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P1 REDOX REGULATION
IN CHLOROPLASTS

ORGANISED BY: ANGEL MERIDA (CSIC SPAIN), MARIAM SAHRAWY (CSIC SPAIN)

AND ANTONIO SERRATO (CSIC SPAIN)
|

P1.1 MECHANISMS OF PROTEIN
DITHIOL-BASED REDOX REGULATION.
A STRUCTURAL BIOLOGY APPROACH

™ TUESDAY 2 JULY, 2019 ®© 09:00

P1.2 SYSTEMS AND SYNTHETIC
BIOLOGY OF REDOX REGULATION
AND CARBON FIXATION

™ TUESDAY 2 JULY, 2019 ©® 09:30

@ MONICA BALSERA (INSTITUTO DE RECURSOS NATURALES Y
AGROBIOLOGIA DE SALAMANCA)

@ MONICA.BALSERAECSIC.ES

Duringevolution, oxyphotosyntheticorganismshavedeveloped
sophisticated networks of redox signaling and modulation to
regulatecellprocessesinresponsetobothlightand oxygen.Because
oftheiruniquephysico-chemicalproperties,reversiblechemical
modificationofthiolsincysteine (Cys)aminoacidshaveacquired
aprominentroleasredox-sensitivethiolscanactasredoxswitches
forthecontrolandmodulation ofthefunctionofproteins. Proteins
withregulatoryCysaretargetsofthiol-oxidoreductases,suchas
thethioredoxin system, whichis capable of reducing disulfides
inproteinsconnectingtheredoxstatusofenzymestochanging
cellularandenvironmental conditions. Weplantoprovidestructural
insightsintodiversemechanismsoftheregulatorynetworkbased
ondithiol/disulfideexchangereactionsinoxygenicphotosynthesis.

& STEPHANE LEMAIRE (CNRS, SORBONNE UNIVERSITE, FRANCE)

@ STEPHANE.LEMAIRE@IBPC.FR

Redox regulation and signaling play a major role in numerous
fundamental cell processes and participateinthe mechanisms
allowing cells to sense environmental changes and trigger
adaptiveresponses. Theseregulationsandsignalingpathways
aremainlyoperatedbyredoxpost-translationalmodifications,such
asdisulfidebondformation, glutathionylationornitrosylation,
whichplayamajorroleattheinterfacebetweentheenvironment
andthefunctionalproteome. Usingqualitativeand quantitative
largescaleproteomicapproachesin Chlamydomonasreinhardtii,
wehaveunraveledanintricateredoxnetwork of morethan1000
proteins regulated by redox post-translational modifications.
TheCalvin-Bensoncycle,responsibleforphotosyntheticcarbon
fixation,integratesmultipleredoxsignals. Targeted biochemical
andstructuralstudiesallowedtoconfirmtheregulationofseveral
proteinsandtoanalyzetheunderlyingmolecularmechanisms.
Syntheticbiologyapproachesdevelopedtostudycarbonfixation
inChlamydomonaswillalsobepresented.
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P1.3 NEWS ON CP12: USING
CYANOBACTERIA TO HELP US
UNDERSTAND ITS ROLE IN
PHOTOSYNTHESIS

™ TUESDAY 2 JULY, 2019 ® 10:00

@ PATRICIA E LOPEZ-CALCAGNO (UNIVERSITY OF ESSEX,
UNITED KINGDOM), CHRISTINE A RAINES (UNIVERSITY
OF ESSEX, UNITED KINGDOM)

@ PELOPE@ESSEX.AC.UK

Improving rates of photosynthetic carbon acquisition is an
important target for increasing the potential yield of major
crop species and promote food security. Recent research has
demonstratedplantswithgreaterbiomassaccumulationthrough
more efficient conversion of solarenergytosugars. Whilethese
studies have focussed on a number of processes including NPQ
dynamics, Calvin cycle performance and photorespiration,
the manipulation of the redox regulation of photosynthesis
for yield improvement remains a relatively unexploited field.
We will discuss some advancesin this subject, focusing on the
chloroplastproteinfamily CP12. Theseproteinsarebestknown for
modulatingtheactivityofthe Calvincycleenzymesglyceraldehyde
3-phosphatedehydrogenase (GAPDH)andphosphoribulokinase
(PRK),andwerecentlydemonstratedin Arabidopsis,that CP12
isessentialin maintaining PRK protein levels, and by doing so,
maintainingphotosynthesis. Whilehigherplantshavealimited
variety of CP12 proteins and CP12-like proteins, homologues
foundincyanobacteriahaverevealedamuch wideradiversity.
Wewilldiscusstheimportanceof CP12totheseorganisms,and
whethersomeof CP12’simportanceinmaintaining PRK protein
levelsis conservedinthe cyanobacteria Synechocystis sp. PCC
6803. Additionally, wewilldiscussthepotential of exploitingthese
mechanismsforimprovingphotosynthesis.

P1.4 PROTEIN ACETYLATION BY
CHLOROPLAST ACETYLTRANSFERASE NSI
IS NEEDED FOR STATE TRANSITIONS IN
ARABIDOPSIS THALIANA

™ TUESDAY 2 JULY, 2019 ©® 10:15

@ AISTE IVANAUSKAITE (UNIVERSITY OF TURKU, FINLAND),
MINNA M KOSKELA (UNIVERSITY OF TURKU, FINLAND),
ANNIKA BRUNJE (UNIVERSITY OF MUNSTER, GERMANY),
MAGDA GRABSZTUNOWICZ (UNIVERSITY OF TURKU, FINLAND),
INES LASSOWSKAT (UNIVERSITY OF MUNSTER, GERMANY),
TRINH V DINH (HEIDELBERG UNIVERSITY, GERMANY), JULIA
SINDLINGER (UNIVERSITY OF TUBINGEN, GERMANY), DIRK
SCHWARZER (UNIVERSITY OF TUBINGEN, GERMANY), MARKUS
WIRTZ (HEIDELBERG UNIVERSITY, GERMANY), ESA TYYSTJARVI
(UNIVERSITY OF TURKU, FINLAND), IRIS FINKEMEIER
(UNIVERSITY OF MUNSTER, GERMANY), PAULA MULO
(UNIVERSITY OF TURKU, FINLAND)

@ AISIVAGUTU.FI

Plants balance the excitation energy distribution between the
photosystems Il and I (PSII and PSI) inresponse to constantly
changinglight.Oneofthebest-studiedmechanismsoffine-tuning
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theamountofexcitationenergydirectedtothephotosystemsare
thestatetransitions.Duringstatetransitions, themobilelight-
harvestingtrimers(L-LHCII)changetheirassociationwiththe
photosystemsaccordingtophosphorylationstatus. Phosphorylated
L-LHCIIisassociatedwithPSI,thusdirectingmoreexcitationenergy
toPSI,whilethedephosphorylated formof L-LHCIIisassociated
withPSIIconsequentlydirectingmoreexcitationenergytoPSII.
To date, protein phosphorylationis the only post-translational
modification linked to the regulation of state transitions.
In the present study we show that the NUCLEAR SHUTTLE
INTERACTING(NSI)proteinisanactivelysineacetyltransferase
and is required for state transitions in Arabidopsis thaliana.
Intriguingly, thensiknock-outplantswereunabletoperformstate
transitions, althoughalthough LHCIIphosphorylationremained
unaffected.Bluenativegelelectrophoresisrevealed thatdespite
wildtypeaccumulationof photosyntheticproteincomplexes, thensi
plantsfailtoaccumulatethephosphorylationdependent PSI-LHCII
complex. Accordingly,chlorophyll fluorescence measurements
showedadecreaseintheamountofexcitationenergydirectedto
PSI. Additionally, proteomicanalysisrevealed severalacetylation
targetsof NSIthatcouldbeinvolvedinstatetransitions. Ourresults
strongly suggestthatNSIisanovelplayerrequiredforthedynamic
adaptationofplantstochanginglightconditions.

P1.5 REDOX CONTROL OF CHLOROPHYLL
BIOSYNTHESIS

™ TUESDAY 2 JULY, 2019 ©® 10:30

@ BERNHARD GRIMM (HUMBOLDT-UNIVERSITAT ZU BERLIN,
GERMANY), DANIEL WITTMANN WITTMANN (HUMBOLDT-
UNIVERSITAT ZU BERLIN, GERMANY), NEHA SINHA (HUMBOLDT-
UNIVERSITAT ZU BERLIN, GERMANY), ZHIWEI HOU (HUMBOLDT-
UNIVERSITAT ZU BERLIN, GERMANY)

@ BERNHARD.GRIMM@RZ.HU-BERLIN.DE

Plants effectively coordinate the photosynthesis dependent
productionofenergyandreducingequivalentswiththeactivity
of metabolicpathways. Astheredoxstateofchloroplastschanges
independencytophotosynthesisactivities,itisproposedthatthe
light-dependentactivationofchlorophyllbiosynthesisaswellasthe
darksuppressionof5-aminolevulinicacid (ALA) synthesisiscoupled
withredoxcontrolviamodificationofthiol groupsof contributing
enzymes. Thus,thisposttranslational controlmechanismbalances
chlorophyllbiosynthesisinresponsetoenvironmental cuesand
preventsaccumulationof photoreactivetetrapyrrolemetabolites.
Wepreviouslyidentifiedseveralenzymesofthispathwaytobe
targets of thereversible thiol-disulfide redox regulation by the
cooperative action of the redox regulators NADPH-dependent
thioredoxinreductase C(NTRC)andthioredoxin(TRX)andexplored
thecoordinatedrolesof TRXm-typeandf-typeisoformsaswell
asof NTRCintheredox control of some enzymes of chlorophyll
biosynthesis in triple and quadruple mutants for these redox
regulators.Incontinuation, currentresultsarepresentedabout
thethiol-basedredoxswitchesoftheglutamyl-tRNAreductase
(GIuTR),ALAdehydratase (ALAD)andprotoporphyrinogenoxidase
(PPOX)inthepathway. Moreover,weaddressedthe questionto
which extent the dark-dependent inactivation of GIuTR by the
negativeregulator FLU(FLOURESCENT)isbasedonthiol-disulfide
exchangereactions.
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P1.6 THE DYNAMIC REGULATION OF
GRANA SIZE PLAYS A KEY ROLE IN THE
OPTIMISATION OF PHOTOSYNTHESIS

™ TUESDAY 2 JULY, 2019 ©® 10:45

@ CHRISTOPHER DAVID HEPWORTH (THE UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), WILLIAM J WOOD (THE
UNIVERSITY OF SHEFFIELD, UNITED KINGDOM), MATTHEW P
JOHNSON (THE UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

@ C.HEPWORTH@SHEFFIELD.AC.UK

Photosynthesiscanbebrokendownintotwodistinctbutintimately
coupled sets of reactions; photosynthetic electron and proton
transferproducesNAPDH and ATP, whichisthen consumedby
thecarbonfixationreactions(Calvincycle). Duetotheirsmallpool
sizes,turnoverof NADPHand ATPinthechloroplastisrapidand
itisthereforecriticalthatplantsbalance supplywithdemandto
avoidenergylossesandphotoinhibition. Thelinearelectrontransfer
pathway (LET)produces ATPand NADPHinafixedratioof1.28:1,
while operation of the Calvin cycle requires these metabolites
inaratioof1.5:1.Onepotential way of makinguptheshortfallis
cyclic electron transfer (CET), which allows formation of ATP
withoutnetsynthesisof NADPH. Acriticaldeterminantof CETis
theredoxpoiseofplastoquinone pool, whichwerecentlyfoundto
bemodulatedbythesizeofthethylakoidgranastacks.Granasize
isregulatedby LHCIIphosphorylation,whichiscontrolledbythe
kinase/phosphatasepairSTN7/TAP38.Inlinewiththiswefind
thestn7andtap38mutantslacktheabilitytomodulatetheirgrana
sizeinresponsetochanginglightintensity. Herewe comparedthe
photosyntheticparametersofthesemutantstothewild-typeto
understandhow constitutivelylarge (stn7)orsmall (tap38) grana
impactsonphotosynthesisunderlowandhighlightregimes.Plants
withsmallergranashowhigherratesof CO, assimilationinlow-light,
whilstplantswithlargergranaperformbetterunderhigh-light. Here
weexplorethemechanismsbehindthesedifferences.

P1.7 THE ROLE AND FUNCTION OF
PLASTID TERMINAL OXIDASE AS A SINK
FOR ELECTRON TRANSPORT

™ TUESDAY 2 JULY, 2019 ©® 10:47

@ GILES N JOHNSON (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), PIOTR STEPIEN (WROCLAW UNIVERSITY OF
ENVIRONMENTAL AND LIFE SCIENCES, POLAND)

@ GILES.JOHNSON@MANCHESTER.AC.UK

Plastid terminal oxidase (PTOX) was identified in mutants
(ghost, immutans) and shown to be involved in carotenoid
biosynthesis during leaf development. It has been discussed
thatPTOXcouldplayaphotoprotectiveroleasasinkforelectrons
from Photosystem II, reducing ROS. In a number of species
thereis evidence that this occurs, however attempts toinduce
activity by overexpressing PTOX have failed. Rather, 0ePTOX
plantshavereducedfitnessandincreased ROS production. Our
work provide insights as to where things have gone wrong and
provide away forwardinusing PTOX to breed stress tolerance.
We have examined PTOX activity in the salt tolerant brassica
Eutremasalsigenium. Weshowedthat,inresponsetosalt, PTOXis
highlyexpressedandactsasaPSIlelectronsink. However,when
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weover-expressedthe PTOXineither Eutremaor Arabidopsis,itwas
inactive. When Eutrema,butnot Arabidopsis,0ePTOXplantswere
saltstressed PTOXactivitywasinducedrapidlyandtoagreaterlevel
thaninwildtype,implyingthataco-factorisneededforactivity.
OneparadoxinPTOXbeingaPSIIelectronsinkisthatlocalisation
studiesshowedthesebeinglocatedindifferentthylakoidmembrane
compartments—PSIlinthegranastacks,PTOXonthestromalface
ofthestromallamellae. Thisseparationisexpectedtobeabarrier
tosignificantactivity. Wehavenowshownthat,undersaltstress
conditions,PTOXisrelocalised, migratingfromthestromallamellae
tothegrana,bringingitintothesamefractionasPSII.

P1.8 A DEFECTIVE REDOX SIGNALLING
COMING FROM TYPE-M THIOREDOXINS
PROVOKES PLEIOTROPIC CHANGES IN
ARABIDOPSIS THALIANA MUTANTS

™ TUESDAY 2 JULY, 2019 ©® 10:49

@ ANTONIO J SERRATO (SPANISH NATIONAL RESEARCH COUNCIL
(CSIC), SPAIN), JOSE A ROJAS-GONZALEZ (SPANISH NATIONAL
RESEARCH COUNCIL (CSIC), SPAIN), TAMARA MOLINA
(SPANISH NATIONAL RESEARCH COUNCIL (CSIC), SPAIN),
SABRINA BRASI (SPANISH NATIONAL RESEARCH COUNCIL
(CSIC), SPAIN), DIEGO TORRES (SPANISH NATIONAL RESEARCH
COUNCIL (CSIC), SPAIN), ANGEL MERIDA (SPANISH NATIONAL
RESEARCH COUNCIL (CSIC), SPAIN), MARIAM SAHRAWY
(SPANISH NATIONAL RESEARCH COUNCIL (CSIC), SPAIN)

@ ASERRATO@EEZ.CSIC.ES

Thioredoxins (TRXs)aresmallredoxproteinswithanactivesite
containing two Cys and a conserved tertiary structure. TRXs
catalysethereductionofdisulphidebridgesintheoxidizedtarget
proteins. In plants, these reductases take part of a multigenic
family,whichmembersareclassifieddependingontheirsubcellular
localization and target specificities. Chloroplasts are complex
organelleswherekeyphysiologicalprocesses,asphotosynthesis,
takeplace.ltismaybebecausethiscomplexitythatchloroplast TRXs
arehighlydiversified, findingseveraltypes: TRXf(2),m(4),x(1),y
(2)andz(1),withseveralisoformsinArabidopsisthaliana (numbers
inparentheses). Thisdiversity givesanideaofthe complexity of
theredox-signallingnetworkoccurringinchloroplasts. Asmostof
thechloroplastproteinsarenuclearencoded, retrogradesignalling
(withanimportantredoxcomponent)iscrucialtoreachhomeostasis.
Threeoutofthefour TRXsmisoforms,namely TRXmI,m2andm4,
arethemostabundant TRXsinphotosynthetictissuesandhave
similarco-expressionpatterns. Ourresultsworkingwith Arabidopis
single,double,andtriplemutantsexpressingsub-optimallevels
of TRXsmhaveevidencedpleiotropicchanges. Mutantlinesare
affected negatively in (i) the biomass yield, (ii) the activation
degreeofenzymesofthe Calvin-Bensoncycleandin (iii) protective
photosyntheticparametersasthenon-photochemicalquenching
(NPQ).Additionally,someofthesemutantlinesseemtoactivate
mechanisms, probablyviaretrogradesignalling,leadingtoare-
modellingofthemesophyllstructureasaconsequenceofadefective
redoxsignallingcomingfrom TRXsm.
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P1.9 CHLOROPLAST SIGNALS REGULATE
STOMATAL DEVELOPMENT

™ TUESDAY 2 JULY, 2019 © 10:53

@& STUART A CASSON (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), NICHOLAS ZOULIAS (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), JAMES ROWE (SAINSBURY’S LAB
CAMBRIDGE, UNITED KINGDOM)

@ S.CASSON@SHEFFIELD.AC.UK

Thedevelopmentofstomata, theporesintheleafepidermis,isknown
tobepositivelyregulatedbylightandithasbeendemosntrated that
photoreceptorsregulatethisprocess. Ourdatashowthatlightcan
alsoregulatestomataldevelopmentindependentofphotoreceptors
andoperatesviaachloroplastsignallingpathway. Treatmentwith
inhibitorsof photosyntheticelectrontransportdemonstratethatthe
redoxstatusoftheplastoquinoepoolhasacriticalroleinregulating
stomataldevelopment. Oxidationofthe PQpoolnegativelyregulates
stomatal development, whilst reduction results in positive
regulation.OxidationofthePQpoolactsviaMAPkinasesignallingto
negativelyregulatekeyfactorsrequiredforstomataldevelopment,
whilstreductionofthethePQpoolactsviaanalternativepathway.
Lightisnottheonlysignaltoregulatetheredoxstatusofthe PQpool
andhencethisworkidentifiesapotentialmechanismthroughwhich
mutlipleenvironmentalsignalscanregulatestomatal development.

P1.10 CHLOROPLAST DEVELOPMENT
IN BARLEY LEAVES IS CONTROLLED BY
WHIRLY1

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ NURHAYATI RAZAK (UNIVERSITY OF LEEDS, UNITED KINGDOM),
CHRISTINE FOYER (UNIVERSITY OF LEEDS, UNITED KINGDOM),
BARBARA KARPINSKA (UNIVERSITY OF LEEDS, UNITED
KINGDOM)

@ BS13NRELEEDS.AC.UK

The regulation of chloroplast biogenesis requires coordinated
expressionofgeneslocalisedinthe plastomeandnucleargenomes.
The single-stranded DNA binding protein, WHIRLY1, which
islocalized in the chloroplasts and nucleus of the same cell has
important but poorly characterised roles in this process. We
thereforeinvestigatedthefunctionsof WHIRLY1lintheleavesof
wildtypebarleyandtwotransgeniclines (W1-land W1-7) that
havelessthan5%ofthewildtype WHIRLY1protein. Thegreening
ofthedevelopingleaveswasdelayedinthe WHIRLY 1-deficient
seedlingsrelativetothewildtype. Atearlierstages,the WHIRLY1-
deficientseedlingshadsignificantlylowerlevelsofchlorophyll
thanthewildtype.Chlorophyllafluorescencequenchinganalysis
revealedthattheestablishmentofphotosynthesiswasdelayed
inthe WHIRLY1-deficientleaves. Thelevelsofnuclear-encoded
chloroplasttranscriptsandproteinsweresignificantlyhigherin
the WHIRLY1-deficientleavesthanthewildtype.Incontrast, the
levelsoftranscriptsandproteinsencoded by theplastome were
significantlylowerinthewildtypethanthe WHIRLY 1-deficient
seedlings, despite the fact that the WHIRLY1-deficient leaves.
TheW1-1and W1-7leaveshaddoubletheamountofplastid DNA
(ptDNA)thanthewildtype,bothattheearlystagesofdevelopment
(7days)andingreen (3-week-old)leaves. The WHIRLY 1-deficient
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seedlingsshowedaberrantsplicingofplastidrRNAs(23SrRNA and
4.5STRNA)andweredeficientinplastidribosomalproteins. These
resultsdemonstratethat WHIRLY1lisrequiredforthedevelopment
of fully functional chloroplasts but only at the early stages of
leafdevelopment.

P1.11 FIBRILIN-ASSISTED
INTERACTION OF THIOREDOXINS M
WITH THYLAKOID MEMBRANES

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

@ ANGEL MERIDA (INSTITUTO DE BIOQUIMICA VEGETAL Y
FOTOSINTESIS, CSIC-US, SPAIN), DIEGO TORRES (INSTITUTO
DE BIOQUIMICA VEGETAL Y FOTOSINTESIS, CSIC-US, SPAIN),
ANTONIO J SERRATO (ESTACION EXPERIMENTAL DEL ZAIDIN,
CSIC, SPAIN), ALFONSO LAZARO (ESTACION EXPERIMENTAL
DEL ZAIDIN, CSIC, SPAIN), MARIAM SAHRAWY (ESTACION
EXPERIMENTAL DEL ZAIDIN, CSIC, SPAIN)

@ ANGEL.MERIDA@CSIC.ES

Photosynthesisuseslightasanenergysourcetotakeoutelectrons
fromwatertoreduceferredoxin (Fd), whichdeliverselectronsto
theferredoxin-thioredoxinreductase (FTR),providingreducing
powertothethioredoxin(TRX)system.TRXsareredoxproteins
withthecanonicalactivesite WC(G/P)PC.Thereareseveraltypes
ofchloroplast TRXs:f,m,x,yandz.EachTRXtypecanhaveseveral
isoforms, themore complexbeingthem-type, withfourisoforms
intheplantmodel Arabidopsisthaliana: TRXm1,m2,m3andm4.
Someauthorshavereportedthat TRXsmareabletodeliverreducing
equivalents into the thylakoid lumen through the thylakoid-
membrane protein CCDA. Nevertheless, as far as we know, no
directinteractionwiththeinternalmembranesystemhasbeen
shown. Besides, proteomicanalyseshavereported the presence of
stromalproteinsinthylakoid-associatedlipoproteinbodiescalled
plastoglobules. Theboundarylayerofplastoglobulesiscoatedby
structuralproteinscalledfibrilins (FBNs). Ourworkinghypothesisis
basedontheideathatFBNs,inadditiontotheirstructuralrole,might
functionasanchorpointsforstromalproteinsas TRXsm. Byusing
thetechniqueof BimolecularFluorescence Complementation (BiFC)
wehavedemonstratedthat TRXsm1,m2andm4caninteractinvivo
withFBN2and FBN4,twoFBNsco-expressedwithredoxproteins.
Moreover,byimmuno-blottingexperiments, TRXsmhavebeen
detectedinthylakoidmembranesfractions. Theseresultssuggest
thatFBNsmightberegulatingorassistingtheinteractionofthe
TRXsystemwiththeirnon-stromaltargets.
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P1.12 CHLOROPLAST SIGNALS
REGULATE STOMATAL DEVELOPMENT

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@& NICHOLAS ZOULIAS (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), JAMES ROWE (SAINSBURY LABORATORY,
CAMBRIDGE UNIVERSITY, UNITED KINGDOM), STUART CASSON
(UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

@ N.ZOULIAS@SHEFFIELD.AC.UK

Assessileorganisms, plantsneed toadapt and coordinate their
intrinsic developmental programmes with environmental
signalssuchaslight,CO,andtemperature. Lighthasacriticalrole
inregulatingplantgrowthand developmentand photoreceptors
playakeyroleinperceivingthelightenvironmentandinitiating
signallingeventsthatcontrolmultipledevelopmental pathways.
Using genetic and molecular techniques we have investigated
the mechanisms by which light is able to modulate stomatal
development. Throughourresearchwehaveuncoveredevidenceofa
photoreceptorindependentlightsignallingmechanismoriginating
fromthechloroplast,regulatingstomataldevelopment. Disruption
ofelectrontransportfromphotosystemIItotheplastoquinone,
withthephotosyntheticinhibitor DCMUresultedinasuppression
ofthestomataldevelopmentpathway. Ourresultsindicatethat
the redox status of the plastoquinone pool is able to regulate
stomataldevelopment.

P1.13 OXYGEN PHOTOREDUCTION
WHICH IS INVOLVED IN REDOX
REGULATION IN CHLOROPLASTS IS
STILL POORLY UNDERSTOOD

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

& IRINASTRIZH (M.V. LOMONOSOV MOSCOW STATE UNIVERSITY,
RUSSIA)

@ IRINA.STRIZH@MAIL.RU

Chloroplastisaveryimportantorganelleofaplantcell,whichlives
particularlyautonomouslybutalsogetsandsendsnumeroussignals
fromandtothecellofthehostplant,andalsodonatesmetabolites
necessary forthedevelopmentoftheplant. Oxygenphotoreduction
ortheso-calledMehlerreactionisthe well-knownphenomenon:
itoccursduringthehighflowrate ofelectrons, especiallyunder
stress, when most reactions related to biochemistry proceed
slowly,andelectrontransfertooxygenhasamuchhigherreaction
rateconstant.Itisverydifficulttodetecttheamountandpathof
thephotoreduced oxygenduetotheunstableformofsuperoxide
anionorhydrogenperoxide, whichreactquicklywithbiomolecules.
Evenmodernnanosensorsforthereactive oxygenspeciescannot
helptosufficientlyclarify theprocessesthatoccurinthefollowing
chain:stress—slowingdownbiochemicalreactions—photosynthetic
electronflowstillworks—alternativeacceptors, especially oxygen,
acceptelectrons—activeoxygenformsoxidizebiomolecules, which
cantransmitasignaltothenucleustotriggerthestressresponse
mechanism. Mathematicalmodelingbasedontheexperimental
biophysicalandbiochemicaldataofthisprocessseemstobetheone
ofthepromisingways.
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P2 AN EXTENDED PLANT
PHENOTYPE: CHARACTERISING
PLANT-SOIL MICROBIOME
INTERACTIONS

ORGANISED BY: GABRIEL CASTRILLO (UNIVERSITY OF NOTTINGHAM), MALCOLM BENNETT
(UNIVERSITY OF NOTTINGHAM), KARL RITZ (UNIVERSITY OF NOTTINGHAM)

AND LAURENT LAPLAZE (IRD)
.

P2.1 DISSECTING THE ROLE OF
MULTI-KINGDOM MICROBIAL
CONSORTIA ON PLANT HEALTH

™ THURSDAY 4 JULY, 2019 ©® 14:10

& STEPHANE HACQUARD (MAX PLANCK INSTITUTE FOR PLANT
BREEDING RESEARCH, GERMANY), PALOMA DURAN (MAX PLANCK
INSTITUTE FOR PLANT BREEDING RESEARCH, GERMANY),
THORSTEN THIERGART (MAX PLANCK INSTITUTE FOR PLANT
BREEDING RESEARCH, GERMANY), THOMAS ELLIS (DEPARTMENT
OF PLANT ECOLOGY AND EVOLUTION, EVOLUTIONARY BIOLOGY
CENTRE, UPPSALA UNIVERSITY, SWEDEN), RUBEN GARRIDO-
OTER (MAX PLANCK INSTITUTE FOR PLANT BREEDING RESEARCH,
GERMANY), CARLOS ALONSO-BLANCO (CENTRO NACIONAL DE
BIOTECNOLOGIA, DEPARTAMENTO DE GENETICA MOLECULAR DE
PLANTAS, SPAIN), ERIC KEMEN (DEPARTMENT OF MICROBIAL
INTERACTIONS, IMITZMBP UNIVERSITY OF TUBINGEN,
GERMANY), FABRICE ROUX (LIPM INRA CNRS UNIVERSITE
DE TOULOUSE, FRANCE), JON AGREN (DEPARTMENT OF PLANT
ECOLOGY AND EVOLUTION, EVOLUTIONARY BIOLOGY CENTRE,
UPPSALA UNIVERSITY, SWEDEN), PAUL SCHULZE-LEFERT (MAX
PLANCK INSTITUTE FOR PLANT BREEDING RESEARCH, GERMANY)

@ HACQUARD@MPIPZ.MPG.DE

Roots of healthy plants are inhabited by soil-derived bacteria,
fungi,andoomycetesthathaveevolvedindependentlyindistinct
kingdomsoflife. Howthesemicroorganismsinteractandtowhat
extentthoseinteractionsaffectplanthealtharepoorlyunderstood.
Wemonitored microbial communities at the soil-rootinterface
in 17 European Arabidopsis thaliana populations across three
successiveyears. Analysisof 5,625 microbial community profiles
demonstrated that the root endosphere drives convergence in
microbial community structure across sites, with few habitat-
generalisttaxadisproportionatelycolonizingplantrootsacross
Europe. WithafieldreciprocaltransplantbetweentwonativeA.
thalianapopulationsinnorthernandsouthern Europeinwhich
soil conditions were manipulated in two different climates, we
demonstratethatcontinental-scalevariationoftherootmicrobiota
is affected by soil type and climate, but not by host genotype.
Signaturesofmutualexclusionwereobservedbetweenbacteria
andfilamentouseukaryotesinplantrootsacross Europeansites,
suggesting microbial inter-kingdom competition for the root

niche. Totestthishypothesis, weestablishedbacterial,fungal,and
oomycetalculturecollectionsforreconstitutionexperimentsusing
germ-freeA. thaliana.Inplantsinoculated with mono-or multi-
kingdomsyntheticmicrobial consortia, we observedaprofound
impactofthebacterialrootmicrobiotaonfungaland oomycetal
community structure and diversity. We demonstrated thatthe
bacterialmicrobiotaisessentialforplantsurvivalandprotection
againstroot-derived filamentous eukaryotes and showed that
biocontrolactivityofbacterialrootcommensalsisaredundanttrait
thatmaintainsmicrobialinter-kingdombalance forplanthealth.

P2.2 NON-TARGET EFFECTS ON THE
SOIL MICROBIOME OF A BIOLOGICAL
CONTROL FOR FUSARIUM OXYSPORUM
F.SP. CUBENSE
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Fusariumoxysporumf.sp.cubense(Foc),or Fusarium Wilt,isthemost
feareddiseaseforcommercialbananaproducersglobally. Control
ofthediseaseishamperedbyineffectivefungicides(thoughtto
beduetothesoilbornenatureoftheinfection),andthelaborious
processofbananabreedingwhichcantakedecades. Muchrecent
researchhasfocussedonthepotentialforbiologicalcontrol of TR4
usingmicrobesandplants. Chineseleek (Alliumtuberosum)hasroot
exudateseffectiveagainstFocinvitro. However,littleisknownof
thewidersoilmicrobiomeimpactsofthisbiocontrolinparticular,
norofbiological controlsingeneral. Wetested thehypothesisthat
Alliumtuberosumrootexudatesreducethespecies-richnessand
diversityofthesoilfungalmicrobiome, usingpottrialsconducted
attheEdenProject, Cornwall. Potsweregrownwithsoilonly, with
Alliumonly,withbananasonly,andwithboth Alliumsandbananas.
After3months, soilsweresampled (bothbulksoilandrhizosphere
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soil), DNA extracted,andfungalITS12andITS34regionsamplified
andsequenced. Wefoundthat, whiletherewerenocleardifferences
infungaldiversityamongtreatments, therewerestrongeffects
of Allium alone and banana alone on soil fungal community
composition.Importantly, fungalcommunity compositiondidnot
differbetweenbananaalone,andbananawithallium,indicating
that the banana rhizosphere community is maintained in the
presenceofthebiocontrolagent. Thissuggeststhat Alliumcould
beusedtocontrol Focwithoutsignificantnon-targetimpactson
thesoilmicrobiome.

P2.3 EFFECTIVENESS IN THE
RHIZOBIA PLANT SYMBIOSIS AND
MODULATION BY SOIL ENVIRONMENT
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Increasingplantproductivity whilstminimisingenvironmental
impactisessentialtoachievefoodsecuritytosustainanincreasing
human population. Nitrogen is the main limiting nutrient for
plantproduction. Althoughveryabundant,itisoftenunavailable
to plants. Legumes have developed the ability to interact with
symbiotic bacteria (rhizobia), overcoming the lack of nitrogen
availabilityinsoil. Inthismutualisticpartnership, therhizobiafix
nitrogenfromtheairandsupplyittotheplantinexchangeforcarbon
andamino-acidcompounds. Therearevariationsontheprocess
efficiencyoutcomesdependingontheplantbutalsothebacterial
strainandtheenvironmentchosenforstudy. Asafirstapproach
to investigate this plant-microbe-soil complex system we are
characterisingthecolonisation ofthelegume Medicago truncatula
bythreedifferentrhizobialstrainsandinthreedifferentsoilsthat
varyintextureandnutrientavailability. Wefound thatinoculation
withtwostrainsledtoenhancedplantyieldinallenvironments
studiedbutthatthisyieldincrease varied by soiltype. Wethen
analysed the influence of rhizobial inoculation on endosphere,
rhizosphereandbulksoilmicrobiome compartments. Toevaluate
theimpactofthemicrobialcommunitiesinthe phenotypesobserved
wealsoperformedphenotypinginoursoilsaftergamma-irradiation.
Our results shed light on the complexity of the system we are
studyingandthe currentlimitationstoevaluate the plant-soil-
microbe continuum.
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P2.4 BACTERIAL COMMUNITY
MAINTENANCE OF PLANT ROOT
DEVELOPMENT
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Plants intimately associate with microbial communities
collectively known as the plant microbiome. The microbiome
contributes to plant processes such as development, nutrient
acquisition and pathogen protection. The establishment of
community assembly rules and community-host feedback
patterns has been limited due to the complexity of natural
microbial communities. Here, we applied a synthetic ecology
approachtoanamenableplant-microbiomemicrocosmtounravel
novel community-host and microbe-microbe interactions.
Arabidopsis thaliana plants were inoculated across a gradient
of phosphate, salinity, pH and temperature conditions with
a genome-sequenced bacterial inoculum composed of 185
phylogeneticallydiverseisolates (SynCom). Colonizationpatterns
across the fractions and conditions sampled were quantified
using 16sampliconsequencing. Weusedthe correlationofthese
abundanceprofilesamongallmembersofthe communitytosplit
the SynComintofourmoduleswhich exhibitedacharacteristic
colonization pattern and high phylogenetic coherence.
Subsequently, wemeasuredplantmolecularand morphological
phenotypes when inoculated with each of these modules
independently and in combination. Plant phenotypes induced
by some modules were attenuated when co-inoculating
with other modules exhibiting ecological epistasis
between guilds in the community. Following our top-down
approach, we identified a single genus that was responsible
for dampening the effects that all other members of the
community exerted over the root morphology of the plant.
Thisdemonstratesthatinthecontextofacomplexcommunitythere
aremultipleinteractionsthatstronglyinfluenceplantdevelopment
andthatabalanced microbiomeisrequiredto equilibrate these
interactionsandpreventhostdysbiosis.
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P2.5 CHARACTERISATION OF THE
REGULATORY INTERPLAY BETWEEN
THE PLANT MICROBIOME AND ROOT
ENDODERMAL CELL WALL DIFFUSION
BARRIERS
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Plant-associatedbacteriaarecrucialinhostadaptationtodiverse
environmentalstresses.Beneficialmicrobesincreasenutrientuptake
anduseinthehost,improvingplantgrowthandhealth. Thecapacity
tocoloniserootsisthemainfactorthatdeterminesbeneficialmicrobe’s
effectivenessforplantgrowthenhancement.Rootshaveevolved
bi-directionaldiffusionbarriersattheendodermistocontroltheflow
ofwaterandnutrientsbetweenthesoilandxylem.Thesebarriers
arecomprisedof Casparianstrips(CS)andsuberininendodermal
cellwalls. Mutationsthatdisruptthesebarrierscausesignificant
alterationsinnormalmineralnutrienthomeostasis.Itisunknown
howtheplantrootdiffusionbarriersandplantmicrobiotacoordinate
tocontroltheionsbalanceintheplant. Herewedemonstratethatthe
rootdiffusionbarriersgeneticcontrolinfluencestheplantmicrobiome.
Weidentifiedbacterialstrainsthatimpactthefunctionoftheroot
barriersmodulatingtheionhomeostasisintheplant. Wefurther
demonstratethatplantmicrobiotamodulatesthesynthesisofCS
andsuberinunderstressconditions. Ourworkwillprovideabetter
understandingoftheroleofbacteriainrootfunctionandwillprovide
vitalinformationforthe developmentofeffectivefieldbio-inoculato
promoteusefulagronomicgains.

P2.6 FUNCTIONAL SIGNATURES

OF SOIL MICROBIAL COMMUNITIES
IN RESPONSE TO TREE PHENOLOGY
AND FOREST RESIDUE HARVESTING
REVEALED BY META-OMICS ANALYSIS
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In forest ecosystems, soil microbes play key roles in carbon (C)
sequestrationandbiogeochemicalcycles.Forexample,fungican
actasdecomposersoforganicmatter (OM)oralsoasdrivingforces
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inplantproductivitythroughmycorrhizalsymbiosis, providing
soil-derivednutrientstotheirhost. However, someenvironmental
leverscouldstronglyaffectthesoilmicrobiomefunctioning, related
toCcycling. Therefore, westudiedtheimpacts of tree phenology
(seasonality of tree photosynthesis) and harvesting of forest
residues (e.g. branches and litter layer) on microbial diversity
and functions, in particular on micro-eukaryotic functional
diversity. We performed two metatranscriptome studies from
Frenchforestsoilssampledduringtwo contrasted seasonsorin
anexperimentalsitesubjectedtoOMremovaleffects.Forthefirst
approach,wefocusedonfungal communities, couplinganalyses
of poly-A mRNA regulation with metabarcoding approaches
targetingfungal DNA,and wesequencedallsoil “meta-transcripts”.
Thankstoaribo-depletionprotocol, thesecondapproachallowed
studyingsimultaneously fungalandprokaryoticcommunities,
supplementedbymicrobialmetabarcodingalso.Inadditiontothe
NCBIdatabase,large-scale genome sequencingprojectsoffungi
(https://genome.jgi.doe.gov/mycocosm/home) provided the
referencesforthefungalmetatranscriptomicsdataannotations.
Moreover, theregulationofspecificCarbohydrate-ActiveEnzyme
familieswasinvestigatedwithinbacteriacommunityandbetween
theectomycorrhizalfungiandtheotherfungalguilds. Theseresults
revealtherelative contributionsofmicrobialfunctional groupsto
carboncyclingandtreenutrition. Finally,theseinnovativeprojects
revealthatmetatranscriptomicsisapromisingtool forprediction
ofquantitative capabilities of microbiome functionsinplant-soil
microbeinteractions.

P2.7 SYMBIOTIC PAENIBACILLUS SP.
BACTERIUM FROM HYBRID ASPEN SHOOT
CULTURE PROMOTES ROOT DEVELOPMENT
IN OTHER PLANT SPECIES
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The studied bacterium wasisolated from the in vitro culture of
hybrid aspen (Populus tremuloides x P. tremula) shoot segments
andidentifiedasPaenibacillussp. Theability of thisbacteriumto
regulateplantdevelopmentwastestedbypurposelyinoculating
theinvitroculturesofnormallybacterium-freeaspen (P. tremula)
genotypesandapple (Malusdomestica) seedlings. Theinfluence of
Paenibacillussp.onthenumberofrootsandshootsofaspenexplants
wasnoticedduringthetests: after6weeksfromtheinoculation,the
explantsininoculated cultureshad2.7-timesmoreadventitious
rootsand1.6-timesmoreshootsthaninthecontrolgroup. Asimilarly
designed experiment with the in vitro culture of isolated apple
embryosrevealedapositiveeffectofthis Paenibacillussp.bacterium
onlateralrootdevelopment:theseedlingsdevelopedfrominoculated
cultureshad1.8-timesthenumberoflateralrootsandtheirlateral
rootswere 1.8-timeslongerthaninthecontrolgroup.Inconclusion,
theobtainedresultspointtothe Paenibacillussp.bacteriumfrom
hybridaspenshootcultureasapotential positiverootdevelopment
regulatorindifferentplantspecies.
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P2.8 M-TROPHS FOR SUSTAINABLE
AGRICULTURE
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Pink-pigmented facultative methylotrophs in the genus
Methylobacterium (M-trophs) are highly abundant members of
the plant microbiome. NewLeaf Symbiotics is harnessing the
power of these beneficial, native bacteria to improve yield and
strengthen plantsunder field conditions. Every M-trophin our
collectionissequenced,annotated,andstoredinourcomputational
bioinformaticsplatform,thePrescriptive Biologics® Knowledgebase
(PBK). The beneficial nature of M-trophs allows NewLeaf to
nominate strains for field trials based on maximizing genomic
diversity, identifying characteristics common in successful
fermentationsandformulations,and determining compatibility
withcommonlyused Agchemistries. The PBKisusedtocorrelate
genotypeswithphenotypes,andsubsequenttestingallowsusto
furtherrefinethecorrelationsandmakepredictions. By focusing
onthisonegenuswithmanybeneficialcharacteristics, wehave
developedthispowerful comparative genomicsapproachtodeliver
productsthatarewelladaptedtosustainableagriculture.

P2.9 RHIZOSHEATH FORMATION IN
PEARL MILLET: PHYSIOLOGICAL BASES
AND GENETIC CONTROL
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Pearlmilletisacereal cropthatplaysamajorroleforfoodsecurityin
aridregionsofsubSaharan AfricaandIndia.Itismainly grownin
areascharacterizedbylow-rainfallandpoorsoils. Weareexploring
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roottraitsthatmightbeusedtobreedpearlmilletwithbetterwater
andnutrientacquisition. Plantsareabletomodifythebiophysical
characteristicsofthesurroundingsoil. Insomespeciesincluding
pearlmillet,arhizosheath,i.e.alayerofsoilthatadheresstronglyto
rootsonexcavation (root-adheringsoil),isproducedandinfluences
waterandphosphateacquisition. However, the geneticbases of
rhizosheathformationarestilllargelyunknown. Wepreviously
showedthatroot-adheringsoilmassisahighlyheritabletraitin
pearlmilletwithalargediversityandcorrelatedwithchangesin
soilmicrobialcommunities. Here,weanalysedhowrhizosheath
formationisrelatedtorootarchitecture,roothairsandmycorhizal
traits. Moreover, we performed genetic association analysis
using a panel of 181 inbred lines with 392,493 SNPs identified
using Genotyping-by-Sequencing (GBS). Correctingfor genetic
relatedness, GWASidentifiedfive QTLsforrhizosheathformation
thatweremappedtothepearlmilletgenome. Variationsofallele
frequency at the targeted regions in bulked pools of lines with
extremephenotypesarecurrentlystudiedtovalidatethese QTLs.
Inparallel,comparisonofglobal geneexpressionintheroottip of
contrastedinbredlinesusingRNAseqrevealed 1270differentially
expressed genes.Candidategeneswereidentifiedby combining
GWASandRNAseqresultsandarefurtheranalyzed.

P2.10 MICROBIAL DIVERSITY AND
ACTIVITY IN RHIZOSPHERE OF
DIFFERENT PEARL MILLET LINES UNDER
GREENHOUSE AND FIELD CONDITIONS
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Pearl-milletis a drought tolerant cereal crop of arid and semi-
aridregionwithhighgeneticdiversitythatcouldbeexploited for
breedingforitsintensification.Inparticular,theinfluence ofthe
plantgenomeonrhizospheremicrobiotamightbeaninteresting
newtargettoimproveplant-soilinteractionsandplantnutrition.
Indeed, theserelationshipscaninfluencethesoil physico-chemical
andbiological characteristics, which affecttheavailability of
nutrientsand water.Ourstudyaimedtodeterminetheinteractions
betweendifferentpearl-milletinbredlinesshowingcontrasting
patternsofrhizospheresoilaggregationandthecharacteristic
oftheassociatedmicrobiota. Pearl-milletlinesselected for their
contrastingaggregationpatternweregrowningreenhouseand
fieldconditionsandtheirroot-adheringsoil (RAS)fractionwas
sampled. Theanalysisof microbialdiversityandtheiractivities
wasperformedrespectivelybymetabarcodingof 16StDNA and
ITS region and extracellular enzyme activities. Under semi-
controlled conditions, thebacterial community diversity was
higherinhigh-aggregationlines(lineswithhighRAS/rootbiomass
ratio)comparedtolow-aggregationlines (lineswithlowRAS/root
biomassratio).Infieldconditions, wenoticed areduction of fungal
alphadiversityintherhizosphereofhigh-aggregationlinesand
anincreaseofsomeenzymeactivities (chitinaseacidphosphatase
andbeta-glucosidase). Ifwe considerall pearl-milletlines, the
correlationsbetweenindicatorsof microbiotastructure,activity
andsoilaggregationarenotsignificant. Thissuggestedthatother
processesarelikelyinvolvedinsoilaggregationvariability. Our
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observationsconfirmtheinterestofstudyingtheplantgenetic
impactonmicrobiotaassemblyanditspotentialintegrationin
breedingprograms.

P2.11 VARIETAL ADAPTATION

FOR BENEFICIAL RICE MICROBE
INTERACTIONS UNDER AEROBIC AND
CONTINUOUSLY FLOODED CONDITIONS
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Cropinoculationwithbeneficial soilmicrobeshasbeenproposedby
severalcropscientistsasanalternativetoagro-chemicalswhich
oftenimpacttheenvironmentnegatively. Useof microbesincrop
production,however,requiresselectingoptimal combinationsof
cropvarietieswithassociatedmicrobiomewhichincreaseefficiency
ofproductionsystems.Inthisstudy, weinvestigatedtheresponseof
eightricevarietiestoinoculationwitharbuscularmycorrhizalfungi
atfivefertilizerlevelsintwoparalleltrials,oneundercontinuous
floodingandanotherunderaerobicconditions,at Fanaye, Senegal.
Asplit-splitplotdesignwasusedineachirrigationcondition. With
regardstograinyieldunderaerobicconditions (63% water-saving
overcontinuousflooding), therewassignificantinteractionbetween
use of inoculation, fertilizer level and varieties implying that
responseofricevarietiestoinoculationdependedonthefertilizer
level. Furthermore,underaerobicconditionsatlowfertilizerlevels,
thebestresponsetoinoculationwasshownbySahel202atthehalf-
recommendedfertilizerlevel,giving7.4tons/hawithinoculation
and5.6tons/hawithoutinoculation. Undercontinuousflooding
conditions,however,therewasasignificantincreaseinyielddueto
inoculationbutthiseffectwassimilaratallfertilizerlevels.Sahel
108hadthehighestgrainyieldincontinuousfloodingconditions
givingonaverage8.2tons/hawithinoculationand6.8tons/ha
withoutinoculation. Theseresults show the potential of using
AMFtoimprovericeproductionwithlessfertilizersand waterand
presentsnew opportunities forthe geneticimprovementofrice
for the ability to form beneficial rice-microbe associations to
increaseyield.

P2.12 ROOTING AROUND THE WHEAT
MICROBIOME
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Therootmicrobiomeisrecruited by plants andinfluences plant
growth, healthandresourceuseefficiency. Thesemicroorganisms
can benefit crop plants in several ways including improved
plantnutritional status as well as protection againstbioticand
abiotic stresses. There are various factors which determine
the crop microbiome community structure and understanding

ANIMAL, PLANT & CELL ABSTRACTS 235

how agricultural practices influence the microbiome structure
is imperative for the development of sustainable agricultural
systems. Thistalkexploresourworkintotherelativeimportance
of severalfactorsthatshapethewheatrootmicrobiomenamely:
landuseconversionattheRothamstedHighfieldexperiment, wheat
genotypeinreferenceto contrasting plant height, fertilisation
regime atthe Rothamsted Broadbalk experimentas wellasthe
interaction of seed microbial load and land use in determining
microbiomestructure.

P2.13 INFLUENCE OF WHEAT GENOTYPE
AND SOIL ON THE ROOT-ASSOCIATED
MICROBIOME: IDENTIFICATION OF

A WHEAT CORE MICROBIOME ACROSS
AFRICAN AND EUROPEAN SOILS
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Here,weproposetomoveawayfrombroad community orphylum
patternstofullyembracetheprokaryoticandeukaryoticdiversity
of the plant microbiome. We used new bioinformatic tools to
characterisethewheatrootmicrobiomeatthefinesttaxonomic
scaleusingmetabarcodingdata:theexactsequencevariant (ESV).
Inanexperimentundercontrolled conditions, wecharacterised
theroot-associatedmicrobiome (hererhizoplane) ofeightdifferent
genotypesofwinterbreadwheat (TriticumaestivumL.)grownin
eightsoilscollectedinfourdifferentcountriesin Africa (Cameroon
andSenegal)and Europe (FranceandItaly). Themicrobiomewas
characterised using amplicon sequencing of the marker genes
16S rRNA (prokaryotic diversity) and 18S rRNA (eukaryotic
diversity). We found a limited effect of the wheat genotype on
therootmicrobiome (2% ofthevariability) andobservedthatthe
majorityofthemicrobialtaxawereassociated tomultiple wheat
genotypesgrowninthesamesoil. Cultivationof wheatindifferent
soilsledtolargedifferencesintaxarichness(100to350totalESVs)
and community structure of the root-associated microbiome.
However,despitetheseglobal differencesinmicrobiomediversity
andcompositionacrosssoils, weidentifiedalistof coretaxaofonly
179ESVs (2 Archaea, 104 Bacteria, 73 Eukaryotes) thatcollectively
representedhalfoftherelativeabundanceoftheroot-associated
microbiomeinboth Africanand Europeansoils. Weprovideevidence
ofawheatcoremicrobiomeandproposea“mostwanted” taxalist
thatwillbetargetsforfuturecultivation-basedand genomicstudies.




ANNUAL MEETING SEVILLE 2019

P2.14 STUDYING ANCESTRAL PLANT-
MICROBIOTA INTERACTIONS USING
SYNTHETIC PHOTOTROPHIC MICROBIAL
ECOSYSTEMS
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Landplantsassociateandinteractwithmicrobial communities
derivedfromsoil. However, theunderlyingfundamentalprinciples
governingtheseplant-microbeinteractionsremainelusive.Several
studieshavereportedmutualisticinteractionsbetweenunicellular
plantssuchasgreenalgaeandbacterialmembersoftheplantroot
microbiota(e.g.rhizobia), suggestingaconservedand presumably
ancestral ability to associate with soil-borne bacteria common
tounicellularand multicellular plants. However, itisunknown
whethermicroscopicalgaearealsocapabletoassembleandinteract
with stable and complex microbial consortia. Here, we use the
eukaryotic, photosynthetic,soil-borne greenalga Chlamydomonas
reinhardtii to elucidate fundamental principles governing the
assembly and dynamics of microbial ecosystems formed by
interactionsbetweenaphotosyntheticorganismanditsmicrobiota.
Co-inoculationexperimentswith Chlamydomonasandsoilextracts
demonstrate how this unicellular plant is able to form stable
microbialconsortiawithbacteriarecruitedfromtheenvironment
thattightlyoverlapwiththecorerootmicrobiotaoflandplants. An
extensiveculturecollection comprisingmorethan3,200bacterial
isolatesfoundtoassociatewith Chlamydomonasisusedtoexplore
ancestralplant-microbeinteractionsinahighthroughputmanner
andtodesignsynthetic,photoautotrophicmicrobialecosystemsthat
areamenabletogenetictransformationandcanbemanipulatedin
thelaboratoryundercontrolled conditions.

|
P2.15 THE RHIZOSPHERE IN A CHIP

™ FRIDAY 5 JULY, 2019 ©® 12:00

@ DANIEL PATKO (THE JAMES HUTTON INSTITUTE, UNITED
KINGDOM), YANGMINGHAO LIU (SCHOOL OF SCIENCE AND
ENGINEERING, UNIVERSITY OF DUNDEE, UNITED KINGDOM),
ILONKA ENGELHARDT (THE JAMES HUTTON INSTITUTE,
UNITED KINGDOM), FELICITY O’CALLAGHAN (THE JAMES
HUTTON INSTITUTE, UNITED KINGDOM), VINCENT LADMIRAL
(INSTITUT CHARLES GERHARDT CNRS 5253, FRANCE), BRUNO
AMEDURI (INSTITUT CHARLES GERHARDT CNRS 5253, FRANCE),
MIKE P MACDONALD (SCHOOL OF SCIENCE AND ENGINEERING,
UNIVERSITY OF DUNDEE, UNITED KINGDOM), LIONEL DUPUY
(THE JAMES HUTTON INSTITUTE, UNITED KINGDOM)

@ DANIEL.PATKO@HUTTON.AC.UK

Thegrowingworldpopulationiscausingunprecedentedpressureon
landuse.Knowledge of whereandhow cropyieldcanbeenhanced
hasbecomeofgreaterimportance,andthisrequiresunderstanding
ofhowplantsinteractwiththesoilenvironmentandhowbioticand
abioticstressescanbeovercome. Currently,reproducingsoil-plant-
atmospheresystemsischallenging,andthislimitsourabilityto
acceleratethediscoveryofprocessesthataffectourenvironment.
Here, we present a comprehensive approach for screening
processesinthesoil-plant-atmosphere, which consistsofasoillike
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physicalmatrix,environmental control, biochemical probesand
live quantitativeimaging. The soilhasbeen developedtoallow
indexmatchingandclearopticalaccessforimagingofplantroots
and micro-organisms under a controlled environment in large
transparent growth chamber. It makes possible observation of
biologicalactivityinsoilmacrocosmsusingacombination of soft
polymerfluidics, materialchemistryandlightsheetmicroscopy
forliveimaginginvivousingbothfluorescence and scattering.
Finally, weshowhowthesoilitselfcanbefunctionalisedtofollow
thechangingmacrocosmofplantsandmicrobesanddemonstrate
application of the system to understand colonisation of the
rhizoplane,limitationtodeeprooting,andforthedevelopmentofa
new generationofmodelswithmuchenhancedresolution.

