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Transcriptomic analysis of ovary of Procambarus clarkii under
sun—drying environmental stress
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Abstract: [ Objective] The purpose of the study was to explore the gene expression changesin ovaries of Procam-
barus clarkii under different sun-drying stresses by transcriptomic sequencing technology, and to screen outthe candidate
genes and signaling pathways related to ovarian development, so as toprovide a theoretical basis for studying the mecha-
nism of sun-drying stress in promoting the ovarian development of P. clarkii. [Method] The female P. clarkii were sam-
pledat0d (CK), 3d(T1), 7d (T2) and 10 d (T3) of sun-drying environmental stress, and ovary cDNA libraries were
constructed for transcriptome sequencing, and the differentially expressed genes(DEGs) were subjected to GO functional
annotation and KEGG signaling pathway enrichment analysis. [Result] A total of 86377 Unigenes were obtained. Of
these, 22712 Unigenes were successfully annotated in Nr, KOG/COG, Swiss-Prot and KEGG databases. A total of 1115
DEGs were obtained between the stress group (T1, T2, T3) and the CK. The results of KEGG signaling pathway enrich-
ment analysis showed that DEGs enriched on the pathways associated with ovarian development, including PI3K-Akt
signaling pathway, GnRH signaling pathway and estrogen signaling pathway. The real-time fluorescence quantitative
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PCR verification results showed that the expression patterns of the three DEGs was basically consistent with the results of
transcriptome analysis, proving that the transcriptome data were accurate and reliable. The ten DEGs related to ovarian
development were screened out, including B2M, TUBA 1B, MT-CYB, MT-ND1, MT-ND2, MT-ND4, DSX, Pck2, PIM3,
and serine protease nudel-like. The expressions of these DEGs were analyzed, and the results showed that these genes

regulated ovarian development during the period of sun-drying environmental stress. [ Conclusion]In this study, ten DEGs
including B2M, TUBA 1B, MT-CYB, MT-ND1, MT-ND2, MT-ND4,DSX, Pck2, PIM3 and serine protease nudel-like,
and three enriched pathway sincluding PI3K-Akt signaling pathway, GnRH signaling pathway, and estrogen signaling

pathway are involved in the regulation of ovarian development during the period of sun-drying environmental stress.
Key words: Procambarus clarkii; ovary; developmental regulation; sun-drying environmental stress; transcriptome
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0 5%

(A58 & ) 5 [C R B AR (Procambarus clarkii)
MR IeHE 20 220w 5 | AFRIE 2 TR E S50 1
R A i e R IR KR, a2 IR 7K K™ 8
R F T 0 e QR BR324 F L Vo5
B, B TARETGIAS &, AT IR
R 1) AR RS FL A AR R ML X R . e [C R I
1) 32 BEFRFHAR A R AT FH R 00, Rl o B AR A TR 55
FERYBCAE R 10 H BIRAE4 A s A5 W R0 F 29518
SN B A K B A YT R i b DXL i 7y
WEIITE R 4—6 ], 54 N IR FEAFAE R ) 220
TRBERK A 2 TE M B AR HLN , $2 = f Al ™ &, LA
AR AATEERE . v [ MR B 30 i ] 35
K, WERRE A BE G AE B AE R A 2R AN R 43 Ik 1] 1
AT B, > A B S8 R B B 25 K AR A TE L S D
S5 HE RS - HEAHEER 24985 58 9 DR AF B3 D1 53 A
B AR, A IR IR (TR, 2012; TR 06 45
2014), AEy=SCERFEE I HH BE 4 i v QR 2L MR £
B[R]0 A el AR AT B0, 42 4 R[] 20 2R
HHEARKEEAEY IR AL Le T 2.
PRI, 1 fifk G T X2 2 B SR 7 53— AL %o A JRT 1 6
A AR KRB BA 82 X [ AR i ) 7 s 4
W B AR E )3z 0 T 7K 77 30 4 0 s i AR ek e
(Lee et al.,2021;Liu et al.,2021;Yang et al.,2022) .
b 22 P59 (Jiao et al., 2019; Jiang et al., 2021; Ding
et al., 2022) . #f1 22 J& 77 (Veenstra, 2015; He et al.,
2019; Costa et al., 2021) F19% [t & & (Wang et al.,
2020; Zheng et al.,2021; Zhong et al.,2021) % J5 1f]
o FHLRIEIE o AR, 5% Sk A BORAE N F 9T AR
R & B B BT B, R SR TR S S M fE
HAHREEE L, MHCHRIERD, 755 QR 2 iR
DNAZ il | 41 Ji 1 S A& A2 i A ek i oy
SAWE B FZ AT IR VI B8 52 S KEGGIE i M Vg . cyclin
B .CDK2HIDme 13522 3 AL A1 2 5N A &
(Jiang et al.,2014;Shen et al.,2014) ; X} HEPEIETT XT

