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Thermotolerance of the Selected Abalone Population’s First

Generation of Heterozygotes Cultured in the South of China

CAO Mingrui, CHEN Zhengqiang, LI Yuanyue, CHEN Rongbin, ZHANG Tingting
(Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: Using the seedlings of Haliotis discus hannai as a control, the thermotolerance of the first gener-
ation of heterozygous seedlings ( male parents ( Haliotis sieboldii @ x Haliotis discus hannai &) x female par-
ents ( Haliotis fulgens @ x Haliotis discus hannat &) ) of the selected abalone population ( SAPFGH) was
studied by dynamic and static methods, and the activity expression of hepatopancreatic superoxide dismutase
(SOD), catalase ( CAT), acid phosphatase ( ACP) and lysozyme (LZM) in response to thermal stress were in-
vestigated. The results showed that the upper initial lethal temperature 168 h UILTj, of the selected abalone
population’ s first generation of heterozygous seedlings cultured in the south of China was (33.36 £0.03) C,
which was slightly higher than (33.13 £0.02) °C of the control experimental animals. When the initial water
temperature was 21.0 °C, 24.0 °C and 27.0 °C, the critical temperature maximum ( CTM) of the seedlings
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reached (30.27 £0.45)°C, (32.57 £0.31)°C and (33.07 £0.25) °C respectively. Under the same condi-
tions, its value was significantly higher than that of the control experimental animals at (28. 80 + 0. 36) °C,
(30.87 £0.40) C and (31. 67 £0. 32) °C. Under the condition of initial temperature rising slowly at 24. 0 °C,
the upper thermal tolerance index (UTT) of the SAPFGH seedlings was as high as (1918.75 £208. 11) C- h,
which was much higher than (922. 56 +138. 18) °C- h in the control animals. The activities of hepatopancreatic
enzymes ( SOD, CAT, ACP and LZM) of the SAPFGH seedlings after experiencing high temperature stress of
26.0-32.0 °C for 2 hours and returning to the initial temperature environment of 24. 0 °C can be increased
from (9. 02 £0.45) U/mg to (21.96 +2. 02) U/mg, from (7.22 £0.77) U/mg to (11. 07 + 1. 40) U/mg, from
(63.38 £5.48) U/mg to (175. 12 +£18. 30) U/mg, and from (42.45 +4.87) U/mg to (112. 71 7. 47) U/mg,
respectively, compared with the control experimental animals, the hepatopancreatic enzymes ( SOD, CAT, ACP
and LZM) have better response effect to thermal stress and high temperature adaptability.

Keywords: abalone cultured in the south of China; abalone selected population; critical temperature maxi-

mum; upper initial lethal temperature; upper thermal tolerance index; hepatopancreatic enzymes
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ST SR TE B IR AE S, FUP, RS E IR Ry e BT RN, T R A A it 7
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1 #RFFTE
L1 SRz

AR B W) —rd Ty FRAA ML I RS S 1A (FIFR “ZeOUREIAR” ) RN oK - RHA
BRZS AR LR S Bl 2019 4F 11 F PR B F B Witk i ok OO0 R BOF S EREA, BEATHm 7
Tl & A (VG GBI Haliotis sieboldii @ x 8L Haliotis discus hannai &) x ZEFLEI Q 354 (46
Haliotis fulgens @ x S8 #L® Haliotis discus hannai 8 ) 22321 . X} HRSLUG BhH—5)% 40 35 0338 77
FAREAR (faiFR AR ) EE R TR A . SRS A BRI S 1 o Y i B
7 R, o ZROUREACE 5RO (36.65 £2.56) mm, ~FIRE N (6.26 £1.26) g; ¥
WRHAE5E KR (27.45 £1.67) mm, “PYJIEER (2.85+0.43) g, TESLETFLAHT, bk 2 6
FIAREAR I IR SR MR R A T 72 15 d, DRGSR IREE . IREIRRE . RN F3F
B RS IR SR . REEKIR (24.0£0.5)°C, #hEE 33, pH H 7.8, 4 Hm LABEG 08 B 7L
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BB, B HWRIETE K,
1.2 ZHfREBHATHEE B 2 A X IEARAI N E
121w S e

