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ABSTRACT

The present work incorporates a study on the status and molecular characterization

of paragonimiasis and other Crustacea-borne trematode zoonoses in Northeast India.

The study aimed at examining the snail and crustacean species (the first and second

intermediate hosts of the causative agent of infection) prevalent in Northeast India to

recover the larval stages, if any, of the lung fluke Paragonimus and to identify the exact

species prevailing and responsible for the disease. By using PCR-based molecular

techniques the study aimed to identify the species of the parasite collected and to

generate specific molecular markers with vital usage towards correct diagnostics.

® Status and prevalence of paragonimiasis in the region

The crab hosts were surveyed from rural localities and countryside where eating
of crabs is a common food practice among the natives of the region. Emphasis
was given to procure those species which are commonly used in local traditional
cuisine. Naturally infected freshwater crabs were mostly collected from
mountain streams of the suspected foci of infection. Metacercariae were isolated
from the muscles of the crustacean host by artificial gastric juice digestion
technique. Of the 3 genera of crabs surveyed from various localities in
Arunachal Pradesh, Assam, Manipur and Mizoram, only one, i.e., Barytelphusa
was found to be harboring metacercarial cysts. The crabs collected from all the
localities excepting those in Arunachal Pradesh, did not harbor any
metacercarial infection; both the collection sites in Arunachal Pradesh were
revealed to be positive for this infection. In the Kharshang site Barytelphusa (M)
lugubris lugubris was found to be positive with a prevalence of 26%, the
intensity of infection being in the range of 9-68 (mean intensity=36). In Miao
region, the other sub species namely B. (M.) . mansoniana revealed a much
higher prevalence (87%) and intensity of metacercarial infection (ranging

between 3-175, mean intensity=38).



Snail species were also collected from selected localities wherever the crab hosts
were suspected to be positive for metacercarial infections. Hundreds of
specimens of 4 snail species (representing 4 genera with one species each) were
examined for the recovery of intramolluscan stages, if any, of Paragonimus. Of
the snail species surveyed, only one species viz. Brotia costula was found

harbouring the sporocyst, redia and cercaria larval stages.

Freshly recovered metacercariae from crab hosts and intramolluscan larval
stages- sporocyst, redia and cercariae, were processed using standard protocols
for light and electron microscopy. The newly excysted metacercaria has an
elongate body (815.91um x 492.79um) in size; the ventral sucker situated
somewhat pre-equitorally, is larger than the oral; the intestinal caeca are long
and extend up to the posterior end of the body; the conspicuous excretory
bladder extends medially in the intercaecal space. The SEM observations
revealed that the encysted metacercaria is oval in shape and has smooth surface.
The whole body surface of the excysted metacercaria is covered with numerous
single-pointed and thorn-like tegumentary spines; those covering the anterior
part of the body are bigger in size and show a gradual reduction in size towards
the posterior end. On the basis of morphology and surface fine topography
features of the excysted larval stage, the metacercariae were identified as those

of Paragonimus species.

The cercariae recovered from the snail hosts were always of amphistome,
leptocercous type. Microcercous type of cercariae (i.e., having a small stumpy
tail) that are typically characteristic of Paragonimus spp were never encountered
in the collections made during the present study. The larval stages recovered,
not being representative of Paragonimus, were, therefore, not processed for

further study towards molecular characterization.



® Molecular characterization of Paragonimus and other trematodes

The identification of closely related species based on morphological characters
can be difficult, particularly so in the case of soft-bodied digenean trematodes.
For most of the trematode-borne zoonoses the parasite eggs voided in exudates
of the host are the only stages available for diagnostic purpose. Besides
Paragonimus, infection of Fasciola gigantica and Fasciolopsis buski, both of
which are putatively zoonotic species, have been reported in the northeastern
region. The main objective of the present study was to provide molecular
characterization of the parasite so as to supplement morphological criteria and

develop species-specific molecular markers.

For the purpose of molecular characterization metacercariae of Paragonimus
sp collected from the crab host Barytelphusa lugubris from Miao region in
Arunachal Pradesh were used; live adult /. buski and F. gigantica were obtained
from bovine hosts at local abattoirs. Eggs were obtained from mature adult
flukes by squeezing between two glass slides; eggs recovered from each single
specimen were also processed separately. DNA was extracted from metacercaria
and eggs in Whatman’s FTA card and from lysed individual adult worms by
standard ethanol precipitation technique. The tDNA region spanning the TSI
and ITS2 was amplified from the metacercarial, egg, larval and/or adult DNA by
PCR. The primers generally used were designed based on the conserved
sequences of Schistosoma spp, which are considered to be the universal primers
for trematode species. The PCR amplification was performed following the
standard protocol with minor modifications. For DNA sequencing, the PCR
products were purified using Genei Quick PCR purification Kit, and sequenced
in both directions using PCR primers on an automated sequencer by DNA
sequencing services of Bangalore Genei, Bangalore and The Centre for
Genomic Applications (TCGA), New Delhi, India and submitted to GenBank.

No intra-specific variations in length or composition of the sequence were
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observed, and the ITS sequences of egg, metacercaria and adult origin were
found to be identical in length as well as composition. Sequence analysis was
carried out using various bioinformatics tool e.g., BLAST, ClustalW, MEGA,
mFOLD, Bayesian analysis phylogeny etc.

Paragonimus sp.: The PCR amplified products of ITS2 of rDNA were
successfully obtained and were compared with other sequences of trematode
species from Genbank. The fragments of amplified DNA were estimated to be
~500bp long. Sequence analysis of the ITS2 PCR products revealed that the
alignments of the rDNA region spanning the ITS2 were 496bp for forward
primer and 494bp for reverse primer, respectively. The actual length of ITS2
was estimated to be 287bp. The Blast hit results showed that the query ITS2
Paragonimus metacercariae sequence is more similar to the sequence of the
species Paragonimus westerrmani, Paragonimus mexicanus, Paragonimus
siamensis, Paragonimus sismensis, Paragonimus miyazakii, Euparagonimus
cenocopiosus. Comparing with the known sequences of the other lung fluke
species, the present study revealed that the sequence of ITS2 (plus flanking
regions) shows close resemblance with Paragonimus westermani, the
expectation value (e-value) being most significant revealing absolute match.
Phylogenetic analyses using the various distance methods and character state
method like Maximum Parsimony show that the topology is similar among the
trees obtained. A bootstrap value of > 70% among the trees obtained. Sequence
analysis of ITS2 region of rDNA of metacercariae isolates of Miao showed that
the species prevailing in the said location is Paragonimus westermani and not P.

heterotremus as reported by earlier workers.

Several patterns of predicted secondary structures of RNA were constructed
from unique ITS sequences from different geographical isolates of
Paragonimus, so as to provide additional information for correct identification

of the species prevalent in the region. The secondary structure analysis of the



same data also confirmed the results mentioned for primary sequence analysis.
The topology based only on the predicted RNA secondary structure of the ITS2
region resolved most relationships among the species studied. Three similar
topologies for seven species of the genus Paragonimus were obtained on the
basis of traditional primary sequence analyses using MEGA and a Bayesian
analysis of the combined data. The latter approach allowed to include both
primary sequence and RNA molecular morphometrics; each data partition was
allowed to have a different evolution rate. Paragonimus westermani was found
to group with P. siamensis of Thailand; this was best supported by both the
molecular morphometrics and combined analyses. P. heterotremus, P.
proliferus, P. skrjabini, P. bangkokensis and P. harinasutai formed a separate
clade in the molecular phylogenies, and were reciprocally monophyletic with
respect to other species. The observed similarities at the secondary structural
level are further reflected at the energy level. Only difference in their topology is
due to differences in nucleotide sequences. These secondary structure
predictions indicate that the domains basepair to form a core region central to
several stem features implying that conservedness is more important for the
proper rRNA folding pattern. Moreover the observed phylogenetic trend was
identified with respect to the target accessibility sites for different isolates. The
orders of preference were interior loop, bulge loop, multiple branch loop, hairpin

loop and exterior loop in all the isolates.

Fasciolopsis buski: With regard to F. buski, for which only 18S rDNA
sequences were available so far, ITS regions were sequenced for the first time in
the present study. The nucleotide sequences obtained for ITS1 & ITS2 of IDNA
(of both adult and egg origin), were compared with sequences of other
trematode species obtained from Genbank. The fragments of amplified DNA
were estimated to be 480-550bp long. Sequence analysis of the ITS PCR
products revealed that the alignments of the rDNA region spanning ITS2 were
481bp and 498bp; 559bp and 548bp for ITSI, forward and reverse sequences,
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respectively in adult and egg. The Blast hit results showed that the query ITS2
Fasciolopsis buski sequence is more similar to the sequence of the species
Fasciola gigantica, Echinostoma revolutum, Isthmiophora melis, Echinostoma
sp, Paryphostomum radiatum, Echinostoma trivolvis, Echinostoma paraenei,
Fasciola sp, Fasciola hepatica and Isthmiophora hortensis. Phylogenetic trees
were obtained by comparing the sequences of F. buski and available ITS (1&2)
sequences for other digenean trematodes including fasciolid species. Boot
strapping of the sequences with Neighbour-Joining revealed significant support
(100%) for the clade containing F. buski, F. hepatica, F. gigantica and
Fascioloides magna indicating reliable grouping among different members of

fasciolids.

Fasciola gigantica: The PCR-amplified products were successfully obtained
and were compared with sequences of other fasciolid species. The fragments of
amplified DNA were estimated to be 480-550bp long. For comparative purpose,
the ITS2 sequences of fasciolids from various geographical regions were
obtained from GenBank. The Blast hit results showed that the query ITS
sequences were more similar to the sequences of various geographical isolates
of Fasciola sp., F. hepatica and F. gigantica besides Fasciolopsis buski and
Fascioloides magna (both belonging to the same family, i.e., Fasciolidae).
Primary sequence analysis of Fasciola spp, revealed a close relationship
between the query sequence (from NE India) and isolates of F. gigantica from
China, Indonesia, Japan, Egypt and Zambia. ITS2 sequence of the Indian isolate
revealed closest similarity with isolate from China with significant bootstrap
value revealing that the species prevailing in the region is Fasciola gigantica.
Sequence of another Indian isolate, designated as F. gigantica (Accession-
EF198867) from IVRI, Bareilly, showed absolute match with F hepatica.
Hence on the basis of molecular similarity this isolate should be identified as F.

hepatica and not F. gigantica.
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Secondary structure analysis of data confirmed the results mentioned for
primary sequence analysis. Five predicted RNA secondary structures were
reconstructed from the unique sequences with highest negative free energy of F.
gigantica to provide the basic information for phylogenetic analysis. The ITS2
plus flanking regions of nuclear region ranged from 720bp in F. gigantica India
to a minimum length of 361bp in F. gigantica China. F. gigantica isolates from
India and China show overall similarity in the ITS2 rRNA folding and have
identical secondary structure. Secondary structures of remaining species are
somewhat variant. The topology based only on the predicted RNA secondary
structure of the ITS2 region resolved most relationships among the species
studied. Bayesian analysis of the alignment retained the same topology and

supported the same branches as the primary sequences.

® Design of genus/species-specific primers

To establish a more direct PCR procedure for species discrimination and
identification, the genus/species-specific primers were designed using Primer3, a
widely used program for designing PCR primers to target unique rDNA region
spanning ITS2 for all the three trematodes viz. Paragonimus westermani,
Fasciolopsis buski and Fasciola gigantica. Sequence analysis of the [TS2 PCR
products revealed no stage-specific or intra-specific variations in length or
composition. Multiple sequence alignment was done for all the three sequences
using ClustalW programme. The P. westermani-specific (PwAR1), F. buski-
specific (Fb(MR1) and F. gigantica-specific (FgMR1) primers were designed to
target the 3’- terminal position of the ITS2 sequences, and the specificity of
these primers was evaluated by PCR using primer 3S. As was expected, the
primer set 3S-PwAR1 amplified a PCR product only from P. westermani DNA,
3S-FbMR1 amplified a PCR product only from F. buski DNA and 3S-FgMR1
amplified a PCR product only from F. gigantica. Primer set 35-A28 was used as

control for the presence of parasite genomic DNA in each sample. These PCR
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products were sequenced using the corresponding specific primer and were

confirmed to be the ITS2 region of IDNA from the respective species.

Sequences deposited in GenBank

i) DQ351841- Fasciolopsis buski adult 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence.

ii) DQ351842- Fasciolopsis buski egg 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence.
iii) DQ351843- Fasciolopsis buski adult internal transcribed spacer 1, partial sequence.
iv) DQ351844- Fasciolopsis buski egg internal transcribed spacer 1, partial sequence.

v) DQ351845- Paragonimus westermani metacercariae 5.8S ribosomal RNA gene,
partial sequence; internal transcribed spacer 2, complete sequence; and

28S ribosomal RNA gene, partial sequence.

vi) EF027103- Fasciola gigantica 5.8S ribosomal RNA gene, partial sequence; internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,

partial sequence.

vii) EF027104- Fasciola gigantica 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1 and 5.8S ribosomal RNA gene, complete sequence;

and internal transcribed spacer 2, partial sequence.
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Preface

-

Trematodes are flukes belonging to the phylum Platyhelminthes and about 70
species of food-borne trematodes are known to infect humans. Thus, their infections are
classified as zoonoses because they are viewed as animal diseases transmitted to humans.
Some infections appear to be rare, while others are common and cause serious disease.
Food-borne fluke infections or trematodiases are emerging as a major public health
problem worldwide with over 40 million people affected and over 10% of the world
population at risk of infection. The major concentration of these infections is in Southeast
Asian and Western Pacific Regions, where the epidemiological factors (including the
_prevalent socio-cultural food habits) are conducive for transmission of these infections.
The preponderance of these infections is usually in food deficit poor communities that
lack access to proper sanitary infrastructure. These parasites originate an unacceptable
burden of sufference and mortality among animals and humans and also cause serious
damage to aquaculture, which is a valuable source of food and employment in developing

countries.

Food-borne trematodes present particular epidemiological and clinical features
that should be carefully considered for the development of appropriate preventive and
control measures. Transmission to humans is almost entirely caused by consumption of
food containing infective metacercarial stages of the parasite. The distribution of these
infections is highly focal, depending on the food habits of people and on the presence of
susceptible snails, the latter serving as the first intermediate host in the multi-host life
cycle of the pathogen. Trematode life cycle may implicate more than one intermediate
host, with snails the gastropod molluscs being the first intermediate host, the 2™
intermediate host can be a crustacean, insect or mollusc. FBTs also present low host
specificity, and a high number of definitive reservoir hosts can contribute to the
contamination of water and snails, making it extremely difficult to control this aspect of

the parasite cycle. From a clinical point of view, trematode eggs frequently cannot be



detected in the stool or sputum of suspected cases and the disease presents a specific

symptomatology, leading to frequent misdiagnoses.

Among helminth parasites, the lung fluke Paragonimus gains considerable
importance from veterinary and medical points of view because of its diversified effect
on its host. The cost of the parasite in terms of misery and economic losses to human
society is inaccessible. It is estimated that about one million people in Asia are infected
with P. westermani through eating raw crustaceans containing metacercariae or by
ingesting uncooked meat of paratenic hosts such as pigs. The crustacean that serve as the
second intermediate host for Paragonimus spp may also harbour the infective
metacercariae of other trematodes like Fasciolopsis buski and Fasciola gigantica. In
India the Paragonimus infection is sporadically reported from tiger, dog, cat, mongoose
and humans. In recent years, a sizeable population was found infected in Manipur where
crustaceans are consumed as routine food for protein source. Though the fluke is known
to parasitize a wide range of mammalian hosts, the status of its prevalence, its host range
(intermediate and final) and its possible reservoir host in nature from where human
beings are getting the infections is not known, particularly in Northeast India, which is
regarded as the endemic focus for human paragonimiasis. Even there is no record of the

exact species of the adult worm recovered from pigs in Assam.

In crab muscle different types of metacercariae are available which could be
either Paragonimus spp, Fasciolopsis buski or Fasciola gigantica. No attempt has been
made so far to characterize the prevalent parasite species at the molecular level, as also to
discriminate between fhe Crustacea-borne infective stages of these parasites, which pose
a potential zoonotic threat in the northeastern region. Reproducible and sensitive
diagnostic techniques are required for accurate genus and species discrimination and
identification of the parasite. DNA techniques utilizing genetic markers in nuclear
ribosomal DNA (rDNA) and mitochondrial DNA have been employed to resolve
taxonomic issues related to various helminthic parasites. These methods could be used

for epidemiological investigations of the prevalence of the metacercariae in the crab host
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and for controlling lung fluke disease and other trematode zoonoses. As the crustaceans
are potential intermediate host for and harbour metacercariae of more than one trematode,
identification and establishment of discriminatory molecular markers for the various

metacercarial types occurring in them is essential.

The proposed study, therefore, aimed at examining the snail and crustacean
species prevalent in Northeast India to recover the larval stages, if any, of Paragonimus
and to identify the exact species prevailing and responsible for the disease. By using
PCR-based molecular techniques we intended to identify the species of the parasite
collected from muscles of the locally edible crabs and to generate specific molecular

markers with vital usage towards correct diagnostics.

The study on completion would provide definite information about the prevalence
and endemism of paragonimiasis in NE India. Identification of the plausible molluscan
and crustacean intermediate hosts would provide an insight into the epidemiology and
transmission dynamics of paragonimiasis and other Crustacea-borne trematode zoonoses
in the region. Since Paragonimus is a zoonotic species transmittable between animals and
humans and vice versa, causing not only bronchial haemoptysis, pneumothorax and
secondary bacterial infections but also damaging several vital organs including the brain
tissues, the study would have significance in the following directions as it would -

a) establish intermediate host(s) implicated in propagation of life cycle of Paragonimus
species in Northeast India,

b) help in identifying the exact species of Paragonimus prevailing in the region, and

¢) establish molecular methods for accurate discrimination between metacercariae of the

various trematode species plausibly occurring in Crustacea.

Finally the investigation would explain locality-wise possible health hazard caused

by the parasite and prompt the way for its prevention and control.



Chapter - 1

Status and prevalence of paragonimiasis
in the region



INTRODUCTION

Trematodiases are the zoonoses that are caused by trematodes or flukes
(Platyhelminthes: Trematoda: Digenea). The lung flukes of the genus Paragonimus have
been known as one of the most important zoonotic parasites causing paragonimiasis, also
known as endemic haemoptysis, in man. Zoonosis is a disease or infection naturally
transmitted between vertebrate animals and man, depending on life cycle of parasite, the
kind of hosts and geographical distribution of species (WHO, 1995). Zoonotic infections
can be transmissed directly from environment when infective stages of parasite
contaminate water or food. Source in humans come from foodstuffs of animal origin

(eating meat, fish, crabs, shrimp, molluscs raw, undercooked, smoked, pickled or dried).

According to World Health Organisation, people currently infected with food-
borne trematodes alone exceed 41 million worldwide; people at risk including those in
developed countries are around 750 million. It is estimated that over 20 million people
are infected worldwide due to several species of Paragonimus (Toscano et al., 1995).
Over 40 species are known to infect the lung of different mammalian hosts throughout
the world (Bunnag and Harinasuta, 1985) and approximately 15 species are known to
infect hummans. The parasite can migrate to several other vital tissues including brain
(Kusner and King, 1993). The best-known species is P. westermani (Kerbert, 1878)
Braun, 1899 - a human parasite that can undergo development in as many as 16 different
snail species and 50 crustacean species. Beside P. westermani, P. pulmonalis (Baelz,
1880) Miyazaki, 1978; P. ohirai Miyazaki, 1939; P. iloktsunensis Chen, 1940; P.
skrjabini Chen, 1959; P. miyazaki Kamo, 1961 and P. heterotremus Chen and Hsia, 1964
- all reported to be occurring in Asia; P. africanus and P. uterobilateralis Voelker and
Vogel, 1965 in Africa; and P. mexicanus Miyazaki and Ishii, 1968 in America are
considered pathogenic to man; while P. westermani is distributed mostly in Asia, P
heterotremus is the predominant causative agent of paragonimiasis in Thailand (Blair et

al., 1999a, b).



Adult species of Paragonimus, generally found in the lungs of their mammalian
hosts, have been reported from Pakistan, East to South-eastern Russia, China, South
Srilanka, Indonesia, Papua New Guinea, The Great Lakes region of Canada south of
Brazil, Peru and West, Central and South Africa (Sogandares-Bernal and Seed, 1973;
Zhong et al., 1981; Lamothe-Argumedo, 1985; Choi, 1990; Xu, 1991; Nwokolo, 1991;
Shim et al., 1991; Im et al., 1993; Hinz, 1996; Tomimura et al., 1989). Paragonimiasis,
which is quite prevalent in China, Japan, Korea, Philippines and Near-East Countries, has
been sporadically recorded from tiger, dog, cat and mongoose from several parts of India
(Gulati, 1926; Dutta and Gupta, 1978; Baruah et al., 1985; Gaur et al., 1980; Arora and
Das, 1988; Razaque et al., 1991; Pythal et al., 19934, b).

In the context of India, Chandler and Read (1961) indicated Bengal, Assam and
some other parts of the country as endemic foci of human paragonimiasis. In recent years
this infection has been reported in a sizeable human population of Manipur, a north-
eastern state of the country (Razaque et al., 1991; Singh et al., 1993; Singh and Singh,
1997). Though the fluke is known to parasitize a wide range of mammalian hosts
representing as many as eleven families, the status of its prevalence and host range in
India is not well documented. Very recently in Manipur and Arunachal Pradesh
(Northeast India), the suspected foci of human infection where consumption of
crustacean intermediate hosts is of regular practice, the Chinese species, P. hueitungensis
and P. heterotremus, respectively were identified as etiological agents of paragonimiasis
(Singh, 2002; Singh, 2003; Narain et al., 2003). However, no or scanty information is
available about the prevalence of the parasite among its molluscan and crustacean

intermediate hosts as even in the suspected foci of human infection.

Morphology of the encysted and excysted metacercariae, which occur as the
infective stage in the muscle tissue of the crustacean second intermediate host, has been
conventionally used in identification of species of Paragonimus. The external appearance
of the newly excysted metacercariae has also been studied for various species of the

genus Paragonimus using scanning electron microscopy (Higo and Ishii, 1984, 1987;



Tongu et al., 1985, 1987, 1995; Kim et al., 1987; Sugiyama et al., 1990). During an
exploratory survey of edible crab species, undertaken to ascertain the prevalence of
crustacea-borne trematodiasis in the region, stream crabs from Miao, Changlang District
of Arunachal Pradesh were found to be heavily infected with metacercariae of
Paragonimus species. The present study was aimed at studying in depth the prevalence
pattern of Paragonimus among potential intermediate hosts in the region and identifying
the Paragonimus species implicated in infection in the region using surface fine

topography of the metacercariae.



MATERIALS AND METHODS

1. Survey of intermediate hosts

(1) Crabs: The infective stage of the parasite, the metacercaria occurs in the muscles
of crabs or crayfishes which serve as the 2" intermediate host; the infection in the
final host is contracted by‘eating inadequately cooked infected crustaceans. The
crab hosts (Plate 1) were surveyed from rural localities and countryside where
eating of crabs is a common food practice among the natives of the region.
Emphasis was given to procure those species which are commonly used in local
traditional cuisine. A total of 562 crustacean hosts representing 3 genera and 4
species were examined for the recovery of metacercarial infection (Table 1).
Naturally infected freshwater crabs were mostly collected from mountain streams
of the suspected foci of infection. The collection sites are depicted in the maps of

the region (Figure 1).

(ii) Snails: The gastropod mollusks are the usual first intermediate hosts in the life
cycle of most trematodes which harbor in their soft tissues, the pre metacercarial
developmental stages like the sporocyst and redia, with the latter giving rise to
many cercariae that emerge from the snail and invade the second intermediate
host. In view of this, snail species (Plate 2) were also collected from selected
localities wherever the crab hosts were suspected to be positive for metacercarial
infections. Hundreds of specimens of snail species representing 4 genera with one
species each were examined for the recovery of intramolluscan stages of digenetic

trematodes (Table 2).



Plate 1

Barytelphusa (M) lugubris mansoniana Barytelphusa (Maydelliathelphusa) lugubris lugubris
(Henderson, 1893) (Wood-Mason, 1871)

Sartoriana spinigera Lobothelphusa woodmansoni
(Wood-Manson, 1891) (Rathbun, 1905)

Plate 2

Pila theobaldi (Hanley) Paludomus (Paludomus) conica (Gray)

Melanoides tuberculata (Mueller) Brotia (Antimelania) costula (Rafinesque)
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Table 1. Localities surveyed for collection of crabs

Sl. No. Species Locality Nos. examined

(Collection sites)

1 Barytelphusa Kharsharig (Arunachal) 250
(Maydelliathelphusa) lugubris
lugubris (Wood-Mason, 1871)

2 Barytelphusa (M) lugubris Miao (Arunachal) 78
mansoniana (Henderson, 1893)

3 Lobothelphusa woodmansoni Gossaigaon (Assam) 38

(Rathbun, 1905) Bishenpur (Manipur) 14

4 Sartoriana spinigera (Wood- Gossaigaon (Assam) 22

Manson, 1891) Aizawl (Mizoram) 56

Imphal (Manipur) 22

[tanagar (Arunachal) 44

Miao (Arunachal) 38

Table 2. Localities surveyed for collection of snails

Sl No. Species Locality Nos. examined
(Collection sites)
1 Pila theobaldi (Hanley) Gossaigaon (Assam) >500
Itanagar (Arunachal)
2 Paludomus (Paludomus) Gossaigaon (Assam)
conica (Gray) Aizawl (Mizoram)
Imphal (Manipur)
Itanagar (Arunachal) >200
Miao (Arunachal)
3 Brotia (Antimelania) Kharshang (Arunachal) >500
costula (Rafinesque) Miao (Arunachal)
4 Melanoides tuberculata Gossaigaon (Assam)
(Mueller) Bishenpur (Manipur) ~200
Imphal (Manipur)
Miao (Arunachal)




2. Parasite material

i)

From Crabs:

Metacercariae were isolated from the muscles of the crustacean host by digestion
technique. The crabs were cut into small pieces with the help of scissors, minced

and digested by overnight incubation at 37°C in the artificial gastric juice.

[Composition:

HCL Conc. (35 -37%) - 7-10ml
Distilled water - 1000ml
Pepsin (1:10000) - 6g]

The digested materials were filtered through mesh wire sieves and the filterable
sediments were washed repeatedly with tap water in order to get a clearer
supernatant. The sediments were examined for metacercariae under a dissecting

stereoscopic miCroscope.

From Snails:

Intra-molluscan stages were recovered by teasing the gut content in a petridish and
examined under dissecting stereoscopic microscope. A few specimens were duly
processed for whole mount preparation and subsequent light microscopy (LM)

observations.

3. Light microscopy (LM)

Freshly recovered metacercariae from crab hosts and intramolluscan larval stages-

sporocyst, redia and cercariae, were washed in 0.7% saline solution and narcotized

with few drops of 70% ethyl alcohol. They were gently flattened between a slide and

a cover glass, fixed in70% ethyl alcohol and stained with Borax carmine or Meyer’s

carmalum, followed by dehydration through usual dehydration media i.e. ascending

grades of ethyl alcohol, clearing in Methyl benzoate and mounting in Canada balsam

using standard protocols. All the prepared permanent slides were observed and

studied under Wild MSAPO stereo microscope, vision analyzer, Zeiss image
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analyser, Leica S6D trinocular stereo zoom microscope and Leitz Ortholux-2
research microscope. Measurements of the specimens were taken using stage and

ocular micrometers and/or morphometric software in the image analyser.
Scanning electron microscopy (SEM)

Live specimens recovered were washed thoroughly in 0.7% saline solution and were
fixed in 10% cold neutral buffer formalin at 4°C for 12-18 h. Following fixation, the
specimens were washed in phosphate buffer and dehydrated with ascending grades of
alcohol and ethanol-amyl acetate mixture to pure amyl acetate. After their final
treatment in dry amyl acetate, the specimens were critical-point dried using liquid
carbon dioxide. In lieu of critical-point drying the specimens after washing in
phosphate buffer were dehydrated in ascending grades of acetone, treated with
tetramethyl silane [TMS-(CCH3)4Si, boiling point 26.3°C, surface tension 10.3
dynes/cm at 20°C] for 10 minutes and dried off TMS at 25° C (Dey et al., 1989; Roy
et al., 1991). The dried samples were metal coated with gold in a fine coat ion sputter
JFC-1100(JEOL). Observations were made with the scanning electron microscope
JSM 35CF (JEOL) and LEO 435 VP SEM at electron-accelerating voltages ranging
between 10-20 kV.

Analysis of prevalence data

The following parameters were used to analyze the data following Margolis et al.
(1982):

i. Prevalence — Number of individuals of a host species infected with a particular
parasite species divided by the number of host individuals examined x 100 (=
percentage of infected hosts of each species).

ii. Intensity- number of individuals of a particular parasite species in each infected
host in a sample.

iii. Mean intensity- mean number of individuals of a particular parasite species

divided by the number of host species examined in a sample.



11

RESULTS

I. Metacercarial infection in crab host in suspected foci

(i) Status and Prevalence: 3 genera of crabs surveyed from various localities in
Arunachal Pradesh, Assam, Manipur and Mizoram. Only one i.e. Barytelphusa
was found to be harbouring metacercarial cyst. The details of crab hosts examined
from the various localities and the status of infection among them are depicted in
Table 3. The crabs collected from all the localities excepting those in Arunachal
Pradesh did not harbor any metacercarial infection. However, both the collection
sites in Arunachal Pradesh were revealed to be positive for this infection. In the
Kharshang site Barytelphusa (M) lugubris lugubris was found to be positive with
a prevalence of 26%, the intensity of infection being in the range of 9-68 (Mean
Intensity=36). In Miao region, the other sub species namely B. (M.) I. mansoniana
revealed a much higher prevalence of infection i.e. 87%, the intensity of

metacercarial infection ranged between 3-175 (Mean Intensity=38).

(ii) Morphology of metacercaria: The newly excysted metacercaria has an
elongate body (815.91pum x 492.79um) in size; the ventral sucker situated
somewhat pre-equitorally, is larger than the oral; the intestinal caeca are long and
extend up to the posterior end of the body; the conspicuous excretory bladder
extends medially in the intercaecal space (Figure 2a-¢). The SEM observations
revealed that the encysted metacercaria is oval in shape and has smooth surface.
The whole body surface of the excysted metacercaria is covered with numerous
single-pointed and thorn-like tegumentary spines; those covering the anterior part
of the body are bigger in size and show a gradual reduction in size towards the
posterior end. The tegument in the circum-oral region has a dense aggregation of
small spines that are arranged in several circular rows. A few dome-shaped

papillae abound on the rim of the oral sucker and adjacent area in a random
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fashion. The tegument of the ventral sucker and its surrounding region and that of
the general body surface also has a dense spination. The surface fine topography
in the area reveals the presence of many papillate protuberances, but the latter are
randomly distributed and do not exhibit a definite pattern of distribution and

numbers. (Figure 3a-k).

Table 3. Prevalence/Intensity of metacercarial infection in crab hosts in suspected foci.

Host Locality Nos. Prevalence | Intensity
(Collection sites) | infected / (%) of
Nos. infection
_ Examined (Mean)
Barytelphusa (M.) lugubris Kharshang 65/250 26% - 9-68 (36)
lugubris (Arunachal Pradesh)
B. (M.) . mansoniana Miao 68/78 87% 3-175 (38)
(Henderson, 1893) (Arunachal Pradesh)
Lobothelphusa woodmansoni Gossaigaon (Assam) 0/38 - -
(Rathbun, 1905) Bishenpur (Manipur) 0/14 - -
Sartoriana spinigera Gossaigaon (Assam) 0/22 - -
(Wood-Manson, 1891) Aizaw! (Mizoram) 0/56 - -
Imphal (Manipur) 0722 - -
Itanagar (Arunachal) 0/44 - -
Miao (Arunachal) 0/38 - -
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Figure 2a-d. Light microscopic view of metacercaria: whole mounts, stained
preparations. (Scale bar = 50 pm)
a) Encysted metacercaria
b) Excysted metacercaria
¢, d) Oral and ventral sucker, respectively, of excysted metacercaria
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Figure 3a-f. Scanning electron micrographs of recovered metacercariae.
a, b, ¢) Encysted and excysted metacercaria (Scale bar = 100um)
d, e) Oral sucker region. Note the presence of a few domed papillae on and
around the rim of the sucker. (Scale bar= 10 pm)
f) Another view of the oral end, depicting spination pattern on circum oral
tegument. Several rows of minute spines arranged in circular fashion are

conspicuous. (Scale bar= 10 um)



s K, T T\

hgbat g B N T g
f{..uﬁ"#"‘l sty Sa <
""!‘:.QO'P LR e

Figure 3g-1. Scanning electron micrographs of recovered metacercariae.

(Scale bar= 10 pm)
g) Ventral sucker with randomly distributed papillate protuberances.

h) Ventral sucker region in another specimen.

i) Spination in anterior region of body.
J, K) Single-pointed, backwardly directed spines in the mid-body region.

1) Smaller spines in the posterior part of the body.
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IL. Intramolluscan stages in suspected foci

4 species of snails from the same localities that were surveyed for collection of crabs
were examined for recovery of intramolluscan stages (Table 4). Of these, while the
species of Pila, Paludomous and Melanoides were found negative for any infection, it
was only Brotia (A.) costula from which sporocyst, redia and cercaria stages were
recovered. Of more than 500 snails both from Kharshang and Miao regions- the
localities same as those of the crabs infected with metacercariae- about 10%
harboured the various stages of digenean larvae (Figure 4). The cercariae recovered
from these snails were of two types:

(i) typical leptocercous, with long slender tail and opthalmate (having a pair of eye
spots), and

(i1) typical distome amphistomid, having the ventral sucker at the base of the fore body.

The microcercous cercariae were not found to be present in any of the infected snails.

Table 4. Prevalence of cercarial infection in Snail hosts in suspected foci.

Snail Hosts Locality Nos. examined | Nos. infected
(Collection sites) (%)
Pila theobaldi (Hanley) | Gossaigaon (Assam)
[tanagar (Arunachal) >500 -
Paludomus (Paludomus) | Gossaigaon (Assam)
conica (Gray) Aizawl (Mizoram)
Imphal (Manipur) >200 -
Itanagar (Arunachal)
Miao (Arunachal)
Brotia (Antimelania) Kharshang (Arunachal)
costula (Rafinesque) Miao (Arunachal) >500 ~50 (10%)
Melanoides tuberculata | Gossaigaon (Assam)
(Mueller) Bishenpur (Manipur) >200 -
Imphal (Manipur)
Miao (Arunachal)




Figure 4. Intra-molluscan stages recovered
- - from infected snails
(b) Redia
(c) Opthalmate leptocercous cercaria
(d) Amphistome cercaria

17
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DISCUSSION

In the present study, of the various crab species examined only Barytelphusa
lugubris lugubris and B. (M.) . mansoniana, both collected from locales in Arunachal
Pradesh were found to be naturally infected with Paragonimus metacercariae. The other
crab species examined did not reveal any infection with Paragonimus metacercariae. In
earlier studies, another crab species Potamiscus manipurensis was reported as the natural
host for the lung fluke infection in Senapati District of Manipur (Singh and Singh, 1997).
Narain et al. (2003) had reported the occurrence of another Paragonimus species
‘heterotremus in B. lugubris crabs from Changlang District of Arunachal Pradesh, perhaps
the same locality as of the present study. These authors also reported Sartoriana
spinigera crabs to be free of any metacercarial infection. The present study also
corrabortes that the crab species of the genus Barytelphusa are the second intermediate

host for Paragonimus in the studied sites in Arunachal Pradesh.

Surface fine topography of encysted and newly excysted metacercariae has been
described in respect of several species of Paragonimus e.g. P. skrjabini, P. iloktsuensis,
P. ohirai, P. pulmonalis, P. westermani (diploid type), P. miyazaki (triploid types of P.
westermani), P. mexicanus, P. heterotremus and P. westermani (He Yixun et al., 1982; Li
et al., 1987; Higo and Ishi, 1987; Aji et al., 1984; Tongu et al., 1987, Sugiyama et al.,
1990; Jiang and Xia, 1993; Sugiyama et al., 2001). Characters such as the number and
distribution pattern of tegumental papillae around the oral and ventral suckers of the
newly excysted metacercariae have been used as the morphological taxonomic tools for
differentiating the various species of Paragonimus. For example, the number and size of
the domed papillae in metacercariae of Paragonimus spp in Japan seems to vary with the
species (Higo and Ishii, 1984, 1987), though geographical differences do not supposedly
exist with regard to the morphology of the excysted metacercariae of P. westermani, in
which the number of papillae ranges between 5 and 13 (Sugiyama et al., 2001). However,

these morphological characters are prone to variations and thus not absolutely reliable.
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The metacercariae under the present study revealed a ventral sucker larger than
the oral unlike P. heferotremus (in which the oral sucker is larger than the ventral), a
species that has earlier been reported from the same region in Northeast India (Narain et
al., 2003). The surface fine topography, including the number and distribution of papillae
and spination pattern of the present material suggests more closeness and resemblance
with P. westermani. In the latter species, though Sugiyama et al. (2001) reported the
occurrence of dome-shaped papillae as evenly distributed over the whole body and in
circular fashion around the suckers, as per the observations the papillae were fewer in
number and revealed to be randomly scattered across the general body surface. Thus on
the basis of surface of surface fine topography features of the excysted metacercaria it
may be concluded that Paragonimus species occurring in Kharshang and Miao regions of

Arunachal Pradesh is indeed P. westermani.