IR (Penaeus monodon) # W 2 24 814 3 VI B H. 0N
IRAWIE , = SRR RIS e E A RN T
G240 L S A TE P ) H SEBE T, WMAPKK PG M-
RC1 K.cytochrome - {m 235 , PHIR75 5 O 5L 24 (Sit-
tikankaew et al., 2020) ; H A {8 ¥F (Macrobrachium
nipponense ) B S 75 Z5E ] (] ] pRe s 5 B B
L It A 3 I R A Y A OC 3 A cathepins | legu-
mains M cystatin, A] D47 O BT )4 UK %, Homyosin
heavy chain 6725 1 BREEAN LA HE T (Zhang et al.,
2021 ) 5 18 3= S = TR D 55 A R B 1
S e MER R HE R R e A AR R 1Y 4
Wh , DT A 2 E P R 3€ I X UF (Litopenaeus vanna-
mei) Y HL L H (Liang et al.,2022) ., RIEH LTI
i, IR (GRIRTE, 2011 TPR%E,2012) Faled (6
[Fl45,2015) JEHR(FVET,2019) 3R 85E H & nl e ik v
[ i 2 0 O S s, 3 o R S R B (U 4,
2018 ; X1 [E 45, 2021 5 ARG IA] 45, 2022) K 1T 468§
WEH AR, 2020) 07 AT fE R IR 5 B
M ARAT A 7 AR AT S B e [ i B B S A Bt o
IGE A 235200 RE i SR A A TG, A AR VBB A
i 1755 (Sokolova, 2013) . BN ZEMAG & H FE MW
AT it A, B 2 24 W A 2l A8 T g 25 S 3™ EL Y
H B [ A (Arambourou et al., 2020) ; 44K B OK 2 K
(PS NPs) 5B H 50 Bl R Eh A o [C A IR oY 5%
H, SRR E R E A (Vig) 3K T I8 L OP Bk i 45
/I (Silveyra et al.,2018; Capanni et al.,2021) ; 254
| B2 DI SR A, (1l B9 6 A A SO R O A 2R S Y
IREE A0 iR £k (Sarojini et al., 1995) . [HHL A 2-H
SR i PR 2 i v [Q R 2 IR R &, DL T
fifr FL A& oAU, A B e B Je e
fis (MF ) JPr 388 7T 35035 B9 - 240 Ji m 228, 412 2F D) B3 a2
(Laufer et al., 1998) . [ &AM VI A & ) H T, A
EL )32 A FH P FE 0T 0 AR B SR A 741 2, T 4
o ot DS R () BB RE g o ELI FE A2 A D S 1 31
BILT w8 AN B, AT DR AR o (FELA R 9 DG St ) A )



34 FARE . W IR T S KR A H I S 60 4 R0 AT + 693 -

MK FE RS 36 25 T, 36 T 1 s 2L AR ) o G i
A PG FET 3 1 i) B B % 5 1) 43 L A T 40T, T
TE 55 01 L% A S I e I IR R A i A
SE I FH ey XA o QLB R BB % 3 (R AL
il SR AL B
1 MRERE
1.1 BHARLESHRIE

AR QR ARk [ ) P9 R IE T L FR 5537
ZY R AR IR E R AR . R HUA PRI A9 55 Rt
Bl AR 5E H T — MO IO , A A} K H
FELAE , 77 1 o EC i 2 R i 25 T 28 P ] .
50 kgWfEMF , B PR 5 O M IE , KRR T AE30~
40 cm, LIS B B L SEREE 3 KK HET, e
F SRR IPTHEA T AP PRI 000 , [R] R 452 1k PR, £
MR P T A BTEIRAS . 202149 H 20—30 H
S Ta) R4 7 0 PR, 43 51 T IO d(CK) .3 d(T1) |
7 d(T2)F110 d(T3)FRMERR , BB IR RO H
IR, BEHL N B3 REAS (513 HMEdR 140, Mol g2 1240
FEAS . AR TG BB AR ST BV Y0 7 RNA PR AT 5% 1
W, Y RIER F-80 CURFRIRTER

