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今日の内容

分析の流れ

種特異的環境DNA検出

多種同時環境DNA検出

研究事例紹介



環境DNA分析の概要

水を採取
(1L程度)

PCRにより検出
種特異的検出
多種同時検出



環境DNA分析の概要

見つけにくい生物の確認

密度が低い生物の確認

生物同定の専門知識が無くても調査が可能
生物の探索や捕獲が不要

利点

従来の調査法では困難だったことが可能

形態に基づく同定が
困難な生物の確認

＜従来法との組み合わせると効率的に調査可能＞



分析の流れ

ろ紙に残っ
たDNAなど

DNA溶液（100µL ）

③ キットで
DNAの精製

① 野外で水1Lを採集アスピレーター

ろ紙

水サンプル

② ろ過処理で
DNAの捕集

④ PCR増幅 or PCR＋NGS



分析の流れ：採水
事前にバケツやボトルを漂白

採水前にバケツやボトルを
その場の水で共洗い

採水

現地では手袋着用



分析の流れ：採水
直接すうくバケツで汲む

柄杓で汲む
採水器を使う



分析の流れ：ろ過
Whatman GF/Fグレード

環境DNAの劣化を防ぐ

Millipore Sterivex 0.45µm

• ベンザルコニウム塩化物液の利用
• ろ過後は冷凍庫へ

サンプルに触れる部分は漂白洗浄する

（Yamanaka et al. 2016 Limnology 18:233–241）



分析の流れ：DNA抽出

Uchii et al. 2016 Mol Ecol Resour 16:415–422
Miya et al. 2015 Roy Soc Open Sci 2:150088

遠心 6000g 1分

Pure water 400µL
ProteinaseK 20µL
Buffer AL 180µL

56℃ 30分

6000g 1分

TE 300µL

6000g 1分

キットのプロトコル



分析の流れ：DNA抽出

Miya et al. 2016 JoVE 117:e54741

ProteinaseK 20µL
Buffer AL 200µL
PBS(-) 220µL

56℃ 20分

6000g 1分

キットのプロトコル

低吸着性チューブに保存



分析の流れ：DNA解析

種特異的検出

多種同時検出



分析の流れ：多種同時検出

1st PCR

2nd PCR

MiSeq

環境DNA分析に適したプライマーで増幅

̂ɼȳȣ=G:ŅöÜádÈûèù¸îd  %F¥?¥f>&  �ťƌq-‐‑‒�

öÜádÈûèù¸îdťƌȱȬ�˕˵�
_  F¥gb?¥f>  ~®ņïÙÅßðņċȏˈ´áÕÔÓ¹ÿýdÚ�
_  ņċȏˈ�ƑƋ¶ù¸ÿñÿÙ´ľČ�zƌ44,ɘ�ØdÒ´ƽ{����
_  ņȱȬ��z�Ľȗ�­¯ŁɢȱȬ�ɑǱǣȱȬ´˕˵�
_  -‐‑‒.LúìÐdðKG:ɾɕħ�ʓȅȱȬ´Ęė  %ŹʢÈ¸Í-‐‑‒3.ˢƜĞ&�

ŁɢȱȬ�-‐‑‒� ŁɢȱȬ�.�q    ɑǱǣȱȬ    p�
プライマー プライマー超可変領域

インデックスとアダプター配列の付加



分析の流れ：MiFish 1st PCR

KAPA HiFi ReadyMix 6 µL
超純水 3.28µL
MiFish U_f (10µM)   0.36µL
MiFish U_r (10µM)    0.36µL
テンプレート 2µL

95℃ ３分
(98℃ 20秒, 65℃ 15秒m 72℃ 15秒) 35サイクル
72℃ 5分

MiFish U_f:  ACACTCTTTCCCTACACGACGCTCTTCCGATCT
NNNNNNGTCGGTAAAACTCGTGCCAGC

MiFish U_r:  GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT
NNNNNNCATAGTGGGGTATCTAATCCCAGTTTG

