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A Novel Approachto Spider Mite Control Basedon
Expressionof Sarcotoxin IA Peptidevia a Virus-Vector

Systemin Plants

R. Aly, � ;1 F. Mansour,2 F.A. Moch,2 M. Edelstein,3 D. Libman,4

E. Meiri,4 Y.M. Shiboleth4 andA. Gal-On4

Controlof thespidermiteTetranychuscinnabarinusBoisduval is problematic,andthereis a
pressingneedfor ef�cient, non-hazardousandinexpensivestrategiesfor limiting thedamage
it causes.The genefor the anti-bacterialpeptidesarcotoxinIA of the �esh �y Sarcophaga
peregrina was clonedinto the nonpathogenicpotyvirus-basedvector systemZYMV-AGII
(Zucchini yellow mosaicvirus-AGII). Expressionof this peptidevia the AGII vector was
detectedin infectedsquashleavesandwasnot deleteriousto the hostplant. Leaf discsof
squashinfectedwith the recombinantvirus AGII-sarcotoxinIA weretestedfor spidermite
control underlaboratoryconditions. Spidermite egg productionon plantsexpressingthe
sarcotoxinIA genewasdecreasedby a factorof two or threecomparedwith thaton AGII-
infectedplantsor healthy leaf discs,respectively. In contrastto its effect on oviposition,
sarcotoxinIA expressingsquashdid not signi�cantly affect the mortality and the ability
to repelspidermites. Crudeextract from squashleaves infectedwith AGII-sarcotoxinIA
was also found to causea signi�cant decreaseof mite fecundity comparedwith extracts
from AGII-treatedor healthy plantsand also causeda rise in mite mortality. Our results
demonstratethatsarcotoxinIA affectsmite fecundityand,to a lesserdegree,mortality, and
showspotentialfor controllingspidermitesin the�eld.
KEY WORDS: SarcotoxinIA; Tetranychus cinnabarinus; spider mite; Zucchini yellow
mosaicvirus; potyvirus;cucurbit;fecundity;plantvirus vector.

INTRODUCTION

Spider mites (Acari: Tetranychidae)are major cosmopolitanpestsof many crops
in both developed and developing countries. The carmine spider mite Tetranychus
cinnabarinusBoisduval, afoliar pest,imposesamajorconstraintoncucurbitcropsthrough
its constantthreatto yield quality andquantity. T. cinnabarinusdamagescucurbitplants
by piercing and suckingon the foliar tissue,thus causinggradualdrying of the leaves,
interrupting the normal productionof photosynthatesand causingseriousdamagethat
leadsto reductionor total lossof fruit yield (11). T. cinnabarinustakesabout6 daysto
develop from egg to adult; it can producemore than 20 generationsper crop growing
season(19) and the female can lay as many as 200 eggs per generation,resulting in
population explosions. Mite control has becomevery problematicas currently used
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pesticidesare rapidly losing their effectivenessbecauseof a build-up of mite resistance
(21). Additionally, it is dif�cult to control themiteswith acaricidesbecausethepestsare
locatedunderthe leaves,the treatmentsharmnaturallyoccurringmite predators,the use
of pesticidesis uneconomical,and toxic residuesremainin the fruits (21). Identifying
hosttoleranceto T. cinnabarinusandotherpestsis oftenrestrictedto evaluatingits effect
on oviposition on the plant (5). Furtherevaluationof T. cinnabarinusfecundity in the
laboratorysuggestedantibiosisasapossiblemechanismof melonresistance(7,13,14).

SarcotoxinIA, a62-aminoacidsresiduespeptide,is oneof four cecropin-typeproteins
encodedby thesarcotoxinI geneclusterin the�esh �y Sarcophagaperegrina (12). These
peptidespossessantibacterialactivity andareimportantin theimmuneresponsesof various
insects(4). This typeof peptide,whichhastwo amphiphylic � -helices,wasshown to react
with thebacterialcell membrane,in which it causeda lossof membraneelectrochemical
potential (18). Recently, we have expressedthe sarcotoxinIA genein Saccharomyces
cerevisiae. The sarcotoxin-like peptidewas secretedfrom yeastcells and had a potent
cytotoxic effect on several bacteria,including plant pathogens(1). It hassubsequently
beenshown that the sarcotoxinIA genecan be usedto engineerplants for resistance
to bacterialand fungal pathogens(16). Moreover, this peptideinhibited the growth of
harmfulbacteriain thehumanintestinewithout,however, affectingthegrowth of bacteria
which are abundantin the intestinesof healthy people(17). T. cinnabarinussymbiotic
microorganismswere�rst reportedby Meltzer(15),whoshowedthatfecundityandgrowth
of newly hatchedlarvaewereseverelyaffectedby antibiotic treatments.Thesesymbionts
includeWolbachia, which is responsiblefor variousreproductive disordersin insectsand
otherarthropods,includingcytoplasmicincompatibility, thelytoky (wherefemalesproduce
femaleoffspringwithout fertilization by males),malekilling andfeminizationof genetic
males(23).

