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CAVH R . Zhangs" 120184 1 Y AE KT 1 )%
HARIT /KA A F 3R 5 DN A B A 347 ¥ B0 5T
F2, 5. ERMINZET oAl Ee s,
12133 Fh 1 38, 15 H VR S5 i FE AN R =TT A7 A
BEES, Jia% 20194 FIREF FH e DNATS A X
KL O AR BIRHEAT T B0, HIEE.
B AL ANZ=T il B 120, 16, SF145Fh
R, VUt PR pl 22 R K. SR, IX 9 I
7R H R T B — e DNAF ARIATHE, N T
BN AE R HOER T e DN A ARTE KL /K 385 19 32 i
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1 #MR57EE

1.1 MEHRRE

ARSI AT 1 S L AR AT g 455 16 B R AF it 55
(B 1), T202145 H22—27 H 3T /KFER 4, FEK
FER G R AT RS HE X 2 18 2 90 L D
JEHB, X E S50 m, Hh H R 30 mm, fiE
3 kn, #EM K 1he eDNAFE 5L REER, AN UE S F
FA1000 mL R FF 8 52 R RE KPR R
F10.45 um IR A 25 24 3R IR I 0 KRR AT B2
HHYE, 75120 58 g, ORHE FE BRI KR rh 3 855
DNARIFEfR . #/KFEBCHVEIR I, PTEAT — 00 8
KikmeDNAE AL, Je R 1 pmALA% )y M i3k
TRV U, SRS R 0.45 LA B 96 I P i
— ", AR R o DR T, W DRI A E2.0 mL
L E B OE S, BT-20CUKMARRAE, Bk
BT e 0T 908 S Ak THD ke, 3B G A (] 3 A5 Al DNA
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PR, B 12 S R AMEDN AR i s e, BT
AEAETERR TAEE AT, FT13EDNAZ0.8 %
B I B P2 P RS M, R P R A b B T e i,
Ba B R EUDNAFRE i B T80 CIR17 & H .
1.2 HHEREVESSEENRF

¥ f8.2538 F] 51 ¥IMiFish-U-F: 5'-GTCGGTA
AAACTCGTGCCAGC-3'#l MiFish-U-R: 5'-CATA
GTGGGGTATCTAATCCCAGTTTG-3""""%} 3£ 4%
DNAFE S HEATPCRY 14, 15909 4 X 384 12S rDNA,
P14 )5 DNAJT K FE2)9163—185 bp. PCRY™
HEAR 20825 uL, HAFE: DNABIHR10 ng. 1EK
51#)(5 umol/L)#%-0.5 uL+ 2 uL dNTPs (2.5 mmol/L)+
SxZZ 4 uL. Taq DNAZ G 0.5 pL. PCRZ M
FEFEN: 94°C FiA8 14 10min, 94 CAEME30s, 55°CiB K
30s, 72°C iE{H145s, B J5 72 °C ZEAH 10min, Jz N AfE
BoN30. I SERUG, 42%3 6 B ik I v vk 4l 1k,
[EIYSCRE fh, 2R J5 7ETIlumina Miseqill] 1> & (Illumina,
S ) L BT XU I
1.3 HIESH

W PCRY™ 14 J5 7 4w il & W 1 51 % H
DADA2 kAT WD AL HE s L5511, s
RhuE L B BRIk A A%, TR T 54 QIIME2
AR B =97% T B2, R MO AR 72K
HJG(Operational taxonomic unit, OTU). >KFBrocc
VER N 3R AR O TUS 3 5 HEAT 0 43 2 29
B, RS RAIT N TR FoERIEaRER,
i 126 H b X6 22 4.2 Hoidentityf =97%, E-value<<
10 IOTU, ¥ % 58 45 B F — MR O TUREAT &
I, it B OTUN ) E—Z g, Bliktr
KRG, FHRBMMMOTUEER. FHizH
QIIME2# 4 5% 2 Fksingleton i FRFE R BT SL 1T,
LI EFEALET]. N B, B @ BNk
ISP L 2R o0 A AT AL, B IR AN IR 43 2R FL T )
FEB R Rl 2% A 78838 3 QIIME2 #5144 %
FEA P B B3 AT 04T, TH AR Alpha 22 B 14 45
#, WChaol46%1. Observed speciesf&%{. Shan-
nonfi # A1 Simpsonfi F0&E, DAL A VP &3l £ (6]
RFEEE MR

