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. Introduction

B lEMRREMRE KT MyoD (ERLUREEF)
Kk, HETAREMEAZEF (MRFs) , EFEKRRER
HE-ER-822% (bHLH) £5MMERET;

B ERLAApEFEIRIE, SEVEARMEREF (myogenic
program) , AJLUEHIE MR EZFE 7 1AL ZHRE R 2
X ;

B IR NAIEE BERARNEREF AL AL 1EEE
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. Introduction

B SE5Y%, MyoD. Myf5. Mrfd/Myf6BIIhEEE R AR

MREREF. BRALE (Myog) « Mrf4FIMyoDIE A 731k

AF, REMAAMEEEBRAFHERN L.

B I EAARE AT LU EMy SR MyoD, #{T4 el 185E, 4
BidiZH A P KR % R 2B
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B MRFEsEA EE2MREEIREPFHEREZER. S50
Mirh, XLHpBERFHEN, ENNIIFENNERLT,
WAUE, EFNENMREEER.

B ECERALEEFHREALE 2RSSR E LR B

FCETRIAL A% .
B IEEME, BUEMAL IR 2R E eRIAMy5E(MyoD,
Rk

m SRS, JURMEIEEET (MRFs) E#EEEEALERK.
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Introduction

B HTE5(Oncorhynchus mykiss),[E| L& L —+f, FEEHEALE
KEEFMATER = EMSHRALTERIEX.

B 3R PUR R ENE SRR E S BB TR
IRIBRTE. AT, MREN,

7:'_: 4 j] ﬁ ’i’ﬂ * SI- o % e % % ;E, }_ ﬂ:l] QH , _
i HY 2L 2E AT LA T3 SR EEMRFsHY 4% 3%
7K
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. Introduction

B T HKYIRESFKE, BEEREHRERIEG (G

/gD , FIRESEALRMMEEFE RN, W0:
AFENBBS/MA N TRNESR.

B A&, BALARESHT LA RARERIREAMREERR
m, UREAREBKENNE. EEENE, E8KEH
N ERT e EIEE A e 2K /e kiR E, Whs
RN/ HE K
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B &M, dlEEshe A 4RnSEt, ZE|ER/REEHE
PRIMAERE. BE, AREBEKEALEIAEKILE,
AR EFBENERZWNAMZEL, MERKFMA
B IEERGE=E/KEFMEKIE (digestible non-protein energy
(NPE),

B AAEEFIR S TEMFENMBE T EMTFE . FRIK
FALGECER. EEEEHREEENRIRRIARIG IS8 &)

= ACHLH

LT
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Materials and methods

Formulation and composition of the experimental diets.

Diets® HpeF  HpeC  LpgF  LpgC FHFI R RAL
Ingredients (%) e, B31241 X35
Protein mixture” £ 66.0 66.0: VS 35.9 35.9: e
Oils*® 11.0 == 1.0 19.1 == 9.1 (4REHE3FAT)
Gelatinized maize starch” 5.0 == 30.0 24.3 == 493 ’
Cellulose® 15.0 0.0 15.0 0.0 ISOLAEAIK TR
Other’ 30 3.0 5.7 5.7 BEET, EK
Analyzed nutrient content on DM basis (g/kg)*
Dry matter (DM; g kg ~' diet) 938 924 949 947 T=17+°C, 2-4
Crude protein (N x 6.25) 519 511 276 261
Crude fat 152 34 207 143 H B35 6hE,
Total carbohydrates 254 380 444 528 . .
Starch 49 303 246 456 R i’\,
Ash 75 75 73 68
- A - ) S I .
Digestible energy (DE, kJ g™ ") ;1870 . 18.27  18.74  18.19: 7R TR R S
DP/DE (mgkJ 1)
8 M RFMAEAHEE T
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Materials and methods

SEEGHT B 2 FE 52 7 Weeks
'
2WX 3, M RHEE . AR K TR R
!
7w, HUFE, HZ2Ro-FAM) 5t

A0 In e '}_g maximal |
4 . ' hypertrophy
U A A S "] T

Mosaic

V16, capn2,
msinla,
mstnlb

Gt W F XA & 5 2= 0 T
£ M DP/DEAINPEE (52 0 £z H A B
EH .
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Results

Trout growth performance

Growth performance of the rainbow trout juveniles fed with the Hp gF-, Hp £C-, Lp,gF- and Lp £C-diets for 6 weeks.

