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Genetic diversity of the root-knot nematode Meloidogyne
enterolobii and development of a SCAR marker for this
guava-damaging species
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The objectives of this work were to evaluate the genetic variability of Meloidogyne enterolobii by molecular markers, and
develop species-specific molecular markers for application in detection. Sixteen M. enterolobii isolates from different geo-
graphical regions (Brazil and other countries) and hosts were used in this study. The identification and purification of the
populations were carried out based on isoenzyme phenotype. The DNA amplification of the intergenic region (IGS) of the
rDNA and of the region between the cytochrome oxidase subunit IT (COII) and 16S rRNA genes (mtDNA) produced spe-
cific fragments of the expected size for this nematode, i.e. 780 and 705 bp, respectively. Intraspecific variability among the
isolates was evaluated with three different neutral molecular markers: AFLP, ISSR and RAPD. The results showed a low
level of diversity among the isolates tested, indicating that M. enterolobii is a genetically homogeneous root-knot nematode
species. The RAPD method allowed the identification of a species-specific RAPD fragment for M. enterolobii. This fragment
was cloned and sequenced, and from the sequence obtained, a set of primers was designed and tested. The amplification of a
520-bp-long fragment occurred only for the 16 isolates of M. enterolobii and not for the 10 other Meloidogyne species
tested. In addition, positive detection was achieved in a single individual female, egg-mass and second stage juvenile of this
nematode. This SCAR species-specific marker for M. enterolobii represents a new molecular tool to be used in the detection

of this nematode from field samples and as a routine diagnostic test for quarantine devices.
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Introduction

The root-knot nematode (RKN) Meloidogyne enterolobii
(Yang & Eisenback, 1983) was described from a popula-
tion sampled in China and isolated from a tree species
(Enterolobium contortisiliquum). This nematode was
also reported from other regions in China, but mainly iso-
lated from guava (Psidium guajava) (Xu et al., 2004).
More recently, it was suggested that M. enterolobii was a
senior synonym of Meloidogyne mayaguensis (Xu et al.,
2004; Randig et al., 2009; G. Karssen, Plant Protection
Service, PO Box 9102, 6700 HC Wageningen, the
Netherlands), a species originally described in Puerto
Rico, isolated from aubergine (Solanum melongena)
roots. The presence of this parasite has increasingly been
detected in different geographical regions from a wide
range of hosts, including crops carrying genes of resis-
tance to the main Meloidogyne spp. (Fargette et al., 1996;
Blok et al.,2002; Carneiro et al., 2006; Brito et al., 2007).
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Recently, M. enterolobii was detected in two commercial
greenhouses in Switzerland on tomato (Solanum lycoper-
sicum cv. Maxifort) rootstock resistant to Meloidogyne
spp. (Kiewnick ez al., 2008). Considering the risk of intro-
duction and dissemination of this pest in the European
region, M. enterolobii was recently added to the EPPO
Alert List (EPPO, 2008).

In Brazil, M. enterolobii was originally detected in
guava orchards in 2001 in Pernambuco and Bahia states
(Carneiro et al., 2001). Since then, this nematode has
been a matter of grave concern in the country because it
has been spreading rapidly, making the cultivation of
guava unviable in heavily infested areas (Carneiro et al.,
2007; Siqueira et al., 2009).

Morphological identification demands considerable
skill and could be unreliable because of significant intra-
specific morphological variation in Meloidogyne spp.
Because of its morphological resemblance to M. incognita
when considering only the perineal patterns (Carneiro
etal.,2001; Brito et al., 2004), M. enterolobii might have
been misidentified in a number of surveys. Isozyme
phenotyping has been shown to be a valuable tool for
precise identification of major Meloidogyne species
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(Esbenshade & Triantaphyllou, 1990; Carneiro et al.,
1996,2000). In all recent surveys in Brazil, M. enterolobii
has been identified using esterase profile (Carneiro et al.,
2001; Siqueira et al., 2009). However, the limitation of
this technique is that second-stage juveniles (J2) cannot
be reliably diagnosed, which hinders its use in routine
examination of soil samples that often contain only J2.
Regarding the use of molecular tools, the analyses of a
specific mitochondrial DNA region (Blok et al., 1997,
2002; Brito et al., 2004; Xu et al., 2004; Tigano et al.,
2005; Jeyaprakash et al., 2006) and the intergenic region
(IGS) from the ribosomal DNA (Adam et al., 2007) were
demonstrated as efficient in differentiating M. enterolobii
from the most common Meloidogyne species, based on

