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Tab.1 Microsatellite primers, repeat motif sequences, primer sequences, annealing temperature, and fragment lengths
used in this study
(C) (bp)
L12001F (GT)ys CTGGCACTTGGATTCTGACC 60 116
L12001R GGTGCGGCAAGATGGAGT
L12002F (TG)yo CAAAGGCAGATGACAATCAAAC 60 197
L12002R ACTCGTAGCCGCTTTCGTC
L12012F (CA)p4 GGGGATGAACAGGGAGATG 61 198
L12012R GGAGAACAGAGGTGAGGAGGC
L12020F (GT)7(GTGC)6AT(GT);GC(GT)s CTGCGAGCATAGTAATGTTTTC 57 147
L12020R CTCCCAAGTAATAATCCCACC
L12021F (GT)AT(GT),0GC(GT); TCAGCTCCTTGGCACAGAAT 55 209
L12021R AACTGATCGGCAACCCACA
L12028F (TG)yo TTAGCAATGGCTTACTGAGGT 55 159
L12028R TGTTTTGTGAATTTGGTATGTCC
L12029F (GT)4AT(GT) 4 ACAACGTGCAGATTTACAGTAGC 60 253
L12029R GACAACTTGGTGAAACAAAACTA
L12034F (AC)s TTATCCTGCCCGTCACCCG 60 142
L12034R AACAAATGCGGCAACACGT
L12040F (GT)13; (GA)TG(GA), TGCCTGTCAGCCTGTGTC 56 173
L12040R TGAGCCTTCCCCTCCATT
L12046F (GT);s CTGACCTCGTGAGTGGTAATCC 55 254
L12046R CAGCCAGTGCTTGTTGTGC
L12048F (ATG)4; (AC)sGC(AC)y5 AGAATCAAACTGAAGTGGGTCTT 49 348

/2016 / 40 / 4



e IRkE REPOATS

(C) (bp)
L12048R CTGCTGGAAGACAAACAAATGAC
L12053F (GT);s GACCTCGTGAGTGGTAATCC 55 254
L12053R CAGCCAGTGCTTGTTGTGC
L12072F (CA)s; (CA), GCTGACTGCTTCTGCCTACTGC 56 242
L12072R GGCATCTGCGGTCTGACAGG
L12077F (GT);5 CGCTCAAGTCACATCCACAG 50 87
L12077R AGGGTTTTACAGTATCTGGTTG
L12078F (CA)y9 GTACATTGTAATGGAGTAGTAAAT 49 163
L12078R CGATAAGCACCGAGTACAG
L12079F  (TG) (TG)AG(TG)yi; (TG)s (TG)g (TG), CAAAACATCGTGTAGACTGAG 50 290
L12079R GTGATAGAGGACAAAGGTAAGA
L12080F (CA)x CAGAGGGAATGAAGCGATG 53 292
L12080R TGTAAGCGTAGGGTGGGAT
L12090F (GT)sGC(GT), TATTCAGGTCCAGGGCACA 52 150
L12090R GCAAGCATGGATCGCTGT
L12093F (TG)12; (TG), AGCACTCTGCCACTCTTTCTT 52 150
L12093R CTACAGACATAGCGTGAGGTTG
L12094F (AC)3, GAACCGGCTGAACGTCAC 52 142
L12094R TGTTGTTGTGGCTGGTGC
L12097F (GT)3 GCTCAAGTCACATCCACAG 49 91
L12097R GGGTTTTACAGTATCTGGTTG
L12099F (GTTA), TCGTTGGTCAGTAAGTTAGGT 48 99
L12099R CAAACTAACTCACTAACTCGCT
L12110F (AQ)g AAAGAGCGAGATGTTCAAAGA 51 172
L12110R TGATCCCGTCCCAAGGTC
L12113F (AT);(GT) 14 GAAGCAGGGACGTCAGG 51 157
L12113R TTGAGTCTAAATGGGGCTG
PCR : 95°C5 minl ; 95°C45 s, Popgene32 R
50's, 72°C50 s, 30 - 72°C10 min 1 : 2 90
4°C ,
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Fig. 1 Electrophoresis results of the four microsatellite loci L12046, 112094, L120121, and L120211 in progeny
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Tab.2 Parental genotypes and genotype distributions of 70 loci in progeny

