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NOTE: Identi�cation of TrichodermaBiocontrol Isolatesto
CladesAccording to ap-PCRand ITS SequenceAnalyses

M. Maymon,1 D. Minz,2 O. Barbul,1 A. Zveibil,1 Y. Elad1 andS.Freeman1;�

A collectionof Trichodermaisolates,with differentbiocontrolcapabilities,wereidenti�ed
by molecularmethods. Arbitrarily-primed PCR(ap-PCR)using repeatmotif primerswas
performedon DNA from a Trichodermaspp. collectionof 76 isolates,andrepresentative
isolateswerefurthercharacterizedinto threemaincladesby internaltranscribedspacer(ITS)
sequenceanalysis. Consequently, a reliable phylogenetictree was constructedcontaining
isolatesbelongingto theT. harzianumclade(comprisingT. aureoviride, T. inhamatum,and
T. virens), theT. longibrachiatumandT. saturnisporumcluster, andthatincludingthespecies
T. asperellum, T. atroviride, T. koningii andT. viride.
KEY WORDS:Anthracnose;Fragaria � ananassa; graymold; internaltranscribedspacer
(ITS) region;arbitrarily-primedpolymerasechainreaction(ap-PCR);ribosomalDNA.

Isolatesof Trichodermaspeciesare known
for theirability to controlplantpathogens(4). In
a recentstudyit wasshown thatvariousisolates
of Trichoderma spp. that originated from a
Trichodermacollectionof 76biocontrolisolates,
were effective in controlling anthracnose(Col-
letotrichumacutatumSimmonds)andgraymold
(Botrytis cinerea Pers.;Fr.) in strawberry, un-
der laboratoryandgreenhouseconditions(5,7).
ThiscollectioncontainedisolateT-39,whichwas
formulatedandregisteredunderthe tradename
Trichodex, aswell as isolatesT-105, T-161 and
T-166, which wereshown speci�cally to reduce
diseaseincidence(7).

Characterizationof Trichodermaisolatesto
speciesis basedmainly on criteriasuchasconi-
dial size, color and shape,mycelial branching
patternsandfrequency, andothermorphological
characteristicsthat arenot very reliable. There-
fore, recentstudieshave resortedto molecular
methodsfor speciesidenti�cation (2,9). Se-
quenceanalysisof the internaltranscribedspac-
ers(ITS) 1 and2 of theribosomalDNA (rDNA)
has been especially reliable for characteriza-

tion of Trichodermato the specieslevel. For
example, Trichodermabiocontrol agentshave
beendifferentiatedfrom thepathogenicbiotypes
Th2 and Th4 of T. harzianum, causalagents
of mushroomgreenmold, by ITS 1 sequence
analyses(8,14). Likewise, additionalmolecular
techniquesbasedon restrictionfragmentlength
polymorphism (RFLP) analysis of functional
genes, random ampli�ed polymorphic DNAs
(RAPDs)andotherPCR-�ngerprintingmethods,
havebeenusedto distinguishbetweenspeciesof
thisgenus(1,10,12,17).

In this studya collectionof 76 Trichoderma
strains(Table1), with differentbiocontrolcapa-
bilities, were identi�ed to speciesby arbitrarily
primed-PCR(ap-PCR) and ITS 1-2 sequence
analyses. The monoconidialTrichodermacul-
turesusedin this study included70 Israeli iso-
lates collectedby the authorsfrom strawberry
plantsgrowing in cultivatedplots in theKadima
areaof the centralSharonregion, isolateT-39
Trichodex (3), and � ve other referencecultures
kindly provided by E. Monte, Universidadde
Salamanca,Spain(8) (Table1). All fungi were
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TABLE 1. Trichodermaisolatesusedin thisstudy

