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Abstract: This study was carried out to provide information on the taxonomic classification and analysis of mitochondrial
genomes of Spirometra theileri. One strobila of S. theileri was collected from the intestine of an African leopard (Panthera
pardus) in the Maswa Game Reserve, Tanzania. The complete mtDNA sequence of S. theileri was 13,685 bp encoding 36
genes including 12 protein genes, 22 tRNAs and 2 rRNAs with absence of afp8. Divergences of 12 protein-coding genes
were as follow: 14.9% between S. theileri and S. erinaceieuropaei, 14.7% between S. theileri and S. decipiens, and
14.5% between S. theileri with S. ranarum. Divergences of 12 proteins of S. theileri and S. erinaceieuropaei ranged from
2.3% in cox1 to 15.7% in nad5, while S. theileri varied from S. decipiens and S. ranarum by 1.3% in cox1 to 15.7% in
nad3. Phylogenetic relationship of S. theileri with eucestodes inferred using the maximum likelihood and Bayesian infer-
ences exhibited identical tree topologies. A clade composed of S. decipiens and S. ranarum formed a sister species to S.
erinaceieuropaei, and S. theileri formed a sister species to all species in this clade. Within the diphyllobothridean clade, Di-
bothriocephalus, Diphyllobothrium and Spirometra formed a monophyletic group, and sister genera were well supported.
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INTRODUCTION

Spirometra species are intestinal tapeworms of feline and ca-
nine mammals belong to the family Diphyllobothriidae and
to the order Diphyllobothridea (Pseudophyllidea). In the life
cycle, Spirometra species require 2 different intermediate hosts.
The freshwater copepods are the first intermediate hosts.
When the amphibians and reptiles consume the copepods,
they become the second intermediate hosts [1]. The procer-
coid occurs in the crustacean copepods, and the plerocercoid
(sparganum) develops in amphibians, reptiles or mammals.
Humans get infected by drinking natural water containing co-
pepods or by consuming raw or undercooked second interme-
diate hosts [2].

Spirometra theileri (Sparganum baxteri, Simboni 1907; Diphyl-
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lobothrium theileri) was first reported with morphological de-
scription on adult S. theileri collected from bush cat (Leptailurus
serval) and tiger cat (Felis lybica) in East Africa [3,4]. The studies
on the physiology and biology of S. theileri were conducted us-
ing the plerocercoids obtained from the subcutaneous tissue
of a warthog in Serengeti National Park, Tanzania [5,6]. The
detailed morphological features of adult S. theileri were stud-
ied from African mammals such as wild cat (Felis lybica), serval
(Leptailurus serval), leopard (Panthera pardus), lion (Panthera
leo), and jakal (Canis aureus) [7,8].

The morphological descriptions of adult S. theileri ranged
from 35 to 40 cm long with 0.4 to 3.3 mm wide. The internal
organs of S. theileri consist of uterus in lobular forms of 3/4
complete coils of their inner mass, and the elliptical seminal
vesicle with the average of 0.13 to 0.22 mm while the cirrus
pouch measurement ranged from 0.3 to 0.19 mm [4]. The
major differentiating features between S. pretoriensis and S.
theileri are uterus and cirrus pouch that the uterine loops of S.
theileri consists of 3-4.5 coils, and a cirrus pouch communicat-
ed through a short canal and much smaller vesicular seminis,
while the uterus of S. pretoriensis forms a single large loop, and
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the cirrus pouch possess a large vesicular seminis and muscu-
lar wall [9]. The molecular identification of S. theileri was car-
ried out in African leopards and spotted hyenas in Tanzania
[10].

Spirometra theileri was reported by the molecular analysis of
mitochondrial genes and morphological observations of adult
tapeworms [10]. Species identification of the genus Spirometra
tapeworms in Africa through reliable morphological and mo-
lecular characters remain controversial [11,12]. Tt was argued
that the selective pressure and evolution constraints are among
the factors demanding for more gene markers for proper clas-
sification [13].

