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Introduction

The genus Xiphinema Cobb, 1913 belongs to the family Longidoridae Thorne, 1935 and is a highly
diversified and widespread nematode taxon. Xiphinema non-americanum group comprises more than 208 known
species that damage a wide range of wild and cultivated plants. For pragmatic diagnostics, Xiphinema non-
americanum group has been divided into eight morphospecies groups (Loof & Luc, 1990). So far, 38 species of
the genus Xiphinema have been reported from Iran amongst them, 19 species have been reported from East
Aczarbaijan province (Pedram, 2007; Vazifeh, 2017; Naghavi, 2018; Jabbari et al., 2019). In a recent survey on
the genus Xiphinema in East Azarbaijan province, northwestern Iran, four known species were found from the
rhizosphere of several fruit trees. The identified species are presented in this study.

Materials and Methods

Around 200 soil samples were collected 50 cm from the rhizosphere of orchards in East Azarbaijan provinc
during the 2023-2024 spring season. Nematodes were extracted from 250 cm?® of soil. Specimens for light
microscopic studies were killed, fixed and transferred to dehydrated glycerin according to De Grisse's (1969)
method. The nematodes were examined by a light CX31 microscope equipped with a Dino-Eye Eyepiece
Camera, and photographs were taken by a DP50 digital camera system connected to the Olympus BX41
microscope. DNA of the nematodes were extracted from single individuals, and PCR assays were conducted as
described by Archidona-Yuste et al. (2016). The LSU rDNA D2-D3 segments were amplified using the forward
primer D2A and reverse primer D3B. The ITS1 region was amplified with the forward primer 18S and reverse
primer rDNA1.58S in accordance with Archidona-Yuste et al. (2016). PCR products were purified and
sequenced and the recently obtained sequences were deposited in GenBank database under accession numbers
MK957241, MK957235, MK957238, MK909918 (X. aceri), MK957234, MK957239, MK909917 (X.
vuittenezi), MK957233, MK957236 and MK920408 (X. index) and MK957243 (X. castilloi). For phylogenetic
relationship reconstruction, LSU rDNA D2-D3and ITS1 sequences from GenBank and newly obtained
sequences were aligned using MEGAG. Phylogenetic analysis was performed based on Bayesian inference using
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MrBayes 3.1.2. The best-fitted model of DNA evolution was obtained using the MrModel test 2.3. The resulting
trees were visualized using FigTree v1.4.3.

Results and Discussion

As a result of this study, four known species of the genus Xiphinema (Xiphinema aceri, X. castilloi, X.
index and X. vuittenezi) were identified. Morphological and morphometric characters of X. aceri in this study
were in agreement with those of the type and previously reported Iranian population of the species. Three
sequences (MK957241, MK957238 and MK957235) of LSU rDNA D2-D3 gene and one sequence (MK909918)
of the ITS region were obtained from the three different populations of X. aceri. In pairwise distance analysis,
the three sequences showed 100% identity. In general, the morphology of X. castilloi, in the present study, is
similar to that of the type population except in having slightly longer spicules (62.5-65.5 vs 48-60 um), rather
longer odontostyle in first stage juveniles (58-59.5 vs 53 um), guiding ring distance from anterior end in first and
second stage juveniles (51-53 vs 45 pum) and (64.5-59 vs 57-55 um), respectively. Molecular analyses also
confirmed the species identity. Morphological and morphometric characters of the Iranian populations of X.
index agree with those of the original description and other descriptions of the species. The presence of
sperm in the reproductive tract of some females of X. index in this study proves that males are
functional and that copulation can occur. Xiphinema vuittenezi has scattered crystalloids in the uterus, which

are sometimes hardly visible in mounted specimens in glycerin. Two sequences (MK957239, MK957234) of
LSU rDNA D2-D3 expansion segments were obtained from two females of this species. These sequences had
99% identity.

