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LS o Y HTBIFIE I RGO R S fa 2K
eDNA K Ml (14 38t 1% bR i 1, A 2 2 b i Ik A 4
(mtDNA) 3 by 45 48] vag B B 123 1) OURE A1 -5 31 AR 4
T, KEH 15~20 kb, HHE T4 DNA Kk,
25 mtDNA 4> F /N, S5 R, &—4>
FEXT A ST 2 AN, AR TRy, &5
o W ABE R P, T 0 2R AR R R A 1y 128
rRNA . 16S rRNA. Cyth 1 CO T K F B2 H i
TR R i B 43 FhRic™, X se 5L N &
TR L A U, H Y XX L G
iR R e 2 S R (T SN i b S Rl W = K (VA =2
X TV i £ S0 5 | ) i3 85 v R A IS

R T O IE A KT i 2R 2 R R Y
WG, ARPFFRERE T 10 X5 F 08 5 | ik
TPURUFPESESS, X 10 XF 519y W i e 51 F B A
T 0 25 4 ki /& 12S tRNA. 16S rRNA. Cytb Fil
CO 1 B B o Ml X 2L 5| Py %t 32 T |
Ui o WL A7 28 K 3 At A 38 1 2R AT 43 BT R IE

RS BRI 5190, Z 5 73 e BT A A
=5 N ERBEXT T 5 1 10 A S P A SR B R AT AL
DU T eDNA A MG 7T L iy £ 28 2 R
51 EF eIt %, F T eDNA HIR 1
Yyb =F B2 B W A DEIE BT

1 MRS TE

1.1 EEFS|H

3 g A () AH G SCHk, O A T 4 AN R
WA FE R 2 A0 1) 10 XT38 5180 (& 1), Hidp
Mifish-U, AcMDB07. Teleo. 12SPviX 4 % 5| %y
P ) i B T 12S rRNA Fr Bt |, Fishl16S1 .
Vel6S1 51 ¥4 ¥4 1197 51 5 B F 16S tRNA F B
I, PSL. GHIMY M FH B+ COT R Bt
I+, VeCBI1. FishCB 5| #1914 0 )7 5 i B i F
Cyth Bt o 10 X518 A TAY) T#2 (1)
JBE0 A B2 R 1

F1 AAEFAERR 10 XBRASI

Tab.1 Ten pairs of universal primers for this study

ERiHE-P] SRR I HI(5-3") PCR™ K J& /bp S 3CHk
target gene primer name primer sequence (5'-3") PCR product length citations
12S rRNA Mifish-U F: GTCGGTAAAACTCGTGCCAGC 163~185 [14]
R: CATAGTGGGGTATCTAATCCCAGTTTG
AcMDBO07 F: GCCTATATACCGCCGTCG 321 [15]
R: GTACACTTACCATGTTACGACTT
Teleo F: ACACCGCCCGTCACTCT 100 [16]
R: CTTCCGGTACACTTACCATG
12Spv F: ATAGCACTGAAGATGCTAAG 739~747 [17]
R: GCATGGATGTCTTCTCGGTG
16S rRNA Fish16S1 F: GGTCGCCCCAACCRAAG 100 [18]
R: CGAGAAGACCCTWTGGAGCTTIAG
Vel6S1 F: GCCTGTTTACCAAAAACATCAC 202 [19]
R: CTCCATAGGGTCTTCTCGTCTT
col PS1 F: ACCTGCCTGCCGTATTTGGYGCYTGRGCCGGRATAGT 247 [20]
R: ACGCCACCGAGCCARAARCTYATRTTRTTYATTCG
G F: GACATTGGCACCCTTTATCTC 650 [21]
R: CTTTTACACCTGTTGGAATGG
Cyth VeCBI F: AAAAAGCTTCCATCCAACATCTCAGCATGATGAAA 460 [22]
R: AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA
FishCB F: TCCTTTTGAGGCGCTACAGT 130 [23]

