What is Environmental DNA?
How do we sample and sequence it?
What can we learn from it?
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What is Environmental DNA?



The complex state of ‘eDNA' =Temporal inference
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Gravimetric analysis —hﬁuspended particle matter (SPM)
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Degradation of eDNA as a function of...
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The complex transport of ‘eDNA
= Spatial inference




Transport of Environmental DNA
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15-hour minimal transport time
Deiner & Altermatt 2014 PLoS One ©



Relating flow and treating eDNA like FPOM allows
predicted distance downstream
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Transport of eDNA is a function of....

abiotic biotic
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Technical

/Engineering

Collecting, transporting and analyzing
eDNA samples

Biotechnology
Sequencing and purification technology
development

Bioinformatic eDNA
Streamlined pipelines and taxonomic L.
assignments Origin

State
\ Fate
Transport

Uses

Cycling
Geochemistry \

Inorganic chemical process leading to
retention or degradation of eDNA

Particles physics
Behavior of the particles that constitute
eDNA

Organic chemistry
Isolating and evaluating the eDNA
composition within substrate

Microbial ecology
Uptake and transformation of eDNA /

f Ecology

Species and communities in space and time
Molecular ecology

Population genetic diversity

Wildlife management & Conservation

Species distribution and population abundance Epldemlology
Paleoecology Tracking disease prevalence in environment
K Past community structure relative to infections j

~

Information technology
DNA as storage of information

Hydrology & Oceanography
Movement of DNA as part of the aquatic
environment

Lacoursiere-Roussel & Deiner 2019 J. Fish Biol.



Published journal articles
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Copyright © 2014 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.
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“Environmental DNA”
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Published journal articles
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How do we sample and sequence it?
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BARCODING | METABARCODING eDNA
Scientists find diagnostic DNA sequences Metabarcoding is a technique to Scientists collect “environmental DNA"
called barcodes that they use like efficiently find many barcodes from in water samples and use metabarcoding

fingerprints to identify individual species many different organisms at one time, to identify what animals have been there

lllustration by Natalie Renier and Eric S. Taylor, WHOI Creative
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Publications by
DNA sequencing platform

lon Torren

lllumina X Five

lllumina HiSeq X, NextSeq 500

lon Torrent lon Proton
lllumina HiSeq 2500

lllumina MiSeq *
lon Torrent PGM
lllumina HiSeq 2000 *

Roche/454 GS Junior

Roche/454 GS FLX+

Solexa/lllumina sequence analyser

2005

* New sequencing
chemistries

454 GS-20 Pyrosequencer

Number of
publications

64

42

DNA metabarcode
target group

Sampling
substrate
Metazoa

Water
Fungi

I Actinopterygii

Particles p I Plantae
(sand, soll, clay) -~ . [ Arthropoda
] Amphibia
o W Chordata

Surfaces - W Mammalia
i i m Annelida
(trees, insects, ships) - ﬁrust%gga
i ematoda
I Trapp| ng : 8‘" ochaeta
i = Diptera
W Air = Copepoda
- Bivalva
= Phaeophyceae
= Mollusca
= Hexapoda
= Rotifera
= Tardigrada

Jarmine et al 2017 Nat Ecol & Evol



Basic science or applied?
(e.g., environmental
biomonitoring)

What is your study goal?
* presence/absence
* diversity assessment
* absolute quantification

What taxa will you target?

Is the scale of inference
foryour sample type
appropriate to your
question?

Can you compare
complementary data
types? (e.g. traditional vs.
eDNA)

Does your sampling/
replication scheme
provide good statistical
power?

What type of sample is
needed? (water, soil, air)

What metadata should
you collect?

How many replicates will
you collect?

Does your sampling
protocol minimize/
control for:
* contamination
(e.g., positive and
negative controls)
e any known biases
(e.g., inhibitors, sample
volume)

WORKFLOW

In the laboratory

Sample Handling Phase

What extraction method?
(physical vs. chemical)

How much sample?
What locus and primers?

Do you need to generate
reference sequence data?

Are technical replicates
needed?

What library preparation
method will you use?

How many samples will
you index and pool?

What sequence depth is
needed persample ?

What read length will
you use?

DNA Processing Phase

What sequencing
platform will you use?

Do you need paired end
sequencing?

Have you included
appropriate quality
assurances?

(e.g., mock community,
qPCR, bioanalyzer traces)

Does your laboratory
protocol minimize/
control for:

* contamination
(e.g., positive and
negative controls)

e any known biases
(e.g., primer bias,
coverage, taxonomic
resolution)

At the keyboard

How complete is the
reference database?

Do you have adequate
sequencing coverage
across samples?

Are you using appropri-
ate choices for software
tools, parameters?

Are your biological
conclusions upheld
using alternative
parameters and
workflows?

