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This study aimed to analyze the genetic diversity of Goniistius zonatus by developing microsatellite markers and
evaluating their population genetic characteristics. Among a total of 188,476 genome contigs, microsatellite se-
quences were detected in 39,127 contigs, which contained a total of 48,789 candidate microsatellite markers. After
removing redundant simple sequence repeat (SSR) motifs, 34,117 candidate markers were initially selected. Subse-
quently, polymorphism analysis, including the presence of insertions and deletions (InDels) within the SSR marker
regions, resulted in the final selection of 3,648 markers. Among these 3,648 markers, 146 microsatellite markers were
initially chosen based on the type of repeat motif, primer size, and amplification product location. PCR amplification
and fragment size evaluation further refined the selection to 20 markers. The genetic characteristics of the Goniistius
zonatus population were analyzed using the 20 selected microsatellite markers. The mean number of effective alleles
was 9, ranging from 5 to 15. The observed heterozygosity (HO) and expected heterozygosity (HE) were found to be
0.755 and 0.766, respectively. The polymorphic information content (PIC) values ranged from 0.546 to 0.861, with
an average of 0.722, indicating that these markers provide sufficient individual identification power for accurately
analyzing the genetic diversity of the Goniistius zonatus population.
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N = 2 AAICE, o] i 7] BHe 1ok e A o] B B 9 2
TR0 2 G v A3 9le. 55 A% cAete Ao
X 01%:9] 29 ulgo] 44302 Z7H5a glom, 2 10

71 FHBFRE QT sl 2 A fElubel Adel A
il (2012-2021) &<t T AA| ofF F 2oF 42%7} oA i A of

Aol FHieh GRS vIA] AL 3lck(Han et al., 2023). =544t

}5}919] 2024 S4HEoF 7] 588} 935 W I KA of m}
¥, 196815 6] 20231077 o 564 52k Selutet sl &
% 20| 144°C A48 A0 2 LERFTHNIFS, 2024). o=
A A B & A5 0.72°0)2)  dhe] sfstud, 9-2)
Ut sheF A7 7] g stel oS v Wt 9l

o2 SIEUCHNIFS, 2022). =8 otd T o] Fo 2= 2
Bk=(Choerodon azurio), ©}e-5712](Goniistius zonatus), 3
=7|(Pseudolabrus sieboldi), F73-=¢7]|(Pseudolabrus
eoethinus), %5 (Chaetodontoplus septentrionalis) 5°] 2\
o, o] 59 Ed Wl HRA 07 F7I6k= FA1E Kol
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slet.

715 olgE7telE 7S HSRE IRt e A HEkE vhedst
= glxAQ ofFoZ F5 vkl QITHNIFS, 2022). oFg-57}
2|(Goniistius zonatusy= 5°15&(Perciformes) &% =¢7]2
(Latridae)o]] &3k o] 7=, Ui, 2h Aol D A=, vt
= AejEoF eetol HA B35kl 9] 21 (Nakabo, 2002; Bur-
ridge and Smolenski, 2004), A5 A o A= L5 olgl=
oz B}

Fol 2w 20713245 S7RI] vk 494 7 E
& 270 Asta Slck. o] 2l okEE VIO AU A4 7t
ek Belatr] eia AR waE ko] BaHold),
ey obgE Tk ol tigh 7]E At doll A 3E H o]
2 3% Aefjof] gt U X oH(Matsumoto, 2001; Matsumoto
and Kohda, 2002)°]] gt o] 3lom, S o] 4] o 2= sl &
O] HES A3 A o8] A7} obA] HALEA] 9kl o]
of whet okF-57te] AU A& 7Hs3t o] 8t A pA 9l HE
= S8l A &4 71Rke] wpeha] o] ar A A A Q1 Ak ] A
eF ROl Algsith

2000 o] 5 A A7]AQE A (next-generation se-
quencing, NGS) 7|9 o=z G4 24 7|Ho| H|eF
Ao g sty NGSE &85t i T A-R4A
(whole genome sequencing, WGS) A €S tj&Fo 2 e E35} =
ol 71& 2k nkA A O] A E S5 = Qlth(Paet-
kau, 1999). £3|, A=2] ¢l microsatellite 1}# 7|t BhA] v}
o], NGS 7]eh 54S E3) WA ool A Halslol &
2 t}gd(polymorphism)¥t & A (reproducibility)& 2=
nAE g2 o8 st 4= 9ltk(Mardis, 2008; Gardner et
al., 2011). NGSE ©]-8-3}) 7let=l microsatellite 1} &= =2 &
AR} oS Holw, Aek-As A+t fAAF A= 2, 7N
Al A, 2= BA 24 T o 38 A Zofoll A &
S5 31 Qlck(Park et al., 2014).

