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miR-192 R F 5k fa b F M E B R RIEREER

ERRY, KR, EHB, AR, B 5

(L. RS /K™ RS I A A S M O R 900 3, Bilg 2013065 2. RiFIEAE R K™ s 4 7
O b PR QU L, B 201306)

= RSN IO EE R AR R IO R B S AR miRNA S0 ) 77 25, 5 miR-192 7R %
B E 411 ( Oreochromis niloticus ) 22 B IR AL %S W38 TR VE T o 45250 ANF - (1) SERZOGE & PCR SE80 3R, 18
SPERE N (6 /L NaHCO;) B F B k40 6 h J5, il 41 20h miR-192 {35 B E T M, i g ia | A 3R
(solute carriersl6A7 ,SLCI6A7) 323k .2 FIH (P <0.05) ; (2) f& 2B W= B4 A i 3] SLCI6A7 W fE 52 miR-
192 (HREEIR ; (3) ISR B R 55 40 & I miR-192 45 5 SLCI16A7 1) 3"UTR 454 (4) M % miR-192
i fE ,SLCI6A7 BB FIH(P <0.05) . JFET miR-192 £ 57T Je & B 4 fo iy 25 2 B v g g8 4 5
F2,SLCI6A7 j& miR-192 (1 EHEFE A, iR W] miRNAs 4% e B B 9 07 24 585 i 1) 3 FHLs4R I T — ¢

A o

F IR . BJE A ; microRNA; B F B HEf; miR-192; SLCI6A7

PESES: S917.4 XERFREG: A

b ] A R AR K R, T R 2l
6.03 x 10" m*"" {ELFF % i FHI X e K, i 8248
(K =SB A ERAK LA R S pH
BALEE T80 18 A0 2 A S R LU AR
K RE 5 R & AR R A SN B P R R, A A
HCO; \CO;™ ZF55MRM, OH ™ 45aRAk 1L &% NH, 45
SSTRNED T, TR SR KA v 32 B DLtk 2 42k B8
N E A A AT KR AT
AT R 1) e 1 B % /K 2B AR ) LA R Y
FMERCC B RS I pH 2% ik
RO B E Tacmagl”, RBY
g 4. ( Oreochromis niloticus ) J&=—Fp )~ Eh Pk a2,
ARSI 2 AR T et 58 2 A #008  Fh vk i R i
R vt [ A 9 HL O ek B S5 ML AR
PR BRI ER BURE e T, I 2K B BT, B AR
JA SRR 5 A A mE A& R S W 2 5 8 4 i
GRIE" L B a0 £ R e B B A R
A0 M B R R IR Y. Bk R BF A ( carbonic
anhydrase, CA) MY CA L CAIV 5 BT {4

%5 H #: 2020-03-03 &5 H #3: 2020-05-30

XK K& H (solute carrier family, SLC ) 1 ¥
SLC4A4 (SLC26A6 Z: 54 il F B Fi%is B
B

microRNA (miRNAs) J& — 25 PN P . a4 dE
i/ RNA'™ . miRNAs 32 L5 3 55 403 PR 11
3'AEBE DX (3'UTR) AT AEAS 58 AT X , 410 i 5
WAL 2k . BFFE %W miRNA |25
Sahyy R & R IR BE L R FEAE
HP A 7 B miRNA 38 R R
RIE RN AR R A . TR
BB A 5T & B miR-204 58 5 FE 1) of 4
M iz Az 4 Bl T ( vascular endothelial growth factor,
VEGF) Wi AR 4038 ' miR-30c 1 miR-206 43
1) 308 1<% B ) FR T3 19 (heat Shock Proteins 70,
HSP70) A1k & 2 4 K K T (insulin-like growth
factor-1,IGF-1) 3% [ %35 1% A5 4k 22, miR-21
3 3oL B ) 0 A8 PN B A K R - VEGFB i VEGFC Sk
25558 RO e > . ARSI A T ek o
I H A e B TR 6 B2 38 S5 2 3 £ S 2H 21

EETB : ERKARPREIES (31602128) ; RO ™ M B AR R LI (CARS46) 5 E¥#H 3 AR 24 (16ZR1415300)
EFE®IIT: SRR (1994—) 55 WL A A7 s 2 AR B fe T e E-mail :619044862@ qq. com

