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QUIZ

1.  What is necrobiome and where do we find it?

2.  What ways of parchment sampling are used?

3.  What are museomics?

4.  What is biocodicology? What can we learn from it?

5.  What are some of the steps for validation?

Group of organisms associated with decay of other organisms‘ remains.

It‘s present in all our samples from remains (both skeletal and mummified)

Eraser rubbings

Fragments of the parchment

What was the parchment made from, species, sex and population affinity. 
Fragment relationship. Origin of stains. Pathogens. Preservation and 
organisms that could endanger the document. Parchment Quality Index. 
Treatment. Human handling. … 

Omics used for the analyses of historical biomolecules from museum 
collections. 

Authentication based on damage

Competitive mapping

Good reference, database choice!!

Unique markers

Does it make biological and historical sense?

6.  Write at least 5 examples of sources for metagenomics of ancient samples.
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PALEOGENOMICS IN PATHOGEN RESEARCH

• Fast rate of evolution
• Pathogen morphology often inaccessible or insufficient
• Presence of pathogen not necessarily associated

with visible pathology
• Tracking host migrations

Host genome

Pathogen genome

Viruses

Prokaryotes

Eukaryotes

Historical records

Palaeopathology

Medicinal practices



DISEASE-RELATED CHANGES

Kerner et al., 2023; DOI: 10.1038/s41591-023-02244-4

Protective variants in e.g. TLR10–TLR1–TLR6 gene cluster, human leukocyte antigen-associated PPT2 and EGFL8



PALEOGENOMICS IN PATHOGEN RESEARCH
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DOMESTICATION, AGRICULTURE

• Increase in pathogens, including those affecting plants and animals

• Changes in human genome associated with pressure from pathogen spread

• Further changes with urbanisation

• Anthroponosis – human to human (rubella, smallpox, gonorrhea…)

• Zoonosis – between animal and human in any direction

• Anthropozoonosis – animal to human (hemorrhagic fevers)
• Zooanthroponosis – human to animal (influenza, tuberculosis)

• Synanthropic – from animals with us (urban, domestic – urban rabies, cat scratch disease)
• Exoanthropic – animals living in the wild (Lyme disease, wildlife rabies…)

• Sapronosis – abiotic environment (e.g., soil, decaying plant or animal remains) to living host 
(legionellosis, nontuberculous mycobacterioses, Yersinia pseudotuberculosis)

Hubálek, 2003; DOI: 10.3201/eid0903.020208



MASS GRAVES

• INJURY FAMINE INFECTIOUS EPIDEMIC DISEASES

• Example:

https://doi.org/10.1016/j.isci.2021.102419
https://doi.org/10.1016/j.isci.2021.102419
https://doi.org/10.1016/j.isci.2021.102419


WAYS TO STUDY CIVILIZATIONS DECLINE/COLLAPSE

• Possible epidemics
• Famine due to plant pathogens

https://www.nature.com/articles/s41559-017-0446-6
https://www.nature.com/articles/s41559-017-0446-6


PALAEOVIROLOGY

• Research of ancient viruses and their co-evolution with hosts

• Small genome, often tissue specific

• RNA and ssDNA challenging

• Ancient viruses, ancient host genomes

• Modern genomes of hosts
• Endogenous viral element (EVE) – viral sequences integrated into genome through various 

mechanisms, including transposition
• Endogenous retrovirus (ERV) – subset of EVEs, retroviruses in the genome of their hosts –

evolutionary history



https://microbenotes.com/what-are-viruses/
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PALAEOVIROLOGY

Nishimura et al., 2022; DOI: 10.3390/v14061336



VARIOLA VIRUS

Ferrari et al., 2020 DOI: 10.1098/rstb.2019.0572

Ṣọ̀pọ̀na - James Gathany

• Was thought to originate around 3000-4000 years ago

https://doi.org/10.1098/rstb.2019.0572
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HEPATITIS B VIRUS

• Best studied virus in aDNA
• Global prevalence around 4 %
• Oldest ca 10000 BP

Kocher et al., 2021; DOI: 10.1126/science.abi5658
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HEPATITIS B VIRUS



PLANT VIRUSES

• Barley stripe mosaic virus
• Herbarium specimens, seeds, dry leaves… 

https://www.nature.com/articles/s41467-023-39950-z
https://www.nature.com/articles/s41467-023-39950-z


BIOSAFETY

• Should such research take place?
• Should the methodology and genome be published? 

(Critique surrounding 1918 influenza virus)

• Pithovirus sibericum resurrection – infection of
Acanthamoeba, >30,000-y-old 

• Global warming, mining and drilling – potential
threat from frozen viruses

https://doi.org/10.1073/pnas.1320670111
https://doi.org/10.1073/pnas.1320670111


YERSINIA PESTIS

• Rodent reservoir, flea as a vector

• After infection
• pathogen travels to lymph nodes causing

bubonic plague (swelling – buboes)
• lung infection – pneumonic
• disseminated – septicemic

• Oldest case 5000 BP, probable emergence 
of this lineage 7000 BP during Neolithic

Susat et al., 2021 DOI: 10.1016/j.celrep.2021.109278
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YERSINIA PESTIS

Clavel et al., 2023 DOI: 10.1016/j.isci.2023.106787

https://doi.org/10.1016/j.isci.2023.106787
https://doi.org/10.1016/j.isci.2023.106787
https://doi.org/10.1016/j.isci.2023.106787


MYCOBACTERIUM TUBERCULOSIS



MYCOBACTERIUM LEPRAE

Taylor et al., 2013 DOI: 10.1371/journal.pone.0062406

VectorMine

https://stock.adobe.com/cz/contributor/201457013/vectormine?load_type=author&prev_url=detail
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EMBO Reports, 2007; DOI: 10.1038/sj.embor.7400908



TREPONEMA PALLIDUM

• Syphilis (Treponema pallidum subsp. pallidum)
• Yaws (Treponema pallidum subsp. pertenue)
• Bejel (Treponema pallidum subsp. endemicum)

• Low pathogen load in tertiary stage

Example:



SALMONELLA ENTERICA
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PLANT PATHOGENS

• Phytophthora infestans as one of the deadliest
oomycetes – Irish potato famine caused death
and emigration of >2 mil people

https://doi.org/10.1038/ncomms3172
https://doi.org/10.1038/ncomms3172
https://www.britannica.com/video/171551/overview-Great-Famine-Ireland


PHYTOPHTHORA INFESTANS

https://doi.org/10.1007/s13313-023-00936-6
https://doi.org/10.7554/eLife.00731
https://doi.org/10.7554/eLife.00731


MORE TO LOOK INTO

• Bacteriophages (currently most studied in calculus and coprolites)
• Borrelia recurrentis
• Plasmodium falciparum

• Mycobacterium tuberculosis

• Treponema pallidum



?
Why should we study ancient pathogens?



!
• RNA and ssDNA viruses worst preservation
• Goddess of smallpox
• Domestication
• Spread of pathogens accross populations and 

continents and everything
• Phylogenetic trees
• Ways to study past diseases
• Ethical questions, biosafety
• Visible pathology and pathogens relationship, 

different load of pathogen in different stages


