTECTION
SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN),
SANDEEP KUSHWAHA (DEPARTMENT OF PLANT BREEDING SWEDISH
UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN), ERIK
ANDREASSON (DEPARTMENT OF PLANT BREEDING SWEDISH
UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN)

@ ERIK.ALEXANDERSSON@SLU.SE

Potatoisthethirdmostconsumedcropintheworld.Ithasavery
highyieldpotentialand constituteanalmostirreplaceablepart
of many countries’ cuisines. To gain better understanding of
Phytophthorainfestansresistanceandotherimportantcroptraits,
34progenylinesinacrossingpopulationobtainedfromaresistant
breeding line and a susceptible cultivar (SW93-1015*Desiree)
werephenotypedfor37differenttraitsinthefieldandcontrolled
environments.InadditiontoP.infestansresistancetheseincluded
yield, tubergreeningandDickeyaand Alternariasusceptibility.
ByIlluminaHiseq2000sequencing,amastertranscriptomewas
constructedbasedonall34crossinglinesbydenovoassembly. After
this, geneexpressionandphenotypicdataforalllineswereanalyzed
bydifferentsimilarityindicesandcorrelation coefficients. Witha
correlation cutoff (Pearsoncorr>0.5andp-value<0.05) wefound
transcriptputativelyassociated to,forexample, traitssuchasyield
(17transcripts),highlayingtubers (8transcripts), tuberblight (27
transcripts), P.infestansleafresistance (34 transcripts),above-
groundgrowthrate (35transcripts), tubergreening (14 transcripts)
andearlyflowering (24 transcripts). Themosthighlytranscript
expressioncorrelationwasassociated toP. infestans,and several
ofthesetranscriptsareannotatedasdiseaseresistancefactors.In
thisworkweexplorenewwaysofrelatingtranscriptexpression
levelstophenotypesusingacrossingpopulation. Webelievethat
severalofthetranscriptswehaveidentifiedtohavehighlycorrelated
expressionwithcertaintraitsaffectthesetraits. However, thisneeds
tobeconfirmedbyfurtherexperiments.

& MALGORZATA ZDANIO (UNIVERSITY OF ANTWERP, BELGIUM),
AGNIESZKA K BORON (UNIVERSITY OF ANTWERP, BELGIUM),
MARIOS N MARKAKIS (UNIVERSITY OF ANTWERP, BELGIUM), NORA
GAAL (UNIVERSITY OF ANTWERP, BELGIUM), DMITRY SUSLOV
(SAINT-PETERSBURG STATE UNIVERSITY, RUSSIA), IRMA ROIG-
VILLANOVA (CENTRE FOR RESEARCH IN AGRICULTURAL GENOMICS,
SPAIN), JAUME F MARTINEZ-GARCIA (CENTRE FOR RESEARCH IN
AGRICULTURAL GENOMICS, SPAIN), GREGORY MOUILLE (INRA
CENTRE DE VERSAILLES-GRIGNON, FRANCE), HERMAN HOFTE
(INRA CENTRE DE VERSAILLES-GRIGNON AGROPARISTECH
INSTITUT JEAN-PIERRE BOURGIN, FRANCE), KRIS VISSENBERG
(UNIVERSITY OF ANTWERP, BELGIUM)

@ MALGORZATA.ZDANIO@UANTWERPEN.BE

Weisolatedamutantwithincreasedhypocotylgrowthinthelight
andnameditapollo. Adaptor-PCRrevealed that the T-DNA was
insertedintheintergenicregionbetweentwoanti-parallel genes.
One of them codes for a transcription factor,named ORPHEUS,
thatis normally down-regulated upon light perception. Apollo
hadamorethan40%increaseinetiolatedhypocotyllengthand
astriking420%increasewhengrowninthelightversusthewild
type. Cellular measurements confirmed that this was due to
increasedcellelongation.Inaddition, petiolelengthofleaf1and
2wasincreasedbymorethan80%,seedareaby20%,embryoarea
by23%andtherosetteareawas30%smaller. Althoughincreased
thinningofthewallscould causetheobservedincreaseinetiolated
hypocotylelongation,cellwallthicknessoffullyelongated wild
typeorapollocellsdidnotdiffersignificantly. Cellwallextensibility,
ontheotherhand,wasenhancedinetiolatedhypocotylsegments
of apollo. FT-IR analysis of apollo and wild type hypocotyl cell
wallsrevealed no changesin cell wall composition. The shade-
avoidance-likephenotypeofapollo,defectiveresponsetosimulated
shadeandalteredde-etiolationundercontinuousred/far-redlight
suggestapotentialdeficiencyofthe phytochromechromophore
phytochromobilin. GenomicapolloDNA sequencing excluded a
mutationinthephytochromobilinsynthase (HY2) gene,although
the expression level of HY2 was decreased in the mutant. We
suggestthatthe T-DNA deregulatesthetranscriptional control of
the ORPHEUStranscriptionfactorandthatthisleadstodefective
responsesuponlightperception.
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P1.12 USING STRUCTURAL MODELS
TO VALIDATE AND IMPROVE ROOT
IMAGE ANALYSIS PIPELINES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ GUILLAUME LOBET (FORSCHUNGSZENTRUM JUELICH, GERMANY),
MANUEL NOLL (UNIVERSITE DE LIEGE, BELGIUM), IKO T
KOEVOETS (UNIVERSITY OF AMSTERDAM, NETHERLANDS),

