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Environmental DNA

Just a spoonful
of mud makes
the ice age
world appear?
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Environmental DNA

Thomsen & Willerslev 2015

* Survey and monitor biodiversity

* Reconstruct past biodiversity

Ancient

eDNA =
,’
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Environmental DNA

What information can we get from

historical / ancient —- eDNA?

Trends in Ecology & Evolution

Balint et al. 2018, TREE
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Environmental DNA

Comprehensively estimate biodiversity

Fiinrdinni
g

Qual species richness
Sanly speclee riciness.

ECOLOGY

Measure diversity at different scales

P A,

g

Rapid, cost-effective, noninvasive sampling
(o{0] NI 31V/:\ [[0] |} t0 estimate baselines and dep

BIOLOGY Standardize sampling from various ecosystems
o St

Je

Detect species early at low abundance
INVASION
BIOLOGY

Employ “passive” surveillance

Detect vectors and pathways of dispersal

Detect cryptic taxa or life stages with

BIO greater sensitivity

MONITORING

Alleviate specimen damage issues

Potential impacts

eDNA

of animals and plants

from Deiner et al. 2017, Molecular Ecology

—

Process understanding

Track response & resilience

Infer rates of change and determine drivers
Restoration targets

Historical, pre-impact reference states

First appearance dates

Track invading genotypes -> migration routes

-

Extend monitoring time series
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Ancient eDNA

Just a spoonful
of mud makes
the ice age
world appear?
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Ancient eDNA

(Lake) sediment cores

Just a spoonful
of mud makes
the ice age
world appear?

e modiﬂe_cf from Mauricio Ant¢ P 008
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Ancient eDNA

Lake sediment
el iE

DNA in sediments

Extracellular & intracellular

Binds to clay, sand, humic and organomineral substances.
- Records surrounding biodiversity at sedimentation
- DNA stored in the sediment

+ temporal deposition of sediments

Not limited to organisms with visible remains
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Ancient eDNA

Lake sediment Integration over the ecosystem

P L 3 | @l —
Terrestrial surroundings
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Ancient eDNA

Lake sediment

Integration over the ecosystem

Terrestrial surroundings

Aquatic éEosystems

o

Epp et al. 2015 QSR
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Ancient eDNA

Lake sediment Ancient DNA Lab
Fahlwmr

- (Ancient) eDNA
>l ;: > -,
DNA Extraction
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Ancient eDNA

Lake sediment Ancient DNA Lab
o iy

.r (Ancient) eDNA

DNA Extraction

PCR set-up / Shotgun Library

: y
- V/}.r .’
o

¢ NN / |
- ES
7 / -
, B

PCR,
Post-PCR Lab  Prep for sequencing Post-PCR Lab
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Ancient eDNA

Lake sediment

Ancient DNA Lab
.r (Ancient) eDNA

Y/ =™
/ i : DNA Extraction

PCR set-up / Shotgun Library

PCR,
Post-PCR Lab  Prep for sequencing Post-PCR Lab

Sequencing

Courtesy of lllumina, Inc.

Sequence information

Bioinformatic filtering _ ID through comparison to

databases
— Analyses
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Ancient eDNA

DNA metabarcoding
% AGTGGGCCTAATACGATAAGGAACGAAACGTAGCA

> aeely
O RS

49 GGTCCGGCTGGCACGATAAGGAACCCACGAAGCA

TTTGGGCCTAATACGATAAGGTACGAATTCTAGCA

High throughput DNA-based identification of multiple species.

Courtesy of lllumina, Inc.
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Ancient eDNA

DNA metabarcoding

% AGTGGGCCTAATACGATAAGGAACGAAACGTAGCA

A 7.
g SRS
- -

Courtesy of lllumina, Inc.
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Ancient eDNA

Analyses of genomic variation - cryptic changes

CTACTGCCT e
CTACTGCCT e
CCGCTGCCT o
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Terrestrial eDNA from sediments

* ALFRED-WEGENER-INSTITUT
@ m, HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG
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@* ALFRED-WEGENER-INSTITUT
Terrestrial eDNA from sediments MI/ HELMHOLTZ-ZENTRUM FUR POLAR-

UND MEERESFORSCHUNG

How well are communities represented?

DNA metabarcoding — Pollen — Vegetation assessments I = =

mmr—

114 Taxa gesamt 43 Taxa 31 Taxa

D] ZAI

8 Site 4.1
0

®
09 Site 4.2

13 15

14

Il 20

7 _
o Ste72

Site71m 19 23
22
24

18

Surface sediments from lakes of the southern Taymyr Peninsula

Niemeyer et al. Mol Ecol Res 2017

18 Universitat Konstanz



Terrestrial eDNA from sediments

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

How well are communities represented?