R: GGAATGCGAAGAATCGTGTT

1.2 #MmAIKE K DNA 1281

AWFFEERCT 35 e, RET 6 H 115}
30 J& (K 2), JIBF (Coilia nasus) KI5 FRILH T
WL YT B, = A fili (Megalobrama terminalis) I
KRS (C. brachygnathus) IR TR DU, HAh 32
o £ 2R A it O PR T VL sk AR AR ) T R K
oA I M N O A 0T H SRAR R R, RN
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FE i Al FH JC oK O BT R AF . Z )5 R JH DNeasy®
Blood & Tissue Kit (Qiagen /A %)) i HiPure Tissue
DNA Mini Kit 3557 & M S LA ZH 2P 42 ICH 1Y
FEZH DNA. Sitblmlet, ff A SRR AR UL i
3 (BRIEL L WX, IR, & 1) cRER
JEOKEE, BEAOLECREE 3 M KEE, R 9 K,
BRKME 2 Lo REESENZ G S RIEE N THIE,

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

0o
EX
4

IK P24, 2024, 48(6): 069309

F2 AWRATERM 35 Fha R
Tab.2 The 35 species of fish used in this study

] # & G
order family genus species
B AE! [Ezes i/ KiTH
Acipenseriformes ~ Acipenseridae  Acipenser A. dabryanus
HEH iR 5 78
Clupeiformes Engraulidae Coilia C. nasus
e fouk
C. brachygnathus
BH PR ] AL
Cypriniformes Botiidae Parabotia P. bimaculata
Il £ TR TG 1 J IR TG i
Catostomidae ~ Myxocyprinus M. asiaticus
Lige: TeitE et
Cobitidae Misgurnus M. anguillicaudatus
il e REER T8
Paramisgurnus P. dabryanus
R (1] PN i ]
Cyprinidae Acheilognathus A. macropterus
g Ll
Carassius C. auratus
R Wt
Coreius C. heterodon
R e
Culter C. alburnus
IS
C. dabryi
561 LB A
Cultrichthys C. erythropterus
g i
Cyprinus C. carpio
&g &
Hemiculter H. leucisculus
/R B
Hypophthalmichthys ~ H. molitrix
fige
H. nobilis
Ll =fl
Megalobrama M. terminalis
g by
Parabramis P. pekinensis
JE L 5
Procypris P. rabaudi
oL oL
Pseudobrama P. simoni
R St
Pseudorasbora P. parva
ki R Kby
Rhinogobio R. ventralis
A LR
Rhodeus R. sinensis
LA )] g fify
Saurogobio §. dabryi
s L
Spinibarbus §. sinensis
iR R
Xenocypris X. davidi
ik WRER VAR F B
Gobiiformes Gobiidae Rhinogobius R. giurinus
LgiAE! i 155 Ll
Perciformes Channidae Channa C. argus
5 L 5
Sinipercidae Siniperca S. chuatsi
o
§. scherzeri
A R e N
Siluriformes Bagridae Hemibagrus H. macropterus
HH R SRR
Pelteobagrus P. nitidus
TR
P. vachelli
L) it & LpNEL
Siluridae Silurus S. meridionalis

R E K7 2: 2 E /) sponsored by China Society of Fisheries

i FHFLAE N 0.45 um Y PTFE SEOKJERE, 25 (6
FH DNeasy" Blood & Tissue Kit f) HiPure Water DNA
Kit 157 & 12 B eDNA, 2 HUSE Il ) DNA JE T
—80 °C AR IR VKA IR A7 o SE i i A2 rh # A N 51™
M8 SF VY R S ) S IR B, R IR
KB S0 A0 T2 T2 1) 10 R 2 i B PRA T o

1.3 PCR R[N

i 1 TSR 10 X514 450 %F 35 Fpfa
FWLAH LRI DNA JEF TP 38, RV 52l )5
XF PCR W) A7 8 e FL VK ARSI, 2% 5wl 19 2
N Yr, BT 1% WA HEER T, A 120 v
B, HLK 35 min, 5% A2 5 FH I AR AT
FHABR, WERGETH R NI o 10 X519 B W44 5
FAE, 25 uL WA ZR . Mix 12,5 uL, 1IER 514
# 1 uL (10 pmol/L), DNA #i#i 1 uL, ddH,0 9.5
pLo 10 X551 Y0 B9 R Z6AF 3428 95 °C FAE Pk 2.5
min; 95 °C 748 15s, 65°C ik 30s, 72 °C i
f# 1 min, 35 MEH; 72 °C #Ef4 10 min,

