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SCHACHTII SENSU STRICTO GROUP USING PCR WITH SPECIFIC PRIMERS

by
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Summary. A molecular method is described for the identification of nematode species from the Heterodera
schachtii sensu stricto group. Based on the ITSDNA sequence information obtained from more than 40 cyst
forming nematode species, a primer SGR1 was designed, which is specific lor species from the H. schachtii sen-
sut stricto group. This specific primer in combination with the universal primer TW81 amplified a fragment of
850 bp from nematode DNA extracts. The primer was evaluated with 30 populations and species of the H.
schachtii sensut Stricto group and several other parasitic nematode species. Subsequent digestion of amplified
PCR praducts by Meal and Peudl allowed the separation of H. schachtii, H. betae and H. trifolii from each oth-
er. This method of identification is highly sensitive since amplification was ehtained when a single second stage
juvenile or a single cyst were mixed with Pratylenchus penetrans or other nematode species,

Baldwin and Mundo-Ocampo (1991) listed
23 species within the Schachtii group of the
genus Heterodera. Within the H. schachtii sen-
su stricto group, Helervodera schachtii, H. belae,
H. glycines, H. cajani, H. ciceri, H. trifolii, H.
mediterranea and H. medicaginis are widely
distributed and some of them are major pests
in certain countries (Evans and Rowe, 1998).
Identification of these species is based on mi-
nor morphological and morphometrical differ-
ences and is difficult, time consuming, and re-
quiring a lot of skill and taxonomic expertise. A
solution to this problem are the meolecular tech-
niques developed during the last decade and
which are becoming a popular tool for species
and subspecies identification of plant-parasitic
nematodes (Ferris et al., 1993; Vrain and McNa-
mara, 1994; Thiéry and Mugniéry, 1996; Szalan-
ski et ¢l., 1997, Subbotin et al., 1997; 2000). Re-

cently, multiplex PCR techniques were devel-
oped for quick identification of several nema-
tode species (Mulholland et al., 1996; Set-
terquist et al., 1996; Bulman and Marshall,
1997; Petersen et al., 1997; Williamson et al.,
1997; Uehara ef al., 1998; Fullando et al.. 1999).
The objective of the present study was to de-
velop primers specific for the H. schachtii sen-
su stricio group and to combine them with uni-
versal primers in a multiplex PCR based identi-
fication method.

Materials and methods

Sequences of the ITS region of the ribosomal
gene cluster of species of the Heterodera
schachtii sensu stricto group (H. glycines Ichi-
noe, H. medicaginis Kirjanova, H. schachtit
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Schmidt, H. trifolii Goffart) and other Het-
erodera species [H. avenae Wollenweber, H. ca-
jani Koshy, H. carotae Jones, H. ciceri Vovlas,
Greco et Di Vito, H. cruciferae Franklin, H. fici
Kirjanova, H. filipjevi Stelter, H. goettingiana
Liebscher, H. humuli Filipjev, H. latipons
Franklin, H. riparia Subbotin et al., H. oryzicola
Rao et Jayaprakash, Globodera rostochiensis
(Wollenweber) Behrens, G. pallida (Stone)
Behrens] were obtained from Genbank
(AF274384-AF274417). These sequences were
aligned using ClustalW (version 1.7: Thompson
et al, 1994) along with other sequences of H.
schachtii and H. betae Wouts, Rumpenhorst et
Sturhan obtained by S. Amiri, S. A. Subbotin
and M. Moens (unpublished). Five putative
primers were selected on the base of sequence
homology.

For the testing of these putative primers,
eight species and 32 populations from the H.
schachtii sensu stricto group along with several
other plant parasitic nematodes were used
(Table 1.

The methods used for the DNA extraction and
PCR amplification were similar to those de-
scribed by Subbotin et al. (2000). Four microlitres
of the DNA suspension were used as a template
and added to 21 pl of the PCR mixture contain-
ing 2.5 ul of 10X Qiagen PCR buffer, 1 pl of 25
mM MgCly, 0.5 pl of 10 mM of each dNTP, 0.15
pl of the putative group specific primer (Table 1)
and of the universal primer TW81 (0.15 nM/pD
as described by Joyce et al. (1994), 0.15 pl of Qi-
agen Tag DNA polymerase (5u/pl) and double
distilled water added to the final volume.

