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Abstract: Root-lesion nematodes (Pratylenchus spp.) of the genus Pratylenchus Filipjev, 1936, are
among the most important nematode pests on soybean (Glycine max (L.) Merr.), along with soybean
cyst and root-knot nematodes. In May 2015 and 2016, a total of six soil samples were collected from
a soybean field in Walcott, Richland County, ND and submitted to the Mycology and Nematology
Genetic Diversity and Biology Laboratory (MNGDBL), USDA, ARS, MD for analysis. Later, in 2019,
additional nematodes recovered from a greenhouse culture on soybean originally from the same
field were submitted for further analysis. Males, females, and juveniles of Pratylenchus sp. were
recovered from soil and root samples and were examined morphologically and molecularly. DNA
from single nematodes were extracted, and the nucleotides feature of three genomic regions targeting
on the D2-D3 region of 285 rDNA and ITS rDNA and mitochondrial cytochrome oxidase subunit I
(COX1) gene were characterized. Phylogeny trees were constructed to ascertain the relationships with
other Pratylenchus spp., and polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) was performed to provide a rapid and reliable differentiation from other common
Pratylenchus spp. Molecular features indicated that it is a new, unnamed Pratylenchus sp. that is
different from morphologically closely related Pratylenchus spp., including P. convallariae, P. pratensis,
P. fallax, and P. flakkensis. In conclusion, both morphological and molecular observations indicate that
the North Dakota isolate on soybean represents a new root-lesion nematode species which is named
and described herein as Pratylenchus dakotaensis n. sp.

Keywords: D2/D3; description; Glycine max; lesion nematode; molecular; morphology; morphomet-
rics; phylogeny; Pratylenchus dakotaensis n. sp.; soybean; ITS; COX1 gene; PCR-RFLP

1. Introduction

The genus Pratylenchus Filipjev, 1936, is one of the most important nematode genera
in terms of the economic impact they have on crops [1,2]. Currently, the genus contains
approximately 100 species [3-5], with new species being described very frequently. The
root-lesion nematodes are ranked as the third most important group of plant-parasitic
nematodes after root-knot and cyst nematodes [2] in terms of economic loss in agriculture
and horticulture. Frederick and Tarjan [6] published a compendium of the Pratylenchus
genus in 1989 in which they reported 89 species. In 1989, Handoo and Golden [7] also
published a key and compendium to 63 valid species, including an update of the work
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done by different workers on the genus. The plants reported as hosts for the genus are very
large. For example, one species, Pratylenchus penetrans, has been reported to have more
than 400 plants as hosts [8].

On soybean, root-lesion nematodes are one of the most damaging nematodes that
feed on the soybean roots [9]. Two species, Pratylenchus brachyurus and P. penetrans, have
been reported to cause damage to the roots of soybean plants [10]. For example, soybean
plant growth was suppressed by Pratylenchus brachyurus nematodes, with a negative corre-
lation being reported between the number of nodes on the main stem and the number of
nematodes at planting [11]. Despite the fact that nearly 100 different species of Pratylenchus
have been described to date, only 5 have been reported in North Dakota, namely the P.
agilis [12], P. neglectus, P. scribneri [13,14], and 2 new species of Pratylenchus [15,16].

The objective of this study was to describe one of these two new species using light
microscopy (LM) and scanning electron microscopy (SEM) observations and assess the
diagnostic values of their morphological and molecular characters. The morphometric
details of females and males were recorded and compared to closely related species. Also,
the molecular details using ITS, 28S, and COX1 sequences were obtained and compared to
the existing information in GenBank. PCR-RFLP was performed to rapidly and reliably
differentiate it from other important Pratylenchus spp. species.

2. Materials and Methods

Nematode suspensions extracted from soil samples were sent to the MNGDBL,
Beltsville, MD in May of 2015 and 2016. The origin of the soil samples was a field culti-
vated with soybean in Walcott, Richland County, ND. Nematodes were extracted from soil
using the sugar centrifugal flotation method [17]. Each sample contained between 125 and
2000 root-lesion nematodes per kg soil [15]. In 2019, infested soil samples from the same
tield were planted to soybean cultivar Barnes in a greenhouse room at 22 °C. After 15 weeks
of growth, the plants were harvested, and root-lesion nematodes were extracted from both
the roots and soil using the Whitehead tray method [18]. Additional nematodes recovered
from the greenhouse culture on soybean were submitted to the MNGDBL, Beltsville, MD
for further analysis.

