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Fig.1 Schematic diagram of experimental groups
1.2 ROS 71 LPO &2

MR R A T Y S B T i, R 22 vl i [80
mmol Tris, 1 mmol ZE F jk . 1 mmol 4-2-2 ' %)
T BE R ER B2 . 2 mmol DTT H1 5 mmol EDTA,
pH=7.6] X FFHEREA A T5)3K, S LIS . SRG
i R & (R s AR TR BIESE BT SR FH 4k
JGEE R ROS FIl LPO &4,

1.3 RNA RE. XEHEMSESENF

WIRE A A S5 J5 151 S HUIFIE RNA, 2>
S| >R SRUNR WE  J HA DK 723l Nanodirop B 430
JETORAGI RNA BY5EBEPEFIRSE . {81 TruSeq™
RNA sample preparation Kit (Illumina, San Diego,
CA) i & 47 cDNA SCER HE . 78 il &2 7
SE-£4 Tllumina Hiseq 2500 b A 7% sS40 7

1.4 BIESH

i I SeqPrepv1.3.2 3K 4 X} i 45 4 45 (Raw
Date) #F 471k U8 , R 45 55 BT it 40 (Clean reads),
K H HISAT2 K 4K 33 € J5 1) Clean reads 5 A< i
ROVZH 1) R 00 5 DR 2 i R A T LR S D RE A,

ffi ] DESeq 2 K {1k H] FPKM 15 J7 1
Clean data #aifEfk., D22 5454k log,(fold change)|=
1 H P<0.05 2y b #E i & 22 57 % 1k 5L 4] (differen-
tially expressed genes, DEGs) "', #X J5 % F| Goa-
tools HI KOBAS 3.0 # 1R 25 5 R ik 5N 5 GO %L
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L3147 RT-gPCR &l . fifi F§ Trizol (Invitrogen) i
G AL U R S RNA, i first-strand cDNA syn-
thesis kit (Fermentas) J 5% 5% i, cDNA ., K4 K8
R PR A B 12 b ) R PR 91 1B S I O e B |
Y (& 1). 7%t %E & PCR 1Y (Applied Biosys-

tems Prism 7500 Sequence Detection System, 32 [%)
i Fi] 2xQuantiFast SYBR Green Master Mix i 7]
& (Qiagen) #E47 PCR LB o R 27 Jr ikt A
IFE N B A BEAT 0 i SPSS 19.0 %1+
AT R 7 255307 (P<0.05),

Fz1 LR HEE PCRG|H

Tab.1 Primers used for Real-time PCR analysis

B SRS ER 514 KR
gene names forward primer (5'-3") reverse primer (5'-3")
cox2 GAGTGCTAATCTCCGCTGAAG TGGGACTGCTTCAACTACGAT
ccnb2 CCAGGTCCACTCCAGGTTCC GCGTTGTCCGTGATGTGAGGC
tnfa ACACCTCTCAGCCACAGGAT CCGTGTCCCACTCCATAGTT
tr5s CGCCTTGTGTTTCAATACAGA GAAAGAAGGAACAGCCATATTA
sqlea GAGCTGCTGCAGCC GGAGGAGATCTGGTAGATGA
ppara GTCAAGCAGATCCACGAAGCC TGGTCTTTCCAGTGAGTATGAGCC
pfk CCTCGCCAAGTATAACATCTC CAGCATTGACAGCCGTATC
sod3 GAGACAATACAAACGGGTGC CAATGATGGAAATGGGGC
foxo3b GACGAGGTGCCCGATGACGA AACCCTGAGGAACCATTTGGAGTG
hsfl TGATTGGACGGACGCAGGA GAAAGTGGTGGGGGAAAGGG
P-actin TCGTCGGTCGTCCCAGGCAT ATGGCGTGGGGCAGAGCGT
2 4t clean reads 1 Jfi 5 154> Q30 #J7E 96.29 L) |, GC

