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M 160 Y C/T A7 5 (ertB-160-C/T) 554 0, |1 1k 52 4 W 25 MR AHOC , 1% S BRI 515 473 1) G/ A i it (tyr-
473-G/A) FAEAE DUMTIR S-NR A A B 5R 1 178 i) C/T A i (aloxS-1178-C/T) 5 {8 1 1k 5 35 PR AH G
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qRT-PCR KW 2 ereB 15 A 75 85 70 A7 MR L 0 19 A B2 JER 0k BaAT (35 22 5, i 7 T MR K Jik 14 3
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A2 i JCHRAN aloxd FFRIEKT-35 10 28 2 T HRAW , A IR F1 AKX aloxS 132 3% /KT BH S5t T HR AN
TEH MR o 30 55 24 0 5 M85 T LA AR €5 11 AR D 1 2 A8 67 1 T A 4 2 T S P A € 0 77 32 AL 0 1 ki
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1.1 ###l

VT B IE EFEA 81 8 BB AR 80 AN
FIEAEAS 68 J2 , Forh/INVEEASI (9 TE 5 AL
AR T R A KA RA R (AR
WERH) R EAEASI Y 19 155 AR LA AR
W ek B0 KA RA R (KRB . R
BYICUNER S FE 6, FHAE DNA $2H, Horp,5 B
T S A AR 1Y K R R AR RNA S5, Ak
B3R SR A MR AN 11 T B2 Ok 0 T 5 Rz K, TG HIR Al >R
RIEH Bk
1.2 Fi&

K HERE T I 7K 77 3258 A BR A Wl R4 3 Je
TCHR A A 114 2 Vi 5, 35 P~ i 8 I HIR
] 2 Ak iz 5k R TG R AN 1E 5 B7 Bk, Trizol 74 42 B
RNA , iz | Tllumina/Solexa % 55 41 3 J§ (4 J5 v %ot
BGAE- S 2 Y 5 %) T AR 0 1 R G R ) 2R A

P18 B JER T4 A 7 sy 2 v e I 43 A o 3 %
PR B P 3 LB O TR B2 0 B 4241, £ Arachidonic
acid metabolism | Thyroid hormone synthesis |
Phototransduction , Melanogenesi , Retinol metabolism
F1 PPAR signaling pathway 25 6 ™4 {0, 4H ¢ 18 2%
w9 28 HH S A C AR DG A 6 T g B X LA SR8
Y9 A SNP AL (K 1),
1.3 PCR ¥ 8K =il F

Fe R AR By 2F i 75 SRR A S2 L DNA, L DNA
AR, FHAE PCR 953/ 5140 W& 1, PCR 2
R H 25 pl:12.5 uL 2 x Tag Plus Master Mix 1
wL Primer F (10 pmol/L) 1 L Primer R (10
pumol/L) |1 wL DNA #i#z, FE# 7K 9.5 pl, PCR
SRR :95 C 5 min,94 °C 30 s.64 °C 30 s.72
C 30 5,40 MER )G, 72 °C 10 min, ZIHJEHH
BEIRCAGIN | H A4 251 T M e 2 19 PCR 73k I
A LA A AT

