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FHELEEIERAEEN 0463~0.630; - BB FERNERE T, EHEES ML EME EY
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SRR % R HoA R MG DAL O e 12 X 2 A TES 1.
PR FRIC (Microsatellite) 2 2k FR i 14 il 4] F BX 123 3 AWM ITEZZN Y I 3 fen B0 TEY]

K ZBMERFLP)Z S5 55 AR L 4ric . T HAE
HREAYFENA ATz, SIEEERs . Bt
AL AR A, TR I N A 3 AR A B RS A
M SRS OC R E MR 5 L2 554U (Dewoody et al,
2000; PMKOCEE, 2008), il TAEPRICTE 2K e 24
PEAFFE R8Tz I (RN AR, 2006), HAEZEE
BRI BAL 4540 7 T A S B AT 1 2400 . EAh 4B
I B T8 B b 1 0T 38 30 T8 R ) = ¥ (Alliabadi et al,
2008) . %% [ (Phinchongsakuldit et al, 2013) ., 3% FE %
16 )+ (Darden et al, 2014) . BaT474F i A1 55 i H7 7% (Divya
et al, 2019)%5 Hh 25 fa B A RO 1) 38t AL Z2 M Fn st %
SERUEAT T W, SRR, R KSR K A
R R R e 2 REE . XI5 (2008) . T HER4E
(2010)43 51k v [ i i YL 0 9 A S £ 4 £ AR i
B AR IR A R A R AT A AR )
Mro G55 BN, 728 MR S RIRBHIAR B L 451
FRIEREA —3, HHEAB BT 2K,

it — A M A B TAE, AR
RV RN S ADEEE IR R AR A IR S
FIAT 12 D28 T AR O R B AR S S Z 5% 5
Br, B 76 I B 258 0 SR R AL S5 A R,
i RFIET . PR R) SRR 2R R

1 #wREFE
1.1 #FRSRIE

T A 37 B TR R B B HE L 3F 5 B AR (BH)
30 B, BR/KFRFHBEAR(LS) 30 B . TR FRFEREIA(NZ)
30 J& . B FRAE R (XW) 20 A =T F 5 BEIA(SY)
64 B, it 174 B, B&BHRN A ARz R R
T VE R 2R I B SR B AT 35 B RN AR A, 38 a5
R R A R AE  RAFAE 95%M LT, T-40CHik
T2, FTIEF4 DNA 421,

1.2 L H*E

1.2.1 % P21 DNA#9 32 B S 56 K Fl Mamiatis 55
(1985 “M—A M7 R4 ML N4 DNA, H
1.5% 1) B IR R J5C L RS DN, 1) PR et A e 93 B A
M E e E, —40°CIEFE .

1.2.2 #HIEEZ3 8 iHik AR DRSS
% Renshaw %£(2005), 3L 35%}, M4 TAY TR
OB ABRA TS M. UL SY [ 48 R kLN
DNA FBARHEATY 3, P38 YR 8%IEATE RN
s TG i 56 G P, K G 000 R i TR AR e A e e L8, ARl 2%

B 12 XHC RS IE 519 S umdE T M13 B E
18 i (5'-AGGGTTTTCCCAGTCACG-3'5, 5'-GAGC-
GGATAACAATTTCACAC-3"), I & WA 8] ¢ %) i
M13 38 5 190(5"3% ] FAM 88 HEX 98GR FRIC) . LA
2 AN LR 2] DNA BRI {L PCR #4551, &
M Schuelke (2000)=51¥)iEXF 174 D4EE AR H
DNA #417 PCR 4" # .PCR X W 1A & 4 20 ul: 10 x PCR
Buffer 2.5 pl, dNTP (10 mmol/L) 0.5 ul, Taq fif(5 U/ul)
0.5 ul (RR001Q, TaKaRa), M13 iE [ 5[#(10 umol/L)
0.1 pl, RESI¥(10 umol/L) 0.6 ul, MI13 @5 |H
(10 pmol/L) 0.6 pl, DNA Fiff(10~50 ng) 1 ul, TG
EBFK 142 ul, PCR ¥ HEFEF . 94°CAEYE 4 min;
94°CAE 30s, T4 HIB KIRE TN E M 30s, 72C
FEff 30's, 27 AMEH; 72°CHEf 8 min, PCR =4k
WS, MRIEAATIED, B ht e B R PR PCR 7™
Wik 2 MR — W I R A B R T 56 R 4 A