Regarding the intramolluscan stages, the cercariae were recovered from only one
of the four species of snails surveyed and examined. However, the cercariae recovered
were all amphistome, leptocercous type. The cercaria stage of Paragonimus species is
typically microcercous type, characterized by a tiny stumpy tail (Dawes, 1946). However,
in none of the infected snails were the microcercous cercariae ever recovered. Hence, it
may be assumed that the snail species examined during the present study are not the
potential first intermediate host for Paragonimus in the study area. A more exhaustive
exploration of snail host species from the localities where crabs reveal the prevalence of
Paragonimus metacercariae needs to be undertaken to ascertain the mollusc species

implicated in the life cycle of the parasite.



Chapter - 2

Molecular characterization of
Paragonimus and other trematodes
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INTRODUCTION

The identification of closely related species based on morphological characters
alone can be difficult. This is particularly the case of soft-bodied animals such as
digenean trematodes. The taxonomy of trematodes has been based mainly on
morphological data complemented with ecological, cytological, and pathological results
as well as clinical manifestations. Morphological differences found on stained and
mounted adult specimens have been widely used to discriminate between platyhelminth
species (Miyazaki, 1974). It is possible to distinguish between the adult trematodes but
much variation exists. Differentiating between two species is not possible on the basis of
clinical, pathological or immunological findings and their eggs are morphologically very
similar (Lotfy and Hillyer, 2003). Consequently, where two species occur concurrently or
in overlapping geographical distribution, it is not possible to be certain as to which

species is responsible for the disease.

The giant intestinal fluke, Fasciolopsis buski (Trematoda: Fasciolidae), is widely
distributed in India and neighboring countries of the continent in South and Southeast
Asia (Roy and Tandon, 2003). The fluke is the etiological agent of the disease commonly
known as fasciolopsosis. The infection occurs by ingestion of raw aquatic vegetation or
food plants that are contaminated with the infective encysted larvae, the metacercariae. In
endemic zones pigs, dogs and rabbits act as reservoir of infection. In India, the parasite
has been reported from different states including those in the Northeast. Variations in the
morphology of the fluke have been observed when collected from different geographical

regions (Roy and Tandon, 1993).

The trematode flukes of the genus Fasciola (the sheep liver fluke) are parasites of
herbivores and infect humans accidentally causing fascioliasis worldwide. Fascioliasis is
an important human and animal disease caused by Fasciola hepatica and Fasciola
gigantica. In Asia and Africa, the distribution of F. hepatica and F. gigantic overlaps in

given areas. This makes it difficult to identify the particular species involved (Ashrafi et
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al., 2006; Le et al., 2007; Periago et al., 2008). The parasite is very cosmopolitan in
distribution being found throughout all regions of the world, both temperate and tropical.
F. hepatica is the causative agent of fascioliasis or 'liver rot' in ruminants, where it may
be an important pathogen. Human infections with F. hepatica are found in areas where
sheep and cattle are raised, and where humans consume raw watercress, including
Europe, the Middle East and Asia (Mas-Coma et al., 1999; Mas-Coma and Bargues,
1997). Infection with F. gigantica on the other hand is found more commonly in tropical
regions of the world, areas affected including Africa, Asia, many Pacific islands
including Hawaii (where it has been reported in man), the Middle East and Southern
Europe and the south of the USA (Hammond, 1974). Both fasciolids follow a similar
two-host life cycle, in which freshwater snails of the family Lymnaeidae act as
intermediate or vector host and a broad spectrum of mammals including humans, mainly

herbivorous large-sized species, act as definitive host (Mas-Coma et al., 2005).

However, recent advances in molecular biology, in particular the amplification of
specific DNA regions via the polymerase chain reaction (PCR) and improved sequencing
techniques, have been employed to resolve taxonomic issues related to various helminth
parasites by comparing their DNA. The ribosomal DNA cluster (tDNA), which codes for
structural components of ribosomes, is particularly useful for genetic studies because it is
highly repeated and contains variable regions flanked by more conserved regions (Hillis
and Davis, 1988; Hillis & Dixon, 1991). It enhances PCR amplification because many
templates are available for initial priming and allows primers to be designed to anneal the
known conserved regions to amplify across unknown variable regions. The nuclear
ribosomal DNA internal transcribed spacers (ITS1 and ITS2), which occur between the
188, 5.8S and 28S coding regions (Figure 5), have proven useful for diagnostic purposes
at the level of species. This cluster of genes (and the spacers between them) is repeated in
tandem hundreds of times, usually in a single chromosome. Large, small and S5.8S
subunits combine after removal of spacers, to produce the RNA skeleton/framework of

the ribosome.
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DNA techniques utilizing genetic markers in nuclear ribosomal DNA (rDNA) and
mitochondrial DNA have been employed to resolve taxonomic issues related to various
helminth parasites (Blair et al., 1996). The second internal transcribed spacer (ITS2) of
rDNA have been proven to be particularly valuable in this context, especially for the
species studies of the genus Paragonimus and many other helminth species and their
phylogenetic relationships (Morgan and Blair, 1995; Jousson et al., 1998; Blair et al.,
1999a; Leon-Regagnon et al., 1999; Iwagami et al., 2000; Blair, 2000; McManus et al.,
2000; Tkach et al., 2000; Kostadinova et al., 2003; Scholz et al., 2004; McManus et al.,
2004; Agatsuma et al., 2004; Huang et al., 2004; Vilas et al., 2005; Rinaldi et al., 2005)
Fasciola spp and isolates of Fascioloides magna from different geographical regions
were discriminated on the basis of ITS sequences (Adlard et al., 1993). Studies on
phylogeny and/or intraspecific variation in Paragonimus species have also been done
using ITS2 region in recent years (Blair et al., 1996, 1997; Herwerden et al., 1999;
Maleewong, 2003; Cui et al., 2003; Park et al., 2003; Chen et al., 2004; Le et al., 2006;
Doanh et al., 2007; Devi et al., 2007) and the usefulness of the method for species
discrimination has also been demonstrated in nematodes (Campbell et al., 1994; Hoste et
al., 1995; Samson-Himmelstjerna et al., 1997; Aboobaker and Blaxter, 2004; Ghedin et
al., 2004; Roy et al., 2006). ITS2 sequences allow quick and accurate identification of
genetically distinct but morphologically similar species (Nolan and Cribb, 2005).

Phylogenetic relationships of the various Paragonimus species have also recently
been studied using genetic markers in the ITS2 region of rDNA (Blair et al., 1997, Blair
et al., 1999b, Iwagami et al., 2000). In these studies, the ITS2 rDNA sequences for the
analysis were generated from adult DNA using PCR primers that were designed based on
the conserved 5.8S and 28S regions flanking the ITS2. Using these PCR-primers, the
sequences of the amplified products from metacercariae of P westermani and P.
miyazakii were analysed and were found identical in length and composition to those
reported for the adults of the respective species and two species of Paragonimus could be
unequivocally discriminated by PCR using species-specific primers from the DNA

prepared from metacercariae (Blair et al., 1996, Sugiyama et al., 2002).
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Figure 5. Ribosomal DNA gene cluster

(www.rzuser.uni-heidelberg.de)

The main objective of the present study was to establish a molecular method to
differentiate between different species of Paragonimus from the metacercariae, which are
the infective stage of the pathogens causing human paragonimiasis and also to
discriminate between other plausible (crab-borne) trematode infections such as those of

Fasciolopsis and Fasciola.
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MATERIALS AND METHODS

Parasite materials

Metacercariae:

The trematode metacercariae of Paragonimus were collected from the freshwater crabs of
mountain streams of the suspected focal area.

Adult flukes and eggs: k

Live adult Fasciolopsis buski were obtained from the intestine of freshly slaughtered pig,
Sus scrofa domestica at local abattoirs. The worms recovered from these hosts
represented the geographical isolates from Assam region' of Northeast India. Fasciola
worms were obtained in live form from hepatic biliary ducts of freshly slaughtered cow,
Bos indicus; the worms recovered from bovine hosts represented the geographical
isolates from Assam, Northeast India and morphologically resembled Fasciola gigantica
(deposition number of paratypes at Zoological Survey of India, Kolkata = W7787/1).
Eggs were obtained from mature adult flukes by squeezing between two glass slides;

eggs recovered were also processed separately.

DNA isolation

Eggs & Metacercariae:
DNA was extracted in FTA card by using Whatman’s FTA Purification Reagent as
detailed below (Flowchart 1).

Adults:
DNA was extracted from lysed individual worms by standard ethanol precipitation

technique (Sambrooke et al., 1989) as detailed below (Flowchart 2).
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- Whatman’s FTA card technique

Flowchart 1. DNA extraction

ult fluke - Ethanol precipitation technique.

rt 2. DNA extraction from ad

Flowcha
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DNA amplification and sequencing

Use of known primers

The rDNA region spanning the ITS1 and ITS2 was amplified from the egg, larval
and/or adult DNA by PCR. The primers generally used were designed based on the
conserved sequences of Schistosoma spp and are considered to be the universal primers
for trematode species (Bowles et al., 1995).

The primers used were:

1) ITS2region:
3S (forward): 5’GGTACCGGTGGATCACTCGGCTCGTG-3’
A28 (reverse): S’-GGGATCCTGGTTAGTTTCTTTTCCTCCGC-3’

ii) ITS1 region:
BD1 (forward): S>GTCGTAACAAGGTTTCCGTA-3’
48 (reverse): STCTAGATGCGTTCGAA (G/A) TGTCGATG-3’

The PCR amplification was performed following the standard protocol (White,
1993) with minor modifications. The PCR cocktail (final reaction volume 25ul) was
amplified with the following conditions for ITS1- initial denaturation at 94°C for 5 min,
then 35 cycles including denaturation at 94°C for 60 sec, annealing at 54°C for 50 sec,
extension at 72°C for 80 sec, followed by final extension for 7 min at 72°C. For
amplification of ITS2 region, the conditions were as follows - initial denaturation at 94°C
for 5 min, then 26 cycles including denaturation at 94°C for 30 sec, annealing at 55°C for

38 sec, extension at 72°C for 42 sec, followed by final extension for 10 min at 72°C.

The resultant PCR products were separated by electrophoresis through 1.5% (w/v)
agarose gel in TAE buffer, stained with ethidium bromide, transilluminated under
ultraviolet light and then photographed. The known size fragments of 100 bp ladder in

agarose gel were used as marker. For DNA sequencing, the PCR products were purified
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using Genei Quick PCR purification Kit, and sequenced in both directions using PCR
primers on an automated sequencer by DNA sequencing services of Bangalore Genei,
Bangalore and The Centre for Genomic Applications (TCGA), New Delhi, India and
submitted to GenBank.

Nucleotide sequence analysis

The DNA sequences (of the PCR-amplified product) were put to further analysis
with the usage of bioinfomatic tools including similarity search using BLAST (Basic
Local Alignment Search Tool) provided at the URL http://www.ncbi.nim.nih.gov/blast, and
phylogenetic prediction using Clustalw provided at the URL http://www ebi.ac.uk/clustalw
for query DNA sequence.

[Similarity Searches (BLAST)

The General approach involves the use of a set of algorithms such as the BLAST
programs to compare a query sequence to all the sequences in a specified database.
Comparisons are made in a pair wise fashion. Each comparison is given a score reflecting
the degree of similarity between the query and the sequence being compared. The higher
the score, the greater is the degree of similarity. The similarity is measured and shown by
aligning two sequences. Alignments can be global or local (algorithm specific).

Blastn is the nucleotide — nucleotide blast in which the query nucleotide sequence is
searched for match against the database stored nucleotide sequence and the hits (matches)
are obtained as result along with the distribution information and the alignments. The
BLAST nucleotide algorithm finds similar sequences by generating an indexed table or
dictionary of short subsequences called words for both the query and the database.

Phylogenetic relationships, are in general patterns of shared history between biological
replicators, such as species or genes. The aim of phylogenetic inference is to propose a
well-corroborated hypothesis of this shared history, but this is to some extent inseparable
from the pattern of evolutionary change in the data (the characters) used to erect the
hypotheses.

ClustalW is a general purpose multiple sequence alignment program for DNA or
proteins. It produces biologically meaningful multiple sequence alignments of divergent


http://www.ncbi.nlm.nih.gov/blast
http://www.ebi.ac.uk/ciustalw
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sequences. It calculates the best match for the selected sequences, and lines them up so
that the identities, similarities and differences can be seen. Evolutionary relationships can
be seen via viewing Cladograms or Phylograms. Multiple alignments of DNA sequences
are important tools in studying sequences. The basic information they provide is
identification of conserved sequence regions. Sequences can be aligned across their entire
length (global alignment) or only in certain regions (local alignment).

A cladogram is simple tree depicting only relationships between terminal nodes. A
branching diagram (tree) is assumed to be an estimate of a phylogeny.

A phylogram has additional information in that edge lengths are drawn proportional to
some attribute such as amount of change. A branching diagram (tree) assumed to be an
estimate of a phylogeny; usually distinguished from a cladogram in that the branch
lengths are proportional to the amount of inferred evolutionary change.

Sequence alignment is a way of arranging the primary sequences of DNA, RNA, or
protein to identify regions of similarity that may be a consequence of functional,
structural, or evolutionary relationships between the sequences. Aligned sequences of
nucleotide or amino acid residues are typically represented as rows within a matrix. Gaps
are inserted between the residues so that residues with identical or similar characters are
aligned in successive columns.

Pair- wise sequence alignment methods are used to find the best-matching piece-wise
(local) or global alignments of two query sequences. They are efficient to calculate and
are often used for methods that do not require extreme precision (such as searching a
database for sequences with high homology to a query).]

Molecular phylogenetic analysis

Molecular phylogenetics attempts to determine the rates and patterns of change
occurring in DNA and proteins and to reconstruct the evolutionary history of genes and
organisms. Initially, the sequences were aligned using ClustalW multiple alignment
(Thompson et al. 1994) with the default gap and extension penalties used by this
program. For interpreting the results obtained, different tree building models were
considered to entertain possible explanations. Phylogenetic reconstructions were done
using the MEGA 4.0 package (Tamura et al., 2007). Only unique sequences were used in

tree construction. ITS sequences were entered in the MEGA for construction of the
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phylogenetic trees using Maximum Parsimony and distance methods namely the
Neighbor-Joining, UPGMA and Minimum Evolution. Branch support was given using
1000 bootstrap replicates in MEGA (Hillis and Bull 1993).

Phylogenetic analysis was also carried out using the Bayesian approach with
combined datasets using Mrbayes 3.1 (Huelsenbeck and Ronquist 2001), wherein each

data partition is allowed to have a different evolution rate.

[Steps of Phylogenetic Analysis
Alignment - building the data model and extracting a dataset.

e Tree building.
e Tree evaluation,

Tree Building Methods
o Distance Methods: :
— UPGMA, Neighbor Joining, Minimum Evolution
— Requires distance measures between sequences
— Suitable for continuous characters
e Character State Methods
—~ Maximum Parsimony

Tree Evaluation
Bootstrapping: A statistical parameter to gauge the viability of a phylogenetic tree. The
values of 70% and above in the bootstrap test of phylogenetic accuracy indicates reliable

grouping. ]

Predicted ITS2 RNA secondary structures and analyses

Most phylogenetic studies using current methods have focused on primary DNA
sequence information. However, RNA secondary structures are particularly useful in
systematics because they include characteristics, not found in the primary sequence, that
give ‘morphological’ information (Caetano-Anolles, 2002). The novel approach of
molecular morphometrics that relies both on traditional morphological comparison and
on molecular sequence comparison by measuring the structural parameters of the 1TS2
secondary structure homologies (geometrical features, bond energies, base composition
etc.) is recently being used to study the phylogenetic relationships of various species

(Billoud et al., 2000). This method allows one to take into account the regions where
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multiple alignments are barely reliable because of a large number of insertions and
deletions. This method is based on the assumption that secondary structure can be
phylogenetically as significant as primary sequence. It is well known that rRNA is highly
conserved throughout evolution. Thus, the secondary-structure elements of the RNA
molecule, i.e., the helices, loops, bulges, and separating single-stranded portions, can be
considered phylogenetic characters (Zwieb et al., 1981, Schultz et al., 2005, Grajales et
al., 2007).

Secondary structures of ITS2 sequences of various Paragonimus and other
fasciolid species were reconstructed by aligning their sequences using Bioedit (Hall,
1999). The acquired structures with restrictions and constrains were submitted in
MFOLD (Zuker, 2003). RNA was folded at a fixed temperature of 37° C, and the
structure choosen from different output files was the desired 6-helicoidal ring or the one

with the highest negative free energy if various similar structures were obtained.

Design of genus/species specific primers and amplification

To establish a more direct PCR procedure for species discrimination and
identification, the specific primers were designed using Primer3, a widely used program
for designing PCR primers (Rozen and Skaletsky, 2000) to target unique regions of the
ITS2 sequence of each species. Each specific primer was examined for genus-specific
amplification with the 3S primer under the PCR conditions as described above. The
primer set 3S-A28 was used as control for the presence of parasite genomic DNA in each

sample.
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RESULTS

® Paragonimus sp.: PCR amplification of ITS region and its analysis

The PCR amplified products of ITS2 of rDNA were successfully obtained using the

primers as mentioned in material and methods (Figure 6).

Figure 6. PCR Product of Paragonimus metacercariae in FTA card using primer 3S-A28
for ITS2

The nucleotide sequences obtained are shown below as raw sequences along with their

depiction in bar diagrams (Figures 7, 8) and electropherogram (Figure 9).

ITS2 Paragonimus metacercariae (Forward sequence)

TGTCGATGACGAGCGCAGCCACTGTGTGAATTAATGCGAACTGCATACTGCTTTGAACATCGA
CATCTTGAACGCATATTGCGGCCACGGGTTAGCCTGTGGCCACGCCTGTCCGAGGGTCGGCTT
ATAAACTATCGCGACGCCCAAAAAGTCGCGGCTTGGGTTTTGCCAGCTGGCGTGATCTCCCCA
ATCTGGTCTTGTGCCTGTGGGGTGCCAGATCTATGGCGTTTCCCTAACATACTCGGGCGCACCC
ACGTTGCGGCTGAAAGCCTTGACGGGGATGTGGCGACGGAATCGTGGCTCAGTAAATGATTT
ATGTGCGCGTTCCGCTGACCTGTCTTCATCTGTGGTTCATGTTGCGCGTGGTCTGCGTTTGATG
CTGACCTATGTATGTGCCATGTGGCTCATTCTCCTGACCTCGGATCAGACGTGAGTACCCGCTG
AACTTAAGCATATCACTAAGCGGAGGGAAAAGAAACTAACCCCGGATCCCAAA

ITS2 Paragonimus metacercariae (Reverse sequence)
CTTAGCTGATATGCTTATGTTCAGCGGGTACTCACGTCTGATCCGAGGTCAGGAGAATGAGCC
ACATGGCACATACATAGGTCAGCATCAAACGCAGACCACGCGCAACATGAACCACAGATGAA
GACAGGACAGCGGAACGCGCACATAAATCATTTACTGAGCCACGATTCCGTCGCCACATCCCC
GTCAAGGCTTTCAGCCGCAACGTGGGTGCGCCCGAGTATGTTAGGGAAACGCCATAGATCTG
GCACCCCACAGGCACAAGACCAGATTGGGGAGATCACGCCAGCTGGCAAAACCCAAGCCGCG
ACTTTTTGGGCGTCGCGATAGTTTATAAGCCGACCCTCGGACAGGCGTGGCCACAGGCTAACC
CGTGGCCGCAATATGCAGTCAAGATGTCGATGTTCAAAGCAGTATGCAGTTCGCATTAATTCA
CACAGTTGGCTGCGCTCTTCATCGACACACGAGCCGAGTGTCCCCACGGGATCCAA
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281 ATGTGGCGAC GGAATCGTGG CTCAGTAAAT GATTTATGTG CGCGTTCCGC TGACCTGTCT TCATCTGTGG 350
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351 PTTCATGTTGC GCGTGGTCTG CGTTTGATGC TGACCTATGT ATPGTGCCATG TGGCTCATTC TCCTGACCTC

421 GGATCAGACG TGAGTACCCG CTGAACTTAA GCATATCACT AAGCGGAGGG AAAAGAAACT AACCCCGGAT 4?0
slas.. l
491 CCCAAA 4‘9 6

TGTCGATGACGAGCGCAGCCACTGTGTGAATTAATGCGAACTGCATACTGCTTTIGAAC
ATCGACATCTTGAACGCATATIGCGGCCACGGGTTAGCCTGTGGCCACGCCIGTICCG
AGGGTCGGCTTATAAACTATCGCGACGCCCAAAAAGTCGCGGCTTGGGITITGCCAG
CTGGCGTGATCTCCCCAATCTGGTCITGTGCCTGTGGGGTGCCAGATCTATGGCGTTT
CCCTAACATACTCGGGCGCACCCACGTTIGCGGCTGAAAGCCTIGACGGGGATGTIGGC
GACGGAATCGTGGCTCAGTAAATGATTTATGTGCGCGTTCCGCTGACCTGTCTICATC
TGTGGTTCATGTIGCGCGTGGTCTGCGTITGATGCTGACCTATGTATGTGCCATGTGG
CTCATTCTCCTGACCTCGGATCAGACGTGAGTACCCGCTGAACTTAAGCATATCACTA
AGCGGAGGGAAAAGAAACTAACCCCGGATCCCAAA

Figure 7. Paragonimus sp. ITS2: Forward sequence plus flanking sequences
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71 ACATACATAG GTCAGCATCA AACGCAGACC ACGCGCAACA TGAACCACAG ATGAAGACAG GACAGCGGAA 140
ATIIRRANAE RRRNERNOAN RRRRARREND QENA0anad0 DRORRRENND QRRENNGEND RDDEENNIDD

141  CGCGCACATA AATCATTTAC TGAGCCACGA TTCCGTCGCC ACATCCCCGT CAAGGCTTTC AGCCGCAACG 210
TERNRRAENN NORRAANNRD URDARRERAN DURAUGERAN RURGASAOAN DROASNRGAD GasNRNEND }

211  TGGGTGCGCC CGAGTATGTT AGGGAAACGC CATAGATCTG GCACCCCACA GGCACAAGAC CAGATTGGGG 280
IEERERAND QRNRRNERDN DORERNRIOD MRRRRRREDD MROBRRENRD DRREDDEEND ndnRNNRR

281  RGATCACGCC AGCTGGCAAR ACCCAAGCCG CGACTTTTTG GGCGTCGCGA TAGTTTATAA GCCGACCCTC 350
ashan N0 ARRRRERRND RORREALOIN BRnfiniRD ____....5h Ll BElahs odnaadanld j

351  GGACAGGCGT GGCCACAGGC TAACCCGTGG CCGCAATATG CAGTCARGAT GTCGATGTTC AAAGCAGTAT azo
TERAREENN ARERDRRAD DORERREENN RDENRRRRss Mamalalad ol By . mo....usbs

421  GCAGTITCGCA TTAATTCACA CAGTTGGCTG CGCTCTTCAT CGACACACGA GCCGAGTGTC CCCACGGGAT 490

491  CCAA 4}4

CTTAGCTGATATGCTTATGTTCAGCGGGTACTCACGTCTGATCCGAGGTCAGGAGAATGA
GCCACATGGCACATACATAGGTCAGCATCAAACGCAGACCACGCGCAACATGAACCACA
GATGAAGACAGGACAGCGGAACGCGCACATAAATCATTTACTGAGCCACGATTCCGTCGC
CACATCCCCGTCAAGGCTTTCAGCCGCAACGTGGGTGCGCCCGAGTATGTTAGGGAAAC
GCCATAGATCTIGGCACCCCACAGGCACAAGACCAGATTGGGGAGATCACGCCAGCTGGC
AAAACCCAAGCCGCGACTTTITGGGCGTCGCGATAGTTIATAAGCCGACCCTCGGACAG
GCGTGGCCACAGGCTAACCCGTGGCCGCAATATGCAGTCAAGATGTCGATGTTCAAAGC
AGTATGCAGTTCGCATTAATTCACACAGTTIGGCTGCGCTCTTCATCGACACACGAGCCGA
GTGTCCCCACGGGATCCAA

Figure 8. Paragonimus sp. ITS2: Reverse sequence plus flanking sequences
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Figure 9. Electropherogram data showing peaks obtained by different nucleotides

Sequences were compared with other sequences of trematode species from
Genbank. The fragments of amplified DNA were estimated to be ~500bp long. Sequence
analysis of the ITS2 PCR products revealed that the alignments of the rDNA region
spanning the ITS2 were 496bp for forward primer and 494bp for reverse primer,
respectively. The actual length of ITS2 was estimated to be 287bp. No intra-specific
variations in length or composition of the sequence were observed and all the ITS?2

sequences of the metacercariae were found to be identical in all the samples.

The results of similarity search for the query sequence ITS2, forward and reverse
were obtained using BLAST (Figures 10, 12). The top 15-20 best hits (having the
maximum e-value) were used for the purpose of phylogenetic predictions using Clustalw
bioinformatic tools. The resultant cladograms and phylograms along with respective gene

identification number (gi) are depicted in Figures 11a & b and 13a & b.
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Figure 10. Blast hit result of ITS2 forward sequence of Paragonimus sp.

35
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Figure 11a & b. Phylogram and cladogram using ITS2 (Forward) sequence along with

respective gene identification numbers.

. gi|13346099|gb]AF333278.1|AF 333278 Paragonimus westermani ITS 2, partial sequence

. 0i|2130578)gbjU96909.1)PWUS6909 Paragonimus westermani TS 2,

. gi|2130576|gb|U96907 .1|PWU96907 Paragonimus westermani TS 2,

complete sequence

complete sequence

o gi|13346098|gb|AF333277.1|AF333277 Paragonimus westermaniITS 2, partial sequence

. gi|13346097|gb]AF333276.1jAF 333276 Paragonimus westermani 1TS 2, partial sequence
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. gi|2130579]gb|U96910.1)PWU96910 Paragonimus westermani|TS 2, complete sequence

. 0i|2130577{gb|U96908.1|PWU96908 Paragonimus westermani ITS 2, complete sequence

. gi|5678999|gb]AF159604.1|AF159604 Paragonimus westermani strain Thailand ITS 2,
complete sequence

. 0i|22655589|gbjAF538346.1| Paragonimus mexicanus isolate G ITS 2, partial sequence
. gi|22655588|gb|AF538945.1| Paragonimus mexicanus isolate E ITS 2, partial sequence
. gi|5679000|gb]AF 159605.1|AF 159605 Paragonimus siamensis ITS 2, complete sequence

) 01|15678996|gb|AF159602.1|AF 153602 Euparagonimus cenocopiosus strain Langu ITS 2,
complete sequence

. gi|5678995|gb|AF 159601.1|AF 159601 Euparagonimus cenocopiosus strain Nanjing ITS 2,
complete sequence

) gi|48093558|gb|AY618742.1| Paragonimus miyazakiiITS 2, complete sequence
. gi|48093551|gb|AY618735.1| Paragonimus skrjabini ITS 2, complete sequence
. 0i|48093550{gb|AY618734.1| Paragonimus skrjabini [TS 2, complete sequence
. gi|48093557|gbjAYB18741.1| Paragonimus miyazakii \TS 2, complete sequence
. gi|48093556|gblAY618740.1( Paragonimus miyazakii ITS 2, complete sequence
o gi|48093555|gb|AY618739 1| Paragommus miyazakii ITS 2, complete sequence
. gi|48093554|gb|AY618738.1| Paragonimus miyazakii ITS 2, complete sequence
The Blast hit results show that the query - ITS2 Paragonimus metacercariae
Forward sequence is more similar to the sequence of the species Paragonimus

westerrmani, Paragonimus mexicanus, Paragonimus siamensis, Paragonimus sismensis,

Paragonimus miyazakii, Euparagonimus cenocopiosus.

From the phylogram and cladogram obtained using the tool ClustalW, sequences of
distinct clusters of the species Paragonimus westermani, Paragonimus mexicanus,
Paragonimus  siamensis, = Paragonimus  sismensis,  Paragonimus  miyazakii,

Euparagonimus cenocopiosus are revealed.
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Figure 12. Blast hit result of ITS2 reverse sequence of Paragonimus sp.
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13a & b. Phylogram and cladogram using ITS2 (Reverse) sequence along with
respective gene identification numbers.

0i]13346099|gbjAF333278.1|AF333278 Paragonimus westermani internal transcribed
spacer 2, partial sequence

gil2130578|gb|US6909.1|PWUSE909 Paragonimus westermani internal transcribed
spacer 2, complete sequence

gi|2130576|gb|U96907.1|PWU96907 Paragonimus westermani internal transcribed
spacer 2, complete sequence

gi{13346098|gb|AF333277.1|AF333277 Paragonimus westermani internal transcribed
spacer 2, partial sequence
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e gi|13346097|gb|AF333276.1|AF333276 Paragonimus westermani internal transcribed
spacer 2, partial sequence

e @i|2130579|gb|US6910.1]PWU96910 Paragonimus westermani internal transcribed
spacer 2, complete sequence

e Qi|2130577|gb|U96908.1|PWUS6908 Paragonimus westermani internal transcribed
spacer 2, complete sequence

o gi|5678999|gb|AF159604.1|AF159604 Paragonimus westermani strain Thailand internal
transcribed spacer 2, complete sequence

* (Qi|22655589|gb|AF538946.1| Paragonimus mexicanus isolate G internal transcribed
spacer 2, partial sequence

e @i|5679000|gb|AF159605.1|AF159605 Paragonimus siamensis internal transcribed
spacer 2, complete sequence

e gi|5678996|gbjAF159602.1|AF 159602 Euparagonimus cenocopfiosus strain Langu
internal transcribed spacer 2, complete sequence

e gil48093558|gb|AY618742.1| Paragonimus miyazakii ITS 2, complete sequence
e Qil48093551|gbJAY618735.1| Paragonimus skrjabini ITS 2, complete sequence
* gi|48093550|gb|AYE18734.1| Paragonimus skrjabini ITS 2, complete sequence
e i|48093557|gb|AY618741.1| Paragonimus miyazakii \TS 2, complete sequence
e @i|48093556|gbJ|AY618740.1| Paragonimus miyazakii 1TS 2, complete sequence
* Qil48093555|gb|AY618739.1| Paragonimus miyazakii \TS 2, complete sequence

¢ i|48093554|gbj|AY618738.1| Paragonimus miyazakii ITS 2, complete sequence

The Blast hit results with the query - ITS2 Paragonimus metacercariae Reverse

sequence show the same similarity as that of the forward sequence.

From the phylogram and cladogram obtained using the tool ClustalW, sequences of
distinct clusters of the species Paragonimus westermani, Paragonimus mexicanus,
Paragonimus siamensis, Paragonimus skrjabini, Paragonimus miyazaki, Euparagonimus

cenocopiosus are revealed.
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Construction of phylogenetic trees

Phylogenetic trees were obtained by comparing the ITS2 sequences of
Paragonimus species from different geographical isolates (Table 5). Phylogenetic
analyses using the various distance methods like Neighbor-joining, Minimum evolution
and UPGMA showed that the topology is similar among the trees obtained. Due to
similar topology only one example each of the trees constructed using NJ and character
state method are shown in Figures 14 and 15. The values of 70% and above in the

bootstrap test of phylogenetic accuracy indicates reliable grouping.

Species GenBank Sequence Classification
Accession No. | length (bp)

Paragonimus westermani DQ351845 496 Digenea: Paragonimidae
India: Northeast (A)
Paragonimus westermani DQ836246 511 Digenea: Paragonimidae
India: Arunachal Pradesh
Paragonimus westermani AB354214 463 Digenea: Paragonimidae
Thailand: Saraburi
Paragonimus siamensis AB354222 463 Digenea: Paragonimidae
Thailand: Prachin Buri
Paragonimus proliferus EU401805 463 Digenea: Paragonimidae
China: Yunnan Province
Paragonimus skrjabini AB325516 463 Digenea: Paragonimidae
India: Manipur
Paragonimus heterotremus AB354221 461 Digenea: Paragonimidae
Thailand: Saraburi
Paragonimus bangkokensis AB248091 463 Digenea: Paragonimidae
Thailand: Surat Thani
Paragonimus harinasutai AB354219 463 Digenea: Paragonimidae
Thailand:Saraburi
Paragonimus heterotremus AB308378 461 Digenea: Paragonimidae

India: Manipur
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Figure 14. Neighbor- Joining Tree of ITS2 sequences of various Paragonimus species
(* query sequence)
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Figure 15. Maximum Parsimony Tree of ITS2 sequences of various Paragonimus
species (* query sequence)

Secondary structure analysis

Initially, ten predicted RNA secondary structures were reconstructed to provide
the basic information for phylogenetic analyses; they accorded with the 6 helicoidal ring
model (Figure 16 a-j). The topology based only on the predicted RNA secondary
structure of the ITS2 region resolved most relationships among the species studied. The
secondary structural features of ITS2 regions as shown in the figures were analysed
based on conserved stems and loops, which in order of preference were interior loop,
bulge loop, multiple branch loop, hairpin loop and exterior loop in all the isolates. We
obtained three similar topologies for seven species of the genus Paragonimus on the

basis of traditional primary sequence analyses using MEGA and a Bayesian analysis of
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the combined data (Figure 17). The latter approach allowed us to include both primary
sequence and RNA molecular morphometrics; each data partition was allowed to have a
different evolution rate. Paragonimus westermani was found to group with P. siamensis
of Thailand; this was best supported by both the molecular morphometrics and combined
analyses. P. heterotremus, P. proliferus, P. skrjabini, P. bangkokensis and P. harinasutai
formed a separate clade in the molecular phylogenies, and were reciprocally

monophyletic with respect to other species.

Paragonimus westermani was found to group with P. siamensis of Thailand and
show an overall similarity in the ITS2 rRNA folding and have identical secondary
structures, which in remaining five isolates show some variation. The observed
similarities at the secondary structural level are further reflected at the energy level (-
AG). The difference in their topology, however, is due to differences in nucleotide
sequence lengths. These secondary structure predictions indicate that the domains
basepair to form a core region central to several stem features implying that
conservedness is more important for the proper rRNA folding pattern. Moreover, the
observed phylogenetic trend was identified with respect to the target accessibility sites
for the seven different isolates. The topology based only on the predicted RNA secondary
structure of the ITS2 region resolved most relationships among the species studied.
Bayesian analysis of the alignment retained the same topology and supported the same

branches as the primary sequences.
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Figure 16 (a-j): Predicted ITS2 RNA secondary structures and their structure
formation enthalpies according to MFOLD: Isolates from India
and neighboring countries.

(a) dG=-151.78 P. westermani India: Northeast

(b) dG=-147.588 P. westermani India: Arunachal Pradesh
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(c) dG=-149.95 P. heterotremus India: Manipur
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(d) dG=-162.34 P. skrjabini India: Manipur
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(f) dG= -155.85 P. proliferusi China: Yunnan Province
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(h) dG= -144.44 P. westermani Thailand: Saraburi
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(i) dG=-158.28 P. bangkokensis Thailand: Surat
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(i) dG=-158.28 P. harinasutai Thailand: Saraburi
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Figure 17. Phylogenetic relationships between members of family Paragonimidae.
This tree shows hypothetical Bayesian analysis phylogeny based on the
secondary structure alignment data of the ITS2 region. The numbers are
equivalent to bootstrap percentages.
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® Fasciolopsis buski: PCR amqu_ﬁcg(ion of ITS regions and its analysis

e e L
The PCR amplified products were successfully obtained using the primers as mentioned

above and are depicted in Figures 18 & 19.

Adult
Figure 18. PCR products of Fasciolopsis buski using primer set 3S-A28- [TS2

NoGly 10% Gly
MgCl, 1.5 2.5 3.5M 15 25

Adult

Figure 19. PCR product of F' buski using primer set BD1-4S- ITS1

The nucleotide sequences obtained are shown below as raw sequences along with their

depiction in bar diagrams (Figures 20 and 21).

