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B, O H 21 868 7R 7 i 6 -5 T G A DG A 2k
FEH (tacc2. fsipl. exocd. arhgap4da. pdelOa
Fl uncsb). 2 v 1 TE A PRI I 32 A 5T
R 3 TG T A OC 1Y A% IR 2 5 M (SNP) fif
FEN T REEFENA hsp70. hmgbl VI yb-1 H
TERE S RACHIAKE |, A WFgE R BRIl
WEE S WL G 1(SCDD) ™ 43 FE{5 40 Hsp70
F1 Hsp90®'™ FHL ik (Bl B 111 P 52 5 40 2811K
TR A S R AR A I IR R B 3 VA Y
HOR I, B £ 2O AT DLE o 1) fig 5 PR 1) 3R
15 . BRI ALY 7 Y 25 DR A4 1 b SR s R
I RS AR IR A S PR o 1 H A PRI I+ (an
RGP R RNRE R B AP | o fk
A= DR AR PAU Y R /N Ay Ky b
25 SRR HE R FRAAAIAY 25 ) £ XK
T A B R A AR R g 0, HJE, HETR
T BRI SR AL 6] 35 A 78 2 B I, DA
PR A1 AP i B S IR 1 25 S, e 5
Tt AR A 5 1 43 F-Frad A 5 A D e 56 R A
Rt — 2L AT o

IR A SCHK A BT (genome-wide association
studies, GWAS) J& il 57 F& K 1 3% 7Y ¢ Bk (1) 5%
KTH, afHT2ERAEENED S s
PR IR A, DABIAT &R =it A% ] it
1 25 FE SNP A7 s BEAT B5CHAH AR 52 Z R iy e
e, E—PiEiE GWAS 4. T SNP
DR GWAS ZTE T (Siniperca chuatsi)™”
K #i £ (Larimichthys crocea)'™ F1 45 p5. A1 Bt £
(Epinephelus fuscoguttatus)™ %5 Z K A 5 1
ek ST T, B R B ARk R AR SCIR
i 35 057 85 o 1 7 VR A T i AT P BR DG 1R 3
PR ast AR AL, HE 320 1 3l B & Fh i S iz
o 45461

¥ Wi fi. (Nibea albiflora) K& #1E H (Perci-
formes) 1 | fiiF} (Sciaenidae) ¥ 4 ff1 J& (Nibea),
iR ERE R, A TR
W, 7R TR DU A A A A T, R
PSR, FUROphRE , TR SR H A 7] fig
A, g mEE ST, AR, BT
SRR A AL T K B A S I R S T B
R i P L T 2 i 0 A FRBE TR T, ™
| LSRG L R R . HE H AT OC T
AR IR I 52 PEF g D, (&L SOD. Na'/K'-
ATP Jz Hsp70 £ 1115 55 AT A R A1 U Joir30 17 225 1
bR, FE5E A KF b ry A st AL AL ] i

ARAS BT

kT 0 O 2 Ay TR AR R AT S R
N7 s R BE L R, DA 3R DR 2 K P i AT AR IR T
T S . AW ST o Al 0 0k B RE
IR, EMFEFREAG FEEE 7 ARGt
115 °CARIRAL I, 0 SEARTEE A T A A7 3 B [a]
(ARG IR B e ) 0 2 AP R A5 5 d o X6 200 4N
A 1T DNA $2 B EM 7, FIH GWASKHIL
ek i 7 P4 R ) R DA, e AT 5 AL AT, LA
Shy AR Ul A DG IR 7 35 4% 18 7 DA B 0 g £ ot
o R AR LS LR

| MRS ITE
11 SEREMHRL R R B M AR E

A SIS BT FH ) B 0 £0 5k 1 WV A T R K R
oS BT e & BEIR . 4B R 76 30 m* /K U8 ith
o 27 AR TR AT DI IR . SR
Wiral, &R T 10 °C W) HAROKIE T, A H R
PR (8:00 F1 16:00) 5l Fokz fm R (b 72 3 K
BB A BRA R, SLEHT, BT Sl
BEOUBRALBE 12 he SEBTFER, DL 10 °C B9 A 2R
HIRAE AR , Fi2 IR 0.5 °C/d Y1 B TR =
5°C, HFEZE 6°C IR, BP/DETE T 0WEs,
DU 35 452 11328 ShAE o br e, 10 St E R i )
FETIHE], IO XN AR . K R
. BERPEATARS], AR R BRSSO P )
I 1 em’ (T DLRAE T & AT DNA 2
B, BRI HRAS T W VLA 1 K 7= BT Bl S 56
Y B A BE R G i, S R
AR N B ST W VLA 1 K P R 5T B4 B
DU E N o £ | A I e )\l | S T (e L
3l AR T BE AT

