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wE Y oweEgY ZgEYY Ewae Y #gem '
x|FE P R ok owY # o#Y mEE
(1. WKFRFAY SRR I 2 EE SRR P EUKREF I BE 8 K = 1F 5% i
b E R K SRR — B ER S SR E (F &) T R WK AR T TR S YR E AR E
AR HE 2660715 2. PERVEEGEDRAR L 1000815 3. F S ERFAE A B OBELEY RS
AYHEARDELEE LA FE 266237; 4. WEFEXKEK=HRAR 1WA A 264006)

WE HFIFFmRMK, FEEEEE R R MR K ZEF(Scophthalmus maximus)F= 74\ 2847
Fko HTEAZEMEREEREZESH, AFAXXNKE 30 MR R 900 B A ZFIHATH B ME
LI, {# 4 AEA(LAM. CLAM. CTAMI fr CTAMp)#l & 7 2 A it 5 & AL #viE b IR Mok
UTT fn Z 077 7% Mk BTS), KA AR & AMNKEREMLYEE 7 24 5 00, KESWE R
PER IR AL A 0.110~0.208, B K F kL Ak, H, FIAKEEA(LAM 7 CLAM)fE & 1 3%
& A5 0.110£0.074 F1 0.155+0.082, #|F F{E4# A (CTAMI A1 CTAMp)fk & 1% 4 25
0.21440.072 #1 0.208+0.074, XA U R TR E R FTR G K Z W G IRE H . 2 M5 iRREAER
5 K& A % ) H—0.07£0.40 F1-0.13+0.33, A A % 25 £-0.04£0.05 F1-0.08+0.11, 2 F#
A F W HMEAF, AR FEEAE LT A EEBVs) AT HE RO ERE T, FREANAR
MR & A N, EBVs Z AKX 2 #>097, BTHEE MK, RVAFEARMRAE = i, &%
S EAEA 3 EBVs #H 4 BB/, FEEAEH EBVs 5 AR RBHITHAUPMTNERE =,
B 4 A (CTAMI fr CTAMp)f5 & 1y EBV 5%k A BTS Z MW X 2% 5 T A EEA(LAM
CLAM), ¥t %A BTS th kA UTT E#& &E AR MR, Wi, AL MEEA FEH UTT 2 BTS
fl B 6y EBVs 22 8 By 40 % % #0<0.50, $LA KA 2 A& A w LT 5 6 ok 2 4T 5 R ok 89 EBVs
H4 T —%, R K Z 400 8 Mok & A BTS #n 4 1 B (8 50 474 & (CLAMI = CTAMp)f& & K&
ZUMBHRZESHREARS . AR RERENAZIWBRRESBAT NI, HHITALKE
KT R AR R Y AR AE

EEE O KRS MERkRk; meh; mEEx
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KEZZ6F(Scophthalmus maximus), {HFR<Z F M,
R JE ZZ PRl (Scophthalmidae) . Z2 8 J& (Scophthalmus) ,
SRR HA G T E B K 7 SRR A A 2 — %
YRRz o0 A T i b SRR % BT (Zhang et al,
2014; Wang et al, 2015, 2016. 2019; Ma et al, 2018),
REBGI PR E 30 240k, WS TREHD, Bl
O & JE R R D K SR Y B Bk 2 — o K32
B R — X A U B A AR SR R K M M
2 2R 52 (Zhang et al, 2014; Ma et al, 2018; Wang
etal,2019), HIGFH KA 13~20 C, L RKpyHAKF
SRR E A B 7~8 CHI 21~22 ‘C(Xu et al,
2015; HEAE4E, 2012), ANEEH SRS FEOL R E
NN, 1R B GEE  buie 2, BRI
%€ 1= (Campinho et al, 2004; Larsson et al, 2005;
Imsland et al, 2007; Arnason et al, 2009; Huang et al,
2014; Wang et al, 2019), T4 E ZEiRYK, RFEXT
PN L At ON 7% o8 R e i O D O 187 N3 |4
FRrEfa e RIE A HEE X,

SUIN 2 i WA = S LD 7 1 B i P S
A 5Bk R MR A 35t L S U2 2 F AR S 2R
FARHEZE (Fu et al, 2015; Sun et al, 2015; Liu et al,
2016; Ma et al, 2018; Wang et al, 2019)., i5t1% 1 Fllist 1%
AH G 2 R S A% A3 BT i R ER R IR s AT T )
SIS, HARTHAE B RO (E . T000 %) 35 485 %) g 7 iy
E AR E M &R E EEAEH (Sun e al,
2015; Ma et al, 2018).

