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Summary. Longidorus juvenilis and L. leptocephalus are reported from Slovenia for the first time. All
developmental stages of these species were recovered from the rhizosphere of Vitis vinifera L. growing in
the north-eastern part of Slovenia. Nematodes were identified using morphological characters of
females and juveniles. All these stages are described. A bivulval female of L. juvenilis is also described.
In addition, sequences of the D2-D3 expansion region of 28S rRNA gene were analysed. Obtained
sequences were compared with sequences of the same and closely related species downloaded from the
NCBI database. Cluster analysis of sequences confirmed and supported species identifications. The
sequences of L. juvenilis and L. leptocephalus found in Slovenia and sequences of the same species from
databank clustered in two separate clades, respectively. Both clades were supported in bootstrap

analyses.
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The nematodes belonging to the genera
Longidorus Micoletzky and Xiphinema Cobb,
commonly referred to as longidorids, can cause
damage to many economically important crops by
direct feeding on their roots. The interest in these
nematodes increased greatly since the discovery
that some species of these genera can transmit
plant viruses (Hewitt ez al., 1958; Sol & Seinhorst,
1961; Lamberti & Roca, 1987; De Waele &
Coomans, 1990). An extensive survey of
longidorids in Slovenia concentrated mainly on the
genus Xiphinema, with eleven identified species so
far (Sirca & Urek, 2004). Only two Longidorus
species, L. caespiticola Hooper and L. elongatus
(de Man) Thorne & Swanger had been found in
Slovenia until recently (Urek et al., 2003). The
occurrence and geographical distribution of
members of the Longidoridae in Slovenia was
comprehensively examined between 2002 and
2004, mostly in vineyards. The occurrence of L.
Jjuvenilis Dalmasso and L. leptocephalus Hooper is
recorded for the first time in Slovenia.

Longidorus species are currently identified by
using various keys (Lamberti, 1975; Chen et al.,

1997; Loof & Chen, 1999). More recently, a
cluster analysis approach was proposed by Ye &
Robbins (2004) supported by computer software.
However, all of the mentioned methods rest on
morphometrical data, which are variable in the
genus Longidorus and can lead to incorrect
identifications (Ye & Robbins, 2004). Therefore,
additional approaches were developed to aid
morphometrical identifications. Sequences of
nuclear ribosomal DNA (rDNA) proved to be
useful in molecular phylogenetic analyses of
Longidoridae. Sequence analyses of D2-D3
expansion region large subunit rRNA nuclear gene
was used by Rubtsova er al. (2001) and He et al
(2005) while Ye et al. (2004) used the ITS1 rDNA
region to investigate phylogenetic relationships and
genetic variation of longidorids.

In our study, species of L. juvenilis and L.
leptocephalus found in Slovenia were identified
using morphometrical and molecular methods.
Morphometrical characterization displayed
intraspecific variation among different populations
and, therefore, species identification became
unreliable. DNA sequence analysis was applied in
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order to confirm morphometric identification. D2-
D3 expansion region of 28S rRNA gene of both
Longidorus species found in Slovenia and
sequences of the same and closely related species
from the NCBI databank were used for cluster
analysis. This approach was more reliable for
unequivocal species identification.

MATERIAL AND METHODS

Nematodes. Soil samples were taken from the
rhizosphere of Vitis vinifera L. near Svetinje, and
JurSinci in Slovenske gorice region in the north-
eastern part of Slovenia. The samples taken near
Svetinje were collected beneath grapevines where
Raspberry bushy dwarf idaeovirus (RBDV) was
previously detected (Mavri¢ er al, 2003). The
sampling was performed by digging holes beneath
host plants and carefully collecting soil from
around grapevine roots at 40-50 cm depth.
Nematodes were extracted from soil samples
according to the method of Hrzi¢ (1973).
Longidorid nematodes were hand picked, killed
and fixed in TAF (Courtney et al, 1955),
examined and measured under a light microscope
connected to an image analysis system, Lucia 5.0
(Laboratory Imaging Ltd, Prague). Species
identification, based on female and juvenile
average morphometric characters including body
length, distance from vulva opening to head end,
lip width, odontostyle length, body diameter, tail
length and diameter etc., was performed using the
polytomous  key  for  Longidorus  species
identifications (Chen et al., 1997). Measurements
of the different juvenile stage parameters (body
length, length of odontostyle, and odontostyle
replacement) and female parameters (body and

odontostyle  length) were used for the
determination of the juvenile stage being
examined.