1.4 JKIREISEEEANS B ENF

5 i R B 50 (Pelteobagrus fulvidr-
aco) VE R 7K T 52 50 1 SE 0 fa . SE56 T R T A 1
&0 S R R PR S A T IS R A R T HERR AB
K DNA T#t, 3 Fpfa 253 5l A B (9 7K e BT v 4]
It 7d, SRS IS A 8 BE L R R 3 3 A4S 55
L /KJGHL (Tank 1~3) 1 (3% 3), BEAh, JKIKGEL Tank
4 RS XTI, AT gt SER i R IR H
SROGHR, ARG AR FE I AE (23+1) °C, [F]
AP FEAT He K R4 e, DI 1) 40 & B 2880 T,
WSz BV FE T AN, B4 Sy AR i 30 LA ) 25
AN, LTI 7d, BR B9 0043 HIM 4
AR AE 500 mL FRJZKME, RRREL 3 A FATH
Ao G S E B DNA $E D TR [R) R i i R 4E M
DNA #2507, #1551 DNA BE i LK B fh 1 2R
4 % DNA 42 BO i 2 U DNA 3% 2 g B AR
YR A BRA ], R R UK SE 5 TR 3G AR A
B 51 P4y e )Y . BN RE AL Y PCR P24 5
M, SRS 43 B llumina HiSeq 2500 F11
NovaSeq 6000 | & F- &5 % K T 300 bp Fl/ T 300
bp B iEA T8 AR R E B E . WF S T8
By AR Ak, KRG BN B BC>2 bp.
Phred quality {H<20. overlapping<10. & 75 145 Bl
LN R B <100 bp KPS, KN OTUNG ,
T B RV E B FA B s 2, AR AR DU =
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1 KkHERESNTE
Fig.1 Distribution of water sampling sites
x3 =EANKEAHEXHEMEYERER
Tab.3 Abundance and biomass of fishes used in this study in Tanks 1-3
% Tank 1 Tank 2 Tank 3
fish KR GRS i/ K tg Hi/ R g
abundance biomass abundance biomass abundance biomass

il C. auratus 4 13.5 8 31.3 1 1.5
i C. carpio 1 29.3 4 113.2 8 141
W P fulvidraco 8 485.9 1 91.5 4 287.3

e HEESMAMAE, YRR A EER.

Notes: Number refers to the number of individuals of each fish and biomass refers to the total weight of each fish.

97% Fll E {8 (expectation value, HJE{H) <107 ¥
OTU R GIE LR A, A< M ECHE A R 7K v 52
g5rh 3 Fhfa S A ZRAARIE R 4 3 F1 R4 I o

2 4k

2.1 EASIILLRLE

i 1y 10 X514, R 35 a2
LA ZH 23 LY DNA SE179 38, RS2 )5
XF PCR P=HyiEA e UK, S5 2R LT 2~[&1 11,

12S rRNA (Mifish-U, AcMDBO07 il 12Spv).
16S rRNA (Vel6S1) Fll Cytb (VeCB1 F1 FishCB) X
35 Pt AP HBOR K 100%; 128 rRNA (Teleo)
16S rRNA (Fish16S1) fil CO T (PS1) 4 B %% Hy
97%; COL(G)M ¥ M HE &AM, HA 69%.
CO I BRI F BL it W6 % 5| Xt 35 Flfa 251

https://www.china-fishery.cn

P HBOREMET 97%, A& 4 PR R L brid
PRI %1, AcMDBO7. 12Spv. Vel6S1 Fil
VeCBI1 (W4 45 R Won, £ 0kGE %4 B 1Y 5005
JEIE T Mifish-U, A AcMDBO7 fi4 21, 22, 23
VKIBEBECHE , 43 AR AR B | 21 6 R AR )
fi%; 12Spv HIWG A —, FeilZ 6. 8. 16,
20 VGEBE , 20 N R i . IR G . = 5 R
fil; Vel6S1 £ UKiE BN HIW A, H5HABS]
WAH A R SS , FRJETKIE 6. 8. 31, 4
JXF N g . R G ET, JREK; VeCBI 6 il 8 (UK
B B, 1 B R ORD 3K FC B0 XF 12Spv. Vel6ST1,
VeCB1 M4 14 R bk L H AW AN ZEAIK ;. FishCB 9™
WS R o, HAH IR ORI A 9
XF 5| W 4 o DRI DA %A ) Sk TR B2 R Dk T 1Y)
T TEE T, Mifish-U 99 3RO T HAth 5149 .
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Mifish-U

