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fyi o O O DR AL S R A A, T SR RS RN A B
WG TRA, TE R Z AN R W B . D& F AL B
BRI 2 Wl , WIS TREIY 2 &
DNA(RAPD)F A K f# L& DNA FRicHI 2 Hr (i A3 R
%, 2007; 13255, 2009) 40 A Z b 3 PRI il X 35

14317 (Liu et al, 2006) . Lo ki ALK 2 5317 (Shan et al,

2016; Gong et al, 2020)4% .,

Bifi A e 2 I R R B PR R, 1 2 AR
1) T BT 25 R Ya N R R sHE 5T, g i1k
FE I ZH ¥ (reduced-representation sequencing)f AR . it
ok, BORBZ IR E N, IR A B BT
BRI BU R, BAS . BRE TR RS
A 875 5 B 1, X R W 3K v 1 6 A 85 1 o R AT N
TFRFE(BEZR A, 2000) . by b DX 7 iy i o 119 K 6 4
JUFRAE RO E SR X A8 SRR T AN
Wi, AHEFEAE Zhao %(2017)%F H [ [ SR, 12 44K
fiys B A R AL A Ay BT A5 R By AL B, AT
ddRAD (double-digested restriction-site associated
DNA) &7 £k J 5] 28 30 7 5 AR % 38 [ 48 B 5 3 A A i1 7
AL S AT, LAIBINS F [ A6 B 32 5 1 IX 1) o J5
RVFHEAT R0 X 53, R JE S AR S R F T AR SR AL
WA

1 MEE5AE
1.1 Kewr#

SIS HILARGH BT S XBORE®R . &
T A BB K = R BR SR AR . W7
ML A BN W) 4l [t o T i e Sl P17
HRRAF . LB B | AR BURHER) .
R LB G BREE = AD VR 2R (BRI F1 a0k F 5
B 1) R EAEARAS R fay, HAFEARY )
fi, 9l4ar4 4 QD, DY. NB, FD. ML, QDZ.
DS fil DM, [ iR Hl X RAE BFEA I 86 4~ (F 1).
K 200 mg/L () MS-222 4 1€ 5 bR e Je , HUIE 46 4%
(AR T A TR B2 1.5 mL MBSO, 78 R4E
645, /3T 3h, 6h, 24h, 72h, 7d. 30d
BT OBE, VIARIERE S DNA [F)5 & .

1.2 E[FZ4H DNA £E

PP FE R 2 DNA SR A% 58 i i — A7 1 4 i H%
VIFERILH 5 500 L 4 i 23 A1 20 pL & A K
(20 mg/mL)7E 56°C #1424 2 h (I 4F 0.5 h iR
AR, HEBOETWRIAMIKER), R 37C
Z4F T A 2 uL RNaseA(100 mg/mL), /¥ 30 min,

B 5 FHAFAR R Tris- P11 43 25 45 (iU A DNA, Jf
SR ED/ FNERABRES )RR
DNA, 7E-20°C4& M FULTE 2 h, BO0UEIRRNA
DNA, Hl 70%ZBEses 2 R, T, HFHEEREMT
20~80 pL DEPC 7Kk, BJ5, ffi/] NanoDrop2000
(Thermo Fisher, Waltham, 3&E)XJ#£ 5 DNA ¥ A
TTIE ,, A% DNA AL Assonso B Assonso TH AT HITE
1.8~2.0, 2.0~2.2 Ju [l PR 1.0%35 gt B i L vk s
TMIFE R 4] DNA 5234 FF . DNA FE 520 CIRAE

