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FEE: B 50 F F CRISPR/CasOf: R M T BE Ty fielovi8a” . elovis8h” FIDKO(elovi8aRlelovi8h)F iy, it 41
LGRS 2 S PCRAIAE 7 R 2H R 3 BT 55 5256 7 325, R AL T i 7 T 2 A g 8 (elovi8) i 2R ot i 1 11 471
A RE S R o 45 TR W elovI8 T T B L M AE AR IR SR T IR 4735 26 0 35 B A, IR AR AT 93 S5 (9 R TR
VORI G 07995 48 « S 5¢ ) 5E BPCR 45 B R elovi8afelovI b 5k it i Ig J5R AR W AH 56 3 8] (1 5. 3 A8 k-
elovi8a” JFF I Hh Bl i k-4 65 A B SR (s d) B Z T S R A SR AL B a(acaca) s 5 /K 7 5825 TH 0, RS 07 49 5 PR A 4%
g0 H it = B A8 105 B (pnpla2) W25 BURYE g iR B a(lipea) A1 I 2 14 NG ARG (Ip #6553 R M. elovi8h T
JE b S & B (fasn) sed acacaFepnpla2. lipea R IpIERIE /K40 525 T e, TTDKO AT AR fig 5 A i 4t P 2
IR TR MRITER /M BoR, ARG N elovISIIBR 38 AT IFEC20:0 8 i R ¥ 15 2 BN, & W eloviST]
REXTC20:0/ 1 E KA VEH . WFFIEI T elovISTEBE B f HivA i ie ik 72 o ke 1) 8 B4E F, 4 Ja 22t 2R P TR IR AL

il U BIE FU AR A ) SR

KBEIA: elovls; NRWTRR G R RO MRITACHE; 5 Mm
X E4RS: 1000-3207(2022)03-0303-13

HESAS: Q344+.1 SCHRARIRED: A

IR B, IR R 5 A KN
e RN AP 5 228: {55 ANV &= bR it e
KA RO N, SR kR EZET Y
VA NN R R B2 AT 9 LB )2 R .

7 LR 0 o) 1 2R P AR 80 23 AR TR 4 i i
S50, SEWVRAE S ELMg IRt T BRI
J& W Cyprinus carpio) I IE 41 23R 4 S 41 M
W, ZH5ae AU ER kA T B E2L, 5 Hw
MATPHE 8 AR R LB KRR, %
B T Re mE AU A A SRR P B 1) EE A
A BRAG IR 7L 3 W) — FF v R R B K AL & 4
HagIk BT A R . W g WS T AR AR
W5 AT LA 0 KR W ia T s AE T, IR BRI BE
R RAEHRHLA RN T A R R R M-
ninni%5 " 7E X 6L 5 B9 (Sparus aurata) I fFFIE
HEAT 8 S5 2043 1 W0 5% 380) a4 e A TG A 4 7D BB
1 52/ y(Peroxisome proliferators-activated receptor

v, PPARY). K& AR LA A A OB A H i =g 4k

ks B HA: 2021-03-31; 1817 H#A: 2021-10-20

Y RO Sk R HH B B3, 50 B T T A RLE R 2RI
PURIR N BA EZAEM . 540, FERIRFTT
AR N B A PR B VA AR E P 22 KR AR, AT
SR £ S K8 SR o A R 2 A B e 8 45 A PR
SRR T AR R B 1 S e TR A
JUT R AL B, AE ¥ ROSARAT T S A 40 B I T T IR 21
B R A A ) AR ARG, G JHe o AN VLRI J7 T L 151
S WS BT, A R AR A E AR SN P, AT
S

AR b AN MR U R 1 B 5 I 0 I A 2
MU AN (Fatty acid desaturase, FADs)FH g Il R 4E 4
fi(Elongation of very long chain fatty acids, ELOVLs)
F 0 R 44 P I P Al A 5 LR (S tearoy 1-
COA desaturase, SCD). ELOVLsHIFADs 5 4t £f 5
TB AN H e 2R S VARG . FPELOVLs
25 TR A AR A b i) S B RO B, 7E R AIR
TR B A pst R rp b A T AR K FELOVLsEE
LA BB B ] A HH G HRIE, ElovI3FE /N B
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NG AR € B A 23 mRNA K- 5 1720045
PLE, Ja 80t gtk — 5 R B ElovI3 il 2% 1) /) BUER
6 7 4L 43 L1 R 7 RS RS A2 B R Y %
Y4k wT LA /N B R B IR W7 AH R elovi6 I 3R I,
MM 6k = elovi6 /N BR (AR LR T 4L 2R 1 28 #BE 13
1%, & WlelovI6TT RELE VA A i T4 R A1
Chen®5""" & L7 it 5 (19 JE 6 C18:0/C 16: 05 T2
ECAE T, (R AR AT AT UL A 412 R Elov16 A A
By B 2B AR AL, IX SR BH Elov16s 1 283 M AR iR
W+ EHE . elovl I B HIE 7E 2 f5 TR A6
ik (Misgurnus anguillicaudatus) 1} %(Rana cates-
biana) W JFFIE H 4% 75 5 2Rk, DU 5 ALAA 7= F4 MTT
ERFREE P, % EPTR, ELOVLSTE fa 54074
PR i T R EE 2H P R B e E