(§x3) Fl

L12001 <ABXAB> AA: AB: BB=6: 40: 46
L12002 <ABXAB> AA: AB: BB=46: 2: 44
L12012 <ABXAB> AA: AB: BB=17: 34: 40
L12020 <BBxAB> AB: BB=21: 71
L12021 <ABxBC> AB: BB: AC: BC=16: 28: 18: 28
L12028 <BBxAB> AB: BB=49: 43
L12029 <BBxAB> AB: BB=46: 41
L12034 <ABxAB> AA: AB: BB=43: 23: 36
L12040 <ABxBB> AB: BB=50: 42
L12046 <BBxAB> AB: BB=54: 38
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(§x3) Fl
L12048 <ABxAB> AA: AB: BB=26: 41: 25
L12053 <ABxAB> AA: AB: BB=6: 53: 33
L12072 <ABxAB> AA: AB: BB=27:42: 23
L12077 <ABxAB> AA: AB: BB=34:19: 34
L12078 <ABXAB> AA: AB: BB=21: 50: 21
L12079 <AAXAB> AA: AB=44: 48
L12080 <ABxBB> AB: BB=49: 35
L12090 <ABxBB> AB: BB=47: 45
L12093 <ABXAA> AA: AB=47: 44
L12094 <ABxAA> AA: AB=39: 53
L12097 <ABxBC> AB: BB: AC: BC=40: 38: 3: 11
L12099 <ABXAB> AA: AB: BB=29: 58: 5
L12110 <BBxAB> AB: BB=51: 41
L12113 <ABxAB> AA: AB: BB=28: 42: 22
L12116 <ABxBB> AB: BB=29: 63
L12118 <ACxBC> AB: AC: BC: CC=0: 33: 51: 8
L12121 <ABXAB> AA: AB: BB=24:59: 9
L12123 <ABxXAA> AA: AB=51: 41
L12138 <ABXAB> AA: AB: BB=9: 33: 47
L12143 <ABxBC> AB: BB: AC: BC=27:29: 14: 22
L12144 <AAXAB> AA: AB=51: 39
L12147 <ABXAA> AA: AB=40: 52
L12157 <AAXAB> AA: AB=38: 49
L12159 <BBxAB> AB: BB=45: 47
L12163 <ABxAA> AA: AB=46: 46
L12186 <AAXAB> AA: AB=42: 50
L12191 <ABxAB> AA: AB: BB=34:42: 16
L12193 <ABXxAB> AA: AB: BB=29: 35: 28
L12196 <BBxAB> AB: BB=51: 41
L12211 <ABxCD> AC: BC: AD: BD=22:28: 17: 25
L12227 <BBxAB> AB: BB=50: 42
L12245 <ABxXAA> AA: AB=50: 42
L12248 <ACxBC> AB: AC: BC: CC=27: 19: 18: 28
L12251 <ABXAA> AA: AB=41: 51
L12255 <ABxCD> AC: BC: AD: BD=20: 24: 19: 29
L12258 <AAXAB> AA: AB=57: 35
L12265 <AAXAB> AA: AB=71: 21
L12271 <ABXAA> AA: AB=52: 40
L12283 <ACXxAB> AA: AB: AC: BC=27: 29: 14: 22
L12288 <ABXAA> AA: AB=57: 35
L12290 <ABxBC> AB: BB: AC: BC=33:23:18: 18
L12293 <ABxAB> AA: AB: BB=26: 46: 20
L12294 <ABxBB> AB: BB=47: 45
L12297 <ABxXAA> AA: AB=29: 63
L12308 <BBxAB> AB: BB=27: 65
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(§x3) Fl
L12309 <ABxAB> AA: AB: BB=27:41: 24
L12312 <ABxAC> AA: AB: AC: BC=2: 11: 40: 35
L12314 <BCxAC> AB: AC: BC: CC=25:24:20: 23
L12322 <ABxAA> AA: AB=50: 42
L12329 <ABxBB> AB: BB=69: 23
L12338 <AAXAB> AA: AB=40: 52
L12349 <ABxBB> AB: BB=49: 42
L12357 <ABxXAA> AA: AB=29: 63
L12364 <ABxXAB> AA: AB: BB=7:85: 0
L12379 <ABxBB> AB: BB=44: 48
L12381 <ABxBB> AB: BB=49: 43
L12388 <ABxXAB> AA: AB: BB=15:31: 46
L12396 <AAXAB> AA: AB=38: 53
L12404 <BCxAB> AB: BB: AC: BC=42: 20: 0: 30
L12412 <ABxAB> AA: AB: BB=23: 36: 33
22 WMIEELELEBKRAKRGIHEEFS>H 1 3 ( :
70 0 ),
Popgene32 , SSR 0.537 (PIC) 0.182~0.699,
2~4 22, , PIC 0.361 70
1.254~3.951, 1.885 > P,
s 0.5 0.75 3