LOIC PAGES (INRA AVIGNON, FRANCE), PATRICK E MEYER
(UNIVERSITE DE LIEGE, BELGIUM), PIERRE TOCQUIN
(UNIVERSITE DE LIEGE, BELGIUM), CLAIRE PERILLEUX
(UNIVERSITE DE LIEGE, BELGIUM)

@ G.LOBET@FZ-JUELICH.DE

Manystructuralrootmodelshavebeendeveloped, eithergeneric
or for specificspecies,and these haverepeatedly been shownto
faithfullyrepresent therootsystemstructure, as wellasbeing
abletooutputground-trutheddataforeverysimulationandimage,
independentofrootsystemsize. However,theyhavealmostnever
beenusedasvalidationtoolsforimageanalysisprocedure. Herewe
willshowthatstructuralrootmodelscanbeusedincombination
withimageanalysispipelinestoassessandimprovetheiroverall
performance. First, we will show that an in-depth analysis of
rootimage analysis pipelines using suchmodelsreveals strong
limitations in their ability to measure complex root systems.
Secondly,wewillpresentaninnovativestrategy thatcombines
rootmodelsandmachine-learningalgorithms (random-forests),
thathastheabilitytoincreasethemeasurementaccuracy.
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P1.13 USING ASSOCIATION

MAPPING AND ARTIFICIAL SELECTION
TO DISSECT THE GENETICS OF

SHOOT BRANCHING PLASTICITY

IN ARABIDOPSIS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& HUGO TAVARES (SAINSBURY LABORATORY CAMBRIDGE
UNIVERSITY, UNITED KINGDOM), MAAIKE DE JONG (SAINSBURY
LABORATORY CAMBRIDGE UNIVERSITY, UNITED KINGDOM),
URSZULA KANIA (SAINSBURY LABORATORY CAMBRIDGE
UNIVERSITY, UNITED KINGDOM), REBECCA BUTLER (SAINSBURY
LABORATORY CAMBRIDGE UNIVERSITY, UNITED KINGDOM), ALICE
THOMAS (SAINSBURY LABORATORY CAMBRIDGE UNIVERSITY,
UNITED KINGDOM), JULIE AFFLECK (SAINSBURY LABORATORY
CAMBRIDGE UNIVERSITY, UNITED KINGDOM), RACHEL BURROWS
(SAINSBURY LABORATORY CAMBRIDGE UNIVERSITY, UNITED
KINGDOM), GILU GEORGE (SAINSBURY LABORATORY CAMBRIDGE
UNIVERSITY, UNITED KINGDOM), KATYA KOZHEVNIKOVA
(SAINSBURY LABORATORY CAMBRIDGE UNIVERSITY, UNITED
KINGDOM), HAYLEY MCCULLOCK (SAINSBURY LABORATORY
CAMBRIDGE UNIVERSITY, UNITED KINGDOM), RAJ PASAM
(SAINSBURY LABORATORY CAMBRIDGE UNIVERSITY, UNITED
KINGDOM), ANNE READSHAW (SAINSBURY LABORATORY CAMBRIDGE
UNIVERSITY, UNITED KINGDOM), SALLY WARD (SAINSBURY
LABORATORY CAMBRIDGE UNIVERSITY, UNITED KINGDOM), LISA
WILLIAMSON (SAINSBURY LABORATORY CAMBRIDGE UNIVERSITY,
UNITED KINGDOM), OTTOLINE LEYSER (SAINSBURY LABORATORY
CAMBRIDGE UNIVERSITY, UNITED KINGDOM)

©@ HUGO.TAVARES@SLCU.CAM.AC.UK

Dissectingthegeneticsof complexquantitativetraitsremainsa
challenge,evenintheeraofgenomics. Thisisparticularly trueif
traitsarecontrolledbymanylociofsmalleffectand/orbymulti-
allelic loci. Furthermore, traits might be plastic, such that an
individual’s phenotype depends on the environment. Here, we
trytodissectthe genetics of shootbranchingin Arabidopsisby
using complementary approaches: association (QTL) mapping
and an evolve-and-resequence artificial selection experiment.
Wepredictthatthistraithasabroad-senseheritabilityintheorder
0f20%-30%, and is considerably plasticinresponse tonutrient
availability. This plasticity is partially genetic, with different
genotypesrespondingdifferentlytoNitrateavailability. Despite
thisheritability,itprovedchallengingtoidentify QT Ltoexplainit.
Bydoingassociationmappinginamulti-parentmappingpopulation
(the Arabidopsis MAGIClines), we hypothesize that partof the
challengeisrelated with multi-allelicloci controlling the trait,
whicharenotcapturedwhenusingconventional (bi-allelic) SNP-
basedmapping. Furthermore, wehaveevidencethatthistraitmight
involvemultiple (smalleffect)locispreadacrossthe genome, which
wererevealedinanevolve-and-resequenceexperiment, wherewe
artificiallyselectedindividuals withhighnumberofbranchesin
replicaterandomly matingpopulations. Wefoundseveral putative
selectivesweepsinthesepopulations, whichwebelievearenotdue
todrift,asrandomlyselected (control) populationsdidnotshowthe
samepatternofvariability. Ourstudysuggeststhatshootbranching
isacanonicalexampleofacomplextrait,controlledbymanyloci
withmultiplefunctionalalleles.
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P1.14 GENETIC AND MOLECULAR
MARKERS FOR REDUCED AGGRESSION IN
ATLANTIC SALMON (SALMO SALAR L.)
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PLANT BIOLOGY ABSTRACTS 316