elovI§FEAE —Letifiy 2 v 25 5 (R 7 R A2
B, BLFE K PE Rt (Salmo salar) B & X 2 ]
(Ictalurus punctatus) J& % %' JEf(Oreochromis
niloticus) M Pt 5t (Danio rerio)%, LB 5
elovISTEAFAE AN LR “elovi8a™F1“elovish”, LiZ"™
1E ¥ B E 1 th (Siganus canaliculatus) ™ 5lEH T
elovi8aFelovi8b, F il i A& ZNEE R S Y5 Ik, K6
FlelovISb X C18NIC20 ] 2 AN AN I 7 R FA S A< i
PE, {Helovi8aF -4 Har I 2IAH N HIVE H -

AHFFTABE S HONBE TN R, B kil 1 eloviSa
Helovi8bTE28°CHI10°C T R IL KT, [F B FI
CRISPR/Cas9$i R % T eloviSa” . elovi8h” FIDKO
(elovi8aRlelovish)2li& 1AL . 1L ¥4 IHE J5 A7
TERGE, N A sk, A2 R 25 M W52 A5 LU AR
ARG By A R BE D 8 NIRRT 52 658 71, FEXA
Jri8 5 PR A R AT TR ITRR s M.
Ji e B I 20 2R34T 1 N o AR AH DG L R 1) o =
M, R It elovI 8tk 55N B L £ 41 ¥4 W18 58 /1 1

AU
1 MR5ERE

1.1 EEFFIHEEFCRIPSR/Cas9 sgRNARY A A}

4 CRISPR/Cas9#E J¥ #1152 it W sifi http://zifit.
partners.org/ZiFiT/i& Felovi8afleloviShHE K 4L 7
Hl. fERE B ARG, 57 G BRI A 1
HIEEAE M T, KT8 3h T 5 5 N 2
gRNAIE [ 5 5%, F TR A& igRNA. Cas9
RNAFIgRNA )14 41 3% 75752 FiMoreno % fy
J7iE, At IR 1A 51 % gRNA-F#  [7] 5] )
gRNA-RIFATPCRY . 5|90t NS5 '-
TGTAATACGACTCACTATA-# 5 5 4)-GTTT
TAGAGCTAGAAATAGC-3', #8 £ 7 51— H20 bp,

PRI AN [ 808 55T S, A SIZ 36 w32 495 1) 62 7 371 4 )
N: elovi8a“5'-GAGGACAGATGGATGGCTG-3""#
elovi8b*5'-ATGGCTACTAGTCTACTCTC-3". T
Ws| Y oNE R R4 5'-AAAGCACCGACTCGGTG
CCA-3'. KHILA Tag DNAR & (TaKaRa), & A4
50 uL, M FEF N94°C/3min, 94°C x1min,
60°C x1min, 72°C x5min, L35G, & 5 LEf#
72°Cx10min. FAxy Prep-96 PCR Clean-up Kit
(Axygen)Zi(LPCRY 374 . FAMAXIscript'T7
PR (35 [ Ambion) & 45 gRNA, 28 5 FIMIRV
Ana™ miRNA 4> 2857 & (Ambion) 4tk . f#H
pSP6-2sNLS-spCas9ifi #i il & CasOt% IR BEFmRNA,
H /e HXba 1 (NEB)¥ Bk, Axy Prep-96 PCR
Clean-up Kit(Axygen)i&¥t. KHmMessage mMa-
chine T3R5 & (Ambion) | £ Cas9 mRNA, & J5
MIRV Ana™ miRNA %} & i 5] & (Ambion) 4l {k,
Cas9 mRNA. K FHEER UK F 20 66 B A il
R gRNA H 5 &
1.2 ERCESTEEE THITHE

