H34E a4l TLIR R R 22 4 ( HARBL AR ) Vol. 34 No. 4
20254F 12 H Journal of Jiangsu Ocean University ( Natural Science Edition ) Dec. 2025

DOI: 10.3969/j.issn.2096-8248.2025.04.002
Sl RN, RN, THL, &5 . WK IRAXT 77 FE E 85 0 4 f0 68 4] 20U st 4L RS2 [T ] VTR K oAl (A B
Bl22p5 ), 2025, 34 (4) . 7-18.

BKBUITREERE A& SRANFERAR NN
HFEBLERFL T L FeR AR, AR

(L VTR R 5K = 2B, V105 il 222005;
2. E AWML RO R A R A, VIR R 222000)

W OE. ERBAES T KRBT AP 2B R AR, 18 KRR E EIF, T gFE eyt
KBl T —F Y, AL RLGE I, BRKBRILZ AR R, AR HKBRA TR #E
# (Synechogobius hasta) %) % 48 )k B 2k % R A 9%k, AR 4 (9.0£0.5) g ¥ F R A 82 &
BrR st %, % B pH 8.0 Axt#E2a, pH 7.5 F= pH 7.0 AiX 340, BRALA 3R 14 d J5, KA 5B 0 53
A2 3t B8 40 Ao 3K, o 20 69 F R B G5B B 4 % 6840 SRR AT B R A R e 5o AT, 25 R AR, pH 7.0 4855 ik
F 570 A EF AR K AR, £ 339 AR E Rk B, 231 AR B KA TR pH 7.5 4105 £ 5] 888 A~ £
AR AR, Ep 556 MERE AL B, 332 A KR AL TH, KEGGEBRGEESWERET, 5%
F AR EE T AR E B MAHE R o T MAPK 13518 % Aw [gA F A iE £95 M&A5; 5R44
KXW T BB IR RAR AN AR XEBEAY SR RARMF, BRACHERIERT R LEEG 70
(HSP70) . 2 M AW AAKT X (MHC-I) Fo &% P450 L85 1A1 (CYPIAL) % %.7% 48
% AR R EEKBCEHT, B8 ik T8 (PGAM) | B =B 824 8 (NDPK ) #= P #
BBTHIZEG 2A R (ATP24) ¥ WAk L, mILEE -1- BB &8 (MIPS]) | %3 % = BL 4k
B a &8 (HMGCS) Ao B 2R 2 L A 8 (TAT) $ A W R K TR, R BT 7 B B R % 6269
S T AR T A — R Rvm, T AP R IR B4 & X B K AR 64 v i AL BB A
KW BB, TRIBE S, hé; 48, HFu
FE S ES: S947.9 XERFRERD: A XEHE: 2096-8248 (2025) 04-0007-12

Effects of seawater acidification on the transcriptome of

gill tissues of juvenile Synechogobius hasta
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Abstract: Seawater acidification is caused by seawater absorbing carbon dioxide in the air to form
carbonic acid, which makes the acidity of seawater rise, which can have a certain impact on the growth
and reproduction of marine life. With the development of industry and agriculture, seawater acidification is
becoming more and more obvious. In order to explore the effect of seawater acidification on the transcription
and expression of gill genes of Synechogobius hasta, the S. hasta with a body weight of (9.0+0.5) g was
taken as the research object, with pH 8.0 as the control group and pH 7.5 and 7.0 as the experimental groups.
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After 14 days of acidification, high-throughput sequencing technique (RNA-Seq) was used to sequence
and analyze the transcriptome of the gill tissue of the control group and the experimental group. The results
showed that the number of differentially expressed genes was 570 in pH 7.0 group, of which 339 genes were
up-regulated and 231 genes were down-regulated. The number of differentially expressed genes screened
in pH 7.5 group was 888, of which 556 genes were up-regulated and 332 genes were down-regulated.
The enrichment analysis of KEGG pathway showed that the signal pathways related to immunity mainly
included cell adhesion molecules, MAPK signal pathway and intestinal immune network produced by IgA.
The signal pathways related to metabolism mainly included amino acid biosynthesis, steroid biosynthesis
and nitrogen metabolism. Acidified seawater promoted the expression of immune-related genes such as Heat
shock protein 70 (HSP70) , Major histocompatibility complex I ( MHC-I) and Cytochrome P450 subunit
1A1(CYPIAI) , suggesting that these genes may be involved in the immune response of the body. Under
the condition of seawater acidification, the expressions of Phosphoglycerate mutase (PGAM ) , Nucleoside
diphosphate kinase (NDPK ) and P-type Ca®" transporter 2A (ATP2A4) were up-regulated, while the expres-
sions of Myo-inositol-1-phosphate synthase (MIPS1) , Hydroxymethylglutaryl-CoA synthase (HMGCS)

