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Abstract In the present study, molecular identification of
two species of cestodes, Lyfocestus indicus and Senga
lucknowensis infecting freshwater fishes Clarias magur
and Channa punctata, respectively in Manipur is carried
out. To ascertain the taxonomic status of these helminth
parasites, 18S gene marker was used. Phylogenetic analysis
of 18S of Lytocestus sp. showed that it claded with L.
indicus from Indian Isolate with a sequence similarity
index of 99%. In case of Senga sp., the phylogenetic
analysis revealed that it formed a separate clade with S.
lucknowensis and Senga vishakapatnamensis, and the
sequence similarity index showed maximum homogeneity
with S. lucknowensis i.e., 99.8%. Thus, molecular charac-
terization revealed that the two species of cestodes belong
to L. indicus and S. lucknowensis.

Keywords Lytocestus indicus - Senga lucknowensis -
18S - Molecular characterization

Introduction

Fishes are believed to be medicinal in some parts of India
and it is traditionally favoured among children, the elderly,
pregnant women, immuno-compromised or ill people
(Debnath 2011). The nutrient content in fish and its
important role in human health is one of the reasons
dieticians and medical practitioners advised in prescribing
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diet chart for human population (Islam et al. 2013; Bogard
et al. 2015; Paul et al. 2015).

Parasitic infection due to helminths belonging to genus
Lytocestus and Senga in Clarias magur and Channa
punctata respectively, are common in India (Tandon et al.
2005; Bhure et al. 2010; Sawarkar 2012; Solunke et al.
2012). The comparative histopathologicl study on different
hosts parasitized by cestode parasites of the genus Lyto-
cestus and Senga showed high pathological effects which
might lead to mortality of the hosts (Chakravarty and
Tandon 1989; Ahmed and Sanaullah 1979; Reddy and
Benarjee 2014; Kaur 2014; Reddy et al. 2017)

It is a well-known fact that certain species of parasites
are more successful in establishing an infection as com-
pared to other species of the same genus (Procop 2009). It
is also true in terms of treatment where some strains
showed sensitivity to certain drugs while the other strain is
resistant to the same drug (Chaijaroenkul et al. 2005).
Hence, proper identification of organisms up to molecular
level to ascertain their taxonomic status is important.
Molecular identification has been extensively used for
delineating species, especially between cryptic and sister
species (Nadler and Perez-Ponce de Leon 2011). Thus,
molecular methods have aided modern taxonomy of para-
sitic species using various genetic markers (Sharma et al.
2016; Janssen et al. 2017).

The utility of 18S rRNA in delineating, identification
and phylogenetic inference is well elucidated in different
forms of organisms like nematodes, digeneans and cestodes
(Kodedova et al. 2000; Ndeda et al. 2013; Umbers et al.
2015) The objective of this study is to ascertain the identity
of Senga sp. and larval forms of Lyfocestus up to the
species level using 18S rRNA.
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Materials and methods
DNA isolation, amplification and sequencing

For DNA extraction, the samples were washed in Phos-
phate buffered saline (PBS) and then crushed in 1.5 ml
microtubes. About 500 pl of TNE (7ris-HCI; NaCl;
EDTA) buffer was added, homogenized and incubated at
37 °C overnight in the lysis buffer [containing 1% sodium
dodecyl sulphate (SDS), 25 mg proteinase K]. Then,
equivalent amount of phenol chloroform-isoamyl (PCI)
alcohol was added, centrifuged at 13,000 rpm for 10 min
for three times. The DNA was precipitated with 100%
ethanol, washed with 70% ethanol, centrifuged, dried and
dissolved in 25 pl pH 8.0 TE buffer (Sambrook and Russell
2001). The rDNA-18S region was amplified by PCR using
primers set worm A (5-CGAATGGCTCATTAAATCAG-
3’) and worm B (5-CTTGTTACGACTTTTACTTCC-3')
(Littlewood et al. 1999). The thermal gradient of this
marker region was done under the following conditions:
initial denaturation at 94 °C (5 min), 35 cycles including
denaturation at 94 °C (1 min), annealing at 52 °C (1 min),
extension at 72 °C (2 min), followed by final extension for
10 min at 72 °C. The PCR products were purified and
sequenced in both directions on an automated sequencer
(Macrogen sequencing services, South Korea). The gen-
erated sequences were submitted to NCBI-GenBank and
the accession numbers acquired.