1.3 ddRAD X EMHE

ddRAD SCE #5712 Peterson 55(2012) A
9%, 5=, J EcoR | -HF Hl Msp | Wfk4
2.5 pg FEH4 DNA, KA IE 4 3454 Fl barcode
Jf 5 EcoR I -HF EYIN s 21 P13k DLl A R
451 1 5 Mspl B YIS G5 B0 P2 823k A T
H, RJEiE T PCR HEATRLIN . Bl K 86 ANFEMIRA
A4 0y, A AmpureXP ¥k (Beckman A6388 1)1 74l
k., &1 E-Gel &%t (Invitrogen G6500 F1 G6400)H1 vk ,
[ 255~430 bp ) DNA kB Bififg 4T 30 AMEFR
f) Index PCR #"14, FH AxyPrep DNA HEJKE [,
# £ (Axygen AP-GX-50G)[Ellt PCR H Y FBE, ASL
L ST 4 4> ddRAD SCJE, 4 Agilent 2100 A= 4950
F o RGERINS 46 5, SR 150 bp paired-end %%
i ] Tllumina HiSeq X Ten F- & #4711 .

1.4 SNPfIEZIERSE

RIEA R AFFR ) barcode-index ZH4E, FH
Stacks v1.46 (Catchen et al, 2011, 2013)% {4 X} clean
reads BT R 430 U8 24w KA reads
(quality score<10)FIEIRI AN 1) RAD-Tag, MiIBR%:%
reads 130 bp LIS HIFH, FALVFRIEEETECECN 1. A
NCBI %4 % T 2146 5 5L R 41 5088 (GenBank  No.:
GCA _004028675.1), ffi[l BWA #{(Li et al, 2010)
WA ARR) RAD-tags 5160 IL R HE1T LT, #5
e S . ARG IR Stacks AUFRUETRFEEST SNP
24 (Catchen et al, 2013). FIH] PLINK 3 JEH A
FEA BRI SNP 5, 0.05 A hydic /N a7 3 R 3 R
) 9 (L (Purcell et al, 2007), 4 84 T K ({37 o5, 75 78 1
80% M) 43 BT AR H R 43 R AL ) o

15 BEEEENSNT

XL SR REARAE A 4 A, 153 23,258 A4
SNP 43, 454 Zhao Z5£(2017)%F 12 ANAE 7 25 FEAAR
(BT (R T FUEE YT)., EiCUE WD, X
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Fig.1 Map of sampling location of wild and cultured spotted sea bass populations (Modified from Zhao et al, 2017)

B P AL PR R R IRFEAE TR (QD: T 85 DY: AR¥E; NB: Tl FD: fifh; ML: MpleBT; QDZ. HifRHi;
DS: ZilIE; DM: 3} REFREFOREAELGRHATI: Kt YT: MG; WD: SC8; LYG: #Exi; LS: BI;
ZS: Sy WZ: WM ST: dilsk; ZI: VT HK. WEHEWE; TS: Zili; FC: Bi#). TH
The red letters in the figure show the cultured spotted sea bass populations (QD: Qingdao; DY: Dongying; NB: Ningbo;

FD: Fuding; ML: Meiling; QDZ: Qiaodong; DS: Dongshan; DM: Doumen); the wild spotted sea bass populations are showed in
the black letters (TJ: TianJin; YT: Yantai; WD: Wendeng; LYG: Lianyungang; LS: Liisi; ZS: Zhoushan; WZ: Wenzhou;

ST: Shantou; ZJ: Zhanjiang; HK: Haikanggang; TS: Tieshangang; FC: Fangchenggang). The same as below

®1 FMATHE JdIRAD X EM LS FEBF R
Tab.l Number of samples of cultured spotted sea bass populations used to construct ddRAD library

HbA5 Location HHQD  AEDY TIUNB  fEghFD  iBISEH ML #i4A8 QDZ ARILE DS 3+ DM
%% Number of samples 10 12 10 10 14 10 10 10

152 iAEAH oM W Jofdi il PLINK %1
(Purcell et al, 2007)#E 1 TR S5 4450 HT (Tang, 2010),
Maxiter & threshold 245 E M 10,000, 1B
AMAEECGE N 2, 3. 4 =AMEDL T RIS, SRS R
5 T Y barplot pREGHTTZH

153 @t 4teadr  FIH GenAlEx 6.5 {45
AL /8 BU(Fs) (Chang et al, 2015), FEPH 2550k

W LYG A LS). ZRifE(FHL ZS AR WZ). B
WGk ST FIHEYT. ZD) AL &6 G B HKG . kil
W TSG Pk FCG)IM Ay SNPs {5 B, Xt
20 MEBTREAR AL S5 AT 8T

