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Z g Fz " BERHL ETEd Enid e
FHE MEH ERE RIAR
(AR FERIR SIS TG 50 i e A P i SR o Tf RS s
LA AR WK e RV R T AR BRI STl AR R IR S VB 1 P 2B 25 R S B AR 2 WL A 5 34t
INARA RSB EE AR E IR MG 264006)

HE H AL 2 7 F 45 (Cynoglossus semilaevis) i Ji, R % & Wik 5 1= K 4 & 1050 5 B
(LC-HUFA) & s AL#H, REBRA R T =+ 28N i B (DHA)E FR & (a4 0 & 7 & 4 7 i

Fie i BR AR R 3k WL % A5 484 8 455 M B BR (R4 B B v, DA b R RAL I VR 4 e A R IR0 A
16 il DHA %44 7| X9 & o 89 57 B (Artemia)FEAT A, DABEAL oo B AP O AT 4 0 5L 0040, [l B DA R
B T O AR IR, FRAEEBAE 15d (15 dph)HATEEE, Ktk FiER, B
B RAEK, Rl fE f & R B 4R K B B M S R ik, AT fads2 £ H DNA W AL B4R
Ao ERE;, 15dph i, LHRAFFERAEKEERE, BHE L ZE EKP<0.05); LHE(LA).,
4 1B (ARA), EHRER(LNA)M DHA 4 & % E 7%, n-6 % 110§ Hf B (PUFA)f n-3PUFA
G EREFE; ppara. accl 1 fas EFE KK E L FE KK, fads2 F fabpl £k ELEFIE, elovia
EHERERDEWER; B H fads2 ¥ AL E-T50~-1 050 bp HFE—/CpG &, FEEKE
# 301 bp, & 8 AMELE CpG Lk, Hd 5/ CpG Lk £ 8% F WA BM, NEEEELK
FRAF, fads2 Bl FRMFAESGE £ T EMBHRL . R R MEF DHA X H 78 & HF 2 HTE 5
AR A A A TR, BITRI R R A An KA fE R 5 A & & 4K LC-HUFA 4 /%, AT
RERRARAER, B, RINEYERBENSS fads2 B 21 F R EF EMB, ANTIR S fads2
HEEFLRA, AFRAHTLEETEHE LC-HUFA KT nk, YL H O R FABRHT
R,
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JIg Wi R 2 f0 R B E SR 0, TENLIA A KRR
IR AR Hh 4% EE AR L WK R B PR 2R i L 7 B
U7 R ——— 5 ¥ AN 16 R 17 R (LC-HUFA) 7E 18 754X
W AR A STy A A BURGE, (H &S R
REAIR, FEORIETEFRBELA . LC-HUFA 5 i
WIARNIR s . DSRB R, BAf . BMA, fkdd
FER G ZA YRR, KRR BT R E
LC-HUFA {54 2 (Sargent et al, 2003). {HE AW
KU, AN A AT S A LC-HUFA &
TGRS, 2016, 2555, 2020), AL
JT . PR FREARL TN, HEA A

A i U & B B B 7R v Ak 235 i AL 4R
HERAS, 2 PR BE R W 5% 1975 4% (Shao er al, 2014;
Badeaux, 2013; Skjerven et al, 2023)., Kr=sh¥r’s
7 58 Ak W 5% 46 TP 7E B 5 £f (Danio  rerio) . 4 3k 4
(Sparus aurata) S 28 (Anabas testudineus)?5 IS,
Ty 2 by i ok 22 AN iR RN i DT PR (PUFA) B FR iR AL S | 2E
KPEREA T4 55 (Singh er al, 2024), SRR 5]
G MEAC A G 1 DNA H B4k e 41 26 1 B s X
AR (Perera et al, 2017), A= A5 W45 245 B )8 m) 5|
Je B B Akt (Oreochromis niloticus) )L A F1 T HEEEA By
DNA IR, BEOREACH R H 5h, TR PRI 4y
Y 4= K1 BE (Kumkhong et al, 2020), @ EFHF R4 T
W KPG8 (Salmo salar)HEVEYE R DNA 31k, 31
A REIE i A 2R 2 AR G I 2 5 IR iR & F AR
FWM A% (Saito et al, 2022), I, HEIT UM T4
N AP IRE F7 52 ) WL A A A, o el
LC-HUFA & BCBR I, Az st i fa fp HoAG S22 5