NS 7 S AN e N vl R 1 I 8 =
ZE A S (Bl S5, 2021) o WG UEX — W
S AR R R R vk, Seidt AT 10 di
55, FH Zhong %5 (2021 ) X 7 R AR B 51 % 5 4330
() 4 7 P I EE T J R AILAT 2R 1) 40 S BERTR i1
JLOPE AR 2 IV 6 S O SR, 25 R R .
LR FH S5 1) e R B S AR 92.5% , FRIWTAE 7™ Il
FH AT A o [ B RO 8L
1.2 RNA#ZEL.cDNAIEEFAuminaill

i 12 TRIzoliak 1) & 44 B B > B S AL A 1y 2
RNA, FH B HEE s L D R 0 RINA 56 2 1 A1 [T 24
DNA5 Y &, AR 95 328 751 65 48 2 o G i 28 0 B £
cDNASCZE (L FEMRNA S 25 KT K1 . cDNAXUEE A 7l
Falifl . cDNAKEHER Jilpoly (A) B I #: 8 lu-
minall] £ 18 Bt %% . 57 16200 bpZe 457 cDNA F B .PCR
P HaIfalife Hor=¥y) , 4 FH Tllumina NovaSeq 60003
FPA T cDNASCIESEA I o

1.3 FHIRARFITHRE TR

J i Reads i 13 fastp (Chen et al., 2018) #E47 it
o R UEHLE A P I A FL A T 10% A FIA% TR
(N F1EE 1 50% (1% J5t 1 (O <20) Bl 5 1 Kl , 74 2
A 155 5% 5 A4 £ FH Trinity (Grabherr et al., 2011) $f
He U sk A% . il FHBUSCO (Simaoet et al.,2015) %
Y1 BT S A HEA T e A VE PP AR U RS P R Y
e s A AE N Unigene 2 7% J7 9 i 47 Jm 2k 70 o W
BLAST£NT, Swiss-Prot . KEGGHIKOG/COG%i#z 1%
HEAT R D e R R 40 B 5 ML NRAEHE PE TR A5
i FiBlast2GO( Conesa, 2005 ) 3 T7GOMIHEFE FE .
1.4 ERREEEFREESW

BEASREAI 77531 () Reads 7F Unigene 545 22 1E
7 HxF AR 40 LU XS 4521, (i HIRSEM AT R PR e ik
JKF-%i it (Li and Dewey,2011)., %IFPKMEEER
LN F IR ST AR K i 42 (Pertea et al., 2015,
2016) . FHAAS ] B Rk i m] A T HLBOAR
[] A i [0 79 26 X 2% 3K 22 57 (DEGs) . >k H] DESeq2
(Love et al.,2014) #4741 8] 1Y 22 5 3K 534
ZRATPG FH S5 PR AS ) B B ) 22 S AR LR o3 Ao
2 . Xfread countiF 17 AR1ELL (normalization ) , #R HE 1%
U R B R IR (P) | G (4 PHET 4 T (B
K g0 A 0E , 5 B4 1= & B AR (FDR) |, i 128 4% 1 S B
FDR<0.05H |log, Fold Change|>1fJ%:[R A i 2 DEGs .
X DEGsHEATGOYIRETE B M KEGGIH % & 5734, 3k
F3DEGSHHX I iy &R B E
1.5 SKREZEEEPCRIGIE

Shy G W 2 S 2HL N %) ME A T R R B AL
#£3 1~ DEGs [ Pck2 ( phosphoenolpyruvate carboxy-
kinase ) . PIM3 ( serine/threonine-protein kinase pim-1-
like ) | serine protease nudel-like |# 475 UE . F) H
Primer 6.082115 %), LA GAPDH N S 3L, 921 5%
JERE EPCRE| Y FA W22, Fic 24 2y P A 3k
FHXT IR HE

2 HRE5HMH

2.1 ERAPIFAELER
XFHERESCK (0 d:CK-1.CK-2 .CK-3) FIHaFE

* 1| WHIREMERNER RRERFINERRERAHER M HE

Table 1 Changes in the number and maturation rate of P. clarkii ovaries in different developmental stages before and after sun-drying

environmental stress

I 1] il A T gt I GE56s I35 i IV 8 HEAE(%)

Time Number of Number of Number of Number of Number of Maturity
dissections phase | phase 1l phase Il phase [V rate

i FE 15 (0 d)Before sun-drying 40 3 9 25 3 7.5

B 15 (10 d) After sun-drying 40 0 0 3 37 92.5
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Table2 Real-time fluorescence quantitative PCR amplified primer sequence information