P1.15 PHENOTYPING AND GENOTYPING
TO ENABLE GENOMIC ESTIMATED
BREEDING VALUES IN POTATO

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& JOHANNA AXLING (UPPSALA UNIVERSITY, SWEDEN), LEIF

ANDERSSON (UPPSALA UNIVERSITET, SWEDEN), SVANTE
WINBERG (UPPSALA UNIVERSITET, SWEDEN)

@ JOHANNA.AXLING@NEURO.UU.SE

Asothervertebrates, teleostfishdisplay divergentstresscoping
styles(‘personalitytraits’), similartowhathasbeendescribedas
proactiveandreactivestresscopinginrodents. Theroutinebased
behaviourofproactivefishshouldbeanadvantageinthe confined
environmentofaquaculture. Aggression, whichisoftenaserious
problemincommercialaquaculture,isalsopartoftheproactive
behaviouralprofile. Thisprojectaimsatidentifyinggeneticmarkers
forproactivestresscopingandaggression, markersthatcouldallow
selectivebreedingfornon-aggressivesalmon. Wehaveperformed
alargescalestudytoevaluatebehavioural assaystobeused for
screeningstresscopingstylesofindividualsalmons. Behavioural
testsweredoneon 1800+individualsand ofthose 170 weretested
twiceinordertomoreaccuratelyderiveatruebehaviouralprofile
ofeachindividual.Relationshipsbetweenneuroendocrinestress
responsesandbehavioural profileswillbeinvestigated.

@ CATJA SELGA (SWEDISH UNIVERSITY OF AGRICULTURAL
SCIENCES, SWEDEN), AAKASH CHAWADE (SWEDISH UNIVERSITY
OF AGRICULTURAL SCIENCES, SWEDEN), MARIETTE ANDERSSON
(SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN),
RODOMIRO ORTIZ (SWEDISH UNIVERSITY OF AGRICULTURAL
SCIENCES, SWEDEN)

@ CATJA.SELGA@SLU.SE

Table potato, the third mostimportant staple cropin the world,
suffersfromanumberofdiseasesthatrequiresmultipleapplications
of pesticidestopreventtuberyieldlosses. Themosteconomically
detrimental late blight disease is caused by the oomycete
Phytophthorainfestans, which can affect both the foliage and
tubersofthepotatoplant. Themain targetsfor potatobreeding
inSwedenaretodevelopacultivarwithhostplantresistanceto
P.infestans,hightuberyieldandquality. Wearepursuingabreeding
methodcalledgenomicselection (GS)thatcouldsavethetimeand
resourcesusedinpotatobreeding. Phenotypicdataweretakenfor
hostplantresistance, tuberyield-relatedtraits,andfloweringdate
on1882individualsfromatrainingpopulation(TP)basedoneight
bi-parentalcrosses. Hostplantresistancewasthemostheritable
traitand was significantly higherin all eight crosses compared
to reference clones included in the field trial. Late blight also
affectedsignificantlytuberyield. GSisbased ontheuseof genomic
estimatedbreedingvalues (GEBVs), whicharecalculatedthrough
genotype calling of all 1882 clones included in the TP together
withthephenotypicdata. Thegenotypesaredeterminedthrough
Kompetitive Allele SpecificPolymorphism (KASP) genotyping
basedon2000singlenucleotide polymorphisms (SNPs) selected from
al2KSNParrayof88randomlyselectedindividualsfromthe TPand
fourparentallines. Thisresearchreinforcestheneedforappropriate
phenotypingtoassistondevelopingreliable GEBVs.
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P1.16 GUARD CELL WALL STRUCTURE
IN EUDICOTS AND MONOCOTS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ SARAH CARROLL (THE UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), SAMM J AMSBURY (THE UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), ALICE L BAILLIE (THE UNIVERSITY
OF SHEFFIELD, UNITED KINGDOM), JULIE E GRAY (THE
UNIVERSITY OF SHEFFIELD, UNITED KINGDOM), ANDREW J
FLEMING (THE UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

@ SCARROLL1@SHEFFIELD.AC.UK

Stomataarecontrollableporesontheleafsurfaceformedbypairs
ofguardcells. Thesehaveaspecialisedcellwall structure which
allowsthemtorepeatedlyexpandandcontracttocontrolstomatal
aperture,thusregulating gasexchange for photosynthesisand
transpiration. Excessivetranspirationresultsindetrimental water
loss, thus stomatal aperture mustberapidly adjusted to ensure
optimumwateruse.Ithasbeenproposedthatthemechanicsofthe
systemmaylimitthespeedofstomataladjustment, yetwehave
littleideaofhowthisisset,otherthanthatthecellwallislikelyto
beofcentralimportance. Wehaveinvestigatedthestructureofthe
guardcellwallin Arabidopsisthaliana,aeudicotspecies,andmore
recentlyinBrachypodiumdistachyon,amodelmonocotspecieswith
reportedsimilaritiesto Hordeumvulgareand Triticumaestivum.
Immunohistochemistryandfunctionalassaysshowthatpectinis
highlyinfluentialinregulatingstomatalmovementinbothplants,
yettheformofpectininvolved varies. Weaimtoidentifythegenes
inBrachypodiumwhichregulatepectinbiosynthesisandcreate
mutantlinesover-expressingorsuppressingthesegenes. We will
thenassesstheselinesforstomatalfunction,aswellasforwhole
plantphysiologicaltraitssuchaswateruseefficiency.