21 ROS #LPO &=

5% A, CL 4Hf ROS il LPO & & i
=000, R4S A 4119 ROS 1 LPO & & 5 % fE 41
Z T 3E%S, {5 AL 4109 ROS 1 LPO & & i
FART CL 4 (K 2).
22 HFEMFER

JH AR AR 28 3k o 30 o A S e I | D i s
IR G PAFTH EHE (clean reads) #Hid 5.79x107 4%,
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23 ERREERSH

EER YL (A vs. C) HiFE S 356 RN,
Horp FiE2ZERIR 1734, FREEFER 183 4.
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Fig. 2 Effects of salinity on ROS and LPO content in the liver of L. crocea

C. control, A. low-salt acclimation group, CL. low-salt group, AL. low-salt acclimation + low-salt group, the same below. Different letters denote signi-

ficant differences (P<0.05).
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x2 MFBEGE SR
Tab. 2 Statistics of sequencing data

i RIREARE T uEEdE GCH#/%
sample raw reads clean reads K/N/Gb —Q30/% GC content

clean bases

Cl1 77 649 366 75 254 540 11.28 96.92 49.43
C2 81 810578 78983222 11.84 96.54 49.26
C3 80 868 078 78 150 256 11.71 96.64 49.08
CL1 77008962 74489 650 11.16 96.73 49.37
CL2 65106678 63068944 9.45 96.87 49.74
CL3 60349446 58157278 8.71 96.37 49.22
Al 64706 690 62 658 500 9.39 96.83 49.38
A2 65848574 63879978 9.57 97.01 49.17
A3 62618968 60293 424 9.03 96.29 49.29
ALl 87644116 85170414 12.76 97.18 49.13
AL2 76300560 73877622 11.07 96.82 49.82
AL3 59530342 57870710 8.67 97.21 49.09

PR 22 SRR 200 4o B R EL X G 25 5 3 TR
FFHBIMT (B 3), B 15 PN ESNZERRIEIEN,
Avs. CHFE R T RA LN, F 2151,
AL vs. CL etk R INE L, £ 367 1>,

24 GO INEEE&R DM

Xf BT AT 28 S LN HEAT T GO IR & 4R 73 HT .
REEILIS (A vs. ©), 2257 RIKFEN 35 & A A
A AR P AN B AR AL A IE T

CLvs. C Avs.C

ALvs. CL

B3 #HRADEFREERFR
Avs. C KRR IIMLAL (A ) 5XTIEA (C4H) X, CLvs. C%&
AEER AL (CL ) S5t (C 4H) XFE, AL vs. CL SRR KR Y140+
R340 (AL ) S%#h4L (CL 1) Xt t, TR,
Fig. 3 Venn diagram of differentially expressed genes in
the transcriptome

A vs. C represents the comparison between the low salt acclimation
group (A group) and the control group (C group), CL vs. C represents the
comparison between the low salt group (CL group) and the control group
(C group), AL vs. CL represents the comparison between the low salt
acclimation+low salt group (AL group) and the low salt group (CL

