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Abstract 

Fasciola gigantica and Fasciola hepatica are digenetic trematodes causing fasciolosis in 

ruminants. The host and geographical distribution of both Fasciola species are influenced 

by environmental and climatic conditions favouring survival and development of free-living 

stages and intermediate hosts, and livestock management practices. The aim of the present 

study was to describe the host distribution of the two Fasciola species in buffalo, cattle, 

goats, and sheep in the Balochistan and Punjab provinces of Pakistan. 359 flukes were 

collected from a total of 32 livers from the four livestock species. Deep amplicon sequencing 

of the internal transcribed spacer region 2 of ribosomal DNA (rDNA ITS-2) and 

mitochondrial nicotinamide adenine dinucleotide dehydrogenase 1 (mtDNA ND-1) loci 

confirmed co-infection of F. hepatica and F. gigantica in Balochistan and single species F. 

gigantica infection in Punjab. In Balochistan, co-infections and hybrids of both Fasciola 

species were identified in cattle, with more F. hepatica detected than F. gigantica. However, 

F. hepatica was the only species identified in goats, and F. gigantica was the only species 

identified in buffalo. In Punjab, all flukes were confirmed as F. gigantica in each of the four 

livestock species. Overall, the results indicate differences in the host and geographical 

distribution of F. gigantica and F. hepatica, and provide useful knowledge for the 

development of control strategies for livestock and humans.  
 

Keywords: Fasciola gigantica, Fasciola hepatica, fasciolosis, rDNA ITS-2, mtDNA ND-1.  
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1. Introduction 

Fasciolosis is an important cause of livestock production loss, with an annual estimated 

cost of over US$3.2 billion worldwide (Mehmood et al., 2017). In addition to the economic 

costs associated with preventive management, direct losses are incurred due to liver 

condemnation, reduced growth, and poor reproductive performance (Mazeri et al., 2017; 

Sargison and Scott, 2011). These costs are particularly relevant in Low and Middle-Income 

Countries, where large proportions of the human population live in rural areas and depend 

on livestock for food and economic security (Khan et al., 2009). Ruminants are the definitive 

hosts for Fasciola gigantica and F. hepatica, and lymnaeid mud snails are the intermediate 

hosts (Aksoy et al., 2005; Mas-Coma et al., 2014a). Migrating larvae in the liver parenchyma 

cause acute, or subacute fasciolosis, while blood-feeding adult flukes cause chronic disease; 

with signs of anaemia, peripheral oedema, weight loss, or death (Sargison, 2008).  

The geographical distribution of Fasciola spp. is determined by the distribution and 

dispersal of their intermediate lymnaeid snail hosts, with clear snail and Fasciola spp. 

pairings in most cases (Mas-Coma et al., 2014a). A few lymnaeid snail species in Pakistan 

are capable of transmitting F. gigantica, F. hepatica and intermediate hybrid forms (Afshan 

et al., 2013b). There are various accounts of the distribution of Fasciola spp. in Pakistan. 

Some report F. hepatica to be most prevalent in ruminants (Ahmad et al., 2017; Akhtar et 

al., 2012; Ijaz et al., 2009; Shahzad et al., 2012), while others indicate a greater prevalence 

of F. gigantica  (Bhutto et al., 2012; Khan et al., 2009; Khan et al., 2010; Maqbool et al., 

2002; Rehman et al., 2020). These studies are all based on morphological Fasciola spp. 

identification, which may not always be accurate. High throughput next generation 

sequencing methods, using platforms such as the Illumina Mi-Seq now provide a relatively 

low-cost and reliable opportunitiy to study the epidemiology of Fasciola spp. (Rehman et 

al., 2020). Ribosomal and mitochondrial DNA markers such as the internal transcribed 

spacer-2 (ITS-2) and nicotinamide adenine dinucleotide  dehydrogenase-1 (ND-1) sequence 

reads allow differentiation between Fasciola species and hybrids, and can be used to 

describe genetic diversity and multiplicity of infection (Ai et al., 2010; Amor et al., 2011; 

Chaudhry et al., 2016; Rehman et al., 2020; Rokni et al., 2010). 

The aims of the present study were to use next-generation sequencing: to improve 

understanding of differences in Fasciola spp. infection among buffalo, cattle, goat and 

sheep; to describe the geographical distribution of Fasciola spp. in Pakistan; and to 



 4 

investigate the distribution of F. gigantica genotypes among different ruminant livestock 

hosts.  

