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ABSTRACT 

Fasciola species are zoonotic trematodes that cause fascioliasis in a wide range of 

hosts, including humans and ruminants such as camels, cattle, sheep and goats. The 

parasite causes significant economic losses in the livestock sector. Although its effect 

on human health has previously been understated, recent cases of fascioliasis have 

sparked increased interest among researchers globally. These situations make it 

essential to precisely characterize species of Fasciola. However, available phenotypic 

approaches fail to represent the diversity of Fasciola species in a summarized manner. 

In this context, the use of molecular approaches offers important advantages for the 

characterization of Fasciola species. Current molecular techniques greatly facilitate the 

elucidation of the biology, epidemiology and genetics of the parasite. In this article, the 

molecular markers used for Fasciola species, the properties of these markers, their 

intended use and the molecular techniques used to analyze these markers are discussed. 
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INTRODUCTION 

Fasciola species are zoonotic trematodes that cause 

fasciolasis by colonizing the liver and bile ducts of their final 

hosts. They require a final host and an intermediate host in 

their life cycle. Their final hosts are various species such as 

cattle, sheep, goats, buffaloes and humans. Intermediate hosts 

are Lymnaea snails where the larval stages develop and 

reproduce. Transmission occurs by consuming a carrier (e.g. 

aquatic plants) to which the metacercariae attach [1, 2]. There 

are currently two known species. While F. hepatica has a 

cosmopolitan spread, F. gigantica is common in tropical and 

subtropical zones of Africa and Asia. In addition, recent 

studies have reported a new species of Fasciola, described as 

a hybrid of F. hepatica and F. gigantica [3]. 

Morphology, epidemiology, behavioral features, host and 

geographical spread, cross-breeding works, and physiology 

and biochemistry works were used in the species 

characterization process. However, in digeneans, the vast 

majority of species have been described solely on the basis of 

morphological characteristics of the adults, the hosts they 

infect, and their geographic distribution. However, many 

species cannot be identified with certainty on the basis of 

morphological characteristics alone. Some factors that make 

digenean identification difficult include: the small size of the 

adults and the paucity of taxonomic characters, uncertainty 

about the validity of the characters to be considered; high 

morphological similarities between closely related species; the 

significant time lag between initial genetic divergence and 

structural change; phenotypic plasticity, and the lack of 

distinguishing morphological characters for many digenean 

life cycle stages, such as cercariae and metacercariae, making 

it impossible to associate them with the adult form of the 

parasite on morphological characters alone [4]. 

Developments in the field of molecular biology have 

increased the utilization of various molecular techniques and 

genetic markers in molecular phylogeny. Genetic markers are 

segments of DNA in the genome that can provide molecular 

knowledge for species characterization. The use of DNA 

regions as genetic markers has demonstrated to be beneficial 

not only for species identification and detection of new 

species, but also for revealing relationships between groups of 

organisms in taxonomic works [5]. 

 

Gene Used in Molecular Characterization 

Genetic markers are widely used in molecular studies and 

their suitability for the type of application depends on the 

degree of conservation of the nucleotide sequence. As a result, 

determining the suitability of a genetic marker for any given 

study is a complex process [5]. 

Genetic markers can be constructed from distinct DNA 

sequences of the nuclear or mitochondrial genomes. The utility 

and specificity of each genetic marker greatly depends on the 

degree of sequence variation of the marker [5]. 

Four key characteristics are suggested for a genetic marker 

for the molecular characterization of parasitic helminths: 1. It 

should show sequence diversity across species; 2. Reference 

sequences in the database should be of appropriate length; 3. 

It should be simple to align sequences over a wide 

phylogenetic range; and 4. It should be simple to construct 

universal primers [5]. 

Although F. hepatica is an important parasite, little is 

known about its genetic variation and population structure. 

Most of the studies on Fasciola species are based on 

interspecific differences. Nuclear ribosomal DNA (rDNA)-

derived internal transcribed spacer 1 (ITS1), ITS2, ITS1-

5.8S-ITS2 and mitochondrial DNA-derived 28S ribosomal 

RNA (rRNA), NADH dehydrogenase 1 (nad1), cytochrome c 

oxidase 1 (cox1) and cytochrome b gene (cytb) gene regions 

have been used as molecular markers for Fasciola species [6]. 

Apart from these, nuclear DNA-derived 

phosphoenolpyruvate carboxykinase (pepck) and DNA 

polymerase delta (pold) genes are also used as molecular 

markers for more precise differentiation of F. hepatica, F. 

gigantica and aspermic Fasciola parasites (Table 1) [7]. 

 

Mitochondrial DNA (mtDNA) Regions 

As genetic markers, mitochondrial gene regions have 

several important features. Their large number of copies in the 

cell and haploid structure facilitate their amplification. They 

also have a high mutation rate due to the absence of a 

molecular repair mechanism [8,9], thus producing a higher 

degree of sequence variation. 

Liu et al. [10] used sliding-window analysis for 

mitochondrial genomes of Fasciola species to provide an 

estimate of nucleotide diversity (π) in mitochondrial genes. 

