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[HE] N T A R B X TGtk JC f i ARDRHA I8 R PE 25 55, BE ) T DG f008 G £0.3 Bl A 1RDREX K
WL (KE 1.75~5.75 ¢) AT 70 d ZE4MGRFE, E A RS AE KRB, (R4 2UIR ik 41
., I qRT - PCR H A & EEAS RIS AR (highly unsaturated fatty acids, HUFA) A B{RH G 3 PR 3k
T, SRR, BRI T iREMR R R M A K 2 S B, %Qﬂvjﬁ/\ﬁiﬁiﬁ H
IR /NERIY 3 ~4 55 BRI RN EPA &g AE KB AR, i DHA FEWAMR (P < 0.05) ,
{HP % Z 0] SHUFA Z5 R85, Elovll . Elovl5 . Elovle Fl A6 — Fad 4 NIEFTE R B A b 268 By,
UOEIFIE, ZEWUP A ek M AIG ;38R TG 10 93 G i 3ol 4 Al ) 32 14 A K RAS R A B 7 Elowll 1 A6 — Fad,
JFHf Elovl5 . A6 — Fad 1 Elovll , VKB Rl Elovll (FRA B EE (P <0.01) 2% (P <O0. 05) =]
FAREA, KPR ARFRANRZ R ERET KRR A R E 2R, B, WiBdsfeik
R F X A0 £ 7 SR A AR A FRE T,

[ X8R Kisf; @b, @, IR, AEKES; HUFA 3L
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Variations in Individual Growth and Related Genes Expression of Juvenile

Larimichthys crocea Fed with Fish Meal and Fish Oil Free Diet
LIU Lingjie"?, LIN Xiaoyu"?, WANG Qiurong"*, YE Kun"?, WANG Zhiyong">
(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Key Laboratory of Healthy Maricalture
for the East China Sea of Ministry of Agriculture( Jimei University) , Xiamen 361021, China)

Abstract: This study was conducted to investigate the effect of fish meal and fish oil free formulated diet
(FMFOFD) to different individuals on the growth, fatty acid compositions and highly unsaturated fatty acids
(HUFA) synthesis related genes expression of juvenile Larimichthys crocea. The tested fish( initial weight were
1.75-5.75 g) were divided into six groups by body weight and fed with FMFOFD for 70 d. The results showed
that there was a significant difference in the growth of the surviving juvenile fish in each group. The body
weight of the maximum individual was 34 times of the smallest one, confirming that there was significant differ-

ence in nutritional requirements among different individuals. The HUFA content in the muscle of fish fed with

[WFE HEF] 2020 -01 — 14

[BE€WmB] KA IDHEARER LT R EEMBE (CARS -47 - G04); [ﬂ%ﬂ&gﬁ-ﬁ%ﬁ@ IR
FFETH (2019DKA30470) ; A HAARI AR 4T H (2018J01450) ; fEEAHE T HHFEH
I ERFIE (JAT170302)

[1EEFEIN] XA (1996—), %, Wi+, NFaZEE MR, EEES. TER (1963—), B, #
¥, WS, WK s Z B M, E-mail : zywang@ jmu. edu. cn

http : /xuebaobangong. jmu. edu. cn/zkb



- 402 - FFRRF A (HRBERRD 5525 %

FMFOFD was lower than those fed with commercial diet( CMD). In the FMFOFD feeding groups, compared
with the slow-growing group, the fast-growing group had higher EPA content and lower DHA content( P <
0. 05) , but there was no significant difference in the » HUFA content between the two groups. qRT-PCR was
used to compare the expression of several genes related to HUFA synthesis in the brain, liver, stomach, intestine
and muscle in fish fed with CMD and FMFOFD. Elovl1, Elovl5, Elovl6 and A6-Fad were expressed the highest
in the brain, followed by the liver, and have the lowest expression level in the muscle. Compared with CMD
fish, fast-growing individals fed FMFOFD expressed higher Elovll and A6-Fad level in the brain, higher Elovl5
and Elovll in the liver, higher Elvoll in the stomach and intestine than slow-growing individals, suggesting that
the growth performance of juvenile large yellow croaker fed with FMFOFD may be related to the differential ex-
pression of those genes. The results of this study showed that there were significant differences in nutritional re-
quirements or feed selectivity among different individuals of large yellow croaker. Therefore, it is promising to
develop breeding varieties with low demand for fish meal and fish oil through genetic selection.