group), the same below.
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(a) L #MABE, 4R, 2. p-A2F MRMULRE: 3. B 4UMIS L AR 4. w0, WA S REERTT R 6. AT R-10 P2 A
E: 7. PR RS AR AR 8. B KM 9 FMAMEG: 10, 4k 11 LB BRI N IKERTEME: 12, RIEERE A AL S 13 PURS G
14.D3 ZEJGZAREE A, 15 A%MFEE SR 16. RNA S M1 DNA BEEIEME: 17 W85 2405 18 B RBSIREE R AW, 19.
K N ENEFRE M 20, p-#1% D15, 15 BOINEREETE; 21 ISR, 22, FBAMIL, 23 JIANX; 24 GUSEREAE AN, T
25 JR I 26 GEFRE AL A 27 BHEE A 28 A RRA K; 29 MM BRI 30 ORI (b) 1. PHIE AP & ot f2s 2.
PR TS SR I E R 3. 4E4E R D IR A 40 iR RN A 5 ELIE R R 6. REEAUM Bt 7. IR B AR g
B2y 8 ERAR RITAZ T IR R s 9. MERR MR AN AT B 1 IE VA5 s 10, 41 4% 33 B 1 MMt bk kg AR 4T B B 1 I V%5 11, dTTP
FREEEE s 12, A% H = EPR BERRIEIE 1E s 13, Sl B 2R 45 A5 14 NADH BEBERRBEGE; 15 BURLE & 16 MA KL & 17 B E
A KN T2k s 18, BT I -Ml R 4- B0 S s 19, JAR X5 20 FEM B REME: 21 FURIEERIR: 22 REIRE ARG, 16,
23. a9-B1 H G R -adam8 H AW 24 BB WL BRI, 25, BBLAMU: 26. BEARIEULEE 3-W M 569 27. IR KL: 28. =4 iki: 29. 4
SMEIBR: 3045 T3, (o) L XMAMAMIR L 2. 4R KAV FE: 3. 4E4E % D U2 4. 464 3% D MR /2 5. AR TE: 6 s
FORACHIE AR 7. Ak 8. BRIGMSHERE: 9. SR 10 RAFREW: 11 KBRS 12, EWEUYBRTE;
13, BREEAI RIS s 14, HORIR R S-BURLEG RSP 1S ARB NG A 2Rk 16, S T4 G 17, WIEBEEEEME: 18 RITBE AL S,
19. cAMP R N Je &5 4 20 BRI EE 454G 21 BB 22. AR R 6. 23, SAlJS I, 24, 3PS, 25 BURIE R4 26. 40/
Fifi: 27. #piksk, 28, FhOAR LGB 29. MIAMX: 30. WEh IR AE .

Fig. 4 Gene ontology analyses of differentially expressed genes in the transcriptome

(a) 1. complement activation, classical pathway; 2. beta-carotene metabolic process; 3. positive regulation of B cell activation; 4. phagocytosis, recogni-
tion; 5. regulation of immune response; 6. positive regulation of interleukin-10 production; 7. cholesterol catabolic process; 8. protein unfolding nucle-
otide diphosphatase activity; 9. complement activation; 10. digestion; 11. serine-type endopeptidase activity; 12. immunoglobulin receptor binding;
13. antigen binding; 14. D3 dopamine receptor binding; 15. fucose binding; 16. RNA-directed DNA polymerase activity; 17. virus receptor activity;
18. acyl carnitine transmembrane transporter activity; 19. carotenoid dioxygenase activity; 20. beta-carotene 15, 15'-monooxygenase activity; 21. extra-
cellular space; 22. external side of plasma membrane; 23. extracellular region; 24. immunoglobulin complex, circulating; 25. plasma membrane; 26.
immunoglobulin complex; 27. sarcoglycan complex; 28. integral component of membrane; 29. rough endoplasmic reticulum; 30. lamellipodium mem-
brane. (b) 1. cholesterol biosynthetic process; 2. positive regulation of intrinsic apoptotic signaling pathway; 3. vitamin D metabolic process; 4. vitamin
metabolic process; 5. oxidation-reduction process; 6. lymphocyte chemotaxis; 7. cholesterol metabolic process; 8. protein unfolding; 9. positive regula-
tion of eosinophil migration; 10. positive regulation of fibronectin-dependent thymocyte migration; 11. dTTP diphosphatase activity; 12. nucleoside-tri-
phosphate diphosphatase activity; 13. immunoglobulin receptor binding; 14. NADH pyrophosphatase activity; 15. antigen binding; 16. heme binding; 17.
insulin-like growth factor receptor binding; 18. procollagen-proline 4-dioxygenase activity; 19. nucleotide diphosphatase activity; 20. alcohol dehydro-
genase (NAD) activity; 21. phagolysosome; 22. immunoglobulin complex, circulating; 23. alpha9-betal integrin-adam8 complex; 24. dense core granule
membrane; 25. external side of plasma membrane; 26. phosphatidylinositol 3-kinase complex; 27. lipid particle; 28. tertiary granule; 29. extracellular
space; 30. sperm annulus. (¢) 1. response to bacterium; 2. vitamin metabolic process; 3. vitamin D metabolic process; 4. vitamin D catabolic process;
5. protein folding; 6. insulin catabolic process; 7. osteoblast differentiation; 8. ether lipid metabolic process; 9. regulation of synaptic receptor localiza-
tion; 10. protein stabilization; 11. somatostatin receptor binding; 12. biotinidase activity; 13. kinase inhibitor activity; 14. thyroxine 5-deiodinase activity;
15. low density lipoprotein receptor activity; 16. iron ion binding; 17. sterol esterase activity; 18. unfolded protein binding; 19. cAMP response element
binding; 20. ankyrin repeat binding; 21. plasma membrane; 22. endoplasmic reticulum chaperone complex; 23. postsynaptic membrane; 24. closed con-

