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Abstract
Background and Objectives:
Filenchus is one of the most diverse genera of the family Tylenchidae, with various feeding
habits. The members of this genus feed on fungi in the soil and the epidermal cells of plant
roots. A species belonging to Filenchus was recovered and identified during a survey on the
fauna of the plant-parasitic nematodes from the soil around the roots of corn in the north of
Khuzestan province (Dezful city). This study aimed to characterize the recovered population
based on the morphological and morphometric characters and reconstruct its phylogenetic
affinities using 18S rDNA and D2-D3 expansion segments of the 28S rDNA sequences.
Additionally, the phylogenetic relationships of the Iranian population with other populations
of the species and other species of Filenchus were investigated.
Materials and Methods:
Several soil samples were collected around the roots of corn fields in the north of Khuzestan
province. The centrifugal-floatation and tray methods were used to extract the nematodes from
the soil samples. The collected specimens were fixed, transferred to pure glycerin, and mounted
on permanent microscopic slides. The species was recognized using an Olympus CX31 light
microscope equipped with a drawing tube based on the morphological and morphometric
characteristics, and valid keys. The nematode specimens were photographed using an Olympus
BX51 microscope with a Tucsen Michrome 20 digital camera. The morphological and
morphometric characters of the population were compared with other reported populations of
the species. For molecular analyses, DNA was extracted from the studied nematodes. The DNA
samples were stored at —20°C until used as a PCR template. Primers for amplification of 18S
rDNA were forward SSUF22 and reverse SSUR13. Primers for D2-D3 expansion segments of
the 28S rDNA amplification were forward D2Ab and reverse D3B. The polymerase chain
reactions (PCRs) were performed to amplify the abovementioned loci. Amplification success
was evaluated with electrophoresis on 1% agarose gel. The PCR products were subjected to
sequencing. The newly obtained sequences of the studied species were deposited into the
GenBank database (PQ803453-PQ803455). The molecular phylogenetic analyses were
performed using a partial sequence of the 18S rDNA and D2-D3 expansion segments of the
28S rDNA based on the Bayesian inference under the GTR + G + | model.



Results:

A population of Filenchus was recovered in the present study. The morphological,
morphometric, and molecular studies based on the 18S rDNA and D2-D3 expansion segments
of the 28S rDNA indicated that the recovered population belongs to F. vulgaris. This
population has females with a length of 630 to 722 um, lateral field with four incisures, and
stylet 10.5to 11.2 um long. Males were observed in fewer numbers than females, with spicules
of 17.0to 18.5 um. In the phylogenetic tree inferred using the 18S rDNA sequences, the newly
generated sequences of the Iranian population of F. vulgaris formed a clade with other
sequences of F. vulgaris and sequences of other species of Filenchus and species of Tylenchus
and Neopsilenchus genera. The newly generated sequence of the Iranian population formed a
maximally supported clade with other sequences of the species in the phylogenetic tree inferred
using the 28S rDNA gene. This clade included sequences of other species of Filenchus and
species of the two genera Tylenchus and Irantylenchus. The molecular data of the Iranian
population of the species were presented for the first time in this study.

Discussion:

The identification of most of the species of the genus Filenchus was based only on
morphological and morphometric characteristics. Multiple phylogenetic analyses have shown
that the genus Filenchus is polyphyletic. In the phylogenetic trees, the sequences of some
populations of F. vulgaris are relatively far from each other and even in two different clades.
With the increase of sequences of various species of the genus, especially from different
populations that belong to different geographical regions, the grouping of populations and
species may change, and the phylogenetic relationships between them might be more specific.
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Table 1. Morphometric characteristics of Filenchus vulgaris (Brzeski, 1963) Lownsbery & Lownsbery, 1985 from the soil around the root of corn in Khuzestan
province, Iran, and comparison with two selected populations. All measurements are in pm and in the form: mean£SD (range).

