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BEHEOAMN T ME—R s, B HRHEER
WAL TS F BN N, 15 5085 2Rk
ATREth AL TRk, Wit te 2R R A 2 M
1) O ZH AR 40, B R Bk &A1 AN TR
PR A fE M EART . BREE BRI A A2 1k, PR
A% Z2 R 2 PR Ry i S SR a5t A% TS T AT,
TS BOZ A2 2 PRI N e 1 FIHTe 7 REAIR,
T LA R0 v KT i st A 22 A AR A
R ST R, R R R IR T W o 1 %2
FEPE R A HEE L

SSR (simple sequence repeats, i H.7 51 H )
FRCE I 47 o J e R i —Fh LURE 551 9 PCR Oy
AW TR e ER, AR A A2 DNA
(microsatellite DNA), & 1~6 MFEFRHE L 7
SIS, BT EARCL T Z A T RN, IR AR
AW, AT, LB SmENEZSE
s Ak PR 2H A BB AL 20 A1 S R, Tz N T K
SYIRAL G 53 AT . BT Bk T S ST
GRS R T g AN ) M IX IR B A A
e ZHEE, AT T AR S0 28 Je Hi e s L 45
PEHCT 6 M BEALSHATEE, FFXEAS R X
(PEWLAR . PEmE. PE G RKFE)
5 IR SR AR A AT s AL Z AR ST,
AUy g2 162 v 5 A A 1) st A% BE DR DR 4 R o
TR FEAE BRI AR R .

1 ##FHE=E

1.1 SEIe#tel

S T I B R 1 S AR T E N AR B E A
—fREHA(SD). fREEEH CHHARFEID). MR
BHENBEIRFIO). AEEFE - AR K
(TW) L BRI FI I B A4 BEAR 2B 1 T-1R(AS), F
H1 SD FJ FI TW RS2 51 E H AS BRI F1E,
S AEEAR BB B AN 1a iR X5 ASEEHARY
% 1 08 43 S O A SR LA & i, b SDL FIL,
FI6. TW FEFHREIASHL 30 IMFESY, AS FRFEBEIA
WU 24 AMFE L, 3R 144 DMULRAES, T80 CIR
755 H
1.2 XWAHE
1.2.1 E[EZH DNA fiRER R [H 4 DNA &

BUOAR & (AL &V A AR A B2 A R4~
FEA I DNA, FFH 1%30 5 EE I HL VA DNA
MISEHENE, BRI TN YR B, —20 C AL
2

122 WIESIWHRBESHEE RIEALRE
T I Jo 0% B2 N T 7 i LI P 75 81 SSR 7471,
i Primer6.0 3% IT5 #3147 PCR ¥4,
A F 5l 56 B e mnl v, 1w
FAM. HEX, TAMRA . ROX 4 Fh7& 15 4i; R 51
W& K PAGE 519, thidbst SRR RA
A, MEJGY 8 RIF9OE PCR =ik T
3730x1 SR I FH AKX F Gene mapper 4.1 X A il
Bl 17 o0 b, ARPE TR, IR R 51 P2
HHEMA R B2, BaikE 6 X4 &5
P 1),

®1 HFEHMSIMER

Tab.1 Selected primer information

5194 1Y (5'-3) PP B /bp
primer primer sequence (5'-3) product length
HMI  F: TGTGTTCGGTCAAGCCTTTC 201

R: GGACAAGCAAGACTTCTAAG

HM2  F: TAGTTGAGGACCACTGGAGT 185
R: CAGTGAAACTCCTCTACAACG

HM4  F: TGTTAAGACCGAATGGCTGT 276
R: CCAGTGTCTCTGCTTGCTCT

HM6  F: GCTAAGTCACTGCTGAGTGT 215
R: CCTCTTTGAGGACGAAGAC

HM7  F: TCTCACTGTCATTTCCTGTG 187
R: TGATGTAGTCCATGCAGACG

HM8  F: TAACCTGGCTAAGTGGAGCA 230
R: GTGTCATCTATGCAAGAGGAC

1.2.3 PCR¥IE JIG S Watry g, LIg
B4 Mix (green)i#t417 PCR ¥ 34, ¥k RN
20 uL, A 44 R 4 Mix (green) 17 uL .

10 pmol/L Primer F (M#%k) 1 pL. 10 pmol/L
Primer R 1 uL. Template (gDNA) 1 mL, PCR "
HIFEIY: 98 CHIARYE 2 min; 98 C 10s, 5| ¥%F
SHER JGREE(FE 1) 105,72 C 105, 3t 35 MEF,
5 72 ‘CHEM 5 min, ¥4 84 1) PCR =¥t f7
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BNRWEEE B VKA TR I . B J 4738 R A 28
St PCR 7=y A7 3730x1 )3 {SCR M, 75 21 1% 5 di
fii FH Genemapper #AF 475347

