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NOTE: Molecular Identi�cation of Thr eeEntomopathogenic
Nematodesfr om Turk eyby PCR-RFLP of the ITS Regions

I. Alper Susurluk1 andUmutToprak� ;2

Molecularidenti�cation methodsarewidely usedfor theclassi�cationof organismsworld-
wide. Entomopathogenicnematodesarethe mostoften isolatedinsectparasiticnematodes
in the tropical and subtropical regions. In our investigation, PCR-RFLP(Polymerase
ChainReaction– RestrictionFragmentLengthPolymorphism)of the ITS region (Internal
TranscribedSpacer)ontheribosomal(r) DNA of threeentomopathogenicnematodesisolated
from Ankara,Turkey, wasanalyzedfor identi�cation. TheITS regionof rDNA wasampli�ed
by PCRandthendigestedwith thefollowing ninerestrictionenzymes:Alu I, DdeI, HaeIII,
HhaI, Hind III, Hinf I, HpaII, RsaI andSau3AI. Theampli�ed andrestrictedsequencesof
theITS regionswereseparatedby agarosegelelectrophoresisandtheRFLPpatternsof these
threespecieswereshown in thisstudy. Accordingto ourresults,thesespecieswereidenti�ed
asSteinernemafeltiae, SteinernemacarpocapsaeandHeterorhabditisbacteriophora.
KEY WORDS:Heterorhabditisbacteriophora; Steinernemafeltiae; Steinernemacarpocap-
sae;molecularidenti�cation; ITS region; PCR-RFLP;Turkey.

Thereare more than 30 nematodefamilies
associatedwith terrestrialandaquaticinsectsand
theseassociationsprobablyoccurin mostinsect
orders(6). The most effective group of insect
pathogenicnematodesin biological control are
entomopathogenicnematodes(EPNs)belonging
to thefamiliesSteinernematidaeandHeterorhab-
ditidae,which areobligateandlethal pathogens
of many soil-dwelling insects.New speciesand
strainsof EPNsareconstantlybeingdiscovered.
Unfortunately, whennew isolatesarediscovered,
their identi�cation is notalwaysstraightforward.
Indeed,therehasbeenmuchconfusionover the
nomenclatureof nematodes,with many isolates
being misidenti�ed by standardmorphological
criteria (8). For this reason,many scientists
turned to molecular techniquesfor identi�ca-
tion. The PolymeraseChain Reaction(PCR)
– Restriction FragmentLength Polymorphism
(RFLP) of the ribosomalDNA (r DNA) repeat
unit is widely usedfor theidenti�cation of EPN.

It is an ideal choicefor identi�cation purposes,
becauseit is presentas a multi-copy tandem
repeatin the genomeof most organisms. The
aim of this study was to identify three EPNs
isolatedfrom Ankara,Turkey, by thisPCR-RFLP
molecular techniqueand to show their RFLP
patterns.

Nematodeisolation and storage Fifty and
80 soil sampleswere collected at 2-m inter-
vals from the Faculty of Agriculture in D�şkap�,
Ankara, and from the experimental �elds of
the SugarBeetResearchInstitute in Etimesgut,
Ankara, respectively. Each soil sample was
trappedwith two Galleria mellonellaL. (Lep.:
Pyralidae)larvaeandkeptat 25� C� 2 for 3 days
(1). In order to recover IJs of the EPNs,only
infected larvae were transferredto the White-
Trap system(14). Then,the recoveredIJs were
keptin lab-standardRingersolution(9.0g NaCl,
0.42g KCl, 0.37g CaCl2 � 2 H2O,0.2g NaHCO3
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and1 l distilled water)at 4� C until use(10).

DNA extraction Total genomicDNA of the
EPNs was extractedusing the DNeasyTissue
kit (Qiagen,Hilden, Germany) accordingto the
manufacturer's instructions.

PCR conditions PCR ampli�cations of the
extractedDNA werecarriedout for eachstrain
in a reactionvolumeof 100 � l, containing75.6
� l of H2O, 2 � l of dNTPs (2 mM), 10 � l of
10x PCR-buffer, 1 � l of Primer Forward (200
� M), 1 � l of PrimerReverse(200� M), 0.4� l of
Taqpolymerase(5 U � l � 1) and10 � l of puri�ed
DNA. The18 S Forwardand26 S ReversePCR
primers were describedby Vrain et al. (12).
Agarosegel electrophoresis(180 V for 35 min)
wascarriedout at theendof DNA isolationand
PCRampli�cation usingstandardprotocols(9).

