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Identification of plant-parasitic nematodes by PCR
amplification of DNA fragments’

by C. DE GIORGI*, M. FINETTI SIALER*, M. DI VITOt and F. LAMBERTI+

Jipartimento di Biochimica e Biologia Molecolare, Universita di Bari, Via Amendola 165/A,
70126 Bari (Italy)
tstituto di Nematologia Agraria, CNR, Via Amendola 165/A, 70126 Bari (Italy)

A study concerning the detection and characterization of a DNA fragment from plant-
parasitic nematodes to be used as a molecular marker for the identification of different
nematodes is described. A fragment of DNA, which is known to consist of a variable region
fianked by two conserved regions, has been studied by using PCR amplification. A portion of
about 600 rucleotides at the 5’ end of the larger rRNA gene has been amplified in different
nematodes, using heterologous primers which hybridize with the conserved regions. The
results obtained clearly indicate that the same primers can be used for the amplification of
this segment in nematodes of different species and of different genera: Meloidogyne artiellia,
M. incognita, Xiphinema index, X. diversicaudatum and Globodera pallida. The amplified
regions have been partially sequenced. The nucleotide sequences have been analysed by
comparisen with the published sequence of Caenorhabditis elegans.

oduction

olecular approaches for the identification of nematodes have recently been increasing
nsiderably. Several studies have been carried out in different laboratories to detect DNA
triction fragments that can be used as molecular markers in order to discriminate different
atodes at the genomic level. Digestion of DNA with restriction endonucleases generates a
ique set of restriction fragments dependent upon the base sequence of the genome. The size
istribution of the restriction fragments, analysed by agarose gel electrophoresis, is character-
cof a given genotype. Thus, genetic differences between various organisms can be visualized
(observing differences in the restriction fragment length.
This approach has been used on both nuclear DNA and mitochondrial DNA (mtDNA). The
distribution of restriction fragments in ethidium bromide-stained agarose gel allowed a
rect visualization of the fragment-length differences (Curran ez al., 1986; Powers & Sandall,
988, Radice er al., 1988). Furthermore, the sensitivity of this technigue can be increased when
abelled DNA fragment is used to prove restriction fragments. In this case, the different
brids are shown by autoradiogram (Powers et al., 1986; Curran & Webster, 1989;
stagnone-Sereno ef af., 1991; De Giorgi ef al., 1991; Piotte ez al., 1992; Stratford er 4f.,
992; Xue et al., 1992). ,
Although very interesting results have been obtained, this technique suffers from the major
fimitation of requiring a relatively large amount of material.
The most powerful molecular approach available today seems to be the method of
olymerase chain reaction (PCR) (Harris er af., 1990; Vrain er al., 1992; Powers & Harris

1993). This technigue allows the characterization of genetic variation at the DNA level by using
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a very small amount of material, virtually a single DNA molecule. Organisms that cannot b
grown in pure culture have been detected, identified and characterized phylogenctically b
using PCR amplification and sequencing of specific DNA fragments.

PCR s an in vitro synthesis of 4 specific target DNA segment, bordered by two regions whos
DNA sequences are known. It is made possible by the specific annealing of oligonucleotid
complementary to the regions flanking the scgment: each oligonucieotide binds to one DN
strand and acts as & primer in the synthesis of a new DNA strand complementary to the old on
thus producing a new double-stranded DINA fragment. The ‘amplification’ is achieved becauss
after each round of replication the newly synthesized DNA molecule acts as a template for
further replication.

This paper presents some preliminary resuits from the application of PCR to a number:
genera and species of plant-parasitic nematodes.
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Results and discussion

In Fig. 1, the analysis of the amplified product from Caenorhabditis elegans (Maup
Dougherty, and from Meloidogyne artiellia Franklin and M. incognita (Kofoid & Whit
Chitwood, are shown. Since information on the nucleotide scquences of plant-parasit
nematodes is still limited, the sequence of the free-living nematode C. elegans was used az
model sequence (Ellis ez al., 1986). The selected region is a portion of the §' end of the large su
unit of the TRNA gene. The two flanking segments, destined to anncal the primers, we
selecied in regions of the gene which are known to be highly conserved in many differe
organisms, so that the same oligonucleotide pair will bind to corresponding regions in differe
nematodes. On the other hand, the region included within the primers is variable and, theref
differences in the nucleotide sequence can be used as diagnostic differences.

From data presented in Fig. 1, it can be seen that the amplification product is presem
relatively large amounts since it is clearly visible on the gel. Furthermore, in all cases, the siz
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2: Computer-aided multi-alignment of sequenced regions of tRNA gene from different nematode
ies. The program used was the Pretty Program of the GCG Package (release 7.1).

mperaison obtenue par ordinateur des régions séquencées du géne de PADNr pour différentes espéces de

atodes. Le programme utilisé est Pretty Program de GCG Package (version 7.1).

fragment is about 650 nucleotide (nt) long. The Meloidogyne fragment is sli ghtly bigger than
at of C. elegans which has been reported to be 645nt long (Ellis ef al., 1986), and thus the
length difference may reflect specific peculiarity.

Once the DNA fragment is available in relatively large amounts, three different means of
NA typing can be conducted: the determination of length differences (Powers & Harris,
93), the determination of restriction fragment differcnces (Vrain ef al., 1992; De Gilorgi et af.,
92; Powers & Harris, 1993), and the determination of sequence differences. The comparison
sequenced DNA fragments from different organisms provides & molecular basis for the
assessment of phylogenetic relationships between the organisms. In order to study the
asibility of PCR to discriminate among different nematode populations, we decided to
juence a DNA fragment of the large rRNA genc in different genera.