DNA metabarcoding Pollen Vegetation assessments
114 Taxa gesamt 43 Taxa 31 Taxa
Poinae Alnus 2 ) OZ

w
- 8 Pinaceae ‘o_ g
o &3 Dryas octopetala Ainus ainobetula
ol X w | k. Fostuca A |

w © o) Suh:gla:fza 3 D7_2
g b s o Vaccinium vitis- f’_’" Roviinculus D9-1

] 8 o | Botula nana— \\
S o S ¥ g o :
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n g w | Cyperaceae ) iz-\fudumpnlusbn
7] i Gk, PO
? i [} Cyporaco’avexx SI 7] 4.2
w ? 4.1
< v |
Betula T Enophorum spec.
T T T T
3 5 5 : 5 -15 -1.0 05 0.0 05 1.0 -2 i 0 1
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Otundra  (Osingle-tree tundra [] forest tundra O Tundra O Single-tree tundra [J Forest tundra O tundra O single-tree tundra [ forest tundra

Good agreement of all methods
DNA provides most taxa
Local signal

Niemeyer et al. Mol Ecol Res 2017
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Terrestrial eDNA from sediments

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

Lake CHOG6
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Epp et al. 2018, SciRep
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Terrestrial eDNA from sediments

»*
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG
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@* ALFRED-WEGENER-INSTITUT
Terrestrial eDNA from sediments AN/ HELMHOLTZ-ZENTRUM FUR POLAR-

UND MEERESFORSCHUNG
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Kruse et al. 2016
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@* ALFRED-WEGENER-INSTITUT
Terrestrial eDNA from sediments ANI HELMHOLTZ-ZENTRUM FUR POLAR-

UND MEERESFORSCHUNG

m

e
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Terrestrial eDNA from sediments - genomic approaches

»*

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

Chloroplast Genome: single circular molecule.

Larch plant

In Larix size of ~120 kb, paternally inherited.

Long range PCR Sheared Sheared
DNA extract] DNA extract Il

CE— e
— —
Indexed library
I1 shearing 4 preparation
—
E—— — —
T o — —
Blotinylated adapter
D‘Ilgallon < ¥?  Pooling
‘amy, SE—
—
[1 Denaturation e
] —
.. | —
L&}
ﬂ Bait immobiization
a Denaturation

Capture on beads

(PCR amp a

Maricic et al. 2010
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@* ALFRED-WEGENER-INSTITUT
Terrestrial eDNA from sediments — genomic approaches M/, UND MEERESFORSCHUNG, | OHAR:

UND MEERESFORSCHUNG

Lake CH12 - Larix Chloroplast Genomes — Hybridisation-Capture

Depth mt  DNA metabarcodingm Schulte et al. Mol Ecol Resources 2021
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0 7 . B 901 o
0 60 1 8
500 - k )
20 - 301 o
O r i
& 1000 s 3
- 40 O 601 g
> 3
= 2000 ~1900 & 20+ Jg L ]
8/ o — S 0 i 4 bl ©PTY T T U NENET ! a0 WL R 1 I.",\L‘,l
o 60 — g
(@]
2 3000 8 90 2
o
o
5000 80 301 ‘ @
o e ~500C o ) 1 e ool Moo il fiiy n.lm.ud‘ dlbl o o o disid o ol R
o I— 904 g
6000 100 — ‘ S
604 | l - g_,
—— 304 15 al i il _ T y Ll @
® | TR T W, )
120 (IR D (1Rl ) BB S D)ED WDEEED) R4 ( H EEERNE QT (RN H NN
6800 () ~6800 30000 60000 90000 120000
12 3 4 s Genome position
Variant typical for: . L. gmelinii L. sibirica . Other
Background: Coverage

Annotation: . IR . Pseudogene . ORF . rRNA tRNA . Protein coding gene

25 Universitat Konstanz



Terrestrial eDNA from sediments

Amplicon sequencing employing a primer designed for mammals

Lake Anterne, France
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Giguet-Covex et al. 2014

ideal dataset vs. common results
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Terrestrial eDNA from sediments

gl

Al

= @ﬁﬁ Biodiversity change through time

» @& > Relative impacts of climate and herbivory on vegetation

Plants

DNA metabarcoding

U Tromsg,

|. Alsos & A. Poliakova

Mammals

- DNA metabarcoding,
shotgun, hybridisation
capture

UCSC, B. Shapiro
McMaster U, H. Poinar

FATE

Future ArcTic Ecosystems

. BELM:=NT
Mammal proxies FoRum
- Coprophilous fungi @bbdivs'sa

Endoparasites
(Nematodes)

- Ectoparasites (Mites,
Insects)