Sequence and phylogenetic analysis

The generated sequences, along with sequences of the other
related helminth species were retrieved from GenBank for
analyses (Tables 1, 2). The sequences were aligned using
the ClustalW program in MEGA6 (Tamura et al. 2013).
The aligned sections were then imported to BioEdit (Hall
1999) for generation of sequence similarity matrix. Phy-
logenetic trees were constructed using Bayesian Inference
(BI) in MrBayes (Ronquist et al. 2012) taking Djombangia
penetrans and Bothriocephalus cuspidatus as an outgroup
species for Lytocestus sp. and Senga sp. respectively.
Branch support for MrBayes was given using Bayesian
posterior probabilities (Bpp) that was computed using the
Metropolis-Coupled Markov Chain (MCMC) method. The
analysis was run for 500,000 generations and sampled
every 1000 generations, with the first 25% of the trees
being discarded as the ‘burn-in’ phase.

Result

The multiple sequence alignment of the 18S gene of Ly-
tocestus taxa shows the presence of numerous gaps and
mismatches (Fig. 1). The sequence similarity index matrix
generated revealed maximum homology with Lyfocestus
indicus (Table 3) and the comparison of the genetic vari-
ations between our sequence with the rest revealed lowest
in L. indicus and highest in L. birmanicus and L.
heteropneustii. But the interspecific variation between L.
bimanicus and L. heteropneustii is relatively low. Similar

Table 1 18S sequence of Lytocestus species used for sequence analysis and phylogenetic inference

S. no. Species Accession no. Locality Host

1 Lytocestus indicus KX758631° India Clarias magur

2 L. indicus KC332243 India Clarias magur

3 L. birmanicus KC332244 India Clarias magur

4 L. heteropneustii KC332245 India Heteropneustus fosillis
5 Djombangia penetrans JQ034142 India Clarias magur

Sequence generated for the study

Table 2 18S sequences of Senga species used for sequence analysis and phylogenetic inference