BEEE: & &, E-mail;y_zhao@ shou. edu. cn
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H 67 225K B miRNAs, I 455 SE 9301
5 PCR %} 7 4> miRNA (miR-122 .miR-192 .miR-
194a . miR-24a , miR-30d , miR-143 FI miR-155) j#
15 T HIHIETE AEL 1 A XS A AL Ak P 47 IR
AT

P miR-192 IR AN HAEJE & B 0 2
BB 38 HR A P, 1 ek L SE 5 E B PCR
R AE 2 VER R Jia Je B % A0 )5,96 h Y R4
2k miR-192 [ RIRAL . FIHIEYE B R
I miR-192 FyEEEE B, I X #E I 4T KEGG 8
FEIIHT o TEARZ 0] E Y KK PR Hp O 3 v
iB7E [ (solute carriers16A7, SLCI6A7 ) F:[H ¥E47T
S E i PCR WG R B A5 5250 LA K3
PRAR N T S miR-192 $10 1 770 5 56 30— 20 B FE R 1]
KFR o AW NIRY] miRNAs P45 g 2 B HE )3
AEFUEE JBIR 3 1% G 1 R AR AL A A S e i

U RPRS ik

1.1 ##

e e B B AR IR T B R B
£ BT B I, (AR BT RE S (110 £10) g, 8
IR T ARG B KRR N, B K E I R 2
KBRS 2 S R BT 5 1Y 3% o i 58 423 1y T
IS, Pk HEAS X5 &) AR J5T i ) A 1A T J2 ik
JEMHA LR, ABEIE L FIE R S 5L
TR P2 G ot v
1.2 RRERELS FEAfE ST

SIS RAE A 60 cm x45 cm x40 cm [FIEEE K
R, SI256 FH B K B2 Ay I i, £ B 058 4 IR OK
AT NaHCO, (43 #74k) , FasE 48 h J5{di .
SEOAT 1 d A5 R RRVE, SEEG TG IR £ I TR
K B 2R R 2H v AT SR 2 PO
10 Bfa, & 3 MEE, THHEE 0.6.12.24,
48.72 F1 96 h RAE, A B RARLT-HE,
BAEEHR B,

R TS5 25 2R, U B IR K 2H FW 058 5 41
AW6(6 g/L NaHCO;) , S5 I 18] a5 K 4y
B o TCESE UG , FHR A 12 00 7K AT B2 47 0
L, FW ZH680% 7 2. 01 mmol/L, AW6 £ fis %
68.60 mmol/L,
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BUpA S 0,612 .24 48 F1 96 h [y ffiZH 23t
FT SR POLRE e, Kl miR-192 H1 SLCI6A7 1974
ki, O h HARHLUH T miR-192 pyHLRIL
IR

1.3 & RNA i2EUE cDNA &5

FIFH Trizol 32 4 Bt J& % %7 9 £ 1Y) 5 20 21 5
RNA, 42 B A 5§ /™ #% $&% B8 TRNzol-A* Reagent
(TIANGEN) Ui W B84, L) 1. 5% WY BRARWEEEIL
VKA RNA SE R, I 00 7 Joid o ok 38 S 4 3
RS 1 ng/pl -7 T - 80 CUKFI# . 2
0 hWg BB R i i i O LA IF VB I R
1.6 RNA, F T AR KA o

P $R A B RNA 28 1. 5% [ B S A R v
DRAIN RNA TG [ fifp 2%l A5 G 4500, IRk 32
RSN 72 ) Agy/ Aggo J9 1.8 ~2..0, ] i FJi5 22
L

{8 FJ Prime Secript® RT Reagent Kit with gDNA
Eraser( TaKaRa) i &5 )i SLCI6A7 1) cDNA 25
—HE, VA FREE—, Bk RNA 377 ) DNA
(10 pL) :5 x gDNA Eraser Buffer 2.0 uL,gDNA
Eraser 1.0 pL,RNA 1.0 pL,RNase Free dH,0 6.0
wlo 55 AR cDNA 25— (20 L) ;25—
AL HEH) RNA 10. 0 L, PrimeScript RT Enzyme
Mix [ 1.0 wL,RT 5|#) 1.0 wL,5 x PrimeScript
Buffer 4.0 pL,RNase Free dH,0 4.0 pL,

