The University of Maine

Digital Commons@UMaine

Honors College

Spring 5-2022

Comparing Two Non-Invasive Methods for Assessing Marine
Mammal Genetic Diversity: Environmental DNA vs. Fecal DNA

Sydney Jackson

Follow this and additional works at: https://digitalcommons.library.umaine.edu/honors

b Part of the Genetics and Genomics Commons, Marine Biology Commons, and the Research Methods
in Life Sciences Commons

This Honors Thesis is brought to you for free and open access by DigitalCommons@UMaine. It has been accepted
for inclusion in Honors College by an authorized administrator of DigitalCommons@UMaine. For more information,
please contact um.library.technical.services@maine.edu.


https://digitalcommons.library.umaine.edu/
https://digitalcommons.library.umaine.edu/honors
https://digitalcommons.library.umaine.edu/honors?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F718&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/27?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F718&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1126?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F718&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1385?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F718&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1385?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F718&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:um.library.technical.services@maine.edu

COMPARING TWO NON-INVASIVE METHODS FOR ASSESSING MARINE
MAMMAL GENETIC DIVERSITY: ENVIRONMENTAL DNA VS. FECAL DNA
by

Sydney Jackson

A Thesis Submitted in Partial Fulfillment of
the Requirements for a Degree with Honors
(Marine Science)

The Honors College
University of Maine

April 2022

Advisory Committee:
Kristina Cammen, Assistant Professor of Marine Mammal Science
James Brophy, Preceptor, Honors College
Sindhu Manjesh, Lecturer, Journalism
Julia Sunnarborg, PhD Student, Marine Biology



Copyright 2022 Sydney Jackson
All Rights Reserved



ABSTRACT

As technology and science progresses, the methodology behind observing,
monitoring, and sampling marine mammals advances as well. One such technique is
environmental DNA or eDNA, which entails extracting organismal DNA from water
samples without ever handling or disturbing the organism. It is a cost-efficient and non-
invasive method that can be utilized in the sampling of seal haulout sites as is its purpose
for this research. Another method, using the DNA analysis of seal fecal samples, is a less
invasive method that can also be utilized to monitor and assess marine mammals.
Through collecting both fecal and water samples from gray seal haulout sites in Cape
Cod, Massachusetts, these two differing, but equally progressive methods can be
compared to one another. The water samples collected from the seal haulout sites were
paired for DNA analysis with the fecal samples collected from the beaches where gray
seals are hauled out in Cape Cod. DNA was then extracted from both the water samples
and fecal samples, followed by sequencing a portion of the gray seal mitochondrial
control region in all the samples. This allowed for the comparison of the haplotypes
detected in fecal samples to those detected in water samples as a comparison of these two
non-invasive approaches for assessing marine mammal genetic diversity. We obtained
sequences from 25 fecal samples. Sequences from all but 2 of the 25 samples were found
to match with one of the sequences in the reference dataset. Our study identified 2 new
haplotypes that had not been previously identified in the population. When compared to
the water sample sequences, we found 19 matches out of the 25 fecal sample sequences.

In all of these cases, the fecal haplotype was detected in water samples collected during



the same survey (at the same haulout on the same day), though in many cases a given
fecal haplotype was also detected in water samples from multiple surveys. Although
future studies are needed to further confirm the efficiency and non-invasiveness of the
eDNA approach, our study suggests that it can provide similar information to a fecal

sample sequence analysis, but in a less invasive way.
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INTRODUCTION

Introduction to eDNA

Environmental DNA, also known as eDNA, is organismal DNA that can be found
in aquatic or terrestrial environments. Organisms leave a trace of DNA in the
environments they inhabit through lost skin cells, bodily fluids, excrement, and other
forms of DNA. These remnants can be sampled and analyzed using new molecular
methods that are highly sensitive to low quantities of DNA.