35 5 85 (Cynoglossus semilaevis)FZ i 7K A&
IR RMEYI R, #R9E LC-HUFA & B 5 iz 12 n]
AR E AT RS SR . AR S A 1 oS
15 BR (DHA)SEAL 58 Ak 5§ B (Artemia salina){E R I
R, B SRR B A, AR
WP 38 S AT, 430 8 SR oAb J5 HE £ BRI R T AR
RZ, BRI RACH AR OCHE P 7% s 7K1 S« DNA H 564k
BIRE, AR ZE DHA B FRam A xt 21 i & e
AEAE L MR AR 2 K R LAB M 10 24 4 5 Wil

1 HRETE
1.1 SCIEH

S it H 2 1 A2 0K ORI TR — 5 SR K
FPEHRAR, A IIH DHA sk, HEZR DN
S458 A7 5 (Platymonas subcordiformis)fy, W4T RKEF
FEEBHA R F], DHA SAE S SRR ILE 1.

& 1 DHA SELAEATER H A
Tab.1 The fatty acid profile of DHA fortification

fiE 5 BR 2 A, FA profile DHA 84k 7] DHA fortifier
14: 00 2.52+0.07
15: 00 0.81+0.24
16: 00 49.14%1.65
17: 00 0.19+0.02
18: 00 1.64+0.14
22: 5n-3 7.49+0.38
22: 6n-3 (DHA) 38.21+1.41
YPUFA 45.70+1.62
1.2 DHA 384

ARSI A I 2R AR U T R IR BRI 5T B AR
B S PP B R BT, 2 RGO A1, X g
HOBR AT AL LS IS SR AT T 1 IRk B U KR
26 °C, hEF 30~33, pH8.0~8.2, VA% 5mg/L., HH
24 h 5, BSOS i ITCAT AR, BEAILKE T RTET
R sy 2 2 ADWEAAR N, BB 300 ~/mL M 0.3 g/L
() DHA S8 AL A K i ik, 2 i85 £
BTG RFEAToRA , o HUTCT G AR R 2 1 DL
%2, sRALIIRELE 12 h R T fa

& 2 DHA SE{LJ5 pa B 7T 40 {4 A A B 40 A
Tab.2 The fatty acid profile of 4. salina nauplius fortified with

DHA fortifier
i 5 1R 3 e IR DHA 34k 54 Bt
Fatty acid Regular 4. salina  DHA fortified 4. salina
14: 00 0.93+0.05 0.98+0.03
16: 00 9.78+0.20 9.83+0.31
18: 00 12.76+1.13 12.63+1.07
20: 00 2.89+0.07 2.81+0.06
>'SFA 26.36+1.45 26.65+1.47
16: In-7 11.3140.13 11.28+1.20
18: 1n-9 25.20+1.61 26.27+1.89
>MUFA 36.51+1.74 37.55+3.09
18: 2n-6 (LA) 9.12+0.23 9.04+0.41
20: 4n-6 (ARA) 1.52+0.08 1.43+0.07
> n-6PUFA 10.64+0.31 10.47+0.48
18: 3n-3 (LNA) 11.14+0.84 11.01£0.79
20: 5n-3 (EPA) 5.33+0.13 5.24+0.09
22: 6n-3 (DHA) 0.62+0.07 1.93+0.14"
>n-3PUFA 17.09+1.04 18.18+1.02

