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KFEMN, FAMEERBE AR EEASFA D Bk F L BRSO E =, =l Rk
HAFR(Sp2. Sp3 1 Spd)it 240 BAFGIHATHRM, FRE &, 18 ML EM K KB 44 NERHE
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I 2 A (H) 5 04615, 0.4454. 0.4621 #10.3916, T % A1 B4 EPIC)4 % H 03791,

0.3659. 0.3764 #11 0.3257, 4 ANFH{ 18] fy B2 % Ho 350 2 14 ) 352 1% 2 b 38 B (Fa) LA 0.01612~0.16162 =
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KA s B B 3K AP (M. salmoides  floridanus)
(Bailey et al, 1949; MacEina et al, 1992), HiZ i BAH
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WA ER R, 15RO S B3O/ EM L, FRHHE Wesh® b, MoK E 2 ecm 2468, JTFEIIEA
i o A N B R B, DR M £ A5 AR U T AR AR 57 3 TEA e, R0 B g £ A AT A bRk ) 7 ik

R, I, BCA DR A UK 272 A R K 1 HR R
BT A SRR . Ry T BRARSR I A . R IRER
SEHUR BB e RE AL BT iR SR A AR, R R TS
SENCIE S NN Py N Y 57 NN RS B S eI RS
RPN Z — (RE2 5%, 2004, ARANSE,
2013), FFXFECA AR SR AE A T A A K L
U B YIMERCR R AR . MR R A 2E 7 K,
2012 SFEBRVLAK P WF BT AR R B {1 57
FR 1R S G Ty S S R A 8 B R AR AR, R T A%
GRS TARCH B E MR &L 2Rk
B3RS 52 90 A TR PR i B o (HE 22 241
N TE W48 5 1 IR s 1 Z REPERRAR, S BUR R
HH WA R GRRIAE, 2005).

TR R AT PR EE P )] (Simple  sequence repeat,
SSR), HAM%Y 28 RE . LB %GR
PR AL SR A5, )12 N T a0 54T Z R
T . EAEAF(2018)FH 154 T FRic Xt o [ B Xf
WR(Fenneropenaeus chinensis)¥f/: “ #5257 104X
VEE BRI T 4007, Won e E 210 8L Z FE AT
B T H IS Q01T AH33A M B EFRICX 34 B
[ ¥R (Exopalaemon carinicauda) it 38 Z& 17 15t 15 K5
I, 22 BH 4% 58 R 34 O BB ST 35t AR BEAAR ; 224546 (2010)
FIH 1A T R % 2 8 K i £ PR R T R 5
2~ABE RS AL Z AR T 400, TR AT DL UK
Kt AE g Al s 3 SCRAE (018) M T 134> 2 54k
EST-SSR¥RiC , XF44 M 4% (Siniperca chuatsi)FERIE
18T, RUEE AR T 28K,

it — 2 P A AR R AR BT EE T
1B, AR 18 X T B ARiC X 35 & FLAl A {4 |
B IR RIS T S 2R, Wi
HARERE O, MG LN TR T 7 Ehle . s R
A o B P DR B S R AR AR

1 RS HE
1.1 ##

1.1.1 #A 20124 3 A, W EKZRIZEPSE
Bt SR VLK =0 5 T JLTTSE AR PR i b Pk 6 AR B K
AR . RE KT 0.65 kg IR T RE “fifi 15"
M B A A o 35 b Bk 0 51 0 9 O 1 2R L I A R
Pl 500 g B ILRIAEIA . SEARMEMEM 12 1 B
REHE, A2 500 T3 IKAET Rl T /NG T

JEEH 4k, D 2R B faE O R
KAy 7.4%, MEH 44.7%, HIEW 8.2%, W/KILE
Y 17.6%, K45y 12.2%, HLEF4E 0.6%). B ZE5 %,
e AR 20%AY MEIE A 500 AR N %5
FA, BARZEREMA, JFRKIER 2 500 T, DIt
AT E S Z AR B RIE T o AWFIEAE 18 B Sl K
(fRiFR Sp0) . I 5 —ACHHIA(RIFR Sp2). WA =X
BEIAR (AR Sp3) NI 55 VA REAR (BT PR Sp4) 4% b
MLEERE 60 AW, R E AR M 10 g £ 4

