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Paratylenchus (Gracilacus) straeleni (De Coninck, 1931) Oostenbrink, 1960 was detected for the
first time in Turkey. Our studied population was found in the rhizosphere soil of hazelnut orchards in

Ordu. Females and males were studied morphologically and morphometrically by light microscopy
and molecularly by sequencing the D2-D3 of the 28S rDNA gene. We present here the morphological
and molecular characterisation, phylogenetic analysis of examined population and comparison of
variability of worldwide known populations of P. straeleni.
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Introduction

Hazelnut (Corylus avellana L.) is a main perennial crop in Turkey
and the country is first-ranked in worldwide hazelnut production
and exportation (Akyazi et al. 2014). Ordu is the top province
among the provinces producing hazelnut in Turkey but nematode
fauna in hazelnut orchards is only partially known. Kepenek-
ci (2002) reported plant parasitic species from the soil and root
samples of hazelnut in the West Black Sea region of Turkey with-
out finding any species of the genus Paratylenchus. Akyazi et al.
(2014) surveyed 110 hazelnut orchards for nematode assemblag-
es and found representatives of both subgenera, Paratylenchus
and Gracilacus.

Paratylenchus straeleni was described from moss and soil from
Baraque Michel, Liége, Belgium. The type and neotype descrip-
tions were based upon two and one females respectively (De
Coninck, 1931; Geraert, 1965). However P. straeleni is a species
spread worldwide known from North America (Raski, 1962, Van
den Berg et al., 2014), Africa (Van den Berg & Tiedt, 2001), Eu-
rope (De Coninck, 1931; Brzeski & Hanél, 2000), Asia (Eroshen-
ko, 1974; Ghaderi et al., 2014) and New Zealand (Raski, 1976)
(Fig. 1). The long-stylet species of the genus Paratylenchus are
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in general considered to be root parasites of trees and shrubs
(Raski, 1962; Van den Berg et al., 2014) but some, such as P
steineri Golden, 1961, can feed on meadow plants (Brzeski &
Hanél, 1999). In temperate Europe, P. straeleni mostly occur in
more or less natural habitats (Sturhan, 2014). In Mediterranean
perennial-crop agroecosystems, P. straeleni was for the first time
reported in association with hazelnut (Corylus avellana L.) from
the soil around hazelnut roots in northern Greece. The abundance
was high at approximately 100 specimens per 200 g of soil, the
plant showed discoloration of the leaves and retarded growth (Ky-
rou, 1976). Mancini et al. (1975) reported infestation by Gracilacus
audriellus (Brown, 1959) Raski, 1962 in Italy.

Paratylenchus straeleni, as with many other species of this genus,
shows high levels of intraspecific variability in many morphomet-
rical and morphological characteristics and can be considered
a complex of cryptic species. The highly variable tail length and
shape, rations ¢ and ¢ were concluded to be unreliable for sepa-
ration of closely related species (Brzesky & Hanél, 2000). Never-
theless, the broad and overlapping ranges of some characteristics
and intraspecific variability can be distinctly different in isolated
populations. It led to the description of three closely related spe-
cies Paratylenchus audriellus Brown, 1959 with claw-like tail tip,



1 Kilometers

Fig. 1. Map of world distribution of Paratylenchus (Gracilacus) straeleni

Paratylenchus sarissus Tarjan, 1960 with pointed to finely round-
ed tail tip and Paratylenchus abietis Eroshenko, 1974 with mostly
pointed tail tip, but with swelled posterior half of pharynx corpus
and missing labial annules that were present in the two species
described earlier. Later on, the three species were synonymized
with Gracilacus (or Paratylenchus) straeleni (Raski, 1976; Brzeski,
1998). The identity of Paratylenchus straeleni was unclear until
Geraert (1965) described neotype. Hemicycliophora (Procricone-
ma) strenzkei Volz, 1951 remains problematic, nevertheless the
specimens described probably also belonged to Paratylenchus
straeleni. More information on the issue with spelling corrections
can be found in Raski (1976), Siddiqi (2000), Andréssy (2007) and
Ghaderi et al. (2014); see also Appendix 1. on complicated po-
sition of Paratylenchus straeleni s.I. in Paratylenchus s.l. In the
text on we use names of individual species as published in papers
we refer to. Nevertheless in the title we follow Siddigi (2000) who
regarded Gracilacus as a subgenus of Paratylenchus.

