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WE: RUSESRE-E EAH, 087 T RGBS (Eriocheir sinensis)iN4rT B FBEAM £ E R)SE5E Mt
WOH #®E R ZHEREER . 4R ER, M EERY JH BF RAMERE T MEBOEH E (LCso) 75 H
(0.952+0.058) mg/L F1(1.000£0.053) mg/L, 7EMRAEALTE 12 h i, PiRMIMAMEB(THO) Y AR, M kT &
(26.58x10° ~/mL) 5 T JH ¥ £(23.88x10° ~/mL), {HZ A B (P>0.05); MAEMKELRE 24 h B, M %H R
THC W35 T TH %k F R (P<0.05) AEMRE AL H 3 h fl 24 h i, ML EF RIWINLESE A& BHS T TH T R (P>0.05),
AAREALRE 3 h B, MIEBE RS TH 3 E R M M C A A6 & w000 N 9.55% Y 14.64%. LA 3 h fl
12 h BF, M E R AR PR R & W25 & T TH i F R (P <0.05), 7EEMIRAIIE, M £ & 09 B th ] i
HEATENE T IHET R, MARSESKT JHET RZP>0.05); M iEH R LSIUAMLEEI(T-AOC) it Ak
AMHCAT)EES S T THRE R, HMEHF REL A 24 h 5 BE Y EALRESOD)HMER B & T JH & F
R (P<0.05). 7EAREALHE 3 h A1 12 h BF, M % 5 ROIKETE S W T (Es-HIF-10)5 % % b5 2 5 A (Es-GLUT4) 3 A
FRYIWE LM RV, M EE R EA RS AR ) . 0TS AW R R R B L A S P AR, B

# B 1A TR AR ST RE o

KB RARSUECE, (RAEURIG AR, R ST fhE

RESES: S917 MR E: A

or T ARic il Bh & #F (molecular marker-assisted
selection, MAS) /& 1ty B 5 H A% 3L [ 5 %% B 1) 41
FARICRIEEEILTE AR, T SE BT B br kR ok
Frok R — R ROy SR o e R
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AILIA A= KA & (myostatin, MSTN), X 44 4=
£ EH 1 8 (growth differentiation factor-8, GDF-8),
J&F TGF-B #BF iy — 51U PR Hx 315
LA A K R B A oA A A 4 120 s
KB, MSTN Z5 T IREFME T ERIA KA
B EEBL MSTN ZE[F— b B BE
RARZREPE, FI I Y s AL N A2
BRSO RS DL MSTN 47 e IR %
A (single nucleotide polymorphisms, SNPs){i s,
VEN 5T 8 P B ARic P72, gdesr T b Aol B
S BB, AUSGE VAR AT, AR
57 F B AR L 52 B FhRER I 480 52 1 fig
S, VA Ay v A6 2 R A8 T I AU 5 5% T R R
AN AR, S MSTN HF K™= s i
FRRMESE,

1 #REFE

1.1 ZBHPEESE

ABEFE IR ) 50 F B PR DL MSTN 1
5 A SNP ARICHIE 5> T FRic 4 B & Al AR,
fAifx M EB R, H—EFHEANS M EFRH
] WA S5 A B A YT 217t Aol (L A K A
ERBFER, SFEICS: GS-02-03-2015),
FRIH B8 R o A B BRI IR 55 T LI R
K7 ) ) Tl B ST 30 3ty (VTR AR R IXORT  ),
SR E R (21.242.17) g, DU 4, 3% N RAF.
i A I, AE 200 LAY S8Rk AR 27 5% A
N7 d JEIFARIE R . RN A % E N A Y
SRR, A K xS *xFE=56 cmx29 cmx22 cm,
FHAR %A
1.2 {REMEXIE

SR R SR S I 3k 1A [ R A
B T AR RTIRS 24 h (9 E R K, BRJG FEAKE
FORMHEA R, BRSSP 2 2.0 mg/L
(485 5 A W), T8 AR SR 2% A o s EL 7
BH EEGRICAMZFTE RS THRET RS20 1
T T IR — 35 BN, RS X s AR e, LA
PR 22 S, Ao SEER K AR A i A i Ak ik 3
ANEE, BAEE RS 60 HE S a4k 2 h
W 1 WA RS i, AEFRUA R EFE 2.0 mg/L A2