2 #£R

21 YIFpLERL

183l f{ 38 55 FE 4 2 PCRY Y J5 L 3K 45
TULT247 56 JRUE 7 9, 22 230k . PHEFI L BRIR & 4
JE Rl 26501632 5% 1 i 5 7 41, 4% HEOT % A ADAYE 2R
KGR H1599MREHLOTUFF . £ MitoFish.
NCBIEUHE 7 LU RIERE, JLAE 183k i 540 KA

Hh K E S5 FR H 2K, T-B) I I I B L 1 Sk
J&, Bl AasHKIT Dk, S8 F10H 21418,
£ B 4K P LA R, B 7 B (Perciformes) M8 5 £,
ST T7Rb, 2 bl 28 S 037 .8%; H U2 BT
H (Cypriniformes) 125}, £J526.7%; Tl % 1 H
(Aulopiformes). 4T %81 H (Myctophiformes). fifi &2
H (Scorpaeniformes) 5 11 H (Stomiiformes) i I
B AR AR, F R IR R 1).

BT % K rieDNAY WG R T A FE, K 2
JEos T FEEAT 1067 AR B S, 23l Jyrh [E 18
fifi(Lateolabrax maculatus)~ J115%(Coilia nasus) X
fi% (Coilia mystus)~ 5t #(Chanodichthys mon-
golicus). HARME(Engraulis japonicus) /N
(Larimichthys polyactis)~ §(Hypophthalmichthys
nobilis). T t.(Mylopharyngodon piceus) 43k
(Phoxinus oxycephalus) & FEMFHIF 52 £ (Lophio-
gobius ocellicauda). A, HELEH(L. mactus)~
JIE%(C. nasus) TR (C. mystus)TEFTA il A A4
m,

22 LTS IEN SR

AEASAEROE A F Alpha 2 FEPE TR BCR /ALY
FTE A 385 4 11 2 BEHE, LAChaol' " #lObserved_spe-
ciestE HRAELA 1) 3= 5 i, LAShannon”” #1Simpson™”
TRBCERAEA A Z R . AR EE 54 HiRFR 4L,
CRETPM SRR SRR EFE R Z LR
2t KR Z AR Alpha Z FEPEFR 2L, L
Hi, Chaol 5 B F I E N 119.69 (% 1E N
84.00—192.43), Observed_speciest& % (1) %11
90.28(A2 & 57.50—137.9), WA HE K /0 A7 a4
A—3; Simpsonfi H-FEN0.7369 (L ME A
0.4580—0.8725), Shannoni £°F ¥J1H }2.98 (AL 1%
N 1.79—3.71), P& 5 A a5 AR B, H AN [F]
RFE SUBRAIE —E 2 57

i FHREX 64 Chao1F6 41 5 Observed_speciesfi
By ) o ) 22 e e B A 2k I (1] 3), PR 73 0l 9
0.099F10.105, ¥JKF0.05, K B % 3l i [0 1 2K F
¥ 2 [8) G 2 35 M 2 57 K Shannon$E £ 5 SimpsonTi
B 07 7 2o 1) 2 e e B R 2 L (1] 4), L PR3 0l 9
0.01710.028, ¥3/NT-0.05, 2 B -l s 7] £ 38 2 e
Z PR R E T E R

