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FE: WREEA T A 25 A (stearoyl-CoA desaturates, SCD)J2 B A1 FAS I 2 25 1 1) 6 Bl BR o ity & 76 85 e
I T 2B B . IR U R A R i S SR A T R PR B . TEAREESE ., FIH RACE HARTRE T HE P IEM
(Oreochromis niloticus) 524 scd ¢cDNA J¥31, qRT-PCR 4#T TH A FKk S . N TIRIE sed ZEEATIRE, FIH
CRISPR/Cas9 Hi R H scd HeN R BRBED AR, W58 T Fy AR AL N kA8 1k, I8 A w8 g Tt 52 06
BAE T sed FERBLK G BE D M BRAC I A I HLE] . 25 R BoR, % & P Ak sed cDNA J¥34K 1333 bp, HofuE
173 bp. 1008 bp. 152 bp AY SRS X . FFRL B ELAEA 3 AR AADIX, Zth 335 MR . scd F&PR7E M FME v 2
A0 110 55 AL BV R AT 2235, FEIFIE N 23kt die s, LR P 28 3k it B I . P FH CRISPR/Cas9 4 T sed Jk DR i85 1) BiE
tf (Danio rerio) B FEAT U REIRIE, 5 EF A4 RI[SCD™ VBT D4 A0 L, 44 B [SCD VBT & 14 i #F 0 B I K .
Western blot Fll QRT-PCR 45 5 i /R, 5 SCD™ 4 BE 1 Al b, sed F PR AE SCD V4 BE 5t o 36 34 i 3 [ AIK (P<0.05),
H SCD 1 SCDU 4 B T £ 23k 4 185, 1 - FEAK(P<0.05), 7 Ei N8 4A %} (high fat dietary, HFD, JEIi& & 16%)
T, 5 HED+SCD2 V4 B 2 # AH 1, HFD+SCD3 )20 5 Iy 47 JIT 25 27 41 g vh 21 4 1§ ¥ B B8 /b . qRT-PCR %%
WK, sed FENESIE, 5 SCDYIHBE DL mAR L, SCDUIHBE DL sed mRNA Fiki W E K (P<0.05), i
SCD L BE Lt fiFIE Ipl . fas. hsl mRNA ik i35 i 25 T4 (P<0.05) . 545 M XS RE 41kl i BE 25 e AR HL, w80 B
)R 4 MR BE S T = O sed mRNA ik 504 fas mRNA F3k 5 (P<0.05), BFFTEE R sed HeH R AT L
L7 it 1o R RS VLR BRE I 00 PO 4 B I AR, sed F2E DR A £ 28 i W R A S5 R B I 5 P mT e & #E T AR A .

A DAt WEARMLANNG A KRG DIk BETf; CRISPR/Cas9; HRSTICIH
FEDES: S961 XHEkFRAERRD: A XEHE: 1005-8737—(2023)01-0011—14

& P Ak ff.(Oreochromis niloticus) i T HAR
S AR PEREFIPT T, B AR e Y 3 B R
fEmy T, ARk, BRI S AR
(et e JRE P, 45 b QI o A 35 N i )
W H &)™, 5 B e 052 R T A8 ik i
WA AEIET:, B, b TRy SR % R s
FRPERRIT G, 1 AR B ARG L H

K BH: 2022-07-12; f&I1THHA: 2022-08-05.

il g LA A 221 AT (stearoyl-CoA desatu-
rase, SCD)J&—Fhil 7 g B0 Sk ms ™, 15
D AR b4 R E A A, TEAE AR AR (C16:0)
IAE S 2 (C18:0) 12 A i1 R (C18:1) 1 4% Al il iR
(C16:1) (g aod A v oo 24 T, 5 o doh i R
PR I =T . JDE T AR B P 5 ) 7 e
T BN A R G i R (monounsaturated fatty acid,

ESWA: FXARRFESTH(31502143; 32002363); FEKZREAWFFT B E AR 45 2% 4 3 (2020TD37; 2021XT08).
EE R SEHE(1996-), &, LR A, PR K Y4 AR . E-mail: fit17865815919@163.com
WEESE: R, U6, Uo7 K= AR, E-mail: qiangj@ffre.cn
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MUFA), X481 SCD 2 5 & W1 MUFA 5% i 45 2
0N S R s SN = N AW [ AW e R e
PR RO 8 R A (Puntius tetrazona) scd-1 3R TE
ML AU T kTR A, scd WTRES S T RFIE M
FENG DT IR 1 G LA o 7R = IR IR B 5 T/ B
BRI, sed JERRID T S N g T 2H 2L
Fefl, BRI T e B R ARPT, JF W kg 7L EAR
SR, e H R R A R ol mT A S R
72 % 1 (Oreochromis aureus & % O. niloticus
QPRI B AR O sed KL g B RR
R, HAEMETRH, scd 3 HFRIE 30 AT LR
#EJe B % Ak fa LA H MUFAs (9 294 MY, i
MUFAs eSS FEARATE | PR 17 A e AT A5 722
Vi, Xt T 1D R 22 A B i E B A A R
XEEHF5E R scd HE R AT BE -5 Bg i s 2 A8 b 2%
DIAHOG, (B HAE )R oA b i e L A7 98
it = TR TR

