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DNA Z MR B XYM ETF REHNL 5T rIE RS

EFHFA"S kT

LEER, BEE, 2%, TR, 7

L R EDK = BHA TS B SO K= IE TR, T SRR S ROR T E R s R vl T RIS S, IR

H 266071;

2. WL R [ G PO FR 0l TR R BT s, WL SHil 316022

FE: N TR R C S LA EE 1. I (CO L. CO I 16S rRNA KD 15 fifi J 11 254 Fh 4 72 FREAA R
Ay TP IE I PE, 75 44Hi(Seriola lalandi) . 5 1A Aifii(Seriola dumerili). 71 4%ffii(Seriola quinqueradiata)Z5: i@ fo 2t
FLRET 3 M, FHHEATRAILNT S REHL . SR BN, COT, CO I 16S rRNA (3L K 7511 35 R 3L B (.
1) A+T (AP 16S IRNA JFHI I MRS, 285 RAUH 5.06%; CO 15 19T B4 152 22 S B (K FIE IR ZREPETE 5L
(P)fE T COII 1 16S rRNA, CO II Y55 T Z2 FE 48 BiR 55, CO 13N AL PR 00 o LU T Jm £0. 288 3 AL IR iy
Y175, KB COI. COIIFI 16S rRNA BIREx TR E 4370 1 3 Fhfii & fa 2 b A7 47 8086 50 . 34k, CO 1. CO LR T]
A g A [ b JHLREE A 2 B 0 45 5] DNA STEAD, 17 16S rRNA T ] s B AR 1) i S5 BB A ) AN JE . (EM 8 fa
Zrh, T COT. COII. 16S rRNA 3 RT3 Ay i [a] 358 1% B 29 &1 K Fh N AL BE 219 10 £5 LA 1, R Gk /b i
NP FERIE L FR, KB CO1.CO I1.16S rRNA F BN TR A i J £ 25 0 56 1 Fn Z AR ME PR30 196 54 DNA
225, CO 1. CO 1 38 AT AE Sy 5 2% i /N [ b B A 316 R 2 7R [ B 3 500 00) A A 4

KR MJE 2 DNA X0, LR, REH bW
FED S S961 MEkFRRRD: A

2002 4F, Tautz % R H T DNA 432824 1)
W&, O E5 2% 5 DNA JPA45 6
>k, FIH DNA JFFIR B 1) 2 5 3: T R &) 47,
A e IRAG GRS A S B R PR | SR AEAR
MARGEERME S F R R, BAEE Y. REUE
A DNA £ IEAS(DNA barcode)fit - i
Barrent 2P, R —FARAER) | A LSS S
1 Haee R F XY E) DNA %R B, nl)™
2 BT T YR s E kA e, o BB R
HAYUIN . ANZRE B BRE . % R =
PRAETRIE . AR . OB E G, e

KB 2021-06-28; f&iTHER: 2021-08-27.

XEHE: 1005-8737—(2022)02—0171—13

KEHAP 58 DNA MLk, Zkifk DNA HA
KR, SEFEE . WEEEm AL ks 5 e ds
0L SRR | AL SRR T L kA
K 7= il 2 7 205 T PR 1 2 TARie ), A S8
gt B Em AT REX e 3 T4
Fi s 8000 FHEIL AP A EA R C A
fEEEE L 1 (CO Dt TIE, K3 CO 1 &/F
T AT DA SRIX 532 98% 1R £ S FN 93 % iR 7K
#1200,

fifii /& 8112 H (Perciformes) . #5%}(Carangidae).
fifi J& (Seriola) A ZE MU L PR, J&— 2 B 7RI

HEEWMAB: EZEHE S AR5 HQ0I9YFD0900901, 2018YFD0901204); IIZRA SZHH Bl HER: SR AR S EA LK EH
KB LT (2018SDKJI0303-1);  H [E K =Bl 22 WF 58 Bt FE A BHIF L 55 %% 3 H (TD47, 2021GHO5); 1 [E/K 7= Bl 22 F 58
Bt 15V K 7= IF 5T T S ARl 55 3% 100 H (20603022021011); [ 529 58 /K 7= F B0 UR PRI H 5 I 0B 14 b A 38

[ B = M H AR R T H (CARS-47).

EE RN FIFA1994-), F, WiEwrssd:, WFoE ok a2k SRR S5 -5 3R . E-mail: jasions@qq.com
BEESE: BRI, DR, W K AR EE IS 54K, E-mail: xuyj@ysfri.ac.cn
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529 %

LR B KA 2, BAT 4 BROK K R B0
W RRE, HAMARS AR R, RRNE AR K
RIBENt AL FRE, 2P 1 30 AF > & J TR 8 VA 77 1Y
RGE SR, MR M arkityg o A |
FELECTRIFP S 407 <[FA IR g, BLE A A
WEAA 3, 2510k 46 (Seriola lalandi) .
5 R 4 (Seriola dumerili) 1 1. 4% fifii (Seriola quin-
queradiata), — FfiiiJE A AETE A L A LI
TR AR Br, TR AL G0 25 U4 2 X LA A )
W, KGO0 RN R AE RS L EME X 4, A TR
Ay PR R B S R T AR, A, FE R —
Fl 23Rk o A IR A2 o B B R B AT 2k,
i J 0 SR L G IR L R A [ B E S B
Sy, h BT RS SR WA AR R A DL
UL PAY o5t B 149 68 S G B A A 5 ) o A 12, A
SRS PR R AR R a2 R A S Oy
2. Hiuy, EPr EEAK DNA BT, COT7E
W RS E R B ol )iz Y Lakra 26U
FIFH CO T PR BN EE /K I8k 115 Fhfa 247 T &
Giit Aoy, 45 HRFEH NI gEER FEIETF co 17
HIAS BN R FME GIL 220 I — 3, IFReTs
b7 b S sk 10 R Y R G R B KRR, CO I ZE W)y
FB K, LA A R s B ST 1T
& 16S rRNA JPHIMRAE, A8 5241, 5 T8
A ICH R G AT RRZN . AR T4k
A COT,COII I 16S rRNA k& PH| 784 Ja 11 25 4 ol
Y FNAFIAR A B 38 A, DA S a2k
T i) . R S0 3 R B R R A R ] RS R
PO AR SRR, B 7 3 1 A0 % 5 7 b 0 1 2 i
FRE R

1 MEEFE

1.1 RIeH

r ] £ A R AR TR A TR (26°62'N,
119°75'E), # 4 fifii(Seriola lalandi, SL). 7= {Afiffi
(Seriola dumerili, SD). i 4%fifii(Seriola quinque-
radiata, SQ) 2 #4143 B, 1A 2.93~4.20 kg, 7
Ab, R T ) W 4k fifli(Seriola lalandi, ASL)
(33°44'S, 151°45'E) Ml H 4% #5 4 fifii(Seriola lalandi,
JSL)(32°45'N, 128°27'E)EF AL HEIRFE S 45 2 8o T
AL 0 MS222 R, B 8 i A TJCK £ 1
HRAE, FIT L4 DNA R H, R 5 M REAE
TGO AT 28N, [ Bk SR 4R 1
SR A 1o SR A A R BRI A
12 LLFHE
1.2.1 E[FE4H DNA F9IRE  IUiE AL 20 mg,
B E TR0 T, R TIANGEN 1§VEshY)
20 DNA 7 & (RARAERHE A BR AR, L)
PEHL DNA, $% M8 ULIH B IE T e . i BN e
52 FEL K A TR B 10 £ 5. DNAL Ve B i i,
BHT-20 CIRAFF
1.22 PCR¥# WilHP #5149 3 Xf, CO 1
FER Y16 R A Ward 25U RS 18, AR IR
X CO 11 H1 16S rRNA KK 14 T 5| Wy (&
D)o 3 AN E PCR P IR R 50 pL, {145 rTaq
fifg 25 uL, Bifk 2 puL, 1IER M54 1 pL, ddH,0
21 pL, PCR ¥ 34PNk 2,

¥ PCR F=HI7E 1.0%35 BEHEE I F Pk O [l
#4553 T1-Simple 24K, TER LRI KIHATRIRZ S
M 2 5 IR A TR R, 78 37 CRiFRA

x1 Z=Hh#EF&Riik DNA &M% PCR 5|4
Tab.1 Mitochondrial DNA barcode PCR primers of three Seriola species

K gene 5149 751 (5'-3") primer sequence (5'—3") B KHRJE/C annealing temperature  PCR f=4)/bp PCR product

Co1 TCAACCAACCACAAAGACATTGGCAC 59 655
TAGACTTCTGGGTGGCCAAAGAATCA

con ATGGCACATCCCTCCCAACT 54 646
AAGCGTCTTCAACTATTAGTGATGT

16S rRNA CTCCAAGACAGCCTAACAATA 53 750

CGTGGTGCCATTCATACAG
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F2 AR IWMERE PCR I IGEF
Tab.2 PCR amplification programs of three genesin the study

LR Y14 F PCR amplification program
gene AR initial denaturation  iH kK annealing 72 ‘CZEf# extension &KL cycles i JG #EfH final extension
CO1 59 C,40s 60 s 36 72 C 5 min
CO 11 95 C 5 min 54 C,50s 60 s 38
4 C Forever
16S rRNA 53 C,60s 70 s 38

BB FR 12~16 h, PRI FORE R I 2647 FH PR
W, 6 A T A TR (L) B A FR 2N /I

123 FIILEXSEMIHT M GenBank 4l
A EAGE 3 MR Y X B 157 5 )8
R3S CO I, CO II, 16S rRNA FE[H[F51], il
ik BOLD {4l XS T 207 9 AT HERR R 0 iE,  [R]s
fE FishBase HAG S0 44 WA &M, Bk HIRG 2L
P31 35 2% RS BRI 7 45 R >Rk H DNAMAN
WA AT R P BF 4, 7F GenBank X9 % 17
BLAST %}, Mt COT3HE BOLD (M IE
G R4 www.boldsystems.org) Fill H [ 5 % iy
A AEY) DNA SRIE M5 BF 6 bR iEE (http://www.
fishery-barcode.cn) W' i 17 b X} % % . >k H
DnaSP5.10 #{AF#E1Ti (e Z S 8T, G
HAERIE(h) . SR Z R B (Hy) . TR Z
FEPEFE R (P . FEIEHFRZERB W, 21
Mega7.0 3, Seit)eolmistdl i, 115 754
SF AV 45 (C-conserved sites) . ] 2 15 B 17 &5 (PI-

parsimonyinformative sites) 1745 54 i (V-variable

sites)ZF, iz FH i KUK 5 (maximum  likelihood,
ML), X Kimura 2-parameter A5 % 3-8 Hogt (L i
B, W RS R T I,

2 HRE5HMH

21 EBEAFISH

TE = PP Jm A P 1 3 AR
W H R B, L35 65 &5, P43 B B
/K 655 bp (COT). 646 bp (CO 1), 750 bp (16S
RNA), 5 R—2%,

— FhifiJ& 12509 CO 1, CO 11 A1 16S rRNA 3
HABEH T, C. AMGTPHERILES3, CO 1
AT & BN 51.3%, fE T G+C P&
H(48.7%), R A+T R fartE; CO &K H A+T
SEXE RN 56.7%, =T G+C X5 #(43.3%); 16S
rRNA B A+T B85 52 51.6%, fiET G+C
B (48.4%); 3 MR GC PSR TE
43.4%~48.7%2 0], FEAS[RIJE o 2 ) 22 5 oA 1 3
Hip CO T2 GC 7 7 #ef(43.3%), CO 13 GC

£ 3 Z=T#iCOI. COIl 7 16SrRNA EREREAK
Tab.3 Base composition of CO 1, CO Il and 16SrRNA genesin three Seriola species

%

CO Il oL &
CO II base content

168 rRNA A% &
16S rRNA base content

> COT BfH:& i
group number CO I base content
T C A G T
SL 28.2 29.2 23.1 19.5 28.3
JSL 28.2 29.2 23.2 19.4 28.2
ASL 28.1 29.0 233 19.6 28.1
SD 28.7 29.0 23.2 19.1 28.1
SQ 28.4 29.2 22.3 20.1 27.6

14 average 28.3 29.1 23.0 19.6 28.1

C A G T C A G
26.3 28.9 16.4 20.4 26.4 30.9 22.3
26.4 28.9 16.5 20.4 26.4 30.9 22.3
26.7 28.3 16.9 20.5 26.5 30.8 222
27.0 28.3 16.6 21.1 25.2 313 22.4
27.1 28.6 16.8 20.4 26.5 313 21.7
26.7 28.6 16.6 20.6 26.2 31.0 222

s SL Ry [ 5 45 6i; TSL A H AR B 44, ASL S MK 25 45, SD o 1= MR, SQ S Fi 4% Al
Note: SL is Seriola lalandi; JSL is Seriola lalandi from Japan; ASL is Seriola lalandi from Australia; SD is Seriola dumerili; SQ is Seriola

quinguer adiata.
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T (7 (48.7%) 0 3 Pl M R IR A+T I i1k o =R R s Z RS G LR 5.

BT LS R ER(E 4, COTIF  CO I EHNFIMERFN 13.58%, T CO II
Hirh, 55 2 B TALE GC S HR(56.5%)E T4 1 (12.22%)F1 16S rRNA (5.06%); CO I JF51) 54 /85i
I 3 W7 5(47.7%F1 42.0%), HE 1 %65 ¥k R4 16.60, i T CO 11 (6.78)F1 16S rRNA
FAR SO AR (23); CO I /74, 2 2 %7 (3.22). 16S tRNA AUARSFALS A b H Rl 94.93%,
P GC FH(57.6%) 05 = T4 1 fI%E 3 B+ J& 3 FILBEFS i fhsr i, RIAEBEY R
7 55.(39.4%F1 33.0%); 16S rRNA JFFIH, 55 1% &, BHFRAESIN. WP R 2 55k Fli
i s GC F it (50.0%)06 = T5F 2 FIst 3 %A% MREMMIRE(P)KAE, CO 1FHIE S T CO 1 #l
T 15 (48.5%F1 46.3%), CO 11 (30)F1 16S rRNA  16S rRNA, i CO 1T J& = Fh B[4 i Baf 1 2 k4
QOEE 1 WG4 A S, MR B8 E Y, RS EZHNES, HCO 1P
FH A B A+T MR fa bk 710 e 3 =

F4 Z=THEICOI. COIl #1 16SIRNA EEFII A B EERFREARRTRMAS
Tab. 4 The sequence composition and variation of CO I, CO |l and 16SrRNA genesin three Seriola species

137 15 COl con 16S rRNA

site T C A G G+C V T C A G G+C V T C A G G+C V

H—{r Istsite 23.8 353 28.5 124 477 23 27.8 323 328 7.1 394 25 197 26.1 303 239 500 5
%7 2nd site 183 24.8 252 31.7 565 31 17.2 265 252 31.1 57.6 30 172 24.0 342 245 485 20
95 =75 3rdsite 429 273 15.1 147 420 35 39.1 21.4 279 11.6 33.0 24 248 284 289 179 463 13

eV RRAE A S
Note: V indicates variable site number.

x5 ZMHERRFEMNBEESHEESH

Tab.5 Genetic diversity parameters of three gene fragments

A Ty K BAE 2SR genetic diversity parameter

gene sequence length c Vv PI R h Hq Kk P,

COl1 655 566 89 88 16.60 9 0.913 32.585 0.04990

col 646 567 79 70 6.78 10 0.918 29.251 0.04528
16S rRNA 750 712 38 37 3.22 5 0.742 14.332 0.01961

T CRARSFALA; VAR S AL A PLR ) 2915 AL ROGFEI/ATIR LL; h o SRASBIRG Hy o B0 B 2 RE TR A KON T R R 22 540
P AT IR 2 HE PR L

Note: C is conserved site; V is variable site; PI is parsimony-informative site; R is transitions/transversions ratio; h is number of haplotypes;
Hyq is haplotype diversity; K is average number of nucleoside difference; P; is nucleotide diversity.

22 BEEEASH FI) o8 Sy AE FE B 0.029~0.031, H 7 5 A

T COTHEM, kil KoP AT R ME W AMRAEE R 0.022, AT, CO T EHAEE
25 8 MYF A 4 PSRN B EMRIN Y ARIX T E L H A S WO A ) B
PR B RS (3R 6)0 A5R IR, FRNBREERY K. Wm0y, = (R 5 L P 6 . B S0 A Ay
0.00~0.0046 (344 0.0013), H{ET Hebert 250 fiffi > [ () it L BE B B K, XL HE B R 0.13,
P R RN R B 0.02 IUFRAE; FhEITY HREBECEZOCR R, K 0.061; BRI S T4k
WAL R 0.0785, AFTNTF-EIBEIE R 60 £,  SistE B 0.068, SE& KR, Y,
54 Hebert ZEUHR L pg<10BLN”, HEAMHA 88 255 HAb 4 RSBl a2k 2 ] (1 18 AL 1 B 1
BAAM A AR IR RS 0.004, T ES MK KT 0.14, 3R CO 1A RE ] TfiiE 028 5 H
FIY B S B FE 25l 0.022~0.025, HESE bR X 4,
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#*6 ETFCOIMEEERSN
Tab. 6 Genetic distance analysis based on CO |

5 6 7 8 9 o 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1

2 0.006

3 0.031 0.029

4 0.029 0.027 0.002

5 0.107 0.105 0.115 0.112

6 0.107 0.105 0.115 0.112 0.000

7 0.027 0.025 0.004 0.002 0.110 0.110

8 0.029 0.027 0.006 0.004 0.112 0.112 0.002

9 0.027 0.025 0.004 0.002 0.110 0.110 0.000 0.002

10 0.107 0.105 0.115 0.112 0.000 0.000 0.110 0.112 0.110

11 0.027 0.025 0.004 0.002 0.110 0.110 0.000 0.002 0.000 0.110

12 0.004 0.002 0.027 0.025 0.103 0.103 0.023 0.025 0.023 0.103 0.023

13 0.070 0.068 0.068 0.066 0.114 0.114 0.064 0.066 0.064 0.114 0.064 0.066

14 0.070 0.068 0.068 0.066 0.114 0.114 0.064 0.066 0.064 0.114 0.064 0.066 0.000

150.183 0.180 0.181 0.178 0.180 0.180 0.176 0.178 0.176 0.180 0.176 0.178 0.196 0.196

16 0.202 0.199 0.205 0.202 0.202 0.202 0.199 0.202 0.199 0.202 0.199 0.197 0.199 0.199 0.163

17 0.129 0.126 0.122 0.120 0.138 0.138 0.117 0.120 0.117 0.138 0.117 0.124 0.112 0.112 0.204 0.209

18 0.087 0.085 0.085 0.083 0.103 0.103 0.081 0.083 0.081 0.103 0.081 0.083 0.083 0.083 0.165 0.176 0.103

19 0.008 0.006 0.031 0.029 0.103 0.103 0.027 0.029 0.027 0.103 0.027 0.004 0.070 0.070 0.178 0.197 0.129 0.087

20 0.068 0.066 0.070 0.068 0.107 0.107 0.066 0.068 0.066 0.107 0.066 0.064 0.006 0.006 0.196 0.199 0.110 0.076 0.068

210.1150.113 0.113 0.110 0.061 0.061 0.108 0.110 0.108 0.061 0.108 0.110 0.106 0.106 0.165 0.181 0.124 0.094 0.110 0.108

22 0.165 0.163 0.171 0.168 0.173 0.173 0.165 0.168 0.165 0.173 0.165 0.160 0.148 0.148 0.197 0.210 0.171 0.150 0.155 0.141 0.173

23 0.211 0.209 0.212 0.209 0.200 0.200 0.206 0.204 0.206 0.200 0.206 0.206 0.209 0.209 0.111 0.152 0.208 0.185 0.211 0.209 0.190 0.198

24 0.105 0.103 0.117 0.115 0.134 0.134 0.113 0.115 0.113 0.134 0.113 0.101 0.110 0.110 0.165 0.184 0.092 0.081 0.101 0.103 0.117 0.155 0.180

25 0.098 0.096 0.101 0.098 0.126 0.126 0.096 0.098 0.096 0.126 0.096 0.094 0.100 0.100 0.199 0.195 0.131 0.103 0.094 0.096 0.124 0.142 0.193 0.109
T8 1-2 ROH TG 35 4500, 3-4 v [ B 440, 5-6 S v [l R4, 7-8 O HR B2, 9 D o [ B AR B (MH211123); 10 Jy H A v (il
(AB517558); 11 24 H A< 8 44l (AB517557); 12 Jg MKCH] T 85 44 (LC597109); 13-14 Jg b [ T 4446; 15 K B B 65 (KF841444); 16 13
i%(KJ192332); 17 J7JLIA LA (KX512706); 18 Jy B fifi(EF609459); 19 9% F 25 45 (KU312964); 20 2 H A< H 4 i(AB517556); 21 K
HEAT(KP347126); 22 /NHEB(KTS591876); 23 MATIE11(AB108498); 24 A BELU(DQ197998); 25 M7 il (MT455069).

Note: 1-2. Seriola lalandi from Australia; 3-4. Seriola lalandi from China; 5-6. Seriola dumerili from China; 7-8. Seriola lalandi from Japan;
9. Seriola lalandi (MH211123) from China; 10. Seriola dumerili (AB517558); 11. Seriola lalandi (AB517557); 12. Seriola lalandi
(LC597109); 13-14. Seriola quinqueradiata from China; 15. Decapterus macrosoma (KF841444); 16. Parastromateus niger (KJ192332); 17.
Seriola carpenteri (KX512706); 18. Seriola hippos (EF609459); 19. Seriola lalandi (KU312964); 20. Seriola quinqueradiata (AB517556);

21. Seriola rivoliana (KP347126); 22. Seriolina nigrofasciata (KT591876); 23 Trachurus trachurus (AB108498); 24. Seriola fasciataxcx
(DQ197998); 25. Seriola zonata (MT455069).

M3 7 A0, JEF CO I IEMH, i@ 2 Py
BAEHEES K 0.00~0.006, 15 AEHEES A 0.003,
JE AP A] AL FE B A 0.044~0.098, S35 A4 HH 2
J90.047, AR BAE R 16 £, HohHt
M5 AR AL R S B /N (0.044), = A A A
S A4 25 05 K (0.098) . HY AN H AR R B ) 2
S35 A5 B BS %5 /1N (0.00~0.003), 1 E 5 9K

WA A R B 30K (0.025) i 124 5 oA 6%
BHaZE LRI, /N H B (G E ) 5 86 IR 0 5
GRFREGT, A& Z AL BE R (0.041~0.069),
Hop K 5 [ 65 5 1 40 (10 26 2 06 R, AL
B, N 0.180, FHH CO 11 Z: A A ROk &
o JRN R R IX 43, 38 0] T 05 R) 0. 28 8 a) = B o
FHIL,
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Tab.7 Genetic distance analysis based on CO |1

%ﬁ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
species

1

2 0.003

3 0.025 0.025

4 0.022 0.022 0.003

5 0.085 0.085 0.078 0.076

6 0.085 0.085 0.078 0.076 0.000

7 0.022 0.022 0.003 0.000 0.076 0.076

8 0.022 0.022 0.003 0.000 0.076 0.076 0.000

9 0.052 0.052 0.049 0.045 0.098 0.098 0.045 0.045

10 0.052 0.052 0.049 0.045 0.098 0.098 0.045 0.045 0.000

11 0.187 0.185 0.189 0.185 0.168 0.168 0.185 0.185 0.182 0.182

12 0.058 0.058 0.047 0.043 0.043 0.043 0.043 0.043 0.069 0.069 0.166

13 0.171 0.169 0.169 0.169 0.175 0.175 0.169 0.169 0.172 0.172 0.142 0.174

14 0.184 0.182 0.180 0.178 0.179 0.179 0.178 0.178 0.186 0.186 0.120 0.169 0.161

15 0.022 0.022 0.003 0.000 0.076 0.076 0.000 0.000 0.045 0.045 0.185 0.043 0.169 0.178

16 0.083 0.083 0.076 0.074 0.002 0.002 0.074 0.074 0.096 0.096 0.166 0.041 0.173 0.176 0.074

17 0.022 0.022 0.003 0.000 0.076 0.076 0.000 0.000 0.045 0.045 0.185 0.043 0.169 0.178 0.000 0.074

18 0.002 0.002 0.024 0.021 0.083 0.083 0.021 0.021 0.050 0.050 0.185 0.057 0.169 0.182 0.021 0.081 0.021

19 0.062 0.062 0.069 0.066 0.057 0.057 0.066 0.066 0.082 0.082 0.173 0.058 0.165 0.172 0.066 0.055 0.066 0.060
20 0.048 0.048 0.045 0.042 0.094 0.094 0.042 0.042 0.003 0.003 0.180 0.066 0.170 0.188 0.042 0.092 0.042 0.047 0.078

TE: 1-2 ST B 4500, 3-4 Sy v [ 9 4% 0; 5-6 A vl [ AR A; 7-8 S H AR 5 4%, 9-10 S ob B FLA M 11 AT I 6. (AB108498); 12
J3/NHB(KT591876); 13 24 585(KJ192332); 14 1 & 1765 (KF841444); 15 2 v [E B A4 fii(MH211123); 16 Jy H A< & {K i (AB517558); 17
S H A B A (AB517557); 18 9 HIE i 254(LC597109); 19 K FEMT(KP347126); 20 g H 4 T 44l (AB517556).

Note: 1-2. Seriola lalandi from Australia; 3-4. Seriola lalandi from China; 5-6. Seriola dumeril from China; 7-8. Seriola lalandi from Japan;
9-10. Seriola quinqueradiata from China; 11. Trachurus trachurus (AB108498); 12. Seriolina nigrofasciata (KT591876); 13. Parastromateus
niger (KJ192332); 14. Decapterus macrosoma (KF841444); 15. Seriola lalandi (MH211123) from China; 16. Seriola dumerili (AB517558);
17. Seriola lalandi (AB517557); 18. Seriola lalandi (LC597109); 19. Seriola rivoliana (KP347126); 20. Seriola quinqueradiata (AB517556).

W 8 /s, KT 16S rRNA KE[H, fifij& 12
Tt N 3 A B B 4 0.00~0.005, 4 Fhili 8 8 25 1) 35 1%
B ZZ AR CINT 0.05); ol Ta] 942 5 12 1 2
h0.0583, RFhNF SR BRI 19 £ BR T 5
B 2N H 65 (R R ) 5 S 0 2R R % O R i
i, HAl 3 SR 0O Yyt A% B ER7E 0.10 LA
o HET 16S rRNA T, E 5 WK 15 4% i
IR IR R TE 0.01 LA, HX AN R s B4 1
BAHEHN A .

23 RGHMUBSH

mE T, B2, BI30H, £F CO 1. CO I

F1 16S tRNA JEH P HIM £ T g a2k 5 4 Friz

BHea i RGO, ZIAT 2 WA 2KHE, L
filf & £ 2 AN H BB 4 A — K2, 5 — 2R LA
K G5, ST a . REIHST
N, B EFPERR IS A 3, AR A REA E
AR HEARGE A LFE, Fef, HT
CO 1. CO II #4 & Ay AR i 7 v [ RN H AR 4% A
BRHPRTL, WA E, HA, B
RN R AR, (HIETF 16S TRNA MRS
PEAL AT, TCHRA 8K 43 v 5 ORI B A% Al
TR I B, B 2R AN AR SR o — 32, wi ik
i 0 S IR Ol — S, R O L AT Y SR 0K
FofE CO I FEHHE M, /INH % 5 8 456
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Tab. 8 Genetic distance analysis based on 16SrRNA

%ﬁ: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
species

1

2 0.001

3 0.008 0.007

4 0.008 0.007 0.000

5 0.036 0.035 0.036 0.036

6 0.036 0.035 0.036 0.036 0.000

7 0.008 0.007 0.000 0.000 0.036 0.036

8 0.008 0.007 0.000 0.000 0.036 0.036 0.000

9 0.021 0.019 0.021 0.021 0.040 0.040 0.021 0.021

10 0.021 0.019 0.021 0.021 0.040 0.040 0.021 0.021 0.000

11 0.056 0.058 0.058 0.058 0.062 0.062 0.058 0.058 0.059 0.059

12 0.033 0.035 0.038 0.038 0.026 0.026 0.038 0.038 0.042 0.042 0.059

13 0.021 0.019 0.021 0.021 0.040 0.040 0.021 0.021 0.000 0.000 0.059 0.042

14 0.001 0.002 0.010 0.010 0.035 0.035 0.010 0.010 0.019 0.019 0.055 0.032 0.019

15 0.008 0.007 0.000 0.000 0.036 0.036 0.000 0.000 0.021 0.021 0.058 0.038 0.021 0.010

16 0.035 0.033 0.035 0.035 0.001 0.001 0.035 0.035 0.039 0.039 0.061 0.025 0.039 0.033 0.035

17~ 0.010 0.010 0.001 0.001 0.038 0.038 0.001 0.001 0.022 0.022 0.056 0.039 0.022 0.011 0.001 0.036

18 0.127 0.128 0.127 0.127 0.127 0.128 0.128 0.128 0.130 0.130 0.135 0.125 0.130 0.125 0.128 0.127 0.130

19 0.157 0.157 0.154 0.154 0.151 0.151 0.154 0.154 0.155 0.155 0.155 0.149 0.155 0.157 0.154 0.151 0.152 0.090
20 0.155 0.155 0.157 0.157 0.147 0.147 0.155 0.155 0.150 0.150 0.146 0.145 0.150 0.153 0.155 0.145 0.153 0.084 0.058

T 1-2 MR Y 35 2% fiff
K g (KP347126); 13 }7 HA H %
(AB517558); 17 gy [ i 4l (MH211123); 18 Jy 1365

5 3-4 Jhy v R B4R 5-6 Sy v [ RS 7-8 D HOAREE Al 9-10 Jy i [ TR 11 h/NH#5(KT591876); 12
CH(ABS517556); 14 IR K H] T #
5(KJ192332); 19 Jy K & 765

4 (LC597109); 15k H AT 55 Mii(ABS517557); 16 24 H A% =y {4 fff

% (KF841444); 20 173 i (AB108498).

Note: 1-2. Seriola lalandi from Australia; 3-4. Seriola lalandi from China; 5-6. Seriola dumerili from China; 7-8. Seriola lalandi from Japan;
9-10. Seriola quinqueradiata from China; 11. Seriolina nigrofasciata (KT591876); 12. Seriola rivoliana (KP347126); 13. Seriola
quinqueradiata (AB517556); 14. Seriola lalandi (LC597109); 15. Seriola lalandi (AB517557); 16. Seriola dumerili (AB517558); 17. Seriola
lalandi (MH211123); 18. Parastromateus niger (KJ192332); 19. Decapterus macrosoma (KF841444); 20. Trachurus trachurus (AB108498).

%m%%%%ﬁﬁ—ﬁomsmmA%ﬁ$Uﬁ
CO 1 F1 CO Il SRR ERAR, mife2E R8N, 25
ERTR, BEF 3 RRIEEPTE R ML SR X R
01 25 (A R f0 A0 2 A e BT .

3 itig

ImAWﬁiwm SRS EER, SAFEEM

B R, ZANRHER BN, FHEER
@ﬁﬁ&%%ﬁm%ﬁ%%%,%%%ﬁmDma
R WIIRA, HAE R o Fhric )z T
IRt RFIRE R G 2 B A 20, Sk ikt 4l
AR [) 26 P 4 i 32 PR A 2R Al R R TRl Y, 453

7 LA‘

DR BT A% 326 1 1A 1 B R S TR Y, AR AR 9 22

ey ﬁﬂ’]é}?ﬁﬂu,m ﬁﬁﬁﬁo Ziﬁﬁf\/\ﬁ
¥r' 7 COI1.COII 5 16S rRNA =2k fA 3L K 7
i J 51 S W b LA R A [ bt B o 4% 0 8 5310 O T
(RN, 3% SR 3 B HL ol fif 8 £ 28 1 9 ol 4 531) Oy T

EUA U8 I E, {2 16S rRNA 75 B S 7
ﬁﬁﬁ%%ﬁ%&ﬂ%ﬁﬁﬂol%,ﬂmzﬁ‘

o 3 ANFERFPS AL LIS TE DNA SR IE A% HA (e i

JE FZERER Y] IR Z R R Y S R
AT A4 AT S
CO I RHEmFHHAN HE N Z 1

DNA KM, BAFEENBEERER, Emk
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99| SD1
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JLN Wi Seriola carpenteri KX512706

BELUET Seriola fasciata DQ197998
KAEHT Seriola rivoliana KP347126
SD5

H 2B & A4iff Seriola dumerili AB517558

[ ]
SD2 S.dumerili
SD3

SD4

/IWNH 1% Seriolina nigrofasciata KT591876

5% Parastromateus niger KJ192332

99 _|
85

K&/ Decapterus macrosoma KF841444

—
0.020
K1

Y84 Trachurus trachurus AB108498

JET CO T AR ML & ZEt f

SL v [ B 4%, JSL Jy H A 35 458, ASL Sy MR A1 35 458 SQ Sy b [ 0 45, SD Ay ol i 4. 15 AR AL BT AR AL

Fig. 1

Maximum-likelihood phylogenetic tree based on CO I gene

SL represents Seriola lalandi from China; JSL represents Seriola lalandi from Japan; ASL represents Seriola lalandi from Australia;
SQ represents Seriola quingqueradiata from China; SD represents Seriola dumerili from China.
The number on branch is confidence value.
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) Fh S 2 R Gtk bk B S T 2
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rIEEEH R G Brh O &5 21z B

o fEARBIEH, 32F CO TIEHE T, =FhifiE
1S AR IE 5 (T 28.3, C: 29.1, A: 23.0,
G: 19.6), AT F-H) & 5(51.3%) . & 5 T GC F &
§(48.7%); b, CO 1 3P T8 GC
TR R(56.5%), B EMTALN GC R
(42.0%), FIHI G AT fifdk, S50y
W ge 4R —5; Ward 25288 TR CO 1
S B GC & Em, i —%ihT GCH&
AR, ZWEFEPV T TRk AT H co T 3%
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JSL2
SA2
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91 JSL1
| SA4
v [ B 441l Seriola aureovittata MH211123
H 7% # 4#f Seriola lalandi AB517557 v ]
66 SAS S.lalandi
SA3
87{ SAl
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WK #5 24460 Seriola lalandi LC597109
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H 2512416 Seriola quinqueradiata AB517556
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100 SSQ5 1 T 2
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N SQ3
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J/NH 15 Seriolina nigrofasciata KT591876
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0.020

100 —————— K& Seriola rivoliana KP347126
A A B A& Seriola dumerili AB517558

SD5
SD4 A
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SD2
701SD1

6% Parastromateus niger KI1192332
Y %4 Trachurus trachurus AB108498

KBB4 Decapterus macrosoma KF841444

K2 AT COIZENIEMN ML REHEALR
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Fig. 2 Maximum-likelihood phylogenetic tree based on CO II gene
SL represents Seriola lalandi from China; JSL represents Seriola lalandi from Japan; ASL represents Seriola lalandi from Australia;
SQ represents Seriola quingqueradiata from China; SD represents Seriola dumerili from China.
The number on branch is confidence value.
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N, SEGR RGO, X5 CIREPIN 12 Mgk
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Fig. 3 Maximum-likelihood phylogenetic tree based on 16S Rrna gene
SL represents Seriola lalandi from China; JSL represents Seriola lalandi from Japan; ASL represents Seriola lalandi from Australia;
SQ represents Seriola quinqueradiata from China; SD represents Seriola dumerili from China.
The number on branch is confidence value
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Species identification and phylogenetic relationships in Seriola based
on DNA bar coding

WANG Kaijie" 2, XU Yongjiang', LIU Xuezhou', CUI Aijun', JIANG Yan', WANG Bin', FANG Lu'

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Pilot National Laboratory for Marine
Science and Technology (Qingdao) for Deep Blue Fishery Engineering, Qingdao 266071, China;
2. National Engineering Research Center For Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China

Abstract: Seriola has three species that are highly similar morphologically and are difficult to distinguish. There-
fore, it is necessary to distinguish them by molecular biology methods. In this study, we explored the applicability
of cytochrome oxidase subunit I (CO I), cytochrome oxidase subunit I (CO II), and 16S rRNA in identification
and evolutionary analysis of the three species of Seriola, namely, S. lalandi (Chinese, Australian and Japanese po-
pulations), S. dumerili, and S. quinqueradiata. Three pairs of primers were designed for PCR amplification and se-
quencing of CO I, CO II, and 16S rRNA sequences of the three Seriola species. Dnasp5.10 and Mega7.0 software
were used for DNA sequencing, genetic difference analysis, and phylogenetic tree analysis. The results showed
that the CO I, CO 11, and 16S rRNA sequences had a significant A+T bias. The mitochondrial 16S rRNA sequence
was the most conservative, with a variation rate of 5.06%. The average number of nucleotide differences (k) and
nucleotide diversity (P;) according to the CO I sequence were higher than those of CO II and 16S rRNA. CO II had
the highest haplotype diversity index among the three genes, indicating its high genetic diversity. The CO I sequ-
ence had higher differentiation and more abundant genetic resources than the 16S rRNA and CO II sequences.
Thus, CO I and CO II sequences could be used to identify the three Seriola species in China and effectively iden-
tify the populations of S. lalandi from the three different waters (Northeast, Northwest and South Pacific waters).
In the Seriola species, the interspecific genetic distances of CO I and CO II were more than 10 times the intraspe-
cific genetic distances. The phylogenetic tree analysis showed that each species had independent branches. S. la-
landi and S. quinqueradiata had a closer relationship than the others in the tree. The phylogenetic tree constructed
using the three gene sequences could reflect the evolutionary relationship among the species. These results indi-
cated that CO I and CO II gene sequences could be used as effective DNA barcodes for species identification and
population division of Seriola species and provide efficient molecular tools for classification identification, re-
source screening, and diversity protection.

Key words: Seriola species; DNA barcoding; genetic distance; phylogenetic tree
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IRES, RAE, & EMHE, I
L PRS2 OK ™ S A eg e, L 201306,
2. EK R AT BE R IETT KBRS T, WROK 2R Pl E S 7 B TRE S0 2, AROP AT FR IR A K 7 A 4
ARG AL F R S S E, BRIV IR A B B SR TR S PO R A SRR R, BRI IR/REE 150070

BE: N TR LIRHED i (Leuciscus waleckii)W i Eh SR FR 5 F A& N HLH], R Mo 38 R 4 S a9 ik 58 s, 4331
X PN S R BRIk HLIBI(53.57 mmol/L, pH 9.6) 1K HAMAEYT LAY FUECHE B 1 4% 5 RFEARIEAT T 3R 4
IR, BT S R4 2 K 4H K S B9 A/ B 25 (insertion-deletion, InDels)fv S k4T T HL 8o . I 445 3]
486.57 G 1= U AL, 3243686532 4~ clean reads, “F-XIMFIRE N 51.34 X JFHI LY G #6417 InDels 8 FH 338153k
TU4% InDels 137 5 983528 />, R AL Ar M 345 2% 5 InDels fi7 £ 8176 1>, #4255 InDels I /> Ffr 5 35 (5] 2 98 16
BRGS0, AR5 5 ER 008 1 A O 1Y InDels 17 55 325 4>, JCBEE LR 176 4. &AM IR, 176 Ak A
FEAEBE FEE | BRI A 0 JE G I N A Y A EEAE R . A BasyCodeML . MEME #1 FEL 3 F
IR o Bt a2 R V- A S el 7 DGR AR A R e B[R] abecl . atp2bl . slcdad . slc7a2 F agp4 AT T
HEA WA R, 455 s b B B s B S R = RAEH, {5 abecl . atp2bl ., slcdad F slc7a2 W%
TEREA A RS [ R 1) I e B, O ELR oS FOCHE D RE S M b . B S5 0 BT R, SLC4A4 I
SLCTA2 WANEE [ /B0 A 5 A28 A 0 a5 A AR e, A0 AR B0 3 PR B3 A5 1) 1 1] B2 3% K 1 3K 2l 1 %
IXEEA 1 AR o ASIIFST AT R BU ECE 2 A Bl o 46 58 25 DR AR A2 90 B 38 BB B 43 FAR e B & 3R A5 S 2 Rl o

KB FICHER f;, SILEATNT; HAML; 8Bab N, wEEEd; Sk
RESES: S961 X AR SR A XEHS: 1005-8737—(2022)02—-0184—16

TLECHE R fi (Leuciscus waleckii) 3 J& T #JE
H (Cypriniformes) . #EF}(Cyprinidae) . H% 17
Fl(Leuciscinae), fEX g, SR EIL T HZA 0+
HA, FL T RIBILREL . L, B
P BT YR K B ER BRI o FU EC e 2 f0 LA W ik i £
e it A2 B 1, Be S T A2 N S Ak BL W me
53.57 mmol/L, pH 9.6 A i AN R IREE, B R
SR Y 3R 2 0 M B 2 0, 1K LA S
KL (11500~7600 CAL.BP)J&— /iR /K1, F1
T K R AHE; 23T i (3450 CAL. BP
A, mFAMETEE, BEKED, M SR

Yim BHEE: 2021-05-22; 1&iTHHE: 2021-07-07.