123456789101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

bp
)

—— T e s e

100

2 Mifish-U 51447 14 & 2 AN ) 4H 142 BY DNA A5 R
Lo R, 280, 388, 46, SHE. 6.0, 7.8, SIXIRMA, 9 KBERIVEHK: 10 K6B6G, 1AM, 1206 EMIH, 13.8(M, 148 m,
IS5HMES; 16, =AMt 170060 18./BI6R; 19.70 IR Fif; 20248, 21 ELEIEE; 222068560, 23.0)8F; 24.HpAesdy; 25 56,
26 BEEI VD 27,35 R 28 FBEWRUR R fi; 29.85 5 K LI fil s 30 K85 6E; 31YEEHR; 32.KVL6F; 334040, 4Rt 35.KEEW 6 .
&l 3~11 [,
Fig.2 Results of DNA extracted from fish tissue amplified by the primer Mifish-U

1. P. rabaudi; 2. C. auratus; 3. C. carpio; 4. H. molitrix; 5.H. nobilis; 6. P. pekinensis; 7. H. leucisculus; 8. C. dabryi; 9. P. dabryanus; 10. A. macrop-
terus; 11. C. brachygnathus; 12. P. nitidus; 13. S. chuatsi; 14. P. parva; 15. C. alburnus; 16. M. terminalis; 17. S. dabryi; 18. P. simoni; 19. P. vachelli;
20. C. argus; 21. S. sinensis; 22. C. erythropterus; 23. C. nasus; 24. R. sinensis; 25. S. scherzeri; 26. P. bimaculata; 27. X. davidi; 28. R. giurinus; 29. S.
meridionalis; 30. H. macropterus; 31. M. anguillicaudatus; 32. A. dabryanus; 33. C. heterodon; 34. M. asiaticus; 35. R. ventralis. Fig.3-11 are the same.

Teleo

12345678910111213 14 1516 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

B3 Teleo 5|43 1% KA AILALIIREN DNA HI4ER

Fig.3 Amplification results of DNA extracted from fish tissue using the primer Teleo

AcMDBO07

b
608 123456 78910111213 14 1516 17 18 19 20 21 22 23 24 25 2627 2

100

4 AcMDBO7 5|49# & JA PILALRIR R DNA HO45R
Fig. 4 Amplification results of DNA extracted from fish tissue using the primer AcMDB07

12Spv

1234567891011 12 13 14 1516 17 18 19 20 21 22 23 24 25 26

bp_-—--———

600
100

5 12Spv 31494 15 AL AALRIZE DNA B4R
Fig. 5 Amplification results of DNA extracted from fish tissue using the primer 12Spv

Fish16S1

bpI 23456 7891011121381 4158161718 19 20212223 24252627 28 2930 31 32
600

pep—p—

R LT R ———— P

B 6 Fish16S1 5|43 15 & KA ALHLIZEL DNA B4R
Fig. 6 Amplification results of DNA extracted from fish tissue using the primer Fish16S1

R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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Vel6S1

7 Vel6S1 5|44 & A PILALIR R DNA 45 R
Fig. 7 Amplification results of DNA extracted from fish tissue using the primer Vel16S1

1234567891011121314151617 18192021 22 2324252627 28 29 30 31 32 33 34 35

bp
600

—
100

D I —_—

8 PSI1 5|44 & KA AHLRIZE DNA KR
Fig. 8 Amplification results of DNA extracted from fish tissue using the primer PS1

1234567891011121314151617 18192021 2223 24252627 28 29 30 31 32 33 34 35

bP o v -
600

100

9 G3lY¥ & XARELIRE DNA IER
Fig. 9 Amplification results of DNA extracted from fish tissue using the primer G

VeCBl1

123456789101112131415161718192021222

10 VeCB1 5|43 th & KA AILALIRE DNA 45 R
Fig. 10 Amplification results of DNA extracted from fish tissue using the primer VeCB1

FishCB

600

L ———— - -

B 11 FishCB 3|44 18 & KA AHE LR E DNA HIZER
Fig. 11 Results of DNA extracted from fish tissue amplified by the primer FishCB