FIFH RER A 22 1 7T 20 £ 28 3= B (1) P o 2L e 4
Kl 5), AN [F) sl s 1] B SR Y Rl AR AR 22 e DA
FEARRE BF, HHE b S3FIS4ut i Je RAE— L,
PRASRAE S0 i T 52 B B e b, 38462 TRyt
P, AR 358 25 AP BB AR 17T -5 S3 AT S At 45 e 22
S Kt fUS15, PR H B 22 e e, AR IR 2 S
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Tab. 1 List of fish species detected at 18stations in the Yangtze Estuary based on eDNA Technology
H Order FlFamily J&Genus FSpecies
i1 H Peciformes 1ef4F} Lateolabracidae 168 J& Lateolabrax W EAESE L. maculatus
18 fa Bl Sciaenidae ¥ 4 )8 Larimichthys /N 8L, polyactis
KEML. crocea
Mg 2 1 & Collichthys LM B H.C. lucidus
R 5% fa £} Gobiidae IRHI} R 2 4 J& Lophiogobius i R MRHSHER B F4 L. ocellicauda
%l R U 5E 4 )& Amblychaeturichthys INL AL RN R A, hexanema
25U R A& Tridentiger FeLRIR R AT, barbatus
FLUF & & Trypauchen FLUFR T, vagina
#E W 52 £ J& Mugilogobius BT R 0T p% F1. M. abei
figFlStromateidae 5 J& Pampus HRBEP. argenteus
iy fa Fl Trichiuridae Wy 0.8 Trichiurus HA T japonicus
fi%FScombridae I 1% J& Scomberomorus W& i LS. niphonius
% J& Katsuwonus HEK. pelamis
2%} Carangidae 2 8 Decapterus W R 2D, maruadsi
Z AL Cichlidae % 4k 1 J& Oreochromis JeZ' F /0. niloticus
fi#5} Sillaginidae fiE)& Sillago & S, sinica
K% Apogonidae KW & Jaydia AR T K22, lineata
7% H Cypriniformes 5} Cyprinidae it J& Hypophthalmichthys fif H. nobilis
H A& Mylopharyngodon HHM. piceus
#5340 JB Rhodeus rRAEEEMY R, sinensis
LAt J& Pseudobrama AR P. simoni
i1 J& Culter FUMEHAC. alburnus
i 1C. mongolicus
Y148 J& Ctenopharyngodon HMC. idella
F A & Pseudorasbora FHAP. parva
% Elopichthys #XE. bambusa
1i5% J& Phoxinus RLIEP. oxycephalus
il J& Carassius RUIC. gibelio
fifFlCobitidae Veft B Misgurnus WM. anguillicaudatus
fftJ% H Clupeiformes fit B} Engraulidae i J& Coilia JIt%C. nasus
S C. mystus
fixt J& Engraulis HAMRE. japonicus
& 1) & Setipinna S, taty
W& Thryssa IREBIEBRET. kammalensis
filJ% H Siluriformes 2 F Bagridae fifi J& Leiocassis KWL, longirostris
U J& Pelteobagrus EHMP. fulvideaco
Al Zc f4 H Aulopiformes ¥£F £ £l Synodontidae 3k J& Harpadon T3kt H. nehereus
*T % 4 H Myctophiformes 1T % i FMyctophidae JE& )T 4. )& Benthosema LR JRAT H1.B. pterotum
24§ H Anguilliformes B 68 R} Congridae FE T 68 )& Conger B EHEC. myriaster
1542 R Muraenesocidae 1542 J& Muraenesox WFHEEM. cinereus
fil % H Pleuronectiformes il Cynoglossidae i J& Cynoglossus FERC. abbreviatus
AR EC. gracilis
FEIREBIC. joyneri
fifi /& H Scorpaeniformes iy i Bl Triglidae L} & 4 J& Chelidonichthys /NHRZR1E F1.C. spinosus

E 0 4 H Stomiiformes

815 2. £} Sternoptychidae

Jih ' £ J& Polyipnus

[N H il 1 P, stereope
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Relative sequence abundance of species (%)