T TR bR KR 28 53 3 (P<0.05), To/R bRt
PIZH 22 5% A8 .35 (P>0.05), R,
Note: Data in the same row with “*” are significantly

different (P<0.05), no “*” represents insignificant difference
(P>0.05). The same blow.
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SEEAY N 2 A, B 3 AFAT, BT 1 TR
ZAEU A TFACAR Y, SLE 4 (Pro dl)ff-faF 1 B
<41k DHA sk, %FBRZH (Con #H)ff-faJF
FH B U IE 3 45 TR

1.3 FEEIE

ZAG IR AL A [E] 3 B K R 23 °C L £ 30~33,
pH 8.0~8.2, & 5 mg/L, MEA <0.1 mg/L, {1
i pd BT, $0E R 4~5 AS/mL, FRFE/K O
ARG 2/3, JFERT 7 d BERANKZE BARKE,
WL 7 d (7 dph)irt, FFIRHUK, HoKkE N 30%,
F+ % 15 dph #HATHUFE(Li et al, 2005),

1.4 FaR=E1EN

IEFASEALAR 43 B 500 RSZREERAT A 6 A
1000 mL %A KRRt (B 3 4 FA7), S
2 d (2 dph)43 5 FHIE % < HL(Con 2H) A1 DHA 31k X
H(Pro )AL TF T, SRR 5 0 Ak A A R) 35
FEEREE, FRFHE 15 dph, T8, FETRHE M
BT ME L, ST AA T R R %, Hp e 2
TRt AR aCE A R IS AR B4 . W0 5% 1 dph A
15 dph frHEfaiR

AEE (%) =710 HE A1 550/99% AT 1. 500< 100%

WA T 38 (Yo ) =R T HiE 10 250/09% HH A7 £ 250 100%

DL EPEM R AR A AL B E 3 MR EE

15 HmXE

Y], B RAEASPATREPLI 3 RRAFHE L5

ARORE . FREEEISS RE, £ FATREFLE 500 EAE
TAGAEE 20 COAE, TR DNHE £ i D5 R 20 1 5
- PATRABLI 1 000 &4 A 2 MR ,—80 C
PRAF, 3R R IR0 B DNA H LB B 1iiF 5T
1.6 BERFERAMFIEERIZE

HE AR A b A FH V2 R TR LR T S5 BF S A iR
BT 15 emx2.5 cm A7 IRIE A T, A 3 mL HIEEER
FRFN 1 mL IEC%e, a5 BIRIBZEIRS . HEKIALE
80 CA&JEWMMA 2 h, WHEZERE, mid%EHm
A 5~10 mL 6% K,CO; /KIEW , Rk ZiE, ¥ L
WP .0 T, 2 000 r/min 8.0 2~6 min, ¥
FERIEC R 2 GC RIFERI T, StEseiE
4% (Shimadzu GC-2010, H 7<)l

i FH Trizol ¥E#EAT A RNA $2HL, 3 i B IS b 5E
WEHLVK A BT RNA BT i, I8 FH IR 1t A { (NanoDrop
2000, ZEEHRGMZRR AR . /7 RNA 465, ffiH %
8551807 & PrimeScript™ RT reagent kit with gDNA
Eraser (TaKaRa, HZA)G A cDNA, NCBI [k Ht
e Wi R & W (fas) . S TBEGHE a FRALER 1 (accl) . i E AL
Yy A SE T 2 o (ppara) . BEITTRES S 1
(fabpl). NEWHTR AR FNEE 2 (fads2)FIG iR AE il o
(elovia)FEILNFH], ¥t p-actin fERNSIEN, fii
H Primer Premier 5.0 2464751903583 T, 5149 5 51 UL
230 BT 518 A T AE Y TR () e AT R
ONEE L, LZ AT B cDNA SRR #E 4T 52 58
EH PCR MM, RUVARF: 95°C, 30s; 95°C, 5s;
T C, 30s; 40 PMEHR,