Species Accession no. Locality Host

1. Senga lucknowensis KU761847* India Channa punctata

2. S. lucknowensis KR780938 Vietnam Mastacembelus armatus
3. S. vishakapatnamensis KR780937 India Channa punctata

4. S. magna KR780960 Russia Siniperca chautsi

5. Bothriocephalus cuspidatus KR780955 USA Sander vitreus

*Sequence generated for the study
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— — —
L. birmanicus GAAACCGCGAATGGCTCATTAAAT CTATGGTYPTRTTGGATCGTACCCGTCACATGGA
L. heteropneustii GAAACCGCGAATGGCTCATTAAAT CTATGGTYPTRTTGGATCGTACCCGTCAAATGGA
L. indicus* GACGATCC TGGTAGTTTAATARALCGTCCCC C GCCCCCGGAAAACCTT
L. indicus GACGATCCGTGGTGGTAGTTTAATM - -hc LAGCCCCCGGGAAACCTT
. . W kk o okkok | MLl % - G e *
—
L. birmanicus TAACTGTAAMIAACTCTAGAGCTAATA FCCACGAAGCCCTGACCTGT( FCTq-
L. heteropneustii TAACTGT AACTCT A TAATA PCCACGAAGCCCTGACTTGTJ-~ o
L. indicus* TAAGTCTArGGGTCCGGGGGAAGTATG - FTTGCAAAGCTGAAACTTAARGGAR GACEH
L. indicus TAAGTCTAIIGGGTCCGGGGGAAGTATG- BTTGCAAAGCTGAAACT TAANGGAATITIGACE
AL B G L S L LR Rokhok PR *]
L. birmanicus = f----- ACGGTACAGGGATGGGTGCACTTATTAGATCAGAAACCAACCGAGTCAGGGCCGT
L. heteropneustii TCGC-EBCGGT! GGGTGCTCTTATTAGATCAGAAACCAACCGAGTGGTGGCCAG
L. indicus* GAAGGECACCACCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGAAAACTCAC
L. indicus GAAGGH -CACCACCAGG)\GTGGAGCCTGCGGCTTMTTTGACTCMCACGGGMCTCAC
LR kkk Kk kK ok s k| kkkk .
L. birmanicus CCCTCGGGACTGGTCAGGGCTTE - - ITGTCGTTCTGGTGACTCTGGATAATTGTTACAGA
L. heteropneustii CTT— -~~~ ECTGGTCATGGCTTE - - PTGTCGTTCTGGTGACTCTGGATAATTGTTACAGA
L. indicus* ———-—CCGGECCGGACACTGT AYTGACAGATTGATAGCTCTTTCTTGATTTGGTGGT
L. indicus —-——-—CCGGECCGGACACTGT AYTGACAGATT GCTCTTTCTTGATTTGGTGGT
R Ak kk - : W : ek Kk Akhk RS I
—_— — =
L. birmanicus TCGCAGH- - JCGGCCTTGCGTCGGCGACG ETCOTCAAATGTCTG-FCCTATCAACT
. heteropneustii TCGCAGH---JCGGCCTTGAGTCGGCGACH ETCCrTC TGTCTGE-FCCTATCAACT
L. indicus* TGGTGGRG TGGCCGTTCTTAGTTGGTG EAGCEH TTTGTCTG TAATTCCGAT
L. indicus TGGTGG CGTTCTTAGTTGGTG) - -BAGC ATTTGTCT( TAATTCCGAT
T A K ] K KKK K kK K R xR e e Ml * *
L. birmanicus rrcearcdT Al TcTcccTACCATGGFGATAACGGGAAC AjcaceeTTCGA
L. heteropneustii TTCGAT CTGCCTACCATGGFGATARNC AC AJCA TCGA
L. indicus* AACGAAC AGA FTCTAGCCTGCTAATT. ETGC( @CTGTCCTCTG
L. indicus AACGAAC A TCTAGCCTGCTAATT. ETGC( CTGTCCTCTG
somdew s s 4 I SkkRR K ko DL o e
3 : L. Lk s . B 2. :
L. birmanicus TTCC: = GGA PTGAGMACGGCTAC& CTTCCAAGGGAGGCAGCAGGCGCGCAA
L. heteropneustii TTCC: dq GGA CTGAGAAACGGCTACQALTTCCAAGGAAGGCAGCAGGCGCGCAA
L. indicus* TTCCTGTETRGGCGGCTCTCAGCGCTACTGCQ-FTGCTATGCTAGGCTGCCTGTGTGCGG
L. indicus TTCCTGTETRGGCGGCTCTCAGCGCTACTGCQ-FTGCTATGCTAGGCTGCCTGTGTGCGG
*ekk T T T * ok kook  kkkkchk | ok ok kA
i u S cuaw p s = s & = s
L. birmanicus arracccacrcecceefAe 'GGT GAAAAATACCGATGCGGGAC] rC
L. heteropneustii ATTACCCACTCCCGGT. TGGTGACGAAAAATACCGATGCGGGAC] rc
L. indicus* TGCGCTCACGGTCGGE rGCCTCGGCTGTGTCTGCGTGTGTGTGTGCTGGGC] 5C
L. indicus TGCGCTCACGGTCGGY -Lvau._LL.wt.Avueu_Lw&_uAu‘u;u;u;u\_uauw 5C
LR ARk ko - L e s | ...08, - LRRA hk ok *
L. birmanicus AAGAGGCTCCGTAATC! GAGTGAACTCTAZ CCTTTCACGAGGATCAATTGGAGG
L. heteropneustii AAGAGGCTCCGTAATC! GAGTGAACTCTAZ CCTTTCAC CAATT GG
L. indicus* AGGTTTGTCGACTCTT! TGGCGATGGCCAG-IFCTGTGTGTGCGCGCGCGCTCGCGG
L. indicus AGGTTTGTCGACTCTT! TGGCGATGGCCAG-I'CTGTGTGTGCGCGCGCGCTCGCGG
* k. e e . e ) * * * . *  * . .. * ok Rk
e e
L. birmanicus CAAETCTGGTGCCAS [AGCCGCGGTAACTCCAGCTCCAATAGCGRATATTAAAGTTG
L. heteropneustii CAABTCTGGTGCCAS - -FAGCCGCGGTHACTCCAGCTCCAATAGCGT ATTAAAGTTG

