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A Novel Approachto Spider Mite Control Basedon
Expressionof Sarcotoxin IA Peptide via a Virus-Vector
Systemin Plants

R.Aly, ‘1F. Mansoup FA. Moch? M. Edelstein’ D. Libman?
E. Meiri,* Y.M. Shiboletl andA. Gal-Orf

Controlof the spidermite TetranycuscinnabarinusBoisdu\al is problematicandthereis a
pressingneedfor ef cient, non-hazardouandinexpensve stratgyiesfor limiting thedamage
it causes.The genefor the anti-bacteriapeptidesarcotoxinlA of the esh y Sarcophaya
peregrina was clonedinto the nonpathogeni@otyvirus-basedrector systemzZYMV-AGII

(Zucdini yellow mosaicvirus-AGll). Expressionof this peptidevia the AGIl vectorwas
detectedn infectedsquasHeavesandwasnot deleteriougo the hostplant. Leaf discsof

squashinfectedwith the recombinantirus AGll-sarcotoxinlA weretestedfor spidermite
control underlaboratoryconditions. Spidermite egg productionon plantsexpressingthe
sarcotoxinlA genewasdecreasedy a factorof two or threecomparedwith thaton AGII-

infectedplantsor healtty leaf discs, respectiely. In contrastto its effect on oviposition,
sarcotoxinlA expressingsquashdid not signi cantly affect the mortality and the ability

to repel spidermites. Crudeextract from squasheavesinfectedwith AGlI-sarcotoxinlA

was also found to causea signi cant decreaseof mite fecundity comparedwith extracts
from AGllI-treatedor healtty plantsand also causeda rise in mite mortality. Our results
demonstrateéhat sarcotoxinlA affectsmite fecundityand,to a lesserdegree,mortality, and
shaws potentialfor controlling spidermitesin the eld.

KEY WORDS: SarcotoxinlA; Tetranydus cinnabarinus spider mite; Zucdini yellow
mosaicvirus, potyvirus;cucurbit;fecundity;plantvirus vector

INTRODUCTION

Spider mites (Acari: Tetrarychidae) are major cosmopolitanpestsof mary crops
in both developed and developing countries. The carmine spider mite Tetranydus
cinnabarinusBoisdu\al, afoliar pest,imposesamajorconstrainon cucurbitcropsthrough
its constanthreatto yield quality andquantity T. cinnabarinusdamagesucurbitplants
by piercing and suckingon the foliar tissue,thus causinggradualdrying of the leaves,
interrupting the normal productionof photosynthatesnd causingseriousdamagethat
leadsto reductionor total lossof fruit yield (11). T. cinnabarinustakesabout6 daysto
develop from egg to adult; it can producemore than 20 generationger crop growing
season(19) and the female can lay as mary as 200 eggs per generation,resultingin
population explosions. Mite control has becomevery problematicas currently used
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pesticidesare rapidly losing their effectivenessbecausenf a build-up of mite resistance
(21). Additionally, it is dif cult to controlthe miteswith acaricidesdbecausehe pestsare

locatedunderthe leaves, the treatmentsharm naturally occurringmite predatorsthe use

of pesticidess uneconomicaland toxic residuesremainin the fruits (21). Identifying

hosttoleranceto T. cinnabarinusandotherpestsis oftenrestrictedto evaluatingits effect

on oviposition on the plant (5). Furtherevaluationof T. cinnabarinusfecundityin the

laboratorysuggeste@ntibiosisasa possiblemechanisnof melonresistancé7,13,14).

SarcotoxinA, a62-aminocacidsresiduepeptide s oneof four cecropin-typeproteins
encodedy thesarcotoxin geneclusterin the esh y Saicophajaperegrina (12). These
peptidegpossesantibacteriabctivity andareimportantin theimmuneresponsesf various
insectq4). Thistype of peptide which hastwo amphiplylic -heliceswasshavn to react
with the bacterialcell membranein which it causeda lossof membraneelectrochemical
potential (18). Recently we have expressedhe sarcotoxinlA genein Sacharomyces
cerevisiae The sarcotoxin-lile peptidewas secretedrom yeastcells and had a potent
cytotoxic effect on several bacteria,including plant pathogenq1). It hassubsequently
beenshavn that the sarcotoxinlA genecan be usedto engineerplantsfor resistance
to bacterialand fungal pathogenq16). Moreover, this peptideinhibited the growth of
harmfulbacteriain the humanintestinewithout, however, affectingthe growth of bacteria
which are alundantin the intestinesof healtty people(17). T. cinnabarinussymbiotic
microomganismswere rst reportecby Meltzer(15), who shavedthatfecundityandgrowth
of newly hatchedarvaewereseverely affectedby antibiotic treatments Thesesymbionts
includeWblbadia, which is responsibldor variousreproductie disordersin insectsand
otherarthropodsincludingcytoplasmicincompatibility, thelytoky (wherefemalesproduce
femaleoffspring without fertilization by males),malekilling andfeminizationof genetic
males(23).

