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WE  EKFEREY, AEERTERAFAT, 8 2AHNER MWK ERT, AT W
PR A o AHE R DAL X T (Litopenaeus vannamei) & i fn ek 2 /N & ZAE AR AL, FIAE
BB MAMDO)V Iy 7 R, X2 4M%EE 41 ANK AT 6560 R4 IFSATIREAR 2 K, 4
TWEEBEBEAT TN FEER, 2R &R ELE—&RFE R R B KA ER S =
7, WWEHBRESH;, dMXBEAREZRWEANMENE, LA, FRRASZHTALFNE,
FhmEmp kT EnEzR, £RET, £ 03 mgL REAFET, BB RAMEAERNRKR Y
B A7 6 & SSgo H R I B3 Z #(P<0.05), B & SSso i 49.30%, kA R SSso K 42.52%;
K F B f g B [ 0 R 7 60%Fn 45%., F|F B AR s A A, DL B0 B MR AR R
KA A WM (78 4 1, Fo1- 4 ) A 8y 3% th % %% % (0.345£0.031)~(0.378+0.029), £ it #:#: )5 &
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FH F W] (Crustaced) . 1 /& H (Decapoda) . X #FF}
(Palaemonidae) . =X R & (Litopenaeus), HIHEAT
R U TR A RS R R R 2
GEHR (B 3C i, 2018), PRE ACH TR e A9 SR
X R fh AP Z —(Du et al, 2015),

FEFRFH L RE R, W 2 e A KO 7 i S (DO IR
% {4 (Soflanez-Organis et al, 2010) Y FL 4 . H5 9l 2 7E
1o B R FR B G LT, N S B AU 2 S EBULN
TEXTHR ) R EIE T (A BE S, 2022), Pt et | |
i 35 1 7 I AEC AR A L AR 0 ML 4 % A
FIRRLL K R B G . HAT, E PN EXT IR E
P TAE RZA XA . A2 . PURPT A H bR MR 1
W R . 85 (2020) R RWT, LY XT IR Y
T R R A2 MR 8% 1k 0.032+0.031, B TRIH 1% 115
A KA MR B L 17 0.194~0.242 2 [8) 15 )4 . 2
IR 5 LGS Xof R AL AR AR o o R b 3 BTG 26 1) a8 % )
4351k 0.17~0.24 F1 0.04~0.10 (Gitterle et al, 2005),
A K LA T BIG ST 32 R 9 38 A SO Al L R
e I SEAT IR D . ik SR AR (2016)F 5 K B, L
YT MR AT A2 MR 1845 ) A 0.07~0.15, HR
FHAY DO W FEJL N 1~2 mg/L (48~96 h LR )
DO M BE), AR 1 RS IR U aa 5256 . WP B
7w, JUANERTERZERA) 1 h 2E50E DO W h 0.2~
0.3 mg/L (Pérez-Rostro et al, 2004), FLY X IF7E 48
19975 3UPE DO VR B T it 52 1 RE 1Y 1t % S 80 I S i 4 40
F14) 20 it 2 R A A LR

B LGRS IR S U 2 A5 R AE R
WFoE x4, it ST DO W EEKSEa , Fod i
8] JOAS ) 52 2R (8] 2 BOEAE 05 i) [ F02F BOE A 16 %
1925 5, A = B DO kK SF T ML i X EF
IS 32 PR IR st A4 280, LR OGR4 2 %) 400 it 2
Ik, LI FLAR i XT R mHIG AR B T AR RS
S

1 #wRERFE
1.1 SCIgHH

ARSI AE LR D T B BT AL B A
BN FLYA X BN 7 Rt T 2 . SCg6 4l 2021 4F
FUNEXTIRE M ORI, B35 41 PR R (GK)M
AL MRKFE R (K), Hil R P60~Pe3(f1-4F 60~63 d).
AR RMPLEE 80 B A K H(4.5+0.3) cm, {AH K
(1.1£0.2) g [ K/IHHIE A fRFEAMA, F-3445 R 4 41,
4G 3 A FATIE A 1A% R4, A4l 20 B,
it 6560 & .

