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(Dietary) 
Metagenome: 
Total genetic material 
of a sample (derived 
from consumed 
[eukaryotic] dietary 
components)

3
http://armbrustlab.ocean.washington.edu/seastar



James A. Fellows Yates | fellows[at]shh.mpg.de | Palaeodietary Workshop, Tübingen | 2017-09-15

Why DNA? 

4

Microfossils
“Easy” to find

Difficult to identify to 
species level

Stable Isotopes
Well established

Reflects ‘Bulk’ diet

Proteomics
Give tissue specific 

information
More limited databases

Hardy et al. (2015) Quat. Int. Bocherens et al . (2015) Quat. Int.

DNA
High taxonomic resolution! 

Large databases!
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Ancient Dietary Metagenome
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Genome aDNA

aDNA:
Fragmented 

(short)
Low yield

(few)
Damaged 
(mistakes)
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Molecular Soup
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Host 
aDNA

Lab
Contaminant

Modern 
bacteria

Excavator

Bacterial 
aDNA

Curator

Pet Dog

Modern 
bacteria

Lab
Contaminant

Modern 
bacteria

Lab
Contaminant

Modern 
bacteria

Lab
Contaminant

Dietary aDNA

https://github.com/emojione/emojione/tree/2.2.7

Lots of (modern) 
contamination….
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Where to find?
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Potential Sources of Dietary DNA
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Karpinski et al. (2017) Quat. int

Warinner et al. (2014) Nat. Gen.

Maixner et al (2016) Science

Colonese et al. (2017) Sci. Rep.
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Palaeofaeces and Coprolites
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Poinar et al. (2001) PNAS

Kohsla et al. (2014) Palaeog., Palaeoc., Palaeoe.

Mineralised palaeofaeces == Coprolite
Direct waste of digestion

Rare
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Dental Calculus
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Henry et al. (2011)  PNAS

Warinner et al (2014) Nat. Gen.

Warinner et al (2014) Sci. Rep.

Welch et al (2016) PNAS

Bacterial biofilm == Mineralised Plaque/Tartar == Calculus
Not directly related to consumption - may incorporate foodstuff

Common
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A brief history of...
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Early Days
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Early Days

13
https://commons.wikimedia.org/wiki/File:Polymerase_chain_reaction.svg by ‘Enzoklop’

Primer sequence = 
based on known 
reference

Primer ‘locates’ DNA 
sequence of interest 
in sample

Amplification

Sequencing

https://commons.wikimedia.org/wiki/File:Polymerase_chain_reaction.svg
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Early Days

14

Lots work to design all 
primers!

Specificity
Known target needed

Biochemical requirements
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Early Days

15

aDNA ← Why? ← If?
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NGS Era
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illumina.com

http://evomicsorg.wpengine.netdna-cdn.com/wp-content/uploads/2014/01/Cesky-Krumlov-Lecture-1-ver6.pdf

Next-Generation-Sequencing
High-throughput

Massively multiplexed
Metagenomic shotgun sequencing
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NGS Era
First ‘shotgun’ DNA study = Dental Calculus!

Warinner et al. (2014) Nat. Gen.

17



James A. Fellows Yates | fellows[at]shh.mpg.de | Palaeodietary Workshop, Tübingen | 2017-09-15

...but is it real?
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Formation processes

19
Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Formation
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Warinner et al 2014

Nizet & Esko, 2009

Poinar et al. (2001) PNAS

Warinner et al (2014) Nat. Gen.

hyderabadsmiles.com

1-2 months mineralisation

Saliva flow 
removes 
free DNA?

Dietary DNA more likely 
between teeth?

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

Palaeofaeces - 
direct waste
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Formation and Incorporation

21
Public domain

Hardy et al. (2015) Quat. Int.

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

Consumed for sustenance?
Dental hygiene?
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Post-depositional 
preservation

22
Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Biomolecular Preservation

23

Is the burial environment suitable for 
aDNA preservation?

Preservation:
Applies to all aDNA

Still not well understood

Trend:
Cold, dry, and stable
Hot, wet, fluctuating

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Burial Environment

24

© Copyright fred roberts under CC-BY-SA 2.0
http://www.geograph.org.uk/photo/12759. http://www.abc.net.au/news/2017-06-06/megafauna-fossils-in-the-naracoote-caves/859

3336

Possibility of ‘ancient’ eukaryotic contamination from burial environment?

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

http://www.geograph.org.uk/profile/363
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Burial Environment

25

© Copyright fred roberts under CC-BY-SA 2.0
http://www.geograph.org.uk/photo/12759.

Slon et al (2017) Science

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

http://www.geograph.org.uk/profile/363
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Excavation
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Sánchez-Quinto and Lalueza-Fox (2014) Proc. Roy. Soc. B.

Excavation under clean 
conditions?

Excavator handling?

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication



James A. Fellows Yates | fellows[at]shh.mpg.de | Palaeodietary Workshop, Tübingen | 2017-09-15

Post-depositional 
storage

27
Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Storage and Conservation
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suffolkarchaeology.co.uk

Organic or 
Synthetic adhesive?

Schellmann et al. (2013)  Studies in Conservation:
Bone, hide, rabbit skin, mammalian gelatin, fish swim bladders, fish skin/bone/cartilage

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

Clean, cool dry?
Old, damp, rotting?
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Lab protocols
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Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Contamination
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shh.mpg.de

Build DNA library in clean lab

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Contamination

31

Reagents contaminated
(but better than before!)

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Ancient DNA Library

Jevons et al (2015) Bladder Cancer

Ancient

Modern

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

DNA Library:
Add unique sample-specific barcodes

Only molecules with adapters sequenced (contamination ignored!)
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Data analysis

33
Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Tools

34
http://www.economist.com/node/15579717

BLAST (PCR) vs. MALT (NGS)
Warinner et al. 2014: 100 million reads - 6 weeks

Herbig et al. 2016: 1 billion reads - days

(Read = representation of a nucleotide sequence 
from a DNA molecule)

Herbig etal. (2016) bioRxiv

Is the analysis suitable for NGS data?

