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Introduction belonging to the Raphidascarididae family are the most
widespread fish-parasitizing marine ascaridoids (2,3). The
Saurida tumbil (Bloch, 1795) Greater Lizardfish is genus Hysterothylacium includes about 101 species reported
widely distributed in the Indo-West Pacific from the east in marine and freshwater (4). Eighteen Hysterothylacium
coast of Africa, the Red Sea to eastern Australia, found in larval types have been described worldwide (5-14). A
shallow coastal sandy or muddy bottoms (1). It feeds on previous essential study of the nematode parasites of marine
fishes, crustaceans, and squids, whereas the Platycephalus fishes from Kuwait conducted over 3 years from 1992 to
indicus, also called the bar-tailed flathead, is found in the 1995 suggested an apparent convergence of the present eight
Indian and western Pacific oceans. The species has been types - KA-KH - of Hysterothylacium spp. (15). The lack of
recorded in the Mediterranean, having invaded as a information on the genetic diversity and polymorphisms of
Lessepsian migrant through the Suez Canal (1). They live on the nematode group, which provides a limited morphology,
sandy and muddy bottoms of coastal waters, including makes them difficult to identify specifically (5).
estuaries, and juveniles have even been taken in freshwater. So, this study aims to provide new information on the
It is a commercial fish species (1). Hysterothylacium species diverse structures population and follow molecular
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heterogeneity using nuclear ribosomal DNA spacers
analysis.

Materials and methods

Ethical approve

The care of experimental animals was consistent with the
Republic of Irag animal welfare laws, guidelines, and
policies approved by the University of Basrah (Permit
reference number 3/7/13302/2019). All fishes were collected
from the fishing area consist of various locations in Iragi
marine waters (29°58 0 33 00 N48°28 0 20 E). Within fishing
grounds for human consumption, with required permissions
of the Directorate and supported by the Department of
Veterinary Microbiology and Parasitology, College of
Veterinary Medicine, and Marine Science Center, University
of Basrah, Irag.

Fishing area

The fishing area consists of three various locations,
Arabian Gulf (29° 58 0’ 33 00°> N48°28 * 0 20*” E). This
area is unique for fish feeding and spawning. Salinity
concentrations in the region range from 40 to 43 ppt, and
water temperature from 12.5 to 33.5 °C.

Collection of specimens

595 Saurida tumbil (Forster, 1801) and Platycephalus
indicus (L., 1958) were examined, representing two genera
of critical marine fishes. The gill nets fishing was used for
collection. Nematodes were washed extensively by
physiological saline (pH 7.4) and stored in 70-95% ethanol
at -20 °C genomic DNA and PCR amplification. Fishes were
identified according to Fish Base (16). Nematodes were
identified using morphology (9). Some of the specimens
were fixed in 4 % (v/v) hot formaldehyde solution (60°C),
preserved in 70 % (v/v) ethanol, and post-fixed in 1 %

osmium tetroxide, specimens were then dehydrated by
incubating in a graded series of acetone ethanol
concentrations (1:1), (1.5 - 0.5) and absolute acetone, 15 min
each) for scanning electron microscope study (17). Genomic
DNA was extracted from individual larvae by proteinase K
treatment and purified using a mini-column (WizardDNA
genomic DNA purification Kit, Promega, USA), according
to the manufacturer's protocol. The internal transcribed
spacers (ITS) of nuclear rDNA (rDNA) were amplified by
PCR using the primer sets NC5/NC2 (Forward NC5 (5'-GTA
GGT GAA CCT GCG GAA GGA TCA T3’) NC2 Revers
(5-TTA GTT TCT TTT CCT CCG CT-3") (18,19),
respectively, under the same conditions as described
previously (20). The ITS sequences determined were
compared using the algorithm BLASTn with those available
in the NCBI database. Phylogenetic relationships and the
Evolutionary analysis used the Maximum Likelihood
method. Initial tree for the heuristic search were obtained
automatically by applying Neighbor-Join and BioNJ
algorithms to a matrix of pairwise distances estimated using
the Tamura & Nei model and then selecting the topology
with superior log likelihood value. The DNA sequences were
aligned for phylogenetic analysis using theClustalW
computer program. The tree was drawn to scale, with
Evolutionary studies conducted in MEGA X version 10.7.1
(21).