A ARFLS diAF o R $F NGS 718 77 gits| o]
FojR)aL Qler, W 2| | (Marsupenaeus japonicus) (Zhong
et al., 2015), ®oi(Seriola quinqueradiata) (Dong et al.,
2020), S-3l4(Apostichopus japonicus) (Lee et al., 2022), =
(Crassostrea gigas) (Dong et al., 2022) 5] 43812 E4]0|
BAEgie). e} ol 7telo] thak NGS 71 s o

= ob) a4 ghan gk

wepa] 2 At oFgE 7 o) A% Thset Ak e 2 F
HES B2 02 NGS 7|HS &-8-510] A|2-2 microsatellite
G ol FAEkL, o] 7|Nke = g A3 A E Ao = mic-
rosatellite 1F#E 7HEsFA T 7 microsatellite #HE- A
Sato] ol FE7}e] kel SUH b} S elubAE BAal
o0, ol S Fo) okEEIele] 5t 7% AR E S}
I ARl Ak T Yl HEof| 7] o5l A} g

EE

Iz H U

AlZ 2= 2 genomic DNA &&

2 Aol ARG oFEE 7 AR A= W 47 A S (A%
2] 20249, n=5; B-Z2] 20244, n=16; AH42] 2024, n=27;
A1) 20249, n=2)0l1A] HA|%0.2 EIH ASIAF o} FE 7}
2] SO7HAIE /o= Ao E-8-5)3iTt.

Genomic DNAQ] &= £2] 9 A A= DNeasy® 96 Blood
& Tissue Kit (Qiagen GmbH, Hilden, Germany)E AR8-5}1
BT 2 AR 20 mgS E-ubeo] B, AZA] 47
of u}2} ATL buffer (200 uL)@} Proteinase K (20 uL)E %7}
g5, 56°Cof|A] 12417t 5-¢F Bhg-A]F ). ©] % AL buffer (200
uL)e} 99% ethanol (200 puL)S H7lste] =338t 3, S-Block
o] A2+ DNeasy 96 plate 2 24 8,000 rpm (6,000 g)of| 4] 30
27+ ARt

71 %, column platesS WA 5} AW1 buffer (550 uL)E A
7Vt H, sk 2A0A 3027 YAEZ AT thA] col-
umn platesS A3+ &, AW2 buffer (550 pL)=S 7}s}o]
20,000 rpm (14,000 g)ol A 557+ 1415a]51%c}. Ethanol
2HAs] AA 7] 18l columns Aol A =3t -, AE buf-
fer (80 uL)E #7}sko] genomic DNAE 3|3} %Lt

3]4=5 genomic DNA=2.0% (w/v) agarose gel 27| %45 (E-
Graph Gel Documentation System; ATTO, Daejeon, Korea)
3] DNA Hi=2] Z3)] o] 2E 301519 © 1, NanoPhotom-
eter N60 Touch (Implen GmbH, Miinchen, Germany)E A&
sto] DNA 125 243i¢ich

A ME 7= L RTA {IX| S

ol&-57}2] 9] microsatellite 1}# 7S 918, 20241 A5
= AR Ahn=27) 5 47§A1E A2 NGSE 43314

25 DNAX Agilent 4200 TapeStationS 3 DNA £7
)= 233t TruSeq Nano DNA (350) ko] 2 2j2] 13
9] DNAZ 1} 3 fragmentation)3t 5 o o] o] HE| S
ZFslo] gho| e g]E G1=5}al, TapeStation D1000 Screen-
Tape= AH8510] 2ho|12212] #2123 7}3191 llumina No-
vaSeq 6000 Z2HE-2 ©]-8-5}¢] paired-end (2 X 151 bp) HH4]
o ABAS Wl

oFE-E71e] 2] WGS HlolElolA] W2 A|f4] &40 HlolE
£ A)71317] 913} BBDuk (v38.96) L= 12< B8510] o)
E] E|"(adapter trimming) ¥ =2 2] (quality control)E
FRstglon, o5 Faf 1EFE dolEus Adstaltt A
HE 12} 722 go|E= Bowtie2 (Langmead and Salzberg,
2012)5 ARg-sto] viE|2jol W n|EFZ = o} Hlo|E oo
thall A £A14 71ete] 42 alignment)& 33}, o] 2 %
3l 2 FE=2-S Al A (decontamination)s} S Tk

