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ABSTRACTABSTRACT
InIn thethe wakewake ofof DutchDutch elmelm diseasedisease greengreen ashash ((FraxinusFraxinus pennsylvanicapennsylvanica)) hashas beenbeen

RESULTS: RESULTS: ArabidopsisArabidopsis
InIn thethe wakewake ofof DutchDutch elmelm disease,disease, greengreen ashash ((FraxinusFraxinus pennsylvanicapennsylvanica)) hashas beenbeen
plantedplanted asas aa replacementreplacement forfor thethe AmericanAmerican elmelm ((UlmusUlmus americanaamericana)).. NaturallyNaturally aa
droughtdrought toleranttolerant tree,tree, thisthis woodywoody ornamentalornamental hashas beenbeen usedused forfor agroforestryagroforestry,,
conservation,conservation, andand urbanurban streetstreet plantingsplantings.. WeWe areare usingusing geneticgenetic engineeringengineering toto
generategenerate treestrees withwith increasedincreased waterwater conservationconservation abilitiesabilities toto alleviatealleviate pressurespressures
placedplaced onon currentcurrent waterwater availabilityavailability.. OverexpressionOverexpression ofof thethe AtEPFAtEPF11 genegene inin
ArabidopsisArabidopsis resultsresults inin reducedreduced stomatalstomatal density,density, aa characteristiccharacteristic directlydirectly relatedrelated toto
waterwater--useuse efficiencyefficiency andand indirectlyindirectly toto droughtdrought tolerancetolerance.. SuccessfulSuccessful useuse ofof
ArabidopsisArabidopsis andand poplarpoplar modelmodel systemssystems indicatesindicates thisthis knowledgeknowledge maymay bebe transferabletransferable

DecreasingDecreasing waterwater lossloss byby alteringaltering stomatalstomatal densitydensity hashas beenbeen achievedachieved inin ArabidopsisArabidopsis
(Fig(Fig.. 22AA--B)B).. HereHere wewe attemptattempt toto mirrormirror thosethose resultsresults usingusing thethe modelmodel treetree speciesspecies
poplarpoplar andand greengreen ash,ash, aa finefine hardwoodhardwood.. InIn ArabidopsisArabidopsis,, EPFEPF11 (epidermal(epidermal patterningpatterning
factorfactor 11)) isis involvedinvolved inin stomatalstomatal complexcomplex developmentdevelopment andand controlscontrols numbernumber andand
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toto greengreen ashash.. Here,Here, wewe demonstratedemonstrate aa newnew techniquetechnique forfor improvingimproving greengreen ashash
hardinesshardiness withoutwithout adverseadverse effects,effects, thusthus providingproviding aa foundationfoundation forfor thethe developmentdevelopment
ofof environmentallyenvironmentally attunedattuned finefine hardwoodshardwoods..

INTRODUCTIONINTRODUCTION

RESULTS: RESULTS: PoplarPoplar PRELIMINARY RESULTS: PRELIMINARY RESULTS: Green AshGreen Ash

Fig. 4. Fig. 4. ArabidopsisArabidopsis staining. staining. (A) (A) Panels 1Panels 1--19 represent available 19 represent available stomatalstomatal density density 
mutants withmutants with stomata highlighted. stomata highlighted. (B)(B) A magnified unstained leaf. A magnified unstained leaf. (C) (C) Chart Chart 
identifying mutant lines, their average identifying mutant lines, their average stomatalstomatal density, and gravimetric water density, and gravimetric water 
loss  over 36 hours. loss  over 36 hours. (D)(D) qPCRqPCR analysis of six analysis of six AtAtEPF1 transgenic EPF1 transgenic overexpressionoverexpression
lines.lines.
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spatialspatial distributiondistribution ofof stomatastomata.. WeWe willwill overexpressoverexpress AtAtEPFEPF11 inin ArabidopsisArabidopsis,, poplar,poplar,
andand greengreen ashash alongalong withwith aa “putative”“putative” poplarpoplar orthologortholog PtaPtaEPFEPF11 (Fig(Fig.. 11)).. WeWe aimaim toto
decreasedecrease leafleaf waterwater lossloss whilewhile improvingimproving waterwater--useuse efficiencyefficiency (WUE),(WUE), aa measuremeasure ofof
biomassbiomass obtainedobtained toto unitsunits ofof waterwater usedused.. InIn greengreen ashash wewe hopehope toto improveimprove thisthis
ratioratio withoutwithout adverselyadversely affectingaffecting growthgrowth.. OftenOften foundfound inin riparianriparian areasareas suchsuch asas
streamstream banks,banks, greengreen ashash hashas provenproven itselfitself capablecapable ofof toleratingtolerating aa widerwider rangerange ofof
environments,environments, thusthus wewe feelfeel ourour proposedproposed improvementsimprovements willwill allowallow greengreen ashash
populationspopulations toto toleratetolerate thethe highlyhighly variablevariable futurefuture climateclimate eventsevents predictedpredicted toto occuroccur..