FESEE R SR B R b, 38 R FH i 52 M (upper
thermal tolerance, UTT)AE Jy i Ji& 14 IRk 1) P 4 48 A5
(Johns, 1981; Thomas et al, 2000; Perry et al, 2003,
2005; Encomio et al, 2005; Nakajima et al, 2009; XI5

B4, 2011; Pess et al, 2011; %745 2012; Zhang
et al,2014), XIFEHZEQOIDNIK [ 40 MK F 753 B
REZ PR IEA T R iR SE 56, SR 2 Fh etk s Py A 7l
PIAH UTT #1765, RAAT B 2R MR RN
RV AL, HGsE 1 0.026+0.034; Zhang 55
(2014) s FAH R 5 32 A 33 RS2 6 el M tRast (L S48
FHLM: R A UTT AT A5 5, 845 714 0.087+
0.032, Ma “F(2018) R DIty ik, 7% IR
NiEY 2 Fhh P BR A ERE b, A5 UTT B9dL 715
WK 0.111+0.080 F1 0.075+0.026, Tt 5 IR A H
MR, Wang Z5(2019)% ] 3 FhELEIHLG
T2 A A TR QO R R 3 H R A s AL
F153 919 0.247 9+0.108 3, 0.288 3+0.161 2 F1 0.106 9 +
0.045 2 #R1M, H AT RZE B & iR 0 8L S 507
R T A — MR (UTT SR E R TR, YT F

Py Gl e AT — 2 MR B, BRI, FE TR — 256
PR P i 22 Rtk 3 A S HOTAG L A8, PRI A
Femg, XTI S RERE T RAEENSHE L.

ARWFFEE = N T IR T % 30 AR FR
900 J& RS2 6T I Ji& v T W30 SIE 5, Kt e i R
2 PR i SR AR A T [ (LMK (Wang et al,
2019), ffiFH 4 AR (LAM . CLAM .CTAMI Fl CTAMp)
LA 2 Bt i il 2 Y (i AP B BRPEAR UTT F1 = J504F
IEPEAR BTS), I 2R RAUSR L (REML)fE 5 7 24
455, Wit ASReml-R 4.3 A 5K B = if Al
12 5 N 6 VN B A B o 1 e AN S N € R VN B
TERIPEAI T, LAY A il 1T 22 0 it v Tk 0 4
HEHES A

1 #MR57EE
1.1 SEIe#

REEBEEANR A IR 5 KIFEAK = BRA A, 3
[i] — s J0H 44k i ok 2 EL i 5 £ A K R R AR 2023 4F
3—6 A, WM 30 M RR. SRRERME
BT RS, SR A SRR M MR R, IR SR
FRCRK R G5, YRR FEIRELS](25.59+7.08) g
Je FH i s Y 3 S

1.2 WEEMBLIE

2024 42 H, M 30 AR R P HREE IS 4 — 1 K
F2H[(25.59+7.08) g], PRUFRENDRRBEAE 25 RBL
I, ek 900 R AN AT R TR = IR A8 SR . SEIR T,
KA BA B 20 & 9 RS2 SE UM BRER B AR , b4 74
I, RGN 900 BB RZE SR IRAE 3 IR .
AW T FRRKERERTN 20 m®, 76 R (14.0+
0.5) ‘C. #hJ¥ 30.0+0.5 5/ F&F% 10d, HAE 4 H#%
M 2 YK (08:00 1 16:00), MEE 30 min J5 i BEAR (H F1 3¢
L TR 3E SEIR THE i IEH /K IE(14.0£0.5) C
Fe 3 h3EIN 1 CRYBEE R 2 20 °C, FRIAA 12 h
Han 1 CHEE 25 °C, wJati A 24 h3n 1 CH
2 28 C, JFYERF 28 'C HELYRLE R, 2MikF] 80%
A ARBEIE SRR LG SR T, 45 1k 525, AR Bl 7K
10 s BRI £ 09 S5 7 SR o 2 25T Bl Re JT AR T, 52
G ILHFEE 144 h, fECR R, &R 1 h SN
TGOl , B bk B 20 shae Ak, it
PRIRGICFIZNMER RS JET-RR] FET R LA
KAERKAEPR(RE BW FIfRK BL). SE80 A E]E # £
W, HEAHEE, FERITG5HRKES—IK,
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i FA: | B4R (upper thermal tolerance, UTT):
i i 35 A 2K (Perry et al, 2005):