FEH AR Gene

1E[71514) Forward primer

JZI514) Reverse primer

Pck2 5'-AACGAGGTGCGGGAACAAC-3'
PIM3 5'-AAGGACGAAAACCTGCTCATA-3'
5'-ATGGAGTGCGAGGGGACGA-3'

serine protease nudel-like

5'-TGAATCCAGTCAGCAAAACCA-3'
5'-TCTGACACTCTTCGGAAATGG-3'
5'-TCTTCTTGAGCGGGACACAC-3'
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Table 3 Statistics of the ovary transcriptome of P. clarkii under sun-drying environmental stress

FeEfm#4 B s g (%) JFIRGC T 7 (%) FyEEdE (%) JEEGC T (%) Q30
Sample Raw reads Raw GC content Clean reads Clean GC content (%)
CK-1 44378114 43.61 44213736 4351 94.29
CK-2 44994332 44.17 44823748 44,08 94.27
CK-3 39698776 43.92 39546716 43.83 94.22
TI-1 45856476 43.84 45669424 43.73 94.34
TI-2 53041744 43.73 52819840 43.62 94.23
T1-3 47680870 43.68 47484048 43.58 94.21
T2-1 44983332 44.20 44805014 44.10 94.47
T2-2 43008730 43.59 42846322 43.50 93.96
T2-3 37334066 43.79 37199296 4371 94.34
T3-1 43437166 43.57 43276806 43.48 94.02
T3-2 42958550 43.57 42801432 4347 93.61
T3-3 38695144 43.50 38560918 4341 94.24
8000- ~ Ll Percentage A PR ORECRL . AW A T R A i
o 35K Frequence _ [ 12 NN .
’ (Cellular process) . ft i i 7 (Metabolic process) Fll
6000 N H— = W)3: 72 (Sing-organism process) 55 , 41 it 24 43
Q = AY N He
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=] 1 A N . .
2 40001 5 (Membrane) 5§ , 73 D) fig = 29 X % & (Binding)
X S A5 4 (Catalyticactivity ) il %% iz 25 1175 74 ( Trans-
E \&T‘/ . . Vi
2000- 3 porter activity) %5 ([&3) .
2.5 DEGSHIKEGGESEBHREENNTER
0 OfE<0.05 138 [ 1 SRt 35 5 2, 4 HH G 1
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K E (bp) Length

1 ZH%Unigenes K ER RN
Fig.1 Assembled Unigenes length distribution map
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Table 4 Annotation statistics of ovary gene of P. clarkii under sun-drying environmental stress

TFRBEEE Annotation database FER%CH Number of genes HA5] (% ) Percentage
Annotated in Nr 22167 25.66
Annotated in KEGG 20672 23.93
Annotated in KOG/COG 12635 14.63
Annotated in Swiss-Prot 13840 16.02
Annotated in all database 11677 13.52
Annotated in at least one database 22712 26.29
Without annotation in database 63665 73.71
Total genes 86377 100.00
15000 S ez Sl 2 e
WL E B/ R T , T2 vs CK LA B A 1Y L DR 27
. el 25 W - 6 - 1 Tl R 4 0 B - 6- B TR ST Ml (R 7)o UL
@gﬁo 10000 AN, B 1038 F 34 F s 41 (R B AEFE 38 2 AN ] ) 3
FE B, PR O LR A 5 D 17 3 0 0 ks e
=}
83 LS (6)
=~ E 0 2.6 DEGsHISRRIZOL R MPCRIGIE 4 R
Ry SR A s 2H A ) ERR M ASIFSE BEAIL PR
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0 W N o o e, e s 3/"DEGs (Pck2 . PIM3 . serine protease nudel-like) i}t
® R 2 2 =2 I -2 N P e =} 3 — .
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S g f s ¢ Yok P - ase nudel-like?ET1 T2 RT3 Y] F ik i, Pck2 Fl
) g 2 < X = N N
§ S I : c £ 2 PIM3YET1 T2 AIT30 11 %35 F I , 34 DEGs [y %
S g £ = = . 5 5
& 3 s 5 E % E R H T S AL P % SR A — B, FE I 2
3 20 s N S s e RS "
£ s ° PP I {5 (FESRIEI4) . ek ULBOR T ks

