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Fig. 1 Cryopreservation, thawing processes, and applications of ovaries and/or oocytes in fish
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/1N BN L B0 0 %) B0 S 2 2 R 490 i i o T
WH N 37 5% 38.5 °C, MiKAESPIN LN 10~38 C
F 1),

B R KA GRS AN, SR NS
BRI L . I, WM hf X 2 R4 i
WGSBS, R ARAE B BE S A0 B 3 4 1 —
AR R TR T, — Bk 0N R
B T AP A KCLZE i 10 min; DU L
MR KA 5 2.0, 1.0, 0.5 mol/L F Y KCI %
MR AAE I 10 min, )RR 2 J0 CPA ™.,
SSREM, EI 1 h)E, AN T
PTG RN 69.4%, BERE T L (4 50%),
DA U R B B R B AL, R T R K
IR B BN TETRAE I SRR DU (Mytilus
galloprovincialis) SRR KRR, BN 1 mol/L
RERE T DL 2 B B R BRI R, X
K AR BB VAR Y R GR AR T K 4> F A0 )
WA, kR T B S

BHRBAEE R, —RIBK . BB & E
KRG ENY CPAs. IR B R S0 AR T
15 D1 5L 20 2O 7 A A 2 I R O R, T B
A A M 25 K4 R A0 A A . PRI, TR AR
G AN MLTE VS TR ARAF 3 R v 118 A B ke g 1 % 45 4
Ak, A B TR XHE A AV R PR SR, TR
s 10 25 OS2 2 % BB A L4V VR R RICR, o

2 R URDRAT XS B 520 23 J G BF 28 B i)
L4405 S A B
2.1 MR

AV VR S S I e B RS2 B AL, ) 32
ST A UKt B U R T 40 i T ) A oK T

FEA BN BT U) J7, DL R P A0 M A TR
W B T e 5 RS (908 325 TR A8 A5 S50 ok B 5 4 5
R o X P SEHUAER 1 55 BRI . THIREE A8 L Kb
B TRV VR PR AT TR - B TR 5 AR O, H—E
FRRE FAPTERSHUIOC R o URBEAN LIS 3R 2 VR DR A7 1L
TR, 2 P 25 UKHE 3R RN K A FR B ¥4 200 3 4 1Y
e, WA SRR, FHREEREE, g
PR AR AR DN, 3 8 LA At Bl 2 sk 555
B UK B AL 5, v B e
R Py R N o) A 7 iy I S s 2111 L)
TS A B AR R R ™ R A R A sE
WUk S BE iz shik gz, FHARAE BT Al AH AR
FHER, I REAR R S PR JF 3l D fe, I
SR R R NG B (LPT) AYAHAS IR (T, HHAS
Tk FERRAIG, 20 LR V2 A R Pl e e A AR, T
YO BE TG A AR A AL L N I T A i A
SRR Ty B9 R R K . JHFEEE ] LR 7, I
HOSRPTIRAE J1, Ry ANTR NG 7 R D) mT DA /=5 4 il
FEE G BN TSPV B BB, JEARAR
I (Pocillopora verrucose) % B g i, Jo H:
SR [ PR K, 53 s TR AR HEFL I (Seriaro-
pora caliendrum) 4 8., KRV HAE S C &
£ FH 0.5 mol/L DMSO W7 & 4 h Ji5, YERAIE it
B4 BRI R L 22.0%, 1 1A HEFL B 4 4
LT, FRUIT A E EAPURE MRS, B
PRI (Junceela fragilis) 53 £ 40 ML AY T, 294
23.0 °C, = TLZEWMB (. juncea, 18.3 °C) 4T
I (Ellisella robusta, 20.3 °C), H AN FING Wi
R & e W 2 B AH S my a3, X T AN A
5 T A Xt BT 48 L2 R AR A R Y R
I EH BAEVR RO A AR h AP e — 2y
PRI G554, B ERII B I 207 b 5 |k 4
i V2 445 5 00 0 DA T R B b I 1 SR IR AR —
il i FE AL A A0 ML AN BT (BCM),  BUA (R 2 [
B i 2 SO R R B S 2R Thne. I,
D) 96 5 G B 5 Al it B9 S 40 21 5 O sl RS A S D
WAT SR BRES WM E LR,

