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Abstract
The field of environmental DNA (eDNA) has rapidly advanced in recent years, 
providing a non-invasive and time-saving method for assessing biodiversity. The 
First International Environmental DNA (eDNA) Workshop in Hong Kong was held 
from 16 to 27 October 2023 and provided early career professionals with hands-
on training and collaboration opportunities in eDNA research. With support from 
The Croucher Foundation Limited (Hong Kong), the workshop covered all stages 
of an eDNA-based research project, including study design, field sampling, eDNA 
extraction, library preparation, bioinformatics, statistical data analysis, and ethics 
in scientific research. Participants gained insights into the principles and practi-
cal applications of eDNA technology, emphasizing the importance of careful ex-
perimental design and data interpretation. The workshop also highlighted the need 
for standardized protocols, comprehensive and local DNA reference databases, 
and careful selection of primer sets to overcome current issues and limitations. 
Workshop participants expressed enthusiasm for the potential of eDNA metabar-
coding as a valuable tool for ecological monitoring, biodiversity assessment, and 
conservation decision-making. The future of eDNA research looks promising over-
all, with continued advancements in technology, collaboration among researchers, 
and the integration of eDNA into large-scale ecological monitoring. Future itera-
tions of the Hong Kong International eDNA workshop will continue to provide 
hands-on training and collaboration opportunities for early career professionals 
interested in eDNA research, focusing on addressing current limitations and chal-
lenges in the field.
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1  |  BRINGING EDNA KNOWLEDGE 
E XCHANGE TO HONG KONG

Major developments in scientific understanding come from key needs 
in human society. We have developed many amazing feats of scientific 
research in recent years stemming from such needs, including the need 
to improve our ability to perform complex analytical process by de-
veloping artificial intelligence, facilitating direct improvements to our 
health and longevity through recent advances in medical techniques 
and pharmaceuticals, and furthering our need to improve our commu-
nications and resource acquisition through recent advancements in 
space technology. We have also made enormous strides in improving 
our ability to assess and monitoring the living world around us through 
the recent and ongoing development of environmental DNA (eDNA) 
based research, which offers a complementary boost to many tradi-
tional fields of ecology and environmental sciences. However, as with 
all scientific advancements, widespread adaptation and continued de-
velopment of eDNA will depend greatly on our ability to facilitate inte-
gration of eDNA into existing fields of research through collaboration 
and education of new researchers keen to carry on the advancements 
of eDNA into new areas of study.

Since the conception of eDNA as a means for assessing biological 
populations and communities, there has been a quick adaptation of 
eDNA methods to several research fields including ecology, conserva-
tion biology, environmental sciences, etc. (Deiner et al., 2017). While 
more than a decade has passed since the early utilizations of eDNA, 
rapid development is still ongoing regarding the use and interpretation 
of eDNA, including adaption of new eDNA sampling methods (Jeunen 
et al., 2022) to capture lesser observed or dark taxa (Kvist, 2013), op-
timization of eDNA extraction protocols (Spens et  al., 2017), devel-
opment of optimal biomonitoring pipelines (Hakimzadeh et al., 2023), 
improvements in taxonomic assignment algorithms (Hleap et al., 2021), 
and the scrutinization of suitable analytical approaches to convey in-
direct eDNA data to real world communities (Alberdi & Gilbert, 2019). 
While advancements in eDNA research will be ongoing for some time, 
there are now key benchmarks in eDNA methodology that allow for 
standardized training, particularly for new users that wish to adapt 
eDNA based methods to their current research.