B 2 #fH%EUnigenestt 3B ESITER
Fig.2 Statistics of number of assembled Unigenes compared to
the species
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Table 5 Statistics of significantly DEGs in P. clarkii ovary under
sun-drying environmental stress

el A M a1t
Comparison group Up-regulation Down-regulation  Total
T1 vs CK 115 372 487
T2 vs CK 75 175 250
T3 vs CK 178 514 692

SRR S m B . T2 vs CKELER
2H 5540 DEGs 1 B 5193 4 KEGG# 7, A 1038
B ALTE TEAD FEREACI O LS 4 3 /NS R R
AR SEE . T3 vs CKIELE41 LA 1431 DEGsTH:
FERN255 2, HiF 103 B AL 45 i AR 55 U1 1 ) Fi sl
Jik s AR AL T BRI T AL 3 | TL-1715 5 A2 4518
% (3R6) . Hrh 5O LTG5 Sl kA
GnRHfF 53 % . PI3K-Akt( 538 i MER R (5518
o U038 s, 34 Hods 2H [ L 4% B4 A e
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L 24 Jf e R 1% A B 2R R T H BB T
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et al.,2017) , 2y 55 4 JE MR 5 7 PR HERI AR SRR
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—E R A b BH IR B EE R -LRAE AR AN B 5
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Fig.3 Results of GO functional annotation analysis of DEGs
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Table 6 The top 10 KEGG pathways of DEGs in P. cruzi ovary under sun-drying stress ranked according environmental to Q value

Rzl W TR W PEID DEGs M8 o
Comparison group Pathway Pathway ID Total DEGs O value
T1 vs CK A Lysosome ko04142 26 0
PUFIN T A15Ei% Antigen processing and presentation ko04612 14 0
GAIEMERIAZ T B Amino sugar and nucleotide sugar metabolism k000520 13 0.000002
AT Apoptosis ko04210 15 0.00003
TINS5 344 Pancreatic secretion k004972 12 0.000093
A —231%) Autophagy-animal ko04140 12 0.00084
Jigi 55 ZHEHT Insulin resistance ko04931 9 0.00092
F KB & Rheumatoid arthritis k005323 9 0.00092
MM 4R IR 115538 5 Adipocytokine signaling pathway k004920 7 0.001392
TR FIREMECIS Starch and sucrose metabolism k000500 8 0.001392
T2 vs CK VER FIEERE LIS Starch and sucrose metabolism k000500 6 0.000032
LU Cardiac muscle contraction ko04260 7 0.000198
T/ NVE TR IR A Eh 4 Proximal tubule bicarbonate reclamation ko04964 4 0.000286
AGE-RAGEf 53 % AEME s I R AE T i 1 k004933 5 0.000326
AGE-RAGE signaling pathway in diabetic complications
Ji 5% ZEHEHT Insulin resistance ko04931 5 0.000786
WA S YT LTI Carbohydrate digestion and absorption k004973 4 0.000915
RE T4 HE R 155 % Adipocytokine signaling pathway k004920 4 0.001084
LA B R BB 1S 515§ Adrenergic signaling in cardiomyocytes  ko04261 6 0.00117
Ji 8% {5 S #% Insulin signaling pathway ko04910 6 0.001205
FE B AL IR Protein digestion and absorption k004974 5 0.001258
T3 vs CK AR B 1 A1 B kR ARRE AL Fluid shear stress and atherosclerosis ko05418 14 0.000011
PUIE N T M4 % Antigen processing and presentation ko04612 10 0.000038
IL-17{% 518 # IL-17 signaling pathway ko04657 7 0.000095
JEEIE HP Y EE 1 R B Proteoglycans in cancer ko05205 14 0.00011
YERS FIEERE GG Starch and sucrose metabolism k000500 8 0.000194
CHRIBEAE 225 S % C-type lectin receptor signaling pathway k004625 8 0.000261
GnRH{5 518 % GnRH signaling pathway ko04912 0.000395
PI3K-Akt {5 5l % PI3K-Akt signaling pathway ko04151 15 0.00047
WS 225 538 % Estrogen signaling pathway k004915 10 0.000476
AT Apoptosis ko04210 11 0.001141
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Table 7 The distribution of some genes in starch and sucrose metabolic pathways in different comparison groups

