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Summary. Enzymatic variation was evaluated within a population of Nacobbus aberrans from the South of Cérdoba, Argentina.
Single females extracted from infected roots of quinoa (Chenopodium album) and tomato (Lycopersicon esculentum) were assayed
for 15 enzymes by polyacrylamide gel electrophoresis. Of the 15 enzyme systems investigated, only esterases (EST), malate dehy-
drogenase (MDH), acid phosphatase (AcP), phosphoglucose isomerase (PGI), lactate dehydrogenase (LDH), £ hydroxibutyrate
dehydrogenase (8-BHD), malic enzyme (ME) and mannose phosphate isomerase (MPI) were detected. Seven distinct phenotypes
were found in EST. No phenotypic differences in enzyme patterns were observed between females isolated from quinoa and
tomato, indicating that the enzymatic variation was not related to the host plant.

Nacobbus aberrans is widely distributed in Argentina
(Doucet, 1989). It is present in diverse geographical ar-
eas and is associated with cultivated and non-cultivated
plants (Costilla, 1985; Doucet, 1992a). It has been
demonstrated that there are significant differences in sev-
eral morphometrics characters among populations of the
species of different origin (Doucet and Di Rienzo, 1991).

Preliminary analyses of isosyme electrophoretic phe-
notypes revealed a certain level of variability of poly-
morphisms representing a higher number of genetic loci
among and within populations {Doucet and Gardenal,
1992; Ibrahim ez al., 1997). Intraspecific variability is al-
so implied by reports of several nematode populations
differing in behaviour on a similar plant suggesting the
existence of physiological races (Costilla, 1986; 1990).
The group of the populations studied presented a
marked heterogenicity with respect to host range and
pathogenicity (Costilla, 1986; 1990; Baldwin and Cap,
1992). Therefore, it has been considered that N. aber-
rans would comprise different biological entities
(Doucet and Di Rienzo, 1991; Doucet, 1992b). Host
range and virulence, as well as other phenotypic charac-
ters, might simply represent alleles that vary in their fre-
quencies within particular populations.

The aims of the present study were to assess the vari-
ation within a population of N. aberrans expressed by
fifteen enzyme systems analyses; and to determine
whether the host affects the enzyme profiles.

MATERIAL AND METHODS

Young females and egg masses of N. aberrans
(Thorne) Thorne ez Allen were removed from quinoa
(Chenopodium album L.) infested roots collected in Rio
Cuarto (Cérdoba Province, Argentina). The population
was reared, under glasshouse conditions, on tomato

plants (Lycopersicon esculentum Mill.) inoculated with
100 infective juveniles (J2). After 60 days mature fe-
males were extracted from the roots. Only those females
having small white egg masses were selected. Females
collected from quinoa and tomato roots were trans-
ferred individually to microhematocrit tubes, previously
heated and sealed at one end, containing 5 nl per tube
of 0.5 M tris-HCI/40% glycerin and bromophenol blue
0.002%, pH 8.6. Nematodes were macerated on ice
with a Hamilton microsyringe pestle. The homogenates
were immediately frozen at -20 °C until subjected to
electrophoresis in polyacrylamide gels (Ogita and Mark-
ert, 1979). For each enzyme analyzed, 30 single female
extracts from quinoa and tomato were processed. After
protein separation, the gels were stained for specific en-
zymes (Table I).

The intrapopulation variability was evaluated accord-
ing to the number of bands and their electrophoretical
mobility towards the anode considering the origin for
each enzyme, The relative frequencies of the enzymatic
patterns obtained from N. aberrans extracted from
quinoa and tomato were also calculated.

RESULTS

A considerable intrapopulation variability was ob-
served for each enzyme. Of the 15 enzyme systems ana-
lyzed only EST, MDH, AcP and PGI were highly repro-
ducible; ten bands of EST activity were detected and
seven distinct phenotypes were recognized.

The MDH and PGI systems revealed three pheno-
typic groups with different band patterns for each en-
zyme. A null allele in MDH2 and the typical design of a
locus with two alleles in PGI suggest a heterozygoty.
Two phenotypes were observed for AcP each character-
ized by two electromorphs (Figs 1 and 2).
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Fig. 1. Electrophoretic phenotypes of phosphoglucose isomerase (PGI), acid phosphatase (AcP), malate dehydrogenase (MDH),
and esterases (EST) detected in a population of Nacobbus aberrans. Arrows indicate the origin.
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Fig. 2. Schematic representation of electrophoretic patterns of a population of N. aberrans. PGI - AcP - MDH - EST. Arrows indi-
cate the origin.
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Table I. Enzyme examinated, stain and references used in the investigation of Nacobbus aberrans.

