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1.1 #@mARES DNA 1281

S R 3 A Hp ) ER R (A 43 0 B R i
VR R 2 AR AR AN T AL T Y 7K 4 55 5 R A S
HBMETRAMFERCGESRETERR) Gi'sHh
FP)., g 5 il A BN W) R K 34 1 1 2 3 )
KB BRI B GE SIREF IR G5
IP), R XA R EF R RL T
(30 58 FR AR (5N CP). T 3 MR 2351
BU32, 31 F132 HAMA, BYHUE R, B T-80°C
{77, FHT DNA B2,

DNA 42 BUR F R AR AE LR (dbmd) A IR
N TR UL R 41 DNA REGAR &, 2
Jei F 1% B W 8 e i kR I DNA 52488, JF
F# 8 2 E I %2 L (Biochrom) £ ] DNA FY ¥k &
FILifE . DNA B E T-20 °C VKA IRTT

1.2 WMIENMNSBTHIE

MAEL A A SRk Hp 22 2 R I 75 A TR
fisi, RBGIYMER, sl BigE TAY TRERR
WA A FERGI Y. R AR 26 5 0 T
SN2 TRIE R, X 2 A R AR A
F 20 R —AMEIEFT Z 800N, 58k, A
BRI IR SR A B PR et 4k 41 IMCB R AT
BB AR R 519 o BB 2 8 M R AT
PR SR B B R AR A R A5
TEA AT AT

K FHIB JOR BE RS T PCR KU W45 | kA7 07
&, PCR WA Z N 25 uL, f33% 2 x Accurate Taq
PR 12.5 uL CCRMHR AW TR RA A, Btk
1uL, IEIE5#45 1 ul, ddH,0 10.5 uL, ¥4
FER: 94 °C FilZAE 1 5 min, 98 °C A8 10s, KA
B KGR TR Ry T B2 1) 5 | P P 3493 R B i 4
W2, -1, £0, +1, +2. +3, k6 NEF)30s, 72°C
TE 40 s, AR GREE S AR, it 30 M
W, ZJ5 72 °C#Ef# 10 min, 4 °C{#£7#. PCR
PRI 4 8% AV 745 1 2R T s T P 58 5 P YK A T 7 326
1.3 SSR-seq 3372

PLEEA panel 15 X559 0 bn i, H0046S )
S YREE N Z 5 PCR panel, DUty iEREF 41 A
M AT 14, LAk 58 3% 2 # PCR panel A& . LU
IO SRS R L R A AT 31, IR ) — A4 A 3
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X ) P A A T e 2 0 o

1.4 BEESH
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B (H,) . LA (H) . Z8MEER &= (PIC)
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WL B F Fl FSTAT #il
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BTG R[] 38 1% FE BS (Nei [R) FITRE AR [i] 35t 1% 1
B, BT EAFRIT (PCoA), I NJ 77wt ¢l
EFPRERIREA HEALART, fdH R 42 ape THEAME(E,
I R AL ggtree 2 il MV Fp 3 F1 I A7 A4 AR AR 5]
i/ R 42 poppr #4743 F 7 22081 (AMOVA),

2 4R

2.1 SSR-seq 5|4IHYHIE

SCHR A BRAS B 75 > SSR AV A 25 58 TN 4 Tk i
BEWS IR e )5, A5 21 DB, Hp
SSR2 13 5 L Uk &5 AR E W 1 s

B SCHR O R S RS 1 21 A 2 A S L
KBt S AR ) 41 A7 Gt 62 M) &
s J e SR fe , JEARAG SR 1 b . 2 hRbE
R AP B A 1, 25 1> o Bk s S v S5 07 35 PR B OR F 45
T 4P AL S SR 15 ST SSR 40 8 TAE .
15 My EIE B 1,

22 3INEEMERZHEMSR

15 4~ SSR o7 £ 7E 3 4w (B BRI IR AE A 11 2
S BEHRS TS R W3 2, 154> SSR i g dt:
R E] 112 AR I, BN 0 2547 5 TR 5K
R A~134, AN R N, R 74624, F
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Fig.1 Detection results of SSR2 locus in 20 individuals of
S. intermedius