eDNA is able to be utilized for a variety of different research questions, including,
but not limited to, single-species detection, identification and protection of rare or
protected species, assessing genetic diversity in common species, and characterizing
community composition. One study, conducted by Foote et al. (2012), investigated the
potential use of eDNA for the genetic monitoring of marine mammals. These researchers
utilized specific primers to amplify short mitochondrial DNA sequences to attempt to
detect the presence of the harbor porpoise, Phocoena phocoena, as well as compare these
detections to those of harbor porpoise echolocation clicks. The results of this study
indicated that although detection by eDNA was less successful than acoustic detections,
eDNA has the potential to be just as successful as current visual and acoustic methods of
species detection of marine mammals with the proper optimization of larger volumes of
seawater (Foote et al., 2012). A second study, conducted by Sigsgaard et al. (2017),
aimed to demonstrate that high-throughput sequencing of seawater eDNA can be used to
approximate the genetic diversity of whale shark (Rhincodon typus) aggregations. They

found that there were similar mitochondrial haplotype frequencies in seawater compared



DNA extraction of these samples. We therefore include fecal samples from all 10

surveys, but consider only 9 surveys with paired fecal and water sampling in our study.

Figure 1: Map of Cape Cod, Massachusetts displaying the location of the 6 gray seal haulout sites where
samples were collected.
|

Sample Processing

Within the lab, each water sample was filtered through a cellulose nitrate filter
with a pore size of 0.45 m to capture free-floating DNA molecules (Fig. 2). Lab blanks of
1 L of tap water were also filtered both at the beginning and the end of the filtering
process. These blanks serve as negative controls to test for contamination during the

filtration process. All filtering took place on a vacuum powered manifold.



DNA was extracted from the filters using a Qiagen DNeasy blood and tissue
extraction kit and from the fecal samples using a QIAamp DNA stool mini kit (Fig. 2).
Extraction blanks were included in all extractions done. This is to detect any
contamination that might have been introduced during the extraction process. All DNA
extractions were then stored at -20 degrees C.

Following extraction, quantitative PCR with seal-specific probes was used to
determine which water samples contained seal eDNA. All positive water samples along
with the fecal samples were then prepared for sequencing.

Sequencing

Once samples are collected, researchers use a variety of sequencing methods to
access the specific genetic data they need to investigate their research questions. This
study uses both Sanger sequencing and next-generation sequencing. Sanger sequencing is
appropriate when the genetic material in a sample comes from a single individual (i.e., a
pure sample), while next-generation sequencing is useful when a sample may contain a
mix of genetic material from multiple individuals (i.e., a mixed sample). Accordingly, in
our study, fecal samples are analyzed using Sanger sequencing and water eDNA samples
are analyzed using next-generation sequencing (Fig. 2). Both methods require that the
targeted DNA is first amplified to achieve a higher concentration using primers that
target a specific region of the genome, in a process known as polymerase chain reaction
(PCR). The sequencing approaches then determine the order of nucleotides (i.e., DNA
building blocks) in single-stranded DNA molecules, with Sanger sequencing producing a
single sequence as a result and next-generation sequencing producing many thousands of

sequence reads that are analyzed bioinformatically (Fig. 2).



In this study, we sequenced a 423 base pair fragment of the mitochondrial control
region in order to identify gray seal haplotypes present in these samples. Haplotypes are a
set of DNA variations along a chromosome that tend to be inherited together because
they're very close together. Previous research has identified 30 unique mitochondrial
control region haplotypes in the gray seal population in the Northwest Atlantic (Cammen

et al. 2018; Wood et al. 2011).

AGGCTACCCTGAAGTCCACT
GCCTAAAGTCATCGGGAATC
ATTTCGGAATAGCCGGATAG

Water Sample \ ‘ DNA Extraction & Sequencing
Water Filtering \

a -
Q@ & g ACGGTCAGAATTCAGACTTC

Fecal Sample

Created in BioRender.com bio

Figure 2: Flowchart beginning with sample collection, followed by filtering, DNA extraction, and
sequencing.