Conclusion

In this study, four species, X. aceri, X. castilloi, X. index, and X. vuittenezi, were identified based on their
morphometric, morphological, and molecular characteristics. Among these species, X. index was the most
dominant. The presence of sperm in the genital tract of female X. index specimens suggests that sexual
reproduction may occur in this species.
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Table 1- Morphometric data of three populations of Xiphinema aceri Chizhov, Tiev & Turkina, 1986 from East Azarbaijan
province: All measurements are in pm (except L in mm) and in the form mean + SD (range)

Populations Sardrud Shellalu Kordlar
Characters J1 J2 J3 J4 Females Females Females
n 1 3 3 4 6 3 3
. 09 L (1.6-1.8) (2.6-2.9) (3.2-3.9) (3.3-3.6) (3.3-3.4)
: : 1.7+001 2.7+0.01 3.4+02 34401 3.3+0.04
. 515  (650585) (53.5-63.0) (69-76) (60-79) (65.5-78.0) (62-64)
: 570+ 1.1 59.0+1.8 723+05 67.3+2.2 71.7+5.6 626+ 1.1
b 26 (4.0-4.5) (3.0-4.5) (6.0-6.5) (6.5-7.5) (8-9) (8.0-8.5)
: 42+0.1 42+10 6.2+0.8 72401 84+05 8.1+0.3
. 195 26.0 (34.5-37.5) (61.5-75.0) (91-102) (78-101) (87-88)
: : 36.0+0.4 69.0+1.8 932423 92.0+12 875+0.4
, (1.2-1.3) 0.9-1.1 0.94-1.2
¢ 3.7 3.0 2.0 1.25 +0.01 1.0 %001 1.0+013 1.0
v ] ] ) ] (47-50) (47-58) (48-55)
49.0+0.1 523+55 50.3+35
(86.0-87.5) (103-123) (117.0-134.5) (125-128) (128-129)
Odontostyle 525 65.5 87.0 +0.05 113.0+33 1285+1.2 1260+ 17 128.5+0.9
(54.5-57.5) (62.5-67.0) (70.5-74.0) (70-75) (70.5-75.0)
Odontophore 36.0 41.0 56.0+15 64.0+0.2 73.0+0.6 717428 734427
Replacement 65.0 (92.0-92.5) (110-114) (125-133) ) ) )
odontostyle ' 922+0.1 1125+1.2 1295+1.2
Oral aperture to guiding 435 (56-57) (74.5-75.0) (90.5-98.5) (114-128) (93-114) (114-118)
ring : 56.5+0.1 74.8 +0.05 955+ 0.8 1202 +1.7 104.0+105 117.0+27
Neck length 250 (281-303) (353-390) (425-478) (444.5-635.0) (381-422) (391-425)
292.0 +35 377.0+38 447.0 +10.7 486.6 + 20.9 408.3 + 23.6 4125 +18.7
. (20.5-22.0) (25.0-29.5) (36.0-37.5) (42.5-46.0) (43.5-47.0) (46.5-50.0)
Body diam. at neck base  16.5 212405 275+0.1 37.0+0.06 447 +05 450+ 15 48.9+0.9
. . (21.0-22.5) (28-31) (36.0-40.5) (49.0-56.5) (47.0-51.5) (53-55)
Body diam. atmide body  17.0 %15, o5 206+0.1 385+0.3 51.8+0.7 486 +25 54.0+0.9
. 15.5 (22.5-23.5) (31-33) (34.5-37.5) (35-36) (35-37)
Body diam. at anus 125 23.0 +0.05 31.6+0.1 36.0+1.2 353+ 0.57 36.5+0.3
. (45.5-47.0) (48-50) (39-44) (33-39) (33.0-43.5) (38-39)
Tail length 41.0 46.2+0.2 485+0.1 406 +2.8 375+15 37.8+5.3 385+05
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Figure 1- Light microscope images of the Shellalu population of the species Xiphinema aceri Chizhov, Tiev & Turkina, 1986
from East Azarbaijan province
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A: female entire body, B: anterior body region, C: expanded part of pharynx, D: cardia, E: vagina and vulva, F: uterine differentiation
spines (crystalloids), G: anterior genital branch, H: female tail, I-L: tail of juveniles from J1-J4, respectively. Scale bars: B-L: 10 um,
A: 100 pm.
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Figure 2- Bayesian tree reconstructed under the GTR+1+G model from LSU rDNA D2-D3 expansion domains of four known

species of the genus Xiphinema recovered herein. Posterior probabilities more than 50% are given for appropriate clades.
The new sequences obtained in the present study are shown in bold
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Figure 3- Bayesian tree inferred under the GTR+I+G model from ITS1 sequences of three known species of the genus