2.1. Morphological Examination

Females and males were recovered from the root and soil samples using the Whitehead
tray method extraction method [18]. Nematodes were fixed in 3% formaldehyde and
processed with glycerin by the formalin glycerin method [19,20]. Photomicrographs of
females and males were made with an automatic 35 mm camera attached to a compound
microscope with an interference contrast system, and light microscopic images of fixed
nematodes were taken on a Nikon Eclipse Ni compound microscope using a Nikon DS-
Ri2 camera. Measurements were made with an ocular micrometer on a Leica WILD
MPS48 Leitz DMRB compound microscope. All measurements are in micrometers unless
otherwise stated.

For the Low-Temperature Scanning Electron Microscopy (LT-SEM), nematodes were ob-
served using the techniques described by Carta et al. [21], Kantor et al. [22], and Handoo et al. [23].

2.2. DNA Extraction, PCR, and Sequencing

DNA was extracted from a single individual nematode using the Proteinase K method [24].
Briefly, the chopped nematode pieces were transferred into a 0.5 mL sterile Eppendorf tube
containing 2 puL of 10 x PCR buffer with MgCl,, 2 pL of 600 ug/mL Proteinase K (Roche,
Indianapolis, Indiana), and 6 pL of distilled ddH,O. Tubes were incubated at —20 °C for at
least 30 min followed by 65 °C for 1 h and 95 °C for 10 min. DNA samples from 3 nematode
individuals were prepared, which represented 3 biological replicates.

Nucleotide sequences of D2D3 fragment of 285 rDNA and ITS rDNA regions from ribo-
somal DNA and COX1 (cytochrome oxidase subunit I) gene from mitochondrial DNA were
obtained by either direct sequencing using purified PCR products or T-A cloning. For D2-



Plants 2021, 10, 168

30f13

D3 region of 28S rDNA, the primer set of D2A (5'-ACAAGTACCGTGAGGGAAAGTTG-
3) and D3B (5-TCGGAAGGA ACCAGCTAC TA-3') was used [25]. For ITS rDNA,
the primer set of 185 (5-TTGATTACGTCCCTGCCCTTT-3') and 26S (5'-TTTCACTCG
CCGTTACTAAGG-3") was used [26]. For COX1 gene, the primer set of JB3 (5'-TTTTTTGGG
CATCCTGAGGTTTAT-3') and JB4.5 (5-TAAAGAAAGAACATAATGAAAATG-3') was
used [27]. The PCR were set up on Bio-Rad T100 Thermal Cycler (Hercules, CA, USA) as
recommended [25-27]. For direct sequencing (D2-D3 region of 285 rDNA and COX1 gene),
PCR products were purified using Bio-tek E.Z.N.A. Cycle-Pure Kit (Omega, Norcross,
GA, USA) and then sent to Genscript for sequencing (Genscript, Piscataway, NJ, USA).
For cloning and sequencing, target PCR products were segregated on a 1.0% agarose gel,
purified using Gel Extraction Kit (Omega), and cloned into pGEM-T Vector using pGEM-T
Vector System II Kit (Promega, Madison, WI, USA) according to the manufacturer’s instruc-
tions. Plasmid DNA was then extracted from the white colonies grown on indicator plates
containing X-gal and IPTG, using a PerfectPrep™ Spin Mini Kit (5 PRIME Inc., Gaithers-
burg, MD, USA), and sent to Genscript for sequencing. Three sequences were generated
for each of the three target areasand the corresponding consensus sequences of D2-D3
region of 285 rDNA, ITS rDNA, and COX1 gene were deposited into GenBank to obtain
their accession numbers (MW290216.1 for D2-D3, MW290217.1 for ITS, and MW309316.1
for COX1).

