
•ResearchHighlights•

４６　　　 Vol．２６,No．２,２０１８　　SCIENCEFOUNDATIONINCHINA

SlＧALMT９regulatesmalateaccumulationand
aluminumtoleranceintomato

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
YeZhiBiao(叶志彪)fromtheKeyLaboratoryofHorticulturalPlantBiology,MinistryofEducation,
Huazhong Agricultural University,characterized that SlＧALMT９ contributes to tomato malate
accumulationbothinfruitandrootandenhancesaluminumtoleranceoftomato,whichwaspublishedin
PlantCell(２０１７,２９(９):２２４９—２２６８)．

Malate,awidelyoccurringorganicacidinplants,isacrucialcompoundthatcontributestofruitflavor
andpalatability．Variationinacidcontenthasamuchgreaterimpactonflavorthandoesthelimited
variationinsugarcontentthatexistsamongtomatocultivars．Additionally,plantscounteractAl３＋toxicity
inthesurroundingsoilbypumpingmalateoutofrootcells．AlＧactivatedmalatetransporters(ALMT)are
plantＧspecificanionchannelproteinsthattransport malateinand/oroutofthetonoplastorplasma
membrane．PreviousstudiesofALMTshavefocusedontheirprotectiverolebasedontheirabilityto
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transport malate out of cells, where it chelates
surplusAl３＋ ．

Theregulationofmalatemetabolismispoorlyunderstood
incropssuchastomato (Solanumlycopersicum)．They
aimed to unravelthe genetic basis of tomato malate
variation: Which genes regulating the accumulation of
malate were selected during the domestication and
improvementoftomatoandhowdothesegenesoperate?

TheyintegratedthemGWASapproachwithanalysesof
geneexpressionpatterns,geneticvariations,andtransfer
DNA (CRISPR/Cas９)—derived mutantstofunctionally
characterizeamalatecontentＧrelatedQTL．Theyidentified
TFM６ (tomatofruit malate６),which correspondsto
ALMT９ inthe modelplantArabidopsis,asthe major
contributortovariationinfruitmalateaccumulationamong
tomatogenotypes．A３Ｇbpindelinthepromoterregionof
SlＧALMT９ waslinkedtohighfruitmalatecontent．Further
analysisindicatedthatthisindeldisruptsa WＧboxbinding
siteintheSlＧALMT９promoter,whichpreventsbindingof
the WRKY transcriptionrepressorSlＧWRKY４２,thereby
alleviating the repression of SlＧALMT９expression and
promoting highfruit malateaccumulation．Evolutionary
analysisrevealed that this highly expressed version of SlＧALMT９ was selected during tomato
domestication．Furthermore,theyfoundthattonoplastＧlocalized SlＧALMT９increasesin abundance
followingexposuretoAl,therebyelevatingmalatetransportoutofthecellandenhancingAlresistance．

InadditiontoidentifyinganALMTintomato,theirdiscoveriesexplainhowthisgeneimprovesthe
flavoroftomatoesandprotectstomatoplantsfromAltoxicity．Futureresearchwillaimtodiscoverother
ALMTsortonoplast—localizedproteinsthatworkwithSlＧALMT９toaffectmalatetransportintomato．
NowthatitisknownthataparticularversionofSlＧALMT９hasfavorableproperties,strategiescanbe
designedtoimproveflavorandresistancequalitiesinothertomatovarieties．


