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ABSTRACT

Isolates of the fish parasitic copepod Lernaea from four different freshwater fishes viz., catla (Catla catla), guppy (Poecilia
reticulata), platy (Xiphophorus maculatus) and gold fish (Carassius auratus) were selected for the study. The isolates had
considerably differing anchor shapes and were likely to be grouped as different species. Partial nucleotide sequences of the
18S and 28S rDNA regions of the Lernaea isolates were determined. Phylogenetic trees generated by the neighbour joining
method revealed that the Lernaea isolates examined in this study were of similar genotype and were identified to be Lernaea

cyprinacea.
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Introduction

Till date, 110 species of lernaeids have been
systematically placed in 14 different genera (Ho, 1998).
Currently 43 valid Lernaea species are reported in the
World of Copepods database (Avenant, 2012). The
taxonomical characteristics used for the identification of
species of Lernaea often seem ill-defined. The shape of
the anchors is selected as the most important characteristic
for identification purposes. However, the growth of
the anchors is largely influenced by the consistency of
the tissue to which the parasite is attached (Hu, 1948;
Harding, 1950; Fryer, 1961, 1968). Poddubnaya, (1973,
1978) further complicated the understanding of the
species concept of lernaeids when she showed that
offsprings with different phenotypes could be obtained
from a single maternal specimen. The main contribution
of her work is the demonstration that the morphology
of the copepod may be substantially influenced by the
host and that the influence of the host may be constant
and predictable. Furthermore, it became evident from the
work of Fratello and Sabatini (1972) that the chromosome
of Lernaea collected from different fishes were identical
and they concluded that all fishes carried the same species
of Lernaea, i.e., L. cyprinacea. A total of nine species
of Lernaea from India and South-east Asia have been
reported so far. They are L. cyprinacea (Linnaeus, 1758),
L. oryzophila (Monod, 1932), L. polymorpha (Yu, 1938),
L. lophiara (Harding, 1950), L. chackoensis (Gnanamuthu,
1951), L. bengalensis (Gnanamuthu, 1956), L. arcuata
(Soejanto, 1965), L. hesarghattensis (Srinivasachar
and Sundarabai, 1974), L. bhadraensis (Seenappa
et al., 1980) and L. osphronemi by Thomas et al. (1989).
The considerable morphological plasticity of Lernaea

species has hindered accuracy in identification (Kabata
1979; Lester and Haywood, 2006). Molecular genetic
studies for definitive confirmation of species identity are
a basic prerequisite for development of effective control
strategies against the parasite.

The traditional taxonomical tools based on external
morphology are often laborious, time consuming and
require considerable skill. In contrast, molecular methods
are relatively recent, reasonably accurate and could be
complimented with other taxonomic methods. DNA
sequence variations often contain useful information
for taxonomic studies (Tautz et al., 2002, 2003; Blaxter
and Floyd, 2003; Blaxter, 2004). The nuclear ribosomal
DNA (rDNA) in eukaryotes is made up of tandem arrays
of a basic unit that contains the transcription units (188,
5.8S, 28S) and an intervening intergenic spacer (IGS)
region with copy numbers up to the order of 10,000
(Schlotterer, 1998). The ribosomal DNA cistron consists
of two different regions; one region coding for ribosomal
functioning (Raue ef al., 1990) and others are non-coding.
The different subunits and regions of the ribosomal DNA
gene have different degrees of sequence variation and are
suitable for comparison at the inter-genetic or interspecies
level. The tick (Boophilus microplus) antigen Bm86,
displays great variability among geographically isolated
ticks leading to reduced effectiveness of the anti-tick
vaccine (Kaewmongkol et al., 2015). Therefore, while
designing a commercially viable vaccine against Lernaea
it is prudent to ascertain if there is genetic variability
among the Lernaea populations. Hence the present
study was initiated to identify the Lernaea isolates using
molecular tools.
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Materials and methods
Collection of Lernaea isolates

The Lernaea samples were collected from four
different species of infected fishes viz., catla (Catla catla),
guppy (Poecilia reticulata), gold fish (Carassius auratus)
and platy (Xiphophorus maculatus) from the fish farm of
the College of Fisheries, Mangalore, India. The parasite
was pulled out with the help of forceps. Isolates from each
host species was washed separately with 0.75% NaCl and
preserved in 95% ethanol until isolation of genomic DNA.
The anchor shapes were studied under the microscope and
confirmed that they were morphologically distinct from
one another.

