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oI5 48 S S JBT R Xof o BT B PR AT 402, i
T2 25 LGS HEA T [0 6 U5 4 o A o, 5] B
(Cyprinus carpio) W AN[A] i F, far L 2LEE (C. car-
pio var. wuyuanensis) SBREELL  EABAL A, 107 B
W 8 (C. carpio haematopterus Temminck et Schle-
gel) ARG H . (AAMBK ., BAABSFHEEA
fR] FR DML RO A, B A RO 0 e B 35t 4% 22 57
AW REOTWENIES 22 S, HETIEERY:
TETE T AFAERRZE IR RIX 7 bE
BRI AR, S8 BR T B H  Fof 5 4
SET, Hh oy FARiC R AR Z R H . A
e A PR 25 38 22 A0 s ) S R i an T e
Fr BEKE Z2 254k (AFLP) B8 B0 F T 88 A0 bl o %
S A (SSR) B W H T 5 55 S filil (Ictalurus
punctaus) TP BT EY, FUH 40 1A id 2 £
w0 ZEMERESERE, P FEZ N T RA
AEAL 2 YRR AE (1) AN (] b B 3R 0 R 0 28 o2 Bl
HHMTTRZ BN T8I0 (SNP) iy H B, HI
itz | 2R SRR A ) Z N T s
WHBWFIT, B QR 1A 35t 1 25 A0 S A . 5t 4% LAl i
Br. Gk s . AL 0 R, JET SNP
Sy ARG R T FERAR M, AT LS E R — )
Fofr () A [ i B A o B 905, [ B v D s N T3t
et K B IR LA R i Al R

Bl 20 7 S mT DB T L A% 2= T fig
AP SR 1) N NS L S Pu R it
SRR AT, SR AT D bl
PR Ry — b L TR B R A T A AL I R
W J7 9 o BLas2 2 — Mooy W 2 > Ao e
o), JrZRIRVERI N W A o G, A0 R
XF AR B KA HEA 727 ), T i RS
T A FIAEAS 1) BT e 2R ) AT B . ok i 2
(R385 2P RHIE AR 2 A P AL & 2 ~J A0 39 oy 3 1Y)
FE B, BN AE A D A R Rk, AL
i o7 2] TIOR3 A B RE R 0 R R A R A
Bl 27 Al T3] ot 28 8 40U, 140 Schiavo
SR AL g 2 ) T ik R BE S E 7 DR RS
i R 19 2 SNP ARid . Miao SRR T — N1
LM, DASERE A TR AN R T,
WO BB T /N — 3k (PLS) 70258 . Hlds
2 2 B AE b BT B Y I A A4 ROk B B
YEM .

KA T8 35 755K IR AH 5L R 43 ALES &
4k 2019 4E < 15709 2020 AEegiis 2 500
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B A3 B i 205, A S A A <7 i R 5
R B £ R TR 7 s AT 0 A 4 VR L 1A
SPALE R, BCR A TR iy 3 R 43 7 (genotyp-
ing by targeted sequencing, GBTS) £ K, A SZHlE
W RS B R R G LAY SNP LR 4
AU HAT, 7 358 B R TR v s
BT RE RS, TR A K E A BA L
FHU2A SR THRGE T 3 5% KB o o B8 RS
HESEE W AT AT PR FROR , ASHIE SIS B AN [ b B
A %) 0 St R T 3 S BRI A IR R
F BB R BLES 7 2] 05 R [w] b 2
FERFINE & R TR TGRS E

1 MRS TE

L1 KESRFEREE

AL 21 DS REAREAR, Hp o h
SPAEREIAR, 12 NSRRI A R R B
TRCRFE S0 i AR A% 4 R (TR sh i s
BRI ) AT, SRAERTIE] Ry 2018—2023 4, BfA:
TE AR 119 SR A 55 T B0 b 40 1 o0 % B (XW) L R
(Zn. =M HZ). &K1 (DS). ET XM). FiE
(PT). fi4h (FD). Karilh (DYS). F+ili (ZS). ¥
SERFIAR R RS T8 . fRAh . Tk,
T AL S ANREIR 430 R BE I X 3R A R AR
(JC). GS3F3 [ $t Ml ¥ B2 #% B (Cryptocaryon irrit-
ans) HEH % Fi]. GS3RF3 (Bl btz B 17k &
# F3). GS6F2 [ #1748 Y 1] ¥ M & (Pseudomonas
plecoglossicida) £ B % F,]. GS8FI1[ $it ¥ ¥ I
(Vibrio alginolyticus) £ & & F,] LA & GS10F1 (5 {if
TKEENEE R F)), BEIEE 3 A RIETAF IR
R (XPL, XP2, XP3), MM 2 kA
TR0 0 RER (FD1. FD2), T3 14
MY FRGE R (NB), R H THER 5 GSitE
FIEE TR TS ARG BR AR T4
LR ZH BE PR AR (genomic selection, GS) 15 & HIHT
MR TIREARREAOR B 7 BT S Wl g
B LA EBERAIMIA WL 1o SRR RE P /e A
GU A ESF JE TR 2= s W) S B AR B, JF 4 IR
JE IR 21 5 M Bk 2 B s ) S 0 10 B 2% B3 25 1l
SE Ll BE A T
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AT FE H P A AR T A AR 6 22 DA 2R 0
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Tab.1 Details of population of L. crocea

