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Molecular Polymorphism and Phylogenetic Relationship in 
some Meloidogyne spp.: Application to the Taxonomy of 

Meloidogyne 
A. DALMASSO and J. B. BERGE ~ 

Abstract: Prote ins  and  var ious  isozymes were invest igated by direct  analysis of  single spec imens  
in order  to check molecular  genet ic  variabili ty,  which is no t  rare in Meloidogyne species in spite 
of pa r thenogene t i c  reproduc t ion .  Variabi l i ty was found  in esterases, ocg lycerophospha te ,  ma la te  
dehydrogenases ,  and  some o ther  proteins .  O t h e r  loci appea r  m o n o m o r p h i c  in the  genus  (for 
example ,  catalase), Dist inct  pools of  genes are in a relative accordance with the  c o m m o n  de- 
scribed species. Character is t ic  e lec t rophore tograms are given for M. arenaria. M. javanica, M. 
incognita, M. hapla, and  M. naasi, anti it appears  tha t  nonspecific esterases are a useful  tool 
s u p p l e m e n t i n g  morpho logy  for specific character izat ion.  Because the  biochemical  evidence is 
less subject ive t han  the  morphologica l ,  we believe it is more  reliable. Key Words: genetic, 
clectrophoresis,  proteins,  enzymes,  Nematoda .  

Polymorphism within a species is a uni- 
versal phenomenon. Its relation with phy- 
logeny and speciation can be investigated 
on several levels; we think the biochemical 
level is most promising. At that level sev- 
eral classes of chemicals have been used to 
study polymorphism. In at tempting to 
understand why individuals of the same 
species (lifter it would be ideal to analyze 
the genes themselves, Unfortunately, quan- 
titating nucleic acids and establishing 
their base sequences are time-consuming 
processes which require larger amounts of 
material than are generally available from 
a single nematode specimen. Analysis of 
some other biochemical components is less 
arduous. Secondary metabolites and pro- 
teins may be useful in elucidating 
polymorphism. Since secondary metabolites 
are the result of numerous interactions 
generally involving several enzymes, their 
utility in elucidating polymorphism is lira- 
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ited. Proteins, however, are the products 
of the nucleic acids and are almost a direct 
reflection of the structure and work of the 
genes. Thei r  utility in research on poly- 
morphism, therefore, is nearly ideal. 
Electrophoretic analysis of proteins from 
individual nematodes has already been 
demonstrated (2). DNA differences be- 
tween individuals can be detected from 
the electrophoretic migrations of their 
proteins; but  that represents only a part of 
molecular variability since amino acid 
substitution can change the protein with- 
out substantially changing the physical 
properties affecting electromobility (7, 15). 
Nevertheless, electrophoretic characteriza- 
tion of the proteins of a significant portion 
of a gene pool could confirm or establish 
speciation on a genetic basis. 

This procedure for establishing species 
might be very useful in the genus 
Meloidogyne, where many populations ex- 
hibit atypical taxonomic characters in 
perineal patterns, host ranges, and karyo- 
types. It is well known that intermediate 
perineal patterns are very confusing (17). 
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Host ranges may be misleading, especially 
with mixed populations, or even con- 
founded when certain pathotypes are 
involved (1, 18, 20). Species determination 
on the basis of chromosome numbers has 
made much progress (23, 24, 25) but  re- 
quires cytological examination of several 
specimens, and two species may have the 
same chromosome number. Studies have 
shown that some Meloidogyne reproduce 
by mitotic parthenogenesis (23, 24). With  
that mode of reproduction, mutations 
would be genetically isolated. Thus,  a 
mult i tude of clones could result, further 
complicating the task of taxonomists. 

Molecular genetics addresses the prob- 
lena of speciation in parthenogenetic 
organisms (2, 4, 5), and electrophoresis has 
begun to be used as a taxonomic tool (8, 9, 
10, 11, 13, 26), although the results were 
obtained with protein extracts of several 
specimens. Thus genetic analysis was im- 
possible at intra- and interspecific levels. 
Tiffs work is an at tempt to assess bio- 
chemical polymorphism for its application 
to the taxonomy of Meloidogyne. 

