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P1 FROM SOURCE TO SINK:
RESOURCE PARTITIONING IN PLANTS

ORGANISED BY: MISS ANGELA WHITE (UNIVERSITY OF SHEFFIELD, UNITED KINGDOM),
PROF COLIN OSBORNE (UNIVERSITY OF SHEFFIELD, UNITED KINGDOM), DR JENNIFER
CUNNIFF (CABI, UNITED STATES) & PROF STEPHEN LONG (UNIVERSITY OF ILLINOIS,

UNITED STATES)
-

P1.1 IMPROVING LEAF CARBON
ASSIMILATION TO INCREASE
PLANT YIELD

™ WEDNESDAY 6 JULY, 2016 ® 09:00

@& CHRISTINE A RAINES (UNIVERSITY OF ESSEX, UNITED KINGDOM),
ANDREW SIMKIN (UNIVERSITY OF ESSEX, UNITED KINGDOM),
PATRICIA LOPEZ (UNIVERSITY OF ESSEX, UNITED KINGDOM),
KENNY BROWN (UNIVERSITY OF ESSEX, UNITED KINGDOM), STUART
FISK (UNIVERSITY OF ESSEX, UNITED KINGDOM), TRACY LAWSON
(UNIVERSITY OF ESSEX, UNITED KINGDOM)

@ RAINCEESSEX.AC.UK

Theprimarydeterminant of crop yieldisthe cumulativerate of
photosynthesisoverthegrowingseasonwhichistheresultofthe
crop’sabilitytocapturelight,theefficiencybywhichthislightis
convertedtobiomassandhowmuchbiomassisconvertedintothe
usableproduct. Traditionalbreedingandagronomicapproacheshave
maximisedlightcaptureandconversionofbiomasstoendproducts
andtherefore,inordertoincreaseyield, theefficiency ofenergy
conversionwillhavetobeimproved. Evidencehasnowaccumulated
demonstratingthattransgenicmanipulationofthe Cscyclecan
increasetheefficiencyof photosynthesisandyield. Wehaveused
the knowledge gained from empirical and in silicomodelling to
produceplantswithalteredcombinationsof proteinsandenzymes
toenhance photosynthetic CO. assimilation. Our approaches
totheproductionandtheresultsfromanalysisoftheseplantswill
bepresented.

P1.2 THE ROLE OF ATMOSPHERIC
CO, AS A LIMITING FACTOR IN THE
ORIGINS OF AGRICULTURE

™ WEDNESDAY 6 JULY, 2016 ©® 09:40

@ JENNIFER CUNNIFF (CABI, UNITED KINGDOM), GLYNIS JONES
(UNIVERSITY OF SHEFFIELD, UNITED KINGDOM), MICHAEL
CHARLES (UNIVERSITY OF OXFORD, UNITED KINGDOM), COLIN P
OSBORNE (UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

@ J.CUNNIFFeCABI.ORG

Limitation of plantproductivitybythelowlevel ofatmospheric
CO: experiencedduringthelastglacialperiodishypothesisedto
havebeenanimportantconstraintontheoriginsofagriculture. To
testthishypothesis, fourwildprogenitorsof Cs (einkornwheatand
barley)andC, crops (foxtailandbroomcornmillets) weregrownat
glacial (180ppm)andpost-glacial (270ppm) CO;grainyield,and

the morphological and physiological components contributing
to these yield changes were measured. The Cs species showed
asignificantincreaseingrainyieldof~50% withtheincreasein
CO:,whichmatchedthestimulationofphotosynthesis, suggesting
thatincreasesinphotosynthesisaredirectlytranslatedintoyield
atsub-ambientlevelsof CO,.Increasedyieldwascontrolledbya
higherrateoftillering,andincreasesinseednumberandsize. The
Ca4 speciesshowedsmaller, butsignificant,increasesingrainyieldof
10-15%,arisingfromlargerseednumbersandsizes. Photosynthesis
wasenhancedby CO; inonlyone C, speciessuggestingthatan
indirectmechanismmediatedbyplanthydraulics couldalsobe
playingaroleintheyieldincrease. Interestingly,the C4 speciesat
glacial CO, showedsomeevidencethatphotosyntheticcapacity
wasupregulatedtoenhancecarboncapture. Developmentunder
glacial CO. alsoimpactednegativelyonthesubsequentgermination
andviabilityof seeds. Theseresultssuggestthatproductivity of
bothCs and C,4 cropprogenitorswaslimitedbytheatmospheric
conditionsofthelastglacialperiod, withimportantimplications
fortheoriginsofagriculture.

P1.3 HOW DOES PHOTOSYNTHETIC
EFFICIENCY INFLUENCE GROWTH AND
ALLOCATION?INSIGHTS FROM THE
EVOLUTION OF C, PHOTOSYNTHESIS

™ WEDNESDAY 6 JULY, 2016 ©® 09:55

@ COLIN P OSBORNE (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), MARJORIE LUNDGREN (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), REBECCA ATKINSON (UNIVERSITY
OF SHEFFIELD, UNITED KINGDOM), EMILY MOCKFORD
(UNIVERSITY OF SHEFFIELD, UNITED KINGDOM), CHRIS
BENNETT (UNIVERSITY OF SHEFFIELD, UNITED KINGDOM),
PASCAL-ANTOINE CHRISTIN (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), BETH SPRIGGS (YALE UNIVERSITY, UNITED
STATES), KEN THOMPSON (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), ROB FRECKLETON (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), MARK REES (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM)

@ C.P.OSBORNE@SHEFFIELD.AC.UK

Photosynthesis has become an important target in crop
improvementprogrammes,butthesuccessofthisapproachwill
dependonhowhigherphotosyntheticefficiencyinfluencesyield.
Some insights into this problem have been gained by studying
theevolutionofphotosynthesisinnature.C, photosynthesishas
evolvedrepeatedly toimprove the efficiency of carbon fixation
compared with the ancestral Cs photosynthetic type in hot,
open environments. This replicated evolutionary experiment
offers exciting opportunities for investigating how improved
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photosyntheticefficiency changesproductivityandallocation
within a particular genetic background. We used a large-scale
phenotypingapproachtotacklethisissue,comparinggrowthof382
C,andCs grassspeciesunder controlledenvironmental conditions,
whilstaccountingfortheecologicalandphylogeneticdiversity
among species. As expected, we found greater photosynthetic
efficiencies in C, than Cs species under high temperature and
light. Growth was also correspondingly higher in C, than Cs
species. However,insmallplantsthiseffectaroselargelyfromthe
constructionof35%cheaperleaves, withlessmassperunitareaand
lowertissuedensityinC, species. Thedifferencesinleafefficiency
andconstructionenabled C, speciestoallocate >50% morebiomass
torootsthantheirCs relatives. Apotentialsinkfeedbackwasalso
identified, withgrowthslowingmorerapidlywithincreasingsize,
andfinalsize five-times smallerin Cs than C4 species. Overall,
theseresults demonstrate theimportance ofleaf allocation for
rapidgrowth,thepotentialfor greaterphotosyntheticefficiency
tofacilitateroot growth, and the significance of size-mediated
feedbacksforproductivity.

P1.10 DISRUPTION OF THE SUGAR
TRANSPORTERS ATSWEET11 AND
ATSWEET12 AFFECTS VASCULAR
DEVELOPMENT AND FREEZING
TOLERANCE IN ARABIDOPSIS

™ WEDNESDAY 6 JULY, 2016 ©® 11:00
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to sucrose. Arabidopsissweetll-lsweetl2-1double mutant
showsincreased freezingtolerance due to sugaraccumulation.
This phenotypic effect was only reported for the double
mutantsweetl1-1sweetl2-1suggestingafunctionalredundancy
of AtSWEET11andAtSWEET12genes.Neverthelessinourgrowth
conditions we also observed subtle differences in the single
sweetl1l-landsweet12-1mutantscomparedtothewildtype.They
showaslightlyreduced growth, whichisemphasizedinthedouble
mutant, but also a defectin the vascular bundles development
associatedtoamodification of thechemical compositionofxylem
cellwall.Ourdatasupportthehypothesisthat AtSWEET11and
AtSWEET12areimportantfortheexportofsugarsrequiredforcell
wall formationduringvasculardevelopment.

P1.11 WHEAT TIN MUTANTS WITH
LARGER SINKS CAN HAVE LOWER
PHOTOSYNTHETIC EFFICIENCY

™ WEDNESDAY 6 JULY, 2016 ® 11:30

@ GONZALO M ESTAVILLO (CSIRO AGRICULTURE, AUSTRALIA),
DAVID R COLEMAN (UNIVERSITY OF SYDNEY, AUSTRALIA),
HUGO ALONSO-CANTABRANA (RSB ANU, AUSTRALIA), ANTHONY
CONDON (CSIRO AGRICULTURE, AUSTRALIA), ANDREW MERCHANT
(UNIVERSITY OF SYDNEY, AUSTRALIA), SUSANNE VON
CAEMMERER (RSB ANU, AUSTRALIA), WOLFGANG SPIELMEYER
(CSIRO AGRICULTURE, AUSTRALIA)

@ CATHERINE BELLINI (UMEA PLANT SCIENCE CENTRE
DEPARTMENT OF PLANT PHYSIOLOGY UMEA UNIVERSITY,
SWEDEN), ROZENN LE HIR (INSTITUT JEAN-PIERRE
BOURGIN UMR1318 INRA-AGROPARISTECH, FRANCE), LARA
SPINNER (UMEA PLANT SCIENCE CENTRE DEPARTMENT
OF PLANT PHYSIOLOGY UMEA UNIVERSITY, SWEDEN),

PATRICK A. W. KLEMENS (UNIVERSITAT KAISERSLAUTERN
PFLANZENPHYSIOLOGIE, GERMANY), DIPANKAR CHAKRABORTI
(UMEA PLANT SCIENCE CENTRE DEPARTMENT OF FOREST
GENETICS AND PLANT PHYSIOLOGY SLU, SWEDEN), FEDRICA DE
MARCO (INSTITUT JEAN-PIERRE BOURGIN UMR1318 INRA-
AGROPARISTECH, FRANCE), FRANGCOISE VILAINE (INSTITUT
JEAN-PIERRE BOURGIN UMR1318 INRA-AGROPARISTECH,
FRANCE), REMI LEMOINE (UNITE MIXTE DE RECHERCHE 7267
ECOLOGIE ET BIOLOGIE DES INTERACTIONS UNIVERSITE

DE POITIERSCNRS, FRANCE), EVELYNE TEOULE (INSTITUT
JEAN-PIERRE BOURGIN UMR1318 INRA-AGROPARISTECH 78026
VERSAILLES, FRANCE), GREGORY MOUILLE (INSTITUT JEAN-
PIERRE BOURGIN UMR1318 INRA-AGROPARISTECH 78026
VERSAILLES, FRANCE), EKKEHARD H. NEUHAUS (UNIVERSITAT
KAISERSLAUTERN PFLANZENPHYSIOLOGIE, GERMANY), SYLVIE
DINANT (INSTITUT JEAN-PIERRE BOURGIN UMR1318 INRA-
AGROPARISTECH 78026 VERSAILLES, FRANCE)

@ CATHERINE.BELLINIGQUMU.SE

In higher plants, soluble sugars are mainly present as sucrose,
glucose, and fructose, and sugar allocation is based on both
long-distance source-to-sink transport, intercellular and
intracellular transport between the different organelles. The
plantSWEET (forSUGARSWILLEVENTUALLYBEEXPORTED
TRANSPORTERS) family of sugar transporters is a recently
identified protein family of sugar uniporters. Here we report
that AtSWEET11and AtSWEET12areexpressedinthephloem
and xylem parenchyma cells of the flower stem of Arabidopsis
and that they can transport glucose and fructose in addition

© GONZALO.ESTAVILLO@CSIRO.AU

Carbon (C)source-sinkbalancemodulatesplantyieldandoptimising
thisbalancecouldresultinmore Callocatedtoharvestableorgans.
Weinvestigated Cpartitioninginnearisogeniclines (NILs) of wheat
(Triticumaestivum)containingdifferentallelesofthetillerinhibition
(tin) gene. Thephenotypeseverityvariedwithtinallele,resulting
incontrastingsourceandsinkcapacities. Alltinmutantshadfewer
tillersthanwild-typebutthickerleaveswithmore Nanddelayed
senescence, thickerstemsthatelongatedfasterandlargerspikes.
Weinvestigatedhow Cassimilationbyleavesrespondedtothese
changesinsourceandsink. Wefoundthatthepenultimateleaves
oftinNILsdisplayedincreased Cassimilationrates (A)inproportion
tothickerleavesandhigherleafNconcentrations.Incontrast,flag
leavesofthetinlineswerelessefficientatfixing CperunitleafN
because Awasthesameasinthewild-typedespiteincreasedleafN
andRubiscoamountandgreaterRubiscoactivity. Onlypenultimate
leaves presented higher leaf sucrose concentration, in accord
withhigher A.Thus,itappearsthatthehighersinkstrengthofa
growing, thickerstemimpartedhigherphotosyntheticdemands
onthepenultimateleafofthetinNILsbutthesamedidnotoccur
betweenflagleavesandlargerspikes,where Cdemand,ratherthan
assimilation,maybelimiting. The observedspatialand temporal
changes suggest that a whole plant approach may be needed to
investigatesource-sinkrelationshipsincrops.
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P1.12 CONCEPTS AND APPROACHES
TO IMPROVE SOURCE-TO-SINK
CARBON ALLOCATION

™ WEDNESDAY 6 JULY, 2016 ©® 13:50

& UWE SONNEWALD (UNIVERSITY OF ERLANGEN-NURNBERG,
GERMANY)

@ UWE.SONNEWALD@FAU.DE

Allocationofphotoassimilatestoharvestableplantorgansisthe
mostimportantdeterminantofcropyield. Thisprocessisaffected
byenvironmentalandendogenousfactors.Inseveralcropplants
temperatureanddaylengthsignificantlydeterminetheswitch
betweenvegetativeandgenerativegrowth.Inpotatoforinstance,
elevatedtemperaturespromoteshootgrowthandatthesametime
inhibitstuber-induction,leadingtoareducedtuberyield. Similarly,
bioticstressoftenalterssource-to-sinkrelationstosupportgrowth
of the pathogen. Source-to-sink interactions are not static but
changeduringdevelopment.Inyounggrowingplantstherateof
photosynthesisoftenexceedssinkdemand. Thusphotoassimilates
accumulateinleavesandreduce photosyntheticefficiency. After
storagesinkinduction, thisrelationshiftsand photoassimilate
supplybysourcetissuescangetlimiting. Overthelastdecades,many
factorsinfluencingsource-to-sinkrelationshavebeendeciphered
andthisknowledgehasbeenusedtodesigntransgenicplantswith
improvedbiomassproduction.First-generationtransgenicplants
aimed at either tackling source, transport or sink limitations.
Source manipulation concentrated on improved efficiency of
photosynthesis,sucrosebiosynthesisorsugarsignaling. Transport
processeswerealteredbytissue-specificmanipulationofsucrose
hydrolysisandactivetransport. Sinkstrength wastargetedby
improved energy, sucrose and starch metabolism. In all cases,
increasesinplantbiomassproductionhavebeenreported,indicating
thatbottleneckslimitingplant productivity couldbeovercome. To
furtherboostproductivity,second-generationtransgenicplants,
simultaneouslyalteredinsourceandsinktissues, weredesigned.
Concepts and approaches to improve source-to-sink carbon
allocationwillbediscussed.

P1.13 CARBON AND NITROGEN SOURCE-
SINK INTERACTIONS IN ANNUAL AND
PERENNIAL BARLEY

™ WEDNESDAY 6 JULY, 2016 ©® 14:30

@ ANGELA C WHITE (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), ALISTAIR ROGERS (BROOKHAVEN NATIONAL
LABORATORY, UNITED STATES), MARK REES (UNIVERSITY
OF SHEFFIELD, UNITED KINGDOM), COLIN P OSBORNE
(UNIVERSITY OF SHEFFIELD, UNITED KINGDOM)

@ AVENETIANMORNING@GMAIL.COM

Increasing crop yield is a critical research target for future
foodsecurity,andadvancingourunderstandingofthefactors
contributingtoplantgrowthisvitalifyieldsaretobeimproved
effectively. Source:sink interactions are a vital determinant
ofplantgrowth,buttherelativeeffects of sourcesandsinksin
controllinggrowtharenotfullyunderstood. Here, two congeneric
barley specieswithdifferentgrowthhabitsweregrownalongaCO-
gradientandalonganitrogengradientin controlledenvironment
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chambersinordertoestablishtherelativelimitationsimposed
ongrowthbycarbonandnitrogensourcesandsinks. Resource
uptake, metabolite concentrations, allocationand growth were
measured. Wefoundthatfastgrowingannualbarleyisbothcarbon
andnitrogensinklimited, whilstslowgrowingperennialbarleyis
carbonsourcelimitedandnitrogensinklimited, duringvegetative
development. Thisindicatesthatbarleycropsareunabletoinvest
excessnitrogenintogrowthandstorageduringthe vegetative
stage,andthatoptimisingthegrowthandyield ofbarleyforfuture
higher CO; environments may be more challenging than was
previouslyanticipated.

P1.14 IS VARIATION IN APPARENT
SINK-STRENGTH WITHIN GERMPLASM OF
OUR MAJOR FOOD CROPS SUFFICIENT
TO ALLOW FULL REALIZATION OF
INCREASED PHOTOSYSTHESIS?

™ WEDNESDAY 6 JULY, 2016 ® 14:45

@ STEPHEN P LONG (UNIVERSITY OF ILLINOIS, UNITED STATES),
ELIZABETH E AINSWORTH (UNIVERSITY OF ILLINOIS, UNITED
STATES), WILL HAY (UNIVERSITY OF ILLINOIS, UNITED
STATES), VENKAT SRINIVASAN (UNIVERSITY OF ILLINOIS,
UNITED STATES), NIKHIL JAIKUMAR (UNIVERSITY OF
ILLINOIS, UNITED STATES)

© SLONGeILLINOIS.EDU

Sink limitations were once considered the major barrier to
increased yield of our major food crops through attempts to
increasephotosyntheticcapacity. Today,bothopen-airelevation
of CO, using FACE (Free-Air CO, Enrichment) technologiesthat
increasephotosynthesisand transgenicmanipulationstoincrease
photosynthesisshowthatincreasingleafphotosynthesisincrops
cansubstantiallyincreaseyields. However, yieldincreases are
commonlylessthanthemeasuredincreasesincropphotosynthesis.
Thisindicates some degree of sinklimitation or shared control.
Physiologicalanddevelopmentallimitationswillbeexaminedfrom
experimental observationandmechanisticmodelingofresource
partitioninginfieldcrops, whichshowthatthislower-than-expected
increaseisnotsimplysinklimitation.Istheresufficientvariation
withinexistingcrop germplasmtoovercomesuchlimitations? Itwill
beshownfromFACEthatthisappearstobethecase.Specifically,
thiswillbeaddressedbyreferenceto: 1) Ourownfieldstudiesand
literaturemeta-analysesofgenotypicvariationinsoybeanandrice
responsesofphotosynthesisandseedyield within FACE; 2) Field
trialsofplantstransgenicallyalteredtoincrease photosynthesis
andtheextenttowhichthistranslatestoincreasedyieldinsoybean,
sugarcaneandintobaccoasamodelsystem.
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P1.19 IS REPRODUCTIVE
DEVELOPMENT FAILURE UNDER WATER
OR HEAT STRESS DUE TO C SHORTAGE?

™ WEDNESDAY 6 JULY, 2016 ©® 15:45

& BERTRAND MULLER (INRA, FRANCE)

@ BERTRAND.MULLER@SUPAGRO.INRA.FR

Flowerorgrainabortioncauseslargeyieldlossunderwaterdeficit
orheatstress.Inmaizeunderwaterdeficit,ithasbeenproposedto
beduetoadisruptionofsugarsupplytoovaries. Wehavetested
thishypothesisviaaprecise spatio-temporal analysis of ovary
and silk development along the ear. The first molecular events
associated with water deficit occurred in silks rather than in
ovaries,andinvolved genes affecting expansive growthrather
thansugarmetabolism.Ouranalysisalsosuggeststhatthecause
ofovaryabortionisthegrowtharrestofsilks2-3daysafterfirst
silkemergence.Ingrapevine,wehavehypothesizedthatelevated
temperatures negatively impact reproductive development
throughalterationofcarbohydratereserves. Wehavetestedthis
hypothesisusingmicrovine,anatural, gibberellicacidinsensitive
anddwarfmutantofgrapevinethatshowscontinuousreproductive
development.Combiningtwocontrastedyearsintermsofplant
vigor and shoot carbohydrates status, we found that elevated
temperatureoralowcarbohydratestatusalonewerenotableto
triggerreproductivefailure (inflorescencedrop). Rather,italways
occurredinpacewithsuddenchangesinsupply/demandbalance
duetotemperatureshiftoraboostinsugardemandbyripening
berriesinoldestnodes.Bothexamplesshowthattheavailability
of carbohydrates can have contrasting effect on reproductive
developmentdependingonthecontextandrecallthatitmustbe
interpretedasbeingpossiblyeither cause orconsequenceofchanges
inthedemandforcarbonbysinktissues.

P1.20 MODIFICATION OF STARCH
METABOLISM IN TRANSGENIC
ARABIDOPSIS THALIANA LEADS
TO INCREASED PLANT BIOMASS
AND OILSEED PRODUCTION

™ WEDNESDAY 6 JULY, 2016 ©® 16:15

@ MICHAEL J. EMES (UNIVERSITY OF GUELPH, CANADA), FUSHAN
LIU (UNIVERSITY OF GUELPH, CANADA), QIANRU ZHAO
(UNIVERSITY OF GUELPH, CANADA), NOEL MANO (UNIVERSITY
OF GUELPH, CANADA), ZAHEER AHMED (UNIVERSITY OF GUELPH,
CANADA), FELIX NITSCHKE (HOSPITAL FOR SICK CHILDREN
TORONTO, CANADA), MARTIN STEUP (UNIVERSITY OF GUELPH,
CANADA), IAN J. TETLOW (UNIVERSITY OF GUELPH, CANADA)

@ MEMES@UOGUELPH.CA

Carbonisprovidedfromvegetative sourceleavestosupportthe
growthanddevelopmentofreproductivetissues. Asaconsequence
ofmodifyingstarchbiosynthesisandstructureintheleaf, wefound
substantialandunexpectedincreasesinvegetativebiomassand
oilseedproductioninthemodel plant Arabidopsisthaliana.Using
Arabidopsis in which both endogenous isoforms of branching
enzyme (SBE)wereabsent, we complemented thenull-mutantby
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expressingeitheroneoftheendosperm-specificmaize (Zeamays)
branchingisozymes, ZmSBEI or ZmSBEIIb. Each of the maize-
derived SBEs, separately, restoredstarchbiosynthesistoahigher
level compared with wild-type, and transgeniclines possessed
residualleafstarchattheendofthe8hdarkperiod, withZmSBEI
linescontainingsubstantiallymorethanotherlines. Morphology
andstructureofstarchgranuleswasalsoalteredintransformants.
Photosynthesiswashigherinrosetteleavesoftransgenic SBElines
atearly andlate stages of development compared to wild-type.
Alteredstarchmetabolisminthetransformantsisassociatedwith
enhancedbiomassformation,andaremarkable3-4foldincreasein
flowersandsiliquenumberperplant. Oilcontentand seednumber
persiliqueisessentiallyunchanged, thoughseedsfromtransgenic
lineswereslightlysmaller. Totalseed productionperplantincreased
fromca11,000inwild-typetoca50,000insomeZmSBEIllines. The
overalleffectofintroductionof cerealendosperm SBEisozymes
representsapotentiallyusefulstrategytoincreasebiomassand
oilseedproductioninrelatedcrops.

P1.21 HARNESSING ARABIDOPSIS
AND THE FRAMEWORK MODEL TO
UNDERSTAND GROWTH

™ THURSDAY 7 JULY, 2016 ©® 09:00

@ ANDREW MILLAR (UNIVERSITY OF EDINBURGH, UNITED
KINGDOM), YIN HOON CHEW (UNIVERSITY OF EDINBURGH,
UNITED KINGDOM), DANIEL D. SEATON (UNIVERSITY
OF EDINBURGH, UNITED KINGDOM), ARGYRIS ZARDILIS
(UNIVERSITY OF EDINBURGH, UNITED KINGDOM), ALLY HUME
(UNIVERSITY OF EDINBURGH, UNITED KINGDOM), URIEL
URQUIZA (UNIVERSITY OF EDINBURGH, UNITED KINGDOM),
ROBERT MUETZELFELDT (UNIVERSITY OF EDINBURGH,
UNITED KINGDOM)

© ANDREW.MILLAR@ED.AC.UK

The 24-hour circadian clock controls biological processes from
the sleep-wake cycle to the cell cycle. Breeders have selected
clock-associated gene variants in crop species (barley, wheat,
tomato). Our ultimate aim is to understand both this artificial
selectionandthenaturalselectionoftheclockgenesinthemodel
plantspecies,Arabidopsisthaliana, wheretheclockcontrolsthe
expressionof30%ofallgenes,andphysiological processesranging
fromelongationgrowthandbiomasstofloweringtime.

Therichdataofthe Arabidopsiscommunityhasallowedus
andourpartnersintheBBSRCROBuSTand EUFP7 TiMetprojects
tolink ODE clockmodelstogrowthprocessesbetweengermination
andflowering,includingthecrucial,nightlyutilisationofstarch
carbonstores(e.g.Seatonetal.Interface2014;Seatonetal. Mol Syst
Biol2015). Wealsocombinedmodelsfromthreefurtherbiological
researchareasintothe Arabidopsis Framework Model(FM), which
predictsbiomassquantitativelyinreference conditions (Chewetal.
PNAS2014). Akeyfeatureofthismodelisthesimplebuteffective
source-sink balance model from Greenlab (Christophe et al.
FunctionalPlantBiology,2008). Wehavenowused the Framework
Model, togetherwithmetabolic,molecularandwhole-plantdata, to
understand quantitativelythepleiotropicphenotypesofa‘slow’
clockmutant. Wearealsorefactoringtheclockmodelinabsolute
units (e.g. protein copies per cell). [ will discuss the challenges
for research, infrastructure and community organisation in
extendingandapplyingthisproof-of-conceptmodelinadistributed,
community-ledfashion.
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P1.22 TREHALOSE 6-PHOSPHATE
IS A MAJOR REGULATOR OF SOURCE-
SINK INTERACTIONS FOR SUCROSE
ALLOCATION FOR CROP YIELD
POTENTIAL AND YIELD RESILIENCE

™ THURSDAY 7 JULY, 2016 ©® 09:40

@ MATTHEW PAUL (ROTHAMSTED RESEARCH, UNITED KINGDOM),
CARA GRIFFITHS (ROTHAMSTED RESEARCH, UNITED KINGDOM),
YIQUN GENG (OXFORD UNIVERSITY, UNITED KINGDOM), RAM
SAGAR (OXFORD UNIVERSITY, UNITED KINGDOM), BEN G DAVIS
(OXFORD UNIVERSITY, UNITED KINGDOM)

@ MATTHEW.PAUL@ROTHAMSTED.AC.UK

Trehalose 6-phosphate (T6P)isapowerfulsugarsignallinking
sucrosesupplywithgrowthanddevelopmentunderpinningsource-
sinkinteractions. Whilstbiochemical pathwaysthemselvessuch
assucrosesynthesisarehighlyoptimisedbynaturalselection,the
allocationofsucroseincropsishighlyvariableandisnotcurrently
optimisedforyield. Evidencesuggeststhat T6Pininteractionwith
the feast/ famine protein kinase, SnRK1, is a major regulatory
hub for sucrose allocation and useregulating numerous genes.
Modification of T6P levels in crops is showing unprecedented
successforanintrinsicplantprocess. Thissuccessdependsonan
understandingoffundamentalscienceandregulationofthewhole
plantandhencesource-sinkinteractionsandcarefultargetingof
T6Ptotissueanddevelopmentalstage. Low T6Pasastarvation
signalimproved sucrose import into developing maize kernels
andfieldyieldwithandwithoutdrought(Nuccioetal.2015Nature
Biotechnology doi:10.1038/nbt.3277) and improved anaerobic
growthandmobilisationofreservesunderstarvationenablingdirect
seedingofrice (Kretzschmaretal.2015Nature Plantsdoi: 10.1038/
NPLANTS.2015.124).Inothercasesitisbeneficialtoincrease T6P
topromotebiosyntheticprocessessuchasstarchsynthesisand
vegetativecellwallsynthesistostimulategrowthrecoveryafter
drought,andgeneprimingforrecoveryfromcold.Incollaboration
with Oxford Universitywehavepioneeredachemicalintervention
approach using caged T6P which deliver pulses of T6P to crops
whichcanincreasebothyieldpotentialandcropresilienceinan
unprecedentedmanner. Thesecompoundsarealsoenablingnew
fundamentalknowledgeabout T6Psignalling.
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P1.23 COMPARATIVE CALCULATION OF
ASSIMILATE PARTITIONING IN WINTER
WHEAT USING THE LINTUL, SUCROS AND
GECROS GROWTH MODELS

™ THURSDAY 7 JULY, 2016 ® 09:55

@ MORITZ KUPISCH (UNIVERSITY OF BONN INSTITUTE OF CROP
SCIENCE AND RESOURCE CONSERVATION, GERMANY), MATTHIAS
LANGENSIEPEN (UNIVERSITY OF BONN INSTITUTE OF CROP
SCIENCE AND RESOURCE CONSERVATION, GERMANY)

© MKUPISCHeUNI-BONN.DE

Contemporary crop growthmodelsarecommonlysourcedriven
andcalculateplantsinkstrengthsbasedonempiricalapproaches
whichworkwellunderoptimumgrowing conditionsbutoftenfail
whenappliedunder water stress conditions. Themathematical
characterizationofplantcarbonmetabolismmustbeimprovedto
overcomethisproblem. Threesourcedrivencropgrowthmodels,
LINTUL,SUCROSand GECROS,with contrastingassimilationand
assimilatepartitioningalgorithmswerecomparedagainsteach
othertounderstandtheunderlyingcausesusingdatafromwheat
experimentsconductedin West Germany. Partitioningin LINTUL
andSUCROSiscalculated withfixedtabularfunctionsdepending
onthephenologicaldevelopmentofthecrop. GECROS,incontrast,
applies the functional balance theory assuming maximization
ofrelativecarbongain. Applyingtheseapproachesresultedinto
differentcomputedvaluesofgrowth,LAIdynamicsandyield when
plantavailablewaterwasnotlimiting. Allmodelsfailedundersevere
stress.Simulationofassimilationperunitleafareawascorrectunder
anywatersupplyconditions,however,indicatingthatthereisaneed
forincorporatingquantitativeroutinesforcharacterizingwater
stresseffectsonsinkdynamicsincrop growthmodels.

