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RE: ARERMEN W) LGN ER TR EORAET R, LRAHSFEMAHRITT 11°C
WRIEIR R (LT 4), AH2E, H526°C £4T (OT4) HIWERFRAFATH L. &
WHEFRARFUNELA, LTHARRRXFTHIH, KRERW, THARALRFTLR,
i B0 A PR A 0 7 B AR AE o ot ME B o B SR KT RO AR R % R R T Rk kR
T, K IKIE G FSH #n DHP A F B 3 T M, /™ MW H R LK EH fihrs lhegr.
pers esrl fnar Wi kik, MAHFANFAo KA, ERELEIRY, XEBEHZS
M MR AEKBEEUR AT E S XEARUILEE S, SHRAENTZHEEHEX. KEE
KEEYE AR EFAEMEE FAMHxEE (SLAR. cyplTal. hsd3b. cypl9a2. hsd17bl.
vigls zp4s mmp9 Fo mmpl5), DL K 4 HE A& K 3 5 Fr 50 8 T A ok B (ceniv cdk16. igflr.
egfiv nobox #n bel2) By ik Tf, 128 & E (bax. tnfFn pS3) B &k L. IR KN,
R Z AT AR B I A 8 0 v PR, — 7 @ T R i T IRIR I H A 7 B R 0 R R R A
EIWERA, FNERFMNEAAEKEEZR, #—JFw, TLd THREEREN L
AERRAT, RAFENWARLERMAM. AR TN EHENRFPEDFHARBATE
FHARBE T g KAt

KEE: W) s R0, WRES, £EME; Ao EE

FESES: S 965.1 SCRRARARAD: A

VU )14 f (Sinibrama taeniatus) > J& T #EE H
(Cypriniformes) fi. #} (Cyprinidae)#i V. #} (Cul-
trinae) *& 6 J& (Sinibrama), JERIT_LWFREA 1 —
MUNRIZE GRS T H M A . Al
P FK RN Bt 1 S D], 0 b DX i) B A e
O 2 /B AR R B N T B T R R
FUFAEGEUR R B A BT B, D)1 AR SR PR |
Mt 52T, N AR IR B0H & 2 S 0120 )
HOAOFSE B, 1)1 AR TE 26 °C BY/K IR & T
HER WKL N 14 d, HIRTEARRE DI
AEAUAE R ZE AR 45 B0 1 k™, L ikl 2 PR A
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A Ry ik — 2D A5

AR — R IR, IR A
HROA . TE Y PR R EE W DR E B,
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W, 4o 18 Al 20 °C S FIFERT, IELAEH
P50 T s NBIRASY, Bhoe & B, 7K AT L
0 35 M A B RS I G WA T X S B L R F
PR, BN, BEE R T, PR
[i] B R 7K S AW T e T (B e Y I B s
55 TR LIRS, By K TR, EXFR
-l (Sebastes schlegelii) 4T 201 i iR AR M8
BRI, SRR Ey F P4 LI KA FEAH OCHE A
foxI2. cypl9ala 1 cyp19alb X} =ik ria = 80 T8
TR ZA R R i1, A A S S v i R S S
[ B3R 2% K 7 AR R T ZRG R TR EE X
T SO0 5Lk B 52 A A R B, IR X
7 TS We (R R AR Bk =, AH GBI 98 R R 6 1
R, ELARHILTR] AN T

PRI ASBIFZE LT )1 At it 42, RIS
EH 2R R IK A 8 S vy A5 T Be b o 1 AR X B
HRF KNG 2R B R KR, Jfis
P LN PP BORAR ST AL, DU M
TR 0 24 O S % B NAERLTR B BIFFE B ) o

1 bR i

1.1 &EHK

STU DU A B 2018 4F 4 A R4 T RKIT E
BEURVLJE B, TS5 % KM M AR (3 mx1 mx
1.5 m) Y52 2019 4 9 H, SEEe KA 851 B
MG PR UK (R A S KT 7mg/L, pH A
7.5+0.5), AL, A, BHT EF9: 00
PEWE 1 YRR (B2 2 mm BT A SRS R K £
TEPERL A IR, M & & =36%). EX LRI