dr o
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o1 7t 7o) B AL AHES}O] kemer HHE Eo
otFE7re] FAA 2715 53k okE-E 71 reference
genome sequence 152 93l CLC Assembly Cell (v5.2.1;
QIAGEN Bioinformatics, Aarhus, Denmark)2] CLC Assem-
blerE AM8-5}19] de novo assemblyS Z3Y5FATH 4R W &
AR 2 o&S 93 ab initio gene prediction WS A&
selonl, 2% 78} o] T xj%tol sl homology-
based annotation= 58 51%t}. o] A ol A] UniProt (The Un-
iProt Consortium, 2019) gjo]Ej#|o] A~} BLAST (Altschul et
al,, 19905 &85}tk

SSR OtA && Mgt 2 primer CIXIQ!

obg-571e] 44 W SSR (simple sequence repeat) 7+ B
A2 SSRIT (simple sequence repeat identification tool)2 A}
#5191}, SSRITE 4% 7]20f ake} §-47] A2 e mic-
rosatellite RH-5-A1 G-& A5}l o 5819t

of| =% SSRS motif lengthe} WHE 5 7|&o 2 A2y
slom, nkA S ffsl FA W SSRY| 912 HYHE an-
notation} %t} 3}, SSRo| 9123t 92 3LUTR, 5-UTR,
intron, CDS (coding sequence), intergenic region©. 2 &3}
o] gelsioict.

SSR genotyping= 98t PCR primer+= Primer3 (v2.3.6) &
ZEQof(Untergasser et al., 2012)5 AR&-slo] A 5% C
o, SSRE FA 07 FZ A A E9] B g (flanking se-
quences)S A+ 2 primers YARRISI] QP A E 2
o] o]0 2 4 YL Z Bl9irk. Z}7ke] SSRE Th4R0.2 ampli
con sizeE 100, 200, 300, 400 bp= A5} multiplex PCR
o] 7P53HE = primerS t]A}¢15lIt} TRl E primer A<D
& OFg 57 RAA A Eel g ste] et Tl goo] &
e =A] eIkl

AHAE Fol SRR ok g7k A A HlolE E ol
£-310] SSR ¥ 9 Y| thadAdS E4314t}. De novo assembly
2 54 obF- 57 3 F-4) contigell - ZHAE AJHA
AEE wiEEt &, SSR P4 mDel& 223 Ty g of
HE golslsitt. o]l& $3] BWA (v0.7.12; Broad Institute,
Cambridge, MA, USA) (Li and Durbin, 2009)2] MEM &3t
2|52 ARE-5ko] S 218519131, SAMtools (v1.10; Broad
Institute)} BCFtools (v1.9; Wellcome Sanger Institute, Hinx-
to, UK)E A3 thal A2 4131 th(Danecek et al., 2021).
Z|F2 0= SSR oA A T o] &elE o, ¢
7874 o] A5 primer A/ G2 SSR A F-E 2 AHsH3IT.
Microsatellite Ot M

NGSE F3l &% microsatellite 12| & o] L5 &9l
sk7] $18l] 20243 AT AHAE] e (n=27) T 167041 E 4
© & PCR E4& A5kt PCR 24L 10X Ex Taq buf-
fer Mg*+ plus, 20 mM, 1 mL) 1 uL, dNTP Mixture (2.5 mM

1% - gl

- 73 - HEA

MN

each, 800 uL) 0.8 uL, TaKaRa Ex Taq (5 U/uL, 250 U) 0.1
uL, forward primer$} reverse primer 22} 0.3 uL (10 mM),
template DNA 0.5 uLE E3}sto] 25202 10 uLe| vhs-&
NS |5}t 11 5, Veriti™ 96-Well Fast Thermal Cycler
o A} PCRE& X3JF¢Ieh PCR 2712 95°Coll A 747+ AP §
AJ(preincubation) 3, 95°Cof| 4] 45% 5-F ¥ 4J(denaturation)
2, 60°Coll A 45% 52t primer A $H(annealing)Z, 72°Col|A]
45% F9F DNA 34 (extension)S 23§35}t o] A2 &
353] WhEE|QlaL, npR[Eko R 72°Col| A 587t X]E DNA 3
AJ(full extension)= A A8t PCRO] =% &, 2.0% aga-
rose gelx AME-3H 717|952 5ol 5355 DNA HE9] {4
£ el

o]%, 2% 55 microsatellite U}#] 2] forward primer 7
e A doll ¥3=3(TAMRA % 6-FAM, HEX)= Ag}so]
PCRS tHA] £=835}9it} PCR %% AH=E0f GeneScan 400HD
ROX size standard®} Hi-Di FormamideZ £33t &, 95°C
oA 387F HAA AT} 1 3, ABI PRISM 3730XL Genetic
Analyzers AME-510] 542} T 37| (fragment size)S 4]
SFITE o] 2HY& 3l ohE-571e] 2] microsatellite 1H# 7} ¢
Ao FHEJEA IRl 3 #AE Sl S A
o] A71& 5] S5kt