s pbgE  ewepr R
site abbr. wild or not individuals
#&IE Xuwen XW 2 12
YT Zhanjiang ZJ =& 25
B Huizhou HZ = 20
71l Dongshan DS =& 13
JEI7 Xiamen XM = 16
¥ Pingtan PT & 15
T/ Ningde JC 5 20
T4  Ningde GS3F3 i 579
T4 Ningde GS3RF3 % 30
T4  Ningde GS6F2 i 490
T4 Ningde GSS8F1 % 291
T/ Ningde GS10F1 i 242
il Xiapu XP1 = 8
B Xiapu XP2 & 8
il Xiapu XP3 = 8
K#71ll Dayushan DYS & 5
&4 Fuding FD 2 28
@& Fuding FD1 5 8
4 Fuding FD2 % 8
T Ningbo NB i 830
#¥1i Zhoushan 7S & 29

T GSIF3i S AARGURIBF L 1LGSILE & F3, GS3RF34i 5%
UL B AT GSIE B R Fyo GSOF24i 5 AR AL AR 4 Ml 1
GSitH & F,» GS8F1 4 GARSTIFHINFGSIEH R F|, GS10F1
i H R IRIFIKAE IGSIEE & Fio

Notes: GS3F3 represents the genomic selection breeding line (F;
generation) against C. irritans. GS3RF3 represents the repeated genomic
selection breeding line (F5 generation) against C. irritans. GS6F2
represents the genomic selection breeding line (F, generation) against P.
plecoglossicida. GS8F1 represents the genomic selection breeding line
(F, generation) against V. alginolyticus. GS10F1 represents the genomic
selection breeding line (F; generation) having strong swimming

performance.

i DA I PP ARAT, SR B AY BT AT A M A
PRl 1o 7t 3 53R AT, Ay B A R R
P LBR iAs A7 A TR K IR B AR ) T M4 [ H AT
S 6 3 A S R B 0 RN P b e U
ity S 6 DR B £ R R A A PR RS EHE I beftools
BRI AS REAATE R RSO A 364 SNP iz 5, JF:
(0 FHAZE AR BT AT R A Y 35 PR RS0 5 it
fil ] plink ZPEXT 5 2 R B SE A7 364 SNP
7 AR HORI o P A o R A R 8 geno<
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0.01(i J& #2 SNP 43 78 AKX F 99% A SNP i i),
mind<0.1(id 38 F5 A4 43 AKX F 90% 1 4~ 1K),
maf<0.05(id I8 451 i /N 45 A FE PR IE T 0.05 1Y
SNP i 450, o 4 ] J 1 35k R R B8 FH I 4
1A

1.3 BEEEZEDR

f#iF R 42 hierfstat 115 0 42 & B (observed
heterozygosity, H,). BERPISIEZHEM: (gene dive-
sity, Hy)®". i F plink #4115 A 3¢ R AL (F)-
{8 FHl veftools ZRAFH5 LIRS YL iRk B 11 1%
HIREZHAE ().

i 3 Ay AT RER B AL S5 K R T, 43 )
1 FE RS 43 8T (principal component analysis, PCA) .
AR A3 HT (admixture analysis) Fl1 & 58 & & W4
BT (phylogenetic tree analysis). 3= ¥ 43 43 #1 fii FH
plink BAFHAT, AR A 0 Hr 6 admixture X
AT, RGEEE WM python3 B vef-kit
PESAT (RBH%) . E o o st AL 1R 5 o B 2
R R {2 ggolot2 #EAT ] WAL, RGE LB W
Newick #% 20 SO A iTOL 7648 T HEA7 il LAk