x3 EHFENEE PCRIIMHFETIFLRNEE

Tab.3 Primer sequences and annealing temperatures used for RT-qPCR

JL A Gene 5|4 Primer JF%1] Sequence (5'~3") B KR T,/ C

fas fas-F TCAACAATCCCAACACCGAC 57
fas-R CCGCCAAATCCGAAAGAG

accl accl-F AGAACGGGCATTACGACAA 56
accl-R CAAGGTGGGAAGCAATCAA

ppara ppara-F CTCAAGGCAGAAAGCAGAAT 56
ppara-R GGGCTCACCGTTTACCATA

fubpl fabp1-F TTACCTTCGCCGTCTGCT 57
fabp1-R CCTTGCCCTTCTGGATGA

fads2 fads2-F GGATTTCCGCACTTTACGC 56
fads2-R CAGTTAGTTCCCCAAAACCATA

elovila elovla-F CCAGTTCCCCATCTTTGTCT 57
elovla-R CGTGCTTTCCGTGATTTGC

[-actin B-actin-F GCTGTGCTGTCCCTGTA 56
B-actin-R GAGTAGCCACGCTCTGTC
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1.7 DNA BHE/LEE

SEYG L 5 X BRI 6 AR SR [ 4 DNA 42
B iR 7] & (Vazyme, DNA Isolation Mini Kit-BOX,)#2
BRI ZH DNA, DNA HE40fH DNA 506 R #h 5%
HBiR 7 & (TIANGEN, DP215)H 4 i B - BoR ¥ L
ZH DNA ZZVEFIB IR B £ 5571 . i NCBI Ml e+
fads2 LR (HHSERTSCI0 A 25 S W S OC B L Ry i

2 000 bp, F|F Methprimer 3 Wil CpG & S A 14,
oA, TR AR B AL 51 (R 4). (T 1E DNA 2
MR iEAT PCR 788, FEFBOEN: 95 °C 5min; 95 °C
30s; 54.8°C 30s;72°C 305s;72°C 7min; 4 C 10 s;
40 MEFR . PCR ;=% H Vazyme FastPure Gel DNA
Extraction Mini Kit #F{THERAfL, JFFEFES] TOPO
HAR LTI . PRI s AR S A TN, e
FEALE 2 T EL Wl % 13 8 45 SR A T 401

K4 $BEHRE fad2 EEPELSIWRFTIFIENRE

Tab.4 Primer sequences and annealing temperatures used for methylation in fads2 promoter of C. semilaevis larvae

F:IH Gene 5|4 Primer

J¥%1 Sequence (5'~3")

BKRE T,/ C

cs-CpG-fads2-F

fads2
cs-CpG-fads2-R

GTTATGATAGGTAGGAAAGAGGGTG
AATTCTTAACACAAAAATTCAATCC

54.8

1.8 HiBHRITESHT

K1 SPSS 17.0 BAFHEAT BREAS T 4G 30046 U A5 45
A B IE S YE, R B &R J7 2 4 (one-way
ANOVA) 5 Duncan £ 8 . 55 LIF- S {E 7 1R
(Mean=SE)# /R~ , P<0.05 FnERFHE.

2 #R

21 EFREANFEEHRAHRELETFRENZIT

T BT AR | R R R AT R AR S
N, WAL FETG 5 22 (P>0.05), E AL,
Pro 4IAE1E 2 2 5 T Con 41(P<0.05), WiL% %
I T Con £H(P<0.05) 3245 UN A0 B A4 R 79 S 4 21
K TG B 122 5(P>0.05), B4k 15 d J5 Pro ZHHEfa
R 5 T Con 4H(P<0.05).

x5 FREHEELET. £KER

Tab.5 Survival and growth indices of C. semilaevis larvae

i H Items Con 4 Pro 41
RS 80.97:£0.26 84.13+0.32"
Survival rate/%

M B 4 4.8740.12 3.73+0.17"
Abnormal rate/%

1 dph &4 2.57+0.05 2.59+0.03

1 dph length/mm

15 dph {1 7.5040.05 9.35+0.05"