Results

Samples were heavily infected with the larval stage (n=
4,123) of two genera of important marine fishes, Saurida
tumbil (Forster, 1801) and Platycephalus indicus (L., 1958)
in the Arabian gulf, that showed encapsulated within the
mesenteries, peritoneum, and viscera, with a prevalence of
infection (91.11 to 100 %) (Table 1) (Figure 1).

Table 1: Fish species, prevalence, the intensity of infection, and total numbers of nematodes in collected fish

Host Common name Total larvae. Intensity  Prevalence % Infection No. of fish Exam
Saurida tumbil Greater lizardfish 3360 12 100 280 280
Platycephalus indicus Bartail flathead 763 2.65 91.11 287 315

Figure 1: A: S. tumbil and B: P. indicus.

A detailed examination of the worms collected
predominantly showed that they are anisakid larvae. They
appeared under a light and scanning electron microscope
(SEM) and were cylindrically bodied in a pointy shape at
both ends. Lengths measured ranged from 10-20 mm. The
front lots of each larva have a boring tooth and four lips that
are not significantly distinct. The esophagus was in the
anterior part with cylindrical striated muscle. A glandular
ventriculus is present in the most larva, and their
measurements varied from one sample examined to another
based on the species (Figures 2 and 3).
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Figure 2: Larvae (L3) of H. amoyense viewed under a
stereomicroscope; (1) c: posterior end region of the larval
stage morphotypes tail. (2) a: cephalic head region shows
mouth opening and papillae; b: glandular ventriculus
viewed. X=100. (3) Light microscopic Hysterothylacium sp.
larval. X=400.

Twenty-two representative specimens were subjected to
molecular analysis. The sequences of rDNA ITS regions
(ITS1-5.85-ITS2) were submitted to GenBank under the
accession numbers (Table 2). Nineteen specimens of H.
amoyense, query similarity identities percentage was
identities 99-100%. Two species of Hysterothylacium sp.,
with query similarity identities percentage of 98%, were
recognized, and one species of Countraceacum muraenesoxi
query similarity identities percentage was 913/917 (99) with
Gap 4/917. Unfortunately, since no mature stages were
recorded, this cannot be confirmed at the species level. The
new larvae cannot be accurately identified at the species

level because it is necessary to study the mature adult stage
of the parasite, using male and female morphology and
characterization of reproductive organs.

Figure

Scanning

electron

micrographs  of

Hysterothylacium spp ) head with dorsal lip and ventral
interlabium cephalic extremity with deep cuticular striations
on the anterior end.

Table 2: Detailed information of Nematode species, GenBank Accession numbers provided by NCBI for the collected larvae of
P. indicus and S. tumbil of Ascaridoid nematode species with their genetic data including reference source, identical %, GenBank

(ITS) reference, and geographical locality

Nematode species GenBank Reference Identical (%) Gaps (%) GenBank Country
H. amoyense MZ503498 36 912/912(100) 0/912 MT02011.1 China
H. amoyense MZ509280 37 913/913(100) 0/913 MT020134.1 China
Hysterothylacium sp. MZ509452 37 809/825(98) 4/825 MT020132.1 China
H. amoyense MW422786 37 915/916(99) 1/916 MT020132.1 China
H. amoyense MW423789 37 915/915(100) 0/915 MT02011.1 China
H. amoyense MW423785 37 896/899(99) 3/899 MT020134.1 China
C. muraenesoxi MW423788 37 913/917(99) 4/917 MT020132.1 China
H. amoyense. MW423773 36 917/920(99) 3/920 MT020132.1 China
H. amoyense MW423786 37 905/920(98) 8/920 MF539813.1 China
H. amoyense MW423794 2 909/918(99) 4/918 MT020132.1 China
H. amoyense MW423792 3 864/869(99) 3/869 MF539813.1 China
Hysterothylacium sp. MW423772 40 599/607(99) 2/607 MKO039147.1  North-E Atlantic
H. amoyense MW404622 37 913/913(100) 0/913 MT020134.1 China
H. amoyense MW412565 36 830/830(100) 0/830 MF539813.1 China
H. amoyense MW404617 36 860/860(100) 0/860 MF539813.1 China
H. amoyense MW404615 37 915/915(100) 0/915 MT020134.1 China
H. amoyense MW404619 37 915/915(100) 0/915 MT020134.1 China
H.amoyense MW412836 2 862/870(99) 0/870 MT020134.1 China
H. amoyense MW412582 2 916/916(100) 0/916 MT020134.1 China
H. amoyense. MW453086 2 916/916(100) 0/916 MT020134.1 China
H. amoyense. MW423771 2 915/916(99) 0/916 MT020134.1 China
H. amoyense MW412588 2 912/912(100) 0/912 MT020134.1 China
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The evolutionary relationships of taxa history were
inferred using the Neighbor-Joining method (Figure 4). This
analysis involved 24 nucleotide sequences. There were 1407
positions in the final datasete analysis.The results showed
that there are 22 distinct taxa (taxon) with 4 common
ancestors of parasites collection, with grouped 6 clades. With
Hysterothylacium amoyense with 2 strong nodal support
(bootstrap value = 88 %) and 7 sisters taxon.