WSCEE BT 1 f — 24 A ) 52 6 B0, R AT S e o
EeE . S R BT 28 CHEH K itk . #5ik
Jify H 5 S BT FL DN A FEAT WU R 30 AIE . FH sh 4 %
[A 41 DN A $2 B 71 5 (Tsingke) #E BEXDNA . H 36 IE
SIP(F DY B EE 5 FAL S IDNA K B, 1B A
AT o BAAEAE UG AR J5 ¥ AT 7% BV
A, TR R R PIFOM . RO By A 2 £a At
22, 133 Fa E WAL IR AR, Bhid AR A 3 R AL R 14X
HAITARBRF2R . MWF2H ik i eloviSa il
elovIShIEFH (a4 KA . ¥telovisa Flelovish”
BEAT 2232 3 0 ik S5 15 Bl elovI8a/Sh ARG R 4L & T
DKO. 78 %lelovi8a’ felovi8h” A DKOZ 4 5875 {4
PRGBS EUITIERNA, [ #5415 8|cDNA, 7
mRNAJF F i3 1 25 B AL ST 2 E = 5
(F 1), 3T 5% 5E BPCR X eloviS8aFleloviShHE: A ()
Rk AT
1.3 SN &EMIAFRERIBE

A S (1 BE TR G IR OK R G 3%, PR RR
14h)t 8 /100 HE WG A B G A, 1 R MR 3 JOR i i L
AR AN SEO0 A IR B 0 H 8 I AR E AR KA
T BE T HEAT A 25 . WT . elovi8a .
elovi8b” FIDKO %% 60 2 BE I 8 AL 7 v ¥ 4.
Wi AARERA, FH3NEE, BN ERI0EA,
A E T 28 C R FRAH, B FR2d)a X iR AL AT L
FEo B3 RAMRIR AT 438, W 5 IR AR IR P 2
20°C HIFUREEfr, IR 1R AT PR IR . 4L
BE T 0 FRAALE 10 LIKZK AR R, A H 30K, $21/408F1
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TNETRA T K . BEE10°CHY, BE6h M 8210 5%k FE
TGO HlE AL bR N8 TCH 5, fill il 24w
LR N . fEKIBIEFF10CHE4RIeloviSa”
elovi8h” FIDKOFE Z K T 50%] BEATHURE .

RSB S 8 T ok A AR T . IR
3RS R 2R & 8 — M, T-20°C oK
FEARAT 4%, HEAT BRI IR 20 M7, 593 B3 4% B0 2 £ T i
TUHRAFE T, A8 B T AR L 8h 2 J5 7%
F|-80°C KA HIRA7 % H; 7 4b, BHELH %P 5
(O P A B T A 7K B AR T e v, FH T RIE UK R ) 7 Fn
FIEY R
14 ZSERNARBKKRIER

HUWT. elovi8a’ elovi8h” FIDKO%G4 T AE
#4520 mg, HRAERNASEHUKT&RNAiso ™ Plus(TaKaRa)
EAE UL B T BT ) f FEEAE S RNA . B %

*& 1 PCR3|¥F7!
Tab. 1 PCR primers

HiE 519 BT ek
Target Primers (5'—3') Accession Product

gene No. size (bp)

elovi8a GGTCTGAATTGCTTTCTTC
ATGTTTTTATTTGTCTATGGT
C

elovi8b ATAGATCTGTGTACTTCTGCA Gene ID: 717
CAGTCCTTTTAGGTTCACTGG 554145

Gene ID: 398
767653

T
P-actin CACCACCACAGCCGAAAGAG AF057040. 220
ACCGCAAGATTCCATACCCA 1

gapdh TCCAGTACGACTCCACCCAT NM 00111 219
TGACTCTCTTTGCACCACCC  5114.1

elovi8a ACGGAGACAAGAGGACAGA NM_00107 218
TG 6593.1
TGCCAACCAAGAGGAGACTG

elovi8b AATCCGCATGGCAGAGACT NM_00120 260
CCAAGATGTGACAAGGAACT  4524.1
CA

acaca TGGAGAAGTGTGCTGTGAAG NM_00127 210
TAATACGGTGAAGTGGGATG  1308.1

pnpla2 ACACCTCCATCCAGTTCA XM 00517 217
TCTTCATCTTCACCGTCAG 4256.4

fasn GGAGCAGGCTGCCTCTGTGC XM 00930 128
TTGCGGCCTGTCCCACTCCT  6807.3

lipea ATCCTCATCAACAGCCTCT ~ NM_00131 247
CAATGCGGAAGCCACTATA  6725.1

Ipl ATTGGGATTCAAAGGCCGGT NM_ 13112 212
CAGCGAAAAGCCATGCTCTC 7.1

ppary CAGATCTTCATGACCCGCGA DQO17619. 221
TCCAGAGAGTGGAGAACCGT 1

scd AGCCACTTTACCTCTGCG ~ NM 19881 219
AGCTCTAGTTTGCGTCCT 5.2

vE: elovl. JENTIR 1E K elongase of very long chain fatty
acids; gapdh. H il -3-BE B i B8 glyceraldehyde-3-phosphate;
acaca. LIRAHEEARILEE acetyl-CoA carboxylase a; pnpla2. &
patatin ¥ 3 JIg g 5 5 (42 patatin-like phospholipase domain
containing 2; fasn. RE Wil & B fatty acid synthetase; lipea.
FBURME R B a lipase, hormone-sensitive a; Ipl. I8 & (A i fift i
lipoprotein lipase; ppary. i3 AP B4 14 T8 70T 52 44y peroxi-
some proliferators-activated receptor y; scd. FESEAliHEA 25 10 FI T
stearoyl CoA desaturase