15 dph length/mm

22 EFBUNMFBEHHEEEHBRIIRKIYN

DHA & 355 Ak 5 21 0 0 S A1 f2 i s J R 2E A n
% 6 fli/n, 16:1n-7 . WINBR (LA) . #8442 DU TR (ARA)

W JFK R (LNA) f1 DHA & i I & 7+ & (P<0.05) ;
n-6PUFA il n-3PUFA & # i 3% T+ (P<0.05);18: 1n-9
B E BN (P<0.05), HABSS AR 7R & &= O W

P22 57(P>0.05),

®6 FEEBEARMRAN
Tab.6 The fatty acid profile of C. semilaevis larvae

FA profile Con 2 Pro #H
14: 00 4.93+0.52 4.23+0.44
16: 00 8.97+0.26 8.13+0.32"
18: 00 4.87+0.12 3.73£0.17"
20: 00 2.5740.05 2.59+0.03
Y'SFA 21.34+0.95 18.68+0.96
16: 1n-7 5.21+0.13 6.78+1.20"
18: 1n-9 22.02+2.41 20.38+2.65"
YMUFA 27.23+2.54 27.16£3.85
18: 2n-6 (LA) 9.34+0.22 10.20+0.19"
20: 4n-6 (ARA) 0.92+0.04 1.23+0.06"
>'n-6PUFA 10.26+0.26 11.43+0.25"
18: 3n-3 (LNA) 1.21+0.36 2.07+0.51"
20: 5n-3 (EPA) 4.41+0.41 4.92+0.84
22: 6n-3 (DHA) 9.73+0.77 10.37+0.56"
Y'n-3PUFA 15.35+1.54 17.36+1.91"

23 EFBEUNFBREGHEEENBRRHERREZ

kA

IR AR 2 W A £0 A R 1 I L N R ik
B2 LI 1, Pro 4l ppara. accl F fas FEF Rk &
B EALT Con 4(P<0.05); elovia K:lH 5 R 1E M4
Z 8] TG i 22 55 (P>0.05); Pro 4 fads2 F fabpl
kR T Con 41(P<0.05),
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Fig.1 The transcript levels of genes for fatty acid metabolism of C. semilaevis larvae

Pro 4 : T F T AL MR 5 Con 2H 25 5+ B 3 (P<0.05), JCFRIRUEHI S Con 225 5K B3 (P>0.05),
Vertical bars sharing “*” on Pro group are significantly different from Con group (P<0.05),
and no identifier represents insignificant difference (P>0.05).

2.4 EFBEAITEBEE fads2 EFE DNA BELE
pid:sEAl!

7E NCBI M35 fads2 FIG 5 ATG (fiv44 4 0)
i 2000 bp BFES, S BRI 5 e SRR AR 16 #5750~
—1 050 bp fA7E 1 1~ CpG &, FrBLEAK R 301 bp, GC
FHKT 50%, WEUE>0.6, A 8 MLk CpG 4,
4357 F-811 bp .—813 bp .—896 bp .—928 bp .—974 bp
—982bp. —992bp Fi-1 004 bp &b, PEILE 2.

I FH A8 T8 5500 PP 5 A BT T 210 5 SRl £ fads2
Jii 8l F DNA H ALK ZE T 8 A~ CpG i £,
Con 411 7 ML SAFTER EH 3L, Pro 41 3 M

* ¥ *

* %

fETEm AL, BRI R E N T fads2 B
~811 bp. —813 bp, —896 bp, —982 bp F1-992 bp 1/ 14,
F R AR K- ( 3 Ak 7).