For the multiplex PCR, two universal primers
D3A and D3B (0.15 nM/pD) as described by Al-
Banna et al. (1997) were added to the PCR mix-
ture (Table II). The combination of the group
specific primer and the universal primer TW81
amplifies a fragment beginning at the end of the
18S gene up to a few bases inside ITS2 region of
the ribosomal cluster (Fig. 1). The D3A and D3B
primers amplify the D3 expansion region of the
large subunit of the ribosomal gene 285. Amplifi-

TABLE | - Nematode populations used in this study,

Species Populution origin

Molembaix, Belgium
Hermé, Belgium
Gottingen, Germany
Schladen, Germany

Aisne, France

Nord, France

Marne, Frnce

Ouled Mbarek, Tadla, Morocco
Madagh, Berkane, Morocco
Rutten, Netherland

Borsel, Netherland
Teckomatorp, Sweden
Slottaquirden, Sweden
BBA. Germany

Kerma. city Kerman. Iran
Bologna, Italy

Heterodera schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schachtii
H. schuachtii
H. schachtii

H. betae Gelber, Germany

H. betae Berkane, Moulyia. Morocco

H. trifolii Moscow region, Russia

H. trifolii Merelbeke, Belgium

H._glycines Arkansas, USA

H. gheines Pinganlin, Gongzhaling, Jinkin pro-
vine China

H. glyeines Klanha, Gongzhaling, Jinkin pro-
vine China

H. ghines Heze. Shanong province, China

H. ghycines Zhangjiakou, Hebei province, China

H. glycines DBrazil

H. riparia Moscow region, Russid

H. bumudi Chuvashija, Russia

H. medicaginis Stavropol region, Russia
H. cafani India

H. ciceri Svria

H. sonchophbyla Estonia

Heterodera sp. 1 Knokke, Belgium (Atfriplex litoralis)
Heterodera. sp. 2 Germany (Rumex sp.)
H. avenae Gharb, Morocco

H. avenae Maorslede, Belgium
Globodera rosiochiensis  Poperinge, Belgium

G. pallida Koekelare, Belgium
Radopholus similis Villa Clara, Cuba
Pratylenchus penetrans  Lokeren, Belgium
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Tarle 11 - Sequences of primers used i multiplex PCR for
detecting Heterodera schachtii group species.

Primer Sequence
TW81 5-GTTTCCGTAGGTGAACCTGC-3
D3A 5-GACCCGTCTTGAAACACGGA-3
D3B S-TCGGAAGGAACCAGCTACTA-Y
SGR1 5-GTACATGATCCCACGAAGC-3
185 181 588 ITs2 285
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Fig. 1 - Position of the primer used in the multplex PCR.

cation was performed in a MJ Research PTC-200
Peltier Thermal Cycler (M] Research, Inc., MA,
USA). The PCR programme consisted of four
minutes at 94 °C followed by 35 cycles of 30 sec-
onds at 94 °C, 30 seconds at 55 °C and 1.5 min-
utes at 72 °C. An additional ten minutes exten-
sion at 72 °C completed the programme, A nega-
tive control containing the PCR mixture without
DNA template was also run. Five microlitres of
each amplified sample were analysed by elec-
trophoresis in a 0.8% agarose gel (100 V, 30-45
min), stained with ethidium bromide, visualised
and photographed under UV light. Multiplex
PCR was: repeated several times with the same
sample to verify the results.

In a further step, 2-5 microlitres of each PCR-
product obtained with the combination of
TW81 and the group specific primer SGR1 were
digested with Mval. Prudl or Rsal in the buffer
stipulated by the manufacturer. The digested
DNA was loaded on a 1.5% agarose gel (100V
for 1.5 h), stained with ethidium bromide, visu-
alised and photographed under UV light.

To examine the sensitivity of the method at-
tempts were made to identify species of the H.
schachtii sensu stricto group in different combi-
nations with other nematode species. Therefore,
combinations were made of a single cyst of H.

schachtii sensu stricio species with (1) a single
cyst of a species not belonging to this group, or
with (2) 12 individuals of Pratylenchus pene-
trans (Cobb) Filipjev et Shuurmans Stekhoven,
Meloidogyne arenaria (Neal) Chitw. (Jz2),
Radopholus similis (Cobb) Thorne or dory-
laimids. Finally, combinations of a single sec-
ond stage juvenile of H. schachtii (Morocco)
with different numbers of P. penetrans individu-
als were examined. The experiments were re-
peated four times.

