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Molecularidenti cation methodsarewidely usedfor the classi cation of organismsworld-
wide. Entomopathogenioematodesirethe mostoftenisolatedinsectparasiticnematodes
in the tropical and subtropicalregions. In our investigation, PCR-RFLP (Polymerase
Chain Reaction- RestrictionFragment_ength Polymorphism)of the ITS region (Internal
Transcribedpacerpntheribosomalr) DNA of threeentomopathogenicematodessolated

from Ankara,Turkey, wasanalyzedor identi cation. ThelTS regionof rDNA wasampli ed
by PCRandthendigestedvith thefollowing ninerestrictionenzymesAlu |, Ddel, Haelll,
Hhal, Hind I, Hinf I, Hpall, Rsal andSau3Al. Theampli ed andrestrictedsequencesf
thelTS regionswereseparatedby agarosegel electrophoresiandthe RFLP patternsof these
threespeciesvereshavn in this study Accordingto ourresults thesespeciesvereidenti ed
asSteinernemdéeltiae, Steinernemaarpocapsa@andHeteorhabditisbacteriophoa.

KEY WORDS:Heteworhabditisbacteriophoa; Steinerneméeltiae; Steinernemaarpocap-
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There are more than 30 nematodefamilies
associateavith terrestrialandaquaticnsectsand
theseassociationprobablyoccurin mostinsect
orders(6). The most effective group of insect
pathogenicnematodesn biological control are
entomopathogeninematode$EPNs)belonging
to thefamiliesSteinernematida@ndHeterorhab-
ditidae,which are obligateandlethal pathogens
of mary soil-dwellinginsects.New speciesand
strainsof EPNsareconstantlybeingdiscovered.
Unfortunatelywhennew isolatesarediscovered,
theiridenti cation is not alwaysstraightforvard.
Indeed,therehasbeenmuchconfusionover the
nomenclatureof nematodeswith mary isolates
being misidenti ed by standardmorphological
criteria (8). For this reason,mary scientists
turned to molecular techniquesfor identi ca-
tion. The PolymeraseChain Reaction (PCR)
— Restriction FragmentLength Polymorphism
(RFLP) of the ribosomalDNA (r DNA) repeat
unitis widely usedfor theidenti cation of EPN.

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

Nematodeisolation and storage Fifty and
80 soil sampleswere collected at 2-m inter-
vals from the Faculty of Agriculturein D skap ,
Ankara, and from the experimental elds of
the SugarBeet Researchnstitute in Etimesgut,
Ankara, respectrely. Each soil sample was
trappedwith two Galleria mellonellaL. (Lep.:
Pyralidae)arvaeandkeptat25 C 2 for 3 days
(1). In orderto recover 1Js of the EPNs, only
infected larvae were transferredto the White-
Trap system(14). Then,the recoveredlJs were
keptin lab-standardRingersolution(9.0g NaCl,
0.42gKCl, 0.37gCaCh 2H,0,0.2gNaHCQ;
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and1| distilled water)at4 C until use(10).

DNA extraction Total genomicDNA of the
EPNs was extracted using the DNeasy Tissue
kit (Qiagen,Hilden, Germary) accordingto the
manufcturersinstructions.

PCR conditions PCR ampli cations of the
extractedDNA were carriedout for eachstrain
in areactionvolumeof 100 |, containing75.6
| of H,O, 2 | of dNTPs(2 mM), 10 | of
10x PCR-tuffer, 1 | of Primer Forward (200
M), 1 | of PrimerReverse(200 M), 0.4 | of
Tagpolymerasé5U | 1) and10 | of puri ed
DNA. The 18 S Forwardand 26 S ReversePCR
primers were describedby Vrain et al. (12).
Agarosegel electrophoresi¢180V for 35 min)
was carriedout at the endof DNA isolationand
PCRampli cation usingstandargrotocols(9).

