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First Record of Three Known Species of the Family
Tylenchidae Orley, 1880 (Nematoda: Tylenchina) from
Iran with New Morphological and Molecular Data

Y. Panahandehl, E. Pourjaml*, F. Aliramajil, M. R. Atighil, and M. Pedram'

ABSTRACT

Three species belonging to three genera of the family Tylenchidae, namely,
Cephalenchus leptus, Eutylenchus excretorius, and Lelenchus leptosoma were discovered as
first reports for Iran's nematode fauna. They were characterized by morphological,
morphometric and molecular phylogenetic studies. The two latter genera are new for
Iran. Iranian population of Cephalenchus leptus is characterized by lateral field with six
lines in females, stylet length of 16-20 um and tail length of 153-290 pm with pointed tip.
The recovered population of Eutylenchus excretorius is characterized by 848-1,038 um
long females’ body, stylet length of 20.0-21.5 um, having advulval flaps and absence of
male. The Iranian population of Lelenchus leptosoma is defined by its narrow slender
body, flattened lip region, sinuous amphidial opening and absence of lateral field. The
phylogenetic relationships of the three recovered species were studied using the partial
sequences of 28S rDNA D2/D3 segment and revealed the genera Cephalenchus and
Eutylenchus forming a monophyletic clade, while, Lelenchus was placed inside the clade
of currently sequenced species of Malenchus in Bayesian tree.

Keywords: Morphometric, Nematode, Northern Iran forests, Phylogeny, Sabalan region,

Taxonomy.

INTRODUCTION

An overview on reported tylenchid species
from Iran (till 2012) was presented by
Ghaderi et al. (2012). Morphological and
morphometric data of some subsequent
studies on other members of the family
Tylenchidae Orley, 1880 were recently
given by Atighi et al. (2013), Ghaemi et al.
(2012), Panahandeh et al. (2014) and
Mirbabaei Karani et al. (2015).

During surveys in grasslands of the
Sabalan region in northwestern Iran and
some other locations like northern natural
forests, three species belonging to three
genera  Cephalenchus  Goodey, 1962,
Eutylenchus Cobb, 1913 and Lelenchus
Andrassy, 1954 were recovered and studied

in the present research. The aims of the
preset study were: (i) to perform a detailed
study on morphology of the three recovered
species, and (ii) to reconstruct their
phylogenetic relationships with other species
and genera using the partial sequences of
28S rDNA D2/D3.

MATERIALS AND METHODS

Nematodes were extracted from soil
samples using the tray method (Whitehead
and Hemming, 1965). For light microscopy
(LM) studies, the specimens were heat killed
by adding 4% formaldehyde solution and
processed to anhydrous glycerine according
to De Grisse (1969). Photographs were taken
using an Olympus DP72 digital camera
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attached to an Olympus BXS51 microscope
equipped with differential interference
contrast (DIC).

For DNA extraction, a single live nematode

specimen of the recovered species was picked
out, examined on temporary slide, and
transferred to a small drop of AE buffer (10
mM Tris-Cl, 0.5 mM EDTA; pH 9.0,
QIAGEN Inc., Valencia CA, USA) on a
clean slide and crushed using a cover slip.
The suspension was collected by adding 20
uL AE buffer. DNA samples were stored at —
20°C until used. Primers for 28S rRNA gene
D2/D3 amplification were forward primer
D2A 5-
ACAAGTACCGTGAGGGAAAGT-3’) and
reverse primer D3B 5’-
TGCGAAGGAACCAGCTACTA-3)
(Nunn, 1992). PCR was carried out in a total
volume of 30 pl (16.7 pl distilled water, 3 pul
10X PCR buffer, 0.6 pul 10 mM dNTP
mixture, 1.2 ul 50 mM MgCl,, 1.5 pl of each
primer (10 pmol pl™), 0.6 ul of Taq DNA
polymerase (5 unit ul”', CinnaGen, Tehran,
Iran) and 5 pL of DNA template). The
thermal cycling program was as follows:
denaturation at 95°C for 4 minutes, followed
by 35 cycles of denaturation at 94°C for 30
seconds, annealing at 55°C for 40 seconds,
and extension at 72°C for 80 seconds. A final
extension was performed at 72°C for 10
minutes. The PCR products were sequenced
in both directions using the same primers
with an ABI 3730XL sequencer. Newly
obtained sequences of the studied species
were deposited into the GenBank (accession
number KP730040 for Cephalenchus leptus,
KP730041 for Eutylenchus excretorius and
KP730042 for Lelenchus leptosoma).