PRI, 875 Shy o A f PRt A A 001 20 T ok
FUECHE % 00 (B Rl ), 4528 47 T el ) B0E 3
VEFE, TEA R 1 AR R A) LSBT X 3k L vy
B TR pHL PREE M DRt I ) 5 PRy T R A B 2
PERE TS K B, FL EROHE 2 12 K Ao A1) 15 ik

RMRKFE 1.5 A5 B 22 DF T R, FUIR
i %5 £ K AR K Rl HG B T W R R AR L 45
F oAk, 4 00 s P 5 MRy 483 1V (local - adapta-
tion) AT AE 15 I — % 4 Ak i R B R U0 B,
FU PR 2 00 0 4 1) e S A P S0 Ay 4 s S £
A B I A i PR 1 20 BIL A A9 AR

HEE&TAR: EZE AL EQ019YFD0900405); % [ARFFHEIATH H (31602136); HEIK = RFFBFIE B ih e 28 /3 25 MRt

B BT 3 AR 55 254 151(2019Z2D0601, 2020TD22).
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T RRAR BRI AR

4 5 DR A vy 3 0 R R R I e, il DA A
2H R Mgt A B0 DQRE &5 £ R B 1 1) 15 A% SE A A
AIAE . Xu 25058 i ) FU FCAHE 2 #1131k LW A SR g T
FORESL N AL SNP Z 8 Mt T JH A LB dr, &
BT —FR) 55 R py £ 3 AR i Bl A S5 R O 1
PEILH, DIRE AT A BLX LI 2 5 T R 6k
W B s AR Y HEM A R A
AT A PR PR B A S T R E R, R
MK FNIROK I Fh S B bR dR, TN 2% 5
) SNP v i 48 22 1T 21 A2 Eh i E ) BEPE Y
frede e R BT i3 BEAIF 5 2 B 3k HL I B 1AL i
0L AR 110 356 DR 2 355 I P AL o] A %o M i R B A 5%

M T SNP, ##i A Bkt % (insertion-deletion,
InDel)/E 0 57 - dse 7 UL %) 28 R 2 A8 o il ) A
FaEMEMZ T BRI E e, BRT7ES
TP TP X P o Fhnic © 2746 TR s % 245
Fa) 3 B LA 3 ik 4 356 PR 21 5 BX T 5T (genome-wide
association studies, GWAS)JFJE 1)/ T & Fpls10,
R fa 2 F PR 2 R S 9 3B AR X 3D

AHIF 5% 1R HRUEL [QHE S £ 3k LI RIAS AL VT FPRE
RS, P A5 A F| P HOR, 0 e i
KPR AR KPS 22 57 InDel KA, 4G
8 A E Bk 2 30 T | B PN B &I RSN B i b vk
ERBROE (M) e R R InDel v i SO HOCHRIEA, IFXT
ik InDel JCHKIEPRHEATHEHE R ) S8R A 4l
AT . B 7R SR E P2 InDel AF
S, R BL ERHE R a3 07 B st R A A B 1k 4
Y . W TE A SRR E S, ok fa 2 o
SrFAMC i IT AR SRS AR

1 #MHEFE

1.1 ##ZAKIER DNA #2E

FUIRHER #1331 R B N 52k 3k L FIAA A6 7L
IR LR, IR RK TS EZ M Chang
0w M RGeS R 5 R
FEZR, 35 LB RREE (B K A, DL)F- 344 5 Fik
435 4(139.18£10.96) g F1(20.90+0.68) cm; FA4E
VIR ROKAD, SHY PRI AR 3510 (125.85+
3.67) g #1(20.10+0.24) cm, ffi{A Z: MS-222 (Sigma-

Aldrich, &[E)FREEEHZ PR MRED R 1.5 mL
TS 25 R # KR B LR, TN R B RAE 25 1
I FEFI 2 DNA fifi i DNeasy Blood and Tissue
Kit (Qiagen, 78[E)AF ST, 1%M9 B b
EERC LUK AT DNA 5%, Jffi ] Nanodrop
8000 (Thermo Scientific, 3% [E Kl DNA ¥ & il
4ffE, KA A DNA BT -20 CIRAFRH.
1.2 DNA XEMBRSEENF

K95 A 4% i) DNA FEEL(>1 pg)iliid CovarisS2
BEMLFT WK R 350 bp AYH Bt. R TruSeq
Library Construction Kit (Illumina, 3% [E)iF17 2/,
AR AT T B 47 1 R AIAE R . DNA e
KumfEsZ .  ployA & . fimill e 4%k | 4fifk . PCR
T8 S 2D RS8R SO ] A R o MR SC
JiE 22 A J5 AE Tllumina Hiseq4000 “F & [ 4T
PE150 RUA Sl 1 o SC 244y el K e il o 0 )3 phy b
SO AR B B A A BR 2 W) AR 58 .
1.3 WFHERETFMG

JE AT TR 250 FastX-Toolkit #f4:(v0.0.14)
(http://hannonlab.cshl.edu/fastx_toolkit/) #4713 €,
PRUEAR AT . (1) o 8 AR o sl A1 (i 2 Jt
M 0<20)H) reads FF31); (2) i iEERR 0>201H
BRI IERE BN T 50%09 reads 7515 (3) itk
5 3% Q<10 FBREE) 51, B LRl 7 e A8 52 32/ 1N
T 0.1; (4) LU PTA reads J7 4 1YL T 51,
(5) ok AL R B AN A2 T TG VA TR A B R o
KF 10%F7 reads J¥41; (6) i 3 FE<20 bp 11
reads J751 .
1.4 InDel calling #A%Eit+5#7

i | Burrows-Wheeler Alignment #{4:(BWA,
v0.7.17) 2L BRIA 2 B0k 18 8 ) 0 a5 B G A
%10 % % FE 4 (NCBI: GCA_900092035.1) 3
friext, i NGS QC T RAu!" %t id i reads ik
T —2 B mEEd; R Samtools #K {7
V1M ) rmdump FBREE FS, fifi 3L R4
GATK T HA3(v.3.5)" 1%} InDel J& Bl reads #17
FeXf, H RealignerTargetCreator #4875 2 iE 1T
K A0 HE X A9 B 5 S, InDelRealigner X4 4 Ho Xt
SCAFHEATREARELRT ;B ) ] BaseRecalibrator i
A B o 0 5 R AR o
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1.5 #R InDel i iz 1R

fifi ] Samtools Z /4" I mpileup % 5 InDel 75 5
B, A IEFREATR: (1) 0=20; (2) &AM
J¥ 7 35 VR B (QualByDepth)>3; (3) 741 L X [t 5
438034 )7 H(RMSMappingQuality)>20.,

i FH SnpEff 4 PE(va. DU AR TL A% 0.5
2 B DR 2 AN R SO B A B P, X AR AR Y
15 51 £ InDel 58722 {37 s AT 007 ' AN A L T
SERUE RIS, SR I8 B R AL VR i [
H AN EARBRARFE R InDel XA, HAR
5P AE VTR A ) e 52457 i (JR] — oA 4k 1)
InDel i 52846 —B0) He A, Gt t ik BL R 22
e N VSN B DI 7S B U = B S
L AL 5 8L (fixation index, Fo)FMIFhEEAZ 1R %
BEVE LAY 7 ratio (SH/DL)HEAT T ik HLWIFHRE A
FEVIRDRERE R 2H b e PEA5 S A I, K Fy Fl 7 ratio
(SH/DL) 51 5% 3853 (F=0.375, m ratio =4.160)
Ve LN 4L BA s PRV 5 5 1 D), 7
AW, E#H LSRIESFE 5 X8 Fo Ml 7
ratio (SH/DL){H IZ% , i JEAF 2L % XY
ik HUWIFPAE InDel 22 57352007 i R HAp e LA
1.6 EEINEEESH

g HE DR 33552 . KOBAS 3.0 (http:/kobas.
cbi.pku.edu.cn/)#4T GO Fl KEGG & &4 #r!'* 1%,
T Fisher F§H6K:50 A0 K AL [, R Benjamini-
Hochberg ZH# 0% PAEHEATIEE, B5E 0.05
VA
1.7 HLEFEEHASH

RAE s LI EE R, TS5 8 7 MR
B A7 G SR 4 0o R 100 i KR X mRINA ¥ 81 67 7
VEFE T 1 o0 B o 1 ST HE R Ak DY) 2 Rl
(http://www.fishbrowser.org/database/amur-ide/)
PATECR BB FP R A BE JE ) mRNA JF41, K5 &R
GenBank #{#& J& (www.ncbi.nlm.nih.gov/genbank)
W £ IS 8 (Fundulus  heteroclitus) . Je % % Ak fa
(Oreochromis niloticus). KV ¥E#E(Salmo salar) .
K& i (Larimichthys crocea). ¥t i (Danio re-
rio). ®8(Cyprinus carpio). #)(Carassius auratus)

5 12 PR %0 B R mRNA P95 1), K f

YA AR 8 58 AP 5 64T Blast [t
X DL B AR 7 50 A LR o G iE MEGA X 3K fF
Clustal W 725U X B80T 22 551 He X,
FOF 25 A TBtools B AFPEA T8 57 ) i it e
KAUSR :(maxmium likelihood, ML)/ ## R G K H
W E S RGE LT RER, ARMEBEN
1000 DA 5er ik A A i AT (5 72 B o fi FH] EasyCodeml
B (v4.8) P2 Code ML i Al 345 e ik PR i
FEF] S/ AR A dNIAS (), REEKF W
(.tree) FN &4 S .phy [ 2 5 51) L X6 SCHAAE R s A
R o TR b A 6 RS R A 6 40 1 S PR Y
E [ e, 25 AU S e R R T B A R AN
[ A2 Ak, R R S8 K B B B9 6] 43 3 52 8
FEIE SRR TR, A ) 2 HE R 6 3 28 1 i e 48 )
AE . AR LT 4 X AR AL, MO (one ratio)
vs M3 (discrete), Mla (Nearly Neutral) vs M2a
(Positive Selection), M7 (B) vs M8 (8 and w>1)L) }

MS (8 and w>1) vs M8a (8 and w=1), S K Mla,
MO, M7 HIXFR Y M2a, M3, M8s B5E 2544034 1t
W o> i HRIK LA 55 (LRT) Hh A 1 #5284 Y 421
AR, DIBLRIFE) Bayes Empirical Bayes (BEB)
m R Bff 2 T ) e B R DAL, AR R =
0.95, FHZAL 28 W E N IE M EREE S . It
G, Sk ikt G B BH P O ) B R, AR ST
W% T [A) AR A T 2 Y AR, R
TR A 00 B (MEME) A ] 22 3500 45 5 (FEL) , 74
iR il i Datamonkey 7F 28 I 55 #% (http://
www.datamonkey.org) 56 i, 1 &2 LT S5 A7 15
B MIE RN R (1) fra; (2) PUR KR
P<0.1, ifijd EasyCodeML., MEME Al FEL H
b o L2 05 A 57 N A S 3 I [ e
FE 7 85
1.8 IE [mIEFEAL = Dh BE T

TR R AZ O T B R R A S TR,
FC G %9 i 4% 356 6 DX 2 S R 7 471 4 ) HMMER ™!
S5 Sy RS R, i MEGAX #ff
) MUSCLE &5 47 L X LAR 2 B ECHE R fa1E 7]
PEBEA S AERE S0 L &, i Pfam 78
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£1 AEYF mRNA FHIEFEE

Tab.1 mRNA accession number of different species

L gene
PFp species Sl
abccl atp2bl slc4a4 sle7a2 aqp4
BEH XM_ XM_ XM_ NM_ NM_
Danio rerio 001341859.7 021474965.1 009301742.3 0010085841 001358313.1
il XM_ LHQP LHQP LHQP XM _
Cyprinus carpio 019063140.1 01004580.1 01006640.1 01044284.1 019126192.1
PN e 15 XM_ N.A XM_ XM_ XM_
Oncorhynchus kisutch 031814424.1 - 031816383.1 020502083.2 031833596.1
TH il XM_ XM_ XM_ XM _ XM_
Oryzias latipes 020705549.1 020714117.2 023958122.1 011480522.3 011486891.3
Je % Bkt XM_ XM_ XM_ XM _ XM _
Oreochromis niloticus 005461613.4 019346817.2 005451543.4 005460484.4 005476355.4
A2k XM _ XM _ XM _ XM _ XM _
Sinocyclocheilus rhinocerous 016441595.1 016272439.1 016481766.1 016446453.1 016532039.1
i MH XM_ XM_ XM_ XM_
Carassius auratus 420555.1 026236876.1 026211369.1 026281018.1 026195121.1
B A5 SR i XM_ XM XM_ XM _ XM _
Ietalurus punctatus 017490307.1 017494455.1 017452158.1 017474119.1 017455409.1
KA XM _ NA XM _ XM_ XM_
Perca flavescens 028598933.1 o 028577137.1 028589476.1 028592985.1
JIK i XM _ XM_ NA XM_ XM_
Fundulus heteroclitus 012860936.3 021309511.2 o 021318690.2 012875407.3
K XM_ XM_ XM_ XM_ XM_

Larimichthys crocea 010755057.3
HEH XM_ XM _

Chanos chanos 030790406.1

027291879.1

030778801.1

010736564.3 010732897.3 010730011.3

XM _ XM _ XM _
030772709.1 030765002.1 030770711.1

FUBTRAL T D RE 25 A4 Sl 5 T e 4t A A7 o5

AL, (8 R A8 [0 25 F 0BT IR 55 %% 1-TASSER™®)
T L AT B BB vk T 4 36 5 D ) 1 T
USSR, HE—20 T R R gn S R B DB R L,
BRI PEAL @ 3F C-score FI TM-score €M%, XfT
C-score, FJ{EJE X[ H[-5,2]; XIF TM-score, K
T 0.5 RUHFNG BA B = s e, /T
0.17 F RS M MER PR3 222520 &R B A
J = LS LAY E i PyMOL K44 (https://www.
schrodinger.com/pymol/)#17 /@7~ o

2 HRE5HH

21 MFEEST

FE S 2k 0 R R 2L AR T 3243686532
/I~ i clean reads, fU 5 486.57 G I ¥ &0 dE .
Hrh DL 404 1659962056 reads 1 249 G %L,
SH #4047 1583724476 reads Fil 237.57 G lIEH(F
2). S5¥IUH reads ML, PR TORIWEFE clean

reads i 96.7%, H:H', phred score>20 fJ reads i
97.3%, phred score>30 [ reads (5 92.6%., GC
SEBFAE, 15 39.30~39.88 Z[H]1F5), reads It
YESEZEXRNA)E, Gt R SR, DL 4160
Mapping reads %N 1364105229, ] H X HE N
82.17%, FIMFIRE A Ny 54.4 X; SH 4 E K
Mapping reads %00 1287038455, F-HJH X% K
81.27%, “F-XIMFEREZI N 51.34 X (35 2).
2.2 InDel #5453 fm%it

DL Fl SH Wi 20 BiF 5 1~ A3 A 983528 /1~ InDels
PEOR R ok, EAANYER L, /A InDels £
N 21244~67765 (B 1), BK E&AYe @ik 5y
i/ InDels %A 22 R s mffr, PR @
& E45 Mb 20 2.16~6.89 (& 2), 7TEAREEHY
983528 4™ InDels 1, DL ZH45 420095 1, SH A
563433 4~ .InDels £ &} 1~29 bp, AL T HLE,
FEDL 1~8 bp /N B BRI InDels 22,
Hor DL 446 A BORB 05300 294851 A-FI
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Tab.2 Summary of sequencing and mapping statistics of Leuciscus waleckii individuals from Lake
Dali Nor (DL) and Songhua River (SH) populations
FEdh I IRAEEU/G SUR/SP N ERONESN ME— LE X B /% Iy R BE /X
sample clean bases clean reads mapped reads uniquely mapped reads sequencing depth
DL1 48.49 323299350 265765182 82.20 53.00
DL2 48.22 321441642 263095847 81.85 52.50
DL3 47.74 318252248 261486938 82.16 52.10
DL4 55.94 372930972 307344683 82.41 61.30
DL5 48.61 324037844 266412579 82.22 53.10
41T total 249 1659962056 1364105229 N.A. N.A.
-1 average 49.8 331992411 272821046 82.17 54.40
SH1 48.35 322305900 260945026 80.96 52.00
SH2 47.90 319304476 259156951 81.16 51.70
SH3 46.85 312324164 254561923 81.51 50.80
SH4 46.06 307058642 251545155 81.92 50.20
SHS 48.41 322731294 260829400 80.82 52.00
AT total 237.57 1583724476 1287038455 N.A. N.A.
-4 average 47.51 316744895 257407691 81.27 51.34
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30515 4, SH 4143738 353277 A~ F11 26539 4~ H:
WA AEFE InDels, Hi DL 44 A BB 5L
435k 18584 /NH1 13097 4>, SH 414351k 30870
ANF1 21302 4, B % InDels B840 AY 34 1N, InDels
Bk R T REEEE 3),
2.3 InDelsiE®

DL 4% InDels (&R 420095 1~. K%
InDels {37 T~ 5& A 1] X 12 (328682 1™, 78.24%), /LFE
IE T HE X 8576289 4>, 18.16%) . HKEPA ¥
(8906 1>, 2.12%)FI R (6218 1>, 1.48%), Hrpkt
IR X 48 A 55 Y 55 7-(66173, 86.74%) . M T(6340,

FUIRAES £ 4 25 Y (A b i A/ 2 437 53 (InDeels) 85 7 A1

The number of insertion-deletion sites (InDels) on each chromosome of Leuciscus waleckii

8.31%) A1 4E &# ¥ X (3'-UTR, 2609 4~, 3.42%;
5'-UTR, 1169 1™, 1.53%). Zifi% X B i 4i A 4L
(frameshift insertion)”}y 1818 ~(28.68%), Zwfid[X.
N #4152 5L 4L (frameshift deletion) &y 2191 >
(34.56%), ZWtSX N InDels 5878 3154 11T M %K
(stop-gain) A 186 1~(2.94%), ZWASIX P InDels %
A5 F 4 2 F T 18 (stop-lost) 280 ~(4.41%); E
it X P AL i 4 A BV (non-frameshift insertion)
FAE g i X N FL A5 Bl 2K %X (non-frameshift dele-
tion)7r 5 793 4~(12.50%) A1 1072 4~(16.91%)
(K 4a),
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Fig. 3 The distribution of different size insertion-deletion sites (InDels) in Leuciscus waleckii genome
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Insertion-deletion sites (InDels) distribution on the chromosomes of Leuciscus waleckii

= 3k E AN EEE A R4 DL-insertion
3 3k B iR EEE 2k 2845 DL-deletion

1234567 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29
1 A/ 5 K B /bp InDel length

= ATEYL AR A 2248 SH-insertion
AT R RS 2278 SH-deletion

123 45 6 7 8 9 10111213 141516 17 18 1920 21 22 23 24 25 26 27 28 29
i A/ 4K B /bp InDel length

B3 AN B 4 A/ A7 45 (InDels) 78 FC FCAHE % # 35 K 40 119 43 A

a. The distribution of InDels length in Leuciscus waleckii from Lake Dali Nor (DL) population;
b. The distribution of InDels length in Leuciscus waleckii from Songhua River (SH) population.
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SH 41 & InDel (1~ 563433 1~ 5 DL 4147
AL, KZEC InDels v F LA [A] X 35430068
A, 76.33%), DAL TR X 8 (120743 4,
21.43%). FEH FI#(7043 4, 1.25%)F1 T ii#(5579
A, 0.99%), Horp 5L X I35 N % F-(93709 4,
77.61%). AMETF(20164 4>, 16.70%)FI-EE %X
(3"-UTR, 3513 1, 2.91%; 5"-UTR, 3357 1~, 2.78%).

il X NFE A A BECH 5767 1~(28.60%), ik
X B S BCR 6769 41~(33.57%), Zii X A
InDels ZRAFFAGLNE T HECH 645 1~(3.20%), Fi
i X N InDel 248 & R L& kT BECH 250 4
(1.24%); ALt X N B4 A S BCRIEE 65 X
R B B 0 3438 4N(17.05%)F1 3295 4
(16.34%)(# 4b).

23R SN

Lk
a stop-lost stop-gain
WX 280 (4.41%) 156 (2 949,
upstream 3!5%3@!@/\.
FLH[AE][X intergenic 6218 (1.48%) nor;fsr:.rtzz;mﬁ
328682 (78.24%
( : /TR AL OS 793 (12.50%)

/

FHF X genic
76289

. downstream
. 8906 (2.12%)

frameshift
deletion
g 2191 (34.56%)

ity IR EEX
S, 3-UTR2609
\ / R BR
SRR (3 2%) hEFR n i
, on-frameshift
3 8’15‘1;,1/1) \ “ exonic deletion
° 6340 (8.31%) g 1072 (16.91%)
P& FIX intronic
66173 (86.74%)
5" B IX
b 5'-UTR 3357
AEFX (2.78%)
intronic , N
93709 (77.61%) / 3 ﬁf %@;{f‘z IR
- — 3513001 ZUESR stop-gain
27 stop-lost 645 (3.20%)

250 (1.24%)

JEBEA
non-frameshift
insertion
____________ 3438 (17.05%)
"""""""""" frameshift
deletion
upstream 6769 (33.57%)
7043 (1.25%)
LA [H][X. intergenic
430068 (76.33%) T X Rk
downstream non-frameshift
5579 (0.99%) deletion
3295 (16.34%)

Kl 4 TUERHED fh AN [ RhEE A /R 2R £ 5 (InDels) X 3K H) BE 73 2

a. JLIRHER ik BUBIFIEE InDels IXIDIREIN2E; b, BLRAED AR AETLAI InDels K ILDIAE /K.
Fig. 4 Functional classification of the detected InDels for different Leuciscus waleckii population groups
a. Functional classification of the detected InDels for Leuciscus waleckii from Lake Dali Nor (DL);

b. Functional classification of the detected InDels for Leuciscus waleckii from Songhua River (SH).
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24 #5 InDels i S iFi%k

DL 415 SH #HLifit 3 3] 8176 2=tz
InDels i /5, Hp L HE] X388 5755 1~(70.39%),
FEH WA R RSB 60 4N (0.74%) F 55 A4
(0.68%), FEH X IR IERIEIX 3'-UTR K 23 1
(0.29%), 5'-UTR N 22 /~(0.27%), N T~ 2074
N25.37%), SNBT R 187 1N(2.26%), it
Fy Fl 7 ratio (SH/DL)FE F§ /> Ff B v 2L 1 51 3259
AR S S X, K DL 22 Sk A7 5 55
VEREAR 5 K IICse 4, 19 3] 325 A2 R ab=qy
SOCHRE] 176 /NFEDH, K a0k S I PRI 2 hy Fe 244119
iRe e e L A
25 EEINEEESH

176 Mk B L A 3 1613 4~ GO S5 H I
181 /> KEGG #pgH, H i H 4N GO 4 H
A 193 4>, KEGG i i A 27 41~(P<0.05), GO /3 #r
Rk #2 (biological process, BP)FH G {51
B RS 0 e RS, A AE R T
$2(GO: 0043065) . FPENZ(GO: 0045087) . [H4H

A 25 -2 & BOEH$E (GO: 0032743)45 5 7, Hk
H B T L E (GO: 0034220) B8 e 2 3 11k 7
1B R M (GO: 0015174) 41 36 52 7 A9 1o 1 3 (R B
FEREE 4. I 5 (cellular component, CC)
S RE A R LR A B 4,
15 28 B K (GO: 0005739) . £k ki & I I (GO:
000743) , FEIR 4% A8 TV (GO: 0045277)%5 33 # .
T 31 fiE (molecular function, MF) #4312 i 5 5k
HE LR, B3 Na B8 16 1 (GOo:
0015081)f1 ABC F¥%iz & [ TG (GO: 0140359)
E(E 5). KEGG 4341 ks 2 5 A i 1- 5 fe e by
RS DI R XU 2 E 4, WS NOD FEAz ik
i (04621) . Toll A 5z 43 % (04620) . [ I
(04215), TNF {558 (04668)F1 p53 15 51
(04115)%%; BLAb, mIRE S0 5% A B 3d I AH 5& 19 2
REDX I A7 B B4R, A4 Ca (5 538 #(04020)
O LY 45 3 5 (04260) . B R -1 BEK KRG
(04614) L4 T2 1 3805 2 X Jal, fun L 2200 46 (04917)
(1 6)

B 7L B R P #4H % 45 B items related to ion transport and acid-base balance

Pl 5 3 FELIMFC FORE %7 i A b R Bl i 17 o 6 25 [ GO 7

Fig. 5 GO annotation of candidate genes for alkali-saline adaptation in Leuciscus waleckii from Lake Dali Nor population
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NODFEAZ {55 # NOD-like receptor signaling pathway

Tollf 32 {44551 % Toll-like receptor signaling pathway
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L4 cardiac muscle contraction | o

HE R 3 cholesterol metabolism

45{5 5@ calcium signaling pathway

1EF ZE 55 oxytocin signaling pathway

1 15 20 B N A 45 regulation of lipolysis in adipocyte

FALBEMR AL oxidative phosphorylation

T EAYI AT YT 32185 5B H PPAR signaling pathway

B -5 S RN SR IE B (55 38 ¥ Jak-STAT signaling pathway

JiEE PRFE A F{5 5 38 B TNF signaling pathway

BTk LR 3- B -2 I 34 B (5 5318 [ PI3K-Akt signaling pathway
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Fig. 6 KEGG pathway analysis of candidate genes for alkali-saline adaptation in Leuciscus waleckii
from Lake Dali Nor populations

26 XEREEREEEHSH

T AR LSS 7 X3, InDels 2557162
75, B GO 4 H2RRI(K] 5)LA K SE R A= 12
Yifik, abeel . atp2bl . slcdad . slc7a2. aqp4 W
N5 DL ZH B 1 az R el i 25 2k R A DG 1Y
AP I, X 5 PNEEFARA TiRER(F 5 X
W, JFHEBE P ER - 2E 5T InDel %
AR (R 3) o Ik S G B 45 B X i S A
EasyCodeML #F AT £ J1 5007 o X T agp4,
1E MO R R, ©=0.39436, o {HiZ/NF 1, WA H
FE U R AAAAE IE R (R 4), LB Mla F
M2a, ISR LSS 2AInL=0, P {54 1, 58] M2a

FFAPET Mla, 4351 e M7 vs M8 1 M8a vs M8,
ISR LA B0 43 9 K 2A1nL=9.44 (P<0.01)Fl
2AInL=0.015 (P>0.5), i8] M8a BiAIFF AT M8,
CEA R agpq FEH E T Z RN RS IE 2
W, BARE RS X TR atp2bl, 1EFEAL
MO 1, HEALH R wo=1.10315, B8 arp2bl 1E3E1k
AR ZEN T —EWIE R, X 4 R
HEATRUR HEAG S0 2 B, M3, M2a Fl M8 4575 B i
T HAR R B BT MO, M1a, M7 5 M8a (P<
0.01)(F 4), L S ZBIMEREIIfEEZESR
HAREIH sic4a4 . sic7a2. abeel W MO 58I B
CATHE S A B TR AR A2 B TS R AR B A Ak 1R

*3 ZEHRREZTEMBRBPENXCBEAZERBNREACIER
Tab. 3 Thedetailed information of the key regulatory genes and the related InDel loci for alkali-saline
adaptation in Leuciscus waleckii from Lake Dali Nor (DL) populations

IS4 o K LR AR AR A 5 FARE VTR A /B A F 7 ratio
gene name position (scaffold bp) InDel genotypes in DL InDel genotypes in SH o (SH/DL)

abceel S2372_280895 ins (G->GA) del (GTTTTT->GTTTT) 0.496 6.187
S2457 79727 ins (TG->TGG) del (TG->T)

atp2bl S2457 81204 ins (ATA->ATATACTTACTTA) ins (ATA->ATAT) 0.550 8.135

slcda4 S156_79063 del (GAAT->G) del (GAA->GA) 0.452 6.632
S2183_243547 ins (A->AT) ins (AT->ATT)

sle7a2 $2183 253398 ins (CG->CGG) ins (CGG->CGGG) 0.617 11.743

agp4 S916_402279 del (AC->A) del (ACTCT->ACT) 0.500 7.771

. oins FRIEA, del FIRELE.

Note: ins indicates insertion; del indicates deletion.
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Tab. 4 Adaptive evolution analysis of key regulatory genes for alkali-saline adaptation
in Leuciscus waleckii from Lake Dali Nor (DL) populations

HH gene MO Mla M2a M3 M7 M8 MS8a
abccl ©=0.93169 Po=0.26242 P0=0.23566 po=0.17768 p=0.11023 Po=0.71712 po=0.27672
p1=0.73758 1=0.55983 1=0.49885 q=0.02848 p=0.37729 p=1.33245
©0=0.09249 p,=0.20451 1:=0.32346 q=0.22021 4=9.96033
,=1.00000 ©=0.09014 ©0=0.03549 (71=0.28288)  (p,=0.72328)
©,=1.00000 ©=0.76786 ©=1.96411 ©=1.00000
©,=2.19622 ©,=1.91167
atp2bl ®=1.10315 pe=0.22325 P0=0.18519 po=0.22534 p=0.10641 P0=0.80477 po=0.22325
1=0.77675 1=0.66442 1=0.68357 ¢=0.02828 p=0.13154 p=0.00500
®(=0.00000 p,=0.15039 2:=0.09109 q=0.03480 g=6.06544
,=1.00000 ©=0.0000 ©0=0.00000 (71=0.19523)  (p,=0.77675)
©,=1.00000 ,=1.21228 ©=3.17244 ©=1.00000
©,=3.58350 ©,=4.39876
slcdad ©=0.49123 0=0.50319 o=0.48233 po=0.31338 p=0.42151 0=0.93159 Po=0.66534
71=0.49681 1=0.48557 71=0.52293 q=0.45488 p=0.45765 p=0.65833
©=0.13607 p2=0.03210 p2=0.16369 ¢=0.54920 q=1.86869
®=1.00000 ©0=0.13430 ©=0.04725 (1=0.06841)  (p1=0.33466)
©,=1.00000 ®,=0.56022 ©=2.19614 ©=1.00000
©,=3.09276 ©,=1.65694
sle7a2 ©=0.49050 po=0.49617 po=0.47347 po=0.35821 p=0.40579 0=0.93723 o=0.63033
1=0.50383 1=0.48966 1=0.53030 ¢=0.42093 p=0.43899 p=0.67283
©=0.12074 p2=0.03686 p2=0.11150 q=0.49897 q=2.27849
,=1.00000 ®0=0.11839 ®=0.05744 (p1=0.06277)  (p1=0.36967)
©,=1.00000 1=0.65093 ©=2.53772 ©=1.00000
©,=3.46105 ©,=2.06412
aqp4 @0=0.39436 p0=0.56763 p0=0.56763 po=0.53514 p=0.53076 p0=0.58813 p0=0.58857
p1=0.43237 1=0.03445 £1=0.09459 ¢=0.63520 p=3.47112 p=4.59178
©=0.12665 p2=0.39791 p2=0.37027 q=20.77246 ¢=28.01053
®1=1.00000 ©0=0.12665 ®=0.10716 (P=0.41187)  (p1=0.41143)
©,=1.00000 ©,=0.84815 ©=1.00000 ©=1.00000
®,=1.00000 ©,=0.84815

T MO R H— % Mla R/Rit i M2a /R IEERE; M3 RIRESHG M7 30K B 4370, M8 F/k f & w>1; M8a /R B & w=1.
Note: MO (one ratio), M1a (neutral), M2a (positive selection), M3 (discrete), M7 (f), M8 (8 & w>1), M8a (8 & w=1).

P (w<1), {H M3, M2a Fil M8 A&7 BH 5 A T HAH
N AR A MO, M1a, M7 5 M8a (P<0.01),
WS A b ik R v 52 B4 [ R B ) v A 3 4,
{ATEIX SEEL D] M8 LRI it fE7E 35 & A 1E ) i 4
IR 7 1 FERIR M8 1, 4351 L) EasyCodeML
MEME Fl FEL 15850 T abeel atp2bl slcdad .
sle7a2 Fl agp4 5 MEBEFER B 1E [ 807 05, 40
FAEINE] 2,16, 16,8 Fl 0 4 5% 1F [a] e o, H
W1 abeel FIPIANT SR8 B 8 3E K, AR
SR 2K (3R 5).

27 EREFRMCEAESTMEAR=ZLEN
Sl

B R 1 ) e B 5 BT 7 R IR Y 91 5 5
£ [/ U5 7 3 Hex S A T BU ECRE S R B £ E
[ e PR S LB . abeel TN G LR ]
SURSRIRE TR K, (R R IS 3 A
KT RE L8 3 S FEBHE AL s ) 85 X3 atp2b1
Z AL BT TE BB T2 ATP BT RE
AP (N 3 A1 C ) A & E1-E2ATP B hfgdk .
sledad Z R S 5B S A P RE & X 2 AR
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e 3 R AT BLA HCOs b 4452 25 35k EPEAL AL T I 12 L IR AR AR 1 4 S B A 4
sle7a2 ZYEPEALS FEPEPER DM EILRIEIE WD, ﬁtﬁﬁﬁﬁ%ﬁﬂﬁ/\%%ﬁ%@ﬁf?
B S5 HIR(E 7). BT sledad R sic7a2 WIERAE32  HI4RACE I-TASSER AT =4EE 45 il . 7F

®5 EREFRERMS

Tab.5 Amino acid sites undergoing positive selection

MO vs M3 Mla vs M2a M7 vs M8 MS8a vs M8 EasyCodeML (M8)
P-value vs MEME
2AInL vs FEL
abecl 660.16" 126.71" 138.17" 126.28" 32 128"
atp2bl 144.55™ 80.217" 90.10™ 78.27" 33" 39 40"
43™ 57 g5t

141" 151" 242"
279" 328" 407"
619" 840™ 877" 972

sledad 1050.6™ 60.43" 79.09" 57.417 4™ 16™ 25"
51 74%M 112"
144" 230%™ 309"
506" 5171 530"
536™ 660™ 890™ 905"

sle7a2 537.53" 36.22" 46.28™ 37.47" 13t 45t 5y
581 125M 224%M 284t
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Fig. 7 Prediction of equivalent sites of Danio rerio’s functional domains based on positive selection sites of Leuciscus waleckii
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Fig. 8 Positive selection sites and three dimensional structure of SLC4A4 and SLC7A2
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Mining and analysis of InDels in response to alkali-saline stress in
Amur ide (Leuciscus waleckii)

WANG Shuangyi'?, LIANG Liqun®, CHANG Yumei*, SUN Bo®

1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. National & Local United Engineering Laboratory of Freshwater Fish Breeding; Key Laboratory of Freshwater
Aquatic Biotechnology and Genetic Breeding, Ministry of Agriculture and Rural Affairs; Heilongjiang Province’s
Key Laboratory of Fish Stress Resistance Breeding and Germplasm Characteristics on Special Habitats, Heilongji-
ang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China

Abstract: To uncover the adaptative mechanism of the alkaline Amur ide (Leuciscus waleckii) population in Lake
Dali Nor, Inner Mongolia, China, five samples of two populations, including one alkali form from Lake Dali Nor
(DL), and one freshwater form from the Songhua River (SH), Heilongjiang, China, i.e., its historical origin, were
analyzed using whole-genome resequencing technology. A total of 983528 nonredundant short insertions and dele-
tions (InDels, 1-29 base pairs) were obtained. Among them, 8176 InDels that were polymorphic between the DL
and SH populations were identified. Then, using integrated analysis of the known strong positive selection signal
regions between the DL and SH populations, we identified a total of 176 potential candidate genes potentially af-
fecting alkali-saline adaptation. Enrichment analysis showed that the genes were enriched mainly in inflammatory
immune responses, ion transport, and osmotic regulation. Furthermore, the candidate genes abccl, atp2bl, slc4a4,
slc7a2, and agp4 for key regulatory processes of alkali-saline adaptation, such as osmotic regulation and acid-base
balance, were identified via selective pressure analysis using EasyCodeML, MEME, and FEL. Analysis showed
that purifying selection played a dominative role for all of these genes, but a few amino sites could be identified to
be under positive selection in the selection model. Prediction of three-dimensional structure revealed that some
sites of the two proteins SLC4A4 and SLC7A2 coincided or were very close to the ligand-binding sites, indicating
that the positive selection pressure mediated by the alkali-saline stress may contribute to the development of rap-
idly adaptive evolution in Amur ide. Our findings provide a basis for further study and reveal key genes for al-
kali-saline adaptation in Amur ide.

Key words: Leuciscus waleckii; whole-genome resequencing; insertions and deletions (InDels); alkali-saline ad-
aptation; selective pressure; adaptive evolution
Corresponding author: CHANG Yumei. E-mail: changyumei@hrfri.ac.cn
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M Ao S8 scdla M scdlb FE R 58 K H o 2 IR ad v 24 201

0 2 (%) Ll A1), DT 626K 200 B 2 ) A A8 LB, A F
M ) B P, SRR S PUERE I H B, X
P EG IR R 428 1 B 7E ¥ £81 (Ctenopharyngodon idella)
Je % % 4E 4 (Oreochromis niloticus) Ul & #8(Cypr-
inus carpio) A RIRLE RPERF ST A R P A
WFoE 0, WARMER G A M AIEE-1 (stearoyl-
CoA desaturase-1, SCD1)/E N B A FAR TR &
RS D ISR R, A2 A Y 4 Y PR v AN AR M R L 5]
(SR 22— XS sedl 3R g iE— A5
R, sedl FEPRIAE R o SR o £ 7 A6 9 Fp I 71
scdla F scdlb, TEAERMRIRNE &M, PIFH
Y52 B AN [ A 1 7 2, BB [0 ]
BEAEAE AR B AL RSS20 sed ] JE
PRITEARIR IR B T 1 0 2 L B A F 2 2 3

M (Acanthopagrus schlegelii)3 J& B F}(Spa-
ridae), WO )R, J2 i E R b U vl X SR ) H
MK GT s, (HEm TRMELAE 4 CUTH
SKARK A A7, TV 55 LA Ml X 4 48 2 0K i — i
#AE 4 CLUF, UHAEFEBMERAT, KRR
2 0 CLUF, FRAOXELIAE RSN A RIA,
B TR N A, 3™ E BRI G R AR SR Y &
JRUD S e T T A R e AL B AR
IR T, 5 R AT e 7 AT T A G Y 4 1
L2 N NS W O Sk 7 Y. Ry 11, STER N ]
e f ML, X6 R AT IR 38 T T AL . VK
i B8 DA S Sy A I P A5 D T AT T RSE, K
PR TG M 7 Ao R b S ) i FEAR DGR sed
(14 e Sie A 1 R 2 AR i N B 9 5 e Tl 1)
PR, TERERIFNE R IR sed] FEAEAE scdla
1 scd1b PR A I3 50 ik o AR OCT4) AF
G XS PR sedl FEH PR IR (Asscdla F
Asscd1b)HEAT cDNA 41 5 b LA K e HAE IR TR
JifiE T R IR AR R H, U o1 oKF A R
{14 ATk e 7 AL, Ay S BTG 9 e 1 L ) ) R 2% LA
o R AT FE i A AL B RIS R A

1 #M#EITTE

1.1 SRR
SRS A0k [ VL9588 R K ST T B DU 5
Bl LMD AR R(12.1£0.3) em, 1A H9(58.5842.56) g

) 8 A EaE, it 200 B, BIRAERK<TExmN
3.9 mx2.6 mx1.6 m /K IRIEH, KN 19.8 C,
Brek 70 SO0 A =6 mg/L, FH M 1K,
3 KRR 1K, Bk 1/3, SCHHT 48 h 51k
W, BHRWEE, BEYLPkLE 108 FE R R
GEYE

SuperReal PreMix Plus (SYBR Green)l§ H K
HLE AL 7] (AL 50); SMARTer™ RACE 5/3' Kit., La
Taq fiff . pMD19-T A& F E.coli DH50. %% 25 41 iy
¥ 3 32 [E Clontech A Fl; AN ah¥4H 4 5 RNA
R aifki7) & . RNase-Free DNA 1R £ .
M-MuLV % —4%# cDNA & (i & Fl SanPrep £
X DNA B IR & DL RS2 86 v i il G 51
V¥l { A TAEY TR (A R
1.2 {KiRRME LI

TEFSEES & B, IR KDL 1 C/h i
FEREIRE] 6.0 CHY, Z9>PRURER ) MUEF 5
RAEIE, MFEZE 5 CH, SEIIEAERAS T 25 d
MGARA, TCIEIEwR U, WAL RE 6 C
RV B . R REREEAL T ECR] 9 AR R
90 cmx65 cmx55 em (K x 5E <) (I A4S
MET 12 B, Hi 6 AhRbad, 3 A~ hEiR
Ho K ROEFL 2 IRFE 12 h J5, FIHIHI A
TEEREH(CW-1500A %1, RESUN, H [E) %I IR E
HRHL1 C/hMEERER, FKiRkESl 6 Cla4de
Bt aaites, 2 %fE0h, 6h, 12h, 18 h KAK
24 h HEATIRE o S B ) DR AR 70 R R AR, PR B
SHA K IRAERTE(6£0.2) °C, XTREZH/KIE N 19.8 C,
(7] —HsF ) 52 3 3 DA [R] 9 TR 4% U — 2% E AT R
FE, T 32 QU 2)) SR (2 A ) ) R B
A CH IR A H 3 2, BURERT 4 MS-222 JFRIFELHS
HCP R BRI S AT AR, SCH I . BEFNAN 3
M, IR T4 ACEAE 1.5 mL (250
Brh, i AR RS IRAETE—80 “CUKAE
1.3 Asscdla # Asscdlb EE cDNA P&

i B RNA fhi$24tifbilH &5 RNase-Free
DNA ¥ BRI G AL i T RNA $2HL, IR
Nano-drop 2000 %2 73 #fr{X (Thermo Fisher 23 7])
AT B e HL Tk 6 RNA SR BT B E A T4, R
FH M-MuLV %5 —%# ¢cDNA & U H &k TAEY),
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TR RS AR B RNA BE17 55 —4% cDNA & .
R 5 24 TS 6 3000 1) 8 Pk B 3% 2 B 1 P 1
scdla F scdlb FERFR P 515115149 SCD1aF |
SCD1aR . SCDIbF F1 SCD1bR (% 1), {ii JH BT
JIE cDNA #47 PCR 473, 3 2 BAs A v
VKRN SR 5 /N, RS BR sedla F
scdlb FEHR A R B,

HR 4 A5 (1) B8 scdla R scdlb £ cDNA
HA ) P 510 0 e T 3o T S R S 4 48 1)
P S PES I I(E 1) 1+ SMARTer® RACE 5/3' Kit
R & 1T 3'RACE 1 5'RACE, $2 R 5 (145
VERIEIR, P38 sedla M scdlb I ) 3'UTR
FI5'UTR A Bt, LIRS B 20 1355 19 RACE P2 ¥I1E
FEAR, PEATE5 4 PCR ¥ 38 (S PCR).

e 2 kR I 5, A SanPrep R
DNA & [Hicial ) g x B i 455 2517 i 5 g4k,
I % pMDI19-T ik, SRJ5 %5163 DHSo &
AN, A 519 M13-F F1 M13-R X Pk ik
HE SR 10 BH M 9T B B IR AT PCR B6AIF, R A H 9 55
7 B SR TR 26 o BT A I T AR B i

AT AY TRA R ST, AU G195
fifi /i Oligo 7 #1511
1.4 Asscdla #1 Asscdlb ZEFE B EWIE B FE S
ffiH SeqMan #4425 BRIy 45 5 v i #R Ty
I TP, R Edit Seq F A4 HUM 25 1Y
PRI scdla FI scdlb HEH cDNA J751 i FF i ) 132
HE(ORF) M Z HE R ¥4, K SignalP 5.0 Server
(http://www.cbs.dtu.dk/services/SignalP)#1 TMHMM
Server 2.0 (http://www.cbs.dtu.dk/servicess TMHMM)
XF A5 5 IR B I 25 4 E A7 BN 15 - ExPASy

Proteomics Server (http://web.expasy.org/protparam/)
PEAT 8 1 B B AL PR B 5 20 A fE NCBI B R 4%

HAbHFh scdl ) cDNA FF51, FIH Clustal W Al
MEGA 6.06 #4117 22 8 )7 51 L X F &R Ge it fe g
PR (P AR o
15 ZEETHREE PCR (QRT-PCR)H: K £ #F
Ah3F

MR A A5 1 B8 sed la FN sed1b F: A cDNA
FE5, fd %R AlleleID 6.0 %4 145]4) SCD1a-
RT Al SCD1b-RT (% 1), Xtk Rk,

x1 AHARFASIBER

Tab.1 Information of primersused in the study

5|¥) primer JF7%1(5'-3") sequence (5'-3") HiY purpose
SCD1aRT F: CCACGGGAGAACAAGTTTG LI 5 PCR

R: CCAGGTAGCACATCAGGTC qRT-PCR
SCDIb.RT F: TGTTCCAGAGACGGCACTAC S 5 PCR

R: GGGCACGATGAAGCAAAGG qRT-PCR

F: CGACGGTCAGGTCATCAC e i
f-actin-RT =

R: GCCAGCAGACTCCATTCC reference gene
— F: AGAAGAAGCAGCACAAGTCCA AN 1

R: GACACTCTCTTGCGGTCCT partial sequence amplification
SCD1b F: CATGGCAGCAGAAACATCGAC AN B

R: CCCATGAAGCACATCAAGTCT partial sequence amplification
M3 F: GTTGTAAAACGACGGCCAG kDY

A-3'GSP Outer
A-3'GSP Inter
A-5'GSP Outer
A-5'GSP Inter
B-3'GSP Outer
B-3'GSP Inter
B-5'GSP Outer
B-5'GSP Inter

R: CAGGAAACAGCTATGAC
TCATCCCTTCCGCATCTCCTTTGACCT
ATGACAAGAACATCAACCCACGGGAG
TCCCTCACCTATGGCACTGAACGTGAC
GAGTTCCAGCTTGCGTCCTTTCTCGA
TATTGATGACCCTCCTGCACGTCGCTTC
GCTACCTCTTCAGTGCCCTCGGTGT
TTGATGACCCTCCTGCACGTCGCTTC
CTACCTCTTCAGTGCCCTCGGTGT

vector primer
3'RACE
3'RACE
5'RACE
5'RACE
3'RACE
3'RACE
5'RACE
5S'RACE




552 4

[ SR A% B scdla R scd1b FE

PRl o A e L 2P AT IR 1 1 2 203

PR M LT H RS 1 Y B S0CRTE 91%~97% . i
SuperReal PreMix Plus (SYBR Green)id #|, 7E
ABI 25 H] [ 7300 plus Real-Time PCR system {{#%

ESRAT 2788 T qPCR, HE 3 N EE R
HEA 3 ABIEXT R DL B-actin NS A, @
A scdla N sed1b HePRAEAS RIS} A] 2 AR 2
ZUZ B A Kk i, JREH] SPSS 22.0 iy
AR K 7 24087 (one-way-ANOVA) A1 Duncan
Ky, HEAT 2 LR E LT, P<0.05 I 2E
F @3, FIH Excel 2010 2 H1EA.

