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Abstract:

Taenia hydatigena (T. hydatigena), a globally distributed parasite, poses a considerable economic burden on
livestock industries. The species exhibits an atypical characteristic for tapeworms: a wide range of
intermediate hosts. Consequently, a comprehensive analysis of the T. hydatigena mitochondrial genome is
warranted. A phylogenetic tree was constructed via the maximum likelihood method, and the HKY model
was employed for divergence time estimation. The complete mitochondrial genome of T. hydatigena was
found to be 13490 bp in length, with a high AT content (71%) relative to CG content (29%). Collinearity
analysis revealed predominantly forward matching and minimal gaps, suggesting genomic stability. A
phylogenetic tree based on 12 protein-coding genes (PCGs) and the cytochrome oxidase subunit 1 (COI)
gene confirmed that T. hydatigena belongs to the family Taeniidae. Divergence time analysis using COI
data estimated that T. hydatigena diverged approximately 19.39 million years ago (Mya), a period
coinciding with the transition from the MI-1 glacial period to a warmer climate. We hypothesize that the
differentiation of T. hydatigena was driven by host differentiation resulting from environmental changes
associated with this warming trend. Given the limited existing research on the T. hydatigena mitochondrial
genome, this study contributes valuable empirical data to further evolutionary investigations of this parasite.
Keywords: mitochondrial genome, Taenia hydatigena, divergence time, phylogeny

1. Introduction

Taenia hydatigena (T. hydatigena) is a tapeworm
that is ubiquitous in domestic animals worldwide
(NGUYEN et al. 2016; MIRAN et al. 2017). T.
hydatigena is mainly found in the gastrointestinal

tract of canids, where sexual reproduction takes
place (SEPPO SAARI et al. 2019; GIALLOMBARDO
et al. 2024; KARAKOC et al. 2024). Its larvae
(Cysticercus tenuicollis, C. tenuicollis) have been
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found in the abdominal cavity of many animals
examined for meat (NGUYEN et al. 2016).
Animals such as cattle and sheep become infected
by accidentally ingesting food or water
contaminated with canine feces containing T.
hydatigena. When the larvae released from these
eggs penetrate the host's intestinal wall, they
typically migrate to the omentum, mesentery,
peritoneum, and, less commonly, to the pleura
and pericardium (SAMUEL AND ZEwDE 2010;
ORYAN et al. 2012). And then gradually develops
into a fluid-filled bladder-like cyst (WANG et al.
2021). The massive migration of C. tenuicollis
can cause acute outbreaks, which can lead to
traumatic hepatitis and eventually death (ScALA
et al. 2014). In developing countries, T.
hydatigena has a high prevalence in domestic or
wild animals.  Although T.hydatigena is
considered to be one of the main causes of
economic and production losses in animal
husbandry, there is no effective treatment at
present (SCALA et al. 2015).

T. hydatigena has a large number of intermediate
host species (WANG et al. 2021). In the case of
parasites, it is usually co-evolved with the host.
Most tapeworm hosts show high specificity to
parasites. However, T. hydatigena has a relatively
large number of intermediate and definitive hosts,
which is relatively rare (WANG et al. 2021).
Therefore, this study analyzed the mt DNA of T.
hydatigena to explore the possible reasons for its
host diversity.

Mitochondrial DNA (mt DNA) is characterized
by no recombination, a maternal inheritance
pattern, regional conservatism, a fast mutation
rate, and a relatively high rate of evolution. As a
result, it has been widely used to study genetic
variation in metazoans (BROwN et al. 1979;
TORGERSON AND HEATH 2003; MUELLER et al.
2004; SHEN et al. 2010).

Although T. hydatigena is one of the most
common species of tapeworms in livestock, there
is very little molecular genetic information about

this parasite (RosTAMI et al. 2015). Therefore, we
use the mitochondrial genome to analyze the
phylogeny, differentiation time, and nucleic acid
diversity of T. hydatigena, and provide a new
scientific basis for its molecular genetic
information.

Material and Methods

Sample  Collection and
Observation

Morphological

In October 2024, a dog was dissected at an
altitude of 2,638 meters above sea level in the
Huangzhong of Qinghai Province, and eight white
parasites were collected in the intestines. All
samples were rinsed with 1x phosphate-buffered
saline (PBS) and stored in 70% alcohol for further
psychological and molecular biology
identification.

