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Identification of Genetic Markers Distinguishing Golden Flounders from
Normal Olive Flounders Paralichthys olivaceus Using Microsatellite
Markers
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and Woo-jai Lee*
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Despite its economic importance, olive flounder Paralichthys olivaceus aquaculture industry is facing a crisis with a
continuous production decline. There have been many solutions to overcome the complicate predicament proposed.
Increasing genetic diversity and discovering new commercial value through selective breeding are among them.
The aims of the present study are to increase the selection power of the golden flounders. We examined the genetic
diversity of the breeder population of golden flounders and developed selective markers for the golden flounder
population. The 6 microsatellite (MS) markers were selected from melanogenesis-related genes, which are believed
to be involved in the pigmentation of fish. All markers were polymorphic (except PO4) and 5 of them had PIC value
of 0.6 or above. All makers had distinctive alleles indicating either normal or golden individuals. For examples, from
PO4 marker, the frequency of an allele (316) in the golden population was 100% and in normal population was 0%
(P<0.001). Although some more studies with more samples at the later generations should be performed to confirm
this result, the 316 allele from PO4 marker could be a distinctive tool for decision of the colors in olive flounders at
an early stage of the life cycle.
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AL 2 718 HolstaL gt §3] Hoj= o] gE= o
Y X|(Paralichthys olivaceus)= $-2|ute}, A 9l =t A% Ao} Z01 A o](Oncorhynchus keta)@} ¥-o(Seriola quinquera-
of gl BEIAL Qe o TR, /ol & A Q] 4 diata)®] 2=H|2Fo] AA| EHA G| FA] o7} 4271 FASHA &
o]Z&o|tHLee, 2006; Hwang and Myeong, 2010). 2018 =} ATHKOSIS, 2019). whebA] o] gt o] 22 A%H-e =5517] ¢
R0 Fa|AARFL- 0F 32,238 0 2 A o FUA|YAFFO af AS-E-S B8 ARTIA] GA 2] FANEo] 2 o
OF 46%2 A} A3} Q). SFA R 41,6362 A AKSH2016W Y ¢Fo & A7) %A Qlet.
41,207E& AAFEE 201792 vl el o AJ4bkefo] A|&4 0 o] 79| A2 Aol AETIAE A= T2 A

& 7h2:3h31 QTHKOSIS, 2019). %F4] E24e] Ak, oFA] A

A Qolog olAE 1 ¢] o, WiEl (melanin), 7} 2 E| k0] =
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(carotenoid), 2|2 ™ F(pteridine), ¢ F(purine)+= A=
A= 20 A% aclo 2 A A Qltk(Kennedy, 1979). A
2A 2= AA1ES] chromatoblast®] &8k of whel S
Hepd& A4 sk= melanophore, F34 M 25 7= xan-
thophore, 18] 1 HF#Ho| = 2.l M 45 7}X| &= iridophore = &
oA H=d], v B B9 2 R0 Tt wist
FAk(albino)H= EE] ¢Fo| A+ melanophore= #3171 &
A= xanthophore 2 0] #-317} £71% o] o] Lpehdtt
11 & A tH(Lin and Fisher, 2007; Nord et al., 2016). A4
W} ol H3E A= zebrafishol| A F2 o] Fo] 2|11 Q)
=1, tyrosinase®] & 2 A -8 £3)| chromatoblast®] melano-
phore £3}17} Aty H 1% ¢lck(Lamason, et al., 2005;
Minchin and Hughes, 2008; Curran et al., 2010). ‘g %] 2] 7%
AT N0 2 A0l WHEA P $213 WA (hypo-
meanosis)d} T Az I 0 2 S A dkRo] HhAslh= F
§F2 B5}%(hypermeanosis)o] THEHS] Wehd o4} Z4po
2 {19 AEAE AAske AN wisto|tk(Shikano, 2005;
Kang et al., 2007; Kang at al., 2016).

