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This study was conducted to develop microsatellite markers in Parapristipoma trilineatum using next-
generation sequencing. A total of 402,244,934 reads were generated on the Illumina Hiseq X Ten
System, yielding 60,738,985,034 bp of sequences. The de novo assembly resulted in 1,320,995 contigs.
A total of 952,326 contigs (0.016%) including 151 microsatellite loci were derived from the 1,320,995
contigs longer than 640 bp. A total of 34 primer sets were designed from the 151 microsatellite
loci. As a result, 15 microsatellite loci were chosen and used for assuming population genetic parame-
ters in the wild and farmed populations. The mean number of effective alleles was 12, ranging from
6 to 25. The observed heterozygosity (Ho) and the expected heterozygosity (Hg) ranged between 0.530
and 0.873, with an average of 0.750, and from 0.647 to 0.895, with an average of 0.793, respectively.
According to these results, the developed set of 15 microsatellite markers is expected to be useful for
the analysis of genetic characteristics in the population of P. trilineatum in Korea. There are require-
ments now for further genetic information, fishery resource management, breeding guidelines, support
with the selection of breeds and studies on the effects of release, all of which will improve species
conservation, and through future research, we aim to offer genetic foundational data with that goal.
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z719] A vl FHFZE Randomly Amplified Poly-
morphic DNA; RAPD, Amplified Fragment Length Polymor-
phism; AFLP, Restriction Fragment Length Polymorphism;
RFLP, Single Nucleotide Polymorphism; SNP, Simple Se-
quence Repeat; SSR ©] FF AFEE A TH4], o] 3 7Y
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AAA H 202043, n=122) L AF 3FF AAAL
g%(zozlki, n=50)% &0 AL&3}H T

Genomic DNA 2] =429} A A= DNeasy® 96 Blood
& Tissue Kit (Qiagen GmbH, Germany)E- A8-3}33Th &4
g4 AlE 20 mg2 E-tube®] E¢} DNeasy® 96 Blood &

2R
:L e
22

Tissue Kit2 | ZARe] 419 el w2} ATL buffer 180
ul2} Proteinase K 20 plS 713 & E3Hsle] 56Tl A
241 7F Fok -3 Al Z k. AL buffer 180 ul2} 99% ethanol
180 plS #7138k S-Blocks®] DNeasy 96 platesol] &7
8,000 rpm (6,000 g)©. 2 1837t YA E2 &tk Column
platesE A3 & AW 1 buffer 450 ul 37}k 8,000
pm (6,000x @) Z 187t YA R AT o] M Ze
WO 2 column platesE WA S T, AW 2 buffer 450 ul
718k 20,000 rpm (14,000x g) 0 & 387 A B
St} EthanolS A A3 9138l F71 Fol ¢ tha, AE
buffer 100 plE 713t genomic DNAE 3|53l H T} 3]
T3t genomic DNAT 1.8% (w/v) agarose gel2 7] %9 -&
(E-Graph Gel Documentation System ATTO, Korea)3}] ge-
nomic DNA M=ol fFFE I3 & NanoPhotometer
N60 Touch (Implen GMBH, Germany)°. 2 555 738}
AT

ML 7MY 2M(NGS) Y microsatellite EHAY

AT G711 E EANGS)S A3 WA 9] mi-
crosatellite P} /NS 98] AAX vg AALE A
(20203, n=122) % 27§ E AL&359 . F&5% DNAE
A g AFH FAE HAAg 3, ghol B Az
Illumina Al A2 #4(Hiseq X ten, USA)S P30
Short reads (WES data)2] Z*2] 242 PCR duplicate
readsE A A 3}3L, cutadapt [28]F adaptor A €& A A g+
o] &, quality trimmingS 13l SolexaQA (v.1.13) [5]9]
DynamicTrim¥} LengthSort X2 13-& Al8-3la] H7]A
g AA 2l A (pre-processing)S T Y3 Tt

