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ABSTRACT 

Cenis, J. L., Opperman, C. H., and Triantaphyltou, A. C. 2992. Cytogenetic, en?.ymatic, and restriction fragment length polymorphism variation 
of Meloidoxyne spp, from Spain. Phytopathology 123527-531. 

d survey of the cytogenetic, enzymatic, and DNA variation of root- 
knot nematodes, Meloidogyne spp., involved a total of 19 populations 
from various hosts in several regions of Spain. Of these, nine populations 
were identified as M. arenaria, six as M, incognita, three as M. juvvanicu. 
and one as M. hapla. All M. javanica populations were hypotriploids 
with 4 3 4 6  chromosomes. The M. arenaria populations were hypotriploids 
with 4 0 - 4  chromosomes, except one diploid population with 34. The 
M hapla population was a bypotriploid with 43-45 chromosomes. To 
assess isozyme variation. we assayed 1 1  enzyme systems. Only three sys- 
tems showed same variation. Esterase patterns allowed separation of the 
four Meloidoryne species and two different forms in M. incognito and 
M. arenaria. Malate dehydrogenast patterns separated M. hapla from 
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the rest of the species. Glutamate oxaloacetate tcansaminase separated 
M. incognira from the other species. Variation at the nucleic acid level 
was examined with a 1.8-kb rnitmhondrial DNA probe, lB2-37. which 
allowed the differentiation of M. inco~nira, M. orenorio, and M. javanica, 
aherdigestion of nucleic acids with either E o R I  or H i d .  Oligonucleotide 
primers based on FB2-37 were used in polymerase chain reactions. DNA, 
amplified rrom 1 -  10 juveniles, was digested with Hintl and produced 
patterns identical lo those obtained in hybridization cxpcriments. This 
procedure also allowed separation of M. hispanira and M, microcephala 
from the Tour major species. Thesc results demonstrate that enzyme pheno- 
typing and nucleic acid analysis provide consistent species identification 
in Meloidogyne. 

Root-knot nematodes, MeIoidogyne (Goeldi) spp. are recog- 
nized as important parasites of field, vegetable, and fruit crops 
in Spain. The first report of the root-knot nematode was made 
in 1922 (9),  and, since then, it has been detected in a number 
of crops, incIwding tomato, sweet melon, tobacco, carnation, and 
plantations of peach, grapes, and pomegranate (4,13). Meloid- 
ogyne spp. are widely distributed on the Iberian Peninsula, but 
the main losses are observed on tobacco in the Extremadura r e~ ion  
and on tomato and peach along the Mediterranean coast (4,131. 
The root-knot nematode is also known to occur in the Canary 
Islands. 

In spite of the economic importance of root-knot nematodes 
in Spain, little is known about the taxonomic status of these 
pathogens. In the most comprehensive work, Jirntnez-Millhn et 
a1 (13) described the morphology of several Spanish populations 
and reported the presence of M. inco~nira acrita, M. inco~nira 
bauruensis, M. javanica, M. hapla, M. arenaria, and M. lhamesi. 
Hirschrnann (12) described M ,  hispanica isolated from peach in 
the Andaluc'ia region. No attempts have been made to charac- 
terize the cytogenetic or enzymatic variations among popula- 
tions, now considered to be standard criteria for identification 
of Meloidogyne species (7,22). Moreover, little is known about 
the existence and geographic distribution of intraspecific variants. 
This lack of knowledge is a serious disadvantage for proper 
identification of species and races, and, consequently, for effective 
control of these nematodes through crop rotation and use of 
resistant cultivars. 

The cytogenetic and enzymatic variations of Meloidogyne spp. 
have been studied on a considerable number of ~ o ~ u l a t i o n s  from 
around the world, thus providing a cornprehens'ive picture of the 
variation in this genus (8,22). More recently, new techniques have 
been developed that allow the study of variation at the nucleic 
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acid level. This can be done in severaI ways, but the most eco- 
nomical is the detectian of restriction fragment length poly- 
morphism~ (RFLPs). RFLP analysis is used in taxonomy and 
permits the detection of infraspecific variation of plant-parasitic 
nematodes (1-3,5,14,18,23). With respect no Meluidogyne species, 
RFLPs have proved more effective in the detection of infraspecific 
variation than enzyme data. Separation of races 1 ,  2, 3, and 4 
of M. incognita, races 1 and 2 of M. arenaria, and races A and 
B of M. hkrrplu was achieved by identifying RFLPs of repetitive 
DNA sequences (6). However, only a single isolate of each popu- 
lation was examined. Intraspecific differences in Meloidogyn~ 
were detected in RFLPE of rnitochondriat DNA (mtQNA) from 
several isolates of each of the four major species ( 1  6,171. However, 
as promising as these techniques are, they require large numbers 
of nematodes to work with, and, sometimes, results are not re- 
producible. 

A substantial improvement of the RFLP approach for practical 
nematode identification has been attained by the application of 
the polymerase chain reaction (PCR). A I -8-kb rntDNA fragment 
of M. incognita race 2, which contains restriction sites diagnostic 
for the four major species, has been cloned and sequenced (I I). 
Primers based on the termini of this fragment are capable of 
target DNA amplification from a single egg or juvenile. 

The objectives of the present study were to ctarify the taxonomic 
status of Meloidogyne spp. populations in Spain and to observe 
the consistency of the data obtained through the different tax- 
onomic approaches. 

MATERIALS AND METHODS 

Nematode cuEtures. Nematode populations were obtained from 
infected piants collected from several locations from the Spanish 
peninsula. The nematodes were maintained on tomato (cv. 
Rutgers) at the Instituto Nacional de Investigaciones Agrarias, 
Madrid. Some populations, mainly from the Catalonia region, 
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