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9@ (Plectropomus leopardus) 73-Afi AT K R AT st FR R E bk - Ry Rt i B R 1
PR — - HEERLRS C (A B ER Eh IR TR - BEE I BT HED TG R K 0 Atk > LIS L
SIS IRSERIRHIN - B TR BE AR ITEE iR R L e e R
FEENT » 2RI > AN TESESEHG O Rk i T sinh L € - SRR R SR IS 03 ha o 755K
HHEATERIIeHS COP BB HT R T AR AR AT BRI A FIE 5 et HRI ERhE
2,916 = - WAEHHGEMYYE DNA RITEES - F5REURPTRE < Bkl O3 ieis RSB K IK
BRIRERL A filEe - DURSAENIETiR B R R S AR AT B o — (8 BRI R AR > Horp (BT
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%7 (Leopard coral grouper, Plectropomus
leopardus) H1 XA TEBERIARGS - 44 R B EBE -
RENHEAKRSE - 28 BN EEHE
(Perciformes) -~ #5F} (Serranidae) ~ ff ik i /&
(Plectropomus) » 43473 i H 7 LA 22 B K I0E A
FEESLURHIPE AT HEg I (Zeller, 1997) » BERA
GRESHIE 3 - 100 m AYBR/KEERS I - KR
AJ3E 120 cm (A > 2020) - $YAGELA 2 BT A BT
H R SR M HE R RS - OB R 2 it &y
ST 284 (Ferreira, 1995; Adams, 2003) » ST4F
S AR e et s (R A+ DL ST B Y
fig SR AE SN - AEIFEE R B BN A B SV R e = T

s

2011;Yin, 2014) - BESRERIFE H AR R B IR ALK H
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B Stey | e fE (least concern) (Choat and
Samoilys, 2018) » {HA) 75 B V7 22 BRI SE B B
Jita S CRETTEI SRS - DAGRRE Sk Ky it S A
B S S v Z R o

AU BRI K EREY - K9G 47
R D AR RS T BRORE SOR e Rl (Rimmer
and Glamuzina, 2019) - £ 3 D) fE & 7 B¢
(Epinephelus lanceolatus) ~ 25774 5E (E. coioides)
K SEHIEABE (B malabaricus) Ry RSEEESHTER -
gk BA B B AR BRI AR T - AR
ALHFRL O E R R 0 SR A E—E
HE A T 5 v R e R (E (A B falE (Fabinyi,
2012) - HEERCEES T3y fe n] EEICHE CuEBe = H e
fEfHEE (Yang et al., 2020) - fTEBeR R S @K
e B A e A Y P L BN T3V e 3 T
Ber (3155, 2014) » MERS A TEG G230 g H S
A GE A A S e EihL K2 2HUKE T B
RLEGAL L o Ry dlE R - AT AR INEL
2 UH B B AH B SR 42 H A T T RS g B
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(Kelsh, 2004; Melianawati et al., 2013; Kusumawati
and Setiawati, 2017) » $RE 2 HE (78 fE 55 ST
RITRT LT i 5 B AR D) B BR B KT SR A B
IR PR AR MR B A (R —
EISHRTER RS (S SR -