Keywords: Larimichthys crocea; fish meal; fish oil; fatty acid; growth variation; HUFA synthesizes related

genes
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o LR AR & m, ZOEMAC oy, HHGE DR 5 IO S e, —E Dok
SR Y OU BT R AR U R A B P B = 0 S NI IR R (HUFA) , i
IKIRTH A B AT IRIR B BRI . A A IR0 ke hin s B A, Tk, WE
AR FEFEN ARG R R, A et K a2 TRDRE s LU £ g RO B AN I (AR AR BUAS R MR T, B
P T RV G BIAR IR, A T X Ry | i R R T A KT AR AR, B K T R X £
W AR AR, B NS SRR T T R St Ak b b o R A g

KB (Larimichthys crocea) JEFRE Y7 B 1w M I B KAV /K AP a2k, GIE <K
E 7 2R, BB WA R MR S i T g 22, MRS IR B, AU SR, NEEA
¥y S A R, BB Ry . A A5 Sh ) A R AT LR AROR A e ) rp R o oy, (HRRAR
i — 8 AR ) 2 56t B 0 4 A K i BRSO N REE  fE R S R AN T 45%
(GERER R PTG L) BRSO, AT o AR DR B i K B A K T
EROW, 02 R K e e LA B R AL AL R i E AT B IR SE Y 2 HUFA A2 4 B 1 S ek il
FEH A6-Fad, A5-Fad, ElovlS | Elovld , Elovl2 557" eI _F R SCHEEGTE (KT o3k B &k 1
iR P B JR 1 B2 F B A HUFA B IR R IR IR, S T fifk R 0 X {1 £ 03 0K £ 30 ) ) i 32
@%Dﬁﬂ_\iﬁfi, AW 5T A R G A ik G o e k) (fish meal and fish oil free diet, FMFOFD) GBSy NG}
gt WEMME TARARE AR 2Z 50O, WAL AR, K25 1Kd HUFA &
BUAE SC R R R AR KT, DU 3 0 pet 2 A 20 w8y EL V5 48 el b £yl 08 P 6 A9 DR 0t R 4R 4L
WA S H Bk,

1 MHRERE
1.1 #REAROH&E

AW ST FH I TC s e ikl (Ber W6 1) SRS A A E AR (ME s TAHRA R, 4h
FE: 92%~95% ), LRGN (#2515 (L8 M TOABRAF) . WRRATH (NS B mRER )
LA RTHUEARD) | i OB e, EITREBRAEYRHEA AR AR5 E i
R, TR T RHRRL R i 60 B, # ikl /DRI 2B RIR G, ST R A S B
KGR, HFEINRE, ARG HBUBFE LIRS BRI R 2 mm RRLIREL, 2860 CHEARMET 1 h,
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A AR5 B TR T -20 CokFah &
Ab, X HRZE R A AR S BB AR P I 0 A R W) A
PR i BRI A A B ((commercial diet,
CMD, #l # /= B &t o0 B 43.38% , HLIE Wi b

x1 ARBEASEFRAER
Tab.1 Formulation and proximate compositions of
experimental diet for large yellow croaker

Gk =N JiE 534K

11.23%) THF%, Ingredients Mass fraction/ %
1.2 SCIGfa4big Ji% %5 I Casein protein 40.0
ST KB 4 0l T AT A T KR N Wheat flour 20.0
BRATFIRME, ST, Sk gt it b WU Gelaiin 10.0
RIZEFE A Z KB (3 mx3 mx 1.5 m) H@fgE  BUBHLIER Pregelatinized strach 8.5
1R, S0 ) 5 e R B A BRI YA, A Land o 6.0
HEMRESBAR AT, BTSNty L Lieed ol 40
6 A RITIAUT, BA2 mx1 mxlm (ki o Subenol 2.0
0.8 m) HY/INET AR T AR e, ) 20
AT CRIEAE) M4t fE ot AR g ) ltiminens 20
B CMD B ﬁj%ﬁﬁ_im% Monocalcium phosphate 2.0
13 ESEERss %Wfﬂﬂﬁjz C‘holfnc chloridc. | 2.0
B AR SEH8 Dimethylpropiothetin 0.5

4 6 B TR B ANIE SO LB S R e o
(8:30,15:30) , MEPAMIRIA/MEAE i AR e o RY
B, R EL AP IR, SR, e oo 381
HEKIIRIE S (25 £2) C, FREEH30 ~35, WA s coude ash 560