AT 2019 4F 9 H, BEEUCH R AR T2 58 19 RV i
B DY 1| AE il M £51 200 FE [ K i (24.40+1.66) g,
K (9.95+0.21) cm] T ALK 2= FIH R 4 Y15 15 d,
HEH 1/2 7850 B PR PR D8 K (i o i
KTF 7mg/L, pH N 7.5£0.5), JGHR L : D=12: 12,
BT (26£1) °C, & H T 8: 00 F118: 00 #%
W2 YK, fd BN 2 mm BER (LR TR AR
PHEARAR]), WRHE A 5= =48%,

YA J5 ME f1 AR B AR iR B R A2
(LHRHA2) FI A 2% B B2 MR % R (HCG) (5 0.2
mL A= BLER K H LHRHA2 4 1.25 ug, HCG 24 200
U, % RMEmiES2y 0.2 mL) #47 A TAE™, 10
h G N THROE, A ™ BR e o 55 R B0 F )5, 57
R4 7 BORE (BURERITH MS 222 BRI, HUf 9 FBAE

https://www.china-fishery.cn

R XT IR (control, C), ME R EMIAK, I
R # KM 30> (4 000 t/min, 10 min) J& &4 1L 7
{RAFT-80 °C vkHi I T Ja Self R oK FlE . R
P AL, FREE, YIBGH I U0 HL2H 2
T Smith [Ri&, FIRINEHLUF T 1.5 mL JCHFA
g, WAL URGIRAF T80 °C HALIR KA .
FRT= Mt ENL S 2 41, A 3 AEE, —
2H IR 5 B ORI FLRE (OT) (26%1) °C, — @i
BEE MK (low temperature, LT) (11%1) °C (B
BN 3 °C/d), Sl TP E S 1R (WD)
552 R (W2) U, Bk B SR L 3 e,
BRI IR R IR C

e PN S RS M R AR AL

GSI(%) = (GW /W) x 100%
AP, GSI WPEMR AR, GW PR (g),
WK (2)-

1.2 SREHAAARSFIARF IR

] PowerShot SX60 HS AHALXT i1 B A B 5 25
AU R RFA R, IEHG 15 € T Smith FGRAY DR
HATH R RE K, TF TEEEN, Ak,
Leica RM2235 Y1 LY F, JR AKS-HFH40 (H.E) Y
o, rhYERIEE A, )5 7E Nikon Eclipse 80i i {3
BN WLZEIANA . BRRE AN 4 3 2 R AT R
Wit o
1.3 ESEAE R MM M B4 E M =k F

FH GE I ) T BBC B 928 I 7 W B A€ (enzyme

linked immunosorbent assay, ELISA) i 7| & (Telen-
biotech, J"JH) RIS LHEIE L35 FSH
LH, E2. DHP Al 11-KT 7K. 50 & W &l
AR BB PR (B S ) HRP FRic) €8¢
ARFLAR, T IR S LR TP SRS 55
A A HRP B8 (1, (o HIBEAR {7 450 nm
AR A T I WO AR, 30 e s v R AR
IR BRI 2 W) & s .

1.4 DRERLALAFERAENF RS

% RNA 093-IR, EM@hgdgasy  fli
H TRIzol & RNA & B 57 & (Invitrogen, 32 )
PRI 25 1 BP S SN 5 RNA, IRl I JC RNase it
I S S L RS DM A R il RNA S8 B S 2
{7#7E DNA J5%%, NanoPhotometer spectrophotometer
ARG RNA ZEHE (OD 56080 X OD 4030 HAH),
Qubit 2.0 Fluorometer 1% #§ X} RNA ¥k & #E17% &

R E K224 F 7/ sponsored by China Society of Fisheries
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fili FH Agilent 2100 2E %) 73 7 AR I RNA SE B4k
RNA [ K 75 4% 5 #  cDNA 3CJ%E, 47 Tlu-
mina HiSeq 4000 il % .,

