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150, [T 23X 0 A B R B AP 3 L 0
¥ 5% DNA (Environmental DNA, eDNA ) & 38 M 4=
Py A: 15 IR (A6 148 K= 358 ) h B4
IR AR PP DNA B S, s PR i
Py VL KN A Wy R 3 2ok b S | PR R B ik A
TR A BE 0 240 i N DNA FIA PR BE T )5 4n
JH B % 1T 3 25 A I AD DNAMS 0 e DNA [R5
R BRAE 1987 48, FH T B DA vh G2 iy
DNA" | 2008 4E FICETOLA %"/ FH e DNA %} 52
[l A e IEA T ARG, TR T e DNA FE 7K A2 A 946
W R FHAIFSE . BEAE , 3R 5E DNA J&—Ff i 2 L
R RCR HLJGH s i R A T BERSAE ML ge itk
TRV A B AN TR 4 KESHU 46 S 62 )
53085 DNA AHSSE G 10 J7 10 SRV 10 7 Vi 0 b )
ZREMESEATIAT , K BLEREE DNA HJRSHi ) 58 2 A
Pedi, e iR e Z /A, Jf HEREE DNA XJ 128
T 74 B5F 23 20 A1 0 9% 53] b EE At O 325 O n % 06 P
FE2Y R, AR SCH i PR DNA AR VE 1L
FW TR AT 04T, LA OR R ME G2 N HL R 2
e L B A R L SR TE LU 2 W R 2 A
PRI RS2 TR AR

LR ik

1.1 HmRESLE

WFFEFEA S 2020 4F 6 H A1 11 H R A VE Ll
K RE , PRI R RESE B 103 5 (| 1), B4
R RZ KRR )Z K4S 2 L, R R 2T .
TKRERAE J5 B ok R D RS i L4 0.45 um
(IR B £F 4 R I (MCE, EL42 47 mm) X} eDNA
FPUSCAE o B AR 46 A Dk 4 a8 L5 10% T8
BRI 30 min, BRI UE B UE 0.5 LAKEE, B4
VhH 3KEE ,WE 14 0.5 Lalig K A1E k2 (st
WE 3o B S BB IE A 1.5 mLAZ (0 5.0 4 h %
HF,-80 “CURAF 2 eDNA 225X, ] DNeasy Blood
and Tissue Kit(Qiagen, Hilden, Germany)iﬁ?ﬂ]ﬁ
AT eDNA $EHC, $2HLP) 5L eDNA F-80 CLRAE#
o
1.2 PCR¥#E5MF

oo e M o5l ¥ A MiFish-U-F: 5'-
GTTGGTAAATCTCGTGCCAGC-3', MiFish-U-R:
5'-CATAGTGGGGTATCTAATCCTAGTTTG-3', %
17T 128 (RNA P () — A AR X2 i
R F 25 wL, A7 PCR R 12.5 pl, 1E 2 [ 5]
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#) (10 pmol/L) 45 1 L, #% #iZ DNA (20 ng/ulL)
2 pL, AFEAK 8.5 pLo KWL PCR J7 ik il £ oK
Ui SCJFE , PCRY 3 2 41: 95 °C 5 min; 95 'C 30 s,
60 C 30 5,55 ME¥ . /)5 , 7% llumina MiSeq
B X SCRE RS T X (Paired-end ) I o

N N
31.150° ) v A
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= 7
g )1‘1
33117 i~
i ]
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31.083° O e
9 \ AT 7
VAR e
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1 IR DNA EHE R
Fig.1 Environmental DNA sampling site
1.3 HUESH

DU PP D 1 504 DA FASTQ A% U AT, FEAR P
G ot AT WA U A 5 % (] AR A R A7 ) &b
Mmoo A ] Vsearch (v2.13.4 linux_x86_64) ,
cutadapt (v2.3) {405 Jit by XS ) 504 a2 A7
He (B AR IR 97 9% AR K F- B2 T 1A
T (Operational taxonomic unit, OTU) .
OTU J¥ 41 43 %Il 4F NCBI : https : //www.ncbi.nlm.nih.
gov/F1 MitoFish : http : //mitofish. aori. u-tokyo. ac. jp/
mifish JEAT FEXSPERI AP G0 222 e . Gt pEAR
NGB e S = g Sl = STH: A @ i R €
T 7K L XA B Wy B A e — 28 o A o fiE ]
QUME2 {4, Rk & 47 o ZHE1E 538, 23 3t
B4 U 5 Y Chaol 45 % . Simpson 48 %1 . Observed
species T840 . Shannon 35 2 1 Pielou’ s evenness 75
. Chaol #5851 Observed species 8 8UH T A L
FEIE YR Y 32 & B2, Shannon $5 £ Simpson 48 41
FHT S W5 R i Z 464 Pielou’ s evenness 1§
BOH T RO YR g 5 &) R A i 22 5