k
UTT = Y (T~ Ty) (M

i=1
Kb, i /NI, TORTESS @ /NI R,
YHIATREE (16 °C), &k A AARAERE B/ NEL

T ICAF IS IR (binary test survival, BTS): £ 455E
5 0 7E Tl i P8 SIS R A RIS IC S 0, fETRIEH 1
(Wang et al, 2019),

1.4 #HIFEAIE

141 AARHFESRT i Excel FUEXS AR 4K
BERAEI IR . AETRIRES . R R . KRG R
KRG T G G T B A T R B, A
Origin 2021 AR G EURE | 65 4 P
AREPEIAE L b2 | oKAA e/ MEMAS 5 2805,
IEo BT TR 56 5% 25 ) 22 5 3 35 1k A 1A /K S B34 S

Ty N5E

A UER 73R o
142 “itAR 2% V£ 3 ¥y #55 & (linear animal
model, LAM):

Yy =Htfita;te; 2)

BiAS LAM A T8I R AR UTT) . RE
BW)FI2HK(BL), X, y, AARETEDIMIE ; 1 Fy S
WA R EFRAR RN, BFEFRHERL;
a; ARG j MR B IMMERAL RON 5 e ANFRIR2E

T A £ 1 B M)A (Cross-sectional linear animal
model, CLAM)

yij:,u+fi+aj+eij 3)

Bl CLAM HIT#l& 38 BTS, b, p, AR
5 SRATEREERN N | BFBE T AR, 0 UK
Kk, 1VAGERAAE; HALZBUE LFBA LAM,

% B (A 3h ¥ B A (cross-sectional  threshold
(logit) animal model, CTAMI)

exp(u+ f;+a;)
Prlyy =D = 1+exp(u+ f; +I/aj) “)

BER CLAMI I FHIA %A BTS, R, y, &
55 AR E RN A i B SET AR IRAS, 0 1Rk
i, VERAAE ; HALSHUE LFBA LAM,

1 B A 3h ¥ B A (cross-sectional  threshold
(pobit) animal model, CTAMp)

Pr(y; =) =®(u+ f; +a;) (5)

B CLAMp HI TG £ H BTS, K, p, A%
55 SRR BN | B RISET AT IRAS, 0 1R
Jih, VRFRAEE s O()FRR Bl IR 5011 pR 4L
HAh S50 LR LAM,

1.43 EEAHEAE AWF5E K H ASREML-R
4.3.2 BRAFAG S E R AR A 5L S8, KAy 25
Iz AL Jy 22 ek 22 0y 2, HHRAE

0p= 0+ 0% ©)
A
2
W= (7)

p
o, w? R R R B E KRS ), o SR
F2, oy RIMMERALE %, o) RBR2ETT 25 (TE CTAMI
H, BRZEEE Ry n73),

i i P AR X 2 SR A UTT 5 BTS 405 54
AR E A A PR 2 P 2l A5 R R R (RS L
S R Bl W AR R A A B3 T P R 2 ) ) 3t A%
FHICHNERAIAOC . BB A CRIR B OC YT A2