 
 

2. Materials and Methods 

 
2.1 Study area 

Pakistan is located centrally within south Asia and consists of four provinces. Among 

those, Balochistan is the largest province in terms of land area but is the least densely 

populated at over 12 million people, whereas, Punjab is the second largest and the most 

populated at 110 million people. The climate of both provinces varies from tropical to 

temperate, characterised by a hot and dry summer season between April and June, a monsoon 

season between July and September and winter precipitation from December to March 

(Salma et al., 2012). Fasciolosis has been reported within all four major livestock hosts 

(buffalo, cattle, goat, sheep) in Balochistan and Punjab (Ahmad et al., 2017; Khan et al., 

2009; Khan et al., 2010). Mono- and bi-seasonal transmission peaks have been detected in 

addition to permanent transmission throughout the year (Afshan et al., 2014a; Qureshi et al., 

2015). The prevalence of infection and transmission patterns vary across Balochistan and 

Punjab due to influences of climatic change and anthropogenic environmental changes, such 

as irrigation networks (Afshan et al., 2014a).  

 

2.2. Sample collection 

Six (cattle = 4, sheep = 2) and eight (buffalo = 3, sheep = 3, goats = 2) livers were collected 

from abattoirs in Murgha Kibzai (30.7384° N, 69.4136° E) and Loralai (30.3806° N, 

68.5963° E) regions of the Balochistan province, respectively. Eighteen livers (buffalo = 7, 

cattle = 1, goat = 6, sheep = 4) were collected from an abattoir in Lahore (31.5204° N, 

74.3587° E) region of  the Punjab province. This provided 144 individual flukes from 

Balochistan and 215 from Punjab. Flukes collected from each liver were referred to as a 

single population, of which 10, 5, 8 and 9 populations belonged to buffalo, cattle, goats, and 

sheep, respectively (Table 1 and 2). Animals travel within 200-300 km distance in all three 

abattoirs for slaughter. Livers were transported on ice to the laboratory, where flukes were 

extracted from the biliary ducts. After the morphological confirmation of the Fasciola, 
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flukes were washed in phosphate-buffered saline and preserved in 70% ethanol at -80°C for 

DNA extraction. 

 

2.3. Genomic DNA extraction 

A small tissue piece of approximately 2 mg was taken from the head of each fluke (to 

avoid contamination by fertilised eggs) for DNA extraction. Each tissue sample was rinsed 

twice for 5 min in a petri dish with distilled water before being lysed in 25 µl worm-lysis 

solution (Viagen) using a protocol previously described by Rehman et al. (2020). Lysates 

were stored at -80 °C until required.  

 

2.4. Metabarcoded PCR amplification and Illumina Mi-Seq run  

The overall scheme of the metabarcoded PCR amplification was run first on the individual 

worms for species identification using the rDNA ITS-2 and mt-DNA ND-1 marker and then 

on pooled  F. gigantica from each population, using the mt-DNA ND-1 marker. 483 bp 

fragments of ITS-2 rDNA and 311 bp fragments of ND-1 mt-DNA were amplified from each 

of the 359 individual Fasciola flukes. In addition, ND-1 mt-DNA fragments were amplified 

from 25 pooled F. gigantica populations prepared by adding 1 µl aliquots of individual F. 

gigantica worms identified in each population. The modified primer sets, adapter and 

barcoded PCR amplification conditions, and magnetic bead purification were previously 

described by Rehman et al. (2020). 10 μl of each barcoded PCR product was combined to 

make a pooled library. 10 μl of each barcoded PCR product of rDNA ITS-2 and mt- mtDNA 

ND-1 loci were combined to make a pooled library and run on agarose gel electrophoresis 

to separate PCR products. The products were excised from the gel using commercial kits 

(QIAquick Gel Extraction Kit, Qiagen, Germany) and 20 μl of eluted DNA was then purified 

using AMPure XP Magnetic Beads (1X) (Beckman Coulter, Inc.), to form single purified 

DNA pooled library. The library was measured with KAPA qPCR library quantification kit 

(KAPA Biosystems, USA) and then run on an Illumina MiSeq Sequencer using a 600-cycle 

pair-end reagent kit (MiSeq Reagent Kits v2, MS-103-2003) at a concentration of 15nM with 

the addition of 15% Phix Control v3 (Illumina, FC-11-2003). 
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2.5. Bioinformatics 