HEFFES me/L L I, BERWS (FKeEh100% ) .
1.4 HEREEMALE

TR FRSIGEE AT, SEXT SR A URAL B 24 b, PR T M EA T BRI A Sl R EE R AR
B RR AR EE BT 95% BNk R, 20 CIRAE, T DNA RU3REC; ) A BUm . AT
BE. B . BAPLAHS, BT RNA 30, —80 CIRAE, 1T RNA MU4RI; WM R, ILPYFI
JEELEY, 43 BB A5 ) A B8 E - 20 CIRFF, HTF HIEEIRB T,

1.5 HRUNERBESH

R R 1 & R LR E BRI E , KRR IR Foleh ({7 — FHESR Mg . HZURE S b iR
PR S B (R S8 oAy s AR R BRI, SR = AL A T IR R F IR Ak, AR5 FHZCHE(E 7850 KM
AR RRIEA T 00T, AR SR B Ry . ATERE 1T 250 °C 5 AR 250 °C; FRifiHE 1.25 ml/min; HEFE
1 pl; AN 50: 1, BEETHRAEFE M. 50 C, 2 min; F5 C/min, M 50 € FFHF] 270 C;
270 °C,2 min, RAERIE LTI TRR & 510 E =T,

1.6 WHEE PCR

TC A3 T A0 ARDAE MR (4 S 30 2 AR RPN | AR R A A R LA ek S A o) R A K A A
10 &, Zr 0l . LA, B . BEHSUWE M T 00T,

1) RNA my42H, RNA 425050 &k B b U EMHE ARG IR AR, 50 mg 24 HA AT
AL RNA AERHEL, 1% S B 10 i DR D FL 52 PR 5 PR SE 3 O BE TN a8 RNA SR A0k B Sl

2) qRT-PCR JZJ¥i, FH DNase [ XF#EHUAY K E i RNA FEMIEATAL RS, FH 5% SR & GoS-
criptTM Reverse Transcription System ( Promega, USA) #47 F—2 M 4#, PCR N FEF R, 25 C,
5 min; 42 °C, 90 min; 70 C, 15 min, KW ZEHIGE T -80 CIHRAF&EH,

3) SIS A, RIEC kRN KE@ILHFTH], BR RS9, LLB - actin RN S5
W, A5 (WEE2) ¥t R IEHA AR A
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£2 AWRERAHB qRT-PCR 5|91 F FIF0R NGB E
Tab.2 Sequence and annealing temperature of the primes for qRT-PCR

549 B FK Primer name S1HIF5 Primer sequence B KIEJE Annealing temperature
Fad6-F 5'- TTCGCTTCCTCTGCTGCTATG-3' 58
Fad6-R 5'- CCAGTCACGGTGCTTCTCG-3’
Elovl1-F 5'- GTCTCCATTCACATCAGCCAGT-3’ 60 C
Elovl1-R 5'- GCACATTCCCATTCTCCAGGT-3'
Elovl5-E 5'- ATCACCTTCCTTCACATCTATCACC-3’
Elovl5-R 5'- GAGGCACCGAAGTACGAATGG-3’ 59°C
Elovl6-F 5'-TCACCGTGCTGCTCTACTCCT -3’
Elovl6-R 5'-TGGACAGCGCACCTCATGCATC -3’ 60 °C

PCR Wik Z A& E S (10 pmol/L) 0.5 pL, KRELIH (10 wmol/L) 0.5 pL, K
i cDNA #5Hz 4 wL, SYBR Green Realtime PCR Master Mix I Gene 10 pL, SYBR Green Realtime PCR
Master Mix I H20 Grade 5 pL, JN 45 4: 95 C 10 min; 95 °C 20 s, 453 KE KRB 20 s,
72 C 25 s (45 DMER) ; 81 CHNRES s, IEfM Ly b &4 K. 95 C 15 s, 60 C 1 min,
95 C 15 s, RINEHSE, P RE R PCRALRSGE A A Frr 2 1 Jk 5 i o gk il 26 A H 3 S 300
IIRTARAS A RER B C, {E, TR 2 — AAC, 35 LA B-actin /)3 35 1 20 KB Sl 300 47 4 o Ak 854 Ak 2
FLR LRI E TR AR R E + UL R IBFrUETRZE I (H  (mean + mean of standard error,
M +SEM) ,
1.7 HESH

Bli R SPSS 17. 0 TSI AL, S5 RAIPFRIE = FifE2E (Means +SD) R, W #E4T
RZEH2Z9Hr (one-way ANOVA) | WEMEKFEH 0.05, HEFBFHEH LSD L 72 i,

