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Abstract

During an investigation on the biodiversity of plant-parasitic nematodes in Misan province (southeast of Iraq), two populations of
Pratylenchus thornei were isolated from the rhizosphere of faba bean. The morphological and morphometric data were provided
for the recovered populations. Both populations were similar to each other, but they were somewhat different in terms of the tail
shape and body length. The tail in the Alkahla population was subcylindrical, tail terminus truncated and sometimes with a small
projection. The tail in the Ali-Algharbi population was conical with an almost round to broadly rounded terminus. The
morphological and morphometric characters of both populations agree with the type population of the species and some other
populations reported from different areas. Molecular phylogenetic analysis of the Iragi populations of P. thornei using the large
subunit ribosomal RNA gene (LSU rDNA D2-D3) and internal transcribed spacer (ITS rDNA) sequences using Bayesian
inference (BI), showed that they form maximally supported clades with other sequences of the species. The present study is the

first report of P. thornei from Iraq based on morphological and molecular data.
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Introduction

The faba bean (Vicia faba L.) is one of the important
and economic crops in lIrag, which is cultivated on large
areas because its significance for human consumption. It
is placed in crop rotation with cereals and other legumes
(Ansari et al. 1980). Faba bean is considered as one of the
imperative crops in Misan province, and its cultivation is
centered in the Ali-Algharbi and the Alkahla cities, with
large areas and different cultivars (Anonymus 2021).

Root-lesion nematodes are considered worldwide as
one of the major restrictions of crop cultivation from
economic importance aspect. Pratylenchus Filipjev, 1936
species are ranked after root-knot and cyst nematodes as
having the highest economic significance on crops
worldwide. They are migratory endoparasites that cause
root damage on a wide range of crops. Pratylenchus
thornei Sher & Allen, 1953 in cereals and legumes is one
of the most common species of the genus (Castillo &
Vovlas 2007).

The morphological identification of Pratylenchus
species is exceedingly difficult due to the large number of
species and small number of diagnostic features available.
The other point is remarkable intraspecific variabilities of
some morphological characteristics (Subbotin et al. 2008).

Based on available data, 43 species of plant-parasitic
nematodes including P. thornei have been reported from
vineyards in Iraq (Stephan et al. 1985). Morphological,
morphometric and molecular data were however not
provided for any of the reported species in the study.
During the present study, two populations of P. thornei
were isolated from soil samples collected from the Misan
province in southeast of Iraq. The present study aimed to
characterize the Iragi populations of the species based on
morphological and  morphometric  characteristics.
Additionally, molecular data obtained from D2-D3
segment of rDNA gene and ITS rDNA region were used
to reconstruct the phylogenetic relationships of the
recovered populations.

Materials and methods

Nematode extraction and morphological observations

Several soil samples were collected from the
rhizosphere of the faba bean in Misan province, Irag. The
centrifugal flotation technique (Jenkins 1964) and the tray
method (Whitehead & Hemming 1965) were used to
extract the nematodes from soil samples. The collected
nematodes were killed by adding 4% hot formaldehyde
solution and transferred to anhydrous glycerin according
to De Grisse (1969). Observations and measurements
were conducted using a Leitz SM-LUX light microscope
equipped with a drawing tube. Some of the specimens
were photographed using an Olympus digital camera
attached to an Olympus BX51 light microscope.

DNA extraction, PCR and sequencing

For molecular analyses, single female specimens were
picked out, examined in a drop of distilled water on a
temporary slide under the light microscope, and
transferred to 5 pl of TE buffer (10 mM Tris-Cl, 0.5 mM
EDTA; pH 9.0) on a clean slide, and then crushed using a
cover slip. Each suspension was collected by adding 15 pl
TE buffer. The DNA samples were stored at —20°C until
used as a PCR template. Primers for LSU rDNA D2-D3
amplification  were forward primer D2A  (5'-
ACAAGTACCGTGAGGGAAAGT-3")  and
primer D3B (5-TCGGAAGGAACCAGCTACTA-3")
(Nunn 1992). Primers for amplification of ITS rDNA were
forward primer rDNA1 5'-
TTGATTACGTCCCTGCCCTTT-3') and reverse primer
rDNA1.58S (5'-ACGAGCCGAGTGATCCACCG-3")
(Subbotin et al. 2000). To amplify the above-mentioned
segments of DNA, the polymerase chain reactions (PCRs)
were performed as described previously (Jumaah & Azimi
2022). The obtained PCR products with successful
amplification as observed after staining with Green
Viewer™ and observation under UL light were subjected
to sequencing using Applied Biosystems 3500 (ABI)
sequencer, Pishgam corporation, Tehran, Iran. The newly
obtained sequences were deposited into the GenBank
database (accession numbers 0Q683864, 0Q683865, for
LSU D2-D3 and 0Q683868, 0Q683869 for ITS rDNA).