PLANT BIOLOGY ABSTRACTS 317

P1.17 DESIGNING RESILIENT
AND PRODUCTIVE GRASSES
WITH PLASTICITY TO EXTREME
WEATHER EVENTS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& DIMITRA A LOKA (NATIONAL PLANT PHENOMICS CENTRE
IBERS ABERYSTWYTH UNIVERSITY, UNITED KINGDOM), DYLAN
GWYNN-JONES (NATIONAL PLANT PHENOMICS CENTRE IBERS
ABERYSTWYTH UNIVERSITY, UNITED KINGDOM), JOHN SCULLION
(NATIONAL PLANT PHENOMICS CENTRE IBERS ABERYSTWYTH
UNIVERSITY, UNITED KINGDOM), ALAN GAY (NATIONAL PLANT
PHENOMICS CENTRE IBERS ABERYSTWYTH UNIVERSITY, UNITED
KINGDOM), JOHN HARPER (NATIONAL PLANT PHENOMICS
CENTRE IBERS ABERYSTWYTH UNIVERSITY, UNITED KINGDOM),
DAGMARA GASIOR (NATIONAL PLANT PHENOMICS CENTRE IBERS
ABERYSTWYTH UNIVERSITY, UNITED KINGDOM), ALISON
KINGSTON-SMITH (NATIONAL PLANT PHENOMICS CENTRE IBERS
ABERYSTWYTH UNIVERSITY, UNITED KINGDOM), ROSALIND
DODD (BANGOR UNIVERSITY ENVIRONMENT CENTRE WALES,
UNITED KINGDOM), DAVID CHADWICK (BANGOR UNIVERSITY
ENVIRONMENT CENTRE WALES, UNITED KINGDOM), PAUL
HILL (BANGOR UNIVERSITY ENVIRONMENT CENTRE WALES,
UNITED KINGDOM), DAVID ROBINSON (BANGOR UNIVERSITY
ENVIRONMENT CENTRE WALES, UNITED KINGDOM), DAVID JONES
(BANGOR UNIVERSITY ENVIRONMENT CENTRE WALES, UNITED
KINGDOM), GINA MILLS (CENTRE FOR ECOLOGY AND HYDROLOGY
ENVIRONMENT CENTRE WALES, UNITED KINGDOM), FELICITY
HAYES (CENTRE FOR ECOLOGY AND HYDROLOGY ENVIRONMENT
CENTRE WALES, UNITED KINGDOM), MIKE HUMPHREYS
(NATIONAL PLANT PHENOMICS CENTRE IBERS ABERYSTWYTH
UNIVERSITY, UNITED KINGDOM)

@ DIL3@ABER.AC.UK

Climatechangeisprojectedtoreducethepersistencyofcurrently
usedforagegrassvarieties, therebychallengingglobalfoodsecurity
and compromising on their existing ecosystem functionality.
Our objective is to identify morphological traits and monitor
physiologicalresponsesfromdiverseandnovel Festulolium(ryegrass
spp.x fescuespp. Hybrids) grasspopulationsthatprovideoptimal
combinationsofgoodforageproductiontogetherwithresilienceto
multiplestresses. Thegrasseswere: Festuloliumvariety Prior (Lolium
perennexFestucapratensis),showntomitigaterun-offandflooding;
twoadvancedbreedingpopulationsofdiploid L. perennewithgenes
fordroughttolerancederivedfromthe Mediterraneanfescuespecies
F.arundinaceaandF. glaucescens;twotetraploid hybridpopulations
involvingL. perenneincombinationwithF. glaucescensand F. mairei
(fromNorth Africa),respectively. Ascontrols, Festuloliumvariety
AberNicheandL. perennevariety AberWolfwereused. Treatments
consistedof: A) Control; plantsmaintainedatoptimumconditions,
B)Drought;plantsreceivedlimited quantity of waterfor 12 weeks,
C)Flood;plantswerefully submerged for4 weeks andD) Ozone;
plantswereexposedtoincreased ozone concentrations(110ppb)
for4weeks.Rootmorphologicaltraitsandphysiologicalresponses
were monitored andrecorded before stressinitiation and at the
endofstressandrecoveryperiodsandtheresultswereevaluated.
Identifyingandselectingreliablemorphologicaland physiological
traits associated with increased resistance to multiple abiotic
stressesisaprerequisitetoensurefuturegrasslandsresilience.
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P2 CARNIVOROUS PLANTS -
PHYSIOLOGY, ECOLOGY,

AND EVOLUTION

ORGANISED BY: SIMON POPPINGA (UNIVERSITY OF FREIBURG, GERMANY)

P2.1 TRAP DIVERSITY AND EVOLUTION
IN CARNIVOROUS PLANTS

™ THURSDAY 6 JULY, 2017 ©® 09:00

@ ANDREAS FLEISCHMANN (BOTANISCHE STAATSSAMMLUNG
MUNCHEN, GERMANY)

@ FLEISCHMANN@BSM.MWN.DE

Carnivory has evolved at least ten times in flowering plants,
resultingin19carnivorousplantgeneracontainingattotalofca.800
species.Fivebasictraptypesarefoundamongcarnivorousplants
(pitfalltraps,adhesivetraps,snaptraps,eeltraps,andsuctiontraps),
severalofwhichhaveevolvedinparallelinonlydistantlyrelated
groups.Ontheotherhand,sometraptypes(especiallyactivetraps
suchassuctionorsnaptraps)resultedfrommodification of passive
traptypeswithinthesameevolutionarylineage. Theevolution
oftraptypesisdiscussedwithaspecialfocusonNepenthalesand
Lamiales,whichshowthehighesttrapandspeciesdiversityamong
carnivorousplants.

