KO Ry TR £ EPCRIA TR K3 BRI BAL /347

2 s KX 218 R E 224 TN AL

MULTIPLEX PCR SETS OF MICROSATELLITES AND THEIR APPLICATION IN GENETIC ANALYSES FOR
THREE POPULATIONS OF LARGEMOUTH BASS (MICROPTERUS SALMOIDES)

FU Jian—Jun, GONG Ya-Ting, ZHU Wen-Bin, QIANG Jun, ZHANG Lin-Bing, WANG Lan—Mei, LUO Ming—Kun, DONG Zai-Jie
TELRIHIE View online: https:/doi.org/10.7541/2023.2022.0296

LT R RGN HAN SO

Articles you may be interested in

BT TR Z B PCREAR Y == M fifi 5 %
PARENTAGE ASSIGNMENT OF SILURUS LANZHOUENSIS USING MULTIPLEX PCR OF MICROSATELLITES
IKAE A H2A4R. 2021, 45(3): 530-540  hitps://doi.org/10.7541/2021.2020.030

PNEES LSS SPS N ME S R Ly )
ANALYSIS OF THE PYRAMIDING EFFECT OF GROWTH-RELATED MOLECULAR MARKERS IN LARGEMOUTH BASS
(MICROPTERUS SALMOIDES)

IKAEAEW)2AR. 2019, 43(5): 962-968  https://doi.org/10.7541/2019.114
A0 ol T3 A o5 A 7 e S BR VT 4R S A M BB AAR 1) 38 1 2R P T

MICROSATELLITE PRIMERS SCREENING AND GENETIC DIVERSITY ANALYSIS OF FIVE GEOGRAPHICAL
POPULATIONS OF PSEUDOLAUBUCA SINENSIS IN THE PEARL RIVER BASIN

IKAE A HI2F4R. 2020, 44(3): 501-508  hitps:/doi.org/10.7541/2020.061
T WFAE SRR AR AL AR R TR AT

MICROSATELLITE ANALYSIS OF GENETIC VARIATION OF WILD AND CULTURAL POPULATIONS IN BLACK CARP
MYLOPHARYNGODON PICEUS

KA A HI2EAR. 2019, 43(5): 939-944  hitps://doi.org/10.7541/2019.111
HE T R T RS [ A Cast A% AR 5 8B 25 1 T T2 4B

GENETIC DIVERSITY AND GENETIC STRUCTURE ANALYSIS OF DIFFERENT SELECTIVE BREEDING GENERATIONS IN
CYPRINUS CARPIO RUBROFUSCUS USING MICROSATELLITE MARKERS

IKAEHE WA, 2018, 42(5): 887-895  https://doi.org/10.7541/2018.109

PO B AR T T 5 |0 328 K o /K Tmf DA~ b B 1) 352 4% Z2 R PR 53 Hr

ISOLATION OF MICROSATELLITE LOCI AND GENETIC DIVERSITY ANALYSIS OF SINOGASTROMYZON SICHANGENSIS
KA AR 2019, 43(6): 1224-1230  hitps://doi.org/10.7541/2019.145



http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2022.0296
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2022.0296
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2020.030
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2019.114
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.061
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2019.111
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2018.109
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2019.145

KHEMAG AT, PAFH LN E



EEVEE R
2023 £ 9 A

KE A& Y R
ACTA HYDROBIOLOGICA SINICA

Vol. 47, No. 9
Sep., 2023

doi: 10.7541/2023.2022.0296

AORGPHDEZEPCRIFRMINBHARIEIE I

WEE ERE AWM B R

KA

M EUm FEAD

(1. o E K= BRI TR AU ATF 78 r O AR MY AR 05 5 7 L L R i 5% Y05 P B A s 2, o 214081 2. B Rk K7

Tegitalv 2B, To8 214128; 3. kR A BR A 7], 88k 244100)
HE: NIT KO B (Micropterus salmoides)F FVEAL A AL 73 Hr B AL 4 1A 50 F B, 3007 IE T4 38 &%