o FEMREIRZSRY 0, 3, 12, 24 h FMIESE 51 24
h (RP 24 hIRESE RS 5 BRI 24 h), NS
HHPREHLEGE MBEE R 5 THIEE R4 3 HE&, i
B 200 pL IM#KEY S ACD $isEH] 1:1 BE, T
3000 r/min 0> 10 min, B 3EWRT-80 ‘C ok H
PRAF o [RIE A 350 I BBURF AR, i 0P a8 R
JEARAE T80 CokA R4 .
1.2.1 24 h FHIRELCs)ME AR g WL
1 24 h ARSI A A7 A A i R R /D 8 1 i
i (1.2~0.7 mg/L), & 0.8, 1.0, 1.2 mg/L3
WM., BMHERE 3 AER, B1EE T
MAMBER RS JHIEE R& 10 LEH7 R0
W (LCso) LI, 24 h JFidm& N EEMNIT #
#, i SPSS 28.0 FK AL RIHTE T LCso
] 95% AR X [H] .
1.2.2 MAABEIHEL  F 20 uL bk bk LR TR
A7 T 00240 T ESObR R AT i A0 A, R REAR
WE 3 pOatiER, BOLEEE, meEm A
55 R I 240 Bt 2 % (total hemocyte counts, THC):
THC(/mL)=Nx5x10*x7H B {5 %1
%, NI L 5 AN RO ) 4 R A
123 MEZEALEME ZM] Nickerson %"
(7, BRI MR RS 30 uL SXEE KT
1 : 10 Fike, NSRRI E 7E 334 nm %
KACHIWOEAE, 2080 A =00 B s 35 5 1 7 e
I #4521 7% & (mmol/L)=2.69%E\,
Kb, EVLAFOR M OB AR 1 em A5
B € T 1) W S A
1.2.4 FERBHEFRNE bk E R AR s
PR B bk BT 20 pl, %1 : 49 Hopil s
0.9%4: FRERAKIR A, N B st d U E Y TR 5
JIT B3R5 6 I A2 A AT B (GLU) A FLER (LD) % 12
JHF i i A 20 B A A I S BRI R
JEHY 0.1 g FRARAZL, ¥ 1:9 Bl 5Hem
0.9% L HIE K IR G TR EE 512K, BiJS 2500 r/min
B0 10 min, HCEVEW, WA R ERAEY) TR
WFFE T 370 G R AT AT VA M B 1 (TP) L FBEIE(LG)
SEREAR AR SR BRI A
1.2.5 MEUEAEBRNE FIRFEERSIRI
VER, R RS A A ) TR ST T iR &
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PEAT BB E AL BE 1 (T-AOC) . 8 4 Ak Wy B Ak 1
(SOD). id %8 bk & BH CAT) P AL AR E
1.2.6 WERGPEXEERRIESH LA TaKaRa
RNAiso Plus (TaKaRa, H7A<)i5f& M 100 mg
JRAR U RNA, N YEASEN St s 7
B RNA S 55 B cDNA B 5 AR i
e B IE N A T PSR 3 AR 128
JE L PCR RIS 1. 852 K- 1o (Es-HIF-1a;
F-CCAGGAGATGGACGAGTACC, R-TGTAGTG-
GTAGAGCGAGCTG) . #j# iz ®E A 4 (Es-
GLUT4; F-GTGACACCAACGACGTACAG, R-
AGGGTTGGGTTCATGACGAT) . LRI A K Es-LDH,
F-CTGGGCCATAGGTCTCTCTG, R-ACAGGAG-
CGAGTGTTCTTCA), #HZ Z /% 1k S27 H B
Yl NS IR  qRT-PCR J2 i {& £ 3L 20 uL: cDNA
Btk 1.0 pL . E RIS 104 0.4 ul 22 ik 10.0 pL
DEPC 7K 8.2 uL, R W2 4: 95 'C 30s; 95 C 10s,
56 'C 10's, £ 40 NMER, BAHEMBE 3 DHR
FE ., EREERA 270 5 B A A X
Tk P,
1.3 HiESHT

By VS-S E bR 2 B, R Excel 2007
5 Graphpad Prism 8 AT 48 14504, P4l
[ FLECR T ¢ K, Z4lim) BRI 2R 25
Iybr, ZEECSR LSD ¥, it R ErEE
SR P<0.05,

2 HRE5HH

21 WIEERMERENER

2.1.1 FRTEEREHILRE LCs PEILURES
B MEFRS TH EFRETIBEMLE 1.
WA 12 mg/LIF MEH R 3 NEEHIEE
SCYGEESET, 1M JH I E RSE TR 2.
1. 0 K. %M%AE 1.0 mg/L if, M %EF RHET:
R ETTE3 2. 2R JHRFRA TR 4. 6.2
Ho A TR 0.8 mg/L if, (UM EFHZ—1
HEEPRT-EECY 8 X, B2 AEEA®T R
B aiRatT . MISLIERIREITE L M T AR
482 SO Ak 9(0.952+0.058) mg/L, JH i H %
LB E H(1.000£0.053) mg/L.,

F1 HEHEEWMETREFBRRBHH
T AMES T (n=10)
Tab.1 Dead individuals of the two breeding lines of
Eriocheir sinensis in the semi-lethal test (n=10)

M EH RIETEL TH 5 RIET-HL
death number of M death number of JH
breeding line breeding line

WE 1 ®E2 ®E3 EH1 EH2 HH3
repeat 1 repeat 2 repeat 3 repeat 1 repeat 2 repeat 3

R
/(mg/L DO

1.2 0 0 0 2 1 0
1.0 3 2 2 4 6 2
0.8 10 10 8 10 10 10

212 MPAMBEHFINEEZERSEER KEA-
BEMHE, MET RS TH & T R A [E FHa] 25
20 it S B (THC) At 5 2R 17 i 1) 3 28 28 46 D &
1. THC ¥ M it B A5 JH B & KRB RLETE
FEriass, 78 12 h B ikimmig, Kb MEE R
ikF) 26.58x10° N/mL, JH £ & R MK 23.88x
10°A~/mL, {HH % TG i3 22 5(P>0.05). Il £ 24 h
i, Mt H &1 THC W3 & T JH £ F & (P<0.05),
AU Wi [ 25 57 1 5 (P<0.05) o B 5 IR AU
WHEZERK, MIEF RS THEE R EED S &
AT, JFTE 24 h BHARI R SE, WE7E 3 Fi1 24
hif, MEFRM GRS T IH®EF R, (LR
FHEF(P>0.05), 5H M ®EH R THC AL &
HE EfE L2 ANESE T JTH BB R, U M ik
BREAZHEN LEETIHERTR.

