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Background

e Bioassessment and biomonitoring play
a critical role in evaluating and
protecting California’s waterbodies

e Our ability to assess biological
communities to inform management
decisions relies on generating
taxonomy data quickly and reliably

Algae

Invertebrates

Fish

Endangered species
Invasive species



Background

e New DNA-based technologies are
enabling us to generate taxonomy data
faster, cheaper, and more reliably

 Multiple agencies across California are
developing and actively using DNA-
based approaches for biomonitoring
and bioassessment

e As the popularity of DNA methods
increases, so too does our need for
coordinated approaches to generating
DNA data




Goals of this talk

e Overview of DNA-based methods

 Examples of DNA-based approaches in
monitoring and bioassessment

e Key elements of a DNA-based approach
that require coordination to ensure
comparable data

* Potential role of a DNA working group



DNA sampling: cell-bound DNA




eDNA sampling: free DNA

I”

~“environmenta
or “extracellular” DNA



Sampling

Generating DNA data

extraction

DNA analysis

Env. Barcode 1
ATCGGGATGCCA
Env. Barcode 2
ATCGGGATGCCA
Env. Barcode 3
ATCGGGAAACCA

Bioinformatics

Species %
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What is DNA barcoding?

e DNA barcode: short region of DNA used for species identification
* Allows for rapid, efficient identification
e Scalable, increasingly affordable
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DNA approaches

Quantitative PCR
(qPCR)

How many Microcystis
cells are in my sample?

How many pathogen
markers are present in
my sample?

DXL 1 copy
AIGL 2 copies
D s
g 4

DNA barcode
sequencing

What species of fish did |
catch?

Is this a quagga or zebra
mussel?

DNA metabarcode
sequencing

What species of fish are
in my sample?

How many different
invertebrate species are
in my sample?

L




DNA methods in action

e Bioassessment
e Algae
* |Invertebrates
e Fish

e Human health

e Pathogens
* Toxic algae

 Endangered species

* [nvasive species



DNA approach: algal bioassessment

State Water Board is
supporting the development
of a DNA-based approach to
algal bioassessment
2016-2018 algae DNA
sampling paired with
traditional morphology
sample
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DNA approach:

ichthyoplankton bioassessment

Assessment of
Ichthyoplankton
Metabarcoding for Routine
Monitoring

Southerw Californiaw Coastal Water (22 el dae e s

SCCWRP Technical Report 1031

e |chthyoplankton morphology can
make species identification difficult
and time-consuming

e Pilot studies DNA-based approaches
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Pelagic eggs and larvae, collectively referred to as ichthyoplankton, are the life-history stages of fish that are most abundant within the marine epipelagic zone. Because of this prominence, a number of long-term ichthyoplankton monitoring programs have been established worldwide. The data collected through large-scale surveys provide fisheries-independent information on the spawning locations, times, and intensities of multiple species simultaneously. Ichthyoplankton data have also been used to estimate spawning stock biomass (Zeldis, 1993) and to develop long-term indices of abundance (Richardson et al., 2010a). 


Discharge of treated wastewater through deep ocean outfalls results in the creation of a rising diluted effluent plume that interacts with the pelagic ecosystem, yet little to no NPDES monitoring is conducted to assess potential impacts to this ecosystem. Recognizing this limitation, ichthyoplankton monitoring is a specific objective within Pelagic Ecosystem component of the Comprehensive Monitoring Program (CMP) for Santa Monica Bay. Further, support for implementing the SMBRC CMP is a requirement in the NPDES permits for the Hyperion Treatment Plant (HTP) and Joint Water Pollution Control Plant (JWPCP). Historically, the number of samples combined with the time and specialized taxonomic skills needed to identify fish larvae have made implementation of meaningful ichthyoplankton monitoring prohibitive. However, the use of genetic meta-barcoding may make analysis of samples collected at the intensive spatial and temporal scales required for such monitoring cost-effective.


DNA approach: toxic algae

DNA-based approaches used in cyanobacteria monitoring
e Ability to detect low levels of toxic species
* |dentify species responsible for toxic events
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DNA approach: endangered species

e CDFW and WB are pursuing
eDNA-based approaches
for endangered species
monitoring in streams

 Non-destructive sampling

e Ability to detect organism

at a distance
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DNA approach: invasive species

The California Marine Invasive Species Program (MISP)

e Focus on ballast water
introduction of non-
indigenous species

* Paired morphology and
DNA-based approaches
to identify species
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The California Marine Invasive Species Program (MISP) within CDFW's Office of Spill Prevention and Response (OSPR) coordinates with the California State Lands Commission (CSLC) to control the introduction of Non-Indigenous Species (NIS) from the ballast of ocean-going vessels.