P1.24 METABOLIC SIGNALS
REGULATING RESOURCE ALLOCATION
DURING SENESCENCE

™ THURSDAY 7 JULY, 2016 ©® 10:10

& ASTRID WINGLER (UNIVERSITY COLLEGE CORK, IRELAND),
SAYED JAFFAR ABBAS (UNIVERSITY COLLEGE LONDON, UNITED
KINGDOM)

@ ASTRID.WINGLEReUCC.IE

Inannualplants,leafsenescenceisrequiredfortherecycling of
nutrients, suchasnitrogen, fromthe oldleavestotheseeds. We
haveshownthatsugarsserveassignalsforhighcarbonavailability
duringsenescenceandthatthesignallingmoleculetrehalose-6-
phosphate (T6P)reflectsincreasedsugarlevelsinoldleaves.Plants
with increased T6P content through constitutive expression
ofthe T6Psynthasegene (otsA)showedincreasedanthocyanin
content,whereasplantswithreduced T6Pthrough expressionof
the T6Pphosphatase gene (otsB) showed delayed senescence. To
differentiatebetweenadirectinvolvement of T6Pinsenescence
regulation and altered senescence as a consequence of earlier
developmentalchanges, wecreated transgenic Arabidopsisplants
withdevelopmentallytargetedchangesin T6Pmetabolismunder
control of the highly senescence-specific SAGI2 and the seed-
specificOLE1 promoters. Surprisingly, transgeniclinesexpressing
the Arabidopsis T6Psynthasegene TPSIundercontrolofthe OLEI
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promoter showeddelayedleafsenescence,suggestingthat T6P
formationintheseedsmayexertasinkeffectforcarbon,e.g.by
stimulatingthesynthesisofstoragelipids. Resultsforseedyield
andcompositionwillbe presented.

P1.25 NIGHT IN THE
ARABIDOPSIS PLANT

™ THURSDAY 7 JULY, 2016 ©® 10:55

@ ALISON SMITH (JOHN INNES CENTRE)

@ ALISON.SMITH@JIC.AC.UK

Plantscanonlyphotosynthesisandhenceproduce sugarsforgrowth
duringtheday. Continued production of sugars for metabolism
duringthenightrequiresmechanismsthatsequesterafraction
ofphotosynthateduringtheday,thenmakeitavailableforsugar
synthesis at night. In Arabidopsis, these mechanisms involve
starchsynthesisinthelight,and conversionofstarchtosugarsin
thedark.Poorly-understoodprocessesregulatestarchsynthesis
anddegradationtobringaboutprecisecontrolof sugaravailability
overtheday-nightcycle. Theyincludecontrolofthepartitioningof
photosynthateintostarchaccordingtodaylength, matchingofthe
rateofstarchdegradationatnighttotheanticipatedtimeofdawn,
andagradualtransitionbetweenstarchsynthesisanddegradation
attwilight. Theseprocessesinvolvethecircadianclock,suitesof
enzymes that phosphorylate and dephosphorylate the surface
of starch granules, proteincomplexesthatdefinethesize, shape
andnumberofstarchgranulesinchloroplasts,andproteinsthat
influencetheorganisationofthestarchgranulematrix.

The mechanisms that control sugar availability in leaves
overtheday-nightcycleappeartobecoupledwithmechanismsin
rootsthatuseinformationfromcytosolicsucrose-to-hexoseratios
tomatchrootgrowthanddevelopmenttothesugarsupply from
theleaves.

P1.26 TREHALOSE-6-PHOSPHATE
AND SUCROSE — A TALE OF TWO SUGARS

™ THURSDAY 7 JULY, 2016 ©® 11:25

@ JOHN E LUNN (MAX PLANCK INSTITUTE OF MOLECULAR PLANT
PHYSIOLOGY, GERMANY)

@ LUNNeMPIMP-GOLM.MPG.DE

In the last 15 years, trehalose 6-phosphate (Tre6P) has been
recognised as an essential signal metabolite in plants, with
influence on growth and development that rivals any other
signallingmolecule,includingthemajorphytohormones. Tre6P
is an intermediate in the synthesis of trehalose, a very minor
disaccharidesugarinplants. Mutantswithaltered Tre6Plevelsshow
severedefectsingermination,leafgrowth, stomatalregulation,
flowering,shootarchitectureandembryogenesis. Tre6P closely
tracksdiurnalandexternallyimposedfluctuationsinthelevelsof
sucrose, whichisamajorproductofphotosynthesisandthemost
commontransportsugarinplants,andthemainsourceofcarbonand
energyforgrowingsinkorgans. Weproposethat Tre6Pfunctions
asbothasignalandnegativefeedbackregulatorofsucroselevels,
helpingtomaintainintracellularsucrose concentrations within
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anoptimalrange. Thisfunctioncanbecomparedwiththeinsulin-
glucagonsystemforregulatingblood glucoselevelsinanimals.In
leaves, Tre6Pregulatesphotoassimilatepartitioningtosucrose
duringthedayandtheremobilization oftransitorystarchreserves
tosucroseatnight,linkingbothofthesetodemandforsucrosefrom
sinkorgans.Inmeristemsandothergrowingtissues, Tre6Psignals
theavailability of sucroseforgrowth,influencingdevelopmental
decisions and the fate of imported sucrose. The intertwined
relationshipbetweensucroseand Tre6Piscapturedinthesucrose-
Tre6Pnexusconcept. Thismodelhelpsustounderstandhow Tre6P
exertssuchaprofoundinfluenceonplantgrowthanddevelopment,
andprovidesaframeworkforengineering Tre6P metabolism for
cropimprovement.

P1.27 PHOTOSYNTHATE PARTITIONING
PATTERN AS A KEY COMPONENT
DETERMINING BIOMASS AND YIELD
POTENTIAL

™ THURSDAY 7 JULY, 2016 ©® 13:50

@ XINGUANG ZHU (PARTNER INSTITUTE FOR COMPUTATIONAL
BIOLOGY, CHINA), TIANGEN CHANG (PICB, CHINA)

@ ZHUXINGUANGEPICB.AC.CN

Photosynthesis generates photosynthate which ultimately
determines the yield potential of crops. However, theoretical
analysisandexperimentalevidencesuggestthatphotosynthate
partitioning patterns have a major impacts on the biomass
accumluationandachievableyieldaswell. However, currentlywe
arestilllackofamechanisticunderstandingofthephotosynthate
partitioning process and hence no mechanistic model of
photosynthate partitioning model has been developed. In this
presentation, wewillintroduce our current effort of developing
a fully mechanistic model of photosynthate partitioning. The
currentstatusofthemodulesdescribingtheleaf,root, grainfilling
and photosynthate transport between different organs will be
presented. Thedemandforexperimentaldatacollectionformodel
parameterizationandvalidationwillbediscussed.

P1.28 ALLOCATION AND
TRANSLOCATION OF RESOURCES IN
SORGHUM UNDER DIFFERENT WATER
STATUS ENVIRONMENTS

™ THURSDAY 7 JULY, 2016 ©® 14:30

@ JEREMIAH T SAMAILA (HARPER ADAMS UNIVERSITY, UNITED
KINGDOM), PETER S KETTLEWELL (HARPER ADAMS UNIVERSITY,
UNITED KINGDOM), IVAN G GROVE (HARPER ADAMS UNIVERSITY,
UNITED KINGDOM), MITCH CROOK (HARPER ADAMS UNIVERSITY,
UNITED KINGDOM)

© JSAMAILA@HARPER-ADAMS.AC.UK

Sorghumisthefifthmostcultivatedcerealcropintheworldand
Nigeriaistheworld’sthirdlargestproducerwheresorghumisthe
third most widely cultivated crop. Sorghum is recognised as a
remarkablydroughttolerantcropwiththecapacitytothriveinhot
anddryclimates. Apartfrombeing grownasamajorstaplefoodcrop
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inthesemi-aridtropics,itisalsogrowninlargequantitiesinChina,
USA, and Mexico, consequently its production spans through
differentgeographicallocationsunderdifferentenvironments.
Inaddition,whileitisgrowninthesemi-aridtropicsmainlyasfood
forhuman consumption,itisgrowninChinaand USAmainlyforits
non-foodusesassourcesofenergy, fibreandforage.Investigating
sorghum growth, resource allocation and translocation is an
essential steptowardsharnessingthecrop’spotential forfood
andnon-food uses. A glasshouse experimentinvestigated the
allocationofdrymatterinsorghumunderdifferentenvironmental
conditionsinvolving drought and antitranspirant treatment.
Sorghumgrowninwell-wateredpotsinaglasshousewaslater
subjectedtodroughtand/orantitranspiranttreatmentatforty-five
daysafteremergenceforathirty-dayperiodandlaterrevertedto
well-watered conditionsforanotherthirtydays.Dataweretaken
ongrainyield, harvestindexandtotalbiomass,duringandafterthe
treatmentperiodandanalysedusingfactorial ANOVA.Resultswill
bediscussedandinterpretedinthelightofthecrop’spotentialsfor
non-fooduseandimplicationsforitscurrentfoodusesfor Nigeria.

P1.29 ‘C,” METABOLISM IN THE
VASCULATURE: RELATIONSHIPS
BETWEEN PEP CARBOXYKINASE
ACTIVITY AND XYLEM NITROGEN
RECYCLING AND HYDRAULIC
CONDUCTIVITY IN RICE LEAVES

™ THURSDAY 7 JULY, 2016 © 14:45

@ RICHARD C LEEGOOD (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), KAREN J BAILEY (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM)

© R.LEEGOOD@SHEFFIELD.AC.UK

Measurements of amino acidsinthe guttationfluidandinthe
xylemexudatesofcutleavesfromintactplantsprovideevidence
of the remarkable efficiency with which these compounds
arereabsorbed from the xylem sap. This could be achieved by
mechanismsinvolvingintercellulartransportand/ormetabolism.
Developmentalchangesintranscriptsandproteinshowedthat
transcriptsforPEP carboxykinase (PEPCK)increased fromthe
basetotheleaftip,and weremarkedlyincreased by supplying
asparagine.Supplyingaminoacidsalsoincreasedtheamounts
ofproteinof PEPCKand, toalesserextent,of PPDK.PEPCKispresent
inthehydathodes,stomataandvascularparenchymaofriceleaves.
Evidencefortheroleof PEPCKwasobtainedbyusinganactivation-
taggedricelinethathadanincreasein PEPCKactivityandbyusing
3-mercaptopicolinicacid,aspecificinhibitor of PEPCK, to show
thatactivationof PEPCKresultedinadecreaseinNintheguttation
fluidandxylemsapandthatinhibitionof PEPCKresultedinan
increaseinNintheguttationfluidandxylemsap.Furthermore,
increasingPEPCK decreased the volumeofxylemsaporguttation
fluid, whereasdecreasingPEPCKincreasedthe volume ofxylemsap
orguttationfluid. Thesefindingssuggestthat(a)bothmetabolism
andtransportareinvolvedinxylemrecyclingand (b) excessNis
thesignalinvolvedinmodulatingxylemhydraulicconductivity,
whetherintherootsorshoots. Waterrelations, nitrogenrecycling
andvascularmetabolismandtransportarethusintimatelylinked.
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P1.30 NEW APPROACH IDENTIFIES
HORMONES AS A NEW PHYSIOLOGICAL
TRAIT FOR SPIKE FERTILITY
RESILIENCE TO DROUGHT STRESS

™ THURSDAY 7 JULY, 2016 ©® 15:00

@ ARNAULD A. THIRY (LANCASTER UNIVERSITY, UNITED
KINGDOM), WILLIAM J. DAVIES (LANCASTER UNIVERSITY,
UNITED KINGDOM)

@ A.THIRY@LANCASTER.AC.UK

Global warming and the increased food demand by a growing
worldpopulationincreasetheneedtospeeduptheselectionofcrop
genotypesresistanttoandproductiveunderabioticstress. However,
selectionfortolerancetoastressenvironmentisnotentirelyclear
and oscillates between the concept of yield stability and high
productionunderstressandno-stressenvironments. Inthiswork,
anewmethodforevaluationofgenotypesintermsofresilienceto
facethestressandproductioncapacityissuggested. Themethod
quantifiesthe components ofanewindexrelatedtoyieldunder
abioticstress. Thismethod offersasimpleandeasy visualisation
andidentificationofresilientand productive genotypesaccording
totheirgrainyield. Nevertheless, wheat yieldis acomplex trait
asitcanbeaffecteddifferentlybetweengenotypesaccordingto
the spike development. Consequently, genotypes with similar
yieldunderthe samestresscanhavedifferentsusceptibility by
modifyingdifferentlytheiryield components. Consistencyofthe
indicesbetweenyearsandstressesandthesimplicityinidentifying
contrastinggenotypesintermsofyieldandyieldcomponentsoffer
thepossibilityofidentifyingnewtraitsthatcanbeassociatedtoone
oranothertolerancemechanism,enablingabetterunderstandingof
thestresstolerancephysiology.Here,theindiceshavebeenapplied
toidentifyarelationshipbetweenhormonesanddroughtstress
resilienceonwheatatkeyphenologicalstages. Theresultssuggest
thathormonescouldbeusedasanewphysiologicaltraittoidentify
genotypeswithhighresilienceintermsofspikefertility.

P1.31 GENERAL PATTERNS IN BIOMASS
ALLOCATION AND ALLOMETRY AMONG
HIGHER PLANTS

™ THURSDAY 7 JULY, 2016 ©® 15:45

& HENDRIK POORTER (FORSCHUNGSZENTRUM JULICH, GERMANY)

©@ H.POORTER@FZ-JUELICH.DE

Itiswell-knownthatplantsmayadjustthedistribution ofbiomass
over leaves, stems and roots depending on environmental
conditions.Itisalsoclearthatsizeisanimportantfactoraswell.
However, good quantitative insights are lacking. In this talk I
analysebiomassallocationpatternstoleaves,stemsandrootsof
herbsandwoody species. Adatabasewascompiledwith~11.000
recordsofleaf,stemandrootbiomassfor~1200species.First, I'll
derivegeneraldose-responsecurvesthatdescribetherelationship
betweenbiomassallocationandthe 12 mostimportanta-biotic
environmental factors and compare them with the changesin
leaf, stem and root morphology. Second, I'll focus on allometric
relationshipsbetweenthevariousorgansandtesttowhatextent
they comply withmodelslike thatfor MetabolicScaling Theory,
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wheretheslopeofthelog-logrelationshipbetweenleafandroot
biomassisexpectedtohaveavalueof%.Third,Ianalysehowleaf,
stemandrootmassfractionschangeasafunctionoftotalplant
size. Thisoffersagreatopportunitytotesttowhatextentthereare
systematicdifferencesinallocationpatternsrelatedtophylogeny
(e.g.Gymnospermsvs. Angiosperms) andfunctional group (e.g.
deciduousvs.evergreens).

P1.32 ELEVATED CO,, DROUGHT AND
NUTRIENT SUPPLY AFFECT GROWTH,
RESOURCE PARTITIONING AND
NUTRITIONAL QUALITY OF CASSAVA
AND TARO

™ THURSDAY 7 JULY, 2016 ©® 16:15

& ROS GLEADOW (MONASH UNIVERSITY, AUSTRALIA),
STEVEN CRIMP (CSIRO, AUSTRALIA), BRUCE WEBBER
(CSIRO, AUSTRALIA)

@ ROS.GLEADOW@MONASH.EDU

Over one billion people eat cassava every day (primarily the
tuberousroots),andtaro (especiallytheunderground corm)isa
dietarystapleinthePacificand Asia.Belowgroundstorageorgans
areanimportantcomponentofglobalfoodsecuritybutarelikely
torespond differently toclimate changerelative to othercrops.
Thereisatrade-offtheallocationofresourcestogrowth,storage
organandplanttoxins,affectingcropyieldandnutritionalvalue.
Forexample, cassavastorestoxiccyanogenicglycosidesthat,ifnot
properlyprocessed, maycausecyanideintoxication,permanent
paralysis and even death. Drought stressed plants are more
cyanogenic,buttheeffectsoftemperature, nutrientavailability
andatmospheric CO. concentrationarelesswellunderstood. Taro
alsocontainscyanogenicglycosides,butnotintoxicconcentrations.
Tarodoes,however, containcrystalsofcalciumoxalatethatmay
causeirritation. Wegrew cassavaandtaroatfourdifferentlevelsof
C02(400,500,700and900ppm)underwell-watered conditionsand
adequatenutrients. Plantsweremonitored weeklyanddestructively
harvested at the time of tuberinitiation (in cassava) and at 6-8
monthsofage. Measurementsofphotosynthesis, growth, water
useefficiencyandnutritional quality showedthatnutritionalstatus,
growthrateandcropyieldchangeswithplantageandwith CO.
treatment. Thisinformationwillbeincorporatedintoagronomic
modelsofcassavaandtarotoguidefutureproductionandclimate
changeadaptationinthePacificIslands.
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P1.4 POST-TRANSLATIONAL
REGULATION OF MAIZE STARCH
SYNTHASE IIA, A KEY ENZYME
OF STARCH BIOSYNTHESIS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ FATEMEH (SAHAR) MEHRPOOYAN (UNIVERSITY OF GUELPH,
CANADA), IAN J. TETLOW (UNIVERSITY OF GUELPH, CANADA),
MICHAEL J. EMES (UNIVERSITY OF GUELPH, CANADA)

©@ CORRESPONDENCE: FMEHRPOO@UOGUELPH.CA

Starchisthemostabundantstoragecarbohydrateinplants,providing
70%ofhumancaloricintakeandhasmanyindustrialapplications.
Starchbiosynthesisinvolvesthecoordinationofstarchsynthases
(SSs),starchbranchingenzymes(SBEs)anddebranchingenzymes.
Starchbiosyntheticenzymesfunctionthroughformationof multi-
enzymecomplexes,andproteinphosphorylationplaysacrucialrole
inthisenzymecomplexformationincereals.Inmaize,theisozyme
SSIIa,formsthecoreofaheteromericproteincomplexwith SBEIIb
andSSI,andisresponsibleforthelocalizationofthiscomplexbetween
theplastidstromaandstarchgranule. Theactivityofthisparticular
proteincomplexiscrucialfornormalstarchbiosynthesisinmaize.
RecentevidencesuggeststhatSSIlaispost-translationallyregulated
by protein phosphorylationin amyloplasts of maize endosperm.
Proteinphosphorylationhasasignificanteffectontheelectrophoretic
mobility of SSIla,whenanalysedbywesternblotsfollowingnon-
denaturingPAGE.Multiplebandsof SSIlawereidentified, suggestive
of major conformational changes and/or association with other
proteins.Resultswillbepresentedontheeffectofphosphorylation
onthecatalyticactivityofendogenousandrecombinantformsof
SSITaaswellasonformationofcomplexeswithotherenzymesof
starchbiosynthesis. Thesitesof SSIIaphosphorylationhavebeen
investigatedbysite-directedmutagenesisanddataontheamino
acidresiduesinvolvedwillbediscussed. Thepresentstudyprovides
new insights into our understanding of the signal transduction
systemregulatingamylopectinbiosynthesisinplants. Thisworkisof
strategicimportanceandhasthepotentialtoidentifynovel genesfor
cropimprovement.

P1.5 ENVIRONMENTAL REGULATION
OF STOMATAL DEVELOPMENT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ JORDAN C BROWN (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), STUART CASSON (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM)

© JBROWN9@SHEFFIELD.AC.UK

Stomata are the small pores on the surface of the leaf. Stomatal
number and pore aperture influence the amount of water lost
throughtranspirationandhaveadirectimpactonplantwateruse
efficiency (WUE; carbongainperunitofwaterloss). Understanding
plantwateruseandperformancewouldenableitsmanipulation
toproducestrainswiththewateruseandperformancedesiredfor
variousterrains,reducingthecurrent70-80% global freshwater
consumptionforirrigation.
Environmentalsignalssuchaslightand CO, impactonstomatal
developmentresultinginincreasesordecreasesinstomatalnumber
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ondevelopingleaves. Althoughindividual signalresponsesare
increasinglywellcharacterised, whatremainsunclearishowthese
signalsinteracttoaffectstomataldevelopment.Inthisproject,we
areexamininghowlightand CO; signalsinteracttoinfluencethe
stomataldevelopmentpathway,andhowthisthenaffectsplant
WUE. Workinourlabhasidentified that the key light receptor,
phytochromeB (phyB),isresponsible forwhitelightregulation of
stomataldevelopment. Gasexchangeanalysisof phyBmutants
showsthatphyBregulatesplant WUEina CO, dependentmanner.

P1.6 EXPLOITING MAGIC ARABIDOPSIS
TO IDENTIFY GENETIC CONTROLS

OF STOMATAL DEVELOPMENT BY
ATMOSPHERIC CO,

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ HANNAH E G SEWELL (UNIVERSITY OF SHEFFIELD, UNITED
KINGDOM), DAVID BEERLING (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), STUART CASSON (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), JULIE GRAY (UNIVERSITY OF
SHEFFIELD, UNITED KINGDOM), PAULA KOVER (UNIVERSITY OF
BATH, UNITED KINGDOM)

@ HEGSEWELL1@SHEFFIELD.AC.UK

RisingatmosphericCO; directly affectsdevelopmentofstomata
on the leaf surfaces of many plant species, typically leading to
lowerstomataldensities (SD)inelevated CO,.Thisreductionin
stomatacanbeanadvantagetotheplantbyreducingwaterloss
andpromotingincreasedwateruseefficiency(carbongainperunit
of waterlossperunittime). However,althoughthisdevelopmental
responsetoCO; iswidelyrecognized,littleisknownaboutthegenes
controllingtheeffectsofelevated CO-.

In this project, I am exploiting Multiparent Advanced
GenerationalInter-Cross (MAGIC) Arabidopsis, whichareaseries
ofrecombinantinbredlines, toidentify Quantitative Trait Loci
(QTL)implicatedinthe CO, responseofstomata. Thiswillidentify
regionsofthegenomelikelytocontaingenesintheSD CO, response
pathway.Identifiedsuggestedgeneswillbetestedthroughgrowing
knockoutsinelevatedandambient CO, andexaminingtheresulting
phenotypes.

By screening several hundred MAGIC lines I have shown
phenotypeswithawiderange of SDresponsestoelevated COz,
someofwhicharemoreextremethantheparentallinesfromwhich
theyarederived. Thishighlightsthe complicatednature ofhow
developmentisaffectedbyelevated CO, andsuggeststhatthegenes
interactsynergisticallytoproduceepistasis.
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P1.7 STARCH SYNTHASE 2 POST-
TRANSLATIONAL REGULATION AND
STARCH BIOSYNTHESIS IN LEAVES
OF ARABIDOPSIS THALIANA

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ JENELLE A PATTERSON (UNIVERSITY OF GUELPH, CANADA),
QIANRU ZHAO (UNIVERSITY OF GUELPH, CANADA), IAN J
TETLOW (UNIVERSITY OF GUELPH, CANADA), MICHAEL J EMES
(UNIVERSITY OF GUELPH, CANADA)

© JPATTEO1@UOGUELPH.CA

Starchisthemainsourceofcaloricintakeforhumanconsumption
andisalsousedforawidearrayofnon-foodapplications.Starch
is produced in plant plastids for either long-term storage or
transientlyinphotosynthetictissuesduringthelight-periodto
bedegradedatnighttosupportcellularrespiration.Bothtypesof
starcharesynthesizedbythecoordinatedactionsofthreemain
enzymeclasses:starchsynthases(SS),branchingenzymes (SBE)
and debranching enzymes (DBE), with each class consisting of
severalisoforms.Incerealendosperm,theSSIlisozymeformsthe
coreofaheteromericprotein complexwith SBEITand SSI,andis
responsibleforlocalizationbetweentheplastidstromaandstarch
granule. Consequently, mutationsin SSIIresultinamarkedstarch
phenotype. The goal of this study is to determine the role and
regulationof SS2intransientstarchbiosynthesisusingthemodel
system, Arabidopsisthaliana.Bioinformaticanalysisindicates
thattheSS2N-terminalregion (NRT)ishighlyvariable compared
toknownorthologousSS2sequences. ThisNRTispredictedtobe
intrinsicallydisordered,aconformationstateassociatedwithboth
proteinphosphorylationandprotein-proteininteractions.Invitro,
SS2canbephosphorylatedatmultiplesitessolelywithinthisNTR.
SS2formsaphosphorylation-dependent complexwith SBE2.2,but
thepreciseroleof SS2phosphorylationisstillunknown. Workin
thisstudyaimstocharacterizetheroleof NTRmodificationson
SS2regulationbothInvitro,andinvivobycomplementingss2-
Arabidopsiswithmodified SS2 sequences.

P1.8 REGULATION OF STARCH
BRANCHING ENZYMES IN ARABIDOPSIS
BY POST-TRANSLATIONAL MODIFICATION

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ GREG J MACNEILL (UNIVERSITY OF GUELPH, CANADA),
QIANRU ZHAO (UNIVERSITY OF GUELPH, CANADA), IAN J
TETLOW (UNIVERSITY OF GUELPH, CANADA), MICHAEL J EMES
(UNIVERSITY OF GUELPH, CANADA)

© MACNEILGeUOGUELPH.CA

Starchisawaterinsoluble, semi-crystalline granule comprised
oftwoglucosehomopolymers,amyloseandamylopectin.Itisan
important carbon storein higher plants, and amajor part of the
humandiet.Starchissynthesisedinplastidsfrom ADP-glucose
through the cooperative activity of starch synthases, starch
branchingenzymes(SBE),andstarchdebranchingenzymes.Two
branchingenzymeisoforms,SBE2.1and SBE2.2,areexpressedin
leavesof Arabidopsis. Using[ y*?P]-ATP,recombinantforms of SBE
wereshowntobephosphorylatedbysolublechloroplastextracts.
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SBE2.2accountsformostofthemeasurableactivityin Arabidopsis
leavesandisdemonstratedheretobephosphorylatedonSer290and
Ser301.SBEshavebeenshowntoformmulti-enzyme complexes
withotherstarchbiosyntheticenzymes. A putativeprotein-protein
interactiondomain,conservedacrossallclassIISBEs,wasidentified.
Site-directedmutagenesisisbeingusedtoalterthissiteaswellas
phosphorylation sites of SBE2.2 to determine theirimportance
inregulatingtheformationof complexeswithotherenzymesof
starchbiosynthesis,aswellaseffectsoncatalysisofbranching.
Theinvitroeffectofphosphorylationsiteandinteractiondomain
mutationsonenzymeactivityandprotein-proteininteractions
willbepresented. Effectsonplantgrowthandstarchproduction
invivowillbediscussedbasedonfunctional complementation of
Arabidopsismutantsdevoidof SBEactivity.Inplantaprotein-protein
interactionsarebeinginvestigatedusingbimolecularfluorescence
complementation (BiFC)inatransienttobaccoexpressionsystem
anddatawillbepresentedontheeffectsofspecificmodifications
theinteractionof SBEswithotherenzymes.