£3 MM IEMNSEXREFRERBFRPREEER ST

Tab.3 Genetic information statistics for 70 microsatellite loci in the F1 generation of turbot

() () PIC
L12001 2 1.682 0.323 0.5 0.435 0
L12002 2 1.999 0.375 0.5 0.02 0
L12012 2 1.88 0.359 0.5 0.37 0.001
L12020 2 1.254 0.182 0.5 0.228 0
L12021 3 2.441 0.523 0.75 0.674 0.1
L12028 2 1.641 0.314 0.5 0.533 0.531
L12029 2 1.637 0.313 0.5 0.5 0.435
L12034 2 1.934 0.366 0.5 0.25 0
L12040 2 1.655 0.317 0.5 0.543 0.402
L12046 2 1.709 0.329 0.5 0.587 0.09
L12048 2 2 0.375 0.5 0.446 0.572
L12053 2 1.841 0.353 0.5 0.576 0
L12072 2 1.996 0.375 0.5 0.457 0.615
L12077 2 2 0.375 0.5 0.207 0
L12078 2 2 0.375 0.5 0.543 0.704
L12079 2 1.628 0.311 0.5 0.522 0.676
L12080 2 1.704 0.328 0.5 0.533 0.056
L12090 2 1.614 0.308 0.5 0.511 0.835
L12093 2 1.579 0.299 0.5 0.478 0.738
L12094 2 1.695 0.326 0.5 0.576 0.14
L12097 3 1.863 0.405 0.75 0.587 0
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() () PIC
L12099 2 1.873 0.357 0.5 0.63 0
L12110 2 1.669 0.32 0.5 0.554 0.294
L12113 2 1.992 0.374 0.5 0.457 0.517
L12116 2 1.362 0.23 0.5 0.315 0
L12118 3 2.473 0.526 0.75 0.913 0
L12121 2 1.948 0.368 0.5 0.641 0
L12123 2 1.53 0.29 0.5 0.445 0.294
L12138 2 1.692 0.325 0.5 0.359 0
L12143 3 2.347 0.511 0.75 0.685 0.053
L12144 2 1.514 0.282 0.5 0.434 0.186
L12147 2 1.682 0.323 0.5 0.565 0.207
L12157 2 1.68 0.323 0.5 0.532 0.172
L12159 2 1.586 0.301 0.5 0.511 0.835
L12163 2 1.6 0.305 0.5 0.5 1
L12186 2 1.655 0.317 0.5 0.543 0.402
L12191 2 1.926 0.365 0.5 0.438 0.03
L12193 2 2 0.375 0.5 0.38 0.061
L12196 2 1.669 0.32 0.5 0.554 0.294
L12211 4 3.94 0.699 1 1 0.34
L12227 2 1.655 0.317 0.5 0.543 0.402
L12245 2 1.544 0.29 0.5 0.457 0.402
L12248 3 2.647 0.552 0.75 1 0.294
L12251 2 1.669 0.32 0.5 0.554 0.294
L12255 4 3.951 0.7 1 1 0.462
L12258 2 1.445 0.261 0.5 0.38 0.018
L12265 2 1.254 0.182 0.5 0.228 0
L12271 2 1.516 0.282 0.5 0.435 0.207
L12283 3 2.544 0.537 0.75 0.707 0.053
L12288 2 1.445 0.261 0.5 0.38 0.018
L12290 3 2.544 0.537 0.75 0.75 0.121
L12293 2 1.992 0.374 0.5 0.5 0.671
L12294 2 1.614 0.308 0.5 0.511 0.835
L12297 2 1.819 0.349 0.5 0.685 0
L12308 2 1.334 0.219 0.5 0.293 0
L12309 2 1.998 0.375 0.5 0.446 0.537
L12312 3 2.877 0.579 0.75 0.935 0
L12314 3 2.703 0.559 0.75 0.75 0.885
L12322 2 1.544 0.29 0.5 0.457 0.402
L12329 2 1.882 0.359 0.5 0.75 0
L12338 2 1.682 0.323 0.5 0.565 0.207
L12349 2 1.649 0.316 0.5 0.533 0.452
L12357 2 1.819 0.349 0.5 0.685 0
L12364 2 1.989 0.374 0.5 0.924 0
L12379 2 1.572 0.298 0.5 0.478 0.676
L12381 2 1.641 0.314 0.5 0.533 0.501
L12388 2 1.796 0.345 0.5 0.337 0
L12396 2 1.703 0.328 0.5 0.576 0.106
L12404 3 2.226 0.49 0.75 0.782 0
L12412 2 1.977 0.372 0.5 0.391 0.054
2.2 1.885 0.361 0.55 0.537