Xiphinema recovered herein. Posterior probabilities more than 50% are given for appropriate clades. The new sequences
obtained in the present study are shown in bold
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Table 2- Morphometric data of Xiphinema castilloi Roshan-Bakhsh Pourjam, Pedram, Robbins & Decraemer, 2014 from
East Azarbaijan province: All measurements are in pm (except L in mm) and in the form mean + SD (range)

Characters J1 J2 J3 Ja Females Males
n 3 3 3 6 4 4
. (1.1-1.2) (1.5-1.7) (2.1-2.3) (3.1-3.4) (4.0-4.8) (4.3-4.6)
1.1+0.07 16+0.1 22+0.06 3.3+0.01 4.4 +0.05 4.5+0.04
. (52.0-605)  (635-65.0)  (74.5-79.5) (67.5-80.5) (84.0-86.5) (90-100)
57.5+0.6 64.2+0.2 77.0+1.1 740+13 854 +0.5 933427
b (3.0-4.5) (2.5-3.5) (5.5-6.0) (7.0-7.5) (7.5-8.5) (8.5-9.5)
38+0.4 31+0.1 58+0.1 7+0.1 8.0+0.1 8.8+0.1
. (235-245)  (31.5-33.5) (46-51) (62.0-78.5) (84.0-111.5) (91.5-97.5)
237+008  32.6+02 480+18 71+1.8 96.9+2.8 94.8+0.2
¢ (3.0-3.5) (2.5-2.6) (1.5-2.0) (1.1-1.6) Lo (1.1-1.2)
32+0.1 25+0.1 1.72+0.01 13+01 : 1.13+0.05
(46-51)
v . ) ) . 482 +20 )
Odontostyle (58.0-59.5)  (645-70.0)  (86.0-90.5) (101.5-112.5)  (120.5-154.0) (126-134)
58.8+0.1 67.0+3.0 88.5+0.5 1095+ 2.7 1325+6.2 1300+ 1.9
Odontophore (39.0-42.5)  (45.5-47.0) (53-58) (62.5-68.5) (70.5-78.0) (73.5-78.0)
40.5 +0.2 46.0+1.0 55.5+0.2 65.0 + 0.1 742+0.2 74.5+0.3
Replacement (71-75) (84.5-85.5)  (106.5-111.0)  (126.0-137.5)
odontostyle 725+2.0 85.0+0.5 109.0 £ 0.5 131.5+0.3 i -
Oral aperture to guiding ring (51-53) (59.5-645)  (79.5-84.5) (86-110) (119-122) (122-131)
520+ 1.0 62.0 +0.9 822+12 102.0 3.7 120.7+05 1250+23
Neck length (200-272) (317-322)  (365.5-394.0)  (443.5-468.5) (480-666) (500-524)
247 + 20 320+ 1.2 378+45 4580+ 15 547 + 50 510 +5.3
. (20-21) (24.5-25.0) (37.5-43.0) (37.5-44.0) (39-43)
Body diam. at neck base 205+001  247+0.1 28 39.5+0.5 40.6 + 1.6 408 +2.0
. . (20.0-22.5)  (24.5-27.0) (28-31) (36-500) (46.5-56.5) (46.5-50.0)
Body diam. at mid body 205+05 257408 290+0.7 445+25 51.5+1.3 485+15
. (14.5-15.5) (19-20) (25.0-26.5) (33.0-40.5) (35-47) (37.5-40.0)
Body diam. at anus 15.0 +0.1 19.5+0.2 255+ 0.1 36.0+15 423+25 38.8+0.2
Tail length (49-51) (50.0-50.5) (44-50) (44-50) (36.5-47.0) (45.0-51.5)
50.0 + 1.0 50.2+0.2 47.0+0.8 46.0+0.7 430+ 1.6 477412
. (62.5-65.5)
Spicules - - - - -