P1.9 SPRUCE SEEDLING SHOOT AND
ROOT GROWTH AFTER DEHARDENING.
EFFECTS OF REDUCED GREEN TISSUE
ON BASAL SHOOT PARTS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@& ANE V VOLLSNES (DEPARTMENT OF BIOSCIENCES UNIVERSITY OF
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UNIVERSITY OF 0SLO, NORWAY)

@ A.V.VOLLSNES@IBV.UIO.NO

Wehavestudiedtherootandshootdynamicsofspruceseedling
growthafterdehardening. Duringwinter, partsoftheshootmaybe
damagedwhiletherootsystemishiddenandprotectedinthesoil.
Therootmaystillsufferfromthelossofneedles, sinceweexpect
theneedlesonthelowerstemtobethemainsourcesforfuelling
rootgrowth.Needlesatincreasingheightsonthelowerstemhave
beenremoved orinjured by heat treatments to stop them from
producingphotosynthatesandtheeffectsonrootgrowthhavebeen
studied. Asthenewshootsemergingfromthebudsontheshoot
partarecompetingsinks,theremaybeathresholdvalueforthe
distancefromtherootsystemtothenearestgreenneedles. Attoo
longdistances, therootmaylosethecompetitionagainsttheshoot
forphotosynthates.Shootgrowthinitiallyrequiresonly water for
expansionofpre-producedneedleshiddeninthebudsduringwinter.
Amal-functioningrootmaythereforebehardtodiscoverwhenonly
examiningtheshootaftertheplanthasstartedtogrow. Wedescribe
theobservedrootandshootinteractionsaftermanipulatingthe
photosynthesisingneedlesonthelowerstem.
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P1.15 DOES ARABIDOPSIS THALIANA
TREHALOSE-PHOSPHATE SYNTHASE 1
(ATTPS1) HAVE OTHER FUNCTIONS IN
ADDITION TO TREGP SYNTHESIS?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ MARTIN A LAUXMANN (MAX PLANCK INSTITUTE OF MOLECULAR
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Trehalose 6-phosphate (Tre6P)isasugar-signallingmetabolite
that coordinates plant growth and development with carbon
status. Tre6Pisproposedtobebothasignalandfeedbackregulator
ofsucroselevels, helpingplantstomaintainsucroselevelswithina
rangethatisoptimalforsurvivalandgrowth. Tre6Pissynthesized
by Tre6Psynthase (TPS)and dephosphorylatedtotrehaloseby
Tre6Pphosphatase (TPP). Todeepenourunderstandingof TPS1in
signalling, wehaveinvestigatedthesubcellularlocalisationand
searchedforproteininteractorsoftrehalose-phosphatesynthasel
(AtTPS1),themainisoforminvolvedin Tre6Psynthesis. Wefound
that AtTPS1-GFPisnotonlylocatedinthecytosol,aspreviously
reported,butalsointhenucleusandtheplasmalemma.Moreover,
spinning-disc confocal microscopy showed that AtTPS1-GFP
blinks dynamically at the plasmalemma and integrates into
cytoplasmicparticleswhichco-alignwithcorticalmicrotubules
andbehavedifferentlydependingonthesucrosestatus.Bymeansof
bluenative PAGE, AtTPS1wasfoundtomigrateintwogelfractions
correspondingtonativeproteincomplexesof~550kDaand~700
kDabothincarbon-starvedseedlings,whichhavelow Tre6Plevels,
andinseedlingsresupplied with sucrose forthree hours, which
havehigh Tre6Plevels. Co-immunoprecipitationassaysrevealed
that AtTPS1proteininteractswithmultiple proteinsinvolvedin
metabolic,signallingand growth-related processes. Theseresults
suggestthat AtTPS1mighthaveotherfunctions, viaprotein-protein
interactions,inadditiontosynthesisof Tre6P.
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P1.16 DECIPHERING THE GENETICS
BASIS OF PLANT-PLANT INTERACTIONS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@& GINA A GARZON-MARTINEZ (ABERYSTWYTH UNIVERSITY,
UNITED KINGDOM), JAY BIERNASKIE (UNIVERSITY OF OXFORD,
UNITED KINGDOM), FIONA CORKE (ABERYSTWYTH UNIVERSITY,
UNITED KINGDOM), JOHN H DOONAN (ABERYSTWYTH
UNIVERSITY, UNITED KINGDOM), ANYELA CAMARGO-RODRIGUEZ
(ABERYSTWYTH UNIVERSITY, UNITED KINGDOM)

@ GIG7@ABER.AC.UK

Plantcompetitionforresources,suchaslight, waterornutrients,isa
complexdynamicprocessthathasimplicationsfortheformationand
diversityofplantcommunitiesandecosystemsaswellasimpacting
onagronomicalpractiseforoptimizingyield. Theprocessesthat
affectplant-plantinteractionsarepoorlyunderstoodatboththe
genotypic and phenotypic/physiological levels. For example,
traitsinvolvedinreproductivefitnesscanbedifferentially affected
by intraspecific and interspecific interactions. A decreasein a
genotype’sfecundityisdefinedascompetitionwhereasanincrease
canbedefinedasco-operation.Somestudieshavedescribedthe
phenotypicoutcomeofkinandnon-kininteractionsin Arabidopsis
thalianabut,eveninthismodelsystem, thegeneticbasisremains
poorlyunderstood. Theaim of this studyis to assess the extent
ofnatural variationintheresponse of plantstoneighboursand
therebyidentify genomicregionsassociatedwithchangesinlife
historytraitsundercompetitive/cooperativeinteractions. High-
throughputphenotypingapproacheswillbeusedtoquantifytraits
relatedtogrowth,survivalandreproductivesuccessandundertake
agenomewideassociationstudy (GWAS)tolinkthephenotype
andgenotype.ltisexpectedthattheresultsofthisstudyhelpusto
dissectthegeneticbasisofadaptationtoplantdensity, whichcould
haveanimpactinthedevelopmentofplantbreedingstrategiesto
improvecropyield.
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P1.17 CARBON STARVATION
AND SATIATION DURING THE
LEAF ONTOGENY

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ BERTRAND MULLER (INRA-MONTPELLIER, FRANCE), FLORENT
PANTIN (INRA-MONTPELLIER, FRANCE), YVES GIBON (INRA-
BORDEAUX, FRANCE), MARIA PIQUES (MPI-GOLM, GERMANY),
THIERRY SIMONNEAU (INRA-MONTPELLIER, FRANCE)

© BERTRAND.MULLER@SUPAGRO.INRA.FR

Inprevious studies, we found that the control ofleaf expansion
switchesfromametabolictoahydraulicoriginduringontogeny.
Weaimedatevaluatingthesynchronicitybetweenthisswitch
and (i) thesource-sinktransitionoftheleafand (ii) the occurrence
ofcarbonstarvation/satiationasseenthroughmolecularmarkers.
Weusedthemodelplant Arabidopsisthaliana cultivatedunder
well-wateredorunderwaterstressconditionsthatwesuspected
toaffectboth Cavailabilityandbiophysicalconstraints. Thepgm
starchlessmutantwasalsoincludedasacontrolfor Cstarvationat
night.Measurementsofgrowth, photosynthesisandrespirationon
a24-hbasisallowedtolocatethesink-to-sourcetransitionat46%
offinalleafareainleavesof Col-Ounderwell-watered conditions,
significantly later than the switch from metabolic to hydraulic
control. Both water stress and the pgm mutation delayed this
transition.Usingtheday/nightmetabolite turnover, wecouldlocate
differentiallyadayandanightsink-to-sourcetransitionwhich
occurredassoonas 18 % offinalareainthe daytimebut shifted
at 66 % in the night time. Despite a decreased photosynthesis,
promotionofcarbonsatiationunderwaterstresswasconfirmedby
mostmolecularmarkers. Weconcludethatleafgrowthnormally
operatesatsourcelimitationintheyoungleavesaswellasduring
thenight, whileasink,biophysicallimitationestablishesgradually
inthedaytime.
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P1.18 HIGH TEMPERATURES REDUCE
YIELD THROUGH ALTERED CARBON
ASSIMILATION AND RESPIRATION
IN THE C, GRASS MISCANTHUS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ RICHARD J WEBSTER (ABERYSTWYTH UNIVERSITY,
UNITED KINGDOM), GIOVANNI SCALICI (UNICT, ITALY)

@ RCWe@ABER.AC.UK

Miscanthusxgiganteus,aresultofacrossbetweenM. sinensisand
M. sacchariflorus,isuniqueamong C4speciesinitsremarkableability
tomaintainhighphotosyntheticproductivityatlowtemperatures.
However there is anecdotal evidence to suggest that at high
temperaturesyieldin M. xgiganteusisreduced.Inordertoinvestigate
this, M. xgiganteus, M. sinensisand M. floridulusplants were grown
andmeasuredat30°Cor22°C. Measurementsof photosynthesis,
combined COzassimilationandmodulated chlorophyllfluorescence
were measured along with biomass partitioning and stomatal
responses. Thehightemperaturetreatmentdecreasedtheheight
of M.x giganteus (~43%), above ground DM yield (~66%), below
groundDMyield (~26%),and theresponseof carbonassimilation
toabsorbedirradiancewasreducedby (~14%)and darkrespiration
increased significantly. Whereas responses in M. sinensis and
M.floriduluswerelesssevere.
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P1.33 EXPRESSION AND STRUCTURAL
ANALYSIS OF STARCH METABOLISM
GENES IN PLANT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& UNG-HAN YOON (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCE, KOREA (SOUTH)), GANG-SEOB LEE (NATIONAL
INSTITUTE OF AGRICULTURAL SCIENCE, KOREA (SOUTH)),
TAE-HO KIM (NATIONAL INSTITUTE OF AGRICULTURAL
SCIENCE, KOREA (SOUTH)), HYEON-SO JI (NATIONAL
INSTITUTE OF AGRICULTURAL SCIENCE, KOREA (SOUTH)),
JAE CHEOL JEONG (KOREA RESEARCH INSTITUTE OF
BIOSCIENCE AND BIOTECHNOLOGY, KOREA (SOUTH)), SUNG-
WON YOON (NATIONAL INSTITUTE OF AGRICULTURAL SCIENCE,
KOREA (SOUTH)), YOUNG-JOO SEOL (NATIONAL INSTITUTE
OF AGRICULTURAL SCIENCE, KOREA (SOUTH)), CHANG-KUK
KIM (NATIONAL INSTITUTE OF AGRICULTURAL SCIENCE,
KOREA (SOUTH)), JONG-YEOL LEE (NATIONAL INSTITUTE
OF AGRICULTURAL SCIENCE, KOREA (SOUTH)), TAE-HO
LEE (NATIONAL INSTITUTE OF AGRICULTURAL SCIENCE,
KOREA (SOUTH)), JANG-HO HAHN (NATIONAL INSTITUTE OF
AGRICULTURAL SCIENCE, KOREA (SOUTH))

© UHYOON@KOREA.KR

Starchmetabolismgeneexpressionresearchinplantsisimportant
especiallywhenstudyingstarchcomponentandplantproductivity.
Inthisstudy, wecarriedoutgeneexpressionanalysisandstructural
analysis of starch metabolism genes in plant. For rice starch
metabolismgenestructureand expressionanalysis;51,383EST’s
fromimmatureandgerminatingseedsofIlpumbyeoweresequenced.
ThirtyonefulllengthcDNA cloneswereisolatedandwerefoundto
behomologoustostarchsynthesisgenes. Asearchwasconductedon
starchmetabolismgenesfromwhich 156 geneswereselectedin TIGR
riceannotationDB.Forphylogeneticanalysis,nucleotideandamino
acidsequenceswerealignedfor34kindsofplantswith AGPasegenes,
8kindsofplantswithstarchbranchingenzymegenes, 11kindsof
plantswithwaxygenesand8kindsofplantswithstarchsynthase
genesby MEGA 6software.Inordertounderstandthefunctionalrole
of starchsynthesisanddegradationgenes, theexpressionprofilingof
thesegenesinricewereanalysedusing 135Kmicroarray. Asaresult,
highlevelsofgeneexpressionsfor AGPase,starchsynthase,starch
branchingenzyme,andpullulanasewereobservedinimmature
seeds.Ingerminatingseedlingsanamylase gene,0s08g047380
whichisinvolvedinstarchdegradationwasexpressedstrongly.
Finallyitwasrevealedthatthesegeneswereexpressedinatissue
specificmanner. Furtherworkfocusesonthedevelopmentofover
expressionandknock-outlinestobetweenunderstandthefunctions
ofthesegenesinstarchmetabolism.
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P2 HORMONE RECEPTORS: STRUCTURES,
COMPLEXES AND BIOSENSORS

ORGANISED BY: ORGANISED BY: PROF RICHARD NAPIER (UNIVERSITY OF WARWICK,
UNITED KINGDOM) & DR STEFAN KEPINSKI (UNIVERSITY OF LEEDS, UNITED KINGDOM)

SPONSORED BY: THE JOURNAL OF EXPERIMENTAL BOTANY

P2.1 SEEING AND MODELING SELF-
ORGANIZATION DYNAMICS AT THE
SHOOT APEX

™ MONDAY 4 JULY, 2016 ©® 11:00

& TEVA VERNOUX (ECOLE NORMALE SUPERIEURE DE LYON)

@ TEVA.VERNOUX@ENS-LYON.FR

The initiation of plant aerial organs at the shoot apex follows
precisespatio-temporal patternsthatcontroltheshootprimary
architecture, the phyllotaxis. A combination of modeling and
experimentshaveshownthathormone-basedinhibitoryfieldsare
centraltothedynamicsofmorphogenesisattheshootapex,making
itasystemofchoicetounderstandtheself-organizationdrivenby
lateralinhibitions. Wehavedevelopedbiosensorsforplanthormones
thathaveallowedthefirstvisualizationofinhibitoryfields. We
havealsouncoveredasecond-typeofhormone-basedfieldsthat
controlsspecificallythetimingoforganinitiationattheshootapex
andfurthershownthatthistimingisparticularlypronetonoise. We
willdiscussthesemechanismsandshowthatastochasticmodel of
phyllotaxisallowsunderstandingthefunctionofhormone-based
fieldsandhowphyllotaxisisinfluencedbybiologicalnoise.

P2.2 EVOLUTION AND ORIGIN OF
ARABIDOPSIS THALIANA HISTIDINE-
CONTAINING PHOSPHOTRANSMITTERS -
REVELATION FROM MODULAR APPROACH

™ MONDAY 4 JULY, 2016 ©® 11:40

@ SIARHEI A. DABRAVOLSKI (MASARYK UNIVERSITY, CZECH
REPUBLIC), RESHMA NIBHANI (UNIVERSITY OF HAIFA,
ISRAEL), ZAKHARIA M. FRENKEL (ORT BRAUDE COLLEGE
UNIVERSITY OF HAIFA, ISRAEL), EDWARD N. TRIFONOV
(UNIVERSITY OF HAIFA, ISRAEL), JAN HEJATKO (MASARYK
UNIVERSITY, CZECH REPUBLIC)

@ SERGEDOBROWOLSKI@GMAIL.COM

Multistepphosphorelay (MSP)isakeysignalingpathwaymediating
response to various stimuli in Prokaryota and Eukaryota. The
histidine-containingphosphotransfer (HPt) proteinsdifferentiate
MSPfromitsancestralversion,thetwo-componentsignaling.
Here we use the recently introduced modular search in
elucidating evolutionary origin of HPt proteins and thus MSP
signalingin Arabidopsis thaliana. We identified two more HPt
proteinsin Arabidopsis, hereinafterdesignated AHP7and AHPS8,
andmorethan250HPtproteinsinvarioustaxa. Wedefinedmodular

structureof HPtproteinsreflectingtheirevolutionary complexity
with the central module being completely conserved. Based on
thedetailedphylogeneticanalysisweproposethat HPtproteins
appearedasapartofmulti-domainproteinsinProteobacteriathat
spreadviahorizontalgenetransferintoothertaxa.

Surprisingly, our findings imply that Arabidopsis HPt
proteinsdonotoriginatefrom Cyanobacteria, theendosymbionts
establishinggreeneukaryoticlineage,butthegreensulfurbacteria
ofgenus Chlorobi.

P2.3 THE EVOLUTION OF
THE PERCEPTION OF THE
PHYTOHORMONE CYTOKININ

™ MONDAY 4 JULY, 2016 ©® 11:55

@ ALEXANDER HEYL (ADELPHI UNIVERSITY, UNITED STATES)

@ AHEYL@ADELPHI.EDU

Cytokinins are adenine derivatives and as such they are found
ineveryorganism. However, only plantsusethemassignaling
molecules.Plantstransducethecytokininsignalviaavariantof
thetwo-componentsignalingsystem. Althoughthissignaling
systemisverycommoninbacteria,itisuniquetoplantsamong
highereukaryotes. Theubiquitousdistributionofthesignaling
moleculeandthewidespreaduseofthetypeofsignalingsystem,
combined with the fact that only plants use cytokinin and the
two-componentsystemasasignalingcircuit,makethecytokinin
signaltransductionsystemanidealmodelfortheanalysisofthe
evolutionofsignalingsystemsingeneral. Cytokininisdetectedby
ahybrid-histidinekinasereceptor,andthesignalistransducedby
amulti-stepphospho-relay systemofhistidine phospho-transfer
proteinsanddifferentclassesofresponseregulators. Toshedlight
ontheoriginandevolution ofthemembersofthissignalingsystem,
a comprehensive domain-based phylogenetic study across the
relevantkingdomswasconducted. Surprisingly, weidentifiedand
subsequentlyexperimentally characterizedanovel subfamily of
cytokininreceptors. Theseandfurtherresultswillbediscussedin
thecontextofevolutionofsignalperception.
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P2.4 EVIDENCE FOR NOVEL
CO-RECEPTOR FUNCTIONS IN
AUXIN PERCEPTION

™ MONDAY 4 JULY, 2016 ©® 12:25

@& SIGURD RAMANS HARBOROUGH (UNIVERSITY OF LEEDS, UNITED
KINGDOM), ARNOUT KALVERDA (UNIVERSITY OF LEEDS, UNITED
KINGDOM), GARY THOMPSON (UNIVERSITY OF LEEDS, UNITED
KINGDOM), MARTIN KIEFFER (UNIVERSITY OF LEEDS, UNITED
KINGDOM), MUSSA QUARESHY (UNIVERSITY OF WARWICK,
UNITED KINGDOM), VESELINA UZUNOVA (UNIVERSITY OF
WARWICK, UNITED KINGDOM), NATHAN KIDLEY (SYNGENTA,
UNITED KINGDOM), JOHN PAUL EVANS (SYNGENTA, UNITED
KINGDOM), TIM HAWKES (SYNGENTA, UNITED KINGDOM), IAIN
MANFIELD (UNIVERSITY OF LEEDS, UNITED KINGDOM), RICHARD
NAPIER (UNIVERSITY OF WARWICK, UNITED KINGDOM), STEFAN
KEPINSKI (UNIVERSITY OF LEEDS, UNITED KINGDOM)

@ BSSRHELEEDS.AC.UK

Auxinsignallinginvolvestheubiquitin-mediated degradation of
Aux/IAAtranscriptionalrepressorproteins. Thisisdependenton
theinteractionbetweena TIR1/AFBauxinco-receptorprotein,an
auxinmolecule,andthe Aux/IA Aprotein. Herewecharacterisethe
structureofan Aux/IAAprotein AXR3domainsIandIl, focussing
inparticularonthe conformationsadoptedwithintheregion of
the Aux/IAAproteinknownasthedegronbeforeandduringits
interactionwiththeauxinmoleculeand TIR1. Weuseofarange
ofbiophysicaltechniquesincludingNuclearMagneticResonance
(NMR) Spectroscopy, Isothermal Titration Calorimetry (ITC)
and Surface Plasmon Resonance (SPR). Our work provides the
firstevidencethatalargecomponentofan Aux/IA A’sstructureis
intrinsicallydisorderedwithtendenciestoformsecondarystructure
aroundthedegron. Wediscussthepossibleregulatorysignificance
ofapparentconformationshiftswithinthedegroncoreactsasa
molecularswitchtocontrolthe Aux/IA A’sintrinsicdisorderand
howthisdisordermayrelatetoitshypothesizedfunctionasaco-
receptorforauxin.

P2.6 IMAGING PHYTOHORMONES
DURING DEVELOPMENT AND
ENVIRONMENTAL RESPONSES USING
FRET BIOSENSORS

™ MONDAY 4 JULY, 2016 ©® 13:55

@ ALEXANDER M JONES (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), WOLF FROMMER (CARNEGIE PLANT BIOLOGY, UNITED
STATES), ANNALISA RIZZA (UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM), VIVIANE LANQUAR (CARNEGIE PLANT
BIOLOGY, UNITED STATES)

@ ALEXANDER.JONES@SLCU.CAM.AC.UK

Plantsusephytohormones—asuite of mobile smallmolecules—as
potentregulatorsthatcoordinateandadjustdevelopmenttomatch
their environmental conditions. For example, accumulation of
gibberellins (GA)isintegraltonumerousplantgrowthprocesses
such as germination, tissue enlargement, and fruit set as well
askeydevelopmental transitions such as photomorphogenesis
and flowering. It is no surprise, then, that accumulation of
GA is tightly regulated in a cell-type and temporally specific
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manner by a series of biosynthetic, modification, catabolicand
transport proteins. However, we currently lack methods for
high spatiotemporal resolution measurement of GA in living
tissues, and this limitation hampers analysis of cell-specific
GAaccumulations.Usinganacceleratedbiosensorengineering
platform,agenetically-encoded, ratiometricfluorescentbiosensors
forthehigh-resolutionmeasurementof GAinlivingtissueshasbeen
developed. Fluorescenceimaging of the Gibberellin Perception
Sensor (GPS)inthenucleiof Arabidopsishypocotylsundergoing
photomorphogenesis allows comparison of the timing of GA
accumulationvscellexpansion.Inadditiontotrackingendogenous
GAaccumulations, treatmentof GPSplantswith exogenous GA
revealsthat GAaccumulationispatternedacrosstissuesandvaries
with the type of GA applied. Potential mechanisms governing
thesecellular GApatternsanddynamicswillbediscussed.Inthe
future, GPScanbeusedtoaddressfundamentalquestionsregarding
howmultiple signalsintegrate to control the hormone patterns
and dynamicsthat,inturn,influence plant developmental and
environmentalresponses.

P2.7 UNDERSTANDING AUXIN
PERCEPTION AND SELECTIVITY

™ MONDAY 4 JULY, 2016 ® 14:25

@ MUSSA QUARESHY (UNIVERSITY OF WARWICK, UNITED
KINGDOM), RICHARD NAPIER (UNIVERSITY OF WARWICK,
UNITED KINGDOM)

©@ MUSSAQUARESHY@GMAIL.COM

Auxin (Indole-3-acetic acid) can be considered one of the most
important hormones in plant development as it coordinates
plantresponsesthroughtranscriptionalregulation. Auxinbinds
TransportInhibitorResponse1(TIR1)of whichthereare5other
homologues; AuxinSignalling F-Box(AFB1-5). TIR1and AFB5are
themostdistantlyrelatedintermsofsequencehomologyandare
studiedinthiswork.

Currently 25 molecules are marketed as synthetic auxins
andthereisstilladrivetodiscovernewauxin-likemolecules,in
particularfromanagrochemical perspectivetoovercome weed-
basedresistanceandreducefielddose.Interestingly,thereisasyet
nodefinitivedescriptorthatdefinesanauxinchemicallyanduntil
recentlytherehasbeennocompoundthathascompleteselectivity
foroneoftheindividualreceptorproteins.

We will present our work using purified TIR1 an AFB5
and compound screening by SPR,in-silicodocking, kinetic
parameterizationand 3D QSARmodellingtoidentifyandsynthesize
potentialnovelauxinsoranti-auxins. Thishasyieldedanovelclass
ofauxinmolecule,whichhasalsoshownselectivitybetweensome
oftheauxinreceptors. Itisapotential scaffold forreceptor-specific
auxinsandthusanewgenerationofherbicides. Wealsopresentour
workonauxin-molecularfielddescriptorsasatoolinthesearchfor
rationallydesignednovelauxins.
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P2.8 MULTISTEP PHOSPHORELAY -
SIGNAL INTEGRATION, SPECIFICITY
AND ACTIVATION

™ MONDAY 4 JULY, 2016 ©® 14:50

@ JANHEJATKO (CEITEC-CENTRAL EUROPEAN INSTITUTE OF
TECHNOLOGY MASARYK UNIVERSITY, CZECH REPUBLIC)

@ JAN.HEJATKO@CEITEC.MUNI.CZ

Inourrecentwork, wedemonstratethatthemultistepphosphorelay
(MSP) pathway in Arabidopsis comprises light, ethylene and
cytokininsignaling. However,themechanismsallowingintegration
of multiplesignals,whilemaintainingthespecificityofindividual
inputs in the MSP signaling remained elusive. Similarly, the
mechanismsunderlyingactivationofthephosphorelay-initiating
sensorhistidinekinasesareunknown.

We determined the structure of AHP2 acting downstream
of sensor kinase CKI1. Using molecular dynamics simulations
complementedby NMRmeasurementsweshowthattherelative
orientationoftheinteractionpartners, controlledbyasmallnumber
of AHPresidues,underliesmolecularrecognitionin CKI1signaling,
providing evidence for a unique mechanism determining MSP
specificityinEukaryotes.

Westudiedthreeformsofthereceiverdomainof CKI1(CKI1RD):
freeprotein, magnesium-bound form,and astableanalogofthe
active,phosphorylatedreceiverdomain. Whilecrystalstructures
of all three CKI1RD forms are identical, NMR data revealed
dramaticalteration of moleculardynamicsinaloopclosetothe
CKI1RDphosphorylationsite.Itdocumentsthatdynamicsofthe
receiverdomainisakeyfactorintheactivationof CKI1-mediated
signaling. Weproposeamodelinwhichthemagnesiumbinding
andphosphorylationactivates CKI1RDviashiftinthepre-existing
equilibriumofconformationsinfavoroftheactivestate.

SupportedbyP305-11-0756,13-25280Sand LQ1601.

P2.11 PLANT MEMBRANE RECEPTOR
ACTIVATION BY SHAPE-COMPLEMENTARY
CO-RECEPTOR KINASES

™ MONDAY 4 JULY, 2016 ©® 16:10

@ MICHAEL HOTHORN (UNIVERSITY OF GENEVA, SWITZERLAND)

@ MICHAEL.HOTHORN@UNIGE.CH

Plants have evolved unique membrane receptor kinases which
control plantgrowth, developmentandinteractionswith other
organisms. These receptors harbor leucine-rich repeat (LRR)
ectodomains, which can senseratherdifferent small molecule,
peptideandproteinligands.Iwillcomparethe LRRreceptorkinases
BRI1 (which senses a growth-promoting steroid hormone) and
HAESA (whichsensesanabscission-controllingpeptide hormone)
inmechanisticdetail. Iwillpresentstructural,biochemicaland
geneticevidencethattheco-receptorkinase SERK1 contributesto
specificligandrecognitionandtoreceptoractivationinboth BRI1
and HAESA. Finally, Iwilldiscuss how formation of a different
receptor—co-receptorsignalingcomplexesattheplasmamembrane
cantriggerspecificsignalingoutputsinthecytoplasm.
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P2.12 INVESTIGATION OF
CYTOKININ RECEPTOR AHK4
SPECIFICITY USING HIGH-
THROUGHPUT SCREENING TECHNOLOGY

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ PAVEL MAZURA (MENDEL UNIVERSITY IN BRNO, CZECH
REPUBLIC), PAVEL KLIME (MENDEL UNIVERSITY IN BRNO,
CZECH REPUBLIC), DUSAN TUREK (MENDEL UNIVERSITY IN
BRNO, CZECH REPUBLIC), LUKA SPICHAL (PALACKY UNIVERSITY
INSTITUTE OF EXPERIMENTAL BOTANY ASCR CENTRE OF THE
REGION HANA CZ, CZECH REPUBLIC), BRETISLAV BRZOBOHAT
(MENDEL UNIVERSITY IN BRNO, CZECH REPUBLIC)

@ MAZURA@SCI.MUNI.CZ

Histidinekinase AHK4isoneoftheplantcytokininreceptorswith
animportantroleinhormonesignaltransduction. Thecytokinin
receptor AHK4, originallyfrom Arabidopsisthaliana,isexpressed
inE.coliheterologousexpressionsystemtostudyaninteraction
betweenthereceptorandalibraryofnaturalandsyntheticligands.
The signal generated by ligand interacting with the receptor
is transduced in E. coli and a reporter enzyme 3-galactosidase
is expressed. To monitor 3-galactosidase expression levels the
substrate4-methylumbelliferyl 3-D-galactopyranosideisused
for fluorescence intensity measurements. The automation and
miniaturizationofthismethodenablesinteractionstudiesof AHK4
receptorwithpotentialligands. Structuraldiversity ofligandstested
inthestudyrevealsinterestinginsightsinto molecularbasis of
interactionbetweenreceptor AHK4anditsligands.

P2.13 UNCOVERING THE ROLE OF
DISORDERED PROTEINS IN PLANT
HORMONE SIGNALLING

™ MONDAY 4 JULY, 2016 ©® 16:55

@ ERIKH. A. RIKKERINK (PLANT AND FOOD RESEARCH, NEW
ZEALAND), BIN XUE (DEPARTMENT OF CELL BIOLOGY COLLEGE
OF FINE ARTS AND SCIENCES UNIVERSITY OF SOUTH FLORIDA
TAMPA F, UNITED STATES), A. KEITH DUNKER (CENTER FOR
COMPUTATIONAL BIOLOGY AND BIOINFORMATICS INDIANA
UNIVERSITY SCHOOL OF MEDICINE, UNITED STATES), VLADIMIR
N. UVERSKY (DEPARTMENT OF MOLECULAR MEDICINE MORSANI
COLLEGE OF MEDICINE UNIVERSITY OF SOUTH FLORIDA, UNITED
STATES), XIAOLIN SUN (PLANT AND FOOD RESEARCH, NEW
ZEALAND)

©@ ERIK.RIKKERINK@PLANTANDFOOD.CO.NZ

Theunusualflexibilityandversatility ofdisordered proteindomains
hasledtoproteinscontainingthesedomainsoccupyingcentral
controlling positions in many biological processes. Originally
uncoveredin mammalian systems, the role of disorderin plant
signallinghasbecomeasubjectof morerecentinterest. Wehave
discovered that DELLA proteins contain disordered domains
coupledwithaconserved(andordered) GRASdomainandsuggesta
coordinatedapproachbybothofthesedomainsisrequiredfor DELLA
proteinstoplaytheirkeyrolesin Gibberellinsignalingprocesses.
Ourinterestinthiscoordinatedapproachhasledtoamoregeneral
interestintheroleofdisorderinplanthormonesignallingpathways.
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Inthispresentationwebrieflyintroducethetopicof proteindisorder,
describeourDELLA/GRASproteinresearchandthespecificrolethat
disorderhasplayedinunderstandingthepossiblemodeofaction of
GRASproteins. Wethendescribe ourmorerecentanalysisofdisorder
inmembersoftheEthyleneRResponsiveFactor (ERF)familyand
anotherexampleintheliteratureofadisorderedproteinplayinga
keyroleinhormonesignalling. Weendbyhighlightingthepeculiar
propertiesofdisorderedproteinregionsthatmakethemsuchan
excellent platform for integrating diverse cues into a coherent
signallingresponse. Thesepropertiesfulfilltherequirementsthat
flowfromthe complexintersectingnetwork ofhormonesignalsthat
sessileplantsdeploytocoordinatetheirresponsetoaconstantly
changingenvironmentofbioticandabioticchallenges.

P2.14 STRIGOLACTONE PERCEPTION
BY DAD2 AND THE ENVIRONMENTAL
CONTROL OF BRANCHING

™ TUESDAY 5 JULY, 2016 ® 10:30

& KIMSNOWDEN (THE NEW ZEALAND INSTITUTE FOR PLANT FOOD
RESEARCH, NEW ZEALAND), REVEL DRUMMOND (THE NEW ZEALAND
INSTITUTE FOR PLANT FOOD RESEARCH, NEW ZEALAND), CYRIL
HAMIAUX (THE NEW ZEALAND INSTITUTE FOR PLANT FOOD
RESEARCH, NEW ZEALAND), ZHIWEI LUO (THE NEW ZEALAND
INSTITUTE FOR PLANT FOOD RESEARCH, NEW ZEALAND), HUI
WEN LEE (THE NEW ZEALAND INSTITUTE FOR PLANT FOOD
RESEARCH, NEW ZEALAND), BART JANSSEN (THE NEW ZEALAND
INSTITUTE FOR PLANT FOOD RESEARCH, NEW ZEALAND)

@ KIMBERLEY.SNOWDEN@PLANTANDFOOD.CO.NZ

Thestrigolactone (SL)hormonesignallingsystemofplantscontrols
thenumberofbranchesproducedandrespondstonutrientstatus
andlight. Wehaveidentifiedakeyregulatorinthe SLpathway, the
DAD2genefrompetunia. ThecrystalstructureofDAD2reveals
ana/Bhydrolasefold containingacanonical catalytictriadwith
alargeinternalcavity capableofaccommodatingstrigolactones.
DAD2 can interact with the F-box protein PhMAX2A in a
strigolactonedependentmanneratnanomolarconcentrations.
DAD2isdestabilisedinthepresenceofstrigolactone, potentially
indicatingconformationalchangeinthepresenceofthehormone.
These observations suggest that DAD2 acts to bind the mobile
strigolactonesignalandtheninteractswithPhMAX2A toinitiate
an SCF-mediated signal transduction pathway. DAD2 also has
slowenzymaticactivity, hydrolysingitsligand. Mutationofthe
catalytictriadabolishescatalyticactivityandtheability of DAD2
tointeractwithPhMAX2A.ThehydrolysisproductsofDAD2can
neither stimulate the protein-proteininteraction normodulate
branching, suggestingthat DAD2isthe strigolactonereceptor.
DAD2ispostulatedtoactatapositioninthenetworkcontrolling
axillarybudoutgrowththatintegratesnutrientavailabilityand
lightquality. Weinvestigated therelativeimportanceofthesetwo
factorsby simultaneouslyalteringbothlightandnutrientconditions
(red:far-redratioandphosphateavailability). Ananalysisof gene
expressionof SLpathwaygenesshowedaco-ordinatedresponseto
phosphateandlightandthattheregulationofthe SLreceptorplays
animportantroleintheresponseofplantstotheenvironment.
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P2.15 TOMOGRAPHIC DOCKING
SUGGESTS THE MECHANISM OF AUXIN
RECEPTOR TIR1 SELECTIVITY

™ TUESDAY 5 JULY, 2016 ©® 11:10

@ VESELINAV UZUNOVA (UNIVERSITY OF WARWICK, UNITED
KINGDOM), MUSSA QUARESHY (UNIVERSITY OF WARWICK,
UNITED KINGDOM), CHARO I DEL GENIO (UNIVERSITY OF
WARWICK, UNITED KINGDOM), RICHARD M NAPIER (UNIVERSITY
OF WARWICK, UNITED KINGDOM)

©@ V.UZUNOVA@WARWICK.AC.UK

WestudythebindingofplanthormoneI A Aonitsreceptor TIR1
usingatomographicapproachtodocking. Ourresultssuggestthat
theselectivityofthemechanismisrelatedtoaseriesof constraints
thatpotentialligandsencounterontheirwayfromthesurfaceofthe
proteintotheirfinalpositionatthebottomofadeepbindingpocket.
Thetomographicdockingresultshelpdevelopspecifichypotheses
about ligand binding selectivity, distinguishing binders from
non-binders,andsuggestthatbindingisatwo-stepmechanism,
consistingofengagementwithanicheinthebackwallofthepocket
andinteractionwithamolecularfilterwhichallowsorprecludes
passagetothedockingplatform. Analyzingtheinteractionswithin
thebindingpocketatdifferentdepths,ournewmethodhelpsinthe
identificationof criticalresiduesthatconstitutepreferredfuture
studytargetsandinthequestforsafeandeffectiveherbicides. Also, it
hasthepotentialtoextendtheutility ofdockingfromligandsearches
tothestudyofselectivityprocesses.