ZYMV-AGII (AGII) is a potyvirus-basedectorsystemfor the expressionof foreign
genesn cucurbits(3). The AGII virus-vectorwascreatedrom an attenuateagngineered
ZYMV potyvirus(10). The attenuatedAGll accumulate$n cucurbitsto the samelevels
asthe severe ZYMV strain, without eliciting the severe phenotypicand developmental
impairmentcausedy thewild type (10). Indeed,infectionof eld-grown squashmelon
andwatermelorplantswith AGIl expressinghe bar geneconferringherbicideresistance,
did not causeapparentdamageor yield reductioncomparedwith virus-free plants(22).
In addition,the AGII viral vectorwas engineeredo be non-transmissibl®y aphids(8).
This ervironmentallyimportantcharacteristipaved the way for the biotechnologicalise
of AGII asvectorof foreigngeneexpressiorin cucurbit elds (22). Theaim of thepresent
studywasto evaluatethe effectivenessf sarcotoxinlA peptide,expressedria the unique
AGII expressiorsystemjn controllingmiteson cucurbitplants.

MATERIALS AND METHODS

Insertion of the sarcotoxin IA geneinto the AGIl genome The sarcotoxinlA coding
sequencef 186 bp (AccessionNo. E01229)wasPCR-ampli edfrom pFL61-SARplas-
mid (1) using senseprimer (5-GCTGCAGTCAAATTTCCAGAACATTTT CATTTTC-
3") and antisenseprimer (5'-CAGTGTCGACACCTCTGGCTGRAGC AGC-3). The
restrictionenzymePstl and Sal (underlined)(Fig. 1A) werethusinsertedat the endsof
thesarcotoxinA cDNA. Theampli ed fragmentsaveredouble-digestetdy therespectie
enzymesandclonedinto the appropriatesiteswithin the polylinker of the AGIlI genome
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betweerthecoatprotein(CP)andtheNIb codingregions(3), to createAGlI-sarcotoxinlA
(AGIlI-Sarco)asshavnin Figure1A.

Plant growth conditions and virus inoculation SquashCucurbitapepoL. cv. "Ma'-
ayan') plantsweregrown in a greenhousat temperaturebetween20 and27 C with a
photoperiodf 14 h, orin acontrolledgrowth chambemattherequiredtemperaturef 24 C.
Fully expandedcotyledonsof eachplantwereinoculatedby particlebombardmentvith a
hand-helddevice (HandGun)asdescribedy Gal-Onetal. (9).

RT-PCR analysis of recombinant virus progeny Expressionof the viral RNA was
determinedy RT-PCRanalysisof total RNA extractedfrom seedlingd 0 daysaftergermi-
nation. Youngleaftissue(secondeaf from thetop) (100 mg) wasgroundto a ne powder
in liquid nitrogenandtotal RNA was extractedwith the TRI-REAGENT kit (Molecular
ResearclCenterInc., Cincinnati,OH, USA), accordingo themanufcturersinstructions.
RT-PCRof the viral progety wasconductedoy a modi ed one-tube single-stepmethod
(20) asdescribedn (3). The reactionwas performedwith the ZYMV-AGII polylinker
anking primers: forward from the Nlb gene5'-AGCTCCATACATAGCTGAGACA-3'

andreverseprimerfrom the CPgene5'-TGGTTGAACCAAGAGGCGAA-3' (Fig. 1).

Expressionof sarcotoxin IA peptidein squashleaves Theexpressiorof sarcotoxinA

peptidein squasheavesvia the AGIl vectorwascharacterizedy Westernblot analysis.
Total proteinsfrom 100 mg of squasheaves 20 dayspost-inoculation(dpi) with AGII-

Sarcoor AGlII, or from healtly plants,wereextractedandappliedto proteintricin-SDSgel

andblottedwith anti-sarcotoxinA antibodyatadilution of 1:1000accordingo Mitsuhara
etal. (16).