P2.2 FACING THE GREEN THREAT:
MORPHOLOGICAL REACTIONS OF
DAPHNIIDS ON BLADDERWORT PRESENCE

™ THURSDAY 6 JULY, 2017 © 09:40

& SEBASTIAN KRUPPERT (RUHR-UNIVERSITAT BOCHUM, GERMANY),
MARTIN HORSTMANN (RUHR-UNIVERSITAT BOCHUM, GERMANY),
LINDA C WEISS (RUHR-UNIVERSITAT BOCHUM, GERMANY), ANNA
WESTERMEIER (ALBERT-LUDWIGS-UNIVERSITAT FREIBURG,
GERMANY), SIMON POPPINGA (ALBERT-LUDWIGS-UNIVERSITAT
FREIBURG, GERMANY), THOMAS SPECK (ALBERT-LUDWIGS-
UNIVERSITAT FREIBURG, GERMANY), RALPH TOLLRIAN (RUHR-
UNIVERSITAT BOCHUM, GERMANY)

©@ SEBASTIAN.KRUPPERT@RUB.DE

Having a key position in many lentic ecosystems, waterfleas
of the family Daphniidae are threatened by a wide diversity of
predators.Daphniidscounterthispredationpressurebyplastically
developing adaptive morphological defence strategies. These
increase their survival chances. In fact, a vast variety of such
inducibledefenceshasbeendescribedagainstarangeofanimal
predators including larvae of the phantom midge Chaoborus
(diptera), the backswimmer Notonecta (heteroptera),Triops
(crustacea)andfish. However,nexttoanimal predatorsdaphniids
arealsoexposedtopredationby carnivorousplantssuchasthe
bladderwort, Utriculariaaustralis. Withitssuctiontrapsoptimised
to consume zooplankton prey and seasonally dependent large
populations,itposesaseriousthreattosmalldaphniid species. Due
todaphniid’shighdegreeofplasticitytowardsanimalpredators,
weherewantedtodeterminewhether Ceriodaphniadubiaisalso
abletodefendfrom Utriculariapredation. Forthat, we performed
a bioassay in conjunction with predation trials. We measured
Ceriodaphniamorphologyin2Dand3D. Wedetectedsignificant
morphologicalchanges. Morphologically adapted Ceriodaphnia
werelesssusceptibleto Utriculariapredationinourpredationtrials.
Inconclusion,weanticipatethatthisisafirstdescriptionofan
induciblemorphologicaldefenceagainstacarnivorousplant.
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P2.3 FACING THE GREEN THREAT:
UNRAVELLING THE COMPLEX
MORPHOLOGICAL REACTIONS OF
DAPHNIIDS TO UTRICULARIA

™ THURSDAY 6 JULY, 2017 ©® 09:55

@ MARTIN HORSTMANN (RUHR-UNIVERSITY BOCHUM, GERMANY),
SEBASTIAN KRUPPERT (RUHR-UNIVERSITY BOCHUM, GERMANY),
LINDA C WEISS (RUHR-UNIVERSITY BOCHUM, GERMANY),

SIMON POPPINGA (UNIVERSITY OF FREIBURG, GERMANY), ANNA
WESTERMEIER (UNIVERSITY OF FREIBURG, GERMANY), THOMAS
SPECK (UNIVERSITY OF FREIBURG, GERMANY), RALPH TOLLRIAN
(RUHR-UNIVERSITY BOCHUM, GERMANY)

©@ MARTIN.HORSTMANN@RUB.DE

Waterfleasofthe genus Daphniaareabundantprimaryconsumers
and key species in freshwater ecosystems. Many studies have
showntheirhighdegreeofphenotypicplasticityagainstarange
ofpredators.Daphniidsformsocalled ‘inducible defences’thatare
temporally coherenttotheoccurrenceofcarnivorousanimals,e.g.
larvaeofthephantommidge Chaoborusorfish.Inadditiontoanimal
predators, freshwaterecosystemsoftenalsocontaincarnivorous
plants,likethebladderwort Utriculariaspec.andinfact, thisplant
speciesfeedsonsmalldaphniid species. However,uptonowthe
developmentofinducibledefencesagainst Utriculariapredationhas
notbeenshown. Wechosetoinvestigatethedevelopmentofdefences
inCeriodaphniadubia, whichwefound coexistingwith Utricularia
australis. Actively preying U. australis induced morphological
changesin C. dubia. We detected these changesby computinga
3Dmorphometricanalysis. Thehead’slateralwidthisincreased,
throughthedevelopmentoflateralfornices. Theoverallanimal
morphologybecomesslenderindorso-ventralandlateraldirection
andthebodylengthmeasuredfromtheposteriorventralgaptothe
neckregionincreases. Weanticipatethat C. dubiabenefits from
developingsuchaquader-shapedbodywithanespeciallyangular
headregiontooutgrowthepredator’sgape. Ourdatahighly suggest
anovelinducibledefencestrategyofadaphniidspeciesagainsta
carnivorous plant and again highlight the enormous degree of
plasticityofthissmallfreshwatercrustacean.