The study identified conserved regions within the nad1, nad6, 

cytb and cox1 genes. When the results of the study were 

evaluated, it was found that the most conserved regions among 

the investigated gene regions were nad1 and cox1 protein 

coding genes, while the least conserved regions were nad6, 

nad5 and nad4 gene regions [10]. 
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Cytochrome c Oxidase 1 and NADH dehydrogenase 1 

Gene 

The cytb [6], cox1 and nad1 genes, which encode 

important components of the cellular respiratory system, and 

the 12S and 16S ribosomal RNA (rRNA) genes are genetic 

markers located in mitochondrial DNA (mtDNA) [5,11]. 

Although 12S and 16S are considered suitable for use as 

genetic markers, their use in Fasciola studies has not been 

found in the literature. 

The cox1 gene region originating from mitochondrial 

DNA, which is considered as a “universal’’ DNA barcoding 

marker for metazoans, is used as a typical genetic marker for 

many animal phyla. Its conserved structure in aeorobic 

organisms and its heterogeneous structure consisting of a 

number of different functional units have made the cox1 gene 

an important marker for use in classification studies [8]. 

The cox1 and nad1 mitochondrial gene regions are utilized 

as genetic markers to investigate genetic variation and 

phylogenetic relationships among Fasciola species [12,13]. 

Cox1 is a useful marker not only for the identification of 

Fasciola species, but also for understanding the origin and 

source of infection [14]. To investigate genetic variation and 

phylogenetic relationships among Fasciola species, DNA 

sequences of cox1 and nad1 genes can be obtained by 

sequence analysis [15]. In Fasciola species, species distinction 

can also be made by using the cox1 gene region restriction 

fragment length polymorphism (RFLP) molecular technique. 

When the cox1 gene region is exposed to Hpy188III, a 

restriction enzyme, using the RFLP technique, F. hepatica and 

F. gigantica as well as the aspermic Fasciola can be 

distinguished [16]. 

 

Cytochrome b Gene 

The cytb contains conserved nucleotide sequences that 

contain information about which genus or species the 

organism will be grouped into. It has been reported that these 

Table 1.  Molecular markers used for Fasciola and their properties 

 

Molecular Marker Location Intended Use Method Reference 

ITS1 - 5.8S - ITS2 Nuclear rDNA Species identification 
PCR-RFLP 

(Tsp509I) 
[22] 

ITS1 Nuclear rDNA 

Haplotype analysis, 

species distinction, 

population structure 

PCR-RFLP (RsaI), 

sequence 
[16,20] 

ITS2 Nuclear rDNA 

Haplotype analysis, 

species distinction, 

population structure 

PCR-RFLP (NlaIII), 

sequence 
[16, 20] 

28S rRNA 
Mitochondrial 

rRNA 

Species distinction, 

intraspecific and 

interspecific variation 

and phylogenetic 

studies 

Sequence [18] 

Cox1  Mitochondrial DNA 

Haplotype analysis, 
DNA barcoding, 

species discrimination, 

population structure 

PCR-RFLP 

(Hpy188III), 

sequence 

[16, 25] 

Nad1 Mitochondrial DNA 

Haplotype analysis, 

species determination, 

phylogenetic analysis, 

Sequence [24] 

Cytb Mitochondrial DNA 

Highly accurate 

species-specific 

detection between F. 
gigantica eggs and 

other F. gigantica-like 

eggs 

PCR [6] 

Pepck Nuclear DNA 

Definitive 

differentiation for F. 

hepatica, F. gigantica 

and aspermic Fasciola 

Multiplex PCR, 

PCR-RFLP (AccII) 
[7] 

Pold Nuclear DNA 

Definitive 

differentiation for F. 
hepatica, F. gigantica 

and aspermic Fasciola 

PCR-RFLP (AluI) [7] 
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conserved nucleotide sequences are used in the taxonomic 

classification of some animal species. The fact that more 

commonly used molecular markers such as cox1, nad1, 28S 

rDNA and ITSs become useless in the presence of various 

inhibitors that can affect PCR reactions in stool and reduce 

the detection limit of the PCR reaction makes cytb more 

successful in identifying eggs in stool samples compared to 

these markers. The cytb gene region is also a useful marker 

for identifying degraded DNA, such as in processed foods and 

forensic samples. It has also been suggested to be used as a 

marker gene due to its species-specific regions. Therefore, it 

has the necessary potential to create species-specific primers 

in Fasciola egg samples [6]. 

 

Mitochondrial 28S rRNA Gene 

Molecular techniques such as transcriptomics (RNA-Seq), 

RT-qPCR and RNA microarrays, which are useful in 

determining gene expression levels, are important tools for 

understanding the biology of parasites. All of these techniques 

require high-quality RNA extraction and analyze the extracted 

total RNA with high sensitivity and precision. In most of the 

research laboratories, this assessment is based on the 

completeness of 18S and 28S ribosomal RNAs (rRNAs) [17]. 