Are you including
appropriate quality
filtering of your data?
(see Box 2)

Deiner et al.
2017 Mol. Ecol.
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Fishing in the Water: Effect of Sampled Water Volume on
Environmental DNA-Based Detection of Macroinvertebrates

Elvira Miichler,*’m Kristy Deiner,t§ Fabienne Spahn,” and Florian Altermatt™*
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Detection rate of different species in different volumes of water
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Uncertainty in detection rate of with different PCR replicates
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Sample

Water (90)

Capture

Filtration (45)

Extraction __

v

PCI (15)

Precipitation (45)

DNeasy (15)

v

PCI (15)

PW (15)

DNeasy (15)
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(92
o
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150

100

50

diversity (number of genera)

eukaryotes COl

pooled volume of water (ml)

Deiner et al. 2015 Biol Cons



Random assignment
GF/F 0.7 um (30, 29)

Filtered water 100 mL (130
123)

GF/C 1.2 ym (30, 30)

PCI-1 (10, 9)

cl (10, 10)
PCI-2 (10, 10)

PCI-1 (10, 10)

oo

CN 0.65 um (30, 24)

CN 1.2 pm (30, 30)

Random assignmen

PCI-2 (10, 10)

CN 0.45 um (10, 10) Cl (10, 10)

Cl (10, 10)

PCI-2 (10, 4)

Cl (10, 10)

PCI-2 (10, 10)

workflow
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PCI-01 PCI-02 Cl

-
+

PCR-1
50pl reaction

'

PCR-1 Clean-up
0.8x volume Ampure XP Beads

Sl

Assign dual index

50ul reaction

'

PCR-2 Clean-up
0.8x volume Ampure XP Beads

40 pl beads AQpl heads
Elute 52.5pl Elute 32.5p1
PCR-1 Product PCR-2 Product a0l Quhbit
2ul Qubit |a— 50yl 300l
l— Ll
Binanalyzer
L L Y 4‘ Y *
PCI-01 PCI-02 cl PCI-01 PCI-02 ]

Sul % 19 libraries Sul % 20 linraries 5pl x 25 libraries Spl x 20 libraries Sl % 20 libraries 54l % 25 libraries
Syl % 3 controls Syl % 3 controls Syl x 4 controls Spl x 3 controls 5l x 3 controls Syl x 4 controls
Y Y Y Y A L
Clean-up Clean-up Clean-up Clean-up Clean-up Clean-up
0.8 wolume 0.8x volume 0.8x volume 0.8x volume 0.8x volums 0.8x valume
Ampure XP Beads | | Ampure XP Beads Ampure XP Beads Ampure XP Beads | | Ampure XP Beads [ | Ampure XP Beads
BRI beads 92yl beads 1160 beads 924l heads G2l heads 1164 beads
I [ I I I I
Elute 23,964 Elute 25.05p Elute 31.58ul Elute 25.05ul Elute 25.05u Elute 31.58ul
Y

Final Poal
11pl PCI-01 Pool
11 .5pl PCI-02 Pool
14.5pl Cl Pocl

Final Pool
11.5p1 PCI-01 Pool
11.5p1 PCI-02 Pool
14,50l Cl Pool

Library 1.

Library 2

Yields might matter!
peR Don’t remove effect of experiment by normalizing...

Deiner et al. 2018 Metabar & Metagen



What can we learn from it?



Sdence of the Total Environment 709 (2020) 135727

Contents lists available at ScienceDirect

- Science.
lotal Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Microbial community shifts in streams receiving treated n
wastewater effluent

Cresten Mansfeldt *!, Kristy Deiner *>*!, Elvira Michler *, Kathrin Fenner %€, Rik L.L. Eggen *¢,
Christian Stamm 2, Urs Schonenberger 2, Jean-Claude Walser 9, Florian Altermatt *€

* Eawag: Swiss Federal Institute of Aquatic Science and Technology, Diibendorf, Switzerland

Y Natural History Museum London, London, UK

< Department of Evolutionary Biology and Environmental Studies, University of Ziirich, Ziirich, Switzerland
9 Department of Environmental Systems Science, ETH, Zilrich, Switzerland

¢ Chemistry Department, University of Ziirich, Ziirich, Switzerland
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« Bacterial community
@ DS is hydraulic

mixture of US and
EF dmix: Mixing distance required to achieve full mixing of waste water into the stream

water (site-specific; ranging between approx. 50 to 500 m).




NMDS?2

Using phyloseq: b. C.
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Using DESeq2:
tested for
differential ESV
abundance

Significant decrease

Significant increase

from US1 to DS

from US1 to DS

US1

Oxalobacteraceae
Sphingomonadaceae

1000 -
0
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RsaHf231
Proteobacteria 1]
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WWE3 | i
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Uncultured | |
TM6 Dependentiae |
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Using SourceTracker and hydrological equation to predict downstream mixing:
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Using SegENV (text mining pipeline):
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Microbial community shifts in streams receiving treated wastewater effluent

« Mixing between the stream and the
16S "'ENA wastewater effluent predicted downstream

e, ~ R community composition for most taxa
A }9 T I2 * 14 sites showed greater than 50 % of the
i SN i
= ot bacteria taxa were from the wastewater
T » Decreases in phototrophic taxa could not be
explained by mixing alone

« Human-gut related bacteria are indicators of
natural streams impacted by wastewater
effluent

* Functional effects of these community shifts
need further investigation




What is Environmental DNA?

A molecule in some state (cell, particle bound, etc.) in the
environment

How do we sample and sequence it?

« Purify DNA from soil, water air,

 methods are as diverse as your sample and they all have trade-
offs! Try to understand and mitigate for these through good study
design

What can we learn from it?
« Has and will continue to fundamentally change how we study the
biosphere