P2.4 BLADDERWORT PREY CAPTURE:
LESSONS FROM THE SMALLEST
SUCTION FEEDERS

™ THURSDAY 6 JULY, 2017 ©® 10:10

@ ULRIKE K MULLER (CALIFORNIA STATE UNIVERSITY FRESNO,
UNITED STATES), OTTO BERG (CALIFORNIA STATE UNIVERSITY
FRESNO, UNITED STATES), MATTHEW BROWN (CALIFORNIA STATE
UNIVERSITY FRESNO, UNITED STATES), JANNEKE M SCHWANER
(UNIVERSITY OF IDAHO MOSCOW, UNITED STATES), GEN LI
(CHIBA UNIVERSITY, JAPAN)

@ UMULLER@CSUFRESNO.EDU

Bladderwort,acarnivorousplantgenus,areamongthesmallestand
fastestsuctionfeeders, catchingzooplanktonpreyinmillimeter-
sized,underwatertrapswithinlessthan1millisecond. Compared
withlarvalfish,whicharethemainothergroup ofsmallsuction
feeders, aquatic bladderwort generate much faster and briefer
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suctionevents, whichultimatelyresultinhighercapturesuccess
rates. We quantified the flow generated by bladderwort traps
during manually triggered suction events. We found that the
bladderwort traps generate inviscid flow: the generated flows
outsideandinsidethemouthfitinviscidflowmodels. Flowspeeds
insidethemouthpeakat5m/s,accelerationpeaksat50,000m/s?.
Suctionpressureinfrontofthemouthpeaksearlyduringthesuction
event. Acomputationalanalysisoftheflowtoexplorehowpressure
magnitudeandspeedofpressureonsetaffectflowsuggeststhatthe
highpressuresgeneratedbybladderworthelpthemtomaintain
inviscidflow conditions,whichensurehighflowspeeds. Wefound
no strong effect of the onset duration on peak flow speed: slow
onsetdoesnotstronglyaffectspeakflowspeed. Weconcludethat
bladderwortmaintaininviscidflow conditionsthroughgenerating
astrongsub-ambientpressureintheirtraps.

P2.5 CARNIVOROUS PLANTS
ARE IDEAL MODEL SYSTEMS
FOR EXPERIMENTAL RESEARCH

™ THURSDAY 6 JULY, 2017 ® 10:45

@ AARON M ELLISON (HARVARD UNIVERSITY, UNITED STATES)

@ AELLISON@FAS.HARVARD.EDU

More than 600 carnivorous plants have evolved in at least six
independentradiations withinfive angiosperm orders. Despite
these independent origins, there is remarkable morphological
convergenceofcarnivorousplanttraps,physiologicalconvergence
ofmechanismsfordigestingandassimilatingprey,andfunctional
convergenceininterspecificinteractionsbetweentheplantsand
associatedfauna.Theseconvergenttraitsmakecarnivorousplants
modelsystemsforaddressingquestionsinplantmoleculargenetics,
physiology,ecology,andevolutionarybiology. Forexample, the
observationthatcarnivorousplantgenerawithmorphologically
complextrapshavehigherrelativeratesofgenesubstitutionsthan
dothosewithsimplestickytrapshassuggestedtwoalternative
mechanismsforevolutionanddiversificationof carnivorousplant
lineages.Comparativephysiologicalandmorphologicalstudieshave
revealedsurfacestructuresthatfacilitate prey captureandsuggest
newbiomaterials. Experimentalstudiesof pitcher-plantsand their
associatedinfaunaprovide compellingexamples of convergent
interactions that are being used to identify new symbioses in
previously unexplored habitats. These microecosystems also
arescalablemodelsforidentifyingandmanipulatingrapidstate
changesinecologicalsystems.Finally,thewidespreadpopularity
ofcarnivorousplantsamongpeopleofallagesandnationalities
hasledtothedevelopmentofeducational curriculaandcitizen-
scienceinitiativesthatareadvancingbothbotanicalliteracyand
scientificdiscovery.Nearly 150yearsafter CharlesDarwinfirst
experimentallydemonstratedthatplantscouldattract, trap, eat,
anddigestinsects,wecontinuetobesurprisedandfascinatedbythe
knowledgegained fromstudyingtheses “mostwonderfulplantsin
theworld”.
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P2.6 THE TEASEL (DIPSACUS
FULLONUM) AS A CANDIDATE
FOR PROTO-CARNIVORY

™ THURSDAY 6 JULY, 2017 ©® 11:25
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P2.7 SLIP, TRIP AND TRAP: THE
BIOMECHANICS OF PITCHER TRAPS,
AND WHAT WE CAN LEARN FROM THEM

™ THURSDAY 6 JULY, 2017 ©® 13:50

& ANNEKE PRINS (MIDDLESEX UNIVERSITY, UNITED KINGDOM),
DIRK WILDEBOER (MIDDLESEX UNIVERSITY, UNITED KINGDOM),
STEVE KETT (MIDDLESEX UNIVERSITY, UNITED KINGDOM)

