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WE: RESHUETREIANRKTENZFERBRE T LEE. BALRHENFA
HERANGHRESH, AFXRREH L. W TRAECREE THERE L EENAET
R R R AR BN SR TR, ANHE K # H 27 /N EST-SSRs ARi8, XA E X 6 AN E AR
RMBEFATT RE S BERREERIN. ERET, 6 MHEELFHEFMIHEEHK
(N,) 1 6.666 7~8.555 6, T35 & 2t % £ & F %k (N,) 7 3.511 6~3.959 0, F 3 Wil 4 & &
(H)) % 0.764 6~0.794 3, FH 2 b (H) X 0709 1~0.7504, TH L AME L4 E
(PIC) % 0.662 2~0.706 4, 4> F 77 £ /4 (AMOVA) 4 B 5 77, 5.70% th 1% &% 5 5% | Bk
B, 0.00% %k B BN MK, 94.3% k% B Fra MKE . £ 2 AF44T (PCoA) BB R = 7 £
EREFETME. BAEBNREI NI Fy REEFRREONMERE R, HB fr XC %
WERN—%, BSHE WD) BEEN — X, B (GO) futfhk QT) BEE N —X, &
W (FP) B R A ML — X MEEMONE R, FIAEHARLS N 5 K=5) MNEREEK, 2X
% (HB) # &kt FP. WT. # At (XC) 78 GC B1R & &1 ko HFR KW, %030 & K
MEARGWRE SN, BAEWE S, FXBMZFARLLZ DN HE N TR E
HrE; RRAVWERFABEEFACTHRESBERERAANEE. AR o 3E
MRERfREGERET EBKE
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02-005-2016)[E. fuscoguttatus (R) *x E. lanceolatus
(D], Lia T AR s AL Z R, 15 T 207
AR FPORF,  E A o A B IR G R Y 80%,
i A R ry s At SR, B 2016 A
SEARETT LA, G20 Al A i AR 3 O A Y i)
AL, R AR A I B R B AR FETIRR
P . ISR T REA S AL Z AR BT
SRR e A BESR VAR T [, AW R AR
HATT & B 4258 B AR 5 A BE a1 (E. fuscoguttatus)
() EST-SSR #rict"™, Xk [ %58 ™ X 5 > Hu X 1
6 1 e A 58 % G A HEA T 152 4% 22 RE IR T 52 4%
SR AT, RO A A B T E R R, R

E— AT A BRE #8558 1 7 R R 7 B 4 B e
WTEO

1 MESIHE

1.1 #HHAIEF DNA 25

SEGA RN R RSB, B R S S A B
Midl 6 ANFRFHBEAR . FTHCRE S gl fa, Hohig
B (FP) BEAK 29 2, HiH (WT) Bk 21 B, &3¢
% (HB) #f 1K 29 & (Fl— 2 5RIE), #ikf (XC)
FEiK 33 2, B (GO) BFiA 33 2, Mk (QT) #¥
k22 B, it 167 B . WA BRI SR AL B W
B, TPEYIRAE L RRCE DL 1,

N )
. \\ [ .“»\ VL 4y
20°0'0" L }N\ TR 9% A{fﬁﬁ Fengpo
Vet N g - A X
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Fig. 1 Sampling sites of 6 cultured groups of hybrid grouper in Hainan Province
1 ONFEELFETRBHRIRERER
Tab.1 Sample information of 6 hybrid grouper cultured populations
BT (VA= inging | ZE A FEARBURE
population code locations time longitude latitude number of sample
I B T 2018-07-16 110°472"E 19°57'53"N 28
Fengpo, FP Fengpo Town, Wenchang City
S X E T 4 B4 2018-07-16 110°52'33"E 19°56'1"N 20
Wengtian, WT Wengtian Town, Wenchang City
23 PE=1I E'E 2018-07-17 110°44'48E 19°28"28"N 17
Huiwen, HW Huiwen Town, Wenchang City
T T T 1 24 2018-07-23 110°34'10"E 19°6'57"N 11
Boao, BA Boao Town, Qionghai City
B R K EL BT A 2018-07-24 109°58"2"E 18°24'51"N 32
Xincun, XC Xincun Town, Lingshui City
TR, AR T R 2018-07-27 108°38'40"E 18°51'6"N 32
Gancheng, GC Gancheng Town, Dongfang City
Mk I e L A S 2018-07-28 109°58'17"E 19°56'9"N 27
Qiaotou, QT Qiaotou Town, Lingao City
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130 Pl e PRIASSBETR RE (B S REE 3 e 4 Y BT R 33
S U SR T 95% L, =20 CRAF. 1.3 BERSR
S IRAR RV S P20 4 DNA SR BGR & U] 1342

