Fa4EE oM
2020 £ 11 H

KE A& Y R
ACTA HYDROBIOLOGICA SINICA Nov., 2020

Vol.44, No.6

doi: 10.7541/2020.142

RERIES . R FNAL 77 M A BT EL 3 5t

N 1,2 1
L R 7 I <
(1. P EREEBE K A AT TR AES 5 AEMEOR E K E st s, b ERFE AT QU 7R, I 430072;
2. R E RS, L5 100049)

WE: CEXHAALD . AAE S 787 DL SER 5 @ B PCREE J5vk, W90 1 KEERI Ve S (Paramisgurnus
dabryanus). Ve (Misgurnus anguillicaudatus) AL I7 Ve (Misgurnus bipartitus) P2 57 . 45K BoR: KigHE]
Vet . YR BRCRN AL T I SR WL AT E R A T AR 2 BN (3589.17+2326.01). (2809.7+1818.69) M1(2511.93+
1949.03) wm’ o HH 2 {1 RUHEL IR 0 45 B2 420 A K ) 8 ft 65 3 [0 90 9 (17.07£0.3 1) % 1 (2.57+0.38) %], 4K Uk J9 e fk
[43 51 R(14.57£0.59)%H1(1.37x0.12) %] AL 77 Y 6 [ 43 51 (12.33£0.15%F10.57+0.06%] . Wb i B IR FE 4L
(EAADIK IR NTEEHK(74.38) KREEEIVEBH(65.11)F AL 77 JE i (60.14); EREAIERR & 2K KNV (32.60+
1.64)%. K VR (27.75£2.13)%A11L 7 YR i (24.86+1.00)%; B3 I3 2 LAAM ) 51 22 AR G R & B
JE 77 VR #(24.43+£0.26)%- VB (24.18:1.99)% FI K i Il Ve 65 (7.86:£0.24) % o - K fif 1l e 85k 19 JUL PR A= A A O 3 [R]
myod W) R 15 T, myog Mlmrfa) 3k 2 A%, Vs AL 75 Ve s K myog M mrfA K 3R 15 &, myodW) FKiL =K.

elovISTE i Wi ARG AH 3 [R] R R IA REAE - DA Gk ) Y 8 B Ak R e K P oo, AL 7 R ARIR 2, TRk ik . 45 SRR
B, R Gk ] e S5k PR S e, (L S bR X R R SRS IR AN e ELEE IR AR B e, AL 75 e 8P o A, (H A SR R

EIRMEA R, BERFRE R . =R b 5T 22 S T e S LA A AT A AR B AN Rl A 5K

RERIR): KWERIVESH, VRSt JLUTURE; B AEfedlor EIRVFMY

PETHES: Q174 SCRRARIRED: A
RIS — DN IR IR, 2 2 R 1)
oM o PPN SRR B HRIR 4R AR 32 EEE LA [ 2H 27
SFRHIE R B2 R o0 DA S AR AT SG L R 7
FRHEESE" ), RiveroZ W TN, 1 P (1 5 LT
Y B AR SR AH O, T WA 4R % R 52 IEAH G, Rl f
KL LET bkt B VUL 255 B ROK, £ BRI .
BikER, RN & ElkE, 291 0 RS,
PRt AES . P A R R R R R L
IREE N FIRSE . — RN E A% B R AT AR T T
RV, TRt P ™™, g SR 4 i 2 K2 5
JULYE 4 3 75 % K] (Muscle regulatory factors, MRFEs)
KRR, B4Emyod. mrf5. myogMmrfa5s 3k
DR, MRFs f323578 (043 D548 AL DA £ PSS AR i
KEERIJEIH(P. dabryanus) Ve (M. anguilli-
caudatus) AL TP (M. bipartitus) &) & T W Fl

ks B HA: 2019-06-13; 1817 H#A: 2020-02-16

X E YRS 1000-3207(2020)06-1222-08

(Cobitidae). £V F}(Cobitinae) 125 . H i K fkg
Ve SRR R B T TR SR 2. K YR SRR
VRS I AT 9075 /0 AR, SR £ P TR
LA, R ILBSH I T R RR & . RIS iR
SR T OREERNREHR, A9 UR RS S s
3 b g 4 THT £ AR L5 0 e AR

AWFFCR AL . AL 5 4 b7 BA % 5
[ 75 6 5 T PCR&E 7125, Mot KB RIVe sk JesAn Ity
TR LI LGV AE L LA F2 A LA R JULIAN AR
K SRR L SR R AT T LA HT, L
S S A Bt 0 K T K 1 18 50 L SR AR A

1 #MR57EE

11 =Cigfs
Kt ) e RCRD A6 T Y 8201849 H SR H A

BEEWB: KESSEYH AR ZK HE 55250 = HBI(2019FBZ05) % Bl [Supported by the State Key Laboratory of Freshwater Ecology and

Biotechnology (2019FBZ05) |

EE B VPoTlf(1992—), B9, WL 7oA RN R A s E M 7. E-mail: 1414937824@qq.com
BIEIEE: W, AT 00 BTN F MR R TS A A E WP A . E-mail: huwei@ihb.ac.cn


http://doi.org/10.7541/2020.142

6 3 PFICIgEAE:

kR Je . e SR 17T Ye Bk A BT LA B 1223

e RN R IS5 T, VR H W 5 A b
TERAFGEERBMET. &% (FEKK
R R e K 5% I8 6 R 5k 28 s Ak e S 1t 2R
RLAA F BObR AN R BRI, KX =P i or F
KT T Rt

1.2 #HRRE

Phade SN AR R TE I FERE R 11— 24 168 K Bk
RIVBER . 29508 K DL B YR SCRI 248 88 K LA b5 e
i %30 B (Lo MERE & 158) . K &) e 6k 14 &
(14.36+2.50) g, 1A K:(11.7+0.5) cm; Ve it 5 (9.38+
1.50) g, K (10.5+0.5) cm; Jb 75 I8 k44 55 (9.8 5+
1.50) g, &4+ (12.3£0.5) cm.