The mitochondrial DNA (mtDNA) information has been
used for classification, phylogenetic reconstruction, taxonomic
identification, and population genetics of the order diphyllo-
bothridea [14,15]. Few Spirometra species have been used for
genetic variation, taxonomy, and phylogenetic studies by using
mtDNA sequences such as cytochrome ¢ oxidase subunit 1
and 3 (cox1 and cox3), NADH dehydrogenase subunit 1, 3,
and 4 (nadl, nad3, and nad4) [16-20]. Nevertheless, among
the Spirometra species recovered from various carnivorous
mammals in Tanzania, there is no detailed molecular infor-
mation, particularly in the whole mtDNA sequences on Spiro-
metra species.

This study was conducted to determine the complete mtD-
NA sequence and structure of S. theileri related to other Spiro-
metra species. We described the phylogenetic affinity of Spiro-
metra species with other cestodes based on the comparative
phylogenetic analysis of the mitochondrial genome (mt ge-
nome) data.

MATERIALS AND METHODS

Specimens and DNA sequencing

One strobila of S. theileri was obtained from the intestine of
male African leopard (Panthera pardus) in the Maswa Game
Reserve of Tanzania, in February 2012. The collected tapeworm
was fixed in 70% ethanol until used for genomic DNA extrac-
tion. Total genomic DNA was extracted from a single proglot-
tid using the DNeasy tissue kit (Qiagen, Valencia, California,
USA).

The complete mt genome was PCR-amplified as 15 overlap-
ping fragments using total genomic DNA [16,17,21]. PCR and
DNA sequencing were performed as described previously [22].

Analysis on mitochondrial DNA sequence

The mt genome sequences were assembled, aligned, annotat-
ed using the Geneious 9.0 program. The mt genome sequence of
S. theileri was compared with S. erinaceieuropaei (GenBank no.
KJ599679), S. decipiens (GenBank no. KJ599679), and S. rana-
rum (MN259169). The 12 protein-coding genes were searched
by comparing with mt gene sequences of 16 cestodes in the
GenBank database. Flatworm mitochondrial genetic codes
were used to translate the mitochondrial protein-coding genes.
Twenty-two putative tRNA genes were identified using
tRNAscan-SE. 2.0 [23] and anticodon sequences. Two ribo-
somal RNAs (12S and 168 subunits) were determined by com-
parison with other rRNAs of cestodes. Putative stem-loop struc-
tures of non-coding mt regions were inferred using RNAdraw
1.1 program [24].

Phylogenetic analysis

The sequences of 12 protein-coding genes of Taenia, Echino-
coccus, Hymenolepis, Dibothriocephalus, Dipylidium, Hydatigera,
Moniezia, Spirometra, were selected and 2 trematode sequences
were set as an outgroup. The mt genome sequences used were
as followings: S. erinaceieuropaei (KJ599680), S. decipiens
(KI599679), S. ranarum (MN259169), S. theileri (in this study), D.
latus (NC_008945), D. nihonkaiense (NC_009463), Dipylidium
caninum (NC_021144), Echinococcus granulosus (NC_008075), E.
multilocularis (NC_000928), Hydatigera kamiyai (AB731761), H.
krepkogorski (NC_021142), H. parva (NC_021141), Hymenolepis
diminuta (NC_002767), H. nana (NC_029245), Moniezia benedeni
(NC_036218), M. expansa (NC_036219), Taenia solium
(NC_004022), T. saginata (NC_009938), T. asiatica (NC_004826),
T crassiceps (NC_002647), T. crocutae (NC_024591), T. hydatigena
(F1518620), and T regis (NC_024589). The mitochondrial 12 pro-
tein coding genes were analysed by jModelTest [25]. The Gen-
eral Time Reversible model with gamma distribution and in-
variant sites (GTR+1+G) were selected as the best model of
evolution for all elements and genes. Bayesian Inference (BI)
were conducted by using Bayesian Evolutionary Analysis Sam-
pling Trees version 2 (BEAST 2) [26]. Bayesian was performed
by Markov chain Monte Carlo (MCMC) ran for 10 million
generations sampled at intervals of 1,000 generations. Phylo-
genetic trees were constructed using the mitochondrial 12 pro-
tein-coding gene DNA sequences of Spirometra tapeworms by
using ML and BI.