HUDNA , i 1% Z A M i oL VKA T DNA J5
i, fi A T £ A0 T DL 43 O % BE T (Ther-
moFlsher Nanodrop 2000C) il DNA ¥ 5 F1 41
DNA F-20 C #FEsH

1.2 %751 EST-SSR fifiik. 3 1&F04 BUAE M

Jr e FH B9 30 X A% 5 A BE L EST-SSR 5[ 4
AV [ EHFE, PCR J WK ZRFIS4:2

[ %I%Hﬁ*&% WG A W RLE AT IR ] 3k
fram. REM5IER IR 2. N6 Rk

ﬁﬁ%ﬁﬁ%*%ﬂﬁhlﬁﬁﬁ,ﬁmwww

R A 25 A T A TE AN [R) o7 i, () S PRI, ]
POPGENE 3.2 B {1 3153 2% Bl TR A7 s A A5 A3 A
REC (V) . FRCEENFEREC(N,) . WA R (H,)
I EE (H,). Nei [RFRIEBEIE B ; Hardy-
Weinberg - fiij 5t 1% i 25 16 48 (D)y=(H,~H.)/H,; i
HI Cervus 3.0.7 A" T HRE 25 ME B &&= (PIC);
i H Arlequin version 3.5.2.2 # 4" & F Pairwise
differences J5 ¥ 153 £ BEAR 1 352 1% 4 AL 48 50 (F )
FEHEAT 0 T I7 22508 (AMOVA); i H Excel i {4
GenAlEx 6.5 i 17 Hardy-Weinberg V- i) & J5 £
55 SEFREARFIA A B PR G 152 A% B B8 004 T 3 AR oy