reverse
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Phylogenetic analyses

The newly obtained sequences of the D2-D3 fragments
of LSU rDNA and ITS rDNA and additional sequences of
relevant species selected after the nucleotide basic local
alignment search tool (BLASTn) were aligned by Clustal
X version 2 using the default parameters (Larkin et al.
2007). Both performed alignments were edited manually
in the MEGAY program (Kumar et al. 2016). Based on the
Akaike information criterion, the base substitution model
was selected using MrModeltest2 (Nylander 2004). A
general time reversible model, including among-site rate
heterogeneity and estimates of invariant sites (GTR + G +
1), was used in the both phylogenies. The Bayesian
analysis was performed to infer the phylogenetic trees
using MrBayes v3.1.2 (Ronquist & Huelsenbeck 2003),
running the chains for four million 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 trees (Larget & Simon 1999) using the
50% majority rule. Bayesian posterior probability (BPP)
values higher than 0.50 are given on appropriate clades.
The output files of the phylogenetic program were
visualized using Dendroscope v3.2.8 (Huson &
Scornavacca 2012) and were digitally drawn in
CorelDRAW software version 17.

Results and discussion

Iraqi population of Pratylenchus thornei Sher & Allen,
1953
(Figs 1, 2)

Measurements
See Table 1.

Description

Female

Body ventrally arcuate upon fixation. Cuticle with fine
striation, 0.7-1.2 um wide at mid-body. The lateral fields
marked by four smooth incisures, sometimes additional
line in the central band may occur, becoming four on the
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tail, occupying about 37-40% of the body diameter at mid-
body. Lip region not offset from the body, bearing three
annuli, 2.4-3.3 um high and 5.8-7.4 um wide, outer
margins of cephalic framework extending back about two
body annuli. Stylet with rounded basal knobs. Median
bulb oval, 13.5-16.0 um long and 8.0-11.0 um wide (in
Alkahla population) and 13.8-15.7 um long and 8.2-11.9
um wide (in Ali-Algharbi population), pharyngeal glands
overlapping intestine ventrally. Hemizonid is about two
body annuli long, two to three annuli anterior to the
secretory-excretory  pore. Reproductive  system
monodelphic-prodelphic, ovary with oocytes arranged in
one or two rows, spermatheca small, rounded to slightly
oval, empty, hardly visible in some specimens, vulva a
transverse slit, vagina 7-9 um long, PUS one to one and a
half times body width in vulva region. Tail subcylindrical
with truncate tip with a small projection (in the Alkahla
population) to conical with round to broadly rounded
terminus (in the Ali-Algharbi population). Phasmids
nearly at mid-tail, 9-15 annuli anterior to the tail terminus.

Male
Not found.

Remarks

The recovered populations of the species in the present
study were similar to each other, but they were somewhat
different in terms of the tail shape. Both populations
agreed with the type of population (Sher & Allen 1953),
and some other populations reported from different areas.
However, the stylet length is slightly shorter compared to
that in type population (14.0-17.2 vs 17-19 pm). This
variation in the stylet length has already reported (Castillo
& Vovlas 2007; Geraert 2013; Movahedifar & Azimi
2020). No significant difference was observed compared
to the data given by Geraert (2013).

The presently studied populations of the species were
recovered from the rhizosphere of faba bean in Misan
province, southeast Iraq. The GPS coordinates for Alkahla
and  Ali-Algharbi  populations are as follows:
31°41'02.46"N, 47°16'50.05"E and 32°28'57.13"N,
46°37'48.78"E,  respectively.  Morphological  and
morphometric data of P. thornei from Iraq are presented
herein for the first time.
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Fig. 1. Light microphotographs of Pratylenchus thornei Sher & Allen, 1953 female from Iraq (Alkahla population). A: Entire
body; B, C: Anterior body region; D: Lateral field at mid-body; E: Part of pharynx; F: Vulval region; G, H: Posterior body region.
(Scale bars: A =50 um; B-H: 10 pm).