Microsatellite 01712 288 B3

2% A9rE microsatellite "H71 9] &84S A5317] 93l Al
F= U 478 A9 A3 20244, n=5; B8] 20244, n=16;
AHAIE] 2024, n=27; 41321 2024, n=2)°]l A %

2l A4 okF sk SO7HAIE A d e A4S A
ct.

Arlequin version 3.1 A~ E¢|o](Excoffier et al., 2005)2}
GENEPORP version 4.0 3¢ 17| X](Rousset, 2008)5 A&
sko] i -4} >(number of alleles, NA)Q} 5712} 2411
©]% T (heterozygosity) S AT ol WA= B
%l o] gHE(observed heterozygosity, HO)¥} Hardy-Wein-
berg w4 71t == o] & X3S (expected heterozygosity,
HE)= A 4he] it

E3F, microsatellite®] TFg /4 4} Z|<(polymorphic infor-
mation content, PIC)= th 3 Q1} Hl = A1 -8 A-85}o] Cer-
vus ver. 3.0.7 X2 I3 (Kalinowski et al., 2007)& A8}
AESHTE ti A 2717F 274 ¥l $-ofli= Micro-Checker
I 2 T73(Oosterhout et al., 2004)S A&-5}10] null alleleo]] 2
ok 7704+ (genotyping) .77 A=A E A58

Zn W D
FHAH ME 2M H RIS

o}&-57F] 2] microsatellite PFA RS $Isf| 2024 A==
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T A A 0=27) F HAIE A2 NGSE 33513
t}. ZF 7iA| 9] Al DNAE #£41517] 913]] 5 DNA 42} DNA
FA4 A4(DNA integrity number, DIN)E A%t A3}, &
DNA o] 0.100 pg o]4oln DIN gro] 7 o]4C 2 gelx]
et olof what mE AjA7F NGS £4o] Hget £4 7%
S FE0= A 02 IdE It DNAE a4 A elsfo] ald s}
St 3, o g glo]7A|o] A (adapter ligation)2 5~28 31| TruSeq
Nano DNA (350) 2to]| B &j 2| & A|2tstlet. A4k 2to] H.a
2= et 637 bp 7| = Q1= QLo BE WA 7F EA HA
£ B8kt o] WGS A4 Tllumina NovaSeq 6000
(Tllumina, San Diego, CA, USA) &=L 0]83}9] paired-
end (2x 151 bp) WA o= =3 =gl om, 1 A} JHAE Bt
11.39 Gbo] {744 dloE 7k S = ik Al Hlol XA
2] I ol 4= BBDuk (v38.96) & 1S A}-g-5lo] o HE
Egy 9 4 I8 et 23, W2 F4 9 AJEA Hlo]
E] 9F 7.50%7} Al A = ST} o], Bowtie2 (v2.2.28)5 |83t
AE AV A4S Sl HrEl ol A Hol Hat 6.63%, B &
Ee]o} A Ho] 0.05% £3= 0] Qleo] 1% K Table 1).

WA ZF A1 A ElolE] el & Aol 7} g1l ou, CHEZO2
AA7E 7H B2 69,131,959702] A P& Rkt e
11322 gloJEE &85 k-mer 24 (k=17)& 338t A4,
54 5 5 (single peak)7H 8121 E| 900, o] S ko = Bt §
A A7)+ 553,135,905 bpE | =E| th(Table 1).

7MY W2 F A A g €53 CHEZO2 7hA|19) dlolE &
gk2-5}o CLC AssemblerS AF&-3)] 0}8-%712] 2] de novo as-
sembly & 213)3}¢1t}. assembly 2, clean paired-end H| 0| &
ARE-5)0 error corrections = eF A1k, 188,476712] contig
2 1A% 536,816,551 bp Z7]9] F-HA|E £ 515 cH(Table
2).