配列

組成

温度

Miya et al. 2015 Royal Society Open Science 2:150088

PCR後にDNA精製 (AMPureビーズなど)し、濃度測定



分析の流れ：MiFish 2nd PCR

KAPA HiFi ReadyMix 6 µL
超純水 1µL
フォワード(1.8µM)   2µL
リバース (1.8µM)    2µL
テンプレート（0.1ng/µL） 1µL

95℃ ３分
(98℃ 20秒, 72℃ 15秒) 12サイクル
72℃ 5分

フォワード:  AATGATACGGCGACCACCGAGATCTACAC
xxxxxxxACACTCTTTCCCTACACGACGCTCTTCCGATCT

リバース:     CAAGCAGAAGACGGCATACGAGATxxxxxxxx
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT

配列

組成

温度

Miya et al. 2015 Royal Society Open Science 2:150088



分析の流れ：MiFish ゲル切り出し
2nd PCR産物を等量ずつ混合

370bpのバンドを切り出し

電気泳動 (E-gel)

MiSeqラン

ターゲット
バンド

非特異増幅

サ
イ

ズ
マ

ー
カ

ー

サンプル 回収ウェル

ローディング
ウェル



http://mitofish.aori.u-tokyo.ac.jp/mifish

分析の流れ：MiFish 情報処理解析

種1 種 2 種 3 種 4
地点 1 2569 1758 0 0
地点 2 322 56 854 743
地点 3 0 0 0 2014

地点1

地点2

地点3

Sato et al. 2018 Mol. Biol. Evol. 35:1553–1555.



分析の流れ：種特異的検出

定量PCRによりサンプル間比較が可能

低濃度DNAの検出が可能

種特異的検出の利点

���DNA����!

PCRサイクル

DN
A量 増幅開始 増幅開始

定量PCR (qPCR) 定量スタンダードを
用いることで、元の
DNAコピー数を計測
可能



分析の流れ：特異的プライマーの開発
オオサンショウオ
外来サンショウウオ

オオサンショウオ
外来サンショウウオ

オオサンショウオ
外来サンショウウオ

フォワードプライマー

リバースプライマー

プローブ

Fukumoto et al. 2015 J. App. Ecol. 52:358–365.

種特異的プライマー&TaqManプローブを設計して、受託合成



分析の流れ：定量PCR

Environmental Master Mix 10 µL
AmpErase Uracil N-glycosylase 0.1µL
プライマーF (18µM)   1µL
プライマーR (18µM)    1µL
プローブ (2.5µM) 1µL
テンプレートor定量スタンダード 2µL
超純水 4.9µL

定量スタンダード：
4段階程度の希釈系列を入れる。一般的には、増幅ターゲットとなる塩基
配列を組み込んだ人工合成遺伝子を使う（受託合成可能）。

Environmental Master Mix 2.0 (Thermo Fisher)を使う場合



分析の流れ：定量PCR

増幅開始が早いサンプルほど
元のDNA量が多い

PCRサイクル数

蛍
光

強
度

（
DN

A量
） DNAが多い

DNAが少ない

DNAが非増幅



分析の流れ：分析の注意点
PCR前の処理とPCR後の処理を隔離されたスペースで行う

ネガティブコントロールで常にコンタミを検証する

十分な数のPCRレプリケートをとる

Doi et al. 2019 Sci. Rep. in press 一部抜粋

• メタバーコーディングは８つ
• 定量PCRは3つ以上

• 各作業ステップでネガコンをとる



研究事例：高密度調査

高密度調査によって調査地のスクリーニングが可能

秋田県・雄物川本流におけるゼニタナゴの環境DNA検出
• 河口付近から約1kmおきに99地点で採水（3日間）

• 2箇所で陽性
• 1箇所で実際に捕獲

• 産卵も確認

環境DNA分析に基づく高密度調査は局所的、かつ生物量の
小さな生物の事前調査として有効。

Sakata et al. 2017 Sci. Nat 104:100



研究事例：高密度調査

Nakagawa et al. 2018 Freshwater Biol. 63:569–580.