@ A.PRINS@MDX.AC.UK

FrancisDarwin (1877) observedthatinsectsdrownandaccumulate
inthecup-likecavity formedbytheleavesof Dipsacussylvestris.
Hehypothesisedthatthiscouldbeanexampleofplantcarnivory
initsearly stages. Since then, few studies other than Shaw and
Shackleton’s2011investigationhavescrutinisedthisphenomenon.
Theirexperimentalfeedingof Dipsacus fullonum(commonteasel)
didnotresultinincreasednon-reproductivebiomass,butdidcause
a30% increase in seed set and seed mass:biomass ratio. These
data allied with a paucity of further data supporting potential
carnivoryintheteaselhassparkedourcuriosity. Wepositthat,in
orderforanyplanttohaveevolvedcarnivory,itsancestorswillhave
passedthroughstagesofproto-carnivory. Thus, morphological
and molecular traits that have evolved for one purpose might
serendipitouslyprovidesecondarilyadvantageousproto-carnivory
functions. Further selection may result in these adaptations
acquiring primary function status as differential reproduction
favoursfurtherenhancementofthosetraits. Thisstudyaimsto
determine whether D. fullonumleaf cups provide the plantwith
supplementarynutrientsviacapture, digestionandsubsequent
absorption of invertebrate prey. A population of D. fullonum
established on urban waste ground will be studied, initially to
determineaspectsofmorphology andmolecularanalysisofleaf
cupwater, whilstsettingupacommon gardenexperimentformore
specificecologicalenergeticanalyses.

& ULRIKE BAUER (UNIVERSITY OF BRISTOL, UNITED KINGDOM)

@ ULRIKE.BAUER@BRISTOL.AC.UK

Carnivorouspitcherplantsareincreasinglyturningintoamodel
systemtounderstandthefunctionalmorphologyofplantsurfaces,
and their role in plant-insect interactions. Pitcher plants use
antiadhesivesurfacestocaptureinsectsinfluid-filledpitfalltraps.
The principles underlying the slipperiness - micro-roughness,
directionalityandwettability of surfaces-arenotuniquetopitcher
plantsbutarefoundacrosstheplantkingdomwheretheyplayan
importantroleinherbivore defence. However, pitcherplantsare
uniqueinthattheycommonly combineseveralslipperysurfaces
based on different biomechanical principles in the same plant
organ.Inaddition, the digestiveliquid at the bottom of the trap
oftenhasextraordinaryphysico-chemical propertiesthataidin
preyretention. Conveniently for the experimental scientist, all
captured preyis collectedin the trap fluid, allowing for an easy
andaccuratequantificationoftrappingsuccess. Together, these
propertiesmakepitcherplantsanidealmodeltostudythefunction
andeffectivenessofantiadhesiveplantsurfaces,bothinthelaband
undernaturalconditionsinthefield. Thistalkwillgiveanoverview
ofthetrapfunction,surfacestructure,andbiomechanicsofpitcher-
preyinteractions,withanoutlookonrecentdiscoveriesandfuture
avenuesforresearchandtechnologicalinnovationsinspiredby
pitcherplants.

P2.8 KINEMATICS, BIOMECHANICS
AND FUNCTIONAL MORPHOLOGY OF
THE SNAP-TRAPS OF ALDROVANDA
VESICULOSA

™ THURSDAY 6 JULY, 2017 ©® 14:30

& ANNA SWESTERMEIER (PLANT BIOMECHANICS GROUP BOTANIC
GARDEN FREIBURG UNIVERSITY OF FREIBURG, GERMANY),
RENATE SACHSE (INSTITUTE FOR STRUCTURAL MECHANICS
UNIVERSITY OF STUTTGART, GERMANY), PHILIPP VOGELE (PLANT
BIOMECHANICS GROUP BOTANIC GARDEN FREIBURG UNIVERSITY
OF FREIBURG, GERMANY), MANFRED BISCHOFF (INSTITUTE FOR
STRUCTURAL MECHANICS UNIVERSITY OF STUTTGART, GERMANY),
SIMON POPPINGA (PLANT BIOMECHANICS GROUP BOTANIC GARDEN
FREIBURG UNIVERSITY OF FREIBURG, GERMANY), THOMAS SPECK
(PLANT BIOMECHANICS GROUP BOTANIC GARDEN FREIBURG
UNIVERSITY OF FREIBURG, GERMANY)

@ ANNA.WESTERMEIER@BIOLOGIE.UNI-FREIBURG.DE

Within carnivorous plants, the worldwide distributed but
rare Waterwheel plant (Aldrovanda vesiculosa,Droseraceae)
is one of the scarcely investigated species. It possesses tiny
underwater snap-traps and is sister to the well-known Venus
flytrap (Dionaeamuscipula). However, theunderlyingmovement
principle is quite different. Whereas the trap closure (duration
~100-300 ms) in Dionaea relies i. a. on an elastic instability
mechanism (‘snap-buckling’),the Waterwheeltrap (~20-50ms)
isregardedtofunctionviamovementamplificationempowered
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by water displacement processes between cells and tissues.
Theoretical approaches showed that the trapping motion
of Aldrovanda falls in the range of purely hydraulically
driven movements, yet, is so fast that it can be found
at the transition zone to plant movements relying on
elastic instabilities. Therefore, the question arose if
Aldrovanda also incorporates pre-stresses as speed boost.
Usingastereohigh-speedcamerasetup, thecomparativetrap
kinematicswereanalysed, validatingthattheclosingmovement
ofthetraplobesiscoupledtothedeformationofthemidrib. Together
withinformationobtained fromtrapmanipulationexperimentsand
FiniteElementscomputersimulations, wedevelopedaphysicaltrap
modelwherepre-stressesclearly contributetomovementactuation.
Furthermore, we found evidence for microevolution within
monotypicAldrovandavesiculosaby comparingtrapkinematics
betweentemperateandtropicalstrains.Firstanalyseswithtracer
particlesalsoindicatehowandwherewaterdisplacementduring
trapclosureproceeds,indicatingconsequencesforprey captureand
providingexplanationfortrapbehaviourduringsnapping.