SR & Primscript I11 Reverse transcriptase(TaKaRa)
LR, B TR B RS B B RNA BT SO 5%, Hox
AR 2 N20 uLo AR N25C, Smin; 42°C,
30min; 85°C, Smin. %55 NcDNAE T-20°C
RAF .
15 SERTREEEPCR

DLV N7 38 e B 5 £ 2H 2 ) cDN A S
9 GE BHIMNR, 1% H B-actinM gapdhE N W S 5k
A, £ I Primer 6.0 4 3 M4 RS MIGER 1), &
MAK 2K H Yeasen/A @] [f]qPCR SYBR Green Mas-
ter 10 uL#A& &, SYBR Green Mix 5 pL, - Fi5514
3£0.4 uL, cDNA#AR 1 uL, ddH,0 3.6 pL. MK
BFEFN95°C, 10min; 95°C, 15s; 60°C, 1min; 3Lt
3SANMER . BEDMFERAINEE, DMFIESIE K
SENE . Bl B-actinfl gapdhFik K| CHE 1) JUAAT~F- 35 54
N Ctyy s, K2 I7 ikt HelovisaFlelovishH K
FEF IR AR IR IR T ik ™, Je Mg i A% A
IR AT RIE IR o SEIREHE DLF S5 A5 1
(mean+SE) &R
1.6 RFUAEERAKBE-FRLMHE)LRE

JEF L (N3013, Sigma) A1 mg/mL I3 B i fi#
T PR AR A A IR . VAN SEIR S, S
RBIESHO.1 ng/mLJEF LI RS KH, 1528 C -
i . & 48 FOlympus SZX16FLAAK ik
7E488 nm UK K T 3R1G . HFIEH 2] HE 3L
KR ZH B AT EEAE R A TR A FIAT o

MOt Ik BUKGEVI AR EE T
10% P48 R AR [ 5 3min, XLEE/KTE ¥E; BUm A
Ofifi %W W K=3 294 )5, & B 10min; KU Fr i
AN 60% 53 T4 B 5 U 5 B T B i) 47 19 7l 4.0 2 Wit
10min; 60% 7 P BT Ve 22 AR Y, AAKTEBE3 IR,
TRAKNE S B Imin, 1% 2588 £ B 7K IR ¥ 3min; H il
B e s [
1.7 RERAER AR

BUFE S 10 mg /i A, 7E 2 0.01%BHT(FL A ML
FNV =G e/ EE(2:1, VIV)IR AR A1 3R R U
P, 2 18 Zhao 5 W D7 VA SR IR IS T R o i P
SABIEAL(GC-2010 Plus) Rl He2H 43 5+ A0
6 00 2% 5L P 138 E N230°C, LL40°C /min 3 B
80°CFI%230°C, 230°C {#$F19min.
1.8 HEAIE

SEEG A AP 8 H PR #E VR (meantSE) R IR, K
FHSPSS 19.0%K {4 147 THE 56 ( T-text) FH 5L [Kl 3 5 %2
73 #1(One way ANOVA)SE it 34, HDuncan’s% &
bl 3¢ v ot iz g 4 O 22 S 6 3 1 E AT 4 T, P<<0.05
AR E
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Fig. 1 Flowchart of cold exposure
7£28°C\ 20°C. 15°C. 12°CHRIL0°C LM N X BE Lyt BEAT 43 ¥ REBH, 43 I #E20°C L 15°CHRIT2°C R ARl 24h
Zebrafish were subjected to a stepped cold stress at 28°C, 20°C, 15°C, 12°C and 10°C, and were maintained at 20°C, 15°C and 12°C for 24h,

respectively

2 #ER

21 KIBAMBIES IS & eloviSaFlelovIShHITRIE

T 5K F SR 9O 2 BPCR, Kl T B A= AU B
T /E R IR 28 CHULIR 10°C T, eloviS8aXlelovIShH
FIEKTF. G5RER, KIEEEE S elovisaf
elovI8bHIFRIK, 1E10°CARIE MM E T, FHXS T X HE2H,
elovI8aZRik BT 205 /i 44 (K 2A), elovI8bIFIRIE
TP TR AL 1545 42 45 (4 2B).
22 BEDfelovISHRRIEBIANIEST