ZYMV–AGII (AGII) is a potyvirus-basedvectorsystemfor theexpressionof foreign
genesin cucurbits(3). TheAGII virus-vectorwascreatedfrom anattenuatedengineered
ZYMV potyvirus(10). The attenuatedAGII accumulatesin cucurbitsto the samelevels
as the severe ZYMV strain, without eliciting the severe phenotypicand developmental
impairmentcausedby thewild type(10). Indeed,infectionof �eld-grown squash,melon
andwatermelonplantswith AGII expressingthebar geneconferringherbicideresistance,
did not causeapparentdamageor yield reductioncomparedwith virus-freeplants(22).
In addition, the AGII viral vectorwasengineeredto be non-transmissibleby aphids(8).
This environmentallyimportantcharacteristicpaved theway for thebiotechnologicaluse
of AGII asvectorof foreigngeneexpressionin cucurbit�elds (22). Theaimof thepresent
studywasto evaluatetheeffectivenessof sarcotoxinIA peptide,expressedvia theunique
AGII expressionsystem,in controllingmitesoncucurbitplants.

MATERIALS AND METHODS

Insertion of the sarcotoxin IA geneinto the AGII genome ThesarcotoxinIA coding
sequenceof 186bp (AccessionNo. E01229)wasPCR-ampli�edfrom pFL61-SARplas-
mid (1) using senseprimer (5'-GCTGCAGTCAAATTTCCAGAACATTTT CATTTTC-
3') and antisenseprimer (5'-CAGTGTCGACACCTCTGGCTGTAGC AGC-3'). The
restrictionenzymePstI andSalI (underlined)(Fig. 1A) werethusinsertedat theendsof
thesarcotoxinIA cDNA. Theampli�ed fragmentsweredouble-digestedby therespective
enzymesandclonedinto the appropriatesiteswithin the polylinker of the AGII genome
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betweenthecoatprotein(CP)andtheNIb codingregions(3), to createAGII-sarcotoxinIA
(AGII-Sarco)asshown in Figure1A.

Plant growth conditions and virus inoculation Squash(CucurbitapepoL. cv. `Ma'-
ayan') plantsweregrown in a greenhouseat temperaturesbetween20� and27� C with a
photoperiodof 14h,or in acontrolledgrowth chamberattherequiredtemperatureof 24� C.
Fully expandedcotyledonsof eachplantwereinoculatedby particlebombardmentwith a
hand-helddevice (HandGun)asdescribedby Gal-Onetal. (9).

RT-PCR analysis of recombinant virus progeny Expressionof the viral RNA was
determinedby RT-PCRanalysisof totalRNA extractedfrom seedlings10daysaftergermi-
nation.Youngleaf tissue(secondleaf from thetop) (100mg)wasgroundto a �ne powder
in liquid nitrogenandtotal RNA wasextractedwith the TRI-REAGENT kit (Molecular
ResearchCenter, Inc.,Cincinnati,OH, USA),accordingto themanufacturer's instructions.
RT-PCRof the viral progeny wasconductedby a modi�ed one-tube,single-stepmethod
(20) as describedin (3). The reactionwas performedwith the ZYMV-AGII polylinker
�anking primers: forward from the NIb gene5'-AGCTCCATACATAGCTGAGACA-3'
andreverseprimerfrom theCPgene5'-TGGTTGAACCAAGAGGCGAA-3' (Fig. 1).

Expressionof sarcotoxin IA peptide in squashleaves Theexpressionof sarcotoxinIA
peptidein squashleavesvia the AGII vectorwascharacterizedby Westernblot analysis.
Total proteinsfrom 100 mg of squashleaves20 dayspost-inoculation(dpi) with AGII-
Sarcoor AGII, or from healthy plants,wereextractedandappliedto proteintricin-SDSgel
andblottedwith anti-sarcotoxinIA antibodyatadilution of 1:1000accordingto Mitsuhara
etal. (16).