P
ol
L. dindicus* kY
T
*

C--BTCGGGTGGCTEGCFAGCCTGGGT( GCATGTGC ~GCGIGTGGTCGAGTTT
L. indicus F—-—FTC TEGCFAGCCTGGGT( GCATGTGC ~GCGIGTGGTCGAGTTT
HED TR e BN L kA e * e e e e . K kA kw
—
L. birmanicus CTGCAGTTAAARAGCYCGTAGTTGGATCTCGG TATCACTGTTGCCCGY--GATTGCT
L. heteropneustii CTGCAGTTAAPRAGCYCGTAGTTGGATCTCGGE - TGCACTGTTGCCCGY - -GATTGCT
L. dindicus* AGGCGGTGGAGH ——— Y« TTGCTTCC [CGGCGCAGGTGTCTAQTTET G
L. indicus AGGC: T G- —-—--FC TTTGCTTCC! TACGGCGCAGGTGTCTAYTTETTAGAG
T By T Ak Ak | ek k|
— — -
L. birmanicus TGGCCAG-—————"- ATGGGTGCCGGGCGGAGC] C i1 clole TTCTCGCQ—rT
L. hetercpneustii TGGCCAG-—————- ATGGGTGCCGGGTGATGCATT ~-GECCGALTISC TGTTCGCJQGIrC
L. indicus* GGACAAGCATATACRAATGCACGAGATTGAGC acach TdGT CQTIrA
L. dindicus GGACAAGCATATACAAATGCACGAGATTGAGCRAAT - —AACAGH ISTATST CQTIra
* Kk _* DL, R kW R R S N »* LE B 3
—_— ﬂ
L. birmanicus GGTGTCCE--ACTGTTGTCGAGTTGGTGT(-GCGECGGTGCCACCTTTTAGCCATGTCTG
L. hetercpneustii GGTGTCT@--ACTGTTGTCGAGTTGGTGTY-GTGFCGGTGTCACCY TTTAGCCATSTCTG
L. dindicus* GATGTCC 'CGCACGCGCGCTACAAT( ACGGTGCCAACE— GTCTG
L. indicus GATGTCC CGCACGCGCGCTACAAT(C ACGGTGCCAACE— GTCTG
* Ak kk -+ T B L A B AhkkAh ok A ok
L. birmanicus TGGTGAAATATCCACAGGTGTAGGCGAGT TCGGGC! TGCCCT CCCGTAGGGT
L. heteropneustii TGGTGCAATACCCACAGGTGTAGGCGAGTY - -GTCGGGC TGCCTTQ CACGTAGGGT
L. indicus* ACCTCCTGGCCCGAAA TT AR TGETCAATCACCGTCAT( GGGATCGGGG
L. indicus ACCTCCTGGCCCGARAA TT AR TGETCAATCACCGTCAT( GGGATCGGGG
. * .k ok Ak * Akh N Smmfen 0 o EE - L
L. birmanicus CCGTCGGCTCGTCTGCATGCCTTT {eloy |
L. heteropneustii CCGTCGGCTCGTCTGCATGCCTTTGGATGCCCY!
L. indicus¥* CTTGGAATTGTTCCCCGTGAACCAGGAATTCC AGTGCAAGTCATAAGCTTGCG
L. indicus CTTGGAATTGTTCCCCGTGAACCAGGAATTCCY AGTGCAAGTCATAAGCTTGCG
* — * ok * _ kk Rk * LRk .t RK - A S
L. birmanicus TTTACTTTGAACAAATTTGAGTGCTCAACC---AGCCGCTGTAGCCTGAAAAGTTTT
L. heteropneustii TTTACTTTGAACAAATTTGAGTGCTCAAACCA-GGCCGCTGTAGCCTGARAAAGTTTT
L. indicus* TTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATTGAATGGTTTA
L. indicus TTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATTGAATGGTTTA
LEkER * Lr Ll kkEK: | kak__* Hh Kk kkkk: ARKK:
L. birmanicus GCA
L. heteropneustii GCA
L. indicus* GTA
L. indicus GTA
LA