63.7+0.6
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Figure 4- Light microscope images of the llkhchi population of the species Xiphinema castilloi Roshan-Bakhsh, Pourjam,
Pedram, Robbins & Decraemer, 2014 from East Azarbaijan province
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A: female anterior body region; B: expanded part of pharynx, C: cardia, D: vagina and vulva, E: accumulation of sperm in female

genital branch, F: pseudo-Z-organs; G: male posterior body region, H: female posterior body region, I-L: tail of juveniles from J1-J4,
respectively. Scale bars: A-L: 10 pm,
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Table 3- Morphometric data for populations of Shellalu and Sardrud, respectively, for Xiphinema index Thorne & Allen,
1950 and Xiphinema vuittenezi Luc, Lima, Weischer & Flegg, 1964, 1964 from East Azarbaijan province. All measurements

are in pm (except L in mm) and in the form mean + SD

Xiphinema index Xiphinema vuittenezi
Characters Female Male Female Male
n==6 n=6 n==6 n=3
L 2.8-3.1 2.8-3 3.0-3.6 3.1-29
3+0.01 2.9+ 0.05 3.3£0.2 3.1+£0.1
a 56.5-62.0 55.5-60.0  51.5-56.0 55-50
59.5+0.2 574+03 533£12 52+0.2
b 6.5-7.0 6.0-8.5 6.5-7.5 7.0-6.5
6.7+0.1 7.7+0.3 6.9+0.4 6.7+0.1
o 74-98 63.5-73.0 745-100.0 84.0-78.5
84.8+1.6 67123 83+25 80.5+0.5
¢ 0.9-1.0 0.9-1.0 0.8-1.0 0.7-1.0
0.95+ 0.01 09+£001 09+002 08+01
Y 38-42 ~ 46-49 ~
38.4+0.1 475+0.1
120-132 121-134 112-130 118-125
Odontostyle
126.8+0.2 1285+24 1215+16 120+£28
72-84 60-72 75-78 74 -76
Odontophore
746+24 68+2.8 76.5+0.8 75+1.3
S 115-134 100-115 115-122 113 -117
Guiding ring from ant. end
1255+1.6 109+29 118+ 1.7 115+1.2
444-476 349-462 456-507 420-460
Neck length
456+ 2.2 391 +£22 475+21 440+ 156
. 112-125 109-117 112-131 110-122
Pharyngeal expansion
117.7+1.8 1135+0.7 123+2.6 118+ 2.1
. 37.2-47 45-47 50-59 45-51
Body diam. at neck base
43.7+1.8 46.7 £0.01 55+1.3 48+2.6
. . 47.0-56.5 45.5-54.5 59.0-65.5 57-59
Body diam.at mid body
52+1.2 52+0.8 615+1.2 58 £1.2
. 34.5-39.0 43-44 39.0-42.5 35-37
Body diam.at anus
37.2+2 435+0.6 41+0.2 36.0+0.4
. 31.5-39.0 41-47.5 34-42 36-38
Tail length
36.5+1.8 435+13 395+09 37.3+0.2
. 62.5-67.0 56-59
Spicules - -

65+0.6 57+1.1
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Figure 5- Light microscope images of the Shellalu population of the species Xiphinema index Thorne & Allen, 1950 from East
Azarbaijan province
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A & B: female anterior body region, C: expanded part of pharynx, D: cardia, E: vagina and sperm accumulation in ovejector, F:
female anterior genital branch, G-I: accumulation of sperm in female genital branch, J & K: posterior body region, L: female entire
body. Scale bars: A-K: 10 pm, L: 100 pm.
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Figure 6- Light microscope images of the Shellalu population of East Azarbaijan province of the species Xiphinema index
Thorne & Allen, 1950
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A: male entire body, B-D: spicules and male posterior body region, E: accumulation of sperm in male genital branch. Scale bars: B-
E: 10 um, A: 100 pm.
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Figure 7- Light microscope images of the Sardrud population of East Azarbaijan province population of the species
Xiphinema vuittenezi Luc, Lima, Weischer & Flegg, 1964
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A: female anterior body region, B: expanded part of pharynx, C: cardia, D: vagina and vulva, E: female genital branches, F:
crystalloids at beginning of genital branches, G & H: crystalloids in tubular part of uterus, I-K: female posterior end, L:
spicule, M: Male supplements, N: female entire body, O: male entire body. Scale bars: A-D, F-H and J-M: 10 um, E, I, N
and O: 100 pm.
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