2.3. Phylogenetic Analysis

Phylogenetic relationships among Pratylenchus spp. were analyzed using Maximum
Likelihood (ML) method of MEGA?7 software [28]. Available DNA sequences of the 285
rDNA, ITS rDNA, and COX1 gene of other Pratylenchus spp. species were retrieved from
the NCBI Nucleotide Database (https://www.ncbi.nlm.nih.gov/nucleotide) and aligned
with corresponding sequences obtained in this study by MUSCLE software (v3.8.31) with
default settings for the highest accuracy. The gaps and missing data were completely
removed. Accordingly, the General Time Reversible model was selected using gamma
distribution, with invariant sites and 5 gamma-distributed rate categories to account
for rates and patterns. Finally, the phylogeny trees were constructed using maximum
likelihood method with 1000 bootstrap replications.

2.4. PCR-RFLP Analysis

To differentiate different Pratylenchus spp., polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) analysis was performed using ITS rDNA amplified
by the primers 185/26S [26,29] with restriction endonucleases Hind Il and Hha I. The PCR
was carried out in a 20 pl reaction comprising of 1.5 uL. DNA template, 0.4 uM forward
and reverse primers, 0.2 mM dNTP, 1.5 mM MgCl,, 1 x Green GoTaq® Flexi buffer, and
1 U GoTaq® Flexi DNA Polymerase (Promega, Madison, WI, USA) with conditions of
pre-denaturing at 94 °C for 3 min followed by 35 cycles of 94 °C for 1 min, 55 °C for 1 min,
and 72 °C for 1 min, with a final extension at 72 °C for 10 min. The digestion was performed
in 20 pL reaction mixtures containing 5U restriction enzyme, 1x RE buffer, 2 ng acetylated
BSA, and 10 ul PCR products at 37 °C for 2 h. The digested fragments were separated in
2 % agarose gel at 100 volts (V) for 20 min. The gel was visualized under UV light and
images were captured using an Alphalmager® Gel Documentation System (Proteinsimple
Inc., Santa Clara, CA, USA).

3. Results
3.1. Systematics

Pratylenchus dakotaensis n.sp.

http:/ /zoobank.org/urn:lsid:zoobank.org:pub:FS9CA839-1A5B-4A27-BA53-8F8D663
3E89C

(Figures 14, Table 1).
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Figure 1. Line drawings of Pratylenchus dakoaiensis n. sp.: (A) Female pharyngeal region; (B) vulval region showing vulva,

and spermatheca, (C) female lip region showing stylet; (D) details of the lip region showing the oral disc (en face

(E

uterus,

H) male tails showing spicules and gubernaculum.

7

(F

,G) female tails with E showing lateral field with four lines;

view);
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Figure 2. Photomicrographs of Pratylenchus dakotaensis n. sp.: (A) Female anterior end showing pharyngeal region; (B)
female anterior end showing stylet; (C) female vulval area with arrow pointing the spermatheca; (D) female posterior end
with arrows in black and white pointing to vulval and anal openings, respectively; (E) entire female with arrows in black
and white pointing to vulval and anal openings; (F) female mid body showing lateral field with four lines; (G,H,L) female
posterior ends showing tail variations and arrows pointing to anal areas; (I,J) male posterior ends showing spicule and
bursa; (K) male posterior end with arrow pointing the phasmid.
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Figure 3. SEM images of Pratylenchus dakotaensis n. sp.: (A) Male specimen, head; (B,C) female posterior and anterior ends,
(B) female posterior end, arrow showing anal opening, and (C) arrows showing oral opening; (D) female mid-body region

showing lateral field; (E) male posterior end arrows in white and black showing cloaca opening and spicule, respectively;

(F) whole specimen lateral field.

Table 1. Morphometrics of Pratylenchus dakotaensis n. sp. All measurements are in um and in the form: mean + standard

deviation (s.d.) (range).