Fig. 1 Multiple sequence alignment of 18S gene of Lyfocestus sp. showing gap in highlighted (red) boxes and mismatches [asterisks (*) just
below the nucleotide base pairs shows well aligned sequences whereas the space between the asterisks shows mismatches] (color figure online)
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Table 3 Sequence identity matrix for 18S gene with values indicating % identities/% differences among the various species of Lytocestus

1 2 3 4
1. L. indicus* ID
2. L. indicus 99.4/0.6 ID
3. L. birmanicus 40.0/60 40.0 ID
4. L. heteropneustii 40.7/60 40.7 94.1 1D

* sequence generated for the study
The numbers in bold indicate the highest value
ID identical

|’ L. birmanicus India

100

L L. heteropneustii India

100

L. indicus India*

69

L. indicus India

L Djombangia penetrans

0.2

Fig. 2 Phylogenetic tree of Lyfocestus species inferred via Bayesian
Inference in MrBayes using 18S gene regions. Numbers against the
nodes indicate Bayesian posterior-probability values and the scale bar
represents number of substitutions per site (*sequence generated for
the study)

result was also depicted in the phylogenetic tree. Djom-
bangia penetrans was taken as the outgroup (JQ034142)
for constructing the phylogenetic tree. The Bayesian
Inferred tree of 18S for the species of Lytocestus is well
resolved and the nodes were supported by Bpp values. The
18S inferred phylogeny showed that the species collected
from Manipur claded with L. indicus, of Indian isolate
whereas L. birmanicus and L.. heteropneustii were erected
separately with a long branch length (Fig. 2).

The multiple sequence alignment showed gaps in three
sites in sequence of Senga lucknowensis (Fig. 3). The
similarity index matrix revealed that the sequence of our
species to be highly identical to S. lucknowensis of Viet-
namese isolate and Senga vishakapatnamensis of Indian
isolate (Table 4). The variation among them is almost
negligible, i.e., 0.1%. This similarity between the species is
also observed in the phylogenetic tree. The Bayesian

@ Springer

inferred phylogenetic tree is well resolved with 98% Bpp
values. The tree depicted that our isolate, S. lucknowensis
of Vietnamese isolate and S. vishakapatnamensis of Indian
isolate formed a separate clade just as the similarity index
result had depicted (Fig. 4).

Discussion

The adult forms of Lytocestidae could be identified through
morphological studies and many species have been iden-
tified using such methods since the reproductive organs are
well developed in adults (Tandon et al. 2005; Bhure et al.
2010). But, larval stages are not distinguishable up to
species level by studying their morphological features.
During our collection, metacestodes were sampled and
therefore molecular and bioinformatic tools were used to
specify its taxonomic position. The molecular information
gathered in our study revealed that there is a high inter-
specific variation. The similarity index matrix showed that
the species of our study is 99.4% identical to L. indicus of
Indian isolate. Similar result is inferred in phylogenetic tree
where our species is claded with L. indicus with nodal
support of 100% Bpp values. Therefore, present species is
confirmed as L. indicus.

The 18S sequence generated from Senga sp. was first
checked in BLAST, NCBI and it matched with the taxa
Senga, where the result follows in accordance with the
classification of Bothriocephalidae based on morphological
traits (Kuchta et al. 2008). The molecular analysis of the
sequence query showed an interesting result. It was
observed that the inter-specific variation among Senga is
very less which means they are very similar to one another.
The similarity index matrix showed that our Senga sp. is
identical to S. lucknowensis of Vietnamese isolate (99.8%)
and well as S. vishakapatnamensis (99.7%) with a variation
between them in just 0.1. Moreover, in the phylogenetic
tree, all the three species were clustered together in one
clade with Bpp value. The slight difference could be
because of the geographical variation. It has been clearly
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Senga vishakapatnamensis India
Bothriocephalus cuspidatus USA
senga lucknowensis Vietnam
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CGTAGTTGGATCTCGGTATCATTGTTGCCTGCTGGCCTTAGAGGCGTTCG
CGTAGTTGGATCTCGGTATCATTGTTGCCTGCTGGCTTTAGAGGCGTTTG
CGTAGTTGGATCTCGGTATCATTGTTGCCTGCTGGCCTTAGAGGCGTTCG
CGTAGTTGGATCTCGGTATCATTGTTGCCTGCTGGCCTTAGAGGCGTTCG
CGTAGTTGGATCTCGGTATCATTGTTGCCTGCTGGCCTTAGAGGCGTTCG