2 ZERE5HW

2.1 Asscdla #0 Asscdlb E[E cDNA F 3l R 44
ST

¥ 5'RACE (scdla: 933 bp, scdlb: 796 bp).
3'RACE (scdla: 2416 bp, scdl1b: 1161 bp)5 ] 7
¥ (scdla: 690 bp, scd1b: 686 bp)fdi F SeqMan 4
PHEIG RIS 2B scdla M scdlb FEN ) cDNA 7
51, Asscdla ) cDNA 42K 4 3281 bp (GenBank
HORS MZ004439), 145 111 bp 19 5% g i X
(5UTR). 2162 bp 1) 3" E4 S X (3UTR)FI 1008 bp
()58 TP R AE, SL AT 335 N FERR(E 1),
ToUI H G A 2R BT o TR 2 38.5 kD, 3 F X
H Ci761H2684N4720470S 16, TPEZ IEFR (Arg+Lys)H
38 4, MRIEZE MR (Asp+Glu)f 31 4>, FIIB%E
RO 9.04, BCFBEIKMEN-0.125, J& TRk
EH, AMRERECH 35.04, BTREEN, IBE
FEHCH 87.61, Asscdlb ) cDNA 24 1560 bp
(GenBank % 5t 5 MZ004440), 335 1008 bp 1 5¢
BT EAE, Fhgmfd 335 DR IEMR LA S 152 bp
i 5'UTR #1400 bp i 3'UTR (& 2), Hr T84
38 kD, 53K Ci740Ha660N4700465S12, HLILEE
HLACON 9.20, B 2 BE R (Arg+Lys)f1 38 1>, MRtk
AHM(AsptGlu)fi 30 4>, AFE RECH 31.96,
MR EA, IRIFIEECN 87.64, HAEYIEKMER
—0.102, KM FEH ., Asscdla F Asscdlb ¥R
R #4555 K, LB AR ToarwEH, H
IA 3> e BEORSF R 2 2 B2 TC 1 0 4 A5 A5 )
22 SZEFIEFHAK DT

) B (MZ004439 Fil MZ004440), 1 il

(Channa argus, KAF3708188.1). B & (Acantho-
pagrus latus, XP_036978990.1 11 XP_036937428.1)
438 (Sparus aurata, AFP97552.1); kMg
(Collichthys lucidus, TKS85683.1). & #(Oryzias
melastigma, KAF6716482.1), BESF/IN(Krypto-
lebias marmoratus, XP_017289154.1), #v§ 2%

1 ACATGGGGACTGTAGTTTTTGGATAAGCGGACCTGCTTCATCTCCGTTAAACACCCCCCCAAAATATCTACTACT
76  CGTCTCGTCTITGAGCATCACCAAACCGCTGCCACGATGACGGAGGCGGAGGCGTTGGAGAAGAAGCAGCACAAG
1 M T E A E AL E K K Q H K
151  TCCAGTAACCAAAATGGGGATGTTCTTCCAGAGGCCACCAGAGAAGACGTGTTCGATCACACATACAAAGAGAAA
14 S S NQNGDV LPEATTRETDTVTFDHTYKEK
226 GAGGGCCCAAAACCTGGCACGATAATCGTCTGGAAGAATGTCATGTTGATGACTGTATTACATATAGGTGCCCTG
39 E G P K PG T 11V WIKNVMILMTVLHIGA.L
301 TACGCCATCTCCCTCATCCCTTCCGCATCTCCTTTGACCTTGCTTTGGTCCGTACTTTGTTTTTTGATAAGTGCT
64 Y A1 S L 1 P S A SPLTILLWSV LCTFTLTISA
376 TTAGGAGTCACTGCAGGAGCTCATCGCCTGTGGAGTCACAGATCCTACAAGGCCTCATTACCTCTGAGGATCTTT
89 L GV T A G AP RLWSHIRSYZKASTLTPTLRIF
451  CTTGGTGTTGCTAACTCCATGGCATTTCAGAATGATATCTTTGAATGGGCCCGGGACCACAGGGTTCACCACAAA
114 L G V A N S M A F Q N DT FE WARDH RV H H K
526  TATTCAGAGACAGATGCTGACCCTCACAACGCCGTGCGGGGCTTCTTCTTTGCTCACATCGGCTGGCTGCTGGTG
139 Y S ET D ADPHNAVRGTFTFTFAHTIGWTLLV
601 CGCAAACACCCCGACGTCATCGAGAAAGGACGCAAGCTGGAACTCACTGACCTGCTGTCTGACAAAGTTGTAATG
64 R K H P DV IEZ KGRI KTILETLTDTILTLSDTZ KV VM
676 TTTCAAAGGAAGTATTACAAGCTGTCTGTGCTGCTCATGTGCTTCTTCGTCCCCATGTCTGTGCCTTGGTACCTG
189 F Q R K Y Y K L S VL LMC CTFTFVPMSVPWY.IL
751  TGGGGGGAGTCCCTGTGGGTGGCCTACTTCGTCCCGGCCCTGCTGAGGTACACCCTGGTGTTGAACGCCACCTGG
24 W G E S LWV AYFVPALLRYTTLVYLNATW
826 CTGGTCAACAGCGCCGCTCACATGTGGGGGAACCGTCCCTATGACAAGAACATCAACCCACGGGAGAACAAGTTT
239 L VNS A A HMWGNR RPYDIKNINPRENKF
901  GTICACGTTCAGTGCCATAGGTGAGGGATTCCACAATTATCATCACTCTTTCCCCTACGACTATGCTACCAGCGAG
264V T F S A1 G E G F H N Y H HI] F P Y DY AT S E
976  TTTGGCTGCAAGATGAACCTTACCACTTGCTTCATCGACCTGATGTGCTACCTGGGCCTGGCCAAGGACCGCAAG
280 F G C KMNULTTCTFIDLMCYTLOGTLATEKTDRK
1051 AGAGTGTCCCACGAGATGGTCCTGGCCCGAATACAGCGCACCGGAGACGGAAGCCACCGGAGTGGCTAAGCTTGT
34 R V S H E MV L ARTIOQTRTGGDGSHTR RS G

1126 TGGAGTTGTGGTCAGCTICGAGGCAAAACAACCGAAAAGAAGAAGCTTCACAGTCCTTTGACAGCTCTACATTTT
1201 CTCATCCTCTGAGGATAAAAGTCAGCTICATGAGGGCCTCAACCACATTTIGCTTGTTTTIGTGGTTTITGTAGC
1276 TGTAACTTAACAAAAATTGTTCAAGATGGATAACAAACACATTTTGCTAAGCCCTTGGCCTCAGTTTCTATTGTT
1351 CGAGTCAGGCCAAGGTCTTGCAAAGATGTTTTAGATTTGAAGTAGATGCGTTTAAAAAAAAAGTCAACTTCATCC
1426 TCCGCTGTTTTGCCACTTTGGTGTGCATTCTTCATGCAAAGTCATGTAGCCGATCATTTTTATGTAAGTATTACT
1501 CAATTATTAATCAAACTAGACAAGAAAGTGGAGCACTGAAATGAGGAGTAACGTCTCAGCTGATTAGGTGACTGT
1576 TGCCTTTATCGCAGTTTACAGCAAGTTTTTACAGTCCTGATATAAGTTCATTTTATGAGCGCTCAAAGATCTGAA
1651 AATAAAAGGGATGAGAGTTTGAAACATATTTTGTTAAAAAAGAAAAGAAAAGTTGCTTTAATGAAATATGGCACA
1726 TGATAGA.
1801 GTCATGC
1876 TTAGTGTGTGTTATGATTAGAGTTTTCTCGAGACAATATAAGGGACACATTTATCATGAATTTAAAACTGCCGTT

TGAGGGAACCCAGACCATCTTATAAACTGACTAGCAGTACGCCAAAACCTTATGGAAACCGAGA
TGTTTTGCTGTGTGTAACCTGGTTTTCTTTCTAACCAAACCAAATGTAGTTGCACACGCTGTAT

1951 CGATATGTATAACAGAAAATGATAAATGTAATTTATAGAGCCCTGCAATGTTTGACGTTTGACTTTTTTGTGTTT
2026 TTACTGAATACATCGCAGTGCCAAGAGCGTGCCAATCGTCGACATATTTATAACCATCTCAATGGTCCACTAGAG
2101 CACACTAAAGTCGATATCGCTTCTTCACTCATCGTGGAAGTTTTTTAAACATTGTGGCATCAGTGGCTTCGCTTC

2176 TTCTCCTCCTTTTCATTCCCGAAACATCTGCAGCAGAGCGATCCCGTTGGTTGACGTGGCCGGCCAGCCGTGCGA
2251 CAGTTCCGGTGTTACAAAACAACGTGCCACCCATGCATGATGATATTCTGTAGTAGGTGTCGTAGTGAGGTGTTT

2326 TTCGTCGGCAGAACCGTGTCTATTTTTGTAACGTGCCC

GCCGCATCACTTTTTGGATCATCAGAACTGTTG
2401 CCGTGGTGATTTTCTG.

GGGGTCTGGTTCCCTTTG

GTCCCACAAAGCTGATTGTCAATGCAGGAAAATTC
2476 AGGTGCATCGATGCTTATGTTCATCTTCAATTCTGGTGTC

IGAATGCTAATCTTATTTATGTATTTATTTCAAA
2551 AAATGTTTTATCCCCTTTTTGACCTAAAAATATATTGCTGTAACCTGAACTGCTTTTTCTGCATTCCAAGATTTG
2626 ACAGTCTCGTACAAAACAAAATATATCAAATTTTAGCACCTGTTTGTTTTTTTACCCCCCCAAGAGTCAGGATAC
2701 AACCTAATGCCTTATGACTTGCATCCATTCCTGATCTCCTTCACGTTTTGCCAATTTAAAACAAAAAAGGTTCCA
2776 AAGTACCACAAAACAAGTCTGACCGAGGTCCATGTTTACAGGCTGAGGCACCAGGTGGAACGTCATTTTTATTCT
2851 GAAACCGCATTTAATTTAGGCAAATGGTAGCATGACAACATTAAGGTACTGTAAATGCAAATAGAGGACAGAGGT
2926 TAATTCACTCGACGCCTGGTGCAAACGTTCAATCGTGAGATTTAACTTGCAAACTGTGTGCCCTGGTGGATGTGC

3001 CAACTAGTCTCAACCCATCATGGCAAACTTCCAGACAAAGTTGCC
3076 Acccc
3151 CGAAGAGGATCAAAAGGTTGTCCCTCTGAATGATTACGTCAAATCTCAACTGTATTCTATTTTGAAATAAAGTTC

S TCATGAGTAATCTTAGAGCCCTTAACATA

"AATGAAAAATATCACAAGCCAAGCAAACAACTCCTGCTGCCAAGAGCGCCGAAAATCAACGCTTATGA

3226 ACAATATTTTCAATCCAATCGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGT

Bl 1 BB sedla BN cDNA 4K 741 I Bl 2 S i ) 41
T S| T G Y g | EZ SR a1V ST A I
RAR 5 (AATAAA) I R RIZbR ;D7 HEFR R A& R 75 IX .
Fig. 1 Full-length cDNA sequence and deduced amino acid
sequence of Asscdla gene in Acanthopagrus schlegelii
* indicates the stop codon. The translation initiation
codon (ATG) and stop codon (TAG) are in bold. The
polyadenylation signal sequence (AATAAA) is underlined.
His-rich region is marked with filament box.
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1 ACATGGGGGGACTTCATCTCTGACGAGGACCGGCGTTTGCTTCTGCAGCTTTGCGTTTCAGCTTACCTGCAATCC
76 AGGTGCGCAGCGCGGCCGGAAAAGCGACTGGAGAGCACACAGCGAGTCAGCTTGACCTGGAACTACCTTCAGCGA
151 AAATGACCGAGACGGAAACCCGGAATCATCACGCCGGCAAGCAGCAGAACGGAGGTGCCATGGCAGCAGAAACAT
1 M T ETETRNUHUHAGI K QQNUGGAMAATET

226 CGACGGTGGAGGATGTTTTTGACGACACCTACGCAGAGAAAGAAGGTCCCAAACCGCCGAGGACGCTGGTGTGGA
25 s TV EDVFDUDTTYAEZ KTEGT?PZ KT PZ?PRTTLV W

301 GGAACATCATATTGATGACCCTCCTGCACGTCGCTTCGCTTTACGGGCTGGTTCTCCTTCCATCCGCATCGGCTC

50 R N1 1 LMTTLTLUHYASTLYGTLVTLTLTPSAS A
376 CAACTCTCGCTTGGACTGTAGTGTGCTACCTCTTCAGTGCCCTCGGTGTGACTGCTGGCGCGCACAGATTGTGGA
7 P T L AWTV VCYTLFSALGVTAGAIMZRTLW
451 GCCACAGATCCTATAAGGCTTCATTTCCCCTGCGAGTCTTCCTTGCTCTTGCCAACTCCATGGCTTTTCAGAATG
1OOERSYKASFPLRVFLALANSMAFQN
526 ACATATATGAGTGGGCAAGGGACCACCGTGTCCACCACAAGTACTCGGAGACGGACGCAGACCCCCACAATGCCA
12 D 1 Y E W A R D H R V H H K Y S E T D A D P H N A
601 AGCGGGGGTTCTTCTTCGCCCACATTGGTTGGCTGCTGGTTCGCAAACATCCCGACGTCATTGAGAAGGGCAAAA
15O K R G F F F A HI G WLLV RIKHZPDVIETZKGK
676 AACTGGAACTGATCGACCTGAAGGCGGATAAAGTGGTTATGTTCCAGAGACGGCACTACAAACTCTCGGTGCTGA
17 X L E L I DLKADJIKVVMTFAQRR RIHTYZKTLSVL
751 TCCTTTGCTTCATCGTGCCCACGTTGGTGCCCTGGTACTTCTGGGGTGAATCTCTGGCTGTGGGATACTTCGTCC
2001 L C FI1IVPTLVPWYTFWGESTLAVGYFV
826 CCGGCCTGCTCAGATACACTGTGATGCTCAATGCCACCTGGCTGGTCAACAGCGCTGCGCACATATGGGGCAACA
225 P G L L R Y TV MLNATWTILVNSAAHTIWGN
901  GGCCTTATGACAAGACCATTAACCCGAGAGAAAACTCACTGGTTGCTTTAAGTGCCATAGGGGAAGGATTCCACA
250 R P Y DK TI1INPRENSTLYALSATIGEGFI[MH
976  ACTACCATCACACTTTCCCCTTCGACTATGCCACCAGTGAGTTTGGCTGCAAGCTCAATCTCACCACCGCCTTCA
27 N Y H H| T F P F DY ATSETFGCEKTLNTLTTAF
1051 TAGACTTGATGTGCTTCATGGGTCTGGCCAAGGACCGCAAGCGGGTGTTGAAGGAGACAGTCGTCGCTCGCGTCC
3001 DL MCFMGTLATZKTDTR RTE KT ERVYVLEKETVVARYVY

1126 AGAGAACGGGCGACGGCAGCTACAAAAGTGGCTGAGTCACACTAGCTTCAAACTCTGATAACGCTGTGTGGAACC
325 Q R T G D G S Y K S G *
1201 AAGACAAAACGTAGCAACGGGTATAGCAGCATTTTAGCGATTGGGGGGTTGTTTACGACGCTTCTGATTATAAGT

1276 TAAACCTCTTCCTGAGACTAATATTGGCTTAAAAGAATTGCAGACCTTTTCTATAAATTGTGTAGGTCTCTTTAA
1351 GTTGTGAAGTGTCCTCACCAACTATTAGCCACAGCCAGCGACTCGGCTACACGTGCAAGCACAGCTTTTTCACCG
1426 TAATATAAAACAGACAGGAAGAGGAT! GCTAATTGGGATTTAAGTCTC
1501 TCTTGGCAACAGTAGGACAACCAAACAAGTCTGTGTGAGCGGTGTCTAAAAGCAGCAATT

B2 0 scdlb B cDNA 4K 7 51 K i 2 5 197 51
*FORLAL LT AR TR R AL I R
T HEFR R H R & X
Fig. 2 Full-length cDNA sequence and deduced amino acid
sequence of Asscdlb gene in Acanthopagrus schlegelii
* indicates the stop codon. The translation initiation
codon (ATG) and stop codon (TAG) are in bold.
His-rich region is marked with filament box.

J& ffi(Notolabrus celidotus, XP_034537733.1), K
1 B4 i (Micropterus salmoides, XP_038593057.1)

4 B8 (Trachinotus ovatus, ALI53628.1), K fi
(Larimichthys crocea, AKA66436.1, MT325796.1 .
MT325797.1). KifgtiE(Megalops cyprinoides, XP_
036402457.1) . 1 iFi (Dicentrarchus labrax, CBN-
81527.1). 4R EE(Pampus argenteus, QGT37389.1),

FAWEBR (Siniperca chuatsi, QEU52182.1) ., 1AL JH FL
A % fi1 (Trematomus bernacchii, ACI116378.1) Jll fi
VK (Chionodraco hamatus, CAB56151.1), Kt 5
ffi(Danio rerio, NP_942110.2)(%) SCD 74 #E47£
P L IR 5387 . 22 H 780 L X4 SR
~(E 3), A SCD MY Z IR T 4 i BEORF, FR6R
sedla T scd1b Hth & A5 & FiEE 6251 SCD
73 Z A1 v iy R IR, ARRUEE S 70%~98%,
H Asscdla R Asscd1b WIRIJETE N 74.33%. FF

A SCD MEILFRERA 3 A~ AR F I L &R oo 14
(HRLWSH. HRV/AHH F1 HNYHH).

HF SCD WZAIMITH, R NI iR
GitAet, SERANE 4 BoR. EARBIE LR
150 Asscdla N 9% i 2 L R PP 5 5 o g 6
(Acanthopagrus latus)i) SCD (XP_036978990.1)
Fe A —A/NE, ML 98%, 1 3k 45 i F& 6
SCDI1b 5 # B SCD b & S A —4/NE, M
RIEE 97%, Ud W1 AR R 5 [ J& SR ) o i 0 H A 4
RS R R TMEEH) SCD1a il SCD1b 435
RTAFMZE S, UHMWE Z A SCD1 A,
2.3 IEE4KIKIET AsscdlaF Asscdlb 7EBFAE
i i 63 FR ) R IA 1B R

TEIEH BKIR T, BB scdla Fl scdlb FEH
T BT G Ak, R R ek RIS, 7E
HILPARL . M, ZTEARFRALBELL scdla
JE, HEEREE T BE scdlb (P<0.01, & 5),
2.4 {KiZEMET Asscdla 1 Asscdlb £ F 7 BFAE
RRRIETL

A= A D )T Al R S AR Y, AR SRR e
T, SR BEN) scdla Fik BB, 1R
i 24 h J5EFE ETHP<0.05), B LH AT A2 4
sedla ikt ¥ EISEIE G Fm g, Hrp
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Fig. 3 Amino acid sequences alignment of SCD in different species
His-rich region is marked with filament box.
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Fig. 4 Phylogenetic tree based on amino acid sequences of SCD (Neighbor-Joining method)
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Fig. 6 The expression of scd/a in the liver of Acanthopagrus
schlegelii under acute low temperature stress

Different letters at the same stress time indicate significant
difference among different groups (P<0.05).
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Fig. 5 Tissue expression of scdla and scd1b genes in Acan-
thopagrus schlegelii under normal growth water temperature

** indicates extremely significant difference between scd/a
and scdlb gene expression level (P<0.01).
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Fig. 7 The expression of scdlb in the liver of Acanthopagrus
schlegelii under acute low temperature stress

Different letters on the columns at the same time indicate
significant difference among different groups (P<0.05).

w
o

[ n=3;%SE = /R4 control group
O U4 sensitive group ,

2 B t3241 tolerance group
c
a
c a
. 2 bl |, [be bc
6 18 24

ARIE 38 B 18] /h lowltimperature stress time
K8 IR G T ARG scdla FkFL
(7] — i 30 s ) A TR BT A [ 5 38 7R A [) £ 1)
TFAE 2 35 1 25 57 (P<0.05).
Fig. 8 The expression of scdla in the brain of Acanthopagrus
schlegelii under acute low temperature stress

Different letters on the columns at the same time indicate
significant difference among different groups (P<0.05).
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Fig. 9 The expression of scd1b in the brain of Acanthopagrus
schlegelii under acute low temperature stress
Different letters on the columns at the same time indicate
significant difference among different groups (P<0.05).
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Fig. 10 The expression of scdla in the gill of black porgy
under acute low temperature stress

Different letters on the columns at the same time indicate
significant difference among different groups (P<0.05).
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Fig. 11  The expression of scd1b in the gill of black porgy
under acute low temperature stress

Different letters on the columns at the same time indicate
significant difference among different groups (£<0.05).
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Cloning of Acanthopagrus schlegelii scdla and scdlb genes associated
with response to acute low temperature

CHEN Ziqgiang"?, ZHANG Zhiyong', ZHANG Zhiwei', WEI Mingliang"-?, LIN Zhijie""% ZHU Fei',
JIA Chaofeng'?, CHEN Shuyin', MENG Qian'

1. Jiangsu Key Laboratory of Genetic and Breeding for Marine Fishes, Jiangsu Marine Fisheries Research Institute,
Nantong 226007, China;

2. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China

Abstract: In order to explore the role of stearoyl-CoA desaturase-1 (scd!) in the response of black porgy (4Acan-
thopagrus schlegelii) to low temperature, the full-length cDNAs of scdla and scdlb genes in the liver of black
porgy were analyzed, and their expression in different tissues under acute low temperature stress was quantified. A
temperature of 19.8 ‘C was used for the control group and 6 ‘C was used for the stress low temperature groups
(cooling, at a rate of 1 ‘C/h, to 6 C, which was maintained for 24 h). In the stress group, the individuals that
could swim normally comprised the tolerant group and the ones in an unbalanced state comprised the sensitive
group. The results showed that the full length of scd/a cDNA was 3281 bp (GenBank: No. MZ004439), including
a 111-bp long 5’ non-coding region, 2162-bp long 3’ non-coding region, and 1008-bp long complete open reading
frame, which encodes a total of 335 amino acids; the full length of scd/b gene cDNA was 1560 bp (GenBank: No.
MZ004440), including a 1008-bp long complete open reading frame, encoding a total of 335 amino acids, and a
152-bp long 5'UTR and 400-bp long 3'UTR. The multiple sequence alignment results showed that the SCD amino
acid sequences of black porgy and other bony fishes have a high degree of similarity (70%-98%), and both contain
3 highly conserved histidine elements. Phylogenetic tree analysis showed that the black porgy scdla and scdlb
genes were clustered with the A. latus scd and scd b genes, respectively, and there was a close evolutionary rela-
tionship between the two species. Using real-time quantitative polymerase chain reaction, it was found that at a
water temperature of 19.8 ‘C, Asscdla and Asscdlb were mainly expressed in the liver, weakly expressed in the
brain, and not expressed in the gills. The expression of scd/a in the liver was inhibited in the early stage and sig-
nificantly up-regulated in the later stages (P<0.05); scdlb expression showed a continuous up-regulation trend in
the liver, while being up-regulated to higher levels than scd/a. This suggests that the regulation of expression of
black porgy scdla and scdlb genes is coordinated and plays a vital role in the acute low temperature response
mechanism through different regulatory methods. The expression of Asscdla and Asscdlb in the brain was inhi-
bited, and in the gills, their expression was significantly up-regulated (P<0.05). The two sub-types of scd! in the
tolerance group showed more rapid changes in the three tissues compared to the sensitive group. The dramatic
changes in the expression of Asscdla and Asscd1b indicate that they play an important role in the low temperature
response of black porgy. The findings of the current study provide reference and supportive data for understanding
the low temperature response mechanism and the breeding of cold-tolerant black porgy strains.

Key words: Acanthopagrus schlegelii; scdl; low temperature stress; gene clone
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BT G2 T, /m i, W85 4 RIIE. ap: FlHF; bop: G1 BYEERRIT H; of: RHAEER S ep: NIBG Fe: MEME;
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Fig. 1 Overview on the male copulatory system of Eriocheir sinensis
A. The mating position of the male and female individuals; B. Overview on the male copulatory system; C. Morphological structure
of G1 (L: ventral view; R: dorsal view); D. Top structure of G1. The white box indicates seminal canal; E. The opening of seminal
canal, enlarged by SEM; F. The upper part of G1 (lateral view), showing smooth tube wall and suture groove; G. The basal opening in
G1, showing the opening for G2 and penis, and meat-like valve; H. Morphological structure of G2 (L: ventral view; R: dorsal view).
The dashed line indicates the position where G2 inserts G1. The white box indicates top structure of G2; I: The top structure of G2
enlarged by SEM, showing apical girdle, cuticle foldings and four setae. ap: apical girdle; bop: basal opening in G1; cf: cuticle
foldings; ep: epipodite; Fe: female; fs: feathery setae; G1: first gonopod; G2: second gonopod; Ma: male; me:membrane;
mv: meat-like valve; ops: opening of seminal canal; p: penis; pp: protopodite; se: setae; su: suture; tu: tubercule.

Ao MEVESZ AR B R R RRURCE LR B0 R, B MBS I HEEE Gl JFBcA B A MR
RARE G1/G2, ek 4 MoeanB ik, GUG2ENZE MAESHIE N, TS BIT] R 3 M dle B4 32 45
A, AT HEMESSRC RS R E (I 1B), T —E X HAR R SSRGS, LAPRRORS SR I
WEVE A SR th BT TR IE 4 (18 3A-C) #E—20 I BlaE i A GRS 4 AR A



214 K 7 R

%29 &

22 HEHEZERS
221 G1FAG2HMBRS HH—MEE(GEMAH
O, R ENE SR 0 IR P B (& 1C).
D R e, FR T R T AT, MR R S
W GG H . WIS MTE R, 2 = MAAR, Bl
i) 5 Lk AR, = A — T T S
LY AT, HERAE 1 I B A 5
PR 300 25 v 3 w5 T R ) — B 4B YA, BT N
WA T R A P B L PN B R e S g T
s A(El 1C, 1F), N RCHESERE T8 3 T 1 1
R, AT N ANRIER 4y SESNER 4y B A —
7 PLIR W6 ) PR B, SR O, R O AR
FHEE 8 My b iy 5 ot BH 25 (o 2ok e A T LA A
X —JF A AMU R 43 FEN T G2 4l A (K
1G)o PRI M A B R 2Bk, 5 T
AT LA B —A W B 9 IR BE (B 1D),
Uiig 1 [ I A g6 1) JE T — A AR B A1 ) B —
AR IR W A, A, ek b,
PRBE Ko 9 A i T M B o RN B R 2 v
FEv R, VR AE A WA A, RIBE K, T
WAL, FEASB AR DI, e, [ R A
) DY JE K B B S (1D, 1E).
WG, KEAK G W 15, IR
P 2 2 I3 1 D JE RN PR B i . PR B AT 3
SRR, R R ) TR (B 1H) . AR I
A Gl 3T, T LAHEWT 2 FCRT G2 IR 172 23]
DIA AR A Gl, HEitk G2 Al 20k bR AN R4
TR TE, T IE AL > 2 PRN R,
TR AR SRR, T (B A bR P PR B g A S Ak
5 16T P ) PR R Bz PR o G2 T
NG, SEOKTEAR, 2R KR AL, B IE
P [ ST AS}, Bl — A, LR 4 AR A
PRAEKRIEE 1),
222 Gl G2HEPIME ZHHHLIFME K,
Gl WG58 5 10— M A A — 45 53 28 7 iy 1) i e
WA (] 2); = AFRR N 8% o A R TR —
B, BRIESEGI—MAh, 53 5P A X 5
(K12).G2 52446 A G1 K AL G1 LAY 1/10
fefi, A G2 i A RN Houm e T o8 4 E P G1 ks
BRI 2D), 1 HAR A SRS, Gl fiks e

T PN A T AR K, Bk G2 4h, B A R4 A
PRIB A A s BF 254 A 2 8] (8] 2E, 8] 2F).

HEY R E—E KB, G1 N RFER 4y a8,
2354320 A7 A5 A G 235 2 AL 40T A5 W I A
S3 VAR (B 2A-C), T Je 2238t AL 21 2 (A
2D-E, D). tAh, 7 G2 Al4d AF LA E, Gl 5k
AT i R AR TR 40 H B AT 3 4 P9 A ) GE (/] 2B,
AT DAHEWT I AL S RS RO G I PR L ] i
EEREMIE R 7 G2 iAS Gl 4554,
G1/G2 £k A & 18 Ab S A 76 AT LU 4 1) 38 3R 12
(I 2E"), XA[REAFIT Gl 7= BN ILA Y
WCAE T B eh R T B A RO . G2 i A
TR B, NS AL 4 AL 2B 2E)
223 WEELEZRSG IO TSR
2 1/5 Ab(E 3A), HE VR BHGE OB SR IS N G,
Hh i) i — A 2 R M AR ) AR g H, SORRIA
i (operculum, & 3B). PFATE GRS, M L
=AY, W UL il B R Y I 35
L5 BT AR T 3 2 0 ST AT U ZE AR B, AT 4
15 (K 30)

A8 2 H A, R R —, RS — i
NGy —M, H A — 0 B JEE S AL PR B (&
3D~F). il & 15 00T BIIE A I 2 R 40R, IR A
SEATF SRR, PR & A B A

3 itig

AR G B (1) AC B R S8 FEPE Y G1/G2 i
P B A B 2H R A BCR, MERE A, MEREFTITIR
JiE, G1/G2 fER& A Ba i 7e HE 3, MY G1 Jf ik
A A A MR A B AE N, T F T 2 i
WEERE, Bl —ESHER B RS, LU
PR BRI TR 1 PP A SR 2 A7 W,
T BAZE AT g it G1/G2 4L LG 2R 4
VEVRAS W FURE RS 100 16 4 M, 0 i 52 A A
BN RE . HAT, ARt Bk se Bl R 4L
7 ik i OV i

S 2 DR S 1 S L R e A T R AL
(1) G1 P4 B 00300 25 il 5 8 RSOR R /575 (2) G2 Bk
el N e A G B e S P AR L A LR
R IREREEE, BT Gl K, G2 KEARK



55 2 3] HE A PR R R IE S e 215

A

GUREH
the schematic diagram of G1

K2 RGBSR S G1/G2 Y1 W%

A-F R HEPERR B AR AL ZL 2 45405 AL G1 B TR AR 2%, RATREEE . G1 N3 AR Y BRAA 45 4 2 21 J2 R BL4- WAV ; B. G1
o By, OREIREAEE; MAERRSIR G NEEE E R A - WAV I B A S 4R ZH A (BY); C. G EIER Sy, Z5ANAH R B — 2
D. Gl 4y, G2 B, BAEFRS R Gl WABH B RN AHL(D); B. #3E Gl ZEFIT O AL, /REEEEN G2 KR4z );
HER G2 Z5H(E"), EREIEHA —, INEHMESAAL,; F Gl IEFIF DAL, ASERBEEN G2 KR AL, be: R,
let: BRFAZEARAL; lu: S, pa: 0iH; sc: MUREAFIH; sd: JMIWHE; sm: ZR80L; to: R L.

Fig. 2 Histological observation on male mating system G1/G2 of Eriocheir sinensis
A-F show histological cross sections at different regions of the gonopods. A. The top part of G1, showing seminal canal, loose con-
nective tissue and lots of secretory droplets in G1; B. Upper part of G1, showing seminal canal. The black frame indicates one pas-
sage connecting the seminal canal on the inner side of the tube wall and loose connective tissue with secretory droplets in G1 (B'); C.
Middle part of G1, its structure composition is similar to B; D. Lower part of G1, showing G2 appears in seminal canal of G1. The
black frame indicates lots of striated muscle in G1 (D’); E. Close to G1 base opening, showing G2 and the spare space except for G2
in seminal canal. The black frame indicates the structure of G2 (E’), showing the thickness of the tube wall and loose connective
tissue. F. Base opening of G1, showing G2 and the spare space except for G2 in seminal canal. be: bold cuticle; lct: loose connective
tissue; lu: lumen; pa: passage; sc: seminal canal; sd: secretion droplet; sm: striated muscle; tc: thin cuticle.
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Fig. 3 Overview on the genital tract of female Eriocheir sinensis
A. Position of female genital tract; B. The operculum of vulva; C. Vaginal opening, black asterisk indicates one suture between op-
erculum and thoracic sternite; D. Complete female genital tract, showing operculum, vagina and spermatheca; E. Longitudinal section
of female genital tract, showing vaginal structure; F. Transverse section of female genital tract, showing crescent-shaped vagina.
be: bold cuticle; op: operculum; sm: striated muscle; sp: spermatheca; tc: thin cuticle; va: vagina.
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Functional mor phology of the copulatory system of the Chinese mitten
crab (Eriocheir sinensis)

XUAN Fujun', BAO Chengman', FU Longlong®, ZHANG Yue', WANG Gang', WANG Kun', ZHANG Jianguang’,
TANG Bopingl, GUAN Weibing4, CHENG Yongxu5

1. Wetland College, Yancheng Teachers University, Yancheng 224051, China;

2. Jiangsu Freshwater Fisheries Research Institute, Jiangsu, Naijing 210017, China;

3. Jiangsu Da-ren Aquatic Products Co., Ltd., Yancheng 224300, China;

4. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China;

5. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education; Shanghai
Ocean University, Shanghai 201306, China

Abstract: To enhance our understanding of the mating process of the Chinese mitten crab, Eriocheir sinensis, the
morphological functions of the copulatory system were observed and studied using flash-frozen samples, scanning
electron microscopy, and histology. The copulatory system had the typical characteristics of Brachyura and be-
longed to the G1 long type. The male G1 was generally thick and smooth, in the form of a triangular column, with
a suture groove formed by the overlap of the lateral margins of the endopodite, which contained a seminal canal
and ran through the two ends. The base had one relatively large opening oriented towards the inner side of the
dorsal surface, and the outer side was covered with a meat-like valve with feathery setae. During mating, the penis
can extend into the outer part of the opening (or through a valve), and the inner part is inserted by G2. The distal
end contained the other seminal opening, similar to a volcano mouth with bristle-like setae all around. G2 was
small and sail-like, with the tip invaginated and four long transparent setae attached. The walls of both G1/G2
endopodites were different in thickness, and the seminal lumen of G1 corresponding to the G2 insertion part was
thin. Therefore, the wall had a certain swelling capacity, and the lumen could be completely closed with the G1/G2
interaction during mating. Most of the G1 endopodite was hollow, and there were loose connective tissues with
droplets above the insertable part of G2; correspondingly, many passages connected the lumen on the inner side of
the tube wall. It could be inferred that there could be some form of communication between semen and G1 itself.
Muscle tissue appeared in the latter half. The vulva was covered with a smooth and thick operculum, and the joint
between the operculum and the thoracic segment of the mature individual could be easily shifted left and right to
control the opening and closing of the vulva. The vagina was crescent-shaped in cross-section. One side of the
chitinous wall was invaginated into the other, and thick muscles were attached to the invaginated wall. Finally, it
can be concluded that G1 does not directly insert into the female reproductive tract but directly matches with the
operculum and the surrounding thoracic segment. Through the co-evolution of G1 and G2, a “docking” mating
system has developed to ensure that the sperm and other male materials are successfully transported into the
spermathecae through the vagina for storage. This study described the potential internal cooperation mechanism of
the copulatory system of E. sinensis, enriching the biological knowledge regarding crab insemination and provid-
ing theoretical and technical support for its genetic breeding and artificial insemination in the future.

Key words: Eriocheir sinensis; copulatory system; gonopod; functional morphology

Corresponding author: CHENG Yongxu. E-mail: yxcheng@shou.edu.cn
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2.8%, 0 E BT W AN BYLKFE(P<0.05), Mi4RAKMEE GSH-Px %M A WK T X K FHMNP<0.05), HAx
BRI 5 ) IR TC B 3 25 F(P>0.05); RV AR sl f b, & ABEaFIE SOD. GSH-Px. CAT LA T-AOC
TR R A BEA ] 29.1% . 17.9% ., 42.4% . 76.0%, ¥ T 5 B A T IE v ke 7 Bt 40 A G T 2k 9 0ok R 38 1) e
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KEER: BAAAEEM, WS RBEABRM; 2438, FEE, EE A, KA ZHE
FES2ES: S917 XERERERD: A XEHE: 1005-8737—(2022)02—0220—14
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Hh D e GE T AR SRR OGS B, 2019 4RIEK A
e Rk F] 183127 t, HHEL 2018 4FEHEK
14.76%, BLE K JE Ry 3 [ g AL J7 % 58 19— A AL
J 44 4 26 P A5 a5 4 BE £ (Epinephelus  fusco-
guttatus) B R ETEBE, REIREMW A, HAKH
g, AKABREK, HEH TELEBENA
Sy AF R PL B R, Jf Hbtwere ok, nl LIEN

PR 55 A A1 B frBE £0 2% 58 LARATFOL B SR AH i Aol

MBI AR (E. fuscoguttatusQ¥E. lanceo-
latus3)E KB FFHP, W B KRIEA B M(E. twkula)
182 4 BB, IRFIRIKHW E, 4 B A7 B K i Bk
wWEpE S, 2afarhry REFEZ — BAR
R A5G | AR R R PR A AR A, Ry —
ik 20 a2k
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BB, 25 KA N T2 sc 85 B T HeARMERE .
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%, I PPOTIE R K SRAE R A B A
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R, 4180 . ReRkfRsE SR %y
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4 FR A BRE AR R HLRR AR A0 B 0 1 IR SR T 5
AR LA

ABIEFE A R R A T 19 2% 5 4 B2 A0 BE AR
5 HAPARRE S RO BEFEXT G, AT SE T M
F i A FE SR S = B R DL R A8 R s A
Mty FLIRIBE UM M L) e FLIR & =AY 2 AL, TP
At A BREARR 483 B A BE 0 4)) £ O TR SECRE T, LA
Bou R A B sk . IR A AR A
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N AT BE AR 2 A R A A B AR
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1.1 SEIeHF Ay

ARSI I FA AR 55 A0 B 5 4 58 A B i
RAE W G TSN B K ™ w] R AR B Rt
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Bk S AR S &R A, PG ARES BN
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BRPEBEARE 1K, RRHGHK 1 0O 4
S AR ROR B, H K B AN R AR AR K AR R
TRALT) 2/3,
1.2 X%t
1.2.1 ESEMPNELE SHEmugiiLg
Wbt U B g, SIERLR 5 L A SE R et
WG A AE(31.18+0.38) C KRR 43 5 &
P AR S & R A B R AR . TR R
AR PR EOIAS — SR DRSS A B AR & R A
BEfss 4 RSB A HF s, A
W i F AP R, RSN 1 h JE AL AT
RSB FFUR TG o AEPF IR % T S 08 R 7K 5 R
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B R K oK, R S8 IR AR AR
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122 EEAMNELR E8 LR EE
PLEEBUA R R RK A 22 AR R (R 1R HE s A B Al
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L WP, BN IP E h[RlFpfa 6 2, fffaiiny 1
h A FRAPRE R AR, HEBRER 1.2.1,
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*1 EWARESAREaE5EERAHAILLR
Tab. 1 Records of Epinephelus fuscoguttatus (9) x

Epinephelus tukula (&) hybrids and Epinephelus fuscogut-
tatus used in the experiment

44 species K H/g 2K/cm  HE/E Hik
body weight total length number usage
ft R A B 38.31£5.43 12.86£0.53 12 1.2.1

E. fuscoguttatus 49.13+6.26 14.07+0.87 9 122

32.13£5.94 12.17+0.90 70  1.2.3
SO 40.07+3.47 14.00+0.49 12 1.2.1
E. fuscoguttatus () X 49.19+4.59 15.13+0.58 9 122
E. tukula (3)

34.03+4.41 13.17£0.72 70  1.23

123 REMEBXE AR RLE, Ptk
J R Y 4 B A BE L SR S A B (R DI T AL
5, B4 PR B SR S A B A 70 B4l A 3R
T 4 A HFEFAE A SLH K #(d=60 cm, h=45 cm,
SEPRZEK 120 Ly, PR AL EFAEAT, B4
AT R G 35 8 o SEE TR TTAE B AT 45 L
3 RAAE XA RAE, JFFRidh C 4. 0 h RAE
S o5 S 21 1] 45 7K s AU HTA R E7E 10 min
PR 28 T (LR 1), sl a3 4 7K 3L /Mt 3 i
AQEREDUEE 1 h JFEA-PATAH 3 BACRAE,
0N HI 4. BJS 14K 4k 2258 /S RRAGE A,
IR K AE TS R A AR 1 h JoREE, BAFAT
REABH) A H 3 BB, MRKYId o H2, H3. H4.
HS 41, A MHE B B S R 5, R IEH K fi e
R, MR E 2 5.5 mg/L UL, fEVKE 3 h
JE PR EBURE, 12 R 413852 5530 [A] 45 F 10 min

5758 FH %5 %4 (OxyGuard Handy Polaris){ll 2 Jf:
TE SR R B BT VR

7 -
6rC R
Hl

H2

dissolved oxygen

AR/ (mg/L)

H3

H4
H5

0 70 140 210 280 350 420 490 560
fist[B] /min time
K1 SR B i A il g
C: WA MA[(5.71£0.31) mg/L]; H1: ¥fE4EMEE 4.0 mg/L
FAEHF 1 hy H2: IFMAEFEE 3.0 mg/L 34645 1 h; H3: 5%
M 2.0 mg/L H4EHS 1 h; Ha: MRS 1.0 mg/L 4
1 h; HS: WA BAREE 0.4 mg/L IF4ERS | h; R WRE H 40K
F(>5.5mg/L) 3 h.
Fig. 1 Records about changes in dissolved oxygen in the
experimental groups
C: normal oxygen control group [(5.71+£0.31) mg/L]; HI: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained for
1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and maintained
for 1 h; H4: Dissolved oxygen decreased to 1.0 mg/L and
maintained for 1 h; H5: Dissolved oxygen decreased to 0.4

mg/L and maintained for 1 h; R: Dissolved oxygen recovered to
normal level (>5.5 mg/L) for 3 h.

1.3 NEEREFIE
1.3.1 BBERETE FEFEMEE S HE
AT R R R A B R, THRA ST
_CxVx8
0
K, 4 RS B R BT R B, B mg/L;
C M il B AR R BN MR B, 52457 mol/L;
VR R R S BRA R RR AN A RS, B mL;
Vo R 72 B S PR KA AR AR, BA67: mL,
1.3.2 #&EXITE RKEFETFIASITEREMAR
AEEF] | B A B A X FE AR %
VX4~ 4 +AA)
WxT
X, Qo AHIRTAEAAR, 07 mg/(g-h); V NIEIK
FISLPRAERL, BN mg/L; A, ASZE R =
MK PV SR B VR B, B mg/L; Ar HR R

A x1000

(o)
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B R A Ay A BEAL(Q) < B R BEA BE (D)

238 e AN B A0 B AR R 52 BE 10020 T 58 223

W W2 = v v 7K i A AR R MR B, PR mg/L;
AA R ST R FE (R AE R W Al AR,
NG g TSI R 2L i |, B2 h
133 FFEEEEEMMNUE 7 1.23 1, KIEK
JE U (R B [ 50RE £ 5 A E HTRR B MS-222
(VRS W T RR I, B TR A, A S I O
T 2 mL RAAE TR RS TRA T 3R, i
WAz . HIESPTUE AL RE J] (total antioxidant
capacity, T-AOC) . # % 1k ¥ I L Ji§ (superoxide
dismutase, SOD){f 1 . i %A fb & i (catalase, CAT)
TP A B H K E AL P (glutathione peroxidase,
GSH-Px)¥fi 1 . FLBR i & (lactate dehydrogenase,
LDH) %P A M FLFR (lactic acid, LD) & 2 A4l & 1
K RS 5 i A= W T AR 9T B i &, AR Ak
R G0 A5 7 4% D BRARAE I E
1.4 HiESH

LU B Y5 T YRR i 22 (X £SDY R KR,

FIH Excel 2010 F/F x4 7 H B S, A
FHl IBM SPSS Statistics 23.0 #K{FHEAT ST REAR T
K% (independent-sample ¢-test), I%4: 7 22 [A] o P4
R 30 J5 AT 5L 2 U7 22 53 BT (one-way  ANOVA),
K LSD v #4745 Ab BV 25850 2 [B] 1 25 57 35 Pk
Fods, ®EK ks P<0.05, YERI KA Origin
2018 Btk

2 HBRESH

21 BRARGS5SEARGAHENERES
=R

W EE R LA (R 2), 7EKIRA(31.18+0.38) C
i 4 8 A1 BE (4l 6 I FE AR R 0.16 mg/(g-h), i
T HBEARR S A B 4 AR AR 0.14 mg/(g-h)
(P<0.05), i AT S 4 ARy s 5
4351 0.22 mg/L. 0.24 mg/L, ~HLRARE
(P>0.05).

