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(K22 A 5 (22 TRESE R, K ARSI E F7-15 i B2 180 p 4 T R SR, Kb 410022)

W N TS IR SR IR T 4% K FE24H 55 R F 1 (Nuclear factor-erythroid 2 related factor 1, nrfI){E ST
AL e R 1 P, S8 [ YR 7 B SRS R 1 TR 51, CFF TR SEAE A 1560 bp, 4ifidS 19 R IR &
AL 50 M R W Bt nrf1 5 | Sk 5 (Megalobrama amblycephala)i#E A 5% R o St nrf AT HHRIE ST,
25 B S TR TAE T A 3Rk 7K B v, Fe = O JIE R T8 (P<0.05) . BT Y20 BT 27, TE9: 008 nrf 13815 7K
i HA2 2 1°3:000 12:00. 18:00. 21:008124:00(P<0.05). 4 w5 ZUMHE 4b P 24h F148hIN, % Fj #1 A
nrf 13k RIEAR 2 05 mg/L)ZH i 2 20(20 mg/L)4H H 323K 5 AR T 0 HE 20 35 W 35 T 51 (P<0.05); HARZ &4
nrfl 23k B A 240 B Z G T & B 4L(P<0.05), 117 fE48hI &35 i T & AL (P<0.05).  BLA, BIF 5248 FH 3Rl AS
[F & IR CERY . SRR R DAl X B AT AR K S, RIAEFRAE G 14d. 28dF135d, A A Hnrf 138
5K B 3 T 0ok 41.(P<0.05), Hrh28dint SR nrfl ik B B m T M 4AL.(P<0.05). 4 ERrik, B
nrf 15 DR 36 15 LA AL VR S, L2 B /K A S SR P A e 2 1 VR T 42, T 90 SR s £ K15 DR 1) 4 T4

fiE S FPUE AR R B AP K D REBEE 1 B SE Al .

K nfl; R ERE; REMNE; EAW NEURN; EfA
X EHS: 1000-3207(2024)03-0461-08

hESHES: Q3441 CERFRIRES: A

23 2 N A2 i B P AR AE 32 31 N ARSI %
IR N e S E s o g NAR VA & Ny 1
ISHAR I N FRES, R, XL RS PEIR
RGN R G A, BT s A Kk BE,
B s E et K IRa R b, R
RIFHRZF . o, 783 EEAN IR R,
B B ORRE R HE 470 10 A A 2 i 1 26 52 B R 4
PR EUME, 2 EUPE 2 51 R HAR N EAL LU N,
HROE AT B A SR 8, T B MBS B AR T
FIED Y phah, Bl S R A TR, T
PUE TR T I AR AE, A 2 3 iz iE b B 4
L, 5 B I S, 15 RSO R

5 [ 53 K] 1 1% IRl 1 B2A4H 9% Al 71 (Nuclear
factor-erythroid 2 related factor 1, nrfT) 2 Bl 14 7% &
1% i % CNC-Bzip (cap 'n’collar basic-region leucine

Usis B HA: 2023-07-28; 1&1T HHA: 2023-10-11

Dm0
T
s

zipper) K N L 2 — el CNC-BzipZ % 1% 2 H Al
£l 5 Nrfl (Nuclear factor-erythroid 2 related factor
1). Nrf2 (nuclear factor-erythroid 2 related factor 2).
Nrf3 (Nuclear factor-erythroid 2 related factor 3). p45-
NFE2 (p45 Nuclear factor-erythroid 2). Bachl (BTB
domain and CNC homolog 1). Bach2 (BTB domain
and CNC homolog 2). SKn-1 (Skinhead-1). CNCZ%
A7 nrfI] ZAEET SRR S A, S ik
WA & T PRI . TR E 5 PR AE
7, 24 1 20 MDA 48 B () 1 9 k4 2 A A
WEFER W, Wb /N B IG h nrf TR KUK 2 3 BUR i
e, e b U B A T A SOA4H B nrf 13 A
I, B 4 P 46 3k 3 2 35 42 75, Chen 3%
B nrf TR R (/0 SR 5 0 B I A B, Rk naf T
JHF 0 2 A 7 B R SR S BSO8R 70 B,
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JH- 400 PR B R B R T2 AT AL G BT o LK = B H 1
5 R B, FLANE X R (Litopenaeus vannamei) & N
TEAEF nrfI F VU R GR, % R GAE N R
I SRR JBE G 5 R S8 AR B2 BORN P T DY) I 38 I 1
e A e m B MR KPR (Addandic killi-
Sish) M4 8 (Sparus aurata)Z AR AL EE, AR H %
21l T B, 1B 2IK5 BEHZETHG N, HHRIE
BRI R S T R A R,
H 11 AR A R TR K o TR R 4> 7R 5 1)
e PRI T AR