Post-run processing separated the sequences according to the recognised barcoded 

indices, and generated FASTQ files. The Mi-Seq data analysis was performed with a 

bespoke pipeline using Mothur v1.39.5 software (Kozich et al., 2013; Schloss et al., 2009) 

with modifications in the standard operating procedures of Illumina Mi-Seq in the Command 

Prompt pipeline as described by (Rehman et al., 2020). Briefly, for the analysis of rDNA 

ITS-2 and mtDNA ND-1 sequence data, raw paired-end reads were combined to form two 

sets of reads for each sample using the “make.contigs” command, requiring “stability.files” 

as an input. This command extracts sequence quality score data from FASTQ files and 

creates complements of the reverse and forward reads to join them into contigs. The 

command aligns the pairs of sequence reads and compares the alignments, identifying any 

positions where the two reads disagree. Any sequences with ambiguous bases were removed 

using the “screen.seqs” command. The dataset was aligned with F. gigantica and F. hepatica 

rDNA ITS-2 and mtDNA ND-1 reference sequence taxonomy libraries created from the 

NCBI database where the sequences start and end with the primer sets (Rehman et al., 2020). 

The “align.seqs” command was altered to allow alignment of the reference sequence 

taxonomy library with the rDNA ITS-2 and mtDNA ND-1 Illumina Mi-Seq datasets. The 

“screen.seqs” command was then run to confirm that the filtered sequences overlapped the 

same region of the reference sequence taxonomy library by displaying the reads ending at 

the 483 bp (ITS-2) and 311 bp (ND-1) positions.  

To confirm the host and geographical distribution of F. gigantica and F. hepatica, the 

rDNA ITS-2 and mtDNA ND-1 analyses of the 359 individual Fasciola flukes were 

completed by classifying the sequences into either F. gigantica or F. hepatica using the 

“classify.seqs” command, and creating the taxonomy file using the “summary.tax” 

command. In total, hundreds of thousands of rDNA ITS-2 and mtDNA ND-1 reads were 

generated from the dataset of individual flukes. Hybrid flukes were determined from rDNA 

ITS-2 sequencing where the numbers of F. gigantica and F. hepatica reads were of very 

similar and represented heterozygosity (Supplementary Table S1). Any individual flukes that 

generated zero reads due to PCR error or low-quality gDNA were classified as ‘no reads’.  

To confirm the distribution of F. gigantica between buffalo, cattle, goat, and sheep, ND-

1 mtDNA sequences of 25 pooled F. gigantica populations were analysed using the 

“screen.seqs” command, followed by the “unique.seqs” command to create a count list of 
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the consensus sequences of F. gigantica from each host. The “pre.cluster” command was 

used to look for sequences with differences and to merge them into groups based on their 

abundance. The “chimera.vsearch” command was used to identify and remove any chimeras. 

The count list was further used to create FASTQ files of the consensus sequences of F. 

gigantica from each host (Mendeley database at DOI: 10.17632/rstb44mz2y.1) using the 

“split.abund” command to sort data into rare and abundant groups, based on the cutoff value 

of more than 1000 reads in the final data set). 

 

2.6. Statistical analysis 

The rDNA ITS-2 and mtDNA ND-1 classified data of 359 individual Fasciola flukes 

were analysed in Microsoft Excel v16.35. RStudio v1.2.5033 software was used to create 

bar charts displaying the presence of Fasciola species in corresponding hosts based on the 

rDNA ITS-2 and mtDNA ND-1 markers. The associations between the prevalence of F. 

gigantica and F. hepatica infection in the Balochistan province for both rDNA ITS-2 and 

mtDNA ND-1 markers were compared using a Pearson’s chi-square (χ2) test in Minitab 

v19.2020.1.0. We calculate the percentage value of each fluke with either F. gigantica or F. 

hepatica. A statistically significant association between variables was considered to exist if 

the calculated p-value was less than 0.05 with 95% confidence level. 

