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Tk FE BRI X AR P 55 G 2 R M e, O Y S X I
ek A8 AN TS 22 ol 45 v [ X MR S R o 48 ) 2 4 P A
A A R T, e 1SRG A Ak e .
I, A XS E TR T A MR, S E A K
P, TR A AR R 52 B8 ¢ v R D0 B 5B dt

Xof T ARG i M IR R A7 82 4% 2 0P Al T e £ 7 b
PRPEFS AR FELAL o A sh P TR 2 M 14 2
BOFAE R AE E AN R R Z4E, W ER5(2011)
X} 4 % i (Hucho taimen) 41 1 78 A [A] I 8 F 1k 8
(Body weight, BW)Fll{A& K (Body length, BL)#Yisf% /)
AT TAE, HARIRZH(9+1.5) CRIE IR ZH (13+1.5) Clk
AL AR 4 A I g AE 2 i O 0.413~0.653 Al
0.396~0.545 , A 1950 7 42 [F) I 38 4% 1 43 1) R 0.297~
0.701 1 0.194~0.608 . Charo-Karisa 2£(2005) %} Jg & 5
3} ff1(Oreochromis niloticus) IR PR EA T 5T, H:
IR B3 4716 /N L (Cooling degree hours, CDH)FI15E
T-HF R (Temperature at death, TAD)AYi%1% J143-51 4
(0.08+0.19)F1(0.09+0.17), ¥ WK% ML J1;5 RAF, &
IR A ARG IR TS 32 ) A7 AE 355 ), AR/ TR 32
PR 2 . Cnaani 55(2000)%F % IE 1 24 58 i B 14 T FE 14
HEAT T ARSE, DI SRR RS K& (Cooling-
degree days, CDD)FHOCHEAR/IN, HHEIT, X HR A4 AH SCAHF
FEED AN Li %5 (2015, 2016)5%F H [ HA X6 R s 5 A1 ML
) 1 X5} HF (Litopenaeus  vannamei ) i A% i PR IR 35t 15 5
BOHAT T RIS X T IR IR IR 8% S 80 e
AT DA SVTAl L5 AR MR A a8 A5 AR G, A7 2 Y 3
WHERE X, Ref H R IRATE PR e

AT A FE N AR a i 77 =, X
XoF W AR AR ARG T A= AP URORI R AR T AR R A 7 8t A%
A s o T RN ES L DO N X 7 N e R e G N
Tt ARl R R 352 4% 07 DL R DG, DA Sy v T A X6
it PR T BT o o P 2B B BRI AR

1 HHEF®
1.1 KIewr#t

S5 o K R R 2R 0 5 G T K 5T T U
IKFEFE AL B AP rbO B S5 T2 L0 T S g BE Mk A 7 o 52
A RN 2015 A4 EE A E R XTER <38 2 5°G10
RER. ZAFHKRERLE 3 g J5, MHEIETHL
(Visible implant elastomer, VIEWRic, YIIX 3R R F
FRA RHIRE T 2 4> 100 m® A2 SRR K I8 e E 17
R, WRFRWIME, & HHoKE R 30%, A HIRK
Tk o B R ARG HUE TR TR SRR 2 YR A REFD 2 IFE
22 i3 1 (Ruditapes philippinarum) (A . A< ifF 5% i 1]

69 ML FRIME R (& 4 KR E R), 1327 BT,
BN R AN REE 10~41 B2 1A,

1.2 BEMEIREE 4b I8

F T B G IR A A3 T 32 AT 4°C, PrRAAR
IR L E 4°CONRIE MO KR . AN A SRR IR 2
4°CHE, KA XHRE A ZE P 6 mx6 mx1 m AY/K 2
H, FER AR AERFAE(4+£1)C o SR AT 3 4
FERWEE . K 17k, BEMEERRL 4 Y. AR 1 EFENF
WEUFG, B 2h &R/ 1 00K, BIBGET- MK, 6
T8 SCR X UR A F2 A7, 8 1) —, I 0 Al e
TN o B SEAET MR AIBET -] . KRG L PRSI .
Wl RS, Rl IRsE Tk 2 50%00, 15
IERIR A o (ESRBTA ISR R R G R L M.
W AR RIE MG HEERSE 7 d,

