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Fig.1 Zebrafish different knockout (KO) genotypes maps
F 1 PCRFMKAEE PCR3IWFFI x2 AMBEHBRAR(SBREREBHNESLL)
Table 1  Primers sequence used for PCR and qPCR Table 2 Fatty acid composition( percentage of total fatty acids)
P 18 4 ik BRI (5'-3) of experimental diets %
Gene Primer name Primer sequence(5'-3") % i iR R 20 Experimental diet
i gapdh-F TCCAGTACGACTCCACCCAT Fatty acids SO CcO
oa 1
8 gapdh-R TGACTCTCTTTGCACCACCC Cl14:0 0.14 0.17
Bacti B-actin-F CACCACCACAGCCGAAAGAG C16:0 11.59 7.50
-actin
B-actin-R ACCGCAAGATTCCATACCCA C18:0 3.08 2.42
lowl2 elovl 2-F GTTTTCAGCTGTCCCGTA C20:0 0.28 1.92
€Lov
elovl 2-R ATTGGAATGACTGTGTTTAGG C22:0 0.31 0.46
fads? fads2-F ATCGTCGCTGTTATTCTGGCTA B SFA Total SFA 15.40 12.47
ads
fads2-R GGGTCCTTCTTGAAGATGTTGG Cl4:1 0.03 0.04
Lowld elovlda-F GTCATTCTTCGGGGCTCACA C16:1 0.20 0.28
etovlaa
elovlda-R CCGATCAGACACCAGTGCAT C18:1 22.07 18.61
lovl 4 elovl40-F CTTTGATTGGCTATGCCGTTAC C20:1n-11 0.38 12.87
eLov 2
elovl4b-R CGTGCTTTCCTTTTCCTTTCTT C22:1n-11 0.32 3.53
fads6 fads6-F GGCTGGTGTTCAGGCTCAT & MUFA Total MUFA 23.00 35.34
fads

fads6-R AAGTGCGACAATAGGAGTGATG C18:2n-6 52.28 26.78
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£ 3R 2 Continued Table 2

fig i i X5 41 Experimental diet
Fatty acids SO CO

C18:3n-6 0.00 0.01
C20:2n-6 0.08 1.17
C20:4n-6 0.00 0.07
Total n-6 52.36 28.02
C18:3n-3 8.90 23.62
C18:4n-3 0.01 0.02
C20:3n-3 0.02 0.02
C20:4n-3 0.00 0.00
C20:5n-3 0.08 0.10
C22:5n-3 0.03 0.02
C22:6n-3 0.20 0.39
& n-3 Total n-3 9.24 24.18
n-3/n-6 0.18 0.86
& PUFA Total PUFA 61.60 52.20

R R 3 A FATRE (. Note: Values represent mean

of three relicates.
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Fig.2 Fatty acids composition (percentage of total fatty acid) in zebrafish liver
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Fig.3 Gene expression of zebrafish liver in different experimental groups
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G B ERIMMINSE, E2° XES XF2 45
E2" XE5 @AM L. E2° XE5 X F2' 41 DHA & & i
FIEALE R Y B E R, X R IRKM fads?2
£ DHA &2 EZERH.

BETht fads6 B3 RE HOFT AR 16 B BE IR 56 b 5
SIS B A BFIEARIE S fads6 TEIRAK A b A 155 )
A4 EWRIRES . B E TS R WK . fads6
16 SO fBH MR E2° X E5 4 f E5” X F2 4L K
CO TR R & MY 4 41 = A8 AR h AR B i 5 R 3k, (B
fads6 AR RIKKRBEVREN fads2 BK T2 M DHA
SR T UL fads2 78 HUFA & 8P A a] sl ke,
fads2 BIEERBETS T A0 HUFA 94 . E2° X
E5" X F2" 21 R4 SiE 4 Il 2240 A1 31 R 52 3] BEL A% L 53X
YRFAT fads2 BAE elovl2 F elovl5 & B HUFA
AT R L, 2 RN Y AR R N TR R AR Y

1E SO 4, E2° X E5" X F2' 411 elovlda .
elovl4b N fads6 MY FIRERAR KA B A, X 5
HE COAMGRAN R EST . BRSP4 R B
LSO FRHE M S E5 41 DHA &5 WT LW
EXEFLES XF2 418 WT 41 DHA 4 & i % 1
B, AKT CO R BHE WS 9 E5” 240 DHA & H8% WT
MG EFE.E XF2 45 WT T h%xy
(£ 3), WA TE CO A, % RARN) EPA & &
5 WT %AW B2k, X RWERY n—3 150’
FERBIE N T L EPA I ASE R elovl 5 M
KA, EPA & & JE B IR elovl5 BRI 7k 4
FEp i s i 248 r , 2 FALHE A R T .