IREGEEBRUSA. “fLii15 " YLOFM A FARAYB)FEAE 8T, 45 R EoR, F00 8 A R EN,) B
SR RE(N) WA B (H) W R G (H) 2 G B EEPIO AN T3—14. 1.622—5.841.
0.333—0.806. 0.385—0.833F10.361—0.810, FLIME 73 51°47.722. 3.056. 0.577. 0.626F10.579. HIFR24™M
B Hardy-Weinberg A7 47 /2 1 87 7, YLO B % 2 1 14% KF B A%, HY B 13000 4= A 2 B i (H =
0.743), AR Z SR USAH 2H R {H . USASYLOE I Nei’sigt 1% F B £¢i£(0.362), HYB 5 USAFI
YLOIH ¥ Nei’ s 7% BF & 4 5080, 112700179 P P9 R4 (W] 347 PE AR 2 35 1 18 7% 2346 (P<0.01), HHUSAS
YLOA]I# A% 73 A 7K - 5 i1 (Fgp=0.209) o 52T~ 55 40 25 (RIS 6 [ 38t 4% S5 0 AT 45 SR B0, USAFTYLOH AT AR X it
SEIIB AR S5 K, TTHY B2 I AN R I8 AL SR o =8 5oy A0 20 A 0SB B, AN [ SR R 1) AN A B 3R A5
BAMX S, HYBO AT/ FUSAFIYLOM X $k 2 18] BfF 7032 0, B0 A i sk T2 2 FEPCRAR R, ¥ o7 il L

AR 2 AT, IFREA RS TR D RS A AR 20 B, O B T S BRI EOR S

XHER: MP A, £ EPCR; LS KO R
hE 5525 : 59174 CHERFRIRAD: A

K fifi(Micropterus salmoides){F5 NN
H AR T AL 22 IR KRR, 20140 704FE A K h
B VS X B e A AR 5] HE R T B 19834 5] A
"R, DT B AR KO RETT IR A
G v AR e, B BT FR A b s, HFRE
Wk R . it ZERIYNML, DA AR 1R
Tl AN L F DRI ACHE™, DK 1 S B 1) 7 B [X 3
AR E YK, I o 3R B ER K IR A 2
— o 20214FIR K E= 570,21 75, AH 20204 1
FEHE R (61.95 MG AN T 13.33%7 . {HJE, 1EA
SRS FR, K B A R = R ARF R A R TR,
I B R . AR T PSR S, B K
By RN A = B R, 25 5 5 B TE R R R TR AL
RIS 2 REME ARSI 500 X d ) 20 T K 1

Uis B HA: 2022-07-18; 1&1T HHA: 2022-09-14

X E4S: 1000-3207(2023)09-1514-09

MR TR TR SR A e . AL, 1 A2 AR
RURHE R T3 755K, ST R K T JR 38 A o LA
KRRk B A HE ISR

L Y R T SR B AR BN 5, e D 51 Bl
KR TRIH, £ 55 AP N 45 7 T R L
PLF (B A B B4R T SR, T A 5T R I o
. LB R R RGL A BB A M TS
Rl AN R4, TR K 11 R R R AR P AR R
RGP RANSR, B 25 8 A KPR R Y & 2k
R STk, AN E MR, RS
25| 2 JFRR BHIR, 20T AR AR DL SR BL R AR
e 5N R A R B K 1 B R B M A B R R KA
Migde. LR, BT [ N IR GE AR AR 5 2t S
FEAR, 7K 7 AR5 AL 5T 250 R A it e 55 B 7 T T

EGWR: LI ML AR <48 B H T H (JBGS[2021]130); BUATARME P Ml £ AR 4 52 5 8L II(CARS-46); 75 M di BHE iR BT H
(SNG2021009) %% Bl [Supported by the Seed Industry Revitalization Project of Jiangsu Province (JBGS[2021]130); the Earmarked
Fund for China Agriculture Research System (CARS-46); the Suzhou Science and Technology Plan Project (SNG2021009)]