Character Present study Brzeski, 1963 Karegar et al., 1995

Female Male Female Female Male
n 8 2 27 43 7
L 684.4+32.4 (630-722) 634.9+6.5 (630-639) 520-810 660+80 (505-880) 63560 (500-705)
a 41.3+2.1 (38.2-47.7)  43.2+3.9 (40.7-48.4) 29-42 38+4.1 (30-47) 38+2.8 (34-41)
b 5.5+0.3 (5.1-6.2) 5.5+0.3 (5.3-5.8) 4.7-7.0 5.8+0.4 (4.7-6.3)  5.6+0.4 (5.1-6.3)
c 4.7+0.2 (4.5-5.1) 4.6+0.5 (4.3-5.0) 4.2-5.7 4.4+0.7 (3.4-6.7)  4.5+0.6 (3.6-5.5)
c 14.1+0.5 (13.5-15.0)  12.9+1.2 (12.1-13.8) 13 1543.1 (9-23) 13+2.2 (10-18)
\/ 62.5+0.7 (61.7-63.8) - 53-65 60+3.3 (54-69) -
Vv’ 79.2 £0.9 (77.4-80.5) - - 7912.0 (74-85) -
Stylet length 11.0£0.3 (10.5-11.2)  10.8+0.4 (10.5-11.2) 10-12 9.5#1.0(8-11)  9.5+0.7 (8.5-11)
MB 44.2+3.1 (39.8-48.9)  46.8+2.6 (44.9-48.7) 44 41+1.7 (37-46) 44+4.4 (36-50)
Pharynx length 122.1+3.5 (115-126)  113.5+7.4 (108-118) 114 115413 (99-157)  113+12 (95-130)
Anterior end to excretory pore 92.7+3.9 (86-97) 85.4+6.0 (81-90) 92-102 86+11 (70-117) -
Lip region-vulva 428.5+22.7 (392-460) - 400+61 (280-600) -
Lip region-anus 540.4+31.2 (493-581) 496.6+21.0 (481-511) - -
Vulva-anus distance 108.7+8.2 (97-118) - 132 105+18 (72-153) -
Body width 17.6+1.1 (15-19) 14.1+1.3 (13-15) - -
Anal body width 10.8+0.2 (10.0-11.5)  10.2+0.4 (10.0-10.5) - -
Vulval body width 18.4+1.2 (16.8-20.6) - - -
Post-uterine sac 17.4+1.4 (14.5-18.6) - 7-15 -
Tail/Vulva-Anus 1.2+0.1 (1.1-1.4) - 1.0-1.1 1.5£0.3 (0.9-2.3) -
Tail length 142.6+5.7 (133-148)  136.2+12.6 (127-145) 135 154+19 (104-193) 145+20 (117-175)

Spicules length
Gubernaculum length
Bursa length

17.7+0.9 (17.0-18.5)
6.2+0.4 (5.8-6.6)
37.5+0.9 (37-38)

17+2 (14-20)
- 4+0.6 (3.1-4.5)
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Figure 1. Light photomicrographs of Iranian population of Filenchus vulgaris (Brzeski, 1963) Lownsbery
& Lownsbery, 1985: Female (A, C-K), Male (B, L). A: Entire body, B-C: Anterior region, D: Excretory

pore region, E: Part of pharyngeal region, F: Lateral field at mid-body, G-H: Vulval region, I-L: Posterior
region (the arrows indicate the anus). Scale bars: A =200 pm, B: 100 pm, C-L = 20 pm.
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Figure 2. Bayesian 50% majority rule consensus tree inferred using the 18S rRNA gene of Iranian
population of Filenchus vulgaris (Brzeski, 1963) Lownsbery & Lownsbery, 1985 from Khuzestan province
and other sequences of the family Tylenchidae under the GTR + G + | model. Bayesian posterior
probability values more than 0.50 are given for appropriate clades.