2 R0

2.1 eDNAMIFLER
S 00 0 A 2 4 06 3078 0 I B
F17 149 155 4. eDNA BEAR (0P8 RHI T 5545
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R o, Wgmhd (E2) RV 6 AMIEE  &A%; 11 A AEE M P S5-Nov. J7 51 £ J i # , S8-
fin Y S2-Jun. B A R, S10-Jun. S EEE - Nov. Bl A RER IR IR EEBIA R TF 5.

®1 BhRFIEERSIT

Tab.1 Sequence quantity results of each station

FEA i A ez R/ BN S iEER N ERS TR RN
Sample TD Tnput Merged Filtered Nonchimeric Nonsingleton
S1-Nov. 83627 71 652 70 943 64780 64 748
S2-Nov. 78 220 70 764 69 289 62 494 62 454
S$3-Nov. 87 158 79 841 78 744 73 687 73 664
S4-Nov. 93 245 84618 83760 81015 80 999
S5-Nov. 86317 73 896 71723 63 824 63679
S6-Nov. 90 490 86 844 85911 85137 85117
S7-Nov. 88 650 80 090 79252 73787 73761
S8-Nov. 85011 80 629 79 586 77 650 77 637
S9-Nov. 87 866 83659 82857 82129 82114
S10-Nov. 85 560 79 283 78 200 76 342 76 320
S1-Jun. 80 905 74 602 73789 65 854 65810
S2-Jun. 66 281 60 637 58 547 42938 42 804
S3-Jun. 68 606 63757 62 523 55418 55318
S4-Jun. 75 152 68 032 66928 61237 61 161
S5-Jun. 74922 69 100 68 244 63 826 63 735
S6-Jun. 65816 61272 60 496 56910 56 802
S7-Jun. 75 046 69 547 67343 57896 57765
S8-Jun. 84192 72 083 71235 62 869 62 835
S9-Jun. 74704 67 887 66 405 58 579 58518
S10-Jun. 7759 65 298 63 888 52567 52457

TE R PR G 0E BRI A LU 22 BT AR X L0 I 58 14 o A B A
Notes: Input, splicing, filtering, removal of chimeras and removal of rare individuals in the table are the quality filtering processes for the

original sequencing data.
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(a) 6 H aZ VTR EO E il 2k (b) 11 HaZ B B gl 2k
Sparse curve of « diversity index in June Sparse curve of « diversity index in November
B2 AREFRHFHR6ATM1 Ao ZEIERRIRMLE
Fig.2 Sparse curves of a diversity index at different sampling sites in June and November
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Statistical results of the taxonomic status of detected species in June
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Statistical results of the taxonomic status of detected species in November
3 WK OTU R S Fl KM EELE RSt

Fig.3 Statistics of OTU division and classification taxon identification in the Dianshan Lake

ARWFFERF OTU = B HE44 Ay 10 57 A4 1.2y Ao
FE O VE LB R A E R, I 4 B, 6 RIARG
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Tab.2 Species composition and OTU abundance of environmental DNA
B & Fif FT4 6 A OTU £ Ji /%% 11 7 OTU /4%
Family Senera Specie Latin name OTU abundance in June/reads OTU abundance in November/reads