P2.16 CHEMICAL BIOLOGY OF
STRIGOLACTONE PERCEPTION IN THE
PARASITIC PLANT STRIGA HERMONTHICA

™ TUESDAY 5 JULY, 2016 ©® 11:25

& PETER MCCOURT (UNIVERSITY OF TORONTO, CANADA)

@ PETER.MCCOURT@UTORONTO.CA

Strigaspp.(Witchweed)isanobligateparasiticplantthatattaches
tohostrootstodepletethemofnutrients.InSub-Saharan Africa, the
mostdestructiveStrigaspecies,S.hermonthica, parasitizesmajor
foodcropsaffectingtwo-thirdsofthearablelandandover 100million
people.OnepotentialweaknessintheStrigainfectionprocessisthe
wayitsensesthepresenceofahostcrop.Strigaonly germinates
inthepresenceoftheplanthormone, strigolactone,whichexudes
fromahostroot. Hencesmallmoleculesthatperturbstrigolactone
signallingmaybeusefultoolstodisrupttheStrigalifecycle.

Fortunately, Strigolactones also have roles in model plant
genetic systems and this has allowed researchers to frame a
mechanisticunderstandingofhowthesesmallmoleculesfunction
inhigherplants.InthispresentationIwilltalkaboutourpresent
understandingofthemolecularnatureofstrigolactoneperception
andhowusing Arabidopsishasmovedforwardourunderstanding
oftherolesofstrigolactonesinS.hermonthicagermination.Iwill
alsofocusonchemicalbiologyapproachesandthedevelopment
ofchemical probestoidentify smallmoleculesthatmayperturb
Strigagermination.
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P2.17 EVALUATING THE
TARGET SELECTIVITY OF
TWO NEW AUXIN HERBICIDES

™ TUESDAY 5 JULY, 2016 ©® 12:05

@ JUSTYNA PRUSINSKA (UNIVERSITY OF WARWICK,
UNITEDKINGDOM), MUSSA QUARESHY (UNIVERSITY OF WARWICK,
UNITED KINGDOM), VESELINA UZUNOVA (UNIVERSITY OF
WARWICK, UNITED KINGDOM), JARED BELL (DOW AGROSCIENCES
LLC, UNITES STATES), PAUL SCHMITZER (DOW AGROSCIENCES
LLC, UNITES STATES), RICHARD NAPIER (UNIVERSITY OF
WARWICK, UNITED KINGDOM)

@ J.M.PRUSINSKA@WARWICK.AC.UK

Auxinsarethebasisofoneofthemostsuccessful classesofherbicide
with a commercial history dating back 50 years. The family of
auxinic herbicides is broadly-based, is variously selective, has
anumberofchemicalscaffoldsandincidencesoftolerancehave
notbeenwidespread or pervasive. Hence thereisaninterestin
novel,commerciallyrelevantactives. Thetargetsiteforauxins,
theauxinreceptorknownasTIR1,wasidentifiedin2005andits
crystalstructurewassolvedin2007. Followingthesediscoveries,
weareexpressingandpurifying AtTIR1and othermembersofthe
TIR1familyasthebasisofcompoundactivity screens,especially
AtAFB5. Wearealsousingstructure-ledstrategiestodescribein
detailthebindingsitesandthemechanismofselectivity forauxins.
Detailsofourassayswillbepresentedalongwithamode-of-action
analysisofnewarylpicolinatesfromDow AgroSciences. Theresults
willdemonstrateourprogresstowardsnovelchemistriesandthe
structuralbasisofselectivity.

P2.18 A STRUCTURE-ACTIVITY
PROFILE FOR THE AUXIN UPTAKE
CARRIER AUX1

™ TUESDAY 5 JULY, 2016 ® 12:20

@ RICHARD NAPIER (UNIVERSITY OF WARWICK, UNITED
KINGDOM), PETR HOSEK (INSTITUTE FOR EXPERIMENTAL
BOTANY, CZECH REPUBLIC), MARTIN KUBES (INSTITUTE
FOR EXPERIMENTAL BOTANY, CZECH REPUBLIC), ASHUTOSH
TRIPATHI (INSTITUTE OF BIOTECHNOLOGY ALAHABAD, INDIA),
KLARA HOYEROVA (INTITUTE FOR EXPERIMENTAL BOTANY
PRAGUE, CZECH REPUBLIC)

@ RICHARD.NAPIER@WARWICK.AC.UK

Auxinsarethebasisofoneofthemostsuccessfulclassesofherbicide
with a commercial history dating back 50 years. The family of
auxinicherbicidesisbroadly-based,isvariouslyselective,hasa
numberofchemicalscaffoldsandincidencesoftolerancehavenot
beenwidespreadorpervasive. Hencethereisaninterestinwhat
contributestothemodesofactionandelementsofselectivity of
differentactives. Theprincipalrouteforcellularauxinuptakeis
bytheactivity of the proton-coupledauxinuptakecarrier AUX1.
Models have shown that a factor referred to as diffusionis also
important, but selectivity in uptake is conferred by the AUX1
protein. Usingbothrootgrowthbioassayswithauxlmutantsand
accumulation assays using tobacco BY-2 cell cultures we have
mapped the structure-activity relationship of AUX1. We have
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developed mathematical models for accumulation of 2,4-D and
competitive inhibition of 2,4-D uptake, yielding both accurate
IC50valuesandinsightsintotherelativeimportance of AUX1-
mediateduptakevsdiffusion. Wehaveusedawidepanelofauxins
andanaloguestogiveanewcheminformaticmapof AUX1substrate
selectivity. Amongsttheresultswewillshowthatmajorfamiliesof
auxinicherbicidesarenotcarriedby AUX1andreflectonhowthis
affectsourunderstandingofauxinselectivityasherbicides.

P2.5 HORMONAL INTERACTIONS
IN ROOT RESPONSES TO
MECHANICAL IMPEDANCE

™ TUESDAY 5 JULY, 2016 POSTER SESSION

.@AMY G R JACOBSEN (DURHAM UNIVERSITY, UNITED KINGDOM),
JEN F TOPPING (DURHAM UNIVERSITY, UNITED KINGDOM),
KEITH LINDSEY (DURHAM UNIVERSITY, UNITED KINGDOM)

©@ A.G.R.JACOBSEN@DURHAM.AC.UK

Theplantrootencountersanumberofdiverseabioticandbiotic
environmentalstressesinthesoil,suchasmechanicalimpedance,
drought,temperature, nutrientsand pathogens.Plantrootsmust
beabletorespondtosuchstressappropriatelyanddosothrough
changestogrowthanddevelopment.Suchchangesinvolveeffects
on the behaviour of the stem cell population in the meristem,
theactivity of the meristem, the extent of cell expansioninthe
elongation zone, and the frequency of initiation and extent of
elongation of lateral roots. These developmental changes are
mediatedbyinteractionsbetweenseveralclassesofhormonesthat
formacomplexnetworkwithkeyregulatorygenes. Acommonly
encounteredstressinsoilsismechanicalimpedance, whichbecomes
anincreasingproblemindryingsoilsassoilstrengthincreaseswith
decreasingwatercontent. Mechanicalimpedancehaspreviously
beenshown toreduceroot elongation and may have anegative
impactoncropyields.Itisthereforeimportanttounderstandhow
rootgrowthanddevelopmentisregulatedinresponsetomechanical
impedance. The work described here aims to investigate the
molecularmechanismsgoverningtherelationshipbetweenpolar
auxintransportandethylenesignallingaswellasothersignalling
pathwaysinresponsetomechanicalimpedance,andthelinktoroot
growthanddevelopment.
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P2.9 MECHANISMS OF PLANT GROWTH
RESPONSES TO POTASSIUM

™ TUESDAY 5 JULY, 2016 POSTER SESSION

& FLORA M HETHERINGTON (DURHAM UNIVERSITY, UNITED
KINGDOM), JEN F TOPPING (DURHAM UNIVERISTY, UNITED
KINGDOM), KEITH LINDSEY (DURHAM UNIVERISTY, UNITED
KINGDOM)

@ F.M.HETHERINGTON@DURHAM.AC.UK

Thepotassiumion (K*)isessentialforplantgrowthanddevelopment.
It is essential for enzyme activity, stomatal movement,
photosynthesis, proteinsynthesisand transportofsugars, waterand
nutrients. K deficientplantsexhibitsymptomstypifiedbychlorosis
andnecrosisofleaves,aswellasanoverallreductioninthegrowth
oftheabove-groundpartsoftheplant,andthesetranslatetogreatly
reducedyields. Giventheimportance of K*deficiencyinagriculture,
itisimportanttounderstandthemechanismsbywhichK*istaken
intotheplantandhowthearchitectureoftherootsaffectstheability
ofthecroptoforageforK* inthesoil. Changesinrootarchitecture
inresponse to soil K' starvation are not well characterized but
arebelievedtobecontrolled,inpart,by combinationshormones.
Synergistic or antagonistic interactions between different
combinationsofhormonessuchasauxinandethylenearekeyin
coordinatingprocessessuchaslateralrootformation, mainroot
growth,androothairdevelopment,andthereforearekeyindefining
therootsystemarchitecture. Theworkdescribedhereaimstobetter
understand the relationship between K* availability, hormone
signallingpathwaysandrootarchitecture.
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P2.10 THE DYNAMICS OF AUXIN
RESPONSE FACTORS (ARFS) DURING
GRAIN DEVELOPMENT IN BRACHYPODIUM

™ TUESDAY 5 JULY, 2016 POSTER SESSION

& SOFIA KOURMPETLI (CRANFIELD UNIVERSITY, UNITED
KINGDOM), SYABIRA YUSOFF (UNIVERSITY OF LEICESTER,
UNITED KINGDOM), SINEAD DREA (UNIVERSITY OF LEICESTER,
UNITED KINGDOM)

©@ S.KOURMPETLI@CRANFIELD.AC.UK

Auxin plays a key role in many aspects of plant growth and
development, fromcelldifferentiationandorganpatterningtocell
elongationandresponsestolightandotherenvironmentalstimuli.
Eventhoughitisfoundineverypartoftheplant,itseffectondifferent
organsisnotyetclear.
Transcriptionalchangesamongfamiliesofauxin-responsive
genes have been profiled during different stages of grain
developmentinrice, highlighting the distinct patterns of ARF,
GH3,Aux/IAAandSAURfamilygenesandindicatingtheirrolein
differentaspectsofgraindevelopment, maturationandgermination
(Jainetal,2006).
Weareundertakingasimilarapproachtoshedlightontherole
ofauxinresponsefactorsduringgraindevelopmentinBrachypodium
distachyon,asasistertothecorepooidsthatinclude wheat,barley
andrye.Wehaveidentifiedthe ARF orthologuesof Brachypodium
andusingRNAseq,combinedwithRT-PCR/qPCRandmRNA insitu
hybridisationanalyses, weareevaluatingtheirtemporalandspatial
expression levels across grain development, from pre-anthesis
ovariestomaturegrainandgerminationstages. Wehopethatour
resultswillprovideadetailed expressionmapofauxinresponsive
factorgenesduring Brachypodiumgraindevelopment.
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P3 SEED BIOLOGY:
FROM LABORATORY TO FIELD

ORGANISED BY: DR GEORGE BASSEL (UNIVERSITY OF BIRMINGHAM, UNITED KINGDOM)
& DR STEVEN PENFIELD (JOHN INNES CENTRE, UNITED KINGDOM)

P3.1 AUXIN-MEDIATED CONTROL
OF EARLY SEED DEVELOPMENT

™ WEDNESDAY 6 JULY, 2016 ©® 09:00

@& CLAUDIA KOHLER (SWEDISH UNIVERSITY OF AGRICULTURAL
SCIENCES, SWEDEN), DUARTE FIGUEIREDO (SWEDISH
UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN), RITA
BATISTA (SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES,
SWEDEN), PAWEL ROSZAK (SWEDISH UNIVERSITY
OF AGRICULTURAL SCIENCES, SWEDEN)

@ CLAUDIA.KOHLEReSLU.SE

Seed development in flowering plants is initiated by double
fertilization, whereby one of the paternal sperm cells fertilizes
thefemaleeggcell, givingrisetotheembryo,andasecondsperm
cellfertilizes the central cell, which originates the endosperm.
Theendospermisatriploid nutritive tissue supporting embryo
development. Surroundingthetwofertilizationproductsistheseed
coat,whichderivesfromtheovuleintegumentsandisofpurely
maternalorigin. Thesuccessfulestablishmentofaseedrequires
thedevelopmental coordinationofthesethreegenetically-distinct
structures.Seeddevelopmentinmostplantspeciesistightly coupled
tofertilization, butthisrequirementcanbebypassedinmutants
forcomponentsoftheFertilizationIndependent Seed Polycomb
Repressive Complex2 (FIS-PRC2),whichmaintainsgenerepression
by modifying chromatin structure. Lack of FIS-PRC2 function
resultsintheformation ofautonomousseedsthatdevelopinthe
absenceoffertilization.IwilldiscussdatashowingthattheFIS-
PRC2repressestheexpressionofauxinbiosynthesisgenesinthe
femalegametophyteandthatthepaternal-specificexpressionof
thesegenesdrivesendospermdevelopmentafterfertilization. Auxin
productionisbothnecessaryandsufficienttoinitiateendosperm
developmentin Arabidopsisandalsoatriggerforseecoatinitiation.

P3.2 REACTIVATION OF
MITOCHONDRIAL BIOENERGETICS
AND DYNAMICS DURING GERMINATION
OF ARABIDOPSIS THALIANA

™ WEDNESDAY 6 JULY, 2016 ©® 09:40

@ DAVID C LOGAN (IRHS AGROCAMPUS-OUEST INRA UNIVERSITE
D’ANGERS SFR 4207 QUASAV., FRANCE), GAEL PASZKIEWICZ
(IRHS AGROCAMPUS-OUEST INRA UNIVERSITE D’ANGERS
SFR 4207 QUASAV., FRANCE), JOSE M GUALBERTO (IBMP
CNRS UNITE PROPRE DE RECHERCHE 2357 UNIVERSITE DE
STRASBOURG, FRANCE), ABDEL BENAMAR (AGROCAMPUS-OUEST
INRA UNIVERSITE D’ANGERS SFR 4207 QUASAV, FRANCE),
DAVID MACHEREL (IRHS AGROCAMPUS-OUEST INRA UNIVERSITE
D’ANGERS SFR 4207 QUASAV., FRANCE)

©@ DAVID.LOGAN@UNIV-ANGERS.FR

Mitochondrialdynamicsunderpinstheirfunctionandmaintenance
inplants.Forexample,duetotheunevendistributionof mtDNA
withinphysicallydiscretemitochondria, mitochondrialfusionand
fissionarerequiredtoensuremixingofthemtDNA poolandtolikely
facilitatemutationrepairandtheidentification of dysfunctional
mitochondria. Mitochondriaareinactiveinthedryseedbutmust
re-activate rapidly upon imbibition in order to provide ATP for
germination. Thisreactivationrequiresnotonlyareactivationof
mitochondrialmetabolism,butalsoofmitochondrialdynamics.
Using a bioimaging approach, we investigated reactivation of
mitochondrial bioenergetics and dynamics using Arabidopsis
thalianaasamodel.Bioenergeticreactivation, visualisedbythe
presenceofamembranepotential,isalmostimmediateuponre-
hydration. However,reactivationof mitochondrialdynamicsonly
occursaftertransferofseedtooptimalconditions. There-activation
of mitochondrial bioenergetics and dynamics is followed by a
dramaticre-organisationofthechondriomeinvolvingtransient
massive fusion to form a perinuclear cage followed by division.
Thesedatawillbepresentedalongsideresultstestingourhypothesis
thatthechangeinmitochondrialdynamicsisassociatedwiththe
activationofmitochondrial quality controlmechanismstorepair
mtDNAdamageincurredduringmaturationdryingandimbibition.
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P3.12 THE CLONING OF DELAY
OF GERMINATION 6, A PROMOTER
OF SEED GERMINATION

™ WEDNESDAY 6 JULY, 2016 ©® 11:00

@& LEONIE BENTSINK (WAGENINGEN UNIVERSITY, NETHERLANDS),
HANZI HE (WAGENINGEN UNIVERSITY, NETHERLANDS), KERSTIN
GUHL (WAGENINGEN UNIVERSITY, NETHERLANDS), MARIEKE VAN
BOLDEREN (WAGENINGEN UNIVERSITY, NETHERLANDS), SJORS
VAN DER HORST (WAGENINGEN UNIVERSITY, NETHERLANDS),
BAS DEKKERS (WAGENINGEN UNIVERSITY, NETHERLANDS)

@ LEONIE.BENTSINKe@WUR.NL

Quantitative trait loci (QTL) mapping for seed dormancy in
Arabidopsisthalianahasrevealedeleven DELAY OF GERMINATION
(DOG)loci.Thecloningofstrongestofthese QTL,DOGI1,hasshown
ushowimportanttheidentificationofnaturalvariationcanbe.DOGI
isakeyregulatorofseeddormancyandhasshowntobeconserved
inother species as well. Here we present the cloning of another
dormancy QTLthatconfersahighlevelofdormancy, DOG6.Near
isogeniclinescontaininganintrogressionfragmentofthe Cape
Verdelsland,ShakdaraorKashmiraccessionatthepositionofthe
DOG6locusinaLandsbergerecta(Ler) geneticbackgroundallare
moredormantthan Leritself. Fine-mapping, complementation
cloningandmutantanalysesrevealedthatincontrasttoDOG1,D0G6
isapromoterofseedgermination. DOG6knock-outmutantseeds
aremoredormantthanwildtypeseeds. Thisfindingillustratesthe
powerofanalysingnaturalgeneticvariationfortheidentification
ofimportantlifehistorytraits. Thefullcharacterisationofthe DOG6
gene,includingitslocalizationandtheproposedmechanismofhow
the DOG6proteinpromotesgerminationwillbepresented.

P3.13 CIS-12-0XO-PHYTODIENOIC
ACID: A NOVEL LIGHT-DEPENDENT
REGULATOR OF SEED GERMINATION
IN ARABIDOPSIS THALIANA

™ WEDNESDAY 6 JULY, 2016 ©® 11:30

@ THIAGO BARROS-GALVAO (UNIVERSITY OF YORK, UNITED
KINGDOM), FABIAN E VAISTIJ (UNIVERSITY OF YORK,
UNITED KINGDOM), IAN A GRAHAM (UNIVERSITY OF YORK,
UNITED KINGDOM)

@ TBG501@YORK.AC.UK

Light-dependentseedgerminationisinducedbygibberellicacid
(GA)andinhibitedbyabscisicacid (ABA). Thiswidelyaccepted
viewof GA/ABA controlof germination doesnothoweverexplain
thefactthatseedsdeficientin ABAbiosynthesisstillgerminate
poorlyunderfar-red (FR)lightconditions. Wehavediscoveredthat
thistext-bookunderstandingof germinationcontrolismissinga
keyplayer:cis-12-oxo-phytodienoicacid (OPDA). Wefound that
OPDA, aprecursorofthewoundrelatedphytohormonejasmonicacid,
accumulatesinimbibed seedsunder FR conditionsandrepresses
germinationinan ABA-independentmanner,anditdoessothrough
thesamephytochromesignaltransductionpathwaythatisinvolved
inmodulating GAand ABAlevels. Ourfindingsthereforeaddanew
playertotherepertoire of phytohormonesinvolvedincontrolling
light-dependent germination.
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P3.14 PARENTAL CONTROL OF SEED
DORMANCY IN ARABIDOPSIS THALIANA

™ WEDNESDAY 6 JULY, 2016 ® 13:50

@ LUIS LOPEZ-MOLINA (UNIVERSITY OF GENEVA,
SWITZERLAND), URSZULA PISKUREWICZ (UNIVERSITY OF
GENEVA, SWITZERLAND), MAYUMI IWASAKI (UNIVERSITY
OF GENEVA, SWITZERLAND)

@ LUIS.LOPEZMOLINA@UNIGE.CH

Matureseedsmaintaintheplantembryoinametabolicallyinert
and highly resistant state. When newly produced, seeds are
dormant,i.e.theywillnotgerminatewhenexposedtootherwise
favorablegerminationconditions. Dormancyallowstheplantto
maintainitsembryonicandhighlyprotectedstatewhilepreventing
germinationoutofseason.Dryseedseventuallylosedormancy,a
processreferredasdryafter-ripening,i.e.theyacquirethecapacity
togerminatewhenexposedtofavorable germinationconditions.
Dormancylevelsstoredinaseedcanbedefinedastheamountof
dryafter-ripeningtimerequiredbytheseedtoloseitsdormancy.
Dormancylevelsarestronglyinfluencedbytheclimaticconditions
experiencedbythemotherplant.Inparticular, Arabidopsisplants
exposedtocoldtemperaturesproducemarkedlymoredormantseeds.
Interestingly, thisresponseismaternally controlled. However, the
generalnatureandextentofmaternalcontrolof seeddormancy,
beyondcold-imposeddormancy,remainspoorly characterized.
In Arabidopsis thaliana, the endosperm is essential to repress
dormantseed germination.Indeed,upondormantseedimbibition
theendospermcontinuously synthesizesandreleasesthegrowth
repressivehormoneabscisicacid (ABA)towardstheembryo, thus
blockingits growth over time. In fully after-ripened seeds, the
endospermceasestoreleasesufficient ABAuponimbibition, thus
allowingundelayedgerminationtotakeplace. Wewilldescribe our
currentworkaimedatunderstandingthenatureofthemechanisms
operatinginthe Arabidopsisendospermthatcouldunderliematernal
inheritanceofseeddormancylevels.Inparticular,recentfindingson
epigeneticandgenomicimprintingmechanismswillbepresented.

P3.15 LAB TESTING & MODELLING

TO UNDERSTAND GERMINATION AND
FIELD ESTABLISHMENT OF BIOENERGY
CROP MISCANTHUS

™ WEDNESDAY 6 JULY, 2016 ©® 14:30

@ DANNY AWTY-CARROLL (ABERYSTWYTH UNIVERSITY, UNITED
KINGDOM), CHRIS ASHMAN (ABERYSTWYTH UNIVERSITY, UNITED
KINGDOM), MICHAL MOS (TERRAVESTA LTD, UNITED KINGDOM),
JOHN CLIFTON-BROWN (ABERYSTWYTH UNIVERSITY, UNITED
KINGDOM), PAUL ROBSON (ABERYSTWYTH UNIVERSITY, UNITED
KINGDOM)

@ DGC1@ABER.AC.UK

Miscanthusisaperennial C4biomasscropthatismostlyrhizome
propagated. This propagation method is costly and difficult to
upscale. Toimprove the uptake of Miscanthus and the speed to
upscalealternativepropagationmethodsarerequired. Directfield
sowing is one possible method; however, existing Miscanthus
sinensisseedhasbeenpreviouslydemonstratednottogerminate
withhighfrequencyinthe UK climate (Clifton-Brownetal.,2011).
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This study aims to model Miscanthus germination and early
survivalin order to predict the best inputs and protocol for UK
directsowing.Modellingutilisedaversionof SIMPLE (SIMulation
of PLant Emergence) (Diirr et al., 2001), this prediction can be
appliedtoexistingMiscanthusdataand comparedtofieldtrials.
In order to parameterise the model, the germination rates of a
rangeofnewhybridsweretestedatavariety offieldtemperatures.
Seed germination in dark and light treatments and hypocotyl
elongationweretestedinthelabtounderstandtheeffectofsowing
depth.Biodegradablefilmsweretestedforimprovementsinfield
germination conditions. Fielddataonarange ofnew genotypes
directsownwithandwithout ‘mulchfilm’showedanincreasein
temperatureunderfilmandtheresulting ‘cold’ germinationwasused
toproduceanew Miscanthussowingrange. Thecombination offield
dataandmodelpredictionsfromlabparametrizationincreasedthe
accuracyofthemodel. Novelseedtreatmenteffectswillbemodelled
based on lab testing of seed germination, allowing improved
predictionof Miscanthuspropagationsuccessbydirectsowing.

P3.16 A CELLULAR BASIS
FOR DECISION-MAKING IN
ARABIDOPSIS SEEDS

™ WEDNESDAY 6 JULY, 2016 ©® 14:45

@ GEORGE W BASSEL (UNIVERSITY OF BIRMINGHAM, UNITED
KINGDOM), ALEC T TOPHAM (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM), IAIN JOHNSTON (UNIVERSITY OF
BIRMINGHAM, UNITED KINGDOM)

@ GBASSEL@GMAIL.COM

Thedecisiontoterminatedormancyin Arabidopsisismediated
through the antagonistic interactions between the hormones
gibberellicacid (GA) and abscisic acid (ABA). The cellular sites
wherethesehormonesactwithindormantseedsremainsunknown.
Using3Ddigitalsinglecellanalysis,wehavelocalized GAand ABA
synthesis,signalingandresponsereporterswithinindividualcells
ofthedormantembryo.Here,wefoundthecellularresponsesites
ofthesehormonestobespatiallydistinct, whilethecellularsites
of synthesisfortheseareoverlapping. Thisindicatesthatthe GA/
ABAantagonisminseedsactsnon-cellautonomouslythroughthe
intracellularmovementofhormonesacrossthecellularnetwork.
Tobetterunderstandtheroleofthisspatialseparationofhormone
response and synthesis, we developed a mathematical model
capturing hormone metabolicinteractions across different cell
types,andhowtheseconstituteadevelopmentalfateswitch.Results
ofthismodelindicateanadvantagetodecision-makingisconferred
throughthespatialseparationofsignalingcentres.
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P3.17 PUSHING NATURE IN THE RIGHT
DIRECTION: SEED PHYSIOLOGICAL
RESEARCH IN A SEED COMPANY

™ WEDNESDAY 6 JULY, 2016 ® 15:45

@ FRANK LANFERMEIJER (SYNGENTA SEEDS BV, NETHERLANDS),
RENE BENJAMINS (SYNGENTA SEEDS BV, NETHERLANDS), MARTIN
BUIS (SYNGENTA SEEDS BV, NETHERLANDS), BARBARA WESTLAND
(SYNGENTA SEEDS BV, NETHERLANDS), TONKO BRUGGINK
(SYNGENTA SEEDS BV, NETHERLANDS)

© FRANK.LANFERMEIJER@SYNGENTA.COM

Seedscontainthepromisesoftheseed companies. Theyneedto
guaranteetheseed companiesthattheircustomersharvestthe
high quality crop they have set their sights on and obtain high
yields.Hence,seed productsneedtobeofhighquality. However,
the requirements a seed company demands from seeds are in
conflictwiththenaturalrequirements (natureversusagriculture).
Consequently, challenges arise to adjust natural seed and seed
biologytomeetthecommercialrequirements. Moreover, crop species
arenot wild plants and have gone through genetic bottlenecks
(breeding). Wediscusstherequirements, whichseed companies
havefortheirseedproductsandrelatethosetoseedbiology. Next
to this, the challenges seed companies face in order to produce
largevolumesofhighquality seedswillbediscussed.Finally,seed
biologicalresearchinaseedcompanywillbedescribed.

