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Summary. The morphometrics of 25 populations of H. schachtii and two populations of H. betae from 
different origins were compared. Cyst length and width of H. betae were greater than those of H. 
schachtii. The fenestral length and semifenestral width did not support distinguishmg the H. betae 
populations from the H. schachtii populations examined and, therefore, cannot be used to separate these 
species. In second stage juveniles body length, the hyaline part of the tail, and the tail length were 
significantly greater for H. betae than for H. schachtii and enable these species to be differentiated. The 
RAPD analysis using seventeen decamer primers and canied out on 20 H. schachtii populations, two H 
betae populations and one of H. glycines yielded 471 DNA fragments. Some bands generated by primers 
were specific for H. schachtii. The dendrogram constructed on the basis of RAPD data did not arrange 
H. schachtii populations according to their origin but separated the two species. 
Key words: beet cyst nematodes, interspecific differences, intraspecific variation. 

The beet cyst nematode, Heterodera schachtii 
Schmidt, is an economically important pest of 
sugar beet (Beta vulgaris L.) production worldwide. 
The species is widespread in most European 
countries, the USA, Canada, the Middle East, 
Africa, Australia, and South America (Baldwin and 
Mundo-Ocampo, 1991; Evans and Rowe, 1998). It 
causes serious stand yield reductions and decreases 
sugar content of sugar beet wherever the crop is 
grown. 

A race of H. trifolii Goffart attacking sugar beet 
was first described in The Netherlands by Maas & 
Heijbroek in 1981 and later was named H. betae 
(Wouts et al., 2001). Heterodera schachtii and H. 
betae have similar morphology and share a com- 
mon host range. However, Maas et al. (1982) 
demonstrated that, unlike H. schachtii, H. betae 
passes through a yellow phase during cyst forma- 
tion and has no males. Maas & Heijbroek (1981), 
Steele & Whitehand (1984) and Wouts et al. 
(2001) found that H. betae could be distinguished 
morphologically from H. schachtii by the larger 
fenestrae of the cyst vulva1 cone and the greater 
length of the body, the stylet, and the hyaline part 

of the tail of second stage juveniles. Heterodera 
betae has been detected in several European coun- 
tries and was recently found in Morocco (Amiri et 
al., 2002). 

It has been demonstrated that the DNA tech- 
nique based on ITS-PCR-RFLP is useful for 
separating H. schachtii from H. betae (Wouts et al., 
2001; Amiri et al., 2002). Several reports demon- 
strated the utility of RAPD (Random Amplified 
Polymorphism DNA) to identify nematode species 
and to assess the genetic variability within species 
(Caswell-Chen et al., 1992; Pinochet et al., 1994; 
Fallas et al., 1996; Ibrahim et a/., 1997). 

The objective of this work were (i) to study the 
variation in morphometrics of cysts and second 
stage juveniles between several populations of H. 
schachtii and two populations of H. betae and (ii) 
to study the genetic diversity of populations of 
these two species based on RAPD analysis. 

MATERIALS AND METHODS 

Nematode populations and sample preparation 
for morphometrics. The morphometrics of 25 po 
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Table 1. Origin of nematode populations used. 

pulations of H. schachtii and two populations of H. 
betae were determined (Table 1). Nematodes were 
maintained in pots kept in the glasshouse or were 
extracted directly from field soil samples using 
Seinhorst's method (Seinhorst, 1964). Second 
stage juveniles were obtained from crushed cysts, 
and were killed by gentle heat, fmed in TAF and 
embedded in glycerol on permanent slides follow- 
ing Seinhorst's method (1959). Cyst vulva1 cones 
were prepared from brown cysts and mounted in 
glycerine-gelatine. The specimens were examined 
and measured under light microscopy. The data 
were analysed by ANOVA followed by the test of 
Newmans- Keuls using STAT- ITC F (Anonymous, 
1992). 