2 FR
2.1 ZEmktaRARMAFNRKEENERSERE

FHIC 043 T fa i APk R S (4 R A0 ) A K RIS IS L WL 2R 3 L8 2 4 (MR iR EE S 2. 00 ~
2.25 ¢) M TESCIIAE AZ B H YL, FESCIRTTFARINEE 40 RIBEBLKEIET, 25 42 ReHwT,
H 2% 3 WU, FH G Ry JC i ARl R 5 1 R 35 40 AT A 3 o3 S PR BB A5 I 5 A7 006 - DA PR I 3l A
K, SHNGOMPIRIEREZE R AR, BRMES R/ R E 28T 10% , (B 2530 0K &
ZFARK, HETEGES 60 d 5, s RN RRE SR B R /NRR 3 AL L, K1, 3,6 =41
R MR E BB R /NER 4.2 500 (W3R 3),

BRICIGZ 2 Z A A S 30 4 344 LA B 43 S 56 £ RS BB 3 17 S B iRl il 2280 T, X SEFE T
AMAIA B B AR B RER A T DAER B L IE 5 1 8 L 2 UM e B (B 5 1 L i, 5K
IS5 AR X A AT, RIE R MRS A S iR R R, 5 I i A iR R R
AT, (HAKERE (JUHRES 6 Ah A E Ly inikE L/ ) WK, REIMNBIEEEAR
IO, (B B A & . S RRRER
2.2 ‘amiamArMAFRN K EE&RNALEA SRR A K

TEH 4 (WIRIATE 4.25 ~4.75 ¢) PAKEEARF 3 2R ILA TR DTFRAL LS W% 4,
MR 4RI DL TR SRR SR A K B LA X SFA FI HUFA B9 1 3 T e (ks I (i il
RHAFE R E M (P < 0.05) , 1 X PUFA & &0 B K FIoAR T amdl (P < 0.05) , TGN
03 AR 35 R B A KRR LA B, S MUFA | HUFA & & #1 DHA/EPA Bl T4 K48 Je vh
SN, DHA & i I TA KR S rh S8 (P < 0.05) 5 1 X PUFA S&lllim, Hf EPA &
BERETAREANE (P <0.05),
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R3 KREBYEERKEFRER

Tab.3 Growth and survival rate of large yellow croaker fed with fish meal and fish oil free diet

20 ) Group 1 2 3 4 5 6

FUGIARTE W, (9
W, + i) /g 1.75~2.00  2.00~2.25  2.25~2.50  4.25~4.75  4.75~5.25  5.25~5.75
Tnitial weight (1.88+£0.053) (2.12£0.003) (2.37 £0.003) (4.49 £0.014) (5.03+0.062) (5.51 £0.012)

(average weight = SD)

R L
SE e b 20170518 20170518 20170518 20170504 20170504 20170504

Experimental start date

Sy
S AL H W 20170727 20170628 20170728 20170708 20170706 20170707

Experimental end date

SRR
SEBRFZER ] D 70 ) 71 65 63 64

Duration of experiment/d

=T
i jﬂ e Ni/.% 400 650 400 164 145 166
Starting nuber/ind

PIRREN,/FE 329 76 227 127 54 63
Survival number/ind
FAGER,
Survival percent/ %
LR W,
Ending weight range/g
ST W,
Ending average 4.11 £0.48 2.35+0.17 5.58 £0.16 8.04 £0.60 7.98 £0.98 8.10 £0.68

weight /g

FE KA Ry,
Specific growth rate 1.11 0.25 1.21 0.89 0.73 0.60
/(% - d™h)

82.30 11.70 56.75 77.44 37.24 37.95

1.90 ~8.87 1.78 ~3.24 2.61~11.64 4.32~14.15 4.87~13.65 3.84 ~16.45

VLB Note: Ry = (In Wy, —In W,,) /D x100% ,

x4 KESANABEHERER

Tab.4 Fatty acid composition in the muscle of large yellow croaker fed with experimental diets