1.2 FEBHE

BREXFUR 43 BT 20 LAY AR b . A P9 5
SEEALUUVE IHEEM A 2RIEK 15 L, $h8°h 29~30,
pH o 7.5 Aty , /KSR NI A 28.0 C,
IERLERTFANE I 2d, BRBIRESE TSR X
SO IN], ASCIAM A K Bl H A R,
121 ARE AT 2 R T 1o S B o FLAA
XJUF P60 B 1 h 2f-3%E DO ¥ & & 0.3~0.5 mg/L,
PEFE 0.3 mg/L 1E AR SAME S2 %) DO W . 38 1t )
KRR T EE TR K TR DO B , KA L 5
SRRHEES, (H AR R A R R AR, HE
AR T B AR o A S A B
10 min i & | 125k DO 4T M B I A RS K
Fefl, i 3AFATSEER A0 DO JK-F2ad 3 h FEZE T
W FE(0.320.1) mg/L . MSEER 215 Ik %<, PR 7S
RABRTF IR, ELE g, Rk 15 min UiEE
IFIC SRR IR FET A0, RS L JE TR KR 5
W5 50, HEXTERFET- R 18 5] 80%HT {5 115240
XL IEH SR, 5% DO /K H 6.6~6.7 mg/L .
122 #EFIE ZARE N LR G, K R
SRR I RS BEREHEA T = AE = i E AR
AN 2 F R FMRABURE R, S X R NBEVLENR 4 2
SEEGAEAL, FEER L UL SRR IR AL ZURA 4%
1) 22 5 RIS 1 G b 1 5, 24 h il — ik, AT A
WY R HIVE . HE Yo, FERIFEHE CI-S 2 i
(HZAR)MEE

1.3 HIEZITS5HH

131 AA % PIAN AR AT 1 B[R] FN R 2R 2 8058
TR FNTERR, PR R R AHK DO Wi ZRE 1. AMA
AF3 s 18] A DRS04 BN BE T O B R) (), 2 &R A7 TG s
B8] S 2 22 N T AR B - 44735 B[R] (h) , R R E0E
FETE H A 43R AATE 50%IT 2%~ % F& B AE T 5
(SSso) (JHHE4E, 2018). ] SPSS 26.0 A4 %t MLghiEE
X B[] 58 28 - Y AIK S8 A7 106 1sF [R] ) i 3 Pk S 80 45
Geit BT 22500, R LSD XA [E K R Rl 1E 1%
Il T 2 E b, P<0.05 hik 3| i & K,

1.3.2 i4EHirsE FIF ASReml 4.2 {3 4+ 5]
(B MR B WA A T LA T X IR A /) % R AR 4R 3K
ARG R B S5, BRI T .

0, ; <0
N :{L gy =0 AT W)

R,y FORE RIFAERIRECE A 1, FEH 0);
ny N vy WORAEAS B, EEHLAT & BRURIEIE 75 4
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p FORBIEEIE: a; AR IS, a ~(0,
ASZY, Ho, A g AT A 2 Tl B DA S8 A A G
Hl R (G B, o FRBINLIE%E . e~(0,107), H
W, o2 NERET %, 1R

B(Y;=1)=b.(l; >0) =g(u+a; +e;) (2
X, POAAERLEIEAER , () BERRHEER 2
11 B 8 (Ddegérd et al, 2006).,

TR AER A2 bR B4 3 1% 118 (Trygve, 2005)

2
h2 — O-a (3)

2 2
o, +0,

K, of IRkt r %, of WkEI £,
A1 (A A AR 2 e 2 i A UL i (O ) I
AL T (R3):

222

(4)
p(-p)
Krf, p BEHARCEEOURFAEE R, 2 2 RPN
TEZS A0 e e s AR B
133 #EHREHLE
A

P

g PR R e L vl

Xi
o

Z= (%)

Ko, R XL BAE ST, o, XL AR IR R
kgl 15 0 SRR BE . R 2=1.96, it
15 0 fFfER E 25, Wk 2=258, #wfE)15 0
EEN 2.3 22 5% (Lu et al, 2017),
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2.1 REMEXAERRFEERE M