MATERIALS AND METHODS 

Nematode populations: Five known 
and one unknown species of Meloidogyne, 
comprising a total of 83 populations from 
various locations, were used: 

M. arenaria: France 17, Switzerland 2, 
Spain 1, Italy 1. 

M. incognita: French Antilles 8, France 
2, Romania 1, Ivory Coast 1, Switz- 
erland 1, uncertain origin 1, Morocco 
1. 

Meloidogyne sp.: (Seville 36 chromo- 
somes): Spain 1. 

M. javanica: France 3, Morocco 1, Abou 
Dhabi 1, Iraq 1. 

M. hapla: France 31, Italy 2, Bulgaria 
2, Hungary 1, Morocco 1. 

M. naasi: France 3. 
The  populations were reared on tomato, 

Lycopersicon esculentum vat. Marmande, 
in greenhouses at 20-25 C. 

Electrophoresis: Individual specimens 
were crushed in 0.005 ml 0.1 M Tris HC1 
buffer, pH 8, containing 17% sucrose, 
0.1% ascorbic acid, and 0.1% cystine hy- 
drochloride in a bottom-sealed 1.1-mm-ID 
microhematocrit tube. The  macerates were 
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centrifuged at 9,000 g for 15 min. The  
supernatant fluids were used as the protein 
sources and placed on a spacer gel. Electro- 
phoresis was performed on polyacrylamide 
gels cast as slabs (System 2) or as cylinders 
in microhematocrit tubes (Systems 1, 3, 4) 
(2, 16). 

System 1: Acrylamide 7%, pH 8.9, 60 
volts, bromophenol migra- 
tion 5 cm, carried in cylin- 
drical electrophoresis tank. 

System 2: Acrylamide 7%, pH 8.9, 120 
volts, bromophenol migra- 
tion 7 cm, carried with 
Pharmacia apparatus. 

System 3: Acrylamide 4%, pH 8.9, 60 
volts, bromophenol migra- 
tion 5 cm, carried in cylin- 
drical tank. 

System 4: Acrylamide 4.5%, pH 7.5, 60 
volts, bromophenol migra- 
tion 5 cm, carried in cylin- 
drical tank. 

Electrophoretic migration distances of 
proteins and enzymes relative to the migra- 
tion distances of the bromophenol-blue 
fronts (Rt) were corrected for differences 
between tubes. Independent  close values 
were confirmed by competing the two pro- 
teins on same gels (or using slab gels). 

Upon completion of electrophoresis 
the gels were removed from the micro- 
hematocrit tubes with water pressure and 
incubated in developing reagent until  
bands appeared. 

Developing reagents: For proteins we 
used 1% aqueous Coomassie Brillant Blue 
R250 and 7% acetic acid (1.19 v:v), 
and destained the blackground with 
several changes of 7% acetic acid. We 
also identified malate dehydrogenase 
(MDH), glycerolphosphate dehydrogenase 
(GPDH), glucose-6-phosphate dehydro- 
genase (G6PDH), and 6-phosphogluconate 
dehydrogenase (6 PGDH), catalase, and 
esterase using published procedures (2, 3, 
12, 21). Tetrazolium oxidases were de- 
veloped either on slab gels (System 2) or 
simultaneously with the dehydrogenases. 
They appeared as uncolored bands on the 
dark background of gel. 

To  establish variability in each locus, 
the electrophoretic analysis of individuals 
derived from wild populations was repli- 
cated 80 times; analysis of individuals from 
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TABLE I. Electrophoretogram patterns" produced by proteins from different Meloidogyne species in 
Coomassie-stained gels. 

Meloidogyne species 

M. M. M. M. sp. M. M. 
Protein Rf hapla naasi incognita (Seville) javanica arenaria 

b 0.08-0.10 + + +  + + +  + + +  + + +  + + +  + + +  
d 0.14 + + + + + + 

0.17 + -- + -- + 
faint-bands 0.21-0.24 + -- + -- + + 

0 . 2 6  + - -  + - -  - -  - -  

e 0 . 2 8 - 0 . 3 3  + + - -  + + + + 
f 0.50-0.52 -- + + + + + + + + + + 
g 0 . 5 2 - 0 . 6 0  + + + + + + + + + + + + 

h 0 . 5 7 - 0 . 6 0  + + + + + + + + + + + + 

*Band intensity is indicated by the number of + signs. 

egg mass populations was replicated 20 
times. A total of 22,000 individual speci- 
mens were analyzed for this study. 

