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E: HIRK nces nkee AEERY B FRTHRENER, ThATLAEHNEE. £
FRFIIA . RGO D R E G TN A L85 nee #4T T K 7 R 7P 47, A
LB 7% ot € & PCR (QRT-PCR) 42l nee Fn nkee 2 7K KK AL 87 8840 R d 1 R ik ACF, A
F R AL e 2 BAR A E nec2 Foonkecla R AR RALH RO REALE. FREF, Ak
a8 2 A nee LB, B necl F0 onec2, H Y 7 %) (CDS) K E 45 K 2 691 F1 3 120
bp, Z7# 896 fn 1039 NE B, AN EEARTF M. nec2 2R AL S 814 R b iy R ik
BERETTHEK, T nkecla AR EAR PN REER E T TRA, necl. nkeelb,
nkecQ TR AKFWRAENLREZR. RAERARP LS EALFH nec2 hRAE
FAr EP, Tionkecla Wy RABRHF TH; BRENIENEAMR N REB S wi, R
LR ER T, nec2 Fn nkecla B 4R AL T 3K K 5 ¥ K o 88 21 009 A8 48 88/ F 18] Y 4%
#E . WEERKRW, nec2 F1 nkecla 3 B -5 4 A 3% K RO KA #F 45 9 & B iy Na' &
ClEFHIZEATLE, THEARIEK BEARELEE L FREN, EBERTREE

ENPREEEEAM
KRB L4 nee; nkee; #; BEFET
FE5SHS: S917 HERFRERD: A

FH TRl b IR, 0 0 LA A A7 K A T
MR A2, X203 1 Re 4 T3
e IR R SR IR I R Y LA A O 2
58 Ty e i s A P R T S i
R 12 F 5 12(solute carrier family 12, SLC12)
4 B 7 B B s -8 B AR Is K, S 5 A A
LR Y LGS VR B A Y R I R T A 2 A
W, X PR ILR AR S i £ X HE , %K
T PR 0 A R g B T, g R ) 2R 1 3240 P A
Difesr 32, H—2 Na'9kgh & K%, th Na™-Cl
PR %% 32 8 11 (NCC) 1 Na'-K'-2C1 th[a) #4132 & 1
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s B A KR (KCCs), H KCC1-KCC4 4 p™,
TEREFfrh, NCC —Mrh 2 AL, NCCI
FINCC2, Horr, ncel B BYFIE FEE T
WELHE Qe ) $h vk i W 802K T fili(Takifugu fasci-
atus) TR, ncel TEENEH R ERDE, HEREE
T FIR K A HE 7K 9 338 107 3k A v 8 1 5 T o
I T 7K A T BY 2168 AR 5t (T, rubripes) 'V JIE A
neel WFRIR AR T $h M i s 804 O i iKY,
[FIFE, 7ERF P AEf (Oreochromis mossambi-
cus) BB HE W & B T IRAK YL FE T necl ik
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T A (HFERR N &5 (Dicentrarchus labrax)
H, BRI E necl MR IBRAEIRIK 5K I 2
JAJE WK Z R FETE 3 22 ™, R W neel 1
AN [F b (38 R T DI BB — e I 25 5. T
nee2 FEAMALUP R, XNBEF P LMW
SR, gt 2 M 32 20 TR K AL 5 1 20
W, F3h2 5 E 7 oliod #2215 Na'
I CIZKP R AUHDE, 2 Na Rl CIHR LT R 1 3¢
WA, AT A Na'fil CUERH 2 G
B AR YN JE B MR i nec2 FEER
()22 55 5 5 KA L 3 I, D nec2
W Na Fil CLAERAILIA R B F AR P, 7R
Fese AR, nec2 186 i 2k B A dh g K 1)
RK 38 N Rl R R B B, R
NCC 7E) M 2E R AK MG R 7 FH 2 E