Mite stock culture The spidermiteswereoriginally rearedon 2- to 3-week-oldkidney
beanPhaseolusvulgaris L. (Fabaceaeplantsin 25 32 8-cm pots which were sowvn
at 7-dayintervals. Thenthe mitesweretransferredto squashplantsfor one monthfor
adaptation.Squaslplantswith T. cinnabarinusmiteswererearedin a controlled-climate
roomat25-27 C,60 5%r.h. and16-hphotoperiodusing uorescentlampswith alight
intensityof ca 2000lux.

Bioassayfor anti-mite activity on virus-inoculated plants Five discs(22 mm diam)
werepunchedout from thethird leaf of threesquastplantsthathadbeeninoculatedeither
with AGII or AGlI-Sarco,or werehealtty plants,andwereplacedabaxialsurfaceupwards
on lter papersin 90-mm-diampetri dishes. Ten adult female mites, 3-5 daysold as
determinedy morphologyweretransferredrom the colory to eachdisc. Eachpapemwith
its discswasplacedon a sheetof foam oating onwaterin the petri dish. The disheswith
the miteswerekeptin a controlled-climateoomat 25 1 C (14). Eachtreatmenthada
completelyrandomizediesignof threeseparatexperimentswith a total of 150 mitesfor
eachtreatmentNumbersof eggsanddeadmitesfrom eachleaf discwerecountedundera
binocularmicroscoper2 h after mite placementRepelleng wasdeterminedy counting
mitesthatleft the discandwere oating in the surroundingvater

Bioassayfor anti-mite activity with plant extract Sampleg10 g) of freshsquasHeaf,
from plantsinoculatedwvith AGII or AGII-Sarco,or from healtly plants werehomogenized
in 100ml of double-distilledvaterin aWaringBlendor Thecrudeextractwasthen ltered
througha ber-glass Iter and centrifugedat 5000 g for 5 min to remove debris. The
bioassaywasconductedccordingo Mansouretal. (17). Kidney bean(Phaseolusulgaris
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L.) plantdiscs(22 mm diam)wereimmediatelyimmersedn the Itrate extractfor 5s,and
driedon Whatmarpaperlacedon asheebf plasticfoamfor 1 h. Theexperimentabesign
wasasdescribedn the previousparagraph.

Statistical analysis The datarepresenthe resultsof threeseparatexperiments.Aver-

ageswereseparatedisingthe Tukey-KramerHonestlySigni cant DifferencedHSD) test
atP 0.05.Therewasno treatmeninteractionbetweerary of thevariablesthereforethe
resultsof the separatexperimentswere combinedandare presentedas ve replications
for eachtreatment.

RESULTS

Veri cation of progenyvirus and sarcotoxin IA expressionin plant The sarcotoxin-
IA cDNA gene(189 bp) was insertedbetweenthe NIb (replicase)and CP genesof the
AGII virus vector using a polylinker-cloning site betweenthe Nla proteinaseclearage
sites,as shawvn in Figure 1A (3,22). The sarcotoxinlA gene,clonedbetweenthe virus
genes,was designedo createan in-frame translationalfusion of the polyproteinof the
recombinantvirus AGlI-Sarco. In-vivo proteolysisof the nascenfAGlI-Sarcopolyprotein
by Nla proteasen transwas predictedto yield the recombinansarcotoxinproteinwith a
singleadditionalaminoacid residueat the N-terminal (S) and seven aminoacid residues
(VDTVMLQ) atthe C-terminus(Fig. 1A). The presencef the intact sarcotoxincoding
sequencem the recombinantvirus wasveri ed by RT-PCR of the viral progety 10 dpi
(Fig. 1B). To conrm the existenceof the sarcotoxinlA genewithin the AGII viral
progery, the RT-PCRproductwasdigestedwvith Mlul restrictionenzyme.ThethreecDNA
fragmentobtainedoy Mlul digestionof AGII-SarcocDNA comparedo thetwo fragments
with the AGII alone, con rmed the existenceof the sarcotoxinlA gene(Fig. 1B). In
addition,directsequencingf theampli ed RT-PCRcDNA con rmed the presencef the
intactsarcotoxinlA in thevirus genomgdatanotshavn). Westerrblot analysiscon rmed
the presenceof sarcotoxinlA peptide(8 kDa) only in squashieavesinfectedby AGII-
Sarco(Fig. 1C). In addition, squashplants expressingthe sarcotoxinlA geneevinced
normalgrowth similar to that of virus-freeplants(datanot shovn) andshaved very mild
symptomson the infectedleaves(Fig. 2A), indicatingthatthe sarcotoxinlA peptidehad
no effect on plantdevelopment. The expressionpatternof the reportergeneGUS in the
samesystemis describedn Figure2B.