• 51河川102地点（10日間）
• MiFishによる多種同時検出
• 複数の淡水魚で既存の分布

境界が確認された



研究事例：近縁系統の塩基配列による区別

����
���

����

在来のミトコンを検出
外来のミトコンを検出
両方検出

Fukumoto et al. 2015 J. App. Ecol. 52:358–365.



研究事例：近縁系統の塩基配列による区別

サイクリングプローブ法で
在来と外来コイの比率を解明

コイ Cyprinus carpio

日本在来系統

大陸由来外来系統

0 0.2 0.4 0.6 0.8 1

1

外
来

型
DN

Aの
割

合

外来コイの割合（バイオマス）

y = 1.18x - 0.15
R2 = 0.930.8

0.6

0.4

0.2

0

• ミトコンDloopのSNPを利用

Uchii et al. 2016 Mol Ecol Resour 16:415–422



研究事例：アクセス困難な水域の調査Mar Ecol Prog Ser 609: 187–196, 2019

species (Pilliod et al. 2013, Yamamoto et al. 2016),
and monitor fish fauna in freshwater areas, coastal
waters, and coral reefs (Thomsen et al. 2012, Miya et
al. 2015). The new approach using eDNA has the
potential to revolutionize ecological and biological
studies, biodiversity monitoring, and conservation
assessments of aquatic ecosystems.

The Japanese eel Anguilla japonica migrates thou-
sands of kilometers to breed in the open ocean after
its growth stage in freshwater and estuarine habitats,
and like other anguillid species, its spawning area
had remained a mystery because of its unique life
 cycle as a catadromous fish (Tsukamoto 2009). Inten-
sive research has been conducted to discover the
Japanese eel spawning area, and has included
 sampling with large plankton or trawl nets to collect
transparent leaf-like larvae, called leptocephali (Tsu -
kamoto 1992, Shinoda et al. 2011), or adult eels (Chow
et al. 2009). Genetic species identification of eggs and
newly hatched larvae (preleptocephali) collected dur-
ing research cruises, which earlier was usually carried
out in the laboratory after a cruise (Ishikawa et al.
2001, Yoshinaga et al. 2011), can now be done soon
after specimens are collected using onboard real-time
PCR (Watanabe et al. 2004, Minegishi et al. 2009).
Collections of eggs, preleptocephali, and adult eels
using conventional methods have revealed that the
spawning area of the Japanese eel is located along
the seamount chain of the southern West Mariana
Ridge in the western North Pacific (Tsukamoto 2006,
Chow et al. 2009, Tsukamoto et al. 2011).

Several biological and oceanographic factors ap -
pear to influence the longitude, latitude, timing, and
potential depths where spawning of the Japanese eel
occurs. From 2005 to 2009, more than 1000 prelepto-
cephali were collected within a narrow area from 12°
to 15° 30’ N and 140° 30’ to 143° E along the southern
part of the West Mariana Ridge (Fig. 1B; Tsukamoto et
al. 2011, Aoyama et al. 2014). Female adult eels and
preleptocephali were also collected at the southern
West Mariana Ridge (Kurogi et al. 2011). The sea -
mount chain includes the shallow Pathfinder, Ara -
kane, and Suruga seamounts that appeared to be pos-
sible locations for the spawning area of the Japanese
eel, which led to the ‘seamount hypothesis’ that eels
might spawn at the seamounts (Tsukamoto et al.
2003), and the seamount ridge seems to determine the
longitude of its spawning area. The distribution pat-
terns of small leptocephali led to the hypothesis that a
salinity front formed by low-salinity surface water in
the North Equatorial Current may influence the lati-
tude where spawning occurs (Tsu ka moto 1992), be-
cause the position of the front can change among dif-

188

C7 C2 C3

C8 C5 C4

C9 C6 C1

     

Guam

B

survey grid
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Saipan

Japan
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C

Fig. 1. Study area, showing (A) the cruise track of the NT15-
08 research cruise and how the ship moved to an eastern re-
gion to avoid rough seas in the survey area caused by 2 ty-
phoons, (B) the locations where Japanese eel adults (black
circles) and preleptocephali (gray shaded area) were col-
lected in previous cruises from 2005 to 2009 (Tsukamoto et
al. 2011, Aoyama et al. 2014), and (C) the NT15-08 survey
grid that consisted of 9 water sampling stations (circles)
along the western side of the southern West Mariana Ridge.
Black circles in (C) show the stations that were positive 

for eDNA

深海の魚類調査

ウナギ検出

マリアナ海

マリアナ海におけるニホンウナギ環境DNA
• 9箇所
• 水深1000mまで100m間隔の採水
• 2箇所、水深200〜400mで検出

Takeuchi et al. 2018 MEPS 609:187–196.