Character Holotype Females Males
n 22 7
484.5 £39.9 445.7 £ 56.0
L 5520 (390.0-555.0) (355.0-502.0)
a 276 234+28 23.7 £2.01
’ (20.8-29.8) (20.8-25.2)
b 42 40+04 4.06 + 0.5
: (3.2-4.8) (3.2-4.8)
220 202+17 200+£17
¢ ’ (16.8-24.1) (16.7-21.3)
, 19+03 214017
¢ 20 (1.4-2.4) (1.9-2.4)
. 13.0 £2.0 109 £0.7
Anal body width 12.0 (10.0-16.0) (10.0-12.0)
. 802+ 15
V% 800 (78.0-83.0) -
Maximum body width 21.0 (22%)%_:;92 g) (1187%_2211 6:')
175+ 0.3 16.0 £ 0.3
Stylet length 16.0 (16.0-18.0) (15.5-16.5)
Distance from head end to posterior end of esophageal glands 130.0 (11113 .g—:1t4?)‘(7)) (11819 .gfjﬂg.g)
. 244+24 231+18
Tail length 25.0 (20.0-30.0) (20.0-25.0)
Spicule length - _ %17650f1(§§
Gubernaculum _ _ 45+05

(4.0-5.0)
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KT873859.1 Pratylenchus scribneri
DQ498832.1 Pratylenchus hexincisus
EU130865.1 Pratylenchus scribneri
KT175531.1 Pratylenchus pseudocoffeae
34 AF170444.1 Pratylenchus pseudocoffeae
_| MW290216.1 Pratylenchus dakotaensis
ho ' MN251269.1 Pratylenchus sp.
57 I__ EF446997.1 Pratylenchus loosi

100 -JN091970.1 Pratylenchus loosi
99 | KF974698.1 Pratylenchus speijeri
90 KJ698687.1 Pratylenchus speijeri
98 EU130850.1 Pratylenchus coffeae
33 67 JNB809854.1 Pratylenchus coffeae
| FN554881.1 Pratylenchus hippeastri
100 'DQ498831.1 Pratylenchus hippeastri
31 AM231929.1 Pratylenchus pratensis

99 r EU130853.1 Pratylenchus crenatus
KY828370.1 Pratylenchus crenatus
JQ003994.1 Pratylenchus vulnus
g9 ' KY828306.1 Pratylenchus vulnus

100 |: JN020929.1 Pratylenchus zeae
AB933457.1 Pratylenchus zeae

99 |: EU130880.1 Pratylenchus thornei

19 EU130870.1 Pratylenchus thornei
100 | KX683377.1 Pratylenchus neglectus
37 | | KY828295.1 Pratylenchus neglectus
48 FJ717822.1 Pratylenchus hispaniensis
99 KY828283.1 Pratylenchus flakkensis

100 - HQ662581.1 Pratylenchus brachyurus
L—— EU130842.1 Pratylenchus brachyurus
100 | KJ510855.1 Pratylenchus oleae

23 KJ510838.1 Pratylenchus oleae

99 | KY828369.1 Pratylenchus dunensis

AJ890460.1 Pratylenchus dunensis

L 100 | KY828367.1 Pratylenchus fallax
KY828366.1 Pratylenchus fallax
97 | KY828372.1 Pratylenchus convallariae
KY828373.1 Pratylenchus convallariae
68 | EU130862.1 Pratylenchus penetrans

g ' JX046974.1 Pratylenchus penetrans
DQ328717.1 Basiria gracilis

|
DQ328719.1 Coslenchus costatus
100 |—|
53 DQ328718.1 Boleodorus sp.

99

43

0.050

Figure 4. Phylogenetic relationships of Pratylenchus dakotaensis n. sp. (red arrow) from D2-D3 28S with related Pratylenchus
spp. sequences from GenBank based on Maximum Likelihood analysis. Support values are given above branches. Coslenchus
costatus, Boleodorus sp., and Basiria gracilis were served as outgroups.

