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Fig. 1 DHA molecular structure diagram
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(elongases of very long-chain fatty acid, Elovl) 15
JU5 82 2= 40 FII il (fatty acid desaturases, Fads)Kf & 5
AP EL G DHA, HMELHELNZE
PUFA & W Elovl 3£H, F%°4 Elovi2  Elovi4 .
Elovl5 1 Elovi8"> "), {£3 K DHA 4 LAY 0
H1, DL C20 Al C22 PUFA M4 ) SiE 4 S vy 3 L
& Elovl2. Elovl4 FI Elovls & & #EVER (L
Elovi2 iy F)U'?7) s w e 2 4o
KII) Fads N, Bl Fadsl (A5 fad 1% ¥E)A0
Fads2 (A6 fad 1%VE), A8 i Al GEAE#Ffb o # v
FERT Fadsl R, BEHA LA Fads2 FH,
H= st B ARIIIAE(A6 . A5, A6/AS. A4, A8
fad 354 P91 55 H At g S e sh g —BE, a2k
Fads2 L BLZ A12 F1 A15 fad 36, HIK I
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aurata) R EIBTSE R, AMAKTE] DHA A lAE
)22 RAFAE A it i . BB e, B2
FIRFRIE M DHA SEMEERNZ 2 m
REF W25 DHA & B0 A B 4B,
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Fig. 2 DHA biosynthesis pathways in fish
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H T, © B fa25 DHA & B S i 72 b
Jo B 1 S Bt il L 0 55 Elovi2 . Elovl5 . Elovi4 .
A6 Fads2. A6/A5 Fads2 F A4 fads2, XSEHEH =
Y2 [0 e T RE A7 W 0 2R RS, X
ATBE S BN EAWIR N Z 2R A ¢, 4
R ZH0 K e it £ T XHRK i DHA
4 1 (Sprecher ARV N FEHEN Elvol2 FEFPY, B
CAREE R E S Tt Elovls 5% Elovl4 5Eh
22:5n3 [1] 24:5n3 WAL (X IFIE Elovls 5 Elovi4
WH 25 PUFA AWM EZY6E), &8 A6
Fads2 8¢ A6/A5 Fads2 ¥f 24:5n3 1k} 24:6n3, M
I8 1 “Sprecher 12" & W DHA, 745, BIRMF
FEM, B /KM Fads2 A A4 Fad IG1E, 7l
REl A4 B H K 22:5n3 A DHA (3 1),
PLUF H A X SO R SE R 7 £ 2% DHA AR
AR AT RE AR T AR R
2.1 Elovi2

XFFRoK fa FfE Rk, Elovi2 K 22:5n3
Ak Ry 24:5n3 WYL BRIE IR “Sprecher IR H
B DHA #CHE. AFods i, MK LC-PUFA
H IR N BARTT e 5 HFER T Elovi2 JER A 51,
TEPEH fh (Danio rerio)F IWFFE KB, Rl Elovi2
2 SEN A AFIERIIEL S 3 d BIRAG ) DHA &
BB 67.1%H91.7%, TiRLER Elovs WK 5]
i DHA & &2, ERMEFR Elvol2 F1
Elovl5 W78 R, a] X Rl Elovi5s F1 Elvol2
() mRNA 4351 4 15.1 F19.9 4514733 F B ElovI2
1M HE Elovls % DHA & Wit PEVE o 4R, 1%
WG I RAERBR Elovis 2878 RN R Elovi2
(1) 52 X DHA & B IR o ek, % M
A 3 R R B L f8. ElovI2 JINHIE T DHA &
BRFGR, #5378 T DHA ZE4ES I E NG 5 fa 25 A
HEARD B 79 45 14 BB 5 9% (non-alcoholic fatty liver
disease, NAFLD) A E EAEH, HAREZI Elovis
B 2228 A4 NAFLD A A 1 FHES), it —2k
YA T HATIAE ISR, B Elovis REBEAN SR
DHA &, [EfHERENE, 165 —T5E Dy
MR BN, BiE Elovis 24l Elovi2 I Elovi4a |-

JH, FFAERTILA DHA & R 2 5, sk
ElovI2 Wi Elovi5 T, [FE} DHA /KPR 82T~
Ve, [RIBTHEE T Elovi4b i) mRNA AKCEM, w5
5T ¥48 1) Elov12 TMiHE Elovl5 J& DHA & K 8
EWT, HIFHEMBIFEUEM, 76 Elovis FRE,
Elovi2 WSS Elovida [RIBF &IEAMER, {2k
DHA &, MIAERER Elovi2 I, Elovi4b 1) I
TC B AE R DHA AYIER & . WIS 76 5T
O e Elovis JG%F DHA & & 500 2% 25
WE— W5 o e R PG, BEBR Elovi2 i FIE |
WA A WL Y DHA K-8 35 TR, JRRLE BT
e S AN Y 20:5n3 1 22:5n3, I Elovi2 fE%
L2 DHA &WPY, iR ss R esr %
W, Elovi2 & DHA & i H R 15 HEH .
2.2 Elovi5