1.3 HiEaiE

SCE B T Excel FIFHEATEERE, fARTESEITH
SPSS 19.0 #AFHEAT /34T
131 B RIFKE TR E AR5 A4t
HESLERMEIR SRR, FI 205 B A AR R AR
£ (Average information restricted maximum likelihood,
ATREML)/fii i1 ] B o A B A 4 78 0 A 1) T 2 21
gy o AEREHEE T ASReml ERAFHEAT 7307 o T 3E AP
S DA 1 S8 B8O, G 8 T A 4 [ R 4% LA e
T (P<0.01) o SR 2 Bl L PERAN A S M LR A o
KRB AL D7 22 8 b AT AT, T
Y = u+Tank; +Sex; +a +Cy +qy ey
Yii
s, B 1 AR 2 R 2 T R [ ER B O
Vi PG FRH | RRUFAO R TSP O O, o
SVARSFIME, Tank; 257 | S MBIF 0[5 2 400, Sex;
55§ AVER B E RN, a Jet | AR AR B A
IR B AL RN, C 3R kA~ 2Rl Jf 5% 3R B 0k 37 58
PGSR FREE RO, e F1 @ 25 | AT R BEHLAR
2o RITTERITA T ZHnHIM, HHRAX:

2
p

AL TR P AL 7 22 MR AT 22 LU, 1T

YASWE

:/.1+Tanki +Ser +a| +q]| (2)

op=05+0; +0, B oy =0,+0, (3)

h? :0'§ /0',%J 4)
X, op ARBI 2, of BRIV %, of 2
AT 22, of BREA .
1.3.2 W & U AT HF R KR AR K 6 3 AE A A6 T
T A T TR 11 352 % 2 800 21 BOVE i B A7 T IR



98 ook B

2 )R %539 %

75 (Survival status at half lethal time, SSso)/F H38#5i##
Tifliit o SSsoE—MaEEZER, B, M bk
IR & 17 (Generalized linear mixed model, GLMM)Jy
DGEHREL Probityfiliit Hr 2413 BT ImAIL[H
ROV G, BB Sk, FrLL, A s in AL
[N, B RN T B S A REA IR .

Aiju = 1+ Sex | +Sire; + Dam, + &y ®
0 if Ajy <O
Y =01 i Aijg >0

R,y R | AR, 7RI
SEFEH 1 FET AR R 05 Ay S iy HOEAE At
p BRI Sex | 465 | - 510 B 5 R 5 Sire
Al Dam, AR B S § ARG K ASREA B I

IR RN/ WA

Gf) = ZGszd +0§
AL A R
h? =403 /Uf)

X, of RFERI 2, o RUAMPET %, of
AT 22, ol BFREHY.
1.3.3 R 3 AL A A 69 ph AR FHALLER LU K 6
(Likelihood ratio test, LRT)X} 1.3.1 o & H: [F] TR B R0,
FIAS B SR PRI RN (1) 2 Fh Bl s B i A7 LA Ao e
Giitaoh:

LR = -2[In(L), ~In(L)] (©6)

A, LR UK ELME, In(L), A1 In(L); 43 502
2 AR (Y R USR PREE, B r AR f
B, LR RN RI7o0 A, ABRER 2 AR
AT S BBz 22, AR RS 1.
1.3.4 B ASIFRITIKE T £ K MK fo m AR R M R
8] %4 A8 & AT AN TR P bR e = 78 0 38 A% 4 OG 25 A1)
FHPTHER S AR 17 PFAL o A R AR 2 B) (7 2 5
I35 A% A AS T BT A9 R IR B A LR AR R (2) Y
PR R A — I S SRR (2) ik — B AR R
PRI SSso =2 [8] 1 = AU R AL A & 50 BT b, SSs0 B 1K

