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Study on muscle fiber characteristics, metabolic enzymes and gene expres-

sion of caudal stalk of golden-backed carp (Cyprinus carpio var. Jinbei)
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Abstract: Golden-backed carp (Cyprinus carpio var. Jinbei) is a common carp that has lived in rice fields for many generations
through long-term natural and artificial selection. In order to promote its paddy field breeding model and provide data supports
for the breeding of improved varieties by this model, we analyzed the caudal stalk muscle fibers, related metabolic enzymes and
gene expressions by using histology, enzymology and molecular biology methods, and explored the adaptive characteristics of
caudal stalk muscle growth under the shallow ecological conditions of rice field. The results show that the diameter of caudal

stalk muscle fiber in paddy field group was larger than that in pond group at flowering stage and harvest stage with significant
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differences (P<0.05). The cross-section area of caudal stalk muscle fiber in paddy field group was larger than that in pond group

at flowering stage and harvest stage, with significant differences at harvest stage (P<0.05), while the density of caudal stalk muscle

fiber in paddy field group was smaller than that in pond group. There were significant differences at harvest stage (P<0.05). The

activities of lactate dehydrogenase (LDH), catalase (CAT) and Ca’*’-ATPase in metabolic enzymes were higher in paddy field

group than in pond group at flowering stage and harvest stage. The expression level of peroxisome proliferation-activated recep-

tor y-coactivator o (PGC-1«) gene in paddy field group was significantly higher than that in pond group (P<0.05). The results

reveal that the expression levels of adenylate activated protein kinase (AMPK) and silence-regulating factor 1 (SIRTI) gene in

paddy field group were significantly lower than those in pond group at flowering stage and harvest stage (P<0.05). The resis-

tance movement of the caudal stalk of golden-backed carp in rice field caused muscle hypertrophy, which was related with the

activation of protein synthesis pathway, while its endurance exercise, was related with the mitochondrial biosynthesis. The high-

er PGC-1a expression level of golden-backed carp in rice flowering stage may be related with the increase of rice flowering, in-

sects, biodiversity and biomass.

Keywords: Golden-backed carp (Cyprinus carpio var. Jinbei); Caudal stalk muscle fiber; Metabolic enzymes; Gene expression
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Green Fast Mixture 5 uL, 1F. [ 5[#)4% 0.5 uL,
cDNA #i#fz 1 uL, ddH,0 3 puL. K&K 95 C
A 2 ming 95 °C 155, 60 °C 30s, 72 C 30's,
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Table 1 Primers for this study

519 731 (5'—3") KE piHES N
Primer Sequence (5'-3") Length/bp Temperature/ °C Application

AMPK-F CGGAGACACACTAGGAGTGG 141 60 qPCR
AMPK-R ATCTCGCGTCGAATCTTCCC 141 60 qPCR
PGC-1a-F TCTCCATACTCCCGCTCCG 230 60 qPCR
PGC-1a-R TCAGCCCTCTCACATTCTCGTT 230 60 qPCR
SIRT1-F GGCAGCTATGGTCAGCCTAC 135 60 qPCR
SIRT1-R TGCTTGAGGACAGGACTTACAC 135 60 qPCR
B-actin-F AAAACCAACCATGTGCGACG 238 60 qPCR
B-actin-R CCGTGCTCAATGGGGTACTT 238 60 qPCR
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LA. Long axis of muscle fibers; SA. Short axis of muscle fibers; Ellipse indicates the grouping of muscle fibers.
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Fig. 2 HE staining of muscle fibers of caudal stalk of golden-backed carps in paddy fields and ponds

Note: a. Caudal stalk muscle fibers of golden-backed carp before rice flower (200x); b. Caudal stalk muscle fibers (200x) of golden-backed carp in rice
field during flowering period; c. Caudal stalk muscle fibers (400x) of golden-backed carp in rice field during flowering period; d. Caudal stalk muscle
fibers (200x) of golden-backed carp in paddy field; e. Caudal stalk muscle fibers of pond golden-backed carp (200x) at the same period of
rice flowering; f. Caudal stalk muscle fibers of pond golden-backed carp (200x) at the harvest stage.