The aims of our study were (i) to characterize the population of P
straeleni found in hazelnut rhizosphere in Turkey, (i) to provide
multivariate analysis of biometrical data from various populations
of P. straeleni collected world-wide, (iii) to perform sequencing of
the 28S rDNA loci in the Turkey population and align the obtained
sequences with those already known from other populations.

Material and Methods

Samples were collected in September 2013 (40°46'02.65"N;
37°2718.19°E) from the rhizosphere of hazelnut in hazelnuts or-
chard in Ordu as a part of general survey for nematofauna associ-
ated with hazelnuts grown in Black Sea region of Turkey.

Soil samples were taken from the rhizosphere of the hazelnut
trees at 5 — 30 cm depth. The nematodes were extracted from 50
g of soil by Cobb’s sieving and decanting method (Cobb, 1918).
Extracted nematodes were partially killed and fixed in 4 % formalin
and transferred to pure glycerine according to De Grisse (1969)

and partially used for DNA extraction. Using a light microscope
(Leica, DMLB), morphological and morphometric analyses were
performed. Nematode identification was based on observations
of the main morphological features for the genus Paratylenchus
particularly head, tail and spermatheca shape, presence of males
and contents of sperm in spermatheca, number of incisures in the
lateral field, stylet and stylet cone length, position of vulva, and
presence of advulval flaps (Brzeski & Hanél 2000; Ghaderi et al.
2014).

Nematode morphological identification was confirmed by molecu-
lar analyses (sequencing of the 28S rDNA loci). DNA was extract-
ed as follows: three specimens were collected into 10 pl of extrac-
tion buffer (10 mM Tris-HCI, pH 8.8; 1 mM EDTA; 1 % Triton X-100
(v/v); 100 pg/ml Proteinase K) in a 1.5 ml Eppendorf tube. Each
sample was ground using a micropestle and incubated at 55°C for
1 h and subsequently at 95°C for 10 min. The mixture was used as
a DNA template for PCR. The LSU region of rDNA was amplified
using a Phusion High Fidelity DNA polymerase (having 3_ — 5_
exonuclease activity) (NEB). GoTag DNA polymerase (Promega)
was added to a terminal 10 min/72°C elongation step to create a
poly A overhang for subsequent TA cloning. The primers used for
the amplification of the the 28S rDNA (D2D3 region of the large
subunit, LSU) were: D2A (5-ACAAGT ACC GTG AGG GAAAGT
TG-3") and D3B (5"-TCG GAA GGAACC AGC TAC TA-3") (Penas
et al., 2006). The PCR products were cloned into a pDrive vector
(QIAGEN), and sequenced using universal M13 primers.

All sequences were analysed and aligned using the software XBi-
oEdit, version 7.1.11 (Hall, 1999). The tree topology was obtained
by maximum likelihood analyses, with 1000 bootstrap replicates,
using the MEGA v5.1 software (Tamura et al. 2007). Outgroup was
chosen with regards to study of Van den Berg et al. (2014). The
species names and respective National Center for Biotechnology
Information (NCBI) accession number are shown in each tree.

To evaluate morphometric variability among individual populations
of P. straeleni and to find morphometric characters accounting
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Table 1. Morphometrics of females and males Paratylenchus (Gracilacus) straeleni from Turkey and other populations from Czech Republic and Slovakia
used for factor analyses. All measurements are in ym and are in the form: mean * sd (min-max)

