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Molecular Identification of Homalogaster paloniae Poirier, 1882 (Trematoda: Gastrodiscidae) in Swamp Buffaloes Bubalus bubalis (Linnaeus, 1758) from Meghalaya, India
Abstract: 

Homalogaster paloniae (Gastrodiscidae, Trematoda) can lead to considerable economic losses to the breeding industry of livestock. The objective of the present study was to determine the phylogenetic position of Homalogaster paloniae based on ribosomal DNA sequences of the second internal transcribed spacer (ITS-2). ITS2 sequence analysis was carried out to perceive the occurrence of intra-specific variations within the species. The adult flukes collected from rectum of buffaloes (Bubalus bubalis Linnaeus, 1758) were identified as H. paloniae based on morphological criteria. ITS-2 was used as a genetic marker for identification and genotypic analysis of the parasite. PCR targeting conserved regions of ITS-2 yielded a 516bp fragment which on sequencing showed 100% similarity with that of H. paloniae. Phylogenetic studies by neighbour joining method revealed close relationship with Gigantocotyle explanatum, Paramphistomum epiclitum and Calicophoron calicophorum.
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1. INTRODUCTION

Amphistomiasis is a parasitic disease of ruminants transmitted through snails, caused by various species of paramphistomes or amphistomes (Digenea: Paramphistomatidae). It is prevalent across many tropical and subtropical regions worldwide (Soulsby, 1982). Homalogaster paloniae (krjabin, 1914) belongs to the family Gastrodiscidae within the Digenea class of flukes, closely related to Paramphistomidae and Gastrothylacidae. Infections with amphistomes lead to significant economic losses in livestock production, primarily due to higher mortality rates in young animals, slower growth, and reduced milk yield in dairy cattle (Lotfy & El-Sayed, 2018). Gastrodiscidae species are often neglected and knowledge about molecular ecology, population genetics, and phylogenetic analysis is still limited (Yang et.al,2016).
 In such scenario, it is relevant to make specific diagnosis of this infection which will aid in epidemiological surveys to obtain a better picture of prevalence and pattern of distribution of this infection (Singh, 1958). H. paloniae has previously been recorded from Uttar Pradesh and Assam (Mukherjee and Chauhan, 1965) in India. Identification of amphistomes is mainly based on morphology and examination of histological sections of the fluke. Diagnosis   of   parasitic   diseases   needs   to   be upgraded across the host species with enhanced adoption of modern molecular tools, especially PCR-based methods (Borkotoky et al., 2025). Specific identification of the parasites by utilizing genetic markers in nuclear ribosomal DNA (rDNA) and mitochondrial DNA has been employed in recent years (Blair et al., 1996). Among these second internal transcribed spacer (ITS2) region of rDNA is one of the more frequently utilized regions for phylogenetic analyses at the genus and species levels (Itagaki et al., 2003). ITS2, which separates the nuclear ribosomal genes 5.8S and 28S, constitutes a rapidly evolving nuclear DNA fragment with its highly conserved flanking regions, which can be used as an anchor for universal primers (White et al., 1990; Coleman, 2007). The objective of the present study was to identify and determine the phylogenetic position of Homalogaster paloniae based on ribosomal DNA sequences of the second internal transcribed spacer (ITS-2).
2. MATERIAL AND METHODS

2.1. Collection of parasites

Adult amphistomes were collected from naturally infected 13 buffaloes (Bubalus bubalis, Linnaeus, 1758) sacrificed at a local slaughterhouse in Byrnihat, Ri Bhoi District, Meghalaya. The flukes were thoroughly washed with PBS (PH 7.0) several times. Each collected flukes underwent morphological identification based on its body form, suckers, intestinal ceca, reproductive organs and egg and tegument features adhered to the combined framework of Soulsby (1982). Stereo dissecting microscope (Olympus SZ51) with mounted camera was used for gross observation and for capturing morphological images. The flukes were preserved in 70% alcohol for DNA extraction and stored at –20 °C. 