グリーンランド沖の多種同時検出
• 最大水深約900ｍ
• トロール調査と整合的な結果

Thomsen et al. 2016 PLOS ONE 11:e0165252.



研究事例：地点間で相対バイオマスを評価する

offshore), water temperature, DO, pH, conductivity, and chloro-
phyll a concentration. The factors in the GLM were standardized
and centered. We selected the best GLM using a downward
stepwise procedure based on the Akaike Information Criterion
[19,20]. Prior to the GLM analysis, we used a variance inflation
factor (VIF) to check the collinearity of the factors. The maximum
VIF of the GLM was 4.4, indicating that co-linearity among the
factors did not significantly influence the results of the GLM. The
eDNA concentration for ANOVA was log10 transformed to
normalize the values based on the results of Shapiro-Wilk
normality test (a= 0.05). ANOVA was performed using IBM
SPSS Statistics (version 19, SPSS Japan Inc., Tokyo, Japan). The
remaining statistical analyses were conducted in R ver. 2.13.0
[21].

Results

Experiment 1: aquarium experiments
The number of eDNA copies was highest in the tanks

containing three fish on day 1 and in the tanks containing one
fish on day 2 (3 fish: 20,64766,909; 1 fish: 3,73961,373 copies per
20-mL sample, mean 61 SD) (Fig. 1a). The number of eDNA
copies decreased gradually thereafter, with little change between
days 6 and 9 (Range: 3 fish: 2,023–2,328, 1 fish: 235–246 copies).
Thus, we concluded that the number of eDNA copies plateaued
on day 6. Therefore, sampling for eDNA concentration in
subsequent experiments was performed on day 6. No eDNA of
carp were detected in the two negative control tanks without carp.

Water temperature had no effect on the number of eDNA
copies (F2,9 = 1.31, p = 0.32; Fig. 1b). In contrast, there was a
significant positive correlation between the number of eDNA
copies and carp biomass per 1 L (y = 0.050x+2789, R2 = 0.66,
p = 0.001; Fig. 1c). Thus, eDNA can be used to estimate carp
biomass using a Type II regression model. The correlation
between the number of carp and biomass was significantly positive
(y = 16866x – 625.20, R2 = 0.96, p,0.001 in Supporting Informa-
tion, Fig. S1a).

Experiment 2: pond experiment
Before the start of the experiment (day 0), carp eDNA was

detected in pond A (i.e. the pond with one fish for one year: 55
copies L21 on the 0.8-mm filter) but not in pond B (i.e. the pond
without fish prior to the experiment). During days 7–21, there was
a positive relationship between the number of eDNA copies and
carp biomass per 1 L for the samples processed using both 3.0-mm
filters [pond A: 42646 (1 fish pond21), 7176254 (3 fish pond21),
1,52061,030 (9 fish pond21); pond B: 3056167 (1), 7736561 (3),
1,98861,371 (9), mean 61 SD, n = 3] and 0.8-mm filters [pond A:
21614 (1), 2816148 (3), 1,17161,016 (9); pond B: 25618 (1),
1426150 (3), 7986609 (9)]. The 3.0-mm filter yielded slightly
better results when compared with the 0.8-mm filter (3.0-mm:

Figure 1. Relationships between the concentration of environ-
mental DNA (eDNA) of common carp and three factors
(duration, water temperature, and biomass) in aquarium
experiments. (a) Time-dependent change in eDNA concentration at
two biomass levels (one or three fish per tank). The error bars represent
61 SD. (b) Effect of temperature on eDNA concentrations 6 d after
introduction of fish to the tank. ‘‘n.s.’’ indicates no significant
differences. The error bars represent 61 SD. (c) Relationship between
eDNA concentration and carp biomass per 1-L water 6 d after
introduction of fish to the tank. The regression was significant
(p,0.05). Dotted lines represent the lower or upper limits of the 95%
confidence intervals for the slope of the regression.
doi:10.1371/journal.pone.0035868.g001

Fish Biomass Estimation by eDNA

PLoS ONE | www.plosone.org 4 April 2012 | Volume 7 | Issue 4 | e35868

     |  7JO et al.