ERMEIE SN R fastp BT AR
B HE AT P ) o 45 ) U A5 B T B R (clean
reads), I Trinity! Sk 2026, AT B 5%
FATFIME R G S B2 % P8 o AT Nr
(NCBI non-redundant protein sequences). Nt (NCBI
nucleotide sequences). COG/KOG (Clusters of ortho-
logous groups of proteins/euKaryotic ortholog and
reviewed protein sequence database), Swiss-prot (a
manually annotated and reviewed protein sequence
database). KEGG (Kyoto encyclopedia of genes and
genomes) LI X GO (gene ontology) (e-value<0.000
01) Z(¥E % ¥ Unigene #£17 Blastx-search 3 BE43#7 .
fdi F RSEM" 4K {4 Xf J5 4 1327 (raw reads count)
1T RPKM Heffe, 155254 i a5 L R RA 7KK
{8 1] DESeq2"™ FR A% X AN [a] & B I [] 45 5 0 )1 ¢
fifwy DN 55 20 210 2% S AR FE I EAT 40 HT (edgeR!™ 7 2
AFEAZ ), MR AT RS AS S A5 (P {E)
MR, IR ZERR S ROE, 455 FDR {H
(false discovery rate), kT 2274k R, ik
FDR<0.05 H.|[log,(FoldChange)[>117) 3t Xl 2k 2% 5 3¢
R, TR SR b

1.5 WNEERHETRIENE ST

FIF R PALE PR HE 238 I 4% 34T (weighted
gene co-expression network analysis, WGCNA)!'" 55
oAe DY )1 At B B A ZURCE JLRIR M 4 . B AE
8 AR ARE S8 B, AR 1 1 R 5 [T ) 1Y
Pearson FH ¢ R BUK KA EEAH CHE B | SR B I
N, (B m FE R A7 A TE R A . H
WHATIZUCER IS, I 43 3 D) F1 ke U g
i, BTN EREH R, arEeh A
A AN BE P BEHRHE 7] i 2 ] (module eigen-
gene, ME) #kk k. &5 H ME QR e rh iy
FEHEAT A G T, TR 5 MR A i A
Kbk, ik EAAY R X B, #1T KEGG
e s 8.
1.6 SRS E=R PCR (QPCR) HiE

Shy 555 U 27 S 2L 0 45 SR %) AT A O 7 2o i PR
AR IR, DA R AR RNA iR, 1
WCT 18 AL, FIH qPCR BEAKG I H R A K-
M BT B, B AE AR EL 1008 ng 5L RNA, H

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

GoScript™ Reverse Transcription System (Promaga,
Jb50) W0 G AT W L S5 L cDNA, Bl e
JiH) cDNA Fike 30 f%1F8 qPCR HIBHHR, LA p-actin
ANZ, 7 Steponereal time PCR 24¢ (Applied Biosy-
stems, 3¢ ) ik fT qPCR, 20 pL A9 qPCR JZ Jif
KA T E& A GoTag” gPCR Master Mix (Promaga,
FE) 10 uL, B RF514745 0.4 umol/L, cDNA ##
B 2 plo Sz AR P oA B P B Be 95 °C 10 min,
95 °C % 155, 65 °C LM 30 s, k40 MFIH,
JIT e BE DR R S M 5 [ B e 91 DR R T s AR
BARSIYERWEE 1.

17 BRI

AW 58 B LA P 24 {55 ME 1R (meantSE) &
N, HNZER R HHE T 2 (One-Way ANOVA)
3BT (Tukey (R K55 ), 4 [RIAE A SR FH A 20 57 A
A ks, DL P<0.05 RS, P<0.01 J2E5R
W 8% o SPSS 23.0 i 443 ilxet pu )1 4k GST .
L7 384 28 7S R0 36 DRURR o 28 38 /K P 147 S 3 40
#r, JF#]H Graphpad Prism 8.0.2 X 4-AE K, #H%
PES AR H Pearson AH G537

2 4R

2.1 HEAFMEEEUE

7RI )1 e et (C 4H) BRELEEIE, 2N
2B B (FRR-1); 4L 22T DL 4% it 4 B R
YA, H R R IR (IR Fnop ey
BB AR (B AH) BEBEZ0 M (B RR-6), #F NI s AH B
FEAMAE AN AT DL UE 0 202 0 SRS (FIRR-12) o
55 At AT UL 2s g v LA R oA K 3B Ak G B B 7 36 st A
(IVESAH) BREEAA L5 A T OS] /s