283

ol E7He o] A mEE o 5517] 9]8f Augustus (v3.1)
3 2 73(Stanke and Morgenstern, 2005; Stanke et al., 2006)
S ARSI 0™, Zebrafish?] training HMMS 7|HES. 2 4]
< APyt o] BALS B & 72,802709] §ARXTL oS
E|9la1, o] 52 Bt Zol= 3,051.92 bpE 1% Ith(Table
3). B3, o] =% §HA} Z 14,1737l UniProt T o] E]#o] A
£ &83to] 7]50] A5 E e, o5 A= E-value 1e-5
o]3} 9 similarity percentage 70% ©]A4F9] 7|2 5531

SSR 2£ 0Oi7 CHEf A

ohEE7F 9 Al A E& 2= microsatellite 1H7] £
WS ek 2 Shlat] 918 motif Zojol T HkE 9 2
A8 4slsich. SSR v 2 9l517] Sl 24 motife] v
7|2 thE=A| A-8-5F51 2, di-nucleotide (271 & 71) HHE A
A2 93] o4, tri-nucleotide (37 F7]) HHE A EL 63] o]
4}, tetra-nucleotide (47§ 971) BHE A E-L2 53] o4}, penta-
nucleotide (57§ ¥71) BHe A &2 43] o4, hexa-nucleotide
(6711 ¥71) ¥ hepta-nucleotide (77] G7]) ¥H& A E-2 2423
3] oA} §HE 749 SSR I 2 Aol

SSR A THE AWst Ak, HA 188,476712] genome
contig %= 39,1277}l A] microsatellite”} A=, o=
contigoll = % 48,7897l 2] microsatellite 7} $E 7} 335
o] 9] 2tk(Table 4). E3t, = 7} o|AF2] microsatellite”} 74
genome contig+= 9,71370 9.2, Z} microsatellite motif type
9] B3 = di-nucleotide”} 29,4677, tri-nucleotide”} 10,098
7, tetra-nucleotide”} 3,6527, penta-nucleotide”} 2,7997,
hexa-nucleotide”} 5,12671, hepta-nucleotide”} 1,249 2
kol %] ¢l th(Table 5). ©] % di-nucleotide ] H]&-0] 7} =gke.
o, hepta-nucleotide”} 713 2 1] 8-S Ueb Tt o] NGS

Table 1. Whole genome sequencing data quality and genome size estimation statistics

Total Trimmed Contamination Cleaned
Mito- Hash  Estimated
Low Bacte- chon- Se- Reads length genome size
Sequences Reads quality  ria dria Sequences Reads  quenc- (%) (k-men)* (bp)
(%) (%) (%) es (%) °
CHEZO1 11,571,700,780 76,633,780 7.0 6.74 05 9,893,024,255 66,153,393 8549 86.32 17 552,360,521
CHEZO2 12,032,222,392 79,683,592 7.0 6.45 049 10,333,164,944 69,131,959 85.88 86.76 17 542,562,549
CHEZO3 10,873,015,928 72,006,728 9.0 6.77 051 9,271,007,215 62,027,597 85.27 86.14 17 551,697,521
CHEZO4 11,083,010,722 73,397,422 7.0 6.54 05 9,502,438,921 63,561,063 8574 86.60 17 565,923,029
Average  11,389,987,456 75,430,381 7.5 6.63 0.05 9,749,908,834 65,218,503 85.60 86.46 17 553,135,905
*K-mer: Assembly k-mer length.
Table 2. Genome contig statistics and sequence quality assessment
No. Contigs Residues (bp) Avg. length (bp) Min. length (bp) Max. length (bp) N50 (bp)' N (%)  GC (%)
Genome 188,476 536,816,551 2,848.20 195 101,290 8,188 1.71 42.46

N50, Contig and scaffold length corresponding to 50% of the total number of total nucleotide sequences produced when accumulating in
descending order for the generated contigs and scaffolds.>GC (%), GC content.
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Table 3. Consensus gene models were predicted using the Zebraf-
ish training HMM

Count (#)
Gene 72,802
CDS (Exon) 277,523
Intron 204,721
CDS/gene 3.81

Average length (bp)
Gene 3,051.92
CDS 186.27
Intron 832.8
Max gene 67,116
Min gene 201
Coverage (%)

Gene 41.39
CDS 9.63
Intron 31.76

HMM, Hidden markov model; CDS, Coding sequence.

