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INTRODUCTION 

 

Until now, animals of the fauna of our republic, including fish (Quvatov et al., 

2023), nematodes (Aliyev, 2024; Mirzaev, 2024), and insects (Kimyonazarov et al., 

2024) have been studied at the molecular level. 

Schyzocotyle acheilognathi (Yamaguti, 1934) of the genus Schyzocotyle Akhmerov, 

1960 is a cestode species adapted to live in the intestines of fish native to East Asia; 

originally, this spcies was identified in carp fish in 1934 by Yamaguti and named as 

Bothriocephalus acheilognathi (Yamaguti 1934; Kuchta et al., 2018). This species has 7 

close synonyms for the structure and shape of the nipples on the head and the structure of 
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This article provides information on the morphology, epistemology, and 

molecular genetics of the cestode species Schyzocotyle acheilognathi 

(Yamaguti, 1934), which belongs to the genus Schyzocotyle Akhmerov, 1960. 

This species is a parasite of the digestive systems of the fish Cyprinus carpio 

Linnaeus, 1758, Carassius gibelio Linnaeus, 1758, and Channa argus Cantor, 

1842, in the water reservoirs of the Khorezm region. As a result of this study, 

samples of S. acheilognathi found in carp and the silver crucian carp were 

compared. Differences were detected, accounting for 0.36% of the total 

nucleotide variation. This variation can be attributed to the interaction of 

environmental factors affecting the host and the environment in which the 

helminth resides. 
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the jointed genitalia (Bothriocephalus opsariichthydis, Bothriocephalus gowkongensis, 

Bothriocephalus sinensis, Bothriocephalus phoxini, Bothriocephalus aegyptiacus, 

Bothriocephalus kivuensis, Coelobothrium gambusiense) (Brabec et al., 2016; Xi et al., 

2016). 

The cestode species S. acheilognathi (Yamaguti, 1934) has been recorded in 38 

families, 14 genera, and 312 species of fish worldwide (Kuchta et al., 2018). Moreover, 

this parasite has been detected in other vertebrates, including reptiles, amphibians, and 

birds (Garcia-Prieto et al., 1991; Scholz, 1999; Kuchta et al., 2018). 

This type of parasite entered the Asian countries as a result of bringing carp from 

Europe and North America in the 1960s and 1970s (Matey et al., 2015) and currently 

found in all continents except Antarctica; the level of damage is high, bringing the hosts 

to death and causing great economic damage (Han et al., 2010; Xi et al., 2016). 

Microecosystems in the gastrointestinal tract of vertebrates, including bacteria, 

fungi, protozoa, and helminths and helminth larvae, lead to changes in host physiology 

and homeostasis (Peachey, 2017). Fish infected with S. acheilognathi species can cause 

bothriocephalosis, gastrointestinal obstruction, intestinal mucosal damage, intestinal 

rupture, abdominal distension, weight loss, protein depletion, anemia, reduced buoyancy, 

and death (Davydov, 1978; Scott & Grizzle, 1979; Brouder, 1999; Hansen et al., 2006; 

Matey et al., 2015). 

Studies on the systematics and phylogeny of helminths have utilized ribosomal 

DNA (ITS rDNA) nucleotide sequence analysis (Bowles, 1995). Currently, the taxonomy 

of parasitic helminths and their larvae in vertebrates is complex, with a diverse species 

composition. Molecular genetic studies are increasingly employed to identify parasites at 

various developmental stages (Kuchboev, 2021; Ikromov, 2023; Soatov, 2023; 

Turgunov, 2024). 

Research on the species S. acheilognathi was conducted by Yera et al. (2013), who 

characterized the CO1 region of its mitochondrial DNA based on nucleotide sequencing. 

The purpose of this research work is the molecular-genetic classification of S. 

acheilognathi (Yamaguti, 1934) belonging to the genus Schyzocotyle Akhmerov, 1960, 

which was found in the digestive system of the carp, silver sole, and eel found in the 

Khorezm region of our Republic. 

 

MATERIALS AND METHODS 

 

Helminthological studies 

 To conduct this research, samples were collected from natural and artificial water 

reservoirs in the Khorezm region of the Republic of Uzbekistan during 2023-2024. A 

total of 33 carp (Cyprinus carpio Linnaeus, 1758), 42 crucian carp (Carassius gibelio 

Linnaeus, 1758), and 19 snakeheads (Channa argus Cantor, 1842) were gathered (Table. 