B miR-192 [) cDNA 25 —4% 56 2 D i
miR-192 RT 5|¥) % RT 5|4, H4x[6] SLCI6A7
cDNA 2 —HE 5 i

il # f1) cDNA LRAFLE 4 CUkAE, T )5 2L 58
%o
1.4 5|4igit 50k

AR s e % 2 4k 1 miR-192 1], 5%
FHAE AW TR B0y A BR A W) S ALY 2230 7 91,
i ] Primer 5 11253054, L U6 snRNA
HNZSEER

B B-actin VE NS LR %) SLCI6A7 ¥it
1. 51YE LA Primer 5 B3t i B4R T
AW TR A A PR W5 . 1E4F 3"UTR X 5
TGRS H P51 YT, it il PCR
SR UE , 7 I E BRI 1,
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Tab.1 Primer sequence information

514 Primer J¥%] Sequence
E3 14 GCGCGATGACCTATGAATTG
R192 AL EIL] AGTGCAGGGTCCGAGGTATT
e — GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTG
K GATACGACGGCTGT
ERE Y CGCG TTTAAACGTGTGGTGAACCCAATGTGC
SLCI6A7-UTR — e
GG GC TCTAGACAGCTTCTCCGTGTCTGGTT
EmLIY CTCGCTTCGGCAGCACA
U6 snRNA
AnEILY] AACGCTTCACGAATTTGCGT
) NAEEILY| CAGCAGATGTGGATCAGCAAGC
- Cli
Bractin ALEIEY TGAAGTTGTTGGGCGTITGG

TE: FRIZIR Dra 1 Xba 1 BYBEYIALA AL PRAP I (519 B9 3 1L 508 bp, 2T SLCI6A7 HE[F 3'UTR 45 1 004 ~ 1 511 bp

A o

Notes : Restriction sites of Dra [ and Xba | are underlined, sequences marked in bold are protective bases ( Amplification length of the primers is

508 bp, located at the 1 004 —1 511 bp of the 3'UTR of the SLCI6A7 gene) .

1.5 XpRAEEE PCR

ffi I TB Green™ Premix Ex Tag¢™ ( Tl
RNaseH Plus) 187 & #4796 & & PCR, (A
ZUTF (20 pL) :TB Green™ Premix Ex Tagq™ ( Tli
RNaseH Plus) (2 x ) 10.0 wL,PCR iE[#3[4(10
pmol/L) 0.5 uL,PCR /[0 H 5% (10 wmol/L)
0.5 pwL,cDNA 2.0 pL, JC RNase fifi7K 7.0 wL, JZ
MAEF:95 C 2 min FAEP; 95 C 15 s A8k,
58.5 C 1 min JB KFEM, SO 4T 35 DB

Bl o3 >R ] CFX Manager 801FHEFT o HEZR
(L I R0 12 47 BRI b B B 3, B SO
BE 3 A PATE . AR S P4 B P BR A O
SN AR RASZIG Y RIS R it 274472
ARk,
1.6 NERBBEBEHMESEE

¥g3E pmirGLO-SLC16A7-3"-UTR XX %¢ )t & [ifF
W # K. AR ¥ Ensembl | By 3E H P A
( ENSONIG00000016934 ) i# i3 RT-PCR J7 &34
SLCI16A7 3 3'UTR B, fif 1.5% BL)l5kE
BEWHLUK 73 H PCRSCN 7= 4, 3 X6F 7= W) sk A7 4
6. i Dra 1 F1 Xba 1 3F264LRY PCR P4y RIZk ik
PEAT XYY, ARG T4 Wi % 4 (& $m) PCR 774
59 R B B R BE R B2 B 100 1, % 4%
RFRN 10 pL) o FFEE YA DHS o B2 35
LA 7 P T A i, U A v Dk A 0 1E
J& 3RS AN PP S o S IE A Y A B AR A 44
>N pmirGLO-SLC16A7-3'-UTR,,

WE % ¢ HEK-293T ZHfitg : 5k FH 24 fLAR AT
BESR RN S < 10%, Ml 10% fR 4 il
7 (FBS) () DMEM K F: 5L T CO, KiFefrp 55