The First International Environmental DNA (eDNA) Workshop in 
Hong Kong was hosted by the eDNA & eEcology Lab (Figure 1) and 
took place from 16 to 27 October 2023 at the University of Hong 
Kong, Hong Kong SAR, China. Our aim was to provide a set of currently 
established eDNA practices that would provide new eDNA research-
ers the opportunity to acquire hands-on experience from established 
eDNA researchers. Such training was particularly valuable in attracting 

eDNA research to Southeast Asia where the field is still in the early 
stages of implementation into mainstream research efforts across ac-
ademic, industry, and government sectors. In summarizing the efforts 
of the workshop, this commentary has three key objectives: (1) to sum-
marize the core aspects covered during the 2-week workshop, (2) to 
highlight key insights regarding the current needs and applications of 
eDNA research derived from the workshop participants, and (3) to pro-
pose future directions for the continued science communication and 
professional networking of eDNA research.

2  |  WORKSHOP OVERVIE W

The workshop was financially supported by The Croucher 
Foundation Limited (crouc​her.​org.​hk) and included 30 participants 
from eight countries and instructors from five nationalities. The 
target participants of the workshop were early career profession-
als interested in applying eDNA-based methods to their research 
efforts. Participants were mostly early career academics, including 
PhD candidates, postdoctoral fellows, and recently appointed assis-
tant professors. Most of the participants had no prior experience 
using eDNA, with 25% of the participants having some experience 
sampling eDNA from water, soil, or as gut microbiome. None of 
the participants had experience conducting molecular or analytical 
methods as part of an eDNA study. We also had members from in-
dustry and non-profit organizations join as participants. Our instruc-
tors were also highly diverse, including researchers from academic 
institutions, government research units, and private industries.

Over the course of 2 weeks, we introduced participants to all 
stages of an Edna-based research project. Week 1 included an intro-
duction to eDNA and the fundamentals of study design, onsite field 
sampling methods, hands-on eDNA extraction laboratory methods, 
metabarcoding library laboratory preparation, and bioinformatics 
workflow. Week 2 continued with bioinformatics training, along 
with taxonomic assignment, data analyses, and data visualization 
using R and Python programing languages. Throughout the work-
shop, participants had opportunities to exchange ideas and further 
develop the direction of the eDNA field and how to promote contin-
ued eDNA research networking and knowledge exchange.

3  |  INTRODUC TIONS AND GENER AL 
OVERVIE W

The workshop started with an introduction of the instructors and 
their background experience in using eDNA to research a wide 
range of topics, including current method developments of eDNA 
sampling and extraction (Spens et  al.,  2017), primer development 
(Elbrecht & Leese, 2017; Leese et al., 2021) bioinformatics (https://​
gjeun​en.​github.​io/​hku20​23eDN​Awork​shop/​bioin​forma​tican​alysis.​
html), conservation species monitoring (Seymour & Smith,  2023), 
community assessments (Seymour et al., 2021), and analytical devel-
opment (Yates et al., 2019).

F I G U R E  1 Logo of the hosting lab for the 1st International 
eDNA workshop in Hong Kong. www.​seymo​urlab.​net.
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In highlighting the current state of eDNA research, we focused 
on the wide breadth of definitions used to describe eDNA, the 
background of eDNA and its various ecological components, as put 
forth by Barnes and Turner (2016). There is a considerable amount 
of debate regarding what eDNA refers to in the academic sphere, 
such as whether it is restricted to nontargeted multicellular mate-
rial (Seymour, 2019) or fully inclusive to all molecular material found 
any given environmental sample (Torti et al., 2015). While the exact 
definition of what eDNA entails does make for engaging academic 
discussions, for the sake of simplicity we adopted an inclusive use 
of the term for the workshop and when referring to the term in this 
commentary. Subsequently, we focused on four key considerations 
when using environmental samples as part of an eDNA-based study; 
(1) first establish the target research questions, objectives and hy-
potheses, (2) identify the target set of organisms, (3) determine 
the best study design and whether environmental sampling is best 
suited, and (4) determine the suitable environmental sample type 
with regards to the ecology of eDNA.