DNA extraction and polymerase chain reaction (PCR)

Genomic DNA of the parasite was isolated using
the Qiagen DNeasy Blood and Tissue kit as per the
manufacturer’s protocol. Purity and concentration of the
DNA was checked by Nanodrop 2000C spectrophotometer
(Thermo Scientific). The 18S rDNA fragments were
amplified with primers 18S F (5’ - AAG GTG TGM CCT
ATCAACT-3")and 18S R (5’ - TTA CTT CCT CTA
AAC GCT C - 37) designed by Song et al. (2008). The
28S rDNA fragments were amplified with primers 28S F
(5’ - ACA ACT GTG ATG CCC TTA G - 3’) and 28S R
(5’-TGG TCC GTG TTT CAA GAC G - 3’) designed by
Song et al. (2008). PCR reactions were performed in 30 pl
mixtures containing 200 ng genomic DNA, 0.2 puMol
each of the two primers, 50 uM of each of the dNTPs,
1 x PCR buffer (with 1.5 mM MgCl,), 2.5 U of Tag DNA
polymerase (Genei, Bangalore, India) in BioRad C 1000
Touch Thermal Cycler under the following conditions:
94°C for 5 min, followed by 30 cycles of 94°C for 30 s,
54°C for 30 s and 72°C for 1 min with a final extension
at 72°C for 5 min. PCR reactions for 28S regions were
performed under similar conditions except that the
annealing temperature was maintained at 60°C for 25 s,
extension at 72°C for 30 s with a final extension at 72°C
for 3 min. The amplified fragments were visualised on
1% agarose gel.
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DNA sequencing and assembly

Specific amplified products were eluted from the
gel using the Thermo Scientific Gene JET gel extraction
and DNA cleanup microkit. Purified products were sent
to Chromous Biotech, Bangalore, India for automated
sequencing. The sequence was manually checked and
edited for accuracy using Bioedit Software. Contigs
were assembled using the CAP3 interface in the bioedit
software.

Phylogenetic analysis

Lernaea cyprinacea sequences deposited by Song
et al. (2008) and the Argulus sequences to be used as
outgroup were downloaded from Genbank (http://www.
ncbi.nih.gov) in the FASTA format. The sequences were
then aligned with homologous sequences of the isolates
using ‘Clustal W’ alignment software (Larkin et al., 2007)
in MEGA version 5 (Tamura et al., 2011) (http://www.
megasoftware.net).

The evolutionary history for both 18S and 28 S
sequences from Lernaea isolates was inferred using the
Neighbor-Joining method (Saitou and Nei, 1987). The
percentage of replicate trees in which the associated
taxa were clustered together was calculated with the
bootstrap test (1000 replicates) (Felsenstein, 1985). The
evolutionary distances were computed using the Kimura
2- parameter method (Kimura, 1980) and are in the units
of the number of base substitutions per site. The analysis
involved 7 nucleotide sequences. All positions with less
than 95% site coverage were eliminated. Fewer than
5% alignment gaps, missing data and ambiguous bases
were allowed at any position. There were a total of 1015
positions in the final dataset for the 18S region and 662
positions for 28S region.

Results and discussion

The anchor shapes of the Lernaea isolates from
the four fishes considerably differed from each other
(Fig. la, b, ¢ and d). Polymerase chain reaction of the
18S rDNA region of Lernaea isolates yielded a product
of 1370 bp and that of 28S region yielded a product
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Fig. 1. Anchor of Lernaea isolated from a) Catla; b) Guppy; c) Platy; d) Gold Fish (x100)
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of 720 bp (Fig. 2 and 3). The BLAST results showed
that the sequences for the 18S and 28S rDNA from the
Lernaea isolates were identical to the Lernaea cyprinacea
sequences deposited in Genbank (Song et al., 2008).
The sequencing results are presented in Fig. 4 and 5.
Phylogenetic analyses were conducted in MEGAS
(Tamura et al., 2011). The distance trees generated by
neighbor joining method reflect these findings (Fig. 6
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Fig. 2. Photograph of agarose gel containing PCR products
of the 18S rDNA region of Lernaea isolates
Lane a: Catla, b: Guppy, c: Platy, d: Gold fish, e: Marker
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and 7). This is reliable as the outgroup species Argulus
was clearly segregated into a different clade.