Fufig ) A IR s B et - &
R s ST BREE R ~ SR EEAT Ry ~ B DU S oAt BE
JIZEMmMA T (Kingsford, 1992; Wang et al.,
2015; Lerebours et al., 2016) » $Yfi@fi{n H L REM:
TEARMFE AR AR B R BER LBt ta ]
B R - HARTRHE S R Bl R A R A
[FlfE s B4 RIZ0EE (Caietal., 2013; Maoka et al.,
2017; Yang etal., 2020) - k& 7 IMER R ERGE
BiGh - WHFCE B R R IR R R P R &
A S O 2 HRE . (Kusumawati and
Setiawati, 2017; Maoka et al., 2017) » chsEt 3R AEEH
FE MR ELR] BCO2 ~ LRP11 - ANGPTLS 1 F]5E
SR FTEARIEE T (Yang et al., 2020) - HA
RS2 B L 5e e S i = BRI RS e e » T
HARRKFI/NA BAa DR - HEET AT REELSY g
R A SERZ AR S A7 P R s L e W)
TAR (Yang et al., 2020) - i@ 2= H FI Gl 2 A
IR A8 S R B (AR B S BT B AR SV e TR B 5
FE ~ RESEEAE - GRS B LR
(Ding et al., 2009; Van Herwerden et al., 2009; Zhang
etal.,2010; Ma et al., 2018) » #EFHFHRIA TR0 fa
PRt BRI R A (heterozygosity) ELBI AT %
Bl 0 U@ ST EEBR 0.42% (Yang et al., 2020) »
TR TREE G BEFAAY 0.375% (Ge et al., 2019) ~ HiEf
fERY 0.113% (Austin et al., 2017) ~ BRINARHERY
0.14% (Nguinkal et al., 2019) ~ P43 = FUfEY 0.1%
(Yang etal., 2019) ~ HEPEEEFaTT) 0.25% HHEME g
9 0.09% (Wang et al., 2015) » BERFIEAE /K 2R TE
Vi B A R E T - HEA SR
SR B AR AL (phenotypic
variations) °

S FREGEIHBETE (marker-assisted selection)
A %5 H R e st A B ARSI M K EE VIR (Eze,
2019) » {EEEEREZEEH] N - P E AR SRS
¥ % REM: (single nucleotide polymorphism,
SNP) -t BB 8 A B T RE S s A
BEMEAR - BIAIA PSS |G L B RIAL Y B+

RrE R BB TR SR B - B R B A A
HEE S (Tsai et al., 2014) 5 GRRELEIMHEHE
FE s R MR 22 S 2% chd FE[A] I B EELT
AR A ARG I B5 1 (Abe et al, 2014) ;
BB AAN (E tukdla) 1y 3'JFHEEEE BLE R AR
WEEEIg S BI4E ACTCL F1 PCNT KL i EEBERE
PR BN BEEAE RAMEIRAHRA (Hsu etal, 2021) -

R R R e RS EER PR < BeE IR
F K] 2  (quantitative trait loci, QTL) 3Z &k =0
(Wang et al., 2015; Yang et al., 2020) » ZA<Wf5eiiiE
Wang et al. (2015) Z 5 =i Yang et al. (2020) &
Fe— - W SCRIS RS ARG SR 25 H B A
A RIVEEMIRERE - 7E Bl SO A R
i 332 HH 1 P\ v B 2 A B o B M IR R R
FE - PR ReF LRI R 52 7 sk et ELVE T RS
RH R AR - SEAR IR SR E S e e
TeRE IR B T R RS R o BB T T et S B B
SR RN o) el B ARl RN e Eee ) sl
o3RRGS - AMERENY IIFREIA A5 fig BRI RE Y
SRR - B8 AT T Bl e S T e i R K B B
BRI G = I R A S LS -

FORESRL /5 74

— ~ PERA R 2 B AR RIS

DAEEEY ~ FK i 7k B s fa sl E 5 5 =
PREEW B B ARS8 - IR RIRE
BRI RC R L EREE RS - #E (0 - HE S BRGSO -
DUHG e a8 A A 42 T 39 8 o 7oA [F] A7 By
Lialb {H - 53R BEER ~ thig ke ~ RlEE - el
FEfE (Fig. 1) > AARBECL ORI T ~ IR (2 bl
KL BURELRE BRI R, - LA
R ORAEIY OS5 %ellHE M T I BRI AT -

.~ ZI DNA E{HYE

FR#E gSYNC™ DNA Extraction Kit (Geneaid)
(REYE SRS BRZEHY. DNA SEEE - Y 0.02 -
0.03 g WLARHRRIRA 1.5 ml SRS - A
200 pl Lysis buffer 1 20 ul Proteinase K solution &
G975 DU JTRHHAR BT R CEY 60°C §Z
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Fig. 1 The five measurement sites for the wild-type
leopard coral grouper individuals with bright red and
brown skin coloration in the Penghu region. The
numbers represent the head (1), the middle part of the
back (2), the bottom part of the abdomen (3), the tail
(4), and the caudal fin (5). These five sites were
measured via L/a/b values using a colorimeter.