22 REMNFHIES ZER GG

221 BEREERER LNRA-ZEEALHE, M
H RS JH T &R bk e b i 85 4580 ZLRR 5 0T
JEERR BRI A E A S AR LA 2, 1
BT EP MEEFE RS JHES RMKE S
A BRI & B AR TR, BB E2E
S (P>0.05), 7EMMERIM 3 hBf, MIEF RS JH
PEH RIMME S R0 BT 9.55%5 14.64%., 4%
B M S E RWARSEINT JH&F R, A
Jo i # 2 5(P>0.05), MiEHE RT3 h Ml 12 h i
FIRFEERR, PR S BB E & T JH #£F R
(P<0.05), M ¥EH R MM H IS EE A & 5
AR E T JH &8 R, (HL R F %5 P>
0.05), ZEA UL L ropE AR A kT8 bR, R M
PEHE R B SRS TR RO & &,
[7] B 2L i S AR ) R T
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Fig. 1 Changes of THC and hemocyanin contents in the two breeding lines of Eriocheir sinensis
under hypooxy-reoxygenation conditions
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K2 AR BB PR R RAEA- S ERAE T RS . LR . Pl Rl ik 8 A e
Al — 1 & R B ARG 7R R 22 57 75 (P<0.05), * KR 7] — I ] AN [7) 16 7 2R 22 5 12 35 (P<0.05).

Fig. 2 Content changes of blood glucose, lactic acid, liver glycogen and soluble protein in the two breeding lines

of Eriocheir sinensis under hypoxy-reoxygenation conditions
Different lowercase letters in the same breeding line indicate significant differences (P<0.05), * indicates

significant differences among different breeding lines at the same time.

222 HERBHEXEENREER 3 M
AAFIE R (Es-HIF-1a, Es-GLUT4 . Es-LDH){EAR
() Fsf () i P AR ik i 5 2R B (] 3): Es-HIF-1o

M Es-GLUT4 FBL MR B ik, 27K
FMA 3 hBf JTHEFRWELEREST M ik
H Z(P<0.05), 1fj 12 h B} M & H REILE T EH
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T JH % E R (P<0.05), M %EH RixX 2 IR TE
24 h RBEWMT JH EFHR, HEA
Es-HIF-1o 3&H R S 2 3% E@%%itiéﬁ(ko 05).
Es-LDH FEPRITERAIEA-E A, M & HJ &AM
JH &8 %ﬂ%ﬁ%ﬂ@%ﬁsﬁ#(bo.osx IEE3)
R 24 h JE BRSSO B (P<0.01),

23 mEULEHNER

R T E AL TG R (AR Tl . eI SEU e 3],
MiEH ZM T-AOC IH Y& T IHIEE &R, HR
ELEFP>0.05) . MEFRE JHIEF FRM SOD IF
PR FHE TGS, (HEH 24 h G MiEH
M SOD {EMEMKE M, B&E&T JH EF &R
(P<0.05). TEARAA-E A MIH], M £ H R 1Y CAT &M
¥ET JH ®E R, HAE 12 h KA 2R D

B4R T RE-ZEREMETRSIHIET  (P<0.05),
S 4 = MEER O HEEAR g ;. = MEFR O HEAR o4 = MBEFR O BBER
LTL M breeding line ~ JH breeding line =) M breeding line  JH breeding line Q M breeding line ~ JH breeding line @
HX a n=6; ¥£SD 3 n=6;7+SD o n=6;7:SD , |
05 3 [ Eob : B3 5t 2
K e RE 2t 8
R g a kg all &o i &
= -2 b T &g T b =2 b
g7 s be E8 b T =2l bb b2
s & b b P, k& b : ze L T [
] cb T c= | & 1r= T 8 b b b
K, © 1tz = > T DO S - T
g2 32 N g
= g S
8 0 1 1 1 1 2 0 | ~ 0 1
0 3 ‘12 2 R24 0 24 R24 24 R24
A El/h H‘J‘lﬁJ/h B‘J’lfﬂ/h
time time time
Bl 3 AR B W i H R AEIAE R EORE R WY Es-HIF-1a., Es-Glut4 5 Es-LDH £ 325 F-1E
[fl—3EF R A F/NG FhEFR R 2 5 18 3 (P<0.05).
Fig. 3  Expression profiles of Es-HIF-1a, Es-Glut4 and Es-LDH genes in the two breeding lines of
Chinese mitten crab under hypooxy-reoxygenation conditions
Different lowercase letters in the same breeding line indicate significant differences (P<0.05).
N . = MpHER O HEHER = MpEFR O HEHRF
—~ = Mﬁ§§ ) = Hﬂﬁ}f-\‘ . —_ M breeding line ~ JH breeding line M breeding line  JH breeding line
*é 0.8 M breeding line ~ JH breeding line 3 200 =6 ¥+SD _ 05 a
; a n=6; ¥+SD g > = : a a n=6; x+SD
2 a a g 2 a ab 2 & a ab
S 06} a b, E 150} T . S 042 b o b 4
E Q b a a ab g '[' a
=9 ga = b ab S 03 g >
RS 04 a [ O 100 ¢ T . S< T
B/ o f] %2 L BY £99
ﬁ 0.2 § 50} ﬁ ol
S
Pag] 0 g 0 1 L 1 1 m 0 L ! L 1
0 3 12 24 R24 0 12 24 R24 0 3 12 24 R24
B E)/h B i) /h AT )/
time time time

