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Summary. Four species of plant parasitic and plant-associated nematodes were recovered from soil
samples collected from Southern Khorasan province, eastern Iran. These species were characterised using
both morphological and molecular approaches. The first species, Xiphinema persicum, has a wide
distribution in Southern Khorasan province, and was recovered from different localities in association
with barberry plants showing growth reduction, discoloration and general weakness syndrome with a
relatively high population density. Newly recovered populations of this species were characterised by
female body length 2036.0-3074.5 um long having offset lip region, odontostyle 80.0-95.8 pm long,
odontophore 38.5-49.5 um long, and conical tail with a wide, less differentiated bulge at tip. The present
results showed this species could be regarded as a potential pest in eastern Iran. The second species
belonged to X. babaii, and had female body length of 2032-2224 pm, having offset lip region, odontostyle
83-88 pm long, odontophore 45-50 pm long, and conical tail 23.5-32.0 um long. Its occurrence in eastern
Iran is a new record, extending its geographical distribution area outside western Iran. The recovered
population of this species was in morphological and morphometric agreement with the type population.
The third species, Aphelenchoides smolae, was recovered from two localities and its importance as a
potential threat to saffron production was discussed. The Iranian populations of this species were
characterised by female body 503-895 pm long, stylet 11.0-13.8 um long with small basal swellings,
postvulval uterine sac relatively long, tail conical with a mucro having warty surface and spicules 22.5-
28.7 um long in median line, and had no remarkable differences compared to the type population. It was
associated with saffron corms and is reported from Iran for the first time. The last species belongs to
Ditylenchus persicus. The Southern Khorasan population of this species was characterised by its female
body 622-770 um long having continuous lip region, thin stylet 7.0-8.5 um long, median bulb present,
terminal bulb pyriform having short overlap with intestine, postvulval uterine sac 24-30 um long and
conical tail with rounded or dull end. It is in morphological and morphometric agreement with the type
population and has recovered from the rhizosphere of saffron. The observed difference in the status of
pharyngeal bulb of this population in comparison with the type population is discussed. The phylogenetic
analyses of the recovered species were performed using D2-D3 sequences of 28S rDNA and the resulted
topologies were discussed.

Key words: Aphelenchoides smolae, D2-D3, Ditylenchus persicus, new record, taxonomy, Xiphinema
persicum, X. babaii.

Nematodes of the family Longidoridae Thorne,
1935 are ectoparasites of higher plants and besides
direct damage, could transmit some species of plant
pathogenic viruses and/or retain them in the field
(Taylor & Brown, 1997; Decraemer & Robbins,
2007; Cai et al., 2020a). During the last five years,
several species of the family have been reported or

described from Iran (Gharibzadeh et al, 2018;
Mobasseri et al., 2019, 2022; Bakhshi Amrei et al.,
2020, 2022; Jahanshahi Afshar et al., 2021; Asghari
et al., 2023; Naghavi et al., 2022; Pour Ehtesham et
al., 2023). In the last five years, the Xiphinema
americanum-group of genus Xiphinema Cobb, 1913
has been enriched by adding three species X
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primum Mobasseri et al, 2019; X persicum
Jahanshahi Afshar et al, 2021; and X. babaii
Naghavi et al., 2022, from Iran. Based on currently
available data, these three species have only been
reported from north and northwestern Iran.

The genus Ditylenchus Filipjev, 1936 has
enriched in the last five years by adding the species

D. azarbaijanensis Khakbaz et al, 2021; D.
acantholimonis  Aliverdi et al, 2022; D.
paraoncogenus Hashemi et al, 2022 and D.

pedrami Azimi & Abdolkhani, 2022 originally
described from Iran. Again, there are no data on the
occurrence of these species in other localities except
their type locality.

In the last five years, several species of the genus
Aphelenchoides Fischer, 1894 have been added to
the genus: A. giblindavisi Aliramaji et al., 2018; A.
primadentus Mobasseri et al, 2018, A. kheirii
Golhasan et al., 2018, A. tabarestanensis Golhasan
et al, 2019; A. hamospiculatus Mortazavi &
Pedram, 2020 and 4. persicus Aliramaji et al., 2023.
During the last decade, few studies have focused on
identification of plant parasitic and plant associated
nematodes in eastern Iran. FEktaphelenchus
berbericus Alvani et al., 2016 and Basiria
birjandiensis Alvani et al, 2016 are species that
have been originally described from the region.

The Southern Khorasan and Razavi Khorasan
provinces are located in eastern Iran. These regions
have different climates, yielding on cultivation of
various agricultural and horticultural crops. The
most important agricultural products in this area
include saffron, barberry, jujube, and pistachio.
Recently, a project was carried out to identify
nematodes associated with bulbous and other
cultivated plants in these areas, and as the result,
some species of plant parasitic and plant associated

nematodes were recovered. Thus, the aims of
present study are to characterise four recently
recovered nematode species from these areas using
both traditional and molecular tools.

MATERIALS AND METHODS

Nematode samples. Several soil samples were
collected from the saffron, garlic, narcissus,
barberry, walnut and pistachio fields of two
Southern and Razavi Khorasan provinces. The
studied nematode populations were recovered from
10 soil samples with the information of the
associated plants and GPS information presented in
Table 1. Soil samples were transferred to the
nematology laboratory of Ferdowsi University, and
stored in cool condition until used to extract the
nematode specimens. Nematodes were extracted
using centrifuge (Jenkins, 1964) and tray
(Whitehead & Hemming, 1965) methods. The long-
body sized species e.g. longidorids were directly
extracted using two 20 and 60 mesh (US standard
mesh numbers, equal to 850 and 250 pum sized
openings, respectively) sieves. The extracted
specimens were transferred into the dry glycerin (De
Grisse, 1969) and permanent slides were prepared
for morphological study.