OT ZHPY)114efkre W1 B, R SR (0 B A28 1
(F-2), LIS RT LIV AR 40 A e 3 R
s %, AT DL A R B oE AR Ak i 2% A 8P i
(EIRR-7) 0 IV st AH BR324 it 41 308 0 200 e J2 R s
WA (BIRR-13), BEETONE A B HANVY, 7 W2
H O A W K (BIR-3), H8LFWEEn] iGN &
DA R BE 40 i LA VIS AH B 300 o0 3 (B RR-8), B &
FHEANIIR,

LT Z104)1[4efpE W1 B, HEPEISE KR
A DL B 5L A (kA G am B (&I R-4), 4l
2 2E WS T L B P OB 41 LA 7E R Ak Y B R
AR £ (FRR-9). 1B Tk B0 £ 41 i HL AT P 801 i
() 2 BARRAE o ARk 14 5P B A R i U0 B R 20 At i v
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Tab.1 Primer sequences used in this study

ElEEA SR 5I(5"-3")
primers name sequence (5'-3")
actb-F GATTCGCTGGAGATGATGCT
actb-R CGTTGTAGAAGGTGTGATGCC
Jshr-F GCTACCCTACACCAGATGC
fshr-R CTGCAAAAGCCAAGTGGCAC
lhegr-F CTGTGGTGACAACAGCCCTC
lhegr-R CGCTGACACAGGTCTAGCTC
pgr-F GCGCTTCTGCCGAAGGAG
pgr-R CTGTTGGGCAGCTTGAGATG
esrl-F CCGCAGATCCTGCCTCTG
esrl-R GACACCTGTTGGGTCGAGTG
ar-F CCGAAAGCAGCGACAGGC
ar-R GGCTTTGCACAGTTCTCGCG
StAR-F GTGTCCGCTGTGCCAAGC
StAR-R GGGATCCAACCCTTAAGGTC
cypl7al-F CCACCAAGCTGTCCTTAGC
cyplTal-R CAGAACAGCGCTGTGGATC
hsd3b-F GCTTGCAGAGATCCGACTGC
hsd3b-R CGATGAGAGACGCAGTGTGG
cyp19a2-F CGGGGACAGGTGGACATTC
cyp19a2-R GCAGCCAGTGCAGTCTG
hsd17b1-F CCTGGACGTCAATCTGCTGG
hsd17b1-R GCCAGGCTCTCACATGCG
vig-F GAAGGACATCGGCTTGGC
vig-R GCTTCCATCTGGGCAGC
zp4-F GGTTCCATCACAAGGGACAG
zp4-R GCACAGCCTTTGGTGACAC
mmp9-F GGTCCCAGACATCCGCAAC
mmp9-R CAGTGCCGTCATAGAGACGC
mmp15-F CCACTCACCCAAAGTTGGCC
mmp15-R CACCATGATACCCAGCGGC
ceni-F GCGTGATGAGGCCGTCC
ceni-R CCTCACTGGTCTTAACAGCC
cdk16-F GGGTTCAGTGAGAGGTTCGG
cdk16-R GAAGCCTGATCGCTCTCTCC
igflr-F CCTAATCTCGCCGTGATCCG
igflr-R GAGACCAGTCCACGGAATCC
egfi-F CTGCGTATCATTCGTGGCC
egfi-R CTGCGTATCATTCGTGGCC
nobox-F CAGATCCCACCGCAGGTC
nobox-R CAGTCCACTGGATGGTCTCC
bel2-F GGACACGATGACAGCGTCTC
bel2-R GCCGTGATGGACGTGAGATG
bax-F CTGCGCTCAGGACGTCTTC
bax-R CTTGCTGTCTGATCCAGGC
tnf-F CGGCAGAGGCTGTTGCTAG
mf-R GCGCATTAACCCTTCCTGAC
tp53-F CAGTCACTTGGCTCAGCTG
tp53-R GAATGGTGCTGCAGGGCAAG

https://www.china-fishery.cn

YNAZE . DIBSE AR AR AS KL, DIRRAN A PO AR AZ T Ok
JHLE N B 2228 AR S 4 o ARk L ) B AR
S B 200 B T 20 2 RN ST 5 B A A 43
(FI-14), M J5T P9 B9 56 40 o, 320 T 9 o0 A o #E R
eI, DR A AR R A LT 58 4 o i (1B
15), BRI B s R . IR B i R — A
23, BRI A S LB WL T, A X
A aRApE B, w2 i, HIpERRN G
(EIfR-5), GSIFE OT 48 TR (Bl 1), dHZI2Emss
Al LR BRI, IR AR IR A G g 4l 2D SR
FOJE T 25 s . B 5L P AR AT D O 8 A= B A0
ORREARM, 22 R BB A T II O BEAH AL (12 RR-10)

