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Carnivores and large ruminants harbour intestinal
parasites belonging to the nematode family Ascarididae
(Urquart et al. 1996). Toxocara was identified as important
genus under this family which is of human and animal health
significance. Three species of Toxocara viz. T. canis, T.
cati and T. vitulorum are the common species, which have
been reported worldwide due to very well known human-
animal bond (Paul et al. 2010, Rubinsky- Elefant et al.
2010).

Ascaridoid nematodes of the genus Toxocara can be
identified, classified and delineated on the basis of their
morphological features, site of predilection and host species
(Bowman et al. 2008). On the contrary, traditional methods
are of no use for identification of larval and/or ova, which
leaves a question mark in taxonomic analyses of Toxocara
in paratenic and aberrant hosts and environmental samples
as well (Zhu et al. 1998, 2001, Gasser et al. 2006). This has
been evidenced from the literature that, micro-Ouchterlony
test and primary binding assay can identify Toxocara larvae
up to genus level in human patients suffering from

generalized or compartmentalized forms of larva migrans.
But species identification is not possible by immunological
mining due to presence of cross reactive antigens. The
shortcomings of phenotypic and immunological detection
of intermediate stage of Toxocara can only be resolved by
molecular mining of the species (Fisher 2003).

A perusal of available literature suggests that, using
internal transcribed sequences, mitochondrial (mt)
sequences, multi locus analysis and other DNA
fingerprinting methods, taxonomic status of different
species of Toxocara can be resolved (Jacobs et al. 1997,
Zhu et al. 1998, Gibbons et al. 2001, Gasser et al. 2006,
Wickramasinghe et al. 2009, Sheng et al. 2012, Fogt-
Wyrwas et al. 2013).

Till date, there is no description on molecular signature
of T. canis, T. cati and T. vitulorum from India, which is
virtually required for proper taxonomic analysis of Toxocara
of Indian origin. Considering the above mentioned fact, this
study has been undertaken on molecular characterization
of T. canis, T. cati and T. vitulorum collected from different
geographical locations and host assemblages of India.

MATERIALS AND METHODS

Collection, isolation and processing of samples: T. canis
was isolated from dogs of Arunachal Pradesh and Tamil
Nadu. T. cati was collected from domestic cats of Arunachal
Pradesh. T. vitulorum was collected from yak of Arunachal
Pradesh, mithun of Nagaland, and cattle of West Bengal.
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ABSTRACT

This communication deals with molecular signature of Toxocara canis, T. cati and T. vitulorum collected from
different geographical locations and host assemblages of India. T. vitulorum was collected from cattle, yak and
mithun of West Bengal, Arunachal Pradesh and Nagaland, respectively. Isolated parasites were initially identified
morphologically before proceeding for molecular characterization. ATP synthase subunit 6 (atp6) gene had a 598
bp stretch which contained both the punctuation codons but was unique in its characteristics due to presence of
abbreviated stop codon (T). On the basis of phylogenetic analysis of atp6, 12S and transcribed spacer sequences,
three species could be clustered in three different groups. Number of preferred and non preferred codons also
varied in between three species of Toxocara of Indian origin. Atp6 gene had abundance in guanine (G) and thymine
(T) bases which has also been described as unique characteristic for Neodermata. Restriction profile of transcribed
sequences, 5.8S gene and a small fragment of 28S gene could differentiate Indian isolates of Toxocara in two
different clades.
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Isolated parasites were cleaned in phosphate buffer saline
(PBS) (pH 7.2). Samples were preserved in 70% ethanol
(v/v) at -20°C for extraction of genomic DNA.

Extraction of genomic DNA: Genomic DNA was isolated
from individual worms by conventional liquid-liquid
extraction technique following methodology described by
McManus et al. (1985) after minor modification.
Precipitated DNA after washing by 70% ethanol (v/v) was
dried and dissolved in TE buffer (pH 8.2). Purity and
quantification of DNA sample was assessed by conventional
spectrophotometry.