The traditional taxonomic method considers the
anchor shape of Lernaea as the most distinguishing
characteristic to delineate the species. Using anchor shape
as the basis for classification, the Lernaea isolates in the
present study were likely to be grouped into four different
species. The anchor shape is not a good characteristic for
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Fig. 3. Photograph of agarose gel containing PCR products
of the 28S rDNA region of Lernaea isolates
Lane a: Catla, b: Guppy, c: Platy, d: Gold fish

18S partial sequence of Lernaea isolate from Goldfish
2il73811726lgbIDQ 107554.11 Lernaea cyprinacea isolate LCH 18S ribosomal RNA gene partial sequene
18S partial sequence of Lernaea isolate from Catla

18S partial sequence of Lernaea isolate from Guppy

0.01

gil 73811729gbl DQ 10755.11 Lernaea cyprinacea isolate LCM ribosomal RNA gene partial sequence
18S partial sequence of Lernaea isolate from Platy
gi 1 388540891¢gbl JQ740820.11 Argulus coregoni 18S ribosomal RNA gene partial sequence

Fig. 6. Neighbor joining tree inferred from the analysis of partial 18S rDNA sequences of four Lernaea isolates. Numbers along
branches indicate the percentages of support values. The optimal tree with the sum of branch length = 0.15845141. The tree is
drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree

g7/ 288 ribosomal RNA partial sequence of Lernaea isolate from Guppy

67|' 28S ribosomal RNA partial sequence of Lernaea isolate from Platy
36 2il73811718IgbIDQ 107546.11 Lernaea cyprinacea isolate LCH 28S ribosomal RNA gene partial sequene

73] 28 ribosomal RNA partial sequence of Lernaea isolate from Catla

0.05

288 ribosomal RNA partial sequence of Lernaea isolate from Goldfish
gil73811720IgbIDQ 107548.11 Lernaea cyprinacea isolate LCM 288 ribosomal RNA gene partial sequene
gi | 108671074Igbl DQ531767.1 Argulus sp. Y u-2006 285 ribosomal RNA gene partial sequence

Fig. 7. Neighbor joining tree inferred from the analysis of partial 28S rDNA sequences of four Lernaea isolates. Numbers along
branches indicate the percentages of support values. The optimal tree with the sum of branch length = 0.63954580. The tree is
drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree
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18S rRNA Lernaea (catla)

18S tRNA  Lernaea (guppy) GGGTAACGGGGAATTAGEGTTCGATTCCGGAGAGGGAGCC TGAGAGACGGCTAC CACTTCT AAGGAAGGCAGCAGGC GCGCAAATTACC
18S tRNA Lernaea (platy) ACGGGGA- TTAGGGTTCGATTCCGGAGAGGGAGCC TGAGAGACGGCTAC CACTTCTAAGGAAGGCAGCAGGC GCGCAAATTACC
GGGTTCGATTCCGGAGAGGGAGCC TGAGAGACGGC TACACACTTCT AAGGAAGGCAGCAGGCGCGCAAATTACC

18S rRNA Lernaea (goldﬁsh) CGGGGAATTAGGGTTCGATTCCGGAGAGGGAGCC TGAGAGACGGCTAC CACTTCTAAGGAAGGCAGCAGGCGCGCAAATTACC
18S rRNA Lernaea (catla) | zo00 | 110 | 120 ‘ 120 | a0 | 150 | e e reo
18S tRNA Lernaea (guppy) CACTGGCCGAAGGCCGAGGTAGTGACGAAAAATAACGATACCGGACTCATCCGAGGCCCGGT AATCGGAATGAGTACACTTTAAATCCTT
188 TRNA Lernaea (platy) CACTGGCCGAAGGCCGAGGTAGTGACGAAAAATAACGATACCGGACTCATCCGAGGCCCGGT AATCGGAATGAGTACACTTTAAATCCTT
platy CACTGGCCGAAGGCCGAGGTAGTGACGAAAAATAACGATACCGGACTCATCCGAGGCCCGGT AATCGGAATGAGTACACTTTAAATCCTT

18S rRNA Lernaea (goldfish) CACTGGCCGAAGGCCGAGGTAGTGACGAAAAATAACGATACCGGACTCATCCGAGGCCCGGT AATCGGAATGAGTACACTTTAAATCCTT
18S rRNA Lernaea (catla) 1390 200 210 220 220 240 2s0 260 270
. D B Iy s loeeilamanl N B R R L R E Rl R e le--o1

18S tRNA  Lernaea (guppy) TAACGAGGAACCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGETAATTCCAGCT CCAATAGCGTATATTAAAGTTGTTGCGGTTARAA
18S tRNA Lernaea (platy) TAACGAGGAACCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCT CCAATAGCGTATATTAAAGTTGTTGCGGTTAAAA
18S rRNA L 1dfish TAACGAGGAACCATTGGAGGGCAAGTCTGGTGCCAGCAGC CGCGGTAATTCCAGCT CCAATAGCGTATATTAAAGTTGTTGCGGTTAAAA
r ernaea (goldfish) TAACGAGGAACCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCT CCAATAGCGTATATTARAAGTTGTTGCGGTTAARA