Enzyme Enzyme Commission Number Reference

Hexokinase (HK) EC.27.1.1 Esbenshade and Triantaphyllou, 1987
Catalase (CAT) EC. 1.11.1.6 Esbenshade and Triantaphyllou, 1987

Glucose 6 phosphate dehydrogenase EC.1.1.1.49 Montamat ez al., 1987

(G-6-PIDH)

Phosphoglucomutase (PGM) EC.275.1. Montamat ef al., 1987
Isocitrate dehidrogenase (ICD) E.C. 1.1.1.42 Esbenshade and Triantaphyllou, 1987

Alcohol dehydrogenase NADP+ dependent EC. 1112 Montamat ez al., 1987

(ADH NADP+)

Aspartate aminotransferase (AAT) EC.26.1.1 Montamat et al., 1987
Malate dehidrogenase (MDH) E.C.1.1.1.37 Esbenshade and Triantaphyllou, 1987

Malic enzyme (ME) E.C.1.1.140 *Montamat ez al., 1987
Lactate dehydrogenase (LDH) E.C.1.1.1.27 Esbenshade and Triantaphyllou, 1987
§ Hydroxybutyrate dehydrogenase (8HBD) E.C.1.1.1.30 Esbenshade and Triantaphyllou, 1987
Acid phosphatase (AcP) EC. 3132 Esbenshade and Triantaphyllou, 1987
Phosphoglucose isomerase (PGI) E.C.53.19 Esbenshade and Triantaphyllou, 1987
Esterases (EST) EC.31.1.1 Esbenshade and Triantaphyllou, 1987
Mannose-phosphate isomerase (MPI) E.C.53.1.8 Esbenshade and Triantaphyllou, 1987

LDH and BHBD were monomorphic presenting only
one band with high mobility (data not shown).

The analysis of ME and MPI indicated a certain
variability. However these enzymes were not consid-
ered due to the low activity observed. HK, CAT, G-6-
PDH, PGM, IDH, ADH NADP+ and AAT did not
show activity. Female nematode extracted from quinoa
exhibited enzymatic patterns identical to those ob-
tained from females extracted from tomato. The rela-
tive frequencies of the phenotypes were also similar (y?

< 0.05) (Table II).

DISCUSSION

The taxonomic status of N. aberrans is controversial
because of its phenotypic variation. Intrapopulation
variability in relation to enzymes in N. aberrans was sug-
gested (Doucet and Gardenal, 1992; Ibrahim ez 4/,
1997) and is confirmed by the present results. EST ap-
pears as the most variable enzyme. Enzymes such as
CAT, HK and AAT did not show activity as in previous
studies where 20 females of the same population were
analyzed (Doucet and Gardenal, 1992). MDH proved

Table IL. Frequency of enzyme phenotypes from N. aberrans cultured on two host plants.

Enzyme Phenotype Relative frequency
Chenopodium album Lycopersicon esculentum

1 6.50 11.50

PGI 2 87.00 84.60
3 6.50 3.80

1 73.33 54.55

AcP . 2 26.67 4545
1 2143 40.00

MDH 2 64.28 5333
3 14.28 6.66

1 20.00 2143

2 16.00 21.43

3 4.00 7.14

EST 4 28.00 14.28
5 16.00 14.28

6 12.00 17.86

7 4.00 3.57
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to be monomorphic although it was related to different
populations, whereas three distinct phenotypes have
been revealed in the present work. On the contrary, it
was reported that ME and EST showed polymorphism;
however, this polymorphism could only be observed in
EST. The intrapopulation variability detected in our in-
vestigation by EST analysis is not consistent with results
obtained in recent studies (Ibrahim et a/., 1997). This is
probably due to the use of different techniques. The
most extensive enzymatic variation was detected in EST.
This can be useful for comparative studies of popula-
tions of N. aberrans. However, further biochemical
studies should be conducted in order to find a better
marker for diagnostic purposes.

Comparison of the frequencies of the enzyme pheno-
types obtained from single females isolated from quinoa
or tomato did not reveal any influence of the plant host
on the genetic expression. A similar situation has been
demonstrated for other nematode species in relation to
several hosts (Esbenshade and Trantaphyllou, 1987;
Fargette, 1987 Ibrahim and Rave, 1995).

Analysies of the enzymes used and morphological
and morphometrical variation already observed in this
particular population (Doucet and Di Rienzo, 1991),
confirm that N. aberrans must be considered as a partic-
ularly variable species.
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