%
BN AR A N
HE iR T Ak o L T AR K B £ Large yellow)]zjroakel;ll”3 fcdjviith FMFOFD
Fatty acid FMFOFD barge yellow croaker EEK‘U.M\MS EEJ‘,‘./E/MZ'K ok i/'\ﬁg
fed with CMD Maximal Minimal Intermediate
individual individual individual
Cl14.0 0.46 +0.01° 2.75 +0.40" 2.07 £0.03" 2.30 £0.07" 2.19 £0.02"
C16:0 14.06 +0.39¢ 21.16 £1.43" 17.05 £0.20" 17.12 £0.35" 17.89 £0.23"
C18:0 6.73 +0.15° 5.16 £0. 16° 5.52 £0.29" 5.90 £0.35% 6.47 £0. 10*
3. SFA 22.67 £0. 86" 29.14 £1.36° 24.65 £0.41° 25.32 +£0.27° 26.54 +0.24"
Cl16:1 0.44 +0.02° 6.02 +1.47" 4.63 +0.16" 5.72 £0.23% 5.13 £0.33%
C18.1 2.68 £0.35 2.44 £0.13 1.82+0.36 2.20 £0.19 3.25 £0.96
C20:1 0.52 +0.20° 1.57 £0.10° 2.05 +0.05° 2.45 £0. 04" 2.13 £0.12"
C24.1 0.04 £0.02° 0.59 +0.07° 0.76 £0.03" 1.10 £0.08" 0.87 +0.04"
> MUFA 3.69 +0.31¢ 10.62 £1.34 8.65 £0.29" 11.02 £0.45" 11.38 +1.02°
C18:2n -6 17.11 1. 81° 7.20 +3.16° 17.15 £0.47* 14.03 £1.54" 14.00 £2.56"
C18:3n -3 32.64 £3.36° 16.47 £0.99° 27.36 £0.54" 26.01 0. 68" 24.61 +1.18"
C20:4n -6 4.97 £1.35° 2.15 £0.37" 1.25+0.19" 1.39 £0.44" 1.53 +£0.75"
C20:5n -3(EPA) 0.15 £0. 06" 4.57 £0.28" 3.27 £0.12° 2.86+0.11° 3.25 £0.30"
C22:6n -3(DHA) 0.21 £0.05° 12.90 +0.93" 5.78 £0.12° 6.49 £0.17" 6.70 £0.36"
C22:5n-3 0.04 £0.01° 1.43 £0.17° 0.76 £0.02° 0.92 +0.02" 0.90 +0.05"
Y PUFA 55.12 £3.80° 44.71 £2.07" 55.57 0. 64" 50.84 +0. 84" 50.56 1. 86*
Yn-3 33.69 £3.13 31.09 £0.94 33.90 £0.64 31.02 £8.62 33.08 £1.56
HUFA 5.36 £1.37¢ 21.04 £1.52° 11.06 £0. 10° 11.94 £0.24" 12.33 £0.30"
DHA/EPA 1.91 £1.47° 2.83 £0.23" 1.78 £0.06" 2.30 £0.11* 2.16 £0.18"
DHA + EPA 0.36 +0. 06" 17.46 +1.06" 9.05 +0.57° 9.19 £0.61" 9.95 +0.58"
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2.3 K#Ef HUFA ERBEXEEKRIEKE

FHSERT 6 it PCR BARKG I 1 e faAs Jo Oy BH SR SE 4 41 (4.25 ~4.75 ¢) WK (4
Koty o B (ERAZ) AR DL 8 e Rk R IR i X B K i, L . B LA A-6Fad
Elovll | Elovl5 , Elovl6 WUA4~Y5 HUFA A RUF 5E 3L R ) =R E I
2.3.1 A6-Fad F:[H

KHE A A6-Fad £ HLRIBEERME 1 o, HEBAEMMAFAEHFRE, mMPRhRERERZ,
TE P AR ERS, EE SUUA T RRI B R GA . 5 RT RV F2 ) s B (XTHRZE) AR,
Tt o fm R R SR K g i, AR RN A6-Fad M5 B2 TR, JUHEEN HRIE
AR IR 5.5 1% (P < 0.05) , HTHES A6-Fad HIZeik 20 0% IR 1.8 £ (P > 0.05) ; *E
KAZ MK A6-Fad FRIK A L6 AL &, (HAERG AU i R IAK P ST AR R AR E (P >
0.05) , TEAFAEAEIFREKESHHIRA 2T BE (P < 0.05) , JCB IC il iR 3% 1Y k8 fa %) fa
ARG AR R, BTE R A6-Fad FFRIXEANGHEN 3.3 f5, 258 (P <0.05) ;
FERF B ek i AR KA AR F A KB 1M, HESAREE (P > 0.05) .
2.3.2  Elovl5 %A