i P44 FR Pathway JEIH Gene T1 vs CK T2 vs CK T3 vs CK
TERFIREMEAC HEIHE-6-BERRMEREIN G6PC N
Starch and sucrose TEWE-6-TER AN BHL R GPL pgi N
metabolism a-TER L AMY .amyd .malS J J v
PRI MG RE A E3.2.1.4 J N N
TR 6-WRIR & /MR I SE X TPS N N
e TN VE MBI MGAM V J
% 8 WHEMME T 5 KR ZHRIP S35 DEGs
Table 8 DEGs in P. clarkii ovary under sun-drying environmental stress
JEH 1D B log, Fold Change
Gene ID Gene T1/CK T2/CK T3/CK
Unigene0014813 Cysteine peptidase(LCPI) -10.0856 -8.4815 -9.5595
Unigene0039338 Trypsin(Prss2) -8.1833 -8.7146 -10.0134
Unigene0011669 Carboxypeptidase B(Cpa2) -7.2707 -8.0749 -8.3337
Unigene0070513 Calmodulin(CML?2) -5.5977 1.4134 -10.1421
Unigene0030244 Early growth response protein 1-like isoform X1(EGR1) -3.4114 -2.5307 -2.2322
Unigene0050500 Phosphoenolpyruvate carboxykinase(Pck2) -3.0519 -1.4021 -2.1269
Unigene0035910 Serine/threonine-protein kinase pim-1-like(PIM3) -1.3880 -1.7340 -2.2611
Unigene0011445 Reverse transcriptase 1.3709 -0.4232 -0.4261
Unigene0071042 Beta-2-microglobulin(B2M) 1.2360 1.8001 4.0400
Unigene0039020 Cytochrome b(MT-CYB) 0.6112 1.0401 1.5706
Unigene0078190 Serine protease nudel-like 0.6360 0.6983 1.4028
Unigene0000330 Tubulin alpha-1B chain(TUBAIB) 0.6098 0.7348 1.3851
Unigene0068020 NADH dehydrogenase subunit 2( MT-ND2) 0.3283 0.7895 1.3228
Unigene0027933 Doublesex (DSX) 0.4784 0.4587 1.1703
Unigene0071689 NADH dehydrogenase subunit 4(M7-ND4) 0.2447 0.9223 1.1265
Unigene0067002 NADH dehydrogenase subunit 1(M7-ND1) 0.3909 0.9941 1.0912

Unigenes, {1 B R ML 426.29% , 73.71% (1 Unige-
nes A BB, I 1 G VF 2058 DIRE AR L R R
FEERERE . GOTNRE I R ARPENR A 1 T R A5
SV A3 3645, 2645 593/ Unigenes 75 & & 1
e AR AT EGOTHREAIE PSR E R, KW
T S A7 e [ 2 MR O 81 A B i AR b A
BEH . URELE B W R 2y, A A A HiRGE
Hh—L3E P 2 5 R R WPI3K-AktfF 5 f# |
cGMP-PKGTFZil i Pk F 12 2 & B
124 B SR 2 9% 5 B 45 (Jiang et al., 2014; Tian et
al.,2018;Li and Bai,2020;Li et al.,2021), ZAH#F5
(IKEGG & ££ 70 7 7% , PI3K-Akt{5 5 i 4% . GnRH
G5 AR E S iS58k E . PI3K-
AK5 530 % O IE B T R /N BB ST RR ROV R
I P 85 5L (Yin et al.,2018) ; 7EBRM & B o FE A
CINGECY % G SO NI Tb- A L IRE i oS e W e
% (Song et al.,2018) . It4k, FoxO% [ FlFecBHE: A
i 1 PI3K - Aktf 53 [ 2 5 5 O R4 M A= <
IR UL K& B M Al s (E 40 i 75 2 (Tzivion et al.,
2011;Li et al.,2021) ., ZEMFLEHIAY T FEii—RiA—
PERR A Bl P, GnREAF 53 15 52 74 T 7 9 25 1
B 20 B, S AR M A ME 5 R S (ERKs 1/2) , LA