3.3 | Temporal dynamics of eDNA size distribution

The Japanese Jack Mackerel eDNA size distribution temporal change 

varied considerably. At the steady state (i.e., time bfr), most of the 

eDNA was in the 3–10 μm size fraction. Just after removing the fish 

from the tanks (i.e., time 0), the percentage of eDNA in the >10 μm 

size fraction increased considerably, whereas the percentages of 

eDNA at other size fractions decreased (Figure 4). Between time bfr 

and 0, there were significant differences of the percentage of eDNA 

at all size fraction (p < 0.05; Figure 4). After time 0, the percentage 

of eDNA in the >10 μm size fraction was significantly negatively cor-

related with sampling time (ρ	=	−0.4433,	p < 0.0001), whereas the 

percentages of eDNA in the 0.8–3 μm and 0.2–0.8 μm size frac-

tions were significantly positively correlated with sampling time 

(ρ = 0.2507, p < 0.01; ρ = 0.3000, p < 0.001, respectively). There was 

no significant correlation between the percentage of eDNA at the 

3–10 μm size fraction and sampling time (p = 0.3297).

4  | DISCUSSION

4.1 | Factors affecting the degradation of eDNA

The regression analysis results showed that higher water tem-

peratures and higher fish biomass accelerated eDNA degradation 

(Tables 1 and 2). These results supported previous studies that 

had also shown water temperature-dependent degradation of 

eDNA (Eichmiller et al., 2016; Lance et al., 2017; Strickler et al., 

TA B L E  2   Japanese Jack Mackerel eDNA decay rate results 

when estimated by the best model. Values for eDNA decay rates 

are the mean ±1 SD (average of four tank replicates, except for the 

Large size at 28°C). Note that the treatment of 28°C - Large fish 

biomass level had only three tank replicates due to fish mortality

eDNA decay rates (/hour)

Small Medium Large

13°C 0.0372 ± 0.0028 0.1154 ± 0.0077 0.2110 ± 0.0061

18°C 0.1219 ± 0.0049 0.2074 ± 0.0047 0.2969 ± 0.0077

23°C 0.2126 ± 0.0052 0.2903 ± 0.0049 0.3753 ± 0.0051

28°C 0.2959 ± 0.0052 0.3689 ± 0.0115 0.4686 ± 0.0126

F I G U R E  2   Results for eDNA shedding rate per treatment (upper) and per fish body weight (lower). Both boxplots show the comparison 

of eDNA shedding rates among four temperature and three biomass levels (average of four tank replicates, except for the Large size at 

28°C). Factor levels with different letters are statistically significantly different (p < 0.05) based on posthoc Tukey–Kramer tests.
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usually contains more particulate and dissolved substances and DNA from other organisms.
Although we did not test the advantage of ddPCR by using natural eDNA samples, our results
encourage the use of ddPCR in the field. ddPCR can amplify and measure longer DNA frag-
ments, i.e., ~450 bp [19], whereas qPCR can generally measure fragments<150 bp in length.
When longer DNA fragments are used to identify a targeted species, researchers should consid-
er using ddPCR.

The estimation accuracy of our regression model was higher for carp abundance than for
biomass. Thomsen et al. (2012) also found a clear correlation between eDNA concentration
and abundance in their experiment using organisms of similar body mass [12]. eDNA in the
water is released from skin, feces, or scales. The amount of such materials released from the in-
dividuals is related to a greater extent to the number of individuals than to their total biomass
if the individual body mass is similar within the population. In our mesocosm experiment, we
used carp individuals of similar body mass. In natural habitats, however, the body mass of a
species generally varies. Thus, eDNA estimation for organism abundance in the field is more
complex. However, for species with small variations in body mass in a particular season, such
as fish used for aquaculture and juvenile fish introduced by humans, eDNA can precisely esti-
mate their abundance.