Locality TR -Ordu CZ 8 - Tri Skalky ~ SK — Remetské Hamre TR - Ordu CZ 8 —Tfi Skalky ~ SK - Remetské Hamre
n 139 159 179 123 5 34
263.1%27
L 353.1+£23.8 333.2+£25.7 314.6 £20.5 (258.3 - 341.6+£21.0 331577
(311.0-383.6)  (268.1-361.7) (278.9 - 352.0) 266'9) (312.0 - 359.8) (325.7 - 340.3)
a 225%24 23419 245%20 29.6%1.1 28.6+3.1 295%1.2
(19.0 - 26.4) (18.4 - 26.4) (20.4 - 28.3) (28.1-31.5) (26.4 - 33.5) (28.1-30.4)
b 35204 3.3%0.2 3.0%0.1 3.6%0.1 33101
(3.1-4.4) (2.9-3.5) (2.8-32) (3.6-3.8) (3.2-34)
. 1M1.7£13 12.0+0.9 12.2+0.7 10.7£0.7 12.0%1.0 12.3%0.6
(10.0-13.7) (10.9-13.8) (10.9-13.7) (10.1-12.3) (11.2-13.6) (11.9-129)
¢ 32104 3504 31%£03 28%0.2 33204 32%0.1
(2.5-3.8) (29-4.5) (25-3.5) (24-3.1) (29-3.6) (3.1-3.2)
N 81.5+28 81.3%1.0 82.0+0.8
(77.2-89.9) (79.6 - 83.0) (80.9-83.2)
Stylet lenath 56.1%+1.8 54.5%3.1 52.7%25
y 9 (53.4 - 59.4) (48.8 - 59.3) (47.6 -56.9)
Cone lenath 43.3*1.7 426*2.6 40.7%2.0
g (40.7-46.2) (37.4-46.4) (37.4-43.7)
m 77.2%1.6 78114 77311
(75.3-81.8) (75.6-82.2) (74.8-78.7)
EP 85.6 6.9 77.3+4.6 77940 60.9 3.4 75.7+34 744%+12
(72.1-96.5) (68.8 —83.1) (71.8 - 86.6) (55.5-66.2) (71.0-79.6) (73.3-75.7)
EPYL 243%15 23.3%141 248+141 231% 22208 22407
° (22.3-27.5) (21.6-25.7) (22.8 - 26.7) (21.5-24.38) (21.2-23.1) (21.8-23.2)
Tail lenaht 30.3£2.2 27.8%3.0 258+22 247%15 285%22 27.0£0.6
g (26.8 - 34.2) (23.4-33.2) (21.5-29.3) (23.7-26.1) (26.3-32.2) (26.3-27.3)
Pharvnx lenath 100.6 £ 12.1 101.0%+5.4 106.1 £ 3.6 93.8+4.2 100.1£6.3
y g (78.4-121.0) (91.7-110.2) (100.4 — 112.1) (87.8-97.5) (95.6-107.3)
Spicula i 15311 19.6 1.1 18.6 £1.0
P (13.0-16.9) (18.7-21.5) (17.6 - 19.5)
47%03 39105
Gubernaculum (4.3-5.1) (3.4-423)

n = number of nematodes; EP = the distance from anterior end of body to the excretory pore; EP%L = position of excretory pore in percent of body length; m = stylet

cone length expressed in percentage of total stylet length

for majority of species variability Factor Analysis was conducted.
The Factor Analysis was based on mean values of morphomet-
ric characters for females of populations that were measured in
the present study — populations (Table 2): TR (Ordu — Turkey),
CZ8 (Kfivoklatsko, Tfi Skalky, Czech Republic) and SK (Vihor-
lat, Remetské Hamre, Slovakia). Details on the locality of CZ8 P
straeleni population were published by Hanél (1996, 2009) and
details on the locality of SK P. straeleni population are in paper
by Hanél & Cerevkova (2010). Biometrical data on other popula-
tions were taken from previously published studies — populations:
CZ1-6 (Brzeski & Hanél, 2000), CZ7 (Brzeski & Hanél, 1999), E
(Castillo & Gomez-Barcina, 1988). PL1-5 and | (Brzeski, 1995), ZA
(Van den Berg & Tiedt 2001), USA1 (Van den Berg et al. 2014),
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USA2 (Tarjan, 1960 - P. sarissus), USA3 (Raski, 1962 — P. saris-
sus) RO1,2 (Ciobanu et al., 2003), DK (Raski, 1976), CDN (Brown,
1959 — Paratylenchus andrilellus), B1 (De Coninck, 1931 — type
specimens of P straeleni), B2 (Geraert, 1965 — neotype of P
straeleni), RUS1 and RUS2 (Eroshenko, 1974 — P. abietis, type
female and paratype females, respectively). If any value of certain
morphometric character was missing in the published descriptions,
a mean value of that character across all populations was used.
The factor analysis produced a set of variables (factors) that were
linear combinations of the original variables. The new variables
(factors) were independent of each other and ranked according to
the amount of variation accounted for. After the initial factor extrac-
tion by the principal component method, an orthogonal varimax