Hepd i A 02 QIR A 3E MA o) A= SR =
FE| =2 A A Qth(Veenaetal., 2011; Muto et al., 2013; Song
etal, 2017). 574 34} ®olof o) gt 2 A xof HWepd
22| (melanosome) 2FE o] A E] o] BAYS|= &H] = (albino),
gure] Wbl A= o] HA|NE 1] o] AR 2RS oA
&= FA]E(leucism)©] th(Kinnear et al., 1985). FA| S
824 291, Watul(inbreeding), £ 8¢l 02 Q1% el 2]
W3} Fol Uolo g defA glon, A= e v|7HF
O 2 AN Bk} 7] ool A7 Aol sl Het
3] BFa] A QlA] ¢rth(Kuriiwa et al., 2007; Veena et al., 2014;
Song et al., 2017). S5 o]5:8] FAIZ ZHlo] Tt AT
A& oz HuEal glom, AYdA 7HA] & it A9 4 S5
= Sl FAE FES MR A og2 I qick(Kadlec,
1995; Odenthal et al., 1996; Quigley et al., 2017; Quigley et
al., 2018; Quigley and MacGabhann, 2018). & ¢-o] o]&
g Ale ko] Az zbo] o] R0l glont A Mol g
T W& B 5ol AR, AAI7E He 2ol A AAY Wkt
o] FolA|= Ao Hol FAIF /A= A H et shAIT e
I Seofl A WS gl ANA FE A o' AlX HEkrt Y
Sl 704 & S YR Aol EFekar A W o] YA
O 7 o]Fof X|%| ¢ko} o] 5 FE5L7| Rt AN HA A7
[3F 7ol

whebA], 2 A= AR 2| oF S X o) £33 Bl stk
S A AA upA S RskaLAl skGi Tt @A o] Wepd FF
A A TG 71437 TAEH 5-AAFY] microsatellite (MS) 11
NS F3l e oAl defadxE 3L, o8 EY
2 3aEA 27] WES A AR A 9 A =8 S A
NS 913t 7| 2A =S AlgstaLA} gt

rlt
3
5|\
a
)
S
e

493

Iz H U

Nz 8 2 DNA &

2] ARE odolzael 89l(eju, Korea)oll A AFSGZ<]
Ak G 2] 9071 A @F A|3E o] Ao Al g A 109714
£ AHsto] T 19971A1E o8-8kt 2t 7419 22| =2
0] 2] 10 mgS et 100% of[ghgof Y2 ¢ -20°C Eys}o]
AME-5]%131, DNeasy blood and tissue kit (Qiagen, German-
town, MD, USA) O 2 A|ZAtf| A Al g8k 3 WS W
3}9] total genomic DNAE &3}% T}

Microsatellite marker 72t

MS (microsatellite) WF#= oAl mhe] o] ArbdA|of|A] =&
3t genomic DNA (deoxyribonucleic acid)E ©]-8-5}¢] paired-
end libraryE WH5%12 ™, Hiseq4000 (Tllumina, San Diego,
CA, USA) ZE 05 74 EE A4bkskaint. A4bE raw
sequencet= Quality score 202 7|22 trimming 315,
SOAPdenovo2 (v2.04) software (Luo et al., 2012)E 7|Hto. 2
De novo assemblyE =35} th MS A 92 MicroSAtelitte
(MISA) tool AHg-sto] HA15}GI Tt

7 MS mhA = Sad 21 9F YRk 2] €] RNA sequencing
o]-&-3} differential expressed gene analysis 235 HIER S
wraape) Ajo] 7} s $24 2 134 0.2 Astglon, o]
dehd S PHE MS A ES 221 AEste] & Aol
AH8-31 %1 tH(data not shown). AT MS F 92 553}7] $12t
primer:= Primer3 softwareS -85}, TM 41 58-62°C,
%2 4H20] 274 150-350 bps A A5}el MS nA 2 T4l
SFLE. ESE reverse primer?] 54t oligomer (GTTTCT)
£ F7151¢] background noiseE &0 |+= WH O = A &bs3ict
(Table 1).