*2 EKETHEAARESEEAHEHEZEESMEARLE
Tab.2 Comparison of suffocation points and oxygen consumption rates of juvenile Epinephelus fuscoguttatus (9) x
Epinephelus tukula (3) hybrids and Epinephelus fuscoguttatus in the same water temperature

/e 25H E .
44 species K/ C f‘b‘m'/(mg/L_) FEH %/[mg/(g h)]
temperature suffocation point oxygen consumption rate
RSB E. fuscoguttatus 31.18+0.38 0.22+0.02 0.14+0.01
LB E. fuscoguttatus(Q) X E. tukula(3) 31.18+0.38 0.24+0.04 0.16+0.00

s #ZRR R B a2 ) 25 57 B 5 (P<0.05).

Notes: * indicates significant difference between two groupers (P<0.05).

22 RETHMESTHHRBEEMIBSE
L

XoF 1 £ JFE I b A B \LDH T 4% DA & LD
T 6 PIsbR o B TN, 153 AR AT IR AR
FatEm AR SR AR SOD &Ml
447~600 U/mg prot . 464~613 U/mg prot, CAT i1
435K 24~33 U/mg., 18~33 U/mg, GSH-Px i 1443
MK 210~414. 174~344 U, T-AOC 51554
0.7~1.2 U/mg prot, 0.5~1.0 U/mg prot, LD & =437
A 0.4~0.6 mmol/g prot, 0.2~0.4 mmol/g prot, LDH i
P43 5K 763~1496 U/g prot. 789~1199 U/g prot.
2 WK R 7 225701 (one-way ANOVA), BREZ S A
BEfh T-AOC Hl CAT {1k Je 4 R A BEfa LD &
AR AZ T AR S R AN 2 A, HARTE IR

Vs AR AR Bl ) 5 e 34 4 3 (P<0.05) (3R 3).

221 FREERENKENFIRESLEETENTH
ME 2 FNE 3 W LAE ), TER R R R, A
A1 BEAR 43 5 A BE A IFIE T SOD Fi CAT i 1Y
RS LTHE TR a5 B 4 08 A B
L FIE T SOD T P43 Bl AE H3 . H2 Ik 3 5ok
H, AH X REZH i 2 2 5 28.2% (P<0.05). 29.1%
(P<0.05), BHSYINEAH TRE, I H4E 3 h )5, &
AR SOD WM 16.7%, 5%
4 2% 5 10 2 (P<0.05), &R A BEAFNET SOD i
PEIFRAR 1.7%, 558008 % 22 % (P>0.05), 0
WA 2 8 S K o 76 H2 2N, 4 58 A B fa i
SOD {40 FRZT 1 25 7 29.1% (P<0.05), A
FE AR S A B TR SOD 1 HE(P<0.05); ki
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*3 BRETINIESAHREMEEAMEEREW
. LDH EMURE LD 22X MHATESHER
Tab.3 Variance analysis result for liver antioxidant en-
zyme, LDH activity and LD content of Epinephelus fusco-
guttatus (Q) x Epinephelus tukula (&) hybrids and Epine-
phelus fuscoguttatus affected by dissolved oxygen changes

144 species F8F1 index P
b A B AL YIE LS SOD 0.0039
E. fuscoguttatus i AL AR CAT 0.1873
2 I H MR AL R GSH-Px  <0.0001
BHiEEE ) T-AOC 0.1122
L& LD 0.0007
FLE I S H LDH 0.0156
LR ABEM ALY LS SOD 0.0004
E. fuscoguttatus® X i34 fL S H§ CAT 0.0096
£ tukulac AMCH I E L9 GSH-Px <0.0001
BHiELEE ) T-AOC 0.0014
L& LD 0.3363
FLE B S LDH 0.0476

A B A0 L4 PR A B A0 R CAT 16 M43 3 7E Ha |
H2 HIHE B 35.7% (P<0.05). 42.4% (P<0.05), ik
i RAE MK 3 h e, A A B 4 R A B
JHFWEH CAT 16 M4 HS 450 51T T 5.0%.20.5%,
H = # 5X R0 W 3 22 7(P>0.05), 7E H3,
H4 410, SXTRRAIAH G, &% A Bl CAT
WHETIHET 6.9%. 20.7%, ¥ 0% T4 50 5K
fafFHE R CAT 1% (P<0.05),

W 4 Fr7R, A8 A BE T GSH-Px 36 P
BV e SR P TS R A A 2 B AR R R 3, 7 H4
2R RN AR, H3 . H4. HS 03050 B2 7 )
i Z P& 26.9% (P<0.05). 46.9% (P<0.05) . 46.9%
(P<0.05); 4 J%A 5 JH R GSH-Px i P BE i i
SR BT B i ST RS TR AR AL
B M T A H3 AR EEIET 39.5%
(P<0.05), TFEH T RINE, HEEKTHEAA
B 11 (P<0.05), BfEA T LT WE WA 3 h )&,
o 15 G B A0 JH I GSH-Px 1 PRI 48 HS 4B i
FETHE T 42.5% (P<0.05), 48 Bl g T
M T 443% (P<0.05), H - #HZH R T #
(P<0.05), 5 S0F I8 2 AH HE A A5 41 BE 1 0 42 5
A BEATFAE GSH-Px 3 1 43 il i & FRAIR 24.3%
(P<0.05). 40.4% (P<0.05).

%294%
C %S AR E. fuscoguttatus
00 - BN RA R E. fuscoguttatus(R)XE. tukula(3)
F * _
=84; ¥+SD

700 [ A . n
g 600 - B be ab
o [ C C C
gEs0p §C G ¢
284
Eulal
g 200}

100

H1 H2 H3 H4 HS5 R
205 group

P2 W4 IR SR S0 At A R £ R 4 R X £
JHHE = SOD i P 14 52 i)
R — 7 £t bR AN 7] Bk 3R AN [ 2 1) 22 7 Wb 3 (P<0.05); *3R
7 [B) — 21 7 b £ 22 57 38 (P<0.05). C: W AN IR [(5.71=
0.31) mg/L]; H1: ##EMZE 4.0 mg/L H4E3F 1 h; H2: %R
FREE 3.0 mg/L IE4ERE 1 h; H3: WA MEE 2.0 mg/L 4t
1 h; Ha: WSS 1.0 mg/L 24 1 h; HS: WA RE
0.4 mg/L 3-4E4% 1 h; R: WE #4EKF 3 h
Fig. 2 Effects of decreased dissolved oxygen and
reoxygenation on SOD activity in the livers of Epinephelus
fuscoguttatus (@) X Epinephelus tukula (3) hybrids and
Epinephelus fuscoguttatus
Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; HI: Diss-
olved oxygen decreased to 4.0 mg/L and maintained for 1 h; H2:
Dissolved oxygen decreased to 3.0 mg/L and maintained for 1 h;
H3: Dissolved oxygen decreased to 2.0 mg/L and maintained
for 1 h; H4: Dissolved oxygen decreased to 1.0 mg/L and
maintained for 1 h; H5: Dissolved oxygen decreased to 0.4
mg/L and maintained for 1 h; R: Dissolved oxygen recovered to
normal level for 3 h.

WE S i, B BRI T-AOC 16
ZARE A N AR A B 2, BB R
THF AR P sh, BAE H2. H3 AR EET
S RARAATNET T-AOC 1HME:(P<0.05); &84
BEFAFFHEH T-AOC {6 1 H4 4L T+ 5 76.0%
(P<0.05), ik 2| W {F J Fifl 1 Mt 2010 PR AR 2 TR
P R B AN A ARk, HEFARE
(P>0.05), ME®E 3 h J5, tsa Bl
T-AOC V& PETF & 22.0%, 1M 4 FE A7 BE £ T i rp
T-AOC TR VEEAL 12.3%, W EA% T h b 4 B fa
(P<0.05), H = HH 5 HEAX MA TR FHER
(P>0.05).
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LR A B E. fuscoguttatus C %S A B E. fuscoguttatus
45 - I & B H B E. fuscoguttatus(Q)XE. tukula(3) 500 - IR & RAPEA E. fuscoguttatus(Q)¥E. tukula(3)
- *
401 2 _*_ n=84;xSD [ a a n=84; %SD
2 35f 400 - A a2 R
= + * *
; > * B 2 E [l |A b c b
EE B B HE 3001
28 B B ‘g E . B
% < T 200 B B
c© &8
<
o 100}
ol H2 H3 H4 H5 R 0 HI H2 H3 H4 H5 R
21 51| group #H 5 group
K3 BRTEMESEXNENARANEEAMA Bl 4 T BRSO a5 B A0 RN 4 1R A B

JFNE T CAT 35 P 5%

[f] — i £ bR R 7 B 3R R AN [R) 4 ) 25 57 | 35 (P<0.05); *3%
N R — 2 W R R 22 S B 3 (P<0.05). C: W R X B4
[(5.71£0.31) mg/L]; H1: AR 4.0 mg/L JH4EHE 1 h;
H2: WAMEZR 3.0 mg/L 485 1 h; H3: BREKE 2.0
mg/L 4EFE 1 h; H4: EMEMEZE 1.0 mg/L I:-4EEF 1 h; HS:
AR R 0.4 mg/L FF4E4F 1 h; Re PRI HEUKF 3 h.

Fig. 3 Effects of decreased dissolved oxygen and

reoxygenation on CAT activity in the livers of Epinephelus
fuscoguttatus () X Epinephelus tukula (3) hybrids and

Epinephelus fuscoguttatus

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71+0.31) mg/L]; H1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; H5: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

222 HHIAMEEMIAMBESEEENTL
ML 6 AT LIS, o st A B £ R 4 B A B4 £
W LD 5 AV AR R R e TR R
MeAR sk, HAE H2, H3 dnf —F LR
B3 (P<0.05), S A BEAFNEH LD & &1 Hl
H2. H3. H4 45 B2 430 8 35 5 10.0% .
53.3%. 34.5%. 65.9% (P<0.05), J:7F H4 2}k
B KAE, B8 W2 TR T 26.1% (P<0.05), H
55 5%F B 2H 0 1.3 25 F(P>0.05), TEVKE W% 3 h
&, A ARAATIES LD &4 ET 2.8%, B3
ETX R4 26.0% (P<0.05); 4 5% B Tk
LD &8N T 35.9%, 5 AN R4 T0 B %2
5(P>0.05), HZEMR TS AsEafFEd LD &

JFHE S GSH-Px {5 5 £ 5% i

) — 7 £t b AR AN 7] Bk 3R AN [ 2 1) 22 7 W 3 (P<0.05); *3R
7~ 6] — 241 B FR fa 25 R B 3% (P<0.05). C: # A X 4l
[(5.71£0.31) mg/L]; H1: #ff%AFEE 4.0 mg/L H4EHF 1 b
H2: %REMEZE 3.0 mg/L I 1 h; H3: BEMEAKE 2.0
mg/L F4EFE 1 h; H4: BMAEMEZE 1.0 mg/L H4EHE 1 h; HS:
RN 0.4 mg/L IFAEFF | hs Re AR HSUKP 3 0

Fig. 4 Effects of decreased dissolved oxygen and

reoxygenation on GSH-Px activity in the livers of and Epine-

phelus fuscoguttatus (Q) X Epinephelus tukula (3) hybrids and

Epinephelus fuscoguttatus

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71+0.31) mg/L]; H1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; H5: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

12 (P<0.05),

P& 7 37 H A A B A0 A R LDH 35 P Rt
Vs A AU BE T T R I R e T R R R, A
H3 411 LDH % PR 45 B4 = 72.2%, 5 HAh4]
25 B (P<0.05), HE E® T4 R AaMMm
(P<0.05); &JEABEaFiit LDH i&PE7E H1 .
H3 . H4 4if, M T B o0 50 8 E R T
34.2% (P<0.05). 33.8% (P<0.05). 34.1% (P<0.05),
{A7E HS 48T LDH {G PEF B T 35.7%, 5
WA IR TG 3 22 5 (P>0.05), EE 4 3 h A,
AR S 4R AR AaFE R LDH 3575 5
THET 40.7%. 8.7%, HI5%H E x4 B %
£ 5 (P>0.05),



226 o E K R A %529 %
IR S A8t E. fuscoguttatus C 1A P4 E. fuscoguttatus
1.6 [ & B A5 E. fuscoguttatus(R)¥E. tukula(3) 07 ¢ I & AP E. fuscoguttatus(Q)XE. tukula(3)
14} * - ’ a n=84; x:SD
= F n=84; x+SD 061 Eb*_ od
2 12t A = | .
w2zt 3 *
£F 1.0 . * g 05r be c
é% I 20 cd
~ 8 .
) 0.8 i B B B B § g 0.4
e = B & o
206 =203
oF i s B
z 04 <02
= ) )
0.2 H
L 0.1
0 L
C H1 H2 H3 H4 H5 R 0

215 group

S W 40N IR IR S0 At A B AR 4 % BRE £
JHEHE T T-AOC ¥ P 1 5 il
[ — o £t b AR AN [ Bk 3R AN [ 20 1) 22 7 W 35 (P<<0.05); *3R
7~ Al — 41 W OFR 22 R 3K (P<0.05). C: WA X A
[(5.71£0.31) mg/L]; HI: &AM E 4.0 mg/L H4EHF 1 b
H2: AR 3.0 mg/L 4885 1 h; H3: BMEKEZR 2.0
mg/L FH4EFE 1 h; H4: EMEMEZE 1.0 mg/L H-4EEF 1 h; HS:
WA R 0.4 mg/L JF4EFF 1 h; R: KE #HHKF 3 h
Fig. 5 Effects of decreased dissolved oxygen and
reoxygenation on T-AOC activity in the liver of Epinephelus
fuscoguttatus () X Epinephelus tukula (3) hybrids and
Epinephelus fuscoguttatus

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; H1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and main-
tained for 1 h; H4: Dissolved oxygen decreased to 1.0 mg/L and
maintained for 1 h; H5: Dissolved oxygen decreased to 0.4
mg/L and maintained for 1 h; R: Dissolved oxygen recovered to
normal level for 3 h.

3 itig
30 BEARASeERAHEYERERENE
ISY=4:007 45

PRUEFE AR A R AR e AR & . R L
AR EF IIFEECR, NI GBS HE o T i+
f kA Ay RO BE RN RE, WA IEATICRUR A K, BT
A2 H T R R i br e A2 A seie 7
1 faRZE 6 24 h 5 B F 8 5 PP 2 v I e AR
AR, 5 RITE KRN (31.18+0.38) C I 4 FE 41 BiE
AEACR W B TS AR, AT REE &R
A B A R s g g A 2 bR AT B
PR FE AR S T Be U R B TR SR g . Be 0
58 1o L BT A T e s 2

H1 H2 H3 H4 HS R
#1 % group
Bl 6 7T BRSSO A A B RN 42 JR A BE
JFAEH LD 5 5 B 5200

[f] — i f1_F- A ) A 3R A [ 4 ) 22 57 . 3 (P<0.05); *3%
7~ R — 41 Rt 25 S 3 (P<0.05). C: A X IR 4
[(5.71+£0.31) mg/L]; H1: ¥ F%EIESE 4.0 mg/L JfF4EHFE 1 h;
H2: %A MEZE 3.0 mg/L F-4EHF 1 h; H3: BMAKE 2.0
mg/L JF4EFE | h; H4: W% E 1.0 mg/L 445 1 h; HS:
WARESE 0.4 mg/L JF4ERF 1 h; R: KE # 4% KTF 3 h
Fig. 6 Effects of decreased dissolved oxygen and reoxygenation
on LD content in the livers of Epinephelus fuscoguttatus () X

Epinephelus tukula (3) hybrids and Epinephelus fuscoguttatus
Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; HI1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; HS: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

e aE B AR T H AR A R FRTE 47,
2R, ARFRHIR S AZ Ak R P, A
TS MG AEK IR (31.18+0.38) "CHY, F w41 K10
HE AR E BRI 0.22 mg/L . 0.24 mg/L,
MUK T IR S A BE(E. akaara)™ . B¥EIEA
BE(E. fuscoguttatus X E. lanceolatus3)'™ . 41
BEFO(E. awoara) ™ V454 WHRHE A BTN 2L (R 4),
M H WA F 58 75 65 (Cromileptes altivelis, 1.00~
1.21 mg/L)!'® | S8 i (Plectropomus leopardus,
0.75~0.97 mg/L)"™) | 218 H i Cynoglossus semilaevis,
0.834~1.113 mg/L)*" | K # i (Pseudosciaena
crocea, 1.42~2.27 mg/L)*Y | &A1 85(Oplegnathus
fasciatus, 1.60~2.95 mg/L)[ZS]\ HE4](Pagrus major,
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B R A Ay A BE AL Q)< B KRB BE (D)

238 e AN B A0 B AR R 52 BE 10020 T 58 227

1.55~1.65 mg/L) 203k g8 40 2%, [ml i Lt
i (Ctenopharyngodon idellus, 0.39 mg/L)*>%)

8% (Aristichthys nobilis, 0.46 mg/L)** . i (Hypo-
phthalmichthys molitrix, 0.51 mg/L)?2 | B 5 X

il (Ictalurus punetaus, 0.27 mg/L)*¥ | & i fa

(Pelteobagrus fulvidraco, 0.36 mg/L)* 143k 7k 3%
BRI, PR R DAL 4 PR A IR A Y TR
SERE B, AT RAEAT RS s B R 3R . IRT
A, ARSLE AR B R AR AR 5K Z ]
KR

x4 M EHREREXMNEE LR

Tab.4 Comparison of oxygen consumption rate and suffocation point of some groupers

4 species heE/g KR/ C FEHEF/[mg(g-h)] 2= B 5 /(mg/L) EESUN
weight temperature oxygen consumption rate suffocation point reference
i U BEAn 69.3£6.8 25 0.14+0.01 0.54+0.02 [18]
Epinephelus akaara 30 0.20+0.01 0.66+0.04 [18]
B A B 74.2+5.4 25 0.14+0.01 0.28+0.02 [18]
E. fuscoguttatus 30 0.20+0.01 0.39+0.02 [18]
69.7+6.4 25 0.15+0.00 0.24+0.01 [18]
B IR 30 0.16+0.02 0.25+0.02 [18]
E. fuscoguttatus(Q) X E. lanceolatus(3) 98.8 25 0.216+0.013 - [27]
30 0.2180.007 - [27]
6.15+0.04 27 0.2076 - [28]
Z A BE
kel 30 0.2094 - [28]
E. moara(Q) X E. lanceolatus(3)
33 0.246 - [28]
HABL E. awoara 55.0-79.4 22-23 0.1038 0.8160 [23]
23.67+£2.17 27 0.158+0.007 - [29]
FH IR 30 0.173+0.007 - [29]
E. coioides
33 0.193+0.006 - [29]
25.625 27.1 0.235 - [30]
7
%““EME 30.5 0.347 - [30]
E. fario
334 0.434 - [30]
32 BRARas5esRAManELENRILER IHt AL RE

0 BB A AN SR M ATy o AR A BR
BB R A S EUE MR (ROS) LR P
T 0% AR ROS 72 A RN Ik (9 2h 245 °F
i, AL T AR ORI o TR R sk
4 ROS 5l i &4k S i M T % ML AR 1 1l ik
AR, 2SR PTE LB 1 R g & HE 0T BRI
P = BT AR E W D E 2, LR G
PUEALREE(SOD . CAT. GSH-Px Z5)HI/NMyTHi %4k
R R S 2808 N Z5H4 >,
—fA N, SOD ., CAT. GSH-Px Fll T-AOC IFH M 246
1 2 AL RE J Y TR EAEARIO P TR R 1 2
KR, B YT R 2 T,
i PEAT AL BN A 2 iy e A U280 i LA B
FERE PR R VAN A s A B £ 5 4 p8 A B A0

SOD fiz i 1E ROS WY BRI FE R AEAE T, &
Iee ok 16 P S Y R 2R — T B 2k, DR R B
T A WAL Hy0,, A5 i CAT ¥ H,O, i
K FNER, DT IR B D AR 45 . OR3P 40 i
G FE R H YD 3TA0 IR, B
fiff SEL AR E B T R, R oS B A 6 A B £ T
Hh SOD Fil CAT {if PR A A1 BE £ v Je SCAT I T~ B,
PR 75 A SR AR A A A A 4 PR A BRI
JIE 7 AR it Y ROS 1AL T I HOIR S o R INIE
BRE5(Trachinotus ovatus)'™ . &3l (Pelteobagrus
fulvidraco)®" . SRR (Siniperca chuatsi)P (FIHFSE
T4 SOD Il CAT iHHRALEH A GE . 1R
A TRER 3 mg/L B, &8 A sEfiEd SOD i
PE5 X B AR LS8R 1B 35 T, OF HOHBOE FE
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o oy g;}’gjgggé;;;l;;@w_ whla() SOD i CL 15 A IRAL L 5, 7.5 6

: 3 g 55D FFIE f SOD 1 44 8 3 185 % HEAL AT, s

= AB b amc AREAAESLE 3 bR REA PR, Bt

Zz b JA ISR B A B R B A S A
%: . C e s BT IR RES]

£3 GSH-Px 1120 75 — H 2L AL A HAT 35 R AN

3 TPY 2 A% HaO, IRIFE . 3H8 3 LA I HE AR i

SRR, T X 3 BRI 3ot SR AL 4 LA B

C H1 H2 H3 H4

4151 group

P77 S0 RN O SO0 A 5 A B R 4 R A B

T B LDH 5 14 5% 1
[ — A LR AN [ - B 3R AN [ 20 1] 25 57 38 (P<0.05); *3R
7~ Al — 21 B OFh 25 R 3K (P<0.05). C: # A X A
[(5.71£0.31) mg/L]; H1: R4 = 4.0 mg/L - 4EHF 1 h; H2:
FEIEZE 3.0 mg/L JE4EHE 1 h; H3: WA ZE 2.0 mg/L
FRYEF | h; HA: R EEE 1.0 mg/L H 4655 1 h; HS: B4
F % 0.4 mg/L 3465 1 h; R: KRB HE K 3 h.

Fig. 7 Effects of decreased dissolved oxygen and reoxygenation
on LDH activity in the livers of Epinephelus fuscoguttatus and
Epinephelus fuscoguttatus () X Epinephelus tukula (&) hybrids

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; HI: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; HS5: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

B TR AR, RS A B TR
PS5 110 A 7 I A8 P S g A R R, 4 R A B £
S A s aFES SOD 1 4 WA B i KAl
Jo X R R, DN T BE S R A AR R S N
fift S A T 2 AT A 3, SOD 7R bR
T E R S 20T R R RE

JHEE T CAT 16 o BIFERR s A BE 5 4 e
BEOAFIE R SOD IEMEA R ARMEZ 5 A AT
R, 3 TR A PR I rh o 3 M 1) SOD v B 1 1
AH BB T RER HyO,, sk $2 5
CAT {&H PRI BR Ho0,, MIMTkES HyO, 5 Oy S
A I PETE KA HAL ROS, 31X 5 7 0T 606 1 A S g
ahy 1 DL R 4% A R 4 0 175 kB T 3 5 0 A8 Ak
BEHUARRL , FEVR V4R 3 h IS, 408 A B JIF b

H5 R

A B A SR HEAE R, DA (8] 422 M DR 47 20 it A 235
RN RE R 5L B S, ARSI T, e B
I GSH-Px 6 VTR 52 B AU A 5 2 58/
T B T R TR R, 5 CAT fE 22k
SAHI, T B GSH-Px Al CAT Z ] HpA]E ik HL0,
IV P A EAR BB (Pampus argenteus)®™
T 1] 75 Y568 (Odontobutis potamophilus)P* V45 14 1)
g P A R, £ GSH-Px 5 CAT ZIAIfEAE
W HAMEN . (BAEA AR I RS 0.4 mg/L B,
SRAWAANIEF GSH-Px (%MW & T E,
UK T e Bl 4 08 A Bt a7 A4 T Z IR
A, M A B AR GSH-Px {HPE
RS, FEHRE 1 mg/LY 0.4 mg/L BET
W 2 e AlK, PIRE M TARAEIAE 7 AR T R iy i 4
¥, B L T AR RSz e L, R P
T GSH-Px i VA8

T-AOC ZALIKR NPT E LB IA R FnHT A e ik
RPUAALRE I W R, & T DL T S LR
RGN RERBL I —Fh LR G PEde bR, HIEPEE
MHLAPLEALRE T E B S8, R RS EM
FARE 38 XF B (Pagrosomus major, Q)5 26
(Sparus macrocephlus, 3)%%38F—AK N B 71
52 b kB, AR 4(1.83 mg/L) 38 J5 T JUE
T-AOC T MEAERLIN [F] N G# T 54.1%, {HEEE
6 B[] 7 A 4 2 22 B I T-AOC 1 143
TRE, IHRT X BRA AT, X HABFEEE RAL .
ARSI, AR A BE A T-AOC 16 PRI 72
JEH 15.9%~32.4%, H.52 3 fift S8 72 3 B 52 Wi 22 S5+
AN 4 A BRI T-AOC 16 PRI 72
JEH 2.8%~76.0%, WRm TAmanEf, KRG
JR A B0 £ 50 A a5 Ay BAE £ B e 00 0 I A2 T
A2 SRR T R AR AT R 2 Ak B ROS, AT Az
Xof I T o A T o
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B R A Ay A BE AL Q)< B KRB BE (D)

238 e AN B A0 B AR R 52 BE 10020 T 58 229
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Hypoxia tolerance of Epinephelus fuscoguttatus () X E. tukula (&)
hybrids and E. fuscoguttatus
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Abstract: Hypoxia is a common stress phenomenon in aquaculture. Hypoxia tolerance of fish is an important in-
dicator of fish resistance. To study the hypoxia tolerance of juveniles of tiger groupers (Epinephelus fuscoguttatus)
and the hybrids, named jinhu groupers (E. fuscoguttatusQ X E. tukulad), a closed breathing chamber was used to
measure the oxygen consumption rate and suffocation point. In addition, the gradual hypoxia method was used to
measure indicators of antioxidant enzyme activity and energy utilization in the liver by sampling the liver tissues
of the individuals after 1 h at various dissolved oxygen levels [normal (5.714+0.31) mg/L, 4 mg/L, 3 mg/L, 2 mg/L,
1 mg/L, and 0.4 mg/L] and after 3 h at a normoxic level. The experimental results showed that when the water
temperature was at (31.18+0.38) C, the oxygen consumption rate of jinhu grouper juveniles was 0.16 mg/(g-h),
which was significantly higher than that of the female tiger grouper juveniles (P<0.05). The suffocation points of
tiger grouper and jinhu grouper juveniles were 0.22 mg/L and 0.24 mg/L, respectively, and the difference between
the two species was not significant. During the process of decreasing dissolved oxygen concentration and return-
ing to normal dissolved oxygen, there was a significant difference (P<0.05) between superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), and lactate dehydrogenase (LDH) enzyme activities and lactic acid (LD) content
in the liver of tiger grouper juveniles, as well as SOD, catalase (CAT), GSH-Px, total antioxidant capacity
(T-AOC), LDH enzyme activities in the liver of jinhu grouper juveniles. However, the activity change of T-AOC
and CAT in the liver of tiger grouper juveniles and the content of LD in the liver of jinhu grouper juveniles were
not significant. After 3 h of reoxygenation, the activity of SOD in the liver of tiger groupers increased by 16.7%
and that of GSH-Px increased by 42.5%, while the content of LD increased by 2.8%. There were significant dif-
ferences in these indicators between the reoxygnation group and the normoxic group (P<0.05). However, there
were no significant differences in the indicators of jinhu grouper juveniles compared with the normoxic group,
except for the activity of GSH-Px (P<0.05). During the change in dissolved oxygen level, the activation levels of
SOD, GSH-Px, CAT, and T-AOC in the liver of jinhu groupers reached 29.1%, 17.9%, 42.4%, and 76.0%, respec-
tively, which were higher than the maximum activation levels of corresponding antioxidant enzymes in tiger
grouper livers. The experimental results showed that jinhu groupers had a slightly higher oxygen consumption rate
than tiger groupers and that their hypoxia tolerance was higher. Thus, jinhu groupers can be cultured on a large
scale and in high density. After being subjected to hypoxia stress, compared with tiger groupers, jinhu groupers
could efficiently activate the antioxidant defense system to protect the body from oxidative damage and had a
faster recovery ability after hypoxia.

Key words: Epinephelus fuscoguttatus; Epinephelus tukula; hybrid; oxygen consumption rate; suffocation point;
hypoxia tolerance
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Tab.1 The metaphase chromosome number of Coilia nasus

e {4 R % (2n) number of chromosomes (2n)

i H
item P 6 a6 a7 as ait
Sex total
T SRR M 302 2 52 1 60
number of male
metaphases T 23 3 2 91 1 120

female
BT % 5 33 33 8 1.7 100
percentage male

W 153 27 53 758 0.7 100

female
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Tab.2 Therelativelength and arm ratio of Coilia nasus chromosomes

n=15; X:SE
e HEME male i female W e 2 5
1o, AR /% T FAl AEXS K BE /% R I KA difference between
relative length arm ratio type relative length arm ratio type male and female
1 5.67+0.34 © t 5.67+0.22 © t -
2 5.14+0.26 0 t 5.17+0.20 ®© t -
3 4.94+0.17 0 t 4.97+0.17 @ t -
4 4.81+0.15 0 t 4.80+0.09 0 t -
5 4.69+0.13 0 t 4.69+0.10 0 t -
6 4.59+0.10 S t 4.61+0.10 0 t -
7 4.50+0.07 o0 t 4.52+0.10 o0 t -
8 4.42+0.07 0 t 4.45+0.10 0 t -
9 4.34+0.07 0 t 4.38+0.10 0 t -
10 4.28+0.07 0 t 4.32+0.11 0 t -
11 4.234+0.07 0 t 4.27+0.09 0 t -
12 4.16+0.07 0 t 4.23+0.09 0 t *
13 4.10+0.07 0 t 4.17+0.08 0 t ok
14 4.04+0.08 o0 t 4.11+£0.09 ) t *
15 3.98+0.07 0 t 4.05+£0.07 0 t *
16 3.92+0.09 o0 t 3.97+£0.05 ) t *
17 3.85+0.10 0 t 3.90+0.07 o0 t -
18 3.79+0.11 0 t 3.83+0.07 o t -
19 3.71+£0.12 0 t 3.73+0.10 o t -
20 3.65+0.13 0 t 3.64+0.15 o t -
21 3.55+0.15 0 t 3.55+0.23 0 t -
22 3.41+0.10 0 t 3.44+0.30 © t -
23 3.26+0.16 o0 t 3.27+0.31 © t -
24 2.98+0.24 0 t 2.32+0.30 0 t *ok

e oA L KT 7.0, —FRE R AR EE(P>0.05), *FmR 2257 3 (P<0.05), **F /R 22 71 3 (P<0.01).
Note: o indicates that the arm ratio is greater than 7.0; — indicates that the difference is not significant (P>0.05); * indicates that the differ-
ence is significant (P<0.05); ** indicates that the difference is extremely significant (P<0.01).
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Fig. 1 The metaphase chromosomes (a) and karyotype (b) of the female Coilia nasus
Arrow shows heteromorphic sex chromosome.
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Fig. 2 The metaphase chromosomes (a) and karyotype (b) of the male Coilia nasus
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Tab. 3 Number of metaphases with heteromor phic sex
chromosomes in Coilia nasus

%44 metaphase
JG no A have &1l total
IESIE g @ik 5 H 11 109 120

number of heteromorphic
sex chromosomes

b E /% 9.2 90.8 100

percentage
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Fig. 3 PAGE electrophoresis zymogram and pattern map of Coilia nasus LDH isozyme

H: heart; L: liver; K: kidney; E: eye: M: muscle; G: gill.
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Fig. 4 LDH isoenzyme PAGE electrophoresis zymogram and pattern map of eye in Coilia nasus from four populations
YZ: Yangzhong population; CM: Chongming population; GH: Guanhe population; SS : Shengsi population.
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Fig. 5 LDH isoenzyme PAGE electrophoresis zymogram and pattern map of muscle in Coilia nasus from four populations
YZ: Yangzhong population ; CM: Chongming population; GH: Guanhe population; SS: Shengsi population.
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Fig. 6 LDH isoenzyme PAGE electrophoresis zymogram and pattern map of liver in Coilia nasus from four populations
YZ: Yangzhong population; CM: Chongming population; GH: Guanhe population; SS: Shengsi population.
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P e R IR TR R B, A IR 2 AR, 1
CARIE T, &I LDH-C fEMAE AR | R #
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Chromosome karyotype and LDH isoenzyme in different tissues of
Coilia nasus
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ZHANG Tao"*?
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Abstract: This study aimed to further understanding Coilia nasus germplasm resources, regarding aspects of cel-
lular inheritance and biochemical inheritance, chromosome number, and karyotype structure of C. nasus, and to
lay a theoretical foundation for screening the biochemical genetic markers of C. nasus germplasm. Short-term in
vitro culture of gill filament cells was used to prepare chromosome specimens. Polyacrylamide gel electrophoresis
was used to detect the expression of lactate dehydrogenase (LDH) in the heart, liver, kidney, eye, muscle, gill of C.
nasus. The results showed that there was no difference in the number of chromosomes between males and females.
The number of chromosomes was 2n=48, all of which belonged to terminal centromeric chromosomes (t), and the
karyotype was 2n=48t. The number of arms (NF) was 48, and the sex chromosome type was ZW/ZZ. Unlike pre-
vious studies in which the karyotypes of C. nasus and C. brachygnathus were ZO/ZZ type, we found a “point” in
the metaphase mitotic phase of the female chromosomes of C. nasus. Using mode analysis, we found that the
probability of distribution of this “point” was more than 90.8% (120 metaphase mitotic phases), which was con-
firmed to be the female heteromorphic sex chromosome of Coilia species. A total of six LDH isoenzyme bands
were detected in six tissues of C. nasus (heart, liver; kidney; eye, muscle; gill.), among which six bands were
found in the liver tissue, with the lowest activity, and five bands were found in other tissues, with different activi-
ties. The expression of the LDH isoenzyme of C. nasus was tissue-specific. There were differences in LDH activ-
ity of C. nasus among different populations, in addition to individual differences. LDH is widely distributed in C.
nasus and has obvious tissue specificity. The LDH enzyme band corresponding to expression in the eyes was
highly expressed and presented stable activity, owing to which it can be used as a biochemical genetic marker for
the identification of germplasm characteristics of C. nasus.

Key words. Coilia nasus, chromosome; karyotype; heteromorphic sex chromosome; lactate dehydrogenase (LDH);
tissue specificity
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Tab.1 QTN information associated with sex reversal trait detected in Cynoglossus semilaevis

Betufk fif  SNP#i'S B Lm 00

Lm FRifEiR

Glm &% Glm #3fER QTN 4 )1/%

chromosome location SNPID gene name Lm effect Lm standard error Glm effect Glm standard error QTN heritability P
4 9793913 M65579 Si:deky-193¢22.1 —0.3032 0.0466 -1.2138 0.1864 0.189 8.24E-09*
V4 8643646 M65437 DAPKI1 —0.4751 0.0735 —-1.9015 0.2942 0.198 1.01E-08*
V4 5833328 M65164 ADGRD2 —0.2998 0.0538 —1.1999 0.2155 0.240 4.06E-07*
V4 6676874 M65244 FBXLI17 —0.2540 0.0477 -1.0168 0.1910 0.236 1.08E-06*
V4 7256721 M65301 DMXLI 0.4827 0.0915 1.9322 0.3663 0.275 1.31E-06*
W 1218194 M63786 LOC103396896 0.5462 0.1067 2.1863 0.4270 0.275 2.40E-06*
4 1633247 M64758 LOC103397473 —-0.4116 0.0879 —1.6475 0.3516 0.270 1.26E-05
z 9232660 M65511 G 0.3734 0.0811 1.4946 0.3245 0.275 1.70E-05
13 2140529 M40452 CD27 —-0.9204 0.2006 —3.6840 0.8029 0.227 1.82E-05
V4 781540 M64676 MALTI —-0.2973 0.0657 —1.1902 0.2631 0.252 2.31E-05

T * IR K SNP 7 i 5 M a0 5 IR B 3 4 56 (P<2.838x10°).

Note: * represent that the SNP location is significantly correlate with sex reversal trait (P<2.838x10°°).
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Efficiently mapping the sex reversal genes of half-smooth tongue sole,
Cynoglossus semilaevis using simple regression scale transfor mation

HUANG Yan"?, SONG Yuxin®?, JIANG Li’, YANG Runging’

1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China;

2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;

3. Research Centre for Aquatic Biotechnology, Chinese Academy of Fishery Sciences, Beijing 100141, China

Abstract: In genome-wide association analysis of discontinuous traits, when complex population stratification
exists in genomic data, the generalized linear model needs to consider hundreds of covariables at the same time,
which slows the calculation speed and presents abnormal solutions. This study aimed to transform the effect value
and heritability scale of significant loci in simple linear regression results into interpretable generalized linear re-
gression results. First, the eigenvectors solved by spectral decomposition of the kinship matrix were considered as
the principal components (PCs) to correct the population stratification in the discontinuous traits dataset. Then, a
new covariate was formed through the sum of the multiplications of each covariate, and its regression coefficient
of the principal component was computed using a linear regression model. The new covariate was used as the co-
variable of simple regression to carry out correlation tests for markers one by one. Finally, the generalized linear
model was used for regression analysis of candidate quantitative trait nucleotides (QTNs), and the effects and va-
riance were transformed into the generalized linear regression model scale. The genome-wide association analysis
of sex reversal traits in half-smooth tongue sole (Cynoglossus semilaevis) was conducted using the new method
and the generalized linear regression model with direct consideration of principal components: The results show
that the QTN detection efficiency of this method is higher, a total of 6 QTNs were detected, including 5 QTNs on
Z chromosome and 1 QTN on W chromosome. In addition, in terms of genome control, the genome control value
of the method in this study is the same as that of the generalized linear regression model which directly considers
PC, which is at an optimal level of 1.01. Therefore, the simple regression scaling transformation method based on
principal component analysis improved the detection power for QTN detection, while retaining the accuracy of
results, with fast and robust genome-wide association analysis of discontinuous traits. In addition, the QTNs de-
tected by the new method proposed in this study can provide theoretical guidance for the study of sex reversal
traits in half-smooth tongue soles.

Key words: genome-wide association analysis; Cynoglossus semilaevis; sex reversal; principal component; scaling
transformation; simple regression model; generalized linear regression model

Corresponding author: JIANG Li, E-mail: jiangl@cafs.ac.cn; YANG Runging, E-mail: rungingyang@cafs.ac.cn



HEDKFERRE 2022 5 2 B, 29(2): 252-263

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.12264/JFSC2021-0294

ErfidiEhERBNE HLERFNETER

N 1 2 NN | W 1 w1 1 3

Z#, THE, AL, ¥k, TE, XA, BHF

1. EDK =R ARG B B K =5 T, W SR S E AR S B R LR = E R R 58y B AR T RE
LEE, IR HS 266071,

2. WWARAB R IE B (F 5 B KGR A H0), IR B 266104,

3. WRHTT B K= H R AR, IR MWE 265100

FE: IR AE WA WA 328 A R rh AR AR, IR R R XT H A 52, SR 16S rDNA 5
P H R, X 45 fii(Seriola lalandi)%l i — > 58 48 55 2 J8 W1 PN 0 38 A0 T8 R B 25 M AR IE R AT I 5, JF AR A L
THRLA BRI AE M . S5 R, FLAT RIS (Lactobacillus) . fi B2 14 J& (Pseudomonas) . A~ 3l #1141 J& (Acinetobacter) |
54 & W 20 B J8 (Sphingomonas) . 8l AT % J& (Bacteroides) . ‘< H. il &# J& (Aeromonas) . R & J& (Vibrio) Al
Faecalibacterium 55 & 5 J5 i B KA 1) %250 1 38 1 A7 028 R 25 6 8 A A B b (R A B s AR fe i, %
A B . K& (Enterovibrio) . X FF 14 J& (Bifidobacterium) . {5 Se i I8 . A ST B . ZEHFF 15 )8 (Bacillus) .
Escherichia-Shigella, Z&ZEfH R (Paenibacillus) . ¥EZBERMEHE . BUFHE . F 3L 51 /8 (Methylomonas) |
5 T T JB (Sreptomyces) . SR . IR . 1[G (Prevotella) . #4617, 17 J& (Sporolactobacillus) . & Jt#F
14 J& (Photobacterium)fl  Faecalibacterium 1 A 5% 2 25 i 4)) fo JH A6 38 A% 0 s R LR A ZLAF I8 . 2RI
J& . OSBRI IR . A RFLAT R SR K R R IR R AR T, RN R . KRR R L IR R R T
P TP 30 2 R R O R PR TR D R SR 5 SRR 7 T WA 45 A2 D 5 300 TR IR 24 LA B 28 A R RS e A T iR &)
IEALE N, JF251E FAEIES), IS M BRI S E R, @ R H RSt AR Rt R IR, TERL R
TR 8 A AR I A TR T E B s R, i — 28R T IR A Wi 2 W EE 2k

SRR R THAGIE; RO AR SRR
hE 4SS S917 XEIR SR A XEHS: 1005-8737—(2022)02—0252—12

FERTA A=At TP B AEAE 130 FOK G . 22 Ff
ZHERHRE . 16 PR AKIL A PIBRRE, s P
DR A e i HL b i T Ak e R
UG A, AR . EHESmE 00
(5 B L B IO A Ar 3R B 25 H B ), B
FEEoR, Wil R B Tk aE R A ',
LA £ 1 0 2 i 3 v = R P R R R
7T e A £ 288 i 3 v 7 A T 4 2Rl 17 T
A RS AT L, A T R T T IR T

Wi B 2021-06-29; 1&iTHHEA: 2021-08-16.

e G R b R T B EEVE .