1 & Fig. 1). 
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Table 1. Number of fish species examined 

 

№ Districts of 

Khorezm region 

Common carp 

(Cyprinus carpio) 

Crucian 

(Carassius 

gibelio) 

Snakeheads 

(Channa 

argus) 

1 Koshkopir 7 5 5 

2 Urganch 9 10 4 

3 Gurlan 11 8 6 

4 Bogot 8 7 4 

5 Khozorasp 12 3 7 

6 Shovat 13 6 4 

7 Yangibozor 5 9 5 

8 Tuproqqala 6 3 4 

Total 71 51 39 

 

 
Fig. 1. Research areas 

 

The Scriabin and Bykhovskoy-Pavlovskoy methods for complete fish dissection 

were employed, and the collection and processing of helminthological samples followed 
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established protocols (Markevich, 1951; Dogel, 1962; Bykhovskaya-Pavlovskaya, 

1985). To assess the impact of helminth infections on fish, we calculated the extent of 

invasion (IE)—the percentage of infected fish relative to the total examined—and the 

intensity of invasion (II)—the average number of parasites per infected individual. 

Data from various tracers were utilized to determine the species composition of 

the identified parasites (Osmanov, 1961; Avdeev et al., 1987). The identification of 

helminth species was conducted using ML 2000 (Meiji) and Olympus CK 2, Zeiss AX 10 

microscopes. For identifying helminths found in fish, we referred to several resources, 

including the "Parasites of Fish in Uzbekistan" (Osmanov, 1971), "Identifier of Parasites 

of Freshwater Fish Fauna" (USSR, 1984, 1985, 1987), and "Metacercariae of 

Trematodes—Parasites of Aquatic Organisms of Russia" (Sudarikov et al., 2002). This 

was along with other literature (Osmonov, 1971; Sudarikov et al., 1974; Ryssai et al., 

1984). Statistical analysis of species morphometric data was conducted using Biostat 

2007 and Microsoft Office Excel 2010. 

Molecular genetic studies 

For molecular genetic studies, the cestode S. acheilognathi (Yamaguti, 1934), 

belonging to the genus Schyzocotyle Akhmerov, 1960, was preserved in a 70% ethanol 

solution, and genomic DNA was isolated from the head parts. The GeneJET Genomic 

DNA Reagent Kit was used for DNA extraction (Vogelstein, 1979; Marko, 1982; 

Boom, 1990). 

We isolated ITS fragments of ribosomal DNA (rDNA), commonly used for the 

molecular genetic characterization of cestodes, trematodes, and nematodes, using AV28 

forward (ata tgc tta agt tca gcg ggt) and TW81 reverse (gtt tcc gta ggt gaa cct gc) primers 

(Curran et al., 1994). The PCR protocol included initial DNA denaturation at 94°C for 3 

minutes, followed by 9 cycles of denaturation at 94°C for 1 minute, annealing at 55°C for 

1 minute 30 seconds, and elongation at 72°C for 1 minute 30 seconds. This was followed 

by 24 cycles of denaturation at 94°C for 45 seconds, annealing at 57°C for 1 minute, and 

chain elongation at 72°C for 1 minute 20 seconds, concluding with a final elongation at 

72°C for 5 minutes. The results of the PCR reaction were verified by electrophoresis of 

1.0µl of the product in a 1.0% agarose gel (100 V, 80–100 mA, approximately 30–40 

minutes). 

Sequencing was performed at the Genotech Center for Collective Use (formerly 

Genome), producing results in the form of AB1 files, which were analyzed using the 

Chromas 1.45 program. Further sequence analysis, including alignment, phylogenetic tree 

construction, and nucleotide difference analysis, was conducted using Clustal X version 

1.81 (Jeanmougin, 1998). 

 

RESULTS  

 

The cestode was identified as S. acheilognathi based on the following combination 

of characteristics (measured in micrometers): 
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• Body length: approximately 2550 

• Scolex: heart-shaped, measuring 581.3 long × 723.4 wide, with narrow, deep 

dorsal and lateral bothrias that are short and very deep 

• Neck: absent, with the first proglottid immediately posterior to the scolex 

• Immature proglottids: much narrower than the scolex, measuring 196.7 long × 

203.97 wide 

• Mature proglottids: 224.2 long × 534.1 wide 

• Gravid proglottids: 316.7 long × 769.5 wide 

• Immature, mature, and gravid segments: rounded edges 

• Cirrus sac: 77 long × 70 wide 

• Medullary testes: present 

• Lobed ovary: 365.5 long × 179 wide, located near the posterior margin of the 

proglottids 

• Eggs: 47-59 long × 31-37 wide (Fig. 2). 