LG 5T, 11 °C AR A Y ) 1] A fifs B9 81 %
BB, IR AR
2.2 MEHEH R R EDNE S AREEKENE

SRS T I £ A B S R KO R,
WEILYE T FSH, LH, DHP. E, Fl 11-KT 7K-F-ifk
R, RMPELT 4, SMEA s ordl
AL, W HME E, M 11KT KF5H OT 4k
%245 . {H DHP /KF-7E W1 Fl W2 1 i 4% T
OT 4 (P<0.01), LH/K-F-7E W1 &L T OT 4
(P<0.05), FSH /K F7E W2 #) i Z A% T OT 41 (P<
0.01) (& 2-a~e).

XTIV R ZARFE A fshr. lhegr. pgr. esrl
ar [ FAXT IR K F 04T QPCR RGN, & B OT 41
B SR TR A % 26 35 K TR C~W2 BEAR 5 4 4%
BT, JtHUEE W2, U ETF. I LT 414%
ZARTE R AR IR KFTE C~W2 KR8 T I, JF
WEART OT 4 (P<0.05) (4 2-~)).

2.3 RIS AEI)I| LeRINE L & B9 EIENH

EREAEARGEE X OTHMLTAH
TE W1 HT W2 1 35 PR 3R TR 15 0 6 47 241 (8] 1) 79 744 L
AN, RIAE W1, OT4HAI LT 4HAETE 5 %
BFEA 5124, Hop 284 ANFEFFE LT M,
228 NEEIFE LT 4H M. 75 W2, OT A LT 4
FEE 1948 2SRk LA, Hivp 1277 L 7E
LT H M, 671 DMEEFAE LT 4 1.

$ OT 4R LT 419 25 57 46 18 FE TR 2 il b 45
BB, kA 253K 5 155 4 (K 3-a), X
% S FSR N 1T KEGG B0, KWE
I (138 % 22 5 8 A ORE B AR A B G, a0
FH 5T Ak A IR (protein digestion and absorp-
tion) M B, 525 [T EEIEER B BURH O 1 B SR 2 [
% & i (ovarian steroidogenesis) Fl £ A E £ )

R E K224 F 7/ sponsored by China Society of Fisheries
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i 13 . &

i e R L

EhR SPEFCI RS EFE LR FENE
1. CHFUREEIE A M4, 2. OT 4 W1 B IR L5, 3. OT 41 W2 iU SRS 52, 4. LT 41 W1 o0 SR 204, 5. LT 41 W2
I O S 252 W EE, 6. C I O S 2H 212 X0 8¢ Je L 11 I AH 9 BES AR AT LI AR O BFAA T, 7. OT 2 W1 I 19 58 40 2127 WL 8¢ % L IV I AR 5 £ 200 fid
8. OT 2H W2 i G SL2H 212 W 48 SR JLIVET AR OF REEM M, 9. LT 4 W1 B B S A 2L 52 J SR BRI, 10, LT 4 W2 B 51 $14H 2124 W 5% Je
PR CL AN, 11, 11 B AH 5P BRA0 M A LA MAZ AN AZ AT, 12, TITRE AR OF BN A S8 A i . O . 03I, A0iEa%. EAZA, 13
IV S AH O EBE AT B (R T AT M . JBOR 5« )2 /NN I BN, 14, B0 535 OB 401 i 1 T 4T B R BT 15, 3Bk S5 U BB 4T B A 0 MR 1)
WL MR ROR (87 k)s T1. [T ARG R4, TIL TS AR G0 EF 40, IV, VIR AR GPRRAR s = B (B FA. SIS, FC. JE¥HL4
ML, ZR.JBURA, CA. BZJE/NE, YV.IREEE, YP. BRE/MR, NARMIZ, Nm.o &8, Nu 40 COXM, OT.&®IEFEE, LT.IKE: TR