18S rRNA Lernaea (catla) 230 290 200 210 azo0 220 240 250 260

T L T T L L [ I
18S tRNA  Lernaea (guppy) AGCTCGTAGTTGGATCTCAGCAGGCAGGGGGCGGT GCGTT TTTTGACGCGACTGCCTGTTTT GCCTGCGACTT TTCTCGGTGGAGTCGAC
18S rRNA Lernaea (platy) AGCTCGTAGTTGGATCTCAGCAGGCAGGGGGCGGT GCGTT TTTTGACGCGACTGCCTGTTTT GCCTGCGACTT TTCTCGGTGGAGTCGAC

AGCTCGTAGTTGGATCTCAGCAGGCAGGGGGCGGT GCGTT TTTTGACGCGACTGCCTGTTTT GCCTGCGACTT TTCTCGGTGGAGTCGAC
18S rRNA L 1dfish

r ernaea (goldfish) AGCTCGTAGTTGGATCTCAGCAGGCAGGGGGCGGT GCEGTT TTTTGACGCGACTGCCTGTTTT GCCTGCGACTT TTCTCGGTGGAGTCGAC
18S rRNA Lernaea (catla) 270 aso as0 200 a10 420 230 240 as0

T T e L e e e I
18S tRNA Lernaea (guppy) CGGGTGCTCTTTATTGAGTGTCCGTTTTGTCGGGCCACCAGGTTTACTTTGAAAAAATTAGAGTGCT CCAAGCAGGCCGCATACGCCTGA
18S rRNA Lernaea (platy) CGGGTGCTCTTTATTGAGTGTCCGTTTTGTCGGGCCACCAGGTTTACTTTGAAAAAATTAGAGTGCT CCAAGCAGGCCGCATACGCCTGA

CGGGTGCTCTTTATTGAGTGTCCGTTTTGTCGGGCCACCAGGTTTACTTTGAAAAAATTAGAGTGCT CCAAGCAGGCCGCATACGCCTGA
18S rRNA Lernaea (goldfish) CGGGTGCTCTTTATTGAGTGTCCGTTTTGTCGGGCCACCAGGTTTACTTTGAAAAAATTAGAGTGCT CCAAGCAGGCCGCATACGCCTGA
18S rRNA Lernaea (catla) 480 470 480 as0 s00 s10 s20 530 540

T T T T e e I B I
18S tRNA  Lernaea (guppy) ATACTCGTGCATGGAATAATGGAATAGGACGTCGTTCCTATTTTGTTGGTTTTCGGGAAT CGACGTAATGATTAATAGGCACAGCCGGGE

ATACT CGTGCATGGAATAATGGAATAGGACGTCGTT CCTATTTTGTTGGTTTTCGGGAAT CGACGTAAT GATT AAT AGGGACAGCCGGGE

r ernaea (platy

ATACT CGTGCATGGAATAATGGAATAGGACGTCGTT CCTATTTTGTTGGTT TTCGGGAAT CGACGTAAT GATTAATAGGGACAGCCGGGE
18S rRNA Lernaea (goldfish)

g ATACT CGTGCATGGAATAATGGAATAGGACGTCGTT CCTATTTTGTTGGTT TTCGGGAAT CGACGTAAT GATTAATAGGGACAGCCGGGE
18S rRNA Lernaea (catla) 550 560 570 580 590 600 €10 820 &30
1 [ i Ny [ [ oo 1 1. [ I S| i
18S tRNA  Lernaea (guppy) GCATTAGTATTCAGACGACAGAGGTGAAATTCTTGGACCGT CTGAAGACTGACGACTGCGAAAGCAT TTGCCAAGAGTGTTTT CATTAA
18S rRNA Lernaea (platy) GCATTAGTATTCAGACGACAGAGGTGARATTCTTGGACCGTCTGARGACTGACGACTGCGARAGCAT TTGCCAAGAGTGTTTT CATTAR
GCATTAGTATTCAGACGACAGAGGTGARATTCTTGGACCGTCTGARGACTGACGACTGCGARAGCAT TTGCCARBAGTGTTTTTCTTTAR
18S rRNA Lernaea (goldfish) GCATTAGTATTCAGACGACAGAGGTGARATTCTTGGACCGTCTGARGACTGACGACTGCGARAGCAT TTGCCAAGAGTGTTTT CATTAR
18S tRNA Lernaea (catla) &40 850 660 870 €80 690 700 710 720
B L T I I [T L D [P Iy L Iy |
18S tRNA  Lernaea (guppy) TCAAGAACGAA AGTTAGAGG TTCGAAGGCGATCAGATACCGCCC TAGTTCT  AACCATAAA CGATGCCAGCTAGCGATCC GTGG
TCAAGAACGAA AGTTAGAGG- TTCGAAGGCGATCAGATACCGCCC TAGTTCT- - AACCATAAA - CGATGCCAGCTAGCGATCC GTGG

