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Abstract 1 

The complete mitochondrial genome of the Chinstrap penguin (Pygoscelis antarcticus) 2 

was sequenced and compared with other penguin mitogenomes. The genome is 15,972 bp 3 

in length with the number and order of protein coding genes and RNAs being very similar 4 

to that of other known penguin mitogenomes. Comparative nucleotide analysis showed the 5 

Chinstrap mitogenome shares 94% homology with the mitogenome of its sister 6 

species, Pygoscelis adelie (Adélie penguin). Divergence at nonsynonymous nucleotide 7 

positions was found to be up to 23 times less than that observed in synonymous positions of 8 

protein coding genes, suggesting high selection constraints. The complete mitogenome data 9 

will be useful for genetic and evolutionary studies of penguins. 10 
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The Chinstrap penguin is one of the three species in the genus Pygoscelis, which predominantly 1 

inhabits in the Antarctic and sub-Antarctic islands (Merchant and Higgins 1990).  Here we report 2 

the complete mitochondrial genome sequence of this penguin. The Chinstrap mitogenome was 3 

amplified from total genomic DNA as three overlapping fragments of 9650bp, 4133bp and 4 

approximately 6000bp using primers designed using the complete mitochondrial genome of 5 

Adélie penguin (Subramanian et al., 2009).  The PCR products were nebulized and sequenced 6 

using a GS Junior FLX Sequencer. After filtering for contaminants and short reads, 7 

approximately 9 million base pairs were used for mitogenome reconstruction, to give an average 8 

coverage of 37.5X. 9 

 10 

The complete genome of the Chinstrap penguin is 15,972 bp in length. The mitogenome consists 11 

of 13 protein-coding genes, 22 tRNAs, two rRNAs (12S and 16S) and a D-loop region. The 12 

length and order of these genes are similar to those reported for other penguin species. We 13 

recovered the full length of all genes except for the D-loop region, which is missing ~382 bp.  14 

However, D-loop regions have been sequenced previously and are available in GenBank. The 15 

genomic base composition of the heavy strand is 30.2%, 22.3%, 14.2% and 33.3% for A, T, G 16 

and C respectively. The high As and Cs compared to their complementary Ts and Gs suggests 17 

strand asymmetry, which is a common phenomenon in vertebrate mitogenomes (Reyes et al. 18 

1998). While ATG was the start codon for 11 genes, COXI and ND3 genes start with GTG and 19 

ATC codons respectively. 20 

 21 

Comparative nucleotide analysis of the Chinstrap mitogenome with that of its closely related 22 

sister species Pygoscelis adelie showed that these two genomes share 93.7% homology. Analysis 23 

of protein coding genes revealed that divergence at evolutionarily constrained sites such as 24 



nonsynonymous sites (dN) and RNAs (dR) was 0.013 and 0.02 substitutions per site (s/s) 1 

respectively. In contrast, the divergence at synonymous positions (dS) was 0.30 s/s, which is 23 2 

and 15 times higher than that at nonsynonymous and RNA sites. Hence the dN/dS and dR/dS 3 

ratios are 0.04 and 0.07 respectively. Assuming neutral evolution at synonymous sites the above 4 

ratios suggest that approximately 96% of the mutations in nonsynonymous positions and 93% of 5 

the mutations in RNA sites have been removed by purifying selection (Li 1997). Because of 6 

hyper-mutation and saturation effects we excluded the D-loop regions in all analyses. 7 

 8 

To infer the phylogenetic relationship of Chinstrap to other penguins we compared the 9 

mitogenomes of Adélie, rock-hopper and little blue penguins. We also obtained the mitogenomes 10 

of loon, albatross, zebra finch, chicken, ostrich and tinamou. We used the algorithm Modeltest 11 

(Posada and Crandall 1998) implemented in the software MEGA (Tamura et al. 2011) to 12 

determine the best model of evolution and constructed a maximum likelihood tree using a 13 

GTR+Gamma+Invariant model (Figure 1). Tree branch lengths suggest that the rates of 14 

molecular evolution in Chinstrap and Adélie penguins are very similar. The complete 15 

mitochondrial genome data reported here could be useful to further examine the evolutionary 16 

patterns of penguin mitogenomes. 17 
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Figure Legend 20 

Figure 1.  Maximum likelihood tree based on complete mitochondrial genomes of four penguins 21 

and other bird species.  The numbers shown above the nodes are the bootstrap supports based on 22 

100 replications. 23 
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