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Esterase and Malate Dehydrogenase Phenotypes in
Portuguese Populations of Meloidogyne Species’

CELiA S. Pa1s? AND ISABEL M. pE O. ABRANTES?

Abstract: Nonspecific esterases and malate dehydrogenases of 1-5 females from 40 root-knot
nematode populations from Portugal were analyzed by electrophoresis in 0.4-mm-thick polyacryl-
amide gels. Fourteen major bands of esterase activity were detected, corresponding to 10 distinct
phenotypes. Meloidogyne javanica and M. hapla had distinct species-specific phenotypes. Two phe-
notypes occurred in M. arenaria. The most variability was found among M. incognita populations.
Of the remaining two phenotypes, one was associated with M. hispanica and the other belonged to
a new species. Three malate dehydrogenase phenotypes were discerned on the basis of particular
combinations of the eight main bands of activity found. As previously found, esterases were more
useful than malate dehydrogenases in identification of the major Meloidogyne species. The host plant
had no effect on the nematode esterase or malate dehydrogenase phenotypes.

Keywords: electrophoresis, esterase, isozyme, malate dehydrogenase, Meloidogyne, root-knot nema-

tode, taxonomy.

Taxonomy of Meloidogyne is difficult be-
cause many populations vary greatly in
taxonomic characters, especially perineal
patterns, karyotypes, and host ranges
(13,23,24). Biochemical techniques, par-
ticularly polyacrylamide gel electrophore-
sis, are useful for investigating systematic
relationships among nematodes (16). Ini-
tially, extracts of many nematodes were ex-
amined by disc electrophoresis (5,6,15), but
subsequent refined and miniaturized tech-
niques permitted the study of single adult
females (1,3) and comparison of enzyme
phenotypes (7,11,17). Direct electropho-
retic analyses of single specimens from
populations of several species (4,8) has es-
tablished a range of genetic variability
within them,

In the present work, adult females from
Portuguese populations of root-knot
nematodes (Meloidogyne spp.) from various
geographic regions and with wide host
ranges were characterized by their esterase
and malate dehydrogenase (Mdh) patterns
obtained with a modified thin-slab method
(19).
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MATERIALS AND METHODS

Forty populations of Meloidogyne from
Portugal, the Islands of Madeira, and the
Azores were identified on the basis of per-
ineal pattern morphology and differential
host tests (20-22). Nematodes were reared
on tomato {Lycopersicon esculentum Mill. cv.
Rutgers) in a greenhouse at 25-30 C. One
of the populations, which did not repro-
duce on tomato, was propagated on green-
house-grown olive. After approximately 50
days, young egg-laying females were col-
lected from the roots and prepared for
electrophoresis.

Single females were transferred to bot-
tom-sealed microhematocrit tubes con-
taining 5 ul of 20% sucrose and 1% Triton
X-100 and macerated with a small glass
pestle (19). The macerates were immedi-
ately frozen and stored at —10 C for 3-4
months with no noticeable loss of enzyme
activity. For malate dehydrogenases, 3-5
females were extracted similarly with a Tris
buffer (25).

Shortly before electrophoresis the sam-
ples were thawed and centrifuged at 9,000
¢ for 15 minutes. The supernatant was
transferred to the stacking gel. The stack-
ing and separating gels were homogeneous
4% and 7% polyacrylamide, respectively
(18). Electrophoresis was performed in
vertical slabs (8 X 8 c¢cm, 0.4 mm thick) in
a Pharmacia GE-2/4 LS apparatus. The
bridge buffer was pH 8.3 Tris/glycine (18).
After loading all the samples to the stack-
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Fic. 1. Esterase phenotypes in 40 Portuguese populations of Meloidogyne spp. Phenotypes are designated
with a letter or letters and 2 number indicating the number of bands. Solid lines correspond to strongly
stained bands. Dotted lines refer to fainter bands. A = M. arenaria; H = M. hapla; 1 = M. incognita; | = M.

javanica; P = Meloidogyne n. sp.; S2-M1 = M. hispanica.

ing gel, the top chamber of the electro-
phoresis apparatus was filled with buffer
containing two or three drops of bromo-
phenol blue (1 mg/ml). Electrophoresis was
carried out at 40 volts during the first 15
minutes and then at 130 volts for about 90
minutes. Following electrophoresis the gels
were removed from the glass plates,
washed, and covered with the staining so-
lution. Gels were stained for esterase and
Mdh as described (2). The relative migra-
tion of the bands in any particular gel was
adjusted using an M. javanica extract in-
cluded in each gel as a reference. Esterase
phenotypes were named as described (7).
For each population except the one
growing on olive, protein extracts from fe-
males grown under the same greenhouse
conditions on different host plants (‘Cali-
fornia Wonder’ pepper, ‘NC 95’ tobacco,
‘Charleston Gray’ watermelon, ‘Deltapine’
cotton, and Impatiens balsamina) were ex-
amined in order to clarify whether the host
plant has an effect on the enzyme pheno-

types.