#&1 SNP{I=fERF5HFF5I

Tab.1 SNP information and primer sequence

SR AR SNP i 55, LT R NiEY Tm/ BN JHiE
Gene Name SNP position Codon Forward /Reverse primer C Size/bp Purpose
L , . AATCATTGCTGCTGCTGCTCTCA/ PCR B|#)
tyrosinase-like ( tyr-like ) 1482 bp  AUG—AUA CCTCTCTCGGTTTATIGCTGGGAAT 59.6 119 PCR primers
1490 bp  AGU—AAU 59.8
fedd frizzled class ACCACCTTCACGCCGCTCATA/ PCR 3|4
receptor 4(fzd4) 39 bp GEADGAA () CCACTGTCATAGCCGCACTG 6.0 1 PCR primers
i;rboxylicé_dlhy droxyindole-2- $14bp  AGCAAC CCATTOGAGGCAGCGATTGTGA/ 0.6 480 PCR 3| ¥
wid ovidase-like (5 6-dihyd) CACCGTGTCGTCACTGCTGTAA PCR primers
alox5 arachidonate 5- GACTTCCATTACCACCAGACTATCACA/ PCR 5|9
lipoxygenase( alox5) P78 bp - CCU=UCU. ) (CGTGTCGTCACTGETGTAA 59.6 426 PCR primers
GGTGTTCGCCATCGCCATCAA/ PCR 3|¥)
1325 bp  UCC=CCC ) 0 ATCGTCTCTGTAGAAGAAGGT 591 296 PCR primers
putative all-trans-retinol13 ,14- i ain TGGTGATGGTGGACGCTGCTA/ PCR 5|9
reductase ( putative-13-14) 1834 bp  GEE-OUG GGAGGTCGATGTAGAGGATCTGGTT 59.2 255 PCR primers
tyr tyrosinase CTGCGGAGAGTGTAGATTCGGTTAC/ PCR 5|¥)
(tyr) 413 bp - ACC=ACE () coreaTAGGTGTTCATGTCAGAGA >0 232 PCR primers
in receptor type B-
;’;f‘”hel‘” receptor bype 60 b GUCUUC ACACCAACGCCTCCTTCTCAGT/ .0 56 PCR 5|4
(Le;B ) P AATTCCCGACGATCCCGACCA : PCR primers
tyr tyrosinase CCTGCCTGACTACGAGACTGGA/ 60.0 162 RT-PCR 5|#)
(tyr) ACTGAGGACATGGAGCCGTTCA : RT-PCR primers
;’fzdmheh” receptor type B- GTGGAAGACGGTGGAGGTGACT/ 0.0 1o RT-PCR 5|4
(L;}B ) GGATGCAGGAGACAGACGAGGA : RT-PCR primers
alox5 arachidonate 5- TACGACTGGCTGCTGGCTAAGA/ 60.0 13 RT-PCR 5|4y
lipoxygenase( alox5) C ATGGCGATGGCGAACACCTC ’ RT-PCR primers
Bactin TCACCACCACAGCCGAAAG/ 6.0 3 RT-PCR 3|4

ATGCCACAGGACTCCATACCAA

RT-PCR primers
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1.4 ERFBSH

afi G R i SNP A3 A5 0 D e [ Oy B
W, i 2R 2 i T f SNP 37 it 119 3000 57 06 [T A X
W A GE I 2 SR b R R B R
T B B DR I TR R 4 A PR R A i, DA S S AL
FEPIWIAR , e Je FH SPSS 18. 0 4% 1F 5 Fl 4k
T R A i TR R AR B Ak
T SRR T B PR 3R 7 22 0 #r , JF RS ik R B 03 A ik
TP PERES . ¥ >xees =5.991,P <0.05, 3]
FEA I LA W E V22 5507 >xom = 9:.21,P <
0.01 , ZIIFEA Al LA 25 22 57
1.5 EARGHUNEVMEREST

M\ NCBI R 35 #5205 75 5 ertB [ tyr . alox5 &
H ) & 35 12 P 51 (https ://www. nchi. nlm. nih.
gov/orffinder/) . F| SWISS-MODEL i Ul &5 (& 1)
= 4k %5 ¥y ( https://www. swissmodel. expasy.
org/ ), f# AL & SNPs (5 - X IatFA T 1AL, 2R
S5, PRS0 g e AR A Ry e A
1.6 ZE= RT-PCR

FH Trizol ¥ $2 BBz Bk 40 211 & RNA, H]
Nanodrop 2000 ] & OD,q,/ 0D, K ¥ B, F
1. 5% B HEHEEE RS R UK A DU RNA SE48 Pk . SRS
RNA 3 % 5% 5 ¢DNA, DL ¢DNA 1E Jy # Hz 78

