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Investigating which plant (and animal) species were present in the past based on fossil archives. 

Traditionally palaeoecologists look at:

• Microfossils (pollen, spores)

• Macro & megafossils.

Megafossils retrieved from a small pool  in Sweden: a spruce cone (9030 cal. yr BP), two larch cones, 
a larch twig (8160 cal. yr BP, composite date). Photo: Kullman, 12 July 2007.

Pollen & macrofossils (seeds, leaves, fruits, needles) retrieved from sediments.

Changing flora and palaeoenvironments
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As fossil archives we use: 

lake sediments
peat

permafrost

Lake sediments                       Peat sediments                        Permafrost
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Changing flora and palaeoenvironments



Lake sediments 

Abundant at high latitudes
Cold environments
Anoxic

Best preservation conditions for DNA 

Many small glacial lakes which offer 
good catchment areas



Lakes are natural archives

Excellent traps for plant remains and they help us to 
reconstruct past vegetation.

Post-glacial 
environment

15 -12 kr BP 
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Pollen can travel long distances = regional signal

Tundra-boreal
environment

10 kr BP 



Boreal
environment

10 - 8 kr BP 

DNA cannot travel long distances = local signal



Temperate
environment

 8 - 4 kr BP 
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Lakes are natural 
archives



Coring lakes and peat
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Coring lakes and peat

Lake sediments                        Peat sediments                                      Permafrost

Lago di 
Martignano 
(central Italy)



Coring lakes and peat
Lago di Nemi (central Italy)



Coring lakes and peat

Lake sediments                        Peat sediments                                      Permafrost

Lago di Nemi (central Italy)





Pollen analysis

Palynology
The study of micro (pollen) 
and macrofossils and 
microscopic plankton 
organisms.



Pollen analysis

Allen et al., 1999 Nature

The last 110,000 years



Pollen analysis

Low taxonomic 
resolution – species  
often indistinguishable.

Long-distance transport 
– pollen can travel far.

Low pollen producers – 
some plants 
underrepresented.

Allen et al., 1999 Nature

The last 110,000 years



DNA analysis
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Sedimentary DNA
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keratin (claws, hairs, horns)
fur
feces
urine
bones

leaves
fruits
seeds
roots

Bacterial 
DNA

Plant DNA

Sedimentary DNA

Animal DNA



LAGO GRANDE DI MONTICCHIO (BASILICATA)
§ One of two maar lakes created after a major past volcanic explosion.
§ Lies far enough south to have escaped direct effect of the glaciations.
§ One of the major glacial refugia for European biota.
§ Mediterranean climate with distinguished seasonal changes.
§ Very long fossil archive covering 130.000 years.

Sedimentary DNA 
analysis



Coring lakes and peat

Lake sediments                        Peat sediments                                      Permafrost

Coring                                         Short, hand-operated piston corer 
Sedimentary DNA 
analysis



Coring lakes and peat

Lake sediments                        Peat sediments                                      Permafrost



Opening MON16-B core at the Helmholtz Centre for Geosciences, Potsdam, Germany

Sub-sampling for DNA analysis 



Sub-sampling for DNA analysis 

Opening MON16-B core



Geochemical analyses to determines the proportion of metallic (Cu, Pb Zn, Au, Ag) or non- metallic (Fl, S, P) elements 
which reflect natural or anthropogenic shifts in the watershed.



Cleaning MON16-B core



Sub-sampling MON16-B core



MON16-B covers the last glacial/interglacial transition (33-0 kyr BP)

Radiocarbondating

Ages of the 163 samples



Ancient DNA lab • Bleaching and UV light
• Positive air pressure
• Isolated from modern DNA laboratories 



DNA extraction 
   0.25-10 g sediment
  (Dneasy powersoil kit)

Library preparation Illumina sequencing  Metabarcoding PCR
cp trnL P6 loop 

(8 replicates/sample)

Ancient DNA lab workflow

MiSeq metabarcoding
NovaSeq metagenomics 



Metabarcoding
cp trnL P6 loop 



Is leaching a problem?

• No leaching
• Local signal (DNA signal not coming from pollen)

Sjögren et al. 2017 New Phyt

Metabarcoding
cp trnL P6 loop 



How is vegetation around a lake represented?

• 11 sites DNA and vegetation surveys 

• DNA depends on abundance, family, distance and site*

• DNA detects more taxa (species) than pollen

• 25-60% of plant taxa detected 

• DNA detect a continuous increse of species during 
postglacial recolonization not seen in pollen

• Forbs better detected

* algae DNA presence reduces the amount of vascular plant DNA 

Alsos et al. 2018 PLOS One

Metabarcoding
cp trnL P6 loop 



How do plant communities develop through time?

• Species richness: clear levelling off in 
Iceland  compared to Fennoscandia 
during mid Holocene

Reason: sea ice was the main dispersal 
vector for Iceland!

FENNOSCANDIA                                      ICELAND 
  

 

Alsos et al. 2021Rijal et al. 2021 Sci Adv 

Metabarcoding
cp trnL P6 loop 

Continuous immigration

Accumulated 
detected taxa
Species pool 

Number of 
taxa/sample 



Potential glacial survivors?

• Potential glacial survivors
• Warming  >  massive immigration at 10,100 BP
• Levelling off during mid Holocene  

Alsos et al. 2021

Forbs

Metabarcoding
cp trnL P6 loop 



Potential glacial survivors?