P2.16 USING WILD PEANUT SPECIES
FOR IMPROVING NATIVE BIOLOGICAL
NITROGEN FIXATION IN RHIZOBIA
SYMBIOSIS

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ ARLETTE ZAZOU ZAIYA (JOINT LABORATORY OF MICROBIOLOGY,
SENEGAL), DANIEL FONCEKA (CERAAS THIES SENEGAL,
SENEGAL), SALIOU FALL (LCM (IRDISRAUCAD) DAKAR,
SENEGAL), ADAM DIOUF (LCM (IRDISRAUCAD) DAKAR,
SENEGAL), OUMAR TOURE (LCM (IRDISRAUCAD) DAKAR,
SENEGAL), MATHIEU FAYE NDIGUE (LCM (IRDISRAUCAD)
DAKAR, SENEGAL), SARAH PIGNOLY (UMR LSTM (IRD, CIRAD,
INRA, UNIVERSIT. MONTPELLIER SUPAGRO) MONTPELLIER,
SENEGAL), ADRIANA FABRA (DEPARTAMENTO DE CIENCIAS
NATURALES, FACULTAD DE CIENCIAS EXACTAS FISICO-
QUIMICAS Y NATURALES, UNIVE, ARGENTINA), FERNANDO
IBANEZ (DEPARTAMENTO DE CIENCIAS NATURALES, FACULTAD
DE CIENCIAS EXACTAS FISICO-QUIMICAS Y NATURALES UNIVE,
ARGENTINA), VALERIE HOCHER (UMR LSTM (IRD, CIRAD, INRA,
UNIVERSIT. MONTPELLIER SUPAGRO) MONTPELLIER, SENEGAL),
DIEGANE DIOUF (DEPARTEMENT DE BIOLOGIE VEGETALE,

UCAD DAKAR, SENEGAL), SERGIO SVISTOONOFF (UMR LSTM
(IRD, CIRAD, INRA, UNIVERSIT. MONTPELLIER SUPAGRO)
MONTPELLIER, FRANCE)

©@ ZAIYAARLETTE@YAHOO.FR

ArachishypogaeaoriginatedfromSouth Americaandwasintroduced
andadaptedin Africaand Asiacenturiesago.Peanutisnowone
of the most widely cultivated grain legumes and the questions
ofitsadaptationinenvironmentsthataredifferenttoitsnative
ecosystems, regarding associated-microorganisms, remain
unanswered. Weareinvestigatinghowtheadaptation of peanut
toWestAfricaimpactedthenitrogen-fixingsymbiosiswithrhizobia.
Onthebacterialsidewecharacterizedacollectionof 35nativestrains
isolatedfromvariousregionsinSenegal. Thesestrainswerealso
usedtoinoculateFleur11,widely growninSenegal. Ourresults
showedthatstrainsaredistributedinthreemainclusters, affiliated
tothegenusBradyrhizobium. WefoundthatinSenegalpeanutis
able to recruit both effective and ineffective Bradyrhizobium
strainssuggestingthatpeanutnitrogenfixationcouldbeoptimized
by increasing the competitiveness of the effective strains.
On the plant side we have explored the variability of nitrogen
fixation among Fleurl1, wild relatives of peanut and synthetic
allotetraploids. Weusedefficientstrainsisolatedin Senegalorin
Argentinaandfoundsignificantdifferencesforsomespecies. We
failedtodetectanymajordifferencebetweenA.hypogaea,itswild
progenitors,butinsomeallotetraploidsnitrogenfixationstarted
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earlier. In addition to that, analysis of bacterial communities
obtainedfromnodulesofwild Arachissp.andcultivated peanut,
indicate that recruitment of specific communities is strongly
influenced by the plant genotype, suggesting thatitis possible
toimprove biological nitrogen fixation of cultivated peanut by
selectingvarietiesthatrecruitefficientsymbionts.

P2.17 UNDERSTANDING THE CHANGES
IN COMPARTMENT SPECIFIC TOMATO
MICROBIOME DURING VASCULAR WILT
INTERACTION BY FUSARIUM OXYSPORUM

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

@ MUGDHA SABALE (DEPARTMENT OF GENETICS UNIVERSITY OF
CORDOBA, SPAIN), AMEY REDKAR (DEPARTMENT OF GENETICS,
UNIVERSITY OF CORDOBA, SPAIN), STEPHANE HACQUARD
(MAX PLANCK INSTITUTE FOR PLANT BREEDING RESEARCH,
GERMANY), ANTONIO DI PIETRO (DEPARTMENT OF GENETICS,
UNIVERSITY OF CORDOBA, SPAIN)

©@ GE2SASAMeUCO.ES

Plantroots are colonized by diverse microbes that affect plant
health either in beneficial or harmful ways. These include
benign rhizosphere inhabitants, as well as endophytes, some
of which contribute to plant health. Alternatively, the root
infectingpathogenshaveevolvedtooutcompetetheirmicrobial
competitorsandcausedisease. Fusariumoxysporumisasoil-borne
fungal pathogen, that causes vascular wilt disease in a broad
range of cropsincludingboth monocots and dicots. The fungus
growsasymptomaticallyintherootcortexandthencolonizesthe
vasculature. Thechemical controlmethodsaredifficulttoapply,
becauseofthelowvisibility offungusinearly stages. Biological
controlofdiseasebybacteriaisemergingasapromisingmethod,
howeverthefunctionalrelevanceoftherootmicrobiomeduring
the pathogen host interactionis largely unknown.The present
workaimstounderstandthehostcompartment-specificnative
tomatomicrobiomeanditsroleduring Fusariuminfection.Soilswith
diversecharacteristicscollectedacrosstomatofieldsin Southern
Spain,wereusedinculturedependentandindependentapproaches
tomonitorthechangingmicrobiomeunder Fusariuminfectionby
AmpliconSequencing. Moreover, theisolatedbacterial communities
areclassifiedbased oncompartments such assoil,rhizosphere,
root, endophytic root and xylem. The final goal of the study is
tounderstand the interplay and the modulation of microbiome
assemblyduringpathogen-plantinteraction.
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P2.18 STUDY OF THE DIVERSITY OF
ARBUSCULAR MYCORRHIZAL FUNGI
(AMF) ASSOCIATED WITH MILLET IN
VARIOUS AGROECOSYSTEMS IN SENEGAL

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ MARIE-THERESE MOFINI (INSTITUT DE RECHERCHE POUR
LE DEVELOPPEMENT (IRD), SENEGAL), ABDALA G DIEDHIOU
(CHEIKH ANTA DIOP UNIVERSITY, SENEGAL), SARAH PIGNOLY
(INSTITUT DE RECHERCHE POUR LE DEVELOPPEMENT (IRD),
SENEGAL), CHEIKH NDIAYE (LABORATOIRE COMMUN DE
MICROBIOLOGIE (LCM), SENEGAL), MIN DOOHONG (KANSAS
STATE UNIVERSITY, UNITED STATES), LAURENT LAPLAZE
(INSTITUT DE RECHERCHE POUR LE DEVELOPPEMENT (IRD),
SENEGAL), ABOUBACRY KANE (CHEIKH ANTA DIOP UNIVERSITY,
SENEGAL)

©@ MOFINI.MARIETHERESE@YAHOO.FR

Pearlmilletisacerealdomesticatedincentral Sahelin Africa.It
isadaptedtodryandhotclimatesand playsamajorrole forfood
securityinaridandsemi-aridareasof AfricaandIndia, whereitis
thestaplecropofmorethanmillion people. However,itlagsbehind
othercerealcropsintermsofgeneticdevelopmentanditsaverage
yieldsarelow. Droughtandlowphosphorusavailabilityareamong
themostimportantfactorslimitingmilletproductionin West Africa.
Arbuscular Mycorrhizal Fungi can enter symbiosis with most
angiospermsandcontributetotheplant’shydromineralnutrition.
AMFarethereforeimportantforabioticstresstoleranceinmany
plants. Theaimofthisstudyistocharacterizethediversityof AMF
incultivatedandwildpearlmilletinvariousagroecosystemsin
Senegal.Soilandrootsamplesfromwildand cultivated pearlmillet
werecollectedfromfarmers’fieldsinthreedifferentlocationsin
Senegallocatedalongarainfallgradient. Thefarmersreceived Souna
seedsinordertolimittheeffectoftheplantgenotype. Analysisof
root colonization revealed different models of mycorrhization
patternsbetweencultivatedand wildplantsandamongthesampled
fields. DNA was extracted from the roots followed by massive
sequencingusingmetabarcodingtechniques(amplificationofthe
ITSregionfollowedbydeepsequencing).Ouranalysisrevealedthat
wildandcultivatedpearlmilletsharesimilarendophyticand AM
fungalpopulations. Thissuggeststhatwildpearlmilletserveas
reservoirsforbothbeneficialbutalsopathogenicfungiforcultivated
pearlmillet.
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P2.19 EFFECT OF ARBUSCULAR
MYCORRHIZAL FUNGUS ON DROUGHT
TOLERANCE OF AFRICAN BAOBAB
(ADANSONIA DIGITATA L., MALVACEAE)

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

& MAREME NIANG (ISRACERAAS, SENEGAL), PATRICK NIANG
(GHENT UNIVERSITY, BELGIUM), FATIMA NDIAYE (UCAD,
SENEGAL), MACOUMBA DIOUF (ISRACERAAS, SENEGAL), TAHIR
DIOP (UCAD, SENEGAL), AMADOU BA (IRDLCM, SENEGAL),
NDIAGA CISSE (ISRACERAAS, SENEGAL)

@ AGROMAREME@GMAIL.COM

Mycorrhizaeimproverootandleafgrowthandarealsoinvolved
inwateruptakeanddrought-toleranceresistance. Agreenhouse
experimentwasconductedinordertoinvestigatetheinfluence
of arbuscular mycorrhizal fungus (AMF) inoculation (Glomus
mosseae, G. aggregatumandG. fasciculatum)ondroughttolerance
in baobab (Adansonia digitata L., Malvaceae). We used seeds
collectedindifferentagro-climaticzonesin Senegalfollowinga
definedrainfall gradient (250-1100mm). Baobabseedlingsthat
had grown for 1 month were subjected to progressive drought
stress for 1 month with weekly records of morphological and
physiologicalparameters. Waterdeficitwasimposedby stopping
irrigation until the end of the experiment. Inoculated plants
had greater plant height, leaf number and biomass under well-
wateredthanunderdrought conditions. Resultsshowthatforall
provenances,inoculatedplantshashighermycorrhizalintensity
underwell-watered (50-90% of mycorrhizal spores) thanunder
water deficit conditions (<50%). Mycorrhizal baobab seedlings
fromhumidareas (Sudano-Saheland Sudanzone)hadhigherleaf
waterpotentialandlowerbiomassthroughouttheexperimentin
droughtconditions.Baobabseedlingsrespondedbesttoinoculation
with G. fasciculatum and G.aggregatum in both dry and wet
conditions.Mycorrhizaesignificantlyimprovedroughttolerance
ofbaobab seedlings, especially those from the Sahelianregion.
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P3 IMPACT AND FUNCTIONS
OF ALTERNATIVE SPLICING

IN PLANTS

ORGANISED BY: MARIA KALYNA (UNIVERSITY OF NATURAL RESOURCES AND LIFE
SCIENCES), PAULA DUQUE (INSTITUTO GULBENKIAN DE CIENCIA) AND JOHN BROWN

(UNIVERSITY OF DUNDEE)
.

P3.1 ADVANCES IN STUDYING
ALTERNATIVE SPLICING IN PLANTS

™ TUESDAY 2 JULY, 2019 ® 14:05

@ ANDREA BARTA (MAX PERUTZ LABORATORIES MEDICAL
UNIVERSITY VIENNA, AUSTRIA)

© ANDREA.BARTA@MEDUNIWIEN.AC.AT

Advancedtranscriptome sequencinghasuncovered extensive
alternativesplicing (morethan60%)inplants,andgenome-wide
aswellasfocusedgeneanalyseshaveshowntheregulatorypower
ofalternativesplicingonplantdevelopmentandinresponsesto
stress and environment. Alternative splicing can create new
proteinisoformsorchangegeneexpressionbyleadingtotranscript
isoformsthatareeithertargetedtothenonsense-mediateddecay
pathwayorareretainedinthenucleus. Alternativesplicingasa
co-transcriptionalprocessisalsogreatlyinfluencedbyepigenetic
changesatthechromatinlevel. Proteinsregulating splicing or
alternativesplicingandtranscriptisoformswithdifferentfateshave
significantimpactingeneregulatorycircuits. Specifically, beside
developmental programs, environmental cuesliketemperature
andlightimpactsignificantlyalternativesplicingeventsinplants
establishing alternative splicing as a fast and essential partin
accommodatingexternalsignals.

P3.2 CRISPR-DIRECTED EVOLUTION
OF THE SPLICEOSOME FOR RESISTANCE
TO SPLICING INHIBITORS

™ TUESDAY 2 JULY, 2019 ©® 14:50

@ HAROON BUTT (KING ABDULLAH UNIVERSITY OF SCIENCE AND
TECHNOLOGY, SAUDI ARABIA), AYMAN EID (KING ABDULLAH
UNIVERSITY OF SCIENCE AND TECHNOLOGY, SAUDI ARABIA),
AFAQUE A MOMIN (KING ABDULLAH UNIVERSITY OF SCIENCE AND
TECHNOLOGY, SAUDI ARABIA), JEREMIE BAZIN (UNIVERSITE
PARIS-SACLAY ORSAY, FRANCE), MARTIN CRESPI (UNIVERSITE
PARIS-SACLAY ORSAY, FRANCE), STEFAN T AROLD (KING
ABDULLAH UNIVERSITY OF SCIENCE AND TECHNOLOGY, SAUDI
ARABIA), MAGDY M MAHFOUZ (KING ABDULLAH UNIVERSITY OF
SCIENCE AND TECHNOLOGY, SAUDI ARABIA)

@ HAROON.BUTT.1@KAUST.EDU.SA

Increasing genetic diversity via directed evolution holds great
promisetoacceleratetraitdevelopmentand cropimprovement.
Wedevelopeda CRISPR/Cas-baseddirectedevolutionplatformin
plantstoevolvetherice (Oryzasativa) SF3B1spliceosomal protein
for resistance to splicing inhibitors. SF3B1 mutant variants,
termed SF3B1-GEX1A-Resistant (SGR),conferred variablelevels
ofresistancetosplicinginhibitors. Studies of thestructuralbasisof
thesplicinginhibitorbindingto SGRscorroboratedtheresistance
phenotype.The SGR4variantconferredstrongresistancetohigher
concentrationsofsplicinginhibitorsandexhibitedefficientsplicing
comparedtowild-typeplants,whichshoweddrugsensitivityand
splicingrepression. Thisdirected-evolutionplatformcanbeusedto
interrogateandevolvethemolecularfunctionsofkeybiomolecules
andtoengineercroptraitsforimproved performanceandadaptation
underclimatechange conditions.
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P3.3 A CRITICAL ROLE FOR
ALTERNATIVE SPLICING IN
MAINTAINING MINERAL HOMEOSTASIS
IN RICE

™ TUESDAY 2 JULY, 2019 ©® 15:10
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P3.5 RAPID COLD-INDUCED
EXPRESSION AND ALTERNATIVE
SPLICING IN ARABIDOPSIS INVOLVES
COMPLEX NETWORKS OF REGULATORS

™ TUESDAY 2 JULY, 2019 ® 16:35

@ LUQING ZHENG (NANJING AGRICULTURAL UNIVERSITY, CHINA)

@ ZHENGLQ@NJAU.EDU.CN

Alternativesplicing (AS) promotestranscriptomeand proteome
diversity and playsimportantrolesinawiderange of biological
processes. The roles of AS in maintaining mineral nutrient
homeostasisin plants are largely unknown. Here, we obtained
wholetranscriptome RNA sequencingdataofrice (Oryzasativa)
rootsgrowninthepresenceorabsenceofvariousmineralnutrients
(iron(Fe),zinc(Zn]),copper (Cu), manganese (Mn),and phosphorus
(P)). Systematic analysisrevealed 13,291 alternatively spliced
genes (representing ~53.3% of multi-exon genes in the rice
genome). Astheoverlapbetweendifferentiallyexpressedgenes
(DEGs)anddifferentially alternatively spliced genes (DASGs)is
small,amolecularunderstandingoftheplant’sresponsetomineral
deficiencyislimitedbyanalyzingDEGsalone. Thetargetsof AS
arehighlyspecifictoeachnutrient. Toverify thefunctionof ASin
mineralnutrition, wecharacterizedmutantsforgenesencoding
Ser/Arg(SR)proteinsthatfunctionin AS. Weidentifiedseveral SR
proteinsasnovelregulatorsofZn,Mn,and Pnutritionand showed
thatthreeSRprotein-encodinggenes(SR40,SCL57,andSCL25)playa
roleinregulatingPuptakeandremobilizationbetweentheleavesand
shootsofrice. Thus,AShasanimportantroleinregulatingmineral
nutrienthomeostasisinrice.

P3.4 GENOME-SCALE ANALYSES OF
ALTERNATIVE SPLICING AND ITS
REGULATION USING HIGH-THROUGHPUT
NEXT GENERATION SEQUENCING
TECHNOLOGIES

™ TUESDAY 2 JULY, 2019 ©® 16:00

& ANIREDDY REDDY (COLORADO STATE UNIVERSITY,
UNITED STATES)

@ ANIREDDY.REDDY@COLOSTATE.EDU

Alternativesplicing,akeystepingeneexpressionineukaryotes,
contributessignificantlytotranscriptome complexityandgene
regulation. My talk will focus on how short and long read high-
throughput sequencingtechnologies are beingused toanalyse
alternativesplicing, spliceisoforms,andotherpost-transcriptional
events and in studying the relationship between chromatin
architectureandalternativesplicinginplants.

@ JOHN W S BROWN (UNIVERSITY OF DUNDEE, UNITED KINGDOM),
NIKOLETA A TZIOUTZIOU (UNIVERSITY OF DUNDEE, UNITED
KINGDOM), CRISTIANE P G CALIXTO (UNIVERSITY OF
DUNDEE, UNITED KINGDOM), RUNXUAN ZHANG (JAMES HUTTON
INSTITUTE, UNITED KINGDOM), WENBIN GUO (UNIVERSITY OF
DUNDEE, UNITED KINGDOM), ALLAN B JAMES (UNIVERSITY OF
GLASGOW, UNITED KINGDOM), HUGH G NIMMO (UNIVERSITY OF
GLASGOW, UNITED KINGDOM)

@ J.W.S.BROWN@DUNDEE.AC.UK

Geneexpressionpatternsinplantschangedramaticallyinresponse
toenvironmentalstimuli. Alternative splicing (AS)iscriticalin
theregulationof suchchangesatthepost-transcriptionallevel
butlittleisknownofthedynamicsof ASinthecoldresponse. We
performedanRNA-seqtime-seriesof Arabidopsisthalianaplants
exposed to coldin order to characterize the cold transcriptome
(Calixto et al., 2018). Differential expression and differential
alternativesplicingwereidentified throughoutthetime-course
withthousandsofgeneschanginginthefirstfew hours of cold.
Novelcold-responsivetranscriptionfactorsandsplicingfactors/
RNA-bindingproteinsregulatedonlyby ASwereidentifiedamong
theearlyresponsegenes. AhigherresolutionRNA-seqtime-course
acrossthefirst3hoftemperaturereduction (plantsharvestedat20’,
40’,60’,90’°,120’and 180’). Thisidentified theearliesttranscription/
ASchangeswithimportantregulatorytranscriptionfactorsand
RNA-bindingproteinsrespondingwithin40-60minofcoldandwere
verysensitivetoevensmallchangesintemperature. Thesearelikely
todrivecascadesoftranscriptionaland ASchangesofdownstream
genesandtogetherdeterminetranscriptomereprogrammingthat
governsthephysiologicalandsurvivalresponsesofplantstolow
temperature.Inordertounravelthecomplexityofthesecascades,
co-transcriptionalandco-splicingnetworks were constructedusing
thetime-courseRNA-seq. Weareexaminingbothnetworkstolook
closelyatregulatorygenesandtheirpotentialtargets.

P3.6 THE ROLE OF CLOCK ISOFORM
SWITCHES IN PLANTS PLASTIC
RESPONSES TO TEMPERATURE

™ TUESDAY 2 JULY, 2019 ©® 16:55

@ ALLAN B JAMES (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
HUGH G NIMMO (UNIVERSITY OF GLASGOW, UNITED KINGDOM)

©@ ALLAN.JAMES@GLASGOW.AC.UK

Plantsrespondtoabroad dynamicrange of temperature across
multiple timescales, from very short (minute-to-minute), to
mediumterm (diel),andtolong-term(seasonal) changes.Oneway
inwhichplantsperceive,bufferandintegratethiswiderangeof
‘noisy’temperatureinformationisviathecircadianclock, similar
tothe establishedrole for the clockin temperature sensationin
otherorganisms. Asignificantroleforalternativesplicing (AS)
incoolingassociatedtranscriptomereprograminginplantshas
been established. Notably some of these AS changes involve
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transcriptisoformswitches, wheretheratiosof specifictranscript
isoformsfliprapidly andreversibly withtemperaturechange. For
someclockgenes,isoformswitchesresultinchangesinthetime-
of-dayphasingandamplitude ofthefunctional, protein-coding
transcripts. Clock gene expression/AS plasticity is therefore
importantforourunderstandingofhowplantsaligntheirphenology
tolocalandseasonalenvironmental conditions. Wepresentdata
demonstratingthethermo-sensingqualitiesofspecificclock AS
events,andshowthattemperaturesignallingislikelyroutedvia
changesintherelativeabundancesoftrans-actingsplicingfactors
thatarethemselvessubjecttotemperatureassociated AS.Clock
functionhaspredominantlybeenstudiedatconstantacclimated
temperatures. Wethereforediscussourdatainthecontextofour
currentunderstandingoftheresponseoftheclocktosteadystate
temperatures. Weproposethatclocktranscriptisoformswitching
isintegraltotheplasticresponseofplantstonaturalfluctuating
temperatures,andrevealexemplarclocktemperatureswitchesas
anoveldimensiontothethermo-plasticclock.

P3.7 QUANTITATIVE CHANGES IN
ALTERNATIVE SPLICING UNDER COLD
STRESS IN BARLEY DETERMINED
USING A NEWLY ESTABLISHED BARLEY
REFERENCE TRANSCRIPT DATASET
CALLED BARTV1.0

™ TUESDAY 2 JULY, 2019 ® 17:15

@ CRAIG G SIMPSON (THE JAMES HUTTON INSTITUTE, UNITED
KINGDOM), PAULO RAPAZOTE-FLORES (THE JAMES HUTTON
INSTITUTE, UNITED KINGDOM), WENBIN GUO (UNIVERSITY
OF DUNDEE, UNITED KINGDOM), MICHA BAYER (THE JAMES
HUTTON INSTITUTE, UNITED KINGDOM), LINDA MILNE (THE
JAMES HUTTON INSTITUTE, UNITED KINGDOM), CLAUS-DIETER
MAYER (BIOMATHEMATICS AND STATISTICS SCOTLAND, UNITED
KINGDOM), JOHN FULLER (THE JAMES HUTTON INSTITUTE,
UNITED KINGDOM), PETE E HEDLEY (THE JAMES HUTTON
INSTITUTE, UNITED KINGDOM), JENNY MORRIS (THE JAMES
HUTTON INSTITUTE, UNITED KINGDOM), GORDON STEPHEN (THE
JAMES HUTTON INSTITUTE, UNITED KINGDOM), JOHN WS BROWN
(UNIVERSITY OF DUNDEE, UNITED KINGDOM), ROBBIE WAUGH
(THE JAMES HUTTON INSTITUTE, UNITED KINGDOM), RUNXUAN
ZHANG (THE JAMES HUTTON INSTITUTE, UNITED KINGDOM)

@ CRAIG.SIMPSON@HUTTON.AC.UK

Ahigh-quality,non-redundantbarleyreferencegenetranscript
dataset (Barley Reference Transcripts — BaRTv1.0) was
establishedusing808RNA-seqsamplesfrom11differentRNA-seq
experimentaldatasetsfromarangeoftissues,cultivars, mutants
andabioticstresses. Transcriptswereassembledandalignedto
theMorexreference genome. Full-lengthcDNAsfromthevariety
Haruna Nijo (Matsumoto et al., 2011) were used to determine
genetranscriptcoverageandhigh-resolutionRT-PCR wasused
to validate alternatively spliced transcripts of 86 genes in five
barleydevelopmentstages.BaRTv1.0consistsof60,444genesand
177,240transcripts. Overall,transcriptsinthisdatasetarelonger
withlessfragmentation;haveimprovedannotations;consistof
high-qualitytranscriptswithwell supportedsplicejunctions;and
provideimprovedquantificationaccuracyforRNA-seqdata.Like
theArabidopsis,wefurtheroptimisedthisdatasetforquantification
ofalternativesplicedisoforms(BaRTv1.0-QUASI)bydevelopinga
transcriptdatasetsequencepaddedtothelongest5’and3’endsto
reducequantificationerrorscausedbymis-annotationatthe UTR
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regions.BaRTv1.0-QUASIwasusedtoquantifydifferentialchanges
ingeneexpressionandalternativesplicing (AS)in4-day-olddark
growngerminatingseedlings (20°C). Samplesweretransferredto
a4°Ccoldroomandharvestedat2and24hincold.Over60barley
genesshowdifferential ASwithin2hofexposuretothecold,rising
toover380by24hexposure. Withinthisgroupabout40genesshow
anASisoformswitch.

P3.8 STRTD: A HIGH-QUALITY
TRANSCRIPTOME ANNOTATION FOR
DOUBLE-MONOPLOID SOLANUM
TUBEROSUM

™ TUESDAY 2 JULY, 2019 ©® 17:35

@ JUAN C ENTIZNE (THE JAMES HUTTON INSTITUTE AND
UNIVERSITY OF DUNDEE, UNITED KINGDOM), JOHN WS BROWN
(THE JAMES HUTTON INSTITUTE, UNITED KINGDOM), RUNXUAN
ZHANG (THE JAMES HUTTON INSTITUTE, UNITED KINGDOM),
ESTELA DOMINGO TORRES (THE JAMES HUTTON INSTITUTE
AND UNIVERSITY OF DUNDEE, UNITED KINGDOM), CRISTIANE
CALIXTO (UNIVERSITY OF DUNDEE, UNITED KINGDOM), WENBIN
GUO (UNIVERSITY OF DUNDEE, UNITED KINGDOM)

@ E.ENTIZNE@DUNDEE.AC.UK

Changesinthetranscriptomearethebasisofphenotypicresponses
ofeukaryoticorganismstoenvironmentalordevelopmentalcues.
Re-programmingofthetranscriptomeoccursatthetranscriptional
and post-transcriptional levels and includes, in particular,
alternative splicing (AS). RNA-sequencing (RNA-seq) is used
toquantify genome-wide transcriptionaland AS changes. The
accuracy ofdifferentialexpression (DE)anddifferentialalternative
splicing(DAS)analysisdependsontheaccuracyofquantificationof
transcriptsbyalignment-freeprograms(Salmon, Kallisto). These
requireacomplete,diverseandhigh-quality Reference Transcript
Dataset(RTD).Basedontheworkdoneforthedevelopmentofahigh-
qualityannotationfor Arabidopsis (AtRTD2) (Zhangetal.,2017),we
aredevelopingageneral computationalpipelinetogeneratehigh-
qualitytranscriptomeannotationsfromexistingannotationsand
availableRNA-seqdata. Weapplied ourpipelinetogenerateanovel
high-qualitytranscriptomeannotationforthe double-monoploid
(DM)potatolineSolanumtuberosum (StRTD).StRTDhasincreased
diversityofnon-redundant,non-chimericandnon-fragmentary,
transcriptscomparedtothecurrentpotatotranscriptome (Potato
Genome Sequencing Consortium).Ithasbeenusedtoanalysea
time-courseofinfectionof DMbylateblightandinvestigate NMD.
Giventheimportanceoftheassemblyofhigh-qualityreference
annotations for the accurate expression/AS analysis of RNA-
seqdatasets, thispipelinewillrepresentavaluabletoolforplant
scientists. For many plants, genome sequences are limited and
transcriptomesareincompleteornon-existent. Thepipelineallows
RTDstobegeneratedforplant/cropspecieswithgenomesequences
usingRNA-seqdataandtoenhanceexpression/ASanalysis.
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P3.9 RNA-BINDING PROTEINS
INVOLVED IN GENE EXPRESSION
AND ALTERNATIVE SPLICING IN
ARABIDOPSIS UNDER COLD STRESS

™ TUESDAY 2 JULY, 2019 ® 17:37

@ NIKOLETA A TZIOUTZIOU (UNIVERSITY OF DUNDEE, UNITED
KINGDOM), CRISTIANE PG CALIXTO (UNIVERSITY OF DUNDEE,
UNITED KINGDOM), RUNXUAN ZHANG (THE JAMES HUTTON
INSTITUTE, UNITED KINGDOM), WENBIN GUO (UNIVERSITY OF
DUNDEE, UNITED KINGDOM), ALLAN B JAMES (UNIVERSITY OF
GLASGOW, UNITED KINGDOM), HUGH G NIMMO (UNIVERSITY OF
GLASGOW, UNITED KINGDOM), JOHN WS BROWN (UNIVERSITY OF
DUNDEE, UNITED KINGDOM)

@ N.Z.TZIOUTZIOU@DUNDEE.AC.UK

Westudied thecoldtranscriptome of Arabidopsisby conductinga
time-courseRNA-seqexperimentofplantsgrownto20°Cfor5weeks
andthenexposedto4°Cfor4days.Samplingevery3honthelast
dayat20°Candonthefirstandthefourthdaysat4°Callowedusto
identifychangesinexpressionandalternativesplicinginthousands
ofgenesaswellaschangesintherhythmicexpression (amplitude
andphase)ofcoreclockandclockassociatedgenesandhundreds of
otherdownstreamgenes. Thetime-coursedatasetallowedustomap
thetimingofwheneachgenefirstbecomesdifferentiallyexpressed
(DE)and/ordifferentiallyalternativelyspliced (DAS). Around 50
splicingfactors(SFs)and RNA-bindingproteins (RBPs)belongto
thelistofgeneswhicharemostrapidlyDEand/orDASinthefirst
3hofcoldtreatment, whichmayregulatedownstreamcascades of
alternatvesplicingimportantforcoldresponseandacclimation.
Anew RNA-seqtime-course across the first 3 h of temperature
reductionwhereplantswereharvestedat20’,40’,60°,90’,120’and
180’ givesusabetterresolutionoftheearliestchangesin SFs/RBPs
anddefinesthosewiththehighestexpressionlevelsandthelargest
changesinalternativesplicing (high APSvalues). Wearecurrently
usingmutantsoftheserapidlyaltered SFs/RBPstocharacterizetheir
physiologicalresponsetocold/freezing. Molecularphenotypingof
themutantsshowsanumberofchangesinthealternativesplicing
of potentialregulatedtargetgenesincludingcoreclockgenes.

P3.10 THE PHYSCOMITRELLA PATENS
FAMILY OF SR PROTEIN SPLICING
FACTORS

™ TUESDAY 2 JULY, 2019 © 17:39

@ JOSE P MELO (INSTITUTO GULBENKIAN DE CIENCIA,
PORTUGAL), MARIA KALYNA (UNIVERSITY OF NATURAL
RESOURCES AND LIFE SCIENCES, AUSTRIA), PAULA DUQUE
(INSTITUTO GULBENKIAN DE CIENCIA, PORTUGAL)

@ JPBMELO@IGC.GULBENKIAN.PT

Whenplantscolonisedlandtheyhadtoovercomemanychallenges.
Tocopewiththeirharshnewenvironment, manytraitsgradually
evolvedgivingrise tothe plants we know today. One molecular
mechanism likely to have allowed plants to cope with adverse
environmentsisalternativesplicing,akeyposttranscriptional
processlargelymodulatedby SRproteins. Thisconservedfamilyof
splicingfactorshasreceivedsignificantattentioninhigherplants,
whereitcanbedividedintosixsubfamilies,threeof whicharedirect
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orthologsofanimal SRproteinsandthreeareplantspecific. The
modelspecies Arabidopsisthalianaexpresses 18 SR proteingenes,
distributedamongallsubfamilies, plustwo SR-like proteinswitha
non-canonicaldomainstructure.Severalarabidopsis SRproteins
haveinrecentyearsbeenascribedrolesintheresponsetoabiotic
stress. Comparatively,littleisknownofthese RNA-bindingproteins
inearlylandplants. MossessuchasPhyscomitrellapatenspresenta
valuableopportunitytostudytheevolutionarypathwayofgenes
duetotheirclosesimilaritywithearlylandplants. Ourpreliminary
insilicoanalysesindicatethattheP. patensgenomeencodesasimilar
numberof SRproteingenesashigherplants, withallsubfamilies
beingpresentthough comprisingavariablenumberofmembers.
Future functional studies will shed light on the significance of
thiskeyfamilyofsplicingfactorsinearlylandplantsandonthe
conservationoftheirroleinplantstresstolerance.

P3.11 ALTERNATIVE SPLICING
REGULATION OF STRESS RESPONSES IN
ARABIDOPSIS — A LINK TO CHROMATIN?

™ TUESDAY 2 JULY, 2019 ® 17:41

& ALBA RDIEZ (INSTITUTO GULBENKIAN DE CIENCIA,
PORTUGAL), PAULA DUQUE (INSTITUTO GULBENKIAN DE
CIENCIA, PORTUGAL)

©@ ADIEZ@IGC.GULBENKIAN.PT

Alternativesplicinghasemerged asamajor contributortoplant
stresstolerance,butthespecificgenesandeventsinvolvedremain
mostlyunknown. Wearemakinguseofnaturalvarianceinthe
modelplant Arabidopsisthalianatosubstantiatearoleforalternative
splicinginstressresponsesmediatedbythe phytohormoneabscisic
acid(ABA)anduncoverfunctionallysignificantsplicingtargets.
Our extensive phenotypic screen of 24 A. thaliana accessions,
usingtheCol-Oecotypeasareference,hasidentifiedvariantswith
reducedandincreasedsensitivityto ABAatdifferentdevelopmental
stages.Infact,Kn-0and C24areconsistentlyrespectivelyhypo-
andhypersensitiveto ABA duringearlyseedlinggrowth, mirrored
by anunder-and over-induction of ABA marker genes. We will
conductRNA-seqanalysisofthe Col-0,Kn-0Oand C24variantsgrown
undercontroland ABA conditionstoidentifythe geneexpression
and alternative splicing changes correlating with opposing
ABA sensitivity. Moreover, we are addressing the hypothesis
thatalternativesplicinginplantsisregulatedbystress-induced
chromatinchanges.Environmental stressmarkedlyimpactsboth
alternativesplicingand chromatinremodellinginplantssystems,
whileafunctional connectionbetweenthesetwoprocesseshas
beenprovidedbythediscoveryofanimaladaptorproteinsthatread
specificchromatinmarksandrecruitsplicingfactorstothepre-
mRNA. Ourrecentresultsshowthatloss-of-functionofarabidopsis
orthologuesofananimaladaptorproteincausesstrikingimpairment
of ABAresponsesatboththephysiologicalandmolecularlevels. We
willusethesemutantstosearchforchromatin-regulatedalternative
splicingeventsgoverningplantstresstolerance.
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P3.12 COMPARATIVE ANALYSIS OF THE
IMPACT OF ALTERNATIVE SPLICING IN
PLANT RESPONSES TO DIFFERENT TYPES
OF STIMULI

™ TUESDAY 2 JULY, 2019 ©® 17:43

@ GUIOMAR MARTIN (INSTITUTO GULBENKIAN DE CIENCIA
(IGC), PORTUGAL), PAULA DUQUE (INSTITUTO GULBENKIAN
DE CIENCIA (IGC), PORTUGAL), MANUEL IRIMIA (CENTRE FOR
GENOMIC REGULATION (CRG), SPAIN)

©@ GUIOMARM@IGC.GULBENKIAN.PT

Plants adapt their development to different environmental
and developmental cues by rearranging their transcriptome
and proteome. During the last decades, much effort has been
put into understanding how signalling cascades initiated by
multiplestimuliadjusttranscriptomediversity. Theseresearch
efforts have focused mainly on therole of transcription factors
in controlling gene expression. However, recent studies are
beginningtouncoverakeycontributionofalternativesplicing,a
posttranscriptionalmechanismthatgeneratesmultipletranscripts
fromthesamegene, tothediversificationofplanttranscriptomes.
Despitefunctionalevidencepointingtoalternativesplicingasa
majorplayerintheadaptationofplantdevelopmenttodifferent
externalandinternalstimuli,littleisknownabouttheunderlying
mechanisms.Isalternativesplicing controllinggeneexpression
andproteindiversity similarlyinresponsetodifferentstimuli? Do
totalgeneexpressionandalternativesplicingimpactdistinctor
complementarymolecularpathwaysinresponsetodifferenttypes
of stress? Toassessthesimilaritiesanddifferencesbetweenthe
molecularprocessescontrolledbytranscriptionandalternative
splicinginresponsetoawiderangeofstimuli,wehaveimplemented
Vast-tools, a computational pipeline to detect and quantify all
typesofalternativesplicingeventsfromRNA-seqdata (https://
github.com/vastgroup/vast-tools), forthemodel plant Arabidopsis
thaliana. Wearealsogeneratingadatabase ofarabidopsisprofiles
bygatheringRNA-seqsamplesavailableintheShortRead Archive
(SRA)forvariousdevelopmentalandenvironmental conditions.
Ourcomparativeanalysisoftheseprofilesissheddinglightonthe
modeofactionandbiologicalfunctionsofalternativesplicingin
responsetodifferentstimuli.
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P3.13 RIBONOMICS TO UNRAVEL
POSTTRANSCRIPTIONAL NETWORKS
IN ARABIDOPSIS

™ WEDNESDAY 3 JULY, 2019 ©® 10:00

& DOROTHEE STAIGER (BIELEFELD UNIVERSITY, GERMANY), TINO
KOSTER (RNA BIOLOGY ANS MOLECULAR PHYSIOLOGY, BIELEFELD
UNIVERSITY, GERMANY), MARTIN LEWINSKI (RNA BIOLOGY AND
MOLECULAR PHYSIOLOGY, BIELEFELD UNIVERSITY, GERMANY),
KATJA MEYER (RNA BIOLOGY AND MOLECULAR PHYSIOLOGY,
BIELEFELD UNIVERSITY, GERMANY), MARLENE REICHEL
(RNA BIOLOGY AND MOLECULAR PHYSIOLOGY, BIELEFELD
UNIVERSITY, GERMANY), OLGA SCHMIDT (RNA BIOLOGY AND
MOLECULAR PHYSIOLOGY, BIELEFELD UNIVERSITY, GERMANY)

©@ DOROTHEE.STAIGER@UNI-BIELEFELD.DE

AkeyfunctionforRNA-bindingproteinsinorchestratingplant
developmentand environmentalresponsesiswell established.
However,thelackofagenome-wideviewontheirinvivobinding
targetsandbindinglandscapeshasforalongtimerepresenteda
majorgapinunderstandingthemodeofactionofplantRNA-binding
proteins. Wehaveforthefirsttimeadaptedindividualnucleotide
resolutioncrosslinkingimmunoprecipitation (iCLIP)forgenome-
widedeterminingthebindingrepertoire of the circadian clock-
regulated Arabidopsisthalianaglycine-richRNA-bindingprotein
AtGRP7.iCLIPidentifiedaround800transcriptswithsignificantly
enrichedcrosslinksitesinplantsexpressing AtGRP7-GFPandabsent
inplantsexpressinganRNA-binding-dead AtGRP7variantor GFP
alone.Toindependentlyvalidatethetargets, weperformed RNA
immunoprecipitation (RIP)-sequencing of AtGRP7-GFP plants
subjectedtoformaldehydefixation.HalfoftheiCLIPtargetswere
alsoidentifiedbyRIP-seq,thusrepresentingasetofhigh-confidence
binders. Todeterminethefateoftheboundtargetsinthecell,we
cross-referencedthe targetsagainsttranscriptome changesin
AtGRP7loss-of-functionmutantsoroverexpressingplants. This
revealedapredominantlynegativeeffectof AtGRP7onitsdirect
targets. Additionally, weobservedchangesincircadianexpression
patternsofnumeroustargetgenes,inlinewithaproposedfunction
oftheproteinasamolecularslaveoscillatorinthecircadiantiming
system.Furthermore, severaltargetsshowchangesinalternative
splicinginresponsetoaltered AtGRP7levelsthatfrequentlylead
to PTC-containing transcript isoforms. In particular, AtGRP7
mediates splicing changes in response to abiotic stresses.
EstablishingiCLIPforplantsrepresentsamajoradvancementin
plantRNAbiologyandpavesthewaytoinvestigatethedynamics
of posttranscriptionalnetworks.
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P3.14 SPECIFICITY OF ALTERNATIVE
SPLICING REGULATION BY PLANT
POLYPYRIMIDINE TRACT-BINDING
PROTEINS

™ WEDNESDAY 3 JULY, 2019 ® 10:35

@ RICABURGARDT (INSTITUTE FOR MOLECULAR PHYSIOLOGY,
UNIVERSITY OF MAINZ, GERMANY), GABRIELE WAGNER (CENTER
FOR PLANT MOLECULAR BIOLOGY (ZMBP), UNIVERSITY OF
TUBINGEN, GERMANY), ANDREAS WACHTER (INSTITUTE FOR
MOLECULAR PHYSIOLOGY, UNIVERSITY OF MAINZ, GERMANY)

©@ RBURGARD@UNI-MAINZ.DE

Alternativesplicing (AS)isawayofgeneregulationwidelyused
ineukaryotes.Itisbased onthe variabledefinition ofexonsand
intronsontheprecursormRNA andgreatlyenhancestranscript
diversity.InthemodelplantArabidopsisthaliana,atleast61%ofall
intron-containinggenesaresubjecttoAS,buthowthisprocessis
regulatedisstillpoorlyunderstood. Ourgrouppreviouslyidentified
thepolypyrimidinetract-bindingproteins AtPTB1and AtPTB2
as plant AS regulators, controlling more than 450 events with
implicationsinmany physiologicaland developmental processes.
Inourcurrentresearch, weinvestigatethemechanisticlevel of
PTB-mediated ASinA. thaliana. Weidentifiedbinding motifs for
AtPTB1/2inselectedtargetsanddemonstratedtheirimportance for
correctASinvitroandinvivo. Wefurtherrevealedthat AtPTB1/2
exhibittissue-specificcontrolofindividualmRNAs,includingthe
PTB2transcriptitself. ThisregulationdependsonPTBbinding
motifsandistightlypatterned, withlowactivityinexteriortissues
likethe seed coatand high activityinreproductive organs. The
tissue-specificactivitypatternsalsoledtotheidentificationofa
newtarget,areceptor-likekinasethatundergoesaPTB-dependent
splicingswitchandmightbeinvolvedinreproduction.Intotal,our
work providesevidence that AtPTB1/2-controlled ASinplants
isamore complexandcloselyregulated processthanpreviously
known. Future studies will attempt to identify co-regulatory
factors and uncover furtherbiological functions tounderstand
howtissue-specificityisconveyedinplant ASandhowitshapes
developmental processes.

P3.15 ALTERNATIVE SPLICING OF A
HEAT STRESS TRANSCRIPTION FACTOR
SHAPED THERMOTOLERANCE DURING
TOMATO DOMESTICATION

™ WEDNESDAY 3 JULY, 2019 ©® 10:55

@ SOTIRIOS AKIS FRAGKOSTEFANAKIS (GOETHE UNIVERSITY
FRANKFURT, GERMANY), REMUS ROZENKRANZ (GOETHE
UNIVERSITY FRANKFURT, GERMANY), YANGJIE HU (GOETHE
UNIVERSITY FRANKFURT, GERMANY), JOSE M JIMENEZ-GOMEZ
(INSTITUT JEAN-PIERRE BOURGIN, INRA AGROPARISTECH,
CNRS, FRANCE), ENRICO SCHLEIFF (GOETHE UNIVERSITY
FRANKFURT, GERMANY)

@ FRAGKOST@BIO.UNI-FRANKFURT.DE

Exposure to high temperatures leads to a massive molecular
reprogramming to enforce protection of molecules and cellular
structureswhichareessentialforsurvivalandrecoveryfromstress.
Heatstresshasamajorimpactonpre-mRNA splicinglandscapeand
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consequentlyproteomeabundanceanddiversity. Weshowthat
thecapacityoftomatogermplasmtoadapttoabrupttemperature
changesthatcauseheatstresswasreducedduringdomestication.
Differences in thermotolerance are associated with variation
intemperature-sensitive pre-mRNA splicing of the heat stress
transcriptionfactorHsfA2. Weidentifiednucleotide polymorphisms
involved in splicing efficiency of the second intron of HsfA2.
Temperature-sensitivealternative splicingleadstotwo HsfA2
proteinisoforms. HsfA2-Iisinvolvedinlong-termthermotolerance
andgradualadaptationtoheatstress, whileHsfA2-IIfunctionsin
immediateresponseandthereforestimulatestherapidadaptation
capacityofplantstohightemperatures. HsfA2ZAAAandHsfA2GAG
alleles characterized by efficient intron splicing and synthesis
of HsfA2-IT are prominently presentin wild accessions and are
thereforemorethermotolerantthanmoderncultivars. Theselection
forHsfA2GGGhaplotypeduringtomatodomesticationmoderated
thermotolerance due to reduced HsfA2-II levels. Two Serine/
Arginine-richproteinfamilymembersmediateintronretention
inHsfA2duringheatstress,therebyensuringtheaccumulation of
HsfA2-Itoincreaseplantfitnessandacclimationunderlong-term
andrepeatedcyclesofstress. Ourresultsgiveinsightsintoacentral
heatstressresponsemechanismthatcontributestoplantplasticity
torespondtodifferentstressregimes.

P3.16 THE SR45 SPLICING FACTOR
PLAYS OPPOSING ROLES IN THE

REGULATION OF STRESS RESPONSES
DURING EARLY PLANT DEVELOPMENT

™ WEDNESDAY 3 JULY, 2019 ©® 11:15

@ DORA SZAKONYI (INSTITUTO GULBENKIAN DE CIENCIA,
PORTUGAL), RAQUEL F CARVALHO (INSTITUTO GULBENKIAN DE
CIENCIA, PORTUGAL), PAULA DUQUE (INSTITUTO GULBENKIAN
DE CIENCIA, PORTUGAL)

©@ DSZAKONYIEIGC.GULBENKIAN.PT

The capacitytocope with adverse environmental conditionsis
criticalforplantsurvivalandreproduction. Abioticstresssignals
triggerabscisicacid (ABA)dependentmolecularpathwaysleading
tokeyadaptivechangesingrowthanddevelopment. Wepreviously
reported that the Arabidopsis thaliana SR45 splicing factor
negativelyregulates ABAandsugarsignallingduring cotyledon
development. Wedemonstratedthatunderhigh glucose conditions,
anSR451oss-of-functionmutant containshigheramountsofthe
SnRK1protein—anenergy-sensingkinasecoordinatingsugarand
stressresponses —whicharesuppressedbyaproteasomeinhibitor
indicatingthat SR45promotestargetingof SnRK1fordegradation.
OurresultsalsoshowedthatSR45 controlsalternativesplicing of
multiplegenes,including5PTasel3phosphatase,aknownregulator
of SnRK1stabilityinvitro. However, gel-shiftassaysindicatethat
SR45isunabletobinddirectlythe 5PTasel3RNA,andtransient
expressionofthetwo5PTasel3splicevariantsinisolatedarabidopsis
leafprotoplastsdoesnotdifferentiallyaffect SnRK1levels,refuting
arolefor5PTasel3inSR45-mediated controlof sugarresponses.
Remarkably, ourlatestresultsreveal thatloss of SR45 function
causeshyposensitivityto ABAandsugarsduringseedgermination,
withmolecularmarkerscorroboratingthenotionthatthe SR45
splicingfactorshiftsfrompositivelytonegativelyregulating ABA-
mediatedstressresponsesduringthefirststepsofplantgrowth.
Wearecurrentlysearchingforsplicingtargetsunderlyingthese
opposing SR45stressfunctionsduringearlyplantdevelopment.
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P3.17 ALTERNATIVE SPLICING
CONTROL OF ABIOTIC STRESS
RESPONSES

™ WEDNESDAY 3 JULY, 2019 ©® 11:35

@ PAULA DUQUE (INSTITUTO GULBENKIAN DE CIENCIA,
PORTUGAL)

©@ DUQUEPEIGC.GULBENKIAN.PT

AlternativemRNA splicingisahighlyprevalentposttranscriptional
geneexpressionregulationmechanismineukaryoticgenomes,
whosefunctionalsignificanceremainspoorlyunderstoodinplant
systems. Asapotentenhancerofthegenome’scodingandregulatory
capacities thatismarkedly affected by external cuesin plants,
alternativesplicingislikelytoplayadeterminantroleintheability
oftheseorganismstocopewithenvironmentalstress. Arginine/
serine-rich (SR) proteins are highly conserved RNA-binding
proteinsplayingkeyrolesinalternativesplicing. Ongoingworkin
ourlabwiththeSRproteinfamilyofthemodelorganismArabidopsis
thalianaisprovidingfunctionallinksbetweenalternativesplicing
andplantresponsestoabioticstress, particularlythosemediated
bytheabscisicacid (ABA)hormone.Interestingly, thesesplicing
factorsappeartodisplaydifferentmodesof ABAsignalingregulation
and act specifically during the initial stages of plant growth
anddevelopment.

P3.18 THE ARABIDOPSIS SR PROTEIN
SR34A NEGATIVELY REGULATES ABA-
MEDIATED STRESS RESPONSES DURING
SEED GERMINATION AND EARLY
SEEDLING DEVELOPMENT

™ WEDNESDAY 3 JULY, 2019 ©® 12:10

@ TOMLALOUM (INSTITUTO GULBENKIAN DE CIENCIA,
PORTUGAL), PAULA DUQUE (INSTITUTO GULBENKIAN DE
CIENCIA, PORTUGAL)

©@ TLALOUM@IGC.GULBENKIAN.PT

Plantosmoticstressespromotethesynthesisofthehormoneabscisic
acid (ABA), which triggers major gene expression changes and
physiologicalresponsestoadapttoenvironmentalstress. While
thetranscriptionalandposttranslational controlof ABA-mediated
plantstressresponseshasbeenwellestablished,emergingevidence
pointsalsotoacentralroleforposttranscriptionalregulationin
thisprocess.Inagreement, plantmutantsdefectiveindifferent
RNA-bindingproteinshavebeenfoundtobe severelyimpaired
intheirresponsetostressesmediatedby the ABAhormone. We
recentlyidentifiedthe Arabidopsisthaliana SR34agene—encoding
aserine/arginine-rich (SR) proteinbelongingtoaconservedfamily
of splicing factors with key roles in alternative splicing—as a
negativeregulator of ABA-mediated stressresponses.Infact,a
trueloss-of-functionmutantforthis SRprotein, sr34a-1,displays
markedhypersensitivitytoexogenous ABA application,aswell
astohighsalinityanddroughtstressduringseed germinationand
thetransitionfromheterotrophictoautotrophicgrowth (cotyledon
greening). Accordingly,theexpressionofseveral ABAmarkergenes
isclearlyupregulatedinsr34a-1.Togainmechanisticinsightintothe
modeofactionof SR34a,theRNAstargetedbythissplicingfactor
willbeidentifiedusingcomplemented mutantlinesexpressinga
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greenfluorescentprotein (GFP)-taggedversionof SR34aunderthe
controlofitsendogenouspromoterandacombinationofiCLIPand
RNA-seqanalyses.Resultsstemmingfromthisworkareexpected
tocontributetoelucidatehow SRproteinsandalternativesplicing
controlplantphysiologicalresponsesunderenvironmentalstress.

