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Abstract

(salinity 0.2) in the early stage, we screened out the genes with significant differential expression under low salt stress and carried out real-

(College of Marine Life and Fisheries, Jiangsu Ocean University, Lianyungang, Jiangsu
By sequencing and analyzing the transcriptome of Exopalaemon carinicauda in natural seawater ( salinity 31.0) and fresh water

time quantitative verification. At the same time, the enrichment analysis of KEGG pathway was carried out to explore the signal pathway relat-
ed to low salt stress, in order to clarify the physiological regulation mechanism of E. carinicauda in low salt environment. The results of tran-
scriptome analysis showed that E. carinicauda might regulate steroid and hormone levels by increasing the activity of sulfotransferase. The
down-regulation of amp5-like expression of epidermal protein suggests that low salt stress might affect the formation of internode membrane.
The real-time quantitative results of low salt stress test showed that the expression of genes in gill, hepatopancreas and muscle were different,
and with the change of time, the expression of genes would fluctuate. The analysis of hedgehog signaling pathway showed that the C-type lectin
and LDL receptor related proteins were up-regulated under low salinity stress. It was speculated that the body could promote the metabolism of
LDL by regulating the C-type lectin and LDL receptor related proteins, and the hydrolyzed cholesterol binds to Smo, thus activating hedgehog
signaling pathway in response to low salt stress. In this study, we explored the differentially expressed gene related signal pathways, and spec-
ulated that low salt stress might promote the growth and metabolism by regulating the activity of metabolism related enzymes, and low salt stress
might affect the regulation process of neurotransmitters.
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Table 1 Some genes significantly up-regulated and down-regulated

g7k 2 FPKM {8 K4 FPKM {8

?e%jie FPKM of seawater FPKM of freshwater %Eﬁfiﬂlgg i
group group
RNA {4614 RNA B4 RNA-dependent RNA polymerase 0.02 5.12 6.97
RNA {464 RNA B4 RNA-dependent RNA polymerase 0 1.30 6.22
Ra9Z R 0P E ST Herpesvirus alkaline exonuclease 0 1.98 5.92
Jie JR = g § 2 FE 1 Collagen triple helix repeat protein 0 1.96 5.54
GDP-L—& ¥t &AL 75 X1 GDP-L-fucose synthase-like isoform X1 0 1.39 4.73
H & B2 Z 1AV, a2 #£ Glycine receptor subunit alpha-2-like 0 1.54 4.73
RNA {&#6i14 RNA 247 RNA-dependent RNA polymerase 0 1.31 4.73
B AE 46 1 Hypothetical protein DAPPUDRAFT_116839 0 2.07 4.59
B AE 2 4 Hypothetical protein PTSG_06207 1.04 28.90 4.56
PRETJF A Vitellogenin 27.15 1.05 -4.87
NADH Jlii & 7 5 5 NADH dehydrogenase subunit 5 42.69 1.14 -5.35
Gag—pol ZEH H Gag-pol polyprotein 15.52 0.30 -5.40
& SRR 2 F T Proline-rich protein 3.40 0 -5.42
4T E 4555 E 2 £ Heme-binding protein 2-like 46. 90 1.12 -5.50
B 585 9 Vitellogenin 1.62 0 -5.74
a—f4E 8 11 Alpha tubulin 2.00 0 -5.79
YR 5 JF A [ Vitellogenin 15.62 0.19 -5.86
B 5 1 Vitellogenin 10. 61 0.10 -6.77
BEA IR AN H Gelsolin-related protein 25.87 0.07 -7.69
N8 HAZ 1A 2B Llipoprotein receptor 2B 0 2.08 4.94
T FLALEFE i Sulfotransferase 2.05 21.75 3.19
C RIEEHEEZE 1 C type lectin containing domain protein 1 13.71 129. 52 3.05
S sh 5 [ IR 2 45 3 5 #F Cuticle protein AMP5-like 7.18 0.71 -3.36
145 S5k Z 4 i Angiotensin converting enzyme 11.73 16.94 0.53

{E: FPRM. JE[H ik dit s log, FC. SR ik it 22 A8 R ek e fig

Note : FPKM. Gene expression quantity ;log, FC. Logarithm of fold change of gene expression
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Table 2 Primers for real-time PCR verification experiment

Ihac Elk/E s S19¥ 5

No. Primer name Primer sequence(5'—3")