T YRS, AR 2SR 51 . BT (principal coordinates analysis, PCoA) 43 #7"";
%2 275 EST-SSR K552
Tab.2 27 pairs of EST-SSR primer information
BLA DL ARy HEHIL  HKW ARk BKIREPC
locus forward primer sequence reverse primer sequence repeat unit size range  annealing temperature
P02 GACTGTGAAGCATTTGTTTTAGC AAAATTCAGTACCTTGTGCTCCA TG(2*21) 145~183 58
P03 AAAAACCTAAGATGCATGCCC GCAAGGGATTAGTTTAGTTGCCT TG(2*25) 124~152 60
P04 GTGATTTCATGTCTCTGCTGTTG ACTGAGAGCACGAACAATCACTC TG(2*21) 171~179 60
P05 GGCAAAAACACATGTCAAGTTCT TCTCCTTCTCCACTGTTACATTCA GT(2*22) 152~180 60
P06 GAGGGGCTCAGATGTAACAGAC CTCAACCCTGCCTTTGTTAATG CA(2*20) 153~169 60
P09 ATGGTGAACATTAACAGAGGCAC CCAGATCCCATACTAAACGTCTG CA(2*20) 137~149 60
P14 ACACATTTCCATCGCTGCTT TCTTGTTCCCACGAAAACCTAC CA(2*19) 165~183 60
P15 ATTGATGGTTTTGGCCTTTTTAT GGCAAACCTTGATTTGTAAAAGA GT(2*19) 158~170 60
P17 ATAAAGTTTCTGCAGGACGACAA TTTGTTGATCTATCAGCAGAGGG GT(2*19) 171~177 61
P18 ATTGAATGACACCAACGTTCTTC CAGTCCAGTAGGATCCTCTCCTT TG(2*18) 119~149 60
P20 CCTGACCCTTAACACACCTGAC GCAAACTTTGAATTGTATCTGTGG AC(2*21) 141~167 60
P22 TCCAAGATCATGTCAACACACTG GCTGTACTTGAAGACAACCTTGC GA(2*17) 137~153 60
P23 CTCTATCAGCTGGTCCTTGTTGT GTCTCTGTCTGATGTCATGTCCA AGAC(4*8) 150~174 60
P25 ACTTCTGTAGGTGGAGAGGAAGG GTTGTCTCAGAGCAATCGTCC AC(2*23) 156~172 60
P29 GTTCATGATGGCTACAGAGTCCT CACGTAACTCTGACTGTTTGCAG CTG(3*13) 149~177 59
P32 TGCTGACTGTAAGTTAGGAGCAA GGTCTGTACAACACCAAGGAGAG AC(2*16) 174~200 60
P33 AAGATGGAAGTTAAAGTCGCTCA GCATGTGACAGCATGTAGAAGAA TG(2*21) 146~178 61
P35 ATAACAGTTGAGACAAGCCAGG TCATAGACTTTGTTATCAGGGCA AC(2*20) 145~183 60
P38 CATCGTCAAAGTCTGGAAGTGA CTGTCTCAATCCATCACAGATCA CA(2*21) 129~161 62
P39 CATACATGTCCTTTGGGAATCAT TGTGTAATTGGCTGCATAAGAGA CA(2*38) 121~145 60
P44 TAGGGTTAACCTGAACTCCTCGT GGTCTGAGTGTTTGTCCATCAGT TG(2*19) 161~185 60
P45 TCCACCAAGTGGCACTAGAGTAT GTCTCTGGAGTGAAAGGAGCA GT(2*39) 135~175 60
P49 TTGGATGTAAAGCACTGATTCAA CAATACAGACAGCAGTGAGACGA ATG(3*13) 151~199 60
P50 GTACAGACAACCTCTGTGCTGGT ATGTCCCTATTTCAAAGGCCTAA GT(2*23) 157~177 60
P51 TGATACAGTCACCACTGACAAGG TGTCTGACAAGTACATACGCACA TG(2*16) 139~167 59
P56 AACAATGAGCCACAATCTTCAAT GATCCCATACTAAACGTCTGTGC CA(2*20) 155~167 60
P59 GAGTGTGTATCTGACACCACGAG CGTCCTACAAGTGCCAATGAG CA(2*16) 134~150 60
[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn
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34 KopE OE R 46 45

T Nei [Cit £ 15 %, fff FH MEGA-X version
10.1.8 ZRAF AR E] 19 UPGMA!™ FEALRY

fifi F ¥ {F Structure Selector’” JE F Mean In
P(K)P". AK™Y 2 A F8 bR o3 A A4 35t % 245 40 915 2]
feaidE KB, JFRYEE MM CLUMPAK #2774 i
ZERE,

2 4k

21 IR ASMMEBHAEE SN

30 WA 5 A BE i EST-SSR 54 h A 27 %HHE
P24 S BE R G RR AT, SRR 90%, SR
FH 3 G 27 X TSI % 6 4~ 18 T 28 38 B
FEAR R BLE Z R 70T, FPL WT. HB. XC.
GC Fl QT Bf & 43 Jill 15 %] 228, 180, 188, 162,
212, 231 f1 217 A% . N, 4000k 8.444 4
6.6667. 8.7407. 7.8519. 8.5556 F18.0370 (% 3),
N.Zr 914 3959 0, 3.511 6, 4.416 0. 3.684 4.
3.901 5 i1 3.818 8, Kuilll iy 162 % (6 1 HF