EE BT MEZE(1986—), B, 11 EBH T 510 K= 2 it EFi. E-mail: fujianjun@ffre.cn

BEEE: EEA(1967—), E-mail: dongzaijie@ffrc.cn


http://doi.org/10.7541/2023.2022.0296

9 3 A 2245 K H R T2 2 B PCRIA 5 K3 MR 1 184% 3 #r 1515

Je T KETAE. Hrh, BERILAK B AT RTICE AH G
Az Ak S Je I AR B HOR SE R TR R
b BheAR i S AR BT3 S, 1K 248 A
PR SR & R, AR RARSE B2 1 oK R 725k
PO BB AN 7E oK. b Ah, TN ST R
SR YA R REAR (GRIEREAR . 16 B R AN R A
M) E] I 8 T 8 % T 20 e AN A K g b B SR A
FEUT ST Ay Bl AR P AN a8 A R R R S
AR .

i T (Microsatellite)bric, X R & 517 51 5 52
(Simple sequence repeats, SSR), HA LB 4
72 Z2RMEEERHE. B, 2T IR IEA
% HPCRAK R 1) T B FH B 7T, £ 0 2 A] 15t
= BNt 1S 2 R 1 o -
ST A RE . SR ER AL EPCREIA
A R A S B0 AR, A A DU, A AR
W R R SR B B FUR AR o 7R R R Y
FHEHF T, Lutz-Carrillo5"” Fl Takagi 5" F i
MR Ak TR G il et DR T PR Y S ) B A T A
FUH A BB NBERTT JE T A VT Al ; Bai%s” it
T EIRARICTT R 10 44 K R A R B R A g
17 1 WA 2RV, S5 R B [ 9 IR B AR 1
1 2 BEVE R AK T Lutz-CarrilloZ5' 4 38 1) 25 [H B
FERER . TEREJE BT, R RRED . Lutz-Car-
rillo%5 2 F1SeyoumZE ™ 4 B FF 2 T K 11 S5 11k
PEME, #—2FE 7RO BT hRid 5
Vo TR, TR OB 2 N T K I AR AR
BP0 AR RR B T R T
Y g PR T (ER, ERG R WL 6K T S g
T ERICZ EPCRIK R M @A N A RiE . %71
1k, AT 7T 3 T O 3L e bR 1 R A i TR R S
Wit 5|V F i 2 FPCRAK &, il ik BG4 70
o5 HE I AR AN 7, DA R FOR 5 PPl A g A%
2R SR R AT B

1 MRERE

1.1 X8 &E FIDNAIZEL

20204F, M 2 Bk ARk A IR A &) (B K 2% %
TR 2 R 11 R B R b 3 ) WSO AR 3N DR 1T R i 1k
T A G206 i PR £ EPCRAK & My 2 N BEAA 8t 4% A8
FEWFAT . ARG 3L E 5] ERER(USA). <At i
1S BAR(YLO) M 2 &2 T ACEEA(HY B, USA Qx
YLO &), B A REFEAR R N36)E

T3 R BT HUE SRR A, [ € T /K OB, T4°C
RAF&H . KRS/ S5 BUIE R 41DNA, 18

1o 1% P B W M FL AR W0 G ¢ 44, ) Y Nano-
Drop 2000C 43 )t/ B AUk MK FE, I DNAFEA
MR 20 ng/WLII AR EE, T-20°CORAF4
12 ZEPCRMEMLSTE

#:TNCBI (National Center for Biotechnology
Information) 2 3 24 22 _F K 11 FE 6 (1) ik T & ) %71
BEH 5149, A3 R S5 i (I DNAREATPCRY™ 1 5%
PRERE R, L 3% 350 IR B e g HR K 3R AT 56 0E
I 4 3G SR IE T S . ARSI T2
HPCRK R M. MR8 51 ¥ A i 3R iR A
T 8 BACTEAN R, 38— 247 51 R s 2
&, AT Z HPCRY™ H M3 % 1 B I b ok i i vk 56
WEo A T AT gRAa I, X728 1 2 1) 2 EEPCRAAK
A& brid Bl S YT B BOT Ins bz i
(FAMECHEX), 5198 i S s e b A= A T
PR Bt A PR ) 76