Bt (Danio rerio)E R & & H W) H 5
By, BaaE i, &ZEduE L4
S R, R E SRR IL T S A, W
JE RS AL (1 i e s MY ARk, BETh
C 7z W T REACEAE G e i g v, N
BIMAE . WAEVERR WG . AEWORG AR Wi . 27 4k
b IFEELE . A S, HOR 280 o 4R
AAETEI R EHE, WO 23 0 I B SRR ™ A K5
WY R, AR AT A B A A O B X 4,
K HI RACE AR & AR sed JEH BEAT 7
B, 3T scd DI ZHARAAE LAy @ b it Ak
B, T BE D A rp JE AT AH SC Th RE B9 ik . 8 i
CRISPR/Cas9 HARXHEL 1 scd Fk K HEAT G4,
WIT sed TEBED e 7 ACH P A= EH], LU
N sed AT B R g5 BV A SR 3
AR

1 MRE5FE

1.1 Ik

S5 A e [ E KR S B iR K il
WFFE PO H S FE M, S T R 1R A 5 N
450 L PEFR/KIAFRABOKIR 28 C+0.5 C, pH 7.5+

0.2, BA =6.0 mg/L)F &% 2 il A KA MA
5% TR A B IR AR A PR A
Al B =35%, MAEN =3%, A4 < 8%,
LR 2y <18%, 7K1 < 12%)F ¥k (8:00 Fil 16:00),
[, BPAER TU 5 RBE a0 H E KB a5
P rpry, A H PYR(8:00 F1 16:00)45% M R i e ek (10
A I AR TR R T ot . AR 50% . A
W5 8% . £F4E 3%, K3 16% . /K4 12%), fEFGHR
KRG OKIR 28 C+0.5 C, pH 7.5+0.5, 1AM
7.0~7.5 mg/L)F 34k 2 J .
1.2 HEFTIESEE RNA BIRIRE scd EFAEE

Bt ML 36 BRUHE i 27 JE f0 (TR EE 2 500 g)%% 9 2,
TR BE JFR e (MS-222, 200 mg/L)J, il e i
TN N1 N 7 I = S I SN 521773 =7
Jig VR B OFS B2/ 00 B 21 2, AR RIS, -80 C
PRAF T scd NIRRT

$Z 8 Trizol Reagent [ H 7 NE & Pk
o T SUREA PP G RNANY RNA [y5g ik
PR IR 5 >R FH B I A% 22 52 Al NanDrop 43006 EE
PRI . U429 A9 A RNA AR, FIH
PrimeScript' ™ II 1st Stand cDNA Synthesis Kit ix;
R G AT R %, IFI % ) T-20 CUk4E
RIS, S NCBI FAF SR % B AL sed
I ) mRNA JF 51 (XM_005471382.2), # H
primer5.0 BT MR ). HHEEPE
) cDNA WM, X sed FED A Ia] - BEE T 5
[, PCR WK 95 C 3 min; 95 ‘C 1 min,
59 °C 405,72 C 40s, 30 MEFF; 72 °C 7 min, K
PCR W) g5 alifk, PR REE AT . scd
FE 5N 3 A ARy it AT e e T
1.3 BOf scd EFE CRISPR/CasO B¢ R
131 scdEZEREFF4H  FIH NCBI ORF Finder
XF scd FE PR TF ] SEHE (open reading frame, ORF)
#EAT#FFE, NCBI BLASTn 5 BLASTp 4540 Hr
HAZFR . YRR . 7€ GenBank 347 [R] YR
¥2Z, RH Jalview. Clustal 4% Z ¥R Y scd
FE RN 2= FE R 7 4 Ll xF, i MEGAT7.0 (neig-
hbor-joining #)#4 & AL I 73 BT LA A W]
RS2 S ENRuvslins
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Tab.1 Primersused in gene cloning
514 BIIFHI(53) vAHER
. .  ar amplification
primer primer sequence (5'-3") target
scdF, GATCACACGTACAAAGAGAAAGAGG  scd partial
scdR;  TGAGCAAAGAAAAAGCCGC ;eéll‘ience
scdF, TTCGTCCCAACTCTGCTTAGG
scdR, TGGAGATTCTTCTTATCGGTCGT
5"GSP1  5'AGCAAGGTCAAACGAG3’ scd 5" PCR

