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            Abstract
In studying the genomes of extinct species, two principal limitations are typically the small quantities of endogenous ancient DNA and its degraded condition1, even though products of up to 1,600 base pairs (bp) have been amplified in rare cases2. Using small overlapping polymerase chain reaction products, longer stretches of sequences or even whole mitochondrial genomes3,4 can be reconstructed, but this approach is limited by the number of amplifications that can be performed from rare samples. Thus, even from well-studied Pleistocene species such as mammoths, ground sloths and cave bears, no DNA sequences of more than about 1,000 bp have been reconstructed5,6,7. Here we report the complete mitochondrial genome sequence of the Pleistocene woolly mammoth Mammuthus primigenius. We used about 200 mg of bone and a new approach that allows the simultaneous retrieval of multiple sequences from small amounts of degraded DNA. Our phylogenetic analyses show that the mammoth was more closely related to the Asian than to the African elephant. However, the divergence of mammoth, African and Asian elephants occurred over a short time, corresponding to only about 7% of the total length of the phylogenetic tree for the three evolutionary lineages.
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                    Figure 1: 
                        Map of the mammoth mitochondrial genome.
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Figure 2: 
                        Principle of the multiplex approach and typical results.
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Figure 3: 
                        Comparison of three-species trees.
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Despite remarkable progress in the study of ancient DNA, the amount of continuous sequence retrievable from Late Pleistocene organisms is still limited. Segments of about 1,000 base pairs have been reconstructed for mammoths and a few other species, but that's often not much to go on when it comes to studying inter-species relationships. Now a new PCR-based method that makes clever use of sequence overlaps and multiple amplifications has made it possible to produce long DNA sequences from minute amounts of bone material. Starting from just 200 mg of bone, this method has generated the complete mitochondrial genome sequence of a Pleistocene woolly mammoth preserved in permafrost, a total of over 16,000 base pairs. The sequence resolves a long-standing controversy over mammoth phylogeny, showing the woolly mammoth to be more closely related to the Asian elephant than to its African cousin.
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