INET F5 B S50 3 v AL ER 450 HSZIS SRR /A% 15 ASSE50 A, A4 30 H o A B A KR A
32.0, 32.5, 33.0, 33.5, 34.0 C kY 100 L FREKET, BNMEER3 A, %2 h Sikhiaz
G, EFBRNIIRIRE T &S, EZWET d (168 h), FFils &AM EEEIL . LIXT S5 50
Xt RR4L, HE RS,
1.2.2 K SR B 2

Ay SR KRR B 8 AR A % 21,0, 24.0, 27.0 °C, HAKIRIE 3 DS2mhdl, B4 30 Hsi,
SCHRZH KA 200 L, YIEIEN 14 d J5, LG8 h I 1.0 C Ry FHE R B AR IR B i B 71, WL E2 60 (1)
FRE, IF LB ARBE A ILTC SR, SRR DRR 25 36 LBy VR R i, %I S A A R B IR R 1%
S 0 R AR 1 i N IR B L IR R TR A 3 4
1.2.3 A 3245 4o e

BE 3 IR, AL 220 L KR 30 MM, 7ERRERIARIREE 24. 0 CC & FRIE N 14 d, SRJF LU
FERTF 1.0 C B THEE BER 25 F2 K R B2 3 T 2 30.0 °C, 481 LA%E 2 d FF 1.0 °C [ R
PTRKIE, 24HBAMERSE T IS I THE IR AR SE T A B FK RIS, RRik Rl A~ aR st
JEHRSETHE, FFICSEHIRIRHG, Y84 IET A 1R S, SRR 3 4.,

51 AT Z45%% U (upper thermal tolerance, UTT) '~ {4 Jg it g J7 F7 S S0 BL b 1 5} 5 95 i 7

ffatR. IR U = Z (T, = Ty o Horbe TORSE i /ANREEIELE (°C) 5 T WA (24 °C);

k RAFTERE]) (h) .
1.3 ZAREBHAFE AR ELIBRNNE
13,1 2R e 5w

TEFR K ARIREE 43 31 26.0, 28.0, 30.0, 32.0 CHFREELAMET, &i%E 3 ML, BaK
100 L, MAK30 4, miEMHE 2 h 205, SR ERGEEAEZME T ER2 b, ZEHRIRNSE
IR P REALER Y 3 LA, EUFBRAR AL Tl e Ak s fb i (SOD) | i 4Afb A (CAT) ., ¥
fitg (LZM) . FRPEWERREE (ACP) JhME, BONHRZL 3 4,
1.3.2 FTEH e

W B AU BELAY T 1B R 20 21 U0 BURR 8 T3 B8 5 K A b, 1 BRI 51K AR Th A 0. 01 mol/L (1)
PBS ZZupil, vKInAIH, SI3KMLL 4 °C . 10 000 x g #5.0 30 min, MU ETHW T -80 CLRAF#H.
3 H SO T R ARAG AR TR & — R F TAH A . SOD, CAT. ACP Al LZM Ji5 4 K 25 o & & 2
R F et A ) TR ST T A = B A B R &, AR HEAH DG U B B ST A B B E LR .
1.4 HiEALE

FH SPSS 25 A%t LI B HEA TS T 400, A BE LA + AR 22 (Means +SD) FIR, R
FH Kaplan-Meier 3472387, FIH Log Rank 777 X 25 AR 6 5256 211 ) 1) S AR A= A2 B[R] 43 A A 7
225 R, ARSI A S o PR R Ty 225387 (one-way ANOVA) I 8 LLH 50t I i AT 3 AT
P<0.05 h2ERRE, P<0.01 bRl B3, ok, SRA&E/N 7k GraphPad Prism 8 %X
X 25 SRR AT AU G . AR B ] pR B AT T VR TR 22

