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Exm OB 412 B ' s 40

(1. VHRRZFK™= 240t FIK 4024605 2. PUJIAAAKDFZERT DUl LS 611731)

BE 1 FF & K ¥4k (Leiocassis longirostris) 4 K PR A % B 0 FARIE, M HE > FH B E AR R
AR, M1S BRKYsEA RN E, BH 5T NEGHR L AUATILESNP) L 5HhE, 2K,
KAk EHHATRBE N, EFER, HI10 /N SNPs L8 5 AKEREEMK, H4 3 ) SNPs fiL
/5 (Cluster-65_137265, Cluster-65_111833 #1 Cluster-65_137642)xf Fill Bty 4 MK MR H B Z
% " (P<0.05); 3 ) SNPs fiL f (Cluster-65_120392, Cluster-65_5592 0 #2 Cluster-65_105077)#t A & |
4K Fuik K B B % % (P<0.05); Cluster-65 110382 it 4K . A& #1 3k & H B 2 % " (P<0.05);
Cluster-65_19497 #u Cluster-24304_1 {4 & fifk K # & 3 % 7 (P<0.05); Cluster-65_130153 *f &k
Fn 3k A B2 % (P<0.05), Mk4l, Cluster-65 137265, Cluster-65 111833, Cluster-65 110382 #n
Cluster-65_137642 45| 5 [ & F % # & & 2 # I A X1 (anion exchange protein 2-like isoform X1)## 2
R A % 1 FH F 4 F (netrin-4-like) . B 2 B & & 3% B Tec T A X2 (tyrosine-protein kinase Tec isoform X2)
Fn @, B Bt ek B & B BE 1 (carbamoyl-phosphate synthase [ammonia], mitochondrial, CPS1)#8 )L #& & ,
FRAXANERATUS S5 HE T KON E K, Xt 5 £ KM X H 10 4> SNPs L £ 34T £ A M4,
PR e A FE Fn B R A 2B 0.537 A1 0467, FHEARBEAEN 0357, KHR K
e R R R A E R AR T AR, HFERAAT AT EK A KX NEE,
KA K#t; SNP; A KPR, KEXAT

FESES S9174  XEFREFE A XEHEES  2095-9869(2022)04-0127-09

K-Wytfi(Leiocassis longirostris){A Frfilfn , J&#aIE REZEA “AEILH, RAMR” Zi, B
H (Siloriformes). #:F}(Bagridae). #fi)&(Leiocassis), BEREE T IER, T " REERINIEE
P i — e, W44 K iR rarg 2, 2018). (Liang et al, 2016; RIEIT, 1975), KWty HhE 2
KW tfirR o An i, 11ERIN, ELALRIG A, JE 5 SE o, K AR, Je—FRkRMmA, 205 TR E
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KATT . SETTHA RIS KSR A T 7K 3 (Shen et al,
2014; Zhu et al, 2005). {H i T A TS . KF] TR
WAERZIN, WF A K WY BEEIR SR 8, M2 1K
Wy i 25 0 TR AR A7 (Yang et al, 2012; Xiao et al,
2012; Shen et al, 2011). K, HIRUEK WfEFR5E ™
AT RREE R, TF R Wil R AP L B ZIA A 2%

WIFE R, AR ARG E M, JrFhric il Bh &
LU E B A GE T 11% (Gomez-Raya et al, 1999),
BT IR Z M (SNPs) 256 3 U Fhmicke AR, B
s R E R . AR T AL, B
Bz TR A st AL RS A AR
L5 % M Ay - hn il B B Rl A SR P (Vignal
et al, 2002), SCHKIHTRERF 4> FARic s 14748 5 54
KAMRIRER K, &5 FAric il B & iy 207
H(EESE, 2016), HAj, iz MBS 4K
PRAH OCHE Y SNPs bric & 7ERAVEY (2R IR 4R, 2010)
MR & A&, 20020 R, WAEK™ s dh
BB T ZNH, 205 FEERE#TT SNP fridS
rh 1E & (Pelodiscus sinensis)( 2= 4fi, 2017) . #t fifl
(Cyprinus carpio var. Jian)(Fj SC#4%, 2011) e B F 4k
i (Oreochromis niloticus) (& BESE, 2015), H A
(Ctenopharyngodon idella) (54f, 2016). K11 &5
(Micropterus salmoides) (2= k7 %, 2018) . il =
(Apostichopus japonicus) (X% 5855, 2019)%57K 7= 5h ¥
Az AR A DI 43 HT o