14 XEBEMREE

i 4 FhAILES 2 20 T kAT KO AR R fE A4
F R BT S 22, A0 1 o0 4 B AR 2 X 4% (Neural Net-
work, NN). K T4l (K Nearest Neighbors, KNN),
WL 1T (Logistic Regression, LR) DA K Bl
FEM (Random Forest, RF), fifi Fi] python /# keras
SCEE NN Bk, HARMZIE RSB AT, #
LM 3N EERZANR, B 12A 64 T,
552 2 32 AN AR, A 3 R RS TR,
B2 R — A AR L RO R AL, &
J& — 2 softmax TG PREL, 1R )2 i R 2t
53 BEOG PREX relus YN 25 A8 b oR B A A8 XU
R R, AL sn R Adam, 222 R E N
0.000 1, YNZEARELE N 20 K. f#iH python
J& sklearn 5238 KNN. LR 1 RF 8.3k, Sk &
¥R BN.

K5 P28 LBk 53 A A WAL 22 > Tk
srERe ST, BRI R REDLRI 202 5 0, ARUCHE
Horp 1 RIS, B IINZGREE; R
SRAE AR X AT I, R
W AW, TR R AR T IR B 4 158
That, B XA HERG R (Accuracy), DL
EEXHEEAN S ZERRE PR (Precision), 3 [F13R (Recall)
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H1 Fl-score. EMHZAE T A FI W7 IE 0 i 245 2R
SOLEEAE R LL R0 RS T AR Positive
A AN AR T S0 T it AN A BT LU, A R AR T
H S H S Positive 19144 b 3500 1F 8 (1) A4 BT
I LLH, Fl-score [l 2% JEORG i 8 A 41 [m] ¢, 4%
F 2xPrecisionxRecall / (Precision + Recall), [FH}1]
B 3 $8 41 (Precision. Recall, Fl-score) 1Y %
¥ (Macro average, &5 428 5 i AL 1),
DA B InAF- ) (Weighted average), 115 b8 Hn
B BE A5 22, i FH Python £ matplotlib #£47
TRVEHFEFE AT AL

2 4k

21 EBREESH

A TR G 356 DR R S22 B 9 TR 25 40
Ja, TN 2 685 NNMAFD 20 917 4 SNP
FIEIEEE , SNP K5 i (call rate) 7 99.65%. Xf A

[ H, I 25 ). Hy (BEIA N 8HE ZFE
). F(ARXRE). = (HRZHNE) #1TIHE,
GEWR L 2, ANFEBEAE H, 805 BITE N 0.274 4~
0.333 5, H 45 %5 M 0.293 4~0.336 8, FI5tr A
—0.0190~0.1620, 7 $8k54 0.00000630~0.00000722,
M2 EM, S¥AERE MR, F75M
R BA I e 5 B, SR N 2
BEME, TR ASCREL, LIRS I IR 2 AR
(% 1), 38 W B E AR AR S s 280, H
ARG HIG R T AR SR, X TR LUF R
PR : 1 Je e 0 LR FE bRl FH Y SNP 454
AT Hoa PR SRR A S B, BT AR
PRREA B AL RO R W5 B AE N, HOREET AR
MER R D, SIS 2R, &
FEAERE R IR 25 5 Ko AR W AE 20 tHEZ0 s
vy, it BER B S BSOS R, A RO A U
b, AT R R AR K s R 2R RRAIR