SLUG L E T KRR 2R B 24h )5, JRON i s ik
9180 mg/LIFIMS-222 BRI 17 R BRI, [ 25 Y it 2
HURE . BUE 3 R GBI 35 £90.5 g, T ARG 2H 53
W 7E ARNAFREL, B A6 HC3 0N 5, A5 10 i
BA—AFE, TL=APATESE . BUS &AL I8T33k
AT, BT 0% B KR T [ 52 24h, B 57 N 75%iH
FEVE TR ARAE, FT LA L2 A i U0 5, 45 ik
30 FE b o HCES 668 30 A7 9K 33k 47 I, B T
4%PFA/PBSY R H4°CE i, &PBSIEYE /G &
T-30% 11 BE/PBS I 14 C K R A7, F T LA
MY, REAERE M
1.3 AlLABLT A

JULIAI L 2R ) A el 10 A o 5 A P 20 3 Y e
0 DA R L LR AR D) 5 5 IR Xia gy
e WY H0.5%H400/(60% 5 P EE+40%7K)
TR o, o FH B st B o B b k) B A )
Jrissk, Bim vl 3sk. Ul T RS N (BX-53%
Tl TR R4, Olympus) W %2, e BUULET 4 5¢
B BRI U XSG T R . SR F Image) 3K
X R AT AR B, R E LA e AN . K
FE AR, WA 4% AL WA 4ER B (G B S
WA N RIA Sl AN EO b R AR BT S
1.4 HHAD D

R AR, AT AL dT. SR
G Z2(GB5009.5-2016) K M RE Fh P oFH B & &
KR K (G B5009.6-2016) K B i v AL g
B K T E HE(105+5) C(GB/T 10362-2008)
A it FR K o3 B SR A S 3B 1 5692(GB5009.
4-2016) MR f K 7y &5 SR FHBR/K B R 1
b P B R R, WA 3 { (UTtiMate 3000 UH-
PLCEHEAY, Thermo) i, FRHEAx vk i H 04 R () Xk
FE BT IR AT 8 PE, SR SNSRI T i, 2l
B EEERNS &, XKHAMEERE(CP-
SIL88 ik it Agilent) 5 ik H%E(GC-MSiZ) K

DURE & Hpess UL IR 3 70 G B B IR 5 12, FF b & A
W4 5 NGC-MS R4, BT v AT A 3R Al
FUy, FZVETRIAE — vt SR i P SRR TR I 75 o
1.5 SFESEEBITEN

o B 0h T S R R T A AR IR 1 = AL
mg/g(N), BARTHE 775 9% C43 1 0b 75 /R IR
1T 5 B (%) B LA 161 4 B (2 B 5 XS
T PO B [ 06 7 F R R DA A WHO/FAOT-1973
R ML FRER S BT, RER
A it B 7 v S 7 R SR 15 U (Essential
amino acid index, EAAI),
1.6 SEERAEEEPCR

SER 3%k 5 BPCR S A Xia 5!y i3, 45 ik
HU3ANRAE, BEAME A 3K, S ¢ ot 8 mPCREY
R 2 LT 0T, SIVERE L 1, TR
KIRFELINSSC o myod 5 LA AE K AR I FE R R TA
IKF A3 AT T, 182 K Bk )RR 6 RH . 2 Rl mRN A s (1) %
kBN IR, AR R 1AE; elovISZERR AT AH
I HE R R IR KT 4 M ik, B Ak 5 v kA N 3 IR
mRNAsHIFRIE A, A BN .
1.7 HURCIEFN AT

{ F{Excel2010F1SPSS22. 04K {4 X} 5256 it 15 %k
AT AT, & H 2 B AR DL Y E bR 1
RN R RN . LI BB K =T E i
(One-way ANOVA), %8 J5 17 Duncan’s% H 144,
M P<0.05H A ZE R W

2 #£R

2.1 FLALELRZEYFHIE

WEFE T =R LA ZH 2R 225 40E, #6007 ILET
MR . K. ERUUERE, AW T
=R VL PR R R I o AR DL R VL AR A T
AR B I N R R =) b N 321 Y [ Y
FAL T Y8 K A4 R BRARG, FUIL 2T 24 2 i U 2 A )
ik YRBRANIL 7 YR SRR IR T R (GR 2). KR ik
JULET 2 At 8 T AR 2 ) A VR RN AL T Ve Rk 1 1.28 F5 A
14345, WLET 4% 52 43 ) 2 e 6k R b 77 Ve 68 1450.87
{5 F10.741% . F AT WAL J7 I8 6k ) L ET 4 B v £
Ui, B ERCK, Ve, KR e O B oA
o B ENE D). E=M e, J8 D7 B
TS LRSS R P . e rp K g Ve ik
T 5B X SR WLRE AR TR 2 %, ek, db
73 Ve itk de s A6 5 e B R s N A K = 1) R
I, TR ERAR D (] 2).
22 HAEFHSS