kb h kbbb Ak bk rh A dd A dhdr bbb ddr &

CCGGCCTATCAGTGCATGGGTGAGCCTGTGTATTGTGTGGCTGGCAGCTT
CTGGCCTAGCGGTGCATGGGTGAGCCTGTGTGCTGTGGGGTTGGCGGCTT
CCGGCCTATCAGTGCATGGGTGAGCCTGTGTATTGTGTGGCTGGCAGCTT
CCGGCCTATCAGTGCATGGGTGAGCCTGTGTATTGTGTGGCTGGCAGCTT
CCGGCCTATCAGTGCATGGGTGAGCCTGTGTATTGTGTGGCTGGCAGCTT

* hkkkEkdk h khkddkhkhhkkhkddhhrbddhhdhk  hhkdk kdk Ahkkk dhkkk

ATCCACAGGTGTAGGCGAGTGCCAGGCGTAGCCCTGCAACTGTGGGGTTC
ATCCGCAGGTGTAGGTGAGTGCCGGACGGTGTCCTGCAACTGTGGGGTTC
ATCCACAGGTGTAGGCGAGTGCCAGGCGTAGCCCTGCAACTGTGGGGTTC
ATCCACAGGTGTAGGCGAGTGCCAGGCGTAGCCCTGCAACTGTGGGGTTC

ATCCACAGGTGTAGGCGAGTGCCAGGCGTAGCCCTGCAACTGTGGGGTTC
wkk kA AkkkRAk khkAkAk ok hk ok Ak kRkRA ARk Rk A AR kk

GTCGGCTTGTCTGCATGCCTATGGATGCCCTTCAAAAGGTGTCTGTGGGC
GTCGGCTCGTCTGCATGCCTATTGATGCCCTTTAARAGGTGTCTGTGGGC
GTCGGCTTGTCTGCATGCCTATGGATGCCCTTCAAAAGGTGTCTGTGGGC
GTCGGCTTGTCTGCCTGCCTATGGATGCCCTTCAARAAGGTGTCTGTGGGC
GTCGGCTTGTCTGCATGCCTATGGATGCCCTTCARAAGGTGTCTGTGGGC

Ekhkhkhhkd Fhhhhkd Fhhkkdkdd AhkEAAhh bk Ahhh kbAoA h kbAoA

GGATGGCACGTTTACTTTGAACAAATTTGAGTGCTCARACCAGGC
GGATGGCACGTTTACTTTGAACAAATTTGAGTGCTCARACCAGGC
GGATGGCACGTTTACTTTGAACAAATTTGAGTGCTCARACCAGGC
GGATGGCACGTTTACTTTGAACAAATTTGAGTGCTCARACCAGGC

GGATGGCACGTTTACTTTGAACAAATTTGAGTGCTCARACCAGGC
R L L *

*HHHAAA

GTTTGTATGGCTGCGCTAGAGGTGAAATTCTTGGACCGTAGCCAGACARRA
GTTTGTATGGCTGCGATAGAGGTGARATTCTGGGACCGTAGCCAGACAAR
GTTTGTATGGCTGCGCTAGAGGTGAAATTCTTGGACCGTAGCCAGACARA
GTTTGTATGGCTGCGCTAGAGGTGARATTCTTGGACCGTAGCCAGACARR
GTTTGTATGGCTGCGCTAGAGGTGAAATTCTTGGACCGTAGCCAGACARR

WRAAR AR A AR ARAT AR RR A A ARk ddr AR r v e w

AGCTGAAACTTARAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCT
AGCTGAAACTTAAAGGAATTGACGGAAKGGCACCACCAGGAGTGGAGCCT
AGCTGAAACTTARAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCT
AGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCT
AGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCT

khkhkhkhkkthhhhkh bbb btk h bttt hhhkhhhhhh kbbbt hhhd

ACGAGACTCTGGCCTGCTAATTAGTTCTCCTGTCCACTGTACTTGTGCAG
ACGAGACTCCAGCCTGCTAATTAGTTCTCCTGTCCACTGTACTTGTGCAG
ACGAGACTCTGGCCTGCTAATTAGTTCTCCTGTCCACTGTACTTGTGCAG
ACGAGACTCTGGCCTGCTAATTAGTTCTCCTGTCCACTGTACTTGTGCAG
ACGAGACTCTGGCCTGCTAATTAGTTCTCCTGTCCACTGTACTTGTGCAG