1.2 DNA B9$2BEX. MF K FRiE

K- A5 XA T DNA PHHL,
A Qubit 2.0 (Invitrogen, 3% [#)™ ¥ 17 DNA A9
GE R, I 1.2% BE AR BE S v VK A 56 DNA 1Y
SERENE . ARG IR B IR R FE B A PR ]
HEFT Mlumina (HiSeq X Ten) AR ¥

AAS 1Y S 06 4R 8 1 Fastqe v0.11.95% #E4 7
R A . A Trimmomatic v0.325 #4784 H5
Pt ig . O i A L WIET (reads); @2
BT PCR #4455 )5 5 1 HE 5 reads; (324
B 7 reads H Y — i NOCR I HE 09 SRR ) 1Y
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FRBESEFRKENEZ T, SR
PP R & 5 @2 Hmll ¥ reads HH A — Ui
A R BB 1 1 reads KIS H 732
i, WHFHEEF LA T reads, )5 15 2]
15 2 (clean reads) F T 5 224041 .

1.3 SNP ZH4HM

DL il £ JE TR 2751 (NCBI 555 . GCA_
014281875.1)°" ASHHLIHNAH , Xf A5 EHY clean
reads, 1748 7K. H Burrows-Wheeler Ali-
gner (BWA, R : bwa-0.7.10)°" i 17 Hb X ;
H Samtools (v0.1.19)"" F Picard (v1.117)# 17 HE
P E R ; {# ] Samtools H 1Y) flagstatfe 7 Al
coverage T /7 1T WL AN 35 % i ] Gen-
ome Analysis Toolkit (GATK: v4.2.0.0) i}
HaplotyperCaller #£ 17 SNPs A8 5% £ Il ,  Geno-
typeGVCFs i 17 fF /A A8 5 & 9 5 fi FH Select-
Variants #17 SNPs {7 # (9482, i VarianFil-
teration #F 17 SNPs 1yt 3§, K15 VCF XEHT
JEEE T

1.4 MHRGHS5EEEE XK

fifi FH SPSS A 41 5% 2B 4 MR E A 7 41 34 1
Gt ot , THEAYEREEEE . bREE . IR
JERIWERE , HEATBAREA K-S K S AH M40,
FEXTME . R A AR A T A AEE B R (I
TR B K ) #54T Mann-Whitney U A5 56, ] i 4 51l
EiiRIRAHR R

TEHAT GWAS 430, R 1 7 (8 FIWTREAR
WEBI 3 )2 AL, KRR B0 R B AT B[R] (it
TR ) He BN /INB KCHE T, 8 A A7 o) [R] 4
M 0~66h, 68~74h LA} 74h DI L, 43 3 AN
W REAR D, 2, Go [AH R A PLINK(v1.9)
XT3 ) VCF SCIHF AT SIS P-4 (LD) 1 0%,
BEN A SO GCTA(V1.93) ) HE4T PCA 38T,

R AR UGB 38 N A5 I Rl GE 45 21, il

M EMMAX il & & P 8 25 5 VCF SO,
DO e AT 81 A < S P S g 15154 i e o Y PR
KRG TR LR PERIAL

y=uX+aG+e
Kb,y A IR SR A 1 A [
ROV )i, XA [T RS O R AR 5 a S BEALIN
PEIRALE T 22580, G WHTF SNP R E| LR
FFE ;e A A A0 A 1] Bt

GWAS 45 2 | Quantile-Quantile(Q-Q) &l Fl
2 W5 R H1 i CMplot 1241l o
1.5 REEEHIE R I EE TR

PAFRENLSE, R AR E L 0 5
FR(EE (NCBI B35 GCA 014281875.>1)F,
e S B R E 50 kb KSR HEAT 1A, O
PRV BE S o W] B A LDBlockShow! i 7
LDblock # & () 2=l , FF| FH ShowLDSVGH#
LDblock # &5 GWAS 2 5[5, "k
A N . Bl 5 E I3 Uniprot 204 2 (www.uni-
prot.org) F1 SCHk R 2 if 2 1 B 3L R 19 A= W 2 T
RE, Ok 5 W IIR A SC Y e h e A

2 4R

2.1 FEMKA D REXM

B R AR R A KRR AT 45 R R
200 LI B A PR . 2K R
KB 3M (124.66 £ 15.77) g (20.90+0.96) cm
(17.98+0.83)cm A1 (5.55£0.34)cm (% 1), K-S ¥
BRI, RE, RS EIESS 0