Total DNA extraction and amplification. Singly
extracted longidorids were transferred to a 1.5 ml
Eppendorf tube in 1 pl of sterile water and stored
at -80°C. DNA isolation was performed using the
Promega Wizard DNA purification kit according
to the manufacturer’s instructions. Nematodes
were homogenised with a micropestle in an ice
cold mixture of 5 ul 1M EDTA (pH 8) and 25 pl
nucleic lysis solution. Additional 5 pl of 1M
EDTA (pH 8) and 25 pl of nucleic lysis solution
were added to each tube and isolation of DNA
was continued according to the manufacturer’s
instructions. Extracted DNA was re-suspended in
10 ul of distilled water. A fragment of the D2-D3
expansion region of 28S rRNA gene was amplified
using the primers D2A (5-ACAAGTACCGT-

GAGGGAAAGTTG-39 and D3B (5¢-
TCGGAAGGAACCAGCTACTA-39) described by
Rubtsova er al. (2001). PCR reactions contained 1
ul of isolated DNA, 10 mM Tris-HCI pH 8.3, 2.5
mM MgCl,, 2.5 mM of each of the dNTPs, 1 pM
each of the primers, 1U Tag DNA Polymerase
(Promega) and distilled water up to 25 pl. The
amplification was carried out in a thermocycler
(A&B gene AMP PCR system 2700) using the
following program: initial denaturation at 94°C for
2.5 min; 35 cycles of denaturation at 94°C for 1
min, annealing at 56°C for 45 s and elongation at
72°C for 1 min; and a final extension at 72°C for 2
min.

rDNA sequence analyses. Obtained PCR
products were purified using the JetQuick PCR
purification spin kit (Genomed) and sequenced on
an ABI PRISM 310 DNA Sequencer using
BigDye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems).

Cluster analyses was performed using sequences
of L. juvenilis and L. leptocephalus obtained in this
study and sequences of L. apulus (AY601571), L.
attenuatus (AY601572), L. caespiticola (AY601567),
L. camelliae (AY601585), L. diadecturus
(AY601584), L. elongatus (AY601578), L. juvenilis
(AY601579), L. latocephalus (AY601569), L.
leptocephalus (AY601580), L. macrosoma
(AY601565) (He et al., 2005) and L. profundorum
(AY480073) (Rubtsova et al., 2001) from the
NCBI GenBank (http://www.ncbi.nlm.nih.gov).
Sequence of the same region of Xiphinema index
(AY601628) was used as the out-group. For cluster
analyses and tree construction, a neighbour-joining
method was applied using MEGA3 software
(Kumar et al., 2004). Sequences of L. juvenilis and
L. leptocephalus from Slovenia were deposited in
the GenBank (accession numbers DQ364599 and
DQ364600, respectively).

RESULTS

Population density of extracted specimens of both
Longidorus species was 2 - 5 per 300 g of soil sample.

Morphometrics. L. juvenilis from Svetinje was
characterised by medium sized (L. = 3.52 - 4.71
mm) and slender (a = 89 - 128) body, slightly
expanded, anteriorly flat and laterally rounded
head (Fig. 1), offset from neck contour by a slight
depression, symmetrically Dbilobed amphidial
pouches, medium odontostyle length (61.1 - 67.7
pum) and elongate, conoid tail (47.6 - 56.8 um; ¢’
= 1.8 - 2.5). The code for identifying L. juvenilis
when using the identification key of Chen er al
(1997) is: A-2, B-12, C-2, D-2, E-2, F-2, G-2,
H-6, I-1. Males were not found. A scatter plot of
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the morphometrics of odontostyle and replacement
odontostyle in  relation to body length
demonstrates that species has three juvenile stages
(Fig. 2). In total, 20 L. juvenilis juveniles were
measured. The measurements of juvenile stage body
length ranged from 1.14 mm to 1.17 mm, from 1.83
mm to 1.98 mm and from 2.53 mm to 3.10 mm for
the first-, second- and third- stage juveniles,
respectively.  The odontostyle of the first-stage
juveniles ranged from 40.5 pm to 44.4 um, of the
second-stage from 46.5 um to 49.6 um and from 51.4
pm to 58.1 pm for the third-stage juveniles.