Fig. 2. Light microphotographs of Pratylenchus thornei Sher & Allen, 1953 female from Iraq (Ali-Algharbi population). A: Entire
body; B, C: Anterior body region; D: Lateral field at mid-body; E: Part of pharynx; F, G: Vulval region; H, I: Posterior body
region. (Scale bars: A =50 um; B-I: 10 um).
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Table 1. Morphometrics of Pratylenchus thornei Sher & Allen, 1953 from Alkahla and Ali-Algharbi regions in Misan province,
Irag. All measurements are in um in form: mean + SD (range).

Pratylenchus thornei

Characters

Alkahla Ali-Algharbi

n 11 9

L 555+26.4 (586-592) 450+23.5 (423-489)
a 31.6+0.7 (28.5-35.4) 29.8+1.2 (27.7-33.2)
b 6.2+0.2 (5.8-7.5) 5.30.3 (4.8-5.9)
b’ 4.4+0.3 (3.9-4.8) 4.1+0.2 (3.7-4.5)
c 23.2+1.7 (21.2-30.4) 21.4+2.7(16.2-24.4)
¢ 2.3+0.2 (1.9-2.5) 2.4%0.2 (2.0-2.7)
\Y 74.2+2.8 (71.6-77.0) 73.1+£3.7 (71.4-78.1)
DGO 3.1+0.1 (2.4-3.3) 2.840.1 (2.2-3.3)

Stylet length

Stylet shaft length
Stylet knob diameter
Stylet knob height
Pharynx length
Anterior end to excretory pore
MB

Pharyngeal overlap
Maximum body width
Anal body width
Vulva body width
V-A

PUS

Tail length

Tail annuli

15.4+0.7 (14.0-16.5)
6.3+0.3 (5.8-6.6)
3.1+0.1 (2.4-3.3)
1.520.1 (1.4-1.6)
99.7+9.7 (95.5-113.8)
73.0+4.7 (66.4-80.4)
45.4+3.3 (43.5-51.2)
28.1+2.7 (24.5-31.5)
16.420.7 (15.0-17.4)
9.6+0.9 (8.3-11.6)
15.8+4.1(13.2-16.9)
110.0%6.2 (96.3-119.3)
18.824.1 (15.7-22.4)
24.4+2.0 (22.4-26.5)
20+4.1 (18-24)

15.6+1.4 (14.7-17.2)
5.8+0.4 (5.4-6.9)
2.9+0.2 (2.2-3.2)
1.5+0.2 (1.3-1.6)
93.2+12.4 (85.7-108.7)
74.0£6.4 (67.4-83.2)
47.5+1.8 (44.1-50.2)
28.2+2.9 (27.2-31.2)
15.5+0.7 (14.6-17.0)
8.7+0.5 (8.4-9.1)
13.740.6 (13.2-14.6)
98.7+9.5 (88.4-112.1)
15.7+1.2 (14.8-16.5)
23.7+1.5 (21.4-24.1)
19+1.2 (17-22)

Molecular characterization

phylogenetic
relationships

D2-D3 fragments of 28S rDNA phylogeny

Two 724 (Alkahla population) and 711 (Ali-Algharbi
population) nt long D2-D3 expansion segments of LSU
rDNA (0Q683864 and 0Q683865) were obtained for the
Iragi populations of Pratylenchus thornei. The sequence

variation between these two sequences showed four
mismatches and no gap. The BLAST search using these
sequences revealed that they have 99.86% and 99.72%
identity with another sequence of the same species
(MT856382). Sequence variation between Iraqi
populations and this sequence was one mismatch and one
to two gaps.
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A total of 67 sequences of Pratylenchus spp. and two phylogeny. The outgroup taxa were chosen according to
sequences of Meloidogyne enterolobii Yang & Eisenback, the previous studies (Nguyen et al. 2019; Movahedifar &
1983 and M. ichinohei Araki, 1992 as outgroup taxa Azimi  2020;  Abdolkhani &  Azimi  2021).
(EF029862 and KX823403), were selected for the LSU

1005 Pratylenchus hippeastri (KC796704)
Pratylenchus hippeastri (KJ001715)
Pratylenchus parafloridensis (GU214115)
Pratylenchus parafloridensis (GU214114)
Pratylenchus floridensis (GU214116)
Pratylenchus floridensis (GU21411 7§