Diets' P-Value

HerEF HFJJ’EC Lp;EF LF‘J’EC DP/DE ratio NPE source DP/DE * NPE

Mean SD Mean SD Mean SD Mean SD
Initial BW” 32.4 0.6 325 0.7 1323 | 0.5 324 0.7 0.79 0.79 1.00
Final BW 103.7* 9.0 96.6" 4.0 84.4° 5.0 | 59.5°] 2.4 < 0.01 < 0.01 < 0.05
TGC? 2.1° 0.2 2.0° 0.1 1.7° 0.1 {1.0° 0.1 < 0.01 <0.01 < 0.01
FI* 16.6° 0.2 14.7° 0.3 15.4%° 0.9 | 11.6°] 0.3 < 0.01 < 0.01 < 0.01
PG” 0.15 0.01 0.15* 0.004 011" 0.01 0.06° 0.01 < 0.01 < 0.01 < 0.01
LG® 0.12 0.01 0.07 0.01 10.12 | 0.02 0.06 0.01 0.92 < 0.01 0.50
PRE’ 31.6" 2.5 35.4° 1.5 44.0° 2.1 34.1° 4.0 < 0.01 0.08 < 0.01

2 BW, body weight (g).

3 TGC, thermal growth coefficient. f1iE 4= K &% (TGC) = (FBW!A-IBW!3)/3(T+D) X 100

4 FI, feed intake (g/kg metabolic BW per day). v
£ B (TGC) = IBW!3 + Y (TGC/100 X T + D))

> PG, protein gain (g/kg metabolic BW per day).

6LG, lipid gain (g/kg metabolic BW per day).

' PRE, protein retention efficiency (% digestible intake).
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Results

Transcription of genes

Relative mRNA abundance of myogenic and muscle growth-related genes in the juvenile rainbow trout fed with the Hp &F-, Hp/C-, Lp xF- and L, ;C-diets for 7 weeks.

Diets’ P-Value

Hp,eF Hp C Ly, F LpC DP/DE ratio NPE source DP/DE x NPE

Mean SE Mean SE Mean SE Mean SE
myodla 1.03 0.08 0.88 0.05 1.37 0.14 0.94 0.06 0.033 0.004 0.229
mrf4 1.01° 0.06 1.04° 0.08 (1557} 0.10 1.09" 0.09 0.006 0.040 1 0.020!
pena 1.02 0.07 0.84 0.03 0.98 0.04 091 0.05 0.323 1 0.022] 0.574
fmhe 1.00° 0.04 1.08" 0.04 1.07* 0.05 1 0.88" | 0.04 0.079 0.201 £ 0.005!
fmlc2 1.01° 0.05 1.05° 0.05 0.99* 0.06 1 081" 0.03 0.017 0.172 1 0.039!
ctsd 1.03 0.09 1.23 0.07 0.89 0.04 0.96 0.06 10.006 | 0.063 0.355
mstnla 1.14 0.23 0.75 0.12 0.81 0.15 0.77 0.16 0.416 0.182 0.452
mstn1b 1.03 0.08 0.92 0.14 0.65 0.08 0.51 0.07 | < 0.001 0.100 0.881
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—+— Hp/eF —s—Hp/eC —@—Lp/eF ——Lp/eC

Rec
Cellularity of the dorsal skeletal wh
Diets’
HygF
Mean
Dorsal white muscle
" TCSA '(Eﬁ-'lii" 79.2
CINWE______ | 33659 1]
(=T}
White muscle fibres Fae
d mean (pum) 321 E
d median (pm)  -28.0_ v
d =20um (%) L3622 2
20 < d = 40pm (%) 35.0 u
40 < d=60pm (%) 19.0 b
60 < d=80um (%) 7.5
d = 80um (%) 2.3
d max (um) 117.4
4 -.'.Z’ }‘L
s -
é TR |
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Results