ITS2 Fasciolopsis buski Adult (Forward sequence)

TGTCGATGAGGAGCGCAGCCACTGTGTGAATTAATGCAAACTGCATACTGCTTTGA
ACATCGACATCTTGAACGCATATTGCGGCCATGGGTITAGCCTGTGGCCACGCCTG
TCCGAGGGTCGGCTTACAAACTATCACGACGCCCAAAAAGTCGTGGCTTGGGTCT
TGCCAGCTGGCGTGAACTCCTCTATGATTATTCATGTGAGGTGCCAGAACTATGGC
GTTTCCCTAATGTATCCGGACGCGTCCTTGTCTCAGCAGAAGGCTGTGGTGAGGT
GCGGTAGCGGGATCGTGGTTTAATGAATACTGTGCACGTTCCGTTGCTGTGTCTTC
ATCGTCGGCTTGATGCGTGACTTGGTCTCGTGTCTGAGGCTTTTGCCATACATAGA
CTGCCATTTGTGTGGTCTAATTTCCTGACCTCGGTTCAGACGTGATTACCCGCTGA
ACTTAAGCATATCACTAAGCGGAGGAAAAGAACAAA
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ITS2 Fasciolopsis buski Adult (Reverse sequence)

GITAGCTGATATGCTTATGTTCAGCGGGTAATCACGTCTGAACCGAGGTCAGGAAA
TTAGACCACACAAATGGCAGTCTATGTATGGCAAAAGCCTCAGACACGAGACCAAG
TCACGCATCAAGCCGACGATGAAGACACAGCAACGGAACGTGCACAGTATTCATTA
AACCACGATCCCGCTACCGCACCTCACCACAGCCTTCTGCTGAGACAAGGACGCG
TCCGGATACATTAGGGAAACGCCATAGTTCTGGCACCTCACATGAATAATCATAGA
GGAGTTCACGCCAGCTGGCAAGACCCAAGCCACGACTTITTTGGGCGTCGTGATAG
TTTGTAAGCCGACCCTCGGACAGGCGTGGCCACAGGCTAACCCATGGCCGCAATA
TGCGTTCAAGATGTCGATGTTCAAAGCAGTATGCAGTTTGCATTAATTCACACAGTT
GGCTGCGCTCTTCATCGACACACGAGCCGAGAGAACTACTCCGGATCCA

ITS2 Fasciolopsis buski Egg (Forward sequence)

CTGTCGATGAGGAGCGCAGCCACTGTGTGAATTAATGCAAACTGCATACTGCTTTG
AACATCGACATCTTGAACGCATATTGCGGCCATGGGTTAGCCTGTGGCCACGCCT
GTCCGAGGGTCGGCTTACAAACTATCACGACGCCCAAAAAGTCGTGGCTTGGGTC
TTGCCAGCTGGCGTGAACTCCTCTATGATTATTCATGTGAGGTGCCAGAACTATGG
CGTTTCCCTAATGTATCCGGACGCGTCCTTGTCTCAGCAGAAGGCTGTGGTGAGG
TGCGGTAGCGGGATCGTGGTTTAATGAATACTGTGCACGTTCCGTTGCTGTGTCTT
CATCGTCGGCTTGATGCGTGACTTGGTCTCGTGTCTGAGGCTITTGCCATACATAA
ACTGCCATTTGTGTGGTCTAATTTCCTGACCTCGGTTCAGACGTGATTACCCGCTG
AACTTAAGCATATCACTAAGCGGAGGAGAAGAAACTAACCCCGGAGCCCACAA

ITS2 Fasciolopsis buski Egg (Reverse sequence)

CTTAGCTGAGATGCTTATGTTCGGCGGGTAATCCCGTCTGAACCGAGGTCGGGAA
ATTAGACCCAACAAATGGCAGTCTATGTATGGCAAAAGCCTCAGACACGAGACCAA
GTCACGCATCAAGCCGACGATGAAGACACAGCAACGGAACGTGCACAGTATTCAT
TAAACCACGATCCCGCTACCGCACCTCACCACAGCCTTCTGCTGAGACAAGGACG
CGTCCGGATACATTAGGGAAACGCCATAGTTICTGGCACCTCACATGAATAATCATA
GAGGAGTTCACGCCAGCTGGCAAGACCCAAGCCACGACTTTTTGGGCGTCGTGAT
AGTTTGTAAGCCGACCCTCGGACAGGCGTGGCCACAGGCTAACCCATGGCCGCAA
TATGCGTTCAAGATGTCGATGTTCAAAGCAGTATGCAGTTTGCATTAATTCACACAG
TTGGCTGCGCTCTTCATCGACACACGAGGCGAGTGATCCCCCCCGGAGCCACACG
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ITS1 Fasciolopsis buski Adult (Forward sequence)

CTGCTGACTGCGGAGGATCATTACCGTAATCCTATTCATACACAAGAGGTGAAACG
TTGTGACCGTCATGTCCAACGATACAAATTTGCGGACGGCTATGCCTGGCTCTTTG
AGGCCACAGCATATCCGATTATGACGGGGTGCCTACCTGTGTGATCCTCTGATGGT
ATGCATGCGTCCTTTGGGTCGTATGTCCAAGCCAGGAGAACAGGCTGTACTGCCG
TGACTGGTAGTGCTAGGCTTAAAGAGGAGATTTGAGCTACGGCCCTGCTCCCGCC
CTATGAACTGTTTCCTATATTACACTGTTCAAGTGGTATTGATTGGGTTCGCCCATT
CTTTGCCATTGCCCTCGCATGCACCTGGTCCTTGTGGCCGGACTGCACGTACGTC
GCCCGGCGGTGCCTATCCCGGGTAGGACTGATAACCTGGTCTTTGACCATTTGCA
CAACTCTGAACGGTGGATCACTCGGCTCGTGTGTCGATGAAGAGCGCAGCCAACT
GTGTGAATTAATGCAAACTGCATACTGCTTTGAACATCGACCTGGACAACGTATCTG
AA

ITS1 Fasciolopsis buski Egg (Forward sequence)

GTGACTGCGGAGGATCATTACCGTAATCCTATCTCATACACAAGAGGTGAAACGTT
GTGACCGTCATGTCCAACGATACAAATTTGCGGACGGCTATGCCTGGCTCTTTGAG
GCCACAGCATATCCGATTATGACGGGGTGCCTACCTGTGTGATCCTCTGATGGTAT
GCATGCGTCCTTTGGGTCGTATGTCCAAGCCAGGAGAACAGGCTGTACTGCCGTG
ACTGGTAGTGCTAGGCTTAAAGAGGAGATTTGAGCTACGGCCCTGCTCCCGCCCT
ATGAACTGTTTCCTATATTACACTGTTCAAGTGGTATTGATTGGGTTCGCCCATTCTT
TGCCATTGCCCTCGCATGCACCTGGTCCTIGTGGCCGGACTGCACGTACGTCGCC
CGGCGGTGCCTATCCCGGGTAGGACTGATAACCTGGTCTTITGACCATTTGCACAA
CTCTGAACGGTGGATCACTCGGCTCGTGTGTCGATGAAGAGCGCAGCCAACTGTG
TGAATTAATGCAAACTGCATACTGCTTTGAACATCGACATTTCGCAA

The results of similarity search for the query sequence were obtained using BLAST
(Figures 22, 24, 26, 28, 30, 32). The top 15-20 best hits (having the maximum e-value)
were used for the purpose of phylogenetic predictions using ClustalW bioinformatic
tools. The resultant cladograms and phylograms along with respective gene identification
number (gi) is depicted in Figures 23a & b; 25a&b, 27a&b, 29a&b, 31a&b, 33a & b.
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TGTCGATGAGGAGCGCAGCCACTGTGTGAATTAATGCAAACTGCATACTGCTTTGAACA
TCGACATCTTGAACGCATATTGCOGGCCATGGGTTAGOCTGTGGCCACGOUCTGTCOUGAG
GGTCGGCTTACAAACTATCACGACGCOCCAAAAAGTCOGTGGCTTGGGTCTTGCCAGCTG
GCGTGAACTCOCTCTATGATTATTCATGTGAGGTGCCAGAACTATGGCOCGTTTCCCTAATGT
ATCCGGACGCGTCCTTGTCTCAGCAGAAGGCTGTGGTGAGGTGCOGGTAGCGGGATCOGT
GGTTTAATGAATACTGTGCACGTTCCGTTGCTGTGTCTTCATCGTCGGCTTGATGCOGTG
ACTTGGTCTCGTGTCTGAGGCTTTITGCCATACATAGACTGCCATTTGTGTGGTCTAATT
TCCTCGACCTOGGTTCAGACGTGATTACCCGCTGAATUTTAAGCATATCACTAAGOGGA GG
AAAAGAACAAA

F. buski adult : ITS 2 Forward sequence

Figure 20. Fasciolopsis buski adult ITS2: Forward sequence plus flanking sequences
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CTGTCGATGAGGAGCGCAGCCACTGTGTGAATTAATGCAAACTGCATACTGCTTTGA
ACATCGACATCTTGAACGCATATTGCGGCCATGGGTTAGCCTGTGGCCACGOCTGTC
CGAGGGTOCGGCTTACAAACTATCACGACGCCCAAAAAGTCGTGGCTTGGGTCTTGC
CAGCTGGCGTGAACTCCTCTATGATTATTCATGTGAGGTGCCAGAACTATGGOGTTT
CCCTAATGTATCCGGACGCGTCCTTGTCTCAGCAGAAGGCTGTGGTGAGGTGCOGGT
AGCGGGATCGTGGTTITAATGAATACTGTGCACGTTCCGTTGCTGTGTCTTCATCGTC
GGCTTGATGCGTGACTTGGTCTCGTGTCTGAGGCTTTTGCCATACA CTGCCAT
TTGTGTGGTCTAATTTCCTGACCTCGGTTCAGACGTGATTACCCGCTGAACTTAAGO
ATATCACTAAGCGGAGGAGAAGAAACTAACCCCGGAGCCCACAA

F buski egg: ITS 2 Forward sequence

Figure 21. Fasciolopsis buski egg ITS2: Forward sequence plus flanking sequences
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ITS2 Adult (Forward sequence)

Distribution of 149 Blast Hits on the Query Sequence
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Figure 22. Blast hit result of ITS2 forward sequence (adult) of Fasciolopsis buski
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0i[28849854|gb|AY168931.1|

0i]75812184dbjlAB207153.1|
¢il75812181|dhj|AB207150.1|
gil75812179(dbj|AB207148.1|
0il3062893(dbj|AB010978.1|
0il3062889|dbj|AB010974.1|

gi|3062890|dbj|AB010975.1|
L 0i|3062891|dbj|ABD10976.1}
1gi|75812182|dhj|AB207151.1 |
0i|3062894|dhjlAB010979.1|
0i[75812183|dbj|AB207 152.1|
gi|75812180|dbj|AB207 149.1|
0i|3062892|dbj|AB010977.1|

(6) Cladogram
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0113135456|gb|AF026791.1]AFD26
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Figure 23a & b. Phylogram and cladogram along with respective gene identification

numbers.

s gi|78644401|emb|AJ853848.1| Fasciola gigantica 1TS1, 5.8S rRNA gene and ITS2,
country Burkina Faso, Bobo Dioulasso

e i|28849854|gb|AY168931.1| Echinoparyphium recurvatum isolate W18 ITS 1, partie;l
sequence; 5.88 ribosomal RNA gene and ITS 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

e Qi|75812184|dbjjAB207153.1| Fasciola sp. Hiroshima-18 gene for ITS2

e @il75812182|dbj|AB207151.1| Fasciola sp Saitama-10 gene for ITS2
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e gi|75812181|dbjlAB207150.1| Fascrola sp. Hokkaido-1 gene for ITS2

e gi|3062893|dbjJAB010978.1| Fasciola sp. genes for 18S rRNA, 5.8S rRNA and ITS 2,
partial sequence

e gij3062892|dbj|AB010977 1| Fasciola gigantica genes for 18S rRNA, 58S rRNA and
ITS2, partial sequence

e gi|3062891|dbj|AB010976.1| Fasciola gigantica genes for 18S rRNA, 5.85 rRNA and
ITS2, partial sequence

o i|3062889|dbj|AB010974.1| Fasciola hepatica genes for 18S rRNA, 5.85 rRNA and
1TS2, partial sequence

e Qi|28849855|gb|AY168932.1| Isthmiophora melis ITS 1, partial sequence; 5.8S ribosomal
RNA gene and ITS 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence

e Qi|3062890|dbj|AB010975.1| Fasciola gigantica genes for 18S rRNA, 5.85 rRNA and
ITS2, partial sequence

e i|3135456|gb|AF026791.1|AF026791 Echinostoma sp. 18S ribosomal RNA gene, partial
sequence; ITS 1 and 5 8S ribosomal RNA gene, complete sequence; and ITS 2, partial
sequence

e gi|3211986|gb|AF067851.1|AF067851 Echinostoma trivolvis strain 11B ITS 1, 5.8S
ribosomal RNA gene, and ITS 2, complete sequence

e gi|3211987|gb|AF067852.1|AF067852 Echinostoma trivolvis strain 12B ITS 1, 5.8S
ribosomal RNA gene, and ITS 2, complete sequence

e Qi|14030327|gbJAF336234.1| Echinostoma paraensei strain BH Laboratory ITS 1, 6.8S
ribosomal RNA gene, and ITS 2, complete sequence

The Blast hit results show that the query - ITS2 Fasciolopsis buski Adult Forward
sequence is more similar to the sequence of the species Fasciola gigantica, Echinostoma
revolutum Isthmiophora melis, Echinostomasp, Paryphostomum radiatum, Echinostoma
trivolvis, Echinostoma paraenei, Fasciola sp, Fasciola hepatica and Isthmiophora
hortensis. |

From the phylogram and cladogram obtained using the tool ClustalW, sequences of
two distinct clusters are revealed. One cluster is of Fasciola sp and other cluster

consisting of genera Echinostoma, Paryphostomum, and Isthmiophora.
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ITS2 Adult (Reverse sequence)

Distribution of 165 Blast Hits on the Query Sequence
80-200
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Figure 24. Blast hit result of ITS2 reverse sequence (adult) of Fasciolopsis buski
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Figure 25a & b. Phylogram and cladogram along with respective gene identification

numbers.

gi|78644401|emb|AJ853848.1| Fasciola gigantica ITS1, 58S rRNA gene and ITS2,
country Burkina Faso, Bobo Dioulasso

Qi|28849854|gb|AY168931.1| Echinoparyphium recurvatum isolate W18 ITS 1, partial
sequence; 5.8S ribosomal RNA gene and ITS 2, complete sequence; and 285 ribosomal

RNA gene

gi|28849855|gb|AY168932.1| Isthmiophora melis ITS 1, partial sequence; 5.8S ribosomal
RNA gene and ITS 2, complete sequence; and 28S ribosomal RNA gene, partial

sequence

0i{75812184|dbj|AB207153.1| Fasciola sp. Hiroshima-18 gene for ITS2
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*  g1|3135456|gbjAF026791 1|AF026791 Echinostoma sp 18S nbosomal RNA gene, partial
sequence, ITS 1 and 5 8S nbosomal RNA gene, complete sequence, and ITS 2, partial
sequence

o gI|37954739|gb|AY245708 1| Paryphostomum radiatum 18S nbosomal RNA gene, partal
sequence, ITS 1 and 5 85 nbosomal RNA gene, complete sequence, and ITS 2, partial
sequence

e g1|3211986|gb|AF067851 1|AF067851 Echinostoma trivolvis stran 11B ITS 1, 58S
rnbosomal RNA gene, and ITS 2, complete sequence

e Q1|14030327|gb|AF336234 1| Echinostoma paraense: strain BH Laboratory ITS 1, 58S
ribosomal RNA gene, and ITS 2, complete sequence

e gI|14030326|gb|AF336233 1| Echinostoma paraense! strain RJ Laboratory ITS 1, 58S
ribosomal RNA gene, and ITS 2, complete sequence

e @i|14030325|gb|AF336232 1| Echinostoma paraenser stran Sumidouro ITS 1, 58S
nbosomal RNA gene, and ITS 2, complete sequence

e 01|3211985|gbJAF067850 1|AF067850 Echinostoma revolutum ITS 1, 58S rnbosomal
RNA gene, and ITS 2, complete sequence

e Q1|37954740|gbJAY245709 1} Petasiger phalacrocoracis 18S ribosomal RNA gene, partial
sequence, ITS 1 and 5 85 ribosomal RNA gene, complete sequence, and ITS 2, partial
sequence

e |75812183|dbj|AB207152 1| Fasciola sp 25 TI-2005 gene for ITS2
e QIj75812182|db)lAB207151 1| Fasciola sp Saitama-10 gene for ITS2
e Q1|75812181|db){AB207150 1| Fasciola sp Hokkaido-1 gene for ITS2
s gi|75812180|dbjJAB207149 1| Fascrola gigantica gene for ITS2

e Q1152000522|dbjJAB189982 1| Isthmiophora hortensis genes for 18S rRNA, ITS1, 58S
rRNA, ITS2, 28S rRNA, partial and complete sequence
The Blast hit resultsof reverse sequence show the same similarity as that of forward
sequence.
From the phylogram and cladogram revealed sequences of two distinct clusters. One
cluster is of Fasciola sp and other cluster consisting of genus Echinostoma In between

these two clusters there found genera Paryphostomum, Petasiger and Isthmiophora
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Distribution of 172 Blast Hits on the Query Sequence
Figure 26. Blast hit result of ITS2 forward sequence (egg) of Fasciolopsis buski

ITS2 Egg (Forward sequence)
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gi[78644401/emb|AJ853848.1|
0i|28849854/gb|AY168931.1|

pil75812184/dbj|AB207153.1)
BiI75892184)8hj1AB207 150.4
gi[75812179|dhj|AB207148.1}
0i{3062893|dbj|ABD10978.1)
i13062869|dbjIABO10974.1)
0i[3062898]dhj|AB010975.1]
L gil30628911dbi|AB010976.1
1gi|;'5a12192|am|ma|2u7151.1|
0i[3062894dbj|AB010979.1|
il75812183dbjiAB207152.1|
gil75812180]dbj|AB207149.1|
gil3062892|dbjlAB010977.1|

(6) Cladogram

0i131354561gb|AF026791.1|AF026
pi13211986)ghjAFO67851.1)AF067
8i{3211987|gh|AF067852.1|AF067
8il14030327|gh|AF336234.1|

0i28849855|gh|AY168932.1|
L—— gij37954739Igh|AY245708.1|

gil78644401/emb)AJ853848.1|
gil28849854)gh|AY168931.1|

piI31354561gb|AFD26791.1|AF026
813211986 |gbiAF067851.1|1AFC67
gil3211987 gh|AF067852.1]AF067
01114030327 lgb|AF336234.1)

{ gi[28849855|gh|AY168932.1|
8i137954739|gb(AY245708.1|

§il758121841dbj|AB207 193.1]

gii75812181dbj|AB207150.1}

gl[75812179|dhj|aB207148.1

gil3062893/dbjlAB010978.1|

§il3062889|dhj|AB010974.1|

§i{3062830|dbj|AB010975.1|

gi13062891(dhy|AB010976.1|

gil75812182]db))AB207 151.1)

gi{3062894 |dbjlAB010979.1}

0i75812183|dbj|nB207 152.1|

gil75812180|dbj|AB207149.1

§i/3062892|tb)|AB010977.1]

Figure 27a & b. Phylogram and cladogram along with respective gene identification

numbers.

0i178644401|embjAJB53BAB.1| Fasciola gigantica 1TS1, 5.85 rRNA gene and 1152,

country Burkina Faso

, Bobo Dioulasso

gi|28849854|gb|AY168931.1| Echinoparyphium recurvatum isolate W18 ITS 1, partial

sequence; 5.88S ribos

omal RNA gene and ITS 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

gi|75812184|dbjjAB207153.1] Fasciola sp. Hiroshima-18 gene for ITS2

gi|75812182|dbjjAB207151.1] Fasciola sp. Saitama-10 gene for ITS2

g1]75812180|dbj]AB207149.1] Fasciola gigantica gene for ITS2

gi|75812179]dbj)AB207148 1| Fasciola hepatica gene for ITS2


http://IAB010979.il
http://lAY168932.il
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e gi|3062894|dbj|AB010979.1| Fasciola sp. genes for 18S rRNA, 58S rRNA and ITS 2,
partial sequence

e gi|3062893|dbj|AB010978.1| Fasciola sp. genes for 185 rRNA, 58S rRNA and ITS 2,
partial sequence

» gi|3062892|dbj|AB010977.1| Fasciola gigantica genes for 18S rRNA, 5.88 rRNA and
1TS2, partial sequence

e gi|3062889|dbjJAB010974.1| Fasciola hepatica genes for 18S rRNA, 5.8S rRNA and
ITS2, partial sequence

e i|28849855|gb|AY168932.1| Isthmiophora melis ITS 1, partial sequence; 5.8S ribosomal
RNA gene and ITS 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence

e @i|3062890|dbj|AB010975.1| Fasciola gigantica genes for 18S rRNA, 5.85 rRNA and
internal transcribed spacer 2, partial sequence

e 0i|3135456|gb|AF026791.1]AF026791 Echinostoma sp. 18S ribosomal RNA gene, partial
sequence; ITS 1 and 5.8S ribosomal RNA gene, complete sequence; and ITS 2, partial
sequence

o i|37954739|gbjAY245708.1| Paryphostomum radiatum 18S ribosomal RNA gene, partial
sequence; ITS 1 and 5.8S ribosomal RNA gene, complete sequence; and ITS 2, partial
sequence

e @i|3211986|gb|AF067851.1|AF067851 Echinostoma trivolvis strain 11B ITS 1, 5.88
ribosomal RNA gene, and [TS 2, complete sequence

e gi|14030327|gb|AF336234.1| Echinostoma paraensei strain BH Laboratory ITS 1, 58S
ribosomal RNA gene, and ITS 2, complete sequence

The Blast hit results show that the query - ITS2 Fasciolopsis buski egg forward

sequence is more similar to the sequence of the species Fasciola gigantica, Echinostoma

revolutum Isthmiophora melis, Echinostoma sp, Paryphostomum radiatum, Echinostoma

trivolvis, Echinostoma paraenei, Fasciola sp, Fasciola hepatica and Isthmiophora

hortensis.

From the phylogram and cladogram obtained using the tool ClustalW, sequences of
two distinct clusters are revealed. One cluster is of Fasciola sp and other cluster

consisting of genera Echinostoma, Paryphostomum and Isthmiophora



ITS2 Egg (Reverse sequence)

Distribution of 151 Blast Hits on the Quer

[
H
o

Figure 28. Blast hit result of ITS2 reverse sequence (egg) of Fasciolopsis buski
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(a) Phylogram

—————— §3i{78644401}embjAJ853848.1)
gil75812184!dbj|AB207153.1|
gil75812181|dbj|AB207 150.1|
gil75812179]dbjlAB207148.1|
pil75812183)bj|AB207152.4)
¢i175812180|dbjlAB207149.1|
gi|75812182|dbj|AB207151.1|

0i[28849855(gh|AY 168932.1|
gil37954739)gh|AY245708.1|
91|379547401gb1AY245709.1)
gil52000522|dbj|AB 189982.1|
L_: 0i|28849854|gb|AY168931.1)
gil3135456(gb|AF026791.1|AF026
1128849853 ]gbIAY168930.1]
013211985 gh|AF067850.1)AFQ67
0il3211986(gb|AF067851.1/AF067
gi|3211987lgh]AF067852.11AF067
gil14030327|ghlAF336234.1)

0i{14030326/gbIAF336233.1}
9i(14030325|gblAF336232.1(

(b) Cladogram

gi[78644401(emb|AJ853848. 1)
75812184 /dhjIAB207153.1|
ai[75812181|dbj|AB207150.1|
0il75812179/dbj|AB207148.1|
gil75812183|dbjiAB207152.1|
ii75812180[UbjIAB207149.4}
0i[75812182(dbjiAB207151.1|

01/128849855/gb|AY168932.1|
gi[37954739(gh|AY245708.1|
§1137954740IgbiAY245709.4)
gil52000522|dbj{AB189982.1|

L gil28849854|gh|AY168931.1|
gi|31354561gb|AF026791.1|AF026
(28849853 |ghiAY168930.4
0i[3211985|gb|AF067850.1/AF067
0i|3211886gb|AF067851.1|AFOG7
gil3211987|gh|AF067852.1|AF087
14030327 |ghIAF336234.1
gil14030326(gb|AF336233.1]
gil14030325gh|AF336232.1)

1

Figure 29a & b. Phylogram and cladogram along with respective gene identification
numbers.

e gi|78644401|emb|AJ853848.1| Fasciola gigantica ITS1, 5.8S rRNA gene and ITS2,
country Burkina Faso, Babo Dioulasso
- o (i|28849854|gbjAY168931.1} Echinoparyphium recurvatum isolate W18 ITS 1, partial
sequence; 5.8S ribosomal RNA gene and ITS 2, complete sequence; and 28S ribosomal
RNA gene

e gi|28849855|gb)|AY168932.1| Isthmiophora melis ITS 1, partial sequence; 5.8S ribosomal
RNA gene and ITS 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence

e i|3135456|gb|AF026791.1|AF026791 Echinostoma sp. 18S ribosomal RNA gene, partial
sequence; ITS 1 and 5.8S ribosomal RNA gene, complete sequence; and ITS 2, partial
sequence


http://IAB189982.il
http://IAY168931.il
http://IAF336234.il
http://IAF336233.il
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o @i|37954739|gbJAY245708.1| Paryphostomum radiatum 18S ribosomal RNA gene, partial
sequence; ITS 1 and 5.8S ribosomatl RNA gene, compiete sequence, and ITS 2, partial
sequence

e @i|3211986|gb|AF067851.1|AF067851 Echinostoma trivolvis strain 11B ITS 1, 5.8S
ribosomal RNA gene, and ITS 2, complete sequence

s 0i|14030327|gb|AF336234.1| Echinostoma paraensei strain BH Laboratory ITS 1, 5.8S
ribosomal RNA gene, and ITS 2

e gI|14030325|gb|AF336232.1| Echinostoma paraensei strain Sumidouro ITS 1, 58S
ribosomal RNA gene, and ITS 2

e @i|3211985|gb|AF067850.1|AF067850 Echinostoma revolutum ITS 1, 5.8S ribosomal
RNA gene, and ITS 2

e i|37954740|gb]AY245709.1| Petasiger phalacrocoracis 18S ribosomal RNA gene, partial
sequence; ITS 1 and 5.8S ribosomal RNA gene, complete sequence; and ITS 2, partial
sequence

e gi|28849853|gb|AY168930.1| Echinostoma revolutum isolate J5 ITS 1, partial sequence;

5.8S ribosomal RNA gene and ITS 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

e gi|75812184|dbj|AB207153.1| Fasciola sp. Hiroshima-18 gene for ITS2
e @i|75812183|dbj|AB207152.1| Fasciola sp 25 T1-2005 gene for ITS2

‘e gi|75812182|dbj|AB207151.1| Fasciola sp. Saitama-10 gene for 1TS2
* Qi|75812181|dbj|AB207150.1| Fasciola sp. Hokkaido-1 gene for ITS2

o @i|75812180|dbj|AB207149.1| Fasciola gigantica gene for ITS2
e gi|75812179|dbj|AB207148.1| Fasciola hepatica gene for ITS2

e gi|52000522|dbj|AB189982.1| Isthmiophora hortensis genes for 18S rRNA, ITS1, 56.8S
rRNA, ITS2, 28S rRNA, partial and compiete sequence

The Blast hit results showed that the reverse sequence show the same similarity as
that of forward sequence.

From the chylogram and cladogram obtained using the tool ClustalW, sequences of
two distinct clusters are revealed. One cluster is of Fasciola sp and other cluster

consisting of genera Echinostoma, Paryphostomum, and Isthmiophora



Distribution of 149 Blast Hits on the Query Sequence
Figure 30. Blast hit result of ITS1 forward sequence (adult) of Fasciolopsis buski
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(a) Phylogram

— 8i[78644401(embjAJ853848.1|

01114030327 |gh|AF336234.1|
0i|14030326(gb|AF336233.1|
gi114030325|gb|AF336232.1|
pi|28849853)gh|AY168930.1|
gi|1389754|gb|U58097.1|ETU5809
0i11389747|gh|U58098.1]ECU5809

i{8574352/emb|AJ243016.1{FHE2
§i{77798508|dbjlAB211238.1|
gil75812177|(dbjlAB207 146.1)
gil75812175|dbj|AR207144.1}
gil75812174(dbj|AB207143.1)
gil75812173|dbjlAB207142.1|
gil77799507 |dbj|AB211237.1|
gi[75812178/dbj|AB207147.1)
177799506 dbjlAB211236.1|
0il75812176/dbj|AB207145.1|
9il75812172(dbj|AB207141.4)
gll75812171)dbj|AB207140.4]
0il75812170(dbj|AB207139.1)

(6) Cladogram

gi[78644401jemblAJ853848.1|
gil14030327gb|AF336234.1)
i114030326|gblAF336233.1|
gi114030325gb|AF336232.1|
01128849853 |gh|AY168930.1|
5i11389754ghiU58087.4[ETUS809
i[1389747|ghjU58098. 1[ECU5809
i8574352|emb|AJ243016.1|FHE2
gil77799508|dbj|AB211238.1|
gi75812177(dbj|AB207 146.1]

11 gil75812175(dbjlAB207144.1|

gil75812174|dbjlAB207143. 1|
gil75812173]dbjlAB207 142.1}
gil77799507dbjlAB211237.1
gif758121781uhjlAB207147.4}
@gi[77799506|dbjlAB211236.1|
¢i{75812176/dbjlAB207145.1|
gi|75812172|dbjlAB207141.1|
gij75681217 1{dbjjAB207140.1|
gi[75812170|dbj|AB207 139.1|

Figure 31 a & b. Phylogram and cladogram along with respective gene identification
numbers.

0i|78644401|emblAJB53848.1| Fasciola gigantica 1TS1, 5.85S rRNA gene and ITS2,
country Burkina Faso, Bobo Dioulasso

e gi|77799508|dbj|AB211238.1| Fasciola sp. HS-5 genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, isolate: HS#5

e gi|75812177|dbj|AB207146.1| Fasciola sp. Saitama-10 genes for 18S rRNA, ITS1, 5.8S
rRNA, partial and complete sequence, strain:Japanese

e gi|75812175|dbj|AB207144.1| Fasciola gigantica genes for 18S rRNA, 1TS1, 58S rRNA,
partial and complete sequence, country: Thailand: Bangkok

) gi|75812174|dbj|A8207143.1| Fasciola gigantica genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, country:.Indonesia


http://IAF336234.il
http://IAF336233.il
http://IAF336234.il
http://IAF336233.il
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e il75812173|dbj|AB207142.1| Fasciola gigantica genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, country:Zambia: Lusaka

s gil77799507|dbjlAB211237.1| Fasciola sp. HS-3 genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, isolate

o @i|75812176|dbj|]AB207145.1| Fasciola sp. Hokkaido-1 genes for 18S rRNA, ITS1, 5.8S
rRNA, partial and complete sequence, strain:Japanese

e gi|75812172|dbj|AB207141.1| Fasciola hepatica genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, country:lreland: Ireland

* gi|75812171|dbjlAB207140.1| Fasciola hepatica genes for 185 rRNA, ITS1, 5.85 rRNA,
partial and complete sequence, country:Australia

e gi|75812170|dbj|AB207139.1| Fasciola hepatica genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, country:Uruguay: Montevideo

e Qi|8574352|emb|AJ243016.1|IFHE243016 Fasciola hepatica ITS 1 (ITS1)

e 0i|14030325|gbjAF336232.1| Echinostoma paraensei strain Sumidouro ITS 1, 5.8S
ribosomal RNA gene, and ITS 2, complete sequence

e (i|28849853|gb|AY168930.1| Echinostoma revolutum isolate J5 ITS 1, ; 5.8S ribosomal
RNA gene and ITS 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence

* i|1389754|gblU58097.1|ETUSB097 Echinostoma trivolvis 18S and 28S ribosomal RNA
genes, partial sequence, and 5.8S ribosomal RNA gene and ITS 1 and 2, complete
sequence

* Qi|1389747|gb|U58098.1|[ECU58098 Echinostoma caproni 18S and 28S ribosomal RNA
‘genes, partial sequence, and 5.8S ribosomal RNA gene and ITS 1 and 2, complete
sequence

The Blast hit results show that the query — ITS1 Fasciolopsis buski adult forward
sequence is more similar to the sequence of the species Fasciola gigantica, Fasciola sp,
Fasciola hepatica, Echinostoma paraenei, Echinostoma revolutum, Echinostoma
trivolvis, and Echinostoma caproni.

From the phylogram and cladogram obtained using the tool ClustalW, sequences of
two distinct clusters are revealed. One cluster is of genus Fasciola and other cluster

consisting of genus Echinostoma.



ITS1 Egg (Forward sequence)

Distribution of 149 Blast Hits on the Query Sequence

Query

Figure 32. Blast hit result of ITS1 forward sequence (egg) of Fasciolopsis buski
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(a) Phylogram

— gil78644401iemh]AJ853848.1|

gi|140303271ghiAF336234.1|

¢i114030326/gb|AF336233.1|

gi{14030325(gb(AF336232.1{
0i[28849853)gb]AY168930.1|

9111389754 |gb|{U58097.1|ETUSB09
gi[1389747|gbjU58098.1[ECUS809

0l[8574352|emb|AJ243016.1[FHE2
gl[77799508(4bjjAB211238.1|
gil75812177|dbj|IAB207146.1)
gl[75812175(4bjJAB207 144.1|
al[7581217414bj|AB207143.1
gil75812173|dbjlAB207142.1|
gi[77799507|dbj|AB211237.1|
gi[75812178(dnj|RB207147.1]
gi|77799506dbj|AB211236.1|
gi[75812176/dbj|AB207145.1|
gil75812172|dbj|AB207141.1|
gil758121711dhjJAB207140.1
gil75842170|dbj|AB207 139.1|

(b) Cladogram

gil78644401]emb|AJ853848.1|

gi114030327 |gh|AF336234.1|
gil14030326/gh|AF336233.1|
gil14030325(gbIAF336232.1|
gil288498531gh|AY168930.1|
@i11389754 |gh{U58097.1[ETUS5B809

gi11389747|gh|U58098.1[ECU5809
gilB574352|emhiAJ243016.1(FHE2
gil77799508(dbjlAB211238.1|
gi175812177|dbj|AB207146.1|
gil758121751dbj|AB207144.4|
gif75812174|dbj|AB207 143.1|
0i[758121731dbjlAB207142.1]
gi[77799507|dbjlAB211237.1]|
gil75812178]dbj|AB207147.1|
0i[777995061dbj|AB211236.1]|
gil75812176|dbj|AB207145.1|
gil75812172|dbj|AB207 141.1)
gil7581217 11dbjlAB207 140.1|
gi[75812170}dbj|AB207139.1|

Figure 33 a & b. Phylogram and cladogram along with respective gene identification
numbers.

e i|78644401|emb|AJ853848.1| Fasciola gigantica ITS1, 5.8S rRNA gene and ITS2,
country Burkina Faso, Bobo Dioulasso

o gi|77799508|dbj|AB211238.1| Fasciola sp. HS-5 genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, isolate:HS#5

o Qi76812177|dbjlAB207146.1] Fasciola sp. Saitama-10 genes for 18S rRNA, ITS1, 58S
rRNA, partial and complete sequence, strain:Japanese (F. gigantica type)

e Qi|75812175|dbj|AB207144.1] Fasciola gigantica genes for 18S rRNA, ITS1, 5.8S rRNA,
partial and complete sequence, country:Thailand: Bangkok

o Qi|75812174|dbj|AB207143.1| Fasciola gigantica genes for 18S rRNA, ITS1, 58S rRNA,
partial and compiete sequence, country:indonesia


http://IAB211237.il
http://IA8207141.il
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e Q1|75812173|dbjlAB207142 1| Fasciola gigantica genes for 18S rRNA, ITS1, 58S rRNA,
partial and complete sequence, country Zambia Lusaka

e Q1|75812178|db)|AB207147 1| Fasciola sp Hiroshima-18 genes for 18S rRNA, ITS1, 5 8S
rRNA, partial and complete sequence, strain Japanese (Heterotype)

e Q1|75812172|dbj|AB207141 1| Fasciola hepatica genes for 18S rRNA, ITS1, 58S rRNA,
parttal and complete sequence, country Ireland Ireland

¢ g1|75812171|dbjlAB207140 1| Fasciola hepatica genes for 18S rRNA, ITS1, 58S rRNA,
partial and complete sequence, country Australia

e Q1175812170|dbj)JAB207139 1| Fasciola hepatica genes for 18S rRNA, 1TS1, 58S rRNA,
partial and complete sequence, country Uruguay Montevideo

e Q1|114030327|gb|AF336234 1| Echinostoma paraensei strain BH Laboratory ITS 1, 58S
ribosomal RNA gene, and ITS 2, complete sequence .

e 1|14030326|gb]AF336233 1| Echinostoma paraense: strain RJ Laboratory ITS 1, 58S
rnbosomal RNA gene, and ITS 2, complete sequence

e Q1|14030325|gb|AF336232 1| Echinostoma paraense! strain Sumidouro ITS 1, 58S
rnbosomat RNA gene, and ITS 2, complete sequence

e (J1|28849853|gb|AY 168930 1| Echinostoma revolutum isolate J5 ITS 1, partial sequence,
5 8S nbosomal RNA gene and ITS 2, complete sequence, and 28S ribosomal RNA gene,
partial sequence

o Q1|1389754|gb|US8097 1|ETUS8097 Echinostoma trivolvis 18S and 28S ribosomal RNA
genes, partial sequence, and 58S ribosomal RNA gene and ITS 1 and 2, complete
sequence

+  g|1389747|gbjU58098 1|ECUSB098 Echinostoma caproni 18S and 28S rnibosomal RNA
genes, partial sequence, and 58S nbosomal RNA gene and ITS 1 and 2, complete
sequence

The Blast hit results show that the query — ITS1 Fasciolopsis buski Egg Forward

sequence is more similar to the sequence of the species Fasciola gigantica, Fasciola sp,
Fasciola hepatica, Echinostoma paraenei, Echinostoma revolutum, Echinostoma
trivolvis, and Echinostoma caproni

From the Phylogram and cladogram obtained using the tool ClustalW, sequences of

two distinct clusters are revealed. One cluster is of genus Fasciola and other cluster

consisting of genus Echinostoma
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The nucleotide sequences were obtained for ITS1 & ITS2 of rDNA adult and egg
stages of F. buski and were compared with sequences of other trematode species obtained
from Genbank. The fragments of amplified DNA were estimated to be 480-550bp long.
Sequence analysis of the ITS PCR products revealed that the alignments of the rDNA
region spanning ITS2 were 481bp and 498bp for forward primer and 559bp and 548bp
for forward primer of ITS1, respectively in adult and egg. No intra-specific variations in
length or composition of the sequence were observed, and the ITS sequences of both

adult and egg origin were found to be identical in length as well as composition (Figure
34).