raw rotation was used to estimate the factor loadings. Only factors
with an eigenvalue greater than 1 were extracted. All analyses
were performed using Statistica, version 10 (StatSoft Inc., 2013).

Results
Description of Paratylenchus (Gracilacus) straeleni associated

with the roots of hazelnuts
Female: Measurements see Table 1. Body ventrally arcuate, more

S0 in posterior and narrows anterior to vulva for mature females
(Fig. 2). Lateral field with four lines in all females examined. Head
continuous with body contour, conical, rounded to truncate. Sty-
let strongly developed, mostly arcuate with rounded knobs. Valve
plates in median bulb well developed. EP situated opposite to
the mid-point of isthmus. Pharynx well developed. Spermatheca
mostly filled with sperm, rounded to slightly oval in shape. Vulva
with distinct lateral vulval flap. Tail tapering with conical pointed to
slightly rounded tail tip.

Fig. 2. Light micrographs of Paratylenchus (Gracilacus) straeleni, Turkey population KM875547: A — anterior part of body, (stylet, median bulb and pharynx); B - lateral
field at mid-body (incisure); C, D — posterior part of female body; E, F - tail tip of female; G — female gonad, H — posterior and anterior part of male body (Spiculae,
sperm in seminal vesicle, excretory pore) (scale bare = 10 um)
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Table 2. Eigenvector and eigenvalues of Factor Analysis derived from nematode
morphometric characteristics for populations of Paratylenchus (Gracilacus)
straeleni from different locations all over the world

Factor 1 Factor2 Factor3 Factor4

L 0737 0244 0454  0.175
a -0.093 -0.148 0172  0.817
b 0675 0.137 -0.008 -0.143
c 0.070  0.879 -0.063 -0.169
c 0.069 -0.629 -0.148  0.444
% 0165 0708 0.162  0.416
Stylet length 0292 -0543 0.303  0.204
Cone length 0536 -049 -0.392  0.107
m 0210 0236 -0.678 -0.264
EP 0453  0.030 0.744 0.014
EP%L -0.567 0.009 0.062 -0.552
Tail lenght 0763 -0.152 0205 -0.140
Pharynx length 0129  0.100 0.883  0.025
Eigenvalues 2.59 240 2.37 1.57

% of total variance 19.90 1847 1824  12.04
Cumulative % of total 1990 3837 5662 6866

variance

Values of morphometric and morphological characters dominating factors 1o 4
(eigenvector > 0.6) are highlighted in bold

Male: Measurements see Table 1. Body slightly arcuate. Lateral
field with 4 lines in males examined. Head continuous with body
contour, rounded (Fig. 2). Stylet not visible. Pharynx degenerate
and probably non-functional. EP located at the isthmus level.
Tail short from bluntly rounded to conoid, almost pointed tail tip.
Spicules thin, curved ventrally. Sperms numerous.