Amplification of atp6, 12S rRNA, ITS1and ITS2: To
amplify specific mt genes and nuclear fragments, the
following published primers were used (Wickramasinghe
et al. 2009, Sheng et al. 2012).
atp6: Forward: 5’TWYCCWCGTTWTCGTTA

GA3’
Reverse: 5’CTTAAAACAAATRCAYTT
MT3’

12S rDNA: Forward: 5’GTTCCAGAATAATCGGCTA3’
Reverse: 5’ATTGACGGATGAGTTTGT
ACC3’

ITS1: Forward: 5’GGAAACCGCCTTAATCGC
AGT3’
Reverse: 5’TTCGCTTCGCCACCCGTAC
A3’

ITS2: Forward: 5’CGGTGGATCACTCGGCT
CGT3’
Reverse: 5’CCTGGTTAGTTTCTTTTCCT
CCGC3’

Amplification was carried out with an initial denaturation
step at 94°C for 5 min followed by 35 cycles. Annealing
was done at 53°C followed by elongation at 72°C.

Purification of PCR product and generation of sequence
information: PCR products were purified using gel
extraction kit and sequence information was generated
through outsourcing.

Analysis of sequence information: Sequence information
was analysed by online version of MEGA, version. 6
(Tamura et al., 2013). Comparison of sequence information
was made with respective available sequence information
of T. canis, T. cati, T. vitulorum, T. malaysiensis, T. tanuki,
T. leonina, Bayilascaris transfuga and Anisakis simplex.
Phylogenetic analysis was made on the basis of unweighted
pair group with arithmetic mean (UPGMA) after providing
1000 bootstrap replications. Relative synonymous codon
frequency (RSCF) was calculated for Indian isolates of T.
canis, T. cati and T. vitulorum. AT and GC skew indices
were calculated using standard formula described by Perna
and Kocher (1995).

PCR based restriction fragment length polymorphism
(PCR-RFLP): To conduct PCR-RFLP, a fragment
comprising of ITS1, 5.8S gene, ITS2 plus approximately
70 nucleotides of 28S was enzymatically amplified using
universal primers (forward: 5’GTAGGTGAACCTGC
GGAAGGATCATT3’; reverse: 5’TTAGTTTCTTTTC
CTCCGCT3’) (Zhu et al. 1998). PCR products were further

digested with 10 units of RsaI for 15 h at 37°C. Restriction
fragments were separated on 2.5% agarose gel and size was
estimated using standard markers.

RESULTS AND DISCUSSION

After PCR amplification, amplicon sizes of atp6, 12S
rRNA, ITS1 and ITS2 were 750 bp, 500 bp, 1200 bp and
550 bp, respectively. Further analysis of the data revealed
that total stretch of atp6 was 598 bp, which comprised of
start codon and abbreviated stop codon (T). Presence of
abbreviated stop codon in atp6 gene may be attributed as a
consistent feature with annotation in the mt genomes of
other ascaridoid nematodes (Okimoto et al. 1992, Lavrov
and Brown 2001, Kim et al. 2006, Li et al. 2008).

For phylogenetic analysis, 598 bp fragment of
nucleotides and 199 residues of predicted amino acids of
atp6, 418 bp nucleotide information of 12S gene, 494 bp
sequence information of ITS1 and 308 bp fragment of ITS2
were considered. Phylogenetic analysis revealed that, T.
canis, T. cati and T. vitulorum could be clustered in three
different groups and were comparable with Toxocara
isolates reported from other parts of the globe (Figs 1-5).
From the topology of the phylogenetic tree of atp6, it could
be concluded that T. malaysiensis (AM412316/CAL80798)
and T. leonina. KC902750/AGO85907 were in out group
(Figs 1-2). Phylogenetic analysis of 12S gene revealed that,
Korean isolate of Anisakis simplex (AY994157) and Chinese