P3.19 A NOVEL RNA-BINDING PROTEIN
INVOLVED IN ABA SIGNALLING AND
METABOLISM

™ WEDNESDAY 3 JULY, 2019 ® 12:12

@ RUI ALBUQUERQUE MARTINS (INSTITUTO GULBENKIAN DE
CIENCIA, PORTUGAL), JAMES ROWE (SAINSBURY LABORATORY,
CAMBRIDGE UNIVERSITY, UNITED KINGDOM), ALEXANDER M
JONES (SAINSBURY LABORATORY, CAMBRIDGE UNIVERSITY,
UNITED KINGDOM), PAULA DUQUE (INSTITUTO GULBENKIAN DE
CIENCIA, PORTUGAL)

@ RFMARTINS@IGC.GULBENKIAN.PT

Alternativesplicingisakeyposttranscriptionalgeneregulatory
mechanismthatgreatlyexpandsthecodingcapacityofeukaryotic
genomes. Althoughthefunctionalrelevanceofalternativesplicing
inplantsystemsremainspoorlyunderstood,recentevidencepoints
tofunctionalrolesforserine/arginine-rich (SR) proteins,whichare
majormodulatorsofalternativesplicing.Indeed, severalloss-of-
functionmutantsforseveral ArabidopsisthalianaSRproteinshave
beenfoundtoexhibitalteredstressresponsesaswellassensitivity
and/ormetabolismofthephytohormoneabscisicacid (ABA).Here
weshowthatknockingouttheA. thalianaRSZ21 geneleadsto ABA
hyposensitivityatdifferentstagesofearlyseedlingdevelopment.
Thesephysiologicalphenotypesarecorroboratedatthemolecular
levelby areduced ABA-mediatedinduction of established ABA
markergenessuchasRAB18,confirmingthattheRSZ21protein
actsasapositiveregulatorof ABAresponses. Moreover, reduced
inductionofthekey ABAbiosynthesisgene NCED3inresponseto
saltstressinthersz21-Imutantsuggestsarolein ABAbiosynthesis.
Theregulationandmolecularmode ofactionofthis SR proteinin
ABA-mediatedstressresponseswillbeinvestigatedcombining
transcriptomic,biochemicalandcellbiology approachestoassess
whether ABAlevelsanddynamicsareaffectedbyRSZ21function
and identify the mRNAs targeted to modulate the response to
stress.Elucidatingthemechanismsgoverningposttranscriptional
control of ABA signalling and metabolism may open the way to
developmentofnovelstrategiestoimproveplanttolerancetoadverse
environmentalconditions.
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P3.20 ALTERNATIVE TRANSCRIPTS
OF ARABIDOPSIS MAJOR FACILITATOR
SUPERFAMILY TRANSPORTER GENE
DETERMINE FUNCTIONAL ROLES IN
THE RESPONSE TO ENVIRONMENTAL
AND HORMONAL CUES

™ WEDNESDAY 3 JULY, 2019 © 12:14

@ MARIA NINO-GONZALEZ (INSTITUTO GULBENKIAN DE CIENCIA,
PORTUGAL), PAULA DUQUE (INSTITUTO GULBENKIAN DE
CIENCIA, PORTUGAL)

@ MFGONZALEZ@IGC.GULBENKIAN.PT

TheMajorFacilitator Superfamily (MFS)representsthe second
largestfamilyoftransportersonearthandisoneofonlytwogroups
oftransporterscommontoallformsoflife. Aswithmanyothergene
families,theMFSislargelyexpandedinplants;infact,thegenomeof
themodelplantArabidopsisthalianaappearstoencodeover 200 MFS
genes,thevastmajorityof whichremainuncharacterised. Several
arabidopsisMFStransportershavebeenstudiedinourlaboratory,
revealingnotonlykeyrolesintheresponsetoenvironmentalstress,
butalsostrikingexamplesofthebiologicalrelevanceofalternative
splicing-akeyposttranscriptionalmechanismtogenerateproteome
diversityandregulategeneexpression—-inplantsystems.Here,we
describeongoingworkaimedatthefunctionalcharacterisation
ofanA. thaliana gene encoding anovel MFS transporter, which
wehavetemporarilynamed MFS18.Ourresultsshowthat,apart
fromthecanonicaltranscriptencodingthefull-lengthprotein,two
alternativevariantsaregeneratedthroughalternativesplicing
orpolyadenylation.BoththesevariantmRNAscodeforthesame
truncatedproteinduetotheuseofthesameintronicstopcodon.Loss
ofthecanonicaltranscriptcauseshypocotylhypersensitivityto
thehormonegibberellin(GA), whereashypersensitivitytochilling
hasbeen observed in mutant seedlings lacking the alternative
transcripts. Together, theseresultscorroborateafunctionalrole
forthe MFS18transporterinthecontrolofplantcellexpansionin
responsetocoldstressand GA, mediatedbythedifferenttranscripts
generatedfromthisarabidopsisgene.

P3.21 ROLES FOR SNRNP BIOGENESIS
IN PLANT DEVELOPMENT AND
ENVIRONMENTAL RESPONSES

™ WEDNESDAY 3 JULY, 2019 ©® 14:30

& MISATO OHTANI (NAIST-BS, JAPAN)

@ MISATO@BS.NAIST.JP

Smallnuclearribonucleoproteins (snRNPs), whichcontainsmall
nuclearRNAs(snRNAs)andtheirspecificinteractingproteins,are
corecomponentsofthespliceosome, themolecularmachineryfor
pre-mRNA splicing.snRNPsarebuiltupthroughthecomplicated
stepwiseprocesses;first,snRNAs, essential componentsofsnRNPs,
should be transcribed, processed, and modified by the specific
regulators,andthenthematuredsnRNAswillinteractwithspecific
proteinsinastep-by-stepmanner,tobecomesnRNPs. Interestingly,
the Arabidopsismutantsof snRNPbiogenesisfactorshavebeen
showntobedefectivenotonlyforplantdevelopmentbutalsofor
the responses to environmental factors, such as temperature
and salinity. In this talk, based on our recent findings of the
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snRNA transcription-deficientmutant srd2andthesnRNA cap
hypermethylation-deficientmutantattgs,Iwouldlike todiscuss
rolesforactiveregulationof snRNPbiogenesisinplantdevelopment
andenvironmentalresponse.

P3.22 MERISTEM-DEFECTIVE, A NOVEL
SPLICING FACTOR WHICH IS ESSENTIAL
FOR ROOT MERISTEM DEVELOPMENT IN
ARABIDOPSIS

™ WEDNESDAY 3 JULY, 2019 ©® 15:05

@ HELEN L THOMPSON (DURHAM UNIVERSITY, UNITED KINGDOM),
WEIRAN SHEN (DURHAM UNIVERSITY, UNITED KINGDOM), DAVID
DOLAN (DURHAM UNIVERSITY, UNITED KINGDOM), CRISTIANE
CALIXTO (DUNDEE UNIVERSITY, UNITED KINGDOM), MEDHAVI
KAKKAR (DURHAM UNIVERSITY, UNITED KINGDOM), SINA
MOZAFFARI-JOVIN (MAX PLANCK INSTITUTE OF BIOPHYSICAL
CHEMISTRY, GERMANY), CARL JONES (DURHAM UNIVERSITY,
UNITED KINGDOM), JENNIFER TOPPING (DURHAM UNIVERSITY,
UNITED KINGDOM), SUSHMA N GRELLSCHEID (DURHAM
UNIVERSITY, UNITED KINGDOM), KEITH LINDSEY (DURHAM
UNIVERSITY, UNITED KINGDOM)

©@ HELEN.L.THOMPSON@DURHAM.AC.UK

Around 61% of Arabidopsis intron-containing genes undergo
alternativesplicingandspliceisoformvariantshavebeenreported
indifferentcelltypes,organsanddevelopmentalstages. Examples
havebeenshownofinvolvementinabioticstressresponse,circadian
clockgeneregulationanddevelopment. Weareinvestigatingtherole
ofanovelsplicingfactorMDFinthedevelopmentofthe Arabidopsis
root meristem. The MDF gene is predominantly expressed in
localisedareasofincreased mitoticactivitysuchastherootand
apicalmeristemsandfunctionsindependently ofauxinregulation.
The null T-DNA mutant mdf-I displays aberrant root meristem
developmentandkeymeristemregulatorygenesaredownregulated.
MDFishomologoustohumanSART1andourmodellingpredictsit
hasasimilartertiarystructure. SART linteractswithPrp6andPrp8
inthehumanU4/U6snRNPduringBcomplexformationandweare
investigatingwhetherMDFinteractssimilarlywiththe Arabidopsis
spliceosome. OurRNA sequencingand HR-RTPCR analysis show
thatinmdf-1keycomponentsofthesplicingcyclearealternatively
splicedalongwithasubsetof SR genesreportedtobeassociated
with root development. MDF also appears to have arolein the
abiotic stress response through the isoform switching of two
splicevariants. Wewillpresentourmodelofhow MDFregulates
the balance between stem cell identity, meristem activity and
differentiationthroughalternativesplicingofothersplicingfactors
andmeristem-specificgenes.
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P3.23 A LONG NON-CODING RNA
REGULATES ALTERNATIVE SPLICING

™ WEDNESDAY 3 JULY, 2019 ©® 15:25

@ MARTIN CRESPI (INSTITUTE OF PLANT SCIENCES PARIS-
SACLAY, FRANCE), J BAZIN (INSTITUTE OF PLANT SCIENCES
PARIS-SACLAY, FRANCE), T ROULE (INSTITUTE OF PLANT
SCIENCES PARIS-SACLAY, FRANCE), C HARTMANN (INSTITUTE
OF PLANT SCIENCES PARIS-SACLAY, FRANCE), T BLEIN
(INSTITUTE OF PLANT SCIENCES PARIS-SACLAY, FRANCE),

C CHARON (INSTITUTE OF PLANT SCIENCES PARIS-SACLAY,
FRANCE), L LUCERO (UNIVERSIDAD NACIONAL DEL LITORAL,
ARGENTINA), F ARIEL (UNIVERSIDAD NACIONAL DEL LITORAL,
ARGENTINA)

@ MARTIN.CRESPIEIPS2.UNIVERSITE-PARIS-SACLAY.FR

Non-coding RNAs have emerged as major components of the
eukaryotic transcriptome. Long non-coding RNAs (IncRNAs)
acteitherdirectlyorareprocessedtoshortermiRNAandsiRNAs
andactthroughspecificribonucleoproteincomplexestomodulate
theexpressionof mRNA targets. Genome-wide RNA sequencing
inrootsidentified many ArabidopsisIncRNAs,suchassi/miRNA
precursors,antisenseorintergeniclncRNAs.Inaddition,ribosome
profilinghasallowedustomorepreciselydefinethecodingpotential
of IncRNA and to pinpoint arole of small ORF translationin ta-
siRNA biogenesis. Targeted analysis of IncRNA identified that
the ALTERNATIVE SPLICING COMPETITOR (ASCO) IncRNA
interactswithNuclearSpeckleRNABindingProteins (NSRs)to
regulatealternativesplicing (AS)patternsofseveralmRNAslinking
ASCOactiontoalternativesplicing. Theeffectoftheknockdown
of ASCO (RNAi)atgenome-widelevelshowedthatonlyaminor
subsetofgenesoverlappedwiththe AS defectsofthensra/bdouble
mutant.Inparticular,ahighnumberofderegulatedandalternatively
splicedgenesin ASCORNAiplantswererelatedtoflagellinresponse
andbioticstress.Inagreement, ASCO-deregulated plantsaremore
sensitivetoflagellin. Furthermore, wedemonstratedthat ASCO
alsointeractswithPRP8a,akeycomponentofthespliceosome.Our
resultshinttheexistenceofadynamicnetworkbetweenlncRNAs
andsplicingfactorstomodulatetranscriptomediversityduring
development,conditioningtheresponsetoenvironmentalcues.

P3.24 EXPLORING FUNCTIONS OF
NONSENSE-MEDIATED RNA DECAY
IN PLANTS: RNA QUALITY CONTROL
AND BEYOND

™ WEDNESDAY 3 JULY, 2019 ©® 16:30

@ KAREL RIHA (CEITEC MASARYK UNIVERSITY, CZECH REPUBLIC),
VIVEK K RAXWAL (CEITEC MASARYK UNIVERSITY, CZECH
REPUBLIC), JUAN C ENTIZNE (UNIVERSITY OF DUNDEE,

UNITED KINGDOM), JIRADET GLOGGNITZER (INSTITUTE OF
BIOCHEMISTRY ETH, SWITZERLAND), WENBIN GUO (UNIVERSITY
OF DUNDEE, UNITED KINGDOM), CRAIG SIMPSON (UNIVERSITY
OF DUNDEE, UNITED KINGDOM), JOHN BROWN (UNIVERSITY OF
DUNDEE, UNITED KINGDOM)

©@ KAREL.RIHA@CEITEC.MUNI.CZ

Nonsense-mediated RNAdecay (NMD)isanevolutionaryconserved
RNA control mechanism that targets aberrant transcripts for
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degradation. NMD was alsoimplicated in broaderregulation of
gene expression. We discovered that NMD suppresses defense
responsethroughregulatingstabilityof TNLimmunereceptors.
NMD is downregulated upon bacterial infection and this
mechanismcontributestobolsteringplantdefense. Weperformed
indepthcomparativeanalysisofplantslackingthekeyproteins
involvedindifferentstepsof NMD. AlthoughSMG7and UPF1act
non-redundantly ontheconsecutivestepsof NMD, we observed
differentimpactofsmg7andupfInullmutationsonplantgrowth
and transcriptome. UPF1 inactivation had much greater effect
onaccumulationofaberrantly splicedmRNA andtranscriptome
homeostasis than SMG7, indicating existence of yet unknown
branch of NMD in plants that is parallel to SMG7/5/6 pathway.
Transcriptomeassemblyinupf1plantsrevealednovelalternatively
splicedisoformsneverdetectedbeforeunderlyingimpactof NMD
ontranscriptomemaintenance. Toexaminetheimpactof UPF1
ontranslation, weanalyzed RNA inmonosomal and polysomal
fractionsofribosomesinupfI mutants. Weobservedaglobalshift
of mRNAs from polysomes to monosomes. Interestingly, NMD
targetsaswellaslowexpressingmRNA with shorthalf-lifewere
shifted frommonsomestopolysomesinupflindicatingroleof UPF1
insuppressingtranslationofaberrantRNAs. Particularlystriking
wasincreaseintranslationof TNLimmunereceptors. Regulationof
TNLsviaUPF1/NMD-mediatedmRNA stabilityandtranslational
de-repressionoffersadynamicmechanismforrapidactivationof
TNLsinresponsetopathogenattack.

P3.25 TWO UPSTREAM ORFS OF AN
ARABIDOPSIS ZINC TRANSPORTER
ACT AS A FAIL-SAFE MECHANISM TO
REPRESS TRANSLATION

™ WEDNESDAY 3 JULY, 2019 ©® 17:05

& ESTHER NOVO-UZAL (INSTITUTO GULBENKIAN DE CIENCIA,
PORTUGAL), DORA SZAKONYI (INSTITUTO GULBENKIAN DE
CIENCIA, PORTUGAL), PAULA DUQUE (INSTITUTO GULBENKIAN
DE CIENCIA, PORTUGAL)

@ ENOVOIGC.GULBENKIAN.PT

Upstreamopenreadingframes (uORFs)areprotein-codingregions
inthe5’untranslatedregion (UTR)of mRNAs. Theyareknowntobe
abletoaffecttranslationofthemain ORF (mORF),usuallyreducing
thelevels of protein production due to a decreasein translation
efficiency. Around 20-50% of eukaryotic genes contain uORFs,
andinthemodelplant Arabidopsisthalianathese geneshavebeen
estimatedtobe35%,withabouthalfharbouringmultipleuORFs.
Nevertheless, veryfewuORFsinplantgeneshavebeenexamined
fortheirfunctionalsignificance. WeidentifiedthreeuORFs,named
uORF1,u0RF2anduORF3,inthearabidopsis ZIF2 (Zinc-Induced
Facilitator2) gene.ZIF2isamembranetransporterthatmediates
vacuolarcompartmentalizationofzincinrootcorticalcells, thereby
conferringplanttolerancetotheheavymetal. Wehavefoundthat
simultaneousdisruptionofalluORFsresultsinamarkedincreasein
theactivityoftheluciferasereportergene,demonstratingtheability
ofatleastoneZIF2uORFtoinhibitmORFtranslation.Disruptionof
eachindividualuORFrevealedthatuORF2isthemainplayerinthe
observedtranslationalrepression, whereasuORF1doesnotaffect
translationanduORF3istranslatedandinhibitsmORF translation
onlyintheabsenceofuORF2.WethuspostulatethattheZIF2uORF3
actsasafail-safemechanismtoinhibittranslation,toourknowledge
thefirstobservationofsuchamodeofregulationinplantsystems.
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P4 STOMATAL AND PHOTOSYNTHETIC
REGULATION OF WATER USE

EFFICIENCY

ORGANISED BY: ANDREW LEAKEY (UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN)

AND TRACY LAWSON (UNIVERSITY OF ESSEX)

P4.1 WHERE AND WHEN IS HIGH VS LOW
STOMATAL CONDUCTANCE FAVORABLE
TO BIOMASS ACCUMULATION: A
PROBABILISTIC APPROACH

™ THURSDAY 4 JULY, 2019 ©® 09:00

@ FRANCOIS TARDIEU (INRA MONTPELLIER, FRANCE),
BORIS PARENT (INRA MONTPELLIER, FRANCE), LLORENC C
BOSQUET (INRA MONTPELLIER, FRANCE), SANTIAGO A PRADO
(INRA MONTPELLIER, FRANCE), CLAUDE WELCKER (INRA
MONTPELLIER, FRANCE)

@ TARDIEU@SUPAGRO.INRA.FR

The control of stomatal conductance involves numerous
processes,withageneticvariabilityeach,includinghydraulics
and the synthesis of different hormones by different organs.
This complexity of mechanismsis overridden by evolutionary
constraints,summarisedbysimplerulesoperatingoverweeks, vs
minutesforstomatalcontrol. (i) Stomatal closure, orintrinsically
lowstomatal conductance,isfavourablewheneversavingwateris
usefultocompletetheplantcyclewithsufficientavailablesoilwater
resource. (i) Itisunfavourable wheneverthisriskislow, because
ofphotosynthesisreduction,and/orincaseofheatstressbecause
transpirationpreventsleafheating. Therelevanceoftheseruleswas
demonstrated, firstly, viatheanalysis/modellingof thebehaviour
ofplantswith contrastingabilitiestosynthesizeabscisicacidand,
secondly, viathegeneticanalysisofamulti-sitefieldexperiment
thatrevealedthatalocuscontrolling ABA synthesishaspositive
ornegativeeffectsonyielddependingonenvironmentalscenarios.
Hence,designingplantswithoptimumstomatalconductanceisa
probabilisticexercisethatinvolvesthemostlikelyenvironmental
scenariosinagivensite, withcurrentorfutureclimates.Becauseit
isnotfeasibletoanalysegasexchangesofhundredsofgenotypes
forgeneticanalyses, weproposeanindirectmethodforderivingthe
parametersofstomatalbehaviourbased onphenomicanalysesof
transpirationandleafarea. Thismethod,appliedtoalargedataset,
providedgenomicregionsaffectingstomatalconductancewith
conditionaleffects.Resultinggenotypicparameterscanbeinserted
inamodelthatpredictswhereandwhenagivenstomatalbehaviour
favoursbiomassandyield.

P4.2 NOVEL ASPECTS OF CARBON
DIOXIDE SIGNALLING IN STOMATA

[ THURSDAY 4 JULY, 2019 ® 09:30

& DEIRDRE HMCLACHLAN (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), PENG SUN (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), ALISTAIR M HETHERINGTON (UNIVERSITY OF
BRISTOL, UNITED KINGDOM)

© BZDML@BRISTOL.AC.UK

Stomata are pores on the surface ofleaves thatallow CO, entry
for photosynthesis and also contribute to the regulation of the
transpirationstream. Aswaterlossfromevapotranspirationcould
potentiallyleadtodehydrationstress,theporeapertureistightly
controlled. Stomatal apertureis modified to suit the prevailing
environmental conditionsandthisprocessinvolvessensingand
respondingtomultipleindividualstimuli.Inthisstudy, wehave
investigatedthemechanismof CO,-inducedstomatalclosureand
compared it with two other well-studied closure pathways - to
thestresshormone ABA andtothemicrobialstresspeptidefig22.
Wehaveusedgasexchange,directaperturemeasurementsand
intracellularimagingtoexaminethesignallingpathwaysforCO,,
andtheirintegrationwiththeflg22and ABApathways. Thishas
allowedustoidentifynewcomponentsofthesignallingpathways
thatleadtoCO,-induced stomatal closure. More surprisingly, we
havediscoveredthatalternate CO, signallingpathwaysareused
dependingontheplantgrowthconditions. Thishasrevealedan
extralayerofcomplexitytothemechanismsbehindtheintegration
ofsignalsandtheinterplay withmetabolicstate.
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P4.3 STOMATAL BLUE LIGHT RESPONSE
AND THE IMPACT ON ASSIMILATION AND
WATER USE EFFICIENCY

™ THURSDAY 4 JULY, 2019 © 09:45

@ TRACY LAWSON (UNIVERSITY OF ESSEX, UNITED KINGDOM),
JACK SA MATTHEWS (UNIVERSITY OF ESSEX, UNITED KINGDOM),
SILVERE VIALET-CHABRAND (UNIVERSITY OF ESSEX,

UNITED KINGDOM)

© TLAWSON@ESSEX.AC.UK

Stomata control the uptake of CO, for photosynthesis and at the
sametimewaterlossthroughtranspiration, whichaidsinnutrient
uptakeandevaporativecoolingoftheleaf.Stomataopeninresponseto
increasinglight,howeverthisresponsedependsonthewavelengthsof
light,andgenerallytwodifferentresponseshavebeenidentified. The
firstisnamedthe “red”lightormesophyllresponse,andoccursathigh
lightintensitiesandislinkeddirectly totherate of photosynthesis.
Thesecondisthe “specificblue”lightresponse, whichoccursandis
saturatedatlightlevelstoolowtodrivephotosynthesis. Thismeans
thatunderredbluecombinationsstomataareoftenmoreopenthan
theyneedtobetoachievemaximumCO,uptakeforphotosynthesis,
andthereforetheratioofcarbongaintowaterlossthroughstomatal
conductance(g,),knownasintrinsicwateruseefficiency (W)),is
reduced. Wehavequantifiedtheimpactofbluelightong ,assimilation
rate(A)andW.inarangeofdifferentspeciesandhavecomparedthese
responsesto theeffectofredlightalone. Wediscussthesefindings
inthelightofmanipulatingthebluelightresponseforimprovingW,
incropplants.

P4.4 IMAGING WATER USE EFFICIENCY
UNDER DYNAMIC ENVIRONMENTAL
CONDITIONS

™ THURSDAY 4 JULY, 2019 ©® 10:00

@ SILVERE VIALET-CHABRAND (UNIVERSITY OF ESSEX,
UNITED KINGDOM), MARTIN BATTLE (UNIVERSITY OF ESSEX,
UNITED KINGDOM), TRACY LAWSON (UNIVERSITY OF ESSEX,
UNITED KINGDOM)

©@ SRMVIA@ESSEX.AC.UK

Plant phenotyping, the quantitative description of plants’
anatomical, ontogenetical, physiological and biochemical
properties,iskeytoassessgeneticdiversityandidentifytargets
forgeneticmanipulationtoimproveplantperformanceandyield.
Intrinsic water use efficiency (W,), net CO, assimilation rate
(A) divided by stomatal conductance to water vapor (g, )isan
importantphysiologicaltraitdisplayingcomplexdiurnalkinetics
thataredifficulttomeasurewithhighthroughput. Underdynamic
environmental conditions, differencesin Abetweenplantscan
be due to differences in photosynthetic capacities, enzymatic
activation (e.g. PSII, RuBisCO) and stomatal limitation of CO,
diffusiontothesitesof carboxylation,allof whichinfluence W..
Temporalresponses of g are generally an order of magnitude
slowerthanAandnotonlylimitAbutalsohaveanimpactonleaf
transpirationandtemperature,influencingplantyieldandwater
budget. Althoughveryprecise, thescalabilityofleafgasexchange
methodstoestimateAandg,_ islimitedandisbecomingamajor
technicalbottleneckforlargescalegeneticstudies.Incontrast,
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chlorophyllfluorescenceimagingandthermographyallowrapid,
non-contactmeasurement ofalargenumberofplants,however
theirbiologicalinterpretationismorechallenging. Derivingg_,
fromthermogramsusingenergybalanceequationsisstillextremely
difficult and is not widely used. Recent advances in imaging
methodsandinterpretationofchlorophyllfluorescenceimaging
andthermographyarepresentedwithinsightsonhowstomatal
behaviourimpactthespatialandtemporalresponseof W, undera
dynamicenvironment.

P4.5 IONIC EFFECTS MAY ALTER THE
CONSERVED STOMATAL DYNAMICS
WITHIN CUCURBITACEAE

™ THURSDAY 4 JULY, 2019 ©® 10:15

@ TSU-WEI CHEN (INSTITUT FUR GARTENBAULICHE
PRODUKTIONSSYSTEME, GERMANY), JENNIFER MEIER (INSTITUT
FUR GARTENBAULICHE PRODUKTIONSSYSTEME, GERMANY)

@ CHEN@GEM.UNI-HANNOVER.DE

Recentdatashowedsignificantvariabilitiesindynamicsof stomatal
conductance(g,)betweenandwithinplantgenusandshowedthe
correlationsbetweenthemorphologicaltraits,stomataldynamics
(SD)andwhole-plantwateruse. Hereweexamined thediversityin
SDandmorphologyin10cucurbitslinesor F1-cultivarsrepresenting
themajorphylogeneticcladesin Cucurbitaceae (five cultivarsin
Cucumissativus,twocultivarsin Curcubitamaximaandonecultivar
inLagenariasiceraria, Luffacylindricaland Momordica charantia). SD
inresponsetolight-onandlight-off (from 100to 1,000 pmol photon/
m?/s andviceversa)wascharacterizedby thetime constant (k) for
g toachievesteady-state, theinitiallaginresponsetothechanging
lightenvironment (A) andthemaximumrateofstomatalopening
(S,...)-Despitesignificantdifferencesintheirstomatalmorphology,
thestudies speciesand cultivars are not differentin their kand
S, ..oindicatingconservedSDinhighwater-consuming cucurbit
crops.Interestingly, positive correlationwasfoundbetweenAand
stomatallength. Usingthecultivar “Aramon” of Cucumis sativus,
we further tested the ionic effects on the SD by applying seven
different mixtures of 30 mM NaCl, NaNO,, KCland KNO, after
the developmental acclimation of the measured leaves. These
treatmentsallowedobtaininghealthyleaveswithoutdifferences
intheirstomatalmorphologybutsignificantlydiversecationand
anionconcentrations. HighK* concentrationsinleavesretarded k
(p<0.001)withoutaffectingthemaximalg,S, . andAwhilethe
effectsof Na* wereopposite, highlightingtheeffectsofcationson
stomataldynamics.
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P4.6 CUTTING EDGE SCIENCE:
INVESTIGATING CELL WALL STRUCTURE
IN GRASS STOMATA USING LASER
MICRODISSECTION

™ THURSDAY 4 JULY, 2019 ©® 10:17

@ SHAUNI MCGREGOR (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), JULIE GRAY (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), ANDREW FLEMING (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM)

@ SRMCGREGOR1@SHEFFIELD.AC.UK

Plantscontroltheirrate ofgasexchangeandwaterlosstobestsuitthe
currentenvironmentbychangingthesizeoftheirstomatal pores.
Thisisachievedbytheguardcells,whichreversibly changeshape
inordertomodulatetheapertureofthe stomatal pore. Tofacilitate
this shape change, the guard cell wall is repeatedly deformed
andmustundergorecurrentstressandstrain, whichisreflected
inthespecialisedstructureoftheguardcellwall. Grassspecies,
which provide approximately half of the calories consumed by
humansworldwide,haveacharacteristicstomatalstructureand
cellwallcomposition. However,howthecharacteristiccellwall
compositionofthegrassesaffectsstomatalfunctioniscurrently
unknown.Myresearchshowsthatwallsofgrassstomataarehigh
inthepolysaccharidexylan,andthatdifferenttypesofxylansare
differentiallydistributedacrossgrassstomatal complexes.Iwill
reportonexperimentsaimedatidentifyingwhichxylansynthesis
genesareinvolvedingeneratingthesecellwallepitopepatternsin
grassstomataandprogresstowardsgeneratingmutantsinthese
genestotesttheirfunctionalsignificance. Thisapproachexploits
lasermicrodissection,atechniquethatenablesspecificcelltypes
tobeisolated for downstream analysis, offering aninnovative
approachtoscreenforgeneexpressioningrassstomataatasingle
celllevel.

P4.7 EXPLAINING VARIATION IN
STOMATAL APERTURES AT A WHOLE
LEAF SCALE

™ THURSDAY 4 JULY, 2019 ©® 10:19

@ GLYNDWR S JONES (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), DEIRDRE M MCLACHLAN (UNIVERSITY OF BRISTOL,
UNITED KINGDOM), COLIN BROWNLEE (MARINE BIOLOGICAL
ASSOCIATION, UNITED KINGDOM), ALISTAIR M HETHERINGTON
(UNIVERSITY OF BRISTOL, UNITED KINGDOM)

@ GJ14238@BRISTOL.AC.UK

Stomataareporesonthesurfaceofleaveswhichopenandclosein
responsetoenvironmentalstimuli. Stomatalaperturesvaryacross
thesurfaceoftheplantleafandthisheterogeneityisdescribedas
stomatalpatchiness. Thisphenomenonhasbeendifficulttostudy
asitis hard to measure the changesin apertures of stomatain
differentregionsconcurrently. However,anoveldevelopmentin
opticalimaging (www.strathclydemesolab.com)hasnowmadethis
possible. TheMesolensallowsverywidefieldimagestobecaptured
atlowmagnification,butwithexceptionallyhighresolution.Post-
captureitisthen possible to “zoomin” on different areas of the
leafandmeasuretheaperturesofstomata. Asthe Mesolensalso
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hasfluorescencecapabilitiesitispossibletomonitorintracellular
signallingdynamicsduringaperturechangesbyusingfluorescent
indicators. Wehaveshownthatinresponsetofundamental stimuli,
therearequantifiabledifferencesinstomatalaperturesindifferent
leaf regions. In addition to this we have used the arabidopsis
calciumreporterline R-GecomTurquoise toshow differencesin
calciumdynamicsofindividual stomataonawholeleafscaleas
wellasstimulusspecificdifferencesinpatternsofcalciumsignal
propagationacrossaleaf. Byusingacombinationoffluorescence
imagingandstomatalaperturemeasurementsitispossibletofurther
ourunderstandingofhowstomatavaryintheirresponsestostimuli
andhowthesesignalsarepropagatedthroughoutaleaf.

P4.8 PHYSIOLOGICAL PERFORMANCE
UNDER SUPRA-OPTIMAL TEMPERATURES
OF HYPOMORPHIC ARABIDOPSIS
MUTANTS ALTERED IN STOMATAL
ABUNDANCE

™ THURSDAY 4 JULY, 2019 ©® 10:22

@ MONTANA MENA (FACULTAD DE CIENCIAS AMBIENTALES Y
BIOQUIMICA, UNIVERSIDAD DE CASTILLA-LA MANCHA, SPAIN),
MARIA LUISA PEREZ-BUENO (DEPARTMENT OF BIOCHEMISTRY
AND MOLECULAR AND CELL BIOLOGY OF PLANTS, EEZ-CSIC,
SPAIN), JONATAN ILLESCAS (FACULTAD DE CIENCIAS
AMBIENTALES Y BIOQUIMICA, UNIVERSIDAD DE CASTILLA-

LA MANCHA, SPAIN), AMANDA MARTIN-FORERO (FACULTAD DE
CIENCIAS AMBIENTALES Y BIOQUIMICA, UNIVERSIDAD DE
CASTILLA-LA MANCHA, SPAIN), ALBERTO DE MARCOS (FACULTAD
DE CIENCIAS AMBIENTALES Y BIOQUIMIC, UNIVERSIDAD DE
CASTILLA-LA MANCHA, SPAIN), CARMEN FENOLL (FACULTAD

DE CIENCIAS AMBIENTALES Y BIOQUIMICA, UNIVERSIDAD DE
CASTILLA-LA MANCHA, SPAIN), MATILDE BARON (DEPARTMENT
OF BIOCHEMISTRY AND MOLECULAR AND CELL BIOLOGY OF
PLANTS, EEZ-CSIC, SPAIN)

© MONTANA.MENA@UCLM.ES

Plantsregulategasexchangewiththeatmospherethroughstomata,
dynamicmicroscopic valvesthatdevelopinthe otherwise gas-
impermeableaerialepidermis. Stomatanumber, sizeanddistribution
determinethemaximumpotentialforgasexchange,influencing
transpiration and photosynthesis —and thence plant survival
andperformance—underdifferentenvironments.InArabidopsis,
stomatal abundance (SA) is a complex character established
duringleafgrowthbyanetwork ofkeyregulatory genes ofthis
developmentalprocess, the outcomeofthesenetworksinfluenced
bygeneactivityandenvironmentalgrowthconditions. Inthiswork,
weexaminethebehaviour,underdifferentgrowthtemperatures,
ofasetofviablemutantscarryinghypomorphicallelesfor some of
thesegenes,whichdisplaydistinctSAphenotypes. Weassessed
theirphysiological performancethroughnon-invasiveimaging
techniques at optimal (22°C) and supra-optimal (30°C) growth
temperatures,aswellastheircapacityforadaptationwhenshifted
from22°Ct030°C. Weevaluatedthephotosyntheticactivityinterms
of PSIIfunctionality,andthestressseveritybythecapacity for
photoprotection (non-photochemicalquenching). Wealsomeasured
thesurfacetemperaturetoestimatedifferencesintranspiration.
In parallel, we recorded morphological traits such as stomatal
density,stomatalsizeandleafthickness,andexamined theimpact
oftemperatureregimesonplantgrowthbymeasuringleafnumbers,
projectedrosettearea,dryweightandFeret’sdiameteroftherosette
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inthevariousgenotypesgrownunderthedifferentconditions. We
willpresenttheresultsof comparisonsamonggenotypesandgrowth
conditions,aimedatestablishingpossible correlationsbetween
geneticallydetermined SA andphysiologicalperformanceunder
supraoptimaltemperatures.

P4.9 STOMATAL DEVELOPMENT IS
TIGHTLY CONNECTED WITH SYNTHESIS
OF THE EPICUTICULAR WAXES IN MODEL
PLANT ARABIDOPSIS THALIANA

™ THURSDAY 4 JULY, 2019 ©® 10:23

& MARIE HRONKOVA (BIOLOGY CENTRE CAS, INSTITUTE OF PLANT
MOLECULAR BIOLOGY, CZECH REPUBLIC), JITKA NEUWIRTHOVA
(UNIVERSITY OF SOUTH BOHEMIA IN CESKE BUDEJOVICE
FACULTY OF SIENCE, CZECH REPUBLIC), DANA WIESNEROVA
(BIOLOGY CENTRE CAS, INSTITUTE OF PLANT MOLECULAR
BIOLOGY, CZECH REPUBLIC), MARIE SIMKOVA (BIOLOGY
CENTRE CAS, INSTITUTE OF PLANT MOLECULAR BIOLOGY,
CZECH REPUBLIC), CHARLOTTE PETRUSCHKE (DEPARTMENT
OF ECOPHYSIOLOGY, IZMB UNIVERSITY OF BONN, GERMANY),
VIKTORIA ZEISLER- DIEHL (DEPARTMENT OF ECOPHYSIOLOGY,
IZMB UNIVERSITY OF BONN, GERMANY), LUKAS SCHREIBER
(UNIVERSITY OF SOUTH BOHEMIA IN CESKE BUDEJOVICE
FACULTY OF SIENCE, GERMANY), JIRE SANTROCEK (UNIVERSITY
OF SOUTH BOHEMIA IN CESKE BUDEJOVICE FACULTY OF SIENCE,
CZECH REPUBLIC)

©@ HRONKOVA@UMBR.CAS.CZ

Stomata, asepidermalpores,playapivotalroleindevelopmental
plasticityunderdifferentenvironmental conditionsbecausethey
markedlybalancegasexchange, mainlytranspiration. Moreover,
theaerialpartsofplantsarecoveredbyalayerofcuticle. Thisaffects
wateruseefficiency (WUE), whichiscrucialforplantsespecially
underdroughtconditions. Stomataldevelopmentintheepidermis
isstronglypromotedbyhighlightintensity.Inparallel,theamount
and compound structure of cuticular waxes seem to be tightly
integratedwithstomataldevelopmentbyacomplexofsignalling
andcommunicationlinksamongtheleaftissuelayers.Lightalso
representsanimportantexternalfactorpromotingtheformation
ofepicuticularwaxes.Basedonourexperimentswithbothstomatal
(StRNAi,epfl,2andtmm:changesinstomataldensity)andcuticular
(cutl/cer6andattl:modified waxesandcutinamounts) mutants
of Arabidopsisthaliana,we canconcludethatchangesinstomatal
densityrelatetotheamountand compoundstructureofepicuticular
waxesbyasofarunknownmechanismthatislikelysidespecific. The
developmentofstomataldensityis,however,morelikelyinfluenced
bytheamountand compoundstructureofepicuticularwaxesthan
bytheamountofcutin. Thismayrepresentawaybywhichplants
optimisetheirWUE.
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P4.10 MANIPULATION OF STOMATAL
DENSITY IN CEREALS: CURRENT
UNDERSTANDING AND FUTURE
OPPORTUNITIES

™ THURSDAY 4 JULY, 2019 ® 10:25

@ EMILY L HARRISON (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), ROBERT CAINE (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), CHRISTOPHER HEPWORTH (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), JULIE GRAY (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM)

©@ E.L.HARRISON@SHEFFIELD.AC.UK

Asweenteratimeofunprecedented climatechange,thereisan
urgent need to develop water-use-efficient crops that are able
to withstand multiple abiotic stresses, including dwindling
water availability, increasingly extreme droughts and rising
temperatures. Plants primarily regulate their water loss and
temperatureviaadjustmentstospecialisedepidermalporescalled
stomata,throughchangesinstomatalapertureorbyalteringhow
stomatadeveloponyoungleaves. The EPIDERMALPATTERNING
FACTOR(EPF)familyofsecretedpeptidesareinvolvedinregulating
stomataldevelopment;throughmanipulationofthesegenes, we
havealreadyengineeredseveralimportantcropspecies,including
riceandbarley,tohavesignificantlyfewerstomata.Inthisposter,
weexplorehowthisreductioninstomataldensityhasoptimised
transpirationandledtoimproved water-use-efficiencyanddrought
toleranceinthesekeyC, staplecrops, without deleteriouseffects
onyield. Wearenowbeginningtoinvestigatethemanipulationof
EPF geneexpressionintheworld’smostabundantlyproducedcrop;
C,maize.Currently,itisunclearhowaltering stomataldensity,and
thusstomatalconductance, willimpactonthecarbonconcentrating
mechanismpresentinthe C, photosyntheticpathway.Here, the
potential physiological consequencesofthisarediscussed.
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P4.11 WATER USE EFFICIENCY
SORGHUM TECHNOLOGIES: INCREASING
STOMATAL RESISTANCE TO WATER LOSS
IN SORGHUM

™ THURSDAY 4 JULY, 2019 ©® 11:00

@ JOHN FERGUSON (UNIVERSITY OF ILLINOIS AT URBANA-
CHAMPAIGN, UNITED STATES), NATHAN MILLER (UNIVERSITY
OF WISCONSIN-MADISON, UNITED STATES), SHIRLEY SATO
(UNIVERSITY OF NEBRASKA-LINCOLN, UNITED STATES), PETER
SCHMUCKER (UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN,
UNITED STATES), ANNA DMITIEVA (UNIVERSITY OF ILLINOIS
AT URBANA-CHAMPAIGN, UNITED STATES), CHARLES PIGNON
(UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN, UNITED
STATES), TIM WERTIN (UNIVERSITY OF ILLINOIS AT URBANA-
CHAMPAIGN, UNITED STATES), KEVIN XIE (UNIVERSITY OF
ILLINOIS AT URBANA-CHAMPAIGN, UNITED STATES), DUSTIN
MAYFIELD-JONES (UNIVERSITY OF ILLINOIS AT URBANA-
CHAMPAIGN, UNITED STATES), DYLAN ALLEN (UNIVERSITY OF
ILLINOIS AT URBANA-CHAMPAIGN, UNITED STATES), MICHAEL
GORE (CORNELL UNIVERSITY, UNITED STATES), EDWARD
BUCKLER (CORNELL UNIVERSITY, UNITED STATES), PATRICK
J BROWN (UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN,
UNITED STATES), TOM CLEMENTE (UNIVERSITY OF WISCONSIN-
MADISON, UNITED STATES), EDGAR SPALDING (UNIVERSITY OF
WISCONSIN-MADISON, UNITED STATES), ANDREW D.B. LEAKEY
(UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN,

UNITED STATES)

@ FERGUSON@ILLINOIS.EDU

Wateruseefficiency (WUE)isakeytargettraitforcropimprovement
since water availability is the primary limitation to crop yield
globally. WUE is defined as the ratio of carbon fixed through
photosynthesistowaterlostviatranspiration. Thisexchangeis
modulatedbythemorphologyandpatterningofstomatal complexes.
Modellingsuggeststhatreducingstomataldensityin C4cropssuch
asSorghumcouldinturnreducestomatalconductance, thereby
improvingWUE. Tothisend, weareemployingtwoapproaches
toimprovethe WUE of Sorghum. Firstly, we aretransgenically
manipulating stomatal density by altering the expression of
key genesinvolved in stomatal development. Secondly, we are
screeningthenaturaldiversityoftropicalaccessionsfor WUEand
stomatal-relatedtraits. Throughourtransgenicapproach,wehave
substantiallyincreasedthedroughtresistance of Sorghumand
increased WUEby >20%. Thesetransgeniclineshavebeenfurther
testedinfield conditionsunderanovelrainoutshelterin2018.Our
assessmentofthenaturaldiversityhasfacilitated theidentification
ofcandidategenesthroughassociationmappingandilluminated
thesignificanceof stomataldensityforregulatingWUE.
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P4.12 ENGINEERING STOMATA TO
REDUCE CROP WATER USE

™ THURSDAY 4 JULY, 2019 ©® 11:30

@ JULIE GRAY (UNIVERSITY OF SHEFFIELD, UNITED KINGDOM),
PAUL QUICK (INTERNATIONAL RICE RESEARCH INSTITUTE,
PHILIPPINES), ROBERT CAINE (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), JIA XIN (INTERNATIONAL RICE RESEARCH
INSTITUTE, PHILIPPINES), LEE HUNT (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), EMILY HARRISON (UNIVERSITY
OF SHEFFIELD, UNITED KINGDOM), JENNIFER SLOAN
(UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

© J.E.GRAY@SHEFFIELD.AC.UK

Stomata are pores that open to allow carbon dioxide to enter
and close to reduce water loss. Understanding the signalling
componentscontrollingstomataldevelopmenthasallowedusto
studythephysiologicaleffectsofalteringstomatalconductance.
By manipulating the level of peptide signals we have produced
modelandcropspecieswithawiderangeofstomataldensities. We
havecreatedcerealplantsoverexpressingepidermalpatterning
factors which suppress stomatal development, and gene edited
plantstoknockoutanantagonisingpeptidefactorwhichnormally
promotesstomatal development. Under controlled environment
conditions, ourcropswithreducedstomataldensityhavelower
levelsoftranspiration,requirelesswatertogrowandyetmaintain
seed yields. They also have enhanced drought tolerance and
improved wateruse efficiency. Forexample,rice seedlings with
approximatelyhalftheusualnumberofstomatauseonly 60% of
thenormalamountofwaterandarebetterabletosurvivedrought,
evenathightemperature (40°C).

P4.13 DEVELOPMENTAL INNOVATIONS
OF STOMATAL FORM AND FUNCTION
IN GRASSES

™ THURSDAY 4 JULY, 2019 ©® 14:10

@ MICHAEL T RAISSIG (HEIDELBERG UNIVERSITY, GERMANY),
TIAGO DG NUNES (HEIDELBERG UNIVERSITY, GERMANY), DAN
ZHANG (HEIDELBERG UNIVERSITY, GERMANY), HEIKE LINDNER
(HEIDELBERG UNIVERSITY, GERMANY)

@ MICHAEL.RAISSIG@COS.UNI-HEIDELBERG.DE

Plantsoptimizecarbonassimilationwhilelimitingwaterlossby
adjustingstomatalaperture.Ingrasses,adevelopmentalinnovation
—the addition of subsidiary cells (SCs) flanking two dumbbell-
shapedguardcells(GCs)—issupposedlylinkedtothegrassfamily’s
improvedstomatalgasexchangeefficiency. Amutantscreeninthe
wheatrelativeandmodelgrass Brachypodiumdistachyonidentified
atranscriptionfactornecessaryandsufficientfor SCformation.
Unexpectedly,thetranscriptionfactorisanorthologofthestomatal
regulator AtMUTE,which defines GCprecursor fatein Arabidopsis.
Thenovelroleof BAMUTEinspecifyinglateral SCsappearslinkedto
itsacquisition of cell-to-cellmobilityin Brachypodium.Physiological
analyses on bdmute mutant plantslacking SCs experimentally
support classic hypotheses that SCs permit greater stomatal
responsivenesstoenhancewateruseefficiencyandlargerrange of
poreaperturestoincreasephotosyntheticcapacity. Recently, we
profiledthetranscriptome of developingand matureleafregions
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of both wild-type and SC-less bdmute plants to identify novel
factorsregulatingSCdevelopmentandSCfunction,respectively.
Discoveringgenesrequiredfor SCfunctionwillhelpunderstandhow
SCsactuallyimprovestomatalgasexchangedynamicsingrasses.
Understandinghow SCsareformedandenablegrassestobreathe
moreefficientlymightallowengineeringofstomatal properties
in many different crops to improve water use efficiency and
plantperformance.

P4.14 IDENTIFICATION AND
FUNCTIONAL CHARACTERIZATION
OF GENES IN THE GUARD CELL CO,
SIGNALING PATHWAY IN MAIZE

™ THURSDAY 4 JULY, 2019 © 14:40

@ ANTHONY J STUDER (UNIVERSITY OF ILLINOIS, UNITED
STATES), ROBERT J TWOHEY III (UNIVERSITY OF ILLINOIS,
UNITED STATES)

@ ASTUDEREILLINOIS.EDU

Thebalanceof CO, uptakeforphotosynthesisandtranspirational
waterlossisadynamicprocessthatiscontrolledbyguardcells. Guard
cellaperturechangesinresponsetoavariety ofenvironmental
factors such as atmospheric CO, levels, humidity, light, and
temperature. The CO, signaling pathway has been previously
describedinArabidopsis,althoughthereisevidencethatthemonocot
pathwayisnotfunctionallyidenticaltothepathwayfoundindicot
species. Ourworkusesphysiologicalanalysisof geneticmutants
todissectthepathwayinmaize. Duetoarelativelyrecentwhole-
genomeduplication, many paralogous gene copies exist, which
complicatesthefunctionalcharacterizationandrequiresdouble
andtriplemutants.Leaflevel gasexchangemeasurementswereused
tolookatthephysiologicalresponseofthemutantstoenvironmental
stimuli,andleafimagingwasemployedtoassaypossiblechanges
instomatalpatterning. Unlikein Arabidopsis,noneofthesignaling
mutantsshowedachangeinstomatal patterning. Also,ourdata
suggestthatthesignalingpathwaymaybenon-linear.Finally,some
ofthemutantsaffectednotonly guardcellsignalingbutalsonet
photosynthesis,indicatingapossibledualfunction. Understanding
theguardcellCO, signalingpathwayisoneavenuetoexplorethe
relationshipbetweenphotosynthesisandtranspiration. Other
linesofresearchthatrelatetotheoptimizationoftranspiration for
increasewater-useefficiencywillalsobediscussed.
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P4.15 LEAF STRUCTURAL, ANATOMICAL
AND BIOCHEMICAL DETERMINANTS OF
MESOPHYLL CO, CONDUCTANCE IN C,
GRASSES

™ THURSDAY 4 JULY, 2019 ©® 14:55

@ ASAPH COUSINS (WASHINGTON STATE UNIVERSITY, UNITED
STATES), VARSHA S PATHARE (WASHINGTON STATE UNIVERSITY,
UNITED STATES), NURIA KOTEYEVA (KOMAROV BOTANICAL
INSTITUTE OF THE RUSSIAN ACADEMY OF SCIENCES, RUSSIA)

@ ACOUSINSeWSU.EDU

Mesophyllconductance (g, )describesthemovementofCO,from
substomatal cavities to the site of carboxylation in mesophyll
cell. Thisisanimportanttraitthatcouldbemodifiedtoenhance
photosyntheticrates(A_)andintrinsictranspirationefficiency
(TE,). However, littleisknownaboutwhatleaftraitsinfluenceg_in
C,species.Therefore, weevaluatedthestructural,anatomicaland
biochemicaltraitsthatcouldexplaing_-variabilityin18C,grasses.
There was a four-fold variationin g_among the C,grasses that
positivelyrelatedtoA _andTE butnotstomatalconductance(g,).
Thelackofcorrelationbetweeng_andg suggeststhatenhancing
g.canimproveA  andTE withoutanincreaseing andwaterloss.
Leaftraitssuchasleafthickness(Thick),stomatalratio(SR),
adaxial stomatal densities (SD,, ) and mesophyll surface area
exposedtointercellularairspaces (S, )allhadpositiverelationships
betweeng_.ThissuggeststhatgreaterSRandSD_, reducedthe
effective CO,diffusionpathlengthandincreasesinS__ provided
moreparallel pathwaysfor CO, diffusionintothemesophyllcells
therebyincreasingg, .Therewasalsoapositiverelationshipofg,
withcarbonicanhydraseactivities(k.,)andleafNcontent(N_ ),
suggestingsomebiochemicalinfluenceong _.Takentogether,our
resultssuggestthatSR,SD_, ,S__ andk_,arethepotentialtraitsthat
couldbemodifiedforenhancingg andTE,inC, grasses.(Supported
by U.S.DepartmentofEnergy, Grant#DE-SC0001685.)

P4.16 DISSECTING THE COORDINATION
OF LEGUME STOMATAL AND ROOT
DEVELOPMENT TO ENHANCE CROP WATER
USE EFFICIENCY

™ THURSDAY 4 JULY, 2019 ©® 15:25

& CASPAR CC CHATER (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), OSWALDO VALDES-LOPEZ (FES IZTACALA UNAM,
MEXICO), ROSA BRIANDA DE LA SANCHA PEREZ (IBT UNAM,
MEXICO), CORAL MARTINEZ MARTINEZ (IBT UNAM, MEXICO),
ALEJANDRA COVARRUBIAS ROBLES (IBT UNAM, MEXICO), JULIE
GRAY (UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

@ C.CHATER@SHEFFIELD.AC.UK

Legume crops are generally sensitive to water deficit and
drought stress. Wateruse efficiency (WUE), theratio of carbon
uptake to water loss through stomata, is a useful breeding
target to improve crop drought responses and yield. Lowering
stomatal conductance (g,), throughreducing stomatal density
(SD) improves WUE, and legume crops may benefit from this
without a corresponding photosynthetic penalty. Rhizobial
nitrogen (N) fixationenhanceslegumeleafN content,enabling
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photosynthesisatlowerg_,and thus mitigatingleaf waterloss.
ByreducingSDinlegume cropswemay thereforeenhance WUE,
Nuseefficiency (NUE),andyieldsunderwaterdeficitandreplete
conditions. High WUE legumes could therefore play a central
roleinthesustainableintensification ofglobalagricultureunder
climate change, requiring fewer water and fertiliser inputs.
LowSDcanbeobtainedbyinhibitingstomatal development, but
this can also change rhizosphere development and root water
dynamics. Asrhizobial symbiosisiscentraltolegume NUEand
WUE, anunderstandingofthecoordinationbetweenSD, g ,and
roottraitsincludingnodulation,isessentialifwearetodevelop
novellegumecropsforsustainableagriculture. Here we explore
theserelationshipsandtheirimplicationsforbreedinghigh WUE
‘Climate-Ready’legumesforfuturefoodsecurity.

