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al, 2014; Mohanty et al, 2014) s PCR ,
Ui
( , 2011), 4 PCR , Ui 5
PCR :
Ui 22 2uLDNA (30ng/uL), 2.5uL10xbuffer(Mg* Plus),
, 5 1pL(50pumol/L), 0.5pLdNTP(10mmol/L),
, i 0.3uLTaq DNA (5U/uL), 17.7uL ,
, Wi , 25uL PCR 1 94°C
Lo 5min, 94°C 45s, 45s, 72°C Imin,
35 , 72°C 10min
14
1 Gel-Por Analyzer DNA
1.1 ; PopGene32
iy (V) (No) (H.)
( 1), 30 (H.); Cervus (PIC);
, DNA GenePop Hardy-Weinberg ,
15 /TR T B S Bonferroni ; FSTAT 2.9.3 Nei(1972)
Tab.1 The sites of sampling for 5 Urechis unicinctus (Fsr); TFPGA
populations Nei(1972) (Ds) ’
YT 37°27'48"N i21°47’4)1 "E UPGMA ; IBDWS
WF 37°07'16”N: 119°27'37"E Mantel -[l]»ﬁ
QD 35°56'08"N, 120°08'17"E
DL 38°51'52"N, 121°33'02"E 2
QHD 39°57'40"N, 119°47'04"E
2.1 DNA
1.2 DNA iy DNA
/ DNA( , 400—700ng/puL, OD;60/ODyg 1.9—2.1 , 1%
2011), 1% , NanoDrop2000 )
DNA , DNA , PCR
2.2
RAD ; Primer 5.0 200 50
DNA 30ng/uL, 4°C , 30 DNA
1.3 , 22
RAD , , 28
24bp Primer 5.0 , 2
20—25bp s Weber(1990) , 22
90—300bp , Tm 40—60°C, 5 (22.73%),
10°C, GC 40%—60%, 14 (63.64%), 2
10% (9.09%), 1 (4.55%)
(N.)  10.6364,
6 DNA (H.) 0.8826, (PIC)
0.8535 UuS27