O AR, HAALE B (5); (8 FiA R4 51
PRBCE RS 2 AL, BIAL[EIRBERY(2), AR rb 45 T )
T34 [F] AT
135 EFHLHLLSHT iz Z-score KAGH ik
25 MR35 A% 1 FORE OGP A (2 75 Bk % (Nguyen et al,
2007), AAF .
X —X
7= (7)
Joi +o}

g Mg S48 A8 PR 9 38 % J 8 R IR ]
MIAISCREE , of Al o] JEdeARRL A% 1 80 56 R 8K
ApRIEDR . AR TR TS 0 A RFEEFI, X,
Moo WIEESCh 0, FRRAE RS 1 2R 2R
HIF, X Moy Aol E SR 1A O,

2 #R
2.1 o [E A 3 8 AL BRI SR T A 46 Mk F I S Mk
R A M G

r ] BH X B A MR AP T A K RIS AR R ) A
Atk FIME . RME . S/IME . PRfEZE DR R R
Bz 1 s, R 1ATLLAE W, RE . R AR
HERT 4% R 24715 2 (Survival rate for each family at half
lethal time, SRso) FH4I{E 43510 17.81 g, 114.98 mm ,
48.45%, 285+ REU R 26.41% . 8.62%F1 30.01%,
Horpr, SRso B2 5 REUH 5 K(30.01%), FRHIAH
PSR S QIR ARV (NG AR T N N IR
R 2 /N8.62%), e IR 7E 5 2 [0] 1) 722 S5 AH X
BN,

2.2 W E IR BCEME IR T £ K AR AR R MK
B8 2 S HOTAE R 2 PR EY ) B bL 32

r ] BF OGP BRI T A A AT AR TR AR 1 a5t A%
ZELSAER MR 2 FMBIRY R A LA S R ISR 2.
B 1 FRAT A4 R B AR (9 352 1% 7 43591 24 (0.206+
0.177)F1(0.187+0.179), &5 0 TR #EFxER, JFH
THZ AT 3 25 5(2=0.075, P>0.05), A 2

F 1 PEAEREEMEE T & KRR K B R R i

Tab.1 Description statistics of growth traits under low temperature and cold tolerance traits in F. chinensis
SRS AL 5[] RAME S RKRIE bt 22 5 R AL
Trait Number Mean Minimum Maximum Standard deviation Coefficient variation (%)
1A Body weight 1327 1781 g 6.26 g 3292 ¢ 4.78 26.41
&K Body length 1327 11498 mm 83.00 mm 170.10 mm 9.91 8.62
RIS 45 KR AT F SRy 69 48.45% 15.38%  78.57% 14.54 30.01
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ARAT A RN A K 1Y 352 4% 7743 511 R (0.317+0.065) Fl
(0.298+0.063), H &35 0 FA7EM % 25 7:(P<0.01),
22 LRT KR EE | AR P HARAERI R 1 FIsE R 2 2 [i]
HIBLAR FEAE 23 3R 1.640 F1 1,764, YARIETE &2 H
(P>0.05), FHAMAL 1 FFRL 2 Z M AfEAE 25,
R 2 BB, LA SSso M NTHIRIRSESE, 15ti%
174 0.169+0.078, 248 Z ki 5 0 FA7F b 2 5(P<0.05)

2.3 i ERAXT AR B MR T £ KR AR R R
HIEX ST

r ] B S R R A A P R T AT IR R )
PP AH G E AT L3 3. IR 3 ITLLE Y, (R ik
K 3 1] ) 2 R R 35 A% A 56 R 530 R (0.823+0.010)
F1(0.969+0.018), M BEEIEMC, HH¥ 51 L
FZ5(P>0.05), R | KA SSso FAUFHIC R K1
49(0.187+0.030) . (0.218+0.030), 1#1&AH & 225045 Ky
(0.517+0.205). (0.538+0.203), H1 LA A1, A
XPUR AR | RN SSso Z Il A7 73w 14 35t A% 1E AR
K, TR AAH S U AH X #5585 o