Z HPCRY 14K & 20 pL, 410 pL Gold
Multiplex Mix 2x (BN AL, 1 E), ETFHSIY%
0.30—0.50 uL (10 umol/L), ZEKZHDNA (20 ng/uL)
2 uL, KA SR . PCRYIEFRT J9: 94°C Tl
A5 3ming 94°CAE1E40s, 55°C il k40s, 72°C ZEf
40s, 35 M 72°CHEM Smin. #3848 3%35

PR BRI FL VIR I S A% S, 16 B ARG

BR 2 m) 5@ I ABI 3730X LN PP A AT B4 bk
I, I F GeneMapper v4.0 #44:(ABI, 3 [H)iz B
ARSI B .
1.3 BURGHFEE S

RIEPCRY 1 Jv BOK L1 € B B A &AL
B8, I3 1 Excel B 2R AT Hdfls % 38 . F
Popgen v3 28BS S A L IE R BN, . A
R B HU(N,) s I 2% A 2 (H )RR 2R & 2
(H,), FHEIEAL S FTHW (Hardy-Weinberg) V-7 . ]
i Cervus v3. 08147 43 Bl T SR Ak 554507 15 (4 2
A5 B 5 E (Polymorphism information content,
PIC)FITC A FE R A% (Null allele frequency es-
timate, F)o

F I Arlquin v3.5 5 AR 4 AL B F- S8
T E(Fsp) M 177 273 1 (AMOVA), FIF Popgene
V32 A RNl I AR B B . 26T
FETEAA P B S A7 2 R, B Structure v2.3%K
EEAT BEACRAL 45 M AW, RV B KR, BB
WAERE . N T Bk — DI Pk {7 fUFE AR 10 A%
30 e 2R, T adegenet T JE 3 1 23 4151
43 M1 (Discriminant analysis of principal component,
DAPC), #H5%5 Hr 7ERFE /7 H 58 i (http://www.R-
project.org/).



1516 K E AW % W 47 %
2 &8 TR, JFHETeH3HEPCRIAZR. kL E

, PCRIKZ %51 WME N 1 FTR. K C B P
21 WMIDEZEPCRER 64 % EPCRAK £ Hh 57 547 1 200 SR AR AR AR 7

ASHIF TE 07 308 H 1847 49 ZCR A 4 K 11 T iy sl

®1 KOERBHIEEFICSEPCRERKIIMIER

R G R BUS REAT X 20 (B 1)

Tab. 1 Multiplex PCR panels of microsatellites in Micropterus salmoides
HeE KL W5 175 SIS E
Panel Locus Accession No. Primer sequences (5'—3") Volume (uL)
Panel 1 PILI EF055999 FAM-GTAACGGCTGGTAGTGTG 0.35
GAGATGTCAGAGGTGAAGAA
P1L2 EF055995 HEX-GGTAGCAGCGGTTAGGAT 0.35
AACACGGACTCACGACAT
PI1L3 DQ211538 FAM-AAGCGTGTGGTTAGGATG 0.45
GCAGATAAGTGGCAGTGT
Panel 2 P2L1 EU152098 FAM-GCTGCGACCATTAAGACT 0.40
CCGACTCTTCTCATCAACA
P2L2 EF590108 HEX-TGGCTGCGTAATTGTATGT 0.35
TGGAGGAGCGTTATTGAAG
P2L3 EF590089 FAM-TAGTGTATTGCTCTGAAGGT 0.50
AACATACTGCTGATGGAGAA
Panel 3 P3L1 EF590097 FAM-GACTCCAGAGATGAATAATGA 0.45
GCAGACCAGCAACACTAA
P3L2 EF055997 HEX-CGTGTAACTATGGTGATGTG 0.40
GAAGCGAGAGTCAGAGTG
P3L3 EF055993 FAM-GAAGGACACCATACAACACT 0.50
CCTCTCCATCCTCCTCATC
Panel 4 P4L1 EF590088 FAM-TGAGCGAAGGACGGATTA 0.35
ATTAGGTGGCAAGATAGACA
P4L2 EU180174 HEX-TGGTGAACACAGCAGAAC 0.45
GGACAGCCTCAATACATCTT
P4L3 EF055994 FAM-GCAGAGCAGAAGAATGACT 0.45
TGAACACAACGACACCAC
Panel 5 P5L1 EF590092 FAM-AGTATGTGTGGTCCTGTCT 0.35
CCTCAGTCACCAGTTCATC
P5L2 EF590096 HEX-AATGTCTTGAGAGGTTTCCA 0.30
TAGAGTGTAGATTAGTCAGTCC
P5L3 GU085829 FAM-GTGATAGAGGACGGTAGGT 0.45
CAACGAGATGATGACGGAA
Panel 6 P6L1 DQ211536 FAM-ACTCCTATTGTGTCTGTTACC 0.40
CAGTGCCGCAGTTACATT
P6L2 EF590064 HEX-TTATGCTTGTTCCTCTGTCT 0.40
TTCTCTGCCTGGTCATTAG
P6L3 EF055996 FAM-GAGCAGAAGAATGACTTGTTG 0.50
ATGGAGGACAGCAGGAAC
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Fig. 1 Genotype results of six multiplex PCR panels of microsatellites in Micropterus salmoides
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Tab.2 The polymorphism parameters of eighteen microsatellites in Micropterus salmoides