Isolate Species Sourcez GenBankaccession
x T-39 (Trichodex) T. harzianum (Ref. 17) y AY222351
w T-105 Trichodermasp. Crown y AY222340
v T-115 Trichodermasp. Root y AY222348
T-127 Trichodermasp. Rhizosphere y AY222350
T-137 Trichodermasp. Crown y AY222341
T-146 Trichodermasp. Petiole y AY222349
u T-151 Trichodermasp. Fruit y AY222346
t T-160 Trichodermasp. Fruit y AY222342
s T-161 Trichodermasp. Fruit y AY222344
r T-162 Trichodermasp. Fruit y AY222343
T-166 Trichodermasp. Fruit y AY222347
T-170 Trichodermasp. Fruit y AY222345
260 T. atroviride (Ref. 8) AJ224007
2925 T. harzianum (Ref. 8) AJ224011
2927 T. harzianum (Ref. 8) AJ224013
2930 T. inhamatum (Ref. 8) AJ224016
2932 T. longibrachiatum (Ref. 8) AJ224018
ThVA T. asperellum (Ref. 8) AJ224021
DAOM 167057 T. hamatum GenBank Z48816
DAOM 175924 T. aureoviride GenBank AF191039
NR6883 T. aureoviride GenBank AF194010
Th164 T. virens GenBank AF057599
9539 T. inhamatum GenBank AF057602
CBS226.95 T. harzianum GenBank AJ222720
CBS240.63 T. viride GenBank X93979
CBS227.95 T. harzianum GenBank AF057605
CBS886.72 T. saturnisporum GenBank X93974
CBS978.70 T. harzianum GenBank AJ222723
Th 4c T. harzianum GenBank U78882
GL-20 T. virens GenBank AF099007
Tr 22 T. viride GenBank AJ230678
ATCC36042 T. atroviride GenBank AF278796
Tr 75 T. koningii GenBank Z95495
ATCC52326 T. longibrachiatum GenBank Z48935
ATCC13631 T. reesei GenBank Z31016
ATCC28019 T. parceramosum GenBank Z31015

z All Israeli Trichodermaisolates(T- series)were collectedby the authorsfrom strawberry plantsgrowing in
cultivatedfruiting �elds in theKadimaareaof thecentralSharonregion, Israel.
y Submittedto GenBankby theauthors.
x Additional isolatesbelongingto this genotypebasedon ap-PCR:T-118, T-119, T-121, T-123, T-129, T-131,
T-132,T-133,T-134,T-147.
w Additional isolatesbelongingto this genotypebasedon ap-PCR:T-101, T-102, T-103, T-104, T-106, T-107,
T-108,T-109,T-110,T-111,T-112,T-113,T-114,T-120,T-122,T-126,T-128,T-130,T-136,T-138,T-140,T-141,
T-142,T-143,T-144,T-145.
v Additional isolatesbelongingto this genotypebasedonap-PCR:T-116,T-117,T-124,T-125,T-148,T-149.
u Additional isolatesbelongingto this genotypebasedon ap-PCR:T-151, T-152, T-154, T-155, T-156, T-157,
T-158,T-159,T-163.
t Additional isolatesbelongingto thisgenotypebasedonap-PCR:T-168,T-169.
s Additional isolatesbelongingto thisgenotypebasedonap-PCR:T-164,T-165,T-167.
r Additional isolatesbelongingto thisgenotypebasedonap-PCR:T-171,T-172,T-173.
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Fig. 1. Band patternsof arbitrarily-primedPCR ampli�ed genomicDNA of the representative
Trichodermaspp.isolates(260= T. atroviride), (2930= T. inhamatum), (2932= T. longibrachiatum),
(2925= T. harzianum), (ThVA = T. asperellum), (T-39 = T. harzianum); (T-115,T-127andT-146=
T. harzianumcladecomprisingT. aureoviride, T. inhamatumandT. virens); (T-105, T-137, T-151,
T-160, T-161, T-162, andT-170 = cladecomprisingT. asperellum, T. atroviride, T. koningii andT.
viride) (T-166 = T. longibrachiatumandT. saturnisporumclade)usingprimers(GACA)4 (A) and
(GACAC)3 (B). LaneM: DNA markerswith sizesin kb.

culturedin the dark at 25� C on potatodextrose
agar supplementedwith 250 mg l � 1 chloram-
phenicol.