RESULTS

Gene content and organization of mitochondrial genome

A complete mtDNA sequence of S. theileri revealed 13,685
bp in length (GenBank accession number MT274583), with
12 protein-coding genes, 22 tRNAs, and 2 rRNAs. An atp8 gene
was absent from this mt genome. All genes and elements were
arranged in one direction, and at the same positions relative to
loci in the cestode mt genomes (Fig. 1). Mt genome of S. thei-
leri composed of 19.8% A, 45.9% T, 23.6% G, and 10.7% C.
with the A-T content of 65.7% (Table 1). Genes overlapping
were revealed in mt genome of S. theileri in nad4l/nad4 (40

Spirometra theileri
13,685 bp

Ndosi et al.: Spirometra theileri mitochondrial genome 141

bp), tmQ/trnF (4 bp), trnQ/trnM (4 bp), and cox1/trnT (10 bp)
(Table 2).

Protein-coding genes and codon usage

The 12 protein-coding genes constituted 10,086 bp in S.
theileri, and concealed 70% of the total Spirometra mt genomes
(Table 1). The putative open reading frames of the 12 protein-
coding genes in 4 Spirometra species start and end with com-
plete codons. The ATG initiation codon of 4 Spirometra mt ge-
nome was used in 11 genes (atp6, cob, cox1-3, nadl, nad2-4,
nad4l, nad5, and nad6), while the GIG initiation codon was
used only in cox3 gene. The TAG stop codon was used in 9

tRNAM
O
R

Fig. 1. Schematic representation of the mitochondrial genome of Spirometra theileri.

Table 1. Nucleotide compositions of the complete mitochondrial genomes, protein-coding genes, and ribosomal RNA sequences of 4

Spirometra species

Complete mtDNA sequence Protein-coding sequence rRNA sequence
SPP- length T © A G T+A Length T © A G T+A Length T © A G T+A
(op) % % % % % (bp) % % % % % (bp) % % % % %
St 13,685 459 10.7 19.8 236 65.7 10,086 483 10.3 17.7 237 66.0 1,698 385 126 239 250 624
Se® 13,643 459 109 19.8 235 65.7 10,083 483 106 175 235 658 1,700 387 122 249 242 636
SaF 13,641 46.0 11.0 203 226 66.3 10,086 486 106 183 225 66.9 1,703 376 129 251 244 627
Sré 13,644 458 112 204 226 66.2 10,067 66.2 10.7 179 239 653 1,702 381 125 250 243 631

aS. theileri (This studly), °S. erinaceieuropaei [16), °S. decipiens [16],

dS. ranarum [17].
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NR1, NR2: Non-coding region 1, 2.
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genes (cob, cox1, cox3, nadl-4, nad4l, and nad6) in S. theileri, 7
genes (cox1-3, nad2-4, and nad4l) in S. erinaceieuropaei and 6
genes (cox1, cox3, nad2, Nad3, nad4, and nad4l) in S. decipiens
and S. ranarum. The TAA stop codon was used in 3 genes (atp6,
cox2, and nad5) in S. theileri, 5 genes (atp6, cob, nadl, nads,
and nad6) in S. erinaceieuropaei and for S. decipiens and S. rana-
rum, 6 genes were used such as atp6, cob, cox2, nadl, nads, and
nad6 (Table 3). tRNAs most commonly used were tRNAL(TR CN)
(15.3%), tRNAPT™) (12 50%), (RNAE™) (11.20%), (RNAS (NN
(9.6%) (Table 3).