AARERBERAT W& PR, L7k



1224 K& A Y

44 %

%1 SEISSEERPCRATASIMIES

Tab. 1

Primers used for fluorescent quantitative real-time PCR

FE K K {6 FR Gene (symbol)

5| ¥ Primer sequence (5'—3")

Actin beta (f-actin)

Myoblast determination Protein (myod)

Myogenin (myog)

Myogenic regulatory factor 4 (mrf4)

Myostatin (mstn)

Fatty acid synthase (fas)

Stearoyl-CoA desaturase (scd)

Peroxisome proliferator Activated receptor gamma (pparg)
Fatty acid desaturase 2 (fads2)

ELOVL fatty acid elongase 5 (elovI5)

Sterol regulatory element Binding protein (srebpl)
Lipoprotein lipase (/pl)

Uncoupling protein 2 (ucp2)

CCGGCCCATCCATCGTCCACCTGCTGCATGGCCAGGTATGGT
TTTATGGGCCCAACGTGTCATGTGGAAATTCGCTCCACGA
TGAACGAGGCTTTTGAGGCTTGTTCGTGTTCCTGCTGGTT
CACCGACCGACAGGAGAAAAGTTCGGATTGGGAACCGTCT
CCTTTAGCACGCCTTGGATCCGAAGTTTGCTGAGGATTTGT
AACAGTTGGTTCAGGAGAGTTCGGCAAGTGAGTTAAGT
GCTGGCTGTTGGTTCGAAAAATCGACTCACCCCACAGGTA
TGGCTTTCACTATGGCGTTCAGCATTTGTTGCGACTCTTCTTG
CACAGGTTCGGCACTTACACTCGCATCTTCTCCAGCATAATG
CACACTAATCTTGCTCTTCACGCTGCTCTACTACATTGGTT
ATACCAGAAGCAGCAGAGTCCAGAAGAGGACCGATGAT
GTCAACTGGTTACAGGCCGATCGGCATACTCAAAGCTGGG
GGGGCCAGTAAACGTTACCATCACCAGTTCCGTGCAGTTT

Fz2 ZHEIAAFERR N _
Tab. 2 Comparison on the fiber of three Cobitidaes '7 )
b
T A AR e . EE
eSS Cross J K .E s Fiber
Speci . Perimeter Diameter X
pecies sectl(z)n (um) (um) density )
(pm”) K K (fiber/mm”)
KEERIEHP.  3589.17+ 27931+ 7437+  205.98+
dabryanus 2326.01° 110.4° 24.5° 38.39"
VehfM 2809.7+  234.64=  66.06+  235.66+
anguillicaudatus 1818.69 88.04" 21.26 49.19
675 e k. 2511.93+ 23632+ 6l46:  278.29+
bipartitus 1949.03°  108.07 22.39° 72.99°

e BN, KA AR ST 2800 20 4k A Gl
HBSLGEH 15K, [F— 3P HUR AR RIS Z R B (P<
0.05)

Note: 2800 fibers were used for cross section, perimeter and
diameter analysis. The fiber density was sampled fifteen times.
The different superscripts behind mean values represents signi-
ficant difference in the same column (P<0.05)

68K (1) 7K 43 e 3 e K B ) ) SRR R K T K 5%
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Fig. 1 The cross section of these three Cobitidaes’ muscle fiber
A, KEERIRE; B. et C. 4677 Vel
A. P. dabryanus; B. M. anguillicaudatus; C. M. bipartitus
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Fig. 2 Lipid distribution in muscle of three Cobitidaes
A— C. 3 RIERIVE SR, JeSHANI L 77 Ve 838 3 DX AR 07 3 A7 1% 5L; D—F. 23 K BRI Yo ok« Y 80RN b 77 Yo S 52 908 DX 33 s 20

L

A—C. Lipid distribution of P. dabryanus, M. anguillicaudatus and M. bipartitus on the back; D—F. Lipid distribution of P. dabryanus, M.

anguillicaudatus and M. bipartitus in the abdomen
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Tab. 3 Basic muscle nutrient components of three Cobitidaes

™5 =FEHALEY S AR ARRLE AL
Tab. 5 Muscle fatty acid composition of three Cobitidaes (%,