The final task of the day involved participants forming groups 
and designing research plans from a set of research questions and 
scenarios. Participants were keen to tackle the more difficult sce-
narios, including developing an eDNA-based study to monitoring 
endangered species. Participants noted the critical need to involve 
local officials and key stakeholders early in the process, the potential 
challenges of sampling in difficult or dangerous environments (pos-
sibly aided by the use of autonomous vehicles or drones), and the 
need to establish standard operating procedures (SOP) and eDNA 
development or practice guidelines as the basis for local or regional 
standardization. After each presentation, an open discussion among 
the group was held to discuss logistical and societal considerations 
and potential alternatives proposed by each group.

4  |  FIELD SAMPLING

Surprisingly to many, Hong Kong, with a land area of 1114.35 km2 
possesses a substantial proportion of natural ecosystem coverage. 
Approximately 40% of the land area (443 km2) is designated as coun-
try parkland with and additional 30% (331 km2) remaining largely 
undeveloped, primarily due to the difficult hilly terrain. However, ex-
tensive ongoing and planned land reclamation projects threaten to 
reduce the tangible natural areas of Hong Kong in the coming years 
(Wang et al., 2021). Additionally, given the high density of people (~7 
million) living within Hong Kong, there is an overarching impact on 
the surrounding wildlife in the form of light pollution, effluent water, 
and land use changes (Lin et al., 2021).

For the field sampling excursion, we chose a location inside Sai 
Kung West Country Park that offered convenient access to a costal 
stream to: (1) showcase standard sediment grab applications along 
an estuarine site and (2) provide hands on training of eDNA water 
sampling from coastal water sampling (Figure 2). Here each partic-
ipant was responsible for processing their own water sample that 
would be used for the eDNA extraction laboratory practical the 

following day. The main takeaways we wished to imprint on each of 
the participants were (1) the need for preplanning the sampling ma-
terial, (2) maintaining cleanliness throughout the sampling process, 
and (3) the need to include field collection blanks that are processed 
as regular samples. When sampling one should also consider that 
a single point sample will likely miss capturing the total intended 
area and that multiple samples or subsampling of the targeted area 
should be utilized, when feasible. As such, taking multiple samples 
(replicates), and taking multiple subsampling locations, such as sam-
pling and mixing water from along the edge of a lake or a pier is 
advisable to capture as much of the spatial signal as possible (Bruce 
et al., 2021). Once samples are collected, and ideally processed in 
the field, the choice of preservation methods, such as dry storage, 
ethanol, lysis buffer, or DNA/RNA Shield, is dependent on project 
logistics and downstream extraction methods.

5  |  EDNA E X TR AC TION

Prior to laboratory work, participants were introduced to laboratory 
safety and best practices. Participants were introduced to eDNA 
extraction protocols and provided hands on laboratory experience, 
to extract eDNA from their previously collected samples. There are 
a wide range of protocols for extracting eDNA, including phenol 
chloroform, ion-exchange, and silica membrane extraction methods. 
Each extraction method has its own advantages and disadvantages 
which were discussed and highlighted prior to the laboratory practi-
cal. Here we introduced a silica membrane-bases extraction based 
on the protocol by Spens et al. (2017). This method was chosen as 
it is widely used and considered safe. However, it does come with a 
higher cost per sample compared to other extraction methods. In 
short, the protocol relies on lysis and a proteinase K enzyme washing 
the membrane that was used to collect the eDNA from the sample. 
This can be carried out for a couple of hours or overnight. Once the 
wash has been completed the lysate is collected from the filter and 
processed following the manufacturer's protocol. Considerations 
here are to ensure that pipetting skills are practiced beforehand and 
that filter or plug tips are used throughout the process, to ensure 
contamination is avoided between samples and from equipment.