Transfer RNA and ribosomal RNA

Twenty-two transfer RNAs were found in putative secondary
structures ranging from 59 to 70 bp (Fig. 2). Nineteen tRNAs had
a typical cloverleaf shape with 4 arms such as aminoacyl accep-
tor arms, DHU arm, anticodon stems, and TYC arms except in
tmmR, tmS1, and tmS2 were replaced with 7-13 bp of unpaired
loop in the DHU of S. theileri slightly varied by 7-12 bp arms of
unpaired loop in the DHU from other Spirometra species. The
aminoacyl acceptor arms consisted of 7 bp such as tmC, trnM,
tnQ, tmR, trnS1, and tmT which contained 1-3 non-canonical
base pairs. The anticodon stems of trnY of 4 Spirometra species
contained 5 bp with 2 non-canonical base pairs in stem struc-
tures. The T¥'C arms of the 22 tRNAs in 4 Spirometra species con-
sist of 2-5 bp, and a loop of 3-9 bp. The most prominent shapes
of tRNAs were revealed in tRNA*“™) (S1) with unpaired Ami-
no-Acyl arm, and tRNAYY structure with 7bp paired in DHU
arm found in S. theileri varied from S. erinaceieuropaei, and S. de-
cipiens (Fig. 2). Two mitochondrial ribosomal subunits rrL and
S were separated by tmC in the 4 Spirometra species. The L
and rmS were 968 bp and 730 bp long in S. theileri: 967 bp and
733 bp long in S. erinaceieuropaei, 973 bp and 730 bp long in S.
decipiens and S. ranarum, respectively (Table 3). The average nu-
cleotide contents of the 16S rRNA and 12S rRNA in S. theileri
were 38.5% T, 12.6% C, 23.9% A, and 25.0% G with the A-T
contents of 62.4%, different from the S. erinaceieuropaei, S. decipi-
ens, and S. ranarum (Table 3).

Non-coding regions

Two non-coding regions in mt genome of 4 Spirometra spe-
cies were predicted with the hairpin structures confined be-
tween trnY and trnL1 (NR1), and between trnR and nad5
(NR2). The length of NR1 was 200 bp long, and NR2 was 178
bp length with the average nucleotide contents of 34.2% A,
10.3% C, 20.5% G, and 35.1% T'in S. theileri (Table 3).
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Table 3. Codon usage in the 12 protein-coding genes of the mitochondrial genomes of Spirometra species