P4.17 DYNAMIC CHANGES IN ABA
CONTENT IN WATER-STRESSED POPULUS
NIGRA: EFFECTS ON CARBON FIXATION,
SOLUBLE CARBOHYDRATES AND
HYDRAULIC RECOVERY

™ THURSDAY 4 JULY, 2019 ©® 15:40

@& CECILIABRUNETTI (NATIONAL RESEARCH COUNCIL TREES AND
TIMBER INSTITUTE, ITALY), ANTONELLA GORI (UNIVERSITY
OF FLORENCE DAGRI, ITALY), TADEJA SAVI (UNIVERSITY
OF NATURAL RESOURCES AND LIFE SCIENCES, DIVISION OF
VITICULTURE AND POMOLOGY DEPARTMENT, AUSTRIA), ANDREA
NARDINI (UNIVERSITY OF TRIESTE DEPARTMENT OF LIFE
SCIENCE, ITALY), FRANCESCO LORETO (NATIONAL RESEARCH
COUNCIL DISBA, ITALY), MAURO CENTRITTO (NATIONAL
RESEARCH COUNCIL, TREES AND TIMBER INSTITUTE, ITALY)

@ CBRUNETTIEIVALSA.CNR.IT

Droughtcompromisesplantsabilitytoreplacetranspired water
vapourwithwaterabsorbedfromthesoil. Hydraulicand chemical
signalsoperateintandemtoregulate systemic plantresponses
todroughttoavoidextensivexylemdysfunction. Thehormone
abscisicacid(ABA)playsamajorroleinregulatingstomatalclosure
andactsasaroot-to-shootsignalunderwaterdeficit. Populusnigra
seedlingswereusedasmodelsystemstoinvestigatehowhormonal
andhydraulicsignalscontributetooptimizestomatal(g,), mesophyll
(9,,)andleafhydraulic(K, ;) conductanceunder well-watered (WW)
and water-stressed conditions (WS); a possible role for ABA in
mobilizingnon-structuralcarbohydrates (NSC) withintheleafand
stem;andapossiblerelationshipbetweenNSCandxylemhydraulic
functionupondroughtandre-watering. Ourresultsdemonstrate
that ABAregulatesthephotosyntheticmachineryonadailybasis
inbothWWand WS conditionstooptimize wateruseefficiency
(WUE).Inaddition,apossiblerelationshipbetween ABAandNSC
intheleavesandstemarereported,suggestingpotentialrolesofthis
hormoneincarbohydratemetabolism. Wealsohypothesizethatthe
mobilization of stemcarbohydratesmightpromotetherestoration
ofxylemtransportcapacity.
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P4.18 THE EFFECT OF ELEVATED
CARBON DIOXIDE ON PHOTOSYNTHESIS
IN MATURE OAK WOODLANDS

™ THURSDAY 4 JULY, 2019 ©® 15:55

@ ANNA M GARDNER (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM)

©@ AXGO42@STUDENT.BHAM.AC.UK

Anthropogeniccarbondioxide(CO,)isthemaingreenhousegas
driving change in the Earth’s climate. Rising CO, is expected
to stimulate photosynthesis, but limited studies have been
conductedonmatureforests.Itisuncertainhowmaturetemperate
forestecosystemsmayrespondtothefuture CO,emissionsand
what interacting environmental factors may influence this.
This experiment has been conducted at the Birmingham
Institute of Forest Research Free Air Carbon Enrichment
Experiment (BIFoR-FACE). BIFoR-FACE is set in a mature
oak (Quercus robur L.) woodland and provides additional
CO, to 30m diameter experimental plots. This simulates the
future atmospheric conditions in 50 years’ time (+150ppm).
Gasexchangemeasurementshavebeenconductedinthesecond
year of CO, fumigation (2018) in the upper canopy of oak trees
from bud burst (June) to leaf fall (October). This study used a
pairedplotdesign (n=3)usingelevated CO, plots(eCO,)(550ppm)
and ambient control plots (aC0O,)(400ppm). Measurements
of carbon assimilation and water exchange between the
oak leaves and the atmosphere have been used to calculate
photosynthesis,stomatal conductanceand wateruseefficiency.
Thefirstseasonresultshaveseenanincreaseincarbonassimilation,
intheeCO, plots,inadditiontoadecreaseof stomatal conductance
andoverallincreaseinwateruseefficiency. TheeffectofeCO, has
beeninfluencedbyseasonanddiurnalfluctuationsinenvironmental
variables. These data will help understand the physiological
responses,attheleaflevel,andresilienceof maturetemperateforest
ecosystemstoclimatechange.

P4.19 ORGANIC ELECTRONIC ION PUMP
FOR ANIONIC HORMONE DELIVERY IN
INTACT PLANTS

™ THURSDAY 4 JULY, 2019 ® 15:57

@ MIRIAM HUERTA (LINKOPING UNIVERSITY, SWEDEN), IWONA
BERNACKA-WOJCIK (LINKOPING UNIVERSITY, SWEDEN), TOBIAS
ABRAHAMSSON (LINKOPING UNIVERSITY, SWEDEN), ROGER
GABRIELSSON (LINKOPING UNIVERSITY, SWEDEN), MAGNUS
BERGGREN (LINKOPING UNIVERSITY, SWEDEN), DANIEL SIMON
(LINKOPING UNIVERSITY, SWEDEN), ELENI STAVRINIDOU
(LINKOPING UNIVERSITY, SWEDEN)

© MIRIAM.HUERTAeLIU.SE

Plants are the main source of food, oxygen, renewable energy,
materials,andregulatorsoftheecosystem.Stomataconsistofa
pairofguardcellsthatformmicroscopicporesintheleaves, which
mainroleisthe active gasses exchange and water evaporation
enablingphotosynthesisandtranspiration. Abscisicacid, ABA,
playsanessentialroleinthesignalingmechanismthattriggers
the stomata closure. The organic electronicion pump (OEIP) is
anelectrophoreticdevicethatallowsprecisedeliveryofionsand
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chargedbiomoleculeswithhighspatiotemporalresolution. This
devicehasbeenappliedinmammaliansystemsfortherapy, mainly.
Here,wereportforthefirsttimetheuseof OEIPforelectroniccontrol
of ABAdeliveryinordertoregulatethestomataclosureinintact
plants.Forthedeliveryofthephyto-hormone ABA,weusedanew
generationoftheionpumpthatisbasedonglasscapillarytubesand
hasanoveralldiameterof 60pm. Thesmalldiameterofthe pump
allowseasyinsertioninleavesofintactplantsthroughtheepidermis
intotheinternalareaoftheleaf. Wedemonstratedthatthestomata
closeafter ABAdeliverywiththeorganicelectronicionpumpandthe
stomataneartotheionpumpclosefasterthantheonesfurtheraway.
Inaddition,wedidnotobserveanysignificantwoundeffectnearby
theinsertionofthepumpsuggestingthatourmethodisnoninvasive.
Ourtechnologyoffersanewtool forstudying ABAsignalinginplants
withimplicationsinplantresponsestoenvironmentalchanges.

P4.20 A LACK OF ABA BIOSYNTHETIC
OR SIGNALLING MACHINERY LEADS TO
SLOWED STOMATAL MOVEMENTS

™ THURSDAY 4 JULY, 2019 ©® 15:59

@ ASHLEY J PRIDGEON (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), ALISTAIR M HETHERINGTON (UNIVERSITY OF
BRISTOL, UNITED KINGDOM)

©@ ASHLEY.PRIDGEON@BRISTOL.AC.UK

Abscisicacid(ABA)isahormonethathasbeenextensively studied
especiallyinthecontextofthe plantdroughtresponse. Itisknownto
affectvariousaspectsofplantphysiology,includingthe promotion
ofstomatalclosureandtheinhibition of stomatalopening. However,
thefunctionof ABAanditsassociatedbiosynthesisandsignalling
machineryisn’tstrictlylimitedtothedroughtresponse.Research
ispointingtowards ABA playingamoregeneralroleinmodulating
plantresponses toavarietyofsignals. One of the fundamental
signalsthatstomatarespondtoislight(qualityandquantity). When
exposedtowhitelightstomataopen,andwhenthelightisreduced
ortaken away stomata close. Here weinvestigate ABA’srolein
modulatingstomatalresponsestolight. Using ABAbiosynthesisand
signallingmutantsweshowalackof ABAproductionorperception
leadstoadecelerationofstomatalmovementinresponsetochanging
levelsoflight.

P4.21 THE ROLE OF GUARD CELL
CHLOROPLASTS IN STOMATAL
BEHAVIOUR AND CO-ORDINATION
WITH MESOPHYLL PHOTOSYNTHESIS

™ THURSDAY 4 JULY, 2019 © 16:01

@ AMNAH M ALAMRI (UNIVERSITY OF ESSEX, UNITED KINGDOM),
ULI BECHTOLD (UNIVERSITY OF ESSEX, UNITED KINGDOM),
TRACY LAWSON (UNIVERSITY OF ESSEX, UNITED KINGDOM)

© AA16381@ESSEX.AC.U

Anexpandingglobalpopulationandachangingclimatearemajor
factorsinfluencingcropyields,increasingpressuretofindsolutionsto
ensuresufficientfoodandfuelproductionforfuturegenerations. The
biomassofacropdependsonthecumulativerateofphotosynthesis
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and the rate of carbon fixation can be limited by the internal
concentrationof CO,.Stomataregulategaseousexchangebetween
theleafinteriorandtheexternalairsurroundingtheleaf, thereby,
controlling CO, uptakeforphotosynthesis,andsimultaneouslywater
lossandevaporativecoolingthroughtranspiration.Bothstomatal
conductance (g,) and photosynthesis (A) respond to changes in
environmental conditionsanda close correlationbetweenAand
g.isoftenreported. However,themechanism(s)thatco-ordinate
stomatal behaviour with A are not clear. Guard cells contain
functional chloroplasts and we have examined the role of these
guardcellchloroplastinstomatalfunctionandinparticularitsrole
inthe coordination between stomatal behaviour and mesophyll
photosynthesis.Inordertodothis,wehaveproducedtransgenic
tobacco (Nicotianatabacum)plantswithaltered expressionlevels
of the Calvin cycle enzyme Sedoheptulose-1,7, bis-phosphatase
(SBPase)andtheelectrontransportprotein,RieskeFeSspecifically
inguardcells. Theimpactofthesemanipulationsonphotosynthesis
andstomatalbehaviourisdiscussed.

P4.22 IS CARBON ISOTOPE
DISCRIMINATION A RELIABLE
TRAIT TO SUPPORT CHICKPEA
CROP IMPROVEMENT PROGRAMS?

™ THURSDAY 4 JULY, 2019 ©® 16:03

@ MILLICENT R SMITH (ICRISAT, INDIA), RUTWIK BARMUKH
(ICRISAT, INDIA), MANISH ROORKIWAL (ICRISAT, INDIA),
JANA KHOLOVA (ICRISAT, INDIA), ALICE KUJUR (ICRISAT,
INDIA), ERIN L LOCKHART (UNIVERSITY OF SYDNEY,
AUSTRALIA), JAMES MALONEY (UNIVERSITY OF SYDNEY,
AUSTRALIA), MARGARET M BARBOUR (UNIVERSITY OF SYDNEY,
AUSTRALIA), RAJEEV K VARSHNEY (ICRISAT, INDIA)

©@ MILLICENT.R.SMITH@GMAIL.COM

AkeygoalforchickpeaimprovementatICRISATistoincreasewater
useefficiency (WUE). Theuse of carbonisotopediscrimination
(d'*C)asaproxyfortranspirationefficiency (TE) hasbeentested
widelyinattemptstoinvestigateplantwateruse. However, 5*C
estimated from chickpea has not related well to TE in previous
studies. We explore the influence of leaf acids and extraction
techniquesond!®*Candapplythisnewmethodfor3!*C collection
to a fine mapping population, varying for traits related to TE.
Methodstestingdemonstratedthattheremovalofleafacidsprior
to analysis of the leaf soluble carbohydrate pool led to a closer
correlationwithintrinsicWUE(A/g,). Totestthismethodonalarger
scale,weusedtherobustgravimetricmethodtoestimate TE (dry
matterproducedperunitofwatertranspired)usingafinemapping
populationphenotypedinlysimetersandthe LeasyScanplatform
whilesimultaneously sampling5'*Ctoassess TEattheleaflevel.
Alongside8*Cand TE,wateruseovertheseason,canopytraits,
roottraitsandagronomictraitsweremeasured. Wefoundthata
significantproportionofvariationforagronomicperformancewas
explainedbycropvigourand TErelated parameters. Analysisis
continuingtoinvestigate QTLsunderlyingmeasuredtraitsand
narrowdownthecandidate genesfunctionallyassociatedwith
WUE. Thisresearchwillassistthecropimprovementprogramto
designchickpeawell-suitedtotargetenvironmentspronetowater
stresseventuallytranslatingtofoodsecurityandbetterincomes
forchickpeafarmingcommunities.
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P4.23 IMAGING THE MESOPHYLL IN
3D TO ELUCIDATE THE STRUCTURE/
FUNCTION RELATIONSHIPS IN LEAVES
OF WHEAT AND ITS WILD RELATIVES

™ THURSDAY 4 JULY, 2019 ©® 16:05

@ MATTHEW WILSON (THE UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), MARJORIE LUNDGREN (THE UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), ANDREW MATHERS (THE
UNIVERSITY OF NOTTINGHAM, UNITED KINGDOM), CRAIG
STURROCK (THE UNIVERSITY OF NOTTINGHAM, UNITED
KINGDOM), SACHA MOONEY (THE UNIVERSITY OF NOTTINGHAM,
UNITED KINGDOM), COLIN OSBORNE (THE UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), ANDREW FLEMING (THE
UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

@ MJWILSON2@SHEFFIELD.AC.UK

Stomatalcharacteristicsandtheinternalarrangementofmesophyll
cellswithinleaveshaveadirectimpactuponphotosynthesisand
wateruseefficiency (WUE). Myresearchhasrevealedthatthere
isarelationshipbetweenstomatalpatterning,stomatalsizeand
stomatalconductancein Triticumspecies. Hexaploid wheat (Triticum
aestivum)hasfewer,largerstomatathanthosefoundontheleaves
ofitswildrelatives (T. baeoticum, T. urartu=2n; T. araraticum, T.
dicoccoides=4n).Diploidlineshavethehighestfrequencyofsmall
stomata, whilsttetraploidlineshaveintermediate stomatalsize
and density. These differencesin stomatal size and density are
mirrored by stomatal conductance. Diploid lines have a higher
stomatal conductance than theirhexaploid counterparts, with
tetraploidlineshavingmiddlingconductancerates. Furthermore,
usingX-raypCTtoinvestigateinternalleafstructuresuggeststhat
thereisapositive correlation betweenthelevel ofintercellular
airspaceintheleaf(mesophyllporosity-%airspace/volume)and
stomatal conductance. Additionally,Thave successfully developed
amethodviawhichthewheatmesophyllcanbereconstructedin
3Dtocellularresolutionusing confocalimagingandprocessing
usingLithographXsoftware.Usingthistechniquelhavebeenable
toinvestigatewhetherstomatalsize/density changesobserved
duringdomesticationareparalleledbyalterationsinmesophyll
cellsizeandshape.

|
P4.24 3D IMAGING OF GUARD CELLS

™ THURSDAY 4 JULY, 2019 ©® 16:07

@ ELLIE HEALICON (THE UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), JULIE GRAY (THE UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), ANDREW FLEMING (THE UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM)

@ EGHEALICON1@SHEFFIELD.AC.UK

Stomataarecriticalforplantsurvivalbyregulatingplantresponseto
internalandenvironmentalchanges,suchasdrought,temperature
andpresenceofpathogens. Forstomatatofunction,theguardcells
undergoextremeandrepeatedshrinkingandstretchingandmust
withstandinternalpressurechangesmorethanthatofwhichadeep-
seadiverwouldexperience. Modellingindicatesthatcellshapeis
crucialforunderstandinghow guard cellsmechanicallyrespondto
suchshiftsinpressure,yettherehasbeenlimitedcharacterisation
of 3D guardcellshapechangeduringopening/closureof stomata.
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Ipresentamethodofimagingstomatausingconfocalmicroscopy,
creating3Dreconstructionsoftheguardcellsusingopen-source
LithographXsoftware. Thesereconstructionsprovidequantitative
dataontheguardcellvolumeandsurfaceareachangesthatoccur
duringstomatalopening/closure,aswellasinformationonthe
shapechangesthatunderpinthesedata.lwillreportonon-going
experimentsfrombothwild-typeandmutantplantswhichdisplay
alteredstomatalfunction, withtheaimofdiscoveringtheextent
to which cell shape (rather than cell wall material properties)
modulatesstomatalfunction. Thesedatawillfeedintostomatal
mechanicalmodels, providingadeeperinsightintotheinteraction
of cellshapeandfunction.

P4.25 WATER USE EFFICIENCY
ACROSS SCALES

™ THURSDAY 4 JULY, 2019 © 16:40

@ BELINDA E MEDLYN (HAWKESBURY INSTITUTE FOR THE
ENVIRONMENT, WESTERN SYDNEY UNIVERSITY, AUSTRALIA)

© B.MEDLYNeWESTERNSYDNEY.EDU.AU

Wateruseefficiency (WUE), plantuptakeof carbonperunitwater
lost, can be expressed on a wide range of temporal and spatial
scales—-fromtheleaftotheecosystem,fromsecondstoyears. A
widerangeoftechniquescanbeusedtomeasure WUE,including
leafgasexchange, stableisotopes,eddy covariance,and whole-
plantmeasurements,allof whichyieldresultsondifferentscales.
How comparable should we expect theseresultstobe—and how
comparablearethey?InthistalkIwilldiscussseveralrecentstudies
inwhichwehaveattemptedtocomparewateruseefficiency,andits
responsestoenvironmentalchange,acrossdifferentscales.Iwill
highlightareasofdisagreementamongthedifferentmeasuresand
discussresearchdirectionsneededtoresolvethesediscrepancies.

P4.26 QUANTIFYING IMPACTS OF
MANIPULATING PHOTOSYNTHESIS
AND STOMATAL CONDUCTANCE ON
CROP YIELD IN VARIABLE RAINFALL
ENVIRONMENTS

™ THURSDAY 4 JULY, 2019 ©® 17:10

@ ALEX WU (THE UNIVERSITY OF QUEENSLAND, AUSTRALIA),
GRAEME L HAMMER (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), AL DOHERTY (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), SUSANNE VON CAEMMERER (AUSTRALIAN NATIONAL
UNIVERSITY, AUSTRALIA), GRAHAM D FARQUHAR (AUSTRALIAN
NATIONAL UNIVERSITY, AUSTRALIA)

@ C.WU1eUQ.EDU.AU

Advancesincropproductivityarelikelytocomefromenhancing
photosynthetic efficiency. However, yield consequences of
photosyntheticmanipulationareconfounded by complexfeedback
effectsarisingfrominteractionswithcropgrowthanddevelopment
processes,andtheprevailingenvironment.Indryland cropping
situations, wateravailabilityisparticularlyimportantasitimpacts
whole-plantgrowththroughlimiting stomatal conductanceand
photosynthesis. Here we present anovel cross-scale modelling
capabilitythatconnectstheinterplayofleaflevel photosynthesis—
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stomatal conductance with crop growth and development
dynamicsinamannerthataddressesthefeedforward-feedback
effectsacrossthescalesofbiological organisation. Themodellinks
photosynthesis and stomatal conductance via an equilibrium
C./C ratio,aproperty consistentwithstomataloptimisationtheory.
Underwaternon-limitingconditions, photosynthesisisthedriver
ofleafgasexchange, whileconductancedominatesunderwater-
limited conditions. Thestateof waterlimitationisdeterminedby
thecropsystemwatersupply-demandbalance, whichinteractswith
theprevailingenvironment. The cross-scalemodelwasvalidated
usingdataoncropbiomassandyieldforwheatand sorghumfrom
diversefieldexperiments. Consequencesforyieldweresimulated for
majorphotosyntheticenhancementtargetsrelatedtoleafCO,and
lightenergy captureefficienciesand theircombinations. Predicted
impactsrangedmarkedlyandweredependentonthephotosynthetic
enhancement, crop type, and environment, especially the
degreeofwaterlimitation. Theimportance ofinterdependencies
operatingacrossscalesofbiological organisationwashighlighted
aswastheneedtoenhanceunderstandingandmodellingofthe
photosynthesis-stomatal conductance link to better quantify
impactsofenhancingphotosynthesis.

P4.27 PREDICTIVE MODELLING
OF STOMATA ACROSS SCALES FROM
MOLECULE TO THE FIELD

™ THURSDAY 4 JULY, 2019 ©® 17:25

@ MICHAEL BLATT (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
MAREIKE JEZEK (UNIVERSITY OF GLASGOW, UNITED KINGDOM)

©@ MICHAEL.BLATT@GLASGOW.AC.UK

Stomatalmovementsdependonthetransportandmetabolism of
osmoticsolutesthatdrive waterflux,reversiblechangesinguard
cell volume and turgor. Much detail is known of the molecular
mechanicsoftheseprocesses, sufficienttomodel guard cellswith
truepredictivepower.Bycontrast,modelsatthewhole-plantand
canopylevelsdefinestomatawithasimplesetoflinearempirical
relations,disconnectedfromtheirunderlyingmechanics. These
modelscannotinformontheunderlyingmolecularcharacteristics
oftheguardcellsthatgiverisetostomatalconductance(g )and
thereforecannotguideeffortsto ‘reverseengineer’ stomataltraits
inthefield. Toaddressthischallenge, werecentlyintroducedthe
OnGuard2modellingplatform. Thisplatformutilizesthemolecular
mechanicsofiontransport,metabolismandsignallingofthe guard
celltodefinetranspirationinthewholeplant. OnGuard2faithfully
reproduces g _kineticsinArabidopsis,itsdependenceon VPDandon
waterfeedtotheleafandhasyieldedpredictions,severalof which
wehavesinceverifiedexperimentally. Furtherdevelopmentsare
underwaytointroduce CO, andphotosyntheticcarbonfixation
within this framework will bridge the gap between microscale
models of the guard cell and macroscale models of whole-plant
transpirationandcarbonassimilation.
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P4.28 ACCLIMATION TO DYNAMIC
LIGHT INFLUENCES THE RAPIDITY
AND DIURNAL RESPONSE OF STOMATAL
CONDUCTANCE IN POPULUS NIGRA

™ THURSDAY 4 JULY, 2019 POSTER SESSION

& JACK SA MATTHEWS (UNIVERSITY OF ESSEX, UNITED KINGDOM),
SILVERE RM VIALET-CHABRAND (UNIVERSITY OF ESSEX,
UNITED KINGDOM), TRACY LAWSON (UNIVERSITY OF ESSEX,
UNITED KINGDOM)

@ JSAMAT@ESSEX.AC.UK

Plantacclimationtogrowthlighthasbeenstudied extensively,
yet little is known about the effect of dynamic fluctuations in
lightonstomatalbehaviourandacclimatoryresponses. Toassess
theimpact of growthlight regime on stomatal acclimation, we
grew Populus nigra (black poplar) under different intensities of
dynamiclightatthe University of Essex. Aspartofthe workwe
characterized changesin stomatal developmentandresponses
undera ‘real’lightenvironment,andinvestigatedtheimpacton
photosynthesis and water use efficiency. We demonstrate that
acclimationofstomatalconductance (g )isinfluencedby growth
lightintensity, modifyingstomatalkineticsatdifferenttimesof
theday;resultinginalterationsintherapidityandmagnitude of
theg responseoverthediurnalperiod. Furtherquantifiedisthe
response of g_ to different step changesinlightintensity; with
plantsgrownunderlowlightexhibitingfasterg responseswhen
subjectedtoastepchangeatlowlightlevels, whilstthereverseis
trueathighlightsteps. Thisrepresentsaninterestingstrategy,
whereplantsacclimatebyincreasingg fastertolightlevelsthat
theyexperiencemoreoftenduringgrowthanddevelopment,either
asawayofmaximizingcarbonuptakeorfortheconservationof
energy by limiting unnecessary stomatal movement. From
thesefindings, weconcludethatacclimationofg, togrowthlight
couldbeanimportantstrategy formaintainingcarbonfixation,
overallplantwaterstatus,andwateruseefficiencyunderdynamic
lightconditions.

P4.29 NITROGEN ASSIMILATION
AND ABIOTIC STRESS TOLERANCE

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

& JOANNA LANDYMORE (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), JULIE E GRAY (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), ANGELA HODGE (UNIVERSITY OF YORK,
UNITED KINGDOM)

@ JLANDYMORE1@SHEFFIELD.AC.UK

The need to restrict crop irrigation and the use of nitrogenous
fertilisers, coupled with global population growth and climate
change,isincreasingthestrainonthefoodsupply. Wearestudying
theabioticstressresponsesof Arabidopsismutantstoinvestigatethe
linksbetweenplantnitrogenstatusandstresssignalling. Nitrogen
isanessentialplantnutrienttakenupfromthesoilbytherootsinthe
formofnitrateand/orammonium. Plantnitrogenstatusandabiotic
stressresponsesareintrinsicallylinked; whenaplantexperiences
saltordroughtstress,asignallingpathwayisinitiatedwhichresults
instomatal closure,reduced stomatal waterloss and decreased
nitrateuptakethroughtheroots. Thisdropinnitrateuptakewill
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affectplantgrowthaswellastheability oftheplanttorespondto
stresssignals. Themostimportantenzymeintheprocessofplant
nitrogenassimilationisnitratereductasewhichisencodedbytwo
Arabidopsisgenes; NIAIand NIA2.Thenitratereductaseenzyme
reducesnitratetonitrite,andisalsoresponsibleforthereductionof
nitritetonitricoxide. Nitricoxideisasignallingmoleculethathas
beenshowntotriggermanyplantstressresponses. Weareusing
mutantplantswhichlackNIAlandNIA2arethereforeunableto
producenitratereductase, tostudytheroleofnitrogenstatusand
nitricoxideinsaltanddroughtstressresponses. Understandingsuch
controlmechanismscouldhelpustoproducemorestresstolerantor
wateruseefficientplants.

P4.30 IMAGING WATER USE EFFICIENCY
UNDER DYNAMIC ENVIRONMENTAL
CONDITIONS

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ SILVERE VIALET-CHABRAND (UNIVERSITY OF ESSEX,
UNITED KINGDOM), MARTIN BATTLE (UNIVERSITY OF ESSEX,
UNITED KINGDOM), TRACY LAWSON (UNIVERSITY OF ESSEX,
UNITED KINGDOM)

@ SRMVIA@ESSEX.AC.UK

Plant phenotyping, the quantitative description of plants’
anatomical, ontogenetical, physiological and biochemical
properties,iskeytoassessgeneticdiversityandidentifytargets
forgeneticmanipulationtoimproveplantperformanceandyield.
Intrinsic water use efficiency (W), net CO, assimilation rate
(A) divided by stomatal conductance to water vapor (g, ) isan
importantphysiologicaltraitdisplayingcomplexdiurnalkinetics
thataredifficulttomeasurewithhighthroughput. Underdynamic
environmental conditions, differencesin Abetweenplantscan
be due to differences in photosynthetic capacities, enzymatic
activation (e.g. PSII, RuBisCO) and stomatal limitation of CO,
diffusiontothesitesofcarboxylation,allof whichinfluenceW..
Temporal responses of g, are generally an order of magnitude
slowerthanAandnotonlylimitAbutalsohaveanimpactonleaf
transpirationandtemperature,influencingplantyieldand water
budget. Althoughveryprecise, thescalability ofleafgasexchange
methodstoestimateAandg_ islimitedandisbecomingamajor
technicalbottleneckforlargescalegeneticstudies.Incontrast,
chlorophyllfluorescenceimagingandthermographyallowrapid,
non-contactmeasurementofalargenumberofplants,however
theirbiologicalinterpretationismorechallenging. Derivingg,_,
fromthermogramsusingenergybalanceequationsisstillextremely
difficult and is not widely used. Recent advances in imaging
methodsandinterpretationofchlorophyllfluorescenceimaging
andthermographyarepresentedwithinsightsonhowstomatal
behaviourimpactthespatialandtemporalresponseof W, undera
dynamicenvironment.
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PS5 MECHANISMS AND MITIGATION
OF PLANT WATER DEFICIT:
FROM THE BOTTOM UP

ORGANISED BY: IAN DODD (UNIVERSITY OF LANCASTER)

AND ANTONIO DIAZ-ESPEJO (CSIC SPAIN)
e

P5.1 ROOT HYDRAULICS:
ARCHITECTURE & ANATOMY
INTERACTIONS

™ WEDNESDAY 3 JULY, 2019 ©® 10:00

@ VALENTIN COUVREUR (UNIVERSITE CATHOLIQUE DE LOUVAIN,
EARTH AND LIFE INSTITUTE, LOUVAIN-LA-NEUVE, BELGIUM),
GUILLAUME LOBET (FZ JUELICH, JUELICH, GERMANY; UNIVERSITE
CATHOLIQUE DE LOUVAIN, EARTH AND LIFE INSTITUTE, LOUVAIN-
LA-NEUVE, BELGIUM), MATHIEU JAVAUX (UNIVERSITE CATHOLIQUE
DE LOUVAIN, EARTH AND LIFE INSTITUTE, LOUVAIN-LA-NEUVE,
BELGIUM; FZ JUELICH, JUELICH, GERMANY), BERTRAND MULLER3,
FRANGOIS CHAUMONT (UNIVERSITE CATHOLIQUE DE LOUVAIN,
EARTH AND LIFE INSTITUTE, LOUVAIN-LA-NEUVE, BELGIUM),
FRANCOIS TARDIEU (INRA, LEPSE, MONTPELLIER, FRANCE),
XAVIER DRAYE (UNIVERSITE CATHOLIQUE DE LOUVAIN, EARTH AND
LIFE INSTITUTE, LOUVAIN-LA-NEUVE, BELGIUM)

@ XAVIER.DRAYE@UCLOUVAIN.BE

Advancedtranscriptome sequencing hasuncovered extensive
alternativesplicing (morethan60%)inplants,and genome-wide
aswellasfocusedgeneanalyseshaveshowntheregulatorypower
ofalternativesplicingonplantdevelopmentandinresponsesto
stressandenvironment. Alternativesplicingcancreatenewprotein
isoformsorchangegeneexpressionbyleadingtotranscriptisoforms
thatareeithertargetedtothe NMDpathwayorareretainedinthe
nucleus. Alternativesplicingasaco-transcriptional processisalso
greatlyinfluencedbyepigeneticchangesatthechromatinlevel.
Proteinsregulatingsplicingoralternativesplicingandtranscript
isoforms with different fates have significant impact in gene
regulatorycircuits. Specifically,besidedeve

P5.2 PRIMARY ROOT GROWTH
IN PEARL MILLET: GENETICS
AND PHYSIOLOGICAL BASE OF A
PIVOTAL ADAPTIVE TRAIT FOR
DRY ENVIRONMENTS

™ WEDNESDAY 3 JULY, 2019 ® 10:30

@ CARLA DE LA FUENTE CANTO (INSTITUT DE RECHERCHE POUR
LE DEVELOPPEMENT (IRD), FRANCE), MARILYNE DEBIEU
(DIADE UNIVERSITY OF MONTPELLIER IRD, FRANCE),
SIXTINE PASSOT (DIADE UNIVERSITY OF MONTPELLIER
IRD, FRANCE), ALEXANDRE GRONDIN (DIADE UNIVERSITY
OF MONTPELLIER IRD, FRANCE), MAXIME STEFFEN (DIADE
UNIVERSITY OF MONTPELLIER IRD, FRANCE), HN DINH (DIADE
UNIVERSITY OF MONTPELLIER IRD, FRANCE), JONATHAN
ATKINSON (UNIVERSITY OF NOTTINGHAM SUTTON BONINGTON,
UNITED KINGDOM), ANTONY CHAMPION (DIADE UNIVERSITY
OF MONTPELLIER IRD, FRANCE), CELIA BARRACHINA
(MONTPELLIER GENOMIX MONTPELLIER, FRANCE), MARINE
PRATLONG (MONTPELLIER GENOMIX MONTPELLIER, FRANCE),
PASCAL GANTET (DIADE UNIVERSITY OF MONTPELLIER
IRD, FRANCE), MALCOLM BENNETT (UNIVERSITY OF
NOTTINGHAM SUTTON BONINGTON, UNITED KINGDOM),
PRAKASH GANGASHETTY (ICRISAT, NIGER), NDJIDO KANE
(LMI LAPSE DAKAR, SENEGAL), DARREN WELLS (UNIVERSITY
OF NOTTINGHAM SUTTON BONINGTON, UNITED KINGDOM),
YVES VIGOUROUX (DIADE UNIVERSITY OF MONTPELLIER IRD,
FRANCE), LAURENT LAPLAZE (LMI LAPSE DAKAR (SENEGAL)
DIADE UNIVERSITY OF MONTPELLIER IRD, FRANCE)

@ CARLA.DE-LA-FUENTE-CANTO@IRD.FR

Pearlmilletisastaplecropgrowinginthesemi-aridtropicalregions
of Asiaand Africa. Thecropisadaptedandcultivatedinsoilslacking
waterandnutrientswhereothercerealswouldfail. Weinvestigated
belowground traits associated with these adaptations with an
aim for breeding more climate-resilient varieties. We targeted
primary root growth as an important trait for early seedling
establishment. Preliminaryresultsin West-African field trials
suggestapositiveimpactofprimaryrootgrowthoncropyieldin
drylow-Pconditions. Wecharacterisedthephenotypicvariation of
thetraitinageneticallydiversepanelof120inbredlinesusinghigh-
throughputphenotypingplatforms. A Genome Wide Association
Study (GWAS)revealedninesignificantmarker-traitassociations
forthetrait. Inbredlines with contrasted phenotype were used
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to assess differences in root tips transcriptome (RNAseq) and
developtwolargeF2QTLpopulations.QTLsinF2populationswere
analysedusingbulkedpoolsoflineswithextremephenotype.The
combinationof GWAS, geneexpressionanalysisandbulksegregant
analysisrevealed interesting QTLs and candidate genes in the
regulation of pearlmilletroot growth.Backcrossedlineswillbe
usedtofurthertestourresultsinfieldtrials.

P5.3 DYNAMIC RESPONSE OF LOCAL
ROOT WATER UPTAKE TO LIGHT
INTENSITY CHANGES

™ WEDNESDAY 3 JULY, 2019 ©® 10:45

@ DAGMAR VAN DUSSCHOTEN (IBG-2 FORSCHUNGSZENTRUM
JUELICH, GERMANY), YANNIK MUELLERS (IBG-2
FORSCHUNGSZENTRUM JUELICH, GERMANY), JOHANNES KOCHS
(IBG-2 FORSCHUNGSZENTRUM JUELICH, GERMANY), DANIEL
PFLUGFELDER (IBG-2 FORSCHUNGSZENTRUM JUELICH,
GERMANY), HENDRIK POORTER (IBG-2 FORSCHUNGSZENTRUM
JUELICH, GERMANY), JOHANNES A POSTMA (IBG-2
FORSCHUNGSZENTRUM JUELICH, GERMANY)

@ D.VAN.DUSSCHOTEN@FZ-JUELICH.DE

Localrootwateruptake (RWU)isdependentonshoottranspiration
ratesaswellasseveralrootcharacteristicsandthesurrounding
soilwater content (6). Quantificationof RWUisquiteharddueto
therelatively fast redistribution of water within the soil. Poor
sensitivityandlow spatialresolutionof currentlyavailable soil
water sensors pose additional challenges. We present a new,
affordablesoilwatersensor, the Soil Water Profiler (SWaP) with
muchhighersensitivityandbetterspatialresolution.Itpartially
envelopes,andtherebycanbeshiftedalong,acylindrical plant
container. Wecanscansinglecylindersinafewminutestodetermine
totalchangeofwaterinthecolumn (mLplantwateruptake)aswell
asthelocalchangesin®withaprecisionof2e” cm?®/cm3 ata1D
resolutionintheorderof 1cm.Duetothesensors’highprecision
andfastdynamicswecanderivelocalRW Uvaluesutilizinglight
intensitychanges. Usingfoursensors, wecontinuously scanned
fourplantswhiletheyweresubjectedtodifferentlightintensities
providedbyahome-built, water-cooled, programmable LED panel
(upto1400pE/(m?2.s)). Beforeandafterscanning, therootlength
distributionwasdeterminedusingmagneticresonanceimaging
(MRI).WeusedtheSWaPtomonitorRW U ofavarietyofplantsin
responsetostep-wisechangesinthelightintensity. Weshowthat
notonlytheamplitude of the RWU profileschangesrapidly, but
alsotheshapeoftheRWUprofileschangeswithtimeafteralight
intensityjump.

ANIMAL, PLANT & CELL ABSTRACTS 260

P5.4 ORGAN-SPECIFIC DYNAMICS
AND ROLES OF STRIGOLACTONES
UNDER DROUGHT

™ WEDNESDAY 3 JULY, 2019 ©® 11:00

@ FRANCESCA CARDINALE (UNIVERSITY OF TURIN, ITALY),
IVAN VISENTIN (UNIVERSITY OF TURIN, ITALY), CLAUDIO
LOVISOLO (UNIVERSITY OF TURIN, ITALY), ANDREA SCHUBERT
(UNIVERSITY OF TURIN, ITALY)

© FRANCESCA.CARDINALE@UNITO.IT

Thephytohormonesstrigolactones (SL)are mostly producedin
rootstobeexudedinsoilandtransportedtotheshoot, wherethey
modulate development. SL biosynthesisin shootsisnecessary
also for acclimatisation to drought in several plant species,
mostly because it promotes stomata closure in abscisic acid
(ABA)-dependent and independent ways. In tomato (Solanum
lycopersicumL.)and otherdicotsunderdrought, theirsynthesis
partly shifts from roots to shoots, indicating organ specificity
in their metabolism and role. Such drop in root-synthesised SL
actsasasystemicindicationofstressunlinkedfromshootward
ABA translocation and sufficient to prime the plant for better
stressavoidance.DownstreameffectorslinkingSLactionunder
stressto ABA-dependentorindependentresponses,however,are
lesscharacterised. Wefound thatendogenousSLareabsolutely
required for miR156 induction by drought and that exogenous
SLaresufficientformiR156 accumulationintomatoleaves. The
effectsof SLare exertedon M/IR156 genesatthe transcriptional
and pri-miRNA processing level. mir156 is a highly conserved
microRNA withroles in development and stress responses; its
effects on target mRNA stability, tomato ecophysiology and
stomatalbehavioursuggestitasagoodcandidatemediatorofthe
ABA-dependentsubsetofdroughtresponsestriggeredbySL.The
systemicmobilityof miR156 definesitalsoasaSL-relatedsignal
feeding back from the shoot to the root in response to drought.

Thisprojecthasreceived funding from the European Union’s
Horizon2020researchandinnovation programmeunder Grant
Agreementn.727929-TOMRES

P5.5 PHYSIOLOGICAL, PHYTOHORMONAL
AND MOLECULAR RESPONSES OF ROOT-
SHOOT COMMUNICATION IN SOYBEAN
UNDER DROUGHT CONDITIONS

™ WEDNESDAY 3 JULY, 2019 ® 11:30

& PEDRO CASTRO (LANCASTER UNIVERSITY, UNITED KINGDOM),
JAIME PUERTOLAS (LANCASTER UNIVERSITY, UNITED
KINGDOM), IAN C DODD (LANCASTER UNIVERSITY, UNITED
KINGDOM), HON-MING LAM (CHINESE UNIVERSITY OF HONG
KONG, HONG KONG), JIANHUA ZHANG (HONG KONG BAPTIST
UNIVERSITY, HONG KONG)

@ P.CASTROVALDECANTOS@LANCASTER.AC.UK

Soybeanisanimportantglobalcropforhumanandanimalnutrition,
butitsproductionisaffectedbyenvironmentalstressessuchas
drought.Cropsadapttothesestressesbyproducingmultipleinternal
signalsbetweenrootsandshoots.Understandingtherelationships
betweenphysiological (waterpotentialandstomatalconductance),
biochemical (phytohormones)and geneexpressionchangescan
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inform management approaches and offers opportunities to
enhancewater-limitedyields. Soilandatmosphericwaterdeficits
candecreasetissuewaterstatusstimulatinghormone (ABA,JA)
accumulationinroots and leaves, thereby promoting stomatal
closuretolimitwaterloses.Several genescontroleachstepofthe
biosynthesis and catabolism of these hormones, but the site of
stressperceptionhasattracted considerabledebate. Oneparadigm
isthatrootsaretheprimaryorgantoperceivesoildrying, generating
root-to-shootsignallingtotheleavestoinitiatestomatal closure.
Alternatively,recentstudiesdemonstratetheimportanceofleaves
ingeneratingrapidresponsestoincreasedatmospheric VPD. The
surgical technique of girdling (removal of stem phloem tissue)
suppressesshoot-to-rootsignalling,allowingtheinterdependence
ofroot-to-shootandshoot-to-rootsignallingtobeevaluatedatgene
expression, biochemicaland physiologicallevels.

P5.6 IMPROVED EARLY ADAPTIVE
SIGNALLING IN ROOTS ACCOUNTS FOR
DIFFERENTIAL SALT TOLERANCE IN
QUINOA ACCESSIONS

™ WEDNESDAY 3 JULY, 2019 ©® 11:45

@ NADIA BAZIHIZINA (UNIVERSITA DEGLI STUDI DI FIRENZE,
ITALY), STEFANO MANCUSO (UNIVERSITA DEGLI STUDI
DI FIRENZE, ITALY), SERGEY SHABALA (UNIVERSITY OF
TASMANIA, AUSTRALIA)

© NADIA.BAZIHIZINA@UNIFI.IT

Epidermalbladdercells (EBCs)playakeyroleinthesalttolerance
of salt-secretinghalophytesbyactingasanexternal saltdump
under conditions of excess Na*. Nevertheless, after testing the
ST of more than 100 quinoa accessions, we observed dramatic
differences in EBC density not always correlated with greater
salt tolerance. To elucidate possible mechanism(s) underlying
thisenhancedtoleranceinaccessionswithlowEBCdensity,two
accessionswithcontrastingsalttoleranceand EBCdensity were
selected. Attheshootlevel, mesophyllK* retentionandgasexchange
dataindicatethatreductionsinphotosyntheticratesweredueto
stomatallimitationsratherthanbiochemicalones. Thissuggests
that, in the tolerant accession, improved responses at the root
levelreduced theinhibition of waterfluxacrosscellmembranes
thereby explaining theirimproved gas exchanges. Confirming
thegreatersensitivityattherootlevel ofaccession30,compared
withthetolerantaccession 68, wefoundadeclineincell viability
andanincreaseinH,0, productioninboththeapicalandmature
rootzonesfollowingsalinity stress. Assignallingprocessesare
fundamentalinrootresponsestosalinitystress,wealsomonitored
ionfluxesfollowingtheadditionof NaClandreactiveoxygenspecies.
Ourresultssuggeststhat,independently of shootbasedtolerance
mechanisms (including EBC density), improved signalling in
thetolerant accession, based on OH -activation of K* channels,
elicitedspecificdetoxificationmechanismsinroots. Thisinturn
improvedrootmembranefunctionality,stomatalregulationand
gasexchangesintheshootsfollowingtheadditionof NaCl.
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P5.7 IN SILICO AND FUNCTIONAL
ANALYSES OF GENES ASSOCIATED

WITH DESICCATION AND SALINITY
TOLERANCE IN MONOCOT RESURRECTION
PLANTS XEROPHYTA SCHLECHTERI AND
ERAGROSTIS NINDENSIS

™ WEDNESDAY 3 JULY, 2019 ©® 12:00

& MARIAM AWLIA (UNIVERSITY OF CAPE TOWN, SOUTH AFRICA),
JILL FARRANT (UNIVERSITY OF CAPE TOWN, SOUTH AFRICA),
HENK WM HILHORST (WAGENINGEN UNIVERSITY RESEARCH,
NETHERLANDS)

@ MARIAM.AWLIA@KAUST.EDU.SA

Droughtandsalinityseverelyaffectplantproduction,causinga
globalcrisisinthewakeofclimatechange. Resurrectionplants,
relative to crops, are unique in their ability to survive severe
desiccation (tolessthan10%ofcellularwater) andrecoverfully
onrehydration,butnostudyhascomprehensivelyinvestigated
thecombinedeffectwithsaltstress.Identifyingtheendogenous
regulationofthisgenetictoolkitinmonocotresurrectionplants
underdroughtandsalinity,bothindividuallyandincombination,
wouldshedlightontheirinvolvementwithdesiccationandsalinity
tolerance.Byassessingthephysiologicalresponsestosalinityand
droughttoleranceintheslow-growingresurrectionplant Xerophyta
schlechteriandthefast-growing Eragrostisnindensisandintegrating
existingtranscriptomicdata, theresponsesandcrosstalkbetween
droughtandsaltstresswouldbedetermined. The co-expression
networksinferredfromX. schlechteriand E. nindensisinterms of
transcriptome, metabolomeorepigenomedatawillestablishthe
connectionsbetweensaltanddroughttolerantclusters, thereby
identifyingthegenesrelevanttothesetwotolerancestrategies.
Understandingandharnessingthetolerancestrategiesandgenetic
toolkitthatresurrectionplantshavecouldallowtheidentification
oftheappropriategenesincropsforimprovedtolerancetostress.

P5.8 ADVANCES IN PROCESS-BASED
MODELING OF STOMATAL RESPONSES
TO WATER STATUS

™ WEDNESDAY 3 JULY, 2019 ©® 14:30

& TOMBUCKLEY (UNIVERSITY OF CALIFORNIA DAVIS, UNITED
STATES)

@ TNBUCKLEY@UCDAVIS.EDU

Recent work has clarified the role of hydroactive mechanisms
driving stomatal responses to changes in VPD, hydraulic
conductanceandsoilmoisture,buthasalsoraisednewhypotheses
andadditionalmechanismsthathadpreviouslybeenoverlooked,
such as the role of vapor and heat transport within the leaf.
Inthistalk,Iwilldiscussthesetopicsanddescribeanewprocess-
based model that improves upon, and generalizes, previously
publishedmodels.
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P5.9 A MODELLING APPROACH

TO QUANTIFY THE INFLUENCE OF
STOMATAL BEHAVIOUR AND SALINITY
STRESS ON WATER USE EFFICIENCY
OF CUCUMBER PLANTS

™ WEDNESDAY 3 JULY, 2019 ©® 15:00

& DANY MOUALEU-NGANGUE (LEIBNIZ UNIVERSITAT
HANNOVER, GERMANY)

@ MOUALEU@GEM.UNI-HANNOVER.DE

Water use efficiency (WUE) is driven mainly by leaftraits that
reducetranspirationandimportantprocessesforleafproductivity.
Stomatalbehaviourplaysakeyroleonbothtranspirationrateand
netassimilation,andisthereforecrucialforimprovingWUE.On
theotherhand, salinitywasreportedtoleadtostomatalclosure
leadingtoadecreaseofthedrymatterproduction. Salinityalso
affects physiological and morphological plant and leaf traits.
Theroleofdynamicpropertiesof stomatainregulating WUE of
acucumberplantundersalinity stresswillbeexaminedusinga
dynamicalmodel. Themodelcombinesthedynamicsofthecanopy
stomatalconductancewiththemodelsofsoluteaccumulationinthe
mesophyllandwaterflowtothemesophyllasdrivenbyatmospheric
conditions,andtheeffectofsalinityonthephotosyntheticcapacity.
Thepotentialcanopyphotosynthesisratewillbecomputedateach
timepoint,andusingthecurrentvalueof stomatalconductance, the
effectivevalueofthenetassimilation willbederivedtogetherwith
thetranspirationratewhichwillbeestimatedusingthe Penman-
Monteith equation. Comparison of WUE under different light
conditionswillrevealthedynamicsof WUEoncloudy compared
toasunnyday. Variationofthedaily WUEwithrespecttostomatal
parameters and salinity stress will be presented for different
scenariosofsunnyandcloudydays.

P5.10 DOES ROOT-SOURCED ABA
AFFECT STOMATAL RESPONSES TO
CHANGES IN EVAPORATIVE DEMAND?

™ WEDNESDAY 3 JULY, 2019 ©® 15:15

@ ANTONIO DIAZ-ESPEJO (IRNAS CSIC, SPAIN), IAN C DODD
(LANCASTER UNIVERSITY, UNITED KINGDOM), JAIME
PUERTOLAS (LANCASTER UNIVERSITY, UNITED KINGDOM)

@ A.DIAZeCSIC.ES

Recent years have seen a change in the paradigm for the main
sourceof ABAinvolvedinregulating stomatalresponses. Most
evidencenow considerstheleavesasthemain “factories” of this
phytohormone, whichhasmotivatedscientiststoreconsiderhow
stomatalconductanceisregulatedinresponsetowaterdeficits.
Independently of its origin, it is doubtless that some ABA is
recirculatedfromtheroots, viathexylem, toleaves,andthesexylem
ABA concentrationscanbesufficienttoelicitstomatalclosurewhen
fedtodetachedleavesinatranspirationassay. Thisstudyaimedto
assesstowhatextentthisleaf-exogenous ABAplaysamajorrolein
regulatingstomatalconductance.Sinceitisverydifficultempirically
toseparate ABAaccordingtoitsorigin,reciprocal-andself-graftsof
wild-type (WT)and ABA-deficient (flacca) tomatoeswereexposed
tostep-changesinvapourpressuredeficit. Theresultantstomatal
changeswereanalysedaccordingtoahydromechanicalmodel of
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stomatal conductance, which wasbuilt onrobust assumptions
of stomatalresponsetoenvironmental stimuli. Althoughplants
withflaccarootstockshadmuchlowerxylem ABA concentrations
thanthosewithWTrootstocks,thehydromechanicalmodeldid
notshowsubstantialdifferencesinstomatalresponsebetweenthe
differentgraftcombinations. Thusleaf-exogenous ABAseemsto
playalimitedroleinthedown-regulationof stomatalconductance
toincreasedevaporativedemand.