r ernaea (platy
185 tRNA Lernaea (goldfish) TCAAGAACCAATAGT TAGAGGGTTCGAAGGCAAT CAGATACCGCCCCTAGT T CCTAAACCATAAAACGAT GCCAGCTAGCGATCCGT GGG
TCAAGAACGAAR AGTTAGAGG TTCCGAAGGCCATCAGATACCGCCC TAGTTCT AACCATAAA CGATGCCAGCTAGCGATCCCGTGG
18S tRNA Lernaea (catla) 730 740 750 760 770 780 730 800 e1o
18S tRNA  Lernaea (guppy) GCGTTTTCCTTGTAGGCCCCACGGGCAGCTT -CCGGGARACCAAA -GCGTTTGGGT TCCGGGGGAAGTAT GGTTGCARAGCTGARAC -~ TT
GCGTTTTCCTTGTAGGCCCCACGGGCAGCTT - CCGGGARACCAAA - GCGTT TGGGT TCCGGGGGAAGTATGGTTGCARAGCTGARAC -~ TT

I ernaea (platy
GCGTITTTCCT GTAGGCCCCACGEGCAGCTT CCCGCCARACCAAAAGCEGTTTGECGTTCCECEECGGAAGTATGCTTGCARAGCTGARAC TT
18S rRNA Lernaea (goldfish) GCGITTTCCTTGTAGGCCCCACGGGCAGCTTTCCGGGARACCAAA GCGTT TGGGT TCCGGGGGAAGTATGGT TGCARAGCTGARACCTT
18S tRNA Lernaea (catla) 20 e30 540 850 860 870 880 8so s00
B T L T I P L I L I [ o O Ly |
18S tRNA Lernaea (guppy) AAAAGAATTGACGGAAGGGCACCACCAGGCGTGGAGCCTGCGGCT TAAT TTGACT CAACACGGGARATCT CACCAGGCCCGGACACCGGA
18S rRNA Lernaca (platy) AAAAGAATTGACGGAAGGGCACCACCAGGCGTGGAGCCTGCGGCT TAAT TTGACT CAACACGGGARATCT CACCAGGCCCGGACACCGGA

AAAAGAATTGACGGAAGGGCACCACCAGGCGTGGAGCCTGCGGCTTAAT TTGACT CAACACGGGARATCT CACCAGGCCCGGACACCGGA
18S rRNA Lernaea (goldfish) AAAAGAATTGACGGAAGGGCACCACCAGGCGTGGAGCCTGCGGCTTAAT TTGACT CAACACGGGARATCT CACCAGGCCCGGACACCGGA
18S tRNA Lernaea (catla) 210 320 330 240 350 a€0 270 30 220

1 - 1- 1- | - 1- 1- - 1- 1
18S tRNA Lernaea (guppy) AGGATTGAC AGATTGAGAGETCTITCTEGATT COGT BGGT GET GET GCAT GECCETT CT TAGT TG TEEAGT GATTT T CT GET TAATT

AGGATTGAC -AGATTGAGAGCT CTTTCTCGATTCGGTGGGTGGT GETGCATGGCCGTT CTTAGT TGGTGGAGT GATTTGT CTGGTTAATT
18S tRNA Lernaea (platy) AGGATTGAC AGATTGAGAGCTCTTTCTCGATTCGGTGGGTGGTGGTGCATGGCCGTT CTTAGT TGGTGGAGT GATTTGT CTGGTTAATT
18S rRNA Lernaea (goldfish) AGGATTGACGAGATTGAGAGCT CTTTCTCGATTCGGTGGGTGGT GGTGCATGGCCGTT CTTAGT TGGTGGAGT GATTTAT CTGGT TAATT
18S tRNA Lernaea (catla) 1000 1010 1020 1030 1040 1050 1060 1070 1080

1 1----1 | - | - 1 1 [ 1 I- 1- 1----1 1 1
18S rRNA Lernaea (guppy) CCGATAACGAACGAGACT CCGTCCTGCTARATAGTCGCCAGGTTGGTGT TTTTTT TCTACTGCCTGGCGAGTGT CTTCTTAGAGGGACTG

CCGATAACGAACGAGACT CCGTCCTGCTARATAGTCGCCAGGTTGGTGTTTTTTTTCTACTGCCTGGCGAGTGT CTTCTTAGAGGGACT G

I ernaea (platy

CCGATAACGAACGAGACT CCGT CCTGCTAAATAGTCGCCAGGTTGGTGTTTTTTTTCTACTGCCTGGCGAGTGT CTTCTTAGAGGGACTG

18S rRNA L Idfish
r ernaea (goldfish) CCGATAACGAACGAGACT CCGTCCTGCTAAATAGTCGCCAGGTTGGTGT TTTTTTTCTACTGCCTGGCGAGTGT CTTCTTAGAGGGACTG
18S rRNA Lernaea (catla) 1050 1100 1110 1120 1130 1140 1150 1160 1170