DynamicTrim&] phred score= > 2022 473} short
read®] FEo) bad quality B71E 122 A ASH 2H[15],
LengthSort2] short read lengthe > 25 bpE st
DynamicTrim 3784 UH B2 47|71 249 readE
F AAFAT29]. AAH S THAS VAL E Y=
SOAPdenovo2 (version 2.04) [26] ZZ 1S ALL3IH S
™, paired-end 971 AE AEE Z+7} de novo assembleddt
ST}, Assembled contig A1 B oAl MISA (v1.0) [39] 2211
S AHE-3F raw SSRE BAISEATH 4 Al Z %F SSR
ol vl BA-S F3P3t7] 93l reference 7| SO E Hl L
A ZE312] SSR size matrixE 23 3} T}, Reference 4] € oll
A 22 SSR FHS 7|Fo=Z kH 20 bp2] flanking se-
quence= FE3}1L, flanking sequenceE referenceS} +4]
A 29| reference genome®l in silico PCRS 4=3)3}o] 2zt
A Z H o4 SSR sizeE A4 T Reference genome 4
doll A 2 SSRE 22 primerE A2} Y. Primer
9] A2+ Primer3 (v2.3.5) [40] T2 1S AFE3}A, pri-
mer 20| 20-24 bp, TF 4H=2] F7]= 100-300 bp, GC
o] e 50% WS 7Fo 2 Ao, Tm 72 48-62
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Microsatellite OI7{2] E24 AE

HZ AEH microsatellite F}AE AAE YuAFIE
FA4 J (20209, n=102)7 AAE 29 ZA%E J
©(2020d, n=122) 2 AF $FF A4 I 2021, n=
500 o ® nAe] a&A8E AFsHATh

Microsatellite®] T3 A B.X] 4~(Polymorphic Informa-
tion Content, PIC)S &<13}7] 93l Cervus ver. 3.0.7 [17]¢]
gEIANE BAHE A8t A=t on, iy
2 2717F A4 € dlol8 A X+ Micro-Checker [41] Z
23S A3 null alleledl] 2] 3 genotyping errorS 71
% 39t} Arlequin version 3.1 software [10] 2 GENEPOP
version 4.0 computer package [35] ZZ 1S A835lod O
Y42 5 (Number of Alleles, Ny) @ 54298 o] ¥
A = (Heterozygosity)S] #2=] ©] 8 5 & (Observed He-
terozygosity, Ho)¥} Hardy-Weinberg Equilibrium (HWE)®ll
A2l 71t A o] ¥ & (Expected Heterozygosity, Hg)<
A 4Fst A o
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Table 1. Summary of NGS sequencing results

Statistics of Final trimmed data

Statistics of PCR duplicate removal data

Statistics of Sequencing raw data

raw (%)"‘4 cov.*’

Total length Trimmed/ Genome
(bp)

Total
length (bp)

3

Genome
cov.*

Trimmed/

Total length
(bp) raw (%)**

No. of
reads

GC Q20 Genome

(%)*' (%)** cov.*’

Total length
(bp)

Avg
length
reads
(bp)

No. of

Sample

177,388,005 23,379.291,440 76.98%

98.24%

197,587,304 29.835,682,904

30,369,492,517 35.7 95.64

151

Benjari-1 201,122,467

68.89%

177,388,005 20.921,446,551

98.24%

197,587,304 29.835,682,904

30,369,492,517 35.45 95.19

151

Benjari-2 201,122,467

354,776,010 44,300,737,991

395,174,608 59.671,365,808

60,738,985,034 35.58 95.42

402,244,934
*! GC (%): GC content.

Total

#2 Q20 (%): Ratio of bases that have phred quality score of over 20.

3
*7 (Genome CoOV.

: The total read length of each sample divided by the expected genome size (753 Mb).

** Trimmed/Raw (%): (Total length of trimmed reads / Total length of raw reads)*100
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Table 2. Statistics of assembled contig

Hash length

Length (bp) of contigs

Sample Num. of contigs

(k—mer)*]

Total length MIN MAX AVG N50"

Benjari 69 1,320,995

705,613,658 200

66,252 534 758

*! K-mer: assembly k-mer length.

*2 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.