AW 5T BE DL Bk 12 [] 4L B 58 A0 1< W A Dy W 58 %)
G, WA S 3 ) A W fofe T U 2 S 2 5030 P v i
PLPEIE 57 4~ SNP, I3 Hr i 88 SNPs i/ 1 5 K W) A
KHRARE . 2K RKAESkE) Ao, DK
Wt o3 5 B R RS AL B R 4R LR R

1 M5
1.1 SCIgHed

A ZE FT TR REECE DU )1 28 AR e K = BT 5
(PN YT p iF E2 f JE OR dr st , BERLIEHR 115 2
Rl T 250 AR SR A5 0F— B0 14 AR K Wi,
ZUETY 100 mg/L (T A B R I, 0 AR
B ek RSk, IFRTBGR T G AT T 0K
LB

1.2 SNPiriEH %

AW HE SNP 3k 3 A S5 2 K W fife i ik
SRR IT A B SNPCREFR), BlMLEkLE 57 ™5
FIMCH . BT . WOWARS . e, sokik

AR A K S PETS A AL 2R G0 A S T R 1
SNP T 434,

1.3 FEHE

131 A HE4 DNA #HR  §7H 20 mg A4 g
%, R B4 T Ezup HXSHHIEIKN4] DNA HhHL
A G IRBGER A DNA, ¥BES BT, R
WRE R 1% B BEEE I Uk Kzl DNA Fiss, 7
4°CIRAT

1.3.2 SNPs % & | MG SNP A7 s 75145 2.

ffi Sequenom A FI G ¥ iTHK {4 Assay design
3.1, &I PCR J i MG LY 5 & . PCR X
MARZR A S uL: 1.75 pL #B4lisK, 0.625 uL 10xPCR
buffer (% 15 mmol/L i MgCl,), 0.1 pL dNTP Mix,

0.325 uL MgCl,, 1 pL Primer Mix, 0.2 pL HotStar Taq,
1 uL DNA, PCR W2 : 94°CTiZE M 2 min; 94°C
g 20 s, 1B KIEEE 56°C 30 s, 72°CHEMH 60 s, HE:
45 MEH; 72°CLAEA 3 min, 4°CLRAE. R TIHER
PCR ¥ 1472 rh Z 431 NTP FI5|H, #1417 SAP
fb, AR N 2 uL: 1.53 pL #@Balik, 0.17 pL Y
10xSAP buffer, 0.3 uL #JEH 1.7 U/uL ) SAP. SAP
RV ARIF . 37°CI44k 40 min, #%J5 85°C Ki% 5 min,

PRAET 4°C o R FEA 2 % SNP iR 47 £ 5 B fig ik 4iE
fifr, RBIAZRN 2 pl: 0.76 uL #4iK, 0.2 uL 10x
iPLEX buffer plus, 0.2 pL iPLEX terminator, 0.8 puL
Primer Mix, 0.04 pL iPLEX i, ZEfi 52 B FEF: 94°C
WA 30 s; 94°CAEYE 555 R KHRSE 52°C 5, 80°C
FEMR S s, 1 IRASVEEER 5 UKGR KCAIZE G 34 1 7
X, 45 MFER; 72°CLKEEMF 3 min, T 4°CHEAF .

B JE R RO (3R 9 nL) R RE 3 4%, PR IER, K
HE RIS S ERE S L, BARZS M, MassARRAY
FiE G T BTk, SRk H MassARRAY typerd Xf
SNP #4753 UK

1.4 #EAIE

1.4.1 AR %1 POPGENE 3.2 315
MG ARG MFE/R Hardy-Weinberg -
(HWE)wZ 1 P . Z8M(F B & & (PIC)H Botstein
FQo1HFE R AT,

1.4.2 SNPs 5Pk oy & BE 5 A7 K SPSS 20.0
R WA . 2K KL m T IE A R
SRR . SR J5 HEAT AR R MR 0 F2 B AT
Yie BiFoiwk R 8S%IEM EM 4y KA T KK /4
SNP i s 5 A K AR A XM, IfH Duncan W5 #E17
ZE BT, 75 0.05 ZKE TR i 1
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iz Jf] SPSS 20.0 X} 115 B K Wtfilk&E . &K . 1k
KAk B AT IES 0 A K56 o AR 5% BT FH S8 107 345
REHN 154.107 g, FHEK . KRSk E S50
26.431. 21.316 1 3.668 cm. 1F 2550 4 K6 56 25 5 i 7
BYEIREY PR T 0.05, £F8 IESS M, HEAE
SEBE AR AR SR 1D
22 HBHEREXEMERSHH

Xt 115 R Vi) A K AR T R e AL PR, 25
Wk 2 s o ¥ IR RE K AN BRI (R W 2 = B4y

9 R TT BTRRRRT 85%HY 2R, RMIBEEE R 1 4> W
IR TN R B A . RWIBRAE RIS —

WA BRI S 3.665, ZiTTiEkE N 91.617%.
PEIR R 55— T2 B 43 A0 B 003 4 P T 55— 0 TR
NI HEHE AT (3R 3).