6  |  METABARCODING

Participants were treated to a series of lectures on primer design 
and library preparation for Illumina-based high throughput sequenc-
ing. The presentation covered the basics of Illumina sequencing 
methods and terminology, including the use of the MiSeq benchtop 
sequencer, which can generate up to 30 million paired end reads per 
run. The presentation also covered the different ways to prepare 
multiplexed libraries, including ligation, 1-step PCR, and 2-step PCR 
metabarcoding library pipelines (Bohmann et al., 2022). The advan-
tages and disadvantages of each protocol were discussed, with a 
focus on amplification bias and hands-on time. Logistics trade-offs 
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of each library preparation method were provided for consideration 
with a consensus that 2-step PCR approaches are largely viewed 
as the most cost-effective approach. We also discussed recent de-
velopments in molecular sequencing platforms, including Oxford 
Nanopore and Pacific Biosciences which will undoubtably be a fac-
tor in future eDNA-based research.

Given the current dominance and standard reliability of Illumina 
sequencing and the 2-step library preparation approach for eDNA 
community/biodiversity research, we elected to provide the par-
ticipants with a hands-on laboratory practical on how to gen-
erate Illumina sequencing libraries. As such, participants were 
provided with a protocol to amplify a commonly used fragment of 
the COI gene region used in many eDNA research projects (Leray 
et al., 2013). The main takeaways from the laboratory practical were 
to gain hands-on practice in standard amplicon library preparation, 
identify the need to include experimental controls from the field and 
extraction to identify potential contamination along the process, 
and to visualize the amplification product via Nanodrop (Thermo 
Fisher Scientific Inc., Waltham, Massachusetts, United States) and 

gel-electrophoresis methods. We also provided a demonstration of 
the Qubit (Thermo Fisher Scientific Inc., Waltham, Massachusetts, 
United States) quantification, which is commonly used for routine 
DNA and PCR product quantification and may be more readily avail-
able for labs without access to qPCR or fragment analysis machines.

7  |  BIOINFORMATIC S

eDNA metabarcoding generates a massive amount of data that 
requires processing via bioinformatic analysis to turn sequenc-
ing data into a count or contingency table, suitable for statistical 
analysis. Bioinformatics involves understanding each step of the 
bioinformatics workflow and why it is needed. Participants were 
provided with an extensive practical and series of instruction/
discussions covering the full bioinformatics process, which can 
be found online at https://​gjeun​en.​github.​io/​hku20​23eDN​Awork​
shop/​bioin​forma​tican​alysis.​html. As most bioinformatics tasks are 
conducted via terminal commands a basic introduction to Linux/

F I G U R E  2 Sampling gear and subsequent eDNA samples from the field sampling day. (a) A vertical water sampler used to sample water 
from a desired depth. (b) Van Veen grab sampler for sediment sampling. (c) Field peristaltic pump. (d) Enclosed filter units, post eDNA 
sampling.
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Unix commands was first provided. This includes operations such 
as changing directories, creating folders, listing files, and chang-
ing permissions that are useful for managing files and folders. 
Subsequently, participants were informed of the computational 
constraints and the amount of data lost after each step in a typical 
high-throughput sequencing bioinformatics pipeline and the asso-
ciated considerations needed to optimize the workflow. The need 
for transparency and modular design for building effective bio-
informatics workflows was also highlighted with the overarching 
final output being to generate an operational taxonomic unit (out) 
amplicon sequence variants (ASV) table, which represents the dif-
ferent taxa present in the samples.

Once sequences have been demultiplexed and quality filtered, 
bioinformatic processing becomes particularly important in re-
moving noise and artifacts from the sequencing data and to assign 
taxonomic information to the sequences. There are three main ap-
proaches in eDNA metabarcoding workflows: denoizing, clustering, 
and direct mapping. Each approach has its advantages and limita-
tions. While there are a series of published pipelines available, the 
key preprocessing steps are largely similar, with notable utilization 
of the programs Cutadapt (Martin, 2011) for adapter removal and 
Usearch/Vsearch (Rognes et al., 2016) for sequence searching and 
clustering. The main takeaways from the bioinformatics were for 
participants to understand the key steps of the bioinformatics pro-
cess and to be able to execute each step using a standard pipeline 
procedure (here using Unix coding). We also provided introduction 
to the JAMP pipeline (https://​github.​com/​Vasco​Elbre​cht/​JAMP), an 
R-based wrapper script approach, as a more a novice-friendly ap-
proach to the bioinformatics workflow allowing to analyze the data 
in a step wise modular fashion.

