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Summary

Dirvlenchus dipsaci, the stem nematode, is a migratory en-
doparasite of over 500 species of angiosperms. The main
method of control of D. dipsaci is crop rotation. but the
presence of morphologically indistinguishable host races
with different host preferences makes rotation generally in-
effective. Therefore, a sensitive, rapid and reliable as well
as cost effective technique is needed to identification of D,
dipsaci. The objective of this study was to determine whe-
ther the ribosomal gene cluster, namely the whole tDNA
cistron, could provide useful nucleotide sequences for
DNA diagnostics of D. dipsaci. The region of TDNA inclu-
ding 3’end of 188 gene, ITS1, 5.88, ITS2 and 5’end of 285
gene was amplified using general primers designed accord-
ing to the DNA sequence of Caenorhabditis elegans. No
length-polymorphism was detected within the 1TS tDNA
citron of tested host races of D. dipsaci. The PCR products
(967 bp) of three representative host races ol D. dipsaci
were cloned, sequenced using an automatic sequencing
system, and the sequences aligned and compared. No sig-
nificant homology between D. dipsaci and other nematode
and plant organisms was found. The sequences of ITS re-
gions were used to design two pairs of primers, PF1-PR1
and PF-PR2, each of which was subsequently shown 1o be
specific for the amplification of predicted-size fragments
from genomic DNA of D. dipsaci. The primer pairs werc
further tested using as template DNA extracted from heal-
thy plant hosts and from other nematodes but no amplifica-
tion was observed. The PCR protocol was shown to be qui-
te sensitive (10 pg of genomic DNA) and able to specifi-
cally detect D. dipsaci in artificially infested plant tissue.
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Introduction

Dirvlenchus dipsaci (Kithn) Filipjev, the stem nematode, is
a migratory endoparasite of over 500 species of angios-
perms (Fortuner, 1982). D. dipsaci is prevalent in wide
range of climatic conditions, where moisture regimes enab-
le nematode infection, multiplication and dispersal (Smith
et al,, 1992). The main method of control of D. dipsaci is
crop rotation, but the presence of morphologically indistin-
guishable host races with different host preferences makes
rotation difficult (Wendt er af.. 1993). The races cxhibit
varying degrees of reproductive isolation, such as partial or
complete reproductive incompatibility (Eriksson, 1974),
Most populations from cultivated plants (Fragaria sp., Me-
dicago sativa, Trifolium pratense) have 2n = 24 chromo-
somes, while the giant race from Vicia faba has 2n = 48 —
60 chromosomes and population from Cirsium setosum has
2n = 52 chromosomes (Subbotin et al., 2004). Theretfore,
a sensilive, rapid and reliable as well as cost ellective lech-
nique is needed to detect and precisely determine D. dip-
saci in soil samples and plant tissues. The classical mor-
phological diagnosis is based mainly on tail shape and size,
relative length of stylet and post-vulval sac, and number of
cuticular lateral lines (Fortuner, 1982). This method is ti-
me-consuming, not always reliable, a larger number of
nematode individuals is required and only an experienced
person can do it. During the last several years DNA-diag-
nostic methods like RFLP (Curran ef al., 1985), DNA hy-
bridization (Burrows & Perry, 1988), RAPD (Esquibet et
al., 1998; Folkertsma et al., 1994; Williamson et al., 1997
and Zhang et al., 1998), allele specific-PCR (Zouhar er af.,
2000) and SCAR (Zijlstra, 2000) have been developed for
plant-parasitic nematodes, Analysis of DNA is a more
direct measure of variability than is protein analysis (Sam-
brook et al., 2001). and the application ol Southern blot
hybridization provided precise identification of three
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species of Ditvlenchus but did not difterentiate host races
of 1. dipsaci (Palmer et al., 1991). Moreover, the use of
DNA technologies overcomes the metabolic state variation
(Fullaondo et af., 1999). A practical PCR-based assay with
specific primers for rapid and reliable determination D.
dipsaci in plant tissues is not available.

The ribosomal gene cluster, namely the whole rDNA cis-
tron, has became a uselul DNA region for classilying eu-
karyotes at various taxonomic level. The rDNA is multi-
copy, tandemly repeated array according in the nucleolar
organizer region at one or several chromosomal sites (Sza-
lanski er al.. 1997). The rDNA coding genes vary in evolu-
tionary conservation from most-conserved 185, 5.58S, to
least-conserved 28S. The spacer regions including ETS
and ITS are more variable than the gene regions and are
generally used for phylogenetic analyses (Cherry et al.,
1997 Fallas et al., 1996; Subbolin et af., 2004). In addi-
tion, portions of the ITS | transcript may play a role in the
maturation of nuclear RNAs (van Nues et al., 1994), sug-
gesting that nucleotide changes in onc portion of the mole-
cule could affect other nucleotide sites (Adams er al.,
1998). Thec PCR-RFLP analysis of PCR amplified ITS and
268 ribosomal RNA genes of selected entomopathogenic
nematodes was done by Nasmith er af. (1996). The ITS re-
gion was also found to be useful in differentiating mem-
bers of the plant-parasitic nematode genera Globodera and
Heterodera (Blok et af., 1998; Ferris ef al., 1995; Ferris et
al., 1999; Subbotin er al., 1999).