For molecular phylogenetic studies, the
sequences of D2/D3 fragment of 28S rDNA
available in GenBank were obtained. The
newly generated DNA sequences and the

selected sequences from the GenBank
database were aligned by ClustalX2 software
using default parameters

(http://www.clustal.org/). The model of base
substitution was selected using MrModeltest
2 (Nylander, 2004). The Akaike-supported
model, a general time reversible model,
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including among-site rate heterogeneity and
estimates of invariant sites (GTR+G+I) was
used in both phylogenetic analyses. Bayesian
analysis was used to infer a phylogenetic tree
using MrBayes version 3.1.2 (Ronquist and
Huelsenbeck, 2003), running the chains for
10° generations. After discarding burn-in
samples and evaluating convergence, the
remaining samples were retained for further
analyses. The Markov chain Monte Carlo
(MCMC) method within a Bayesian
framework was used to determine
equilibrium distribution and help estimate the
posterior probabilities of the phylogenetic
tree (Larget and Simon, 1999) using the 50%
majority rule. The maximum likelihood (ML)
tree was reconstructed using the software
RaxML GUI version 1.1 (Silvestro and
Michalak, 2012). The Bayesian posterior
probability (BPP) and ML boot strap (BS)
values higher than 50% were given on
appropriate clades in the form: BPP/ML BS.
The output files of the phylogenetic programs
were visualised using Dendroscope version
3.2.8 (Huson and Scornavacca, 2012) and re-
drawn in CoreDRAW® software version 16.
For both Bayesian inference (BI) and ML
analyses, the species Aphelenchus avenae
Bastian, 1865 (accession number JQ348400)

was used as outgroup taxon. The
sequences/isolates of Tylenchidae was
selected with exclusion of the genus

Psilenchus de Man, 1921 with regarding its
most close phylogenetic affinity with
members of Merliniinae Siddiqi, 1971 (Carta
et al., 2010; Subbotin et al., 2006).

RESULTS AND DISCUSSION

Descriptions

Iranian population of Cephalenchus leptus
Siddiqi, 1963

(Figures 1 and 2, Table 1)

Female: Body straight to slightly curved
ventrally after heat fixation. Cuticle 0.7-1.0
um thick at mid-body, in stylet region
varying to 1.0-1.2 um, coarsely annulated,
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Figure 1. Iranian population of Cephalenchus leptus. (A and J) Female pharyngeal region; (B and H)
Female anterior end; (c) Female vulva region; (D) Female tail; (E and F) Female reproductive system; (G)

Male tail and cloacal region; (I) Male entire body.
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Figure 2. Iranian population of Cephalenchus leptus. (A) Female pharyngeal region; (B) Female tail; (C)
Male cloacal region; (D) Female anterior end; (E and F) Female vulva region showing advulval flaps; (G)
Female lateral field.

annuli 1.9-2.3 um wide at mid-body. Lateral
field with six lines, outer lines crenate. Lip
region 1.5-1.8 times wider than high with
rounded corners in lateral view, separated
from the rest body by a shallow constriction,
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bearing 3 annuli. Cephalic framework weak,
with  distinct  vestibule.  Stylet well
developed, 3.8-4.2 times of body diam. at
the level of cephalic region, cone about
37.5-51.5% of total stylet length,
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knobs anteriorly concave, posteriorly
convex, not directed backward. Pharyngeal
dorsal gland orifice 1-2 pm from stylet base.
Procorpus short, as long as stylet length,
posteriorly joining to a well-developed
muscular metacorpus with a prominent valve
34-50 um from anterior end (MB 40-47%),
isthmus slender and narrow, posterior
bulbular region pyriform, slightly dorsally
overlapped in six examined females. Nerve
ring encircling middle of isthmus. Deirids
small, at level of anterior half of isthmus.
Excretory pore slightly posterior to nerve
ring position, 63-88 pm from lip region, duct

moderately cuticularized. Hemizonid
distinct, 2-3 annuli anterior to excretory
pore. Genital tract single, straight,

spermatheca oval, 10-14 um long, filled with
spheroid sperm (in Jiroft and Ganjnameh
populations), postvulval uterine sac 1.0-1.5
times the corresponding body width long,
vagina perpendicular to body axis, with a
thin cuticular lining 42-48% of the
corresponding body diam., vulva a
transverse slit, advulval flaps present,
varying in size from large (in Jiroft
population) to small. Tail long and filiform
with pointed terminus.