Multiplex—PCR

Multiplex-PCR (polymerase chain reaction) ¥-5-21-2 Ge-
nomic DNA 100 ng, primer mixture 8 pL, hot start Taq DNA
polymerase 0.6 puL, 10x buffer 1.8 pL, ANTP 1.5 pL& &7}
&, WSS & 15 uL2 A 25193, geneAmp PCR sys-
tem 9700 (Applied Biosystems, Foster City, CA, USA)< ©]
8310 PCRE M aJa}3ich PCR 2412 95°CollA] 1087} pre-
denaturation& A A|3F 3 95°Col| A 602, 58°Coll A 60%, 72°C
A4 6025 1 cycleZ 310 35 cycle HHE31 A1, npx]afo 2
70°Coj| 4] 105 extension & 4°Col|A] Z& 35} T}

Job kU o

Microsatellite SMXIE 24

S3H PCR 422 30812 S|AAIZ] &, S54kE 1 plet
GeneScan 500 LIZ dye Size Standard (ThermoFisher Scien-
tific, Walthamm, MA, USA) X! Hi-Di Formaide (Applied Bio-
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systems, Foster City, CA, USA) £35S 1:92 3]4slo] 1
A& It AR R ARSI, o] & AFE 7| E E48A Q)
3730xI DNA Analyzer (ThermoFisher Scientific, Walthamm,
MA, USA)E o]-&sto] AT A7] 45 AAlskleh. 2 nt
Aol tek & HFFAAE 415171 918l geneMapper ver-
sion 4.0 (ThermoFisher Scientific, Walthamm, MA, USA) &
4 22O o) §stel BE NS A5, 2719 B4R
o FRuR wRslo] BAslg

7O & 84 24

6719l mHA% ol g 3te] Ak A Wkt A WEel £
A% chopdd BALS +Assct. 2 SR deg el
“(number of alleles, K), 7]to]&HeE(expected hetero-
zygosity, Hexp), ¥=o|@ZE(observed heterozygosity,
Hobs), &A1 2 Z|4=(polymorphism information content,
PIC), Hardy-Weinberg equilibrium (HWE)el| gt 8-2]4 7
52 adjusted P 4} Bonferroni correction= -85} Cervus
3.07 softwareE o]-8-310] HA43}%th(Marshall et al., 1998).
3 Y42 FHE(allelic richness, Ar), TLi7|4(in-

Table 1. Information on 6 microsatellite markers used in this study

A - A - 2@ - AT

breeding coefficients, Fis), -2} Ttk Z]4>(gene diversity)
+= FSTAT 2.9.3 program &2 24314t} 57 HAL 22| A
g 3|94 (logistic regression).2-2 P value7} 0.05 7]7HQ] of
Yo AAE AEEE 3 12| (odds ratio)2} A1E|%(95% con-
fidence interval)S 5111, 71| A5 #5(Chi-square test)
9 Z-H%(Z-test) = &3l 74 A4S AABHITE H= A
22 R ver. 3.5.0 (The R Foundation, Vienna, Austria; http://
www.R-project.org)S AR5} 2™, P value<0.05% o £4
Ao [ogt Ao R ATt

2ot W uF
AuhAx| FT IR el KMCYY U £
NEM

o =

Wbl g3 B S AAA A 6749 MS A S
Fgsiol Aehda) WeH=90)7 FdA Wen=109) F
1990ke]e] WA S thiho R fATkPAE BTk Table
o B A St HE 537, 3
F AR FREE 8272 S A Akt 28470

»
(9%]
e
e,
=
uars
ﬁ:
o
ut)

Locus Repeat motif Size (bp) Sequence (5'to 3') Related gene (Locations)

PO1 cT 153177 Forward: CCATTAGGTCACCAGGCCAA MDA5
Reverse: GTTTCTAGGACTGTCTGGATGTCCGA (intron10)

