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Meloidogyne hispanica, the Seville root-
knot nematode, was first found in Seville, 
southern Spain, infecting rootstocks of 
peach, Prunus persica (L.) Batsch, in a 
commercial peach orchard. It was first 
studied biochemically by Dalmasso and 
Bergé (11), who found certain enzyme 
patterns similar to those of M. incognita 
with which, at that time, it was grouped. 
Later, Triantaphyllou (35) found that the 
same isolate differed from M. incognita 
isolates in the behavior of its chromosomes 
during oogenesis. Subsequently, on the 
basis of additional research on the mor-
phology, cytology, mode of reproduction, 
and biochemistry, Hirschmann (23) de-
scribed it as a new species. Since then, the 
nematode has been reported causing big 
losses in yield and quality of Prunus spp. 

crops in many countries, particularly under 
Mediterranean climate conditions (14,19,30). 

Originally, M. hispanica appeared to be 
restricted to the southern part of Spain and 
Prunus spp. but its distribution has been 
confirmed to be worldwide. M. hispanica 
has been reported on sugar cane (20), 
grapevine (Vitis sp.), snapdragon (Antir-
rhinum majus L.), and geranium (Pelargo-
nium notatum (L.) L’Herit) in South Africa 
(26); fig trees (Ficus carica L. ) and carna-
tion (Dianthus caryophyllum L.) in Portu-
gal (1); grapevine in Australia (24, 31); 
sugar beet (Beta vulgaris L.) in Spain (25); 
tomato (Solanum lycopersicum L.) in 
Burkina Faso and Malawi (36); squash 
(Cucurbita morchata Duchesse ex. Lam.) 
and sugar cane (Saccharum officinarum L.) 
in Brazil (5); and ‘Cavendish’ bananas 
(Musa sp.) in Martinique (10). Most of 
these reports identified M. hispanica by its 
characteristic perineal pattern and esterase 
phenotype, with three bands which can be 
clearly differentiated from the esterase 
phenotypes of M. arenaria, M. incognita, 
or M. javanica (5,18,20,28). 

The differentiation of M. hispanica as a 
distinct species has caused some contro-
versy in the past. Indeed, M. hispanica can 
be very difficult to distinguish from M. 

arenaria using morphological characters 
even by expert nematologists because both 
species are quite similar in morphological 
and biological traits (6,24). In fact, both 
species could be regularly confused in 
inaccurate taxonomic comparisons, be-
cause the host-range response is similar for 
both species (6,23). A good example of 
that situation was found in South Africa 
where, during several years, the identity of 
M. hispanica was erroneously associated 
with M. arenaria thamesi (26). 

Molecular approaches useful for distin-
guishing Meloidogyne spp. include random 
amplified polymorphic DNA (RAPD; 3), 
restriction fragment length polymorphisms 
(RFLP; 24), and sequence differences 
within ribosomal DNA (rDNA; 2,9,38) or 
mitochondrial DNA (mtDNA; 4). In addi-
tion, development of species-specific se-
quence-characterized amplified region 
(SCAR) primers has been achieved for 
rapid identification of the three most 
widely distributed species, M. arenaria, M. 
incognita, and M. javanica (39). M. his-
panica has been differentiated from the 
four major species of Meloidogyne (M. 
arenaria, M. hapla, M. incognita, and M. 
javanica) by RFLPs of mtDNA genes 
(8,31). The mitotically parthenogenetic 
root-knot nematodes M. arenaria, M. in-
cognita, and M. javanica have relatively 
little sequence variation in their internal 
transcribed spacer (ITS) regions for spe-
cies differentiation (2). In fact, De Ley et 
al. (13) studied ITS1, 5.8S, and ITS2 
rDNA sequences from several Meloi-
dogyne spp., including M. hispanica, and 
verified that a group of species (M. his-
panica, M. incognita, M. javanica, M. 
morocciensis, and both races of M. 
arenaria) have nearly identical ITS re-
gion sequences. No additional molecular-
based diagnostic analyses have been con-
ducted to support the specific identifica-
tion of M. hispanica. The occurrence of 
M. hispanica outside the Iberian Penin-
sula points out the relative lack of knowl-
edge concerning the distribution and im-
portance of this root-knot nematode 
species. This could be related to the 
difficulty of correct diagnosis of this 
nematode by using morphological diag-
nostic approaches or an erroneous identi-
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fication of M. hispanica to other closely 
related Meloidogyne spp. 