B RE R E R - i 1.5 ml S ERE L ERNE SR
14,000 - 16,000 X g Fft.Ls » BEFZEHUHE FIHEWHTTY
1.5 ml fiEELCE R » AEIIA 200 pwl GSB buffer %
200 pl 99.9% WFHIREII2% » FRESIRIK TS
GS column » FF1L 14,000 - 16,000 X g #ft,0» 1 min >
1 collection tube AIFATR e I A JBEISARG  $235 LA wash
buffer 1% GS column » FFI2L 14,000 - 16,000 X g ft
Lo 30 sec I EIFEE RN » P BREMERIR » DL
14,000 - 16,000 X g Bft.C» 3 min KEERERAVIR G ZBR -
1 GS column membrane A 45 ul EB Buffer &#
# 3 min DIF][E%E DNA » £ LL 14,000 - 16,000
rpm 0> 30 sec > JER[EIE DNA A 1.5 ml &
LV USSR 7R (DeNovix, USA) HIE
DNA SYEEERE  DNA SWEBERFS A260/A280 B
A260/A230 Z LS TAE 1.8 2 2.0 [ - KR SR
FEY -20 °C UK5E -

=~ BAEFHPME (polymerase chain
reaction, PCR )

AL S DNA HRifiitd (2132 o S bl nn AL T 5L
(cytochrome ¢ oxidase I, COI) ZA=¥)fiE (DNA
barcode) fF Ky A1 &5 22 i & (internal control
gene) » ] PCR Bttt Fr B BOK > DALLSRHE
AN ESVE - PCR i {5 F Butter Taq 2X Master

Mix (Protech, Taiwan) » R38Rk pa a0 7 Bl K FE
fB&tE (1) =R BRI DNA : 95°C 5min; (2) 5]
THREEHAEE: ¢ 95 °C 30 sec ~ 55 °C 30 sec ~ 72 °C
1 min » F£4EE 30 X 5 3) BLEE  72°C 5 min -
HY 5 ul PCR EWJEL 1 pl 6X DNA Fluorescent
Loading Dye (SMOBIO, Taiwan) JE& @ &%
AFEA 1% BNEHEEEHE (agarose gel) HETTHEIKIT
#7 » BL Bio-1000F EDEIH#EE M (Microtek,
Taiwan) [AEDE THERE —EYRE BRI 3%
R HETTSMEER (Sanger sequencing) ARF -
FEAFFH L NCBI &k} LSRR L YR R 5l »
e PR AR P -

Y9 ~ B EFHRA RN AE

AWFFERBC R RS Wang et al. (2015)
& FR=Hil Yang et al. (2020) ZR—fiiEEH] /B
e EE B AR < B E AR B K E (Wang et al.,
2015; Yang et al., 2020) - 3t ¥ 1/ \flE e tAHER #5 &
PEARFLRIEE 2 M- 14 1000 kL EEEET T3 |
FREEt - AR 60 °C » #IEEZ R R
[FIfE 2 B AR TS G LIS e 2 5 [ F#E1T PCR JiCK
% B AE NGRS (Genomics, Taiwan) #EfT
S EFPARES - AT BB e s SR B A
[KIBUG3HT -

T~ DLEA RN Ry R RIS L (allele-
specific amplification, ASA) & I B
R s SR R A

DASERT SR R S Rk 3t a3 12 Ml [+
5 F Butter Taq 2X Master Mix - fR48 kst 500
TVl S R FEBRIRE ] - PTG 18 ) o B
I SRR A FE RS (B MR B R R K b
Bt o henil A [FIE8 o 39 g LG B BNAL R s FE B R
Fir i BRI -