2.2 KIiI/K#E eDNA SiEENF
AR s, KIT BRI E .
BEIX . AR 3 b SRR 5 LG B 80 Fh a2 (2
k%R MK Fr P AEmE, £ET7H 17
Bl 64 Jg, Horp el BRG] 78 Fh, B B XA
F| 70 F, AELLEAGIF] 74 F (32 4), ABFSLE ]

https://www.china-fishery.cn

Y 35 Ffa 2 b g 32 Rl VT LR M 2RI RS
JI . GERREY = fA85 3 A ERK
2.3 ZERIKH eDNA EMEEDH

Tank 1~3 BFEAH RGN 2] T 3 FhoLo s,
Tank 4 KA B SZER a2, i/ s, LSS 7
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T4 EBFRMHLER eDNA BAKMB A& A
Tab. 4 Fish species detected by eDNA technology at each sampling point

H i J& il B WK AR 1L
order family genus species Pingshan  Fuling Wushan

3% H fidF}  Acipenseridae idJ&  Acipenser KT8 A. dabryanus + + +
Acipenseriformes

(LS| W%l Botiidae WiHJE Leptobotia K L. elongata + - -

Cypriniformes

INIRFESR L. microphthalma + + +

BV )E  Parabotia BRI P. fasciatus + + +

BRI P. bimaculata + + +

Mfg Rl  Catostomidae — HNEFLE  Myxocyprinus WigtH" M. asiaticus + + +

fiftEl  Cobitidae Velfm  Misgurnus Wt M. anguillicaudatus + + +

ElJRifE  Paramisgurnus KEEENRE  P. dabryanus + + +

m IR Triplophysa I E R T rosa + + +

ifF}  Cyprinidae K/ Acanthorhodeus MY\RIEE A, chankaensis + + +

fiiJ®  Acheilognathus WIAUR A barbatulus + + +

KEESH  A. macropterus + + -

LG Ancherythroculter  TEWRITZLEH  A. wangi + + +

H)E  Belligobio A B. nummifer + + -

llJ&  Carassius " C. auratus + + +

HfJE  Coreius " C. heterodon + + +

ZL60)8  Chanodichthys HMLE  C. dabryi + + +

ZIEH  C. erythropterus + + +

)@  Cirrhinus BAE  C. cirrhosus + + +

YR Ctenopharyngodon Y C.idella + + +

fiflJ&  Culter FAMEENT  C. alburnus + + +

IEIRHAT C. dabryi + + +

JREA)E  Cultrichthys LIEJRAA"  C. erythropterus + + +

& Cyprinus " C. carpio + + +

)& Danio PEE . D. rerio + + +

[FAWytiEJ&  Distoechodon Wit D. tumirostris + - -

)&  Elopichthys % E. bambusa + - +

EJE  Folifer RLE F. brevifilis + + +

] 6)J&  Gobiocypris WA G. rarus + + +

) Hemibarbus JEtH  H. labeo + + +

e H. maculatus + + +

#JE  Hemiculter NKE  H. bleekeri - - +

#' H. leucisculus + + +

KIRE  H. tchangi + + +

F&JE Hemiculterella &  H sauvagei + + +

fitJ& Hypophthalmichthys fi"  H. molitrix + + +

" H. nobilis + + +

)& Megalobrama A3kt M. amblycephala + + +

HJ®  Mylopharyngodon Hf M. piceus + - -

&8 Ochetobius % 0. elongatus - - +

[ K 722 2: 32 /5 sponsored by China Society of Fisheries
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R4