RESULTS

Esterases: 'Two esterase systems, b and 8,
were detected. The esterases of the b sys-
tem were strongly stained and hydrolyze
both a- and @-naphthylacetate. The §-es-
terases were fainter and not visible with
the g-naphthylacetate. Since the B-ester-

ases were inconsistent and often undetect-
able in extracts from single females, only
the major bands of b-esterases were con-
sidered in this study.

In the 40 root-knot nematode popula-
tions studied, 14 major bands of esterase
activity were detected; these comprised 10
phenotypes on the basis of single bands or
combinations. M. javanica and M. hapla
contained distinct, species-specific pheno-
types (Figs. 1, 2—]J3, HI1). Two pheno-
types, A2 and A3, occurred in the six pop-
ulations of M. arenaria (Fig. 1). Of the 11
M. incognita populations, seven had the same
phenotype (Figs. 1, 2—11), but the other
four showed additional constant and re-
producible bands, belonging to three dif-
ferent phenotypes (Fig. 1—I2, 14, 15). All
11 populations shared one common band
at Rm 0.46. Phenotype S2-M1 (Figs. 1, 2)
occurred in three unidentified populations
and was the same reported for M. hispanica
(7). Phenotype P1 (Figs. 1, 2) had a single
esterase band at Rm 0.52 and occurred only
in the single population from olive trees.

Malate dehydrogenases: Eight main bands
of Mdh activity were detected among the
40 Meloidogyne populations. Additional,
weaker bands occurred in most popula-
tions but were not evaluated further be-
cause they varied with the number of
nematodes analyzed and were not detected
with a single female.
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Fic.2. Sevenofthe ten esterase phenotypes found
in 40 Meloidogyne populations. For explanation of phe-
notype designations see legend of Figure 1. Arrow
points to fainter band.

Three different phenotypes were dis-
cerned and designated N3, P3, and H2
(Figs. 3, 4). The most common phenotype,
N3, had three heavily stained bands of ac-
tivity and occurred in all populations of M.
incognita, M. arenaria, M. javanica, and M.
hispanica. Phenotype P3 occurred only in
the undescribed species from olive. It had
two very fast migrating bands—one very
faint at Rm 0.70 and one heavily stained
at Rm 0.55—and a faint, slower band (Fig.
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Fic.3. Phenotypes of malate dehydrogenase (Mdh)
in 40 Portuguese populations of Meloidogyne spp. Phe-
notypes are designated with a letter indicating the
species and 2 number indicating the number of bands.
Solid lines correspond to strongly stained bands. Dot-
ted lines refer to fainter bands. N = nonspecific; P =
Meloidogyne n. sp.; H = M. hapla.
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Fic. 4. Malate dehydrogenase phenotypes found
in 40 Meloidogyne populations. For explanation of phe-
notype designations see legend of Figure 3. Arrows
point to fainter bands.

3). Only H2, with one major fast migrating
band (Rm 0.62), was species specific. It was
associated with all seven populations of M.
hapla.

No effect of the host on esterase or Mdh
phenotypes was observed in these experi-
ments. Females of each of the 39 nematode
populations propagated on each of the six
host plants showed the same esterase and
Mdh patterns without noticeable variation
in the rate of migration of the major bands.

DiscussiON

Our studies confirm previous reports that
the esterase phenotype is a useful biochem-
ical character for identification of the four
most common Meloidogyne species and pos-
sible characterization of new forms (3,7).
Similar studies carried out with several oth-
er nematode species have demonstrated the
usefulness of enzyme phenotypes for taxo-
nomic purposes (9,12,14).

Although the observed enzyme patterns
were stable and repeatable, the mobility of
a given band in different gels varied over
narrow limits. Also, because of slight vari-
ations in techniques and laboratory con-
ditions, the relative mobility of the enzymic
bands in our study differed slightly from
that in other reports (1,3,4,7,11,17).