ERGE FLAN R MR AE A BRAR S A5 R I 32 1%
AR S5 A FIIE DO ¥ B[(0.3+0.1) mg/L1JTJ X FLAH
XTHRA B . 25 R W, mPsh R LR RS
KRN0 I ) A7 I 35 25 5% (P<0.05) (K] 1.4 2):
YL &R 1.2 h ik 3 50%5E TR, & ] SEA 4 i
] 75 5 R AR 60%; PR & 0.95 h B ik 5| 50%56 T
B, RRBPEEIAETE I R AR 5 RECH 45%. S &
2.31 hik#| 80ILT -, KRS RECH 49%; R
Kim &R 157 hikE] 80%AbT-%, KARMAARRZEH
40% (£ 1), BARPLEOERN R R SSso M 49.30%,
PR 2R 42.52%, 2 /> it FR 8] A7 TG A A i 3
2 5(P<0.05) (3 2).

22 AFEmARMMEREE AR MIT

LA X6 BRAS Ti) iy 28 ] R S TR A9 st £ 77 D
2 3. i FE R Sh PR R E b R ATERR
mi FR AR TG 80 PR IR B9 38 4% 00 43 53 24 0.345+0.031 Al
0.378+0.029, £ i # 4 Je e WL (14 22) RUBE I 1) st
£ 73435124 0.219+0.031 F1 0.237+0.029, J& T 45 it
&SR . Z-score ke B B, 2 4N RITE AL T
5 0 A0 L35 B0 B K P (P<0.01), H 2 45 &
fIEfL 12255 0 M Htu ik 24 i 3 /K- (P<0.01).
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Bl L LR MR G 52 3R )1 4 IR AU A I I 6] A9 LSD 25 8 [E AL
Fig.1 LSD multiple comparison of mean survival time to hypoxia among different K families of L. vannamei

AR FRARFAIR ZR R Z 1 22 5 1 3 (P<0.05). Tl
Different letters show significant differences between different families (P<0.05). The same below.
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AN oM = >0V M St == TORNENA T ORXNOT N NS NN O o
S E B E L E RN E R S ER oS EECCREETnTERBRTLEESS
MEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEY EVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEVEY,
[CRCECECECECECECECECECECEGECECECECECECECECECECECECECECECECECECECECECECEOEOECECRONG]
R Z S Family ID

B2 PLANTEER I P2 AR ) B IR TG I [ ) LSD 25 8 LA
Fig.2 LSD multiple comparison of mean survival time to hypoxia among different GK families of L. vannamei

F 1 AMEIIEARE SR R ER S0 7EE B IR ST
Tab.1 Descriptive statistics of hypoxic tolerance survival time among different strains of L. vannamei
% BOUSET ] B/ME B R ERRR B0WSETTRIE  BUIME BoRM bR ER R
Strain Time of 50% death/h  Min Max SD CV/%  Time of 80% death/h  Min Max SD CV/%
=Pt GK 1.20% 0.23 4.07 0.72 60 2.312 0.62 6.37 1.14 49
A K 0.95 019 233 043 45 1.57° 073 350 062 40
e R —3 AR RS 25 5 8 35 (P<0.05), TTHl,
Note: Data with different superscript within the same column are significantly different. The same below.

£ 2 AOEEMIREBIEN EHEFE SSHHERILEK Js 72 R AN E I AR (B 3F), ALY 2R 2L UL o ] B 2% 5
Tab.2 Comparison of average survival rate at Mg b S rn g e T T
half lethal time of L. vannamei (H), JFRA—ERE AR
MR Sl BB S B A T R x3 NMENIRARERRNIEESN
Strain Survival rate at half lethal time (SSs)/% Tab.3 Heritability of different strains of L. vannamei
L GK 49.30+25.25" i 5 RN 2 2
Pk K 42.52+27.46 Family o? 2 ol !
Pk K 1.608+ 0.608+ 1.00 0.378+ 0.237+
0.077  0.077 0.029" 0.029”
= 3 =M R 2038 Y H4H 40 =530
28 AREAMZELDEIFHARZRR Sy GK 1527+ 0527+ 1.00 0.345:  0.219+
5 LI X ok R 2L UL PR T R 4 S A L 0072 0072 0031 0031
(B 3A. D. G), M35 ZMBERE R0 G £ 0 W o2 WRMITE; ol WibksiE T %, of Wik