5"GSP2  5'GCTGAAGGGACGACGAAC3’

5"GSP3  5'CGTAAAAGGCTCCTATGTGC3’

3'788-1 S'CTTGGTGCTGAACGCTACCTGGCTG3'  scd 3' PCR
3'788-2 5TGGGGAAACAGGCCCTATGACAAGA3Z'

scd-F  GCCCCAAGCCTCCTATGAAA sed
scd-R ~ CCACCATACACGAAACACGC qRT-PCR
fassF AACCACCCAAAAGACGCGAG fas

fas-R  TGCTGTTGCTTTTTCCCCGA gRT-PCR
hsl-F CGGCAAGGACAGGACAGT hsl

hsl-R  GCATGGAGAAAGAGGAGCT qRT-PCR
Ipl-F CAGTCTTGGCGCTCATGTTG Ipl

Ipl-R  ACGGGTGTTGGTGTGAAGAA qRT-PCR
p-actin-F ACTCAGGATGCGGAAACTGG -actin
p-actin-R AGGGCAAAGTGGTAAACGCT qRT-PCR
1.3.2 sgRNA #=RESE R WA B AR R G I

HARACHL, EFE 24 hpf A9 BE Dok il 55 HARJE
2l DNA $iHz . 76 NCBI & BE L 1 sed FEPH 5L
A5 B, i ] CRISPR 7&#ki% i1 T. B (http:/
crispr.mit.edw/), 7EBEL A sed FEH A =M 8T
JPHI T sgRNA, ikt 4 5% sgRNA (% 2).PCR
R 95 C 3 min, 35%(95 C 30 s,
56 ‘C 30s,72 C 305s),72 C 10 min, 4 C., LA
|+ PCR ¥R JH PCR clean up(Axygen)iz il & it
IR . MIGAE FR AN S AZRR Ak, B—IK
(4 TS E R 2 14 pl o S Asniill [ i i, SR A 1 pL
(ISR RRHBE L (1%) AT HLIK, LA LT o

1.3.3 sgRNA Bk EER FIH T7 RNA R G
FEAR N S 2l Ak AR o #ie RNA RSN SR £

% 2 sgRNA FE7l
Tab.2 sgRNA sequence
%1 (5'-3") sequence (5'-3")
GAAGGCCATGGAGTTTCCGA
GGAAAGATGCGCAGAGGTAAAG
GGCTGCAGGCGTTCACAGATTG
GGTGGTCTGGGCATCACTGC

£ FR name
scd-sgRNAI1-F
scd-sgRNA2-F
scd-sgRNA3-F
scd-sgRNA4-F

AU R, MK 10xTranscription Buffer
2 pL. 10 mmol/L ATP 1 pL. 10 mmol/L CTP 1 pL.
10 mmol/L GTP 1 pL. 10 mmol/L UTP 1 pL. T7
RNA polymerase mix 2 uL. #&4t DNA 12 uL, &
LRI, 37 ‘C/K# 1 he A DNase I (Ambion,
USA)1 pL, 37 ‘C/K¥# 15 min, FE/S A 80 uL
DEPC /K, [FRIINA pHS5.2 9 TCA% R B 3 mol/L il
RN 10 pL DL 3 AR JEK O, B F-80 C
UKAETPITYE 24 he 4 °C 12000 g £5.0> 20 min, {3
2 W, A 75%0) AL R LB, 4 C
12000 g #.0» 20 min, £Fk LIE)E, UOE T8 X
fEl T, FELL 20 pL JCA% R BB 4K B 5 617
T80 CUKFI& M. R 1 puL MBS HEEER (1%)
HEATHLK, DA A L
134 35 scd EFERBRRTEMMFIE KN
SRR 5 ) 4 25 £ T RGO % OB ) A7 A
B, B 4 SRR E SN 100 ng/uL 1) sgRNA Al
200 ng/uL 1Y Cas9 HEHFL/MRG, 7ERME T T
ABEE 052 K5 0, 145 ARG 1 nL,