Ehkkhkhkkbddr  hhkddhkhhkhkdddhbddhhh bbbk kb A Ak bRk kdhhk

GCGGGCGCTTGCCAAATCTGCCCTATACGGTTGGCCCGTTGETGCCGCTG
GCGGGCGCTTGCCAAATCTGCTCTACGCGGTTGACCAACTGGTGGCGTTG
GCGGGCGCTTGCCAAATCTGCCCTATACGGTTGGCCCGTTGGTGCCGCTG
GCGGGCGCTTGCCAAATCTGCCCTATACGETTGGCCCGTTGETGCCGLTG
GCGGGCGCTTGCCAAATCTGCCCTATACGGTTGGCCCGTCGGTGGCGLTG

LA R A A A A B AR AL A b b b LA A b b A L L L L b L whkkh Wk how

TTGGTCGCGCTGAGTGTTGGCCGCARGGTTGACGC TGGTGTGCTGGC
TTGGTCGCCTAAAGTGCCGGCCGCAATGCTGGTGC TGGTGTACTCGT
TTGGTCGCGCTGAGTGTTGGCCGCARGGTTGACGC TGGTGTGCTGGC
TTGGTCGCGCTGAGTGTTGGCCGCAAGGTTGACGC TGGTGTGCTGGC
TTGGTCGCGCTGAGTGCTGGCCGCARGGTTGACGC CGGTGTGCTGGC

kg ke ko s RkEkkk kkkkhkhhkk * kk  hk khkkkk k& &

AGTGCAT! CGGCGGGATGACTTGGETGGGTAGAGCAGTGTCTGCTTCC
GATGCAT CGGTGGGATGACTTGGGCEGGATAGAGCAGTGTCTGCCTCC
AGTGCAT CGGCGGGATGACTTGGGTGGGTAGAGCAGTGTCTGCTTCC
AGTGCAT CGGCGGGATGACTTGGGTGGGTAGAGCAGTGTCTGCTTCC

AGTGCAT GGGGATGACTTGGGTGEGGTAGAGCAGTGTCTGCTTCC
L hkkRw kO RRRARRRIARRRERE ko RAA AR RRR AR AR RRE hkk

Fig. 3 Multiple sequence alignment of 18S gene of Senga sp. showing gap (red) in highlighted boxes and mismatches [asterisks (*) just below
the nucleotide base pairs shows well aligned sequences whereas the space between the asterisk shows mismatches] (color figure online)
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Table 4 Sequence identity matrix for 18S gene with values indicating % identities/% differences among the various species of Senga

1 2 3 4 5
1. Senga lucknowensis* ID
2. S. lucknowensis 99.8/0.2 ID
3. S. vishakapatnamensis 99.7/0.3 10 ID
4. S. magna 99.4/0.6 99.5 99.5 ID
5. Bothriocephalus cuspidatus 96.5/3.5 96.6 96.6 96.5 1D

* sequence generated for the study
The numbers in bold indicate the highest value
ID identical

— S. lucknowensis India*

98
—T S. lucknowensis Vietham

100

- S. vishakapatnamensis India

— S. magna Russia

Bothriocephalus cuspidatus

0.005

Fig. 4 Phylogenetic tree of Senga species inferred via Bayesian
Inference in MrBayes using 18S gene regions. Numbers against the
nodes indicate Bayesian posterior probability values and the scale bar
represents number of substitutions per site (*sequence generated for
the study)

indicated from all the molecular information that the spe-
cies of our study belongs to S. lucknowensis.

The present study provides the molecular characteriza-
tion and identification of L. indicus and S. lucknowensis.
This study also proves the benefit and utility of molecular
tools in delineating and identification of parasite having
medicoveterinary importance.
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