NC AA St* % Se® % Sd° % Sr' % NC AA St* % Se® % Sd° % Sr' %
1T Phe 1.7 11.9 11.5 1.8 TAT Tyr 4.8 4.7 5.3 4.4
TTC Phe 0.8 0.7 1 22 TAC Tyr 1.2 1.2 0.7 0.8
TTA Leu 4.7 5.6 6.2 4.6 TAA * 0.1 0.1 0.2 1.6
TTG Leu 6.9 6.7 5.7 34 TAG * 0.2 0.2 0.2 1.8
CTT Leu 1.9 1.7 2.2 2.6 CAT His 1.4 1.3 11 0.9
CTC Leu 0.2 0.2 0.1 0.6 CAC His 0.1 0.3 0.4 0.3
CTA Leu 0.7 0.6 0.7 1.2 CAA Gin 0.1 0.1 0.1 0.5
CTG Leu 0.9 0.8 0.8 1.3 CAG Gin 0.4 0.5 0.5 0.6
ATT lle 3.8 4.2 4.2 52 AAT Asn 15 1.5 1.6 1.3
ATC lle 0.4 0.5 0.4 0.7 AAC Asn 0.3 0.3 0.2 0.5
ATA lle 22 1.9 2.2 2.1 AAA Asn 1.0 0.9 1.1 0.8
ATG Met 2.3 2.4 2.4 1.7 AAG Lys 1.4 1.4 1.4 0.9
GTT Val 5.9 5.3 5.7 5.4 GAT Asp 1.7 1.9 1.6 1.7
GTC Val 0.5 0.7 0.5 0.6 GAC Asp 0.4 0.1 0.4 0.5
GTA Val 1.6 1.6 1.4 1.6 GAA Glu 0.5 0.4 0.5 0.4
GIG Val 3.2 3.2 249 2.5 GAG Glu 1.4 1.5 15 08
TCT Ser 3.5 3.6 3.6 22 TGT Cys 3.4 3.6 3.7 4.1
TCC Ser 0.3 0.4 0.5 0.6 TGC Cys 0.6 0.4 0.3 1.2
TCA Ser 1.1 1.0 1.2 0.7 TGA Trp 0.8 0.7 1.1 1.7
TCG Ser 0.8 0.5 0.5 0.6 TGG Trp 19 2.2 1.7 28
CCT Pro 14 1.2 1.4 1.2 CGT Arg 1.3 1.3 1.4 0.9
CCC Pro 0.4 0.7 0.6 0.4 CGC Arg 0.1 <01 <0.1 0.1
CCA Pro 0.4 0.3 0.4 0.4 CGA Arg 0.1 0.1 <01 0.3
CCG Pro 0.4 0.3 0.2 0.5 CGG Arg 0.1 0.2 0.2 0.7
ACT Thr 2.0 2.0 2.1 1.3 AGT Ser 2.8 2.4 2.9 2
ACC Thr 0.2 0.4 0.5 0.3 AGC Ser 0.2 0.5 0.3 0.3
ACA Thr 0.6 0.4 0.3 0.4 AGA Ser 0.6 0.7 0.4 0.5
ACG Thr 0.4 0.6 0.5 0.3 AGG Ser 0.3 0.8 0.5 0.8
GCT Ala 1.9 2.1 1.9 0.9 GGT Gly 4.4 4.5 4.3 2.9
GCC Ala 0.2 0.5 0.6 0.2 GGC Gly 0.3 0.4 0.3 0.6
GCA Ala 0.3 0.2 0.4 0.2 GGA Gly 0.6 0.6 0.8 0.5
GCG Ala 0.5 0.3 0.2 0.3 GGG Gly 2.6 2.4 2.5 2.5

aS. theileri (This study), °S. erinaceieuropaei [16), °S. decipiens [16], °S. ranarum [17], *Termination codon, Putative initiation (ATG and GTG) and termi-

nation (TAA and TAG) codons are underlined).
NC, Nucleotide codons; AA, Amino acid; No, Number of codons.
Mitochondrial sequence divergence among Spirometra
species

The percentage pairwise comparison of the nucleotides and
predicted amino acids composition of 4 Spirometra species
were specified in Table 4. The overall nucleotide sequence di-
vergences of 12 protein-coding genes differed by 14.9% in S.
theileri and S. erinaceieuropaei, 14.7% in S. theileri and S. decipi-
ens and 14.5% in S. theileri and S. ranarum (Table 4). Diver-
gences of amino acids of 12 protein-coding genes of S. theileri
ranged from 1.3% to 2.3% in cox1 and 15.7% in nad3 and
nad5. The rRNA of S. theileri differed with the range of 12.2%
to 12.9% (L) and 8.4% to 9.4% (rrnS) among the Spirome-
tra species (Table 4).

Phylogenetic relationships of diphyllobothridean
cestodes among the eucestodes

Phylogenetic analyses of 4 Spirometra species such as S. thei-
leri, S. erinaceieuropaei, S. decipiens, and S. ranarum was per-
formed using BI and ML based on concatenated amino acids
sequences of 12 protein-coding genes from 20 cestodes, and 2
trematodes. An alignment set of 10,821 bp was used from 12
protein-coding genes loci of 22 taxa. Of the 2,896 (26.8%)
identical sites and 67.7% pairwise identity showed in the set
of the mtDNA sequences from ML analysis. A total of 4,019
amino acids lengths, 165 (4.1%) identical sites, and 37.3%
pairwise identity was used phylogenetically informative under
ML criterion. Phylogenetic relationships of diphyllobothridean
cestodes among the eucestodes inferred using the BI and ML
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Fig. 2. Inferred secondary structures of 22 mitochondrial tRNA from Spirometra theileri. Differences among the secondary tRNA struc-
tures of S. theileri in tRNA*®CN (S1) structure with an unpaired Amino-acyl arm and tRNAYT™° structure with 7 bp paired DHU arm
found in S. theileri.