HORTRIRRBE A Ak, i 52 R AR08 LR AN 2R HE 2 n? i i NUE ER38AE J1s n2 W E R
1), 8 22 (%) T o IR S5 44 2 e R (18] 3B), B AR 20 AL 15 ** R 22 S0k B 3% (P<0.01).,

AUE IR FRAR K, B it £ (8 3E), NIAHLTIES Note: o2 isphenotypic variance; o7 is additive genetic
%Eﬁﬁﬁd@r(@ 3l); T AR R 2R S 4 20 % W A A il 22 variance; crf is residual variance; 42 isthe heritability at the
SRR, BERAHIE—BRR, LRRETHEH scale of latent variables. 42 is the heritability on the observed
SR EE R g iR (1 3C), AR Y Zs i fb L 2 i, scale. ** indicates highly significant difference (P<0.01).
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Fig.3 Microstructure of different tissue sections of L. vannamei under hypoxia stress

A: XTHABAL; B: IMEMZFARMAL,; C: MABURFRIMAL,; D: XFHAFHRARHL,
E: RS ZRRNBIRAL; F [RABURE RTRRALG G XA 42,
H: (REIZ X REAMILAALG | [RABURE R ILA A EL.
A: Gill tissue of control group; B: Gill section of a hypoxic tolerant family; C: Gill tissue of afamily susceptible to hypoxia;
D: Hepatopancreas tissue of control group; E: Hepatopancreas tissue of a hypoxic tolerant family; F: Hepatopancreas tissue of
hypoxic sensitive family; G: Abdominal muscle tissue of control group; H: Abdominal muscle tissue of a hypoxic tolerant family;
I: Abdominal muscle tissue of a hypoxic-sensitive family.

3 ifip
31 RLEX AR S IE R =4

BRAL AN A ) D R ZE T PR R R A kAR 2y | K B 4
A 2GR DO FEARE BHt A, FEULAEEXS
WRFE T (R H M4, 2015). WFFERMI, fEKikizfiid

Frp, KA RE T S HRERS . Vaguer 5§
(2008)#i 4 K A= 34 DO W =B AL B FI T[] ST 5645
tB FH 72 Bl 40 v R 2 IR S e BURR I 2518 o B
AL R ST & I, FLANIE AR IR 7Sk DO YR EE Ry
0.42 mg/L, 1 2.5 h FEHEHk i (half lethal concentration,
LCso)h 0.3 mg/L, Zu 5 HAB KR A AT TR 45 %
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Mir., IREME 8 h J5, HAIRER(Macrobranchium
nipponense) LCsy -y 0.85 mg/L (#7155, 2019), ifij J] i
XS UR (Metapenaeus ensis)AY LCso NI J& 0.77 mg/L (Wu
et al, 2002); HEXTHF(Litopenaeus setiferus)TE (K E I
$5(1.27 mg/L) T %% 48 h, T3k 50%; H[EXfHF

(Penaeus chinensis)f?)% 3, 55 29°4 0.74 mg/L (Chen et al,

1992) ; B [LIRUF(Macrobrachium rosenbergii)fi Lt 2 T
ARG, HEE HURE N 0.98 mg/L (WR3E4E, 2002), A
MR AR RS 0.3 mg/L M BRA & 4514 T Xt
JUGEEXTUR AT 52 M0, B AEBCA B S A P2 A5 R
ARG O, DAz S A Tt , 85 52 B FLGA S Xof
MG AR IR 1 3824 S 800 Sk & Y AT