/N ~ e CAHRH 9] 2 R B MR SR
el Ry
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Fig. 2 Distribution of the Wangan’g“._ Jiangiyun
leopard coral grouper throughout 23.3°N ,
Penghu. Each circle represents a & o
different color (bright red, red- e a 3
brown, or brown), and the <7 g
) . 23.2°N ¢ 2
number in each circle represents ; g
the sample size collected. 119.3°€  1194°E  1195°E  119.6°E  1197°E  1198°E
RIBE f e R ) EHHE MRS EE (linear FESUHEE 7 A8 (Tukey's honestly significant

mixed model, LMM) {HIE BRI AEEHRHC
e 2=, DMU restricted maximum likelihood
estimation (DMU REML) package #1755 FLEL
B S (B B Mk 2 B ET 43T (Madsen and Jensen,
2013) o FPRERAE A0k -

y=Xb+mBi+Zu+e

y RMEiRag ey s 5 X Ryl E K. AR
b ByEERFzm&E s m REERA M REEE i
RO AT CEEERE S BOREE 1 EEIFRC L
B MRS 5 Z Ry BEHRIA T 2 HERE 5 u Fs R
TZIE S e RBERER B IR & > HooAEy e~N (0,
[0o"2) ° 75308 PR UGG o — 1] B B At S B
Higvkerata s 28] -

£~ VGt

DMU REML package 7-51[% S EEEAHE (2137
Mttt - FHYETEEE R EESEEE  ~H
TSR E REE R R FES TR EE T
SELHMT (one way ANOVA) » AT AN FEIfE T
TR EREEE SR BRI El

difference test, Tukey's HSD) o

i S B 5

— ~ WS RS S i S AT
BlfeR

TSI ST FREHE > B ~ A 8L ~
AFEE ~ T H - BEFT ~ B - (DU ~ S - PHER
Pz WEEE] 100 BRSO BFA 1508 (17 B
Skl ~ 35 FRIEAL ~ 48 Ikt - HLEHREERE
2,916 % - (gt RE PR - DI RIK
fatfage Bl Z0EG © ISR EEERAT (R f S o3 Al
FrnlEuEL (Fig. 2) » HILRafife g s/ MR
It fERE - TP EEETEEEh - R
58 KB RNRERLRHE, - (FIEEE— RV -
Frfifgfafete s - IetEfeEaeRRy 2429 +
2.75 cm » BEHLEFE RS By 24.02 £4.91 cm » BE4T (U
5 Ry 39.58 +£10.48 cm » H bl E o fEgagasi R/ ]s -
PR RN g i L ey RSN O - o S P S EE
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5 BEG (AR RS AR KR (p<0.001)
FSALEER (p<0.001) (Fig. 3) -

ARFIZER 2020 46 7 - 10 HHIEEREA - %9
BETETFAKITE 510 (3, 2011) » KAHEL!
5 10 HEfTHCERE AR IR IR » 8 H R
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B MG -

Skin color v.s. Body Length of Fish
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Fig. 3 Comparison of the body lengths of individuals
with different skin colors. The body lengths among the
individuals with different skin colors were significantly
different using one-way ANOVA in the R package. The
mean values are marked by a red dot. Significant sign:
*%p <0.001.

o RS MR SRR R B RS G A
o M6 BB ) L B ARG

ARFFEHRE 1/ \H B A8 g R < 3
EEARIEINEE - feid A 7 8 B g R < B
P IR B AT A S 1 sl B S E R DI HE 2K - £
E-Cie SRR T IR FAT R, - P DISE A B N Ry 3
TR b 0 HL B R AS T R A SRR L DR R - 3 [
AAFEN I BARE A SRR AL - AR TS NE -
AN [FI A st R B B B IR SR, - SRR S
AU I Y = el ] E B R (A L e 51 SRS,
5% SNP_87 4~SNP_103 1.1 B SNP_103 1.2-
Ik A BT Bl PRI A A A B AR R IR
BRI o Rl TR o R R R e S A