F2 &EHEEMASLEERER
Table 2 Muscle fiber diameter of caudal stalk of

®3 cEEEMAFEEBTR

Table 3 Cross-sectional area of muscle fibers of caudal

golden-backed carps pm stalk of golden-backed carps pum?
SRAEIH e S22 WX I ZH KL e P S 2 I IRZE
Sampling Paddy field Pond control Sampling Paddy field Pond control
period experimental group group period experimental group group
L 31.88+4.41° 31.88+4.41 [ 1065.99+549.36" 1 065.99+549.36
Before flowering period Before flowering period
o7 o7

AKRAAAER 54.88+10.31" 41.68+4.42 ARHAE 1711.76+748.25°  1327.79£600.17
Flowering period Flowering period

62.98+4.92"" 46.00£2.69

Harvest period

2 845.43+70.82" 1 360.62+393.08

Harvest period

T AR PR TR R BRI A WE 2R (P<0.05); *FoR[F]—
TR B 2R (P<0.05). FEAERTIVITE Rl —Ht4) fa k4
CERE AR B ERFIL.

Note: Different superscript letters indicate significant differences
between the data (P<0.05); *. Significant difference between the
data within the same row (P<0.05). Before flowering period in-
dicates the stage when the same batch of juvenile fish had not
been released into paddy fields and ponds yet. The same case in
the following tables.

M2 SDH, MDH. Na'/K'-ATP [ i AR T3t
WigH, 1 LDH, CAT. Ca®*-ATP BiG M 0NE Tit
Wi

KFEZAEW . FHArEMILA LDH 1§ #:
[(3586.13+627.16) U-g '] = TithIH4 [(3277.42+

F4 cEEEMIFETE
Table 4 Muscle fiber density of caudal stalk of

golden-backed carps #R-mm™
KAL) e S22 IR IR ZH
Sampling Paddy field Pond control
period experimental group group
—
iifriufiyfwering period 1252.56£916.11 1252.56£916.11
KRG LS
Fjl(jszflzﬁferiod 702.451+406.78 845.10£306.00

351.59+8.88" 781.401+244.04

Harvest period

701.91) U-g™'], CAT i% [(3 072.22+1577.38)
U-g™'] i T4 [(1 642.414298.54) U-g™'] H#E R
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FFIE T 25 5 35 (P<0.05), R RN [l Ab B L AEAH FRAE s A A i M 25 5= (P<0.01),
Fig.3 Changes of main metabolic enzymes during growth of golden-backed carp in paddy fields and ponds

Notes: 1. Before rice flowering period; 2. Flowering period of rice; 3. Harvest period; Values are X+SD1 (n=3). Different letters indicate a significant
difference (P<0.05) among different growth periods in rice field; ****. Extremely significant difference (P<0.01) between the two groups
at the same sampling site.
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Fig. 4 Relative expression of AMPK, SIRT1 and PGC-1« gene in different growth periods of
golden-backed carps in paddy field and pond

Note: 1. Before flowering period; 2. Flowering period of rice; 3. Harvest period. Values are Mean+SD (n=3).
Different letters indicate significant differences in paddy field in each growth period (P<0.05).
*. Significant differences between the two groups at the same sampling time (P<0.05).
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BRI —E 2257 . WIERAMT, HAKIREIR,

AR, 4T A A AL PR 3k AR FH K B B g
WL TR L, B L B S — i F2 P Y 55
fbo A5, AL T SR N4k AR
BE R A AR T AR 4 S N R AR TR RS
Ak
32 £EHEENEHAFRNEESS

AN B AR IR 252 i 7K AR sl W) B AR KRS N
MUARAC IR IS 0284k, dEmsm A K | SRa A
FE KAEA Yt is sy, UL A 29I EE
RAitgy, i shig R AL S ULA PR T
%227 LDH A AREEAI N, S 5B LEN
W, EICEACI LT Y LR B E AR,
LDH %1 i I 1 22 36 LT 2 8 G A A 1 K
N WPEFE ML, PRIz 3 i LEF 4 LDH W6 M
rm, SDH IEMEEAR; MMz 3) 5 SDH i
B, LDH fGPERAR a2 e A R K O ok
T, HARHEEMEAR ., BESM (Danio rerio) il
) @ S ue & X 8EE3h, LDH TS
38.07%, @ TIER WA &shilgh i
T gt L RS LDH 1 HERY ) R H 4 iy eTE
TR AR, R TEROKAAER S, I FIEEK
AbTEHEE Rk, H 3 B A R B Bl Bh B AT
vt Rk, ARSI, FEH 4T AR LET 45
155 Y LDH J PR K 38 RS R K A (1 45