P3.18 MOLECULAR MECHANISMS
OF COMBINED PRIMING AND AGING
TREATMENTS IN SUGAR BEET SEEDS

™ WEDNESDAY 6 JULY, 2016 ©® 16:15

@ MICHAEL M IGNATZ (ROYAL HOLLOWAY UNIVERSITY OF
LONDON, UNITED KINGDOM), JULIANE MEINHARD (KWS SAAT
AG, GERMANY), ANNETTE BUTTNER-MAINIK (AGROSCOPE,
SWITZERLAND), FRIDTJOF WELTMEIER (KWS SAAT AG,
GERMANY), ILSE KRANNER (UNIVERSITY OF INNSBRUCK,
AUSTRIA), LOUISE COLVILLE (KEW’S MILLENIUM SEED
BANK, UNITED KINGDOM), VERONIKA TURECKOVA (PALACKY
UNIVERSITY, CZECH REPUBLIC), MIROSLAV STRNAD (PALACKY
UNIVERSITY, CZECH REPUBLIC), UWE FISCHER (KWS SAAT AG,
GERMANY), GERHARD LEUBNER-METZGER (ROYAL HOLLOWAY
UNIVERSITY OF LONDON, UNITED KINGDOM)

@ MICHAEL.IGNATZ@RHUL.AC.UK

Priming is an important process to improve sugar beet seed
quality.Itleadstoacceleratedanduniformgerminationbutalso
toenhancedagingduringseedstorage, especiallyinsuboptimal
storageconditions which causeadrasticreductioninlongevity
andgermination. Wedesigneddifferingagingmodelsforthethree
factorstemperature,relativeairhumidityandduration, whichwere
usedforcomparativepopulation-basedmodellingofseedagingof
primedversusunprimedseedsdeliveringstorage conditionswith
definedstressresponses. Adetailedanalysisofthetranscriptome,
metabolitesandimportanthormoneswasmadetoinvestigatethe
molecularmechanismsofsugarbeetseedagingforthoseconditions.
While ABAinhibitssugarbeetgermination, 1-aminocyclopropane-
1-carboxylicacid (ACC),thebiosyntheticprecursorofethylene,is
knowntopromoteit. Additionally tothemeasuredhormonelevels,
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weanalyzedthetranscriptlevelsofenzymesthatareimportant
inthehormonalpathways. Differentiallyregulated genesofthe
sugarbeetseedtranscriptomeforredoxsystemsweresupported
bybiochemicalquantificationoftherelevantreducedandoxidised
metabolites. Theredox coupleglutathione/glutathione-disulfide
(GSH/GSSG)isknowntobethemainantioxidativesystemofthe
dryseedandanagingmarker. Theseandothermetabolitesaswellas
thetranscriptsofrelatedenzymeswerequantifiedand connectedto
thegerminationkineticstoshowtherolefortheantioxidantsystem
inalleviatingseeddamageinsomecombinedprimingandaging
conditions. (www.seedbiology.eu)

P3.19 TYPIFYING THE BIOMECHANICAL
PROPERTIES OF WHEAT GRAINS
RELEVANT TO THE MILLING PROCESS

™ WEDNESDAY 6 JULY, 2016 ©® 16:30

@ JAMES E HOURSTON (ROYAL HOLLOWAY UNIVERSITY OF LONDON,
UNITED KINGDOM), MICHAEL M IGNATZ (ROYAL HOLLOWAY
UNIVERSITY OF LONDON, UNITED KINGDOM), MARTIN REITH
(ROYAL HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM),
GERHARD LEUBNER-METZGER (ROYAL HOLLOWAY UNIVERSITY OF
LONDON, UNITED KINGDOM), TINA LH STEINBRECHER (ROYAL
HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM)

@ JAMES.HOURSTON@RHUL.AC.UK

Themillingofplantstarchesandgrainshasbeencarriedoutsince
around 28,000 BC and from this time, ceaselessinnovation has
todaybroughtustoahighleveloftechnologicalsophistication. We
haveprogressedtoapointwhere,duetothescaleofmodernmills,
finetuningand contextspecificadjustmentstomillingmachinery
canresultinsignificantgainsinenergysavingandflourquality.
In this study we present novel techniques for measuring the
biomechanicalpropertiesof wheatgrains, withdirectrelevance
tothemillingandpearlingprocesses. Usingtwo cultivars; Runal
andCambrena,examplesof‘hard’and ‘soft’graintypes, wecantest
theeffectivenessofourtechniquesandexploretheircontrasting
biomechanical properties. We present data on the shear forces
required to shear starch from ‘hard’ and ‘soft’ wheat grains as
wellastheforcerequiredtoshearindividualbranlayers. Wealso
demonstrate amethod forassessingthe effects ofhormone and
enzymetreatmentsassociatedwithbothgerminationprocesses
andtheconditioningofgrainpriortomillingbytestinglayersof
thewheatbran. Specifically,wefocusonthelivingaleuroneand
dead, testacontaining,branlayers,andfollowingindustryrelevant
pre-treatments, apply puncture force testing to these layers to
assesschangesinmechanicalresistance. Webelievethatthese
newtechniquescanprovideanindustriallyrelevanttoolwhich
canaidintheoptimisationofmilling, withwiderapplicationstothe
biomechanicalcharacterisationofseedsfromotherplantspecies.
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P3.20 THE ROLE OF GIBBERELLIN
IN WHEAT GRAIN DEVELOPMENT

™ WEDNESDAY 6 JULY, 2016 ® 16:45

@ AAKRITI WANCHOO-KOHLI (ROTHAMSTED RESEARCH, UNITED
KINGDOM), SIMON VAUGHAN (ROTHAMSTED RESEARCH, UNITED
KINGDOM), MICHAEL HOLDSWORTH (THE UNIVERSITY OF
NOTTINGHAM, UNITED KINGDOM), ANDY PHILLIPS (ROTHAMSTED
RESEARCH, UNITED KINGDOM), PETER HEDDEN (ROTHAMSTED
RESEARCH, UNITED KINGDOM)

©@ AAKRITI.WANCHOO-KOHLI@ROTHAMSTED.AC.UK

Thegrowthhormonegibberellin (GA) controlsmanyaspectsof
plantdevelopmentandinwheatisknowntoinfluencegrainsize
andflourquality. Germinatingwheatembryosproduce GAinducing
theproductionofa-amylasebythealeurone causinghydrolysisof
starchintheendosperm.Undercertainenvironmental conditions
prematureinductionofa-amylaseresultsindegradedstarchand
poorqualityflour. However,while GAisproposedtohaveanegative
effectonflourquality,itisrequiredforearlygraindevelopment.As
theseeffectsareseparated temporarilyandspatiallyinthegrain, it
maybepossibletoimprovegrainyieldand qualitybymanipulating
GAlevelsin specific tissues at different developmental stages.
We hypothesise that increasing GA content in early stages of
developmentmaypromotegrainsizewithoutnegativelyimpacting
flour quality, whilereducing GA contentlateindevelopment, or
conferring insensitivity to GA in specific tissues may improve
flourquality, withoutaffectinggrainsize.Inordertotestthisand
obtainabetterunderstandingoftheroleof GAingraindevelopment,
constructsweredesignedtoalter GAmetabolismorsignallingin
theseed-coat,endosperm,embryooraleuroneof developingwheat
grains. Thetissueandtemporalspecificity of each promoterwas
confirmedbyco-transformationwith GFPreporterconstructs. Grain
yieldandqualityinthetransgeniclinesweremeasuredintermsof
number, weight, size,shape,a-amylaseactivity, proteincontent,
grainhardnessandmoisture. Transcriptlevelsofthetransgenes
werealsomeasuredusinggRT-PCRtodeterminelinkagesbetween
genotypeandphenotype.
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P3.21 A DEFENCE-RELATED INTER-
COMPARTMENTAL SIGNALLING PATHWAY
REGULATES EMBRYONIC CUTICLE
INTEGRITY IN ARABIDOPSIS

™ THURSDAY 7 JULY, 2016 ® 09:00
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P3.22 SEED PRODUCTION
ENVIRONMENT EFFECTS ON SEED
VIGOUR AND MITIGATION VIA
POST-HARVEST SEED TREATMENTS

™ THURSDAY 7 JULY, 2016 © 09:40

& GWYNETH INGRAM (ECOLE NORMALE SUP#RIEURE DE LYON,
FRANCE), LYSIANE BROCARD (CNRS UNIVERSITY OF BORDEAUX
BORDEAUX IMAGING CENTER, FRANCE), VINCENT DUPLAN
(CNRS INRA LABORATOIRE DES INTERACTIONS PLANTES-
MICROORGANISMES, FRANCE), JEROME JOUBES (UNIVERSITE
DE BORDEAUX CNRS LABORATOIRE DE BIOGENESE MEMBRANAIRE,
FRANCE), LUDIVINE TACONNAT (INSTITUT OF PLANT SCIENCES
PARIS-SACLAY (IPS2), FRANCE), STEPHANIE PASCAL
(UNIVERSITE DE BORDEAUX CNRS LABORATOIRE DE BIOGENESE
MEMBRANAIRE, FRANCE), ROBERTA GALLETTI (UNIVERSITE
LYON 1CNRS INRA ECOLE NORMALE SUPERIEURE DE LYON,
FRANCE), STEVEN MOUSSU (UNIVERSITE LYON 1CNRS INRA
ECOLE NORMALE SUPERIEURE DE LYON, FRANCE), FREDERIC
DOMERGUE (UNIVERSITE DE BORDEAUX CNRS LABORATOIRE
DE BIOGENESE MEMBRANAIRE, FRANCE), SUSANA RIVAS
(CNRS INRA LABORATOIRE DES INTERACTIONS PLANTES-
MICROORGANISMES, FRANCE)

© GWYNETH.INGRAM@ENS-LYON.FR

Theembryoniccuticleisnecessaryfornormalseeddevelopment
and seedling establishmentin Arabidopsis. Although mutants
withdefectiveembryoniccuticleshavebeenidentified, neither
the deposition of cuticle material, nor its regulation, has been
described during embryogenesis. Here we show that cuticle
depositioninitiatesdenovoinpatchesonglobularembryos,andthat
successfulpatchcoalescencetoformacontinuouscuticlerequires
inter-compartmental signallinginvolving a secreted protease,
tworeceptorkinasesexpressedintheembryonicprotoderm,and
adefence-related MPK protein. Transcriptome analysis shows
thatthispathwayregulatesdefence-related gene-expressionin
seeds. Consistentwiththesefindingsweshowthatthereceptor
kinasesimplicatedinembryoniccuticleformationplayahitherto
unsuspectedroleinplantdefenceagainstbacterialpathogens. We
proposethatadefence-associatedsignallingpathwayhasbeen
hijackedin some angiosperm seeds through therecruitment of
endospermspecificcomponentstoensurethelossofapoplastic
continuitybetweenthedevelopingembryoandendospermviaan
‘auto-immune’typeinteraction.

@ ISABELLE CAMU (JOHN INNES CENTRE, UNITED KINGDOM),
FERNANDO GOFFMAN (ENZA ZADEN BV, NETHERLANDS), STEVEN
PENFIELD (JOHN INNES CENTRE, UNITED KINGDOM)

©@ ISABELLE.CAMU@JIC.AC.UK

Seed germination vigour is an important factor in crop yield.
Seedlingvigourisdefinedasthesumofthoseseedpropertieswhich
determinethelevel ofactivityandperformanceduringgermination
andseedlingemergence. Apoorseedlotcanbeimprovedbypost-
harvesttreatmentsuchassteepingasusedintheseedindustry,but
themechanismisunknown. Theaimofthisstudyistounderstand
themechanismofsteepinginordertoimproveseedvigourandseed
germination. Wesetseedsatdifferenttemperaturesandshowedthat
thisproducesvariationintomatoseedvigourthatcanbeimproved
bysteeping. UsingLC-MSandICP,wecharacterised compounds
thatleachfromseedsduringsteeping,and showthatsomeofthese
areputativegerminationinhibitors.Byaddingthesecompoundsto
thewaterduringsteepingwearetestingwhichofthesemayplaya
roleintheeffectivenessofthesteepingprocess.

P3.23 ACTIVE PROTEINS IN DEAD
ORGANS ENCLOSING EMBRYOS

™ THURSDAY 7 JULY, 2016 ©® 09:55

@ BUZI RAVIV (FAAB BEN GURION UNIVERSITY, ISRAEL), GILA
GRANOT (FAAB BEN GURION UNIVERSITY, ISRAEL), GODWIN
JAMES (FAAB BEN GURION UNIVERSITY, ISRAEL), OMER
FRENKEL (ARO, ISRAEL), GIDEON GRAFI (FAAB BEN GURION
UNIVERSITY, ISRAEL)

@ BUZIRAVIV@GMAIL.COM

Seed development culminates in programmed cell death and
hardeningoforgansenclosingtheembryoprovidingessentially
aphysicalshieldforembryoprotectionduringstorageinthesoil.
Wewantedtoaddressthepossibilitythattheseorgansstoreand
releaseuponhydrationactiveproteinsandothersubstancesthat
mayassistseedgerminationandseedlingestablishment.Seeds
andseedcoatsofvariousBrassicaceaeand Fabaceaespeciesand
hardenedpartsofdispersalunitsofwildemmerwheat(Triticum
turgidumssp. dicoccoides) and of AvenasterilisL.werehydrated,
substancesreleased were collected and subjected to proteomic
analysis,in-gelactivityassaysandmicrobialgrowthregulating
activities. Wefoundthatorgansenclosingtheembryoindicotsand
monocotsfunctionasastoragethatreleasesuponhydrationmultiple
stress-associated proteins among them functional hydrolases
includingnucleases, proteasesandchitinases. TheBrassicaceae
seedmucilageisnotrequiredforstorageandreleaseofhydrolases
followinghydration. Substancesreleased fromseedsandseedcoats
showedmicrobialgrowthcontrollingactivities. Ourdatasuggest
that storage in essentially dead organs enclosing embryos and
releaseuponhydrationtothe"seedsphere"ofhydrolasesandother
substancesisageneralthemeinplantsandmighthaveevolvedto
increasesurvivalrateofgerminatingseeds.




ANNUAL MAIN MEETING BRIGHTON 2016

P3.24 MATERNAL CONTROL OF SEED
DEVELOPMENT MEDIATED BY THE
FLAVONOID BIOSYNTHESIS PATHWAY

™ THURSDAY 7 JULY, 2016 ® 10:10

@ MAHA ALJABRI (BATH UNIVERSITY, UNITED KINGDOM)

@ MAHWIII@HOTMAIL.COM

Many plants exhibit post-zygotic barriers to hybridization, in
bothinterploidy crosseswithinspeciesandinterspecificcrosses
betweenrelated species. For example, crosses between diploid
(2x)andtetraploid (4x) plantscauseatriploidblockwheresevere
endospermunder-orover-proliferationkillsthe developingtriploid
embryo. While most ecotypes of the model speciesArabidopsis
thalianatolerate 2x X 4x crosses to produce large viable seed,
oneecotype, Columbia (Col-0),exhibitsatriploidblockwhenthe
paternalparentistetraploid. Recently,lossof functionmutantsin
theflavonoidbiosynthesispathway (FBP)thatoperateintheseed
coathavebeenidentifiedaspowerfulmaternal suppressorsofthe
paternal Col4x-mediatedtriploidblock. Thepresenthypothesisis
thatamaternalmessengerresponsibleforregulatingthecorrect
timingofendospermcellularisationisattenuatedorblockedbya
functional FBP; hencemutationsinthe FBPpromotecellularisation
andreduceseedlethalitybyremovingthesignallingblock. Weare
attemptingtoidentifythecellularisationfactor,understandthe
roleofthe FBPinitsregulationandtoexplorefurthertheeffectthat
differentecotypeshaveontheseverityofthetriploidblockandthe
underlyingmechanismbehindthiseffect.

P3.25 A ROLE FOR VP1/FUS3/LEC2
SUBFAMILY OF B3 TRANSCRIPTION

FACTORS IN THE CONTROL OF SEED
MATURATION AND GERMINATION

™ THURSDAY 7 JULY, 2016 ©® 10:55

@ PILAR CARBONERO (CENTRO BIOTECNOLOGIA GENOMICA PLANTAS
(CBGP) UNIVERSIDAD POLITCNICA DE MADRID, SPAIN), RAQUEL
IGLESIAS-FERNANDEZ (CBGP-UNIVERSIDAD POLITECNICA
DE MADRID, SPAIN), JESUS VICENTE-CARBAJOSA (CBGP-
UNIVERSIDAD POLITECNICA DE MADRID, SPAIN)

@ P.CARBONERO@UPM.ES

The accumulation of storage compounds in the barley seeds
anditshydrolysisupongerminationarehighlyregulatedatthe
transcriptionallevel. Althoughseveraltranscriptionfactors(TFs)of
theMYB-R2R3(GAMYB),DOF (BPBF,SAD,HvDOF19/17)andbZIP
(BLZ2,BLZ1),havebeendescribedinbothprocesses,membersofthe
VP1/FUS3/LEC2subfamily of B3 TFs,modifytheirtranscriptional
activities and control the precise mechanism switching from
maturation to germination programs. Thus, HvVPItranscripts
accumulateintheearlystagesofboththedevelopingseedsandthe
embryoandaleuroneofgerminatingseeds,decreasingdrastically
after24hofimbibition. HvVP1linteractswithHvGAMYBandBPBF,
masteractivatorsinbothphasesofseeddevelopment,decreasing
theirDNAbindingaffinitytotheircorrespondingcis-motivesin Hor2
and Amy6.4genepromoters,andtheirtranscriptionalactivation
ofthesegenes. The HvFUS3thatcomplementsthelossoffunction
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mutantfus3inArabidopsisthaliana,restoringthetranscription
fromthealbuminencodinggene At2S3andnormalaccumulation
ofanthocyaninsintheseeds, participatesinthetranscriptional
activationoftheendospermspecificgenes Hor2andlItr1,bybinding
to RY-boxes in their promoters interacting with the OPAQUE
bZIPfactor BLZ2 and thisinteractionis essential for full trans-
activationof Hor2gene. The LEC2 TFsincerealshavenotbeenfully
characterizedalthoughtwosuch geneshavebeenannotatedin
thebarleygenome. ThissubfamilyofB3TFsoriginatedinonegene
inChlamydomonasreinhardtiievolutionaryexpandingthrough
mosses, ferns,gymnospermsandangiospermsbysubsequentneo
sub-functionalizationand pseudogenizationprocesses.

P3.26 MOTHER-OF-FT-AND-TFL1
IS A KEY REPRESSOR OF SEED
GERMINATION UNDER FAR-RED
LIGHT IN ARABIDOPSIS THALIANA

™ THURSDAY 7 JULY, 2016 ® 11:25

@ FABIANE. VAISTIJ (CENTRE FOR NOVEL AGRICULTURAL
PRODUCTS, UNIVERSITY OF YORK, UNITED KINGDOM), THIAGO
BARROS-GALVAO (CENTRE FOR NOVEL AGRICULTURAL PRODUCTS,
UNIVERSITY OF YORK, UNITED KINGDOM), ALISON D. GILDAY
(CENTRE FOR NOVEL AGRICULTURAL PRODUCTS, UNIVERSITY OF
YORK, UNITED KINGDOM), IAN A. GRAHAM (CENTRE FOR NOVEL
AGRICULTURAL PRODUCTS, UNIVERSITY OF YORK,

UNITED KINGDOM)

@ FABIAN.VAISTIJ@YORK.AC.UK

Primarydormancyisinducedduringseeddevelopmentandprevents
germinationofmatureseedsunderfavourableconditions. Dormancy
prevents sprouting before seeds arereleased from the fruitand
allowstimeforseeddispersal. Oncedormancyislostthroughafter-
ripeningseedsstillrequirefavourableenvironmental conditions
suchastemperature,humidityandqualityoflighttogerminate.
It is well established that exposure to certain environmental
conditionsduringseeddevelopmentandgerminationimpactsonthe
productionofthephytohormonesgibberellicacid (GA)andabscisic
acid (ABA),whichpromoteandrepressgermination,respectively.
Wehaveshownrecentlythat12-oxophytodienoicacid (OPDA),
aprecursor of thephytohormonejasmonicacid,alsoplaysakey
roleinrepressinggermination. Phytochromesperceivered (R)and
far-red (FR)lighttocontrolgermination ofnon-dormantseedsby
regulatingphytohormonesaccumulation. WhileRlight promotes
germination, FRlightrepressesit. Wehave shownpreviously that
MOTHER-OF-FT-AND-TFL1 (MFT),amemberofthe PEBP-family,is
apromoterofdormancyinArabidopsisthaliana.Expressionof MFTis
directlyrepressedduringseeddevelopmentbythe SPATULA (SPT)
bHLH-typetranscriptionfactor. Now, wehaveestablishedthat,in
non-dormantseeds, (i) FRlightrepresses SPTexpression, whichin
turnallows MFTtobeexpressed,and(ii) MFTisrequired torepress
germination. Wewillpresentdatashowingtheeffectof MFT on
phytohormonelevelsandamodelintegratingourlatestresultson
repressionofgerminationunder FRlight.
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P3.27 SEED DORMANCY REGULATION IN
THE REAL WORLD: HOW DO MECHANISMS
IDENTIFIED IN THE LABORATORY
OPERATE IN VARIABLE FIELD
ENVIRONMENTS?

™ THURSDAY 7 JULY, 2016 ©® 13:50

@ WILLIAME FINCH-SAVAGE (UNIVERSITY OF WARWICK, UNITED
KINGDOM), STEVEN FOOTITT (UNIVERSITY OF WARWICK,
UNITED KINGDOM)

Manymolecularmechanismsthatregulatedormancyhavebeen
identifiedindividuallyincontrolledlaboratory studies. However,
littleisknownabouthowtheseedemploysthiscomplexsuite of
mechanismsduringdormancycyclinginthevariableenvironment
of the soil seed bank. Nevertheless, this behaviouris essential
to ensure germination takes place in a favourable habitat and
climatespace,andinthecorrectseasonfortheresultingplantto
completeitslifecycle.Dormancycyclingisthereforealsocentral
tothecompetitivenessof weedsincropproductionpracticeandthe
developmentofmoreenvironmentally-benignweedmanagement.
Duringtheirtimeinthesoilseed-bankseeds continually adjust
their dormancy status by sensing and integrating a range of
environmental signals. The signals related to slow seasonal
change are used for temporal sensing to determine the time of
yearanddepthofdormancy. Thisalterstheirsensitivitytoother
spatialenvironmentalsignalsthatindicateinamoreimmediate
way thatconditionsaresuitablefor germination,andsotrigger
the termination of dormancy. We have carried out molecular
ecophysiologicalstudiesofdormancycyclinginfieldsoilsandin
thelaboratorywith Arabidopsisecotypesthatbehaveaswinter
(Cvi)andsummerannuals. Thisworkhasprovidednewinsightinto
theroleoftemperatureasatemporalsignalinthecoordination of
mechanismsandsignalingnetworksthatcontroldormancycycling
inanecologicalcontext.

P3.28 NOVEL INSIGHTS
INTO THE CELLULAR BASIS OF
APOMIXIS IN HIERACIUM
THROUGH CELL WALL FEATURES

™ THURSDAY 7 JULY, 2016 ©® 14:30

@ MARTINA JURANIC (CSIRO, AUSTRALIA), MATTHEW TUCKER
(UNIVERSITY OF ADELAIDE, AUSTRALIA), CAROLYN SCHULTZ
(UNIVERSITY OF ADELAIDE, AUSTRALIA), VINCENT BULONE
(UNIVERSITY OF ADELAIDE, AUSTRALIA), ANDREW SPRIGGS
(CSIRO, AUSTRALIA), JEN TAYLOR (CSIRO, AUSTRALIA), ANNA
KOLTUNOW (CSIRO, AUSTRALIA)

@ MARTINA.JURANIC@CSIRO.AU

Apomixisisanattractivetraitfortheenhancementofcropspecies
asitmediatestheformationofmaternalclonesandhasthepotential
topreservehybrid vigourthrough successive seed generations.
ApomicticHieraciumplantsformtheirfemale gametesasexually
intheovulesoftheflower. Thisasexualprocessbeginswiththe
formationofaposporousinitial (AI)cellsinthevicinity of sexual
cellsundergoingmeiosis. The Al celldisplacessexualcellscausing
terminationofthesexual pathway,anddirectlyinitiatesembryo
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sac formation without undergoing meiosis. The resultant egg
inthe asexual embryo sacis diploid and maternal in genotype.
Weareinterestedinunderstandingcellfate switchesthatoccur
during the specification of a somatic cellintoan Al celland the
subsequentgrowthdynamicsofthe Alcellgovernedbychangesin
moleculararchitectureoftheprimarycellwall. Wehave explored
thetranscriptomesofovulesandlasercapturedenlarging Alcells
and found enrichment in transcripts associated with cell wall
ontology.Furthermore,antibodiesthatrecognizedifferentcellwall
componentswereusedtocomparecellwallcompositioninapomictic
andsexual Hieraciumovulesduringfemale gametedevelopment.
This has determined that both the sexual and asexual gamete
lineagesaremarkedbyspecificcellwallpolysaccharides. These
toolshaveenabledustoidentify Alcellspriortotheirenlargement,
identifyazonewithintheovulewhere Alcellsoriginateandledus
toproposeamodelofhowthe Alcelldisplacessexualcells.

P3.29 SEED LONGEVITY AND BIOTIC
DEFENSE: TWO SIDES OF THE SAME COIN

[ THURSDAY 7 JULY, 2016 © 14:45

& JULIABUITINK (IRHS-INRA ANGERS, FRANCE), JOSEPH LY VU
(IRHS-INRA ANGERS, FRANCE), KARIMA RIGHETTI (IRHS-INRA
ANGERS, FRANCE), OLIVIER LEPRINCE (IRHS-ACO ANGERS,
FRANCE)

@ JULIA.BUITINK@ANGERS.INRA.FR

Thematurationphaseisdescribedasadevelopmental program
encompassingtheaccumulationof storagereserves,dryingand
abscissionfromthemotherplant. Besidesregulatorypathways
involvedinseedfilling, additional pathways mustbe activated
toconfertoorthodoxseedsitsdispersalcharacteristics,namely
germinationcapacity,dormancyandtheabilitytosurviveinthe
drystate. Themolecularpathwaysunderlyingtheacquisitionof
longevity during late seed maturation and its interaction with
the environment have received little attention. Yet, this trait
isanimportant factorin the preservation of seed viability and
quality during dry storage and an essential trait to ensure fast
andhomogenousseedlingestablishment.Indevelopingseeds of
Medicagotruncatula,thelongmaturationperiodmakesitfeasibleto
distinguishseedfillingfromtheacquisitionoflongevity,makingita
powerfulmodeltounravelthepathwaysregulatingtheacquisition
oflongevity. Usingasystemsbiologyapproach, wewillshowhow
integration of phenotypic data on longevity in a conditional-
dependentnetworkofglobal geneexpressionobtainedduringseed
maturationledtotheisolationofagenemodulelinked tolongevity.
Genesinthismoduleshowalsohighconnectivityin Arabidopsis.
Thismodulewasenrichedwithgenesplayingacrucialroleindefense
againstbioticstress. Wewill presentevidencesupportingalink
betweenmechanismsimplicatedindefenseagainstpathogens
and survival in the dry state and discuss how seeds activate a
developmentallyregulated defenseresponseduringmaturation
thatisalsobeneficialtolong-termsurvivalinthedrystate.
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P3.30 FROM WEED SEED
HETEROMORPHISM TO CROP SEED
UNIFORMITY: PIONEER WORK
INTO THE FULL SPREAD OF
ADAPTATION MECHANISMS TO
UNPREDICTABLE ENVIRONMENTS

™ THURSDAY 7 JULY, 2016 ©® 15:45

@ GERHARD LEUBNER (ROYAL HOLLOWAY UNIVERSITY OF
LONDON, UNITED KINGDOM), KAI GRAEBER (ROYAL
HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM),
TINA STEINBRECHER (ROYAL HOLLOWAY UNIVERSITY OF
LONDON, UNITED KINGDOM), SAFINA KHAN (ROYAL HOLLOWAY
UNIVERSITY OF LONDON, UNITED KINGDOM), WAHEED
ARSHAD (ROYAL HOLLOWAY UNIVERSITY OF LONDON, UNITED
KINGDOM), GILES GRAINGE (ROYAL HOLLOWAY UNIVERSITY
OF LONDON, UNITED KINGDOM), THOMAS HOLLOWAY (ROYAL
HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM), JAMES
HOURSTON (ROYAL HOLLOWAY UNIVERSITY OF LONDON, UNITED
KINGDOM), MICHAEL IGNATZ (ROYAL HOLLOWAY UNIVERSITY
OF LONDON, UNITED KINGDOM), KAZUMI NAKABAYASHI (ROYAL
HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM), MARTA
PEREZ (ROYAL HOLLOWAY UNIVERSITY OF LONDON, UNITED
KINGDOM), CHRISTINA SCHULZE (ROYAL HOLLOWAY UNIVERSITY
OF LONDON, UNITED KINGDOM), LORNA RAVENHILL (ROYAL
HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM), TERESA
LENSER (FRIEDRICH SCHILLER UNIVERSITY JENA, GERMANY),
GUNTER THEISSEN (FRIEDRICH SCHILLER UNIVERSITY JENA,
GERMANY), KATJA SPERBER (UNIVERSITY OF OSNABRUCK,
GERMANY), SARA MAYLAND-QUELLHORST (UNIVERSITY OF
OSNABRUCK, GERMANY), KLAUS MUMMENHOFF (UNIVERSITY OF
OSNABRUCK, GERMANY), SETAREH MOHAMMADIN (WAGENINGEN
UNIVERSITY, NETHERLANDS), THU-PHUONG NGUYEN
(WAGENINGEN UNIVERSITY, NETHERLANDS), ERIC SCHRANZ
(WAGENINGEN UNIVERSITY, NETHERLANDS), ZSUZANNA MERAI
(GREGOR MENDEL INSTITUTE VIENNA, AUSTRIA), ORTRUN
MITTELSTEN SCHEID (GREGOR MENDEL INSTITUTE VIENNA,
AUSTRIA), CHRISTOPHER GROSCHE (UNIVERSITY OF MARBURG,
GERMANY), PER WILHELMSSON (UNIVERSITY OF MARBURG,
GERMANY), CHRISTIAN ULLRICH (UNIVERSITY OF MARBURG,
GERMANY), STEFAN RENSING (UNIVERSITY OF MARBURG,
GERMANY), DANUSE TARKOWSKA (PALACKY UNIVERSITY
OLOMOUC, CZECH REPUBLIC), MIROSLAV STRNAD (PALACKY
UNIVERSITY OLOMOUC, CZECH REPUBLIC)

@ GERHARD.LEUBNER@RHUL.AC.UK

A requirement for maximum crop yield potential is successful
germinationandseedlingestablishmentandthisisunderthreat
duetotheincreasedincidenceoferraticweather(climatechange).
Adaptationofweed germinationphenology couldevolvequickly
to keep pace with climate change. Diverse mechanisms to time
germination evolved to enable plant survival in unpredictable
environments. Amongthemdiasporebet-hedgingandphenotyic
plasticityarethoughttorepresentimportantadaptationstrategies.
However,littleisknownabouttheunderpinningmechanismsof
thesephenomena, partlyduetothelackofsuitablemodelsystems.
TheSeed AdaptConsortium (www.seedapt.eu)investigatesdiaspore
heteromorphism, a typical bet-hedging strategy, in the annual
Brassicaceae Aethionema arabicum. We found that Ae. arabicum
isdimorphicandthattheproportionsofthetwodistinctfruitand
seed morphs change in response to environmental conditions
indicating phenotypic plasticity of this bet-hedging strategy.
This dimorphism is associated with anatomic, biomechanical,
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physiological, hormone andtranscriptomedifferencesbetween
themorphsandthedimorphicdispersalunitsdiffer considerably
intheirgerminationtiming. Togetherwiththeavailablegenomic
resourcesthiswillestablish Ae. arabicumasamodelsystemtounravel
themolecularmechanismsunderpinningtheseed/fruitdimorphism.
This diaspore heteromorphism represents a monophyletic trait
withinthegenusAethionemaassociatedwithitsannualspecies.
Seed/fruit heteromorphism evolved independently in other
Brassicaceae and other plant families where it exhibits distinct
degreesofphenotypicplasticityanddevelopmentalconstraint. An
interplaybetweenconservedandspecificmechanismsmaymediate
thisdiversityofdiasporebet-hedgingadaptationstrategiestocope
withunpredictableenvironments.

