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FHLAE T 3
w2 oE
Fi 201306;

2. UK REEAF T BE AT BT AR AT Tl ] ek A L SR A

TR AL S HEOR R E I R L A S R e i RO S T

e

5 266071)

BLJF # & i A% 2 JR 3 Fu o 6] i 4 A Kk AT 50 B B R & 8 (Exopalaemon carinicauda)

it kA VR By A AR . RA R MR R AMER R A 50 MR MR R(EHE 42 M
Bl E Z), FlF SPSS 8k 4 by — fit & PEAE AL (GLM) X 4 K % 25 it 18 By 77 78 B 8] S 4T 7 22 04, 16
THRANTHEARERNZE )R EHEX, E2RET, ARATWHRERNZLE LN
0.18~0.60, H@EIHERKEBEATF, BTHFHLAH; 50 BRH R G I 2R R 5 R K # i
4 3% Fn 5k BUAE  4 3 H—-0.401 Fr 0.127, Tif 2k Motk A 0K 2 1R 3% 4 A0 56 Fn 3k A A 6 471 H-0.196
f10.033, WHMERGHRK., RENHEXBERK, KFREN, BEFHETHR AT R
PR B R EARABS, AU REmER YL TR, Ao B RANERKIEREZ 4 BEY W,

ES a0

hESERE S917.4 SCEkERIEAD A

H R A UF(Exopalaemon carinicauda) XFR/NEYF
MFHFAR, FE A T EEE R KB, 2R EE
SRR/ NI PRI . BRI, T T
A, BAARH B B R W L 38 N RE )R AR
S, BLE R TR T VA DX ) AR (LR 5 o (20 1 5,
2003; R, 2013), FEA RHHEER/K 54600 7Thm’,
HLA SR 7 B 3 08K AT 35667 )7 hm?, £R A 7K F
THAEPH. kBRI LB 7 A U S A,
BELAS: 1 ERHK BSR4 38 40 TF AR o 5 e R R R

HFRAE; MEmER; mEh; mEMHX
XEHE  2095-9869(2021)01-0117-07

T8V RE TR, I A R A U v A R UK B SR A ) A
1o itk — 32 5 A R IR SR ms e ) S AR Ak K 57
FE i, X HHE TR BT ek R0 AEJE BE .

WAL 1Ak TR OK T S W B Rl — Al T
1B, FEHTHIEE = Eo ek fas e i, %9
B RCR . A% T HERR A TR IERR e B R E .
FEFRALE R S TP G R A H R R
(T HAE, 2013), a4k, ENAME AR H 72
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trituberculatus)(E1E4E, 2015) . H AR (Marsupenaeus
Japonicus)(KSHRFREF, 2017). HIEBAXTER(Fenneropenaeus
chinensis)(FE N, 2018; FHHERSE, 2018)5 W fh, H
Pravi R =P RO AIER e A AT T R
W5, BT, KT oK™ s Y i 12 28 ry of
FRD R 2GR b TR B0 X 7K A= 3 ) 1 5%
Mg ML, An B R R e BE X JE % B 3 £ (Oreochromis
niloticu) (ATNELSE, 2013; A5, 2016), S B ARHED
(Carassius auratus gibelio) (PL 3755, 2014) ., 1 #E
# (Gymnocypris przewalskii) (T W, 2013) . %i#%
(Sinonovacula constricta) ("W1H4E, 2019) . LN XTHF
(Litopenaeus vannamei) (#& 105, 2008; AFI4E,
2010) . % K W UF (Macrobrachium rosenbergii)
(Gonzélez-Vera et al, 2017)4 K FIAF 1 (145 1A 45 5 T8 o
SO R (198 D)IF5E &L B, 0.2 v 1 I A ) R B
N RE S Eak , Hak o e B Bk il (Carassius auratus) |
FCERAHER M (Leucisus waleckii), F3Ab, A —LEIREE
WENAPEST R SRS, LgNEXTER . B R RS,
S TE K Bl Wy R el 10 1 K itk 5 S - A B
TR SRR B

KPS — MR S R R, BRI, 8E S
BT Ir vk 2ok ) 3 e gt A Ak o 6] 20 A e
KR T 2285 i, FEAR I 20k &
ANIEEL Z R T Al TR K ASR VA (B S B S, 2001)
A5 I T E 1) 52 R R R AR 2R AR &
AT 72 h REGCHRE AT a5, SRS 2 A
6 IR T R B8P IR % 38t 4% g RN st A% A DG AT
i1t AR R AR SRR IR 18 7 PR AL B

1 MRIERFE
1.1 FEXRHFR

B R A4 CE) R M ZR & R AR T 1L
R H BRI R KA RS B SRR, o, BESF
142, MEHF45E

1.2 FEBH*E

121 FXERIL 2019 4 4 APkt A&
B R AR, R 138 @ 34T ML R, 3%
RS R )R, WA OpEEREy SR T ERARfE, S AT
f, 50 R ON AR LD HEG A B —1X, Bl 50 44
MR 2, HE AP A 36 ) — i P 2 7 A [ il 5 A g 2
FIRR R 42 4,

1.2.2 4935 F BAFEZRLE 300 B T %
RGE, HIA 300 L RIS, 5K R

BAM—3. TEGREFELRE T, DIRSE R &R
(Brachinonus plicatilis) Fl (< B (Artemia sinica) h F &
WORL, BRI 10%, WBHIEERN 24C, ELEAX
BB B EE S, 2013).