1.3 HEsITRSH

SN FEIBU(N,) . A REA B EL(N,) . Shannon
FER(H) . FEPIR (NG o 58 REU(Fy) « isE B2 (D)
F3g AL ALLEE (1)K F PopGene3.2 458 AL ; 18 H
Cervus 3.0.7 /4 (Kalinowski et al, 2007)315#. 3 112
FRic W 2 & BE (H,o) . BB 5 BE(HO M2 55 B &
17 (PIC) 558t % #2410 ; Genepop version 4.0.7 #X{4F3E4 T
W 3H VR ATk (Hardy-Weinberg, HWE)R; FSTAT #f4:
R AR R s iR B (R s R
ARLEQUIN3.1 4 XF 2% 758 0 B AR 4 J7 22 0 i
(AMOVA), IfIETF Nei's jf% MBS AR A XA
V¥ (Unweighted pair group method with arithmetic
mean, UPGMA), i HH MEGAG6 {4k R BEIARE] (1) &R
Gt .

2 #R

2.1 RS fEEsEl

R 35 58 TR s G B 6 s AN PR AR e €00 i ) 2% I
B AT BE 1206 i 2 51 T ARG (1), BEA
PCRY™ 8 7= 4 22 K I J 306 £ T K — g e 5 PR B
B R G AT RL P A0 3 12 TR S i 2 S S
BN GETTas S W22, 125 il 1R 7 54 42 fa FR i i
P LA I 2 12944507 36, Hirf, Real-DOSA 4
(R 4547 i R BB 22 (N,=16), RcalB-A10FIRcalB-D09
A7 B e (N,=6) 5 WL 2% & B (H,) 2 0.218~0.805,
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Tab.1 Information of 12 microsatellite loci in this study
AN \ ‘E 2 ?E B3 s —
fis B 75 BIF 5 (5~3) LS 7
. . . Annealing
Loci Repeat motif Primer sequence o Marker
temperature('C)
Rcal-A04 (CA)o(CACT), F: CACGCACATGCACTACTTTAACC 64 FAM
R: GCTGTTGATGTGGCGAAGCAAC
RcalB-A10 (GTT)s F: GCAGCCCAATGCTAACAAGCC 62 FAM
R: CATGTAGTCAAGCGAGCCACG
RcalB-C06 (GATA)y F: CCAGCATATCTCCTCTCAAGA 60 HEX
R: GGCTTGAACTTAACTACAGCTCCT
RcalB-D09 (GT)9(CTGT),(CT),(GT), F: CAGCCTGCTTAGCCTATCA 58 FAM
R: GAAGGATGGACCACTTGTGAC
RcalB-D10 (CTAT)s F: GCAACTGCCTCCACCAATCA 64 HEX
R: CATGTGCATCGAAAGACAGAGA
RcalB-E08A  (CA);GA(CA)sA(CA) 6 F: CATATCAAGTCAATATCACAGACC 62 FAM
R: CCACGGAATAGCAGACTTTCTC
Rcal-C04 (GT)y; F: GACATCAAGTGGCACTTTG 60 HEX
R: CACTAAACTTGTTCCTCCTG
Rcal-D08 (CA)yo F: GCTTGACTCCAGCTCAAAC 62 FAM
R: CACAAGGACGAGCCTCCA
Rcal-E05 (CA)0(CGCA)4(CA),(CGCA), F: GCAGTCGAGACGTGACTGAACGA 62 HEX
R: CGTGGAGCTGCTCTGCAGGA
Rcal-F10 (CA),CG(CA),CG(CA), F: CCGTTCTGTACAGACGTGAAC 62 FAM
R: GCCTGTTGCTGTTTCCTGTCA
Recal-GO5 (GT)y; F: GGGCTGTCTGCTGGCTGTAA 62 FAM
R: GCATCTGTGTCCTGGTGAGAGTC
Rcal-H09 (GATA);; F: CATGTTATTCTCCAACTCATGG 62 FAM
R: GTGTATCCGCATACTTTCAG
F2 RMISALEWMBEEZHESE
Tab.2  Genetic diversity indices of 12 microsatellite loci in five cultured population
i AREEA ARCERD WA WA Shannon  EEME MK EXRMK
Loci N, LR N, H, H. 8% H % & PIC Ny Fis
Rcal-A04 9 2.921 0.437 0.660 1.262 0.593 0.900 0.197
RcalB-A10 6 2.051 0.586 0.514 0.950 0.459 2.485 -0.234
RcalB-C06 14 4.860 0.690 0.797 1.829 0.766 1.105 -0.026
RcalB-D09 6 2.120 0.462 0.530 0.919 0.451 4.384 0.111
RcalB-D10 13 6.274 0.741 0.844 2.070 0.823 1.702 —0.043
RcalB-EO08A 7 2.259 0.385 0.559 1.054 0.509 0.812 0.160
Rcal-C04 13 6.255 0.632 0.843 2.143 0.826 1.110 0.112
Rcal-D08 16 5.414 0.672 0.818 2.081 0.800 2.519 0.090
Rcal-E05 10 2.580 0.218 0.614 1.342 0.583 0.626 0.475
Rcal-F10 15 5.065 0.667 0.805 1.896 0.777 2.474 0.061
Rcal-GO5 9 4.425 0.534 0.776 1.724 0.747 1.583 0.240
Rcal-H09 11 4.056 0.805 0.756 1.640 0.717 1.950 —-0.200
F-H#{H Mean 10.75 4.023 0.569 0.710 1.576 0.671 1.419 0.068