Sa(i.))
Ta(i,j) =ﬁ (®)

i
K, ra(ij)%iﬁ{%*ﬁ%ﬁ%%ﬂ$ﬁ§é%ﬁ’ 5a(i,/)7%‘f$’fﬁ
i F1j R AUE 2 [ A R AYVRI8L 7 25, 50 R 6, 53501
MR AR R By 22 R T 2% .
14.4 A LR BTARMFRMN T 4 il
(LAM. CLAM. CTAMI Fil CTAMp)#4748l 4 2 Fliiit
FHIRFEAI(UTT M1 BTS), BT LA JCIE R AS [R5 A0 1 J i
FHst % 1 U A G HE AT HLE (Nielsen et al, 2010;
Bangera et al, 2014), TEARMTRH, MHEIX 4 FiR
[ A AL T e PR HERR PR B ), R T 2 MR R
{11 B FI{E (estimated breeding value, EBVs)Z [1] [
KM TiE . 2FMER EBV iHHE ALK
EBV=1/2(us+uy) ©)
KA, ug Al ug P RRACEEAR) EBV, JEIHA 4 FioR
RIS A] () 4 [RIf%E 2 EBV Z[A]f) Pearson AH5¢ R R
Spearman FH ¢ R EORA & A RIRBTASAL 0 A 48—

2 #R

21 KRESHEIR R ER RIS
211 FAKF#E MG OKEHF 30 AEFR
UTT . RE AR R BF B E A 1 BoR . a8l

Kruskal-Wallis #: %%, UTT AN EEL EH LS
(P<0.05), BHKF 3 MHERITIM . b KB R R
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®1 AEAWMSEERTMERKERRRZATH

MR MG T
Y b 37 A iy =
28 UTT. BW Al BL OV 9(H  briffde fE e 250 Tab.1 Descriptive statistics of temperature tolerance and
EARIE R YEG 25 R 0L 2, T & RS bR UTT growth traits of turbot at family level
PR NN KR 3 QR T3 N 0 R e el [T 7 R e PEAR S Rl AR Z
N RES, WERHEREARRET. Traits Mean SD CV/%
KEZEHFAAKF UTT. BW. BL £da500lil4a  uTtth 1 184.33~1 461.43 208.39~379.54 15.74~30.51
IERMATIE 2 BoR, UTT BUA BE(RY) A 0.899, k& BW/E  16.85~36.95 3.30~6.01 13~25
H N He K b S AP A FE Y
,\m”z ME RARREAR A 2 B 29>0.95, Tr2zdrti &4 BL/em 10.48~13.58 0.49~0.83 4~7
KRR RUES S, AR L (P<0.05),
2000 A
Lsool abb b ap ab babab ababababba]:)ababab a ab 2 ab @
E
5 1000
500
0
12345678 91011121314151617 181920 2122 23 24 25 26 27 28 29 30
ZKZ %5 Family No.
45- B a a g
a a
%0 36 rab ab ab ab ‘L L
% ab b ab ab ab be
27 be Lbe ¢ be be
S c ¢ S c
g 18
m
w9
&
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
123456789 1011121314151617 181920 21 22 23 24 25 26 27 28 29 30
R Z %5 Family No.
15-5 .2 a . a2
§ Lo obe® bl lbec ab T poab @ chphab cbe obe®E
% 10
Z
Q
2 s
NS
®

Fig.1

0
1 234567 8 91011121314151617 181920212223 242526272829 30

K Z 5 Family No.

Bl 1 RZE6FE UTT(A) ., AR B)FHA R (O)FK R ACK 124 {1 EL 5 4]

FEF B b AN R - B2 B0 22 8] 25 57 i 25 (P<0.05)

The different letters on the column indicate significant difference of the data (P<0.05).

R 2 REWHSEMERIERERNSEKETHERES T

Tab.2 Descriptive statistics of temperature tolerance and growth traits of turbot at the individual level

Histogram of the mean values of UTT (A), body weight (B) and body length (C) of turbot at the family level

PR Traits V341 Mean He/ME Min e K AH Max PrifE2E SD 5 2 AE CV/%
UTT/h 1303.81 495.00 1294.00 301.46 23
A BW/g 25.60 9.99 50.91 7.08 28
& BL/ecm 11.91 8.70 11.90 1.0 8
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Fig.2 Relative frequency distribution of UTT (A), body weight (B) and body length (C) of turbot at individual level