and Tyrosine aminotransferase (TAT) were down-regulated. Seawater acidification has a certain effect on

the immunity and metabolism of the gill of the pike-tailed tiger fish, which provides a reference for studying
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the response mechanism of the young pike-tailed tiger fish to acidified water.
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1.5 qRT-PCR i

FEPLBEIE 4 S ERRBEEM 4 T RR KR
A, 3t 8 4~ DEGs #ATH Ik, BALLN R A FEA R
B (quantitative real-time polymerase chain reaction,
qRT-PCR) X Fr LM 5t 5E & PCR BE & PCR, [
1KZ BT 20 uL, 424 SYBR Premix Ex Taq 10 pL,
Rox Reference Dye (50%) 0.4 pL. cDNA 4k 2 uL. 1F
BSR4 (20 pmol/L) 4% 0.8 pL & ddH,0 6 pL,
5|¥{# F§ Primer Premier 6.0 $¢it, ¥; p-actin YE AW
SHHA, RMEFRN: 95 °C HiAEtE 1 min, 94 °C 10,
60 °C 30 s, 3t 40 MG ; EERMZE T 95°C 15 s,
60 °C 1 min, SR EL 3 1K, FRBH 2744 ®iftfT
%, 3E i GraphPad Prism 9.5 HATEIRG 4047,
FTAs 9IS 1,

*®1 qRT-PCR3|¥1E7
Table 1 Primer sequences used in qRT-PCR

e G175 (5'~3") ik
R

B H IR 75 7 (Phosphoglycerate mutase, PGAM) Ffz:T%Eiggcf(?g:(?gggc%g&(} LA
W Wi R 4 (Nucleoside diphosphate kinase, NDPK) F}i :CE](,} CC,&%CJ CC C? gfggg? CC g.?CGTT |
JIURE -1- B2 &7 (Myo-inositol-1-phosphate synthase, MIPSI) F;i%%g%ﬁgﬁé;gggggﬁéggx ]
PKRTEH A 70 (Heat shock protein 70, HSP70) 1%?555555585:2222??9?? S|
K 5 TR (ot e, T3S0 F: ATAGCCGCCTCATCCCACAAG -
FLAER i U (L-lactate dehydrogenase, LDH ) ll;:: gg?g?ggggég;ggggg¥$£g£ S
% Z IR E FEFE RS (Tyrosine aminotransferase, TAT) ii%lﬂgﬁfGGggggfgggggﬁggﬁ; T
FRMHEY — BEE G a 4 F (Hydroxymethylglutaryl-CoA synthase, HMGCS) F: GCCACCATAGCACGCATTAGTT T

R: TGGAGGTTGGGACAGAGACGAT

2 £R

2.1 BERANFSHE
SERINMERNEFANT, ERERKER

MERELWEBIRE, L3RG 687 GB A EH
', KRB XD 6.96 GB, G GCEEN
42.93%~45.91%, Q30 BRI E M L 7E 93.40% K L) E
(% 2),

&2 N F BRI ST

Table 2 Evaluation statistics of sample sequencing data

Ei] 54 YT GC & ht /% Q30/%
pH 7.0 41 24 448 426+1 155 914 7 308 104 060+343 443 096 44.895+1.015 93.865+0.465
pH7.54 25918 208+292 898.5 7 749 864 733485 423 217.5 44.220+1.220 94.050+0.340
pH 8.04 26 133 54841 835 888 7 812 859 409+546 309 209.5 44.205+1.275 94.015+0.145