Measurements of the replacement odontostyle ranged
from 46.5 um to 48.4 um for the first-stage, from 48.9
um to 58.1 um for the second-stage and from 63.4
pm to 67.3 um for the third-stage juveniles.

In addition, a specimen of the bivulval L.
juvenilis female was found. The morphometrics of
the bivulval female were: L = 4.1 mm; a = 126.2;

b=127¢c=744; ¢ = 23; VIl = 482, V2 =
57.9; odontostyle = 64.4; odontophore = 47.9;
oral aperture to guiding ring = 25.4 um; tail =
55.6 pm; body diameter at lip region = 11.4 um;
body diameter at guiding ring = 16.6 um; body
diameter at base of oesophagus = 29.3 um; body
diameter at vulva = 32.8 pm; body diameter at
anus = 237 um. The two vaginas were
interconnected and fused with adjacent uteri (Fig.
4). The distal gonads were normally developed.
Measurements of L. juvenilis from Svetinje are
presented in Table 1.

L. leprocephalus from Jursinci was characterised
by medium sized (L = 4.00 - 4.90 mm) and slender
(a = 99 - 117) body. The lip region was narrow,
about half the neck width at the guide ring, very
slightly offset from the body contour; amphids
somewhat bilobed at the base, medium odontostyle
length (61.0 - 70.0 pm). The tail is roundly conoid

Fig. 1. Head, tail, anterior, and vulva region of L. juvenilis Dalmasso (A, C, E & G, respectively) from Svetinje
and head, tail, and anterior region of L. leptocephalus Hooper (B, F & D, respectively) from Jurginci (Scale bars: A,

B& D= 10um; C, E, F& G = 20 pm).
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Table 1: Morphometric data of L.

leptocephalus Dalmasso from Jurdinci and L. juvenilis Hooper from Svetinje, Slovenia.

Species L. leptocephalus L. juvenilis L. juvenilis
Specimes Female Female Bivulval female
n 9 16 1
L 4581.9 + 283.3 3964.2 + 362.7 41389
(4029.9 - 4878.4) (3521.4 - 4718.9)
a 109.5+ 54 1136 £ 114 126.2
98.8 - 117.1) (89.6 - 128.8)
b 124 £ 09 123+ 1.1 12.7
(11.0 - 13.8) (11.1 - 14.4)
c 101.8 = 8.6 745+ 7.5 744
(88.5 - 116.1) (63.2 - 90.1)
¢ 1.54 £ 0.15 2.18 £ 0.19 2.35
(1.35 - 1.90) (1.80 - 2.47)
V1 [%] 507 £ 2.8 48.1 £ 1.0 48.2
(47.8 - 54.6) (46.9 - 51.0)
V2 [%] - - 57.9
Odontostyle 66.2 & 3.7 643117 64.4
(60.9 - 70.9) (61.1 - 67.7)
Odontofore 39.8+23 351+ 33 479
(36.8 - 44.2) (29.8 - 42.7)
Total stylet length 107.0 £ 5.0 994 + 43 1123
(1005 - 117.1) (936 - 1104)
Oral aperture to guide ring 292+ 1.7 248+ 1.0 254
(26.9 - 32.2) (234 - 26.9)
Tail length 4521+ 40 533+ 26 556
(39.9 - 54.6) (47.6 - 56.8)
Body diameter: at lip region 10.2 £ 0.6 116 £04 11.4
9.8 -11.6) (11.2 - 12.5)
at guiding ring level 183+ 04 17.0 £ 0.8 16.6
(17.7 - 18.9) (16.0 - 18.7)
at base of pharynx 3471209 309+ 1.7 293
(33.6 - 36.3) (284 - 34.7)
at vulva level 419% 15 35135 32.8
(40.4 - 44.7) (29.8 - 41.4)
at anus level 293 +0.38 246+ 1.8 23.7
(28.4 - 31.3) (21.4 - 28.8)
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Fig. 2: Scatter plot of odontostyle and replacement odontostyle length against body length separating juveniles from
females of L. juvenilis Dalmasso from Svetinje.
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Fig. 3. Scatter plot of odontostyle and replacement odontostyle length against body length separating juveniles

from females of L. leptocephalus Hooper from Jursinci.