Fig.1. Phylogenetic analysis by UPGMA method on predicted
amino acid sequence of atp6. The optimal tree with the sum of
branch length is 1.29922651. The evolutionary distances have
been computed using Maximum Composite Likelihood method.
This analysis has involved 15 protein sequences and there were a
total of 199 positions in the final set. Indian isolates of Toxocara
(KJ777175 = T. cati (Arunachal Pradesh isolate), KJ777176 = T.
vitulorum (Arunachal Pradesh isolate) , KJ777177= T. vitulorum
(West Bengal isolate), KJ777178= T. vitulorum (Nagaland isolate),
KJ777174= T. canis (Tamil Nadu isolate), KJ777173 = T. canis
(Arunachal Pradesh isolate) , Australian isolate of T. canis
(ACF06386), Chinese isolate of T. canis (CAL69956), Sri Lankan
isolates of T. canis (AEO72443, ACR38966),Chinese isolate of
T. cati  (CAL80786), Chinese isolate of T. malayensis
(CAL80798), Sri Lankan isolates of T. vitulorum (ACR38967,
ACM88518) and Australian isolate of Ts. leonina (AGO85907).
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and 42 were non preferred codons for Indian isolate of T.
cati. Atp6 of Indian isolates of T. vitulorum had 24 preferred
codons and 40 non preferred codons. Codon usage bias
depicts about non uniform usage of codons which basically
helped to identify preferred and non preferred codons. In
earlier studies this has been found that, numbers of preferred
and non preferred codons vary in between the different
species of diptera and hymenoptera (Behura and Severson
2012). The earlier finding also corroborates with our present
finding on variability of preferred codons in between the 3
species of Toxocara.

AT skew was negative and GC skew was positive for all
Indian isolates when coding region of atp6 was considered
(Table 1). From the result of skew this could be evidenced
that, T & G are the most common bases in the sequence
information of atp6 gene. The same is the observation for
other helminths like Trematoda, Monogenea and Cestoda
which belong to a monophyletic taxon, the Neodermata (Le
et al. 2004).

Digestion of ITS1, 5.8S gene, ITS2 and partial sequence
of 28S yielded fragments of three variable sizes. Product
sizes were 270 bp, 300 bp and 500 bp for T. canis and
were 100 bp, 300 bp and 700 bp for T. cati and T. vitulorum
(Fig. 6). Previous studies suggested that digestion with RsaI
could produce strong band of 510 bp, 300 bp and 270 bp

Fig.2. Phylogenetic analysis by UPGMA method on nucleotide
sequence of atp6. The optimal tree with the sum of branch length
is 1.29922651. The evolutionary distances have been computed
using Maximum Composite Likelihood method. This analysis has
involved 15 nucleotide sequences and there were a total of 598
positions in the final set. Indian isolates of Toxocara ((KJ777175
= T. cati (Arunachal Pradesh isolate), KJ777176 = T. vitulorum
(Arunachal Pradesh isolate) , KJ777177= T. vitulorum (West
Bengal isolate), KJ777178= T. vitulorum (Nagaland isolate),
KJ777174= T. canis (Tamil Nadu isolate), KJ777173 = T. canis
(Arunachal Pradesh isolate) has been analysed with Australian
isolate of T. canis (EU730761), Chinese isolate of T. canis
(AM411108), Sri Lankan isolates of T. canis (JN593098,
FJ418787),Chinese isolate of T. cati (AM411622), Chinese isolate
of T. malayensis (AM412316), Sri Lankan isolates of T. vitulorum
(FJ418793, FJ664617) and Australian isolate of Ts. leonina
(KC902750).

Fig.3. Phylogenetic analysis by UPGMA method on nucleotide
sequence of 12S. The optimal tree with the sum of branch length
is 0.73124791. The evolutionary distances have been computed
using Maximum Composite Likelihood method. This analysis has
involved 18 nucleotide sequences and there were a total of 401
positions in the final set. Indian isolates of Toxocara (KJ777169
= T. cati (Arunachal Pradesh isolate), KJ777170 = T. vitulorum
(Arunachal Pradesh isolate) , KJ777171= T. vitulorum (West
Bengal isolate), KJ777172 = T. vitulorum (Nagaland isolate),
KJ777168 = T. canis (Tamil Nadu isolate), KJ777167 = T. canis
(Arunachal Pradesh isolate) has been analysed with Chinese
isolates of T. canis (AM411108, JN256966), Japanese isolate of
T. canis (FJ418782), Australian isolate of T. canis (EU730761),
Chinese isolates of T. cati (AM411622, JN256957, JN256961,
JN256956), Sri Lankan isolate of T. vitulorum (FJ418789),
Chinese isolate of T. malayensis (AM412316), Korean isolate of
Anisakis simplex (AY994157) and Chinese isolate of
Bayilisascaris transfuga (JN256972).