20 Y oE

Microsatellite Et 3! CIEHM =01

HIZ}2] microsatellite "FA 7S 8] AAXL 93
A k202013, n=122)2] 27§AE NGS (Illumina
Hiseq X ten, USA) 7|'H o2 F-2J3}H T}, Pair-end library=
151 bp= A Zste] 402,244,93470 9] read S A oM, A
Ao 2 Aike F H71HEL <k 61 Gb (60,738,985,034
bp)o]TH(Table 1). F71AE BEE9 99%E EH=
Q200 A HiztE] 270 A ©] FH g 95.42%E > TAE
et om, GCo Hl & HTFS 35.61%% A=A
[24, 38]. NGS 7|'Ho 2 EAMH VA EES #2 read
& AAs7] A1 A AA 8] FA (pre-processing)= X Y 3}
Gh AAE #AHL PCRO] TEH+= readE A AT 5,
Cutadapt [28]Z adaptor Al €& A A3}, o] & T2 A
£ 93l SolexaQA (v.1.13) [5] 71 A2 DynamicTrim3}
LengthSort 2 13-& A3} T} DynamicTrim 374 &
phred socre2 > 2022 23| short read ¥Z E2] bad
quality A €& AASIL FAY cleaned readZ 7 A3} %A
©1, LengthSort 272 short read length > 25 bp= A A3}
[15] DynamicTrim A A4 A Fo] - readE A A3}t
© H4E FHSAT29]

PCRO] FEE = read & 122 AAZ F71ALDLS oF
60 Gb (59,671,365,808 bp)= W|7}& Elo]El(raw data)2]
98.24% ..M, Cutadapt Z SolexaQA package (Dynamic
Trim, LengthSort) 2 & A2 F4& AX E7IAE2
oF 44 Gb (44,300,737,991 bp)Z 1| 7}& Hl°1E ] 72.94%
Gt ZF MAEZ = 20,921,446,551-23,379,291,440 bp A
TH(Table 1).

Draft genome 412 A8 A& T3 HH F71
A1 44 Gb (44,300,737,991 bp)E 22 SOAPdenovo2
(v.2.04) [26] ZZ2 IS AE3te] WAt 2701 F71A
d dlolHE 27 de novo assembly 3} T

K-merE B3} assemblyEs 3¢t 23, 69-merZ
218 3)-& w] 7} hash length7} 2 o] B2 o) AL-&3}9]2
), AZH contigE 1,320,995707F A A = 9 th(Table 2).

g g SSR e A NAEE AEs g% A9,
di-nucleotide 228,526 (24.0%)7W, tri-nucleotide 35,795 (3.8%)
7N, tetra-nucleotide 21,936 (2.3%)71l, penta-nucleotide 29,418

(3.1%)7N, hexa-nucleotide 384,630 (40.4%)7ll, hepta-nucleo-
tide 133,843 (14.1%)7l, octa-nucleotide 70,644 (7.4%)7V,
nona-nucleotide 30,823 (3.2%)7N, deca-nucleotide 16,711
(1.8%)70 At} ©] 5 hexa-nucleotide®] ¥]-&-o] 7} E9ko
™, deca-nucleotide”} 71 w2 H]-&-& YEFITHTable 3).
o] NGS W& AHgste] bzl WolE tid ez
AT Ao} v BRH EXEE g vl sk R
Wl zb 2] o) A BFalEl SSR B3 Jf59} Zefo]m o] HlE
o] B EA YEFSTHS.

Microsatellite OI7{ M=

Al g SSR ol A M2 FHE = SSR motif’t §l=
= 3t o, §kE = Zol7} 10 bp o7, TE4HE A7)
100-300 bp, primer 7] 20-24 bp, 214 2% (Tm) 48-62C,
GC &3 40-60%9 =S 2 microsatellite #}7] FEH
952,32670 2 4183} TH(Table 3). A8 H 952,326702] A
Z RHE @7]9) F7/, primere] Z7], SEAHES] 914
13k 151709 microsatellite PFAE 12} A 835
22 AEE 151719 $EAE F PCR $FH AR 2
2HEe] F7] & st 23 AT 232
H 3471 2] microsatellite W} ol &332 (dye)S &4
, T2 A # (genotyping) A4S B3l dlY F2A 7,
< 13t HEA S Z 15709 microsatellite P}
3} 91 TH(Table 4).