I 0.57

1.00 Pratylenchus araucensis (F1463260
Pratylenchus araucensis (FJ463258
Pratylenchus agilis (EU130841)

1.00 Pratylenchus scribneri (MK209593)
| Pratylenchus hexincisus (KY828290)
Pratylenchus scribneri (KX842625)
096149, Pratylenchus pseudocoffeae (KT175531) | 100
Pratylenchus pseudocoffeae (KT175532) 1
1.00

Pratylenchus alleni (MN251270)
Pratylenchus alleni (MN251268
1.00 - Pratylenchus panamaensis (KT971359)
Pratylenchus panamaensis (KT971358)
100y Pratylenchus gutierrezi (KT971356)
Pratylenchus gutierrezi (KT971357)
0.99 Pratylenchus loosi (JN091970)
1.00* Pratylenchus loosi (KY424290)
1.00y Pratylenchus horti (MK 114135
Pratylenchus horti (MK 114134
0.98r Pratylenchus speijeri (KY424295)
1.00f* Pratylenchus speijeri (KF974713)
Pratylenchus coffeae (MH136566
1.00* Pratylenchus coffeae (MH136564
1 .00[ Pratylenchus pratensis (AM231934)
Pratylenchus pratensis EAM231935)
1.00[ Pratylenchus haiduongensis (MF429813)
Pratylenchus haiduongensis (MF429812)
0189 - Pratylenchus parazeae (KF765434)
: - Pratylenchus parazeae (KP903443)
1.00 [ Pratylenchus delattrei (JX261948)
Pratylenchus delattrei (JX261949)
Pratylenchus zeae (KY424269)
Pratylenchus zeae (KY424268)
1.00 1.00r Pratylenchus bhattii (JN244270)
L Pratylenchus bhattii (JN244269)
1 .00[ Pratylenchus bolivianus (KU198954
Pratylenchus bolivianus (KU198955
Pratylenchus thornei (MT856382)
Pratylenchus thornei (0Q683864) Alkahla Population
Pratylenchus thornei (0Q683865) Ali-Algharbi Population
Pratylenchus thornei (KY424318)
Pratylenchus thornei (KT213559)
Pratylenchus thornei (EU130880)
Pratylenchus thornei (JX261954)
Pratylenchus mediterraneus (MH796979)
Pratylenchus mediterraneus (MH796980)
100~ Pratylenchus neglectus (MG906766)
L Pratylenchus neglectus (MT584828)

L0 Pratylenchus capsici (MH796969)
1.00 Pratylenchus capsici (MH796970)
1.00 Pratylenchus oleae (KJ510857)
: 1.00 Pralylencl'hus ho/eaelsKJ 510858)
1.00 1.00r Pratylenchus fallax (KY828363)
[I’rag/enchus Jallax (KY828364)
. 1.005 Pratylenchus rwandae (KY 828330)
| Pratylenchus rwandae (K'Y 828331)

1.00[: Pratylenchus crenatus (KY468856)
Pratylenchus crenatus (KY468857)
1.00r Pratylenchus kumamotoensis (KT175526)
Pratylenchus kumamotoensis (KT175528)
0.88 1.00r Pratylenchus vulnus (JQ003994)
Pratylenchus vulnus (JQ003993)

Meloidogyne ichinohei (EF029862)
Meloidogyne enterolobii (KX823403)

1.00

1.00:

1.00

0.64

0.91 1.00

0.78

0.534

01

Fig. 3. Bayesian 50% majority rule consensus tree inferred from analysis of the D2-D3 domains of the LSU rDNA sequences of
Iragi populations of Pratylenchus thornei Sher & Allen, 1953 under the GTR + G + | model. Bayesian posterior probability values
of more than 0.50 are given for appropriate clades. New sequences are indicated in bold.
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1.00y Pratylenchus floridensis (GQ988376)

0.98]! Pratylenchus floridensis (GQ988375)
{6 Pratylenchus paraﬂor{'dens{s (GQY88377) | 1.00

Pratylenchus parafloridensis (GQ988378)
Pratylenchus hippeastri (MH324471) | 1.00
Pratylenchus hippeastri (KY424237) | ™
Pratylenchus jaehni (FJ712940) | 1.00
Pratylenchus jaehni (FJ712939) | ™
100~ Pratylenchus araucensis (F1154951)
Pratylenchus coffeae (HQ688683) | 0.95
LD Pratylenchus coffeae (HQ668119) | ™
Pratylenchus speijeri (KF974731)