1.2.4 HIEHH SSR A s FIHFAR M & T it (L 2
FEPEFE bR 3 WIAE Popgen32 Hl GenAlEx 6.501 Jiftk
e, A3 E 5 SSR AV S R AA 1) 45 T 38t 4% Z 4
PEFEAR, LWL 2507 FE P (V,) . A RS L A
(Ne). BERIGE(D) . 28R BIE(PIC)., W
A (Ho) . WA (He) . F 257 B PR R
(MP)HIIE 28 REL(Fis) o ARG (AT 288 15 5 44 3k
T D1 3R AR (R BE AR B 25 54k, #E Structure 2.3.3
RiCR A T BE AT, R R H R BE R SRR
(Markov Chain Monte Carlo, MCMC)J5i%, Fili%k
AR 3 20 (K) 1 (] B AR 40 45 457 35 PRI AT 23 56 > A 3
TP R A2 3 B K (A A B Y LR 1~10,
A KT 10 ALY runs, B NMEHRAEE
AR R B E M 100000 K . B R, AE
STRUCTURE HARVESTER M}, #4i Evanno

AU, M EGE Y K H.
2 HRESH

21 WIEBEMEESMN

AWFSEIT RN 6 X TR 144 DEE
ARG 63 AR IEFEA 5, o, B
INERERECE R 8, REMEREE N 14,
SRS FE DI R 10,5, A RS A L R BB
33.9425, PN A RN R ECR 5.6571,
A48 B BOME JE Bl 1.5481~2.2957, I {H N
1.8678 WLl A4 45 B (Ho) FIER 2% & B (Ho) P B(E
YL FE M 0.4861~0.8194 1 0.7185~0.8865, 14
B354 0.6603 F1 0.8104, IT38 RBCEEIME N
0.1201, ${t H—0.0443~0.2984, Z 515 B 455k
(PIC) iy % {H Y& Bl & 0.6847~0.8725, F i 14
0.7834, 6 XMW EAEEMEZERFLR
(PIC>0.25)(% 2). % b, ARSLEIF LI 6 X514
EEZY Rl =

®2 63 SSRIIMH ST
Tab.2 Polymorphism of 6 pairs of SSR primers

locus 137 45, N, N, I PIC H, H, PHWE
HMI 8 5.5725 1.8048 0.7963 0.7246 0.8235 0.0147"
HM2 10 6.5465 1.9792 0.8287 0.8194 0.8502 0.0328"
HM4 10 5.6533 1.9553 0.8035 0.6715 0.8261 0.0000"""
HM6 10 3.5208 1.5481 0.6847 0.6389 0.7185 0.1123 ns
HM7 11 4.0755 1.6236 0.7144 0.4861 0.7573 0.0000"""
HMS 14 8.5739 2.2957 0.8725 0.6214 0.8865 0.0000"""
mean 10.5000 5.6571 1.8678 0.7834 0.6603 0.8104 0.0266
St. Dev 1.9748 1.8095 0.2717 0.1113 0.0618

T Na, WUAEAEZEN, N AR RLIE, 1, B RAGEL, PIC, 25 8464 H,, WMREE, H., WEBRILEE, PHWE, Wi\ 4.

*, P<0.05, **, P<0.01, ***, P<0.001, ns, P>0.05.

Note: N,, observed allele, N., effective allele, /, Shannon index, PIC, polymorphic information index, H,, observed heterozygosity, H.,
expected heterozygosity, PHWE, Hardy Weinberg equilibrium. *, P<0.05, **, P<0.01, ***, P<0.001, ns, P>0.05.