) TGTCOATGAGGAGCGCAGCCACTGTGTGAATTAATOCAAACTOCATACT 49 | CTGCTGACTGCGGACGATCATTACCGTAATCCTAT TCATACACAAGAGG 49
PUCLLEI LRIy e s e et e e et
PELLER TR R LR D TR L L e e e 1 GTGACTGCGGAGGATCATTACCGTAATCCTATCTCATACACAAGAGG 47
1 CTGTCGATGAGGAGCGCAGLCACTGTGTGAATTAATGCAAACTGCATACT
S0 TGAAACGTTGTGACCGTCATGTCCAACGATACAAATTTGCGGACGOCTAT 99
T R R RN NN RN
SO?(;TT’!I'GMCA'ZCGACMC! :G“I\?GC”ATTGFGGCC“WTWCCTG k) 48 TGAAACGTTGTGACCGTCATGTCCAACGATACAAATTTGCGGACGGCTAT 97
NN RE R NN AR RN AR RN R RN RN AN RN ARREN]
$1 GCTTTGAACATCGACATCTTGAACGCATATTGCGGCCATGGGTTAGCCTG 100 100 GCCTGGCTCTTTGAGGCCACAGCATATCCGATTATGACGGGGTGCCTACC 149
I A N A
98 GCCTGGCTCTTTGAGGCCACAGCATATCCGATTATGACGGGGTGCCTACC 147

100 TGGCCACGCCTGTCCGAGGGTCOGCTTACARACTATCACGACGCCCARAA

A RN IR R N AN IR AR AN
101 TOLCACGLCTGTCCGAGGOTCOOCTTACARACTATCACGACCCCCAAAA 150

49
150 TGTGTGATCCTCTGATGGTATGCATGCGTCCTTTGGGTCGTATGTCCAAG 199

ERLEERERERE R s ety
148 TGTGTGATCCTCTGATCOTATCCATCCGTCCTTTGGCTCGTATGTCCAAG 197

150 AGTCGTGGCTTGGGTCTTGCCAGCTGGCGTGAACTCCTCTATCGATTATTC 19 200 CCAGGAGAACAGGCTGTACTGCCGTGACTGGTAGTGCTAGGCTTAAAGAG 249
PUOEER IR b ettty PEVEREIS IV IV T TR T T s i
151 AGTOGTGOCTTCOGTCTTOOCAGE TCOCOTCAACTCCTCTATOATTATTC 200 198 CCAGGAGAACAGGCTGTACTGCCGTGACTGGTAGTGCTAGGCTTARAGAG 247

250 GAGATTTGAGCTACGGCCCTGCTCCCGCCCTATGAACTGTTTCCTATATT 299

SRR AR NN AR RRA RN
248 GAGATTTGAGCTACGGCCCTGCTCCCGCCCTATGAACTGTTTCCTATATT 297

200 ATGTGAGGTGCCAGAACTATGGCGTTTCCCTAATGTATCCGGACGCGTCC 249

TECCERT LR LR R s T T e T rreedl

201 ATGTGAGGTGCCAGAACTATGOCGTTTCCCTAATGTATCCGGACGCGTCC 250 300 ACACTGTTCAAGTGGTATTGATTGGGTTCGCCCATTCTTTGCCATTGCCC 349

TEEREREEET Rt b e by b iy v ey iy il
250 TTGTCTCAGCAGAAGLCTGCTGOTGAGGTGCGGTAGCGGGATCGTGCTITA 99 298 ACACTGTTCAAGTGGTATTGATTGGGTTCGCCCATTCTTTGCCATTGCCC 347

350 TCGCATGCACCTGGTCCTTGTGGCCGGACTGCACGTACGTCGCCCGRLGE 399
251 TTGTCTCAGCAGAAGGCTGTGGTGAGGTGCOGT AGCGGGATCGTGGTTTA 300

JELVRELIEV I RS b iy i s isiaiyniel))
348 TCGCATGCACCTGGTCCTTGTGGCCGGACTGCACGTACGTCGCCCGGLGG 397

300 ATGAATACTGTGCACGTTCCGTTGCTGTGTCTTCATCGTCGGCTTGATGL 349 400 TGCCTATCCCGGGTAGGACTGATAACCTGGTCTTTGACCATTTGCACAAC 649

DEEPEVELE S T LR LT E L TR e i

30) ATGAATACTGTGCACGTTCCGTTGCTGTGTCTTCATCGTCGGCTTGATGE 350

350 GTGACTTGGTCTCGTGTCTGAGGCTTTTGCCATACATAGACTGCCATTTG 399

353 GTGACTTGGTCTCGTGTCTGAGGCTTTTGCCATACATAAACTGCCATTTG 400

400 TGTGGTCTAATTTCCTGACCTCGGTTCAGACGTGATTACCCGCTGAACTT 449

40) TGTCGTCTAATTTCCTGACCTCGGTTCAGACGTGATTACCCGLTGAACTT 450

450 AAGCATATCACTAAGCGGAGGAAAAG - AACAAA 481

POTRETE T R ELE g 0y 11
451 AAGCATATCACTARGCGGAGGAGAAGAAACTAACCCCGGAGCCCACAR 453

PERCPEEREIT s it e bbb e
398 TGCCTATCCCGGGTAGGACTGATAACCTGGTCTTTGACCATTTGCACAAC 447

450 TCTGAACGGTGGATCACTCGGCTCGTGTGTCGATGAAGAGCGCAGCCAAC 499

PECLTELEER TR LR TR i i ee e e i b g
443 TCTGAACGGTGGATCACTCGGCTCGTGTGTCGATGAAGAGCGCAGCCAAC 497

500 TGTGTGAATTAATGCARACTGCATACTGCTTTGAACATCGACCT - - - GGA - 46

PICERELRET AR T R e et 1|
498 TGTGTGAATTAATGCAAACTGCATACTGCTTTGAACATCGACATTTCG. - 545

547 CAACGTATCTGAA 559

11
546 CAA 548

Figure 34, Pair-wise alignment of ITS sequences of Egg and Adult stages
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Phylogenetic trees were obtained by comparing the sequences of F. buski and available

ITS (I & II) sequences for other digenean trematodes including fasciolid species.

Phylogenetic analyses using the various distance methods and character state method

like Maximum Parsimony show that the topology is similar among the trees obtained

(Figures 35-38). Boot strapping of the sequences with Neighbour- Joining revealed

significant support (100%) for the clade containing F. buski, F. hepatica, F. gigantica

and Fascioloides magna. The values of 70% and above in the bootstrap test of

phylogenetic accuracy indicates reliable grouping among different members of

fasciolids.
»
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00 007135 ol oPs *
110617740 Fasciola ica
00I288 001 0 ooag7 ol hepat
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000478 i 1110617739 Fasciolordes magna
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002921 000248
103472497 conoideun
— 5 gl Hypoderaeum
Vi
1m 01128848855 Isthrmiophora melis
000421 L—Oom—zs- 137954739 Paryphostomum raciatum
Figure 35. Neighbor-Joining tree for the query (*) ITS2 sequence
3158333
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2 00000
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9178644401 Fasciola gigantica
13 45833 16 12500
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0 00000
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Figure 36. Maximum Parsimony tree for query (*) ITS2 sequence
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Figure 37. Neighbor Joining tree for query (*) [TS1 sequence
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Figere 38. Maximum Parsimony tree for query (*) ITS1 sequence
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® Fasciola gigantica: PCR amplification of ITS regions and its analysis

The PCR-amplified products were successfully obtained using the primers as mentioned

above and are depicted in Figure 39.

M12 3456

Adult -

Figure 39. PCR product of Fasciola gigantica using primer set 3S-A28 for ITS2

ITS2 Fasciola gigantica Adult (Forward sequence)

GGTCGAGTGAGCGTCGGCTTGTGGTGCATTTTAGCAACTCGCATACTGCTTTGAACATCG
ACATTTTGAACGCATCTTGAGGCCATGGGTTAGCCTGTGGCCACGCCTGTCCGAGGGTCG
GCTTATAAACTATCACGACGCCCAAAAAGTCGTGGCTTIGGGTTTTGCCAGCTGGCGTGAT
CTCCTCTATGAGTAATCATGTGAGGTGCCAGATCTATGGCGTTTCCCTAATGTATCCGGAT
GCACCCTIGTCTTGGCAGAAAGCCGTGGTGAGGTGCAGTGGCGGAATCGTGGTTTAATAA
TCGGGTTGGTACTCAGTTGTCAGTIGTGTTCGGCGATCCCCTAGTCGGCACACTCATGATIT
CTGGGATAATTCCATACCAGGCACGTTCCGTTACTGTTACTTTGTCATTGGTTTGATGCTGA
ACTTGGTCATGTGTICTGATGCTATTTCATATAACGACGGTACCCTTCGTGGTCTGTCTTCCT
GACCTCGGTTCAGACGTGATTACCCGCTGAACTTAAGCATATCACTAAGCGGAGGAAAAG
AAAACTAACAAGGATCCCACGGACGAGAGATAAACAAGGATCCACGCGCCGAGGGGATA
CACGGAATCCACGCCCCCCATTCATTICTCCGATTTCACCGCCCCGAGGGCTCCATTGTATT
CACGGCCCCGGGGGCTCGCTGGGATACCAGAGCCCAGACACGGTTGGTTTTCCT

ITS1 Fasciola gigantica Adult (Forward sequence)

GTITAGCTACTTACACAAGCGATACACGTGTGACCGTCATGTCATGCGATAAAAATTTGCGG
ACGGCTATGCCTGGCTCATTGAGGTCACAGCATATCCGATCACTGATGGGGTGCCTACCT
GTATGATACTCCGATGGTATGCTTGCGTCTCTCGGGGCGCTTGTCCAAGCCAGGAGAACG
GGTTGTACTGCCATGATTGGTAGTGCTAGGCTTAAAGAGGAGATTTGGGCTACGGCCCTG
CTCCCGCCCTATGAACTGTTTCATTACTACAATTACACTGTTAAAGTGGTATTGAATGGCTT
GCCATICTTTGCCATTGCCCTCGCATGCACCCGGTCCTTIGTGGCTGGACTGCACGTACGT
CGCCCGGCGGTGCCTATCCCGGGTTGGACTGATAACCTGGTCTTITGACCATACGTACAAC
TCTGAACGGTGGATCACTCGGCTCGTGTGTCGATGAAGAGCGCAGCCAACTGTGTGAATT
AATGCAAACTGCATACTGCTTTGAACATCGACATTTCGAACGCATCTAAAAAAA
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ITS2 Aduilt (Forward sequence)

Distribution of 100 Blast Hits on the Query Sequence
Color key for alignment scores

50-80 80-200 -

Query

0 100 200 300 400 500 600 T

Figure 40. Blast hit result of ITS2 forward sequence (adult) of Fasciola gigantica
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The results of similarity search for the query sequence were obtained using BLAST
(Figures 40 and 41). The top 15-20 best hits (having the maximum e-value) were used
for the purpose of phylogenetic predictions.

o gij118153758|gb|EF027103.1| Fasciola gigantica 5.8S ribosomal RNA gene,
partial sequence; internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partial sequence

o gi|75812180|dbj|AB207149.1| Fasciola gigantica gene for ITS2

) gi|3062892|dbj|AB010977.1] Fasciola gigantica genes for 18S rRNA, 5.8S
rRNA and internal transcribed spacer 2, partial sequence

e gi|75812182|dbjjAB207151.1| [75812182] Fasciola sp. Saitama-10 gene for
ITS2

. 0i]3062894|dbj|AB010979.1| Fasciola sp. genes for 18S rRNA, 5.8S rRNA and
internal transcribed spacer 2, partial sequence

. gi|3062891|dbj|AB010976.1| Fasciola gigantica genes for 18S rRNA, 5.8S
rRNA and internal transcribed spacer 2, partial sequence

. gi|75812184|dbjjAB207153.1| Fasciola sp. Hiroshima-18 gene for 1TS2

. 0i]222355880|gb|FJ593632.1| Fasciola hepatica isolate Firat 5.8S ribosomal
RNA gene, partial sequence; internal transcribed spacer 2, complete
sequence; and 288S ribosomail RNA gene, partial sequence

. gi|217323616|gb|FJ467927.1| Fasciola hepatica isolate Malatya 5.8S ribosomal
RNA gene, partial sequence; internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence

o gi|215788932|gb|FJ459806.1| Fasciola hepatica isolate Samsun 5.8S
ribosomal RNA gene, partial sequence; internal transcribed spacer 2, complete

sequence; and 28S ribosomal RNA gene, partial sequence

o gi|75812181|dbj|AB207150.1| Fasciola sp. Hokkaido-1 gene for ITS2
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ITS1 Adult (Forward sequence)

Distribution of 100 Blast Hits on the Query Sequence

Color key for alignment scores
40 £ 5080 80-200

Query

| I
0 100 200 300 400 500

Figure 41. Blast hit result of ITS1 forward sequence (adult) of Fasciola gigantica
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gi|118153763|gb|EF027104.1|Fasciola gigantica 18S ribosomal RNA

gene, partial sequence; internal transcribed spacer 1 and 5.88S ribosomal

RNA gene, complete sequence; and internal transcribed spacer 2, partial

sequence

0i|218304275|emb]AJ853848.2|Fasciola gigantica ITS1, 5.8S rRNA
gene and ITS2, country Burkina Faso, Bobo Dioulasso

gi}172046504|embJAM900371.1|Fasciola gigantica ITS1, 5.8S rRNA

gene and ITS2, isolate FgCAY1

gi|172046503)emb|AM900370.1|Fasciola hepatica
gene and ITS2, isolate FhCTO6

gi|157954352|emb]AM709649.1|Fasciola hepatica
rRNA gene and partial ITS2, isolate FhRp2

gi|157954350/emb|AM709647 .1|Fasciola hepatica
rRNA gene and partial ITS2, isolate FhOa3

gi|1567954351|emb]AM709648.1|Fasciola hepatica
rRNA gene and partial ITS2, isolate FhOa6

0i|1567954349|embjAM709646.1|Fasciola hepatica
rRNA gene and partial 1ITS2, isolate FhEc5

gi|157954348|emb|AM709645.1|Fasciola hepatica
rRNA gene and partial ITS2, isolate FhDd3

gi|157954347{emb|AM709644 .1|Fasciola hepatica
rRNA gene and partial ITS2, isolate FhCe3

ITSH,

partial

partial

partial

partial

partial

partial

5.85

ITSH,

ITS1,

ITS1,

ITS1,

ITS1,

ITS1,

rRNA

5.8S

5.8S

5.85

5.8S

5.85

5.85
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The nucleotide sequences were obtained for ITS rDNA of Fasciola gigantica and
were compared with sequences of other fasciolid species obtained from Genbank by
ClustalW tree building method. The fragments of amplified DNA were estimated to be
480-550bp long. No intra-specific variations in length or composition of the sequence
were observed, and the ITS sequences of both adult and egg origin were found to be
identical in length as well as composition. For comparative purpose, the ITS2 sequences
of fasciolids from various geographical regions were obtained from GenBank (Table 6).
The Blast hit results show that the query ITS sequences were more similar to the
sequences of various geographical isolates of Fasciola sp., F' hepatica and F. gigantica
besides Fasciolopsis buski and Fascioloides magna (both belonging to the same family,

i.e., Fasciolidae).

Table 6. Species of Fasciolidae and their various geographical isolates used in this study
with the respective GenBank accession numbers for corresponding ITS2
sequences. A= Sequence generated as part of the present study.

Species GenBank Sequence Classification
Accession No. | length (bp)

Fasciola gigantica India (A) EF027103 606 Digenea: Fasciolidae
Fasciola sp. Japan: Kochi AB207152 505 Digenea: Fasciolidae
Fasciola gigantica Indonesia AB010977 505 Digenea: Fasciolidae
Fasciola sp. Japan AB010979 505 Digenea: Fasciolidae
Fasciola gigantica Zambia ABO010976 505 Digenea: Fasciolidae
Fasciola hepatica Uruguay AB207148 506 Digenea: Fasciolidae
Fasciola gigantica Burkina Faso AJ853848 588 Digenea: Fasciolidae
Fasciola gigantica China AJ557569 361 Digenea: Fasciolidae
Fasciola gigantica Kenya EF612484 364 Digenea: Fasciolidae
Fascioloides magna Austria DQ683545 538 Digenea: Fasciolidae
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Phylogenetic trees

Phylogenetic trees were obtained by comparing the sequences of F. gigantica
and available ITS (I & II) sequences for other fasciolid species (Figure 42- 43 & 45 -
46). Phylogenetic analyses using the various distance methods and character method
like Maximum Parsimony showed that the topology is similar among the trees obtained.
Boot strapping of the sequences with Neighbour- Joining revealed significant support
for the clade containing F. hepatica, F. gigantica, F. buski and F. magna. The values of
70% and above in the bootstrap test of phylogenetic accuracy indicates reliable
grouping among different members of fasciolids. The phylogenetic trees constructed
based upon the ITS (1 & 2) sequences by multiple tree building methods in MEGA
revealed a close relationship with isolates of F. gigantica from China, Indonesia,

Japan, Egypt and Zambia.

AB010979 Fasciola sp.Japan
AJ557569 Fasciola gigantica China
AB207152 Fasciola sp. Japan:Kochi
AB010977 Fasciola gigantica Indonesia
EF027103 Fasciota gigantica india:Meg  *
EF612484 Fasciola gigantica Kenya
55 { AJB53848 Fasciola gigantica Burkina F ...

4 ABO010976 Fasciola gigantica Zambia
AB010974 Fasciola hepatica Uruguay
DQ683545 Fascioloides magna Austria

65

82

Figure 42. Neighbor-Joining tree for ITS2 sequence of fasciolid species (* query)

EF612484 Fascida ggantica Kenya
AJ853848 Fascida gigantica BurkinaF...
ABO10976 Fascioka gigartica Zambia
DABR3545 Fascickoides magna Ausiria
__E{:: AB010974 Fasciola hepatica Uruguay
ABO10977 Fasciola gigartica Indonesia
ABO10979 Fasciodla sp.Japan
AB2(7152 Fasciola sp. Japan Kochi
EF027103 Fascioa gigartica IndaMeg.
AJB57569 Fascioa gigartica China

Figure 43. Maximum Parsimony tree for ITS2 sequence of fasciolid species (*query)
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While comparing the ITS1 sequences through BLAST search (ClustalW alignment), the
sequence of another Indian isolate designated as F. gigantica (Accession- EF198867)
from Indian Veterinary Research Institute, Bareilly showed almost absolute match with
F. hepatica (Figure 44).

B8fasciola_sp. _HS -8 _South_Kors

6Fasodola_ gigantioa_Indonesia

SFfasetola_gigantica_Thatland_
¢fasciola_sp._Seltama—!0_Japa
9Fasciole_sp. _Hirashima—-18_Ja
3Ffascroloides_magna_US4_ _Aiba
1 O0Fascicda__sp. _HS-3_South_Kor
1 2Fascicie _hepalica_freland
13Fasciala _hepatica_Austrelia

1 1 Fasciclo _sp. _Hokkecido—1 _Jap
16Fasciole _gigantica_Boreilly

1 4Fasoicla_hepolica_Uruguay

7Fasciela_gigantica_Jamdia__L

1 5Fascicla_gigantica_China

ffasciola_gigantica_India

2fasciola_gigantica_Burkina _R

r { 7Fasciclopsts _bduskr_India

- y8Fasciciopsis_buski_indie

Figure 44. Clustal W tree of ITS1 sequence for fasciolid species (*query sequence)

B oo EF027104 Fasciola gigantica %
LW AM900370 Fasciola hepatica
AB477355Fasciola sp

20 AB385612 Fasciola sp Vietnam
0000 AB207146 Fasciola sp Japanese
0000

AB207147 Fasciola sp Hiroshima

EF534991 Fascioloides magna

EF612474 Fasciola jacksoni

DQ351844Fasciolopsis busks
1005 AJ564383 Echinostoma fned:

0005
o8
oot 23 0000
0000
82 89
pywe 0001
b 0000
0031
0043
0023 0015
0071
0061

AJ564384 Euparyphium albuferensis

Figure 45. Neighbor - Joining tree for the (*query) ITS1 sequence
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89 W EF027104 Fasciola gigantic 3k

2667 I AMS00370 Fasciola hepatica
98 1667

AB477355Fasciota s
6667 25 0000 i [}

14 AB385612 Fasciola sp Vietnam
porE t2| 0000 So00 AB207146 Fasciola sp Japanese
99 0000 TToom AB207147 Fasciola sp Hiroshima
14 333

EF534991 Fascioioides magna
15667

7417 5500 EF612474 Fasciola jacksom
DQ351844F asciolopsts buski

23083

9T AJ564383 Echinostoma fned)
13 083

25 250 er— AJ564384 Euparyphium albuferensis

Figure 46. Maximum Parsimony tree for the (*query) ITS1 sequence

Secondary structure analysis

Five predicted RNA secondary structures were reconstructed from the unique
sequences with highest negative free energy of F. gigantica to provide the basic
information for phylogenetic analysis (Figure 47a-e). The ITS2 plus flanking regions of
nuclear region ranged from 720bp in F. gigantica India to a minimum length of 361bp in
F. gigantica China. The secondary structural features of ITS2 regions as shown in the
figure were analysed based on conserved stems and loops. F. gigantica isolates from
India and China show overall similarity in the ITS2 rRNA folding and have identical
secondary structure, Secondary structures of remaining species are somewhat variant.
The observed similarities at the secondary structural level are further reflected at the
energy level. Only difference in their topology is due to differences in nucleotide
sequences. Moreover the observed phylogenetic trend was identified with respect to the
target accessibility sites for the five different isolates. The topology based only on the
predicted RNA secondary structure of the ITS2 region resolved most relationships among
the species studied. Bayesian analysis of the alignment retained the same topology and
supported the same branches as the primary sequences (Figure 48). ITS2 sequence of the
Indian isolate revealed closest similarity with the isolate from China with significant

bootstrap value.
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47a-e: Predicted ITS2 RNA secondary structures and their structure
formation enthalpies according to MFOLD.
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(e) dG= -58.45 F. gigantica Indonesia

Figure 48. Hypothetical Bayesian analysis phylogeny based on the secondary
structure alignment data of the ITS2 region of members of family
Fasciolidae. The numbers are equivalent to bootstrap percentages.

- Fascioloides magna Austna
- 16F ascioloides magna USA Alba

- 12Fascwla gigantica Burkina F

13Fasciola gigantica Egypt
- 7Fasciola gugantica Zambia

r 2Fasciola sp 25 T1 2005 Japan

4F asciola gigantica Indonesia

I 3Fasciola gigantica Indonesia

D34 15F asciola gigantica China
\__.{ 067
1Fasciola gigantica India

SFasciola sp Satama 10 Japan
{0 97

6Fasciola sp Japan

9F asciola sp Hokkaido 1 Japan

100

10F ascimla hepatica Austraha
096

11Fasciola gigantica Zambia

BFasciola sp Hiroshama 18 Jap

r 17F asciolopsis buski India
100

L 18F asciolopsis busk: India
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Design of genus/species specific primers and amplification by PCR

In the first step, we amplified the rDNA region spanning ITS2 from metacercarial
DNA using primer set 3S-A28. Agarose gel electrophoresis showed that the generated
ITS PCR products were about 500bp in size (including the primer annealing regions) for
all the three trematodes. Multiple sequence alignment was done for all the three
sequences using Clustal W programme (Figure 49). Sequence analysis of the ITS2 PCR
products of Fasciolopsis buski (DQ351841), Paragonimus metacercariae (DQ351845)
and Fasciola gigantica (EF027103) revealed no intra-specific variations in length or
composition. The ITS sequences of different life cycle stages egg, metacercaria and adult

were found to be identical in length as well as composition.

The P. westermani-specific, F. buski-specific and F.gigantica-specific primers (Table 7)
were designed to target the 3’-terminal position of the ITS2 sequences. The species
specificity of these primers was evaluated by PCR using primer 3S (Figure 50a, b, ¢). As
was expected, the primer set 3S-PwARI1 amplified a PCR product only from P.
westermani DNA, 3S-FbMR1 amplified a PCR product only from F. buski DNA and 3S-
FgMRI1 amplified a PCR product only from F. gigantica. Primer set 3S-A28 was used as
control for the presence of parasite genomic DNA in each sample. These PCR products
were sequenced using the corresponding specific primer and were confirmed to be the

ITS2 region of rDNA from the respective species.

Table 7. Details of the designed specific primers

Parasite and | Primer Sequence Length | Accession Tm GC
Specific primer (bp) Number %
P.westermani ATAGATCTGGCACCCCACAG ] 20 DQ351845 |} 5995 } 55
(PwARI)
F.buski TTAAACCACGATCCCGCTAC | 20 DQ351842 | 59.96 | SO
(FbMRY)
F.gigantica CCAAGTTCAGCATCAAACCA | 20 EF027103 59.96 | 45
(FgMR1)
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TGTCGATGACGAGCGCAGCCACTGTGTGAATTAATGCGAACTGCATACTG
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CTTTGAACATCGACATC TTGAACGCATATTGCGGCCATGGGTTAGCCTGT
CTTTGAACATCGACATTITGAACGCATCTTGAGGCCATGGGTTAGLLTGY
CTTTGAACATCGACATC TTGAACGCATATTGCGGCCACGGGTTAGCCTGT
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GGCCACGCCTGTCCGAGGGTCGGC TTACAAACTATCACGACGCCCAAAAA
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Paragonimus westermani, Fasciolopsis buski and Fasciola gigantica.
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Figure 49. Multiple sequence alignments of ITS2 sequence and flanking regions of
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Figure S0a-c. Results of PCR amplification of DNA using designed primers.

(a) Paragonimus westermani
(b) Fasciolopsis buski
(c) Fasciola gigantica
M= 100-bp DNA ladder marker

C = Control primers 3S-A28

1 = P. westermani specific 3S-PwAR

2 = F. buski specific 3S-FbMR

3 = F. gigantica specific 3S-FgMR
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DISCUSSION

Morphological differences found in adult specimens have been widely used to
discriminate between platyhelminth species (Miyazaki, 1974). However, traditional
diagnostic techniques in parasitology are now complemented by a variety of molecular
tools to help in resolving the taxonomic issues associated with describing new species or
strains on the basis of phenotypic characteristics (Thompson et al., 2004). PCR-based
techniques utilizing the ITS sequences have proven to be a reliable tool to identify the
various lung fluke species and their phylogenetic relationships (Blair et al., 1999;
Iwagami et al., 2000). The taxonomy of Paragonimus species has traditionally relied on
the morphology of metacercariae and adult worms, and about 50 species of this genus
have been described based on the morphology (reviewed by Blair et al., 1999b).
However, some of them are indistinguishable from each other in morphology and Blair et
al. (1997, 1999b) put several species as the synonym of others. Recently, mainly based on
molecular phylogenetic analyses, the Paragonimus species were divided into five major
groups: P. westermani, P. ohirai, P. mexicanus, P. heterotremus and P. skrjabini (Blair
et al., 2005). In sequence analysis of the rDNA ITS2 comparing with the known
sequences of the other lung fluke species, the present study revealed that the sequences of
ITS2 (plus flanking regions) show close resemblance with the sequences of Paragonimus
westermani, both of metacercarial and adult origins. The results corroborate that the [TS2
sequences are not stage specific, and are conserved through different stages of the
development of the fluke (Sugiyama et al., 2002). In phylogenetic analysis, as a general
rule, if the bootstrap value for a given interior branch of a phylogenetic tree is 70% or
higher, then the topology at that branch is considered "correct". The results of the present
study showed a bootstrap value to be >70% among the trees obtained and the JTS2
sequence resembled Paragonimus westermani. Thus, on the basis of absolute matching of
ITS2 sequence that could be used as one of the species markers and supplemented by
surface fine topography features, it can be concluded that Paragonimus species prevailing
in Kharshang and Miao regions of Arunachal Pradesh is indeed P. westermani and not P,

heterotremus as reported by earlier workers (Narain et al., 2003).
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In a new approach of molecular morphometrics, the measurable structural
parameters of the molecules are directly used as specific characters to construct a
phylogenetic tree. These structures are inferred from the sequence of the nucleotides,
often using energy minimization (Zuker 1994). Molecular morphometrics appears to be
complimentary to classical primary sequence analysis in phylogenetic studies as it takes
into consideration only the size variations of homologous structural segments and this
choice implies that the overall architecture of the molecule remains same among the
observed taxa. This method helps in taking into account the regions where multiple
alignments are barely reliable because of large number of insertion/deletion operations.
Several patterns of predicted secondary structures of RNA were constructed from unique
ITS sequences from different geographical isolates of Paragonimus, which provided us
with the additional information for correct identification of the species prevalent in the
region. In the present study the secondary structure analysis of the same data also
confirmed the results mentioned for primary sequence analysis. The topology based only
on the predicted RNA secondary structure of the ITS2 region resolved most relationships
among the species studied. We obtained three similar topologies for seven species of the
genus Paragonimus on the basis of traditional primary sequence analyses using MEGA
and a Bayesian analysis of the combined data. The latter approach allowed us to include
both primary sequence and RNA molecular morphometrics; each data partition was
allowed to have a different evolution rate. Paragonimus westermani was found to group
with P. siamensis of Thailand; this was best supported by both the molecular
morphometrics and combined analyses. P. heterotremus, P. proliferus, P. skrjabini, P.
bangkokensis and P. harinasutai formed a separate clade in the molecular phylogenies,
and were reciprocally monophyletic with respect to other species. Differences in their
topology are only due to the fact that there are variable lengths of the sequences.
However, there are difficulties in defining a distance between two related structures with
variable topologies (Shapiro, 1998). Nevertheless, because there were inconsistencies in
the placement of a few Paragonimus species, this study needs to be extended, in order to
gain a better understanding of the systematics of this group as well as the evolution of

their predicted ITS2 RNA secondary structures.
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Besides Paragonimus spp., other trematode-borne zoonoses are known to occur
in the region, e.g. Fasciolopsis buski and Fasciola gigantica to name a few. In the
present study, these trematodes being among the most prevalent, were analysed for their
ITS sequences with a view to finding out and delop molecular markers that could be used
as species-specific identification tool. Lack of data on genotypic diversity of fasciolid
flukes in India makes it difficult to perform fine-scale phylogeographic analysis of
populations and does not allow the origin of regional populations to be umambiguously
determined. Like most metazoan parasites, the taxonomy of Fasciolopsis and Fasciola
has been based mainly on morphological data complemented with ecological, cytological
and pathological results as well as clinical manifestations. It is possible to distinguish
between adult F. hepatica and F. gigantica on the basis of morphology, but much
variation exists. Differentiating between two species is not possible on the basis of
clinical, pathological, or immunological findings and their eggs are morphologically very
similar (Lotfy and Hillyer, 2003). Consequently, where both species occur concurrently
or in overlapping geographical distribution, it is not possible to be certain as to which
species is responsible for the disease. The low number of records of infection with F.
gigantica may well be due to the lack of good tools to distinguish this species from F.
hepatica (Marcilla et al., 2002).

In respect of F. buski, the 18S rRNA sequence is known (Accession number
L06668: Blair and Barker, 1993) but the sequences from ITS markers are not described
so far. In search for molecular markers for this species, we characterized the ITS region
of IDNA. The ITS sequences of F. buski showed close resemblance with the members of
the families Fasciolidae and Echinostomatidae (Echinostomatinae). From the
phylogenetic trees constructed, sequences of two distinct clusters are revealed, one of
Fasciola spp and the other comprising the genera Echinostoma, Paryphostomum and
Isthmiophora. The results of the present study showed that the bootstrap values is almost
100% among the trees obtained and the ITS sequences of F. buski resemble those of
other members of Fasciolidae. The sequences of the PCR products from adult and egg
stages of the fluke were also found to be identical in length and composition and showed

no genetic variability in the worms collected from pigs of the Assam region. Compared
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to ITS1, the ITS2 sequences in the present study showed a higher bootstrap value of
100%, confirming that it is a highly conserved monophyletic group. This is in accordance
with other studies on trematodes that indicate sequences in the ITS! might be less

conserved then those in the ITS2 region (Luton et al., 1992).

The comparison of ITS sequences from worms of different hosts and of different
countries indicates that there exists a high species-specific homogeneity. In closely
related fasciolids Fasciola hepatica and F. gigantica intraspecific nucleotide sequence
divergence for ITS2 among the isolates from Mexico was found to be negligible or nil
(Adlard et al.,, 1993). Likewise, no variation was observed between most of the
populations of liver fluke spec'ies from different regions in East Europe, Central Asia and
Caucasus; while only one specimen of F. hepatica from Armenia showed 0.3% variation,
three out of 11 populations of F. gigantica differed at four nucleotide transitions only
(Semyenova et al., 2005). In the present study, primary sequence analysis revealed a
close relationship between the query sequence (F. gigantica from Northeastern region of
India, i.e., generated as part of the present study) and isolates of F. gigantica from China,
Indonesia, Japan, Egypt and Zambia (Adlard et al., 1993). Phylogenetic trees constructed
showed that the groups of multiple closely related genotypes of F. gigantica from Asia
are broadly sympatric. Such a pattern is expected for species with high gene flow whose
populations have not been sundered by long term biogeographic barriers (Avise, 2000).
The sequence of another Indian isolate, designated as F. gigantica (Accession-
EF198867) from Indian Veterinary Research Institute, Bareilly, showed almost absolute
match with F. hepatica. Hence on the basis of molecular similarity this particular isolate
should be identified as F. hepatica and not F. gigantica. The results also corroborate that
the Fasciola species prevalent in Assam, Northeast India is in fact F. gigantica and not F.
hepatica, which otherwise is the most common liver fluke throughout the globe. Several
patterns of predicted secondary structures of RNA were also constructed from unique ITS
sequences from different geographical isolates of Fasciola gigantica. The secondary
structure analysis of the data also confirmed the results mentioned for primary sequence
analysis. Lack of data on genotypic diversity of Fasciola species in Africa and India does

not allow the origin of regional populations to be unambiguously determined. Further



9%

studies with additional molecular markers are needed to determine the population
structure and divergence between the two closely related species gigantica and hepatica

of the genus Fasciola.

Studies on phylogeny and/or intraspecific variation in species of Paragonimus
have been done using ITS2 region in recent years (Maleewong, 2003; Cui et al., 2003;
Park et al., 2003; Chen et al., 2004; Le et al., 2006; Doanh et al., 2007, Devi et al., 2007)
and the usefulness of the method for species discrimination has also been demonstrated
in nematodes (Campbell et al., 1994; Hoste et al., 1995; Samson-Himmelstjerna et al.,
1997, Aboobaker and Blaxter, 2004; Ghedin et al., 2004). Species-specific molecular
markers in respect of P. miyazaki are also available (Sugiyama et al., 2002). In the
present study, P. westermani-specific, F. buski-specific and F. gigantica-specific primers
were designed to target the 3’-terminal position of the ITS2 sequences, and the species
specificity of these primers was evaluated by PCR using primer 3S. Primer set 3S-A28
was used as control for the presence of parasite genomic DNA in each sample. As was
expected, the primer set named 3S-PwAR1 amplified a PCR product (250bp) only from
P. westermani DNA, 3S-FbMRI1 amplified (280bp) only from F. buski DNA and 3S-
FgMR1 amplified (350bp) only from F. gigantica. These PCR products were sequenced
using the corresponding specific primer and were confirmed to be the ITS2 region of
tDNA from the respective species. Thus, the three primer sets appear to be reliable

diagnostic molecular markers to identify the pathogen species implicated in infection.

The findings of the present study, as has already been demonstrated for other
parasitic helminths, confirm that ITS can serve as effective genetic marker for molecular
identification. To ascertain intra-specific strain variations, if any, and to determine the
population structure, different geographical isolates of all the three parasite species from

the region need to be studied with the use of additional molecular markers.
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CONCLUSION

In several mountainous regions of Northeast India, suspected foci of
Paragonimus infection have been identified in the recent past two decades. There are
many localities in Arunachal Pradesh, Assam, Manipur and Mizoram states where crabs
are a common food item consumed by the native populations. In the present study, of all
Xthese areas surveyed, two places i.e. Miao and Kharshang in Arunachal Pradesh emerged
as the newer sites of Paragonimus infection in the region and the crab species
Barytelphusa (M) lugubris lugubris and B. (M.) |. mansoniana, the second intermediate
hosts, naturally infected with metacercarial infective stage of the parasite. On the basis of
morphological and surface topographical features, the species implicated in the infection
seems to be P. westermani, a species that is widely distributed in the neighbouring
countries, which have similar  socio-cultural practices and prevailing
environmental/climatic conditions. The molecular criteria, based on PCR-
amplification of rDNA ITS2 regions and supplementing the morphology-based
identification also strongly suggest that the Paragonimus species in Miao region of

Arunachal Pradesh is indeed P. westermani.,

Besides Paragonimus, in molecular characterization of the other two commonly
prevalent trematode species, viz. Fasciola gigantica and Fasciolopsis buski, the (TS
sequences proved to be useful tool for species identification and determining
phylogenetic relationships. The present study confirmed that the Fasciola species
prevalent in the region is infact Fasciola gigantica. However, to ascertain intra-
specific strain variations, if any, and to determine genetic variability among their
populations, different geographical isolates of the parasites from the region need to be

studied with the use of additional molecular markers.
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From the amplified sequences of ITS2 of all the three parasites under the present
study, specific primers were designed in respect of each species. When tested, each of
these primer sets amplified the PCR product exclusively corresponding to the respective
species of its origin and did not show any cross amplifications. Thus, the designed
primers PwAR1, FbMR1 and FgMR1 seem to be specific molecular signatures that
can be used in discriminating P. westermani, F. gigantica and F. buski from one

another.
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SUMMARY

The present work incorporates a study on the status and molecular characterization

of paragonimiasis and other Crustacea-borne trematode zoonoses in Northeast India. The

study aimed at examining the snail and crustacean species (the first and second

intermediate hosts of the causative agent of infection) prevalent in Northeast India to

recover the larval stages, if any, of the lung fluke Paragonimus and to identify the exact

species prevailing and responsible for the disease. By using PCR-based molecular

techniques the study aimed to identify the species of the parasite collected and to generate

specific molecular markers with vital usage towards correct diagnostics.