100y Pratylenchus loosi (KT184923)
Pratylenchus loosi (KT184919)
Pratylenchus horti (MK114137)
Pratylenchus horti (MK114138)
Pratylenchus agilis (F1712888) I 1.00
S} Pratylenchus agilis (FJ712891) |
1.00 Pratylenchus scribneri (KY424229) | 1.00

- Pratylenchus scribneri (MT586763) |
Pratylenchus pseudocoffeae (KT175523) I 1.00
o Pratylenchus pseudocoffeae (LC030337) |
1.00 o Pratylenchus alleni (JX081545)

Pratylenchus gutierrezi (FI1712931)

1.00" Pratylenchus gutierrezi (FI1712930)

&l Pratylenchus japonicus (KF452049)
Pratylenchus japonicus (KF452048)
l.OOI Pratylenchus goodeyi (KY828309)
Pratylenchus goodeyi (KY828310)
1.00[ Pratylenchus bhattii (JN244271)
Pratylenchus bhattii (JN244272)
Pratylenchus haiduongensis (MF429808) | 1.00
Pratylenchus haiduongensis (MF429809) |
1.00 Pratylenchus zeae (KY424200)
1.00% Pratylenchus zeae (KY424201)
100~ Pratylenchus brachyurus (HQ662585)
Pratylenchus brachyurus (HQ662584)
1.00p Pratylenchus oleae (KJ510862)
1.00 |* Pratylenchus oleae (LT963591)
i Lool Ly Pratylenchus capsici (MH798802) I 1.00
0.96 - Pratylenchus capsici (MH798801)
Pratylenchus dunensisi (KY828244)
1.00t Pratylenchus dunensisi (KY828245)
Pratylenchus rwandae (KY828259)
Pratylenchus vulnus (JQ003991) |
LOOR pratylenchus vulnus (FJ713009) s
Pratylenchuspenetrans (FJ799117)
Pratylenchus kumamotoensis (MN901239)
Pratylenchus kumamotoensis (KY468893)
Pratylenchus fallax (FJ712918) | 1.00
Pratylenchus fallax (FJ712921) 1~
Pratylenchus lentis (AM933147) I 1.00
LOO® Pratylenchus lentis (AM933149) |
Pratylenchus pratensis (KY828311)
081 Pratylenchus thornei (FR692304)
| Pratylenchus thornei (0Q683868) Alkahla Population
0.5 Pratylenchus thornei (0Q683869) Ali-Algharbi Population
LOOY Pratylenchus thornei (MT864347)
Pratylenchus thornei (KY424246)
0.541 Pratylenchus thornei (KY424245)
—————————— Pratylenchus bolivianus (KT971362)
Meloidogyne mali (KR535971)
Meloidogyne afiricana (KY433429) il

0.71

094

Fig. 4. Bayesian 50% majority rule consensus tree inferred from analysis of the ITS rDNA of Iragi populations of Pratylenchus
thornei Sher & Allen, 1953 under the GTR + G + | model. Bayesian posterior probability values of more than 0.50 are given for
appropriate clades. New sequences are indicated in bold.

This dataset comprised 834 total characters. The Figure 3. The newly generated sequences of the Iraqi
phylogenetic tree inferred using this dataset is presented in populations of P. thornei have formed a maximally
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supported clade with other sequences of the species in this
tree.
Partial ITS rDNA phylogeny

The sequencing of the ITS rDNA of the Iraqi
populations of Pratylenchus thornei yielded two
fragments with 584 (Alkahla population) and 561 (Ali-
Algharbi population) nt long (0Q683868 and OQ683869).
The sequence variation between these two sequences
showed one mismatch and no gap. The BLAST search
using these sequences revealed they have 99.49% and
99.64% identity (two to three mismatches and no gap)
with another ITS sequence of the species (MT864347).

A total of 61 sequences of Pratylenchus spp. and two
sequences of Meloidogyne mali Itoh, Ohshima &
Ichinoche, 1969 and M. africana Whitehead, 1960 as
outgroup taxa (KR535971 and KY433429), were selected
for ITS phylogeny. The outgroup taxa were chosen
according to the previous studies (Nguyen et al. 2019;
Movahedifar & Azimi 2020). This dataset comprised 1293
total characters. The phylogenetic tree inferred by this
dataset is presented in Figure 4. The sequences of the Iraqi
populations of P. thornei formed a maximally supported
clade with other sequences of the species in this tree.

