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I dag:
• Hvad er e-DNAs rolle generelt og i 

mikrobiologien?

• Hvad kan vi gøre?

• Hvordan gør vi? 

• Spørgsmål & hvad kan man efter min mening 

ikke gøre?
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Th

Hvad er e-DNA?
• Environmental DNA (eDNA) – defined here as: genetic 

material obtained directly from environmental samples 
(soil, sediment, water, etc.) without any obvious signs of 
biological source material.
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Thomsen & Willerslev. 2015 Biological Conservation, Vol., March 2015, Pages 4-18

http://www.sciencedirect.com/science/journal/00063207
http://www.sciencedirect.com/science/journal/00063207/183/supp/C


Th

Hvad er e-DNA?
• DNA er ikke særligt holbart i naturen.
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http://fishbio.com/field-notes/conservation/traces-left-behind

http://fishbio.com/wp-content/uploads/eDNA-challenges.png


Th

Hvad er e-DNA?
• Men alt hvad der bevæger sig gennem naturen

efterlader celler.
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http://fishbio.com/field-notes/conservation/traces-left-behind

http://fishbio.com/wp-content/uploads/edna-concept.png


Th

Hvad er e-DNA?
• Det gælder alt levende fra store dyr til insekter som her 

fra jord og så helt til bakterier, svampe og vira.

DCE 6

AARHUS UNIVERSITY
DEPARTMENT OF ENVIRONMENTAL SCIENCE                             
ENVIRONMENTAL MICROBIAL GENOMICS 
GROUP

https://www.wur.nl/en/

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjn_IKhj4zXAhUBJ1AKHXdVCJgQjRwIBw&url=https://www.wur.nl/en/show/eDNA-barcoding-screening-for-species-presence-and-diversity.htm&psig=AOvVaw1W6aubXeRJkY70qM4sbjAO&ust=1509030342130380


What species
are present?

What are they 
doing right now?

15min 35min 5min 

NGS papers per yearHvorfor er der fremtid for eDNA?

Hvad kan vi gøre?



Hvad kan vi gøre?
• Mekanismer bag og potentiale for bioremediering af 

xenobiotika på molekylært niveau (sekventering, qPCR)
• Diversitet af alle mikroorganismer, som bakterier, 

svampe, protister, vira ved sekventering. 
• Diversitet i mikroorganismers funktion – transcriptomics

ved sekventering.
• Vand, Jord, sandfilter, plante og dyre mikrobiomer.
• Detektion af specifikke mikroorganismer typisk ved 

qPCR
– Human-, Plante- og Fiskepatogener (fx E.coli, men også 

skimmelsvampe osv).
– Produktionsorganisme detektion i f.eks vandmiljøer
– allergene partikler i luften og vand (fx svampesporer og alger). 8
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Hvordan gør vi?
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Vand
miljø

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjWlfe6t47XAhVDIlAKHR8tA4QQjRwIBw&url=https://www.fishersci.ca/shop/products/emd-millipore-steritop-sterile-vacuum-bottle-top-filters-8/scgps01re&psig=AOvVaw0FR9S1l1TG96QxFlRIYltS&ust=1509110330696646
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiPsJC_uo7XAhXCaVAKHfxbDgQQjRwIBw&url=http://www.telegraph.co.uk/business/2017/01/19/fresh-doubts-surface-3bn-opening-ofwater-market/&psig=AOvVaw3Q2cA0AfHXej02H1Soaql8&ust=1509112957570807
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjPgPj6uo7XAhVIZFAKHap9Al8QjRwIBw&url=https://www.pandotrip.com/pristine-beaches-and-glowing-water-in-jervis-bay-australia-12023/&psig=AOvVaw2uG6hYA0KdC-XiiZHJCh2r&ust=1509113191365794
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwibpKusu47XAhWRYVAKHVXKAZUQjRwIBw&url=http://www.cleanwateraction.org/2016/08/04/we-must-protect-potomac-river-toxic-sewage-dumping&psig=AOvVaw0Y-m8qFHAW5cGwNBZE7XDh&ust=1509113282169174
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi9rqXm147XAhXRJlAKHfuRA24QjRwIBw&url=http://www.lughertexture.com/vegetation-plants-textures/trees-png-with-alpha-transparency/maple-tree-no-leaves-2414&psig=AOvVaw1fD_OWyK0tTHW9JDTtiHX1&ust=1509120944727471
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiVku_4z47XAhXOIlAKHTm9AdwQjRwIBw&url=http://ian.umces.edu/imagelibrary/displayimage-search-0-4798.html&psig=AOvVaw1DL0egrqHdLedEG2eL8LGO&ust=1509118834122270
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiblc2Y2I7XAhXRLlAKHW0CANYQjRwIBw&url=https://thenounproject.com/term/grass/394905/&psig=AOvVaw15d7Y_uhujqP-VO3THI-Ui&ust=1509121018014277
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwixj_ruv5DXAhVBYJoKHc_5DzMQjRwIBw&url=http://detiru.net/draw-fish-26-free-printable-fish-stencils.html&psig=AOvVaw2EQX_Yb5ukvAyVqFBPmIuw&ust=1509183234471352
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiItqG9wJDXAhVhDZoKHWJuD28QjRwIBw&url=http://moziru.com/explore/Shark%20clipart%20fish/&psig=AOvVaw0BwgqNzlvUYRsvVcyKQGBL&ust=1509183375863187