4



0 VEF le ) olad FA s ((65,5LaS” oo aloms) (S 500lS

1.00 Bersiricr gracilis (DQA28T17)

Basiria graminophila (KX156326)

1.00 Hosirie aberrans (MK639372)
Busiria jranica (MKO44823)

0.93 Loo Neathada mafor (MNITN002)
Neodthady cancelloia (KPT30046)
Neopsiivichus magnidgens (KP313832)
—Basiria rineri (MT914498)
Bosiria Bhabi (MZY39242)

0). (]Q{DFS(IJ]}?I wicns iranicis (KMI(02082)
1o Dizcopersicus sp. (MW202231)
Roleadors thylueius (KP313830)
| por-Deliadens posterapoius (KX094978)
Deladenius sivicidicolu (AY 633444)
Atevlenchis of wramimes (MNRDT622)
Ateipfenchus sp. (KXT89727)
Filenchus thorrei (OM230(99}
| o Fifenchis vilgaris (KX156337)
097[" . . <

Fitenchus cnmufaries {(1Q005017)
.o Hemehns vidgaris (MWT16273)
Fifenchus vilgaris (MW716274)
l 00 Filenchus aquilonivs (KP313834)
Lt’th‘Hl/‘L‘HLhIa‘A vieius (KI*P313833)
i Filenchus velgaris (MZO5929%)
| .34 Filenchus vidgoris {PPATESIT) |
Fileachus vlgaris (MN342187)
Fifenchus viedgaris {MNS42 188)
Filernchus vulgaris (POS0D3455)
Filenchus valgaris (MWGB2002) I
Filemchus vidgaris (MWO32094) 1

VOO ihemehns sp. (FGO05015)

Filenchuy nndtistrictes {OM914648)
Fifenchus muwliiswiaius (OM914649)
Tvlenchus mcnatns (MNS421965
L.00 Filenchus vulgaris (MW320524)
0.87[0.89) Filenchus verdgaris (ON123550)
LA Tifenchus naranensis (KIF730043)
Filenchus hamuliger (KX 156331}
Malenchus gitanensis (MW340648)
007t ‘ostenchus costatus (DQ328719)
OO osleschus avcepray (MZ939294)
Crstenchus frankiinae (KMB1T1T3)
S Aglenchus munkiii (MT079822)
Aglenchns ogricela (KPR35679)
0 58ldglenchus geraertl (MK639370)

1.00

L83

=
h
]

100, 0815

L

Mulerichus geraerti (KU234168)
Madenchus labiatus (KP7300473
1.00 Sakia arboris (MEF399086)
4{&11({51 arboris {NIFS99087)
00 — Lelenchus hrevislijus (IKU234169)
NE] Miculenchus brevisalvus (MES99084

1.90 = 1.00
J,—Z'ﬁ(:m'wn hus elegans (MF399083)
T Hus sheri (MG994967)

Lelenchs fepiosoma (KX 136324)
igmoteachany sinuosus (MK611938)
Labiys filiforais (MGO86ORT)
Labrvs chincasis (KYT76619)
Fifonchns diserepans (KX156315)
Mealenchus evalis (KX156308)
Matenchus wezellus (KX156310)
Cephalenchiuy feprus (KP730040)
Cephalenclius hexalinearus (EU915491)
0.73 1 g Frlenches excretorivs (ELI915490)
urvlenchus excretorivg (AY 780950)
Aphelenchoides frogario (DQI2BOE3)
__Bursaphetenchus mucromatuy (JF317247)

Bursaphelenchus tnpophioei (T19982873) 0.1

Filenchus 45 ! p! cures 28S rRNA o5 31 D2-D3 4t Jlg5 31 odlaiwl b ond (S3lwil JSighd oo -V <
oolgils 31 (5508 S Jlg 9 lwigs Olw! »8 vulgaris (Brzeski, 1963) Lownsbery & Lownsbery, 1985
S93 30 oy Ji! Ao yd <0+ 3l g p3lae GTR + G + 1 S Jow wla! y (Bayes) ww 49y 4 Tylenchidae

sl ol 0018 LS db gy yo SvASLS
Figure 3. Bayesian 50% majority rule consensus tree inferred using the D2-D3 domains of the 28S rRNA
gene of Iranian population of Filenchus vulgaris (Brzeski, 1963) Lownsbery & Lownsbery, 1985 from

Khuzestan province and other sequences of the family Tylenchidae under the GTR + G + | model. Bayesian
posterior probability values more than 0.50 are given for appropriate clades.
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