F2 7637 C 5% CO, ZFFH:3: 24 h B0 5
JEik 70% ~85% WIT UG e gs. ¥e4esry 3 4.
FH K pmirGLO-SLCI6A7-3"-UTR (Xf M4 ) \H
20 2§ & pmirGLO-SLCI6A7-3’-UTR + miR-192
mimic ( KbFEL ) FH 4 A pmirGLO-SLC16A7-3"-
UTR + miR-192 mimic NC (4bF3E NC 2H) ., 54
I 4 AL 6 P47, e 26 I i R 0k, R 25
pl OPTI-MEM % 75 367 F¢ 1 plL Lipofectamine'
2 00057018 2 (B% YL i) , L 25 L. OPTI-
MEM 5% 5= 5/ B 1 pg miR-192 mimics %A
mimic NC Ff 787010 2) (AL PR B L F ik 4b
MBS AR B h R RIRSE T
FURIFE S min, ARG R FUASE 5 W) 2 40
W e 6 h JE R i OPTI-MEM Ry R 78
37 °C,5% CO, XA THEF UMM 2 d 570 ik 4
e NS 1 RS
1.7 RARBBREERRSKN

{8 Ff Dual-Luciferase® Reporter Assay System
( Promega ) i3] £, 7€ Promega GLOMAX | £ ]
FGIR 7o #5 x PLB M Bl | x PLB £ J], Hilj
4 LAR T 1 Stop&Glo Reagent [ Wik . F-2=1HE:
IRk, JH PBS W5 ¥E 2 i, BESLIMA 100 pL 1 x PLB
2R, B THEIK I 15 min, #% 50 pL LAR II
A 1.5 mL EP 45+ B 10 wL 40 f 46 WA
EP 4, B TSR 55 A 50 L Stop&Glo
Reagent, FEYCE A4S , KI5 5o AR 75 7Y
Ak HDOGR G IG M E F (firely luciferase) Jz Vi
B 7 NC R B PE{E R (renilla luciferase ) , 31315
HARXT PO R BHEE ACT = F/R,
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1.8 FIE& M EST miRNA H)H) 7] L1

T | #5359 R G A B R K (O BR4L) Al miR-
192 G (AL FRZH ) o $EHT ] RNase-free TGTH
KA B miR-192 004§ 7], 55 B2 3 R 3 5 5 it Ry
500 wL ) miR-192 #1FIFE B8 (200 wmol/L)
X BEZH {8 FH 500 WL 0. 65% A= FEER K . SR i
TS, R 2 R TS 3 d, T I ) [ . B
BIER 1 UG 96 h 5 IUVLAY (B S R TZH 2k
A0 £
1.9 ZitZ4aE

SEREE R T SPSS 17. 0 B F i AT 523t 4>

o SIMTEERR AV ME + FRifE2E (Mean £ SD)
i%m,éu' P<0.05 WERRERFARAGIFE
X

2 4k

2.1 miR-192 Mj&YE B F S HANBERE TN
{#i i} miRanda 1 RNAhybrid %} miR-192 fJ#¢
FED AT RN, I P ) 45 SR AT KEGG i B
WESHT(P<0.05) , WK 1, &5R 87, B
FEEE PR 7E 50 05 18 52 AH G 38 % ( biosynthesis of
antibiotics .

protein endoplasmic

reticulum ) F1HK 19138 #% ( carbon metabolism) [ {7
FEAE, WS pS3 Wnt FoxO 555 5 18 % AH G
HE%I%WJ A, SLCI6A7 H#E ) 2545 A

PP B[R] I 0 462 T 3" UTR (9 XS (181 2)
FEDN HE B miR-192 P2 #0 [ 9857 19 W] REMERCR,
PRI $% SLCI6AT AR 0 5 225 uE S 5L

processing in

PUERIEDIER Biosynthesis of antibiotics [

PR LT Protein processing in endoplasiic reticulun

FoOfis &3k Fox) signaling pathvey [

Wit 3 Wit signaling pathvay

RNz RNA transport S

Bt Carbon metabol ism

L SpLiceosone

SRR Oocyte meicsis

TOF-betafs T@beta signaling pathvy

Jak-STAT{Z 5% Jak-STAT signaling patiwey S

I metabol ism

FeE Adherens junction [ 1P

IR EYIETR, Biosynthesis of amino acids EG— N g

FUZEMIBR IR A R Ribosane biogenesis in eukaryotes FEG—_—— 7

VR Glyoolyms/Gllmrmgenesm I 6

piciel Lysine degradation ENEEGEG—_—_— 5

P53 i P53 signaling pathway F 3
Notehfs i Notch signaling pativey FER 5

ﬁi@ TR, REMR#  Valine, leucine and isoleucine degradation A
R Tryptophan metabolisn A

