
METAGENOMICS

EVA CHOCHOLOVÁ

LABORATORY OF BIOLOGICAL AND MOLECULAR ANTHROPOLOGY

DEPARTMENT OF EXPERIMENTAL BIOLOGY



QUIZ

1.  What is the difference between genomic and epigenomic research?

2.  What is taphonomic bias? What are some examples?

3.  What are the differences between mtDNA a nuclear DNA?

4.  What are introgression deserts?

5.  What are some sources of ancient human genomes?
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ONE ORGANISM (HUMAN GENOME)



ONE ORGANISM (PATHOGEN GENOME)



ONE ORGANISM (WHEAT GENOME)



METAGENOME ALMOST ANYTHING



METAGENOME includes necrobiome!



SOURCES FOR ANCIENT METAGENOMICS

Settlements and environmentArtefactsHuman and non-human tissues

Museomics

Coprolites

Dental calculus

Fermentation
products

…



SOURCES FOR ANCIENT METAGENOMICS

Warinner, 2022; DOI: 10.1086/721976



Orlando et al., 2021 DOI: 10.1038/s43586-020-00011-0



METAGENOMICS WORKFLOW EXAMPLE

(Enrichment)Library prepExtraction Mapping to reference
/De novo assembly

Sequencing Raw data processing

METATAXONOMICS

„Metataxonomics is a term we propose and define as 
the high-throughput process used to characterize the 
entire microbiota and create a metataxonomic tree, 
which shows the relationships between all 
sequences obtained.“

Breitwieser et al., 2017; DOI: 10.1093/bib/bbx120

Marchesi et al., 2015; DOI: 10.1186/s40168-015-0094-5



METABARCODING

http://www.naturemetrics.co.uk

AMPLICON SEQUENCING, METATAXONOMICS, 
AMPLICON METATAXONOMICS…

http://www.sixthresearcher.com/didactic-materials/


Orlando et al., 2021; DOI: 10.1126/science.aad2545

https://www.nature.com/articles/s43586-020-00011-0
https://www.nature.com/articles/s43586-020-00011-0


THE CARP STORY

https://dgg32.medium.com/carp-in-the-soil-1168818d2191

https://dgg32.medium.com/carp-in-the-soil-1168818d2191


VALIDATION

Authentication based on damage

Competitive mapping

Good reference, database choice!!

Unique markers

Does it make biological and historical sense?

Key et al., 2017 DOI: 10.1016/j.tig.2017.05.005

https://linkinghub.elsevier.com/retrieve/pii/S0168952517300860


Key et al., 2017 DOI: 10.1016/j.tig.2017.05.005



MUSEOMICS

https://doi.org/10.1016/j.tree.2021.07.009
https://doi.org/10.1093/jxb/eru395
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7244142/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7333454/
https://doi.org/10.1093/sysbio/syt018
https://www.annualreviews.org/doi/10.1146/annurev-genet-071719-020506


ÖTZI

Fig. 1 H. pylori specific reads detected in the metagenomic datasets of the Iceman's 
intestine content samples. The color gradient displays the number of 
unambiguous H. pylori reads per million metagenomic reads. Control metagenomic 
datasets of the Iceman's muscle tissue and of the extraction blank were included in 
the analysis. The different intestinal content sampling sites are marked in the 
radiographic image by the following symbols: * stomach content, ○ small intestine, 
□ upper large intestine, Δ lower large intestine. The sampling site of the muscle 
control sample is highlighted in the Iceman overview picture (◇).

https://pubmed.ncbi.nlm.nih.gov/26744403/
https://pubmed.ncbi.nlm.nih.gov/26744403/


CALCIFIED ABSCESS

https://elifesciences.org/articles/20983
https://elifesciences.org/articles/20983
https://elifesciences.org/articles/20983


ARTEFACTS

https://www.jstor.org/stable/29540916
https://www.jstor.org/stable/29540916
https://brill.com/display/book/edcoll/9789004350229/BP000012.xml
https://brill.com/display/book/edcoll/9789004350229/BP000012.xml


ARTEFACTS

Liturgiarium Sinaiticum (commonly Missale Sinaiticum)Codex Assemanianus

Piñar et al., 2020; DOI: 10.1111/1462-2920.15064

https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1462-2920.15064
https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1462-2920.15064
https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1462-2920.15064
https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1462-2920.15064
https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1462-2920.15064
https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1462-2920.15064
https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1462-2920.15064


ARTEFACTS

„What species of animal is this particular document made 
from?