M. marker 2 000, 1-20. 20 individuals.

¥ N, b 33754, Horf SSR17. SSR18. SSR19
F1 SSR20 ) N, ¥de /b, A 4 14>5 s SSRI [#)
N, %, 4 134, H, } 0.213~0.870, FII{E
5 0.493; H, 4 0.416~0.872, FH4{E N 0.660; [#
SE A8 B (F) N —0.113~0.672, - ¥ {H N 0.248;
PIC }y 0.375~0.860, ~F-¥J{A & 0.613, SSRI8.
SSR19 F1 SSA22 ) PIC 4 0.25~0.50, A EZE
PEOL L, HAA 2SI KT 05, MEEEZES
P AP, 7 5 SSR19 Y N, i/ (1.713), H, $x
i (0.416), PIC F ik (0.375), imfh ZFEM AT &
ik, 175 SSRI1 st fe Z MK P&, N K
(7.808), H, fcir (0.872), PIC fizr (0.860).

rh )3k IR 3 AN FRIEBEARFE 15 1 SSR i £
LA Z RSO 3. FPL TP R CP —/MFp
BERYSEL N, 20908 5.077. 5.133 F16.133 45 OF
¥I N, 750k 2.816., 2.873 Fl 3.638 41~; - H, /)
WIS 0522, 0.441 F10.501, HI/NTEY H, 0.595,
0.599 1 0.667, 3 AHEARA T3 F K E/MEIR
4 IP (0.248)>CP (0.246)>FP (0.115), IP #¥ A,
X F RSB A 24, 5 H 13.33%; CP
BEARTA 34, i H 20%; FPREERAA 84,
b 53.33%; 3 B & 19 °F # PIC 43 % b 0.546.
0.543 1 0.623, ¥k B 25, Hardy-Weinberg
ARG I B 45 RS (3 RIS AN ) B
14 ™ Hardy-Weinberg “F-ff, 5 Fb 31.11%, H:
HL s SSR2 7E 3 ANHE M H 44 I 3 It 25 A, Ar
5 SSR7. SSR16 Fll SSR18 7E 2 MR it 25T
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#1 155t SSR-seq 5|1¥E2
Tab.1 15 pairs of SSR-seq primer information
F5 fL HE T P bp ST HI(5-3)

no. locus repeat motif amplified fragment size primer sequence(5'-3")

1 SSR1 (CT)y, 196~226 : TCGTCATGAGATGGTCGCT
R: CATTTTACCGTGGTGGGGTC

2 SSR2 (AG)3 179~187 F: CGCAGGATGCAGTGATACC
R: ATTCCACCAGTATCCCAGCT

3 SSR3 (CTy5 136~180 F: GCGCTTAATCTTTGGATAATTG
R: CTGTAGTCGCTCCGCATGT

4 SSR4 (AG),, 181~219 F: GGGAAGTTTTCCCCACTGAC
R: TGTCCATAACGCCACATTCG

5 SSR7 (AQ) 199~213 F: TCCCATATGATTGCTCGTGC
R: AGCATTCACCGCGAAACTG

6 SSR14 (AG)yg 165~179 F: ATCCCAAACTACGTTCAACC
R: GGCTGCCTAGTTGCATAAAT

7 SSR16 (CT)y 146~246 F: CCTTGGAATGAGAACTTGT
R: ACCGATTTTACTTGACCTG

8 SSR17 (AT)g 231~237 F: CTGTTTGGATGAGTGGAAT
R: TTTGAACGAGCTTGCCTT

9 SSR18 (TTGACT), 112~130 F: GTCAGGTAGCTATATGTTC
R: TGGTGATAAACATGTCAGAA

10 SSR19 (GCA)g 93~102 F: AGCTCCTAGGGTTCTTACC
R: ACATGGGTGGAGAGGTG

11 SSR20 (GAA)s 147~156 F: CTAATAGCCCTATGCCGCGT
R: ATACACCACACGATTCGCAC

12 SSRA6 (TGA)g 179~194 F: AAGCAGCCATTAAGGAAATG
R: CAAGCAGGTTATCCGTTTCA

13 SSRA9 (TC)o 185~211 F: AAGCGAGCTTATGTCTAGTA
R: CTAGAACCTTCATCAACTCT

14 SSRA10 (AC)g 148~168 F: CACGTATTTCGGATGGTGAC
R: CTTATTATTAGCGCACGTCAT

15 SSRA22 (TCTG), 186~202 F: GAAGAACCATGGACTTACTACA
R

: TGTTGTGAGAAAGGTAGCG

E: (X),REZ O FIIXEL R En.

Notes: (X), represents the number of repetitions of the core sequence X is n.