Multivariate analyses

The analyses were based on mean values of morphometric char-
acters of 29 populations of P, straeleni from different parts of the
world (Fig. 1) included in Table 1 or published previously by vari-
ous authors listed in material and methods. The first four factors
(eigenvalue > 1.5) accounted for 68.66 % of the total variance of
morphometric characters of the populations included in the analy-
ses. Table 2 includes the eigenvalues for the four factors extracted,
which were a combination of all characters in the analysis, and the
corresponding values in the eigenvectors for each character that
were used to interpret the significance of the factors. Factor 1 is
dominated by high positive weights (eigenvector > 0.67) for body
(L), tail length and ratio b (Tab 2; Fig. 3). Factor 2 is dominated by
high positive weights (eigenvector > 0.70) for ratios V and ¢ and
high negative value (eigenvector = -0.63) for ratio ¢’ (Tab 2; Fig.
3). Factor 3 is dominated by high positive weights (eigenvector >
0.74) for distance of EP from anterior end of body and pharynx
length and by high negative value (eigenvector = -0.68) for ratio m
(Table 2) and factor 4 only by high positive weight (eigenvector =
0.82) for ratio a (Table 2).

The remaining morphometric characters are not highly associated
(eigenvector < 0.60) with any of the four factors. EP %L (eigenvec-
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Fig. 3. Factor Analyses of different morphometric characteristics of 29 populations of Paratylenchus (Gracilacus) straeleni
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tor = -0.57), cone (eigenvector = 0.54) and stylet length (eigen-
vector = -0.54) were associated with factor 1 and 2 respectively.
Analysed populations of P. straeleni are projected on the plane of
factors 1 and 2 in Cartesian plots (Fig. 3).

Factor 1 is presented graphically as x-axis and factor 2 as y-axis.
The populations are located along full length of these axes, which
indicates a wide range of variation of all morphometric characters
associated with either factor. The majority of analysed populations
from Central Europe together with neotype population (B2) of P
straeleni are concentrated in the middle of the plots. Type popu-
lation of P. straeleni (B1) is located in the middle of the lower right
quadrant close to the type female of P. abietis (RUS1). The paratype
population of P. abietis (RUS2) is located in the lower part of the axis
y and is therefore characterised by a low value of the ratio V.

As concerns P sarissus, population USA3 was associated with
greater values of ¢ and V and therefore located together with a
population of P. straeleni from USA (USA1), a population of P,
audriellus from Canada (CDN) and a population of P. straeleni
from the Czech Republic (CZ1). The second population of P. sa-
rissus (USA2) is characterised by lower values of body length (L)
and tail length and is therefore located on the left side of the dia-
gram together with small females of P. straeleni in Slovakia SK. P,
straeleni from Turkey (TR) belongs into the group of populations of
this species characterised by relatively low values of body length
(L) and ratio c and therefore it is located in the right lower quadrant
between populations PL1 and B1-ZA-DK.

Phylogenetic relationship

The D2-D3 of 28S rRNA gene sequence alignment was 731 bp
in length. Phylogenetic relationships between species are given
in Figure 4. Basiria gracilis and Aphelenchus avenae were cho-
sen as outgroup taxa. Two major clades were distinguished in a
constructed tree (Fig. 4). Clade | included P. nanus, P. hamatus,
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P. bukowinensis, P. dianthus, P. straeleni and Paratylenchus sp. 8.
Clade Il solely consisted of P. aquaticus. A population from Turkey
(KM875547) is included in Clade | and is closely related to Paraty-
lenchus sp. 8 (KF242234 and 33) and P, straeleni (KF242236 and
35) from the USA.

Discussion

Paratylenchus straeleni s.1. is world-wide distributed species but
is mainly restricted to temperate and Mediterranean climates
(Fig. 1). However, the species shows a high degree of variability
in morphological, morphometrical and molecular characteristics.
Populations subjected to Factor Analysis in our study are scat-
ted across all quadrants delimited by Factor 1 and Factor 2 axes.
The first three Factors had similar eigenvalues, possibly indicating
that variation in morphometric characteristics resulted from a num-
ber of internal (genetical) and external (environmental) variables.
Great variation in body length; tail length; and ratios b, ¢ and ¢’ is
not a surprise. But, a relatively high degree of variation in the vulva
position contrasts with results of study by Brzeski & Hanél (2000)
and Ghaderi et al. (2014) who found vulva position as the most
stable characteristic. On the other hand, in accordance with their
studies, the stylet and the cone length showed low variation across
the populations compared in the present study.