H i & i Bl W AR
order family genus species Pingshan Fuling Wushan
HHfJE  Onychostoma ¥ 0. simus + + +
DOfa)E  Opsariichthys L0 O. bidens + - +
fifgJ& Parabramis fif"  P. pekinensis + + +
JEELJE  Procypris HIEEE P rabaudi + + +
A& Pseudobrama A" P. simoni + + +
WE)E  Pseudohemiculter FJ7)E& P. dispar + + +
MJE  Pseudolaubuca IR P. sinensis + + +
FHEM)E  Pseudorasbora  FHFEM'  P.parva + + +
Wit J&  Rhinogobio KAEWEY R ventralis + + +
Witk R. typus + + +
24 J&  Rhodeus HRAESE YT R. sinensis + + +
I J®  Saurogobio Wl S. dabryi + + +
KUehy S, dumerili + + +
NG JE  Schizothorax HORMGEM S davidi + + +
BRI )& Spinibarbus rhAERIGET S, sinensis + + +
WY JE  Squalidus T S. argentatus + - +
FRIRGE)E  Squaliobarbus — FRUREE S, curriculus + + +
THWE Tinca T8 T tinca + + +
fiflJ& Xenocypris WRHH X davidi + - -
H{J/ Zacco Vilghs  Z. platypus + + +
LA Rl Adrianichthyidae — 88  Oryzias hAEE B O. sinensis + + +
Cyprinodontiformes
8%} Poeciliidae | thE  Gambusia Ut G. affinis + + +
IFRfAH IR f FlGobiidae WIMRFE R Rhinogobius UK IRWIFFEf  R. cliffordpopei + + +
Gobiiformes
FRRWIMRFE " R. giurinus + + +
firi 7 H KPFHfEL  Centrarchidae B E  Micropterus /NCIEBAYT M. dolomieu + + +
Perciformes
KOS M. salmoides + + +
fi#iR}  Channidae )& Channa L8 C. argus + + +
WE#FlL  Cichlidae ZAE#IE  Oreochromis Oreochromis sp. + + +
fisF}  Sinipercidae )& Siniperca 8% S. chuatsi + + +
KAREE S, roulei + + +
BESF  S. scherzeri - - +
i 7% B Rl Salangidae M4t JE  Hemisalanx KIVIEER#  H. brachyrostralis + + +
Salmoniformes
HRMIE  Neosalanx TMIHERE N taihuensis + + +
K#f)gE  Protosalanx KR P. hyalocranius + + +
fili 72 H HiSLEER  Amblycipitidae )&  Liobagrus Mg L. marginatus + + +
Siluriformes
2Rl Bagridae fil}J& Hemibagrus KIEEHE™  H. macropterus + + +
HFM)FE  Pelteobagrus TRt P. vachelli + + +
HFEIEF" P, nitidus + + +
%} Ictaluridae iJE  Ictalurus BE 55 SR 1 punctatus + - +
iR}l Siluridae fifiJ&  Silurus MR8 S meridionalis + + +
&1l total 78 70 74
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KIEEAE A A 45 R, Tank | P gifn | fif |
A= 5 HE 2 92.0% . 5.5%. 2.5%, AL
FF 30 7 4y R 93.1% ., 4.7%. 2.2%; Tank 2 1
R g A A 66.2% . 32.5%.
1.3%, ARIFH N R 65.1%. 34.1%. 0.8%;
Tank 3 "7 540 . 6 B A L A BN
38.8%. 48.0%. 13.2%, A ¥ i b4 5K
42.0%. 51.7%. 6.3% (& 12). 1di ] SPSS # 1 (iR
A 26.0) X fa 2 S PR A S YA RO S HE AT
Pearson FH G434, 455 &I, Tank 2 Fl Tank 3
R YRS A UT SR B I A G
(P<0.05), Tank 1 H 20L& S5H TR
PR 35 TE A G (P<0.01) =S 7K G G4 1] %iF
apr kB, AR A Y a5 A RUT 8 B
i3 B IE ARG (P<0.01), #1445 540 850F 51
5P AY TE AR G (P<0.05), SRS A M 5 A 5
FEHIAH AR B3

Al C auratus B C. carpio R EF M P fulvidraco
= 100
REEEANINEENINEENIN
Sy
=
B2 60 SN
By g 0 = E
w40 NN = =
DEE 30 = ==
w5 > 20 = = = =
SE I EHE —

1 2 1 2 1 2
a5 RS

biomass and valid sequences
B 12 &K S KSR R
BYFFIERIER
LAEE (g), 2875,
Fig. 12 Species composition by biomass and
valid sequences in each tank