FEIME 0.569, WA RE(H)H 0.514~0.844, -
YIHEHR 0.710; 285 & #(PIC)H 0.451~0.826, 1
PIEN 0.671; 12 METE S ANZEE IR AR 1)

1T 28 BB (Fi)YE [l o —0.234~0.475
308 5 NEE M IFEFBERLE 12 M5 Y
e RS, Hd, 5 TR B34 S5 47 FE X
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BRI N 6.167. 4167, 3.833. 6.083 Fl1 6.750; V-1 0.664 F1 0.681; ~FHIWIM 24 & FEKIK N 0.519, 0.575,
R BB Ul 3.253 . 2.525, 2.284. 3.578 0.481. 0.558 F1 0.635; FHLEIEHEHIKKH
1 3.645; FII IR A FEAK IR R 0.611.,0.541,0.533 0.568. 0.474. 0.463. 0.605 Fl 0.630,

R3 SONFEEFEHEKE 2 MISHEEZHEMESH

Tab.3 Genetic diversity indices of 12 microsatellite loci in different cultured population

FEAR 57 45 sEfr R ARCREOL O WINZsAE WA ZBFE ERLAN HWE Vi
Population Loci N, FEH N, H, H. 4 PIC Fis P

1tiF BH Rcal-A04 5 2.659 0.367 0.634 0.587 0.412 0"
RcalB-A10 3 1.439 0.367 0.310 0.268 -0.202 0.634
RcalB-C06 6 2.105 0.500 0.534 0.497 0.048 0.034"
RcalB-D09 3 1.653 0.433 0.402 0.347 —0.097 1.000
RcalB-D10 8 3.742 0.700 0.745 0.691 0.045 0.215
RcalB-E08A 3 1.144 0.133 0.128 0.121 ~0.057 1.000
Rcal-C04 7 4.675 0.667 0.799 0.754 0.152 0.003™"
Rcal-D08 10 5.422 0.733 0.829 0.792 0.101 0.382
Rcal-E05 6 3.422 0.433 0.720 0.653 0.388 0.007""
Rcal-F10 10 5.070 0.600 0.816 0.777 0.253 0"
Rcal-G05 8 5.357 0.700 0.827 0.788 0.139 0.090
Rcal-H09 5 2.350 0.600 0.584 0.539 ~0.045 0.678
44 Mean 6.167 3.253 0.519 0.611 0.568 0.095