(A=) K RS ARG PURIEIS e I EZ el HW-F4fff P& A
Locus Size (bp) F N, HEFHN, G EH, G EH, BE&&EPIC Puwe FERAIR
PIL1 112—140 7 2.446 0.546 0.594 0.514 0.218 0.0453
PI1L2 160—200 8 2.246 0.546 0.557 0.494 0.800 0.0092
PIL3 276—294 5 1.707 0.333 0.416 0.380 0.061 0.1091
P2L1 125—155 5 1.622 0.352 0.385 0.361 0.536 0.0395
P2L2 204—240 7 2.746 0.611 0.639 0.573 0.629 0.0217
P2L3 307—329 7 2523 0.565 0.606 0.555 0.905 0.0220
P3L1 137—151 6 3.302 0.630 0.700 0.646 0.056 0.0592
P3L2 194—218 6 2.853 0.648 0.652 0.588 0.890 0.0029
P3L3 310—340 7 3.591 0.472 0.725 0.675 0.000 0.2128
P4L1 109—163 10 4368 0.750 0.775 0.744 0.063 0.0130
P4L2 200—242 14 5.089 0.722 0.807 0.787 0.465 0.0528
P4L3 326—382 11 5.110 0.806 0.808 0.781 0.074 0.0095
P5L1 137—161 9 2272 0.565 0.562 0.533 0.783 0.0034
P5L2 230—282 11 1.936 0.398 0.486 0.468 0.000 0.1464
P5L3 358—362 3 1.880 0.407 0.470 0.367 0.128 0.0734
P6L1 147—183 7 3.089 0.611 0.679 0.628 0.084 0.0592
P6L2 240—250 3 2.379 0.630 0.582 0.516 0.410 0.0431
P6L3 355—411 13 5.841 0.796 0.833 0.810 0.686 0.0173
¥J{EMean — 7.722 3.056 0.577 0.626 0.579 — —
=3 ROBFPMEHMEESHESEEITTER
Tab. 3 Genetic diversity parameters of three populations in Micropterus salmoides
2N DB RIS B R HE R A M L WA E ZHMEERSE
Population N, N, H, H, PIC
£ [H #AUSA 6.625 3.544 0.642 0.663 0.611
15 YLO 3.188 1.953 0.399 0.426 0.370
IAHERHYB 4.938 3.061 0.743 0.629 0.563
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Tab. 4 Nei’s genetic distances (below diagonal) and genetic

fixation indexes Fgr (above diagonal) among three populations in
Micropterus salmoides