Data Analysis

Once the DNA sequences were returned, the forward and reverse sequence reads

from each fecal sample were paired and then visually inspected using Codon Code



Aligner in order to remove primers and correct mismatches and errors. This process
resulted in a single inferred haplotype for each fecal sample.

Fecal haplotypes were compared to published sequences from Cammen et al.
(2018), and to sequences from the water samples collected at the same sites in Cape Cod.
The sequences from Cammen et al. (2018) represent haplotypes that were

previously identified in tissue samples collected from gray seals from Massachusetts to
Canada. We consider these a reference dataset because it was derived from tissue
samples, which are the standard used to characterize genetic diversity of an individual.
There are 38 distinct haplotypes present in this reference dataset, which were derived
from a total of 385 gray seal individuals included in the prior study. One caveat to note in
this comparison is that the region sequenced differed slightly between our study and this
prior study. Because the studies used different primers, when the sequences were aligned,
our sequences did not cover the first 18 basepairs of the haplotype sequences in the
reference dataset and our sequences included an additional 17 basepairs at the end that
were not included in the reference dataset. It is therefore possible for our sequences to
match multiple reference haplotypes, if the reference haplotypes differ in the first 18
basepairs not included in our sequence.

The comparison with haplotypes from the water eDNA samples collected
concurrently with the sequenced fecal samples was more straightforward, as both fecal
samples and water eDNA samples were sequenced with the same primers. Using the
paired nature of collecting fecal and water samples from the same haulout site on the
same day, we determined whether or not the water sample sequences correlating with the

fecal sample sequences were observed in the same survey number as the fecal sample

10



sequences, as well as the total number of surveys the water sample sequences were

observed in.
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RESULTS

We obtained sequences from 25 fecal samples. We first compared these
sequences to one another. The samples produced a total of 17 unique haplotypes, with 8
haplotypes observed in two samples each.

Fecal DNA vs. Reference Database

We then compared the fecal sequences to the reference database. Sequences from
all but 2 of the 25 samples were found to match with one of the sequences already
published in the Cammen et al. (2018) reference dataset. Our study therefore identified 2
new haplotypes that had not been previously identified in the population.

Fecal DNA vs. eDNA

Finally, we compared the fecal sequences to the water eDNA sequences. When
compared to the water sample sequences, we found 19 matches out of the 25 fecal sample
sequences. In all of these cases, the fecal haplotype was detected in water samples
collected during the same survey (at the same haulout, on the same day) (Table 2) though
in many cases a given fecal haplotype was also detected in water samples from multiple
surveys (Table 1). 11 fecal haplotypes were found in 9 out of the 9 surveys, 7 were found
in 8 of the 9 surveys, and 1 was found in 4 out of the 9 surveys.

In total, there were 6 fecal sample sequences that did not match any of the water
sample sequences, indicating that the genetic material from these individuals on the

beach were not detected in the nearby water collections.
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Table 1: Appearance of fecal sample sequences, as shown by matching ASV, in each survey, indicated by
Y(Yes) and N(No). This Y/N was based off of any reads in any of the replicates (some had only very few

Survey 2 Survey 3 Survey 4 Survey § Survey fi Survey 7 Survey 8 Survey 9 Survey 10
Y Y Y Y Y Y Y Y Y
Y Y Y N Y Y Y Y Y
Y Y Y Y Y Y Y Y Y
N Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y Y
Y Y Y Y N Y Y Y Y
N Y N Y N Y N Y N
Y Y Y Y Y N Y Y Y

reads). Survey 1 is blocked out because no water samples from this survey were sequenced.