References

Abdolkhani A. & Azimi S. 2021. Morphological and
molecular characterization of Pratylenchus
mediterraneus  Corbett, 1983 (Tylenchomorpha:
Pratylenchidae) from Iran. Plant Protection (Scientific
Journal of Agriculture) 44, 91-105.

Anonymus. 2021. Statistics of field crops in Misan for the
period from 2020-2021. Misan  Agriculture
Directorate. Field Crops Department in Misan
Governorate.

Ansari M.A., Ghanem A. & Alshamaa W.S. 1980.
Principles of field crops in Irag. Al-Kutub for Printing
and Publishing 1, 247-272. (In Arabic).

Araki M. 1992. Description of Meloidogyne ichinohei n.
sp. (Nematoda: Meloidogynidae) from Iris laevigata in
Japan. Japanese Journal of Nematology 22, 11-20.

Castillo P. & Vovlas N. 2007. Pratylenchus (Nematoda:
Pratylenchidae): diagnosis, biology, pathogenicity and
management. Nematology =~ Monographs  and
Perspectives 6. Leiden, The Netherlands, Brill.

Corbett D.C.M. 1983. Three new species of Pratylenchus
with redescription of P. andinus Lordello, Zamith &

Pratylenchus thornei populations from all over the
world were split into two highly supported clades. One of
these clades includes most populations, and another
containes Australian populations of P. thornei with P.
mediterraneus Corbett, 1983 (Subbotin et al. 2008). In the
studies that a large number of sequences of the species,
including some Australian sequences of the species or
sequences that are placed in a separate clade were used,
similar results have been obtained in one or more gene
regions (Majd Taheri et al. 2013; Janssen et al. 2017a;
Divsalar et al. 2018; Movahedifar & Azimi 2020;
Abdolkhani & Azimi 2021). On the other hand, in the
studies that a smaller number of sequences of the species
were used in the analysis and some sequences that are
placed in a separate clade were not included, all sequences
were placed in one clade (Janssen et al. 2017b; Qing et al.
2019). The present study is also of the second type.
Conflict of interest
All the authors certify that they do not have any conflict
of interest.

Acknowledgments

The authors thank the Research Council of Shahid
Chamran University of Ahvaz, Iran for financial supports
(Grant no. SCU.AP1401.638).

Boock, 1961 (Nematoda:
Nematologica 29, 390-403.

De Grisse A.T. 1969. Redescription ou modification de
quelques techniques utilisées dans [D’étude des
nématodes phytoparasitaires. Mededelingen van de
Rijks Faculteit Landbouwwetenschappen Gent 34,
351-369.

Divsalar N., Shokoohi E., Hoseinipour A., Fourie H. &
Mahdikhani Mogaddam E. 2018. Morphological
variation and molecular study of the root-lesion
nematode Pratylenchus thornei. Russian Journal of
Nematology 26, 29-41.

Geraert E. 2013. The Pratylenchidae of the world:
identification of the family Pratylenchidae (Nematoda:
Tylenchida). Academia Press. Ghent, Belgium.

Huson D.H. & Scornavacca C. 2012. Dendroscope 3: an
interactive tool for rooted phylogenetic trees and
networks. Systematic Biology 61, 1061-1067.

Itoh Y., Ohshima Y. & Ichinohe M. 1969. A root-knot
nematode, Meloidogyne mali n. sp., on apple-tree from
Japan (Tylenchida: Heteroderidae).  Applied
Entomology and Zoology, Tokyo, 4, 194-202.

Pratylenchidae).



Jumaah & Azimi

Janssen T., Karssen G., Couvreur M., Waeyenberge L. &
Bert W. 2017a. The pitfalls of molecular species
identification: a case study within the genus
Pratylenchus (Nematoda: Pratylenchidae).
Nematology 19, 1179-1199.

Janssen T., Karssen G., Orlando V., Subbotin S.A. & Bert
W. 2017b. Molecular characterization and species
delimiting of plant-parasitic nematodes of the genus
Pratylenchus from the Penetrans group (Nematoda:
Pratylenchidae).  Molecular  Phylogenetics and
Evolution 117, 30-48.

Jenkins W.R. 1964. A rapid centrifugal flotation technique
for separating nematodes from soil. Plant Disease
Reporter 48, 692.