Mite stock cultur e Thespidermiteswereoriginally rearedon 2- to 3-week-oldkidney
beanPhaseolusvulgaris L. (Fabaceae)plants in 25� 32� 8-cm pots which were sown
at 7-day intervals. Then the mites were transferredto squashplantsfor one month for
adaptation.Squashplantswith T. cinnabarinusmiteswererearedin a controlled-climate
roomat 25–27� C, 60� 5% r.h. and16-hphotoperiod,using�uorescentlampswith a light
intensityof ca 2000lux.

Bioassayfor anti-mite activity on virus-inoculated plants Five discs(22 mm diam)
werepunchedout from thethird leafof threesquashplantsthathadbeeninoculatedeither
with AGII or AGII-Sarco,or werehealthy plants,andwereplacedabaxialsurfaceupwards
on �lter papersin 90-mm-diampetri dishes. Ten adult femalemites, 3–5 daysold as
determinedby morphology, weretransferredfrom thecolony to eachdisc.Eachpaperwith
its discswasplacedon a sheetof foam�oating on waterin thepetri dish. Thedisheswith
the miteswerekept in a controlled-climateroom at 25� 1� C (14). Eachtreatmenthada
completelyrandomizeddesignof threeseparateexperimentswith a total of 150mitesfor
eachtreatment.Numbersof eggsanddeadmitesfrom eachleafdiscwerecountedundera
binocularmicroscope72 h aftermite placement.Repellency wasdeterminedby counting
mitesthatleft thediscandwere�oating in thesurroundingwater.

Bioassayfor anti-mite activity with plant extract Samples(10 g) of freshsquashleaf,
fromplantsinoculatedwith AGII or AGII-Sarco,or fromhealthy plants,werehomogenized
in 100ml of double-distilledwaterin aWaringBlendor. Thecrudeextractwasthen�ltered
througha �ber -glass�lter and centrifugedat 5000 g for 5 min to remove debris. The
bioassaywasconductedaccordingto Mansouretal. (17). Kidney bean(Phaseolusvulgaris
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L.) plantdiscs(22mmdiam)wereimmediatelyimmersedin the�ltrate extractfor 5 s,and
driedonWhatmanpaperplacedonasheetof plasticfoamfor 1 h. Theexperimentaldesign
wasasdescribedin thepreviousparagraph.

Statistical analysis The datarepresentthe resultsof threeseparateexperiments.Aver-
ageswereseparatedusingtheTukey-KramerHonestlySigni�cant Differences(HSD) test
at P� 0.05.Therewasno treatmentinteractionbetweenany of thevariables;therefore,the
resultsof the separateexperimentswerecombinedandarepresentedas� ve replications
for eachtreatment.

RESULTS

Veri�cation of progenyvirus and sarcotoxin IA expressionin plant Thesarcotoxin-
IA cDNA gene(189 bp) was insertedbetweenthe NIb (replicase)andCP genesof the
AGII virus vector using a polylinker-cloning site betweenthe NIa proteinasecleavage
sites,asshown in Figure1A (3,22). The sarcotoxinIA gene,clonedbetweenthe virus
genes,was designedto createan in-frame translationalfusion of the polyproteinof the
recombinantvirus AGII-Sarco.In-vivo proteolysisof thenascentAGII-Sarcopolyprotein
by NIa proteasein transwaspredictedto yield the recombinantsarcotoxinproteinwith a
singleadditionalaminoacid residueat theN-terminal(S) andsevenaminoacid residues
(VDTVMLQ) at the C-terminus(Fig. 1A). The presenceof the intact sarcotoxincoding
sequencesin the recombinantvirus wasveri�ed by RT-PCRof the viral progeny 10 dpi
(Fig. 1B). To con�rm the existenceof the sarcotoxinIA genewithin the AGII viral
progeny, theRT-PCRproductwasdigestedwith MluI restrictionenzyme.ThethreecDNA
fragmentsobtainedby MluI digestionof AGII-SarcocDNA comparedto thetwo fragments
with the AGII alone,con�rmed the existenceof the sarcotoxinIA gene(Fig. 1B). In
addition,directsequencingof theampli�ed RT-PCRcDNA con�rmed thepresenceof the
intactsarcotoxin1A in thevirusgenome(datanotshown). Westernblot analysiscon�rmed
the presenceof sarcotoxinIA peptide(8 kDa) only in squashleaves infectedby AGII-
Sarco(Fig. 1C). In addition, squashplantsexpressingthe sarcotoxinIA geneevinced
normalgrowth similar to thatof virus-freeplants(datanot shown) andshowedvery mild
symptomson the infectedleaves(Fig. 2A), indicatingthat thesarcotoxinIA peptidehad
no effect on plant development.The expressionpatternof the reportergeneGUS in the
samesystemis describedin Figure2B.