Are these two fragments related?

What is this stain?

I am concerned about the condition of a document, could there 
be potentially damaging bacteria or fungi present?“

Fiddyment et al., 2019; DOI: 10.1186/s40494-019-0278-6

https://heritagesciencejournal.springeropen.com/articles/10.1186/s40494-019-0278-6#citeas
https://heritagesciencejournal.springeropen.com/articles/10.1186/s40494-019-0278-6#citeas


ARTEFACTS

„What species of animal is this particular document made 
from?

Are these two fragments related?

What is this stain?

I am concerned about the condition of a document, could there 
be potentially damaging bacteria or fungi present?“

Fiddyment et al., 2019; DOI: 10.1186/s40494-019-0278-6

https://heritagesciencejournal.springeropen.com/articles/10.1186/s40494-019-0278-6#citeas
https://heritagesciencejournal.springeropen.com/articles/10.1186/s40494-019-0278-6#citeas


ARTEFACTS – BIRCH PITCH

Kashuba et al., 2019; DOI: 10.1038/s42003-019-0399-1

Birch pitch – heating birch bark, mostly for adhesion

Betulin – antiseptic, medicinal use 

https://www.nature.com/articles/s42003-019-0399-1
https://www.nature.com/articles/s42003-019-0399-1


Schmidt et al., 2021; DOI: 10.1186/s40494-021-00621-1 Rageot et al., 2019; DOI: 10.1007/s10816-018-9372-4

https://heritagesciencejournal.springeropen.com/articles/10.1186/s40494-021-00621-1
https://heritagesciencejournal.springeropen.com/articles/10.1186/s40494-021-00621-1


„The DNA is so exceptionally well preserved that we were able to recover a 
complete ancient human genome from the sample (sequenced to an average 
depth of coverage of 2.3×), which is particularly significant since, so far, no 
human remains have been recovered from the site. The results highlight the 
potential of chewed birch pitch as a source of ancient human and non-human 
DNA, which can be used to shed light on the population history, health status, 
and even subsistence strategies of ancient populations.“

Jensen et al., 2019; DOI: 10.1038/s41467-019-13549-9

BIRCH PITCH

https://www.nature.com/articles/s41467-019-13549-9


„DNA preservation and genome reconstruction“

„Sex determination and phenotypic traits“

„Genetic affinities“

„Metataxonomic profiling of non-human reads“

„Oral microbiome characterisation“ (including EBV)

„Pneumococcal DNA“

„Plant and animal DNA“ (birch, hazelnut, mallard)“

Jensen et al., 2019; DOI: 10.1038/s41467-019-13549-9

BIRCH PITCH



BIRCH PITCH

https://www.nature.com/articles/s41598-023-48762-6


WAX SEALS

• Pollen
• Lipids
• Metagenomics

• „DNA analysis on medieval wax specimens seems to be very limited, not 
only due to the poor preservation of DNA, but also the composition of taxa 
and limited usefulness of this. We therefore suggest further work with this 
type of material, as there is still more potential for unlocking the unseen 
archives of medieval wax seals.“



!
• Biocodicology
• Fermentation
• Yeast
• Calcified abcess
• Necrobiome
• Competitive mapping



THINK – FEEL – CARE

Think: How does this person understand this system and 

their role within it? 

Feel: What is this person’s emotional response to the system 

and to their position within it? 

Care: What are this person’s values, priorities, or 

motivations with regard to the system? What is important to 

this person?

What can we learn about them, how and why? How would it 

motivate you to carry out such research?

https://www.nature.com/articles/s41586-023-06035-2#citeas

