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This study was conducted to develop microsatellite markers in Seriola quinqueradiata using next-gen-
eration sequencing. A total of 28,873,374 reads were generated on an Illumina Hiseq2500 system, yield-
ing 7,247,216,874 bp sequences. The de novo assembly resulted in 466,359 contigs. A total of 132 con-
tigs (0.43%), including 60 microsatellite loci, were derived from 30,729 contigs longer than 518 bp. A
total of 60 primer sets were designed from the 132 microsatellite loci. A total of 15 polymorphic nu-
clear microsatellite loci were chosen to evaluate population genetic parameters in the parents and
offspring. The mean number of effective alleles was 18.5, ranging from 11 to 30. The observed hetero-
zygosity (Ho) and expected heterozygosity (He) ranged between 0.431 and 0.972 with an average of
0.812 and from 0.782 to 0.949 with an average of 0.896, respectively. No significant linkage dis-
equilibrium was observed after Bonferroni revision in any loci. The results show that the 15 poly-
morphic nuclear microsatellite markers can be used to study the population and conservation genetics
of S. quinqueradiata in Korea. To ensure the success of artificial seedling production technology, genetic
variations between the parent and offspring populations should be monitored, and inbreeding should

be controlled.
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[10, 39]. FEA[17], AM$[18], NI AW E[23] 5 ThFE 3
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At
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At Genomic DNAY <229 A2+ 253 DNA
FZ 7] (MagExtractor MFX-6100, Toyobo, Japan)%} DNeasy®
9 Blood & Tissue Kit (Qiagen GmbH, Germany)E AH-8-3} %1
oH20]. EAo] A8 AEE 20 mg® E-tubeE &A
DNeasy® 96 Blood & Tissue Kitg Ab-8-3te] A ZALe] W of
w2} ATL Buffer 200 pl¢} Proteinase K 10 pl& H7He &,
Egate] 56ColA 24N 7 F2 WHEAIZA T 11 % AL Buffer
200 ul%}+ 99% ethanol 200 pl& 743t S-Blocks®] DNeasy
96 platesell %7 4,000 rppm (3,000x g) & 2087+ YA £l 3}
# . Column platesE 2A ¢ ¥, AW 1 Buffer 500 pl 713}
o 4,000 rpm (3,000x g)°. 2 2087+ YA B2l FL
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A7bske 4,000 rpm (3,000x g) o2 4083 YA EE 5T
Ethanols AIA & &, AE Buffer 100 plol 9] genomic
DNAZ Zeatgith £ F genomic DNAE 1.8% (w/v)
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Microsatellite P}7] 71o] B 23 Wolo] H7|Hd ARE
7] 94l Mlumina Hiseq2500 (Illumina, USA)< ©]-§3}¢]
Folo] A 2202 RE F28 genomic DNAY 7]
AEE 353Ath A4 H raw sequenceE Quality value 20
O 2 cutoffdl] trimmed sequence® THoT, ME FH
T T 7|W2 R paired-end sequence® A A single
readsE A4ttt oo} A4HE single readsel @] CLC
assembly Cell (v4.0)= o] &3t draft assemblyE T3¢ &,
A/4E contigdll single readsE mappingdt® unmapped
reads NE9ES T34t Unmapped readsg HHCoE
NICEM_SSR_FINDERE ©] &3¢ 87 o] 9 microsatellite
HHE g9 S xFet SE4HE9 77} 150-400 bp W99

SSR A E A4

A E microsatellite 9 S $Z317] A Zelolr o A
A& Primer3 [32] Z213-E o] &35t A2tatgon, 229
Zeholm Aol 1822 bp WS, TF A& A7+ 120-400
bp, T #©] 50T-68CTE AA 31, Zejo|r o] 939} HHEE]
T 971449 58 1Y ZetolHE AFsA T