Hystemthy\aclum amoyense MN412565
Hysterothylacium amoyense MW423788
Hysterothylacium amoyense MW423773
Hysterothylacium amoyense MW423785 ‘

Hystermhy\aclum amoyense MW404619 ‘

~— Hysterothylacium amoyense MWA404617
2o Hysterothylacium amoyense MW4227868
oo Hysterothylacium amoyense MW423794
e Hysterothylacium amoyense MW423792
o~ Hysterothylacium amoyense M\W412836
Hysterothylacium amoyense Platycephalus indicus MZ503498
T Hysterothylacium amoyense MW453088
o Hysterothylacium amoyense MW404615
Hysterothylacium amoyense MW423771
Hysterothylacium amoyense MW412582
Hysterothy\acmm sp. A13 NC5 MZ508280

i MW412588
o Hystem!hy\aclum amoyense MW404622
% T Hysterothylacium amoyense MW423789
aor Hysterothylacium sp. A13 NC5 M2509452 |
6% L— Hysterothylacium amoyense MW423786
o Hysterothylacium sp. MAB-2020 MW423772 |
Rostellascaris spinicaudatum KFG09488
Hysterothylacium reliquens MF868856

Ery ‘ out group

Figure 4: Cladogram Maximum Neighbor-joining (MN)
Phylogenetic of ascaridoid nematodes of larvae obtained
(Rostellascaris spinicadatum and H.reliquens) were used as
an outgroup.

Multiple alignments show genetic polymorphisms in the
Nucleotide of anisakid nematodes within some specimens of
Hysterothylacium spp. A small group of them show the
effect of genetic polymorphisms on morphological
appearance in terms of the structure of the parasite cuticle.
However, many classifications have kept them within the
same species (Figure 2). These genetic variations between
individuals, apparently of the same species in the same host,
may represent genetic variations at the species level, which
can be transferred to new species. It represents the most
significant gene diversity in the genus Hysterothylacium .
which exhibits a very close relationship. Also, this mainly
means that there is a considerable diversity of genetic
variations at the individual level in the Raphidascarididae
family, which may be due to the mutual fertilization of the
occupied species belonging to the same family. The result
also showed that the resilience of ecosystems of the Arabian
Gulf was generally positive because of the high gene flow.

Discussion

The ribosomal RNA encapsulates a wealth of
evolutionary information, including genetic variation that
can be used to discriminate between organisms at a wide
range of taxonomic levels. Uses methods of molecular
approaches in the understanding of the biodiversity and
systematics of nematode parasites have been utilized for
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delimiting and identifying anisakid nematodes and also to
reveal cryptic species, such as the members of the genus
Anisakis (22,23). The genetic analysis of larvae in the present
study has allowed the specific and genotypic identification
and polymorphisms of larvae within single morphotypes
based on matching their sequences with the data available in
the NCBI.

The targeted DNA sequencing of the ITS region and use
of additional genetic loci, such as the ITS-1 region and
perhaps mitochondrial gene loci, might support further the
specific identification of anisakid nematodes as accurate and
efficient for large-scale studies (19,24,25). The analysis
revealed four polymorphisms in the ITS region, and the
molecular methods showed that each of these larval types
was composed of different genotypes. Sequence identity of
100%; nucleotide difference = 0.00%). Thirteen of
Hysterothylacium spp. were identified based on their
molecular characterization showed that those specimens
represent different taxon with Hysterothylacium amoyense
(26,27).