Restriction digestion and electrophoresis
of digested PCR products Nine different
enzymeswere usedfor the digestion. The di-
gestionenzymesAlu I, Hae III, Hind III were
suppliedby Eurogentec,andDde I, Hha I, Hinf
I, Hpa II, Rsa I and Sau 3Al were supplied
by AmershamBiosciences,Freiburg, Germany.
Theresultingfragmentswereseparatedwith 2%
agarosegel containingethidiumbromide(0.2%)
in 0.5xTBE(54.0g Tris base+ 27.5g boric acid
+ 20 ml 0.5 M EDTA (pH 8.0)) madeup to 1 l
with distilledwaterat 100volt for 1.5h.

Threeof 130soil samplesfrom experimental
�elds were found to contain EPNs. The soil
typewassandy-loam.Accordingto symptomatic
observationbasedonthecolorof infectedlarvae,
we found two larvae appearingyellowish and
infectedby Steinernemaspecies(from Facultyof
Agriculture in Ankara)in wheatcultivation,and
oneappearingreddish,infectedby Heterorhab-
ditis species(from the SugarBeetResearchIn-
stitute)in sugarbeetcultivationareas.

According to the RFLP pro�les of the iso-
latedEPNsstrains,theSteinernemaspecieswere
identi�ed as S. feltiae and S. carpocapsaeand
the Heterorhabditisspecieswasidenti�ed asH.
bacteriophora. The RFLP patternsfor each
speciesare shown in Figure 1. The RFLP
pro�les have been comparedwith all known

EPN speciesfor reference: S. feltiae, S. car-
pocapsae, S. bicornutum, S. arenarium, S. ab-
basi, S. glaseri, S. riobrave, S. intermedium,
Steinernemasp. `SSL', S. kraussei, S. weis-
eri, S. ceratophorum, S. tami, S. karii and S.
anatoliense; H. bacteriophora, H. marelatus,
H. indica, H. megidis and H. taysearae (2–
5,7,9,11,13; Susurluk, I.A. (2005) Ph.D. the-
sis, Christian-Albrechts-Universiẗat, Kiel, Ger-
many). All of the samplesisolated in our
study showed different RFLP patternswith the
exception of Hae III and Hpa II restrictions,
andthuswe realizedthat all thesespecieswere
different. We comparedthe RFLPpatternswith
the cited referencesabove and found that the
RFLP patternsof three isolatesin the current
studyarein accordancewith thepatternsreported
previously for S. feltiae, S. carpocapsaeandH.
bacteriophora. According to the patterns,the
enzymesHpa II and Hae III digestedthe ITS
regions800–1000and1000bp, respectively, for
eachspecies. On the other hand, the enzyme
Hind III showed the samepatternsfor S. feltiae
and H. bacteriophora (1000 bp) but not for S.
carpocapsae(800 bp). While Hind III digested
theITS regionsin thesamesizesfor S. carpoca-
paseand H. bacteriophora (400 and 300–200
bp), RsaI digestedthe ITS regions in the same
sizesfor S. feltiae andS. carpocapsae(400 and
200 bp). Alu I, Dde I and Sau3 AI restricted
at completelydifferentpatternsfor eachspecies
and thus enabledthe characterizationof these
species.

There has not beenmuch study of molec-
ular taxonomyof entomopathogenicnematodes
in Turkey, althoughsomepublicationscan be
found on their morphologicaltaxonomy. The
�rst publicationon the molecularidenti�cation
of EPNsin Turkey showed the moleculariden-
ti�cation of two H. bacteriophora strains and
comparedthemwith someHeterorhabditisspp.
(10). Our investigationprovides more details
abouttherDNA ITS RFLPpro�les of thespecies
S. feltiae, S. carpocapsaeandH. bacteriophora
isolated from Turkey and extends the number
of EPN specieswhich have beenisolatedfrom
Turkey.
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Fig. 1. PCR-ampli�edproductsfrom the ITS region digestedwtih nine restrictionenzymes.EPNs
speciesare:A. Steinernemafeltiae;B. S.carpocapsae;C. Heterorhabditisbacteriophora. Lanes1-9
indicatethe following enzymes:1. Alu I; 2. DdeI; 3. HaeIII; 4. HhaI; 5. Hind III; M. Molecular
weightmarkers(bandsizes1000,800,700,600,500,400,300,200,100basepairs);6. Hinf I; 7.
HpaII; 8. RsaI (Afa I); 9. Sau3 AI.
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