R} 3 i o H 74 £ fi Anguilla japonica 0 14
iRt 15 ) bk Coilia brachygnathus 5168 0
JI5% Coilia nasus 2453 105
fifEAR} B BE#E Konosirus punctatus 11 062 12 169
LITRS 5% M EF Acanthorhodeus chankaensis 0 4
)R PN i Acheilognathus macropterus 8633 0
w5 8 Acheilognathus rhombeus 6 0
i) i Carassius auratus 58 25495
H A fi Carassius cuvieri 0 10
fif1 LLEEHN Chanodichihys erythropterus 85 2
Euy Chanodichthys mongolicus 2
ik R Chondrichthyes dabryi 553
il ) il Ctenopharyngodon idella 4
i R LL Culter alburnus 174 62529
VA il Cyprinus carpio 5 211
A ) ML Gnathopogon taeniellus 0 6077
EIR E Hemiculter leucisculus 3 0
fie J ik Hypophthalmichthys molitrix 11 0
i Hypophthalmichthys nobilis 0 2
i) A1 3k i Megalobrama amblycephala 1384 0
L1 3f s i RN i Paracanthobrama guichenoti 0 176
i SNV Phoxinus oxycephalus 0 5
118 Jes b il Pseudobrama simoni 3 78
e i) A Saurogobio dumerili 0 49
e B Setipinna tenuifilis 0 43
ik} Il 58K s 21 2 Al ik Homatula variegata 0 13 855
J BEAC SR J g ALk Niwaella delicata 0 128
izt R N Tachysurus fulvidraco 101 27
G Pelteobagrus nitidus 160 0
L6 175 LA Pelteobagrus ussuriensis 0 2173
fiffi A} fiff /g fiff £1 Mugil cephalus 45 856 2
B Tk [18] T Hyporhamphus intermedius 1613 0
#ERH bia e L Lateolabrax maculatus 3806 147
AL PR ) TR b Acanthopagrus schlegelii 0 3935
i £} DAk Je B Oreochromis niloticus 728 146
MR AR R RAE  FREINEG Acanthogobius hasta 5966 0
Bl AR R R N2 Bl AR Amblychaeturichthys hexanema 1962 2159
IR RSk BER R A Drombus globiceps 0 5988
LA EREN e SUE  Re Priolepis inhaca 0 2
VRt s R R Rhinogobius similis 7238 454
GENRPE AR AR R Taenioides anguillaris 2824 0
ECL AN RIS G g 1A Tridentiger bifasciatus 15619 0
FLUF R ) FLEFFE M Trypauchen vagina 0 522
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100
W &40 Mugil cephalus
90 W V15 Coilia nasus
20 W # Cyprimus carpio
§ W XG4 R AL. Tridentiger bifasciatus
3 70 W 5555 Coilia brachygnathus
5 W 5164 Konosirus punctatus
2 60 W KE&67 Acheilognathus macropterus
2 50 W LW UR R Tridentiger bifasciatus
S W LR Lateolabrax maculatus
= 40 W 7 B EEFFE {0 Acanthogobius hasta
B 50
[—1
© 20
10
0 -
SQ xx) x\} x\} 'x\} 50' x\} x\} x\} x\}
O = A A S AP
Ul 44 Stations
(a) 6 A EF#WF The dominant species in June
100 ‘
W AMELL 8 Culter alburnus
90 W) Carassius auratus
W 21 FE# Homatula variegata
80 r W 5% Konosirus punctatus
é 20 L W 423k KWt Phoxinus oxycephalus
= W NS Gnathopogon taeniellus
Z 60} W FSLHEER R 1 Drombus globiceps
2 W it Acanthopagrus schlegelii
> 50+t W ) f Pelteobagrus ussuriensis
S W S B RARE A Amblychaeturichthys hexanema
a0t
E;(
5 30
=
S 20+t
10
0

5N

Ui 45 Stations

v v v 3 v v v 3 3
e

. A
Q’éo
B\

(b) 11 AL WH The dominant species in November
E4 EREHSABEEDFAR ST

Fig. 4 Statistics of the composition of dominant fish species at each sampling station

2.3 BRYFMBIEEDT
3 N EFFIEANS F LR o ZREPEFRE
H o, Chaol #& %y 23.33~664.74, Observed
species $8 KN 12.9~656.1 , 445 % 73 A #4 it
AR —F4; Simpson 8N 0.141 3~0.948 0, Shannon
BHUH 0.525 3~6.002 7, W 43 A Al FE A —
F( ., Pielou’ s evenness 5 %0 & 0.145 2~0.782 6.
AR PTG 1 (.28 W) Fh o AR PSR BUFE 12
25,6 HFE A S3-Jun. ELA 3 & 19 Simpson Fll
Shannon #8 %, 1Mj S1-Jun. H. 5 &% & A9 Chaol FlI
Observed species 8 50 ; 11 H # i tF S1-Nov. . S2-
Nov. Fl1 S5-Nov. B4 % & (4 Simpson I Shannon #§
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B, M7 S5-Nov. H A it = B Chaol F1 Observed
species T8 8. MTE L) A R 2 HE MR 15 A8 4k
L UE IR ZE R Z IR B M E S TR

.