The California Marine Invasive Species Program (MISP) is a multi-agency program designed to prevent the introduction of nonindigenous species into State waters from vessels 300 gross registered tons and above that are capable of carrying ballast water. The MISP was established by the Ballast Water Management for Control of Nonindigenous Species Act of 1999 and reauthorized and expanded by the Marine Invasive Species Act (MISA) of 2003. The purpose of the MISP is to move the state expeditiously towards elimination of the discharge of nonindigenous species into California waters (Public Resources Code section 71201(d)). The California State Lands Commission (Commission), charged with MISP oversight and administration, takes a multi-faceted approach to advancing program goals, including:  Developing sound, science-based policies in consultation with technical experts and stakeholders  Tracking and analyzing ballast water and vessel biofouling management practices of the California commercial vessel fleet  Enforcing laws and regulations to prevent introductions of nonindigenous species  Conducting and facilitating outreach to promote information exchange among scientists, regulators, the shipping industry, and other stakeholders



Distinguish native and non-native species of coastal waters of California.
Test for differences in NIS diversity across different habitats.
Estimate total NIS species diversity across estuaries.
Test efficacy of ballast water control methods by establishing a baseline for free-swimming plankton, and monitor plankton for new invasions.
Continue developing our DNA barcode library for NIS.



DNA approach: ready, set, go?

e DNA based methods are now
routine and being integrated into
agency programs

* Pilot studies are focused on
adapting DNA-based approaches
for the management community

e For DNA results to be DO NOT PASS GO
comparable across agencies, we

need a coordinated approach to ‘%"; V=
generating DNA data *’iﬁa




A need for coordination

e Water Board convened a planning
meeting in February 2018 to discuss
need/desire/capacity to form a DNA
working group

e Organized by SWAMP members with
OIMA, SCCWRP, and Cramer Fish Sciences
participation

e Possible roles of DNA working group:

e Establish guidelines and QA/QC
recommendations for generating and
interpreting DNA data

e Facilitate collaboration between
groups sampling and analyzing DNA
samples




Survey: who is sampling DNA in

California?

 Who/what/where DNA sampling is occurring

Shotgun metagenomics Barcode
5% =

qPCR-
59%

N=40



Survey: what sampling methods are

used?

ZUSGS

eDNA PROTOCOL b
Rocky Mountain Research Station SAMPLE COLLECTION
Caren Goldberg and Katherine Strickler, Washington State University Prepared i State Us ity
Protocol for collecting eDNA samples from streams Revised lanuary 2017
_ Environmental DNA Sampling Protocol—Filtering
Version 2.3- July 2015 Water to Capture DNA from Aquatic Organisms

What are the key steps and decision

points in generating DNA data?

MO LECULAR ECOLOGY

Bull trout swimming explaring the complex habitat of a Montana stream. Photo Credit: Aubree Benson i RESOURCES
G r Malecular Ecology Resources (2016) 16, 895-508

doi: 10.1111/1755-0998.12501
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Genomics Center for Wildlife .
Contact Methods in F-Wlﬂ!n’ and Evolution : Using occupancy modelling to compare environmental DNA
Kellie Carim, Ph. D. Meriods in Knlsgy and Evalirion 2017, 633-643 doi: 10111120641 20012683 to traditional field methods for regional-scale monitoring of
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Abstract
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of Ecology, Emdmamant and Pland Scances, Sfockholm Linfwarsily, 10691 Siockholm, Swaden related to tidewater goby catch per unit effort, suggesting eDNA could potentially be used as a proxy for local tide-

water goby abundance. Compared to traditional field sampling, ¢eDNA provided improved occupancy parameter esti-
mates and can be applied to increase management efficiency across a broad spatial range and within a diversity of
habitats.
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Generating DNA data

DNA

Sampling extraction

How are you sampling?
How quickly do you
process samples?
What filters do you use?

DNA analysis

Env. Barcode 1
ATCGGGATGCCA
Env. Barcode 2
ATCGGGATGCCA
Env. Barcode 3
ATCGGGAAACCA

Bioinformatics

Species %
D.tenuis 20
N.palea 10
A.pediculus 5

Biological

Taxonomy ID indices




Generating DNA data

e 3 Species %

ATCGGGATGCCA D.tenuis 20
Env. Barcode 2
ATCGGGATGCCA N.palea 10

Env. Barcode 3 I
TCOGORANLR A.pediculus 5

Biological
indices

DNA

. DNA analysis Bioinformatics Taxonomy ID
extraction

Sampling

Which DNA extraction
method do you use?
How do you prevent

contamination?