P3.31 AUTOMATED HIGH THROUGHPUT
PHENOTYPING OF CROP SEED

VIGOUR: IDENTIFICATION OF GENES
ASSOCIATED WITH EARLY VIGOUR IN
OILSEED RAPE

™ THURSDAY 7 JULY, 2016 ©® 16:15

& STEVEN PENFIELD (JOHN INNES CENTRE, UNITED KINGDOM),
JI ZHOU (TGAC, UNITED KINGDOM), CARMEL O’NEIL (JOHN
INNES CENTRE, UNITED KINGDOM), RACHEL WELLS (JOHN
INNES CENTRE, UNITED KINGDOM), RENE BENJAMINS
(SYNGENTA SEEDS, NETHERLANDS)

@ STEVEN.PENFIELD@JIC.AC.UK

Seedgerminationandseedling growthphenotypingiscriticalin
bothresearchandcommercialseed production. Traditionallythis
isachievedusingtetscarriedoutbyeyewithtechnicianscounting
seed and seedling attributes at fixed time intervals. Thisis low
throughputandlabourintensive,leadstoproblemswithcapturing
eventsoutsideofnormalworkinghours,andcancontainlementsof
biasandsubjectiviytypartciulartoindividualobservers. Herewe
describeanew simplelow costautomated phenotypingplatform
technologydevelopedattheJohnInnesCentreandshowhowwe
haveusedthissystemtophenotype 100varitiesinthe Brassica
napusDiversity FixedFoundation Set. Weshow thatwecancapture
germinationandestablishmentparameterswithoutmanualinputs
andusethesetoidentify geneexpressionchangesinBrassicanapus
seedlingsassociatedwithvigourdifferencesamongvarietiesusing
Associative Transcriptomics,aswellascandidate polymorphisms
underlyingthesedifferences.
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P3.3 USING NATURAL VARIATION TO
UNCOVER ENVIRONMENTAL REGULATORS
OF SEED DORMANCY

™ WEDNESDAY 6 JULY, 2016 ® POSTER SESSION

& DANA R MACGREGOR (JOHN INNES CENTRE, UNITED KINGDOM),
NAICHAO ZHANG (JOHN INNES CENTRE, UNITED KINGDOM),
STEVEN D PENFIELD (JOHN INNES CENTRE, UNITED KINGDOM)

@ DANA.MACGREGOR@JIC.AC.UK

Whenaseedgerminatesdeterminestheenvironmentitwillface
duringits ownlife, andimportantly the environment in which
it setsits seeds. Seed dormancy allows plants to appropriately
controlthetimingofseedgerminationandisundertightgenetic
and environmental control. As such natural populations show
arange of dormancy phenotypes. To uncover allelic variants
controllingenvironmentalregulationof seeddormancyweused
apanelof270naturalaccessionsof Arabidopsisandtested their
primary seed dormancy under two contrasting temperature
regimes during seed production. These data allowed us to
categorisetheaccessionsintol)accessionsthatareresponsiveto
loweredtemperatureduringmaturation,and2)asmallnumber
wheredormancy was similarregardless of the seed maturation
environment.Basedonourpreviousobservationsthatseedcoat
permeability correlateswithseeddormancy, wetested thisforall
theaccessionssetatbothenvironmental conditions. Aroundhalf
ofthetestedaccessionsshowednochangeinseedcoatpermeability
inresponse to temperature indicating the activity of maternal
pathwayisattenuatedintheselines. Theotherhalfoftheaccessions
showedreductionsinpermeabilityunderlowertemperatures. The
dormancyandpermeabilitydatawereanalysed with Genome Wide
AssociationMappingprogramsallowingustoidentifyputative
regulatorsofseeddormancyand/orseedcoatpermeability, which
arebeingtestedusingreversegeneticapproaches.Furtheranalyses
ofrepresentativesofthedormancyandpermeability categorieswill
allowustoidentifyhowtemperatureinformationisinterpreted
resultingintheappropriatelevelof dormancyforlocaladaptation.

P3.4 CAN NON-THERMAL
ATMOSPHERIC GAS PLASMA
INFLUENCE THE BALANCE OF FORCES
THAT GOVERN SEED GERMINATION?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ GILES GRAINGE (ROYAL HOLLOWAY UNIVERSITY OF LONDON,
UNITED KINGDOM), ADRIAN DUNFORD (ELSOMS SEEDS LTD,
UNITED KINGDOM), SUE KENNEDY (ELSOMS SEEDS LTD, UNITED
KINGDOM), GILBERT SHARMA (LOUGHBOROUGH UNIVERSITY,
UNITED KINGDOM), FELIPE IZA (LOUGHBOROUGH UNIVERSITY,
UNITED KINGDOM), TINA STEINBRECHER (ROYAL HOLLOWAY
UNIVERSITY OF LONDON, UNITED KINGDOM), GERHARD LEUBNER
(ROYAL HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM)

@ GILES.GRAINGE.2010@LIVE.RHUL.AC.UK

Thedevelopmentofnovelmethodstoimproveglobalcropyieldsisa
requirementtoachievesustainableintensification.Seeds,asoneof
themajorcornerstonesinagriculture,areaprimetargetforresearch
aimingtodevisesuchnovelmethods.Inparticular,developmentsin
“agri”-technologytargetingsuccessfulgerminationandseedling
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establishment over a broad range of abiotic conditions, a trait
definedasseedvigour,isseenasapriorityfortheseedindustry. The
visibleeventsduringthegerminationofmanycropseedsinvolves
atwo-step process of successive testa and endosperm rupture.
Thisisregulatedbythebalanceoftwoopposingforces;thegrowth
potentialoftheradicle (embryonicroot)andthemechanicalrestraint
of the seeds covering layers (testa, endosperm, pericarp). The
accumulation ofreactiveoxygenspecies (ROS)inducesgermination
by contributingtothecell-walllooseninginthecellgrowthzoneof
theradicleandtheweakeningoftheseed’scoveringlayersbydirect
scissionofsitespecificcell-wallpolysaccharides. Thisresultsinthe
protrusionoftheradiclewhich concludesthe germinationprocess.
Ourworkinghypothesisisthattreatmentofseedswithnon-thermal
atmosphericgasplasma (NTAGP)underconduciveROS forming
conditionscanenhancethenaturalROSmediatedembryogrowth
andweakentheseedcoveringlayer,improvinggerminationspeed
anduniformity.

P3.5 THE EFFECT OF SMOKEWATER
ON GERMINATION AND DORMANCY
OF BLACKGRASS SEEDS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ THOMAS HOLLOWAY (ROYAL HOLLOWAY UNIVERSITY OF LONDON,
UNITED KINGDOM), KAZUMI NAKABAYASHI (ROYAL HOLLOWAY
UNIVERSITY OF LONDON, UNITED KINGDOM), GERHARD
LEUBNER-METZGER (ROYAL HOLLOWAY UNIVERSITY OF LONDON,
UNITED KINGDOM)

© THOMAS.HOLLOWAY.2012@LIVE.RHUL.AC.UK

Wildfireshavebeenknowntoplayaroleinthedynamicsofplant
communitiesbyenhancingtheregenerationofvegetation. More
recently, isolated compounds from smoke have been shown
to stimulate the germination of model and crop species. Inan
agricultural context, there is potential to use smoke-derived
compoundsforthedepletionofsoilseedbankstopreventweed
infestation. Alopecurus myosuroides Huds. (blackgrass) is a
seriousherbicideresistantweed ofhigh-input cerealfields. Its
successisdueinparttoitsdormancyprofile,whichallowsitto
synchronise its emergence with the cropping cycle, reducing
theeffectivenessoftraditionalchemical controlmethods. Seeds
areshedinearlyautumnattheintimewiththecerealharvest,
andpersistinthesoilwithatwotothreeweekperiodof primary
dormancy.Inthisposterweshowthatsmokewaterisabletobreak
thisprimarydormancyandstimulate the germination ofnon-
dormant blackgrass seeds. The cardinal temperatures for the
germinationofblackgrassseedsaredescribedinaquantitative
physiologicalmanneranddefinedassaysareusedtodeterminethe
dose-responserelationship of smokewaterongermination. The
workdemonstratesthepotential for smoke-derived compounds
tobeusedaspartofintegratedweed control strategies.
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P3.6 WATER STRESS-INDUCED
PATTERNS OF GENE EXPRESSION
ASSOCIATED WITH SEED PRIMING
IN ARABIDOPSIS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ JACK MITCHELL (UNIVERSITY OF BIRMINGHAM, UNITED
KINGDOM), GEORGE W BASSEL (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM)

@ JXM316@STUDENT.BHAM.AC.UK

Within seed populations, extensive variation in the timing
to germination is observed. This represents an obstacle to
agricultureandoptimizingyieldsasitresultsinnon-uniformcrop
establishment. As this problem persists, a key objective of the
seedindustryistoenhancethesynchronizationof germination
withinseedlots.Onemethodusedtoachievethisishydropriming,
whichinvolvesplacingseedsunderwater-limiting conditions for
extendedperiods.Followingthistreatmentthereisadramaticand
significantenhancementinthesynchronizationofgermination of
seeds. Despitethecommonuseofhydropriming, themechanisms
thatunderliethisprocessremainlargelyunknown. Weexamined
thespatiotemporal patternsof geneexpressionassociated with
theseedtoseedlingtransitionoveratimecourseofhydroprimed
Arabidopsisseedstoexaminewhatimpactthistreatmenthadata
molecularlevelwithinseeds. Usingthisapproach, wehaveidentified
thestageintheprogressionoftheseedtoseedlingtransitionatwhich
hydroprimingarrestsseedgermination. Thishasalsorevealedthe
cellularsites within the embryo where hydroprimingisacting,
andprovidestargetsforthefurthermanipulationofthissystemto
enhanceseedperformanceinagriculture.

P3.7 NOVEL BIOMATERIAL
ENGINEERING, MOLECULAR AND
HORMONAL ANALYSES TO IMPROVE
VEGETABLE SEED QUALITIES,
PRIMING AND PRODUCTION IN
STRESSFUL ENVIRONMENTS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ KAZUMI NAKABAYASHI (ROYAL HOLLOWAY UNIVERSITY
OF LONDON, UNITED KINGDOM), MARTA PEREZ (ROYAL
HOLLOWAY UNIVERSITY OF LONDON, UNITED KINGDOM), TINA
STEINBRECHER (ROYAL HOLLOWAY UNIVERSITY OF LONDON,
UNITED KINGDOM), GERHARD LEUBNER (ROYAL HOLLOWAY
UNIVERSITY OF LONDON, UNITED KINGDOM)

@ KAZUMI.NAKABAYASHI@RHUL.AC.UK

Plantseeds,fruitsandtubersareatthebeginningandtheendofall
importantsupplychainsforvariouskindsofhorticulturalproducts
includingfood,feedandgardenflowers.Seedandbud dormancy,
germination and sprouting properties are key quality traits for
secure,sustainedandresilienthorticulture. Thelongtermgoal of
ourresearchgroupistofundamentallyunderstandthemolecular
mechanisms underlying these quality traits and to apply that
knowledge in agriculture and horticulture. Our current major
focusistocontroldormancyandageingofseeds,toimproveseed
qualityandseedlingperformanceofhorticulturalandagricultural
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crops,andalsofurthertodevelopimprovedtoolsandstrategiesfor
weedmanagementforefficient crop production. Thisknowledge
overallisthekeyforhighqualityandyieldof cropseveninstressful
environmentsforproduction,and consequentlyadaptationtoa
changingclimate. Aimingatasolidcharacterisationofthebiological
basisforthetraitsofinterest, weinterdisciplinary combinedifferent
levels of approaches: Physiological observation, germination
monitoringandmodelling,endogenoushormonemeasurements,
biomechanicalmeasurementsandmolecularanalysisfromtargeted
gene expression to whole transcriptome analysis. Based onthe
integrateddata,potentialtargetsareexploited furtherforbreeding
anddevelopmentoftechnologies. Afewexamplesofourapproaches
andoutcomewillbeintroduced. (www.seedbiology.eu)

P3.8 EPIGENETIC AND PHYSIOLOGICAL
CHANGES DURING THE MATURATION OF
QUERCUS SUBER L. SOMATIC EMBRYOS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ MARTA PEREZ (ROYAL HOLLOWAY UNIVERSITY OF LONDON,
UNITED KINGDOM), MARCOS VIEJO (UNIVERSITY OF OVIEDO,
SPAIN), MARIA JESUS CANAL (UNIVERSITY OF OVIEDO, SPAIN)

@ MARTA.PEREZ@RHUL.AC.UK

QuercussuberL.(corkoak)isconsideredone ofthemostimportant
multipurpose speciesinthe Mediterranean ecosystem.Inspite
of its importance, conventional tree breeding methods as well
assuccessful vegetative propagationarelimited. Additionally,
seedsareconsideredrecalcitrantandcannotbestored. Somatic
embryogenesishasbeendevelopedincorkoakasanalternativeto
conventional propagationtechniquesandisconsideredthemost
effectiveinvitroregenerationmethodforoakspecies.Nevertheless,
thepoorqualityandincompletematuration of somaticembryos
seemstobethemostimportantfactorsthatlimittheproduction
thatthistechniqueoffers. Embryodevelopment, maturationand
furthergerminationrequirethecoordinateactionofhormonaland
metabolicsignalsaswellasepigeneticmechanismsthatregulate
theactivationandrepressionofdifferentgeneexpressionprograms.
Therefore, the objective of the present study was to monitor
epigeneticandhormonalchangesduringcorkoak somaticembryo
maturationbyquantifyingglobal DNAmethylationandendogenous
abscisicacid (ABA)levels. Moreover,immunodetectionof 5-methyl-
deoxycytidine(5-mdC)and ABA signalsduringtheprocesswerealso
recorded. Theresultsindicatethat,inadditionto ABA, epigenetic
controlappearstoplayanimportantroleforthecorrectmaturation
andsubsequentgerminationofcorkoaksomaticembryoswitha
decreasein5-mdClevelsduringdevelopmentwhileendogenous
ABA contentshowedatransientincreasewithapeakinimmature
E2embryosdenotingtheonsetofthematurationphase. Moreover,
theresultsshowedthatthereisaspecificspatial-temporalregulation
duringembryogenesis, particularly aftercoldtreatment.
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P3.9 INFLUENCE OF THE GERMINATION
ENVIRONMENT ON SEED SALT
TOLERANCE: TEMPERATURE MODULATION
OF CHLORIDE TOXICITY IN THE
HALOPHYTE SUAEDA MARITIMA

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ CHARLOTTE E SEAL (ROYAL BOTANIC GARDENS KEW, UNITED
KINGDOM), TIMOTHY J FLOWERS (UNIVERSITY OF SUSSEX,
UNITED KINGDOM), ADELE MUSCOLO (MEDITERRANEA
UNIVERSITY, ITALY)

@ C.SEALEKEW.ORG

Theeconomiccostofsalinitytoagricultureishighasthemajority
of common agricultural cropsaresensitive tosalt. Salt tolerant
plants,halophytes,areincreasingly consideredasnon-conventional
cashcropsduetotheirability toovercomethe osmoticandtoxic
challengesofsalinity. Thegerminationphysiologyofhalophytes
iscomplex, with somespeciesreportedtoavoid (e.g. dormancy)
and/ortolerate (e.g.ioncompartmentalisation)salttomaximise
thesuccessofgerminationandearlyseedlingestablishment.In
thisstudy, weinvestigated whetherthechloride concentration of
differentsaltsandthegrowthtemperaturewereassociatedwith
thegerminationandearlyseedlingperformanceofthehalophyte
Suaedamaritima(Amaranthaceae). Thesaltsweconsideredwere
artificialseawaterandequivalentconcentrationsofitsmajorsalt
components (NaCl,MgCl, andCaCl. ). At5°C,germination was
highestindistilled waterandanyungerminated seedsrecovered
fully when transferred to fresh water, indicating an osmotic
limitation.Incontrast,at25°C,germinationrapidly declined with
chlorideconcentrationandtherecoveryofungerminatedseedswas
poor,indicativeofiontoxicity. Seedlingdrymasswasalsonegatively
associatedwithchloride concentration. Throughobservingsucha
significanttemperature-salinityinteraction, werecommendthat
laboratorystudiesonthesalttolerance ofgermination consider
boththechlorideconcentrationofthe germinationmediumand
temperature, whichwillhavedownstreameffectsontheunderlying
mechanismsofseedsalttolerance.

P3.10 GERMINATION RESPONSES
OF PINUS DENSIFLORA SEEDS TO
TEMPERATURE AND LIGHT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@& CHAE SUN NA (INSTITUTE OF BOTANY UNIVERSITY OF
INNSBRUCK, AUSTRIA), THOMAS ROACH (INSTITUTE OF
BOTANY UNIVERSITY OF INNSBRUCK, AUSTRIA), CHARLOTTE
SEAL (ROYAL BOTANIC GARDEN KEW, UNITED KINGDOM), ILSE
KRANNER (INSTITUTE OF BOTANY UNIVERSITY OF INNSBRUCK,
AUSTRIA)

@ CHAESUN.NA@UIBK.AC.AT

ThegerminationresponsesofPinusdensiflora,aspeciesoccurred
overEastAsiaincludingJapanandKorea, wereinvestigatedwith
respecttotemperatureandlight.Seedswerecollected from South
KoreainOctober2015anddriedto5.0% moisturecontent. Athermal
gradientplatewasusedtoevaluatethegerminationresponseto
constantandfluctuatingtemperaturesinrangeof5to35°C,and
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the effect of light on germination was tested in comparison to
darknessunderfourtemperature conditions: 20°C,25°C,15/25°Cand
20/30°C(day/night;12h/12h).Resultsfromthethermalgradient
plateshowedthatP.densiflorahadthehighestgerminationsuccess
whendailytemperatureaveragedbetween18°Cand24°C,witha
maximumtotalgerminationof92% (at23.2°C).Belowanaverage
of 15°Candabove32°Cgerminationwaslessthan 10%.However,
pre-treated seeds at 45°C and 100% RH for up to 5 d improved
germinationspeedandtotalgermination. Totalgermination of P.
densiflorawasmuchgreaterunder12hlightcomparedtodarknessat
alltemperatureregimestested.ltwasinsignificantwhetheraseed
experiencedahighertemperatureduringthedayornightshowinga
separationoftheresponsestolightandtemperature.Inconclusion,
thisspeciesisnotsensitivetotemperaturefluctuations,butlightis
necessaryforgermination. Seedsmaypossessshallowdormancy
asvigourcouldbeimprovedviaaheatshock. Theresultsprovide
baselineknowledgeforfutureresearchonP.densifloraseeds.

P3.11 IDENTIFICATION OF GENE
REGULATORY NETWORKS DRIVING
CHANGES IN THE BIOMECHANICAL
PROPERTIES OF EMBRYO CELLS AND
THE SEED TO SEEDLING TRANSITION

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ HAO XU (UNIVERSITY OF BIRMINGHAM, UNITED KINGDOM),
GEORGE W BASSEL (UNIVERSITY OF BIRMINGHAM, UNITED
KINGDOM)

© HAOXUPLANT@GMAIL.COM

Theseedtoseedlingtransitionin Arabidopsisisdrivenexclusive
throughchangesincellshape.Changesinthemechanical properties
oftheembryocellwallthereforeunderliethistransition,andcell
wall modifying gene expression represents the downstream
targets of the germination process. Using targeted yeast
interaction screening, we haveidentified transcription factors
whichdirectlybind theupstreamsequencesofthe geneswhich
promote cell expansion during Arabidopsis seed germination.
Thesetranscriptionfactorsmediatethepenultimatestepofthe
germinationprocessthroughtheirregulationof gene expression
whichdirectlyaltersthephysicalpropertiesofthecellwall. The
functional validation of these interactionsis ongoing, and will
ultimately provide genetictargetsfortheenhancement of seed
vigourandseedlingestablishment.
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P4 THE PLANT ENDOPLASMIC RETICULUM:
A DYNAMIC MULTITASKING ORGANELLE

ORGANISED BY: PROF CHRIS HAWES (OXFORD BROOKES UNIVERSITY, UNITED KINGDOM),
DR LORENZO FRIGERIO (UNIVERSITY OF WARWICK, UNITED KINGDOM), DR PATRICK
SCHAFER (UNIVERSITY OF WARWICK, UNITED KINGDOM), DR VERENA KRIECHBAUMER
EOXFORD BROOKES UNIVERSITY, UNITED KINGDOM) AND DR EMILY BREEZE

UNIVERSITY OF WARWICK, UNITED KINGDOM)

P4.1 STRUCTURE AND DYNAMICS OF
THE ENDOPLASMIC RETICULUM IN
CULTURED MAMMALIAN CELLS

™ TUESDAY 5 JULY, 2016 ® 10:30

P4.2 QUANTIFYING THE PLANT
ENDOPLASMIC RETICULUM, ARE
WE NEARLY THERE?

™ TUESDAY 5 JULY, 2016 O® 11:10

@ EIJA JOKITALO (UNIVERSITY OF HELSINKI, FINLAND)

@ EIJA.JOKITALO@HELSINKI.FI

Weare studyingmolecular determinantsinvolvedinorganelle
maintenance and dynamic interplay between organelles.
Endoplasmicreticulum (ER)isthemostextensive cellularmembrane
organelleandconstitutesthebiosyntheticcompartmentforlipids
andsecretedandintegralmembraneproteins.Italsoplaysakeyrole
asareservoirofCa2+ionsandahubcontrollingcalciumsignalingand
homeostasis.ItisthusnotsurprisingthattheERdirectlyparticipates
inmostmembranecontactsitesofthecell. Toaccommodatethevast
rangeoffunctions,the ERnetworkspreadsthroughoutthecell,and
itsfunctionsaredistributedintostructuralsubdomainsaccording
totheirspecificrequirements. Themainaimofmyresearchteamis
tounderstand:

- howdifferentfunctionsaredistributedtothevarioussubdomains,
- howthedynamicsoftheERisorchestrated,and
— howtheERsheet/tubule-balanceismaintained.

Weareutilizingseveraladvancedimagingtechniquesincluding
two3D-EMtechniquesandcorrelativelightelectronmicroscopy
toappreciatethedynamicnatureofthe ERandmembranecontact
sites and to visualize the membranes and all organelles within
cellular context at once. Knowledge of the mechanismsbehind
thestructuralmaintenanceanddynamicswillbethekeytowards
deeperunderstanding of ER functionsandtheirregulation.

& IMOGEN SPARKES (UNIVERSITY OF EXETER, UNITED KINGDOM),
CONGPING LIN (UNIVERSITY OF EXETER, UNITED KINGDOM),
PETER ASHWIN (UNIVERSITY OF EXETER, UNITED KINGDOM),
RHIANNON WHITE (UNIVERSITY OF EXETER, UNITED KINGDOM),
LAWRENCE GRIFFING (TEXAS A AND M UNIVERSITY, UNITED
STATES)

©@ I.SPARKES@EXETER.AC.UK

The ER is a highly dynamic network comprised of tubules and
cisternalregionsthatreadily grow, shrinkandinterconvertover
shorttimescales. The ERplaysessentialrolesinthecellthatare
linked, to a certain extent, to the morphology and dynamics of
theorganelleitself. Tobeabletobetterunderstandthefunctional
role,wearetryingtounpickthemolecularcomponentsthatdrive
ERdynamics.Oneofthemainobstaclesintacklingthiscomplex
problemisbeingabletoquantify ERmorphologyanddynamics.
Here,Iwilldiscusssomeofthecurrenttechniquesandadvances
thatwehavemadeinthisarea.
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P4.3 A C-TERMINAL AMPHIPATHIC
HELIX IS NECESSARY FOR THE IN
VIVO TUBULE-SHAPING FUNCTION OF
A PLANT RETICULON A C-TERMINAL
AMPHIPATHIC HELIX IS NECESSARY
FOR THE IN VIVO TUBULE-SHAPING
FUNCTION OF A PLANT RETICULON

™ TUESDAY 5 JULY, 2016 ® 11:25

@& EMILY BREEZE (UNIVERSITY OF WARWICK, UNITED KINGDOM),
NATASHA DZIMITROWICZ (UNIVERSITY OF WARWICK, UNITED
KINGDOM), RHIANNON BROOKS (UNIVERSITY OF WARWICK,
UNITED KINGDOM), STANLEY W BOTCHWAY (RUTHERFORD
APPLETON LABORATORY, UNITED KINGDOM), JACOB P BRADY
(UNIVERSITY OF OXFORD, UNITED KINGDOM), CHRIS HAWES
(OXFORD BROOKES UNIVERSITY, UNITED KINGDOM), ANN
DIXON (UNIVERSITY OF WARWICK, UNITED KINGDOM), JASON
R SCHNELL (UNIVERSITY OF OXFORD, UNITED KINGDOM),
LORENZO FRIGERIO (UNIVERSITY OF WARWICK, UNITED
KINGDOM)

@ EMILY.BREEZE@WARWICK.AC.UK

Reticulons (RTNs) are a class of endoplasmic reticulum (ER)
membraneproteinsthatarecapableofmaintaininghighmembrane
curvature,thushelpingshapethe ERmembraneintotubules. The
mechanismofactionof RTNsishypothesisedtobeacombination
ofwedging,resultingfromthetransmembranetopology of their
conservedreticulonhomologydomain,andscaffolding,arising
from the ability of RTNs to form low-mobility homo-oligomers
within the membrane. We have studied the plant RTN isoform
RTN13,whichhaspreviouslybeenshowntolocatetoERtubules
andthe edges of ER cisternae and to induce constrictionsin ER
tubuleswhenoverexpressed,andhaveidentifiedaregioninthe
C-terminuscontainingaputativeamphipathichelix (APH).Here
weshowthatdeletionofthisregionordisruptionofthehydrophobic
faceofthepredictedhelixabolishestheability of RTN13toinduce
constrictionsof ER tubulesinvivo. Thesemutants, however, still
retaintheirabilitytointeractand formlow-mobility oligomersin
theERmembrane.Hence,ourevidenceindicatesthattheconserved
APHisakeystructuralfeatureforRTN13functioninvivoandwe
proposethatRTN,likeothermembranemorphogens,relyon APHs
fortheirfunction.
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P4.4 THE DYNAMIC BEHAVIOR OF
STORAGE ORGANELLES IN DEVELOPING
CEREAL SEEDS

™ TUESDAY 5 JULY, 2016 ©® 11:40

@ EVASTOGER (UNIVERSITY OF NATURAL RESOURCES AND LIFE
SCIENCES (BOKU), AUSTRIA), ELSA ARCALIS (UNIVERSITY
OF NATURAL RESOURCES AND LIFE SCIENCES (BOKU),
AUSTRIA), VERENA IBL (UNIVERSITY OF NATURAL RESOURCES
AND LIFE SCIENCES (BOKU), AUSTRIA), STANISLAV MELNIK
(UNIVERSITY OF NATURAL RESOURCES AND LIFE SCIENCES
(BOKU), AUSTRIA), JENNY PETERS (UNIVERSITY OF NATURAL
RESOURCES AND LIFE SCIENCES (BOKU), AUSTRIA)

@ EVA.STOEGER@BOKU.AC.AT

Cereal endosperm is a short-lived tissue adapted for nutrient
storage, and its endomembrane systemis clearly influenced by
thisfunctionalspecialization. Duringendospermdevelopment
specializedorganellesareformedfortheaccumulationofstorage
proteins, which are ultimately deposited either within protein
bodiesderivedfromtheendoplasmicreticulum,orinproteinstorage
vacuoles (PSVs).During seed maturationthe endospermtissue
undergoesextensiveendomembrane systemreorganizationand
rearrangementincludinginteractionsbetweenorganelles, while
proteintransportoccursviaseveraldevelopmentallyregulated
traffickingroutes.Invivoimagingandtheuseoftonoplastmarkers
andfluorescentorganelletracersprovidefurtherinsightintothese
dynamic membrane reorganization events in the developing
endospermofdifferentcerealspecies.

The analysis of recombinant protein transport, deposition
andglycosylation provides additionalinformation about cargo
traffickingtostorageorganellessincethespecializedarchitecture
and dynamicbehavior of the endomembrane systemin storage
cells may influence the subcellular fate and post-translational
modificationofrecombinantglycoproteins. Ontheotherhand,a
betterunderstandingofthepeculiarrulesofproteintraffickingto
endogenousandectopicallyinducedstorageorganellesisdesirable
todesignoptimizedproductionstrategiesformolecularfarming
applicationsthatexploittheuniquebioencapsulationproperties
of storageorganellesforthedeliveryofrecombinantvaccinesand
otherpharmaceuticals.

P4.5 THE NATURE OF THE
ASSOCIATION OF THE ENDOPLASMIC
RETICULUM WITH THE CYTOSKELETON
DURING PLASMOLYSIS

™ TUESDAY 5 JULY, 2016 ®© 12:10

@ LAWRENCE GRIFFING (TEXAS A&M UNIVERSITY, UNITED
STATES), XIAOHANG CHENG (TEXAS A&M UNIVERSITY, UNITED
STATES), INGEBORG LANG (UNIVERSITY OF VIENNA, AUSTRIA)

©@ GRIFFING@TAMU.EDU

Plasmolysis, wherebytheprotoplastwithdrawsfromthe cellwall,
providesanexperimentalapproachtodeterminethenatureofthe
linkagebetweenthe endoplasmicreticulum (ER) at the plasma
membrane/cell wall interface and the accompanying cortical
cytoskeletal elements, filamentous actin and microtubules.
Duringtreatmentwithhighosmolaritysolute (0.7 Mmannitol),
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theprotoplastofhypocotylcellsin Arabidopsiscanundergocan
undergoconcaveplasmolysis, wherebylargeconcaveinvaginations
occuralongthelongitudinalsidesofthecell;thiscandevelopinto
convex plasmolysis, whereby the round protoplast withdraws
fromtheapical/basalendsofthecells. Duringbothconcaveand
convex plasmolysis, ER -containing strands continue to reside
adjacenttothecellwall,andarealargepartofthenetworkcalled
theHechtianreticulum. TheERinthe Hechtianreticulumbecomes
exclusivelyassociatedwith corticalmicrotubularstructures, which
aredramaticallyalteredfromthecorticalmicrotubulararrayin
non-plasmolysedcells,andtheERnolongerassociateswithactin
filamentbundles.Ontheotherhand, duringconvexplasmolysis,a
capofactinfilamentbundlesformsinthewithdrawingprotoplast
which containsthebulkofthe ERnetwork.Largestrandswhich
containERandlinkthe shrinking protoplast withthe cellwall,
the Hechtian strands, sometimes also contain actin filaments.
AccompanyingthesechangesinER-cytoskeletonassociationare
changesintheboththeluminalflowof ER proteinandchangesin
thepersistentcisternalizationofthe ERnetwork. ProtoplastER
becomesmorecisternalandmoreperpersistentduringplasmolysis.

