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Abstract: [Objective] In order to explore the gut structure, digestive enzyme activity and gut microbiota
characteristics of Cyprinus carpio var. Jinbei at different altitudes. [Method] C. carpio var. Jinbei in rice fields
at low (580 m), middle (830 m) and high (1340 m) altitudes were taken as the research objects. The histology,

enzymology and molecular biology methods were used to compare and analyze the gut tissue structure, digestive
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enzyme activity and gut microbiota characteristics. [Result] The villus height of C. carpio var. Jinbei of the

low altitude group (521.04 um) was significantly higher than those of the middle altitude group (438.01 pm) and

high altitude group (419.39 pum) (P< 0.05). The trypsin activity of C. carpio var. Jinbei of the middle altitude

group (4541.65 U/mg) was significantly higher than those of the low altitude group (4023.72 U/mg) and high

altitude group (3722.10 U/mg) (P<0.05). Actinobacteria, Firmicutes, Proteobacteria, Chloroflexi and

Tenericutes were the main gut microbiota of C. carpio var. Jinbei in rice field. [ Conclusion] Different altitudes

affect the intestinal morphology, digestive enzyme activity, and gut microbiota structure of C. carpio var. Jinbei

in rice field. Although the gut microbiota of C. carpio var. Jinbei in rice field changes at different altitudes, it

still maintains a relatively stable gut microbiota dominated by Actinobacteria, indicating that C. carpio var.

Jinbei gut has been adapted to the ecological environment in rice field.

Key words: Altitude; Rice field; Cyprinus carpio var. Jinbei; Intestine; Digestive enzyme; Gut microbiota
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Table 1 Growth status of Cyprinus carpio var. Jinbei in rice fields at different altitudes

IR WIsa A i & /g HIHEA K /em PRER LN REEARAC/em 14 57 B /%
Altitude Initial body weight Initial body length Sample body weight Sample body length Weight gain rate
fik Low 131.36+8.06a 16.10+0.31a 178.87+10.88a 25.89+0.46a 44.21+8.28a
1 Middle 131.36+8.06a 16.10+0.31a 166.26+7.46b 22.32+0.68a 34.31+5.68b
1= High 131.36+8.06a 16.10£0.31a 152.51£13.05¢ 18.2740.33a 21.42+4.78¢

1) P BAE AR E F - MEATE £, B 5B )G 09 R Bl B 54 £ R £ 51 2 3% (Duncan’s, P < 0.05).
1) The data in the table is the mean =+ standard deviation of three replicates, and different lowercase letters after the same column

indicate significant differences (Duncan’s method, P < 0.05).
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Fig.1 Microscopic structure of Cyprinus carpio var. Jinbei gut in rice fields at different altitudes
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Table 2 Morphological traits of gut tissue of Cyprinus carpio var. Jinbei in rice fields at different altitudes

IR S m I /um HE T /um B2 58 PR /um JULZ 5 /jum AR fn
Altitude Fluff height Fluff width Crypt depth Muscle thickness Number of goblet cells
fi& Low 521.04+69.42a 127.39+14.29a 63.10+11.80a 127.26+32.86a 32.47+£22.31a
H Middle 438.01+38.25b 130.03+9.76a 53.48+4.47a 71.68+15.27b 7.33£1.25a
i High 419.39+£20.02b 178.10+51.15a 62.68+8.19a 80.64+29.21b 12.47+£2.17a

1) P BAE AR EF Y MEATE £, R 5B 09 R Bl B 54 £ 7w £ 5 2 3% (Duncan’s#, P < 0.05).
1) The data in the table is the mean + standard deviation of three replicates, and different lowercase letters after the same column

indicate significant differences (Duncan’s method, P < 0.05).
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Table 3 Digestive enzyme activity of Cyprinus carpio var. Jinbei in rice fields at different altitudes U/mg
IR TEN Jii s il JBEE A LYz
Altitude Amylase Lipase Trypsin Cellulase
fi& Low 1.37+0.54a 210.39+£29.12a 4023.72+£164.68b 28.06+1.11a
1 Middle 0.86+0.37a 213.34442.19a 4541.65+62.57a 32.2243.34a
/& High 0.95+0.43a 143.22+31.25a 3722.10+494.01b 26.67+1.84a

1) & P8I AH3RE LT HMbLAFE L, AP KIEE R R B T4 % T £ 5 2 #(Duncan’si%, P < 0.05).
1) The data in the table is the mean + standard deviation of three replicates, and different lowercase letters after the same column

indicate significant differences (Duncan’s method, P < 0.05).
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Fig.2 Alpha diversity of gut microbiota of Cyprinus carpio
var. Jinbei in rice fields at different altitudes
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Fig. 4 Relative abundance of gut microbiota of Cyprinus carpio var. Jinbei in rice fields at the phylum level at different

altitudes
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Fig. 5 Relative abundance of gut microbiota of Cyprinus carpio var. Jinbei in rice fields at the genus level at different
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Table 4 Common primary bacterial genera with above 0.1% relative abundance of Cyprinus carpio var. Jinbei in rice fields
at different altitudes

%
. s Z;f(ﬁ?]?i i kb Proport:n at different altitu%es
Phylum Classification Low Middle High
TR ] T & Actinomyces 6.28 1.23 0.24
Actinobacteria JB£E 1 H Actinomycetales 0.12 1.33 5.53
TIRZ A H Solirubrobacterales 0.29 0.70 0.81
[B] i ZE & B} Intrasporangiaceae 0.14 0.10 0.63
1R IR B Nocardioidaceae 0.28 0.35 0.15
Gaiellaceae} Gaiellaceae 0.11 0.18 0.11
BH ] HJFEE H Rhizobiales 0.30 2.12 3.80
Proteobacteria TIEFT B Agrobacterium 2.19 0.31 0.24
FIL %S fh 6 )8 Methylosinus 0.11 0.39 222
Lk 4243 1% F} Hyphomicrobiaceae 0.20 0.80 0.47
A LY ERE B Hyphomicrobium 0.11 0.29 0.82
Z1# 3N & Rhodoplanes 0.20 0.61 0.25
JEEE] BEER A & Streptococcus 54.29 3.67 1.58
Firmicutes WS Clostridium 0.46 0.67 0.90
SR AT B R Mogibacteriaceae 0.23 0.20 0.59
R B E Bacillus 0.34 0.24 0.28
WAL EEERTE Bl Peptostreptococcaceae 0.15 0.14 0.24
YREEF ] Tenericutes F LB 2N Mollicutes 6.52 68.47 14.77
£ B ] Chloroflexi Ellin65294X Ellin6529 0.14 0.49 12.32
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