8  |  DATABA SE AND TA XONOMY 
A SSIGNMENT

Taxonomic assignment is a critical step in analyzing metabarcoding 
data, as it allows researchers to determine the taxonomic identity of 
the DNA signals present in a sample. This information is essential for 
understanding community composition, biodiversity, and ecologi-
cal processes, though taxon-independent methods such as UniFrac 
distance are also a potential solution (Lozupone et al., 2011). There 
are several methods and tools available for taxonomic assignment, 
each with its own advantages and limitations. Common approaches 
include the use of public databases such as Barcode of Life Data 
Systems (BOLD) or National Center for Biotechnology Information 
(NCBI) to obtain reference data for taxonomic assignment. These 
databases contain a vast amount of genetic information from vari-
ous organisms, making them valuable open-source resources for 
researchers. However, the completeness and accuracy of public da-
tabases can vary depending on the marker region and primers used 
in the study. It is important to consider the limitations of any data-
base and validate the results through spot-checking and manual cu-
ration. Specialized databases, such as MIDORI2 (Leray et al., 2022) 

or R-Syst::diatom (Rimet et al., 2016) offer reliable public reference 
databases and may be applicable for researchers focusing on specific 
species or geographic area. Another option is to create a local refer-
ence database. While this approach requires more effort in setting 
up and maintaining the database, it offers the advantage of custom 
taxonomic output and formatting. Databases that are locally cu-
rated help ensure accuracy and quality of the utilized reference data. 
However, local databases may not always be as comprehensive or 
up to date as public databases and may draw scrutiny if not open ac-
cess or reproducible. Here, programs such as CRABS offer a hybrid 
approach to generate reference databased from currently available 
public data (Jeunen et al., 2023).

When performing taxonomic assignments, it is crucial to spot 
check the results to verify the accuracy of the assignments. This can 
be done by manually checking a subset of sequences against known 
reference sequences or by using tools such as BOLD and NCBI Blast 
or databases specially designed for certain target groups, such as 
fish (http://​mitof​ish.​aori.​u-​tokyo.​ac.​jp/​) fungi (https://​unite.​ut.​ee, 
https://​globa​lfungi.​com) or symbiont zooxanthellae (http://​www.​
Symbi​oGBR.​org). Spot checking helps identify potential misidentifi-
cations or errors in the taxonomic assignments and allows research-
ers to correct and refine their analysis.

It is important to note that taxonomic assignment is a separate 
process from data processing and statistical analysis. Researchers 
have the flexibility to choose different tools for each step, de-
pending on their specific research questions and requirements. By 
carefully considering the advantages and limitations of different tax-
onomic assignment methods and validating the results, researchers 
can ensure the accuracy and reliability of their metabarcoding data 
analysis.

9  |  DATA ANALYSES AND 
PRESENTATIONS

Participants were provided with an introduction to R coding and 
subsequently to a series of exercises on how to generate analyses 
and figures based on previously published eDNA research. The R 
code for these exercises is available at https://​github.​com/​MatSe​
ymour/​​Seymo​ur_​etal_​eDNA_​2024. Given the complexity and time 
needed, we were unable to provide a full course on statistical analy-
ses but did highlight several key statistical analyses related to com-
munity ecology and population ecology data analyses, including 
linear regression and ordination techniques (Borcard et  al.,  2018). 
As most of the interest of the participant group was related to 
community-based analyses, we also covered the concept of alpha, 
beta, and gamma biodiversity metrics and how these can be derived 
from eDNA metabarcoding data. Key takeaways from this portion 
of the workshop were the expressed need to design the experiment 
first, including expected statistical test, prior to sampling and data 
generation. Without properly accounting for the spatial, temporal or 
treatment replication in the experimental design effective statistical 
testing to reliably determine differences among samples becomes 
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essentially impossible leading to loss of scientific integrity, time, and 
money.