DNA extraction, PCR and sequencing. In order
to extract genomic DNA, a single female nematode
of each of the recovered populations was transferred
to a drop of distilled water by a sterilised needle.
After studying of the specimen under temporary
slide, it was transferred to a small drop of TE buffer
(10 mM Tris-Cl, 0.5 mM EDTA; pH 9.0) on a clean
glass slide and crushed using a clean cover slip and
a plastic pipette tip. The suspension was collected
by adding 20 pl TE buffer. Two DNA samples for

Table 1. Species names, locality, associated plants, GPS data and isolate code of studied taxa in present study.

No Species Locality Isolate code Associated plant GPS coordinates
1 | Xiphinema persicum Khezri PLI1 Pistachio 34°0.894' N, 58°49.615'E

2 | X persicum Qaen PL83 Pistachio 33°52.4741'N, 59°11.6569'E
3 | X persicum Sarayan PL117 Pistachio 33°54.348' N, 57°28.005" E

4 | X persicum Sarayan PL121 Saffron 33°52.294'N, 58°25.415'E

5 | X persicum Darmian X27 Barberry 32°55.965' N, 59°55.240" E

6 | X persicum Birjand X19 Walnut 32°47.3841"' N, 59°15.9201'E
7 | X babaii Birjand X17 Walnut 32°49.7641' N, 59°09.1287" E
8 | Aphelenchoides smolae Sarayan SS66 Saffron 33°41.169' N, 58°22.671' E

9 | A. smolae Ferdous SS41 Saffron 34°13.931'N, 58°6.663' E

10 | Ditylenchus persicus Birjand X16 Saffron 32°46.4415' N, 59°18.6771' E
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each of the species Aphelenchoides smolae Cai et
al., 2020 and Xiphinema babaii, four DNA samples
for X persicun and one DNA sample for
Ditylenchus persicus Esmaeili et al., 2017 were
prepared in this way. The DNA samples were stored
at —20°C until PCR. The primers for amplification
of D2-D3 of 28S rDNA were forward D2A (5'-
ACA AGT ACC GTG AGG GAA AGT - 3") and
reverse D3B (5'-TCG GAA GGA ACC AGC TAC
TA - 3") (Nunn, 1992). The PCR reaction to amplify
this genomic locus was performed with the
following cycles: one cycle of 94°C for 5 min,
followed by 35 cycles of 94°C for 30s, annealing
temperature of 52°C for 1 min, 72°C for 1 min, and
finally one cycle of 72°C for 10 min. The
successfully amplified fragments were sequenced
using the primers used for PCR and deposited into
the GenBank database under the accession numbers
presented in the trees.

Phylogenetic analyses. The newly generated
sequences for four aforementioned species were
checked/trimmed using Chromas (http://www.
technelysium.com.au/chromas.html). The edited
sequences were compared with other relevant
sequences available in GenBank database using the
BLAST homology search program (http://blast.ncbi.
nlm.nih.gov/Blast.cgi). Several sequences with
different degree of identity values were downloaded
for phylogenetic analyses of each species. Three
datasets were prepared for phylogeny of each genus
and the newly generated sequences as well as
outgroup sequences (according to previously
published data) were included. The LSU datasets
including Aphelenchoidea Fuchs, 1937 and
Anguinidae Nicoll, 1935 sequences were aligned
using Clustal X2 (http://www.clustal.org/) and
manually edited using MEGA7 (Kumar et al,
2016). The LSU dataset of Xiphinema americanum-
group spp. was aligned using the online version of
MAFFT version 7 (http://mafft.cbrc.jp/alignment/
server/)(Katoh & Standley, 2013). The Gblocks
program (http://phylogeny.lirmm.fr/phylo_cgi/ one
task.cgi?task type=gblocks) with all three less
stringent parameters was used for post-editing of
this alignment, i.e., to eliminate poorly aligned
regions or divergent positions. The best substitution
model for datasets was selected using the Akaike
information criterion (AIC) by using
PAUP*/MrModeltest v2.2 (Nylander, 2004). The
Akaike-supported model, a general time reversible
model, including a gamma distribution for rates
across sites and a proportion of invariant sites (GTR
+ G + I) was used in LSU phylogeny of three
datasets. The Bayesian analysis was done using
MrBayes v3.1.2 (Ronquist & Huelsenbeck, 2003)

and a random starting tree, running the chains for 2
x 10° generations for two Aphelenchoidea and
Anguinidae datasets and 3 x 10° generations for the
third dataset. After discarding burnin samples, the
remaining samples were maintained for further
analyses. The Markov chain Monte Carlo (MCMC)
method within a Bayesian framework was applied to
compute the posterior probabilities of the
phylogenetic tree (Larget & Simon, 1999) using the
50% majority rule. The phylogenetic trees were
visualised using Dendroscope v.3.2.8 (Huson &
Scornavacca, 2012) and were digitally drawn in
Corel DRAW software version 17.

RESULTS

Xiphinema persicum Jahanshahi Afshar,
Pedram & Mobasseri, 2021
(Fig. 1 A-D)

Measurements. See Table 2.

Female. Body long, slender, C- or open G-shape
after killing by heat. Cephalic region separated from
the rest of the body by a sharp constriction.
Amphidial fovea stirrup-like, its slit wide.
Odontostyle 1.7 to 2.0 times longer than
odontophore, the latter with moderately developed
flanges. The guiding ring double, the fixed ring
66.5-85.0 um distant from the anterior body end.
Pharyngeal bulb about 3.5 times corresponding
body diameter long with three nuclei, the dorsal
nucleus (DN) larger, at 17.0-19.5% of bulb length
and two ventrosublateral nuclei (SIN) at 51-59.5%
of the bulb, cardia semicircular, intestine simple and
prerectum hard to observe. Reproductive system
didelphic-amphidelphic, both branches about
equally developed, ovaries reflexed and contain
symbiont bacteria, pars dilatata oviductus poorly
developed, uteri short, vagina 16.0 to 17.5 um long
with a chamber-like structure in most specimens,
pars proximalis vaginae 8.0 to 9.5 pm high and 10.0
to 12.5 pm wide and vulva a transverse slit. Tail
conical, its dorsal side convex and ventral side
straight to slightly concave, tip of the tail rounded,
appearing as a wide bulge.