For DNA extraction, liquid cultures com-
prising 100 ml of potatodextrosebroth in 250-
ml Erlenmeyer �asks were inoculatedwith � ve
mycelial disks of each of the cultures (Table
1) derived from colony margins. DNA was
extracted and puri�ed as describedpreviously
(6), dissolved in 0.5 ml TE buffer (10 mM Tris-
HCl, 1 mM EDTA; pH 8.0) to an approximate
concentrationof 500–1500ng � l � 1 anddiluted
to a �nal concentrationof 10–100ng � l � 1 for
PCRreactions,asdescribedpreviously (6).

For ap-PCR, primers were derived from
microsatelliteor repeat sequencesas follows:
CAGCAGCAGCAGCAG, AGGAGGAGGAG-
GAGG, GACACGACACGACAC and GACA-
GACAGACAGACA, and conditionsfor ampli-
�cation wereasdescribedpreviously (6). In the

text, theseprimershavebeendesignated(CAG)5 ,
(AGG)5 , (GACAC)3 and(GACA)4 , respectively.
UniversalPCRprimerswereused(ITS1,TCCG-
TAGGTGAACCTGCGG and ITS 4, TCCTC-
CGCTTATTGATATGC) for ampli�cation of the
ITS 1 andITS 2 regionsbetweenthe small and
large nuclearrDNA, including the 5.8S rDNA
(as described,ref. 6), and resulting ampli�ed
productswereusedfor sequenceanalysis.PCR
reactionswere performed as describedprevi-
ously(6). All PCRexperimentswereconducted
at least four times, with identical resultsbeing
observed. Variation accordingto ap-PCRwas
interpretedaccording to comparisonsbetween
isolatesbasedon overall bandpatterns.Isolates
were groupedaccordingto band patternsand
a representative from eachgenotypewas then
selectedfor sequenceanalysis. ITS sequence
dataof eachgenotypewereanalyzedfor species
designation,using the ARB program package
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(15), asdescribedpreviously (6). CompleteITS
1-2 sequencesof the isolatesweresubmittedto
theGenBank,with accessionnumbersappearing
in Table 1. Additional Trichodermasequences
retrievedfrom theGenBankwereincludedin this
studyfor comparison(Table1).

Ampli�cation productswere obtainedfrom
all 76 Trichodermaisolatestestedwith the mi-
crosatellitederived primers (CAG)5 , (AGG)5 ,
(GACA)4 and(GACAC)3 (datanot shown). Af-
ter comparisonof bandpatterns,representative
Israeli Trichodermaisolateswere selectedac-
cordingto identicalap-PCRgenotype(Table1).
The representative isolatesfrom Israel T-39, T-
105, T-115, T-127, T-137, T-146, T-151, T-
160, T-161, T-162, T-166, T-170 andthoserep-
resentingpreviously characterizedTrichoderma
species(260 = T. atroviride, 2930= T. inhama-
tum, 2932 = T. longibrachiatum, 2925 = T.
harzianumandThVA = T. asperellum) werefur-
ther comparedby ap-PCR.Gelsshowing diver-
sity amongand betweenrepresentative isolates
of eachgenotypeor de�ned species,using the
respectiveprimers(GACA)4 and(GACAC)3, are
presented(Fig. 1). As can be noted, certain
isolatespossessedsimilar bandingpatternssuch
asThVA andT-105;T-39 andT-115;andT-151,
T-162 and T-170, indicating that ap-PCRmay
be able to associatebetweenunknown isolates
to representatives of known, de�ned speciesor
clades. Similar degreesof diversity within and
amongpopulationswereobtainedusingprimers
(CAG)5 and(AGG)5 (datanotshown).

