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Abstract

Tuatara are the sister taxon to the Squamata (including lizards and snakes) and are regarded as
the most distinctive surviving reptilian genus. They are currently inhabits on offshore islands
around New Zealand and have been recognized as a species in need of active conservation
management. In this study, we report a total number of five nearly complete mitochondrial
genomes, which were sequenced by Sanger and Next Generation DNA sequencing methods.
Our phylogenomic analysis revealed distinct clustering of tuatara populations from the north
and south islands of New Zealand.
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Tuatara are significant in terms of global biodiversity and the
evolutionary history of reptiles (Cree & Butler, 1993). Tuatara
are the only living members of the order Sphenodontia and are
exclusively inhabit on offshore islands around New Zealand that
are free of introduced mammals (Duncan et al., 2002; Gaze, 2001;
King, 2003). Although fossil records indicate little morphological
change in modern tuatara compared to their Cretaceous relatives
(Apesteguia & Novas, 2003; Benton, 1993; Carroll, 1988),
molecular data suggest rapid molecular evolution in this iconic
taxon (Hay et al., 2008; Subramanian et al., 2009).

In order to further examine the population genetics and
phylogenetics of tuatara, we sequenced complete mitochondrial
genomes of tuatara from five islands. The samples (blood and toe
pad tissues) collected from individuals of various islands: Cuvier,
Mercury, Stanley, Stephens and North Brother Islands (Figure 1).
The complete genomes were obtained using long-range PCR
of 4 kb DNA fragments using a series of primers that were
designed according to the mitogenome of Sphenodon
(NC004815). The long-range PCRs were performed as described
by Rest et al. (2003) with slight modifications. The PCR products
were then sequenced using the Sanger/454-sequencing platform.
Typically each tuatara mitogenome (15,181 bp) consists of 12
protein-coding, 21 tRNA, 2 rRNA genes and 2 control regions –
identical to the reference genome reported previously (Rest et al.,
2003). Although the structure and gene organization of mtDNA
is highly conserved among various taxa, the tuatara mtDNA has

a distinctive gene order compared to other vertebrates (Rest
et al., 2003). This genome lacks the origin of replication in
light strand, which is usually found within the cluster of five
tRNA genes (WANCY) and this is a common trait among all
birds, crocodilians and Sphenodons. It has two tRNA Lys copies.
The ND4 gene is followed by ND6, tRNA Glu, D-loop (823 bp),
tRNA Leu, Cyt b, tRNA Pro, tRNA Ser and another D-loop region
(926 bp). The sequences of these two D-loops are identical
in the initial 750 bp in 50 direction, but can be different thereafter.
The ND5, tRNA His, and tRNA Thr genes are absent. The average
length of the mtDNA showed asymmetric base frequencies
(� A¼ 33.3%, � T¼ 26.8%, � C¼ 25.9%, � AG¼ 14.0%).
The maximum likelihood composite estimate of the pattern
of nucleotide substitution showed a strong bias towards transition
mutations (frequencies C$T¼ 0.30, G$A¼ 0.56) over trans-
version (0.14).

We constructed a maximum likelihood tree using the
software MEGA (Tamura et al., 2011) by choosing the GTR
(gþ I) model. The mitogenomic phylogeny showed that the
individuals from Stephens and Brother islands – located near
the south island of New Zealand, group together and separated
from those from the northern islands (Figure 1). The individuals
from Mercury and Stanley islands appear to be closely related
compared to that from Cuvier Island. These results might be
useful for future studies on the population genetics and
phylogenetics of tuatara.
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Figure 1. A maximum likelihood tree showing the phylogenic relationship of tuatara belonging to five different islands of New Zealand. The numbers
above the nodes are bootstrap (500 replications) confidence values. The letters N and S in parenthesis denotes northern and southern islands.
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