Jy it — BRI A K AR TR GWAS 43
Brovvgreseme, st 1T R 5 A K PR 2Z 6]
I CYE . B R EIR, KHE (Rpearson=0.044, P=
0.532). &K (Rspearman=0.095, P=0.182), {k K
(Rpearson=0.127, P=0.073) FUAR (Rpearson=0.176,
P=0.013) S RIEAR DL XHEE T 0.2, H

R1 AEENEKMEKRSH
Tab.1 Analysis of growth traits in N. albiflora

ZH /ME R KAH HIfE briEZ i W i PR K-S H% PAE
index max min mean SD skewness kurtosis P-value of one-sample K-S test
{hH/g overall weight 90.10 168.00 124.66 15.77 0.23 0.02 0.061
4K/em  total length 17.71 23.17 20.90 0.96 -0.59 0.43 0.002
fRK/em  body length 15.55 19.85 17.98 0.83 -0.37 0.36 0.200
#i/em  body height 438 6.50 5.55 0.34 0.18 0.39 0.200
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A B2, FIA K MRS KR T 2
R, IR JE 209 GWAS 43t il DL Z
%92 58 Ny EX N = ]

25 X AN [ A 300 e P UG gk e
Rl . B S T A AR LU ARSI (1A 1), AR
PR ) 5 A B o — 3, Z )5 4T Mann-
Whitney U ¥ 55, 458 W78, Mann-Whitney U,
7=—0.210, P=0.834 (P> 0.05) (¥ 2). Hnl i,
Tt AR 3L PSS R 5 1) G kAR O, DR AR S
) GWAS 4347 HmT DL Z PR 51 8 52 1

22 MEFEHESIT. BHREREEERESE X
T

22 Trimmomatic 118, I3RS 1.26 x 10" 4%
clean reads; ¥ AYFIIIREE A 15.60 x (10.123 x

.

female

g S ] /h
survival time
wn
B
[}

~21.590 x); clean reads W) W45 R W~ , T3
B 55 K H) 98.261% (97.857%~98.515%), “F-H
Lt X 22k 98.30% (97.89%~98.75%), 3¢ B I
B A MRS BTN £ GATK 19748 500 i
o, B3R 3005 715 A4~ B & SNPs {7 55, £
SH LA L m s, v TR
GWAS 7#r .

TERZE A T a5 R BoR, 200 B35 4 f i)
IyYAESE, A BB A. EK (D).
H1(Z). = (G) 3 FhIEA oy By 3 N FEAR L, A
PRI I 1 A A B 34— (1K1 2), RUTECL
0 E TR IR BB AN AE B S AR 7 2 %R

308 3 TR IR R K 11 4 35 PR 4 S R 437 245 2R
) Q-Q &, & B M E f) P-value 5 H] B2 i

W

male

50 40 30 20

0 10 20 30 40 50
frequency

1 MASEEREEXNERSHE

Fig. 1 Histogram of genetic sex and survival time

=2 TR EEAHEE Mann-Whitney U 4 18

Tab.2 Mann-Whitney U test for low temperature tolerance of N. albiflora of different genetic sexes

S FEAR% T R BUME BOKME FIr %L percentile
index sample size mean SD min max 25% 50% 75%

TEIG I ) /h 200.00 63.59 26.50 0.00 120.00 52.50 68.00 74.00

survival time

2-HRe U 4867

Mann-Whitney U

BURBE AR W 10972

Wilcoxon W

Z 0.210

WL B EECUR) 0.834

asymptotic significance (two-tailed)

AP I o) A /h Mtk male 68.00

median survival time Wit female 70.00
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Fig. 2 Population structure diagram of 200 N. albiflora based on low-temperature tolerance duration

(a) PCA analysis of PC1 and PC2; (b) PCA analysis of PC1 and PC3.

P-value 1) —SME&m (181 3), KB GWASHEH
IGETTAS R REAZ A 24 X R BRI T
T TR AVR Uk 4 5 PR 4 DG IR 3 B 1) 2 s it 5] v
i 9 AN 3 SNP v, Hob i i I
1618 SYLtafk |- (P=4.61x10"%), B4k, fE5. 6.
15, 22, 23 BYfafk | (P=1.59x107~ 1.98x10°)
Vi) 1 A, T 14 5 gL ER i
F| 3 M7 (P=9.51x10%~1.73x10 )& 3, % 3),

2.3 (RIELL A ERR R THRETIN

XF AR AT B 3 AL B R iE 50 kb X AT

B P AE BN
—lg(P)