B AR FE R 1 (Bliss et al.,2010) ; ¥F 38 i 11 (Patino-
pecten yessoensis) J& i 2575 W 7E 1) GnRHAF 53
# (GnRH-GnRHR-GPB5-LGR/LGRSL) 1 fig % 5
M & (Zhang et al.,2020) . 7E2EH8 5 5 (Cyno-
glossus semilaevis) AT FEH, IncRNA 45 55 B 8
A BFIHEBI AR DG B SR Rk RS 52 7
) GnRHA5 =5 18 % (Dong et al.,2021) ., HAJ, E1E
BET 4R (Ngernsoungnern et al.,2008) | g 3 [ X HF
(Tinikul et al.,2011) | 3 [&] % H (Triops longicauda-
tus) (Amano et al., 2021) & H 7225 5h W) b &
GnRH S AZ A, EBAEph 815 AR B R h 3R 36 |,
U1ae 5 44 A % (Treen et al., 2012) . M RE 5
i [ T T ER (MEW R 2 1K) /v 5 ERE G Ero
ErpFIGPR30% (Cui et al.,2013) . H 1 ErafE B) i
I DA BC A4 19 7 =0 598 075 5 A L B
T 51 5 G2 J5 i S 824 ] (Choi et al., 2011) ;75
WEPE R, MEBCR AKCY T s 2B 5 9% =K,
T 10 A 5, 6 IR 98 28 7K ST (1 1E 5 Y 16 (10~20
ng/mL) N, fi P B 33 2 R A K 1 e A folf B L4
L2 B ) fiE B BP B4 A 8 21 A (Childs et all.,
2021),

WAL, 34 b A 20 v A (] 528 1 38 2 h VE R S
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Fig.4 Real-time fluorescence quantitative PCR verification results of DEGs
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*represented significant difference compared to CK(P<0.05) , ** represented extremely significant difference compared to CK(P<0.01)

REREACI, AN [F] He A 24 #21% 38 % T DEGs g A5 AN ] .
Hor, o-TE A3 Tl | AU SR it | 22 2 W T - A W O Ay
it | T W 6 - 1R 5 T/ 1R T 6 2 AR - 6- WA TN ol AR
] 2 W - - AR TV S ) Tl S [] LU A 2 v 1) 638
ANTR], HEU 2 PG R {5 5 N e A AR, 7 A e
WAL R, o-TER I (AMY .amyARImalS) J2
S5 )2 W TE R 7K Sk it , T 28 At E R N A A G 24
(R a-(1,4)-D-BEH 5, A I A 22 2500 S BRR
K44 B | 7= 2B B (Paul et al., 2021) ; 7 3461
1245 Tl /W IR T ( TPS ) 3 1ok 1 BEME A )6 iR A 7 A
V6505 (Tang et al.,2018) , Al GEJ2 M AERFIBERR A 5
A7 SEA TR P TE 0 T (MGAM) ¥ Ve K3 1 1k i 4
B AE A BB ) i€ 5 5K Y8 (Diaz - Sotomayor et al.,
2013) ; Hii %W -6- R (G6PC) MI i UM 5 A Fb
B4, /b BE B (Hernandez-Aguirre et al., 2021) ;
75 -6~ IR SEAN TG (GPI, pgi ) LA —Fh FR R g Y 7
IR GOPC, i - AL ]y Fbfl-6-WR , 2 H g X
H(Guo et al.,2019) .

AR 1015 IR A FHICHIDEGs: B2M
TUBAIB. MT- CYB. MT-NDI . MT-ND2 . MT-ND4 .
DSX .PCK2 .PIM3 }serine protease nudel-like, B-2-1#
BREE [ (B2M) J& 5 5 e BR 8 11 EAA T3 91 [R]EAE (R 41K