{A&x27 4~ EST-SSR), 3t 7 4~ # 4 2 Bl hy 2 (1 L X
Btk (N<4), o WT Bf1& 114~ (P23). HB Bf
& 44~ (P09, P23, P33, P56). XC HfiA& 24~ (P23,
P33). H, /340 0.7778. 0.7773. 0.7892. 0.7798 .
0.764 6 1 0.794 3, H, 43 51k 0.725 8. 0.709 1.
0.750 4. 0.709 1. 0.728 5 1 0.717 1, PIC 43 %1}y
0.684 1. 0.653 8. 0.706 4. 0.662 2. 0.686 4 il
0.672 4, Ky 162 NEHEH, A 151 MG R
B8 (PIC>0.5), 11 M EUEAA h 4Lk
P (0.5>PIC>0.25), Hardy-Weinberg -1 1)+ 75 46
e R BN, TERINY 162 MR, A 50 Pk
Lk W 5 2 1 8 A 7 N P (Pywe<0.01), 13
ATy 2 ) G AT (Pwe<0.05) (3 4).
FP. WT. HB. XC MIGC. QT BHAKA LAY Hardy-
Weinberg ~F- 1 15t 1% fii B 75 % (D) 4351} 0.0716,
0.0962. 0.069 0. 0.0997. 0.0496 1 0.1077, #
BET- 23805 B P B0 B S, SRR EEA 35

FEHIAAT.

R3 EEFZPERHERIEE SR A Hardy-Weinberg 2% RES 1R 5

Tab.3 Genetic diversity indices and Hardy-Weinberg genetic deviation indices in groups of hybrid grouper

IS

group N Ne H, H, PIC D
1535 4~12 1.544 5~6.480 9 0.000 0~1.000 0 0.359 2~0.861 6 0.3350~0.829 0 —1.000 0~0.487 4
Fengpo (8.444 4) (3.959 0) (0.777 8) (0.725 8) (0.684 1) (0.071 6)
FiH 2~10 1.994 5~6.016 7 0.000 0~1.000 0 0.512 1~0.856 3 0.374 0~0.815 0 —1.000 0~0.569 1
Wengtian (6.666 7) (3.5116) (0.777 3) (0.709 1) (0.653 8) (0.096 2)
230, 1HE 5~13 2.048 5~9.135 1 0.154 0~1.000 0 0.522 0~0.908 0 0.443 0~0.881 0 —0.816 4~0.522 1
Huiwen & Boao  (8.740 7) (4416 0) (0.759 3) (0.750 4) (0.706 4) (0.069 0)
L) 2~12 1.811 5~6.537 4 0.129 0~1.000 0 0.455 3~0.860 9 0.348 0~0.829 0 —0.822 6~0.522 5
Xincun (7.8519) (3.684 4) (0.7798) (0.709 1) (0.662 2) (0.099 7)
TR 4~15 2.1523~6.537 4 0.032 3~1.000 0 0.544 2~0.860 9 0.494 0~0.831 0 —0.940 6~0.512 9
Gancheng (8.555 6) (3.901 5) (0.764 6) (0.728 5) (0.686 4) (0.049 6)
Wk 4~13 1.644 8~6.500 0 0.307 7~1.000 0 0.399 7~0.862 7 0.373 0~0.829 0 —0.628 1~0.603 3
Qiaotou (8.037 0) (3.818 8) (0.794 3) 0.717 1) 0.672 4) (0.107 7)

TEe N BOLIEEEL NAMEAIERL, H WG, HNERGE, PICZENEREE, Dt MEHEE, 5N riE

Notes: N,. number of alleles, N,. number of effective alleles, H,. observed heterozygosity, H,. expected heterozygosity, PIC. polymorphism information
content, D. Hardy-Weinberg genetic deviation indices, average value in brackets

