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Fig. 1 Sampling stations in the East China
Sea in September 2020

F, B0l R 4R S LR 2K, KBERAE SE ¥ T R A
T T S 08 5 ol P D XV K ) eDNA AT B
£, FT 3k VB IR O 42 47 mm, fLAR 0.45 pm 9 JE g i
(Nynon). it g It FH 5 b1 £ 15 28 520 5 B 1L 75 1) 84 71
B A RS RN 0.3%) 72 1 71 75 A B, 3 98 92 56
JKAE T SE T U8 3 425 1K HRE, SRS Pk 8 S0 50 /KRR,
FHELAS 1L (9 JC b n] 25 1 100 1 G B K R, Bk
UE ML g 2.5 L, 2k 8 S5 A5 20 04 U8 IR B T4 i A
1.5 mL FR €A B0 s B, ARicul sURERFERT ], —80°C
B ARAE 2B DNA, ffi | DNeasy Blood and Tissue
Kit i 7 & ( Qiagen, Hilden, Germany) 3 17 eDNA #%
B, 42 U7 12 R G vl B 1S O H0E XY R, $R
() eDNA YRAT 5 40 %6, FH45 20 pL, I 57 BV B A A
K HL UK 725 A1 Nanodrop 436 % B TH X HLgE 47 BT 12 46
W, 30 % % RE A eDNA T 52 ¥ JE K 0D260/280 1E
(B 260 nm 3% K 1 280 nm 3% K F WG BE 1 HeAE ), )
4% eDNA ‘B T—80°C UKAf TR 1741 .
2.2 PCR ¥ #E5F

{4 FH © i 38 19 FISH eDNA i ] 5| % MiFish-E-F:
5-GTTGGTAAATCTCGTGCCAGC-3'Fl MiFish-E-R: 5~
CATAGTGGGGTATCTAATCCTAGTTTG-3# 17 PCR
P8 %5 WA R 128 TRNA 5 R FY — /> i 728 [X 120
PHEIR R 25 uL, A B 5%V 28 v AN 5xGC 2% thilk
% 5uL, ANTP(2.5 mmol/L)2 pL, 1EJZ 5197 (10 pmol/L)
% 1 uL, 15 Ht DNA(20 ng/uL) 2 pL, X 7% K 8.75 uL,
QSDNA R &R 0.25 pL. R FH P25 PCR J5 ¥ il £ 1
Xf AR Uiy SCHE, PCR &34 284 95°C #4E ¥ 5 min, 95°C
AP 30 s, 60°C iR & 30 s, 2R 5 4T 55 MG . PCR
P 1AL EE A ABI 2720 %1 PCR 93848, [] isf &t 57 B

SO, AT AR A AR RS B ] o R 2 A A kA
H o )&, 1€ lllumina MiSeq - & (Z 36 IR Fx i 4=
YR A B T ) b X SCE AT R i Y
23 HIESW

I J 4 E s LA FASTQ 4% AR A7, I #4517 1)
JoT s AT ) AP 0 A N TR EREAS AT I kb A
H Vsearch(v2.13.4 linux_x86 64). cutadapt(v2.3) 54
Xof 5 Ak X ) A0 AT DR . A, AR IR 97% A
RL R 7K SF- 2R 2 SRy 1T $ E 43 2 B3 T ( Operational Taxo-
nomic Unit, OTU), JFRAFA R IFHI M OTU £, 5
OTU 4 52% 754 2 NCBI (https://www.ncbi.nlm.
nih.gov/) F1 MitoFish( http://mitofish.aori.u-tokyo.ac.jp/
download.html) #E47 FE X ER Rl 73 2622 1R . Geit &
FEARAR 732K 1% A & A W Kooy e, IF7E


https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
http://mitofish.aori.u-tokyo.ac.jp/download.html
http://mitofish.aori.u-tokyo.ac.jp/download.html
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
http://mitofish.aori.u-tokyo.ac.jp/download.html
http://mitofish.aori.u-tokyo.ac.jp/download.html
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
http://mitofish.aori.u-tokyo.ac.jp/download.html
http://mitofish.aori.u-tokyo.ac.jp/download.html
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
http://mitofish.aori.u-tokyo.ac.jp/download.html
http://mitofish.aori.u-tokyo.ac.jp/download.html

76

MAEEd 4445

Tt 7K - b AL 3 b Aot — 20 o3 . ] QIIME2
A AT o ZREVES T, o ZREPESEEGRIEY R AE
A B Z2 FE R, ot Chaol 45 502 FADILEL 2 19 4
il %51 ( Observed species ) i %1 & /i F & B, Shannon #§
K223 F1 Simpson T8 £ F ik £ #£ 14, Pielou 35 £
AL S, BARTE )7 2 % http://scikit-bio.org/
docs/latest/generated/skbio.diversity.alpha.html#module-
skbio.diversity.alpha, %&£ R AL S F 7 51 F 5, Al
H R % 5 pheatmapfl 2 il ¥ Fh 240 B E . IRl A
R 175 VennDiagram 323 i OTU fEH I, 73 B A ) %
FEASBIIEA OTU FBlA OTU.