PO2 GT 280-310 Forward: ACAAGCTGCTGTTGAGACGA POMC-1
Reverse: GTTTCTATTAGACCACAGTGACGGCC (5' Flanking region)

PO3 AT 253.351 Forward: TGTCCTCCAGTCTCCATCAGT Melanopsin A
Reverse: GTTTCTACCACCAGTTGTGCAGATTT (3' Flanking region)

PO4 CA 300-316 Forward: GTACTGGAAACCTGCCGTGA TYR
Reverse: GTTTCTGCATAGTGAAGCTGGGGTCA (5' Flanking region)
Forward: CAGAGTCAGGGTCAGCAACA MCHR1

POS TTCTGA 260-338  Roverse: GTTTCTCGTGGTCATTCGATGGCAAA (3 Flanking region)
Forward: ACACTGGGCTACACAAGTGG RTK

PO6 AC 2712-218  pRoverse: GTTTCTACCCCACATCACGTAACACA (intron1)

Table 2. Genetic diversity at 6 microsatellite makers in normal population of Paralichthys olivaceus

Locus K N Ar Hobs Hexp PIC Fis Gene diversity HWE P value
PO1 8 90 8 0.48 0.81 0.78 0.41 0.81 0.001**
PO2 6 90 6 0.70 0.69 0.63 -0.03 0.68 0.001**
PO3 10 90 10 0.73 0.82 0.79 0.09 0.82 0.625
PO4 2 90 2 0.01 0.01 0.01 0.00 0.01 1.000
PO5 10 90 10 0.86 0.85 0.83 0.00 0.86 0.001*
PO6 13 90 13 0.87 0.91 0.89 0.05 0.91 0.001**
Average 8.17 90 8.17 0.61 0.68 0.65 0.09 0.68

K, number of alleles; N, sample size; Ar, allelic richness; Hobs, observed heterozygosity; Hexp, expected heterozygosity; PIC, Polymor-
phism information content; Fis, inbreeding coefficients; HWE, Hardy-Weinberg equilibrium. *Significant level at P<0.01. **Significant

level at P<0.001.
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ulA710.01 2 71 2k, PO6 1HA 710912 71 =7 Uk
1], PO4 WA S A| €] 7t = npA of| 4] f ek o] vl a3

7 ghlelo] 2} Aiste] gckepol 2 Ao itk 2
FIt}. Markov chain procedure testE ©|-8-5}o] Ztho] HWE
o uh i 2|5 ARekct. kx| HEre] PO3, PO4S A
Q|3t 470 9] mpA oF B A Y] PO2S A5 2= uhA
oA Bonferroni 4] o whet -0 2191 Zpo] S H k. Y, A
A, AA, ol A Alshe AA - H x| o] kA 248 #
o] zolglo] HWEE 2= 02 B % ¢ltk(Jeong and
Jeon, 2008). T3, 671 A= of-&3to] W29 AT
T AAR O] HWEE 213 A3, 37112) AFAR ol A=
o412 Aol glo] HWES whtA/uh, 2709] b eol A= &
o] ¢l 20| 2 K lthJeong et al., 2009). o]} H] w3l 2 uf,
Q7o) vk b4 Ae] 94 Bolg 4 mojzth
AR A2 §ABo] thefel masl o
7} o] ol o= 11 Hehe] {414 240l A9 HEE ol
FHA A HtHZhou et al., 2011; Bohling et al., 2016). HHH
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Table 3. Genetic diversity at 6 microsatellite makers in golden population of Paralichthys olivaceus

Locus K N Ar Hobs Hexp PIC Fis Gene diversity HWE P value
PO1 5 109 5 0.49 0.62 0.56 0.22 0.62 0.001*
PO2 3 109 3 0.52 0.48 0.37 -0.10 0.48 0.404
PO3 7 109 7 0.63 0.61 0.55 -0.04 0.61 0.001*
PO4 3 109 3 0.86 0.51 0.38 -0.71 0.51 0.001*
PO5 8 109 8 0.99 0.77 0.72 -0.29 0.77 0.001*
PO6 6 109 6 0.84 0.63 0.57 -0.32 0.63 0.001*
Average 5.33 109 53 0.72 0.60 0.52 -0.21 0.60

K, number of alleles; N, sample size; Ar, allelic richness; Hobs, observed heterozygosity; Hexp, expected heterozygosity; PIC, Polymor-
phism information content; Fis, inbreeding coefficients; HWE, Hardy-Weinberg equilibrium. *Significant level at P<0.001.