Male. Not found.

Juveniles. Not found.

Remarks. This species was described by
Jahanshahi Afshar ef al. (2021) from Semnan
province in association with cypress and pistachio
trees. The morphological and morphometric
characters of the Southern Khorasan populations fit
well with those given for the type and second
population of the species reported in the description.
During the present study, it was recovered from six
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Fig. 1. Light microphotographs of Southern Khorasan population of Xiphinema persicum and X. babaii (female). A-
D: X persicum; E-G: X. babaii; A & E: Anterior body region; B & F: Vulval region; C, D & G: Tail (Scale bar =10

um).

localities in both provinces in association with
different plants (Table 1). The species is more
prevalent in barberry fields, and most shrubs in
infested fields showed general weakness, chlorosis,
leaf fall, white fruits, fruit drop and in some cases,
slow decay. This species could be a potential threat
to barberry production in this region, and this is an
open field for future researches.

Xiphinema babaii Naghavi, Niknam &
Vazifeh, 2022
(Fig. 1 E-G)

Measurements. See Table 3.

Female. Medium-sized, C- to open G-shaped
after heat killing. Lip region relatively flattened at
frontal end, separated from the rest body by a
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Table 3. Morphometrics of Xiphinema babaii females recovered from the rhizosphere of walnut from Southern
Khorasan province and data of the type population. All measurements are in pum and in the form: mean + S.D. (range).

Population Type population
Character ’ Southern Khorasan (Nagll:avlz elt) al., 2022)
n 10 6
L 2166 £ 69.3 (2032-2224) 2100 + 100 (2000-2100)
a 63.5+8.6 (45.6-71.2) 60.6 + 0.2 (56-64)
b 7.1£0.8 (6.2-8.1) 7.1£0.2 (6.2-8.7)
c 73 + 6 (64.9-85.7) 62.6 + 0.4 (61-65)
c’ 1.5+0.2 (1.1-1.7) 1.7+0.1 (1.6-1.8)
\Y 55.4+£1.7(52.1-57.7) 53.4+0.3 (52-54)
Lip region height 4.3+0.3 (3.94.7) -
Lip region width 9.5+0.4 (8.9-10.3) 9.3+0.1 (8.7-10.0)
Odontostyle 85.0 = 1.5 (83-88) 84.3 + (.8 (82.5-88.0)
Odontophore 48.0 + 1.5 (45-50) 49.0 £ 0.1 (50.0-55.5)

Total stylet

133 +£2(129.7-135.1)

134.8 + 1.5 (133-137)

Guiding ring from anterior end

73.0 +2.3 (68.8-76.3)

73.7 +0.5(70-78)

Pharynx

308.0 +£30.8 (264.5-349.7)

308.7 £ 16.5 (281-342)

Anterior end to vulva

1199.4 + 38.8 (1148.5-1273.3)

Body width at mid. body

34.9 £6.0 (28.9-48.3)

34.6+0.5 (31.5-37.0)

Body width at anus

203 +3.7 (17.9-29.4)

20.6 + 1.3 (20-25)

Body width at base of pharynx

25.9 + 1.2 (24.1-26.9)

29.7+ 1.3 (27-32)

Rectum

21.0+3.2(16.9-23.9)

Tail

29.9 +2.7 (23.5-32.0)

43.2+0.1 (42.0-43.5)

Hyaline region of tail

9.0 0.3 (8.3-9.4)

constriction. ~ Amphidial fovea  cup-shaped.
Odontostyle 1.7 times longer than odontophore,
guiding sheath 5-6 pum long depending on the
resting status of odontostyle. Pharyngeal bulb three
times of corresponding body width, occupying
about 24% of the pharynx with three nuclei, the
larger dorsal nucleus (DN) at 9.5 to 12.0% and two
smaller ventrosublateral nuclei (S1N) at 59.5 to 62%
of the bulb, cardia 2.5%7.4-6.4x11.6 um in size,
prerectum about 6-11 times, and rectum about 1.03-
1.5 times anal body width long. Reproductive
system  didelphic-amphidelphic, each branch
composed of a reflexed ovary containing
endosymbiont bacteria, less developed oviductus,
sphincter, short uterus, ovejector, vagina about 17
pm long and vulva a transverse slit. Tail conical,
dorsally convex, ventrally straight to slightly
concave, its tip rounded or sometimes with a less
developed mucro-like differentiation with rounded
tip.
Male. Not found.

Juveniles. Not found.

Remarks. Xiphinema babaii was isolated and
described from the rhizosphere of rose in Eastern
Azerbaijan province of Iran (Naghavi et al., 2022).
It is only currently known from the type locality.
Present data extends the geographical distribution of
the species into eastern Iran. For the associated plant
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and GPS data of occurring point, see Table 1. The
Southern Khorasan population of the species had
greater ¢ (64.9-85.7 vs 61-65) and shorter tail (23.5-
32.0 vs 42-45 pm) while comparing with the type
population. The new range in tail length of this
species is herein reported.

Aphelenchoides smolae Cai, Gu, Wang, Fang
& Li, 2020

(Fig. 2)

Measurements. See Table 4.

