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Figure S1: Animal and plant remains detected in the Iceman stomach content. Related to 
Figure 1. (A) Two large bundles of muscle fibers. Confocal laser scanning microscopy image. The 
scale bar indicates 1mm. (B) Magnified image of one muscle fibre bundle of Figure S1 A.  The 
scale bar indicates 20µm. The long cylindrical unbranched muscle cells often appear in bundles 
and still display striated fiber structures running perpendicular to the long fiber axis characteristic 
for cardiac and skeletal muscle tissue. (C) Sudan III-stained adipose tissue. The animal remains in 
the cryosections display all characteristics of adipose tissue, loose connective tissue composed of 
Sudan III stained adipocytes. The scale bar indicates 20µm. (D) Apex of a wheat (Triticum) grain. 
The scale bar indicates 500µM. (E) Wheat (Triticum) bran. The scale bar indicates 100µM. (F) 
Fragment of a wheat (Triticum) glume. The scale bar indicates 100µM. (G) Sporangia of bracken 
(Pteridium aquilinum), scale bar indicates 100µM. (H) Spruce needle (Picea), one black scale bar 
corresponds to 5 mm. (I) Unidentified tissue. The scale bar indicates 100µM. The majority of plant 
macro remains in the Iceman`s stomach content belongs to cereal bran. Most prominent tissue 
types are pericarp and seed coat (testa) fragments, some glume and spikelet parts of wheat 
(Triticum). The pericarp and testa tissues belong to the Triticum/Secale type, characterized by a 
tube cell layer in the fruit wall. Given that rye (Secale) was not cultivated in Central Europe during 
the Copper Age and the pericarp fragments show the tube cell pattern all over, the bran derives 
from einkorn (Triticum monococcum), a diploid wheat. Archaeology also confirms the general 
presence of einkorn in the Eastern Italian Alps during the Iceman´s time [S1]. The occurrence of 
bracken (Pteridum aquilinum) sporangia is very surprising, as is a spruce (Picea) needle (leaf). 
Bracken was so far only detected in the Iceman´s intestinal contents and not reported in another 
Iceman archeological context. (J) Percentage diagram of the pollen content in the ingesta of the 
gastro-intestinal tract of the Iceman. All arboreal and non-arboral pollen constitute 100%. Spores 
are excluded from the 100%, calculated and plotted in percentages with regard to this 100% sum. 
Pollen in brown colour display intentional, in green unintentional consumed pollen. In total six 
samples from different consecutive locations of the intestinal tract are at disposal for insights in 
the Iceman`s nutrition habits. They were extracted: one each from the gaster (sample no. 0.0) and 
the lower small bowel (sample no. 1.0), as well as two each from the upper large (sample no. 2.0 
and 3.0) and lower large intestine (sample no. 4.0 and 5.0). The three pollen spectra from the 
gaster, small bowel and the upper large bowel (sample nos 0.0 – 2.0) are dominated by bracken 
(Pteridum aquilinum) spores and pollen grains from wheat (Triticum-type) (brown curves, sample 
nos 0.0 – 2.0). Both taxa are consistently represented in the subsequent three samples of the upper 
and lower large bowel (sample nos 3.0 – 5.0). Their occurrence in high percentage values suggests 
intentional ingestion of parts of these plants [S2-S4]. The residual pollen (highlighted in green) is 
unintentionally ingested by respiration or drinking water and reflects the ambient vegetation the 
Iceman moved around. Most of these pollen types are in high quantities airborne and reflect the 
inneralpine forests (Pinus, P. cembra, Picea, Larix Ostrya-type) and grasslands (Poaceae) of the 
Ötztal Mountains. Besides these arboreal pollen types, there are also several herbal pollen types 
recorded. The airborne pollen of the goosefoot family (Chenopodiaceae-type) occurs in constant 
percentage values (up to 5%), similarly to mugwort (Artemisa) and plantain (Plantago, P. 



lanceolata-type, P. major-type). They represent common weeds of rural sites and might have been 
consumed unintentionally with cereals. About 15 of the observed herbal pollen types are insect-
pollinated and occur regularly in low quantities (<2%) like in the natural pollen rain. Only two 
types are reflected in higher percentage values in the pollen diagram: Caltha-type and 
Primulaceae. The first one comprises also pollen from Marsh Marigold (Caltha palustris) and the 
second type includes Cowslip, Oxlip and Primrose (Primula veris, elatior, vulgaris), which are 
edible and used as drugs in herbal medicine. However, the mentioned species of both pollen types 
thrive on waterlogged sites and along rivulets, which makes unintentional ingestion by drinking 
water plausible [S3]. 

