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Abstract: [Objective] This paper aims to analyze the gut microbiota structure of Furuili 2 (Cyprinus
carpio) from different culture systems. [Methods] The 16S rRNA high-throughput sequencing was
performed to analyze the composition and abundance of gut microbiota in Furuili 2 carps from the
rice-fish co-culture system in Hani Terraces (RCIC), monoculture system in conventional pond (YPIC),
and the monoculture system in cement pond (HPIC). [Results] The high-throughput sequencing yielded
2 345, 238, and 118 operational taxonomic units (OTUs) for the gut microbes in carps from RCIC,
YPIC, and HPIC groups, respectively. Sobs and PD indexes in RCIC group were higher than those in
YPIC group (P<0.05) and HPIC group (P<0.01), and the diversity indexes in YPIC group were higher
than those in HPIC group (P<0.05). The dominant phyla (abundance>10%) were Proteobacteria
(39.39%), Fusobacteria (38.55%), and Firmicutes (15.4%) in RCIC group, Proteobacteria (21.87%)
and Fusobacteria (58.27%) in YPIC group, and Proteobacteria (46.63%) and Fusobacteria (53.14%) in
HPIC group. At the genus level, Cetobacterium and Aeromonas were dominant in all samples. LEfSe
analysis (LDA>3) suggested 17 biomarkers, among which 8 were abundant in RCIC group:
Romboutsia, Clostridium_sensu_stricto 1, Enterobacter, Paraclostridium, Methylobacterium, norank
f norank o Chloroplast, Edwardsiella, and Epulopiscium. [Conclusion] Different culture modes
enabled significantly different microbiota structures in carps. In particular, RCIC group boasted higher
richness and diversity of gut flora of carps and had more beneficial bacterial markers. As a result, the

intestines of carps were healthier.

Keywords: Hani Terraces; rice-fish co-culture system; microbial community structure; intestine;
high-throughput sequencing
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B 5P S RN A5 1A . R RDP X 43 25 7 1 A 7
WIRh 2321 B, e Silva B (SSU123), #%
BT EEN 70%, JE8Li) ZREM T 7E LT
=B ERAESE L

2 BEREAW

2.1 16S rRNA EEFSFEENFHH

3 2o X I AR A A AT AL B, B
I 5T & 7y 50 RS M P A, RS SRR RAE T
1 763 790 4445 16S rRNA FEHF5, FAHE
A7 A A BT 5ECH S 30 973-74 060, F
BT 5 B 29 BE R 416 bpo X it A 5 51 247
97% AR OTU K43 F- P FpvERE, W kil4)
2451 OTU, 2K 45411, 102 4140,
255 4H . 440 MFF. 8321V E . 1408 4-Ff,

RCIC (B HAE#HLH) . YPIC ({545 it JE#H4 )
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Figure 1
RCIC: terraced rice carp group; YPIC: tradition
pond carp group; HPIC: cement pond carp group.
Same as below.
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Venn plot of gut bacteria samples of carp.
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Figure 2 Diversity index of gut bacteria samples
of carp. Notes: * mean statistically significant
differences (P<0.05), ** mean statistically significant
differences (P<0.01).
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Figure 3 The PCoA of the intestinal microbiota of
carp from pond and rice field. RCI1IC: No. 1
terraced rice carp group; RC2IC: No. 2 terraced rice
carp group; RC3IC: No. 3 terraced rice carp group;
YPIC: tradition pond carp group; HPIC: cement
pond carp group.
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Figure 4 Relative abundances of the dominant
microbiota phyla.

I'I(Proteobacteria) . AT ] (Fusobacteria) . J&
BETH ] (Firmicutes). fUFFR [ 1(Bacteroidetes)F
FWETE ] (Tenericutes). 5 KW ITERBRLE G
FEBAN F 5 39.39% . 38.55% .
15.40%. 1.56%. 1.80%; f&5eit saRfsi=T 4
A 21.87%. 58.27%. 0.51%. 9.80%. 9.41%;
KV IR 72908 46.63% . 53.14%,
0.20%. 0.01%. 0.00%. %5 10%Lh b {3
1583, FERes & Fh SR XN 48 5 B 18
I AT TERERE ] g sk
BT NASIERIT T BATET T KU i AR A
KT BITHET ] TEARFRFAEAT,
7L TR RR AR AT 1 o A i B g 3 A DL TR )
T JEERE TR SR Fei e AL ) A 34T T T