isolate of Bayilisascaris transfuga (JN256972) formed the
out group (Fig. 3). Similarly using ITS1 sequences, Japanese
isolate of T. tanuki (AB053231) was in out group compared
to Indian isolates of Toxocara and homologous species
sequences (Fig. 4). After analysis of ITS2 sequences, this
has been observed that, T. vitulorum could be clustered in
same group with T. malaysiensis (AM231609) (Fig. 5).

Topology of the phylogenetic tree was comparable with
the results reported earlier on phylogenetic analysis of atp6
(Wickramasinghe et al. 2009), ITS1 (Zhu et al. 1998; Fogt-
Wyrwas et al. 2013) and ITS2 (Wickramasinghe et al. 2009).
Previous studies on phylogenetic analysis have suggested
that, T. vitulorum was more closely related to T. malaysiensis
(Wickramasinghe et al. 2009). During the present study
Indian isolates of Toxocara could be clustered in the group
of T. malaysiensis on the basis of ITS2 sequence, which
confirmed the probable zoonotic potential of Indian isolates
of T. vitulorum. This has been further observed that, longer
homologic domains were present in ITS1 region compared
to ITS2 region of Indian isolates of Toxocara, which is in
agreement with the previous finding (Fogt-Wyrwas et al.
2013) (data not shown).

A total of 23 and 40-41 codons of atp6 could be identified
as preferred and non preferred codons for Indian isolates
of T. canis, respectively. Similarly 22 were preferred codons
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for T. canis. For T. cati three prominent scorable bands could
be detected approximately of 690-700 bp, 300 bp, and 100
bp (Zhu et al. 1998). Our finding is also comparable with
the previous finding on RFLP profile of T. canis and T. cati
(Zhu et al., 1998). However, RFLP profile of T. vitulorum
could not be compared due to non availability of
information.

 Based upon the present study this could be concluded
that, mt and transcribed sequences are useful for taxonomic
classification of Toxocara and above all restriction profile
could cluster T. canis in one group and T. cati-T. vitulorum
in another cluster.

Fig.4. Phylogenetic analysis by UPGMA method on nucleotide
sequence of ITS1. The optimal tree with the sum of branch length
is 0.24789300. The evolutionary distances have been computed
using Maximum Composite Likelihood method. This analysis has
involved 15 nucleotide sequences and there were a total of 440
positions in the final set. Indian isolates of Toxocara (KJ777163
= T. cati (Arunachal Pradesh isolate), KJ777164 = T. vitulorum
(Arunachal Pradesh isolate) , KJ777165 = T. vitulorum (West
Bengal isolate), KJ777166 = T. vitulorum (Nagaland isolate),
KJ777162= T. canis (Tamil Nadu isolate), KJ777161 = T. canis
(Arunachal Pradesh isolate) has been analysed with Taiwan isolate
of T. canis (JN617989), Chinese isolate of T. canis (JF837169) ,
Japanese isolate of T. cati (AB571303),Chinese isolate of T. cati
(JF837172),Australian isolate of T. cati (AJ002436), Malaysian
isolate of T. cati (AJ002437), United Kingdom isolate of T.
vitulorum (EU220233), Australian isolate of T. vitulorum
(AJ007455) and Japanese isolate of T. tanuki (AB053231).