1 Actin—F CCGAGACATCAAGGAGAAGC
2 Actin—R ATACCGCAAGATTCCATACCC
3 LPR2B-RT-F CAGACCTGTCCTGAGACCCACT
4 LPR2B-RT-R TCCACAGTCATTTCTGCCATCA
5 Sulf-RT-F CACCACCATAGCAGGATCAACA
6 Sulf~-RT-R GGTTTCTCCTCTTCCAGGCTTC
7 CTLDcp—-RT-F AGTGGACTGACGAAAGGAGCAT
8 CTLDcp-RT-R GGAGCCTGCCTGTAATAATAGC
9 AMP5-RT-F TGGTTGACAATCGTGAGGGAC
10 AMP5-RT-R ATGACGAATGATGCCATCTCC
11 ACE-RT-F AGCTAACCCAGGTTTCCACG
12 ACE-RT-R TCCCATCTCCAGAGGTCCAT

1 : LPR2B } lipoprotein receptor 2B 4f 5 ; Sulf >4 sulfotransferase 47 5 ;
CTLDcp # C type lectin containing domain protein 1 455 ;AMPS A cuti-
cle protein AMP5-like %5 ;ACE “}j angiotensin converting enzyme 455
Note: LPR2B, lipoprotein receptor 2B; Sulf, sulfotransferase; CTLDcp, C
type lectin containing domain protein 1; AMP5, cuticle protein
AMPS5-like ;ACE , angiotensin converting enzyme

FEITESRANILP b K5 LENLA o 22 5 A8 3 T
BRHRZRIE o Sulf Fl CTLDcp BEPR ZR 35 1 A AR v 2 9 3
Ak FESBFIILA FR A 63k AMPS J IR 36 34 B e i 52 9%
AL FEFIRAR I ARSI . ACE FERITESR P RIA |
P, 5 BT R BRI, 2. 0 h i1 log, FC 2y 1. 965 7E LA
rh SRS TEFIE R AL

2.2 GO EENM  XIGKAFNIRIK L 12 7] 22 5F F 8 5
KBTI RE a4 , 8 W S BIMEALIE P (catalytic activity) (£
Hz 45 ¥ % 43 (structural constituent of cuticle) | 7K fif fiff 15 £
(hydrolase activity) 5 %43z 2 [ 16 14 ( transmembrane trans-
porter activity ) \JIig Fi 5% 1z & 13 7% #4: (lipid transporter activity )
S e R AR R E R S . RO MR AT ERR
IRE Y 27 A~ unigenes , Hrp Rk m FIRIREE S K2R
PRAER/ o= e O IR %% % Wi , log, FC 2y 3. 735 T 1 i i di
REGIERR T, log, 'C 24-2. 73,

£33 (REMEXEE B IR log, FC B340

Table 3 Effects of low salinity stress on log,FC of gill of E. carinicauda

B0 S IAH iR B fE] Stress time/h
Gene Reference value 0 0.5 1.0 2.0 4.0 6.0
LPR2B 4.94 0.00+0. 58 a -1.20+1.09 ab =2.06+1.71 ab -0. 87+0. 46 ab =-3.15+2.12ab  —-4.58+3.69 b
AMP5 -3.36 0.00+1. 30 ab -2.74+2.21 b 1.02£0.77 a -2.50+2.93 b 1.02+0.76 a -2.44+1.53 b
ACE 0.53 0.00+0.67 b 1.24+1.28 ab 1.03+1.03 ab 1.96+2.15 a 1.24+1.62 ab 0.09+0.79 b

R RNG T L3R 25 57 i 35 (P<0. 05)

Note ; Different lowercase letters in the same row indicated significant difference (P<0. 05)

F4 REPEXTEE B ERFFERR log, FC 1520
Table 4 Effects of low salinity stress on log, FC of hepatopancrea of E. carinicauda

S g BT Stress time/h
Gene Reference value 0 0.5 1.0 2.0 4.0 6.0
Sulf 3.19 0.00+0. 25 ab -0.86+0. 17 ab 1.06+0.89 a -0.43+0. 26 ab 0.54+1.69 ab -1.50+0.51 b
CTLDcp 3.04 0. 00+0. 60 —-1.45+1.84 0. 08+0. 20 -0. 10+0. 73 0. 16+0. 27 0.08+0. 05

RPN RV NG FhERoR 22 5 W3 (P<0. 05)

Note ; Different lowercase letters in the same row indicated significant difference ( P<0. 05)

x5 REEXEEBIIA log, FC K
Table 5 Effects of low salinity stress on log, FC of muscle of E. carinicauda
HH = Ji3a sfIE] Stress time//h
Gene Reference value 0 0.5 1.0 2.0 4.0 6.0
LPR2B 4.94 0.00+0.97 -0.31+0.03 -1.09+1. 11 -5.15+5.39 -1.45+0.53 -5.68+5.97
ACE 0.53 0.00+0. 84 1.05+0. 08 -0.55+0. 30 -0. 12+0. 96 0.02+0. 75 -2.81+2.58
&6 GO:0003824 g1 & EH
Table 6 Genes contained in GO :0003824
M 4] %7k 4 ¥
ISP 7S /K4 FPKM {H  IR/K4H FPKM {4 2 BAEMOW R
y FPKM of FPKM of
Gene name log, FC
seawater group freshwater group