x2 BRPEERENSY

Tab.2 Basic population genetic parameters of different populations

T4 TR M2 £ P T YA 2 R HEZ R AR 2P

population H, s F T
i XW 0.291 8 0.293 4 0.108 2 0.000 006 38
Wi z1 02744 0.294 2 0.1615 0.000 006 30
I HZ 0.2949 0.296 2 0.098 8 0.000 006 43
Fili DS 0.293 1 0.2955 0.104 2 0.000 006 43
Hi1 XM 0.297 3 0.323 1 0.087 0 0.000 006 43
SEEPT 0.288 1 0.294 1 0.119 4 0.000 006 39
B JC 0.329 4 0.3278 —0.006 6 0.000 007 13
PURBRaRZ RGSIE H RF;  GS3F3 0.326 0 0.305 4 0.003 8 0.000 006 65
PR 2GS PATIE & RF; GS3RF3 0.3256 0314 6 0.005 3 0.000 006 84
BUAE A S GSIE H #F;  GS6F2 0.326 5 03175 0.0134 0.000 006 73
iIREGSIEH RF;  GSSFI 03269 03159 0.001 3 0.000 006 87
PRIFIKBE JIGSIEH RF,  GS10F1 0.327 4 03215 —0.000 4 0.000 007 00
il XP1 0.332 1 0.324 1 -0.014 8 0.000 007 07
HiH2  XP2 0.3275 0.3255 —0.000 8 0.000 007 09
H\3  XP3 03335 03311 -0.0190 0.000 007 22
f@sh  FD 0.307 6 0.336 8 0.058 5 0.000 007 13
g1 FDI 0.300 8 0.317 4 0.080 8 0.000 006 89
fESH2 FD2 03286 0.3226 —0.004 2 0.000 007 04
Kt DYS 0.3273 0.3307 -0.000 2 0.000 007 19
Fi zs 0.274 5 03119 0.1620 0.000 006 58
T NB 0.288 5 0.298 8 0.1184 0.000 006 50
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eVl 5 & 5
group group group group
B 1 FEBEFMEERANERSEEZEMN

P RIR P<0.05, 7 FIR P<0.01, “F** IR P<0.001. B2 5 AR B R A

Fig.1 Population genetic diversity between farmed and wild populations

"*" represents that the P value of #-test is lower than 0.05, "**"represents that the P value of #-test is lower than 0.01, "***" represents that the P value of

t-test is lower than 0.001. The black dots represent outliers.
22 BHFIRMEE

fEHER 0T, BIERG ARG LT
B 3 07 kA R AR AR Bt BER R st AR 45 . &
I A AT = VAN N T A G R [ PETR S R E2 LNCI DS T
R 3RS . AT . [ R ISHE RN
SR, HP RS XP, ZJ. HZ. DS,
XM, PT, [ZREHE4LE JIC. GS3F3. GS3RF3,

GS6F2. GS8F1, GSI0F1, XP1, XP2. XP3, FD,
FD1. FD2. DYS, N2 #4L7 ZS M NB B {4k
(1% 2). FAMERTES HALPT 2B ELA I R R
57085 40 ) R S 2 E B0 95% A5 W IR A7 A /N 43
HE. BERAOVREEES T UL g8, Mk
AP AL AR RS B o 2 B (k=2), BEIESRES
A 2 BE AR H EL A 3 AS [R) A AL 2 B

TR population
XW ® GSI0F1
iRe ° 7l ° XP1
0 ° HZ ® XP2
DS * XP3
XM ® FD
® PT * FDI
o X °JC FD2
K"
xQ GS3F3 * DYS
HE o1 ° GS3RF3 LA
A
,'. © GS6F2 ° NB
*°° ® GS8F1
® ©,
* 40
e g : :
oo ° HiFL[X 4 geographic region
02l OO C ¥  Nanhai
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—0.05 0 0.05 0.10
B0 0|
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2 ERDNER
Fig.2 Results of PCA analysis

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


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

BT, A

K= 2R, 2024, 48(12): 129103

k=3, A SR AR o S H At S A [ A AL
JEATH AL, 24 k=4 1, [ AR ZEEE Y GS3F3
R 225 (K3) REKR B A RBE ik
SR, BIETA BRI AR 3 3 4Ky
HbERHE (& 4), HARFR LRI 6 SRR gk
Gy R R B SHE, ER IS A i R b

DS XM

k=2

k=3

k=4

P b A [ AR R AN R RO AL S B 2

SEF o TR AR M EE SR T AR IR KA I 22 e, R
T GS3F3 LUK GS3RF3 BffRSh, HABREAIEA
B ST AR FNES R, TR LR Ay e SRR
IR (0], AN b RO Y 3R Y ZS 1 NB AR
HASBENIRINGER, L EZSREW, a7 LA
TR 3 SR TR A AL S AT

JC  GS3F3 GS3RF3 GS6F2 GS8F1 GS10F1 XP1  XP2 XP3 FD FDI FD2 DYS ZS

IIIIMIW‘"”"”""'"”’”’”“”’”'“"”M""'MNM

B3 BERENHER

Fig. 3 Results of admixture analysis

The different colors represent different ancestral components.