PCR 30
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(H,) (He) 0.537— , DL 5
0.959 0.929—0.971, (PIC) , WF
0.921—0.967 Hardy-Weinberg 5
22 5 i « 4,
4, 4 s Bonferroni (P<0.0023) , QHD s 3
, QHD (10.64) Hardy-Weinberg , UuS11
DL (10.41) YT (9.73) QD (9.59) WF UuS19 UuS22; YT , 2 ,
(9.18); UuS23 UuS26; WF , 4
DL , UuS17 UuS20 UuS22 UuS29;
(H,=0.9118) (H=0.8962) QD , 2 , UuS23
(PIC=0.8692) , WF UuS29; DL , UuS7 ,
(H~=0.8510) (PIC=0.8200) ,
, 5 ity
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Tab.3 The genetic statistics of 22 SSR markers in U. unicinctus populations
(n) N, H, H. PIC
UuS7 149 33 0.852 0.942 0.936
UuS8 142 29 0.908 0.956 0.951
UuS9 147 44 0.912 0.969 0.965
UuS11 150 27 0.900 0.946 0.939
UuS14 149 37 0.940 0.962 0.958
UuS17 132 28 0.621 0.959 0.953
UuS19 148 30 0.703 0.958 0.953
UuS20 149 35 0.906 0.967 0.963
Uus21 149 30 0.839 0.950 0.944
UuS22 132 32 0.667 0.964 0.959
UuS23 136 30 0.537 0.929 0.921
UuS24 148 40 0.865 0.965 0.960
UuS26 150 30 0.913 0.959 0.954
UuS27 150 31 0.880 0.952 0.946
UuS29 147 44 0.959 0.971 0.967
UusS31 149 35 0.826 0.958 0.953
UuS32 150 31 0.947 0.950 0.944
UuS34 146 25 0.788 0.932 0.924
UuS35 150 38 0.933 0.965 0.960
UuS37 150 31 0.873 0.951 0.946
UuS48 138 35 0.819 0.945 0.938
UuS49 147 24 0.762 0.945 0.939
145.82 32.68 0.834 0.954 0.949
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Tab.4 The polymorphic indicators in 17 SSR loci of 5 U. unicinctus populations
QHD YT WF QD DL
UuS7 Na 12 8 8 9 11
N. 9.5238 6.5693 4.9724 6.0504 8.9109
H, 1.0000 1.0000 0.8667 0.6207 0.7667
H, 0.9102 0.8621 0.8124 0.8494 0.9028
PIC 0.8860 0.8300 0.7770 0.8160 0.8770
P 0.0200 0.0568 0.5979 0.0030 0.0000*
UuS8 N, 11 7 10 6 10
N. 7.8603 4.7451 6.6176 5.5556 8.4906
H, 0.9667 0.7727 0.9667 0.9667 0.8333
H, 0.8876 0.8076 0.8633 0.8339 0.8972
PIC 0.8600 0.7610 0.8330 0.7950 0.8700
P 0.0653 0.0026 0.0526 0.6286 0.0220
UuS9 N, 16 8 14 13 11
N. 13.5338 7.2581 11.1391 10.4533 8.4112
H, 0.9000 0.9000 0.8966 0.8571 1.0000
H, 0.9418 0.8768 0.9262 0.9208 0.8960
PIC 0.9210 0.8460 0.9070 0.8960 0.8700
P 0.0024 0.2086 0.0036 0.0133 0.0359
UuS11 N, 9 9 14 8 14
N. 7.4074 5.8632 10.4046 6.4748 12.1622
H, 0.5333 0.9667 1.0000 1.0000 1.0000
H, 0.8797 0.8435 0.9192 0.8599 0.9333
PIC 0.8500 0.8140 0.8960 0.8260 0.9050
P 0.0004* 0.7702 0.0644 0.0613 0.0270
UuS14 N, 10 11 8 14 13
N. 6.7550 8.1081 6.0201 9.5745 10.7784
H, 0.8621 0.9333 0.9667 1.0000 0.9333
H, 0.8669 0.8915 0.8480 0.9107 0.9226
PIC 0.8360 0.8640 0.8160 0.8870 0.9000
P 0.2917 0.3150 0.4903 0.3588 0.0434
UuS17 N, 9 9 8 12 10
N. 7.4286 6.5381 6.5455 8.3893 8.5308
H, 0.5385 0.5556 0.5000 0.6400 0.8333
H, 0.8824 0.8630 0.8652 0.8988 0.8977
PIC 0.8500 0.8280 0.8330 0.8690 0.8710
P 0.0028 0.0207 0.0000* 0.0065 0.0057
UuS19 N, 8 9 9 8 10
N. 7.0377 6.7669 7.1713 6.4286 8.2451
H, 0.4828 0.7333 0.6667 0.6333 1.0000
H, 0.8730 0.8667 0.8751 0.8588 0.8941
PIC 0.8410 0.8350 0.8450 0.8250 0.8670
P 0.0000* 0.0048 0.0239 0.0032 0.2976
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QHD YT WF QD DL
UuS20 N, 13 14 9 9 10
N. 9.6774 11.1801 6.1164 8.1081 8.5714
H, 0.9333 0.9667 0.8966 0.7333 0.9667
H, 0.9119 0.9260 0.8512 0.8915 0.8983
PIC 0.8880 0.9040 0.8260 0.8640 0.8720
P 0.5178 0.3399 0.0000* 0.0120 0.0686
UuS21 N, 12 9 7 11 8
N, 8.8235 7.2581 5.9406 8.1448 7.1880
H, 0.7667 0.9000 0.8333 0.8667 0.8276