The objective of this study was to pro-
vide molecular-based analysis, including 
species-specific polymerase chain reaction 
(PCR) and phylogenetic analysis of se-
quences from the 18S, ITS1-5.8S-ITS2, 
and D2-D3 of 28S rDNA to clarify and 
support the differentiation of M. hispanica 
from the common species M. incognita, M. 
javanica, and M. arenaria, and from all 
other Meloidogyne spp. from which mo-
lecular sequence data are available. 

MATERIALS AND METHODS 
M. hispanica isolates. Three isolates of 

the Seville root-knot nematode originated 
from peach rootstocks from the type local-
ity in Seville, Spain (kindly supplied by D. 
Esmenjaud, INRA, Antibes, France); 
squash from the state of Bahia, Brazil; and 
carnation from Portugal were used in this 
study. All the isolates were maintained 
separately on tomato in the greenhouse. 
Nematode inocula for isozyme and mo-
lecular analyses were obtained from a 
single egg mass of each nematode isolate 
handpicked from infected tomato roots, 
surface-disinfested with 1% NaOCl for 4 
min, and washed four times in sterile dis-
tilled water. The disinfested egg masses 
were placed onto roots of 4- to 6 week-old 
tomato plants, cv. Roma, transplanted into 
1-liter clay pots filled with sterile clay 
loam soil. Pots were placed in a growth 
chamber at 25 ± 1°C, 60 to 90% relative 
humidity, and a 14-h photoperiod of fluo-
rescent light at 360 ± 25 µEm–2 s–1. Sixty 
days after inoculation, plants were re-
moved from the pots, the root systems 
were washed free of soil, and adult females 
were extracted from the roots. The mor-
phological studies were based on perineal 
patterns. Females were placed in a large 
drop of 45% lactic acid and the perineal 
patterns were cut and cleaned (32). Up to 
20 patterns of each isolate were then 
mounted in desiccated glycerin and exam-
ined. 

Isozyme analysis. Esterase (Est) and 
malate dehydrogenase (Mdh) phenotypes 
of M. hispanica isolates were compared 
with a reference isolate of M. javanica 
from potato (37). Five young, egg-laying 
females of each isolate were macerated in 
microtubes containing 5 µl of 20% (wt/vol) 
sucrose, 1% (vol/vol) Triton X-100, and 
0.01% (wt/vol) bromophenol blue dye. 
Electrophoresis was carried out in 7-by-8-
cm, 0.75-mm thick, separating (pH 8.8) 
and stacking (pH 6.8) homogeneous gels, 7 
and 4% polyacrylamide, respectively, with 
Tris-glycine buffer in a Mini Protean II 
electrophoresis unit (BioRad Laborato-
ries). Gels were stained for Est with the 
substrate α-naphthyl acetate, and Fast Blue 
RR (Sigma-Aldrich, Madrid) for Mdh 
(17). 

DNA extraction, PCR, and sequenc-
ing. Total genomic DNA was extracted 

from at least five to eight single adult fe-
males per sample according to Castillo et 
al. (7). PCR assays were carried out using 
the SCAR primers Far/Rar (M. arenaria), 
Finc/Rinc (M. incognita), and Fj/Rj (M. 
javanica) and reaction conditions as de-
scribed by Zijlstra et al. (39). Amplifica-
tions were performed with a PTC 200 
thermocycler (MJ Research, Watertown, 
MA). The different regions of rDNA were 
amplified as described by Castillo et al. (7) 
and Tigano et al. (34) using the following 
primer sets: 5367 (5′-TTGATTACGTCC
CTGCCCTTT-3′) and F195 (5′-TCCTCC
GCTAAATGATATG-3′) for the ITS 
region, MelF (5′-TACGGACTGAGATAA
TGGT-3’) and MelR (5′-GGTTCAAGC
CACTGCGA-3′) for the 18S, and D2A (5′-
ACAAGTACCGTGAGGGAAAGTTG-3′) 
and D3B (5′-TCGGAAGGAACCAGC
TACTA-3′) for the D2-D3 region of 28S. 

SCAR amplification products were 
separated using the FlashGel system 
(Cambrex Bio Science Rockland, Inc., 
Rockland, ME) by electrophoresis at 250 
V for 5 to 7 min. The AmpliSize 50- to 
2,000-bp ladder (BioRad Laboratories) 
was used for electrophoresis. Reactions 
were repeated at least twice and always 
included negative controls (no DNA) and 
positive-control DNA from M. arenaria (6) 
and M. incognita (27) adult females from 
olive nurseries and M. javanica adult fe-
males from potato (37). 