Female. Body slender, slightly tapering towards
both extremities, more so towards distal end by
having a uniformly narrowing tail, slightly ventrally
arcuate after heat-killing. Lip region separated from
the rest body by a depression. Cuticle annuli fine,
lateral fields with four longitudinal incisures. Stylet
fine, its conus about 47% of the total length.
Procorpus cylindrical, median bulb well-developed,
spherical to slightly oval with developed valve
plates, the pharyngeal junction with intestine
immediately after the median bulb, the dorsal
pharyngeal gland’s lobe three to four times body
width long, overlapping intestine dorsally, intestine
simple, rectum and anus functional. Nerve ring
encircling anterior end of intestine and pharyngeal
glands. Secretory-excretory pore posterior to
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Fig. 2. Light microphotographs of Southern Khorasan population of Aphelenchoides smolae. (A, B, D, E, female; C,
F: male). A: Anterior body region; B: Part of pharynx showing metacorpus; C & D: Tail (indication shows tail tip); E:
Postvulval uterine sac; F: Spicules (Scale bar =10 pm).

55



M. Behdani et al.

(L'LTE€YD 0T F09C

(€'LT-STD I'TFSHT

(L'8T-1'€0) €TF6'ST

(oxe) sonordg

(SS-+¥) L'TF 0°0S

(8S-SH) SEF OIS

8¥r-T€E) 67 F 1°0¥

(I'6v-TTE) 89 F6'CTh

(96-6€) L'LF S'SY

(I'SS-S'19) 8 FO'LY

)3ue e,

(#'79-L5€) 6'S F8°0S

(0°€9-€LE) FTTFEOF

(0°69-0'60) 0°'TT F6'¢Y

(%) Qouersip
snue 0} BA[NA/SNd

BY-TOLOFSE

v LoFEE

Wp1a Apoq [eAnA/SNd

(SE1-¥L) 81 F #01

(901-8'65) 6'81 F0°¢8

(L'L6-S°6S) L'TI F89L

(snd)
aes QGCOHS ~.®>~5>Hm0n~

(F'LT-8°ST) 90 F L'9T

(89T-6'TD €TF I't1

(I'8T-L'€D) 0°TF I°ST

(LST-96) vTF Tl

(I'8T-TED €TF ST

(EYI-STD TTFOET

Wpim Apoq [euy

(092-TSD TYFL0T

(L2000 ¥'TF9°ET

Wpim Apoq [eA[nA

(TST-$81) 0'EFS'IT

(F'82T-€91) 9¥ F €TC

(TST- 18D 6TF 1T

(+'0€-8°00) €€ F8'+C

wpim Apog

(8L-89)€0FEL

F6TLSOFLL

(I'L-$9) €0F89

OLTDTOFYL

(0L-S9DE0FLY

ELELEOFSL

ypim uordar dirp

(6¢-80TOFEE

OeTeToFEE

O¢6DE0FTE

OereToFEE

(T T0FTE

(6e€eE0FSE

Jy31oy uordax dig

(TTTTH'0ST) €TTF6'SLT

Q0UR)SIP SNUE 0) BA[NA

(P'S¥8-9'LSS) 18 F ¥89

Snue 0} pud IOLAUY

(09-55€) TO0T F S'SLY

(T°€29-T'LOY) 09 F SOS

BAINA 0} PUD JOLIOIUY

(S01-06) ¥+ F0°L6

(0T1-88) L'9F 096

(L'T6-6'€L) '8 F L08

(€96-€L9) T'TT F1'S8

(L'T66'€L) 98 F 68

(I'T01-L'8L) L'9F T'88

210d A103010X9-A1030109G

(L9T-€+1) 90 F 8°ST

($'12-0°ST) €TF991

(STI-TTD TOF €T

(0 €T-6' 1D ¥OF Tl

(COT-T'ED I'TFOST

WP qInq UBIPIN

(66-5°L8) STF 006

(T16-8'88) 60 F €06

(0°001-S'L8) TYFI'T6

(L'68-+¥8) L'TFL'88

qdN

0%9-1°2S) €S F9°6S

(#'$9-€°6S) €¥F6'79

(€L TIS) TLFLIY

(T9L-8€9) THF 1'69

qInq ueIpa

(€TL-T'LS) S9F €99

(TEL-L'09) I'S F L'69

(L'€L-T9S) 99 F 8°L9

(L'S8-TIL) ST FI'8L

xukreyd

(LLy€sh) €TFE9¥

(TEr€69) ITFTTY

(Torvsh) ITF LY

(ELy-6Th) €TF IS

(39143s €30}
J0 ju9010d se snuod) w

- - (T9-89)TOF19 LsLProFTs (6L6S)F0FE9 #9969 T0F19 snuo)
OvI-+TD FOFTEl (6¥I1-0€D SOFIEI (L'ET-€TD 90F0°El (SE1-0'TD 60 F €T (TYI-vTD 90F €€l (8€CI-CED TOFSEI EIININ
(Feo-1+S) 8TFT8S | (6ELFLY) VT FEEC9 Fv9-619) 'l FT€9 (9°0L-L'89) 8'0 F €69 (L'S9-0S) TYF1'19 (0°0L-009) L0 F 069 L/A

Fe90T0F6T (I+1reeoFLe (€e€DSOFLT LereToFse 9¢€DroFOE Lr1es0F9€ 0
(9 81-+vD I'TFTI9I (CIT-LYD ¥ T1F091 (€61-8TD €EFESI (6LI-9YD €TF6ST (+'91-6'01) 8'TF8°€I (T8I-TYD €TF9°SI el
QST VOFLY 8T roF6y ST 10Fvy ErEr) E0F9Y S0 ToOFrY OSTHSOFFY q
(011-T6) SOF 101 (L11-T6) LOF 01 (C6€8)S0FI6 (TTI-TR) LT F86 F11-8L) CTFT6 (FOo1-+'8) LOFt'6 q
(09€-009) S'TF8'1€ (8'Le-€8D TFIE (I'T€-TSD 0EF1'8¢C (€¥E-+'80) I'CF60€ (0°LE-0VD) LY F0'6C (6'€€-+'€D) I'EFL'8T e
(P+8-€89) €€+ F0°$8L | (T0O0T-TLI) ¥L F9T8 (0L9-82S) S9 F 209 (8L8-€05) L'6¥1 F €189 (0+8-505) 6T1 F LT9 (568-665) T'v8 F1'1€L 1
0T 0T 14 S L 6 u