R I T o I L Ll L P L P L I L I L I |
18S tRNA Lernaea (guppy) GCGGCATTTAGCCGCACGAGATGGAGCAATARCAGGT CTGTGATGCCCT TAGATGT TCTGGGCT GCACGCGCGCTACACT GARAGGAT CA

GCGGCATTTAGCCGCACGAGATGGAGCAATARCAGGT CTGTGATGCCCT TAGATGT TCTGGGCT GCACGCGCGCTACACT GAAAGGAT CA
18S rRNA Lernaea (platy

GCGGCATTTAGCCGCACGAGAT GGAGCAATARACAGGT CTGT GAT GCCCT TAGATGT TCTGGGCT GCACGCGCGCTACACT GARAGGAT CA
18S rRNA Lernaea (goldfish) GCGGCATTTAGCCGCACGAGAT GGAGCARTARACAGET CTGTGATGCCCTTAGATGTTCTGGECT GCACGCGCGCTACACT GARAGGATCA
18S rRNA Lernaea (caﬂa) 1180 1150 1200 1210 1220 1230 1240 1250 1260

T L L T L T [ L T L [ L E e L |
18S tRNA Lernaea (guppy) GCGTGTGTTTTTCCCTGT CCCCAGAGGGAT GGGAAACCCGCTGAACCCCTTT CGTGGTAGGGAT CAGAGCT TGCAAT TGT TCTCTGIGAA

GCETGTGETTTTTCCCTET CCCGAGAGGGAT GEGGAAACCCGCTGAACCCCTTT CGTGGTAGGGAT CAGAGCT TGCAAT TGITCTCTGIGAA
18S rRNA Lernaea (platy)

GCGTGTGETTTTTCCCTGT CCCGAGAGGGAT GGGAAACCCGCTGAACCCCTTT CGTGGTAGGGAT CAGAGCT TGCAATTGTTCTCTGTGAA
18S rRNA Lernaea (goldfish) GCGTGTGTTTTTCCCTGT CCCGAGAGGGAT GGGARACCCGCT GAACCCCTTT CGTGGTAGGGAT CAGAGCT TGCAAT TGTTCTCTGTGAA
]8s tRNA Lernaea (catla) 1270 1280 1290 1300 1310 1320 1330 1340 1350

B T T I L T L o L e L [P L Iy L e |
18S rRNA Lernaea (guppy) CCAGGAATGCCCAGTAAGCGCAAGTCATAAGCT TGCGTTGAT TACGTCCCTGCCCTTTGTACACACCGCCCOT CGCTACTACCGATTGAR

CCAGGAATGCCCAGTAAGCGCARGTCATAAGCT TGCGTTGAT TACGT CCCTGCCCTTTGTACACACCECCCET CGCTACTACCGATTGAR
18S rRNA Lernaea (platy)

CCAGGAATGCCCAGTARGCGCARGTCATAAGCT TGCGT TGAT TACGT CCCTGCCCTTTGTACACACCGCCCGT CGCTACTACCGATTGAR
18S rRNA Lernaea (goldfish) CCAGGAATGCCCAGTAAGCGCAAGTCATAAGCT TGCGT TGAT TACGT CCCTGCCCTTTGTACACACCGCCCGT CGCTACTACCGATTGAR
18S rRNA Lernaea (catla) 1380 1370 1380

| 1- 1 | 1- I
18S rRNA Lernaea (guppy) CETTTTAGT GACETATTT BGACT CEECET CEGEAAGTT
18S rRNA Lernaea (platy) ggggggﬁggxgggﬁggrcm&cramccracmﬂ
18S rRNA Lernaea (goldﬁsh) CGTTTTAGTGAGGTATTTGGACTGGECCTGCGGARAG