NIFREPE Y eloviSafelovI8hIE Rl i b 4l &
FEARR  ASHITF 5T N F CRISPR/Cas943 AT B 1 1
ANFERE AR AT NG, KT
elovi8aMelovi8hiIFAZ, 23 I % 5E, elovi8a”
BRANTRIE, SR J5 IR BRIE 7 51 0 3 2 2 52,
1EH B1268 N Z AR /D BS54 F AR (K] 3A).
elovI8bTR KT/ HE, Z HE TR A E 2644 il /D> &
25/~(& 3B). DKO4i& T HieloviSatleloviSh2i&

VB =R CE

2.3 {KEMIBTWT. elovis8a” . elovi8h” #i
DKOMIFE =&

KWT. eloviS8a” elovi8h” FIDKOFBE 1 1 43 18
B 7 AT IR AN R S, Gt DU 4L g R BE T
Wo 45N ML B 1 f8 455 76 10 °C I TR 46 H BLAE
T2( 4A). DKOZFE10°C R 12hif JF 4G HBIAET:,
24hIF AL T HIEF] T 50%(Kl 4B). 7E10°C F24hi
eloviS8h T IFET:, LET2hI FET- RIEH T

50%. elovi8a” TEAShHINFET:, 1E96hFE T ik 5
50%. elovi8a’\ elovi8h” FIDKO =20 Bt & a1 f £
PIFET % AR KT WTZ (& 4B).
24 REMEBTERSERELFZDH

AT BT I SRR A FHIWT. eloviSa
elovI8h” FIDKOBE T 4T T iG 1k J8 B 4 e i
LR #IE ReloviSa” - eloviSh FIDKOFBE D, fa
BWTH LR AKZ T (K 5A), M7EA L FE96h )5 K

A 25 B 25
X X
Y * -
220 | T E2 20 | %
2o 22 ES
X e XS
RE 15 RE 15t
=2 pol
= 8B = o
Z510¢t Zs510}
S X 0 X
0_20) 0'\00)
82 5| 5205
S B S5
5 ©
~ 0 i N [~4 0.0 . .
28CC  10C 28°C 10T

K2 7E28°CHII0C RFWT AHE P elovi8aRelovi8hHIAHX
mRNAZK LK

Fig. 2 Relative mRNA expression levels of elovi8a and elovi8b in
liver of wild type (WT) at 28°C and 10°C

A FE28°C H10°C FWTHE L fielovi8alfi & /KT B. #£28°C 5
10°C FWTBE S fielovi8b LR it R TR S . %
L& LT RS RR B Z R (*P<0.05), n=3; T [F

A. Relative expression level of elovi8a at 28°C and 10°C; B.
Relative expression level of elovi8b at 28°C and 10°C. The
statistical analyses were conducted by T test. The asterisks labeled
above the error bars indicated significant differences (*P<0.05),
n=3. The same applies below
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eloviSa” elovi8h” FIDKOBT &t Hi X WTH I T 5.
210 IR R i AR (F 5B) JH I o & ) 4
SoRelovida” . elovi8h” FIDKOBE T it JFF ik 1 fIE
SRR TWTA SC)

IFl B3 3 R eloviSa” elovI8h” HIDKOBE I fir
JFF I H T A I 5. (K] 6A). Tielovi8a ™ elovi8h”
FIDKOPE 5y £ fF AT 7E A BhiE J5 L T AN R FE B 1
AR ARG, R HLAZ 2] T Hifn (& 6B)
Herhelovi8h™ (P I3 25 £5 9 B 2, 993 788 1 TR R ik
Ko HEY:a 45 B GoRAKIE HeloviS8a . elovish” Fil
DKOﬁffbﬁlBHEW)#&E‘KEI%%)#B’JHE%%?@,
elovisa” FFIFE) H v BE 107 23 Y (I B 15 /D, elovi8h”
FEREDI R AR E S B E R 2, A5
(B 6C)o FFAFUKIGE VA i 41 e o 55 S'Eﬂ?ezovwb’/’
BE T (9 BT IS R AR B R B R, elovi8a” IR,

[ dEmiex. [ wisFsl

DKOH I &7 2 B IR UTAR (] 6C)
25 7E28°CHI0C T AEAHIHHE R EE R FRIA KT
i I S 3% O B E HWT . elovi8a™ .
elovI8h” FIDKOBE T fa T IE7E28°C FI10°C F g MifX
WAHCRERRIE L. 458K H, /£10CF
elovi8a” Felovi8b™ [¥I MG 17 £ i AH K HE [, scd
acacalf) LY B4 TH i, M1E28°C FeloviS8a™ Fl
elovi8h” scd’ i WT 5. % F &, acaca Tt 5. E A5 4k,
(I 7A—D). 7E10°C Felovis8a FFNE fasnFeik sk
SEEFWT R BE, elovish” JFRT W fasn IR B H iR A
RIEFIEI T, MDKOMEH fasn scd. acaca
Hipparyi)Zeik 8.3 B, 1£28°C ~DKOM M fasn A
scdRIET =, acaca*ﬂppami@iﬁ?ﬁﬂgiﬁ(l@ TA—
D). 7E10°C Felovi8a™ I JIt t ig 15 4> fift i A
pnpla2. Ipifllipeats] &% T i, Mielovi8h™ 52 4

— WET

A elovisa- [ T ]

17 £ T

E%.GE b ...GACAAGAGGACAGATGGATGGCTGTTGGTTTATTC...