22 REHWHEREKMEKEROEESH

Wi+ LAM, CLAM, CTHRI 1 CTAMp i% 4 ffife
AU 2 Fi e 280 1) 2 6 v R 38 T T v R gt
55158 51K 0.11040.074 . 0.155+0.082 . 0.214+0.072
F110.208+0.074 4= KR IA E (1935245 F1 R 0.432+0.156
R ZE i iR MR B ast A% 7 o IR AE A% ), HAREE
ML J o &AL J1. N 3 ITLLE 1, LAM £
HIRA UTT 8 L HA 3 R A1l & BTS AR5
ike AR e SUBRIUEE L B — e 25,
IFHIX 4 FIBIRIRAS i a5 ) ok AT U3

23 MERMEIRE 4 FhER LI

AR AL B ) EBVs [B] Y Pearson Fl Spearman
FRRBARIER 4, TEMFEVARBTS)E LT IA
(RIS 22 [i] P AF DG R ECRRAR 7 , 7E 0.974~0.999 Z [H] .
XPFRAE UTT & T 4RI B E MR e X
(BTS)Hy 3 Fpsd A 2 8] A A OC R AL B/,
0.286~0.477, H:f, Spearman 3¢ & $1(0.413~0.477)
& =5 T Pearson H15& ZR$0(0.286~0.347)., i FH B {H AR
KI(CLAM. CTAMI il CTAMp)3kHLY) EBV A% £k
PRI (LAM)ARELAY EBV 5 UTT E A AR 5

*3 BEBETRRREBUIBNSZEASTMIEEH)SHREIRSE)

Tab.3 Variance components and heritability (%) and standard error (SE) of family phenotypic data under high temperature stress

A P Ik ss A% 5 22 522U 5y Ty 22 i EW|
Model Phenotype 02+SE 02+SE af,:tSE W*+SE
LAM UTT 5980.314+4 226.155 48 142.843+3 563.724 54 123.157+7 789.879 0.110:|:0.074:
BW 10.834+4.959 14.270+2.664 25.104+7.623 0.432+0.156
CLAM BTS 0.025+0.014 0.138+0.010 0.163+0.024 0.155+0.082""
CTAMI BTS 0.272+0.138 1 1.272+0.138 0.214+0.072""
CTAMp BTS 0.263+0.118 1 1.263+0.118 0.208+0.074""

TE: SRR a5 Rk B KK (P<0.01), FA.

Note: ** indicates that the result reaches a highly significant level (P<0.01), the same below.

x4 KREFFHEMET 4 FIERH/NE EBV BH Spearman(Xi £k T 7)1 Pearson(X 2k X R BE M
Tab.4 Spearman (below the diagonal) and Pearson (above the diagonal) correlation coefficients between individual EBVs of
four models under high temperature stress in turbot

B3 Model LAM-EBV CLAM-EBV CTAMI-EBV CTAMp-EBV
LAM-EBV 1 0.286 0.347 0.347
CLAM-EBV 0.413 1 0.981" 0.979"
CTAMI-EBV 0.477 0.975" 1 0.999"
CTAMp-EBV 0.474 0.974" 0.999"" 1

24 XEFMEHEERSEERNEEMRBEEXE
Xk v A P T ) DR S PR g T DR A A B 22 ]

AL RN RBIARSCHEAT AL, 45 R 5. 2 el

PR foi i PR A B i A A SR 22 B AR B9 B AT O

AL A S35 H—-0.07£0.40 F1-0.13+0.33, FAIKI LN
EIARAAARSE, 5351°85-0.04+0.05 F1-0.08+0.11,
Horpr, UTT FBIAHNTT BTS 22 B a7 i Motk 5 48r T
0, JEARPIAAE, T BTS A s s R ) e 71
HUR G, ik R IR A ORI R AL I 1 5 A K .
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*5 BEBETHEESMSEMERN 2FFREZE
RS EFREAE X
Tab.5 Genetic and phenotypic correlations between body

weight and two phenotypes of heat tolerance traits under high
temperature stress

A& Correlation UTT BTS

1= 1E 0 Genetic correlation —-0.07+£0.40 —0.13+0.33
ZRIUFH K Phenotypic correlation  —0.04+0.05 —0.08+0.11