1 Q30 J&48 Clean data JFiti (il =30 MG 5 19 43 1
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Fig.1 Volcanic diagram of differentially expressed genes
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(209) | LA (183) AR RL# RNE (156) 5 FE43
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s gt (33) IR TOIRE T3] (33) 5 744
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Table 3 GO classification of differentially expressed genes
in fish between pH 7.0 group and control group

g

IEGeS VE SN TR A RN BRY
AT 16 667 276 GO: 0009987
ek CR71he] 11197 209 GO: 0065007
Ui R AR 10 828 183 GO: 0008152
LS 6761 156 GO: 0050896
e 15 060 265 GO: 0005488
T PR 8270 164 GO: 0050896
Vg AR (TR 1335 33 GO: 0005215
J3 FHIRE VA 15 1656 33 GO: 0098772

21 i) AR 17 660 323 —

iﬂ% Bt 14 032 218 GO: 0005622
SEARMNESY 5684 63 GO: 0032991

" R EEERIEE TR,

#£ pH 7.5 4L H 765 4> DEGs $IHK3] 2
gk, HpAY ST EEREAREIRE
(547) . EYiA (457) | TR (329) AR BIB
RBL (313) 5 T THIREP EBE AL & (502) .
HEALTEHE (275) L o TIIRE AT ] (69) AR o T-1%
AR Gk (66) 5 TEAI M4 7 b EHE R 76 40 M A
H Sk (617) L ZHAEN (404) U R EEARMESY
(112) FIheE (K 4) o

x4 pHTSHAEMNRAGBURERRIEERE GO %
Table 4 GO classification of differentially expressed genes
in fish between pH 7.5 group and control group

1 %55 2 Yo HRAER EE ZRERE  BRY
A AR 16 667 547 GO: 0009987
HWk A 11197 457 GO: 0065007
ite R AR 10 828 329 GO: 0008152
IR 6 761 313 GO: 0050896
e 15060 502 GO: 0005488
AT PR T 8270 275 GO: 0003824
e ST A 1656 69 GO: 0098772
Oy AL IR 884 66 GO: 0060089

I N fi ) S 17 660 617 -

gﬁg A 14 032 404 GO: 0005622
TEARNESY) 5684 112 GO: 0032991

223 ER&EAHE COG 4%
FFH COG % FE¥s 7 B B 8 )R f 4 1. 1 pH
7.0 41, pH 7.5 444> ##1 pH 8.0 444 DEGs #tfTH
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Fig.2 COG functional classification of differentially expressed genes
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Fig.3 Enrichment analysis of KEGG pathway of differentially expressed genes in fish between pH 7.0 group and control group
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Fig. 4 Enrichment analysis of KEGG pathway of differentially expressed genes in fish between pH 7.5 group and control group
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Fig.5 Analysis of cell adhesion molecular pathway
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Fig. 6 Analysis of amino acid biosynthesis pathway
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Z LA, 6- B%BR SR B8 I BF 1 (6-phosphofructokinase
1, PFK-1) | BtHiBt v- 24f# 8§ (Cystathionine gamma-
lyase, CSE) . %5 B2 H il B2 & %% (Phosphoglycerate
kinase, PGK) #1 5- HH Z: U S MR - & L bt & #R B
LR (5-methyltetrahydrofolate--homocysteine
methyltransferase, MTR) ZFE A BE TR,
WKL &G, FRE MR ALY M EE DEGs
ML RN E 5. £k LM DEGs T EA BB E
Y B2 A% {7 B (Phosphoglycerate mutase, PGAM) .
% B8 B BF (Nucleoside diphosphate kinase,

NDPK) . P BI45 B F ¥ iz T 1 2A # (P-type Ca?*
transporter type 2A, ATP24) . ¥ Kk 7 & B 70

(Heat shock protein 70, HSP70) #1 ¥ B8 Jit & B8

(Lactate dehydrogenase, LDH) F#H; FXTIH
¥ DEGs EE A LB -1- B¥f& 5 B (Myo-inositol-1-
phosphate synthase, MIPSI) . 40 i & % b5 i J7 K