 
Fig. 2. Morphological appearance of the species S. Acheilognathi showing: a-

Head part; b-Joint part; c-Tail part 

 

Results of epistemological research 

According to the results of helminthological research conducted on the carp, crucian 

carp, and snakeheads in the Khorezm region, out of 71 carp examined, 32 were found to 

be infected, resulting in an average infection extent (IE) of 45.07% and an intensity of 

invasion (II) of 1-21. In the case of the crucian carp, 18 out of 51 were infected, yielding 

an average IE of 35.3% and an II of 1-15. Among 39 examined snakeheads, 13 were 

infected, with an average IE of 33.3% and an II of 1-11. The samples infected with S. 

acheilognathi are summarized in Table (2). 
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Table 2. Damage indicators of the species S. acheilognathi 

№ 

Districts of 

Khorezm region 

Number of fish examined; number of injured fish; (IE%), 

in copy II 

Cyprinus carpio Carassisus gibelio Channa argus 

1 Kushkpir 7/4, (57.14), 1-12 5/1, (20), 5 5/3, (60), 1-7 

2 Urganch 9/3, (33.3), 1-9 10/3, (33.3), 1-9 4/1, (25), 5 

3 Gurlan 11/5, (45.4), 1-17 8/3, (37.5), 1-12 6/2, (33.3), 1-9 

4 Bogot 8/3, (37.5), 1-9 7/4, (57.5), 1-15 4/1, (25), 3 

5 Khozorasp 12/6, (41.6), 2-14 3/1, (33.3), 3 7/2, (28.6), 1-5 

6 Shovot 13/7, (53.8), 1-21 6/2, (33.3), 1-8 4/1, (25), 3 

7 Yangibozor 5/2, (20), 1-7 9/3, (33.3), 2-6 5/2, (40), 1-11 

8 Tuprokkala 6/2, (33.3), 1-5 3/1, (33.3), 4 4/1 (25), 4 

 

Results of molecular genetic research 

According to the results of the molecular genetic research conducted on samples of 

S. acheilognathi belonging to the genus Schyzocotyle Akhmerov, 1960, identified in the 

carp, crucian carp, and snakehead, nucleotides with a length of 821 base pairs from the 

ITS region of rDNA were isolated. The type sequence of S. acheilognathi (accession 

number: MN341860) obtained from the National Center for Biotechnology Information 

(NCBI) (https://blast.ncbi.nlm.nih.gov) was used to compare the nucleotides of the 

samples. 

Bioinformatic analysis revealed no differences between the nucleotides of S. 

acheilognathi samples detected in the carp and crucian carp and the sample from NCBI 

(accession number: MN341860) (Fig. 3). However, the S. acheilognathi specimen 

identified in the snakehead exhibited three nucleotide differences: 

1. A-adenine at the 152nd nucleotide was present in the carp and crucian carp 

samples, but S-cytosine was found in the snakehead sample. 

2. S-cytosine at the 601st nucleotide was observed in the carp and crucian carp 

samples, while T-thymine was present in the snakehead sample. 

3. G-guanine at the 624th nucleotide was found in the carp and crucian carp 

samples, whereas S-cytosine was identified in the snakehead sample. 

These differences in nucleotides between the snakehead and the other two samples 

accounted for a 0.36% variation. However, the differences observed do not provide 

conclusive evidence that the specimens from the snakehead, crucian carp, and carp 

https://blast.ncbi.nlm.nih.gov/
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represent separate species. These variations can be explained by environmental factors 

affecting the S. acheilognathi population found in the snakeheads and the type of host. 

The nucleotide sequences obtained from this molecular genetic research have been 

submitted to the international bioinformatics information center, and accession numbers 

were obtained (Accession number: PQ358427). 

 

 
Fig. 3. Comparison of rDNA ITS region nucleotide sequences of S. acheilognathi species 

from the genus SchyzocotyleAkhmerov, 1960 and S. acheilognathi (accession number: 

MN341860) from the Genbank database based on sequence material 

Notes: 

• A: Nucleotide of the identified species S. acheilognathi from the carp. 

• B: Nucleotide of the identified species S. acheilognathi from the crucian carp. 

• C: Nucleotide of the identified species S. acheilognathi from the snakehead. 

 
 

CONCLUSION 

 

Morphometric indicators of S. acheilognathi (Yamaguti, 1934), belonging to the 

genus Schyzocotyle Akhmerov, 1960, were determined in specimens found in the 
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digestive systems of the carp, crucian carp, and snakeheads. These morphometric 

indicators are consistent with those reported by other researchers. 

In terms of epizootiology, it was noted that the crucian carp and snakeheads exhibit 

lower infection rates compared to carp. 