¥ LR Py FUIRRRIRI IR B, SR )5 ol it
FIMERE 1 He 1 ACHE, 645 FyWRAG . Xt F AR
HEAT L DR RS, B A 485 T R Rl R A R AR AR A
BB Poo BEHUIE R I BHE Py #E47T A 3,
¥ FORIRRSRE 2 Ak, SeiRmE, BT
scd FE DR G 8 1) 58 8 AR ) 0 2 o

¥ Fy 19 SCDY (=74 bp, M58 1A 5 scp™
BE L AT AC D, WO Fy RGO B T 15528 °C
FIRINEE TOIH MR ASE; AR EY 2
ARSI AT SRS B LA 3 sed 5
A5 (=74 bp)F, SCDYIBE L T 1 4 1 2L, 3
15 Fso [Rl—HEVK A0 15 5 a0 76 10 10 8] 45 R IR
PR, 1ERXT iR .
1.4 WD &EFEEMTR

PEBUE K& RIFM Fy SCDYVBE D fa, B
LAY M 2 H(BF4H 3 4> 20 L fafin, B faft 15 2),
E R A (DO=7.0~7.5 mg/L) 51 F#53%, sCD™
BE Ly frfm] 1o % R ZE S 6 2 4 S ) MR X e e
(normal fat dietary, NFD, RgH; 7%)Fl & A5 15 &}
(high fat dietary, HFD, H5HT 16%). URLAEDEH il
VEL TR R IR oy A, 60 H I8 M 5 43
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FREIRA G, IRUMATMAZEIEK . AR

A 2.0 mm PR ELIREE R R HLEDRL, K TS Y

WORLR i 22 K0 BE 7E 20~40 H, TRBHMBAAE—20 C,

TEPBHAL PR ILER 3, F R (8:00 F1 16:00),
%3 ARNEARERRS

Tab. 3 Feed formulation and nutrientslevels
%

J5A} ingredient NFD HFD
KIG W45 5 H soybean protein concentrate 30 30
EKFEH corn starch 36 36
K2l sunflower oil 7 16
A4 EK vitamin mix 0.3 0.3
B A YEE mineral mix 0.1 0.1
S MLIEFH choline chloride 0.3 0.3
i MR lysine 0.15 0.15
FF i Z R methionine 0.15 0.15
R FLLF4EEK carboxymethyl cellulose 4 4
2 4E & cellulose 22 13

E F% W47 nutrients compositions
A8 lipid 7.3 17.4
#E H Jfi protein 36.8 36.8
KAL) carbohydrate 34.6 34.1
JK moisture 8.5 7.9
W #)J5T ssh 2.5 2.6
15 HARRE

F IR MR 45 5, FEALEEE NFD il HFD
1 SCD" R SCDVBE Lt 4% 27 (RN FRAHGI 4
9 J&), WRELRREE(MS-222, 200 mg/L)J5, HIBCHAHIE,
RN 34y, Ho L& THA 4% 2%
HHEE Y EP & e A 2 I 7ER A, —80 C I
17 FF )5 %L qQRT-PCR Fil Western-blot 525K
1.6 BFAEHI O BV HMH &

R ZUE 4% 2 TP EE P [ E 24 h )5, 70%
LMK, Zead 20% R /K 24 h, OCT fu 3, 7£
20 CH&M TN YIRUEREH 15 wm A4 H I BFE7E B
b, Gk ZE KA 60% SN R LS, Far
Pett 15 min, ZRIBAKMPE 30 s, HIRAREE G
3 min, 7E)G2F R AUEE T WML
1.7 LB EEE PCR &l

PLBEBCAY BE D fa B RNA B, fif
HiScript III RT SuperMix for qPCR (+gDNA wiper)

R & (Vazyme) 5 Sk AS cDNA, 53
%A H 42 °C 2 min, 37 ‘C 15 min, 85 C 5 s,
MR 4R IRATF I BE L sed JER VLK Ipl . fas F1 hsl 4
FhIER )P H] 11 PCR FER51H1(FR 1), DL p-actin
FEHVEANZ ., it qQRT-PCR FL AR sed FeH
FBRBE R sed . fas. hsl F Ipl VUFPEEH
mRNA 57281k .qRT-PCR 34 ChamQ Universal
SYBR qPCR Master Mix i3l & (Vazyme) 17 #2 1,
PCR R4 R 95 C 30s, 95 C 3 s, 60 C
30's, 40 MEHR; 95 C 15 s; 60 C 60 s; 95 C
15 so BEANFER B 5200 3 Ik, MRIEDEEE = PCR
MASHY C M, A 272 EI 4 JE N mRNA
(AT I i
1.8 Western-blot #il