® Status and prevalence of paragonimiasis in the region

The crab hosts were surveyed from rural localities and countryside where eating
of crabs is a common food practice among the natives of the region. Emphasis
was given to procure those species which are commonly used in local traditional
cuisine. Naturally infected freshwater crabs were mostly collected from mountain
streams of the suspected foci of infection. Metacercariae were isolated from the
muscles of the crustacean host by artificial gastric juice digestion technique. Of
the 3 genera of crabs surveyed from various localities in Arunachal Pradesh,
Assam, Manipur and Mizoram, only one, i.e., Barytelphusa was found to be
harboring metacercarial cysts. The crabs collected from all the localities excepting
those in Arunachal Pradesh, did not harbor any metacercarial infection; both the
collection sites in Arunachal Pradesh were revealed to be positive for this
infection. In the Kharshang site Barytelphusa (M) lugubris lugubris was found to
be positive with a prevalence of 26%, the intensity of infection being in the range
of 9-68 (mean intensity=36). In Miao region, the other sub species namely B. (M.)
. mansoniana revealed a much higher prevalence (87%) and intensity of

metacercarial infection (ranging between 3-175, mean intensity=38).



98

Snail species were also collected from selected localities wherever the crab hosts
were suspected to be positive for metacercarial infections. Hundreds of specimens
of 4 snail species (representing 4 genera with one species each) were examined
for the recovery of intramolluscan stages, if any, of Paragonimus. Of the snail
species surveyed, only one species viz. Brotia costula was found harbouring the

sporocyst, redia and cercaria larval stages.

Freshly recovered metacercariae from crab hosts and intramolluscan larval stages-
sporocyst, redia and cercariae, were processed using standard protocols for light
and electron microscopy. The newly excysted metacercaria has an elongate body
(815.91pum x 492.79um) in size;, the ventral sucker situated somewhat pre-
equitorally, is larger than the oral; the intestinal caeca are long and extend up to
the posterior end of the body; the conspicuous excretory bladder extends medially
in the intercaecal space. The SEM observations revealed that the encysted
metacercaria is oval in shape and has smooth surface. The whole body surface of
the excysted metacercaria is covered with numerous single-pointed and thorn-like
tegumentary spines; those covering the anterior part of the body are bigger in size
and show a gradual reduction in size towards the posterior end. On the basis of
morphology and surface fine topography features of the excysted larval stage, the

metacercariae were identified as those of Paragonimus species.

The cercariae recovered from the snail hosts were always of amphistome,
leptocercous type. Microcercous type of cercariae (i.e., having a small stumpy
tail) that are typically characteristic of Paragonimus spp were never encountered
in the collections made during the present study. The larval stages recovered, not
being representative of Paragonimus, were, therefore, not processed for further

study towards molecular characterization.
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® Molecular characterization of Paragonimus and other trematodes

The identification of closely related species based on morphological characters
can be difficult, particularly so in the case of soft-bodied digenean trematodes.
For most of the trematode-borne zoonoses the parasite eggs voided in exudates of
the host are the only stages available for diagnostic purpose. Besides
Paragonimus, infection of Fasciola gigantica and Fasciolopsis buski, both of
which are putatively zoonotic species, have been reported in the northeastern
region. The main objective of the present study was to provide molecular
characterization of the parasite so as to supplement morphological criteria and

develop species-specific molecular markers.

For the purpose of molecular characterization metacercariae of Paragonimus
sp collected from the crab host Barytelphusa lugubris from Miao region in
Arunachal Pradesh were used; live adult F. buski and F. gigantica were obtained
from bovine hosts at local abattoirs. Eggs were obtained from mature adult flukes
by squeezing between two glass slides; eggs recovered from each single specimen
were also processed separately. DNA was extracted from metacercaria and eggs
in Whatman’s FTA card and from lysed individual adult worms by standard
ethanol precipitation technique. The rDNA region spanning the ITS1 and ITS2
was amplified from the metacercarial, egg, larval and/or adult DNA by PCR. The
primers generally used were designed based on the conserved sequences of
Schistosoma spp, which are considered to be the universal primers for trematode
species. The PCR amplification was performed following the standard protocol
with minor modifications. For DNA sequencing, the PCR products were purified
using Genei Quick PCR purification Kit, and sequenced in both directions using
PCR primers on an automated sequencer by DNA sequencing services of
Bangalore Genei, Bangalore and The Centre for Genomic Applications (TCGA),
New Delhi, India and submitted to GenBank. No intra-specific variations in

length or composition of the sequence were observed, and the ITS sequences of
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egg, metacercaria and adult origin were found to be identical in length as well as
composition. Sequence analysis was carried out using various bioinformatics tool

e.g., BLAST, ClustalW, MEGA, mFOLD, Bayesian analysis phylogeny etc.

Paragonimus sp.: The PCR amplified products of ITS2 of rDNA were
successfully obtained and were compared with other sequences of trematode
species from Genbank. The fragments of amplified DNA were estimated to be
~500bp long. Sequence analysis of the ITS2 PCR products revealed that the
alignments of the rDNA region spanning the ITS2 were 496bp for forward primer
and 494bp for reverse primer, respectively. The actual length of ITS2 was
estimated to be 287bp. The Blast hit results showed that the query ITS2
Paragonimus metacercariae sequence is more similar to the sequence of the
species Paragonimus westerrmani, Paragonimus mexicanus, Paragonimus
siamensis, Paragonimus sismensis, Paragonimus miyazakii, Euparagonimus
cenocopiosus. Comparing with the known sequences of the other lung fluke
species, the present study revealed that the sequence of ITS2 (plus flanking
regions) shows close resemblance with Paragonimus westermani, the expectation
value (e-value) being most significant revealing absolute match. Phylogenetic
analyses using the various distance methods and character state method like
Maximum Parsimony show that the topology is similar among the trees obtained.
A bootstrap value of > 70% among the trees obtained. Sequence analysis of ITS2
region of rDNA of metacercariae isolates of Miao showed that the species
prevailing in the said location is Paragonimus westermani and not P.

heterotremus as reported by earlier workers.

Several patterns of predicted secondary structures of RNA were constructed
from unique ITS sequences from different geographical isolates of Paragonimus,
so as to provide additional information for correct identification of the species
prevalent in the region. The secondary structure analysis of the same data also

confirmed the results mentioned for primary sequence analysis. The topology
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based only on the predicted RNA secondary structure of the ITS2 region resolved
most relationships among the species studied. Three similar topologies for seven
species of the genus Paragonimus were obtained on the basis of traditional
primary sequence analyses using MEGA and a Bayesian analysis of the combined
data. The latter approach allowed to include both primary sequence and RNA
molecular morphometrics; each data partition was allowed to have a different
evolution rate. Paragonimus westermani was found to group with P. siamensis of
Thailand; this was best supported by both the molecular morphometrics and
combined analyses. P. heterotremus, P. proliferus, P. skrjabini, P. bangkokensis
and P. harinasutai formed a separate clade in the molecular phylogenies, and
were reciprocally monophyletic with respect to other species. The observed
similarities at the secondary structural level are further reflected at the energy
level. Only difference in their topology is due to differences in nucleotide
sequences. These secondary structure predictions indicate that the domains
basepair to form a core region central to several stem features implying that
conservedness is more important for the proper rRNA folding pattern. Moreover
the observed phylogenetic trend was identified with respect to the target
accessibility sites for different isolates. The orders of preference were interior

loop, bulge loop, multiple branch loop, hairpin loop and exterior loop in all the

isolates.

Fasciolopsis buski: With regard to F. buski, for which only 18S rDNA sequences
were available so far, ITS regions were sequenced for the first time in the present
study. The nucleotide sequences obtained for ITS1 & ITS2 of rDNA (of both
adult and egg origin), were compared with sequences of other trematode species
obtained from Genbank. The fragments of amplified DNA were estimated to be
480-550bp long. Sequence analysis of the ITS PCR products revealed that the
alignments of the rDNA region spanning ITS2 were 481bp and 498bp; 559bp and
548bp for ITS1, forward and reverse sequences, respectively in adult and egg.

The Blast hit results showed that the query ITS2 Fasciolopsis buski sequence is
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more similar to the sequence of the species Fasciola gigantica, Echinostoma
revolutum, Isthmiophora melis, Echinostoma sp, Paryphostomum radiatum,
Echinostoma trivolvis, Echinostoma paraenei, Fasciola sp, Fasciola hepatica and
Isthmiophora hortensis. Phylogenetic trees were obtained by comparing the
sequences of F. buski and available ITS (1&2) sequences for other digenean
trematodes including fasciolid species. Boot strapping of the sequences with
Neighbour-Joining revealed significant support (100%) for the clade containing F.
buski, F. hepatica, F. gigantica and Fascioloides magna indicating reliable

grouping among different members of fasciolids.

Fasciola gigantica: The PCR-amplified products were successfully obtained and
were compared with sequences of other fasciolid species. The fragments of
amplified DNA were estimated to be 480-550bp long. For comparative purpose,
the ITS2 sequences of fasciolids from various geographical regions were obtained
from GenBank. The Blast hit results showed that the query ITS sequences were
more similar to the sequences of various geographical isolates of Fasciola sp., F.
hepatica and F. gigantica besides Fasciolopsis buski and Fascioloides magna
(both belonging to the same family, i.e., Fasciolidae). Primary sequence analysis
of Fasciola spp, revealed a close relationship between the query sequence (from
NE India) and isolates of F. gigantica from China, Indonesia, Japan, Egypt and
Zambia. ITS2 sequence of the Indian isolate revealed closest similarity with
isolate from China with significant bootstrap value revealing that the species
prevailing in the region is Fasciola gigantica. Sequence of another Indian isolate,
designated as F. gigantica (Accession- EF198867) from IVRI, Bareilly, showed
absolute match with £, hepatica. Hence on the basis of molecular similarity this

isolate should be identified as F. hepatica and not F. gigantica.

Secondary structure analysis of data confirmed the results mentioned for
primary sequence analysis. Five predicted RNA secondary structures were

reconstructed from the unique sequences with highest negative free energy of F.
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gigantica to provide the basic information for phylogenetic analysis. The ITS2
plus flanking regions of nuclear region ranged from 720bp in F. gigantica India
to a minimum length of 361bp in F. gigantica China. F. gigantica isolates from
India and China show overall similarity in the ITS2 rRNA folding and have
identical secondary structure. Secondary structures of remaining species are
somewhat variant. The topology based only on the predicted RNA secondary
structure of the ITS2 region resolved most relationships among the species
studied. Bayesian analysis of the alignment retained the same topology and

supported the same branches as the primary sequences.

® Design of genus/species-specific primers

To establish a more direct PCR procedure for species discrimination and
identification, the genus/species-specific primers were designed using Primer3, a
widely used program for designing PCR primers to target unique rDNA region
spanning IT§2 for all the three trematodes viz. Paragonimus westermani,
Fasciolopsis buski and Fasciola gigantica. Sequence analysis of the ITS2 PCR
products revealed no stage-specific or intra-specific variations in length or
composition. Multiple sequence alignment was done for all the three sequences
using ClustalW programme. The P. westermani-specific (PwAR1), F. buski-
specific (FbMR1) and F. gigantica-specific (FgMR1) primers were designed to
target the 3’- terminal position of the ITS2 sequences, and the specificity of these
primers was evaluated by PCR using primer 3S. As was expected, the primer set
3S-PwAR1 amplified a PCR product only from P. westermani DNA, 3S-FbMR]1
amplified a PCR product only from F. buski DNA and 3S-FgMRI1 amplified a
PCR product only from F. gigantica. Primer set 3S-A28 was used as control for
the presence of parasite genomic DNA in each sample. These PCR products were
sequenced using the corresponding specific primer and were confirmed to be the

ITS2 region of rIDNA from the respective species.
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Sequences deposited in GenBank

i) DQ351841- Fasciolopsis buski adult 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence.

ii) DQ351842- Fasciolopsis buski egg 5.8S ribosémal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence.
iii) DQ351843- Fasciolopsis buski adult internal transcribed spacer 1, partial sequence.
iv) DQ351844- Fasciolopsis buski egg internal transcribed spacer 1, partial sequence.

v) DQ351845- Paragonimus westermani metacercariae 5.8S ribosomal RNA gene,
partial sequence; internal transcribed spacer 2, complete sequence; and

28S ribosomal RNA gene, partial sequence.

vi) EF027103- Fasciola gigantica 5.8S ribosomal RNA gene, partial sequence; internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,

partial sequence.

vii) EF027104- Fasciola gigantica 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1 and 5.8S ribosomal RNA gene, complete sequence;

and internal transcribed spacer 2, partial sequence.
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in India at 19" National Congress of Parasitology from 26-28" October, 2007.
Received Late. Prof. Sohan Lal Mishra Gold Medal award for best poster
presentation at University of Allahabad during ‘International Transfer of
Technology Initiative Workshop on Parasitology & Genotoxicity in Sustainable
Aquaculture’ from 14-16™ September, 2005.

Secured 1 class 9™ rank in the M.Sc Zoology Exam conducted by NEHU, 2002.
Secured 1% class 8" rank in the B.Sc (Hons) Zoology Exam conducted by NEHU,
2000.

Received college award from St. Anthony’s College, Shillong for the highest marks
in zoology secured by an Honours student in the degree examination of 2000.

Research Publications:

>

Tandon V., Imkongwapang R. and Prasad P. K. (2005) On two new species of the
trematode genera, Batrachotrema Dollfus et Williams, 1966 and Opisthioparorchis
Wang, 1980 (Batrachotrematidae), with a report of a Chinese species of
Opisthioparorchis from anuran amphibian hosts in India. Zoos’ Print Journal
Vol.20, No. 6 pp: 1883-1887.

Prasad P. K., Tandon V., Chatterjee A. and Bandyopadhyay S. (2007) PCR-based
determination of internal transcribed spacer (ITS) regions of ribosomal DNA of giant
intestinal fluke, Fasciolopsis buski (Lankester, 1857) Looss, 1899. Parasitology
Research 101: 1581-1587.

Tandon V., Prasad P. K., Chatterjee A. and Bhutia P. T. (2007) Surface fine
topography and PCR-based determination of metacercaria of Paragonimus sp. from
edible crabs in Arunachal Pradesh, Northeast India. Parasitology Research 102: 21-
28.

Prasad P. K., Tandon V., Biswal D. K., Goswami L. M. and Chatterjee A. (2008)
Molecular identification of the Indian liver fluke, Fasciola (Trematoda: Fasciolidae)
based on the ribosomal internal transcribed spacer regions. Parasitology Research
103:1247-1255.

Prasad P. K., Tandon V., Biswal D. K., Goswami L. M. and Chatterjee A. (2009)
Use of sequence motifs as barcodes and secondary structures of internal transcribed
spacer 2 (ITS2, rDNA) for identification of the Indian liver fluke, Fasciola
(Trematoda: Fasciolidae). Bioinformation 3(7): 314-321.

Goswami L.M., Prasad P.K., Tandon V. and Chatterjee A. (2009) Molecular
Characterization of Gastrodiscoides hominis (Platyhelminthes: Trematoda: Digenea)
inferred from ITS rDNA sequence analysis. Parasitology Research (Online).

Workshop/Training Course/Seminar/Conference attended:

>

17" National Congress of Parasitology’ held at Regional Medical Research
Center, Dibrugarh, 24™-26™ October 2005, sponsored by Indian Society for
Parasitology.



>

‘International transfer of technology initiative workshop on Parasitology &
Genotoxicity in sustainable Aquaculture’ held at Allahabad University, 14-16",
September, 2005, Sponsored by DBT, CSIR, ICAR, DST & UGC.

‘3" Global Meet on Parasitic Diseases’ held at Bangalore University, Bangalore,
12"-16™ January 2004, organized by the Bangalore University, Indian Society for
Parasitology and Society for Applied Genetics, Bangalore University.

Training course on ‘DNA Based Diagnostics’ Organized by Department of Animal
Biotechnology, College of Veterinary Sciences, CCS Haryana Agricultural
University, Hissar from 7-28™ November, 2005.

Short term course on ‘Electron Microscopy’ conducted by the Electron Microscope
Division of NEHU, Shillong from 22-30" September, 2003.

Training course on ‘Computer Basics & Application in Bioinformatics (Internet
& Databases)’, conducted by the Bio-informatics Centre, NEHU, Shillong, 18-20"
April, 2005 funded by DBT, Ministry of Science & Technology, Govt. of India.

11" International Congress of Parasitology, 611" August 2006, held at
Glasgow, Scotland, UK

18" National Congress of Parasitology held at Indian Institute of Chemical
Biology, Kolkata, 22- 24"™ November, 2006.

Workshop on ‘Instrumentation and Maintenance of Sophisticated Analytical
Instruments’ Sophisticated Analytical Instrument Facility, NEHU, Shillong from
12-13™ April, 2007.

International Symposium on Chromosomes to Genome held at Centre for
Cellular and Molecular Biology, Hyderabad, 3.5t July 2007.

Workshop on ‘Molecular Sequence Data and use in Diagnosis, Molecular
Taxonomy, Molecular Epidemiology and Population Genetics’ University of
Peradeniya, Sri Lanka, 20-24" July, 2007.

2nd International Symposium of Infectious Diseases and Health Sciences, held at
University of Peradeniya, Peradeniya, Sri Lanka, 26-27" July, 2007.

19" National Congress of Parasitology and International Symposium on
Parasitic Diseases of Animals and Man held at Department of Zoology, Andhra
University, Visakhapatnam, 26-28" October, 2007.

77" Annual Session of NASI and Symposium on ‘Novel Approaches for Food and
Nutritional Security’ held at Central Food Technological Research Institute,
Mysore, 6-8" December, 2007.

Training Programme on ‘Technology Led Entrepreneurship’ of HRDG, CSIR
conducted by the Faculty of Indian Institute of Management, Bangalore at Indian
Institute of Chemical Technology, Hyderabad, 2-27" June, 2008.

7™ International Conference on Bioinformatics, National Yang Ming University,
Taipei, Taiwan, 20-22™ October, 2008.

IUBMB-FAOBMB-APBionet Workshop on Education in Bioinformatics and
Computational Biology (WEBCB), National Yang Ming University, Taipei, -
Taiwan, 24™ October, 2008.

“Molecular identification of the Indian liver fluke, Fasciola gigantica based on the
ribosomal internal transcribed spacer region (rDNA, ITS2). 20™ National Congress
of Parasitology, North-Eastern Hill University, Shillong, 3-5" November, 2008.



Conference Presentations:

Oral:
»

“PCR-based determination of second internal transcribed spacer (ITS2) region of
ribosomal DNA of giant intestinal fluke Fasciolopsis buski: egg and adult stages”- by
P. K. Prasad, V. Tandon, A. Chatterjee and S. Bandyopadhyay. 17" National
Congress of Parasitology held at Regional Medical Research Center, Dibrugarh, 24 -
26" October 2005.

“PCR-Based Determination of metacercaria of Paragonimus sp. from edible crabs in
Arunachal Pradesh, Northeast India”- by P. K. Prasad, V. Tandon and A. Chatterjee.
Regional Symposium on Research thrust in animal sciences in N.E. Region- An
appraisal, held at Department of Zoology, NEHU, Shillong, 24 -25™ March 2006.
“PCR-Based Determination of internal transcribed spacer (ITS) region of ribosomal
DNA of giant intestinal fluke Fasciolopsis buski.”- by P. K. Prasad, V. Tandon, A.
Chatterjee and S. Bandyopadhyay. 11" International Congress of Parasitology, 6"-
11" August 2006, held at Glasgow, Scotland, UK.

“Molecular Characterization of the liver fluke Fasciola sp. from India on the basis of
DNA sequences of ribosomal Internal transcribed spacer (ITS) region.”- by P.K.
Prasad, V. Tandon, A. Chatterjee and L.M. Goswami. 18" National Congress of
Parasitology held at Indian Institute of Chemical Biology, Kolkata, 22- 24"
November, 2006.

“Molecular phylogenetic analysis of the giant intestinal fluke, Fasciolopsis buski
(Lankester, 1857) Looss, 1899 from India by ITS ribosomal DNA sequences.”- by P.
K. Prasad, V. Tandon and A. Chatterjee. 2nd International Symposium of
Infectious Diseases and Health Sciences, 26-27" July, 2007 held at University of
Peradeniya, Sri Lanka.

“Molecular phylogenic location of the liver fluke, Fasciola gigantica (Cobbold, 1855)
based on the ribosomal internal transcribed spacer regions.”- P. K. Prasad’, V.
Tandon', A. Chatterjee’ and D. K. Biswal’. 77" Annual Session of NASI and
Symposium on Novel Approaches for Food and Nutritional Security held at
Central Food Technological Research Institute, Mysore, 6 -gth December, 2007.

“A combined morphological and molecular approach to identification of metacercaria
of Paragonimus sp. from edible crabs in Arunachal -Pradesh, Northeast India.”-
Tandon V', Prasad PK', Chatterjee A? and Bhutia PT>. 19" National Congress of
Parasitology and International Symposium on Parasitic Diseases of Animals and
Man held at Department of Zoology, Andhra University, Visakhapatnam, 26-28"
October, 2007.

“Use of sequence motifs as barcodes and secondary structures of internal transcribed
spacer 2 (ITS2, rDNA) for identification of the Indian liver fluke, Fasciola
(Trematoda: Fasciolidae).”- Prasad PK, Tandon V, Biswal DK, Goswami LM and
Chatterjee A. 7" International Conference on Bioinformatics, National Yang Ming
University, Taipei, Taiwan, 20-23" October, 2008.

“Molecular identification of the Indian liver fluke, Fasciola gigantica based on the
ribosomal internal transcribed spacer region (tDNA, ITS2). 20™ National Congress of
Parasitology, North-Eastern Hill University, Shillong, 3-5" November, 2008.



Poster:

» “Surface fine topography of metacercaria of Paragonimus sp. From edible crabs in
Arunachal Pradesh.”- by V. Tandon, P. K. Prasad and P. T. Bhutia. ‘International
transfer of technology initiative workshop on Parasitology & Genotoxicity in
sustainable Aquaculture’ held at Allahabad University, 14-16"™, September, 2005.

» “Surface fine topography and PCR-based determination of metacercaria of
Paragonimus sp. from edible crabs in Arunachal Pradesh, North east India.”- by V.
Tandon, P. K. Prasad and P. T. Bhutia. 11™ International Congress of
Parasitology, 6"-11"™ August 2006 held at Glasgow, Scotland, UK.

» “Comparison of the second internal transcribed spacer (ribosomal DNA) between
two 1solates of Fasciolidae (Trematoda: Digenea)”’- by P. K. Prasad, V. Tandon, A.
Chatterjee and L. M. Goswami. ‘International Symposium on Chromosomes to
Genome’ held at Centre for Cellular and Molecular Biology, Hyderabad, 3-5" July
2007.

» “In silico molecular phylogenic location of the Indian liver fluke, Fasciola gigantica
(Cobbold, 1855) based on the ribosomal internal transcribed spacer regions”- P. K.
Prasad', V. Tandonl, D. K. Biswalz, L. M. Goswami' and A. Chatterjee3. 77"
Annual Session of NASI and Symposium on Novel Approaches for Food and
Nutritional Security held at Central Food Technological Research Institute,
Mysore, 6-8™ December, 2007.

Sequences submitted to Genbank and accession numbers received:

DQ351841- Fasciolopsis buski adult 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence.

DQ351842- Fasciolopsis buski egg 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence.

DQ351843- Fasciolopsis buski adult internal transcribed spacer 1, partial sequence.
DQ351844- Fasciolopsis buski egg internal transcribed spacer 1, partial sequence.
DQ351845- Paragonimus westermani metacercariae 5.8S ribosomal RNA gene, partial
sequence; internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence.

EF027094 - Fasciolopsis buski cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial.

EF027103- Fasciola gigantica 5.8S ribosomal RNA gene, partial sequence; internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence.

EF027104-Fasciola gigantica 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1 and 5.8S ribosomal RNA gene, complete sequence; and internal
transcribed spacer 2, partial sequence.

EF027095- Gastrodiscoides hominis cytochrome oxidase subunit I (COI) gene, partial
cds; mitochondrial.



EF027096- Gastrodiscoides hominis adult 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence.

EF027097- Gastrodiscoides hominis egg 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence.

EF027098- Gastrodiscoides hominis adult 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1 and 5.8S ribosomal RNA gene, complete sequence; and
internal transcribed spacer 2, partial sequence.

EF027099- Paragonimus macrorchis cytochrome oxidase subunit I-like (COI) gene,
partial sequence; mitochondrial.

EF027100- Artyfechinostomum sufrartyfex 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence.

EF027101- Artyfechinostomum sufrartyfex 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1 and 5.8S ribosomal RNA gene, complete sequence; and
internal transcribed spacer 2,partial sequence.

EF027102- Artyfechinostomum sufrartyfex cytochrome oxidase subunit 1 (COI) gene,
partial cds; mitochondrial.

EUS887293- Gastrodiscoides hominis cytochrome ¢ oxidase subunit 1 (COI) gene,
partial cds; mitochondrial.

EU887294- Gastrodiscoides hominis 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, complete sequence; and 5.8S ribosomal RNA gene, partial
sequence.

EU887295- Gastrodiscoides hominis 5.8S ribosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial
sequence.
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ON TWO NEW SPECIES OF THE TREMATODE GENERA, OristHiorarORCHIS WANG, 1980
AND BarracHotrema DOLLFUS AND WILLIAMS, 1966 (BATRACHOTREMATIDAE),
WITH A REPORT OF A CHINESE SPECIES OF O~riSTHIOPARORCHIS
FROM ANURAN AMPHIBIAN HOSTS IN INDIA

Veena Tandon ', R. Imkongwapang ? and Pramod Kumar Prasad *

'3 Department of Zoology, North-Eastern Hill University, Shillong. Meghalaya 793022, India
? Department of Zoology, Nagaland University, Mokokchung, Nagaland. india
Email: ' tandonveena@hotmail.com

web supplement

ABSTRACT

An examination of small samples of three species of anuran frogs (Amolops afghanus, Rana liebigii and R. khare)
originating in Nagaland (northeastern India) revealed three species of trematodes, two of them being new to science.
These include Batrachotrema nagalandensis sp. nov. (type host A. afghanus), Opisthioparorchis indica sp. nov. (type host
A’ afghanus) and O. yunnanse Li, 1996. This is the first record of their respective genera in India. The distinguishing
features of B. nagalandensis sp. nov. are - testes located in the middle third of the body, and long cirrus sac extending
posteriorly beyond the ventral sucker. O. indica sp. nov. is distinguished by having oral and ventral suckers of almost
equal size, intestinal caeca extending beyond the ventral sucker up to the anterior border of testes, the genital pore at
the level of the orat sucker and vitellaria confluencing medially in the pre and post testicular regions. Kohima (Nagaiand)
and Rana liebigii form a new locality and new host record, respectively, for O. yunnanse.

KeYwORDS
Amolops afghanus, Batrachotrema nagalandensis sp. nov., India, Nagaland, Opisthioparorchis indica sp. nov,,
Opisthioparorchis yunnanse, Rana khare, Rana liebigii, Trematode

During an exploratory survey of the helminth parasite fauna of
anuran Amphibia in Nagaland (India) several digenetic
trematode species were encountered.  Two of these forms. on
study, were found to be new 1o science and belong each 10 the
genera Batrachotrema Dollfus and Williams, 1966 and
Opisthioparorchis Wang. 1980. While the former genus has
hitherto been reported from Africa (Dollfus & Williams. 1966),
China (Wang, 1981; Zhang & Sha. 1985; Liang & Ke. 1988) and
Vietham (Moravee & Scy, 1989) the latter is represented so far
in ranid frogs in China. "The present communication deals with
the description of a new specics of each genus. and also forms
the first record of the occurrence of these genera in the Indian
subcontinent.  The occurrence of Q. vunnanse Li. 1996 is also
reported from Rana liebigii as a new record.

MATERIALS AND METHODS

Eight specimens (range 1-4) of Batrachotrema were collected
from the intestine of five A. afghanus and only one specimen.
from Rana khare at Mokokchung in Nagaland. Twenty-one
specimens of a form belonging to Opisthioparorchis were
recovered from the intestine of three 4molops afghanus trom
Mokokchung, the maximum number of this parasite in a single
host being 18. Two spcecimens, also belonging to the same
genus but representing another species were collected from
one Rana liebigii from Kohima.

Whole mount preparations of the flukes were made following
standard procedure, using Mayer’s carmalum or borax carmine
as stains. For scanning electron microscopy (SEM) the
specimens tixed in 4% cold ncutral buffered formalin werce
processed and treated with tetramethylsilane as per the method
described by Roy and Tandon (1991), metal coated and viewed

under a JSM-35 CF (Jeol) scanning clectron microscope at
accelerating clectron voltage ranging between 10-15kV.

Family Batrachotrematidae
Genus Batrachotrema Dollfus and Williams. 1966
Batrachotrema nagalandensis sp. nov.
(Figs. 1-3; lmages 1-2v)

Material examined

Holotype: W 8338/1; from the intestine of Amolops ufghanus
(Ginther). Mokokchung, Nagaland (25°-27°4'N & 9392°-95°1 $'F%).
Paratypes: W 8339/1. W 8340/1; from the intestine of dmolops
afghanus (Gunther) and Rana khare (Kivasctuo & Khare).
Mokokchung. ‘

Deposited at the Zoological Survey of India. Kolkata.

Etymology
Numed after Nagaland state. India.

Specific diagnosis

Body unspined. tusitorm. testes located in middle third of body:
cirrus sac long. extending beyond ventral sucker posteriorly.
ovary rounded.

Diagnosis

(Based on measurements of 3 mature specimens and SEM
observations on | specimen.). Body clongated or some what
spindlc shaped, broadest at shoulder. 1apering and icrminating
bluntly towards antcrior and posterior regions: surface devoid
of spines. Oral sucker subterminal.  Ventral sucker pre-

* Also sce SEM Images in the web supplement at www.zoosprint.org

® Zoo Outreach Organisation; www zoosprint.org
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Figures 1-3. Batrachotrema nagalandensis sp. nov.
1a - Whole mount, dorsal view; 1b - Egg; 2-3 - Scanning
electron micrographs: 2 - Full worm, ventral view (scale
100mm); 3 - A magnified view of anterior end, showing the
oral end and ventral sucker (scale 100mm).
[See Figures 2 & 3 on the web as Images 1 & 2]

equatorial, located in broader part of body. three times Jarger
than oral sucker. covering half of body in width. strongly
muscular.  Prepharynx indistinct: pharynx muscular:
oesophagus of moderate length or short: intestinal caeca
reaching near posterior end. Testes rounded or oval, lying in
tandem in middlc third of body: antcrior testis at level of ovary.
slightly smaller than postcrior; cirrus sac long, extending
posteriorly beyond ventral sucker, lying on its lcft side.
extending anteriorly up to and ending in level with phurynx.
Ovary rounded. pretesticular, postacetabular: oviduct. Mehlis’
gland complex in region anterior to ovary: uterine coils mainly
limited in ovarian and postacetabular area. overlapping intestinal
cacca. Genital pore at left side of body. marginal or sub marginal.
male and femalc porcs opcning into genital atrium.  Vitellaria
follicular. extending from level of intestinal bifurcation up to
posterior most part of body, overlapping intestinal caeca. also
scattered in intercaecal fields. Eggs numerous. large, oval. The
measurements of this form are given in Table 1.

Discussion

In having a pretesticular ovary. which is ncarcr to the anterior
testis than the ventral sucker and the genital pore lying laterafly
to the median lince in level with the pharynx. the present form
bears a closc morphologicual resemblance to the genus
Batrachotrema. Dollfus and Williams (1966) proposed a new
family Batrachotrematidae for the genus. Yamaguti (1971)
retained the family as proposed by Dollfus and Williams and
Wang (1980) also accepted its validity. However. Prudhoe and
Bray (1982), on the basis of its closec morphological relationship

V' andon et al

Table 1. Measurements (in mm) of Batrachotrema
nagalandensis sp. nov.

Characters Range (Mean} t S.D.
tength of Body 238-389(293) 049
Maximum width of body (at level of

ventral sucker)} 0 80-127(101) 0202
Oral sucker

Length 017-0 27 (0 21) 0043
Breadth 0 26-0 37 (0 33) 0034
Ventral Sucker

Length 0 30-0 49 (0 42) 007
Breadth 0 39-0 56 (0 47) 007
Pharynx

Length 017-0 25 (0 22) 0032
8readth 017-0 31 (0 20) 0036
Length of Oesophagus 024-0 46 (0 41) 0023
DOistance of intestinal caeca from hind end 0 07-0 25 (0 22) 0037
Intestinal bifurcation from antenor end 0 46-0 75 (0 64) o0
Testis |

Length 020-022 (0 22) 0017
Breadth 0 22-0 34 (0 27) 0035
Testis 1

Length 0 24-0 46 (0 31) 0077
Breadth 019-0 36 (0 31) 0058
Ovary

Length 0 22-0 29 (0 26) 0012
Breadth 019-0 28 (0 24) 0022
Extent of Vitellana 189-305(237) 0419
Eggs 003-004 x002-0023 0002

(0 036 x 0022)

with the members of Opecocliidac. placed the genus under the
latter family.

The genus Batrachotrema so far includes [ive species: B.
petropedens Dollius and Witliams. 1966 trom Petropedetes
natator in Sierra Leone. Aftica: 8 pseundobagrr Wang. 1981
(from Pseudobagrus fulvidracoms and Pscudogastromvzon
zebroidus in I'ujian Province. China): B. vaanenss Lhang and
Sha. 1983 (from Rana phrviordes in Yaan, Sichuan, China): B
opistosacca Liang and Ke. 1988 (from Runa spinosa in Meixian.
Guangdong. China): B8 vietnamensis Moravee and Sey. 1989
(fromy Rana kuhli in Hanoi Vietnam).

A comparison of the present form with the ty pe species reveals
several differences between the two.  In the present form the
testes lie in the middle third ol thesbody and the cirrus sac is
long extending posteriorly beyond the ventral sucher In the
type species the testes are located much posteriorly and the
claviform cirrus sac is quite small extending posteriorly only up
to the anterior margin of the ventral sucker. Both B8 petropedetis
and B omstosacca have an clongated oval body shape and
have intestinal caccu extending posteriad a hittle beyond the
lestes. In having a lusilorm body. the present species resembles
P pseudobagri. a species described from piscine hosts. but
distinctly differs from it in having a larger body size. a rounded
ovary (lobate in P pseudobugri). and a long cirrus sac (hat
cntends posteriad much beyond the ventral sucker  In
posscssing an unspincd body. testes situated in the middle
third of the body and immediately pretesticulan ovary that is

1884
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not separated from testes by uterine coils. the present form
comes close to B. petropedetis, B8 pscudobagri and B.
opistosacca and stands apart from 8 vaanensis and B
vietnamensis. In vicw ot the apparent morphological differences
and also diffcrent amphibian host species the present form s
considered a new species under the genus Bawrachotrema. I
is for the first time that a representative of the genus is being
reported from the Indian subcontinent.

Family Batrachotrematidae
Genus Opisthioparorchis Wang. 1980
Opisthiopararchis indica sp. nov.
(Figs. 4-8; Images 3-6%)

Material examined

Holotype: W 8341/1; from the intestine of Amolops afghanus
(Giinther), Mokokchung. Nagaland (25%-27°4'N & 932'-95"15'F)
Paratypes: W 8342/1, 8343/1; samc as holotype.

Deposited at the Zoological Survey of India. Kolkata.

Etymology
Named after the country,

Specific Diagnosis

Intestinal cacca extending much beyond ventral sucker up to
antcrior level of testes. ventral sucker almost cqual to oral sucker
in size, genital pore in level with anterior hargin of oral sucker,
vitellaria extending beyond testes posteriorly, confluent medially
in pre-and postlesticular regions.

Diagnosis

(Based on mcasurcments of 10 maturc tlukes and SEM
observations on 2 spccimens.). Body elongate or oval with
rounded anterior end. rounded or slightly conical posterior end.
spinose. Oral sucker subterminal. spherical.  Ventral sucker
pre-equatorial or equatorial ahnost equal 1o oral sucker in size.
Prepharynx indistinct: pharynx muscular: oesophagus of
moderate length; intestinal caeca extending in postacetabular
region up 1o level of anterior margin of testes. Testes round or
oval, lying symmectrically juxtaposed in postcrior region of
body: cirrus sac well developed. elongated. somewhat S-
shaped, recurved. lving on fefl side of body. extending from
near junction ol oesophagus and intestinal caeca up o anterior
margin of oral sucker. Ovary rounded. pretesticulur,
postacetabular; receptaculum seminis conspicuous. lying
posterior to ovary; uterus pretesticular, occupying major arca
between ovary and testes, extending antcriad partially
overlapping intestinal caeca. Genital pore marginal on left at
level of anterior margin of oral sucker. Vitellaria in varyving
follicular size, extending in lateral fields from level of pharynx
posteriorly up to post-testicular region, becoming confluent
medially in intercaecal. pretesticular and post testicular fields.
Eggs numerous. ovoid. operculate.
SEM revealed the surface fine topography of the fluke. The
body surface is studded throughout with dense spination except
for the anterior circum-oral region, which appears devoid of
spines. Whereas the spines covering the tegument in most

V Tandun cr al.