H, 0.9017 0.8768 0.8458 0.8921 0.8760
PIC 0.8760 0.8470 0.8220 0.8650 0.8450
P 0.0909 0.1359 0.0454 0.1039 0.7604
UuS22 N, 7 9 8 11 12
N, 4.5057 6.8372 6.6590 10.3827 9.4241
H, 0.4286 0.6190 0.4583 0.8621 0.9000
H, 0.7922 0.8746 0.8679 0.9195 0.9090
PIC 0.7490 0.8370 0.8320 0.8950 0.8840
P 0.0000* 0.0090 0.0000* 0.6159 0.9520
UuS23 N, 10 9 9 7 6
N, 8.7111 5.7889 5.5406 5.4967 4.2882
H, 0.7500 0.2500 0.5714 0.3103 0.7778
H, 0.9013 0.8449 0.8344 0.8324 0.7813
PIC 0.8740 0.8060 0.7980 0.7950 0.7370
P 0.0884 0.0000* 0.0042 0.0000* 0.1518
UuS24 N, 13 10 10 13 8
N. 10.1124 7.7253 5.9858 9.5745 6.8097
H, 0.7333 0.8667 0.7931 1.0000 0.9310
H, 0.9164 0.8853 0.8475 0.9107 0.8681
PIC 0.8930 0.8580 0.8150 0.8860 0.8360
P 0.0028 0.2098 0.1627 0.0116 0.0355
UuS26 N, 11 14 10 11 10
N, 7.7253 10.5882 7.8947 9.1837 8.4906
H, 0.8000 0.9333 0.9667 0.8667 1.0000
H. 0.8853 0.9209 0.8881 0.9062 0.8972
PIC 0.8580 0.8980 0.8610 0.8810 0.8710
P 0.1200 0.0018* 0.0445 0.0250 0.2019
UuS27 N, 11 11 11 12 13
N, 8.9552 8.4906 7.0866 10.4046 10.0000
H, 0.9000 0.9333 0.7000 0.9333 0.9333
H. 0.9034 0.8972 0.8734 0.9192 0.9153
PIC 0.8780 0.8710 0.8470 0.8960 0.8920
P 0.1003 0.7165 0.0264 0.6580 0.1779
UuS29 N, 14 18 11 14 11
N, 11.2500 14.4000 8.2841 10.3448 9.4737
H, 1.0000 0.9667 0.8889 0.9667 0.9667
H, 0.9266 0.9463 0.8959 0.9186 0.9096
PIC 0.9060 0.9260 0.8680 0.8950 0.8850
P 0.1226 0.0145 0.0000* 0.0000* 0.1497
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QHD YT WF QD DL
UuS31 N, 10 10 12 12 9
Ne 7.3469 7.3171 7.4756 8.0000 8.4507
H, 0.8333 0.7667 0.7586 0.8000 0.9333
H, 0.8785 0.8780 0.8814 0.8898 0.8966
PIC 0.8490 0.8510 0.8520 0.8620 0.8700
P 0.0245 0.0907 0.0029 0.0374 0.9442
UuS32 N, 12 10 8 5 12
A 8.4507 6.6176 5.7878 4.2959 9.9448
H, 0.9667 1.0000 0.9000 0.9000 0.9667
H, 0.8966 0.8633 0.8412 0.7802 0.9147
PIC 0.8700 0.8380 0.8050 0.7310 0.8910
P 0.0463 0.2670 0.0472 0.0069 0.9638
UuS34 N, 7 9 7 6 9
N. 4.3689 6.5333 4.4776 4.8545 8.0000
H, 0.5333 0.7500 0.8000 0.9643 0.9000
H. 0.7842 0.8623 0.7898 0.8084 0.8898
PIC 0.7360 0.8390 0.7830 0.7620 0.8620
P 0.0059 0.0138 0.0088 0.1736 0.6827
UuS35 N, 10 9 10 9 12
Ne 7.5314 6.7925 7.1713 7.2581 10.7784
H, 0.9333 0.9667 0.9667 0.8333 0.9667
H. 0.8819 0.8672 0.8751 0.8768 0.9226
PIC 0.8530 0.8410 0.8450 0.8470 0.9000
P 0.2764 0.0915 0.4935 0.1289 0.9118
UuS37 N, 10 8 8 7 9
Ne 7.2581 4.9724 7.5630 3.9560 8.0357
H, 0.8667 0.7667 0.9333 0.8000 1.0000
H, 0.8768 0.8124 0.8825 0.7599 0.8904
PIC 0.8510 0.7750 0.8530 0.7100 0.8620
P 0.0122 0.0049 0.4827 0.7890 0.7718
UuS48 N, 7 4 5 6 14
N, 5.0847 3.6528 2.9455 2.9460 13.0435
H, 0.9333 0.6364 0.6538 0.8667 0.9333
H, 0.8169 0.7431 0.6735 0.6718 0.9390
PIC 0.7760 0.6750 0.6120 0.6380 0.9240
P 0.1553 0.5603 0.6489 0.0549 0.2660
UuS49 N, 12 9 6 8 7
N. 8.7604 6.6220 4.0268 6.0000 6.6746
H, 0.7241 0.7931 0.6333 0.9667 0.6897
H. 0.9014 0.8639 0.7644 0.8475 0.8651
PIC 0.8750 0.8310 0.7140 0.8120 0.8320
P 0.0027 0.0735 0.0059 0.0034 0.1635
N, 10.6364 9.7273 9.1818 9.5909 10.4091
Ne 8.0958 7.3011 6.6285 7.3580 8.8501
H, 0.7903 0.8171 0.8008 0.8358 0.9118
H. 0.8826 0.8670 0.8510 0.8617 0.8962
PIC 0.8535 0.8352 0.8200 0.8297 0.8692
:*  Bonferroni Hardy-Weinbreg (P<0.0023)
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Tab.5 Pairwise genetic differentiation (Fsr) and genetic
distance (Ds) in pair of the 5 populations in U. unicinctus