RESULTS 

Proteins (Systems 1 and 4): Anionic elec- 
trophoresis using System 1 revealed 10-15 
main protein bands, with nine most ob- 
vious. All nine were not present in all the 
Meloidogyne species studied (Table 1). 
The  band at R e 0.28-0.33 stained more in- 
tensely for M. hapkt than for any other 
species. M. hapIa did not appear to have a 
protein at Re 0.50-0.52 even when extracts 
from several females were combined 
whereas other species had a moderately in- 
tense band at this position. The  major 
protein band in all species electrophoresed 
with System 1 was at Re 0.09; electro- 
phoresis with System 4 resolved this band 
at R~ 0.67 for M. arenaria, M. javanica, M. 
incognita, and Meloidogyne sp. Seville, and 
at nearly Re 0.70 for M. naasi (Table 2). 

Of the 37 populations of M. hapla 
studied, 10 had a double band, at Re 0.60 
and 0.65, and 27 had a single wide band, 
at Rr 0.60-0.62. Progeny had the same fea- 
tures as their mothers. T o  elucidate these 
bands further, antiserum was elaborated 
with protein from the single wide band. 
The  serological test indicated that the 
proteins were closely related, if not  the 
same. T h a t  finding has been confirmed by 
SDS bidimensional electrophoresis: four 
main identical bands are obtained from 
the two kinds of females and bands (Berg6 
& Dalmasso, in press). This indicates also 

that several structural genes are involved 
for tile major protein complex. 

Esterase (System, 1): M. hapla has been 
reported to have at least two loci,/3 and b, 
coding for esterase synthesis. /3-esterases 
are not active on /3-naphthyl acetate, 
in contrast to b-esterases (2). T h e  /3 
locus has at least two alleles, electro- 
phoretically detectable at Rt 0.19 and 0.24. 
Homozygous individuals bare one or the 
other of these alleles, heterozygotes have 
both of the alleles (Table 3). The  b locus 
also has two alleles, one a nonfunctional  
defective gene, the other demonstrable at 
Rf 0.33. The  esterase zymogram pattern 
for M. arenaria, M. incognita, and M. 
javanica is essentially like that for M. 
hapla. One of ttle two alleles at the/3 locus 
from the Seville Meloidogyne populat ion 
has an Rf in common with the other 
Meloidogyne populations (Re 0.24), but  
the second allele (Re 0.34) is unique. The  
b locus in M. arenaria and M. javanica had 
three bands (alleles), at Rf 0.30, 0.36, 0.38, 
but strong differences in respective inten- 
sities of these three bands permitted 
distinction between the two species. In M. 
naasi the b locus had a single esterase 
band, at Rf 0.46. The  /3 locus had two 
bands, at R~ 0.28 and 0.34. No cathodic 
esterases were found for any Meloidogyne 
population. 

Malate dehydrogenase (System 3): The  
general zymogram features for M D H  
(Table 4) were similar to those reported 
for the esterases. The  more anionically 
moving bands were more intense than the 
slower-moving band, M. javanica and M. 



T A B L E  2. E l e c t r o p h o r e t o g r a m s  of m a j o r  p r o t e i n  f r o m  Meloidogyne species.  

S" 
S" 

M. hapla 
R t n - 16-17 2n  = 45 

Meloidogyne spec ies  a n d  c h r o m o s o m e  n u m b e r  (n) 

n = 14 to  17 

M.  sp. 
M. naasi M. incognita Sevi l l e  
n = 18 2n = 40-43 2n = $6 

M. javanlca 
2n  = 46-47 

M, arenaria 
2n  = 50-52 2n  = 56 

0.60-0,62 
0.65 
0.67 
0.70 

q- 
+ 

+ 
+ + + + 

¢b 

l.,..t 
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FIG. 1 (A-B). Influence of amounts of esterase ~ (A) and esterase b (B) on migration of these proteins 
in microhematocrit tubes. 

arenaria had weak bands at Rt 0.19 and 
0.24 and strong bands at R~ 0.30 and 0.35. 
An  addi t iona l  band  was observed at  Rt 
0.40 in the Grau  du Roi  popu la t ion  of M. 
arenaria. The  less anionic  bands (Re 0.19 
and 0.24) were absent in M. incognita but  
all seven popula t ions  had strong bands at  
Rt 0.30 and 0.35. lVl. naa,~i had only one 
definite band,  at Rf 0.35. M. hapla did not  
have any bands at  an Rt in common with  
the other  species. Its sole M D H  band  was 
at Rf 0.50. Nico t inamide  adenosine di- 
phosphate  (NADP) did not  function as a 
cofactor, so it was not  malic enzyme. 