Table 4. Statistics of microsatellite markers identified in genome
contigs

Searching items # Counts
No. genome contig 188,476 (100%)
No. identified SSRs 48,789
No. genome contig containing SSRs 39,127 (5.7%)
No. genome contig containing more than 2 SSR 9,713

No. Di-nucleotide SSRs 29,467
No. Tri-nucleotide SSRs 10,098
No. Tetra-nucleotide SSRs 3,652

No. Penta-nucleotide SSRs 2,799

No. Hexa-nucleotide SSRs 5,126

No. Hepta-nucleotide SSRs 1,249

SSRs, Simple sequence repeats.
< o]-&3t ¥ix}e] A-H(Dong et al., 2023) ZA1}e} H] w3
HE o, AAIAQ 22 P FASHAIRE ofg-5 7k ol A
ShalEl SRt 0] e} sefo] o] 4o bl go] o & 0.
= UERE T

Microsatellite OtH2| EM 2A1 2l MH

A} microsatellite T} 2] 54 B4 2 A¥HL2 5= A= Ly
‘o] K= Slrt. A ;1A SHA ol A= vhA Q] F-4A W 914 4
HE 7|20 8 npAE Astyleh §-4%F o Hol A g4
02 FAEE vAE 2R 98, 3-UTR 99 %’E}Q

2 genic YL A o2 HAWalict B4 Ay}, CDS 94

AEw - g1 - A - AEA

Table 5. Distribution of microsatellite motif lengths by type

Motif length  Di Tri Tetra Penta Hexa Hepta
Total 29,467 10,098 3,652 2,799 5126 1,249
3 - - - - 4,982 1,233
4 - - - 2,679 138 15
5 - - 3,347 117 5 1

6 - 7211 277 3 - -

7 - 2548 21 - - -

8 - 272 5 - - -

9 15,282 41 1 - - -
10 9,692 16 1 - - -
1 3,806 6 - - 1 -
12 444 2 - - - -
13 122 1 - - - -
14 65 - - - - -
15 35 - - - - -
16 9 1 - - - -
17 10 - - - - -
18 1 - - - - -
19 - - - - - -
20 - - - - - -
>=21 1 - - - - -

o= 3,017702] microsatellite U} 7} 323+%] 90 11, 3-UTRO|=
4,7277], 5-UTR || &= 4,7907}, intergenic regionol| = 37,1257}
7} 251K Table 6).

5 A tHA o A= PCR primerS T]A}QI5}L, o] & 7]4ke.
T SR upAS Aot A wA @A of| A A 48,79871
2] microsatellite 1} SRS AL &2 A& FEEL SSR
motifE v A5} o, 714 o & WhE 4= ZJ o] 7410 bp o]/
ZEAE =277} 100400 bp, primer 2|7} 20-24 bp, 24
L5048 62°C, GC F20] 40-60%0] 2712 BHEBH= mic-
rosatellite 1} E R 34,117715 AHs}5ch

A 34,1771 ub#] 5 primer A€ W} low complexity A<
(T RHE A 323h) o] EA o 55 gelsto] 1312 29,8617
A& Asllcth o]%, PCR ¥HS 5842 AES7| 98
primer A & 0] F3A| W -9/ B3l o] & 918l ok
71 i 7AA A Foll YARRIE primer A EB-& reference
w34 35}od, ZF microsatellite TF# primer7} A&} 3t 914
of vjg = =x2 shelstait. 21 A}, 24,4807 nhA S 232
A skGITh

tgEgA AHE R3] 98] BWA (v0.7.12; Broad Institute)
(Li and Durbin, 2009)2] MEM &118]&-2 AR5l 7iAE
A4 glo]El S uj A5}k, SAMtools (v1.10; Broad Institute)
4 BCFtools (v1.9; Wellcome Sanger Institute) S 2-835}o]
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Adrskaint. ol & v = /24 W 1A ofl whet 3-UTR 34471,
5'-UTR 29871, CDS 2,0217}, intergenic region 2,8177]2 &
FE cH(Table 6).

o] FolA= 53] 3-UTR % 5-UTR ¢ <ja} 22 H|k 53}
(non-coding) 312} & Aol A Zeto]m & A A5t o] 2gt
UTR #-9j= S A= HA =] oFort, mRNAS] ¢HY4], §
o &, 171 FAX I - F23 75 e 99
o7 g Qlof, BA} vpARA Y] &g 7hs/do] wrkal
kit

2|5 A 64271 vpA F WHE 971 9] F57, primer 27], &
ZAE9] 9] 52 1Eslo] 122 14671 9) microsatellite U}
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Aatgct o] %, 12 AEE 1467 E A DS i

W ZEAg0| 2715 Belstel 23} 41

222 A E 56719) microsatellite B of &

FE(dye)s I 7, F41AHF (genotyping) w4 3

sto] NASH 7] 5-& B7bstalrt o] 2 Fal #5402 20%)
2] microsatellite U}#] S A H 35} cH(Table 7).

