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Abstract. Present communication deals with the morphology and partial 28S rDNA sequence of Clinostomum 

piscidium Southwell and Prashad, 1918, collected from Colisa fasciata at Hastinapur, Meerut. The 28S sequences 

of rDNA usually distinguish species clearly, including combinations for which morphology gives ambiguous 

results. This study also suggests that morphological characters along with molecular identification are essential 

for validation and identification of species and this will serve as a resource for comparative genomics and 

systematic studies of parasitic trematodes. 
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Introduction 

 

Leidy (1856) established the genus 

Clinostomum. Since then, a number of species 

have been described within this genus from 

various parts of the world. As far as the authors 

are aware, Southwell and Prashad (1918) 

described the metacercaria of Clinostomum 

piscidium for the first time in India from 

Nandus nandus (Hamilton, 1822) and Colisa 

fasciata (= Trichogaster fasciatus) (Bloch and 

Schneider, 1801). Subsequently, this larval 

trematode was reported at several occasions 

by Bhalerao (1942) from N. nandus at Poona 

and Jabalpur (Singh, 1959). Pandey and Baugh 

(1969) found this parasite in C. fasciata and N. 

nandus at Lucknow. Specific determination of 

larval stages using morphological traits is often 

difficult and uncertain. Information on 

geographical variation of Clinostomum species 

is limited and some reported variation clearly 

requires further analysis. Thus, with the view 

to study nucleotide sequence of ribosomal 

genes, especially the 28S (large subunit, LSU) 

along with the morphological traits, the 

present investigation aimed to provide a useful 

tool for the identification of the larval forms 

and to examine the phylogenetic links between 

various species of Clinostomum already 

available in GenBank. 
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Materials and methods 

 

Metacercariae of C. piscidium Southwell and 

Prashad, 1918 were collected from the body 

cavity of C. fasciata, from Hastinapur, Uttar 

Pradesh, India. Collected specimens were 

washed and preserved in 90% ethanol for 

molecular analysis. Several specimens were 

also fixed in 70% ethanol, after flattening 

under a moderate pressure using a cover glass 

slide. Fixed specimens were stained with aceto 

alum carmine, dehydrated, cleared and 

mounted in Canada balsam for morphological 

examination. 

 

Genomic DNA was isolated from individual 

metacercariae. A single metacercaria was 

placed into a 0.2 ml PCR tube and gently 

crushed prior to DNA extraction. DNA was 

extracted by using QDNeasy Tissue Kit 

(Qiagen) according to the manufacturer’s 

instructions. The rDNA region comprising the 

28S was amplified by PCR using universal 

primers (forward 5’ ACCCGCTGAATTTAAGCAT 

3’ and reverse primer 5’ CTCTTCAGAGT-

ACTTTTCAAC 3’). PCR was performed in 25 μl 

volumes using 10pM of each primer, 0.4 mM 

dNTP, 3 μl template DNA and 1U Taq 

polymerase (Biotools) in a thermocycler 

(Eppendorf Mastercycler Personal) under the 

following conditions: after an initial 

denaturation at 94°C for 3 minutes, 35 cycles of 

94°C for 30 seconds (denaturation), 56°C for 

45 seconds (annealing) followed by a final 
extension at 72°C for 10 minutes. An aliquot (3 

μl) of amplicon was checked on 1.5% agarose-

TBE gels, stained with ethidium bromide and 

visualized under ultraviolet light. 

 

Amplification product was purified by 

Chromous PCR clean up Kit (#PCR 10) 

according to manufacturer’s instructions. Both 

DNA strands were sequenced using a Big Dye 

Terminator version 3.1 cycle sequencing kit in 

an ABI 3130 Genetic Analyzer. The primers, 

forward primer (5’-ACCCGCTGAATTTAAGCAT-

3’) and the reverse primer (5’-

CTCTTCAGAGTACTTTTCAAC-3’) were used for 

sequencing. 

 

Positions of the 28S gene were determined 

with the help of Basic Local Alignment Search 

Tool program (www.ncbi.nlm.nih.gov). 

Sequences were uploaded into the Basic Local 

Alignment Search Tool program to search for 

the most similar reference sequences and 

subsequently aligned to the rDNA (28S) 

nucleotide sequences of Clinostomum using the 

aligning tool Clustal W as implemented in 

MEGA 4.0 (Tamura et al., 2007) to maximize 

sequence similarity between species. 

Phylogenetic tree was generated by maximum 

parsimony and neighbor joining methods using 

MEGA 4.0. The long subunit of rDNA gene 

sequence of C. piscidium generated in this study 

was deposited in GenBank (accession no. 