Table 4. Divergences of nucleotides and amino acids of the protein-coding genes

Sttt Se®  Sd° S St Se® Sd° S Sttt Se® Sa° S St Se® S S
cox1 cox2 cox3 cob
St - 23 17 13 - 42 53 53 - 79 84 79 - 57 b4 57
Se 10.1 - 29 29 123 - 32 32 138 - 56 5.1 126 - 41 38
Sd 96 94 - 0.4 13.2 104 - 0.0 145 12.0 - 0.9 12.9 10.9 - 1.1
Sr 98 88 22 - 132 104 0.0 - 140 127 14 - 136 112 24 -
atp6 nadi nad2 nad3
St - 87 11.6 105 - 91 71 71 - 141 128 128 - 139 139 157
Se 16.5 - 82 82 120 - 61 54 162 - 86 7.6 176 - 70 7.8
Sd 172 134 - 1.2 13.0 9.8 - 0.7 16.3 13.7 - 1.0 18.2 13.0 - 0.9
Sr 182 141 1.9 - 126 100 2.1 - 16.2 140 1.7 - 188 136 1.7 -
nad4 nad4l nad5 nadé
St - 110 82 91 - 58 385 47 - 157 147 145 - 162 97 97
Se 15.8 - 9.4 91 119 - 23 23 212 - 119 1241 199 - 148 148
Sd 122 14.0 - 1.4 12.3 11.9 - 0.2 20.5 18.1 - 0.8 15.8 18.8 - 0.0
Sr 132 137 26 - 1.9 116 1.2 - 205 181 14 - 1568 188 0.0 -

Percentage pairwise divergences of nucleotides (above diagonal) and amino acids (below diagonal) of the 12 protein-coding genes of the Spirometra

tapeworms.

aSpirometra theileri (This studly), °S. erinaceieuropaei [16], °S. decipiens [16], °S. ranarum [17].

approaches exhibited identical tree topologies. A clade com-

posed of Dibothriocephalus latus and D. nihonkaiense, formed

the sister group to Diphyllobothrium stemmacephalum, Diplog-

onoporus balaenopterae, and D. grandis. The sister group rela-
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Fig. 3. Phylogenetic relationship among eucestode species based on inferred nucleotide sequence data selected from 12 mitochondrial
protein-coding gene loci for 22 platyhelminthes. The numbers above the branches represent bootstrap values for Bayesian inference

and maximum likelihood.

tionship of Dibothriocephalus species and Diphyllobothrium spe-
cies supported by analyses of 12 protein-coding genes. A clade
composed of Spirometra decipiens and S. ranarum, formed the
sister species to S. erinaceieuropaei, and S. theileri formed the
sister species to all species in this clade. Within the diphyllo-
bothridean clade, Dibothriocephalus, Diphyllobothrium and Spiro-
metra formed a monophyletic group and sister genera are well
supported (Fig. 3).

DISCUSSION

Phylogenetic classification befitted an important feature in
taxonomical studies over decades. In the present study, the
whole mt genome of S. theileri was sequenced and compared
with S. erinaceieuropaei, S. decipiens and S. ranarum. The molec-
ular characteristics of the mt genome of S. theileri were similar
with other cestodes in gene arrangement, nucleotide composi-
tion, genetic code, and secondary structure of tRNA. The mt
genomes of Spirometra species reported to date are ranged
from 13,643 bp to 13,685 bp in length such as 13,643 bp in S.
erinaceieuroapei (KJ599690) [16], 13,641 bp in S. decipiens
(KJ599679) [16], 13,644 bp in S. ranarum (MN259169) [17],
and 13,685 bp in S. theileri (MT274583, this study). The mt
genome contains 12 protein-coding genes (lacking atp8), 22
tRNAs, 2 rRNAs, and all genes and elements were transcribed
in the same direction, which is a common feature of flatworm