22 EEFXHBEEESUXER

X6 A~ T 244 A8 BB A 43 4T T 22 0 A
(AMOVA), %55 8K 5.70% 13578 5ok 1 BEA
], 0.00% >k HEEARNAKRE], 94.30% >k H A
AN, FBREAR ] 9 35 15 48 S0k BT A A AR )
(# 5), FP. WT. HB. XC. GC Hl QT FA ] i)
Nei gt EFriERE 25 (Ds) 9 0.140 9~0.312 8, J& T
il [7] 38 1% 22(0.1<Ds<2.0)., 3 1% 43 1k 48 Bk (F) R
0.731 4~0.868 6, JIr A3 B 1A 1 4b F v S5 75 431k
(0.05<F4<0.15)(5% 6).
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ARHF5E I T PCoA ¥ FILE I HE 3R AT IR e 24 5
BERFIRZE P05 B o 56 T RO (m) ast 1 BE 5 1) 2 4
FRAAT (PCoA) B B R BEIR Y 22 571 (& 2-a).
WT B —2%, FPBE(RCON —2%, HB BEE Ry —
J5, XC M QT BHAR A —2, GC BBl —
FHY5 QT M XC BHART . ST 5 AL HE B
() 2 ABFR AT (PCoA) 25, 6 PN FETE s BE
FRBHHE AR P B AR R) 35 1% 22 S/ (B 2-b). K
P& Nei [Ci5t 1% 7H B9 19 UPGMA %254 (&1 3), HB
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14 Bk, 4. PRIRASC IR AR e SRV E S i e S5 A I U D R T 35

R4 ELIABERRA Hardy-Weinberg K5 1058
Tab.4 Hardy-Weinberg equilibrium chi-square test in groups of hybrid grouper

HEfE

(VA groups
locus &t i E Hitt e ik

Fengpo Wengtian Huiwen & Boao Xincun Gancheng Qiaotou
P02 0.775 4 0.9990 1.000 0 0.020 9" 0.118 2 0.000 2"
P03 0.827 4 0.697 9 0.999 8 1.000 0 0.986 1 1.000 0
P04 0.3922 0.4342 0.0112° 0.2415 0.6459 0.593 1
P05 0.999 9 0.870 8 0.7309 0.646 3 0.999 6 0.950 7
P06 0.002 6™ 0.002 9™ 0.004 5™ 0.0050™ 0.184 8 0.344 0
P09 0.3292 0.004 2™ 0.0137 0.136 1 0.026 8" 0.100 4
P14 0.992 2 0.2230 0.5517 0.9316 0.993 5 09116
P15 0.000 0™ 0.000 0™ 0.000 0™ 0.000 0™ 0.000 0™ 0.000 0™
P17 0.000 0™ 0.000 0™ 0.000 0 0.000 0 0.000 0™ 0.000 0™
P18 0.964 0 0.3373 0.578 6 0.000 17 0.000 9" 0.000 3"
P20 0.756 5 1.000 0 0.997 9 0.993 1 0.999 8 1.000 0
P22 0.000 0™ 0.000 0™ 0.000 0™ 0.000 0™ 0.000 0™ 0.000 0™
P23 0.000 0™ 0.000 0™ 0.000 0 0.008 1 0.000 0™ 0.000 1™
P25 0.011 5" 0.000 3™ 0.000 0™ 0.000 0™ 0.000 0™ 0.000 0™
P29 0.5182 0.040 3 0.038 0 0.000 6™ 0.317 1 0.038 0
P32 0.478 4 0.991 1 0.3150 0.924 3 0.764 6 0.1225
P33 0.2413 0.8818 0.568 6 0.004 3™ 0.0209™ 0.063 5
P35 1.000 0 0.9999 1.000 0 09175 0.999 3 0.9396
P38 0.020 6 0.154 5 0.074 5 0.000 1" 0.208 2 0.2510
P39 0.987 2 09130 0.1812 0.863 0 0.695 1 0.9773
P44 0.994 3 0.8029 0.000 3" 0.588 7 0.0723 0.792 8
P45 0.9853 0.898 1 0.170 4 0.367 2 0.000 3™ 0.988 8
P49 0.697 7 0.8384 0.805 3 0.049 8 0.2070 0.987 5
P50 0.860 9 0.926 1 0.7551 0.504 9 0.073 7 0.663 6
P51 0.890 5 0.040 3 0.890 5 0.008 8" 0.705 2 0.890 5
P56 0.005 0™ 0.000 0™ 0.002 7" 0.008 3" 0.000 0™ 0.038 0"
P59 0.049 4" 0.436 0 0.061 2 0.870 3 0.494 6 0.999 9