GQ925911). 

 

Results 

 

Clinostomum piscidium Southwell and Prashad, 

1918. 

 

Type host: Colisa fasciata (Bloch and Schneider, 

1801). 

 

Type locality: Hastinapur, Meerut, Uttar 

Pradesh, India. 

 

Site of infection: body cavity. 

 

Type material: The holotype and paratype 

slides have been deposited in the museum of 

Department of Zoology (Voucher numbers. 

HS.meta/2009/09), Ch. C.S. University, Meerut, 

U.P., India. 

 

Description: Body (figure 1) small, convex 

dorsally, width fairly uniform although wider 

in the region of the ventral sucker. 

Metacercarial body appears yellowish with 

brownish excretory system and intestinal 

caeca. When taken out in saline, they use to 

perform active movements of contraction and 

elongation. Body is thick and tongue-shaped, 

with round anterior and posterior ends. Body 

cuticle is beset with minute backwardly 

directed spines. Oral sucker is oval in outline; 

the ventral sucker is a well developed, large, 

strongly muscular structure, much larger than 

the oral sucker. Longitudinal excretory ducts 

extend anteriorly to the region of the ventral 

sucker. Digestive system has bulbous part at 

the end of a short esophagus. Intestinal caeca 

arises from behind the bulbous structure and 

runs posteriorly along the sides, up to the hind 
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end of the body where they end blindly. 

Intestinal caeca are club shaped, being narrow 

anteriorly but broad posteriorly in the hind 

end of the body. 

 

 

 
 
Figure 1. Clinostomum piscidium Southwell and Prashad, 

1918. Bar = 1.32 mm. 

 

 

Gonads are located in the middle third of the 

body; only the posterior testis is located, partly 

or sometimes completely in the posterior third. 

Testes are triangular in shape with smooth, 

crenated margins. Anterior and posterior 

testes are roughly equal or sub equal in size. 

 

Anterior testis in posterior region of middle 

third of body, roughly triangular, offset to left, 

with apex pointing towards midline. Posterior 

testis is more deeply lobed and larger than 

anterior testis, in anterior end of posterior 

third of body, uniformly triangular, median, 

with apex pointing posteriorly. Cirrus sac is 

oval to elliptical in shape, immediately anterior 

to the ovary. Ovary is globular, subglobular or 

even and located slightly on the right in the 

inter-testicular field, immediately behind the 

cirrus sac. Excretory bladder is V shaped, small 

and located at the posterior end of the body. It 

opens outside by a terminal excretory pore. 

Measurements of various body parts and the 

comparison with other reports on C. piscidium 

are given in table 1. 

 

Fragments of amplified DNA from C. piscidium 

had 344 bp and were compared with sequences 

of other eight Clinostomum species obtained 

from GenBank. The reference sequences used in 

the construction of the phylogenetic tree are 

listed in table 2. This comparison revealed a 

close relationship of C. piscidium with the C. 

cutaneum, C. phalacrocoracis, Clinostomum spp. 

from Australia and an unnamed clinostomid 

species. C. piscidium shows 99% similarity with 

these species. Moreover, it shows 98% 

similarity with C. complanatum and 

Clinostomum spp. from USA. The BLAST hit 

results has shown that our query 28S 

sequences were much more similar to the 

sequences of various geographical isolates of 

Clinostomum spp. These sequences were 

aligned with the 28S rDNA genes and revealed 

clear differences in nucleotide sequences 

among Clinostomum species (figure 2). The 

phylogenetic tree was constructed based upon 

the 28S rDNA sequences in MEGA 4.0 by 

comparing the sequences of C. piscidium and 

available 28S sequences for other Clinostomum 

species. Phylogenetic analysis using the various 

distance methods like maximum parsimony, 

neighbor joining (NJ) with 1,000 bootstrap 

replicates showed that the topology is similar 

among the tree obtained therefore, only the NJ 

tree is presented (figure 3). 
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Table 1. Comparative measurements (mm) of C. piscidium 

 

Organs of stages 
C. piscidium 

Southwell and Prashad, 1918 

C. piscidium 

Bhalerao, 1942 

C. piscidium 

Pandey and Baugh, 1969 

C. piscidium 

present study 

Body size 2.8-5.2 x 1.4-1.8 3.8 x 1.96 2.26-4.57 x 0.64-1.6 2.27-3.36 x 1.17-1.26 