Effect of squash plants expressingsarcotoxin IA in controlling spider mites To
evaluatetheeffectof sarcotoxinIA-expressingplantson thespidermite (T. cinnabarinus),
three biological parameterswere measured: fecundity, repellency and mortality of T.
cinnabarinus. Thenumbersof deadmites,repelledmitesandnewly laid eggswerecounted
3 daysaftermiteswereplacedon the leaf discstakenfrom squashplantsinoculatedwith
AGII-Sarcoor with AGII, or from virus-freecontrolplants(healthy). Thetotal numberof
eggslaid onleafdiscswas19in squashinoculatedwith AGII-Sarco,and41and59in AGII-
infectedcontrolplantsandhealthy plants,respectively (Fig. 3A). Theseresultsshoweda
signi�cant reduction(P� 0.05)in thetotalnumberof eggslaid on leafdiscsexpressingthe
sarcotoxinIA peptideascomparedwith that on the controls. In contrast,no signi�cant
differencesin mortality (Fig. 3B) or repellency (datanot shown) were found between
plantsexpressingtheAGII-SarcoandthecontrolsexpressingAGII alone.However, higher
mite mortality wascountedon both treatments(AGII or AGII-Sarco)comparedwith the
virus-freecontrolplanttreatment(healthy).
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Fig. 1. Expressionof sarcotoxinIA genevia ZYMV-AGII. (A) Schematicrepresentationof the
AGII genomeshows non-coding(dotted)andcoding(open)regions,andthe insertedforeign gene
sarcotoxinIA (Sarco). Arrows indicateNIa proteaseinvolved in proteolysisof the foreign gene
product. NIa cleavagesitesare indicatedby /. Amino acid sequencescorrespondingto the NIa
proteaserecognitionmotif are indicatedin bold. (B) Analysis by RT-PCR of AGII-Sarcoviral
progeny RNAs. Total RNA wasextractedfrom leavesof squashsystemicallyinfectedwith AGII-
Sarcoor AGII, or from virus-freeplants,18 dayspost-inoculation,andsubjectedto RT-PCRwith
primers �anking the foreign geneinsertionpoint. The arrows below show positionsof RT-PCR
primersrelative to AGII genomeschematically. The position of MluI sitesin the sarcotoxinand
in the CP of AGII is marked. The expectedsizes(bp) of the fragmentwith andwithout Sarcoare
665and476bp, respectively. (C) Westernblot of squashleaf discsexpressingsarcotoxinIA. Total
proteinswereextractedfrom (100mg)squashleafdiscsinoculatedwith AGII or AGII-Sarco,20days
post-inoculation,andsubjectedto proteingel blotting with anti-sarcotoxinIA antibody. The Sarco
laneis a positivecontrol(40 ng of syntheticsarcotoxinIA peptide);arrows indicatethemonomer(4
kDa) andthedimer(8 kDa) sizeof sarcotoxinIA peptide.Theright-handarrow indicatesa speci�c
bandthatreactedwith thesarcotoxinIA antibodyin theAGII-Sarcolane.

Effect of extract fr om squashplants expressingsarcotoxin IA in controlling spider
mites Indirecteffectsof sarcotoxinIA onT. cinnabarinusspidermitemortality, fecundity
andrepellency weretested.Theseexperimentswereconductedwith kidney beanleafdiscs
(thepreferredhostfor spidermites)treatedwith crudeextractfrom squashplantsthathad
beeninoculatedwith AGII-Sarcoor AGII virus,or fromhealthy plants.Mitesfedonkidney
beanleafdiscstreatedwith AGII-Sarcoovipositedsigni�cantly fewereggs(83) thanthose
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fed on discstreatedwith AGII andhealthy plantextract (134and132,respectively) (Fig.
4A). Mortality wassigni�cantly greateramongmitesfeedingon AGII-Sarcoextractsthan
amongthoseon control extractsfrom AGII andvirus-freeplants(Fig. 4B). In addition,
AGII-Sarcoextracthadincreasedmite repellency comparedwith thatof thecontrolAGII-
treateddisks,but thedifferencewasnot signi�cant (Fig. 4C).