Effect of squash plants expressingsarcotoxin IA in controlling spider mites To

evaluatethe effect of sarcotoxinA-expressingplantson the spidermite (T. cinnabarinu$,

three biological parametersvere measured:fecundity repelleny and mortality of T.

cinnabarinus Thenumberof deadmites,repelledmitesandnewly laid eggswerecounted
3 daysafter miteswereplacedon the leaf discstaken from squashplantsinoculatedwith

AGIlI-Sarcoor with AGII, or from virus-freecontrol plants(healtly). Thetotal numberof

eggslaid onleafdiscswas19in squashnoculatedwvith AGll-Sarco,and41and59in AGII-

infectedcontrol plantsandhealtly plants,respectiely (Fig. 3A). Theseresultsshaved a
signi cant reduction(P  0.05)in thetotal numberof eggslaid on leaf discsexpressinghe
sarcotoxinlA peptideas comparedwith that on the controls. In contrast,no signi cant

differencesin mortality (Fig. 3B) or repelleng (datanot shovn) were found between
plantsexpressinghe AGII-Sarcoandthe controlsexpressingAGll alone.However, higher
mite mortality was countedon both treatmentgAGII or AGII-Sarco)comparedwith the
virus-freecontrolplanttreatmenthealtty).
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Fig. 1. Expressionof sarcotoxinlA genevia ZYMV-AGII. (A) Schematicrepresentatiorof the
AGII genomeshans non-coding(dotted)and coding (open)regions, andthe insertedforeign gene
sarcotoxinlA (Sarco). Arrows indicate Nla proteaseinvolved in proteolysisof the foreign gene
product. Nla clearagesitesareindicatedby /. Amino acid sequencesorrespondingo the Nla
proteaserecognitionmotif are indicatedin bold. (B) Analysis by RT-PCR of AGlI-Sarco viral
progety RNAs. Total RNA wasextractedfrom leaves of squashsystemicallyinfectedwith AGII-
Sarcoor AGII, or from virus-freeplants, 18 dayspost-inoculationand subjectedo RT-PCRwith
primers anking the foreign geneinsertion point. The arrowns belov showv positionsof RT-PCR
primersrelative to AGII genomeschematically The position of Mlul sitesin the sarcotoxinand
in the CP of AGII is marked. The expectedsizes(bp) of the fragmentwith andwithout Sarcoare
665and476bp, respectiely. (C) Westernblot of squasHeaf discsexpressingsarcotoxinlA. Total
proteinswereextractedfrom (100mg) squasheafdiscsinoculatedwvith AGII or AGII-Sarco,20days
post-inoculationand subjectedo proteingel blotting with anti-sarcotoxilA antibody The Sarco
laneis a positive control (40 ng of syntheticsarcotoxinlA peptide);arravs indicatethe monomern(4
kDa) andthedimer (8 kDa) sizeof sarcotoxinlA peptide.Theright-handarrav indicatesa speci ¢
bandthatreactedwith the sarcotoxinlA antibodyin the AGlI-Sarcolane.

Effect of extract from squashplants expressingsarcotoxin IA in controlling spider
mites Indirecteffectsof sarcotoxinA onT. cinnabarinusspidemmite mortality, fecundity
andrepelleny weretested.Theseexperimentsvereconductedvith kidney beanleafdiscs
(the preferredhostfor spidermites)treatedwith crudeextractfrom squastplantsthathad
beeninoculatedwvith AGII-Sarcoor AGII virus, or from healtty plants.Mitesfed onkidney
beanleaf discstreatedwith AGII-Sarcoovipositedsigni cantly fewer eggs(83) thanthose
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fed on discstreatedwith AGII andhealtty plantextract(134 and132, respectiely) (Fig.
4A). Mortality wassigni cantly greateramongmitesfeedingon AGlI-Sarcoextractsthan
amongthoseon control extractsfrom AGIl andvirus-freeplants(Fig. 4B). In addition,
AGIlI-Sarcoextracthadincreasednite repelleny comparedvith thatof the control AGII-
treateddisks,but the differencewasnot signi cant (Fig. 4C).