i (Ctenopharyngodon idella), J& 81 H #E 7}
rf g, RV RKMAZ —, & HArd EFRE &R
KMk Geigr 2K, B e P SR I 3R
AR AR i, B SR I AR T IR
. B E S R T K AR S R A A Y
Z 1) 1) AR R A RN, AN R R, KRG
TR AR P o) LA v T AR TR R . AR
S LARE SO SEI X R, e b B A8 f 17 A CDSIX,
HEAT WG B 2200 A5 SR F SR 5% 58 EPCRELAR
(QRT-PCR)HFAT % 2H 21 v 220k & 1) 3 A ks U5 32k T
I 2R B iE S IR AN [F) & YRR 9R
ARSI, R T B AR N naf 1L DRI AE AN [R5 7R A1 2R
SRR AR AR AN TR .

1 #RERE

1.1 FFFASCIOFNLA LR BN

S FH B A T I R 4 K P RS 7T AT (T R,
HHE). BT I 7E 4% 1 5K IR 820min, SR )5
BRI = NIEOKIEE RS, 1E IR SLI8 TP 4R AT,
WATE BT = NI KIRE R 5211500 LIF
FAGTH R FR Y2 8, A8 7 ol DR R F R IR
(8:30H1114:30). SIS EIAFEAEWI R A KD T KD
Bz NIBH/KTHER G, YEHE A B N12 L/12 D(8:00—
20:00), KR R(Q28+2)°C o A3 MM KA AR Z A,
WE>7.0 mg/L, B %<0.1 mg/L. pHN6.5—7.2,

FrFE S U6 45 R, S 56 £ AR 24h Ji5 43 ) M 4% T
i, £MS-222 (50 mg/L)FREE, UK _E i 5 BURE AH ¢
MR B JEH AL BN B R R, SR 5%
2 -80°CIR1E, HETHT.
1.2 nrflESERPNREERNFERHENE

SIS R TR = WK IR R ALY 2 5,
AEEr04h, FENLEEUR /NG . {8 BER I RIS 2
11(30.00+0.45) g4 MS-222 FR I J5 UK b fifd 3 g £
AR, . OBE. ERE. BRAE. BRI
41, DS nrf1 I R IERA IR Fonrf1 RIE &
BT IR, 40 I AE ) 1 R 8Nt [A] 15.(03:00. 06:00-

09:00. 12:00. 15:00. 18:00. 21:007124:00)F Hl
HY 3 ¥ 1. (30.00£0.45) gff 3 HUH AT 2 24, @ i
qRT-PCRZ Mrnrf1 HIZRIE K-
1.3 SEMEXTE BT i 1EERIEHF T

K& s (E 255 7], i) A KA = Jik
FE, F B3N X RAE R BRI E K
A~ AR B (EEIKRE NS mg/L)F = & A (R
B 20 mg/L), BEAAb 3 2H 53 e 34 S5 7R A
BLo SZOG FI K A% fro4h, W BUNAR ) — . f@ Bk
LRI BN (30.00£0.45) g, FRE 5 BN % 9256 97
FEHT(100 L), FREL 1SS, 4 BITE SLI0 FF IR
JG0. 24hF148h, FFHLHE IR, MR M, E T
qRT-PCRX T B 1) 01 BT 25 2% i i3k AT 58 R 3Rk
IKE53HT 6
14 ARIZEABEME&IEERIENFI

SIS T 3RS AR SR EEEAEA
[F) P S 38 AR, SIS T 5 an 3R VBT R, 430l A ok
(FM)4L, SZF1(RM)ZLF1 S A (SMY4L . BN Ab B 40
3APAT, BEASTAT 15 S5 £.(30.00+0.45) g, 2K H
EWNEP K AT 7RG, B H T-8:30H114:301 5 e
2R (EFRFH LI IT IR 5 14d. 21d. 28dF135d, &F
S R fr, UK RS U E 4121, 43 F qQRT-PCR %>
Wrnrf 132 DR (R A G R IE 7K
1.5 RNAREUFAcDNASE X

