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            Abstract
Modern strains of Mycobacterium tuberculosis from the Americas are closely related to those from Europe, supporting the assumption that human tuberculosis was introduced post-contact1. This notion, however, is incompatible with archaeological evidence of pre-contact tuberculosis in the New World2. Comparative genomics of modern isolates suggests that M. tuberculosis attained its worldwide distribution following human dispersals out of Africa during the Pleistocene epoch3, although this has yet to be confirmed with ancient calibration points. Here we present three 1,000-year-old mycobacterial genomes from Peruvian human skeletons, revealing that a member of the M. tuberculosis complex caused human disease before contact. The ancient strains are distinct from known human-adapted forms and are most closely related to those adapted to seals and sea lions. Two independent dating approaches suggest a most recent common ancestor for the M. tuberculosis complex less than 6,000 years ago, which supports a Holocene dispersal of the disease. Our results implicate sea mammals as having played a role in transmitting the disease to humans across the ocean.
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                    Figure 1: Archaeological description of the skeletal samples.[image: ]


Figure 2: Coverage plots for three ancient genomes.[image: ]


Figure 3: Phylogenetic analysis.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Coverage and damage plots for the M. tuberculosis capture regions for samples 54, 58, and 64.

Extended Data Figure 2 Histograms of SNP allele frequency distributions for the ancient samples and the Hungarian mummy sample using standard mapping parameters.
The x axis denotes the frequency of reads covering a SNP position in which the SNP was detected. The y axis denotes the number of observed SNP calls with the respective frequency. All variants with a SNP allele frequency below 90% are shown.


Extended Data Figure 3 Histograms of SNP allele frequency distributions for the ancient samples, the Hungarian mummy sample, and two modern isolates using stricter mapping and filtering parameters.
The x axis denotes the frequency of reads covering a SNP position in which the SNP was detected. The y axis denotes the number of observed SNP calls with the respective frequency. All variants with a SNP allele frequency below 90% are shown.


Extended Data Figure 4 Maximum parsimony analysis.
a, Maximum parsimony tree of all 262 samples of the complete data set. Positions with missing data were excluded. b, Subtree of the full maximum parsimony tree showing the lineage 6 and animal strains. Positions with missing data were excluded. Branches are labelled with the absolute number of substitutions. Internal nodes are labelled with bootstrap statistics obtained from 1,000 replicates.


Extended Data Figure 5 Maximum likelihood analysis.
a, Maximum likelihood tree of all 262 samples of the complete data set. Positions with missing data were excluded. b, Maximum likelihood subtree showing the lineage 6 and animal strains. Positions with missing data were excluded. Internal nodes are labelled with bootstrap statistics obtained from 200 replicates.


Extended Data Figure 6 Neighbour joining analysis.
a, Neighbour joining tree of all 262 samples of the complete data set. Positions with missing data were excluded. b, Neighbour joining subtree showing the lineage 6 and animal strains. Positions with missing data were excluded. Internal nodes are labelled with bootstrap statistics obtained from 1,000 replicates.


Extended Data Figure 7 Maximum clade credibility tree of M. tuberculosis.
The tree was estimated using the uncorrelated log-normal relaxed clock model in BEAST 1.7.5 (ref. 31). The radiocarbon dates of the ancient Peruvian strains were used as temporal estimates to date the tree. Branch lengths are scaled to years. Branch colours indicate the estimated branch substitution rate on the logarithmic scale shown in the legend at the left.


Extended Data Figure 8
a, Posterior distributions of times to most recent common ancestor (TMRCA) for different MTBC branches, and exponential growth and constant size models. b, Bayesian skyline plot showing estimated effective population sizes for the human lineages. c, Bayesian skyline plot showing estimated effective population sizes for the animal lineages.


Extended Data Figure 9 Maximum likelihood phylogeny of L4 lineage including modern and ancient strains.
The mixed samples are separated out into Hungarian 1 and 2. SNPs were mapped back onto the phylogeny, and branches marked in red are those defined by variants found to be mixed in the Hungarian sample. This allowed us to determine the ancestral nodes and branches for each of the two strains on the tree. The dotted lines represent the unknown length of the terminal branches, with the stars representing the theoretical penultimate node for which age priors were determined.


Extended Data Figure 10 Maximum clade credibility tree produced using BEAST31.
Produced using TreeAnnotator from 9,000 trees. Branch lengths are scaled by age. The mean age (yr bp) of the MRCA plus 95% HPD, and the position of the separated Hungarian ancient strains, are marked on the phylogeny.
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        Editorial Summary
Tuberculosis in the Americas
Mycobacterium tuberculosis has a long history as a human pathogen, but how and when this unfortunate relationship began is not clear. Although the strains found in the Americas today are closely related to those in Europe, archaeological evidence suggests that the disease was present in the New World before contact with Europeans. Johannes Krause and colleagues sequenced three approximately 1,000-year-old M. tuberculosis genomes from human remains in Peru, proving that the pathogen caused human disease in the pre-contact New World. The ancient DNA is most closely related to that found in strains adapted to seals and sea lions. The authors hypothesize that these sea mammals may have contracted the disease from an African host species and carried it across the oceans where exploitation of marine resources by coastal peoples of South America allowed zoonotic transfer. This strain of tuberculosis may have then adapted to humans before being replaced by European strains introduced post-contact.
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