Results and discussion

For three of the five putative group specific
primers, the PCR repeatedly vielded more than
one band; the PCR with a fourth primer failed
to amplify a DNA fragment for some samples.
As a consequence these four primers were dis-
carded. Only primer SGR1 (Table II) yielded a
single fragment of 850 bp for all samples and
was used for further tests of the large list of H.
schachtii group populations (Table T). All
species belonging to this group yielded a simi-
lar DNA fragment (Fig. 2). Fig. 3 shows a frag-
ment of the sequence alignment of cyst nema-
tode species indicating the sequence of the
SGR1 primer.

For the development of the multiplex PCR,
the two universal primers D3A and D3B were
added to the primers SGR1 and TW81. The
combination D3A and D3B amplified the D3 ex-

850 bp g G — e - ——
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Fig. 2 - Testing the combination of primer TW81 and the
group specific primer SGR1 on species and populations
belonging to the Heterodera schachtii sensu stricto group.
L: 100 bp DNA ladder 1-13: H. schachtii; 14-15: H.
glycines; 16-17: H. betae, 18: H. trifolii.
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Fig. 3 - Alignment of a fragment of rDNA sequences H. schachtii group species and some other plant parasitic nentode
species. The bold characters indicate the sequence of primer SGRL

Fig. 4 - Multiplex PCR with the group specific primer of
the H. schachtil group; Lo 100 bp DNA ladder 1-3; /.
schachtit, 4: H. belae. 50 H. teifolit; 6: H, gheines;, 70 H. ci-
ceri: 8: H. bumuli. 9 H, avenae, 10: Globodera pallida
and 11: negative control.

pansion region of the 28S gene (ca. 345 bp; Al-
Banna et al., 1997) and indicated the presence
of template nematode DNA in the sample. Mul-
tiplex PCR with these two sets of primers was
performed on single cyst samples of all H.
schachtii group species being studied and on
eight populations of other cyst forming and
non-cyst forming nematode species. Samples
from the H. schachtii group always yielded two
distinet fragments (345 bp and 850 bp): all oth-
er samples showed a single fragment (345 bp)
(Fig. 4).

111273
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Fig. 5 - Test of the sensitivity of the group specilic primer
SGRI1: L: 100 bp DNA ladder A: 1: single cyst of /. scha-
chiii; 2-3: single cyst of H. schachtii mixed with 12 indivi-
duals of Radopholus similis, Meloidogyne arenaria, dory-
laimids and Praiylenchus penetrans, respectively; 6-9: 12
R. similis. M. arenaria, dorvlaimids and P. penetrans
without H. schachtii; 10-14; single cyst of H. schachtii. B:
1: single juvenile of H. schachtii; 2-5: single juvenile in
mixture with increasing numbers of 2. penetrans 1:1, 1:10,
1:100 and 1:200, respectively; 6 and 7; 100 and 200 P. pe-
netretns without H. schachtii,
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Fig. G - ITS-RFLPs of species belonging of the H. schachiii
group from the PCR product obtained with the group spe-
cific primer alter restriction with Meal, Prall or Rsal.
L: 100 bp DNA ladder 1-2; H. schachtii, 3: H. betae,
H. trifolii. 3: H. glycines and 6: H. cicert.

The primer combination was able to detect
single cysts and even single second stage juve-
niles of the H. schachtii group in mixtures with
other nematodes. Only samples containing one
of these stages yielded the group specific band
(850 bp) after amplification with the SGRI1-
TW81 primer combination (Fig. 5).

Subsequently, the PCR product obtained with
the combination of SGR1 and TW81 was digest-
ed with Mval, Poull or Rsal. Mval clearly sepa-
rated H. schachtii from the closely related and
morphologically poorly distinguished species
from the H. schachtii group. Prull separated H.
betae from H. trifolii. Rsal did not distinguish
the H. schachtii group species (Fig. 6).

The development of the specific group
primers is based essentially on sequence infor-
mation, which is needed from many popula-
tions belonging to the same group or to other
groups. This information can allow the separa-
tion of populations with small orlarge dilfer-
ences in sequences. This technique is particu-
larly interesting as a first step in the detection of
species belonging to the H. schachtii group
with a simple PCR. In a second step, the
species can be identified using RFLP patterns
obtained with appropriate enzymes. Our group
specific primer SGR1 separates all tested species
belonging to the H. schachtii sensu stricto
group which were at our disposal. This rapid

and reliable method of identification of the 7.
schachtii group species based on multiplex PCR
allows a precise detection of juveniles and cysts
either alone or in a mixture with other nema-
tode species.
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