ZELTIR AR R IR T elovl5 1 fads?
A0 X R TR i B B G A A Y DL M elowl 2, elowl 5
Sfads2 =R bR BE D AR 7 AT 9 B P R B
TEHME SO FARLFT CO RIS . 76 E5” 41 E2° X
E5" 41, C18PUFA %] C20PUFA ¥ 4 K- 114 4% 17
E 33 A BB S AL R B AR 4 R, T EST X
F2 4 E2” X E5” X F2 4481 ALA Hl LNA
TERNH R, EXW fads2 & elovl2 Fl elovl5 &
5 HUFA Al RSB ST, elovld M
elovldb S31E elovl 2 elovl5 F fads?2 B2 )5 #8355
FEIREAS L LA AR 7 BR VK 2 2 1E # K P XN
T elovl2 . elovl5 F fads2 £ HUFA & W 190 [A]
YEF EM T fads2 ALK HUFA & E CHE,

£ % ik References

(1] ETE 0 G b Z N0 R0 iR 105 R 7% 9 A= B RE 1Y
WFgE ik R [1].& f BF 2%, 2004, 25(11) : 337-339. WANG X Q.
MIAO H,HU P.Research progress of nutrition and biological

functions of PUFA[J].Food science,2004,25(11) :337-339(in
Chinese with English abstract).

(2] Bl f. 2 A 100 RS D7 . 19 8 97 B 2R BRI RE R 5T LT A 2
% ,2007(2):57-58. LU Y J.Research on the nutritional and
physiological functions of polyunsaturated fatty acids[]J]. Road
to growth,2007(2) :57-58(in Chinese).

[3] #ih, EO0WT 2508 . 55 -3 22 AN FI i 107 R 518 106 G 3 19
FoEEL)]. B W BE BL K 2% %4k 2012, 33 (7) : 155-158. YANG
Q. WANG X X,LI Y,et al. The research progress in the rela-
tionship between Omega-3 polyunsaturated fatty acid and
chronic diseases[ ] ]. Journal of Kunming Medical University,
2012,33(7) :155-158(in Chinese with English abstract).

[4] BOUDREAU M D,SOHN K H,RHEE S H,et al.Suppression of
tumor cell growth both in nude mice and in culture by n-3 polyun-
saturated fatty acids: mediation through cyclooxygenase-independ-
ent pathways[ J].Cancer research,2001,61(4):1386-1391.

[5] HOSY.THORPE ] L,DENG Y,et al.Lipid metabolism in ze-
brafish[ J].Methods in cell biology,2004, 76:87-108.

[6] SCHLEGEL A,STAINIER D Y R.Microsomal triglyceride transfer
protein is required for yolk lipid utilization and absorption of dietary
lipids in zebrafish larvae[ J ]. Biochemistry,2006,45(51) : 15179-15187.

[7] SPRECHER H.Metabolism of highly unsaturated n-3 and n-6 fatty
acids[ J].Biochimica et biophysica acta,2000,1486(2/3):219-231.

[8] MONROIG O,ROTLLANT J,SANCHEZ E, et al. Expression
of long-chain polyunsaturated fatty acid (LC-PUFA) biosyn-
thesis genes during zebrafish Danio rerio early embryogenesis
[J].Biochimica et biophysica acta,2009,1791(11):1093-1101.

(9] ZBf5, B Ve elovi 2 Fl elovl 5 LA 5 B 3238 e HLAE 0 M 43
Hr[TJ AR gl K 2 2 4, 2020, 39 (2) : 71-81. L1 X, GAO ].Clo-
ning, expression analysis and functional study of loach (Misgurnus
anguaudatus) elovl2 and elovl5 genes and their effects on the syn-
thesis of long-chain polyunsaturated fatty acids (LC-PUFA) []J].
Journal of Huazhong Agricultural University, 2020, 39 (2):71-81
(in Chinese with English abstract).

[10] ZADRAVEC D, TVRDIK P,GUILLOU H.et a.ELOVL2 con-
trols the level of n-6 28:5 and 30:5 fatty acids in testis.a pre-
requisite for male fertility and sperm maturation in mice[ J].
Journal of lipid research,2011,52(2) ;245-255.

[11] MONROIG O,LI1 Y Y, TOCHER D R.Delta-8 desaturation ac-
tivity varies among fatty acyl desaturases of teleost fish: high
activity in delta-6 desaturases of marine species[ J].Compara-
tive biochemistry and physiology part B:biochemistry and mo-
lecular biology,2011,159(4) :206-213.

[12] XIE D Z,CHEN C Y,DONG Y W,et al.Regulation of long-chain
polyunsaturated fatty acid biosynthesis in teleost fish[ J/OL].Pro-
gress in lipid research, 2021, 82: 101095 [ 2021-05-20 ]. https://
www. sciencedirect. com/science/ article/pii/S0163782721000114/.
DOI:10.1016/j.plipres.2021.101095.

[13] SUN S X,REN T Y, LI X,et al. Polyunsaturated fatty acids
synthesized by freshwater fish:a new insight to the roles of
elovl2 and elovl5 in wivo [ ]]. Biochemical and biophysical re-
search communications,2020,532(3) :414-419.