ATG

=750

1l Ll Ll
L LI LI

BSPF1 BSPR1

K2 fads2 JE 3T CpG s s
Fig.2 CpQG sites distribution of fads2 promoters

i

Pro

B3 i BaRE L fads2 FEA 13 2 000 bp ALK
Fig.3 The DNA methylation patterns at upstream 2 000 bp of fads2 in C. semilaevis larvae

P00 [0 BB AR R A TP A, P (0 B8] Pl 4 T A Y kA
White circles show unmethylated CpGs, and black circles show methylated CpGs.
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x7 FBEBHE fads2 EFE CpG BEALA DNA BHEMLKFE
Tab.7 Methylation level of each CpG of the fads2 gene in C. semilaevis larvae

CpG position -811 -813 -896 -928 -974 -982 -992 -1004 &t Total
Me-CpG 30/30 30/30 27/30 27/30 27/30 9/30 30/30 27/30 207/240
(Con) 100.0% 100.0% 90.0% 90.0% 90.0% 30.0% 100.0% 90.0% 86.2%
Me-CpG 23/34 24/34 18/34 27/34 26/34 2/34 27/34 25/34 172/272
(Pro) 67.6% 70.6% 52.9% 79.4% 76.5% 5.9% 79.4% 73.5% 63.2%
Significance * * * — — * * — *

e *RORIZALE LR B B 22 R (P<0.05), —FR LR ENEZERP>0.05).

Note: * indicates significant difference between the two groups (P<0.05), — indicates insignificant difference (P>0.05).

3 it

PR AN AR R £0 2 ) B SR T 5T 2 4 R T /NELRS 4
R TG R, A5 XA A Ay 07 SR s Ak (1
5. A 2EAE R, il MRS A AT $E 5 R LC-HUFA
EFRURERE, T RE IR (H (Desai et al,
1995), {HF#FHE LA K 5 o Gnn] 38 2k SR R BB 1)
S ABCER KA P2 LC-HUFA & RS, 855
iR 7 75 LC-HUFA 02 47\l i 75 0 e 1) X R

EAMFIEUE , AR S HUARAC I (48 G 5 )
252 W FE B T (Desai et al, 1995), HLIALKEH
S SRR B B CURR T ) B8 FRIR L, 255
G HUARAEIE O, ZEREF B L s, Ifal
g % £ 45 J5 18 (Shao et al, 2014; Badeaux, 2013;
Skjeerven et al, 2023). XL AW G AL T —Fi{F
5, A LM R E LC-HUFA X 28 R & <8 11
AT E IR, I RS AL (IR 45 3% LC-HUFA
AR, mAREE LR, ST, AR5
g EH BB S, R DHA B IRk fext 7 Hifa
s, KB K A E A RCR B R, I8
R A A A0 ) T LC-HUFA &%, R (L &1i2
5T A R . L ESS ISR IR S T AT
SO, 3 TR X B 45184 Bailt A1 .

31 DHAEFBUAHMIBEHRFHELETUE

20 t42 60 AEARHE T 4 A T I FL 20 W A= i 0
B HERKZE RSB . KB (Rattus norvegicus)
BT Wi e 01 N 2L 00 8 R R 5 iR R I A
R BARE RSN S, Ear RS FORE 5 AR
S B AH5E(Winick et al, 1966; Desai et al, 1966; Bieswal
et al, 2006), KF=sh s IR T 21 tihad, Z4EH0 T
BB K g fa s, il AR BT AR 5 R 2 28 1 R AL 3
PInl A2 E A AR AR RO . TERE S i s, fif
FAREY) & A FORE TSR AL AL B, 10 T A R AL P A