K7k LS Real-A04 4 2.128 0.400 0.539 0.421 0.245 0.020"
RcalB-A10 3 1.653 0.500 0.402 0.347 —0.266 0.392
RcalB-C06 3 1.867 0.467 0.472 0.419 —0.005 0.121
RcalB-D09 2 1.897 0.433 0.481 0.361 0.083 0.703
RcalB-D10 4 3.340 1.000 0.712 0.646 —0.427 0"
RcalB-E08A 3 2.651 0.367 0.633 0.544 0.411 0.0017"
Rcal-C04 3 1.753 0.567 0.437 0.371 -0.320 0.207
Rcal-D08 10 4.800 0.733 0.805 0.765 0.074 0.0017"
Rcal-E05 2 1.105 0.100 0.097 0.090 -0.053 1.000
Rcal-F10 7 3.719 0.933 0.736 0.682 -0.277 0.003™
Rcal-GO5 3 1.779 0.467 0.445 0.367 ~0.066 0.012"
Rcal-H09 6 3.615 0.933 0.736 0.679 ~0.290 0.015"
FH{H Mean 4.167 2.525 0.575 0.541 0.474 —0.074

XY NZ Rcal-A04 2 1.069 0.000 0.066 0.062 1.000 0.017"
RcalB-A10 2 1.684 0.567 0.413 0.324 -0.395 0.066
RcalB-C06 6 2.394 0.533 0.592 0.540 0.084 0.002™"
RcalB-D09 3 2.253 0.500 0.566 0.469 0.101 0.142
RcalB-D10 3 2.133 0.533 0.540 0.421 ~0.004 0.020"
Rcal B-E08A 4 3.279 0.567 0.707 0.647 0.185 0"
Rcal-C04 5 2.521 0.567 0.614 0.543 0.061 0"
Rcal-D08 7 2.332 0.533 0.581 0.548 0.066 0.089
Rcal-E05 3 1.732 0.233 0.430 0.357 0.448 0"
Rcal-F10 4 2.844 0.667 0.659 0.581 ~0.028 0.722
Rcal-GO5 3 2.182 0.167 0.551 0.460 0.692 0"
Rcal-HO09 4 2.985 0.900 0.676 0.603 -0.353 0.154
4448 Mean 3.833 2.284 0.481 0.533 0.463 0.155
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VN A7 15, SRR ARG WIZea R WA Z2BEA AZRZB HWE A
Population Loci N, FEH N, H, H, & PIC Fie P
#: [ XW Rcal-A04 5 2.640 0.600 0.637 0.562 0.034 0.003"
RcalB-A10 3 1.515 0.300 0.349 0.314 0.118 0.320
RcalB-C06 9 5.882 0.900 0.851 0.808 ~0.084 0.243
RcalB-D09 4 2.447 0.400 0.606 0.524 0.324 0.071
RcalB-D10 8 5.517 0.800 0.840 0.795 0.023 0.002"
Rcal B-E08A 2 1.835 0.400 0.467 0.351 0.121 0.633
Rcal-C04 10 5.333 0.550 0.833 0.790 0.323 0"
Rcal-D08 9 5.839 0.750 0.850 0.807 0.095 0.187
Rcal-E05 6 2.031 0.250 0.521 0.473 0.507 0.004"
Rcal-F10 8 5.000 0.700 0.821 0.774 0.125 0.182
Rcal-G05 5 2.817 0.450 0.662 0.598 0.302 0.001"
Rcal-H09 4 2.078 0.600 0.532 0.468 -0.157 0.134
SEH4{H Mean 6.083 3.578 0.558 0.664 0.605 0.144

=i SY Rcal-A04 5 2.940 0.641 0.665 0.591 0.029 0"
RcalB-A10 6 2.704 0.828 0.635 0.559 -0.314 0"
RcalB-C06 9 5.149 0.891 0.812 0.777 -0.105 0.708
RcalB-D09 5 2.103 0.492 0.529 0.430 0.062 0.002"
RcalB-D10 8 5.425 0.719 0.822 0.793 0.119 0.003"
Rcal B-E08A 4 1.534 0.422 0.351 0.298 -0.211 0"
Rcal-C04 9 5.133 0.703 0.812 0.780 0.127 0"
Rcal-D08 7 3.801 0.656 0.743 0.693 0.110 0.033"
Rcal-E05 4 2.009 0.156 0.506 0.469 0.689 0"
Rcal-F10 7 3.398 0.563 0.711 0.651 0.203 0"
Rcal-G05 7 5.330 0.688 0.819 0.787 0.154 0"
Rcal-H09 10 4.212 0.859 0.769 0.730 -0.127 0.633
SEH4{H Mean 6.750 3.645 0.635 0.681 0.630 0.061