2.2 F|HRH

HIANRIREE G A Y ROS, LKA YRR A P 3
H1 T CPAs Bk | AR WA F12 3 R AL 5] K 1Y
AL LSS (P 2) J2 B0 SR 2 2R R A i A VR A o
Ferp Z B EE A, 2T RLRATIRE]
PEREG, SREERMAMRE, JFUahRER, M
1115 | KAL) UL
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54 KoOPEHE R

50 %

R VR TR

cryoprotectant

2R R A

outer mitochondrial membrane

. AR P
inner mitochondrial membrane

ROS: iG 4 1 3k
l T ETC: 1k

SOD: ﬁfwmwm

@ CAT: i LA
@?C@ MAO Eﬁﬁa%ﬁm’&
} - PDHC AR B A

Cyt.B; reductase: 2l il (435 bS5 ik i g
Complex: ZERIARIFIR 55 5 &)

o-GDH: A& i &
KGDHC: o % B2 Jlit A A 5 A
DHOH: 2 FLiE R i 2

B2 DRRHERBIRIRARFIIERIEMEE A E R X A AT

O BEE A5 AR AR A2 b 7 A RO AR ROS 2 R B35 [ 1 MR 55 5236 38 770 B A2 4
I, TR AR 3% S 7 2 TR 5 4 (0,) N = EBE A EF (10,).

PN R, SR P9 5T IR AR K B ROS

LRI b 7 A H O KR

ZORLARZ IR TE ROS AL 1 AL 8%, WS
SR E AR R R, 51K

Fig.2 The induction of ROS in oocyte cryopreservation and its effects on oocytes

The exogenous ROS during oocyte cryopreservation is mainly caused by the environment factors and the reagents used in the experimental procedures.
The mitochondria are a major organelle generating ROS since electrons escape from complexes I, II, and III, and will quickly react with oxygen (O,) to
produce superoxide anion (-O, ). The ROS generated in the respiratory chain are released in large quantities, thus cause protein misfolding and trigger

ER stress. Meanwhile, a large amount of ROS can also be generated in the ER.

AL SN ROS L v UR IR . BT
o AU pH EAR L SE N R B . N K
DMSO “5& Z P PR 4757 2 2 i Ca™ PN IR I #E A
MM, SIRERAIAN Ca R AR, =
BLORL VAR 8 F E H e fL (mPTP) 57 % JF L, Bl
ATP RIS ROS JKF-Thims, (el 20 i T A 5 ¢

TR A0 i o T e ﬂﬁ 1 FH A A
MLV RO AF T B AP IEAT , BRBE P
Heel, mWﬁ&f%%,aﬁﬁDNAw%ﬁ%

1 DNA Wi 24, 453475 77 W2 B5 v i) i 305 4 5 i
H,0, /= E,  [AlFE 23 5 B4R (R Ty e A2 3 it ROS
K-S,

YA Y ROS FEBEE F A R g
PR R R A VAT A &P o AR IR Mhan &
W53 CPAs XU R WL AR R S5 1y, 3 BT I % v
TFALRRCRBEAL™; Wy, Pz AE ARy,
2Rk DNA L% DNA B 455 2 2| 5 e ihifh, 4

Kifk DNA Sl P as i 1 2 G2 252
ML B2 SN T, ATP FERFRE, H,0, FF
“ep74: OH, S E( ROS K =4, ATPHIZL
AR B HLAE (MMP) 38 02 B9 RF 40 ) & 5 5 AL
P E B Z —. R, WIHRRAT G SIS
Dl (Perna canaliculus) 51 3 21 ff tH 28 MMP R& 1%,
SO T SRS L, e 25 3000 B A0 i A
16 R BORRGE T R, k8 ROS s 2 MG 2
fith & — RANGIR RN, AL HE A AR I I A T 1
mm\£5ﬁﬂh%#E%¢%ﬁ¥hﬁ\ﬁ%
S5 R IR L B g {5 5 5 o A2

JitLSE P 9 ROS AT 1 A 4% 2 DNA 431,
R ik . DNA LIRS F % . DNA-E
FTsC sz 01, #5 %8 FLHE 5 30 DNA BUE B 457,
REMEESHIEDIREE . REEABESE
FRHLHI LAR X ROS 51 DNA $i475, {H ROS it
HIF I RSB EETIRT, DNA M fise 2
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54 Wi, 45