W * ROR I (i B Hardy-Weinberg P4 (P<0.05), **. Rk 3 i 25 Hardy-Weinberg - (P<0.01)
Notes: *. indicates a significant deviation from Hardy-Weinberg equilibrium (P<0.05), **. indicates very significant deviation from Hardy-Weinberg
equilibrium (P<0.01)

%5 ET 2 MIBEREBS FREFNER
Tab.5 Result of AMOVA based on 27 microsaltellite markers

P Rl H Rl J5 EM Sy 75 2 He /%
source of variation df sum of squares variance components percentage of variance

FE{ARE]  among populations 5 213.988 6 0.636 3 5.70

FEAR PN /MATE]  among individual within populations 154 1388.170 7 0.000 0 0.00

AMAEIA] between individuals 160 1 683.000 0.00 10.518 8 94.30

A total 319 3285.1594 11.1551 100.00
M XCHEAR N —3, #H5 WTHERE 3L, TEFE e A S BERE AR I AL 45K 73 T, Mean
GC Fl QT BEAER h—3L, FPHEA N —, Hit W PK). AKFEE WA K A3 A sh, K=
FRBERS . Fy MZEARER T PCoA £ RIEAR—FL, 5 H, Mean In P(K) i 3 e K453 £0F AK B K fH
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F6 [REFIPIRHFEMIESE S LIRE F, 71 Nei [KIERES
Tab. 6 Matrix of pair-wise F values (above diagonal) and Nei’s genetic distance (below diagonal)
between groups of hybrid grouper
GRS R4 FiH L. HE Wik TR Mk
groups Fengpo Wengtian Huiwen & Boao Xincun Gancheng Qiaotou
1545 Fengpo 0.740 0 0.839 6 0.775 2 0.777 3 0.737 5
M Wengtian 0.301 1 0.849 4 0.781 0 0.761 4 0.7314
430, 1% Huiwen & Boao 0.174 8 0.1632 0.868 6 0.8323 0.779 9
A Xincun 0.254 6 0.247 2 0.1409 0.7877 0.823 1
&Y Gancheng 0.2519 0.272 6 0.183 5 0.238 6 0.805 4
i3k Qiaotou 0.304 5 03128 0.248 5 0.194 6 0.216 5
e KALULERAE R B, W AR LA N Ne IS A% BE 5
Notes: above diagonal. genetic differentiation index F; below diagonal. Nei’s genetic distance
® Bl Wengtia — 0070 s~ f#%  Huiwen & Boao
= 0.032
% * Hik Xincun. ek 0.018 L0070 Wk Xincun
E o 0| W Qiaotou
S Huiwen & B(fo%i}& Gancheng 0.008 0.103 S Wengtian
< 0.108 :
<<§ - B, Gancheng
@)
£ o @3 |Fengpo 013 0.108 Hi%  Qiaotou
0.129 13 Fengpo
PCoA1 (31.39%)
(@) 0.12 0.10 0.08 0.06 0.04 0.02 0
R o W Fengpo 3 REFTBEAEET Nei RIEGESHERN
@ o .:t H Wengtian UPGMA gégé
> < A , 4
2 R ,;‘f_’; o4 N ;’;\u‘fy ‘en‘f}ém Fig.3 UPGMA dendrogram based on Nei's genetic
~— — 2 oA e . .
g > o 3 " u Hikl Xineun distance among the groups of hybrid grouper
P} o " eme o N
g 3 * B Gancheng GC # QT., Hf, HBREMK 1 FP, WT, XC
t 204 ce . ) S 5
S e B Qiaotou GC BEARLEA T (K] 4-b).
PCoA1l (5.01% N
(5.01%) 3 g
(b)
B2 EEFEZHHEAMMETESESRN 3.1 EEFRBEEZHEMSHT
FARFRHTE