Western Blot ¥l 22 % Qiang 25" 5Y, HX
0.1 g BFh PR U By i, A WHES 5 A
1 mL 2K [ 51 4% % (RIPA), ¥k | Z4f#% 30 min, 4 °C,
12000 #% 250> 15 min, WEE FIH LR 247 EP &
AR R (P AR, VL) A R AR
HEAWREE; ¥ 20pg BEACE 6x T e mm e
5% TN s Tt 22 58 I FBL JK (SDS-PAGE) 75 |- RE 2%
WAR A)7E 100 Chn# A ¥E 10 min, &
SDS-PAGE #EJiE . 80 V, 15 min; 100 V, 60 min H ik
JFi; 120 min, 220 mA fHFEE L, BB EAE 10%
RS 2 WA AW 1 h, PBST Pk 4 ¥R, 41K 8 min,
T 5% 16 1 B 5 4% 5 P41 I — BT (R ¢ LE 491
1: 100055, 4 COKAR LK o &I =Pt (7 B LA
i 1:5000, RBIE)FEIRY 1 h, F PBST ik
[ F; % Immobilon Western HRP & Y&i 5|
(Millipore, JE)#H 17 A, Odyssey X (ALLHPDE
AR R G, GAPDH 2 NZE M .
19 SirpthAE

S5 B SR FE S E R R (x+SE) R o Fl
FH SPSS 26.0 Gi i Xt S A e it g T B E kA T
AbEE, Jeffi H Shapiro-Wilk il Levene K556 43 M7 4%
P () IE A M A 22 R S, SR 5 (8 R OBUR R Oy 22
A3 MRS R A AR SCJE RAE 4 ANAS TR 4L 531 ) 1) 22
S e, Hop P<0.05 B 3 225 sed FENTE
ARV U0 22 5 1 A R B R 2 7 22 40 B ik
(one-way ANOVA), 25 g &}, X H Duncan’s



%1 WA 3 S AR AR NE A A LRGN e . Rk MOHAEBE B P A R A T ST 15

AT L, P<0.05 FERER T 5'RACE FA 7 9HE, e P AEf scd cDNA 4

2 ZERE5HMH

21

1333 bp, HHELHE 173 bp. 1008 bp. 152 bp
) SAEGRAS X . FFE R EHER 3RS IX, Gt
HTEFIEE scd EEANRESRIFEES 335 MR R IGH T ATG, %R
FIJ1 DNA Star £/ hlE] B . 3" RACE I TAA(K 1),