BT BRI P ARG TR E R AR AT BRI
& (Allele frequency) 477Ky 0.92/0.08 ~ 0.85/0.15 ~
0.93/0.07 (Table 1) o H—5347 » RETLHBALHEE
i@ FLEE SNP 87 4~ SNP_103 1.1~ SNP_103 1.2 Eil
LA B S EEEE SR o SNP .87 4 -
SNP_103_1.1 FEAS[F] fi 1 Hh 25 $ 20) = i B[R Y
(C/C~C/A~A/A; C/C~C/T~T/T)> SNP_103 1.2
A HEIRIREEL A (C/C ~ A/A) » ColorIL FoREL
et HME A ESEEA rBA R BHSE R (L: light) Y
HE - B Rl E A REERAT - MBI Lakb Bl
gyl RORBH B s - AL B B M B
deltaE_1_control HIJ ;2R #& taatFrillfS s Hy
L/a/b BEAEALAR ARSI - BT Rl SRR ERAT
T IR BRIt {H Colorda > SNP_87 4
FRRIRUR 2 I EE R R AT ZE AR 19 fEfs s
(Table 2) » #H5EH/R SNP_87 4 WIREGFESVAGHE T
BN ERAT RS - HiR R g R s E
B P ELRIR B & e E Rl T B aE -

Table 1
frequencies. Three SNPs were evaluated using the linear

Three SNPs, putative locations and allele

mixed model located on candidate QTLs, including
SNP_ 87 4,SNP_103 1.1, and SNP_103_1.2

Putative region in Allele
SNP no. . .
corresponding gene  frequencies
SNP_87 4 Promoter 0.92/0.08
SNP_103_1.1 Promoter 0.85/0.15
SNP_103_1.2 Promoter 0.93/0.07

= S TR B 2 Bl

TS W] R B e R AN AT B 0. 2 S i
oM FEHT AR RIS 7T iR B MR S AR A
KA H B AT TERERY BB RS SR RS - ACHI
gt H A R ECE ] HE B A (R PEAHRH 0 BL RS
Wi LA B X5 SNP_87_4 > SNP_87_4 Tu3fas
MRG0 FAREE NG A #1E SNP_87_4
7 FARREREE PRI o BR T ES e R uRE BN
THEGN - RACH TR AR EE SR LU TR T
A EERASPHE AV a B3V e B
MRS - IRea U R B4
RIFIBGEIRET] - DAMERE L RE V-l E B ESE E I

KRS -
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Table 2 Three SNPs were significantly associated with the coloration of multiple body positions located on the

candidate QTLs. The genotypes of the three SNPs were C/C, C/A, A/A (SNP_87_4), C/C, C/T, T/T

(SNP_103_1.1), and

C/C, A/A (SNP_103_1.2), respectively. L: light, a: redness, and b: yellow. deltak = [ (A-Ac)”2 + (B-Bc)A2 + (L-Lo)A2]A
(1/2). Ac, Bc, and Lc are the average of the skin color at each measurement site. The high L/a/b values represent light

(L), red (a), and yellow (b) colors

Genotype (no. of fish)