P5.11 LINKING ANATOMY-MEDIATED
PHOTOSYNTHESIS CAPACITY WITH

WATER: LEAF HYDRAULICS, DESICCATION
TOLERANCE AND THE BULK MODULUS

OF ELASTICITY

™ WEDNESDAY 3 JULY, 2019 ® 16:30

@ JAUME FLEXAS (INAGEA, SPAIN), ALICIA PERERA-CASTRO
(INAGEA, SPAIN), MARC CARRIQUI (INAGEA, SPAIN), JAVIER
GULIAS (INAGEA, SPAIN), MIQUEL NADAL (INAGEA, SPAIN)

©@ JAUME.FLEXAS@UIB.ES

Mesophyll conductance to CO, (g,,) is as much limiting for
photosynthesisasstomatalconductanceisand,insomeorganisms,
evenmore. Themaximumgm ofagivenspeciesisdeterminedbythe
specificanatomicalarrangementsofthemesophyll, withadominant
roleofcellwallthickness (CWT)andthefractionof mesophyllcells
coveredbychloroplasts(S./S).Significantandimportantdifferences
in g, exist between phylogenetically distant plant groups.
Specifically,adecreasingtrendfor CWTandanincreasingtrendfor
S./Sisobservedfrombryophytestovascularplantsand,among
these, from ferns to angiosperms. Such trends correspond well
with scaling maximum photosynthesis rates in each group.
We hypothesize that this trend reflects a trade-off between
photosyntheticcapacityanddesiccationtolerance, thelatterbeing
generalized in bryophytes, common in ferns and rare in higher
plants. Totestthishypothesis,wehave conductedfieldcampaigns
inextremeenvironmentsoftheworld,includinghotandcolddeserts,
like Atacama,saltyplanesinLos Andes,the Arcticand Antarctica,
among others. Preliminary results confirm the hypothesized
trade-off;afewoutlierstothistrade-off werefoundinparticular
environments,whicharepromisingcandidatesfor ‘highfitness
species’inaclimatechangesituation.Inaddition, g,, wasfoundto
berelatedtoleafhydrauliccharacteristicsandtothebulkmodulus
ofelasticity. Thefindingsarediscussedintermsofevolutionand
adaptation, highlightingtheirpotentialeffectsinplantfitness.
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P5.12 INTEGRATING METABOLOMIC
ANALYSIS INTO THE PHYSIOLOGICAL
FRAMEWORK: POSSIBLE INFORMATION
ON THE DEPLETION OF C AND N STORAGE
COMPOUNDS IN DROUGHTED LEAVES

™ WEDNESDAY 3 JULY, 2019 ©® 17:00

@ ANTONELLA GORI (DAGRI - DEPARTMENT OF AGRI-FOOD
PRODUCTION AND ENVIRONMENTAL SCIENCES, ITALY), ANATOLY
P SOBOLEV (CNR - ISTITUTO DI METODOLOGIE CHIMICHE
LABORATORIO DI RISONANZA MAGNETICA “ANNALAURA
SEGRE, ITALY), DONATELLA CAPITANI (CNR - ISTITUTO
DI METODOLOGIE CHIMICHE LABORATORIO DI RISONANZA
MAGNETICA “ANNALAURA SEGRE, ITALY), FRANCESCO LORETO
(DISBA-CNR, ITALY), MAURO CENTRITTO (CNR-IVALSA,
ITALY), CECILIA BRUNETTI (CNR-IVALSA, ITALY)

@ ANTONELLA.GORI@UNIFI.IT

Plant responses to drought involve a complex interaction of
physiologicalandbiochemicalprocesses. Theelucidation ofthese
processesaswellastheirintegrativenetworksiscriticaltoenhance
droughttoleranceinwoody species.Inthepresentstudy,blackpoplar
(Populusnigra)plantssubjectedtowaterdeficitwereusedasthe
modelsystemtoelucidatetheeffectofdroughtonleafmetabolic
profile,andtoinvestigatehowtheregulationof multiplebiochemical
pathways are involved in the control of leaf physiological
homeostasis. Waterstresswasimposedbywithholdingwaterin
ordertoobtainmoderate-andsevere-water-stressed plants, whereas
well-wateredplantswereirrigated topotcapacity. Physiological
parameters weremonitored and water soluble metabolites were
extracted from leaves and analyzed with NMR spectroscopy.
Metabolomic analysis highlighted pools of metabolites that
affectedthephysiologicaladjustmentsofpoplarunderdrought.
Inparticular, stress triggered changes in primary metabolism,
especially increases in amino acids, tricarboxylic acids and
non-structuralcarbohydrates, suggestingchangesinresources
allocation and possible mobilization of storage compounds.
Theseresults provide a framework for better understanding
multiple mechanismsin plantresponses to drought. The use of
metabolomicsasatooltomonitorstress-responsivemarkersof C
andNutilizationisalsodiscussed.
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P5.13 IDENTIFYING VARIATION
IN WHEAT FOR THE PHYSIOLOGICAL
MECHANISMS REGULATING WATER
USE EFFICIENCY

™ WEDNESDAY 3 JULY, 2019 ©® 17:15

@ BAILEY MKRETZLER (LANCASTER UNIVERSITY - LANCASTER
ENVIRONMENT CENTRE, UNITED KINGDOM), IAN C DODD
(LANCASTER UNIVERSITY - LANCASTER ENVIRONMENT CENTRE,
UNITED KINGDOM), ELIZABETE CARMO-SILVA (LANCASTER
UNIVERSITY - LANCASTER ENVIRONMENT CENTRE, UNITED
KINGDOM)

@ KRETZLERBAILEY@GMAIL.COM

Wheatisanimportantgraincropinmanyregionsaroundtheworld.
Withsomeoftheseareasfacingdroughtinducedyielddecline, itis
imperativetoinvestigategeneticvariationinmechanismsofwheat
responsetowaterdeficit.Inassessingvariabilityamongspring
wheatgenotypes,amixtureofdomesticated cultivarsandancestral
varieties (Landraces) wereexposedtocyclesofsoildryingwhile
measuringwateruseefficiencyatboththewholeplant (WUEwp)
andleaflevel (WUEi). Thesemeasuresaredefinedasbiomassgain
perwaterconsumed (WUEwp)andcarbonassimilationperrate
of transpiration (WUEi). Genotypic differences were observed
for WUEwp and rate of decline in stomatal conductance under
soildrying.Incontrast,novariationexisted for WUEibetween
genotypes, as indicated by consistent stomatal limitation to
leafphotosyntheticrate. Further studies willinvestigateifthe
disconnectis due to variation in stomatal sensitivity between
genotypes,leafdevelopmentalstage,orboth.Since phytohormones
suchas ABAandEthylenemayplayaroleinregulatingstomatal
conductance,itisimportanttoquantifyexpressionandsensitivity
across soil moisture and leaf age. Doing so could identify the
mechanismsregulatingwateruseandbiomassgainacrosswheat
development,establishingcriteriaforscreeninggermplasmwithin
droughtfocusedbreedingendeavours.

P5.14 FIELD-GROWN POTATO SUSTAINS
LEAF PHOTOSYNTHESIS RATES AND LEAF
WATER STATUS UNDER SOIL COMPACTION
AND DROUGHT STRESSES

™ WEDNESDAY 3 JULY, 2019 ©® 17:30

@ KATHARINA HUNTENBURG (LANCASTER UNIVERSITY, UNITED
KINGDOM), MARK A STALHAM (NIAB CUF, UNITED KINGDOM),
IAN C DODD (LANCASTER UNIVERSITY, UNITED KINGDOM)

@ K.HUNTENBURG@LANCASTER.AC.UK

The UK summer of 2018 was particularly hot with the months
from June to August being on average 2°C warmer than the 30-
year average, with only 3 days of considerablerainfall (> 5mm)
in this period. Such summer conditions may be a template for
climatechangescenarios,sincesummermeanairtemperatures
and precipitation are predicted toincrease by 3°C and decrease
by 20-30% respectively. During this summer, a factorial field
experiment (soilcompactionxirrigationtreatment) showedthat
potatoesgrownincompactedsoiland maintained well watered
(<25mmsoilmoisturedeficit) produced smaller shootsandlower
yieldsthaninuncompactedsoil,but the effect of compactionon
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abovegroundbiomassandyieldindrysoil (allowedtoattainadeficit
of <60mm)wasnotsignificant. Asanoveralleffect, deficitirrigation
reducedyieldandbiomasscomparedwithmorefrequentirrigation.
However,leafwaterstatusandphotosynthesisratesdidnotdiffer
betweentreatments. Thus,potatoesundereitherlong-termsoil
waterdeficitand/orcompactionstressadjusttheirgrowthaccording
tosoilwateravailability,ratherthanalteringleafgasexchange.
Sinceleafwaterstatuswasconservedacrosstreatments,changesin
root-to-shootsignallinglikelylimitgrowth. Thiswillbeinvestigated
byanalysingleafxylemsapsamplescollectedduringtheseason.
Similarfactorial controlledenvironmentexperimentswith plants
growninspecialisedpotsthatfitinapressurechamberwillallow
moredetailedinvestigationofthissignalling,bycollectingroot
xylemsapatflowratescomparabletowholetranspiration.

P5.15 LONG-DISTANCE PHYTOHORMONAL
SIGNALLING OF SOIL DRYING AND
COMPACTION IN THE SOLANACEAE?

™ WEDNESDAY 3 JULY, 2019 © 17:45

& IANCDODD (LANCASTER UNIVERSITY, UNITED KINGDOM),
SARAH M DONALDSON (LANCASTER UNIVERSITY, UNITED
KINGDOM), KATHARINA HUNTENBURG (LANCASTER UNIVERSITY,
UNITED KINGDOM), ALFONSO ALBACETE (CEBAS-CSIC MURCIA,
SPAIN)

@ I.DODDELANCASTER.AC.UK

Plants canrespond sensitively to drying soil, with leaf growth
inhibition and stomatal closure preceding any quantitative
differenceinleafwaterpotential,orvisualdifferenceinleafturgor,
by several days. Attention has focused on soil drying induced
synthesisandmetabolismofphytohormones, whichcanchange
tissuehormone concentrationsandxylemsap composition. The
adventofmulti-analytephytohormoneanalyses, withxylemsap
samplingatsapflowratesapproximatingtranspiration, allows
theirroleassensorsofsoildryingtobeinvestigated. Whenwater
waswithheldfromtomato (Solanum lycopersicum)plantsgrown
inamineralsubstrateattwodifferentbulkdensities(1.4vs1.74g/
cm?®),soil-drying-induced changesinrootxylemsap composition
wereaccentuatedinplantsgrownatlowbulkdensity,likelydue
togreatersoildrying. Atthe same soil water content, high bulk
densitydecreasedxylemabscisicacid (ABA)concentration,likely
duetolowoxygenavailabilitytotherootsystem. Moreover, high
bulkdensityincreasedxylemjasmonicacid (JA)concentration,
whilexylemcytokinin(trans-zeatin, tZ,andisopentenyladenine,
iP) concentrations did not change. Soil drying also increased
xylemsalicylicacid (SA) concentrations. Preliminaryanalyses
insimilarexperimentssuggesttheseresponsesareconservedin
potato(Solanumtuberosum). Whetherthesechangesinxylemsap
affecttissuephytohormoneconcentrations,andareduetolocalor
long-distanceprocesses,willbeinvestigatedbyself-andreciprocal-
graftingofmutantsthataredeficientinoroverexpressselected
phytohormone groups.
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P5.16 CHARACTERISTICS OF DEEP
ROOT SYSTEM IN DROUGHT TOLERANT
CULTIVAR OF COWPEA

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ YUKA TATSUMI (KYUSHU UNIVERSITY, JAPAN),
SHINYA MURAKAMI (KYUSHU UNIVERSITY, JAPAN),
NORIMITSU HAMAOKA (KYUSHU UNIVERSITY, JAPAN),
MARI IWAYA-INOUE (KYUSHU UNIVERSITY, JAPAN),
YUSHI ISHIBASHI (KYUSHU UNIVERSITY, JAPAN)

@ TATSUMI.YUKA.635@S.KYUSHU-U.AC.JP

Cowpea(Vignaunguiculata(L.) Walp)isoneofthelegumecrops
cultivatedinsemiaridarea,andhavethecharacteristicsofhighly
drought tolerant. In general, deep root system enables plants
absorbwaterfromdeepsoillayer.Itisknownthattypicalupland
rice cultivars have deeper rooting system than lowland ones,
suggestingthatthedeeprootingcharacteristicsmaybeoneofways
toimprovetheirdroughtresistance. We, therefore,focusedondeep
rootingsystemincowpea.Characteristicsof deeprootsystemwere
evaluatedbyusing ‘basket’ methodand geneexpressionanalysis.
Theratioofthedeeprootnumberanddryweightpertotallateral
rootsindroughttolerantcultivar ‘205’ wassignificantlyhigher
thanthoseofdroughtsensitive‘555’. Theseresultssuggestedthat
droughttolerantcultivarhasdeeperrootingtraitsthanthesensitive
one.Thedroughttoleranttraitsweremainlyregulatedby BR-related
gene,BZR1,whichrelatestolateralrootdevelopment. Theexpression
of BZR1indeeprootswassignificantlyhighercomparedtoshallow
rootsinthedrought-tolerantcultivar. Similarly, the expression of
MSBPlandHy5werealsohigherindeeproots. Takentogether,the
deeprootsystemincowpeamay contributetoitsdroughttolerance
throughenhancedwateruptakefromdeepersoillayer.
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P6 HEAT AND DROUGHT

TOLERANCE -

FROM THE LAB

TO IMPACT IN THE FIELD

ORGANISED BY: MATTHEW GILLIHAM (UNIVERSITY OF ADELAIDE), ZOE WILSON
(UNIVERSITY OF NOTTINGHAM), MALCOLM HAWKESFORD (ROTHAMSTED RESEACH)
AND OWEN ATKIN (AUSTRALIAN NATIONAL UNIVERSITY)

P6.1 GLOBAL VARIABILITY IN
PHOTOSYNTHETIC HEAT TOLERANCE
QUANTIFIED USING CHLOROPHYLL-A
FLUORESCENCE

™ FRIDAY 5 JULY, 2019 ©® 09:00

@& OWEN K ATKIN (AUSTRALIAN NATIONAL UNIVERSITY,
AUSTRALIA), LINGLING ZHU (AUSTRALIAN NATIONAL
UNIVERSITY, AUSTRALIA), ODHRAN S 0’SULLIVAN
(AUSTRALIAN NATIONAL UNIVERSITY, AUSTRALIA), MARY A
HESKEL (MACALESTER COLLEGE, UNITED STATES), KEITH J
BLOOMFIELD (IMPERIAL COLLEGE LONDON, UNITED KINGDOM),
LASANTHA K WEERASINGHE (UNIVERSITY OF PERADENIYA, SRI
LANKA), MARK G TJOELKER (WESTERN SYDNEY UNIVERSITY,
AUSTRALIA), PETER B REICH (UNIVERSITY OF MINNESOTA,
UNITED STATES), KEVIN L GRIFFIN (COLUMBIA UNIVERSITY,
UNITED STATES), VAUGHAN HURRY (SWEDISH UNIVERSITY
OF AGRICULTURAL SCIENCES, SWEDEN), PATRICK MEIR
(AUSTRALIAN NATIONAL UNIVERSITY, AUSTRALIA), MATTHEW H
TURNBULL (UNIVERSITY OF CANTERBURY, NEW ZEALAND)

©@ OWEN.ATKINeANU.EDU.AU

High-temperaturetoleranceinplantsisimportantinawarming
world, withextremeheatwavespotentiallyleadingtolethalheating
of leaves. To assess whether there are global patterns in high-
temperaturetoleranceofphotosynthesis, wequantified T , (high
temperaturewhereminimalchlorophyll-afluorescencerisesrapidly
andthusphotosystemIlisdisrupted)inuppercanopyleavesof>260
plantspeciesspanningsevenbiomes. Atsixthermally contrasting
sitesacross Australia, wealsoquantified seasonaladjustmentsin
T_,,withglasshousestudiesusedtoassessinherentdifferencesinT_,
amongspecies.Insummer,meansite-basedT_; valuesrangedfrom
41.5°Cinthe Alaskanarcticto50.8°Cinlowlandtropicalrainforests
of Peruvian Amazon;the~8°CincreaseinT_; valuesfrompolarto
equatorialregionsismuchlessthanexpectedbasedonthe20°C
spaninhigh-temperatureextremesacrosstheglobe. Thus,with
onlymodesthigh-temperaturetoleranceatsitesthatexperience
summerheatwaves, speciesinmid-latitude (~20-50°C) regionshave
thenarrowestthermalsafetymarginsinuppercanopyleaves. T
wasalsofoundtoacclimate toseasonal changesintemperature
(summer>winter,increasingonaverage0.34°Cper°Cincreasein
growthtemperature). The glasshouse studiesrevealedthatT_
wasinherentlyhigherinspeciesfromwarmerhabitats (increasing
0.16°Cper°Cincreaseinoriginannualmeanmaximumtemperature).

Thesignificanceofthesefindingsforhowfuture, hotterclimates
mayinfluenceplantspeciesinthermally contrastingbiomeswill
bediscussed.

P6.2 OPTIMISING THE REGULATION
OF CO, ASSIMILATION TO ENHANCE THE
STABILITY OF WHEAT GRAIN YIELDS IN
THE CHANGING CLIMATE

™ FRIDAY 5 JULY, 2019 ©® 09:30

@ ELIZABETE CARMO-SILVA (LANCASTER UNIVERSITY,
UNITED KINGDOM)

© E.CARMOSILVA@LANCASTER.AC.UK

Wheat yields are threatened by changes in the environment
thataffectbothgrain weightand grainnumber. Duringbooting
and through post-anthesis, the flag leaf is a major contributor
of carbohydratestofillthegrain. TheenzymeRubisco (ribulose-
1,5-bisphosphate carboxylase/oxygenase)isresponsibleforthe
initialstepinCO,assimilation.Itisnotaveryefficientenzymeand,
therefore,largeamountsarepresentintheleavestosupportadequate
photosyntheticrates.Inwheat, Rubiscocanrepresentmorethan
50%ofthetotalsolubleproteinintheleaves.Duetoitscentralrole
incarbonmetabolism,theactivity of Rubiscoisheavilyregulated.
Sugar-phosphate derivatives with a structure resembling the
substratebindtheactivesitesof Rubiscotightlyandlocktheenzyme
inaclosedinactive conformation.Itishypothesisedthat: (1) under
optimalconditions, maintainingRubiscohighlyactive contributes
togreaterratesof CO,assimilationleadingtohighergrainyields;
conversely, (2)under conditionsof stress, particularlyatelevated
temperatures, Rubiscoinhibitorsmay protectthe enzyme from
proteolyticbreakdownandenablefastrecoveryof CO,assimilation
ratesuponrelieffromstress. Progressintestingthesehypotheses
willbediscussedinlightoftheopportunitiesand challengesfor
improvingwheatgrainyieldsinthechangingclimate.
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P6.3 POLLEN DEVELOPMENT THE
WEAKEST LINK — DEVELOPING
RESILIENCE TO TEMPERATURE
STRESS DURING REPRODUCTION

™ FRIDAY 5 JULY, 2019 ® 10:00

@ ZOE WILSON (UNIVERSITY OF NOTTINGHAM, UNITED KINGDOM),
B TALLE (UNIVERSITY OF NOTTINGHAM, UNITED KINGDOM),
J FERNANDEZ GOMES (UNIVERSITY OF NOTTINGHAM, UNITED
KINGDOM), A TIDY (UNIVERSITY OF NOTTINGHAM, UNITED
KINGDOM), P BARRETO (UNIVERSITY OF CAMPINAS, BRAZIL), P
ARRUDA (UNIVERSITY OF CAMPINAS, BRAZIL)

© ZOE.WILSON@NOTTINGHAM.AC.UK

Pollenformationishighly sensitive totemperaturestress; high
temperaturesduringfloweringthereforeposeaseriousthreatto
currentandlong-termcropyields. Thisisparticularlythecasesince
floweringandseedsettypicallyoccurduringasingle, transient
stageofplantdevelopment, whichunlike vegetativeassociated-
stress, cannot be rescued if conditions subsequently improve.
Hightemperaturesreducethenumberoffloweringbranchesand
thereforethenumber of flowersperplant,howeverabnormalitiesin
pollenformationresultinmalesterilityandthusfailureof seedset.
Thereisthusthepotential fordevastatingyieldlossesifresilience
toreproductivetemperaturestressisnotdeveloped. Wehavebeen
usingvariousapproachestoidentifythechangesassociatedwith
heatstressduringpollendevelopmentinarabidopsis, rice, wheat
andbarley. We have been capitalising upon genetic variability
intolerancetohightemperaturetoconduct GWASandRNASeq
to identify tolerance and expression changes associated with
reproductiveheatstress. Thesedatawillbediscussed.Inaddition
we have used transgenic approaches to modify Uncoupling
Proteinl (UCP1) expressiontoreconfigure cellular metabolism
as an alternative approach to develop abiotic resilience. It is
thoughtthatcontrolof Uncoupling Proteinexpressionisoneofthe
mechanismseukaryoticcellsusetoregulate ROSproduction. We
observedthatflowersfromUCP1overexpressionlinesactasstronger
photoassimilatesinksduringabioticstress,resultinginenhanced
droughtresilienceandincreasedyield.
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P6.4 RESILIENT BEANS FOR CLIMATE
CHANGE: TEMPERATURE THRESHOLDS,
CRITICALLY SENSITIVE STAGES AND
UNDERLYING ADAPTATIONS TO HEAT
AND CLIMATE CHANGE

™ FRIDAY 5 JULY, 2019 ©® 10:30

& JAVIER AMIRET (UNIVERSITY OF READING, SCHOOL OF
AGRICULTURE POLICY AND DEVELOPMENT, UNITED KINGDOM),
TESS DILKS (ROTHAMSTED RESEARCH, PLANT SCIENCES
DEPARTMENT, UNITED KINGDOM), CHETAN DEVA (UNIVERSITY
OF LEEDS, SCHOOL OF EARTH AND ENVIRONMENT, UNITED
KINGDOM), HERNAN DEGIOVANNI (SCOTLAND’S RURAL
COLLEGE, DEPARTMENT OF LAND ECONOMY, ENVIRONMENT
AND SOCIETY, UNITED KINGDOM), SANDRA SAKALAUSKIENE
(LANCASTER UNIVERSITY, LANCASTER ENVIRONMENT CENTRE,
UNITED KINGDOM), BENJAMIN E SCHIEK (INTERNATIONAL
CENTER FOR TROPICAL AGRICULTURE (CIAT), DECISION
AND POLICY ANALYSIS, COLOMBIA), STEVEN D PRAGER
(INTERNATIONAL CENTER FOR TROPICAL AGRICULTURE
(CIAT), DECISION AND POLICY ANALYSIS, COLOMBIA), BODO
RAATZ (INTERNATIONAL CENTER FOR TROPICAL AGRICULTURE
(CIAT), AGROBIODIVERSITY (BEAN PROGRAM), COLOMBIA),
MILAN O URBAN (INTERNATIONAL CENTER FOR TROPICAL
AGRICULTURE (CIAT), AGROBIODIVERSITY (BEAN PROGRAM),
COLOMBIA), JULIAN RAMIREZ-VILLEGAS (INTERNATIONAL
CENTER FOR TROPICAL AGRICULTURE (CIAT), DECISION
AND POLICY ANALYSIS, COLOMBIA), STEPHEN BEEBE
(INTERNATIONAL CENTER FOR TROPICAL AGRICULTURE (CIAT),
AGROBIODIVERSITY (BEAN PROGRAM), COLOMBIA), IAN C DODD
(LANCASTER UNIVERSITY, LANCASTER ENVIRONMENT CENTRE,
UNITED KINGDOM), ANDREW BARNES (SCOTLAND’S RURAL
COLLEGE, DEPTARTMEN OF LAND ECONOMY, ENVIRONMENT AND
SOCIETY, UNITED KINGDOM), SIGRID HEUER (ROTHAMSTED
RESEARCH, PLANT SCIENCES DEPARTMENT, UNITED KINGDOM),
ANDREW JUAN CHALLINOR (UNIVERSITY OF LEEDS, SCHOOL
OF EARTH AND ENVIRONMENT, UNITED KINGDOM), DONAL
0’SULLIVAN (UNIVERSITY OF READING, SCHOOL OF
AGRICULTURE POLICY AND DEVELOPMENT, UNITED KINGDOM)

@ J.MIRRETBARRIO@READING.AC.UK

Common beans (Phaseolus vulgaris L.) are widely proposed as
a highly nutritious and marketable crop for ex-combatants in
Colombia, but high temperatures may constrain productivity.
Twomajorknowledge gapsundermine the efficiency of current
breedingforheattolerance.First,thephysiologicalmechanisms
underpinning existing genetic variation in heat tolerance are
poorly understood; second, current breeding programs and
crop-climatemodelsmaynotreflectthepredicted futureoverall
seasonalstresspatternsordiurnaltemperature excursions. We
address these gaps by characterising the impacts of precisely
timedheat/droughtstressesindevelopment, photosynthesisand
reproductionthroughtheprecisephenotypingofcritically sensitive
stagesandtemperaturethresholdsthroughthegrowingseason.
Genotypespreviouslyidentifiedasheattolerantpresentadiversity
ofresponsesthroughtherange offuturetemperaturesandclimate
changescenarios,aswellasthoroughthecropcycle. Withthesekey
tolerancetraits, wearedevelopingnovelmethodsforthebreeding,
screeningandadoptionofheat-tolerantbeans; with validationin
fieldsitesacross Colombia. Withintheproject, weworktoincorporate
thenewphysiologicalknowledgeinimprovedcrop-climatemodels,
siteselection,breedingtraitsandmarkers,andadoptionpathways
withtheultimateaimofdevelopingnutritiveandclimate-resilient
beansforimprovedlivelihoods.
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P6.5 NOVEL CYTOKININ ANTAGONISTS
AS A METHOD FOR CROP ENHANCEMENT
UNDER ABIOTIC STRESS CONDITIONS

™ FRIDAY 5 JULY, 2019 ©® 10:45

@ BRITTANY HEAP (LANCASTER UNIVERSITY, UNITED KINGDOM),
GABRIELA TOLEDO-ORTIZ (LANCASTER UNIVERSITY, UNITED
KINGDOM), MARTIN MCAINSH (LANCASTER UNIVERSITY, UNITED
KINGDOM)

@ B.HEAP2@LANCASTER.AC.UK

Abiotic stresses account for over 50% crop yield losses
globally, however, strategies for abiotic stress mitigation
are largely under-developed and applications to reduce
the impact of abiotic stress on crops are currently lacking.
Therefore, new approaches are urgently required to increase
crop yields under abiotic stress in order to feed a growing
populationinincreasingly stressfulenvironmentalconditions.
Novel compounds havebeen synthesised and screened forroot
growth promotion activity with the objective of eliminating
theeffectsofabioticstressoncropyields. Thenovel compounds
under test are analogues of a known cytokinin antagonist,
whichisanon-competitiveinhibitorofthe cytokininreceptor1
(CREl)intwomodelcropspecies: Arabidopsisthalianaand Oryza
sativa.Cytokininsareaclassofplanthormonesthatregulatecell
divisionanddifferentiationinplants,theyplayanopposingrole
in the roots and shoots. Working antagonistically with auxin,
cytokininspromote cell differentiation and proliferationinthe
zone of elongation and inhibit lateral root formation and root
elongation. Uponapplicationoftheactivecompounds, thedecreased
cytokininfunctionintheroot zone leads tolongerroots and an
increased number of lateral roots with no cost to shoot growth.
Research suggests that inhibition of CRE1 may act as a bio-
fortification tool, along with increasing the plants resilience
to abiotic stress. The role of the novel cytokinin antagonist in
promoting root growth and parameters relating to nutritional
qualityofthecropwillbeanalysed.

P6.6 GENE ACTION OF DROUGHT
TOLERANCE AND ACHENE YIELD
RELATED TRAITS IN SUNFLOWER
(HELINANTHUS ANNUUS L.)
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@ HUMERA RAZZAQ (UNIVERSITY OF AGRICULTURE FAISALABAD,
PAKISTAN)

@ HUMERARAZZAQ@GMAIL.COM

SSixtysunfloweraccessionswereevaluatedunderpolyethylene
glycol (PEG-6000)-mediateddroughtstress. Selected tolerantand
sensitiveaccessionswerecrossedinline x testerfashionandthe
resultantFlalongwiththeirparents wereevaluatedfordrought
toleranceinthefieldand PEG-mediateddroughtinthelab.Data
wererecorded on morphological and physiological parameters.
Geneticvariationamongtheentriesundernormal and drought
stresstreatmentsindicated thatthisbreeding materialmaybe
usedforthedevelopmentofdrought-toleranttypes. Combining
ability analysis exhibited variable direction and magnitude of
general combiningability (GCA) effectsamongline and testers
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andspecificcombiningabilityeffects (SCA)amongcrosses. The
lines A-23,G-33and017583 andtestersHA-133and 017577 were
the best general combiners under normal and drought-stress
treatments. Resultsof SCAindicatedthatcrossesGG-61x017577,
A-79xCM-621,A-48xCM-621,017592xCM-621,017592x017577 and
A-75x017577werethebestspecificcombiners. Crosses G-61xHA-124
andA-48xHA-341hadmid parent,betterparentand commercial
heterosisforvarioustraitsundertreatments. Anadditivetype of
geneactionwasobservedforgerminationpercentage,daysto50%
flowering,daysto50%maturity,stemdiameterandoilcontentwhile
othertraitsshowednon-additivegeneaction. Theassociationof
traitsbasedoncorrelationandpathanalysessuggestedthatseedling
freshweight,dryweightandhundredacheneweightmightbeused
ascriteriaforselectingsunflowerfordroughttoleranceandhigh
acheneyield.

P6.7 TASTING THE SPOTLIGHT: THE

PATH OF THE SUN TRIGGERS DIURNAL
AND SPATIAL FLUCTUATIONS IN THE

COMPOSITION OF WINE GRAPES
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AARON FAIT (THE JACOB BLAUSTEIN INSTITUTES FOR DESERT
RESEARCH BEN-GURION UNIVERSITY OF THE NEGEV, ISRAEL)

© NR444@CORNELL.EDU

Micrometeorological conditions such as solar irradiance and
temperatureareimportantfactorsaffectingfruitcomposition.In
recentyears, theireffectonthecompositionof wine grapesreceived
considerableattention,owingtotheparamountinfluenceofabiotic
defense-relatedcompoundsonfruitandwinequality. Nevertheless,
tothisdayweareunabletoanticipate compositionalconsequences
ofagivensetofconditions,andareuncertainastowhetherthey
representacclimatization,orareimposedbytheenvironment.In
addition, thefundamental questionofhow fruitsrespondtothe
substantialspatiotemporal variationsaccompanyingthediurnal
path of the sun, remains largely unexplored. To address these
questions,wecreatedanextensivegradientofirradiancelevelsinthe
fruit-zonebyharnessingthestrongandstablesolarirradianceinthe
Negevdesert. Theroleofsunlightinthespatial variability of grape
compositionwasanalyzedbyusingthethree-dimensionalstructure
of the grape cluster and integrating berry-level metabolomics
andmicrometeorology.Inaddition, theimpactofsunpathonthe
diurnal metabolic processesin the grape were analyzed for the
firsttime. Wefound thatgrapessuccessfullyadapttostrongsolar
irradiancebyrepartitioningwithinprimarymetabolitesandthe
majorflavonoid groups. However, thisleadstoinferiorsensorial
characteristicscommonlyassociatedwithwarm/aridclimate. We
showthatthespatiotemporalsolarregimeinavineyardgenerates
spatialvariabilityand diurnal fluctuationsin fruit composition.
Takentogether, precisesolarirradiancemanagementisessential
toimprovingfruitqualityandhomogeneity and mitigatingthe
detrimentalconsequencesof warmandarid conditions.
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P6.8 GENE ACTION OF YIELD

AND ITS RELATED ATTRIBUTES IN
BRASSICA NAPUS L. UNDER NORMAL
AND DROUGHT STRESS
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Climatechangeisamajorissueworldwideduetoglobalwarming.
Abioticstresses,particularlydroughtstress,hascrucialeffects
onplants.Droughtstressdecreasescropproductionandyieldin
Brassicanapus. Thepresentstudywasconductedtodeterminethe
geneactionofvariousyieldanditsrelatedattributesinB. napus
underdroughtstress.Forthispurposeeightdrought-tolerantand
threedrought-sensitive accessions were collected from oilseed
researchgroupandwerehybridisedusingtheline xtestermating
design.Developedbreedingmaterialalongwiththeirparentswere
evaluatedattheseedlingstageinthelabandatthematuritystagein
thefield. Acompletelyrandomised designwasimplementedusing
factorial structured treatment levels of T0O=0 (normal), T1=8%
and T2=16%PEG-6000.Formaturitytraits,theexperimentwas
conductedinthefieldusingarandomised completeblockdesign.
Threetreatmentswereappliedtocreatedroughtstress (TO=normal
irrigation, T1=alternate irrigation and T2=no irrigation). Data
were recorded for qualitative and quantitative traits and were
analysed by using ANOVA, mean comparison test, line x tester
analysis,correlationandpathanalysis. Theresultsindicated that
thevarianceinspecificcombiningabilitywasgreaterthanthatof
generalcombiningabilityinalldroughtstresstreatments,andthat
therewasnoadditivegeneaction.Line xtesteranalysishadmore
proportional contributionunder T0=63.69, T1=61.45, T2=51.92
followedbylines T0=28.62,T1=21.45,T2=47.66, testers T0=7.69,
T1=17.09andT2=6.41.CrossZmm-5xRainbowperformedbestin
normalanddroughtconditions.

P6.9 CONCRETE CONVERSATIONS:
EXPERIMENTS WITH MOSS AND
MICROTOPOGRAPHY ON AN URBAN
GRADIENT
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Asorganismsexperiencetheenvironmentattheirownsuite of
scales,amultiscaleapproachisusefulwhendeterminingthedrivers
ofbiodiversity. Forsmallorganismssuchasmoss, microtopography
suchassmallscaleundulationsandcavitiesisrelevantbecauseit
islinkedtotheavailability ofresourcesincludinginsolationand
water. Atalargerscale,urbanisationofteninvolvesincreasedlight
intensity, heat, pollutionanddrought, creatingamultiplestress
environment.Betweenthesetwoextremes,sitecharacteristics,
particularly shade, arealsoexpectedtoinfluence physiological

ANIMAL, PLANT & CELL ABSTRACTS 269

processessuchasrespirationandphotosynthesisandhencegrowth.
To test the response of moss establishment at different scales
createdfourconcretetiledesignswithdifferingmicrotopography
(nichevrelief;smoothvtextured).Icast240tilesandfixedthem
tol5paverswhichIplacedinprivategardensonanurbangradient
inWollongong, NSW, Australia. Eachpanelwasinoculatedwith
amixture of moss and associated soil from 40 sites within the
studyregion. Measurementsoflightand temperature weretaken
seasonally. Overall, tileswithmorerugosityandaniche (concave)
designareexpectedtopromotemossestablishment;sotooshady
sitesthatarecoolerinsummermonths;withurbanisation, pollution,
andlargerscaleprocessessuchaspopulationfragmentationdetering
establishment. Initialresults showdecreasedmossestablishment
withincreasingurbanisationandhigherestablishmentin ‘niche’
(concave)tiles. Thisexperimentwillenhanceourunderstanding
oftheeffectsofurbanisationonplantmicroclimateandcontribute
toresearchinurbangreening.

P6.10 RESPONSE OF BRASSICA NAPUS
L. ACCESSIONS UNDER DROUGHT
STRESS CONDITIONS AT BOTH SEEDLING
AND MATURITY STAGES
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@ BAREERANASIR64@GMAIL.COM

Fluctuationsinclimatecanincreaseordecreasetheproduction
of many crops. Anychangeinclimate couldposeachallenge for
researchersandfarmers. Brassicanapusisanimportantoilseed crop
andispronetoseveralabioticstresses,especiallydroughtstress.In
thepresentstudy, growthandtoleranceresponsesof10accessions
of B.napuswereevaluatedunderlaboratoryandfield conditions. For
hydroponics,seedsofeachaccessionweresowninpolythenebagsin
atriplicate,completelyrandomiseddesignusingfactorialstructured
treatments. Fifteendaysaftersowing,seedlingsweretransplanted
tothehydroponicsatthreedroughtstresslevels: T0O=0(control),
T1=9%and T2=18% of polyethyleneglycol. Datawererecordedon
variousseedlingparametersafter 15daysoftransplantation. For
invitroculture,seedsweregrownin MSzeromediaand explants
wereusedforcallusculture,usingthesametreatmentdesignas
forhydroponics. Variousdrought-tolerantcharacteristics were
measuredafter21daysofcallusformation. Fieldexperimentswere
conductedinarandomised completeblockdesignwithsplitplot
arrangementhavingthreereplicationsandthreetreatments: T0=6
irrigations(control), T1=3irrigationsand T2=noirrigation. Dataon
yieldanditsrelatedtraitswererecorded.Recordeddataofthesethree
experimentsweresubjectedto ANOVA, multiplecomparisontest
correlationandpathanalyses. Drought-tolerantaccessionsmaybe
usedforthedevelopmentofdrought-toleranttypes.
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P6.11 MUTATION INDUCTION IN
SUNFLOWER (HELIANTHUS ANNUUS L.)
TO MITIGATE THE CLIMATE CHANGE

™ FRIDAY 5 JULY, 2019 ©® 10:57
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PAKISTAN)
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Climate changeis a global challenge that has no borders and to
combat,itrequirescoordinated workbyallcountries. Average global
temperatureshaveriseneverydecadesincethe1970s,andthe 10
warmestyearsonrecordhavealloccurredsince 1997.Agricultural
productionissusceptibletoweatherandclimate.Theimpactsof
climatechangearealreadyresponsibleforkillinganestimated
315,000peopleeveryyearanddamagingecosystems. Andthisis
justthebeginning—thesciencepredictsthatanythingmorethan
a2°Criseinglobaltemperaturesputsusontheroadtopotentially
catastrophicproblems. Therewillbemoreflooding, moredroughts,
more disease, more famine and more war, creating hundreds of
millionsofrefugeesandcausingthedestructionofentireecosystems
andspecies. Morework onabioticstressesisneededtodevelopa
diverse germplasm. Thereisaneedtofocusondiversefoodand
miraclecropslikesunflower.Its oilconsistsof polyunsaturatedfatty
acids, vitamins A,D,EandK,andphosphorus.Inthepresentstudies,
sunfloweraccessionswerecollected,andtwodifferentmutagens
(UVandColchicine) wereusedtoinducethemutation. Mutated seeds
weresowninthefieldfortheevaluationandacomparisonwithnon-
mutatedseeds. Completecharacterprofilingwasdone,andamutated
librarywasdeveloped. Selectionof promisingaccessionswasdone
onthebasisofbiometricalapproachesandtheyarerecommended
forthedevelopmenttofeedthepopulation.

P6.12 THE ROLE OF CHLORIDE
HOMEOSTASIS ON PLANT DROUGHT
RESISTANCE
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At the cellular level, osmoregulatory mechanisms have been
describedbywhichinorganicionfluxes, particularlyK*,NO,, CI"
andNa'*,playkeyrolesindroughtacclimatizationresponseslikethe
rapidturgorrecoveryofleafandrootcells,andthestomatalclosure.
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However, thereislittleinformationontheregulationofinorganicion
homeostasisatthewhole-plantlevel.Inthisregard, moreattention
hasbeenpaidtotheionicmacronutrientsK*andNO, ", whileNa*
andCl havetraditionallybeenconsidered astoxicionsforcrops.
ButunlikeNa*,plantsmakeanimportantuseofmetabolicenergy
toaccumulate Cl". Apartfrombeinganessentialmicronutrient, we
havedescribed Clasabeneficialmacronutrient, playingspecific
rolesinpromotingplantgrowthandwaterbalance. Macronutrient
CI" levelsreduce stomatal conductance without a concomitant
decreaseofthenetphotosynthesisrate. Sincestomata-mediated
waterlossthroughtranspirationisinherentintheneedofC, plants
tocaptureCO,,simultaneousincreaseof photosynthesisand water-
useefficiencyisofgreatrelevancetoachieveasustainableincrease
of C, cropproductivity. Wewilldescribehow chlorideregulates
water relationsin plants and its impact on drought resistance.
Asdescribed forK*, Cl- plays alsoanimportantroleinthe ABA-
dependentrootosmoticregulation, whichisrequiredtostimulate
root growth under water deficit conditions. Anion channels
involvedinnetCl-uptakeandroot-to-shootaniontranslocation
have been identified. We will discuss also how environmental
conditionsregulate Cl-uptake,long-distancetransportand Cl vs
NO," discrimination.

P6.13 y-AMINOBUTYRIC ACID (GABA)
IS A PLANT SIGNALLING MOLECULE

™ FRIDAY 5 JULY, 2019 ® 12:00
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Thenon-proteinaminoacidy-aminobutyricacid(GABA)hasbeen
proposedtobeanancientmessenger for cellularcommunication
conservedacrosskingdoms. GABA haswell-definedsignalling
roles in animals; however, whilst GABA accumulates in plant
tissuesunderstress,and canregulateplanttissuegrowth,ithas
notbeendeterminedif,howandwhen GABAactsasanendogenous
plant signalling molecule. Here, we establish that endogenous
GABAisabonafideplantsignalbydemonstratingitantagonises
stomatalmovementsinresponsetoopeningand closingstimuli,
andmodulatesplantgasexchangethroughthedirectinhibition
ofplasmamembraneandtonoplast-localisedaniontransporters
withinstomatal guard cells. Furthermore, we showthat GABA
production within guard cells is necessary and sufficient to
influence stomatal aperture by restoring drought tolerance to
mutantplantswithreduced GABA synthesisthrough stomatal
specific genetic complementation, but not through mesophyll-
specificcomplementation. Weshowthat GABA control of stomatal
movement is widely conserved across plant familiesincluding
valuabledicotandmonocotcrops. Ourfindingsdemonstratethat
GABAisanovel plant stresssignalling molecule thatactsviaa
mechanismnotfoundinanimalstofinetuneplantgasexchange.
Thisdiscoveryopensnovelavenuesformanipulatingcropwater
useandtolerancetobioticandabioticstress.

ANNUAL MEETING SEVILLE 2019

P6.14 SLAC1 ANION CHANNEL OF
GRASSES ALLOWS FOR THE CONTROL
OF STOMATAL APERTURE BY NITRATE
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Thelatestmajorgroupofplantstoevolvewerethegrasses. These
becameimportantinthemid-Paleogeneabout40millionyearsago.
Duringevolutionleaf CO, uptakeandtranspirationalwaterlosswere
optimizedbytheacquisitionofgrassspecificstomatal complexes.
Incontrasttothekidney-shapedguardcellstypicalofthedicots
suchasArabidopsis,inthegrassesandagronomicallyimportant
cereals,theguardcellsaredumbbell-shapedandareassociated with
morphologicallydistinctsubsidiarycells. Westudiedthemolecular
basisofguardcellactioninthemajorcereal cropbarley. Uponfeeding
ABAtoxylemsapofanintactbarleyleaf,stomataclosedinanitrate
dependentmanner. Thisprocesswasinitiatedbyactivationofguard
cell SLAC-typeanionchannel currents. HvSLAC1 expressedin
XenopusoocytesgaverisetoS-typeanioncurrentsthatincreased
severalfolduponstimulationwithnitrate. Weidentifiedatandem
aminoacidresiduemotifthatwithinthe SLAC1channelsdiffers
fundamentallybetweenmonocotsanddicots. Ourworkreveals
amarkeddifferencebetweenmonocotanddicotguardcellsand
promptsquestionsintotheselectivepressuresduringevolution
that resulted in fundamental changes in the regulation of
SLAC1function.

P6.15 THE ROLE OF BARLEY
ABI5 TRANSCRIPTION FACTOR
IN DROUGHT RESPONSE
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ABA INSENSITIVE 5 (ABI5) is a basic leucine zipper (bZIP)
transcriptionfactorwhichregulatesexpressionofstress-responsive
genes in ABA-dependent way. We identified a new missense
mutation in the barley ABI5 gene using TILLING strategy. The
hvabi5 mutant showed a higher relative water content (RWC),
decreasedphotosynthesisefficiency,reduced stomatalconductance,
higherflavonoid contentanddiminishedendogenous ABA content
comparedto WTunderdroughtstress. Weperformedthe global
expression analysis (Barley Agilent Microarrays) of hvabi5
and WT under drought and we identified 2,306 differentially
expressedgenes (DEGs)betweenbothgenotypes. Withtheaim
ofhuntingthepotential HvABI5 targetswithinthelistof DEGs,
we performed the analysis of the DEG promoter sequences and
weidentified 179putative HvABI5 targets. Wefurtheranalyzed
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theexpressionof52putative HvABI5 targetsunderdroughtand
eightofthemunder ABA treatmentinbothhvabi5anditsWT.Four
genesassociatedwithchlorophyllbiosynthesis (Geranylgeranyl
Diphosphate Reductase), gibberellin biosynthesis (Ent-Kaurene
SynthaseLike5)andabioticstressresponse (Phospholipase A2and
Carotenoid Cleavage Dioxygenase 1) showed expressionpatterns
highlycorrelated with HvA BI5expressionlevelunderdroughtand
ABA treatment. Physical interaction between their promoters
and HvABIS5 protein is further tested using Yeast One-Hybrid
System. Our results may reveal the part of the mechanism of
barleyresponsetodroughtwhichisdependenton HvABI5action.
ThisworkwassupportedbyNational Science Center Poland, project
2017/25/N/NZ9/01941 “Therole of HvABI5 transcriptionfactor
inspringbarley (HordeumvulgareL.)responsetodroughtstress”,
2018-2020.

P6.16 UNDERSTANDING
PHYSIOLOGICAL AND MORPHOLOGICAL
TRAITS CONTRIBUTING TO DROUGHT
TOLERANCE IN BARLEY AND
ASSESSMENT OF METHODS FOR DROUGHT
TOLERANCE EVALUATION
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Droughtstressisamajorlimitingfactorforcropproductioninthe
aridandsemi-aridregionsandplantbreedersareintheneedfora
convenient,reproducibleandrapidscreeningmethodstobeusedas
aproxyfordroughttoleranceforalargenumberofgenotypes.Eighty
barley (HordeumvulgareL.) genotypesfromdifferentgeographical
locationscontrastingindroughtstresstolerancehavebeenscreened
forarangeofphysiologicalandagronomicalindicesinglasshouse
trails.Barleyseedlingswere graduallybroughttoseveredrought
bywithholdingirrigationfor30daysunderglasshouseconditions
andthedroughttolerance scoredbased onthe degree oftheleaf
wilting, freshanddrybiomassandrelative water content. These
characteristicswererelatedtostomatal conductance, stomatal
density, residual transpiration and leaf sap Na, K, Cl contents
measuredin control (irrigated) plants. Ourresults suggest that
droughttolerantgenotypeshavelowerstomatalconductance,and
lowerwatercontent,Na*,K*,and Cl- contentsintheirtissueunder
control conditionsthanthedroughtsensitiveones. Inafollow-up
work, weassessedvariousscreeningmethodsfortheirsuitability
tobreedersforrapidandreliableevaluationofdroughttolerancein
differentbarleyvarieties. Sixbarley genotypessubjected todifferent
droughttreatmentswereevaluatedbymeasuringtranspiration
rate,quantumyield of PSII(chlorophyllfluorescence Fv/Fmratio),
SPAD chlorophyll meter reading, dry biomass and shoot water
content. Theresultssuggestthattranspirationmeasurementsat
therecoverystagecouldbethemostsensitivemethodforseparating
contrastinggenotypes.
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P6.17 COMPARATIVE PHYSIOLOGICAL,
BIOCHEMICAL AND PROTEOMIC
ANALYSIS OF TWO SORGHUM VARIETIES
IN RESPONSE TO DROUGHT STRESS
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Drought stresslimits crop productivityin sub-Saharan Africa.
Withtheglobalclimaticchange,increasinglymoreseveredrought
episodesarepredictedtooccur. Assuch,thereisneedtodevelop
drought-tolerantcropsforthechangingenvironments. Sorghum,
anaturallydrought-tolerantcereal, withawide geneticdiversity
and afully sequenced genomeis a good model system for usein
understanding plant responses to water deficits. In this study,
two sorghum varieties with contrasting phenotypic traits to
droughtwereusedtoinvestigatethephysiological,biochemical
andmolecularchangesinresponsetowaterdeficits. Physiological
and growth measurements of the plants subjected to drought
stressandduringrecoveryrevealedstrikingdifferencesbetween
the two sorghum varieties. The leaf relative water content,
leaf and root biomass/length and chlorophyll content were
protectedinthedrought-tolerantvariety, whilethesusceptible
varietywasadverselyaffectedduringstressandfailedtorecover
after re-watering. Furthermore, the drought-tolerant variety
accumulatedmuchhigherlevelsofprolineandglycinebetaine for
useasosmoprotectantsinbothleavesandrootscomparedtothe
susceptiblevariety.Subsequentanalysisoftherootproteomeusing
isobarictagsforrelativeandabsolutequantitationalsorevealed
distinctprofilesof stressresponsiveproteinsinthetwosorghum
varieties. Quantitativerealtime-polymerasechainreactionofa
fewtargetdrought-responsivegenesalsorevealedbothtissueand
varietalspecificexpressionaldifferences. Overall, thecurrentstudy
hasgeneratedaknowledgebaseonmechanismsthatareutilizedby
sorghumplantsindroughtstressadaptation.

P6.18 LED LIGHTING, BUT NOT SEED
PRIMING, ENHANCES GROWTH AND
DROUGHT SENSITIVITY IN LETTUCE
ELACTUCA SATIVA) AND ROCKET
ERUCA SATIVA) SEEDLINGS
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Seed priming and LED lighting increase concentrations of
nutritionally-valuablemetabolitesinplants. Morphologicaland
physiologicalbasesofdroughttolerancewereexploredinrocketand
lettuceseedlingsresultingfromprimingwithhomobrassinolide,
prohydrojasmon, orcarvacrolandsubsequentexposure ofseedlings
todifferentratiosofredandbluelight.Seedlingswere grownunder
white (control), 100R:0B%, 75R:25B%, 50R:50B%, 25R:75B%, or
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OR:100B% LEDsbeforebeingmovedunder whitefluorescentlights.
Plantsweredroughted for7daysand thenirrigatedfor 7 daysor
wereirrigatedthroughout. Primingdidnotaffectrocketorlettuce
morphology, physiology,ordroughttolerance. Combined exposure
toredandbluewavelengthsenhancedleafareaandspecificweight
alongwithpigmentandflavonoidbiosynthesis.Rocketdroughted
underR:Blighting,andlettucedroughtedundermonochromatic
light hadlower RWC and increased membrane leakage, despite
increased ABA concentrationsandantioxidantactivity. Rocket
andlettuceexposedtocombinedR:Blightingbeforedroughthad
greaterplantfreshweight.Increased concentrationsofantioxidant
metabolitesdidnotconsistently correlatewithtolerancetodrought.
CombinedR:Blighttreatmentsincreasedstomataldensityinboth
plants. AllLEDregimeswhichincreased stomatalaperturearea
perunitleafarea(AALA)resultedindecreasedRWCattheendof
drought. AALAwasnegatively correlatedwithend-drought RWC
(R2=-0.80)inrocket,butnotinlettuce. Therelationshipbetween
stomataldevelopmentandantioxidantactivityondroughttolerance
wasspecies-specific. Despitethebenefitsof growingleafy greens
under LEDlights, growersmustconsidervulnerability todrought
undersuchconditions.

P6.19 PHENOTYPING WHEAT TRIALS
FOR CANOPY TEMPERATURE USING
DRONES AND THERMAL IMAGERY

™ FRIDAY 5 JULY, 2019 ©® 17:00

@ MALCOLM J HAWKESFORD (ROTHAMSTED RESEARCH, UNITED
KINGDOM), ANDREW RICHE (ROTHAMSTED RESEARCH, UNITED
KINGDOM), MARCH CASTLE (ROTHAMSTED RESEARCH, UNITED
KINGDOM), ADAM MICHALSKI (WROCEAW UNIVERSITY OF
ENVIRONMENTAL AND LIFE SCIENCES, POLAND), SIMON
GRIFFITHS (JOHN INNES CENTRE, UNITED KINGDOM), CLARE
LISTER (JOHN INNES CENTRE, UNITED KINGDOM)

© MALCOLM.HAWKESFORD@ROTHAMSTED.AC.UK

Canopytemperatureisdepressedbyhightranspirationrateswhich
inturnisdependentonthe wateravailability tothe crop. Water
availabilityisdirectlydependentonthesoilwaterprofilebutaccess
bythecropinfluencedbyrootingdepthandactivity. Ground-based
measurementofcanopytemperatureusingIRsensorsisfeasible,but
thetimetakentocoveralargenumberofplotsinatrialisproblematic
asambienttemperaturescanveryrapidlyduringtheday. Asolution
istouseanimage-basedapproach,capturingdetailofanentirefield
trialfromanaerialperspective. Thermalvideowascapturedusing
aradiometrically calibrated cameramountedonamultirotordrone,
flyingat50maltitude,andover200imagesextractedperflight. The
imageswerecorrectedforvignettingandthenortho-mosaiced.
Ground control pointssuitableforrecognitioninthermalimages
wereplacedintheexperimenttoenableprecisegeolocationofthe
orthophoto. Theapproachhasbeenvalidatedusingawheat Paragon
xGarciamappingpopulationsegregatingfordroughtresistance.The
populationwasgrownwithandwithoutirrigationat ChurchFarm,
Norfolk, UK,insuccessiveyears.Substantialdifferencesincanopy
temperaturewereidentifieddependentonirrigationstatus, timeof
dayandgenotypeand QTLweremapped.
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P6.20 ENABLING REMOTE SENSING
OF DROUGHT STRESS IN CROPS

™ FRIDAY 5 JULY, 2019 ©® 17:30
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P6.21 DESIGNER ROOTS FOR
FUTURE WHEATS

™ FRIDAY 5 JULY, 2019 ©® 17:45

@ ANGELA C BURNETT (BROOKHAVEN NATIONAL LABORATORY,
UNITED STATES), SHAWN P SERBIN (BROOKHAVEN NATIONAL
LABORATORY, UNITED STATES), KENNETH DAVIDSON
(BROOKHAVEN NATIONAL LABORATORY, UNITED STATES),
KIM ELY (BROOKHAVEN NATIONAL LABORATORY, UNITED
STATES), ALISTAIR ROGERS (BROOKHAVEN NATIONAL
LABORATORY, UNITED STATES)

@ AVENETIANMORNING@GMAIL.COM

Droughtisamajorenvironmentalchallengefacedbypeopleand
plants,andispredictedtoincreasethroughoutthiscentury.One
aspectoffightingforfoodsecurityinthefaceofdroughtinvolves
physiologicalbreeding-theuse of measurementsofphotosynthesis
andwateruseefficiencytoevaluatetraits fordroughtresilience.
However,suchmeasurementsaretraditionally time-consuming
andlow-throughput.Remotesensingofvegetation,incontrast,is
rapidandhigh-throughput, therebyfacilitatingscreeningforplant
breedingamongstotherapplications. Qurresearchinvestigates
therelationshipbetweenphysiologicalandbiochemicalindicators
ofdroughtstress,andspectralsignaturescollectedusingremote
sensing,inordertoestablishcorrelationssothatremotesensing
maybeusedtomonitordroughtstressandwateruseefficiency.In
thisdroughtexperiment, plantsof Helianthus annuus (sunflower),
Sorghum bicolor (sorghum), Raphanus sativus (radish), Populus
canadensis (poplar), Cucurbitapepo (zucchini)and Capsicumannuum
(bellpepper) weregrowninaglasshouseandexposedtoacomplete
dry-down.Gasexchangemeasurements,leaf-level spectroscopy,
andharvestingforbiochemicalanalysiswereperformedregularly
throughout soil dry-down and plant senescence. Initialresults
suggest a promising correlation between remote sensing and
traditionalmeasurements,andshowanearlierdetectionofdrought
stressbyspectroscopy comparedtogasexchange.Improvementof
remotesensingforphysiologicaltraitslinked todroughtstresswill
beinstrumentalindevelopingphysiologicalbreedingforresilient
cropsinathirstyworld.