Marine Sciences / Vol. 40, No. 4 /2016



e IRkE REPOATS

3 W

[21]

[24] [25]
Nei
ABxCD Nei
0.75,
9 b 1’
: (  AAxBB),
, 1, Nei
0.5, ,
[21] 70
0.537, ,
70 25 (P<0.05),
(0.357) ,
[26] [27]
PIC
., PIC>05
: 0.5>PIC>0.25
PIC<0.25
281 70 PIC>0.5 10 , 58
0.5>PIC>0. 25 , L12020
L12265  PIC<0.25, 70

B

; » QTL

/2016

40

. — [J1.
, 2000, 293(4): 2.

Lei Jilin. A new marine culture species Scophthalmus

maximus[J]. China Fisheries, 2000, 293(4): 2.

]

, 1995, 10(11): 1-3.
Lei Jilin, Liu Xinfu. An primary study on culture of
turbot, Scophthalmus maeoticus L.[J]. Journal of Mod-
ern Fisheries Information, 1995, 10(11): 1-3.

(Scophthalmus

maximus L.) [1-
, 2003, 34(1): 9-18.

Lei Jilin, Ma Aijun, Liu Xinfu, et al. Study on the
development of embryo, larval and juvenile of turbot
Scophthalmus maximus L.[J]. Oceanologia et Limno-
logia Sinica, 2003, 34(1): 9-18.

[J. , 2002,
33(1): 75-82.
Ma Aijun, Chen Siqing, Lei Jilin, et al. Effects of
spawning season on biological and biochemistry char-
acteristic of eggs of turbot Scophthalmus maximus L.[J].
Oceanologia et Limnologia Sinica, 2002, 33(1): 75-82.

[ , 2014, 38(5): 46-53.
Ji Liqin, Jiang Keyong, Han Longjiang, et al. Effect of
continuous cooling on metabolic function of adult
Scophthalmus maximus L.[J]. Marine Sciences, 2014,
38(5): 46-53.
[J1. , 2008, 27(11): 598-602.
Qin Lei, Wang Yingeng, Yan Binlun. Advances in re-
search on diseases of turbot Scophthalmus maximus af-
fected by microorganisms[J]. Fisheries Science, 2008,
27(11): 598-602.
[ , 2004, 25(6): 61-68.
Wang Yingeng, Zhang Zheng, Qin Lei, et al. The main
diseases of cultured turbot (Scophthalmus maximus)
and their prevention and treatment[J]. Progress In Fish-
ery Sciences, 2004, 25(6): 61-68.
1.
, 2002, 2: 63-65.