SA[BIAl sa[ewd g (I¥SS) soreN (IpSS) sarewd g (99SS) sarelN (99SS) sarewd g nPeIRY)

(90707 “1v 12 1eD) uonemdod adA,

suonendod uesea0yd] wIdYINOS

uonpendog

‘(o8uer) "('S F UBSOW :WLIOJ 9Y) UI pue Wl Ul dJe sjuswaInseaw [y “uonendod
2d£3 a3 Jo eiEp pUE 9oUIA0Id UBSBIOYY] WISYINOS WOLJ UOIJeS JO 919YdSOZIyI 9y} WOIy POISA0IAI apjouLs saproyouajaydy Jo sotnawoydio f d[qel,

56



Nematodes from Southern Khorasan province, Iran

nerve ring. Genital system monodelphic-prodelphic,
consisting of outstretched ovary, in some specimens
reflexed at tip, tubular oviduct, rectangular
spermatheca full of spheroid sperm in some
specimens,  crustaformeria,  uterus, vagina,
transverse vulval slit and developed postvulval
uterine sac (PUS) 29-65% of vulva to anus distance,
usually full of sperm. Tail conical, dorsally slightly
more convex with a warty mucro at tip.

Male. Generally similar to female, except in
distal body region shape that is more ventrally bent
and genital system. Testis outstretched, the
spermatocytes organised in two rows. Spicules
paired, typical aphelenchoid, their condylus bluntly
rounded, rostrum small, tip of dorsal limb hook-like.
The caudal papillae three pairs. The precloacal
single papilla (P1) absent, the cloacal pair (P2) at
about the same level as cloacal opening, the second
pair (P3) posterior to mid-tail and the third pair (P4)
close to tail tip. Tail ventrally bent, conical, dorsally
more convex, with a sharp mucro.

Remarks. Aphelenchoides smolae was isolated
and described from medium soil of Lilium orientalis
bulbs imported from the Netherlands to China (Cai
et al., 2020b). The Iranian populations of the species
were prevalent in several saffron fields of Southern
and Razavi Khorasan provinces (See Table 1 for the
information of the associated plants and GPS of the
occurring points) and represent the first report of the
species from Iran. Iranian populations look very
similar to the type population in morphological and
morphometric characteristics. However, their PUS
is slightly shorter (59.5-106.0 vs 74-135 pm).

Ditylenchus persicus Esmaeili, Heydari,
Castillo & Palomares-Rius, 2017
(Fig. 3)

Measurements. See Table 5.

Female. Body cylindrical, gradually tapering
toward both ends, more so toward posterior end by
having elongate conical tail. Cuticle with fine
transverse annuli, lateral fields with six longitudinal
incisures. Lip region low, flat at frontal end, along
with the rest of the body. Stylet delicate, its conus
about 38% of the total length, knobs rounded.
Dorsal pharyngeal gland orifice close to knobs.
Procorpus slender, median bulb fusiform with small
valve, isthmus narrower than procorpus, basal
pharyngeal bulb shortly overlapping intestine,
sometimes appearing as a short ftriangle-like
structure projecting into intestine depending on
rotation of the bulb. Secretory-excretory pore at
level with the anterior end of pharyngeal bulb.

Reproductive system monodelphic, outstretched,
extended towards the front of the body, ovary
elongated and oocytes arranged in a single row,
oviduct tubular, spermatheca elongate-oval, 2.0-2.5
times corresponding body diameter long,
crustaformeria consists of four rows, each with four
cells, uterus thin-walled, vulva a transverse slit, PUS
0.6 to 1.7 body diameters at the vulva region long.
Tail elongate-conical, its distal end slightly bent
towards the ventral side, with rounded or dull tip.
Male. Similar to female in general morphology,
slightly shorter. Testis outstretched. Spermatocytes
arranged in a single row. Spicules tylenchoid,
gubernaculum 4-6 pm long. Bursa covering about
80% of the tail. Tail conical, with finely rounded tip.
Remarks. Ditylenchus persicus was originally
described in association with grape. A stem-like
extension projecting into the intestine was illustrated
for the species in its original description (Esmaeili et
al., 2017a). A closer study of the Figs 2F & G in the
original description and observation of the paratype
specimens at the Department of Plant Protection,
College of Agriculture and Natural Resources,
University of Tehran, revealed the so-called stem-
like extension is an artefact resulted from the
rotation of the pharyngeal bulb having a short
overlap over intestine. The information of
distribution region and associated plant of presently
studied population of the species are given in Table
1. The Southern Khorasan population is in
accordance with the type population in most
morphological traits, but, has a 24-30 pm long PUS
(vs 14-18 um) compared with the type population.
Molecular  analyses and  phylogenetic
relationships. The amplification of D2-D3
expansion segments of 28S rRNA gene and its
sequencing for four isolates of Xiphinema persicum
yielded four 653-750 nt long amplicons, which were
submitted in the GenBank with accession numbers
PP051275, PP051276, PP051277, PP051278. These
four sequences were identical while aligning. The
BLAST search using the longest sequence revealed
it has 99.86% identity with the D2-D3 sequence of
the type population of X. persicum (MTO073110).
Figure 4 shows the phylogenetic tree reconstructed
using the selected sequences of Xiphinema
americanum-group species. In this tree, the clade of
X, persicum, including the newly generated
sequences from Southern Khorasan and those of the
type population, have formed a maximally
supported sister clade with several sequences of X.
simile Lamberti, Choleva & Agostinelli, 1983. The
amplification of D2-D3 of 28S rDNA and its
sequencing for recovered population of X. babaii
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Fig. 3. Light microphotographs of Southern Khorasan population of Ditylenchus persicus. (A-D, female; E: male).
A: Anterior body region; B: Postvulval uterine sac; C: Short overlapping of pharyngeal bulb over intestine; D & E: Tail
(Scale bar =10 pum).
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0.94,KU250157 Xiphinema penevi
0.95[L JQ990031 Xiphinema incertum