Microsatellite F&AHEQ| Cad 24

H7IME FRE dlE o2 2% microsatellite %
Zg 5 e zeolr & AEd] S8 Bol(n=8)&
Z PCR #4 & F3t9h PCR 242 10 wlF 10 ng F
DNA, 10X Tag PCR buffer 1 pl, dNTP mixture (10 mM) 0.2
ul, Hs Tag DNA polymerase (2.5 U/ul; TNTResearch, Korea)
01 ul, forward$} reverse ZetolH Z+7: 04 ul (10 mM), 3
DNA 1 pl& 243ttt 7 zeko]w o forward A8 A3 F
of §4&4< HEX, 6-FAM 3 TAMRAS FAste] S54t
= 29 A 2=l FFes 9A WFOEHA Genetic
Analyzer 3730XL (Applied Biosystems, USA)& ©] &3 PCR
A= A7 F4E THestA 3l

PCR &2 95T 0|4 723t DNAE A3 ¥ 4 (preincuba-
tion) A2 %, 95T A 5053t ¥4 (denaturation)Al . ©]
o] 58 Co A 50%7F Z2}to] W& annealing A7l ¥, 72 A
5027 DNA @4 (extension) %78 -& % 353 W& 2 H,
FH o2 72CAA 10870 A7 g2 sPeid. 552
PCR A 4HE2 1.8%(w/v) agarose gelZ 71719 53te] W= 9]
frire $28 99 2718 44 F 34 wjee 2A5A
o

Z42te] PR =S F4ed 2 AdEe 2717 $4
97 452 188 GeneScan' 400HD ROX (Applied Bio-
systems, USA) size standard ¢} Hi-Di"™ Formamide (Applied
Biosystems, USA)E &§tdto] 95T A 3&3 WA &,
ABI PRISM 3730XLE AHg-sted ©ie] 2715 £4 83 3].
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Fojof oA e (n=72)3 A o)A dn=157)& o2 o
Aol &8 FAAF g PCR &A1& SR #
A o XS 9138 FSTAT version 2.9.3 [12]2 AF&3}
o g *(number of alleles, Ny), }& 3715 BA %
A2 4 (allelic richness, Ar), WHAFHA Z7](size
range, R)& Tt on, o 1 44 &3 B, Pairwise
For [38] FA1E SA 3t Hlast3lth. Arlequin version 3.1
software [8] 2 GENEPOP version 4.0 computer package [33]
£ AEste] Ae 3 FAARAE o H Y X (heterozygos-
ity)e] #EA o] PHFE (observed heterozygosity, Ho)o
Hardy-Weinberg Equilibrium (HWE)ol| 4 &} 7] thA] o] & 2| g}
£ (expected heterozygosity, He) Al4F3t AT %3, GENEPOP
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version 4.0 computer package [33]5 AH&-3t] Jd U 24
) Al 4 (inbreeding coefficients, Fis)¢l <4< &1lstdth
[38]. FAAZS %A A B ZF (polymorphic information
content, PCI)& Cervus ver. 3.0.7 [19]9] tIHAAH = B4 H
S A &3te] &84t GeneAlEx 6.4 program [30]& A&
stof Ztzte] iAol AA AA A 24 AA LY private
allele M1 2tz W) €S A4 HEI £3 F4
2 Hol $AE o] g3t A & /e 119 715t #AE
22+8 0 2 W o F & Principal Coordinates Analysis (PCoA)
€ Codominant Genotypic Distance BFE S 2 #4131 % T}[30].
274 9 12

H7IMY EH 31 microsatellite CFEM &0l

TP AFFAAF 2N AS T o] 1
AL 22N ERE AAst AAY A714E EAHS Humi-
na Hiseq25005 ©|&3te] o] d7lAMds d535d.
Holo] AVIMEEs BT A3, F 28873374709 A7IA G
readE A oM, F Aol &2 7,247,216,874 bpol At F
28,873,3747) read®] assemblyE W A, HA S o
1.6%°l 33t 466,35970 2 read”} assembly®l] Ab&-=| S
o, o] E read? F Aol 602,570,785 bpE &= ATk
(Table 1).