 

2.7. Phylogenetic analysis 

The consensus sequences of the mtDNA ND-1 locus from 25 pooled F. gigantica 

populations were analysed in Geneious v9.0.1 software (Biomatters Ltd., New Zealand) 

using the MUSCLE alignment tool to remove polymorphisms occurring once only as being 

artefacts due to sequencing errors (Rehman et al., 2020). The aligned consensus sequences 

of F. gigantica ND-1 mtDNA were then imported into the FaBox 1.5 online tool to collapse 

all sequences showing 100% base pair similarity after corrections into a single genotype 

(unique sequence generated from millions of Mi-Seq reads) present in each population 

(Mendeley database at DOI: 10.17632/rstb44mz2y.1). A split tree was created in the 

SplitTrees4 software (Huson and Bryant, 2006) using the UPGMA method in the Jukes-

Cantor model of substitution. The appropriate model of nucleotide substitutions for UPGMA 

analysis was selected by using the jModeltest 12.2.0 program (Posada, 2008). The branch 

supports were obtained by 1000 bootstraps of the data. For the genetic diversity analysis, the 
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genotype diversity (Gd), nucleotide diversity (π), number of segregating sites (S), mutations 

parameter based on segregating sites (Sθ) and the mean number of pairwise differences (k) 

values within the aligned consensus sequences of the F. gigantica mtDNA ND-1 locus of 

buffalo, cattle, goat, and sheep were calculated using the DnaSP 5.10 software package 

(Librado and Rozas, 2009).  

 
 
 
3. Results  
 

3.1. Species confirmation based on the rDNA ITS-2 marker 

rDNA ITS-2 amplicons from 359 individual Fasciola, comprising 32 fluke populations 

from Balochistan and Punjab provinces, were run on the Illumina Mi-Seq platform. Overall,  

266 (74.1%) flukes were confirmed as F. gigantica, 77 (21.4%) flukes were F. hepatica, 14 

(3.9%) were hybrids, and 2 (0.6%) produced no reads (Table 1). Among the 144 Fasciola  

collected from 14 fluke populations in Balochistan, 77 (53.5%) flukes were confirmed as F. 

hepatica, 51 (35.4%) flukes were F. gigantica, 14 (9.72%) were hybrids, and 2 (1.39%) 

produced no reads. Co-infections and hybrids (Table 1, Fig. 1a) of the two Fasciola species 

were identified in cattle and sheep in Balochistan. F. hepatica and a single hybrid without 

co-infection were confirmed in goats, and F. gigantica was identified in buffalo. Within the 

215 Fasciola collected from 18 fluke populations in Punjab, only F. gigantica was identified 

(Fig. 1a, Table 1).  

 

3.2. Species confirmation based on the mtDNA ND-1 marker 

The mtDNA ND-1 region was amplified from a total of 359 individual Fasciola 

comprising of 32 fluke populations from Balochistan and Punjab province and analysed 

using the Illumina Mi-Seq platform. Flukes collected from each liver were referred to as a 

single population. Overall, 264 (73.5%) flukes were identified as F. gigantica, 80 (22.3%) 

were F. hepatica and 15 (4.2%) generated no reads (Table 2). Within Balochistan, 80 

(55.5%) flukes were confirmed as F. hepatica, 51 (35.4%) flukes were F. gigantica and 13 

(9.02%) flukes generated no reads from a total of 144 Fasciola collected across 14 fluke 

populations (Fig. 1b, Table 2). Cattle were the only hosts in which co-infection was 

identified, with a greater prevalence of F. hepatica (64.9%) than F. gigantica (35.1%). All 
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sheep and goat samples were identified as F. hepatica, and all flukes from buffalo were 

identified as F. gigantica (Fig. 1b, Table 2). Within Punjab, 213 (99.06%) flukes were 

confirmed as F. gigantica and 2 (0.93%) flukes generated no reads, from a total of 215 

Fasciola collected across 18 fluke populations (Fig. 1b, Table 2). 

 

3.3. Co-infection of F. gigantica and F. hepatica  

In Balochistan, co-infection of F. gigantica (30.9%-rDNA ITS-2, 35.1%-mt-ND-1) and 

F. hepatica (69.1%-rDNA ITS-2, 64.9%- mt-ND-1) was identified in cattle (Table 3). There 

was a small difference in the results in sheep based on rDNA ITS-2 and mtDNA ND-1 

markers, with co-infection of F. gigantica and  F. hepatica based on rDNA ITS-2, but only 

F. hepatica identified based on the mtDNA ND-1 marker. Pearson’s chi-square test using 

both genetic markers revealed a statistically significant (p < 0.05) difference in the 

percentages of Fasciola infections identified as F. gigantica and F. hepatica infections 

between host species (Table 3). 