Table. 1. AT/GC skew indices of Indian isolates of
Toxocara for coding region of atp6

Name of the species and isolate AT skew GC skew

T. canis (Tamil Nadu isolate) –0.495 0.497

T. canis (Arunachal Pradesh isolate) –0.490 0.497

T. cati (Arunachal Pradesh isolate) –0.466 0.460

T. vitulorum (Arunachal Pradesh isolate) –0.531 0.525

T. vitulorum (West Bengal isolate) –0.531 0.525

T. vitulorum (Nagaland isolate) –0.531 0.525

Fig.5. Phylogenetic analysis by UPGMA method on nucleotide
sequence of ITS2. The optimal tree with the sum of branch length
is 0.39281081. The evolutionary distance has been computed using
Maximum Composite Likelihood method. This analysis has
involved 16 nucleotide sequences and there were a total of 276
positions in the final set. Indian isolates of Toxocara (KJ777157
= T. cati (Arunachal Pradesh isolate), KJ777158 = T. vitulorum
(Arunachal Pradesh isolate) , KJ777159 = T. vitulorum (West
Bengal isolate), KJ777160 = T. vitulorum (Nagaland isolate),
KJ777156 = T. canis (Tamil Nadu isolate), KJ777155 = T. canis
(Arunachal Pradesh isolate) has been analysed with Sri Lankan
isolates of T. canis (FJ418788), Iranian isolate of T. canis
(AB743614), Japanese isolate of T. canis (AB110032) , Iranian
isolate of T. cati (JX536264), Japanese isolate of T. cati
(AB110033), Chinese isolate of T. cati (JF837171), Chinese isolate
of T. malaysiensis (AM231609), Sri Lankan isolate of T. vitulorum
(FJ418784), Canadian isolate of T. vitulorum (JQ083352), United
Kingdom isolate of T. vitulorum (EU189085), and an isolate of T.
vitulorum (Y09492) of unknown origin.

Fig.6. Molecular delineation of Toxocara spp. by PCR-RFLP
of a fragment comprising of ITS1, 5.8 S, ITS2 and ~70 bp fragment
of 28S gene. [M1= 1 kb DNA ladder; lane1= T. canis (Tamil Nadu
isolate); lane2= T. canis (Arunachal Pradesh isolate); lane3= T.
cati (Arunachal Pradesh isolate); lane4= T. vitulorum (Arunachal
Pradesh isolate); lane5= T. vitulorum (West Bengal isolate); lane6=
T. vitulorum (Nagaland isolate); M2= 100 bp DNA ladder]. [1 kb
DNA ladder: last four bands from bottom (250 bp, 500 bp, 750
bp, 1000bp)] [100 bp DNA ladder: eight bands from bottom (100
bp, 200 bp, 300 bp, 400bp, 500 bp, 600 bp, 800bp, 1000 bp)].

REFERENCES

Behura S K and Severson D W. 2012. Comparative analysis of



June 2015] MOLECULAR SIGNATURE OF TOXOCARA 713

codon usage bias and codon context patterns between dipteran
and hymenopteran sequenced genomes. PLOS One. 7.
e43111.doi: 10.1371/journal.pone.0043111.

Bowman D D, Lynn R C, Eberhard M L and Alcaraz A. 2008.
Georgis’ Parasitology for Veterinarians. 9thedn. 208 pp. St
Louis, Saunders Elsevier.

Fisher M. 2003. Toxocara cati: an underestimated zoonotic agent.
Trends in Parasitology 19: 167–70.

Fogt-Wyrwas R, Mizgajska-Wiktor H, Pacon J and Jaroz W. 2013.
Intraspecific variation between the ITS sequences of Toxocara
canis, Toxocara cati and Toxascaris leonina from different
host species in south-western Poland. Journal of
Helminthology 87: 432–42.

Gasser R B, Zhu X Q, Jacobs D E, Hu M and Chilton N B. 2006.
Molecular genetic characterisation of members of the genus
Toxocara – taxonomic, population genetic and epidemiological
considerations. pp. 18–31 in Holland, C.V and Smith, H.V.
(Eds) Toxocara: The Enigmatic Parasite. Wallingford, Oxon,
CABI publishing.

Gibbons L M, Jacobs D E and Sani R A. 2001. Toxocara
malaysiensis n. sp. (Nematoda: Ascaridoidea) from the
domestic cat (Felis catus Linnaeus, 1758). Journal of
Parasitology 87: 660–65.