S1 S22 S3 S4 S5 S6 S7

B Lateolabrax maculatus

W Coilia nasus

W Coilia mystus

W Chanodichthys mongolicus
W Engraulis japonicus

B Larimichthys polyactis

B Hypophthalmichthys nobilis
B Mylopharyngodon piceus

B Phoxinus oxycephalus

W Lophiogobius ocellicauda

S9 S10 SI1 S12 S13 S14 SIS S16 S17 SI18

etk A Sampling station
2 Bl AR R R

Fig.2 Composition of dominant fish species at each site

%2 KIIOKIEE LB FEE Alpha B HE 15
Tab. 2 Alpha diversity index of fish species relative abundance in
the Yangtze River Estuary

AlphaZ F 4R 4L
FEihdm s Alpha diversity index
Sample code 1 7R TR HL 7R HF¥L Chao LI %L AUAEIIFITREL

Simpson Shannon Chaol Observed species

S1 0.5485 2.13 84.00 57.50
S2 0.4580 1.84 167.77 123.87
S3 0.6911 2.33 115.66 98.57
S4 0.5095 1.79 85.41 58.70
S5 0.7199 2.85 148.18 126.87
S6 0.7664 2.96 106.12 77.27
S7 0.8090 3.17 141.81 83.37
S8 0.7751 2.69 120.86 93.73
S9 0.8544 3.51 192.43 137.93
S10 0.7408 3.51 125.53 91.90
S11 0.7614 3.54 117.55 98.33
S12 0.7697 3.66 107.39 84.03
S13 0.7665 3.28 120.22 93.57
S14 0.8234 3.07 113.06 86.5

S15 0.7987 3.7 106.89 79.01
S16 0.8498 3.09 100.75 76.97
S17 0.8725 3.35 101.29 86.6

S18 0.7493 3.21 99.52 70.33

BKo WYIR R EFE, WM E i (Collichthys lu-
cidus) R K3 1. (Larimichthys crocea) B Jo K AE—iz,
BRAES 154G S0 AE XS =F B2, 78 ARl S A X =F
FEREAK . BEAbh, JI65(C. nasus)F1 R (C. mystus)
RRAE R, F H A X = B AN 0 A7 S f 1= o
2.3 IFMEDNAKARSRIEMIELLE

AR R A R3S, RET11H
16R129J8, H A LA H (Perciformes) 3 & i £, 3t
TELUFR, 29 58I & 133 %; k28 H (Cyp-
riniformes), JE0F5Fh, 29 5K ECE BT 15%, JEHEM
Rl AR %4 H 5 eDNAKT I &5 S AH TR . SR EEDNA
T e W 7 AL 3R 4513 H 268548 60 #1358,
FEeDNAKS I 25 F b i) XT 78 1. H (Myctophiformes)
F1E O H (Stomiiformes) > B ) 2R 75 Ha 4
R REASIN 21 Jee 4t R AS U o ) #E 7 H (Salmonifor-
mes). #fJAf H (Osmeriformes)ffifi 2 H (Tetrao-
dontiformes) 175 £ 2 7Ee DN A FH 2] ARA I B (K 3).

eDNAFJE At [ 72 LA T B 604 158, Hoh
187 £ 288 2 78 P Fob v wb SRR 0 2] 117, 5 #8284
[1130%, Tl 4 125351 5 B 45%F125% (K 6).
PR T3 3 S5 e 0 1) 1) #8293 0 K W i (Leiocasssis
longirostris)~ JI5(C. nasus) REF(C. mystus) 4=

& (Pampus argenteus)~ {LAi(Pseudobrama simoni)«
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EARE 8 (Cynoglossus gracilis) £ K EE(Cyno- /NS F(L. polyactis)~ JUMEEA(Culter alburnus)~ 1
glossus joyneri)~ Fe4uiiF & #.(Tridentiger barbatus)- (Hypophthalmichthys nobilis) ##ll(Setipinna taty)-
FLUF R A Trypauchen vagina) /NIREEEE 1 (Chelido- WS ME B 0 (C. Tucidus) H A #.(Trichiurus ja-
nichthys spinosus)~ <t (Harpadon nehereus)- ponicus) 8 (Muraenesox cinereus). ] JLeDNA