1.3 EHEENE LIS

RYGATHITSLE:, MRS R AL 72 h BB
K 8.26 mmol/L, FIFH 72 h PEFEHE X T A % %
(4 [R] A2 [R) ) 2R A 7 R Bl ae S5 . BN R BEAL
Phik 30 BAF, 78 50 L BHA R 3% 24 ho BAEER
oY 3, B4 10 B, 7RSIt AR A A AR B R —
2, BE A 1 mol/L NaHCO; ISR IHTY , FHRR I E
PG, FERE 6 h AL 1 ROKMRBREE , PR K AR R
RO BRSO , A S AN R A R e SRR A
A A A7 305 st 1) B A A R o
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Tab.1 Analysis of variance for phenotypic variance
LT 3 A S5 ¥175 WY 5

Source of variance df Quadratic sum MP Expected mean square
JfdE ] Within sires | SSs MSg ol +K,xop +Kyxog
JHE PN ME[E] Dams within sires D-S SS, MS, ol + K, xop
WA N 5 A4 8] Full-sibs within sires and dams N-D SS. MS, o’
JF Total N-1 SS;

e N RAVIMASEG S MEMESEARUR: D MEVESEARUR: o . op Mol s RFRKFEMITE . BERER M2
e FEMAAE T 225 K, HEERAR B MR AR 2R RBG K, - BRI R ARG K R
PEA R H

Note: N: Total number of offspring individuals; S: Number of male parents; D: Number of female parents; O'§: Paternal

half-sib variance; 0'12): Maternal half sib variance; O'ez: Full sib variance; K,: Average offspring between female parents in

male parent; K, : Average postalgebra of each female parent; K, : Number of offspring per male parent

*k2 BEATWERBEROTESN
Tab.2  Analysis of variance of survival
time of E. carinicauda

[EZRCRERIN
Saline-alkali tolerance

A df B MP BTt F

W5 2200 M, Al AR B 7 22 21 o BN PR OT 22 4 0
PEAT AL AR SCRIAG T (B R FR SR, 2001).
AR R AT A -

rys) = Covy(x, )/ o, 05,

e PN E AW R

Source of variance

r, =Cov,(x,y)/ o, 0, HEPE ] Within sires 19 904.678 7.318"
KA1, 1 sy BT L IRIE AR, Cov, (x. ) tﬁliwﬁl:ﬁﬂ Dams'withiAn s'ires 30 583.164 4.717"
IR IS, 0, 0, HRHERIGEIET oo oo Y00 13,607
%=, prﬂﬁa%*[ﬁ]ﬂ@%%ﬂ*ﬁﬂ‘é, Covp(x,y)ﬂilw‘j‘f&" &L Total 970
R B RN TT%, 0, 0, PRI, s
A ** represents highly significant difference
2 HBRE5HH ®3 GEHEAERHTEES

Tab.3  Analysis of causal components of the
survival time in E. carinicauda

2.1 HREBImEE MR EE ST

200 ARG UT A7 I 6 T £ A AT TEAS @iﬂ?
AR EURR R L 72 b SEBMLR | 21T SPSS Hiff Components of variance time
b HA7 T I ) HEAT B 4007, 4 B R AFIRI ] Jy 24y HEFER Within sires o3 6.81
Hrobge 2, e 2 ATan, b 2 AR 1] ) A7 30 et ) 2 T P4 6] Dams within sires ob 22.97
1T F RS, 2250 B P<0.01); RHHENE A Py 1 EEd| o2 193.63
SEAS LA 15 B[R] AT F RS %ﬁ*&ﬁ%@m.ono Full-sibs within sires and dams ¢

T 37 A% PR M 3 AP 295 AR 2 K =20, B Total oy +op+o, 15341
R M R A M TR K, =20, Ky S iEbkse MR I

Within sirestDams within sires

A EREH K3=47.21,
212 A ROIFAERREZH £ 54 HRAE

(ERaRc RS LIN N RN B B

FEARERECH VAT 220 Bri a5 5%, 1138 B [ IR
PEEAS . MEME SR AR 4 [ 2 53 19 7 22 L3R 3.