23 FHREE

HETHIFEEN A RS, FH NN, KNN, LR
FIRF 3X 4 FHLAS 2= 7 iaxt 21 AR 5 R 5 i
W, A B T R % (accuracy) 4391 0.939+
0.007. 0.925+0.005. 0.950+0.007. 0.914+0.006,
{HJE: A BEIRAEFP 2028 L ARE A R . 7 [l
Fl-score fA1EEE R 225 (35 3). Y ZRAE AR X 4545
RUTEREOR R B S 2 L HERf vk oA B, Y
I 25 B A B0 45 £ 1 (GS3F3. GS6F2., GSSFI1 .,
GSI0F1, NB), %5 HEmfTE4sm (NN 525k i H
KT 0.99), HEXTE 5 AT R g
R Y GS3RF3 £ B &, B I 50 KD
(n=30), #HL a2 > AR A b o 98 58 B AP AT A
T B HERRPE (NN B DR 0°R o 0.932), DL 4%
R, FEHARTTEMEN T, L%
5 1% AT DA SRR B A [ S R AR T R

X TR R S A R SR A, AT DASE B
H BT RS WS 28 o K Tl A 5 PR R S I B R
T 28 e BEGHE AU AR 3 BT 235 SRAB 2l kg s RSB AR 45
T FH R R L& 27 2 7 ik b AT M B R RS o2
IYRTAE ., 45 RAE R 4 LS ) i I REXT K
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B AN R M S E R AT e 0 B, S TN FR AR
Y1355 0.99 Lh |, X RF 7EFg M58 R H &
ZIAPEES (R 4). DL EEERE, TP
SPRnCTE s 3SRl LS BOK #E A0 K [ B S R Y
RS e, R ISP TIE 2R B fa A m] AR 40 K R
W R RS = A SR

3 Wi

b BTG UR  E EIEAT AP SR IR O . RS
FIFH A BE Al o A~ 4 2 A ol %) o o 6 050 6 o KB
Al ARy, R PR RS E , /NUE
B RIS . X F U, By T AR PR AN
JEAFRERT LIB B X A 2 48, HAr 2 5 U
I T R 3 R S DR R AR AL 2 T B
IR I, WRT LU & — 20 Fhnic dE 175 Bl
WE , — T RV (Salmo salar) WA 5
fe2wtge s, BT 12 % TR DNA FRid, 29
AR S T A AR AT 0] A I S RN I b 3R 2
Y, Magris 6% i il ddRAD U745 AR X047 F
BRFIEEE (Salmo trutta) T e T B £ 0T
5%, SRR TR SR 5 A MR (KRB
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Fig. 4 Results of tree analysis

Ll . KA RPGHE . Hhi ARG . b
1 &5 105) . Chen %87 J T 81 I 5 B AR 4575 v [ U
AE45 (Lateolabrax japonicus) B 4= BEAR W] K] 434
IR . AU LAY T A Z A 3 A R
HE, IFAZHE 2P inDel 43 FHr e v] R 2 E
JETT ARG RS R A0 R IR [ A K IR
gurm, BT HA B ENEABE RSN, B
HIRFETEARZ DY SR 58 St PRI S 22, DR MO T 25 0
R B 1 TP JBT RN R R R R B M Y R e &
KEHE, KWLk, ST I BRI R 7
B2 KT, 20 D 60 AR X H R IE A2
PR B AR R IS . T AR L AR = 3
JRHER, AR B 565 T84 S uE g i SCHER
B2 J5 2R 1VF 222738 DA A TS 1R [ S AR T AN A7
FE W] 5t A% 3 A0 PR T 5 4 A 1) B R
5 A TG A R T AN, Y M S RE . AR S
FETqhil 35 i AT R s AL 25 A 4R
KEAAAAE 3 st bW W TR, (H 54
R ) R S 2 8] I AN A A AR LM ST 1 384L
S, I DR B A () b AR 1 i Ak D SR B ) AN
i), 1R ZR S 5 A S 1) 38 A% 20 Al I T S5 1R
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AHIFSE A 08 B AR BEAAR 1) KB 20 AN AR U T Chen
LGP LT N Y 0 R R AL AT Y, AR
RS FREBARE, SEML5 RS Chen 527 (1)
WA R, X R Rt 53y 3 DB SE
FEAEM . W, AR AL 2 2 J5 ik aT
DSBS R 0 A AR B i B2 A 1Y) (R
7R IS RS TESEE
XFF/NROBE I o R Y, FLRIERE B & T
KRR MRS E o i RT3 A%
PIRFLAE 2 b Zead N T3 E I B HAT SFp e
M RFEARE S, HS5SdKE ARERT
B ML BRRR BT R IR AR E, A LR AR,
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Tab. 4 Classification accuracy of different machine learning methods for geographic groups