 
3.4. F. gigantica genotype distribution 

The genotype distribution of the mtDNA ND-1 locus was analysed in 25 pooled F. 

gigantica populations from 10 buffalo, 5 cattle, 6 goats, and 4 sheep (Table 4).  Fasciola 

hepatica was excluded due to the low numbers of fluke per population. A total of twenty 

unique mtDNA ND-1 genotypes were detected in F. gigantica (Fig. 3), when the 12, 11, 8 

and 3 distinct genotypes identified individually in Fasciola from buffalo, cattle, goat, and 

sheep, respectively, were collapsed (Table 4). The phylogenetic analysis revealed that all 

four hosts shared the H1BCGS and H2BCGS genotypes; and that buffalo, cattle, and goats 

shared the H5BCG and H3BCG genotypes. Buffalo and cattle shared the H8BC and H10BC 

genotypes, while buffalo and goats shared the H6BG genotype. Two genotypes (H7CG and 

H2CG) were shared between cattle and goats. Eleven genotypes were not shared between 

any of the four hosts. Buffalo had 6 genotypes (H4B, H7B, H11B, H12B, H15B, H16B); 

cattle had 3 genotypes (H4C, H10C, H14C); goats had one genotype (H2G) and sheep had 

one genotype (H3S) (Fig. 3). H1BCGS and H2BCGS were the two predominant genotypes 

present at high frequencies (52.3% and 30.4%, respectively) (Fig. 3). The H8BC genotype 

had the next highest frequency of 11.1%, followed by a non-shared genotype (H4C) of cattle 

with a frequency of 3.7%. The remaining 16 genotypes had low frequencies ranging from 
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0.07% – 0.5%, with the least predominant genotype (H15B) with a frequency of 0.073% in 

buffalo (Fig. 3). 

 

3.5. Population genetic structure of F. gigantica  

The genetic structure of the F. gigantica mtDNA ND-1 locus was assessed from the four 

livestock species hosts. A higher genotype diversity value was observed in fluke populations 

obtained from buffalo (Gd-0.947), cattle (Gd-0.938), goat (Gd-0.903) and comparatively 

lower diversity in sheep (Gd-0.696) (Table 3).  

4. Discussion 
Next-generation genetic resources have potential applications to investigate species 

dynamics, co-infections, hybridisation, host and geographical distribution and the levels of 

gene flow (Sargison et al., 2019). Various molecular methods have been described to amplify 

and sequence the rDNA ITS-2 and mtDNA ND-1 regions of Fasciola species (Ai et al., 

2011). However, these methods are low throughput, hence relatively expensive, and 

potentially error-prone. In contrast, high throughput amplicon sequencing using 

metabarcoded DNA derived from fluke populations utilizing the Illumina MiSeq platform is 

relatively low-cost and potentially less error-prone. We have used this method to study the 

multiplicity of C. daubneyi and F. gigantica infection in Pakistan and the United Kingdom 

(Rehman et al., 2020; Sargison et al., 2019). The use of primers binding to conserved sites 

and analysis of 500 to 600 bp sequence reads allows trematode species to be determined. 

The technology also allows a large number of samples to be pooled and sequenced in a single 

Mi-Seq run, make it suitable for high-throughput analysis. By multiplexing the barcoded 

primer combinations, it is possible to run 384 samples at once on a single Illumina Mi-Seq 

flow cell, helping to reduce the cost (Sargison et al., 2019). Here, we use the high throughput 

amplicon sequencing method to first confirm the differences in Fasciola spp. infection 

among buffalo, cattle, goats and sheep, then to describe the geographical distribution of 

Fasciola spp. in Pakistan and finally to investigate the distribution of F. gigantica genotypes 

among different ruminant livestock hosts.  

The prevalence of F. gigantica is highest in tropical and subtropical regions, while F. 

hepatica is more common in temperate areas (Mas-Coma et al., 2014b). Pakistan has an 

agriculture-based country with livestock being an integral part. There are several reports of 

Fasciola infections in Pakistan, mostly implying that F. hepatica is most commonly 
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identified in small and large ruminants (Ahmad et al., 2017; Akhtar et al., 2012; Ijaz et al., 

2009; Shahzad et al., 2012). A few reports indicate the presence of both F. hepatica and F. 

gigantica, with intermediate forms found (Ahmad et al., 2017; Akhtar et al., 2012; Ijaz et 

al., 2009; Shahzad et al., 2012). However, all of these reports are based on egg and adult 

morphology with limited molecular confirmation of species identity.  