Microsatellite O+ S84 LIt

2% A= 20709 microsatellite B} 2] 848 AZ3817)
olall A= W 470 A (A1FE] 2024, n=5; B-Z2] 20244,
n=16; AHA|g] 2024, n=27; A15-2] 2024, n=2)0f| 4] A=
o7 x3E AA o} ZF 7] SO7HAIE tido 2 fAsHA

=4 242 St

2
0%
_CZL
2
b T

Table 6. Microsatellite locus distribution and InDel polymorphism across genomic regions

Locus Di Tri Tetra Penta Hexa Hepta Total InDel polymorphism
3-UTR 2,652 931 333 242 461 108 4,727 344
5-UTR 2,650 927 337 275 462 139 4,790 298
CDS 105 1,981 125 71 691 44 3,017 2,021
Intergenic 22,137 6,197 2,609 2,014 3,315 853 37,125 2,817
Table 7. Characteristics of 20 microsatellite loci developed in Goniistius zonatus
Prod- Tem- SSR
No. Name Sequence (5'—-3") Repeat gct peroature type Dye
size (°C)
1 9DGR-6 F-AGTGTCCAGTTGTCATATTAGTGCT R-ACCTTTTTCCCCCATTTGTCCT (TAT)6 119 60.09
2 9DGR-8 F-GGCTGAGAACCAACACTGAGAT R-AGCTCCACTGTTACACCTGTTT (CA9 111 59.83
3 9DGR-17 F-GCTGACATCACTTTTTCAGCCA R-CAACTGACGCATGACTACACAA (CA)Y10 214 59.20
4 9DGR-20 F-GTGAGTCAAAGCCCAAACTGTG R-CTGGTGTATTGGCTGTGCTTTC (GT)10 217 60.10
5 O9DGR-32 F-GCATAAAGGCGTTTTCTCCCTC R-GGAGCTGATAAGTGATGCAGGT (CA)Y10 308 60.16 3-
6 9DGR-40 F-CCAGATACGCCCACTTACTCTC R-CACCGGAGCAATCTATCGTCTA (TG)9 284 5945 UTR
7 9DGR-41 F-ATCAAAGTTCACAGACGAGCAC  R-GCAGCCCTTAACAGCAATAACA (TTG) 319 59.51
8 O9DGR-59 F-ACCTCATGTTCTTTGCCCTTCT R-GGGCAAAGTGGACTGAGAAAAC  (AC)9 395 59.97
9 O9DGR-60 F-CACATCCAAGAGACAGAGGCTT  R-CACTACAAGAAAGCCCCCATCT (TG)10 398 60.03
10 9DGR-65 F-GTTTGCTTGTGAAGACGTGCTA  R-GTGCAAAATAACCAAACTGACAGTG (TG)9 406 59.77 &-FAM
11 9DGR-84 F-ACTCAGACTCTTACACCGGGTA  R-CTTGTTAGGGCAGCCACTTTTG (AC)10 119 60.29
12 9DGR-86 F-CACGTAGGCACCATCTCACAC R-TCAAAGAGCACATTCAGCAAGG (AG)9 119 5944
13 9DGR-96 F-TCACCTCCATCCTGTCCATTTG R-AACTCTCCCCTACTTCCCTACC (GT)9 217 60.02
14 9DGR-98 F-GCTCAACTCCAACAGAACCATC  R-AATCAGCTGCAGGAAAGTTTGG (AG)10 220 59.70
15 9DGR-107 F-GGGGTCTTGGAATGAGGTGAAT  R-ACGGGGTCTCACAGTGGATATA (CTT)6 217 60.09 5.
16 9DGR-110 F-AGGGAAAGGCAAACAGATCGAT = R-GCGACAGAGTTTATTGCAGGTG  (TG)10 308 60.16 UTR
17 9DGR-117 F-CTTGGCAGTCCTTTCATCCTCT R-CTGTCTCTTGTCCTCTCCCTCT (AC)9 290 60.29
18 9DGR-127 F-CGAGTCTGCGTTTGAATTCCTG  R-AACCAGTAATCCAGGCCACAAA (GT)10 408 60.16
19 9DGR-132 F-CGACCTCTTTTATTGCGCTTGT R-GCTCTGTACTCTGTGATGTGCA (GCT)6 405 60.35
20 9DGR-134 F-TAATTAGCCGCACCTGTAGCTC R-TCTCATAATTGCCCTGTCTCGG (CA)10 403 59.90
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Table 8. Genetic variabilities at 20 microsatellite markers in the population of Goniistius zonatus