151 ZRH M fdiFil SNPRelate R %141
(Zheng et al, 2012)H Y snpgdsVCF2GDS KT+
155343 #1 (principal component analysis, PCA). fifi

snpgdsPCA PRECHT R AFE 7 5 19 . >R Galinsky
FE(2016)42 i RYBEHLIA R T ALz 58 . PCA 45 2R 48 1]
ggplot2 R FH #1142 K /R (Villanueva et al, 2019).

ZH0(Gg) (Wright, 1965)F1i5i L1 25 (Deg) (Nei, 1973){H
PEASTEAR R s AL ok, o, BENTERGY SNPs $57
PRBEE NNT 25%.
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2 #R T 05 AR A BE AR B Y 219 B AMA(Zhao et al,
‘ 2017)i#k4T PCA 43 Fast A% 240 43 43 At (B AR L5 GE A
2.1 SNP {ii & %% RERR 5 SR AR, S5 ULIE 2 fiE 3. Zhao %

RO IR KT 86 A 60 DNA RE A (QOTTVRHEFA BEVRIO TS MW7 46 22T, 340t v
AT dARAD SCRHIEE, ZF AR T raw data iy SOBICHBEY 3 ABRIACRIE . KR & FISCH) RALH Y
1 83 G Lt M HORIEIE, 3 RS Rt > 3 DRRIRCIERENE . BRIV BRI )TD AR 2 AR
BHBE . BWA LA HEX) 9F 44 mapping ratio A 33, RO E SO AT AR DT RE VR A
90.32%. MATHEAGEEEN 1.1%, Miopyy  WEERE . B Rl L il mEIE R
W VR 33 X, JL3K7 83 FBAMARY) 23,258 4~ sNp AP RESONTIRIRAREER . BT PCA 2
i T B A R, WA WL RRER AR § A AR

‘ ¥ 5 B A AR RER I (2 701605 5, TS 1 50
22 REFASHEREOBRENIT A, 8 AR R A0 RICE R B

XHAWESE SNP 43 BBy (O FR AR IR 83 2 [IRAA 2B, RIAIIRAL SC R BN HGE (K 2).
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Fig.2 Principal component analysis of genetic structure of cultured and wild spotted sea bass populations

AEMECL: BORK; T BEEDH AFREEARQD: F5%; DY: 4%8; NB: TU; FD: f&44; ML. ISH; QDZ: AR
B; DS: ARILE; DM: SR10); REAMGE PO B AERA . JLOrRRE(TT: KHE YT: MG WD: SC8); hfFiiLYG:
HERAE; LS: B zS: fril; Wz 38BN ST sk zJ. BYL); M REMHK: W, TS Zkilid; FC. BiEiE)
The red box (up: enlarged image; down: original image) in the figure shows the cultured populations (QD: Qingdao; DY:
Dongying; NB: Ningbo; FD: Fuding; ML: Meiling; QDZ: Qiaodong; DS: Dongshan; DM: Doumen); The wild populations are
shown in the black ellipse: Northern populations (TJ: TianJin; YT: Yantai; and WD: Wendeng); Central populations (LYG:
Lianyungang; LS: Liisi; ZS: Zhoushan; WZ: Wenzhou; ST: Shantou; ZJ: Zhanjiang); Southern populations (HK: Haikanggang;
TS: Tieshangang; FC: Fangchenggang)
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Fig.3 Genetic ancestry analysis of wild and cultured spotted sea bass populations
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Fig.4 Genetic ancestry analysis of eight cultured spotted sea bass populations
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PSR BRSO ) L R st 22 5
5 iR PCA 545 - —2(E 4).