Wild type

ALY ...GACAAGAGGACAGATGGATG - CTG - - - GTTTATTC...
Mutant (—4 bp) 150 160 170 180

GACAA[GAGGACAGATGGATGCTGIGTTTATTCTCCG

I
ALY\

EWEA

Normal protein

Mutated protein

r,‘l

54 aa

B eovish- [ T I—| [

ﬁiﬂ ...CTGACCCATGGCTACTAGTCTACTC...... TCCTGTACC...
Wild type
A ...CTGACCCA----7--- TAGTCTACTCTCCTGTACC...

Mutant (=7 bp)

550

560 570

CTGACCCIATAGTCTACTCTCICTGTACC

EHER

Normal protein

Mutated protein

25 aa

B3 WT5eloviSa  Flelovish” B 1t 3 R $E AL s A HERR I B L 3
Fig. 3 Comparisons of genes and amino acid sequences between WT and elovi8a” and elovi8h” zebrafish
A. WT 5 eloviSa P Ty i 3 RIS 55 G FEBR 51 1 LLAE, B. WT 5 eloviSh™ B Ty i 35k [RI SISy 5 G FE R 57 41 0 LA

A. Comparison of amino acid sequences of WT and elovi8a” zebrafish; B. Comparison of amino acid sequences of WT and elovi8h™

zebrafish
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&, #RIFRIE L RER . fEDKORE 5 i JH At
pnpla2 IR IE K FEWT R Z &, Iplfllipealt) 3
R R M. 7E28°C Felovi8h” BE 1 fiF ik rh
ppla2Fik BT . eloviS8a  BE Tyt P th pi
KW E TR, lipeaRik /K% T . DKOBEL
HlipeaRih K22 T (B 8A—C).
2.6 RTBRASAAERLE AR 7347
PREUH R AA MRAIWT . elovi8a” . elovi8h”
MIDKODE Gy 1 A AT HE TR A0 B o A 45 R i
7, AR AL B2 0 7 E A R DT R 4 (R 2). H
FHSFAZS LI B 55, 7E10°C FWT. eloviSa’~ eloviSh™
FDKOBE L 1 i IIEC20: 0% i 4L 4B 5 2 b, (A
FL AR 2H 9 C20:01) 4 B, R Bllelovi8a” elovi8h”
FIDKOA#C20:0% & & & = TWTZH(E 9A). Ik
IRATWTHC22:05 822 & T HIRAKWT, 2
A
100

wn
(=3
T

- WT
—- eloviSa™”
—A— elovi8h™-
-¥- DKO

10CARH

Survival rate at 10°C (%)

0 12 24 36 48 60 72 84 96 108
I}l Time (h)

eloviSa” - elovish” FIDKOL[{1C22:0 5 i i
1% (K 9B). 1H5.C22:0/C20:05%C20:0/C18:0,
LE R, 7628°C FeloviS8a’ C22:0/C20:07 & i 2%
BT WTHL, elovish” FIDKOZ1C22:0/C20:05 & 5
WTHL R EZER: fE10°CF, eloviSa” -« elovi8h” il
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Fig. 4 Survival rate of WT, elovi8a”, elovi8h™ and DKO zebrafish during cold stress
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A. The survival rate of WT, elovl&z'/', elovi8h” and DKO zebrafish under different temperatures; B. The survival rate of WT, elov18a'/',

elovi8h” and DKO zebrafish at 10°C
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Fig. 5 Nile red staining and analysis of liver lipid content
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A. Nile red staining images of WT, elovl&z'/-, elovi8h” and DKO zebrafish at 28°C, n=5; B. Nile red staining images of WT, elovl&z-/',
elovi8h” and DKO zebrafish after cold stress, n=5; C. Lipid content in liver of WT, elovi8a”, elovi8h” and DKO zebrafish after cold stress
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Fig. 6 Observation of liver tissue (HE and oil red staining)
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A. Observation of liver tissue of WT, elovl&z'/-, elovi8h” and DKO zebrafish at 28°C, n=3; B. Observation on liver tissue structure of WT,
elovl&z'/', elovi8h” and DKO zebrafish after cold stress. The red arrow in Fig. B showed where liver tissue was damaged, n=3; C. HE and oil
red staining images of liver tissues of WT, elovl&z-/', elovi8b” and DKO zebrafish after cold stress (the bar is 100 um). The red arrow in Fig.