Lei Jilin. Problem and suggestion of introducting
species for marine culture[J]. China Fisheries, 2002, 2:
63-65.

[J1. , 2012, 39(10): 170-172.
Yang Deli, Zeng Minggqian. Empirical study on influence

factors of turbot cultivation profit[J]. Guangdong Agric-
ultural Sciences, 2012, 39(10): 170-172.

/4



[13]

[15]

[18]

[19]

e IRkE REPOATS

[J]. , 2012, 36(5): 109-116.
Peng Yanhui, Luo Jian, Yin Shaowu, et al. Screening
and suitability analysis of microsatellite markers in
Cheilinus undulatus[J]. Marine Sciences, 2012, 36(5):
109-116.
Jiang L, Chu G, Zhang Q, et al. A microsatellite genetic
linkage map of half smooth tongue sole (Cynoglossus
semilaevis ) [J]. Marine Genomics, 2013, 9: 17-23.
Shen X Y, Kwan H Y, Thevasagayam N M, et al. The
first transcriptome and genetic linkage map for Asian
arowana[J]. Molecular Ecology Resources, 2014, 14(3):
622-635.
Zheng X, Kuang Y, Zhang X, et al. A genetic linkage
map and comparative genome analysis of common carp
(Cyprinus carpio L.) using microsatellites and SNPs[J].
Molecular Genetics and Genomics, 2011, 286(3-4):
261-277.

1. , 2012, 36(9): 1-8.

Han Feifei, Zhang Jibiao, Li Li, et al. Genetic diversity
in two-generation of cultured Japanese scallop (Patino-
pecten (Mizuhopecten) yessoensis) populations[J]. Ma-
rine Sciences, 2012, 36(9): 1-8.

[J]. ( ),
2012, 42(Z2): 38-44.
Liu Lei, Li Jian, Liu Ping. Parentage determination of
Portunus trituberculatus in family establishment based
on microsatellite DNA markers[J]. Periodical of Ocean
University of China, 2012, 42(Z2): 38-44.
Bouza C, Hermida M, Pardo B G, et al. A microsatellite
genetic map of the turbot (Scophthalmus maximus) [J].
Genetics, 2007, 177: 2457-2467.
Hermida M, Bouza C, Fern&ndez C, et al. Compilation of
mapping resources in turbot (Scophthalmus maximus): A
new integrated consensus genetic map[J]. Aquaculture,
2013, 414: 19-25.

[J1. , 2009,

24(4): 366-370.
Gu Ying, Guo Zhongbao, Gu Jingjing, et al. Isolation of
novel microsatellite markers from genome library and
SSR polymorphic loci identification in turbot Scoph-
thalmus maximus[J]. Journal of Dalian Fisheries Univ-
ersity, 2009, 24(4): 366-370.
(Scophthalmus

maximus) [J].

, 2009, 40(5): 577-583.
Xu Ke, Ma Aijun, Wang Xinan, et al. Microsatellite
molecular markers and the correlation to growth trait of
Scophthalmus maximus[J]. Oceanologia et Limnologia
Sinica, 2009, 40(5): 577-583.
(Scophthalmus

maximus) [J]. )
2013, 44(5): 1365-1371.