a-Glycerophosphate dehydrogenase (Sys- 

tern 2): a - G P D H  was in accordance with 
the previous observations on esterase b. 
M. incognita and Meloidogyne sp. (Seville; 
36 chromosomes) were characterized by a 
single strong ~ - G P D H  band,  Rf 0.35. M. 
iavanica had two slight bands, at 0.38 and 
0.40, the lat ter  one being a l i t t le  stronger. 
M. arenaria popula t ions  presented more 
var iabi l i ty  and many  of them gave zymo- 
grams similar  but  weaker  than those of 
M. javanica. Some, such as the "Grau  du  
Roi" popula t ion ,  had three c~-GPDH bands 
in the same interval .  T w o  others, from 
"Villefranche-sur-Sa6ne" and "St-Sylvestre," 
show only one obvious band,  at  0.38. Th is  
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T A B L E  3. E l e c t r o p h o r e t o g r a m  p a t t e r n s "  f o r  e s t e r a se  i sozymes  in  d i f f e r e n t  p o p u l a t i o n s  o f  Meloidogyne 
sp.  

R t f o r  e s t e r a se s  f r o m  d i f f e r e n t  loc i  

Meloidogyne C h r o m o s o m e  /3 a l le les  b a l l e l e s  

spec ies  n u m b e r  0.19 0.24 0.34 0.30 0.33 0.36 0.38 0 .46  

M. hapla 

n = 15-16-17 
2 n  = 45 + +  + + +  

n = 14-15-17 + + + + + 

n = 16-17 + +  + +  + + +  

n = 16-17 + + b - ( n u l l )  

M. naasi n = 18 ( + ) b ,  + + + 

M. incognita 2 n  = 40-43  + + + + + 

Meloidogyne sp .  
(.Seville) 2 n  = 36 + + + + + 

M. javanica 2 n  = 46-47 + + + + + + + + + 

2 n  = 50-52  + + + +  + +  

+ + + +  + +  

+ + + + +  + +  

M. arenaria 2 n  = 50-52  

2 n  = 50-52  

a B a n d  i n t e n s i t y  is i n d i c a t e d  b y  t h e  n u m b e r  o f  + s igns .  
~See t ex t .  

T A B L E  4. E l e c t r o p h o r e t o g r a m  p a t t e r n s "  f o r  m a l a t e  d e h y d r o g e n a s e  i sozymes  i n  d i f f e r e n t  p o p u l a t i o n s  

o f  Meloidogyne s p p .  

R f  f o r  m a l a t e  d e h y d r o g e n a s e s  

Meloidog'yne C h r o m o s o m e  L o c u s  1 L o c u s  2 

spec ies  n u m b e r  0.19 0 .24 0 .30 0.35 0.40 0 .50 

n = 14-15 
M. hapla 16-17 0 0 + + + 

2 n  = 45 

M. naasi 2 n  = 18 0 0 ? + + + 

M. incognita 2 n  = 40 -43  0 0 + + + + + 

Meloidogyne sp.  
(Seville) 2 n  = 36 0 0 + + + + + 

M. javanica 2 n  = 46-47  + + + + + + + 

M. arenaria 

2 n  = 50.-52 
2 n  = 56  + + + + +  + +  

G r a u  d u  R o i  + + + + + + + + 
2 n  = 50-51 

• B a n d  i n t e n s i t y  is i n d i c a t e d  b y  t h e  n u m b e r  o f  + s igns .  



Proteins  and  Phylogeny  in Meloidogyne: Dalmasso, Berge 329 

migra t ion  difference between the M.  
incognita g r o u p  and  M. arenaria and  M.  
/avaniea was conf i rmed on  slab gels. M. 
incognita and  Meloidogyne sp. (36 chromo-  
somes) have the less mobi le  band ;  the 
o~GPDH mobi l i ty  is in te rmedia te  in M.  
javanica and  M. arenaria. 

All popula t ions  of  M. hapla and  M. 
naasi code for a single band,  respectively 
at 0.40 and  0.35, bu t  five female 2M. naasi 
had  to be used to  get this band.  One  popu-  
la t ion  of  M. naasi f rom Villons-les-Buissons 
gave no  b a n d  even with ten females (Tab le  
5). 

