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Comparison of beta diversity distance metrics
In the analyses presented in the main text, we use unweighted UniFrac and Principal Coordinates Analysis (PCoA) for identifying relationships between the overall microbiota compositions in different samples based on Operational Taxonomic Unit (OTU) counts per sample. UniFrac evaluates the distance between two samples based on the degree to which the sequences are from unique versus shared phylogenetic lineages (Lozupone and Knight 2005). We chose unweighted UniFrac and PCoA because of its successful application in previous meta-analyses (Lozupone and Knight 2007; Ley et al. 2008; Lozupone et al. 2012). Other conceptual reasons that unweighted UniFrac is a good choice is that it accounts for phylogenetic relationships between OTUs when comparing diversity (Lozupone and Knight 2005). Since we are comparing, in some instances, samples that are very divergent compositionally, accounting for phylogenetic relatedness can add power since phylogenetically related taxa tend to have similar properties. However, we were also interested in verifying that unweighted UniFrac performed well compared to other beta diversity measures, since performance evaluations of a variety of beta diversity measures using 454 pyrosequencer-generated 16S rRNA datasets and simulated data have identified other diversity measures that perform well for detecting gradients (Chi-square and Pearson correlations) and clusters (Gower, Canberra and Jaccard) in microbial community datasets (Kuczynski et al. 2010). The QIIME database (www.microbio.me/qiime) allows for the easy application of many different established diversity measures to any given table of OTU counts per sample.
Because distinct compositions have been described for different human body habitats in many different publications (Costello et al. 2009; Qin et al. 2010; Caporaso et al. 2011; Ravel et al. 2011; 2012; Koren et al. 2013), we reasoned that one way to evaluate the performance of different beta diversity measures is to evaluate how well they distinguish between samples from the adult gut, vagina, skin, and oral cavity from many different studies. This analysis was similar to the one shown in Fig. 1, except that infants were excluded since their gut microbiota is highly divergent from the adult gut microbiota (Palmer et al. 2007; Koenig et al. 2011; Yatsunenko et al. 2012). We also excluded the study of the gut microbiota during pregnancy (Koren et al. 2012) and in Inflammatory Bowel Disease (Willing et al. 2010), since these factors appeared to cause a particularly large deviation from the healthy adult gut microbiota.
We clustered the samples using Pearson, Jaccard, Canberra, and unweighted UniFrac dissimilarities. These measures were determined to perform well compared to other dissimilarity measures for detecting clusters (Canberra and Jaccard) and gradients (Pearson) in simulated and real 16S rRNA survey data of microbial communities (Kuczynski et al. 2010), and all produce a distance measure between 0 and 1, where 0 is considered identical and 1 maximally different. Distances calculated between samples from different body sites (between) were higher than those calculated between samples from the same body site (within) for all four measures (Fig. S1b). Canberra dissimilarities performed especially poorly in this regard; PCoA clustering with this measure produced a different clustering pattern from the other three measures, with PC2 variation driven by differences between sets of vaginal samples. UniFrac distances between samples from different body sites were generally smaller than those calculated for Pearson, Jaccard and Canberra dissimilarities, which all approached the maximum distance value of 1 indicating almost no overlap in observed OTUs (Fig. S1b). This may be due to UniFrac counting different OTUs that are phylogenetically related as similar, so that if related organisms have adapted to different body habitats, those habitats will show increased similarity because of this feature. 
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Figure S1: Principal Coordinates Analysis (PCoA) of samples from 10 studies (Table 1) of the human gut microbiota. PCoA was applied to a distance matrix created by calculating Jaccard, Pearson, Canberra, or unweighted UniFrac values for all pairs of samples. The most abundant bacterial families are superimposed on the same PCoA plots in the right panels in purple. The size of the sphere representing a taxon is proportional to the mean relative abundance of the taxon across all samples. Panel B shows the average pairwise values for comparisons of samples from the same body site (within) or between different body sites (between). Samples were classified broadly as from the gut (mostly feces but also colon, ileum and rectum), vagina, oral cavity (e.g. saliva, tongue, cheek), and skin and other (diverse skin sites, hair, nostril, and urine). 
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