3 e

31 HEPAMNTREMEE TEREREENR 2 #
R R (8] By PL 3

TEABIFEH , AL 2 Bl AL ARAT (14 H [ X 4

IRTEAR IR T A E R A st A% 3 380 TR R4S 35t A% ) .
FAA 1 RIS BRI 3545 T 43 112 (0.206+
0.177)F1(0.187+0.179), #i# 2 FRIGAYMARE | (KK W)
B A% 41439024 (0.317+0.065) F1(0.298+0.063),  H.#57
1 RIS RsE 13595 0 Jo i 35 22 5 (P>0.05), MMifsi Al 2
PAFMBAL 135 0 fA7E W3 25 55(P<0.01), 2 FpE
T RAS [RI B[R] () RIS FLAEL 20 31k 1.640 i1 1.764,
70 i 2 25 55 (P>0.05), I\ Sy 2[R FRBE 2400 %) 52 75
PSRN o A AS N 2 [ SRR 34 B, PP
W IR L, ML R PR RN G, PIPER s
R AR, HARERIR K, X ATRRJE  TAM 5
69 MEFPEAEAPNAET 4 MERBRERR, R
(] ke = AR B 2R, O 53 4% A% 0 AR e ] P45 280 1 A7 A
— BB MTRYVE , (A 38t 4% 8500 ) 43 N 008 o Ay
(Castillo-Juarez et al, 2007; Luan et al, 2015), AT,
Li 55(2016) 1 FH 2 Fl gy Py 55 % v ] B X6 AR plg ARG R
JolE T R BB AL ) HEAT T AR T, AR ISR R PR A
I B 384% J798(0.3271+0.0447), HIN A 2 5] 3R 48 3% 07
Jo DU B A (0.132040.0269), —FH W W FELEZRT 0
(P<0.01), SAMFFREERIEA—F,

AR AR (2014)%F K22 6F(Scophthalmus maxi mus)
R AAE T A K MR T B AL S EOP AR B R 3, HAR
T AR E AR 19 3504% 143 531124 (0.3240.04) F1(0.4 7+
0.06), M aFistfL 71, W TAHEFE iR S i it A%
H1o WA, ABFFEEEHRYS He %(2011)R 14 i 4

2 PEAXERAAMTER T & KRR IE R 89 & 1 S 80T

Tab.2 Variance components, heritability for growth traits under low temperature and cold tolerance traits in F. chinensis

J7 24141 Variance components

Pk 4 — o 2 IS IS
@’Ij( *% j]m@ ;jx:lﬁ‘l%ﬁ %HL i":{ﬂ lL'ﬁzbjj h ﬂJ\,HfE ,ﬂJ\an\ 4
Trait Model ) . 5 5 o o Heritability -2InL LR
Jito, TJ¥o, WkF¥o, NEo,
1A F Body weight 1 1.808 0.424 6.550 8.782 0.206+0.177™ 4104.133 1.640™
2 2.806 - 6.057 8.863 0.317+£0.065** 4102.493 —
R Body length 1 9.136 2.368 37.465 48.969 0.187+0.179™ 6388.361 1.764™
2 14.728 - 34.677 49.405 0.298+0.063** 6386.597 -
LHIEIT KK RAFTE R SSs) - 0.184 - 1.000 1.092 0.169+0.078 * - -

#HON 25 B B (P<0.01), *NEFBFE(P<0.05), ns NZEFARFHP>0.05), FHE

** denoted extremely significant difference at P<0.01, * denoted significant difference at P<0.05, ns denoted no significant

difference, the same as below

% 3 HHEBAXTENALEMIKIE T & A0 KIS 144K 8] B HE K 43 47

Tab.3 Correlation analysis among growth traits under low temperature and cold tolerance traits in F. chinensis

PR Traits 1A T Body weight &K Body length L BFEIT AT IRAS SSso
1A Body weight 1 0.969+0.018%* 0.517+0.205
A& Body length 0.823+0.010%* 1 0.538+0.203
FEEBER I AEE IR SSso 0.187+0.030 0.218+0.030 1

