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J& JIB RGN K e ka

W E2 % 1 (endothelin 1, Ednl)J2 3 F & 114 4
B IKZ —, R AT LA B 3R T AR ET A,
W85 #% Furin 25 118G F1 A B K 7% AL (endothelin
converting enzymes, ECE)&1ffi il il A B AR, X 4L
G5 P G 2 H I AZ 1K Ednra Fl Ednrb 4
T o2 L S B BT H R /N BU(Mus
musculus) M B D (Danio rerio), #H &K &
KoL S L, B/, 55
WK K ZR 1 2 mE & B LGS 80 S Y
HEICE T A5 Ednl 324K Ednra (% )
RGP EM Ednl RIEYIRER S EUNROIE AT
B R LA A 1 B ot R A N g R
Ednra 11924 327 26 0% [A) R % 5 BRI A5 IE
B FEBE St S g Ednl Sz SO pRRAC SR
HAH TR (Edn1-MOs)iZ A0/ Ednl, % B A0 i 4%
B Z ALY Ednl-Ednra (55145 S0 T4
BRBERZXRELZ, MAXHNER 1 EREZE
X At £ 25 0B T B R i O v G PR
AWFFELE A ILAT I AL P 455, A 1 IF 50k
W R 1 B AT IR 2 8P (single nucleotide
polymorphism, SNP)fvi i, FFH4 iR SNP i/ i
55718580 E A B TR AT SR 3 A, LA ) R )
5% 801 B R R AN — 1 43 AL L SR A i ] 5% 3
H e ftmitiric.

1 #R5EFEZ%

1.1 SRIERMAEIRE

FHT A S50 1Y 1855 CE vp [ K B2 5 Be
WA AR ThO s h RS g S (R L,
W), BEMLEEE 200 J2 [RHE 2508 | (W] 30 1R 55 04 4t B
TCHSTE 1 J18%5 T Ednl F:H SNP 1) %8 5 i 158 LA
Rl B R T . MR . R kK
AR R RA ST R BE (PR AR T 8 B oK D),
JEELR A 88, 7 BV A, A A S =
JF-80 CL-AF o
1.2 EFEZ DNA ZE

i ] universal genomic DNA kit (5 M4,
TLI8, ZINFEIMOIETESE DNA, DNA i fijk
JE 4 AL 1.0%35 B WEBE e L VK £ AR 43t

JETHIAE
1.3 SNP ik

R A5 S T %) 56 R 200 i 0 ) 45 2R DL % T 8 A ]
2H %0 ¥ 2 (GenBank assembly accession: GCA
007927625.1)345% J115F N K 3% 1 ZE R 3, 0l H]
Primer Premier 5.0 %11 3 X[ 51#1(F& 1), M 200 4~
J145% DNA FEA EEHLEELE 30 1> DNA FEAE
PCR ¥4 3 XI5 #1474 . PCR W AKZR(25.0 pL):
DNA #if 1.0 puL; B FHFS147(10.0 pmol/L)4%
1.0 pL; 2xTaq Plus Master Mix (Vazyme, Fgit, H
[#) 12.5 uL; ddH,0 9.5 uL. PCR 4 ###¢)¥: 94 C
TAEME 5 min; 94 CAEME 30 s, 60 ‘CiBK 30 s,
72 “CHEAf 1 min, AT 40 DMEER; HJF 72 CHE
fift 10 min, 4 ‘CLRAF. 7 HI 5 )7 5 i < MER A=
PR R A E (IR, T ED#ET Sanger )T,
M J5 P48 3 ClustalX 2.1 (http://www.clustal.
org/clustal2/ )3 {47 P 41 L%, e SNP £ 5 .

x1 AHRBPEERESY

Tab.1 Primers used in present study

aik J¥%91(5'-3") sequence (5'-3") P op Ek?ﬂ?lg

name products length Tm/C
IF  CGAAGGCGATGGCGGTGTCA 780 59.77
IR TTTTGGCGGTGGTGCTGCCT 50.76
2F TGTGCAGCGCTGGCATGGAG 719 60.32
2R AGGGACCGCAGAAGCCGTCA 60.18
3F TCGGAATCCTCACCCTGGCGT 727 59.64
3R AGGCCACGTGCAACCTATGCC 59.71