Place it on a glass dish, rinse it with normal
saline, then take photos with a stereo microscope,
and further observe it with a scanning electron
microscope.

DNA Extraction and Molecular Identification

Using a commercial kit (Cat. DP304-03,
TIANamp Genomic DNA Kit, TIANGEN
Biotechnology, Beijing, China), extract the
sample DNA genome according to the
manufacturer's instructions. The extracted DNA
was identified by amplification and sequencing
according to the conserved primers of the
Hypoderma COI gene. The extracted DNA was
used as a template for polymerase chain reaction
(PCR) to identify the COI gene by amplification
and sequencing using conserved primers
(OTRANTO et al. 2003). The primers used were
synthesized by Sangon Biotech (Shanghai,
China), and the primer and PCR conditions are
shown in Supplementary Table 1. Amplify DNA
fragments using a standard 25 pl PCR protocol.
Use the TIANgel Midi Purification Kit (Cat. No.
DP209-02, Tiangen, China). The final PCR
product was sent to Sangon Biotech (Shanghai)
Co., Ltd. for library construction and sequencing.
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Mitochondrial
Assembly

Genome  Sequencing and

The sequencing raw data is evaluated by Fastp
v0.36 (CHEN et al. 2018) for quality evaluation,
data filtering, effective read statistics, etc., to
obtain relatively accurate and effective data. After
obtaining high-quality sequencing data, the
genome was spliced from scratch according to the
principle of high redundancy of high-throughput
sequencing data. In the process of mitochondrial
genome splicing, the following strategies are
adopted: extracting reads aligned to organelle
genome sequences for splicing, directly using
WGS data for splicing, and then extracting
possible genome scaffolds through sequence
similarity and splicing features. After the splicing
strategy is  determined, SPAdes v3.15
(BANKEVICH et al. 2012) is used to correct the
error sequence, and then the results of each Kmer
value are combined to obtain the best result.

After the splicing was completed, the scaffolds
were compared with the NCBI nt library
(http://ncbi.nlm.nih.gov/) using blastn to extract
the sequencing depth and coverage information of
each scaffold. Then, GapFiller v1.11 was used to
supplement the GAP obtained by contig, and
finally, Pilon V1.24 was used for sequence
correction to correct the splicing errors and indels
of small fragments in the splicing process, and
finally, a complete circular gene map was
obtained.

Mitochondrial Gene Annotation and Repetitive
Element Annotation

Use thlastn and genewise to perform reverse
comparison with closely related reference
databases to obtain CDS gene boundaries; MiTFi
to obtain tRNA sequence annotations;
cmsearchrfam to compare and identify non-
coding rRNA, and finally summarize into
complete annotation results. Then, misa Vv
2.1(CHEN et al. 2016) was used to search for SSR
in the whole genome sequence, and rmpture was

used to find scattered repetitive sequences and
statistically plotted to obtain repetitive element
annotations.

Sequence,
Analysis

Alignment, and Phylogenetic

BLAST searches were performed using the
National Center for Biotechnology Information's
Genomic Database (http://www.ncbi.nlm.nih.gov)
for sequence results. Subsequently, PhyloSuite
v1.2.2 (ZHANG et al. 2020) was used to determine
the phylogenetic relationship of T. hydatigena,
and the 12 protein-coding genes and the COI
phylogenetic tree of T. hydatigena were
constructed. 76 genomes were used to construct a
phylogenetic tree (see Supplementary Table 2-3
for details). The sequence alignment of T.
hydatigena was performed using MAFFT v7.505
(KATOH AND STANDLEY 2013) software with
default settings, while TrimAl v1.2 software was
used to remove intergenomic gaps and ambiguous
sites (CAPELLA-GUTIERREZ et al. 2009).
Phylogenetic trees were constructed using 1Q-
TREE v2.2.0 maximum likelihood (ML)
(NGUYEN et al. 2015). Model selection is done
automatically by ModelFinder
(KALYAANAMOORTHY et al. 2017). The other
parameters used are the defaults. Use the online
tool TVBOT to view and beautify phylogenetic
trees(XIE et al. 2023).