# eDNA sequences
# Fecal observed in same
Date sequences survey as matching
Survey Haulout Site [ Collected observed fecal sequences
1 CH 6/23/2020 3 N/A
2 PT 6/25/2020 1 1
3 CH 7/6/2020 1 N/A
4 PB 7/6/2020 4 3
5 PH 7/21/2020 N/A N/A
6 TI 8/3/2020 2 2
7 SI/SI-PLB 8/3/2020 2 2
8 SI 8/19/2020 N/A N/A
9 LP 8/25/2020 5 4
10 TI 9/17/2020 7 4

Table 2: Comparison of the number of fecal samples and number of matching eDNA sequences observed

in each survey. N/A under # Fecal sequences observed indicates that no fecal samples were collected in that
survey, while N/A under # eDNA sequences observed in the same survey as matching fecal sequences
indicates that there were no matching eDNA sequences identified.
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DISCUSSION

The main objective of this study was to compare two minimally invasive
approaches of assessing marine mammal genetic diversity through the analysis of genetic
sequences detected in both gray seal fecal samples as well as in the water surrounding
gray seal haulout sites in Cape Cod, Massachusetts. Other methods of studying marine
mammals prior to eDNA were typically very invasive and disruptive to the species being
studied, usually involving capturing species and collecting blood, skin, and other invasive
samples. eDNA-based approaches, which were only recently proposed as an alternative,
have so far shown some promise in characterizing the genetic diversity of cetaceans when
water samples are collected in their close vicinity. A study conducted by Sigsgaard et al.
(2017) aimed to demonstrate that high-throughput sequencing of seawater eDNA can be
used to approximate the genetic diversity of whale shark (Rhincodon typus) aggregations.
They found that there were similar mitochondrial haplotype frequencies in seawater
compared to tissue samples, thus further validating the role eDNA plays in assessing
population genetics of aquatic organisms (Sigsgaard et al. 2017).

The application of eDNA in pinnipeds has been lacking thus far, and there is no
published comparison of eDNA-based approaches to fecal DNA sampling. Through this
comparison, we hoped to demonstrate that eDNA-based approaches are just as effective
in characterizing gray seal genetic diversity as fecal sample DNA analysis. If this proved
to be true, the less invasive process of eDNA could potentially be utilized even more
effectively within the marine mammal scientific community as well as in a variety of

other scientific studies.
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When analyzing the overlap between fecal sample and water sample sequences,
we found a relatively high number of matches. 76% or 19 out of 25 fecal sample
sequences matched sequences also identified in the water samples. Further analysis of
how many water sample sequences were observed in the same survey as their respective
fecal sample sequence match also revealed promising findings. Every matching water
sample sequence was found in the same survey number as their respective fecal sample
sequence, confirming that the matches occur when samples are collected in overlapping
time and space (Table 2). This is important because we want to know that eDNA data
from water samples reflects the genetic diversity of the seals at that beach at that time.
There is still a lot of uncertainty about how long an eDNA signal lasts in an environment.
Székely et al. (2021) found that bowhead whale eDNA collected in a footprint of a diving
whale is hard to detect after only 10 minutes, but Baker et al. (2018) detected killer whale
eDNA up to 2 hours after a pod traveled through an area. More scientific studies are
needed in this area to better understand eDNA persistence around seal haulouts if eDNA-
based monitoring of marine mammal species is to be implemented further.

We also found that most of our fecal sequences were detected in multiple water
samples, including those collected at different beaches on different days (Table 1). This
likely reflects that multiple individuals can share the same haplotype. In our study, we
detected up to two fecal samples with a shared haplotype. In a prior study of tissue
samples, common haplotypes were identified in over 20 individuals from the same
population (Cammen et al. 2018). This highlights that there is not necessarily a one-to-

one relationship between an eDNA-derived sequence and a single individual seal, which
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will need to be taken into consideration if implemented in future monitoring. When a
fecal sample sequence matches a water sample sequence, this indicates that both of these
approaches are able to detect similar types of marine mammal genetic diversity.
However, because multiple individuals can share the same haplotype, we cannot know if
the matching sequence in the water sample originated from the same individual that
produced the fecal sample.