Fig. 4. Clustal W alignment of nucleotide sequences of the 18S rDNA regions of the Lernaea isolates from catla, guppy, platy
and gold fish
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10 20 30 a0 50 &0 70
B o I [ P I I I P P T I R I |
28S tRNA Lernaea (catla) CCTTAGTAATGGCGAATGAAACGGGCAGAGCCCAGCACTGAACCGCCAGCTTTTGARAGGGTTGCGC
28S tRNA Lernaea (guppy) CCCTTAGTAATGGCGAATGAAACGGGCAGAGCCCAGCACTGAACCGCCAGCTTTTGAAAGGGTTGCGCGG
28S rRNA Lernaea (platy) CCCTTAGTAATGGCGAAT GAAACGGGCAGAGCCCAGCACTGAACCGCCAGCTTTTGARAGGGT TGCGCGGE
28S rRNA Lernaea (goldfish) CCCTTAGTAATGGCGAATGAAACGGGCAGAGCCCAGCACTGAACCGCCAGCTTTTGARAAGGGTTGCGCGE
80 S0 100 110 120 130 140
T e o [ [ [ [ O Y [ T I |
28S rRNA  Lernaea (catla) AATGTAGTGITTGEGAGAGCCTTCTCATGATGCGCGGTGCARRATCTGTCT. TCCACCTTGACTGG
28S rRNA Lernaea (guppy) AATGTAGTGTTTGGGAGAGCCT TCTCATGATGCGCGGTGCAAAATCTGTCTAAGT CCACCTTGACTGGGG
28S tRNA Lernaea (platy) AATGTAGTGITTGGGAGAGCCT TCTCATGATGCGCGEGTGCAARAATCTGTCTAAGT CCACCTTGACTGGGE
28S rRNA Lernaea (goldfish) AATGTAGTGITTGGGAGAGCCT TCTCATGATGCGCGEGTGCAARAATCTGTCTAAGT CCACCTTGACTGGGE
150 160 170 180 150 200 210
28S tRNA Lernaea (catla) CCACTACCCATAGAGGGTGATAGGCCCGTAAGACAGTCTGCGTGTTGTGCTGGCTTTTTCCCTAGAGTCG
28S rRNA Lernaea (guppy) CCACTACCCATAGAGGGTGATAGGCCCGTAAGTGAGTCTGCGTGTTGTGCTGGCTTTTTCCCTAGAGTCG
28S rRNA Lernaea (platy) CCACTACCCATAGAGGGTGATAGGCCCGTAAGTGAGTCTGCGTGTTGTGCTGGCTTTTTCCCTAGAGTCG
28S rRNA Lernaea (goldfish) CCACTACCCATAGAGGGTGATAGGCCCGTAAGACAGTCTGCGTGTTGTGCTGGCTTTTTCCCTAGAGTCG
220 230 240 250 260 270 280

T T e S O IO T I [ I
285 RNA Lernaea (catla) AGTTGCTTGGGAGT GCAGCTCARAGTGCGTGGTAAACT CCACGTAAGGCTAAATATCACCCCGAGACC
28S tRNA Lernaea (guppy)

58S TRNA I ot AGTTGCTTGGGAGTGCAGCTCAAAGT GCGT GGTAAACTCCACGTAAGGCTAAATATCACCCCGAGACCGA
588 rRNA L” naea (p algg b AGTTGCTTGGGAGT GCAGCTCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATCACCCCGAGACCGA
r ernaea (goldfish) AGTTGCTTGGGAGTGCAGCTCARAGTGCGT GGTAAACTCCACGTAAGGCTARATATCACCCCGAGACCGA

290 300 310 320 330 340 350
B T T T [P I T [ T I
TAGCGAACAAGTACCGTGAGGGAAAGTTGAAAAGAACT TTGAAGAGAGAGTTCAATAGTACGTGARACTG
TAGCGAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAATAGTACGTGAAACTG
TAGCGAACAAGTACCGTGAGGGARAGT TGAAAAGAACT T TGAAGAGAGAGT TCAATAGTACGTGAAACTG
TAGCGAACAAGTACCGTGAGGGARAAGT TGAAAAGAACT T TGAAGAGAGAGT TCAATAGTACGTGAAACTG

28S tRNA Lernaea (catla)
28S tRNA Lernaea (guppy)
28S rRNA Lernaea (platy)
28S rRNA Lernaea (goldfish)