2 ZREHH
2.1 ZEMBEFESERBILEE (168 h UILT,,))
SCURZE SR . FRAKIRTEEE BT A 32.5 °C, FEULIREE N RA 2 h ZJFiR [ 24. 0 C I LA E S
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BETESR, M, TSR U AR i R, F T SR SRR A 168 h AR MRS TR
By WS L2 34,0 CZ5, HA 2 ANHEARR B A I 58 AR BEAAS s 78 32.5 ~33.5 Tl
MR EVE Y, B LR T e A AT R SR TR (L 1) o kR W, 32,0 °C O R 75 97 GE B
BRI BGUIR A, 34. 0 °C LA LR H EIREULIRE, @il ihBatii i 168 h UILT, N4 T
32.5 CH|34.0 CZl, MR, AU S @A —RE, 7532.5~33.5 °C, 7l RARKHE Prid i
JETE MR TR, R, R AR EREm TR# (P<0.05),

.
AL 1.007 o AeiRREE |
- . Heterozygous population
1.074 & Heterozygous population ° 2 5 A
2 b, i B 1 50.75- i
T: 0.8 ™ d Control population E ontrol population
=z s
2 0.6 £0.50-
N e ‘Fg' =0.0298:°-3.179x%+11.6x-1397
W 0.4 f ol , , (R*=0.986)
‘ 025 s
4202 4 ﬂ o &
U T T T T 0 T T T T T 1
320 325 330 335 340 31.5 32.0 32.5 33.0 335 34.0 345
Jifh il i B Stress temperature/°C Ji 30 7L B Stress temperature/C
a) fF1% R Survival rate b) L4 £k Fitting curve

A 5] T B 2 7 24 ] 22 5 P B 25 (P<0.05)
Different letters indicate significant difference between groups (n = 30) (P< 0.05)

E1 BEBHE2hEAEMMEHEEETER
Fig.1 Survival of different abalone seedling populations after 2 hours of high temperature stress
XF 2 ASHERTE IR W8 S5 (A7 SRR RIS BT A T T 485 AR A3 Hr J5 AT DL, EBREE IR B2 JR AR
FHEIE ST A 2 b, ZeOUREARRN T A B 32 1 i TR A AR . AR UL R G s T a8
ARG N (HAISZ21) 2Tk B0k
y =0.0298 x" =3.173 x> + 111.6 x = 1297 (R’ = 0.99),
T3 380 P AT 1) A 32 Pk 2 I = R A
y = 0.0889 x’ — 8.886 x> + 295.5 x 3268 (R* = 0.99),
WA 1 RS A5 2% 0 B A R 385 38 B AR R i 1Y v S R SO R 43 A (33.36 +0..03 ) °C AN

(33.13 £0.02)°C, ZefhBEA R Y i 15 iR |
SEILIE 168 h UILTy, % % T ¥ 38 B 1 15 s popon
(P<0.05), e £ . " Control population
2.2 FRBHETE RN FIRE 25 a a

SRR ERFOKERES I = 2 | -
21.0, 24.0, 27.0 CI{F, Lt 24t -% ; 304 d
PR, R AN TR K 2 ]ﬂ
PRILEE G ETR TR (P 2) . MR e geral | | |

21 24 27

PR B Y R R I B AR W (30,27 +

FLAf R 2 Basal temperature/°C
0.45), (32.57 +0.31), (33.07 £0.25)C,

FRER ) 6 R 41 1) 24 57 3 (P<0.05)

SRR (0 05 K SIS AR (28.80 + Different letters indicate significant difference
0.36), (30.87 £0.40), (31.67 +0.32)°C, #n] between groups (n = 30) (P<0.05)
DWAEAR R FRAE K IE TS , B 19 & K FL G B2 AREMEETHEAFEHONERKIGRBEE
WRBERTEE (P<0.05), Fig.2 Maximum critical temperatures of the two cultured

abalone seedling populations under different basal temperatures
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2.3 ZMBEFE TS