FUIO 0_1

S

o

il lii o o oo uR

2

Microsatellite O8] S8M HE
W= 1570 9] microsatellite PF7 9] S84 AAES 9

Table 3. Statistics of SSR detection

Motif type No. of primer designed SSR

P2 (di-nucleotide) 228,526
P3 (tri-nucleotide) 35,795
P4 (tetra-nucleotide) 21,936
P5 (penta-nucleotide) 29,418
P6 (hexa-nucleotide) 384,630
P7 (hepta-nucleotide) 133,843
P8 (octa-nucleotide) 70,644
P9 (nona-nucleotide) 30,823
P10 (deca-nucleotide) 16,711

Total 952,326
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Table 4. Characteristics of 15 microsatellite loci developed in P. trilineatum
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Observed Size

Locus Motif Primer sequence (5'—3") AT(C) Dye ranges (bp) Null
o oo CRCTCTCHONE T we e o -
oo RSN e
s oo SOOUOCCTHOMON ge e was
e gors EAOGNCCOTMNICICO oo
s e FSOMCANGITIOON o o wsar
e e PIICCOGOCION e s e
o gecp  FESCHTOCGITMNG g mx e
prios  (aGno  TTOAGOAGAGCGAAGTAGTGOA gt ymx  pam
s mos TATIOGEOOTONC e
prise  (atajo  FATICTGCTCATCCTGGGACG wC  mex e -
prias (o  FACAGAGAGGOGIGICACICA (o piy oy
PT3-57 (CAG)10 gii%i&cfggfgf(;%ﬁ’ég}%‘é 60C FAM 218-245 -
PT4-4 (TATG)8 E:éégggg?ggiﬁgg:ﬁ?ggg 60C TAMRA 122-182 -
prats  (rrap  FCATGTTGACTGTGGGGAGGA we  Eav o -
PT4-21 (CATC)9 F-AGCTCCACTCAAACTGAACAGA 60°C HEX 224-300 )

R-GACCACCTGACCTCCTCTGA

aff AAe] 3HHAAE AuAFE F2A4 FJeh20204,
n=102), A AE v ZAA4E 20204, n=122), A5
g AAk Ah2021d, n=50)) tldoz A8 &
4 24E FPstAH

Microsatellite P}712] T8 A A R FE YERN = PIC %%
©] 0.5 oY A5 TES MANEE S 2 vAR B
A3k o m[3], ¥ Aol M3k 1571 2] microsatel-
lite "F7] PIC %t 0.578-0.882 RS2 Ht 0.7629] FA =
e g ulAYE 22 AN EE S JEhE As
o) u] &+Ch(Table 5). 3, null thE F-AA 4] 2 3o A
= 15719 microsatellite TF4 E5 null allele, scoring errors,
large allele dropout= EAN3FA kol Wixtg] o] F3
A Wolg BEA3t=t 788 AR AHHTK(Table 4).

Hzbg] AT AAAE Jd e AEd gt
TN B 1270019, 7 Fee] F2o] F A gHE(Ho)

(5]
e
il

7 71l Y HEEMHr) #2 H 07507} 0.793 2.2 e}
5T}, ©]= Barinova et al. (2002)[2]17F B Ny B 6.6
70, Ho¥ Hg M+ 0.613-0.608 # o2 Ryw Az B}
A UEh e =3, sj4t o] F Hd 0.79[6]9F FAFRE
AxZ =2 A 15702 microsatellite "FA 71 wWl &2 2
A ggHe BHsted 483 oAz dddg
(Table 5).

2 AT NGS B £ o] 83t Hiztg] o] =& d7]
AE ARE Frsig o, dryE A7AGoNA HEH
S 2 1570 9] microsatellite "FAS AESAT. HF AE
H upAE wiAg e FAA Jo A He] A&
g Ay, FES 0¥ 2 A S vdEder, 4
A S B4t 8¢ vAR AdEAY &
. AFA ALE 15712 microsatellite UFH S AF-8-31]
Wizl o] 34 thokd 2 Tz B4 5o {8
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