KX244909 Xiphinema incertum
OR237448 Xiphinema pachtaicum

(o[ FHM921390 Xiphinema pachtaicum
JQ990033 Xiphinema pachtaicum
—KX062681 Xiphinema pachtaicum
JQ990036 Xiphinema parapachydermum
KP268969 Xiphinema parapachydermum
KP268955 Xiphinema astaregiense
KP268956 Xiphinema plesiopachtaicum
1.00%MK957226 Xiphinema babaii

0.85 KX263186 Xiphinema sp.
i PP051280 Xiphinema babaii X17
0.74 AY 601607 Xiphinema pachtaicum
K P268960 Xiphinema vallense
J1Q990032 Xiphinema duriense

PP051275 Xiphinema persicum PL83
PP051276 Xiphinema persicum PL121
T073111 Xiphinema persicum isolate 62
MTO073110 Xiphinema persicum isolate 46
PP051277 Xiphinema persicum X27
PP051278 Xiphinema persicum X19
JQ780370 Xiphinema simile
JQ780368 Xiphinema simile
JQ780369 Xiphinema simile
AY 601609 Xiphinema simile
KX263180 Xiphinema simile
0.54 1.00kNMK 957228 Xiphinema simile
MK957227 Xlghinema simile
ONS500623 Xiphinema simile
KJ802890 Xiphinema simile
L KJ802889 Xiphinema simile
AM490211 Xiphinema simile
AM490207 Xiphinema simile
AM490206 Xiphinema simile
AM490210 Xiphinema simile
AMA490208 Xiphinema simile
1.00 1.00 [KU250154 Xiphinema browni
: KU250153 Xiphinema browni
KU250156 Xiphinema parasimile
AY 601610 Xiphinema brevisicum
KP268966 Xiphinema madeirense
0.99~AY 601600 Xiphinema diffusum
1.00[LAY 580057 Xiphinema brevicolle
0.74] tHQ184473 Xiphinema brevicolle
0.83 [FHM163209 Xiphinema brevicolle
0.66 HM163210 Xiphinema inaequale
IN091972 Xiphinema himalayense
0.77)[L-MF372941 Xiphinema primum
MN306261 Xiphinema sp.
HM163211 Xiphinema lambertii
00,DQ299506 Xiphinema laevistriatum
0.98 0.B1DQ299505 Xiphinema laevistriatum
DQ299495 Xiphinema georgianum
1.00 DQ285668 Xiphinema citricolum
KU680974 Xiphinema americanum
_[DQ299507 Xiphinema floridae
DQ299511 Xiphinema tarjanense
-AY 601595 Xiphinema thornei
tAY 580056 Xiphinema americanum
-HM921358 Xiphinema rivesi
EF207243 Tylencholaimus teres

0.86

0.61

—_

0.9

\O

0.01

Fig. 4. Bayesian 50% majority rule consensus tree inferred using the D2-D3 domains of 28S rDNA recently
recovered Xiphinema americanum-group species from Southern Khorasan and other Xiphinema species under the GTR
+ G + I 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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PP051273 Aphelenchoides smolae SS41
0.93 ON927873 Aphelenchoides sp S7
MN396877 Aphelenchoides smolae

MN396878 Aphelenchoides smolae
MN396876 Aphelenchoides smolae

MT982123 Aphelenchoides blastophthorus
MKI981894 Aphelenchoides blastophthorus
LC191272 Aphelenchoides eldaricus
0.921AB368540 Aphelenchoides fragariae
C1'ﬁﬂKT6927 10 Aphelenchoides fragariae
- KY 684030 Aphelenchoides fragariae
KX400573 Aphelenchoides macrospica
KY769075 Aphelenchoides sp.
KU738610 Aphelenchoides sp.
0.86 MN747799 Aphelenchoides graminis
63 KY964619 Aphelenchoides sp.
MNO931592 Aphelenchoides hamospiculatus
OP331231 Ptychaphelenchus eucalypticola
0.96;KC250363 Schistonchus sp.
1.00\ fKM817190 Schistonchus sp.
1.00 NLC208756 Martininema baculum
LC208754 Martininema baculum
DQ912927 Schistonchus guangzhouensis
OKO055306 Aphelenchoides varicaudatus
KUS565873 Aphelenchoides iranicus
098] | 00 ﬂ[KX622689 Aphelenchoz:des besseyz:
: KY 123695 Aphelenchoides besseyi
——KX357652 Aphelenchoides gorganensis
1 &[KJ 567061 Laimaphelenchus hyrcanus
1.00 KF881746 Laimaphelenchus belgradiensis
—JNO006987 Laimaphelenchus persicus
1.00 [JN 122009 Devibursaphelenchus eproctatus
GQ337012 Devibursaphelenchus hunanensis
1.00 ——KF509853 Ektaphelenchoides ruehmi
L—KkM272329 Ektaphelenchoides caspiensis
01 JQ348400 Aphelenchus avenae

1.00

0'7_5 0.98

1.00

Fig. 5. Bayesian 50% majority rule consensus tree inferred from analysis of the D2-D3 domains of the 28S rDNA
sequences of Aphelenchoides smolae and other Aphelenchoidea under the GTR + G + I model. Bayesian posterior
probability values more than 0.50 are given for appropriate clades. New sequences are indicated in bold.

yielded a 686 nt long sequence (PP051280). The includes two accession numbers KX263186

BLAST search using this sequence revealed it has
99.42% identity with a sequence assigned to X.
pachtaicum (Tulaganov, 1938) Kirjanova, 1951
(AY601607) and 99.13% identity with the original
sequence of X. babaii (MK957226). The newly
generated sequence has occupied a placement
inside the clade that includes the original sequence
of X babaii (MK957226). This clade further

assigned to Xiphinema sp. and AY601607 assigned
to X. pachtaicum. Several other sequences of X.
pachtaicum have distantly located.