Fig. 2. A. Squashleavesinfectedby AGII-Sarcoand AGIl 18 dayspost-inoculation(dpi). Also

shawn is avirus-free(mock-inoculated)eaf. All plantswereinoculatedatthe sameageatthe same
time, andthe 4th leaf from the apex of eachplantwasphotographeet the sametime. B. Cucumber
leafinfectedwith AGII-GUS, 18 dpi. GUS expressiorwasvisualizedby washingin x-gluc andthen
twice in 70% EtOH over a 24-hperioduntil all chloroplyll wasremoved.

DISCUSSION

In this studywe testedthe effect of the antibacterialpeptidesarcotoxinlA on spider
mite behaior. Expressiorof therecombinanpeptideby anon-pathogenipotyvirus,AGlI,
wascon rmed by RT-PCRandWesternblot analysis(Fig. 1). Theimmunoreactie signal
detectedon squashplant around8 kDa in the AGII-Sarcotreatmentwas most probably
a dimer of the sarcotoxinlA, sincethe expectedsize of the monomeris around4 kDa.
Similar dimerizationwasdetectedvith the syntheticpeptide(Fig. 1C) andwasalsofound
in transgenicobaccoexpressingsarcotoxinA (16). This obsenationsuggestshatpeptide
may be more stableasa dimer at a lower concentration.Using the samevector we had
shavn the accumulatiorof heterologougproteins,in squash(2,3,22). In a previous study
theparentalAGll virus accumulatedo a similarlevel asthewild typeZYMV (13) anddid
notaffect plantdevelopment We alsofoundthatthe expressedarcotoxinl A by the AGII-
Sarcawith theextraaminoacids lik e otherforeigngenegq2,3,22) would notinterferewith
the AGII virus life cycle, i.e., movementor replicationandplantgrowth. A similar lack
of effectson plantdevelopmentwasalsoreportedin transgenidobaccoplantsexpressing
sarcotoxinlA (16).

To evaluatespidermite control by therecombinanpeptideexpressedn squasiplants,
threebiological parameteravere tested: fecundity mortality and repelleng. For these
teststwo setsof experimentsvereconducted:rst, directfeedingof T. cinnabarinusspider
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Fig. 3. Effect of sarcotoxinA peptideexpressediia AGII in squasHeafdiscs,on fecundity(A) and
mortality (B) of Tetranydus cinnabarinus. Five discsfrom squastplantsinoculatedwith AGII or
AGlII-Sarcoor from healtty plantswereinoculatedwith ten T. cinnabarinusfemalesper disc (total
of 50 femalesper treatment)and antibiosiswas evaluated3 daysafterinoculation. Columnvalues
representhemeansf vereplicationswith the standarcerror Meanswithin a columnfollowedby
thesamedetterarenotsigni cantly differentaccordingo the Tukey-KramertestatP 0.05.

mitesonleafdiscsexpressingsarcotoxinA; andsecondindirectfeedingof spidemiteson

beanleaf discstreatedwith sarcotoxinlA extract. Theresultsobtainedrrom directfeeding
on squash(Fig. 3A) shaved that AGII-Sarcotreatmentwas effective on mite fecundity
in that it signi cantly reducedthe total numberof eggs laid on leaf discs expressing
the sarcotoxinlA peptide,comparedwith the numberon both controls. In contrast,no

signi cant differencedn mortality (Fig. 3B) or repelleng (datanot showvn) were found.

We thereforeassumehat sarcotoxinlA hasa directeffect on fecundity processesyhich

leadto reductionin egg laying andindirecteffectson mortality andrepelleng.