[14] ZHAO Y, YANG G,WU N Y,et al.Integrated transcriptome



5% 5

LEEM . AR IR VIR X PE S elovl 5 elovl 2 T fads2 TE WG BE R HNNG W7 TR & B VR SR 145

and phosphoproteome analyses reveal that fads2 is critical for
maintaining body LC-PUFA homeostasis [ J/OL]. Journal of
proteomics,2020,229:103967[2021-05-20 . https://www. sci-
encedirect. com/science/article/pii/S1874391920303353/.DOI:
10.1016/5.jprot.2020.103967.

[15] LTI Y,LIANG X,ZHANG Y, et al. Effects of different dietary

soybean oil levels on growth,lipid deposition, tissues fatty acid
composition and hepatic lipid metabolism related gene expres-
sions in blunt snout bream (Megalobrama amblycephala) ju-

venile[ ] ]. Aquaculture,2016,451:16-23.

[16] STEFFENS W. Effects of variation in essential fatty acids in

fish feeds on nutritive value of freshwater fish for humans[ ] ].

Aquaculture,1997,151(1/2/3/4) :97-119.

[17] GUILLOU H,ZADRAVEC D,MARTIN P G P,et al. The key

roles of elongases and desaturases in mammalian fatty acid me-

tabolism :insights from transgenic mice[ ] ].Progress in lipid re-

search,2010,49(2) :186-199.

[18] OBOH A,NAVARRO J C,TOCHER D R.,et al.Elongation of

very long-chain (=>C,,) fatty acids in Clarias gariepinus : clo-
ning, functional characterization and tissue expression of elov/4

elongases[ J].Lipids,2017,52(10) :837-848.

[19] MONROIG O, ROTLLANT J, CERDA-REVERTER J M, et

al.Expression and role of elovl4 elongases in biosynthesis of
very long-chain fatty acids during zebrafish Danio rerio early em-
bryonic development[ J]. Biochimica et biophysica acta (BBA) - mo-
lecular and cell biology of lipids,2010,1801(10) :1145-1154.

[20] ZHU K C,SONG L,GUO H Y,et al.Identification of fatty acid

desaturase 6 in golden pompano Trachinotus ovatus (Linnaeus
1758) and its regulation by the PPARab transcription factor
[J/OL]. International journal of molecular sciences, 2018, 20
(1): 23 [ 2021-05-20 ]. https://pubmed. ncbi. nlm. nih. gov/
30577588/, DOI:10.3390/ijms20010023.

Effects of dietary different lipid sources on elovl5.elovl? and fads?
in highly unsaturated fatty acids biosynthesis in zebrafish

WANG Yumei' ,REN Tianying' ,GAQO Jian'"’

1.College of Fisheries, Huazhong Agriculture University sWuhan 430070 ,China ;
2.Key Laboratiory of Agricultural Animal Genetics Breeding and Reproduction ,
Ministry of Education sWuhan 430070,China

Abstract In order to further explore the interaction of elongase 5 (elovl5) ,elongase 2 (elovl2) and
desaturase 2 (fads2) in the synthesis of highly unsaturated fatty acids (HUFA) in freshwater fish, we
successfully constructed four zebrafish mutations including elowl5” (E5 ). elovi2” X elowl5” (E2" X
E5 ) .elovl5” X fads?2 (E5 X F2") and elovl2” Xelovl5 X fads2 (E2° XE5 XF2") using CRISPR/
Cas9 technology,and soybean oil (SO) and canola oil (CO) feeding experiments were carried out on four
mutants. The responses of zebrafish elovl5,elovl2 and fads2 to different fat sources in the feed during
the HUFA synthesis process were studied. The results showed that in the E5” and E2” X E5" group. the
extension of CISPUFA to C20PUFA still existed,while C18:3n-3 (ALA) and C18:2n-6 (LNA) showed
significant accumulation in the E5” X F2" and E2" X E5" X F2" group. The expression of elovl4a and
elovl4b in the liver were induced after mutation of elovl2,elovl5 and fads2. The results of fatty acid a-
nalysis showed that the DHA content of E5" group was not significantly different from that of WT,and
the DHA content of E5” X F2"~ group was significantly lower than that of WT after fed with SO feed.
However,the DHA content of E5" group was significantly higher than that of WT,and there was no sig-
nificant difference between E5” X F2" and WT after CO feed was fed. Zebrafish desaturation was signifi-
cantly affected without fads2.indicating that fads2 is an essential enzyme in the process of HUFA syn-
thesis. The missing phenotype of elovl2 and elovl5 may be compensated by other HUFA synthesis path-
ways. This experiment further verified that elov/2 and elovl5 had gene interactions in HUFA synthesis.,
and fads2 was essential in HUFA synthesis as a desaturase. This study provides a theoretical basis for

improving the HUFA synthesis ability of freshwater fish.

Keywords elovl5; elovl2; fads2; HUFAj; interaction; zebrafish; dietary different lipid sources
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