P, FHAEEILF LT KT Ihae e R, 45
AR 13 DMUFEAR SR L, il T REE
BRMFEESRE. PiBERE . KNI
PARRE A A B O (K 4, 3£ 4).
3 i

IF 9% B8 U fa y SHECIR e i 4L, T
¥R ot £ 3R B 3 R R O R s ARG IR Y SR Ak I

RAHIE S . AP, Wil X 200 B3R
S G gEAT 5 °C R, FE T A Sy

8

GO P B HO %
observed —1g(P)
I

123456 7 89101112131415161718192021222324 0 1 2 3 4 5 6 7
SRR T PR B0
chromosone expected —1g(P)
(a) (b)

F3 HEHaMERENKNEERAXKSTER
(a) 2 IATHIE, SR SELR AN RE 28 73 00 3 R —1g(1/n)=6.48 F1-1g(10/n)=5.48 I (IBIME L, W5 (A {0 B 402 SNP A2 £ (b) Q-Q .

Fig. 3 Results of genome-wide association analysis of low temperature tolerance time of N. albiflora

(a) Manhattan plot, where the solid and dashed black lines represent threshold lines at —1g(1/n) = 6.48 and —1g(10/n) = 5.48, respectively, and the blue and

orange dots represent SNP sites; (b) Q-Q plot.
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£3 KR GWAS EEMH XA SNP L=
Tab.3 SNPs significantly associated with

low temperature tolerance related in GWAS

PR Peta it 5 1 E /bp PE
traits chromosome number position P-value
TR AR chrs 24742779 1.95x107
cold tolerance chr6 14709088  4.30x107
chr14 1198510  1.73x10°
chr14 1198526  9.51x10°°
chrl4 1198531  1.73x10°
chrl5s 7057732 1.56x10°
chr18 2856391  4.61x10°
chr22 11990810  1.98x10°
chr23 1750336 1.59x107

Br s HEBR T Az AR 1) 68 B Al £ A ot PR )
RO o BT EI R AR AT B SNPs B, X it A%
8 -

B P HBOS
—lg(P)

TREHE T T a3 R T, BE 24
fiE e SNPs o7 & A e PR, 3¢ B 3% 4 £ 9 {1
TR 32 P T BE 32 2 L R s il o i 3 % b i i i
SEHPATE R R, e B S P
B . 3 N B SRR AH DG 1 fi £ A 45
TR G

Ho gk 3N CBL.3 9wt iy E3 2 £ -E 1
T 2 i W 22 U AT T AL W HR AR A A 3 4 B B
R IE RS, GRS 15 S RGN
253 24 LG A 1 2R R (MAPK) 15 58 2 1
PR IR B 1 A S B R, A A
FHCA AR 30 2R 5% . e L STOML2.2 1)
A BRI REfE LRI IR DNA i, 1k
BT 8 1 IR s A ATP & A7, Meng 55UV b
FEFRM, SLC3743 i M) H B A B i &

1 2 3 45 6 7 8 9 1011 12 13141516 17 18 19 20 21222324
Qethfh

chromosone

B P AEH B
—lg(P)
S N N e

IR R
24.693 Mb
initiation site
24.693 Mb

J[H-GBF38 015680
gene-GBF38 015680

IRV
‘ 24.793 Mb
Ml termination site
il 24.793 Mb

LD #H6M

LD correlation

0 1.0

4 553BF GWAS SHTHIEIEE A LDblock ;T &

Fig. 4 LDblock annotation of candidate genes from GWAS analysis on chromosome 5 (chr5)
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4 GWAS SHTHIE]
Tab.4 Candidate genes and function annotation of GWAS

