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What's environmental DNA (eDNA)? o

® Environmental DNA (eDNA): DNA released in the environments

® eDNA technology: Technology for detecting trace amounts of eDNA

/ Nuclear DNA

. . (Wikipedia)
DNA released from each individuals in the
environments
. Mitochondrial DNA
https://ednasociety.org (Nagoya City University)
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What's environmental DNA (eDNA)? e

® A process for detecting fish species using eDNA technology
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Copy numbers of each species
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What's environmental DNA (eDNA)?

® Detection performance is dependent on “primers.”

® MiFish is a powerful primer set for detecting fish composition.

Universal Universal
region for fish [ Hypervariable region (ca 170 bp) [l region for fish

Mitoghondrial DNA

MiFish-U: Universal primer
iFish-Ev2: Primer for elasmobranchs
iFish-U2: Primer for Pseudoblennius species

first-round tailed PCR to amplify regions of interest

overhang adapter sequence used in
second-round PCR and paired-end
sequencing on MiSeq

region of interest-specific primer

"~ forward

genomic
DNA

. PCR 5 cycle; . .
Mivs &t al. (203].Royal Society Open Sciencé

Colors mean the types of base.
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Base (A: Adenine, T: Thymine, G: Guanine, C: Cytosine)

Copyright © EXZARMREENE L - HZ - fZERilifsEr,/ National Institute of Maritime, Port and Aviation Technology. All rights reserved.

5 /22

What's environmental DNA (eDNA)?

® Widely studied and used in the fields of research and development

® Many suppliers of the eDNA technology (in Japan)
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Advantages of the eDNA technology

® Performance of the eDNA metabarcoding in fish species

® Detection by eDNA metabarcoding >> Catchment by a traditional method

Traditional vs eDNA methods e sl
45 [Teo0km = < . '] zlgahflAtI?nneatlh?)Z(i Aulichthys japonicus (1/24) Paracentropogon rubripinnis (1/24)
_ {gﬁf | 2L bottle of Ditrema viride (24/24) Pseudoblennius cottoides (3/24)
Favonigobius gymnauchen (10/24) Rudarius ercodes (9/12)
_. 40 Gobiidae (24/24) Sebastes cheni (15/24)
;’ 4 Heteromycteris japonica (1/24) Sebastes inermis (15/24)
g Paracentropogon rubripinnis (22/24) Syngnathus schlegeli (1/24)
2 Bpen ¢ Plotosus japonicus (2/24)
5 c Site A Pseudoblennius cottoides (7/24)
30 S|te B zseudobl.ennius percoides (7/24)
2 Pacific Ocean terogobius (5/24)
2 ¥ 5h . el Rudarius ercodes (14/24)
o " 15 No-consuming resources and non Sebastes cheni (19/24)
Longitude, E (°) destructive Sebastes inermis (19/24)

Syngnathus schlegeli (1/24)
Takifugu pardalis (23/24)

e Apogonichthyoides niger Hippocampus coronatus
Only traditional
Hippocampus coronatus
Pholis crassispina

i i SECEa N O
Only eDNA Carassius cuvieri, >~ T8 77 (1/24) Carassius spp., 77 § (@124)
Cyprinus carpio, 11 (21/24) Lepomis macrochirus, 7 /L —# - (1/24)

\ A ' 5 Oncorhynchus sp., % 4 ~A 274 7 EO1E (124) [ other 44 species
¢ & : 7 Paramisqurnus, I3 = & (1/24)
] . . . -
Traditional method Labor-intensive, resource consuming Other 58 species

cowmm (fish), and environmental damages
- : Hosokawa et al. (2020), Tech Note PARI, No.1373
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Advantages of the eDNA technology

® Performance of the eDNA metabarcoding in fish species
® Detection by eDNA metabarcoding >> Catchment by fishing

® Fish records by the Yokohama Fishing
Piers (YFP)
® eDNA sampling and metabarcoding

Daikoku analysis

, g : Between
R January 2021 and March 2023

PN R REERRTEDE!
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PR eDNA Fishing

Leafiet | © OpenStreetMap, ODbL

YFP (https://honmoku.yokohama-fishingpiers.jp/choka.php)

Munakata et al. (2024), the 71st Coastal Engineering, JSCE
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Advantages of the eDNA technology o

® Good performance Methods using eDNA technology
® Non-destructive

® Cost-effective: Need several processes but effective

Traditional methods

+ Need many workers

« Time-consuming

« Environment-destruction

>

ﬁ% surface sample  bottom sample purified water
%é %é % Sterivex-GV

Sampling and packing .-
(Field workers) aspirator
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DNA analysis (Laboratory)

% &
- -

: Transport Data analysis (Analyst)
e e o o o o e
7y
= g“g Copyright © ESIFAFERIRSENE L - 878 - MZERAMTERZEAT/ National Institute of Maritime, Port and Aviation Technology. All rights reserved. 9 /22

Challenges in using eDNA technology in estuaries and coasts o

® Does the eDNA distribution mean the fish distribution?