FEfEZR  precision

HIEZE  recall

F1#44r F1 score

1N
population #ZM  KiL4h
NN

BEAAEEE LR
KNN LR RF

MM KA
NN KNN

WHITHRER BEPGRNK  MARS KD SEGERA B
LR RF LR RF

NN KNN

i
Nanhai
AR
Mindong
Il
Daiqu
T

0.980+0.025 1.000+£0.000 1.000+£0.000 1.000+0.000 1.000+£0.000 0.955+£0.039 0.975+0.038 0.547+0.129 0.989+0.014 0.976=0.020 0.986+0.020 0.700+£0.109

1.000£0.002 0.996+0.005 0.998+0.004 0.965+0.012 0.997+0.005 0.998+0.004 1.000+0.000 1.000£0.000 1.000+0.002 0.998+0.004 1.000+0.002 0.981+0.006

0.996+0.005 0.994£0.006  0.996+0.005 0.997+0.005 0.996+0.005 0.994+0.005 0.994+0.005 0.9770.013 0.998+0.004 0.995+0.005 0.996+0.005 0.988+0.007

macro 0.992+0.010 0.998+0.004 1.000+£0.000 0.989+0.003 0.999+0.003 0.983£0.015 0.991+0.013 0.841+0.044 0.996+0.005 0.990+£0.008 0.995+0.008 0.889+0.038

average

IBCTS

weighted  0.998+0.004 0.996:0.005 0.998+0.004 0.976+0.007 0.998+0.004 0.996+0.005 0.998+0.004 0.976+0.007 0.998+0.004 0.996+0.005 0.998+0.004 0.972+0.008

average
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Accurate identification of Larimichthys crocea genetic resources based on
"NingXin III" chip and machine learning method

ZHAO Ji'?, FENG Miaosheng ', KE Qiaozhen ',  WANG Jiaying *, JIANG Tingsen', WU Xiongfei °,
PENG Shiming *, BAI Yulin', SHEN Weiliang’, ZHOU Tao', PUFei', XU Peng"

(1. State Key Laboratory of Mariculture Breeding, College of Ocean and Earth Sciences, Xiamen University, Xiamen 361101, China,
2. State Key Laboratory of Marine Environmental Science, College of the Environment and Ecology,
Xiamen University, Xiamen 361101, China;
3. Ningbo Academy Oceanology and Fishery, Ningbo 315048, China;
4. East China Sea Fisheries Research Institute, Chinese Academy Fishery Sciences, Shanghai 200090, China)

Abstract: Larimichthys crocea is an important commercial fish in China, with an annual production of more than
250,000 tons in recent years. L. crocea is extremely rich in genetic resources, which consisted of wild populations
distributed in natural sea areas and breeding lines obtained through decades of selection breeding. There is an
urgent need to develop an accurate genetic identification method to distinguish different germplasm of L. crocea to
efficiently protect, manage and utilize L. crocea genetic resources. However, the lack of high-throughput genotyp-
ing tools for L. crocea and the lack of representative samples of geographical populations have made accurate
identifiing genetic resources difficult. Based on the previously developed 55K liquid SNP array ("Ningxin III") for
L. crocea, the present study aims to carry out genetic identification for 21 L. crocea populations, including wild
populations in coastal China, cultured populations in Fujian and Zhejiang, and multiple breeding lines. The results
of population genetic analysis revealed that the L. crocea population could be divided into Nanhai, Mindong and
Daiqu populations, among which the genetic differentiation of the Nanhai population was the most significant. The
classification results of large yellow croaker populations based on machine learning methods showed that the iden-
tification accuracy rate of the geographical group to which unknown L. crocea individuals belong was more than
99%. The breeding lines to which unknown L. crocea individuals belong also had a very high identification accur-
acy rate. For example, after three generations of genetic selection, a new strain (GS3F3) that had strong resistance
against Cryptocaryon irritans had an identification accuracy rate of 99% based on the neural network method. The
present research showed that "Ningxin III" chip and machine learning methods could be used to implement quick
and accurate genetic identification for L. crocea. The present study provided an effective tool for accurately identi-
fying and managing the genetic resources of L. crocea, intellectual property protection for breeding materials and
lines. Also, it provided a reference for the genetic identification of other aquatic organisms. In the future, it is
necessary to establish a complete database covering all L. crocea germplasm resources and genetic identification

standards, and develop a supporting visual computer program to perform identification work.
Key words: Larimichthys crocea; "Ningxin III" chip; germplasm identification; machine learning
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