Table 4. Comparison of allele frequencies between normal and golden population of Paralichthys olivaceus

Locus Allele Normal Golden  Odds ratio 95% ClI LR Pvalue Z-testP value Chi-squared P value
153 0.11 0.24 1.24 1.10-1.39 <0.001* <0.001* <0.001*
PO1 157 0.12 0.53 1.51 1.32-1.73 <0.001* <0.001* <0.001*
161 0.07 0.21 1.27 1.12-1.44 <0.001* <0.001* <0.001*
PO2 286 0.44 0.62 1.90 1.64-2.21 <0.001* <0.001* <0.001*
O3 255 0.27 0.55 1.56 1.44-1.68 <0.001* <0.001* <0.001*
349 0.03 0.14 1.85 1.62-2.17 <0.001* <0.001* <0.001*
PO4 316 0.00 1.00 1.95 1.81-2.10 <0.001* <0.001* <0.001*
278 0.02 0.22 1.65 1.47-1.86 <0.001* <0.001* <0.001*
PO5 290 0.16 0.32 1.62 1.47-1.78 <0.001* <0.001* <0.001*
320 0.04 0.24 1.58 1.42-1.77 <0.001* <0.001* <0.001*
192 0.13 0.51 1.64 1.55-1.73 <0.001* <0.001* <0.001*
PO6 198 0.03 0.23 1.74 1.61-1.88 <0.001* <0.001* <0.001*
202 0.07 0.23 1.56 1.45-1.68 <0.001* <0.001* <0.001*

CI, confidence interval; LR, logistic regression. *Significant level at P<0.001.



496 AU - B - P A -

o2 oo
HULJE
B on, X
=D SR
Tl
rl—rrlrﬁ
o o
Lo 2
m%mlo.l{?i
flo
ONHI
4o >
Ergﬂﬁ
‘i‘:‘.:m&
o 2
Omlm;:
%ﬁé
o 1B L
—r‘OI'El
i—r‘
é—&é
=R
_Q[‘ﬂio}r‘_.
=2 2
= o
= 2

(2 NG
:'{Zi o
o Ol
oftt =
e

[¢]

=

[}

)

% I-
=2
o
)
oty
[MgNE
i

=

il

a0
)
P

w)

&

(1}

@

o]

=3

@

B o gy ok 2

(o]
[\
S
)
@)}
=

AT 1
xre
o
Rall
oA
r
l_'J_
ot
ol
1{
Rall
iga}
r
™
1o
e
o
30
rd
>
re
H

7
A
Wi

L

lof Auzt PAw v RfAE Blsh]
whd A ket S Aue] ol AR s
th(Table 4). PO2 579} PO3 B}7] ol A= 7}
SAA} o179l 2ol Wi} PO2 v}
o] 255 TRl AAH ek A ke g A ekl 4 212t
0.44 18|11 0.629] W=7} Yela, wxH] 7} 1.90 (95% CI,
1.64-221)% {212 ¢l Zfo|& E ek ¥ PO4 vhA = ™
AR =7} 2F ebol| A 27 = 370 = vEbg o 316 thE
AR R == Z42E0 3 1, AHH]7F1.95 (95% CT; 1.81-2.10)
2 1of o] 88 2= A AR 316 A SHAE
SR A AR BT 1) sk PO ty-
rosinase -1 Akt 1 nlA R tyrosinase= Wehd AYgH
71700] SAHl BaRH AeAAT TRess Gurehs
=92 AAZE dHA Tt Wang et al., 2007; Cal et al., 2017).
ESF L-tyrosine (L-Tyr)2 L-3,4-dihydroxyphenylalanine (L-
DOPA)Z, L-DOPAE- dopaquinone®. 2 HZFel= Zufj =2 &k
£-3It}(Slominski et al., 2012; Almeida-Paes et al., 2017). Ty-
rosinase 2& AA| 7} AT} vl 9] in vivo Y in vitro A
A el A4S Aslishe A3 YetH(Hartmann et al.,
2009; Zolghadri et al., 2019).