RESULTS: RESULTS: PoplarPoplar PRELIMINARY RESULTS: PRELIMINARY RESULTS: Green AshGreen Ash
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Fig. 1. Fig. 1. PhylogeneticPhylogenetic
analysis. Homology analysis. Homology 
between between ArabidopsisArabidopsis
EPF1 gene and top 20 EPF1 gene and top 20 
results.results.
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Fig. 6. Fig. 6. Green ash preliminary results. Green ash preliminary results. (A)(A) Transformation and regeneration illustration Transformation and regeneration illustration (B)(B) Control vector Control vector 
transformed green ash callus (According to Du and transformed green ash callus (According to Du and PijutPijut 2009)2009) (C)(C) Regenerated “putative” transgenic Regenerated “putative” transgenic 

esu ts.esu ts.

Fig. 2. Fig. 2. ArabidopsisArabidopsis
complementationcomplementation. . (A)(A)
AtAtEPF1 experiment. EPF1 experiment. 
(B)(B) Comparison  Comparison  
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DISCUSSIONDISCUSSION
 StomatalStomatal densitydensity variationsvariations inin ArabidopsisArabidopsis andand poplarpoplar werewere obtainedobtained withwith AtEPFAtEPF11

overexpressionoverexpression constructsconstructs (Figs(Figs.. 44,,55))
 ObservationObservation ofof ArabidopsisArabidopsis stomatalstomatal densitydensity mutantmutant transpirationtranspiration ratesrates indicateindicate aa

connectionconnection toto waterwater--useuse efficiencyefficiency (Fig(Fig.. 44B)B)
 qRTqRT--PCRPCR resultsresults indicateindicate stomatalstomatal densitiesdensities varyvary withwith AtEPFAtEPF11 overexpressionoverexpression constructconstruct

transformed green ash callus (According to Du and transformed green ash callus (According to Du and PijutPijut 2009).2009). (C)(C) Regenerated putative  transgenic Regenerated putative  transgenic 
plantlets.plantlets.

Fig. 5. Fig. 5. Poplar staining. Poplar staining. (A) (A) Panels 1Panels 1--20 20 
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Fig. 3. Fig. 3. Empty pBI121 Empty pBI121 
vector. vector. 
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levelslevels (Fig(Fig.. 44C)C)indicate indicate abaxialabaxial staining of 19 staining of 19 
transgenic poplar lines transgenic poplar lines overexpressingoverexpressing
AtAtEPF1. EPF1. (B)(B) Representative Representative stomatalstomatal
densities of the transgenic lines. densities of the transgenic lines. (C)(C)
Observed alterations in Observed alterations in stomatalstomatal
patterning. patterning. (D)(D) Mutant line Mutant line stomatalstomatal
densities.densities.

MATERIALS AND METHODSMATERIALS AND METHODS
 Transform poplar, Transform poplar, ArabidopsisArabidopsis , and green ash with pBI121, and green ash with pBI121--based binary vectors based binary vectors 

(Fig. 3)(Fig. 3)
 Screen and verify Screen and verify transformantstransformants using using transgenetransgene--specific primers specific primers 
 Measure Measure transgenetransgene expression levels with expression levels with qRTqRT--PCR PCR (Fig. 4C)(Fig. 4C)
 Propagate Propagate transformantstransformants and determine transpiration rate by analysis of water loss and determine transpiration rate by analysis of water loss 

(measured gravimetrically) and (measured gravimetrically) and stomatalstomatal density density (Figs. 4A&B, 5A(Figs. 4A&B, 5A--D) D) 
 Verify Verify transgenetransgene integration with Southern blots using integration with Southern blots using transgenetransgene--specific probes specific probes 
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