3 it

AWFFE R 4 FIFERI(LAM, CLAM., CTAMI Fi
CTAMP)HUG T 2 Fiifif i i 2% 784 (7 $4pE b R Motk
UTT FIZJCAER IR BTS), JFR T R 25 6 i v i st
LS, Hop, RAGERAE(LAM 1 CLAM)fH
R AL F140 R 0.110£0.074 F1 0.155+0.082, {#
5 & A5 8 (CTAMIL H1 CTAMp) Al B 1 38t 4% 77 53 51
0.214+0.072 1 0.208+0.074, 4 FhF A A48 AL Hy
1) 25 57 2 B AN ) P bR 114 8 AR SO 43 A B 76 350
(Wang et al, 2019), Hi, UTT U4 L sh Pyt Al
LAM f 58 H B9 4% T BTS #1489 3 PR, 3=
BUHRF UTT RABUE R LM, 1 BTS RAEUIE
5T (Wang et al, 2019), FEMOIRE LRAIHH —
JUAFIE PEAR A 3 A e 2 A8 T ) (AR A PPA 45
B g% 7 0 s T AU e A A | g R S AT
FEMGE S5 3 — 2, R B R, 3 0 s 2 T
PEMERI (@degérd et al, 2006, 2007; Xiong et al, 2017;
Bangera et al, 2014), RPEAAIIE UTT A5 1) i 5
TR 5 AL F1 5 W85 (Oncorhynchus mykiss)Tit &5 i Pk
WRIBAE AR B3 25 5 (Perry et al, 2005), i 5%
S TN R S 22 5 o KT AR R, vk sh
PR R A UTT £ AU 5 A9 38 15 F1 (°=0.110+
0.074) i T HAMMFFE A R X E 5%, 2011; Zhang et al,
2014; Ma et al, 2018), H#EMH TR AR . &
B SRUEHER | it Jr vk s 45 P 25 b Y
il S22 5, [RIBT AR5 R 5K R IR IR 10 7 15 I JR i
e R SR, ARG T LR PR RN, AT 51
APEB ARG R R L Sl . J34h, Wang 45$(2019)
K FH BB R AEL G 0 A7 1 T DR (B P bR ) Ak 432
& 4120 0.247 9+0.108 3, SARMFFE o Y T A7 16 R
— 3, AL SR (0.214+£0.072 F1 0.208+0.074), —
MR, A% I K/INAT 43 R IR EE(0.050~0.150) . 4
(0.200~0.400) . 5%5(0.450~0.600)F1#% 5 (>0.650) 4 F
FH(Xu et al, 2015), WFFELERFI, KEEOFMH &R
PEMRIBAL T7 M IR SR AL 7, 6T AL etk B
BRERMBAES R AR, B, X FEiRbbe T

Ky, RARP L BE R B AT 1775 % [Rye et al,
1990; Wang et al, 2010), _ibE R 3L, nl DIaE s
35 T 1 o R 32 T v 9 )

XN [ AR R A B3 1) 7 R B (EB Vs ) i#E 47 #H G 4 43
B, ARIEIBAA [ A R R RS, EBVs Z ][ AH
KRF> 097, J&F R IEA, R %R
RIE SR, 2R ul (AR EBVs HE44 520 4R /N (Li
et al, 2019; Hu et al, 2020; Wang et al, 2019; 3
8, 2024), XAN[EBLAELAL S EBVs 5 AN R R RS T AH
KM AT ZS R R, AR (CTAMIL A1 CTAMDp)
{8 R EBV 5258 BTS 22 [a] il A1 56 280 T4 A
AI(LAM Il CLAM), BiHAZRA! BTS L3R A UTT Hik
BAENTHRER . A, LA R UTT 1
BTS i 5.1 EBVs Z [H] (4 5¢ Z £4<0.50, UiHH R H 2
Fh e M5 O Al A RS2 GE IR = IR IR A EB Vs HE44
A—F(Gitterle et al, 2006; BEFFMEE, 2024), F£HK
SE TR e TR R AT P2 8 BTS AR T 159 1 sh My s 154
(CLAMI 5% CTAMp)fili 5 A ZE S 1if oy i 5t e S HCE A
.