Table 1 Meloidogyne spp. populations used in the study

Original

Species Code Geographical origin® host plant

M. enterolobii Me1 Godet, Guadeloupe, FWI  Tomato

Me2  Jobos, Isabella, Aubergine
Puerto Rico

Me3  Martinique, FWI Guava

Me4  Qezaltenaco, Guatemala Coffee

Me5  Guanacaste, Costa Rica  Coffee

Me6  Maloua, Congo Potato

Me7  Petrolina, PE, Brazil Guava

Me8 Limoeiro do Norte, Guava
CE, Brazil

Me9  Sé&o Jodo da Barra, Guava
RJ, Brazil

Me10 Pedro Canério, ES, Brazil Guava

Me11  Reginodpolis, SP, Brazil Pepper

Me12 Tupa, SP, Brazil Guava

Me13 Campos Novos Paulista, Pepper
SP, Brazil

Me14  Piraju, SP, Brazil Pepper

Me15 Santa Mariana, PR, Brazil Guava

Me16  Novo Horizonte do Sul, Guava
MS, Brazil
M. arenaria Mar1  Florida, USA Peanut
Mar2  Martinique, FWI Banana
M. ethiopica Meth1 RS, Brazil Kiwi
Meth2 Casa Blanca, Chile Grapevine
Meth3 Curicd, Chile Grapevine
M. exigua Mex MG, Brazil Coffee
M. floridensis Mflor  Florida, USA Peach
M. hapla Mhap SP, Brazil Strawberry
M. hispanica Mhisp  PE, Brazil Sugar cane
M. incognita Minc1 SP, Brazil Coffee
Minc2 PR, Brazil Cotton/Coffee
Minc3 BA, Brazil Pumpkin
M. inornata Minor  SP, Brazil Yakon
M. javanica Mjav  PE, Brazil Tomato
M. paranaensis Mpar PR, Brazil Coffee
Meloidogyne sp. Sp1 DF, Brazil Cucumber
Meloidogyne sp. Sp2 RS, Brazil Lavender

2FWI: French West Indies; Brazilian states: BA, Bahia; CE: Ceara;
DF: Distrito Federal; ES: Espirito Santo; MG: Minas Gerais; MS:
Mato Grosso do Sul; PE: Pernambuco; PR: Parang; RJ: Rio de
Janeiro; RS: Rio Grande do Sul; SP: Sao Paulo.
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the size of PCR-amplified fragments. However, these
markers have not yet been validated on a certain number
of representative nematode populations and they cannot
be used in multiplex diagnostics.

Recently, a new species-specific satellite DNA family
was identified for M. enterolobii, and shown to be a good
molecular marker for use in the diagnostics of this nema-
tode (Randig et al., 2009).

Regarding the genetic diversity in M. enterolobii, RFLP
and RAPD analyses showed a low variability among the
few isolates used in these studies (Fargette et al., 1996;
Blok et al., 1997). Other neutral molecular markers, such
as AFLP and ISSR, have been used to analyse the genetic
diversity of Meloidogyne species (Semblat et al., 1998;
Fargette et al.,2005; Carneiro et al., 2008).

In this study, the analyses of molecular markers [ampli-
fied fragment length polymorphism (AFLP), inter-simple
sequence repeat (ISRR) and random amplified polymor-
phic DNA (RAPD)] were applied to examine the genetic
variation of M. enterolobii isolates obtained from differ-
ent geographical regions. Furthermore, a species-specific
DNA fragment obtained from the RAPD analyses
allowed the development of a SCAR marker as a new tool
for the diagnosis of this economically important pest.

Materials and methods

Identification of nematode populations and genomic
DNA extraction

Sixteen populations of M. enterolobii originating from
Brazil and other countries and 17 Meloidogyne spp. were
identified and purified using isozyme analyses (Carneiro
& Almeida, 2001) (Table 1). They were multiplied under
greenhouse conditions on tomato cv. Santa Clara plants.
The eggs were extracted from infested tomato roots
according to McClure et al. (1973) and stored at —80°C
until use. For each nematode population genomic DNA
was purified from aliquots of 200-300 pL eggs by a phe-
nol-chloroform method (Sambrook et al., 1989).