R E S AHIX ) 144 ISR DA PRI
FEHED, FE 6 NN SHIE T 203 NN
FEH(F 3), Frfy 6 Al DR S JE B A
5~11, FIEAIERECH 6.7999,

22 EESUSH

R T fEAS AR ] 3845 G &R, 7E Popgen 32

O TR A I R . A5 RN 4 PR, S

ASBEFRA FI1FFI6 [RIABEEE B fie /), o 0.0461;
FI1 AL TW [H] (93 AL B B 4k, Ry 0.4529, istfLiE
BOAT R, 5 M B R 2 [ 1 35 A% 1 0 B
BT 2%, ULEHPEA T REARESRL A, IRk, £
FHHE T RHAR) UPGMA #H(E 1), BB, 5
MR BE AR 2 kb S, fEE . AR
W R — 32, 101 5 VS H XA i 3R — 32
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Tab.3 Primer polymorphism in 5 Hippocampus abdominalis populations
sample sample size = {7 & locus "
*i”;' ﬁﬁ Kkt paj:néizter HMI HM2 HM4 HM6 HM?7 HMS HI{E mean
SD 30 A 6 6 7 6 6 8 6.5000
A, 4.7020 3.8877 4.0833 2.3684 3.5156 5.0637 3.9368
H. 0.8041 0.7554 0.7688 0.5876 0.7277 0.8183 0.7436
H, 0.8750 0.8667 0.8929 0.4333 0.7667 0.8077 0.7737
Fi -0.1114 —0.1668 —-0.1824 0.2500 -0.0714 —0.0065 —0.0481
P 0.0007 0.0021 0.0382 0.0007 0.0000 0.0000 0.0070
FJ1 30 A 6 7 7 5 6 10 6.8333
A, 5.2023 5.7692 5.3060 4.2056 3.0405 5.3097 4.8056
H. 0.8215 0.8407 0.8258 0.7751 0.6825 0.8254 0.7952
H, 0.8333 0.8333 0.7241 0.7333 0.2000 0.5000 0.6374
Fi —0.0316 —0.0081 0.1077 0.0379 0.7020 0.3840 0.1987
P 0.5767 0.9629 0.0000 0.0652 0.0000 0.0000 0.2675
FJ6 30 A 6 7 8 5 7 9 7.0000
A, 4.8649 5.5901 4.4039 4.2056 3.2550 5.6604 4.6633
H, 0.8079 0.8350 0.7881 0.7751 0.7045 0.8373 0.7913
H, 0.8000 0.8667 0.5000 0.7667 0.4667 0.5667 0.6611
Fi —0.0070 —0.0555 0.3531 —0.0058 0.3264 03117 0.1538
P 0.5325 0.3182 0.0461 0.1106 0.0004 0.0000 0.1680
™ 30 A 6 7 7 6 7 11 7.3333
A, 5.0562 5.0279 5.1873 4.0089 4.0449 5.7325 4.8430
H. 0.8158 0.8147 0.8209 0.7633 0.7655 0.8395 0.8033
H, 0.7333 0.7333 0.5667 0.7000 0.5333 0.7000 0.6611
Fis 0.0859 0.0846 0.2980 0.0674 0.2915 0.1521 0.1633
P 0.0537 0.5989 0.0000 0.2544 0.0000 0.0000 0.1512
AS 24 A 5 6 7 6 5 9 6.3333
A, 2.3226 3.6571 3.6456 1.9794 2.6605 5.2364 3.2503
H. 0.5816 0.7420 0.7411 0.5053 0.6374 0.8262 0.6723
H, 0.3333 0.7917 0.6667 0.5417 0.4583 0.5417 0.5556
Fi 0.4146 —0.0896 0.0813 —0.0947 0.2656 0.3305 0.1513
P 0.0000 0.0001 0.0018 0.9947 0.0000 0.0000 0.1661

, SENIBENEL A, FRFEEE; H, WA E

)ﬁﬁﬂﬁfﬁm HWE.

Note: 4, number of alleles; A4, allele richness; H., expected heterozygosity; H,, observe heterozygosity; Fi, inbreeding coefficient; P, HWE
P-value; *, after continuous Bonferroni correction, there is a significant deviation from HWE.

Hl)’

x4 ST EEEBIDEAEMNEEFAUEE=ZR)
MBEEE(T=/)
Tab. 4 Genetic identity (upper triangle) and genetic

distance (lower triangle) between 5
Hippocampus abdominalis populations

pfjjf;if;]) SD FJ1 Fl6 ™ AS
SD 0.7522  0.7130  0.7057  0.7535
FI1 0.2847 0.9550  0.6358  0.7423
FJ6 0.3382  0.0461 0.6480  0.6790
™ 0.3486  0.4529  0.4339 0.6602
AS 0.2830  0.2980 0.3871  0.4151

WS Fi, T Z5 2% P, HWE P {8; *, 1%%E Bonferroni £ 1F

MIF T 5 2253 T (AMOVA)ZE Al HI(An % 5),
TR N B AL SR, AR R B 89%, P
(B AL AR AN 1%, UEEH T 7R R) 32 R
SRR P, MR ST AR K, PCoA 45 R 5 4
PR (9 3545 728 S 85/ IN (81 2),  H O mT DL AR ) gt
L7 5 Bk A #FARIN . /£ STRUCTURE (2.3.3
FSAS ) R A v T DL S R A AR SR S Uk, i
AR 5 AR R Fe i delta K (N 2 (81 3), B
T SAFEERAE 2 DMIFEMAATE. BIE 4 0] A,
MOK=2 [}, SD Fl TW 33X W/ FhiE % 5L B 41 %
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Fig. 1 The sampling locations and UPGMA clustering results of 5 Hippocampus abdominalis populations
a. Sampling locations. SD: the third cultured stock in Shangdong Province; FJ1: the first cultured stock in Fujian Province.; FJ6: the
sixth cultured stock in Fujian Province; TW: the twelfth cultured stock in Taiwan Province; AS: the offspring of wild population
breeding in Australia. b. UPGMA clustering results of 5 populations.