Oral sucker - 28 x 0.18 0.12-0.22 x 0.31-0.60 0.14-0.18 x 0.23-0.30 

Ventral sucker - 0.6 x 0.48 0.31-0.60 x 0.49-0.69 0.60-0.68 x 0.70-0.80 

Oesophagus - - 0.30-0.70 0.20-0.24 

Anterior testis - - 0.10-0.22 x 0.15-0.31 0.15-0.22 x 0.25-0.35 

Posterior testis - - 0.10-0.22 x 0.18-0.43 0.12-0.20 x 0.30-0.40 

Cirrus sac - 0.35 0.15-0.22 x 0.07-0.15 0.14-0.20 x 0.07-0.15 

Ovary - - 0.04-0.06 x 0.04-0.09 0.08-0.12 x 0.10-0.14 

 

 

 
Table 2. GenBank reference sequences used in the 

construction of the phylogenetic tree 

 

Species Location 
GenBank 

accession no. 

C. cutaneum* Kenya GQ339114 

C. phalacrocoracis* Kenya FJ609423 

C. phalacrocoracis Kenya FJ609422 

C. cutaneum Kenya FJ609421 

Clinostomum spp. USA AY222176 

C. complanatum Italy FJ609420 

Clinostomum spp. Australia AY222175 

Clinostomum spp. USA AY858877 

*adults 

 

 

Bootstrapping of the sequences was revealed 
significant support. 
 

 

Discussion 

 

Genus Clinostomum Leidy, 1856 has a long and 

confusing taxonomic history. Since its 

establishment, several species have been 

described till now from India. Many of them are 

very similar to each other and differ in only 

minute characters. Analysis of the validity of 

various species described earlier has been 

found difficult due to the fact that many of the 

species have been described inadequately. It 

seems clear that Clinostomum is in need of 

further revision because the taxonomy of the 

genus is still problematic and no firm 

agreement has been achieved at the species 

level based on morphological characters. 

However, many attempts of revision based on 

morphology have led to more confusion and 

unreliable results, that we are led to the view 

that a new approach is necessary. 

 

Different studies have demonstrated that the 

28S region of nuclear rDNA provide useful 

genetic markers for the accurate identification 

of species. Genetic relatedness between the 

studied species of Clinostomum based on 

molecular data obtained from the 28S rDNA 

gene sequences indicates closest similarity 

between C. cutaneum, C. phalacrocoracis, 

Clinostomum spp. from Australia and 

Clinostomum spp from USA. Molecular 

phylogenetic analysis of ribosomal 28S rDNA 

indicates its potential for clarifying species 

boundaries of Clinostomum that are 

morphologically similar and that occur 

sympatrically. 

 

These findings highlight the utility of the 28S 

sequence in conjunction with other 

morphological characters to delinate specific 

boundaries among closely related species of 

the genus Clinostomum. The reasons for the 

close genetic similarity between species from 

different continents remain a challenging 

question for future investigations. Genetic 

comparison with further specimens 

documented from other parts of the world may 

alter our taxonomical concept on this group 

and provide further clues to the understanding 

of the evolution of the Clinostomum species. 

 

In conclusion, this work indicates that modern 

identification and understanding of this group 

should be necessary accompanied with DNA 

analyses. We also recommend that the criteria 

to validate and identify species of Clinostomum 

must be based on morphological 

characteristics, genetic identification and 

sequence comparison of genes having 

taxonomic importance. 
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C.piscidium         ---ACCAGGA TTCCCCTAGT AACTGCGAGT GAAGAGGGAT TAGCCCAGCA [50] 
C.phalacrocoracis*  A-CTAACCAG GATT..CTAG T......... .......... .......... [50] 
C.phalacrocoracis   AACTAACCAG GATT..CTAG T......... .......... .......... [50] 
C.cutaneum*         AACTAACCAG GATT..CTAG T......... .......... .......... [50] 
C.cutaneum          AACTAACCAG GATT..CTAG T......... .......... .......... [50] 
C.spp.USA           ---....... .......... .......... .......... .......... [50] 
C.spp.Australia     ---------- ---------. .......... .......... .......... [50] 
C.complanatum       AACTAACCAG GATT..CTAG T......... .......... .......... [50] 
Clinostomid spp.    ---------- ---------- ---------- ---------- ---------- [50] 

 
C.piscidium         CCGAAGCCTG CGGTCATTTG ACTGCTAGGC AATGTGGTGT TTAGGTTGGT [100] 
C.phalacrocoracis*  .......... .......... .......... .......... .......... [100] 
C.phalacrocoracis   .......... .......... .......... .......... .......... [100] 
C.cutaneum*         .......... .......... .......... .......... .......... [100] 
C.cutaneum          .......... .......... .......... .......... .......... [100] 
C.spp.USA           .......... T......... .......... .......... .......... [100] 
C.spp.Australia     .......... .......... .......... .......... .......... [100] 
C.complanatum       .......... .......... .......... .......... .......... [100] 
Clinostomid spp.    ---------- ---------- -----..... .......... .......... [100] 