1.4 SNP &

2Bk 1 AR A G )8 R g DNA FEAJS,
X} 199 A~ JIf R EE DNA FEATIF, AEAEER T
DNA ¥ JE A 400 ng/pL. 8 B 200 5 X 51
4745 M1, 58 H SnapGene Viewer 6.0.2 #K {4
(www.snapgene.com)ﬁﬁ?ﬂwJ?%%m%rg], HHEC
B S R BER B B E SNP i A,
1.5 #HESIT

i/ Excel 2019 31554 SNP {0 s i) B PR A5
FORHBIGCR | AiG R, RAE. ZE8HEEY
. OAMCENIEF AL, 2 SPSS 22.0 FiFRY
— P 2R MR TR AT /N T T 2 ) i IR R A [
FE DA 5 00 AR AR RS H, — B A AL R
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Yimut+Gitey, Fort Yy FRHEAMARES ¢ SERE A
57 R AE KR E A, 1 RFEARE; G
JEIERAY i (0 E; e MIR 22RO o 45 R
PHEFRUEIR (X £SE)#E IR, P<0.05 A A &,

DNA FEA H 435§ 1545 51 730 bp. 660 bp F1 680
bp E4A W B, ifid ClustalX 2.1 BAF 34T ¥ 51
Fext, Lk 5 4> SNP i, MER LT
ATG R4y 9k TI134C. A418C. A1322G .

C1697T. A1636C (I 1), Hr, 4418C Rl C1697T

2 ZERESW
NHNRTRAS, A418C HIAl L5, C1697T K%k
2.1 71%F Ednl EEFF 5P 150 SNP {5 7 1% XA, TI34C. A1322G F1 A1636C NN & TR
LR AR R A S, 3 XA 30 S AR 2),

TTTTTTTTA GTTTIC|TTTTA GTTTCITTTTA ATATAATTT ATATICIATTT

T ‘Am | M WOV i

T134CEHFEITT TI134CHHFRITC TI34CHHAICC A418CEEFRIAA A418CEFBIAC

ATATOATTT GG A G GAAICACGT GGA(\CACGT ATGA@CGTA

MISCERBCC  AIB2GHEMAA AIS22GHFEAG  AIS22GHAEGG  Cl697THEREICC

ATG AlTlceTA CAGCIA[GCAA CAGCI|CI[GCAA CAGCICIGC AA

M

A636|ﬂAA

CI1697THENEICT
&1
Fig. 1
ATAl gy ATC]
A418C synonymous mutation ==
I e — I
ACE ey AIC
ad s %&Xﬂ%@ e
C1607T missense mutation
T ————» I

K2 T Ednl FEDH 2 A0 LT SNP 2R fb
I S5Eadg, T: &R
Fig. 2 Amino acid changes of 2 exon SNPs of Edn/

gene in Coilia nasus
I: isoleucine, T: threonine.

2.2 J1%% Ednl E & SNPs 7T 85 B AR S 5
i H 7 A Snap Gene #K{FALFRS, 15
Sy JI% Ednl JEINAY 5 4> SNP A 25 B 15 S50

=

W

AIG36CEEEAC  AI636CRIARICC

T8 Ednl B 5 A~ SNP i 55 ZE K 71
The five SNP locus genotypes of Ednl gene in Coilia nasus

mE 2 FiR. PIC>0.5 B, i NEEEE;
0.25<PIC<0.5 Hf, A s b £ 4, PIC<0.25
i, 0 R E 2 B0 JI8% Ednl 2N 5 A4
SNP i i Hh, B C1607T WARIE L7541, HA A,