& LEE HICKEY (THE UNIVERSITY OF QUEENSLAND, AUSTRALIA),
KAI VOSS-FELS (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), CECILE RICHARD (THE UNIVERSITY OF
QUEENSLAND, AUSTRALIA), JACK CHRISTOPHER (THE
UNIVERSITY OF QUEENSLAND, AUSTRALIA), ANGELA JUHASZ
(MURDOCH UNIVERSITY, AUSTRALIA), INDEEWARI DISSANAYAKE
(THE UNIVERSITY OF QUEENSLAND, AUSTRALIA), MILOS
TANURDZIC (THE UNIVERSITY OF QUEENSLAND, AUSTRALIA),
GABRIEL KEEBLE-GAGNERE (DEPARTMENT OF ECONOMIC
DEVELOPMENT JOBS TRANSPORT AND RESOURCES, AUSTRALIA),
RUDI APPELS (DEPARTMENT OF ECONOMIC DEVELOPMENT JOBS
TRANSPORT AND RESOURCES, AUSTRALIA), JOSQUIN TIBBITS
(DEPARTMENT OF ECONOMIC DEVELOPMENT JOBS TRANSPORT
AND RESOURCES, AUSTRALIA)

@ L.HICKEYeUQ.EDU.AU

In2018,wheatfarmersin Australiaand Europe experienced major
yieldlossesduetosevereandwidespreaddroughtandheatstress.
Improvingtherootsystemsoffuturewheatcultivarscouldenhance
theabilityof cropstocapturewaterfromdeepsoillayers, thereby
minimizing or avoiding stress. Furthermore, with increasing
pressuretoreduceinputssuchaschemicalfertilizers,mechanisms
forimprovednutrient-useefficiencyarerequired. Thus,toenable
targeted genetic manipulation of modern wheat varieties, the
discoveryofkeylociunderpinningrootdevelopmentandresponse
tonutrientsisahighpriorityforresearchandpre-breedingprograms
worldwide.Inthisseminar,wehighlighthowthe wheatreference
sequenceandtheapplicationofnewgenomicvisualizationtools(e.g.
Pretzel)areacceleratingoureffortstoidentifykeygenesinvolved
innutrientandrootdevelopmentpathways. Wehopethiswork will
soonempowerwheatbreederstodeploy futurewheatvarietieswith
improvednutrient-useefficiencyanddesignerrootsystems.

P6.22 THE EFFECT OF CLIMATE
CHANGE ON ANIMALS

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ SEGUN B MICHAEL (GLOBAL NETWORK FOR SUSTAINABLE
DEVELOPMENT, UNITED STATES)

@ SEGUNCONCEPT@YAHOO.COM

Thechallengeofclimatechangeincontinentsoftheworldinthe
21stcenturycannotbewishedaway. InNorthernNigeriaandthe
SahelRegionof Africa,desertificationanddroughthaveresulted
intheshrinkageofanimalsintermsoflosingwealthwhichmostly
leadtodeath.InNorthernNigeria, herdersareforced tomigratein
searchofpastureandwatertofeedtheircowsduetodroughtmainly
asaresultoftheshrinkageoftheLakeChadBasinwhichservesasa
meansofirrigationandsourceof watertofarmersduringtheplanting
season. Amajorcontributingfactortodesertificationanddrought
fromclimatechangeinNigeriaistheindiscriminatefellingoftrees
usedforcookingwhichreleaseimmensecarbonmonoxideintothe
atmospherethatfurtherdepletetheozonelayer. Thelossof weight
inanimalswhichmosttimesleadtodeathishugeeconomiclossto
peopleintheruralareasofNigeriawhosemajorsourceofincome
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isagriculture. Theeffectofclimatechangeisdevastatingdueto
increaseintemperaturecombinedwithadecreaseinrainfallwhich
leadtoincreasewaterstressforvegetationandseverity ofdroughts.
Awarmerclimate (globalwarming) affectproductivityofanimals
andalsoleadtonaturaldisasterssuchaswildfireexperiencedinsome
continentsoftheworld. Theactualizationof the United Nations
Sustainable Development Goal (SDG) 13: Climate Actionisvery
importanttoovercomethechallengeofclimatechange.

P6.23 EXPLORING THE POSSIBILITY
OF WATER-STRESS AS RESOURCE: THE
CASE OF DIFFERENT TOMATO GENOTYPES

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION
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P6.24 EFFECTS OF PHYSIOLOGY ON
THREE EDAMAME CULTIVARS UNDER
DROUGHT STRESS

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ CHUNG-TSE CHEN (GRADUATE INSTITUTE OF BIOTECHNOLOGY,
NATIONAL CHUNG HSING UNIVERSITY, TAIWAN), YU-SIAN
WU (DEPARTMENT OF AGRONOMY, NATIONAL CHUNG HSING
UNIVERSITY, TAIWAN), CHUN-TANG LU (CROP SCIENCE
DIVISION, TAIWAN AGRICULTURAL RESEARCH INSTITUTE,
TAIWAN), CHIN-YING YANG (DEPARTMENT OF AGRONOMY,
NATIONAL CHUNG HSING UNIVERSITY, TAIWAN)

@ EMIYANG@DRAGON.NCHU.EDU.TW

@ ERMENEGILDA VITALE (DEPARTMENT OF BIOLOGY, UNIVERSITY
FEDERICO II OF NAPLES, ITALY), CARMEN ARENA (DEPARTMENT
OF BIOLOGY, UNIVERSITY FEDERICO II OF NAPLES, ITALY),
MARIA MANUELA RIGANO (DEPARTMENT OF AGRICULTURAL
SCIENCES, UNIVERSITY FEDERICO II OF NAPLES, ITALY),
AMALIA BARONE (DEPARTMENT OF AGRICULTURAL SCIENCES,
UNIVERSITY FEDERICO II OF NAPLES, ITALY), ANTONIO
DI MATTEO (DEPARTMENT OF AGRICULTURAL SCIENCES,
UNIVERSITY FEDERICO II OF NAPLES, ITALY), CARMEN ARENA
(DEPARTMENT OF BIOLOGY, UNIVERSITY FEDERICO II OF
NAPLES, ITALY)

@ C.ARENA@UNINA.IT

Waterstressisanincreasingenvironmentalconstraint, especially
inMediterraneanecosystems, affectingtomatogrowthandyieldin
Mediterraneanareas. Theselectionofnewtomatogenotypesmore
resistanttowaterdeficitandenrichedinantioxidantscompounds
could represent a valuable solution to overcome the drought
constraintintheseareas. Thisstudyinvestigated thephysiological
responseandadaptationmechanismsoftwotomatogenotypes:
sensitive M82 (Solanum lycopersicum L.) and tolerant IL925, to
prolongedwaterstress.Plantsofboth genotypesweresubjected
tothreedifferentwaterregimes:irrigationwith 100% (R 3),50%
(R2)and25% (R1)field capacityand comparedforphotosynthesis,
leaffunctionaltraitsand pigmentcontent. Moreover, fruitswere
analysed for antioxidant compounds. Our results showed that
comparedtoM82,1L925 wasmoretolerantof prolonged waterdeficit,
especiallyunderthemostlimitedwaterregimeR1. More specifically,
IL925 showedhigherleafspecificmassandleafdrymattercontent
comparedtoM82, traitsfavouringareduced waterlossbytissues
as well as higher levels of polyphenols and carotenoids active
againstPSIloxidativedamageswhenphotosyntheticcapacityis
reduced.BesidesunderseverewaterstressIL925alsoexhibiteda
higherPSIIphotochemicalefficiencyassociated withalowernon-
photochemicalquenching.Inthisgenotypeprolongedseverewater
stressinducestheformationoffruitsricherinantioxidants(phenols,
ascorbicacid, carotenoids)comparedtoM82,indicatinghowastress
factorcanactasaresourceinspecifictomatovarieties.

Edamame (GlycinemaxL.)isacropofeconomicimportancewith
highnutritiousvalue. Edamamebeansareagoodsource of protein
andnutritiouselements. KaohsiungNo.9 (KH9), KaohsiungNo.
11 (KH11) and Xiang-Ji (X]) are three major edamame cultivars
in Taiwan. KH91is the most popular cultivarin Taiwan and has
thelongestgrowthdurationandhighestyieldamongthesethree
cultivars. In contrast tothe othertwo cultivars, XJisa cultivar
ofJapaneseoriginandhasasmallerphenotype, shorter growth
durationanduniquearomatictaroflavortoitsbeans.Recentstudies
haveshownthatedamamehasindispensablewaterrequirements
inalldevelopmentalstages, especiallyfrombloomingthroughpod
fillingstages.Insufficientirrigation causesabortedblossoms,small
podsandshriveledbeansandthusgreatlyreducestheproduction
ofedamame. We examined the aforementioned three cultivars
under drought conditions during the blooming period. The soil
watercontentwasaslowas10%afternoirrigationfor 10days;a
control sample was included for comparison. The pod numbers
decreased in all three cultivars after the drought treatment;
however,thepercentagesofpodreductiondifferedbetweenthe
cultivars,with57%,4.1%,and37.5% of podslostfrom X]J,KH9and
KH11,respectively,after 10daysofthedroughttreatment.XJwas
themostsensitivecultivartodroughtstressand KH9wasthemost
tolerantcultivar. Ourresultsrevealedthatdroughttolerancediffered
betweenthesecultivars.

P6.25 EFFECT OF ENVIRONMENTAL
STRESS ON OILSEED RAPE
REPRODUCTION

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

@ ALISONC TIDY (UNIVERSITY OF NOTTINGHAM,
UNITED KINGDOM)

@ ALISON.TIDY@NOTTINGHAM.AC.UK

Agriculture is facing the crucial challenge of adapting crop
productivity to changes in the climate; environmental stress
duringfloweringhasadirectandnegativeimpactonyield. This
isduetopollenandovuledevelopmentbeinghighlysensitiveto
environmentalstress, withreducedmaleandfemalefertility,and
thereforeultimateseedset. Over 70milliontonsofoilseedrapeare
beingproduced worldwide yearly and therefore understanding
environmentalsensitivitywithin Brassicaispivotalforoptimising
cropperformanceunderchangingclimates. TheBnaDFFSpanel of
approximately 100diverse Brassicalines grownworld-widewas
usedtocomparetheeffectsofbothcoldandheatstressondifferent
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genotypes—withafocusonpollenviability, pollengermination,
ovuledevelopment andfinal seed yield. The knowledge gained
will help to address the delivery of more robust oilseed rape
linestocombatenvironmentalstresslossesbytargetingrobust
fertilityunderchangingenvironments. GWASanalysiswillbe
usedtoprovidecandidate genesforfuturebreedingprogramsto
geneticallymitigatethepotentially deleteriouseffectsoffuture
climatescenarios.

P6.26 CHLORIDE AT MACRONUTRIENT
LEVELS INCREASES DROUGHT
RESISTANCE BY IMPROVING WATER
BALANCE AND WATER-USE EFFICIENCY

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ MIGUEL A ROSALES (CSIC, SPAIN), JUAN D FRANCO-NAVARRO
(csIC, SPAIN), PABLO DIAZ-RUEDA (CSIC, SPAIN), CARLOS
RIVERO (CSIC, SPAIN), JAVIER BRUMOS (IVIA, SPAIN),
ALFREDO RUBIO-CASAL (UNIVERSITY OF SEVILLE, SPAIN),
ALFONSO DE CIRES (UNIVERSITY OF SEVILLE, SPAIN), JOSE M
COLMENERO-FLORES (CSIC, SPAIN)

©@ MIGUELROSALES8@GMAIL.COM

Chloride (Cl) has been recently described as a beneficial
macronutrientin well-irrigated plants, playing specificrolesin
promotingplantgrowth, photosyntheticperformanceand water-
use efficiency (WUE). Therefore, a new research framework is
openedinthesearchforadaptivemechanismsthatregulate water
homeostasis and, in particular, the plant ability to withstand
waterdeficit. Droughtisnowrecognizedastheabioticstressthat
mostimportantlyaffectsglobalcropproductivity. Understanding
howplantsusewaterforoptimalbiomassproductionhasbecome
afundamentalissueworldwide.Inthiswork, weaimtoelucidate
whetherCl nutritionatmacronutrientlevelsstimulatesdrought
resistance and which physiological mechanisms are involved.
To that end, tobacco plants were treated for 30 days with three
nutritionaltreatmentsaddedtothebasalsolution: CL(5mMCI),N
(5mMnitrate),andSP(1.25mMsulphateand 1.875mMphosphate),
containingallofthemthesamecationicbalance.Then,plantswere
subjectedtotwoirrigationregimesfor20days:control (100%field
capacity)andmoderatedrought (60%field capacity).Resultsshowed
that, in comparisonto SP and N treatments, Cl-application (CL
treatment)improvedplantgrowth,leafdevelopment, waterbalance
parameters and WUE under drought conditions. Interestingly,
N-treatedplantsexhibitedthestrongestgrowthreductionduring
drought,showinghigherstresssymptomscausedbyaninefficient
wateruse. Therefore, we proposethattheabundantuptakeand
accumulationof Cl'respondstoanadaptivefunctionthatimproves
waterrelationsanddroughtresistanceinhigherplants.
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P6.27 A MAJOR ROOT ARCHITECTURE
QTL AFFECTING RESPONSE TO WATER
LIMITATION IN DURUM WHEAT

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

& LEE HICKEY (LEE HICKEY, AUSTRALIA), K HASSOUNI
(INTERNATIONAL CENTRE FOR THE AGRICULTURAL RESEARCH
IN THE DRY AREAS, MOROCCO), F BASSI (INTERNATIONAL
CENTRE FOR THE AGRICULTURAL RESEARCH IN THE DRY AREAS,
MOROCCO), E DINGLASAN (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), C YOUSSEF (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), G QUARRY (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), A AKSOY (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), E MAZZUCOTELLI (GENOMIC RESEARCH CENTRE,
ITALY), A JUHASZ (MURDOCH UNIVERSITY, AUSTRALIA),

J ABLE (THE UNIVERSITY OF ADELAIDE, AUSTRALIA), J
CHRISTOPHER (THE UNIVERSITY OF QUEENSLAND, AUSTRALIA),
K VOSS-FELS (THE UNIVERSITY OF QUEENSLAND, AUSTRALIA),
S ALAHMAD (THE UNIVERSITY OF QUEENSLAND, AUSTRALIA)

@ L.HICKEYeUQ.EDU.AU

Theoptimalrootsystemarchitecture (RSA)ofacropiscontext
dependent and critical for efficient resource capturein the soil.
Narrowrootgrowthanglepromotingdeeperrootgrowthisoften
associatedwithimprovedaccesstowaterandnutrientsindeepsoils
duringterminaldrought.RSA,thereforeisadrought-adaptivetrait
thatcouldminimiseyieldlossesinregionswithlimitedrainfall.
Here, GWASforseminalrootangle (SRA)identified sevenmarker-
traitassociationsclusteredonchromosome6A,representingamajor
quantitativetraitlocus (gSRA-6A)whichalsodisplayedhighlevels
of pairwiseLD (r?=0.67).Subsequenthaplotypeanalysisrevealed
significant differences between major groups. Candidate gene
analysisrevealedlocirelatedtogravitropism,polargrowthand
hormonalsignalling. Nodifferenceswereobservedforrootbiomass
betweenlinescarryinghapl andhap2forqSRA-6A,highlightingthe
opportunitytoperformmarker-assistedselectionforthegSRA-6A
locusanddirectlyselectforwideornarrowRSA, withoutinfluencing
rootbiomass. Ourstudyrevealedthatthegeneticpredispositionfor
deeprootingwasbestexpressedunderwater-limitationyettheroot
systemdisplayedplasticity producingrootgrowthinresponseto
wateravailabilityinuppersoillayers. Wediscuss thepotentialto
deployrootarchitecturaltraitsincultivarstoenhanceyieldstability
inenvironmentsthatexperiencelimitedrainfall.

P6.28 THE RESURRECTION PLANT
CRATEROSTIGMA PUMILUM REVEALS
IMPORTANCE OF CHLOROPLAST
REGULATION DURING DESICCATION

™ THURSDAY 4 JULY, 2019 POSTER SESSION

& S FRANCOIS DU TOIT (UNIVERSITY OF CAPE TOWN,
SOUTH AFRICA), JILL M FARRANT (UNIVERSITY OF CAPE TOWN,
SOUTH AFRICA), ZIV REICH (WEIZMANN INSTITUTE
OF SCIENCE, ISRAEL)

@ DTTSTE011@MYUCT.AC.ZA

With the progression of climate change, water for agricultural
purposes is becoming increasingly limited, posing a threat to
global food security. Resurrection plants provide a genetic and
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physiological case studyfordevelopingimprovedagriculturein
water-limited conditions. They cansurvive onlessthan 10% of
their cellular water for prolonged periods and still fully recover
uponrehydration. Sincephotosynthesisisvitalforplantsurvival,
makinguseofhomoiochlorophyllousresurrectionplants, which
maintaintheirphotosyntheticapparatusduringdesiccation,can
revealinsightsintochloroplastgeneregulationduringdesiccation,
rehydrationandassociatedsenescence.Identifyingpotentialsitesof
hostnuclearregulationonthechloroplastgenome of Craterostigma
pumilumwill allow the comparison of transcription patterns of
senescentandnon-senescenttissuesinC. pumilum.Possiblebreak
downsinthisregulationduringdesiccationwouldsuggestreasons
behinddesiccation-associated senescence. Theseinsightshavethe
potentialtoeducatethedevelopmentofplantswithanincreased
tolerance to drought, and therefore, create more sustainable
globalagriculture.

P6.29 METABOLOMIC ANALYSIS
OF ZYGNEMA SP. VEGETATIVE AND
PRE-AKINETE FIELD SAMPLES
FROM SVALBARD

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

@ ANDREAS HOLZINGER (UNIVERSITY OF INNSBRUCK, AUSTRIA),
ERWANN ARC (UNIVERSITY OF INNSBRUCK, AUSTRIA), ILSE
KRANNER (UNIVERSITY OF INNSBRUCK, AUSTRIA), MARTINA
PICHRTOVA (CHARLES UNIVERSITY PRAGUE, CZECH REPUBLIC)

@ ANDREAS.HOLZINGER@UIBK.AC.AT

Zygnemasp.isagenusof commonstreptophytegreenalgaethat
form conspicuous mats in the high Arctic. We collected field
samplesnear Longyearbyen, Svalbard with a vegetative (large
vacuoles,brightgreenchloroplasts),andapre-akineteappearance
(many storage compounds, thick cell walls) and screened for
theirmetabolite composition by GC-MS. The samples were also
characterized by light- and transmission electron microscopy.
Wewereabletodetect171compoundsoutofwhich 116 metabolites
weresuccessfullyidentified.83 compoundsshowedsignificant
differencesbetweentheinvestigated groups. Mostoftheamino-
acidsdetectedlikehydroxyproline, cysteine or glutamine were
down-accumulatedinthepre-akinetesamples. Amongthedetected
freefattyacids,oleicacid(C18:1),linoleicacid (C18:2) and paullinic
acid(C20:1)weresignificantlyup-accumulatedinpre-akinetes.
Mostlow-molecular-weightorganicacids weredown-accumulated
inpre-akinetes.Incontrast,sugarsandsugaralcoholswerefound
to be up-accumulated in pre-akinetes, particularly galactinol,
gentiobiose, raffinose and trehalose. Monosaccharides like
mannose and ribose were down-accumulated in pre-akinetes.
In summary, substantial differences in low-molecular-weight
metabolites exist between vegetative cells and pre-akinetes.
Whereasvegetativecellsaremetabolicallymoreactive,considering
theabundanceofaminoacidsandlow-molecular-weightorganic
acids,pre-akinetescontainmore osmoticallyactivesugarsandsugar
alcohols,aswellasstoragecompounds. Thisishelpfultosurviving
unfavorableenvironmental conditionslikedesiccationinsummer
andfreezinginwinter.
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P7 GENE NETWORKS FOR
CROP IMPROVEMENT

ORGANISED BY: PHILIPPA BORRILL (UNIVERSITY OF BIRMINGHAM)
AND ANDREA BRAUTIGAM (UNIVERSITY OF BIELEFELD)

P7.1 THE TRANSCRIPTIONAL
REGULATION OF SENESCENCE IN WHEAT

™ WEDNESDAY 3 JULY, 2019 ® 14:30

@ PHILIPPA BORRILL (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM)

© P.BORRILL@BHAM.AC.UK

Monocarpic senescence in crops is essential to enable nutrient
remobilisation from photosynthetic tissues to the grain. This
processmustbetightlyregulatedtopreventprematuresenescence
adversely affecting yields, however few genes controlling
senescence have beenidentified in wheat. We are using a gene
networkmodellingapproachtoidentifynovelregulatory genes
controllingtheearlyprocessesinsenescence. Wehavegenerated
anRNA-Seqtime-courseoftentime-pointsfromanthesisuntilthe
firstvisiblesignsofflagleafsenescence. Tounderstandthekeygenes
drivingtranscriptionalchanges, weusedgeneregulatorynetwork
modelling toidentify hub genesregulating the transcriptional
processesacrossthistime-course. Usingthesequenced mutant
populations now available for wheat, we have generated null
mutants in hub genes identified in the network. Preliminary
resultsshowthattwoofthesehubgeneshaverolesinmonocarpic
senescence. Further studies are in progress to characterise
the effects of these novel senescence regulators on nutrient
remobilisation. Theavailability of new genomicresourcesforwheat,
suchasahigh-quality genome sequence andsequenced mutant
populations,hasenabledthestudyof genesregulatingsenescence
atanunprecedentedresolution. Thesegenesmayrepresentnew
breedingtargetstoadaptsenescencetotheenvironmentandto
modulategrainnutrientcontentwhichisinfluencedbytherate
of senescence.

P7.2 CONTEXT-SPECIFIC GENE-
REGULATORY NETWORKS IN MAIZE

™ WEDNESDAY 3 JULY, 2019 ® 15:00

@ ZORAN NIKOLOSKI (MAX PLANCK INSTITUTE OF MOLECULAR
PLANT PHYSIOLOGY)

©@ NIKOLOSKI@MPIMP-GOLM.MPG.DE

Generegulation, like metabolism, is dependent on the context
in which it takes place--the cell type, tissue, environmental
conditions, or a combination thereof. There is a plethora of
computationalapproacheswhichhavebeenemployed, ontheir

ownorincombination, toreconstructgeneregulatorynetworks
in model plants and crops. However, these approaches do not
allowtoseparateregulatoryinteractionswhichoccurinmultiple
contextfromthosewhicharespecifictoacontext. Here,wepresent
regularizedregressionapproacheswhichtakesuchconstraintsinto
considerationtoextractcontext-specificgene-regulatorynetworks
fromarecentlygatheredtime-seriestranscriptomicsdatafrom
maize. Wediscussextensionsoftheapproachtoinclude genomics
dataforimprovedperformance.

P7.3 TRANSLATING BIOLOGICAL
NETWORKS FROM MODEL SPECIES TO
CROPS THROUGH THE APPLICATION
OF CROSS-SPECIES SEQUENCE AND
EXPRESSION ANALYSIS

™ WEDNESDAY 3 JULY, 2019 ©® 15:30

@ KLAAS VANDEPOELE (GHENT UNIVERSITY - VIB, BELGIUM),
DRIES VANEECHOUTTE (GHENT UNIVERSITY - VIB, BELGIUM)

@ KLAAS.VANDEPOELE@PSB.VIB-UGENT.BE

Accelerated by technological innovations, genome-wide data
describingfunctionalpropertiesincludinggeneexpression, protein—
proteininteractionsandprotein-DNAinteractionsarebecoming
availableforanincreasingnumberofmodel organisms. Comparative
sequenceanalysisisasuccessfultooltostudyhomologousgene
families(genessharingcommonancestry),definegenefunctions
betweenorthologs (homologsseparatedbyaspeciationevent)and
identifylineage-andspecies-specificgenes. Mostannotations of
newlysequencedgenomesarebasedonsimilaritywithsequences
for which functional information is available. However, the
rampantnatureofsmallgeneandwhole-genomeduplicationevents
(polyploidy)indifferentplantlineagesposesamajorchallengeon
identifyingthesubsetoforthologs,outofallpossible combination,
whicharefunctionally conserved. Here, we presenthowexpression
contextconservation(ECC),ametriccombininggeneorthologyand
co-expressioninformation,canbeusedtoidentifybiologicalsub-
networksconservedindifferentplants. Startingfromacomparison
between Arabidopsisandriceorthologs, wereporthighlyvariable
levelsof ECCfordifferentbiological processes,indicatingpotential
networkre-wiring. Extendingthisanalysistowardsothercrops
likemaizeandwheat, we showhow comparativenetworkanalysis
canbeusedtotranslatebiologicalnetworks, tomodel expression
divergenceinpolyploidycrops,andtoidentifytheimportance of
lineage-specificgenesindifferentsignalingpathways.
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P7.4 GENETIC MANIPULATION OF ROOT
ARCHITECTURAL TRAITS IN BARLEY
(HORDEUM VULGAREL.) USING DART
MARKER SYSTEM

™ WEDNESDAY 3 JULY, 2019 ® 15:50

@ MUHAMMAD Q FAROOQI (THE UNIVERSITY OF WESTERN
AUSTRALIA, AUSTRALIA)

@ MUHAMMADQUDRATULLAH.FAROOQI@UWA.EDU.AU

Acollectionof191barley (Hordeumvulgarel.)weregrowntoassess
variability in number of root traits under an established semi-
hydroponicsystem. Atotalof26traitswereanalysed,outof which
16hadsignificantlyvariedtraits (coefficientofvariationCV>0.25).
Furthermore, thebarleylinesusedinthisstudywere genotyped
usingDiversity Array Technology (DATT) protocolforthe genetic
dissectionofunderstudiedroottraits. Therefore, the objective of
thisstudywastoinvestigateefficientcomputingoptionstogenerate
relationshipmatrixbasedonmarkersandroottraitsinformationas
wellastheirinverses.Populationstructureandgeneticassociation
studiedwereundertakenbasedon15988SilicoDArT markerswith
missingof<10%. Thestudyrevealedthatthese SilicoDArTswere
highly efficient in classifying the barley lines in groups based
on population structure and clustering analysis. The genetic
diversificationamonglineswasevaluatedwithroutinestatistics,
principal component,linkagedisequilibriumandneighborjoining
tree.ThepatternoflinkagedisequilibriumshowedsignificantLD
withr?=0.24.Inpopulation structure analysis, thebarleylines
weredistributedintotwomain groups based onthresholdlevel
of 0.8 on membrane probability. Principal component analysis
(PCA),kinshipandphylogeneticrelationshipwereperformedto
understandinterrelationshipamongmeasuredroottraits,andtofind
anoverviewofsimilaritiesanddifferencesamongbarleylines. The
geneticcharacterizationofbarleylinesbasedonvariousroottraits
wouldprovidethebasisforimprovedadaptation ofnew germplasm
underspecificenvironment.

P7.5 SEGREGATION DISTORTION:
FACT OR FICTION?

™ WEDNESDAY 3 JULY, 2019 ©® 15:52

@ ALEX COULTON (THE UNIVERSITY OF BRISTOL,
UNITED KINGDOM)

@ ALEX.COULTON@BRISTOL.AC.UK

Segregation distortion is the phenomenon in which progreny
derivedfromabiparental crossdeviatefrom Mendelianratios of
inheritance. Thisphenomenonisreportedinawidevariety ofcrop
species,includingwheat, cotton,rice,chickpeaandbarley.Inthe
currentliteraturethereisinconsistencyinthetypeofstatistical
test used to detect segregation distortion, with some authors
settling for a simple chi-square test with a p-value threshold of
0.05,othersstricterthresholds, whilstothersusecorrectionsfor
multipletesting,includingFDR (Falsediscoveryrate)and Bonferroni
corrections. Thisisproblematic,asitmeansthatstudiesarenot
comparable, whichhindersourknowledge of segregationdistortion
asawhole. Hereweuseaninsilicosimulationofabiparentalmapping
populationinwhichwecanapplyselectionpressureatanarbitrary
locustoassesssegregationdistortionandevaluatewhichtestis
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optimalforitsdetectionwhilstavoidingfalse-positives.Inaddition
tothissimulationwork, wealsouseanempiricalbiparentalmapping
populationofacrossbetweenwheatvarieties Avalonand Cadenza
withmultiplereplicatestoassesshowreproducibleaparticular
patternofsegregationdistortionis.

P7.6 INFLUENCE OF HEADING DATE
DIFFERENCE ON GENE FLOW FROM GM
TO NON-GM RICES

™ WEDNESDAY 3 JULY, 2019 ©® 15:54

& DOHWON YUN (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCES, KOREA (SOUTH)), SUNGDUG OH (NATIONAL
INSTITUTE OF AGRICULTURAL SCIENCES, KOREA (SOUTH)),
ANCHEOL CHANG (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCES, KOREA (SOUTH)), GANGSUB LEE (NATIONAL
INSTITUTE OF AGRICULTURAL SCIENCES, KOREA (SOUTH))

@ DWYUN@KOREA.KR

Geneticallymodified(GM) cropshavebeenincreased continuously
overtheworldandconcernsaboutthepotentialrisksof GMcrops
havealsobeenincreasing. Eventhough GM cropshavenotbeen
cultivated commercially in Korea, it is necessary to develop
technology for safety assesment of GM crops. In this study, we
investigatedtheinfluenceofheadingdatedifference ongeneflow
from GM to non-GM rice. In the experimental design, The PAC
gene GMrice wasplacedinthe centerasapollendonor and non-
GMrice were placedin eight directions as pollenreceivers. Five
pollenreceiverrice cultivarswere Unkawng, Daebo, Saegyejinmi,
Nakdong, and Ilmiwhich had different flowering times. A total
of 266,436, 300,237, 305,223, 273,373, and 290,759 seeds were
collectedfrom Unkawng, Daebo, Saegyejinmi, Nakdong,andIlmi,
respectively, whichwereplantedaround PAC GMrice. The GMxnon-
GMhybridsweredetectedbyrepeated sprayingofherbicideand PAT
immunostripassay.Finally,thehybridswere confirmedbyPCR
analysisusing PACgenespecificprimer. Thehybridswerefoundin
NakdongwhichhadthesameheadingdatewithPAC GMrice. The
hybridizationratewas0.0007% at Nakdong. Allof GM*non-GM
hybridswerelocatedwithin2mdistancefromthe PACricezone.
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P7.7 THE REAL SOUR GRAPES -
INTEGRATED QTL MAPPING WITH
OMICS APPROACHES TO ELUCIDATE
MALIC ACID REGULATION ACROSS
GRAPEVINE SPECIES

™ WEDNESDAY 3 JULY, 2019 ©® 15:56
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P7.8 ATTRACTOR, A CIRCADIAN
CLOCK TRANSCRIPTIONAL NETWORK
BASED ON CHIP-SEQ DATA UNVEILS
POTENTIAL GENE MODULES FOR
CROP IMPROVEMENT

™ WEDNESDAY 3 JULY, 2019 ©® 16:30

& NOAM RESHEF (CORNELL UNIVERSITY, UNITED STATES),
ELIZABETH A. BURZYNSKI-CHANG (DEPARTMENT OF FOOD
SCIENCE CORNELL UNIVERSITY, UNITED STATES), AVINASH
KARN (HORTICULTURE SECTION SCHOOL OF INTEGRATIVE PLANT
SCIENCE CORNELL UNIVERSITY, UNITED STATES), JASON
LONDO (USDA-ARS GRAPE GENETICS RESEARCH UNIT, UNITED
STATES), BRUCE REISCH (HORTICULTURE SECTION SCHOOL OF
INTEGRATIVE PLANT SCIENCE CORNELL UNIVERSITY, UNITED
STATES), GAVIN L. SACKS (DEPARTMENT OF FOOD SCIENCE
CORNELL UNIVERSITY, UNITED STATES)

©@ NR444@CORNELL.EDU

Malateisamajororganicacidintheworld’sleadingfruitcropsand
akeydeterminant of fruitsourness. Indomesticated grapes (V.
vinifera), malatedemonstratesbiphasicbehavioronaper-berry
basis, reaching a maximum at the onset of ripening (veraison)
beforebeingdegradedduringmaturation. Wild grapevine species
endemic to North America (e.g. V. cinerea, V. riparia) possess
valuabledisease and cold tolerance traits. However, many wild
speciesareknowntohavehighmalateevenatsugarmaturity.Asa
result,hybridgrape cultivarswithwild Vitisbackgroundcanhave
excessivemalate contentandsournessduetobackgroundgenetics,
decreasingsuitabilityforwinemakingandotherapplications. Thus,
thereis motivation to identify genetic markers and regulatory
elements responsible for high malate in wild Vitis. We studied
malatebehavior during fruit development in wild Vitis cinerea
andriparia, and vinifera,and used an F1 interspecific mapping
populationwithcinereaandviniferabackgroundtoidentifynew
QTLs associated with variation in malate levels. We observed
that, compared to vinifera, wild Vitis accessions show limited
malate dissimilation, and in some cases accumulation, during
ripening. Preliminarymetabolomicanalysesrevealedthatthis
modifiedmalatebehaviorwasaccompaniedbytheaccumulation
ofseveralaminoacids.Identified QTLsexplain31and 16%ofthe
varianceinmalateaccumulationanddissimilation,respectively.
Thesedatawillbeintegratedwith developmentaltranscriptomic
analysesofwildgenotypesandsegregatingprogeniestodetect
candidate genesregulating grape malate content, and develop
genus-widetransferablemarkersforbreedingenvironmentally
andeconomically-sustainablegrapevinecultivars.

& FRANCISCO J ROMERO-CAMPERO (UNIVERSITY OF SEVILLE,
SPAIN), PEDRO DE LOS REYES (CONSEJO SUPERIOR DE
INVESTIGACIONES CIENTIFICAS, SPAIN), ANA B ROMERO-
LOSADA (UNIVERSIDAD DE SEVILLA, SPAIN), FEDERICO
VALVERDE (UNIVERSIDAD DE SEVILLA, SPAIN)

@ FRANeUS.ES

The circadian clock, the molecular mechanism that provides
plantswiththeabilitytosense,adaptandanticipateto24hday-
nightcycles,constituteacentralsysteminplantphysiologyand
development.Relevantbiological processesfor cropimprovement
suchasthebiosynthesisofcompoundsofbiotechnologicalinterest
(i.e.carotenoids,fattyacidsandstarch)aredirectlyregulated by
the circadian clock. Accordingly, the circadian clock has been
intensively studied applying omicstechnologies, targeting the
analysisofindividualgeneswithouttakingintoaccountthecomplex
interactionsamongthem. Thismakesimperativetheapplication
ofintegrativemolecularsystemsbiologytechniquestoproduce
globalandsystemicviewsofthecircadianclockfromtherapidly
accumulatingomicdatafreelyavailablefromdatabases. Network
sciencehasemergedasthecentralparadigmtoachievethisgoal.
In this study, we have constructed a transcriptional network
integrating ChIP-seq data produced under the same light/dark
regimefor 16 keyregulatorsofthecircadianclockin Arabidopsis,
includingCCA1,LHY,TOC1,PRR5/7/9,LUXandELF3.Thenodesin
ournetworkareannotatedwiththe GOtermsandpromotersequence
ofthecorrespondinggenes. Topologicalanalysisandnetworkmotifs
identification together with GO and DNA motifs enrichments
analysisidentified network subgraphs ormodules that capture
thecoordinatedregulationexertedbyseveralkeyregulatorsover
commongenesets. Theseweresignificantlyenrichedinprocesses
ofbiotechnologicalinterestand couldpotentiallybeinteresting
inagrofoodindustry.Finally,aninteractive web-based software
toolhasbeendevelopedtoallowindependentresearcherstoexplore
ournetwork.
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P7.9 GROWTH-DEFENCE TRADE-
OFF IN WHEAT IS CONTROLLED BY A
TRANSCRIPTIONAL MEMORY CIRCUIT

™ WEDNESDAY 3 JULY, 2019 ©® 16:50

@ CORINA VLOT (HELMHOLTZ ZENTRUM MUENCHEN INSTITUTE OF
BIOCHEMICAL PLANT PATHOLOGY, GERMANY), DANIEL LANG
(HELMHOLTZ ZENTRUM MUENCHEN RESEARCH UNIT PLANT
GENOMES AND SYSTEMS BIOLOGY, GERMANY), SANJUKTA DEY
(HELMHOLTZ ZENTRUM MUENCHEN INSTITUTE OF BIOCHEMICAL
PLANT PATHOLOGY, GERMANY), KLAUS FX MAYER (HELMHOLTZ
ZENTRUM MUENCHEN RESEARCH UNIT PLANT GENOMES AND
SYSTEMS BIOLOGY, GERMANY)

@ CORINA.VLOT@HELMHOLTZ-MUENCHEN.DE

Innateimmunememoryprovidessystemicbroad-spectrumdisease
resistanceinanimalsandplants.Inthisprocess,fitnesscostsare
reducedbyasyetpoorlyunderstoodprimingmechanisms. Here,
weaddressthequestionhowwheat(Triticumaestivum)balances
growthanddefence. Employingamulti-scalemodelingapproach,
wereconstructedgeneregulatorynetworksanddiscoveredfive
stimulus-specificresponse meta-modulesthatactinconcertto
balancethegrowth-defencetrade-offinwheatsystemicimmunity.
Theseco-expressionmodulesdisplayedspecificresponseprofiles
andharboredarecurring, functionaldichotomybalancingbetween
primarymetabolismanddefenceprocesses. Thebalancingaction
wasachievedbyatransitionbetweentwoalternateregulatory
patternsoccurringaftertwoconsecutivephysiologicalevents. First,
innateimmunememorywasinducedbyinfectingleavesof 3-week-
oldplantswithPseudomonassyringae. Thisled totransient,broad-
scaleon/off switchesintheresponseofdefinedmeta-modulestothis
primarystimulus.Instage2oftheexperimentssystemicuninfected
leaveswereinfectedwithXanthomonastranslucens. Theprimary
stimulusreducedthesusceptibility of the plantstoX.translucens.
Theimplementation ofthisprimedimmunity correlated withbi-
stabletoggleswitcheswithinthedefence-associatedmeta-module,
whichviainter-modularinteractionsaffectedatleasttwoother
meta-modulesassociatedwithprimarymetabolismandgrowth.
Reciprocalnegativeregulatoryinteractionsbetweenthesemeta-
modules provided strong bifurcation between two metabolic
statesthatallowwheattobalancegrowthanddefence-associated
processes. Thegeneregulatorynetworkwithinthe defencemeta-
moduleprovidedinsightsintodefinedtranscriptionfactorsthat
mightactascentralswitchestosecurebothgrowthanddefence
andwillbediscussed.
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P7.10 RECONSTRUCTING A HORMONE
SIGNALLING PATHWAY FROM
TRANSCRIPTION FACTOR ACTIVITY
TO PHENOTYPIC OUTPUTS

™ WEDNESDAY 3 JULY, 2019 ©® 17:10

@ MATHEW G LEWSEY (LA TROBE UNIVERSITY, AUSTRALIA),
MARK ZANDER (SALK INSTITUTE FOR BIOLOGICAL STUDIES,
UNITED STATES), JOSEPH R ECKER (SALK INSTITUTE FOR
BIOLOGICAL STUDIES HOWARD HUGHES MEDICAL INSTITUTE,
UNITED STATES), SHAO-SHAN CAROL HUANG (NEW YORK
UNIVERSITY, UNITED STATES), RONAN O'MALLEY (DOE JOINT
GENOME INSTITUTE, UNITED STATES), MINGTANG XIE (CIBUS,
UNITED STATES), SHELLY TRIGG (UNIVERSITY OF WASHINGTON,
UNITED STATES), SIDDHARTHA JAIN (CARNEGIE MELLON
UNIVERSITY, UNITED STATES), ROBERTO SOLANO (CENTRO
NACIONAL DE BIOTECNOLOGIA-CSIC, SPAIN), ZIV BAR-JOSEPH
(CARNEGIE MELLON UNIVERSITY, UNITED STATES)

© M.LEWSEY@LATROBE.EDU.AU

Wehaveinvestigatedthegenomeregulatoryprogramthatcontrols
responses to the hormone jasmonate in etiolated seedlings.
Thereismuchinterestcurrentlyinunderstandingthesystems-
levelactionsoftranscriptionfactors. However, suchstudiescan
providegreaterbiologicalinsightifsetinthecontextofthesignal
transductionpathwaythatinitiates geneexpressionchangesand
thedownstreamorganismalphenotypestheycontrol. Wehave
conducted anintegrated analysis of theresponsetojasmonate,
spanning from signal perception and transduction, through
activityofmasterandsecondary-regulatorytranscriptionfactors,
tochromatinremodellingandgeneexpressionoutputs. Wemakeuse
ofgenome-widetargetmapsforhundredsoftranscriptionfactors,
dynamichistonemodificationanalysis, massivelymultiplexed
protein-proteininteractomedataandtimeseriestranscriptome
analysis. Thisenablesustopredict previouslyunknowncomponents
of the jasmonate regulatory mechanism and validate them
throughtargetedmutantstudies. Theresultisacomprehensive
understandingofhowaplanthormoneremodelscellularfunction
andplantbehaviour.

P7.11 PLANT CBP20 (CAP-BINDING
PROTEIN 20) INVOLVEMENT IN
DROUGHT STRESS -THE PART OF A
COMPLEX JIGSAW HAS BEEN SOLVED

™ WEDNESDAY 3 JULY, 2019 ® 17:30

@ AGATA DASZKOWSKA-GOLEC (UNIVERSITY OF SILESIA
IN KATOWICE, POLAND), ANNA COLLIN (UNIVERSITY
OF SILESIA IN KATOWICE, POLAND), IWONA SZAREJKO
(UNIVERSITY OF SILESIA IN KATOWICE, POLAND)

@ AGATA.DASZKOWSKA@US.EDU.PL

CBC(CapBinding Complex) consisting of two subunits—CBP20
(CapBindingProtein20)and CBP80wasidentifiedover20years
agoinHeLacellsonthebasisofitsaffinityto’mGcapstructureat
the5’endof mRNA. Thereafter, CBPswereidentifiedindifferent
species including yeast, animals, and plants. CBP20 encodes a
smallsubunitof CBCthatdirectlybindsthecap,however,actual
binding requires the presence of the CBP80 responsible for the
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conformationalchangesof CBP20.Studieswiththeuseofplantchp20
andcbp80mutantsrevealedtheinvolvementofbothgenesinthe
RNAmetabolismand ABA-relatedresponsetodrought. However, the
molecularbasisoftheirdrought-tolerantphenotypewasuncharted
tillnow. Here,wepresentthedetailedinvestigationof chp20mutants
in Arabidopsisandbarleythatrevealedapossiblemechanismof
CBP20-dependent geneexpressiontuningunderdrought. Adeep
examinationofmiRNAomeandtranscriptome (RNA-seq) combined
withtheanalysesofpubliclyavailabletranscriptomicdataallowed
usto(i)pinpointthesubsetofgenesrespondingtodroughtin CBP20-
dependentmannerand (ii) determineevolutionarily conserved
partofthatpathwayinplants. Moreover, wewereabletodefinethe
interactionsbetweentheprocessescontrolledby CBP20(suchas
splicing, miRNA biogenesis) and expressionregulationofseveral
loci involved in stress response. Furthermore, their changed
expressionwaslinkedtodroughttoleranceofthemutantsstudied.
Summarizing,hereweprovidethefirstattemptofunderstanding
theroleof CBCunderdroughtstressatthemolecularlevelinplants.

P7.12 ANALYSIS OF GENETIC
VARIABILITY USING SALT
TOLERANT MUTANTS SELECTED
IN MUTAGENIZED MAIZE

™ WEDNESDAY 3 JULY, 2019 ® 17:50

& DOOL YI KIM (NATIONAL INSTITUTE OF CROP SCIENCE,
KOREA (SOUTH)), KYUNG HWA KIM (NATIONAL INSTITUTE OF
CROP SCIENCE, KOREA (SOUTH)), CHUL OH CHO (NATIONAL
INSTITUTE OF CROP SCIENCE, KOREA (SOUTH)), MAN SO0 CHOI
(NATIONAL INSTITUTE OF CROP SCIENCE, KOREA (SOUTH)),
JAE BUHM CHUN (NATIONAL INSTITUTE OF CROP SCIENCE,
KOREA (SOUTH)), MI SUK SEO (NATIONAL INSTITUTE OF
CROP SCIENCE, KOREA (SOUTH)), NAM HEE JEONG (NATIONAL
INSTITUTE OF CROP SCIENCE, KOREA (SOUTH)), MI NA JIN
(NATIONAL INSTITUTE OF CROP SCIENCE, KOREA (SOUTH))

@ DYKIM22@eKOREA.KR

Themaize wasmutagenized with ethylmethane sulfate (EMS)
toenhanceits genetic variability including disease resistance,
abiotic stress, and yielding ability. The two maize inbred lines
weretreatedwith0.3%,0.5%,0.7%,and0.9% EMSrespectively
for8hours. Theresultsof phenotypinganalysisof mutagenized
maize population under each treatment condition that had not
obtainedthe M2 generationseedsfromconditiontreatedwith0.7%
and0.9%EMS(v/v)for8hours. Otherwise, overthecourseofeight
hours,0.5%EMS(v/v)-treated conditionsshowedavariationin
phenotype,butwewereabletoobtainedtheM, generationseedthat
wasmutatedtoanalyzetheconcentrationofsalt. Atotalof 1041
independentM, familiar of EMS-induced maizeinbred mutants
havebeeninvestigatedforsalttolerance. Weselected salt-tolerant
maizeinbredlinesfrommutantspopulationstreated with0.7%NaCl
inagreenhouseforthreeweeks. Thesalt-tolerantmutationwas
identifiedinthe M, mutantpopulations. Furthermore,ourRT-PCR
resultdemonstratedthatincreasedintheexpressionlevelsofgenes
relatedtosaltstress. Wegeneratedwhole-genomesequencingdata
tothetwomaizeinbredmutantsforgenevariationsintheenhanced
salt-tolerantpopulation. Weexpecttheresultstohaveasignificant
effectonthegeneticmodificationof mutantmaizeinbredlinesand
comparativegenetics.
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P7.13 RICE GROWING IN HIGH
DENSITY: HOW TO DEAL WITH
UNWANTED NEIGHBOURS?

™ WEDNESDAY 3 JULY, 2019 ©® 17:52

@ MARTINA HUBER (UTRECHT UNIVERSITY, NETHERLANDS),
ABDELBAGI ISMAIL (INTERNATIONAL RICE RESEARCH
INSTITUTE, PHILIPPINES), RASHMI SASIDHARAN (UTRECHT
UNIVERSITY, NETHERLANDS), KAISA KAJALA (UTRECHT
UNIVERSITY, NETHERLANDS), RONALD PIERIK (UTRECHT
UNIVERSITY, NETHERLANDS)

@ M.HUBEReUU.NL

Howdoyoucopewithcompetitionagainstneighboursifyoucannot
runaway? Howdoesariceplantinthefieldfightagainsttheweeds
growingnexttoit? Inmodernricefarmingthemajorconstraintisthe
weeds. Sincericefeedsmorethanhalfoftheworldspopulationasa
staplefood,tacklingthisissueisofgreatrelevance. Themaingoalsof
thisprojectare:First,toexploretheplethoraofexistingdifferentrice
varieties, tofindrelevantaspectsoftheplantarchitecturethatmake
ricemorecompetitiveagainstweeds.Forthis,wephenotypedarice
diversitypanelof344varietiesfortraitsassociatedwithshading.
Second,connectthephenotypetoitsunderlyinggenes. The genomes
ofthescreenedpopulationofricevarietiesarealreadyknown, which
enablesustoperformagenome-wideassociationstudy. Thenext
stepisthetranscriptomeanalysisofcontrasting varietiesupon
RNAsequencing. Theidentificationofthegeneticbasiswillprovide
abetterunderstandingoftheinterplay of generegulationand gene
expression, leading to a plasticity in plant architecture due to
neighbourcompetitionforlight. Togetaholisticpicture,afunctional
validationoftheselected varietiescarryingthecandidategenes
willbetestedinthefield. Ultimately,thesefindingswillprovide
insightsaboutgeneticlociandhowtheyregulatespecificaspects
of plantarchitectureduetocompetitionwithweedforlight. It will
helptoreducetheamountofherbicideusageandenableustomake
rice-farmingmoresustainable.

P7.14 EXAMINING THE PLASTICITY
OF GENE REGULATORY NETWORKS

TO IMPROVE CROP TOLERANCE TO
TEMPERATURE STRESS

™ THURSDAY 4 JULY, 2019 ©® 09:00

& COLLEEN DOHERTY (NORTH CAROLINA STATE UNIVERSITY)

@ COLLEEN_DOHERTY@NCSU.EDU

The construction of a descriptive stress-response regulatory
network can enable both the prediction of activity in novel
conditionsandtheidentificationofcandidatetargetstoimprove
stressresponses. Yettheresponsestoabioticstressessuchasheatare
bothdynamicandplastic;thenetworkwiringbetweenregulators
andtargetsissensitivetobothintrinsicfactorsandenvironmental
conditions. We take advantage of both the temporal dynamics
andplasticityofthetranscriptionalnetworkstoinvestigatethe
mechanismsofhowwarmernighttimetemperaturesimpactgrowth
andyieldinrice. Themolecularresponsestowarmernighttime
temperaturesareidentifiedby separatingthetemporalregulatory
networksthatpersistandthosethatarealteredunderthisstress.
Weidentifythecandidateregulatorsthatmediatethisplasticity.
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Identifyingregulatoryrelationships that are plastic can guide
breedingeffortsandproviderobusttargetsforimprovingstress
tolerance. Ourperturbation-basedanalysisidentifiescandidates
forbreedingandprovidesinsightsintothemechanismsofwarm
nighttimetemperaturesensitivityinrice.