T XPALRLL BB EARSE, WAL LT R A

Note: Data above diagonal were genetic correlations, while data below diagonal were phenotypic correlation
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PIAHSCTE AT 150 H i v [ B S R4 B (95t 4%
(0.04~ 0.29) 25 . RAR—F, (HARA 135t 4L T4l H2Em
T HZ5H(0.36~0.51), 175 H %5 (2008)%) 145 H
v ] B G I A MR 9 8 A T B F 5 4 SR AR —
B, HARE . RKEL T 535074 (0.14+0.16) F1(0.10+
0.06), BEAT A 45 (2008) R FH 4[] Jf 28 PR AH G 1k Xof < 3
15 E BXTEE 3 TR 4 T I e IR 5 S )
PEATPRAL , AR THELE 0.4~0.5 28], J& T4 uig
1o Zhang ZE(2011)XF H [ B AR B AR 9 14 3545 )
Sy 8 BVEIRIHEAT T b, 25 RIB R TT,
fEITHATE 0.44~0.74 Z 18], RNFEIWFIE P3RS AY 8% 5
A, 38 EZA LR IR . AT AL ek
MW AT, SRR WARE, /i f
B 00 FAS ] T Fr) 35t 424 20007 23 75 B AN [H] 1) 35t A%
1A HE(He et al, 2011), AS[a] i F sl 4 ] 5 Fh i A
AR K, BRI LT SRS AR, S5 m 5 i
& TS THAECEMAE, 2013), R IT AL A K B BEAS ]
WAESE P& T 22 50 T 5 BN [R] Bl 25 5 B ) [
BTN, SR ASON, AR AR ASON B D, R,
AT 8L A% 7 T BE AR CFF I 55, 20135 B 55,
2016). MAHEGEH, ARy IR A8t % ) v] RE
SR AR W, BHAMT R, AR H
AR CF HiE R 252 d), BEE A K ARG K, Rk
BRI/, I, RIS IEAE TR

3.2 R [E BAXY #F AL W AR R M AR 2 1R

K= S IGIR T 272 fE 138 % 23 % TAD. CDH
M SSso 48 hp KR (Li et al, 2016; 5 H 7§ %%,
2011), AARFFE LTI E AT R, SEH T SSso
B X v ] T X6 S 4 AR L i 2 P AT P Ay o AR 5% o
FAFHY SSso 8L F1°M(0.169£0.078), £ Z K85 0
1710 35 22 57 (P<0.05), MAR&E{E J1. Li %(2016)
F H ] B X R R L 499 i X M S AR 30 A IR
WFFEH, 23534 SSso A1 CDH 13t 1% 1 3 1%
SR AL FI[43 724 (0.0192+0.0235)F1(0.0258+0.0205) ] »
e Al K 7 2 W TR A2 M R A S, X 5 A
(ROTLYFIFH 2 Ffr sl 75 5 A 5 6 i g 0 P bR dE A 7 i
& T1A8 T, Bk #44: (Upper thermal tolerance,
UTT) #3844 714351 4 (0.02620.034) F1(0.026£0.053),,
W) A 54% 71, Charo-Karisa 25 (2005)%f T e & %
Ak gy AR MR 1 3845 AT T 5, HE CDH 1
814 71°8(0.08+0.19), TAD f384% 11°4(0.09+0.17),
Elderkin %£(2004)ftii1-A95E 515 D1 (Driessena polymor pha)

T 25 40 SR v 3 IR B 35 4% T R (-0.125+40.095) . LA
RS RN, K S v i R I 52 A AR AR
St JpvIR o RIS, 7K™ Sl 4 i At bt o e A0
FEH L R BT YU AR 2 AR ST T o 2 B G A
(2016)%F 7 J& F1 14 J& PLAA X 0 g 2l AU 52 1 1 35 1%
JIHEATAG T, A 52 A TR R sl 1 43 e
(0.13£0.11)F1(0.17+0.08) ; 7K 7% R 5 (2016)#E4T T FLYA
VR MR AT U R R a4 Al ot e A IR AE A% )
(0.07+0.03), HULATIL, K= st vk ny w44
— A AR o AT 4 v I B R AR T A R R T AR
P B TR Bt 1) BRI S, AT R T e B G AR AR
PEIR I A5 SH G T — 2P BT