The need for effective scientific illustrations was also highlighted, 
including the benefits of using illustrations to attract attention in 
the review and readership phases of academic publishing. Here we 
provided participants with a crash session on using software such as 
Inkscape to design illustrations related to study design and diagrams 
and to the R package ggplot (Wickham, 2016) for illustrating statisti-
cal findings from eDNA-derived biodiversity data.

10  |  SCIENTIFIC ETHIC S

We also highlighted a key need for research within the field of eDNA 
to be transparent, particularly under modern publishing require-
ments. A major frustration with published academic research, par-
ticularly those funded by public funding bodies, is the lack of data 
availability and reproducibility of published work. As the field of 
eDNA is still new, we can set the bar for future and past fields of 
research by enabling a progressive and open community. Thankfully, 
eDNA research is already comparably transparent, though far from 
perfect, given the existing requirements of the genetics field to 

require molecular data to be made available in public databases. 
Here we highlighted the need to upload sequence data generated 
from eDNA studies to local depositories, as well as the need to in-
clude final OTU or ASV tables (and associated metadata) with the 
published paper, preferably as supplementary material.

11  |  KE Y TAKE AWAYS

During the last day of the workshop, we carried out a participation 
survey to collect feedback on the effectiveness of the workshop 
overall. Feedback was provided by 25 out of 30 participants with 
the survey results summarized as follows. Overall, the workshop 
was well received by the participants with the majority rating the 
quality, deliverables, content, and organization as highly relevant 
or excellent (Figure 3). Additional requests included extending the 
workshop duration, more in-depth statistical analyses, more infor-
mation on primer design, and including additional case studies. A 
comment for improvement was for the bioinformatic and R pro-
graming basic to be provided earlier in the workshop or to provide 
tutorials prior to the start of the workshop. Participants largely 
commented on the benefits from hands on experience in the field, 

F I G U R E  3 Survey results from the 1st International eDNA Workshop. 25 of 30 participants responded to generate each of the 
subfigures.
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lab and coding exercises, with participants noting that a big draw to 
the workshop was the opportunity to have hands on training over 
video style instruction.

In writing this commentary, we invited participants (Figure 4) and 
members of the committee to provide in-depth responses and feed-
back regarding the current state and direction of the field and on 
the workshop in general with specific insights provided regarding, 
(1) the current state and interest of eDNA as a field, (2) overall im-
pressions of the workshop, and (3) key considerations when setting 
up an eDNA based study. Below are the summaries of the feedback 
provided.

12  |  CURRENT STATE AND INTEREST

The field of environmental DNA (eDNA) has garnered significant 
interest and attention from various disciplines, across academic, 
private and industrial sectors. While many seek to utilize eDNA 
for detecting elusive species, of conservation or management in-
terest, or for biodiversity monitoring and community assessment, 
the applications of eDNA extends into many other fields, including 

forensic, agriculture, aquaculture, and natural resource management. 
Significant advancements have been made in the development and 
integration of eDNA methods over the past decade, leading to great 
strides and success. These advancements have played a crucial role 
in establishing eDNA-based approaches as a standard method for bi-
odiversity detection. As the field of eDNA continues to evolve, there 
is increasing interest to explore eDNA's potential utility for biomass 
quantification and integrating it into general biodiversity studies. 
This integration would unlock its full potential as a comprehensive 
tool for ecological monitoring. Additionally, there is a growing inter-
est in using eDNA for large-scale ecological monitoring, particularly 
in marine environments.

Specific eDNA application interest from the participants in-
cluded assessing macrofauna and meiofauna diversity in marine 
sediments, studying dinoflagellate composition and distribution, in-
vestigating forest soil biodiversity, exploring marine benthic species 
and their relationships with sediment, and studying the distribution 
and biodiversity of elasmobranch communities. However, we all ac-
knowledge the challenges associated with the lack of standardized 
methods, incomplete DNA reference databases, and limited taxo-
nomic resolution at the family or order level for many eDNA studies. 