REE K IhREE R

Yl RIGHIA/bp 2 IbAT s /bp E37E-37 IR TheE R
SNP chromosome gene gene candidate coding fuction
no. initiation site termination site gene protein annotation
24742779  chr5 24743748 24743927 GBF38 015680 hypothetical protein
14 709 088 chr6 14684492 14692800 MCAM.2 cell surface glycoprotein MUC18 R I3 AR B
14698727 14710497 CBL3 E3 ubiquitin-protein ligase CBL EGFRAF 1S 5 S TR T
MAPELEE IS L) 5 3%
14730015 14733699  GBF38 012354 hypothetical protein
14711118 14729571 CBL2 E3 ubiquitin-protein ligase CBL 210 it 285 B PR A R R 4%
InTERARZ #
2R SRS T
1198510 chrl4 1208 705 1209769 PAQORS membrane progestin receptor beta 1% S B 57 A5 1
~ 11—! 5] X'M:/E f
1198 531 KWL S EHA
1223151 1224355 IL17F interleukin-17F TN G g RN
ot 4B 22 R /B 1 O £ 175 20 I
A KR 7 2 AR5 S im0 R
1187 046 1204357 GBF38_005762 hypothetical protein
1228 416 1230699  STMN4 stathmin-4 U R G BB R I R
1177523 1183369 PENK proenkephalin-A I AN T 7 1) B
4 L% cAMPI 2 BB R A)
Gl IR KR EANAT Gl IA
7057 732 chrl5 7050 490 7053563 STOML2.2 stomatin-like protein 2 HRLARES B T 15 S
2RI RDNA S il 1) 1E [ 1 4
i T8 J1 R 3 R KR ATP A
T 1445 5@ PK
11990810  chr22 11945434 11949757 SLC3743 sugar phosphate exchanger 3 5 I 12 B I
BRI EYE i
12039243 12040259 CDKN1B.2 cyclin-dependent kinase inhibitor 1B J& A 8% [ % #i 1tk 22 Z R/
TR TR A 1) 7735
HABRREA &
4 R R S B
FIEYE, BRARTHOKAL S Y iz, HOE,  sERbRiC A I L R R A S v O R AN
STOML2.2 I SLC37A3 W A7 ] BEAE B W (IR fboscob sk, b H i ke 2 o7 RS v
3B A RE SR N R AR AR . AR it gl Bk L L g R R S R0

ZEIR MCAM. 2" gafi i 8 F BE L A A= hE,
TLVTF™ G % () 38 1 BE X 25 2% [ B /BH M 41 B
S0 B R S N, T CBL.2 Hifs 2R 1 LA 2 24k
iRe, ReI SN AT AL T PR
R AEBRE ST ARG E R, e
MfﬁE%LT%m@%E*ﬁf%EEWHO

HARIELT GWAS I HrE i3] T 2/ e i 5L
B, 1H GWAS 2 BT iR 32 Z2 Fp R 5 ™
Tty e EL ARG YR 0 e 7 0 [ A T L 2
UEPEBE iR o TR i AR5 r 1 A 8 A
J&FR—HKEE, FibSRAEE DA A5k
B BB, HoE A 3 B e 5 AL A
B T HE— 2 M i A8 FNEGIE . R ok B 225 ok -
KGR BER R | O e b 55 B A R . 38

T A%~ 2 T BO E A 2 A8 107 s FRE DR R A T
T REPEGTE , DT T G e AT 5 2 £ T i 35

FEPRERLE
4 258

FL ¥ ok F P AR AT 1Y SNPs BdE, aE
B2 E] 9 A SRR FRHS B RN, e

2] T 13 Mt R N

it DI RE R A B,

CBL.3. PAQORS. STMN4. PENK F1 CDKNI1B.2
SR N A G, STOML2.2 Fl SLC3743 54k
KRR BE RS 6, MCAM 2, CBL2 Ml IL1TF
55 LGB R ARC, L5553 &KL, CBL.3.

STOML2.2 1 SLC37A3 %5 3L [ 7] fig

(SLECy: ¥t
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Abstract: Increasing temperature extremes are caused by global climate change. Extreme low temperature has caused the
increase of death rate for Nibea albiflora in winter, which has seriously restricted the development of aquaculture industry. N.
albiflora is one of the important mariculture fish in China. Studying the molecular mechanism of response to low temperature
stress can provide theoretical basis for N. albiflora culture to cope with the challenges of extreme low temperature. In this
study, 200 N. albiflora individuals were selected to low-temperature stress at 5 °C, and the survival time, weight, body length,
sex and other phenotypic parameters of every individual were recorded. Then, whole genome was resequenced. A total of 3 005
715 high-quality single nucleotide polymorphism (SNPs) sites were obtained by comparing to the reference genome (NCBI
GenBank number: GCA 014281875.1), and the obtained SNP sites were used for genome-wide association analysis (GWAS)
using the Mixed linear model (MLM) based on EMMAX software. The results showed that the phenotypic parameters such as
body weight, body length and sex were not significantly correlated with the low temperature tolerance time (P=0.834-0.013).
However, 9 sites were identified on 24 chromosomes that were significantly correlated (P=1.98x107"- 4.61x10°*) with the low
temperature tolerance time, and a total of 13 candidate genes, such as CBL.3, STOML2.2 and SLC37A43 were annotated. Gene
ontology (GO) analysis showed that the above genes were mainly enriched in the processes of immunity, defense and repair,
stress and mitochondrial energy metabolism, which may be related to low temperature response of the N. albiflora. The results

of this study can provide reference for the genetic improvement of low temperature tolerance.
Key words: Nibea albiflora; low-temperature stress; single nucleotide polymorphism (SNP); genome-wide association analysis
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