oy A — R RS 9 Z D REJR I 5, AT
TR A TR E 52 AR 45 (Li et al., 2016) .
5% B, B2MAE A B 53456 Jot 20 243 25 IR 1) 1o
R B PR AR AR M A, AT AT B BP SEE B
(Cadenas et al.,2022). {4 Ha-.p-tubulint H 57—
R A, TEAMIG S A0 S 4+ S AR Y
Yy o i i A5 40 L D g v 49 T HLEE AR 44, T - tubulin
YER A WA SN R IR Z — fFEF 2 AL, A
[F) 5 RO R FE A Rl ZH 2 b & R ], 2 5 AN W] Y
AL AE (XA, 2018) . A& H Ha-1B(TUBAIB)
1B o-tubulin i — i 3 PR IE Y | 75 54 2 5H 1o 72 1 O
BN IR 2 b B 4 O S A M BRI G TPAS B 1Y
VEFT, X H: BN 8% 35 B 252 1 (Steinhauser et al.,
2017) o AUPESEDN (DSX) 1 52 i J 1 W1 3 40
FETER DG i 770 , B 38 3 e B B 7= A P i)
R EmRNA, #E I R 0T B3R e e R E ,
IR GE TR AT A R R PSP Y NS LR34
(10 J B8 3 B 1 T B (JE A6, 2014) . DSXIAE 23 520 41
7H B (Scylla paramamosain) P 8 v B 25 8 1 )R
(vtg) FNON 25 2 1 324K (vigR ) W 23k K-, A T4
B S B M R 50 &2 AE H (Wan et al.,
2022) . Bl s T D T 2 2 K T ( Pek2) S S 2B ik
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e g SR, E AR A R B R R
T R AEEH EAEH (Yu et al.,2021) ., Pck27E \NKAFT]
JEE UP S B Fr 0 MBE A AN Ak i AT Ao
T SR IR NG % & B v %) B 45 B 4R 35 (Chehin et
al.,2020) . PIMI% il AR 22 SR/ 75 2 R ity , A7 1
3R R 25 (PIM 1 PIM2 FHIPIM3 ) , 33X S48 /g 43 A
I R R W A, AR AN A AN Ak
FIA0 M 8 17-4F (Asati et al.,2019) ., PIM3{E SR f: O
REA M A R 2 R b 2 412 B Y R 3 2 ), BE R 4 4t
TR AFIE A5k S AN AR o i 8 A A, Tl oA
J B 8 A £ (Luckenbach et al.,2013), 222 R &
1 it S FL TRV 22 28 I 26 A B2 il 77 B 2 5 090
B HEG R AN G 2 15 R KR 0 Th g
(Zhang et al., 2007) . %2 % IR 55 M i #% #F (serine
protease nudel-like ) A% 5L K =4, & — B 2 A7 b g
22 G B 1 Il 45 K 3 ) R e B 1, E PSR BRI
A rh SR A TEYE IR R T IR A B AR B
1M 7 B9 8 & B o & 3545 (LeMosy et al., 1998) .
serine protease nudel-like7¥ JP ] 4 Jfd J&] FBl (1) B 90 248
Jurbs ik K FLELK % (Oncopeltus fasciatus) Y
E T AL 356 245 IR G (Chen, 2015) .

NADH I &l 52 J54) e f A 28 2, 20
W 2 45 HL AL b B P K BB A, BRI 5 4
167 FINADH 3R 15 R 1, -4 BB B 5% fh b i 5
LR AR P R HL AV 22, B A B ATP (055,
2020) . NADH S 1 (MT-ND1) NADHJ A
fiff IV 32 (MT-ND2) \NADH fiit & i W 34 (MT-ND4)
YE N NADH A B Z R 5L, RO S i S SRk
LR . MT-ND17E ZE N iR 8 (Solea senegalensis)
D19 %) B A et R P R R R A A, T A R
Ae &, N AR JE B 5 % B (Tingaud-Sequeira et al.,
2009) ; MT-ND2Z: 545 2% B OP S A RE AL , JE A
FIR T B4 5 2000 5 )k B A (Xiong et al.,
2018) 5 MT-ND4 2 % FR 91 5 26 i /A DNA 1) 4t B i
K, 5 MT-ND2% 3L K — [ 2 5 B S W ATP & 1, 78
B Fr 240 A b 5 52 AR HE O 2 S O AL PR 33k % A ik
AR HE P TR BN 4 SRR IR B4 I LA (Xie et al.,
2016) . ILAh, 40 A Eb(MT-CYB) R b IAE 1,
Y v A% 3 e 1 — 0 4, S 15 R4 i £ 2 be L R
b6 A I B I i 1 SR AL B R fb 52 i B AR
i (Pal et al.,2019) ., MT-CYBTE H A& (Anguilla
Japonica) YR HLKIA P AU mRNAZK -l 5 1 il 2R
JEE RGN, ELAE O SO0 A i o R R R a7
K OB % & (A2 F rponT i 57 ATPAS AL (Lok-

man et al.,2003).

ARHWF5EH, B2M . TUBAIB , MT-CYB . MT-NDI .
MT-ND2 .MT-ND4 .DSX . Pck2 . PIM3 Hlserine prote-
ase nudel-like“FDEGsYIFE 7o [ R EX R Up S rp = R
LIk, 5 FROT RS RIEA 3, KX 10 B 7E
M4 FH 3 S0 ] e FE 2 5 O S i ok A L (B A R R T
Reib s i — D HIIE

4 #ie

B2M . TUBAIB. MT-CYB . MT-ND1 . MT-ND2
MT-ND4 . DSX ., Pck2 . PIM3 Fllserine protease nudel-
like?5101~DEGs J¢ PI3K-Akt{5 5 # . GnRH{F 53
Y e R Rl RN S il v SR
25 00k JeE.
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