181 S G 5L 21K G BR AR I v TR DR AE T 7 32 e 50 %

I, A FEOEFE AR | Y R B 4
-, BRI, PR 0 0P 4141 ROS /K i
E LI, PUAARBETIRAR, R PR A W L
LA P AR DNA 51450 2 A Ak R 31
AL BUTE 22 A 20K F IR TR IF 9T TR B, ax b
PG AS AN T 40 ) 40 35 PR ek R, A R R
PO By o HSN ek Wik i st =E AW 2135 Rl o kpviny - A 8

SRR L T I LA B 2 J A 4 ff  E EY
REE A AL 2% , {5 ROS 2Ty B &5+ b i g ot
MEkAs MBI R S, 51 R E 3R BU N, A2 Al
R SR, SBURNE N> T 2588 Wi%d,
JIBE 3 375 P 4 L R Y, [RlE, ROS A4 35
PR ST D i XU B AZ 0, AR AR R T & 0 AR 1 TR
SRR, MM FN RN . NEE T, N
J 43 5 AL B (U NADPH & 1L i 4) ik — 25
P AR ROSPY, 41 41356 5 [ # 45 5 3% 51 ROS
P05 . A AL TR SR B 1 . 2 FK 43
PRI A4S, AN I S A7 . RS
B AR AE ROE S AR PR OB, L
& JEE M (MMPs) Z 2| 80N )5, & 380K
i 245 ey e e 5 2k TR M ke 2 DT 5% i &2 950 5 B
BRAM R R B,

23 Rit=E

SRR RERE T, FES58
BPRASAE . MRET- 5HEEL R fEEE
ML . 2K R BIIRIG R E T, SRR E
R RS . MR HE . YR Eg . A2k
WG % B S AR R i ATP, A ZRBPI % AR
T, ZoRifK DNA $5 DUEO\RLIBRBEZ0 2 500
A H8 T 3 5 B RE A1 AL 150 000~700 000 4~
fIGIR AN CPAs 5| & LR N Ca> Fl ROS 7KF- I
TS mPTP ik, S0l Lok A f5 e 467 1 PR T
K, JEEIE ATP & U A A G 0% Fl i 1%
HEEEDIRE SR, NI LR R D) RE al e B
I, TERIN/AS R CPAs MVA /Mt #E b, 4i
JHL PN A8 335 T 1) i 72 2 5 S50E L B B R P 3 e
[ SO IS = O NN S s P T B L P
A, B, MRS ATP REE Wi, W
BERREL . R IRITEEN . KA B FRA
&, BRELRARDIREZHEL ATP & FES, 2
JHLAE I ZN i — 2D BRI, i an, OBk 4 i
ATP (1) 7 5 FE 95 23 1 VR 41 B B 42 vh i T 22 2544
I FBAF 25 U A QY DG B 2R B v T

e 2 H R A 90 R B D R A, B R
BRI R, B TR ATP SR TR
BEEBRILIY 15.1%, HZR RSS2 31, T #E
BE I £ TI1 390 B0 BF 20 08 s RO A7 Bt R v, 4
CPAs 1 30 min J&7, ATP & NI 42.6%; B
IEHGE ATP Kt — %% 1.7%; EI5)5 2h,
ATP JLF5E 4 KB (0.4%), E A U0 £k 40 i 52 91
i WR AR, X Se S5 R, R I TR
LN ATP fifi a5 BRIV FE, BERACI R 4 (i
LR AR S AR G R ) AR 2l BT 38 G 4051
SRR [ W T DA 26 1 o 2 B A7 AR A ok 1A
— TR LR LR AR 5| R I N . 2k
A B L (7 BRI 2515 S PTEN i 23 1(PINK 1)
FEL PRSI PR R, i Parkin 35 B2 REIE A 2
PREARLNR, K B R IE IR P62 AL BSR4k
D87 5 Y TR NS e i NS RN RS L 30
VEPRME MDA, 50 W ARl & OBl K A i o i
SR, SRR WG XT ¥8 VR R AF 1 O B 4 1 18 2
YEREE A B, 3 B RGOk R A vt 2 S5 300 BF
MRS KBTI T RS, IR R i — 2D &
B URARAT 1 BE AT X R A B PR P i, sk
02 I35 I SR A T T ik LA o A 95 O LA 4
T BB A0 AR o £
24 BREYIRNE