In Fig. 2 the sequences of the same regions in different nematode species are displayed. From
artiellia, M. incognita, Xiphinemsa index Thorne & Allen, X. diversicaudatum (Micoletzky)
orne and Globodera pallida (Stone) Behrens, the same fragment was amplified and
enced. All the sequences were compared with that of €. elegans. In order o caleulate
similarity between sequence strings from differeat organisms, a computer-aided program
rched the best alignment between the different refated nucleotide sequences. The multi-
nment of the different sequences presented in Fig. 2 has been obtained to highlight
nserved and diverging regions. In order to maximize the display of homology of the multi-
nment of the nucleotide sequences, shaded boxes around the conserved regions are shown.
n be seen that some regions are well conserved in all the nematodes investigated, while

Fig. 1. Ethidium bromide-stained agarose gel of amplified products obtained from Caenorhabditis &.mmg
(2, 3, 4), Meloidogyne artieliia (5, 6), and M. incognita (7, 8} DNAs. In slot 1, molecular weight marke
whose size were 1,631, 517, 396, 344, 298, 220, 154 and 75 nt, were run.

Gel d’agarose coloré au bromure d’éthidium des produits d’amplification pour les ADN obten

7

C. elegans (2, 3, 4), M. artiellia (5, 6), et M. incognita (7, 8). Dans le puits 1 ont &t placés les mar
de poids moléculaire de taille 1631, 517, 396, 344, 298, 220, 154 et 75nt.
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some other regions show variability from species to species, thus demonsirating that th
technique can be used for nematode identification and taxonomy. Furthermore, it is clear that
within the same block of conserved seguence, there are several differences between differen
species of the same genus. It is, therefore, conceivable that small nucleotide changes car
differentiate different species or races of nematodes within the same taxonomic group. Further
studies are reguired in order to clarify this point. Moreover, a further development of the
technique, directly oriented to the identification of the base/bases changes, will allow a mo .
rapid and efficient diagnosis procedure.
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identification de nématodes phytoparasites & I'aide de 'amplification PCR de

fragments d'ADN

L’étude concerne la détection et la caractérisation d’un fragment ’ADN provenant
nématodes phytoparasites, utilisé comme marqueur moléculaire pour Pidentification
différents nématodes. Un fragment ¢’ADN, comportant une région variable entourée 4

deux régions conservées, a été étudié a P’aide de la PCR. Une portion d’environ 600 nucléotides

située a Pextrémité 5° du plus gros géne de PARNr a été amplifié chez différents nématodes ;
Paide d’amorces hétérologues qui s’apparient avec les régions conservées. Les résuliats obtenus
démontrent clairement que les mémes amorces peuvent étre utilisées pour 'amplification de ce
segment chez des nématodes appartenant & différentes espéces et 4 différents genres: Meloido-
gyne artiellia, M. incognita, Xiphinema index, X. diversicaudatum, Globodera pallida. Les régions
amplifiées ont ét¢ partiellement séquencées. Les séquences de nucléotides ont été analysées par
comparaison avec la séquence publiée pour Caenorhabditis elegars.

Hnentudukanus GpHTOnapasHTEbIX HeMaToR aMIHguKanuesk pparmentos THK
IIPH Y4YaCTHM HOTUMEPAa3HO! HeNHOH PeakitHy

Hanoxeno srisenentie u onucanye $pparmenta THK duronapasurasx memaron, HCTIOAL3YEMOP
B KaeCIBe MOJIEKYMAPHOTO MapKepa JUIS HIeHTH(HKAINK PASITIHEIX HEMaToNl, IaDasUTHPYIo
17X Ha pacTermsix. Oparment JIHK, KOTOphI, Kak H3BECTHO, CONEPXKHUT BapHabensnyo o6nacts
IEPUMBIKAIOIIHMH KOHCEPBATUBHEBIMM OGIACTAMHE, M3YYa/ICA METOOM aMIDTHUKANKE 32 C%
TOMHMEPA3HON MEMHOMA PeakiiHH. ¥ HECKOILKHX HEMATOA GBI YKPYIIHCH YaCTOK, COMED KA
oxono 600 nyxreotunos, ¢ 5'-xorna Hambonsmero rena pPHK, ucnonssys reteponoryciste sg
TPaBKe, 06pasyIonHe rHOPHIIB C KOHCEPBATUBHBIMK 06macTsMu. [0y TeHEDIe peay/ibTaT: 1eTke
IIOKA3BIBAIOT, ITO OEHH U Te JK€ IPaMepPBl MOFYT OBITh MCHOABL30BAHKI B4 aMIUTHQUKAITHH N3k
HOTO CErMEHTa Y PavIMYHBIX BHIOB H pONOB HeMarom: Meloidogyne artiellia, M. N.sg.m:mﬁu
Xiphinema index, X. diversicaudatum, Globodera pallida. Yxpynresnsie o6nacTr 6BUIH 9acTisic
CEeKBEHCHPOBAHBL [I0CNeA0BATEILHOCTD HYKIEOTHIOB GEITA H3YIeHa IYTeM CPaBHENHA C Oyl
KOBAHHOH ITOC/IELOBATENBHOCTLIO HYKTEOTHAOB HeMaTonibt Caenorhabditis elegans. .
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