The objectives of this study were sequence analysis of [TS
ribosomal DNA in selected races of 1. dipsaci and deve-
lopment of a PCR-based assay for the rapid and sensitive
identification of D. dipsaci in plant tissues.

Materials and Methods

Nematode isolates: The nematode isolates used are listed
in Table 1. Some populations were derived directly [rom
the field and others had been in culture for a number years.
Bursaphelenchus xylophilus was maintained on Bofrytis
cinerea culture in the laboratory.

DNA extraction: DNA was extracted from nematode-in-
fested plant tissue or nematode suspension after elution in
a Baermann funnel. Approximately 10 individuals or 0.5 -
1.0 g of plant tissuc artificially inoculated with 10 indi-
viduals were crushed in liguid nitrogen using mortar and
pestle and homogenized in 300 pl lysis buffer (100 mM
Tris-HC1 (pH 8.0), 5 mM EDTA, 200 mM NaCl, 0.2 %
SDS and 0.4 mg/ml proteinase K). The mixture was incu-
bated for 1 h at 37°C with shaking and finally denaturated
5 min at 85°C. The homogenate was mixed 1:1 with phe-
nol (pH &.0)-chlorotorm-isoamylalcohol (25:24:1), vorte-
xed for 15 min and centrifuged at 7 000 x g. Each lysate
(waler phase) was transferred to a new tube, an equal volu-
me of chloroform was added, and the extraction was re-
peated. DNA was precipitated with an equal volume of iso-
propanol in -20°C overnight or in liquid nitrogen for 20
min and centrifuged at 10 000 x g for 10 min. The superna-
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tant was removed and the remaining pellets were vacuum-
dried. The pellets for each sample were resuspended in 50
w TE (10 mM Tris, 1.0 mM EDTA (pH 8.0) or ddH,0).
DNA was stored at -20°C. The working stock of DNA for
PCR amplification was diluted to approximately 50 ng/ul
after quantification using the Helios Gamma spectrophoto-
meter (ThermoSpectronic, USA).

Universal primer design and PCR amplification: The re-
gion on of rDNA including 3"end of 185 gene, ITS1, 5.8S,
ITS2 and 57end of 28S gene was amplified using general
primers designed according to the DNA sequence of Cae-
norhabditis elegans. The DNA sequence of tDNA region
of C. elegans was oblained from GenBank (Accession No.
X03680). All PCR reactions were performed in 25 pl volu-
mes including: 50 ng of DNA, 200 uM dNTPs, 10 pmol
each primer, 1.5 mM MgCl, and 1.5 U Tag DNA poly-
merase (Fermentas, Lithuania). Amplification conditions
were as follows: an initial denaturation at 94°C for 3 min,
after which 30 cycles of denaturation (2 min at 94°C), pri-
mer anncaling (30 sec at 60°C) and primer cxtension (2
min at 72°C). Amplification reactions were conducted at
least twice, in two scparate experiments, for cach nemato-
de isolate. Negative controls were included in all PCR am-
plifications to test for contaminats in the reagents. Ampli-
fication was carried out in an automated thermal cycler
(PTC 200 MJ Rescarch Inc, USA). Aliquots (5.0 pl) of
PCR products were analysed by electrophoresis in 1.2 %
(w:v) agarose gels, with 1xTBE buffer, stained with ethi-
dium bromide (0.5 pg/ml) and photographed under ultra-
violet (UV) light. The length of the DNA fragments was
estimated by comparison with MassRuler 100 bp DNA
ladder (Fermentas, Lithuania).

Cloning und sequencing: The PCR products (967 bp) am-
plified by universal primer pair (S18 and S26) were di-
rectly cloned to pTZ57 vector using 3°-A overhangs gene-
rated by Taq polymerase (InsT/Aclone™PCR Product Clo-
ning Kit, Fermentas, Lithuania) following the protocol
provided by the supplier and transformed into E. coli DHS.
Clones were checked for the rDNA insert by PCR. and
plasmid was prepared with the Perfectprep Plasmid Mini
Kit (Eppendorf, Germany). Fragments were sequenced
using an automatic sequencing system (ABI Prism 377,
Perkin Elmer, USA). Multiple scquence alignments and
comparisons were performed using the computer package
ClustalW 1.64 with default options and then optimized
manually. The partial ITS sequences for several isolates of
D. dipsaci were obtained from the GenBank (Accession
No. AF396319-AF396323). The sequence data were also
compared with other nucleotide sequences available
throught the National Center for Biotechnology Informa-
tion (NCBI, USA) databases.