SR WA E | | ISk Sk AT A R G
Ko SR ER, REMEKNHEREERS, B3
0.964; RK KB REURAL, 7 0.827, #4
R 22 T) ELA A 3 A AH DG (P<0.01)(F8 3).

2.3 SNPsfigm 54K SR HEXE

iz Jfl SPSS 20.0 X 57 4~ SNPs i j5, 5K #H 24K |
RN L S AT B E R, TR R UNS
ARMIRFOCH SNP s 51 Y5 BNE 4 i, 7F
REHLBEEERD 57 4~ SNPs Hr, Hof ok {3 & FERACH
KE . WA RS ., kb &R g1 538
TR R G FE B 10 4> SNPs 7 5 % A Kotk

£1 KUKEE, 2K, FKALBNESHHRE

Tab.l Normal distribution of body weight, total length, body length, and head height of L. longirostris
GRS VP R i 22 i JEE W e/ME IZPNIEN PH
Traits Mean+SD Skewness Kurtosis Minimum value Maximum value P value
1A T Body weight /g 154.107+47.111 0.267 —0.501 54.900 285.300 0.169
41 Total length /cm 26.431+2.579 -0.299 —0.369 19.800 31.300 0.200
&K Body length /em  21.316+2.234 -0.392 -0.236 15.700 25.400 0.200
3k % Head height /cm 3.668+0.440 0.003 —0.482 2.600 4.700 0.200
®2 KMSBERKEKRNOERS D
Tab.2 Principle component analysis on growth traits of L. longirostris
N GEER (N FEWCEJ7 MR A
i Initial component Sum of squares of extracted component
| I 4
Component  £jl  JET 4 BRAEEIL sy yeEswr RETEEA
. . Accumulative . . Accumulative
Total Variance ratio /% . . Total Variance ratio /% . .
variance ratio /% variance ratio /%
1 3.665 91.617 91.617 3.665 91.617 91.617
2 0.221 5.529 97.146
3 0.079 1.974 99.120
4 0.035 0.880 100.000
x3 KMHEE. £, FKALTAIHE MR R K e B0 5 B
Tab.3 Correlation test on body weight, total length, body length, and head height and component matrix
on growth traits of L. longirostris
PEAR (LNEE EXIS LSS K A R
Traits Body weight Total length Body length Head height Component matrix
AT Body weight 1.000 0.936" 0.926™ 0.839” 0.968
4 Total length 1.000 0.964" 0.8317 0.976
K Body length 1.000 0.827" 0.972
3k ¥ Head height 1.000 0.911

W e FORPIR MR 22 6] 22 50 8 2 (P<0.01),

Note: ** indicates significant correlation between two traits at 0.01 level.
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FEHET RN (P<0.05)

AL R G A LM A SNP iy 45 Cluster-
65_137265. Kk B AH LI K Y SNP {i fi Cluster-
65_111833 Fi1 2 K& 2 1K f #H 5¢ 3 K ) SNP £/ A%
Cluster-65_137642 % il i () 4 A K AR A B3
I (P<0.05), WX RS M EIE K SNP £ 4
Cluster-65_120392 . & & #H & 3 A ) SNP 1 /&
Cluster-65_105077 14 ffd A= & 5 %8 T A0 ¢ FE P 1Y
SNP i /5 Cluster-65 5592 0 %A , 4K AA KA
35 M (P<0.05) . & A A I SNP i £
Cluster-65_110382 X4z | &K sk &4 W 35 5%
(P<0.05) » & FE e 1 g A & JE I g SNP fi %
Cluster-65_19497 FIH L RGEAHKIEH Y SNP {37 5
Cluster-24304_1 X} 2K FARK A i 2 52 00 (P<0.05)
ik K 4k & W A A ¢ B R SNP fi g
Cluster-65_130153 XA Fl13k =4 B & 520 (P<0.05)

