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1. What is eDNA?

(image by T. Takahara)

eDNA (environmental DNA): 
DNA released from living organisms to their environmental media

・Distribution

・Biomass
・Species interactions and Environments

by scooping 
a bottle of water!



Aquatic biodiversity monitoring

In the past:
a lot of work & cost

(image by S. Sato) • Non-invasive

• Easy & efficient

• Objective

• No taxonomic skills required

Today:
water sampling & eDNA analysis



eDNA Sampling



eDNA Sampling



Filtering （Whatman GF/F）

eDNA Sampling



Filtering （Sterivex）

eDNA Sampling



eDNA Extraction, Purification & Analysis

www.qiagen.com

DNA extraction Template DNA
(100~200 µl)

NGS applications

https://jp.illumina.com

“species list” through data analysis 
pipeline (e.g., Sato et al. 2018)

q-PCR applications

www.thermofisher.com
www.agilent.com



eDNA for answering questions such as:

q-PCR applications

Is there “my target species” nearby?

Where are they? And how many?

2. Species-specific approach

www.thermofisher.com
www.agilent.com



(Fukushima et al. 2011)

IUCN Red List: 
Critically Endangered (CR)

Largest freshwater fish in Japan

Used to be distributed widely in Far East

Species-specific primer + q-PCR
Sakhalin taimen (Parahucho perryi)

2-1. Species-specific approach
q-PCR applications



(Mizumoto et al. 2018 Limnology)
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More fish = More eDNA

Species-specific primer + q-PCR

2-1. Species-specific approach

H. Mizumoto
（Hokkaido U.）

Sakhalin taimen (P. perryi)



Species-specific primer + q-PCR

Hokkaido
83,450km2

Application to 120 rivers in Hokkaido

2 rivers

1 river

1 river each

1 river

 7 rivers with positive eDNA detection
 >2000 Sakhalin taimen in Hokkaido? 
 3 rivers for >95% total biomass?

2-1. Species-specific approach

Sakhalin taimen (P. perryi)

(Mizumoto et al. 2020 In press)

H. Mizumoto
（Hokkaido U.）



Species-specific primer + q-PCR

(Yatsuyanagi et al. 2020 Environmental DNA)

Shishamo smelt
(Spirinchus lanceolatus)

 eDNA identifying a sharp peak of the fish spawning migration 

(Photo by K. Orito)

2-2. Species-specific approach
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T. Yatsuyanagi
（Hokkaido U.）



Species-specific primer + q-PCR

(Yatsuyanagi & Araki 2020, PLoS One)

2-2. Species-specific approach

 Seasonal off-shore migration 
triggered by surface water temp?

Shishamo smelt
(Spirinchus lanceolatus)

(Photo by K. Orito)



Species-specific primer + q-PCR

(Minegishi et al. 2019 PLoS One)

Chum salmon (Oncorhynchus keta)

2-3. Species-specific approach

Y. Minegishi
（U. Tokyo）



Species-specific primer + q-PCR

2-3. Species-specific approach

(Minegishi et al. 2019 PLoS One)

Chum salmon (Oncorhynchus keta)

 Salmon juvenile migration 
toward open-sea



3. Taxon-wide approach 

eDNA for answering questions such as:

Who are around?

Any relationship among species?

NGS applications

https://jp.illumina.com



3-1. Taxon-wide approach 

MiFish, fish universal primers for eDNA metabarcoding

NGS applications

M. Miya
（Nat. Hist. Museum, Chiba）

(Miya et al. 2015, RSOS)



3-1. Taxon-wide approach 

MiFish, fish universal primers for eDNA metabarcoding
・ Originally based upon the MitoFish database (http://mitofish.aori.u-tokyo.ac.jp/)

・ Reference DNA sequences over 7000+ fish species

・ Super-variable region between highly conserved regions in 12S (mt-genome)

MiFish F-Primer MiFish R-Primer←  Species specific region →

NGS applications

(Miya et al. 2015, RSOS)



3-1. Taxon-wide approach 

Empirical test at Okinawa Aquarium

NGS applications



3-1. Taxon-wide approach 

 93.3% of species identified (168/180 sp.)

tank Volume (m3) Species No.
(with reference)

Total DNA reads Species detected (%)

Tank-1 7,500 63 2,568,008 61 (96.8%)
Tank-2 700 105 1,301,723 95 (90.5%)
Tank-3 230 13 240,508 13 (100%)
Tank-4 35.6 8 212,643 8 (100%)

(Miya et al. 2015, RSOS)

Empirical test at Okinawa Aquarium

NGS applications



3-2. Taxon-wide approach 

(Yamamoto et al. 2017, Scientific Reports)

eDNA metabarcoding in Maizuru Bay, Kyoto

NGS applications



3-2. Taxon-wide approach 

eDNA metabarcoding in Maizuru Bay, Kyoto

NGS applications

x 1.6 

No. of fish species identified 
using eDNA in the bay

6-hour water collection  128 species

14-year visual censuses   80 species

(Yamamoto et al. 2017, Scientific Reports)

(Photo by R. Masuda)



eDNA for detecting cryptic invasions

Intra-specific Mt-genome variation

4-1. Challenges & Future studies

Common carp
（Cyprinus carpio）

（Uchii et al. 2016, Mol. Ecol. Res.）

K. Uchii
（Osaka Ohtani U.）



4-2. Challenges & Future studies

（Kuwae et al. 2020 Comm. Biol.）

eDNA from sediment core samples

Beppu Bay, Japan

https://commons.wikimedia.org

Anchovy (E. japonicus)

Sardine (S. melanosticus)

Jack mackerel 
(T. japonicus)

~100cm sediment core in the bay 

covering 300 years

 Abundance change of 3 dominant 

fish species in 300 years



4-3. Challenges & Future studies

Environment Research and Technology Development Project (2020-2022)
Development and Application of Environmental DNA Techniques for 
Evaluating Distribution and Population Status of Rare/Invasive Species

eＤＮＡ（water & sediment）

Intra-genetic variation
Population genetic analysis

Species distribution
Abundance estimation

Long-term dynamics
Model prediction

Species 
conservation 

priority

Population 
management 

priority

Endangered species Invasive species

Photo: J. TsuboiPhoto: H. Mizumoto

“red zones” 







https://ednasociety.org
/#manual

（Minamoto et al. 2020, Environmental DNA）



TIME FOR YOUR QUESTIONS!

(PICES VS3, Oct. 28th, 2020)
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