Suitable eDNA degradation:
" . 0] .
1
|
Residence time of water in Tokyo Bay:
20— 7
S |
s |
B 40— !
& l
/ AN © i
We can use eDNA for bio-monitoring. % :
: 60— 1
Without eDNA degradation: z |
. 0] X
80— |
|
1
100 — &
[ I [ [ [ I
) 0 10 20 30 40 50
f 7 2 Days
We cannot apply eDNA for bio-monitoring. Collins et al. (2018) Communications Biology
&% S Copyright © EIZHAFBFSEANBE L - BE - AZEEXAMAZEPT/ National Institute of Maritime, Port and Aviation Technology. All rights reserved. 10 22
MPAT PARI




Challenges in using eDNA technology in estuaries and coasts

® Thousands of meters of dispersal in marine areas (Jo et al. 2025)

Longitude (E)
140°

45
500 km 5I [/
40
z 4 >
© 3
é 35 / . H 1
= .
30
i Pacific Ocean
Id
200 m
130 140 150 Pacific Ocean —
Longitude, E (°) imn .-
Hosokawa et al. (2020), Tech Note PARI, No.1373 ~ Hosokawa & Homma (under review) Homma et al. (2025), Momota et al. (2022), MEPS
Hosokawa et al. (2023), Tech Note PARI, No.1406  Environmental DNA Environmental DNA
v' Regional scale v' Tokyo Bay scale
Hundreds of kilometer Few meters
Spatial scale
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Challenges in using eDNA technology in estuaries and coasts

® Topographical changes govern the metabarcoding: Species compositions in river, bay, and outer bay
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distribution of eDNA. : ==
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Species-specific analysis: The eDNA conc. of carp decreased in the bay.
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Challenges in using eDNA technology in estuaries and coasts

—

® Geographical transition zone is not suitable for eDNA monitoring.

(a)

Source area of the carp eDNA

Metabarcoding: Species compositions in river, bay, and outer bay

(c) November . i
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Homma et al. (2025), Environmental DNA
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Challenges in using eDNA technology in estuaries and coasts o

® eDNA captures the small-scale heterogeneity of fish diversity in the vegetations.

Sledge net
2
N2/

18

Sledge net (traditional)

eDNA method

eDNA,,

Site B (Kasado Bay) Site A (Kurihama)

Momota et al. (2022), MEPS
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Challenges in using eDNA technology in estuaries and coasts o

® Thousands of meters of dispersal in marine areas (Jo et al. 2025)

® Topography and vegetations are key factors of the eDNA distributions in fine scale.

Longitude (E)
140°00

45

N
o

Latitude (N)

Latitude, N ()
&

30

s Pacific Ocean
Id
200 m
130 140 150 Pacific Ocean —
Longitude, E (°) imn .-
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Challenges in using eDNA technology in estuaries and coasts o

® DNA concentration of Black sea bream in Yokohama Port (yy/mm/dd)
e eDNA (copies/ul) : 0«0 @@) 603

Acanthopagrus sp. (Black sea bream ) (quantified by qMiFish)

2021/10/13 2021/10/28 2021/11/11 2021/12/9 2022/1/11 2022/1/24
2022/7/4 2022/8/16 2022/8/31 2022/9/21 2022/10/18 2022/11/14
2022/12/12 2023/1/10 2023/1/30

.2 2 &2
eDNA is variable spatially and
temporally.

Munakata et al. (2024), the 71st Coastal Engineering, JSCE

Wikipedia
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What will eDNA technologies contribute? o

® Vegetations have been damaged by the mottled spinefoot in recent years.
® eDNA can detect the presence of the mottled spinefoot along the Pacific Ocean.