{8 F Trizoli 7fll(TaKaRa, Kusatsu, H4<)FH F M
B KA R4 B MARNA . 8 FH 1% 55 IS i H
VKM ERNAJT & . 83 73 6O T (BioPhotometer
Eppendorf, Hamburg, & [ )PF i RNAF 44 B Al ik
F¥. Z@PrimeScrip [ £ 5iA7 f(TaKaRa, Kusatsu,
H A%) 1t B 455 B —HEcDNA.
1.6 nrfIEFETE

LG, B B UL IR G 4HZ{cDNAYE
IR AT nrf 15 R v B« 2 FNCBIL &L A A 1)
B A8 T A R B 125 DR G B R < X 41, R
f4Primer Premier5.08X 1415 11 70 [ 51 Y1 (3R 2), I+Z&
FEEER R A BR A A G EE, FEDA KRG .
X cDNARE AR 2T PCRY 3, PCR™ ¥ F 1%35 5 H%
Yk Jz FEL KRG U AN 43 B, FDNA [RTUSCR 7) 5 (R 3,
WIFE, BRSO 44 H FIPCR&“ ), 4 B 724
E $2 3| pMD19-T# {& (TaKaRa, Kusatsu, H 4). 1,
IR 5 e A B B2 A5 K AT B DHS o4t i, 36 #6RH
PE e % HH R A RHE A BR A =T . PCRI Y
K Z(25 uL): 12.5 pL Premix Tag " Hot Version, 1 uL
¢DNA, 1E 51 #1%1 L, 9.5 uL ddH,0. PCRY™ 14
FE e 94°C T 4% 1 3min; 94°C 4% 14:30s, 53°CiE K
30s, 72°C ZEf# 1min, 3MEH; 72°C LEH 7min.
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PCRHE

TM,J—,

1.7 ZRREEE
fi Ffi Bio-Rad CFX96 52 i PCR % 4 (Bio-Rad,

R 1 AN RCFEMTIR, %)

Tab. 1 Formula and chemical composition of diets (dry matter, %)

J5 Bl Ingredient fRYHFM GHIZSM  EHIZARM
£ 8 Fish meal 42.00 0 0
ZH Soy bean meal 0 59.80 0
SZH Rapeseed meal 0 0 65.50
T4 Wheat flour 15.00 15.00 15.00
417 Fish oil 1.40 5.00 4.10
FKIEH Corn starch 14.00 4.00 1.50
o-JEf a-starch 14.00 4.00 1.50
JIEH Choline 0.11 0.11 0.11
ZYELH TR premix’ 150 150 150
R R B CMC 3.00 3.00 3.00
£F4E 3 Cellulose 8.99 7.59 7.79
it Total 100 100 100
b Z 41 B Chemical composition
# 2 [ Crude protein 31.05 31.08 31.08
HMAERT Crude lipid 6.01 6.05 6.03
KL BE Energy (MJ/kg) 17.21 17.68 17.69
7K 43 Moisture 10.78 10.05 10.70

2 R (mg/ke B R 4EE KB, 0.02; 12 R4S,
50; ﬂl 3,55 IR, 100; WLEE, 100; ZEWIEK, 0.1; 44 & B, 20; 4k
A E By, 20; 44 FK B, 20; 4EAHD, 2; 4EAE KA, 11; 4L RK,
10; 484 KE, 50; 44 K C, 100; B R — 445, 7650.6; £ 4k &,
3412; FLERAS, 1750.0; BRlR T4k, 2286.2; ALY, 500.0; BRlR4E,
178.0; i fk 8%, 8115.6; iR — & 4T, 16000.0; 1 — & 44,
12500.0; Bi BE 44, 0.91; B B2 4, 15.5; B lR 4, 61.4; LA IR 44,
0.60; BULA, 1.5; T KFEH, 889.7
Note: 'Multi-vitamins and minerals premix (mg/kg feed):
Vitamin By,, 0.02; Calcium pantothenate, 50; Folic acid, 5; Nico-
tinic acid, 100; Inositol 100; Biotin, 0.1; Vitamin B,, 20; Vitamin
B,, 20; Vitamin Bg, 20; Vitamin D, 2; Vitamin A, 11; Vitamin K,
10; Vitamin E, 50; Vitamin C, 100; Calcium dihydrogen phos-
phate, 7650.6; Cellulose, 3412; Calcium lactate, 1750.0; Ferrous
sulfate, 2286.2; Sodium chloride, 500.0; Zinc sulfate, 178.0;
Magnesium sulfide, 8115.6; Potassium dihydrogen phosphate,
16000.0; Sodium dihydrogen phosphate, 12500.0; Cobalt sulfate,
0.91; Copper sulfate, 15.5; Manganese sulfate, 61.4; Sodium
selenite, 0.60; Potassium iodide, 1.5; Corn starch, 889.7