A NKCC WHEATNEARL, NKCCI
FINKCC2, FEAT bR Ay B /M B |,
FES5E R R, NKCC1 FEZAEH KT
A 1) A5 15 SR A B82S T R 1 8 4 L ) R
HMIN K FEFREAE, NKCC2 WIZER K YAk i) B
0B DL SR K A i A R i T R 2 LY
To IR PN 2 3R IR 8 (Fundulus heteroclitus) H12¥
BOK AL 5 Nl KRS, 8P nkeel R IE R
BLEDES A BT, T P EOK IR K R nkeel 1Y FR
N T RN, SESE s B HE A — A B TR K
Ykt nkecla 7E8E . EIE MG RN &
¥ E LAY, [FEE, UPIE 88 85 (Trachinotus
ovatus) TEWEKIE N FE Y, nkeela 7E8E R H )
Tk B RO B i A R
7K 5% B IR K IR G nkeel 1363818 F FEY,
1M nkec2 838 W i 7K 2B 1 1 21 88 7 7 il B R AR
Rk, FREE S NaCl FHR IS 5
18 2R 7 6 T K A aE N AR, R g R AR
B, NKCC X T-hdi - 2838 N B B 8 %

5 (Lateolabrax maculatus) X FR 0 FE 1L 85
RFRiFET | FEAESE, R N EE ST A
%, W E LT Y B A, AR S
U5 T AR BE A | 2 ik 2H A5 B8 X AE B nee
RIHEAT T80, 456 R T & %2 th 1Y nkee
FEA I AL T8 % % 5 PCR(gQRT-PCR) # T
nce Ml nkee £ R TEHE . IRKAE BB 2 rp () 3%
R, I AL eSS IR AE T AR . IRKAE
A A Rl P S A AR e £ N N T R
B A S At T h M 0 2 0323 15 5 R B3
BLL, BN IX I3 . ROKFRFEAE SR AL 10 TR
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B, ARSI S e g5 SR E AL 5 SR T
AR E

1 MRS THE

L1 BEREERRGHMLSH

1 NCBI (https://www.ncbi.nlm.nih.gov/) £ #&
JE R 3N (Homo sapiens). 7% (Oryctolagus
cuniculus) . 4L)73Y (Gallus gallus). B 14 (Danio
rerio), ZILBEZRTJT il | W (Oncorhynchus mykiss) .
JlE s . = A (Gasterosteus aculeatus). H N7
(Oryzias latipes). BRI 6 55 JLFR & LA HE 390 1
NCC 275, ffiH TBtools %) TBLASTEN
F X #4852 % SE I 24 (PRINAG07434) K 4K 5%
LU BCHE B (PRINAS15783), ARAE LR 1R T
% . f#i H ORF(open reading frame) Finder 7F £& [
¥l (https://www.ncbi.nlm.nih.gov/orffinder/) T4k
MY %) . fii | BLASTP Xt NCBIAETUAREE T
GV e — 2 Bk . BEBEAE &R LR YRR
NCC IR 7 5 AT R ek b 73, i MEGA
7.0 #4419 NI(Neighbor-Joining) 72448 R G

12 ISR

{#i Fl ExPASy Prot-Param 7£ & ® ¥} (https:/
web.expasy.org/protparam/) T Jll & 73 F & (MW,
ku) FIEEHL 45 (pI). i MEME (https://meme-suite.
org/meme/tools/meme) TE £k I 3y 4 7 f4 <1 45 A4 ik 751
Wi, I TBools # /- ( H m] ¥4k . i il CDD
B (https:/www.nebi.nlm.nih.gov/cdd/) Tl il 1&
fiy nee He PR FE E 25 44 358 . (i F§ NCBI Al DNA-
MAN X} 5 1 Fe81 #EA 7[RI LU 2047

1.3 EEERSLIG

S i FH AR B 9 5 R S DB R
WOzt . YL SCIR T, BT AR 65 A 16 1) K IR 5
R 30.00 + 0.50, Fifi AL HR 30 28 {5 11 ALt
BUfA [(40.50 +3.21) cm, (812.20 +25.71) g] “E-¥44%
BCE] 6 4~ 400 L By 284k Am . 43 5k 3 A i K 40
(SW, #hFF. 30.00+0.50, pH: 8.30+0.30). 3 i
WKL (FW, . 0+0.50, pH: 7.50 £ 0.30),
Al s B, 94k 3 8. ERLBIE TR H 9: 00
16 30 BMEECA RN, TE4RME 1 h 5 ERIS(H I
BRAR, RERE L Aok, HoK R 50%. Y4k 3 JE
JE AT ER BRI LI, K IR IK AR 5 T e AT
K, 10h FW-SW 4 ;4 i 7K 20 48 7 7 i A
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ROk, ich SW-FW 4l , 78 S5 oo 72 v i
[(16.00 + 0.50) °C]. ¥ fi# % [(7.10 + 0.40) mg/L] 55
SAFRFEAE