 

 

 

 

 

 

 

 

 

 



 



Figure S2: Metagenomic analysis of the Iceman`s gastrointestinal tract content shotgun 
datasets. Related to Figure 2. (A) Taxonomic overview of the sequence reads in a selected 
Illumina dataset (B0626) of the Iceman`s stomach content. Both the full taxonomic overview over 
all Kingdoms (left) and an overview over the Eukaryotic taxa (right) are displayed. The 
metagenomic reads were taxonomically assigned using the RAPSearch2 tool [S5] against the 
NCBI non-redundant protein database. We subjected in addition to the Iceman stomach content 
(B0626) the Illumina datasets of the small intestine content (B0621), the upper large intestine 
content (C1824), the lower large intestine content (B0625) and of the Iceman muscle tissue 
(C0004) to this first taxonomic profiling (the Krona plots of the latter four samples are not shown). 
The majority of sequence reads (between 54% and 97% of all reads) in both the Iceman’s 
gastrointestinal tract content samples and in the Iceman muscle tissue sample were taxonomically 
assigned to Bacteria (Figure 2A). In all datasets the bacterial fraction of reads is highly dominated 
by the phyla Firmicutes (up to 83% of the Bacteria reads) and Proteobacteria (up to 94% of the 
Bacteria reads) with the genera Clostridium (up to 70% of the Firmicutes reads) and Pseudomonas 
(up to 77% of the Proteobacteria reads) being the major representatives of these phyla. The 
presence of Clostridium and Pseudomonas in Iceman`s intestinal and tissue samples has been 
reported already in previous molecular studies including the Iceman genomic survey [S6-S9]. The 
presence of the DNA of these two major genera in both the Iceman`s gastrointestinal contents and 
the muscle and bone tissues suggests that the Clostridia and Pseudomonas bacteria display 
remnants of the post-mortem colonizing bacterial community, which was shortly after the 
Iceman`s death involved in the overall body decomposition before the degradation has been 
stopped by the natural mummification and desiccations processes [S10-S13]. Beside this high 
fraction of bacterial reads, only 39% or less of reads in the Iceman samples were eukaryotic of 
which the majority (between 94% and 42%) were identified as fungal. The Metazoa and 
Virdiplantae reads, important for the dietary reconstruction, comprised only 0.7% to 0.2% of all 
reads. The Metazoan fraction of reads is highly dominated by Primates sequences (between 55% 
and 78% of Metazoa reads) and reads that were assigned to the Ruminantes (between 4% and 17% 
of Metazoa reads). We could demonstrate in one of our previous studies that the Primates 
sequences in the stomach content are human reads that match the Iceman haplotype [S14]. Most 
presumably, all biomolecules including the Iceman`s DNA were released post-mortem from the 
epithelial cells into the intestinal contents. The highest faction of plant DNA included reads that 
belong to the Poaceae family (between 26% and 85% of the Viridiplantae reads). Importantly, the 
Ruminantes and Poaceae reads possibly comprising the Iceman’s animal and plant diet were only 
detected in the intestinal contents and not in the control muscle sample. (B&C) Taxonomic 
overview of the mitochondrial (B) and chloroplast (C) sequence reads in one selected Illumina 
dataset (B0626) of the Iceman`s stomach content. The metagenomic reads were first assembled 
against the currently available complete mitochondrial and chloroplast genomes from the NCBI-
nt database using BWA [S15].  Subsequently we performed a sequence similarity search of all 
mapped reads using blastn [S16] and the complete NCBI-nt database [S17]. Blast results were 
taxonomically assigned using MEGAN6 [S18]. (D) Animal subfamilies/genera/species and plant 



families/genera/species detected in all shotgun datasets by comparison of the shotgun reads against 
the complete mitochondrial and chloroplast genomes in the NCBI database. The color gradient 
displays the number of unambiguously assigned animal and plant reads per million metagenomics 
reads. Control metagenomic datasets of the Iceman’s muscle tissue and of the extraction blank 
were included in the analysis. In agreement with our previous observation the majority of reads in 
both the shotgun datasets of the intestine contents and of the muscle control sample were assigned 
to the mitochondrial genomes of various fungal species and of the Iceman (C). However, when we 
focus on the reads assigned to the non–human mammalian reads we detect mitochondrial reads 
unambiguously assigned to the animal subfamilies Caprinae and Cervinae only in the Iceman`s 
intestinal contents and not in the control samples (Iceman`s muscle tissue and Extraction blank) 
(Figure S2B and S2D). Furthermore, unambiguously assigned species-specific reads indicate the 
presence of both mitochondrial genomic DNA of the ibex (Capra ibex) and of the red deer (Cervus 
elaphus). There exists archaeological evidence that both domesticated and wild animals including 
red deer were part of the general Copper Age diet in the Iceman´s territories [S19]. Ibex bones, 
however, were not yet found in nearby Copper Age settlements. The slaughtering of high altitude 
animals such as the ibex directly at the hunting place may explain this confounding result. In 
comparison to the high fungal and human background indicated with e.g. the mitochondrial 
genomic reads, the plant-derived contamination seems to be relatively low. Based on our 
taxonomic assignment of the chloroplast reads, we detected, in all intestinal contents and the 
muscle tissue dataset, reads of the green algae Koliella longiseta (Figure S2C and S2D). Species 
of the genus Koliella grow in freshwater, but some thrive also in layers of alpine glaciers and snow 
[S20]. Therefore, we hypothesize that the green algae entered post-mortem the Iceman`s tissue and 
intestinal contents from the surrounding ice and snow. Beside this environmental algal background 
there are several other chloroplast reads detected solely in the Iceman`s intestine content samples 
(Figure S2C and S2D). Almost all intestinal content datasets contain chloroplast reads 
unambiguously assigned to the plant families Dennstaedtiaceae and Triticeae. Furthermore, our 
taxonomic assignment indicates that most Dennstaedtiaceae and Triticeae reads belong to the 
species Pteridium aquilinum subsp. aquilinum and to members of the genus Triticum, respectively.  
Few selected intestinal content datasets contain in addition chloroplast reads assigned to the 
Malvids, Aceraceae, Fabids and Ericaceae. However, it was not possible to taxonomically assign 
the latter reads further down to the genus- or species-level. 