Locus N, A, R H, H, PIC Fi HW
9DGR-6 9 9 117-141 0.760 0.816 0.785 0.069 0.194
9DGR-8 14 14 102-130 0.920 0.854 0.827 -0.078 0.133
9DGR-17 11 11 246-268 0.820 0.801 0.770 -0.023 0.858
9DGR-20 7 7 216-228 0.780 0.785 0.746 0.006 0.009
9DGR-32 13 13 282-320 0.820 0.856 0.831 0.043 0.573
9DGR-40 6 6 266-286 0.620 0.627 0.546 0.011 0.291
9DGR-41 9 9 303-333 0.660 0.749 0.703 0.120 0.036
9DGR-59 10 10 395-415  0.840 0.821 0.789 -0.023 0.836
9DGR-60 5 5 384-402 0.700 0.715 0.653 0.021 0.776

Jejuso)  PORS 12 12 404-428 0.840 0.875 0.852 0.040 0.479
9DGR-84 7 7 107-119 0.720 0.725 0.672 0.007 0.683
9DGR-86 11 11 115-137 0.760 0.836 0.811 0.092 0.152
9DGR-96 8 8 213-233 0.640 0.713 0.658 0.104 0.388
9DGR-98 7 7 206-224 0.780 0.699 0.640 -0.117 0.254

9DGR-107 5 5 213-228 0.640 0.682 0.607 0.062 0.054
9DGR-110 6 6 308-318 0.700 0.704 0.651 0.006 0.616
9DGR-117 6 6 284-294 0.720 0.762 0.715 0.055 0.905
9DGR-127 15 15 405-439 0.940 0.882 0.861 -0.067 0.320
9DGR-132 6 6 398-413 0.660 0.700 0.650 0.058 0.149
9DGR-134 9 9 397-419 0.780 0.725 0.680 -0.076 0.522
Meanallloci 9 9 - 0.755 0.766 0.722 0.015 0.411

N,, Number of alleles per locus; A, Allelic richness; H,, Observed heterozygosity; H,, Expected heterozygosity; PIC, Polymorphic in-

formation content; F,

Bonferroni-corrected value).

B o to] A A microsatellite 1H 52] THE A RS
Ut = PIC 712 0.54601 41 0.861 H 9| = Ueptom, Het
0.722% AA= itk(Table 8). Botstein et al. (1980)0]] w2,
PIC gko] 0.5 o] - 7l A| Al el o] F-E3t A&2] 2l vpA
B RriE g, 5 Aol A e ntAES ofg e e
o 414 ot S A skt A et 7iA| Al E e At
= Aoz FehEny =3 upA o Al #)4de F71sk7] 918 null
AL A2 4385 A3}, null alleleo| U 31215 =
2 2 (scoring errors), & thH-F-AA} A4 (large allele drop-
out)o| AT Z] gFofrt. o]t AoH= 2 Aol A ARgEEu}
A AR W=7 P A 0w fAE AL Q32 ov]st
™, ofgE7te] A 34124 thefd& EAsk=T Qo] 4l
o4 e A S IS S ]l

o a7t Ak UollA 4% NAE= Bt N2 YRS
H, ZF Aol A HO= H 0.755, HE= Hat 0.766°0.2 2
Q1= 2 tH(Table 8). o]2|qt Avt= Ak |79 B+ HE 4kl

Inbreeding coefficient; HW, Hardy-Weinberg. *Not in conformity with Hardy-Weinberg Equilibrium (P<0.003,

0.79 (DeWoody and Avise, 2000)2} G-ASE 438 Koo,
Aol AR oFF-E7H AT A thefAdo] vl A ¢t
AR {GA AL Q55 AR ERE e ) FAR9] ik

5 grsly] Sl el AleE EA% A, B+t 0.015
(-0.117-0.120)& LFEFTH Table 8). o]+= E-AJof] ARg-H o}&
7] At ol ] FAR9] a7} o] Fof 2|1t glom, 3w
o 2 19k R4 Theld asd] o] Wk AE on|gttt
(Hedrick, 2000).

A= NGS 71HE ggsto] olg57H] Y f2e 74
A AEE gt s}l o] & Hhg o 2 v A2t @A o] =220
70€] microsatellite "FA S 7HE-3+ k. &2 7HE microsat-
ellite 1H#+= obg-57te] et 754088 24 9l -4} ohef
3 W7t A=E = Sl =R 28 S §lom, o] & Fol
otF5 7t ko] A& 7hsd ] 9 F HES Sgt T ash
7| AR E-8d 2o 7t
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