REAE N BN L MR 2 —, LR ETF
J' R e T REGEA KRS oE . X =815
(2011)A H i P S AT 8L 2 P2 B% BRI K
RN AR BE R R, R R RIMR Rk
IO AR Ak B3 R S5 A o 35 ) AR A AR A A B Y s
f£ 730 0.22, Zhang 45(2014)3 ) 3 h 4 A6 AL
KEEHARTE (38% S0 0303, ARBFFEXT KZE6EALE
R E N AR B T AR, T &t sh s
(LAM)T3515 (% J1°0 0.432+0.156, J& T rhEdssft )y,
¥ T2 i RS KIshn it S5 i iE(Ma et al,
2018; Wang et al, 2019), #Elll T HB0uxX — 22 57 F 2 A
JE RN N 22 SRR AN FRAIG, SC TR 22 ST AR
[ SEARSORTE . A, A& sl M S E . A
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Abstract

Turbot (Scophthalmus maximus) belongs to the Scophthalmidae family and is one of the
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most economically valuable flatfish aquaculture species worldwide. It is widely distributed in the
Mediterranean, Black, and Baltic Seas. China has made significant progress in introducing turbot as an
aquaculture species over the past 30 years, but key challenges remain in advancing its industrial
aquaculture. Because turbot are cold-water fish with strict environmental temperature requirements, they
are particularly susceptible to temperature stress. In the turbot aquaculture area in North China, the natural
seawater temperature exceeds 26 ‘C throughout the summer (May to September), rendering it unsuitable
for turbot aquaculture during this period. Genetically improving the heat tolerance of turbot to overcome
this limitation is critical to promoting the sustainable and stable development of the turbot industry. In this
study, we estimated the genetic parameters of heat resistance and turbot growth traits. Thirty full-sib
families were constructed by male-female pairing with equal weights of approximately 25 g, and heat
resistance experiments were carried out. Thirty turbot were selected from each of the 30 families, total
900 individuals, for the large-scale high-temperature stress experiment evaluating the genetic parameters
of high-temperature tolerance traits in turbot. Four models [linear animal model (LAM), cross-sectional
linear animal model (CLAM), cross-sectional threshold animal model-variant 1 (CTAMI), and
cross-sectional threshold animal model with probit link function (CTAMp)] were used to fit two
high-temperature tolerance traits (upper limit trait of heat tolerance, UTT, and binary death survival trait,
BTS). The variance components were estimated by the restricted maximum likelihood method. The
heritability of the high-temperature tolerance traits in turbot was 0.110-0.208, which was a medium—low
heritability trait. Among them, the heritability estimated by linear models (LAM and CLAM) was
0.11040.074 and 0.155%0.082, respectively, and the heritability estimated by threshold models (CTAMI
and CTAMp) was 0.214+0.072 and 0.208+0.074, respectively. This indicates that turbot high-temperature
tolerance can be improved through genetic selection. The genetic correlations of the two heat-resistant
phenotypic traits with body weight were —0.07+0.40 and —0.13+0.33, respectively, and the phenotypic
correlations were —0.04+0.05 and —0.08+0.11, respectively, both of which were extremely low
correlations. The correlation analysis of the estimated breeding values (EBVs) by different models
showed that when different models fitted the same heat-resistant phenotype, the correlation coefficient
between EBVs was >0.97. That is a high-intensity positive correlation, indicating that when the same
phenotypic definition was used, the linear or threshold model had little effect on the ranking of EBVs. The
correlation analysis of EBVs estimated by different models and phenotypes revealed key differences. The
correlation coefficient between EBVs estimated using threshold models (CTAMI and CTAMp) and
phenotypic BTS was higher than that of the linear models (LAM and CLAM). This suggests that
phenotypic BTS is a more suitable heat-resistant trait than phenotypic UTT. In addition, the correlation
coefficient between EBVs estimated by UTT and BTS in the linear model was <0.50. This indicates that
the EBV rankings based on these two phenotypic definitions for heat tolerance in turbot were inconsistent.
Therefore, using phenotypic BTS and cross-sectional threshold animal models (CLAMI or CTAMp) is
more advantageous for estimating the genetic parameters of heat tolerance in turbot. The results of this
study supplement the research on genetic parameters of heat tolerance in turbot and provide a theoretical
basis for the formulation of breeding plans for heat tolerance traits in cold-water fish.

Key words Turbot (Scophthalmus maximus); Heat tolerance trait; Heritability; Genetic correlation

LU | A S SO A - 46 %