Analysis of Divergence Times

We selected different species (T. saginata, T.
multiceps, T. solium, T. ovis, T. crassiceps, T.
twitchelli, T. martis, T. serialisi, T. hydatigena, T.
asiatica, T. laticollis, Echinococcus ortleppt) for
divergence-time analysis. The differentiation time
of the entire T. hydatigena mitochondrial genome
was inferred using BEAST v2.7.7, and the
optimal HKY model was selected(BOUCKAERT et
al. 2014). For tree priors, a calibrated Yule model
(Nirmala) is used (HELED AND DRUMMOND 2015).
Based on the findings of previous studies on the
differentiation time of Teania spp., the mean and
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standard deviation of the existing normal
distributions of T. ovis, T. martis, T. laticollis, and
Echinococcus ortleppt were set at 19.6 Mya, 17.7
Mya, 15.0 Mya, and 25.6 Mya, respectively, for
T. hydatigena. The probability estimates are
extracted every 1000 generations from 10 million
generations of each Markov chain Monte Carlo
(MCMC-RRB) run, and the initial 25% of the
sampled data is discarded. The Family Tree was
plotted using Figtree V. 1.4.

SUB100 3.0kV x40

Results
Morphological Observation

The results of the stereomicroscope showed that
the head of T. hydatigena was milky white and
fan-shaped, but not very flat, with vertical stripes
on the fan-shaped surface (Fig. 1A). The tail is
inverted cone-shaped (Fig. 1B). Scanning electron
microscopy shows several vertical stripes and
folds on the head and tail, see Fig. 1C and Fig. 1D
for details.

" {.00mm  SUB100 3.0V x30

Fig. 1. The morphological observation of T. hydatigena.

The structure of the scolex and tail of the T.
hydatigena as seen under a stereo microscope,
respectively (A, B). Scanning electron
micrograph of the tail and scolex of the T.
hydatigena (C, D).

Structure of the Mitochondrial Genome of T.
Hydatigena

After manual assembly, the total length of T.
hydatigena mt DNA was 13490 bp (GenBank

accession number PV389993), with an A+T
content of 71% and a G+C content of 29%. The
37 mt-based genomes of T. hydatitgena include
12 PCGs, 22 tRNA genes, 2 rRNA genes (16S
rRNA and 12S rRna), 7 NADH dehydrogenases
(ND1, ND2, ND4, ND4L, ND5, ND6, ND3), 4
cytochrome c oxidases (See Fig. 2D). In the
mitochondrial genome, the gene arrangement is
very tight, and the gene spacer is only 87bp,
accounting for 0.5% of the total mitochondrial
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length, and overlapping genes may occur.
Phylogenetic Relationship

Construct the phylogeny of the T. hydatigena
using the maximum likelihood method, using 40
species and outgroups based on 12 PCGs. The
results showed that T.hydatigena belonged to the
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genus Taeniidae and was closest to the Family
diphyllobothriidae (Fig. 2A). In addition, to
further verify the relationship between T.
hydatigena and other genera, we also used the
COIl gene of T. hydatigena for phylogenetic
analysis, and the results were consistent with the
previous results (Fig. 2B).

Fig. 2. Phylogenetic relationship and genome circle.

Based on 12 mitochondrial gene sequences (A),
combined with COI sequences (B), the
phylogenetic relationship between T. hydatigena
and other species was verified using the
maximum likelihood method. Colinearity circle
(C). The circle plot represents the GC and gene
name from the outside to the inside, and the lines
represent its collinearity region (cyan indicates a
forward match, and the red table represents the
inverse matching). Genome annotation circle
diagram (D).

Collinearity Analysis

The collinearity of T. hydatigena has only
forward matching and no reverse matching. In the

collinearity region of T. hydatigena, the genes are
very tightly linked, except for ND5 and COX3,
ND5 and ND6 genes have a space, but the
interval is very small, and there are no gaps in the
others (Fig. 2C). The size of the collinearity
fragment has a great relationship with the
differentiation time between species: the shorter
the differentiation time between species, the less
variation accumulated, and more characteristics
inherited from ancestors will be retained (YANG
et al. 2023). Thus, T. hydatigena inherited more
genetic traits from its ancestors.

Nucleotide Diversity Analysis

As we all know, species' heredity in nature is
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polymorphic, and understanding the basis of
variation is still a core issue in evolutionary
biology (ZHANG AND YANG 2015). We used
DNASP to calculate the nucleotide polymorphism
index between multiple genomes in the

irnM{cau)

Nucleotide diversity

mitochondrial whole genome. The results showed
that the coefficient of variation (pi) of methionine
(trn cua) and NADH dehydrogenase (ND4)
nucleotides was higher (Fig. 3).