Surprisingly, a low degree of variation was also found in the EP %L
index. Stability of the position of excretory (or secretory-excretory)
pore is problematic and rather variable across various groups of
species, from about 18 to 28 % body length (Raski 1962, Siddiqi &
Goodeyi 1964, Brzeski 1998). For individual closely related groups
of species this index may be taken as a reliable diagnostic char-
acter. For example, Brzeski (1995) found that the mean values of
EP %L index varied from 24.1 to 25.2 % in Gracilacus straeleni s.I.
In short-stylet species such as Paratylenchus similis and Paraty-

100 |AY780946 | Paratylenchus nanus

KF242192 | Paratylenchus nanus

KF242206 | Paratylenchus hamatus
AY780943 | Paratylenchus bukowinensis
KF242227 | Paratylenchus dianthus

o7 | KF242236 | Paratylenchus straeleni

KF242235 | Paratylenchus straeleni
KM875547 | Paratylenchus straeleni

100 | 1 KF242234 | Paratylenchus sp. 8 SAS-2014 isolate CD1053 clone 2

99 | KF242233 | Paratylenchus sp. 8 SAS-2014 isolate CD1053 clone 1

KF242239 | Paratylenchus aquaticus

DQ328717 | Basiria gracilis

) S—
0.1

Fig. 4. Phylogenetic relationships between representatives of the genus Paratylenchus in sensu Siddigi (2000): Bayesian 50% majority consensus tree for the D2-D3 of

28S rRNA gene sequence alignment. Numbers at nodes are pos

AB368536 | Aphelenchus avenae

terior probabilities values. Original sequence is indicated by bold font

275



Appendix 1. Taxonomic position of Paratylenchus straeleni and related species according to various authors

Oostenbrink (1960)
Paratylenchus Micoletzky, 1922
Paratylenchus audriellus Brown, 1959
Paratylenchus straeleni (de Coninck, 1931) n. comb.
syn. Hemicycliophora straeleni (de Coninck, 1931) Loos, 1948
Paratylenchus strenzkei (Volz, 1951) n. comb.
syn. Hemicycliophora strenzkei Volz, 1951

Raski (1962):
Gracilacus Raski, 1962
Gracilacus audriellus (Brown, 1959) n. comb.
syn. Paratylenchus audriellus Brown, 1959
Gracilacus sarissus (Tarjan, 1960) n. comb.
syn. Paratylenchus sarissus Tarjan, 1960

Geraert (1965):
Paratylenchus Micoletzky, 1922
Paratylenchus straeleni (De Coninck, 1931) Oostenbrink, 1960
syn. Paratylenchus sarissus Tarjan, 1960
syn. ? Hemicycliophora (= Procriconema) strenzkei Volz, 1951
syn. ? Paratylenchus strenzkei (Volz, 1951) Oostenbrink, 1960
Paratylenchus audriellus Brown, 1959

Raski (1976)

Gracilacus Raski, 1962

Gracilacus straeleni (de Coninck, 1931) n. comb.
syn. Procriconema straeleni de Coninck, 1931
syn. Paratylenchus straeleni (de Coninck, 1931) Oostenbrink, 1960
syn. Paratylenchus sarissus Tarjan, 1960
syn. n. Paratylenchus audriellus Brown, 1959

Gracilacus abietis (Eroshenko, 1974) n. comb.
syn. Paratylenchus abietis Eroshenko, 1974

Species inquirenda: Paratylenchus strenzkei (Volz, 1951) Oostenbrink, 1960
syn. Hemicycliophora (= Procriconema) strenzkei Volz, 1951

Brzeski (1998)
Paratylenchus Micoletzky, 1922
Paratylenchus straeleni (de Coninck, 1931) Ooostenbrink, 1960
syn. Paratylenchus audriellus Brown, 1959
syn. Paratylenchus sarissus Tarjan, 1960
syn. n. Paratylenchus abietis Eroshenko, 1974