3.1.1. Measurements
3.1.2. Description

Female: Slender and vermiform body, assuming straight or arcuate form when killed
by gentle heat and tapering at both ends. Lateral field with four lines, with the outer
two lines being areolated more so at tail region. Occasionally, additional oblique lines are
noted in between the two inner lines. The lip region is flat to rounded or dome-shaped,
slightly offset with the body contour and bearing three fine annuli. The en face view shows
a divided face with rectangular subdorsal and subventral lips fused with oral disc in a
dumbbell- to dome-shaped pattern that is separated from lateral lip sectors by three almost
straight, often obscure incisures forming an obtuse angle. The stylet is short and robust
with rounded knobs. The distance of the dorsal pharyngeal gland orifice to the stylet base is
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2-3 pm. The procorpus is generally cylindrical but narrows near the middle and at junction
with median bulb. The median bulb is muscular and rounded to slightly oval-shaped
with cuticularized valve plates. The nerve ring encircles median part of isthmus. The
excretory pore is located posterior to the nerve ring. The hemizonid is located at the two
annuli anterior to excretory pore. The pharyngeal glands’ nuclei are in tandem, elongate,
and overlapping with the intestine ventrally. The reproductive system is monodelphic,
prodelphic, with the ovary outstretched with single row of oocytes. The post-uterine sac is
18-20 um long, and the vulva is located 78-83% of total body length from anterior end. The
vulval lips are slightly protruding with no lateral flaps and epiptygma. The tail broad is
conical, with 16-26 narrow irregularly annuli with terminal annuli usually wider than other
tail annuli. The tail terminus is distinctly crenate/annulated with rounded to truncate- or
clavate-shaped. The phasmids are prominently located at approximately the middle of
the tail.

Male: Males are common and are similar to females, including the lip region, except
for the sexual dimorphism. The stylet slightly is shorter than females, measuring 15.5 pym
to 16.5 um long. The lateral fields have four incisures, with the outer two lines mostly
areolated. The reproductive system is composed of a single testis, which is anteriorly
outstretched. The spicules and gubernaculum are ventrally curved, measuring 16-18.5 um
and 4-5 pm, respectively. The tail is short, bluntly rounded to pointed. The bursa encircle
the entire tail. The ventral surface of the bursa is coarsely annulated. The phasmids
are prominent.

3.2. Type Host and Locality

Pratylenchus dakotaensis n. sp is associated with roots and around soil from a soybean
field in Richland County, ND. The global positioning coordinates for Richland County are
43.188221° N and 124.390174° W.

3.3. Type Material

Holotype (female): Slide T-740t, deposited in the United States Department of Agri-
culture Nematode Collection, Beltsville, MD, USA. Paratypes (Females, and Males): Same
data and repository as holotype, Slides T-7153p to T-7158p. Additional females on slide
numbers T-7159p at University of California, Riverside, CA, USA, and T-7160p at Fera,
Plant Pest Disease Cultures and Collections, York, United Kingdom.

3.4. Diagnosis and Relationships

Pratylenchus dakotaensis n. sp. is characterized by a combination of the following
morphological features in females: Slender, vermiform body, assuming straight or arcuate
form, lateral field with four lines, with the outer two lines being areolated; the lip region is
flat to rounded or dome-shaped, slightly offset with the body contour and bearing three fine
annuli; the en face view shows a divided face with a rectangular subdorsal and subventral
lips fused with the oral disc in a dumbbell- to dome-shaped pattern; the stylet is short
and robust, with rounded knobs; the vulva is located at 78-83% of total body length from
anterior end; the vulval lips are slightly protruding with no lateral flaps and epiptygma;
the tail is broad and conical, with 16-26 narrow irregularly annuli, and the terminal annuli
usually wider than the other tail annuli; the tail terminus is distinctly crenate/annulated
with rounded to truncate- or clavate-shaped. Males are common; their stylet is slightly
shorter than females; the spicules and gubernaculum are ventrally curved, measuring
16-18.5 um and 4-5 pum, respectively; the tail is short, bluntly rounded to pointed; and the
bursa encircle the entire tail.