P7.15 SYSTEMATIC DISCOVERY
OF GENE REGULATORY ELEMENTS
USING CHROMATIN STRUCTURE IN
PLANT GENOMES

™ THURSDAY 4 JULY, 2019 ©® 09:30

@ BOB SCHMITZ (UNIVERSITY OF GEORGIA, UNITED STATES)

@ SCHMITZeUGA.EDU

Significant progress has been made in recent years in plant
genomeassemblyandgeneannotation. However, thesystematic
identification of plant cis-regulatory DNA elements remains a
challenge,asmethodsthatarehighlyeffectiveinanimalsdonot
translatetoplants. Acomprehensiveandwell-curated dataset of
plantcis-regulatoryDNA elementsisinstrumentaltounderstanding
transcriptionalregulationduringdevelopmentand/orinresponse
toexternalstimuli.Inaddition, cis-regulatory DNA elementsare
alsohotspotsforgeneticvariationsunderlyingkeyagronomical
traits. Wehavediscoveredaplant-specificchromatinsignature
thatisindicative of cis-regulatory DNA elements. We areusing
this newly identified signature in combination with high-
throughputvalidationassaystosystematicallyidentify,analyze
andfunctionallyvalidatecis-regulatoryelementsinimportant
cropspecies.

P7.16 ELUCIDATING AND RE-
DESIGNING REGULATORY NETWORKS
UNDERLYING PLANT-PATHOGEN
INTERACTION

™ THURSDAY 4 JULY, 2019 ©® 10:00

@ KATHERINE DENBY (UNIVERSITY OF YORK, UNITED KINGDOM),
ELSPETH RANSOM (UNIVERSITY OF YORK, UNITED KINGDOM),
TULIA GHERMAN (UNIVERSITY OF YORK, UNITED KINGDOM),
GILL HIGGINS (UNIVERSITY OF YORK, UNITED KINGDOM),
FABIAN VAISTIJ (UNIVERSITY OF YORK, UNITED KINGDOM),
RYAN CARTER (UNIVERSITY OF YORK, UNITED KINGDOM)

@ KATHERINE.DENBY@YORK.AC.UK

Plantresponsestobioticstressinvolvelarge-scaletranscriptional
reprogramming. Weareelucidatingthe generegulatorynetworks
underlyingthesetranscriptionalresponsestopathogeninfection
using a combination of experimental and computational/
mathematical tools. We generated high-resolution time series
expression data from Arabidopsis leaves following infection
withbacterialandfungalpathogens. Thesetimeseriesdatasets
haveenabledustoidentifytransientchangesingeneexpression
andresolvethechronologyofplantdefenceresponses. Wehave
generatedtranscriptionalnetworkmodelspredictingregulatory
relationshipsbetweendifferentially expressedtranscriptionfactors
andidentifiedkeyregulatorsofthe Arabidopsisdefenceresponse
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fromournetworks. Cruciallymany ofthesekeyregulatorswerenot
previouslyknowntoaffectsusceptibilitytoplantpathogens. We
haveappliedthistimeseries-basednetworkanalysisgenediscovery
strategytolettucetopredictgenesconferringdiseaseresistance
againsttwofungalpathogens,BotrytiscinereaandSclerotinia
sclerotiorum, and speed up the breeding of these traits. Dual
RNAseqtimeseriesenabledustocapturetemporaltranscriptome
changesinbothhostandpathogentoinvestigatethehowthelettuce
defenceresponseagainstthesetwopathogensisregulated, probe
the molecular basis of plant-pathogen interaction and predict
keyregulatorsofvirulenceinthepathogensandresistanceinthe
cropplant.

P7.17 INTEGRATIVE MODELING
AND VISUALIZATION FOR THE
DEVELOPMENT OF IN SILICO CROPS

™ THURSDAY 4 JULY, 2019 ® 11:00

@ AMY MARSHALL-COLON (UNIVERSITY OF ILLINOIS URBANA-
CHAMPAIGN DEPARTMENT OF PLANT BIOLOGY, UNITED STATES),
KAVYA KANNAN (UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN
DEPARTMENT OF PLANT BIOLOGY, UNITED STATES), YU WANG
(UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN INSTITUTE
FOR GENOMIC BIOLOGY, UNITED STATES), MEAGAN LANG
(UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN NATIONAL
CENTER FOR SUPERCOMPUTING APPLICATIONS, UNITED
STATES), GHANA CHALLA (UNIVERSITY OF ILLINOIS URBANA-
CHAMPAIGN INSTITUTE FOR SUSTAINABILITY ENERGY
AND ENVIRONMENT, UNITED STATES), STEPHEN LONG
(UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN DEPARTMENT
OF PLANT BIOLOGY, UNITED STATES)

© AMYMCEILLINOIS.EDU

Currentcropmodelspredictanincreasinggapbetweenfood supply
anddemandoverthenext50years. Technologyisneededtopredict
thefitness of existing germplasminresponse to global change,
andalsotodesignofcropideotypes.Iwillhighlightoureffortsto
generatevirtualplantmodelsthatcapturewholesystemdynamics
inresponsetoinsilicoenvironmentaland geneticperturbations,
usingthe Cropsinsilico(Cis) computational framework. Weused
the Cis multi-scale modeling platform to: i) integrate models of
geneexpression, photosyntheticmetabolism,andleafphysiology
toevaluatetheeffectofphotosynthesisandtranspirationunder
variousenvironmentalconditions;andii) combinemodelingand
advancedvisualizationapproachestomakedirectobservations
aboutchangesinplantstructure,lightcapture,biomass,andyield
inresponsetoenvironmental perturbations. Outcomesofthese
effortsincludei)accuratepredictionofsoybeanphotosynthesis
underhighatmospheric[CO2];ii)identificationoftranscription
factorsthatpotentiallyregulate photosynthesis;andiii) simulated
lightcaptureina3Dsoybeancanopy. Theimprovedaccuracy of
modelpredictionsandtherealisticrenderingofmodelsimulated
plantsisasteptowardtheinsilico “testing” ofideotypedesigns
underdifferentenvironmental conditions. Thisenablesresearchers
toperformdozensofinsilicoperturbationstoevaluateideotype
performanceundervaryingscenarios.Insilicoexplorationhasthe
potentialtohelpresearcherstargetcomponentsoftheunderlying
cropgeneticsforengineering, toultimatelyenhancecropyieldand
nutritionalquality.
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P7.18 THE WHEAT NAC TRANSCRIPTION
FACTOR NAC-3 IS A POSITIVE
REGULATOR OF SENESCENCE

™ THURSDAY 4 JULY, 2019 ©® 11:30

@ SOPHIE A HARRINGTON (JOHN INNES CENTRE, UNITED
KINGDOM), ANNA E BACKHAUS (JOHN INNES CENTRE,
UNITED KINGDOM), PHILIPPA BORRILL (UNIVERSITY OF
BIRMINGHAM, UNITED KINGDOM), CRISTOBAL UAUY
(JOHN INNES CENTRE, UNITED KINGDOM)

©@ SOPHIE.HARRINGTON@JIC.AC.UK

Proteinandnutrientcontentinwheatgrainsishighlyinfluencedby
thetimingofsenescence,yetweunderstandrelativelylittleabout
theregulation of this complex trait. NAC transcription factors
(TF)(e.g. NAM-1,Uauy etal.2006) have been shown toregulate
monocarpicsenescenceinwheatandprovideausefulentrypointfor
understandingtheseprocesses. WehaveidentifiedaNACTF,NAC-3,
whichisupregulatedinsenescingflagleaves(Ramirez-Gonzélezet
al.2018;Borrilletal.2018). NAC-3doublemutantsfromthetetraploid
TILLINGpopulationexhibitdelayed senescencewithrespecttowild-
typeplants.Intriguingly,wehaveshownthattheNAM-1andNAC-3
proteinsinteract,suggestingtheymayworktogethertoregulate
senescence. Toinvestigatewhethertheyworkonthesamepathway,
weusedGenie3transcriptionalnetworkstoidentifyputativeshared
downstreamtargets (Ramirez-Gonzalezetal.2018). Theutility of
theGenie3 predictionswasfirstvalidatedusingpublicly-available,
independentRNA-Seqdatafrom TILLINGknock-outlinesofthe
NAMgenes(Pearceetal.2014). The Genie3-predicteddownstream
targetsofthe NAMgenesoverlappedwithdifferentially expressed
genesidentifiedfromtheRNA-Seqdatasignificantlymorethan
expectedbychance,indicatingthatthe Genie3network canprovide
biologically-informativepredictionsofdownstreamgenes. Wethen
foundthat NAC-3and NAM-1sharedsignificantlymore predicted
targetsthanwouldbeexpectedbychance,suggestingthatthey
mayactonsimilarbiologicalpathways. Theseresultssuggestthat
theNACTFNAC-3isapositiveregulatorofmonocarpicsenescence
inwheatandmayactintandemwith NAM-1.

P7.19 IDENTIFICATION OF QTLS

FOR RESISTANCE TO BACTERIAL WILT
CAUSED BY RALSTONIA SOLANACEARUM
IN CHILI PEPPER

™ THURSDAY 4 JULY, 2019 ® 11:50

& JUNDAE LEE (CHONBUK NATIONAL UNIVERSITY,
KOREA (SOUTH))

©@ AJFALL@JBNU.AC.KR

Bacterial wilt caused by Ralstonia solanacearum is one of the
mostseriousdiseasesinchilipepper(CapsicumannuumL.).Inthis
study,weaimedtoidentify QT Lsresistanttobacterial wiltinthe
F, populationderivedfromaresistantpepper cultivar ‘Konesian
hot’usinggenotyping-by-sequencing (GBS) analysis. A total of
96F2 individualswereevaluatedfortheresistancewithdisease
indexscores 0 (resistant) to 3 (susceptible) atevery 7 days after
inoculation for 6 weeks. A total of 12,228 SNP genotypes were
obtainedusing GBS analysis. Usingthe SNPdata, apeppergenetic
linkage map consisting of 1,168 SNP markers was constructed.
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Themapcontained12linkagegroupswithatotallinkagedistance
0f2,320.2cM.QTLanalysisusingacompositeintervalmapping
(CIM)methodrevealedsixQTLsincluding Bwr6w-12.1, Bwr6w-9.1,
Bwr6w-8.1, Bwr5w-9.2, Bwr5w-7.1,and Bwr5w-10.2,whichshowed
R?valuesof2.98,11.57,8.39,17.51,4.69,and 13.10%, respectively.
Thisinformationwillbehelpfultodevelopmolecularmarkerslinked
totheQTLsandtoimprovebacterialwiltresistanceinpepper.

P7.20 TRANSCRIPTION FACTORS
REGULATING ANTHOCYANIN
BIOSYNTHESIS IN CHRYSANTHEMUM

™ THURSDAY 4 JULY, 2019 POSTER SESSION

& SUN-HYUNG LIM (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCE, KOREA (SOUTH)), BO-RA PARK (NATIONAL INSTITUTE
OF AGRICULTURAL SCIENCE, KOREA (SOUTH)), DA-HYE
KIM (NATIONAL INSTITUTE OF AGRICULTURAL SCIENCE,
KOREA (SOUTH)), SANGKYU PARK (NATIONAL INSTITUTE OF
AGRICULTURAL SCIENCE, KOREA (SOUTH)), JONG-YEOL LEE
(NATIONAL INSTITUTE OF AGRICULTURAL SCIENCE,
KOREA (SOUTH))

@ LIMSH2@KOREA.KR

Chrysanthemumplantsareoneofpopularornamentalplantswith
variousrangingfromyellowtopurpleflowerduetotheaccumulation
ofanthocyanins. The MYB-bHLH-WDR (MBW)complexactivates
anthocyaninbiosynthesisthroughthetranscriptionalregulation.
Tounderstandthemechanismofanthocyaninbiosynthesis, we
investigatedtheroleof bHLHand MYB genesfromdifferentray
floretcolored Chrysanthemum cultivarscultivarsincluding OB,
GP and RM, which showed white, pink and red ray floret colors,
respectively. Weevaluatedthetranscriptlevel of structuraland
regulatorygenesatthedifferentstagesofrayflorets. Throughthe
analysiswithstructureandsubcellularlocalization,itconfirmed
thatbHLH genein OBwasmutatedand wasabnormallylocalized
in Arabidopsis protoplasts. Yeast one hybrid (Y1H) and yeast
two hybrid (Y2H) analysis showed that MYB from OB has the
same function with that from RM, but MYB and bHLH from OB
cannotinteractwitheachother. ToconfirmthefunctionofMYB
andbHLHinplanta, weperformedatransientassaywithtobacco
leaves.ItrevealedthatsimultaneousexpressionofMYBandbHLH
fromRMaccumulateanthocyanins,butthatfrom OBdidnotshow
anypigment,indicatingthatthewhite colored OBwascausedby
bHLHmutation. TheseresultsstronglysuggestedthatofMYBand
bHLHareinvolvedintheregulationofanthocyaninbiosynthesis
inchrysanthemumflowers.
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P7.21 STEPWISE PATHWAY
ENGINEERING TO THE BIOSYNTHESIS
OF ZEAXANTHIN, ASTAXANTHIN AND
CAPSANTHIN IN RICE ENDOSPERM

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

& SUN-HWA HA (KYUNG HEE UNIVERSITY, KOREA (SOUTH)), JAE
KWANG KIM (INCHEON NATIONAL UNIVERSITY, KOREA (SOUTH)),
SUN-HYUNG LIM (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCE, KOREA (SOUTH))

©@ SUNHWA@KHU.AC.KR

Carotenoid pigments are valuable components of the human
diet. A notable example is B-carotene, or provitamin A, which
isconvertedinto the derivatives astaxanthin and capsanthin,
via the common intermediate zeaxanthin. To generate rice
varieties producing diverse carotenoids beyond -carotene,
we specifically used a Capsicumf-carotene hydroxylase gene,
B(CaBch) and a codon optimized version of the same gene,
stB(stBch) to increase zeaxanthin synthesis. We also used a
recombinant BAK gene (CaBch-2A-HpBkt), consisting of the
CaBchsequenceandaHaematococcus3-caroteneketolasegene
(HpBkt) linked by a bicistronic 2A sequence, as well as a codon
optimized recombinantstBAKgene (stBch-2A-stBkt) to create
astaxanthin synthesis. The four cassettes to seed-specifically
expresstheB,stB,BAKandstBAKgeneswereindividually combined
withaPACgene(CaPsy-2A-PaCrtl)cassettetopreviouslyimpart
B-carotene-enrichedtraitinrice endosperm. Thesingle T-DNA
vectors of B-PAC,stB-PAC,BAK-PACandstBAK-PACresultedin
theaccumulationofzeaxanthinandastaxanthinintheendosperm
of the transgenic rice seeds. In addition, an extended version
onthecarotenoid pathwaywasintroducedintoricetoallowthe
productionofcapsanthin,byintercrossingaB-PACricelinewith
aCcsriceline,whichharborsaCapsicumcapsanthin-capsorubin
synthase gene. Ultimately, we developed three functionalrice
varieties:B-PAC(0.811g/gzeaxanthin,deepyellow),stBAK-PAC(1.4
pg/gketocarotenoids,includingastaxanthin, pinkishred)andB-
PACxCcs (0.4 pg/g of ketoxanthophylls, including capsanthin,
orange-red).Collectively,acombinationof geneticengineering
and conventional breedingis effective formulti-step metabolic
engineeringandbiochemical pathwayextension.
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P7.22 IDENTIFICATION OF SALT-
RESPONSIVE PHOSPHOPROTEINS IN
ROOTS OF TRANSGENIC RICE OVER-
EXPRESSING SUCROSE NONFERMENTING
1-RELATED PROTEIN KINASE2

™ THURSDAY 4 JULY, 2019 POSTER SESSION

& INSUN YOON (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCES, KOREA (SOUTH)), SUYEON KIM (NATIONAL
INSTITUTE OF AGRICULTURAL SCIENCES, KOREA (SOUTH)),
MI HYUN CHO (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCES, KOREA (SOUTH)), BEOM GI KIM (NATIONAL
INSTITUTE OF AGRICULTURAL SCIENCES, KOREA (SOUTH)),
KYUNG HWAN KIM (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCES, KOREA (SOUTH))

© ISYOON@KOREA.KR

Soil salinity is one of the major environmental stress limit
productivityofriceworldwide.Sucrosenonfermenting 1-related
proteinkinase2(SnRK2)familyisknownasakeyregulatorof ABA
andhyper-osmoticstresssignaling,butlittleisknownaboutits
targetsunderthesaltstress.Inthepresentstudy,salt-responsive
phosphoproteinswereanalyzedinrootsoftransgenicriceover-
expressingriceSnRK2kinase.Phosphoproteinswerevisualized
andquantifiedbyfluorescencestainingoftwo-dimensional (2-D) gel
usingPro-QDiamond. Phosphopeptideswereidentifiedby MALDI-
TOF/TOF analysis. Compared towild typerice, 21differentially
phosphorylatedproteins (DP) wereidentifiedinrootsofthe SnRK2
transgenicriceunderthesaltstress.DP1405,alipidbindingSTART
domainproteinofunknownfunction,containsmultiple potential
SnRK2 phosphorylation sites. Transgenic rice overexpressing
DP1405showedenhancedsalttolerance. Ourresultssuggestthat
DP1405isanovelproteinrelatedtoSnRK2signalingconferringsalt
toleranttraitinrice. Supportedbygrant(PJ01318203)fromRDA.
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P8 IN SILICO PLANTS

ORGANISED BY: STEPHEN LONG (UNIVERSITY OF ILLINOIS)

AND LEE SWEETLOVE (OXFORD UNIVERSITY)
|

P8.1 FROM MATHS TO FIELD
— MODELING TO GUIDE CROP
PHOTOSYNTHETIC EFFICIENCY
FOR HIGHER PRODUCTIVITY

™ FRIDAY 5 JULY, 2019 ®© 09:00

@ STEPHEN LONG (UNIVERSITY OF ILLINOIS, UNITED STATES
AND LANCASTER UNIVERSITY, UNITED KINGDOM), YU WANG
(UNIVERSITY OF ILLINOIS, UNITED STATES)

@ SLONGeILLINOIS.EDU

Demandforourmajorcropsmayrise 60%by2050. Themajoryield
increasesofthe GreenRevolutionweredrivenbygeneticincreases
in yield potential. But the approaches used are now reaching
their biological limits. Photosynthetic efficiency falls far below
its biological potential and was almost untouched by the Green
Revolution,representinganapparentlyuntappedmeanstoachieving
furthergainsinyieldpotential. Asthebestknown,andoneofthe
mosthighlyconserved, plantprocessesitphotosynthesisbecome
amenabletodynamicmodelinginwhicheachdiscretestepofthe
processmayberepresentedandinturnintegratedintobiophysical
models of developing crop canopies. Application of optimization
routinesviahigh-performance computing,haspredictedchanges
thatcouldsubstantiallyimprovephotosyntheticefficiencyinboth C3
andC“crops(Longetal.,2015). Someofthesehavenowbeenrealized
throughbioengineeringinfieldtrials. Thispaperwillreviewthis
modelinganditsdevelopment, givingparticularemphasistothe
re-emergingareaofnonsteady-statephotosynthesis,asarouteto
improvingefficiency (Kromdijketal.,2016; Glowackaetal.,2018).

P8.2 LIKELIHOOD-FREE INFERENCE
REVEALS PHYSICAL MECHANISMS
AND PARAMETERS GOVERNING ROOT
ARCHITECTURE

™ FRIDAY 5 JULY, 2019 ©® 09:30

@ CLARE ZIEGLER (UNIVERSITY OF BIRMINGHAM, UNITED
KINGDOM), ROSEMARY J DYSON (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM), IAIN G JOHNSTON (UNIVERSITY OF
BIRMINGHAM, UNITED KINGDOM)

@ CXZ551@STUDENT.BHAM.AC.UK

Plantrootsystemsplayvitalrolesinthebiosphere,environment,
andagriculture,butthequantitativeprinciplesgoverningtheir
growthandarchitectureremainpoorlyunderstood. The ‘forward
problem’ of what root forms can arise from given models and
parametershasbeenwellstudied throughmodellingandsimulation,

butcomparativelylittleattentionhasbeengiventothe'inverse
problem’:whatmodelsandparametersareresponsibleforproducing
anexperimentallyobservedrootsystem? Thistalkwilldetailtheuse
ofapproximateBayesiancomputation (ABC)toinfermechanistic
parametersgoverningrootgrowthandarchitecture,alongwith
itsapplicationtosyntheticandexperimentalrootdatatoidentify
growth mechanisms and characterise growth parameters in
differentmutants. Ourhighlyadaptableframework canbeused
togainmechanisticinsightintothe generation of observedroot
systemarchitectures.

P8.3 A NEW 3D SHOOT-ROOT MODEL
FOR SIMULATING RHIZODEPOSITION
PROCESSES IN THE CONTEXT OF WHOLE
PLANT GROWTH

™ FRIDAY 5 JULY, 2019 ©® 09:45

@ FREDERIC REES (UMR ECOSYS INRA AGROPARISTECH,
UNIVERSITE PARIS-SACLAY, FRANCE), CHRISTOPHE
PRADAL (AGAP CIRAD INRA MONTPELLIER SUP AGRO, UNIV
MONTPELLIER, FRANCE), LOIC PAGES (UR 1115 PSH INRA,
FRANCE), CELINE RICHARD-MOLARD (UMR ECOSYS INRA
AGROPARISTECH, UNIVERSITE PARIS-SACLAY, FRANCE),
CLAIRE CHENU (UMR ECOSYS INRA AGROPARISTECH,
UNIVERSITE PARIS-SACLAY, FRANCE), BRUNO ANDRIEU
(UMR ECOSYS INRA AGROPARISTECH, UNIVERSITE PARIS-
SACLAY, FRANCE)

©@ FREDERIC.REES@INRA.FR

Rhizodeposition,i.e.thereleaseofanyorganicmaterialbyroots, has
beensuggestedtorepresentamajorinputofcarboninsoilsandto
shapebiologicalactivityintherhizosphere. Variousrhizodeposits
canbeemittedbyroots, e.g.solubleexudates, secretedmucilage,
sloughedcells, orvolatileorganiccompounds. Despitetheirshort
lifetime, some ofthese productshavebeenshowntofavorplant
growth by increasing water or nutrient uptake, by promoting
plant resistance, or by acting as signals. Rhizodeposition also
representsasignificant share of plant’scarbonbudget and may
affectplant growthinthisway. So far, no computational model
has integrated the variety of rhizodeposition processes into
plantfunctioning. Ourgoalistodevelopsuchamodelinorderto
investigateinamoremechanisticwaytheeffectsofcontrastedplant
traits,cropmanagementorclimatechangeonplantgrowthand
soilcarbonsequestration. Asanimportantstepinthisdirection,
we focus here on the integration of the carbon fluxes related to
rhizodepositionprocessesintoafunctional-structuralplantmodel.
Aftersummarizingthecurrentknowledge onthemechanismsand
carbon-costsassociatedtorhizodeposition, wewill presenta3D
shoot-rootmodelimplementedinthe OpenAleaplatform,which
integratesanewrhizodepositionmodel,arootarchitecturemodel
(ArchiSimple)andamodel of Cand Nmetabolisminthe wholeplant
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(CN-Wheat). Thepossibilitiesopenedupbythisintegrativemodel
will beillustrated by simulations of net sugar exudation fluxes
distributedacrossadynamic,3Dwheatrootsysteminteracting
withsoil.

P8.4 AVERTING ROBO-BEES: IN-
SILICO ANALYSIS OF THE PERCEPTION
OF FLOWERING PLANTS BY INSECT
POLLINATORS

™ FRIDAY 5 JULY, 2019 ©® 10:00

@ ROS GLEADOW (MONASH UNIVERSITY MELBOURNE, AUSTRALIA),
ALAN DORIN (FACULTY OF IT, MONASH UNIVERSITY,
AUSTRALIA), JIM HANAN (HORTICULTURAL SCIENCE QAFFI,
UNIVERSITY OF QUEENSLAND, AUSTRALIA)

©@ ROS.GLEADOW@MONASH.EDU

Foodsecurityandthesustainabilityof nativeecosystemsdepends
onplant-insectinteractionsincountlessways.Recentlyreported
rapidandimmensedeclinesininsectnumbersduetoclimatechange,
theuseofpesticidesandherbicides, theintroductionofagricultural
monocultures,andthedestructionofinsectnativehabitat, are of
grave concern. Someresearchers are working towards a future
wherenaturalinsectpollinatorsmightbereplacedwithfree-flying
roboticbees,anecologically problematicproposal. Weargueinstead
thatcomputersimulationofinsect-plantinteractionsisafarmore
measuredandecologicallysoundapplication oftechnologythat
could assist usin managing the coming “Insect Armageddon”.
Specifically,weidentifyinsect-plantinteractionswithincurrent
agriculturalsystemsasbeingweightedtooheavilyinfavourofthe
plants. Wepropose,using computersimulations, tobalanceattention
moreevenlyovertheinsect-plantsystem.Oneimportantaspectof
plant-insectrelationshipswesimulateishowpollinatinginsects
detectflowersagainstdifferentbackgroundcolours,andindifferent
plantingarrangements. This providesinsightinto how flowers
aredetectedandpollinated,allowingustodemonstratethatthe
croppingenvironmentsingreenhousesandonbroadacrefarms
caninterferewithinsects’ability tocarryoutimportantecological
servicesthatbenefithumanfoodproduction. Ourin-silicomodels
shouldhelpustounderstandthelikelyimpactsof Anthropocene
activityontherelationshipsbetweenfloweringplantsandinsects,
and tomitigate against futures where insect populations have
crashedorbeenirrecoverablyaltered.

P8.5 MODELING AND VISUALIZATION
OF PHYLLOTACTIC AND VASCULAR
PATTERNING IN FLOWER HEADS

™ FRIDAY 5 JULY, 2019 ® 10:30

@ PRZEMYSLAW PRUSINKIEWICZ (UNIVERSITY OF CALGARY,
CANADA), TENG ZHANG (UNIVERSITY OF HELSINKI, FINLAND),
MIKOLAJ CIESLAK (UNIVERSITY OF CALGARY, CANADA),
PHILMO GU (UNIVERSITY OF CALGARY, CANADA), JEREMY
HART (UNIVERSITY OF CALGARY, CANADA), ANDREW OWENS
(UNIVERSITY OF CALGARY, CANADA), FONG WANG (UNIVERSITY
OF HELSINKI, FINLAND), TEEMU TEERI (UNIVERSITY OF
HELSINKI, FINLAND), PAULA ELOMAAA (UNIVERSITY OF
HELSINKI, FINLAND)
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@©@ PWP@UCALGARY.CA

Phyllotaxis - the distribution of plant organs such as leaves
andflowers ontheirsupporting axes—isakeyattribute of plant
architecture. Thegeometricregularity of phyllotacticpatterns
hasattractedmultidisciplinaryinterestsincetheearly 1800s, yet
themosticonicexampleofphyllotaxis, thepatterningofflowers
in the heads of the sunflower family of plants, has remained
unexplained. Based onexperimental dataintegrating confocal
microscopy, scanning electron microscopy, and X-ray micro-
computedtomographyofdevelopinggerberaandsunflowerheads,
wehaveconstructedcomputationalmodelsthatplausibly explain
phyllotacticpatterninginheads.Ourdatahavealsorevealed,and
computationalmodelsallowedtoexplain,thedevelopmentand
structure of the vascular systemsin heads. Theseresults were
obtainedthroughatightinterplaybetweenlaboratoryexperiments,
2D and 3D imaging, computational model construction, and
mathematical reasoning. In addition to revealing previously
unobservedmechanismsandstructures,ourdataandmodelspoint
tocommonmechanismsinthedevelopmentofheads,branched
inflorescences,andleaves.

P8.6 DESIGNING SORGHUM CROPS
FOR ADAPTATION TO THE DROUGHT
AND HEAT RISKS ANTICIPATED IN
FUTURE CLIMATES

™ FRIDAY 5 JULY, 2019 ©® 11:30

& GRAEME HAMMER (UNIVERSITY OF QUEENSLAND, AUSTRALIA),
GREG MCLEAN (QUEENSLAND DEPARTMENT OF AGRICULTURE
AND FISHERIES, AUSTRALIA), ERIK VAN OOSTEROM (THE
UNIVERSITY OF QUEENSLAND, AUSTRALIA), SCOTT CHAPMAN
(THE UNIVERSITY OF QUEENSLAND, AUSTRALIA), BANGYOU
ZHENG (CSIRO AGRICULTURE, AUSTRALIA), ALEX WU (THE
UNIVERSITY OF QUEENSLAND, AUSTRALIA), AL DOHERTY (THE
UNIVERSITY OF QUEENSLAND, AUSTRALIA), DAVID JORDAN
(THE UNIVERSITY OF QUEENSLAND, AUSTRALIA)

@ G.HAMMEReUQ.EDU.AU

Climate risks pervade agriculture. They generate major
consequencesoncropproduction. Wedonotknowwhatthenext
seasonwillbelike,letalonetheseason30yearshence. Yetfarmers
need to decide on genotype and management combinations in
advanceoftheseasonandinthefaceofthisproductionenvironment
risk. Further, breeders must consider target adaptive traits for
futuregenotypesuptolOyearsaheadoftheircommercialrelease.
Herewepresentthecasefornextgenerationthinkingondesignof
G*M*Eforadvancingcropadaptationinfutureclimates. Wefocus
onadaptationtodroughtandheatinsorghum,buttheconceptsare
generic. Thereexistsconsiderableknowledgeofclimate,bothpast
andfuture,fromclimaterecordsandclimatemodels. Thisgivesus
insightintoclimatevariabilityandtrends. WeknowthatCO, and
temperatureareincreasing,andthisaloneinfluencesdroughtand
heatrisksforcrops. Wealsohave considerableknowledge of crop
growthanddevelopmentresponsestoCO,,droughtandheat,along
withthephysiologyandgeneticsofunderpinningmechanisms.
Thisknowledgehasbeenintegratedintoadvancedcropsimulation
modelsthatarenowsufficiently credibletoexplore G*M*Escenarios
viasimulationof comprehensive “adaptationlandscapes”. Herewe
combinethisexistingknowledgeandmodellingcapabilitytoexplore
thedesignofcropsbestsuitedtocurrentandfutureenvironments.
Thecontrastingtimepointsofthe G*M*Eanalyseselucidatethe
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consequencesofclimatetrendsandtrajectorieslikelyneededin
designoffuturecropsadaptedtoclimaterisks.

P8.7 USING METABOLIC MODELLING
TO UNDERSTAND THE LIMITATIONS TO
PHOTOSYNTHESIS UNDER CHANGING
ENVIRONMENTAL CONDITIONS

™ FRIDAY 5 JULY, 2019 ®© 12:00

@ HELENA A HERRMANN (THE UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), JEAN-MARC SCHWARTZ (THE UNIVERSITY
OF MANCHESTER, UNITED KINGDOM), GILES N JOHNSON
(THE UNIVERSITY OF MANCHESTER, UNITED KINGDOM)

@ HELENA.HERRMANN@MANCHESTER.AC.UK

Astheglobalclimatechangesthroughthiscentury,therewillbea
needtoshiftplantgrowthtotimesoftheyearwhentemperaturesare
suboptimalandmorevariable.Inordertobreed plantsforashifted
growthseason,weneedtounderstandthelimitsonphotosynthesis
acrossdifferentenvironmental conditions. Weusebothkinetic
andconstraint-basedmodellingtechniquesinordertounderstand
themetabolicchangesrequired forphotosyntheticacclimation
to changing environmental conditions. Using modelling and
experimentaldatafromsixdifferenttemperature conditions, we
identifymetabolicchangesrequiredforphotosyntheticacclimation
of Arabidopsisthalianaacrossits physiologicaltemperaturerange.
Pioneeringtheuseoffluxsamplingforstudyingnetworkrobustness
inwild-typeandmutantplantsweidentifynecessarymetabolic
changesrequiredforcoldacclimation. Usingdynamicmodelling
wepredictwhichofthereactionslinkingphotosyntheticuptaketo
leafcarbonstorageandexportaremosttemperaturesensitiveand
aresearchingforametabolictemperaturesensor.

P8.8 COMPUTATIONAL MODEL FOR
PREDICTING MONOLIGNOL TRANSCRIPT
AND PROTEIN ABUNDANCES IN POPULUS
TRICHOCARPA UNDER SINGLE AND
COMBINATORIAL MONOLIGNOL GENE
KNOCKDOWNS

™ FRIDAY 5 JULY, 2019 ©® 12:15

@ MEGAN L MATTHEWS (NORTH CAROLINA STATE UNIVERSITY,
UNITED STATES), JACK P WANG (NORTH CAROLINA STATE
UNIVERSITY, UNITED STATES), DAVID C MUDDIMAN (NORTH
CAROLINA STATE UNIVERSITY, UNITED STATES), RONALD R
SEDEROFF (NORTH CAROLINA STATE UNIVERSITY, UNITED
STATES), VINCENT L CHIANG (NORTH CAROLINA STATE
UNIVERSITY, UNITED STATES), CRANOS M WILLIAMS
(NORTH CAROLINA STATE UNIVERSITY, UNITED STATES)

©@ MLMATTH2@NCSU.EDU

Accurate manipulation of metabolites in the monolignol
biosynthesispathwayisakeystepforcontrollinglignincontent,
structure, and other wood properties that are important to the
bioenergyandbiomaterialindustries. A crucialcomponentofthisis
predictinghow singleand combinatorialknockdownsofmonolignol
specificgenesatthetranscriptlevelinfluencemonolignol proteins,
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whicharethedrivingmechanismsofthemonolignolbiosynthesis
pathway. Computationalmodelshavebeendevelopedtoestimate
proteinabundancesfromtranscriptperturbationsofmonolignol
specificgenes. Theaccuracyofthesemodels,however,arehindered
bytheirinabilitytocaptureindirectinfluencesthatarisewhenone
ormoregenesareperturbed. We created acomputationalmodel
basedonasparsemaximumlikelihoodapproachtoestimatethe
resultingmonolignoltranscriptandproteinabundancesinPopulus
trichocarpabasedondesiredsingle orcombinatorialknockdowns of
specificmonolignolgenes. Usingin-silicosimulations of thismodel
androotmeansquareerror, weshowthatourmodelmoreaccurately
estimatestranscriptandproteinabundancesfromxylemtissue
whenindividualandfamilies of monolignol genes were perturbed.
Ourmodel capturesrelationshipssuchasthosebetweenthe Ptr4CL
andPtrCAld5Hgenefamilies, potentiallyexplainingthe observed
decreaseinS/Gratioreportedintheliteraturewhen4CLisknocked
down. This approach provides a useful computational tool for
furtherexploringthecascadedimpactofsingleandcombinatorial
modificationsonligninand otherwoodproperties. Additionally,
it can be used to guide future experiments for elucidating the
mechanismsresponsiblefortheestimatedindirectinfluences.

P8.9 DESIGNING RICE IDEOTYPE

FOR DIFFERENT ENVIRONMENTS USING
WACNI - A MODEL OF WHOLE PLANT
C-N INTERACTION

™ FRIDAY 5 JULY, 2019 ©® 15:00

@ XINGUANG ZHU (INSTITUTE OF PLANT PHYSIOLOGY
AND ECOLOGY CHINESE ACADEMY OF SCIENCES, CHINA),
TIANGEN CHANG (INSTITUTE OF PLANT PHYSIOLOGY
AND ECOLOGY CHINESE ACADEMY OF SCIENCES, CHINA)

©@ ZHUXGeSIPPE.AC.CN

Onthefaceoftherapidadvancesingenomeeditingtechnologyand
greatlyexpandedknowledgeonplantgenomeandgenes, thereisa
strongdemandtodevelopaneffectivetooltoguidedesigningcrops
forhigheryields. Herewedevelopedahighlymechanisticmodel of
WholeplAntCarbonNitrogen Interaction (WACNI),whichpredicts
cropyieldbasedonmajormetabolicandbiophysical processesin
source,sinkandtransporttissues. WACNIaccuratelypredicted
theyieldresponsesofsofarreported source,sinkandtransport
related genetic manipulations onrice grain yields. Systematic
sensitivityanalysiswith WACNIwasusedtoclassifythesource,
sinkandtransportrelatedmolecularprocessesintofourcategories,
i.e.universalyieldenhancers,universalyieldinhibitors,conditional
yield enhancers and weak yield regulators. Simulations using
WACNI further show that even without a major change in leaf
photosyntheticproperties,54.6%to73%grainyieldincreasecan
bepotentiallyachievedbyoptimizingthesemolecularprocesses
duringthericegrainfillingperiod whilesimply combiningallthe
‘superior’ molecularmodulestogethercannotachievetheoptimal
yieldlevel. Acommonmacroscopicfeatureinallthesedesigned
high-yieldlinesisthattheyallshow ‘asustainedandsteady growth
ofgrainsink’,whichmightbeusedasagenericselectioncriteria
inhigh-yieldricebreeding.Overall, WACNIcanserveasatoolto
facilitateplantsourcesinkinteractionresearchandguide future
cropsbreedingbydesign.
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P8.10 LEAF AND AXES MOVEMENTS
ALONG GRASS ONTOGENY

™ FRIDAY 5 JULY, 2019 ©® 15:30

& BRUNO ANDRIEU (INRA, UMR ECOSYS, FRANCE),
MARIEM ABICHOU (INRA, UMR ECOSYS, FRANCE),
CHRISTIAN FOURNIER (INRA, UMR LEPSE, FRANCE),
CORINNE ROBERT (INRA, UMR ECOSYS, FRANCE)

©@ BRUNO.ANDRIEU@INRA.FR

Plant3Dgeometrychangesduringontogeny, whichoriginatespartly
fromtheproductionofnewleavesandaxeswithcharacteristics
differingfromtheolderones,andfromprogressivechangesinthe
display of organs after they have completed their growth. Crop
plantsshowsuchimportantchanges,thatsignificantlyimpactlight
captureandmoregenerally environmentperception, yetrelatively
littleefforthasbeendedicatedtocharacterizingthemovements of
matureorgansandrepresenttheminmodels. Weinvestigatedthe
ontogeneticmovementofleavesandaxesinwheatplantsvarieties
withcontrastedstaturesandwillcomparewiththosereportedinthe
literatureforothergrasses. Atleaflevel,amplemovementsoccur
allalongleaflivewithdifferencesbetweenthebasalleavesandthe
leavesattachedtolonginternodes. Atshootlevel,largemovements
alsoexistfortheinclinationofaxes,includingthemainstem,so
thataxesbecomenearlyverticalonlylateintheirdevelopment.The
combinedmovementsofleavesrelativelytotheiraxeandofaxes
relativelytheverticalresultinacomplexpatternofleaforientation
atcroplevel,whileeachtypeof movementconsidered separately
followsrelativelypatternsthatcanbedescribedwithasmallnumber
of parameters. Differencesexistintheamplitudes of movement
between species, cultivarsand depending on plant density. We
illustratetheimportance ofrepresentingthesemovementsinplant
modelsforthecalculationofplant-environmentinteractionandfor
exploringtheadaptationofgenotypestocropmanagement.

P8.11 STUDYING THE EFFECTS OF ROOT
SENESCENCE ON CROP FITNESS AND
SOIL NUTRIENT CAPTURE IN SILICO

™ FRIDAY 5 JULY, 2019 ©® 15:35

@ ERNST D SCHAFER (UNIVERSITY OF NOTTINGHAM, UNITED
KINGDOM), MARKUS R OWEN (UNIVERSITY OF NOTTINGHAM,
UNITED KINGDOM), MALCOLM J BENNETT (UNIVERSITY
OF NOTTINGHAM, UNITED KINGDOM), ETIENNE FARCOT
(UNIVERSITY OF NOTTINGHAM, UNITED KINGDOM), JONATHAN P
LYNCH (UNIVERSITY OF NOTTINGHAM, UNITED KINGDOM)

@ ERNST.SCHAFER@NOTTINGHAM.AC.UK

Theglobalhumanpopulationispredictedtobebetween9and10
billionby 2050, withmostofthispopulationgrowthtakingplacein
developingcountries. Atthesametime,climatechangeisexpected
tohaveanegativeimpactoncropyieldsinthesecountriesandput
further pressure on vulnerable ecosystems around the world.
Becauseofthisitisimportanttodevelopalternativeagricultural
practices that do not rely on the extensive use of pesticides or
fertilizers, whichrequiresustoimprovecropyieldsinlow-nutrient
conditionswhererootlossduetopestsissignificant. Arootloss
modulewasdevelopedfor OpenSimRoot,afunctional-structural
root system simulation. Using this, the shoot dry weights, our
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measureofperformance,of 54 phenotypesofbarley,beanandmaize
wereassessedinavarietyof conditions and subject todifferent
amountsofrootlosstoyieldinsightintotheeffectsofnutrientand
rootlossstressoncropdevelopment. Oursimulationsindicatethat
rootlossisgenerallydetrimentalinlow-phosphorusenvironments
formostphenotypes. However,somephenotypesshowresilience
torootlossorevenanincreaseinshoot dry weightinboth low-
phosphorusandlow-nitrateconditions. Ourresultindicatethat
notonlydodifferent cropsshowqualitatively differentresponses
tonutrientandrootlossstress,buttheoptimalphenotypesforhigh-
nutrient, rootlossfree environments are not generally the best
performersinhighstressscenarios. Thisshowstheimportance of
developingnewvarietiesthataresuitabletomeetfuturechallenges.

P8.12 HOW SUGARS INTERPLAY WITH
HORMONES IN THE REGULATION OF
AXILLARY BUD OUTGROWTH

™ FRIDAY 5 JULY, 2019 ©® 15:40

& JESSICA BERTHELOOT (IRHS, INRA, AGROCAMPUS-OUEST
UNIVERSITE D’ANGERS, SFR 4207 QUASAV, FRANCE),
FRANGOIS BARBIER (SCHOOL OF BIOLOGICAL SCIENCES,

THE UNIVERSITY OF QUEENSLAND, AUSTRALIA), FREDERIC
BOUDON (CIRAD, UMR AGAP UNIV. MONTPELLIER, FRANCE),
MARIA DOLORES PEREZ-GARCIA (IRHS, INRA, AGROCAMPUS-
OUEST, UNIVERSITE D’ANGERS, SFR 4207 QUASAV, FRANCE),
SYLVIE CITERNE (INSTITUT JEAN-PIERRE BOURGIN CENTRE

DE VERSAILLES-GRIGNON (IJPB), INRA, AGRO-PARISTECH
CNRS, FRANCE), ELISABETH DUN (SCHOOL OF BIOLOGICAL
SCIENCES, THE UNIVERSITY OF QUEENSLAND, AUSTRALIA),
CHRISTINE BEVERIDGE (SCHOOL OF BIOLOGICAL SCIENCES,
THE UNIVERSITY OF QUEENSLAND, AUSTRALIA), CHRISTOPHE
GODIN (LABORATOIRE REPRODUCTION ET DEVELOPPEMENT DES
PLANTES, UNIV LYON ENS DE LYON, FRANCE), SOULAIMAN SAKR
(IRHS, INRA, AGROCAMPUS-OUEST UNIVERSITE D’ANGERS, SFR
4207 QUASAV, FRANCE)

@ JESSICA.BERTHELOOT@INRA.FR

Theoutgrowthofaxillarybudsisamaintraitofplantadaptationto
environment. Theregulationofbudoutgrowthinvolvesanintricate
networkofseveralendogenousregulatorsincludinghormonesand
sugars.Intheprocessofapicaldominance, apically-derivedauxin
inthestemindirectlyinhibitsbud outgrowththroughcytokinins
andstrigolactones.Sugardiversiontothegrowingshoottipaway
fromthebudalsocontributestothisphenomenon. Thepresentstudy
aimsatunderstandingandmodellinghowsugarsinteractwiththe
hormonalnetworkintheshoot.Usingroseandpea, experiments
weremadebothondecapitatedplantsandnodalstemsegments
invitro,andconsistedinvaryingstemhormoneandsugarlevels.
Weshowthatsugarsantagonized, dose-dependently,theauxin
inhibitionofbud outgrowth. Sugarsreducedthebudinhibitionby
strigolactonesbutsugarsdidnotantagonizetheauxinrepressing
effectoncytokininlevelsinthe stem. Theseobservationswere
assembled in a computer model, where sugars act mainly by
suppressing bud response to strigolactones, independently of
cytokinins. Thismodelquantitatively capturedalloftheobserved
crosstalkamongsugarandhormonesforbud outgrowthresponses.
Sincesugarsandhormonesarebothalteredbyplantenvironment,
thisstudypavesthewayformodellingtheresponseofbudoutgrowth
toenvironmentalfactors.
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P8.13 CROP2ML: A CROP MODELING
METALANGUAGE SHARED BETWEEN
DIFFERENT CROP SIMULATION
PLATFORMS

™ FRIDAY 5 JULY, 2019 ©® 15:45
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P8.14 INVESTIGATING SHOOT GROWTH
AND CARBON COMPETITION BETWEEN
ORGANS IN MACADAMIA USING IN
SILICO PLANTS

™ FRIDAY 5 JULY, 2019 ©® 16:00

@ CYRILLE AHMED MIDINGOYI (INRA, FRANCE), CHRISTOPHE
PRADAL (CIRAD, FRANCE), ANDREAS ENDERS (UNIVERSITY
OF BONN, GERMANY), DAVIDE FUMAGALLI (JRC, ITALY),
HELENE RAYNAL (INRA, FRANCE), IOANNIS ATHANASIADIS
(WAGENINGEN UNIVERSITY, NETHERLANDS), CHERYL PORTER
(UNIVERSITY OF FLORIDA, UNITED STATES), GERRIT
HOOGENBOOM (UNIVERSITY OF FLORIDA, UNITED STATES), DEAN
HOLZWORTH (CSIRO, AUSTRALIA), FREDERICK GARCIA (INRA,
FRANCE), PETER THORBURN (CSIRO, AUSTRALIA), MARCELLO
DONATELLI (CREA, ITALY), PIERRE MARTRE (INRA, FRANCE)

@ CYRILLE.MIDINGOYI@INRA.FR

Process-based crop simulation models are popular tools to
analyze and predict the response of agricultural systems to
climatic, agronomic and, more recently genetic, factors. They
areoftendevelopedincropsimulationplatformstoensuretheir
future extension and to couple different crop models with a soil
modelandacropmanagementeventscheduler. Thecomparison
andimprovement of these models are difficult due to the lack of
efficientmethodforexchangingbiophysical processesbetween
platforms.Modelsareoftenimplementedindifferentprogramming
languages,indifferent platformsusingdifferent formalisms.Even
whenmodularapproachesandreusetechniquesareproposedby
theseplatforms, thereislittleexchangeof cropmodel components
betweenthem despite theoretical and applicationinterests. To
thisend,theaimofthe Agricultural Model Exchange Initiative
(AMEI), initiated by several leading groups in this field, is to
facilitatemodelintercomparisonandmodel componentexchange.
Crop2ML,ahigh-levelmetalanguage,hasbeendesignedtoenable
(1)thedescriptionandthe composition of cropmodel components
independently oftheformalismof simulationplatforms;and(2)
theexchangeofcomponentsbetweenthem.Crop2MLlanguageis
basedonadeclarativearchitectureof modularmodelrepresentation
withanintermediatemodelinglanguagetodescribebiophysical
processesandtheirtransformationtoexistingplatforms. Wewill
present AMEIvisionofcropmodelexchangeandthemainfeatures
of Crop2ML. Thisapproachwasapplied ontwo complexmodels(crop
energybalanceandawheatphenologymodel), whichhavebeen
sharedamongthedifferentsimulationplatforms.

@ INIGO AUZMENDI (QUEENSLAND ALLIANCE FOR AGRICULTURE
AND FOOD INNOVATION (QAAFI), THE UNIVERSITY OF
QUEENSLAND, AUSTRALIA), JIM HANAN (QUEENSLAND
ALLIANCE FOR AGRICULTURE AND FOOD INNOVATION (QAAFI),
THE UNIVERSITY OF QUEENSLAND, AUSTRALIA)

©@ I.AUZMENDIeUQ.EDU.AU

Understandinghowindividualshootsgrowisafirststeptoimprove
themanagementoftreecanopiesandorchards.Fieldexperiments
havebeen carried out with this purpose for several species and
conditions. However, aspectssuchasleafincidentlight, growth
andcarboncompetitioninteractandcannotbeeasilymeasured,
makingitdifficulttoanalysedataandobtainclearconclusions.
Insilicoplantsthatintegratetheseaspectsandtheirinteractions
couldbeahelpfultool. Webuiltacomputationalmodelbasedon
L-systemsthatsimulateslightenvironment,carbonassimilation,
competitionforcarbon,andgrowthofindividualorganswithinthe
shoot (stemandleaves). Thisfunctional-structuralmodel simulates
macadamia shoot architecture and physiological mechanisms
atorganlevelindailytimesteps. Multi-factorexperimentswith
different conditionswereperformedusingtheinsilicomacadamia
shoots. Thesesimulationsproducedtwokindsof outputs: visually
realistic3Drepresentationsofdailyshootgrowth;anddataforeach
organ, which were employed to produce graphs and to compare
withfieldobservations. Thesimpleshootgrowthmodelshowed
thatcarboncompetitionandavailability wereenoughtoexplain
some field observations such asdifferencesin shoot elongation
anddryweightaccumulation. These were emergent properties
ofthemodelthatreproducedpatternsobservedinthefield. The
simulationspresented arenotmere graphicalrepresentationsof
fielddata,butatooltodetectgapsinourknowledge and proposenew
hypothesesandideasthatcanexplainourobservations,improving
ourunderstandingandsuggestingpossible consequencesofthe
managementinthefield.
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P8.15 ROOTS FOR THE 10B: MODELING
PHENES AND PHENOTYPES FOR SOIL
RESOURCE CAPTURE

™ FRIDAY 5 JULY, 2019 © 16:45

@ JONATHAN LYNCH (PENNSYLVANIA STATE UNIVERSITY, UNITED
STATES, AND NOTTINGHAM UNIVERSITY, UNITED KINGDOM)

@ JPL4@PSU.EDU

Improved root phenotypes offer avenues for creating the more
droughttolerant,nutrientefficientcropsthatareurgentlyneeded
inglobalagriculture. Functional-structural plantmodels (FSPM)
are an important tool for this enterprise, given the complex,
dynamicinterplay between root phenotypes and soil resource
availability in time and space, and difficulties inherent in the
directobservationofkeyrootprocesses.Forexample,the FSPMs
SimRootand OpenSimRoothavebeenusefulinidentifyingroot
architectural, anatomical, and physiological phenotypes for
improvedcaptureof waterandnutrients,inunderstandingtradeoffs
forcontrastingsoilresources,phenesynergism,andinguidingroot
phenotypingstrategies. Thesetoolsarebecomingincreasingly
capable,andarebeingintegrated withshootmodelstodevelopin
silicoplantsasvirtuallaboratories.Integrationofthesetoolswith
modelssimulatinggenenetworks, theplantandsoilmicrobiomes,
andecosystemfunctionwill createunprecedented opportunities
tounderstand theinterplay of plant genotype, phenotype, and
environment,andinsodoingguidethe developmentofthecrops
andcroppingsystemsofthe21stcentury.

P8.16 OPTIMAL ACCLIMATION OF
LEAF TRAITS TO HIGH TEMPERATURE
IN ARABIDOPSIS

™ FRIDAY 5 JULY, 2019 ©® 17:15

@ ALEJANDRO MORALES SIERRA (WAGENINGEN UNIVERSITY AND
RESEARCH, NETHERLANDS), MARTIJUN VAN ZANTEN (UTRECHT
UNIVERSITY, NETHERLANDS), XINYOU YIN (WAGENINGEN
UNIVERSITY AND RESEARCH, NETHERLANDS), JOCHEM B EVERS
(WAGENINGEN UNIVERSITY AND RESEARCH, NETHERLANDS),
RASHMI SASIDHARAN (UTRECHT UNIVERSITY, NETHERLANDS),
NIELS ANTEN (WAGENINGEN UNIVERSITY AND RESEARCH,
NETHERLANDS)

@ ALEJANDRO.MORALESSIERRA@WUR.NL

The environment surrounding leaves (phylloenvironment)
determines the rate of photosynthesis, depending on the
physiological and morphological traits of the leaf. The
phylloenvironment results from the exchange of energy, CO,
and H, O with the surrounding air, which is affected by the
architecture of the plant. Leaftraits and plant architecture are
knowntoadjusttothegrowthenvironment(i.e.acclimation),a
processwhichisoftenassumedtoleadtohigherphotosynthesis
(i.e.optimal photosyntheticacclimation theory). Inthisstudy,
weuseArabidopsisthalianaasamodelorganismandaddressthe
questionofwhethertheobservedacclimationtohightemperature
(i.e.thermomorphogenesis)leadstohigherphotosynthesis. Anovel
3D computationalmodel ofarabidopsiswasdevelopedtosimulatethe
phylloenvironmentandleafphotosyntheticratesandwasvalidated
withexperimentsinclimate-controlledchambersusingnatural
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accessions and mutants. The model was then used to calculate
theoptimalcombinationofleaftraitsandplantarchitectureby
maximizing photosynthesis under different environmental
conditions. Thesimulated optimal combinationsoftraitsunderhigh
temperaturedependedstronglyonlightintensity, windspeedand
theconditionsofthesoilsurface (i.e.whetherwetordry). Themain
findingwasthatacclimationtohightemperaturewasparticularly
beneficialtophotosynthesisunderhighlightintensitiesandless
so (or even detrimental) under low light intensities. However,
thermomorphogenesis in arabidopsis only occurs at low light
intensities. These results suggest that thermomorphogenesis
inarabidopsisisnotoptimal for photosynthesisand thatitmay
have a different ecological function, questioning the optimal
photosyntheticacclimationtheory.