PCR with specific primers: Two primer pairs, PF1-PR1
and PF2-PR2, targeting the TTS regions of D. dipsaci, were
designed uvsing the soltware program Primer3 (Whitchead
Institute, Cambridge, USA) and synthetized (Generi-Bio-
tech, Czech Republic). The two primer pairs were lested



Table 1. Sources. geographic origin and host or substrate of nematode isolates used in this study

Species Hosl or subsirate Source Origin

Ditylenchus dipsaci Allium sativum P. Havranek, UP Olomouc Czech Rep.

Ditvienchus dipsaci Medicago sativa 0. Douda, VURYV Prague Czech Rep.

Ditvlenchus dipsaci Cichorium inthybus G. Urek, AT Ljubljana Slovenia

Globodera pallida Solanum tuberosum V. Gaar, SRS Prague Czech Rep.

Bursaphelenchus xylophilus Botryviis cinerea M. Mota, ICAM Evora Portugal

Rhabditis spp. Clay soil V. Gaar, SRS Prague Czech Rep.
Table 2. Details of primers used in this study

Primer Sense Sequence Author

S18 Forward 5-TTGATTAGGTCCCTGCCCTTT-3" This study

526 Reverse S-TTTCACTCGCCGTTACTAAGG-3" This study

PF1 Forward 5-AACGGCTCTGTTGGCTTCTAT-3" This study

PR1 Reverse 5-ATTTACGACCCTGAGCCAGAT-3" This study

PE2 Forward 5-TCGCGAGAATCAATGAGTACC-3° This study

PR2 Reverse 5-AATAGCCAGTCGATTCCGTCT-3" This study

for the amplification of a fragment of known size, accord-
ing Lo the sequences of the ITS-rTDNA region of D. dipsaci.
Optimal conditions for specitic PCR amplification were
determinated in a total reaction volume of 25 ul, with 50
ng of DNA as template, and containing 200 pM dNTPs, 10
pmol each primer, 1.5 mM MgCl; and 1.5 U Taq DNA po-
lymerase (Fermentas, Lithuania). A negative control with-
out template was used in cach PCR experiment. Ampli-
fication was carried out as described above except that the
annealing temperature was increased to 62°C for primer
pair PF1-PR1 or to 63°C flor primer pair PF2-PR2. Ali-
quots (5.0 ul} of the PCR products were resolved by ele-
ctrophoresis in 1.2 % agarose gels and visualised as al-
eady stated above.

Primer specifity and sensitivity: The specifity of the primer
pairs PF1-PR1 and PF2-PR2 was tested by altempting am-
lification using as templete the genomic DNA of some
plant-parasitic (Globodera pallida, Bursaphelenchus xylo-
hilus), saprophytic and free-living nematodes (Rhabeditis
ssp.). The DNA of these nematodes was extracted using
the same protocol as that described above for D. dipsaci.
The specifity ol these primers was also examined using ga-
ric (Allium sativum cv. Alan), onion (Allium cepa cv. Au-
gusta), chicory (Cichorium inthybus cv. Jupiler), alfalfa
(Medicago sativa cv. Jarka) and carrot (Dattcus carota cv.
Rubina) DNA. The DNA was extracted from the bulbs, pe-
ioles and stems, according to the protocol of Bai et al.
(1997).

Sensitivity was tested by preparing serial dilutions of pu-
ified D. dipsaci DNA in sterile distilled water, from 100 ng
to | pg, and checking for amplification with the established
PCR proiocol.

Results

PCR amplification: The S18 and S26 primers non-specifi-
cally amplilied the entire length of the 1TS rDNA. includ-
ing 3’end of 185 gene, ITS1, 5.85, ITS2 and 5’end of 288
rRNA genes. Gel electrophoresis of PCR products from D,
dipsaci, G. pallida, B. xylophilus and Rhabditis ssp. always
yielded a single bands approximately 970, 1230, 1070 and
900 bp long, respectively (Fig. 2). The fragment size has
the same lengih in all examined isolates ol D. dipsaci.
when estimated on agarose gels. No PCR product was
obtained in the negative controls.

