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Abstract

In this study, the genetic relationship among E. moara, E. lanceolatus and hybrid F, were analyzed
by using 13 microsatellite loci. The allele’s number, observed heterozygosity, expected heterozy
gosity, polymorphism information content, genetic similarity index and Nei genetic distances were
calculated, and the cluster analysis graph was constructed by UPGMA method. The results showed
that the average alleles number of E. moara was the highest (5.2900) and E. lanceolatus was the
lowest (2.6200); the average observed heterozy gosity of hybrid F, was the highest (0.7108) and E.
lanceolatus was the lowest (0.4167). Average polymorphic information content by 13 microsatel-
lite primers in the three populations of E. moara, E. lanceolatus and hybrid F, were 0.4661, 0.3392,
0.4818, respectively. The genetic similarity rate between E. lanceolatus and hybrid F; was the
highest (0.7616), and the lowest was found in E. moara and E. lanceolatus (0.4296). The cluster
analysis graph was constructed by UPGMA method according to the genetic distance. The results
showed that E. lanceolatus and the hybrid F, were grouped together, and E. moara was located on
the outermost branch. This study showed that the hybrid F, had a close relationship with E. lan-
ceolatus.
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SEESE. HLIBEIINei [KBALIER, HRFAUPGMABEWBRERMMTE. ERER, SOARAR
S 32 AL B (A) B K (5.2900), ¥ A B A B/ (2.6200); Z:3EF B 24 & B (Ho) B &
(0.7108), W AW AFIK(0.4167); 13X EESIMERLARE. B ARAMMEF, 3MEES
KEH2BERSE(PIO)SH80.4661. 0.3392. 0.4818; B A ANAXFBEHURRET
(0.7616), Z=LUA BT A M A B AR RK(0.4296) . R 1R 8 {4 BE B R I UPGMAB: M B R K4 E,
ZRER, BEARANETFARAN—X, o8ARAMTRING. FRARE, ZXFEENRES
FEHE KPR T2 SRR ME; P S ARANEEZRRRIE.
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1. 5|8

-5 80 P (Epinephelus  moara) F18% 717 A7 WEfA.(E. lanceolatus) [F] J& T &5 1 H (Perciformes) . fig £}
(Serranidae). A1 B3 £H(Epinephelinae). 1 B 1 J& (Epinephelus), PINBREMEMEN 2L, BE T2 0
EEE AR, naaRaFE M THA, SEUARERZRENER, BAMOC AR WK
S5 (RRE MR 1] [2] S0 A0 B A E B0 A T AR B0« K PEINER, 7630 E X B0 T RilE 5, HEid,
se P R AR I RIS, B AR, SO LR, & FRIME &S 20 53] [4]. NF M
PIOE AR, X HIEAT I, IR T = 8CAB () x ¥alrAst ()45 F, #hf[5], HIRZ FfE
ARG EIH MRS, 2EATFEMIRISM. M EEMCHAERZSES. BB 265
H BESETEE AT ER D R R, SRR 5 TR R s 6], TR T IR R
ROPHT[7] BRI . A s ZREE (8] B BB B[S AL . A X =8l B Q) x By
APRA(S)ARAZ Fy KBV BRI 7E, SRR SF[ 1010 44 38 S AREAT R AR Y 0, LSS [ 1173
FA JE AT BAE VAR 720 b ANBF S 13 X5 2 51405 3 Mep B AT i P E o dr, tHEARGE
FrIERE RRREE. 28EE&E. HRTEE Nei [REfEEEE, KA UPGMA VEMH T2 0 Hr
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K, LIA4ss By SEARRIBE R R, W TKF B 28 By AR AL 240, N8R L35 BT 5%
PALFISRYE .
2. R 55%
2.1. #8

LR, S A A A SUA B Q) x B AP () Fy S E M B KA R A F .
R EATESIER . MEIRA B R R ] TR g 2458, WopfmA MS-222 M, RSB
WEHER,  RAEE AR 7 RURE AT N 32K o 1 SRS DN IO AL A rp R AT 4k, Ak /KR N 24°C~25°C
RN 30, THFEAR, WKWEAL: PR HEE AOKIR N 25°C~27°C. EFEN 29~31. EME > 5 mg/L KT
KYPeth i E5E o REMEEARIL 17 MME, 2232 F N 6 Hidahfa, 77l 85 BUEE 25 RAT T 95% ) LBEH o
22. A&
2.2.1. & DNA B2