%2 ATE&nrIRERENRNEEEPCREISIYIFS

Tab. 2 Primers used for nrfl cloning and RT-PCR of
Ctenopharyngodon idella

SIAATR S5 &
Primer name Primer sequence (5'—3") Purpose
nrfl-F CAGCCGCTCTGAGTGTGTTT BE R v
nrfl-R CACGGGGGAGAAATGAACAA ~ J°ne

cloning

nrflRT-F  CAGATCGTGTTAGCAGGAGA I;WC?EE
nrfl-RT-R ~ CAAGTGTTACCGTGTTGTCG qRT-PCR
B-actin-RT-F GAACACTGTGCTGTCTGGAGGTA gggmi
B-actin-RT-R CTTGGGTTGGTCGTTTGAATC qRT-PCR

Hercules, CA, 3& B )& W nrf1 3 K R IE K. L5
IR B-actinfE N ZFE A, 1 F 44 Primer Premier
5.0 TR YE S Y, SIM P I LE 2. PCRIR
JSi44 £ (16 pL)A: 1 uL cDNARIHR, 8 uL 2x SYBR”
Green ProTag HS Premix (8 B3 3 R AE W) TREA R
AFE, KD, IE R 5% 0.64 uL, 0.32 uL ROX
Reference Dye (20 pmol/L), 5.4 uL ddH,0. ¥ #EFE
J¥: 95°C Fil 2% 1 10min; 95°C 15s, 60°C 1min, k47
40MEFF . qRT-PCRSZ I MO 4 FH 2 VAT 40
1:)_*[‘[17] 5
1.8 EfnrfIF55H

{f FINCBI{E i #2 /57 ORF (Open Reading Frame,
FHAE) Finder (http://www.ncbi.nlm.nih.gov/gorf/
orfig.cgi)fE M 2 = 1% /¥ %], F34di HH ExPASy (http://
www.expasy.org/tools) il 73+ & F 45 H fi . I H
SMART (http://smart.embl-hei-delberg.de/) il &
gitig. FIFHMEGA 11T RIABHEIE T 2 E L
KR R Gt AR
1.9 BRI

{5 FH SPSS 19.0%1 4% e B £ 4w 1E 4T BRI R T
Z= 5 HT(One-way ANOVA), i ik Levenef: 56 % £ 4
AT 77 Z R LM 3 A, SR 5 48 F Duncanf 50 31T %
H AL, P<0.05FRIR 2 7 i 35 SEIR 45 IR R <~
YMEEFRAE IR (mean=SE) & 7R o

2 £R

21 BfnfIRfES5F55H

28 45 3K 5 2035 bplt) & fh nrfl 3 K
%1 (NCBI GenBank & it 5 : OM867543). AW 51 7%
[ 56 1IF i CDSIX N 64—1645 bp, % i 519 & Jk
2. 5> 5N55470.24 Da, S Hi b N5.05. A& 14
pfamis, HINrfl DNA-bind.

TENCBIH LUXT 2 R 7 41 KB, B fnrf1 5
St 1) — BUME 1599.42% .. RGN LR F A
(Ctenopharyngodon idella)5 4 3k i (Megalobrama
amblycephala) 5 N — 3¢, SRR R, 5 HAhf
KEN—iE, 58 N(Homo sapiens)~ /N A B (Mus
musculus) 75 115 W5 JE S8 (Pongo abelii)%s i FL.3)]
YoRG ok R E0E (Bl 1),
22 BEfafTRARIIEANERHERIA