JETER S rh s R, @28 Elovis Xt
DHA & B AEFE A0 Elovi2 B9 A 4
SCHT R YL Elovis i 3638 AR (R & 5 3L
Elovi2 Feik K78k, TRES R DHA &
o J3—J7 1, Elvols B L C18 F1 C20 PUFA
R KA AR F, R AE B BE 5 T £ (Siganus
canaliculatus)[m . BEAEE I fa(Nibea mitsukurii) (221
SR AR (Scatophagus argus)VEE K 4 P I AFSE R
B, Elvols WA7F7E— ¥ 22:5n3 #4646 K 24:5n3 1Y
REJ1. I, e KmTFEZENIEYE DHA Bk
HEW, PUAATREME i Elvol5 #M Elovi2 AYL)
fit. ik, TEBL(Cyprinus carpio) ™ W 5T 7N,
H: Elovl5a Fl ElovlSb ¥ 84 22:5n3 4k 4 24:5n3,
H. Elovl5a fUFEK 1% P2 4K L85 T ElovisbP', 78
X 55 — T 58 & R, Elovisa BY%% %7 5 DHA
GREMMEKER, FFIZIRERE T —40]
TR EloviSa FikIfH¢m DHA &) miRNA
(miR-26a-5p) P2 Elovi5 Fik X%t DHA & & 15
i 75 2 1 ElovI2 A5, b t—HoT.
2.3 Elovi4

HETIEWIL Y hprse, AE 2 0E
Elovl4 7E#KAE g iR (very long-chain fatty acids,
VLC-FAs) (=C24)& iy ah g™, 7EBE D fa
BRI sEh & 3L, Elovl4a i1 Elovl4b GEXF ARG
MR #E K & C36 1) VLC-FAs, It4h, Elovl4b it B
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# L 22:5n3 MIRYI AN 24:503 HRE ST, IR A
I FERYRARIEN S A RS Elovidb 225 1 DHA
I 25 B AL 1 (Rachycentron canadum)™
E o AN 5y e A I < LN i
{1 BE A0 (Epinephelus coioides)* | itk 111 1111 B
(Acanthopagrus schlegelii) VA& i 7K fo rf T J& 1 25
RBFFE AT LA & B, M Elovid ¥ 5454 A% 22:5n3 il
24:5n3 WA . FEZEE 0 B0 R F W R BESEIE
52T Elovl4 257 DHA &P, mutt b, ¥
KA Elvold WHEAM: Elovi2 £ DHA 5 i+
MITEH
2.4 A6 Fads2 1 A6/45 Fads?2

A6 Fads2 B, A6/A5 Fads2 FE“Sprecher i&48”
B E#ES S T DHA &, REEHIHRA Hh
(1) A6 Fads2 KA LA FIREVEH], (HAdA —LLfh2k
HA 46/45 Fads2 FEF, HAi% & 1A RN B A
A6 Fad fl AS Fad BiFHGEN, 2001 4F, 7E5ED
K RE A6/45 Fads2 3EH, X EEHESIY
Hh B L 2 R R U gL Y kR, EE
2010 4, 7EBBEWE 7w T I REE Rl
A6/A5 Fads2 3R %235 A A7 4 1] g 5t 2%
TEPREEIE N i 2 8 = ) LC-PUFA. & UAE 1 A1
K, Bilb— LR E T A R 7 A LS
W ERfR . AN, AR BAA AR 46

Fads2 o5, A6/45 Fads2 3[R, Qe PG 7 ik v 08 5
F| 3 4 46 Fads2 3N (46Fad_a, A6Fad b Fl
A6Fad_c)®, Titerh % e 5] 2 4~ 46/45 Fads2
KL (A46/45Fads2a F A6/45Fads2b)%,Oboh Z54]
Mg T 7 Fh a1 A6 Fads2 F1 4 Fl 2 1) A6/A5 Fads2
L 24:5n3 HEYIHAL 24:6n3 WIBE 1, KNI AR
i A6 Fads2 41, HARYEA M, #F—20 3,
1812551 12 “Sprecher 427G i DHA BA Mk 4
2.5 A4 Fads2