C showed the location of fat vacuoles, n=3
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Tab. 2 Fatty acid composition (% of total fatty acids) in liver of WT, elovi8a”, elovi8h” and DKO zebrafish (mean=SE, n=3)

R Hi g 28°C 10°C
Fatty acid WT eloviSa” elovi8h” DKO WT eloviSa” elovi8h” DKO
C14:0 0.97+0.0° 1.14+0.2" 1.13£0.1° 1.1240.1° 1.44+0.4° 1.37+0.0° 1.1540.1° 1.2540.1°
C16:0 13.06£0.9"  13.08£0.1°  11.54£0.4" 133405  13.46+1.1°  13.98+1.3°  12.85+1.5°  12.96x1.2"
C18:0 4.68+£0.3 4.64+0.9° 414406  4.01202" 3.76+0.1" 3.87+0.1°  4.13x0.1° 3.69+0.2°
C20:0 0.22+0.0° 0.1120.0“  0.18+0.0° 0.13+0.0° 0.050.0" 0.0620.0° 0.07+0.0°  0.10£0.0™
C22:0 0.08+0.0° 0.07+0.0° 0.0620.0° 0.06£0.0° 0.17£0.1° 0.09+0.0° 0.060.0° 0.09£0.0°
C24:0 0.07+0.0°  0.07£0.0° 0.06£0.0°  0.04+£0.0° 0.05£0.0°  0.04£0.0°  0.040.0°  0.04+0.0°
SFA 19.06£1.1°  19.1240.8°  17.11£1.0°  18.70£0.3°  18.98+£1.4°  19.41+1.3°  1831£1.5°  18.13+1.1°
C16:1 7.94+0.6" 9.25+0.8" 9.3240.4" 9.39+0.3" 9.49+0.4" 9.36+0.2" 6.77+4.9" 9.50+0.3
C18:1n9  29.35+0.3 2931408  29.57+0.7  29.52+0.9 2721413 2028+0.0  3024+2.6  30.89+0.6
C18:1n-7 8.8620.2 9.29+0.6 9.0420.5 8.27+1.2 9.03+0.8 8.27+0.2 9.03+0.7 8.38+1.1
C20:1 0.130.0 0.260.3 0.1240.0 0.09+0.0 0.1120.0 0.330.4 0.12+0.0 0.10+0.0
C22:1 0.0240.0°  0.02+0.0°  0.02£0.0°  0.01£0.0° 0.03+0.0" 0.02+0.0°  0.03£0.0° 0.02+0.0"
MUFA 46.39£0.6°  48.22+0.8°  48.17x0.9°  47.37£1.1°  45.96£1.2°  47.37+0.7°  48.29+1.7°  48.98+1.0°
C18:2n-6 7.57+0.2 7.4620.7 7.87+0.4 7.3540.3 8.35+1.2 7.80+0.2 7.79+0.4 7.79+0.3
C18:3n-6 6.85+0.2 6.89+1.1 7.39+0.9 7.61=1.0 7.00£1.0 7.95+0.4 7.6220.1 7.99+0.0
C20:2n-6 0.3240.0°  0.24+0.0" 0.28£0.0"  0.26£0.0° 0.27+0.0"  0.34+0.0° 0.30£0.0™"  0.26£0.0°
C20:3n-6 0.29:0.0° 0.23+0.0°  027+0.0°  0.24+0.0™ 0.200.0" 0.26+0.0°  0.28+0.0°  0.26x0.0"
C20:4n-6 1.3940.0  1.18+0.0" 134402 1.47+£0.2" 127403  1.18+0.1° 1.6120.1° 1.46+0.1™
C22:2n-6 0.07£0.0°  0.06:0.0" 0.07£0.0°  0.08+£0.0° 0.0940.0° 0.07+0.0°  0.08+£0.0° 0.07+0.0%
n-6PUFA  17.88+0.4 17.25+1.8 18.56+1.4 18.47+1.6 17.18+0.3 17.60+0.6 17.68+0.7 17.84+0.5
C18:3n-3 2.1540.1° 2.0840.4a 236+02"  2.53x0.5™ 241402  3.03+0.2° 27302 2.66£0.1%
C20:3n-3 0.14£0.0°  0.11%0.0" 0.13£0.0°  0.13£0.0° 0.110.0° 0.10£0.0° 0.17+0.0° 0.11£0.0°
C20:5n-3 9.46+0.6" 8.98+0.4"  9.97+0.3° 9.58+0.3"  10.08+0.5° 8.7940.5"  9.35+0.4™  8.25+0.7°
C22:5n-3 2.36+0.1° 1.9940.7°  2.1120.3" 1.83£0.5" 2.12+0.4" 1.35+0.3" 2.20+0.3° 1.95+£0.2"
C22:6n-3 3.96+0.6" 343£15°  2.92+41.1°  2.8540.8" 3.15£0.6°  2.34+0.5" 3.2840.0°  2.09+0.1°
n-3PUFA  18.06+0.1° 16.59+1.9  17.50£0.9¢ 16.92+0.7% 17.87+0.5° 15.6240.2"  17.730.3¢ 15.05+0.5"
VE: SFA. YR fIg i R ; MUFA. BRI g IR, PUFA. 2 ANEAIAEITER . 2 A B0dE N3AS AT T YA AT BE VR AN R 78R3
TN R E(P<0.05)