NICEM_SSR_FINDERE ©] &3¢ SSR (simple sequence
repeat)S 33t ZetolHE UAUT F Je AES B4
o A3}, Di-nucleotide’} 6¥1 ©]4 WHE-E = [CAl,, [GA],
[AT],, [GCl, F3te Z¥ 3t AEY F & 1841470132
o, 0| &8 247 71.3%, 18.7%, 9.8%, 02% 2 [CA],o] HHE-o
748 gol FAJAS AT, Tri-nucleotide?} 5% o]/ HHE = &=
THE % 102467001 W, 0] F [ATALO] 123%2 744 B3t}
Tetra-nucleotide’} 5% ©]/ WHEHE= MEL Z 2,069/ 2
[AGAT],o] HH50] 405%2 7H3 wol 9l H At} Di-, Tri-,
Tetra-nucleotide®] AA ¥ && Z+Zt 59.9%, 33.3%, 6.7% =
Di-nucleotide”} 7} &2 1, Tetra-nucleotide”} 7} YA
U e TH(Table 2). A714 €& 4938 23, & 30729709 ¥
B MY F9E 979 FF, B, 2eo|n 9 9K, FF
AHEY A7) & st 12 AE T $HEHAE 1327 of
3 PCR 5% o8 & #9159 microsatellite }# 6071 <]

s

Table 1. Summary of NGS sequencing results
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BE 24 HET F, 3BEA Teoln)E AZsa #
4 8242 5 RAAA £ 27 5 2ot 43
}

]
9 2 microsatellite "}A 1571 & 7] &3t S th(Table 3).
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7O CYM 3 SM 24

A 15709 microsatellite "FAE o] &3Fe] Wof o]
Gn=72)% AA{An=157) NF2E FH44 dFd& &
sttt vtA 9 B3 A=E YehlE PICR] 05 o] 4ol
HEFES MAEE S 72t o2 BRAuHAEH[4], B 4
T A 7NEE microsatellite vF7 15709 PICZELS 0.755-0.939
e He 08819 FAE UE, ARE niA T 49
=S MAAEE S Yetl = A2 dddth(Table 3). £3
Ohara et al. (2003)7} 213 microsatellite probe 7] 5] mi-
crosatellite P}71E AWsle Ao 2w D o iy f
A2 F(Na)E 41370019, He 32 085-0910.2 BHa g A}
Hlas) 2w o] of e YA A 42(11-3070) %k He

Table 2. Summary of characteristics of SSR

Category Number of Read length
reads (ea) (bp)

Total reads 28,873,374 7,247,216,874

Trimmed reads 24,229,768 5,697,842,461

Assembled contigs 466,359 602,570,785

Unmapped reads 959,876 289,657,783

SSRs motif Numbers  SSRs motif ~Numbers
Dinucleotide (=6) 18,414
AT 1,805 CT 3442
CA 13,134 GC 33
Trinucleotide (=5) 10,246
AAA 0 TAC 156
AAT 1,037 TTG 309
AAG 327 TTC 298
AAC 322 TGA 655
ATA 1,261 TGG 81
ATG 520 TGC 328
ATC 377 TCG 1
AGA 381 TCC 453
AGT 124 GAG 668
AGG 398 GAC 13
AGC 310 GTG 69
ACA 378 GGG 0
ACG 0 GGC 54
ACC 69 GCG 25
TAA 1,080 CAG 407
TAG 125 CGG 20
Tetranucleotide (=>5) 2,069
AAAC 128 ACAT 41
AAAG 254 ACCT 9
AAAT 201 ACGC 47
AACG 0 ACGG 3
AACT 17 ACGT 0
AAGG 26 ACTC 58
AAGT 3 AGAT 837
AATC 52 AGCC 5
AATG 77 AGCT 8
AATT 15 AGGT 9
ACAG 151 AGTC 128
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#4(0.782-0949)0] WI3tAY A e OH, ¥+ Ho%t He
grol Z+7F 0812, 0896% A Ako]7F UERIA] @31, 3] 4ko] ]
W He < 079 o9 215 et inte]. wehA 1570
9] microsatellite F}A= kel $AA Tk L Folst=r)
&3 m7z addn.