LA 45 52 Ca AR, IS4 Dete 3 BEEL
YT Ca®*-ATP HFFIRE & A BHGEEE . Ca**-ATP
2 21 S 40 s I | —Fh LS I R (CaM)



84 2R S

H19 %

WA, T LAJE T AR AR LG 30 TR fE
AR E TR, DURMSFTIT Ca* lid, ML M
WHER I Ca* ittt , AT I LR 2 4 K 22 1 1)
ATP fiff, JERL Ca’*-ATP fiff, ATP 7E Ca**-ATP Hf§[1)
AT R RE R SR EBEERER . K
i R O RS LR, 288 A T s Bl Ak ER
GifE, TR R UGER AL RE R, PRUENLR AR
sE, Hit, REIRULA4EA 55 1) Ca* -ATP i
TP A ] 4 S I e A3 19 ) — R
33 &FEHEMANNEERMME AMPK. PGC-

1a.SIRT1 B4 &=

iz B LR 2 & A aG ARk, ARz 5l
AN 7o ] A BN OB U i ety N i P W 1 E B =
PNV 4E 8 s, Eas e, WA &
S | P A i p ey || A RATR5 % AL NAEE 7/ e A 1o
JEOR MR R T80, B A Ao, LR AE 1R
PRI L, NARTE R BB S sl 2 ik
PRIV B A A Akt/mTOR 5538 [,
M1 it 77 3 2y W) 2 356 8 1 005 4 1 5T 43 A A 1
AMPK/PGC-1a {5 5iE H7, AMPK #FR AL
) “BEmEAZ AR ” o “ReC” , TENLARERAC
W7 TR A SR REER, BRI RERDIRE
PEt B TR A, IR 2 A
UM E A FA s . Rl i8sh
FIVR B A5 R AR AT LABTE AMPK Y, — H %
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ATP, [AlA G T FERE & 1) & A i A2
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BN IG LR A ) & 1 AMPK/PGC-1a 553
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fif7E AMPK/PGC-1a. {5538 [ H Y S F L R FR ik i
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SIRT1 £ NAD * 4R i) FS 4 2 P £ ok ik
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PARIER DIGE. AOF5RAE N, iz sh s8R ik s

mf, AMPK A] LAE4TE SIRT1 ZWBEfk, SIRT1 I Z Mk
PGC-la, ZZMIIEIE:N PGC-1a, FZBELRY
PGC-la i AN, MITHE i SRR A 1A ik
SEHOT R R Y 4 T AMPK . SIRTT JEH ik
B ER TR, X S A PR BT
w4 TR 2R 1A 5 B RE TS5 1T AMPK B R 1k
BRI LY A RE IR S 56, /K FEE AL RS
LT PGC-1a FEPH ik 3 T R A Y
KW AMPK F1 SIRT1 HH KL G, PGC-la %
B RA—E R . PGC-1a FEHMFILZIRLH
RIS, iz sh i et o A= . B, Il
BN KRR AR 475 8 PGC-1a FEN
s, HENDE R T BOKREFAE . REHP R
WL A REERE N R A Y g T, B
R AT i — 25T

O

FEAREBAILIA EAT 5K i ILET 4 LA AR A AR
SR HH 4 T 0 A ARV IR 2 —, BRARAILET
He BA B LDH 15 TR Ca™-ATP BEE PR 4
T BRSO A FH Y 00— o T BIAE AR FH K 5 A
Tizgh, HEMWETHLZE s BULRAE R, X
s R A G BGE AT G, MRS IAE A 4
T B AT B ] P Jpi8 8, SRR RS 2
RRARA )G 1 AMPK/PGC-1a {550 %, 16K
e R 400 PGC-1a SEN FR B8, N5
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