#2 I5MEEEMNAIRESHEMER

Tab. 2 Genetic diversity indices at 15 microsatellite loci

(RS E S L 45 A7 45 R A RS B R 2 LI A5 WA [&] & Fa ZHUEEREE

locus N, N, s H, F PIC
SSR1 13 7.808 0.870 0.872 0.003 0.860
SSR2 6 3.257 0.324 0.693 0.533 0.639
SSR3 10 3.234 0.526 0.691 0.238 0.640
SSR4 11 4,623 0.337 0.784 0.570 0.751
SSR7 9 3.341 0.653 0.701 0.069 0.653
SSR14 6 3.324 0.674 0.699 0.036 0.667
SSR16 10 2.898 0.474 0.655 0.277 0.602
SSR17 4 2.489 0.602 0.598 —0.007 0.532
SSR18 4 1.970 0.277 0.492 0.438 0.424
SSR19 4 1.713 0.351 0.416 0.156 0.375
SSR20 4 2514 0.670 0.602 —0.113 0.520
SSRA6 6 4.037 0.247 0.752 0.672 0.714
SSRA9 10 2.667 0.407 0.625 0.349 0.592
SSRA10 10 3.846 0.660 0.740 0.109 0.704
SSRA22 5 2.246 0.213 0.555 0.617 0.475
FHIH  mean 7.462 3.375 0.493 0.660 0.248 0.613
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#=3 FIEIKER 3 MEHAE 15 MIDEM S LR E SN
Tab.3 Genetic diversity of three populations of S. intermedius at 15 microsatellite loci
Pk £z ‘5 e @L % T %ﬁ B %@ Xwﬂ /Hﬂ:é ﬁ f jf/j%a Hardy—V\/’e»inberg
. E s EH BEFH LR REE RETE BHL GEAE R i
population locus K N, N, H, H, F PIC HWE

FP SSR1 24 7 4.966 0.917 0.799 —0.148 0.770 *
SSR2 44 4 2.426 0.545 0.588 0.072 0.517 ns
SSR3 64 5 3.061 0.656 0.673 0.025 0.622 ns
SSR4 64 8 4223 0.344 0.763 0.550 0.726 ns
SSR7 64 8 3.977 0.750 0.749 -0.002 0.712 *
SSR14 64 6 3.606 0.781 0.723 —0.081 0.681 ns
SSR16 64 4 1.750 0.469 0.429 —0.093 0.394 ns
SSR17 64 4 2.181 0.656 0.542 —-0.212 0.487 ns
SSR18 62 3 2217 0.258 0.549 0.530 0.463 ns
SSR19 64 3 1.724 0.344 0.420 0.181 0.354 ns
SSR20 64 4 2325 0.594 0.570 —0.042 0.496 **
SSRA6 62 5 2711 0.161 0.631 0.744 0.588 ns
SSRA9 64 5 1.438 0313 0.305 -0.026 0.292 ns
SSRA10 64 4 2.131 0.625 0.531 -0.178 0.481 ns
SSRA22 54 3 2.186 0.296 0.543 0.454 0.478 ¥
FEE 59 5.077 2.816 0.522 0.595 0.115 0.546
mean

P SSR1 42 10 6.582 0.905 0.848 -0.067 0.833 ns
SSR2 46 5 2310 0.217 0.567 0.617 0.519 *
SSR3 62 7 2253 0.355 0.556 0.362 0.517 ns
SSR4 62 7 2.957 0.290 0.662 0.561 0.615 ns
SSR7 62 6 2.509 0.548 0.601 0.088 0.520 ns
SSR14 62 4 1.727 0.548 0.421 -0.303 0.366 ns
SSR16 62 5 2.002 0.419 0.501 0.162 0.446 ok
SSR17 62 4 2.421 0.548 0.587 0.066 0.499 ns
SSR18 62 3 1.936 0.194 0.483 0.600 0.413 ok
SSR19 62 3 1.707 0.355 0.414 0.143 0.375 ns
SSR20 62 3 2.021 0.742 0.505 —0.469 0.406 **
SSRA6 58 5 4.462 0.207 0.776 0.733 0.738 ns
SSRA9 60 6 3.846 0.600 0.740 0.189 0.705 o
SSRAI0 62 5 3.963 0.581 0.748 0.223 0.707 ns
SSRA22 54 4 2.394 0.111 0.582 0.809 0.493 ns
FEIE 59 5.133 2.873 0.441 0.599 0.248 0.543
mean