K F qQRT-PCR) M7 Bt 1 1. 23 53 A7 FNE YT
HRE . Fhaf AR AR 2f7R, F0
nrfIAERENE . s O BRE. RAE. AL
HRIE, FHLAPFRILER B3E 2 7(P<0.05). nrfl
FE IR B fe e, FLOR e 50 0, SR )5 R AT
A, B AL b2 23 kKPR fIR(P<0.05)
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JH R nrf 135 PR 08 B AT A a0 8] 3R, mrf 15
Rl R I8 A — 2 B, B2 R24h. nrfl 3R
I8 AE 15:00% 24:002 T £ # %, 75 24:00%2 9:00
£ A, IE7E9:000k B — KR IE & 1 i KME
(P<0.05). nrfIf 3£ & 7K 1 7E 12:00H1 24:00%% 11K
(P<0.05).
23 SEMEBXME&F a1 EERIEHR M

HH [ 40] L, 28 %0 5 % i 24hE48h, nrf1%: K

69 Sinocyclocheilus grahami
Puntigrus tetrazona
Carassius auratus

Cyprinus carpio

96
Pimephales promelas

I: Megalobrama amblycephala

98 Ctenopharyngodon Idella
Danio rerio

36

Chanos chanos

Alosa sapidissima
Megalops cyprinoides
Bos taurus

Mus musculus

‘ 100

100 Canis lupus familiaris
Homo sapiens
99 .
87 Macaca nemestrina
87 Pongo abelii

1 EET A FYRNRE |2 502 7 51 R 2 1 3R G A R (N DY)
Fig. 1 Phylogenetic tree of NRF1 in different species based on NJ
method

¥ (Ctenopharyngodon idella), 13k 15 (Megalobrama amblycep-
hala, XP_048011329.1), & ith 4 £k B8 (Sinocyclocheilus graham,
XP_016126853.1), J& K fii(Puntigrus tetrazona, XP_043093061.1),
fifl (Cyprinus carpio, XP_042596182.1), 4 fi (Carassius auratus,
XP_026064951.1), 2 L% 1 #5(Pimephales promelas, XP_03952
3995.1), Bt & i (Danio rerio, NP_001315469.1), i H f4(Chanos
chanos, XP_030632471.1), £ E Fhfdi(4losa sapidissima, XP_0419
34793.1), K% (Megalops cyprinoides, XP_036373867.1), /NA
B (Mus musculus, NP_001348621.1), 751 1ZEIEFE(Pongo abelii,
XP_024105969.1), & N(Homo sapiens, NP_001035199.1), 4*(Bos
taurus, NP_001091471.1), IR (Canis lupus familiaris, XP_03854
2091.1), K BB ME(Macaca nemestrina, XP_011722190.1)

o d
g 127 1
g 10 ¢
) & I
;’ré%g be
=2 ¢ b
*;ﬁ 4 r a ﬂ ab
2r a
: o es
[T RN S R 1

Liver Gut Heart Kideny Spleen Brian Muscle

B2 nrfl 28 R R AL Rk R
Fig. 2 Relative expression of nrfl gene in different tissues of
Ctenopharyngodon idella
ARG BERIR B M 2 R (P<0.05), T IF)
Different lowercase letters indicate significant different (P<0.05),
the same applies below

T TEAR R (S mg/L)A A= Z A (20 mg/L) K IE
HIEE FTHP<0.05); nrfIE R R B, &5
F.(24h) H B2 2% E R (P<0.05). 7E48hiH K& &
B nrf1 ik B 2400 Il ik B T4 .
24 FARIZEBBREMNE&fIEERENZMN
W sHroR, AR B ORIE X nrf1 ik B B
FRM(P<0.05). {EFRFE G 14d. 28dF135d, ¥
T8t 355 BRI SRR 2L AN R ZE ARG T fR0R 2H 35
PR 3 1 R (P<0.05), H 1 28di &K 2 nrf13R 1K
R T Ok AN SERIZH (P<0.05), 21di = # 3R
I8 BN % 2 57 (P>0.05).