muscle (%; n=3) n=3)
; . Koy K4y FEACrude HHAEHICrude e o KSR P. Ve kL. 677 Je s
FirSSpecies Moisture  Ash protein lipid il Fatty acid dabryanus anguillicaudatus bipartitus
OSOHEVEGRP. 14T 1275 17.07 2.57% KHEREC16:0 17.120.53°  22.14+1.61° 24.19£0.37°
abryanus 1.75 0.12 0.31 0.38 " a ¢ b
; $RFRC17: + + +
M. 78465 1574 1457+ 1374 JrEk?jﬁxcn.o 0.24 0.023 1.40+0.07 i 0.80+0.05 i
anguillicaudatus ~ 3.00"  0.15" 0.59" 0.12° SRR C18:0 58£0.52°  10.25£1.26°  13.02£0.48
A6 77 Jedifiar. 81.96+ 1.60+ 12.33+ 0.57+ TELERC20:0 0.16+0.01° 0.27+0.01°  0.25+0.01°
bipartitus 092" 0.00° 0.15" 0.06" o —kRERC21:0  0.04£0.00°  0.10£0.01"  0.10+0.01°
1175 #2C22:0 0.07£0.01"  0.16£0.01°  0.17+0.01"
w4 =TUBLR P REBLERL —FEERC23:0 0.03£0.00°  0.07+0.01°  0.09+0.01°
Tab. 4 Muscle amino acid composition of three Cobitidaes (%; KIERRC24:0 0.04+0.01° 0.10£0.02°  0.12+£0.01°
n=3) WEAERECI4:1  0.05+0.00°  0.10£0.01"  0.13+0.01°
KA . a ab b
SRR K ik ) Y6 K YR, b5 Ve itk +£ﬁhﬁ@xC15.l 8.9910.296 11.6810.873 12.8210.16a
Amino acid  P. dabryanus anguillicaudatus M. bipartitus FRIFHERC16:1 3.24+0.44 5.29+0.74 2.80+0.58
4 5% iR His 1.88+0.06" 1.50+0.10" 1.41£0.06" +LEREC17:1 0.23+0.13" 0.59+0.06"  7.59+2.19"
5, N . b a a
KA Asn  3.17+0.18"  3.53£0.18  2.93%0.13° /M&gi&klﬁ&}:% 154620197 6.82+1.627 3.27+0.61
HE R Arg" 3.7340.16" 3.92+0.23" 3.48+0.09" 5‘89:'”/ IR 1578402°  7.06£1.71°  3.33+0.63"
HERGlY" 3.61+0.09" 3.58+0.24" 3.20+0.13" RIHECIS:ITT  0.04+0.01°  0.08+0.02°  0.11=0.01°
RAHMAsp  6.69£0.76" 8.45+0.34" 5.73+0.47" é;)ﬁﬂuﬁ&ﬁ@ﬁ 0.4140.02° 0.26+0.04"  0.2240.01°
IR S Ty B a b a .
GRMG 9345098 11.53:048° 8282070 FFERC22:1 0612033 1.05£0.52°  1.59+1.1°
RN A a a a a al
73 E M Thr 2.88+0.21 3.2540.20 2.58+0.13 P RRC24:1 0.08£0.01°  0.12£0.02"  0.19+0.01°
AR Al" 3.8240.33"  4.69+0.23" 3.42+0.12° T HERC18:2 22.5140.68°  5.9041.29"  3.08+0.39"
AR Cys 2874017°  3.19+0.19°  2.730.02' A IR 0501008 0892003 0.67:004'
BRI Lys" 7.23£0.79°  9.59+033"  6.27+0.50° R . o ,
. . . Pl 0.18+0.01 0.25+0.03°  0.26+0.02
it Z B Tyr 1.37+0.14 1.50+0.23 1.46+0.04 C22:2 . . .
HRE Mo 1.2840.12° 15640 11° 135£0.06" ﬂzlﬁ‘:@ﬁglsgrﬁ 2.57:!:0.20b 2.77¢0.57a 1.28:&0.293
A a . . y-TPREIEC18:3n6  0.71+0.03 0.37+0.05"  0.26+0.03
AR Val 3.30+0.23 3.79+0.22 3.03+0.10 W51 14,17~
Rt E iRl 3.04+0.22° 3.46+0.21° 2.78+0.11° +B =R R 0.11£0.00°  5.6840.68"  6.09+0.63"
A Leu” 5.70£0.34"  638£047°  5.13+0.18" €20:3n3
A . . . WIA-81L14- 1 05.000°  0.70£0.07"  0.5120.04°
FHAMPhe  2.9340.05 2.86+0.18 2.78+0.22 fE = EEC20:306 00T 100 120
R Trp" 1.94+0.04" 2324009  4.16£0.30" EDRREC20:4  0.48£0.06°  6.97+0.84°  7.45+0.76"
W AR . . . Efj;ﬁ%%%@ 0.54£0.03'  338+0.52"  3.03+0.66"
Essential amino 28.31+1.85"  33.21£1.60°  28.09+1.04 (EPA)C20:5
acids CSBONEER 1 8310.04° 3200041° 4874059
Lk (DHA)C22:6
Flavor amino 2345:2.15°  2824x128°  20.62+1.16' %'\F'LE*”HEHE B 2473401010 36.86£2.94°  40.470.79"
acias
VE: AT R, B R AR f%ﬁﬁmﬂﬂﬁﬂﬁ B 75074101 63.14£2.94"  59.53+0.79°
Note: A means essential amino acids; B means flavor amino acids Z;ﬁ LA
Zu]\;ﬁ;; MIRITER  449040.66"  33.06+3.44"  32.02:0.97°
ETRANL R, o Al RS N K P TRIL 2 BEABAIEIL  3038:091°  30.0841.04  27.51:0.63°
B A AR D Te R R N R AR 7R B — EPUFA e
P N T A b S5 B o3 MORIENT 4 9410040 9350043°  9.19+1.44"
KA, V752 IR IENA 218 LA & i Yo-3FA : %0, :
N 5 2 N ~ N Y . - N < a a
CIANIE 7 1l 3 ok 1 R i Bu s o A B g“; g(g_?;f*”ﬁﬂﬁb 23712073 1323£0.63°  10.79£0.70
EAAITT DL W b i e RIS R o 75 S 2 R 1078 TR0 ©-6FA/ ©-3FA 480£0.14°  142+0.10° 120027
{8 o AR BRAR I VL AR B2 1T 40 M A i 077 B2 (Satu- 4 i T R 28.65£0.94°  22.57+0.67° 19.98+1.03"