(a) JRIEA A PRI AR I T 1004 BE RS 1) A8 AR 0 T B, SR —ANEE —
AR KRy 9] T 221 31.39% A1 26.52%. (b) [ I8 24 A8 BEAN R L T
AR R R AR RR N AT I, SR AES Ak bR 2 S T ZE
5.01% F1 4.59%

Fig.2 Principal coordinates analysis results based on
Nei's genetic distance among groups and individuals of
hybrid grouper
(a) principal coordinates analysis results based on genetic distance
among groupers, the first and second principal coordinates account for
31.39% and 26.52% of the total variance. (b) principal coordinates ana-
lysis results based on genetic distance among grouper individuals, the
first and second principal coordinates account for 5.01% and 4.59% of

the total variance

(K 4-a), RTINS K=5 J& 5 0] GE YA AL, i )
6 ANFRBEETT LI 5 ASWARE, EPFP. WT. XC.
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YT A] S5 25 ¢ G, EST-SSR #5418 Fi %
e P, ARG SR RN TME A AR B A o5 B
1 I & 1) 30 Xt EST-SSR 51 ¥ 7 JE e 24 38 Bt |- ik
57T R, 455 WK 27 XF £ 25 EST-SSR & #1#~
BV R, RN 90%, 2 AL S (PIC>
0.5) FL RN 93.21% (55 2), i B X L4 1L R A A5
1 T 58 e 24 28 BEREAR IS AL A 5% o

Ny« Hy. H, FPIC T, 1B RREE P S5 5L
IR, WL AR SR 3 5 A RS 3 R e
FE T XL 1) fr S50 S PR B A X, D I A A
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Fig. 4 STRUCTURE analysis of individuals from the
groups of hybrid grouper under different K

(a) the changing curve for In P(K) and AK over the prior group num-
bers (K). AK and In P(K) and are maximum when K is five. (b) this
trend indicates that hybrid grouper groups will be divided into 5
homogeneous subsets Each vertical bar represents a single indi-
vidual and different colors represent the contribution of each K
genetic cluster to each specimen’s genotype, 1. Fengpo, 2. Wengtian,

3. Huiwen & Boao, 4. Xincun, 5. Gancheng, 6. Qiaotou

0.862 7 (K4 0.716 4), = TEOL R A H G DA
B AR X 7Rl 2% 58 B A 152 4% 22 RE PRI I 1 45
R P H, N 0470, F-34 H, 2 0.385), F-H0
D 2% 5 AT T R g AR A B ) F A T A b i B AR
FKTF— B A5 BRI &5 3 (F-34 H,, 2470.9400),
1, 7] i & B EST-SSR 37 5 22 28 1tk %5 A% o 8
M F-44 H, 2 0.716 4, & T JE AR SE P9 B 5T rh i
0.6297, Ui BAAHF 5T i 14 B2 Je 4 5 BEAE 1A (1) 38 %
LR SRE ] F & . Botstein 2507 4% PIC 43K
R B 2SR 2B AR, &
58, PIC 2} 0.335 0~0.881 0 (CF-31 4 0.677 6),
BR T P33 i s 2 EE 2 (0.5>P1C>0.25), HiAh
LI RIN EE 2B (PIC>0.5), HRTFH
JHE 0 R ] S AR A O A PR I 23S B I R I TR
P A5 PIC (K-35 PIC 43 34 0.360 0 1 0.5426).
Hardy-Weinberg -] i -~ J7 K Jo 45 2R Won , 1E4
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32 ERFZHMEBEREERSH

AHE ST F AL A5 43 B 5 Nei 1G5 BE 2 19
UPGMA 324 43 A7 i 3R 80 Hh s 1) — 3k o )
H Structure FRAFR" X p8 T 24 A2 BERFE A B R R a5t A%
ZERFEATARGIN , SRH AK J7 EEHEN K=5 &0l e
BLRy B 6 N IR e A2 A BEFRHE AT LL43h 5 AN WA,
UL PRI A B AR IR A £ . Forh HB #E1A H FP
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Genetic diversity and genetic structure analysis of aquaculture groups of
hybrid grouper [Epinephelus fuscoguttatus (?) x E. lanceolatus (3)]
using microsatellite markers