B4 (Seriola lalandi) & — 4 BR %43 A 1Y
Rt vr s, WHEAERKEBER . MEK.
BRER . HEBAESR A, BT E R RIFT
FEFH AP BRI P it 25 % [ AR G BT Y A W
WA, HEH 5B ST R B,
ST H MR s 40 | A A AR
A5 5 A K N IR R LR I T AR A E
WS — AR . BRI, D& 2 A% M Th 18 s e 4l

E4TH: BEFEESH &R H(Q018YFD0901204, 2019YFD0900901); H1 e 2% 4\ 25 VLRI B i S A BHIF Al 55 2 4 3 22 2 0
H (20603022021011, TD47, 2021GHO05); N A H X T S B HER 2S5 H AR XS EH R LR EEHE KB LW

(2018SDKJ0303-1).

fEHE R 2M0985-), L, L, BYRFEHFSE 6L, WFSETT 10 A K 38 i @ R AF 5T . E-mail: jiangyan@gysfri.ac.cn
WEEE: W= E, DFoE 0L, WF5E 7 0 Rk M 281 555 5 R . E-mail: liuxz@ysfri.ac.cn



552 4

ZeERE: BRI A B AR 4 £ 9 1 TR R A T A i 253

JEAR R 5 A RRAE DT T ISR, TEHOR R
LB TR AR S e A e A T B A T A s T 5T
HIREEARIE . AWFTEE X N T IR EL AT
B AR 4 100 AL TR LSRR AR T RS, JF L
I A, B BR 58 B B R A ) PN T A A5 A S R
RELSA B AL R, B B 2% il £ 0 1l v B
P T RE, 8 AR AR 45 A A A O 0 B A
ARG, I S ARCAE 285 3 42 4 2 fle iR 35 7 TR AR i
Wi ftHie 2%,

1 #MHETE

1.1 SLIEzhY

A FEAE M FH T SR K A BR A R Tk
PEPRIK ZE (B FF R, S0 FH o 45 35 ok B T 44 (R
—HEZ ARG BRI Sk &, BEALBESE 200 Bk
FTCAT AT A 114 5 o A i gy f b AT 50, LA
4(246.31£42.30) g, 1A 4(22.62+£1.17) cm,
1.2 SEWigI

BRI FEAL A T 2 1 3 mx3 mx2 m
T AR K IR A M, KR 1.5 m, BA4NFR5E
i 100 B4t 2 DFRFE AL T 2 5k M4 o 57 56
K], LI FRI KNG SR F . R RIS
TR FRAE R 4 fa ) SRS e A A . 4 A
5 e AT — BRI A 94k, DA ) R SR ok
7 E #j fi (Ammodytes per sonatus)( 52 56 4 fa 9l 4k,
SEL g ], ok R} X 28 1) S b gk fE AR
W), K 7: 00 F117: 00 43 SEA 700 E 30 ME, K
FEEL5SHR 30 min JFHK 172, FR5E M N IR ZOER
TACRAS o BRI LB S 6 f0 58 2 1B O,
BFR ORISR R i, M4 hiEs 3 d
(A48 1 AR RS 5 AR IE RS 5 . IE S8 I
LRI SC X2t EAT 48 h OYLERAL R, TFLUR 5 1 IR
DAk 3 1] F 45 RO 5 5 ) (D R T I R R, B
S5 o5 7 R R T N AR AR AR, S0 A ] ) 3R
45 BE 5 YA A (R AR ) . 9Ak S s s e, K
iR 19~21 C, WMEAINT 5 mg/L, #hEE 29~31,
RARIEMLT 0.1 mg/L,
1.3 LEHERESTHLE

H ¥ A e e ELA ) 32 B, 7R B A A
T, Ay AZ PN R T A T A R BN B RS

ARSI XF 2 A58 R IR R A KN Bl PR A
FRIRENE, AR R B R (T E B X S £ P Bl
DA IE 25256 T LR B 19 & 5 — A 50 A 1 )]
Wioh BAR, BDIE S8 IR A5 — IR ERTET (0 h),
BESHER 1Th, 2h, 4h, 6h, 8h, 10h 434
M2 AN FREA M AR O, R BEDLET 3 B, &
MS-222 (Fluka, USA)KIS, T ICHEAEE T i
FER R I T A8, S BRI fb 8 2 A I AR
W LUR H 75%C BER IR 0, 5 R 0
To AR K YRR TR T8 E - W]
HEEMPE AL K] H 2R o B R TG
WREE A TWATHEN, HEHAATIEER
B mEITE, iR B AL N AEAES BRI N Y,
WA T TR R I £ 55, SRR R AR E
MNEY S HHH—FRRHILEGAE THRA T
PRAFE . [FIRE, AEAEMRATREMLIEI 3 e
KA 0 PHOBER SR AR AR TR A T IR
HARPIRE SR EG B 1,

x1 REEMESERR

Tab.1 ThelD information of collected samples

SRAERTE]/h collecting time
0 1 2 4 6 8 10
AS BS CS DS ES FS GS
AP BP CP DP EP FP GP

FE i sample

# stomach

#4115 % pyloric caecum

7iE gut AG BG CG DG EG FG GG
1HAL feed F

1.4 WHEWME DNAERSEEENF

P A ORAE AR AR, 20 ) AR IR 45
TR . IRSE, RISk Soil
DNA Kit (OMEGA, USA)iz I & $2 Bt 2k i
DNA, ifiid barcode HIFFSIETIH(341F: 5'-CC-
TACGGGNGGCWGCAG-3', 806R: 3'-GGACTAC-
HVGGGTATCTAAT-5") 1% 16S rDNA V3~V4 5
X )P E, SR PCR ¥ 34 =y vl Jig ke, H
QuantiFluor ™ ZEOEIHHEATAE . A4k 38 7=
YA SERIR G, Tk, MY SO,
% F Hiseq2500 (1) PE250 #z0 AL .
1.5 HiEsbiE

XTI R i A ) D A St AT s . PR L
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%29 &

IR ik G RS — RIALHL, 13 EIARUT S
MEARMIPE R T 97%HIFFFI N 1 4> OTU (op-
erational taxonomic nnits) [ J5 0|, >R A Uparse
(usearch v9.2.64)3K 4% BT A A RUF 9 1 7 IH S
PRAE, JFRIRE—1 OTU myfRERMEF, @il
RDP Classifier (version 2.2)'5 Silva (version v128)
Bl PE gt AT Wy Rl B, o B AR R (E N
0.8~1; Kl Tax4fun (0.3.1)¥£4F Kyoto Encyclo-
pedia of Genes and Genomes (KEGG)YJfig il .
i SPSS 25.0 X4 R AR AT BN R T 22
T (ANOVA), FJH Duncan’s 4646 % [/ — 114 4k i
ZH ZUAS[a) UK B[] i 1) ) 22 S 1k 47 22 LU A,
BEMIKFN P<0.05. Frf BUE R+
FrifEiR( X+ SE)EIR .
2 ERE5SH

21 MFEER

3k eIy B B — &R S b B, 345 )
2450752 LA RUTHN, FIEARE I T IR B A
37133 4k, 454 3T OTU KRRt nl LIF
W, IS I R B A AR SRR
AR 1), FEF OTU /KL B (rank
abundance) & W 2 fron, MEIHR]LIE H, 52
e AR W B, I B oA
FEXT AL 5 o
22 HUWEEBHEHHE

EH N, BRI R (Weissella) . L AT & &
(Lactobacillus) . fi 5./l 1% J& (Pseudomonas) . A3
¥T 1 J& (Acinetobacter) . F.EK % J& (Lactococcus) |
S & (Vibrio) F13% (X 7 J& (Prevotel la) %5 1% &1
LR R (B 3a), #5651 h B, BETCEE |
FUAFEE . FLEREEE NG R S B A X R
TR, MIASSIATEE . 2 B 5 7R & (Sphingo-
monas) . X ¥.ifi# )& . Escherichia-Shigella Fi31l
FT- 11 )& (Bacteroi des) %5 A A X 3£ U |t B
BIRMIHAMO, B IREE . ALkEE . R
L TR R AR S A R R R AT E . I
BB AR FEEEE 2 h BB TR, 25
XA R e, (B2 10 h AL TR 8 A9 AH X = AR
TR AT, N JE i WS TR . AR

J& . S EEE AR . Escherichia-Shigella A4l
FFEE B AT FBEAE 2 h BT REfa s, B
M —E T PP Sh, B 10 h B AEXE 3= B2 AT
SRR THE R o SUEAT 7 J (Bifi dobacterium)
R R LT T FE- EFR R, 784 h F1 10 h B AH
X B o

KA T E NI EE . AP EE . B
W& . INEJE . FT 5 JE (Cetobacterium) . &%

R4S sample ID

AP2 — AP3 — APl —DS3 —GS2 —FG3 — ES3 — ES2 —ESI
—FS1 —DS2 —BG2—DS1—BP2 —FP1 — FP3 — FP2
—GS3—CS1 —GP1 —CS3 —CS2 — AS3 — AS2— ASI —GGl1
—FS2 —GG3— GG2— GP3 —BS1 —BS2 — BS3 — DG2

DG3— DGl —FG2 — CGl — CG3— CG2— FG1— GS1 —F1

F2 —F3 —DP3 —DP2—DPl —EG3— EG2— EG1
—FS3 —EP2 —EP3 —EP1 —BPl —BG1— BP3 — BG3 —GP2

CP1 —CP2 —CP3 — AG3— AG2— AG1

—
W
[=3
(=]

1000

500

FIEROTUSE &
number of OTUs observed

1 1 1 1
0 10000 20000 30000 40000
HEUtags $H number of tags sampled

Bl 1 BSR4 o IE Ak T R AR RE R B i TR R h 42
AS. BS. CS. DS, ES. FS Fil GS 43|/ AR HAERTE 0 h
lh, 2h, 4h, 6h, 8h I 1I0h AYH AL, Hr, AST, AS2 Fl
AS3 5rIFR7R 0 h i 41211 3 A FA7REA; AP BP CP . DP,
EP. FP Fll GP 7} IZ R AR 0 h, 1h, 2h, 4h, 6h,
8 h Al 10 h (9 '] HE R, Forb, AP, AP2 il AP3 73513
7~ 0 h BHATTE 09 3 M F7HA; AG. BG. CG. DG. EG.
FG Hl GG 705 F/m AR HURERS A O h, 1h, 2h, 4h, 6h,
8 h Al 10 h (MlFEALY, Hrb, AG1. AG2 il AG3 43 I37% 0 h
i E 418N 3 AT REAS F Zon iR, Horr, FLLUF2 fi1F3
SRR 3 A TATHEAR.
Fig. 1 Rarefaction curves of juvenile Seriola lalandi
gastrointestinal tract and feed
AS, BS, CS, DS, ES, FS and GS represent the stomach samples
atOh, 1 h,2h,4h,6h,8h, 10 h, respectively, while AS1, AS2
and AS3 represent three parallel samples for AS. The same for
other stomach samples. AP, BP, CP, DP, EP, FP and GP
represent the pyloric caecum sample at 0 h, 1 h, 2 h, 4 h, 6 h,
8 h, 10 h, respectively, while AP1, AP2 and AP3 represent three
parallel samples for AP. The same for other pyloric caecum
samples. AG, BG, CG, DG, EG, FG and GG represent the gut
sample at 0 h, 1 h,2 h,4 h, 6 h, 8 h, 10 h, respectively, while
AG1, AG2 and AG3 represent three parallel samples for AG.
The same for other gut samples. F represents the feed
samples, while F1, F2 and F3 represent three parallel samples.
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2
R4S sample ID
1k —AG1-BS3 —DS2—FP1 —BG2- DG1—ES3
3 ‘ —AG2—CG1—DS3 —FP2 - BG3—DG2—F1
2 —AG3—CG2—EGI —FP3 —BPl - DG3—F2
s —API —CG3—EG2—FSI —BP2 - DP1 —F3
g 0.1F —AP2 —CPI —EG3 —FS2 —BP3 —DP2 —FGl
—AP3 —CP2 —EPI —FS3 - BS1 —DP3 - FG2
2 ‘ —AS1 —CP3 —EP2 — GGl BS2—DSI — FG3
s 001k AS2 —CS1 —EP3 —GG2 - GP2 —GP3 — GS1
2 0. —AS3 —CS2 —ES1 —GG3—BGI1-CS3 —ES2
5 \ GP1 —GS2 —GS3
8 N
£ 0.0011 | s
#
le—04
3% )
le-0SEL 1 - - -
0 500 1000 1500 2000
OTUs%#5 rank

&2 R A)) o 0 A RN DR i Y
Rank-abundance Hii£k
AS. BS. CS. DS. ES. FS 1 GS 43I F/R A BT E] 0 b
1h, 2h, 4h, 6h, 8h A 10h B HHAL, Hi, AS1, AS2
HAS3 735378 0 h i H LU 3 P44 AP BP.CP,
DP. EP. FP fl GP 7 JIFR AR E 0h, 1h, 2h, 4h,
6h. 8hFl 10 h (KA HBERES, Jh, AP1, AP2 I AP3
SRR O h AT T2 3 P47 A AGL BGL CG
DG. EG. FG Ml GG /Bl F /AR AN FE AL 0h, 1h, 2h,
4h, 6h, 8h Ml 10 h (WFHEHL, H, AGl. AG2 1 AG3
SRR 0 h B IE A ZU 3 A FATREA F 2R iR, o,
F1. F2 fl F3 7351308 3 A PATHEAR.
Fig. 2 The Rank-abundance distribution curves of juvenile
Seriola lalandi gastrointestinal tract and feed
AS, BS, CS, DS, ES, FS and GS represent the stomach samples
atOh, 1 h,2h,4h,6h,8h, 10 h, respectively, while AS1, AS2
and AS3 represent three parallel samples for AS. The same for
other stomach samples. AP, BP, CP, DP, EP, FP and GP represent
the pyloric caecum sample at O h, 1 h,2h,4h, 6 h, 8 h, 10 h,
respectively, while AP1, AP2 and AP3 represent three parallel
samples for AP. The same for other pyloric caecum samples. AG,
BG, CG, DG, EG, FG and GG represent the gut sample at 0 h, 1
h,2h,4h, 6 h, 8h, 10 h, respectively, while AG1, AG2 and
AGQG3 represent three parallel samples for AG. The same for
other gut samples. F represents the feed samples, while F1, F2
and F3 represent three parallel samples.

¥ 1 J& (Photobacterium) 1 11T i J& 45 S 45 1 [if
PR A TR (B 3b). $REJ5 1 h B, FLAFHE . A
SIFFRE . BRI | IR R L SRR A
ST B Jm AH X = B R B R LA I
J& . &[G B8 . Faecalibacterium Fl AU FF 56 &8 25,
WP BT, FRREE TR IE A MO, FLAT
J& . IR JE L G R AR R T - TR
e, FLFFRJE 8 h B AHXT R (4.17%) 38R AIK
THEEN(5.01%), FINEEAE 6 h B AT
(2.38%) 1 THRETHI(1.49%); ASNFFHEE . B
WE . KT EE RIS T A LA, 4
fE 4 h, 2 h #l 6 h BFAHXFRE A, 7E 10 h B

BE (YR 33.89% .6.56%F1 4.81%); AT HE
PUFF R R . SO B 8 AT 7 e 2 iR 2 8k
FHE FRE#a%, 2%I7E 4 h, 2 h, 6 h 12 h A
SFEERE (A 1.66% . 6.56% . 2.27%F
6.56%)

B B R R R R . AR E .
FHAA K & (Klebsiella) ., FLEREE . FLITHE .
B30 [ 74 J&@ A1 Escherichia-Shigella %5 445 £ /i Y
R (A 3¢), BEEE 1 h i, BRIKEE . T
P RN & GHE TR AR X B BTN, AR
JERAAXT F BRI T . Bl SR T AR TR, 2
P PR R . FLAT R R S B R - TR R,
P PE IR E 6 h BEAXT FJE(3.26%) Ik T £
Hi7(8.91%), FLFFAJE 4 h B AHXS F 18 (3.36%) & T
TRETHI(2.53%); ANFFREIE . P 8 AR 2
P FHEAR, YI7E 10 h BEREXS E BE E E (4 h
29.98%. 10.05%); v/ {ARHEEAX FEERE
JE BE T 0.05%; FLERER . BITIREE .
Escherichia-Shigella, &[G & . SUFF & F1 &G
FFO 8 B R S B LTS T a3, 57 2 h,
4 h.8 h.2 hFl2 h B AHXT 3 B fe = (40 3R 2.91%
8.09%. 4.19%. 1.92%% 32.78%).

2.3 (ERIE BT

TR AT EE ST 1% 00 358 4 k(5
BAngk 2 Fon. WEAT LU, R RSB
BB AT e, A 38.74%, A ELIC B
(Shewanella)(19.45%) ¥k 2., 5K & J& A XF = B 0
9.47%, ANBNFFEJE AN AR R 3.45%.

®2 EFEHHBEMTREERENEM

Tab. 2 The composition of dominant microbiota in feed for

juvenile Seriola lalandi at the genus level %
J& genus FHXT B relative abundance
&G JE Photobacterium 38.74
7 ELICH & Shewanella 19.45
JNE J& Mibrio 9.47
Aliivibrio 6.37
AR BhFFE R Acinetobacter 3.45
FLEKE J& Lactococcus 1.37
i P T )8 Pseudomonas 1.25
HAth others 19.90
& EHT 14 Photobacterium 38.74
7 ELIGH & Shewanella 19.45
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Hh ] K R 529 %

24 FELERBEMUES T

TE A4 Hr v, AT LA 32 4 —
S B BT RS R 60.3%~70.2% .17.3%~33.1%
(Kl 4), 7Ed kMl LB & 2ih, 5k

(0 TR TREAF LL, 85 35 T A W19 S T) s ] st ) 1)
FEA NS0 oMM . FEH P, BT R
S SHEESE 1 h AR/, 5 4~6 h B9
RIPEHRAES, 15 8~10 h B AYAE LI PER: 25 (14 4a).

51
8 60 W REHT# & Acinetobacter M CL500-3
. 2 W KGATHIB Photobacterium M KR Vibrio
é ‘g W Escherichia-Shigella EERR R Streptococcus
= g 45 W XU AT R Bifidobacterium FEFF 3R Acetobacter
8] W SR MIEE)R deromonas W BEBLTE R Sphingomonas
& 1S4 30 W H 3R Pediococcus W KRB Prevotella
Z g %YK@ Enterovibrio W #IFFE B Bacteroides
© 15 W BT R R Weissella W Faecalibacterium
i W B Pseudomonas FLERSJR Lactococcus
0 W FLFFE)R Lactobacillus HAEER Ralstonia
2 4 6 8 10
BUREIT ] /h sampling time
51
8 60 W RBhFTHER Acinetobacter W % [CE )R Prevotella
X .g W BHIPE R Pseudomonas W FRKE)E Shewanella
§E( g 45 W R HEEE Methylomonas RE LR Anaerolinea
#3 W IR Bacillus FHit )R Ralstonia
B o130 W EEH)R Streptomyces W BUTHR Bacteroides
% E W T H)R Cetobacterium W RIATHR Photobacterium
= S M B8 deromonas W CL500-3
B15 W BRI R Sphingomonas W SUSATH R Bifidobacterium
W FLAFE)E Lactobacillus LEJR Vibrio
0 W Faecalibacterium Blautia
2 4 6 8 10
0 B RY E]/h sampling time
g 56 B RICHFHB Photobacterium W ZAIFLFTH)R Sporolactobacillus
N g W B R BE B R Sphingomonas M YNE R Vibrio
a2 42 W & EFFE)R Chryseobacterium [0 /KA R Enhydrobacter
i E W FLFFEJR Lactobacillus AKIW660
+1+ g W FLBKER Lactococcus B BYMEE B Pseudomonas
g 2 28 B S BHITE)R deromonas [ CL500-3
k5] AT B R Bacteroides W EKE)B Prevotella
E] 14 B REHFEE)R Acinetobacter W SEEAKER Kiebsiella
B BN CH R Weissella RLEHINFER Paenibacillus
0 W Escherichia-Shigella Faecalibacterium
2 4 6 8 10
HUREHT [E]/h sampling time

P03 o Ak fo 1K AL 1 DL o s R s A 1 Bl
a. BHLL b, W THBEHL, . PiEdLl.

Fig. 3 Structure changes of dominant microbiota in juvenile Seriola lalandi gastrointestinal tract at the genus level
a. Stomach; b. Pyloric caecum; c. Gut.
a b c
PCA PCA
. 10F FS, 10t P . 10 FGegBG
S | &5 S 5 | ag PO
> o of gptP F o8 of R
& Of DS FoQ ‘ e EG
O . ° O _oh ()
o ES = & ok
. .
—10} -20
[ BS 2 7 QP # 20 GG
# H hny
. . . =30, . . . . . . . .
0 20 40 -10 0 10 20 30 40 0 20 40

FERSF— PCI (70.2%)

RS — PCI (60.3%) ERSr— PCI (64.2%)

B 4 T B KR R 3 b
a. HAZ b, WITEEAL; o PHEALL

Fig. 4 The principal components analysis (PCA) of microbiota in samples at the genus level

a. Stomach; b. Pyloric caecum; c. Gut.
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HATTH BN, BERIm S SEE)S 10 h Y
APER/D, SRS 6~8 h i Ay R Z, 1M
5 1~4 h B ARVE S5 i (8] 4b) IIE N, BREGE
J& 2 h BAR, LA ) A5 0 A R 25 R AR AL 17 15
BIS5 A TE 2N AR (E 4c).
25 HUEBEBEIEISES T

il KEGG Pathyway 7 #7o] LLAZEE, —ZoK
PN R R 2 5 0915 538 B G A B R A G
W, 7E=YOKT T, MHESASE S S
MOPAE (5 BAL B . T RRACIT . a8t 15 (5 8 Ak 350 %
F18) 5 R ARG = BE A7 0 A (11 5 F13R 3). THARIE 2%
MY PR NS 5 E B SR, H1E
LR B DT T AFAE — 0 25 5, FR R PR IR = B 4
P EEAFE ARG B P ABC #i8 #ik
(7.43%~8.87%) I AL 43 Z2 5t.(6.89%~8.08%) . Hr
WA A v £ M AR 385 (3.24%~3.54%) . 1A% {5 ELAb
P ) ZBEAE )G L(2.69%~3.18%) | TR
BRI IE AR (2. 14%~2.40%) % .

BEE, BNEFEFNSS ABC iz k.
W FRGE . AAED AR WEERE . Ak
R Ak . UE K3 R0 M A 45 15 5 3 I ) R X = BE A
PR 0 BT (/N B S 2 L IR AR
XIFRE, 25 WER QA AR X = B A R TR
RZ, 25 BRI B 73 W0 2R 58 A X = B 5
ML TR n R, 25K 2 R MRS Y
AEXTFEFE B TS S R BRI R TR
Eo IREE, MITERANFERERNZYS ABC iz
ik WA RS ERARE . AR HBEmR
N 2R A ) A X B R I8 T Y
Z 5B . wEE A AR X S AR
FRPRORAS, 25 ek FRERE A 00 AR 0T 3= B 52
T BT - T RS, 2 SRR oA
AACBERRIL AR R RS T IRt HE
J&, WAiE N RS S 5004 R G A E
EMEEFEGEE, S 5ERARH . ABtAY
A A AR B R B RUIR S, 25 ABCH
1B AR A B AR R T R B — e B R RS
P S 5TER FREREACH . SRR R A
ORTEROE SN I e = N SO R

M k002010
M k002020
M k000230
M ko00970
M k000240
M k000500
M k000520
M k000330
M k000910
M k003010
M k003070
¥ k000190
M ko00860
M ko00051

ko00550
M ko04112

ko00260

BURERSE]/h sampled time

ko03440
ko00680
ko03018

M k002010
H k002020
M ko00230
M k000970
M ko00240
M k000330
M ko00910
M k000500
M k003070
M ko00190
M k000520
M ko00860
M k003010
M ko04112

ko00260
M ko00051

ko00550

ko03440

ko00680

ko03018

M k002010
H k002020
M ko00230
M k000970
M k000240
M ko00330
M ko00910
M k003070
M k000190
M ko00520
M k000500
M k003010

0 10 20 30 40 50

AR/ %

relative abundance

BURERT ] /h sampled time

1 1 L L 1

5 10 15 20 25 30 35 40 45 50
FIXTHEBE/ %

relative abundance

M k000860
M ko04112
ko00260
M k000550
ko00051

BURERT ] /h sampled time

0 10 20 30 40 50 1 ko03440
FEXTERE/% ko03018
relative abundance ko00680
s ks 0l AL I8 R 51> Pathway
AR BE AR A1 L
a. HAL,b. MITHEAL, c. HIEHL.
Fig. 5 Relative abundance changes of each pathway of
microbiota in juvenile Seriola lalandi gastrointestinal tract
a. Stromach; b. Pyloric caecum; c. Gut.

3 iTit
31 EFWEMNBHLEZOER

A 1E 52 50 T if Al X S 56 £ R AT LR AL B,
i B 2R AT 4 £ A T 23 TBOIR 2 DA PR SR AR K
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%* 3 KEGG #&ZIRER
Tab. 3 Theannotation information of KEGG pathway
n=3; X+SE

&% pathway

1 F{5 B, annotation information

ko00051

BB BoKIL SR SR H B s

metabolism; carbohydrate metabolism; fructose and mannose metabolism

ko00190

BRI BERAUHE AALBERR ML

metabolism; energy metabolism; oxidative phosphorylation

ko00230

BRI, AR, e

metabolism; nucleotide metabolism; purine metabolism

ko00240

BRI BT RR A RS e E A

metabolism; nucleotide metabolism; pyrimidine metabolism

ko00260

B ARG, HEmR . ZERMI RN

metabolism; amino acid metabolism; glycine, serine and threonine metabolism

k000330

BRI, FAERRACHE, S A = B A Qi

metabolism; amino acid metabolism; arginine and proline metabolism

ko00500

BB BRI S IR SR AR A

metabolism; carbohydrate metabolism; starch and sucrose metabolism

ko00520

BRI BRI A AT E SRR G

metabolism; carbohydrate metabolism; amino sugar and nucleotide sugar metabolism

ko00550

BRI 2V & S IR A AR

metabolism; glycan biosynthesis and metabolism; peptidoglycan biosynthesis

ko00680

BB BERRNE H AL

metabolism; energy metabolism; methane metabolism

ko00860

BRI T D A A S AR, Moo i 3 A

metabolism; metabolism of cofactors and vitamins; porphyrin and chlorophyll metabolism

ko00910

BRI aeE AR AR

metabolism; energy metabolism; nitrogen metabolism

ko00970

B RALR, B EBEEY A AR

genetic information processing; translation; aminoacyl-trna biosynthesis

ko02010

FIEf AL, BEAGIE; abe 552 1A

environmental information processing; membrane transport; abc transporters

ko02020

WA, F9HS WD RS

environmental information processing; signal transduction; two-component system

ko03010

LS B AL, BRE, Kb

genetic information processing; translation; ribosome

ko03018

BALE BT, Y18 . /MR ma M

genetic information processing; folding, sorting and degradation; rna degradation

ko03070

PR S AL, BRI, ARG

environmental information processing; membrane transport; bacterial secretion system

ko03440

BIEE S, BHABE; FMIREH

genetic information processing; replication and repair; homologous recombination

ko04112

AMHEFAL; AR RIZET; ARG AT AT R

cellular processes; cell growth and death; cell cycle-caulobacter

SE—E, R, 7E AR A £ 5w Ak
P RRRE R AR R o 25 B AL IE #5 L L B RE S5 1
e, AFFETE . R REE . A EE .
P HEE . WATHEE . EREE . IEE .
W ICHR . &OLFF B Ml Faecalibacterium J2& 7
it E g . Hrp, NP ER . 2O EE .
SRR R . BB E | 5 EC P R A FLAT R S A
Xt YT 1% R RS L, FRAEBE
S5 R A (Ictalurus punctatus) iy 1k 18 4% BT 1k il
IEVEFERE 3 h B3 BT, 3~30 h ARFEAE X
fa, Za BRI EETEES; 1E5R5HE S 6 (Parali-

chthys olivaceus) itk i & H B i A 52 H & R,
BEJE 5~8 h W I & S R e, AT
FRPH A 5 22 B — AN T AR BT T A i R B
B, 87 UL B B O R 1 T A0 RO B R E R
ERS RN LN (75 B 75 A 2 S LN P N i
MAFE—E 25 EHERM, HAMHHE)S 4~6h
25T AUl T PR R (FH G SE R R 8) o LB B U
b3 45 AL 20 R4y B RE AR B ik de s,
FEE NI ER . IEE . U R, Bl
H ¥ N Y Faecalibacterium, F AR R | H %
WE . AR . S ISR E . SRR . 2
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¥ &, Wil N Escherichia-Shigella., 25 4 fufT
wWE . KPMEE . AAFEER AN EE.
PRI, AR 4 T A0 T8 A A e A R R b 2E By
P, BRLFFRE . IR E . SO E . R
MU R . AShATEE . 2R . Escherichia-
Shigella, ZEZFAFFIER . MRS )E . BT
WE, WERREE, SHEEE . THRREE .
MR . B IREE . ZFAITREE . O HE
Fil Faecalibacterium {4 52 55 ¥ 456 4)) £6.31 1L
TEAZOFERE

BSR4y £ 0 A B A R B FLAT R
ZFFTEE . BB R E . RIS R W
ITEAE s R B, A R - BB AR
ZF AT TR BE A% 4 1 5 (Acipenser  baerii)4) i 1Y
A RKUTI IR H, Lot e b ok R A, ik
g X Az B LZEAE A e P AR g s e,
PASUSEAT I A KT AR, Yaghoubfar 252!
o & PR, Faecalibacterium 7E 6 4 9121697 M 26
A EHEAEH], SRR ke o
WA WA B PR 2 B APY, 45 W R
AR RPUE B R T PR 2P, Kkl
FFHR & R BB #E & I i A 2 e AL i . LT o
A5 T AR A B A K P T R A T, A
T8 G Y S BRI AT Be A B TS B A 4
SR AR i Y, B R R T R e R
TR —Fh, feag DL e 32 20 IR 5 0T 4 1
BRI EL, MBI E ZAR O . & AT 21T
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Analysis of the evolution trend of gastrointestinal tract microflora of
juvenile yellowtail kingfish, Seriola lalandi during nutrient metabolism

JIANG Yan', YU Chaoyong’, XU Yongjiang', LIU Xuezhou', WANG Bin', CUI Aijun', XUE Zhiyong’

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries
Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Qingdao 266071, China;

2. Marine Science Research Institute of Shandong Province (National Oceanographic Center, Qingdao), Qingdao
266104, China;

3. Haiyang Yellow Sea Aquaculture Co., Ltd., Yantai 265100, China

Abstract: The yellowtail kingfish (Seriola lalandi) is a globally distributed marine economic fish. The consumer
demand for this fish is growing because of its delicious taste and high nutritional value. With increasing catch
numbers, its natural resources are gradually declining. Many countries, including China, have begun to artificially
culture this species. We found that the development of the juvenile yellowtail kingfish gastrointestinal tract
(stomach, pyloric caccum, and gut) was evident and strong, with a fast growth rate. Evaluating the characteristics
of microbiota structure may contribute to analyzing the effect of the microbiota, introduced by feed, on the change
rule of gastrointestinal tract microbiota during nutrient metabolism. In this study, 16S rDNA high-throughput se-
quencing was used to assess the characteristics of gastrointestinal tract microbiota structure of yellowtail kingfish
juveniles during the whole feeding cycle and analyze the correlation with the microbiota in feed. Results showed
that Lactobacillus, Pseudomonas, Acinetobacter, Sphingomonas, Bacteroides, Aeromonas, Vibrio, and Faecali-
bacterium were the shared and dominant genera colonizing the stomach, pyloric caccum, and gut. In combination
with the changes in dominant genera during nutrient metabolism, Lactobacillus, Enterovibrio, Bifidobacterium,
Pseudomonas, Acinetobacter, Bacillus, Escherichia-Shigella, Paenibacillus, Sphingomonas, Bacteroides, Methy-
lomonas, Sreptomyces, Aeromonas, Vibrio and Faecalibacterium were selected as the core microbiota in the gas-
trointestinal tract of yellowtail kingfish juveniles. These core microbiota contained both potential probiotics and
pathogens; the relationship between the potential probiotics and pathogens in the gastrointestinal tract was main-
tained in a dynamic balance during nutrient metabolism of the host, which will protect the health of the host from a
microecological perspective. Through analysis of the evolution trend of dominant microbiota structure, it was
found that the microbiota introduced by feed had a great influence on the relative abundances of gastrointestinal
tract microbiota during nutrient metabolism, which revealed the importance of the safety of the microbiota in feed.
Our findings provide theoretical support for the screening of local probiotics of yellowtail kingfish juveniles and a
reference for healthy culture management of the species.

Key words: Seriola lalandi; gastrointestinal tract; core microbiota; evolution trend; high-throughput sequencing
Corresponding author: LTU Xuezhou. E-mail: liuxz@ysfri.ac.cn
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Effects of water temperature on survival, behavior, and growth of
small sea urchin (Strongylocentrotus intermedius)

ZHENG Dingfa, WANG Huiyan, DING Jingyun, SUN Jiangnan, ZHAO Chong, CHANG Y aging

Key Laboratory of Mariculture and Stock Enhancement in North China' s Sea, Ministry of Agriculture and Rural Affairs;
Dalian Ocean University, Dalian 116023, China

Abstract: Stock enhancement is an effective method to achieve high production of the sea urchin Srongylocentrotus inter-
medius. This process is affected by various internal and externd factors, among which temperature plays an important role.
Temperature significantly affects the feeding and metabolism of S intermedius, thereby regulating survival and growth. Tem-
perature change, as an important stress factor, affects the behaviors of S intermedius. These behaviors can effectively protect S
intermedius from the effects of environmental factors. The righting response, frequency of Aristotle’s lantern reflex, foraging
behavior, positive phototaxis behavior, and negative phototaxis behavior reflect the behavioral functions of S intermedius for
foraging and sdlf-protection against predators. Additiondly, they are the most important adaptation-related characteristics for
increasing the population size of S intermedius. Therefore, it is essential to determine the optimal temperature range for stock
enhancement of S. intermedius.

In this study, S intermedius were placed in temperature-controlled tanks. Stones were collected locally and placed in the tanks
to simulate the benthic environment of S intermedius. We placed large [(23.29+0.27) mm] and small [(18.78+0.19) mm] S
intermedius in three temperature environments (10 ‘C, 15 ‘C, and 20 C) for 6 weeks to observe the changes in their sur-
vival, growth and behaviors, to reved the effects of different temperatures on S intermedius. Growth referred to the change in
body traits (test diameter, test weight, test height, crushing force of test, test thickness, body weight, lantern length, and lantern
weight) and tissue weight (gonad weight and gut weight) of S intermedius after 6 weeks. Behaviors included righting re-
sponse, frequency of Aristotle's lantern reflex, foraging behavior, positive phototaxis, and negative phototaxis.

There was no mortdity during the experiment. This indicates that 1020 °C is an acceptable temperature range for the sur-
vival of S intermedius. The food consumption of seaurchinsinthe 20 C group was significantly higher than that in the oth-
er two temperature groups for both body sizes (P<0.001). Test diameter, test weight, test height, crushing force of test, body
weight, lantern length, lantern weight, gonad weight, and gut weight of different szes were significantly lower in sea urchins
exposed to 20 C thanto 10 'C and 15 ‘C Therefore, 10 C and 15 ‘C were within the most suitable temperature range
for optimal growth and development of sea urchins. Moreover, the frequency of Aristotle's lantern reflex, phototaxis, nega-
tive phototaxis, and foraging behaviors of S intermedius exposed to 15 ‘C was significantly greater than that at 20 C.
This suggests that S intermedius exhibits better behavior in this environment. In summary, the present study investigated
the changes in survival, growth, and behaviors of S intermedius at different water temperatures and found that 10-15 C

is appropriate for behavior and growth of S intermedius. Releasing juvenile S intermedius at 10-15 ‘C  will maximize the
benefit of stock enhancement. The present study provides vauable information for stock enhancement and resource manage-
ment of S intermedius.

K ey wor ds: Srongylocentrotus intermedius; temperature; stock enhancement; growth; behavior
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TR T # (P<0.05) . S B AbkEE RF (9 B BU8CR B & T & inbkE CHI R CH2 A f.(P<0.05), 11 ZUF
B W HECR R TS 3 (P<0.05) . 5 R FTITE 24 07 Al S M SR K AR AL . B R R LA LL, SR S FR 2 0 Al B
A BB RAR(P<0.05), B REK R (P<0.01), ANFFELE RGN, W B IR 46 3 AR DR b faoms & s
K5 16% A X OB E . AR, FRAHCER . AR S5k Y HE R = B E W RUE R, 7R R
HSTIN 1%38 2% 119 e 2 NI 1 ) A 2 BH S 085 5% {1 B R A ek 1) B 0 2 K B RV RDRL R R k3, sl S R IR 5%
e 2 Wy HE R -
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K B i (Micropterus salmoides) J& i I H
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FEa M 2016 41 347300 t BRI 456900 t,

/Dt S DR R B fk R 40 AERAK™
FRIEMT ST A B O 5 i t 2R A
PRt 2 Akl b B R A A AT, il
R T BB R A b ol A R 45% 0, BF ST
B, Sl IS R R SRR A . KE RS &
1 (SPC) 3k I8 2P 5 b v] 4 e} oy & B AIK =
16%, 1% K 11 2 iy A 4 Rl 1] FHCR IC A S 17
RO M R S AR, AR
Ak e A K P [ AR R A RDR
1%48 I % T MG %1 (Saccharomyces cerevisiae)f
0 W . il 3 o 4 ) A K R e v RET ), H W
UL BRI 0.5% 1 2 B MG -1 K 8 25 184 i
IR R e 4 2 1 R AR 1 R o AR £ 3 1 K
Vo B R S T MU IR AR RICR AT RE 5 AR
TR TS I A O, A BRI I e T AL
T B RS N AT 2 75 B T e % £ I e )
R H RS A, teAh, BB R R IR
SPC i BE B ACIRDBHE M AN 2 T 80A . BRI P HEK
Y, EZE S e i R MK TR R £ A LA
UE o ARFFEIE I 75 58 ST T DRk & I
PR BRSNS R 1 SR i | AR FH 8RN
FEF K B2 R, H B0 78 K SR I Ry
ek SN e e[| A ] B P A N [
W ) P AR R e 45 75 1 (CPC) R AR A e £ % K 1
FRAT B 7K BT ()5 )

1 M#EFE

1.1 g, Emafnfas

KR R SR E T, 1 S RN RE) R
A 40%, FI MR 4EE 1 (CPC) U B RF
R 60% (CHO), 7EMLIERE . 234 1%
(CH1)HI 2% (CH2)) 50 s A8 I A e g e B, 5
I GDRB FBCRIBR 0 2542 43 3R 50%1 1%,

JIT AR 11 2ty 4 0 ) 1 58 T W2 T BRLRE R K
F AN, BT, KA B Bk
SRR YRR PO )E, BES
2000 L IEIMNR CHaKIE R 5% 4 J, 2571010
P ORAR I W VTR 22 KA S R G 5K TR S
R IN TR IR B R & o 50%,

FHRE 7 52 9%) o Fir FARFF I 45 2 1 (CPC) FH W
B S A R A PR B GRS, e ) Bt
fl iR R ER, EAEZER TR AR (HPE %) . BN
RMCEERE) . LK. KOWAEEMSPC).
3 A0 A A 1T T8 BB AR A BR A H (4
M, W), DL-Met W A WL 254 BR 2 R (7
o, Wity EHR A YR L A L
200710001775.0)EC i, B ELHEXS RH . TR dh
R B IR AT . B PR R I S R R LR 1,

x1 ARERBNEFRAR
Tab.1 Proximate composition of the feed ingredients
%

Jart Tom HEA MR Ry
ingredient dry matter crude protein crude lipid ash
B} fish meal 91.6 69.5 9.0 134
KTk 45 & 91.8 63.0 0.7 7.3
cottonseed-protein meal
EHIREY 90.7 49.7 1.3 6.4
soybean meal
T 4 wheat flour 88.0 17.6 2.2 1.0

FE: ML MAB IR 43 R JERHE AR A 25 T i & i,
BRI Ay T I £ 45 2R T (A
Note: Crude protein, crude lipid and ash reflect the situation of the

feed ingredients stored in air, and the data are means of two mea-
surements.

FeRECR G R, i 80 HE, SREHRIEHE T
MU T 45 SRR (B i I A i I+ F TR 21,
TR FEEHE A 28 A EHEFEAL, A2 20%
(VW) K JE R A 10 mino I H E K =Bl 058 B
WOl HUIT 58 BT A5 77 4 SLP-450 1 B 4]} g
LA TIRDEHBRL (B4R R 3 mm, KN 5 mm)AY
Wk, FEIARE IR T A SRR 5 K o e e
BHEN, [ERETIAELEVKAR (20 C)r, SEE0fa A
Bic 7 FVE SR AL WL 2.

12 FEXW

SEHTHkEE 500 MR K/ NI, B
TEEANR LKA (EAS R 140 cm, =4 140 cm,
SR 2000 L) 92w A ISR AR OR R | i
Iy R R R RF. SCI T R I e (52 g
24 h, SRJEHGYIFR R L TP AE— A KA T BRI bl
PLIHS 30 BB fa, FEARFR 5 BE ML 5256 T H
FEHNR AR (B AR 160 cm, 54 200 cm, %
BUR 4000 Ly, AApEpkHE 3 ANER, LA 12
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529 %

KA, LI MAPIIGIRE R(21.7£0.2) g (X£SD,
N=12), 45 A5 AT AR 0 9 55 fa B ATLER 3 21
(s B/4l), sl R . (RKAFE, %
JIT B AR AETE VKAR (—20 “C)H R S 434 52 56 FF
LR S AR 2 R IR AE s o

®2 LHAMBHIERAR
Tab.2 Formulation and proximate composition
of thetest diets
%

Tkl diet
RF CHO CHI1 CH2
£4) fish meal 40.0 16.0 16.0 16.0
FAF e 4 25 11
cottonseed-protein meal
EHIRAY protein premix 300 300 30.0 30.0

JERl ingredient

0.0 265 26.5 26.5

% wheat flour 129 129 129 129
MR — 255 Ca(H,PO.), 1.5 1.5 1.5 1.5
SALNERE choline chloride 0.2 0.2 0.2 0.2
Y E YY) SR Y 1.5 1.5 1.5 1.5
vitamin and mineral premix®

R T ML % 1.0 2.0
Saccharomyces cerevisiae

W A7# bentonite 6.5 2.0 1.0 0.0
a3y fish oil 7.4 9.4 9.4 9.4
FHJi dry matter 928 924 916 932
HE A ° crude protein® 50.3  50.1 504 503
HLE R ° crude lipid® 11.0 112 11.1 111
K4y © ash® 15.2 9.6 8.7 8.0
s ° phosphorus® 1.6 1.6 1.6 1.6

TE: A A BT R TR Y (5 kg WEL: 4EA4E 3 A, 8000 TU; 4k
2 Ds, 2000 TU; 4% E, 100 mg; 4E4E &K K, 7.5 mg; 44
# By, 15mg; 4% B,, 15 mg; 4i4: % Be, 12.5 mg; 4i/E#E By,
0.05 mg; B, 025 mg; IZHAS, 40 mg; ML, 5 mg; MHBLIZ, 50 mg;
i % C, 140 mg; JLEE, 120 mg; FeSO,, 40 mg; CuS0,4.5H,0, 25 mg;
MnS04.4H,0, 10 mg; ZnSO,, 100 mg; MgS0O,.7H,0, 200 mg; CoCOs3,
0.35 mg; KI, 0.05 mg; Na,SeO;, 0.3 mg; C,HoNO, 5 mg. "Ml
ORI . KA Rk S B RN AR R R I & i, Bl
PRI 5 2R 1 P 2 1.

Note: * Rovimix provides per kg of feed: vitamin A, 8000 IU; vita-
min D3, 2000 IU; vitamin E, 100 mg; vitamin Kj, 7.5 mg; vitamin
By, 15 mg; vitamin B,, 15 mg; vitamin Bs, 12.5 mg; vitamin By,
0.05 mg; D-biotin, 0.25 mg; D-calcium pantothenate, 40 mg; folic
acid, 5 mg; niacinamide, 50 mg; vitamin C, 140 mg; inositol, 120
mg; FeSO4, 40 mg; CuS0O4.5H,0, 25 mg; MnS0,4.4H,0, 10 mg;
ZnSOy4, 100 mg; MgS04.7H,0, 200 mg; CoCOs;, 0.35 mg; KI, 0.05
mg; Na,SeOs, 0.3 mg; C4HyNO, 5 mg. ® Crude protein, crude lipid,
ash and phosphorus are expressed as the situation stored in air, and
the data are means of two measurements.