Sampling

Generating DNA data

DNA

extraction DNA analysis

Env. Barcode 1
ATCGGGATGCCA
Env. Barcode 2
ATCGGGATGCCA
Env. Barcode 3
ATCGGGAAACCA

Bioinformatics

Which DNA barcode

you use?

region do you sequence?
Which gPCR probes do
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Generating DNA data

Species %
D.tenuis 20
N.palea 10

Env. Barcode 1
ATCGGGATGCCA
Env. Barcode 2
ATCGGGATGCCA
Env. Barcode 3
ATCGGGAAACCA

A.pediculus 5

Biological
indices

DNA
extraction

DNA analysis Bioinformatics Taxonomy ID

]

Do you use custom or published
bioinformatic scripts?
What QA/QC protocols do you
follow?

Sampling




Generating DNA data

e 3 Species %

ATCGGGATGCCA D.tenuis 20
Env. Barcode 2
ATCGGGATGCCA N.palea 10

Env. Barcode 3 I
TCOGORANLR A.pediculus 5

Biological
indices

DNA

. DNA analysis Bioinformatics Taxonomy ID
extraction

Sampling

What DNA reference database do
you use?
What taxonomy assignment
method do you use?




Generating DNA data

= ; Species %

ATCGGGATGCCA D.tenuis 20
Env. Barcode 2
ATCGGGATGCCA N.palea 10

Env. Barcode 3 I
ATCOn Bk A.pediculus 5

Biological

DNA analysis Bioinformatics Taxonomy ID .
indices

Sampling extraction

Results may vary widely!




The need for coordination

e Each step in the DNA process
can influence the resulting DNA
data

e Standardization of methods and
QA/QC guidelines help ensure
all users are generating
comparable data

e European consortium is working
to establish guidelines for
generating and interpreting DNA
data

 Monitoring Council can play a
similar role for California
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Potential roles for working group

1. Sampling method standardization
e Best practices for sterile sampling technique

2. QA/QC protocols for sample processing and DNA
sequencing
* Negative controls/field blanks

3. Bioinformatic guidelines and data interpretation
thresholds

4. Reporting requirements

e Minimum information about a marker gene sequence
(MIMARKS)

5. Coordinate researchers and agencies pursuing DNA
approaches



Bonus slides




Who could be on a working group?

1.
2.
3.
4.
5.

State Water Board

CA Dept of Fish and Wildlife

Coastal Commission

Coastal Conservancy

Any group that does monitoring and assessment!



DNA-AquaNet

* **

* DNAQ ua Net

ﬁ EU COST ACTION

WG1 - DNA Barcode References
lead by Torbjarn Ekrem, Fedor Ciampor

WG2 - Biotic Indices & Metrics
Jan Pawlowski, Maria Kahlert

WG3 - Field & Lab Protocols
Kat Bruce, Emre Keskin

WG4 - Data Analysis & Storage
Diego Fontaneto, Alain Franc

WG5 - Implementation Strategy & Legal Issues
Patricia Mergen, Daniel Hering



DNA approach: toxic algae

- Lake Elsinore .

DNA-based approaches used in cyanobacteria
monitoring

- Ability to detect low levels of toxic species
- ldentify species responsible for toxic events
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Status: DNA-based bioassessment

Algal bioassessment
State Water Board is
moving forward with
developing algae DNA for
bioassessment
Field collection methods
established
Refining sequencing
approach and bolstering
DNA libraries

Invertebrate bioassessment

Nationally, many efforts
to test barcoding in
invertebrates
Sequencing approaches
are standardized

DNA library development
still needed

More CA-based studies
needed

eDNA monitoring
Sampling methods are
standardized
Sampling programs are
scalable and adaptable
to a variety of settings
Pilot studies across
California
eDNA modeling on-

going
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eDNA monitoring does not depend on DNA libraries in the same way 
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Example bioinformatics pipeline

Seql
Seqd
Clusterinto | Seq3

Seql10

QC Sample3
> Seql OTUs

@SRR038845.41 HWI-
EAS038:6:1:0:1474

CCAATGATTTTTTTCCGT] Seq2
GAATACGGTTAA AGTCTAGCTAGGCATC S eq 8
+SRR038845.41 HWI-
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@SRR038845.53 HWI- AGCATCAGCATTTCG
EAS038:6:1:1:360 > Seq2
GTTCAAAAAGAACTAATTGTGTC
AATAGAAAACTC GTCGATGCTACGGGA
Taxonl

Search against

reference Assign
data base taxonomy
o) g §k ] AGTCTAGCTAGGCATTGA |
ST ccocrsoraceoaces iIC

(O IVE] GGTCTAGTTAGGCATCGA



Step 5: Taxonomy assighment

* Your DNA taxonomy IS only as NATIONAL DNA .
good as your DNA library Bk

e The quality and completeness of AL
your DNA reference database '” 1|||i ‘J”J"”“’m
heavily influences the quality of

resulting taxonomy data
e SCCWRP is spearheading the C

development of DNA libraries 8

for: )

e Algae !l
e Invertebrates NCBI BOLDDATA

Sampling DNA. DNA. Bioinformatics Taxonomy ID B!olqglcal
extraction sequencing indices
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