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ABSTRACT
We present the first complete mitochondrial genome of the pentastomid Armillifer grandis (Arthropoda:
Pentastomida) collected from the lungs of a rhinoceros viper (Bitis nasicornis) in the Democratic
Republic of Congo. The full length mitochondrial genome of Armillifer grandis, which measures
16,073 bp in length, contains 13 protein-coding genes, 2 ribosomal RNA genes, and 22 transfer RNA
genes. A clear Aþ T bias is observed in the mitogenome of Armillifer grandis with an overall base com-
position of 34.6% A, 29.4% T, 29% C, and 6.9% G, and a GC content of 35.9%. The gene arrangement is
identical to that of previously described pentastomid mitogenomes.
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Pentastomida, colloquially referred to as tongue worms, are
an intriguing group of highly adapted vermiform parasitic
crustaceans (Riley 1986). The pentastomid genus Armillifer
normally inhabits the respiratory tracts of snakes, although
larval-stages (nymphs) of these parasites can infect humans
leading to a medical condition known as pentastomiasis
(Tappe & B€uttner 2009). Since pentastomid nymphs are diffi-
cult to identify morphologically, we aimed here to sequence
the complete mitogenome of Armillifer grandis – an African
species known to infect humans (Fain & Salvo 1966) – to
facilitate the molecular identification of both adult and/or
juvenile instars. In a wider context, we wish to promote the
still rather preliminary genetic studies of pentastomids.

An adult Armillifer grandis specimen was collected from
the lungs of a rhinoceros viper (Bitis nasicornis) in the
Democratic Republic of Congo near the town of Kole (3�270

3700N, 22�26000E, Sankuru district) and identified morphologic-
ally to species level (Tappe et al. 2016). A voucher is depos-
ited in the pentastomid collection of the Museum f€ur
Naturkunde Berlin (R€ohlig et al. 2010) under the accession
ZMB 48784. The complete mitogenome was obtained using
next-generation shotgun sequencing. Paired end Illumina
sequencing libraries were generated from the tissue sample
and sequenced on an Illumina NextSeq500 platform, using
Illumina NextSeqVR 500/550 High Output Kit V2. Sequencing
yielded 3,452,321 of 150 bp paired end reads. A complete cir-
cularized mitochondrial genome was obtained with
NOVOplasty 2.4 (Dierckxsens et al. 2017) using kmer 47, and
the mitogenome of Armillifer agkistrodontis (NC_032061) as a
bait reference. The assembled mitogenome was manually

inspected for repeats at the transcript ends to confirm circu-
larity. Annotations were carried out with MITOchondrial gen-
ome annotation Server (MITOS) (Bernt et al. 2013), and
manual validation of the coding regions using the NCBI ORF
Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html) in com-
bination with NCBI’s Conserved Domain Database (CDD)
(Marchler-Bauer et al. 2017). The annotated sequence file was
submitted to NCBI (accession no. KY914472). The phylogen-
etic position of the new sequence of Armillifer grandis accord-
ing to the gene Cytochrome oxidase I is shown in Figure 1.
As expected, it resolves among other Armillifer taxa closest to
another African species: Armillifer armillatus.

The complete mitochondrial transcript of Armillifer grandis
was 16,073 bp in length and contained 13 protein-coding
genes (PCGs), 2 ribosomal RNA genes, and 22 transfer RNA
genes. As described for other pentastomid mitogenomes
(Lavrov et al. 2004; Li et al. 2016), the mitochondrial genome
of Armillifer grandis contained an Aþ T bias with an overall
base composition of 34.6% A, 29.4% T, 29% C, and 6,9% G.
The gene arrangement of the present mitogenome is identi-
cal to those of other pentastomids investigated so far (Lavrov
et al. 2004; Li et al. 2016).

Most of the genes are encoded on the L-strand with the
exception of four protein-coding genes (NAD5, NAD4, NAD4L,
NAD1), nine tRNA (tRNACys, tRNAGln, tRNATyr, tRNAPhe, tRNAHis,
tRNAThr, tRNAPr�, tRNAVal, tRNALeuCUN), and both rRNAs (12S
and 16S), which were encoded in the H-strand. Six PCGs
(ND2, COX2, ATP8, ATP6, ND3 and CYTB) had ATA as the initi-
ation codon, while five PCGs (COX3, ND5, ND4, ND4L and
ND1) presented ATG as the initiation codon. An alternative
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initiation codon CTG was found for COX1, and an ATC initi-
ation codon for ND6. Incomplete termination codons were
found for five PCGs (COX1, COX2, COX3, ND5 and ND4) which
are complemented with the addition of 30A residues. Six
PCGs (ATP8, ATP6, ND3, ND6, CYTB and ND1) used a TAA ter-
mination codon, while ND4L used a TAG termination codon.
The 12S and 16S genes had a length of 656 and 1145 bp,
respectively.