Male: Rare (found only in Jiroft
population). General morphology similar to
that of female, except in sexual organs.
Straight from anterior end to cloaca and
ventrally bent in tail, after fixation. Bursa
small, 29-32 pm long with crenate margin,
spicules tylenchoid, 15.0-16.5 pum long,
gubernaculum simple, 5.5-6.5 pm long.
Cloacal lips slightly raised.

Remarks

All six studied populations of Cephalenchus
leptus corresponded well with the original
description (Siddigi, 1963). In six females
from three populations (Ekbatan, Ganjnameh
and Ramsar), the terminal bulb overlapped
slightly the intestine dorsally and in two
populations from Jiroft and Ganjnameh,
spermatheca was filled with spheroid sperm.
Females of all populations had advulval flaps
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with different sizes and male was found in one
population (Jiroft population). Compared to
the original description and the data given by
Geraert (2008), the examined populations
showed no remarkable differences. Some
individuals of the studied population were also
deposited in the USDA Nematode Collection,
Beltsville, MD, USA.

Iranian population Eutylenchus
excretorius Ebsary and Eveleigh, 1981

(Figures 3 and 4, Table 2)

Female: Body cylindrical, tapering towards
both ends, straight after fixation. Cuticle ca
1.2-1.5 um thick, coarsely annulated, annuli
1.0-1.5 ym wide at mid-body, longitudinal
ridges 12 at mid-body, divided by deep
transverse grooves into separate blocks. Lip
region flattened, without conspicuous annuli,
distinctly separated from the rest of body by a
deep constriction. Lip region with four
separated lobes in en-face view, each lobe
with elongated and flexible setae, 10-12 um
long. Oral disc prominent. Stylet long, 2.3-
3.1 times as the corresponding lip region
width, conus needle like, sclerotized,
comprising 37-45% of entire stylet length,
shaft slender, knobs well developed and
slightly  directed  posteriorly.  Dorsal
pharyngeal gland orifice ca. 3 um posterior to
the knobs. Procorpus cylindrical, median bulb
oval, muscular with refractive valves, located
at anterior half of pharynx, isthmus slender,
basal bulb elongated and saccate. Nerve ring
encircling anterior portion of isthmus.
Excretory pore at the level of anterior half of
basal bulb. Reproductive system
monodelphic, prodelphic, ovary with oocytes
mostly in simple row, oviduct short,
spermatheca indistinct and empty,
crustaformeria  distinct, uterus simple,
postvulval uterine sac spacious, 1.0-1.6 times
the corresponding body diameter, vulva a
transverse slit, surrounded by advulval flaps.
Tail long, conoid, gradually tapering to a
finely rounded or pointed terminus.
Longitudinal blocked ridges ending at middle
of tail, the rest tail with fine annuli.
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Figure 3. Iranian population of Eutylenchus excretorius. Female. (A) Entire body; (B) Anterior end; (C

and D) Pharyngeal region; (E and F) Mid-body cross section; (G) Vulva; (H) Cuticular ornamentation; (I
and J) Tail.

1909



Panahandeh et al.

&

AP ¥ X | 3

ALLLY

B

R s %2 ronan

e N,

5
t
i
l'.
[

Figure 4. Iranian population of Eutylenchus excretorius: Female. (A) Pharyngeal region; (B) Anterior
end; (C) Anterior end showing cephalic setae; (D) Vulva, ventral view; (E) Vulva, lateral view; (F)
Cuticle surface; (G) Mid-body, cross section; (H) Tail end. All scale bars= 10 pm.

and Spain (Palomares-Rius et al., 2009).
This is the first representative of the genus
occurring in Iran. It was recovered from the
rhizosphere of unidentified grasses growing

Male: Unknown.

Remarks . . .
in a natural marsh in Sabalan region,
northwest of Iran. Morphological characters

Eutylenchus excretorius was reported from and ranges of morphometric data of the
Germany, Russia, Poland (Geraert, 2008) studied population of this species are in full
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Table 2. Morphometrics of Iranian population of Eutylenchus excretorius and the data from other
reports. All measurements are in um and in the form: Mean+SD (range).