FRIRRRACT
HEWR, 2508, 7
%ﬁgxi$ NEBRAA Alanine, aspartate and glutamate metabolism FRNMMNN

Citrate cycle(ICA cycle) SR

HETHES Phototransduction SR
ez Hedgehog signaling patiway FR—
NRIRSEK Fatty acid elongation FRN
R Glyoxylate and dicarboxylate metabolism R
BRI Pentose phosphate pathvay
Sl aaT Protein export F—

0 40 80 120 160 200
ZEF & Gene count
1 FNEEEE KEGG BHREESHE
Fig.1 Enrichment analysis map of KEGG pathway for predicting target genes

2.2 miR-192 AR FKIKIL

B0 h &AM 411 cDNA 3#£17 PCR ¥ 14, %
PHG 7 AT S FL kRS N A ) HE A 4 3R R
W, mE 3 A%, miR-192 7E'5  WLA O BT .
1 S AR rh AR IR, A AE B R th Rk K
SRR . 8 Tmage J XSRS L Tk S5 AR 5 JE 1E
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frasa, WK 3,
2.3 miR-192 #1 SLCI6A7 £
R ERLE LR PR IE R

miR-192 1 SLCI16A7 7rH B fifie T i 20 21
IR IE 4 iR, 72 AW 1, miR-192 ik
F R, SLCI6AT (3535 B3 F Tt

EMiBT 96 h
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GE5FE -87.57 k]/mol
HEAEME 1044
SLC16A7: 5' ¢ CCCAUCGCUC A
GUCAG CAUAGGUCA
CAGUU GUAUCCAGU
3" CGA AA A
(a)RNAhybrid# /4 B 45 1
Prediction result of RNAhybrid

miRNA:

miRNA: 3" ccgacAGUUAAGUAUCCAGUa

SLC16A7: 5" gcccaTCGCTCCATAGGTCAa

S5 BEE Energy: —65.657 kJ/mol
(b)miRanda®k 4 T 45 51

Prediction result of miRanda

2 MTEREE SLCIGA7 MTRNLE R
Fig.2 Prediction of the target gene SLCI6A7

L5 O Fw

X RIE R

Relative expression level

0 6 12 24 48 96
I Time/h

(a)miR-1927EAW IR IX
Expression of miR-192 in AW

ORI BT« UK ZER R (P <0.05)

“ % ”above the histogram shows significant difference (P <0.05).

B OMA e O W
niR-192 L BTN N

200
o 150
Q
o 100
50
0 B BA o F 6
425
Tissues

3 miR-192 BARAREE
Fig.3 Tissue expression of miR-192

»
=}

—
53]

X RIE R
Relative expression level

‘(D o

o o

(=

0 6 12 24 48 96
WA Time/h

(b)SLCI6ATTEAWH (IR IX
Expression of SLCI6A7 in AW

B4 miR-192 f1 SLCI6A7 ZEEBLHLR 96 h KK RIE
Fig.4 Expression of miR-192 and SLC16A7 in gill within 96 h

2.4 WRARBBERENHESLETE

AR miR-192 7E SLCI6A7-3" UTR 1 #L [ fi7
MBTTE Y, PCR 774 28 SR W GE I H Uk S8 7
— 4Ky 500 bp {554, 5P K (508 bp)
R, I 45 UIESEIZ W 36 R 5 91 56 42 TIE 4 o
pmirGLO BAR 2 B MEAL , 8 A H Y A
B, 4 pmirGLO-SLCI6A7-3"-UTR 3% ¥ 2 [iff
FEHEM, R NEAZS I E, 25
SRV A B R B WUN A BRI
WIS,

2.5 BObEREEFEMERN

AL Xof HE 2 RN AL FE NC 41 349860 H 5%
EREAN RS N DD o AR T (A RP OIS |
4L H NC 4H., miR-192 mimics i Z L T
pmir GLO-SLCI6A7-3"-UTR X% 3t 2 i 4 15 20 14
R MRE . WK 6,
2.6 FIEEMAKRESH miRNA HH] 7 L1

Sy gi A K (XF B4 A e miR-192 41
Tl CAbFRZE ) o (B CE UL miR-192 Rk
Bz 230, Rk KPR (P <0.05), WK 7,
SLCIGA7 R BE FFH(P <0.05) , L 8,
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2 000 bp

500 bp

A. pmirGLO-SLCI6A7-3"-UTR %< ¢ & B it 45 2 {4 ; B. PCR
7475 M. Marker.
A. Dual luciferase reporter of pmirGLO-SLCI6A7-3"-UTR; B.
Production of PCR; M. Marker.