Kl 4 rAe o vk

T RG-SR T LA i tn 28 Ak

[l — % F R A A /NG FhE R 22 57 B35 (P<0.05), *3F£ R [7]— B 18] R W] 2 2 22 5 8. 35 (P<0.05).
Fig. 4 Changes of antioxidant indices in the two breeding lines of Eriocheir sinensis under hypooxy-reoxygenation conditions
Different lowercase letters in the same breeding line indicate significant differences (P<0.05), * indicates
significant differences among different breeding lines at the same time.
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BB IR FE LCso $5 bR T HER S A= %) 10 15
T 2Pk, s R AR A A e R R
HIZEEREL, 523 WIIY) LCso B 35 O TR K
INL R K, R T A K Y B ) AR A T DS,

RIT4A 5 K 14 3l 1 B SR B # . Valverde
SIS Bl AR E RGBS N, Wk (Maja brachy-
dactyla) W) EFE AR 4 (0.88+0.29) mg/L, X —
SER SRS 4 AR — B, ARG, M ik
H &Y LCso [(0.952+0.058) mg/LIE T JH £ H &
[(1.000+0.053) mg/L], KW M & H RIMA R



452 K 7 R

%30 &

XF JH ®F R, 1A FREIEE A7 TG AR
B, AR PR BN A7 .

MAMECH THC 5 s &HE A & & el
BEMKE P HEZEERY . n4pEEs5%
e B () AR R S PR S N, A KR L
WORL . NEURE KGR AN 4 28, FAS[EIZEA A0 A
2 5 ARRE S e i P, Rk, THC fY
TR/ I B FH of i i v AR Gl B R ) R SRR S e
Jio TEIRBE A h, ARy F 1Y) THC 5 8
ek JEE I 5 i TR Y R e /PO, AR R, R
AALHL Y rh AR GBS THC 78 N YR s,
TR E T THC S MA R AL R
MmEE A E KT SEASGMER, 205
ARisk. BTHRERELSN, nEEALSS
PLEALR . B AR BB IME | S
EAF. 2505 RE S L RIEED . A
RETF, 1 & A E ARz 8 2 0 1 r I,
Hoh LB SR N pH FREE B Z R K,
[, H A Z5 0 E AT H A UA SRR 5
PG 38 IR 1 B4 s [l R 4 2400 DR I A 0 % B
Bis et A wE A e AL, Al /Ry — SR fe bR
BYIHE AE BT, ML THIE B R, Mt H
R PR AR P R S, DA RGN 3K
0, TR AR P R T SRR R S g
KA

H5Egh T LGl B B SR S A G
B 48 o 3 A B Y i AR RS i T BOR SRR
RAEREM, RECIRE TS, WA sh® & A i
HomEE, A LBERR bR b, PR Ae 1A,
PIGERFRE R ALN o BRI ZEAR SN 2B 2 A o
B AT, AR ELN FLO WLAN B S & B, B R
FEE AR AN, B0 % A A B A,
W BRI SN T HIF-1 NS, ERESET
AL G2 F i MCE-7 20 il I U e R
BILSEREARBILP AN GLUTY £EBET
A, FLESE LA T A S 2, R B
M FAUAS TN AR s R ), Wb REE L
AN B SR . AR, MR RS JH i
B R A2 2R RS S R, D& AR
HFE . 7RISR, A0 & AR,