F TR (Kwasek et al, 2020). fii & & LC-HUFA [/
BRE . 24E A AN FLIE A AR 10 dph A GG A
(Nibea albiflora)ff-fh, ¥EE A | Fig A K SR ALE 2
YA T, JEEREPTRE M 3G (3 AE, 2023), FE
Bt s 2B, (G4 R LC-HUFA B4
AbFE 3 dph A7 102y b R S AR R . A KRR
i, ML A4 7508 (Singh et al, 2024), XF4L
gl (Sciaenops ocellatus)FH A #E1T LC-HUFA b3,
77 O AL JS A R R ORI AR R AR B 3 el
(Fuiman et al, 2015), ffi ] PUFA Fl4EA: = #h 7540
BN ZENNRBR(Solea senegalensis)MEfh G, WA &%
I F R4 F R E 28 (Morais ef al, 2014), ABFFE X ¥
T A Ay LI I B AT DHA Bk 4 3 AT A5 2548 v
AEfERE ), FERMARBS AR BRIMEIE R,
[ S I A A TR, A b AR A A i R 7 R
W E T RS e . A5 LI, fads2 A5
FIH L A, fER mRNA Rk B, M
M2 DHA PRA RE 7, E—25 i 4 s oe
Wi (Jacobs et al, 2021), K& iGNk, M
BT, BARRBUN WL RIEAC, AR ALK
W FTF, S —75 1 DHA A& s s A4k bt
AALERMET et al, 2025), WAARET . 4L, Y
B IR AT UL A IR T A0 AR | A R R R
AR

3.2 DHA EFEFIEHFBEEHE LC-HUFA
iR

X AT fa 384T DHA 8 3738 A0 1] A 5042 5 ARA
F1 DHA % LC-HUFA W&, 5L, LA F1 LNA
45 PUFA 19 Al o 25 T o U BHSE 1 MRS SR 0T
TE AT R AT 8 37 0 A 9 Ak 38 7 20T A 200 i B
REWTRALRS,, Bk T A S0 i nl A7 o #E0UAR i e 41
B B2 25 A PN IR . — 2 AR I R 52 T &
HIE 7 R & B A SE 0 (Xie er al, 2018); & T& O
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B9 DHA ACFRWGE 1205 8347 fa A i LC-HUFA
IEE T o

KA R AL S I R U AR K P sh ) B R
ZW5T , £ KRB (Larmichthys crocea) Wi 5T 1 & B,
6 JF 0 0 5 R b B, A R PR M ST 3k 7R [
A3 SERR R B UTRR S 2 HE T(Zuo et al, 2013) 7 I 5t
(Siniperca chuatsi)JBF5EHT, WRRRR & wE MM 518
WIE FE(Li et al, 2021), LA EZ584 8 ARIE T ARBEIEIK)
SIS o 0 AR A L AR T R SRR AL R 2
KT IHFL s, X34 (Bos taurus)RIMAE PP 1
M, AR AR R BRI R & AR, RIS T L
BV IR (EPA 255 7 R 41 i (Benbrook et al, 2018).
K= S IR GE Fp AR D, & % LC-HUFA
U5 L (Rotifera)fF 2 3 dph B80T LR, A R42
5 EPA Fll DHA % LC-HUFA 41 /#(Singh et al, 2024).
DL B 450 S AR AU, W1 AUE T AN 5T 15
AR

N T ik — R R DHA 5 3255 i iR 41 A% Y
YE R B X B AR = i g min , A 5T % B R
FHOCHE PR AT T 92 2 2 fi PCRAGI o 45 R R 30,
FFR IR AT RIS TR A LS B AR A AR OCHE [ (fas |
acel J ppara)Fik i, Bl R AR 2 AN EE 2 (fads2)
KRR ZE A 1 (fabp )ik , HEXTAE Ay B2k
T B IR R A TT AR LR R A R . AR
T8 FRom AL VR 1 18 7 R A 3 A AF 58 KR4 R e A28
FE LB 2 rh o NP2 R R sl 2L Y £ 35 5
AR 52 B )L fads1 K elovis 133K (Krzysztof et al,
2012). Ki=sh#¥r, TEULE5(Oncorhynchus mykiss)H)
Mg B, R RRAF X AT S A A B
AT A6 KM FIEFZRIA it (Izquierdo et al, 2015),
S A G R ARA A AMANE 9 dph 43k, T
i 52 30 20y R £ R RS I 0 B Iy R AR AR X
(Alves Martins et al, 2012), =TSN HRICIH, TiF
BINRWIRRAE fabp I WFE R LINE 2 1 A4 7 X 78 DE 40
Jiil N %535 (Sharma e al, 2006), FF7E& R REE A
MFE T #EAT AR & L B AL | ZA AN R R B RE A
AHFFE S AL (Pro 41) fabp 1 75 LR UL FFFE4H 2
PBE Wi BR 512 S R Tt 5, fads2 Fik LIFAVEIE £ 15
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2016), ML UL, DNA HSA L5418 [ H R L B AH
YEM . Fads G, FRB10E fadsl F fads2 )5 8+
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Effects of DHA Nutrition Programming on Fatty Acid Metabolism and
DNA Methylation Patternsin Larvae of Cynoglossus semilaevis