Lt By BEdE AT REHLEURE , BYHUREE , FHIC/K CBEARAT
%}EHO
112 HITE3NH A AT R B R 1 B i T

ErRcs ¥k A SCHRCE R IWAE, 2008; Colbourne
et al, 1996; DeWoody et al, 2000; Malloy et al, 2000),
WP HEEUE, ke 18 NMRE . 28 S
MR T . BlFT 149 55 FAM 3 HEX
BehRie, sl g REE Y TRARA RS
B, SIMER W 1,

1.2 A&

1.2.1 A RF4RR % 2 LK 41 DNA % e sh
WA H A DNA 2 BULH & (M) #E ., SR
1.0% 1) A5 B B Jsg R Dk R 5 P 41 DNA i, Al
2 HNr G EE T (Eppendorf 23 H] AG2231 By ¢
FE, ] ddH,O e & 50 ng/pl, RAET-20CHH.
1.2.2 PCR K B # 5 FVARFR K 20 pl, f05%
2.0 pl 10xBuffer, 2 pl MgCl, (25 mmol/L). 0.4 pul dNTP
(10 mmol/L). EFIEZI4#)(10 pmol/L)4$ 0.2 pl., 1 pl
AL DNA(S0 ng/ul). 0.4 ul Taq f§(5 p/ul) (Fermentas
DN 13.8 pl ddH,0, PCR 3734 K2 W 4544 . 94°C 1
M3 min JFHEA 35 MEFS, 94 CAEE 15 s, 1Bk
15s, 72°CHEMH 30 s, FEIFRLEWE 72°C FHAEMH 3 min,
4°CORAF o

1.2.3 PCR= el B 4 A PCRY" 3 7 ¥y # H
1. 2% P4 Brt i W B8 J2 P RGN i, AR B0 4515 5 B RN =)
B, R KT ) ddH, O PCR= i B S~ 1015 )5
EROX 5004RiR4AT, SRJ5 B T ABI3730XLIN X
(ABI, ZEENHEARZE T 4058 B UKRI . A H Peak
Scanner Software V1.0F{FZELPCRY B4 7= i) /T
i, IR S R R R A TR 1 1 4545 1Y)
O3 T 25 SR R AR AR 45 i TR JE 1 i R R (B AR A
2019a; Z=1E4%, 2016),
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Tab.1 The primer information of microsatellite markers in largemouth bass
FE L B HI(5-3") Feprkepe  TOLEREC R St
No. Locus Primer sequences Size(bp) Number of Anneallngo Reference
alleles temperature(C)