PEHGER BTS04 A A (Oh, 1d. 3
d A7 d), FEABFIE] 43T FW-SW 41 Fll SW-
FW 24 3/l BEMLE L 3 e fa, H MS-222
(200 mg/L) #EA7 BRI 5 B i), EERAZ, —
A T R R T R T I e B8 280 °C Ik
FPATE, JH TS 4: RNA O EG; B —880r T
4% PFA W A£ 17, [# 22 12~24 hJ5 ¥ 70% £ B
(DEPC 7KBL), [EEFE AT 20 °C UKFET, H
T IR SLHG o SLG T P BRE N B A R ST
Hh VR 2 T S s A F A BT, O
iz HE o A I R A A B B2 il 1) BB o A
7 (S . 20141201),

1.4 RNA {Z2BlX qRT-PCR 73

] TRIzol(Invitrogen, 3¢ [) % $2 HUAE i E 20
ZIRNA, i 1% HUIRHEEER IR RNA )
SEREME, FH BD1000 R SO € RNA HKIE
fift FH 2 %% 5% 38 ) (HiScript® T RT SuperMix for
gqPCR(+gDNA wiper))(Vazyme, ' [E ) ¥ $2 B 1Y
RNA Jz % 5%} ¢cDNA, fifi H Primer premier 5.0 X
4 J% Primer-BLAST M3 531 4E85 nee Ml nkee N
FESEPEE T 1Y), FE65 18S rRNA FERAE NS,
S F WL 1, qRT-PCR 5256 7 StepOnePlus™
Real-Time PCR & 4t (Applied Biosystems, 3 [#) I
AT, LIAEEEIA] 21 cDNA AR, 0 &
& ChamQ TM SYBR® Color gPCR Master Mix
(High ROX Premixed)(Vazyme, "H'[E), W& FR
A 2 x ChamQ SYBR Color gPCR Master Mix (High
ROX Premixed) 5.0 uL, [ FiF5I1#14% 02 uL, #&
Mt ¢cDNA 1.0 pL, ddH,O 3.6 pL, 3£t 10 pL.
qPCR SWAEF: 95°C30s; 95°C10s, 60°C30s,
72°C30s, 40 MEFF. A ] R S ZURE
A3 EYEEL, BOEMIR 3N EAREL,
FERH 2722 SR8 nee . nkee LR AE X2
KK

1.5 BRAIZ3ZE

i FH Primer premier 5.0 %X {4 F11 Primer-BLAST
WIS BETTAE ST nee2 Fl nkecla R OEREHG IS 19,
1E LU . R UFS 1Y) 5 SRS SPe A T7 J3 81+, 5l
PIF 5 I3 1, LIIEsREEZH 21 cDNA AR, {f
A 2 x Phanta® Max Master Mix (Dye Plus) i#f 17
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Tab.1 Primers sequence in the study

HEH 519537
genes primers (5'-3")
qPCR ncel  F: TGGGGDGTGATCCTGTACCT

R: AAGAAGTTGGAGATGATBGGAGC
nec2  F: GGGCGTATTTCATGATCTCC
R: AATCCCGCATCATGTCAACG
nkeela F: ACGCTCATCACCTGGAAGTC
R: TCAGCGCTCAGTCACAAAC
nkeelb F: CGCAGAGACCGTCGTTGAGATG
R: CAGCAGGATGAACAGGAGGACAATC
nkee2 F: ATCCTACGCCAAGTCTCCAG
R: GCAGCCCACCAGTTGATAA
JARL 2 A5 REl nkeela F: CCCAGGCTCTGACCTACCA
lgg'ug;‘égg R: AATCAGCGTCAGAGTCTTTAC
nec2  F: CTCATCCCTCCCAGTCCAGA
R: ACTTTAGGGGCGGAAACGAG

PCR S )i, i Sanger I3 56 U= 4 77 51 R PE
fifi F§ DIG RNA labeling kit (SP6/T7)(Roche Diagno-
stics, fEE) R FATHINE %, 53515 8 DIG #x
WCHYIE SO SRR o AT 1% BB i e e . vk
R BT A5 BREF R 52 M, FH BD1000 4% 2 43 Hr A
EGENREE, T80 °C A7+