1 CTC TTC ATC CTC CGA CGG CGC CAG CAA GCA AGC AGC TAG CCT GCC GGG GCT AGT CAG CAC 60
61 ACA AAT TAA TTA ACA TAT TAA CAA AAC AGC CTC CAT TAC ACA CAA AAA AGC GCC GAG GCG 120
121 ACT GAC TTC TCT CCT CTG TTT GCC GCT CTC AGC ATC ACA GCA CCG CTG CCA CA ATG ACG 179
1 M T 2
180 GAG GCG GAG GCG TTA GAG AAC AAG CAG CAG CAA CGC AAG TCC AGC AAC GGG GAT GTT 236
3 E A E AL E N K Q Q Q R K SS N G D V21
237CTT CCA GAG AGC GCC GGA GAA GAC GCG TTT GAT CAC ACG TAC AAA GAG AAA GAG GGC 293
2 L P E S A G E D A F D H TY K E K E G 40
294 CCA AAA CCT CCC CGG ATC ATC GTA TGG AAA AAT GTC ATA CTG ATG ACT CTG TTG CAC ATA 353
41 P XK P P R I I VW K N VI L M T UL L H I 60
354 GGA GCC TTT TAC GGC GTG TTC GTC GTC CCT TCA GCA TCT CGT TTG ACC TTG CTT TGG TCT 413
60 G A F Y G V F V V P S A S R L T L L W S 8
414 GTA CTT TGT TTT TTG ATA AGT GCG TTA GGA GTC ACT GCA GGA GCG CAT CGC CTG TGG AGT 473
81 V. L ¢ F L I S A L G V T A G A H R L W S 100
474 CAC AGA TCC TAC AAG GCT ACA TTA CCT TTA AAG ATT TTC CTC GGT GTA GCT AAC TCC ATG 533
01l H R S Y K A T L P L K I F LG V A N s M 12
534 GCA TTT CAG AAT GAT ATC TTT GAA TGG GCT CGA GAC CAC AGG GTT CAC CAC AAA TAC TCG 593
120 A F Q N DI F E W A R D H R V H H K Y S 140
594 GAA ACA GAC GCC GAC CCT CAC AAC GCC GTC CGC GGC TTT TTC TTT GCT CAC ATC GGC TGG 653
4 E T D A D P H N A V R G F F F A H I G WI6
654 CTG TTG GTG CGC AAA CAC CCT GAC GTG ATT GAG AAA GGA CGC AAG CTG GAG CTC ACT GAC 713
61 L L V R K H P D V I E K G R K L E L T DI8
714 CTG CTA GCA GAC AAA GTT GTC ATG TTT CAG AGG AAG CAT TAC AAG CTG TCC GTG CTG GTC 773
18 L L A D K V V MF Q R K H Y K L S V L V200
774 ATG TGC TTT TTT ATC CCA ACA ATC GTG CCT TGG TAC CTG TGG GGG GAG TCT CTG TGG GTG 833
201l M C F F 1 P T I V P WY L W G E S L W V 22
834 GCC TAC TTC GTC CCA ACT CTG CTT AGG TAC ACC TTG GTG CTG AAC GCT ACC TGG CTG GTC 893
21A Y F V P T L L R Y T L V L N A T W L V 240
894 AAC AGC GCT GCC CAC ATG TGG GGA AAC AGG CCC TAT GAC AAG AAC ATC AAC CCC AGA GAG 953
241 N S A A H MW G N R P Y D K N I N P R E260
954 AAC AAG TTT GTC ACT TTC AGT GCT ATA GGT GAG GGA TTT CAC AAC TAT CAC CAC ACG TTC 1013
20l N K F VvV T F S8 A1 G E G F H N YH H T F 280
1014 CCA TAT GAC TAT GCA ACC AGC GAG TTT GGC TGC AAG TTG AAC CTT ACC ACT TGT TTC ATC 1073
280 P Y D Y A T S E F G C K L N L T T C F I 300
1074 GAC TTC ATG TGT TTC TTG GGC CTG GCC AAA GAC CGC AAG AAG GTG TCC CGT GAC CTA GTC1133
301 Db F M C F L G L A XK D R KK V S R D L V320
1134CTG GCC CGG ATA CAG CGC ACC GGA GAC GGA AGC TAC CGC AGT GGC TAA GAT CGC TAAACT1193
321l. L A R I Q R T G D G S Y R S G * 335
1194GTG GTC AGC TTC AAG GCA AAA CAA CCG ATA AGA AGA ATC TCC ACA GTC CTT TGA CAG CTA 1253

1254 TAC ATT TCT CAT TCT CTG AGG ATT AAA GTC AGC TTT ATA AGG GCC TTGACC ACT AAAAAA 1313
1313 AAAAAA AAAAAA AAAAAAAA 1333
F1 HEPIEM scd Bl cDNA 2K K H A I/ T

Fig. 1 Nucleotide and deduced amino acid sequences of scd gene of GIFT



16

[ R

%30 %

FIH MEGA-X 4>k H] Neighbor-joining J7
EIRBOR R YR scd B@Vﬁ“@ﬁf?ﬂ*@@%%ﬁﬁ
BE 2), M R, HE P IR sed FE I
ﬁf%@ sed %.gﬁj‘j—‘io e, HEPAE

i1 & N (Homo sapiens) . K5 (Rattus norvegicus) .
)ZEi/E. i1 (Protopterus annectens) VA it H t.(Chanos
chanos)IP) scd 5 R G IR 75047 HEXF (K] 3). 45
KR, &P A0 5550 0 2 1R )T 51 A
PEAEHR =, st St n] DIE RS AR sed B
FHC TN RE YN TE Y R AR R
22 scd BEREFIFERRALTRHFRIE

M 4 Fon i w P AR 12 N8 sed FEREY
AR R AT, SRR, 5 & 2 AR Uk R
BHAN sed RikKVEAAAEE S, TEAPIEh R
RT3 SR vy, LU Sk A 0 4 5L RN M £ 1) UL
PR o M f I £ JBLIE rh 8 R 7K AR
2.3 sgRNA RiZHMELETE RMAEINER