CP SSR1 26 12 9.135 0.769 0.891 0.136 0.881 ns
SSR2 46 4 2713 0.217 0.631 0.656 0.574 ok
SSR3 64 7 3.587 0.563 0.721 0.220 0.677 ns
SSR4 64 8 5.007 0.375 0.800 0.531 0.773 ns
SSR7 64 6 3.519 0.656 0.716 0.083 0.672 *
SSR14 64 5 4,072 0.688 0.754 0.089 0.713 ns
SSR16 64 7 3.235 0.531 0.691 0.231 0.653 *
SSR17 60 3 2476 0.600 0.596 -0.007 0.530 ns
SSR18 64 4 1.715 0.375 0.417 0.101 0.370 *
SSR19 62 4 1.643 0.355 0.391 0.093 0.352 ns
SSR20 62 4 2.925 0.677 0.658 -0.029 0.592 ns
SSRA6 50 5 4252 0.400 0.765 0.477 0.725 ok
SSRA9 58 9 3.337 0310 0.700 0.557 0.658 ns
SSRA10 62 10 5.045 0.774 0.802 0.034 0.776 ns
SSRA22 52 4 1.912 0.231 0.477 0.516 0.395 ns
V- H4E 57 6.133 3.638 0.501 0.667 0.246 0.623
mean

VE: ns.f5 & Hardy-Weinberg -4, P>0.05; *. 5.3 2 Hardy-Weinberg P, P<0.05; ** 1% 5.3 2 Hardy-Weinberg 4, P<0.01.
Notes: ns. in accordance with Hardy-Weinberg equilibrium; *. significant deviation from Hardy-Weinberg equilibrium (P<0.05); **. highly significant
deviation from Hardy-Weinberg equilibrium (P<0.01).
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23 BERSUEIREEN AN (% 5). BALAR SR TT 22 A, A

15 M FE 3 ANBHARY F Sei MR 4 Fios,
W OF &, 47174 (SSRI, SSR14, SSR17,
SSR20) Hi B F{EL, 13 25 SSRA6 AY{E R K (0.646);
WF, M, 274 (SSR17. SSR20) Hi FLAA{E ,
i 15 SSRAG B B K (0.661); F HI{E N 0.018~
0.176, SEIEAL N 0.061, 447 45 SSR16 b, H:
A4 AME R T 0.15; 15 A Ny, JE N
1.170~15.261, ~F¥Jk 6.202,

F4 hETkEE 3 MK IS M BEMSR F4TE
Tab.4 F-statistics at 15 microsatellite loci in

three populations of S. intermedius

REIRPIERE RBEAOERE BEfRI I

frssdh g E VS W
ocus Fy Fy Fy Ny

SSR1 —0.021 0.011 0.031 7.719
SSR2 0.451 0.529 0.142 1.510
SSR3 0.193 0.240 0.058 4.079
SSR4 0.547 0.571 0.053 4.479
SSR7 0.054 0.069 0.016 15.261
SSR14 —0.063 0.036 0.093 2.452
SSR16 0.124 0.278 0.176 1.170
SSR17 —0.046 —0.005 0.040 5.986
SSR18 0.430 0.441 0.020 12.158
SSR19 0.140 0.156 0.018 13.502
SSR20 —0.161 —0.114 0.041 5.884
SSRA6 0.646 0.661 0.042 5.640
SSRA9 0.299 0.354 0.079 2.925
SSRA10 0.048 0.110 0.065 3.605
SSRA22 0.602 0.616 0.036 6.663
Ieifn{ﬁ 0.216 0.264 0.061 6.202

T N JERR, WRIRF=0.25(1-F ) F MG EMERRE.

Notes: Ny, gene flow, which is estimated from F=0.25(1-F)/F.
T 258 (AMOVA) 45 K1, 7.326%

(R A5 A8 S AFFE T REARIAL, 14.718% Byt f4 45 7

K HBEAR AR, 77.956% BY 81548 S5k H F

RAS S5 bk, R E AR S R BRI
(], AT 1 38 1 A S R TR I

F AT 5T (PCoA) Z5 RAUNKE 2 Iis, KA
T H FER FP A5 SR AE B CP P AN 43 A
WEEEAE S, 1M IP AR5 FP F1 CP
FEACRES, (RINEEMRAE, &8 3 Sk
R R — WA . A A A R e 2 SR an &l 3, FP
1 CP BER R CHES, BLAR TP B AR R 404
RO TR — F 432 F, EAR R B 5 A b R
KR53, 45505 PCoA 25—, 3 MEHAMIZRE
WAnE 4 frR, 3 A FEAR R B IC 3R T Al — 45 6,
UL 3 AR IFGIAEAER, Rl — R