Figures 4-8. Opisthioparorchis indica sp. nov.
4a. Whole mount, ventral view, b. Eqgg,; 5-8. Scanning
electron micrographs: 5 - Whole worm, ventral view (scale
100mmy),; 6 - Oral end, magnified view (scale 10mm),

7 - A magnified view of the tegqumental spination in the mid
ventral region (scale 10mm); 8 - Tegument of the posterior
part of the body depicting conical spines (scale 10mm)
[See Figures 5-8 on the web as Images 3-6]

parts of the body arc scalce like with rounded tips. those
abounding in the posterior region are conical. with broad base
and pointedly tapering distal end.  The non-spinous (egument
of the anterior region presents u spongy texture.  The
measurcments of this form are gpiven in Table 11,

Discussion

In having a well-developed cirrus sac and marginal or
submarginal genital pore located in the region of the oral sucker
or pharynx. the present form belongs to the family
Batrachourematidae.

The genus Opisthioparorchis was created by Wang (1980) for
an intestinal luke of Runa spinosa. which was characterized
by having juxtaposcd testes located at the posterior end of the

_body and intestinal cacca extending up to just near the anterior

border of testes. At present the genus includes six specics. all
described from China: O. ranae Wang. 1980 (type species) from
Rana spinosa in Fujian Province South; O. pleurogenitus Wang.
1980 from the same host and locality as thosc ol the type
species: (. hoheansis Wang. 1980 from Staurois wuviensis
also from Fujian: O. megaloonis Liang and Kc. 1988 and O.
meixianensis Liang and Kc. 1988, both trom R. spinosa in
Changsha (Meixian, Guangdong Provinee) and O vunnanse
1996 also from R. spinosa from Yunnan Province.

‘In having the vitellaria extending in the positesticular region.

June 2005 Zoos' Print Journal 20(6): 1853-1887
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Table 2. Measurements (in mm) of Opisthioparorchis indica

sp. nov. ~ .

Characters Range (Mean) + S.D.
Length of Body 1.80-2.33 (2.05) 0.18
Maximum width of body (at level of

ventral sucker) - 0.89-1.08 (0.97) 0.08
Qral sucker:

Length 0.21-0.26 (0.24) 0.02
Breadth 0.23-0.30(0.26) 0.026
Ventral Sucker:

Length 0.21-0.25(0.23) 0.014
Breadth 0.21-0.27 (0.24) 0.018
Pharynx:

Length 0.19-0.23 (0.21) 0.018
Breadth 0.2-0.24 (0.22) 0.016
Length of Oesophagus 0.14-0.23(0.18) 0.03
Distance of intestinal caeca from hind end 0.58-0.77 (0.68) 0.06
Intestinal bifurcation from anterior end 0.53-0.65(0.61) 0.04
Testis {right):

Length 0.33-0.46 (0.39) 0.04
Breadth Q 26-0.33(0.29) 0.023
Testis (left):

Length 0.33-0.41(0.38) 0.03
Breadth 0.25-0 32 (0.28) 0.029
Cirrus sac Length 0 52-0.66 {0.57) 0.05
Ovary:

Length 0.17-0.25 (0.22) 0.027
Breadth X 0.17-0.23 (0.20) 0.022
Receptaculum seminis:

Length . 0.36-0.53 (0.44) 0.07
Breadth _ 0.03-0.065 (0.047) 0.013
Eggs . 0.027-0.037 x 0.011- 0.002

0.018 (0.031 x 0.015)

the present form resembles the type and other species but
stands apart from O. pleurogenitus and O. vunnunse. in both
of which the vitclline follicles are distributed only in the
pretesticular region and the testes arc the posterior most
structures in location in the tluke body. [t also difters from all
those species having posttesticular vitellaria in several
characters; the latter species. have a much smaller body size.
the ventral sucker is smaller than the oral and unlike the present
form, the vitellaria do not become confluent medially in the
prctesticular, inter-intestinal and posttesticular rcgions.

In view of the conspicuous dilferences of the present form
with the hitherto known species of Opisthioparorchis. it is
proposed (o consider this as a new species named O. indica.

Opisthioparorchis yunnanse Li, 1996
(Fig. 9)
Material examined ' . .
From the intestine of Rana liebigii (Giinther). Kohima
(Nagaland, 25°-27"4'N, India).

Diagnosis ‘
(Whole mount). Body clongate, somewhat narrow anteriorty.

-, broader posteriorly. with bluntly rounded cnds. spinosc. Oral

sucker subterminal, almost twicc as large as ventral sucker.

s N
s

Vo Tandon et al.

Figure 9. Opisthioparorchis yunnanse Li, 1996
Whole mount, ventral view

Table 3. Measurements (in mm) of Opisthioparorchis
yunnanse

Characters Measurement
Length of Body o 25
Maximum width of body (at teve!l of ventral sucker) 194

Oral sucker:

Length 0.28

Breadth 0.29

Ventral Sucker: .

Length 008

Breadth 0.08
Pharynx :

Length ' 0.18

Breadth Q.20

Length of Oesophagus 0.09 .
Distance of intestinal caeca from hind end 0.58
Intestinal bifurcation from anterior end 0.6

Testis (right):

Length 0.37

Breadth 0.35

Testis {ieft):

Length~ 0.38

Breadth 0.31

Cirrus sac Length 0.97

Ovary:

Length’ 0.23

Breadth 0.23
Receptaculum seminis:LengthBreadth 0.420.047
Eggs 0.041 x 0.021

latter cquatorial in position. Prepharynx short. pharynx
muscular: ocsophagus short; intestinal cacea extending
posterial up o a litle in front of testes. Testes round or oval.
juxtaposed near posterior extremity ol body; cirrus sac club-
shaped, elongated, extending from a litde in front of ventral

S, ]886%\" "
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sucker anteriad up lo level of oral sucker. Ovary rounded. just
by side or slightly posterior 10 ventral sucker: uterus mainly in
near post ovarian region. extending as ascending narrow tube
anteriad. Genital pore marginal. on lcft at level of oral sucker.
Vitellaria cxtending extensively from level of ocsophagus
posteriad up to just in front of testes. Eggs clliptical. operculate,
The measurements of this form are given in Table 111,

REMARKS

The whole mount preparation of one specimen collected from
Rana liebigii, though apparently resembled Opisthioparorchis
species, turned out o be diflerent from the new species of the
genus described above. In its general morphology (elongated
body. oral sucker larger than the ventral sucker- almost double
the size, vitellaria limited to only pretesticular zone and long
club-shaped cirrus sac). the present specimens stands close (0
O. vunnanse Li, 1996, which was originally described from Rana
spinosa from Yunnan Province, China. However, the only
conspicuous deviation it shows from this species is the length
of the oesophagus; in O. yunnanse the ocsophagus is quitc
long, though short in the present form. However, considering
that just one character i.c. length of the oesophagus. is not
enough to erect a new species. the present form is considered
representing O. vunnanse.
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Sacial insccts in gencral. and ants in particular have achicved
unpreeedented ecological success and dominance in tropical
ceosystem (Gudagkar ef «f.. 1993). Social way of life adapted
by all ant species brings with it both benefits and cost (Brain.
1975). Being such dominant and successlul component ol
ecosystems. it is likely that ants would turn out 1o he good
indicators of the well being of the ecosystem (Daniels. 1991).
However. a literature survey revealed that only limited studics
arc availablc on diversity of ants. This may be duc to tack of
appropriate mcthodologics of tropical inscet communitics.
especially ants (Gadagkar er al.. 1990). The present study was
carried out in an attempt o understand and measure the status
of ant species diversity in some selected localities of Sattur
taluk (9"1ON & 77°52'E; 61.19m). Virudhunagar district, Tamil
Nadu, in riverine, cultivated and industrial arcas.

The study was carricd out for seven months from August 2001
to February 2002, The ants were collecied from three selected
focalities: cultivated areas (paddy. cotton. brinjal. ladies finger.
Cussia fistula. banana. coconut. guava. palm ete). rivering arcas
(vegetation found along the banks of Arjuna and Vaiparu
rivers), and industrial arcas (match factorics. firc works and
printing industrics). The average raintall during the period was
75.84mm in Sattur taluk. Maximum and minimum temperatures
were 35°C and 26"C, respectively. All the collected specimens
were preserved in 70% alcohol. Ants were separated and sent
to the Center for Ecological Science at Indian Institute of
Science. Bangalore for identification and confirmation of ant
specimens. with the help of Dr. R. Gadagkar, Director, CES,
Relative abundance of ant specics were calculated using the
following formula (Michceal. 1986).

Somnd nunber o1 mdosbunks a1 1he spovies

Relative abundance =

D Ciw
Votal numbe of mdviduelc of alf yooes !

A total of 25 species of ants belonging to 14 genera distributed
in six subfamilies were recorded (Table 1), The sublamilies
included Formicinae (9 species) lollowed by Myrmicinac (8
species). Pseudomyrmicinac (4 species), Ponerinae (2 specics),
Dorvlinac / Dolichoderinae (1 species). The study revealed
that more number of ant specics were recorded in the riverine
(24 species) and cultivated areas (20 specics).
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Abstract Fasciolopsis buski, the zoonotic intestina!l flukes
of pigs in South and Southeast Asia, is commonly prevalent
in regions across Northeast India. Populations of the fluke
collected from different parts of the region exhibit
variations in morphology. The main objective of our study
was to provide molecular characterization of the parasite so
as to supplement morphological criteria, using ribosomal
DNA cluster (rDNA), which is flanked by more conserved
internal transcribed spacer (ITS) regions. We describe
herein the ITS sequences of the parasite collected from
swine hosts of Assam region. The ITS sequences of both
egg and adult origins were found to be identical in length
and composition. Phylogenetically, F. buski resembles
closely the other members of family Fasciolidae, showing
significant expectation value in the alignment. The results
cofroborate that the ITS sequences are not stage specific

Nucleotide sequence data reported in this paper have been submitted
to the Genbank data with the accession numbers DQ35 (841
DQ351844.

P. K. Prasad - V. Tandon (33)

Department of Zoology, North-Eastern Hill University,
Shillong,

793022 Mcghalaya, India

¢-mail: tandonveena@gmail.com

A. Chatterjec

Department of Biotechnology and Bioinformatics,
North-Eastern Hill University,

Shillong,

793022 Meghalaya, India

S. Bandyopadhyay

Indian Council of Agricultural Research,
NEH Region, Umroi Road, Umiam.
793103 Meghalaya, India

and are conserved through different stages of development
of the fluke. and thus could be used as species markers.

Introduction

The giant intestinal fluke, Fasciolopsis buski (Trematoda:
Fasciolidae), is widely distributed in India and neighboring
countries of the continent in South and Southeast Asia (Roy
and Tandon 2003). The fluke 1s the etiological agent of the
disease commonly known as fasciolopsosis. The infection
occurs by ingestion of raw aquatic vegetation or food plants
that are contaminated with the infective encysted larvae, the
metacercariae. In endemic zones. pigs. dogs. and rabbits act
as reservoir of ‘infection. In India, the parasite has been
reported from different states including those in the
Northeast. Variations in the morphology of the fluke have
been observed when collected from ditferent geographical
regions (Roy and Tandon 1993).

Identification of ctlosely related species based on
morphological characters alone can be difficult. This is
particuiarly so in the case of soft-bodied animals parasites
such as digenean trematodes. However, recent advances in
molecular biology, in particular the amplification of specific
DNA regions via the polymerase chain reaction (PCR) and
improved sequencing techniques, have been employed to
resolve taxonomic issues related to various helminth para-
sites by comparing their DNA, utilizing genetic markers in
nuclear ribosomal DNA (rDNA) and mitochondrial DNA in
particular (Blair et al. 1996). The rDNA cluster, which
codes for structural components of ribosomes. is particu-
larly useful for genetic studies because it is highly repeated
and contains vanable regions flanked by more conserved
regions (Hillis and Dixon 1991). 1t enhances PCR amph-
fication because many templates are available for initial
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priming and allows primers to be designed to anneal the
known conserved regions to amplify across unknown
variable regions: In context of metazoan parasites, the
nuclear ribosomal DNA internal transcribed spacers (ITS1
and ITS2), which occur between the 18S, 5.8S, and 28S
coding regions, have proven useful for diagnostic purposes
at the level of species (Morgan and Blair 1995; Leon-
Regagnon et al. 1999; Tkach et al. 2000; Kostadinova et al.
2003; Scholz et al. 2004; Nolan and Cribb 2005). These
sequences are often assumed to be homogenized within
individuals and populations of the same species by
concerted evolution (Dover 1982; Hillis and Davis 1988).
ITS2 sequences have been shown to be a sensitive marker
at the species level in trematodes, whereas the sequences in
the ITS1 might be less conserved than those in the ITS2
(Luton et al. 1992). Among the fasciohid digeneans, isolates
of Fasciola spp. and of Fascioloides magna from different
geographical regions have been discriminated on the basis
of ITS sequences (Adlard et al. 1993). Studies on
phylogeny and/or intraspecific variations in Paragonimus
species have recently been done using second ITS (ITS2)
sequences (Blair et al. 1997, 1999; Iwagami et al. 2000).
.The usefulness of the 1TS2 region for species discrimination
. has also been demonstrated in nematodes, for example,
Strongylus, Trichostrongvlus species, larvae of Dictyocaulus
viviparus and D. eckerti (Campbell et al. 1994; Hoste et al.
1995; Samson-Himmelstjerna et al. 1997).

In the present study, we amplified the ITS regions of
Fasciolopsis (DNA from egg and adult stages) and assessed
their potential for discriminating between species and
genera witbin the group. Our main objectives were (o
determine whether the sequences are stage specific and
conserved or not and to find out the species-specific
molecular markers by amplifying the ITS (I and II) regions
of the parasite DNA both from adult and egg stages.

-

Materials and methods
Parasite maternial and DNA isolation

Live adult F buski were obtained from the intestine of
freshly slaughtered pig, Sus scrofa domestica at local
.abattoirs. The worms recovered from these hosts repre-
sented the geographical isolates from Assam region of
Northeast India. Eggs were obtained from mature adult
flukes by squeezing between two glass slides. For the
purpose of DNA extraction, adult flukes coliected from
different host animals were processed singly; eggs recov-
ered from each of these specimens were also processed
separately. The adult flukes were first immersed in
digestion extraction buffer [containing 1% sodium dodecyl
sulfate (SDS), 25 mg Proteinase K] at 37°C for overnight.

@ Springer
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Fig. 1 Agarose gel stained with ethidium bromide showing the PCR
products of Fasciolopsis buski genomic DNA from adult luke using
the primer set 3S-A28 for ITS2 (lanes 1-6). M Molecular weight
marker (@ 174 DNA/Haelll Digest)

'DNA was then extracted from lysed individual worms by

standard ethanol precipitation technique (Sambrooke et al.
1989) and also extracted on FTA cards using Whatman’s
FTA Purification Reagent. The FTA cards were allowed to
dry for 1 h at room temperature before punching; two to
three sample discs of 1.2-mm size were taken from the
desired spot using coring device assuming-a 25-pl reaction
and placed in PCR amplification tube. The discs, then
washed with FTA Purification reagent and TE Butfer, were
allowed to dry at room temperature for | h to make them
ready for PCR. DNA from the egps was extracted only with
the FTA card technique.

DNA amplification, sequencing, and its analysis

" The rDNA region spanning the ITS regioﬁs was amplitied

from DNA obtained from the egg and adult stages of the
fluke by PCR. We used the universal primers based on
conserved ITS sequences of Schistosoma species following
(Bowles et al. 1995) as detailed below:

1. ITS2 region-3S (forward), SGGTACCGGTGGATC
ACTCGGCTCGTG-3' and A28 (reverse), 5'-GGGATC
CTGGTTAGTTTCTTTTCCTCCGC-3'

2. ITS! region-BD{ (forward), S’GTCGTAACAAGG
TTTCCGTA-3' and 4S (reverse), 5 TCTAGATGCG
TTCGAA (G/A) TGTCGATG-3’

The PCR amplification was performed following the
standard protocol (White 1993) with minor modifications in
100 mM Tris HCI (pH 9.0), 500 mM KCI, 1.5 mM MgCl,,

Fig. 2 Agarose gel stained with
ethidium bromide showing the
PCR products of Fascrolopsis
buski genomic DNA from adult
fluke using the primer set BD1 -
4S ftor ITSI (lanes 1-4). M
Molecular weight marker (& x
174 DNA/Haelll Digest)
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1 TGTCGATGAGGAGCGCAGCCACTGTGTGAATTAATGCAAACTGCATACT 49

CEEEEE R e i e i
1 CTGTCGATGAGGAGCGCAGCCACTGTGTGAATTAATGCAAACTGCATACT 50

50 GCTTTGAACATCGACATCTTGAACGCATATTGCGGCCATGGGTTAGCCTG 99

CELEEVTTE R R U R bt
51 GCTTTGAACATCGACATCTTGAACGCATATTGCGGCCATGGGTTAGCCTG 100

100 TGGCCACGCCTGTCCGAGGGTCGGCTTACAAACTATCACGACGCCCAAAA 149

FEVRPERLEEV RN R R i i e eei e i
101 TGGCCACGCCTGTCCGAGGGTCGGCTTACAAACTATCACGACGCCCAAAA 150

150 AGTCGTGGCTTGGGTCTTGCCAGCTGGCGTGAACTCCTCTATGATTATTC 199

RN RN R RN RN RN A R R R RN R NN RN RN RN RANE|
151 AGTCGTGGCTTGGGTCTTGCCAGCTGGCGTGAACTCCTCTATGATTATTC 200

200 ATGTGAGGTGCCAGAACTATGGCGTTTCCCTAATGTATCCGGACGCGTCC 249

FEVRIVERVRERY R R I LR bbb b i iy i
201 ATGTGAGGTGCCAGAACTATGGCGTTTCCCTAATGTATCCGGACGCGTCC 250

250 TTGTCTCAGCAGAAGGCTGTGGTGAGGTGCGGTAGCGGGATCGTGGTTTA 299

PERLLLLELLERE R R T I e e
251 TTGTCTCAGCAGAAGGCTGTGGTGAGGTGCGGTAGCGGGATCGTGGTTTA 300

300 ATGAATACTGTGCACGTTCCGTTGCTGTGTCTTCATCGTCGGCTTGATGC 349

AR RRR AR NN RN A AR RN A RN AR RRRNARER AR
301 ATGAATACTGTGCACGTTCCGTTGCTGTGTCTTCATCGTCGGCTTGATGC 350

350 GTGACTTGGTCTCGTGTCTGAGGCTTTTGCCATACATAGACTGCCATTTG 399

PEERVRIYELLERV LT LV L b
351 GTGACTTGGTCTCGTGTCTGAGGCTTTTGCCATACATAAACTGCCATTTG 400

400 TGTGGTCTAATTTCCTGACCTCGGTTCAGACGTGATTACCCGCTGAACTT 449

CELLERR R i e e e e i
401 TGTGGTCTAATTTCCTGACCTCGGTTCAGACGTGATTACCCGCTGAACTT 450

450 AAGCATATCACTAAGCGGAGGAAAAG - AACAAA 481

PEVPRVERRR VLR T
451 AAGCATATCACTAAGCGGAGGAGAAGAAACTAACCCCGGAGCCCACAA 498

Fig. 3 Pair-wisc alignment of ITS2 scquence of cgg and adult stages
of Fasciolopsis buski

and 0.2 mM deoxynucleotide triphosphates each of dATP,
dGTP, dCTP, dTTP, 0.25 mM of each primer, and 2.5 units
of Taq polymerase (Bangalore Genei Pvt., India). The DNA
was preheated at 94°C for 5 min and added to each PCR
reaction. The PCR cocktail (final reaction volume 25 pl)
was amplified with the following conditions: 26 cycles of
denaturing at 94°C for 30 s, annealing at 55°C for 38 s and
extention at 72°C for 42 s followed by a final extention at
72°C for 10 min. The resultant PCR products were
separated by electrophoresis through 1.6% (w/v) agarose
gels in Tris-acetate-EDTA (TAE) buffer, stained with
ethidium bromide, transilluminated under ultraviolet light
and then photographed. The known size fragments of Phi X
174 DNA/Haelll Digest in agarose gel were used as marker.
For DNA sequencing, the PCR products were purified using
Genei Quick PCR purification Kit and sequenced in both
directions using PCR primers on an automated sequencer by
DNA sequencing services of Bangalore Genei.

" The DNA sequences were put to further analysis by
using various Bioinformatics tools including similarity

search basic focal alignment search tool (BLAST; http://
www.nebi.nbnnih.gov/blast) and phylogenetic prediction
by ClustalW (hitp:/iwww.cbi.ac.uk/clustalw) for each query
DNA sequence.

Molecular phylogenetic analysis

Phylogenetic tree-building methods presume particular
evolutionary models. Therefore. while interpreting the
results obtained, we considered different tree building
models to entertain possible explanations. Only unique
sequences were used in tree construction. ITS sequences
were entered mn the MEGA for construction of the
phylogenetic trees using maximum parsimony and distance
methods namely the neighbor-joining, UPGMA and mini-
mum evolution. The distance methods were used so as to
augment maximum parsimony because they are less likely
to give errors when trees contain long branches (Blair and
Barker 1993).

1 CTGCTGACTGCGGAGGATCATTACCGTAATCCTAT-TCATACACAAGAGG 49

IRV IR R e by
1 GTGACTGCGGAGGATCATTACCGTAATCCTATCTCATACACAAGAGG . 47

50 TGAAACGTTGTGACCGTCATGTCCARCGATACAAATTTGCGGACGGCTAT 9

PVPIIN RN R R by by v by nm
48 TGAAACGTTGTGACCGTCATGTCCAACGATACAAATTTGCGGACGGCTAT 97

100 GCCTGGCTCTTTGAGGCCACAGCATATCCGATTATGACGGGGTGCCTACC 149

PIVERYN RN ey R by b i ey vy i vy
98 GCCTGGCTCTTTGAGGCCACAGCATATCCGATTATGACGGGGTGCCTACC 147

150 TGTGTGATCCTCTGATGGTATGCATGCGTCCTTTCGGTCGTATGTCCAAG 199

TULTERRETT Rt iy v bbb ey bbby
148 TGTGTGATCCTCTGATGGTATGCATGCGTCCTTTGGGTCGTATGTCCAAG 197

200 CCAGGAGAACAGGCTGTACTGCCGTGACTGGTAGTGCTAGGCTTAAAGAG 249

RN N R R N R NN RN AR RN RNy
198 CCAGGAGAACAGGCTGTACTGCCGTGACTGGTAGTGCTAGGCTTAAAGAG 247

250 GAGATTTGAGCTACGGCCCTGCTCCCGCCCTATGAACTGTTTCCTATATT 299

PUVETIE TRt et bty s eyl
248 GAGATTTGAGCTACGGCCCTGCTCCCGCCCTATGAACTGTTTCCTATATT 297

300 ACACTGTTCAAGTGGTATTGATTGGGTTCGCCCATTCTTTGCCATTGCCC 349

VLTI R T v b e e i i
298 ACACTGTTCAAGTGGTATTGATTGGGTTCGCCCATTCTTTGCCATTGCCC 347

350 TCGCATGCACCTGGTCCTTGTGGCCGGACTGCACGTACGTCGCCCGGLGG 399

PEETERRREE VRt bbby
348 TCGCATGCACCTGGTCCTTGTGGCCGGACTGCACGT ACGTCGLCCGGLGG 397

400 TGCCTATCCCGGGTAGGACTGATAACCTGGTCTTTGACCATTTGCACAAC 449

AR N A A RN R RN N RN N NN Ry
398 TGCCTATCCCGGGTAGGACTGATAACCTGGTCTTTGACCATTTGCACAAC 447

450 TCTGAACGGTGGATCACTCGGCTCGTGTGTCGATGAAGAGCGCAGCCAAC 499

PECDERER DV R EERL LR i i e e e e it
448 TCTGAACGGTGGATCACTCGOCTCGTGTGTCGATGAAGAGCGCAGCCAAC 497

500 TGTGTGAATTAATGCAAACTGCATACTGCTTTGAACATCGACCT - - - GGA 546

R R R RN AR R RN N e
498 TGTGTGAATTAATGCAAACTGCATACTGCTTTGAACATCGACATTTCG - - 545

547 CAACGTATCTGAA 359
1
546 CAA 548

Fig. 4 Pair-wise alignment of 1TS1 sequence of egg and adult siages
of Fasciolopsis buski .
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Fig. 5 Phylogenetic tree depict-

91185813361 Fasciolopsis buski

ing relationship among 007135
Fasciolopsis busk and other 10 100 91110617740 Fasciola hepatca
fasciohd and echinostomand 004288 s8] o6t 000457
species as inferred from ITS2 - 00497 9178644401 Fascola gigantca
data by neighbor-joming method 003478 gI|110617739 Fascioloides magna
showing bootstrap values 003657
85 91288498854 Echinoparyphium recurvatum
46| 000248 913135456 Echinostoma sp
00376
0] 0 91]103472496| Euparyphium albuferensis
002921 000248
506D g1103472497 Hypoderaeum conoideum
007880
1128849855 Isthmiophora melis
] T P

003421

Results
PCR amplification of ITS regions and its analysis

The PCR-amplified products were successfully obtained
using the pnmers as mentioned above and are depicted in
Figs 1 and 2 The nucleotide sequences were obtained for
ITS1 and ITS2 of rDNA adult and egg stages of F busk:
and were compared with sequences of other trematode
species obtained from GenBank The fragments of ampli-
fied DNA were estimated to be 480~550 bp long Sequence
analysis of the ITS PCR products ievealed that the
ahgnments of the rDNA region spanning ITS2 were 48]
and 498 bp for forward primer and 559 and 548 bp for
forward pnmer of ITS1, respectively, in adult and egg No
intra-specific vanations in length or composition of the
sequence were observed, and the ITS sequences of both
adult and egg onigin were found to be identical in length
and composition (Figs 3, 4)

The BLAST hit results show that the query-ITS2 F
buski forward and reverse sequences are more sinular
to the sequences of the species Fasciola gigantica,
Echinostoma revolutum, Isthmwophora mehs, Echinostoma
sp , Paryphostomum radiatum, Echinostoma trivolvs,
Echinostoma paraenet, Fasciola sp , Fasciola hepatica,
and Petasiger phalaciocor asis obtained from the nucleotide

1137954739 Paryphostomum radiatum
000123 9l P

sequence databases of NCBI These results also showed
that the query-ITS1 F buski forward sequence 1 more
similar to the sequence of the species F gigantica, Fasciola
sp, F hepatica, E paraenet, E 1evolitum, E t1ivolvis, and
Echinostoma caproni

Phylogenetic trees

Phylogenetic tiees were obtained by companng the
sequences of 7 bushki and available ITS (1 and 11) sequences
for other digenean trematodes including fasciold species
Phylogenetic analyses using the various distance methods
and character state method hke maximum parsimony show
that the topology 15 sinular among the trees obtained
(Figs 5, 6,7, and 8) Boot strapping of the sequences with
neighbor-joining revealed sigmificant support (100%) for
the clade containing F hushke, F hepatica, F gigannica, and
F magna The values of 70% and above 1n the bootstrap
test of phylogenetic accuracy indicates tehable grouping
among difterent members ot tasciolids

Discussion

Morphological ditferences found m adult specimens have
been widely used to discriminate between platyhelminth

Fig. 6 Phylogenetic tree depict- 31 58333
ing relatonship among 2o 01185813361 Fasciolopsis buski
Fasciolopsis buski and other 17 50000 10 12500 g1|110617740 Fasciola hepatica
fasciolid and echinostomatd 200000 78644401 Fasciola gigantica
species as inferred from [TS2 13 45833 16 12500
data by maxumum parsimony o g11110617739 Fascioloides magna
method _190000_[: 1128849854 Echinoparyphium recurvatum
0
11 62500 00000 g1[3135456 Echinostoma sp
4 00000
____: 911103472497 Hypoderaeum conoideum
000000 1 00000 @1[103472496] Euparyphium albuferensis
3245833 050000
0128849855 Isthmiophora melis
0 50000
- 16 12500 @!|37954739 Paryphostomum radiatum
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Fig. 7 Phylogenetic tree

01185813363 Fasciolopsis buski

depicting relationship among 99 005518
Fasciolopsis buski and other 00329 100 5 00391 9178644401 Fasciola gigantica
fasciohd and echinostomatd
004622
species as inferred from ITSI 000688 9175812172 Fasciola hepatica
data by neighbor-joining method 8 911103472494 Echinostoma caproni
25| 000509 : 9114512214 Echinostoma he
000001 000000
81 91103472495 Echinostoma fed)
go| 000135 0 00001
9111389751 Echinostoma revolutum
002148 {0 00001
9 914030327 Echinostoma paraenser
004424 000887
100 [ ooear” 011103472496 Euparyphium albuferensis
000438 003098 5 128849854 Echinoparyphium recurvatum
01137954740 Petasiger phalacrocoracs
006935

species (Miyazaki 1974) However, traditional diagnostic
techniques 1n parasitology are now complemented by a
variety of molecular tools to help in resolving the taxonomic
1ssues associated with describing new spectes or strains on
the basis of phenotypic charactenistics {Thompson et al
2004). Lack of data on genotypic diversity of fasciold
flukes in India makes 1t difficult to perform fine-scale
phylogeographic analysis of populations and does not allow
the origin of regional populations to be umambiguously
determined The taxonomy of F bush: has been based
mainly on morphological data complemented with ecolog-
1cal, cytological, and pathological results as well as chnical
manifestations PCR-based techniques utilizing the ITS
sequences have proven to be a rehable tool to identify the
vartous lung fluke species and their phylogenetic relation-
ships (Blair et al 1999, Iwagami et al 2000) In respect of
F. buski, the 18S rRNA sequence 1s known (Blair and
Barker 1993, accession number LO6668) but the sequences
from ITS markers are not descrnibed so far In search for
molecular markers for this species, we characterized the
ITS region of IDNA

The sequences showed close resemblance with the
members of families Fasciolidae and Echinostomatidae

(Echinostomatinae) From the phylogenetic tiees con-
structed, sequences of two distinct clusters are revealed,
one of Fasciola spp and the other comprising the genera
Echinostoma, Paryphostomum, and Isthmiophora Our
results showed that the bootstrap values 1s almost 100%
among the trees obtained, and the ITS sequences of F bush:
resemble other members of Fasciolidae In closely related
fasciolids, F hepatica and F giganuca, ntraspecific
nucleotide sequence divergence for ITS2 among the 1solates
from Mexico was found to be negligible or nil (Adlard et al
1993) Likewise, no variation was observed between most
of the populations of hver fluke species from difterent
regions i East Europe, Central Asia, and Caucasus,
while only one specimen of -F hepanca from Armenia
showed 0 3% vanation, three out of 11 populations of F
gigantica differed at four nucleotide transitions only
(Semyenova et al 2005)

The evolutionary distance between orgamisms 15 indicat-
ed by honizontal branch lengths. which reflect the number
of nucleotide substitutions per site along the bianch fiom
the node to the end pomnts Compared to TSI, the ITS2
sequences 1n our study showed a higher bootstrap value of
100% confirming that 1t 1s a highly conserved monophyletic

Fig. 8 Phylogenetic tree 19 25000
depicting relationship among 1579167 ] 9185813363 Fasciolopsis busk
Fasciolopsis bushi and other {: 01|78644401 Fasciola gigantica
fasciolid and echinostomatid 18 75000 L3 00000 gI75812172 Fascola hepatica
species as nferred from TSI 000000
data by maximum parsimony 2 00000 11103472494 Echinostoma caproni
method 000000 {W 9114512214 Echinostoma ter
8 75000 0 g1]1389751 Echinostoma revolutum
000000 103472495 Echinastoma fred:
18 66667 000000 400000 91114030327 Echinostoma paraensel
2 g|103472496 Euparyphium albuferensis
237500 1300000 3% 9128849854 Echinoparyphium recurvatum
24 41667

g|37954740 Petasiger phalacrocoracis

Q Springer



1586

Parasitol Res (2007) 101 1581 1587

group This 1s 1n accordance with other studies on
trematodes, which indicate that sequences in the ITS]
might be less conserved then those in the ITS2 region
(Luton et al 1992)

The sequences of the PCR products from adult and egg
stages of the fluke in the present study were found to be
identical n length and composition and showed no genetic
vanability in the worms collected from pigs of the Assam
region These findings mdicate that the different life cycle
stages do not alter the applicability of the method and
corroborate that the ITS sequences are not stage specific
and are conserved through different stages of the develop-
ment of the fluke (Sugiyama et al 2002)

In conclusion, as has already been demonstrated toi
other parasitic helminths, ITS can serve as an etfective
genetic marker for molecular identification However, to
ascertain intra-specific strain variations, 1t any, and to
determine the population structure, different geographtcal
1solates of F bushi from the region need to be studied with
the use of additional molecular markers
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Abstract In several mountainous regions of Northeastern
India, foci of Paragonimus infection reportedly involving
species that are known to prevail in China have been
identified. The present study was undertaken to demon-
strate the surface fine topography and sequence analysis of
the.ribosomal deoxyribonucleic acid (rDNA; second inter-
nal transcribed spacer, ITS2) of the metacercarial stages of
the lung fluke collected from a mountain stream of the area
(Miao, Changlang District in Arunachal Pradesh). The
encysted metacercariae were oval in shape and had a
smooth surface. The newly excysted metacercaria had a
ventral sucker larger than the oral; the body surface was
covered with numerous single-pointed and thorn-like
tegumentary spines, of which those on the anterior part of
the body were bigger in size and showed a gradual
reduction in length and number towards the posterior end;
dome-shaped papillae in variable numbers were seen
around the nm of the oral sucker and were sparsely
distributed all over the body surface. The polymerase chain
reaction-amplified rDNA ITS2 sequences of the metacer-
cariae were aligned with known sequences for the various

The nucleotide sequence data reported in this paper have been
submitted to the Genbank data with the accession number DQ351845.
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species of Paragonimus, and the expectation value was
found to be most significant with P westermani, revealing
an absolute match. The surface topography including the
number and distribution of papillae and spination pattems
and the ITS2 sequences of the metacercariac strongly
suggest that the Paragonimus species, prevalent in the
region of India, is in fact P westermani.