B AR AE () 2 5 R T Y- ST V- B DNA, DL 1% 35 IS AR At e H ik G ) DNV 58 38 5 4l
FHEE A3 66 BE RS o7 B IR T

2.2.2. WBES|H
M PEA AP AR e M &R S i 13 54514, SIhEsEEE( LR SEFRA
GRS

2.2.3. PCR ¥ i

PCR # 34 S BiARFR N 15 pl, Witk R LG DNA 4R 1 ul, 10 x PCR Buffer 1.5 pl, 2.5 uM dNTP &
AR 1.2 ul, 25 uM MgCl, 0.9 pl, Taq DNA R4 0.3 pl, 10 pM BRI 0.5 pl, WZEK 9.1 ul.
PCR 1G4 94° CTAL 1 5 min JG#EATEIRE R, 94°CAEM:30s, iBK30s, 72°CLEM 305, 35 MEF,
)5 72 C LM 5 min, 4°C {RAT . 7E ABI 3730 XL sequencer Il 543 347 B 41 Hi. 3K - £ ] Data Collection
A1 Genemapper B AT HEAT EARWCEEMN 34T, v th A vk IS, TSR S AL EE DR R /)
2.2.4. ARG

i GENPOP Version 3.4 B4 115 2547 3 K $(alleles number, 4,). Z57FE K4 (allele frequency).
WL %% & & (observedheterozygosity, H,)« #2444 % (expectedheterozygosity, H.), Fk#f Botstein Z[12]
A A 15 2 15 B8 = (polymorphism informationcontent, PIC).

i ] DISPAN #F 115 Nei Fisi4% 2R 2 (geneticdistances) At £ HH LU (genetic similarity). K H A
SERIE R AR NS BE X (unweightd pair group witharithmetic average, UPGMA), 1# Fi] Mega 4.0 #f4:[13]
R4 Nei [REBALFR RS [ 1414 @ RGHEILH

3. 458
3.1. B EFFCHYIFIE

M 25 XSV i H 13 X%, 7R 3 Mo BEARE R th S aT 45 BIARE TSI . 13 X5 51 MME B
WA 1.

3.2. WIDESIHEER
) 13 XM BRIV maCh B B B AR S Fy R4 DNA 3T R . 45 R8s, 5
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Y Ese26 11 BOK/NE = SUA B AR TN 190 bp, FE#H A B AEEATHA 200~202 bp; 514
RH_CA_001 ¥ 381 iy B /NG FEIE = SR B L BE AR Oy 386~422 bp,  FE#Z AT A BE FARE(AR Ny 372~384 bp;
5191 RH_CA_004 4 3818 F Bt /NG FITE = SUA BE A REAR Y 199~213 bp, TE# A BEfA AN 183~197
bp; 519 RH_CA_007 ¥ 34 1) Jv Bt K/IME = 8CR PR AR TN 306 bp, 75 A B ffF14N 318~320 bp;
519 RH_CA_008 4 381 F Bt K /NG I 7E = SUA BE B EE R 198~200 bp, 7R85 £ BEf R 206~214
bp. 4R FEW, 5% Ese26. RH CA 001. RH_CA 004. RH CA 007 1 RH CA 008 HJfE X 4> = 80 B
R A0 B R AN AR

51%) Bse26 W, BEARRLSUHBEATAYIASIER, WA —20 190 bp, A A B AFAGE G
B, TS Fy BN E, ¥A—2% 190 bp (5%, S, BERZARIN HIL(E 1), ¥R F ik
£ FhRid. 514 RH_CA 007 W, BEAZSUABR AL 4G/, R 47 306 bp, XA A
PEARHAR G0, A F BN REH, ¥H—% 306 bp M5k, 5. BEARGHFIR LA 2), H
SRR Fy M FhRid

33. RIEEEREH

3FICA B 13 X R 5 B TSR S R B PRI A B PSS . THIEZEER
TENE 2. BREIR, =800 BTSSR R E(4,) B R (5.2900), HIRCHZRAE Fy (4.2100), #2045 A
BE 15 /0M2.6200);  TE TR A FE(H,) T, 258 Fy#cii(0.7108), H KN = 8UABE(0.4510), $i7 A
P RAK(0.4167); “FRIMHE R G EE(H,) T, A2 Fy R (0.5461), HICNZECABE(0.5105), i A B
fRAK0.4012). MO ACKE, Z28/ERESEPIOREMAZLSCATEME] RH_CA_001 {7 :5(0.8975): M