Correlations between individual trout body growth, muscle cellularity
and muscle transcript levels

Correlations (Pearson's coefficients) between individual body growth, muscle
cellularity and muscle gene expressions (n = 35) after 7 weeks of feeding.

mrf4 fmhc fmlc2 mstnla msm1b
Le —0.095 0.3307 0.394+4 0.383* 4 0.602+4
BW ~0.139 0.317 0.423-1 0.440-*  0.654**
TCSAWM ~0.212 0.232 0.328" 0.438"  0.654
TNWF 0.012 0.261 0.270 0.279 0.354**
WEF, dmean —0.372°  0.034 0.134 0.145 0.435*
WEF, d = 20 um 0.3364 —0.166 —0.220 ~0.103 —0.470"
WF,d > 80um ~0.114 0.204 0.283 0.289 0.645"
WEF, dmax —0.091 0.095 0.242 0.263 0.516"
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Scatter plots showing the relations between the individual gene expression

of mrf4 and percentage of small (d < 20 um) white muscle fibres
(y=27.584+9.280x; R=0.316; P=0.033) and between the individual

gene expression of mstnlb and percentage of small (d <20 um) white muscle-fibres
(y=47.548-11.670x; R=0.476; P=0.004) in rainbow trout juveniles after 7 weeks of

feeding (n=36).
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Discussion

A F I 1 3 &5 77 2 (macronutrient) i35 5 T 88 A1 A= K B 202 o
VR UL 40 0 S 125 =0 B i mT IR e & 5 7K1 (DP, digestible protein)
FDP/DEL AR}, [FIRfE5DP/DERARF, JEEAREEIE (NPE)
W N o % e S TE R

O R BRI A K AE 1A A A DP/DE BE AN S Ay 2 A C 1 o e )l
Hrp 2T P

@JEFE N EZERINPEIRITEOL T, SEHPIAE (PRE) fEIKEH
KPS E AR E; &, NPEFEDP/K & IS T RACER, A=
A AFART 2]

@EEEFRARMLL LA #2, (manipulate) MREsHIZw A% AL Al 45
P FERIL, (HE&DP, DEEINPEARIEATIRGT .

A st WA A 8 A K VB R 0N T = 77 2= MLV R E pLa 7
T I — 2Pt A AR 1 R [ S 58 T i o
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Discussion

Effect of dietary protein level

LP/E diets: containing a protein and amino acid level below established
| | requirements.

]

myodla®: myodl gene expressed in proliferating and differentiating cells.

myodlaf] PV GE R ALK = P, 7EMT g, Sl ok = 1)
BECL S AE A 2, s R A 2H = IR R = TRl R = AR AH AR 25

FEL, -fed M A, IR 2 e ) S b0 A2 FEPh 2 JE e ) ik = =
M T myodlalt) BV, IRFARSEHT 5T
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Discussion

mstn: SrWMEAEKE T, HELshPR, UL R 40 B B FE AN A AT A
¥, WISV AL B A . L, diets | UL A4 msin 5=
ik

FEM BB R R B, e (40%P:25%L % 1R40%P:10%L) TEkl 1 i
mstn )ik ; =R, 15% B N15%Z K, R . geEM
HEAE LT T mstm1afIRIE: 50%P:15%LAHNT T-62%P:6%L Al
43%P:20%LIA RS s EmstnlafRIE, mstlbi A Z5F. X ZHARHERR
AR ZESR, NEEEHFRRNZ AT
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Discussion

B ORSZIGH, (A FINPE, 1EARIDPAIDP/DEEMEES, mstnlbRiE T,
mstnlb EVIR NS TR (Hpg) FZN (Hpp) HITCSAWM,
YEZ I\ AMSTNRITE A /T se R GG AR BRI KA. AU
TCSAWM, QiEENA4E . R A4EEH . s KRallad4E