 



 



Figure S3: Phylogenetic assignment of the reconstructed plastid genomes and DNA damage 
pattern analysis of the unambiguously assigned plastid reads. Related to Figure 2 and Data 
S1. (A) Phylogenetic assignment of the two complete animal mitochondrial genomes reconstructed 
from the Caprinae and Cervinae reads. A total of 16208 informative nucleotide positions were 
used for the phylogenetic analysis. The comparative dataset included complete mitochondrial 
genomes of selected wild and domesticated ungulates (NCBI Accession Numbers are provided in 
the figure). The arrow indicates the outgroup (Equus caballus NC_001640.1, Equus asinus 
NC_001788.1). The two complete animal mitochondrial genomes reconstructed from the Caprinae 
and Cervinae reads were phylogenetically assigned to the ibex (Capra ibex) and red deer (Cervus 
elaphus) mitogenomes. (B) Phylogenetic assignment of the two partial plant mitochondrial 
genomes reconstructed from the Triticeae reads. A total of 17357 informative nucleotide positions 
were used for the phylogenetic analysis. The comparative dataset included complete chloroplast 
genomes of selected members of the Triticeae tribe (NCBI Accession Numbers are provided in 
the figure). The outgroup (Phleum alpinum KM974747.1, Poa palustris KM974749.1) is indicated 
by the arrow. Both chloroplast genomes partially reconstructed from the Triticeae reads clustered 
together and were closely assigned to chloroplast genomes of Triticum monococcum and Triticum 
urartu.  However, the presence of two different Triticum chloroplast genomes, as indicated by the 
FastQ Screen analysis (see Data S1_ FastQScreen Triticeae reads), is not supported by the 
phylogenetic analysis. Visual inspection of the Triticum chloroplast alignment revealed that the T. 
urartu and T. monococcum species specific reads that were identified by FastQ Screen were all 
aligned to sequence motifs that are unique to two modern reference sequences (KC912690, 
KC912693) published together in a previous study [S21]. These specific sequence motifs are not 
shared with any other currently available T. urartu and T. monococcum chloroplast genome. 
Therefore, we decided not to consider these unique insertions in the phylogenetic assignment. (C) 
Phylogenetic assignment of the partial plant mitochondrial genomes reconstructed from the 
Dennstaedtiaceae reads. A total of 56972 informative nucleotide positions were used for the 
phylogenetic analysis. The comparative dataset included complete chloroplast genomes of selected 
members of the Dennstaedtiaceae, Polypodiaceae, and Pteridiaceae (NCBI Accession Numbers 
are provided in the figure). The outgroup (Alsophila spinolosa FJ556581.1, Plagiogyria glauca 
KP136831.1, Marsilea crenata KC536646.1) is indicated by the arrow. The partial plant 
mitochondrial genomes reconstructed from the Dennstaedtiaceae reads were phylogenetically 
assigned to the Pteridium aquilinum subsp. aquilinum chloroplast genome. (D) Comparison of the 
cytosine to thymine substitution frequency in the 5´end of the validated animal mitochondrial, 
plant chloroplast and Iceman human sequence reads detected in the Iceman stomach content. The 
cytosine deamination pattern of the Caprinae and Cervidae reads extracted from the metagenomic 
dataset are highlighted in red and orange, respectively. Damage patterns of the enriched animal 
plastid reads are displayed with dotted lines. Damage patterns of the Triticeae and 
Dennstaedticaeae reads are depicted in yellow and green lines, respectively. The cytosine 
deamination pattern of the human reads detected in the Iceman stomach content metagenome is 
highlighted as a black line. All mitochondrial and chloroplast reads (non-UDG treated) extracted 