°]°ﬂ ghe o] SR FE Hlojd Aol e A7 thefd e
A Aolg HolzH Aojfee] B & dHFAA +
(Na)E 62677019, 24 o] FHFZ (Ho)et 7thA| o] FH
S (He)e 22 3 08059 0.651% ojm g gt 4437 o
FHEG e AT deilTh o2 ddte Ao
BEE fraAstel A Hardy-Weinberg Equilibrium (HWE) ©]
gro] #2(p<0.0045, Bonferroni correction) ¥+ 2o & <l
5 % =0l(Table 4), o1& 7HA A4 Al ou g 5 7 44
9] T &7} iE}‘: A& ousi, old wet fA7 TFA
o] ZHastile T ATH10J. FA xS 2o FgH @D}
A GAA r,}om,] s Aeoke] 7Aas AES
FE Aste] ddoz ¢HA Slo[1], FAHE 59 o

[e2

Al

N2
[e%

o

1

B AN AFEEE AolHwe] 424 gy o
§ 498 Aoz Azdrpe. $14 vl Bre

rlr
ofl &
b1 2 o Hu

Ak 71e) 7188 BAE RoFE FAR B Ao A
T A9 fA%4 T2 I3 AolE YEhydlon, 7—1‘
NAEY EAL 22Y T2 TS o, coordl
AA dolg E49 1738%E UERH I coord 25 23.81%§
e ATt o] etk g o] A H ofn] A 7k wujE
53 249 MARA F2H Aol7t e AR BAHUG
(Fig. 1).

B AFodAE Hole 44 A A4S Al micro—
satellite "FA & &8tz AAD 971 E £4(NGS)&

Principal Coordinates (PCoA)

g . s g W

pe ™ n * 8

E‘ mn ¢ + Hg N :" * # parents
+

.g .I g v ‘0‘ % “ moffspring

8 @ k d

S m omg o o

Coord. 1(17.38%)

Fig. 1. Principal coordinate analyses (PCoA) of parents and off-
spring populations, S. quinqueradiata based on Nei's ge-
netic distances.
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oy gy} AojFuS Aoz A 43 Ay FEI I
o] Yyepton, =5 AAEGFA o] YA ol o=
o frAA R B F8&¢ AR FAE T ol
of g A7 #Aol FolRo® 38t A3 FRI

ol thakdl microsatellite PFA 7} LA & AHSS
'73:16‘1— [IH l:ﬂ-oi‘/] X%X]—-?—_] E]_—-— QH _I}]_E]- ‘3]'0 micro-

satellite U} 2] 7&o] H a3y, o volrt 2423l Whof 9

v HE Aol AHe &
o omz e Aolyuel &

% 9e Aoz ARA,

Table 3. Characteristics of 15 microsarellite loci developed in S. quinqueradiata

A ARAL Ba) @4E 5

R ZEIEE:

ol

(]

< 4w

Observed

Locus Motif Forward (5 —3") Reverse (5 —3") Dye PIC Size range
(bp)
ATCT-233F (AGAT)is ATTCTTTCTCCAAAGTCAATGC CATTTCATGAATTTCCCCTAGA FAM 0915  147-243
ATCT-16F (AGAT)1y AATCGATACAAATGGAATGGAG ATTATCCTTAACGAGGTGCAAA FAM 0.899  256-320
AGG-05F  (AGG);s CTGTAAAACACAAATCACCCC CACAGGTGACACGGTTTCT HEX 0939  98-128
ATCT-333F (AGAT)n CCCTGAACATCAGCTTAAACAT  CATATGGAGATGCTGTCACATT  HEX 0.858  146-202
AAT-26F  (AAT)»  ACACTTACACACTGTTCCCACA  AAACCATGTGCTTGTTATGITG  HEX 0925  204-261
AAT-74F  (AAT)n  ACCTGCCTACTCAGAAGAATCA  AAAATCAGCCAAAATGAAATTG TAMRA 0861 114-180
ATCT-19F (AGAT)zy CAACAAAGCTGTTGTAGAGCAA  GGCATTCATTTTTAGCCATITA TAMRA 0913  205-329
ACA-23F (TGT)s  TCGACTGTTTACACATCTCTGC CCATGCACAAAAGCAACTATAA FAM 0.888  122-191
ATG-13F  (CAT)s  GGAGTGGGTGAAAGIGTGTTAT  CAGCGACAGCATTATAAGTIGAG FAM 0.755  201-261
TGA-55F  (TGA)y  TATGTGTTGTAAAGTTCCTGCG CAGTCAGGTGAGATGATGGAC  HEX 0.8%  118-178
ATG-24F  (CAT)»  GAACTCITCATCGAGAACAACC  CGACCTGCTCTCTACTTGATCT HEX 086  186-216
ATG-33F  (CAT)s  TGCACCTCCTCTGAGTITITAAT GAGACAGACAGCGTCATGAGT  TAMRA 0.859  73-154
CA-139F (CA)s3 CTGCTCAAATGTCCTATCATCA AGGGGAGACTGAGGATAGTTGT TAMRA 0.811  206-260
ATCT-416F (AGAT)z AGATGTGGTAGCAAGTGGAATC  ATTTGCCCTAGGGGATAAATAA FAM 0.907  82-158
ATCT-291F (ATCT)s TGAGACTGAGATGCTGATCAAT  GAGCTATTGCTTTTTCICGTTT TAMRA 0924  140-240