Chaol Observed species
P=0.099 i P=0.105
200 150 + . Eﬁ L
150 | @ - M . . [F . . -
. L I" o . 100 | . . .
o R T BN T el TRt JECN
50 - T - ] so - :
BI3 18k Al 2R 4=
Fig. 3 18 fish richness between stations
Shannon Simpson
4 P=0.01 1.00 P=0.028
i . . ¥ — . . o o . - g
Lm0 g MR T
g - . - 0.50 .i_] )
= .
i 025 |

%\ é\/ %"‘) %b‘ %‘7 %‘0 ‘;3\ %Qo %Q) %\Q%\\%\W%\’b%\b&%\ﬁ%\b%\/\ %\% %\ %'\z gg‘) %b\ %5 %(0 g;;\ ‘;gb @ %\Q%\\%\"\/%\”’)%\B%\(’)%\b%\(\ %\%
B4 183k il AR L FEE
Fig. 4 18 inter site fish diversity
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Fig. 5 Heat map of fish composition in the Yangtze River Estuary
I TRl s 2 5, DA 1R Bl s AR 7y S 0 20 BB 3Rt BEREA iz J =2 FZ T AR IR

The horizontal shows the station number and the vertical shows the species taxon; From red to blue, it indicates that the abundance of the

genus gradually decreases in the corresponding sample
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BRI 0 K350 B AL T R v

PR 7 15T 0 2 FEPE LU, R 4t I 184 3
R 2ISimpsonFR £~ 0.51, i eDNAE AN 52 )
“F-14Simpsontg £ 40.74, eDNAH KR [¥)Simpsons
MO 25 KT JECHE 9 5 12:(P<0.001); JEC 46 9 8 /3t £t
(f1°F- ¥ Shannonf5 £ 4 1.44, eDNA A 111 1
Shannon#8#142.98, eDNA$L A ) Shannon s £ &
H R TN 7 12:(P<0.01; & 7). #iFh i H %R
7ne DNAF AR B il i VL) S V& o 2 PR
B R TRHM T7 %
3 it
3.1 ETIMEDNARKII O & FEYFPLE R

KT O E R B oK i 1™ SE4psk i T2
PN 2R, 545 Hovklh B 580 gk, H20204:1 H
1 H KL 32N KA AV IR X A TH 25 1k AR
P A7, RIS 204 e P ARk AT 1 B TBOR R K
A FLF AR SR, A G R A T i
PAER PPA AT L BRI G O, R A B 7T
KPR EEDNAFAR R 73 B (UL 1 SR A R M 2 1
PE o 3T 1183l K FE A BEDNA [ F2
377 I P v 2 R, A I R S5 2, H A A 4
A5FRT Hf2E, LR 10F RV B3, JEKIT
£ 255 58 5 55 1 £ (Siganus guttatus) %1 =
WHF % 1 (Rhinogobius nagoyae)~ HiF} IR 5E(Phoxi-
nus steindachneri) %A R (Homatula potanini)-
18 3£ i (Gasterochisma melampus)~ T1#f(Platycepha-
lus cultellatus) 2% 1% F f1(Onychostoma macro-

lepis)~ J RAT t.(Gymnoscopelus nicholsi)~ 1
Rl i (Notothenia coriiceps) 38 K53k UK 1 (Cha-
mpsocephalus gunnari). £l H AEKTT 20 e
A =M (D BEAFEI 7 58K, fie s <rh
BRI & LR B EDNAYG G 17U (2)58 4
SRAT AR T AT P, G AR A R R K R
Al RE S A LR ZRDNA; (3) KL M 2 1 AP is
JR I R R S5 Bty B AT A IS () S8 rp AT
RE & A _Lid 1 KDNA.

eDNAH AR I 2 F145F KT D AR FJE T
10 H21RH &, 72 A A D 3 1) 2P F, o
185 (L. mactus)~ TI8F(C. nasus)FREF(C. mystus)
(AR 7 41 = B B v, FL IR KW i (L. longirostris)
FZEH#H(C. mongolicus) . FT15 7 51 Hp oAl
53KV KSR o = B2 D ) SR B, A0 4 o
fiE(Sillago sinica) M40 2 4R 1 R 2 (Jaydia li-
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Tab.3 Comparison of fish species based on eDNA technology and bottom trawl method