Fig. 3 Nucleic Acid Polymorphism Analysis Chart

Nucleotide polymorphisms (Pls) calculated based
on multiple genomes are shown in the figure, and
the peak regions represent regions with large
variations in different genome domains, which in
turn identify the conserved nature of the gene or
IR.

Divergence Time Analysis

The divergence time of T. hydatigena was

estimated by the Beast2 relaxation molecular
clock method. Divergence time analysis of the T.
hydatigena showed that the common ancestor of
Taenia spp. Existed in about 19.39 Mya (17.82—
22.66 Mya, 95% highest probability density). The
divergence times of T. laticollis, T. ovis, T.
multiceps, and T. hydatigena were 15.14 Mya,
17.73 Mya, and 19.39Mya, respectively (Fig. 4).
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Fig. .4 Divergence times

Inferred divergence times based on COI of T.
hydatigena mitochondria and other Taenia spp.
Numbers at the nodes represent the divergence
times between the two lineages. The green bar
represents the time interval of the 95% highest
probability density. Time scales show the range of
the  Oligocene, Miocene, Pliocene, and
Pleistocene periods.

Discussion

The morphology of T.hydatigena has not yet been
reported, and our morphological observations
have revealed the head and tail morphology of
adult T. hydatigena. It is worth noting the
difficulties in collecting the sample; we cannot
rule out the possibility of damage during the
collection. Therefore, we believe that there is a
need to further understand T. hydatigena through
molecular biology. In this case, the combination
of morphological and molecular biology methods
IS more convincing.

In recent years, researchers have made extensive
use of use of stable genetic molecular markers to

identify parasites (PADGETT et al. 2005; TRAN THI
et al. 2022). The mt DNA contains a large amount
of genetic information, short in length, and simple
in structure  DNA molecules (GrRAY 2012).
Therefore, we performed mitochondrial genome
sequencing by the collected parasites. In this
study, the phylogeny of T. hydatigena was
reconstructed from the mitochondrial whole
genome  sequence.  Through  sequencing,
assembly, and annotation, we found that the
complete mitochondrial genome of T. hydatigena
is consistent with the structure of most tapeworms
(Fig. 2D). This is consistent with previous
research reports (JIA et al. 2010; Liu et al. 2010).
The reliability of the topology is improved by
using ML analysis to perform a comprehensive
analysis of the nodes. The phylogenetic tree
generated based on 12 PCGs and COls showed
that T. hydatigena was closely related to species
of the genus, which was consistent with previous
studies (KNAPP et al. 2011).

Mt DNA collinearity analysis of T. hydatigena
showed that the genes of T. hydatigena were very
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tightly knit (Fig. 2C). Collinearity describes the
positional relationship of genes on the same
chromosome: the type of genes differentiated
from the same ancestral type and the preservation
of the relative order. The size of the collinearity
fragment has a lot to do with the time of
differentiation between species: between species
with a shorter differentiation time, there is less
variation accumulated, and more traits inherited
from ancestors are retained(COGHLAN et al.
2005). Consequently, the mitochondrial genome
of T. hydatigena retains a greater amount of
genetic material from its ancestors.

Fossil data are one of the main bases for studying
the origin and evolution of different species
(DENG et al. 2020). The differentiation time of T.
hydatigena in this study was 19.39 Mya in the
early Miocene. This period is considered to be
part of the transition from the Mi-1 to the Mid-
Miocene Warm Period (SULLIVAN et al. 2023).
Based on existing studies, ice sheet expansion
events that occurred in the Miocene will lead to
global ocean climate change(HOLBOURN et al.
2005; GAssoN et al. 2016), resulting in species
diversity (MARX AND UHEN 2010). In the process
of climate and temperature changes, the QTP is
rapidly uplifted, the altitude rises rapidly, the
summer monsoon strengthens, and the climate
warms (ZHISHENG et al. 2001; RENNER 2016;
Kapp AND DECELLES 2019; Ao et al. 2021).
Therefore, it is reasonable to speculate that global
climate change and the rapid uplift of the Tibetan
Plateau drove the evolution of T. hydatigena.