Table 1. The characteristics of 13 microsatellite primers

= 1. 13 Wi T2 5498945

3755 Loci 5197 %1(5°-3) Primer sequence B K (C) Annealing temperature 3% 5 Accession no.

CATGTAAGCTCCACCACGACTG
Esc06 TTGATGAAAGGGAACAATAGCTG 37 EU374.814.1

CACTCATTCTCTTCGTCGTTTTCA
Ese26 CCAGTTCTGTTCCGCTTGTTCA >7 EU374.834.1

TCATGTCAGGAGGGAGAAGAG
ELMSO013 CATACTGTTAGCTGGGGGTGA 56 EF607,134.1

AAGCTGAGCCGAATTTTTCA

ELMSO15 GCTCCTCGTGTTTCCGATTA 36 EF607,136.1
RH_GATA_003 GaaCATITaaTICTICACA 57 DQ223,790.1
wom SO, .
won e )
RH_CA_004 TOTGTGACCAGAAACCAGOA 57 DQ223.784
woon  GesercIccouy ‘
RH_CA_008 TTOGUTCCTOGCATITAGAG 57 DQ223.787
oo ;
D493 CATTTOTTCTTOOTION 4 DQ914.901
e 5
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Figure 1. Representative chromatogram microsatellites obtained using primer Ese26; (a) Referred as E. moara (allele size =
190 bp ); (b) Referred as hybrid F, (190, 202 bp); (c) Referred as E. lanceolatus (202 bp)

& 1. 5|4 Ese26 MEMERIKIFEE; (2) ZHAKEME, FHANI 190 bp; (b) I F MK, FHRNHA 190
#1202 bp; (c) WHABEME, FHARNA202bp
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Figure 2. Representative chromatogram microsatellites obtained using primer RH_CA_007; (a) Referred as E. moara (allele
size = 306 bp); (b) Referred as hybrid F, (306, 320 bp); (c) Referred as E. lanceolatus (320 bp)

Bl 2. 514 RH_CA_007 H)EHERIKIEERE; () ZHAMEME, FHANA 306 bp; (b) 3 F MK, FHK
INAI 306 1320 bp; (c) EHABEAAME, AN A 320 bp

FEARCRE, 3 MNEHARICFYY PIC 4 0.4290, %2 F, WP PIC B N 0.4818, =8UABEfN 0.4661, #%
AP ERK N 0.3392,

3.4. BERANEY. BEESREXI R

3 P B 0 B AR RS AR AP BRI AL BE B 45 R EOR (R 3), B A B 538 F) BB AR IR &
(0.7616), HUCA=SCHBEMFZAE F) (0.7247), 280 BE RS A BE 0 A AL R 5 1%(0.4296); =40HBE
o RN A B R I A I B A K(0.8449), HIRCN = 8UR BE IR AL Fy (0.3220), ¥y A Bt 5 2858 F 8tk
PRSI /N0.2724) . S5, &AL F) i la) SCA By 4 D £

FRA I8 A% BE 55 R A UPGMA AR (15 3), 853 EoR, o A s Fy e —3L,
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Table 2. Parameters of genetic variation of E. moara, E. lanceolatus and hybrid F,

F=2. 3 MAREHANERTRESH
(A= ZH mECR B Sy A B HRZE Fy
Loci Parameter E. moara E. lanceolatus hybrid F,
A, 5.0000 1.0000 3.0000
H, 0.4706 0.0000 0.6471
Ese06
H, 0.5098 0.0000 0.6078
PIC 0.4508 0.0000 0.5242
A, 1.0000 2.0000 2.0000
H, 0.0000 0.0000 1.0000
Ese26
H, 0.0000 0.1141 0.5152
PIC 0.0000 0.1046 0.3750
A, 6.0000 2.0000 7.0000
H, 0.5294 0.2941 0.7059
ELMSO013
H, 0.7469 0.4866 0.7326
PIC 0.6829 0.3608 0.6787
A, 12.0000 4.0000 7.0000
H, 0.7059 0.2353 0.5882
ELMSO015
H, 0.9127 0.4421 0.8271
PIC 0.8755 0.3959 0.7749
A, 12.0000 4.0000 10.0000
H, 0.7647 0.8824 0.8824
RH_GATA 003
H, 0.8770 0.7576 0.8431
PIC 0.8361 0.6874 0.7980
A, 16.0000 2.0000 4.0000
H, 0.6471 0.5294 0.2941
RH_CA 001
H, 0.9323 0.5152 0.2727
PIC 0.8975 0.3750 0.2533
A, 5.0000 5.0000 5.0000
H, 0.7647 0.9412 0.6471
RH_CA 002
H, 0.7005 0.7772 0.7469
PIC 0.6265 0.7116 0.6754
A, 6.0000 3.0000 9.0000
H, 0.5294 0.6471 0.9412
RH_CA 004
H, 0.7861 0.6132 0.7932
PIC 0.7305 0.5092 0.7469
A, 1.0000 2.0000 3.0000
H, 0.0000 04118 1.0000
RH_CA 007
H, 0.0000 0.451 0.5900
PIC 0.0000 0.3419 0.4814
A, 2.0000 4.0000 4.0000
H, 0.5882 1.0000 1.0000
RH_CA 008
H, 0.5134 0.7005 0.6720
PIC 0.3741 0.6190 0.5883
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Continued