360 370 380 390 400 410 420
SN T TR N RRNDN [N RUNDNS RN RUNPRUN I S [ [ [
28S TRNA Lernaea (catla) TGTAGCGGTAAACAGAGGGECT CTCGAAGT CCAGGCTGGAGAT T CAGGTTGCCAGATGGCTAGT TTGGCT
28S rRNA Lernaea (guppy) TGTAGCGGTAARCAGAGGGGCT CTCGAAGT CCAGGCTGGAGATT CAGGTTGCCAGATGGCTAGTTTGGCT
28S rRNA Lernaea (platy) TGTAGCGGTAAACAGAGGGGCTCTCGAAGT CCAGGCTGGAGATTCAGGTT GCCAGATGGCTAGTTTGGCT
28S rRNA Lernaea (goldfish) TGTAGCGGTAAACAGAGGGECTCTCGAAGT CCAGGCTGGAGAT T CAGGTTGCCAGATGGCTAGT TTGGCT
430 440 450 460 470 480 450
S T I TN [N SN PN ERNUUNE I SO (RN RO I
28S tRNA  Lernaea (catla) GGTGCGAAGATCTGCATAGGACT TTGTGCCTGGTCAAATGTTGT TGGCTGGATGGCGATTGCACTTCTCT
28S tRNA  Lernaea (guppy) GGTGCGAAGATCTGCATAGGACT TTGTGCCTGGTCAAATGTTGT TGGCTGGATGGCGAT TGCACTTCTCT
28S rRNA Lernaea (platy) GGTGCGAAGATCTGCATAGGACT TTGTGCCTGGTCAAATGTTGT TGGCTGGATGGCGAT TGCACTTCTCT
28S rRNA Lernaea (goldfish) GGTGCGAAGATCTGCATAGGACT TTGTGCCTGETCAAATGTTGTTEEGCTGGATGGCGAT TGCACTTCTCT
500 510 520 530 540 550 560
T T T e T T R
28S rRNA Lernaea (catla) GGCCTAGCAATGGGCGCGACGAGCCACTGAGAGCGAATCAAGT GCGTGGETGAAGT TTGCTTCAACAGTC
28S rRNA Lernaea (guppy) GGCCTAGCAATGGGCGCGACGAGCCACTGAGAGCGAATCAAGT GCGTGGETGAAGT TTGCTTCAACAGTC
28S rRNA Lernaea (platy) GGCCTAGCAATGGGCGCGACGAGCCACTGAGAGCGAATCAAGTGCGTGGGTGAAGTTTGCTTCAACAGTC
28S rRNA Lernaea (goldfish) GGCCTAGCAATGGGCGCGACGAGCCACTGAGAGCGAATCAAGT GCGTGGGTGAAGTTTGCTTCAACAGTC
570 580 590 600 610 620 630
28S rRNA  Lernaea (catla) TTATGGCTGGETGTTGTGAGCCCCGCGTTTTCTGECTTCGATT TCGEGTGGTCTTATGTATGGAGAT,
28S rRNA Lernaea (guppy) TTATGGCTGETGTTGTGAGCCCCGCET TTTCTGECT TCGATT TCGETGGTCTTATGTATGGAGATAGGAC
28S rRNA Lernaea (platy) TTATGGCTGETGTTGTGAGCCCCGCET TTTCTGEGCT TCGATT TCGETGGTCTTATGTATGGAGATAGGAC
28S rRNA Lernaea (goldfish) TTATGGCTGETGTTGTGAGCCCCGCGTTTTCTGGCTTCGATT TCGETGGT CTTATGTATGGAGATAGGAC
640 650 660 670 680 690 T00
) T T T T T T T e T [Py |
28S tRNA  Lernaea (catla) AGACTCGTTTATAGCGAGTGCCGCTTTTGT GGCACTGT CT TTGT CCGACAT CTGT CGCGAGTAGGT CGGT
28S rRNA  Lernaea (guppy) AGACTCGTTTATAGCGAGTGCCGCTTTTGTGGCACTGT CTTTGT CCGACAT CTGT CGCGAGTAGGT CGGT
28S tRNA Lernaea (platy) AGACTCGTTTATAGCGAGTGCCGCTTTTGTGGCACTGT CTTTGT CCGACAT CTGT CGCGAGTAGGT CGGT
28S rRNA Lernaea (goldfish) AGACTCGTTTATAGCGAGTGCCGCTTTTGTGGCACTGT CT TTGT CCGACAT CTGT CGCGAGTAGGT CGGT
710 720
T T
28S tRNA  Lernaea (catla) GGCCTCTCTGACCCGTCTTGA
28S tRNA  Lernaea (guppy) GECCTCTCTGACCC———————
28S rRNA Lernaea (platy) GGCCTCTCTGACCC———————
28S rRNA Lernaea (goldfish) GGCCTCTCTGACCCGTCTT ——

Fig. 5. Clustal W alignment of nucleotide sequences of the 28S rDNA regions of the Lernaea isolates from catla, guppy, platy
and gold fish
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identification of species as it is usually influenced by the
type of fish tissue within which it developed. Very little
sequence variability in the 18S and 28S rDNA regions
supports that Lernaea parasitising the fishes in this study
are monophyletic and might be the cosmopolitan species
Lernaea cyprinacea itself. However, further analyses
of genes of these isolates will be required before final
conclusion. Other genes and a much diverse range of host
fish infected with Lernaea need to be included. Further
studies would help to understand whether the isolates
share similar biological and epidemiological properties.
Accidental introduction of L. cyprinacea might have
occurred in the water bodies of Mangalore most probably
as a result of the import of tropical ornamental fish from
different parts of Asia. The host fishes of Lernaea are
prevalent throughout the country and further surveys
in the rivers of India might lead to the discovery of
L. cyprinacea in those areas.
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