1 JZLI2 F: ACTCAGAGCCTCACATTC 202 2 50 RN (2008)
R: CAGGTGGACTCAAGACAG

2 JZL23 F: GTCCGCTGCTTAGTTTAT 397 3 50 L E N5 (2008)
R: TCCTTTATCCTTCCCTCT

3 JZL31 F:TGGACTGAGGCTACAGCAGA 202 2 60 PR INE(2008)
R: CCAAGAGAGTCCCAAATGGA

4  JZL36 F: GCTGAGAGCCTGAAGACCAG 214 2 56 PE N (2008)
R: ATGGAGGACAGCAGGAACAT

5  JZL40 F: GCTGAGAGCCTGAAGACCAG 214 2 58 RRINEE(2008)
R: ATGGAGGACAGCAGGAACAT

6  JZL43 F: GCTGCGAGTGCGTGTAACTA 215 2 58 PR INEF(2008)
R: GGGAAGCGAGAGTCAGAGTG

7 JZL48 F: TCGACGATCAATGGACTGAA 207 2 56 RRINE(2008)
R: TCTGGACAACACAGGTGAGG

8  JZL59 F: CACAAGGCAAACAGAACGTC 183 2 55 RN (2008)
R: TTGGCTACCCAGTGATGACA

9  JZL60 F: AGTTAACCCGCTTTGTGCTG 205 2 60 RRINE(2008)
R: GAAGGCGAAGAAGGGAGAGT

10 JZL67 CCGCTAATGAGAGGGAGACA 248 2 60 RN (2008)
ACAGACTAGCGTCAGCAGCA

11 JZL68 F:ACCCACCGTCTTCTCTTCA 166 3 58 RN (2008)
R: CATTGTGGGTGCATTCTCC

12 JZL83 F: TGTGGCAAAGACTGAGTGGA 157 3 59 PEINE(2008)
R: ATITCTCAACGTGCCAGGTC

13 JZL84 R:GTGCGCAGACAGCTAGACAG 197 3 56 ZEZR IR 4E(2008)
F: CAGCTCAATAGTTCTGTCAGG

14 JZL85 R: ACTACTGCTGAAGATATTGT 312 3 58 PR INE(2008)
F: TCAAACGCACCTTCACTGAC

15  Lma2l CAGCTCAATAGTTCTGTCAGG 158~183 3 47.5 Colbourne 45(1996)
ACTACTGCTGAAGATATTGTG

16  Mdo7 TCAAACGCACCTTCACTGAC 156~172 2 53 Malloy %(2000)
GTCACTCCCATCATGCTCCT

17 Mdo6 TGAAATGTACGCCAGAGCAG 150 3 55 Malloy %(2000)
TGTGTGGGTGTTTATGTGGG

18  Msal2l CACTGTAAATGGCACCTGTGG 214~224 4 58 DeWoody %(2000)
GTTGTCAAGTCGTAGTCCGC

1.3 HEZIT SR

Gt AR Y B A, BE SR,
POPGEN 3.2 #{f:(Nei, 1978) 82 LA (V,) . B
R FE VBN, I 2 45 B (L) TR 24 5 B (HL)
PRI AERE B (D,) . BEFREL Fiy A1 F-SEit s A
[ AL AR B F )R F-538T . FIFH MEGA 5.0 4k
PFRRE Nei [Gast % 5 2 {6 H] 98 4% 2 (Neighbor-joining,
NN R G M (Tamura et al, 2011), F CERVUS 3.0
Bt EZSEE®

I =N
AN F= BN

& (Polymorphism information

content, PIC)(Kalinowski et al, 2007). ARLEQUIN 3.1
BAFHS Fo AR TI7 22381 (AMOVA)(Excoffier
et al, 2010; FhEY K5E, 2015),

&R

2.1 HFtREMNHMIESESHE

K18 XTSI 4 A KT R e
240 MEAEENZH DNA ZEATH 4, ¥I3R45 H A4
IIATAE R I 20 18 X5 WI1E 4 AU LRI 2500
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444, Sp0. Sp2. Sp3FISpd A 15 % (v F A
BN AIR2.39, 2,39, 2.44F12.33; 394G RS0
FERB(N) /I N1.96, 1.91, 1.98F11.81; F-H0Lil
Z G B (H,) 593 40.4895 . 0.4802, 0.4579F10.4206;
EBIH B A A B (HL) 53 51D 0.4615 . 0.4454 ., 0.4621
F10.3916; ¥ ZEMF L& &2 (PIC) 47403791 .
0.3659. 0.3764710.3257,

22 HFHREH F-RE

FIIFH POPGEN 3.2 #4745 A ] F-R g, 45
R 3, X F HTTE BN, SRR R
W7 A F B, Sp0. Sp2. Sp3 il Sp4 & FHLAAr
BB 10, 12, 5 18 A~ M Fo ., 3t
5 AN AT IR BN = AL R E (0. 15<F,,<0.25), 4 M5
1% B 43 1k (F,i<0.05) , 9 A o BE 43 4k (0.05<
Fy<0.15), #B 4 DRHAZ A H B — 2 AL 1k o