Fig. 4. A bivulval (arrows) female of L. juvenilis Dalmasso from Svetinje (A), vulva 1 (B) and vulva 2 (C). (Scale

bars: A = 50 pm; B & C = 20 pm).

with a narrow conoid almost digitate terminus
(41.7 - 449 pum; c¢' = 1.43 - 1.55). The code for
identifying L. leptocephalus after the key of Chen
et al. (1997) is: A-2, B-1, C-23, D-3, E-12, F-2,
G-2, H-45, I-1 and the same codes were
determined for L. leptocephalus from JurSinci.
Males were not found. Measurements of /.
leptocephalus females from Jursinci are presented
in Table 1. The species had four juvenile develop-
mental stages (Fig. 3). Among 26 specimens of L.
leptocephalus juveniles measured, a single first-

stage juvenile was detected with 1.07 mm body
length, 39.2 um odontostyle and 404 um
odontostyle replacement. Body length ranged
between 1.35 and 1.70 mm for the second-stage
juveniles, 2.06 and 2.99 mm for the third-stage
juveniles, 3.39 and 3.67 mm for the fourth-stage
juveniles. Odontostyle measured from 40.4 pm to
47.1 pm for the second-stage juveniles, from 46.5
um to 57.3 pm for the third-stage juveniles and
from 56.7 um to 59.0 um for the fourth-stage
juveniles. Measurements of the odontostyle
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replacement were between 47.6 and 53.1 um for
the second-stage juveniles, between 51.9 and 65.8
pum for the third-stage juveniles and between 64.5
and 67.2 pm for the fourth-stage juveniles.

rDNA sequence analyses. Cluster analyses of the
D2-D3 expansion region of 28S rRNA gene
sequences of both Longidorus species found in
Slovenia and sequences of the same and closely
related species (He et al., 2005, Rubtsova et al.,
2001) were performed. The neighbour-joining
method of the bootstrap test was used to construct
a phylogenetic tree (Fig. 5). The sequence of L.
juvenilis from Svetinje clustered together with a
sequence of L. juvenilis (AY601579) (He er al,
2005). The species clade of L. juvenilis was distinct
and the branch to that clade was supported by a
high bootstrap value (Fig. 5). In the same manner,
sequences of L. leptocephalus from Jursinci and L.
leptocephalus (AY601580) (He et al., 2005) formed
a separate cluster.

L. juvenilis Svetinje

84 L. juvenilis AY§01579

L. leptocephalus Jursinci
L. leptocephaius AY601580

100 L. elongatus AYB01578

L. profundorum AY 480073

L. apulus AYB01574

L L. sattenustus AYB01572

L. latocephalus AYE01569

L. macrosoma AY601565

100

L. caespiicola AYB01567

L. diadecturus AY601584

L. camelliae AYB01585

X.index AYB01628

00
Fig. 5: Neighbour joining tree for D2-D3 expansion
region of 28S rRNA gene of L. juvenilis and L.
leptocephalus from Slovenia and sequences of closely

related Longidorus species (NCBI GenBank). Bootstrap
values below 60 % are not given.

DISCUSSION

The genus Longidorus currently includes 139
nominal species (Ye & Robbins, 2004).
Delimitation of these species is primarily based on
morphological data, namely of ranges of lengths
and widths of certain parts of the body.
Morphometrical data of many Longidorus species
are variable (Ye & Robbins, 2004), which leads to
considerable overlap between species and increases
the potential for misidentification. For this reason,

species  discrimination  based entirely on
morphology is often difficult and sometimes
controversial.