H R TR s 2 LR, 550 2 (0 AREE N
HBEREIE Yy, TRl ot 7 A ST 30 A 4 0 & i A T T
Wi A MR RS 52 22 Oy T T, A AR A0 T A
fift 50 SAERAR Y LR, AN, R DR A 43 i
P2k 5 MR A b A Gl e IR S A 1
XKW T, TR T A SR A, AW I i
1, A FLR R LB e 2 —1P M
SRR R = W FLIRM, it e M e R IR
WELRR &= JH #®H &/, nlfgE il lsg
WA REIRFLIR AT, SSRGS . EARREY
PPN I SIS0 25 SRS R B, R R A A R AR
WIRAEAR A S T EAE . WX Es-HIF-1a., Es-
GLUT4 BRIk A 5405 . 0 55 24 fedn
BB R, L THIRE R, MEF R
TEARAAHTI M Es-HIF-1a .Es-GLUT4 5 Es-LDH
FE DR I G T A B () A e Rk, AN b 2 4
L, (IR S S A4 i AR A B P IR 4B D
YE R TCEMESI Y, e o5 2R R R
Sk E, Horbo gn i A . 24 . BT
WIKE RS 50D EILHET, Bak, —k
WA PE N P R E EEAMER . R0, BRA
{14 Y/ T ok v A 8 B8 8 (1) S 8 ) A AL o) 7= A= T
SIS R ECIRAS TR rp A 3 B 1 40 % R
PrEAL IS M L, MR ST Y R B,
Sl A G B R IR e e (XU O IR R
ROS [ Z X A g B R T A L R G i)™ 52
M, if& ROS MRS LAENRT . EAE L
Pifii. ROS MIE R FZAREE M 55812, 0l bt
TR M g 1 L BB S R T B A0
SOD. CAT. T-AOC ¥ fblf ka2 5
R B E ALY . SOD B 5 54 A 4t
ROS I35, K ROS VE M B S0 i8>, A
B =) 2 — Al FAL R H,0,; s i J AL R
AL PR R Gt O™ E A, A B AR
FRBEGPE . T-AOC AR A AL RE F1 B — T %L
fe bR, WS IR RSP E L RE A, PR
ARG A A ILF S, fIRTAaR
GLE IR RE, J3ANRG AU T A i Mt A T
PrE AL BE Al . [FIET, w1 A AR b
PR EbRICY), FE s, FCRMURR AT |
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PE RE AR BE SR> ARBESE R, MR TH
EH R, EEALFRTII M EH R I T-AOC 4EHF
iR /K -, SOD | CAT 7EAIR AU A B 5 A 4 15 45 g 7K
W, BORTERIECIRET M %RHFRAKEH ROS
THERAE ST, PRIz 20 e g b .

ZE LTIk, ACHEFT 0 6] AR R 4 TR
WCHI B EABHAM BEE R)S5E5%E MEHAJH
FHR)ACE M R B, M R H R I &
F. aaEtEEA . RS AT T B8 R,
AR & EBAL, FE, M %&& R Es-GLUTS
pea ) SER IR e 1O Sl o 7 E - 2 SN KN
BEACHHEE N R LR F JTHIEE R, Wi, M
YEH REA WA ZRE 1, AAT1E R
ey BRI A P BE 5 (R SR AR, i HLA
BT A2 % 8 AR S W38 T WL B 3L T AT
ML BEAh, ABFGEEE . MSTN v FF gk

B A KA IR 2R TR iC i B F

AR B B rh AR g B Oy T B AP R AL R R
S 3k

[1] Nazarul H, Sana C, Neha N, et al. Recent advancements in
molecular marker-assisted selection and applications in plant
breeding programmes[J]. Journal of Genetic Engineering and
Biotechnology, 2021, 19(1): 128.

[2] Wang Y Q, Sun Z Q, Zheng Z, et al. Present situation and
prospect of crop molecular marker-assisted selection bree-
ding[J]. Jiangsu Agricultural Sciences, 2018, 46(5): 6-12. [+
W, PhTE, KB, S AR ARG DR R A R
BURE R EA)]. TR, 2018, 46(5): 6-12.]

[3] Lu C Y, Kuang Y Y, Zheng X H, et al. Advances of
molecular marker-assisted breeding for aquatic species[J].
Journal of Fisheries of China, 2019, 43(1): 36-53. [&3 =,
FEACH, FBIEIR, 45, K sh ¥ Thric il B & ATt
JRI]. K772, 2019, 43(1): 36-53.]

[4] Karunarathna K, Mewan K, Weerasena O, et al. A functional
molecular marker for detecting blister blight disease
resistance in tea (Camellia sinensis L.)[J]. Plant Cell Reports,
2020, 40: 351-359.

[5] Wannemuehler S D, Yue C Y, Shane W W, et al. Estimated
implementation costs of DNA-informed breeding in a peach
breeding program[J]. HortTechnology, 2020, 30(3): 356-364.

[6] Xu K, Duan W, Xiao J, et al. Development and application
of biological technologies in fish genetic breeding[J].
Science China Life Sciences, 2015, 58(2): 187-201.

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Tong J G, Sun X W. Genetic and genomic analyses for
economically important traits and their applications in
molecular breeding of cultured fish[J]. Science China-Life
Sciences, 2015, 58: 178-186.

Wong L L, Razali S A, Deris Z M, et al. Application of
second-generation sequencing (SGS) and third generation
sequencing (TGS) in aquaculture breeding program[J].
Aquaculture, 2022, 548(2): 737633.

Shao Z, Wang Y L, Liu L, et al. Analysis on the develo-
pment trend of molecular marker-assisted breeding from the
perspective of two dimensions of papers and patents[J].
China Seed Industry, 2021(2): 14-20. [FB5L, FAERAH, XI5,
SRS RFRGEE A T TR CE B E AR RS
FAH]. HEFNE, 2021(2): 14-20.]

Bureau of Fishery Administration of the Ministry of Agric-
ulture and Rural Affairs, National Fisheries Technology
Extension Center, China Society of Fisheries. China Fishery
Statistical Yearbook 2022[M]. Beijing: China Agriculture
Press, 2022. [ ARl i BUE TR A[ﬂﬂ(fﬁﬁ/li
eyl hEK P2y, 2022 hE SR HAEL M.

ot ERL A, 2022.]