In contrast to the scenario of fecal sequences matching water samples, when there
is no water sample sequence that matches with a fecal sample sequence, we can conclude
that the eDNA sample missed a haplotype present on that beach. In those cases, the water
did not capture enough haplotypes to provide the information one would get using fecal
DNA analysis. One of the limitations to fecal DNA approaches are that they can only
assess the genetic diversity of animals that leave behind a fecal sample. At our sites, only
a few fecal samples (up to 8) were found on each beach, despite counting up to 325 seals
on the haulouts when they were sampled in 2020. eDNA-based approaches may be able
to capture the genetic diversity of a greater number of these individuals. Preliminary
analyses suggest that the water samples capture a large number of haplotypes that we
presume represent DNA from multiple individuals, including those that did not leave a
fecal sample on the beach. However, because our study did not involve a complete
analysis of the sequences derived from eDNA water samples, we cannot fully evaluate
what fecal sampling misses in comparison to water sampling at this time.

Although future studies are needed to further confirm the efficiency and non-
invasiveness of the eDNA approach, our study suggests that it can provide similar

information as a fecal sample sequence analysis, but in a less invasive way. Prior to this
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study, little research had been done in order to determine how beneficial the eDNA
approach could be to understanding the pinniped population. Utilizing an approach that
requires little to no disruption of the marine mammal species being studied while also
gathering necessary information is an essential step in not only the marine mammal field

of study, but more specifically, the pinniped population.
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APPENDIX A: FIGURES

Figure 1: Map of Cape Cod, Massachusetts displaying the location of the 6 gray seal haulout sites where
samples were collected.

21



AGGCTACCCTGAAGTCCACT

! GCCTAAAGTCATCGGGAATC
Sl - ATTTCGGAATAGCCGGATAG
Water Sample DNA Extraction & Sequencing
Water Filtering \
aa (=29
@ &« ACGGTCAGAATTCAGACTTC
Fecal Sample

Created in BioRender.com bio

Figure 2: Flowchart beginning with sample collection, followed by filtering, DNA extraction, and

sequencing.
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APPENDIX B: TABLES

Survey 3 | Sureyd | SumeyS | Suney6 | Sunvey? | SuneyB | Suneyd [ Suney 10
\ \ \ \ Y \ \ Y
\ \ N Y \ \ Y \
Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y \
\ \ \ Y \ \ \ \
\ Y \ Y Y Y Y \
Y Y Y Y Y Y Y Y
\ \ \ \ Y \ \ \
\ \ \ Y \ \ Y \
Y Y Y Y Y Y Y Y
Y Y Y N Y Y Y Y
\ N \ N Y N \ N
\ Y \ Y N \ Y \

Table 1: Appearance of water sample sequences in each survey, indicated by Y(Yes) and N(No). This Y/N
was based off of any reads in any of the replicates (some had only very few reads). Survey 1 is blocked out
because no water samples from this survey were sequenced.
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# eDNA sequences
# Fecal observed in same
Date sequences survey as matching
Survey Haulout Site | Collected observed fecal sequences
1 CH 6/23/2020 3 N/A
2 PT 6/25/2020 | 1
3 CH 7/6/2020 1 N/A
4 PB 7/6/2020 4 3
5 PH 7/21/2020 N/A N/A
6 TI 8/3/2020 2 2
7 SI/SI-PLB 8/3/2020 2 2
8 SI 8/19/2020 N/A N/A
9 LP 8/25/2020 5 4
10 TI 9/17/2020 7 4

Table 2: Comparison of the number of fecal samples and number of matching eDNA sequences observed

in each survey. N/A under # Fecal sequences observed indicates that no fecal samples were collected in that

survey, while N/A under # eDNA sequences observed in same survey as matching fecal sequences
indicates that there were no matching eDNA sequences identified.
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