[22]

[23]

[24]

[26]

[27]

(28]

Li Meng, Ma Aijun, Yue Liang, et al. Isolation and
analysis of microsatellite markers in the genome of
turbot Scophthalmus maximus[J]. Oceanologia et Limn-
ologia Sinica, 2013, 44(5): 1365-1371.
, , , 22
Fl1
[J1. ,2012,36(9): 1322-1329.
Liu Xiande, Wei Xinjian, Cai Mingyi, et al. The segrega-
tion patterns of 22 microsatellite markers in an F1 family
of large yellow croaker(Larimichthys crocea)and correla-
tion analysis with growth-related traits[J]. Journal of Fish-
eries of China, 2012, 36(9): 1322-1329.
Fl [J1.
,2012, 18(6): 1384-1391.
Jiang Liming, Yu Haiyang, Zhang Quangqi, et al. Isola-
tion and characterization of microsatellite markers for
half-smooth tongue sole (Cynoglossus semilaevis) and
an analysis of seg-regation in the F1[J]. Journal of
Fishery Sciences of China, 2012, 18(6): 1384-1391.
Botstein D, White R L, Skolnick M, et al. Construction
of a genetic linkage map in man using restriction frag-
ment length polymorphisms[J]. American journal of
human genetics, 1980, 32(3): 314.
[J1. ,2014, 1: 17.
Zhang Ning, Yang Guanpin. Isolation of microsatellites
of Brachionus Plicatilis and determination of genetic

diversity of a culturing population[J]. Transactions of
Oceanology and Limnology, 2014, 1: 17.

J1. , 2013, 32(2):

161-166.
Liu Ruicheng, Zhang Futie, Dan Shengguo, et al. Isola-
tion and characterization analysis of microsatellite loci
in Acrossocheilus monticola[J]. Sichuan Journal of Zo-
ology, 2013, 32(2): 161-166.
Sibov S T, Lopes De Souza Jr C, Garcia A A, et al.
Molecular mapping in tropical maize (Zea mays L.)
using microsatellite markers. 1. Map construction and
localization of loci showing distorted segregation[J].
Hereditas, 2003, 139(2): 96-106.

, , . ISSR

() [J].
,2014,2: 110-117.
Zhang Zhengrui, Wang Xinglian, Zhang Quangi.
Polymorphism and segregation of ISSR markers in the
hybrids between Paralichthys Olivaceus (9)and
Verasper Variegatus (3) [J]. Transactions of Oceanol-
ogy and Limnology, 2014, 2: 110-117.
) , . fit
[J. , 2011, 32(1): 40-44.
Xiong Meihua, Shi Fang, Xu Nian, et al. Isolation and char-

acterization of microsatellite loci in Spinibarbus sinen-
sis(Bleeker)[J]. Journal of Hydroecology, 2011, 32(1): 40-44.

(9%

Marine Sciences / Vol. 40, No. 4 /2016 9



e IRkE REPOATS

Separation and analysis of turbot microsatellite markers in
progeny

WANG Guang-ning" 22, MA Ai-jun" 2, LI Meng', MA De-you'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of
Sustainable Development of Marine Fisheries, Ministry of Agriculture; Qingdao Key Laboratory for Marine Fish
Breeding and Biotechnology, Qingdao 266071, China; 2. Laboratory for Marine Biology and Biotechnology,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China; 3. Shanghai
Ocean University, College of Fisheries and Life Science, Shanghai 201306, China)

Received: Oct. 28,2014
Key words: turbot; microsatellite loci; genetic variation; gene isolation

Abstract: To evaluate the farmed turbot population using microsatellite markers, we analyzed the segregation pat-
terns of genotypes constituted by 70 microsatellite loci in turbot parents and their progeny. Results revealed that a
total of 12 patterns were detected through sexual hybridization ($xJ). A total of 45 loci were found to adhere to the
Mendel’s law of inheritance (P=0.05), whereas the remaining 25 deviated from the law (P<0.05). The average
number of alleles and effective number of alleles were 2.2 and 1.885, respectively. The average expected and ob-
served heterozygosities were 0.55 and 0.537, respectively. The range of polymorphic information content was be-
tween 0.182 and 0.699, with an average of 0.361. These results demonstrate that most of these markers will be use-
ful for future progress in genetic breeding in turbot and the farmed turbot population with a high level of genetic

diversity can be used for the further breeding of improved varieties.
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