P8.17 INTEGRATING THE COMPLEX
REGULATION OF LEAF GROWTH BY
WATER AND TROPHIC DYNAMICS IN
A FUNCTIONAL-STRUCTURAL PLANT
MODEL OF GRASS

™ FRIDAY 5 JULY, 2019 ©® 17:30

@ ROMAIN BARILLOT (INRA, FRANCE), MARION GAUTHIER (INRA,
FRANCE), BRUNO ANDRIEU (INRA, FRANCE), JEAN-LOUIS
DURAND (INRA, FRANCE), ISABEL ROLDAN-RUIZ (ILVO,
BELGIUM), TOM DE SWAEF (ILVO, BELGIUM)

@ ROMAIN.BARILLOT@INRA.FR

Climate change challenges agricultural production due to
interacting effects of reduced water availability, increased
atmosphericCO, concentrationandaltered temperaturedynamics.
Plantmorphogenesisplaysacrucialroleinresource capturebut
there are nointegrative models available which account for its
regulationbytheinterplaybetweenwater,nitrogen,light,CO,and
temperature.Inthepresentstudy, wedescribeacomprehensive
functional-structural plant model (FSPM) encompassing the
regulation of leaf growth by water and trophic dynamics in
grass. Themodelisdefinedatindividualtillerscale,composed of
interconnectedlaminae,sheathsandinternodes. Leafelongation
kineticsaredividedintotwophaseswhosedurationsdependon
coordinationrulesbetweensuccessiveleaves.Duringtheearly
phase,whichmainlyconsistsincellproduction, weassumedleaf
growthtoberegulated by carbonandnitrogen concentrations,
whilewaterisconsiderednon-limitingduringthismeristematic
process.Inthesecondphasewhichincludescellelongation,leaf
growthisdrivenbyturgorpressure, whichistightlycoupledtoleaf
water contentvariationsand osmoticpressure, thusresultingin
elasticdeformationandplasticirreversiblegrowth. Thewaterflow
throughoutthehydraulicarchitectureofthetilleriscalculated from
organtranspirationand waterpotentialdifferences.Carbonand
nitrogen concentrations, which affectleaf growth and osmotic
pressure,aresimulatedatorganscaleusingadetaileddescriptionof
themetabolicprocessesinvolvedinresourcecaptureandallocation.
Themodelabilitytoimprove ourunderstandingofthe effectsof
droughtonplantmorphogenesisundercontrastedtemperatures
andCO, levelswillbediscussed.
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P8.18 COMPUTING A MORE EFFICIENT
LEAF USING METABOLIC NETWORK
MODELS

™ FRIDAY 5 JULY, 2019 ©® 17:45

@ LEE J SWEETLOVE (OXFORD UNIVERSITY, UNITED KINGDOM),
SANU SHAMEER (UNIVERSITY OF OXFORD, UNITED KINGDOM),
R GEORGE RATCLIFFE (UNIVERSITY OF OXFORD, UNITED
KINGDOM)

@ LEE.SWEETLOVE@PLANTS.O0X.AC.UK

Metabolism underpins the growth of plants and in many
circumstanceslimitsgrowth. Althoughprimarymetabolismin
plantsisverywellcharacterisedintermsoftheenzymespresent
andthebiochemicalreactions catalysed, the complexity of the
networkanditsregulationmeanthatwearestillsurprisingly poor
atpredictingmetabolicbehaviourinresponsetodevelopmental
andenvironmentaltransitions. Weareevenworseatpredicting
howtoengineermetabolismtoimprovetheefficiencyof cropplants
inmodernhigh-intensityagro-ecosystems.Forthelast 10years,
mygrouphavebeenbuildingandanalysingcomputationalmodels
of plantmetabolicnetworksthathaveallowedustoaddressthe
complexityproblem. Usingthesemodels, wearenowabletomake
predictionsaboutmetabolicbehaviourandinferthesystem-level
trade-offsandbalancesthataremanagedinordertosustainplant
growthanddevelopment.InthistalkIwill concentrate onwhatwe
havelearntaboutthemetabolismofleavesinthecontextofefficiency
ofuseofenergy,nutrientsand water.

P8.19 RAISING GENETIC YIELD
POTENTIAL BY DESIGNING WHEAT
IDEOTYPES UNDER CLIMATE CHANGE

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

@ MIKHAIL SEMENOV (ROTHAMSTED RESEARCH, UNITED KINGDOM),
NIMAI SENAPATI (ROTHAMSTED RESEARCH, UNITED KINGDOM)

@ MIKHAIL.SEMENOV@ROTHAMSTED.AC.UK

Designingcropideotypesisakeysteptoraisegeneticyieldpotential
inatargetenvironment.Inthepresentstudy, wedesignedwheat
ideotypesbasedontheSiriusprocess-basedwheatmodeltoincrease
wheatyieldpotentialforthe2050-climateintwohighproductive
countries, viz.the UnitedKingdom (UK)and New Zealand (NZ).
A wheat ideotype was defined as a subset of Sirius cultivar
parametersthatwereoptimizedtomaximizeyield potential for
both water-limited (IW,,.,) and potential (IP,., ) conditionsby
exploring the full parameter ranges. A substantial increase in
yield potential, 43-51%, over current cv. Claire, was predicted
forIW, . ,,whereasa51-62%increasewasobtainedforIP, . The
geneticyieldpotentialsofwheatwere 16%(2.6tonnes/ha)and31%
(5tonnes/ha)greaterinNZthaninthe UKunder2050-climatein
water-limitedandpotential conditions, respectively. Modelling
predictsthepossibility of considerableincreaseinyield potential
of winterwheatunderclimatechangeinhighproductive countries.
Wheatideotypesoptimizedforfutureclimatescouldprovideplant
scientistsandbreederswitharoadmapforselectionofthetarget
traitsforimprovementandgeneticadaptationtoraisethegenetic
yieldpotential.
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P8.20 EVALUATING PHOTOSYNTHETIC
INDUCTION USING GAS EXCHANGE DATA

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ SAMUEL H TAYLOR (LANCASTER UNIVERSITY, UNITED KINGDOM),
DOUGLAS J ORR (LANCASTER UNIVERSITY, UNITED KINGDOM),
ELIZABETE CARMO-SILVA (LANCASTER UNIVERSITY, UNITED
KINGDOM), STEPHEN P LONG (LANCASTER UNIVERSITY,

UNITED KINGDOM)

@ S.TAYLOR19@LANCASTER.AC.UK

Photosyntheticinductionisoftremendousinterestforimprovement
ofcropplantproductivity. Inwheat, forexample, slowrecoveryof
Rubiscoactivity duringinductionmaylimitdiurnal CO, assimilation
byupto20%.Methodstoevaluatephotosyntheticlimitationduring
induction were principally developed more than two decades
ago. In the interim, three relevant changes have occurred: 1)
approachestomodellingphotosynthesisbasedongasexchange
andchlorophyllfluorescencedatahaveadvanced,increasingthe
numberofparametersthatcanbeestimated;2)newgenerations
of photosynthesis systems haveimproved the ease with which
photosyntheticresponsecurvesandcuvette-level experiments
canbeusedtomeasureinductionresponses;3)the ‘phenomicsera’
hasarrived, placing emphasis on high throughput screening of
plantperformancethatpotentiallylimitsthedetailcapturedper
plantwhenusingtimeintensivemeasurementslikegasexchange
responses. UsingexamplegasexchangedatasetsIwillillustrateand
compareapproacheswehavedevelopedthatphenotypediffusive
andbiochemicallimitationsinfluencingphotosyntheticinduction.

P8.21 LEAF SHAPE MODELS FOR
VIRTUAL CUCUMBER

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

@ KATRIN KAHLEN (HOCHSCHULE GEISENHEIM UNIVERSITY,
GERMANY), DOMINIK SCHMIDT (HOCHSCHULE GEISENHEIM
UNIVERSITY, GERMANY)

@ KATRIN.KAHLEN@HS-GM.DE

Leafshape plays a keyrolein the interaction of a plant with its
environmentand, particularly,intheplant’slightharvest.Effects
oftheenvironmentontheinterplay of canopyarchitectureand
physiologicalfunctioningcanbeestimatedbyusingfunctional-
structuralplantmodels (FSPMsorvirtual plantmodels).Inorder
toreducethe complexity of canopysimulations,leafshapemodels
usedin FSPMs are often simple prototypes, which are scaledin
relationtothesizeoftheleaves. Thefunctional-structuralplant
model L-CucumberissuchaFSPM, whoseleafprototypemimics
average real leaf shape of unstressed cucumber plants well.
However,adaptationprocessesorstressresponsesmayleadtonon-
proportionalchangesinleafgeometries, which, forexample,may
resultinadaptedlengthtowidthratiosoradditionalleafcurvatures.
ThecurrentleafmodelinL-Cucumberdoesmimicsuchchanges
intheleafshape. Thus,theaimofthisstudy wastoimprovethe
prototypemodelofleafshapeof L-Cucumberinordertoaccountfor
dynamicsandsensitivitytotheenvironment. Three-dimensional
leafcoordinatedatafromasaltstressexperimentwereanalysed
witharobustBayesianlinearmixed effectsmodelforestimating
leaf shape depending on rank, size and treatment level. First
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resultsindicatevisibleeffectsonleafshapeforallfactors.Inanext
step, L-Cucumber simulations with an environment-sensitive
dynamicleafshapemodel willbecomparedtotheoriginalmodelto
determine,whetherdetectedshapechangeswillsignificantlyaffect
simulationresults.

P8.22 A SIMPLE MECHANISTIC MODEL
OF CARBON ALLOCATION PERFORMS
BETTER THAN THE STATISTICAL
PARTITIONING MODEL IN CROP GROWTH
MODELS

™ THURSDAY 4 JULY, 2019 POSTER SESSION

@ JUSTINMMCGRATH (UNIVERSITY OF ILLINOIS URBANA-
CHAMPAIGN, UNITED STATES), STEPHEN P LONG (UNIVERSITY
OF ILLINOIS URBANA-CHAMPAIGN, UNITED STATES)

© JMCGRATH@ILLINOIS.EDU

Cropgrowthmodelsareusefultoolsforpredictingyieldinfuture
environmentsandidentifyingtraitstotargetforbreeding. The
modelsasawholearecombinationsofstatisticalandmechanistic
models, which each have benefits and drawbacks. A major
disadvantage of statisticalmodelsisthat their validity cannot
beguaranteedoutsideoftheobservedrangeofinputdata.Carbon
allocationamongtissuesisoftenmodeledstatisticallybyallocating
fractionsofphotosyntheticcarbongaintotissues(e.g.,50%toleaves,
30%tostems, etc.)basedonpreviousobservations. Withproper
trainingdata, thesewillestimatelong-termaverages,butthemodel
respondsonlytotemperature,nototherenvironmentalfactors.
Thus,yieldinanygivenyearcouldbeestimated poorly. Herewe
replacethepartitioningmodelinthe BioCromodelwithautilization
modelthatallocatescarbonusingsourceandsinkconcentrations
andarateconstant. Thisprovidesasimplemechanisticintegration
ofcarbontransportintheplant. Themodelbetterpredictsyieldwhen
usingout-of-traininginputcomparedtothepartitioningmodel.
Interestingly,italsoreproducesthedaily cycle ofsolublecarbon
concentrationseeninplants(althoughoutofphasewithobserved
data)asanemergentproperty. Theutilizationmodelcanalsoeasily
beextendedtorespondtoenvironmentalfactors,suchasdaylength
andwaterstatus, whichiscomparablydifficult withthepartitioning
model. Thismodelismore computationally difficulttosolvethan
thepartitioningmodel, butislikelymoresuitable foraddressinga
manyscientificquestions.
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P8.23 ADD GRIT FOR TRACTION:
REPRESENTATION OF SOIL
STRUCTURE IMPROVES FIT OF

A ROOT GROWTH MODEL

™ WEDNESDAY 3 JULY, 2019 POSTER SESSION

@ CHRISTOPHER K BLACK (PENNSYLVANIA STATE UNIVERSITY,
UNITED STATES), ERNST D SCHAFER (UNIVERSITY OF
NOTTINGHAM, UNITED KINGDOM), JONATHAN P LYNCH
(PENNSYLVANIA STATE UNIVERSITY, UNITED STATES)

@ CKB23@PSU.EDU

Plantrootsgrowinadynamicandheterogeneousenvironment
that requires efficient foraging to achieve optimal resource
capture. Understanding root growth strategy is necessary for
agronomicandecologicalstudies,butunfortunatelythedynamic
andheterogeneoussoilenvironmentalsomakesrootsdifficultto
observeorsample,somanyexperimentsrelyonobservationsfrom
rootsgrowthunderuniformartificiallaboratoryconditions. Asa
result,manycomputationalrootgrowthmodelshaveuntilrecently
focusedonrepresentingrootgrowthinahomogeneousmedium,
whichfacilitatescomparisonsagainstlaboratoryexperimentsbut
limitsmodelpredictivepoweraboutreal-world growthscenarios.
Toimprovethereal-worldapplicability of thestructural-functional
rootgrowthmodel OpenSimRoot, wehaveupdatedittoinclude
calculationsofsoil physical structure. Themodel calculatessoil
penetrationresistancefromsoilbulk density, porosity, waterstatus,
and profile position, and uses them to adjust root diameter and
extensionrate. Whenparameterized withmeasured soilmoisture
andbulkdensity,themodel captures>50% of observed variation
infield penetrometer measurements, and simulations of maize
growthpredictshallowerrootingandreducedtotalrootlengthin
soilswithplowpanlayers,consistentwithfieldobservations.Both
theimpedancetermandthegrowthresponsearecalculatedlocally
foreachroottip,allowingflexiblesimulationsofscenarioswithboth
spatialheterogeneity (e.g.plowpans,drylayers,macropores)and
developmentalplasticity (e.g.growthimpedanceresponsesthat
differwithageorrootclass).
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P9 TIME, TEMPERATURE, AND
A TRANSFORMING WORLD

ORGANISED BY: COLLEEN DOHERTY (NORTH CAROLINA STATE UNIVERSITY)

P9.1 WHEN DO TREES GROW?
ENVIRONMENTAL SIGNALS WHICH START
AND STOP GROWTH IN DOUGLAS-FIR
(PSEUDOTSUGA MENZIESII)

™ TUESDAY 2 JULY, 2019 ©® 09:00

@ CONSTANCE A HARRINGTON (USDA PACIFIC NORTHWEST
RESEARCH STATION, UNITED STATES)

@ CHARRINGTON@FS.FED.US

Douglas-firhasseveraltypesofmeristemsresponsibleforgrowth
of stems and roots and each tissue has its own environmental
signalsresponsible for growthinitiation and cessation. Plants
becomedormantinthefallandthespecieshasanobligatechilling
requirement (bothchillingandforcingtemperaturesduringthe
dormantseasonarerequiredforburstingoftheterminalbud). Non-
terminal vegetativebudsandstemvascularmeristemswillresume
growthinthespringmorepromptlyafterchillingbutitisnotan
obligaterequirement. Specificsoilconditionsand photoperioddo
notgenerally controltheresumptionofgrowthafterdormancy. On
theotherhand, cessationofheightanddiametergrowthareboth
triggeredby declining photoperiod and temperature, and other
factorssuchassoilmoisture (plantstress)mayalsobeinvolved.
Premature cessationofdiametergrowthcanbetriggeredbyhigh
airtemperatures (>40°C)duringlongphotoperiods. Aslongassoil
moistureisadequate,rootgrowthiscontrolledbysoiltemperature.
Understanding the phenology of Douglas-fir has been greatly
facilitated with a combination of controlled experiments and
long-term, fine-scalemonitoringof plantgrowthunderarange of
environmental conditions. Thereisgeneticvariationinphenology
ofDouglas-firwiththegreatestvariationamonggenotypesinthe
timingofterminalbudburst. Thistiminginfluencesresponsessuch
asavoidingfrost,completingsubstantial growth priortosummer
drought,andtheseverityofneedlecastdiseasesassociatedwith
availability of youngfoliage. Understandingthe factors which
controlgrowthallowsmodelingof future phenologyunderdifferent
climatescenarios.

P9.2 INTEGRATED ANALYSIS OF
WOODY ROOTS RESPONSE TO
MECHANICAL CONSTRAINTS

™ TUESDAY 2 JULY, 2019 © 09:30

@ DALILA TRUPIANO (DEPARTMENT OF BIOSCIENCES AND
TERRITORY - UNIVERSITY OF MOLISE, ITALY), ELENA DE ZIO
(DEPARTMENT OF BIOSCIENCES AND TERRITORY - UNIVERSITY
OF MOLISE, ITALY), ANTONIO MONTAGNOLI (DEPARTMENT OF
BIOTECHNOLOGY AND LIFE SCIENCE - UNIVERSITY OF INSUBRIA,
ITALY), GABRIELLA SFERRA (DEPARTMENT OF BIOSCIENCES AND
TERRITORY - UNIVERSITY OF MOLISE, ITALY), KARIN LJUNG
(SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN),
DONATO CHIATANTE (DEPARTMENT OF BIOTECHNOLOGY AND LIFE
SCIENCE - UNIVERSITY OF INSUBRIA, ITALY), GABRIELLA
S SCIPPA (DEPARTMENT OF BIOSCIENCES AND TERRITORY -
UNIVERSITY OF MOLISE, ITALY)

© DALILA.TRUPIANO@UNIMOL.IT

Progress has been made in understanding the physiological
and molecular basis of root response to mechanical stress,
especially in the model plant Arabidopsis thaliana, in which
bending causes the initiation of lateral root primordia toward
theconvex side of thebentroot (Ditengouetal.,2008; Richter et
al.,2009). Conversely, woodyroots arestill poorlyinvestigated
due to intrinsic difficulties in excavation and sampling.
By using a simple experimental system, we previously found
that the intensity of tension and compression forces in bent
woody roots (Populus nigra L.) elicit asymmetric responses
in the two bent root sides, important to regulate processes
such as cambial cell proliferation, reaction wood (RW)
formation and lignin accumulation in the concave side and
lateral roots formation in the convex side (De Zio et al., 2016).
Thus,cambialzoneanditssurroundingareaswereisolatedfrom
convexandconcavesidesofbentpoplarrootandanalyzedby UHPLC-
MS/MStoprofileIA Ametabolites, ABAand CKs.Intheconcaveside,
[IAAgradientplaysapivotalroleinthecontrolofcambial growthrate
andxylemdifferentiation,anditcouldbeatthebasisofthestrictly
unidirectional RW productiontowardthisside. Furthermore, the
higherlevelsof ABAandallCKsmetabolitesintheconcaveside
supporttheirinvolvementin RW production, whereby ABA could
mediatetheadaptationtothedeformingconditionsgeneratedby
bending,while CKscouldactinsynergywithIAAtocontrolcell
divisionanddifferentiation (DeZioetal.,2019).
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P9.3 TRANSCRIPTIONAL INTEGRATION
BETWEEN TEMPERATURE AND THE
CIRCADIAN CLOCK

™ TUESDAY 2 JULY, 2019 © 09:45

@ DAWN NAGEL (UNIVERSITY OF CALIFORNIA RIVERSIDE,
UNITED STATES)

@ DAWNN@UCR.EDU

The circadian clock enables plants to coordinate daily external
signals with internal processes, conferring enhanced fitness
andgrowthvigor. Whileexternalcuessuchastemperaturecan
entraintheclock,animportantfeatureoftheclockistheabilityto
maintainarelatively constantperiodoverarange of physiological
temperatures. Theprecisemechanismofhowvaryingdegreesof
temperatureisperceivedandintegratedtobalancethesensitivity
andimperturbability of the clockremainspoorlyunderstood. A
previousfunctional genomicsstudyidentifiedseveraltemperature
responsive transcription factors (TRTF) thatinteract with the
morning and daytime expressed clock genes in Arabidopsis.
Investigationofthefunctionalroleof TRTF-Contheexpression
of CCAlandPRR7suggeststhatatcoolertemperatures, TRTF-C
playsanimportantregulatoryroleatboththetranscriptionaland
post-transcriptionallevel oftheseclockgenes. Asaresult,changes
inmRNA abundancecontributestoacircadianphasedefect.The
findings fromthisstudy will provide newmechanisticinsights
intohowplantsperceiveandintegratetemperaturesignalstothe
circadian clock, and potentially aidin the improvement of crop
thermo-tolerance.

P9.4 MOLECULAR SIGNATURES FOR LOW
TEMPERATURE MEMORY IN ARABIDOPSIS

™ TUESDAY 2 JULY, 2019 ® 10:15

@ ELLEN ZUTHER (MAX PLANCK INSTITUTE OF MOLECULAR PLANT
PHYSIOLOGY, GERMANY), STEPHANIE SCHAARSCHMIDT (MAX
PLANCK INSTITUTE OF MOLECULAR PLANT PHYSIOLOGY,
GERMANY), AXEL FISCHER (MAX PLANCK INSTITUTE OF
MOLECULAR PLANT PHYSIOLOGY, GERMANY), ALEXANDER ERBAN
(MAX PLANCK INSTITUTE OF MOLECULAR PLANT PHYSIOLOGY,
GERMANY), MAJKEN PAGTER (DEPARTMENT OF CHEMISTRY
AND BIOSCIENCE, AALBORG UNIVERSITY, DENMARK),

UMARAH MUBEEN (MAX PLANCK INSTITUTE OF MOLECULAR

PLANT PHYSIOLOGY, GERMANY), DIRK WALTHER (MAX PLANCK
INSTITUTE OF MOLECULAR PLANT PHYSIOLOGY, GERMANY),
PATRICK GIAVALISCO (MAX PLANCK INSTITUTE FOR BIOLOGY OF
AGING, GERMANY), JOACHIM KOPKA (MAX PLANCK INSTITUTE OF
MOLECULAR PLANT PHYSIOLOGY, GERMANY), HEIKE SPRENGER
(VIB-UGENT CENTER FOR PLANT SYSTEMS BIOLOGY, BELGIUM),
DIRK K. HINCHA (MAX PLANCK INSTITUTE OF MOLECULAR PLANT
PHYSIOLOGY, GERMANY)

@ ZUTHER@MPIMP-GOLM.MPG.DE

Plantsfromtemperateregionsincreasetheirfreezingtolerance
duringexposuretolow,non-freezingtemperatures,aprocesscalled
coldacclimationorcoldprimingasplantsbecomebetterprepared
forsubsequentstresses. Adaptationtoalternatingtemperatures
enables plants to survive winter and to cope with recurring
cold periods. Inspringlossof freezingtolerance occursduringa
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tightlyregulateddeacclimationbalancingbetweentransitionto
reproductivegrowthandtheneedformaintainedfreezingtolerance.
Coldpriminghasbeenintensivelyinvestigated whereasprocesses
underlyingcoldmemoryareunknown. Weshowedthatthefreezing
toleranceoftwoArabidopsisaccessions Col-0andN14washigher
afterprimingat4°C,alagphaseat20°Candasecondcoldtrigger
comparedtoonlyprimedplantsimplicatingcold stressmemory.
The triggering response differed from the priming response at
thelevels of gene expression (RNA-Seq), lipid (UPLC-MS), and
metabolitecomposition (GC-MS). Uniquedifferentially expressed
genes aftertriggering were overrepresentedin categories such
as lipid and secondary metabolism, stress, redox and cell wall
related functionsin Col-0and growth-related functionsin N14.
Furthermore arabidopsides were accumulated with proposed
functionsinsignallingorasprecursorsofjasmonicacid. Themore
freezingtolerantN14maintainedlevelsofcold-inducedmetabolites
duringthelagphasewhereasstrongaccumulationoccurredinthe
less freezing tolerant Col-0 after triggering pointing to genetic
differencesoftranscriptomicandmetabolicpatternsduringcold
memory. Thisistoourknowledgethefirstreportonmolecularand
metabolicchangesaccompanyingcoldstressmemoryandtriggering
byasecondcoldstress.

P9.5 A GENETIC FRAMEWORK FOR
TEMPERATURE DEPENDENT ROOT
GROWTH REGULATION AND ITS LINK
TO CLIMATE ADAPTION

™ TUESDAY 2 JULY, 2019 ©® 10:30

& WOLFGANG BUSCH (SALK INSTITUTE, UNITED STATES),
CHRISTOPHE GAILLOCHET (SALK INSTITUTE, UNITED STATES)

©@ WBUSCHe@SALK.EDU

Temperature is one of the most universal and profound
environmentalfactorsfororganisms.Landplantscanbeexposed
todramaticchangesintemperaturenotonlythroughoutagrowth
season,buteventhroughoutasingleday.Despitetheimportance
of adaptiveresponses tofluctuating temperatures, our current
understanding of the molecular mechanisms controlling plant
responsestochangingtemperaturesisveryincomplete. Moreover,
muchofwhatisknownforlandplantsiscentredonaboveground
tissues. However, root growth also responds profoundly to
temperature changes. We aim to understand how temperature
issensedandhowthesensingoftemperatureelicitsrootgrowth
responses. Wehaveprofiledrootandhypocotylgrowthinmutants
ofknown shoot thermo-response-related genes and pathways.
Interestinglywefind pronounceddifferencesbetweenrootandshoot
growthresponsesforanumberofthesemutants. Wealsomakeuse
ofthevastphenotypicandgeneticnaturalvariationinArabidopsis
thaliana,aspeciesthathascolonizedregionswithvastly different
temperatureprofiles. Wefindstarklydistinctgrowthresponses
tohightemperatureindifferentaccessionsof Arabidopsis. Using
genome wide association studies for root growth at different
temperatures,wehavefoundanumberofhighconfidencecandidate
genes,someofwhichoverlapwithgenesassociatedtotemperature
parametersatthesitesoforiginoftheseaccessions. Weare currently
investigatingtheroleof selected candidate geneandthemolecular
pathwaystheyareassociatedwithintemperatureresponsesand
explorelinkstoadaptationtodifferenttemperatures.
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P9.6 UNRAVELING THE MOLECULAR
MECHANISMS UNDERLYING PLANT
CLOCK FUNCTION

™ TUESDAY 2 JULY, 2019 ©® 14:00

@ JOSE PRUNEDA-PAZ (UNIVERSITY OF CALIFORNIA, SAN DIEGO)

@ PRUNEDAPAZ@UCSD.EDU

Likemostorganismsthatliveonourplanet,plantsevolvedan
accuratemechanismtotimephysiologicalresponsesthroughout
the day. This mechanism, known as the circadian clock,
integrateswithmostmajorplantsignalingmodules. One goal
of myresearchprogramistoinvestigatehowbioticand abiotic
stressregulatestheplantclockfunctioninthe Arabidopsismodel.
Inparticular,wearefocusedonuncoveringthetranscriptional
mechanismsthatmodulate: 1) the clock functionuponbioticand
abioticstressand2)thecircadiancontrol of stressresponses.
For that, we established approaches to investigate how the
Arabidopsisclockfunctionismodulatedbybacterial pathogens
ortemperaturestressandtoidentify genome-widetranscription
factor-DNAinteractions.Iwill presentrecentimprovements
toourtranscriptionfactorscreening approach andillustrate
how this strategy allowed us to discover novel temperature-
responsiveregulatorsoftheplantclock.

P9.7 ARABIDOPSIS JMJD5/JMJ30 ACTS
INDEPENDENTLY OF LUX ARRHYTHMO
WITHIN THE PLANT CIRCADIAN

CLOCK TO ENABLE TEMPERATURE
COMPENSATION

™ TUESDAY 2 JULY, 2019 ©® 14:30

@ MATT A JONES (UNIVERSITY OF ESSEX, UNITED KINGDOM),
KENGO MOROHASHI (TOKYO UNIVERSITY OF SCIENCE NODA,
JAPAN), ERICH GROTEWOLD (MICHIGAN STATE UNIVERSITY,
UNITED STATES), STACEY L HARMER (UNIVERSITY OF
CALIFORNIA DAVIS, UNITED STATES)

@ MATTHEW.JONES@ESSEX.AC.UK

Thecircadiansystemensuresthatplantsrespondappropriatelyto
environmentalchangebypredictingregulartransitionsthatoccur
duringdielcycles.Inordertobemostuseful, thecircadiansystem
needstobecompensatedagainstdailyandseasonalchangesin
temperaturethatwouldotherwisealterthepaceofthisbiological
oscillator. Wedemonstratethatanevening-phasedprotein, the
putativehistonedemethylaseJM]D5, contributestotemperature
compensation. JMJD5is co-expressed with components of the
Evening Complex,anagglomerationofproteinsincludingEARLY
FLOWERING3(ELF3),ELF4,andLUXARRHYTHYMO (LUX),
whichalsointegratestemperaturechangesintothemolecular
clockwork. One role of the Evening Complex is to regulate
expression of PSEUDORESPONSE REGULATORSY (PRR9) and
PRR7,importantcomponentsofthetemperature compensation
mechanism. SurprisinglywefindthatLUX,butnotother Evening
Complex components, is dispensable for clock function atlow
temperatures. FurthergeneticanalysissuggestsJM]JD5actsina
parallelpathwaytoLUXwithinthecircadiansystem. Althoughan
intact]M]DS5catalyticdomainisrequiredforitsfunctionwithinthe
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clock,ourfindingssuggestJM]JD5doesnotdirectlyregulate H3K36
methylationatcircadianloci.Suchdatarefineourunderstanding
ofhow]MD]J5actswithinthe Arabidopsiscircadiansystem.

P9.8 THE “TEMPERATURE NICHE”
OF PLANT PATHOGENS

™ TUESDAY 2 JULY, 2019 ® 14:45

@ THOMAS CHALONER (UNIVERSITY OF EXETER, UNITED
KINGDOM), SARAH GURR (UNIVERSITY OF EXETER,
UNITED KINGDOM), DAN BEBBER (UNIVERSITY OF EXETER,
UNITED KINGDOM)

@ T.CHALONER@EXETER.AC.UK

Theability ofaplantpathogentosuccessfullyestablishinanarea,
aswell asdisperseinto virgin territory, is determined by many
complexandinteractingprocesses. Theseincludehostavailability,
accessiblemigratoryroutes,andabioticfactorssuchasmoisture
availabilityandtemperature. Eachstageofapathogen’slifecycle
(i.e.infection, disease development, and sporulation) can only
occurwithinathermallimit, whereby optimumtemperatureis
boundedbyaminimumandmaximumtemperature. Astemperature
deviatesfromoptimum, therate ofabiological processdeclinesfrom
maximum,towardszero.Hence,optimum, minimum,andmaximum
temperature—collectivelyreferredtoascardinaltemperature (CT)
—defineapathogenstemperatureresponse,foragivenstageofits
lifecycle.CTin-partshapespathogenbiogeographyandresultant
croprisk,bothinspaceandtime,byrestrictingpathogenstoareasof
climaticsuitability. Here,published CT estimates were collated for
>600plantpathogenicfungiandoomycetes.Utilisingthisdataset,
wefirsttestthehypothesisthattemperaturehasanasymmetric
effect on biological processes, i.e. from optimum, temperature
increases have a greater inhibitory effect than temperature
decreases. Second, we test the hypothesis that temperature-
specialistpathogensalsospecialiseinothernicheaxes. Third, we
testthehypothesisthattheevolutionarycapacityofpathogens
toaltertheir CTislimited. Finally, weinvestigate how climatic
changemayalterglobalpathogenbiogeography. Ourresearchaims
toimproveourfundamentalunderstandingofboththe “temperature
niche” of speciesandhowtemperatureinfluencestheplantpathogen
ecologyandevolution.
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P9.9 NIGHT-TIME TEMPERATURE AND
FLOWER-OPENING TIME DYNAMICS
AFFECT CROP ADAPTATION IN A
CHANGING CLIMATE

™ WEDNESDAY 3 JULY, 2019 ® 10:00
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P9.11 SEASONAL ENVIRONMENTAL
RESPONSES AND ADAPTATIONS
REVEALED BY FIELD TRANSCRIPTOME
IN PLANTS

™ WEDNESDAY 3 JULY, 2019 ©® 11:00

& KRISHNA JAGADISH (KANSAS STATE UNIVERSITY, UNITED
STATES)

@ KJAGADISHeKSU.EDU

Heat escape mechanisms allow crops to move heat-sensitive
processes, such as flowering to cooler times of the day, thus
increasing their survival on exposure to heat stress. However,
increaseinnight-timetemperaturescanalterthisfloweringstrategy
andotherheatstressresponses.Inbothriceandwheat,increasing
night-timetemperatureshaveasignificantnegativeimpactonyield
andquality.Iwillpresentourresearchonflower-openingtimeand
theimpactsofnight-timetemperatureongrainyieldandqualityby
exploringthephysiological, metabolomicandenzymaticresponses
andstrategiesdevelopedtobetteradaptthesesensitivestaplecrops
toachangingwarmerclimate.

P9.10 CONTROL OF FLOWER
INITIATION IN THE MONOECIOUS
QUERCUS SUBER L.

™ WEDNESDAY 3 JULY, 2019 ©® 10:30

@ MARIA MANUELA R COSTA (UNIVERSIDADE DO MINHO,
PORTUGAL), ROMULO SOBRAL (UNIVERIDADE DO MINHO,
PORTUGAL), HELENA SILVA (UNIVERSIDADE DO MINHO,
PORTUGAL)

© MANUELA.COSTA@BIO.UMINHO.PT

Severalplantspeciesdisplayatemporalseparationofthemaleand
femaleflowerorgandevelopmenttoenhanceoutbreeding, however,
littleisknownregardingthe geneticmechanismscontrollingthis
temporalseparation. Quercussuberisamonoeciousoaktreewith
accentuated protandry: in late winter, unisexual male flowers
emerge close to the dormant buds, whereas unisexual female
flowersemergeinspring (4to8 weeksaftermaleflowering). Here,
corkoakhomologsofkeyfloralregulatory geneswereidentified
by phylogenetic profiling and their role in flower development
accessed by performing functional studies in Arabidopsis
thaliana.Theexpressionprofileof flowerregulators (inducersand
repressors)throughouttheyear,inleavesandbuds, suggeststhat
thedevelopmentof maleandfemaleflowersmaybepreceded by
temporarily separatedinductionevents.Femaleflowersaremost
likely induced during the vegetative flush occurring in spring,
whereasmaleflowersmaybeinducedinearlysummerandstart
forminginsidethebuds,butcompletetheirdevelopmentonlyin
thegrowthseasonofthefollowingyear,displayingalongperiod
ofanthesisthatspansthedormantperiod. Theresultsportraya
geneticmechanismhighlydependentonenvironmentconditions
that may justify poorreproductive successin tree species with
similarreproductivehabits.

@ AKIKO SATAKE (KYUSHU UNIVERSITY, JAPAN)

@ AKIKO.SATAKE@KYUDAI.JP

Theintermittentandsynchronized productionofalargeamount
offlowersandseedsiscalledmastingormastseeding.Fagaceaeis
afamilyoffloweringplantsthatincludestypicalmastingspecies
suchasbeech, oak,andtanbarkoak. Applyingrecentadvances
inmolecularand geneticstudiesaboutfloweringtime controlto
mastingspeciesisincreasinglyusefultounraveltheunderlying
mechanism of masting. To unravel genetic basis of masting
dynamicsintheFagaceafamily, weperformedcomparativefield
transcriptomics of three Fagaceaespecies, Faguscrenata, Quercus
glauca,andLithocarpusedulis,atItocampusof Kyushu University
inJapan.Ourtranscriptomeanalysesunraveledthenon-intuitive
relationship between seasonal environment and expression
profiles of genes involved in flowering-time control, nitrogen/
sugartransport,andphotosynthesis. Althoughmanyorthologus
genes exhibited conserved expression patterns, there were
groupsthatshowdistinctly differentexpressionpatternbetween
species. Wealsoidentifiedco-expressionpatternsthatareshared
amongspeciesandestimated the contribution oflineage-specific
geneexpressiontoreproductive phenotypes. Ourco-expression
analyses and comparison of protein coding sequences provide
insightsintotranscriptomeevolutioninthe contextreproductive
strategyintrees.

P9.12 TRANSCRIPTOMIC PROFILES
ACCURATELY PREDICT THE DORMANCY
STAGES IN SWEET CHERRY FLOWER BUDS

™ WEDNESDAY 3 JULY, 2019 ©® 11:30

& BENEDICTE WENDEN (UMR 1332 BFP, INRA, UNIV. BORDEAUX,
FRANCE), NOEMIE VIMONT (INRA, AGRO INNOVATION
INTERNATIONAL - CENTRE MONDIAL D’INNOVATION - GROUPE
ROULLIER, FRANCE), MATHIEU FOUCHE (INRA, FRANCE),
JOSE ANTONIO CAMPOY (INRA, FRANCE), MEIXUEZI TONG
(THE SAINSBURY LABORATORY, UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM), MUSTAPHA ARKOUN (AGRO INNOVATION
INTERNATIONAL - CENTRE MONDIAL D’INNOVATION - GROUPE
ROULLIER, FRANCE), JEAN-CLAUDE YVIN (AGRO INNOVATION
INTERNATIONAL - CENTRE MONDIAL D’INNOVATION - GROUPE
ROULLIER, FRANCE), PHILIP A WIGGE (THE SAINSBURY
LABORATORY, UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM),
ELISABETH DIRLEWANGER (INRA, FRANCE), SANDRA CORTIJO
(THE SAINSBURY LABORATORY, UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM)

@ BENEDICTE.WENDEN@INRA.FR

Buddormancyisacrucialstageinperennialtreesandallowssurvival
overwinterandoptimalsubsequentfloweringandfruitproduction.
Environmental conditions,andinparticulartemperature, have
beenshowntoinfluencebuddormancy. Recentworkhighlighted
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somephysiologicalandmoleculareventshappeningduringbud
dormancyintrees. However,westilllackaglobalunderstanding
oftranscriptionalchangeshappeningduringbuddormancy. We
conductedafinetunetemporaltranscriptomicanalysisofsweet
cherry (PrunusaviumL.)flowerbudsfrombudorganogenesisuntil
theendofbuddormancyusingnext-generationsequencing. We
observethatbudsinorganogenesis,paradormancy,endodormancy
andecodormancyarecharacterisedbydistincttranscriptional
states,andassociatedwithdifferentpathways. Wealsofoundthat
transcriptionalprofilesofjustsevengenesareenoughtopredictthe
maincherrytreeflowerbuddormancystages. Ourresultsindicate
that transcriptional changes happening during dormancy are
robustand conservedbetweendifferentsweetcherrycultivars.
Ourworkopensupavenuesforthedevelopmentoffuturemolecular
phenologymodels.

P9.13 DYNAMIC PLASTICITY OF THE
ARABIDOPSIS CIRCADIAN OSCILLATOR
IN RESPONSE TO SUGAR SIGNALS

™ WEDNESDAY 3 JULY, 2019 ©® 14:30

@ ALEX AR WEBB (UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM)

@ AARW2@CAM.AC.UK

Thedefiningcharacteristicof circadianrhythmsisthattheyhave
aperiodofabout24h.However, circadianperiodisnotfixed,itis
variable.Manysignalsregulatethespeedofthecircadianclock
inareversiblemanner, with the effect dependent on the time of
theday,aprocesswehavecalleddynamicplasticity (Webbetal.,
2019). Wehavebeeninvestigatingthemechanismandpurpose of
thedynamicplasticityofthecircadianoscillatortosugarsignals. We
havepreviouslydemonstratedthatsugarscanspeedupthecircadian
oscillatorandidentified threesignallingpathwaysbywhichsugars
act,includingonedependentontheregulationoftheexpression
of the circadian clock gene PSEUDO-RESPONSE REGULATOR
7 (PRR7) by the energy sensitive transcription factor bZIP63
(Franketal.,2018). Wearenowinvestigatingwhythecircadian
oscillatorrespondstosugarsignals. Wewilldescribenewdatathat
demonstratesthatthecircadianoscillatorrespondstoendogenous
changesin sugars that affect the entrainment of the circadian
oscillatortolightintensityandphotoperioddependentonthecorrect
functioningof PRR7.Experimentationandmathematicalmodelling
demonstratethatresponsesofthecircadianoscillatortoresponses
tomoderatechangesinlightintensitycanbeexplainedinterms
ofchangesinsugarsignallingassociatedwiththemanagement
of transient starch reserves in the leaf. Our data suggest that
responsethecircadianoscillatortoendogenoussugarsignalsis
requiredforthecorrecttimingofinternaleventswithrespectto
theenvironment.
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P9.14 A CONNECTOR INTEGRATING
CARBON PARTITIONING AND DEMAND
IN PLANTS

™ WEDNESDAY 3 JULY, 2019 ©® 15:00

@ CAMILA CALDANA (MAX PLANCK INSTITUTE OF MOLECULAR
PLANT PHYSIOLOGY, GERMANY), CAROLINA C MONTE BELLO
(MAX PLANCK INSTITUTE OF MOLECULAR PLANT PHYSIOLOGY,
GERMANY), MARINA CM MARTINS (UNIVERSITY OF SAO PAULO,
BRAZIL), AKIKO SATAKE (KYUSHU UNIVERSITY, JAPAN),
MOTORHIDE SEKI (KYUSHU UNIVERSITY, JAPAN), ALEX WEBB
(UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM), ANTHONY
ARTINS (MAX PLANCK INSTITUTE OF MOLECULAR PLANT
PHYSIOLOGY, GERMANY)

©@ CALDANA@MPIMP-GOLM.MPG.DE

As sessile organisms, plants have a great plasticity to adapt to
fluctuatingenvironmental conditionsadjustingtheirgrowthand
developmentaldemands. The TargetofRapamycin (TOR) pathway
hasemergedasacentralhubinthisnetwork,integratingmetabolic
signals,energystatusand hormonestoawiderange of growth-
mediatedprocesses. Ourgroupisinterestedinunderstandinghow
the TORpathwayfine-tunescarbonpartitioningaccordingly to
thedielandphotoperiodchangestooptimizebiosyntheticgrowth.
Although starchisanimportant carbonsink,italsoservesasa
sourceforoverallgrowthanddevelopmentunderperiodsofcarbon
limitation,suchasdarkness. Theefficientrelease of sugarsfrom
starchreservescanhaveprofoundconsequencesonplantgrowth.
Notsurprisingly,acommonphenotypeoftransgenicArabidopsis
lineswithrepressionof TORC componentsisanincreaseinstarch
content.Bycombiningmolecularandchemical geneticsapproaches,
biochemicalandphysiologicalassays,and omicstechnologies, we
showedthatdown-regulation of TORCleadstoaccumulation of
starchinthelight, whichisindependentofitssynthesismediatedby
ADPglucosepyrophosphorylase.Incontrast, thelevelsofmaltose,
themainstarchbreakdownproduct, werelowerinplantsexposed
toshort-terminhibition of TORC when comparedtothe control,
suggestinganimpairedstarchbreakdowninthelight. OQurresults
furtherindicatethat TOR-mediated control of starch degradation
seems to be particularly photoperiod-dependent, operating at
specifictime-pointsofthedielcycle. Unravellingthekeyregulatory
modesinthisprocessisofgreatsignificanceforelucidatinghow
carbonavailabilityistranslatedintogrowth.

P9.15 THE IMPACT OF ELEVATED
CARBON DIOXIDE ON FINE ROOT
GROWTH IN A TEMPERATE OAK FOREST

™ WEDNESDAY 3 JULY, 2019 ® 15:15

@ CLARE ZIEGLER (UNIVERSITY OF BIRMINGHAM, UNITED
KINGDOM), ROSEMARY J DYSON (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM), IAIN G JOHNSTON (UNIVERSITY OF
BIRMINGHAM, UNITED KINGDOM)

@ CXZ551@STUDENT.BHAM.AC.UK

As an important carbon sink, investigations into the effect
of elevated carbon dioxide on temperate forests are essential
to understanding the future impact of climate change. The
BirminghamInstitute of Forest Research (BIFoR) offersaglimpse

ANNUAL MEETING SEVILLE 2019

intothefuture,byraisingthelevelsof CO, tothatpredictedfor2050
allowingfordirectobservationoftheimpactsontheecosystemofa
150yearoldoakforest.Finerootsrepresentakeyelementofforest
ecosystems, estimatedtocontributeupto33%ofglobalproduction.
Rootsplayanimportantroleincarbon, water,andnutrientcycling
butareoftenunderinvestigatedduetodifficultiesindatacollection.
Nondestructivemonitoringofrootgrowthischallenging,anddata
isaffectedbyheterogeneityacrosssamplinglocations. Thistalk
will detail the results of root growth research conducted using
minirhizotronsandsoil coresatthe BIFoRresearchsite,andthe
applicationofstochasticmodellingtoinvestigatedifferencesinfine
rootpopulationsgrownunderambientandelevatedCO,.

P9.16 WHY WE DO NEED MORE
EXPERIMENTAL PHENOLOGY

™ WEDNESDAY 3 JULY, 2019 © 16:30

@ ISABELLE CHUINE (CNRS, FRANCE)

@ ISABELLE.CHUINE@CEFE.CNRS.FR

The phenology of plants is a key regulator of agro-ecosystem
processes and biosphere feedbacks to the climate system.
Phenologyprocess-basedmodelsareclassicallyusedinecology
andagronomytoprojectfuturephenologicalchanges. Theyare
integratedintomore complexplantmodelsusedtopredictspecies
distributionrangeshiftsandagronomicyields,andintoterrestrial
biospheremodels. Althoughtheydescribeknownorsuspected
cause-effectrelationshipsbetweenphysiological processesand
somedrivingfactorsintheplants’environment, theirability to
provide accurate projectionsin future climatic conditionshas
been recently questioned. These models are still very simple
comparedtotheactualcomplexityoftheregulationofcellactivity
byenvironmental factors. However, theirrobustness couldbe
significantlyimprovedifdataonthetimingofbudendodormancy
(dormancytriggeredbyendogenousfactors)releasewereavailable.
Indeed, theyare,mostofthetime,parameterizedusinginverse
modellingtechnicswithdataonbudbreakdate only,whicharenot
sufficienttoestimatetheparametersthatdeterminethedynamics
ofendodormancyaccurately. Yet,thedynamicsofendodormancy
release,whichismainlyaffectedbychillingtemperatureduring
winter, currentlyrepresentsthemajorsource ofuncertainty for
thefuture.Iwillpresentanoverviewoftheongoingquestions
inforesttree phenology and an attempt to solve some of them
experimentally. My take home message will be that there is
anurgent need for more experimental phenology and for high
throughputtechnicsabletoproducedataontheendodormancy
dynamicsinnon-modelspecies.
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P9.17 PHYLOGEOGRAPHY AND NICHE-
MODELLING RELATIVE TO PAST AND
FUTURE CLIMATE SCENARIOS IN
LINUM BIENNE, THE WILD RELATIVE
OF CULTIVATED FLAX
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Thisstudyaimstodescribethephylogeneticrelationshipswithin
thespecies Linumbienneacrossitswholedistributionandinrelation
topastandfutureclimate. L. bienneisanherbaceousspeciespresent
intheNearEast,the Mediterraneanbasin,andthe Atlanticcoasts
of Europe, whichmakes L. bienneidealforstudyingplantadaptation
todifferentclimates. Surprisinglyitispoorlydescribed, especially
consideringitscontributioninL. usitatissimumdomestication,an
oilandfibrecrop.UnlikeL. bienne,genomicdataareavailableforL.
usitatissimum, includingitswholechloroplastgenome.Relatively
variableandsmall,cp-genomesincreasingly appearinbarcoding,
biogeography,adaptation,andagronomicstudies. Toreachouraim
weneedto: 1)assembleandannotatetheL. biennecp-genome; 2)
describethespeciesvariationinrelationtoitscurrentdistribution;
3)exploretheadaptivevalue of cp-genomes.89L. bienneaccessions
from44populations, fiveruderal L. usitatissimumaccessions,andone
accessionfor L. narbonense(outgroup) weresequencedwithIllumina
HiSeqX(150x150bp). Rawreads werequality checkedand mapped
(Bowtie2)totheavailableL. usitatissimumreference (NC_036356.1),
yielding an average 200x coverage. Following variant calling
(bcftools, vcfR), we ran a discriminant analysis of principal
components. Thefirsttwocomponents (~80%total variance)align
accessionsalongthewest-eastaxisofL. biennedistribution, withL.
usitatissimumattheeast-end ofthe spectrum. Follow-upanalyses
includephylogeneticreconstructionusingmaximumlikelihood
andnichemodellingusingthe WorldClimdatasets.

P9.18 THE INTERDEPENDENT
REGULATION OF PHOTOSYNTHESIS
AND THE CIRCADIAN CLOCK IN WHEAT
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Thecircadianclockisanendogenoustimingmechanismthatallows
organismstocoordinatephysicalandbehaviouralprocesseswith
thenaturallightdarkcycle.Synchronisationbetweenthecircadian
clockandenvironmentinArabidopsisthalianacanincreasecarbon
assimilation (Dodd et al., 2005) and therefore has the potential
to contribute towards yield increases which are desperately
neededtofillthepredictedyield gap (Hawkesfordetal.,2013).Iam
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investigatingthemechanismandextenttowhichthecircadian
clockandphotosynthesisregulateeachotherinwheat.Despitethe
centralimportanceofthecircadianclockrelativelylittleisknown
ofitsgeneticcompositionwithinwheat. Severalwheatorthologues
of Arabidopsis thaliana clock genes have been identified which
affectfloweringtime. Thewheatorthologue of ELF3underliesthe
Eps-A™1locusin Triticummonococcum (Alvarezetal.,2016)andan
orthologueof LUXARRYTHMO/PHYTOCLOCK 1(LUX)underliesthe
Eps-3Am™locusin T. monococcumwhichleadstoadistortedcircadian
clock(Gawronskietal.,2014). Wehavedevelopedlinesfromthe
T. turgidum “Kronos” TILLINGpopulationthat carrymutations
incircadian clock genes. To non-invasively measure circadian
rhythmsIhaveoptimised chlorophyllafluorescenceimagingand
developed anovel,low-cost, leaftemperature measuringtool.I
haveusedRT-qPCRtodeterminetheeffectof mutationsongene
expressionandinvestigatedtheimpactthatthemajorproductof
photosynthesis,sucrose,hasonthewheatcircadianclock.Ihave
recentlyphenotypedyieldtraitstounderstand whethermutations
ofthewheatcircadianclockcouldbeagronomicallyuseful.

P9.19 FISH IN A BIOGEOCHEMICAL
BARREL: TAKING AIM AT THE
EVOLUTIONARY CONSEQUENCES

OF NUTRIENT CO-LIMITATION IN
FRESHWATER
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Howdoesthechemistryoftheabioticenvironmentaffectbiotic
evolution? Organisms require approximately 25 elements
to construct themselves, and the occurrence of these varies
spatiotemporallyintheenvironment, yetweknowalmostnothing
aboutthe elemental composition of animals beyond that of the
commonestelements(C, N, P,K). Thepotential consequences of
elementalvariationcouldhavegreatsignificancefororganismal
adaptationandinteractionswiththeenvironment. Theadaptive
radiation of three-spined sticklebacks inhabiting lochs on the
island of North Uist, Scotland providesanideal study systemto
exploretheeffectsofelemental variationduetothedifferences
inchemical compositionofthevariouswaterbodiesontheisland
which were formed, inhabited and isolated as the last ice age
receded. Toexaminethis,wehavetakensamplesoffishandrecorded
environmental variables from individual lochs and analysed
thesethroughinductively coupled plasmamass spectrometry.
Weusetheseresults torelate the elemental composition of the
fishtothechemical compositionofthestudysites, revealingsite
specificvariationsinstoichiometrythatarelikelytheresultofa
combinationofabiotic,dietary, plasticandevolutionarydifferences.
Wewillinvestigatethesevaryingcausesusingsubsequentcommon
gardenexperiments. Anthropogenicchangestotheenvironment
manifestnotonlyinthewelldocumentedeffectsonglobalclimate,
butalsothechemical compositionof mostfactorsassociatedwith
the modern world. Increasing our understanding about these
factors,willarmustomitigate potentiallydetrimentalshiftsin
environmental conditions.
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