VA R PRAF R 2 X AN A% 1) 45 4 5 T B
ZI) i, MU HAES| % DNA Wr%d, [Fifid
RGO =S5 M KA SRS, S 2
Yoo iR 45 50 o X SRR I — 2B 8 K IR B4
MLRAENE . BB W KGR, Bk ROS iF
R FE DNA 455, SRR B VR IR
PR mT DL AL A A%, SRR
B RER ST, SRR DNA 23[Rl 45455,
XoF Ak ek A5 53 284 401 1Y) BB 240 PR R A TV VR DR A I
RIE IS A 2 %% CPAs 22 i & PR AR IS &
WA RGN 1%, HEIRYBREMERE, R
PeERHES) 5w B o B A R . G A S T 25
RARBAT ARG ™ AL B, R 2 3 A B 4
KBS R EENE, X—Hdid R
FEARSE 4l a0, o MOT 390/ L OB 40 i v 4 2=
4 C 2 2B Y7 IR W i R e e i ok, ELA
A A5 i T A AT R 2 8 IsF () A TR, 37 °C
== I TR i O W Rk RN (ARSI P
RS,
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5 4

Ko

% 50 %

P URDRAF I 2375 | ¢ HE FE A I SR8 A 1 S 8
£ 45 DNA HEALFI2H 25 B 1B 1 451 3
o JEGR A T A B A R R AF R T, vasa Fil
exerdb SFREF B )G s, DNA H IRk KF B 3%
e, B A /N R OP BRI M T, H4K12 B2
CTRARRE S, T 5 e G €2 5 2 2 1 B9 B 40
ML) B, FRAIETEN, WIR IR BN
B 2 3 WL 35 A AU R T T SR, B IR
A= B 20 5 A X R A A S e, LSR8 A 5 Y AR
b S 2 A VAR A 5 — 2 5 R B

25 £ AEREREBENTU

R4 IE 5 R B R AR B R 20 i 5 )
FEL AR A1 i 2 DA 2% 1 X s, X — i e e 2
D= S E BRSSO ) N EI e 2y i B
5 B (TZPs) FIEEBE RS, TZPs X CPAs [
BEPE TR R4 R ) B AR A R U, SRR
T 1A R S AR S AR T SR T,
Vi T REEE =5 & A0T . BEESAb A/ LR B4
i SERRE IR T Cx43 il Cx37 Fik K F B3
TR, KA I Y UR HEA ZUR A B 32 AN BRUA
P AT D S AR B T E T, X RIS TR IR
e ER A RELES, (XA —E
SEAAMERY, — B it [a] J5 By 47% v A 2 40 i )
WAF IR TR T RE

IR, VR R AR I 2 R D B G
P T SE MR S 22k B 5 32 HE o B 10 D I F LA
R SR A R R B A AR RIS IR
X5 1V 3 51 R 40 i v B9 1 B 1 SOK fR A G T
Y B A 1 B 2 T A0 DR Y6 A R e = 3R R & 30
min 5, KEBSIREAE 205 WO SR UM K
FEAOI S M KA T ARE™ 3 ] R DR 41 it
P B B Al A i v R B 1 il i T S T as AL
5 S GO N: e = WL/ B ESE A INTTE-A IR =N
JE U RN Y & B

EExt ik B2 TR0, HRiC XA RIRAE
HFARPEE T ZME SRR NS, a7
BURHAR, s T IS 405 IR0 R
PRAFRICR

3 O HLZH 2R K O RE A B VA AR AR R
AL 5 s

3.1 ‘ARREIEE

P N8 B B A e B B KT

& 155 OPBE 20 S VRORAE ORI A ORI o 42 = 2
L R ey JIEL ] e AR 2 A o R i 5 TR KT T i L
TEARIR T B sk, AT 42 204t 457, [R] A
AT DI SEAR T, AN ITTHG SR A0 AP 1E s 207
RFEE A E R EHMATE RN K5
(Crassostrea gigas) AW /55 Lo A5 22 A5 100 i 1 1R
POTRCEE , ¥ URORAF o L O bR A M A2 RS A i 3 08 T
e SE AR T SRR IR B R RT LA ARSI
FEHMIRE W7 PR 4B A 4 R IR A i K R RV, Xk
A 1 AN TR R B 5 T2 174 B I b 7 1T BB 7E 2% i v R 4
B B A WAEAN . 7633 4 s n BB Ak v b
N0 400 pg/mL IR B H AL A PR AP A5 R T