In indirectapplicationwhenleaf disksfrom the mites' favorite host,the kidney bean,
were coatedwith squashextracts(from plantstreatedwith AGII-Sarcoor AGII, or from
virus-freeplants),a signi cant effect was obsened both on the numberof eggslaid and
on mortality in the AGII-Sarcoextractin contrastto the control extract (Fig. 4B). The
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Fig. 4. Effect of total crude extract from squashleaf discs expressingAGII or AGII-Sarco, or

from control discs,on: (A) fecundity of, (B) mortality of, and (C) repelleny against Tetranyus
cinnabarinus.Five beanleaf discswereimmersedfor 5 s in extractsfrom AGll-infectedor AGII-

Sarco-infectedyr healtty plants,andT. cinnabarinusantibiosisvasassayedsdescribedn Materials
andMethods.A: Numberof T. cinnabarinuseggslaid on beanleaf discs3 daysaftertreatment.B:

Numberof deadmiteson beanleaf discs3 daysafter treatment. C: Numberof repelledmites 3

daysaftertreatment.Columnvaluesrepresenthemeansof ve replicationswith the standarderror.

Within eachpart(A, B or C), meansdenti ed by thesaméetterdo notdiffer signi cantly according
to the Tukey-KramertestatP 0.05.

evidencethatthefecundityof themiteswasreducedy bothfeedingprocedureseinforces
the nding thattherecombinansarcotoxinlA affectsmite egg production. However, the
obsenred differencebetweenthe direct and indirect feeding systems,n their effects on
mortality, might indicatethatthe mites' responseo sarcotoxinlA accumulatiorcould be
dosage-dependentt was obsened that the total numberof eggslaid on bean(favorite
host) was more than twofold higherthanthe total numberobtainedon squashieavesin
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eachtreatmenttherefore total eggsarenot comparabléetweenthe two tests(directand
indirect feeding). The mosaicpatternof expressionof reportergenesis a well known
phenomenorwith potyvirus vector systems(6) and indeed,the expressionof the GUS
genein the samesystemwasuneven (Fig. 2B), suggestinghatthis might aswell be the
casefor the sarcotoxinlA in the directapplicationsystem.Thus,in the presentstudy the
indirectapplicationby treatingleaf discswith sarcotoxinlA extractwould have covered
the leaf more uniformly and with more concentratedecombinantsarcotoxinlA, so that
this modeof applicationwould have a more signi cant effect on mite mortality thanthe
directmode. On the otherhandiit is likely thatthe sarcotoxinlA peptidehasno effecton
repelleng, sinceits biologicalfunctionis notrelatedto repulsion.

Neverthelessywe obsenedsigni cant differencesn fecunditybetweerplantsexpress-
ing AGII-Sarcoor AGII alone. The fecundity ndings were consistentwith the data
obtainedfrom both direct (detachedeaf discs)andindirect (plant extract) feedingassays
of T. cinnabarinus A possibleexplanationof the effect of sarcotoxinA on mite fecundity
could be due to the presenceof symbiotic microolganisms,as rst hinted by Meltzer
(15), who shavedthatfecundityandgrowth of newly hatchedr. cinnabarinudarvaewere
severelyaffectedby antibiotictreatmentsin recentyearsanumberof intracellularbacteria
with various effects on insect developmenthave beenreportedfrom spider mites and
otherphytophagoudcari. ThesesymbiontsincludeWblbadhia, analphaproteobacterium
which is responsiblefor variousreproductve disordersin insectsand other arthropods,
including cytoplasmicincompatibility, thelytoky, malekilling andfeminizationof genetic
males(23). In the two-spottedspidermites Wolbadhia infection wasfound to contritute
to reproductve incompatibility through hybrid breakdevn, and in two speciesof the
genusBryobia Wolbadia was found to induce parthenogeneticeproduction(24). The
BacteroidetedacteriumCardiniumwasalsofoundto interferewith sex determinatiorof
thephytophagousnite, by inductionof feminizationin Brevipalpusphoeniciq25). In light
of theabove, we postulateahatthesigni cant reductionin thetotal numberof eggsobtained
on leaf disksexpressingthe sarcotoxinpeptidecould be dueto the antibacteriakffect of
thetoxin onintracellularmicroolganismsthatco-exist in spidermitesandthatthis, in turn,
alteredmite reproduction.Therefore sarcotoxincould possiblyprovide a safemeansfor
eliciting cropresistanceagainstspidermites.

Furtherresearchs neededto testthe direct effect of the sarcotoxinlA peptideon
T. cinnabarinusspidermites andto evaluatethe effect of sarcotoxinon miteson intact
plants. Additionally, speci ¢ microoganismsthat co-exist with spidermiteshave to be
characterized.
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