IGS and mitochondrial DNA analysis

The primers C2F3 (5-GGTCAATGTTCAGAAATTTGT
GG-3")and 1108 (5-TACCTTTGACCAATCACGCT-3')
designed by Powers & Harris (1993) were used to amplify
the mitochondrial DNA region between the cytochome
oxidase subunit IT (COII) and 16S rRNA genes (mtDNA).
The IGS of the ribosomal DNA (rDNA) was amplified
using the primers 194 (5-TTAACTTGCCAGATCGG
ACG-3") and 195 (5"-TCTAATGAGCCGTACGC-3’),
proposed by Blok ez al. (1997) to differentiate M. enterolobii
from other major tropical root-knot nematodes. Amplifi-
cations were performed using 25-uL. volumes containing
12 ng DNA, 200 pum dNTPs (Pharmacia Biotech), 0-4 um
primers, 2 U Tag DNA polymerase (Phoneutria Biotecno-
logia & Servigos) and 1 x Taq DNA polymerase reaction
buffer. The temperature profile for all reactions was 94°C
for 2 min, followed by 35 cycles of 94°C for 30 s, 50°C
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for 30 s and 72°C for 2 min, with a final extension at
72°Cfor 7 min.

Amplified fragment length polymorphism (AFLP)
analysis

For each sample, approximately 1 pg genomic DNA was
digested with EcoRI and ligated to EcoRI adaptors in a
single 20-uL overnight reaction at 37°C (Suazo & Hall,
1999). The digestion-ligation reactions were diluted with
TE buffer to a final volume of 200 uL. and stored at
—20°C. A series of 30 primers (19-mer) (Integrated DNA
Technologies) were used, consisting of the EcoRI adapter
sequence GACTGCGTACCAATTCAGT plus three 3’
selective nucleotides (AGT, ACT, AGC, ATT, GGC,
CAG, TGG, CCT, ACC, TCG, ATA, AGG, AAT, AAC,
GCC, CGA, GGG, CTC, CAT, TTA, TTG, TAC, GAC,
GTG, CCG, TCT, GAG, TGC, CGT and CAC). Amplifi-
cation conditions and the electrophoresis of the PCR
products were performed using the protocols described

by Suazo & Hall (1999).

Inter-simple sequence repeat (ISSR) analysis

The amplification reactions were performed in a 13-uL
volume containing 9 ng genomic DNA, using the PCR
conditions described by Carneiro et al. (2008). The
following ISSR primers (Integrated DNA Technologies)
were used: (GA)8C, (CA)G, (CCA)s, (CA)sRT, (GT)g
YA, (ATG)s, (GACA)4, (GTC)s, (GTG)g, (GAG)4GC,
(CTC)4GC, (GAGA)4GG, (GA)ST, (AC)gT, (AC)sYC,
VHV(TGT)s, BDB(ACA)s and HVH(TG)5.

Random amplified polymorphic DNA (RAPD)
analysis

The RAPD-PCR reactions were performed in a volume of
13 uL containing 9 ng genomic DNA, using the PCR con-
ditions described by Carneiro et al. (2008). The following
35 random 10-mer oligonucleotide primers (Operon
Technologies) were used in the analysis: A4, AS, A13,
A14, A15, A17, A18, AB11, B1, B3, B6, B20, C7, C9,
C16,C18,D5,D8,D13,E14,E18,E19, G2, G3, G4, G5,
G6,G13,K7,K16,K19,K20,M20,N7and R7.

Phylogenetic analyses

The genetic diversity and relationships of the 16 M. enter-
olobii populations listed in Table 1 were assessed by
AFLP, ISSR and RAPD analyses as described above, using
M. exigua and M. incognita (populations Mex and
Mincl, respectively) as outgroup taxa. Amplified bands
were scored as present or absent from the digitized photo-
graphs of the gels. Experiments were repeated at least
once and only DNA fragments consistently present
between repeated gels were recorded and considered
as binary characters. For each of the three molecular
markers, DNA fingerprints of the populations were con-
verted into a binary matrix, and phylogenetic reconstruc-

tion was performed using the neighbour-joining (NJ)
algorithm (Saitou & Nei, 1987) implemented in pauP*
version 4b10 (Swofford, 2002). The data were assumed
to be unordered with no a priori weighting. For all analy-
ses, 1000 bootstrap replicates were performed to test the
node support of the generated trees. Moreover, as the
AFLP, ISSR and RAPD markers amplified here could rea-
sonably be considered as independent characters, the
three datasets were combined to run a global NJ analysis,
according to the total-evidence approach (Huelsenbeck
et al., 1996), using the same computer settings as in the
three individual analyses.