Zhang K J, Jiang P F, Wang J, et al. Effects of different
temperatures on growth and gut microbiota of Chinese
mitten crab (Eriocheir sinensis)[J]. Journal of Shanghai
Ocean University, 2022, 31(2): 384-393. [BKHLZE, ZEM0K,
FZE, G AR PGB K R B e E YR
PISZIRI]. VR K22 4R, 2022, 31(2): 384-393.]

Xu W G, Wang C, He J, et al. Ecological effects of bottom
water layer aeration systems in intensively-reared juvenile
Eriocheir sinensis ponds[J]. Freshwater Fisheries, 2012,
42(3): 60-67. [#R3CHI, L&, A, % JKZHEAE PR
GYECTR AR AR LRI B I T 0 AR SRRV D). ROK i
Ak, 2012, 42(3): 60-67.]

Qiu R, Cheng Y X, Huang X X, et al. Effect of hypoxia on
immunological, physiological response, and hepatopancreatic
metabolism of juvenile Chinese mitten crab Eriocheir
sinensis[J]. Aquaculture International, 2011, 19: 283-299.

Ji H, Feng G P, Zhuang P, et al. Standard metabolism and
asphyxiation point of femalenon-ovigerous and ovigerous
Eriocheir sinensis from the Yangtze Estuary[J]. Marine
Fisheries, 2020, 42(4): 410-419. [#EE, 4, FEF, 4.
KT e AR SR A DR TS AR e A A 2 DR .
VUi, 2020, 42(4): 410-419.]

Bao J, Li X D, Xing Y N, et al. Effects of hypoxia on
immune responses and carbohydrate metabolism in the
Chinese mitten crab, Eriocheir sinensis[J]. Aquaculture Res-
earch, 2020, 51(7): 2735-2744.



454

Hh K R

%30 &

[16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

Wang Y Q, Huang C, Geng C, et al. Effects of hypoxia stress
and spiroplasma eriocheiris infection on the survival and
apoptosis of Eriocheir sinensis[J]. Acta Hydrobiologica
Sinica, 2022, 46(8): 1249-1255. [JEMESE, &/, BB, 4.
AR 430 A B AR R X e 0 O A R A ML T
SM[T]. KAAEY2AR, 2022, 46(8): 1249-1255.]

Guo H H, Hu Z, Zhang J G, et al. Research progress on
breeding of fish environmental tolerance and stress resist-
ance[J]. Journal of Fisheries of China, 2023, 47(1): 70-95.
[ERLT 2y, WIR, k4RI, 4. Mm2REER 2 St s
FFSCHE SR, K== 4k, 2023, 47(1): 70-95.]

McPherron A C, Lawler A M, Lee S J. Regulation of skeletal
muscle mass in mice by a new TGF-beta superfamily
member[J]. Nature, 1997, 387(6628): 83-90.

Alexander H, Jenny O, Tea S, et al. IGF1 stimulates greater
muscle hypertrophy in the absence of myostatin in male
mice[J]. The Journal of Endocrinology, 2017, 234(2):
187-200.

Wang Q, McPherron A C. Myostatin inhibition induces
muscle fibre hypertrophy prior to satellite cell activation[J].
The Journal of Physiology, 2012, 590(9): 2151-2165.

Ross Caleb I, Shute Robert J, Ruby Brent C, et al. Skeletal
muscle mRNA response to hypobaric and normobaric
hypoxia after normoxic endurance exercise[J]. High Altitude
Medicine & Biology, 2019, 20(2): 141-149.

Li L X, Wang J, Bai Y, et al. Effect of hypoxia on the muscle
fiber switching signal pathways CnA/NFATc1 and myostatin
in mouse myocytes[J]. Acta Histochemica, 2019, 121(5):
539-545.

Elliott B, Renshaw D, Getting S, et al. Acute hypoxia rapidly
alters myotube size in vitro and myostatin signalling in
vivo[J]. The FASEB Journal, 2014, 28(1): 1167.1.

Yang H R, Zeng Z Q, Yang Y, et al. Research progress of
myostatin in fish[J]. Acta Scientiarum Naturalium Unive-
rsitatis Sunyatseni, 2022, 61(5): 1-8.

Zhao H B, Peng K, Wang Y F, et al. Progress of studies on
myostatin of fish[J]. Acta Hydrobiologica Sinica, 2006,
30(2): 227-231. [k, 230, EER, % AFNIR4E
A ] 2R WE I R 0], K A2 AR WA, 2006, 30(2):
227-231.]

Wei Z Y, Bai C L, Li G P. Genetic effect and breeding
application of myostatin gene mutation in beef cattle[J].
Current Biotechnology, 2018, 8(3): 197-205, 277. [Bi# ¥k,
PR, Z00Ms. AU A= Il 3235 PR 578 10388 14280
E5EMBIHI. PRI, 2018, 8(3): 197-205, 277.]
Chen Y P, Wu L, Chen X W, et al. Polymorphism of mstn

gene and its association with growth traits in Chinese mitten

(28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

[36]

crab, Eriocheir sinensis[J]. Acta Hydrobiologica Sinica,
2018, 42(2): 293-299. [B4 S Hs, SRR, BRI, &5 diey]
BT MSTN 2K SNPs 22 25 e 5 A K AMRIR AR SCHR 247 0]
IKEEAE AR, 2018, 42(2): 293-299.]