Jumaah A.M. & Azimi S. 2022. Morphological and
molecular characterization of Tylenchorhynchus clarus
Allen, 1955 and T. zeae Sethi & Swarup, 1968
(Rhabditida: Telotylenchidae) from Irag. Journal of
Nematology 54, 1-10.

Kumar S., Stecher G. & Tamura K. 2016. MEGAT:
Molecular evolutionary genetics analysis version 7.0
for bigger datasets. Molecular Biology and Evolution
33, 1870-1874.

Larget B. & Simon D.L. 1999. Markov chain Monte Carlo
algorithms for the Bayesian analysis of phylogenetic
trees. Molecular Biology and Evolution 16, 750-759.

Larkin M.A., Blackshields G., Brown N.P., Chenna R.,
McGettigan P.A., McWilliam H., Valentin F., Wallace
I.M., Wilm A., Lopez R., Thompson J.D., Gibson T.J.
& Higgins D.G. 2007. Clustal W and Clustal X
version 2.0. Bioinformatics 23, 2947- 2948.

Majd Taheri Z., Tanha Maafi Z., Subbotin S.A., Pourjam
E. & Eskandari A. 2013. Molecular and phylogenetic
studies on Pratylenchidae from Iran with additional
data on Pratylenchus delattrei, Pratylenchoides alkani
and two unknown species of Hirschmanniella and
Pratylenchus. Nematology 15, 633-651.

Movahedifar E. & Azimi, S. 2020. New morphological
observations on Pratylenchus thornei Sher & Allen,
1953 (Nematoda Pratylenchidae) based on the
population from Iran. Redia-Giornale Di Zoologia
103, 89-100.

Nguyen H.T., Trinh Q.P., Couvreur M., Singh P.R,
Decramer W. & Bert W. 2019. Molecular and
morphological characterisation of a new root-lesion
nematode, Pratylenchus horti n. sp. (Tylenchomorpha:

Morphological and molecular characterization of Pratylenchus ... 158

Pratylenchidae), from Ghent University Botanical
Garden. Nematology 21, 739-752.

Nunn G.B. 1992. Nematode molecular evolution: an
investigation of evolutionary patterns among
nematodes based upon DNA sequences. (Doctoral
dissertation, University of Nottingham, UK).

Nylander J.A. 2004. MrModeltest v2. Evolutionary
Biology Centre, Uppsala University, Uppsala. Sweden.

Qing X., Bert W., Gamliel A., Bucki P., Duvrinin S., Alon
T., Miyara S.B. 2019. Phylogeography and molecular
species delimitation of Pratylenchus capsica n. sp., a
new root-lesion nematode in Israel on pepper
(Capsicum annuum). Phytopathology 109, 847-858.

Ronquist F. & Huelsenbeck J.P. 2003. MrBayes 3:
Bayesian phylogenetic inference under mixed models.
Bioinformatics 19, 1572-1574.

Sher S.A. & Allen M.W. 1953. Revision of the genus
Pratylenchus (Nematoda: Tylenchidae). University of
California Publications in Zoology 57, 441-470.

Stephan Z.A., Alwan AH. & Antone B.G. 1985.
Occurrence of plant parasitic nematodes in vineyard
soils in Irag. Nematologia Mediterranea 13, 261-264.

Subbotin S.A., Perry R., Warry A. & Halford P. 2000.
Variations in ribosomal DNA sequences and
phylogeny of Globodera parasitising solanaceous
plants. Nematology 2, 591-604.

Subbotin S.A., Ragsdale E.J., Mullens T., Roberts P.A.,
Mundo-Ocampo M. & Baldwin J.G. 2008. A
phylogenetic framework for root-lesion nematodes of
the genus Pratylenchus (Nematoda): evidence from
18S and D2-D3 expansion segments of 28S ribosomal
RNA genes and morphological characters. Molecular
Phylogenetics and Evolution 48, 491-505.

Whitehead A.G. 1960. The root-knot nematodes of East
Africa. 1. Meloidogyne africana sp. n., a parasite of
arabica coffee (Coffea arabica L.). Nematologica 4,
272-278.

Whitehead A.G. & Hemming J.R. 1965. A comparison of
some quantitative methods for extracting small
vermiform nematodes from soil. Annals of Applied
Biology 55, 25-38.

Yang B.J. & Eisenback J.D. 1983. Meloidogyne
enterolobii n. sp. (Meloidogynidae), a root-knot
nematode parasitizing pacara earpod tree in China.
Journal of Nematology 15, 381-391.