Siddiqi (2000):
Paratylenchus Micoletzky, 1922; subgenus Gracilacus Raski, 1962 (Siddiqi, 1986)
Paratylenchus (Gracilacus) abietis Eroshenko, 1974
syn. Paratylenchus abietis Eroshenko, 1974 (syn. of P. straeleni for Brzeski, 1998)
syn. Gracilacus abietis (Eroshenko, 1974) Raski, 1976
Paratylenchus (Gracilacus) straeleni (de Coninck, 1931) Oostenbrink, 1960
syn. Procriconema straeleni de Coninck, 1931
syn. Hemicycliophora straeleni (de Coninck, 1931) Loos, 1948
syn. Paratylenchus straeleni (de Coninck, 1931) Oostenbrink, 1960
syn. Gracilacus straeleni (de Coninck, 1931) Raski, 1976
syn. Paratylenchus audriellae Brown, 1959
syn. Gracilacus audriellae (Brown, 1959) Raski, 1962
syn. Paratylenchus sarissa Tarjan, 1960
syn. Gracilacus sarissa (Tarjan, 1960) Raski, 1962
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Andrassy (2007):
Gracilacus Raski, 1962

Gracilacus straeleni (De Coninck, 1931) Raski, 1976
syn. Gracilacus audriellae (Brown, 1959) Raski, 1962
syn. Gracilacus sarissa (Tarjan, 1960) Raski, 1962
Gracilacus abietis (Eroshenko, 1974) Raski, 1976

Ghaderi et al. (2014):

Paratylenchus Micoletzky, 1922 sensu lato
Paratylenchus straeleni (De Coninck, 1931) Oostenbrink, 1960
syn. Paratylenchus abietis Eroshenko, 1974 (valid species for Siddiqi (2000) and Andrasssy (2007))
syn. Paratylenchus audriellus Brown, 1959
syn. Paratylenchus sarissus Tarjan, 1960
syn. Gracilacus abietis (Eroshenko, 1974) Raski, 1976
syn. Gracilacus audriellae (Brownm 1959) Raski, 1962
syn. Gracilacus sarissa (Tarjan, 1960) Raski, 1962
syn. Gracilacus straeleni (de Coninck, 1931) Raski, 1976
syn. Procriconema straeleni de Coninck, 1931
syn. Hemicycliophora straeleni (de Coninck, 1931) Loos, 1948
Species inquirenda: Paratylenchus strenzkei (Volz, 1951) Oostenbrink, 1960 (by Raski
(1976); syn. of Paratylenchus strealeni for Geraert (1965))

lenchus microdorus varied from 19.0 to 23.7 % and from 20.0 to
22.4 %, respectively. Most recently, Ghaderi et al. (2014) surveyed
Paratylenchus s.I. and concluded that V, m, EP %L, and stylet had
the smaller coefficients of variation. Position of excretory pore and
its usefulness for species descriptions should be therefore paid
further investigation.

Relatively high variation of the V index along the Factor 1 left para-
type population of Paratylenchus abietis (RUS2) in position sep-
arate from other populations (Fig. 3). The holotype female of this
species was located closely to the type population of Paratylen-
chus straeleni B1. This suggest that Paratylenchus abietis can be
synonymized with Paratylenchus (Gracilacus) straeleni as done by
Brzeski (1998) and confirmed by Ghaderi et al. (2014)

The description of Paratylenchus abietis was based upon a smooth
head, swelled posterior part of the pharynx corpus, anterior posi-
tion of hemizonid relative to excretory pore (Eroshenko 1974). The
range of values in the index VV was wider in paratypes (76 — 82 %)
than in type population and neotype of Paratylenchus straeleni (80
— 82 %) (Geraert 1965). Raski (1976) considered Gracilacus abi-
etis a distinct species due to greater anterior V values than in the
composite values (V=79 -85 %) for all populations of Gracilacus
straeleni reported in his paper. Hemizonid position in populations
studied by Brzeski & Hanél, (1999, 2000) as well as CZ8 and SK
varied from anterior to posterior relative to the excretory pore.
Brzeski (1998) synonymized P. abietis with P. straeleni by reject-
ing the proposed differences as invalid for species differentiation:
striae on head are not clearly visible enough in most females to be
a reliable character, the position of EP is variable within all Para-
tylenchus species examined and the vulva positions show large
overlap. However, the synonymization should be validated by
careful molecular comparison as strongly recommended by Van
den Berg et al. (2014).