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Tools
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Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

Lowest Common 
Ancestor

Two equal probable 
alignments?

Push read up to 
shared ancestor
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Database Bias
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Taxa

N
o.

 g
en

et
ic

 s
eq

ue
nc

es

Bias in numbers of genomes? What references are missing?

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Database Bias

37

M
od

er
n

Sa
m

pl
e

Re
ag

en
t

Reference 
sequence

Quality of the reference 
sequence?

Contamination?

http://grahametherington.blogspot.de/2014/09/why-you-should-qc-your-reads-and-your.html

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Database Bias

38

Do we have all the reference 
sequences we need?

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Authentication

39
Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Sensitivity: more false positives? 
● More species with greater risk of incorrect species 

identification

Vs.
Specificity: more false negatives?
● Fewer species with lower risk of incorrect species 

identification

100

1

Read attraction away from true source, due to 
more (complete) genomes of other species?

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication

Search Parameters

GATTACTAT
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Dietary Composition

41

Does the overall dietary DNA 
signal make sense?

Tim Evanson, CC-SA commons.wikimedia.org

Dorothée Drucker
Pylopic.org - Steven Traver, Mercedes Yrayzoz

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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DNA Damage and Fragmentation

50,000 reads

5,000 reads

500 reads

50 reads

Are our reads old?
Fewer reads = harder to 

check

Formation Post-depositional processes Post-depositional storage Lab Protocols Analysis Authentication
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Review
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Incorporation

Post-depositional processes

Post-depositional storage

Laboratory Protocols

Data Analysis

Authentication
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Case Studies

44
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Case Study

45
Cano et al. 2014 PLoS One

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication
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Case Study

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication
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Case Study

47

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication

...

...

Hood alone not enough to prevent air-borne DNA!
Sequencing in commercial lab OK if library built in clean lab
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Case Study

48

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication
Reads so long couldn’t sequence (not expected in hot/wet conditions)!

Fragment and add adapters same time?
Can’t authenticate aDNA with short read lengths as all the same!
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Case Study

49

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication

?
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Case Study
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Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication Chinese tree in Pre-Columbian 
Caribbean?

Nepal & Ferguson (2012) Systematic botany
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Case Study

51

Suzuki et al. (2012) Frontiers in Microbiology 

aDNA ← Why? ← If?

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication
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Case Study

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication
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Case Study

Incorporation

Post-depositional 
processes

Post-depositional 
storage

Laboratory Protocols

Data Analysis

Authentication

illumina.com

Rivera-Perez et al. (2017) Unpublished [ResearchGate]

53
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Case Study: Rivera-Perez et al. 2015

Summary

● Not in clean laboratory - free floating DNA
● Libraries built in commercial facility - 1000bp reads?
● Chinese tree in Pre-Columbian America?
● Retrovirus DNA vs rest of the genome?
● No damage pattern - use of known reagent as reference?

54
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Suggestion
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Not all is lost!
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Scaling up 

How to quickly identify and 
authenticate large amounts of 

data?
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Scaling up

58

How to authenticate damage 
patterns with few reads?



James A. Fellows Yates | fellows[at]shh.mpg.de | Palaeodietary Workshop, Tübingen | 2017-09-15 59

Scaling up

How to authenticate 
identification specificity?
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Conclusions
● Dietary metagenomes has potential to complement other methods by providing high taxonomic resolution.

● But as fledgling field, need to be cautious:
○ Respect nature of sample and limits of data
○ Generation in clean lab
○ Checks for damage and fragmentation
○ Checks for reliability of taxonomic assignment

● Methods are currently in the pipeline to improve 
authentication

60
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General aDNA Resources
Original Guidelines (and criticisms)

Cooper, A. & Poinar, H.N., 2000. Ancient DNA: Do It Right or Not at All. Science, 289(5482), pp.1139–1139. Available at: http://www.sciencemag.org/content/289/5482/1139.2.short.

Pääbo, S. et al., 2004. Genetic Analyses from Ancient DNA. Annual review of genetics, 38(1), pp.645–679. Available at: http://dx.doi.org/10.1146/annurev.genet.37.110801.143214.

Gilbert, M.T.P. et al., 2005. Assessing ancient DNA studies. Trends in ecology & evolution, 20(10), pp.541–544. Available at: http://dx.doi.org/10.1016/j.tree.2005.07.005.

NGS Era Lab Guidelines

Llamas, B. et al., 2017. From the field to the laboratory: Controlling DNA contamination in human ancient DNA research in the high-throughput sequencing era. STAR: Science & Technology of 
Archaeological Research, 3(1), pp.1–14. Available at: http://dx.doi.org/10.1080/20548923.2016.1258824.
Knapp, M. & Hofreiter, M., 2010. Next Generation Sequencing of Ancient DNA: Requirements, Strategies and Perspectives. Genes, 1(2), pp.227–243. Available at: 
http://dx.doi.org/10.3390/genes1020227.

NGS Era Data Analysis Authentication

Warinner, C. et al., 2017. A Robust Framework for Microbial Archaeology. Annual review of genomics and human genetics. Available at: 
http://www.annualreviews.org/doi/abs/10.1146/annurev-genom-091416-035526.
Key, F.M. et al., 2017. Mining Metagenomic Data Sets for Ancient DNA: Recommended Protocols for Authentication. Trends in genetics: TIG, 33(8), pp.508–520. Available at: 
http://www.sciencedirect.com/science/article/pii/S0168952517300860.
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