Jacobs D E, Zhu X Q, Gasser R B and Chilton N B. 1997. PCR-
based methods for identification of potentially zoonotic
ascaridoid parasites of the dog, fox and cat. Acta Tropica 68:
191–200.

Kim S C, Sprung R, Chen Y, Xu Y, Ball H, Pei J, Cheng T, Kho
Y, Xiao H, Xiao L, Grishin N V, White M, Yang X J and
Zhao Y. 2006. Substrate and functional diversity of lysine
acetylation revealed by a proteomics survey. Molecular Cell
23: 607–18.

Lavrov D V and Brown W M. 2001. Trichinella spiralis mtDNA:
a nematode mitochondrial genome that encodes a putative
ATP8 and normally structured tRNAs and has a gene
arrangement relatable to those of coelomate metazoans.
Genetics 157: 621–37.

Le T H, McManus D P and Blair D. 2004. Codon usage and bias
in mitochondrial genomes of parasitic platyhelminthes. Korean
Journal of Parasitology 42: 159–67.

Li M W, Lin R.Q, Song H Q, Sani R A, Wu X Y and Zhu X Q.
2008. Electrophoretic analysis of sequence variability in three
mitochondrial DNA regions for ascaridoid parasites of human
and animal health significance. Electrophoresis 29: 2912–17.

McManus D P, Knight M and Simpson A G. 1985. Isolation and
characterization of nucleic acids from the hydatid organisms,

Echinococcus spp. (Cestoda). Molecular and Biochemical
Parasitology 16: 251–66.

Okimoto R, Macfarlane J L, Clary D O and Wolstenholme D R.
1992. The mitochondrial genomes of two nematodes,
Caenorhabditis elegans and Ascaris suum. Genetics 130: 471–
98.

Paul M, King L and Carlin E P. 2010. Zoonoses of people and
their pets: a US perspective on significant pet-associated
parasitic diseases. Trends in Parasitology 26: 153–54.

Perna N T and Kocher T D. 1995. Patterns of nucleotide
composition at fourfold degenerate sites of animal
mitochondrial genomes. Journal of Molecular Evolution 41:
353–58.

Rubinsky-Elefant G, Hirata C E, Yamamoto J H and Ferreira M
U. 2010. Human toxocariasis: diagnosis, worldwide
seroprevalences and clinical expression of the systemic and
ocular forms. Annals of Tropical Medicine and Parasitology
104: 3–23.

Sheng Z H, Chan Q C, Tian S, Lou Y, Zheng X, Zhao Q and
Wang C. 2012. Characterization of Toxascaris leonina and
Tococara canis from cougar (Panthera leo) and common wolf
(Canis lupus) by nuclear ribosomal DNA sequences of internal
transcribed spacers. African Journal of Microbiology Research
6: 3545–49.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M and Kumar
S. 2013. MEGA6: molecular evolutionary genetic analysis
using maximum likelihood, evolutionary distance, and
maximum parsimony methods. Molecular Biology and
Evolution 28: 2731–39.

Urquart G M, Armour J, Duncan J L, Dunn A M and Jennings F
W. 1996. Veterinary Parasitology. 2ndedn. 69–73 pp. Blackwell
Science Ltd, UK.

Wickramasinghe S, Yatawara L, Rajapakse R P V J and Agatsuma
T. 2009. Toxocara canis and Toxocara vitulorum: molecular
characterization, discrimination, and phylogenetic analysis
based on mitochondrial (ATP synthase subunit 6 and 12S) and
nuclear ribosomal (ITS–2 and 28S) genes. Parasitology
Research 104: 1425–30.

Zhu X Q, Jacobs D E, Chilton N B, Sani R A, Cheng A B Y and
Gasser R B. 1998. Molecular characterization of a Toxocara
variant from cats in Kuala Lumpur, Malaysia. Parasitology
117: 155–64.

Zhu X Q, D’Amelio S, Hu M, Paggi L and Gasser R B. 2001.
Electrophoretic detection of population variation within
Contracaecum ogmorhini (Nematoda: Ascaridoidea:
Anisakidae). Electrophoresis 22: 1930–34.

37