[ 7 G 14) A s 5 2 200 o g i 4 2HL 2B K AL
(PPDT-12C) HH ik . 20, Wija 17 A .
I LEICA-RM206 Yl i ALiEAT Y, VIR IEE R
7um, 40 °C KA G E TRili#3 R 1, 37°C
PEAR T ML T o BET S L2 R o ] R
FUVRRBE 2B rh B SOk, A R R e AT
RS . 2385286, FIH NBT/BCIP {4 (Roche
Diagnostics, &) #4710 6, B8 L EE K f —
RS, PR E A, AR TS 2
¥4 (OLYMPUS BX53) 112,

2 4R

2.1 28 nec RRMEERFIIFH

TEAE Sy p g 15 5 2 S nee FED, B necl
Fl nec2. neel Fihy XK R 2 691 bp, Zfih 896
NEIERR, BONEH 7528 98.07 ku, S5 LA
A 8.57, nec2 FeH w751 (CDS) g it X K Ay
3120 bp, #ifih 1039 MR, FOE 5T i
4 116.06 ku, S5FHL S 5.90, fE8 necl . nec2 FEH
cDNA J7 %1 & £ $2 3¢ 3| GenBank, % 55 & OP
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004349-OP004350.,
22 REBFIILLX K REIRE ST

- HU AL NCC1 & JE/R )T 91 5 Hoh JLFh
BHES D HEAT RN L, S5 5RmE 1 frR, fEfs
NCC1 55 Rk P s (1 [ U514 e v b 85%, HLUKZ IR
8l 80% , 55 At A - £ 23 9 [R) IR 1 73%~79%,
5 B HESh W ) R DR ARl 57%. T00I i) A6

WS D. labrax NCC1 .MEJL[F[VGSDSVH

{edit L. maculatus NCC1 .ME[L|PAASDGVH
Jigh hetemcluu: NCCl - ME[L[PAANDNVH|
H es NCC1 .|-ME[LPVLSDVN
1 S TmbupesNCCl .ME|S[P[VVSDGIH|

G. aculeatus NCC1 .ME|S[P[DARNVVQ
i D. rerio NCC1 |-
A mykiss NCC1 -ME[E[VIPAAPNEG
N H. sapiens NCC MaE[LP[TTET PG D[
s cuniculus NCC AE[LIPASETPGD
LI G. gallus NCC ELLIPCAEP R

W D. labrax NCC1 EEDEEEQKEPPPE

AE8% L. maculatus NCC1 -

JE# | F heteroclitus NCC1 SEDDEDQKDPPP|

HAHH 0. latipes NCC1 EEDEDDQKEPPP

L6456 T rubripes NCC1 CDDEEEQKEP P PJE P
G. aculeatus NCC1 EEDEEEQKEPPS

B D. rerio NCC1 .KLLMKMEERSA|

ATEG 0. mykiss NCC1 DSSEDDVEEPQS

A H,saplcnsNCC GEAGTSSEKNPE[E

X% O. cuniculus NCC DEAGAGGEK.PG[E

ZLEXS G, gallus NCC

fifi NCC1 2 1 &7 10 > AH XA 57 1Y) 5 02 X
Fo5 A4 N-HESEARAL R, Hod R 3 Ml (NT. N3,
NS) TEHHESh Wy v s BELRSF . N2 I N4 > o7 s
e a2 rp ey, N1 T 25 BRISE X (K 1),
LTI Y A A5 R AN 2-a TR o 8 T A A8
NCC2 Z M 75 5 Ho Aty b A7 [R) 95 L %

REIR, 6T NCC2 5 HARFHENCC2 1) # A~
AR M e ok 81%, 5 BEH i NCC2 451~ W Al

HANPEDDSKPPI FETTGGQMEGGDS S

94
ETTAGOMEG. .
EETTARRMEEGDS §
EETTGEQGISGDS S
ETNAEPIRGEDS S

*E
=
5
&
Bl
z
Q
pjel

.. maculatus NCC1

G. aculeatus NCC1
D. rerio NCC1

L.