P4.6 METABOLIC PLASTICITY AS
MEDIATED BY THE DHURRIN METABOLON

™ TUESDAY 5 JULY, 2016 ©® 13:40

@ BIRGER L. M@LLER (UNIVERSITY OF COPENHAGEN, DENMARK),
TOMAS LAURSEN (UNIVERSITY OF COPENHAGEN, DENMARK),
KRUTIKA BAVISHI (UNIVERSITY OF COPENHAGEN, DENMARK),
CAMILLA KNUDSEN (UNIVERSITY OF COPENHAGEN, DENMARK),
TIMOTHY DAFFORN (UNIVERSITY OF BIRMINGHAM, UNITED
KINGDOM), JONAS BORCH (NOVO NORDISK, DENMARK), JEAN-
ETIENNE BASSARD (UNIVERSITY OF COPENHAGEN, DENMARK)

@ BLMePLEN.KU.DK

Cyanogenicglucosidesareaclassofspecializedmetabolitesfound
innumerouscropplantswithdhurrinbeingpresentinSorghum
bicolor.Dhurrinisformedfromtyrosineinapathwaycatalyzed
by CYP79A1, CYP71E1, UGT85B1 and P450 oxidoreductase
(POR).Thethreemembraneboundproteinsaresituatedinthe ER
membraneandthebiosyntheticenzymesarethoughttoorganize
inenzyme complexesfacilitatingchanneling oftoxicandlabile
intermediates.In vivostudies based on transient expressionin
Nicotianabenthamianademonstratedthatallenzymeswereactive
whenexpressedaseGFPfusionproteinsandcatalyzedefficient
channeling ofintermediates. Protein-protein interactions and
channelingwasstudiedinplantausingfluorescencelifetimeimaging
microscopy, fluorescence correlationspectroscopy andmetabolite
analysis. Wedemonstratethattheenzymescatalyzingdhurrin
biosynthesisareorganizedwithindynamicmetabolonsenabling
plantstoadapttoenvironmentalchallenges. Usingthestyrene
maleicacid (SMA) copolymer,discretelipidparticles(SMALPs)were
excisedfromthe ERmembraneenablingpurificationofthedhurrin
metabolonbyaffinity chromatographyandcharacterizationbymass
spectrometrybasedproteomics. Functionalimportanceofidentified
protein-proteininteractionsandlipidenvironmentwasstudied by
reconstitutionofthedhurrinpathwayinproteoliposomes. UGT85B1
bindingtoliposomeswasdependentofthepresenceof CYP79A1and
CYP71E1. Amodelfortheorganizationofthe dhurrinmetabolonin
multi-enzymeclustersispresented. ThisSMALPnanodiscapproach
maybegenerallyemployed fordetergentfreeisolation ofentire
biosyntheticpathwaysorganizedwithinmetabolonstoidentify
enzymescatalyzingmissingstepsandtoidentifythepresenceof
lipidsstabilizingproteinentanglement.

CELL BIOLOGY ABSTRACTS 209

P4.7 POLYPRENOL REDUCTASE2
DEFICIENCY IS LETHAL IN
ARABIDOPSIS DUE TO MALE STERILITY

™ TUESDAY 5 JULY, 2016 ©® 14:20

@ MALGORZATA GUTKOWSKA (INSTITUTE OF BIOCHEMISTRY AND
BIOPHYSICS PAS, POLAND), ADAM JOZWIAK (INSTITUTE
OF BIOCHEMISTRY AND BIOPHYSICS PAS, POLAND),
KATARZYNA GAWARECKA (INSTITUTE OF BIOCHEMISTRY AND
BIOPHYSICS PAS, POLAND), LILIANA SURMACZ (INSTITUTE
OF BIOCHEMISTRY AND BIOPHYSICS PAS, POLAND), ANNA
BUCZKOWSKA (INSTITUTE OF BIOCHEMISTRY AND BIOPHYSICS
PAS, POLAND), MALGORZATA LICHOCKA (INSTITUTE OF
BIOCHEMISTRY AND BIOPHYSICS PAS, POLAND), JULITA
NOWAKOWSKA (WARSAW UNIVERSITY, POLAND), EWA SWIEZEWSKA
(INSTITUTE OF BIOCHEMISTRY AND BIOPHYSICS PAS, POLAND)

© GOSIAGEIBB.WAW.PL

Dolicholisarequiredcofactorforproteinglycosylation,themost
commonposttranslationalmodificationmodulatingthestability
andbiologicalactivity of proteinsinalleukaryoticcells. Wehave
identified and characterized two genes, PPRD1 and -2, which
areorthologoustohuman SRD5A3 (steroid 5areductasetype3)
andencode polyprenolreductasesresponsible for conversion of
polyprenoltodolicholin Arabidopsisthaliana. PPRD1and-2play
dedicatedrolesinplantmetabolism.PPRD2isessentialforplant
viability;itsdeficiencyresultsinaberrantdevelopmentofthemale
gametophyte and sporophyte. Impaired protein glycosylation
seems tobe the major factorunderlying these defects although
disturbancesinothercellulardolichol-dependent processescould
also contribute. Shortage of dolicholin PPRD2-deficient cellsis
partiallyrescuedby PPRD1 overexpressionorbysupplementation
withdolichol.

P4.8 DISTINCT ER-GOLGI

RECYCLING PATHWAYS AND ER SUB-
COMPARTMENTALIZATION ARE REVEALED
BY HIGH-RESOLUTION SEPARATION

OF THE SECRETORY PATHWAY AND
PROTEOMIC ANALYSIS

™ TUESDAY 5 JULY, 2016 ©® 14:35

@ HARRIET T PARSONS (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), TIM J STEVENS (MRC LABORATORY OF MOLECULAR
BIOLOGY, UNITED KINGDOM), HEATHER E MCFARLANE
(MELBOURNE UNIVERSITY, AUSTRALIA), LAURENT GATTO
(UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM), WILLIAM
G. T. WILLATS (COPENHAGEN UNIVERSITY, DENMARK),
CHRISTOPHER J. PETZOLD (LAWRENCE BERKELEY NATIONAL
LABORATORY, UNITED STATES), KATHRYN S. LILLEY
(UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM), JOSHUA L.
HEAZLEWOOD (MELBOURNE UNIVERSITY, AUSTRALIA)

© TEMPEPARSONS@GMAIL.COM

Amembrane-enriched fraction from Arabidopsisthalianacell-
suspensionculturehasbeenseparatedalonganelectrophoretic
gradient, at sufficiently high resolution to resolve protein
components of the ER, different Golgi cisternae and trafficking
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vesicles. A gradientof surfacechargethatexistsacrossthesecretory
pathway enabled compartmentstobe separated fromearly (ER
&ndash;compartment 1) tolate (trans-Golginetwork [TGN]). This
allowedthefateofdifferentiallyresolvinggroups of ER proteins
tobetrackedacrossthewholesecretorypathway. Resultsclearly
showed proteins from ER—group 1 cyclingbetween the ER and
early-medial Golgi, whereas ER-group 2 proteinsextendedtothe
trans-Golgi,andoccasionallythe TGN.Evidencefordirect ER toPM
traffickingpathwayswasalsodetected. Consistentidentifications
across multiple biological replicates allowed compilation of ER
and Golgisub-compartmentproteomes. Comparisonsofprotein
sequencefeaturesbetweenproteomesrevealedthedistribution of
retentionmotifsacross ER compartments,aswellasdifferencesin
transmembranespanproperties, cytosolicandluminalcharge,and
aminoacidenrichment.ER proteinswerelesspositively charged,
withshortertrans-membranespans,andmorearomaticsidechains
thanmedial ortrans-Golgiproteinsbutdifferencesalsoexisted
betweenERgroups. Thisstudyhasdeliveredanunprecedented
amountofnew, high-resolutionsecretorysystemdata,settingthe
ERincontextandallowingthemostdetailedcharacterizationto
dateofaeukaryoticER proteome.

P4.9 LIPID PHYSICAL PROPERTIES,
MEMBRANE DYNAMICS AND
TRANSPORT, AND LYSOPHOSPHOLIPID
ACYLTRANSFERASES AT THE ER-GOLGI
INTERFACE IN PLANT CELLS

™ TUESDAY 5 JULY, 2016 ©® 14:50

@ PATRICK MOREAU (CNRS-UNIVERSITY OF BORDEAUX, FRANCE),
VALERIE WATTELET-BOYER (CNRS-UNIVERSITY OF BORDEAUX,
FRANCE), MARINA LE GUEDARD (CNRS-UNIVERSITY OF
BORDEAUX, FRANCE), JEAN-JACQUES BESSOULE (CNRS-
UNIVERSITY OF BORDEAUX, FRANCE)

@ PATRICK.MOREAU@U-BORDEAUX.FR

Membrane lipids are very critical for cell and organelle
compartmentalizationinalleukaryoticcells.Inplantcellswe,and
otherteams, haveevidenced theinvolvementoflipidmetabolismin
theregulationoftheplantsecretory/retrograde pathways. Physical
propertiesoflipidsandtheirinteractionswithotherpartners (lipids
or proteins) reveal these molecules as key actors of membrane
curvatureregulationinmany cellularprocessesandespeciallyin
secretory/retrogradepathways. Lipids couldplaycriticalrolesin
endomembranemorphodynamicsregulation, organellemorphology
andtransportvesicleformation/fusionlikeithasbeenindicated
withinvivo/invitrostudiesinanimalandyeastmodels.
Forexample, arole for several enzymes of lipid metabolism
suchasphospholipasesandacyltransferasesinthefunctionofthe
secretory/retrogradepathwayshasbeenlargely highlightedin
animalcells.Lysophospholipidacyltransferasescouldbecriticalfor
theplantsecretorypathwayaswellandespeciallyatthe ER/Golgi
interface.Severallysophosphatidicacyltransferaseshavebeen
identifiedin A.thaliana.Theseenzymeshaveanacyltransferase
activityandsubcellularlylocalizetothe ER for3ofthemandtothe
Golgiforoneofthem. Thefullcharacterizationoftheacyltransferase
activitiesusingrecombinantproteinsisonprogress, mutagenesis,
reversegeneticsandimagingapproacheswillalsobedevelopedto
establishtheirpotentialrolesatthe ER-Golgiinterfaceinplantcells.
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P4.10 ORCHESTRATION OF
THE GLUCOSINOLATE
BIOSYNTHETIC PATHWAY

™ TUESDAY 5 JULY, 2016 ® 16:00

@ BARBARA HALKIER (UNIVERSITY OF COPENHAGEN, DENMARK)

Inourresearchweaimedatprovidingevidence for whetherthe
glucosinolatebiosyntheticpathwayorganizedinametabolon.In
atargeted Y2Happroachwherebiosyntheticenzymeswereused
asbaitandprey,respectively,onlyweakinteractions wereseen
between membrane-bound P450s and a soluble GGP1 enzyme,
whichalsoboundthesoluble UGTsand SOTs. Untargeted yeast-2-
hybrididentified 54interactingproteins,includingasmallfamily of
interactorspotentiallyprovidingadirectlinktodefensesignaling.
Noticeable,noneoftheproteinsidentifiedintheyeast-2-hybrid
screens wastheenzymesinthebiosynthetic pathway. Neither
werethereapparentscaffoldingproteinsandassembly chaperones
amongstourcandidategenes. Thefindingsindicatedthatmostofthe
enzymesareonlytransientlyinteracting. Ourcurrentthinkingis
thatratherthanviewingtheindividualstepsaspartofametabolon
withtightphysicalinteractions, wenow viewtheorchestration
of the pathway as a dynamic cluster of enzymes that may self-
assemblestochasticallythroughtransientinteractionsinhighly
organizedcytoplasmicmicroenvironments.Asweakortransient
interactionsbetweentwoproteinsin &lsquo;split&rsquo;reporter
systemsmay givefalsenegativeresults,wehaveimplementeda
toolforplantresearchwherereporterscanbechemicallyinduced
todimerizetheFKBP12andtheFRBdomainsindependently ofthe
investigatedinteractions. Thechemically-induced dimerization
servesasabuilt-inpositiveinternal control, thereby overcoming
manyofthedrawbacksassociatedwithevaluationof protein-protein
interactionsbetweentwoproteinsofinterest.

P4.11 AUXIN BIOSYNTHESIS AND THE
ENDOPLASMIC RETICULUM

™ TUESDAY 5 JULY, 2016 ©® 16:30

@ VERENA KRIECHBAUMER (OXFORD BROOKES UNIVERSITY,
UNITED KINGDOM)

©@ VKRIECHBAUMER@BROOKES.AC.UK

Thegrowthregulatorauxinisinvolvedinallkey developmental
processesinplants. Acomplexnetwork ofamultiplicity of potential
auxinbiosyntheticpathwaysaswellastransport,signallingplus
conjugation and deconjugation lead to a complicated system of
auxinfunction. Thisraisesthequestionhowsuchacomplexand
multifaceted system producing such apowerfulandimportant
moleculeasauxincanbeeffectivelyorganisedandcontrolled. We
investigated the subcellularlocalisation of auxin biosynthetic
enzymesintheTAA/YUCrouteandfoundthatasubsetoftheses
enzymes is localised to the endoplasmic reticulum (ER). ER
microsomal fractions also contain a significant percentage of
auxin biosynthetic activity. We show specific protein-protein
interactionsbetweensomeoftheenzymesinthe TAA/YUCroute
ofauxinbiosynthesis. Takentogetherthis could pointtowarda
modelofauxinfunctionusingERmembranelocationand subcellular
compartmentationfor supplementarylayersofregulation.
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P4.12 TWO SIGNALING
PATHWAYS OF THE ER STRESS
RESPONSE IN ARABIDOPSIS

™ WEDNESDAY 6 JULY, 2016 ® 09:00

@ NOZOMU KOIZUMI (OSAKA PREFECTURE UNIVERSITY, JAPAN),
YUJI IWATA (OSAKA PREFECTURE UNIVERSITY, JAPAN)

@ NKOIZUMI@PLANT.OSAKAFU-U.AC.JP

TheERstressresponseortheunfolded proteinresponse (UPR)isa
cellularresponsetocopewithaccumulationofabnormally folded
proteinsintheER.IntheERstressresponse, genescodingforER
chaperonesandfoldasesarecoordinatelyinduced.IRE1,anER
stresssensorwellconservedamongeukaryoticcells, catalyses
cytoplasmic splicing of mRNA encoding bZIP transcription
factors. ArabidopsisbZIP60istranslatedasan ER-membrane-
boundproteinthatisinactiveunderunstressed condition. When
cellsareexposedtostresses,the RNasedomainof IRE1 cleaves
thebZIP60mRNA attwopositionsandanintronof23nucleotides
inlengthissplicedout. Thissplicingcausesframeshift,resulting
inthetranslation of bZIP60protein withoutatransmembrane
domain,whichlocatestothenucleus.Ithasalsobeenfoundthat
atRNAligaseisnecessarytocompletethesplicing.Inadditionto
bZIP60,bZIP28,anothermembrane-boundtranscriptionfactor,is
involvedinthe UPR. DifferentfromthebZIP60,bZIP28isregulated
byproteolysis.Recentprogress ofthemolecularmechanismof
thesepathwayswillbediscussed.

|
P4.13 STUDYING THE ER IN 3-D

™ WEDNESDAY 6 JULY, 2016 ©® 09:40

@ CHRIS HAWES (OXFORD BROOKES UNIVERSITY, UNITED
KINGDOM), LOUISE HUGHES (OXFORD BROOKES UNIVERSITY,
UNITED KINGDOM), MAIKE KITTELMANN (OXFORD BROOKES
UNIVERSITY, UNITED KINGDOM)

@ CHAWES@BROOKES.AC.UK

Recentadvancesinhighresolutionfieldemissionscanningelectron
microscopy combinedwiththeability tosectionresinblocks within
themicroscope specimenchamberhaverevolutionisedourabilityto
studycellstructureinthreedimensions.Serial BlockFaceScanning
Electron Microscopy (SBESEM) permitsthecollectionoflargethree
dimensionaldatasetsfromresinembeddedmaterial. Oneofthe
majorlimitationsofthetechniqueisgeneratingsufficientcontrastin
thespecimenpriortoresinembeddingtopermitsequentialcollection
ofrelativelyhighmagnificationimages. Weuseselectivestainingof
membranesusingthezinciodide/osmiumtetroxideimpregnation
techniquetoselectivelyhighlighttheendoplasmicreticulum.In
thiswaythe3-Dorganisationoftheendoplasmicreticulumcanbe
studiedthroughreconstructionsofdatasetsobtainedfromthe Gatan
3-Viewsystemandreconstructedusingsuitablesoftware. Herewe
willdescribetheuseofthistechniquetoinvestigatetheorganisation
oftheendoplasmicreticulumindividingrootmeristematiccalls
andleaves.
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P4.14 UNDERSTANDING SNARE
INSERTION IN PLANTS: GENETIC
ANALYSIS OF GET PATHWAY COMPONENTS
IN ARABIDOPSIS THALIANA

™ WEDNESDAY 6 JULY, 2016 ® 09:55

@ CHRISTOPHER GREFEN (UNIVERSITY OF TUEBINGEN, GERMANY),
SHUPING XING (UNIVERSITY OF TUEBINGEN, GERMANY),
DIETMAR MEHLHORN (UNIVERSITY OF TUEBINGEN, GERMANY),
NIKLAS WALLMEROTH (UNIVERSITY OF TUEBINGEN, GERMANY),
LISA ASSECK (UNIVERSITY OF TUEBINGEN, GERMANY),
RITWIKA KAR (UNIVERSITY OF TUEBINGEN, GERMANY)

@ CHRISTOPHER.GREFEN@UNI-TUEBINGEN.DE

SNAREproteinscatalysethefinalstepinmembrane fusionwith
theircognate SNAREpartnersthroughtightinteractionviatheir
cytosolicN-terminaldomains. Their C-terminalmembraneanchor
pullsthe opposite membranes together, overcoming the strong
dehydrationforcesassociatedwiththelipidbilayerandultimately
leadingtofusionofthetwomembranes. Thisimportantfunction
is prerequisite to a multitude of vital cellular functions such as
traffickingofcargototheoutsideofthecelloraddingadditional
membrane material to the plasma membrane for expansion.In
yeastandmammalsintegrationoftail-anchored (TA) membrane
proteins seems to be facilitated via cytosolic componentsinan
ATP-dependentfashion. This ‘Guided-Entry of TAproteins’(GET)
pathwayhasnotbeendescribedinplantswhereresearchfocusses
onimportpathwaysintochloroplastsandmitochondria. Howthe
abundanceof SNAREandother TAproteinsareintegratedintothe
ERmembraneinplantsiscurrentlyunknown.Wehaveidentifiedthe
candidatesinvolvedinaputative GET pathway of Arabidopsis. Our
datashowthatplantshaveevolvedmultipleorthologuesofspecific
GET pathway components,albeitinacompartment-specificmanner.
Incontrast,othersseemtobeabsentinplantssuggestingdifferences
intheproteininsertionmechanismorthedevelopmentofalternative
pathways. Thelatterhypothesisissupportedbyhighlyspecific
ratherthangeneralphenotypesassociatedwithloss-of-function
lineshighlighting the plant&rsquo;s need for backupinsertion
mechanisms.

P4.15 ARABIDOPSIS NAP1 REGULATES
THE FORMATION OF AUTOPHAGOSOMES

™ WEDNESDAY 6 JULY, 2016 ©® 10:10

@ PENGWEI WANG (DURHAM UNIVERSITY, UNITED KINGDOM),
CHRISTINE RICHARDSON (DURHAM UNIVERSITY, UNITED
KINGDOM), CHRIS HAWES (OXFORD BROOKES UNIVERSITY,
UNITED KINGDOM), PATRICK J. HUSSEY (DURHAM UNIVERSITY,
UNITED KINGDOM)

@©@ PENGWEI.WANG@DURHAM.AC.UK

TheSCAR/WAVEcomplexisrequiredfor ARP2/3mediatedactin
nucleation,andthismechanismishighlyconservedinplantsand
animals.ProteinsfromtheSCAR/WAVE complexhavebeenfound
tobemembrane associated in plants. Using fluorescent protein
fusions we have found that NAP1, a component of the SCAR/
WAVEcomplex,locatestovesicles/punctathatappearuponapplied
pressure. TheseNAP1vesiclescanbe ERassociated,canco-align
withthecytoskeletonandfusetoeachotherhomotypically. More
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interestingly, themajority co-localize withtheautophagosome
marker, ATG8. Anti-NAP1identifiesautophagosomesinimmune-
TEM. Autophagy is enhanced upon Nitrogen starvation and
upon salt stress. However, less autophagosomes are generated
innaplmutants during starvation stress, indicating that the
formation of autophagosomesisdependent onthepresenceofa
functioningSCAR/WAVE complex.NAP1knockoutmutants(and
KOmutantsofothercomponentsoftheSCAR/WAVEand ARP2/3
complexes) aremoresusceptibletoNitrogenstarvationandareless
salttolerant. Thisindicatesthatthe NAP1mutantisdefectivein
autophagy. TakentogetherourdatashowthatNAP1hasanother
functioninplantcells,otherthanincellexpansion,andthatisasa
regulatorofautophagy.

P4.16 THE ENDOPLASMIC RETICULUM
AS MEDIATOR OF STRESS ADAPTATION
AND CELL DEATH IN PLANTS

™ WEDNESDAY 6 JULY, 2016 ©® 11:00

@ PATRICK SCHAFER (UNIVERSITY OF WARWICK, UNITED
KINGDOM), CHARLOTTE RICH (UNIVERSITY OF WARWICK,
UNITED KINGDOM), RUTH EICHMANN (UNIVERSITY OF WARWICK,
UNITED KINGDOM)

@ P.SCHAFER@WARWICK.AC.UK

Theendoplasmicreticulum (ER)takesacentralroleintheintegration
of processesregulatingplantgrowthandstressadaptation. Stress
andcertaingrowthstagesinduce ERstressinplantssincethe ER
istransientlyunabletoprocessasuddenlyincreaseddemand for
secretoryproteins. Adapting ER functionthereforebearsahigh
potentialtoimproveplant performanceunderdiverseconditions.
Cells take the accumulation of unfolded proteins in the ER as
indicatorfor ER stress. Toreinstall proper ER function, ER stress
sensorsaretranslocatedtothenucleustoinducetheunfoldedprotein
response (UPR)uponmild ER stress. However, plantsandanimals
apparentlyusesomeofthesesensorstoactivate programmed-cell
death(PCD)uponfailedUPRactivationorsevere ERstress.Inplants,
themutualisticfungusPiriformosporaindica(Pi) triggersER stress
butsimultaneously suppressestheadaptive UPRtoinitiate,after
alagphase,ER-PCD.WepresentdatahowPicanserveusasatoolto
dissectERstresssignallingandtoidentifykeyregulatorsofthe UPR
andERstressinduced PCD.
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P4.17 ESCRTING DURING BARLEY
ENDOSPERM DEVELOPMENT

™ WEDNESDAY 6 JULY, 2016 ® 11:30

& VERENA IBL (UNIVERSITY OF NATURAL RESOURCES AND
LIFE SCIENCES (BOKU), AUSTRIA), JULIA HILSCHER
(UNIVERSITY OF NATURAL RESOURCES AND LIFE SCIENCES
(BOKU), AUSTRIA), ELSA ARCALIS (UNIVERSITY OF NATURAL
RESOURCES AND LIFE SCIENCES (BOKU), AUSTRIA), ROLAND
BERDAGUER (UNIVERSITY OF NATURAL RESOURCES AND LIFE
SCIENCES (BOKU), AUSTRIA), EVA STOEGER (UNIVERSITY OF
NATURAL RESOURCES AND LIFE SCIENCES (BOKU), AUSTRIA)

© VERENA.IBL@BOKU.AC.AT

Thesignificance ofthe Endosomal sorting complexrequired for
transport (ESCRT)-IIlin cerealendosperm, comprisingtransfer
cells, embryo surrounding tissue cells, aleurone and starchy
endosperm,hasbeenshownbytheidentificationoftherecessive
mutantsupernumeraryaleuronelayerl (SAL1)inmaize.

ESCRT-IITisahugesubcomplexwithinthe ESCRT machinery
and is indispensable in the final membrane fission step during
biogenesisofmultivesicularbodies (MVBs),responsibleforprotein
sortingtovacuolesandtothecellsurface.

The endomembrane system of endosperm tissue is
characterizedbyahighstructuralplasticityandendosomalactivity.
Proteintraffickinginthesecellsiscomplicatedby the presence of
several different storage organellesincluding dynamic protein
storagevacuoles (PSVs)andproteinbodies (PBs)derivedfromthe
endoplasmicreticulum (ER).Inaddition, traffickingmay followa
numberofdifferentroutes,dependingoncelltype,developmental
stageandenvironment,showingthattheendomembranesystem
iscapableofmassivereorganization.

Recently,wehaveannotatedbarley ESCRT-IIImembersinthe
(model) cropHordeumvulgare (Hv) andshowthatallidentified
membersareexpressedindevelopingbarleyendosperm.Here, we
willpresentfirstresultsconcerningthefunctionalorganization
of ESCRT-IIlinbarleyendospermtissueanditsputative protein
sortingroleinseedstorageproteintraffickinginbarleyendosperm
by cell biological, molecular biological, bioinformatic and
biochemicalstudies.

P4.18 WORKSHOP: PLANT ER MEMBRANE
LIPIDS: ANALYSIS, COMPOSITION AND
FUNCTIONAL ASPECTS

™ WEDNESDAY 6 JULY, 2016 ® 14:30

& PATRICK MOREAU (CNRS, FRANCE), LILLY MANETA-PEYRET
(UNIVERSITY OF BORDEAUX, FRANCE), LAETITIA FOUILLEN
(CNRS, FRANCE)

@ PATRICK.MOREAU@U-BORDEAUX.FR

PlantERmembranesarethemajorsiteofbiosynthesisofseveral
lipid families (phospholipids, sphingolipids, neutrallipids such
as sterols and triacylglycerols...) and contributes to the overall
biosynthesisoflipidsof manyotherorganellesinplantcells. The
structural diversity of lipids presents considerable challenges
to comprehensive lipid analysis. The talk will present rapidly
the various biosynthetic pathways and several aspects of lipid
analyses: lipids extraction, handling, separation, detection,
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identificationanddatapresentation. Differentexampleswillbe
givenondifferenttools/approachesoflipidanalysesinrelationtothe
studiestobecarriedout (lipidmetabolism, trafficking,domains...),
andrelationshipsbetweenlipid propertiesand somefunctional
aspectswillalsobediscussed.

P4.19 WORKSHOP: QUANTITATION OF
THE ER NETWORK

™ WEDNESDAY 6 JULY, 2016 ©® 15:45

@ MARK FRICKER (UNIVERSITY OF OXFORD, UNITED KINGDOM),
BOGUSLAW OBARA (DURHAM UNIVERSITY, UNITED KINGDOM),
LUKE HEATON (UNIVERSITY OF OXFORD, UNITED KINGDOM),
NICK JONES (IMPERIAL COLLEGE, UNITED KINGDOM)

@ MARK.FRICKER@PLANTS.OX.AC.UK

Thecomplexinterconnectedtubular-cisternalorganisationofthe
endoplasmicreticulumposesparticularchallengesforquantitative
imageanalysis. Hereweapplyanetworkanalysispipelineusing
a combination of phase-congruency tensors, as an intensity-
independentimage enhancement forthetubularelements,and
active-contourdelineationofthe cisternal compartments. The
segmentedstructureisconvertedtoaweightedgraphrepresentation
withnodesatjunctionsandwithinthecisternae,linkedbyedges
representingthelengthanddiameterofthetubularcomponents.
This approach provides additional metrics describing the ER
structure that are more robust to segmentation errors than
conventionalmeasuresofsurfaceareaandvolumeandcapturethe
macroscopicorganisationbetter. Fullparametricdescriptionofthe
networkalsoallowsmathematicalmodellingofinternaltransport
processes.Nevertheless, thecomputationaldemands of network
segmentationandanalysisareconsiderablyhigher,anditisnon-
trivial to fully describe network dynamics from a succession of
graph-representations.
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PS5 MAKING CONNECTIONS -
PLANT VASCULAR TISSUE

DEVELOPMENT

ORGANISED BY: DR PETER ETCHELLS (DURHAM UNIVERSITY, UNITED KINGDOM) &
PROF SIMON TURNER (UNIVERSITY OF MANCHESTER, UNITED KINGDOM)

SESSION SPONSORED BY: JOURNAL OF EXPERIMENTAL BOTANY

P5.1 SIGNALING THAT REGULATES
VASCULAR CELL FATES IN PLANTS

™ MONDAY 4 JULY, 2016 ® 11:00

@ HIROO FUKUDA (THE UNIVERSITY OF TOKYO, JAPAN)

@ FUKUDA@BS.S.U-TOKY0.AC.JP

Invascularmeristem, procambialandcambialcellsactasvascular
stemcellstogiverisetophloemcellsandxylemcells. ACLEpeptide,
tracheary element differentiation inhibitory factor (TDIF)is a
crucialfactortoregulatevascularstemcellfate. TDIF suppresses
thedifferentiationof procambial cellsintoxylemcellsand promotes
theirproliferationinnon-cell-autonomousfashionthroughaspecific
membrane-associatedreceptor for TDIF (TDR/PXY). Glycogen
synthasekinase3proteins (GSK3s)and BES1actatsuppressing
xylemdifferentiationdownstreamof TDIF-TDRsignaling.Recently,
wefoundthatthesefactorsalsoregulate phloemdifferentiation.
Using aninhibitor of plant GSK3s, we established the VISUAL
system,inwhich Arabidopsismesophyllcellsdifferentiateinto
trachearyelementsandsieveelementsviaprocambialcells.Inthis
report,Iwillshownovelresultsaboutdifferentiationintoprocambial
andphloemcellsanddiscussaboutregulationofvascularcellfates.