AN [ 57 B A A i #8173 A A 0 R K
BV 4 L Heatmap & FIAE A 5B 280 43 By
(I 5). 1&58 Lt oK e ith B IR AR SR
— 3¢, Uk BT PR e 3 A5 XA B B T R S
H oA, . Heatmap [ J& /R 1A = & HE 4 A
50 WE, K adgiaRE AT
JER N, B R 2T AR SRR =F by o AR
o fa my IRk A AL, W LU B AT R R
(Cetobacterium) . XML& J& (Aeromonas) A

P4 actamicro@im.ac.cn, & 010-64807516

T B0 1 T e o A A T 2R, O O R
TFHMEREGTE . /A, 75 YPIC ZH 4K
W7 E L 5 & A norank f  Mycoplasmataceae .
norank f Barnesiellaceae. Macellibacteroides .
norank f Desulfovibrionaceae %5 = & FIXT #5815
TR & ; Romboutsia .norank f Mycoplasmataceae .
norank f Desulfovibrionaceae .unclassified f
Vibrionaceae . Clostridium_sensu_stricto 1 .
Haematospirillum . Paraclostridium . Brevinema
Candidatus _Paenicardinium %518 J&7E RCIC 4]
R B S S A R . AR B AL
AT, RCIC ZH AN Bl b R A2 J 7K1 b = 5
b W 2H 25 S 80K
24 HHEMERSH

L Je X6 A [1) S A A i L 1 A A el
MAEZSEA 7 5o & 7R R—IR A R AAG 56,
#E4T LEfSe 737, Kl HAT 2% 8 22 AR
WA, SR BB 6), MEEISNHMNTTEE
LDA score>2 [ {E #4743 Hr , 1 i 213 €4 [ [l b
EEs 3 HEAFER LR 2, b RCIC 4
PP EE SRR LR AR E ] JRRERETT
FULRTET] . PERET] . S BN R
‘M ] (Patescibacteria), T YPIC ZH RA
FEOE T TR SR B TR 1) 3 5 B 22 SRR TR A
3% LDA score>3 [ biomarker & J&iLH 17 14>,
& 7 A]Hl, norank f Barnesiellaceae .
Macellibacteroides . Paludibacter. unclassified
0 Bacteroidales. Acetobacteroides. ZOR0006
1t YPIC A5 EZAEM, Plesiomonas .
unclassified f Enterobacteriaceae. Escherichia
Shigella 7& HPIC 41 i % E 2 A4E ], i 7E RCIC
0 Romboutsia . Clostridium_sensu_stricto I,
Enterobacter . Paraclostridium . Methylobacterium |

norank f norank o Chloroplast. Edwardsiella .

Epulopiscium 3% EEAEM . Bl /v Hrak i,



SRS | AR, 2022, 62(4)

1479

;

mﬁ%gudm

RCIC YPIC

5 BKFETELHN heatmap

Candidatus_Paenicardinium

Escherichia_Shigella

Edwardsiella

Lactococcus

Pantoea

unclassified f Pasteurellaceae

Thiobacillus

norank_f Anaerolineaceae

Arcobacter

unclassified_p__Firmicutes

norank_f norank_o__Chloroplast

Alistipes

Sulfuricurvum

unclassified f Anaplasmataceae

Leptotrichia

Pediococcus

norank f norank o norank ¢ Subgroup 6

Rhodococcus

Lactobacillus

Clostridium_sensu_stricto_I11

norank_f _norank_o_ norank_c__Anaerolineae

Roseomonas

Acinetobacter

Pseudomonas

unclassified_c¢_ Gammaproteobacteria 2 e+4
Bacteroides 2e+3
Neorickettsia

unclassified k norank d_ Bacteria - le+2
norank_f Burkholderiaceae

norank_f__Mycoplasmataceae
norank_f Barnesiellaceae
Macellibacteroides
unclassified_f _Vibrionaceae
Clostridium_sensu_stricto_I
Romboutsia

norank_f _Desulfovibrionaceae
Cetobacterium

Aeromonas

Plesiomonas
Haematospirillum
Paraclostridium

Brevinema

Enterobacter

unclassified f Enterobacteriaceae i 1 e+1
Paludibacter

Acetobacteroides 1 e+0
unclassified_o__Bacteroidales 1 e— 1
unclassified o Cytophagales