rated fatty acid, SFA). HAE 5 i BZ (Monoun-
saturated fatty acid, MUFA) J& 2 AR 17 2 (Polyu-
nsaturated fatty acid, PUFA) =", PUFARE XY
B I AL E 7 A o-6 AR TR o-3 A A
NEWTER, P33 I LL il 2 PUF A RS I AS Th e, H A

Essential fatty acids

WA HSFA S BAR, PUFA S &R 5 2 o-3 A ML A1 IR
o 8 vy R R T BR B N 25 R B i o b ok, A AR DY
IR Bk 7Lk R (Eicosapentaenoic acid, EPA)
N~ Bk 7N MR (Docosahexaenoic acid, DHA)X}
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Fig. 3 The relative expression levels of muscle growth-related
genes in three Cobitidaes’ muscular tissue (the different super-
scripts represents significant difference in the same group, P<0.05)

4 -
= R R etk
-2 :l P. dabryanus
N e
=% :_ v VE
E l w3 M. anguillicaudatus

c

2, ey AL vk
S M bipartitus
[=4
I b
<) | b b
® a a ;L
-?D?
= a

0

PSP o“"’

S @o‘é

O
W R

PR

4 T A ZE 2 e IR AR S R ER AR R 2 a2k Y BEAE
(F—4H FArARFRER BE, P<0.05)

Fig. 4 The relative expression levels of lipid metabolism-related
genes in three Cobitidaes’ muscular tissue (the different super-
scripts represents significant difference in the same group, P<0.05)

THILRE S P SO MR A RRIER, =
F S B — B R T A P RN
RIS D T R EEIR S DL PUFA & &
i BRE Lo FE = RO 7 2 SRR VPO B A, /)!ja
ik K858 ) e 55 L T Ve 5 EAA TR UK FEARR
T S PUF A B 70 0 25 1 22 S, HR FEBR 25
BRI PUF A & bL R Hb, DR 5% 1) e ik ozt {1 T Ve Bk
b T7 YR i, K ik E e i b S PUFA R & & A Qe
AN AL T R AR I M . Ak, KEBER VR it o-3 AN
HE IR & B S IRk 1152.83% AL 7 Ve ifk (153.75%,
HAVFRR . EPARIDHARI & B TR &AL
TRt . % b, fERIERR T 1 1) FR O E, e il 22
e T K B ) e Bk, K i e 6k v T A6 5 YR Rk 7R R
TR 7 THI ()8 FRANE, Ve sAN AL 7 e bt 22 = AN B 2,
T R 5% ) e Bk A T YR bk A A6 7 Ve Bk
33 =MEHAREKSERREEXERRETS
IR A K Zmyod myog~ mrfAMmstnZs

RAE; BEAR, K% B Ve 6 myod A X 3K B85,
mrf4 B A Fak B AR, B R 6% BI e 5 ms o R AH F
FIB B, P R E U 65 LA Mo 4b T L A=
K A2 09 R B, 1 VLA A — 2 A K R
7o ALT7 PR ERVL P A= KA DG R I RIS R s 5 K
5% B R B AH 2, myod A KT 2k 5 K, mrfa 1P 4
X R IE T, mstn [P AR KA =R 1 HAbo7
ML R v ST ETR S 5 2 NN E = = = (A /- |
77 Ve ik 5 22 1R LA A Ak T UL PRI AR K T R 1) ) A Y
B, WU AN T oK f ] e S5 AN Ve ifk i o DR otk i UL PR
AR AR V0 0] A T K ik ) e 8 R I B g e B 2 T

elovi5. Ipl. fas. ppargMsrebpl N5 g i
T R R A DR, JFG G i P T 308 o e A B < 8 D77 1
KM = e RO S iR AR &
F = B A 7 AL TR wep2 iy
VTS MR 43 AR R i R, JHC 20 60 1) B P 189 m — SR BR A
R BRI RUIR R 1 SRLA, AR 7 208 fads2
Hlscd AT ARG 7 BR TV B ) L R, H L () g
AL T T R AN A T i

K gk ) e SFCREL T 107 2 = AL AN A IR DT R % =
B e RIS K @R JeffkeloviS . Ipl. ucp2. fads2H
sed A FE RIFE =P 08 B i, S 7E = Fhifk
Hh, KB E YR BRI AR ENE B o TE R . 677 Ve
elovi5. Ipl. fas. pparg. fads2Fscd7~/NFERIFIER
ISR 3 = TR, uep2 PIFRIA P (B TC W 35 1
Z 5, 0 HLAGTT Ve sBOIE P 00 ER  JE J JDT rURR AR A
M) o driz i TV, 32677 e st i e ik
RE T AR 7 R A% A e A0 A R DT AR BE )
s TR, 677 Ve ss e e A E S AR T s
TR AHAENLA AL A vh, PR SoRE i 7 25 v
TV, n e i 2 7E DAL A AR
NS B, PR R DT R 43 FE AR A I T 2 o
4 ZEip

