
Subsequent sequence analysis classified the an-
cient H. pylori as a cagA-positive vacA s1a/i1/m1
type strain that is nowassociatedwith inflammation
of the gastricmucosa (fig. S11) (18). Usingmultistep
solubilization and fractionation proteomics, we
identified 115humanproteins in the stomachmeta-
proteome, ofwhich sixwere either highly expressed
in the stomach mucosa (trefoil factor 2) (19) or
present in thegastrointestinal tract and involved in
digestion (supplementary materials S10). The ma-
jority of human proteins were enriched in extracel-
lular matrix organizing proteins (P = 3.35 × 10–14)
and proteins of immune processes (P = 2 × 10–3)
(fig. S13). In total, 22proteinsobserved in the Iceman
stomach proteome are primarily expressed in neu-
trophils and are involved in the inflammatory host
response. The two subunits S100A8 and S100A9 of
calprotectin (CP) were detected with the highest
number of distinct peptide hits in both analyzed
samples. Inflamed gastric tissues of modern
H. pylori–infected patients also show high levels
of CP subunit S100A8 and S100A9 expression
(20, 21). Thus, the Iceman’s stomach was col-
onized by a cytotoxic H. pylori–type strain that
triggered CP release as a result of host inflamma-
tory immune responses. However, whether the
Iceman suffered from gastric disease cannot be
determined from our analysis owing to the poor
preservation of the stomach mucosa (fig. S3).
Comparative analysis of seven housekeeping

gene fragments with a global multilocus sequence
typing (MLST) database of 1603H. pylori strains
with the STRUCTURE (22) no-admixture model
assigned the 5300-year-old bacterium to themodern
population hpAsia2, commonly found in Central
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Fig. 3. Multilocus sequence analyses. (A) Bayes-
ian cluster analysis performed in STRUCTURE
displays the population partitioning of hpEurope,
hpAsia2, and hpNEAfrica and the Iceman’sH. pylori
strain (details about the worldwide population
partitioning of 1603 reference H. pylori strains
are available in fig. S14). (B) STRUCTURE linkage
model analysis showing the proportion of Ances-
tral Europe 1 (from Central Asia) and Ancestral
Europe 2 (from northeast Africa) nucleotides
among strains assigned to populations hpNEAfrica,
hpEurope, and hpAsia2 and the Iceman’s H. pylori
strain on the extreme right. The black arrows indi-
cate the position of the three extant European
hpAsia2 strains. (C) Principal component analysis
of contemporary hpNEAfrica, hpEurope, andhpAsia2
strains and the Iceman’s H. pylori strain.

Fig. 4. Comparative whole-genome analysis.Co-ancestrymatrix showingH. pylori population structure
and genetic flux.The color in the heat map corresponds to the number of genomicmotifs imported from a
donor genome (column) to a recipient genome (row).The inferred tree and the H. pylori strain names are
displayed on the top and left of the heat map. Strain names are colored according to the H. pylori pop-
ulation assignment provided in the legend below the heat map. Signs for population ancestry are high-
lighted in the heat map with green, blue, black, and white boxes.
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