TE: * AW ERE HWE P, P<0.05; ** A i FWE HWE F-ff, P<0.01
Note: * indicated significant deviation from HWE balance, P<0.05; ** indicated significantly deviated from HWE balance,

P<0.01

22 EEfFEBFENEESL
5 A7 FERE R B] ) Fo o 135 2 5 (P<0.05)
(% 4). Fy WMEAE 0.055~0.150 8], FEHIREMA ] 5
BB 4, Hop, BH FIINZ 1 Fo{E i KA
T4 SHNELEEEAFHRHEREESLIBE(F,)

Tab.4 Genetic differentiation index (F;) between two
population of R. canadum

e ROk mRd Rl =W
BH LS NZ XW SY

it BH -

BEAK LS 0.126°  *x

YPINZ  0.1507  0.145"  sux

W XW  0.074"  0.078"  0.102°  **x

=iF SY  0.058"  0.084" 0.131°  0.055°  #*x

T *RWIZ2E 5 8.3 (P<0.05)
Note: * indicated significant difference (P<0.05)

0.150, ULHHIX 2 NEEAAR AR o 88 B I L A st %
53b. AMOVA 5tk 5), 1F 5 48 R
FER T, 84%IM A8 5ok A FREKRINANMEZH], HA
16% 1728 55k F AR Z 18]

S AN 0 IR FE AR AR (B] %) 38t 15 AR BLRE (1) Fst A4
B(D)YUNEE 6 7~ ,1 24 0.530~0.787,D 24 0.240~0.635,
MY Nei's BAL I B ) UPGMA R bR, 40
K 1 Frs, BH fil SY RA—32, LS Fl XW RH—3Z,
WA — G LR NZ BRh—F

3 it

1A% 2 BEPEAIF 5T T R 7K = sl 40 ol B 0 TR ) PR AT
Foast el R AR AR ISR IS (HE I EESE, 2011)0 N,. Ne.
Ho Al He 3800 DS WA (4 2 e RN, 7E—
FEVOIEI, S ECE M, U SN 2
Mom, HaG 2R, k2, SEBEBIL,
T35 PR = 5 R RN s AL 2 AR R (2R A, 2019;
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Tab.5 AMOVA analysis in the five cultured population of R. canadum

§ 4 A b i
RAl=S 3l A B SEH5 A jf% H ) A5 5 LA P 1t
. Variance Percentage of
Source of variation df Sum of squares . P value

components variation

BEARA] Among populations 4 206.138 0.721 16 0.001

FE4K N Within population 343 1271.747 3.708 84 0.001

S Total 347 1477.885 4.429

x6 SNEEaFBEFHARRMEMBEMUEMIZMENES
Tab.6 Genetic identity and genetic distance of
5 cultured population of cobia

it Bk HRIM 1 =i
BH LS NZ XW SY
it BH HoHE 0.468 0.635 0.297 0.240
BK LS  0.626 HoHE 0.460 0.273 0.313
W NZ  0.530  0.631 ok 0367  0.571
R XW  0.743  0.761  0.687 ok 0.260
= SY 0.787 0.731 0.565 0.771 Hokk
T WLLL BB, XML LT st AR
Note: Genetic distance is above diagonal, genetic identity
is below diagonal

TR NZ
| it BH
= SY
Bk LS
| XW

0.25 0.20 0.15 0.10 0.05

0
B 1 JEF Nei's BEHEEWEN 5 NESH M
FEAIY UPGMA £ 4t ik bt

Fig.1 UPGMA dendrogram of five population of cobia
based on Nei's genetic distance

A REE, 2017) ARBESEH, ST i RGBT -
LA FE PRI R 3.833~6.750 , - Y44 35 45 v Bk
2.284~3.645, “FREPULIN 22 5 224 0.481~0.635, ~F-J41 11
IR A N0.533~0.681, H B ECEEY/NF E g
ZE(2010) F1 X T 45 (2008) Xof 77 Bl FHEAAC T 37 £ A A AF
FELERE . FEBEEUR 120 85, H>HSWAAL S, BHAT
SY&A44 . NZA 31, XWHILS# A 21>, BRLSHIF;
H-0.07415k, HAADNFEIARER I F TN IE(E . 4525
W], SAZEH 0 TR IR AL Z RV T F b
ZE(2010)FN X 6 45 (2008) U B 58 BEAA, (EAI HA 5
Fsfe 2 rett, Hep, Sy Lrthimm; ST M
TEIRTE 12 DA 05 EAFES A P st ) | G
BEF L IR o 37 AR I8 1 Z2 AR 1) A1 T e
iR EE AN TEET A X, L Z2RM A Tk
i OEORACHISE, SR IR PR R AL Z R