Species 

Hetemdera schachtii 
H. schachtii 
H. schachtii 
H. schachtii 
H. schachtii 
H. schachtii 
H. schachtii 
H. schachtii 
H. schachtii 
H. schachtii 
H. schachtii 

PCR-RAPD. The molecular study comprised 20 
populations of H. schachtii and two populations of 
H. betae. One population of H. glycines was also 
included and used as outgroup (Table 1). Several 
cysts of each population were transferred into an 
Eppendorf tube containing 8 fl distilled water and 
10 p.l nematode lysis buffer (500 mM KC], 100 

mM Tris-HC1 pH 8.0, 15 mM MgC12, 1.0 mM 
DlT,  4.5% Tween 20) and crushed with an rni- 
crohomogenisor Vibro Mixer (Zurich, Switzerland) 
for 2.5-3 min. Two p1 proteinase K (600 pg/rnl) 
(Promega Benelux, Leiden, The Netherlands) were 
added and the tubes were incubated at 65 "C (1 h) 
and 95" C (10 min) consecutively and finally cen- 
trifuged (1 min; 16 000g). Five microliters of the 
template DNA suspension were added to 20 pl of 
a PCR mixture containing 2.5 pl 10X Qiagen PCR 
buffer, 0.5 p l  MgC12, 0.5 pl lOmM dNTP mix, 
1.5U Tag Polymerase (5U/pl) and 0.5 pl of the 
single random primers; 15.8 pl double distilled 
water was added to a final volume. Seventeen de- 
camer random primers were used (Table 2). Am- 
plification was performed in a MJ Research PTC- 
200 Peltier Thermal Cycler (MJ Research, Land- 
graaf, The Netherlands). The PCR program con- 
sisted of 7 rnin at 94" C, 44 cycles of 1 min at 94 
"C, 1 min at 35" C and 3 min at 72" C; followed 
by 5 min at 72" C. A negative control containing 
the PCR mixture without DNA template was also 
run. Ten microliters of each amplified sample were 

Finistere, France 
Rondebult, South Africa 
Gbttingen, Germany 
Shladen, Germany 
Kitsingen, Germany 

Ouled M'Barek, Tadla, Morocco 
Bouareg, Mouloya, Morocco 
Stellendam, The Netherlands 
Achthuizen, The Netherlands 
Teckomatorp, Sweden 
Slottaquirden, Sweden 

Kastlosa, Sweden 

Milnster, BBA, Germany 

Code 

Be 1 
Be2 
Be4 
Be5 
Be6 
Be8 
CPRO 
Em2 
Frl 
Fr2 
Fr3 

Origin 

Molembaix, Belgium 
Herme, Belgium 
Gingelon, Belgium 
HCrines, Belgium 
Quivrain, Belgium 
Meerdonk, Belgium 
Wageningen, The Netherlands 
Suffolk, England 
Aisne, France 
Nord, France 
Marne, France 

Morphometncs 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

RAPD 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
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Table 2. Decamer primers used in the study of the genetic variation in and between H. schachtii and H. betae 
populations. 

TGCCCAGCTG OPERON KIT A code A2 
GGCACTGAGG OPERON KIT G code GO2 
GGGGTGACGA OPERON KIT D code D l 3  
GAGCGTCGAA OPERON KIT K code K16 
CAGGCCCTTC OPERON KIT A code A01 
AGTCAGCCAC OPERON KIT A code A03 
GGTCCCTGAC OPERON KIT A code A06 
GAAACACCCC OPERON KIT H code H08 
CCTCTAGACC OPERON KIT F code F19 
TGGGGGACTC OPERON KIT B code B09 
CCAGCACTTC OPERON KIT AE code AE04 
TCACGTCCAC OPERON KIT G code GO8 
GAACGGACTC OPERON KIT C code C06 
AAGACCCCTC OPERON KIT E code E06 
GITAGTGCGG OPERON KIT AC code ACOS 

analysed by electrophoresis in a 2.5% agamse gel 
(100 V, 3 h 30 min), stained with ethidium bro- 
mide, visualised and -photographed under W- 
light. 

The DNA fragments were scored for all primers 
by 1 for the presence or 0 for the absence of the 
band. Fragments with a length greater than 1500 
bp were not considered. The program PAUP 
4.0b4a (Swofford, 1998) was used for the fragment 
analyses. Genetic variation was calculated by 
means of the pair group method using arithmetic 
averages (UPGMA). 

RESULTS AND DISCUSSION 

Cyst and wlval cone. Differences in means of 
cyst length and width were found between the two 
H. betae populations and all H. schachtii popula- 
tions (Table 3). With respect to H. schachtii, the 
Iranian population (Ir4) had the smallest cyst size 
(565 x 403 pm), whereas the Dutch one (N15) had 
the largest cysts (856 x 550 pm). The Principal 
Component Analysis of these data (Amiri, 2002) 
classified each of the H. betae populations (Ge6 
and Marl) in a separate clade and divided the H. 
schachtii populations into four groups. 