R3 18NN IENMSH F-EL8

Tab.3 The F-statistics of eighteen microsatellite loci

5755, Fi Fy
Loci Sp0 Sp2 Sp3 Sp4  All groups
JZLI2 —0.1005 —0.1959 —0.0526 —0.0605  0.2265
JZL23 —0.4146 —0.2553 0.0217 —0.2097  0.0201
JZL31 —0.3333 0.1167 —0.3317 —0.1048  0.1240
JZL36 0.1935 -0.0204 0.1192 0.2420 0.1873
JZL40 0.1935 -0.0204 0.1192 0.2101 0.1889
JZL43 -0.3976 —0.3976 —0.0391 —0.1727  0.0284
JZL48 —0.0087 —0.1435 0.1898 —0.2655  0.1020
JZL59 0.2609 0.0312 0.1954 0.0861 0.0953
JZL60 -0.3396 0.0255 —0.0345 0.0554  0.1098
JZL67 0.2256 0.2363 0.0761 0.0266 0.0478
JZL68 —0.0087 —0.0770 0.1667 0.1685 0.2573
JZL83 -1.0000 —0.3235 0.1911 —0.1724  0.1495
JZL84 -0.3182 —0.0770 0.1667 0.1685 0.2573
JZL85 0.1118 -0.1014 —0.1751 0.0276  0.0500
Lma2l —0.3488 —0.0434 0.0355 —0.1107  0.1100
Mdo7 0.0113 —-0.0708 0.1071 —0.0943  0.0660
Mdo6 0.0286 0.0115 0.1532 0.0304 0.0725
Msal2l 0.0000 0.0000 0.0000 0.0000 0.0000
1 Mean —0.1247 —0.0725 —0.0505 —0.0097  0.1163

2.3 BHEEREES K

FIHARLEQUIN 3.2%K {443 #4111 2 i 1k
] ) 38 15 AL A8 H (P ) (B (R4, XS gk b)), K4
KBS REA (A 1 F A F0.01612~0.1616222 8], N2
FE AL TR EE A3k . ZEAMOVAZM T, X4~ K B
BERERBEA T 00T, S5 OR, A 8.38%AY B LA ok
HFREARE], 91.62%A 8 A£75 5k A BEAK N (3R5).

T4 ANKOBHERMBEEBIALT)H
BESUIBRGTML L)
Tab.4 Nei's genetic distance (below diagonal) and pairwise
F, (above diagonal) among four largemouth bass populations

FEIR Population  SpO Sp2 Sp3 Sp4
Sp0 HkAE 0.11692 0.15039 0.16162
Sp2 0.0995 HkA 0.01902 0.01612
Sp3 0.1415 0.0344 HkAx 0.02795
Sp4 0.1434 0.0249 0.0295 HkA

TE: XHARLUT IR IE R, XMLl ol ok
Ei= 1
Notes: The data below the diagonal represent genetic

distance, data above the diagonal represent genetic pairwise
th

2.4 BHKEIEMGEBEMBEIN

A Nei(1978) 57 (A 7] (1) 188 4% 1 25 (D) 25
W 4, RHAALET), 4 I I IR U 4] 38 2 B
BT, Hoh Sp2 1 Spd BEUAY i L I B f it (D=
0.0249), SpO0 1 Sp4 FHA AL I 25 fizt (D,=0.1434).
UPGMA HKE /R, 4 MK IRE A, Sp2 Fl Spd i
Je, SRR Sp3 B, FF 5 Sp0 BAE—E(E 1),

Sp2

R

| L Sp3
Sp0

1

Bl 1 BT Nei's AL HE S RG 4
R RESFEAR I NI 2B R
Fig.1 NI clustering using Nei’s unbiased genetic distance
(1978) of four largemouth bass populations

x5 4P KOBRYEIKE AMOVA 5517
Tab.5 AMOVA analysis among four largemouth bass populations

AF SR E Source of variation HHE df 41 Sum of squares 7224143 Variance component 43> Percentage(%)
BEMRIA] Among populations 3 141.600 0.40136 8.38
#£4A M Within populations 428 1877.944 4.38772 91.62
SVIE S Total 431 2019.544 4.78908
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3.1 EEERMBANILE