The ITS1-5.8S-ITS2, 18S, and the D2-
D3 of 28S of rDNA products were purified 
after amplification with a gel extraction kit 
(Geneclean turbo; Q-BIOgene S.A., 
France), quantified using the Quant-iT 
DNA Assay Kit Broad Range fluorometric 
assay (Molecular Probes, Inc.) with a 
Tecan Safire fluorospectrometer (Tecan 
Spain, Barcelona, Spain) according to the 
manufacturer’s instructions, and used for 
direct DNA sequencing. DNA fragments 
from two PCR amplifications from differ-
ent females were sequenced in both direc-
tions using the same amplification primers 
with a terminator cycle sequencing ready-
reaction kit (BigDye; Perkin-Elmer Ap-
plied Biosystems, UK) according to the 
manufacturer’s instructions. The resulting 
products were purified and run on a DNA 
multicapilar sequencer (Model 3100 ge-
netic analyzer; Applied Biosystems) at the 
University of Córdoba. All rDNA se-
quences of M. hispanica were deposited in 
the GenBank as EU443606, EU444607, 
and EU443608 for the D2-D3 region; 
EU443609, EU443610, and EU443611 for 
18S; and EU443612, EU443613, and 
EU443614 for ITS1-5.8S-ITS2 for the 
Spain, Brazil, and Portugal isolates, re-
spectively. 

Phylogenetic analysis. The sequences 
of the other Meloidogyne spp. used for 
phylogenetic analysis were obtained from 
GenBank and one sequence of Pratylen-
chus coffee (15) was used as an outgroup 
taxa. All of the sequences included in the 

phylogenetic tree analysis were first 
aligned by using Bionumerics software 
(version 4.5; Applied Maths, Kortrijk, 
Belgium). Phylogenetic trees were gener-
ated by the neighbor-joining (NJ) and 
maximum-parsimony (MP) methods with 
unweighted pair group with arithmetic 
means (UPGMA) cluster analysis using 
Bionumerics 4.5 software. Each phylo-
gram was bootstrapped 1,000 times to 
assess the degree of support for the phy-
logenetic branching indicated by the opti-
mal tree for each method. 

RESULTS 
Morphology and isozyme analysis. 

The perineal patterns in all three isolates of 
M. hispanica are oval to rectangular with a 
low dorsal arch and some with a higher, 
squarish arch and often widely spaced 
lateral lines with fringe-like striae (Fig. 1). 
The isozyme electrophoresis revealed two 
slow and a medium Est bands coincident 
with the S2-M1 phenotype (Fig. 2) and a 
N3 Mdh phenotype with a strong band and 
two additional weaker bands after pro-
longed staining (Fig. 2) that did not occur 
in the Est and Mdh phenotypes of M. 
javanica, which showed J3 and N1 pheno-
types, respectively (Fig. 2). 

PCR with species-specific primers. 
Species-specific PCR assays using DNA 
from M. arenaria, M. incognita, and M. 
javanica reference isolates gave rise to the 
expected M. incognita, M. javanica, and 
M. arenaria amplicons of 1,200, 670, and 
420 bp, respectively (39; Fig. 3). No am-
plification occurred in the M. hispanica 
isolates and in the control (Fig. 3). 

Phylogenetic analysis. The topology of 
the phylogenetic trees obtained with the NJ 
and MP was consistent with only a few 
exceptions. Therefore, only MP trees are 
shown in Figures 4, 5, and 6 with bootstrap 
values. Different Meloidogyne spp. were 
used in the phylogenetic analysis of 18S, 
ITS1-5.8S-ITS2, and D2-D3 genes due to 
sequence availability in the GenBank data-
base. Amplification of the ITS-5.8S-ITS2 
with primers 5367/F195 yielded a single 
fragment of approximately 750 bp for M. 
hispanica. The ITS sequences of all three 
isolates of M. hispanica shared 100% ho-
mology, showed highest similarity with 
that of M. mayaguensis, and clearly were 
different from that of M. arenaria, M. 
incognita, M. javanica, M. thailandica, 
and all other Meloidogyne spp. assayed. 
The closest sequence-related neighbors of 
M. hispanica isolates were M. mayaguensis 
(93.0 to 96.2%), M. thailandica (93.3 to 
93.5%), M. incognita (90.5 to 90.7%), M. 
arenaria (90.0 to 93.4%), and M. javanica 

(90.5 to 93.0%). Similarity levels of M. 
hispanica toward other Meloidogyne spp. 
were below 90%. The optimal phyloge-
netic tree obtained from MP analysis re-
vealed that the three M. hispanica isolates 
formed an independent clade with a high 
bootstrap support occupying a basal posi-
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tion in a clade with different Meloidogyne 
spp. such as M. mayaguensis, M. arenaria, 
M. javanica, M. thailandica, and M. incog-
nita and as a sister taxon to M. hapla. These 
Meloidogyne spp. from warm-temperate, 
tropical, and subtropical regions were more 
distantly related to other Meloidogyne spp., 
some of them from cool temperate regions 
(e.g., M. fallax and M. chitwoodi) that 
clustered in different clades (Fig. 4). 