LHARE W . LUEERTE 1.0 °C A Tl 3 526 B J7 7 J8 M B 25 9R PRI A i 24.0 CHRETH =
30.0 CJa, #EELIEE2 d JH 10 CHTHRE EEARSR TR, SFRFUK G 1 THE 315 °C (216 h)
i, @ AR IR M B ASE TR, 50% MASET KA R AEAETHES 240 h, 100% MASET K=
TETRIRI5 288 h, ot Ak B Gl A (AR 1S X AR SE T R A IF ] O 245.76 b, Tt PSS L (UTT) 4
(922.56 +£138.18 )C - h,

LR FSFAIET, ZRHARETITR 1 I MATET R R AT HIRUG 360 h, I FREKIR N 32.5 C,
PR MIET- R KR THIR S 384 h, 28 MASET R A FETHILS 456 h, AGS-FE MARSE TR A I
[6] A7 402.72 h, T#FEECH (1918.75 £208.11)°C «h (W& 1, K 3), & Log Rank £:56, W~
5 % G SR R AR P T P BRI A AN ) 22 S 2 (P <0.01)

®1 FiRMME TE 7 FFEMTE N EFER E

Tab. 1  Survival time duration of abalone seedlings under high temperature stress

IS5 B 25 HE Abalone groups fliTH ¥ Mean/h it 57 4 Mid-value/h
Ze iR Heterozygous population 402.72 £4. 46 384.00 £7.07
L@ B Control population 245.76 +3.26 240.00 +£3. 44
IR
100 7 Heterozygous population 2500 Fe AR A
=0 i ] 0 30 A ® a Heterozygous population
S 80 . Control population = 3 2000 o AR
¥ B 60 o = 1500 Control population
=F i b a - o oz b
Niund © 40 i %= = 1000+
+= B yo g =
. = =
H‘“’\' '_g 20+ "-R—i : 500
B ©
S o . - ; | - o
0 100 200 300 400 500 =
5 52 B AR

FEUG W] [H] Survival time/h
a) {71 I 8] Survival time

Abalone experimental population
b)fif #445 ¢ Upper thermal tolerance
ThE a b KO8 W 2H ] 22 5 22 (P<0.05)
The letters a and b in the figure indicate that there are significant differences between the two groups of data (P<0.05)
E 3 BiRmME TR FREM M &N FEE S REY
Fig.3 Survival time duration and heat tolerance index of the two cultured abalone populations
under high temperature stress

2.4 BB THMABMEFE SOD, CAT, ACP, LZM i&FM

SCIGEE IR . FEKIR 26.0 ~ 32.0 CYERIN, 252 h @iEba Itk 1 24. 0 CHIGH IR RS 5
PR HE AR AT IEEAR SOD, CAT, ACP, LZM 3%, 43I (9.02 £0.45) U/mg $2F+% (21.96 +
2.02) U/mg, M (7.22£0.77) U/mg $#£F+F (11.07 £1.40) U/mg. M (63.38 £5.48) U/mg $£F}
% (175.12 £18.30) U/mg. M (42.45 +4.87) U/mg #F+ZE (112.71 £7.47) U/mg, FEHE 2 Pk
iR YA P v T A AR AR A, DA R T IRAE 32. 0 °C i N E SEG 2H A R A i A T AR
SOD, CAT. ACP. LZM JEM:IIA M (9.02 £0.49) U/mg $#2F+% (14.61 +1.39) U/mg, M (6.75 =
0.56) U/mg #£F+% (9.67 +0.78) U/mg. M (55.88 +9.48) U/mg #£F+% (124.05 £10.20) U/mg,
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M (38.64 £7.13) U/mg $£T+% (81.74 £8.81) U/mg, Bk T LZM itk 2 4h, HA U8 BLAE
30.0 Crnitpradl, PruLrE 4,