from the four dominant animal and plant (sub)families Caprinae Cervinae, Dennstaedtiaceae, and 
Triticeae and the enriched animal plastid reads display an increased C to T misincorporation 
pattern at the 5´ end indicative of ancient DNA. The detected 5´ C to T substitution frequencies 
are in the same range (~12% to 6%) as the 5´cytosine deamination pattern (~7%) of the human 
reads detected in the Iceman stomach content. The C to T misincorporation pattern in the animal 
and plant reads was not restricted to the 5′ end and was found additionally within the reads. We 
hypothesize that this effect comes most probably from the much lower number of available animal 
and plant reads compared to the highly abundant Iceman genomic reads. 

 



 



Figure S4: DNA-barcode analysis of the Iceman gastrointestinal content samples and control 
samples. Related to Figure 2. (A) Animal families and plant families/orders detected in the 
Iceman intestinal contents by comparison of selected shotgun read datasets against the DNA 
barcodes deposited in the BOLD system database (http://www.boldsystems.org/). The DNA 
barcodes deposited at the BOLD database [S22] comprise fragments of the cytochrome c oxidase 
I (COI) gene, the ribulose bisphosphate carboxylase (rbcL)  gene and the maturase K (matK) gene. 
The comparative analysis were performed against the COI fragments deposited in the groups 
Mammalia, Actinopterygii, Astacidae, Nematoda, and Platyhelmintes and against the rbcL and 
matK fragments in the groups Magnoliophyta, Pinophyta, Bryophyta, Pteridophyta. The bubble 
sizes correspond to the number of unambiguously assigned reads. Importantly, this further 
taxonomic assignment of the reads against the DNA barcodes provides no evidence for further yet 
missed components of the Iceman`s diet. All previously detected major animal and plant groups 
present in the Iceman`s last meals were confirmed at the family and order level. (B) Animal species 
and sub-family detected in the Iceman intestinal contents with the 12S rRNA amplicon assignment 
to the NCBI nt database. Bubble size corresponds to the number of unambiguously assigned reads. 
Results confirmed by the cytB amplicons are framed with a black circle. (C) Phylogenetic 
assignment of the Iceman cytB amplicon sequence to cytB sequences of domesticated and wild 
representatives of the family Caprinae known to be present in the European Alpine area during 
the Iceman’s time [S19]. The tree calculations were performed using the maximum-likelyhood 
algorithm (PhyML) implemented in the ARB software package [S23]. A total of 198 informative 
DNA positions were used for the analysis. Two cytB sequences from the genus Bos spp, were used 
as outgroup. The cytB sequence detected in the Iceman stomach corpus content is highlighted in 
red. The bar indicates 10% estimated sequence divergence. The majority of the 12S rRNA 
amplicons (99.2-99.7%) were assigned to the human 12S rRNA gene variant. This result came not 
unexpected considering the high amount of Iceman human genome reads already detected in our 
previous study in the stomach content [S14]. We hypothesize that the Iceman genetic material 
penetrated post-mortem after cell lysis into the stomach content. Most other non-human 
mammalian 12S rRNA amplicons were in all analyzed intestinal content unambiguously assigned 
to the ibex (Capra ibex) and the deer family (Cervinae), thereby supporting the results of the 
metagenomic analysis. The presence of ibex DNA was further confirmed by the analysis of the 
cytB amplicons. We detected in both contents of the stomach and the small intestine the amplified 
fragments of the cytB gene that were phylogenetically assigned to the cytB gene fragment of the 
ibex (Capra ibex). Interestingly, the 12S rRNA amplicon data indicates the presence of DNA of 
the domesticated pig (Sus scrofa). However, since this result was not supported by any other 
analysis pipeline (metagenomics, proteomics), we decided not to consider it as part of the Iceman`s 
diet. (D) Plant order, tribes and families detected in the Iceman intestinal contents with the trnL 
amplicon assignment to the NCBI nt database.  Bubble size corresponds to the number of 
unambiguously assigned reads.  The order, tribes and families confirmed by the rbcL amplicons 
are highlighted with underlined names. The analysis of the trnL and rbcl amplicons confirms our 
previous metagenomics results on the presence of plant DNA assigned to the families 



Denstaedticaceae and Triticeae. However, beside these two families numerous other plant tribes 
and families were detected in the Iceman intestinal contents with the trnL and rbcL amplicon 
assignment to the NCBI nt database. The absence of the detected plant order, tribes and families 
in the Iceman`s lung tissue control sample argues against an external contamination of the intestine 
contents during sampling or DNA extraction via pollen or plant DNA. However, the relative 
contribution of pollen and macrofossils to the total DNA yield and latter obtained molecular results 
in these and other ancient specimen remains to be determined [S24].   
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