Widely distributed species can show different patterns of
genetic structuring influenced by geographic distance,
history, and/or natural selection (28). The discrepancy
between morphological and molecular identification of the
same host larvae species cannot be readily explained. We
ensured that the sequence types reported in the present study
should correspond to the correct morphotypes. The presence
of the same species of individuals possessing heterogeneous
genotypes in the same host may cause these genetic
differences at the species level, which is recorded by the
current study.

According to Froese and Pauly (16), over 200 species of
fish are found in Iragi marine waters, many of which are
edible. However, our knowledge of their parasites is poor
(29). Although there have been reports of Hysterothylacium
spp. in lragi marine fish, most of these are based on
morphology only, providing a limited morphological
description that makes specific identification difficult. This
information needs to be updated to improve knowledge of
the species and the effect of environmental changes on
increasing temperatures and climate change. These
conditions are essential for the distribution of this type of
parasite (30). Higher infections with Raphidascarididae were
found than that observed in Bander Abas, Hormozan
province, located on the southern coast of Iran on the
Arabian Gulf (9). Their study was of 600 fish belonging to
five popular species of fish, including Otolithes ruber,
Psettodes erumei, Saurida tumbil, Scomberomorus
commerson, and Sphyraena jello. The targeted DNA
sequencing of the ITS, ITS-1, and ITS-2 of the rDNA
provides genetic markers for the accurate identification of a
range of species of Ascaridoids (31-35). It appears that the
nematode fauna of the Arabian Gulf shows few similarities
with the fauna of the western Pacific Coast and adjacent seas.
This also corresponds to the results of the current study,
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which shows many similarities with the fauna in the Arabian
Gulf (27), in north-east Atlantic waters (30,36), and in China
(37).

Conclusion

Larvae from the Arabian Gulf. Valid genetic data
deposited in GenBank described here can be used to establish
the phylogenetic relationships of Hysterothylacium spp.
from the Arabian Gulf fish and the rest of the world.
Moreover, further research using the same genetic markers
is required to examine the genetic variability and population
genetic structure within larvae and adults of the
Hysterothylacium species.

Conflict of interest

The authors declare no conflicts of interest regarding this
manuscript's publication and/or funding.

Acknowledgments

This study was supported by the Department of
Veterinary Microbiology and Parasitology, a College of
Veterinary Medicine, and Marine Science Center, University
of Basrah, Irag.

References

1. Froese R, Pauly D, Fish Base. World Wide Web electronic publication
version. 2021. [available at

2. Bannai MA, Genetic and morphological diversity of ascaridoid
nematodes parasitic in fish species in Iragqi marine water [Ph.D.
dissertation]. Basrah: College of Veterinary Medicine, University of
Basrah; 2022. 245 p.

3. Shamsi S. Morphometric and molecular descriptions of three new
species of Hysterothylacium (Nematoda: Raphidascarididae) from
Australian marine fish.J Helminthol. 2016;91(5):613-624. DOI:
10.1017/S0022149X16000596

4. Bezerra TN, Decraemer W, Eisendle-Fléckner U, Hodda M,
Holovachov O, Leduc D, Miljutin D, Mokievsky V, Pefia Santiago R,
Sharma J, Smol N, Tchesunov A, Venekey V, Zhao Z, Vanreusel A.
Nemys: World database of nematodes. 2021. [available at]

5. Ghadam M, Bannai M, Mohammed ET, Suthar J, Shamsi S.
Morphological and molecular characterization of selected species of
Hysterothylacium (Nematoda: Raphidascarididae) from marine fish in

Iragi  waters. J  Helminthol.  2018;92(1):116-124.  DOI:
10.1017/S0022149X17000128
6. Bannai MA. Hysterothylacium persicum (Nematoda:

Raphidascarididae) parasite of orange-spotted grouper Epinephelus
coioides (Forsskal, 1775) lragi marine water fishes. Iragi J Sci.
2018;59(C):1548-1553. DOI: 10.24996/ijs.2018.59.3C.1

7. Bannai MA, Jouri M. Infections and molecular characterization of
anisakid nematodes from two species of marine fish northwest Arabian
gulf, Iraqi J Vet Sci. 2022;36(2):489-497. DOI:
10.33899/ijvs.2021.130613.1851

8. Bannai MA, Jouri M, Shamsi S. Molecular characterization of Anisakid
nematodes Hysterothylacium species from Japanese threadfin bream
Nemipterus japonicus Bloch, 1971)) (Perciformes, Nemipteridae) from
Iragi marine water fish. Bull Irag Nat Hist Mus. 2021;16(4):399-420.
DOI: 10.26842/binhm.7.2021.16.4.0399