R KBEEEG 2 I FEE 119923 35 H 1 15
FE 1 A2 5 Vo AR PR ARG OCHE IR 3R . /K E 2
H (AQPs) J&—20 TH MR s i H, Al
HETR 53 Tl — 28 /NG UR ORI TR 1B 3 6 B R
HUSERT MO . H AT C A 4 FhoK H I R
F A AQP W #Y (AQP3. AQP7. AQP9F1 AQP10),
CIRVS =S 1) N & i DV N AN U E [ SER ) TR
10 G RE A A T AQP3 Y i FRak AT LA 2 4 o 40 il
B XK H . T R R & T E T
1 75 6 B9 B 40 i v ) 2658 AQP3 7R A I H X2
R OR300 B M ) BB E B TR SE A7 28 ] 1 e it
AR KR RTE B SR, B RN RV R AR
Proom e A gl g7 AR, IR AR 58 2K APQ,
AQP i F KRR W] g 5 CPAs P2 DL 5256
Y2 R B UIROC

3.2 ZRRED

B PRI R AR AT L
A RURAR TS TR R AF T R ZORAR 545 0 A Sy 4t i
MRER L, ORI A ATP 1Y [A] It BTl
T HUSUIRAE 8 36 o 0 i 2R R S5 W TG, 8
2 FLRP I I8 ATP Y74 o 3k —HILT RE % I
BRG] A B LR A D RE R AT 5 W] ik ]
DL 5 400 ) 2R R A QI T P LA v R AR A i 7R
1 E AR, H 400 pmol/L — FHBUNIX 4%
OB 20 i 47 00 7 AL BT AR AR ORI IR,
B v B AL A M AT T b S R AR
o™, e, FEERHR AR 0.12% B9 I XL
I 94 E 55 BB 45 08 52 141 Sk 85 (Megalobrama ambly-
cephala) W E IR B 51 E B HUEALRE ) 795 |
S FNL LA L) RERE A5

R AL A Ca¥ ey i AR R

U

2 R A £
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54 Wi,

181 S G 5L 21K G BR AR I v TR DR AE T 7 32 e

50 %

B L 1(MICUT) Sz 2 hr 1A 85 5 ) 5% iz 8
(MCU) By H ST, 7] LI - 9 45 240 it 5
P Ca® e, FRAR MICU1 35 ¥4 AT L) BH (- 28 i iR 78
W URI T BUR Ca™, DA A 20 R Y R AL B A
FRET . BEESALRT, FH 8 pmol/L MICU1 1 71 i
AbFR/INERBREEANAR, T 3 PR MICUL 2R 1Y)
TR, WA LRAARRT Ca¥ AR EL, JEFRAROD
BE 20 1) S AR K, — 2B oK P 2 iR
W RIRAATEX FIALE , R Al X A AR N A 7E 4
PP VR 1, Horp T AT AU B R 2 1 vl LA DA
SR 11 7 A o B T I B, AR K A
2 B 4[] - ik 2 BB 40 M P9 )4 R A0

AP A B AR AR PR R A X E L)
SE ARV VR PR A R SRR . I, #b
T Al 5 11 SR SR A £ 1 A R S AT T D 1 i 7
b o R E RN [k sEA 1 O ES Y TR Z ST BB TAT ¢
RS, B BV VR E I8 1/ B O B 20 i
o, AT DL RO B LT IR B T Y A
Ji LB e 38.2% 42 5 2 56.8%, £k ki A FE A g
% ] BRI ) e RLAR D BE . WK SRR R
7, Bl URREAN M M Rk F RS, HEM
WA MR FE AP T, FEfa2srh, DhREME LRI R Y
IR BAE S — RS AE SRS, LA MR TR
SN AR ARG, DB S s
bR ANE

AT A R A BALF R, 8
T VAR PR U e AR A TR D A AR A A A S AR 3 A
iRE R EE T B, FE A NPT E R (dn
SOD. CAT. GPX) FildE i fiE i A4k 7 (40 GSH.
CYS) M2, B, EVRVRAERTERIN 5 pmol/L
# 20 MnSOD [, A& 750 5 1Y 5 4G F 4 W5
(C. angulata) YPF: 41 Jd (1) 52 K5 %t 20.0% & &5 2
82.5%", [FIFE, TEM (Siniperca chuatsi) ¥ T 1RAT
SRR AN FE 2 mmol/L GSH A L3 35 78 5 40 Bt 14 47 -
SAUA SRS B ARG i Ak K, Bk A7 T
H 64.6% = 2 82.0%™,