F heteroclitus NCC1

0. latipes NCC1

Jrbi T rubripes NCCI
G. aculeatus NCC1
D. rerio NCC1

0. cuniculus NCC
X% G. gallus NCC

D. labrax NCC1
. maculatus NCC1
2 heteroclitus NCC1

0. latipes NCC1
Jrbi T rubripes NCCI
G. aculeatus NCCl

G. aculeatus NCC1
D rerio NCC1

i
it
s
H
a
u
i
X

cuniculus NCC
G. gallus NCC

Es

D. labrax NCC1

. maculatus NCC1

* heteroclitus NCC1
0. latipes NCC1

Jr T, rubripes NCC1
G. aculeatus NCC1
D. rerio NCC1

0. mykiss NCC1

N H. sapiens NCC

IS 0. cuniculus NCC

i G. gallus NCC

vuRlG A G LGR
PMLGAGLGRIRPNY
vaIMA GL

D. labrax NCC1

L. maculatus NCC1

F heteroclitus NCC1

i 0. latipes NCC1

Jitii T rubripes NCC1
G. aculeatus NCC1
D rerio NCC1

0. mykiss NCC1

H. sapiens NCC

N
G.

- N RS
BrEEsETS
\W\fff‘}ﬁm

e

0. cuniculus
7. gallus NC

h=)

mucu/muf NCC1
heteroclitus NCC1
0. latipes NCC1

T. rubripes NCCI
G aculeatus NCC1

L.
F

O. cuniculus NCC
gallus NCC

H. sapiens NCC
G.

SISTISPAPLIRT.
SHNPTSAQPSVKT.

EEETE

[

19 19 1999t 19 g

E1 #esS5HAYFH NCC1 SEBRFIINSELL T

P v 2 A bR () TM1~TM10 AR FS BB HE X, N1~N5 AR PEEAL(

M AEXEOR AR X, 3R LIX

Fig. 1 Multiple alignment comparisons of the NCC1 amino acid sequences of L. maculatus with other species

The black frame marked TM1-TM10 represents the transmembrane helical region, and N1-N5 represent the N-glycosylation sites; the red domains are

identical domains, and the blue boxes are highly similar domains.
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Z I B R R R 60~68%, 5 256 HESh 1 (1) TR] PR
N 58%(E 3), TiAEHT NCC2 EHE&A 11 M5
S ARST B EARBE X B 6 > N-BEIEAL A7, Horp
A 3AMALA (N1 N4, N5) 75 HESh ) v B2 R
SF, A 3AI A (N2, N3, N6) {7 fifi 5 i 2
W BEORSE, N1 AT NS 07 F 5 B I8UE X (8] 3).
LT Y B L 5 R an 1E] 2-b BT o

23 RGHUESH

W HoAts JUFRP A HE S 1 NCC & 2R 7 51 5
e85 NCC R 5 — I &R G IR, 25
WoR, RS NCC Bl —H:, B S5
25 NCC1 A —H%, 3 — i il 125 NCC2
PN, IR RIGE R — L BE T AR S5 nee JEIH 4y
ARG (B 4),

2.4 ncc 1 nkee 7£58 . Rk EEAEELA O PR
1BIKFE 5 Hr

il 1 qRT-PCR X nccl . nec2 e . IRIKAE
iy i () R A TR . R EIR, neel 7E
E7K (SW). IRIK (FW) 68 i b i) 3k 48 T . 3%
25, 1M nec2 TEIR/KEILA L b i Rk W3 & T
MK ERLH AU FRIEE, 292 SW Y 3.22 /% (K] 5-a)

PR C 25 1 3 DB nkee FEH
(nkccla . nkeelb Fl nkec2)™ ., ASE ML QRT-PCR
XF nkccla. nkcclb Fl nkec2 12 . IR K AL &7 88
FFE RS TREI . S5 BIR, nkeclb Fl nkec2
FEMEK . ROKALE R A RIA IO R 22,
nkeela 7 7K BEAL 21 P (R 3634 B 2 35 T IR /K B8
HAUPFRIK R, 258 FW 1 2.13 £5 (B 5-b), X

52ZHiBF I FEAR — 0, DL RgE IR L, fEs
BB LY nec2 5 nkeela 43 ANFEE MR K . K
F35 B JE T o R R A R AR