25 1
520
i 3
25 15+
K5
210
* s
£ 05t
0

3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
[} 6] Time

3 A AEnrf 1 BB T
Fig. 3 Circadian rhythm of nrfl in liver of Ctenopharyngodon
idella

25 ¢

o c

£ 20 I 74 5 mg/L
mg X3 20 mg/L
X E 15t ¢
® S
Ee 10t b b
o
=

0 Lmes |_L| L M )
0 24 48

i} i) Time (h)

Bl 4 B RUM B O R T 1 ik PR 235 [ 52
Fig. 4 Effect of ammonia nitrogen stress on nrfl gene expression
in liver of Ctenopharyngodon idella

40
o b CJFM BEJRM K3 SM
2 30F o}

g

X &

KRS 20+ ¢

= = 0t b
felf 3\

0 7N 2N
28

14 21 35
I} 17 Time (d)

5 70 [ E EYROS B i T 1 DR R T A R I
Fig. 5 Effects of different protein sources on nrfl gene expres-
sion in intestine of Ctenopharyngodon idella
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3 iTig
3.1 EfaurfIXAFYISH

AT T M o o [ f T cDN AT TR AR
(Open Reading Frame, ORF)[X & 241560 bp, 2w il
S19MNE FEWR, 724 — A Nrfl_DNA-bindfi 5F 45 #)
. ) (Carassius auratus, XM_026209166)F/ fifl
(Cyprinus carpio, XM_042740248) ORF[X & J&
1518 bp, BL D f1(NC_007115) ORF[X K J& | Ky
1545 bp, 5 A LW FiAHL. NRF1 RS K & W 45
BN, B 5 S8 58—/, HNRFUF A5
KA AL B v, SR SR 5 T -5 T L3 A 1A AR AR
PEMAAR, SR B0k . X AT RE-S 2 Wit B 8 et
FEA %, nrfI1E NLEOS R o R 535 A [F 1) A= B D) e,
DME T 201 A [R5, 55 R TR 47
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CLONING, EXPRESSION AND STRESS RESPONSE OF NRF1 GENE IN GRASS
CARP (CTENOPHARYNGODON IDELLA)

MO Yu-Jian, YI Cheng-Lin, XIAO Yang-Bo, YANG Li-Quan, SONG Shi-Hang, ZHAN Rui-Jie, XIA Hao-Yun,
SUN Lin, ZHOU Luo-Jing, QU Fu-Fa, TANG Jian-Zhou, LIU Zhen and CAO Shen-Ping

(Hunan Provincial Key Laboratory of Nutrition and Quality Control of Aquatic Animals, Department of Biological and Chemical
Engineering, Changsha University, Changsha 410022, China)

Abstract: Nuclear erythroid 2 related factor 1 (nrfI), a transmembrane transcription factor, plays an important role in
anti-oxidative stress in animals. In this study, the nrfl gene sequence of grass carp (Ctenopharyngodon idella) was
obtained by homologous cloning, with an open reading frame (ORF) spanning 1560 bp which encoded a polypeptide
consisting of 519 amino acids. Phylogenetic tree analysis showed that nrf1 was closely related to Megalobrama ambly-
cephala. The tissue expression analysis of nrf] revealed the liver as the primary site of nrf] expression, followed by the
heart and intestine. Circadian rhythm analysis showed that the expression level of nrfl was the highest at 9:00 and
significantly higher than that at 3:00, 12:00, 18:00, 21:00 and 24:00 (P<0.05). After 24h and 48h of acute ammonia
stress treatment, the expression of nrfl gene was significantly upregulated in both low ammonia nitrogen (5 mg/L) and
high ammonia nitrogen (20 mg/L) groups compared to the control group (0) (P<0.05). The expression level of nrf1 was
significantly lower in the low ammonia nitrogen group compared to the high ammonia nitrogen group at 24h (P<0.05),
and significantly higher than that in the high ammonia nitrogen group at 48h (P<0.05). Furthermore, growth experi-
ments on grass carp were conducted using three distinct protein sources (fish meal, rapeseed meal, and soybean meal),
revealing that the expression level of nrfl was significantly higher in the rapeseed meal and soybean meal groups
compared to the fish meal group at 14d, 28d, and 35d after feeding trial (P<0.05). At 28d, the expression level of nrfl
in the soybean meal group was notably higher than that in the rapeseed meal group. In conclusion, the expression of the
nrfl gene in grass carp exhibits tissue specificity and is regulated by ammonia nitrogen concentration in water as well
as dietary protein source. This study provides a theoretical framework for elucidating the molecular characteristics of
the nrfl gene in fish and its pivotal role in mediating antioxidative stress response.

Key words: nrfl; Gene cloning; Ammonia exposure; Protein source; Stress reaction; Ctenopharyngodon idella
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