Origin Present study Brzeski (1996) Palomares -Rius (2009)
Character Females Females Females

n 10 20 20

L 945+51 (848-1038) 879+35.5 (821-932) 820+20.9 (791-858)
a 43.2+3.1 (36.5-46.5) 39.9+3.1(34-47) 39.7+1.4(37.5-41.9)
b 6.6+0.4 (6.0-7.2) 6.1£0.2 (5.5-6.3) 6.3+£0.3(5.5-6.9)

c 7.9+0.5(7.3-9.0) 8.0£0.5 (7.3-9.0) 7.4+0.3(6.8-7.8)
c' 10.0£1.0 (8.8-11.8) 8.9+0.8 (7.6-10.6) 9.0+0.5 (8.3-9.8)
v 74.6+1.0 (72.9-75.8) 74.3+0.9(73-76) 73.4+0.8(72-74)
Stylet 21.0+0.4 (20.0-21.5) 21.2+0.9 (20-23) 21.0+0.6(20-22)
MB 41.2+1.1 (38.9-42.6) 38.7+1.5 (37-41) 41.3+1.6(39-44)
E. pore 111.1+4.7 (104-119) 102.0+£7.3(94-116) 90.0+4.2 (83-98)
Pharynx 143.2+4.2 (136-149) 145.0+4.6(135-152) -
Head-vulva 705.8+43.4 (618-786) - -

Body width 22.0+1.9 (20-26) - -

Vulva - anus 120.84+9.8 (109-137) - 104.0£5.9(98-113)
Tail 119.8+5.9(112-129) 11048.3 (98-127) 111.0+£3.7 (107-118)
Tail/V-A 1.0+0.1 (0.8-1.2) - -

PUS 26.9+5.4 (20-33) — —

agreement with the data given in other
reports (see Table 2). Some individuals of
the studied population were also deposited
in the USDA Nematode Collection
(Beltsville, MD, USA).

Lelenchus leptosoma (de Man, 1880)
Andrassy, 1954

(Figures 5 and 6, Table 3)

Female: Body narrow, slender and
slightly arcuate ventrally after heat
relaxation.  Cuticle thin, indistinctly

striated. Lateral fields inconspicuous. Lip
region continuous and smooth, 2-3 pm
wide at base and 4-5 um high. Amphidial
aperture long and sinuate (see Figure 6).
Stylet delicate, conus 33-43% of the total
length, knobs small and rounded. Dorsal
pharyngeal gland orifice 1.0-1.5 um from
stylet base. Procorpus narrow, cylindrical,
metacorpus spindle shaped with faint
valve apparatus, isthmus very slender and
elongated, basal bulb pyriform. Nerve ring

1911

enveloping  isthmus at  mid-point.
Excretory pore slightly posterior to nerve
ring level. Reproductive system

monodelphic-prodelphic, ovary with single
row of oocytes, composing 19.4-25.7% of
total body length, spermatheca oval, filled
with small spheroid sperm, postvulval
uterine sac short, 5-9 pm long, vulva a
transvers slit, vagina with thin walls,
slightly directed anteriorly. Tail filiform
with very finely pointed tip.

Male: General morphology similar to
that of female, except in sexual organs.
Testis single, anteriorly outstretched, 132-
176 um long. Spicules tylenchoid, slender
and faintly curved. Gubernaculum simple,
3-4 pm long. Caudal alae adanal, with
smooth margin, 24-29 um long. Tail
filiform as in female.
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Figure 5. Iranian pulation of Lelenchus leptosoma. (A and B) Female and male entire body; (C) Amphidial
pouch; (D) Details of anterior end; (E) Female reproductive system; (F) Pharynx; (G) Female tail; (H) Male

cloacal region.