Development of sequence-characterized amplified
regions (SCAR) primers

RAPD analysis, using the same conditions as previously
described, were used to compare M. enterolobii to other
Meloidogyne species. RAPD bands present only in
M. enterolobii were selected, excised from the agarose gel
using a QIAquick gel extraction kit (QIAGEN®), and
cloned into the pGEM®T Easy vector (Promega, Inc.),
according to the manufacturers’ instructions. For each
fragment, sequencing of the inserts was done on two inde-
pendent clones by Macrogen. From each sequence
obtained, a pair of putative specific primers was designed
and synthesised by Integrated DNA Technologies.
Amplification using the SCAR primers were performed as
described for the RAPD analysis, using the following
conditions: 5 min at 94°C; 28 cycles of 30 sat 94°C, 30 s
at 62°C and 1 min at 72°C; plus a final extension step of
8 min at 72°C. DNA from individual nematodes (female
and ]2 juvenile) was obtained using a simplification of the
procedure of Castagnone et al. (2005), and a tenth of the
resulting DNA extract was used as template for PCR
amplification.

Results

Identification and genetic variability of populations

The 16 M. enterolobii isolates were identified using the
esterase phenotype (VS1-S1) with two major bands
(Rm 07, 0-9). Occasionally, these bands resolved in
two minor bands (Rm: 0-75, 0-95). The malate dehy-
drogenase phenotype Nla (Rm 14) was also unique
and detected in all populations of M. enterolobii. In
this study, the identification of all the isolates was con-
firmed by the analyses of molecular markers. Genomic
DNA from these isolates was successfully amplified for
the IGS of the rDNA and the mtDNA region. The size
of DNA band amplified from all M. enterolobii
populations was 780 and 705 bp for IGS and mtDNA,
respectively (data not shown).

The genetic variability of these 16 M. enterolobii iso-
lates was assessed using AFLP, ISSR and RAPD molecular
markers. The patterns obtained for each type of marker,
after electrophoresis of the amplified products are illu-
strated in Fig. 1. Overall, a total of 1242 reproducible
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Table 2 Characteristics of the molecular markers generated to evaluate the
genetic diversity of Meloidogyne enterolobii

AFLP ISSR RAPD
No. primers used 30 20 35
Amplification range (bp) 200-3000 300-2500 200-4500
No. reproducible 470 321 451

amplified fragments

No. polymorphic fragments (%) 20 (4:3) 209 (65-1) 142 (31:5)

amplified fragments were generated, among which 371
(29-87%) were polymorphic (Table 2). Under the experi-
mental conditions, the three types of markers revealed
different levels of resolution (i.e. genetic diversity), with
pairwise genetic distance among the 16 M. enterolobii
isolates analysed ranging from 0 to 0:02553, from 0-0969
to 031776, and from 002217 to 0:14412 in the AFLP,
ISSR and RAPD analyses, respectively.

All the reproducible amplified bands from the AFLP,
ISSR and RAPD analyses were recorded to build binary
matrices, from which phylogenetic analyses were
performed. The NJ trees obtained for each of the three
types of marker were similar, and showed that all the
M. enterolobii isolates belonged to one single cluster
(with 100% bootstrap support), without any supported
subspecific clustering of the isolates related to either their
original host or original geographic region (data not
shown). After combining data together into one single
analysis, the same tree topology was observed (Fig. 2),
leading to the conclusion that the resulting tree provided
an accurate estimate of the relationships of the isolates
studied.

Development of a SCAR marker specific for
M. enterolobii

From the analysis of the RAPD fingerprints of the Meloi-
dogyne spp. isolates tested, some of the random primers
allowed the amplification of fragments specific for
M. enterolobii. Among them, primer K7 produced an
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Figure 2 Neighbour-joining tree showing the relationships of
Meloidogyne enterolobii isolates, using a concatenation of AFLP,
ISSR and RAPD datasets. Bootstrap values (>50%) based on 1000
replicates are given.

amplified band of approximately 600 bp in the pattern of
the M. enterolobii isolates, whilst no band of the same
size was observed for the isolates from the other species
tested (Fig. 3). After cloning and sequencing of this DNA
fragment, a pair of putative SCAR primers, defined as
MK7-F (5-GATCAGAGGCGGGCGCATTGCGA-3)
and MK7-R (5-CGAACTCGCTCGAACTCGAC-3'),

(a) Meloidogyne enterolobii (b) Meloidogyne enterolobii (c) Meloidogyne enterolobii
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Figure 1 Examples of the genetic variability among Meloidogyne enterolobii isolates detected by the analyses of: (a) AFLP13 (5’-GACTGCG
TACCAATTCAGTAATT- 3'), (b) ISSR 01 (5-GAGAGAGAGAGAGAG-3’) and (c) RAPD OPR7 (5-ACTGGCCTGA-3’). M = 1-kb Plus DNA

Ladder. For population codes, see Table 1.