U Konstanz,

Peter Seeber

PostDoc

Environmental Genomics
Limnological Institute
University of Konstanz
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Terrestrial eDNA from sediments

hybridization capture enrichment {™(( "

IIIl

= immobilization of target DNA by hybridization FATE

with “anchored” complementary oligonucleotides (“baits")

DNA
—
S— —
biotinylate
— ° dy
w = baits
H - @
] N
e = ybridizatio
L & blocking
V‘y streptavidin-
= labelled
- - .
- ti‘ magnetic beads
= & - — biotin-
= streptavidin
; binding
0 magnet
T ) wash away unbound DNA,
/ HT-sequence enriched
DNA

Future ArcTic Ecosystems

baits designed from
reference sequences of target organisms:

Fungi 894 species

Nematodes 49 species

Mites 12 species

Insects 25 species
w Mammals ;
- ﬁ o] 11 species
™

18.000 unique baits
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Aquatic eDNA from sediments

r% IR L
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Aquatic eDNA from sediments

Lake Sonachl
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mt DNA haplotypes in
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SRSz,

Aquatic eDNA from sediments

IR (NS

! Lake Barlngo.\ A

(a) Core GCL-2 (b) Haplotype succession (c) Lake Level (m)

(1 (1
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2001 2000
4.00 = 1980 g
‘ - Lake level decline
8.00 e / .
= //// 0 2 species
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q>1900

£
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E 1880
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2230, 1860
B @ . Volcanic ash
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- ' 1800l

Lake OI0|d|en

ML T ETRWARNR IR 1L B Epp et al. (2010), JOPL
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Aquatic eDNA from sediments

Lake Constance

Limnological Institute,
-« -+, University of Konstanz

T

(C) ‘Adexandex BShm
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Aquatic eDNA from sediments

Dynamic postglacial history

17 000 yrs BP 14 000 yrs BP Current
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Aquatic eDNA from sediments

Pile dwellings ~ 7000 — 2500 yrs BP
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Aquatic eDNA from sediments

()
80

20th century eutrophication

60

40

[D.] eanjeledway Joyepp

1960 1970 1980 1990 2000 2010

Response
Resilience

Universitat Konstanz




Aquatic eDNA from sediments

20th century eutrophication

2017
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Ibrahim et al. 2020
Molecular Ecology
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Aquatic eDNA from sediments

20th century eutrophication
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RTGR3 Ibrahim et al. 2020

Molecular Ecology

Change of communities on molecular level — not reversible
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Aquatic eDNA from sediments
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Lake Constance

September 2020
- Landesamt fir Denkmalschutz

~7 m two sites

~ 11 000 Jahre

Anna Chagas
PhD thesis

Kr cuzlingen

ATIS'N

I

Switzerland

Arbon

10 15 km

May-June 2019 Hipercorig Coring Campaign
- TU Braunschweig

- Universitat Bern
- ISF Langenargen

22 m,
~13 000 Jahre

DAA

Yi Wang
PhD thesis

Baden- ¢
Wiirttemberg e.
Stiftung .:.

RTGR3 ,tt:.%.
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Global perspectives for ancient eDNA

10 k >100 k
years

‘/s 100 — 1000
&z L\‘\,\ years
g Al

L: Lake sediments

F: Frozen terrestrial
deposits

modified from Haile et al.( 2009)

. Permafrost areas, ice caps, glaciers, and polar climate. - Warm temperate climate.
Ancient DNA survival expected to be good to excellent Ancient DNA survival expected to be medium to poor.

] Warm and dry, cold temperate, and sub-arctic climates . Warm and humid climate.
Ancient DNA survival expected to be medium to good Ancient DNA survival expected to be poor

Timescales of ,easy‘ analysis vary with climate zones
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Global perspectives for ancient eDNA

Hypothetical aeDNA records and time span (years)

109 10° 102 103 104 105

106

high

Deglaciation

S Colonialism
S Little lce Age

Industrialization
Chemical Pollutants

Increasing Nutrients
Intensive Agriculture

Invasive species

Current Global Warming

DNA preservation potential

low

Epp 2019, Mol Ecol

Full glacial cycles Natural Baselines

Late Pleistocene climate

of scientific importance

Increasing human settlement
Holocene Thermal Maximum

_ Medieval Warm Period
_ Increased global exchange

Anthropocene
Great Acceleration

of immediate societal
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Perspectives
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Methods are developing
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,ohotgun-Sequencing®, direct

sequencing of complete extracts
(Pedersen et al. 2016, Parducci et al. 2019).
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Entrichment techniques besides
PCR

(Schulte et al. 2021, Murchie et al. 2021)

— Genomic data
(Schulte et al. 2021, Lammers et al. 2021)
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