Zx BRI, = PR A R A R R
EAR GRS WEZH, H2RFAERE . &

FRO BB s Ve R TR O E A i ELIAL S 5 5 b Ty
e PR 4 A, R U R 2L RS T PR SR, E



1228

KR R

44 %

Fe PO IR B SRR A 72 o MR UL A K TR )
AR WTAREHE SO A7 AL 22 57, AT REA2 L3 = Fh it A o
B HAF R R 2 — o 3B AT ik = R
PALJBE T ) 2 B A% B, of T R £ 2K i A
B A EERE .

BE3CHk:

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Guan W J, Zhu Y F, Chen Z D. Muscle quality in fish re-
lated to characteristics of muscular fibers [J]. Fisheries
Science, 2008, 27(2): 101-104. [K3C#E, K206, B2 ST
RN Rt 5 BN L BT &R [T, 7KL, 2008,
27(2): 101-104.]

Chen W X, LIU Q Z, Fan Z Y. Recent advances in re-
search on meat quality evaluation and influencing factor
of fish [J]. Meat Research, 2012, 26(10): 34-40. [ 3%,
XEHR, JEIRAE. 2 A 5T TP A A 5 R D) 3R AT e 3ok
[7]. PSRBT, 2012, 26(10): 34-40.]

Periago M J, Ayala M D, Albors O L, et al. Muscle cellu-
larity and flesh quality of wild and farmed sea bass,
Dicentrarchus labrax L [J]. Aquaculture, 2005, 249(1-4):
175-188.

Rivero J L L, Talmadge R J, Edgerton V R. Fibre size and
metabolic properties of myosin heavy chain-based fibre
types in rat skeletal muscle [J]. Journal of Muscle Re-
search and Cell Motility, 1998, 19(7): 733-742.

Einen O, Thomassen M S. Starvation prior to slaughter in
Atlantic salmon (Salmo salar). 2. White muscle composi-
tion and evaluation of freshness, texture and colour chara-
cteristics in raw and cooked fillets [J]. Aquaculture (Nethe-
rlands), 1998, 169(1-2): 37-53.

Ren X E, Zhang S H. Recent advances in fish flavour [J].
China Condiment, 2003(12): 17-21. [fEAL, Fk/K .
ARG FRIAE FE R (9], HF LR, 2003(12): 17-21.]
Tan X G, Du S. Differential expression of two MyoD
genes in fast and slow muscles of gilthead seabream
(Sparus aurata) [J). Development Genes & Evolution,
2002, 212(5): 207-217.

Zhu H 'Y, Man Y X. Distinguishing methods and nutri-
tional differences between Misgurnus anguillicaudatus
and Paramisgurnus dabryanus [J]. Journal of Aquacul-
ture, 2013, 3(3): 1-3. [RELLTG, Wiz 2. eff5 KikE] e
KX 43 5 1k N 8 FR 22 5 [T]. K7 FRAE, 2013, 3(3): 1-3.]
Zhao Z S, Gao G Q, Yin J, et al. Studies on nutritive com-
position of Misgurnus anguillicaudatus and Paramis-
gurnus dabryanus [J]. Journal of Hydroecology, 1999,
19(2): 16-17. BRI, myoass, BN, 5. YRR oK ik g
VEBRCE IR A AT [J]. KAEB 2 AE, 1999, 19(2): 16-
17.]

Yin J, Xiong C X, Li S H, et al. Analysis of nutritional
composition in tetraploid loach, diploid loach and Para-
misgurnus dabryanus [J]. Journal of Hydroecology, 2008,
1(2): 67-70. [ENZ, fEAL 5, 22640, 46 DURA R — %
P S R SR HCE TR T (7], KA AR,
2008, 1(2): 67-70.]

Huang J, Yang S, Qin Z B, et al. Comparative study about
flesh contents and nutrient values in brown Bullhead,
loach and darkbarbel catfish [J]. Acta Hydrobiologica
Sinica, 2010, 34(5): 990-997. [, #ifh, &, &
ZBEA L YR SHORN DU PR R AR K 5 A R B TR LA
WFTE (7). KAEAED2AAR, 2010, 34(5): 990-997.]

Han G M, Bi J H, Tang H J, et al. Nutritional component
analysis in muscles of Misgurnus anguillicaudatus and
Paramisgurnus dabryanus from Shaobo Lake [J]. Jour-
nal of Jimei University (Natural Science), 2016, 21(5):

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

330-337. [HOLH, REEAE, HSEE, 5. HiAWIIX eil 5
KRN Ve AL E FRAL T [J]. R R R(A R
h), 2016, 21(5): 330-337.]

Zhu S Q. Synopsis of Freshwater Fishes in China [M].
Nanjing: Jiangsu Science and Technology Press, 1995:
39. [RFAIR. HHEBK AR R M. Bat ILIRR
AR, 1995:39.]