2.4 WHEEEEYTHERSFT

10 4™ SR A 3 1 45 FEAR A5 FRR A OTU [
Blan & s fros . AL, 6 A 1043 S LA
OTU FF i He 424K , H. S1-Jun. . S3-Jun. iX 2 > 2%
B B LI RRA OTU. 11 A 1043k 53
[ 247 OTU S 94>, Fr i L5 481K, S5-Nov. 3
SRR OTU B H 32 88 HoAth s 5
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55 LT IREE DNA BRI 3E L1 e 2 Z2 e 150 B 1161

R3 BXYMENFEEN o« ZHEEY

Tab.3 « diversity index of relative abundance of fish species

B 2 R,

Sample 1D Chaol Observed_species Pielou_e Shannon Simpson
S1-Jun. 51.12 38.50 04211 22174 0.606 2
S2-Jun. 33.26 27.00 0.562 2 2.6709 0.780 8
S3-Jun. 36.88 29.50 0.7827 3.8211 09123
S4-Jun. 50.93 32.00 0.669 8 3344 1 0.877 1
S5-Jun. 33.20 24.90 0.684 4 3.1716 0.852 8
S6-Jun. 39.60 34.70 0.651 1 3.3302 0.844 5
S7-Jun. 48.36 33.90 0.732 5 3.7194 0.898 2
S8-Jun. 23.33 12.90 0.1453 0.5253 0.141 4
S9-Jun. 39.69 25.20 0.608 3 2.8280 0.790 1
S10-Jun. 48.52 42.10 0.2875 1.550 6 0.3920
S1-Nov. 245.65 213.00 0.583 6 45137 0.9157
S2-Nov. 262.78 243.10 0.583 7 4.626 0 0.924 3
S3-Nov. 277.47 227.50 0.518 1 4.056 3 0.868 0
S4-Nov. 180.42 129.30 0.533 6 37429 0.9112
S5-Nov. 664.74 656.10 0.6415 6.002 8 0.948 1
S6-Nov. 162.46 138.40 04505 3.2039 0.8179
S7-Nov. 24921 213.70 0.4370 3.3820 0.829 0
S8-Nov. 170.97 119.90 0.197 1 1360 8 0.3617
S9-Nov. 168.71 141.90 0.267 3 19105 0.573 6
S10-Nov. 248.15 230.50 0.453 6 3.560 1 0.790 0

d}o\ IS} % &
% $ FA <
- 5 OO
SQNJ - ~m \§ db‘/[/
un, & %
3 B %
S8-Jun. < 1 135 Si-Jun. S8-Nov. I8 -
2 6 o
.&‘“@ © o Sg\%. & = &
(a) 6 H LA OTUM AL (b) 11 HIEAHOTURIAEMRIA

Petal chart of the common OTU in June

Petal chart of the common OTU in November

BE5 G WE KIS B R A R H OTU KLk E
Fig. 5 Petal chart of OTU shared by different sampling stations in the Dianshan Lake

2.5 eDNAFESRBAEREZRBRYFHEN
2%

A 5T AE R A 3 B o () B R TR DG 3
(1) Sfl) O 44 DA ) 3, T A 9 0 i T A
GEit AR PR AR 22 Fh 625, e DNA 23 B 1%

P 43Tt (FK4) . LLEEHH  BTFIM BSF 18 Fh
Ay 2J [a] I g 9 o 8] A S 0 1) 5 AR | e £ R A
B eDNA JFIE AR B 5 (A 4 Fh A R—AL S Tr
TEARAR T R B e DNA KL F Y , 3531 hy JE St A
fig B A Al
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Tab. 4 Results of traditional survey methods and eDNA survey on fish species diversity in Dianshan Lake

BT DNA J7%k
eDNA method

BT DNA J7k
eDNA method

TG PR A T

Traditional investigation method

H A 8 15§i* Anguilla japonica

LR BAIE* Pelteobagrus ussuriensis
# O Tachysurus fulvidraco
FGEET {0+ Pelteobagrus nitidus
BEEEE Konosirus punctatus

JESEAESK Niwaella delicata

M E* Acanthorhodeus chankaensis
KAEGE* Acheilognathus macropterus
BT Acheilognathus rhombeus
il Carassius auratus