Annealing temperature was 58C for all markers.



in-

18.467
18.467
0.812
0.896
0.093
0.182
6.267
5294
0.805
0.651
-0.108
0

Mean

24
24
140-240
0.486
0.935
0.482
0.000*
6
4,601
152-212
0.051
0.498
0.898
0.000*

18
18
82-158
0.847
0.927
0.087
0.016
6.278
94-146
1
0.666
-0.503
0.000*

25
25
0.972
0.935
-0.04
0.281
491
0.745
0.639
-0.167
0.000*

17
17
0.861
0.878
0.019
0.131
3
0.761
0.632
-0.206
0.000*

11
11
0.722
0.879
0.18
0.001*
4.836
0.994
0.628
-0.584
0.000*

17
17
0.958
0.92
-0.042
0.397
5.612
0.809
0.654
-0.238
0.000*

observed heterozygosity; PIC=polymorphic information content; Frs

18
18
201-261 118-178 186-216 73-154 206-260
0.819
0.835
0.018
0.021
4.662
0.726
0.625
-0.162
0.000*

20
20
0.889
091
0.024
036
4374
1
0.639
-0.568
0.000*

Locus

ATCT-233 ATCT-16 AGG-05 ATCT-333 AAT-26 AAT-74 ATCT-19 ACA-23 ATG-13 TGA-55 ATG-24 ATG-33 CA-139 ATCT-416 ATCT-291 all loci

30
30
0.958
0.949
-0.01
0352
6.81
0.987
0.765
-0.291

0.000*
expected heterozygosity; Ho

16
16
0.833
0.782
-0.066
0.449
7.253
1
0.776
-0.29
0.000*

18
18
0.944
0.902
-0.047
0.28
6.363
0.765
-0.284
0.000*

0.981
size range of alleles; Hg

15
15
146-202 204261 144-180 205-329 122-191
0.778
0913
0.149
0.034
4915
0.968
0.74
-031
0.000*

11
11
98-128
0431
0.877
0511
0.000*
3.831
101122 154-198 210-252 117-180 217-325 140-164 201-225 130-160 192-210 121-133 210-240
0.057
0.343
0.833
0.000*

14
14
256-320
0917
0.879
-0.043
0.405
5.218
276-304
1
0.638
0.571
0.000*

23
23
147-243
0.764
0.925
0.175
0.000*
6.747
147-219
0.761
-0.316
0.000*

R
Ho
HW
Na
HW

number of alleles per locus; Ag=allelic richness; R

Fys
breeding coefficient.

Ag
Ho
He

Offspring R
(N=157)

Na
Ar
Hg
F IS

=72)

Parents

(N

Table 4. Genetic variabilities at 15 microsatellite markers in the parents and offspring population of S. quinqueradiata

*Not in conformity with Hardy-Weinberg Equilibrium (p<0.003, Bonferroni-corrected value).
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