2.2. Extraction of genomic DNA, PCR amplification of ITS-2 and sequencing

Total genomic DNA was extracted from individual adult flukes using a commercial genomic DNA extraction kit according to the manufacturer’s instructions (DNeasy® Blood and Tissue Kit) and DNA concentration was measured in Nanodrop spectrophotometer. Genomic DNA was diluted to a working concentration of 100 ng/µl and 1 µl of this dilution was used as a template in a PCR of 25 µl to amplify the 289 bp fragment of  ITS-2 using primers F: 5´-GGT ACC GGT GGA TCA CTC GGC TCG TG-3´ and R: 5´-GGG ATC CTG GTT AGT TTC TTT TCC TCC GC-3´ with the PCR protocol of 94°C for 5 min (initial denaturation), followed by 35 cycles of 94°C, 45 sec (denaturation), 55°C, 45 sec (annealing), 72°C, 1 min (extension) and a final extension of 72°C for 10min. The resulting amplicons were checked by gel electrophoresis using 1.0% agarose-TBE agarose gels stained with ethidium bromide and photographed upon Gel documentation system. The 100 bp DNA ladder marker was used to estimate the sizes of the ITS-2 amplicons. The purified PCR products were purified using Gel extraction kit (QIAquick® Gel Extraction Kit) and sent for sequencing to University of Delhi, Delhi. 
2.3. ITS-2 Sequence analysis phylogenetic analysis
The sequenced ITS2 rDNA with flanking 5.8S and 28S sequences were first annotated in order to recover the exact ITS2 sequences for consequent analysis. The annotation was carried out using the ‘Annotate’ feature on the ITS2 database (Koetschan et al., 2010). This tool uses HMMer to annotate eukaryote ITS2 sequences with Hidden Markov Models (HMMs) by identifying a 25-nucleotide interaction of the 5’ 5.8S rDNA subunit end with 25 nucleotides of the 28S rDNA subunit 3’ end (Keller et al., 2009).
The sequence analysis and similarity searches were performed with the basic local alignment search tool using default matrix. For phylogenetic analyses, annotated ITS2 sequences of other digenetic trematodes (all belonging to the Order Echinostomida) already available in the ITS2 database were retrieved (Table. 1). Multiple sequence alignment of the resulting sequences was carried out using ClustalW of Bioedit software. ITS-2 sequences of the H. paloniae were aligned using MEGA 5.01 software (http://www.Megasoftware.net/mega5.01.html).  Specific identification of the parasite was made by comparison with available sequences of the corresponding species in GenBank. The phylogenetic tree was constructed using the neighbour-joining (NJ) distance method using 1000 bootstrap replicates (Fig.3). 
3. RESULTS AND DISCUSSION

3.1. Morphological identification of the parasite


The body of the amphistomes were elongated, comprising a broad, flattened anterior region with ventral papillae and a smaller, spherical posterior segment (Fig.1). Yang et. al, 2016 reported H. paloniae to be flat in shape which is similar with Fasciola, such as F. hepatica. The acetabulum was prominent, positioned ventro‑terminally. The pharynx possessed a distinct pharyngeal bulb, and the caeca were sinuous, extending anteriorly to the level of the acetabulum. Testes were lobed, arranged in tandem within the inter‑caecal space, while the ovary lay adjacent to Mehlis’ gland. Laurer’s canal did not cross the excretory vesicle and opened anterior to the excretory pore at the level of the ovary. Vitellaria were densely distributed along the lateral fields, extending from the oesophageal bifurcation to the anterior margin of the acetabulum. The genital pore was located pre‑bifurcally, and the terminal genitalium, characteristic of the Homalogaster type, was observed in median sagittal section, marked by a robust, protrusible genital papilla and tegumental papillae along the genital fold.
Morphologically, though the present observations agree with those of Nosmark (1937), Sey (1984) and Jones, (1986) in major features, a striking difference was observed in the specimens collected from Bubalus bubalis, in that a distinct division of the dorsal exterior circular muscle units of acetabulum into two series by obliquely running muscle fibers.
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	Fig.1: Microscopic view of adult Homalogaster paloniae
	Fig.2:  PCR amplification of ITS-2 region of H. paloniae.