E5 IRAStERREKER

Fig.5 Result of agarose gel electrophoresis
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=&
E.E 0.5
=
=
£ 0
FWR IR 4L FWEST4
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(c)#8 Gill

FEARIE 05« "R 225 3 (P <0.05)

“ %" above the histogram shows significant difference (P <0.05).
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AR RO B
Relative luciferase activity

=1 [

(@] o

(=]

Sof A AbBEAH AbFEZENC

Control Group Treatment Group NC Group
Sz Group

R L7 = "RFEERBFE(P<0.05),
“ % 7 above the histogram shows significant difference ( P <
0.05).

6 WEHEMELAT

Fig.6 Detection of dual luciferase activity
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N RIEER
Relative expression level
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_ 15
5
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|
£
<o 0.5 %
23 —
E 0
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FWt HR 4 FWE S 41
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7 {&RNES miRNA #5758 b miR-192 fRiE

Fig.7 Expression of miR-192 in vivo injection of miRNA antagomir

3 ik

W9t % W1, miR-192 & — Fh &5 £ ~F 1
miRNA , 7EAE W) A KRB % A= 03 2 v 2 4
FEF, i 28 AR AR eh, miR-192 (353K
B TR, HER M) SLC39A6 2 553 Al i 4% R ik
RO e NG5 B 9 40 i v, miR-192 5 b $12 fi]
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C-X-C e Jp a6 I 7 Be ik 2 3 P (C-X-C
chemokines 2, CXCL2 ) 1l 595 40 MIE #5776 K
5 d, miR-192 171 3 &5 ATP 45 & & B ( ATP-
binding cassette transporter, ABC) 3£[KZ: 5% 48
SR A 2 3 R miR-192 FEJE B B R
P L L UL PR RN 20 28 3 20K T e
J I8 T A S 2H 21 e 1 3 8 B I ) 2R O



334 JAISER 4 miR-192 15 )& B 2 4003 245 B2 ih i v 1) ik S I 413

XF miR-192 F L AL A (4 KEGG i ¢ & 45 70 #r
KB, miR-192 PRLIEIN 5 Z A HEE 5L T
(foxO signaling pathway, wnt signaling pathway
55) IR U (lysine degradation %) \HTAE R
1A -6 il ( biosynthesis of antibiotics ) | PN 5t ¥
AY7E H 5N T (protein processing in endoplasmic

&
<

'?'; %
Q
oy

= 2.0
)
g
=2
EQ ]..0

B

=

Q

=0T mwma FWEEA4L
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Expression of miR-192 in Nile tilapia in response to alkalinity stress and

verification of target genes
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Abstract: In order to explore the role of miR-192 in response to carbonate alkalinity stress in Nile tilapia,
real-time PCR, bioinformatics, dual-luciferase reporter assay and miRNA inhibition in vivo were used. The
results were as follows: (1) The real-time PCR experiments showed that the expression of miR-192 was
significantly down-regulated, while solute carriers16A7, SLCI6A7 was significantly up-regulated in gills of
Nile tilapia after 6 hours acute alkalinity stress (6 g/L. NaHCO;) (P <0.05); (2) Bioinformatics analysis
revealed that SLCI6A7 might be the target gene of miR-192; (3) Dual-luciferase reporter assay showed that
miR-192 directly regulated SLCI6A7 by targeting its 3’ UTR; (4 ) Inhibition of miR-192 significantly
increased the mRNA level of SLCI6A7 in vivo (P <0.05). In conclusion, miR-192 was involved in the
adaptation of Nile tilapia to alkalinity stress,and SLCI6A7 was the direct target gene of miR-192. This study
provides a basis for exploring the mechanism of miRNAs in the response to alkalinity stress in Nile tilapia.
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