 
C.piscidium         TCTTGGCATT ACTGCTCCAC CCTAAGTCCA GCAATGAGTA CGGCTTACTG [150] 
C.phalacrocoracis*  .......... .......... .......... .......... .......... [150] 
C.phalacrocoracis   .......... .......... .......... .......... .......... [150] 
C.cutaneum*         .......... .......... .......... .......... .......... [150] 
C.cutaneum          .......... .......... .......... .......... .......... [150] 
C.spp.USA           .......... .......... .......... .......... .......... [150] 
C.spp.Australia     .......... .......... .......... .......... .......... [150] 
C.complanatum       .......... .......... .......... .......... .......... [150] 
Clinostomid spp.    .......... .......... .......... .......... .......... [150] 

 
C.piscidium         GATTGGCCCA TTGAGGGTGA AAGGCCCGTG TGGGTGGAGA CCCAGATTGT [200] 
C.phalacrocoracis*  .......... .......... .......... .......... .......... [200] 
C.phalacrocoracis   .......... .......... .......... .......... .......... [200] 
C.cutaneum*         .......... .......... .......... .......... .......... [200] 
C.cutaneum          .......... .......... .......... .......... .......... [200] 
C.spp.USA           .......... .......... .......... .......... .T....C... [200] 
C.spp.Australia     .......... .......... .......... .......... .......... [200] 
C.complanatum       .......... .......... .......... .......... .T......A. [200] 
Clinostomid spp.    .......... .......... .......... .......... .......... [200] 

 
 

C.piscidium         CAGTTTTGCC CTGAATTAAC CTTGGAGTCG GGTTGTTTGT GAATGCAGCC [250] 
C.phalacrocoracis*  .......... .......... .......... .......... .......... [250] 
C.phalacrocoracis   .......... .......... .......... .......... .......... [250] 
C.cutaneum*         .......... .......... .......... .......... .......... [250] 
C.cutaneum          .......... .......... .......... .......... .......... [250] 
C.spp.USA           .......... .......... .......... .......... .......... [250] 
C.spp.Australia     .......... .......... ....R..... .......... .......... [250] 
C.complanatum       .......... .......... .......... .......... .......... [250] 
Clinostomid spp.    .......... .......... .......... .......... .......... [250] 

 
 

C.piscidium         CAAAGTGGGT GGTAAACTCC ATCTAAGGCT AAATACTGGC ACGAGTCCGA [300] 
C.phalacrocoracis*  .......... .......... .......... .......... .......... [300] 
C.phalacrocoracis   .......... .......... .......... .......... .......... [300] 
C.cutaneum*         .......... .......... .......... .......... .......... [300] 
C.cutaneum          .......... .......... .......... .......... .......... [300] 
C.spp.USA           .......... .......... ...C...... .......... .......... [300] 
C.spp.Australia     .......... .......... .......... .......... .......... [300] 
C.complanatum       .......... .......... .......... .......... .......... [300] 
Clinostomid spp.    .......... .......... .......... .......... .......... [300] 

 
C.piscidium         TAGCGAACAA GTACCGTGAG GGAAAGTTGA AAAGTACTCT GAAGAGA--- [350] 
C.phalacrocoracis*  .......... .......... .......... ........T. .......GAG [350] 
C.phalacrocoracis   .......... .......... .......... ........T. .......GAG [350] 
C.cutaneum*         .......... .......... .......... ........T. .......GAG [350] 
C.cutaneum          .......... .......... .......... ........T. .......GAG [350] 
C.spp.USA           .......... .......... .......... ........T. .......GAG [350] 
C.spp.Australia     .......... .......... .......... ........T. .......GAG [350] 
C.complanatum       .......... .......... .......... ........T. .......GAG [350] 
Clinostomid spp.    .......... .......... .......... ........T. .......GAG [350] 

 

Figure 2. Alignment of 28S sequences for comparative purposes of Clinostomum spp. from different geographical locations 

shows nucleotide identical to C. piscidium. Dots indicate identity with the first sequence and dashes are inferred insertion-

deletion events; standard IUB ambiguity codes are used, i.e. R=A/G. The asterisk indicates adults. 
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Figure 3. Phylogenetic analysis of Clinostomum piscidium and their relation to other Clinostomum species based on the 

alignment of the rDNA 28S genes by neighbor joining tree. The asterisk indicates adults. 
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