Liu Y F. The species dentification method and prelimi-
nary study on gynogenesis of Paramisgurnus dabryanus
and Misgurnus anguillicaudatus [D]. Shanghai: Shang-
hai Ocean University, 2015: 20-37. [XlI7K & . KB F|Je i
(Paramisgurnus dabryanus) 58 (Misgurnus anguilli-
caudatus) HIFP LR 515 S MEAZ R B W26 7T [D]. L
W IR, 2015: 20-37.]

Xia H, Zhong C R, Wu X X, et al. Mettl3 mutation dis-
rupts gamete maturation and reduces fertility in zebrafish
[J]. Genetics, 2018(208): 729-743.

Huang F, Yan A S, Xiong C X, et al. Evaluation of the
nutrition and the rate of flesh in the whole body of Pelteo-
bagrus fulvidraco Rich [J]. Freshwater Fisheries, 1999,
29(10): 3-6. [3qUE, ™2k, RRALE, 5. SAEK T
A RE TRV [7]. iRk, 1999, 29(10): 3-6.]
FAO/WHO Ad Hoe Expert Committee. Energy and Pro-
tein Requirements [M]. Rome: FAO Nutrition Meeting
Report Series, 1973: 52.

Lin L M, Wang Q Y, Wang Z Y, et al. Comparison of
biochemical compositions of muscle among three stocks
and wild-caught large yellow croaker Pseudosciaena
crocea [J]. Journal of Fishery Sciences of China, 2006,
13(2): 286-291. [MFIR, ERKH, £EF, & ARIKXR
K UL E IR o3 (R ECAE [9]. 7 DK 272, 2006,
13(2): 286-291.]

Sun H K, Han Y Z, Sun J F, et al. Muscle nutritional
comparative of four different geographical Silurus asotus
groups [J]. Acta Hydrobiologica Sinica, 2016, 40(3): 493-
500. [Fhifgdh, BEETET, MR, 45 DU AS [ LG B A4
WUAE FRAR T LERL BT (9], KA 4, 2016,
40(3): 493-500.]

Szczesniak A S. Classification of Textural Characteris-
tics [J]. Journal of Food Science, 1963, 28(4): 5.

Wang X S. Effects of essential amino acids on human
health [J]. Food and Nutrition in China, 2005(7): 48-49.
[E/NE. ATRRIERRIT N g BERIFEm [7]. o Ea Y
E# 9%, 2005(7): 48-49.]

Deng Z Y, Zhou X Q, Huang Y H, et al. Investigation of
dietary fatty acids intakes of Chinese people during
twenty years [J]. Journal of Food Science and Biotechno-
logy, 2008, 27(1): 7-19. [XE T, B 7, K4, &
& 204 M B VIR T IR B A B 04 (0], B S
AR AR, 2008, 27(1): 7-19.]

Koletzko B, Decsi T, Demmelmair H. Arachidonic acid
supply and metabolism in human infants born at full term
[1. Lipids, 1996, 31(1): 79-83.

XuY F,HelJ Y, Wang X K, et al. Asynchronous activa-
tion of 10 muscle-specific protein (MSP) genes during
zebrafish somitogenesis [J]. Developmental Dynamics,
2000, 219(2): 201-215.

Rudnicki M A, Jaenisch R. The MyoD family of tran-
scription factors and skeletal myogenesis [J]. Bioessays,
2010, 17(3): 203-209.

Braun T, Arnold H H. Myf-5 and myoD genes are activa-
ted in distinct mesenchymal stem cells and determine dif-
ferent skeletal muscle cell lineages [J]. The EMBO Jour-
nal, 1996, 15(2): 310-318.

Shi J, Chu W Y, Zhang J S. Muscle growth, differentia-
tion and expression regulation in fish [J]. Acta Hydrobio-


https://doi.org/10.3969/j.issn.1003-1111.2008.02.014
https://doi.org/10.1016/S0044-8486(98)00332-9
https://doi.org/10.1016/S0044-8486(98)00332-9
https://doi.org/10.3969/j.issn.1000-9973.2003.12.005
https://doi.org/10.3969/j.issn.1004-2091.2013.03.001
https://doi.org/10.3321/j.issn:1005-8737.2006.02.019
https://doi.org/10.7541/2016.66
https://doi.org/10.3969/j.issn.1006-9577.2005.07.016
https://doi.org/10.3969/j.issn.1006-9577.2005.07.016
https://doi.org/10.3321/j.issn:1673-1689.2008.01.002
https://doi.org/10.3321/j.issn:1673-1689.2008.01.002
https://doi.org/10.3969/j.issn.1003-1111.2008.02.014
https://doi.org/10.1016/S0044-8486(98)00332-9
https://doi.org/10.1016/S0044-8486(98)00332-9
https://doi.org/10.3969/j.issn.1000-9973.2003.12.005
https://doi.org/10.3969/j.issn.1004-2091.2013.03.001
https://doi.org/10.3321/j.issn:1005-8737.2006.02.019
https://doi.org/10.7541/2016.66
https://doi.org/10.3969/j.issn.1006-9577.2005.07.016
https://doi.org/10.3969/j.issn.1006-9577.2005.07.016
https://doi.org/10.3321/j.issn:1673-1689.2008.01.002
https://doi.org/10.3321/j.issn:1673-1689.2008.01.002