FEHE S M 2017 4FE 8 H 26 HIFHAZE 10 A

20 HE5HR, Pimt 8 Ji. SCsiim, #EK 8:00 F
16:00 415 1 £ ek 1) S0 I M pAy 438 M A e 1O
R IRKAE N A BN BPE; I FRE . KA 24 h
LA, IR FCRA A 5IE 9 H 4 H. 9
H 13 H.9H 26 HA1 10 A 8 H i& sk (4 ke
7KK 2000 L) o ic s FERT R E (G 13 d)oBK 7:30
F115:30 W KIR[(22.545.2) C; BFR 2405
FH YSI-58 ¥ AL (YSI Incorporated, 32 [E)HIHE:
PHB-4 pH it ( Bk R AAS A, ) E
JK A8 N 7 48(>6.0 mg/L) 1 pH(6.8+0.1) W 5L
KK ATE B LK N KI T 0.5 m ALRAE,
ST BAE(TN) . B (TP) . & Z(TAN)FI 56 AR 1
FEEL(CODMy) o SEIRZEHET, JEfEME 24 h, SR)5 57
SV B AKCORE A 1) f A R R O REARRR . B
DIKFENBEVLI 5 R, oy iiE iR E | Rk
FOHF B S5 R AEAE VKA (20 CHH, AE K43 M7 9256
e R NAE D S =T
1.3 HEZH

HE BT BRUR S5 Br f FE L E R R AR . PR,
TE s K #1(120 C)INZEA 20 min J5 5 ABEFT
(105 CHHET . fEPRHEURE SE 0 fRDRLFI 52 56 1
YRR SER I 40 HIF, # AOAC (1995)]
JEa Ky . MEE . MR K 3 &, H
, M S EH Foss-8400 4 H shdl IR E &AL
(FOSS, i)l sE; HASW; & 1] SZF-06A gl
A (B A BR A R, DI E . L
PHRR B EWE = 55 H] EA3000 CHNS JTHR 43
B (Euro Vector, & H] )il 2 ik & & o

JRBUKFER TN, TP il TAN ¥ Skalar
San""E FREL W BN TE S BT (Skalar Analytical BV,
faf ) o R S PR 124 % CODwno
14 HETESST

$EE K (feed intake, FI), A4 (weight gain,
WG) . 1} &% (feed conversion ratio, FCR) . fi&fifi
HZF (carbon retention efficiency, CRE), A fitif
K (nitrogen retention efficiency, NRE) B fifi FRAL
K (phosphorus retention efficiency, PRE)., AL &
(condition factor, CF). JIf T 4§ % (hepatosomatic
index, HSI). k& YHEH & (carbon waste, CW),
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FIR P HECE (nitrogen waste, NW)FIEE ) HE L
5 (phosphorus waste, PW) . FAA 1 ;= i 0 14 #E
(ratio of fish meal consumption to fish production,
RCP) 73 5% T 41~ X553
FI (%/d)=100x1/[(Wo+W,)/2xt]
WG (g)=Wi/Ni—Wo/No
FCR=I/(W—Wy+Wy)
CRE (%)=100% (W Ce-Wox CeotWa Cea) (1% Cey)
NRE (%)=100%(W;x Cn—Wox CnotWax Cna)/(1XCxy)
PRE (%)=100x(W;xCp—Wx Cpg+WyxCpq)/(IxCps)
CF (g/cm’)=100xW,/L’
HST (%)=100xW,/W;
CW [g C/(kg fish gain)]=1000x (I xCcg)*

(1-CRE)/(W—Wy+W;)
NW [g N/(kg fish gain)]=1000x(1xCyg)*

(1-NRE)/(W—Wy+Wy)
PW [g P/(kg fish gain)]=1000x(1xCpg)*

(1-PRE)/(W—Wy+W,)
RCP (g/g)=WGxFCRxFL/(W/NxDMF, -

W()/NOXDMF())
Ao, 1(g) > S50 0 18] A KRS PN 450 M 1Y) T e
Wo(g) il Wi(g) 53 31l S 50 T e V235 o et £ (1 4K o
No A Ny A S 56 FF Uiy 1285 R sk B A 7K Py 1) 8
B, 1(d) A SR INIE] ;. Wa(g) R KR A B £ Jit
5 Ceo(%) Fll Ce(%) 43R S50 TF 1fy FN A5 A 6,
Mgﬂgﬁz}%/é\%, CCd(%)ﬁ%@E"Jﬁi}%/E\ﬁ, CNO(%)%D
Ci(%) 53 311 Ry S 56 FF s 1 235 o B £ 4 1 280 1% 15
Cna(%) A FEA A % 15 Cro(%) Fl Col(%) 53l A
SEYR TF R A A R AR B BE i Cea(%) WAL
(OB 5 55 Ce(%) . Cn( %) F Co(%) 3 1R i R
ﬁi}% N ﬁ*ﬂ@éﬁ%, Ws(g) N Ls(cm)%ﬂ Wl(g)%%”%j"j;
G2 N BT IBORE A i O AR | AR FL(%)
SIS i, DMFo(%)F1 DMF(%) 52 5
AR GE AT N R R NI 7 J e - o8

SHKAENFL R A(NA) . B (PA) AT AR YR 5
FRE DT ERIE 2O AR Mg SRy it
By, HAXT:
NA (g)=NWx(W—W)
PA (g)=PWx(W—-Wo)
TR Tt Ay, KA
NA (g)=[(TN~TNp)xV+ X vxTN, 5 TP.]/1000
PA (g)=[(TP~TPy)xV+ > vxTN, 5 TP.]/1000

1, NW[g N/(kg fish gain)]Fll PW[g P/(kg fish

gain) 50 B8 H 28 35 58 1) FURN B I8 0 HE CEE ;. Wo(g)
FT Wi(g) 43l A 52 56 TF 4R 1 25 3R £ 1k R
TN(mg/L)AI TP (mg/L)J3 51 A S 56 45 T 7K A B
RSB, TNo(mg/L)FI TPo(mg/L)7351 A 55
6 T 4 e 7K M A ORI B VR B, V(L) R SR B K A
FH (L) A BRI Bk A FH; TN (mg/L)FI TP.(mg/L)
43 SR HEK H R R VR I

K AR 2 7 224341 (ANOVA) A 56 1) Rk &
T MRS R 8 I 7K S X AR | B T6 %6 L FT, WG,
FCR., CRE. NRE., PRE. RCP., CF. HSI. faffk
PR OKSY . AT B/ k. KR . CW.,
NW. PW. TN, TP. TAN Hl CODw, FI50 . &
AL BN 22, Wit — 2B 54T Duncan’s K% kb
¢ CHO, CHI1 fl CH2 Z[[]2: % . R H Dunnett test
oA fa Rl RF 55k CHO . CH1 FIl CH2 Z[i] [-i&
FEPRI 225 o 22 Al S vt L E 0 3R i 5
P ( FI. NRE. PRE. HSI FlfA A 2H i 2517 )
IEBEHE o SRS B ¢ K50 ik RS
TR RO IO R A AR R
ZI 25, Frgeit A SPSS 20.0 k{4
SR, HUP<0.05 Ay 2557 B MEAKE .

2 HRE5HMH

21 EHEEE. B/, £K. @ARNAARERM
TR R B

R 3 AT, TR MG I N 0 7K S X S 56
R . &4KH . WG, FI, FCR, CRE. NRE
HI RCP JC & 54M(P>0.05), Fifi e I WL e B 25
KF-FHm, PRE B R F%(P<0.05), $RE1AE CHO
i PRE B & T4 ik CH2 B £1(P<0.05).
B FE RF 24K HE . WG, FI. FCR, CRE,
NRE DI KR R 588K CHO. CH1 Fl CH2
() £ ] JC i 3 22 5#(P>0.05), {HH: PRE M
TR CHI F1 CH2 By (P<0.05), ik}
RF /£t RCP B b /& T4 & fal %} CHO .CH1 1 CH2
f 111(P<0.05),
22 XLWaEHE. FEEHMNaEER

R 4 UL, e R MG T N 0 K S o S 56
fi CF, HSI MR oK. HEH . HASHG .
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AT Bk BTG E M (P>0.05) ., &1k RF
KA . AR L ML D A i S B e R
CHO., CH1 I CH2 1 fa 2 [B] JC i 3 2% 5+ (P>0.05),
{3 HSI Ak o5& &8 & F )5 # (P<0.05).
AR RF i CF B 355 T E kL CHO 1)
fa, B SRS THEEFE CH2 (4(P<0.05),
2.3 FEEMHEMEMAKREWL

MR 5 AT UL, NI e T MG T T 0K SF
CW. NW F1 PW JG g 50 (P>0.05). &1k
RF ffa CW SRk CHO, CH1 f1 CH2 iy fa

Z 8 JC 2 2 22 57(P>0.05), {HFH: NW 1 PW 435l it
FAR TR CHI F CH2 A4 £11(P<0.05).

MR 6 AT, #eE RO kA R SR K A
R B AR T 4% WH 2% J7 15 3 5 1 . (P<0.05),
{E4% 78 F5 25 T S A K AR A 3R I o T
WA 7 5 R 1 (E (P<0.01)

A1 AT, SEG A ] KRS KR G 2 b
B RS, AR B S0 s R] SE K R R A
KRR 32.5 C, oKl 152 °C, Kild
f&F 20 CHIRFEIFA 14 d.

*3 XOBHESE. BR. £K. AN AR ER & BRSE
Tab. 3 Survival, feed intake, growth, feed utilization efficiency and ratio of fish meal consumption to
fish production in Micropterus salmoides cultivation
n=3; X+SD; WW

BREERRAR/ % B BB THAE SR/ %

Tk LR /g R BEERI(%/d) FRREC BAETRAR%  AAERER%

diet  final body weight WG FI FCR CRE NRE PRE /(g/g) RCP survival
RF 76.1+2.4 542+2.6 1.77£0.03  0.90£0.03 36.86+2.47 38.38+1.49  43.10+2.62 1.27+0.07 99:+2
CHO 77.4+7.2° 55.7+7.4° 1.86£0.08" 0.95+0.02° 34.49+1.27° 36.26£0.57°  40.44+3.51° 0.55+0.02"" 96:+4°
CHI 69.3£6.1° 47.9+6.2° 1.87£0.04" 1.02+£0.09" 31.11+3.08" 34.34+2.88" 34.87+3.70™" 0.56=0.06" 98+2°
CH2 73.3+3.1° 51.6£2.9" 1.85+0.08" 0.99+0.08" 31.49+2.17° 34.45+3.32° 31.62+2.41" 0.56£0.05"" 96:+2°

TE: RF 0By & 5 40% K97 Skl 76 CHO . CHI Al CH2 A AR FF e 4 85 FO AU L RF R8N 60%, oA CHI I CH2 H1)
B 1% 2% A0 570 50 7R 0 % TR Ml J ). b bR BN AL 520 1 # /R Duncan’s #5568 (CHO .CHI A1 CH2 2 [8])Fl Dunnett £ % (RF &5 CHO .,
CHI il CH2 Z[RNZSIR. FFVEE T EARTREAN R Fom A B[R] 24 57 1 2 (P<0.05), [RIZEHE 1 s 25 H Fon L5 RF 2557 3 (P<0.05).
Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced with
cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2. The superscripts (letter or
asterisk) represent the results of Duncan’s test (between CHO, CH1 and CH2) or Dunnett test (between RF and CHO, CH1 or CH2), respec-
tively. The data in the same column with different letter are significantly different in Duncan’s test (P<0.05), while the data in the same col-
umn with asterisk are significant from RF (P<0.05).

F4 KOBHREHEE. FERBMAEEFAR
Tab. 4 Condition factor, hepatosomatic index and body composition of Micropterus salmoides
n=3; X+SD; WW

R R (g/em®)  FEFEEU% IK531% /% HLIR 5 /% TR531% /% /%
diet CF HSI moisture crude protein crude lipid ash carbon phosphorus
initial  1.91+0.17 2.41+0.58 73.6+0.3 16.240.1 5.4+0.3 4.3+0.0 12.6+0.6 1.04+0.01
RF 2.17+0.19 2.64+0.45 72.0+0.6 17.1£0.1 6.6+0.6 3.640.1 13.6+0.3 0.75+0.01
CHO 2.01£0.07*" 2.00+0.32°  72.6+0.2° 16.9+0.2° 6.6+0.4° 3.4+0.1" 13.5+0.2° 0.72+0.04°
CHI 2.11£0.11° 2.04+0.24" 71.9£0.5° 17.1£0.1° 6.90.7° 3.420.0" 13.5+0.1° 0.72+0.02°
CH2 2.060.11° 2.08+0.44" 72.5+£0.2° 16.8+0.3° 7.0£0.1° 3.3£0.1" 13.3£0.1° 0.68+0.01*"

TE: RF W AR5 504 40% 03 ARk 76 CHO L CH1 Al CH2 WA AR e 4 8 (AU R RE B 60%, JErp CHL FIl CH2 gy
B 1% 2% A0 570 5 TR 0 % R Ml ). b bR B AN AL 5 20 51 #/R Duncan’s #556(CHO .CHI A1 CH2 2 [8])Fl Dunnett £ %5 (RF &5 CHO .,
CHI 1 CH2 Z[RD)ZEIR. FFVEEE T EAR TR R 5 Fom A B[R] 24 57 W 3 (P<0.05), [RIZIEE T s 255 Fon 5 RF 2557 13 (P<0.05).

Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced with
cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2. The superscripts (letter or
asterisk) represent the results of Duncan’s test (between CHO, CH1 and CH2) or Dunnett test (between RF and CHO, CH1 or CH2), respec-

tively. The data in the same column with different letter are significantly different in Duncan’s test (P<0.05), while the data in the same col-
umn with asterisk are significant from RF (P<0.05).
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x5 AORHK., B. BEMHERE

Tab.5 Wastes of carbon, nitrogen and phosphorus of Micropterus salmoides

n=3; X+SD
Wi H item RF CHO CH1 CH2
W IR W HETCE: /[g C/(kg fish gain)] CW 240.5+17.0 262.7£9.6* 312.1+41.1° 299.6+33.6"
RIEWHECR /[g N/(kg fish gain)] NW 44.8+2.5 48.4+1.3" 53.9+7.0" 52.346.9°
BEE 4k R /[g P/(kg fish gain)] PW 8.4+0.7 8.8+0.6 10.7+1.5° 11.1£1.3"

TE: RF 08 & il 40%00 7 S0k 76 CHOL CHI Rl CH2 R AR AR 4 2 ARk RE P 0K 1 60%, Hor CH1 il
CH2 "3 Jil3% 1% 2% 19 70 1 B8 0 & e U B EARSBEFILAL 5 7300l 378 Duncan’s k45 (CHO .CH1 F1 CH2 Z [8])Fl Dunnett
K (RF 5 CHO. CHI Il CH2 Z[H)Z55H. RIFTHE b bR Bl [F] 35 3n Ab i ) 25 57 {8 3 (P<0.05), [RAT4dE $ L2 5&
FRn Y RF 22 5% 1235 (P<0.05).

Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced
with cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2. The superscripts
(letter or asterisk) represent the results of Duncan’s test (between CHO, CH1 and CH2) or Dunnett test (between RF and CHO, CH1 or
CH2), respectively. The data in the same row with different letter are significantly different in Duncan’s test (P<0.05), while the data
in the same row with asterisk are significant from RF (P<0.05).

R6 ZEHMEKENNEMBRRE

Tab. 6 Accumulation of nitrogen and phosphorusin the experimental tanks

n=3; X +SD

_ B F72FJ7 ¥ nutritional method WAYA2# )7 limnological method

e A N N

dict AR R g B B/ U Rk /g BB /g

nitrogen accumulation phosphorus accumulation nitrogen accumulation phosphorus accumulation

RF 71.7+£2.7 13.4+0.6 84.5+£5.7 2.5+0.3

CHO 76.9+7.5 13.9+1.5 84.5+14.1 1.7+0.5

CHI 74.242.2 14.7£0.1 99.6+6.7 1.8+0.1

CH2 75.4+4.0 16.0+0.6 93.1£31.2 1.3+0.1

I RF A& R 40% 0975 5eialkl; 78 CHO . CH1 A1 CH2 H ) FH A b ik 45 8 1 2 UM B RF R A8 19 60%, o CHI Fit CH2 sy

S 1% 2% 0 7 12t VS Jin & T MO e B
Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced with
cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CHI and CH2.

3 B BRI K F-%F TAN, TP il CODy, Y TE 1
g EWWI(P>0.05), EORGTFE RF HAHIN TAN A
225 CODw, ¥ 542 M4k CHO. CHI 1 CH2 f7K
o 20 TR 8322 5:(P>0.05), LAE 9 H 4 H I TN Wi
ERE ER TR CHO 1 CH2 17K Af(P<0.05). 5%

10 . . . . . . URZEREY, FMRIEDEL RF (97K A8 P TP e B B Il

8/26 9/5 9/1;“‘61/?1/3/5(1) datle()/S 10/15  10/25 ?i‘&kﬂﬁ%’ﬁ]ﬂq CHO %ﬂ CH2 E@7J(1:§(P<0.05)0
1 SEge b KR A2 b 3 itig
Fig. 1 Variation in water temperature during the experiment
WP 2 T, 8 H 26 HZE 9 A 26 H 92Kk 3.1 XREBEBSRMAENKOZBEHEFEE. &

P9 TAN Al TN B S EFF# %, BJR 2 10 )] 20 AR MR
F 5 F et $; 8 7 26 H %9 A 13 H TP il CODy, R SR DR B o A RS 4590,

VRBEE TR, RS E 10 H 20 H S Rk, FERIRIRDRN @R B RHUR R T AR BTRAE =l AT R K
SR 17, TN I TAN Ve BER{E th AR Al TP TRER DR A S TALRL . R T AR B B A6
1 COD WAt BLEORT I I 10 d 5470 A (UFIEIFET LT, i, Li GG
HPEATIZIG, TN, TP, TAN Fil CODy, 2 FRes WIS PRy ADRF IR B 5 LR 32%;
10 A HWKE — A e KT, emeng  He SFPOURGHSE A VRN SORIA A B SR AL G
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20 —o—RF @ CHO —A—CH1 —A—CH2 05 o RF —e—CHO —A—CHI —a— CH2
n=3; x+SD L 2. %
Z 15t ﬁ B 041 n=3;xSD I
Q I 2 0.3
20 ?
=~ = (0.2
& )
m ST oot
0 L L L L 0 - I 1 1 L
8/26 9/4 9/13 9/26 10/8  10/20 8/26 9/4 9/13 9/26 10/8  10/20
fist/A]/(m/d) date 5 fist[El/(m/d) date
4r —o—RF ——CHO —A—CHl —A—CH2 5 40 —©RF ——CH0 —A—CHI ——CH2
—_ O -
| n=3; x+SD ~ | n=3;x+SD
E 3 ) 30
32 E ol
£ 5
® 1t i“g 10 F
W &
0 . ¥ oo - : : L :
8/26 9/4 9/13 9/26 10/8 1020 8/26 9/4 9/13 9/26 10/8  10/20
AsfA]/(m/d) date A} 18] /(m/d) date

B2 scmdiEe

SR AN AR IR AR B A

RF Nk &R 40% A 1 54k, 78 CHO. CHI Al CH2 HR| FAR AT M 45 3 2 AU IR R RF A0k 19 60%,
ol CHI Rl CH2 43 B4 1% 2% 14 70 12t 48 0 & 1 M
Fig. 2 Variation in total nitrogen, total phosphorus, ammonia and chemical oxygen demand during the experiment
RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was
replaced with cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2.

Ry B PR 3 24%; Ren 25010081 wu 250 5
WIS RS EHIRGY . R EPIE R
SPC FlHfa L h i by & PRI 2 16% . B
o, $Efr{Ekl RE ff1 WG, FI, FCR, NRE . CRE
DL i R S5 3 fn R CHO .CHI1 Al CH2 [y iz
] JC i 25 25 57, @ AL IR CPC nlfs ok m1 2 fy
TR B R S R RARE 16%, X5 Ren 4P
1 wu MRS5S 3, Heidarieh 25U 38 76 1]
B A I 1% & M v 2 RE R BH ol 5 T
(Oncorhynchus mykiss) ()4 K Fl G et fE, 2 Wu
U e SRR T 7 H R I 0.5% 1% W35 B S 4
WERMAI R SPC AR K 1 R i fap} a0k 1) 7K
o ARWFFEH, SRR CHO, CHI A CH2 Y fh
WG. FI., FCR, NRE. CRE D) J 1% 3 2 [a] G i
FES, RPN 1% 2% % B WU B A 20
g PR K O R AR R AR R R AR
FERF R, x5 Wo 2N eEs—2, m
TR E S AR, de Cruz 251 HRGHE 76 1k
HOAR A% T IR PT e 3 2% 52 Ak B i b 1 AR AR AR
R DRI A AR o AR 5 45 R 75 R ]
R R IR A S PR A R 1 B B R R 2 1A R
(4 R 2R o i 1 — 25 B SE SR BE

3.2 REEMREEEERRANKE X K O R o8R0 A,
BT 245 #5070 £ 44 48 R /Y 82 0

R, RIS . WEH . TR SPC
S5 2y sSORE e B 1 DROR A R A v 1
XLt CF LUK AR i EAN 27 i 5
i, (AT SO FAE R AR ARy
R IAEERRE RF (48 CF AR 4] i 5 5 2 i Rt
CHO, CH1 il CH2 (a2 b JC i 2% 5, FRA|
FH CPC AR H R S il v i £k AN 2 B Sl i 2
fh ik CF FifafR4l pl; #% &1k CHO .CH1 Fil CH2
fyfa 2 (8] CF. HSI FfaiRd] it g %22 5%, £
TSI 1%5% 2% B A T REUTE e 1 2 I 25 A0 AR AR
JEEMAR . X—25RS 3.1 PR aIm 1%k
2% Az g WS T2 B 7K S AS 43 I8 38 ol 3 R 1 PR s 4%
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£ 494k B 0 55 T T S B S
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AR, BEE RO RN 40% 02 16%,
RCP M 1.27 [£Z 0.55~0.56, FMEHH|H CPC
B PR 1 SR 5 R 56 A 7 vh BT T R )
EREAL— LU L AR R B 1%58 2%
R WU EERE R g iE— P R L RCP, R INA
i R - AN B Ul 2 A 10 L ) el 20 1 A A
PR ULAk, FEfEFRA T, B ERE T A B A b
0 2 FHICAE (4 e B3 3 A A 50%°4, oy
()R LA SR I W (T8 SR A FR B K AR, R 7K
FBOBARIFE I o A K™ I3 58 R W) HE O PR 5 1Y
ST TP TR TR, (o BIPM K
RGBT IR AR . . BRI HE R 1 5
(IS 1 AN 2 L1022 A P ok AR £ AR
RF ()t YHEsc S48 mk CHO. CH1 #1
CH2 Mol & 25, HARBE R WHE E 7 5
B ERTHEEER CHL 1 CH2 By, SEaiakh
CHO. CHI1 1 CH2 a2z [alk . & . B D HEKL
WO R X RERIIF A CPC Bk
04 FILE FaDAE o S I & T Y I R 2 S 3Ok
REFERA TR A B YHERC R R A B R

RN K™ SR8 5 ) HE TR it 0 7 WAL A6 AR 2
(B Fr24) s AL 2E (B1TH %) )7 5 o Cho 25U AN
FHE S22 5 1k RE 0 3 WA b et PRI 8 MR T T
AWK IR R . 25, AOREFRET
B FNIE 27 07 V5 PEAN DR A A SR 58 7K J5 7Y
S0 7 THT A LRSI i o DL AR EE o ASBIE S b 43 il
KB I 207 BMNE 22 0T VAN T R 1 R g
BRI A . SRR, RIS A
)RR B g e T8 Fe e R, AR e
PO RN R RN T R A WA, VI
SAATPRN AR AL BRI BT 2E R
—J7 AT RE 5 8 IR 7 VA R 75 SR S I8 7Kl P i
EA LR SRR SRR BRI, 55—
A BB WITA 2% 5 ARA, T T 2R S B0 KA HE K B
SO UL 2R (K A TG 08 1 Tl v B s e v K AR 1 O
PIWRRE) . MRIEAAR TGS R, BB NN EFRFA
WA 2T R AR TP SR B K AR TP AR R 25 -8y
— B, TR T 2= 05 RN BE AR B N T A
W AE IR FE /KA IS DR T o] B8 7™ A= 1 I 2% o

2 A PO R T B SR A R TN U
JE R 2.35~4.34 mg/L, TP &4 0.09~0.33 mg/L,
TAN YR £ 0.00~1.83 mg/L. Li ZEP7 28 A 128
55 77 FE K FE Y TN 9% 9 (13.40+2.0) mg/L, TP ¥
£ 4(1.90£0.1) mg/L, TAN ¥ % 4(2.70+0.9) mg/L,
CODw, J(18.4+1.0) mg/L. ASHIFFE 5256 1 ] /K bt
W TN ¥R 0.028~15.41 mg/L [(5.18+4.12)
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TAN & 0.037~2.26 mg/L [(0.91+0.82) mg/L],
CODy, 4 0.06~19.43 mg/L [(9.55+5.96) mg/L]. #H
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T LI EBF5E th FRFE KR N Y TN, TP Fl TAN i
JEPT T TN T TAN 93 B 5 35 T 90 7 v 30 v )
TN 1 TAN ¥ PO, 2 & AR 5 5256 Kl
T B TR SR R (7.5 /) S b I R A ik
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TSR B S A A A% i SRR AIR TN TPl TAN ¥
JE 1) H A it

4 Hig
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Effect of fermented brewer’s yeast (Saccharomyces cerevisiae) sup-
plementation on growth, feed utilization, and water quality in large-
mouth bass (Micropterus salmoides) far ming

CUI Zhenghe', YU Cong?, LI Yunmeng®, WANG Yan®

1. Jiaozuo Normal College, Jiaozuo 454001, China;
2. Ocean College, Zhejiang University, Zhoushan 316021, China

Abstract: An 8-week experiment was conducted to evaluate the effect of fermented brewer’s yeast (Saccharomyc-
es cerevisiae) supplementation on growth, feed utilization, and water quality in largemouth bass (Micropterus
salmoides) farming. A diet containing 40% fish meal served as the reference (RF). In three other diets, 60% of the
fish meal in the RF diet was replaced with cottonseed protein concentrate and supplemented with 0% (CHO), 1%
(CH1), and 2% (CH2) fermented brewer’s yeast. The experiment was conducted in outdoor tanks, each containing
4000 L of aerated tap water. The initial body weight of the fish was (21.7+0.2) g (mean+SD, n=12), and stocking
density was 30 fish per tank. During the experiment, water temperature was (22.5+5.2) “C, dissolved oxygen was
always more than 6.0 mg/L, and pH was (6.84£0.1). The fermented brewer’s yeast supplementation did not signifi-
cantly affect the survival, weight gain, feed intake, feed conversion ratio, retention efficiencies of carbon and ni-
trogen, condition factor, hepatosomatic index, and body composition (moisture, crude protein, crude lipid, ash,
carbon, and phosphorus content) of the fish as well as the levels of carbon, nitrogen, and phosphorus wastes; con-
centration of ammonia and total phosphorus; and chemical oxygen demand in the tanks (P>0.05). Phosphorus re-
tention efficiency declined with increasing fermented brewer’s yeast supplementation (P<0.05). No significant
differences were found in weight gain; feed intake; feed conversion ratio; retention efficiencies of carbon and ni-
trogen; contents of moisture, crude protein, and crude lipid in the whole body of the fish (P>0.05). Moreover,
carbon waste levels between fish fed the RF diet and those fed the CHO, CH1, and CH2 diets were not signifi-
cantly different (P>0.05). However, the ratio of fish meal consumption to fish production, hepatosomatic index,
and body ash content in fish fed the RF diet was higher than that in fish fed the CHO, CH1, and CH2 diets
(P<0.05). Phosphorus retention efficiency was higher (P<0.05), while the levels of carbon and nitrogen wastes
were lower (P<0.05) in fish fed the RF diet than in those fed the CH1 and CH2 diets (P<0.05). Nutritional nitrogen
accumulation was lower (P<0.05), while phosphorus accumulation was higher (P<0.01) than those calculated us-
ing the limnological method. This study reveals that dietary fish meal for largemouth bass can be reduced to 16%
using cottonseed protein concentrate as a substitute. Adding 1% and 2% fermented brewer’s yeast to the diet did
not significantly improve growth and feed utilization efficiency or reduce waste outputs in largemouth bass farming.
Key words: Micropterus salmoides; fermented brewer’s yeast; feed; growth; nitrogen waste; phosphorus waste;
water quality

Corresponding author: WANG Yan. E-mail: ywang@zju.edu.cn
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— 7 T LS R AR A ISR i, R A S A it
FASAAE F BLHE J5ON SR NOL NLO Al
Ny, K EOCEMFRRDK A 22 R0 Sk,
FEH A B 0 SRR R R I PR R 2, £
J& T 2 #1411 @ (Bacil lus)!'® | BBk 5 J8 (Parac-
occus)!' ! 1% Bl B4 J& (Pseudomonas)! 24 | AE
M O N FEFE KA o B e B R 2R AT B SZ-3,
X5 Yl 7K AR EEL 1 IVl T kA 50 58 ) R A R, L
I Aspergillus parasiticus JFS 1] 5 Z1 4 i 7 fil§ iR £h
ELBE IV A R R e 7 o G T (0 i R R A AR g 11,
G B 35 B St 358 114 JEC Ufe H 0 2 81 114 06 45 40 7R L e
RS S R R RO 8 4% b 28 S 1 B AR AT A —
FER R BRI, Il anoe A an e | A Ak AN B A G A 5%
%, H52 3R . AV E S KRR H R
M 222 SR AT — B A N B ) 3 A il P
) 2R, 5 2 KR T s SRS e, 3 L T AR TR
SRFRFE A PR R AT IR, Z8URE R

PR AR R SE 56 58 25 AF T B A RE AR5, (EL il TS8P
IR B B B2 IR 2 ME A g R REXE DU A
{0 TR RO RS PE AR SR A, SEBR A 7= o R
AR RAREAR S B R EIF RN E L
RE voh AU A A PR AR, ELXTAS R PR3 g L A2
TR RS E I bR . ASBETENZ A IR
IR F A g B OO 2 ) — Rouh I A R HL A AR
SE R RRRE ST TR HROK AR SR R X
JK A B2 4 ) 0 3 A TR R P A R, SRS
(7K B 5 R T 9 X H R B 2k AR AT Ak, 9%
JE TR AT FE AT S v 255 7% P 9 IV i 1 2 ol A 25 3
7B E SR,

1 HRET%

1.1 SCIE#R
AT ILTIREE 50 MM, R H R E AR HL R
B . 15 KAL) A Z ALK (FE 1),

x1 REFERBAXER

Tab.1 Theinformation of collecting sample

KFERTA] sampling date

R FEH S sampling location

AR sample number

6

science and technology experimental station of Shandong Agricultural University

2018-05-04 IR AR R BB i 6

2018-05-22

2018-06-08 &2 173 BE Tai’an Nanhu Park
2018-06-19 R U FEIRSA Y Tai’an Xinyuan Farm
2018-07-25 ZRUR R IR Y Tai’an Hot Spring Farm

ZRE 5 V5K AL B the second sewage-treatment plant of Tai’an 18

8
8
10

WAERFEI: CH,06 10 g, K;HPO, 0.5 g,
MgS0,-7H,0 0.2 g, NaCl 1 g, NaNO, 2.5 mg,
HIOLREBEW 2 mL, MKESEZ 1L, {7 pH 2
7.2~7.4, EEKE (121 ‘CKHE 20 min),

L RIFW: EDTA 50.0 g, ZnSO, 2.2 g,
CaCl, 5.5 g, MnCl, 4H,0 5.06 g, FeSO,4-7H,0 5.0 g,
CuSO04-5H,0 1.57 g, (NH4)e-M0,S04-4H,0 1.1 g,
CoCl,-6H,0 1.61 g, MI/KEFZE 1L, #15 pH =
7.0~7.5,

KBRS WA 2 ¢, AWM 2 g, MgSO,
0.02 g, NaCl 0.2 g, K,HPO, 0.04 g, NIKEEZR
200 mL,

1.2 HEHMELE. iFik
KAV FIKBURIZ KSR 5 em R

e, RS H MR 1% 1Y L 5] 42 Fh 31 A= 38R K
37 CHRG# P RS IG L 45 min, 85 BCEER,
HASEIFI . 1F 100 mL NaNO, & &£ 3739
A 10 mL ZF, 180 r/min, 37 ‘CH;i¥F 24 h J5 #
BB e e IR, RS 6 R #
gt 6 AR W TR T B8 BER RS IR T, 37 C
HigR 24 h, EBUERKRLF . AR 1R ETR
il igs e, et 4 10 ¥t at
TR B IR R PR TE L e R b i 5 24 h )5, U
1%09 L B H2 R 2] NaNO, #1 IR B 0.8 mg/L 1Y
20 L ZKARH HEAT R AR B NaNO, B J7 I 5256,
S I R A R, BERE 2 h M KA O A
[TEEIN R
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1.3 B IV-1HERE
TES A B A AL S R 7 3k 2 A T AR 2R A T
WYL R, MEHIEA, RiE A
AN S E T ) POt HO AT A P AR AL S
TR e LAl fb s 37 5 10 B O A
#, YL 5-AGAGTTTGATCMTGGCTGAG-3' Fl
5'"-TACGGYTACCTTGTTACGAGTT-3"43 %4 | .
TSI, PCR 4744 16S tDNA #4355 o 37 3
R0 94 CHZEE: 4 min; 94 °C 30 s, 56 C 45 s,
72 °C 90's, 35 MEH; ff5 72 ‘CIEfH 7 min,
1.4 Ttk IY-1 IR L& &
PR I IO ST 65 - 45 3 0 1) ) TR R 2 P 1 B
JE VAR b, 37 CHEIE RS 24 h, WA MAE .
PRIRHE IR D AR S0 MR (50+5) ¢ WS
%4kt (Oreochromis niloticus) 360 &, “F-H143HL 6
4, B 3 ANER, H 1 AR IR, 90
MRAEFEER K 0.5 mL; 45 2~6 414> BIENR 10°, 10°,
107.10* .10° CFU/mL 1% JY-1 B 0.5 mL, 3 d J5, ic
SRR ATRE, Gt 14 d BT,
1.5 B JIY-1 KEEFEREMRIRRMAL
o STl e TRV T Rl R R 2 B R o S Y
FoARHy . ST TETE R, RN 2% JY-1 T
KRG SR 180 r/min, 37 CHEF: 48 h I, it
HUA MR, SRR IMA ST IR 2
M, R B e R ) TR B R R e R I8 B
Ky BIRELEUR R, HFP 2% TY-1 T LBt 57
Ferh 180 r/min, 37 CI537 48 h )5, Sit4AH W2
5, JF S E AR I ST AL,
1.6 BEHk IY-1 3 FEBEAMEH K RIEENERR
£ 20 L pyskRH, BEURFES IR S 8,
RAEME 3 R, TR FRF KR NO,y IR i vk
£ 0.6 mg/L, HEREM TY-1 BLWEE R 107
CFU/mL, 7%, #MI5 12 h N, &:FR 3 h il
WAHRREL . A . RIS A &, LNER 3
W WEAHERER I E R A AL, @A E R
FZ RS, MRS B/ MY IR ET99732
2 ZHOK BRI G E o
1.7 Bk IY-1 TREEREEEEEENY 8550
F 4 NCBI HAH 5C TR P i 2 R 34 it il 2 1A
(NIR) A 4 i IX 40, 43 il i it B R 9 5'-
CCAGCTAGCATGAGTTATGAAAAAGTATG-3'F

5" TGGCTCGAGAGACGCTATTACTTC-3', VL
PR JY-1 () DNA MHAR#E T PCR 973, §7 319
PEALHON AR R R A FRA Y o AR 4 B
PR TY-1 JAH G BRI NIR %1, FIFH MEGA 7.0
AR RGO, DB R AR TY-1 %50
TSR ER 1Y) itk A%
1.8 HIESH

JIT A 1) B4 R LAY 24 (B 45 E 22 ( X +SD) 3R
7N FIAT SPSS 21.0 #EATHLR &K Jr 2243 M Fl Tukey
Ko, 24 P<0.05 B FRERBE,

2 ZHRS5HMH

2.1 HEHREITEE

MRAER 50 MFEGGR D, SRHE & 4
SEMNITERZR oA, Haifbiig 448, 3t
RS 6 MW AH R R R AR B Y TR BE, 44
R IY-1~TY-6, ik B AR 5 N Al SC 00 3R BH, TR AR
IY-1 ZEHF G 2 h AT S8 R i W R 5k, P A
HEER(E 1),
22 HHRERE

X IY-1 AR PEAT IR 25 2 LA R 24 QY|
RO E, RUEERRLERKEEO6O, H%E
FFESEW, hEl R, AR E R s
FORY B EAREFTR R, DR TE—R
R EERHES, ZERMEIE, Tk, RPEA R
pn A, LY B RS (AR % F
i) PORn R AN R G e T ) BT wik
TE VL N AT g . A B AR o, AR
IY-1 BEFI A RRER RV . JEKS . AN . H e
A5, TR TR TR A I 5 PH (3R 2)

BHE TY-1 19 16S tDNA 3" 147K 4 1616 bp,
5 NCBI AU 72 951 LU G R B, 5 2R AT i
&8 1) R L ZF LA B AR AL 35 98%; #1 1T MEGAS.0
WAk, ¥ IY-1 SAHCHEEEERRE LB,
R IY-1 5RILZFEAATEE M25 Fil IN205 RS 7E
—R (B 2), XH#E—BHINEE TY-1 KL ZE
FT 7 (Bacillus gaemokensis) ,
2.3 HEHRHIZE RN

TEMBE AR b 37 CHIEEF 24 h, Hk
JY-1 B8 7% J BB Gy M 38t 3R, 25 51 B . bk
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é\ . n=3,x+SD JY-2
%"'g = JY-3
JEﬁl'o‘aaaaaa o JY-4
% 8 ;| : c JY-5
4‘-\3 § d JY-6
@ 0.5 c
L5 =1EE d
= % d fEHr e .
: . : L .|T| ° § §n E: g &f
IET 8 10 12
before adding 5} [E]/h time

BT ASTR] R AR R At SV R R BCR XT HE
&) — I} [RIBR A AS [ 7B 9 4 [R] 22 57 15 3% (P<0.05).
Fig. 1 Comparison of nitrite degradation effect of different strains
Groups with different letters at the same time are significantly different (P<0.05).

T2 EHRIV-IEBENRBER
Tab. 2 Physiological and biochemical test results of strain JY-1

Wi H item ZE . result i H item 75 result
iR 4L A 1% nitrate broth + H #& B manna sugar +
JER K S amylohydrolysis + VAT T lysozyme +
P45 [RAF I iR R Simmons citrate medium + gl 15573 dynamic medium +
V-P Sy V-P test + BH A gelatin +
Wi glucose + 3% S AL AUl 3% catalase +
e AR,

Note: “+” means “positive”.

97% HEREZERIFT R B30 Bacillus cereus B30 (LN890206.1)
> HFHFTHE M63 Bacillus thuringiensis M63 (LN890149.1)
HIEFFE ATCC 1457 Bacillus anthracis ATCC 14578 (NR_041248.1)

75%

95%

89% WRE ZEMIAT T MS6 Bacillus cereus M56 (LN890142.1)

®JY-1
88% 93% KILZEHRIFFE M25 Bacillus gaemokensis M25 (LN890111.1)
88% | Ly ZE HUAT i IN205 Bacillus gaemokensis IN205 (KF150444.1)

DUSERTZEAIATH Y2 Bacillus velezensis Y2 (KY887762.1)
84% MiELZERUFFE IM4 Bacillus subtilis M4 (AY728013.1)
S'ME@IZ%‘@H% R-13585 Bacillus licheniformis R-13585 (AJ582722.1)
FLERTE 111144-L1 Lactobacillus 111144-L1 (NR_156075.1)
o002

B2 bk IY-1 B RGHEA R FR
HEALRY ¥ Bootstrap {ELAE 3 SCALmALFR (%), JH TP SCImTE R, BERSARR IR 0.02%11 751 2 5.
Fig. 2 Phylogenetic tree of strain JY-1
Bootstrap values for 1000 trees are shown at branch points (%) evaluating the credibility of the branch.
The bar represents a sequence divergence of 0.02%.

TEMR SIS Won, MEMARIEMEK IY-1 /5, 14 d 24 BEHRIV-1EZBEFEPREMRERENRK
ARG PN S 56 20 5 0 IR ALY Je 2 2 JE 1 B A7 5 S W 1 SR B Bl DR HE B S R,
e . ERHEE, TR, BEVENBRIRRS, 2k e, 472.7x10° CFU/mL,
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T H AN . & TR IR R IR H
B W, S RE D BRI, 2R e,
M 2.26x10° CFU/mL, .3 & T HAbAL B1ZH (18] 3).
25 BEHE IY-1 EFFEKERHKREERRAR

NINGERE TY-1 (3254176 3 h N AN R Eh
R E M 0.6 mg/L FEE] 0 mg/L, i X 141 7 A
FRER I A /e 12 h WARMLR B35 . SCd] S5 % IR

i

n=3, x=SD

Ho

—

number of spores

4

ZEHIBE/(108 CFU/mL)

L el
ey

W TR T TR

glucose corn sucrose starch

IR carbon source

& 3

A% /(108 CFU/mL)

number of spores

o
n

=2

2 Y 2 A S Y B B R) B HE RS B T T R, HAE £
A 399 S 5 20 1Y 2l R B AR T R . X R
TSI 355 201 i T £ vk P AR AL R AR — B, R A
BFHAER I A B AR ik, Hmdlm 25 AR
(P<0.05) % AT 0y S/ BE BV 2 o, H
TR B R, SO S U B B A R ] ()
ESA BT, BT R o B2 SN (A 4).

251
n=3, x+SD

b
C
d
%iﬁi%

BEE BN mRE RE SN
tryptone yeast ammo- urea soybean
powder nium meal powder

g
=]
T

—
W
T

—
(=]
T

(=]

IR nitrogen source

BRIk TY -1 e 97 i v S IR A R 1 1k

a.. AS[FEBRIER AR TY-1 ZERECR D952 b, ANV EIRXT R TY-1 2552, AR 400 i ] =k B 2% 57 . 35(P<0.05).
Fig. 3  Optimization of carbon source and nitrogen source in fermentation medium of strain JY-1
a. Effect of different carbon sources on spores numbers of JY-1; b. Effect of different nitrogen sources on spores numbers of JY-1.
Values with different letters are significantly different (P<0.05).
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~¢ —— %} &4 control group
'ﬁ;g 9.0 n=3, x+SD
H
i O
B2 sst
= 8
gg 2
£ ‘g 8.0+
7-5 1 1 I
5 10 15
Ff]/h time

N
W

g
2 “lb n=3, 7+SD
g
~ 5 204
=%
&3 15t
B §
X g 10
®E
® 'g S5t —e— 524
g SZEGZH treatment group
g —— %} B4 control group
0 5 10 15
[t /8] /h time
g 07y - SIS treatment group
E o %} BEZH control group
9% n=3, 7+SD
£ 8 30
B o
X & 20
i
RE 04
g
0 1 4 J
5 10 15
B} []/h time

B4 USITR AR TY-1 A5 36 20 AT HE 2R f) 55 B8 7K PR 75 AN ] B ] Fry 7K 3 25 4k
a. WAHPRELMREEAZ AL b, R AWK . MRRERIR B8, d. Rk AZ L.
Fig. 4 Water quality change of aquaculture water in test group added with strain JY-1 and control group
a. Nitrite concentration; b. Ammonia nitrogen concentration; c. Nitrate concentration;
d. Total nitrogen concentration in each period.
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26 EHIV-1THBRAELCFEHBERNTES

S
FIFVEEBETH NIR 5149, LA JY-1 ) DNA

RRERY A TY-1 WAL R A 5 R R A 3t

1576 bp, 5% NCBI, &35 MT127563, #
i MEGA7.0 B R kB, 458 B
JY-1 555 % b (Raphanus sativus)f) NIR & 7&
— B, B S AR NIR R4 (E 5).

95% L4 2E Solanum tuberosum subsp. NIR

97%

97%

HEHAFE Bacillus sp. LI01 NIR

H3Y Prusx bretschneideri NIR

97% 3K Spinacia oleracea ferredoxin NIR

% N Raphanus sativus NIR

— @ JY-1 NIR

97%

/NZ Triticum aestivumferredoxin-NIR

85% f ANEHITHE Ochrobactrum anthropic NIR

B EAFIE Pseudomonas sp. S3 NIR

91%

BRI Thialkalivibrio NIR

93%

PE D44 Dania rerio PDHB

Fs kR TY-1 1 NIR (9 R 50K & L
HEALA (Y Bootstrap {ELAE 73 3 AL AL BR (%), JHTIPAl 73 SR AT 5 .
Fig. 5 Phylogenetic tree of NIR in strain JY-1
Bootstrap values for 1000 trees are shown at branch points (%) evaluating the credibility of the branch.