FeA IR e A A AL TEIR e A
30 mm Heterozygous — Control 15 == Heterozygous = Control
a~ population population = population popylation
bE.D *x .E
= 20 = 10
=S S
g = R
£ 10- S 5
F
A J
0- - 0-.
32 26 28 30 32
IS ERITY: S Stress tempeldture/oC Jp38 Yk B Stress temperature/C
a) SOD b) CAT
AALHENR e R RN e A
1507 mm Heterozygous = Control 250 - Heterozygous Control
— population population = population population
a0 H 0 200 *
2 :
- 100 5
jus) = -
- E * o } 150
e 2 = E 00
S 50+ <
& S 50
N =
0- 0-
26 28 30 32
JUr36 L Stress temperature/°C “]Ji{ gtIE‘%S temperatule/ C
) LZM d) ACP

4 AEREMIE TG FREMTEFRERS%& SOD,CAT.ACP #1 LZM Fit T4k
Fig.4 Changes of SOD,CAT,ACP and LZM activities in hepatopancreatic homogenate of the cultured
abalone seedlings under different temperature stress

3 iFig
3.1 FALBARFE B HW

PO AR 0 AR 2 A8 R AT SR T84Sk (dynamic method) FIFHZASTE (static method) #EATHALS>
BT o A AR R U b, T Ry S 6 A R P A O B IR, B S M AL S 6 A
TE 1R B SR 58 B0 5 vl S AR i 1205 2 DA U SR IR S A B S50 s 4 M B B B
HRGETERUMET, HARMERSR Prac MAD . ZRBCSARREER RS £, 72 0 T i AR AGI 73
Bracas

ASCHSE BN EANEAS LT T SRR e AT 5 T — A (R OURRIA) NS b i SR i
PR CEEARA) P BRI 32 1, SCER SR JR U ACRR v 09 e iR SOE B2 (168 h UILT,, )
y (33.36£0.03)°C, Wem T @ AFAPETAY (33.13 £0.02)C, 1ii7E IR S KR IR 5050 O 21. 0,
24.0, 27.0 CHFOL T A LU B B A 5 Il Al B2 AR GA B (30.27 £0.45),  (32.57 +0.31),
(33.07 £0.25) C, [R50 T % W25 TR R) A 0% 2 e e b Je R Pt B2 (28.80 +0.36) ,
(30.87 £0.40), (31.67x0.32) C, Wiz UL, AHUREARE PRS2 U] AL T AR A %A% i
PRI . KA SR FA 52 P B PR B AR 32 B B0 JRURE D T SR IR el 2 S I 8] 5 T, 30 S WA
B 5 JRRONE o UTT (BN T ik Rl 5 PR e PS8 Rl B i I TR 4 75 1 22 3 AT i A A, i A5
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— AN b8 R K AR B W B BT S ARSI 4 SR R A% DR AR B B A2 45 B UTT 3k 3
(1918.75 £208.11)°C + h, mETE @A AR (922.56 £138.18)°C - h (P <0.01), W4, [FZE
THEAAE T Z2 PR A 00 2 B AR FE T2 15 8] 11 284S 1A 58 T I 8]t #0525 Tl AR (& 1,
KI3), ik SeBEmaE— 0 SCRe 1 S AR 08 0 5 8 A A AR L 2 0 R AR i B 1D AT 52 P 3
4518 .

IKAE AR AR A2 1 A2 B G B . A KRB BB, A B AR AR A 22 07 T R 3R 5 . ARHIESE
MSEE B 7 AR T MUR FISRBE R AR, BT MEAR NG 2R, BR, RIEEA S
B ICHERT AR S A I A DA 5 3 0 B AR 1 T 32 PR 25 5, XGRS a4 e, Ak
Tl A KB B A [ 52 K S5 75 HF 9 B D1 (Argopectenirradians concentricus Say ) A7 AR [ (4 i #A 4
[7i]Je8 S A sl 0 ) o e A A A AR R AR IR e, A fritE— 20 F I