LILu, LI Baoshan@‘, HUANG Bingshan, WANG Zhongquan, WANG Xiaoyan,

HAO Tiantian, LI Peiyu, XIANG Zhiwei, WANG Chenggiang, SONG Zhidong
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and Deep Processing of Marine Food,; Engineering and Research Center of Marine Fishery Feed of Shandong Province;
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Abstract Lipids are the second largest nutrient source of fish, and play an important role in nutrient
metabolism. As the essential fatty acid, the main component of lipid, long chain highly unsaturated fatty
acids (LC-HUFA) play an important role in regulating metabolism and maintaining cell morphology. The
synthesis of LC-HUFA involves many biological processes such as fatty acid transport, de novo synthesis,
B-oxidation, desaturation, and carbon chain elongation. A stable LC-HUFA metabolic pattern has formed
through long-term evolution. Previous studies have shown that exogenous intake can increase LC-HUFA
accumulation and regulate metabolism in juvenile fish, however, there are few studies on this aspect in
larvae. Early nutritional programming can affect the metabolism of the body, accompanied by epigenetic
regulation. It is therefore crucial to explore how to activate LC-HUFA synthesis limitations by early nutrition
programming in fish, which are further regulated by epigenetic mechanisms. This study explored the effects
of docosahexaenoic acid (DHA) nutrition programming on the viability, fatty acid deposition, and epigenetic
modification of fatty acid metabolism in larvae of Cynoglossus semilaevis to provide a theoretical basis for
the development of high-quality C. semilaevis fish. Artemia salina hatchlings were fortified with a DHA
fortifier. Larvae of C. semilaevis fed with fortified 4. salina were used as the experimental group, while
those fed with unfortified 4. salina were used as the control group. The larvae were cultured for 15 days
post-hatching (15 dph), and the hatching rate, survival rate, malformation rate, and body length were
recorded. The whole body fatty acid profile and gene expression of fatty acid metabolism of larvae were
analyzed. The DNA methylation status of fads2 gene was analyzed. Survival rate and body length of the
experimental group was significantly increased, and the malformation rate was significantly decreased
(P<0.05) at 15 dph. The contents of linoleic acid (LA), arachidonic acid (ARA), linolenic acid (LNA), DHA,
n-6PUFA, and n-3PUFA increased significantly (P<0.05). The expression levels of ppara, accl, and fas
genes were significantly decreased, fads2 and fabpl were significantly increased, and there was no
significant difference in the expression level of elovia (P>0.05). There was a CpG island from —750 bp to
—1,050 bp from the fads2 transcription start site, and the total length of the fragment was 301 bp. There were
8 candidate CpG sites, of which 5 were significantly demethylated (P<0.05). The fads2 promoter region was
highly demethylated (P<0.05). This study revealed that nutrition programming of larvae of C. semilaevis
with DHA can improve the survival ability of larvae, enhancing LC-HUFA synthesis by promoting fatty acid
transport and desaturation in larvae to improve fatty acid metabolism. Early nutritional programming is
involved in the demethylation of fads2 promoter, which promotes the transcription of fads2 gene, one of the
root causes of the increase in LC-HUFA. This study will aid in the development of high LC-HUFA quality
larvae of C. semilaevis and provide a basis for efficient breeding of this species.

Key words Nutrition programming; Cynoglossus semilaevis; DNA methylation; Fatty acid
metabolism; Larvae
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