nection; 25. phagolysosome; 26. cell surface; 27. varicosity; 28. axon starting segment; 29. extracellular region; 30. inner dynein arm.

NIRRT S i R ISR S, 2> W55, ERERba R fmrh, RERYIME (AL vs.
TIHRESE P Y dTTP W IR MG 1L . A2 =Bk CL) W22 Sk Y 35 o AR 7 AR Wy R 2001 o
R — WRTR S TE M e R A2 R A 35, AR BT AR B . 2 AR R A B & 4
WML I H A R A I e R EE A R T IIRES R A KRIM RS2 R8s & L AW KT
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XEEFLFTE AL vs. CL Y Rk 2B 5 CL
vs. C HI e % . JRT- . MAPK {5553 i fl Toll
B 2 A 5308 % Y ) A 4 3 TR R SRS A2 AR R I
By m, AR ER Ml (CL vs. ©) Nl T 98 1= .
MAPK 15 53 % Fll Toll £ 3 PR 15 538 1% o i K
3R, MRERYI1E (AL vs. CL) W 38 T 31X
L3 % T R A BRI R A

2.7 qRT-PCR 3&iE

i 3 qQRT-PCR H2 AR & fE kel 17 10 4
22 5 BERITE AL vs. CL H Y RILKT (18] 7), Xk
FE DR ) e kB X 5 1 S 4 I e AR A 0 25 SR AR —
B, ARSI 5 v T AR A G 25 SR AH O (RY) N
0.962 2, FUHE AL 45 T AERf v 5 .

3 v

ROS F1 LPO 1E N &AL B idn iy, KR
1A S HOK A ROS Al LPO K24, F£IAML:
IS IER 7oA S IR N R A 7K T N W D0 7 2 R A | B
RO B TR K ) W UK 40 02 0
V5 ORI R AR Ak, DT 5 S50 i 4 Ak 1 9
R EL YL A 0 ROS Fl LPO &, FHI Kk
CLZETE N T #hHE M 25 B & 20 1948 fk . fEA R
5, ARER YL 0 T ACER Mrie KB Y ROS
FILPO i, RKUMLERIIFLZE A T AKER W30 XL
UNIDE=RA7E T/ S R 27/ PUE AL GIAMNES . o 31

1t °

2+ ) CLvs. C

Al KA

5 gene number

4

n 6}
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X2t 7
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(Bl5 Fig.5)
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Bl 5 ERREEFEZHRHIA 20 & KEGG B
(a) 1. GnRH 15 53 2. Wi ik; 3. RMAMAEHIRRAEY & 4. PPAR {5538 %: 5. SEHMRE: 6. RN 7. i &id tEmd k-2 14
FEAEN: 8. WP RN GG 9. MR E TR E 7 A EAEM: 10 VB 11, Notch {5 5l 12, LRSS 13, fE2E U )0
FRACH: 14, BRERRACH: 15 BRARET: 16, BRAAG RS M. 17 68T, 18wt S i B N-SEp L& i 19, JHRR AN AR R e AR : 20,
AR 2R ERNE . (b) 1. REE WS 2 KRR RS 3. MERMAS: 4. PPARESEM: 5 5EFREME K
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Fig. 5 Top 20 KEGG enriched pathway of differential expressed genes