The present study confirmed the co-infection and intermediate forms of F. hepatica and 

F. gigantica in cattle and sheep in Balochistan and single-species infections of F. gigantica 

in cattle, buffalo, sheep and goats in the Punjab province of Pakistan. The difference in the 

presence of Fasciola species implies that the two geographical regions may have different 

environmental and climatic conditions that favour the presence of different lymnaeid snail 

species. The low annual total precipitation may be favourable for Lymnaea auricularia, the 

intermediate host of F. gigantica, and Lymnaea truncatula, the intermediate host of F. 

hepatica, identified from the snail samples collected across Balochistan (Rasul et al., 2012). 

Conversely, the more frequent precipitation may provide a habitat of more permanent, 

deeper water bodies which are favourable for L. auricularia, identified from the samples 

collected across Punjab (Afshan et al., 2013a; Afshan et al., 2014a; Afshan et al., 2013b). 

In the present study, differences in Fasciola species infection were observed among the 

four livestock hosts in Balochistan. Co-infection of both species has been demonstrated in 

cattle with a greater burden of F. hepatica. This may be due to either breed-specific 

responses or delays in the development of F. gigantica in the definitive host (Valero et al., 

2016). Varying degrees of susceptibility to F. hepatica and F. gigantica infection have been 

observed in Friesian, Boran, Bali, and Ongole breeds of cattle (Mulcahy et al., 1998; Wamae 

et al., 1998; Wiedosari et al., 2006). Those studies have reported lower F. gigantica fluke 

counts, and the delayed appearance of eggs in faeces which may be the result of either 

suppressed development of the F. gigantica and thus a longer pre-patent period, or delayed 

migration of F. gigantica in cattle (Molina, 2005; Wiedosari et al., 2006). Similarly, co-

infection of both species has been reported in sheep with a greater burden of F. hepatica. 

Sheep have demonstrated varying levels of resistance to fasciolosis depending on the breed 

(Hansen et al., 1999; Roberts et al., 1997). The greater susceptibility to F. hepatica in goats 

may be associated with breeds. For example, Tasawar et al. (2007) and  Zafar et al. (2019) 

identified a greater prevalence of F. hepatica infection in Teddy goats in Pakistan. Failure 
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to identify Fasciola hepatica in buffalo may be due to immunological responses within 

buffalo affecting their susceptibility (Kelly et al., 2019; Mas-Coma et al., 2014a).  

In the present study, nine genotypes of F. gigantica were shared across all four livestock 

hosts, suggesting the contribution of animal movement to the spread of infection between 

hosts. All four hosts shared most genotypes, possibly due to their grazing on the pastures 

with the same intermediate host snail population. . Six genotypes were identified as unique 

in buffalo, consistent with the additional practice of grazing on swampy pastures, separate 

from other livestock (Afshan et al., 2014b).  

In summary, we used rDNA ITS-2 and mtDNA ND-1 markers to provide insights into 

the  co infection and interspecies hybridization of F. gigantica and F. hepatica in Pakistani 

ruminants. Our findings suggest the co-infection and intermediate form of F. hepatica and 

F. gigantica in Balochistan and single species F. gigantica infection in Punjab. Co-infections 

of both Fasciola species were identified in cattle and sheep, with a greater prevalence of F. 

hepatica than of F. gigantica in Balochistan.  However, F. hepatica was the only species 

identified in goats, and F. gigantica was the only species identified in buffalo in Balochistan. 

Conversely, all flukes were confirmed as F. gigantica in each of the four livestock species 

in Punjab. Overall, our findings are important in highlighting the need for more effective 

control strategies, in addition to providing a current baseline knowledge of fasciolosis in 

Pakistan. 
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Figure Legend 
 
Fig. 1. The percentage (%) of Fasciola sampledfrom four livestock hosts identified as F. 
hepatica, F. gigantica or hybrids based on the sequencing of (a) rDNA ITS-2 and (b) mt-
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DNA ND-1 genetic markers. Barchart is divided into two sections based on samples 
collected for Balochistan and Punjab province of Pakistan.  
 
Fig. 2. Network tree of 20 mt-DNA ND-1 genotypes from 25 F. gigantica populations from 
buffalo, cattle, goat and sheep. Each pie chart displays an individual genotype and represents 
the genotype distribution among the host species. Host species are represented by different 
colours within the pie charts. The size of each pie chart circle represents the genotype 
frequency as indicated on the insert table, with larger circles representing genotypes with 
higher frequencies.  
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