ABI 750052 & PCR {Y | #4552 & PCR, PCR X
MWK Z :qPCR Mix 10 pL, EiiF5147 (10 wmol/L)
0.5 uL. F 514 (10 wmol/L)0. 5 pL, cDNA <
100 ng, /il DEPC 7K %] 20 wL, ke T3 41
VAT B-actin VEHNZ, BIWIFSI L 1, PCR
J%:95 C 1 min,95 °C 15 5,60 °C 305,95 °C 30 s,
40 DMEFR . NS BLDRRNH 0B DR A 1 4 4
FER(E)BIRKTF 95% . K FH 7500 Software 2. 34K
PRI R o0 30 C, (. XS Rkt
BER T 2% e, HLBOME T A + bR o %
(Mean +SE) £/~ ,n =3,

2 AR50

TE45 16 FRIEH AL RAL Y2 1 5 A A
H X T A S ETE R S R R Y 9 A X
5875 SNP v 5 AT R R B 43 Hr , & PR arachidonate
5-lipoxygenase %5 1 178 i f) C/T {vi 5 (fx 44 M
alox5-1178-C/T) .endothelin receptor type B-like &f
160 i f) C/T 7 f5 (54 N ertB-160-C/T) F tyr
tyrosinase 55 473 1V 19 G/A i 5 (fix 44 N tyr473-
G/ A) TEIEH B AL~ i 75 SR (K v ity ik
AL AT HA BEE 2R (£ 2) .

R2 SNPfip/hMERBHEEBSHIMFHERITER

Tab.2 Statistical results of genotype distribution and Chi-square value among large samples of SNP loci

) It
SN {4 A R S RS T
SNP locus Fxperimental Number  Genotype Qenulype Normal Normal
sample frequency
tongue sole  tongue sole
cC CT TT CC CT TT
TF% 75 15 Normal tongue sole 16 8 5 3 0.5000 0.3125 0.1875 - 6.02"
ertB-160-C/T  MAAL 5 ) hypermelanosis tongue sole 16 5 6 5 0.3125 0.3750 0.3125 1.280 4.01
B4k 75 5 Albino tongue sole 16 2 11 2 0.1333 0.7333 0.1333
GG GA AA GG GA AA
TE % 75 15 Normal tongue sole 16 132 1 0.8125 0.1255 0.6250 - 7.986 "
tyr473-G/A AL i hypermelanosis tongue sole 16 14 2 0 0.8750 0.1250 O 1.037 9.696 " *
E 1L 5 5 Albino tongue sole 16 5 9 1 0.3333 0.6000 0.067 0
CC CT TT cC CT TT
TE % 75 5 Normal tongue sole 16 3 7 4 0.2143 0.5000 0.2857 - 6.50"
alox5-1178-C/T  HAk 5 5 hypermelanosis tongue sole 16 2 6 8 0.1250 0.3750 0.5000 1.480 2.56
E 1L 5 5 Albino tongue sole 16 0 5 11 0 0.3125 0.687 5

T« FRZEFRF(P<0.05), * = FREFWEFK(P<0.01),
Notes; # shows significant difference (P <0.05), s s shows extremely significant difference( P <0.01).

ertB-160-C/T i j5 HPIEH 1k B i &
filg (1) Af; A L R B 4y 1) S CC (50. 00% ) . CT
(73.33% ) .CT(37.50% ), 1F & F1 3 4k 2k 15 5

fO 35 A B 4 2R

X =6.02,P<0.05, KF

Xoos =5 991, 0] ertB-160-C/T fif 5 5 2 W3 5 i

1 AR S AT G

http: //www. shhydxxb. com
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tyr473-G/A (S IEE i B IE
5 1Y) fL A WA g3 ) GG (81, 25% ) . GA
(60.00% ) .GG(87.50% ) , IF-"# F A4k > T 7 683
(1 i B PR IR 45 Kk x =7. 986, P <0. 05, 3= H
tyr473-G/ A L SAE I H R AL T o 5 7 GE A
PRTA) S PRI AL oA B B k22 5, e o 5 2k
TR FE PR B E ARG,

alox5-1178-C/T i S IEH (b B
85 1 P FA 5L R AL 4303 R CT (50. 00% ) , TT
(68.75% ) TT(50.00% ) , iF- & Fl (462 1 5 fi
R &R REE RNy =6.5,P <0.05, W
alox5-1178-C/T 521 45 & 5 (1) AL PEIR 8 3% 41
Ko
2.1 FBEREHEXSNP IaHEE