*ﬂi"i/i‘*ﬂ T$£E7weeks[§l’3 %Zﬁtlji’] KAE T, XU R | Bk
5 15 (T s

<, LAJ_QPB/\*EE#J HABH —‘%HILI’?I*-E&EI’JBE%II

Bz R A SR SE IO T EIAE . A E TR ELE T, mstn mRNA
B ERIE, HE2WMBZAHFZEIHT, mstn mRNARIA BRI

B EEHEN, 236 LR mstn ) bk R AT B vl fENLAF4E B2 <20pumis:
MR, KIATRA 2 LA 4R 55 S LT BeEi 44 BRI AL
BT FE A A K SEIGEHE BoR: BRI 4E L B S mstnlb
mRNAKF AR (P=0.00143) .
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Discussion

B M2 Lyt RHMR KRR S T LA, EITCSAWMARLL
T Hp FARHEAR 17 30%, 5 5EAEFEER 1A OGS, 73 AR AR
SRR FREARA 4 (>40pum) o 7ESRER G, AEALT)
DPA AL, AH RIS R ( 24-64%, vs 27-51% in the present
study ) o FEMFHH, RS B R SE gl LA 42 H , (H2
STAMERK (TCSA) AANCFHEARRSE .

B OXEIER, WEER B TR R IR R P AN/BDE ) & & A A
EE

SEMINER 19.12.29



Discussion

B Effect of NPE source

W PR RAT EE 2 K C- B AAF-diets)5, K T WPmyodla, pcna (BG5EAH
RAZBURD B Rk, <SRV 3G KA Ak 55 KT FE 45 5
0T 605 2)) £ PR] PR R B ARDRE, myod IB AL AL TR S5 BR ;i segh BEsL
WS I o e 320 4 B 0 S ) R e, VR E R LT 1 A R A )

AL

B TR SE T C-feddLf, WLA4Em> 719%, fEn 1T HEREA Tk
R AEFE ARG AR g s, HFH S EBARKFLR. [FNER T C-
fed HT 85 L2124k HERH R PRI, AR IIAE KA B B LT 480D

B HX IS RE UL 2 ) b NS PRI, R ERBE SR R DREAMY
RIS H/DNA,  IEIILE EK, [FIN N myodlb, myf5H0
myog ) ZIR o TRIELRE S /K- -1 mT DL i gsk/b 8 5 AN iR 25 1A fig
2577 I B o AR, BEINPAIL A IIAR, AN & AR BHRE, t
1 UH HG AR AR AT ]
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Discussion

Effect of DP/DE ratio-NPE source interaction

B DP/DE ratio-NPE source interaction i #5mrf4 15 . A5 &I,
LppF-fed SL88mrf4 )35 F ey, HABEIEHIER (PRE,
44% vs 32-35%) o IXREBRE mrf4 0] BE & L8 2)) Y PREFY) 73 F marker .

B A RIAFE B/ NELRENA4E (<20um) FEERIEMER, =R
& mrf4 ] e LA B B AH 98 91 marker

B HAEHIEAREAERE IR H 8 ( myosin chains) AHICHE K )R IA
{ELppF-fed T84, finhc and fimlc2%% /K82 F#A%, W AR 141
PR E A KAMAEE K. myosin chains{l& & AliRE 715 WLA-4E3E
R A AE IS, BRI R LAT 25 AR AN LET AR5, - uk SELZT4E R 1S
RH A A 41
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Discussion

B L, C-troutFH, F-troutPI L 4EA Ko & A,  HppF-trout!H A 1 5%
mEd VAR, RO/ NERBENE4E (<20um) JEMRS KEARNIL4E
HARSTE: DNERANF4E (<20um) "I EEACERE LA B R 524
MAA, FAMIRHALE SR VIMG sl OAFAE . B, A#Ee: hES
WLEF4E A K 7T DL DP/DEMINPEJE 128 BAE 4% o

B H, F-troutd, SAE/NBEARHIE4E LB BAR T R B 2 e LT 4850
Le pr s, b g AL 4E e (FEHp gF-trout™d, WLEF4ERTZL
HERED o

B H,, C-troutd', H/NELGIH /N B LER4E R DR B n] B2 LAY 38 A 11 [
(I SE A PEAIC, SBRAEAH S AT ARSI EARET 4E 19D
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