2.1.3 AR G sFat 3 ek A A AF R4 AL
FFM . BRI R R R R T 249157,

2R, MIESCRF RN SR R R R A 7 22
o AGTH AL AR IK R E K, Ay, AKHE 42 [R]
M7 25 o3 A T B 5 A% 0 R R P R kA AR g
& 3y e il e
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Tab.4 Heritability and ¢ test of the tolerance to
saline-alkali in E. carinicauda

AE F T FEIG ] Survival time
Estimatiqn n}e'thods of 50 At (R
heritability 50-day-old t test
AL Z 2 [F H Paternal half-sibs 0.18 0.14
+): Z 2 [ ffg Maternal half-sibs 0.60 0.41
42[F] il Full-sibs 0.39 4.25°

*FoREFLE. T

* represents significant difference. The same as below

22 BHEBYWTEFMER S £ KR A EEHEXF
REMEX

HRAEF 50 Hig A KRS T Eh s R oy
ZENT L 5o MRUETH 1AL Uy 22 43 H7 A1 3E F B
FENWE 6, it 50 H AR IR KR
T b 2R 118 35 R G N e A DG L3 7

WPy 22 0T A, R A EMA R S R E A
KZRECH 0.830~0.890, M I & IEAH X (P<0.01), 1M
i R A DR 5 A R AR SR AR AR, A I )
FHOE s AL A OGS AU AR b — 3, ULBHBT PRIk
SRR EITC R EMH KR

x5 RETBEBWHMAESN

Tab.5 Covariance analysis for components of phenotypic variance

HEPER] Among sires

TP MEA] Dams among sires 4 [EiU[i] Among full-sibs

Betiﬁ'iﬂraits AmE BF A ¥ior A ¥ior

df df MP df MP

&K, FEiEmE Body length, survival time 9 -0.141 80 4.681 630 3.417
1A®, 1M Body weight, survival time 9 0.016 80 0.122 630 0.054
&K, 4 H Body length, body weight 9 0.378 80 0.111 630 0.110

Fo RATEBEHWERMFTEAS

Tab.6 Causal component of phenotypic covariance

PEIR (5] Between traits

W7 224043 Phenotypic covariance

Cov,(x,y) Covp(x,y) Cov,(x,y)
RK, TR E] Body length, survival time -0.067 0.158 3.417
REE, fFI15B}E] Body weight, survival time —-0.001 0.009 0.054
K, £ Body length, body weight 0.0340 0.0002 0.1100

x7 BEAWERKMWKAGEEEEIKEEHBXMREEX

Tab.7 Genetic and phenotypic correlations between growth and saline-alkali resistance traits in E. carinicauda

&+ Body length

1A Body weight i I [E] Survival time

&K Body length _
A& Body weight 0.830%*
AEIEIHA] Survival time -0.401

0.890%* 0.127
- 0.033
-0.196 —

TE: WAL LRI XALLUT Mg etk

Note: Data above diagonal mean phenotypic correlations, while data below diagonal is genetic correlation

3 itig

AR BB T | P Pk aE R K e Sh A ik
T SERIARE , X LR g A5 2 B At T il 5 7
TH AU R EAT 8% ok R Al . 7ERE L R,
AL B PR, S ACEE BUR B R RE TR AL
KB PRI AL TR T 0.40F, Jm = AR
i NP s NN R L e St iR e dr STk IV Wa
P FEA TR A EAL ST 0.2, JE AR IR

ATREMERAN, EH TR ARFIR RN EFE@F L
45, 2010), ZH0UK = Sh AR A IR B m FE IR AL 1 s
W, 2R 5 (2013) 0 F 4 A M 4L P9 AH 56 A 145 3]
H R IEEF50 H g B AR 3544 77 240.170~0.330, f4
()35 % 71°00.140~0.330, MHEEBRAL f1 . BHEILE
(2017)id 1 X} 2 8 57 19 A B (Paralichthys olivaceus)%
DRI T HOR I, 53] 2F 6E 180, 2401360 H #%
R REE L RS AL 15390 20.290~0.320, 0.130~
0.3507110.350~0.390, ¥4+ EEAL T . =R a55(2016)
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WAL TS 3] = P04 742801120 H 88 A= 1tk 114 35
1% 53°40.530~0.600F10.450~0.500, J& T /& B it 4% 1 .
K77 B B s IR Y 5t A ) — AR, an L AL 6
(Haliotis diversicolor supertexta) i fI £ 15t & J1 K
(0.0560.022)CE 1%, 2014), JBAREEBAL 115 WA
(20183 15 Xef o [ B X R34S AR HEA TG IR W 18 52 56
A7 T TR AR I P R 38 L 7 R (0.054+0.074)~(0.223+
0.101); 5K 5 R (2016)%F PL4H 5 XoF R Tiif AEG 4201 IR %)
L ST #E A, 13255 77°50.070+0.030, & T
R 1A% 11 5 BT XFUR (Penaeus monodon) i = &, . i
A5G 3 PR R B0 382 4% 7 4 (0.1100.040) F1(0.290+0.080)
(AR MRZE, 2019); H B X SR TR R 0 8045 H1 K
(0.169+0.078) (L BHEESE, 2018); Charo-Karisa%(2005)
fili v Je % % Ak My £a i i AR PR a4 T ok
(0.080+0.190), J& FAREE 1% )1, T IEAF(2015)i8 i
X =R AR ER WA, AT I 4 AR
ARBAL J3°090.180, 80 H 4 FE 8 iy i A £6 MR 38 4% o
90.200, PJJEAREE L ) o ASHEGE R 4 R 2 Py
AH & 35 Ak 1T R 0 T B bR A st £4 70,180~
0.600, My EEwtfL Iy, 5IH AWK s Pt R m
WL A F A, U R R I S Bl RE s, LA
it 2 DR VR SR 16 T 4R A 0T BE T R B AR D SR )
Bl R R A A R PR S T AR B DR 34 5 )
FER AL F7, 0] R R B G 3k 7 R (AL
Bl B4