A TSN RPE BACA AT IR TS A L
F, AN A TR A R A BB 40 YR R DR A
T Sk DL R R S A, AN R 4k
A2 BV AR X B AN BT R IR R T A R R
VA R DR AT 0 (B) A0 B 1 S A B A, DA — o R
FARTHHE TG kB MR, BLAk, ok
PREE P AR, WK FE R B R R (MitoQ),

33

ANMEBETE R ROS, i 0] LIS R AR AR A7 FE P 1
S YN LN LTI BUN = YAcks AN AR VAN A2 b7
£ ROS WA AL, DI H2 AL BEORS 1 () R4

SR, BT AT 2 20 B 20 it ) 4 VR PR AR
FH, AR YRR AS TR RN BERE 40 & B B 22 57 5
P ARTRIRICR o o e e B BT AR & TP 4 e
[EE= G0 7= vl I = R P AR 2 SR LY TR
T A 0 240 e PR e R 28 0 e it %, PRI,
fAr B P b 5 2 AOCAL BT AR T 2, AR R
3 o) S i e P L ) R
3.4 HNHIKEREK

AR o Ok B S 1 BB 240 14 %
R PR A AR 32 SR T W TR 2 i 10 e /K AR B2 DA e
BHR TR, —m S, IS KR,
JIr i R ORI T B, DI Z o R i
5o /NN EEAN B AR RS, LA
Fe ik b L 107 °C/min (948 = 3 R R AT R, mT Ak
3 90% AL BT R, SO R I #GE FE R AT
M BE St ARG i 17 T 22K, BEHRERE T
3% BILR, HIH A 2 B4 ol & & b s
FFr AR JEARPY RS T RN 2RI 40,
ZH LR BN MR, AT DX A TR R 2 R
BRI, HATLLAMBOE K i of A 38 FH T 58 5 0P S 20
LUNE I o

T B s AR AP R KIRPURE N
1) BB T 455 A AT LA 55 VK 3R T A &2 5 i F rp
ML . AR, BEOFHOR SR oK A AR
FIARREY, WROHEE, C BN H 44
J MR TRIRAE . AR R OR3P R 9 43+ T
R, ORISR, MRS T M A
[FI RS, HE kB R R e s A, R R0M
PR UR S & IR BB oK o i BOE R, SR
AR W ARAE (0 S U A VR DR A P S B B E

REREMFSR

AT BRI A B E T
SRR, R R M B 5520 20 B R 20 A ) B 5
TR o B3R A 7 e (P ) 2 4 RO RO B
ALK . BRNR . IR G % . HATfZE
b1 S % G BE 240 B3 55 Ak H WL %€ Bl CryoTube /)
B Marques 455 #4988l CryoTube /NE 4T
MR, HET —MAFENNEREMRSE, HT
B0 GP LA R BEIEAL . 1% AR Gt B AE Rk S 4 21
FESh SR B i, [R] A RS U R PR A R

3.5
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5 1 KoE R 50 %
WIIRAE T 76.8% ) THABRY . bAh, £k YRR R PR A TP S BN, R O )5 OB 40 MO A7 1%

BT SO S AP REAL, FEW D CPAs 1R
LR B TR RE P 199 () T A IS e 2 o T i 3%
T IRAAE T 40.3% RO RS BR JE 41 Al 84.9%
F14) B Y 688 g B L A0 w0 AR, P AL SRR
B S WA A, BN TS YRR, R R AR
T EHINEE . M2 T, FLsh Yo AL
AL FE Tl A A BT Sy 24, AR
WA EZE . ARTNE . SHEE . BHA.
WM =MIERMMEZ )R 2R EAREFY, X
e B TE A0 2SO L2 B0 I 20 A R A7 P R R
5 Rt — 25 BIE