JI8% Ednl $:[R 5 4~ SNP o f5 () RE R RS | 3k
DR YB3 R RN L PR AN 36 3 iR . 7E 199 A~ J) 5%
DNA FEAH, T134C (74 AR TC S F i,
AFFE CC Rz, AL TT Fefik; %507
FEH C R AR 3 T AR T, 4418C
(2% A LR AC Wi, ifNIEHT AA IRZ,
S FIFER R CC Feflk; SO SER A AR DRB R
EETEMEE C, G13224 MZG KK AG 4
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Fihehm, SiMIERA AARZ, ai FEN A GG fit
1%, SE 7L A B3 PRI 6 e 3 e T4 28 I G
AI636C ZRE Y AC J R B iy, AE AL R Y
AARZ, A AL CC Heflf; 503 A Y3k
DA b 2 v T 3R N Co [HRTERMIE, 1
199 > J1 55 DNA FEASH, C1607T {37 J5AXATAE Wi Ff
FEFE CC M CT, IR LA IEFE TT,
CI607T W4l &3 CC MR ik, 244k H R
CTHeflk; AR C 3 R . 3 v T
T,

®2 718 Ednl EF 54 SNP I SHIEESH
Tab. 2 The polymorphic parameters of five SNP
sites of Ednl gene in Coilia nasus

SNP i AR JepE EERE AHEN
SNP locus H, H. it PIC HEFEL N,
T134C 46.3 53.7 0.48555 2.16
A418C 53.3 46.7 0.49255 1.87
G13224 482 51.8 0.48555 2.07
CI1607T 80.9 19.1 0.17195 1.24
A1636C 49.2 50.8 0.49020 2.03

x3 J1%f Edn] BEERT S EFBSRRMNE M FINE
Tab.3 Genotype and allele frequency of SNP sites
of Ednl gene in Coilia nasus

SN fi i TEASEEL SEDIIUR % (REARD) AF O AR DR %
SNP locus total genotype frequency frequency of
number (sample number) alleles
Ti134C 199 TT 14.6 (29) T 41.5
199 TC 53.7 (107) C 58.5
199 cC 31.6 (63)
A418C 199 AA 32.7 (65) A 56.1
199 AC 46.7 (93) C 43.9
199 CcC 20.6 (41)
G13224 199 AA 32.6 (65) A 58.5
199 AG 51.8 (103) G 41.5
199 GG 15.6 (31)
C1607T 199 CC 80.9 (161) C 90.5
199 CT 19.1 (38) T 9.5
199 TT 0(0)
A1636C 199 AA 31.6 (63) A 56.9
199 AC 50.8 (101) C 43.1
199 cC 17.6 (35)

2.3 718t Ednl E[E SNP L SHEF AN FE &S
it R 5T B4 LDheatmap X J16F Ednl

S5 A SNP A s R4 T 3 BN oA (B 3)
BB i EERANE 2 RN =0 BF, AT 52
DEBCPERA, =1 B, b T 58 4 BN P 1
W AL T | FREYF M R B0,
M ET A, G13224 5 A1636C WM S0~ i
(7>0.8), TI34C 5 G13224 F T134C 5 41636C 1t
1 (FP<0.8)IKZ .

TI34C  A418C GI3224 Cl1607T A1636C

72

¢

0 02 04 06 08 1.0

K3 JI8% Ednl JEIH 5 4> SNP (L5 JE SR 707
Fig. 3 Analysis of linkage disequilibrium of five SNP
sites in Ednl gene of Coilia nasus

2.4 718 Ednl EE SNP i 5588 Ik < B
3

KB R WK, T134C 55 F1 A418C {if
AN [R) 56 PR R G 1o 1 b 600 R B 2 TR A
225 (P<0.05)(F 4)o HABAL YA [F] KL K A%
b BE Z (8] TG 2 25 7 (P>0.05) (3R 4). Uik
Ah, 2L A AN ) 5 PR UG 1 A b R B Sk
K2 [8) 6 ik 3 25 5 (P>0.05) (5% 4).