6 3 VRoCIRE At RBEEIJe i, e S5 -IE 77 U 8t A o LE B0 A 1229

logica Sinica, 2013, 37(6): 1145-1152. [f1 %, #RIE, 5K high-protein diets [J]. Life Sciences, 2016(153): 66-73.
A, RN E KSR R RIS (1], KEEY [33] LiY, Jia Z, Liang X, et al. Growth performance, fatty-
ZE4R, 2013, 37(6): 1145-1152.] acid composition, lipid deposition and hepatic-lipid meta-
[28] Watabe S. Myogenic regulatory factors and muscle diffe- bolism-related gene expression in juvenile pond loach
rentiation during ontogeny in fish [J]. Journal of Fish Misgurnus anguillicaudatus fed diets with different die-
Biology, 1999(55): 1-18. tary soybean oil levels [J]. Journal of Fish Biology,
[29] Mcpherron A C, Lawler A M, Lee S J. Regulation of 2017(92): 17-33.
skeletal muscle mass in mice by a new TGF-p superfa- [34] Yanes C G, Margalet V S. Pancreastatin, a chromogranin
mily member [J]. Nature, 1997, 387(6628): 83-90. A-derived peptide, inhibits leptin and enhances UCP-2
[30] Zheng J L, Luo Z, Zhu Q L, et al. Molecular cloning and expression in isolated rat adipocytes [J]. Cellular and Mo-
expression pattern of 11 genes involved in lipid metabo- lecular Life Sciences CMLS, 2004, 60(12): 2749-2756.
lism in yellow catfish Pelteobagrus fulvidraco [J]. Gene, [35] ChenJ, CuiY, Yan J, et al. Molecular characterization of
2013, 531(1): 53-63. elongase of very long-chain fatty acids 6 (elovi6) genes
[31] Yan J, Guo C, Dawood M, et al. Effects of dietary in, Misgurnus anguillicaudatus, and their potential roles
chitosan on growth, lipid metabolism, immune response in adaptation to cold temperature [J]. Gene, 2018(666):
and antioxidant-related gene expression in Misgurnus an- 134-144.
guillicaudatus [J]. Beneficial Microbes, 2017, 8(11): 439- [36] Ceddia R B, William W N, Lima F B, et al. Leptin stimu-
449. lates uncoupling protein-2 mRNA expression and Krebs
[32] Mendes K L, Pinho L, Andrade J, et al. Distinct metabo- cycle activity and inhibits lipid synthesis in isolated rat
lic effects of resveratrol on lipogenesis markers in mice white adipocytes [J]. European Journal of Biochemistry,
adipose tissue treated with high-polyunsaturated fat and 2000, 267(19): 5952-5958.

THE ANALYSIS OF THE MEAT QUALITY OF PARAMISGURNUS
DABRYANUS, MISGURNUS ANGUILLICAUDATUS
AND MISGURNUS BIPARTITUS

XU Yuam-Ferlgl’2 and HU Wei'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Innovation Academy for Seed Design, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Meat quality is an important economic trait of cultured fish. There are few studies on meat quality of Para-
misgurnus dabryanus, Misgurnus anguillicaudatus and Misgurnus bipartitus. The meat quality of P. dabryanus, M. an-
guillicaudatus and M. bipartitus were studied by tissue section, biochemical component analysis and real-time fluores-
cence quantitative PCR. The results showed that the cross-sectional areas of muscle fibers of P. dabryanus, M. anguilli-
caudatus and M. bipartitus were (3589.17+2326.01) pm’, (2809.7+1818.69) um” and (2511.93+1949.03) um”, respecti-
vely. For the crude protein and crude fat contents, P. dabryanus had the highest contents of (17.07+0.31)% and
(2.57+0.38)%, followed by M. anguillicaudatus of (14.57+0.59)% and (1.37+0.12)% and M. bipartitus of
(12.33+0.15)% and (0.57+0.06)%. The essential amino acid index (EAAI) of P. dabryanus, M. anguillicaudatus and M.
bipartitus were 65.11, 74.38 and 60.14 respectively, and the content of flavor amino acid were (27.75+2.13)%,
(32.60+1.64)% and (24.86+1.00)%, respectively. The content of total polyunsaturated fatty acid except linoleic acid in
P. dabryanus, M. anguillicaudatus and M. bipartitus were (7.86+0.24)%, (24.18+1.99)% and (24.43+0.26)%, respecti-
vely. The expression level of myod, a marker for early stage of muscle growth, was high in P. dabryanus. But, the ex-
pression level of myog and mrf4, markers for late stage of muscle growth, were low in P. dabryanus. The expression
level of myog and mrf4 were high in M. anguillicaudatus and M. bipartitus, and the expression level of myod was low.
Analysis of eight lipid metabolism related genes including elovlS, P. dabryanus has the highest overall expression level,
followed by M. bipartitus and M. anguillicaudatus. The results showed that the meat quality of P. dabryanus was oily
but rough; the nutritional value and taste value of M. anguillicaudatus were high; the meat of M. bipartitus was tender,
but the nutritional value about amino acids of M. bipartitus was not high. The meat quality between the three species
may be related to the different muscle growth and fat metabolism activities.

Key words: Paramisgurnus dabryanus; Misgurnus anguillicaudatus; Misgurnus bipartitus; Meat quality; Biochemical
concentration; Nutritional evaluation