(a) 1. GnRH signaling pathway; 2. bacteriophage; 3. unsaturated fatty acid biosynthesis; 4. PPAR signaling pathway; 5. glutathione metabolism; 6. biotin
metabolism; 7. neuroactive ligand- receptor interaction; 8. primary bile acid biosynthesis; 9. cytokine-cytokine receptor interaction; 10. lysosome;
11. Notch signaling pathway; 12. retinol metabolism; 13. arachidonic acid metabolism; 14. tyrosine metabolism; 15. sulfur metabolism; 16. ketone body
synthesis and degradation; 17. phototransduction; 18. high mannose-type N-glycan biosynthesis; 19. niacin and nicotinamide metabolism; 20. glycine,
serine and threonine. (b) 1. steroid biosynthesis; 2. arginine and proline metabolism; 3. tyrosine metabolism; 4. PPAR signaling pathway; 5. terpenoid
backbone biosynthesis; 6. apoptosis; 7. MAPK signaling pathway; 8. GnRH signaling pathway; 9. metabolism of exogenous substances by cytochrome
P450; 10. propionic acid metabolism; 11. Toll-like receptor signaling pathway; 12. drug metabolism-cytochrome P450; 13. half cystine and methionine
metabolism; 14. cytokine receptor interaction; 15. niacin and nicotinamide metabolism; 16. riboflavin metabolism; 17. tryptophan metabolism; 18. gly-
cine, serine and threonine metabolism; 19. gut immune network producing IgA; 20. Starch and sucrose metabolism. (c) 1. steroid biosynthesis; 2. neuro-
active ligand-receptor interaction; 3. glycerolipid metabolism; 4. Fanconi anemia pathway; 5. cell adhesion molecule; 6. MAPK signaling pathway;
7. cytokine-cytokine receptor interaction; 8. glycerophospholipid metabolism; 9. Toll-like receptor signaling pathway; 10. Notch signaling pathway;
11. biotin metabolism; 12. interconversion of pentose and glucuronic acid ; 13. Insulin signaling pathway; 14. drug metabolism - cytochrome P450;
15. oocyte meiosis; 16. vitamin B4 metabolism; 17. DNA replication; 18. steroid hormone biosynthesis; 19. glycosphingolipid biology synthesis-globo

series; 20. arachidonic acid metabolism.
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Fig. 6 Changes in the gene expressions involved in key pathway

Genes shown in red are up-regulated, and those shown in green are down-regulated. adcylb. adenylate cyclase 1b; calml4a. calmodulin-like 4a; adcy4.
adenylyl cyclase type 4; june. early growth response protein 1; cacnalda. calcium channel,voltage-dependent, L type, alpha 1D subunitJune a; camk2b.
calcium/calmodulin dependent protein kinase 1 beta; egrl. early growth response 1; slc27a2a. solute carrier family 27 member 2a; imges1. 3-hydroxy-3-
methylglutaryl-CoA synthase 1 (soluble); angptl4. angiopoietin-like 4; fabp6. fatty acid binding protein 6, ileal (gastrotropin); ctsbb. cathepsin Bb; sep-
tin4. gene family with GTPase activity; cycsb. cytochrome ¢ somatic b; cyc. cytochrome c; 7gfb5. transforming growth factor, beta 5; Aspb1. heat shock
protein, alpha-crystallin-related, 1; fosab. v-fos FBJ murine osteosarcoma viral oncogene homolog Ab; dusp1. dual specificity phosphatase 1; dusp2. dual
specificity phosphatase 2; map3k13. mitogen-activated protein kinase kinase kinase 13; myc. MYC proto-oncogene,bHLH transcription facto; fgf1b.
fibroblast growth factor 1b; nrdal. nuclear receptor subfamily 4, group A, member 1; gadd45aa. growth arrest and DNA-damage-inducible,alpha a;
gaddA5bb. growth arrest and DNA-damage-inducible, beta b; gadd45ga. growth arrest and DNA-damage-inducible, gamma a; mknkl. MAPK interact-
ing serine/threonine kinase | MAPK; epha2a. eph receptor A2 a; hgfa. hepatocyte growth factor a; cacna2dl. calcium voltage-gated channel auxiliary
subunit alpha2/delta 1; cacna2d4a. calcium channel, voltage-dependent, alpha 2/delta subunit 4a; cacna2d4b. calcium channel, voltage-dependent, alpha
2/delta subunit 4b; nfa. tumor necrosis factor a (TNF superfamily, member 2); mecom. MDS1 and EVI1 complex locus; pparab. peroxisome proliferator-
activated receptor alpha b; scd. stearoyl-CoA desaturase (delta-9-desaturase); pik3r3b. phosphoinositide-3-kinase, regulatory subunit 3b (gamma); #r7.