3 ZR50
31 cDNAMEWER
LW 5 14 ADMREAS, 28 D5 U XU Iy 509 Ak B, B

L35 656 863 4% JELUA R A1), o rh 5 i i 51 547 435
ko eDNA FEAS I il i U PP G T H A R A 1 s .

RO

.+

x1 BUEEHFIE (eDNA) HR
Table1 Sequence quantity (eDNA) results of each station

DL WA B e EREAK KRR
ES1 49783 44714 44391 42 432 42 408
ES2 46901 41393 40861 38 840 38 805
ES3 40025 32226 31836 28 594 28 582
ES4 51372 46714 46342 44 584 44 577
ES5 48 368 42888 42569 38711 38 693
ES6 40211 36323 36045 35215 35191
ES7 45536 37148 36896 33504 33477
ES8 42894 38350 37916 36222 36 206
ES9 39905 35718 35365 33794 33779
ES10 36894 34166 33866 33029 33025
ES11 47798 42483 42025 40 463 40 452
ES12 48212 44930 44405 42 827 42 818
ES13 57782 52829 52126 50612 50 594
ES14 61182 52154 51314 48 608 48 582

TE: F SR 5 SRR i B ) e I PC 38 1 1 R0 S 1 5 |4 4P
ks B = AR DHER RS A5 58 DUS  JEBRA T e 90 5 B A i s 2
THN AR ZBRiR S A5 8 e, WK i B 7 41 ks 387581 25 B
singleton OTUs (£ A HEA Fh 4 Xk =4 B 1O TU) J (751 ko

32 BEYFAR
B R B A B OTU 5 %4 I NCBI(ht-

tps://www.ncbi.nlm.nih.gov/) F1 MitoFish(http://mitofish.
aori.u-tokyo.ac.jp/download.html) #F 17 kb %F v B, 3 F
R BRAE M2 OTU, JE 2 0y iE B 7 51 F 24
B WIS . ISTE BT A ) OTU & 43 Fil
OF IS HA S e A5 SR AN E 2 o o BE I R IR UK
KR, LRI ) 11 MRk 2, FEONEE H M
28, X A IR e Y i RAR AT R R AR A I e, W
Xof BF P X B AT U P 43 7, 4R 3075 il sk o A
MK AZE 2 44,23 H,29 B, 42 &, 44 Fh, BARS R ank 2
Bz

ES1

ES2

ES3

ES4

ES5 : %

ES6 ® 7
E ES7 ®H
= ES8 o X

B9 ol

ES10

ES11

ES12

ES13

ES14

0 20 60 80 100

40
5 R ETUHE
{2 Rt OTU Xl 23 F 0 28 i fir 45 45 2R

Fig.2 Result of OTU division and classification taxon identi-

fication of fish in the East China Sea
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Table 2 Fish species detected by eDNA in the East China Sea
H 28 J& il
Anguilliformes Muraenesocidae Muraenesox ¥l Muraenesox bagio
48 Muraenesox cinereus
Aulopiformes Synodontidae Harpadon Je3k 4 Harpadon nehereus
Carangaria Polynemidae Polydactylus BBEZ AR B Polydactylus sextarius
Carangiformes Carangidae Trachurus H AT 54 Trachurus japonicus
Centrarchiformes Terapontidae Rhynchopelates RGEWIR Rhynchopelates oxyrhynchus
Clupeiformes Clupeidae Konosirus BE8% Konosirus punctatus
Sardinops RPN T 1 Sardinops melanostictus
Engraulidae Encrasicholina MR R Encrasicholina punctifer
Engraulis H A2 Engraulis japonicus
Setipinna K HHY Setipinna taty
Thryssa I B EEThryssa kammalensis
FEWIEER Thryssa vitrirostris
Pristigasteridae Hlisha 8 lisha elongata
Elopiformes Elopidae Elops KR Elops hawaiensis
Eupercaria Sciaenidae Chrysochir ISR HE T Chrysochir aureus
Larimichthys /NE M Larimichthys polyactis
Pennahia b ta Pennahia argentata
Labriformes Labridae Scarus TS 14 Scarus ghobban
Mugiliformes Mugilidae Mugil fif§§ Mugil cephalus
Myctophiformes Myctophidae Benthosema L BRI i Benthosema pterotum
Diaphus WF/RHELT €4 Diaphus parri
Ophidiiformes Ophidiidae Hoplobrotula RN Hoplobrotula armata
Pempheriformes Lateolabracidae Lateolabrax HEEST Lateolabrax maculatus
Perciformes Pholidae Pholis J7 IRERER Pholis fangi
Triglidae Chelidonichthys PRERHE D Chelidonichthys spinosus
Pleuronectiformes Cynoglossidae Cynoglossus HTEHE Cynoglossus joyneri
Paraplagusia H A58 Paraplagusia japonica
Pleuronectidae Pleuronichthys AR Pleuronichthys cornutus
Priacanthiformes Priacanthidae Polydactylus KEERNREY Priacanthus tayenus
Scombriformes Centrolophidae Hyperoglyphe HAHiBE Hyperoglyphe japonica
Psenopsis HI#E Psenopsis anomala
Scombridae Auxis XUIEAEHE Auxis rochei
Scomber H A% Scomber japonicus
Scomberomorus W5 S Scomberomorus niphonius
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Thunnus K MG AR A Thunnus alalunga
Trichiuridae Trichiurus H A 0 Trichiurus japonicus
Spariformes Sparidae Acanthopagrus TGN Acanthopagrus schlegelii
Stomiiformes Sternoptychidae Polyipnus NGt Polyipnus stereope
Syngnathiformes Callionymidae Repomucenus g R Repomucenus ornatipinnis
Tetraodontiformes Balistidae Canthidermis Yl Canthidermis maculata
Uranoscopiformes Uranoscopidae Uranoscopus A A& Uranoscopus japonicus
Xenocephalus T M Xenocephalus elongatus
Carcharhiniformes Carcharhinidae Carcharhinus ek B& Carcharhinus falciformis