W SA FrzR, W e Pyt fraifeinif, K
/IME 100~250 bp, SHUYETR—E, WEXT

500 ng/uL, Aseo/Arso HLAE N 1.84~1.91, & 5B
fr7R, sgRNA Jit i HL UK %8 8 45 5, K/NFE 100~
250 bp, SEEEMER YA, WA 5C Fizs, PCR 74 =
YIR/INE 500 bp Acfh, k% 8 ASFHEEY 3™y,
W25 mE 5-D fros, Hm 8 ANl 4558,
Horp s A1 B Indel 28748, RIARIMNL S sgRNA
B,
24 #EE sod EERBHED EKNKE
IS F B 48 B, PCR HL k& R NE
6-A IR, MR &P 1. 2. 7 F1 38 5k (—74 bp)
Fi B A5 (K] TA), it 8 58 AR (R BE 1 1 22 J2,
PEHURS 1 28 A R 8 2 1—T74 bp S8 7B RBEL, £
PEHE F (=74 bp, M)A G SKS TU B4R RIBEH
P TSR, /15 Fa BE Db 16 &, PCR HL k53
iznl’ﬁl 6B iR, ik 824 A ARSI 9 (74 bp),
PR HIN D & AR 7 F1 16 5P~ PCR

FEYIEATIN Y, g R an i 7B s R PE R
HHEHT 2R A8 (—74 bp)Fa 2+ & BE S E4T 1 X 1 H 22,

AT Fa B

100 = &5 £ GIFT
L 253 W 3 =48 Oreochromis mossambicus (AAN77732.1)
BE 44 Danio rerio (NP 942110.2)
Cﬁ E 4t Chanos chanos (AAL99291.1)
JE#E 0 Protopterus annectens (XP 043912416.1)
KB Rattus norvegicus (XP 006231495.1)

100L— % A Homo sapiens (NP 005054.3)
LRI Mytilus edulis (CAG2189454.1)
3CE 1 Branchiostoma lanceolatum (CAH1246635.1)
FEBE L, Sepia pharaonic (CAE1238176.1)

100

71

87

[ m—
0.050

K2 FHEPIEM sed HeH RGERKEW
Fig. 2 Phylogeny tree derived from scd of GIFT and other vertebrates

IMPAHMLQ-EISSSYTTTTTITEPPSGNLQNGREKMKK - - - - - VEL LE DIRP GPPPKLE TILMALLHVGAL GlTLIP LLWGIFYYLISALGI L 125
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Fig. 3 Comparison of scd amino acid sequence of GIFT with other species amino acid sequences
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Bl 4 &8P AEM sed FER A LU0 AN 3Rk 7
1ooafn, 2: PP, 3: JGUE, 4: AR, 50 0K, 6: RiRA, 7: S5,
8: MENR, 9: ik, 10: SR, 11: LA, 12: . *: P<0.05; **: P<0.01.
Fig. 4 Expression level of scd in tissues of GIFT
1: blood, 2: liver, 3: spleen, 4: kidney, 5: heart, 6: foregut,

7: hindgut, 8: gonad, 9: brain, 10: skin, 11: muscle, 12: gill.
*: P<0.05; **: P<0.01.
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SCD™ ) Bf & i scd mRNA # ik & i 2% F
SCD"IgE I 41 (P<0.05), Jf H HFD # M5, scd
mRNA % ik 5 3 T 5 (P<0.05),

i# ik Western-blot £l SCD A9 H # i5/KF,
45 (18 9B) iR, SCD & 178 HFD+SCD ™ 5
g P Rk e, 16 NED+SCD"BE o i1 4
ek R A

2o 230 230,260 270 280
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K5 sgRNA FRIBH MY E KA SN 55
A: ZEALJE sgRNA (RIME SEASAR (G FRL K 4535 1~4 BRI A scd-sgRNA1~4 41k 5 1 sgRNA TR SRARAR; M: FRifEY) i
B: RAME LA Y sgRNA BTk LUK BS54 215 1~4 TKIEAR KN scd-sgRNA1~4; M: FRUEYIBT; C: sgRNA I P %58 1Y) PCR 43
FEMIHLIK S SR 1~8, 10~17 VKB N scd sgRNA Jii PESEE ) PCR 47474 M: AR D: sgRNA 745
Fig. 5 Identification and in vitro transcription of sgRNA expression vector
A: Electrophoresis results of purified sgRNA in vitro transcription template; lanes 1-4 are the in vitro transcription templates of
sgRNA purified by scd-sgRNA 1-4; M: marker; B: The results of electrophoresis identification of sgRNA synthesized in vitro; lanes
1-4 are scd-sgRNA1-4; M: marker; C: Electrophoresis results of PCR amplification products for sgRNA activity identification;
electrophoresis results of PCR amplification products for sgRNA activity identification; M: marker; D: sgRNA sequencing results.
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A: 1~8, 10~17 KB (95N 1~48)0 F, FE[F 20 PCR ¥ 16 45717 ; B:1~16 JKIE (Z 5N 1~16)H F,
Fig. 6 Electrophoresis results of PCR amplification products of Danio rerio F, and F, genomic DNA fragments
M: marker; 100 bp, 250 bp, 500 bp, 750 bp, 1000 bp, 2000 bp, 3000 bp, 5000 bp from bottom to top;