RO IR 5 = Ml A JE Atk T BE 675 30 110 % 7 LAt
FEIAR, 2 RFEEMOCH, JF HiETuE RANER
R KIS “fifi 15" 2AE 1983 N [
ERCEIPANON AR NER/ AN O IR SN
HEILFRREE R, AW ARERE, ZAFT
ZAR S b3 1 SR AR ISR s AR, JF H AR
ROER, BEFFRERAT, it —0 Rk 7 HAR Y 25 5
FhZEREARSE, 2011) ). FIH A FFric 7 s E PR
FR S 5L Z R s, v R R ST AL 2 A
PELCJERP AR, IF BT — 8 AKP- 19 3 38 (BEAE AR 4,
2012), 2010 4F, AT A E E 5| 3E K F R &k
J5 AP AR, 7 EK 7 B0 58 B SR AR = W 5 i
M B b R A T B 2 B SR A, 2 AR L A AT
R, FA A ORE R [ N FRBE AN, I K 1 P f
G| HEREUR A A 58 42 35 1 H LK ™ 55 Bl A 45 R 5 B A
K CNTERIR A, 2015) BAEAESEQ012)BF5E 734 1
G| R K MBS 2R, RIS IR Z
KOV 2 TN R, 513 R K E R 7 v
Pk BV 1B, TR SR R T SRR ot o 2 LAY
PERLFNIECAEAESE, 2012), KT Ub, K OB
“Petfi 157 AR OBy RS SRR ik E
FERRE R R AT 8 B N TR A IRDRE R 11 B 6 3
B, ARBFFEIEF Mdo6 Fl Msal2l 3% 2 ANV AP 54k
PRicxt 4 DEFERARSETY Y, 45K, Msal2l
TEAE T A NMAUAZAE 196 bp K 1R IE 5 W A
SN, Mdo6 171E 146 bp F1 151 bp 55745, NIEAE
B HLIRW A 153 bp FrFacH7, REFTHEA
T E S ARDRE O R B R R 34 Sy R T R 5 L 7 I A
(Lutz-Carrillo et al, 2006),

3.2 REEREREESEEST

FERM L 2K, &M N,. H, Fl PIC
FHRPRTEAL , ZREMEAKOT SRS BRI 5450 1)
K/NFEDG, BT DA 5 R AE i F it B AR (5 0
J1Ha R —Fhw T B (T 5%, 2007) ABF5EEEH
18 M B AEXT 4 KT B B U T e 248
PEWEI , BT B A DR A SR T Msal2l JE 33540,
HAth N, Ry 2~4 4>, Hrh, BRT JZL60 bRicAE Sp3 #f
IR AR RRAZ 1 AN (180 bp), HAbbRiD %
S FERECEE 4 AR, #E JZL60 Fric7E Sp3
EBAANATT B & AR R A O H, SR PN RIS AL AR SRR

AL S50 Bl A8 bR 2 —, S SRR P9 T A 4 7 3
PRI ) = B R BE RS AR, 48R AR 8 A A7 R 1V g
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Analysis on Genetic Diversity of Three Breeding Populations of
Largemouth Bass Using Formulated Feeds

FAN liajia, BAI Junjie, LI Shengjie®, MA Dongmei, JIANG Peng

(Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380)

Abstract Largemouth bass (Micropterus salmoides) is a very important fish in commercial farming.
As it is a carnivorous teleost, a large amount of forage fish and fish meal were used as food for
largemouth bass every year. Residual forage fish and fish meal not only increase the costs of largemouth
bass aquaculture, but also seriously pollute water bodies and farm lands. In order to reduce farming costs
and protect the natural environment, selective breeding suitable for formulated feeds was carried out. In
2012, our research team selected the breeding population contain Youlu No.l largemouth bass and
introduced north largemouth bass. The genetic structure of largemouth bass breeding population was
analyzed based on microsatellite DNA markers. A total of 240 individuals, from the foundation population
(Sp0), the second generation group (Sp2), the third generation group (Sp3), and the fourth generation
group (Sp4) (60 individuals per population) were assayed with 18 microsatellites. The results showed that
a total of 44 alleles were identified, the numbers of alleles (V,) were 1~4 in four selected populations,
respectively. The observed heterozygosity (H,) of Sp0, Sp2, Sp3 and Sp4 was 0.4895, 0.4802, 0.4579 and
0.4206, respectively; the expected heterozygosity (H.,) was 0.4615, 0.4454, 0.4621 and 0.3916,
respectively; the polymorphism information content (PIC) of Sp0, Sp2, Sp3 and Sp4 was 0.3791, 0.3659,
0.3764 and 0.3257, respectively. The F-statistics (Fy) value is between 0.01612 and 0.16162, and the
genetic distance (D,) is between 0.0249 and 0.1434. Partitioning of the genetic variation revealed that
only 8.38% genetic variation was among the populations, and the other genetic variation was within the
populations. The results showed that the artificially selected population using formulated feeds showed
moderate genetic diversity, and still had great potential for future selective breeding.

Key words Micropterus salmoides; Formulated feed; Breeding population; Microsatellite; Genetic
diversity
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