3.2 RAEMERTREERIEESH

BT, BXF 24K sh W) TR A PR AT T
5% .40 H & K35 (Larimichthys crocea) TR E ik 155
o 0.23, IKF| & EKF(ERIESE, 2009); Hyuma
%5 (2002) fili 7 4 T 65 (Oncorhynchus  mykiss) Pr KA 1
B SastAte I3k 0.54; 5K R 5F (2016) i 1 FLAN I X IF
FE — PG SR K P A SR R a8t AR Y B Ok
(0.07+0.04)~(0.15+0.07) . {H7E FLAN I X5 U o 2 LA
Vs A EKOT T 32 MR 8 A5 2 S R b T3 A
A58 1 B (E MR S R TAG B, A5 Hh IR AR
f 38 1% 71 24 (0.345+0.031)~(0.378+0.029) , Z53t i)
e 0 I e ROEE B st A% J) A (0.219+0.031)~
(0.237+0.029), J& T &Emfe JIIR, izt RA
—EMEE T,

ARBEFEH, FLANEXTIF L R R b R E
R, RRMEGRREAN, &K RELR RIS F75H
o |2 A e [ BRBE 5 0 M LA 143, 7T RE S 80 i% ST
2 B0 7 (Gallardo et al, 2010; Hoffmann et al, 1999;
Winkelman et al, 1994) . Mclintyre Z:(1978)iA Ky, B
AR e — (B R 8 K BT R BE T A5 1R
S HNWT B AR, (H TS B R B REAS SRS A R 1 &
AR, BMS BB R ME . AURERET 82 4
K7, BHFEABGEET 60 4, ARETHITE 2
BRI AN, B, AL ] (5 i e .
Ibarra %5 (2007) P-4l FLAA 5 X R 4y 4R B BE i G i7 4e st
%77k 1.15+0.10 Fl 1.08+0.11, i T FHIS At & 1 [l
(h*>1), HJFHE T BE 5 LRI PR BT AN Joik 43 A 5%

3 gt X6 FLAAIEE X R AN [R] i 2R (470 il 2 R R A
R)EHT I, FPsh R X  BOE T i AR
i 2 PERE A i TR R . XTI RE S 2 M R Yk
B L ShRERARRIA G, St R EME R, &
1 B SRR ARG TR, 2 B PUR R R4 T N —18

. MR AR (2018) BT AGE , HURTEIR S A
AR Z A7 AR IE AR SC I, X & R A b B
TiE$ 32 1 8 B AR 2 BT g o i o AR5 ey
P ZARAE T 32 PR BE W] 2 i ORI &, D ST
ARG MR NEAR Z B IR 0] BEAFAE IE AR G, HAb ST e
AR L T MR A R AT IERE PR

3.3 {REXT LYY EXT R0 A 7K T B #4 1i

FEAE P AR TG AR AU B, R YA [RI 4148 R
HLA5HE 5 Dy 8 B AN [R) I 7 A — 2 i I IR I e g Xof
W B (B B A, 2019), AFIEERMY, = PR 7
(Portunus tritverruca) (R 1 Bz 240 il 1m) 5 Ji 58 362 T2 AR
“PEm, REER IS Sy SRR 22 /INEGE 38 N A T S A I
AR (K, 1996), L £ o A I A P sl R OB
HEAE A0 A H I ORI R 2, (W] I S 40 gk B 3 2
HIEE G EIE AL A BT, DL i 4n i 5 7K i 2
fish T AR R N X6 335 R 85% (Bubel, 1976), X S5ACHESE H L
YR ER AR E T A BE L SUN BR — 3, HAS
F5E AR R R R LB AU ) B AR G, LT 2 HE
SV R A, B MRS . R, AHSCHREESS
JolR B S A B, H AR VR AR AR 2 2 I A3
FE B Y MU B WG I, M P B e AR R i AR K
(#mIH%E, 2019); 7555 R JREL MR (Procambarus clarkii)
oA pH ha S ECH AR Y B 4 i e A BTy in
A PNz 2 0 A0 i I B 1S 2 (B 5 FLAE:,
2016); —PERR FEETEIREL AR T R 40fEmi/>, B 4
MO RGN, L PN A e AR R (R I B 55, 2014)
TS 3 G2 B 5 AR A 5 v AR A TR 2 30 [) L A i X R
JRAR LU BRI B 20