The definitive hosts of T. hydatigena are canids,
which originated in North America (NAKAO et al.
2007). Therefore, we suspect that T. hydatigena
migrated from North America to Europe and
finally to Asia along with canines. (FiLIP et al.
2019). During migration, the feces excreted by
canines contain  T. hydatigena, which
contaminates food and water sources, and cattle,
after ingestion, evolve in the body of cattle
(NGUYEN et al. 2016; RAIssI et al. 2021).

Originating from a small species in North
America, the equidae evolved around 20 Mya,
diverging into at least 19 species (LIBRADO AND
ORLANDO 2021). Thus, horses, as intermediate
hosts of T. hydatigena, evolved to adapt to equine
differentiation. Equidae, in turn, diverged into
many species, and T. hydatigena was able to
survive in  the  differentiated  species
(MIHLBACHLER et al. 2011). Therefore, we
speculate that T. hydatigena parasitic canids
migrated from North America to Asia and that T.
hydatigena evolved with changes in the external
environment and the evolution of intermediate
hosts.

Conclusion

In  conclusion, we reveal the complete
mitochondrial genome of T. hydatigena and
explore the system of T. hydatigena from the
perspective of morphology and molecular
biology. We identified this family as a tapeworm
family by  morphological  observations.
Phylogenetic analyses were performed using 12
PCGs and COls, and these results provide strong
evidence for the relationship of T. hydatigena
with other tapeworms. In addition, divergence
times suggest that the differentiation of T.
hydatigena is related to global warming and host
evolution. Therefore, we speculate that the
differentiation of T. hydatigena may be closely
related to global climate change and biological
factors. By making reasonable assumptions about
host evolution, the evolution of T. hydatigena
may depend on the host-parasitism relationship.
We looked at the structural characteristics,
evolutionary  stress  selection, phylogenetic
analysis, and divergence timing of T.hydatigena,
were made reasonable speculations to provide a
reasonable explanation. The results obtained have
important implications for a better understanding
of the evolutionary role of T. hydatigena. We are
confident that with our continuous efforts in the
future, we will be able to understand that
significant progress will be made in the details of
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T. hydatigena.
Funding

This work was supported by grants from the
National Natural Science Foundation of China
(32560866 and 32160840), the Key R&D and
Conversion Plan of Qinghai Province (2025-QY-
227), the Open Project of State Key Laboratory
for Diagnosis and Treatment of Severe Zoonotic
Infectious Diseases (RCGHCRB202506), and the
Qinghai Province “Kunlun Talents High-end
Innovation and Entrepreneurial Talents” Talent
Training Project.

Credit Authorship Contribution Statement

YF, RM, and FZ conceived the study and drafted
the manuscript. FZ, ZL, and YH carried out the
experiments and analyzed the data. ZZ, YM,
DJRQ, and RM contributed to the collection of
the samples. XY, CGG, YF, and FZ contributed
material, discussions of the results, and to the
final version of the manuscript. All authors read
and approved the final manuscript.

Declaration of Competing Interests

The authors declared that they have no conflicts
of interest in this work.

Code Availability Not applicable
Data availability

Data will be made available on request.
Declarations Ethical Approval

All animal experiments were performed in
accordance with the guidelines of the Institutional
Animal Care and Use Committee of the Qinghai
University (PJ202501-102).

References

1. Ao, H. et al., 2021 Global warming-induced
Asian hydrological climate transition across
the Miocene-Pliocene boundary. Nat Commun
12: 6935.

2. Bankevich, A. et al., 2012 SPAdes: a new
genome assembly algorithm and its

10.

11.

12.

13.

14.

15.

applications to single-cell
Comput Biol 19: 455-477.
Bouckaert, R. et al., 2014 BEAST 2: A
Software Platform for Bayesian Evolutionary
Analysis. Plos Computational Biology 10: el
003537.

Brown, W. M. et al., 1979 Rapid evolution of
animal mitochondrial DNA. Proc Natl Acad
Sci U SA76: 1967-1971.

Capella-Gutiérrez, S. et al., 2009 trimAl: a
tool for automated alignment trimming in
large-scale phylogenetic analyses.
Bioinformatics 25: 1972-1973.

Chen, L. et al., 2016 VFDB 2016: hierarchical
and refined dataset for big data analysis--10
years on. Nucleic Acids Res 44: D694-697.
Chen, S. et al., 2018 fastp: an ultra-fast all-in-
one FASTQ preprocessor. Bioinformatics 34:
1884-i890.