A: Lanes 1-8 and 10—17(numbered 1-48) are the PCR amplification bands of the F; genome;
lanes 1-16 (numbered 1-16) are PCR amplification bands of the F, genome.
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Fig. 7 Gene sequencing results of some Danio rerio in F| and F, generations
A: Sequencing peak map of F, zebrafish carrying a (—74 bp) deletion (frameshift) mutation, red arrows indicate (—74 bp)

deletions starting at 202 bp; B: Sequencing peak map of F, zebrafish carrying a (—74 bp) deletion (frameshift) mutation,
red arrows indicate (—74 bp) deletions starting at 201 bp.
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Fig. 8 Body shape changes after scd knockout in Danio rerio
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Fig. 9 scd mRNA protein expression level in Danio rerio liver
A: scd mRNA expression level in zebrafish liver; B: Protein
expressions of SCD in the liver tissues of zebrafish,

1: SCD” zebrafish fed NFD; 2: SCD* zebrafish fed NFD;
3: SCD"” zebrafish fed HFD; 4: SCD"” zebrafish fed HFD
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Fig. 10 Effects of high-fat diet feeding on the expression of lipid metabolism-related genes in Danio rerio after scd knockout
(A) Ipl; (B) fas:; (C) hsl.
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Fig. 11  Liver tissues of Danio rerio fed different diets (x400)

A: SCD™™ zebrafish fed NFD; B: SCD"" zebrafish fed NFED;
C: SCD""" zebrafish fed HFD; D: SCD” zebrafish fed HFD.
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Abstract: With the rapid development of integrated farming of tilapia, various metabolic diseases such as
nutritional fatty liver disease are becoming increasingly serious. Severe fatty liver can cause liver failure and cause
death in tilapia. It is particularly important to understand the mechanism of lipid metabolism in patients with fatty
liver disease. Zebrafish, as a model animal for developmental biology research, is also a research hotspot for liver
disease models. Stearoyl-CoA desaturase (SCD) is a key rate-limiting enzyme for MUFA, which plays an
important role in regulating hepatic lipogenesis, fatty acid metabolism, and lipid oxidation. Therefore, it is
important to study the regulatory mechanism of the scd gene in lipid metabolism in fish. In this study, the complete
scd cDNA sequence of GIFT was cloned by RACE and qRT-PCR was used to analyze tissue expression
characteristics. To verify the function of scd, an scd knockout zebrafish model was constructed using CRISPR/
Cas9 technology, and the phenotypic and gene expression changes of F; mutants were studied, and the response
mechanism of zebrafish lipid metabolism after scd deletion was verified in combination with high-fat diet
experiments. The results showed that the cDNA full-length sequence of the scd gene of GIFT was 1,333 bp in
length, including 173 bp at the 5'-UTR, 152 bp at the 3’-UTR, and a 1,008 bp open reading frame (ORF) encoding
335 amino acids. The scd gene was expressed in all tissues of male and female GIFT, with the highest expression
in the liver and the lowest expression in the spleen. An scd knockout zebrafish model was constructed using
CRISPR/Cas9 for functional validation, and the SCD"'” zebrafish had a significantly enlarged abdomen compared
to the SCD"") zebrafish. Western blot and qRT-PCR results showed that scd gene expression was significantly
lower (P<0.05) in zebrafish from the SCD"” group compared with zebrafish from the SCD""" group, and SCD
protein expression abundance was also significantly lower (P<0.05) in zebrafish from the SCD™” group. Under
high fat dietary feeding, the red lipid droplets in the liver tissue cells of zebrafish in the HFD+SCD""” group were
significantly reduced compared to those in the HFD+SCD"* group. The gqRT-PCR results showed that scd mRNA
expression was significantly lower in zebrafish in the SCD""” group compared with zebrafish in the SCD™"
group after scd knockdown (P<0.05), while Ipl, fas, and hs/ mRNA expression were significantly higher in the
liver of zebrafish in the SCD” group (P<0.05). Compared with the zebrafish fed the control diet, zebrafish fed
with the high-fat diet had significantly increased expression of scd mRNA in liver and inhibited the expression of
fas mRNA (P<0.05). The results also suggest that scd gene knockdown can alleviate liver fat deposition in
zebrafish caused by high fat diets, and that the scd gene may play an important role in fatty acid metabolism and
lipid synthesis in fish.
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