In order to verify isolate identi�cation to
associatedclades,the 13 representative Tricho-
derma isolates(T-39, T-105, T-115, T-127, T-
137, T-146, T-151, T-160, T-161, T-162, T-166,
T-170 and ThVA) were analyzedby comparing
ITS 1, ITS 2 and ITS 1-2 sequencesof these
isolates,with previously reportedsequencesof
other Trichodermaspecies. ITS 1 was reliable
and accuratefor the purposeof identi�cation
of isolatesto de�ned species(8). Sequenceof
the ITS 1 region thereforepermitteda popula-
tion study, grouping the representative Tricho-
dermaisolatesto de�ned cladescomparedwith
characterizedisolates(Fig. 2). Phylogenetic
analysesof the ITS 1 sequenceperformedby
applying ARB parsimony, distancematrix, and
maximum-likelihoodmethods,producedsimilar

treetopologies.Removing highly variableposi-
tions from the sequenceanalysisdid not affect
treetopology. IsolateT-115wasgroupedwithin
theT. harzianumclade(includingT. aureoviride,
T. inhamatum,andT. virensspecies)represented
by isolateT-39,whichwasalsoveri�ed by identi-
cal ap-PCRproducts(Fig. 1). Likewise,isolates
ThVA (representativeof theT. asperellumclade)
and T-105 were closely groupedby sequence
analysisandsharedsimilar ap-PCRbandingpat-
terns(Figs. 1 and2). Otherisolates,which were
groupedintocladesaccordingtoap-PCRandITS
1 sequence,includedT-166 as T. longibrachia-
tum or T. saturnisporum. Other representative
isolatescould not be de�ned to cladesby both
ap-PCRand ITS sequenceanalysis. However,
ITS sequencealone groupedT-127 and T-146
within theT. harzianumcladeandisolatesT-137,
T-151,T-160,T-161,T-162andT-170within the
T. atroviride, T. viride andT. koningii clades(Fig.
2).

Molecularcharacterizationandidenti�cation
hasgainedpopularity over the pastdecadeand
reliable differentiationbetweenandamongTri-
chodermaisolateshasbeenreported. It should
benoted,however, thatmorethanonemolecular
methodshouldbe usedin combinationto attain
reproducibleandaccurateresults. For example,
Cumagunet al. (2) and Lübeck et al. (11)
useduniversally-primed(UP)-PCRand RFLPs
of rDNA-ITS1 ampli�cation for characterization
of Trichodermaisolatesfrom rice �elds in the
Philippinesandfrom building materials,respec-
tively. Arisan-Atacetal. (1) usedRAPDanalysis
for identifyinggroupsof Trichodermacapableof
chestnutblight control;however, in ourstudy, ap-
PCRalonewasnotsuf�cient for characterization
of the Israeli isolates. ITS sequenceanalysis
has beenvery useful for speciationof certain
speciesof fungi suchas Colletotrichum(6) but
not for Fusarium spp. (13). In this work,
all the isolateswere pre-screenedby ap-PCR
before ITS sequenceanalysis,which was used
reliably for phylogeneticstudiesin Trichoderma
(9,10). In our study, representative isolateswere
accuratelygrouped into the recognizedclade
of T. harzianum(comprisingT. aureoviride, T.
inhamatumand T. virens), the T. longibrachia-
tum and T. saturnisporumcluster and that of
T. asperellum, T. atroviride, T. koningii and T.
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viride, similarto theworkconductedby Hermosa
et al. (8). The isolates used in biocontrol
studies(7)belongtoeachof thedifferentsections

listed above, indicating the taxonomicdiversity
of potentialTrichodermaagentsfor biocontrol.

Fig. 2. ITS 1-basedphylogenetictreeof Trichodermaisolatesandpublishedsequences.The tree
wasproducedusingtheneighbor-joining algorithm.Theordersof branchingweresimilar in all tree
constructionapproachesused.Trichodermaisolatesthatappearin bold text weresequencedin this
study. Bar indicates10%sequencedivergence.
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