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Abstract

In order to identify free-living and plant-parasitic nematodes in East Azarbaijan province, more than 600 soil samples were
collected from vegetation’s rhizosphere at different areas during 2016 and 2017. The nematodes were extracted using classic
techniques, fixed and transferred to anhydrous glycerin. Microscopic slides were prepared and the nematodes identified based
on morphological, molecular and morphometric characters. In this study, four species, Longidorus apulus, L. iranicus, L.
persicus and L. proximus were identified. In addition, the D2-D3 region of 28S rRNA gene of the identified species were
amplified and sequenced. The results of the phylogenetic analyses confirmed the species identity and the relationships of the
sequenced species were discussed. In total, 13 sequences were obtained during present study and deposited in the GenBank
(NCBI) database.
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Fig. 1. Longidorus apulus: A: Anterior body region, B: Amphid, C: Expanded part of pharynx, D: Cardia, E: Vulva and
vagina, F: Female anterior genital branch, G: Female posterior end, H: Male ventromedian supplements, | and J: Male
posterior end (Arrows indicate ventromedian supplements), K: Male entire body, L: Female entire body. Scales on the
pictures.
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Fig. 2. Juvenile stages of the species Longidorus apulus: A-D: Anterior body region of first to fourth larval stages,
respectively, E-H: Posterior end of first to fourth larval stages, respectively. Scales on the pictures.
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Table 1. Morphometrics of Longidorus apulus. Measurements are in pm (L in mm).
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Characters / life stage J1 J2 J3 J4 Female Male
n 3 3 3 3 5 1
L 1.60 £ 0.01 2.70+0.01 3.90+0.01 5.10 £ 0.02 7.70+0.08
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(2.7-3.4) 2.2 (1.4-1.6) (1.2-1.3) (0.8-1.0) 1.2
\Y/ - - - - 50.8+0.7 -
(48.0-52.0)
Lip region diam. 9.2+0.1 104+0.1 13.5%0.2 16.0+05
(9.0-9.3) (10.0-10.6) 12.5 (13.0-13.7) (14.3-16.8) 16.5
Odontostyle length 60.5+4.3 75.0+1.8 87.0+1.4 97.5+0.2 109+1.4 115.6
(56.0-65.5) (74.0-78.0) (84.5-89.0) (97.0-98.0) (106-113)
Odontophore length 38.0+0.6 51.0+0.1 55.0+0.8 66.0+1.2 65.0+2.0 70
(35.0-40.5) (50.0-52.0) (54-56) (64.0-67.0) (62.5-67.5)
Replacement odontostyle 70.0+£0.9 85+ 0.02 111+£15 - -
(69-71) (84.4-85.6) 97 (109-112.5)
Oral aperture to guide ring 21.0+£01 222+0.1 25.2+0.01 29.0+£0.3 33.3+£0.1 33.7
(20-23) (22.0-24.0) (25.0-25.5) (28.0-29.5) (32.5-34.0)
Pharynx length 300 +20 3719+4.2 420+ 11 450 +£5.2 510 + 40 550
(218.5-322) (362-387) (394-450) (443-456) (469-581)
Body diam. at pharynx base 19.8+0.2 31.0+0.8 34.6+0.3 455+0.7 42.6
(19.5-21.0) 25 (29.5-32.0) (34.0-35.0) (44.5-49.0)
mid-body 21.0+£0.1 345+0.2 43.0x£0.5 61.0+£1.7 46.3
(19.5-22.0) 25 (34.0-35.0) (42.5-44.0) (53.0-64.0)
anus 155+05 27.3+£0.2 30.5+£0.2 41.7+04 43.1
(14.5-17.0) 20 (27.0-28.0) (30.0-31.0) (40.0-43.0)
Tail length 43.0+£15 40.2+0.01 42.0+£22 380+11 40.5+£0.6 43
(40.5-47.0) (40.0-40.5) (35.5-44.5) (34.5-39.5) (34.5-44.0)
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Fig. 3. Longidorus iranicus: A: Anterior body region, B: Expanded part of pharynx, C: Cardia, D: Vulva and vagina, E and F:
Posterior end, G: Entire body. Scales on the pictures.
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Fig. 4. Longidorus persicus: A: Anterior body region, B: Amphid, C: Expanded part of pharynx, D: Cardia, E: Vulva and
vagina, F: Posterior end, G: Entire body. Scales on the pictures.
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Table 2. Morphometrics of the females of Longidorus iranicus and Longidorus persicus. Measurements are in um (L in mm).