Plate Morphological and histological observations of ovaries and oocytes

1. observation of ovarian morphology at C, 2. observation of ovarian morphology at W1 in the OT groups, 3. observation of ovarian morphology at W2
in the OT groups, 4. observation of ovarian morphology at W1 in the LT groups, 5. observation of ovarian morphology at W2 in the LT groups, 6. obser-
vation of ovarian histology at C and its oocytes in phase 1I and phase III, 7. observation of ovarian histology at W1 in the OT groups and its oocyte in
phase IV, 8. observation of ovarian histology at W2 in the OT groups and its oocyte in phase IV, 9. observation of ovarian histology at W1 in the LT
groups and its atresia follicle, 10. observation of ovarian histology at W1 in the LT groups and its tenne pigment cell, 11. oocyte in phase II and its nuc-
leus and nucleolus, 12. follicular cells, zone radiate, yolk vesicle, nucleus, nuclear membrane, and nucleolus of oocyte in phase III, 13. follicular cells,
zone radiate, cortical alveoli, and yolk platelet of oocyte in phase IV, 14. follicular cells and zone radiate in the early stage of degenerated oocyte, 15.
decomposed follicular cells and zone radiate in the late stage of degenerated oocyte (arrow); 1. oocyte in phase 1I, III. oocyte in phase III, IV. oocyte in
phase IV; *. tenne pigment cell; FA. follicular atresia, FC. follicular cells, ZR. zone radiate, CA. cortical alveoli, YV. yolk vesicle, YP. yolk platelet, N.

nucleus, Nm. nuclear membrane, Nu. nucleolus; C. control, OT. optimum temperature, LT. low temperature; the same below

020 1 —or S — 4 HY (steroid hormone biosynthesis) & ¥ L4 M Jig [l
— = RRAOIAL . Wb, AR T B (1 3-b).
WGCNA 44 R S 8dE 5
T = T SRR ST TSGR L R S L AR
GSI F 2 52 AR FE D A A X 2 187K F-1E /7 WGCNA
3BT, WERBEESE LIS, EWREM LT
By Y] 4y X 5 3645 3] 20 A, H b greenyellow
B R BB MIEF B H L, 52784, [FIAf
0.05 + AL fshr. lhegr. pgr. esrl Fl ar BIAEXS Rk
TR W TEARDE (R 4751124 0.580, 0.520, 0.640,
0.680 F10.650, P 43170.020. 0.050. 0.009. 0.005

e

[—

()]
T

R

6i30%
gonadosomatic index

=)

=

B w2 710.009) (4 4-a). XTZBLHILT KEGG FASMT,

5 1) RIAE top20 HE B SR . TR A W

time V1A S Y 1] JE 32 1L % (Fanconi anemia path-

1 OT4EFI LT 4Aig GSI Ebik way). AL JE I (cell cycle). [A]#H2H (homolog-

o RN R X R, P<0.05 ous recombination), p53 15 5 il #% (p53 signaling
Fig. 1 GSI comparison between pathway). ¥ H % (autophagy-animal), FoxO {F

OT groups and LT groups ‘53 % (FoxO signaling pathway) . MFLah¥K %

"*" indicates significant differences between groups, P<0.05 RiRiN (longevity regulating pathway-mammal) /I

HHE K 222> E 70 sponsored by China Society of Fisheries https://www.china-fishery.cn
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3 $reor 5 1600 o or ow 2 12reo0r .
Ex = LT . £ = LT £ & = LT
DL 6| 5 2 1 400 aa
=3 T T by =3 -
34 22 1200 T3 ¢
® 3 %5 3 N3 9 B
anlie E- 7