Coghlan, A. et al., 2005 Chromosome
evolution in eukaryotes: a multi-kingdom
perspective. Trends Genet 21: 673-682.
DENG, T. et al.,, 2020 Tibetan Plateau: An
evolutionary junction for the history of
modern biodiversity. Earth Sciences 02: 177-
179.

Filip, K. J. et al., 2019 First Molecular
Identification of Taenia hydatigena in Wild
Ungulates in Poland. Ecohealth 16: 161-170.
Gasson, E. et al., 2016 Dynamic Antarctic ice
sheet during the early to mid-Miocene. Proc
Natl Acad Sci U S A 113: 3459-3464.
Giallombardo, G. M. et al., 2024 Visceral
cysticercosis in a Kunekune sow: description
and molecular identification of Taenia
hydatigena. Helminthologia 61: 201-204.
Gray, M. W,, 2012 Mitochondrial evolution.
Cold Spring Harb Perspect Biol 4: a011403.
Heled, J. et al., 2015 Calibrated Birth-Death
Phylogenetic Time-Tree Priors for Bayesian
Inference. Systematic Biology 64: 369-383.
Holbourn, A. et al., 2005 Impacts of orbital
forcing and atmospheric carbon dioxide on
Miocene ice-sheet expansion. Nature 438:

sequencing. J

CURRENT SCIENCE

CS 6 (1), 5742-5752 (2026) | 5750



16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

CURRENT SCIENCE

Yong Fu, Ru Meng et al.

483-487.

Jia, W. Z. et al., 2010 Complete mitochondrial
genomes of Taenia multiceps, T. hydatigena
and T. pisiformis: additional molecular
markers for a tapeworm genus of human and
animal health significance. BMC Genomics
11: 447.

Kalyaanamoorthy, S. et al, 2017
ModelFinder: fast model selection for
accurate phylogenetic estimates. Nature

Methods 14: 587-+.

Kapp, P. et al.,, 2019 Mesozoic—Cenozoic
geological evolution of the Himalayan-
Tibetan orogen and working tectonic
hypotheses. American Journal of Science 319:
159-254.

Karakoc, S. et al., 2024 Genetic diversity and
haplotypes of Cysticercus tenuicollis isolates
from slaughtered sheep and goats in Elazig
and Bingol provinces of Turkey. Vet Med Sci
10: e1411.

Katoh, K. et al.,, 2013 MAFFT Multiple
Sequence Alignment Software Version 7:
Improvements in Performance and Usability.
Molecular Biology and Evolution 30: 772-
780.

Knapp, J. et al, 2011 Phylogenetic
relationships within Echinococcus and Taenia
tapeworms (Cestoda: Taeniidae): an inference
from nuclear protein-coding genes. Mol
Phylogenet Evol 61: 628-638.

Librado, P. et al., 2021 Genomics and the
Evolutionary History of Equids. Annu Rev
Anim Biosci 9: 81-101.

Liu, G.-H. et al., 2010 The complete
mitochondrial genomes of three cestode
species of Taenia infecting animals and
humans. Molecular Biology Reports 38:
2249-2256.

Marx, F. G. et al., 2010 Climate, critters, and
cetaceans: Cenozoic drivers of the evolution
of modern whales. Science 327: 993-996.
Mihlbachler, M. C. et al.,, 2011 Dietary
change and evolution of horses in North

26.

27.

28.

29.

30.

31.

32.

33.

34.

America. Science 331: 1178-1181.

Miran, M. B. et al.,, 2017 Prevalence of
echinococcosis and Taenia hydatigena
cysticercosis in slaughtered small ruminants at
the livestock-wildlife interface areas of
Ngorongoro, Tanzania. Vet World 10: 411-
417.

Mueller, R. L. et al., 2004 Morphological
homoplasy, life history evolution, and
historical biogeography of plethodontid
salamanders  inferred  from  complete

mitochondrial genomes. Proc Natl Acad Sci U
S A101: 13820-13825.

Nakao, M. et al., 2007 A molecular phylogeny
of the genus Echinococcus inferred from
complete mitochondrial genomes.
Parasitology 134: 713-722.

Nguyen, L. T. et al., 2015 IQ-TREE: A Fast
and Effective Stochastic Algorithm for
Estimating Maximum-Likelihood
Phylogenies.  Molecular  Biology and
Evolution 32: 268-274.