The amplification of D2-D3 of 28S rDNA and
its sequencing of two isolates of Aphelenchoides
smolae yielded two 358-657 nt long amplicons with
accession numbers PP051273 and PP051274. The
BLAST search using PP051273, the longest
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1.00)HQ219216 Ditylenchus gigas
0.50|tHQ219215 Ditylenchus gigas
0.88tKF612015 Ditylenchus oncogenus
1.00;KY 679564 Litylenchus coprosma
1.00 "GU727547 Litylenchus coprosma
JF327762 Ditylenchus dipsaci
FJ707360 Ditylenchus dipsaci
KU722391 Subanguina picridis
IN885540 Subanguina moxae
DQ328722 Mesoanguina millefolii
w[JQ429773 Ditylenchus drepanocercus
1Q429772 Ditylenchus drepanocercus
1.00 [J Q429770 Ditylenchus gallaeformans
1Q429769 Ditylenchus gallaeformans
1.00y MG025824 Nothotylenchus andrassy
MEFE706255 Pterotylenchus sp
1.00 PP051279 Ditylenchus persicus X16

0.86

1.00

1.00

KX463285 Ditylenchus persicus

1.007JQ930028 Ditylenchus arachis

‘@[JX145345 Ditylenchus arachis
ON261404 Ditylenchus persicus

1.00

OMO19189 Ditylenchus destructor

= OMO019193 Ditylenchus destructor
1.00{OMO019192 Ditylenchus destructor

MT585824 Ditylenchus destructor

0.9580N420416 Ditylenchus arachis

MN307128 Ditylenchus destructor
1.00ION391933 Ditylenchus pedrami

1.00 ON391934 Ditylenchus pedrami

0.1

—KX281168 Ditylenchus sarvarae

;OOI:MGMZ?)ZS Ditylenchus gilanicus
MF996704 Ditylenchus acutus
Q348400 Aphelenchus avenae
——HQ218322 Paraphelenchus acontioides

Fig. 6. Bayesian 50% majority rule consensus tree inferred from analysis of the D2-D3 domains of the 28S rDNA
sequences of Ditylenchus persicus and other Anguinidae under the GTR + G + I model. Bayesian posterior probability
values more than 0.50 are given for appropriate clades. New sequence is indicated in bold.

sequence, revealed it has 99.23% identity with
original D2-D3 sequence of A. smolae (MN396878).
In the reconstructed 28S tree using selected
sequences of Aphelenchoidea (Fig. 5), the newly
generated sequences for Iranian populations of A.
smolae have occupied a placement inside the clade
that included original sequences of the species
(MN396876, MN396877, MN396878) and the
sequence ONO927873 assigned to Aphelenchoides
sp., most probably belongs to this species.

The amplification of 28S rDNA D2-D3 and its
sequencing for the recovered population of
Ditylenchus persicus yielded a 754 nt long amplicon
(PP051279). The BLAST search using this sequence
revealed it has 100% identity with the original
sequence of D. persicus (KX463285). This sequence

62

has occupied a placement inside the clade that
includes the original sequence of the species
(KX463285) in the LSU tree (Fig. 6). This clade
further includes two accession numbers MG025824
and MF706255 assigned to Nothotylenchus
andrassyi ~ Jalalinasab et al, 2018 and
Pterotylenchus sp.

DISCUSSION

This research provides new data on diversity of
plant-parasitic and plant associated nematodes in
eastern Iran. The two ectoparasitic species,
Xiphinema persicum and X. babaii, originally
described from northern and northwestern Iran, were
newly recovered in eastern Iran. The first species
was collected from six regions in Southern



Nematodes from Southern Khorasan province, Iran

Khorasan in association with pistachio, barberry,
walnut and saffron. The second population of this
species (in its original description) was also
associated with pistachio, and with regarding
stunted growth, delayed bud opening, yellowing and
leaf fall of barberry trees as observed in present
study, it might be concluded that the species could
be a causal agent, and could be regarded a potential
threat to woody plants. In a previous study, a
longidorid species originally described from western
Iran (Esmaeili et al., 2017b), was recovered from
southern Iran (Monemi et al, 2022, 2024) and
further taxonomic studies, may yield on extending
the distribution regions of native species. The new
morphometric data ranges (tail length and the index
c) were also observed and reported for the second
species, X. babaii, as already discussed. Variation in
tail length within this group has already documented
for species inside this group (Gutiérrez-Gutiérrez et
al., 2012; Archidona-Yuste et al, 2016) and also
some other group of nematodes (e.g. aphelenchoidid
members, see Miraeiz et al., 2015). Aphelenchoides
smolae was reported for the first time from Iran
during present study. It was associated with saffron
corms. The type population of this species was
isolated and described from the rhizosphere and
tissue of the bulbs of Lilium orientalis imported
from the Netherlands to China (Cai et al., 2020b).
Most  species of  Aphelenchoides sp. are
mycetophagous, but 13 species have been identified
as plant parasites (Sanchez-Monge et al., 2015). As
the result, the tentative damage of A. smolae to the
saffron, after the economic importance of this crop
in Iran (Ghorbani, 2007), needs further studies. As
already presented, occurrence of Ditylenchus
persicus in Southern Khorasan province is a new
record and new observations related to this species
were already presented.