3 i

3.1 EFk JY-1 X I AH B h O PR R SR

L 2 T 19 IV i 7R s o2 ik P 1T 4 Sy 1 £ 200 18 R
RAE A RS, PR Z bR £ )8 T
HATHR . S EE . TR &0 %
SO A0 2 T TE A S AR 1T B AE e 280 T A R R
AL MRS IR L, (H X — AL BRAR 25 5 52 Bk 4
H ERE I, TGS i Rk A i 1T A B 5 O AN
%, F R IEAAE AR GBS A 58 4 N FRF K (R
FBEP, I H, X eI AN T A S, FE sl
R 75 5 Hh e S i A 20 T A A VR ] S AR 1 [R]
A IR 2R R S 1 1) 2 B K A R -ER OB SR
LA, 5T T 22 M S T SURCE B A
T8 I PSR Y SRS AL AN TR 1. #RE H AT e REE B R
AL e 2 8 T 2R AT s . AR . R
MEE . TR R . 20 E U0 B &k
AP Sxf14., £IMRATE SP3 SFREMS RNk
JE WA ER SR, A MK PE OB Hh 0 5 3] A AS Bh AT
T Sxf14, Y4450 Jy 2%, 48 h PN A B0 B vk J

9(3.91£0.03) mg/L A4 WV fil§ B2 £h B ff 151 (40.52+
1,499, 33 24 7 filf % £ [ 7 1 7T P Ak B8RAIK v
JE 95 e B SR E M 3 TP B AN R L . 1 B Y I AT
DB-6 . i U1 /R [CH F13-1. it G SR i B LY S-86.
Jiti FG AR B 14 DB-33 FLHb A ZEFLFF 1 FP6 45 AJ /5
R firt vo W B AR TR R o AN S LU AT K = AR BT
PR IK A 4 0 ith, 7 Rt Ak b 7y /0 it 5 U0 B O 11
A4 AT B DB-6, 440N 2%0F, 5 d Al
A% 3570 mg/L F&E 22 mg/L, EFRRIk
99.4%; T W W POV B S 1 X HF IR 5 9 S 2
IKRE i 3 3] T M A ZEIRAFT R FP6, MAEFh it
1%I5F, 48 h PIADKR2 26 me/L MRS S A 58 £ R
i, X IS TR AR At A S P T v B TS e R
FEIEAK . Tl R K S5 45 Flm K Ab Bl

T 3% 58 FH K A S il AR £ A B o 7
0.2 mg/L VAR, Ui BRI M B2 1 W1 i 7R 6 P AIK
0 BB S EMRAE K= FRR B SRR, TR
EA I, AR AT 1 mg/L U SRR E
VA R R P A A 3 o ASIF ST M FRIE I . 15K
AbPHR)AE S5 REYRA K A e 3 B — A O A A R



290 Hh [ K R A

%29 &

AR ILZEATE TY-1, REAS AR KA b T A AR
B ERMERN SR, TEVIRHE A 1x10" CFU/mL
I, RERSAE 3 h KF 0.6 mg/L LA FRERFE H 0,
FEffRIR 100%, Ff HAS 238 oK AR s e £k 19
FRE I RR TY-1 56 G TR A Rk
TR KA 1 i Rk () PR [ A . IR, ZEAE
FRAZaE . AR, A R ZE AN IR L R
T e i, — L3 )3 R B A K A e Ak
fifF 24, RE I e % 5 K PR HEL A B 1 A 3l 4 HE S 9
FF R KA A 2 B A A R PR AN T
i, 7R B A SRR D R AR TY-1 7E
TR FRAE R R A ST o) R

32 EHRIY-1 ZEBEFEPRIEMRENLL

XT3 35 2 A A T AR AR R B 0 o FH )
AIHE . B UE R R S SR A 4y 2 —, AL
R AR AR R R AR, R A A A B T R
MREE, W HTER MRS, MERREY R
TFHtAd, HAb2= S5 R 29 2 B A 3 R %) R 3
W ARG B, AFBRIEX ER TY-1 194K
RO, BRI AL T OUURE, SUREAE T
2, BRI AR . NELS YA
25 oy R AR Bt 5 R #0200, D8 A S L e 4 43
fift R ARE A BRI o F 5 R A TR A (4 B
PR itk 5 Y e 5 25 AR K, W& i 77 1Y) dme A flk
WA /N T ALY QRN T 28 AT B4 e )
5 ) P el o) [l — iR 1 A [ b
PRAT IR B Ve AR ], A 21OV Luo 25147
o R0, WA ZE AT NISZ-13 By st A
AL PEVERT , BERCFAIATTE SP1 A B I A i
A T ok BRGSO WoR, RGBT CS27
() fe AR TR A2 o VAR b, A TR B RR B B I
TEFh A 225, XATRe 5 MMRA B EA ¢, It
A, WP R, BERE AR XK,
ST o e oot F 1K NS AN SE Y 3 7
JEOBE & 25 SR, it Al i A (] T R ) Rk
TP R E2Z TR Z—,

R A K b0 E R Y, 2
YA LA R . AR EE R, H
THLER AN R ER AN RS FRER T 1l B T3 (R
AR FE 0 5 10 R AR TY-1 A1) A WL RS AL T 6L

R, SRR (R, B ) TR R AR
CLRRD), MUER A RIRR, ®Ek JY-1
PR A R R R . X 5 T A 2R )|
SECOR AT g 4 A I AR S5 R RIF 5t 22 B
PLTC ML IR AR M — IR B, R B 2F AT
N419 1% WA ZF R BIIR T A LA, —=Fa LA
(FRE . BRSO EAPRMER R, 355
BORZEAEOR A B82S TY-1 WEILR T I
RIE R, LA Z KA &SR] e 2 1o F
A WUAIRIG AR AR R
3.3 B IY-1 ERIHEEREANER
YEBFEEAR TY-1 34 T Al R 6 3 I il
FEH, HAEBRE TY-1 X5 FREH K AR 1 7K o ) 4 52 56
iR, 3 h LRSI A & b G B Al o,
IR AR A . ST . R SR B A S ]
HA AR TR, R ki5g . A
I Rk I — 6 S A Ak 240 A R 1A 1 A IV A 7 6
Ak H B A KO AR . B, R
IR P T ML AR R AR AR A FLA, H 2%
J AR AN TR AE 5 A BIL A S AR S K R R R,
ROCE IR M IR A R0, —seffgy
A 8 A SV 2 U BB 0 2 W SR A SR (NTR ),
NIR AR A G —E LA, Xl it W
i IR EE: 10 Tl o e i 422 52 L 4>, e P 95 45 DO
9% R A AL A0 B A FLR PR 7E A B R pH &
kA, NIR MUTEPERLIIG, 76 pH /N T 4.0 B
P2 A R R S AU, 2R A I T 6 1 TR
Wik o AT IR AR I B B TR, HZF
AP ARG PR, PRI R Bk TY-1 7] ES
I T 9% A 2 20 418 IV A T S8 R Ry A5 A DA T DA K A
i LBR.

4

ABIESE I 224 SR B KA P 7 3 31— R T2 AR TR
TR TY-1, SUE W RINZFAAT B, Wik
IY-1 APRESEBRIRFE K AR AL RS PR ERAE 3 h 58
LR, FERRIE 100%, (RIS HRRAR T S A
AW &, JF HASE UK R SR EE R A
A o M. ST 5 AR e S92 6 Uk P 32 B A S K 2 B



552 4

JEIAE R A FRER B9 L ZEAAT I TY-1 19208 . % AR 291

TH o RIS RS TY-1 1 5 i i I8 0 i 4
B, il RO A

2 % HR:

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Evans A E V, Mateo-Sagasta J, Qadir M, et al. Ippolito ag-
ricultural water pollution: Key knowledge gaps and research
needs[J]. Current Opinion in Environmental Sustainability,
2019, 36: 20-27.

Ding Y W, Ai H. Applications of microorganisms in aqua-
culture[J]. Journal of Zhanjiang Ocean University, 2000,
20(1): 68-73. [T, L. Y7 /Kr= 7758 4 i i
[J]. VTR 2244, 2000, 20(1): 68-73.]

Wang J P, Chen J G, Si L G, et al. Discussions on
self-pollution and its prevention and cure in aquaculture[J].
Journal of Zhejiang Ocean University (Natural Science),
2008, 27(2): 192-196, 200. [EH-, RN, HrF8, 4.
K SRAE A B 5 G KRR BRI [T]. WiV o e o
WARPIERR), 2008, 27(2): 192-196, 200.]

Zakem E J, Haj A A, Church M J, et al. Ecological control of
nitrite in the upper ocean[J]. Nature Communications, 2018,
9 (1): 1206.

Ren W M. The United States studies the mechanism and
treatment methods of nitrite poisoning fish[J]. Foreign Jour-
nal of Fisheries, 1989(4): 45. [{T435. £ EMITLAERREL
it AR HLER AR B 0] SRR, 1989(4): 45.]
Ferreira da Costa O T, dos Santos Ferreira D J, Presti Men-
donga F L. Fernandes susceptibility of the amazonian fish,
Colossoma macropomum (Serrasalminae), to short-term ex-
posure to nitrite[J]. Aquaculture, 2004, 232: 627-636.

Huang X H, Li C L, Zheng L, et al. The toxicity of NO»-N
on Litopenaeus vannamei and effects of NO,-N on factors
relating to the anti-disease ability[J]. Acta Hydrobiologica
Sinica, 2006, 30(4): 466-471. [#EFH, Z=KF, HIE, &
M fiF R 0 ML T 0T MR R A AN AH 5C A T3 W ).
KA YA, 2006, 30(4): 466-471.]

Nie M, Li Z L. Bioprocess of nitrite accumulation in water—
a review[J]. Chinese Journal of Biotechnology, 2020, 36(8):
1493-1503. [Z4%, ZEIREE. KK W REAREE AL B 149
ARG R R R T]. AW T ARSI, 2020, 36(3):
1493-1503.]

Fan J N, Zhao J W, Zhu D W. The research progresses on
biological oxidation and removal of nitrogen in lakes[J]. Ac-
ta Ecologica Sinica, 2012, 32(15): 4924-4931. [JufRfE, &
A, A . WA AR A SRS R ], A=
2, 2012, 32(15): 4924-4931.]

[10] Ma Y, Qian L M, Wang Y S, et al. Progress in molecular

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ecology of nitrifying bacteria[J]. Journal of Fishery Sciences
of China, 2007(05): 872-879. [h¥%, £R&py, Tk, %
B Ak 40 B o AR A R ST D). TP B KO R A
2007(05): 872-879.]

Fang Xiuzhen, Guo Xianzhen, Yu Tongbing, et al. Bacteria
involved in n-cycle in fish pond and sediment activity[J].
Journal of Fisheries of China. 1993, 17(2): 137-145. [F £,
SR, ABHAAE, 4. MOThiRTe S 5 EIEI 0 A R RTR
PIEE. K=k, 1993, 17(2): 137-145.]

Mo Z L. Selection of organic-pollutants-degrading bacteria
in shrimp ponds[J]. Journal of Fisheries of China, 2000,
24(4): 334-338 [BLHR%. WRHbAT HILYS YL 4 gt 200 A1 ) i 2
[7]. /K7P=24R), 2000, 24(4): 334-338.]

LiJ Z, Cheng N N, Chen Q J. Progress in the study of bio-
remediation for polluted water bodies[J]. Chinese Journal of
Environmental Engineering, 2005, 6(1): 25-30. [Z=4%I, F2
BT, BRI, TS ROKIER Y B BRI ). 7
B TR, 2005, 6(1): 25-30.]

Yang X J, Cai G J, Zheng W Y, et al. Application of immo-
bilized microorganism in bioremediation of polluted water
involved in mariculture and harmful algal blooms[J]. Micro-
biology China, 2015, 42(4): 712-720. [)BR, 3/, ¥
3, 5. [ 5E AU YRR TE 3275 FR KRR A K 38
YHEE IR ], AR PAE R, 2015, 42(4): 712-720.]

Xie J, Fang X Z, Yu T B. Studies on the correlation among
various bacteria and physicochemical factors in the nitrogen
cycle in fishpond[J]. Acta Hydrobiologica Sinica, 2002,
26(2): 180-187. [M4R, J775%, HOMINA. Ik AR P&
Rl -5 B R T AR IT 0] KA A 24T, 2002,
26(2): 180-187.]

Xiong Y, Liu L Y, Luo R, et al. Screening, identification,
degradation condition and effects of a nitrite-degradating
strain[J]. Journal of Fishery Sciences of China, 2010, 17(6):
1264-1271. [RESA, XUJTIR, B4, . 1R SRR LR R i
T . S . KRR SRR BOSCRT]. T EDKRRE, 2010,
17(6): 1264-1271.]

Liu Y, Gan L, Huang Z Q, et al. Study on denitrification
characteristics of Paracoccus YF,[J]. Technology of Water
Treatment, 2010, 36(10): 61-65. [, H#i, #ri, 4.
JBE AR ERTA YF 1 B SRR ERTFE[T]. KRR, 2010,
36(10): 61-65.]

Chen W, Ding X L, He Y L, et al. Isolation, identification
and degradation characteristics of nitrite degradation bacter-
cia[J]. Environmental Science & Technology, 2011, 34(S2):

37-41. [WRe%, THED, BRAMK, 55 WASERERREMR B0y
PSS BRI SRR 5K, 2011, 34(S2):



292

K 7 R

%29 &

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

37-41.]

Li Y S, Wei M, Zhang A X, et al. Isolation, identification
and characterization of a nitrite-oxidizing bacterium[J]. Bio-
technology Bulletin, 2010(5): 196-202. [ZE#t4:, SLER, 7K
IR, A, — BRI BT IR R ST AN T 19 43 7 B FL e fie
FEPERBIIRE ] AR, 2010(5): 196-202.]

Liu HL, Zhang H L, Li X Z. Degradation of nitrite by pho-
tosynthetic bacterium-1 (PSB-I) isolated from shrimp culture
ponds[J]. Fisheries Science, 2005, 24(6): 32-33. [X| 2%, ik
LI, ZEANE] SCAANE T 0o B RO AR A P A R R
FEMERIFEE )], K2R, 2005, 24(6): 32-33.]

Liu B H, Guo X H, Yang L, et al. Screening and identifica-
tion of the nitrite-degrading Aspergillus parasiticus JFS[J].
Microbiology China, 2014, 41(8): 1556-1563. [XI¥kA4E, 38
Wefe, Wbk, 5. —BRILAERELISM H 1A Aspergillus pa-
rasiticus JFS i e S HEE (], WUEYIFIEAR, 2014, 41(8):
1556-1563.]

Wu W, Yu X L, Li Y M. Studies on the degradation charac-
teristics of nitrite in the fishery water by Candida sp[J]. Chi-
na Environmental Science, 2001, 21(1): 8-11. [2&4F, 40N,
ARG AR 2 P R XoF IR L /K A v I R 1 A R A [,
P EFRERL, 2001, 21(1): 8-11.]

Wu W, Hu G D, QuJ H, et al. Removal of nitrite from ag-
uacultural water with Lactobacillus brevis[J]. Journal of
Ecology and Rural Environment[J]. 2007, 23(4): 37-40. [
i, WIBEAR, BB, 45 NFRIELAT R RBRIRAUK
WAHERER[T]. ARG RN FRE 4R, 2007, 23(4): 37-40.]
He W, Wang W, Wang J, et al. Isolation, identification and
its mixed application of a strain of aerobic denitrifying bac-
teria[J]. Journal of Ecology and Rural Environment, 2009,
25(2): 88-93. [filfhi, Tk, Tik, % —MRiFE ML
B 53 B 5 5 TR A R I []. B2 SRR R EE
2#4R, 2009, 25(2): 88-93.]

Wang H C. Isolation, identification and safety evaluation of
a nitrite removal bacterium AQ-3[D]. Shanghai: Shanghai
Ocean University, 2012. [E£ 0. TPASERERFF T AQ-3 /Y
I E R ERIFED]. b RIEETERSE, 2012.]
Buchanan R E, Gibbons N E. Bergey’s Manual of Determi-
native Bacteriology[M]. 8th ed. Beijing: Science Press, 1984:
677-830. [R E AR, N E #AM. hERA B mmr
TR CIOZARANBESE T ) B, 2. (R aE % e T
WHMI. 8 iR, dbat: Bl iRat, 1984: 677-830.]

Dong X Z, Cai M Y. Systemic Identification Manual of Fa-
miliar Bacteria[M]. Beijing: Science Press, 2001: 409-412.
RFFER, #0030, W AW RGAE T IM]. Jeat: &
2FH AL, 2001: 409-412.]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

SuJF, Lu X, Ma C M, et al. Isolation, culture and identifica-
tion of a heterotrophic nitrifying bacteria[J]. Biological
Chemical Engineering, 2020, 6(4): 79-82. [/h4& R, E*E,
I, 45 —HR IR R o B IR RS R
YL T, 2020, 6(4): 79-82.]

Pang D, Peng Z R, He W H, et al. Screening, identification
and immobilized optimization of heterotrophic nitrifying
bacteria[J]. Genomics and Applied Biology, 2018, 37(6):
2430-2437. [JEde, AR, MISCH, 5. 57 AN
B e 4 5 E A AR )], B2 5 R AR
2£, 2018, 37(6): 2430-2437.]

Chen M J, Jiang J Y, Zhou Y X, et al. Separation, identifica-
tion and phylogenetic analysis of autotrophic nitrobacteria[J].
Research of Environmental Sciences, 2010, 23(3): 340-345.
(BRAEE, W00, FIEE, . AFRMALAEn e, %
ERRGERE MHP] FBEBFDE5E, 2010, 23(3):
340-345.]

Zhao L Y. Mechanism of the phytoremediation of decab
romodiphenyl ether in sediment by aquatic macrophyte
Scirpus validus Vahl[D]. Wuhan: Huazhong University of
Science and Technology, 2012: 154. [i% BJt. /KAEFEYIK
XU - IR TR BE ) 18 ZALRIBTSE[D]. R 4
HRIfTE RS, 2012: 154.]

Huang T L, He X X, Zhang H H, et al. Nitrogen removal
characteristics of the heterotrophic nitrification-aerobic deni-
trification bacterium Acinetobacter sp. Sxf14[J]. Chinese
Journal of Applied and Environmental Biology, 2015, 21(2):
201-207. [BEAEMK, 5555, skifpim, . KIEFBRTF
LS AR AL Sxf14 I EURRPELT]. W S 3R5E AR
Y24k, 2015, 21(2): 201-207.]

LiWF,DuL B, LiuS Y, et al. Isolation and identification of
an efficient aerobic denitrifying bacterium[J]. Biotechnology
Bulletin, 2019, 35(9): 202-209. [ZE3CH], #HMIvk, XIHEZE,
S5 i AU S S A T 1 4 S I R REAIT
TN, M ARER, 2019, 35(9): 202-209.]

Zhang F F, Xie F X, Zhao Y J, et al. Identification and deni-
trification efficiency of a denitrifying bacteria[J]. Chinese
Journal of Environmental Engineering, 2013, 7(11): 4415-4420.
[k, HRAT, BT, 5. — BRSO LAH T 1 7 5 4
FE B BRSI[I]. PREE R4, 2013, 7(11): 4415-4420.]
Peng Z L, Liu M H, Guo H B, et al. Isolation and identifica-
tion of an efficient aerobic denitrifier[J]. Journal of Shanghai
Ocean University, 2015, 24(4): 632-639. [$5:522, W,
FRUFE, . — BRSO U LA T 1 038 5 S B ).
IR AR, 2015, 24(4): 632-639.]

Nie H H, Zhao Q F, Li C H, et al. Identification and charac-



552 4

JEI R R e S R R ) KLU 2 AT BT TY -1 B0 L e SR

293

[37]

[38]

[39]

[40]

[41]

(42]

[43]

(44]

teristics of a strain of bacteria with highly-effective nitrite
nitrogen removing[J]. Microbiology China, 2013, 40(11):
2146-2155. [V, BEESF, KA, 5. —PRms LRk
i R R A TR ) 0 8 2 R RS (D). B
2FIEHR, 2013, 40(11): 2146-2155.]

Wang Y Y, Zhang Q Z. Isolation and identification of a
photosynthetic bacterium strain and removal of ammonia ni-
trogen and nitrite by the bacterium species in water[J]. Mi-
crobiology China, 2019, 46(10): 2512-2528. [ 2.HfE, 3K
L BROGE A 14 43 S S B B R A AR A A
W2 VERI[I]. B3R, 2019, 46(10): 2512-2528.]
Li Q C,Zhu L M, Shen X H, et al. Isolation and characteriza-
tion of a photosynthetic bacterium[J]. Journal of Zhejiang
Agricultural Sciences, 2017, 58(8): 1444-1446. [MIB1E, R
ML, TN, SF. —BOLG A o B S %E ] Wi
RAMVBEE, 2017, 58(8): 1444-1446.]

Liu Y T, Liu W S, Yang T J, et al. Isolation, identification
and degradation characteristics
strain[J]. Journal of Fisheries of China, 2019, 43(4):
1171-1180. [XIELE, XISCEF, KRR, . —HRILARER
ek ik T 1) 20 B9 S 8 B L A R P [0, UK 24 4R, 2019,
43(4): 1171-1180.]

Yang H F, Tang J Y, Hu A H, et al. Identification and deni-

of a nitrite-degrading

trification characteristics of a denitrifier[J]. Chinese Journal
of Environmental Engineering, 2014, 8(1): 366-371. [##1%4%,
FELETS, WM, S5 — RS L0 B 1 43 B 48 T
HACHFPE)]. FRBE TR, 2014, 8(1): 366-371.]

Zhang X Y, Guo L D, Liu X Y. Research advances in the
neutral protease of Bacillus subtilis[J]. China Brewing, 2018,
37(4): 12-15. 5KIRAE, FENLAR, XBeHs. Ale2F A Ff
PEER AT R )], R, 2018, 37(4): 12-15
Wang S Y, Sun H W, Yang Q, et al. Biochemical reaction
mechanism and kinetics of denitrification[J]. Chinese Journal
of Applied & Environmental Biology, 2008, 14(5): 732-736.
(EE, NS, MR, &5 B8 LY AU i b R Y
BB KBl T34 0], SR A A, 2008, 14(5):
732-736.

Tian Q W. Isolation and identification of photosynthetic
bacteria and optimization of fermentation conditions and
their application in aquaculture[D]. Huaiyin: Huaiyin Insti-
tute of Technology, 2020. [HJ33C. Ye& AR M E %E
5 RWESRARAC KA = IR i R FR[D]. MR HER
T.24B5E, 2020.]

Zhang X X. Studied on the purified effect on Litopenaeus
vannamei reared water for the photosynthetic bacteria iso-
lated from Hainan[D]. Haikou: Hainan University, 2018. [5k

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

FEEE. MR G 2 R 8 B RS FLAN I X R SR AR
KERCRBTS D). M R, 2018

Zheng J. Study on the fermentation production of coenzyme
Q1o by photosynthetic bacteria-Rhodopseudomonas sphaer-
oides[D]. Qingdao: Ocean University of China, 2008. [X54.
S AT GO LLAR ML) A8 7 T Qio FURITSE[D).
B HPEHETER, 2008.]

Yin Y N, Wu J W, Tan J J, et al. Optimization of medium
and culture conditions for Bacillus cereus NJSZ-13[J]. Jour-
nal of Zhejiang Forestry Science and Technology, 2020,
40(6): 9-17. [FHfif, RAEZE, RE S, 55 MW N AIEEE
LEIATIA NISZ-13 Mk A B 7 5L S R AR AR ], #iniL
Mok BHE, 2020, 40(6): 9-17.]

Luo L, Zhao Z, Huang X, et al. Isolation, identification, and
optimization of culture conditions of a biofloccu-
lant-producing bacterium Bacillus megaterium SP1 and its
application in aquaculture wastewater treatment[J]. BioMed
Research International, 2016, 2758168.

Zhang H, Lin C Q, Wu D H, et al. Optimization of liquid
fermentation conditions of Bacillus subtilis CS27[J]. Chinese
Journal of Tropical Crops, 2019, 40(5): 995-1001. [5K 2, #k
MRk, SeRAe, 45, AR ZE AU 3 (Bacillus subtilis)CS27
WA S W 25 AL 0], PR AR " 3, 2019, 40(5):
995-1001.]

YiH, Wang L L, Feng H Y, et al. The color producing prob-
lem of glucose-containing medium during sterilization and its
prevention measurements[J]. Liquor Making, 2003(02): 42-43.
M0, ERNmN, HSEH, 55 AR R SR K
6 B E IS BE IS [0]. FRIE, 2003(02): 42-43.]

Gong Y C, Chen Y, Tang J, et al. Culture characteristics of
Morchella importuna mycelium with different fruiting per-
formance[J]. Edible Fungi of China, 2016, 35(4): 7-11. [2£3H
N, Brsg, JEAR, 55, BhRERER M83 il M101 RkkH:F+
FEtE2ER00). PEEHE, 2016, 35(4): 7-11.]

Xu L J, Chen W, Wu Y B, et al. Optimization of culture
media for a Bacillus subtilis of degrading nitrite[J]. Hunan
Agricultural Sciences, 2016(9): 10-11, 16. [¥FHNH, ML,
RS, . OUAETRERFEMEE N419 MsHaREOLL]. ¥
B BF, 2016(9): 10-11, 16.]

He T X, Li Z L, Xu Y. Denitrification characteristics of a
hypothermia nitrite-denitrifier Pseudomonas putida Y-12[J].
Acta Scientiae Circumstantiae, 2015, 35(10): 3071-3077. [fi
M e, IR, B . MR AN Rk AR 6 Ak 4l o
Pseudomonas putida Y-12 i &A4FME[]. FREERLE24 4R,
2015, 35(10): 3071-3077.]



294 [ K R 2 %295

[53] He T X, Li ZL, Yang S. Research progress in aerobic deni- [55] Poth M, Focht D D. "N kinetic analysis of N,O production
trifier and its removing mechanism of nitrite[J]. The Chinese by Nitrosomonas europaea: An examination of nitrifier de-
Journal of Process Engineering, 2015, 15(1): 174-180. [{i]}i& nitrification[J]. Applied and Environmental Microbiology,
W, R, B R IRAN E B 2 R W AR Y 1985, 49(5): 1134-1141.
fE R LB A 98 320 8 (7). 2 AR TR 224, 2015, 15(1): [56] Zhang Q F, Chi N'Y, Zheng Y, et al. The study on mecha-
174-180.] nism of nitrite degradation by lactic acid bacteria[J]. Food

[54] Kartal B, Kuypers M M M, Lavik G, et al. Anammox bacte- and Fermentation Industries, 2002, 28(8): 27-31. [5KEKTY,
ria disguised as denitrifiers: Nitrate reduction to dinitrogen BT5E, Mk, 5. FLER AR LA ER L BT SE 0],
gas via nitrite and ammonium[J]. Environmental Microbiol- BMS AR T, 2002, 28(8): 27-31.]

ogy, 2007, 9(3): 635-642.

| solation, identification and function of a nitrite-degrading strain JY-1

ZHOU Min, NING Wen, CHEN Hongju, JI Xiangshan, ZHAO Yan

College of Animal Science and Technology, Shandong Agricultural University, Tai’an 271018, China

Abstract: In the present study, to isolate and screen a probiotic that degrades nitrite stably and efficiently, we car-
ried out experiments on enrichment, isolation, culture, and identification of a suitable strain. Then, biological
characteristics of the identified strain were determined through optimization of fermentation medium, analysis of
nitrite degrading effect, and gene cloning of nitrite reductase. The strain was isolated and screened from five
mixed water bodies, including aquaculture projects and wastewater treatment plants, and named JY-1. Addition-
ally, the strain JY-1 was identified using 16S rDNA gene sequence analysis and physiological and biochemical
characteristics. The results revealed strain JY-1 to be Bacillus gaemokensis. Optimization of fermentation condi-
tions for sporulation of JY-1 strain indicated that the best carbon source for JY-1 was glucose and the best nitrogen
source was tryptone. Analysis of the nitrite-degrading effect of JY-1 showed that JY-1 could degrade 0.6 mg/L
nitrite in aquaculture water to 0.0 mg/L in 3 h. Moreover, the safety evaluation test suggested that no hemolysis
was found, and the high concentration of JY-1 (10° CFU/mL) had no significant effect on the survival of Nile tila-
pia. Based on the results of experiments of gene cloning of nitrite reductase and the effect of JY-1 on ammonia,
nitrite, and total nitrogen in water bodies, it is preliminarily speculated that enzymatic degradation, operated by
JY-1, was the pathway through which nitrite was degraded and removed from water. In summary, this study provides
an important basis for the preparation of microecological preparations with high efficiency in degrading nitrite.
Key words: Bacillus gaemokensis; nitrite; aquaculture water; isolation; identification
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Fig. 2 Dual isotope plot of 8'*C and §'°N of Lateolabrax

macultus in different months in Jiuduansha salt marsh
wetland in the Yangtze River Estuary
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Fig. 3 Cluster diagram of stable carbon and nitrogen isotope

levels of Lateolabrax macultus in different months in
Jiuduansha salt marsh wetland in the Yangtze River Estuary

-4 8C {E 8N (E Y B 45 SRR A,
KT LB vb S5 78 10 b b ) 78 AR i 4 K mT 2L Rl
SR, B TAg T (- 5): 41 fikkiE
BBl A 28~128 mm, 4 I A9 1K K 5 Bl i 129~
367 mm, 2 1 14 8°C {1 8N (H B E/NT4 1
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Fig. 4 Stable isotopic composition of different body length groups of Lateolabrax macultus
in Jiuduansha salt marsh wetland in the Yangtze River Estuary
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Fig. 5 Cluster diagram of carbon and nitrogen stable isotope

levels in different body length groups of Lateolabrax macultus
in Jiuduansha salt marsh wetland in the Yangtze River Estuary
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Tab.1 Carbon and nitrogen isotopes level of potential
carbon sour ce of Lateolabrax macultusin Jiuduansha
salt marsh wetland in the Yangtze River Estuary

VELERRE JL /%o range SE-H43{E /%0 mean
potential carbon source §3C SN $8C 8N

HURWUR AT ALY POM —25.09-23.22 3.56-4.34 2427 3.97
iRty W= -29.13-27.33 6.57-7.97 -28.13 7.57
Scirpus mariqueter

7% Phragmites australis —29.91-26.21 5.19-7.23 -27.90 6.28

HAEKE -14.76-11.7 6.91-8.13 —-12.76 7.51
Spartina alterniflora
WX algae -26.57-22.05 5.26-7.18 -24.12 5.12

B BB ERA YY) POM O % =R E Scirpus mariqueter
P52 P. australis O HAEKEL S. alterniflora B #:2K algae
100
‘H m W
80 L - . - . - . . . B i . .
70 -
6ol A L L

40 -
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soF L. o
A o

FTHk#/% contribution rate

HiBEX v e

vegetation area tidal creek mudflat
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Kl 6 5 FiiFEXHC L O LB YD v 1
AN TR A= 555 v [ 4B B Y BTk R
Fig. 6 Contribution rates of five carbon sources to Lateo-
labrax macultus in different sub habitats in Jiuduansha salt
marsh wetland in the Yangtze River Estuary
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F2 KIOAEDEBEMSFHBELAARRAMR hELLFHTIRE
Tab. 2 Contribution rates of five carbon sourcesto Lateolabrax macultusin different months
in Jiuduansha salt marsh wetland in the Yangtze River Estuary

%

50% A5 7K (1%—99% B 5 7K -3 Bl ) i B¢ U5 B ik

rfofjh contribution rate of carbon source at 50% confidence level (1%—99% confidence level)
EIFER ALY POM i =HE 5 Scirpus mariqueter 35 Phragmites australis  H 6>k & Spartina alterniflora %25 algae
5 H May. 31 (748) 5(0-17) 8 (0-25) 29 (28-35) 24 (0-59)
6 H Jun. 34 (1-49) 4 (0-15) 6 (0-22) 32 (28-35) 21 (0-59)
7 7 Jul. 56 (5-58) 3 (1-5) 2 (0-5) 35 (34-35) 3(1-13)
8 H Aug. 41 (34-53) 3 (0-8) 3 (0-8) 34 (33-36) 19 (0-3)
9 H Sep. 47 (28-50) 4 (0-7) 3(0-11) 38 (35-39) 7(0-37)
10 ;1 Oct. 47 (28-50) 4(0-7) 3(0-11) 38 (35-39) 7(0-37)

£3 KIOAERWDEHBEN S HMEBRETAE
AP EEG N EEHE
Tab. 3 Contribution rates of 5 carbon sourcesto different

body length groups of Lateolabrax macultus
%

kg SR o e

AR ik
) . o<
body length BLAHL  scirpus

Phragmites Spartina

group ¥ POM mariqueter australis alterniflora algac
1 73.5 0 1.5 20.5 4.5
2 75.0 0 0.0 25.0 0.0
3 72.0 0 0.0 28.0 0.0
4 66.0 0 0.0 33.0 1.0
5 60.0 0 0.0 40.0 0.0
6 60.0 0 0.0 38.0 2.0
7 51.8 1 0.3 44.7 1.4
8 53.0 0 0.0 45.0 1.0
9 64.6 1 0.3 32.0 1.5
10 49.9 2 0.3 47.4 2.0
3 itig
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Carbon and nitrogen isotopic characteristics and food source differ-
ences of Lateolabrax maculatus in three sub habitats of salt marsh
wetland in the Yangtze River Estuary

PENG Biaobiao"*** WANG Sikai"**, ZHAO Feng"***, YANG Gang"***, ZHUANG Ping"***

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. Shanghai Ocean University, Shanghai 201306, China;

3. Shanghai Engineering Research Center of Fisheries Resources Enhancement and Ecological Restoration of the
Yangtze Estuary, Shanghai 200090, China;

4. Key Laboratory of Fisheries Ecology of the Yangtze Estuary, Chinese Academy of Fishery Sciences, Shanghai
200090, China

Abstract: In order to investigate the contribution of basic food sources to Lateolabrax maculatus in three sub
habitats of Jiuduansha salt marsh wetland in the Shanghai and to determine the stable isotope characteristics of
carbon (8"°C) and nitrogen (8'°N) and the variation characteristics of basic food sources of this species, a survey
was conducted in the mudflat, Scirpus mariqueter vegetation area and tidal creek from May to October in 2019.
The results of one-way analysis of variance showed that there were no significant difference in 3'°C among the
three sub habitats. There were significant differences in 8'°N between vegetation area and mudflat sub habitats,
and there were significant differences in 8'°N between vegetation area and the tidal creek sub habitat (P<0.05).
Increasing with body length §'°C and 8'°N value showed an increasing trend, and §"°C value of L. maculatus in
Jiuduansha salt marsh gradually increased each month, while 8'°N value decreased sharply in July. The cluster
analysis of monthly average 8'°C and 5'°N showed that July had little similarity with the other months (May, June,
August, September, and October). The results showed that the composition and contribution rate of basic food
sources in the three sub habitats are similar, and suspended particulate organic matter (POM) and Spartina al-
terniflora were the main carbon sources, followed by microalgae, Scirpus mariqueter and Phragmites australis
contributed the least to the carbon source of maculatus. The contribution rate of POM decreased, while that of S,
alterniflora increased with the increase in body length. With the growth of L. maculatus, the main food source for
it changed from POM (>70%) to POM (50%—66%) and S. alterniflora (32%—-47%). The results showed that the
feeding habits of L. maculatus changed in the juvenile stage. The contribution rates of carbon sources to L. macu-
latus in July were different from those in other months. The change was mainly caused by the sudden increase in
the POM contribution rate and the decrease in the algae contribution rate. The internal reason may be affected by
the Yangtze River runoff. Conclusion: there were no significant differences in the composition and contribution
rate of basic food sources of L. maculatus among the three sub habitats, but there may be differences in the feeding
in different sub habitats; During the growth process, the basic food source of of L. maculatus in the three sub
habitats changed from POM to POM and S. alterniflora, which may be due to the change of feeding habits of L.
maculatus during the growth process.

Key words: Yangtze River Estuary; salt marshes wetland; Lateolabrax maculatus; stable isotopes; basic food source
Corresponding author: ZHUANG Ping. E-mail: pzhuang@ecsf.ac.cn
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Tab.1 Species composition of fishes in the Tibet reach of the Lancang River
H order B/ F}) family (/subfamily) J& genus 4 species
A ZU 6 £ 3 B WE R Schizothorax . AR ZNE 4 A Schizothorax lantsangensis
Cypriniformes Schizothoranae . EIBZNE 4 A Schizothorax lissolabiatus

-Jii )& Ptychobarbus
APt JE Schizopygopsis
fik Rk fkJ® Pareuchiloglanis
kJE Pseudecheneis
g lfkJE  Glyptothorax
R JEEKE  Triplophysa 10. AN S JRLk A Triplophysa stenura

Sisoridae
%8V F} Nemacheilinae

#\FF} Cyprininae
it H Siluriformes fii Bl Siluridae

1
2
3. S5 ZE % Schizothorax oconnori

4. hipEE % Schizothorax waltoni

5. ¥IE T2 A Ptychobarbus kaznakovi

6. HIEHRAPLf A Schizopygopsis anteroventris
7. YiJE#k A Pareuchiloglanis gracilicaudata

8. JLIEHEftk A Pseudecheneis immaculatus

9. flEKLL Ik A Glyptothorax deginensis

11. RS A Triplophysa brevicauda

)@ Carassius 12. % Carassius auratus
fifiJ&  Silurus

13. fiive Silurus asotus

TE: KO Ah R, AN BT R M.

Note: % indicates exotic fishes, A indicates historical fishes.

x2 WRIABREEXNZESH
Tab. 2 Spatial distribution of fishes in the Tibet reach of the Lancang River

44 species

M+ Quzika N3E Rumei

+#F Karuo FLHI Zaqu  #ili Requ 49 Jinhe

M2 HE i Schizothorax lantsangensis +
JIEZE 1 Schizothorax lissolabiatus +
S BLE M Schizothorax oconnori

P22 {0 Schizothorax waltoni

MR M-Zits Ptychobarbus kaznakovi

AR ARG Schizopygopsis anteroventris

MMk Pareuchiloglanis gracilicaudata

TBERE @k Pseudecheneis immaculatus +
RSNk Glyptothorax deqinensis +
R R Triplophysa stenura

RS IR Triplophysa brevicauda

0 Carassius auratus

% Silurus asotus

+
+

+ + +
+ + +

+ o+ o+ o+ o+ o+
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Tab. 3 Fish catches in the Tibet reach of the Lancang River (2017-2019)

Tk 221 it /g Hr /% AR S 4 A 3 DA
species number weight percentage IRI community status

JEIRHME M Schizothorax lissolabiatus 210 31090.05 39.46 7080 I
IR0 Schizothorax lantsangensis 153 20429.11 2593 4876 [
B2t Prychobarbus kaznakovi 126 17909.33 22.73 2374 I

IR GLs Schizopygopsis anteroventris 91 7028.2 8.92 1286 I
i Carassius auratus 2 551.94 0.70 14 i
S UGB Schizothorax oconnori 1 418.4 0.53 10 i
PIBESRNE 1 Schizothorax waltoni 1 417.8 0.53 10 [T
MEEMk Pareuchiloglanis gracilicaudata 10 394.59 0.50 85 il
MBS R Triplophysa stenura 52 214.13 0.27 344 1I
RGNk Glyptothorax deginensis 7 132.59 0.17 17 I
fi; Silurus asotus 1 92.25 0.12 4 v
TCHERE . Pseudecheneis immaculatus 3 86.29 0.11 37 111
RIS Triplophysa brevicauda 8 24.16 0.03 35 111
AT total 670 100

TE: 1RSSR, 1R E R, TR WU IV R7s (8 WA

Note: I indicates dominant species; II indicates important species; III indicates common species; IV indicates occasional species.

Mz BF, e e, DL
NSRRI =2 =T T 111G NN 1 111 | v
W AR AR (R 4). MACR . e, REMIL
T A T2 3 AR b 28 Sy i Ve R DG TS SE £
VAT 1 A AR RR AR A R v R BRNE A
FIHT IR AR DL fa, Sl ) 32 22 3R R 3 ol R
it (% 4).

242 BUZAWEE  WIRTLVIEE TSR
i %% F14d 5 (CPUE) N 28.4 g/ o AAIHE] 7,
2017 4F 4 A % 2019 4F 9 1, CPUE &6 Ff#)5 LTt
ke, Hid 2019 4F 4 A CPUE &, N 47.1g
MR 2018 4= 7 H 1Y CPUE Ak, b 13.7 g/MIi}
(K1 2)o NZ5 8] B F, 4% CPUE f 5, M 68.9 g/

MEf; LR CPUE ik, 4 12.0 g/MB (& 3).
243 MBEENMEKXNGE R E
BRI TRV YLV I B R a2 4 Fh, {46
IR0 . MR RNE A AR 2o R AR
Hpita, XEATMER N AT T 5007 .

IR 2GR E R 10.7~36.7 cm, Hirf
PR K AT X AN 16~22 em, 5 L 44.76%; 1l
W ALE A0 AR YT 9.4~38.0 em, HP L HVA K
AP IXTAIN 12~24 cm, /i HE 72.55%; #RAE 20
IR K I il 9.8~46.7 cm, Hr i3 A K 2045 X 7]
5 10~20 cm, (5 F 65.87%. B 2L A R K
W 3.3~30.3 om, oA AR K A X ]
14~20 cm, ikt 51.65% (& 4)
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Tab. 4 Fish catches of different sampling sites in the Tibet reach of the Lancang River
KAER site s species & number /g weight i /% percentage

% Quzika WV 248 1 Schizothorax lantsangensis 16 2045.35 50.54
JeIR B Schizothorax lissolabiatus 17 1821.99 45.02
TR B Mk Glyptothorax deqinensis 7 132.59 3.28
TCBERE TRk Pseudecheneis immaculatus 5 47.13 1.16
&1t total 45 4047.06

3% Rumei NI Schizothorax lissolabiatus 125 13730.87 77.15
WM Schizothorax lantsangensis 39 3972.05 22.32
MEBk Pareuchiloglanis gracilicaudata 1 54.81 0.31
TeBERE 8k Pseudecheneis immaculatus 3 39.16 0.22
£t total 168 17796.89

41 Jinhe PRIGZ5i 0 Ptychobarbus kaznakovi 27 859.36 34.73
MG 0 Schizothorax lantsangensis 7 565.43 22.85
JeIRAM L Schizothorax lissolabiatus 4 502.39 20.30
ARG R BLAG Schizopygopsis anteroventris 26 398.85 16.12
AN & Rk Triplophysa stenura 46 145.14 5.87
% R BB Triplophysa brevicauda 1 3.27 0.13
£t total 111 2474.44

+# Karuo W24 1 Schizothorax lantsangensis 81 12737.86 44.64
JeIR B Schizothorax lissolabiatus 52 11333.37 39.71
ARG R ZLBLAG Schizopygopsis anteroventris 7 1726.76 6.05
PRIG 2548 Ptychobarbus kaznakovi 4 1057.29 3.70
#l Carassius auratus 2 551.94 1.93
SWIE M Schizothorax oconnori 1 418.4 1.47
Y NE 6 Schizothorax waltoni 1 417.8 1.46
MWL Pareuchiloglanis gracilicaudata 4 139.05 0.49
fif; Silurus asotus 1 92.25 0.32
M & Rk Triplophysa stenura 5 62.87 0.22
&1t total 158 28537.59

FLH Zaqu WIS NG . Schizothorax lissolabiatus 8 2081.68 62.90
WM Schizothorax lantsangensis 6 626.3 18.92
BRIE M5t Ptychobarbus kaznakovi 2 209.96 6.34
YWk Pareuchiloglanis gracilicaudata 5 200.73 6.07
RIREHRZLBLAG Schizopygopsis anteroventris 1 190.86 5.77
£t total 22 3309.53

#lll Requ MR-t Ptychobarbus kaznakovi 93 15782.72 69.76
IR PL s Schizopygopsis anteroventris 57 4711.73 20.83
BRI G Schizothorax lissolabiatus 4 1619.75 7.16
R NE a0 Schizothorax lantsangensis 4 482.63 2.13
% R BBk Triplophysa brevicauda 7 20.89 0.09
Y= R Triplophysa stenura 1 6.12 0.03
411 total 166 22623.84
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Fig. 2 Temporal distribution of CPUE of fishes in
the Tibet reach of the Lancang River
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Fig. 3 Spatial distribution of CPUE of fishes in the

Tibet reach of the Lancang River
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Fig. 4 Frequency of body length of the dominant fish species in the Tibet reach of the Lancang River

HoJE SN 1 IR T VL] 15.80~684.4 ¢, Hirp
AR E A XA 0~150 g, (5 EE 65.71%;
WA IR ETEE 12.07~907.84 g, Hrph#
T AME X AN 0~200 g, ikt 81.05%; #iEnt:
WA IR T IOE 13.64~1433 g, Hohui ik 2y
XER 0~100 g, A 66.67%. RIEHZLNL
PR J5 [ 0.50~359.89 g, HiAR L AR 434 [X.
1] 25 0~100 g, 7k 81.32% (K 5)

25 ZHEMSH

MR 1, T TG B 0 2 A 22 R
fik, Shannon-Wiener $8%(H")ZELIEHE A 0.570~
1.249, HAr K35 FL A0 ) 22 B AR G A
Pielou 5] BEHE 8 () BALIEF 2 0.585~0.901, H
HFL L VAT A X A BE R O X 8 R Margalef
F & ERRB(D) WAL E R 0.504~1.423, Hrp
. FLHR R A T R A (R 5)
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Tab. 5 Biodiversity indices of fish community in the
Tibet reach of the Lancang River

ZFEPEFEEL biodiversity index

e site
H' J D
M Quzika  0.665+0.350  0.772+0.211  0.647+0.144
1€ Rumei 0.57040.290  0.585+0.204  0.504+0.154
£#F Karuo 1.158+0.263  0.782+0.134  1.173+0.371
FLil Zaqu 1.249+£0.004  0.901+0.029  1.423+0.169
41 Jinhe 1.157£0.260  0.814+0.045  1.060+0.370
il Requ 0.760£0.349  0.763£0.255  0.612+0.328

7 H'32/R Shannon-Wiener 8 %41; J /R Pielou ¥ 284, D %
7~ Margalef £ & EHE 4.

Note: H' indicates Shannon-Wiener index; J indicates Pielou even-
ness index; D indicates Margalef richness index.
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Community structure and species diversity of fishes in the Tibet reach
of the Lancang River, China

ZHU Tingbing, HU Feifei, GONG Jinling, WANG Xuge, CHEN Kang, DU Hongchun, YANG Deguo, WU Xingbing

Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs; Yangtze River
Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Wuhan 430223, China

Abstract: Since decades, there have been no reports on the fish resource of the Tibet reach of the Lancang River,
China. To gain a contemporary understanding of the corresponding fish communities, field surveys on fish re-
sources were conducted in the main stream and major tributaries of the Tibet reach of the Lancang River in April
and September 2017, April, July, and October 2018, and April and September 2019. Fish samples were caught
using drifting gillnets (mesh size: 2.5 cm and 7.0 cm). A total of 13 fish species from 2 orders and 5 families
(subfamilies) were collected with 9 indigenous fish species and 4 exotic fish species. Omnivorous and carnivorous
fishes accounted for 92.3% and 7.7% of total fish, respectively. Benthic and slow-flowing fishes accounted for
61.5% of the fish species. Schizothorax lissolabiatus, S. lantsangensis, Ptychobarbus kaznakovi, and Schizopy-
gopsis anteroventris were the dominant species. The Shannon-Wiener index, Pielou evenness index, and Margalef
richness index of the fish community were 0.570-1.249, 0.585-0.901, and 0.504—1.423, respectively. In general,
the fish community structure of the Tibet reach of the Lancang River was simple and stable. All historically re-
corded indigenous fishes were sampled, while all exotic fishes were recorded for the first time. To protect the in-
digenous fish resources in the Tibet reach of the Lancang River, it is suggested to strengthen the habitat protection,
artificial domestication, and breeding of indigenous fishes, as well as to focus on the control of exotic fish popula-
tions and prevent invasion.