All populations of M. javanica showed a
single esterase phenotype not found in any
other Meloidogyne population. Esbenshade
and Triantaphyllou (7) suggested that the
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esterase pattern is a very reliable character
for identification of M. javanica. Similarly,
all populations of M. hapla had a charac-
teristic esterase phenotype. M. incognita,
however, showed some variability among
the populations, suggesting that this species
can be associated with different pheno-
types. Nevertheless, those variations oc-
curred only in minor and fainter bands.
The main band, which is usually used to
characterize M. incognita (7,11,17), was
present in all the phenotypes.

Three populations had an esterase phe-
notype (S2-M1) like the one found in M.
hispanica and referred to as ““Seville pop-
ulation” by Dalmasso and Bergé (3) and
Janati et al. (17). Results of the North Car-
olina differential host test conducted on
the above populations showed that tobac-
co, watermelon, and pepper were slightly
infected and no reproduction occurred on
peanut and cotton. Only tomato was a good
host. This host response was similar to M.
incognita race 2 or M. arenaria race 2. In
fact, one of the populations was previously
identified as M. arenaria race 2 on the basis
of the perineal pattern morphology and
differential host test (22). Esterase phe-
notypes revealed that the phenotypes found
for these populations were characteristic
for M. hispanica and further morphological
studies confirmed the biochemical data.

Esterase phenotype P1 was associated
with only the population from olive trees.
Esbenshade and Triantaphyllou (7) re-
ported a similar phenotype (A1) associated
with M. arenaria. Morphobiometric, host
range, and other biochemical studies in-
dicate, however, that the olive population
belongs to an undescribed species of Me-
loidogyne (Abrantes, unpubl.). This popu-
lation also showed a specific and unique
Mdh phenotype (P3).

Whereas M. arenaria, M. incognita, and
M. javanica contained similar Mdh phe-
notypes, M. hapla had a characteristic Mdh
phenotype useful for differentiating it from
the other major species.

In this study we have considered only
esterase and Mdh phenotypes and assessed
the utility of these systems to characterize

Meloidogyne species. Multienzyme pheno-
typic profiles may provide a more reliable
method of characterization than pheno-
types of single enzymes (7).

Our results confirm the stability of the
esterase phenotype of populations propa-
gated on different hosts (7,10). Conse-
quently, esterase phenotypes can be useful
for identification of populations of Meloi-
dogyne spp. collected from different hosts
and for separation of individual species
from mixed field populations.

LiTERATURE CITED

1. Bergé,]. B., and A. Dalmasso. 1975. Caracteri-
stiques biochimiques de quelques populations de Me-
loidogyne hapla et Meloidogyne spp. Cahiers ORSTOM
serie Biologie 10:263-271.

2. Brewer, G. J., and C. F. Singh. 1970. An intro-
duction to isozyme techniques. New York: Academic
Press.

3. Dalmasso, A., and J. B. Bergé. 1978. Molecular
polymorphism and phylogenetic relationship in some
Meloidogyne spp.: Application to the taxonomy of Me-
loidogyne. Journal of Nematology 10:323-332.

4. Dalmasso, A., and J. B. Bergé. 1983. Enzyme
polymorphism and the concept of parthenogenetic
species exemplified by Meloidogyne. Pp. 187-196 in A.
R. Stone, H. M. Platt, and L. F. Khalil, eds. Concepts
in nematode systematics, special vol. 22. New York:
Academic Press.

5. Dickson, D. W., J. N. Sasser, and D. Huisingh.
1970. Comparative disc-electrophoretic protein anal-
yses of selected Meloidogyne, Ditylenchus, Heterodera and
Aphelenchus spp. Journal of Nematology 2:286-293.

6. Dickson, D. W., D. Huisingh, and J. N. Sasser.
1971. Dehydrogenases, acid and alkaline phospha-
tases and esterases for chemotaxonomy of selected
Meloidogyne, Ditylenchus, Heterodera and Aphelenchus spp.
Journal of Nematology 3:1-16.

7. Esbenshade, P. R., and A. C. Triantaphyllou.
1985. Use of enzyme phenotypes for identification
of Meloidogyne species. Journal of Nematology 17:6—
20.

8. Esbenshade, P. R., and A. C. Triantaphyllou.
1987. Enzymatic relationships and evolution in the
genus Meloidogyne (Nematoda: Tylenchida). Journal
of Nematology 19:8-18.