(Cytochrome b5 reductase, CYB5R) . B & TR & 3
¥ 7% B (Tyrosine aminotransferase, TAT) A1 # H
EH N B E a 588 (Hydroxymethylglutaryl-CoA
synthase, HMGCS) Z#H,

x5 BRKBRUTFEEREEHENEE DEGs

Table 5 Main DEGs of young Synechogobius hasta under seawater acidification

B[R GiS £ F5R COG /32 % KOG /3288 7 SRR U
TRINITY_DN363_c0_gl BERR ARG (PGAM)  BOKAEEYIRSEAICE  Bokeawnsii fiiss +5.80
TRINITY DN117 c0_g2 Wit R (NDPK) KT R B AR Wty Rl i At +5.38

TRINITY_DN9478_c0_g1 IR PRUSIREIZASE i g TR T2 A 469
TRINITY DN4262 c0_g4 Jis AL E (ENO) WKk S wrEmmRE ok S s mRgt +4.46
TRINITY_DN54904_¢2_gl BelEHE D (PLD1/2) — A ﬁﬁ%ﬂﬁf\gﬁﬁﬁ% " +4.21
TRINITY_DN6074_c0_gl HIRTERE T 70 (HSP70) B @%{Ei@ﬁ%@m{* LS %T{gii,ﬁﬁ% A +4.14
TRINITY_DN286_c0_g2 FLER i % (LDH ) RERAL: = Fl 46 RERE = R4 +3.74
TRINITY_DN3894_c0_g2 JURE -1- AR A (MIPSI) g ik A g5 A —4.09
TRINITY_DN6546_c0_g2  4ilfifg( % b5 it Jiififi (CYBSR) — %%’MEI@‘% e -3.55
TRINITY DN6793_c3_gl &7 §§Es 5- UM (ERG3) NIz i A e g AW 241
TRINITY_DN5260_c0_gl W A MR I R Wl (TAT) BRI F A GELRRIS F A —2.37
TRINITY_DN6264 c0_gl RV BER AT (FDPS) R B AR R B -2.30
TRINITY_DN12380_c0_gt /0 /L LIS o £3f BRI Wi At 226
2.3 ERRIEEME qRT-PCR BIFER 10p ] RNA-Seq
Bl qRT-PCR

RBIE R K BRIL T T BB & M) R %) £ 6 4 %
FAN PR ERE, HEBRWT L ARTTRFEER
REtEiRE, YT 2K B-actin fERANZ:, XTBE
MLEEFEK) 8 1~ DEGs #£17 qRT-PCR B iF, 8 > DEGs
£135 pH 7.0 4 1#%) PGAM, NDPK, MIPSI, CYB5R L)
X pH 7.5 41 ¥ HSP70, LDH, TAT, HMGCS, 5 %
SRR, ZEERBAKFMEN LASTRAERS
FEEN PSSR EE—B, R FHAN T
R (WK 7).

W
T

LEESIV/IeE
(=)

1 1 1 1 1 1 1 1
PGAM NDPK HSP70 LDH MIPSI CYB5SR TAT HMGCS
HEH

T LLOAFIE RIS B, S (R IEH RIS T, EORE MR,

E7 £RRiLERE qRT-PCR IiFE
Fig. 7 qRT-PCR verification of differentially expressed genes
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TRk H 828 NEREIREE, LI 450 N L E
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3.2 BABUFEEHEASERESKR I

AR ER, FREMBBE AL AT KRILE
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Rk B3 F A, 2050 80 2 B 78 4h LA Y R X
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TEOLF, HSP70 TE 40 il v i R 35 K P8R, TEEY
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R—3, ENO &M1& B4 41 L RWB AL BT
MR —, BT R M % 22,
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SE MR Th AR 125) , AR 4R B 9% 45 SR 4R U Y K BR AL FT
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AR A 2% 25 X 9 3% 35 DT 32 1= AL A X Vg oK BR AL 1Y

STDIVA: A
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77 Vi Jiir 38 B[] (<96 h) B 3E i 28 B A B
LDH 3R 35 18 %5 1 % 08 09 4= L 7E — 8 4R i
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3.3 BAkBAXMFESHEEYEEESKBHEX
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FB, MHC-I A FAE B4 M b, 28 WL B2
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(Scophthalmus maximus) & 3¢ #8 I & 96 h )5,
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