Amplification of the D2-D3 region of 
the 28S gene with primers D2A/D3B 
yielded a single fragment of approximately 
750 bp for M. hispanica. The D2-D3 se-
quences of all three isolates of M. his-
panica shared 100% homology. The clos-
est sequence-related neighbors of M. 
hispanica species were M. konaensis (96.1 
to 96.6%), M. incognita (96.1 to 96.3%), 

M. arenaria (95.9 to 96.3%), and M. 
paranaensis (95.8 to 96.0%). Similarity 
levels of M. hispanica toward other Meloi-
dogyne spp. were below 94%. The MP tree 
supported the separation of M. hispanica 
from M. arenaria and M. incognita; the 
three M. hispanica isolates formed a single 
and highly supported clade with maximum 
bootstrap support, which was a sister clade 
of another formed by M. arenaria, M. 
paranaensis, M. incognita, and M. konaen-
sis (Fig. 5). 

Amplification of the partial 18S with 
primers MelF/MelR yielded a single frag-
ment of approximately 950 bp for M. his-
panica. Interestingly, the 18S partial se-
quences of M. hispanica isolates shared 
100% homology among them and with that 
of M. ethiopica present in the database. 
The closest sequence-related neighbors of 
M. hispanica isolates were M. arenaria, M. 
floridensis, M. incognita, and M. javanica 

(99.7%) that showed difference on only 
two nucleotides. Similarity levels of M. 
hispanica toward other Meloidogyne spp. 
were 99.6 to 97.5%. The optimal phyloge-
netic tree obtained from MP analysis 
showed that the M. hispanica isolates and 
M. ethiopica formed an independent clade 
with a high bootstrap support (87%) that 
was a sister clade of another, including M. 
arenaria, M. floridensis, M. incognita, and 
M. javanica that also shared 100% homol-
ogy among themselves (Fig. 6). 

The substantial sequence divergence 
(4.1 to 61.4%) in the ITS1-5.8S-ITS2 and 
(4.5 to 25.9%) in the D2-D3 region frag-
ment and the low (0.3 to 3.1%) although 
consistent sequence divergence in the 18S 
for the M. hispanica species distinguish it 
from other studied Meloidogyne spp. and 
support its separate specific status. 

DISCUSSION 
The accurate biological identification 

and pathogenic characterization of root-

Fig. 1. Variability of perineal patterns of Meloidogyne hispanica isolates from A and B, Brazil; C and D, Portugal; and E–H, Spain. Upper part: photomicro-
graphs. Lower part: line drawings. Scale bars: 20 µm. 

 

Fig. 2. Esterase (Est) and malate dehydrogenase (Mdh) electrophoresis patterns of protein homoge-
nates from five young, egg-laying females of Meloidogyne hispanica isolates from Spain (Sp), Brazil 
(Br), and Portugal (Pt); M. javanica (Mj) = reference isolate. 

http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PDIS-92-7-1104&iName=master.img-000.jpg&w=503&h=256
http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PDIS-92-7-1104&iName=master.img-000.jpg&w=503&h=256
http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PDIS-92-7-1104&iName=master.img-000.jpg&w=503&h=256
http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PDIS-92-7-1104&iName=master.img-003.jpg&w=237&h=239
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knot nematodes infecting a crop is a pre-
requisite for designing effective control 
strategies. This is particularly relevant for 
M. hispanica, which can be very difficult 

to distinguish from the mitotically parthe-
nogenetic root-knot nematodes M. 
arenaria and M. incognita. The biochemi-
cal electrophoretic analysis of isozyme 
electrophoretic patterns, in particular Est 
and Mdh phenotypes, are rapid and effi-
cient methods of identification for root-
knot nematodes and have been proved to 
be a valuable tool for identification of 
Meloidogyne spp. (16,21). The results of 
Est phenotypes of the three isolates of M. 
hispanica were similar among them and 
agree with previous results (10,18,28). 
However, our results with the Mdh pheno-
types, showing an N3 phenotype, were 
coincident with previous studies (10,28) 
but clearly different from those by Esben-
shade and Triantaphyllou (18), who re-
ported an N1 phenotype in four popula-
tions from Fiji, Korea, Portugal, and Spain. 