FEMLIEHL 8191 ~Er i Y SNPs F T FRAEREARY
WAL AT, BEARM L 50 3 ME(Fs. Ga.
1 Do) RABIM (FE 2). W 2 Fizs, BEUKIEIAY Fg TEFRN
0.025~0.051, Gg JLFEH-0.003~0.040, Dey TN 0~

0.004, FRAFACH LR AP T B ARIE £ 5. ML,
QDZ FIHABREARE] Fg (E3<0.05, FEAE 1814 22 5
EREN. LR, B 8 NMENTFRIE R R s L
ZFRUN, BN B TR AL, Hoh DR
U L b DX ) 5% B A B 7 A 5 EL Al 7 A 1 3 1% B S

BRI,

R2 THIFREREE Fy. Gy M Deg E AL L TR FES AT IAR IR P E LU L)
Tab.2 Pairwise population matrix of Fg, Gg, and Deg values (below diagonal) and corresponding P values (above diagonal)
for cultured spotted sea bass populations

yE| EZIN H T T ARR m&E BRARE RE s
Items Population QD NB DM DS FD QDZ DY ML
BB 5 H QD 0.124 0.561 0.405 0.489 0.024 0.256 0.002
Fs Tk NB 0.031 0.293 0.686 0.744 0.014 0.011 0.002
317 DM 0.031 0.032 0.617 0.997 0.020 0.250 0.002
A E DS 0.028 0.028 0.029 0.445 0.014 0.196 0.001
&4k FD 0.028 0.028 0.027 0.027 0.024 0.575 0.001
B 448 QDZ 0.043 0.045 0.044 0.041 0.041 0.005 0.001
R DY 0.027 0.028 0.029 0.025 0.025 0.040 0.001
M4 ML 0.040 0.039 0.041 0.038 0.037 0.051 0.035
HEESIMEREE  HS QD 0.124 0.563 0.402 0.477 0.024 0.261 0.002
Gs T NB 0.001 0.284 0.698 0.745 0.014 0.013 0.002
3117 DM 0 0.001 0.618 0.997 0.020 0.269 0.002
ZRILE DS 0 0 0 0.445 0.014 0.199 0.001
T4 FD 0 —-0.001  -0.003 0 0.024 0.589 0.001
B 448 QDZ 0.016 0.016 0.014 0.015 0.015 0.005 0.001
KRE DY 0 0.002 0.001 0.001 0 0.015 0.001
Ml 4H ML 0.017 0.015 0.015 0.016 0.015 0.029 0.015
LI B #HE QD 0.124 0.563 0.403 0.478 0.024 0.261 0.002
Dest T NB 0 0.284 0.698 0.745 0.014 0.013 0.002
317 DM 0 0 0.618 0.997 0.020 0.269 0.002
ZKILE DS 0 0 0 0.445 0.014 0.199 0.001
5 FD 0 0 0 0 0.024 0.589 0.001
M55 QDZ 0.002 0.002 0.002 0.002 0.002 0.005 0.001
E DY 0 0 0 0 0 0.002 0.001
A4 ML 0.002 0.002 0.002 0.002 0.002 0.004 0.002

TE Bk A5 A2 B B AT s

Note: Significant distances were shown in bold
3 Wig

KT GF R B R L, AR A
M, DAAE R B9 3 2 58 T BR A 3 P2 bRl
(Jiang et al, 2010; Zhang et al, 2016) . ZZki{k DNA %
%](Wang et al, 2017) 5% SNPs Fric (5% (Wang et al,
2016; Zhao et al, 2017), ItAh, Zhao %5(2017)H 4%
21 SNPs X 1 [E Wi [ 58 20 A1 9 B A= A6 o AR A 7
TG AR B L A5 A S B, UESE T B il A