Note: SFA. Saturated fatty acid; MUFA. Monounsaturated fatty acid, PUFA. Polyunsaturated fatty acids. Values represent mean+SD of
triplicates. Values with different letter in the same line differ significantly (P<<0.05)
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EFFECTS OF ELOVLS DELETION ON SURVIVAL AND LIPID METABOLISM
UNDER COLD STRESS OF ZEBRAFISH

2,3

WANG Yu-Mei', SUN Shou-Xiang', HE Jia-Xin', YANG Gang' and GAO Jian"

(1. College of Fisheries, Huazhong Agriculture University, Wuhan 430072, China; 2. Key Laboratiory of Agricultural Animal
Genetics Breeding and Reproduction, Ministry of Education, Wuhan 430072, China; 3. Key Laboratory of Freshwater Animal
Breeding, Ministry of Agriculture and Rural Affairs, Wuhan 430072, China)

Abstract: Low water temperature greatly influences the physiology and development of toleost fish. The fluidity and
stability of biofilm in fish will be greatly reduced at low temperature, which will affect the physiological process of
fish, including nutrient metabolism and immune physiological response. Fatty acid composition plays an important role
in maintaining membrane fluidity and energy metabolism under low temperature stress. Fatty acid elongase is a key rate
limiting enzyme in the process of fatty acid elongation in organisms, which is very important to improve the ability of
fish to resist cold stress. Fatty acid elongase 8 (elovl8) is a fatty acid elongating enzyme gene identified in teleost fish,
but its role in low water temperature resistance of fish remains unclear. This study was aimed at investigating the role of
elovl8 in cold stress resistance of zebrafish, and providing a theoretical basis for improving the mechanism of cold
stress resistance of zebrafish. In this study, we used CRISPR/cas9 technology to construct zebrafish elovi8a”, elovi8h",
and DKO knockout models, and explored the effect of elovi8 deletion on cold stress resistance of zebrafish through his-
tological observation, Quantitative Real-time PCR (qPCR), fatty acid composition and other experimental methods. The
results showed that the loss of elovl§ significantly reduced the survival rate of zebrafish in low water temperature envi-
ronment accompanied by obvious lipid deposition and liver fatty lesions. The liver sections showed obvious vacuoles in
the liver of elovi8a” and elovi8bh™ zebrafish under cold stress. The results of gPCR showed that the deletion of elovi8a
and elovi8b resulted in significant changes in genes related to lipid metabolism: the transcription levels of stearoyl CoA
desaturase (scd) and acetyl-CoA carboxylase a (acaca) in elovi8a” liver increased significantly, and the lipolysis genes
included patatin-like phospholipase domain containing 2 (pnpla2), activated hormone sensitive a (/ipea) and lipopro-
tein lipase (Ip/) expression level decreased significantly. The expression levels of fasn, scd, acaca, pnpla?2, lipea and Ipl
in elovi8b” liver increased significantly, while the expression levels of fasn, scd, acaca, lipea and Ipl in DKO liver de-
creased significantly, only the expression level of pnpla2 increased. The different changes of lipid metabolism expres-
sion levels in elovl&z-/', elovi8h” and DKO zebrafish indicated that the function of elovi8a and elovi8h probably existed
difference. Fatty acid composition analysis showed that the loss of elovi8 caused significant accumulation of liver
C20:0 fatty acids under low water temperature, suggesting that elov/§ may play a role in the elongation of C20:0. The
results of this study showed that elovI§ was closely related to cold tolerance of zebrafish. The absence of elovi§ would
weaken the ability of zebrafish to endure low temperature and decrease the survival rate significantly. The lipid meta-
bolism of zebrafish in elovi8a”, elovish” and DKO was disturbed under cold stress, resulting in the changes of lipid de-
position and fatty acid composition, aggravating the death of zebrafish. The absence of elovi8a and elovi8b resulted in
the accumulation of C20:0 content and the inhibition of C22:0 synthesis in zebrafish under low temperature stress, sug-
gesting that elov/§ may be involved in the prolongation of C20:0 fatty acids. This study indicates that elovI§ play an im-
portant role in the process of cold stress resistance of zebrafish by regulating lipids metabolism, which provide a new
idea for the study on the mechanism of fish cold adaptation.

Key words: elovi8; Fatty acid synthesis; Cold stress; Lipid metabolism; Zebrafish
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