PR S 368 f5 XF R 1) 20 M 25 ) | A BRARNE A& A BH i
AR, i — 203 AR KA R [ | SE TR T Y
W (Sun et al, 2016). Clark 45 (1986) 73 H IR & E+ T
VA ST UR ) (Penaeus semisulcatus)iii Bz B3], #0530
A A0 R R R R A X R AR T A e WA AR
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Abstract Litopenaeus vannamei, also known as the Pacific white shrimp or white foot shrimp, is a
member of the Crustacea, Decapoda, Palaemonidae, and Litopenaeus families. This species is mainly
distributed on the Mexican and Pacific coasts of South America. Owing to its excellent immune
characteristics, L. vannamei is currently one of the most important economic shrimp species in China.

In the aguaculture process and under natural environmental conditions, low dissolved oxygen (DO)
condition or even hypoxia frequently occurs. Under high-density culture operations, acute hypoxiais one
of the major factors affecting the survival rate of shrimp and the quality of aquaculture water, causing not
only alarge number of shrimp deaths in the short term but also water decay and fermentation, increased
turbidity, and other phenomena. The genetic improvement of L. vannamei, as well as the screening and
breeding of exceptionally tolerant species under low DO conditions, are crucial to the sustainable
development of the shrimp industry. Global selective breeding efforts based on quantitative genetics to
improve genetic progress in L. vannamei have been extensive, and the main targeted traits were growth,
survival, disease resistance, and stress tolerance. Few studies have been conducted on the evaluation of
genetic parameters and screening of strains for hypoxic tolerance traits in L. vannamei; in particular, the
genetic parameters and cytological characteristics of key tissues of L. vannamei under short-term highly
lethal DO levels (0.3-0.5 mg/L) have not been reported.

In this study, we used two strains of L. vannamei, GK (a strain with high disease resistance) and K (a
strain with fast growth characteristics), each with a total of 6 560 shrimp from 41 families, to count
survival traits at highly lethal DO levels, analyze differences in hypoxia tolerance traits between strains
and within families of the same strain, and evaluate genetic parameters. Individual gill, muscle, and
hepatopancreas tissues from families with significantly different tolerance levels were histologically
investigated and compared at the cellular level. The results showed that there was a significant difference
(P<0.05) in semi-lethal survival (SSsp) between families within both the GK and K strains when overall
semi-lethality was reached under hypoxic environmental conditions of 0.3 mg/L, with SSs values of
49.30% for GK and 42.52% for K. The coefficients of variation for survival times of families within each
strain were 60% and 45% for GK and K, respectively. Using the threshold trait animal model, the genetic
parameters were estimated to be between 0.345+0.031 and 0.378+0.029 using the survival status of the
individual at semi-lethal levels as the observed value (1 for survival and O for death), and the heritability
was between 0.219+0.031 and 0.237+0.029 following transformation on a continuously varying scale of
observed values, indicating a moderate level of heritability. Moreover, the gill, muscle, and
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hepatopancreas tissues of the hypoxia-tolerant and hypoxia-sensitive families in the GK strain exhibited
varying degrees of damage and different degrees of variations in the physiological characteristics of
resistance among different families. This may be related to the resistance tolerance strength of different
GK families. In contrast to the gill, muscle, and hepatopancreas tissues of the control shrimp, the
equivalent tissues of shrimp from tolerant and sensitive families showed different degrees of changes
following stress. The gill lumen of the filaments of the experimental group from sensitive families
increased, the number of blood cells increased, the structure of the epithelia layer was gradually
destroyed or even disintegrated, the vacuolation of the hepatopancreas was severe, the lumen of the ducts
became irregularly deformed, and the muscle tissue muscle bundle interval widened with a certain degree
of deformation. These results suggested that there was abundant genetic variation in the tolerance traits of
L. vannamei a highly lethal DO levels and that this species was amendable to selective breeding practices.
This study provides a reference and basis for the selection and breeding of hypoxia-tolerant traits in
L. vannamei.
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