A= Y HR B PR RN 32 B — 5 ARSI, T
ZA B A FE R L [ R AR A A5 R, AL B R
— AL BTN REHER HOAG B AH G E . BHL, ZEIE
P& T134C fi s A418C 7 s BSR4
17 J168% Ednl 3£ T134C 13 55 F A418C 7 55 XUAF
A B BRI OGRS A . CHR A 4 R
SR, AE T134C {5 5 F0 A418C 7 541 5 43
FEAY(FBREE 4 AT 5% AU A TE A E
KPR FAFTE 35 25 57 (P<0.05)(3R 5) . Hoh, D3
(Z&f TC M4l AA)S D1 (44 TT iz A AC)
ZIi, D3 5 D2 (44 TT M4is CC)ZIAIAETE i
2 5(P<0.05)(5% 5).
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F4 TJI Ednl EE 54 SNP =5 L HE
KEMARE KBRS 17
Tab. 4 Association of five SNP loci of Ednl gene with
maxilla length of Coilia nasus

S5 AL 12 3]
SNP i B e FEAHC LA /mm ISR

maxilla

Ti134C 199 TT 29 20.10+1.38° 1.04+0.21
199 TC 107 22.75+1.21° 1.03£0.10
199 CC 63 22.88+1.12° 0.98+0.11

A418C 199 AA 65 21.4241.15° 1.04+0.09
199 AC 93 22.07+0.78% 1.03+0.06
199 CC 41 23.40+1.28° 0.98+0.12

G13224 199 AA 65 21.16+1.44 0.99+0.13
199 AG 103 21.27+1.26 1.04+0.14
199 GG 31 21.13+1.21 1.04+0.09

Cl1607T 199 CC 161 21.14+1.78 1.03+0.08
199 CT 38 21.52+1.32 1.04+0.16
199 TT 0

A1636C 199 AA 63 21.33+1.41 0.99+0.07
199 AC 101 21.24+0.87 1.04+0.08
199 CC 35 21.05+1.07 1.03£1.18

TE: R — L S A ) AU SR SR DA B 22 1] 22 5 Wik 35 (P<0.05).
Note: The different letters on the same locus represent significant
difference among different genotypes (£<0.05).

RS T8 Ednl EBE T134C L0 A418C i =
WEES FAEKEERA KBRS
Tab. S Association of Ednl gene diplotypes of T134C
and A418C loci with maxilla length of Coilia nasus

g H
wfEm T134C Adisc AR oo

0 A /mm
diplotype FENAY LR sample radio

maxilla length

number
DI TT AC 34 17.1 21.18+1.08°
D2 TT cc 25 12.5 21.45+1.32°
D3 TC AA 24 12.1 23.24+0.97°
D4 TC AC 61 30.0 22.47+0.89%
D5 cC AA 33 16.6 21.60+0.93%

W AR TRI A REAR U A ] 22 53 8.3 (P<0.05).
Note: The different letters represent significant difference among
different diplotypes (P<0.05).
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SRS BT I i B A AR A S,
i1t Excel 23 i JF 1 B Sk K M B K Sk K iy
HOS E (8 4), FFiiad SPSS 22.0 B HHEIF O
JE /3 KA B K/ Sk K B R A G R
r=0.41 (P<0.05), J& 4R IEAE G,

RS TIBEN B 1 SR SNP 2235 KO 5 AU PR AR C I 263
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Fig. 4 Scatter diagram of mouth-opening height/head length
and maxilla length/head length of Coilia nasus
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Ednl /& 3 MU AN 2 R K2 —, il ik o el
G 5 B2 14 Ednra 1 Ednrb W75 8505 19 & &7,
FE/NRURIBE St Bdnl 2608 & B BT b iy,
JIEE I b AR R T — BRI AR Y, AR AT
T U A R A O A R, O R IR R T T 5%
Ednl JEHM) SNPs {7 5, IS b bk
RIEAT I AT, B IR K IIBY Ednl FEH 5748
5 KR Z A S R .