T h e  o~-GPDH 0.40 allele in M. hapla, 
oil one hand,  and  in M. [avanica and  M.  
arenaria, on the other,  is nevertheless 
nearly dis t inguishable  in 7% acrylamide 
gel slab at p H  8.9. T h e  fastest b a n d  is 
given by M. hapla allele. 

Glucose-6-phosphate dehydrogenase (Sys- 
tem 1): This  enzyme, which  is one  o f  the 
accesses of  the phospha te  pathway,  is 
NADP-dependen t .  Few invest igat ions have 
been carr ied on. G 6 P D H  appears  as a large 
diffuse b a n d  that  is faster in M. hapla than  
in M. arenaria~ M. iavanica and  M. 
incognita. 

I t  is interest ing tha t  the four  dehydro-  

genases are always faster in M. hapla than  
in tile o ther  species. 

Catalase (System 3): Only  a single 
catalase-active site appears  on gel in all 
popu la t ions  and  species studied. I t  is 
located at 0.33. T h i s  very cons tant  p ro te in  
is revealed by pyrogal lol  ox ida t ion  or  o ther  
phenol ic  substrates: gallic acid, hydro-  
qu inon ,  caffeic acid. T h e  last substrate  
gives a very slight band .  Act ivi ty  is s t rong 
in all specimens, a l t h o u g h  very evanescent  
because of  the thinness of  microgels;  so the 
migra t ion  distances m u s t  be recorded  im- 
mediately.  

I t  will be of interest  to investigate this 
locus in closely re la ted genera.  

Tetrazolium oxidase (System 1): Several 
proteins  have te t razol ium oxidat ive  activity 
in MeIoidogyne spp. O n  slab gels s t rong 
or  weak oxidat ive  bands  are fo rmed (Fig. 
2): M. incognita and  Meloidogyne sp. 
(Seville, 36 chromosomes) ,  have two bands  
set close together.  T h e  slow b a n d  in M. 
arenaria and  M. javanica probab ly  corre- 
sponds to the fastest one in M, incognita. 
Tile  o ther  s t rong b a n d  is the same in the 
two groups.  I n  M. hapla there is only  one 
large band,  wh ich  is slightly slower than  
that  for the o ther  species tested. 

TABLE 5. Electrophoretogram patterns" for ot-glycerophosphate debydrogenase isozymes (o~-GPDH) 
from different populations of Meloidogyne spp. 

R r for 0t-GPDH 
Meloidogyne Chromosome 0.40 0.40 

species number 0.35 0.35 0.39 (slow) (fast) 

n = l~-15 
M. hapla 16-17 + + + 

2n = 45 

M. naasi n = 18 + + + 

M. incognita 2n = 40-43 + + + 
Meloidogyne sp. 

(Seville) 2n = 36 + + + 

M. javanica 2n = 46-47 + + 

2n = 50-52 trace trace 
2n = 56 

M. arenaria 2n = 50-52 weak trace weak trace 

-~2n 505~ + + +  

• Band intensity is indicated by the number of + signs. 
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FIG. 2. Tetrazolium oxidases from (left to right) 
Meloidogy~te hapla, M. a~eTm~ia. M. i~lcognila, 
Meloidogyne sp. Seville, and M. javanica. Dark 
bands correspond to o~-GPDH. 

DISCUSSION 

By ext rapola t ing  data from the litera- 
ture about  Aleloidogyne karyotypes (25), 
it appears  that  tile number  of protein and 
enzyme alleles is correlated with chromo- 
some numbers.  T h a t  is true for total allele 
number  of a single female as well as for 
total allele number  of the species. In  M. 
hapla only one allele is generally present 
at each locus when one specimen is ex- 
amined,  except in heterozygotes result ing 
from amphimixis .  I t  had been assumed 
that  the basic chromosome num ber  may be 
n = 9 or n = 18 (25). Present observa- 
tions, especially on M. hapla, indicate that  
the species is diploid. An exception, how- 
ever, is the apparen t  tr iploid popula t ion  
(Saulcy: 45 chromosomes), which was found 
to be a homozygote for all loci investigated. 
T h a t  could be explained either by a recent 
triploid origin or by chromosome splits due 
to a holocentric phenomenon.  In the latter 
case the popula t ion  would still be con- 
sidered a special diploid form. Th i s  
hypothesis has cytological support .  At 
early metaphase,  14 to 17 chromatic  spots 
appear  that  could be assimilated to dia- 
kinetic bivalents. T h e  same feature occurs 
in Meloidogyne sp. (Seville), in which the 
36 chromosomes are well individualized in 
late metaphase,  whereas early in meiosis 
the number  appears lower (14). Th i s  spe- 
cies would therefore also be diploid. T h a t  
is confirmed by the fact that  more than 
two different alleles for a presumed locus 
have never been found. T h e  same si tuat ion 
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occurs ill M. incognita in spite of some 
supernumerary  chromosomes (polysomy), 
which may be either chromosomes resulting 
from incomplete  polyploidy or pieces of 
chromosomes. 