SNP_87_4 SNP_103_1.1 SNP_103_1.2

Traits P oA WA P o - P AA Mean(SD)
Color1L 29.92 +0.86 30.43+£1.60 32.16 +=4.60 28.76 £ 0.91 33.46 = 1.31 31.33 +2.62* 29.89 +0.86 34.18 +2.47*+ 30.93(3.99)
Color1a 9.81+0.76 11.78 +1.41 21.88 = 4.04** 9.95+0.88 1094 +1.34 13.73+£2.87 10.07 £ 0.77 14.21 £ 2.34* 5.24(5.18)
Color1b 7.10+£0.48 6.72 £ 0.89 9.04 = 2.59 6.39 = 0.50 9.14 £ 0.75 7.65 = 1.62* 7.05+0.48 8.83+1.45 6.93(2.70)
Color2a 9.14 £ 0.83 11.0 £1.54 22.15 +4.41* 9.55 +0.97 9.85+1.47 13.62+3.16 9.51 £0.85 13.29+2.59 4.09(5.68)
Color2b 7.66 £ 0.38 7.96 £0.69 11.32+2.02 7.63 £0.47 8.33 £0.71 9.39 = 1.54 7.69 £ 0.41 10.52+1.24* 7.69(2.19)
Color3a 16.70 £ 1.09 18.22 £ 2.01 35.57 +5.81* 1712133 17.74+£2.02 20.71 £4.32 17.25+1.18 19.63+3.56 6.37(8.47)
Color4a 13.33 090 14.90 £1.67 32.66 +4.82** 14.02+1.12 13.87+1.70 16.60 + 3.64 13.88 £0.99 16.75%£2.99 5.61(7.39)
Color5L 29.89 £ 0.81 27.24 +1.50 41.81 +4.34* 29.51£098 30.7+1.47 30.95+3.06 29.73 £0.88 32.72+2.49  28.55(4.35)
Color5b 6.58 + 0.41 5.61 £0.74 14.11 £2.17* 6.54 £ 0.48 7.22+0.73 7.22+1.57 6.70+ 0.43 7.44+1.30 5.30(2.56)
deltaE_1_control 8.27 £0.53 7.87 £0.98 15.84 +2.83 7.45 £ 0.61 10.21 £ 0.72  9.79 * 1.40* 8.27+0.59 10.99+ 1.60* 6.24(3.28)
deltaE_3_control  13.84 +0.80 15.77 +1.48 30.53 +4.24** 13.87 £0.96 16.16 +1.45 18.05+3.11 14.50+ 0.87 16.52+2.64 9.07(5.57)
deltaE_4_control  10.98 +0.63 10.42 +1.16 27.67 +£3.35** 11.10+0.86 11.81 £1.29 15.24+2.70 11.18+0.76  14.85%2.25 7.68(5.22)
deltak_5_control 9.6 + 0.65 9.49 £1.21 21.53 + 3.48* 9.56+0.80 10.53+1.18 11.88 +2.41 9.73+0.71 12.58+2.04 6.34(4.33)

Values in bold represent those that are signicant
*Overall SNP P < 0.1; **Qverall SNP P < 0.05; ***Overall SNP P < 0.01
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ABSTRACT

The leopard coral grouper (Plectropomus leopardus) is one of the most economically important species of
grouper in Asia, particularly the wide-type individuals with a bright red color that are typically found in tropical
and subtropical coral reef habitats. Improvements in fishing technology and increasing market demand have
resulted in a rapid decline in the population of wild-type leopard coral groupers. To maintain this population of
groupers, an artificial propagation technique has been successfully developed by the Fisheries Research Institute.
However, the skin of these fish often lacks the bright red coloration, which does not meet the needs of the market
enough to alleviate overfishing. The mechanisms underlying the coloration of the leopard coral grouper remain
unknown. This study collected 2,916 related data from wild-type leopard coral groupers with different skin colors
across ten Penghu sea areas, and their deposited their genomic DNA for further examination. The data showed that
the body length of the bright red individuals was significantly larger than that of the brown and red-brown
individuals. Contemporary genomics methods and linear mixed model analysis were utilized, and the results
showed three single nucleotide polymorphisms (SNPs) associated with color-associated quantitative trait loci
(QTLs). SNP_87 4 was significantly associated with the coloration of multiple body positions in leopard coral
groupers. In conclusion, this study may help select the redness color leopard coral grouper for brood stock, and
consequently to satisfy market demand for bright red individuals. Thus, overfishing of the wide-type individuals

would decrease, and a balance between fishing and conservation would be maintained.
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