Hvordan gør vi?
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Jord
Miljøet

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiJrP_vwo7XAhUHY1AKHTjWBC0QjRwIBw&url=https://www.rodalesorganiclife.com/garden/10-easy-soil-tests&psig=AOvVaw0JHEsYjx5WYB9xueu5e0jr&ust=1509115335667825
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjU7dOmzY7XAhWNa1AKHepoBe4QjRwIBw&url=http://pngimg.com/download/19336&psig=AOvVaw0oLmN82WRK6P7c40HY2Ioq&ust=1509118118544947
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiVku_4z47XAhXOIlAKHTm9AdwQjRwIBw&url=http://ian.umces.edu/imagelibrary/displayimage-search-0-4798.html&psig=AOvVaw1DL0egrqHdLedEG2eL8LGO&ust=1509118834122270


Hvordan gør vi?
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Luften

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi9rqXm147XAhXRJlAKHfuRA24QjRwIBw&url=http://www.lughertexture.com/vegetation-plants-textures/trees-png-with-alpha-transparency/maple-tree-no-leaves-2414&psig=AOvVaw1fD_OWyK0tTHW9JDTtiHX1&ust=1509120944727471
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiVku_4z47XAhXOIlAKHTm9AdwQjRwIBw&url=http://ian.umces.edu/imagelibrary/displayimage-search-0-4798.html&psig=AOvVaw1DL0egrqHdLedEG2eL8LGO&ust=1509118834122270
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiblc2Y2I7XAhXRLlAKHW0CANYQjRwIBw&url=https://thenounproject.com/term/grass/394905/&psig=AOvVaw15d7Y_uhujqP-VO3THI-Ui&ust=1509121018014277


Hvordan gør vi?
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Shotgun sekventering

Amplicon sekventering
Metabarcoding



Hvordan gør vi?
-sekventering
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Funktioner & påvisning fra gener
• lacZ – koder for et enzym der spalter laktose
• repA- koder for et enzym der sørger for plasmid replication
• gyrA – koder for et enzym der sørger for for DNA struktur

• 16S rRNA genet – et genetisk fingeraftryk til at identifisere bakterie
arter

MTMITDSLAVVLQRRDWEN
PGVTQLNRLAAHPPFASW
RNSEEART…..

ATGACCATGATTACGGATTCACT
GGCCGTCGTTTTACAACGTCGT
GACTGGGAAAACCCTGGCGTTA
CCCAACTTAATCGCCTTGCAGC
ACATCCCCCTTTCGCCAGCTGG
CGTAATAGCGAAGAGGCCCGCA
CC….

DNA sequence: lacZ Protein sequence: LacZ Function

Able to eat lactose

E. coli
AAAUUGAAGAGUUUGAUCAUGGCUCAGAUU 
GAACGCUGGCGGCAGGCCUAACACAUGCAA 
GUCGAACGGUAACAGGAAGCAGCUUGCUGCU
UCGCUGACGAGUGGCGGACGGGUGAGUAAUG
UCUGGGAAGCUGCCUGAUGGAGGGGGAUA…

AGAGTTTGATCCTGGCTCAGGATGAACGCTGGC
GGCGTGCTTAACACATGCAAGTCGAGCGATGAA
GTTTCCTTCGGGAAACGGATTAGCGGCGGACG
GGTGAGTAACACGTGGGTAACCTGCCTCATAGA
GTGGAATAGCCTTCCGAAAGGAAGATTAA…

16S sequences Fingerprint comparison Function

Able to eat lactose

Clostridum 
perfringens Can kill humans



Bakteriers funktioner og resistens i
forurenet jord?
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Hvilke funktioner dominerer i forurenet jordHvilke antibiotika resistenser finder vi på disse?

https://doi.org/10.1016/j.soilbio.2016.07.018

https://doi.org/10.1016/j.soilbio.2016.07.018
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Santos, S., et al., Winding, A. in prep

MAmT: Mean Annual Temperature
MAP: Mean Annual Precipitation
LUI: Land Use Intensity
Different colour shades within the same 
site represent different soil management 
treatments (darker colour: intensive, 
lighter: grassland)

Protist samfund varierer mellem i forhold til miljøparametre 
(temp., pH, nedbør, LUI, soil type)

Effekten af eDNA-analyse på
små jorddyr og protister: 



Bakterie påvirkning fra stalde
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Occurrence and co-occurrence

Black Vultures 26-87 OTU’s per bird total
Turkey Vultures 61-202 OTU’s per bird total

18

mBioInform 2016



Suidae

Canidae

Bovidae

Cervidae

Leporidae

Homo sapiens Homo sapiens

Cervidae

Canidae

Bovidae

Suidae

Leporidae

Vulture diets 
(Mammalian 16S PCR-illumina seq)

19

Does DNA 
pass through 
the vulture 
gut?

Compare 
face and gut 
prey DNA!

mBioInform 2016







Hvad kan man ikke?
• Analysere for alle arter
• Kvantificere noget som helst andet end bakterier
• Adskille visse arter
• Se om noget stadig lever i miljøet
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