1. biomass (g), 2.valid sequences.
3 Wik

3.1 ETFTEH PCRBSIYIERE

UK R R, ¥ RPHI0TF Co 1 Lokitk
FEH R B 1 2 X5 AR T A SR A8 AL A
IR R B %%, X5 Collins 2654 F 1 12 %t
5 ARG I TR ) 4 4% 9T I AN 7 R ke 75 1 1 2%
R—F(; Byleman 55" F A & 19 H A MR T K
5 16 X5 [ s RAE S R . RS S % 5 1
W1 CO 1 R BRI e A Ze b A A - Bt
TR A R T R, (BRI R EE A 12S rRNA
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F116S rRNA ANUHHAT H T 51 P31+ 1 R 57 X
VLT Fe VT sk P R K ST 43 B R 0 v AR X8, B
FEARD IR S TC R, BHA 5 co 1 IR
Fh o B0 i EL AT A K PR B b s 2> PCR 47 4
SRR,

A3 A S | s B RSP R . R
A YRR SR SR AR P52 ARBFSE AT 6 X514
HOEAT RS EE, RIIREY G 0 35 A
2% DNA, HA5|4¥ Mifish-U F1 FishCB (93 14 K
JE/NTF 200 bp, {H FishCB 4" 4 4577 A9 3/ O 1 1
T HAL 9 XTI 454, AcMDBO7, 12Spv,
Vel6S1., VeCBI1 5| ¥ a9 9 4 4< i ¥ K F 200 bp,
B9 12Spy MY K BRI, 739 bp. HLIK
gER R, 514 Mifish-U 4 BRUR e, 4504F
WM. R S8 12Spy IERUR R, HEE ™
&, R RRIE B T IREERE & PR TR DNA R B
AEX =F B B SR [ RS , eDNA K F Bt
R o 6 L eDNA J6 F BB W fi R B, S350
A BAEARBEREAR T F 5, PCR P BARCRE =0,
[ B} B 7K BE T DNA S %, By 3 5
Bt GEH /NT 200 bp) AT DR A FR EE i [ DNAY,
R 38 7 B 5 | s & N T 2R 24
PERI

32 ETaB@EENFRSIYHEIE

HLKZE R R, 514 Mifish-U 144" 38 850 0 2
YT HABG 19y, PIEE BT 19 Mifish-U i — 20 5
WE. AHEFZE S 14 Mifish-U FE4601%) 80 Flfa s,
X R A vp E K R A I B A KA
TR e, WA A 32 Ak
VL s DL A2 T 3 ol Ll K £ 2R 2 R e A
MF, TI R a2, A A PR
SR R X, A HE YT R I X RO
i LA AR T U S LB R AR AR, = A
i 2 EAEERIEVT . 4 VD InT K PR R B YT A iR 4y
A DL E BRI 54 Mifish-U A] LA FH TR F
Ui 0 2 Z2 R A ARG

TG ET S50 B 63— VEAL 5| W Fh 2 A1
(ARG D FE 77 LA B Z2 ) F e DNA S 2 1) 6 0 g
WREERFW, e Ay e scE ik, 5l
¥ Mifish-U 4 ERG I HY 3 AN KRG HP A7 AE B BT A
a2, H 3ARCRMBEIEET, PR A 30T SIE
5540 2 A ) 2 5 A S 3 B 3 R I AR O
X5 Z i — e i PP ] 3, KRG
Mifish-U X} 28 FH X ) 51 22 55 A8 B4 %) i 1
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REAE X Z WU Fp AR = BEREATPIAN . (EARE AR,
PEATRE ) o3 A, B A B S A RO SIME S 2
FIIEARNE, HIR P AT fE/E eDNA 2 5 32 3 4=
PN R CEYIRIE . A RBrB, AT I1ESE) ., JF
AN Okl pH. AN R EAE) N5 T4
FCREEL SIM . PR IR RO AR ) 1R
Mg 1, VA 7 7K R BT 55 P45 4% 1 A 0T B — 1410
t, BIRIEA GO R W AT REAAAAE, S AT B0 A
WM R B AN IAEE, R ERAEDY 12 H] eDNA HAR
XRPHRFEAT E B M AT T 2RI 25 I8