characters / species L. iranicus L. persicus
n 3 3
L 6.34+0.01 7.20+0.01
(6.30-6.40) (7.20-7.30)
a 95.0+0.9 171.0 £ 0.08
(93.4-96.4) (170.5-173.0)
b 152+0.1 223104
(15.0-15.5) (21.6-23.0)
c 186.0+£0.2 164.0£3.3
(186.5-187.0) (157.5-170.0)
¢’ 0.73+0.01 1.6 £0.08
(0.71-0.76) (1.5-1.7)
\Y 475+04 50.5+0.08
(47.0-48.0) (50.0-51.0)
Lip region diam. 13.8+£0.2
(13.5-14.0) 12
Odontostyle length 108.0+1.8 80.8+0.4
(106.0-110.5) (80.5-81.5)
Odontophore length 53.5+0.3 55.7+0.4
(53.0-54.0) (54.0-57.5)
Oral aperture to guide ring 35.3+0.1
(35.0-36.5) 25
Pharynx length 411.0+13 362.0+2.8
(410.0-413.0) (356.0-369.0)
Body diam. at pharynx base 545+0.1 345+0.1
(53.0-56.0) (34.0-35.0)
mid-body 68.2£0.08 42.0+£0.02
(68.0-68.5) (41.0-43.0)
anus 455+0.2 30501
(45.0-46.0) (30.0-31.0)
Tail length 34.0+£0.1 443+0.5
(33.5-34.5) (42.0-47.0)
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Fig. 5. Longidorus proximus: A: Anterior body region, B: Amphid, C: Expanded part of pharynx, D: Female anterior genital

branch, E: Female posterior end, F and G: Male posterior end, H: Male entire body, I: Female entire body. Scales on the
pictures.
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Fig. 6. Juvenile stages of the species Longidorus proximus: A-D: Anterior body region of first to fourth larval stages,
respectively, E-H: Posterior end of first to fourth larval stages, respectively. Scales on the pictures.
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Table 3. Morphometrics of Longidorus proximus. Measurements are in pm (L in mm).