Remarks

The studied population of Lelenchus
leptosoma was recovered from soil samples
of grasslands of Aghamali Gunei, Sabalan
region, northwestern Iran. The
morphological and morphometric characters
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are in agreement with other data reported for
the species (see Table 3). Lacking of
prominent lateral field is the main character
for this species. Some individuals of the
studied population were also deposited in
the USDA Nematode Collection (Beltsville,
MD, USA).
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Figure 6. Iranian population of Lelenchus leptosoma. (A and B) Female anterior end; (C) Female
amphidial aperture; (D) Female amphidial poch; (E) Female pharyngeal region; (F) Female vulva region;
(G) Female reproductive system; (H) Scanning electron microscopy of amphidial aperture (female); (I)
Male cloacal region, (J) Male caudal alae; (K) Female tail tip. All scale bars= 10 pm, H=4 pm.
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Molecular Phylogenetic Studies

The selected 28S rDNA D2/D3 sequences
of the species/isolates of 31 tylenchids
(including sequences of three studied
species) and one aphelenchid outgroup were
used for analyses. The dataset was
composed of 736 total characters from
which 483 characters were variable. The
average nucleotide composition was as
follows: 20.9% A, 21.2% C, 32.3% G and
24.7% T. In the inferred tree (Figure 7), the
Iranian population of E. excretorius formed
a clade with the European isolate of the

0.87/65 JQO005019 Neopsilenchus sp.

JQO005020 Neopsilenchus sp.

A 1.00/- 1.00/100  DQ328718 Boleodorus sp.
o L JQO005003 Boleodorus sp.

KP730043 Tylenchus naranensis
JQ005017 Filenchus annulatus
JQO005016 Filenchus sp.
JQO005014 Filenchus sp.
JQO005013 Filenchus sp.
JQ005008 Coslenchus sp.
1.00/96 0.94/55 | -1Q005004 Coslenchus sp.
B JQ005007 Coslenchus sp.

1.00/90

JQ005005 Coslenchus sp.
1.00/93

JQ005011 Coslenchus sp.
JQ005010 Coslenchus sp.
AY780979 Aglenchus agricola

0.99/%LJQ004996 Aglenchus sp.

1.00/96
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1.00/98

1.00/77

0.86/58 |1DQ328719 Coslenchus costatus 0.57/90

JQ005006 Coslenchus sp.| 1.00/100

same species and, as expected, the Iranian
population of C. leptus, was in close
phylogenetic relation with the only other
sequenced species of the genus, C.
hexalineatus (Geraert, 1962) Geraert and
Goodey, 1964. Both genera are members of
the subfamily Tylodorinae Paramonov, 1968
(Sensu Geraert, 2008), also occupying the
same clade in our tree with 0.94 BPP and
58% ML BS values. In the present tree, the
phylogenetic relation of three major clades
A, B, and C is not well resolved because of
polytomy, but, with the exclusion of the
genus Malenchus Andrassy, 1968, the
position of members of Tylenchinae
Skarbilovich, 1959 and Boleodorinae Khan,
1964 inside the corresponding subfamilies

1.00/100 KP730046 Neothada cancellata
MJQOOSOOO Basiria sp.
JQ004998 Basiria sp.

KP730047 Malenchus labiatus

KP730044 Malenchus exiguus

KP730042 Lelenchus leptosoma

1.00/- |
1.00/95 | I
—a 0.69/99
1.00/100 KM229341 Malenchus pressulus
LKM229339 Malenchus pressulus
€ 0.85/50
w|:KP730040 Cephalenchus leptus
IR EU915492 Cephalenchus hexalineatus
0] 0.94/58 1.00/100 ; KP730041 Eutylenchus excretorius
LEU915490 Eutylenchus excretorius
JQ348400 Aphelenchus avenae
0.1

Figure 7. Bayesian 50% majority rule consensus tree inferred from 32 sequences of the D2/D3 domains of
the 28S rDNA under the GTR+1+G model. BPP and ML BS values are given for each appropriate clade in
the shape BPP/ML BS. The newly sequenced taxa/isolates are in bold.
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(sensu Geraert, 2008) is supported. The
position of Lelenchus in subclade C,a and
the relation of the latter subclade with the
subclade C,b is not in accordance with
currently accepted taxonomic schedules of
tylenchids and needs further phylogenetic
studies. The phylogenetic position of the
genus Lelenchus in our tree is also
surprising. It formed a well-supported clade
(1.00/95) with two isolates of Malenchus. A
similar phylogenetic affinity of both genera,
Malenchus and Lelenchus, was previously
published by Ashrafi et al. (2012) using
SSU sequences, too. Currently, there are not
enough molecular data to explain such a
phylogenetic position for Lelenchus and
other members of Ecphyadophorinae
Skarbilovich, 1959 (sensu Siddiqi, 2000;

Geraert, 2008) and discuss their
phylogenetic relationships.
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