Recently, another new molecular technique, i.e., high-throughput sequencing, has been ap-
plied for eDNA studies [12, 29, 30]. DNA metabarcoding approach may have advantages in si-
multaneous detection of multiple species and cost effectiveness [29, 30]. In contrast,

Fig 4. Relationships between eDNA concentrations of common carp and their biomass in the
mesocosm experiment. Black, red, and green symbols indicate samples collected on days 1, 2, and 3,
respectively. Solid red and dashed red lines indicate Type II regression and 95%CI, respectively.

doi:10.1371/journal.pone.0122763.g004

The ddPCR for Estimation of Fish Abundance and Biomass in eDNA Surveys

PLOS ONE | DOI:10.1371/journal.pone.0122763 March 23, 2015 8 / 11

usually contains more particulate and dissolved substances and DNA from other organisms.
Although we did not test the advantage of ddPCR by using natural eDNA samples, our results
encourage the use of ddPCR in the field. ddPCR can amplify and measure longer DNA frag-
ments, i.e., ~450 bp [19], whereas qPCR can generally measure fragments<150 bp in length.
When longer DNA fragments are used to identify a targeted species, researchers should consid-
er using ddPCR.
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biomass. Thomsen et al. (2012) also found a clear correlation between eDNA concentration
and abundance in their experiment using organisms of similar body mass [12]. eDNA in the
water is released from skin, feces, or scales. The amount of such materials released from the in-
dividuals is related to a greater extent to the number of individuals than to their total biomass
if the individual body mass is similar within the population. In our mesocosm experiment, we
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as fish used for aquaculture and juvenile fish introduced by humans, eDNA can precisely esti-
mate their abundance.
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The ddPCR for Estimation of Fish Abundance and Biomass in eDNA Surveys
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②Jo et al. 2019 Ecol. Evol. 27:112
①Takahara et al. 2012 PLOS ONE 7:e35868

③Doi et al. 2015 PLOS ONE 10:e0122763

環境DNA量とバイオマスは相関する。
• 水槽実験
• コイ（淡水魚）・マアジ（海水魚）
• 定量PCR



from site 7, were positive, and the blank samples (cooler,

equipment and NTC) were negative. In addition, we

observed their feeding traces on the stones at sites 1–6,
but not at site 7. In October, we found the eDNA concen-

tration at site 1 to be higher (1103 copies mL!1) than the

other sites (<327 copies mL!1) in all seasons through

visual observation of spawning and eggs around the site.

The DNA sequencing data of qPCR samples confirmed

that all the sequences belonged to P. altivelis.

Relationships between eDNA concentration and
abundance/biomass

Among the GLMs and Type II regression models with

Gaussian, negative binomial and logarithmic distribu-

tions, we selected the Type II regression models with

logarithmic distributions for most cases, except for bio-

mass in October with only Gaussian distribution, as the

best model (Table S1). All of the Type II regression mod-

els were significantly positive (P < 0.001, Figs 3 and 4).

For abundance, the mean and 95% confidence intervals

(CI) of regression slopes of the best Type II regression

models (logarithmic) were 133.4 (89.5–198.8, 95% CI,

May), 208.4 (128.0–338.1, July) and 269.5 (225.1–322.6,
October). The overlaps of the 95% CI (i.e. May–July,
July–October) mean that the slopes were not signifi-

cantly differed, but the slope on October was slightly

higher than that on May. The R2 values were 0.873

(May), 0.808 (July) and 0.983 (October), and all the val-

ues were significant (P < 0.001).

For biomass, the means and 95% CI of the regression

slopes of the best Type II regression models (Logarith-

mic and Gaussian) were 40.1 (28.8–55.7, for Logarithmic

in May), 51.5 (32.3–82.0, for Logarithmic in July), 75.3

(55.6–101.9, for Gaussian in October) and the overlap-

ping of the 95% CI means that the slopes with different

seasons were not significantly different from each other.