Pratylenchus dakotaensis n. sp. is morphologically closely related to Pratylenchus
convallariae, P. pratensis, and P. fallax. Sequence (GenBank accession No. MW290216, 702 bp)
from the 285 D2-D3 had less than 94.2% similarity with these three species. In addition, it
had 100% identity with Pratylenchus sp. (MN251269) from Lafayette County, Wisconsin and
98.6% identity with P. scribneri (MG925218) from Ohio, USA. The ITS sequence (GenBank
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accession No. MW290217, 1226 bp) of P. dakotaensis had less than 93.1% similarity with
other Pratylenchus spp. including P. convallariae, P. pratensis, P. fallax, P. scribneri, and many
isolates of an unknown Pratylenchus sp. Sequence (GenBank accession No. MW309316,
419 bp) from COX1 gene had 97.5% identity with five isolates of a Pratylenchus sp. from
Atchison County, Kansas, USA and less than 84.6% identity with other Pratylenchus spp.
Thus, the sequence data did not support P. convallariae, P. pratensis, or P. fallax. Another
morphologically closely related species is P. flakkensis, but P. dakotaensis differs from P.
flakkensis in several morphological characters, with a high head, three head annuli, slight
longer stylet in females, higher vulva percentage, and longer spicule in males. Accordingly,
both morphological and molecular observations with the known and abovementioned
closely related species indicate that the North Dakota isolate on soybean represents a new
root-lesion nematode species, which is described herein as Pratylenchus dakotaensis n. sp.

3.5. Etymology
The species name was derived from North Dakota, the geographic origin.

3.6. Molecular Analysis

Phylogenetic relationships based on the D2-D3 region of 285 rDNA, ITS rDNA, and
COX1 gene were generated using the Maximum Likelihood method using corresponding
nucleotides from Pratylenchus species (Figures 4-6). In the tree constructed using the D2-D3
region of 285 rDNA, which is considered as the most evolutionally conserved region, P.
dakotaensis was more likely closely related with P. scribneri, P. hexincisus, P. pseudocoffeae P.
loosi, P. speijeri, P. coffeae, and P. hippeastri (ML = 90), compared with those morphological
closely related species, including P. convallariae, P. pratensis, P. fallax, and P. flakkensis.
Similarly, in the trees constructed using ITS rDNA and COX1 gene, P. dakotaensis was also
clustered with those closely related species in the tree of 28S rDNA.

83 KY828272.1 Pratylenchus fallax

73 L Ky828273.1 Pratylenchus fallax
12 KY828258.1 Pratylenchus fallax
HM469448.1 Pratylenchus convallariae
98 |- KY828256.1 Pratylenchus convallariae
FJ712907.1 Pratylenchus convallariae
LC030330.1 Pratylenchus penetrans
KY828242.1 Pratylenchus penetrans
KJ510863.1 Praty oleae
KY828244.1 Pratylenchus dunensis
KY424219.1 Pratylenchus brachyurus
KP903454.1 Pratylenchus zeae
100 KY424188.1 Pratylenchus zeae
F .1 Praty vulnus
AM933156.1 Pratylenchus lentis
KY828311.1 Pratylenchus pratensis
KX683386.1 Pratylenchus crenatus
FJT713006.1 Pratylenchus thornei
KY424246.1 Pratylenchus thornei

FJ712956.1 Pr:
FJ717816.1 Pratylenchus hispaniensis
MW290217.1 Pratylenchus dakotaensis
5 - KY424222.1 Pratylenchus loosi
LC030322.1 Pratylenchus loosi
100 | KY424237.1 Pratylenchus hippeastri
[FN554888.1 Pratylenchus hippeastri
JX081545.2 Pratylenchus alleni
JX046935.1 Pratylenchus scribneri
KT873860.1 Pratylenchus scribneri
57 KT971367.1 Pratylenchus pseudocoffeae
9g | FR691836.1 Pratylenchus pseudocoffeae
KF974736.1 Pratylenchus coffeae
100 [JN809BJ8.1 Pratylenchus coffeae
KX572972.1C ditis elegans

9

36

66

p6

51
72

—_
0.20

Figure 5. Phylogenetic relationships of Pratylenchus dakotaensis n. sp. (red arrow) from ITS rDNA
with related Pratylenchus spp. sequences from GenBank based on Maximum Likelihood analysis.
Support values are given above branches. Caenorhabditiss elegans was served as an outgroup.
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98 | KU198942.1 Pratylenchus coffeae
92 41 KY424076.1 Pratylenchus coffeae
45 L KY424088.1 Pratylenchus speijeri
51 | KY424099.1 Pratylenchus hippeastri
100 ' KY424098.1 Pratylenchus hippeastri
MW309316.1 Pratylenchus dakotaensis —
KX349425.1 Pratylenchus scribneri
] 100 KY424091.1 Pratylenchus scribneri
60" KY828320.1 Pratylenchus hexincisus
80 — KX349422.1 Pratylenchus loosi
99 L Kv424086.1 Pratylenchus loosi
64 li GQ332425.1 Pratylenchus vulnus
60 KY828314.1 Pratylenchus pratensis
KY816943.1 Pratylenchus crenatus
KU198938.1 Pratylenchus thornei