AlFamily J&Genus FliSpecies
H Order HBDNA  RHER it SFBIDNA IR EiF FREDNA RIEM Bt
eDNA  Bottom Trawl Total eDNA  Bottom Trawl Total eDNA  Bottom Trawl Total
fiyi 7% H Peciformes 10 6 12 16 12 23 17 12 23
#f:J% H Clupeifores 1 1 1 4 2 4 5 3 5
5 7% H Siluriformes 1 1 1 2 2 3 4
7% H Cypriniformes 2 1 2 12 5 14 12 5 14
{ili %z 4 H Aulopiformes 1 1 1 1 1 1 1 1 1
i J% H Pleuronectiformes 1 1 1 1 1 1 3 2 3
figfifi H Anguilliformes 2 1 2 2 1 2 2 1 2
fifi /¥ H Scorpaeniformes 1 1 1 1 2 2 1 2 2
YT %% #4 H Myctophiformes 1 0 1 1 0 1 1 0 1
Ei [ 44 H Stomiiformes 1 0 1 1 0 1 1 0 1
fi:J% H Salmoniformes 0 1 1 0 1 1 0 1 1
B JK £ H Osmeriformes 0 1 1 0 1 1 0 1 1
fii 7% H Tetraodontiformes 0 1 1 0 1 1 0 2 2
St Total 21 16 26 41 29 54 45 33 60
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Fig. 6 Comparison of total fish number obtained by eDNA te-
chnology and bottom trawl method
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APPLICATION OF ENVIRONMENTAL DNA TECHNOLOGY IN FISH
DIVERSITY ANALYSIS IN THE YANGTZE RIVER ESTUARY

WANG Ru-Xian'"?, YANG Gang', GENG Zhi', ZHAO Feng', FENG Xue-Song’ and ZHANG Tao'

(1. Scientific Observing and Experimental Station of Fishery Resources and Environment of the East China Sea and Yangtze
Estuary, Ministry of Agriculture and Rural Affairs; East China Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Shanghai 200090, China; 2. College of Fisheries and Life Science, Shanghai Ocean University,
Shanghai 201306, China; 3. Shanghai Chong ming Dongtan Nature Reserve Management
Affairs Center, Shanghai 202150, China)

Abstract: Environmental DNA (eDNA) is a booming biological monitoring technology. It has been proved by many
studies to be an effective tool for the detection, monitoring and indication of fish species and its biodiversity and abun-
dance. This study applies high-throughput sequencing technology to analyze the eDNA samples of the waters of the
Yangtze Estuary and compares the results with the traditional fishery studies. It aims to elaborate the diverse characte-
ristics of the fish communities in the Yangtze Estuary and to explore the prospects of applying eDNA technology to the
diversity study of the fish species in the Yangtze Estuary. The study results show that the eDNA detects 45 fish species,
which can be classified to 41 genera, 21 families and 10 orders, and there is no significant difference of the abundances
of the species, but their diversity characters vary considerably, while the bottom trawl method detects 33 fish species,
which can be classified to 29 genera, 16 families and 11 orders. 18 species, accounting for 30% of the total fish species,
can be detected in both monitoring methods. Among those 18 species, the number of Perciformes is the most, followed
by Cypriniformes. The results of both monitoring methods show Coilia nasus and Coilia mystus are the dominant spe-
cies in the Yangtze Estuary. When comparing the two monitoring methods by Alpha diversity, both Simpson and Shan-
non indexes show the Alpha diversity of the fish communities in the Yangtze River Estuary detected by eDNA method
is significantly greater than of bottom trawl. The study shows that it is feasible to apply eDNA technology in monitor-
ing fishery resources in the Yangtze River Estuary, while during the fishing moratorium different methods can be used
to monitor fishery resources based on the actual situation.

Key words: Environmental DNA; Bottom trawl method; Changjiang Estuary; Fish diversity
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