A e
2E2t S £ 1000 55
$r 9 i sr 5 0 [ As
g oL . . . = gol—- . g L .
C WI W2 C Wl W2 C Wl W2
i 1] 1) 1)
time time time
(a) (b) (©)
~ B
= 150 r o ot Ab 2= 180 [ o o . XD 4 reoT
E a0 | LT S = LT K& _ |=wLT
= <130 B [
H_% Aab %3140 522;2
¥ 2120 =3 TER
= M — Aa S9E Ca *
= = £120 LoZ1t Ba
sr 8 110 = 3 PR
= i § z= .
100 L— : : 2 100 — : : e 0b— : :
cC WL w2 cC WI w2 & C WL w2
i 1] i) I
time time time
(d) (e) ®
B S B
%T; 40 HX,:.T) 41 eo0T %7; 31 eo0T b
KB~ r*SJE’A & LT b X5 | =wLT
e 30 | Re&3t Kex
Zzs =g 2z827
=520 =) Eeg
§EZ T ek SE% Ba &
00 83 g Ba a %oal L
SeEl0t Secly M S22 o
<=° <ZC§ A A EEO A A
Ze 0 28 0 s 22 0
£ & C WI w2 E cC Wl W2
] k] ]
time time time
(2 (h) @
B
%% 61 oot b
:‘ﬁ!;,: - LT
®S3
Eg<4y
m 2z
T oy a
TEE
qu—Z 3
<':O Ba % ek
Z=
R S
L~ = =
C Wl W2
P[]
time
0)

2 OTA5 LT HAMBEHRKFRIVENZZHREER B RIEKT

AE/NEFEER OT HNA BEZER P<0.05, AFRKEFRE LT ANAFEEREES P<0.05; “FondiFBEER, * P<0.05, ** P<0.01

Fig. 2 Serum hormone levels and relative expression levels of the ovarian hormone receptor genes in

the OT group and LT group

Different lowercase letters represent significant differences P<0.05 within the OT groups, and different capital letters represent significant differences

P<0.05 within the LT groups; "*" indicates significant differences between groups, *. P<0.05, **. P<0.01
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Fig.3 Venn diagram of differentially expressed genes in
W1 and W2 of the OT groups and LT groups (a) and
the KEGG enrichment bubble chart of differentially

co-expressed genes (b)
The KEGG enrichment bubble chart shows the top 20 significant path-
ways, in the figure, "gene ratio" indicates the ratio of genes enriched in
the pathway to all genes in this pathway, and the size of the circle indic-
ates the number of genes enriched in this pathway, the same below; 1.
protein digestion and absorption, 2. pancreatic secretion, 3. small cell
lung cancer, 4. ovarian steroidogenesis, 5. nitrogen metabolism, 6. ster-
oid hormone biosynthesis, 7. oxidative phosphorylation, 8. ECM-
receptor interaction, 9. Amebiasis, 10. cardiac muscle contraction, 11.
arginine biosynthesis, 12. fat digestion and absorption, 13. Alzheimer
disease, 14. fatty acid biosynthesis, 15. metabolic pathway, 16. thermo-
genesis, 17. AGE-RAGE signaling pathway in diabetic complications,
18. focal adhesion, 19. fatty acid metabolism, 20. relaxin signaling pathway
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Fig. 4 Results of WGCNA
(a) traits and modules associated heat map, "*" indicates significant correlation between the data (*. P<0.05, **. P<0.01, *** P<0.001); (b) KEGG
enrichment bubble chart of greenyellow model, 1. Fanconi anemia pathway, 2. cell cycle, 3. homologous recombination, 4. ribosome biogenesis in euka-
ryotes, 5. basic transcription factors, 6. RNA degradation, 7. p53 signaling pathway, 8. RNA transport, 9. autophagy - animal, 10. lysine degradation, 11.
FoxO signaling pathway, 12. longevity regulating pathway- mammal, 13. TGF-beta signaling pathway, 14. glycosylyhosphatidylinositol anchor biosyn-
thesis, 15. adherens junctions, 16. ErbB signaling pathway, 17. glycan biosynthesis, 18. circadian rhythm, 19. autophagy - other eukaryotes, 20. ubiquitin
mediated proteolysis; (¢) KEGG enrichment bubble chart of skyblue3 module, 21. ribosome, 22. pancreatic secretion, 23. protein digestion and absorp-
tion, 24. Influenza A, 25. Legionellosis, 26. African trypanosomiasis, 27. antigen processing and presentation, 28. phototransduction-fly, 29. viral
myocarditis, 30. regulation of the actin cytoskeleton, 31. Shigellosis, 32. apoptosis, 33. phagosome, 34. Hippo signaling pathway-fly, 35. Vibrio cholerae