1ER I FL 3h ) DHA & i ssvh, 25014
MAFAE—Fp LA A4 fad 16 PE ARG AT LK 22:503 B
WA i DHA, {HARSE @ B HEM RS, HATA iEdE
#AE 1) T “Sprecher i#&427PT ) Li 4P8F 2010
SEAE BB TP e Ik R B, B HE S E DHA
B R “A4 B % R B A4 Fads2 3 H IS

SCH: Fads2 FERHA A4 GG Do BUA B
K, “AdigFe e/ R0 8 F1E 1) DHA A U
PR BINER IS, 78 2015 0 —I LA
FLEREE AN 22 MCF-7 X R s, A8 T 1]
P 22:5n3 54k K 22:6n3 [ A4 Fads2!', %320
HHESIY DHA & I“A4 @727 0] Bt 2 /i it
(TR RT3z, TR 35 7R 4% 2 2500 AT BE A7 A 1
K540 DHA & L]

*1 EBEBZE AdFad FHEQ2:503-22:6n3) IS S A MBEEE F R £ 2

Tab. 1

Fish species with fatty acyl desaturase genes presenting A4 Fad activity (22:5n3—22:6n3)

2 fish species

ik reference

WP T (Siganus canaliculatus); 75 #(Oryzias latipes); JE% % AL (Oreochromis niloticus); BEh 3TN

[27-28, 45, 62-67]

(Maylandia zebra); 1A [ ¥bWN fi (Haplochromis burtoni); K T B i (Micropterus salmoides); L 4E 1€ i
(Poecilia reticulata); N RIKEE (Fundulus heteroclitus); MZs [RIRE (Austrofundulus limnaeus); FEPNJINI/RK
fifi(Solea senegalensis); WK 4RI i (Chirostoma estor); 2t (Channa striata); V>85(Pegusa lascaris); %
BERDU A (Atherina presbyter); YWWIEARES(Trachinotus ovatus); Fk J11fi(Cololabis saira)

3 £ DHA AR XREBERNERAE

FEBE oy 1047400 R e e O e g g
SCYGIESE, 5 DHA A b G Y S B 3L P i 2%
AT DHA & 2A BE MR, NI bTix
SO BL N Y SR IR TR AL GE RS Bl R A 3% DHA &
B S 2 <o e ] Nl <10 20 e R 8 3
EARFY B, Wk M ST FEER, doe

THER FR A AR B AN E R) A IR A, X
HERERXIEEFFEMEM. DTESAHAME
DHA & B 1) O 5 ilg 35 PR 76 )3 8l 7 /K OF- b i 5%
PRI
3.1 £ DHA R XEBERNBIF=IE. &
REFRE S LA H

28 DHA A WOCHEBEEE A 05 sh+ 2 3R1%
L 1 W) Bl 2 A B T fA(Elov SO
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A4 Fads2", 46/45 Fads2U"™) . GRIEEEE5(Elovis™
Elovi4V? | A4 Fads2'"y, KPG¥EEE(Elovis 7| 46
Fads2"™) | Bt ta(ElovisU™ | A46/45 Fads2").
#(Elovi5 B A6/45 Fads2P®) . 2 (Elovi5)) .
KV 05 (Godus morhua L.) (46 Fads2U). 4
A BELE(A6 Fads2™y K ¥ ta(Elovis™ | Elovi4
A6 Fads2™) . WT85(46 Fads2")F#i(Lateolabrax
Jjaponicus) (A6 Fads2"™), 755 1 1 %6 X 4 g 3t
Ja 1 PR R OB DI, TR0 A0 5 S LT RS S
A7 15 AL F5 40 B9 A% [H 7 4a (hepatocyte Nuclear
Factor 4o, HNF4a)), HNF4y, HI3# & H 1(stimulatory
protein 1, SP1). GATA %54 8 H 2(GTAT binding
protein 2, GATA-2), GATA-3. GATA-1, CCAAT-
a5k 125 4 5 FH (CCAAT/enhancer binding protein,

C/EBP).C/EBPa ,C/EBPB . #% [ ¥ 1 (nuclear factor
1, NF-1), A ¥ Y (nuclear factor Y, NF-Y) . fif i
A5 IC 4 (sterol regulatory element, SRE) . i1k
11 (activated protein 1, AP1). iR ot
(insulin response element, IRE). i & Ak4) 1A 1
FE NG 24K v (peroxisome proliferator-activated
receptor v, PPARY). PPARab . AH[&E EEIE 15 T b 45
4 %5 M (sterol-regulatory element binding proteins,
SREBPs) . It X &K (liver X receptor, LXR) 11 2
i X 3 (retinoid X receptor, RXR)&E & #J(LXR/
RXR). CCAAT £ (CCAAT boxes). TATA &45&