Plant Pathology (2010) 59, 1054-1061



1058

Meloidogyne spp.

M. Tigano et al.

M. enterolobii

a
g 2
o &
= =

<
£
[}
=

K]
=
=

Mjav

2000 —

1000 —

650

400

200

was designed. Using these primers, a fragment of 520 bp
was amplified for M. enterolobii. Primer reliability was
assessed using the 16 distinct isolates of M. enterolobii,
and the 12 other Meloidogyne species listed in Table 1.
The expected 520-bp DNA fragment was amplified for
all the M. enterolobii isolates, whilst no amplification
was observed in the other nematode species tested
(Fig. 4). With the primer set defined above, the same spe-
cific amplified fragment was obtained with DNA from a
single individual female (Fig. 5), egg-mass and ]2 (Fig. 6)
of M. enterolobii, demonstrating the sensitivity of the
detection.

Discussion

The specific identification of the populations used in this
study was made based on their typical isozyme pheno-
types. All populations of M. enterolobii presented the
same phenotypes for esterase (VS1-S1) and malate

e}
(]
=

Figure 3 RAPD patterns for 13 Meloidogyne
spp. isolates generated with the primer K7.
Arrowhead indicates the specific band for
Meloidogyne enterolobii isolates. M = 1-kb
Plus DNA Ladder. For population codes, see
Table 1.

dehydrogenase (N1a). These phenotypes were reported
first for M. enterolobii from China (Esbenshade & Tri-
antaphyllou, 1985) and later for M. mayaguensis from
West Africa (Fargette, 1987; Fargette et al., 1996), Marti-
nique (Carneiro et al., 2000), Brazil (Carneiro et al.,
2001; Siqueira et al., 2009), USA (Brito et al., 2004) and
Venezuela (Molinari et al., 2005). This identification was
confirmed using two molecular markers which were pre-
viously reported to easily separate M. enterolobii from
other common RKN species by the size of the PCR prod-
ucts. The IGS product amplified here for all the popula-
tions agrees with the size reported for this nematode
(Blok et al., 1997; Adam et al., 2007). This marker was
recently used in a proposed molecular diagnostic key to
separate M. enterolobii from other common and econom-
ically important species of RKN (Adam er al., 2007).
During the first step of this RKN molecular diagnostic
key, the size of IGS amplification immediately allows the
clear separation of M. enterolobii from the other

Meloidogyne enterolobii other Meloidogyne spp.
532 3% 8 5% 225523 er $3tagfzresiicet
M s=s:s= s s s =5 =35 s = = s s = s =535 === 33 5 5 5§ =

2000 bp -

1000 bp -
650 bp -
400 bp -

200 bp -

Figure 4 Specific amplification using the SCAR primers MK7F/R in Meloidogyne enterolobii populations (genomic DNA extracted from eggs).

M = 1-kb Plus DNA Ladder. For population codes, see Table 1.
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Me7

(bp) 1 2 3 4 5 6 7 8 9

1000 bp -

500 bp -
300 bp -

100 bp -

10 1M 12 13 14 15 16 17 18 19 20
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Figure 5 PCR amplification from single individual females of two populations of Meloidogyne enterolobii, using the SCAR primers MK7F/R.
C+ and C- represent positive (genomic DNA) and negative (water) controls, respectively. M = 1-kb Plus DNA Ladder. For population codes,

see Table 1.
M Me13 Me7
(bp) 1 2 3 4 5 6 7 8 9 10

2000 bp -

1000 bp -

500 bp -
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100 bp -

Figure 6 PCR amplification from single individual second stage
juveniles of two populations of Meloidogyne enterolobii, using the
SCAR primers MK7F/R. M = 1-kb Plus DNA Ladder. For population
codes, see Table 1.

Meloidogyne species. For the mtDNA analyses, the same
fragment was also amplified for all M. enterolobii
populations, confirming the size of the PCR product
already reported for this nematode (Blok et al., 2002; Bri-
to et al., 2004; Tigano et al., 2005; Jeyaprakash et al.,
2006). The present data validated the use of these mark-
ers as a molecular identification tool, considering that the
previous results were obtained for a small number of pop-
ulations, whilst the present work used a large collection
of populations from Brazil and other tropical regions,
and from various host plants.

