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sedaDNA fieldwork









http://drive.google.com/file/d/1-mA7aTuCRQLSQ4ZEVliSvre0tzEO-Oo1/view




sedaDNA labs



Library/PCR* Prep Room

Extraction Room

Gowning Room

*all PCR amplification happens in a different 
room in a different building



http://drive.google.com/file/d/1-b56GWWZtGvsK7woQuubaIT-IDbjdeRE/view




sedaDNA sediment
subsampling and 

handling



2016 Nature 537, 45



http://drive.google.com/file/d/18xZbyqqorQiOSMkTIQ3ev5IzUESM2vKf/view


DNA extraction
(Pete)



Beware: sediment types



Calcium carbonate-rich marl

Silica-rich clayGyttja

Organic-rich
gyttja

Beware: sediment types



SedaDNA preservation

Intracellular Extracellular

DNA bound to clay, 
or other inorganic, 

minerals

Microscopic and cellular 
detritus.
Pollen?

2013 Appl. Clay Sci. 80, 443











Sedimentary ancient 
DNA data generation 

strategies
(Pete)



DNA
extraction

(including 
controls)



DNA
sequencing

DNA
extraction

(including 
controls)



DNA
sequencing

‘shotgun’

DNA
extraction

(including 
controls)

Library
preparation



DNA
sequencing

targeted

‘shotgun’

DNA
extraction

(including 
controls)



metabarcoding 
(16S / 12S)

DNA
sequencing

‘shotgun’

DNA
extraction

(including 
controls)



targeted
enrichment

DNA
sequencing

‘shotgun’

DNA
extraction

(including 
controls)



• Amplify a short section of DNA (locus) that is shared (such 
as an essential gene) but is variable (has a different 
sequence and/or length) between taxa.

• The locus is flanked by conserved regions, which allows the 
same primer set to be used across broad taxonomic groups.

Metabarcoding PCR



2012 Molecular Ecology 21, 1806



2012 Molecular Ecology 21, 1806
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Why would metabarcoding 
not work?

• No target template preserved:
• Biomass/ecology?
• DNA is too degraded?



What if the ancient eDNA 
is too degraded for 

metabarcoding?



“Failure to amplify with PCR could indicate that … suitable template is absent or too fragmented … 

We therefore moved to a high throughput sequencing approach.”

Graham et al. 2016

“Due to the degree of DNA fragmentation the results were limited …

which motivated the shotgun metagenomic approach”

Pedersen et al. 2016

What if the ancient eDNA 
is too degraded for 

metabarcoding?





95 105 115 125

16S

primers16S target

Metabarcoding requires 
relatively long ancient DNA 

molecules



primers

95 105 115 125

16S

16S target



primers

95 105 115 125

16S

16S target



95 105 115 125

16S

Signatures of ancient DNA 
damage are not preserved



Method Pros Cons

Metabarcoding sensitivity; cheap unable to authenticate; intact template 
needed

Shotgun metagenomics authentication; unbiased expensive; inefficient; false negatives

Targeted enrichment authentication intermediate cost

All reference database availability;
false positives

Method comparison



Sedimentary ancient 
DNA data processing

(Pete and Caroline)



CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

AAAAAAAAATTTTTTTTGGGG

x thousands to billions



CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

AAAAAAAAATTTTTTTTGGGG

AAAAAAAAATTTTTTTTGGGG✗

x thousands to billions



Identification

CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

AAAAAAAAATTTTTTTTGGGG

Authentication

AAAAAAAAATTTTTTTTGGGG

CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

=   ??
=

=

+

C 🡪🡪 T

✗

x thousands to billions



Identification

CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

AAAAAAAAATTTTTTTTGGGG

Authentication

AAAAAAAAATTTTTTTTGGGG

CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

=   ??
=

=

+

C -> T

✗

x thousands to billions

Importance of
reference 
databases



Reference databases
● Geographically global vs. regional
● Taxonomically broad vs. restricted
● Barcode, organellar genome (OG), full genome
● Examples:

○ ArctBorBryo (plants, barcode)
○ PhyloNorway (plants, OG)
○ NCBI/EMBL nt (global, misc.)
○ NCBI/EMBL RefSeq (global, genomes)
○ Silva (microbes, barcode)

● Beware:
○ Completeness
○ Curated?
○ Version control…



IdentificationAuthentication
CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

=   ??
=

=

+

C 🡪🡪 T

time



IdentificationAuthentication
CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTCGGAATCG

=   ??
=

=

+

C 🡪🡪 T

time



Metabarcoding data analysis

Reference database:
1.
2.
3.
4.
5.
6.
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Metabarcoding data analysis

Reference database:
1.
2.
3.
4.
5.
6.
7.

?



Metabarcoding data analysis

Data also have legacy potential

Expanded reference database:
8.
9.

10.
11.
12.
13.
14.



ACATCCTAGCGAATCGACTTATACGCTAGCTTGACGCTGATTCCTAATGACACCATGCTCCGACAGTAC

Sequences in reference database

CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTC

ACACCATGCTCCGACAGTA

CTGGTATTAAAGACGTGGACCAAAATTTGTCATATGTGCACGACCACTGATGACACCATGCTCCGACAGTA

Shotgun data analysis
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CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

ACACCATGCTCCGACAGTA

ACACCATGCTCCGACAGTA

ACATCCTAGCGAATCGACTTATACGCTAGCTTGACGCTGATTCCTAATGACACCATGCTCCGACAGTAC
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CTAGCGAATCGACTTATACGCTAGCTTG

TCGACTTATACGCTAGCTTGACTACCACT

GTTTGACTACCACTGATGACACCATGCTC

ACACCATGCTCCGACAGTA

CTGGTATTAAAGACGTGGACCAAAATTTGTCATATGTGCACGACCACTGATGACACCATGCTCCGACAGTA

Shotgun data analysis

? Vast majority
of data

Similar issues to metabarcoding data, but at a much greater 
scale (no taxonomic or genomic constraint).
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Targeted enrichment
data analysis



Method Pros Cons

Metabarcoding sensitivity; cheap unable to authenticate; intact template 
needed

Shotgun metagenomics authentication; unbiased expensive; inefficient; false negatives

Targeted enrichment authentication intermediate cost
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Method comparison

Shotgun study Sequences 
generated

Sequences used for 
interpretation

Percent
used

Graham et al. 2016 98,475,397 14,830 0.0151%

Wang et al. 2017 130,454,367 5,762 0.0044%

Smith et al. 2015 71,856,199 152 0.0002%

Seersholm et al. 2016 2,064,856,802 16,366 0.0008%

Method Pros Cons

Metabarcoding sensitivity; cheap unable to authenticate; intact template 
needed

Shotgun metagenomics authentication; unbiased expensive; inefficient; false negatives

Targeted enrichment authentication intermediate cost

All reference database availability; false 
positives
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