Similar to Dalmasso (1969), we observed three
juvenile stages in L. juvenilis population from
Svetinje. The females analysed here were generally
longer than specimens described elsewhere
(Dalmasso, 1969; Barsi & Lamberti, 2004).
Specimens of the L. juvenilis population from
Svetinje were about 20% longer than those of the
paratypes specimens (Dalmasso, 1969), 3.96 mm
(3.52 — 4.71) vs 3.32 mm (2.80 — 3.61). There
were also differences in parameters a (109.5 vs
84.2), b (12.4 vs 10.7) and c (101.8 vs 64.7), when
comparing morphometrical parameters of L.
Juvenilis from Svetinje and the paratype specimens
(Dalmasso, 1969). The measurements of L.
Juvenilis body length specimens from Serbia (Barsi
& Lamberti, 2004) were somewhere in between L.
Jjuvenilis from Svetinje and the paratype specimens.
Our observations indicate that L. juvenilis displays
great intraspecific variation in morphometrical
data among different populations. This should be
considered in the future morphometrical
identifications of L. juvenilis.

One specimen of a bivulval female of L.
Jjuvenilis was detected. The female had two vaginas
and uteri, with normally developed and functional
gonads with clearly visible oocytes in the ovaries.
The first vulva was positioned at 48.2% body
length, which is characteristic for the species. The
second vulva was positioned posteriorly at 57.9%
body length. All the other measurements of
bivulval female were within the range of the
population measurements. The occurrence of a
bivulval female in Longidorus was reported
previously by Lamberti er al. (1987) for L.
laevicapitatus and Barsi (1994) for L. euonymus. To
our knowledge, this is the first report of a bivulval
female of L. juvenilis.

Since the population of L. juvenilis was found
on the same location, where RBDV was also
found on grapevine as a first non-Rubus natural
host (Mavri¢ et al., 2003), we decided to check for
the presence of virus in the nematode. L. juvenilis
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nematodes were extracted from soil after 4 and 8
months of storage at 4°C. RBDV was detected in
L. juvenilis specimens using nested RT-PCR. Further
investigations to establish the possible role of L.
Juvenilis in RBDV transmission are in progress.

Morphometrical data of L. leptocephalus specimens
from JurSinci were in the same range as those of L.
leptocephalus from Slovakia, Scotland and England,
including the topotype specimens (Liskova & Brown,
1995). Four juvenile stages for L. leptocephalus from
JurSinci were found, which is in agreement with the
findings of Robbins et al. (1995).

The use of rDNA as molecular marker has been
used successfully in Longidoridae. In our study
cluster analyses of D2-D3 expansion region of 28S
rRNA gene sequences were used accurately to
define and confirm morphometrical identification
of the species. The sequence of L. juvenilis from
Svetinje clustered together with the sequence of L.
Juvenilis (NCBI database) and formed a separate
clade with high bootstrap support. In the same
manner, the sequences of L. leptocephalus from
Jurinei  clustered  together with the L.
leptocephalus sequence. Our observations
demonstrate that where there is great intraspecific
morphometrical variation, the identification of L.
juvenilis and L. leptocephalus can be performed
combining  morphometrical and  molecular
methods.
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reHa 28S pPHK. IlpoBeneHo cpaBHeHME TMOJyYEHHBIX MOCNEAOBATENLHOCTEN ¢ TAKOBBIMH ANA APYTHMX
nonyasLuid 3Toro U GMU3KUX BHAOB, AeNOHHpoBaHHLIM B ['eHbanke NCBI. IlpoBenenHblii KnacTepHbIi
aHaNu3 MOATBEPANA pe3ysbTaTel Mopdonoruueckoro onpenaeneHus Buaos. IlocnegosaresnbHocTH L.
Jjuvenilis n L. leptocephalus w3 CsnoBeHun oOpazoBLIBAIN C MOCNEAOBATENLHOCTAMYU KOHCTIELUUPHUYHBIX
¢GopM Be Tpynnbl ¢ BHICOKUMHU NoKa3aTeNaMu bootstrap-noaaepxku.