infection, 36. prion diseases, 37. cardiac muscle contraction, 38. Salmonella infection, 39. RNA degradation, 40. carbohydrate digestion and absorption
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FTORMBAEAE R FEES, * P<0.05, **. P<0.01; (c) FeRHN P b HHIEE £ W1 HIXE T C [ FoldChange fE; (d) #0007 oh H 895
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11. cdk16, 12.egfr, 13.igflr, 14.nobox, 15.bcl2, 16.bax, 17.nf, 8.tp53

Fig. 5 Relative expression levels and FoldChange value of the target genes

(a) relative expression levels of the target genes in W1 relative to C of qPCR; (b) relative expression levels of the target genes in W2 relative to C of
qPCR, the results calculated by AAC, method, “*” indicates significant difference between groups, * P<0.05, ** P<0.01; (c) FoldChange value of the
target genes in W1 relative to C of RNA-seq; (d) FoldChange value of the target genes in W2 relative to C of RNA-seq; 1. St4AR; 2. cypl7al; 3. hsd3b;
4. cyp19a2; 5. hsd17b1; 6. vigl; 7. zp4; 8. mmp9; 9. mmp15; 10. ceni; 11. ¢dk16; 12. egfi; 13. igflr; 14. nobox; 15. bel2; 16. bax; 17. tnf; 18. tp53
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Effects of low temperature on the ovarian development of Sinibrama taeniatus

LIU Nannan, CHENG Xinkai, YANG Yang, LIUJuan, GU Haoran, WANG Zhijian *

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, Key Laboratory of Aquatic Science of
Chonggqing, School of Life Sciences, Southwest University, Chongqing 400715, China)

Abstract: Sinibrama taeniatus is a rare and small economic fish which is distributed in the upper reaches of the
Yangtze River. S. taeniatus can reproduce twice a year in the wild, while the reproductive cycle of S. taeniatus
reared at the temperature of 26 °C is only 14 days. Low temperature is a major factor limiting the reproduction of
the fish in the wild, especially in winter. We found that the low temperature of 11 °C significantly inhibited the
ovarian development of S. tfaeniatus. To explore the effects of low temperature on ovarian development, the female
S. taeniatus after spawning were reared at a low temperature of 11 °C (LT groups) for two weeks, and the fish
reared at the temperature of 26 °C (OT groups) as control group. We compared the ovarian development of the LT
groups and OT groups. The morphological and histological results showed that the ovarian development was inhib-
ited in the LT groups and that the oocytes were underdeveloped and degenerated. Besides, the atretic follicles were
observed in the ovaries of the LT groups. The results of enzyme-linked immunosorbent assay and qPCR showed
that the secretion of FSH and DHP, and the gene expression of fshr, lhcgr, pgr, esrl, and ar were significantly
inhibited by the low temperature. Transcriptome sequencing results showed that the differentially expressed genes
were significantly enriched in steroid hormone synthesis, cell growth and proliferation, apoptosis, and autophagy
pathways, indicating these pathways were affected by the low temperature significantly. The expression of genes
involved in pro-apoptosis (i.e. bax, tnf, and tp53) was up-regulated in the LT groups. However, the expressions of
genes involved in steroid hormone synthesis, oocyte development, cell growth and proliferation, and anti-apop-
tosis, viz., StAR, cypl7al, hsd3b, cyp19a2, hsd17b1, vigl, zp4, mmp9, mmp15, ccni, cdkl6, igflr, egfr, nobox, and
bcl2 were significantly down-regulated in the LT groups. It suggests that the low temperature may inhibit the syn-
thesis and action of reproductive hormones, limit oocyte growth and proliferation, and promote autophagy and
apoptosis of follicles which results in follicular atresia. It provides a theoretical basis for conservation biology and
artificial reproduction of S. faeniatus.

Key words: Sinibrama taeniatus; low temperature; follicular atresia; reproductive hormones; apoptosis and auto-
phagy
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