FfAPopulation SE[EBEIAUSA ET15YLO ZAREAHYB

2% E #EAUSA — 0.209%%* 0.044%*
& 15YLO 0.362 — 0.132%*
T FERHYB 0.112 0.179 —

T RO (P<0.01), T
Note: **indicate extremely significant (P<0.01), the same
applies below

RS KOBBNMEAED FIEETRHEDTAMOVA)ZER
Tab. 5 Analysis of molecular variance of three populations in
Micropterus salmoides

BRI BRTTE TEMHSD Horth  FERE
Source of Sumof  Variance Percentage  Fixation
variation _ squares _components  variation (%)  index
T ]
Among 106.551 0.676 12.865 0.129%**
populations
TN
Within 975.694 4.581 87.135
populations

S fTotal  1082.245 5.257
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Fig.2 Genetic structure assumed under different inferred K values for Micropterus salmoides individuals
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Fig. 3 Scatter plots of discriminant analysis of principal component
(DAPC) for Micropterus salmoides individuals based on allele
frequency of microsatellite markers
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MULTIPLEX PCR SETS OF MICROSATELLITES AND THEIR APPLICATION
IN GENETIC ANALYSES FOR THREE POPULATIONS OF LARGEMOUTH
BASS (MICROPTERUS SALMOIDES)

FU Jian-Jun', GONG Ya-Ting’, ZHU Wen-Bin', QIANG Jun', ZHANG Lin-Bing’, WANG Lan-Mei',
LUO Ming-Kun' and DONG Zai-Jie"’

(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China; 2. Wuxi Fisheries College,
Nanjing Agricultural University, Wuxi 214128, China; 3. Zhanglin Fisheries Company, Tongling 244100, China)

Abstract: Largemouth bass (Micropterus salmoides) has been introduced approximately for forty years, and it be-
comes an economically important cultured fish in China. However, there is a lack of natural population supply in breed-
ing and a risk of genetic degradation in the utilization progress. The imbalance between large industrial demand and
shortage of improved varieties of M. salmoides are arisen in China. Genetic evolution is the baseline for genetic im-
provement and selection breeding programs. The microsatellites with multiplex PCR method is popularity applied for
genetic analyses in fish species. In this study, we developed six multiplex PCR panels based on 18 polymorphic mi-
crosatellites, and subsequently used in genetic analyses for three populations of M. salmoides, i.e., original population
of American (USA), “Youlu No. 1” variety (YLO), and their hybrid population (HYB). The results showed that, the
parameters of number of alleles (V,), effective number of alleles (), observed heterozygosity (H,), expected heterozy-
gosity (H,) and polymorphism information content (P/C) for 18 loci were ranged from 3 to 14, 1.622 to 5.841, 0.333 to
0.806, 0.361 to 0.810, mean with 7.722, 3.056, 0.577 and 0.579, respectively. Excluding two loci deviated from Hardy-
Weinberg equilibrium, the lowest values of all diversity parameters were observed in YLO, while the highest H, was
detected in HYB (0.743), and the highest values of other diversity parameters were detected in USA. The farthest Nei’s
genetic distance was evaluated between USA and YLO (0.362); meanwhile, similar Nei’s genetic distances were evalu-
ated between HYB with other two populations (i.e., 0.112 and 0.179 for USA and YLO, respectively). Extremely signi-
ficant genetic differentiations were revealed among all pairwise populations (P<0.01), and the highest fixation index
was detected between USA and YLO (Fs1=0.209). According to the genetic structure analysis based on the allele fre-
quency, relatively independent genetic structures were presented within USA and YLO, while admixture in genetic
structure was generally showed in HYB. Additionally, the distinct distributions of individuals from three populations
were visualized by using scatter plots of discriminant analysis of principal component (DAPC), and HYB showed with
interval distribution between USA and YLO. In brief, six multiplex PCR panels of 18 microsatellites were developed
firstly in M. salmoides, relatively high polymorphisms were detected among these loci, and the effective application in
genetic analyses was evaluated in this study. That provided valuable tools for genetic and breeding researches in M. sal-
moides.

Key words: Microsatellite; Multiplex PCR; Genetic analysis; Micropterus salmoides
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