Introduction

The lung flukes of the genus Paragonimus have been known
as one of the most important zoonotic parasites causing
paragonimiasis, also known as endemic haemoptysis, in man.
It is estimated that more than 20 million people are infected
worldwide because of several species of Paragonimus
(review, Toscano et al. 1993). More than 40 species are
known to infect the lung of different mammalian hosts
throughout the world (Bunnag and Harinasuta 1985), and
approximately 15 species are known to infect humans. The
parasite can migrate to several other vital tissues including the
brain (Kusner and King 1993). The best-known species is
P. westermani (Kerbert 1378) Braun 1899—a human parasite
that can undergo development in as many as 16 different snail
species and 50 crustacean species. Beside P westermani,
P pulmonalis (Baelz 1880) Miyazaki 1978; P ohirai
Miyazaki 1939; P ilokisunensis Chen 1940; P skrjabini
Chen 1959; P miyazaki Kamo et al. 1961 and P, heterotremus
Chen and Hsia 1964, all reported to be occurring in Asia,
P. africanus and P, uterobilateralis Voelker and Vogel 1965 in
Africa and P, mexicanus Miyazaki and Ishii 1968 in America
are considered pathogenic to man. While P westermani is
distributed mostly in Asia, £, heterorremus is the predominant
causative agent of paragoninuasis in Thailand (Blair et al.
1999a, b).
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In the context ot India, Chandler and Read (1961)
indicated Bengal, Assam and some other parts of the
country as endemic foci of human paragonimiasis
In recent years, this infection has been reported in a
sizeable human population of Manipur, a northeastern
state of the country (Razaque et al 1991, Singh et al
1993) Although the fluke 1s known to parasitize a wide
range of mammahan hosts representing as many as 11
families, the status of its prevalence and host range in
India 1s not well documented Very recently, in Manipur
and Arunachal Pradesh (Northeast India), the suspected
foct of human infection where consumption of crustacean
mtermediate hosts 1s of regular practice, the Chinese
species, P hueitungensis and P heterotiemus, respective-
ly, were 1dentified as etiologtcal agents of paragonimiasis
(Singh 2002, Naramn et al 2003) However, no or scanty
information 1s available about the prevalence of the
parasite among its moiluscan and crustacean intermediate
hosts as even in the suspected foci ot human nfection

Morphology of the encysted and excysted metaceicariae,
which occur as the infective stage in the muscle tissue
of the crustacean second intermediate host, has been
conventionally used in the 1dentification of the species of
Paragonimus The external appearance of the newly
excysted metacercariae has also been studied for vanous
species of the genus Paragonunus using scanning electron
microscopy (Higo and Ishn 1984, 1987, Tongu et al 1985,
1987, 1995, Sugiyama et al 1990)

The 1dentification of closely related species based on
morphological characters can be difficult This 1s particu-
larly the case of soft-bodied animals such as digenean
trematodes However, recent advances i molecular biolo-
gy, n particular the amplification ot specific deoxyribonu-
cleic acid (DNA) regions via the polymerase chain reaction
(PCR) and immproved sequencing techniques, have been
employed to resolve taxonomic issues related to various
helminth parasites by comparing their DNA The ribosomal
DNA cluster (rDNA), which codes for structural compo-
nents of ribosomes, 1s particularly useful for genetic studies
because 1t 1s highly repeated and contains vanable regions
flanked by more conserved regions (Hilhs and Dixon
1991) PCR-based techniques utilizing the rDNA second
internal transcrnibed spacer (ITS2) sequences, which occut
between the 5 8S and 28S coding regions, have proven to
be a reliable tool to 1dentify the helminth species and therr
phylogenetic relationships (Morgan and Blair 1995, Blair
et al 1999a,b, Leon-Regagnon et al 1999, Iwagami et al
2000, Tkach et al 2000, Kostadinova et al 2003, Scholz
et al 2004) The nuclear nbosomal DNA ITS2 sequences,
which occur between the 58S and 28S coding regions,
have proven useful for diagnostic purposes at the level of
species Fasciola spp and 1solates of Fascioloides magna
from different geographical regions were discnminated on

@ Springer

the basis of ITS sequences (Adlard et al 1993) Studies on
phylogeny and/or intra-spectfic varation in Paragonimus
species have also been done using ITS2 region in recent
years (Blair et al 1996, 1997), and the usefulness of the
method for spectes discrimination has also been demon-
strated 1n nematodes (Campbell et al 1994, Hoste et al
1995, Samson-llimmelstyyerna et al 1997)

During an exploratory survey of edible crab species,
undertaken to ascertain the prevalence of crustacea-borne
trematodiasis 1n the region, stream crabs from Miao,
Changlang Dustrict, of Arunachal Pradesh were found to
be heavily infected with metacercarnae of Paragomimus
spectes The present study was aimed at identifying the
Paragommus species implicated in intection in the region
using surface fine topography of the metacercariae and
molecular markers as the 1dentifying tools

Matertals and methods
Parasite matenal

Naturally infected freshwater edible crabs (Barvlelphu’va
lugubi1s) were collected from a mountain stteam of the
suspected focal area Miao, Changlang District, in Aruna-
chal Pradesh (altitude=213 m above sea level, longitude=
96°15'N and latitude=27°30'E) Metacercanae were 1solat-
ed from the muscles of the crustacean host by digestion
technique The crabs were cut into small pieces with the
help of scissors, minced and digested by overnmight
incubation at 37°C in the artificial gastuic juice The
digested matenals were filtered through mesh wire sieves,
and the filterable sediments were washed repeatedly with
tap water to get a clearer supernatant The sediments were
examuned for Paragonunus metacercariae under a dissect-
Ing stereoscopic microscope A few specimens were duly
processed tor whole-mount preparation and subsequent
light microscopy observations

Scannming electron microscopy

The 1solated metacercariae were fixed in 10% neutial-
buftered formalin at 4°C tor 24 h, washed n phosphate-
buffered saline and dehydrated with ascending grades of
acetone to pure dried acetone The specimens were then
treated with Tetra methyl Silane (boiling point 23 3°C,
surface tension 10 2 dynes/cm at 20°C) tollowing Roy and
Tandon (1991) The dried specimens mounted on brass
stubs were coated with a thin (300 A) layer of gold vapour
The gold-coated specimens wete observed using LEO 435
VP scanning electron mucroscope at electron-accelerating
voltages ranging between 10 and 20 kV
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DNA isolation

The 70% alcohol-fixed metacercariae were further pro-
cessed for DNA extraction and PCR amplification. For the
purpose of extraction, metacercariae recovered from one
single host were pooled together, DNA was extracted from
metacercariae in the FTA card by using Whatman’s FTA
Purification Reagent and amplified by PCR. After applying
the tissue homogenate on FTA cards, the latter were
allowed to dry for 1 h at room temperature before
punching. Two to three sample discs of 1.2 mm size were
taken from the desired spot using a coring device assuming
a 25-pl reaction volume and placed in a PCR amplification
tube. The discs were then washed with FTA purification
reagent and Tris—ethylenediamine tetraacetic acid (EDTA)
buffer and allowed to dry at room temperature for 1 h to
make them ready for PCR.

DNA amplification and sequencing

The rDNA region spanning the 1TS2 was amplified from
metacercarial DNA by PCR. As primers, we used the
following:

1. 3S (forward): 5-GGTACCGGTGGATCACTCGGCT
CGTG-3'

2. A28 (reverse): S-GGGATCCTGGTTAGTTTCTTTT
CCTCCGC-3'

Fig. 1 Whole mounts, stained
preparations, LM view.

a Encysted metacercaria (10x).
b Excysted metacercaria (10x).
c—d Oral and ventral sucker,
respectively, of excysted
metacercaria (20x%)

which were designed based on the conserved sequences of
the 5.8S and 28S genes of Schistosoma species (Bowles
et al. 1995). The PCR amplification was performed
following the standard protocol (White 1993) with minor
modifications in 100 mM Tris HCI (pH 9.0), 500 mM KCl,
1.5 mM MgCl, and 0.2 mM deoxynucleotide triphosphates
each of deoxyadenosine triphosphate, deoxyguanosine
triphosphate, deoxycytidine triphosphate and deoxythymi-
dine triphosphate, 0.25 mM of each primer and 2.5 U of
Taq polymerase (Bangalore Genei, India). DNA was pre-
heated at 94°C for 5 min and added to each PCR reaction.
The PCR cocktail (final reaction volume, 25 ul) was
amplified with the following conditions: 26 cycles of
denaturation at 94°C for 30 s, annealing at 55°C for 38 s
and extention at 72°C for 42 s followed by a final extention
at 72°C for 10 min. The resultant PCR products were
separated by electrophoresis through 1.6% (w/v) agarose
gels in Tris—acetate-EDTA buffer, stained with ethidium
bromide, transilluminated under ultraviolet light and then
photographed. The known size fragments of Phi X 174
DNA/Haelll Digest in agarose gel were used as marker.

For DNA sequencing. the PCR products were purified
using Genei Quick PCR purification Kit and sequenced in
both directions using PCR primers A28 and 3S on an
automated sequencer.
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Fig. 2 SEM views. a, b Encysted
and excysted metacercaria (scale
bar=100 pm). c—i Scale bar=

10 pm ¢ Oral sucker region. Note
the presence of a few domed
papillae on and around the rim
of the sucker. Frontal view.

d Another view of the oral end,
depicting spination pattern on
circum oral tegument. Several
rows of minute spines arranged in
circular fashion are conspicuous.
e Ventral sucker region. A few
randomly distributed papillate
protuberances are present.

f Ventral sucker region in another
specimen. g Spination in anterior
region of body. h Single-pointed,
backwardly directed spines in the
mid-body region. i Smaller spines
in the posterior part of the body

Molecular phylogenetic analysis using bioinfomatic tools

The DNA sequences were put to further analysis with the
usage of bioinfomatics tools including a similarity search
using Basic Local Alignment Search Tool (BLAST)
provided at http://www.ncbi.nim.nih.gov/blast and phylo-
gentic prediction using ClustalW provided at http://www.
ebi.ac.uk/clustalw for DNA sequence query. Phylogenetic
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tree-building methods presume particular evolutionary
models. Therefore, while interpreting the results obtained,
different tree building models were considered to entertain
possible explanations. Only unique sequences were used in
tree construction. ITS sequences arranged with the MEGA
format were entered in the MEGA for construction of the
phylogenetic trees that were inferred using distance
methods like neighbor joining, minimum evolution, un-
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weighted pair group method with anthmetic mean and

character state method like maximum parsimony Test of

phylogenetic accuracy was done by bootstrap for the
neighbor-jomning and mmimum evolution trees

Resuits
Morphology

The newly excysted metacercaria has an elongate body
(81591x492 79 um) n size, the ventral sucker situated
somewhat pre-equitarally, is larger than the oral, the intestinal
caeca are long and extend up to the posterior end of the body,
the conspicuous excretory bladder extends medially m the
intercaecal space (Fig la—d) The scanning electron micros-
copy observations revealed that the encysted metacercaria 1s
oval in shape and has a smooth surface The whole body
surface of the excysted metacercana is covered with
numerous single-pointed and thorn-ltke tegumentary spines,
those covenng the anterior part of the body are bigger n
size and show a gradual reduction n size towards the
posterior end The tegument in the circum-oral region has a
dense aggregaton of small spines that are arranged
several circular rows A few dome-shaped papillae abound

Fig. 4 a, b Phylogenenc trees

Fig. 3 PCR Product of Paru-
gonunns metacercanae in FTA
caid using primer set 3S-A28

on the nm of the oral sucker and the adjacent area in a
random fashion The tegument of the ventral sucker and s
surrounding region and that of the general body surface also
has a dense spination The surface fine topography in the
area reveals the presence of many papillate protuberances,
but the latter are randomly distributed and do not exhibit a
definite pattern of distribution and numbers (Fig 2a—1)

PCR amplification of ITS region and its analysis

The PCR amplified products of 1TS2 of rDNA weie
successfully obtained using the pnimers as mentioned above
(Fig 3) The nucleotide sequences obtained were compated
with other sequences of trematode species from Genbank
The fragments of amplfied DNA were esumated to be

depicung relationship among a Ll YT gblDQ351845 11 P westerman
Paragorumus spp. from different 100 000283 gbIDQ836246 1] P westerman Indha
geographical 1solates inferred 000012
from ITS2 data Distance values 002855 I EryrYe gblAF 159604 1 P westermani Thailand
are shown i all the different 000256 gbIAF 159605 1 P siamensis
trees obtaned and bootstrap
values are shown for Neighbor 5 0302 gblDQ836248 11 P heterotremus India
Jonming tree !
bIAY618742 1 P miyazak
s 000452 98 [ 0060+ 9 Y
001430 bIAY618735 1 P sknabin
000497 voorse O "
dbyiAB248091 11 P bangkokensts
001263 004371
[l mmryver-es gblAF538946 11 P mexicanus
004273
000963 L gblAF159606 1 P kellcott
002532
b ﬂ(,ﬂ_{_‘—"j‘i: gbiDQ351845 11 P westermans
. 10 66657 000000 1iDQ836246 11 P westermani India
7 00000 gblAF 153604 1 P westerman: Thaland
100000 1200000 3hIAF159605 1 P siamensis
12 00000 gblDQ836248 11 P heterotrernus India
2 50000
288087 1bIAY618742 1 P miyazakil
4 00000
4 66667 288857 obiAY618735 1 P sknabin
14 50000 ObjAB248091 11 P bangkokensis
183333 14868887 IbIAF538946 11 P mexicanus
716667 1856887 hiAF159606 1 P kellicott

@ Springer



.26

Parasitol Res (2007) 102:21-28

~500 bp long. Sequence analysis of the ITS2 PCR products
revealed that the alignments of the rDNA region spanning
the ITS2 were 496 bp for the forward primer and 494 bp for
the reverse primer, respectively. No intra-specific variations
in length or composition of the sequence were observed,
and all the ITS2 sequences of the metacercariae were found
to be identical in all the samples. '

The BLAST hit results show that the query ITS2
Paragonimus metacercariae forward and reverse sequences
are closer and more similar to the sequences of the species
P. westermani, P mexicanus, P. siamensis, P. miyazakii and
Euparagonimus cenocopiosus with maximum similarity
being with P westermani.

Construction of phylogenetic trees

Phylogenetic trees were obtained by comparing the 1TS2
sequences of Paragonimus species from different ‘geo-
graphical isolates. Phylogenetic analyses using the various
distance methods and character state method like maximum
parsimony show that .the topology is similar among the
trees obtained (Fig. 4a,b). The values of 70% and above in
the bootstrap test of phylogenetic accuracy indicates
reliable grouping. '

Discussion

Surface fine topography of encysted and newly excysted
metacercariae has been described in respect of several
species of Paragonimus, e.g. P. skrjabini, P. iloktsuensis,
P. ohirai, P. pulmonalis, P. westermani (diploid type),
P. mivazaki (triploid types of P. westermani), P. mexicanus,
P. heterotremus and P. westermani (Miyazaki 1974; He et
al. 1982; Li et al. 1987; Higo and Ishii 1987; Aji et al.
1984; Tongu et al. 1987; Sugiyama et al. 1990; Jiang and
Xia 1993; Sugiyama et al. 2001). Characters such as the
number and distribution pattern of tegumental papillae
around the oral and ventral suckers of the newly excysted
metacercariae have been used as the morphological taxo-
nomic tools for differentiating the various species of
Paragonimus. For example, the number and size of the
domed papillae in metacercariae of Paragonimus spp. in
Japan seems to vary with the species (Higo and Ishii 1984,
1987), although geographical differences do not supposedly
exist with regards to the morphology of the excysted
metacercariae of P westermani, in which the number of
papillae ranges between 5 and 13 (Sugiyama et al. 2001).
However, these - morphological characters .are prone to
variations and thus not absolutely reliable.

The metacercariae under the present study revealed a
ventral sucker larger than the oral unlike P. heteromremus (in

9| Springer

which the oral sucker is larger than the ventral), a species
that has earlier been reported from the same region in
Northeast (Narain et al. 2003). The surface fine topography,
including the number and distribution of papillae and
spination pattern of our material, suggests more closeness
and resemblance with P westermani. In the latter species,
although Sugiyama et al. (2001) reported the occurrence of
dome-shaped papillac as evenly distributed over the whole
body and in circular fashion around the suckers, as per our
observations, the papillae were fewer in number and revealed
to be randomly scattered across the general body surface.

. In the sequence analysis of the rDNA ITS2 comparing
with the known sequences of the other lung fluke species,
the present study revealed that the sequence of ITS2 (plus
flanking regions) show close resemblance with the
sequences of P westermani, both of metacercarial and
adult origins. The results corroborate that the [TS2
sequences are not stage specific and are conserved through
difterent stages of the development ot the fluke (Sugiyama
et al. 2002). In phylogenetic analysis, as a general rule, if
the bootstrap value for a given interior branch of a
phylogenetic tree is 70% or higher, then the topology at
that branch is considered ‘correct.’ Qur results showed a
bootstrap value to be greater than 70% among the trees
obtained, and the ITS2 sequence resembled P. westermani.
Thus, on the basis of surface fine topography features and
supplemented by absolute matching of ITS2 sequence that
could be used as one of the species markers, it can be
concluded that Paragonimus species prevailing in Miao
region of Arunachal Pradesh is indeed P westermani and
not P. heterotremus as reported by earlier workers.
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Abstract The species of liver flukes of the genus Fasciola
(Platyhelminthes: Digenea: Fasciolidae) are obligate para-
sitic trematodes residing in the large biliary ducts of
herbivorous mammals. While Fasciola hepatica has a
cosmopolitan distribution, the other major species, i.e.,
Fasciola gigantica is reportedly prevalent in the tropical
and subtropical regions of Africa and Asia. To determine
the phylogenic location of Fasciola sp. of Assam (India)
origin based on rDNA molecular data, ribosomal ITS
regions were sequenced and compared with other species
of trematodes in the family Fasciolidae. NCBI databases
were used for sequence homology analysis using BLAST
and ClustalW programs. The phylogenetic trees constructed
based upon the ITS (1 and 2) sequences revealed a close
relationship with isolates of F gigantica from China,
Indonesia, Japan, Egypt, and Zambia, the isolate from
China with significant bootstrap values being the closest.
Using the novel approach of molecular morphometrics that

The nucleolide sequence data reported in this paper have been
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and EF027104.
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is based on ITS2 secondary structure homologies, phylo-
genetic relationships of the various isolates of fasciolid
species have also been discussed. While comparing TSI,
the sequence of another Indian isolate designated as F
gigantica (accession no. EF198867) showed almost abso-
lute match with F. hepatica. Hence, this particular 1solate
should be identified as F. hepatica and not F. gigantica.

Introduction

The trematode flukes of the genus Fusciola (the sheep liver
fluke) are parasites of herbivores and infect humans
accidentally causing fascioliasis worldwide. The parasite
is very cosmopolitan in distribution being found throughout
all regions of the world, both temperate and tropical.
Fasciola hepatica is the causative agent of fascioliasis or
‘liver rot’ in ruminants where it may be an important
pathogen. Human infections with F. hepatica are found in
areas where sheep and cattle are raised and where humans
consume raw watercress, including Europe, the Middle
East, and Asia (Mas-Coma et al. 1999). Infection with
Fasciola gigantica, on the other hand, is found more
commonly in tropical regions of the world, areas affected
including Africa, Asia, many Pacific islands including
Hawaii (where it has been reported in man), the Middle
East, Southern Europe, and the south of the USA
(Hammond 1974). Both fasciolids follow a similar two-
host life cycle in which freshwater snails of the f{amily
Lymnaeidae act as intermediate or vector host and a broad
spectrum of mammals including humans, mainly herbivo-
rous large-sized species, act as definitive host (Mas-Coma
et al. 2005).

Identification of closely related species based on
morphological characters alone can be difficult. The rDNA,
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which codes for structural components of ribosomes, s
particularly useful for genetic studies because 1t 15 highly
repeated and contamns vanable regions flanked by more
conserved regions (Hillis and Dixon 1991) The nuclear
nbosomal DNA internal transcribed spacers (ITS1 and
ITS2), which occur between the 188S, 5 8S, and 28S coding
regions, have proven useful for diagnostic purposes at the
level of species (Morgan and Blair 1995, Leon-Regagnon
et al 1999, Tkach et al 2000, Kostadinova et al 2003,
Scholz et al 2004, Prasad et al 2007 and Tandon et al
2007) Fasciola spp and 1solates of Fascioloides magna,
another member of the same family, from different
geographical regions have been discnminated on the basis
of ITS sequences (Adlard et al 1993) The ITS2 sequences
have also been used to characterize the liver flukes from
mainland China, which include F hepatca, F gigantica,
and an intermediate genotype, including polymorphism
among ITS2 copies within the same fluke individual
(Huang et al 2004) ITSI, however, has been used for
only relatively tew numbers of species, though the ITSI
studies confirm the results and conclusions previously
reached with ITS2 (Mas-Coma et al 2001)

Most phylogenetic studies using current methods have
focused on primary DNA sequence information However,
RNA secondary structures are particularly useful n
systematics because they include chatacteristics not found
in the primary sequence that give ‘morphological’ infor-
mation (Caetano-Anolles 2002) The novel approach of
molecular morphometrics that relies both on traditional
morphological comparison and on molecular sequence
comparison by measuring the structural parameters of the
ITS2 secondary structure homologies (geometrical features,
bond energies, base composition, etc) 1s recently being
used to study the phylogenetic relationships of various
species (Billoud et al 2000) This method allows one to
take nto account the regions where multiple ahgnments are
barely reliable because of a large number of insertions and
deletions This method 1s based on the assumption that
secondary structure can be phylogenetically as sigmificant
as primary sequence It 1s well-known that rRNA 1s highly
conserved throughout evolution Thus, the secondary
structure elements of the RNA molecule, 1 ¢, the helices,
loops, bulges, and separating single-stranded portions, can
be considered phylogenetic characters (Zwieb et al 1981,
Schultz et al 2005, Grajales et al 2007)

In the present study, our mamn objective was to
describe the molecular identification of the Indian hver
fluke (the Assam isolates) on the basis of ITS sequences
of the parasite collected from ruminant hosts We also
aimed at determining the species prevalent n the
northeastern region of the country by comparing these
sequences by primary sequence analysis and molecular
morphometrics data

@ Springer

Matenals and methods
Parasite material and DNA 1solation

Adult Fasciola were obtamned in live form from hepatic
biliary ducts of freshly slaughtered cow, Bos indicus The
worms recovered from these hosts represented the geo-
graphical 1solates from Assam, Northeast India and mor-
phologically resembled F gigantica (deposition number of
paratypes at Zoological Survey of India, Kolkata=W7787/1)
Eggs were obtained from mature adult flukes by squeezing
between two glass shides For the purpose of DNA extraction,
adult flukes were processed singly, eggs recovered from each
of these specimens were also processed separately The adult
flukes were first immersed in digestion extraction bufter
(containing 1% SDS, 25 mg Protemase K) at 37°C overnight
DNA was then extracted from lysed individual worms by
standard ethanol precipitation technique (Sambrooke et al
1989) and also extracted on FTA cards using Whatman s
FTA Punification Reagent as described elsewhere (Prasad
etal 2007) DNA fiom the eggs was extiacted only with the
FTA card technique

DNA amplification, sequencing, and its analysis

The rDNA region spanning the ITS regions was amplified
from DNA obtained from the fluke by polymerase chain
reaction (PCR) We used the universal primers considered
to be the general pnmers for trematodes and are designed
based on conserved ITS sequences of Schistosoma species
following Bowles et al (1995) as detailed below

I ITS2 region—3S (forward) 5'-GGTACCGGTGGAT
CACTCGGCTCGTG-3" and A28 (teverse) 5'-GGG
ATCCTGGTTAGTTTCTTTTCCT1CCGC-3

2 ITSI region—BDI (forward) 5-GTCGTAACA
AGGTTTCCGTA-3' and 4S (reverse) 5-TCTAGA
TGCGTTCGAA (G/A) TGTCGATG-3'

The PCR amplification was performed following the
standard protocol (White 1993) with minor modifications as
described elsewhere (Prasad et al 2007, Tandon et al
2007) The resultant PCR products were separated by
electrophoresis through 1 6% (w/v) agarose gels in TAE
buffer, stained with ethidium bromide, transillununated under
ultraviolet light, and then photographed The known size
fragments of Ph1 X 174 DNA//{aelll digest 1in agaiose gel
were used as marker For DNA sequencing, the PCR
products wete purified using the Gener Quick PCR punifica-
uion kit and sequenced 1n both directions using PCR pnmers
on an automated sequencer by the DNA sequencing services
of TCGA, New Delhi and Bangalore Genei

The DNA sequences were put to further analysis by
using vanous bioinformatics tools including simularity
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search BLAST (http//www.ncbi.nlm.nmih.gov/blast) and
phylogenetic prediction by ClustalW (http://www.ebi.ac.
uk/clustalw) for each query DNA sequence.

Molecular phylogenetic analysis

Initially, the sequences were aligned using ClustalW
multiple alignment (Thompson et al. 1994) with the default
gap and extension penalties used by this program. Phyle-
genetic tree-building methods presume particular evolution-
ary models. Therefore, while interpreting the results
obtained, we considered different tree-building models to
entertain possible explanations. Only unique sequences
were used in tree construction. ITS sequences were entered
in the MEGA for construction of the phylogenetic trees
using maximum parsimony and distance methods, namely,
neighbor-joining, UPGMA, and minimum evolution.
Branch support was given using 1,000 bootstrap replicates
in MEGA (Hillis and Bull 1993).

Phylogenetic analysis was also carried out using the
Bayesian approach with combined datasets using Mrbayes
3.1 (Huelsenbeck and Ronquist 2001), wherein each data
partition is allowed to have a different evolution rate.

Predicted 1TS2 RNA secondary structures and analyses

Secondary structures of ITS2 sequences of various fasciolid
species were reconstructed by aligning their sequences
using BioEdit (Hall 1999). The acquired structures with
restrictions and constrains were submitted in MFOLD
(Zuker 2003). RNA was folded at a fixed temperature of
37°C, and the structure chosen from different output files
was the desired six-helicoidal ring or the one with the
highest negative free energy if various similar structures
were obtained.

Adult

Fig. 1 PCR products of Fasciola sp. adult DNA using primer set 35—
A28 for ITS2, marker Phi X 174 DNA/Haelll digest

Adult

Fig. 2 PCR product of Fasciola sp. adult DNA using primer set
BD1-4S for ITS1, marker Phi X 174 DNA/Haclll digest

Results
PCR amplification of ITS regions and its analysis
The PCR-amplified products were successfully obtained

using the primers as mentioned above and are depicted in
Figs. 1 and 2. The nucleotide sequences were obtained for

ITSI and ITS2 of rDNA of F. gigantica and were compared

with sequences of other fasciolid species obtained from
GenBank by the ClustalW tree-building method (Fig. ).
The fragments of amplified DNA were estimated to be 480-
550 bp long. No intraspecific variations in length or
composition of the sequence were observed, and the ITS .
sequences of both adult and egg origin were found to be
identical in length as well as composition. For compar-
ative purpose, the ITS2 sequences of fasciolids from

12Fasciola gigantica Purkina -
7Fasciola gigantica Zambia

SFasciola sp.Hokkaido-1 Japan

10Fasciola hepatica Australia

11Fasciola gigantica Zambia

8Fasciola sp. Hiroshima—18 Ja

SFasciola sp. Saitama~10 Japa
hLL —L

6Fasciola sp Japan

4Fasciola gigantica mdonesia

13Fasciola gigantica Egypt

18Fasciola gigantica Chinae
1Fasciola gigantica /ndia
2Fasciola sp. 25 T/-2005 Japa

SFasciola gigantica /ndonesia

[~ Fascioloides magna Austria
L 16Fascioloides magna USA Alb
[~ 17Fasciolopsis buski India
18Fasciolopsis buski India

Fig. 3 ClustalW tree for ITS2 scquence
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Table 1 Fasciolidae species and their vanous geographical solates used m this study with the 1espective GenBank accession numbers for the

corresponding 1TS2 sequences

Scquence kength (bp) Classificanon

Species GenBank accession no
Fasciola gigantica India (B) EF027103
F sp 25 T1 2005 Japan AB207152
F gigantica Indonesia (E) AB207149
F gigantica Indonesta AB010977
F sp Saitama 10 Japan AB207151
F sp Japan AB010979
F gigantica Zambia AB010976
F sp Hiroshima 18 Japan AB207153
F sp Hokkaido | Japan AB207150
F hepanca Australia AB207148
F gigantica Zambia (D) AB010975
F gigantica Burkina Faso AJ853848
F gigantica Egypt (A) DQ383512
Fasciola gigantica China (C) AJ557569
Fascioloides magna Austna DQ683545
F magna USA Albany EF051080
Fasciolopsts buski India DQ351842
F buskr India DQ351841}

720 Digenca Fasciohdac
505 Digenca Fasciohdac
505 Digenca Fasciolidac
505 Digenca Fasctolidac
505 Digenea Fasciolidae
505 Digenea Fasciohdae
505 Digenea Fascrolidae
506 Digenea Fasciohidae
506 Digenea Fastiohdae
506 Digenea Fasciolidae
505 Mgenea Fasciohdae
950 Digenea Fasciohdae
509 Digenea Fasciohdae
361 Digenca Fasciohidae
538 Digenea Fasciolidae
2920 Digenea Fasciolidae
498 Digenea Fasciohdac
481 Digenca Fasciolidac

B sequence generated as part of the present study A C D and £ scquences from dillerent geographical wolates of /- giganiica used tor the

construction of sccondary structurcs

various geographical regions were obtained trom Gen-
Bank (Table 1) The BLAST hit results show that the
query ITS sequences were more simlar to the sequences
of various geographical isolates of Fasciwola sp, F
hepatica and F gigantica besides Fasciolopsis bush: and
F magna (both belonging to the same tamily, 1e,
Fasciolidae)

Phylogenetic trees
Phylogenetic trees were obtained by comparing the sequen-
ces of F' gigantica and available ITS (1 and 2) sequences

for other fasciohd species (Figs 4 and 5) Phylogenetic
analyses using the various distance methods and characte:

Fig. 4 Maximum parsimony

method like maximum parsimony showed that the topology
1is similar among the trees obtained Bootstrapping of the
sequences with neighbor-joining revealed significant sup-
port for the clade containing F hepanca, F grgantica, F
bushi, and F magna The values of 70% and above in the
bootstrap test of phylogenetic accuracy indicates rehable
grouping among different members of fasciolids The
phylogenetic trees constructed based upon the ITS (1 and
2) sequences by multiple tree-butlding methods in MEGA
revealed a close relationship with isolates of £ gigantica
trom China, Indonesia, Japan, Egypt, and Zambra While
comparing the ITS! sequences through BLAST seaich
(ClustalW alignment), the sequence of another Indian 1solate
designated as F giganuca (accession no EI198867) from

16Fascioloides magna USA Alba

tree of ITS2 sequence

12Fasciola gigantica Burkina F
15Fasciola gigantica China
7Fascola gigantica Zambia
3Fasciola gigantica Indonesia
SFasciola sp Saitama 10 Japan

9Fasciola sp Hokkaido 1 Japan
11Fasciola gigantica Zambia
8Fasciola sp Hiroshima 18 Jap
10Fasciola hepatica Australia
13Fasciola gigantica Egypt
1Fasciola gigantica India
4Fasciola gigantica Indonesia

hll

2Fasciola sp 25 T1 2005 Japan
6Fasciola sp Japan

17Fasciolopsis buski India
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Fig § Neighbor-joiing tree of
ITS1 sequence showing boot-
strap values and distance
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the Indian Veterinary Research Institute, Bareilly showed
almost absolute match with F hepatica

Secondary structure analysis

Five predicted RNA secondary structures were reconstructed
from the unique sequences with the highest negative free
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Fig. 6 Predicted ITS2 RNA secondary structures and thewr structure
formation enthalpies according to MFOLD
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energy of F giguntica to provide
phylogenetic analysis (Figs 6, 7,

4Fasciola sp Satama 10 Japan
16Fasciola gigantica Bareily
13Fasciola hepatica Austraha
7Fasciola gigantica Zambia Lu
2Fasciola gigantica Burkina Fa
12Fasciola hepatica lreland
8Fasciola sp HS 5 South Korea
GFasciofa gigantica Indonesia
14Fasciola hepatica Usuguay
15Fasciola gigantica China
SFasciola sp Hiroshima 18 Jap
11Fasciola sp Hokkado 1 Japa
5Fasciola gigantica Thaand
10Fasciola sp HS 3 South Kore
1Fasciola gigantica India
JFascioloides magna USA Alban
17Fasciolopsis buski India

Fasciolopsis buski India

the basic information for
§ 0, and 10) The ITS2

plus flanking regions of the nuclear region ranged from 720
bp in F' gigantica India to a mimmum length of 361 bp in
F gigantica China The secondary structural features of
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Fig. 8 Predicted ITS2 RNA sccondary structures and their structure
formation enthalpies according to MFOLD
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Fig 10 Predicted 1TS2 RNA sccondary structurcs and their structure
formation enthalpies according to MFOLD

ITS2 regions as shown in the figures were analyzed based
on conserved stems and loops, which, in order of
preference, were interior loop, bulge loop, multiple branch
loop, hairpin loop, and exterior loop n all the isolates F
gigantica 1solates from India and Chima show an -overall
stmilanty in ITS2 rRNA folding and have identical
secondary structures, which, in the remaining three isolates,
show some variant The observed similarnities at the
secondary structural level aie further reflected at the energy
level (~AG) The difference in their topology, however. 1s
due to the difterences in nucleotide sequence lengths These
secondary structute predictions indicate that the domains
base pair to form a core region central to several stem
features imply that conservedness s more important for
proper rRNA folding pattern Moteover, the observed
phylogenetic trend was 1dentified with respect to the target
accessibility sites for the five dlfferegl 1solates  The
topology based only on the predicted RNA secondary
structure of the ITS2 region resolved most relationships
among the species studied Bayesian analysis of the
alignment retained the same topology and supported
the same branches as the prnmary sequences (Fig 11)
The ITS2 sequence ot the Indian 1solate revealed closest
similarity with the 1solate from Chma with sigmficant
bootstrap value
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r Fascicloides magna Austria
- 16Fascioloides magna USA Alba

- 12Fascigla gigantica Burkina F

13Fasciala gigantica Egypt
L 7Fasciola gigantica Zambia

r 2Fasciola sp 25 Tl 2005 Japan

+  AFasciola gigantica indonasia

I 3Fasciola gigantica Indonesia

0.54 15F asciola gigantica China
tFasciola gigantica tndia

L[ SFasciola sp Saitama 10 Japan
0.97

6Fasciola sp Japan

1.00 9Fasciola sp Hokkaido 1 Japan

10F agciola hepatica Australia
0.96
11Fasciola gigantica Zambia

8Fasciola sp Hiroshima 18 Jap

17F asciolopsis buski india
T 1.00 i

0.1

18F asciolopsis buski India

Fig. 11 Phylogenetic relationships between members of family Fasciolidae. This tree shows hypothetical Bayesian analysis phylageny based on
the secondary structure alignment data of the ITS2 region. The numbers are equivalent to bootstrap percentages

Discussion

The taxonomy of Fasciola spp. has been based mainly on
morphological data complemented with ecological, cyto-
logical, and pathological results as ‘well as clinical
manifestations. Morphological differences found on stained
and mounted adult specimens have been widely used to
discriminate between platyhelminth species (Miyazaki
1974). 1t is possible to distinguish between adult F
hepatica and F. gigantica on the basis of morphology, but
much variation exists. Differentiating between two species
is not possible on the basis of clinical, pathological, or
immunological findings and their eggs are morphologically
very similar (Lotfy and Hillyer 2003). Consequently, where
both species occur concurrently or in overlapping geo-
graphical distribution, it is not possible to be certain as to
which species is responsible for the disease. The low
number of records of infection with £ gigantica may well
be due to the lack of good tools to distinguish this species
from F. hepatica (Marcilla et al. 2002).

The coimparison of ITS sequences from worms of
different hosts and of different countries indicates that there
exists a high species-specific homogeneity. In the present
study, primary sequence analysis revealed a close relation-
ship between the query sequence (from Northeastern region

of India) and isolates of £ gigantica from China, Indonesia,
Japan, Egypt, and Zambia (Adlard et al. 1993). The
phylogenetic trees constructed showed that the groups of
multiple closely related genotypes of F. gigantica from Asia
are broadly sympatric. Such a pattem is expected for
species with high gene flow whose populations have not
been sundered by long-term biogeographic barriers (Avise
2000). The sequence of another Indian isolate, designated
as F. gigantica (accession no. EF198867) from the Indian
Veterinary Research Institute, Bareilly showed almost
absolute match with K hepatica. Hence. on the basis of
molecular similarity, this particular isolate should be
identified as F. hepatica and not F. gigantica.

In this study, we present a new approach of molecular
morphometrics in which the measurable structural parame-
ters of the molecules are directly used as specitic characters
to construct a phylogenetic tree. These structures are inferred
from the sequence of the nucleotides, often using energy
minimization (Zuker 1994). Several patterns of predicted
secondary structures of RNA were constructed from unique
ITS sequences from different geographical isolates of F
gigantica, which provided us with the additional informa-
tion for the correct identification.of the specics prevalent in
the region. Molecular morphometrics appears to be com-
plimentary to classical primary sequence analysis in
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phylogenetic studies as 1t takes into consideration only the
size vanations of homologous structural segments, and this
choice implies that the overall architecture of the molecule
remains the same among the observed taxa This method
helps 1n taking nto account the regions where multiple
ahgnments are barely reliable because of large number of
insertion/deletion operations In the present study, the
secondary structure analysis of the same data also con-
firmed the results mentioned for primary sequence analysis
Differences 1n their topology are only due to the tact that
there are vanable lengths of the sequences However, there
are difficulties 1n defining a distance between two related
structures with vanable topologies (Shapiro 1998) Never-
theless, because there were inconsistencies in the placement
of a few Fasciola species, this study needs to be extended
in order to gain a better understanding of the systematics of
this group as well as the evolution of their predicted ITS2
RNA secondary structures

The results also corroborate that the Fasciola species
prevalent in Assam, Northeast India 15 1n fact £ gigantica
and not F hepatica, which otherwise 1s the most common
liver fluke throughout the globe Lack of data on genotypic
diversity of Fasciola species in Africa and India does not
allow the origin of regional populations to be unambigu-
ously determined Further studies with additional molecular
markers are needed to determine the population structure
and divergence between the two closely related species of
this genus
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Abstract Gastrodiscoides hominis (Digenea: Paramphisto-
mata: Gastrodiscidae) is an amphistomid intestinal fluke of
pigs causing gastrodiscoidiosis. With the use of molecular
tools assisting the conventional diagnostic procedures, we
aimed at finding out molecular characterization of G.
hominis using PCR amplifications of rDNA ITS (1, 2)
sequences. The sequences obtained (GenBank accession
numbers EF027096, EF(027097, EF027098, EU887294,
and EU887295) were compared with available sequences
of other digenean parasites, particularly those having a
zoonotic potential in the northeastern region of India. The
BLAST search revealed a close similarity with members of
the family Paramphistomidae, showing maximum similarity
with the amphistome, Homalogaster paloniae (subfamily
Paramphistominae). Based on various tree construction
methods, phylogeny of G. hominis is discussed.

Introduction

Gastrodiscoides hominis, a digenean trematode, is com-
monly found in cecum and colon regions of pig and human
where pig is a normal host species (Ahluwalia 1960; Kumar
1980, 1999) and is the only amphistomid parasite of man
(Mas-Coma et al. 2005). Apart from pig, some other animals
are also found to be infected such as Napu mouse deer
(Tragulus napu), common field rat (Rarntus brevicaudatus),
rhesus monkey (Macaca mulanta), and some other species of
monkey (Buckley 1964; Fox and Hall 1970; Herman 1967).
Easwaran et al. (2003) reported a wild pig also infected by
this parasite in Thekaddy forest, South India. G. hominis has

L. M. Goswami - P. K. Prasad - V. Tandon (=) - A. Chatterjcc
Department of Zoology, North-Eastern Hill University,
Shillong 793022 Meghalaya. India
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been reported from American muskrat (Qndatra zibethica) in
Volga Delta, Russia (Ivanov and Semenova 2000). Human
infection was reported in a 7-year-old girl in Nigeria,
diagnosed by eggs in stools (Dada-Adegbola et al. 2004).
The exact life cycle is unknown but probably similar as in
other species of Gastrodiscidae involving aquatic vegetations
as the second intermediate environment that is used for the
encystment of the metacercarial infective stage (Zablotski
1964; Dutt and Srivastava 1972; Mas-Coma et al. 2007).
Gastrodiscoidiosis has symptoms similar to diarrhea and, if
untreated, might kill the patient, mostly children (Kumar
1980). Eggs are voided in feces, but species identification and
diagnosis of infection from eggs alone may be problematic,
since most amphistomid eggs have similar morphology.