These controversial results with Mdh phe-
notypes may be related to the differential 
time used for staining in each study. In this 
study, the presence of two additional, 
weaker bands was observed only after 
prolonged staining. 

The rDNA unit is particularly appropri-
ate for phylogenetic analyses because it 
includes highly conserved regions as well 
as highly variable regions and has been 
extensively used to reconstruct phyloge-
netic relationships among organisms with 
varying degrees of relatedness (22). Phy-
logenetic studies within Meloidogyne spp. 
have demonstrated that D2 and D3 expan-
sion regions of the 28S rRNA gene may 
provide initial insight toward resolving 
phylogenetic relationships among Meloi-
dogyne spp. which remain unresolved 
when using ITS regions (13). Those re-

Fig. 3. Representative polymerase chain reac-
tion amplification products using primer pairs
Finc/Rinc, Fjav/Rjav, and Far/Rar and 1 to 10 ng
of template DNA of Meloidogyne hispanica
(Mhi) isolate from Seville, Spain; M. incognita
(Mi), M. javanica (Mj), and M. arenaria (Ma) 
reference isolates; and control (C). Similar 
results were obtained with Mhi isolates from
Portugal and Brazil. 

 

Fig. 4. Rooted maximum parsimony tree resulting from analysis of alignments of internal transcribed spacer (ITS)1-5.8S-ITS2 ribosomal DNA sequences of 
Meloidogyne hispanica with other root-knot nematodes. Bootstrap support more than 50% given for appropriate clade. 
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Fig. 5. Rooted maximum parsimony tree resulting from analysis of alignments of 18S sequences of Meloidogyne hispanica with other root-knot nematodes. 
Bootstrap support more than 50% given for appropriate clade. 

 

Fig. 6. Rooted maximum parsimony tree resulting from analysis of alignments of sequences of D2-D3 region of 28S of ribosomal DNA of Meloidogyne 
hispanica with other root-knot nematodes. Bootstrap support more than 50% given for appropriate clade. 
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gions have exhibited sufficient variability 
to allow estimation of the historical rela-
tionships among Meloidogyne spp. 
(7,29,33,34). The MP analysis provided 
phylogenetic relationship among different 
Meloidogyne spp. similar to those re-
ported before, identifying the same main 
clades, especially for 18S sequences 
(12,29,34). The differences in position of 
some taxa and their phylogenetic relation-
ships found in our study with that of 
Palomares Rius et al. (29) that included a 
shorted data set occurred mainly in some 
poorly supported clades (e.g., M. dunen-
sis and M. hapla using the D2-D3 se-
quences and M. maritima and M. ar-
denensis using 18S sequences). These 
differences also may be due to the differ-
ent tree construction methods used in 
both studies clustering algorithms in 
UPGMA and NJ (29) versus optimality 
criterion in MP (this study). The inclusion 
of new taxa also may have accounted for 
the differences found. 

In our study, in the MP analysis of the 
18S gene, M. hispanica was included in 
clade I as described by De Ley et al. (12) 
and Tigano et al. (34) with the mitotic 
parthenogenetic species, namely, M. arabi-
cida, M. arenaria, M. incognita, M. 
javanica, M. mayaguensis, M. moroccien-
sis, M. paranaensis, and M. ethiopica. 
Interestingly, in our study, M. hispanica 
shared identical 18S partial sequence with 
an isolate of M. ethiopica from Brazil. An 
isolate of M. ethiopica from Chile has 
shown to have identical 18S rDNA se-
quence with M. hispanica, but both species 
can be clearly differentiated by the D2-D3 
sequences (P. Castillo, B. B. Landa, and N. 
Vovlas, unpublished results, available upon 
request). 

Some authors have reported differences 
within rDNA sequences among isolates 
belonging to the same species, implying 
that some Meloidogyne spp. are more 
molecularly heterogeneous than previously 
thought (12,34). In this work, we found 
that all three M. hispanica isolates from 
different geographical origins shared iden-
tical sequences. MP analysis from three 
rDNA regions (18S, ITS1-5.8S-ITS2, and 
D2-D3 of 28S rDNA) and the species-spe-
cific PCR demonstrated that M. hispanica 
can be differentiated from all described 
root-knot nematode species. Thus, the 
inclusion of these isolates in separate 
clades provided strong support that this 
nematode species is clearly separated 
from other species with resemblance in 
morphology or ecological habits, such as 
M. arenaria and M. incognita for which it 
can be regularly confused, based solely 
on morphological or biological traits. 
These molecular approaches may provide 
new insights to confirm nematode diagno-
sis made in the past and help to under-
stand the biogeography and importance of 
this root-knot nematode species in agri-
culture. 
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