In presently resolved phylogenies using
Xiphinema americanum-group spp. sequences,
distant placement for the sequence AY601607
assigned to X. pachtaicum, compared to clade of
sequences of different isolates of X. pachtaicum was
observed, and by close relation of this sequence
with the sequence of X. persicum, it most probably
belongs to X. persicum. Similar case has reported by
Lazarova et al. (2019). The similar argument could
be applied to the sequence ON261404 assigned to
Ditylenchus persicus occupying distant placement
compared to the sequence of the type and presently
provided sequence. As already discussed, the
identity of some sequences/species deposited into
the GenBank database needs further validations
(Lazarova et al., 2019; Aliverdi et al, 2022;
Monemi et al., 2023) and sequences from topotype

populations could shed light on the identity of
sequenced specimens (Jahanshahi Afshar, 2019;
Lazarova et al., 2019).
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M. Behdani, E. Mahdikhani-Moghadam and M. Pedram. HoBrle naHHBIe O YeThIpex HeMmaTonax,
Mapa3suTUPYIOIIKNX HA PACTCHHUSX M HEMATOIaX, aCCOIMUPOBAHHBIX C PACTCHUSIMH, B IPOBUHITUH FOKHBIMH

XopacaH, BocTouHbIi UpaH.

Pe3tome. YeThipe Buaa GuTONapasuTUIECKUX U (PUTOACCOIMUPOBAHHBIX HEMATO] ObLUTH OOHAPYKEHBI B
oOpasmax TMouBbl, coOOpaHHBIX B mpoBuHIMH FOxHBIH XopacaH Ha BocToke Mpana. OTW BUABI OBLIH
0XapaKTepPH30BaHBl C WCIIONB30BAaHWEM KaK MOPQOJIOTHYECKOTO, TaK W MOJEKYJSPHOTO MOIXOJOB.
[lepeiii Bua, Xiphinema persicum, MAPOKO pacnpocTpaHeH B mpoBuHIMHM FOxHBIM Xopacan U OBLT
oOHapyXeH B pasIMYHBIX MECTaX Ha pacTeHMsAX Oapbapmca ¢ TpH3HAKaMU 3aMEIJICHHOTO pPOCTa,
oOecIiBeYMBaHNEM W CHHIPOMOM OOIIEr0o YTHETeHHWsS TP OTHOCHUTENBHO BBICOKOH IUIOTHOCTH
nory siitui. HoBBIe MOMyIIAKM 3TOTO BHIA XapaKTEePHU30BAINCH IITHHOM Tena camku 2036,0-3074,5 MkM,
000cobneHHOM TyOHOH 00macThio, mmHON ogoHTOCTHIA 80,0-95,8 MKM, mmuHO# omonTodopa 38,5-49,5
MKM M KOHHYECKHM XBOCTOM C IIMPOKHM, MeHee an((depeHIIPOBAHHBIM YTOJIIEHHEM Ha KOHIIE.
[TonmyuyeHHBIE pe3yNbTaTHl IMOKAa3ald, YTO STOT BHI MOXXHO pacCMaTpUBaTh KaK MOTEHIHAILHOTO
BpenuTens Ha BocTtoke Mpana. Bropoit Bux npuHamiexan x X. babaii m nmen pnuHy Tena camku 2032-
2224 mxM, 060co0IeHHYI0 007acTh TY0, UIMHY 0ZOHTOCTIIA 83-88 MKM, mmiHY ofoHTO(dOopa 45-50 MKM
W KOHHMYeCKHi xBocT mmuHOM 23,5-32,0 mxm. Ero Haxonka B BocrouyHOM MpaHe SBIAETCS HOBBIM
oOHapy’KeHHEeM, pacIIApPSIONUM ero reorpaduyeckoe pacpocTpaHeHHe 3a Ipeaeis! 3anagHoro Vpana.
Tpernit Bun, Aphelenchoides smolae, 6611 00HapyXeH B IBYX MecTax. 7 HpaHCKUX MOMYJISIUKA 3TOTO
BHAA XapakTepHBI Telao caMku AnuHOM 503-895 MM, crmmer mmmHOH 11,0-14,2 MKM C KOPOTKHMH

0a3albHBIMU B3QYTUAMU,

OTHOCUTENILHO JJWHHBIA IOCTBYJBBAPHBIH MATOUHBIM MEIIOK,

XBOCT

KoHm4YeCcKor (popMbI ¢ OGOpomaBYaTOl MOBEPXHOCTHIO W CIUKYJIAMH JIHHON 22,5-28,7 MKM. 3aMeTHBIX
pa3IuUi 10 CPaBHEHHIO C THUIOBOW MOMyJIANHEH HE OOHApY)XEHO. DTOT BHJ BBIICICH W3 JTyKOBHI[
mapana u BrepBbie 3apeructpuposan B Vpane. [Tocnemnmii Bux npuHamiexan k Ditylenchus persicus.
IOxHOXOpacaHCKast MOMyJSIIMS STOTO BUAA XapaKTepHU30BaJlaCh JIHHON Tena camMku 622-770 MM,
CIUTHOH TyOHOH 00JIaCThIO, TOHKHM CTHIIETOM [UTHHOM 7,0-8,5 MKM, Hann4reM MeauaasHOro Oynp0yca u
3agHero OynpOyca TpymeBHIHON (GOpMBI C KOPOTKMM HEPEKPBITHEM C KHIIKOH, MOCTBYJIbBAIBHBIM
MaTOYHBIM MemKoM 24-30 MKM, JUIMHHBIM KOHHYECKAM XBOCTOM C 3aKPYTJIEHHBIM MJIM TYIBIM KOHIIOM.
OtoT BUA MOpGOIOTHIecKH 1 MOp(HOMETpHUIECKH OBbUI CXOAEH ¢ THIOBOM momyssinued. OOcyxaaercs
oOHapy>KeHHas pa3HHIA B CTPOSHUH HIIEBOIHOTO OyiIb0yca 3TOH MOIMYIISIUY 110 CPABHEHHUIO C THITOBOH
nomymanued. PuoreHeTHIecKnii aHam3 OOHApY>KEHHBIX BHAOB OBLT MPOBEACH C HCIOIb30BAHHUEM
nocienoBatensHocTeit D2-D3 28S p/IHK, u momy4deHHBIC TOMOIOTHH OBLTH 00CYKICHBI.
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