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Structure, function and diversity of the
healthy human microbiome

The Human Microbiome Project Consortium®
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A total of 4,788 specimens from 242 screened and phenotyped adults
(129 males, 113 females) were available for this study, representing the
majority of the target Human Microbiome Project (HMP) cobort of
300 indsviduals. Adult subjects lacking evidence of discase were
recruited based on a lengthy list of exclusion criteria; we will refer
to them here as ‘healthy’, as defined by the consortium clinical
sampling criteria (K. Aagaard ef al. manuscrpt submitted)
Women were sampled at 18 body habitats, men at 15 (exduding three
vaginal sites), distributed among five major body areas. Nine specimens
were collected from the oral cavity and cropharynx salivac boccal
mucosa (cheek), keratinized gingiva (gums), palate, tonsils, throat
and tongue soft tissues, and supra- and subgingival dental plaque (tooth
biofilm above and below the gum). Four skin specimens were collected
from the two retroauricular creases (behind cach ear) and the two
antecubital fossae (inner elbows), and one specimen for the antersor
nares (nostrils). A sedf-collected stool specimen represented the micro
biota of the lower gastrointestinal tract, and three vaginal specimens
were collected from the vaginal introitus, midpoint and posterior
fornix. To evaluate within-subject stability of the microbiome, 131
individuals in these data were sampled at an additional time point
(mean 219 days and s.d. 69 days after first sampling, range 35-404 days).
After quality control, these specimens were sed for 165 rRNA gene
analysis via 454 py cing (abbreviated henceforth as 168 profil
ing, mean 5,408 and s.d. 4,605 fitered sequences per sample); to assess
function, 681 samples were sequenced using paired-end Ilumina
shotgun metagenomic reads (mean 2.9 gigabases (Gb) and sd 21Gb
per sample)’. More details on data generation are provided in related
HMP publications* and in Supplementary Methods.

Microbial diversity of healthy humans

The diversity of microbes within a given body habitat can be defined as
the number and abundance distribution of distinct types of organasms,
which has been linked to several human diseases: low diversity in the
gut to obesity and inflammatory bowel disease™, for example, and high
diversity in the vagima to bacterial vaginosis®. For this large stody

imvoiving microbiome samples collected from healthy volunterrs at
two distinct geographic locations in the United States, we have defined
the microbzal communities 2t each body habitat, encountering 81-99%
of predicted gemera and saturating the range of overall community
configurations (Fig 1, Supplementary Fig | and Supplementary
Table 1; see also Fig. 4). Oral and stool communsities were especially
diverse in terms of community membership, expanding prior observa
tions”, and vaginal sites harboured particularly simple communities
(Fig. Ia). This study established that these patterns of alpha diversity
(within samples) differed markedly from comparisons between
samples from the same habitat among subjects (beta diversity,
Fig 1b). For example. the saliva had among the highest median alpha
diversities of operational taxonomic units (OTUs, roaghly species leved
classification, see http//hmpdace. org/HMQCP), but one of the lowest
beta diversities—so although each individual’s saliva was ecologically
rich, members of the population shared simslar crganisms. Conversely,
the antecubital fossae (skin) had the highest beta diversity but were
intermediate inalpha diversity. The vagina had the lowest alpha divessity,
with quite low beta diversity at the genos level but very hygh among
OTUs due to the presence of distinct Lactobacilbes spp. (Fig. 1b). The
primary patterns of variation in commumity strcture followed the
major body habitat groups (oral, skin, got and vagmal), defining as 2
result the complete range of population- wide between-subject variation
in human microbiome babitats (Fig. Ic). Within-subject variation over
time was co ly lower than b subject variation, both in
organismal composition and in metabolic function (Fig 1d). The
uniqueness of each individual’s mxrobial commumity thus seems o
be stable over time (refative to the population as 2 whole ), which may be
another feature of the human microbiome specBcally associated with
health

No taxa were observed to be universally present among all body
habitats and individuals at the sequencing depth employed here,
unbike several pathways (Fig. 2 and Sopplementary Fig. 2, sec bedow),
although several dades demonstrated broad prevalence and refatively
abundant carriage patterns™’_ Instead, as suggested by individually
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Human Microbiome Project

a Phyla

Fimicutes
Actinobacteria
Bacteroidetes
Proteobacteria
Fusobacteria
Tenencutes
Spirochaetes
Cyanobacteria
Verrucomicrobia
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b Metabolic pathways

Central carbohydrate metabolism

Cofactor and vitamin biosynthesis
Ohgosaccharide and polyol transport system
Purine metabolism

ATP synthesis

Phosphate and amino acid transport system
Aminoacyl tRNA

Pyrimidine metaboli

Ribosome

_ Aromatic amino acid metabolism
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HMP Nature 2012

« Each site is different in terms of its predominant microbial types
« No core microbiome at every site for everyone
 Considerable variation in health

« Unique fingerprints at each site for individuals

e Generally similar functionality

e Loss and gain of functions at the individual level with strains
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