N T H—A 0 ertB-160-C/T 37 & .1yr-473-
G/A o7 15, F1 alox5-1178-C/T o 5, 51 1 & 1 1
AEPEAR B AE OGP, 4 IE 5 L AL R R AR A 2

KEN50 LA L, 430 %5 60 J& 1E & 1) i 7 e
A 54 RIBACHEARTN 51 R A4 4T SNP I
JP4rH ., ertB-160-C/T i g5 FIEH 4k B
T S ) 0 A R Y 43 5] Ry CC(58.33% ) . CT
F1CC(40.74% ) .CT(62.75% ) ,iEH FEA}
T BaFE AR ], A R A OC (K 3) , KRB enB-
160-C/T i i 528 Wy 7 8 & £ b1 Ko oyr-
473-G/ A i S IE R A SRR T B L
FLHFAY R GG (74.51% ) GA(47.06% ) .GG
(72.55% ) , 1E % T AL F 8 0 B A ] 52 g 3%
PEAHIG (3R 3) , 2R 1yr473-G/ A i i 527
KEAA Ko alox5-1178-C/T fif j5 H IEH . A
b AL T e 0 p B IR R 4y i e CT
(56.92% ) .CT(51.92% ) .CT(43.75% ) , 1E % 1
FA P T B A ], 2 i AR DG (32 3) , R
alox5-1178-C/T i g 5 21 5 85 A A= 1AL AH G

®3 SNPmAHAEBHEERESHIMFHERITER

Tab.3 Statistical results of genotype distribution and Chi-square value among large samples of SNP loci

R
. T o FE R R -
SNP i 1 SLHAEA A HEF R G EWES  AkEs
. enotype
SNP locus Experimental sample Number  Genotype ’ Normal Normal
frequency
tongue sole  tongue sole
CC CT TT CcC CT TT
TF % 75 15 Normal tongue sole 60 35 20 5 0.5833 0.3333 0.0834 - 12.29 % *
ertB-160-C/T  MAAL ) hypermelanosis tongue sole 54 22 22 10 0.4074 0.4074 0.1852 4.42 5.08
E 1L 5 5 Albino tongue sole 51 13 32 6 0.2549 0.6275 0.1176
GG GA AA GG GA AA
TE# 75 5 Normal tongue sole 51 38 8 5 0.7451 0.1569 0.098 0 - 12.27**
tyr473-G/A AL 5 hypermelanosis tongue sole 51 37 11 3 0.7255 0.2157 0.058 8 0.99 9.14~
H 1L 5 5 Albino tongue sole 51 22 24 5 0.4314 0.4706 0.098 0 - -
cC CT TT CcC CT TT
TE 5 7 85 Normal tongue sole 65 6 37 22 0.0923 0.5692 0.3385 - 6.39"
alox5-1178-C/T AL % 5 hypermelanosis tongue sole 64 11 28 25 0.1719 0.4375 0.390 6 2.90 9.88**
E 1L & 5 Albino tongue sole 52 0 27 25 0 0.5192 0.480 8 - -

T =« fARERLF(P<0.05) 5+ « {ERERLWF (P <0.01)

o

Notes: * shows significant difference( P <0.05) ; * * shows extremely significant difference( P <0.01).

2.2 ertB.tyr # alox5 F QRN
ertB L 4R X (CDS) A 1 239 bp, 4t 412
IR, I 2 B2 (Pro) 72565 160 {37 5748 Sy 22 54
fig (Ser) . tyr ZE[K CDS & 1 584 bp, 4hd 527 1~
FAHEIR , TES 473 D SR B H AR (Gly) R4
NEFER(Glu) o alox5 F:H 4K cDNA 5 1 324
bp, 4ifih 440 PEIERR 78 1 178 DL, N
ZIR (Ala) 2272 Jy 4 B2 (Val) .