H (TATA box binding protein, TBP), FHFH& FH 1 (yin
yang 1, YY1). RXR FIZEAZE D Z{K(vitamin D
receptor, VDR)EZ & #J(RXR/VDR), L5 2,

®2 BEDHA ARXEBERNZOBH FRAEREEAEREFREAAS

Tab.2 The core promoter regions, transcription factors or binding sites of key enzyme genes involved DHA biosynthesis in fish

IO F) e sy PR T L o

N ) K - L N
Fik KRB gy e . i ik
. . key enzyme . predicted transcription
fish species genes core promoter regions factors or binding sites reference
W T Elovi5 —837~ +89; —491~ —468 HNF4q, SP1 [68, 80]
Siganus canaliculatus
44 Fads2 —262~ +203 GATA-2, C/EBP, NF—1, NF-Y, HNF4a, SRE [69]

A6/45 Fads2 —159~—137; —456~+51, SP1, C/EBP, NF-Y, AP1, SRE, IRE, SREPB Ic, PPARy [70, 81-82]

YR IE B 6% Elovl5 —146~ +459; PPARab [71]
Trachinotus ovatus
Elovida ~148~ +258 PPARab [72]
A4 Fads2a —827~ +1 PPARab [67]
A4 Fads2b  —836~ +1 PPARab [67]
KVGPESE Salmo salar Elovi5a —3617~-3538; +9~—153; SREBP 1, SREBP 2, LXR/RXR [73]
Elovi5b —1305~ —1226; —1305~ SREBP 1, SREBP 2, LXR/RXR [73]
—664; +734~ +1
A6 Fads2 —546~ —209 SP1 [74]
BE DAt Danio rerio Elovl5 —682~ +202; SRE [75]
A6/45 Fads2 —161~—67 SRE, CCAAT boxes [76]
2% Channa striata Elovi5 —-161~+46 SRE, SP1 [75]
Bl OB Epinephelus coioides A6 Fads2 —347~-17 YY1, TBP, NF-1, NF-Y, HNF4y, RXR/VDR [77]
K ¥t Larimichthys crocea A6 Fads2 —408~ —194, —65~ +54  C/EBPa, GATA3 [78, 83]
W % Oncorhynchus mykiss A6 Fads2 +383~ +826 C/EBPa, GATA3 [78, 83]
W} Cyprinus carpio Elovi5a —493~ +1 NF-1, C/EBPB, GATA-1, SP1 [51]
Elovi5h —440~ +57 C/EBPa, SP1, NF-1 [51]
A6/A5 Fads2a —622~ —46 TBP, NF-1, AP1 [56]

A6/45 Fads2b —812~ +1

SP1, NF-1, AP1 [56]




55 4 3]

SIS 2K DHA G RO HE R R S e SR it 5 it 573

32 EREFIEZE DHA SR XBEBERRIL
MiE=EER

EARFE IS, FEMTENZAZ1H7E DHA
B S SR T 3 R 114 i A0 TR s DXl T =
YRR T 2R T (3R 2). BT, WF5EAHXIE
AW E B T f0, FERCIT 8 5 50 (electrophoretic
mobility shift assay, EMSA)/R, %% 5% 1 HNF4a
A H 5 Elovis'Hl 44 Fads2' W8 s 7454 .
f£ HEK 293T 4l &, id ik HNF4a B354
T ElovI5™H A4 Fads2"4 J3 2h Fi% 1 . 78 5 HE
WM R (SCHL)H, #1381k HNF4o 3%
P2 T EloviS'VF1 44 Fads2'H) mRNA 7KF )
DHA & M, il siRNA #f% SCHL H11y
HNF4o 22358 Elovls 75t A ) 0.3 T FCS fE ik
S AP, TEHE A b ST HNFdo (19 38006 770 v 48
ElovI5YF1 44 Fads2[69]l§l’9%§ii<, I 4 2 B v R
DHA 75 518 55 S — A 3 % (10 7 5 A7 SPI,
CREE S Elovls 1 A6/45 Fads2 JRsh T A HAE
B, 7E HepG2 4R, SP1 4547 s il 5848
23 BB S0 Elovls Tl A6/45 Fads2 J38h Tk
7£ SCHL it ik sl mii % SP1 B, Elovis Fil 46/45
Fads2 ) mRNA K5 SP1 7281k 5 52 TF A,
HAE SPI 13150, 40 DHA & W 5 n™,
TE A6/45 Fads2 ¥20 J5 8 F IR X id it — D 4 e
#| 7 h1 SP1. NF-Y #1 SRE Jof-H4 iy IREs, 7&
SCHL "/ & % (insulin, INS)A] 5 IREs £/, I
¥ SPI1. SREBPIc. A6/A5 Fads2 Fl elovl5 )33k,
Mg E A DHA & &, 1 INS X} 46/45
Fads2 1 elovl5 2535 K DHA & iR 32 18 2
SP1 il SREBPlc /i S, A, Kok Ak
PEWE T A6/45 Fads2 J3 81 L) SP1 4567 45
AR HE B 44 Fads2BOVSK 214 A B 01
A6Fads2U" 5 B % 0 X 8, 0] g
() 2 F M, UiB SP1 W] BE7E s 2 ik
MRSt A4 Fads2 8 A6Fads2 BAG 5T B3 A4E
o MeAh, #5557 PPARy WHES 46/45 Fads2
J& B F BT, 78 HEK293 4ii i & 1, PPARy
R 46/45 Fads2 Jash T iEME T, mis@Ehn
PPARYy Il 5 (GW9662) M {fi )73 3 1% 4 1 352,