793

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cannon LR. Some larval ascaridoids from south-eastern Queensland
marine fishes. Int J Parasitol. 1977;7(3):233-43. DOI: 10.1016/0020-
7519(77)90053-4

Petter AJ, Maillard C, Ascarids of fishes from Western Mediterranean
sea. Bull Mus Nat Hist Nat. 1987;9:773-798. [available at

Shamsi S, Gasser R, Beveridge 1. Description and genetic
characterization of Hysterothylacium (Nematoda: Raphidascarididae)
larvae parasitic in Australian marine fishes. Parasitol Int.
2013;62(3):320-8. DOI: 10.1016/j.parint.2012.10.001

Shamsi S, Poupa A, Justine JL. Characterization of Ascaridoid larvae
from marine fish off New Caledonia, with a description of new
Hysterothylacium larval types XIII and XIV. Parasitol Int.
2015;64(5):397-404. DOI: 10.1016/j.parint.2015.05.014

K@ie M. Aspects of the life-cycle and morphology of Hysterothylacium
aduncum (Rudolphi, 1802) (Nematoda, Ascaridoidea, Anisakidae).
Can J Zool. 1993;71(7):1289-96. DOI: 10.1139/793-178

Guo YN, Xu Z, Zhang LP, Hu YH, Li L. Occurrence
of Hysterothylacium and Anisakis nematodes (Ascaridida:
Ascaridoidea) in the Tanaka's snailfish Liparis tanakae (Gilbert &
Burke) (Scorpaeniformes: Liparidae) Parasitol Res. 2014;113:1289-
1300. DOI: 10.1007/s00436-014-3767-2

Petter AJ, Sey O. Nematode parasites of marine fishes from Kuwait,
with a description of Cucullanus trachinoti n. sp. from Trachinotus
blochi. Zoosystema. 1997;19:35-59. [available at

Shamsi S. Morphometric and molecular descriptions of three new
species of Hysterothylacium (Nematoda: Raphidascarididae) from
Australian marine fish. J Helminthol. 2017;91:613-624. DOI:
10.1017/S0022149X16000596

Shamsi S, Steller E, Chen Y. New and known zoonotic nematode larvae
within selected fish species from Queensland waters in Australia. Int J
Food Microbiol. 2018;2(272):73-82. DOI:
10.1016/j.ijfoodmicro.2018.03.007

Zhang L, Hu M, Shamsi S, Beveridge I, Li H, Xu Z, Li L, Cantacessi
C, Gasser RB. The specific identification of anisakid larvae from fishes
from the yellow sea, China, using mutation scanning-coupled sequence
analysis of nuclear ribosomal DNA. Mol Cell Probes. 2007;21(5):386-
390. DOI: 10.1016/j.mcp.2007.05.004

Shamsi S, Gasser R, Beveridge I, Shabani AA. Contracaecum
pyripapillatumn. sp. and a description of C. multipapillatum (von
Drasche, 1882) from the Australian pelican Pelecanus conspicillatus.
Parasitol Res. 2008;103:1031-1039. DOI: 10.1007/s00436-008-1088-z
Jabbar A, Asnoussi A, Norbury LJ, Eisenbarth A, Shamsi S, Gasser RB,
Lopata AL, Beveridge I. Larval anisakid nematodes in teleost fishes
from Lizard Island, northern Great Barrier Reef, Australia. Mar Freshw
Res. 2012;63(12):1283-1299. DOI: 10.1071/MF12211

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. Molecular
evolutionary genetics analysis across computing platforms. Mol Biol
Evol. 2018;35(6):1547-1549. DOI: 10.1093/molbev/msy096

Mattiucci S, Nascetti G. Molecular systematics, phylogeny, and
ecology of anisakid nematodes of the genus Anisakis Dujardin, 1845:
An update. Parasite. 2006;13:99-113. DOl:
10.1051/parasite/2006132099

Mattiucci S, Nascetti G. Advances and trends in the molecular
systematics of anisakid nematodes, with implications for their
evolutionary ecology and host-parasite co-evolutionary processes. Adv
Parasitol. 2008;66:47-148. DOI: 10.1016/S0065-308X(08)00202-9
Gasser RB. Single-strand conformation polymorphism (SSCP) for the
analysis of genetic variation. Nat Protoc. 2006;1(6):3121-3128. DOI:
10.1038/nprot.2006.485