Key words: Lancang River; Tibet; fish resource; community structure; diversity
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T £0 98 R REAG B, 2018—2020 4F 38 i % R B RO AFRE AR TR 43 1R 3.95%10%, 5.79x10%, 3.29x10° F& . M2 $5AiF 4
Bras R R, 2018—2020 F% KB AAFHEAME T A S—T H, @ EALE S A7 A% 1, Hrf 2020 4
K B R AR T S5, AFHE@ R AL, R AR A, Kruskal-Wallis K30 2B A2 | A7 77 B AAATHE
0= W35 R TG (P<0.05, n=70), 2018—2020 454 (A Y =F i S 8 i 26 /52 (8.99 ind/1000 m*)>45 /5 (5.34 ind/1000
m?)>7T.02(3.53 ind/1000 m®)A 23 [A] 3 A MLAE . 181 Pearson AHSCHEAMT 2B, i AnfrHEta FE 88 5K . KA H ik
FORTE H Rk RSB IE A DE(P<0.05), 535 B A UG 3E R (P<0.01); GAM BRI 3 #1285 5 R,
K PR ARG FE L e BRI KR . B KA H R R H Bk, ABER GAM B L R
FfHEREHIR T 90.8%, HAUEM IR /R T F A ATHE a8 5K SCHF 2Z Rl g ma B 0 R, Ry 48 7 4 VTR i R U
14 & HE AL 88 T b 58 .

KR KILERE, BAMAfPREM; I A 3ha; KCEF
FESES: S931 XHERERAD: A XEHE: 1005-8737—(2022)02—0314—11

i Af (Ctenopharyngodon idellus) . 5 fi.(My-
lopharyngodon piceus) . % (Hypophthalmichthys
molitrix) . B (Aristichthys nobilis)IF-FrIU R 5 ]
FVL Ak A D 3 A i E G A 20
4l 70 AR, T OREE 5L A R,
KT R R 2 di s 80 AR KL fn
BT 60 4RI 25% T, B PHIIAE Tk
K] AR X RV O v B £ 7 B 37 1 5 i B
I 7K 8 A K B A DR g b, WK
IKIB A 7K SO Sz 30 = dRg ) AR, K
VLrp bR Rt B B S H Y, e
XHCTL B A 45 R o, B AR KPR

s HER: 2021-04-23; 1&iTHHE: 2021-06-12.

EHT M XAF-%T7E 2003—2006 4E 7 K
TEH B S 2 30 I AL 0 000 381 g D RS 5% £ 0% U5
AH 1997—2002 V- YIE I 42.8%., A5 #H W5
FEUH, KT i 28 2 DR B Bl IR 0 14 i DU K K
et = A B KB TP 2012—2013 48
(A A 5 0,38 WA VT i 5 7808 BH 90 4 R BRI S AR
L MAEM R E L E & &5, K
AT IR A, BRI VT o fa o i
A 1) 42 PRBEYE In i ka4

KL KRB MA 2 ERARRAP X, IF
56 B — @ VLA AR, B 2Rl B
SREFHI A RE, S A AR REMEY . 11

EE&WA: EZEESITETI5H(2018YFD0900903); 1 E K= B0 58 B F AR L %5 9851 H (2020TD61).
EEBN: ZniEWA996-), B, WA, BT h 2SR EAPE IR, E-mail: 2370057783@qq.com
BEESE: Fihd, U, FENFWEEIT IS, E-mail: fangdian@ffrc.cn; 7R3, AFFE 5L, 332N F il % I 7 1)

5%, E-mail: xudp@ffrc.cn
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HE 0 R B 25 B S RENS I Wt BV R AiE, T AR
FWFF MR R R R R BT R T
Ream U e 2016—2018 4F X 22 e B UK fafT
HE IR R A R B, DU SR A Al =
R TR A LB, (H R A R R
BT R AERFKIL T L KB R
AT HE £ 9 5 A 25 RRAE 5 7K SC R 22 ) AR g 1 O 2R,
HE— 25 4 7 A VLR A L U AR R R AR HILAR,
A VAT Ui 22 R B 1) B fA A1 HE £ (1) AT
0 28 5 B o U S BG4, A 2018—
2020 A% P B R AT HE M TR m PR, & EH T
AT R R RS S E i R, 3
N GAM Y fige A A7 0 =F B 5 G K SC R
Z A A M, S s R R A L R 0 kA
PLH 2 A — 2 1 BSR4 o

1 #MHEFE

11 RERESH S

AW T 2018—20194F M 4 A FAIE 8 A I
f]. 2020 4E 1 5 H BAE 8 H BRI R4
PEBE(117°0'18"E, 30°29'28"N)#F 474348 327 d i .
WA A, LB R S (8 DS H T SCE
SO RAE I IR 45 & P I A AT e B, I
WG 20 A R S0 3 R (2
FERFES IR 5~10 m), & H ARG R AR R
M 50 00~7: 00 am, XF FEKAR(<1 m)pEfT
FEm R
12 AEFEEHEANRERERE
121 HmRE AUPRTERASER DI
WENEAE 0.8 m, MR 2.5 m, WH 40 H, L1
0.25 mm Y HEIE P2 A= 40 090 (HE R0 ), 744 00 11 4k 33
i ET(Digital Flow Meter 23090; KC Denmark
A/S, Silkeborg, Denmark)ic’ 5% i &5 45, LIt
R A N N B RO R i o 7S DEE D 3 S
DS R AR R B, % D2 W 45000 i ) 2
[A] B >R FH 7K 53 43 M7 A% (Thremo  Orion Star A329;
Thermo Fisher Scientific Inc, Waltham, MA USA)
I SRAE K BRI . BB . pH 4%, K ALFIVIIK
it g AR T2 s KRN SR b B R 7K S
uli 5 2 POK LRI FE S R R h, 8 R H

[ % T WA B K PR SR T AT 4 L, AT 3T
I 55 K P71 AR B, O b St B o 75 o R 1
KT, ELUS/D WA T B 4 TR X R 7 A Y ST
AT RIAE 2.5 Y724, BT MG RFZE 5 min.

N

KWK
Daguan District
30°31'30"

WX
Yingjiang District

30°300" |-

30°28'30" -

& 4] legend

I KT Yangtze River
B¢ 1 Anhui estuary

1 okm Ok SRHEA sampling site

116°58'30" 117°0'0" 117°1'30" E
BRI KRBERFEE
Fig. 1 Sampling site distribution in Anqing section
of the Yangtze River

122 HRETS5RE N RENHEAESR
AR KIW) DR AR, JFET 0~4 CHHIR
FabmAA, 722 h WHBR TR HE APk T, BERR XA
HEF AT HE T, A 75% CREORAT o X THAT
it R 2 s, o0 IR S AU TR (R T
FKRINBEIE ), DB )7 E7E Olympus SZX 16
fil B T AT T R A . A REE I S R IR HERA
S T 28 G AL £ AR B s TG Ik R A AT RE 1, U)K
¥ F Bt r 5, ik e e U HE AR
FEN 4 DNA, T CO 1 (cytochorme C oxidase
subunit I, kiR 40 (02 C ARG I I F 4
JEAS, A PCR ¢34 H A IEE IFMTE, FAER15 0
Iy 235 3R 5 RV 0 26 SR A B30 T2 4 4 %68 L AT
i A AT HE g R
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1.3 HIELRESHH
131 H&EFHBEFETE Sofrfarisg
T AWK AE 1 Z AT RE VT KB, DR A £ R
HA 7 vk B S A I O vk, K EE TR
ERAAFHEM AR . SRS RAE SR AR T FH B
] SRR E A 22 (E AT 1 BPRiE e
o Do) 1 AR T 8 AL
0, =(03xSxq)/t
Ni

. O, xt;
Ao, O WA i 4 R AR AR LI 1 9 3 7K ik it
(m¥/s), S 9 T3 RER (), o 5 i R
ENCRER BT R, ¢ 58 i RESRE
T F B B], Dy SR 565 i A SRAE A e Al AR £ 1) 2
(ind/m?), N; W5 i ARG SCRE R I F A THE M
EH(ind),
132 REHEFHEEFHEESERFHESE
BRI RE SRS ATHEAN LR
50 RER S AATHEAE R AHRR, v R
fATHEfA T FE MRS, AT

c=>D/D,
K, ¢ WAFHEATF B FEEMLLRE, DNER
FE S A HEA -2 E ¥ (ind/m?), D; W5 @ R4
S A THE ) T (ind/m?) .
133 HaFHaRRE RN EAfHEAa

SA N2 B
i

M;=D;*x Q; X C;
Kb, MR § UCRAR I R] PN 38 G IV B W T )
F A HE B R A (ind), O A5 | YR AR IS 114 W T
w(m/s), D HE i AR R AT HE Y R R
(ind/m?).
AP R A 1 i) B £ A7 £0 A2 I
M, i =M/t M /1)t i+1/2
FHRE I 79 % R 4R ) A58 i et B L (1) o B ] 26 4 7
AR S, M S 0 i1 SR [E] 18] B A
1 AT HE AR I iR (ind), 200 N5 0, i+ RS
A 8] 1] B (s) o
R AR VLB A AT A f S AR T
M= M+ M+
KA H B 530 H BB Y KR

VLB KL . AR I AT — KK, R
ZE1A

1.34 [~ XA/t (generalized additive mod-
els, GAM) ZFALE —FAES B ECE S 8k
F T U A D s, 204 7 4 g R 0 A ) O 2R
AT, GAM AR T] DUAE 4 e R B AT A
W o ABFFER ] GAM BB 75 7K SCHH - 5 H
fPMEfa FREZ B C R, Rkl

gp)=a+) fi(x;)+e
Jj=1

K, g(p) ARHCeREL; p Ry B0 A7 HE 0%
(ind/100 m?), o A PR IR X, Mg R
A i, AEKIR . B KA H B R AR
HH BB £ () ARE R OCR AR S BN
B e MIRZED, SRS x; JOK, E(e)=0, e=6
BREAY R RE S, B R A 7 i b B
TEBE s A G AR A A Excel 2016 #4E %50
PEPEFTALHR, F Origin 2018 B /FHI/E AT B
Pt o3 A SPSS19.0 43k, 22 57 i A
Kruskal-Wallis 5347, 7K 3CHF5 =F B AR fb 1) Bk
FEFE K FH Pearson FHCHESMT, GAM AR AU A4 A4
HEETE R 3.5.3 34419 mgev AL SCHE

2 HZRE5HMH

21 HaaFHaARLILEMERE

AWFFETF 2018—2020 4F 4—8 A FEKIL T F
ZRBOT R IR A 3 327 d, SRAEEIFHE
0392186 F&, Hiu-kx 4 1912 B, #Afaf 272
BB .3 AFENEAATHE@A IR AR 99 & . 165
B5 8 B, /il b M40 UK K fa A1 HEfa Rl gk
) 12.30%. 17.86%5 4.37%; MIETEZPREE 3 4
SR ST SR A 1 A A A0 850 T B A
2018—2020 43l 11 % P Bt 1) a1 HE £ 428 I 47
WA 3.95x10% 2. 5.79x10% B 5 3.29x10° |2,
22 HEFHEFENRZSHISE

AR A L 00 5% 5 S A O A A o b, e PR B
2018—2020 4R faffAfEfa 4 AR ILIER A 1.12~
141.54 ind/1000 m?, H-FE¥FE R 19.21 ind/
1000 m*, 2018 4F% B fa fffEfa H P-4 34
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A 17.36 ind/1000 m?, £ ZFE I PN Y B A 1HE £
FEEW SR, EE e R AT 5 A A,
iR ETE 5 A 5 B, FE2R TG
T, 25 A 14 HIFGREBE S RN EE, 6
A5 7 7Aoo & = AR B BE 6 A
7H5 7 H 18 H, XWIE{E N 16.50 ind/1000 m?
55 36.56 ind/1000 m*, 2019 4F%¢ Pk B i A1 HE fa
HE R 21.48 ind/1000 m?, i igE %
AFSsSHR LA, ESH1HYS S5 H 15 HILBH
A g, XPRAFHE@ TR 14.15 ind/1000 m?
160
140
120
100
80

=£J¥/(ind/1000 m?) abundance

58.61 ind/1000 m?, ZJ5 7 5 8 H HIH /I
Tl ERESY 514 3.66 ind/1000 m* 5 3.60 ind/ 1000
m?; 2020 4EA T 7 H & 8 H L) R 4 5| & fa 1 HE
fh, WIEE S EE I AE 7 0 1 H, XN R

22.41 ind/1000 m? (/& 2); 2018—2020 4= & 1 f1-FE
fFE AT BN, 5 AFSEEREST
HoAl H Gy (B 3), Ay fa B0 1 oA 0 i VR s B0
AR AT HE B R AR AR A B R B, 2019 AFEF 34 R
JEE T 2018 4F, WS T 2020 4F, RiEstAE
B8 4),

2018/5/2
2018/5/5
2018/5/11
2018/5/14
2018/5/17
2018/5/24
2018/6/7
2018/7/7 1
2018/7/10
2018/7/18
2019/5/1
2019/5/6
2019/5/11
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Fig. 2 Daily abundance of Ctenopharyngodon idellus larvae in Anqing section during 2018 to 2020
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Fig. 3 Month abundance of Ctenopharyngodon idellus larvae
in Anqing section from April to August during 2018 to 2020

X 2018—2020 4T R ig e REEMI A I+
L0 576 7 B A AP A =F BRI T 22 7 0 3
PR BT, LA 50 E w £ A FE 28 PR B Y B TfT
23 [6] 434 22 5 . Kruskal-Wallis 16 56 268, RAEHKT
M 3 RS 3 AET AR ENER
(2018 4E: P>0.05, n=33; 2019 4F: P>0.05, n=59;
2020 4: P>0.05, n=7), B2, fiF 0 FERF

o 121
'§ 10
y e
# 0 2018 I 2(;1’.'9 I [20‘2rOJ I
{3 year

El 4 2PCB 2018—2020 4F %L 7HE M 3 AEAR (L

Fig. 4 Annual abundance of Ctenopharyngodon idellus larvae
in Anqing section from 2018 to 2020

J& K T 110 (P<0.05, n=70); 2018, 2019 4E 2 Ji
B e A - 34 O S R DT TR ) 0 AT R
P (12,52, 14.09 ind/1000 m?)>45 j#(4.99
10.84 ind/1000 m*) >YT..0>(0.87 . 9.57 ind/1000 m?)
()53 A LA, 2020 4F 2 BA £ (0.37 ind/1000 m?)
>Y1.02(0.19 ind/ 1000 m?)>47 £ (0.14 ind/1000 m?)
()53 A1 AL (] 5) 0
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Fig. 5 The distribution of average drifts density of Ctenopharyngodon idellus larvae in Anqing section from 2018 to 2020

2.3 KXEFEIFE

2018—2020 4FJH A ], KB IAEEIN 748
a1 s, PridseIREETs bR v i 7K A
4—8 A FTIF, 1E 5—6 Adishiek, 2 7—8 A
IRFKIRFERIE(32.9 C, 29.8 C, 31.9 C); &M
JE 5 BEAE R A R S 0 s AR 4k, #E 2018 4E 7
H 5 2019 4£11% 5 H i sh KR, 2020 4E 1% B & T
5 AAFTESR/IME (27 cm), 7] RE 542 P B i i R
SRIERAHG, FETIKE M, 2018—2020 KL
LRRBK AL 57 A i H A, Hd 2020
ERYIEAE (17.96 m, 76500 m*/s) i & & T 2018 4
52019 4F [R] 48 (2018 4F: 13.86 m, 49900 m?/s;
2019 4F: 16.56 m, 67900 m¥/s), WAEIA7E 7 H HBL;
FEVHATIAIE], 2R R s KT 2517 °C, 1%
A SRR (24.98 C) SR RERFEE(24.93 C),
TN 325 32 U) 2 B A 2 SR A R (43,83 em) >V SR A
1(42.38 cm)>ZE F R AEA(39.00 cm) i %S [B] 4 AR
FRAIE

F1 KIRKRWHNERFEW
Tab. 1 Changes of environmental factorsin Anging section
of the Yangtze River

WHEH ¥ B/AME RRE A
environmental factor lowest highest average value
JKHi/°C temperature  17.90 32.90 24.30+3.04
MR NTU 16.90  132.80 40.15£17.17
208 & pH 7.36 8.51 7.85+0.24
%4 & /(mg/L) DO 3.73 8.75 6.77+1.12
IR BE /(m/s) V 0.60 2.80 0.89+0.2
i#EW B /em SD 5.00 70.00 41.07£11.36

24 HEa{FHGFESKXEFHIEXME

i Pearson MR MEAT AT HEMEE S
K SCIH T 22 1) f A 6 1 B 45 SR R, B A HE
1 H 28k 5 7K iRL(P<0.05, & 6a). KA H I
KR (P<0.05, K 6b)S51& & H LK% (P<0.05,
Kl 60)5 i 2 IEAH G, 5 B R 0 2 A ¢
(P<0.01, & 6d). Wl 6 Frxw, KiRAE It e
i, fFREfAE S H BB, 2018—2020 4F A4
I e B 6 R K IR AR I R 23.8°C \26.6 C
25.4 °C, M/KE EFHE 279 °CHf, Wiy
F U TR, IABDKIREKME 29.8 CHY, 11
Mefa £l %, YR AafrfadEiRsnk
i, B KA SR E 518 51.5 em . 10.78 m
131100 m?/s;

1E Pearson AHICE AT AU JERE A 3 GAM A5
RIE— 5 B0 0E, A8 S AR 2 B A S K SC A
FOKIER. B, KA H EECRSEREH Lk
), R AIC HENER AR, 4500 F% 2,
SRR 90.8%, TR (4% 1F t g &
(R-sp) M 0.889>0.5, FHERAHL LI T /KR 35 B
JE KA H kR SRR H kR X HE
(EERINEA

KHIEZD Q-Q K. Shapiro-wilk #5563 56 ik
GAM R 5 HFRZ M IEASM ., IEX Q-Q KR
GAM AL G IE A 4046 (K] 7), Shapiro-wilk 4655
KM GAM BRI ER 2455 IE A5 (P>0.05)

M GAM A5 B i () 22 i B SR R, I AR
R R 7K SCH F ARG S PR R B R KR>3 B >
KA H kRS R H Rk KSR F 5 5
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=£¥/(ind/100m?)abundance
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— FJF abundance
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s 02 4%
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— F & abundance — FEIF transparency

B B /em transparency
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K6 2018—2020 4F-% PoBLH fhATHE 4 5K SCH 7 A9 KR
FEltba, by o Ml d Zrh R AFREf TR SR . KA H Bk i B ERkSRNE W R 2 E] Y E R
Fig. 6 The relationship between the density of Ctenopharyngodon idellus larvae and hydrological factors
in Anqing section from 2018 to 2020
a, b, ¢ and d are the relationship between the abundance of larval Ctenopharyngodon idellus and water temperature and
daily rise of water level, daily rise of river runoff and transparency.

®2 REKRE&FHE GAM REFESIN

Tab.2 Variance analysis of GAM model for Ctenopharyngodon idellus larvae in Anging section of the Yangtze River

] g 28 TSR i 25 i R/ % Rsq  AIC P
dependent variable environmental factors deviation interpretation rate

B AT AE AR TR+ B BE KA H BBk R+ H Rk

Larval Ctenopharyngodon water temperature+transparency-+daily rise of water 90.8

idellus level+ daily rise of runoff
7K water temperature 59.6 0.559 597.67 1.60x107>"
B HE transparency 25.8 0.834 487.56 3.00x107"
KA H kR daily rise of water level 4.7 0.885 328.68 1.06x107*
it A Lk daily rise of runoff 0.7 0.889 258.16 6.84x10™

TE: *FIRTE 0.05 /KF L 2 W F A 5(P<0.05).

Note: * indicates a significant correlation at the 0.05 level (P<0.05).
fAFHEERE ) GAM 43071 (& 8) i rw, i fuffHE
f=EREREKIR . KO H EECR SRR EH kxR
{4 K RS T 22 300 S 3 TE A DG OC R (P<0.05), 5B W
JE L B R G M (P<0.05) o K67 H k3
FEAEPLE 0.01~0.24 m/d, K. B E SR
Uit H kR A AT B A

3 itig

31 ZRBRE&SFHEFFENRZIHE
UTAFR, R VLI Y R 5 £ ) I A 45 R 5

P R W 0 Kb T AN 7 2R g e 40T o

A LRSI W, AT T VT B N
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{258 2= residuals deviation
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Fig. 7 GAM model Q-Q diagram for larval fish abundance of
Ctenopharyngodon idellus
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BRI P= B Op fa s, ™ ORI sh 2 80k AR AR
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SRR KR Bk, kB 7 KN S50
Ik 18.42 m 5 81500 m?/s, J LAY VT K i i S
T AN T 45 £ 5 £ 5 1)

RESMA I /s B2 DA IS 1Y by 90 AR | U S o
FLBE 8 R I 7 114 7K sk AR SO B 1) 1 F 2R
25, DRI T iyt 2 R R R i e/ 2016
AP VTR T2 PR B DU KR A AT HE fA A U
o 21.7x10° MY, 2 T R KT i A I
B ARBigEh 2018 AR EAnATHE A AR I B T
ST R 2T S YT B DU K 5% AR £ A 0 Y,
I A VT I B R ) T U AC K B 2 1 i 3,
FEFER G TRITZREEM OB AR
4, HAFEDDRF i r=omia™, k= LS hn
BN, T PRVT B () Al A T HE F A i s o
32 HAFHERNTSAHERNZMEER

FFHEA % A A B 2 Bl AS BE L3R I W% £ S50
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Correlation between the temporal and spatial characteristics of larval
Ctenopharyngodon idellus resource and hydrological factors in the
Anging section of the Yangtze River
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LUO Yuting’
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3. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China

Abstract: To explore the relationship between the temporal and spatial characteristics of larval Ctenopharyngodon
idellus and hydrological factors in the Anqing section of the lower Yangtze River, the larval C. idellus were sys-
tematically monitored from April 2018 to August 2020. A total of 272 larval C. idellus were identified using mor-
phological and molecular biological methods, of which the three-year catch accounted for 12.30%, 34.52%, and
4.37% of the four major fish catches in China in 2018, 2019, and 2020, respectively. According to the estimation
of larval fish resources, their runoffs were 3.95x10% 5.79x10% and 3.29x10% for 2018, 2019, and 2020, respec-
tively. The results of spatial and temporal characteristics analysis showed that the larvae and juveniles of C. idellus
were present mainly from May to July, with peaks in May and the early part of mid-July. In 2020, the abundance of
larvae and juveniles of C. idellus was the lowest because the flood was not suitable for breeding and because the
main flood season was delayed. Kruskal-Wallis test showed that the abundance of larval C. idellus on the left and
right banks was significantly higher than that in the middle of the river (P<0.05, n=70). From 2018 to 2020, the
spatial distribution of the overall average abundance was distributed as follows: left bank (8.99 ind/1000 m?®)>right
bank (5.34 ind/1000 m*)>middle of the river (3.53 ind/1000 m?®). Pearson correlation analysis showed that the
abundance of larval C. idellus was significantly positively correlated with water temperature, the daily rising rate
of water level, and runoff and negatively correlated with transparency. GAM model analysis showed that the rela-
tive importance of hydrological factors was as follows: water temperature>transparency>daily rising rate of water
level>daily rising rate of runoff. In this study, the total deviation interpretation rate of the GAM model reached
90.8%, which accurately revealed the response relationship between the abundance of larval C. idellus and hydro-
logical factors. This study accumulated basic data for understanding the occurrence mechanism of early C. idellus
resources in the Yangtze River.

Key words: Anqing section of the Yangtze River; larval Ctenopharyngodon idellus; spatial and temporal dynamics;

hydrological factors
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I GX1101 K IEBE ¥ 2N s 43 0l e 8 120 B2
P e, RBERE RN 0.2 mL/JE, 7 BU#EHRY
e 120 2 T S0 A5 0] B 100 G 0 1R TR o ik
(BHD)/VEMXTHRAL . e fa 28 d FR41 45 HL 80 B4y
AT RS 1 G Al 430 B T R A
2.2x10” CFU/mL A JCFLEEER T HN0901 5F GX1101,
FIHE R 0.2 mL/E, F4H 40 2; W IR ES %8
B s 0d. 28 d IR ILFE)G 14d. 21 d, %
WP IEMBEYLE 6 B, RBFFCR I, FiRFE 2~
4 h J5, 4000 r/min B.0> 15 min /B0 [6]BsHHR
FFAECA A 1 mL Trizol 377 A9 JC RNA i 14 A7
b, WA RS R A7 T80 CUKFE .

1.2.4 FIEEMEEREAERUE HRENY
Ik MV HEA TR S0, RN ERR(ALT), &
FG B (AST) . MY fLEF(SOD) . 5k
SFH(CAT) . 7§ % (MDA PE 19 72 % FH RE 5 8t
BA: W) T AR 5T T A R0 &, i R R O ik
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S5 & T UL B ERAE

125 gRT-PCR t#illleEEXER KRk
i =80 “C IR KA P R, T ver i i 2H U
BEHL(Sceintz-48 B, TP 2 AN "D S M, R
JH Trizol E32HUE RNA, ##E RT-PCR {7 &
(PrimeScriptTM, TaKaRa 72\ #])UiHH 4 RNA J2
$e 5kl cDNA. %3G5E f PCR Kl 5L K] TNF-a
IL-18. TGF-B. HSP70. MHC Il fil IgM AHX} ik
B, 5IWGEE DA TAY TR BRIGE

BRZ Rl A

*1 AWEFAASIYFET
Tab.1 Primer sequences used in the study

E-0] Em514)(5'-3") 51 4)(5'-3")
gene forward primer sequence  reverse primer sequence
INF ATATGGAAAGTGTGCG TTGTGTCATCCTTTCT
“* ccGT GGCC
1L-18 GGCATCAAAGGCACA TCGCTTTCAGCGCTTA
} AACCT TCCT
TGF-B TGGGACTATGAGCAG AACAGCAGTTGTGTGA
K GAGGG TTGGGT
HSP70 CATCGCCTACGGTCTG TGCCGTCTTCAATGGT
GACAA CAGGAT
MHC 11 AGTGTGGGGAAGTTT ATGGTGACTGGAGAG
GTTGGAT AGGCG
oM ACGAGGAAGCAGACT ACAATAGCTCTAGTTG
& CAAGTTAT TGTTAACC
B-actin GTTGCCATCCAGGCTG TCTCGGCTGTGGTGGT
TGCT GAAG

1£ 7900HT Fast Real Time PCR {¥(ABI /A7),
FE) L T qRT-PCR #illl . 20 puL RBAKR R H:
2XSYBR Green [ real-time PCR Master Mix
(Toyobo A 7], HA) 10 uL, cDNA #if 1 uL, F
RS 147(10 pmol/L)4% 0.8 pL, JC RNA /K 7.4 pL;
PCR ¥ 42 /5: 95 C HiZEME 5 min; 95 ‘CAEME 15 s,
60 CiR Kk 20s, 72 ‘CHEfH 40 s, 40 MG, H Y3
KRN N 2 5 R P S AR AR — B T4, H
2TAACHHR A B B DR A AR kR
1.2.6 MFEHENIE 2% Shoemaker 257
W73, FE4E ELISA J7 ki g fe s MR e &
JE M E PR . DR IgM BT REBT IR T
Hi[E Aquatic Diagnostic Ltd, HRP Fric ) =FEHT B
IgG W T RARAABHL AL ) A R A F .
1.2.7 HREFRPERNE HERZEFS 28K, 72
A RELALAN 1A R BEDL A 40 &, FHCFLSBE

BRIATEFE HN090T . GX1101 #HTINTESLH 2: FE
S 02 mL (WWKEN 50 £ LDso, P 5x
10° CFU/mL), /Kl 32 °C, WSt LRReietk, et
SR 14 do AR ITRRPS)=(1- eI T- %/
X HRZHAET %)% 100% o
13 SZitath

B DL Y (E AR 22 (X £SD)# 7w, HI SPSS
25 TSR AZ MM EFN, FEFLE
(P<0.05), i Duncan 35kt fT 2 B LI, i f
$4% F GraphPadPrism8 X {4H-VE K

2 #REHW

21 EHRERNLER

HN0901, GX1101 K& i 43 U A 76 1l
M I, 28 CH;FE 48 h G ¥R WA LK, LA
g2 v 2500 58 42 K0 o K TR 4 I 1 T 48 T R
Oy I i B B AR fr, ESEIEE 14 d, FTA MG
FET, SR ROLIEN, RUIEE N L2t R
22 MERARESBNSEESBIFEET

GREnT B e B AR ALT fl AST 7% J14%
Wz AT 2R, R 28 d HN0901 4
PELH A GX1101 G E4 M 3% ALT Fl AST % /1 B 3%
BT IR ZH (P<0.05)., Fl HN0901 1 GX1101 & #k
PTG, XRE4L ALT Al AST 36 /1 i 3%
ThiE, HARE T 9841 (P<0.05); HN0901 FEHkIL
B J5 HNO9O1 A BEZH7E K # 14 d I % ALT A1 AST
T 1A BN B AT KT, GXA101 G 26 I A 1 7
J& 21 AR B HCREFT P8 1 FIET 2) 41 GX1101
RN £ 2H 3E AT B0, HNO0901 s 4 7E 0T 14 d
IM7% ALT F1 AST i J1 3k BN A #E FiKF-, GX1101
GREYLILTE AST Al ALT 3% J14» WIAE )5 14 d
MBS 21 d IRE B BT K 1 FTE 2),
23 MmiEFEHRmELHETHNTH

REERTA AP E M SOD i 1 o i & %
FZ5(P>0.05), HpE 28 d B4 i 4 1fL 7 SOD
T W T B4 (P<0.05), T % BR 411
SOD i J1 A i Z P25 55(P>0.05). FE[Rl/ U6
FLEEER IS, HN0901 Hrss 4 i % JE fh 1 i
SOD ¥ 11 JC i &1 2 5 (P>0.05), GX1101 F
AL SOD % 1 54058 28 d A HE 2 R MIK(P<0.05),
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529 %

[R5 T e mi i SOD 1% J1(P<0.05); *if
MAEINTE)S 14 d F1 21 d L% SOD ik 1 B ET
F%(P<0.05); JRE)5 M~ iy I ig SOD i J)

Fig. 1

ALTI% F1/(U/L) ALT activity >
®)

K 1

N
(=)
T

HN0901 454 HN0901 immune group
GX1101 44 GX1101 immune group
E=Z BHI X} #84H BHI control group

L E R T R4 (P<0.05, [ 3),
HN0901 FREZH 1 GX1101 %P4 i CAT
T PR PE )G 28 d W s, TE/ IR JCFLEEEK
HN0901 424 HN0901 immune group

GX1101 #EE2H GX1101 immune group
E== BHI %t 4l BHI control group
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e % R IS K HNO9O1(A)FI GX1101 (B) BRI EE )G HY A TR 5 & (ALT) 25 1k,

P A ) R 7 B 22 7 [R] — S e L7 S B AN TCRE J AN AT ] IR 18] 57 25 57 (2. 35 (P<0.05);
ANTR)/INES B 2R A A R I i) A [ S 21 20 A .22 5 B % (P<0.05).

infected by HN0901

Serum ALT activity of hybrid tilapia (Oreochromis niloticus @ xO.aureus3) after immunization and

(A) and GX1101 (B)

Different uppercase letters indicate significant difference between different time points in the same group after immunization and
challenge (P<0.05), and different lowercase letters indicate significant difference between different immune
groups at the same time point after immunization and challenge (P<0.05).
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HiE B ARG X 1101202 /5 IR /d
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Bl 2 B ARG 5 K IBCEE HNO9OL (A)FT GX1101 (B) B R Il 15 73 H 4% 2 W (AST)iE /1
& RO R K S8 287 (] — S 05 20 78 Sy R BURE S5 A A 5] B[] 05 22 57 2 38 (P<0.05);
ANG) /NG S B 7R FE AR ) 8] £ A ) 8 28 2 3 40 22 53 18 35 (P<0.05).

Fig. 2 Serum AST activity of hybrid tilapia (Oreochromis niloticusQ xO.aureus3) after immunization
and infected by HN0901 (A) and GX1101 (B)

Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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WG 14 d Fl 21 d 5 B35 T IR41(P<0.05),  FHMAEL(P>0.05), 7EXTE)G 14 d M1 21 d &M
BEERREE 28 d A REMEZER(P>0.05), BHI  FEf(P<0.05, K 4),

XFIRALIMYE CAT % % )n 28 d HREnit i WIEH AP IE M2 H 1L MDA & i A AF
HNO0901 %24 HN0901 immune group HN0901 424 HN0901 immune group
GX1101 ##2H GX1101 immune group GX1101 4#£4H GX1101 immune group
[==1 BHI %} ##4H BHI control group 20 E=H BHI X {4 BHI control group
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£ o 2 % 5
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0d 28d WE14d  HF21d 0d 28d WE 14d  FF21d
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B B BIBRHNO90 1 T 7 5 i )/ d o B BIRRGX 1101 03 /5 i H)/d
day post vaccination and challenge by strain HN0901 day post vaccination and challenge by strain GX1101

B3 e B R0 5 X I0E HN0901 (A)FI GX1101 (B) B4 5 1ML 7 #8 AL ) 12 /L i (SOD)iih 11
P AR ] R 7 ) 3 71 (] — S e 2 A £ 7E S RT3 I S A () I ] 55 22 e 2. 35 (P<0.05);
N[ /INE S b R TR AT TR] I 9] A () 28 41 %59 3 #0255 (.35 (P<0.05).
Fig. 3 Serum SOD activity of hybrid tilapia (Oreochromis niloticus? x O.aureus?) after immunization and
infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between
different immune groups at the same time point after immunization and challenge (P<0.05).

HN0901 484 HN0901 immune group HN0901 454 HN0901 immune group
=3 GX1101 4RE4 GX1101 immune group GX1101 %4 GX1101 immune group
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820r Bb 820
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) B
: Ny N ¢ \ S
Ci1sf % \x“x\\ Q15 % %
: N \ \
S tof | Suf :
R .._ 2
"E 51 H”E 51
< <
O @]
0 : - i 0 :
28d WE 14d KF21d od 28d W 14d HF21d
ﬁ',‘-_',ﬁ IKJ’TE immune stage I{EE[ B challenge stage S M Bt immune stage  BIFEHTBE challenge stage
Ho e S BEHRHNO90 1 I 7 5 TR}/ d GudE B Btk GX 1101 035 i fHl/d
day post vaccination and challenge by strain HN0901 day post vaccination and challenge by strain GX1101

B4 BB AR G fo X ICEE HN0901 (A)FI GX1101 (B) B i 1ML 1 i AL Ul (CAT)iE J)
Pl A ) R S R 3R 7 (] — S 3 2 £ 7 S RV IR S5 AN A () I ] 5 22 St . 35 (P<0.05);
AR /NG BRI TE A [ I 8] A ] e 41 2 A £ 25 S (B 25 (P<0.05).
Fig. 4 Serum CAT activity of hybrid tilapia (Oreochromis niloticus@ xO. aureus?) after immunization and
infected by HN0901 (A) and GX1101 (B)

Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between

different immune groups at the same time point after immunization and challenge (P<0.05).
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T X B (P<0.05) o 7 [R]/57 5 TG L4 2K 1 U0
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=1 BHI X} #84H BHI control group
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MDA £/(U/L) MDA contents >
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]

MDA #/(U/L) MDA contents &

&, SAEWEE 14 d I MDA & &2 &It
1= (P<0.05), {HXTHRAI M W5 & FREdl,; 1F
W le 21 d B B2 miK-F- (18 5).

HN0901 44 HN0901 immune group
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=21 BHI %} ##4f BHI control group

[ n=6;%+SD i
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0d  28d K l4d Hfald
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By KA BRHNO9O1 B2 )5 i) /d
day post vaccination and challenge by strain HN0901

K 5

0d WE 144 HWFE21d
M Bt immune stage  IFEHTEX challenge stage

ey R MRGX 1101503 )5 I 1E)/d
day post vaccination and challenge by strain GX1101

e B AR T I HN0901 (VA F1 GX1101 (B)E BRI 5 1ML iE A I (MDA) I /)

P A [R) R 7 B 27 [R] — S e 25 A #0 7E FITE T I A A [) B ] 55 22 7t (. 3% (P<0.05);
ANTR)/INE TR R A A R I i) AN [ S 21 20 A . 22 53 B (P<0.05).

Fig. 5

Serum MDA activity of hybrid tilapia (Oreochromis niloticusQ xO. aureusd) after immunization

and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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WRIGE 14 d I8 L IFIE TNF-o 15 &8 B2 5
T X R4 (P<0.05), FHorf HNO9O1 e % 21 I ik
TNF-o % ik & b 3 T & (P<0.05); £ 4 W &
GX1101 WHEJE 14 d AR HIFIE TNF-a ik
B 8 #F TR (P<0.05), i H B #F & T x4
(P<0.05). [/ IR AR LTS 21 d, B4
Byt 4l TNF-a TR FGIES 28 d IFKF, S5XT -
WA B2 S, X A R RS M
TNF-a Fih i 0 #1122 7 (P>0.05, & 6),

BIERT S AP AL IFNE IL-1p Rk BT R FE
PE2 5(P>0.05), %% 28 d i LT 1L-18
Pk T AL (P<0.05) . XA A kAT
HNO0901 1 GX1101 BRI #E, W#E)5 14 d & 4T
WE IL-18 350 £ TR (P<0.05), PiA-Sased]
JFME IL-1p A BAEWTEIS 14 d 21 dHR R & &

FXFBR A (P<0.05, K 7).

BIERT A AP L IFIE TGF-p Fib 8T 0 &
P22 5 (P>0.05), i 28 d HNO9O1 4y 20 i ik
TGF-B ik it i % F+ 5 (P<0.05) . X 45 4 i 17
HNO0901 Fl GX1101 BRI HE, WG 14 d g4
JHIE TGF-p 3%k 5 b 2 5 T4 ZH (P<0.05), GX 1101
BPEA L TGF-p 33k e ) 28 d & Tt
#(P<0.05), WEEJG 21 d AN 4LiTFIE TGF-p
FEIR R R R 5% B Rl —KF (1 8).

BT MG )5 28 d &5 A% AEfa ik HSP70
Fik g LR EEZE R P>0.05 X &4t 1T
HNO0901 Fl GX1101 BRI B, W # )5 14 d g d
JHNE HSP70 ikt i 25 T X B4 (P<0.05), HIk
Ao eI 18] 2 T (P<0.05), X MR ZH7E L EE 1T A 1Y
HSP70 Fik 0 EE 2 5 (P>0.05) . HH HN0901
BIMRILREIS 21 d HNO9O1 84 HSP70 Fik s T,
{475 FICEERT HSP70 Fik i, GX1101 FARM T
J& 21 d A B 4L I IE HSP70 335 1 W 25 e %
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Fig. 6 The change of TNF-o mRNA expression level in hybrid tilapia (Oreochromis niloticusQ xO. aureus3)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 7 The change of IL-18 mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureusd)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 8 The change of TGF-S mRNA expression level in hybrid tilapia (Oreochromis niloticus? x O. aureus3) liver
after immunization and infected by HN0901 (A) and GX1101 (B)

Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 9 The change of HSP70 mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureusd)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 10 The change of MHC Il mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureus)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 11  The change of IgM mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureusd)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between
different immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 12 Serum antibody levels in in hybrid tilapia (Oreochromis niloticusQ x O. aureusd) after immunization
and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between
different immune groups at the same time point after immunization and challenge (P<0.05).
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Tab. 2 Relative protection rate of hybrid tilapia ( Oreochromis niloticus? 0. aureus?)
challenged by HN0901 and GX1101 strains

YU A Bk gl 1 U R FETHURE  ETR% HATREY% R R%

strain group fish number  death number  death rate  survival rate RPS F
HNO0901 BHI X84l BHI control group 20 19 95 5
HN0901 %41 HNO0901 immune group 20 13 65 35 31.6 <0.05
GX1101 ftBE4d GX1101 immune group 20 12 60 40 36.8 <0.05
GX1101 BHI X} #8401 BHI control group 20 19 95 5
HN0901 %4 HN0901 immune group 20 10 50 50 47.4 <0.05
GX1101 4] GX1101 immune group 20 11 55 45 422 <0.05
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Immune efficacy of inactivated vaccine of heterologous Streptococcus
agalactiae extracellular product in hybrid tilapia (Oreochromis niloti-
cus?x 0. aureus?)
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Abstract: To study the immune efficacy of inactivated vaccine of heterologous Streptococcus agalactiae extracel-
lular product in tilapia (Oreochromis niloticus), two strains of S. agalactiae (HN0901 and GX1101) were cultured,
and highly efficacious vaccines were developed using extracellular products and formalin-killed whole cells of
HNO0901 and GX1101. The vaccine was administered by intraperitoneal (i.p.) injection in a volume of 0.2 mL, and
sham-vaccinated (control) fish were i.p. injected with the same volume of sterile BHI. At 28 d post-vaccination
(DPV), the fish were challenged, i.p. injection, with approximately 1.0x10® CFU of homologous or heterologous S.
agalactiae to determine the efficacy of protective immunity. The immune response and serum antibody titer of the
immunized and post-injected tilapia were measured, and the relative immune protection rate and cross-immune
protection rate were compared. The results showed that the alanine aminotransferase and aspartate aminotransfe-
rase levels of immunized fish were significantly higher than those of control fish at 28 DPV but significantly lower
than those of control fish post injection. Compared with the control fish, the levels of superoxide dismutase and
catalase in immunized fish increased in varying degrees after immunization and challenge, while malondialdehyde
levels decreased significantly (P<0.05). The results of real-time quantitative polymerase chain reaction also indi-
cated that TNF-a, IL-15, TGF-B, HSP 70, MHC 1I, and IgM expression levels showed different degrees of signif-
icant increase and were higher than those in the control group after immunization and challenge (P<0.05). Serum
antibody titer reached 1 : 6400 at 28 DPV, which was significantly higher than that of the control group (P<0.05).
The relative percentage of survival ranged from 31.6% to 47.4% after the homologous or heterologous S. agalac-
tiae challenge. Furthermore, the developed inactivated vaccines significantly induced an immune response in tila-
pia and produced moderate vaccine efficacy. Administration of the single isolate HN0901 or GX1101 vaccine via
i.p. injection was marginally protective in preventing streptococcal disease caused by homologous or heterologous
isolates of S. agalactiae. Our findings laid a foundation for further studies on immune prevention technology
against streptococcosis in tilapia and the development of bivalent vaccines.

Key words: Streptococcus agalactiae; extracellular product; inactivated vaccine; immune protection; hybrid tilapia
(Oreochromis niloticus@x0. aureus?)
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