3.3 SI¥IEEVEN

51 ¥ Mifish-U i ¥ & & Miya 5" K T
180 Pl vE s, FeZh il 2] 59 F} 123 J& 168 Ff
02, PIRCREIL 93.3%, XL R ALAE S
B L HA 2R, g B E R, i oA
AR L EARKES, WIEENNAERIEHHK
L 2RI Rl . Polanco 55 il i Gt i12¢ 7 1k
. # T MiFish-U F teleo M #5141, A 514
MiFish-U X} 20 & AR SE 5 RE 1 T 519
teleo, Nakagawa 55" 75 H A f5 K AIR K 5 EE & W
JERE 51 20T 1 102 A S HEAT R RE, (IS
) MiFish-U #4791, §734 1 86.4% M4 5 ¥ Fh
(38/44), &7 BEC i i TN 51 T RE , O
& TG Mifish-U ZEN 1Y 16 X154, & &35
Y Mifish-U B8 o0 BER R4 3G BU 3808, 37
B AR B E VT L (150~350 bp) N, H.3d 3 K 4
SR, R 514 Mifish-U U 15 49 4 Fh reads
o 5 YR A Y Z AR B I IE A DGR .
GRS, 519 Mifish-U R~ B R
JERST, AT LUH TR L a2 SRR, 5
SEXT TR A, AR — Y

4 g5

AT FE T T 57 T 40 S 2ohr R 5L R 4 7 31 1Y
10 X503 519, ST s WLy 32 Fh s
3 P A AR A S WL 2 UL DNA HE1 7473,
SR ERA 6 X5 WY WM e adk, |
5149 Mifish-U ¥ SRR B4 4 514 Mifish-
U XF KT 37 K BE eDNA BE A7 70 38 00 7 SR,
519 Mifish-U 7 8¢ i 09 B0 BE o [ B0 51
Mifish-U X} % K AE eDNA #E47 w0 )%, #
Bz | 0 sEATINRE 1, R ERBREPSN, P
BRUFHMES s Yy 2 2 B 3 s B Y
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IEAEME, LA 519 Mifish-U #E1T eDNA &
BN IR, eDNA 2 5B i R et 2%
ZREEVEAL DB BRI 1, 519 Mifish-U
IS A TR LR a2 2 RE PRI
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Selection and verification of eDNA universal primers for fish in
the upper Yangtze River

LU Hongsen', WANG Anxiang', DONG Zhiling', YAN Huiguo', GONG Zhitao ',
LIU Jiahao ', YAO Weizhi >, HE Wenping "*'

(1. College of Fisheries, Southwest University, Chongging 400715, China;
2. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
Southwest University, Chongging 400715, China)

Abstract: Environmental DNA (eDNA) technology has emerged as a revolutionary tool for biodiversity monitor-
ing in aquatic ecosystems, offering a non-invasive, cost-effective, and highly sensitive method for detecting spe-
cies presence and abundance, particularly in complex and dynamic environments like the upper Yangtze River. In
order to identify universal primers that are suitable for investigating fish diversity in the upper Yangtze River using
eDNA technology, this study selected ten frequently used primers that amplify gene fragments from the 12S
rRNA, 16S rRNA, Cyth, and CO I genes. The primers investigated were Mifish-U, AcMDBO07, Teleo, 12SPv,
Fish16S1, Vel6S1, PSI, G, VeCB1, and FishCB. DNA samples extracted from muscle tissues of 32 commonly
encountered fish species in the upper Yangtze River and three additional aquatic species not from the upper
Yangtze River were subjected to amplification using these primers. The results indicated that six primer pairs could
amplify all 35 fish species, with Mifish-U showing the highest amplification efficiency. In addition, the eDNA
samples from three sampling sites (Pingshan County, Fuling District, and Wushan County) in the upper Yangtze
River were further subjected to high-throughput sequencing using the Mifish-U primer. A total of 80 fish species
were detected, including the 32 fish species used in this study, with high discriminatory power. Moreover, through
high-throughput sequencing, the Mifish-U primer was utilized to qualitatively and quantitatively analyze eDNA
samples from indoor farms for three fish species. The results indicated a significant correlation (P<0.05) between
the biomass of Pelteobagrus fulvidraco and Carassius auratus and the number of sequences, highlighting the great
potential of the Mifish-U primer for eDNA quantitative analysis. In summary, our findings suggest that Mifish-U is
more suitable as a universal primer for investigating fish diversity in the upper Yangtze River using eDNA techno-
logy. This study offers important insights into the selection of primers for monitoring fish diversity in the upper
Yangtze River using eDNA technology.

Key words: fish; environmental DNA; universal primers; Mifish-U; the upper Yangtze River
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