Fig. 2. A. Squashleaves infectedby AGII-SarcoandAGII 18 dayspost-inoculation(dpi). Also
shown is a virus-free(mock-inoculated)leaf. All plantswereinoculatedat thesameageat thesame
time,andthe4th leaf from theapex of eachplantwasphotographedat thesametime. B. Cucumber
leaf infectedwith AGII-GUS,18dpi. GUSexpressionwasvisualizedby washingin x-glucandthen
twice in 70%EtOHovera 24-hperioduntil all chlorophyll wasremoved.

DISCUSSION

In this studywe testedthe effect of the antibacterialpeptidesarcotoxinIA on spider
mitebehavior. Expressionof therecombinantpeptidebyanon-pathogenicpotyvirus,AGII,
wascon�rmed by RT-PCRandWesternblot analysis(Fig. 1). Theimmunoreactive signal
detectedon squashplant around8 kDa in the AGII-Sarcotreatmentwasmostprobably
a dimer of the sarcotoxinIA, sincethe expectedsizeof the monomeris around4 kDa.
Similar dimerizationwasdetectedwith thesyntheticpeptide(Fig. 1C) andwasalsofound
in transgenictobaccoexpressingsarcotoxinIA (16). Thisobservationsuggeststhatpeptide
may be morestableasa dimer at a lower concentration.Using the samevector, we had
shown theaccumulationof heterologousproteins,in squash(2,3,22). In a previousstudy
theparentalAGII virusaccumulatedto asimilar level asthewild typeZYMV (13)anddid
notaffectplantdevelopment.Wealsofoundthattheexpressedsarcotoxin1A by theAGII-
Sarcowith theextraaminoacids,likeotherforeigngenes(2,3,22),wouldnot interferewith
the AGII virus life cycle, i.e., movementor replicationandplant growth. A similar lack
of effectson plantdevelopmentwasalsoreportedin transgenictobaccoplantsexpressing
sarcotoxinIA (16).

To evaluatespidermitecontrolby therecombinantpeptideexpressedin squashplants,
threebiological parameterswere tested: fecundity, mortality and repellency. For these
teststwo setsof experimentswereconducted:�rst, directfeedingof T. cinnabarinusspider
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Fig. 3. Effect of sarcotoxinIA peptideexpressedvia AGII in squashleaf discs,on fecundity(A) and
mortality (B) of Tetranychuscinnabarinus.Five discsfrom squashplantsinoculatedwith AGII or
AGII-Sarcoor from healthy plantswereinoculatedwith tenT. cinnabarinusfemalesperdisc (total
of 50 femalesper treatment)andantibiosiswasevaluated3 daysafter inoculation. Columnvalues
representthemeansof � ve replications,with thestandarderror. Meanswithin a columnfollowedby
thesameletterarenotsigni�cantly differentaccordingto theTukey-Kramertestat P� 0.05.

mitesonleafdiscsexpressingsarcotoxinIA; andsecond,indirectfeedingof spidermiteson
beanleafdiscstreatedwith sarcotoxinIA extract.Theresultsobtainedfrom directfeeding
on squash(Fig. 3A) showed that AGII-Sarcotreatmentwaseffective on mite fecundity
in that it signi�cantly reducedthe total numberof eggs laid on leaf discs expressing
the sarcotoxinIA peptide,comparedwith the numberon both controls. In contrast,no
signi�cant differencesin mortality (Fig. 3B) or repellency (datanot shown) werefound.
We thereforeassumethatsarcotoxinIA hasa directeffect on fecundityprocesses,which
leadto reductionin egg layingandindirecteffectsonmortalityandrepellency.