The R2 values were 0.915 (May), 0.824 (July) and 0.961

(October) for Logarithmic and 0.951(October) for Gaus-

sian. All values were significant (P < 0.001).

qPCR replicate number and CV of eDNA

The CV values varied among the number of qPCR repli-

cates (Fig. 5) but the differences were not significant

(GLM: P = 0.931).

Discussion

We found a positive relationship between the eDNA

concentration and abundance/biomass of P. altivelis. The

relationship between the eDNA concentration and abun-

dance and biomass were remarkably similar because the

abundance and biomass estimated by visual observation

were strongly correlated. However, the regression slope

for the relationship between eDNA concentration and

abundance in October was significantly higher than that

in May, probably because of the increasing biomass of

individuals due to their growth in summer (Nishida,

2001). The lower and higher regression slopes in May

7

Figure 3 Relationship between the esti-
mated abundance of Plecoglossus altivelis
in the survey area and their environmen-
tal DNA (eDNA) concentration in the
surface stream water. The blue line and
grey area indicate the best and signifi-
cant regression slope (P < 0.001) and
95% CI of the Type II regression model.
Note: In October, site 1 was not included
because of the very high concentration of
eDNA resulting from the spawning of P.
altivelis at this site. Colour figure can be
viewed at wileyonlinelibrary.com.
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Discussion
Association between eDNA concentration and fish biomass in west
Maizuru Bay
We found significant partial associations between spatial variation in estimated eDNA concen-
tration from jack mackerel and echo intensity. This suggests that the concentration of eDNA
reflects the fish distribution and biomass across west Maizuru Bay (Table 1; S1 Table).
Although the association between eDNA and echo intensity was slightly different among filter
series, eDNA concentrations from all filter series were positively correlated with estimated fish
biomass, especially when considering all data (Table 1). Positive associations between density
of target organisms and eDNA concentration have been indicated by relatively small-scale sys-
tems (e.g., mesocosm experiments [23,35], field research [18,19,24]). West Maizuru Bay (~11
km2) is larger and the amount of flow should be greater than such previous research systems.

Fig 3. Observed fish biomass using echo sounder. Vertical bar on the cruise track (gray line) indicates local sa values (i.e., fish biomass observed using
quantitative echo sounder), which is the integrated sv of a water column with a cross-sectional area of 1 m2. This figure is depicted according to sa extracted
every 80-m intervals. Note that this figure shows a summary of field observation using echo sounder. We used sv values rather than sa values as index of fish
biomass in regression analyses (see S1 Fig).

doi:10.1371/journal.pone.0149786.g003
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研究事例：地点間で相対バイオマスを評価する
野外の水域でも
環境DNA量はバイオマスと相関
• アユ（淡水魚）
• マアジ（海水魚）
• 内部標準DNAのスパイクイン

によるメタバーコーディング
での相対バイオマス評価

Ushio et al. 2018 MBMG 2:1–15
Fig 2. Spatial approximation of jack mackerel eDNA concentration. Based on CytB gene copy number in a 2 μL template DNA solution at the 47
sampling station, spatial variation of jack mackerel eDNA in west Maizuru Bay was estimated by approximation. The level of the approximate eDNA
concentration is indicated by colors between red (relatively high concentration) and blue (low concentration). White areas suggest that the concentration
approximated using a regularized spline is! 0. Spatial approximation was performed using a regularized spline with a tension parameter of 40.

doi:10.1371/journal.pone.0149786.g002

Environmental DNA as a ‘Snapshot’ of Fish Distribution
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まとめ
• 環境DNA分析は、DNA情報を介して間接的に生物を

観測する手法
• 従来の調査手法との組み合わせで生物調査を効率化
• ①種特異的検出と②多種同時検出

①高い定量性・微量DNAでも検出可能
②複数種を同時に検出

• コンタミ対策・ネガコン・レプリケート数
• 希少種の効率的調査・近縁種を区別して検出・アクセ

スの難しい場所の調査・バイオマスとの相関

環境DNA学会 http://ednasociety.org/
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