AWK, TC SRR AL Rl AR, Hdm I SR S B Sl K Ry BT Mk &y, 3
— AR R R A AR RS, ORI, W LAV AT ( Litopenaeus vannamei )
PSCHEAT PR 50 Ak BB A% 1 25 4R T A 32 PE FAE PO R I BELR BB fE I . K LB, il
TL4HWE (Crassostrea rivularis) 5G4 52 WEBLIR BE PR TG, 7T A 50 2 b 3 5 X SO IR BE (T 32
PEo AT, 3 BE 0 B IR BE e AT B T T K AR A Ui AR sz e, SR AR THOK AR AR P Y Az BRAL
REAIE BB fE

TEREE MR IR R IR S A AL G 7 vk, i [l PR E A O B I 32 1k B AT 22 RS
B, AP RA AR R E B R, R BTSSR R, A R e AR B
(Apostichopus japonicus) FEAELAT BB AR 32 Pk . B6UCEE Y AOARAE TS Y, 3 o 86 3L 1) B P R B
FEAR - — (RN A BRI 52 1 e T3 AR AR, ELE e & 0 IR R A e s A B P RE M . AR iR
W, SGARSCNSEIREE R, W S A g S 1 AR A i R R AT s AL Y
3.2 BiRAME T BT E B A R

MAEYARLL T A RS, MUK PO ™ A R 3G PR H BT E (ROS) , I B0 Bt A AL B 18 &
G212 HUARRITU AL R SR AL (SOD) AYBIE M 81, SOD i e %3 1:8 1B Ak S v #
AR T (0,) ¥4k H,0,M10,; TijmidE b/ (CAT) #aids, ¥ H,0,%4k H,0 F10,,
PRI, SOD AT CAT BEELEE BRI A 1 Bt BTG PR 4R 1 SRR LA R Sy e 3 e A 0 iF
2 DL 2 B S T AL B AR A o Bl A Mg b SOD i CAT Tl 1 375 14 225 1 Xof 4] Wiy A= A 7 3
B0 B AL IS O, VA HT P RE A A E R R T,

ARSI RELN . 7E26.0 ~32.0 CHAIREETL N, ZOUHHAR AU B SOD F1 CAT i 1%
KV TEE A, T ELREE KR 0 Bk TS MK IR WA S, FAE 32. 0 °C A IR EE TR Ik S,
A R 7 IS ARG 5 B350 72 58 BEARP 1 SOD Al CAT 3% PRI (H 1 30 AE 30. 0 CHMARE T (S WHE
4. JB5) o kS Ry 7R SRR B BT R RE O B G e TR TS TR T, A ORI T T IR R AE
32.0 Cralabihia TR EA B BT EALRE ST, TS E AR TR 32. 0 °C I ISR ILRE ) T IB A

FRVEREIRE (ACP) TEMFHEEIASIY) 09 e B vh 4 2 S iR B A A AN 78, PR B
SR s[RI PR T R ML 2 VA WA AR S MR, REAS IR BUE BR AR DUAR I K 547,
XL S R B AR VE Y o YRR L F IR I, R P 0 ACP 35 442 R R 1 Mg o LA
PRSI PR, MR IRERBE 0 AL R IR . BRI Ah, WTREE (LZM) tfe/k
AT T I P TR B Ry, A LR R S e e PR B P R B AR 2 —

Langston 25 B9 fE— IR EESE I, KRVGHERENE (Hippoglossus hippoglossus L. ) [ B BTG
PEREIERE T AN SEHOEE WE TR, B IR R T S M RE S JH % ACP. SOD, LZM
5T AU TRV AT 907 (0 G 1) 355 Pk DA BRI B A SR I 52, 7 26.0 ~32.0 C B iR VO HIN,
Ty FRFABE T PR 52 2 il a5 B ACP F1 LZM R fEias (S0 4, KE5), AR
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RAGICHR [29 =31 ] $IRA07, 3 Ud W A% 0 Mo iy 05025 36 A A o v ) T O e H A B e 140 9 T
AR P R el B

RPHEE IR REY] . PR T (Portunus trituberculatus) 32 BV FE AT I B,
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