RE AL ElovlS WFRBEWE 2 s, HAem, I, B BANLIA G 2k, & ik
SRR B A L N rh Rk s, HUORF, B, W, NRhRE SRR, SXTAREMML, T
T IR R SR R KB gt AR B MAEIE S LA T Elovls (3RA AR E TS ($em 3
25, P <0.05), B SR AEBAFEHESARE (P >0.05) , W Elovls HZRA RN
EX AR —F, HFRARK/DFRE, IF>W> 8 > > PR, mAR S MR 5 4148
H Elovl5 WZeik iR TXF AL, HA LI b sm i3 (P < 0.01) , FFRUNLIA A T i i B2 A ik
W EKFE (P <0.01) , AP RIFREKER AR HERARE (P >0.05) , HEERK
AN 0 > BF > B > LA > B, Jo ok I i el ke 552 i K8 fa 4 fa A4 KPS AR K i AR A
o, mrE IR Rk E A Z M EF B (P < 0.05) , Ja& Wi Rk i,

0.77
= 0.8 _0.61 b B 3 11401 Control
% 07 i = Xf B4 Control ) E 05+ B fji KA~ {A& Maximal individual
EEH 4 06 B {7 K/~ 4 Maximal individual E_ﬂ? é : Bz /N4~ A Minimal individual
.m'é 5“ 05 /A& Minimal individual #—é % 0.4t .
™04 ™ 2037 ” "
= .2 a ==
22057 M } EZ027 b b
. a
0 = - 0- = = —._
lix i3 H 7] ML Jii Jils H W NG|
Brain Liver Stomach Intestine Muscle Brain Liver Stomach  Intestine Muscle
1 ZEMTeaBARAFNAXEERKS B2 Zamtah@AMEAFTNRKEaRKE
WA A6-Fad EE BN RIEE WK Elovs EAERMEXRIEE
Fig.1 Tissue expression of A6—Fadin large yellow Fig.2 Tissue expression of Elov/5 in large yellow
g .
croaker minimax individual fed with FMFOFD croaker minimax individual fed with FMFOFD

2.3.3  Elovl6 KA

KEAAS LD Elovle FEFMFIREL LA 3, HAEM . HUE, B . AN & Rk, (HRIEEHS
R, SXFRRAAR G, ool JC im0 K e fa 4h & 2D Elovle BEH B KA 51 B T
(P <0.05), BRALRZHZL, oAb A2 i T s iR BE AR IR 3] 20 F5 LA b, AR 5012 78 Mo R I v 9 3Rk
ARG, CHIEARKBREAMAE, TFIESRiF Elovle BB TARKEAME, AR P 2 E
ZHWIE (P <0.05) , HRPAMK Elovlo HIFRIERI/NIUTIE: >0 > H =~ > IR, DUFIERS &
e MAKAEFAMA Elovle Feik i R/MIF IR, i > i > 8 <~ > WA, DUkirh Rk i .
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2.3.4  Elovll 3£

KD Elovll SERFRR B NE 4 Fros, HAERG, FFIE. B . AL A Rk, XHEd
Kt Elovll LRGP FaA B m, HUCEAFE, B, WA, BhRassnit, Symamt, X
043 T (T e R SR B R B fa R T LR DAY 4 R 2L Elovll FE A GK A AN R AR BE 1)
T AR Elovll WFRIZEFER] 3 AL, B EREEA 20 50 1, bRk
B Th i R B A B B E 22 F K (P < 0.05), IFEA A WA I BT mE 53 A 25 AR
=, AREMEELHL (WUABRIN) Elovll RN EBA T, HSX AR ESEARE (P >
0.05).

607 g 71 B 3t B8 41 Control
g 50+ B % 8 2 Control g 6+ B KA Maximal individual
EHH % 40+ W KAk Maximal individual EHH % 54 /A~ Minimal individual
'—'ﬁ é‘ He /N4~ & Minimal individual ’—'ﬁ é‘ 1
& 2307 I A
> 2 = £ 34 a
3‘3 % 207 3‘3 5 2l I
5] o a
=104 o] 1 b
1 li o2 Il
. oL HM .
il Jiix H W WLA ki i3 = 17 LA
Brain Liver Stomach Intestine Muscle Brain Liver Stomach Intestine  Muscle
B3 TamtahAEAFNREERXE B4 tamtahAMAFTFHNREERKE
N K Elovie EERIHEXNRIEE N Elov EEHHEXNRIEE
Fig.3 Tissue expression of Elovf6 in large yellow Fig.4 Tissue expression of Elov/l in large yellow
croaker minimax individual fed with FMFOFD croaker minimax individual fed with FMFOFD