ertB Jk Al 7€ UG it 7€ 7tmA _ET-CR, J& F

http: //www. shhydxxb. com

7tm_GPCRs # % FK itk , ertB-160-C/T 3% ™ 45 5f
AT 2 H /Y Periplasmic_Binding_ Protein_typel
SERIER, J2 VI 20 LV BB AL N e i ) T B2
1A, ertB 55 160 N LML h Pro 287224 Ser, 1] fiE
SIROM J T 25 B B O R R I BBk iR s .
tyr FERI R B VCBLAE Tyrosinase, J& T Tyrosinase
R H o tyr473-G/A AL AL T HE E R
Tyosinase C-terminal Z5#38, tyr 5 473 > KR
iy Gly 2725k Glu, Al BE23 52 W0 i ZA IR W 1Y C i



4 1 PR A R T R A AR SR L R 853

RO BTG PEAOR . aloxS HEPH R € VT B AE
PLAT_LOX,J& T PLAT #2514 , JE 55 € VE B AE
Lipoxygenase , J& T Lipoxygenase #8 2% X% , alox5 -
1178-C/T & 2% fif 5 T 5 H Y Lipoxygenase 4%
g3y, alox5 55 1 178 PNEFEEBR 1 Ala 28754 Val
I, T RE 2o Me A5 S T A AT

Kl 1 v ertB-160-C Fll ertB-160-T 7545 160
ANGIEFR 53 54 Pro fil Ser B, %A R 5 ertB 2R
P13 ) = 2 45 ) R A3y 8 KT A B, (HL g A A
], ertB 4 55T 160 A HLFR 1 52 {55 160
AN HER 1) 22 2 TR AR B 50 22 6] 2 JAS B U i
2 ,enB-160-T FEARER 35 85 H B R 71 AH 4 (18]
120 %5 k) o 1yr473-G Fl tyr473-A R4 473
IR th SR K PR Gly %72 i K P9 Glu
I tyr 25 BT = S5 I R A4 K AR L,
EAMB 2 oyr473-G fE A —Ab AR
Wi AE B S, A — b B T L A
DIy, 1T 0yr-473-A B EE B4 R AR A0 S AR A
(1 265 3%) . alox5-1178-C Hl alox5-1178-T
WRE 1 178 DML 3 Ala F1 Val I,
alox5 3 T = AT S /KA, 5 R AS R
AL, A8 5 A B 5 A R T — 8 2
JEM A aloxS-1178-T IAHUIN A M A2 A o B3
(B rpaasizk) .
2.4 entB.tyr fl alox5 EIEEFMALEBEHE
BRI RIEZER

qRT-PCR #:M3& B : entB 12 1 AL 18 7 8 vh
A MROIE 5 E Ak J IR Rk A W& 22 5 (P >
0.05) , MiE JC IR M B2 Bk b 1 2 3k 3 w5 T A IR
MIEZIK (P <0.01) s eyr FEA7 HRAM 1E 5 F1 Ak B2 Ik
(R ZRIB T35 i 25 5 T ICIRMI (P <0.01) 5 F14k
W B TR alox5 261K 7KF-34 8 2 8 T
AR (P <0.05) A IRM ALK aloxS HIZFRIEK
- R T IR AN IR R IR (P < 0.01) o 4 f&]
2,

3 e

T BRI R A IE SRR A
B R REA AR P BAE T ertB-160-C/T  1yr473-G/
A \alox5-1178-C/T RN BRI/ A5 BA W E 12 5F

i3 CD-search T HLF5UIN 5 A 1) 4 1 45 44y 3k B
X 3 AN GEASA .53 WA F B Y Periplasmic _
Binding _ Protein _ typel | Tyosinase C-terminal I
Lipoxygenase £5 #4358, 7] i 1) i A= 4 £ 6 = B0
AP AL AL, R IR AL 5 A S
RAHIAFAELE S, T BOL I RE vl BE K R A2 4L 5 0
i RT-PCR &3 B BN B R 32K 160 i1 C/T
2 (ertB-160-C/T) fE1EH 5 FAL- 75 Bife A
ZIA] L B AR O (P < 0.01) , 8% 54 TR il 555
473 1) G/ A 7 15, (1yr-473-G/A) FIAE A DU R 5-
EA GBS 1 178 71 C/T v 5 (alox5-1178-
C/T)EIET 5 B 0 B A 2 o] 2 2 35 4
K (P <0.05) KX 3 4~ SNP i mi 52
B