H AP+ Carassius cuvieri

LIHEG0* Chanodichthys erythropterus
54t fif1* Chanodichthys mongolicus
IKECEA* Chondrichthyes dabryi

#0411 Ctenopharyn godonidella
SAMELLEA* Culter alburnus

% Cyprinus carpio

BRI Gnathopogon taeniellus
& Hemiculterleucis culus

#&* Hypophthalmichthys molitrix

% Hypophthalmichthys nobilis

21 BRIk Homatula variegata
i 11 Mugil cephalus
[8] i Hyporhamphus intermedius
AE8 Lateolabrax maculatus
SRR Acanthopagrus schlegelii
Je X % A4 Oreochromis niloticus
X IR R i Acanthogobius hasta

NG R YR FE 4 Amblychaeturichthys hexanema

SLHEWR R 4 Drombus globiceps
HRIBUIE B AR 52 4 Priolepis inhaca
ELWHE & 4 Rhinogobius similis
B W8 R FE 4 Taenioides anguillaris
WU G MR & Tridentiger bifasciatus
FLERFE 411 Trypauchen vagina
IR #Y Paracanthobrama guichenoti
433k KM% Phoxinus oxycephalus
Rl8ifi* Pseudobrama simoni
KM Saurogobio dumerili
SR Coilia brachygnathus
JIEF* Coilia nasus
H Y Setipinna tenuifilis

H A g fi§i* Anguilla japonica
21L& 6% Chanodichthys erythropterus
S 1% Chanodichthys mongolicus
SUMELLE* Culter alburnus
K [GEA* Chondrichthyes dabryi
#% Carassius auratus
fi+ Hypophthalmichthys molitrix
% Carassius auratus
KEEET* Acheilognathus macropterus
Ui+ Pseudobrama simoni
Ktz Saurogobio dumerili
WO Tachysurus fulvidraco
TG Pelteobagrus nitidus
JI5* Coilia nasus
WS MR F A% Tridentiger bifasciatus
TBEWIEF IR £8 % Rhinogobius Giurinus
ML Acheilognathus chankaensis
IR B BE* Pelteobagrus ussuriensis
KA Neosalanx taihuensis
Tty Callionymus olidus
HAZ 03 Sarcocheilichthys nigripinnis

3k Aij Megalobrama amblycephala

1808} Sarcocheilichthys sinensis

VE R ARG A5 71 eDNA BRI 3 (9 b

Notes: *Indicates species detected by both traditional survey and eDNA methods.

3 e

T LI s L Vgl DX KRR K I, ek
WO K, K GBI A RO FiltER
W, A FE MaETIE . BT KBUEA KR
5 it BFL T 121 25 %) 3000 e 3 A T PR 0 Lo ) AR S
RS B IR , W P AR 0 ST A 25 4 A2 21 5
i), f 28 ZREVERRAR . D4R, BRI ] R B
BEL IO A5 — ZR B 264 LA R4 B 1L A 1) Tt 9 U
PRI, FF Jie U LU I f0 28 s 45 A R 2 FEPEBIE 9
AT DLk A 6 (2 R i AR 0 AN A B R 4R fE S
R, U — 2 S E A S R G R
HL, ARWFIEH T e DNA HAR A THE 111 a2 24
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Analysis of fish species diversity in Dianshan Lake based on environmental
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Abstract: In order to understand the species composition and diversity characteristics of the main fish
communities in Dianshan Lake, environmental DNA technology was used to analyze the species diversity of
fish in Dianshan Lake. The results showed that a total of 7 orders, 12 families, 36 genera and 43 species of
fish were detected in the environmental DNA samples from 10 stations in Dianshan Lake, of which 24 species
were detected in June (summer) and 32 species were detected in November (autumn). Most of the species
were found in the traditional fishery resources investigation of Dianshan Lake. Among them, Coilia nasus,
Carassius auratus, Acheilognathus macropterus, Culter alburnus and Mugil cephalus were the main species.
The o diversity analysis showed that the average values of Chao 1 index, Observed species index, Shannon
diversity index, Simpson index and Pielou evenness index in Dianshan Lake in autumn were higher than those
in summer. The analysis of fish species difference among sites showed that the sites with higher diversity and
richness were S1, S2, S3 and S5, which were all sites with higher primary productivity and less human
disturbance. The results show that the environmental DNA technique is highly sensitive and can be used as
an effective supplementary method for the survey of fish species diversity in Dianshan Lake.
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