P5.2 PEPTIDES, REACTIVE OXYGEN
SPECIES AND PINS SHOULD CROSSTALK
TO BE INVOLVED IN INITIATION OF THE
PLANT VASCULAR TISSUE DEVELOPMENT

™ MONDAY 4 JULY, 2016 ® 11:40

& IRINA G STRIZH (M.V. LOMONOSOV MOSCOW STATE UNIVERSITY,
RUSSIA), SERGEY KOVALCHUK (SHEMYAKIN-OVCHINNIKOV
INSTITUTE OF BIOORGANIC CHEMISTRY, RUSSIA), ALEXANDER
SKRIPNIKOV (M.V. LOMONOSOV MOSCOW STATE UNIVERSITY,
RUSSIA)

©@ IRINA.STRIZHeMAIL.RU

Several CLEpeptidesareknowntobeinvolvedinvasculartissue
development.Itisalsowellknownthatauxindistributioncauses
initiation oftheplantvasculartissuedevelopment. Thoughreactive
oxygen species (ROS) are known tobeinvolvedinroot growth,
thereisnoclearrolefortheminvasculartissuedevelopment. We
haveobservedthattypicalnitrotetrazoliumblue (NBT)staining
occursnotonlyintherootapicalmeristemaspreviouslyidentified

butinvasculartissuesaswell. Secondly,wehavefoundthat CLE-
like chemically synthesized dodecapeptide CLV3p affect ROS
distributionandthatthesepeptidesaffectthedistributionof PINs.
Wesuggestthat CLE-likedodecapeptidescanbethetriggerand
signal molecular that affect auxin transportersredistribution,
auxinflowandROS generationthatisinvolvedinplantvascular
development.Thereisalsothequestionofwhether CLE peptides
directlyaffecttransporters, NADPH-oxidasesorperoxidases. We
areworkingonthemolecularconnectionsbetweenpeptides,ROSes
andauxinredistribution.

P5.3 SPATIOTEMPORAL ANALYSIS OF
BRASSINOSTERTOID RECEPTOR BRL3
WITHIN THE PROVASCULAR TISSUES
OF THE ARABIDOPSIS PRIMARY ROOT

™ MONDAY 4 JULY, 2016 ©® 11:55

@ ANA CANO-DELGADO (CENTRE FOR RESEARCH IN AGRICULTURAL
GENOMICS, SPAIN), JORGE E SALAZAR-HENAO (CENTRE FOR
RESEARCH IN AGRICULTURAL GENOMICS, SPAIN), REINHARD
LEHNER (CENTRE FOR RESEARCH IN AGRICULTURAL GENOMICS,
SPAIN), ISABEL BETEGON-PUTZE (CENTRE FOR RESEARCH IN
AGRICULTURAL GENOMICS, SPAIN), JOSEP VILARRASA-BLASI
(CENTRE FOR RESEARCH IN AGRICULTURAL GENOMICS, SPAIN)

@ ANA.CANO@CRAGENOMICA.ES

Brassinosteroid (BR) hormonesareimportantregulatorsofplant
growthanddevelopment.Recentstudiesrevealedthecell-specific
roleof Brassinosteroidsinvascularandstemcelldevelopmentby
theactionofcell-specificof BRreceptorcomplexesanddownstream
signalingcomponentsinArabidopsisthaliana(Arabidopsis). Despite
theimportanceofspatiotemporalregulationofhormonesignaling
inthecontrolofplantvasculardevelopment,themechanismsthat
confine cellular specificity to BRreceptors within the vascular
cells are not yet understood. Our recent data shows that BRI1-
likereceptors1and3(BRLIand BRL3)aredifferentlyregulated
byBRs.Byusingpromoterdeletionsconstructsof BRLIand BRL3
receptors fused to GFP/GUS reporters in Arabidopsis, analysis
oftheircell-specificexpressionandregulationbyBRsintheroot
apexhasbeencarriedout. Wefoundthat BRL3expressionisfinely
modulatedbyBRsindifferentrootcelltypes, whereasthelocation
of BRLI appearstobeindependentofthishormone.Physiological
andgeneticanalysisshowaBR-dependentexpressionof BRL3in
therootmeristem.Inparticular,BRL3expressionrequiresactive
BES1,acentraltranscriptional effectorwithinthe BRI1 pathway.
Overallourstudyunveilstheexistenceofacell-specificnegative
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feedbackloopfromBRI1-mediated BES1transcriptionfactorof BRL3
inphloemcells,whilecontributingtoageneralunderstandingofthe
spatialcontrolofbrassinosteroidsignalinginplantdevelopment.

P5.4 THE ROLE OF S-ACYLATION
IN CELLULOSE SYNTHESIS IN
DEVELOPING XYLEM

™ MONDAY 4 JULY, 2016 ©® 12:25

@& SIMON TURNER (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), MANOJ KUMAR (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), IVAN ATANASSOV (AGROBIOINSTITUTE
UNIVERSITY OF MANCHESTER, BULGARIA), PIERS HEMSLEY
(SAINSBURY LABORATORY UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), ANJALI GUPTA (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), RAYMOND WIGHTMAN (SAINSBURY
LABORATORY UNIVERSITY OF CAMBRIDGE UNIVERSITY OF
MANCHESTER, UNITED KINGDOM), PAUL CARR (UNIVERSITY
OF MANCHESTER, UNITED KINGDOM), LIAM BLACKLOCK
(UNIVERSITY OF MANCHESTER, UNITED KINGDOM)

@ SIMON.TURNER@MANCHESTER.AC.UK

CESAproteinsarethecatalyticsubunitsofthecellulosesynthase
complex (CSC), with each CSC likely to contain at least 18-24
CESAs. We present our recent results about the importance of
cysteine modifications of CESA proteins in the functioning of
CSCs.S-acylationistheadditionofafattyacid,usually stearate
orpalmitate,toacysteineresidue. Weareabletodemonstratethat
CESAproteinsareextensivelymodifiedbytheadditionofacylgroups
tocysteines. Wedemonstratethatall4cysteinesinthe VR2plusthe
2atthecarboxylterminusareacylated. Ifthe CSCiscomposed of
18 CESAproteinsandtheyareacylatedatleast6timesonaverage,
asinglecomplexwould containupto108acylgroupsandmayalso
explainwhythe CSCaggregatesandhasprovedsohardtopurify.
CESA7mutantswhereacylationiscompletelyabolishedarestillable
toassemblewithother CESAproteinsandaretraffickedaroundthe
cell,buttheyappearunabletointegrateintotheplasmamembrane.
Webelieveacylationhasanessentialroleinlockingthe CSCintothe
plasmamembraneandpreventingit ‘poppingout’asthecomplex
movesthroughthemembrane. Plantcellsarealsofacedwithanother
logisticalproblem,astheplasmamembraneiscrowdedwithmany
other components. We propose amodel whereby the properties
conferredbytheacylationof CESAsmightcontributetopartition
CESAproteinswithinmembranedomainsandcontributetothe
co-alignmentof CESAsandmicrotubules.

P5.5 INTEGRATION OF HORMONAL AND
TRANSCRIPTIONAL CONTROL DURING
VASCULAR DEVELOPMENT

™ MONDAY 4 JULY, 2016 ©® 13:55

@ YRJO HELARIUTTA (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM)

@ YRJO.HELARIUTTA@SLCU.CAM.AC.UK

Vascularplantshavealong-distancetransportsystemconsisting
of two tissue types, phloem and xylem. During root primary
development,xylemisspecifiedearlyasanaxisofvesselelement
cellfiles,whereasphloemisestablished throughasetofasymmetric
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cell divisions also contributing to the intervening procambial
tissue (Mahonen et al. 2000 Genes Dev). Auxin and cytokinins
interacttospecifythexylemandphloem/procambialdomains,
respectively (Mdhonenetal.2006 Science; Bishoppetal.2011 Curr
Biol). Furthermore, auxin promotesexpressionoftheclassIITHD-ZIP
genes(whoseexpressiondomainisspecifiedbytheground-tissue
originating miR165/6) to promote xylem identity (Carlsbecker
etal. 2010 Nature, Ursacheetal. 2012 Development). By taking
advantage of a tool with which we can control plasmodesmatal
trafficking(Vatenetal.2011Developmental Cell), weidentifieda
groupofmobiletranscriptionfactorsthatmediatethespecification
ofphloem/procambialdomaindownstreamofcytokinins. Their
interactionwiththeclassIII-ZIP genestointegratethehormonal
signalingisdiscussed.

P5.6 KEY PLAYERS OF A SECONDARY
MERISTEM IN ARABIDOPIS - THE
PLETHORA TRANSCRIPTION FACTORS

[ MONDAY 4 JULY, 2016 ® 14:35

@ GUGAN ESWARAN (UNIVERSITY OF HELSINKI, FINLAND),
ONDREJ SMETANA (UNIVERSITY OF HELSINKI, FINLAND),
ART PEKKA MAHONEN (UNIVERSITY OF HELSINKI, FINLAND)

© GUGAN.ESWARAN@HELSINKI.FI

Thevascularcambium-asecondarymeristeminplantsproduces
secondary xylem (wood) and secondary phloem. Meristematic
activityinvascularcambiumensurestheproductionofphloem
and xylem, which are essential for transportation of nutrients
andwater. Thusunderstandingthemolecularmechanismbehind
the maintenance of meristematic state of vascular cambium
andits development becomes essential. The PLETHORA (PLT)
transcription factors are the central regulators of the primary
meristems. Recent research works on PLT/AINTEGUMENTA
(AIL)and/or AINTEGUMENTA (ANT)genesprovidetheinsight
ofstemcellmaintenanceinplantprimarymeristemsandtheirrole
inphyllotaxisandrhizotaxis. However,theirfunctionalroleina
secondarymeristemislargelyunknownandneedstobeelucidated.
Therefore, westudiedwhetherthe PLT/AILfactorshaveafunction
alsointhevascularcambium.Inourwork, weobservedthatseveral
PLT/AILfamilymembersareexpressedincambium,and when
wegeneratedmutantcombinationsfromthe cambium-expressed
PLT/AILs,wefounddefectsinvascularpatterningandcambial
cellmaintenanceinafewdoubleandtriplemutantcombinations.
Inaddition,overexpressionof PLT/AILsinhibitthedifferentiation
ofthecambialcells. Weaimtofurtherspecifytheroleof PLT/AIL
incambialmaintenance,aswellashowitisinteractingwithother
known cambial regulators. Such knowledge will significantly
contributetotheimprovementofthequality,biomassoftheforest
industryandbioenergy.
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P5.7 THE CAMBIUM: HOW TO
ORGANIZE A BIDIRECTIONAL
PRODUCTION OF TISSUES?

™ MONDAY 4 JULY, 2016 ©® 14:50

@& THOMAS GREB (UNIVERSITY OF HEIDELBERG, GERMANY),
IVAN LEBOVKA (UNIVERSITY OF HEIDELBERG, GERMANY),
NIAL GURSANSCKY (GREGOR MENDEL INSTITUTE, AUSTRIA),
VIRGINIE JOUANNET (UNIVERSITY OF HEIDELBERG, GERMANY)

@ THOMAS.GREB@COS.UNI-HEIDELBERG.DE

Lateral plant growth is mediated by the cambium, a stem cell
niche continuouslyproducingwood (xylem)andbast(phloem)in
astrictlybifacialmannerattheperipheryofplantgrowthaxes.
Due to obstacles for live cell imaging, knowledge of cambium
organization and dynamicsis scarce. Thisisin spite of the fact
that the cambium contributes a large part to land biomass and
thatitcanserveasaparadigmforbifacialnicheorganizationin
multicellular organisms. Here, we present the identification of
essentialcambiumsubdomainswiththehelp ofacomputational
modeldescribingcambiumdynamics. Themodelisabletoreproduce
cambiumanatomyinwildtypeandpreviouslydescribed mutants
and highlights theimportance of intercellular communication
alongtheradialsequenceof cambiumdomains. Ourmodel predicts
thatonlyalimitednumberoffactorsaresufficienttocreateastable
systemfromwhichnotallhavebeenidentifiedexperimentally.In
particular,wepostulateafactorcounteractingcelldivisionand
expansion.Byinvestigatingtranscriptomeremodelinginindividual
cambiumdomainsuponmanipulationofintra-andintercellular
signalingweareintheprocessofcharacterizingthemolecularbasis
ofthespatio-temporal organization ofthecambium.

P5.8 MOLECULAR MECHANISMS
OF PERIDERM DEVELOPMENT

™ MONDAY 4 JULY, 2016 © 16:10

@ LAURA RAGNI (ZMBP UNIVERSITY OF TUBINGEN, GERMANY),
ANNA WUNDERLING (ZMBP UNIVERISTY OF TUBINGEN,
GERMANY), DAGMAR RIPPER (ZMBP UNIVERISTY OF TUBINGEN,
GERMANY)

@ LAURA.RAGNI@ZMBP.UNI-TUEBINGEN.DE

Duringsecondary growth, the peridermreplaces the epidermis
as a protective layer once the latter cannot longer accompany
radialgrowth,actingasaphysicalbarriertoprotecttheplantfrom
theloss of waterand difficult environmental conditions. These
barrier properties are mainly conferred by suberin. A periderm
isformedinstems,branchesandrootsofmostdicotyledonsand
gymnosperms. Theperidermisathree-tissuesystem, comprising
the cork cambium/phellogenthat produces outwardsthe cork/
phellemandinwardsthephelloderm. Themolecularmechanisms
underlyingperidermestablishmentandmaintenancearelargely
unknowneveninmodelorganisms.

In Arabidopsis, theperidermoccursintherootandhypocotyl
butisabsentinthestem.Wecharacterisedperidermestablishment
atcellularlevelsusingthe ‘quantitative histologyapproach’.Our
analysespointedoutthatperidermgrowthistightly connected
withthelooseningofthe ‘outsidetissues’ (endodermis, cortexand
epidermis), whichfollowsaspecificdevelopmentalpattern. Asthe
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peridermarisesfromthepericycle,thesamelayerthatoriginates
lateralroots, weinvestigated whetherlateralrootsand periderm
formation share a common regulatory network. However, the
analysesofmutantslackinglateralrootsandplantswithimpaired
peridermsuggestedtwoindependentmechanisms.Inordertofollow
thedynamicsofcorkformationandphellogenactivityliveandto
ultimately obtain the periderm transcriptome, we established
fluorescence marker lines for those tissues. We are currently
investigatingtheimpactofanimpairedperidermonplantgrowth
andinresponsetoabioticstress.

P5.9 ABSCISIC ACID STIMULATES
XYLEM FIBRE PRODUCTION IN THE
ARABIDOPSIS HYPOCOTYL

™ MONDAY 4 JULY, 2016 © 16:40

@ LIAMCAMPBELL (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), SIMON TURNER (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM)

© LIAM.CAMPBELL@POSTGRAD.MANCHESTER.AC.UK

The Arabidopsishypocotylhastwophasesofsecondarygrowth,
separatedattheonsetofflowering. Thesecondphaseisknownas
‘xylemexpansion’duetotheincreasedrate of xylemproduction
relativetophloem.Itisduringthisphasethatxylaryfibresbegin
to differentiate as providers of structural support, producing
vasculartissueremarkably similartothe woodoftrees. Abscisic
acid(ABA)isaphytohormoneknowntohaveamajorroleinvarious
plant developmental processes, particularly in the response to
abioticstressesandinthepromotionofseeddormancy. Through
reverse genetic screens based upon microarray data, we have
identified that ABA promotes the onset of fibre differentiation
inthehypocotyl. Wefoundthat T-DNAinsertionalmutagenesis
of ABA-biosynthesisenzymesinhibitsfibre production without
affectingthexylem:phloemratio. Thisisreflectedatthetranscript
level,withareducedexpressionoffibre formationmarkergenesin
theabalmutant.Furthermore, theapplicationofexogenous ABA
tothemutantrescuesthephenotype,restoringfibredifferentiation
towild-typelevels.Wearecurrentlyattemptingtoidentify some
downstreamcomponentsofthispathway.

P5.10 MOLECULAR CONTROL OF
WOOD FORMATION IN HYBRID ASPEN

™ MONDAY 4 JULY, 2016 ® 16:55

@ RISHIKESH BHALERAO (UMEA PLANT SCIENCE CENTRE, SWEDEN)

@ RISHI.BHALERAO@SLU.SE

Thecambialmeristemgivesrisetosecondaryxylemandphloem.
The secondary xylem undergoes a sequential developmental
programinvolving cell division, cell expansion, secondary cell
wallformationandcelldeath. The planthormoneindole-aceticacid
(auxin)playsakeyroleincontrollingdiverseaspectofsecondary
xylemdevelopment. Forexample,auxindistributioninfluences
thesecondaryxylemdevelopment. Moreover, the seasonal control
ofcambialactivityismediatedbyauxininresponsetochangein
daylength.Iwilldiscussourresultswhichprovideinsightintothe
auxinmediated controlof cambialactivityandsecondaryxylem
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development.Iwillalsodiscusstranscriptionalnetworkanalysisof
geneexpressioninwoodformingtissuesinhybridaspenanditsuse
foridentifyinggenescontrollingvariousaspectsofwoodformation.

P5.11 TRANSCRIPTIONAL REGULATION
OF XYLEM DEVELOPMENT

™ TUESDAY 5 JULY, 2016 ® 10:30

@ SIOBHAN BRADY (UNIVERSITY OF CALIFORNIA DAVIS, UNITED
STATES), KAISA KAJALA (UC DAVIS, UNITED STATES), GINA
TURCO (UC DAVIS, UNITED STATES), PETER ETCHELLS (DURHAM
UNIVERSITY, UNITED KINGDOM)

@ SBRADY@UCDAVIS.EDU

Rootsarethe ‘hiddenhalf’ ofaplant,yet, withoutthem, plantswould
notgrow. Inparticular,xylemcellsintherootarethestartingpoint
forprovidingwater, mineralnutrientsandmechanical supportto
theabovegroundpartoftheplant,andarealsonecessaryforhuman
healththroughthesupplyofvitaminsandfiber. Myresearchgroup
determinestheunderlyingmolecularmechanismsthatprovidethe
instructionsandsignalstoorganizerootxylemcelldevelopment
usinggenomicandsystemsbiologyapproaches. Wehavemapped
arootxylemcelltranscriptionalregulatorynetworkthatcontains
anover-representationoffeedforwardloops. Inordertodetermine
thedynamicbehaviorofthesefeedforwardloopswehavegenerated
toolstoperturbtranscriptionfactorsinsixfeedforwardloopscritical
for xylem cell development. These perturbation experiments
havedemonstrated complex,non-linearregulatorybehavior.In
addition, wewilldescribeeffortstomapdifferencesandsimilarities
inregulation of xylem cell development in Sorghum relative to
Arabidopsis and maize and the potential importance of DNA
methylationinthisprocess.

P5.12 THE ROLE OF EPIGENETIC
REGULATION IN XYLEM VESSEL
DIFFERENTIATION

™ TUESDAY 5 JULY, 2016 ©® 11:10

@& HITOSHI ENDO (NARA INSTITUTE OF SCIENCE AND TECHNOLOGY,
JAPAN), MISATO OHTANI (NARA INSTITUTE OF SCIENCE AND
TECHNOLOGY, JAPAN), SIOBHAN M. BRADY (UNIVERSITY OF
CALIFORNIA, UNITED STATES), TAKU DEMURA (NARA INSTITUTE
OF SCIENCE AND TECHNOLOGY, JAPAN)

@ H-ENDO@BS.NAIST.JP

Xylemvesselsarecriticalconductivetissuesthattransportwater
andmineralsthroughoutthebodyinvascularplants. Weidentified
themastertranscriptionalswitchfortheformationofxylemvessels,
VASCULAR-RELATEDNAC-DOMAIN7(VND7),whichisamember
ofplant-specificNAC-domaintranscriptionfactors. Extensiveworks
on VND7-basedtranscriptionalnetworksandthedownstream
genesof VND7haverevealed the detailsof molecularsystemof
xylemvesselcelldifferentiation. However,ithasyettobeshown
howtheexpressionof VND7isspatio-temporallyregulatedduring
plantdevelopment. Therefore, weaimedtoaddressthequestionof
howtheexpressionof VND7,amastertranscriptionalswitchforthe
formationofxylemvessels,isspatio-temporallyregulatedduring
plantdevelopment.Firstly, todeciphertheregulatorymechanism
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underlying VND7 expression, we revealed the transcription
factorsthatactupstreamof VND7andsucceededinidentifying
severalpotential transcriptionfactorsthatpositivelyregulatethe
expressionof VND7.However, thisstudy alsorevealed another
unknownpotentialmechanismthatcontributestothetightcontrol
of VND7 expressioninplanta. Toexplorethispossiblemechanism,
wesecondlyfocusedontheepigeneticcontrol of the expression of
VND genesasepigeneticcontrolisawell-studiedmechanismforthe
tightregulationofcertaingenesinplantsandanimals.wefoundthat
theVND7locusismarkedbyatleasttwoepigeneticmarks, histone
H3lysine27try-methylation (H3K27me3)and DNAmethylation.In
particular,bothepigeneticmarksseemtorepress VND7 expression.

P5.13 PHYTOZOME-WIDE
SCREENING OF CLAVATA3/ESR-RELATED
(CLE) PEPTIDES

™ TUESDAY 5 JULY, 2016 © 11:25

@ SOPHIE MOGG (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), SIMON TURNER (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM)

©@ SOPHIE.MOGG@POSTGRAD.MANCHESTER.AC.UK

CLAVATA3/ESR-related (CLE) peptidesareknowntobeinvolved
with numerous developmental processes including xylem
differentiation. Whilemany CLEsactontheshootandrootapical
meristems,asubsetof CLEpeptideshavebeenshowntoactwithin
the cambium, negatively regulating the development of xylem
tissue and promoting cambial cell divisions. While it has been
shownthattheectopicover-expressionof CLE41resultsintheloss
of celldivisionorientationcausingtheintercalationofthexylem
andphloemtissues,lossof functionmutantyieldnoobservable
phenotypeprobablyasaresultofredundancy withinthe CLEpeptide
family. Recentstudiesinpinesandlegumespecieshaverevealed
greater CLEgenediversitythanpreviously thought. Therefore,
withtheuse ofbioinformaticstoolssuchas BLAST and MEME-
FIMOasearchforputative peptideshasbeenconductedusingall
plantspeciesavailableinphtyozome. MEMEhasalsobeenusedto
identifymotifswithinthefulllengthproteins. Thisapproachhas
yieldedacomprehensiveclassificationof CLEgenesandrevealed
largevariationontheorganisationon CLEpeptideswithinasingle
gene. Thisapproachhasalsoidentifiednovel CLEgeneseveninmany
speciesincluding Arabidopsisandincludespotentialcandidate
forfurtherinvestigationintheregulationofxylemdevelopment.
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P5.14 FROM MOLECULES TO
TISSUE: ORGANISATION OF
ROOT VASCULAR PATTERN

™ TUESDAY 5 JULY, 2016 ® 11:40
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P5.15 PREDICTIVE MODELLING
OF HORMONE SIGNALLING SYSTEMS
IN THE ARABIDOPSIS ROOT

™ TUESDAY 5 JULY, 2016 ® 12:10

@& ANTHONY BISHOPP (UNIVERSITY OF NOTTINGHAM, UNITED
KINGDOM), NATHAN MELLOR (UNIVERSITY OF NOTTINGHAM,
UNITED KINGDOM), BRITTA KUMPERS (UNIVERSITY OF
NOTTINGHAM, UNITED KINGDOM), BEN GOODALL (UNIVERSITY
OF NOTTINGHAM, UNITED KINGDOM)

@ KEITH LINDSEY (DURHAM UNIVERSITY, UNITED KINGDOM),
SIMON MOORE (DURHAM UNIVERSITY, UNITED KINGDOM), JUNLI
LIU (DURHAM UNIVERSITY, UNITED KINGDOM)

@ KEITH.LINDSEY@DURHAM.AC.UK

@ ANTHONY.BISHOPP@NOTTINGHAM.AC.UK

Acentralquestionindevelopmentalbiologyishowmulticellular
organisms are a patterned, so that a seemingly homogenous
initialpopulationofcellscangiverisetothe complexpatternsof
differentiatedcellsobserved.Neworganscanbepatternedeither
de-novothroughsymmetrybreakingorbypropagationofexisting
patternsinothertissues.

Inmy group we use the patterning of root vascular tissues
(xylemandphloem)asamodelforpatternformationinplants. The
xylemandphloemformavitaltransportnetworkanditisessential
thatthesecellsdifferentiateinthecorrectpositiontoformasingle
continuousnetwork connectingorgans. InthistalkIwilldiscussour
experimentalresearchandmodelingapproachestoinvestigatethe
geneticnetworkcontrollingvascularpatterning. Iwillalsodiscuss
whetherthisnetworkissufficienttogeneratepatternde-novoor
whetherotherinputsarerequired.

The Arabidopsisrootrepresentsanexcellentmodeltostudythe
relationshipbetweenmeristemidentity, meristemfunctionandthe
transitiontodifferentiation,becausethereisaclearspatialpattern
thatrepresentstheeventsinatemporalpattern. Theidentity of
stem cells within the meristemisregulated by signalling from
thequiescentcentre(QC),agroupofcellsoriginallyidentifiedby
theirlowratesofdivision. Thestemcells (initials) thatsurround
theQCinturndividetogiverisetothefilesofcells,both proximal
anddistaltothemeristem, thatdifferentiateintoall cellsofthe
root. Thecontrolofidentityandactivity ofthemeristem,andthe
transitiontodifferentiation,isregulatedbyaninteractingnetwork
ofgenesandhormonalsignallingsystems.Keyplayersincludethe
hormonesauxin, cytokininandethylene, therelativedistribution
andactivitiesof whichpatterntheexpressionofregulatorygenes.
Tounderstand better the nature and behaviour of this complex
network, wehavedeveloped computationalmodelsthatsimulate
therelationshipsbetweenthesehormonesandpredictsthelevel
andpatterningofhormonesandgeneexpression,bothinavirtual
singlecelland, morerecently,inamorerealistic2-dimensionalroot
model. Wewilldiscussrecentresultsthatinformourunderstanding
oftheinteractionsbetweenauxintransporterfunction (influxand
efflux),andthelinkwithotherhormonaland genecomponents,to
regulatepatterninginthe Arabidopsisroot.
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P5.16 A NETWORK ANALYSIS OF
THE ROLE OF PXY SIGNALLING IN
VASCULAR DEVELOPMENT

™ TUESDAY 5 JULY, 2016 ©® 12:25

@& PETER J ETCHELLS (DURHAM UNIVERSITY, UNITED KINGDOM),
MARGOT E SMIT (WAGENINGEN UNIVERSITY, NETHERLANDS),
SIOBHAN M BRADY (UC DAVIS, UNITED STATES)
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P5.17 DISTURBANCE OF CORTICAL
MICROTUBULE ORIENTATION BY
SULFAMETHIZOLE LEADS TO ABNORMAL
SECONDARY CELL WALL PATTERNING
DURING XYLEM VESSEL CELL
DIFFERENTIATION

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ PETER.ETCHELLS@DURHAM.AC.UK

Inplantvasculaturetissue,xylemandphloem,specialisttissues
for transport of water and nutrients, differentiate frominitials
derived from divisions in the vascular meristem known as the
cambium. encodesaphloem-expressedpeptideligandthatsignals
toacambium-expressedreceptor, PXY. Thissignallingpathwayhas
complexoutputsandisthoughttoinfluencevascularorganisation,
therateofcelldivision,andrepressionofxylemdifferentiation.

InordertounderstandhowPXY signallingisintegrated with
other factors controlling vascular development, we combined
a transcriptomic approach to identify novel genes that act
downstreamof PXY signallingwith Yeast One Hybrid, toidentify
both putative direct regulatory connections, and upstream
regulators of PXY signallingcomponents. The completenetwork
containsatotalof312genespresentin690bindinginteractions.
Hypotheses arising from this analysis suggest that PXY may
coordinate vascular growth and development by influencing
expression oftranscription factorsthatalsotargets ofthe ARF
transcriptionfactor MONOPTEROS.

@ ERI KAMON (NARA INSTITUTE OF SCIENCE AND TECHNOLOGY,
JAPAN), ARATA YONEDA (NARA INSTITUTE OF SCIENCE AND
TECHNOLOGY, JAPAN), MISATO OHTANI (NARA INSTITUTE
OF SCIENCE AND TECHNOLOGY, JAPAN), TAKU DEMURA (NARA
INSTITUTE OF SCIENCE AND TECHNOLOGY, JAPAN)

@ E-KAMON@BS.NAIST.JP

Xylemvesselcellshavesecondary cellwalls (SCWs)withspecific
orderedpatterns,suchasthespiral patternfoundinprotoxylem
vesselcells,andreticulateandpittedpatternsinmetaxylemvessel
cells.Ithasbeenshownthatcorticalmicrotubule (CMT) arrays
principallydeterminethe SCWpatterns, through controllingthe
trajectoryofcellulosesynthase complexes (CSCs).Recently several
keylinkerproteinsbetweenCMT and CSCswerereported, however,
themolecularmechanismof SCW patterningby CMTisnot fully
understood, especially forprotoxylemvesselcells. VASCULER-
RELATEDNAC-DOMAIN7(VND7)actsasamasterregulatorof
xylemvesselcelldifferentiationin Arabidopsisthaliana.Inthis
study, weutilized VND7inducibletobaccoBY-2cells,inwhichmost
cellsbecometransdifferentiatedintoprotoxylem-like cellswith
thespiral SCWs.Byscreeningachemicallibrary,wehaveisolated
theuniquecompound, sulfamethizole (SMZ),asthechemicalthat
disturbs SCWpatterns.SMZcausedtheprominentbranchingand
curling of CMT patterns, and the SCW deposition was followed
these CMT alignments, indicating that SMZ didn’t affect the
interactionbetween CMT and SCW deposition. Theanalysison
CMTrevealedthatSMZalteredmicrotubuledynamics,butnotthe
depolymerizationof CMT.The Arabidopsismutantwithdecreased
microtubuledynamicsshowedsimilarabnormalpatternsof SCWto
theSMZ-treated VND7inducible BY-2 cells, thus,themicrotubule
dynamicsisoneofimportantfactorsforthedeterminationof SCW
patternsduringxylemvessel celldifferentiation.Basedonthese
results,wewilldiscusstherelationshipbetween SCW patterning
andmicrotubuledynamics.