ertB-160-C

alox5-1178-C alox5-1178-T

1 Swiss model 7l ertBtyr 0 alox5
FEBUKREH SNPs WEB RIS
Fig.1 prediction of tertiary structure of ertB.tyr
and aloxS proteins and proteins

containing SNPs by Swiss model
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2.0 . 1.5
1.5
) — 1.0
: :
L Lo s
0.5
0.5
0
0 b w L b
(a) ertB

(b) tyr

L b W I
(c) alox5

b A HRNIE R B W. AR AR K Lo JGHRANIE R H Bk HERIE EJ7 & « fQRBE 2R (P <0.05), = « LR BEZE

S(P<0.01),

b. there was normal skin on the ocular side; W. there was albino skin on the eye side; L. normal white skin without eyes. The = above the

histogram shows significant difference (P <0.05) ,The # s shows extremely significant difference (P <0.01).

2 entB.tyr ¥ alox5 FRUFBEEBEPHEERNER

Fig.2 Quantitative detection of ertB . tyr and alox5 in pseudo-albino Cynoglossus semilaevis

ertB 2 2 JTk 40 2B £, 22 S 24 ST R 11 F 6
Bz EZZ B B2 IR (entB) & Ednl 93
&, ertB 5 Ednl 254 S SO 2 0 1R BR K i 7
AENURE = BEFR R (1p3) o Ip3 AT LAATE (A4 it rp
(g Ca®* T 156 H- i T LUE i 3 AL B RS G Cy ok
WG PKC, [ 75 2 W2 8 (U ( Raf-1) B IR L. W%
FRAL 1Y) Raf-1 2B (551538 45 22 24 )7 1 AL B 1
%(Mapk) ,# MEK, ERK F11 RSK 4322 i )% 4% 1%
WIERAEIRIL . AR L) RSK IG5 S 1%
G5 cAMP Ji 4045 A K 1 (CREB) | i 305
IR WAL . BERRILAY CREB 15 mirf 308 15 3)
TLEL VR mitf BRI R, I e B0 oy JE
LA B R, SR, % ki PKC k]
HF a-Msh 712 R Z 52 16 1 (Mclr) 4R &
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Identification of mutation sites related to body color albinism in Cynoglossus
semilaevis

SUN Jianhua'”, BAO Baolong'’

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract ;: 9 missense mutation sites of body color related pathway genes were sequenced and investigated. In
three small sample populations of Cynoglossus semilaevis with hyperpigmentation, pseudoalbino or normal body
color, it was found that three mutation sites are significant correlation with pseudoalbino. Further verification
by expanding samples showed that the C/T site at position 160 of type B endothelin receptor (ertB-160-C/T)
was extremely significantly correlated with pseudoalbino. The G/ A site at position 473 of tyrosinase (1yr-473-
G/A) and the C/T site at position 1 178 of arachidonic acid 5-lipoxygenase ( alox5-1178-C/T) were
significantly correlated with pseudoalbino. The three mutation sites were located in the protein periplasmic-
Binding-Protein-Type 1, tyosinase C-terminal and lipoxygenase domains. RT-qPCR assay revealed that: There
was no evident difference in ertB expression in different colored areas of the skin of albino half-smooth tongue
sole on the eyed side, however, the expression of ertB in the skin on the eyeless side was prominently higher
than that in the skin on the eyed side,and the expression level of tyr in both pigmented and non-pigmented
parts of the eyed side were remarkably higher than those of the eyeless side; The expression level of alox5 on
the eyeless side was markedly higher than that on the eyed side; The alox5 expression in the albino area on
the eyed side was prominently higher than that in the pigmented area on the eyed side. The mutation sites
related to pseudoalbino of C. semilaevis cultured population provides a molecular basis for body color breeding
of C. semilaevis in the future.

Key words: Cynoglossus semilaevis; malpigmentation; pseudoalbino; mutation site
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