EHURRIRREE R FRAE, X5 DA M5 (2018) M {E(E
Z5(2019)%F HE g i (Cyprinus carpio rubrofuscus) 1k
1 28 fifi (Micropterus salmoides) A~ [a] H: 1 12 75 #4411
FF 5T 45 S AR

MRS RN S5 5L 2B, BH, XW., LS. NZ,
SY 235 5. 5. 7. 7 F10 AN TR A SR ES T
TR APTRS A7 o S0 B ] B A2 0T SR A L A5 I 2
Wi, 75l SRR A R R A T R R R 1L
B2 ATERS, SEEEAEFHEPaE T
FIXEIN, A6 T sk, (IR AR A S50 1 A
FEPETE BIBEIR

Foo A2 B2 BE A4 18] 35t 1% 53 10 182 B2 19 52 S 4k
(BRERSESE, 2019), TEARWFGTH, 5 37 GE (AR )
) Fo fHA T 0.055~0.150 Z [a], H4E Wright(1978)%}
Fo %148, 7T BH I NZ (Fy=0.150), HAbRE{ARE]
P47 7E v 55 R B Y 8t 4% 43 16(0.150 = F = 0.05) .
AMOVA g5 R, 84% 078 S5k [ FHEAR N4
|, R 16%MAE 5Kk A R ZE . T AhH
REFMMEm, S NEE PR Z B A h e
FEIE B b, 5 £ Q0 10) I F SR BEARAH L,
PR L RE AR K

1515 I B (D) 13 A% AHARLEE (1) R LR R Ay it A
] 35245 5C 2R (R 5%, 2017; BEFR4E, 2012), ARHF5E
Hi, SY Ml BH [A] %) D #2/)(0.240), | £k (0.787), 3%
G F L ; NZ Ml BH [HIAY D £:K(0.635), | fiw/h
(0.530), FEZKFRMIL, T Nei's &M R
UPMGA 75X} 5 NEE R T R 200, 4558
7, BHHISY BHR—, LS I XW B h—F, ML
BN — 5 XFINZ B h—3

SRR, S ANEE AR RSB E P ERE
WAL, FHAAEE RRIRE N REG TSNS,
H5ERBEEQOI0) MR A AL, 5 NFRFEBEAN
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Abstract

Cobia, Rachycentron canadum, the only species in the family Rachycentridae, is a

candidate for cage culture in tropical and subtropical waters. Taiwan was the first to cage cobia in the
early 1990s, and culturing of cobia has also been developed in Southeast Asia and other areas.
Understanding the genetic diversity of cultured populations is important for the sustainable development

and management of aquaculture. In the present study, 12 polymorphic microsatellite loci were selected to

investigate and assess genetic diversity in five cultured populations of cobia from Beihai (BH), Lingshui
(LS), Naozhou (NZ), Xuwen (XW), and Sanya (SY). As a result, 129 alleles were detected in the five
populations. The mean number of alleles was between 3.833 and 6.750, the mean number of effective
alleles ranged from 2.284 to 3.645, the mean of observed heterozygosity and expected heterozygosity was

between 0.481 and 0.635, and 0.533 and 0.681, respectively, and the mean polymorphism information
content ranged from 0.463 to 0.630. The population deviated significantly from a Hardy-Weinberg
equilibrium at multiple microsatellite loci (P<0.05). Analysis of genetic differentiation indicated that the
Fs: range was from 0.055 to 0.150 and the genetic distance (D) range was from 0.240 to 0.635. BH and
NZ had the highest F(0.150) and the highest D (0.635). The results of an analysis of molecular variance
showed that 84% of the genetic variations were within cultured populations, and 16% were among

cultured populations. A phylogenetic analysis using the unweighted pair group method with arithmetic
mean and based on Nei’s genetic distance showed that one cluster comprising BH and SY, and the other
cluster comprising LS and XW formed a branch, which was then clustered with NZ. These results provide
data for further protection and improvement of the germplasm resources of cobia.
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