FI B 3 B KR 1T (SNPs AL TR 25 E 4Tl
Bk B Al K KR m e ReR!Y fEAM s, il
it ClustalX 2.1 AT S LLXF, 7E 71655 Ednl
FER AR IEL 5 A SNP A, MRS T
ATG FFUE Wk TI34C. A418C. GI3224 .
C1607T. A1636C., Hrh, A4418C F1 C1607T HJ 5k
W FRAE, Hp 4418C MR XA, C1607T J5t
XA, T134C. G13224 F1 A1636C NN & 15
A%, i# L Snap Gene FKAFXT 5 AN w4 5 A 7R i
TTWMEER IR, C1607T i SAAFTEMFPEE A CC
Ml CT, HARLEMAFILFAR TT, XlaES54E
FOOCHNA Ko Lo P EOHE ) IR )7 5
KA, R R TR BT A, (gt 2R A
N AE YA T RE, A EMAIET . S IIRERST
FEGN T 3 YR AR S n. 100005430
T>G, HAFHEE A 4l A RU(TT) MR AR 2= A RI(TG)
TR 35 DR AR 9% AN A7 A 58 A 4 B R
)5 H A R R BUAR [, e FAMI224 sk
AR YT AN B G 2, IR A A AR
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A AHIEIRG Y, Ui (linkage disequilibrium,
LD )& BF AR A [ o7 5 55407 35 8] 179 Bl AL G 156 1
G, SR S U
SR DA A M FAEA BB /N o WP
KN, DIERSERR & SURZ Bl R Wi,
AHIEFE R 7 (B DPAG 1 BN P A AR . 7=0 i,
TR SR APIRE; =1 B, T oE a8l
RIPHRIRZS o 7~ BT T 1 2R BUR T R 5L
Bk, ARBFIER, JI6% Ednl RN G13224 5
A1636C PAABE S 7~ s (17>0.8), FUX A
A7 s U R B A, A TR BN IR,
T I3 ANV 0 ] REAE 76 Bl st A% .

Wt R, BE K TI34C i 55
A418C o7 5 B AN [] 5 R 7R X6 g 1) v 4 B 22 [
FETE 8.3 25 5 (P<0.05), SNPs 7E4 A= ) LK 20
H I AETE, G DX 3 PR 28 A8 AT R 4 i R 4G
Ak, JEW R E HDIRE . )8 Ednl R
T134C i FNE Fo BRUWEINN, SEEN
FTFEMRERIK, gl ETXHITH ., |
AR EGEEE H, & T 28748 7T 330 mRNA (157
D (splicing) 5 &, i 1 51 2 & (A 7= 9 19 T g 5
WU T34 RS AT N T, B TR LR,
[RE, & GE WS IA [R] 2878 A ol AR 24 LR 7 41,
R RMRA, (AT R, [ LA R
Je R AP H R, a2 MG Ednl J£H SNP
MIBFSE . A S KA Ednl FEHY) 5 4~ SNP
A5 G AR M DU PR Y i & &g
KB Ednl FEIH rs5370 7 5 b TT F R 55 14 A4
R AR R 595 22 (proliferative diabetic retinopathy,
PDR)Z MR IEA . DA B 45 R, Ednl
FEPH SNP 1128745 BEAE 52 i 2 ) B e btk . AHIFSY
IR ZILIIET Ednl 3K T134C 3 55,501 4418C 1
SR ZRAS RS T I AR KR, I T X
PN S 2848 S 80) 6 Ednl 88 1 245 55
KA, MM T Ednl & S RERE RS, (HA
HLHA R TT . P PEIR IR R Rz sp—1{
SURZR, TSR 22V B 2 ik PR A [ s 1) &
B, AT R — A B AN BBV 0 M 75 3 S R 5
AR B AR SEE RO T134C 3745 A418C 7 541
B 5 ARG RLCE T 45 R B, D3 (B TC