The molecular genetic research revealed that the S. acheilognathi sample identified 

in the snakehead showed nucleotide differences compared to those from the carp and 

crucian carp. This difference can be attributed to the species' dependence on the type of 

host and the environmental factors influencing their living conditions. 
 

GRATITUDE 
 

The work was carried out within the framework of the program “Molecular 

identification of hoofed animals and their parasitic nematodes” implemented by the 

Academy of Sciences of the Republic of Uzbekistan. 
 

REFERENCES 

 

Aliyev, S.T.; Amirov, O.O.; Egamberdiyev, M.Kh. and Akhmadjonova, S.Sh. (2024). 

Morphological and Molecular-Genetic Classification of the Nematode Rhabdias 

engelbrechti Found in the Amphibian Pelophylax terentievi in the Aquatic Basins 

of South Uzbekistan. Egyptian Journal of Aquatic Biology and Fisheries, 28 (5): 

P. 831-841. 

Avdeev, V.V.; Bauer, O.N. and Bykhovskaya-Pavlovskaya, I.E. (1987). Key to 

freshwater fish parasites. Parasitic multicellular. (Part 2). – Leningrad: Nauka, 

1987. Vol. 3. 583 p. 

Brabec, J.; Waeschenbach, A.; Scholz, T.; Littlewood, D.T.J. and Kuchta, R. (2015). 

Molecular phylogeny of the Bothriocephalidea (Cestoda): molecular data 

challenge morphological classification. Int J Parasitol45: 761-771. 

Brabec, J.; Kuchta, R.; Scholz, T. and Littlewood, D.T.J. (2016). Paralogues of 

nuclear ribosomal genes conceal phylogenetic signals within the invasive Asian 

fish tapeworm lineage: evidence from next generation sequencing data. Int. J. 

Parasitol. 46: 555-562. 

Brouder, M.J. (1999). Relationship between length of roundtail chub and infection 

intensity of Asian fish tapeworm Bothriocephalus acheilognathi. J AquatAnim 

Health 11: 302-304. 

Boom, R.; Sol, C.J.; Salimans, M.M.; Jansen, C.L.; Wertheim-van Dillen, P.M. and 

van der Noordaa, J. (1990). Rapid and simple method for purification of nucleic 

acids. J Clin Microbiol 28(3): 495-503. https://doi.org/10.1128/jcm.28.3. 495-

503.1990 

Bykhovskaya-Pavlovskaya, I.E. (1985). Fish parasites. Study guide. – L.: Nauka, 1985. 

– 121 p. 

https://doi.org/10.1128/jcm.28.3.%20495-503.1990
https://doi.org/10.1128/jcm.28.3.%20495-503.1990


725 
Schyzocotyle acheilognathi a Parasite of the Digestive System of Fishes of  

Khorezm Region's Reservoirs, Uzbekistan 
 

 

Dogel, V.A. (1962). General parasitology (Revised and supplemented by Yu.I. Polyansky 

and E.M. Kheisin). – Leningrad: Publishing house of Leningrad State University, 

1962. 

Ikromov, E.E.; Ikromov, E.F.; Yildirimhan, H.S.; Azimov, Dj.A. and Amirov, O.O. 

(2023). Biodiversity of Helminths in genera of Bufotes and Pelophylax, 

Uzbekistan // Biharean Biologist, – Oradea, 2023. № 17 (1): p. 22-38. 

http://biozoojournals.ro/bihbiol/index.html 

Han, J.E.; Shin, S.P.; Kim, J.H.; Choresca, Jr CH.; Jun, J.W.; Gomez, D.K. and 

Park, S.C. (2010). Mortality of cultured koi Cyprinus carpio in Korea caused by 

Bothriocephalus acheilognathi. Afr J Microbiol Res 4: 543-546. 

Hansen, S.P.; Choudhury, A.; Heisey, D.; Ahumada, J.; Hoffnagle, T. and Cole, R. 

(2006). Experimental infection of the endangered bonytail chub (Gila elegans) 

with the Asian sh tapeworm (Bothriocephalusacheilognathi): impacts on survival, 

growth, and condition. Can J Zool 84: 1383-1394. 

Jeanmougin, F.; Thompson, J.D.; Gouy, M.; Higgins, D.G. and Gibson, T.J. 

(1998). Multiple sequence alignment with Clustal X. Trends Biochem Sci. 

23(10): 403-5. 