it
3.1 3 rpEEkEREEHARIEME SR

AL Z FE MR P — AR 3 R R O Y
HEELEbR, W ARG Z R, L
REEE LR PR IS S % N T b e
B AL 5 8., BT 3se FH B 57 o5 0 45 o7 6 R BT AN
D 4 AP ORI S B 2k TR 15 AN SR
V12 ARG IR, BN 5 BT ARG 0 3] f 45 7 32 TR
BN 4~13 4>, 0] LABS b s e 3 A4S B8 B BRI Y st
IR . WA, SR I4G BE (H) (5 7T DL e
BRI AR LS R B AR SRR, HAEMOK, RUZRE
IRFRAE T R, 24 H{E M 0.5~0.8 i, Rim]
N R IZBE RS A Z R PR Y A 5% 1 Y
15 07 551 H AT 0.416~0.872, 344 0.660,
H, /T 0.213~0.870, V324 0.493, H Lik%s
RN R A 52 BT 358 FH A 7 545 1845 Z2 R0 A
EER, I HLAChF s e T 3 AR 8% 24
Peo AWFFEH 15 AL AEY |, 35T T 85
JIT 6 B 12 A7 51 H, (0.449 4~0.507 9)L) K A%
SEAESERY BTG 28 M H, (0.5304), F
¥ H, s T TS B S5 R (0.4340~0.461 8),

3

x5 ETFI5IMHIEREHNS FARESNER
Tab.5 Result of AMOVA based on 15 microsaltellite markers
A 5K UR H AR E RRA % PfH
source of variation dr variance components percentage of variation P-value

BEf&E  interpopulation 2 0.5333 7.326 0.01
RN /MATE]  between individuals within population 92 1.0715 14.718 0.01
FEAP  within individual 95 5.6752 77.956 0.01
it total 189 7.28 100
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o WIBFHBACP  ® KR H B FP RRLEHBHE FP
BEHIE RV TP
02 4 BEUE BTBEGK TP
o 0.01 WA CP
- B4 cRiElskihe 3 MEHAL UPGMA BAHLAY
~ g Fig. 4 UPGMA clustering evolutionary tree of
<_§ 2 0 three populations of S. intermedius
(]
S PRAIEE . S 1 2 RE D AT 72 ] O W
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Evaluation of the genetic diversity and genetic structure of
multiple generation selection populations and unselected common population of
sea urchin (Strongylocentrotus intermedius) using SSR-seq

LIU Lei', ZHANG Weijie', LIU Yansong', LENG Xiaofei’, OU Fanjiang ',
ZANG Xiaoning ', LI Xuguang’, DING Jun", CHANG Yagqing "
(1. Key Laboratory of Mariculture & Stock Enhancement in North China’s Sea,

Ministry of Agriculture and Rural Affairs, Dalian Ocean University, Dalian 116023, China;
2. Dalian Haibao Fisheries Co., Ltd., Dalian 116041, China)

Abstract: The sea urchin Strongylocentrotus intermedius was originally found off the coast from Hokkaido, Japan
and Far East Russia and was introduced from Japan to China in 1989. Now, is one of the most commercially
important cultured sea urchin species in China. Family selection and individual selection have been used to genet-
ically improve its economic traits. In order to clarify the genetic diversity and genetic structure of different breed-
ing populations of S. intermedius, the genetic diversity and genetic structure of a family selection population (FP),
an individual selection population, and a unselected common population (CP) were analyzed using SSR-seq tech-
nology and 15 microsatellite loci. The results showed that a total of 112 alleles were detected at 15 microsatellite
loci, and the average number of alleles (V,) observed in FP, IP and CP were 5.077, 5.133 and 6.133, respectively,
with mean effective alleles (N,) of 2.816, 2.873 and 3.638, respectively. The mean observed heterozygosities (H,)
in FP, IP and CP were 0.522, 0.441 and 0.501, respectively, and the mean expected heterozygosities (H,) were
0.595, 0.599 and 0.667, respectively. The mean polymorphic information contents (PIC) in FP, IP and CP were
0.546, 0.543 and 0.623, respectively. The difference between H, and H, in FP (0.073) was lower than that in IP
(0.158) or CP (0.166). The mean fixation index (F) in FP (0.115) was also lower than that in IP (0.248) or CP
(0.246). The coefficients of genetic differentiation (F) among the three populations ranged between 0.018 and
0.176, indicating a low-to-medium degree of genetic differentiation. The analysis of molecular variance (AMOVA)
results showed that the genetic variation of the three populations mainly come from individuals. Both principal
component analysis (PCoA) and clustering phylogenetic tree showed that the three populations were closely
related, and the IP population had the highest degree of genetic differentiation. In summary, our results suggest that
the three sea urchin populations have high genetic diversity, and multiple generations of family selection and indi-
vidual selection did not reduce genetic diversity dramatically. Family selection is more beneficial in maintaining
population heterozygosity and controlling inbreeding levels. This research can lay a foundation for the evaluation

and development of germplasm resources of the sea urchin S. intermedius.
Key words: Strongylocentrotus intermedius; breeding population; genetic diversity; genetic structure; microsatellite
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