In indirectapplication,whenleaf disksfrom themites' favorite host,thekidney bean,
werecoatedwith squashextracts(from plantstreatedwith AGII-Sarcoor AGII, or from
virus-freeplants),a signi�cant effect wasobserved both on the numberof eggslaid and
on mortality in the AGII-Sarcoextract in contrastto the control extract (Fig. 4B). The
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Fig. 4. Effect of total crudeextract from squashleaf discs expressingAGII or AGII-Sarco, or
from control discs,on: (A) fecundityof, (B) mortality of, and(C) repellency againstTetranychus
cinnabarinus.Five beanleaf discswereimmersedfor 5 s in extractsfrom AGII-infectedor AGII-
Sarco-infected,orhealthy plants,andT. cinnabarinusantibiosiswasassayedasdescribedin Materials
andMethods.A: Numberof T. cinnabarinuseggslaid on beanleaf discs3 daysafter treatment.B:
Numberof deadmites on beanleaf discs3 daysafter treatment. C: Numberof repelledmites 3
daysaftertreatment.Columnvaluesrepresentthemeansof � ve replicationswith thestandarderror.
Within eachpart(A, B or C), meansidenti�ed by thesameletterdonotdiffer signi�cantly according
to theTukey-Kramertestat P� 0.05.

evidencethatthefecundityof themiteswasreducedby bothfeedingproceduresreinforces
the �nding that therecombinantsarcotoxinIA affectsmite egg production.However, the
observed differencebetweenthe direct and indirect feedingsystems,in their effects on
mortality, might indicatethat themites' responseto sarcotoxinIA accumulationcouldbe
dosage-dependent.It wasobserved that the total numberof eggs laid on bean(favorite
host)wasmore than twofold higher than the total numberobtainedon squashleaves in
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eachtreatment;therefore,total eggsarenot comparablebetweenthetwo tests(directand
indirect feeding). The mosaicpatternof expressionof reportergenesis a well known
phenomenonwith potyvirus vector systems(6) and indeed,the expressionof the GUS
genein thesamesystemwasuneven (Fig. 2B), suggestingthat this might aswell be the
casefor thesarcotoxinIA in thedirectapplicationsystem.Thus,in thepresentstudy, the
indirect applicationby treatingleaf discswith sarcotoxinIA extract would have covered
the leaf moreuniformly andwith moreconcentratedrecombinantsarcotoxinIA, so that
this modeof applicationwould have a moresigni�cant effect on mite mortality thanthe
directmode.On theotherhand,it is likely that thesarcotoxinIA peptidehasno effect on
repellency, sinceits biologicalfunctionis not relatedto repulsion.

Nevertheless,we observedsigni�cant differencesin fecunditybetweenplantsexpress-
ing AGII-Sarco or AGII alone. The fecundity �ndings were consistentwith the data
obtainedfrom bothdirect (detachedleaf discs)andindirect (plantextract) feedingassays
of T. cinnabarinus. A possibleexplanationof theeffectof sarcotoxinIA onmite fecundity
could be due to the presenceof symbiotic microorganisms,as �rst hinted by Meltzer
(15),whoshowedthatfecundityandgrowth of newly hatchedT. cinnabarinuslarvaewere
severelyaffectedby antibiotictreatments.In recentyearsanumberof intracellularbacteria
with various effects on insect developmenthave beenreportedfrom spider mites and
otherphytophagousAcari. ThesesymbiontsincludeWolbachia, analphaproteobacterium
which is responsiblefor variousreproductive disordersin insectsand other arthropods,
includingcytoplasmicincompatibility, thelytoky, malekilling andfeminizationof genetic
males(23). In the two-spottedspidermitesWolbachia infection wasfound to contribute
to reproductive incompatibility through hybrid breakdown, and in two speciesof the
genusBryobia, Wolbachia was found to induceparthenogeneticreproduction(24). The
BacteroidetesbacteriumCardiniumwasalsofound to interferewith sex determinationof
thephytophagousmite,by inductionof feminizationin Brevipalpusphoenicis(25). In light
of theabove,wepostulatethatthesigni�cant reductionin thetotalnumberof eggsobtained
on leaf disksexpressingthe sarcotoxinpeptidecouldbe dueto theantibacterialeffect of
thetoxin on intracellularmicroorganismsthatco-exist in spidermitesandthatthis, in turn,
alteredmite reproduction.Therefore,sarcotoxincouldpossiblyprovide a safemeansfor
eliciting cropresistanceagainstspidermites.

Further researchis neededto test the direct effect of the sarcotoxinIA peptideon
T. cinnabarinusspidermites and to evaluatethe effect of sarcotoxinon mites on intact
plants. Additionally, speci�c microorganismsthat co-exist with spidermiteshave to be
characterized.
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