2.5 T£80 nec2, nkecla EEEIHHHRIELE
T

Nt — T nee2 . nkecla TEHEK . IRKYI
e i G SRR, AR A DAk A ] B
) £ %) 65 20 2136 4T qRT-PCR #7617k 9l 4k
(FW-SW) i BEH, nec2 B335 2 B8 1 I8 18
e, HIRKEEANE KGN 1, 3. 7d, nec2 WKL
BB FHEZE0h 66.10%, 51.60% 5 37.95%
(1 6-a), HHIZ, FEEEARAKYIME (SW-FW) i FEH,
nee2 WA AW LIRS, Rk AR
KIGHI 1. 3. 7d, nec2 IIFXESH EJH N 0h
1) 1.58 7% . 2.02 £ 5 2.99 1%,

H2Z M, ARy Y, nkecla i)
TR BB LB, RIRAKEAEKEH 1,
3. 7d, nkecla® FiE & 45 LA 0 hily
1.81 1%, 1.83 £ [ 2.13 % (I 6-b). MR TEEEANIR
KIS RE T, nkecla BFIA R BT N IR,
HVER K AIRIK G 1, 3. 7d, nkecla MK
AT IEE 0 h 9 63.50%. 46.70%. 51.10%.

2.6 TE80 nec2. nkeela 158 RKEEFRYRL
Zr 32 EE AL

T 3 A A A8 AR X AL nec2 . nkecla 1216
K OIRIK BB L B B TR S, T7 MR
NARE, SP6 MIE L% B BN, nec2 FE
FENL TR K AL 5 688 20 21 (¥ AH AR /N F (B g i 22 |-
Q# M6 TM2 o
% L Gl d

TM105 500 & 24D
SR % h o s TM8
TM3 " N - < 3 L At
Wb o) AP ". a9, ™5
— i Ak ; i* Ve -
T™M9 — S N =, o P8

P ; ™7

(b)

2 &85 NCCl(a), NCC2(b) HITME B = 4454
Fig.2 Predicted three-dimensional structure of NCC1(a) and NCC2(b) of L. maculatus
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Red triangles are used to mark the NCC amino acid sequences of L. maculatus in the phylogenetic tree.
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Situ hybridization localization results of ncc2 and nkccla genes in gills of L. maculatus in
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situ hybridization results of antisense probes of nkccla gene in gill tissues of L. maculatus in freshwater and seawater, respectively; 2, 4, 6 and 8. negat-

ive controls; the black arrow indicates some positive signals.
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Expression and localization analysis of ncc and nkcc genes in gill tissues of
Lateolabrax maculatus during salinity adaptation

WANG Zhiyuan, LIJinku, LIYun, WANG Lingyu, QIXin, LIJifang, WEN Haishen"
(Key Laboratory of Mariculture, MOE, Fisheries College, Ocean University of China, Qingdao 266603, China)

Abstract: The ncc gene encodes Na'-Cl™ synergistic transporter, while the nkcc gene encodes Na'-K'-2Cl syner-
gistic transporter. Both of them belong to the solute carrier family12 (SLC12), and play key roles in the osmotic
regulation mechanism of fish. In order to explore the roles of nce and nkcc in the osmotic regulation of spotted sea
bass in this study, whole genome identification, multiple sequence alignment, phylogenetic tree construction and
protein structure prediction were performed to identify the ncc genes of spotted sea bass and analyse their sequence
structure. The expression levels of ncc and nkce genes in gill tissues were detected by qRT-PCR, and the sites of
expression of ncc2 and nkccla in gills of spotted sea bass in freshwater and seawater were determined by in situ
hybridization (ISH). The results showed that two ncc genes, nccl and ncc2, were identified in spotted sea bass.
Their CDSs length were 2 691 and 3 120 bp, encoding 896 and 1 039 amino acids, respectively. The expression of
ncc2 gene in gill tissue of freshwater fish was significantly higher than that in seawater, while the expression of
nkccla in gill tissue of seawater fish was significantly higher than that in freshwater. Moreover, the expression of
ncc2 in gill was gradually up-regulated during freshwater adaptation, while the expression of nkccla was gradu-
ally down-regulated. Meanwhile, the opposite expression trend was showed in seawater adaptation process. In
addition, the ISH results showed that ncc2 and nkccla genes were located in the epithelium between adjacent gill
lamellae in freshwater and seawater, respectively. The above results indicate that ncc2 and nkccla genes encode
important Na'™-Cl” transporter subtypes in the gills of spotted sea bass in freshwater and seawater, respectively.
They can be used as specific markers to distinguish the spotted sea bass in freshwater and seawater, and play an
important role in osmotic regulation and salinity adaptation.
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