48
KY828313.1 Pratylenchus flakkensis
38 KX349420.1 Pratylenchus brachyurus
— KY817019.1 Pratylenchus dunensis

94 | ——— KJ510866.1 Pratylenchus oleae
49 99 l: KY816958.1 Pratylenchus penetrans
32 KY817001.1 Pratylenchus penetrans
o ir KY816999.1 Pratylenchus convallariae
KY817025.1 Pratylenchus convallariae

36- KY816935.1 Pratylenchus fallax

E[‘K Y816970.1 Pratylenchus fallax

94 ' KY816977.1 Pratylenchus fallax

| KX349419.1 Pratylenchus zeae

100 L Ku522440.1 Pratylenchus zeae

KU198941.1 Pratylenchus neglectus
AY171193.1 Caenorhabditis elegans

0.20
Figure 6. Phylogenetic relationships of Pratylenchus dakotaensis n. sp. (red arrow) from partial cytochrome oxidase subunit I
(COX1) gene with related Pratylenchus spp. sequences from GenBank based on Maximum Likelihood analysis. Support

values are given above branches. Caenorhabditiss elegans was served as an outgroup.

The RFLP analysis using the ITS rDNA region was performed to distinguish P. dako-
taensis n. sp. from other common, important root-lesion nematode species (Figure 7). The
results revealed that PCR products from the ITS region with two digestion enzymes (Hind
Il and Hha I) generated the same banding pattern for nine samples from the field infested
with P. dakotaensis n. sp. but different banding patterns from P. scribneri, P. neglectus, and P.

penetrans, which are the major Pratylenchus species in the region.
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Hind III

Hhal

1 2 3 4 5 6 7 8 9 Ps Pn Pt Pp NTC

Figure 7. PCR-RFLP of Pratylenchus spp. using Hind III and Hha I enzymes. PCR products were amplified with primers
rDNA2-V/PnSeqR targeted on ITS rDNA. The letter M refers to 100 bp DNA ladder from Promega, lanes 1-9 were nematode
DNA extracted from single individuals isolated from the field having infestation of Pratylenchus dakotaensis n. sp., Ps refers
to DNA from P. scribneri (ND), Pn refers to DNA from P. neglectus (ND), Pt refers to DNA from P. thornei (OR), Pp refers
to DNA from P. penetrans (MN), and NTC refers to no-template control using ddH,O instead of nematode DNA in the
PCR reaction.

4. Discussion

Based on the molecular results obtained using the 285 D2-D3 primers, the North
Dakota population had less than 94.2% similarity with morphologically closely related
Pratylenchus spp., including P. convallariae, P. pratensis, P. fallax, and P. flakkensis. After
analyzing the molecular data obtained by sequencing the ITS region, less than 93.1%
similarity with P. convallariae, P. pratensis, and P. fallax was observed. The sequence from the
COX1 gene had less than 84.6% identity with other Pratylenchus spp., except 97.5% identity
with five isolates of an undefined Pratylenchus sp. Looking at the morphometric data,
the population of P. dakotaensis is similar to P. flakkensis. Despite the similarities between
the two, several differences have been observed, such a high head in the North Dakota
population, three head annuli instead of two, slightly longer stylet in females, higher vulva
percentage, and longer spicule in males. In conclusion, combining all morphological and
molecular data and observations with the known and abovementioned closely related
species indicates that the North Dakota isolate on soybean represents a new root-lesion
nematode species, described here as Pratylenchus dakotaensis n. sp. Interestingly, the 285 D2-
D3 sequence of an unknown Pratylenchus sp. from Wisconsin, USA (GenBank accession No.
MN251269) showed 100% identity with this new species. The specimens from Wisconsin
and North Dakota need to be compared thoroughly to determine whether the Wisconsin
population belongs to Pratylenchus dakotaensis n.sp.
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