mtDNAs [27]. The gene order in S. theileri is identical with
other Spirometra species and the diphyllidean cestodes pub-
lished to date, with the exception of Hymenolepis diminuta in
which the relative positions of trn L1 and trn S2 are switched
[28]. The nucleotide composition of the entire S. theileri mt
genome is biased towards A and T, and some genes overlap-
ping were found in gene boundaries as often found in other
metazoan mtDNAs. The start and termination codons of the
12 protein-coding genes were identified and compared with
other cestodes mtDNAs. The genetic code of the Platyhelmin-
thes mt genome has been investigated [29]. The peculiarity in
codon usage was observed in Spirometra species like other ces-
tode mt genomes. Of the 12 protein coding genes, the open
reading frames inferred to initiation with ATG while the cox3
uses GTG coding valine as an initiation codon, while the stop
codon use TAG and TAA like in other metazoans. The predict-
ed composition of amino acids encoded by high T and low C
contents cause bias toward the use of T against C, which is
common in Platyhelminthes. The most variable tRNAs struc-
tures are tRNAY and tRNA=N (81). The tRNAT!Y struc-
ture had 7 bp paired in DHU arm while unpaired Amino-Acyl
arm in tRNA®N (81) revealed in S. theileri varied from S. eri-
naceieuroapei (KJ599690) and S. decipiens (KJ599679).

The non-coding regions were found in a stem and loop
structure of the NR1 and NR2 in Spirometra species mtDNAs.
These 2 non-coding areas have conserved secondary hairpin



structures and are known to serve as the initiation site for sec-
ond L-strand synthesis in other metazoan animal groups [30].
These conserved sequence regions are also evident in the con-
trol regions for the most other cestodes mt genomes [16].

The fact that genetic differences of 12 protein-coding genes
between S. theileri and other Spirometra species differed by
more than 14.5%, whereas the sequence differences for whole
mtDNA sequences were more than 14.6% reveal that the S.
theileri is a valid species within the genus Spirometra. The nu-
cleotide sequence differences of 12 protein-coding genes in S.
decipiens and S. ranarum was 1.5%, keeping it in the 0.0% to
2.4%. range. The degree of divergence in mtDNA sequence of
the sister or congeneric species was estimated using the genetic
distance of the cob gene among mammalian group, and it was
found that there is more than 2% sequence divergence for
closely related species, while intraspecific divergences are
greater than 2%, and more are less than 1% among amphibi-
an, reptile, and avian host animals [31]. However, cox1 diver-
gence among 13,320 species in 11 animal phyla ranged from
0.0% to 53.7%, while 79% of those species were greater than
8% sequence differences at the species taxonomy [32]. In the
current study, the sequence differences of cox1, cob, nad2, and
nad4 genes between S. decipiens and S. ranarum were greater
than 2% while other genes were less than 1.4% ranged from
0.0 to 1.4%, indicating that the S. ranarum might be the inter
or intra-species of S. decipiens.

All haplotypes of Spirometra species were separated into 3
distinct clades in phylogenetic analyses based on ML and BI
methods. Clade I was S. theileri, clade 11 was S. decipiens and S.
ranarum and clade 11l was S. erinaceieuropaei. The ML and BI
analyses supported monophyly of Spirometra species and iden-
tified the S. theileri, S. erinaceieuropaei and S. decipiens species as
valid species.

In summary, this is the first study conducted revealing the
complete mt genomes of Spirometra theileri recovered from Af-
rican leopard in Tanzania. The use of mt genomes will solve
the greater diversification of Spirometra species that can be used
as an inference for evolutionary analysis. The information de-
rived from the complete DNA sequences of the Spirometra spe-
cies mt genomes will provide the knowledge of the mt genom-
ics of parasitic cestodes, a source for molecular investigations
and systematic studies of Spirometra species.
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