LIANG Yesong ', ZHANG Weiwei', SONG Feibiao', ZHANG Xian', LIU Yifan',
LIU Xiaochun?, LIN Haoran '?, LUO Jian "
(1. State Key Laboratory of Marine Resources Utilization in South China Sea, Hainan Aquaculture Breeding Engineering
Research Center, College of Marine Sciences, Hainan University, Haikou 570228, China;
2. School of Life Science, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Genetic diversity is the cornerstone of species survival and evolution. For most aquatic animals, keep-
ing the high genetic diversity is the guarantee of population life ability. Groupers are important economic fishes for
mariculture due to delicious taste and rich nutrition. With the rapid development of grouper breeding technology,
the artificial culture of grouper has become the second marine fish industry of China in 2019. The hybrid grouper
[Epinephelus fuscoguttatus(?)x E. lanceolatus(3)] is the maximum yield aquaculture grouper with heterosis of
growth and disease resistance. In recent years, more and more culture groups showed growth phenotypes variation
and frequent diseases. The decline of genetic diversity and inbreeding depression are considered to be the common
reasons for the decline of aquaculture bio-economic traits. In order to explore whether the decrease of population
genetic diversity leads to the decrease of breeding traits of hybrid grouper, in this study, 27 EST-SSRs markers
were used to analyze the genetic diversity and population genetic structure of 6 groups of the hybrid grouper in the
main seed production area. The results showed that, the average number of alleles (IV,) ranged from 6.666 7 to 8.555 6,
the average number of effective alleles (N,) from 3.511 6 to 3.959 0, and the average observed heterozygosity (H,)
ranged from 0.764 6 to 0.794 3, the average expected heterozygosity (H,) from 0.709 1 to 0.750 4, average poly-
morphism information content (P/C) ranged from 0.662 2 to 0.706 4. The results of molecular analysis of variance
(AMOVA) showed that the variances among the groups, individuals within the group, and all individuals of the
cultured groups of hybrid grouper were all at a significant level (P<0.01), and principal coordinate analysis (PCoA)
showed the difference mainly came from the individual. F; between groups, genetic distance and cluster analysis
showed that the HB and XC groups first clustered together, then clustered together with WT and HW groups, GC
and QT groups first clustered together, FP groups were independent. Genetic structure analysis showed that all
samples were divided into 5 theoretical groups (K=5). HB group was composed of FP, WT, XC and GC groups.
The results of this study showed that the hybrid grouper population still had high genetic diversity, with clear
grouping. The possibility of decline of hybrid varieties affected by parental inbreeding was not high. The variation
of pathogenic organisms and irregular breeding management may be the causes of frequent diseases. Therefore, it
is necessary to strengthen the management of non-toxic parent screening, aquaculture water and diseased fish, and
cut off the vertical and horizontal transmission of viruses to achieve effective disease prevention and control. This
study provides a theoretical basis for further genetic breeding and disease control of grouper.

Key words: hybrid grouper [Epinephelus fuscoguttatus (@) x E. lanceolatus (3)]; EST-SSR; genetic diversity;
genetic structure

Corresponding author: LUO Jian. E-mail: luojian@hainanu.edu.cn

Funding projects: Key R & D Projects in Hainan Province (ZDYF2019045); Major Scientific Research Projects
in Hainan Province (ZDKJ2019011); Hainan Academician Lin Haoran Team Innovation Center Project; Special
Funding for Modern Agricultural Technology System (CARS-47)

https://www.china-fishery.cn R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

	1 材料与方法
	1.1 样品采集和DNA提取
	1.2 多态性EST-SSR筛选、扩增和分型检测
	1.3 数据分析

	2 结果
	2.1 位点多态性和群体遗传多样性
	2.2 虎龙杂交斑群体遗传分化关系
	2.3 遗传结构聚类分析

	3 讨论
	3.1 虎龙杂交斑遗传多样性分析
	3.2 虎龙杂交斑群体遗传结构分析
	3.3 杂交石斑鱼性状退化原因分析