2 A-tol A JHE MS b= Hebd 433 A= 9)
© 44+ intron H+= flanking region©] #Z|5k= MSE ©]
4319ich PO29} W% Melanopsin A= FHES- WA Y&
Fal4 We Fo wRo AL sk, 29 B4
o= 98| SEEL Mazd 7]Ao|tHAltimus et al., 2008;
Chen et al., 2011; Ruby et al., 2002). Pro-opiomelanocortin
1 (POMC)+= melanocyte®] tyrosinase®] Wé-S S571A]7] 1L,
POMC, MCH, MCHR1 2.2 ojo]x= A5 AY 7| 4L E3)
4] melanosome?] o]z} Hehd HHa-S A sHH(Rogers et
al., 1997). PO1 172} 2 ¥ melanoma differentiation-asso-
ciated gene 5 (MDAS5)->- melanocyteol| A & &Fo] =7 F-4]
He 2oz deA Sl=tl, MDASS| d o] A4f2 04|
5% 1] melanocyte®] 5412 APE-S FI=5to] AAS HSHA]
Z1tH(Kang et al., 2004).

AR 2|2 FEA 2] 9] tyrosinase T 4] Aol A 2l
= S A Y] tyrosinase B 7h4r A 1K data not shown)2} £
AF-AE vl & uf, PO4 316 tiG-3Ae we =4

=

 Of
tlo >
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=
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Nz 4o
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<)
=
1o
o L
i)

o TedAel el F=7F4 %1 dA+t7E F @ sfrhar wekE T POL,
PO3, PO4, POS 1} <= 270 o] s R Aol A F-9] 421
Aol & K=t 2 i -312H2] 18] 7E POL ubA 161
Z-G4742] 1.24 (95% CI 1.10-1.39) 1] PO3 ul#| 349 o
SAA] 1.85 (95% CI; 1.62-2.17)7HA] & 11719) -4}
oflA] SAA o= 2]l Aol 5 eIt

AEH o R & AqoA= Fag A S 913 So]2 MS
nHAE ZiEskaA depd g9 IE 6719 FARE ©f
&5to] MS ulAE 7dskeit. 7 nhAE o] 8-5fo] dvt
A Ao e Jobs e s A3 24T A

o M

= >
PO4 T2 A elsle %5a hal o] Uehyton, 7t Athe)
AR B W uGE ArkE Bech 181 2 ulA o A 2

TR A 9F P A E RS 4 e B4 diEaaT S &
R3], 53] tyrosinase2} HAE PO4 ul7 2] 316 Ui+
Axb= Al deolA Soldog Hashil Sl Zo=
ShelskGiTh. Lejuf & Aol A Ak mhA = Z2H2He] f4 Y
of| w2 W] 2o} 7521 B7E7F Y= A] ¢k,
AR ko] HeAAo gt 744 Q1 A5E7E B asiet
2 AFAIE o] &-to] Fao] W] o2 2]o] 9 A A
oS 27]9] o S5to] FATA A QB = A& A
oFek = e A O 2 o e, | JM A4S 97t 7|24
ARE AT = S Ao s wobEnh

x 2

Al AL

o] = Sdatitel AU FHAET S|SB MY
9] Golden Seed Project AF$1(213008-05-4-SB220)2] A -
o} e g1l u] 1] A1glo] ZALE YT,
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