Maif AA)S DI (4 TT MG AC)H], D3 5
D2 (44 TT M4 CO)RAFTE B3 25 5 (P<0.05),
X 2% B OBUA 2R 6T P PR A 52 1) Ll BELA 7R 7 52 e B
Ko B AR 25 PRI B 11 (Crenopharyngodon idellus)
PR il A PR SNP A7 s B 2 8 ) LA 2 5
A KPR BEAT CHR A3 T B 45 R o, A [R) 3RS
RITEFEAT AR ARSI A BT, O SRS AT
[i] 35 PRI 56 A AR R MR s2 ) B K AEABL RS 45
IR )R B A A W 25 POV 41 66 AR Ol (Tukifugu
rubripes)B-FABP FEH SNPs 54 KMk 1 SC 1 53
Brvsiirh . ik, BEMENARIRGN 2 5
AR KR A S AL AT DI T 23
FrRichi Bk & 1AL .

MWEM T RE, K] 658 P& M a2k,
AR 32 LA IR AL 5 B A R SIS R HG Al 1 S R
G £ RN B £ 2 R R0 I ALY S P AR
PEHEN B . B AR A IR, e nT W,
KA IS Y AR TRy . Hitk, E5E
D b A0 BE AT RE S 0T i BEAROG . i Sk e i
L, ARBFFEI T IEE T D m B SRR EER
LAY B R OE R B, A5 BT D kK
A B A0 R/ Sk KBy B R A AH OC R B =041
(P<0.05), J& T HAEIER5(0.4<r<0.6), KA E
PESZIEAEDT P A A E AR .
Hh, MR E S E ML E S H AT,
THEMESEPY, ESER KRS IS O
FERBR, MR MA RO, FaE R
R J BT T 11 8 BE /S, PR I £ R G B AR
BN B, BB WD T8 b e E K e S A
BXRI/NEEAL,

4 £k

AHIFSEIE o I R S ) 8Y Ednl K
5~ SNP i i, Hif C1607T 137 5 AATAE P Fif
FERHY CC M CT, FFAAE4E & EIERN; G13224 5
A1636C PR SAL T 3 U PR o SR 74T
LRI, TI34C 5 A418C v p5. & JI85% 45
BRI S, SRS D3 SRR, T)
5 11 v SR R B i S R R TP AR IE ARG
ARG AT Sy TG 1k T R A bR id
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SNP polymorphisms in Ednl gene and their associated maxilla length
traits in Coilia nasus
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Abstract: As the most intuitive phenotype, the length of the maxilla of Coilia nasus has always been considered as
the main feature that distinguishes different ecological groups of C. nasus. Endothelin 1 (Ednl) plays an essential
role in jaw development. Based on the previous genome re-sequencing results and the C. nasus genome database,
the Ednl gene sequence was isolated using PCR amplification to investigate the effect of Ednl gene on the maxilla
length in C. nasus. The direct sequencing method was used to screen and analyze single nucleotide polymorphism
(SNP) loci, analyze the genotype of each locus, and calculate the basic genetic parameters, genotype frequency,
and gene frequency of each locus. Subsequently, association, linkage disequilibrium, and diplotype analyses were
performed between these screened SNP loci and C. nasus maxillary length traits. The results showed that a total of
five SNP loci were excavated in the Ednl gene of C. nasus, including T134C, A418C, G13224, C1607T, and
A1636C. The two loci G13224 and A1636C are in linkage disequilibrium. Association analysis results showed that
there was a significant correlation between 7/34C and A418C loci and maxilla length traits. Diplotype analysis
showed that T/34C and A418C loci formed diplotype D3 (heterozygous TC and Homozygous AA), which had
significantly longer maxilla lengths than D1 (homozygous TT and heterozygous AC) and D2 (homozygous TT and
homozygous CC). In addition, the Pearson correlation coefficient »=0.41 for the mouth-opening height/head length
and maxilla length/head length of C. nasus. These findings indicate that the 7/34C and 4418C loci were the
dominant loci for the maxilla length of C. nasus, and the diploid D3 was the dominant genotype. This study can
provide a scientific foundation for the candidate markers for molecular marker-assisted selection of the C. nasus
with long maxilla.
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