• Glacial survival and nordic glacial refugia for trees

Main refugia

Nordic refugia

Nota et al. 2022 Nature Comm
Parducci et al. 2012 Science

mtDNA in 138 samples, 14 sites 



Anthropogenic impact, livestock farming

Giguet-Covex
Metabarcoding

• DNA from domesticated animals and cultivated plants



Late PleistoceneHolocene Middle  Pleistocene

0,7-1 Ma

van der Valk et al. 2021Nature

DNA from teeth in 
permafrost

How old is ancient DNA? 



Late PleistoceneHolocene Middle  Pleistocene

Kjær et al. 2022 Nature

2 Ma!

Sedimentary DNA
 from permafrost, 

Greenland

How old is ancient DNA? 



• Local signal: long-distance pollen contributes minimally to the 
DNA signal

• Complementary to pollen and macrofossils

• No leaching from younger to older sediments

• Plant richness higher compared to pollen

• Higher taxonomic resolution compared to pollen

• Forbs better detected compared to pollen

• Certain taxa are preferentially detected (Salix, Populus) 

• Low-frequency contaminants from plastics/reagents (Pinus, Picea)

Sedimentary DNA – What we know

Pollen & 

spores

    

DNA

Macrofossils

    

Plants



• DNA can preserve for millions of year under cold conditions in terrestrial environments 
• Mechanisms that preserve DNA in sediments are different from that of bones. 

• Adsorption at mineral surfaces modifies the DNA conformation, probably 
impeding molecular recognition by enzymes, which effectively hinders 
enzymatic degradation

2 Ma

Sedimentary DNA– What we know

Kjær et al. 2022 Nature

Metagenomics



• DNA can preserve for millions of year under cold conditions  in marine environments

Armbrecht et al. 2022 
Nature Comm Authenticated marine eukaryote 

sedaDNA record of ~1 M years 
and diatom and chlorophyte 
sedaDNA dating back to ~540 ka.

ca.1 Ma

Sedimentary DNA– What we know

Metabarcoding
SSU, LS, psbO 



• DNA can preserve for several thousands of years  in mid-latitude environments

Nota et al.  in prep

ca.  30,000 yr 

Metabarcoding PCR
cp trnL P6 loop 

Sedimentary DNA – What we know



• DNA can preserve for thousands of year  in tropical environments

Bremond et al. 2022 QSR

ca. 5000 yr

Sedimentary DNA – What we know

Metabarcoding PCR
cp trnL P6 loop 



• A paper published in 2017 found Neanderthal 
and human’s  DNA in cave sediments using 
shotgun sequencing + capture enrichment 

• They sequenced millions of DNA sequences from 
multiple sediment samples 

• A large proportion of the DNA recovered was of 
microbial origin.

Slon et al. 2017 Science

Sedimentary DNA – What we know

• Human DNA can preserve in in absence of bones  in cave sediments 

Shotgun and capture 
entrichment



Sedimentary DNA – What we want to understand better

• Taphonomy: processes driving the archiving of extracellular DNA from plants and 
animals in the sediments 

Taphonomic processes 
acting at the source and 
driving the transfer, 
deposit and preservation 
of the DNA in the lake 
sediments.



Minerals, especially clay minerals, enhance the 
preservation of DNA. 

However, the role of minerals and organic 
matter on DNA adsorption onto heterogeneous 
sediments is still not clear.

Sedimentary DNA – What we want to understand better

• Potential DNA-hotspots in sediments

Adsorption of DNA onto 
sediments and sediment 
without organic matter 
in μg/mg, according to 
amount of clay.



• Capture enrichment techniques: do they increase sequencing efficiency, taxonomic resolution, and 
enable quantitative biodiversity inference from sediments?

Sedimentary DNA –What we want to understand better

Nota et al.  2022
Marconi et al. (in preparation)

We designed and are testing capture probes targeting:

• plant DNA barcodes (rbcL, matK) from major plant orders (Poales, 
Asterales, Pinales, Fagales);

• plant and animal DNA barcodes (rbcL, matK, COI) from key 
indicator taxa of lake water quality.



Large-scale genome skimming assembly project of cp and nuclear rDNA 
sequences from:

• 2051 herbarium specimens from Norway/Polar regions

• 4604 modern specimens from Alps and Carpathians

Collection sites 
for the projects

Sedimentary DNA – What we want to understand better

PhyloAlps
PhyloCarpates

PhyloNorway

Custom and reduced reference libraries 
(PhyloNorway,  PhyloAlps, PhyloCarpates)
have significantly improved taxonomic 
identification in metabarcoding studies.

• Importance of reference libraries



Collection sites 
for the projects

Sedimentary DNA – What we want to understand better

BROAD DATABASES

Capture-based analyses appear to benefit from 
broad databases, as bacterial DNA remains 
abundant and reduced databases may artificially 
force read assignment to target taxa.

In mid-latitude and tropical regions, the high 
diversity of flora and fauna makes custom-
database construction and sequencing 
impractical.

• Importance of reference libraries



Some conclusions

What we know about sedDNA

• As with bones, DNA quality depend more on preservation conditions than age.

• Mechanisms that preserve DNA in sediments are different from that of bones. 

• Adsorption at mineral surfaces modifies the DNA conformation, probably impeding 
molecular recognition by enzymes, which effectively hinders enzymatic degradation

• For plants, DNA results depend on abundance, family, distance and site

• DNA provides a local signal complementary to pollen and macrofossils 

What we want to understand better

• Taphonomy - how organic remains pass from the biosphere to the lithosphere

• Potential DNA-hotspots in sediments

• Efficiency of capture vs. shotgun and metabarcoding approaches

• Importance of reference databases and bioinformatic tools for analyses
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