P2.9 HOW THE VENUS FLYTRAP
SNAPS REVISITED

™ THURSDAY 6 JULY, 2017 ©® 15:00

& SIMON POPPINGA (UNIVERSITY OF FREIBURG, GERMANY),
THOMAS SPECK (UNIVERSITY OF FREIBURG, GERMANY)

@ SIMON.POPPINGA@BIOLOGIE.UNI-FREIBURG.DE

TheVenusflytrap (Dionaeamuscipula)isthemosticoniccarnivorous
plant.Its(in)famoussnaptrapcloseswithinca.100-300ms,amotion
whichisdrivenbyactivehydraulicactuationincombinationwith
an elastic instability (snap-buckling). Dionaea can withstand
months-lastingsubmergenceinitsnaturalhabitat, duringwhichitis
reportedly capableoftrappingprey (e.g.,newts). We comparatively
investigatedthesnappingbehaviour (trap closuredurations) oftraps
inairandunderwaterandfoundnosignificantdifference. Moreover,
werevealthreesnappingmodes: snappingwithsynchronouslobe
movement, eitherwithprogressivesnap-bucklingorwithsudden
snap-buckling,andsnappingwithasynchronouslobemovement.
Dionaeaseedlingsperformmuchslowertrapmovementsasadults,
indicatingthatslowerpreymaybecaughtinnature. Forre-opening,
trapsofadultplantdonotperformreversesnap-buckling. Ourresults
highlightthefunctionalresilience ofthetrapsandthediversity of
actionsandactuationprinciplesinvolved. Currentinvestigations
dealwiththemorphospaceforfullyfunctionaltrapsbycomparative
investigationsoftrapkinematicsandfunctionalmorphologyinwild
typeplantsandloss-of-functionmutants.
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P2.10 NO GUTS, NO GLORY? PLANT-
MICROBE INTERACTIONS IN

THE TRAPS OF THE ROOTLESS
CARNIVOROUS UTRICULARIA

™ THURSDAY 6 JULY, 2017 ©® 15:45

& DAGMARA SIROVA (UNIVERSITY OF SOUTH BOHEMIA FACULTY
OF SCIENCE DEPARTMENT OF ECOSYSTEM BIOLOGY, CZECH
REPUBLIC), JIRI BARTA (UNIVERSITY OF SOUTH BOHEMIA
FACULTY OF SCIENCE DEPARTMENT OF ECOSYSTEM BIOLOGY,
CZECH REPUBLIC), LUBOMIR ADAMEC (CZECH ACADEMY OF
SCIENCES INSTITUTE OF BOTANY, CZECH REPUBLIC), JAKUB
BOROVEC (CZECH ACADEMY OF SCIENCES BIOLOGY CENTRE,
CZECH REPUBLIC), KAREL SIMEK (CZECH ACADEMY OF
SCIENCES BIOLOGY CENTRE, CZECH REPUBLIC), JAROSLAV
VRBA (UNIVERSITY OF SOUTH BOHEMIA FACULTY OF SCIENCE
DEPARTMENT OF ECOSYSTEM BIOLOGY, CZECH REPUBLIC)

©@ DAGMARA_SIROVA@HOTMAIL.COM

All higher eukaryotes live in a relationship with diverse
microorganismswhichcolonizetheirbodily surfaces; plantsare
no exception. Plant-associated microorganisms have long been
recognizedaskeypartnersinenhancingplantnutrientacquisition,
mitigating plant stress, promoting growth, or facilitating
successful defense mechanisms against pathogens or grazers.
Apartfromthewell-studiedandrelatively ‘simple’ symbioses such
asmycorrhizalandrhizobialinteractions, thereisalarge pool of
diversemicroorganismsinvaryingdegreesofassociationtodifferent
plantsurfacesandtissues. Thetrapsofcarnivorousplantsaregood
modelsystemstostudythesecomplexinteractions:assophisticated
digestivesystems,theyrepresentinterfaceenvironmentsbetween
thesupplyandthedemandfornutrients. Wechosetheminiature
aquatic ecosystem found in the traps of aquatic carnivorous
Utriculariaplantsasourstudyenvironment.Byassessingthetrap-
associatedmicrobial community structure, diversity, metabolic
capabilities, as well as the nutrient regeneration potential by
grazingprotozoa,wegainedaninsightintothenutrientacquisition
strategiesofthe Utriculariahostplants. We conclude thatthetrap
ecophysiologicalfunctionisinmanyaspectshighlyanalogoustothat
ofthemammalianrumenandcentersonthedigestivemutualism
involving complex consortiumofdiversemicroorganismswhich
actinsynergytocovertcomplexorganicmatter,oftenofalgalorigin,
intoasourceofnutrientsforplantgrowth.