toll-like receptor 7; cd40. molecule, TNF receptor superfamily member 5.
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Fig. 7 Comparative analysis of differentially expressed genes by QRT-PCR and transcriptome

1. cenb?2. cyclin B2; 2. cox2. cytochrome ¢ oxidase subunit II; 3. #/r5s. toll-like receptor 5; 4. sqlea. squalene epoxidase a; 5. pfk. phosphofructokinase;

6. sod3. superoxide dismutase 3; 7. foxo3b. forkhead box O3b; 8. Asf1. heat shock transcription factor 1; 9. tnfa. tumor necrosis factor a; 10. ppara. per-

oxisome proliferator-activated receptor alpha a.
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Effects of low-salt acclimation on the transcriptome of
large yellow croaker (Larimichthys crocea) under hypo-saline stress

*

ZENG Lin', ZHANG Hui>, SONG Wei>", XIONG Yifei’, XIE Zhengli‘, HUANG Weiqing ’

(1. School of Food and Biological Engineering, Bengbu University, Bengbu 233030, China;
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3. National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
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5. School of Life Sciences, Ningde Normal University, Ningde 352100, China)

Abstract: Large yellow croaker (Larimichthys crocea) is an important marine fish species. The reduction of salin-
ity can promote fish growth and reduce the risk of Cryptocaryon irritans infection. This study evaluated the effects
of low-salt acclimation on oxidative damage and transcriptome in the liver of L. crocea under hypo-saline stress.
Fish with an average weight of (52.46+1.47) g were pre-exposed to salinity 25 or 20 for 7 d, and subsequently
were subjected to salinity 10 for another 24 h. The results indicated that hypo-saline stress increased reactive oxy-
gen species (ROS) and lipid peroxidation (LPO), low-salt acclimation had no effect on ROS and LPO. Interest-
ingly, low-salt acclimation with hypo-saline stress reduced ROS and LPO when compared with hypo-saline stress,
suggesting low-salt acclimation alleviated hypo-saline stress induced oxidative damage. A total of 356, 478 and
484 differentially expressed genes (DEGs) were obtained from low-salt acclimation group vs. control, hypo-saline
stress group vs. control, low-salt acclimation with hypo-saline stress group vs. hypo-saline stress group., respect-
ively. The results of GO functional enrichment and KEGG pathway enrichment showed that DEGs were signific-
antly enriched in GnRH signaling pathway, PPAR signaling pathway, apoptosis, MAPK signaling pathway and
Toll-like receptor signaling pathway, indicating low-salt acclimation improved hypo-saline stress tolerance of large
yellow croaker by regulating ion and material transport, lipid metabolism, apoptosis and nonspecific immunity.
Those findings revealed the regulation mechanism of low-salt acclimation enhanced hypo-saline stress adaptation,
and also provided scientific basis for factory farming and inland farming of L. crocea in fresh or brackish water.
Key words: Larimichthys crocea; salinity; stress; transcriptome; hormesis; signaling pathway
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