QHD YT WF QD DL
QHD — 0.1055  0.1136  0.1125  0.0939
YT 0.2406 — 0.1110  0.0880  0.1002
WF 0.2887 0.2691 — 0.1078  0.0992
QD 0.2784 02170  0.2769 — 0.1020
DL 0.2665 03217 03042  0.3068 —
[ : : : I
0.300 0.225 0.150 0.075 0.000
QD
YT
QHD
WF
DL
2 g 5 UPGMA

Fig.2 UPGMA dendrogram of 5 U. unicinctus populations

(y=0.0805+8.647x10"*x, R>= 0.160, P = 0.876)
Fig.3 Relationship between geographical and genetic distances
in U. unicinctus populations by IBD analysis
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MICROSATELLITE MARKER ISOLATION AND GENETIC STRUCTURE
ANALYSIS FOR FIVE POPULATIONS OF URECHIS UNICINCTUS

CHANG Cheng'?, HAN Hui-Zong?, WANG Teng-Teng'?, MA Hai-Tao’, LIU Yang"?,
WANG Fei’, ZHANG Ming-Liang®>, WANG Li-Yong*, JIANG Hai-Bin’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Shandong Provincial Key Laboratory
of Restoration for Marine Ecology, Shandong Marine Resource and Environment Research Institute, Yantai 264006, China; 3. South
China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China; 4. Yantai Fisheries Research Institute,

Yantai 264003, China)

Abstract

Yellow Sea and Bohai Sea. To sustain the resources that have been reduced dramatically in recent years, understanding the

Urechis unicinctus is an economically important marine benthos distributed widely in intertidal zone of

genetic diversity and population structure of wild stocks for breeding, we isolated the microsatellite markers by
high-throughput sequencing for the species sampled from 5 natural populations in Qinhuangdao (QHD), Yantai (YT),
Weifang (WF), Qingdao (QD), and Dalian (DL). Among 50 pairs of microsatellite primers we designed, 38 presented
obvious bands. Moreover, 22 loci showed high polymorphism, the allele number (N,) of these loci ranged 24—44, the
polymorphism information contention (PIC) 0.921—0.967, and the effective allele number (N,) 6.629—8.850. The average
observed (H,) and expected heterozygosity (H.) were 0.790—0.912 and 0.851—0.896, respectively. The maximum H,
(0.8962) was found in DL population and the minimum (0.8510) in WF population. Nine out of the 22 loci showed
deviations from Hardy-Weinberg equilibrium in different population. The average genetic differentiation (Fsr) ranged
0.0880 to 0.1136, suggesting that the population differentiation was at the middle level. In UPGMA phylogenetic tree, YT
and QD populations clustered first, then QHD population jointed, and lastly WF and DL populations. As shown in IBD
analysis, no significant linear relationship was revealed between geographical and genetic distances in these populations.
These microsatellite markers can help us to analyze the population genetic structure and provide reference for artificial
breeding and germplasm resources protection for U. unicinctus in the future.

Key words Urechis unicinctus; microsatellite DNA; UPGMA

geographical population; genetic structure;
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