Restriction digestion and electrophoresis
of digested PCR products Nine different
enzymeswere usedfor the digestion. The di-
gestionenzymesAlu |, Haelll, Hind Il were
suppliedby EurogentecandDde |, Hhal, Hinf
I, Hpa ll, Rsal and Sau 3Al were supplied
by AmershamBiosciencesFreiburg, Germary.
Theresultingfragmentsvereseparateavith 2%
agarosegel containingethidiumbromide(0.2%)
in 0.5xTBE(54.0g Tris base+ 27.5g boric acid
+20ml 0.5M EDTA (pH 8.0)) madeupto 1|
with distilled waterat 100volt for 1.5h.

Threeof 130soil samplegrom experimental
elds were found to contain EPNs. The soll
typewassandy-loamAccordingto symptomatic
obserationbasednthecolor of infectedlarvae,
we found two larvae appearingyellowish and
infectedby Steinernemapeciegfrom Facultyof
Agriculturein Ankara)in wheatcultivation, and
one appearingreddish,infectedby Heteorhab-
ditis specieqfrom the SugarBeetResearchn-
stitute)in sugarbeetcultivationareas.

Accordingto the RFLP pro les of the iso-
latedEPNsstrains the Steinernemapeciewere
identi ed as S. feltiae and S. carpocapsaeand
the Heteorhabditis specieswasidenti ed asH.
bacteriophoa. The RFLP patternsfor each
speciesare shavn in Figure 1. The RFLP
pro les have been comparedwith all knowvn
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EPN speciesfor reference: S. feltiae, S car-

pocapsage 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. bacteriophoa, H. marlatus

H. indica, H. maidis and H. tayseaae (2—
5,7,9,11,13; Susurluk, I.A. (2005) Ph.D. the-
sis, Christian-Albrechts-Uwnersi&t, Kiel, Ger

mary). All of the samplesisolated in our

study shaved different RFLP patternswith the
exception of Hae Ill and Hpa Il restrictions,
andthuswe realizedthat all thesespecieswvere
different. We comparedhe RFLP patternswith

the cited referencesabose and found that the

RFLP patternsof three isolatesin the current
studyarein accordancwvith thepatterngeported
previously for S feltiag S. carpocapsaendH.

bacteriophoa. According to the patterns,the

enzymesHpa Il and Hae Il digestedthe ITS

regions800—1000and 1000bp, respectiely, for

eachspecies. On the other hand, the enzyme
Hind 1l shaved the samepatternsfor S feltiae

and H. bacteriophoa (1000 bp) but not for S.

carpocapsag800 bp). While Hind Il digested
thelTS regionsin the samesizesfor S. carpoca-
paseand H. bacteriophoa (400 and 300-200
bp), Rsal digestedthe ITS regionsin the same
sizesfor S feltiae and S carpocapsad400 and
200 bp). Alu I, Dde | and Sau3 Al restricted
at completelydifferentpatternsfor eachspecies
and thus enabledthe characterizatiorof these
species.

There has not beenmuch study of molec-
ular taxonomyof entomopathogenioematodes
in Turkey, althoughsome publicationscan be
found on their morphologicaltaxonomy The
rst publicationon the molecularidenti cation
of EPNsin Turkey shaved the moleculariden-
ti cation of two H. bacteriophoa strainsand
comparedhemwith someHeteorhabditis spp.
(10). Our investigationprovides more details
abouttherDNA ITS RFLPpro les of thespecies
S feltiag S carpocapsaeindH. bacteriophoa
isolated from Turkey and extendsthe number
of EPN specieswhich have beenisolatedfrom
Turkey.
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Fig. 1. PCR-ampli ed productsfrom the ITS region digestedwtih nine restrictionenzymes.EPNs
speciesre:A. Steinerneméeltiae; B. S.carpocapsaeC. Heteorhabditisbacteriophoa. Lanesl-9
indicatethe following enzymes:1. Alu I; 2. Ddel; 3. Haelll; 4. Hhal; 5. Hind Ill; M. Molecular
weight markers (bandsizes1000,800, 700, 600, 500, 400, 300, 200, 100 basepairs); 6. Hinf I; 7.
Hpall; 8. Rsal (Afal); 9. Sau3 Al.
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