®5 SAEEESME AMOVA 47
Tab.5 AMOVA analysis in 5 Hippocampus
abdominalis populations

source df SS MS Est. Var. %
among pops 4 97.829  24.457 0.664 11
within pops 139 747.983 5.381 5.381 89
total 143 845.813 6.045 100

7 source, A8 FRIA; df, HHE; SS, FJ7 Fl; Est. Var., 245
18 %, 785 [0 H; among pops, RE{A[E]; within pops, #EIAP.
Note: source, source of variation; df, degrees of freedom; SS, sum
of squares; Est Var., variance component; %, variation percentage;
among pops, between groups; within pops, within a group.
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Principal coordinates (PCoA)
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Bl 2 144 ANIZREHE S HE A PCoA 45
SD: IIZREE = ARBEMR; FILAR @58 —RBEIAR; FI6: fRasfN
FRREA TW: B IEE A+ AR AS: MRS B A B (A%
HTAR.
Fig. 2 PCoA results of 144 Hippocampus
abdominalis samples
SD: the third cultured stock in Shangdong Province; FJ1: the
first cultured stock in Fujian Province.; FJ6: the sixth cultured
stock in Fujian Province; TW: the twelfth cultured stock in
Taiwan Province; AS: the offspring of wild population breeding
in Australia.
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Delta K=mean(|L"(K)|)/sd(L(K)) WML
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2 3 4 5 6 7 8 9
K

&l 3 Structure 54T AK J77k
2l K872 3 &
Fig. 3  Structure analysis AK-value variation
chart drawn by K-method
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YERFAG . [FIRTAEABR S h &L 6 A T A 8
HBELAT 5 K 1 2 5 1 (PIC>0.25), 1% MF 5% 45

55 T o £ U OV R 1 L g 2OV A S i K AR
Y RIFGE 45 AR, X RIS TRER 6 Nl
PR BRI AT Sk I 6 T SR AR A AL R
WAL BT B R AN T H

SD FJ1

FJ6 ™ AS

Bl 4 K=2 i} 144 FEF Y Structure 45

ANFEBOACT AR FEF ZE; SD IR =ACHHA, FI1: miE—

RBEMR; FI6: MBS AR, TW: B8

St TACHERS AS: WRORH I HF AR A SEH 19 TR
Fig. 4 Structure results of 144 samples at K=2
different colors represent different gene pools; SD: the third cultured stock in Shangdong Province; FJ1: the first cultured stock in
Fujian Province.; FJ6: the sixth cultured stock in Fujian Province; TW: the twelfth cultured stock in Taiwan Province; AS: the
offspring of wild population breeding in Australia.
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Genetic diversity analysis of cultured Hippocampus abdominalis
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Abstract: Hippocampus abdominalis are an economically important aquatic species in China. To understand the
genetic structure of five populations of the main farmed distended seahorses in China [the third cultured stock in
Shangdong province (SD), the first cultured stock in Fujian province (FJ1), the sixth cultured stock in Fujian
province (FJ6), the 12th cultured stock in Tai Wan (TW), and breeding offspring of one Australian wild species
(AS)], We developed six polymorphic microsatellite markers of the H. abdominalis, and used these 6
microsatellite markers for genetic analysis of five populations of H. abdominalis. The results showed that 63
alleles were detected by 6 pairs of primers in 144 samples. The number of alleles ranged from 8 to 14, with an
average of 10.5 and PIC>0.25, indicating that all 6 microsatellite loci had high polymorphism. In addition, the
observed heterozygosity and expected heterozygosity of the five populations were 0.6603 and 0.8104, respectively,
indicating that the genetic diversity of the five populations was relatively rich. Further, the molecular variance
analysis and genetic analysis was found that the genetic variation of the five populations mainly came from within
the population, and a relatively high level of genetic distance was maintained among the 5 populations, among
which the genetic distance between Taiwan (TW) and Fujian (FJ1) populations was the largest at 0.4529. In
summary, there were genetic differences among the five H. abdominalis populations, and the genetic diversity of
the populations was relatively rich and there was no decline in genetic diversity, indicating the 5 H. abdominalis
populations could continue to be used for subsequent breeding.

Key words: Hippocampus abdominalis; microsatellite loci; genetic analysis; expected heterozygosity; genetic
structure
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