Yue W C. Study on breeding potential and gene function of
silent mutation of Es-MSTN gene in Chinese mitten crab
(Eriocheir sinensis)[D]. Shanghai: Shanghai Ocean Univer-
sity, 2020. [fHi%. TG BENLAMEI R ILE Es-
MSTN [r] LB 1 F F (AL R S REBTSE[D]. L
TR, 2020.]

Yue W C, Yang H, Hou X, et al. Effects of synonymous
mutation on transcription and translation efficiency of
Es-MSTN gene in Chinese mitten crab (Eriocheir sinensis)
[J]. Journal of Fisheries of China, 2021, 45(4): 497-504. [
A, Wk, g, . PR S IL I 0 ) R S
(MSTN)[R] X 578 X PR 4 S B ERCR  Ema [T]. K7
274, 2021, 45(4): 497-504.]

Nickerson K W, Holde K. A comparison of molluscan and
arthropod hemocyanin-1. Circular dichroism and absorption
spectra[J]. Comparative Biochemistry and Physiology, 2015,
39(4): 855-872.

Wang J, Chen X W, Hou X, et al. "Omics" data unveil early
molecular response underlying limb regeneration in the
Chinese mitten crab, Eriocheir sinensis[J]. Science Advances,
2022, 8(37): eabl4642.

Huang S, Chen X W, Wang J, et al. Selection of appropriate
reference genes for qPCR in the Chinese mitten crab,
Eriocheir sinensis (Decapoda, Varunidae)[J]. Crustaceana,
2017, 90: 275-296.

Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the 2
—AA C T method[J]. Methods, 2001, 25(4): 402-408.
Valverde J C, Aguado-Gimenez F, Hernandez M D, et al.
Oxygen consumption response to gradual hypoxia in spider
lethal
saturations and recovery ability[J]. Journal of the World
Aquaculture Society, 2012, 43(3): 433-441.

Hong Y H, Yang X Z, Cheng Y X, et al. The composition

crab, maja brachydactyla: critical and oxygen

and classification of hemocytes from Chinese mitten crab
(Eriocheir sinensis) and primary research on immunological
functions[J]. Journal of Fisheries of China, 2017, 41(8):
1213-1222. [BEFML, B2, SokB, & e
MAHIZEL IR | 732 B e DIRE)]. 7K™ 241k, 2017, 41(8):
1213-1222.]

Hong M L, Chen L Q, Gu S Z, et al. Effect of temperature
change on immunochemical indexes of Eriocheir sinensis[J].

Chinese Journal of Applied & Environmental Biology, 2007,



55 4 3]

KARMESE: A S B )1 B R AR 5 4 2 3 RO A T I S

455

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

13(6): 818-822. [ULIEFY, WKL, WAL, 45, AIF]IEAEE
130 05 20 Th AR GBI S A 2 R AR RS A [T]. TS
HIEAYI2FR, 2007, 13(6): 818-822.]

Pan L Q, Jin C X. A review on hemocyanins of crustacean[J].
Journal of Fisheries of China, 2008, 32(3): 484-491. [{&& 7,
SR My MEE ATFE R[], K254k, 2008,
32(3): 484-491.]

Whiteley N, Taylor E, El Haj A. Seasonal and latitudinal
adaptation to temperature in crustaceans[J]. Journal of
Thermal Biology, 1997, 22(6): 419-427.

Pless D D, Aguilar M B, Falcon A, et al. Latent pheno-
loxidase activity and N-terminal amino acid sequence of
hemocyanin from Bathynomus giganteus, a primitive
crustacean[J]. Archives of Biochemistry and Biophysics,
2003, 409(2): 402-410.

Young L S, Luel L B, Kenneth S. Processing of an
antibacterial peptide from hemocyanin of the freshwater
crayfish Pacifastacus leniusculus[J]. The Journal of Biolo-
gical Chemistry, 2003, 278(10): 7927-33.

McMahon B R. Respiratory and circulatory compensation to
hypoxia in crustaceans[J].
128(3): 349-64.

Ayelet V, Mamedova Liaman K, Vladimir S, et al. Glycogen

Respiration Physiology, 2001,

metabolism in rat heart muscle cultures after hypoxia[J].
Molecular and Cellular Biochemistry, 2003, 254(1-2): 311-8.
Shen G M, Zhang F L, Liu X L, et al. Hypoxia-inducible
factor 1-mediated regulation of PPP1R3C promotes glycogen
accumulation in human MCF-7 cells under hypoxia[J]. FEBS
letters, 2010, 584(20): 4366-4372.

Camm E, Martin - Gronert M S, Wright N L, et al. Prenatal
hypoxia independent of undernutrition promotes molecular
markers of insulin resistance in adult offspring[J]. The
FASEB Journal, 2011, 25: 420-427.

Hara Y, Watanabe N. Changes in expression of genes related
to glucose metabolism in liver and skeletal muscle of rats
exposed to acute hypoxia[J]. Heliyon, 2020, 6(7): e04334.
Xiao S S. Physiological effects of hypoxia stress on young
Eriocheir sinensis and its nutrition improvement counter-
measures[D]. Shanghai: East China Normal University, 2020.
[H P2k, ARSI XS AR SR I 40 18 1y £ B ) B FE

[47]

[48]

[49]

[50]

[51]

[52]

[53]

FRUGERRBIFE[D]. _bifg: AR, 2020.]