G. hominis has a wide distribution throughout India
including the states of Assam, Bengal, Bihar, Uttar Pradesh,
Madhya Pradesh and Orissa (Shrivastav and Shah 1970;
Murty and Reddy 1980). Apart from India, it is widely
distributed in countries like Pakistan, Burma, Thailand,
Vietnam, Philippines, China, Kazakhstan, and Russia
(Ahuwalia 1960; Buckley 1939; Kumar 1980; Harinasuta
et al. 1987; Yu and Mott 1994; Ivanov and Semenova
2000). Buckley (1964) reported high prevalence of Gastro-
discoides in humans, mostly children (around 41%), in
Kamrup district of Assam, India. In a later study carried out
in Meghalaya (India), G. hominis was shown (o have
seasonal prevalence (Roy and Tandon 1992).

The application of DNA methods to studies on the
systematics and population genetics of platyhelminth parasites
has become widespread in recent years, since identification
based on morphology is not always unequivocal. With the use
of PCR and sequencing approaches, taxonomic issues can be
resolved quite accurately by comparing the DNA of the taxa,
utilizing genetic markers in nuclear ribosomal DNA in
particular (Blair et al. 1996; Hust et al. 2004). The ribosomal
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non-coding DNA ntemnal transcribed spacer regions (ITSI
and ITS2) can be utilized for species level diagnosis, as these
are the most conserved genes 1n eukaryotic cells showing an
extreme sequence similanty even between distant phyloge-
netic taxa (Hillis and Dixon 1991) ITS sequences were found
to be useful 1n charactenzing the species of Fasciolopsis and
Paragomimus that occur as potential zoonoses in the
northeastern regions of India (Prasad et al 2007, Tandon et
al 2007) With regard to amphistomid trematodes, the
published information about ITS2 sequences 1s so far imited
to only a few species, namely Calicophoron calicophorum,
C daubneyr, C mcrobothiiowdes, Orthocoelum steptocoe-
hum and Homalogaster palomae (Itagaki et al 2003)

As the eggs pose a greater challenge in species level
diagnosis than the much larger adults, the present study aimed
at amplifying the ITS1 and ITS2 regions ot (rDNA denved
from egg and adult) G homims, yet another trematode
parasite of zoonotic implications n the region, the informa-
tion emerging from the study would be useful in differen-
tiating this species from other trematode-bome potential
zoonoses viz Paragonimus westermani, Fasciolopsis bushi,
Fasciola gigantica, Clonorchis sinensis and Opisthorchis
wiverrint tor all of which ITS (1 and 2) regions have been
charactenized and will be further used for assessing the
extent of genetic diversity, if any, of the parastte

Materials and methods

Parasite material and DNA 1solation

Live adult G hominis flukes were obtamned from the
intestine of freshly slaughtered pigs of Assam and Megha-

laya onigin, Sus scrofa domestica, at local slaughter houses
To isolate DNA, five adult worms each collected from
different host animals of the two geographical locations
were processed singly, they were first immersed in
digestion extraction butfer (containing 1% SDS 25 mg
Proteinase K) at 37°C overmight DNA was then extracted
from lysed individual worms by standard phenol chloro-
form techmque (Sambrook et al 1989) Eggs were taken
out from the mature adult fluke by squeezing between two
slides and placed on the FTA cards (Whatman Biosciences
Ltd ) The cards were dried for 1 h, punched, and two sample
discs were taken from each card tor one PCR reaction
Sample discs were washed with Whatman'’s FTA purification
reagent and TE butter, and allowed to dry tor | h at room
temperature, after which they were ready tfor PCR

DNA amplification, sequencing, and its analysis

The rDNA region spanning the ITS regions was amplified
from genomic DNA obtained from the adult or egg stage
by PCR We used the universal primeis based on conserved
ITS sequences of Schistosoma species (Bowles et al 1999)
as detarled below

I ITSI region—BD! (torward) 5" GTCGTAACAAG
GTTTCCGTA-3' and 4S (reverse) 5'-TCTAGATGCG
TTCGAA (G/A) TGTCGATG-3'

2 ITS2 region—3S (forward) 5'-GGTACCGGTGGATC
ACTCGGCTCGTG-3 and A28 (reverse) 5-GGGATC
CTGGTTAGTTTCTTTTCCTCCGC-3’

The PCR amplification was pertormed following the
standard protocol (White 1993) with minor modifications as
described elsewhere (Prasad et al 2007, Tandon et al

Fig 1 Pair-wise alignment of Adulc S1 TACTGCTTIGAACATCGACATCTIGAACGCATATIGCGGCCACGGGTTIT 100
ITS2 sequence of egg and adult RERRRER RN RN NN AR AR RN NN NN RRNRRRRARRRRE|
stages of G homnis Egg 49 TACIGCTTIGAACATCGACATCTIGAACGCATATIGCGGCCACGGGTITTT 98
Adult 101 CCTGTGGCCACGCCTGTCCGAGGGTCGGCTTATAAACTATCACGACGCCC 150
COPEEER e e eerreeeerennninnen
Egg 99 CCTGTGGCCACGCCTGICCGAGGGTCGGCTTATAAACTATCACGACGCCC 148
Adult 151 ARRARGTCGIGGCTTGGARTCTGCCAGCTGGCGTGATTTICCTCTGTGGTT 200
(RERNNRN RN R NN RN AN NN AR AN RN RR RN RN RN RN
Egg 149 AAAAAGTCGTIGGCTTGGAATCTGCCAGCTGGCGTGATTITCCICIGIGGTT 198
Adult 201 CGCCACGIGAGGTIGCCAGATCTAIGGCGTITICCTARTGTCICCGGACAC 250
(RRRRR RN RN RN RN NN RN RN NN RN RN RN RNY
Egg 199 CGCCACGIGAGGTGCCAGATCTATGGCGTITICCTAATGTCTCCGGACAC 248
Adult 251 AACCGCGICTIGCIGGTAGCGCAGACGAGGGTGTGGCGGTAGAGICGT-G 299
RRRR RN RN RN RN RN R NN AR RN RN RN
Egg 249 AACCGCGICTTGCIGGTAGCGCAGACGAGGGIGIGGCGGTAGAGICGTGG 298
Adult 300 CTICAATGTARTGTATGIGGTIATCACGCICTICIGITGTIGCCTITIGTTAGT 349
TN RN RN N NN R RN RN RNNNNA R AREY
Egg 299 CTCAATGTAATGTATGTGGTAGCACGCICIGCTGTTIGTGCCTTIGITAGT 348
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Fig. 2 Neighbor-Joining tree of
ITS1 sequences of 93
G homunis and other zoonotic

EF027098 Gastrodiscoides hominis
0201

100 AY245709 Petasiger phalacrocoracis

trematodes showing bootstrap 0004 100| 0050 5093 AY 245708 Paryphostomum radiatum
values and distance 0138 95 EF027104 Fasciola gigantica
0032
ﬂ DQ351843 Fasciolopsis buski
]
v EU170370 Crassicutis choudhury
I 0134 v
0005 AF(040932 Paragonimus westermant
60 0112
0021 AY 245705 Haplorchis taichui
95 0105
AY 245702 Dexiogonmmus clureanus
0043 85 0058
0057 0020 ® ™ 5on EU038153 Opisthorchis vivernni
0035 EU038132 Clonorchis sinensis
AF 151946 Plagiorchis koreanus
oy

2007) The PCR cocktail (final reaction volume 25 pl) was
amplified with the following conditions for ITS]—mtial
denaturation at 94°C for 5 min, then 35 cycles including
denaturation at 94°C for 60 s, annealing at 54°C tor 50 s,
extension at 72°C for 80 s, followed by final extension for
7 mun at 72°C For amphfication of ITS2 region, the
conditions were as follows—initial denaturation at 94°C tor
5 min, then 26 cycles including denaturation at 94°C for
30 s, annealing at 55°C for 38 s, extension at 72°C for 42 s,
followed by final extension for 10 mun at 72°C The
resultant PCR products were separated by electrophoriesis
through 1 5% (w/v) agarose gel in TAE buffer, stained with
ethidum bromude, transilluninated under ultraviolet hight,
and then photographed The known size fiagments of
100 bp ladder in agarose gel were used as marker For
DNA sequencing, the PCR products were punfied using
Gener Quick PCR punfication kit, sequenced in both
directions usitng PCR primers on an automated sequencer
by DNA sequencing services of The Centre for Genomic
Applications, New Delhi, India, and submitted to GenBank

under the accession numbers EF027096 (ITS2, adult),
EF027097 (ITS2, egg)., EF027098 (ITSI, adult),
EU887294 (ITS1, adult), and EU887295 (ITS2, adult)

The ITSI and ITS2 sequences were compared using
nucleotide BLAST (blastn) with detault settings (URL
hitp “www nchr nlim nih gov ‘blast), and phylogenetic pre-
diction was done by CLUSTALW (URL http /wwaw ebi ac
uhsclustalw) for each query DNA sequence Phylogenetic
reconstructions were done using the MEGA 4 0 package
(Tamura et al 2007} ITS sequences were entered in MEGA
for construction ot the phylogenetic trees using maximum
parsimony and distance methods namely the Neighboi-
Joiming, UPGMA, and Minimum Evolution

Results
The ITS1 and ITS2 regions of G homims DNA of adult

fluke and egg origin were successfully amphfied by using
the abovementioned trematode primers The size of the

EF027098 Gastrodiscoides hominis

56 302
98 AY245709 Petasiger phalacrocoracis
14 261 '—_{:
% 100 16 928 5500 AY245708 Paryphostomum radiatum
33874 __94@ EF027104 Fasciola gigantica
10 928 Py DQ351843 Fasciolopsis buski
EU170370 Crassicutis choudhuryi
38 42028
AF040932 Paragonimus westerman
9433 37 I 33483 9
96 8545 pryn AF 151946 Plagiorchis koreanus
19102 AY245705 Haplorchis taichut
76 28 240
Y2457
23 221 57 15950 AY245702 Dexiogonimus ciureanus

12 290

95 [ EU038153 Opisthorchis vivemni
12450 EU038132 Clonorchis sinensis

3 500

Fig. 3 Maximum parsimony tree of ITS1 sequences of G Aomuns and other zoonotic trematodes showing bootsirap vafucs and distance
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Fig. 4 Neighbor-Joining tree of

ITS2 sequences of G, hominis 100 T EF027096 Gastrodiscoides hominis
and other zoonotic trematodes 0.105 86 0014 AB042190 Homalogaster paloniae
‘sjl}f);ving bootstrap value and 72 0013 45 o00s AB042189 Orthocoelium streptocoelium
Istance 0.008 0.002 0:016 AB042188 Calicophoron calicophorum
0100 AY584735 Opisthorchis viverrini
100 o002 AJ564385 Hypoderaeum conoideum
100 0.044 oo AJ564384 Euparyphium albuferensis
59 0.139 005 ' AJ564382 Echinostoma caproni
0.021 9(‘;’0,0—72 EF027103 Fasciola gigantica
. 0.007 0049 —T DQ351841 Fasciolopsis buski
o1z DQ351845 Paragonimus westermani

émpliﬁed DNA from the adult parasite was 841 bp for ITS]
and 494 bp for 1TS2 with flanking regions. The 1TS2
sequences of the egg and adult stage DNA of the parasite
were aligned and found to be absolutely similar in both
(Fig. 1), thus revealing no stage-specific difference.

The sequences were aligned in BLAST. Sequences
generated from both the geographical isolates (of Assam
and Meghalaya origin) were found to be identical.
Phylogenetic analyses using the various distance methods
and character state method like maximum parsimony show
that the topology is similar among the trees obtained. Since
the ITS1 sequences of paramphistomid trematodes are not
available in the GenBank database so far, the sequences
available for other digenean parasites were used for
alignment. Phylogenetic trees constructed showed that the
query ITS1 G. hominis forward and reverse sequences
stand close to and are similar in descending order to the
sequences of Petasiger phalacrocoracis, Paryphostonum
radiatum, Fasciola gigantica, Fasciolopsis buski, Crassi-
cutis choudhuryi, Paragonimus westermani, Haplorchis
taichui, Dexiogonimus ciureanus, Opisthorchis viverrini,
Clonorchis sinensis and Plagiorchis koreanus (Figs. 2 and
3). The ITS2 sequences of G. hominis were aligned with
those available for other members of the family Param-

Fig. 5 Maximum parsimony

phistomidae, Echinostomata, and also of other families
having zoonotic potential in the region and neighboring
countries. The phylogenetic trees based on ITS2 sequences
showed close resemblance with Homalogaster paloniae,
Orthocoelium streptocoelium, Calicophoron calicophorum,
Opisthorchis viverrini, Hypoderaeum conoideum, Eupar-
yphium albuferensis, Echinosioma caproni, Fasciola gigan-
tica, Fasciolopsis buski and Paragonimus westermani
(Figs. 4 and 5), maximum similarity being shown with /1.
paloniae with significant bootstrap value. The values 70%
and above in the bootstrap test of phylogenetic accuracy
indicated reliable grouping among different members of
Paramiphistomidae.

Discussion

Morphological differences found in adult specimens
have been widely used for platyhelminth discrimination
(Miyazaki 1974). However, traditional diagnostic techni-
ques are now being complemented by a variety of molecular
tools to help in resolving the taxonomic issues associated
with describing new species or strains on the basis of
phenotypic characteristics (Thompson et al. 2004). PCR-

EF027096 Gastrodiscoides hominis

e of [ equences of G. 36.200 .
e o TS2 sequences o 100 a4 AB042180 Homalogaster paloniae
hominis and other zoonotic 37517 5.333
trematodes showing bootstrap &1 N 2.200 AB042188 Calicophoron calicophorum
value and distance 17983 8.833 YT AB042189 Orthocoelium streptocoelium
: AY584735 Opisthorchis viverrini
35.267 )
100 AJ564385 Hypoderaeum concideum
100 18.750 AJ564384 Euparyphium albuferensis
69 51033 A167 AJ564382 Echinostoma caproni
17917 95',_2_”57_ EF027103 Fasciola gigantica
16.717 L DpQ351841 Fasciolopsis buski
0.500 26,667 P
DQ351845 Paragonimus westermani
38.950 .
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based techmques using the ITS sequences have been
proven to be a reliable tool to identify the various lung
fluke species and their phylogenetic relationships (Blair et
al 1999, Iwaganu et al 2000, Tandon et al 2007) In the
phylogenetic analysis of the ITS] sequence and companison
with the available sequences of other Digenea, G hominis
shows close resemblance with members of Paramphistomi-
dae and Fasciolidae due to lack of sequences for amphis-
tomes In case of ITS2 sequences, G honmuins stood close to
the members of families Paramphistonidae and Echinosto-
matidae Based upon the trees constructed. two distinct
clusters are revealed one of Paramphistomidae and other
for Echinostomatidae The ITS2 sequences in the present
study showed a higher bootstrap value confirming that 1t 1s
a highly conserved monophyletic group compared to ITSI,
the results being in accordance with other studies on
trematodes (Luton et al 1992, Prasad et al 2007)

The present study herewith provides the first molecular
charactenization of G homuus using ITS1 and [TS2
sequences However, to ascertain intra-specific strain
vanations, If any, and to determine the population structure
and genetic variabihty, difterent geographical isolates of G
homunis from the region need to be studied with the use of
addtional molecular markers
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Abstract:
Most phylogenetic studies using current methods have focused on primary DNA sequence information However, RNA
secondary structures are particularly useful in systematics because they include characteristics that give “morphological”
information which 1s not found n the primary sequence Also DNA sequence motifs from the internal transcribed spacer
(ITS) of the nuclear rRNA repeat are usefu! for identification of trematodes The species of liver flukes of the genus Fasciola
(Platyhelminthes Digenea Fasciolidae) are obligate parasitic trematodes restding 1n the large bihary ducts of herbivorous
mammals While Fasciola hepatica has a cosmopolitan distribution, the other major species, 1€, F gigantica 1s reportedly
prevalent in the tropical and subtropical regions of Africa and Asia To determine the Fasciola sp of Assam (India) origin
based on rDNA molecular data, ribosomal ITS2 region was sequenced (EF027103) and analysed NCBI databases were used
for sequence homology analysis and the phylogenetic trees were constructed based upon the ITS2 using MEGA and a
Bayesian analysis of the combined data The latter approach allowed us to include both primary sequence and RNA
molecular morphometrics and revealed a close relationship with 1solates of F gigantica from China, Indonesia and Japan,
the 1solate from China with significant bootstrap values being the closest 1TS2 sequence motifs allowed an accurate in silico
distinction of liver flukes The data indicate that ITS2 moufs (< 50 bp mn size) can be considered promising tool for
trematode species identification Using the novel approach of molecular morphometrics that 1s based on ITS2 secondary
structure homologies, phylogenetic relationships of the various isolates of fasciohd species have been discussed

Keywords: Fasciola hepatica, Fasciola giganuca, secondary structure, internal transcribed spacer, bar coding, motifs

Background: of unknown ITS sequences based on these approaches
The 1dentification of closely related species based on therefore needs to be supported by phylogenetic analysis
morphological characters can be difficult This s 14]

particularly the case for soft-bodied animals such as

digenean trematodes PCR-based techniques utihzing the The trematode flukes of the genus Fasciola (the sheep liver
rDNA ITS2 sequences, which occur between the 5 8S and fluke) are parasites of herbivores and nfect humans
28S coding regions, have proven to be a reliable tool to accidentally causing fascioliasis worldwide The parasite 1s
identify the helminth species and their phylogenetic very cosmopolitan 1n distribution being found throughout
relationships [1] The nuclear ribosomal DNA second all regions of the world, both temperate and tropical F
internal transcribed spacer (1TS2) sequences, which occur hepatica 1s the causative agent of fascioliasis or 'liver rot'
between the 58S and 28S coding regions, have proven in ruminants, where 1t may be an important pathogen
useful for diagnostic purposes at the level of species Human infections with F hepatica are found n areas
Fasciola spp and 1solates of Fascioloides magna, another where sheep and cattle are raised, and where humans
member of the same family, from different geographical consume raw watercress, including Europe the Middle
regions have been discnminated on the basis of ITS East and Asia |5] infection with F gigantica on the other
sequences |2] The ITS2 sequences have also been used to hand 1s found more commonly in tropical regions of the
characterize the liver flukes from mainland China, which world, areas affected including Africa, Asia, many Pacific
mclude F hepatica, F gigantica and an mtermediate islands including Hawan (where 1t has been reported in
genotype, including polymorphism among ITS2 copies man), the Middle East and Southern Europe and the south
within the same fluke individual [3] The emergence of of the USA |6] Both fasciolids follow a similar two-host
sequence-based 1dentification with a BLAST similarity life cycle, i which freshwater snals of the family
search connected to public databases has resolved several Lymnaeidae act as intermediate or vector hosts and a broad
experimental and taxonomic constraints In addition, spectrum of mammals including humans, mainly
BLAST outcomes give no information about species herbivorous large-sized species, act as definitive hosts |7].

delimitation for closely related species The identification
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Most phylogenetic studies using current methods have
focused on primary DNA sequence information However,
RNA secondary structures are particularly useful i
systematics because they include characteristics, not found
w the primary sequence, that give ‘morphological’
information (8] The novel approach of molecular
morphometrics  that relies both on tradittonal
morphological comparison and on molecular sequence
comparison by measuring the structural parameters of the
ITS2 secondary structure homologies (geometrical
features, bond energies, base composition etc ) 1s recently
being used to study the phylogenetic relationships of
vartous species [9} This method allows one to take into
account the regions where multiple alignments are barely
rehable because of a large number of insertions and
deletions This method i1s based on the assumption that
secondary structure can be phylogenetically as significant
as primary sequence It 1s well known that rRNA 1s highly
conserved throughout evolution Thus, the secondary-
structure elements of the RNA molecule, 1 e, the helices,
loops, bulges, and separating single-stranded portions, can
be constdered phylogenetic characters (10, 11, 12]

At the same time, the ITS offers sequence motifs that are
useful for the development of DNA barcoding This 1s a
technique that uses short DNA sequences from a
standardized region of the genome as a dragomstic
“biomarker” for species 1dentification [13, 14| as testified
to by the creation of the consortium for the Barcode of life
(http //www barcoding s1edu/) Different species have
different barcodes, which allow them to be used to (1)
wdentify specimens, (1) discover possible new species, and
(m) make taxonomy more effective for science and
society In the present study, our main objective was to
identify the Indian lver fluke (the Assam isolates)
collected from ruminant hosts by the design and testing of’
ITS sequence motifs for oligonucleotide bar codes We
also aimed at determuning the species prevalent n the
northeastern region of the country, by comparing these
sequences by primary sequence analysis and molecuiar
morphometrics data

Methodology:

Parasite material and DNA isolation

Adult Fasciola were obtained in live form from hepatic
biliary ducts of freshly slaughtered cow, Bos indicus The
worms recovered from these hosts represented the
geographical 1solates from Assam, Northeast Inda and
morphologically resembled Fasciola gigantica (deposition
number of paratypes at Zoological Survey of Indi,
Kolkata = W7787/1) Eggs were obtaned from mature

adult flukes by squeezing between two glass shdes For the
purpose of DNA extraction, adult flukes were processed
singly, eggs recovered from each of these specimens were
also processed separately The adult flukes were first
immersed m digestion extraction buffer (contaming 1%
SDS, 25 mg Protenase K) at 37° C overnight DNA was
then extracted 'from lysed individual worms by standard
ethanol precipitation technique [15] and also extracted on
FTA cards using Whatman’s FTA Purification Reagent as
described elsewhere [16] DNA from the eggs was
extracted only with the FTA card technique

DNA amphfication, Sequencing and its Analysis

The rDNA region spanning the 1TS2 regton was amplified
from DNA obtained from the fluke by PCR We used the
universal primers, considered to be the general primers for
trematodes and are designed based on conserved ITS
sequences of Schistosoma species following |17} as given
mm Figure 1 The PCR amplification was performed
following the standard protocol [18] with mnor
modifications The resultant PCR products were separated
by electrophoresis through |1 6% (w/v) agarose gels in TAE
buffer, stamed with ethidium bromide, transilluminated
under ultraviolet hight and then photographed The known
size fragments of Phn X 174 DNA/ Hae Ill Digest in
agarose gel were used as marker For DNA sequencing, the
PCR products were purified using Gener Quick PCR
purification Kit, and sequenced m both directions using
PCR prnimers on an automated sequencer by DNA
sequencing services of TCGA, New Delhi and Bangalore
Gener Ltd The DNA sequences were put to further
analysis by using various Biownformatics tools including
similanty search BLAST (URL
http //www ncbi nlm mih gov/blast)  and  phylogenetic
prediction by CLUSTALW (URL http //
www bt ac uk/clustalw) for each query DNA sequence

Molecular Phylogenetic Analysis

Imually, the sequences were aligned using ClustalW
multiple ahgnment [19] with the default gap and extension
penalties used by this program Phylogenetic tree-building
methods presume  particular  evolutionary  models
Therefore, while interpreting the results obtained, we
considered different tree building models to entertain
possible explanations Only unique sequences were used in
tree construction ITS sequences were entered in the
MEGA for construction of the phylogenetic trees using
Maximum Parsimony and distance methods namely the
Neighbor-Jomning, UPGMA and Mmmum Evolution
Branch support was given using 1000 bootstrap replicates
in MEGA [20]

ITS2 region- 38 (forward): 5-GGTACCGGTGGATCACTCGGCTCGTG-3’
A28 (reverse): 5'-GGGATCCTGGTTAGTTTCTTTTCCTCCGC-3’

Figure 1: Pnimer design for [TS2
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Figure 2: Phylogenetic trees of 1TS2 sequences of fasciolid species showing bootstrap values (A) Neighbor jomning, (B)

Maximum Parsimony, (C) Hypothetical Bayesian analysis

Bayesian phylogenetic analysis

DNA sequences were aligned using ClustalX 207 J21)
The interleaved NEXUS file was edited manually in order
for it to be recognized by Mr Bayes V3 12 programme
Phylogenetic analysis was carried out using the Bayesian
approach with combined datasets using Mrbayes 3 1 |22]
wherem each data partition 1s allowed to have a different
evolution rate The model of evolution and prior settings
for individual loci was set to the GTR model with gamma-
distributed rate variation across sites and a proportion of
invanable sites Metropolis-coupled Markov chain Monte
Carlo (MCMCMC) sampling was performed with four
incrementally heated chains that were combinatorsal run
for 40,000 generations The convergence of MCMCMC
was then momtored by examining the value of the
marginal hkelihood through generations Coalescence of
substitution rate and rate mode! parameters were also
examined Average standard deviation of split frequencies
was checked and the generations were kept on adding until
the standard deviation value was below 001 The values
shightly differed because of stochastic effects The sample
of substitution modei parameters and samples of trees and
branch lengths were summarized by the ‘sump burnin” and
“sumt burnin” commands respectively The values in the
following commands were adjusted as per the 25% of our
samples The cladogram with the posterior probabilities for
each split and a phylogram with mean branch lengths were
generated and subsequently read by the tree drawing
program Tree view VI 6 6 {23]
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Motf identification, testing and validation

The ITS sequence motifs were identified from ahgned
sequences of the data set for the species using PRATT
software (http //genowebl 1risa fr/Serveur-
GPO/outils_acces php3nid_syndic=70)  The mmmum
percentage of sequences to match (C %) parameter was
adjusted to report pattern matching at 100% of the
sequence mput The motifs were expressed using the DNA
alphabet (A, T, C, G) in PROSITE language The
validation of the motifs was performed for each species
using a ‘PATTERN MATCHING' Web application
(http //genoweb univ-rennes! fr/Serveur-
GPO/outils_acces php3”id_syndic=186) We  considered
that a mouf was highly specific to a Fascrola species (f 1t
matched most or all the ITS sequences of this species but
no other ITS of any other trematodes species

Evaluation of the ITS motif specificity through BLAST
analysis

The Fasciola 1TS sequence motifs (patterns 1-15) were
subjected to BLAST algorithm agamst the non-redundant
GenBank database of the National Center for
Biotechnology Information (nr at NCB!) The BLAST
output were then analyzed to find only the ¢xact or perfect
parrwise matches showing significantly mgh scores m
terms of percent identity and low expect (E) values for
each species
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Figure 3: Sample of sequence motif in PROSITE format (from 5’ to 3° ends) and pattern matching of ITS motfs of

different geographical isolates of fasciolid species

Predicted ITS2 RNA secondary structures and analyses
Secondary structures of ITS2 sequences of vanous
fasciohid species were reconstructed by aligning their
sequences using Broedit [24] The acquired structures with
restrictions and constrains were subrmutted in MFOLD (25]
RNA was folded at a fixed temperature of 37° C, and the
structure chosen from different output files was the desired
6-helicoidal ring or the one with the highest negative free
energy If various similar structures were obtained

Results:

PCR amphfication of ITS regions and its analysis

The PCR-amplified products were successfully obtaned
using the primers as mentioned above The nucleotide
sequences were obtained for ITS2 of rDNA and were
compared with sequences of other fasciolid species
obtamned from Genbank The fragments of amphfied DNA
were esttmated to be 480-550bp long For comparative
purpose, the 1TS2 sequences of fasciohids from various
geographical regions were obtained from GenBank (Table
1) The Blast hit results show that the query [TS sequences
were more similar to the sequences of varnious geographical
solates of Fasciola sp, F hepatica and F gigantica
besides Fascioloides magna (belongs to the same family,
1¢, Fasciolidae)

Phylogenetic trees
Phylogenetic trees were obtained by comparing the
sequences of ~ giganuca and available 11S sequences tor
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other fasciohd species Phylogenetic analyses using the
vanious distance methods and character method hke
Maximum Parsimony showed that the topology 15 similar
among the trees obtained with sigmificant bootstrap support
tor the clades The values of 70% and above m the
bootstrap test of phylogenenic accuracy indicates rehable
grouping among different members of fasciohds The
phylogenetic trees constructed in MEGA revealed a close
relationship with solates of F gigantica from China,
Indonessa and Japan (Figure 2)

In silico 1dentification of Fasciola sp. based on pattern
matching ITS motifs

A total of 15 ITS2 PROSITE motifs were tested by
BLAST analysis against the generalized GenBank database
at NCBI (Figure 3). The fasciola motifs exhibited exact
or perfect matches with Fasciola from different
geographical 1solates with significant E-value scores Eight
(pattern 1-8) out of 15 Fasciola monfs exactly matched the
sequences of Fasciola 1solates from GenBank (best hits =
more than 100, 100% of Wdentity E-values =2¢ '“ 1o le ')
Five (pattern 11-15) showed (best hits = more than 100
95% dentity and significant E-value ranging from Se " to
le ") The remaining two moufs (pattern 9-10) exhibited
more than 100 best hits with 92% identity and an E-value
score ranging from 4¢'' to l¢'' (Tables 2 & 3 m
supplementary material)
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Secondary structure analysis

Six predicted RNA  secondary structures were
reconstructed from the umque sequences with highest
negative free energy of F gigantica to provide the basic
information for phylogenetic analysis (Figure 4) The 1TS2
plus flanking regions of nuclear region ranged from 606bp
mn F gigantica India to a mimimum length of 361bp in F
gigantica China The secondary structural features of 1TS2
regions as shown in the figure were analysed based on
conserved stems and loops ~ sp Japan, £ gigantica
Indonesia, £ gigantica Zambia and F hepatica Uruguay
exhibited same type of secondary structures F gigantica
1solates from India and China show overall simularity in the
ITS2 rRNA folding and have identical secondary structure
Secondary structures of the remaiming species are weakly
vanable The observed similarities at the secondary
structural level are further reflected at the energy level The
only difference n their topology 1s due to differences in
nucleotidé  sequences  These secondary  structure
predictions indicate that the domains basepair to form a
core region central to several stem features implying that
conservedness 1s more important for the proper rRNA
folding pattern Moreover the observed phylogenetic trend
was tdentified with respect to the target accessibility sites
for the seven different isolates The orders of preference
were nterior [oop, bulge loop, multiple branch loop,
hairpin {oop and exterior loop in all the solates The
topology based only on the predicted RNA secondary
structure of the ITS2 region resolved most relationships
among the species studied Bayesian analysis of the
alignment retained the same topology and supported the
same branches as the primary sequences (Figure 4) ITS2
sequence of the Indian tsolate revealed closest similarity
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Figures 4: Predicted ITS2 RNA secondary structures and therr structure formation enthalpies according to MFOLD

with the Chinese isolate (Fasciola gigannca) with
sigmficant bootsirap value

Discussion:

Species identification and evolutionary inference generatly
use molecular and phylogenetic approaches on the ITS as
target genomic loct But taxonomy of Fasciola spp has
been based mamly on morphological data complemented
with ecological, cytological and pathofogical resufts as
well as clinical manifestations Morphological differences
found on stained and mounted adult specimens have been
widely used to discriminate between platyhelminth species
It 1s possible to distinguish between adult £ hepartica and
F gigantica on the basis of morphology, but much
vanation exists Differentiating between two species 15 not
possible on the basis of chnical, pathological, or
immunologscal findings and their eggs arc morphologically
very similar |26] Consequently, where both species occur
concurrently or in overlapping geographical distribution, 1t
1s not possible to be certain as to which species 15
responsible for the disease The low number of records of
infection with £ gigantica may well be due to the lack of
good tools to distinguish this species from F hepatica
127

The comparison of {TS sequences from worms of different
hosts and of different countries indicates that there exists a
high species-specific homogeneity In the present study,
primary sequence analysis revealed a close relationship
between the query sequence (from Northeastern region of
India) and 1solates of F gigantica from China, Indonesia
and Japan Phylogenetic trees constructed showed that the
groups of multuple closely related genotypes of F
gigantica from Asia are broadly sympatric Such a pattern
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is expected for species with high gene flow whose
populations have not been sundered by long term
biogeographic barners

We present here a new approach of molecular
morphometrics, i which the measurable structural
parameters of the molecules are directly used as specific
characters to construct a phylogenetic tree  These
structures are inferred from the sequence of the
nucleotides, often using energy minimization [28| Several
patterns of predicted secondary structures of RNA were
constructed from umque ITS sequences from different
geographical isolates of /' gigantica, which provided us
with the additional information for correct identification of
the species prevalent i the region Molecular
morphometrics appears to be complimentary to classical
pnimary sequence analysis in phylogenetic studies as it
takes into consideration only the size vanations of
homologous structural segments and this choice implies
that the overall architecture of the molecule remains same
among the observed taxa This method helps i taking into
account the regions where multiple alignments are barely
rehable because of large number of msertion/deletion
operations In the present study the secondary structure
analysis of the same data also confirmed the results
mentioned for primary sequence analysis Differences m
thewr topology are only due to the fact that there are
variable lengths of the sequences However, there are
difficulties 1n defining a distance between two related
structures with variable topologies [29] Nevertheless,
because there were inconsistencies in the placement of a
few Fasciola species, this study needs to be extended, in
order to gain a better understanding of the systematics of
this group as well as the evolution of their predicted ITS2
RNA secondary structures

Conclusion:

The present i silico 1dentification of the Fasciola spp
with 1TS sequence moufs and secondary structure s
consistent with investigations made using traditional
approaches (1e, by morphology) The results also
corroborate that the Fasciola species prevalent in Assam,
Northeast India 1s in fact F gigantica and not £ hepatica,
which otherwise 1s the most common liver fluke
throughout the globe Lack of data on genotypic diversity
of Fasciola species in Africa and India does not allow the
onigin of regional populations to be unambiguously
determined Further studies with additional molecular
markers and bar coding will contribute towards

determining the population structure and divergence
between the two closely related species of this genus
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Table 1: Fasciolidae species and their various geographical isolates used in this study with the respective GenBank accession numbers for
corresponding ITS2 sequences A= Sequence generated as part of the present study

Species GenBank accession Sequence length (bp) Classification

Fasciola gigantica India (A) EF027103 606 Digenea Tasaolidae
Fasciola sp Japan Kocht AB207152 508 Digenea | asaolidae
Fasciola gigantica Indonesia AB010977 505 Digenea | ascrolidae
Fasciola sp Japan AB010979 505 Digenea | ascrohdae
Fasciola gigantica Zambia AB010976 505 Digenea | asciolidae
Fasciola hepatica Uruguay AB207148 506 Digenca | asarolidae
Fasciola giguntica Burkina I aso AJ853848 588 Digenca Fasaolidae
Fasciola gigantica Ching AJS557569 361 Digenea | asciohdae
Fasciola gigantica Kenya EF612484 364 Digenea I asaiolidue
Fascioloides magna Austnia DQ683545 538 Digencu 1 ascohdae

Table 2: BLAST outputs of /“asciola ITS sequence motifs against NCBI GenBank database (nr db)

Fasciola species motif patterns Length  No.of best  Identity E-
(bp) Hits (%) value
>Pattern } 50 > than 100 100 le"

A-%-G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-

G-A-T-G-C-A-C-C-C-T-T-G-T-C

>Pattern 2 50 > than 100 100 2"
G-A-X-G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-

G-G-A-T-G-C-A-C-C-C-T-T-G-T

>Pattern 3 50 > than 100 100 2¢ "
T-G-A-x-G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-

C-G-G-A-T-G-C-A-C-C-C-T-T-G

>Pattern 4 50 > than 100 100 le"
G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-

T-G-C-A-C-C-C-T-T-G-T-C-x(0,1)-T

>Pattern § 50 > than 100 100 2t
G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-T-G-

C-A-C-C-C-T-T-G-T-C-x(0,1)-T-G-G

>Pattern 6 50 > than 100 100 kI
C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-T-G-C-A-

C-C-C-T-T-G-T-C-x(0,1)-T-G-G-C-A

>Pattern 7 50 > than 100 100 3
C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-T-G-C-

A-C-C-C-T-T-G-T-C-x(0,1)-T-G-G-C

Table 3: BLAST outputs of Fasciola ITS sequence motifs against NCBI GenBank database (nr db)

Fasciola species mot:if patterns Length  No.of best  ldentity E-
(bp) Hits (%) value
>Pattern | 50 > than 100 100 le"
A-x-G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-
G-A-T-G-C-A-C-C-C-T-T-G-T-C
>Pattern 2 50 > than 100 100 2

G-A-x-G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T- T-C-C-C-T-A-A-T-G-T-A-T-C-C-

G-G-A-T-G-C-A-C-C-C-T-T-G-T

>Pattern 3 50 > than 100 100 2¢”
T-G-A-x-G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-

C-G-G-A-T-G-C-A-C-C-C-T-T-G

>Pattern 4 50 > than 100 100 e
G-T-G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-

T-G-C-A-C-C-C-T-T-G-T-C-x(0,1)-T

>Pattern 5 50 > than 100 100 2e'
G-C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-T-G-

C-A-C-C-C-T-T-G-T-C-x(0,1)-T-G-G

>Pattern 6 50 > than 100 100 e
C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-T-G-C-A-

C-C-C-T-T-G-T-C-x(0,1)-T-G-G-C-A

>Pattern 7 50 > than 100 100 3e "
C-C-A-G-A-T-C-T-A-T-G-G-C-G-T-T-T-C-C-C-T-A-A-T-G-T-A-T-C-C-G-G-A-T-G-C-

A-C-C-C-T-T-G-T-C-x(0,1)-T-G-G-C
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