Another  step ill the evolut ionary proc- 
ess of M. iavanica and M. arenaria occurs 
where there are frequently more than two 
alleles for tile same locus and in the same 
individual;  for example,  esterase b at Rf 
0.39, 0.36, and 0.38. T w o  other loci show 
tile same character in M. arenaria. T h a t  
seems to agree with tile tr iploid condit ion 
of M. arenaria (25). T h e  less frequent 
occurrence of triple alleles in M. ]avanica 
probably  indicates that  this species is less 
polysomic, i.e., trisomic for some chromo- 
somes only. 

No good explanat ion has been given 
for the differences in activities (indicated 
by the color intensity of the bands) of the 
different alleles from the same locus. T h e  
catalytic action of the enzymes may be 
influenced by epigenic modula t ion,  al- 
though other possibilities are not  excluded 
(19). 

l n t r apopu la t ion  polymorphism is not 
very extensive in Meloidogyne. I t  is slight 
in M. hapla, perhaps in correlation with 
amphimixis .  I t  does not  exist in natural  
conditions in mitot ic  forms, but  does occur 
in different populat ions of the same species 
(see o~-GPDH in M. arenaria). 

Paradoxically, heterozygosity is higher 
in obligatory par thenogenet ic  species (for 
example,  M. arenaria and M. iavanica) 
than in meiotic ones. Heterozygosity is 
protected by mitot ic  reproduct ion  and 
favored by polysomy and polyploidy. T h a t  
also explains their  world-wide distribution. 
M. hapla seems to compensate for its low 
heterozygosity percentage by a higher rate 
of polymorphism.  A high percentage of 
homozygosity would not  be surprising, even 
in an]phimictic forms, because spatial isola- 
tion and imbreeding must  increase the rate 
of homozygosity, progressively pull ing away 
lethal homozygotes. Th i s  high rate of 
homozygosity precedes and prepares the 
transit ion to parthenogenet ic  reproduction,  
as noted recently (6), and may be given as 
explanat ion for the high occurrence of this 
reproductive process in soil nematodes.  

Tbese  data may be practical for tax- 
onomic purposes. Molecular  identifications 
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TABLE 6. Approximate allelic differences between species 

= 100 x number of different bands for paired species 
nttmber of studied bands totaled from 15 presumed loci 

M. sp. 
M. hapla M. naasi" (Seville) M. incognita M. ]avanica M. arenaria 

M. hapla 0 65 75 70 87 87 

M. naasi '~ 0 33 33 72 67 

Meloidogyne sp. 0 11 52 48 
(Seville) 

M. incognita 0 46 42 

M. ]avanica 0 10 

M. arenaria 0 

• Twelve loci were inventoried. 

are especially useful for classifying mixed 
populations.  Nonspecific esterases are a 
good tool for this purpose. 

Discriminant  alleles established on 
zymograms split the mitot ic  species com- 
plex into two main  groups: M. arenaria 
and M. ~avanica; and M. incognita anti 
Meloidogyne sp. (Seville, 36 chromosomes). 
This  is in good agreement  with classifica- 
tion by chromosome numbers,  the first 
group having more than 43 chromosomes, 
and the latter less than 45, and agrees also 
with Sasser's host range (20). 

T h e  data (Table  6) indicate that  M. 
arenaria and M. ~avanica are distinct hut  
closely related species; a Spanish strain 
(from Seville) that  possesses 36 chromo- 
somes appears  more similar to M. incognita 
than the two previous ones. As expected, 
M. hapla and M. naasi remain  independent  
branches on the Meloidogyne phylogenetic 
tree, 
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