F I G U R E  4 Group picture of the workshop participants and instructors.

 26374943, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edn3.552, W

iley O
nline L

ibrary on [05/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 of 10  |     SEYMOUR et al.

The development of a comprehensive DNA reference database is 
crucial to overcoming key limitations in species identification and 
classification when using eDNA to accurately assess biodiversity.

In terms of method development, participants are keen to make 
the eDNA workflow more efficient. They are exploring the use of 
portable machines for DNA extraction, developing efficient PCR 
protocols, utilizing next-generation sequencing technologies, and in-
tegrating advanced algorithms to increase bioinformatic and analyt-
ical throughput. The goal is to complete an eDNA-based assessment 
within hours, compared to days or weeks used for current workflow 
and months for traditional means, leading to more timely and ef-
fective conservation decisions. Additionally, there is a keen interest 
in looking into examining organisms across multiple trophic levels 
using third-generation sequencing, which allows for the assessment 
of entire communities, from bacteria to mammals. Despite these 
challenges, eDNA has the potential to supplement traditional bio-
diversity surveys and contribute to effective ecological monitoring 
and conservation decision-making.

Overall, the participants have a positive outlook on the current 
state of eDNA and its future direction. They recognize the advance-
ments made in terms of acceptance, guidelines, and research pub-
lications. However, they also emphasize the need for standardized 
protocols, comprehensive DNA reference databases, and taxon-
specific primer sets to overcome current limitations. Participants 
are enthusiastic about the potential of eDNA as a noninvasive, 
time-saving, and accurate tool for ecological monitoring, biodiver-
sity assessment, and conservation decision-making. With continued 
research and collaboration, the field of eDNA is expected to further 
expand its applications and contribute to a deeper understanding of 
biodiversity and ecosystem dynamics.

13  |  WORKSHOP IMPRESSIONS

The eDNA workshop was a comprehensive and well-organized learn-
ing experience that provided valuable insights into the principles and 
practical applications of eDNA technology. From field sampling to 
bioinformatics analysis, the workshop covered all aspects of eDNA 
research, emphasizing the importance of careful experimental de-
sign and data interpretation. Participants gained knowledge in areas 
such as preventing potential contamination during collection, em-
ploying effective water filtration techniques for sample treatment, 
determining the necessary replicates for sampling points, setting up 
a proper eDNA laboratory, and designing appropriate primers. The 
workshop also highlighted the need for a well-established reference 
sequence library and the potential for haplotype analysis to provide 
more quantitative data.

Participants also gained insights into the development of eDNA 
experiments. The workshop provided an opportunity to think about 
aspects of planning an eDNA experiment in more depth, particu-
larly regarding considering DNA transportation and pre-collection 
conditions. This aspect of the workshop significantly increased 

participants' ability to plan and conduct an eDNA study in a way that 
uses optimal collection techniques to limit contamination and col-
lection bias, and to consider the extent of ecological inference that 
can be made from a given sampling design. Bioinformatics was also 
covered in detail, with participants learning the steps behind bioin-
formatic pipelines in a way that allows for personalization to specific 
datasets, something that many had previously struggled with.

The workshop also provided opportunities for collaboration 
and discussion among participants and instructors. Discussions in-
cluded experimental setup, primer design and hypothesis formula-
tion. Participants also learned the importance of conducting a pilot 
study to try out new sampling or molecular methods and to gain a 
better understanding of the study system and target organism(s). As 
an emerging field of research, eDNA methods have yet to be as stan-
dardized as more traditional methods. Many eDNA studies are often 
the first to develop or utilize a set of methods, which might need to 
be modified depending on the location, study system, sample type, 
etc. As such, carrying out a pilot study to test novel methodology 
prior to a full study is often beneficial in gaining important informa-
tion that can save time and resources.