3.2. Genotypic characterization based on ITS-2

PCR amplification using ITS-specific primers produced a single, distinct amplicon of approximately 516 bp in all samples analyzed(Fig. 2). No non-specific amplification or primer-dimer formation was observed. Sequencing and subsequent annotation of the PCR product confirmed that the amplified fragment comprised the ITS-2 region flanked by partial sequences of the 5.8S and 28S rDNA genes. The annotated ITS-2 region was 289 bp in length, spanning nucleotide positions 150 to 438 of the amplified sequence. The similarity search showed that the sequence had 100% homology with that of H.paloniae of Meghalaya (Accession number- GU133056), 99% homology with ITS-2 sequence of H.paloniae of Japan (Accession number- AB042190). However, there was no genetic variation within the parasite population.  Also, sequence was showing close homology with annotated ITS-2 sequence of other amphistomes, like Gigantocotyle explanatum (94%, Accession number KF564869), Paramphistomum epiclitum (94%, Accession number: KF564870), Gastrothylax cruminifer (96%, Accession number HM159382) and Calicophoron calicophorum (94%, Accession number: AB042188) (Table 1). Phylogenetic analysis with annotated ITS-2 sequences revealed two distinct clades. Here ITS-2 sequence of H. paloniae collected from Assam was showing a close homology with that of Meghalaya and Japan forming a separate clade (Fig 3). 
	Table 1. List of trematode parasites used for developing phylogenetic tree utilizing ITS-2 as the genetic marker

	Sl. No
	 Species
	Location
	GeneBank Accession No.
	Annotated ITS-2 sequence length 
	Final Host

	1.
	Homalogaster paloniae 
	Meghalaya,India
	GU133056
	289 bp
	Bovine

	2.
	Homalogaster paloniae 
	Japan
	AB042190
	289 bp
	Bovine

	3.
	Fischoederius cobboldi
	Meghalaya,India
	GU133060 
	288 bp
	Bovine

	4.
	Fischoederius elongatus 
	Meghalaya,India
	GU133061 
	288bp
	Bovine

	5.
	Gastrothylax cruminifer 
	Meghalaya,India
	HM159382 
	288bp
	Bovine

	6.
	Gigantocotyle explanatum 
	Uttar Pradesh, India
	KF564869
	288bp
	Bovine

	7.


	Calicophoron microbothrioides 
	 Japan
	AB056570
	288bp
	Bovine

	8
	Carmyerius spatiosus 
	Meghalaya,India
	HM159381
	287bp
	Bovine

	9
	Calicophoron calicophorum 
	Japan
	AB042188
	288bp
	Bovine

	10
	Orthocoelium streptocoelium 
	Japan
	AB042189
	288bp
	Bovine

	11
	Paramphistomum epiclitum 
	Uttar Pradesh, India
	KF564870
	288bp
	Bovine

	12
	Velasquezotrema tripurensis 
	Meghalaya,India
	HM15983
	287bp
	Bovine
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	Fig.3: Phylogenetic analysis by neighbour-joining method of annotated ITS-2 sequences 


Shylla et al. 2011 conducted a study to genetically characterise paramphistomid trematodes, three species viz., Homalogaster paloniae, Calicophoron calicophorum and Orthocoelium streptocoelium using rDNA second internal transcribed spacer (ITS2) so as to supplement the morphological criteria substantiated by molecular findings. The annotated ITS2 region from H. paloniae, C. calicophorum and O. streptocoelium were found to be 289 bp, 288 bp and 288 bp long, respectively. On comparison, the Indian isolates of the three species were observed to have a maximum identity of 99% with each of their respective counterparts from Japan. 
The prevalence of helminths in the Asian water buffaloes (Bubalus bubalis) was investigated in Hunan Province, People's Republic of China by Liu et.al, 2009 between April 2005 and October 2007. A total of 359 adult buffaloes slaughtered at local abattoirs in 12 representative geographical locations in Hunan Province were examined for the presence of helminths and reported 23.5% cases with Homalogaster paloniae infestation.

 Phylogenetic analysis of H. paloniae and other 17 selected digeneans by Yang et.al, 2016 by using concatenated amino acid sequences of the 12 protein-coding genes showed that Gastrodiscidae is closely related to Paramphistomidae and Gastrothylacidae.
4. CONCLUSION:
This study provides a comprehensive characterization of Homalogaster paloniae through combined morphological and molecular approaches. Amphistomiasis remains an important parasitic disease of ruminants, and accurate identification of its causative flukes is essential for understanding their epidemiology and impact on livestock health. Morphological examination of adult flukes from naturally infected buffaloes confirmed key diagnostic features consistent with earlier descriptions, while also noting minor structural variations. Molecular analysis targeting the ITS-2 region produced a 289 bp sequence that showed 99–100% similarity with previously reported isolates, indicating a high degree of genetic stability within the species. Phylogenetic analysis placed H. paloniae in a distinct clade closely related to other amphistomes, supporting its taxonomic position within Gastrodiscidae and its affinity to Paramphistomidae and Gastrothylacidae. Overall, the findings enhance the limited molecular database for this species and provide a reliable framework for future epidemiological and phylogenetic studies on amphistome infections in livestock.
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