10 A

91 W Thryssa kammalensis
- 84 B Scomberomorus niphonius
X B Scomber japonicus
=7 B Larimichthys polyactis
# B Mugil cephalus
T 6 B Engraulis japonicus
= B Sardinops melanostictus
54 B Muraenesox cinereus
"J{ W Benthosema pterotum
= 4 B Harpadon nehereus
& 3-
£
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Fig. 3 The composition of dominant fish species at each sampling station
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Fig. 4 Sparse curve of species alpha diversity index at differ- Bl ES12, ES13. ES14 J 3 41, ES7, ES8. ES9 Jy it

ent sampling stations (each line represents a different station) in TF4H, ES1. ES2. ES3 43 Aimifi 4, 3 ¥ 4r OTU L foil4n
the East China Sea &l 5b froR, IR R A OTU BUiE i %, 3K 2 g



4 EmEE AR ST FREE DNA HOAR Y R A t Y Fh 2 AR 5T

79

®3 FEEEVMMENEEMN o SHEMER
Table 3 Alpha diversity index of relative abundance of fish spe-

cies in the East China Sea

AR
ARG Chaol  Observed Pielou Shannon Simpson
HRBC speciestif B HISIEIREL ZREEIREL ZREEINC

ES1 136.067 110.9 0.114603  0.778 447  0.146 170
ES2 141.298 118.8 0.194 134 1.338000 0.279 125
ES3 66.306 52.5 0.155547  0.888 807  0.210343
ES4 87.058 70.4 0.076 428  0.469 034  0.087 745
ES5 180.581 158.0 0.179919  1.313980  0.260 339
ES6 146.008 131.1 0.103214 0.726 042  0.137918
ES7 179.801 156.1 0.120015  0.874447  0.159 080
ES8 123.483 104.2 0.055219  0.370 140  0.060 713
ES9 96.789 734 0.052500 0.325372  0.055 633
ESI0  52.628 413 0.031302 0.168019  0.028 676
ESIl  128.553 113.0 0.174276  1.188490  0.266 132
ESI12  76.652 65.1 0.240 004  1.445680  0.358 558
ESI13 97967 84.7 0.085121  0.545044  0.099 298
ES14  155.352 140.8 0396211  2.827730  0.644 819
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Fig. 5 Petal map of OTU shared by different sampling stations in the East China Sea
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Fig. 6 Relative abundance of dominant fish species at different sampling stations
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Study on fish species diversity in the East China Sea in summer
based on environmental DNA technology
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(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable Exploitation of
Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 3. National Distant-water Fisheries Engineering Research
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riculture and Rural Affairs, Shanghai 201306, China)

Abstract: To understand the species composition of the dominant fish species communities in the East China Sea
and to monitor and protect their diversity, environmental DNA technology to analyze the species diversity of fish in
the East China Sea was used in this study. Through the collection of seawater samples, eDNA extraction, amplifica-
tion and high-throughput sequencing analysis, a total of 44 species of marine fishes in 2 classes, 23 orders, 29 famil-
ies and 42 genera were detected, and most of the species were found in the traditional fishery resources survey in
the East China Sea. Among them, the species with high relative abundance were red nose anchovy (Thryssa kam-
malensis), blue-spotted horse mackerel (Scomberomorus niphonius), Japanese mackerel (Scomber japonicus), small
yellowtail (Larimichthys polyactis) and mullet (Mugil cephalus). The alpha diversity among stations was signific-
ant difference, and generally showed high biodiversity at coastal stations and high biological abundance at offshore
stations. The results suggested that environmental DNA technology could quickly explore the diversity and spatial
distribution of fish species in the East China Sea, as an effective supplementary to traditional fisheries resource
monitoring.
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