RIRETR a-FBFeC %% Kynurenine/ alpha-aminoadipate aminotransferase 0.360 387 6. 055 450 3.73
FERF W A KL R L Z il Aromatic amino acid aminotransferase 3.024 653 19. 371 080 2.48
B B4 T Beta-eliminating lyase 0.909 267 5.824 120 2.43
MR B R Salivary alkaline phosphatase 2.194 525 13. 575 760 2.42
TR AR TR L Z il Aromatic amino acid aminotransferase 0.737 875 3. 814 840 2.14
WV i 26 1 Salivary glue protein 2.280 892 8.916 767 1.71
s 2L E it E ALY EE Animal haem peroxidase 0. 463 768 1. 673 562 1.64
K58 BE IR 35 11 Z AR A &5 11 Low-density lipoprotein receptor-related protein 1.978 866 6. 953 045 1.57
AMEHSEE ) RP43 Exoskeleton protein RP43 57.975 970 185. 531 500 1.49
FLEW B H Papilin 1. 685 067 5.176 862 1.42
eV D P iR Jif Salivary alkaline phosphatase 1.284 378 3.747 305 1.34
2 -G F-3-FRME R -6 BE W Rl 2-amino-3-carboxymuconate-6-semialdehyde decarboxylase 2.955 379 8.308 641 1.29
FE A i S Xanthine dehydrogenase 82. 604 640 199. 899 300 1.08

e S
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SR AT HOKAL PPRM R AL PRI 2 popmenpae i
Gene name N 0 log, FC
seawater group freshwater group

HE i Lipase 4.353 232 10. 095 800 1.02

fgENg AN DG AR 19 2 A Pancreatic lipase-related protein 2-like 7.511 106 4.253 931 -1.00
MWEHE 3 GTP 454 1 Root hair defective 3 GTP-binding protein 18.951 450 10. 109 010 -1.10

W2z DIl %% St Endonuclease-reverse transcriptase 8. 406 058 4.062 620 -1.22

1B R Hyaluronidase 7.643 072 3. 648 445 -1.25

#HH SEY1 [6]7E%) Protein SEY1 homolog 2.905 529 1.381 249 -1.26
BEAE I Bi#FE A 1 Chymotrypsin-like protein 1. 609 780 0.705 388 -1.35
TR 2- BN ALV B 437 Oplophorus-luciferin 2-monooxygenase non-catalytic subunit 3.888 481 1.509 776 -1.52
HEHE 3 GTP 4548 1 Root hair defective 3 GTP-binding protein 3.597 112 1. 376 256 -1.57

g =1t H g Wil RR: Pancreatic triacylglycerol lipase-like 2.363 764 0. 658 559 -1.97
PR B A Endoglucanase 1.267 103 0.321 503 -2.03
WHE endo—1,4-B- AR A EERTIA Bifunctional endo-1,4-beta-xylanase xylA precursor 3. 274 666 0. 780 368 -2.17
CBN-WNK-1 %4 CBN-WNK-1 protein 2.486 021 0. 464 965 -2.57

TG il 5 1 2 kF Pancreatic lipase-related protein 2-like 16. 057 740 2.736 963 -2.73
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Fig.1 Fructose and mannose metabolism signaling pathway
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Table 7 Genes contained in fructose and mannose metabolism signaling pathway

WK 2H FPKM (Y RKZH FPKM 1l [T
N2 FPKM of seawater FPKM of freshwater ZSHTEOT B
Gene name log, FC

group group

GDP-L—5 805 i EE GD-L-fucose synthase-like 0 1.392 073 4.734 819
GDP-L— 3t & i iE GDP-L-fucose synthase-like 0.469 001 744 2.045 040 1.852 210
AN EERE Xylose isomerase-like 5.853 555 411 14. 197 580 1.074 949
WERR N B S5 K4l Triosephosphate isomerase 5.306 730 589 1.005 775 —2.534 370