Characters / life stage J1 J2 J3 J4 Female Male
n 3 3 1 3 5 1
L 1.30£0.01 2.30+0.01 3.10 4.73+£0.06 6.80 £ 0.07
(1.30-1.40) (2.20-2.40) (4.70-4.80) (6.60-7.20) 6.30
a 65.0+0.1 73.5+0.6 775 1029+3.1 100 + 13
(63.6-66.0) (72.6-74.2) (94.3-110.0) (95-122) 99.2
b 46+0.1 6.7+0.1 7.4 11.2+11 15.0+£0.7
(4.6-4.7) (6.6-6.8) (10.0-12.3) (13.6-16.3) 145
¢ 28.0+0.3 46.2+0.7 64.2 110-2 £ 8.7 172 £11
(26.0-30.5) (44.5-48.0) (100.0-119.0)  (160-189.5) 158
¢ 2.90+0.01 2.10+0.04 1.6 11 0.80£0.01
(2.9-3.0) (2.0-2.2) (0.7-0.9) 0.8
\% - - - - 50.8+0.8 -
(50.0-52.0)
Lip region diam. 10 12.7+0.3 17.0+£0.2 195+15
(12.5-13.2) 15 (16.5-17.5) (17.0-20.5)
19
Odontostyle length 60.3 £ 0.07 71.0+£27 1040+1.5 1145+0.4
(60.0-61.0) (67.5-75.0) 87.5 (97.5-106.0)  (114.0-115.0) 114
Odontophore length 31.6+0.3 37.6+0.2 67.0+3.4
26 (31.0-32.0) 38 (37.0-38.0) (62.0-71.0) 64.5
Replacement odontostyle 73.0+£0.5 86.8+0.4 1150+0.1 - -
(70.0-75.0) (86.0-87.5) 101.7 (114.0-115.5)
Oral aperture to guide ring 18 23.0+£0.1 30.3+£0.1 33.7+£0.1
(22.5-23.5) 27 (30.0-31.0) (32.5-34.0) 34
Pharynx length 2945+1.3 351.0+5.3 416 +10 492 + 32
(291.0-297.0)  (337.0-365.0) 422 (400-450) (444-531) 476
Body diam. at pharynx base 325+11 42.1+0.8 51.0+1.2
22 (31.0-33.5) 395 (41.0-43.0) (42.5-55.0) 53
mid-body 21.3+0.1 322+0.1 525+21 67.3+0.7
(21.0-21.8) (31.5-34.5) 46 (50.0-55.0) (53.0-75.0) 67.5
anus 15.8+0.1 25.0+0.8 383+12 46.5+2.2
(15.0-17.0) (23.0-27.0) 295 (37.0-40.0) (42.0-53.0) 42,5
Tail length 475+0.3 50.6 £0.2 41.0+13 40.0+£1.6
(40.5-50.0) (50.0-51.0) 49 (39.0-43.0) (37.5-46.0) 34
Spicule length - - - - - 62.5
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1; (JX445114) Longidorus crataegi
(JX445114) Longidorus crataegi
(KT308869) Longidorus lusitanicus
(AY601581) Longidorus goodeyi
(KT308870) Longidorus magnus
(HM921361) Longidorus magnus
(KT308860) Longidorus silvestris
5JX445105; Longidorus iuglandis
JX445104) Longidorus iuglandis
(KT308856) Longidorus macrodorus
- (JX445108) Longidorus fasciatus
1r (GU001823) Longidorus orientalis
(KJ802877) Longidorus orientalis
(JX445103) Longidorus oleae
(KF242315) Longidorus artemisiae
0891 (KF242316) Longidorus artemisiae
(AY601577) Longidorus piceicola
(AY601578) Longidorus elongatus
0.95 (HM447032) Longidorus elongatus
(AF480072) Longidorus carpathicus
(KF242324) Longidorus aetnaeus
(KF292307) Longidorus aetnaeus
0.76 (KT308862) Longidorus vallensis
1 (KT308861) Longidorus vallensis
alss (JX445116) Longidorus rubi
(JX445115) Longidorus alvegus
(AF480073) Longidorus profundorum
0.96; (MK795203) Longidorus proximus
(MK795204) Longidorus proximus
D.81 (MK894274) Longidorus proximus
0.8 (MKB894275) Longidorus proximus
1|l (MT176055) Longidorus proximus
(MK894276) Longidorus proximus
1; (KJ802868) Longidorus cretensis
(KJ802867) Longidorus cretensis
(KJ802876) Longidorus moesicus (syn. L. iranicus)
(HM447029) Longidorus moesicus (syn. L. iranicus)
(KP222294) Longidorus iranicus
0.98|HL (KJ802870) Longidorus pseudoelongatus
(KJ802873) Longidorus pseudoelongatus
(MK894272) Longidorus iranicus
1' (MK894273) Longidorus iranicus
;I (KJ802863) Longidorus closelongatus
(KJ802866) Longidorus closelongatus
(AF480079) Longidorus caespiticola
(AF480082) Longidorus macrosoma
(AY601583) Longidorus africanus
(HQ735098) Longidorus mindanaonsis
(AY494715) Longidorus americanum
2MK894277; Longidorus apulus
D.99] (MK894278) Longidorus apulus
(MK894279) Longidorus apulus
94 (MK894280; Longidorus apulus

o
<=3

9

0.74

56 (MK894281) Longidorus apulus
(AY601571) Longidorus apulus
0.56[1 ! (MK894282) Longidorus apulus
1r (AY601570) Longidorus arthensis
AF480071) Longidorus sturhanii
0.89. (KF242332) Longidorus euonymus
“©91 (KF242331) Longidorus euonymus
D.79]* (AY601573) Longidorus euonymus
(KR152295) Longidorus perangustus
(KX062667) Longidorus euonymus
i (MK894283) Longidorus persicus
(KU747173) Longidorus persicus
(KU747174) Longidorus persicus
(AY601575) Longidorus edmundsi
(AY601574) Longidorus athesinus
2 ' (AY601574) Longidorus athesinus
(AM911623) Longidorus kuiperi
(AM911624) Longidorus kuiperi
og[ (AY593056) Longidorus dunensis
(AY593057) Longidorus dunensis
(AY601572) Longidorus attenuatus
— (AY601576) Longidorus breviannulatus
(AJ437027) Xiphinema diversicaudatum

o

[

o

o

03
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Fig. 7. Bayesian tree inferred under the GTR + | + G model from 28S rDNA D2-D3 expansion domains of East Azarbaijan
province populations of four known species of the genus Longidorus. Probabilities of more than 50% are given for appropriate
clades. The new sequences obtained in the present study are shown in bold.
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