Shamsi S, Norman R, Gasser R, Beveridge |. Genetic and
morphological evidence for the existence of sibling species within
Contracaecum rudolphii (Hartwich, 1964) (Nematoda: Anisakidae) in
Australia. Parasitol Res. 2009;105(2):529-38. DOI: 10.1007/s00436-
009-1424-y

Chen HX, Zhang LP, Gibson DI, Li L, Xu Z, Li HT, Ju HD, Li L.
Detection of ascaridoid nematode parasites in the important marine
food-fish Conger myriaster (Brevoort) (Anguilliformes: Congridae)
from the Zhoushan fishery, China. Parasit Vectors. 2018;11:274-285.
DOI: 10.1186/s13071-018-2850-4



http://www.fishbase.org/
https://doi.org/10.1017/s0022149x16000596
https://nemys.ugent.be/aphia.php?p=taxdetails&id=582870
https://doi.org/10.1017/s0022149x17000128
https://doi.org/10.24996/ijs.2018.59.3c.1
http://dx.doi.org/10.33899/ijvs.2021.130613.1851
https://doi.org/10.26842/binhm.7.2021.16.4.0399
http://www.doi.org/10.1016/0020-7519(77)90053-4
http://www.doi.org/10.1016/0020-7519(77)90053-4
https://www.vliz.be/en/catalogue?module=ref&refid=242484
https://doi.org/10.1016/j.parint.2012.10.001
https://doi.org/10.1016/j.parint.2015.05.014
https://doi.org/10.1139/z93-178
https://doi.org/10.1007/s00436-014-3767-2
https://sciencepress.mnhn.fr/sites/default/files/articles/pdf/z1997n1a4.pdf
https://doi.org/10.1017/S0022149X16000596
https://doi.org/10.1016/j.ijfoodmicro.2018.03.007
https://doi.org/10.1016/j.mcp.2007.05.004
https://doi.org/10.1007/s00436-008-1088-z
https://doi.org/10.1071/mf12211
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1051/parasite/2006132099
https://doi.org/10.1016/s0065-308x(08)00202-9
https://doi.org/10.1038/nprot.2006.485
https://doi.org/10.1007/s00436-009-1424-y
https://doi.org/10.1007/s00436-009-1424-y
https://doi.org/10.1186/s13071-018-2850-4

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Iragi Journal of Veterinary Sciences, Vol. 37, No. 4, 2023 (789-794)

Mohsen N, Sayed MS, Amin D, Mohammad E. Hysterothylacium
amoyense in Platycephalous indicus: A Persian Gulf fish and its
experimental infection of the mouse model. Comp Clin Pathol.
2016;25:1143-1149. DOI: 10.1007/s00580-016-2318-x

Helena Rodriguez H, Banon R, Ramilo A. The hidden companion of
non-native fishes in north-east Atlantic waters, J Fish Dis.
2019;42:1013-1021. DOI: 10.1111/jfd.13005

Al-Salim NK, Ali AH. Description of eight nematode species of the
genus Hysterothylacium Ward et Magath, 1917 parasitized in some
Iragi marine fishes. Basrah J Agric Sci. 2010;23(1):115-137. DOI:
10.33762/bagrs.2010.118384

Moravec F. Some aspects of the taxonomy and biology of dracunculoid
nematodes parasitic in fishes: A review. Folia Parasitol. 2004;51(1):1-
13. DOI: 10.14411/fp.2004.001

Jacobs JL, Belew AT, Rakauskaite R, Dinman JD. ldentification of
functional, endogenous programmed -1 ribosomal frameshift signals in
the genome of Saccharomyces cerevisiae. Nucleic Acids Res.
2007;35(1):165-74. DOI: 10.1093/nar/gkl1033

Zhu XQ, Gasser RB, Jacobs DE, Hung GC, Chilton NB. Relationships
among some ascaridoid nematodes based on ribosomal DNA sequence
data. Parasitol Res. 2000;86(9):738-44. DOI: 10.1007/pl00008561
Zhu X, D'Amelio S, Paggi L, Gasser RB. Assessing sequence variation
in the internal transcribed spacers of ribosomal DNA within and among
members of the Contracaecum osculatum complex (Nematoda:
Ascaridoidea: Anisakidae). Parasitol Res. 2000;86:677-683. DOI:
10.1007/PL00008551