9. Evans, A. A. F. 1971. Taxonomic value of gel
electrophoresis of proteins from mycophagous and
plant-parasitic nematodes. International Journal of
Biochemistry 2:72-79.

10. Fargette, M. 1987. Use of the esterase phe-
notype in the taxonomy of the genus Meloidogyne. 1.
Stability of the esterase phenotype. Revue de Né-
matologie 10:39-43.

-11. Fargette, M. 1987. Use of the esterase phe-
notype in the taxonomy of the genus Meloidogyne. 2.
Esterase phenotypes observed in West African pop-
ulations and their characterization. Revue de Né-
matologie 10:45-56.



346 Journal of Nematology, Volume 21, No. 3, July 1989

12. DeGuiran, G., M. ]. Lee, A. Dalmasso, and M.
Bongiovanni, 1985. Preliminary attempt to differ-
entiate pinewood nematodes (Bursaphelenchus spp.) by
enzyme electrophoresis. Revue de Nématologie 8:88—
90.

13. Hirschmann, H. 1985. The genus Meloidogyne
and morphological characters differentiating its
species. Pp. 79-93 in J. N. Sasser and C. C. Carter,
eds. An advanced treatise on Meloidogyne, vol. 1. Ra-
leigh: North Carolina State University Graphics.

14. Huettel, R. N., D. W. Dickson, and D. T. Kap-
lan. 1983. Biochemical identification of the two races
of Radopholus similis by starch gel electrophoresis.
Journal of Nematology 15:338-344.

15. Hussey, R. S., J. N. Sasser, and D. Huisingh.
1972. Disc-electrophoretic studies of soluble proteins
and enzymes of Meloidogyne incognita and M. arenaria.
Journal of Nematology 4:183-189.

16. Hussey, R. S. 1979. Biochemical systematics
of nematodes—a review. Helminthological Abstracts
Series B 48:41-148.

17. Janati, A., J. B. Bergé, A. C. Triantaphyllou,
and A. Dalmasso. 1982. Nouvelles données sur I'uti-
lization des isosterases pour Pidentification des Me-
loidogyne. Revue de Nématologie 5:147-154.

18. Maurer, H. R. 1971. Disc electrophoresis and
related techniques of polyacrylamide gel electropho-
resis. New York: W. de Gruyter.

19. Pais, C. S., I. M. O. Abrantes, M., F. M. Fer-
nandes, and M. S. N. A. Santos. 1986. Técnica de
electroforese aplicada ao estudo das enzimas dos
neméatodes-das-galhas-radiculares Meloidogyne spp.
Ciéncia Biologica 6:19-34.

20. Santos, M. S. N. A. 1980. Identificacdo de
populagdes portuguesas de Meloidogyne spp. pelas
reac¢bes induzidas em plantas diferenciadoras—I. I
Congresso Portugués de Fitiatria e Fitofarmacologia
2:147-150.

21. Santos, M. S. N. A. 1982. Identificacdao de
populacdes portuguesas de Meloidogyne spp. pelas
reac¢bes induzidas em plantas diferenciadoras—II.
Garcia de Horta série Estacdo Agrondmica 9:305-
308.

22. Santos, M. S. N. A., and I. M. O, Abrantes.
1982. Research on root-knot nematodes in Portugal.
Proceedings of the Third Research Conference on
Root-knot Nematodes, Meloidogyne spp. Region IV,
Pp. 97-102. (Available from North Carolina State
University, Department of Plant Pathology.)

23. Sasser, J. N. 1979. Pathogenicity, host-ranges
and variability in Meloidogyne species. Pp. 257-268 in
F. Lamberti and C. E. Taylor, eds. Root-knot nema-
todes (Meloidogyne species). Systematics, biology and
control. New York: Academic Press.

24. Triantaphyllou, A. C. 1985. Cytogenetics, cy-
totaxonomy and phylogeny of root-knot nematodes
(Meloidogyne spp.). Pp. 113-126 in J. N. Sasser and C.
C. Carter, eds. An advanced treatise on Meloidogyne,
vol. 1. Raleigh: North Carolina State University
Graphics.

25. Trudgill, D. L., and J. M, Carpenter. 1971.
Disc electrophoresis of proteins from Heterodera species
and pathotypes of Heterodera rostochiensis. Annals of
Applied Biology 69:35-41.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	89_344b: 
	pdf: 

	89_344a: 
	pdf: 