Using fragmented sequences of the mitochondrial 28S 

rRNA gene, it was used as a genetic marker for the precise 

identification, genotyping, intraspecific and interspecific 

variations and phylogenetic studies of Fasciola [18]. 

 

Nuclear DNA Regions 

mtDNA is more susceptible to mutation compared to 

NDNA (especially nuclear rRNA) genes. Nuclear rRNA genes 

are highly conserved genes, making them a potentially useful 

source of genetic markers for resolving high taxonomic levels 

for organisms. In NDNA, ITS regions have a higher degree of 

sequence variation than nuclear rRNA genes due to a higher 

rate of nucleotide exchange. Although more than one type of 

genetic marker is appropriate for molecular systematics and 

characterization goals, the varying characteristics of genetic 

markers make selection difficult for relevant applications 

[5,11]. 

 

Internal Transcribed Spacer (ITS) 

Ribosomes, the intracellular and molecular machines 

found in all living organisms, play important roles in protein 

synthesis and gene expression. The rRNA gene and spacer 

regions comprehensively provide phylogenetic information in 

prokaryotes and eukaryotes and are collectively known as 

rDNA; it consists of coding regions (18S, 5.8S and 28S) and the 

non- coding region of two internal transcribed spacers (ITS1, 

ITS2) and one non-transcribed spacer (NTS) [19]. 

The availability of molecular approaches has facilitated the 

identification and genetic characterization of morphologically 

similar parasites. However, the search for reliable molecular 

markers suitable for low-level phylogenetic analysis remains a 

challenging problem [19]. 

Coding regions are highly conserved sequences in living 

organisms and can be used to reveal phylogenetic 

relationships between major phyla, while non-coding regions 

are highly variable and have great potential for studying 

relationships between closely related genera or species due to 

the faster evolutionary rate. ITS regions are widely used as 

molecular markers for taxonomy and phylogenetic analyses. 

The reasons for the preference of ITS over other non- coding 

regions are the following: ( 1) multiple copies of rRNA 

genes; ( 2) suitable for PCR amplification with a variety of 

universal primers for different organisms; (3) average 

sequence length for sequencing; and (4) high degree of 

variation at the generic and species level due to frequent 

nucleotide polymorphisms or insertions/deletions in the 

sequences [19]. These features have made the internal 

transcribed spacer (ITS) region the most common marker for 

distinguishing F. gigantica from F. hepatica and for 

identifying the intermediate form Fasciola [12]. 

Current studies have shown that ITS1 and ITS2 can be used 

as genetic markers for the identification of Fasciola at the 

species level [20,21]. In addition, ITS1, 5.8S rDNA and ITS2 

regions were amplified as a whole by PCR and used as genetic 

markers [22]. 

For ITS1, ITS2 and ITS1 - 5.8S - ITS2 regions, species 

distinction can be made using PCR-RFLP technique. When 

looking at the literature, it was seen that it was possible to 

distinguish both Fasciola hepatica, Fasciola gigantica and 

aspermic Fasciola using restriction enzymes such as RsaI for 

ITS1, NlaIII for ITS2 [16] and Tsp509I for ITS1–5.8S–

ITS2[22]. ITS1 and ITS2 regions can be sequenced and used 

for haplotype analysis, phylogenic analysis, species distinction 

and population structure [20]. 

 

Pepck and Pold 

Because ribosomal DNA contains hundreds of copies 

arranged in tandem repeats, the ITS1 region is highly 

recombinogenic and unstable. Because of this nature, 

ribosomal DNA cannot provide conclusive evidence for 

interspecies hybridization. Therefore, new nuclear single 

copy markers, pepck and pold have recently been developed 

for the precise differentiation of Fasciola species. These were 
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considered sufficient to detect interspecies hybridization 

between F. hepatica and F. gigantica, since ITS1 can be 

inaccurate in distinguishing aspermic Fasciola [23]. 

For both gene regions, species distinction can be made 

using PCR-RFLP molecular technique. By using Acc II 

restriction enzymes for pepck and Alu I restriction enzymes for 

pold as restriction enzymes, definite distinction can be made 

between F. hepatica and F. gigantica and aspermic Fasciola. 

In addition, by using the Multiplex PCR molecular method for 

pepck, a definite distinction can be made between the 3 species 

[7]. 

 

CONCLUSION 

Fascioliasis is a major global concern for both veterinary 

and public health. Molecular studies have contributed 

significantly to the understanding of Fasciola and the fight 

against through the development of diagnostic tests that enable 

earlier detection of fascioliasis, phylogenetic analyses that 

provide important information on epidemiology and species, 

information obtained in studies on the molecular basis of drug 

resistance, and its role in vaccine development research. 

In the future, Fasciola species, mechanisms of drug 

resistance and host-parasite interactions can be analyzed in 

more depth with next-generation sequencing (NGS) 

technologies such as whole genome sequencing (WGS) and 

RNA-seq. In addition, the integration of gene editing 

approaches such as CRISPR-Cas9 into Fasciola studies can 

provide important advances. 

In conclusion, advances in the understanding of Fasciola 

species will ensure lasting success in the fight against 

fascioliasis. 
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