3.3 i [E RA XY HR B MR T £ R MR AR
8] B 18 5K 53 T

TEARTIFE st SRR, 1R L (R K
5 SSso M35t 1% AH & R B4 5 M (0.517+0.205) Fl
(0.538+0.203), FAAIE R A3 514 (0.187+0.030) Fl
(0.218+0.030), UEWFFEAS IR Bas, v [ BT HF A it
RGP PR 55 A A PR T 194 35 A5 R DG AR, TR LA OC
455, Charo-Karisa 45(2005)%} T Jg & ¥ Ik a1 4y £ it
R AR5, R S it IG A4k CDH # TAD /Y
FERUAF 43 49(0.33+0.17) F1(~0.26+0.18) , ALK
A3 49(0.72£0.8 1) Fl1(—0.68+0.84) , it fLHH 58 T 15U
TG AM TS5 R —3. {0 Li %2015, 2016)%f 1[5
WP AR BT ARG IR 1 R 52 AR 55 S S5 A i 1%AH
R F BN T R AVAH IC R 17 HOXE PLEA 0T A TR AP iR
(AIFSE R, RS CDH Il SSs (38 A4 A1 S (E 43 31 A
(—0.7702+0.4583)F1(~0.8253+0.4553), # K AL,
H¥5 0B EXER,

X FHEF Q01T 40 AN KZZHF 5 R it bk (14 i
FEYW, RES UTT RBH RN AL A R B
A 0.04 F1-1.00, TFE Perry %5 (2005)%F HT 68 ff
(Oncorhynchus mykiss)ifif #4: fBF 58 £ B, (KE 5
UTT Z A1 {35 A0 JLF A 0 (r=0.03+£0.18), 7E¥k
R, — SR i B RS AN 2 AR Y
RO, AR W AR A7 AR L DR BB AL PR 2301k
AR A PR ) B — 8 R ARG B, IR, AT L
i I e R A OGBS MR AT R E
(Moore et al, 1999), AF5E R, H [ B G R AR R
PEIR SSso 5 AR K MR 0] ELA 4 5 1t A AR OC R 8K
U, o B AR AR I B R A T T DASE A A Kt
R [F I HEAT
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Evaluation of Genetic Parametersfor Growth and Cold Tolerance Traits
in Fenneropenaeus chinensis Under Low-Temperature Stress

WANG Mingzhu'?, MENG Xianhong'?", KONG Jie'?, CAO Jiawang'?,

WANG Jun'”, FENG Yaping'~, QIANG Guangfeng'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and
Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071;

3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract In the present study, a preliminary evaluation was conducted on the cold tolerance and growth
traits of 69 Fenneropenaeus chinensis by indoor artificial cooling. A linear mixed model with average
information restricted maximum likelihood was used to evaluate the genetic parameters. Two animal models
were used to evaluate the heritability of body weight (BW) and body length (BL) under low-temperature stress
in F. chinensis. The heritability of BW and BL observed in model 1 were (0.206+0.177) and (0.187+0.179),
respectively, and for model 2, these were (0.317+0.065) and (0.298+0.063), respectively, which ranged
between medium to low. The differences between the two models were tested by likelihood ratio test, and the
likelihood ratio values for Model 1 and Model 2 were 1.640 and 1.764, respectively, which were not
significantly different (P>0.05). The results showed that the two models were not significantly different, and
that model 2 was the optimal model. The heritability of the survival status at half lethal time (SSsy) among cold
tolerant traits was (0.1694+0.078). The phenotypic and genetic correlation coefficients between BW and BL
under low-temperature stress were (0.823+0.010) and (0.969+0.018), respectively, which were relatively high.
The phenotypic correlation coefficients between BW and SSsy; and BL and SSsy were comparatively low with
values (0.187+0.030) and (0.218+0.030), respectively. The genetic correlation coefficient between BW and
SSs0; and BL and SSsy were comparatively high with values (0.517+0.205) and (0.538+0.203), respectively.
The results showed that during breeding of F. chinensis, the cold tolerant variety can be selected together with
growth traits.

Key words Fenneropenaeus chinensis; Growth traits; Cold tolerance traits; Survival status at half
lethal time
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