HRZRRAZIAR. o-2 FEREH LT B 2 TG PERC AR -2 0K il 3% D i y— 20 TR Z A SRA i W 3 N, DL R
FEAEA G S b Sz s (8 2) 258 R TR E B & 8,
MRELE a4 A R IR H &R Z R o2 FEHE R RIA
| NEUROACTIVE LIGAND-RECEPTOR INTERACTION |
GPCRs Channels /other recep tors
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L . e ho]nnlzesmg
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Doparuine EMH Nucleotides
- ACTH e e g O P
Motlin L Aspariate
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i oyyplamize Thyretmpinnluing L Cysteic acid
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Peptide ) o—{vmiR] P-Alize [cir I
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Apelin Neuropeptide W/B Lysoposphatiieod 4 1 i
EDGL e :&
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Newntensin S1P, dihy SIP z i
Bonhesin & i :E ;a;.\;mve intestinal Anandaride 7['&7]
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. O—»|
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Fig.2 Neuroactive ligand-receptor interaction signaling pathway
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Table 8 Genes contained in neuroactive ligand-receptor interaction signaling pathway
i KL FPKM ] Yokl FPKM i R
G%e%fﬁ FPKM of seawater FPKM of freshwater %"#ﬁﬁgg B
ne name group group &
HA PR32 AT a-2 £ Glycine receptor subunit alpha-2-like 0 1.538 278 4.734 819
=& TR Z A GABR 2.666 586 122 0. 636 795 —-2.183 880

RIRGEIR/ o~ BIHEC MR E B N O 2B R A=)
B MR B IR IR (5 T B b X 2 BRI
SHEHEATIER (K 3) 22 B R M 26 F TR R H
SRR IREMR a-BHEC IR A MR L 34 L, SR A

ity 1 3235 T, y— T SRR BOOUN AR5 A A T

A, LA ER TG B 9.

C RUBEGE R X FI Hedgehog 5 Sl s b, X% {7 5 1 %

PETREAR (1&14) 4521 /s Ak EE i ia

FIFFHREAIEC
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Fig.3 Lysine degradation signaling pathway
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Table 9 Genes contained in lysine degradation signaling pathway
SR WEK L FPKM i K4 FPKM fif 2R
= i3 FPKM of seawater FPKM of freshwater SR
Gene name low. FC
group group g,
KIREFR/ a- BRI %% % Kynurenine/ alpha-aminoadipate aminotransferase 0. 360 387 385 6. 055 450 3.727 994
RIREFR a—F F 0 —fRF4 & Kynurenine/ alpha-aminoadipate aminotransferase 0.737 875 069 3. 814 840 2.138 277
JRAEBR o—F RO R A nurenine, a-aminoadipate aminotransferase . . .
RIRETR a—E I B S i Ky / alph dip: f 3. 024 652 790 19.371 080 2.476 423
= T HEFHSERON N4 Gamma-butyrobetaine dioxygenase-like 21.028 512 170 166. 427 000 2.790 434
y= T EEEHSERE BN 4 i Gamma-butyrobetaine dioxygenase-like 21.553 152 720 69. 494 280 1. 495 200
y= T IEEHSEB AU 4 Gamma-butyrobetaine dioxygenase-like 14.793 356 430 7.450 371 -1.176 830
T A 1 aldehyde dehydrogenase 1 145. 285 939 200 70. 825 350 —1.227 640
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Table 10 Genes contained in hedgehog signaling pathway

k41 FPKM {8 k4l FPKM {H e
FHEAFR FPKM of seawater FPKM of freshwater HFELE
Gene name
group group log, FC
C #I%ESEZE C type lectin containing domain protein 1 13.709 086 720 129. 520 100 3.045 308
C HI%ESEE C type lectin containing domain protein 2 34.766 071 590 83.020 780 1. 063 342
K58 BE B 35 1 32 KA &K 1 Low-density lipoprotein receptor-related protein 1.978 865 972 6. 953 045 1. 574 080
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Table 11 Genes contained in phagosome signaling pathway

SR 3K FPKM fB WKL FPKM fB i
- i FPKM of seawater FPKM of freshwater XHEUE
Gene name
group group log, FC
- Alpha tubulin 2.003 305 485 0 -5.792 150
C RIEEHEZE 2 C-type lectin 2 570. 922 734 600 318. 410 300 -1.033 780
O WULBh#E ) Cardiac muscle actin 1. 401 488 697 7.665 172 2.194 058
& DUF5110 544825 F DUF5110 domain-containing protein 25. 690 863 990 60. 383 950 1.039 710
3 itig e Z B IRV R AR S5 W B A A R, G2 T

22 H )& T CPR(cuticular proteins with the Rebers and BE R R P RN IR RS ANE ZE K™, %
Riddiford Consensus) Z¢1i% , 2 S0 B HT B R BB AL, 730 BIFSEHE AL B o M i B, ARRER 3 1 35 418 s Rt S R RS il )
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P45 IR (arthrodial membranes ) #5437 ) BEILAE RS MEAE  UPHLIA AT AEEE o B RS S G AR kR s S | R
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