ZOR0006

HPIC

Figure 5 Relative abundances of the dominant microbiota genus.
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Figure 6 LEfSe multilevel species hierarchy tree diagram with LDA values higher than 2. The clustering
tree, red, blue and green nodes representing that play an important role in the bacterial groups respectively,
and yellow nodes representing the bacterial groups that do not play an important role in the three groups. The
names of the bacteria are shown at the bottom of diagram. Differences are represented in the color of the
most abundant class (Red indicates the earth pond carp group, Blue indicates the outdoor cement pond carp
group, and green indicates terraced rice carp group). Each circle’s diameter is proportional to the taxon’s
abundance. Circles represent phylogenetic levels from phylum to genus inside out. Labels are shown of the

phylum levels.
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Figure 7 LDA discriminant histogram with LDA values higher than 3.

Bl E R A B SR O R E
JEREGE ], IFM Ry AR B s g i B K i
MIZKAREY) . IR A Y, X SEAE ) 1 A
JRE 2t 2 B L o BAT TR R R THAF IR,
SEfE I 1 T R R e, EREGE
Fr ISR % i 38%—58%, W] E S A Ji
L T 1A% 00 TR, K 5 L b BT 5 45 R A )2
ZWES R, BEf dreg | BES AR K
1 2 B 0 i 608 £ 114 fi R AR R DL e T
2 3AE N TR HE S A, b —mE s
HlzmE Ak w, xR UIHEAE 78 b k)
YE A3 E . Borsodi 57 Kk PR A T 1
REA RLPEUEA WL . PRI shAs I Ak o i
WA HIEFR, 8T & (Cetobacterium) . HFF
J& (Bacteroides) . LR % J& (Lactobacillus)Z: 5 4
AR e R A R BRI A R,
HAER B A8 R IR, 72 1B KRS
TG, RRBHR TR R AR R 25 4 W AEK
FEFRFA MY T RV .

LEfSe ZSMriias, FeambEA BEF

JiE 22 SARE R, RUIHEEE B 22 R P OR
[l P SR R IR A ST
Fofv S P ) T TR A S0 KR S FRAT TR A
FH—2, RIPRIRE 2 520 1 M i A A 2 e
TR S . W)E T rt, SRk IR
FA KB R RERBUT 2/ &Y, M T
B T Tt I R AR (L R K P i), RS
IRk B4 B 2 or, BWkIREE, A
HOAANBORSR, 2R AN AL N TR,
BB K i SR ) N KT AT AR A
Romboutsia . Clostridium_sensu_stricto 1 .
Enterobacter . Paraclostridium . Methylobacterium .
norank f norank o Chloroplast. Edwardsiella .
Epulopiscium }FEH6 H 241 B 2 22 S hRic s .
Hp & m i & 1 & Romboutsia (11.44%), Hifx
R BT WA S, TEAERRE AR5 TR
A RHAEN, R—RAEW AN ENIE A
FP Mangifesta 25RO 545 Y Romboutsia
TEAR AR oy 5, TS R HA PR
FEOE 2 BERORRRARR, 3 il A= 0 s #) ke 2 Bk
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NG IR UE B — A R bR, eSO
1) 55 b 3 A G A DT R ZE A
W Clostridium_sensu_stricto 1 725310 & 1E
Fe A H AL R 08 P 5 2.28%, #id 1%, 4
A HE . FHIRMFRIRE, Clostridium_sensu_
stricto 1 Wi EFE L CD41 $25 T 4
AP, I 1 B AT B0 P A YRR
B SR 3 i B LM T AN A A 2 1Y T e 5
15 Clostridium_sensu_stricto 1 X} = 554
BERG R (SCFAs) & i R IEAH S, T fE i SCFAs
B, BGE B R P
AT 0 Ao 53 AT HE B JE A FH R A
fege SR TR | KU B SR 3 AR [R] SRR
3 ) B 17 L TR ) 5 A L RN 25 R
A [vi) 1) 5 g e e B8R B A [ TR A,
22 5 W R B TR RAS Y . AH BT RS
B, I JE A P R o P A S AR o i £
FRAE [ AT, Z N B T s £
A Al ) TR 235 4 e A 3 B0 B RS ) O A 2R 1Y)
W JERS FHEREE,  [a] i 68 By K REBR AL . R
B, SCPURE M E A XU BRE. 5 £ SR
6], BRZAE T B HRRES T, B A EARK
17, AHERIZ0 RS, Wa e H L7 8 B 1Y
At AR IC S 75 BES 1 8517 18 K 5 B e
BIEA AR, W — DR ABETE R
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