Disclosure statement

The authors thank the ‘Innovationsfond’ of the Museum f€ur Naturkunde
Berlin for financial support. The authors declare no conflict of interest.
The authors alone are responsible for the content and writing of this
article.

Funding

The authors thank the ‘Innovationsfond’ of the Museum f€ur Naturkunde
Berlin for financial support.

References

Bernt M, Donath A, J€uhling F, Externbrink F, Florentz C, Fritzsch G,
P€utz J, Middendorf M, Stadler PF. 2013. MITOS: improved de novo
metazoan mitochondrial genome annotation. Mol Phylogenet Evol.
69:313–319.

Castresana J. 2000. Selection of conserved blocks from multiple align-
ments for their use in phylogenetic analysis. Mol Biol Evol.
17:540–552.

Dierckxsens N, Mardulyn P, Smits G. 2017. NOVOPlasty: de novo assembly
of organelle genomes from whole genome data. Nucleic Acids Res.
45:e18–e18.

Fain A, Salvo G. 1966. Human pentastomosis produced by nymphs of
Armillifer grandis (Hett) in the Democratic Republic of the Congo. Ann
Soc Belges Med Trop Parasitol Mycol. 46:676–681.

Guindon S, Dufayard J-F, Lefort V, Anisimova M, Hordijk W, Gascuel O.
2010. New algorithms and methods to estimate maximum-likelihood
phylogenies: assessing the performance of PhyML 3.0. Syst Biol.
59:307–321.

Lavrov DV, Brown WM, Boore JL. 2004. Phylogenetic position of the
Pentastomida and (pan)crustacean relationships. Proc Biol Sci.
271:537–544.

Li J, He F-N, Zheng H-X, Zhang R-X, Ren Y-J, Hu W. 2016. Complete mito-
chondrial genome of a tongue worm Armillifer agkistrodontis. Korean J
Parasitol. 54:813–817.

Marchler-Bauer A, Bo Y, Han L, He J, Lanczycki CJ, Lu S, Chitsaz F,
Derbyshire MK, Geer RC, Gonzales NR, et al. 2017. CDD/SPARCLE: func-
tional classification of proteins via subfamily domain architectures.
Nucleic Acids Res. 45:D200–D203.

Riley J. 1986. The biology of pentastomids. Adv Parasitol. 25:45–128.
R€ohlig D, Dunlop JA, Grau JH, Friederichs A. 2010. An annotated cata-

logue of the tongue worms (Pentastomida) held in the Museum f€ur
Naturkunde Berlin. Zoosyst Evol. 86:129–154.

Tappe D, B€uttner DW. 2009. Diagnosis of human visceral pentastomiasis.
PLoS Negl Trop Dis. 3:e320

Tappe D, Sulyok M, Riu T, R�ozsa L, Bod�o I, Schoen C, Muntau B, Babocsay G,
Hardi R. 2016. Co-infections in visceral pentastomiasis, Democratic
Republic of the Congo. Emerging Infect Dis. 22:1333–1339.

0.2

Raillietiella_hebitihamata_JF975594

Armillifer_grandis_NEW_SEQUENCE

Sebekia_purdieae_KU975386

Alofia_merki_KU975384

Armillifer_agkistrodontis_FJ607340

Sebekia_sp_KU975387

Tetraclita_serrata_KJ434948

Striatobalanus_amaryllis_KF493890

Chelonibia_testudinaria_KJ754819

Waddycephalus_sp_KF885768

Waddycephalus_sp_KF885769

Armillifer_armillatus_AY456186

Linguatula_serrata_LC150783

Armillifer_agkistrodontis_KX686568

Alofia_merki_KU975385

Raillietiella_orientalis_KF885763

Linguatula_arctica_KF029443

50%

98%

23%

100%

44%
96%

100%

99%

100%

6%

98%

92%

95%

96%

Figure 1. Maximum likelihood tree illustrating the phylogenetic position of the
newly sequenced Armillifer grandis gene sequence among a subset of pentasto-
mid species. Cytochrome oxidase I sequences were aligned using MAFFT 7.271
and highly divergent or poorly aligned regions were removed with Gblocks
0.91b (Castresana 2000) allowing for gap positions and smaller blocks. Trees
were calculated using PhyML 3.1 (Guindon et al. 2010) with 12 rate categories,
optimized equilibrium frequencies, GTR model of sequence evolution and com-
bined heuristics (Nearest Neighbor Interchange and Subtree Pruning and
Rerafting). Branch support was calculated using approximate likelihood ratio
tests as implemented in PhyML.
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