3 iTig
3.1 ZamTEMEARNMARX#EESEEKNEENIE

AR E AT 1. 75 ~5.75 g 19 1925 R R E g th, 47 1 Jo ok 0 il inD R IR 7R 50 4
HApH 2 4 (2.00 ~2.25 ¢) Zhfafelm IR 25 6 JA I 55k 5 % ™ 5 A9 40 e PR B i KT, &
5542 RAFIE A RFT 11. 7% HiG F WA wAE, TP Wz Ls, HagA%d9 ~10 F
e, KRS R T ARSI, R, £ AR ER A 4 0 R S RN e 3l BT g R AE T, SE TSR
DA JFF O30 3l A T B A0 0 A 5 A AR TR I MR AR AR RN AR K, 4% 2 e KA AR A B 2 ] 21 /)
AMER 2.8 fE & 4.6 fiF (WK 3); FHEAMMILT LA AR, 2045 A E H 3250 b i
W, kAR KA R A K R R MR B 2 2R, IR, S, AT R, miE Rk
AR DU J R A R (0 B R IR . RV iR b BT T SC 00 1938 2 41, 26 42 REMAETE ARz
R/ B G 2 1 25 5, e KR /N R AR E 22 5] (K 22) CH iR EI 0.25 ¢ KN
1.46 g, T KRSHE/NMRERAEH 1,125 (2.25 ¢2.00g) TN 1.82 (3.24 ¢/1.78 g) .

ARG REUER R A AR AN [F] B AR R SR RO SR AN — Y, RS R A A Z )0 ok
Je i R ) 18 M 25 SRR AR R K, i R R 2 SR SRR, T BB S R [ 7 R Xt
R R TS AR AR T (RIVRRHE TRR ) | LA B A B 22 AR RITIG 5 7 R 1 AS 0 R A TR ) 5 i
SRFEA, WEANRB SRR IR TR 2 T AT AR R R R R A T R
JAS Y BB o), B TR AR, ARy A A AR K T BB B R 1 24 P B PR TR R K ™ sh ) 5
FERAEHE— 2L KIIRER . WA ZERE , RIS AR Z s 22 57, & e
MR, £ EATERMAR Al moME" &R, MRS A, w8
iR, RSN, JFRABERMEL, EHATERSEN, AR a (A
WEMIK™3hY)) B SEEIRE, TEHE1TE R SRR AROCHI ST, 75 25000 % I 58 X 4 4
TR R Z ] 3515 25 57
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3.2 ZaEMmIamEARKEAL &R SRR AR/

55t REAL K B A0 i 17 R 2E AR Fb g, T Lk B 486 TG £ R G £ 3 AR R K o A1 LA A SSFA
SHUFA, DHA, EPA, AA B BHML, SPUFA &4, H SMUFA SEAMAHE, X522
FFAE IV IR Seh AR e R AR gl X A e UL DA A R L B T R R A A R — L, — B A AR B i
PR 4 A5 e A I PO PR 2L AR AR DG, 3 A7 G £ S AL R B 4y A PUFA S i i YRR 5
Tk A S JRRAT A R S At A DG, ERRATI R S A EE W LA, ARA, ALA, KM
RHAY LA, ARA S a0 7E KEEEE A0 RRAT IR A 7k A S 56 Pt A5 BIIESE

A HES Y T HUFA B 2E) & BUR B I DR LRI (Fads) FIEEKES (Elovl) LT8R .
Zoa SR R B AE R VL, B LA I ALA A 88 DHA Fil EPA %8 53 BE ARSI A ') . gk fa
F ) AR FIRR TR & BORFEALE 5 KR ZHCE HEZh ) — 2, BARRIAE0 HUFA & G ) 22 =W
— PR SRR K £ 2RI IRT I 174 e £ S BRASAR G 1 B A9 VE K LA R ALA #4620 HUFA, 1 #E XTI
KA NECH] | KEEEF4 HUFA & ALE R 58 R B8, T DB 04 25 1 R 05 Pk 2 (IR s A
i AT LA A ALA 55464 HUFA BORCRIIRIMTANBEE 2 A B 2020 BAk, Mk mm KRR ey h
B HUFA, NS A B AME I, SO E HUFA & R E R £k B EIL. haeBbE 2N
PRI R S B A R G I AR R R EPA . DHA 45 HUFA B @ AR T X R 4L AY S
Kl [RIBSXT 4. 25 ~4. 75 o 2H PN R B o A TR v R AR g /N A A g T R 75 A FH L LR st ] DL 2 B,
Kt AR ALA | ARA Fil PUFA 3 W i A KA 18 A, 427 B i R 14 W e )
FRCR 5 R MR KB, (HEE B = HUFA BRSO 7 — R Bk T RiEm A S
) HUFA SAE T, R8sl & R E i HUFA & 8k 635 I 1 e ik i A — 2B 1R 1)
3.3 ZEME&EHANMERKERAEELYE HUFA ARBAXERRIENZIG