AL 2 Y EEER, IR
P i RS B JoR R 6 £ 2 e A R AT R, T
DAFEAR R g A 25 R 00T, b = ik
CPAs [T, MIMFEARAN A REPE"Y . Vg BE R AN
1t 585 8 TR BE MoK B, B o A
RAF IR f I . A A . ok R
FRAEME AT LA A 3 20 P 1 400 i FR 2H 2L 61— A
FETF M ANE TR R8s BfLBR R . BB
558 5 (R 0 A M 3 A ™, i A T 5T
A PR, I o R A K 9 M st BT £ B B 4
LUFT BB IRAE . BI85 AR ML B0 311
P, A0 B T4 RR AN M ) S a4, BTk BRRE
A IR e, I ELv] LUKIEF#I CPA 1Y
it FH e B AT B AR B 0 0, SR, Vg B RR 0 1 TG
BB CPA, HIB IR EEAZ TN KSR ECM
() —&B 53, AT RES R A A & 3 AN AT A Y 5
Wi, 7 B R 2 R AR BCM 0 EE 2 —, i
KA M= Az, A B FERE M & MR ER—
Pl RAIRTCTE CPA, (N 5% K431 i 5 3% WY o iR
(LMW-HA) ¥ 7k £& £ 1) /N B C2C12 B WL 20 Jif A
D1 [H] 7857 T4, 768 705235 10% DMSO
A VR ORAF ZEFR AR 8 A 3% 1 R At 3% 0, 3 i
7~ LMW-HA 1E B IKEE CPA W3 1, Askalinl
FE AR BEA MV VR AE T AR DMSO,

poAdETOS RS R, WS E
A, CHAERIRE BRI TR R DL R R
JE R E R T SRR AL BSR TR
PRAE TR ™ AN T4, ANOURERT H 5 1 i
RS . MM AR TGRS, Binrse
Ak R Y BRI R A S R AR AE
KIEFRFRCE . HATZEAR C7E AR/ RGP BE

0l 80% LA LM, M TR, KA
T ELAT R ORI £ T oK, B X R
A EtERE . P A3 H S THRAEMR RO
A, AR KA B4 51 A SV A VR R AT
PE KA

4 S OP B 2H 24 f 2 K 2 R 9T R0
FH A 5
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Recent advances in the studies on cryopreservation of ovarian tissues and
oocytes in fish species

YAO Jingting, SU Shengqi’, XU Hongyan °

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
Key Laboratory of Aquatic Sciences of Chongqing, College of Fisheries, Southwest University, Chongging 402460, China)

Abstract: Fish germplasm conservation is crucial for sustainable aquaculture and biodiversity preservation. In contrast to the
well-established technique of sperm cryopreservation, the cryopreservation of oocytes remains a major challenge due to their
large size, high yolk content, and complex cellular structure. This review systematically synthesizes the current status, persist-
ent challenges, and recent advances in the cryopreservation of fish ovarian tissues and oocytes, with the ultimate aim to provide
a theoretical foundation for establishing efficient and standardized cryopreservation protocols. Cryopreservation efficiency for
fish ovarian tissues and oocytes is mainly determined by biological characteristics and technical variables. Biologically, the
oocyte developmental stage, tissue sample size, and species-specific physiology are crucial. Technically, the composition, con-
centration, and toxicity of cryoprotectants (CPAs), the choice of cryopreservation protocol, along with the cooling and warm-
ing rates, also have significant influence on cellular dehydration, ice crystal formation, survival rate and developmental capa-
city. The freeze-thaw process and CPAs can induce various cryoinjuries on ovarian cells. These include mechanical damage
from ice crystals and membrane lipid phase transition, profound oxidative stress resulting from metabolic disruption and CPA
toxicity, as well as a range of cellular and subcellular damage such as disruption of membrane integrity, mitochondrial dysfunc-
tion, DNA damage, and chromatin disorganization. To address these challenges, a variety of optimization strategies has been
developed. These mainly encompass cellular preconditioning (e.g., membrane lipid modulation, antioxidant application) and
targeted mitochondrial protection (e.g., via metabolic inhibition or exogenous supplementation). Concurrently, technological
advances focus on ice-crystal control through novel CPAs or ultra-rapid warming, the use of biomaterial-based carriers for
enhanced stability, and the adoption of automated platforms like microfluidics to improve standardization and scalability. In
conclusion, considerable progress has been made in elucidating cryodamage mechanisms and devising protective strategies for
fish ovarian materials. In order to establish a comprehensive fish maternal germplasm biobank, several proposals were
advanced, including prioritizing study of subcellular cryo-response mechanisms, extending preservation limits, standardizing
protocols, and improving in vitro culture systems. Thus, this work would provide the basis for the sustainable development of

aquaculture and the conservation of genetic resources in endangered aquatic animals.
Key words: fish species; ovarian tissue cryopreservation; oocyte cryopreservation; cryoinjury mechanism; advanced techniques
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