SCAR markers have been developed to discriminate
the three major RKN species occurring in neotropical and
temperate areas or in crop protected systems, i.e.
M. incognita, M. javanica and M. arenaria (Zijlstra,
20005 Zijlstra et al., 2000; Fourie et al., 2001). Specific
SCAR markers were also defined to identify the three
main RKN species parasitizing coffee crops in Brazil, i.e.
M. exigua, M. incognita and M. paranaensis (Randig
et al., 2002), and their use of multiplex procedures
enabled the specific identification of Meloidogyne spp. in
a field survey of coffee plantations in Brazil (Carneiro
et al., 2005). The SCAR marker MK7E/R developed in
this study proved to be species-specific for M. enterolobii

Plant Pathology (2010) 59, 1054-1061

when compared with several other common Meloidogyne
species, and was validated on 16 M. enterolobii popula-
tions from different geographical regions and hosts.
Moreover, it allowed implementation of a PCR method
that is very easily interpreted and used for M. enterolobii
routine diagnostics, because this molecular marker pro-
duces a positive or negative signal, with no amplification
at all with other species. Another marker of this kind,
based on satellite DNA sequences, was also recently
developed for M. enterolobii (Randig et al., 2009). The
method proved to be sensitive enough to detect a single
nematode, whatever its developmental stage. Moreover,
since a tenth of the extract from a single nematode was
enough for detection, the rest of the sample could eventu-
ally be used for additional PCR reactions if necessary to
confirm results. Globally, the results enlarge the range of
RKN species that can be unambiguously identified using
the SCAR approach, and should allow the implementa-
tion of a simple and very sensitive method for the detec-
tion of M. enterolobii from field samples, as well as a
routine diagnostic test for quarantine purposes. Since
M. enterolobii has been spreading rapidly in guava crops
in Brazil as a result of the planting of infected seedlings
(Carneiro et al., 2007; Siqueira et al., 2009), an easy way
to detect this species on guava seedlings (females and
egg-masses), in organic manure or soil (J2) would be of
vital use in restricting the sale of contaminated seedlings
and preventing the spread of this RKN into different
areas in the country (Carneiro et al., 2007). Although
M. enterolobii has not yet been recognised as a quarantine
organism by the Brazilian Ministry of Agriculture
(MAPA), it was recently included in the EPPO Alert List
in Europe (EPPO, 2008).

This study also reports an assessment of the genetic
diversity of M. enterolobii. The neutral molecular mark-
ers used here, i.e. AFLP, ISSR and RAPD, allowed the
evaluation of polymorphism among M. enterolobii popu-
lations from Brazil and other countries. Although AFLP
analyses have already been used to evaluate the genetic
diversity of some Meloidogyne spp. populations, this
study reports the first use among nematodes of a simpli-
fied AFLP protocol. This protocol has already been
applied to the study of genetic variability in honey bees
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and fungi (Suazo & Hall, 1999; Boucias et al., 2000;
Tigano et al.,2006). However, the level of polymorphism
detected here with AFLP was lower than that with the
ISSR and RAPD markers, which was quite unexpected
compared to previous studies (Semblat er al., 1998;
Fargette ef al., 2005). This is probably because of the
lower resolution of the agarose gels used in the simplified
protocol compared to that of the polyacrylamide gels in
the original methodology. Globally, the overall variabil-
ity revealed by the three markers indicated a high level of
homogeneity among the isolates tested, confirming that
M. enterolobii is a genetically homogenous RKN species,
although it displays a very wide host range and world-
wide distribution. Such a relative lack of genetic diversity
had already been reported for a limited number of popu-
lations based on RFLP (Fargette et al., 1996) and RAPD
studies (Blok et al., 1997). Obviously, this feature could
be linked in part to the obligatory mitotic parthenoge-
netic mode of reproduction of this species (Yang & Eisen-
back, 1983), where the egg develops directly into an
embryo without any fertilization/recombination event.
Concerning the particular case of the M. enterolobii iso-
lates sampled in Brazil (10 of the 16 analysed in the pres-
ent study), a complementary hypothesis may be raised to
further explain the low polymorphism detected among
them. Indeed, since the nematode was only recently
detected in the country (Carneiro et al., 2001), it may be
assumed that there has not been enough time since the
first introduction to allow some intraspecific diversifica-
tion of the populations. Regarding crop management, the
low polymorphism detected here in M. enterolobii popu-
lations implies that similar methods of control may be
implemented against this pathogen, such as plant resis-
tance, crop-rotation or biological control, independent of
the region of application.
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