AR DG | PCR Jride, X8 & J0 (ks Jo fl y Ak A R P mAE K8 iy K fa, DA R
R R R B M U Y 4 AR TR A BB 3E PR R 18 At AT T HU BT, 45 SR R 4 DI ER S
Jo R T i iR R B 4 R e Al S B R R R RV RR B A P, R AR AR A Ae-
Fad Fl Elovls Fik K VAR, X 5ZEAT%E " MRS R—58, 7oA KK A6-Fad 1
BRI T Z B, 4k (Sparus aurata) A6-Fad W WiFh5E SEAR AR & & HUFA B4R BT I
il A, SRR 2m e 2 A iR A Sk 4, AU E RS T AR 1820 -9 M1 18,
3n -6 i, 1 H A6-Fad mRNA (&R RS T 6 %5, 1EXKPGHEEE (Salmo salar) BIBFSE ik
B, KA ORI AS-Fad 1 A6-Fad R A XT3 5 34 3 8 Tagh 4™, A6-Fad Efak
HUFA =916 028 — B S , $R & & /BRI Wi R A 403 T BE L & & DHA A1 EPA (1) £ 3 3
REJE I AT RR e N R Un HUFA 19 R A2

Elovl5 BT K Jig 38 IR MK 2 V2 4778, TEMN C18 % C20 PUFA & AR i Bl 1 48 4 filf & 4%
FEAEM, H—B\ ik Elovls B TER R, A B8 £ n - 3SHUFA X K34 ElovlS
Elovld FEF R FIRATHIVER . AR SRR R T T Rk ffal, &4 7220 HUFA
AIEEE ORI, R B [ B A, DRI IR ZH o S IR () 6 T8 B Ik, T S 0 4 HUFA
B A G EE R 1 Rk i BRSSO [ B B —E 1 HUFA & e, HAROCHE R 32 4 B
FRACAF I AR A

WAL, ASBIFSE 0 25 S i R B8 8 T ok T i ARl R 8t 4l ZH4Urh Elovll F1 Elovl6 [R3R3K A 1
= LTt BRnE KSR Z R Elovls . Elovl2 FFFERKEEFER , T Elovll Fl Elovlo FIRGEE/D
Elovll FEAREIE R C12:0. C14.0, C16:0% | Elovl6 7£ C18.0 F1 C18.1 ik Az pl v e & B AE
R ARG AR TG AR TG i ARDRL o A K B A AE R 2, IR Elovll F Elovl6 3R 255 8 i 3
B, SE—UES T E SRS HUFA & G I 2k, AHOCSE R 1 2638 AR HE T M 28 X i
R RR SR R 3k PR b i 22 57 T B 5 S0 30 A B AR K 25 R WA oG, (R
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51 A K 2 5 0 B LA PRS0 SRR R 12545 5 43 402 T B
WABIIE.

4 g

AWFFE LITR A TG (m (R ) - m (IR s m (JEIH) =2 12 1) B R A, B R 25 (2R
FRY I B T K TE F I A iDRE, SRR B M b T o 70 d YFRAE, S50, e
MR KB AL BB IEF A 76, EARAMMAZ B E K 2Z R B3, SHUFA, DHA, EPA, AA
TEAERAL, SPUFA E@iim; AR SEREBAKT A6 — Fad . Elovl5 ., Elovle F Elovll )3k
B RV LURIBIEH A i 225, AERPAMKNR T A6 - Fad 1 Elovll | I Elovl5 F1 Elovle 135
IR T AR AN XU R B A0 &) U SRR T LU RO T R HUFA & BLRE T DA R
XHERE R E SR R R, ARG A G UcE R e g aimbtie gy, BB A, $i& 57
s B EEME XL,
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