The vulval slit length, fenestral length, and 
sernifenestml width showed substantial intraspecific 
variation (Table 3). The fenestral length and 
sernifenestral width did not enable the H. betae 

, populations to be distinguished fmm all the H. 
schachtii populations and, therefore, cannot be 
used to separate the species. Results of the cluster 
analysis using the morphometrics of all cyst cone 
characters (vulval plate length, vulval plate width, 

vulval slit length, length fenestrate, sernifenestral 
width, semifenestml length, vulval bridge, under- 
bridge, distance vulva-anus) supported this con- 
clusion (Amiri, 2002). 

Second stage juveniles. For H. schachtii, the 
mean body length varied between 379 pm (Eng2) 
and 555 pm (MarS), the mean hyaline tail length 
between 22 pm (Eng2) and 35 pm (Fr3) and the 
mean tail length between 44 pn (Ge2) and 58 pm 
(Fr3) (Table 4). With respect to the H. betae 
populations, both the body length and the hyaline 
part of the tail were longer in the German popula- 
tion whereas the tail length was longer in the 
population from Morocco. The stylet length varied 
slightly among H. schachtii populations but was 
longer in the two H. betae populations. Both the 
body length and tail length enabled H. schachtii to 
be differentiated from H. betae. All these cha- 
racters were significantly greater in H. betae popu- 
lations than in H. schachtii populations. The com- 
parison of other morphometric characters showed 
that they could not be used for differentiating the 
two species (Amiri, 2002). The cluster analysis 
using the combination for all morphometric char- 
acters of the 52 clearly separated H. betae from H. 
schachtii and divided the 25 H. schachtii popula- 
tions in five groups (Amiri, 2002). 

The morphometrical data for cysts of all popu- 
lations were within the ranges reported by Graney 
and Miller (1979) Maas and Heijbroek (1981), 
Ambrogioni et al. (1999), and Wouts et al. (2001). 
Compared to the data reported in the latter three 
papers, we observed a lofiger fenestral length for 
H. betae. However, this character does not enable 
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Table 3. Measurement (pm) of cysts, and vulva1 cones of Heterodera schachtii and H. betae populations. 

442 gh (367-537) 

468 efg (367-550) 

(1): The population codes are cited in table 1; 
(2): Length without neck. 
*: Means followed by a letter in common are 

individuals examined, **: H. betae populations. 

H. schachtii to be distinguished from H. betae as 
previously found by Maas and Heijbroek (198 1). 

Heterodera schachtii can be differentiated from 
H. betae by a number of morphometrical charac- 
ters of second stage juveniles. The length of the 
body, hyaline part of the tail, and tail of second 
stage juveniles were considered as taxonomically 
useful characters for that goal and were used for 
the morphometrical comparison of several He- 
terodera species (Raski, 1950; Graney & Miller, 
1980, 1982; Anderson; 1984; Steel & Whitehand; 
1984; Wouts et al., 2001). Variations in certain 
characters can be explained by the influence of 
host plants. Several authors argued that this vari- 
ability is determined in part by the quality of the 
food source during the development of the females 
(TrudgiU et al., 1970). The level of infestation also 
is of importance (Von Mende et al., 1998). In or- 

not significantly different (P=0.05); n: number of 

der to obtain more consistent observations, it 
would be interesting to study the first generation 
obtained after inoculation of equal numbers of 
juveniles of each population on the same host. 

RAPD analysis. The seventeen different random 
decamer primers used in this study generated a 
total of 471 DNA fragments for all populations. 
The number of DNA fragments varied from 2 to 
12 with a length between 200 bp and 1500 bp; 
some were common to all populations (Fig. lA, 
B). Primer GO2 yielded a multitude of fragments 
and a major band of different intensity for H. betae 
and H. glycines; this band was not generated for 
the H. schachtii populations (Fig. 1A). Amplifica- 
tion with primers AE04, A03, A06 and B09 pro- 
duced patterns distinguishing H. schachtii from the 
other species by the markers of 300, 520 and 
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Table 4. Morphometrics (pm) of second stage juveniles of Hetemdera schachtii and H. betae populations. 

n: Number of individuals examined; L: Body length; m.b.w: maximum body width; b.w.a: body width 
at anus. (1): Population codes are given in table 1; *: Means followed by a letter in common are not 
significantly different (P=0.05); **: H. betae populations. 