A, 2.0000 2.0000 2.0000
H, 0.1176 0.0588 0.8235

D161
H, 0.1141 0.0588 0.4991
PIC 0.1046 0.0555 0.3671
A, 4.0000 1.0000 1.0000
H, 0.2941 0.0000 0.0000

D493
H, 0.5437 0.0000 0.0000
PIC 0.4813 0.0000 0.0000
A, 1.0000 2.0000 1.0000
H, 0.0000 0.0000 0.0000

D548
H, 0.0000 0.2995 0.0000
PIC 0.0000 0.2484 0.0000
A, 5.2900 2.6200 4.2100
T4 H, 0.4510 0.4167 0.7108
Mean value H, 0.5105 0.4012 0.5461
PIC 0.4661 0.3392 0.4818

Table 3. Nei’s genetic identity (above diagonal) and genetic distance (below diagonal) among E. moara, E. lanceolatus and

hybrid F,

% 3. ZYANA., BnANaMAR F ENEEEIER(EZ=/A)F Net REEER(T=/)

LU AR B B I F
E. moara E. lanceolatus Hybrid F,
YA 0.4296 0.7247
Ho A BT 0.8449 0.7616
J% F 0.3220 0.2724
TUAEA
-2
! HAF,
1
B ama

Figure 3. UPGMA molecular trees of E. moara, E. lanceolatus and hybrid F, based on genetic distance

E 3. =9 ANE. S AMEAFE3T F B UPGMA BEShE

BECHB AN T RN, SEREY, R F SRR AR AL KRBT
4. Wig

R AR A o AR B B, R AL B RIS, SRR TR A A S A 3 R A
IR E, FLERIZAC Fy HEEMIR — 7 R B KN i — ik B BEAR, MRS RALEM L,
P EARCEH TORA S A F SRG R RIS AEARWE T, J4A8F, 1S5 FE R AR [ A REATEAA,
SR RS R 0 B, SRR SRR, R AR R X RS AR AL 13 X LA
ST DU R 2 B0 B R 5 B AN BRI G 20 Thmad, A R A B iR 1 st e 2R, 3L
o, 514 Ese26. RH_CA _001. RH_CA 004. RH _CA 007 il RH_CA_008 ¥z &0 41 Bt Flcs 47 B £
PINEEARIEAT X 20, 514 Ese26 Al RH_CA_007 f2 % 52458 F M TFrid.
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Z B8 B RE(PIO) 218 J5 T IRF 1 FA S 07 AR L R IR T I SE AR R — AN 5 47 i R AR T2 1 7T g
PERAN, Ml S SO B R 2 A M (B AR SR AR, (EEOR, BEARAA MEM LLEIER &, SR (E S .
5 Botstein Z5[ 12142 T EARdE, 24 PIC KT 0.5 W, A AEEZSMA A, PICAHT 025 F10.5
Z IR, A EEZ AL A PIC /NT 025 B, RREE 2 VENL mle AHIF T &AL mi35 0 b BE 2 28 1AL
M ARAEFy ISP PIC ¥ TAREAS, RMIRAL Fy AEIBALAS BAE AL ZAE ST A T i@

TR 2% G R 3R B B A AR T8 A AR SRR, R VRN A 8 AR AR S B AR R AR 2 —[15], @i I
FAE RN LAHIWE L 2 AR E B AR, BUEBR, KRB REEER, BAZHENREE. EARF
Fo, ARAEFy BT 2% A FE(0.7108) 5 T BEA 22 SUA B £1(0.4510) FIAX A ¥ 41 B £.(0.4167), HE—30
REL T L RAE, ] UUA B3R A5 SR AR RIIE A Z R, S gt fL S5/ A8 5

B B B R SRR B AL Z AR VR SRR, R R MU 2R S R B R bRz —, R IE R,
RABEAR I AR . RGOS RBRIT ., 8L ZREMEAR, Rz, BUERE SO 2 A e .
Tl 35 A2 4B A [ L R 2R (1 S AR A A2 72 AR (R 2 A8 FARTE ARGy iy Pl PR o 55 7 THT B30 T X I 3L
Ko BAKRMHAEIRINN, SEARZ B BEE B, REMSHEBE, PR ZFL
58[16]. Crawford 45[ 174 Hid i ik TR FRIC 73 W45 S 8 A% I 25 55 Be vk Aff S B AL (] AR KA, BRI &
P 52 o ) 3 A4 8 S oA, PSR TN A2 28 24 & AR 5, 8 s b2 2R3 106 B (18] TEAHT
Forf, B0 B RS A BT AR B BN 0.8449, B IF R AT ISEG, 2458 Fy 7E2E K. HLiitE[19].
B AT [20155 75 T35 B B R A 2 MO 35, mT AR AP AL 330047 N RGNS & DT g e 70 L
k.
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