Kimyonazarov, S.Q.; Embergenov, M.A.; Akhmedova, Z.Y.; Kholmatov, B.R.; 

Gandjaeva, L.A.; Abdullaev, I.I.; Amirov, O.O. and Doniyorov, A.N. (2024) 

First record of Trirogma caerulea (Hymenoptera: Ampulicidae) from Uzbekistan, 

Middle and Central Asia. Zoosystematica Rossica, 33(1): P. 92-94. 

Marko, M.A.; Chipperfeld, R. and Birnboim, H.C. (1982). A procedure for the large-

scale isolation of highly purified plasmid DNA using alkaline extraction and 

binding to glass powder. Anal Biochem 121(2): 382-387. 

https://doi.org/10.1016/00032697(82)90497-3 

Matey, V.E.; Ervin, E.L. and Hovey, T.E. (2015). Asian fish tapeworm 

(Bothriocephalus acheilognathi) infecting a wild population of convict cichlid 

(Archocentrus nigrofasciatus) in Southwestern California. Bull South 

CalifAcadSci 114: 89-97. 

Markevich, A.P. (1951). Parasite fauna of freshwater fishes of the Ukrainian SSR. - 

Kyiv: Publishing house of the Academy of Sciences of the Ukrainian SSR, 1951. 

– 376 p. 

Mirzaev, U.N.; Kuchboev, A.E.; Mavlyanov, O.; Amirov, O.O. and Narzullayev, 

S.B. (2024). Morphological and molecular characterization of root-knot 

nematodes from Uzbekistan. Biosystems Diversity, 32 (1): 135-141. 

Osmanov, S.O. (1967). Characteristics of the parasite fauna of fish in the Zarafshan 

reservoirs // in the collection useful and harmful invertebrates of Uzbekistan. – 

Tashkent: Fan, 1967. – P. 121-128. 

Osmonov, S.O. (1971). Parasites of fishes of Uzbekistan. Publ., Fan. Uzbek SSR, 

Tashkent, 1971. 

http://biozoojournals.ro/bihbiol/index.html
https://doi.org/10.1016/00032697(82)90497-3


726 
Bazarbayeva et al., 2024 

 

Quvatov, A.Q; Kuchboev, A.E.; Mirzayev, U.T.; Amirov, O.O.; Atamuratova, M.Sh. 

and Narboev, U.Z. (2023). Morphometric and molecular characteristics of Cottus 

jaxartensis (Scorpaeniformes: Cottidae) // Egyptian Journal of Aquatic Biology & 

Fisheries. 2023. Vol. 27(6): P. 215-223. DOI: 10.21608/EJABF.2023.328089 

Quvatov; A.Q, Kuchboev, A.E.; Mirzayev, U.T.; Rakhimova, K.M. and 

Najmiddinov, E.Kh. (2024). Morphological and Molecular Genetic Analysis of 

Tr. Elegans and Tr. dorsalis of the Genus Triplophysa in the Chirchik River Basin 

(Uzbekistan). Egyptian Journal of Aquatic Biology and Fisheries,  28 (4): p. 807-

819. 

Soatov, B.B.; Kuchboev, A.E.; Karimova, R.R. and Amirov, O.O. (2023). 

Morphological and molecular description of Contracaecum sp larvae (Nematoda: 

Anisakidae) in common rudd fish of the Shurkul Reservoir of Uzbekistan. 

Biodiversitas, 2023. 24: 4; P. 2031-2036. https://DOI:10.13057/biodiv/d240412. 

Sudarikov, V.E. (1974). Отряд Strigeidida (La Rue, 1926) Sudarikov, 1959. – In the 

book: Trematodes of animals and humans. Moscow, 1974, v. 25. 244 p. 

Ryssai, A.; Yu. and Tsalolikhina, S.Ya. (1984). Ecological and geographical studies of 

nematodes // edited by the USSR Academy of Sciences, Transactions of the 

Zoological Institute, Volume 126. Leningrad. 

Vogelstein, B. and Gillespie, D. (1979). Preparative and analytical purification of DNA 

from agarose. Proc. Natl. Acad. Sci. USA 76(2): 615-619. 

https://doi.org/10.1073/pnas.76.2.615 

Yamaguti, S. (1934). Studies on the helminth fauna of Japan. Part 4. Cestodes of fishes. 

Jp J Zool 6: 1-112. 

Year, H.; Kuchta, R.; Brabec, J.; Peyron, F. and Dupouy-Camet, J. (2013). First 

identification of eggs of the Asian fish tapeworm Bothriocephalus acheilognathi 

(Cestoda: Bothriocephalidea) in human stool. ParasitolInt62: 268-271. 

 

https://DOI:10.13057/biodiv/d240412