Maciel J E S, Souza F, Valle S, et al. Lactate metabolism in
the muscle of the crab Chasmagnathus granulatus during
hypoxia and post-hypoxia recovery[J]. Comparative Bioch-
emistry and Physiology Part A: Molecular & Integrative
Physiology, 2008, 151(1): 61-65.

Liu S, Zheng S C, Li Y L, et al. Hemocyte-mediated phago-
cytosis in crustaceans[J]. Frontiers in Immunology, 2020, 11: 268.

Zhang C, Wang X D, He J Q, et al. Neural excitotoxicity and
the toxic mechanism induced by acute hypoxia in Chinese
mitten crab (Eriocheir sinensis)[J]. Aquatic Toxicology,
2022, 245: 106131.

Xu M J, Zhang J X, Huang G Y, et al. Effects of
L-tryptophan and melatonin on the serum glucose level and
antioxidant capacity in the hepatopancreas of Chinese mitten
crab (Eriocheir sinensis)[J]. Journal of Fisheries of China,
2018, 42(1): 91-99. [fREA, gk, WiRH, % L-0"
P IR PR I8 o v R R T L 7 I /KT B T I i 4
ALBESTHIFENA[T]. K724, 2018, 42(1): 91-99.]

Jia HN, Shi M M, Bian Y (L /Y), et al. Effects of nano-
selenium on immune protection and antioxidant capacity of
Eriocheir sinensis under hypoxia stress[J]. South China
Fisheries Science, 2022, 18(6): 100-109. [B{Z5%E, i,
TR, S AR ARSUMEA T ARG S (R
LA AL RE J1 B2 e (0], B 5 KRR, 2022, 18(6):
100-109.]

Wang L, Han Y N, Jin S, et al. Effects of aqueous copper on
reactive oxygen species content and anti-oxidation capacity
of major tissues in Portunus trituberculatus[J]. Journal of
Agro-Environment Science, 2015, 34(7): 1261-1268. [ L0,
BHORE, S, 45 KR Cu2+u SHEM TR 23414
ROS & it AT AL RE T OS2 ma [J]. Ol BREE A2 27417,
2015, 34(7): 1261-1268.]

Kong X H, Wang G Z, Li S J, et al. Impact of low
temperature acclimation on soluble proteins and soluble
sugars in Scylla serrata[J]. Journal of Xiamen University
(Natural Science), 2006, 45(2): 257-260. [fL¥f<s, FAEE,
20, S ORI RS BTV A 1 5 T A A
(9 R2 00 [J]. JELTD R 2222 4 (A 2R B2 i), 2006, 45(2):
257-260.]



456 Hh K R £ 30 %

Study on hypoxia tolerance in a molecular breeding population and
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Abstract: Hypoxia tolerance is an important target trait in biological breeding. In this study, the differences in
hypoxia tolerance between a molecular breeding population (M breeding line) and a traditional breeding
population (JH breeding line) of Chinese mitten crab (Eriocheir sinensis) were analyzed through hypoxia and
reoxygenation treatment. The results showed that the semi-lethal concentrations (LC50s) of the M and JH breeding
lines were (0.952+0.058) mg/L and (1.000+0.053) mg/L, respectively. At 12 h of hypoxia treatment, the total
number of blood cells (THCs) of the two lines was the highest, and that the THC of the M breeding line
(26.58x10° cells /mL) was higher than that of the JH breeding line (23.88x10° cells /mL) with no significant
difference (P>0.05) between the two. However, the THC of the M breeding line was significantly higher than that
of the JH breeding line (P<0.05) after 24 h of hypoxia treatment. The serum blue protein content of the M breeding
line was significantly higher than that of the JH breeding line at 3 and 24 h of hypoxia treatment (P>0.05). At 3 h
of hypoxia treatment, the glucose contents in the hemolymph of the M and JH breeding lines decreased by 9.55%
and 14.64%, respectively. The glycogen content in the hepatopancreas of the M breeding line was significantly
higher than that of the JH breeding line at 3 and 12 h of hypoxia (P<0.05). During the entire hypoxia period, the
soluble protein content in the hepatopancreas of the M breeding line was higher than that of the JH breeding line,
but the lactic acid content was lower than that of the JH breeding line (P>0.05). The total antioxidant capacity and
catalase activity of the M breeding line were higher than those of the JH breeding line, whereas the superoxide
dismutase activity of the M breeding line was significantly higher than that of the JH breeding line after 24 h of
reoxygenation (P<0.05). The expression of the hypoxy-inducible factor (Es-HIF-1a) and glucose transporter
(Es-GLUT4) were significantly upregulated in the M breeding line at 3 and 12 h of hypoxia. These results showed
that the molecular breeding population displayed stronger oxygen transport capacity; and higher glycogen, stored
soluble protein, and antioxidant levels; indicating increased hypoxia tolerance than that of the traditional breeding
population.

Key words: Eriocheir sinensis; hypoxia stimulation; breeding populations; glucose metabolism; antioxidant
capacity
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