14  |  KE Y CONSIDER ATIONS WHEN 
SET TING UP AN EDNA-BA SED STUDY

When setting up an eDNA study, there are several important con-
siderations to keep in mind. First, it is crucial to have clear research 
questions and objectives in mind. This will provide a clear direction 
and purpose for the study. Second, the choice of sample type (e.g. 
water, soil, and air) is important and should be based on the target 
phylum's habitat. Different sample types, such as water, sediment, 
soil, or air samples, may require different collection and preserva-
tion methods. It is important to select the most suitable sample type 
for the research question at hand. It is also important to consider 
sampling site locations, considering the spatial and temporal scope 
needed for a given study. Having knowledge on selected sites is 
important to assess the best sampling methods as well as to avoid 
potential data drawbacks, such as sample contamination by external 
sources.

Contamination reduction is another critical aspect to consider 
in an eDNA study. To minimize contamination, it is important to 
implement rigorous protocols and use appropriate negative con-
trols at each step of the process, including field sampling, DNA 
extraction, and PCR stages. Contamination can significantly af-
fect the accuracy and reliability of the results, so careful attention 
should be given to reducing and monitoring potential sources of 
contamination.

The choice of primers and the database used for analysis are 
also vital considerations. Primers should be selected carefully to 
ensure they are effective in amplifying the target species or taxa 
with low bias. Depending on the research question, a universal 
primer or a species-specific primer may be required. Additionally, 
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the availability and quality of the reference database should be as-
sessed to ensure adequate coverage of target and closely related 
species. While universal databases provide a quick overview, local 
or habitat-specific databases can offer more detailed and accurate 
biodiversity information. It is important to evaluate the suitability 
of the existing databases or consider creating a suitable database 
if necessary.

Data analysis is another important consideration in eDNA 
studies. To ensure accurate analysis and interpretation of the 
data, eDNA researchers should possess a comprehensive under-
standing of both biological and statistical concepts or collaborate 
with others with expertise. This knowledge will enable them to 
effectively navigate through the vast amounts of information and 
extract meaningful insights. Moreover, it is crucial to include rel-
evant physical parameters, such as pH, temperature, salinity, and 
seasonality, as they can offer valuable context and further enrich 
the interpretation of the results. By incorporating these additional 
factors, researchers can gain a deeper understanding of the eco-
logical dynamics at play and better comprehend the intricate re-
lationships between different organisms and their environments. 
This holistic approach to data analysis not only broadens the 
scope of the study but also allows for more robust conclusions 
and potentially groundbreaking discoveries.

Overall, setting up an eDNA study requires careful planning and 
consideration of various factors. Defining the research question, 
selecting the appropriate sample type, implementing contamination 
reduction strategies, choosing suitable primers and databases, and 
conducting robust data analysis are all key considerations. By ad-
dressing these factors, one can ensure the success and reliability of 
their eDNA study and contribute valuable insights into the field of 
biodiversity monitoring and conservation.

15  |  FUTURE ENDE AVORS

Given the success and interest of the first iteration of this work-
shop, future iterations of the Hong Kong International eDNA work-
shop are planned to be held biannually. We will be mindful of key 
changes in sequencing technologies and plan to incorporate more 
advanced in-field approaches to sequencing. We will also look to 
incorporate more direct experience with regard to experimental de-
sign and subsequent downstream analyses. As with this iteration, a 
pre-workshop survey will be utilized to gauge participant interest 
with regard to eDNA source material, organism(s) of interest, and 
sequencing methods to enable fine tuning of instruction and practi-
cal tailored to the interest of the participants.

With the world moving on from the events of COVID-19, it is 
paramount that in-person instruction be reintegrated into teaching 
practices in general. The overwhelming positive response of the 
participants to our hands-on instruction and the general social ex-
change held throughout the workshop was testament to the impor-
tance of human interaction in the learning and exchange of scientific 
insights and knowledge.
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