1E SCHL 1, it GW9662 (] siRNA) il =i
ik PPARy W EIREEER 46/45 Fads2 1)
mRNA 7K, {H7EL %5 PPARy B, 4ifig+h DHA
R E AN AN

fEHA S DHA A BOCHERGEE K JE 21 1Y
SRR, R T 2N T RS
¥ 5.(4n PPARa., SREBPs , SRE , CCAAT ;. C/EBPa
Ml GATA3 )2 5Jash FistEmia s, (HARKN
20 H DHA 5 B AR R A0 7 778 g, Zhu
S P, U EE A5 PPARab AEIEVEYE ElovisUVHI
Elovi4a" 3 8 3% . 75 HEK293 40 fifd b % ik
PPARodb B RIS H ISR Elovis J5 8 T rEY,
1M RNAI #if% PPARab, W £:fdi Elovlda 757
FIKE b= A R R R 2, 141, PPARab
W] TE 4 A4Fads2a F1 A4Fads2b 1 )5 8 1T 1,
T H e S FE R A4Fad WEPEW A4Fads2a 3
T BRSSO S M) EEEH . 255 M1 %
A%, W A4Fads2a JE 7% Pk 25 T RO x sl gk
SR, PPARab I figid it 5% sk id4% Elovis | Elovida
1 A4Fads2 {2 BIIEERE2 DHA BYA M. 7EE
P 25 K PGP SREBP1 F1 SREBP2 i iiF 552 J2-
13 ElvolSa F1 Elovi5b %% e ol 5t R 7173
SRASSTGIESE, Pifh SREPBs $ 0] i 5 Elovish
S B TR0 K 2 4> SRE 7 55 45 & R VR4
FH, HARSBHY 2 4> NF-Y {7 S ] fE 2 5i%d 2,
1M Elovi5a Ja 3 ¥ VEAAE SREBP i3t Rk if 2352
# SRE Ml NE-Y {37 55 528 (520, 5 4, SREBP1
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Abstract: Docosahexaenoic acid (DHA) (22:6n-3) is an n-3 (omega-3) long-chain polyunsaturated fatty acid
(LC-PUFA) that has attracted much attention in recent years. It is indispensable in the brain and visual
development of infants and young children and has many physiological functions, such as the regulation of blood
lipids, inhibition of tumor growth, and prevention of Alzheimer’s disease. Fish are an important source of DHA in
humans. However, with the decline of wild-capture marine fisheries and the increasing aquaculture production, the
proportion of DHA obtained from farmed fish is projected to increase significantly. Recent studies suggest that
genetic manipulation or selective breeding can enhance endogeous DHA biosynthesis in farmed fish by targeting
key regulatory factors, potentially reducing dietary fish oil reliance while increasing DHA content in muscle.
During the biosynthesis of LC-PUFAs, elongation of very long-chain fatty acids (Elovl) and fatty acid desaturases
(Fads) play important roles by extending the carbon chain and introducing double bonds, respectively. This article
provides an overview of the DHA biosynthesis pathways in fish and the Elovl and Fads gene family members that
play key roles at various nodes, and explores the division of labor, functional compensation, and diversity of these
genes. The different regulatory modes of transcription factors on the key enzyme genes mentioned above and their
effects on DHA biosynthesis were analyzed at the promoter level. This article provides a theoretical reference for
genetic improvement and precision breeding of the DHA content trait in farmed fish using techniques such as gene
editing or molecular module design.
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