Siganus fuscescens (Mottled spinefoot)

Longitude (E)

(b) Presence-absence
Tokyo Yokohama

D: Detected
N: Not detected

o
1
|

Noda et al. (2018) Journal of
National Fisheries University,
No.66

Detection
Z

A-A-O-A-A|l-{a-H-A-A-A

Kurihama Moroiso Kyonan Tateyama
S0 A A< | {EAAAAJAEAAAElEa
Fig. 9. A thallus of Ec. cava with bare medullary layers of °
a stem that was forced to be exposed by heavy 9
browsing of S. fisscescens. o]
0 N A-Al— o0 —o——o Al S o4
r 7 11T T 11 11T T 1T 1T T 1T 11
ASOND ASOND ASOND ASON
Noda et'al. (2018) Journal 6f #h- At August
Noda et al. (2018) Journal of National Fisheries.University, = S: September
National Fisheries University, No.66 ) V O: October
No.66 ; N: November Pacific Ocean
D: December
Fig. 10. Bite marks left on a Ec. cava stem by S. fuscescens.
Bundles of short linear grooves are due to the
jaw teeth of S, fuscescens. Bars = 5 mm.
L ) RN U ) ) " - )
& & Copyright © EXZARMREENE L - HZ - fZERilifsEr,/ National Institute of Maritime, Port and Aviation Technology. All rights reserved. 17 ;22

=z
>
-
3
>
=

What will eDNA technologies contribute? .

® Monitoring for the biodiversity change is important. However, targets are unclear.

® eDNA metabarcoding can capture the biodiversity and is suitable for the monitoring
many species and biodiversity changes.

R

Kunming-Montreal Global Biodiversity Framework

el 2050 Vision
g ¢ &
Nature positive oM
Circular ecolomy A world of living harmony with nature
Ministry of the Environment, Ja

- https://policies.env.gq.jp/nat%sity/j—

I;"h?”k!‘ gbf/about/naturepositive/

B 2030 Mission

To take urgent action to halt and
reverse biodiversity loss to put nature
on a path to recovery

FHTRHE Zero carbon

—————
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Ministry of the Environ t, Japan
https://policies.env.go.j@Znature/biodiversity/j-
gbf/about/naturepositiv

Nature conservation

Nature positive
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Collaborations with open data platform

® Visualization tool for eDNA data (UMI-POCHI)

Welcome to the
Open‘Data Platform
RI

Biodiversity Database
cnnenssnesgeent™ YOU CaN download the all data

 This site provides a biodiversity database released by the Marine Environmental Information Research Group of the Port and Airport Research Institute. @ «y =y
« You can download the partial data (“download csv") and all data ("Batch download of database") for academic or personal use only.

Data Base

Biodiversity Observation

We maintain the database carefully. However, some errors may exist. Please use it at your own risk. by Ferry
 Ifyou wish to use the data from this site in your academic paper, e
pl of this site 1 f publication (see UMI-POCHI to contact us).
of the database is nrohihited 4 . . . .
T = https://pari.mpat.go.jp/biodiversity,
- TV ]
2019-1-25 2019-1-25 2019-1-25 &

sl Geospatal Inormation Authrtyof Japan

UMI-POCHTI is an open data platform produced in PARI Visualization of the eDNA results

N
0\

Copyright © EIIHZSRIFSEAB L - B - FZERAMIAZEAT/ National Institute of Maritime, Port and Aviation Technology. All rights reserved. 19 /22

=z
>
-
3
>
=

Collaborations with open data platform .

® Dense eDNA data in Tokyo Bay and Kasado Bay

1 7
® Why don’t you share your eDNA data? UMI-POCHI

Kasado Bay, the Seto Inland Sea Tokyo Bay

https://pari.mpat.go.jp/biodiversity/
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Collaborations with open data platform o

® Open data platforms that share eDNA data are being launched to accelerate scientific
progress.

| - login  Reglsier  ANEMONE  Twier https://opensci.aori.u-tokyo.ac.jp/oeDNAmap-en.html

ANEMONE DB (Tohoku University) SRS DNA v v

https://db.anemone.bio/ (er.0.2.6) Ocean eDNA map (The University
ANEMONE DB Download: result291 oeDNAmap. zin of TOkyo)

BIOBE

BT A58,

R - B Miva22citizen, KS18-05.

%% BH: Scomber-japonicus (¥*/X) EishBase

omental DNA metabarcoding. t  manage by D ichi Kondoh,Ecoogicl Integraion Lab. a Toholu Universy AU A b . .
ARNTOW & Scomber-japonicus (¥H/%) ZRELEY A R TT.
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Conclusions .

® Environmental DNA (eDNA) technologies are non-destructive and cost-effective, and
demonstrate good performance.

® Challenges remain in using eDNA technology in estuaries and coasts. However, eDNA
technology is a powerful tool for capturing the spatial scale greater than several
kilometers.

® eDNA technologies will serve as a tool for monitoring invasive species and biodiversity
changes.

® Open data platforms that share eDNA data are being launched. Collaborating with the
platform will accelerate scientific progress based on eDNA data.
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Thank you for your attention
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