AR SNE R TAE S, Prasi iR 5 4 Ktk E)
(14388 % A1 G 5 R A S S B0 7 R A TRl B BE 5,
2 e EL R T B e ME LR B R, B0k R
F— MR TR B, AT A5 Bt R
o B ot A SR I R OR 8 Rk T CREMI 55, 2014), —
FBE7K ™ Sl A0 3 MR 5 A MR =2 TR 1 5 A A G
HRARAK . Krishna %5201 1)f 3 BES 14 577 35 2%
HIFHE R B K 0.050 (P>0.05); XIS H125(2011)HF5%
R, KZEEE(Scophthalmus maximus)i &= IR 54K
ERRRAH AR 0.040, AL N-1.000; FiH
S5(2014)3 % JUFL B S R EA TR e 555, 155
Hagk | 529 . R 5 WG ER PR 0 £ 8 A N
—0.040~0.156, it A C R EH-0.030~0.140, AR
FOMRIER ; HABEXT IR R IR MR S A KMk
] F) 26 BRI AH 56 2 H0M (0.043+£0.054)~(0.126+0.046) , j5t
T AH X 2 B0M(0.10040.442)~(0.159+0.441) , H4 R {1 B
IEASCOREFRAE, 2017), AW A, H R AR
ER A AR 5 A R R 1R 2 R A 56 R st A5 A 26 R 50
4 0.033~0.127 F1-0.401~0.196, 5 L) #5845 16—
o Bk, EFRANFEF IR, PTG SR
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Estimation of Heritability and Genetic Correlation of
Saline-Alkali Tolerance in Exopalaemon carinicauda

LI Mingdong'?, LI J itao®”, SHI Kunpeng’, HE Yuying’, GAO Baoquan®, LIU Ping’, LI Jian®

(1. National Experimental Teaching Demonstration Center of Aquatic Science, Shanghai Ocean University, Shanghai 201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,; Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs; Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract Exopalaemon carinicauda is a widely-distributed species. Its wide temperature and
salinity tolerances, fast growth, and strong adaptability have enabled it to become a characteristic
breeding species in coastal areas of China. In China, there are around 100 million acres of
saline-alkali water with breeding potential. Saline-alkali water has a high-pH, high-carbonate
alkalinity, and complex ion composition, which hinders the full development and utilization of
resources. Due to its strong environmental adaptability, E. carinicauda has been successfully
cultivated in coastal saline-alkali waters in recent years. It is urgent to improve its germplasm for
saline-alkali aquaculture production of this species. In this study, quantitative genetics principles and
intra-sibling correlation methods were used to estimate the heritability and heredity-related
parameters of saline-alkali stress in 50-day-old E. carinicauda. Fifty full-sib families (including 42
half-sib families) were constructed by directional mating. The survival time under saline-alkali stress
was analyzed with a general linear model (GLM) using SPSS software, and the genetic correlation
with and heritability of saline-alkali tolerance were estimated. The results showed that the heritability
of saline-alkali tolerance was 0.18~0.60, and the estimated value was not significant. The genetic
correlation and phenotypic correlation between saline-alkali tolerance and body length were —0.401
and 0.127, respectively. The genetic and phenotypic correlations between saline-alkali tolerance and
body weight were —0.196 and 0.033, respectively. The results of this study showed that selective
breeding has great potential to improve the saline-alkali tolerance of E. carinicauda, and taking the
saline-alkali tolerance as the breeding index would not significantly affect the body length and weight
of E. carinicauda.
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