TE3X 10 > SNPs 3 15, 71,5 I~ SNPs 1/ 5 (Cluster -
65 137265, Cluster-65 5592 0. Cluster-65 130153,
Cluster-65_137642 il Cluster-65_19497) 1) 4fi 43 58 75 &
RIRIAMRLERTE | 21K RISk & I E I R T2
A RARSEH RV R kKA RBEAR, 1A, 7E 2 4
SNPs {i7 & (Cluster-65_110382 F Cluster-24304_1)H?,
KRR HANRIERE | &K KAk SR SE

T4 R T Zpe - 2 7 e DR TR R 4l 28 738 5k DR BRY fl) AN
24 SNPsfim XM HTREIRER

109~ SNPs 37 5 (1) 22 25 P RG24 S5 K iy e i TR )y
HIVERAS B L2 5, 10 4> SNPs o 5 A9 WL 2% 4 BE 3
[l 0.350~0.781, HIEEZ%A EEJEFh 0.411~0.502,
S4B 4 51h 0.537 F10.467, 7 10 > SNPs i 5,
Cluster-65_ 120392, Cluster-24304 1. Cluster-65 110382
F1 Cluster-65_19497 iX 4 A3 o HH B I 25 I 25 5 4
— IR AA M P17 B P4 (P<0.01) , Cluster-65_130153 3
it 2 M 25 A R IRA RS S A A BES (P<0.05) . IEA1, 10
A~ SNPs i s ¥ HA B 28 PE(0.25 <PIC<0.5), F
10 -5 A KRR B 3 SCBEAY SNPs 37 55 T Ab 3L [H 9
Y #E NCBI £F 508 PE i AT BLASTn 4347, 40
unigene TR B I 5.

3 itk
3.1 KWMESNP FRiIEFE

SNPs JZE:NA P iR EM L RE, HER
TR A A P 91 2 25 b AT B s R AL RRUE
WEFER W], MR A2 22 519 SNPs a5 X% 731

FriciiBhE Fh B % 5% L (Feng et al, 2008), Xl
15 SNPs 5 A= K MR 19 B AHT) 12 R H T4 F A
ICHEB AR, A (2012) 50 Hr 5 R AL RE T A
K BRI A 50 F BeH ) 2 4 SNPs (2850, &
B A36C i i S HAT B E A BRI 1445(2010)
43 M & 2 4 i (Oreochromis niloticus) H # fil 4F K
AR DI S ZAE KK 2 i) SNPs IS
P, ZPANE T 3161 nt 78 fo b 55 8 5 E A
W H B (2018) 3k T4 S 41 P A5 2/ SNPs 13 45,
BEBLPEIE T 26 1~ SNPs i 45, Z5 %] 4 4~ SNPs {i/
JENT 5% 1 240 £ (Schizothorax prenanti) i 4= KR A
W E I, SNP fric #E#H R 15.38%, Hrfr,
ug25050-0-1678 Fl ug22712-0-2452 % & A i E 5
Wi, ASAFF 5T AR SZ I %8 FF 2 19 SNPs i A5, REALPk1E
57 4~ SNPs i s, 45K, 10 1~ SNPs {7 S0 K W)
fifi b KPR AT B0, SNP FRICHERI RN 17.54%,
T T ] 2 (2018) 12 ik 2% 47 (2018) 11 BF 5t 45
XN TERE SNPs SN, FEAE AN E M
Rt LA o

WAL 24 A B R 2 385 B O T A st AL
FRiCEHISE, — AR, PIC R i 3 PR AR A%
B E I A B i 45 b (Beacham et al, 2004; Kalinowski
et al, 2002), AHFFT I BEASE 10 4~5 A= K AIRA S )
SNPs i, Hiks|p LN, X451 57710
ZUME 0 (A F 4%, 2018) . Kk 3% 6 (Scophthal mus
maximus) (F1#4E, 2014) . K H B 65 (4= 7R 55, 2018)
H I RFSE 45 3k, HI SNPs 37 25 /4 PIC ¥J8 Tk BF
AP EZSME, XIEER SNP fric & —
RIS 3 AR IE , A EA M D ER IO 250
R, (H SNP 7RI T IZA77E, Hph T 2808
{RAYAS £ (Emahazion et al, 1999; Wang et al, 1998).