The positions of two examined populations of P. sarissus (USA2
and USA3) in our factor analysis were divergent. Holotype of P
sarissus marked as USA2 was placed in the lower left part of the

diagram because of strong influence of characters body length (L)
and tail length. However, the second examined population of P
sarissus (USA3), characterized by higher values of body length (L)
and ratios ¢ and V was located in the upper right part of the y-axis
close to P audriellus (CDN) and the populations of P. straeleni
from USA (USA1) and the Czech Republic (CZ1). The location of
those populations together shows low variability in the general di-
agnostics characters mentioned in their descriptions and indicates
validity in their synonymizations with P, straeleni.

The population of Paratylenchus straeleni from Turkey (TR) was
placed in the lower left quadrant of the diagram (Fig. 3) occupied
by some populations of the species from Europe and Asia. Fe-
males of the TR population thus fall within the range of variation
of morphometric characters in other populations. However, the
spicules of TR males were somewhat shorter than those in a num-
ber of others (DK, CZ7, CZ8, SK, RUS2, USA2, USA3, CND). This
may suggest that the TR population represents a subspecies or
crypic (sibling) species within Paratylenchus strealeni s.1.
Variation in different characters can result from different causes.
Total body length can be influenced by available food. Therefore,
differences in L and tail length along the Factor 1 axis may reflect
environmental factors rather than taxonomic difference. The val-
ues of the ratio b are product of body length and pharynx length.
Pharynx length varied along the Factor 3 axis and, as the stylet
length showed little variation, the pharynx likely should be less var-
iable than the total body length in order to operate the stylet move-
ment effectively. Moreover, low variation in stylet length strongly
suggests that this structure is genetically determined.

The vulval positions that varied along the Factor 2 axis can be
differentiated genetically rather than environmentally as low var-
iation in the index V was established by Brzeski & Hanél (2000)
and Ghaderi et al. (2014). Thus, Paratylenchus abietis could be
regarded as a subspecies or a cryptic species within a wide range
of populations of Paratylenchus straeleni s.I. across the world and
Andrassy (2007) still keep P. abietis as a valid species in accord
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with Raski (1976). As mentioned above, genetic studies could be
very valuable to fix such issues (Van den Berg et al. 2014).

Our study also showed that different populations of Paratylenchus
straeleni s.I. differ genetically (Fig. 4), at least in those nucleo-
tide sequences that are detectable with relatively routine proce-
dures. As concerns separation of (sub)genera Paratylenchus
and Gracilacus (and possibly more), Van den Berg et al. (2014)
concluded that the validity of Gracilacus cannot be rejected us-
ing available gene datasets. Furthermore, they concluded that the
question of validity of genus Gracilacus based only on the fact of
stylet length 48 um and greater (introduced by Raski, 1962) is
still unresolved. The data established by Brzeski & Hanél (2000)
showed that the elongation of the stylet is mainly due to the elon-
gation of the cone. Finding genes responsible for stylet elonga-
tion in Paratylenchus-Gracilacus populations could prompt more
convincing arguments for recognition/rejection of the validity of the
genus Gracilacus than one based on rDNA segments that also
vary in species that bear no stylet. Ghaderi et al. (2014) provided a
list of 117 valid species of Paratylenchus s.I. together with a dichot-
omous identification key and a diagnostic compendium. Our study
documented that in even one species recognized as valid rest
many questions to be answered. Because the genus is comprised
of plant-parasitic species and because some can be important
pests to agricultural crops (Oostenbrink 1960, Evans et al. 1993,
Brzeski 1998, Siddigi 2000, Andrassy 2007, Sturhan 2014), further
research on taxonomy, biology and ecology is therefore required.
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