Sequencing and multiple sequence alignments: The TTS
regions of three isolates of D. dipsaci were sequenced,
exact size of DNA fragments were determined 967 bp, and
no variation in length was observed. The sequences of
three host races of 1. dipsaci were compared to each other
and to all other sequences from the GenBank database. In
all examined sequences originating [rom 1. dipsaci an ex-
treme ITS rDNA similarity was found, with exception of

|>> 518/526 <<

>> PF1/PR1 <<
>> PF2/PR2 <<

Fig. I. Diagram with arrows (>>, <<) indicating amplilied regions
ol nuclear ribosomal DNA, with universal primer pair 518-526
and primer pairs PFI-PR] and PF2-PR2 for specific PCR
amplication of the stem nematode B, dipsaci. TS — internal
transcribed spacer. 188, 3,85 and 285 are rRNA genes
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e, 20 Agarose gel with PCR amplification products of [TS1-5.85-
ITS2 region of rDNA of selected nematode species using universal
518 and 526 primers. Lanes: 1, 2 and 3 — garlic, alfallfa and chicory
isolates of D. dipsaci, 4 — G. pallida, 5 — B. xylophilus, 6 — Rhabditis
spp.. 7 — negative control of sterile distilled water, M — MassRuler
100 bp DNA ladder (Fermentas, Lithuania), A fragment of 967 bp is
observed al all isolates of D, dipsaci
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Fig. 3. Agarose gel of the PCR products using specific primer pairs
PFI-PRI {A) and PF2-PR2 (B). Lanes: 1.2 and 3 — 7. dipsaci (isolates
trom garlic, chicory and alfalfa), 4 — (. paflida, 5 — 8. xylophilus, 6 —
Rhabditis spp., 7 negative control of sterile distilled water, M
MassRuler 1K) bp DNA ladder (Fermentas. Lithuania). A fragment of
327 bp for PFI-PR1 primer pair and 396 bp for PE2-PR2 primer pair
bp are ohserved with all isolates of £2. dipsaci, while no fragment was
amplified with other nematodes

the giant race from Vicia fuba (Ac. No. AF396323) and the
population from Cirsium setosum (Ac. No. AF396322).
The amount of shared sequence identity among the dif-
ferent isolates from Medicage sariva. Cichorium intybus,
Allium sativam, Trifolium pratense and Fragaria sp. show-
ed a low degree of variability. Two 1solates from Medicaco
sativa (Alf1 and Alf2) from diverse geographic locations
differed at one nucleotide position (G-A transition). Ho-
wever, the differences between the remaining two isolates
varied from 30 substitution and 1 deletion events between
the giant race from Vicia faba and an alfalafa isolate (AIf2)
to 34 substitutions and 2 deletions between the population
from Cirsium setosum and the second alfalfa isolate Alf2).
The aligned ITS sequences of recent known isolates of D.
dipsaci are illustrated in Table 3.

No significanlt homology of evolutionary divergent ITS re-
gions between 1. dipsaci and other plant-parasitic and sa-
prophylic nematodes was found. Furthermore, they did not
show any particular homology with any plant organisms in
the database (data not shown).
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Fig. 4. Gel elecrrophoresis of the PCR products obtained with primer
pairs PF1-PR1, using as templale DNA extracled [rom plant Gssue
artificially infested with 13 individuals of D, dipsaci (A), or healthy
plant tssue (B). Lanes: 1 — garlic bulb, 2 — onion bulb, 3 — chicory
petiole, 4 — allalfa stem, 5 — carror bulb, 6 — posilive control with
renomic DNA of DL dipsaci, 7 — negative control ol sterile distilled
water, lanes M — MassRuler 1{) bp DN A ladder (Fermentas, Lithuania)
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Fig. 5. Gel electrophoresis ol the PCR products obtained with primer
pairs PF1-PR1 (A) and PF2-PR2 (B), using tenfold dilution series of
DNA template. Lanes: 1 w 6, 100 ng o 1 pg of D, dipsaci genomic
DNA, 7 — negative control of sterile distilled waler lanes, M —
MassRuler 100 bp DNA ladder (Fermentas, Lithuania). The delection
threshold 15 observed o be 10 pe for PFI-PR1 primer pair and 100 pg
for PIF2-PR2 primer pair

Specific primer design: On the basis of the sequence data
of the ITS regions, the primer pairs PF1-PR1 and PF2-PR2
were designed to amplify specific DNA fragments using
genomic DNA trom all isolates of D. dipsaci. The sequen-
ces of these primers are shown in Table 2 and their loca-
tion in the rRNA gene cluster in Fig. 1. Primer lengths we-
re 21 bp and G+C content was about 48 % for cach primer.
To accomodate the molecular characteristics of the primers
selected, appropriate PCR conditions were optimalized
(see Materials and methods).

PCR experiments with the specific primer pairs and using
as template genomic DNA produced bands in accordance
with those predicted from the sequence analysis for all D,
dipsaci isolates. The primer pair PF1-PR1 specifically am-
plified a fragment of 327 bp in all D. dipsaci isolates (Fig,
3). No fragment was amplified using genomic DNA of
other tested nematodes (Fig. 3). The PF2-PR2 primer pair
specifically amplified a fragment of 396 bp in all D. dipsa-
¢i isolales, and no [ragment in other tested nematodes (Fig
3). Moreover, the primer pairs PFI-PR1 and PF2-PR2 did