3.2 SNP #RiE 5 Mg < MR B0 < 14

SNP Frict 5K Wyt 1< R A DM AT s
A 94~ SNPs o7 a5 R W ffi 4 1< f 240 G , R K W)t
A2 ZAFE R (R FE ], A7 R N B sl 2 A
— I, £5 G Il —Fat MR 2 i 22 X0 R DR i 1)
IS (FE K4, 2016; MR, 2002), LAk, ABFSE
PR T SRR KT . N W RS . e U,
KA A YA Al A K 50T FTH Ak R G SR
FEH) SNP, 7R A5, Sk HE BRI . k5T .
WA IR S Al A K 5 AET M1k R Go Al G R )
6 I~ SNPs i si %< W it 0 b 5 AH G, FF & e
A KR 2 R AR HLE R U 7 1 B8 (Santis et al,
2007), [AIWE, ABFFEd, 10 4> SNPs £ 534 5 K W) ff
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%5 KMk 10 ) SNPs L m A ERERER
Tab.5 The features and gene annotation prediction of 10 SNPs of L. longirostris

ETRS) WL A B B2 5 B H-W P 228505 B i U P 44

No. Ho He Puwe PIC Predicted gene name
Cluster-65_ 105077 0.542 0.477 0.134 0.362 Semaphorin-4C-like
Cluster-65_120392 0.657 0.502 0.001 0.375 G2/mitotic-specific cyclin-B3-like isoform X1
Cluster-65_137265 0.375 0.411 0.330 0.326 Anion exchange protein 2-like isoform X1
Cluster-24304_1 0.758 0.499 0.000 0.374 Collagen alpha-1(VII) chain-like
Cluster-65_110382 0.642 0.477 0.000 0.362 Tyrosine-protein kinase Tec isoform X2
Cluster-65_111833 0.350 0.415 0.085 0.328 Netrin-4-like
Cluster-65_19497 0.781 0.500 0.000 0.374 N-acetylglutamate synthase, mitochondrial
Cluster-5592_0 0.513 0.502 0.817 0.375 Putative ATP-dependent RNA helicase an3-like isoform X1
Cluster-65_137642 0.403 0.448 0.273 0.347 Carbamoyl-phosphate synthase [ammonia], mitochondrial
Cluster-65_130153 0.350 0.441 0.024 0.343 6-Phosphofructokinase, liver type-like
H{H Mean 0.537 0.467 0.166 0.357

2 AU B AR MR R EAOE, B, 3 > SNPs
fi7 s (Cluster-65_137265 . Cluster-65_111833 il
Cluster-65_137642) %} frilll f2: /) 4 A KR4 1
ERm, RUMRE, 2K RS 4 FA KR
Z I FFAE— 2 B AH S, SO WA ) A KRR 1
R AEE LA ERE L (EES, 2016), HIK,

X WA AR o BT S R R, (R E R K
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Correlation Analysis of SNP Markersand Growth
Traits of Lelocassislongirostris

LI Zhe', L1 Yu', JING Tingsen', LIU Xiaoli', YAN Huiguo',
LU Anshuai', ZHOU Jian®, LUO Hui', YE Hua'”

(1. Fisheries Breeding and Healthy Cultivation Research Centre, Southwest University, Chongging 402460, China;
2. Fisheries Ingtitute, Schuan Academy of Agricultural Sciences, Chengdu, Schuan 611731, China)

Abstract In this study, a correlation analysis of 57 single nucleotide polymorphism (SNP) markers
and growth-related traits of Leiocassis longirostris was conducted using 115 samples under the same
growth conditions. The results showed that 10 loci were related to growth-related traits. Among them,
three (cluster-65_ 137265, cluster-65_ 111833, and cluster-65_137642) loci had a significant influence on
growth-related traits (body weight, total length, body length, and head height) (P<0.05).
Cluster-65_ 120392, cluster-65_105077, and cluster-65_5592 0 had significant influences on body weight,
total length, and body length (P<0.05). Cluster-65 110382 significantly influenced total length, body
length, and head height (P<0.05). Cluster-65_ 19497 and cluster-24304 1 had a significant influence on
the total length and body length (P<0.05). Cluster-65 130153 significantly influenced body length and
head height (P<0.05). We also estimated the genetic diversity parameters for the 10 loci. The mean
observed heterozygosity, expected heterozygosity, and the polymorphism information content (PIC) were
0.537, 0.467, and 0.357, respectively. In addition, cluster-65 137265, cluster-65 111833, cluster-65 110382,
and cluster-65_ 137642 were associated with anion exchange protein 2-like isoform X1, Netrin-4-like, Tec
isoform X2, anion exchange protein 2-like isoform X1, and carbamoyl-phosphate synthase [ammonia]
have the highest similarity, respectively. This finding indicates that these four genes may be involved in
the regulation of L. longirostris growth. The study provides primary data for the genetic improvement and
selective breeding of L. longirostris.
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