Zhu X, D'Amelio S, Hu M, Paggi L, Gasser RB. Electrophoretic
detection of population variation within Contracaecum ogmorhini
(Nematoda: Ascaridoidea: Anisakidae). Electrophoresis.
2001;22(10):1930-4. DOI:  1522-2683(200106)22:10<1930::aid-
elps1930>3.0.c0;2-z

Zhu XQ, D’Amelio SD, Palm HW, Paggi L, George-Nascimento L,
Gasser RB. SSCP-based identification of members within the
Pseudoterranova decipiens complex (Nematoda: scaridoidea:
Anisakidae) using genetic markers in the internal transcribed spacers of
ribosomal DNA. Parasitol. 2002;124:615-623. DOL:
10.1017/s0031182002001579

Guo N, Chen HX, Zhang LP, Zhang JY, Yang LY, Li L. Infection and
molecular identification of ascaridoid nematodes from the important
marine food fish Japanese threadfin bream Nemipterus japonicus
(Bloch) (Perciformes: Nemipteridae) in China. Infect Genet Evol.
2020;85:104562. DOI: 10.1016/j.meegid.2020.104562

Zhang K, Xu Z, Chen HX, Guo N, Li L. Anisakid and raphidascaridid
nematodes (Ascaridoidea) infection in the important marine food-fish
Lophius litulon (Jordan) (Lophiiformes: Lophiidae). Int J Food
Microbiol. 2018;2(284):105-111. DOI:
10.1016/j.ijfoodmicro.2018.08.002

794

gl clldhll el adslly gl
SJAJS‘ Slawd lual gﬁ\ La sy ﬁﬂ-ﬂﬁjw
48 ) 4 jaall slual) lawd (Jagdl sl g

’uibm ‘5535 "(ﬁJJ%Wg-L‘ “él.'\éé%\.d
" G

Ao ela¥) ale ALl lad) agle S e iy ) il lal) aud’
cB‘).ag“ c'é‘),\a..d\ FEAPN cLﬁ)L,)gl\ lall 4l< cé\.v_)agﬂ\ QM\J
o) s U dralas g k) alall 5 ol saad) gl 4IST ((3) el

L il ¢ 3log & glas g

-

AaMAl

O a5yt &) il (e B 0 dds ya £VYY (e ST e o
JLeSY Ml Gl 2y 53 5 ol g cGliall (5o jbaall Jal
Bids o305 ol Ollus gl sl ASaw 090 G slall 550
eyl sl Jame OIS Aa) il b (pe sl (s (b L
aeall Lial) A5 puiall Adalall Jual il aiozai &5 /) 4 0290,
el Juluidl 5 el Jelis ddaul sy sl om Vs
el Jaal sl il A5 e a5 sasgaill e sans aladiuly
Bacl8 3 Aaliall el ma (iuDl de )l s aladiul Baasal) AR uiial)
Blilae ¢l ya) a3 A gual) L o) S il sleal ida gl S sl iy
Jaka ) e Wia YY @llia o dagiill & jelal Cuay saamie Julid
Aaane e gane T e ¢S yidia CaBl £ Adly aadli 5 i uin
LRI Jeal i) a8 Julull uilad axe dul il @ kil
dghaal) (laall il (ye uindl uid ailad) &) 531 Jals A4 pusial)
ddhia A Gllshll Gleaad n cial) puiladl) 1 WS graa o3 )
O Al oy gisall A (e Lilita (5 AN laliall 5 o3 yall mlal)
058 3 osill g gmll a3l as ) cadaa ) ) sl gaill
Ll il el


https://doi.org/10.1007/s00580-016-2318-x
https://doi.org/10.1111/jfd.13005
http://dx.doi.org/10.33762/bagrs.2010.118384
https://doi.org/10.14411/fp.2004.001
https://doi.org/10.1093/nar/gkl1033
https://doi.org/10.1007/pl00008561
https://doi.org/10.1007/pl00008551
https://doi.org/10.1002/1522-2683(200106)22:10%3C1930::aid-elps1930%3E3.0.co;2-z
https://doi.org/10.1002/1522-2683(200106)22:10%3C1930::aid-elps1930%3E3.0.co;2-z
https://doi.org/10.1017/s0031182002001579
https://doi.org/10.1016/j.meegid.2020.104562
https://doi.org/10.1016/j.ijfoodmicro.2018.08.002