AU B P A AR ) A B R st e 25 5, IR X T
77 . BRI R A B . AR ddRAD £
A, FFLILRA K EE SNP FRicxt 8 A [a] b H
VR A6 5 5 B R ()38t A 25 A AT BT, LA 3R
[ = BESR A AR ST R Fh TR IR . PCA S Mr 25 5321, 11
5 WHT . MR R HBIX 1Y 8 S FRIE BRI 5 B A
A7 AR (R A7 2 I 35 st AL oAk o NS 1 = Risr
K, 8 NIRFHBER G RE . M0 FISCS B S
B R B AR AR AR ) a5t A% 22 S /N, SRIAIRE C R
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W) 8 MALHTFRAAREARSEAT 1 PPk I 3845 540 43
Bro GRRW], FRAERFR M B A% 22 S/, (HAdL 3
—ERREE IBAL Ak, Hor, TR DX M 2R B AR
WEHLAY 2 A FREEFEIA S HAD IR R A ] Fo (H ) BL 2
FFES . AUFEEE RS 2 M AL B 5% 58 S PR DU
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e R JEE ) R SRR A G ol Ay e ) A B o £ R
e () — A rp gl ECAL ST AOR I S
RE AR

Zhao 55 (2017) % 3 [ 95 ¥ 48 b7 B 21 HEAR BT 50 45
BB, 12 DR AL AR BN, Fey P34
7 0.030(FEFE 2 0.015~0.057), Fe AR A2 5 B AE
TRV TR AAC ], 1T e e 199 22 S 10 IR AE B L S R 5 ) T
ARER . 5P EOFSEEE AL, ARFRETR R, &
FEFH AR A5 AL 7 AR B RAIK, Fo P30 0.034(3E
il 0.025~0.051), #RARAYZE S AR E SR
AR SIREUARTR] T 5 ey 1) 22 S 1 BEAE AU BEURIATE AR B
FRIAREAR . [RIAE, AR B AL b C S e iR,
1 BL [ HE % 181 (Leuci scus wal eckii)(Xu et al, 2016), Kk
P fifi 11 (Dicentrarchus labrax)(Tine et al, 2014) 1 [i]
Y 5 24F (Chlorostoma funebralis)(Gleason et al, 2016)
MIRIFSE AR IE . FEMEYI RN D, A BT LU i
TGN s AR IR G, X5 R0 25 [ B T R 00 it
125 ARG o ARBHAL 4 AR, b [ 46 65 55 5 1A A7
TR 5 1 5 PR Bl RSt AR TR o ASBIFSE X v ] 4 6 52
BEFRHE M D RIS A HEA T R XAy, Bl T R
sl ZREPERYBIFSE T s, T J5 S48 it 5 B R Y
Ty, B TR AR
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Genetic Structure Analysis of Different Populations of
Spotted Sea Bass (Lateolabrax maculatus)

ZHANG Kaigiang', CHEN Baohua’, YU Peng', LI Yun', QI Xin', LI Jifang',
ZHANG Meizhao', XU Peng?, WEN Haishen'"

(1. Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdao, Shandong 266003, China;
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Abstract The 86 spotted sea bass (Lateolabrax maculatus) used as experimental subjects were
collected from eight main cultured populations, namely Shandong Province (Qingdao and Dongying),
Zhejiang Province (Ningbo), Fujian Province (Fuding, Meiling Town of Zhangzhou, Qiaodong Town of
Zhangzhou, and Dongshan Town of Zhangzhou), and Guangdong (Doumen District of Zhuhai). Based on
the reported genetic background of wild populations of spotted sea bass, we conducted a genetic structure
analysis on the eight cultured populations using the double-digest restriction-site-associated DNA tag
sequencing and simplified genome sequencing analysis technology. The results of a principal component
analysis and genetic ancestry analysis (the best clustering K value is 2) showed that there was little genetic
divergence between the eight cultured populations and the wild populations of Tianjin, Yantai, and
Wendeng in Shandong Province, indicating that the germplasm sources for cultured spotted sea bass are
mainly the Yellow Sea and Bohai Sea. The results of the genetic differentiation analysis among the eight
cultured populations showed that there was significant genetic divergence between the Meiling Town and
Qiaodong Town populations in Zhangzhou and other cultured populations, indicating that a certain degree
of differentiation appeared within the identified cultured populations. The results provide a reference for
the analysis of the genetic structure of cultured spotted sea bass populations from Shandong to
Guangdong (north to south), and provide a basis for the protection and improvement of spotted sea bass
germplasm resources and breeding of spotted sea bass.
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