Nguyen, M. T. et al.,, 2016 A systematic
review on the global occurrence of Taenia
hydatigena in pigs and cattle. Vet Parasitol
226: 97-103.

Oryan, A. et al., 2012 Abattoir prevalence,
organ distribution, public health and economic
importance of major metacestodes in sheep,
goats and cattle in Fars, southern Iran. Trop
Biomed 29: 349-3509.

Otranto, D. et al., 2003 Species identification
of Hypoderma affecting domestic and wild
ruminants by morphological and molecular
characterization. Med Vet Entomol 17: 316-
325.

Padgett, K. A. et al., 2005 Systematics of
Mesocestoides (Cestoda: Mesocestoididae):
evaluation of molecular and morphological
variation among isolates. J Parasitol 91: 1435-
1443.

Raissi, V. et al, 2021 Molecular
Characterization and Phylogeny of Taenia
hydatigena and Echinococcus granulosus from

CURRENT SCIENCE

CS 6 (1), 5742-5752 (2026) | 5751



35.

36.

37.

38.

39.

40.

41.

42.

CURRENT SCIENCE

Yong Fu, Ru Meng et al.

Iranian Sheep and Cattle Based on COX1
Gene. Curr Microbiol 78: 1202-1207.

Renner, S. S., 2016 Available data point to a
4-km-high Tibetan Plateau by 40 Ma, but 100
molecular-clock papers have linked supposed
recent uplift to young node ages. Journal of
Biogeography 43: 1479-1487.

Rostami, S. et al., 2015 Molecular and
morphological  characterization of the
tapeworm Taenia hydatigena (Pallas, 1766) in
sheep from Iran. J Helminthol 89: 150-157.
Samuel, W. et al., 2010 Prevalence, risk
factors, and distribution of Cysticercus
tenuicollis in visceral organs of slaughtered
sheep and goats in central Ethiopia. Trop
Anim Health Prod 42: 1049-1051.

Scala, A. et al., 2015 Epidemiological updates
and economic losses due to Taenia hydatigena
in sheep from Sardinia, Italy. Parasitol Res
114: 3137-3143.

Scala, A. et al, 2014 Acute visceral
cysticercosis by Taenia hydatigena in lambs
and treatment with praziquantel. Journal of
Helminthology 90: 113-116.

Seppo Saari et al., 2019 Canine Parasites and
Parasitic Diseases,.

Shen, X. et al.,, 2010 The mitochondrial
genome of Euphausia superba (Prydz Bay)
(Crustacea:  Malacostraca:  Euphausiacea)
reveals a novel gene arrangement and
potential molecular markers. Mol Biol Rep
37: 771-784.

Sullivan, N. B. et al., 2023 Millennial-scale
variability of the Antarctic ice sheet during the
early Miocene. Proc Natl Acad Sci U S A 120:

43.

44,

45.

46.

47.

48.

49.

50.

€2304152120.

Torgerson, P. R. et al., 2003 Transmission
dynamics and  control  options  for
Echinococcus granulosus. Parasitology 127
Suppl: S143-158.

Tran Thi, G. et al, 2022 Molecular
Identification and Appraisal of the Genetic
Variation of Taenia saginata in Central
Regions of Vietnam. Life (Basel) 12.

Wang, S. et al., 2021 The genome of the thin-
necked bladder worm Taenia hydatigena
reveals evolutionary strategies for helminth
survival. Commun Biol 4: 1004.

Xie, J. M. et al., 2023 Tree Visualization By
One Table (tvBOT): a web application for
visualizing, modifying and annotating
phylogenetic trees. Nucleic Acids Research
51: W587-W592.

Yang, X. et al., 2023 Unravelling the genomic
features, phylogeny and genetic basis of tooth
ontogenesis in  Characiformes through
analysis of four genomes. DNA Res 30.
Zhang, D. et al., 2020 PhyloSuite: An
integrated and scalable desktop platform for
streamlined  molecular  sequence  data
management and evolutionary phylogenetics
studies. Mol Ecol Resour 20: 348-355.

Zhang, J. et al., 2015 Determinants of the rate
of protein sequence evolution. Nat Rev Genet
16: 409-420.

Zhisheng, A. et al., 2001 Evolution of Asian
monsoons and phased uplift of the Himalaya-
Tibetan plateau since Late Miocene times.
Nature 411: 62-66.

CURRENT SCIENCE

CS 6 (1), 5742-5752 (2026) | 5752



