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Core microbiome and nitrogen cycling in ecological floating—bed ponds

QU Jiangqi', ZHANG Qingjing"’, YU Wenyu"?, LIU Pan', YANG Mu', JTA Chengxia', ZHU Hua'

(1. Beijing Key Laboratory of Fishery Biotechnology, Fishery Science Institute of Beijing Academy of Agriculture and Forestry Sciences,
Beijing 100068, China; 2.College of Fisheries, Tianjin Agricultural College, Tianjin 300392, China)

Abstract: To explore the contribution of microorganisms to the nitrogen cycle and the potential driving mechanism in ecological floating
bed ponds, 16S rRNA gene amplicon sequencing and metagenomic sequencing technology were used to analyze the characteristics of
microbial community structure and nitrogen cycling function. Compared with the non—floating—bed water, Proteobacteria dominated in the
floating bed water microbial community. The microbial community structure changed significantly, as the relative abundances of C39,
Methylobacter, Limnohabitans, Polynucleobacter and Flavobacterium in the floating bed water were significantly increased (P<0.05). During
the experiment, microbial alpha diversity Shannon index decreased significantly (P<0.05). However, the Chao richness index increased
significantly in the floating—bed ponds (P<0.05). At the genus level, Methylobacter, Caldimonas, and Bulkholderia were the core
microbiomes in the denitrification process. Nitrogen cycling results revealed nitrogen metabolism activity significantly increased in the

floating—bed ponds (P<0.05). The nitrogen fixation gene nifH, nifD, and nifK, denitrification genes narG, napA, nirS, norB, and nosZ, and
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dissimilatory nitrate reduction gene nrfA and nrfH were all significantly increased in relative abundance (P<0.05). The core microbiomes

promoted the biological nitrogen fixation, denitrification, and dissimilatory nitrate reduction processes, improved the capacity of nitrogen

cycling, and significantly reduced the contents of total nitrogen, nitrate nitrogen and nitrite nitrogen in the ecological floating—bed ponds

(P<0.05). Our study has shown that nitrogen fixation and denitrification mediated by the core microbiome is the important way to realize

the transformation and migration of nitrogen in ecological floating bed ponds, which promotes the nitrogen cycle and is beneficial to the

environment protection and nitrogen pollutants removal.

Keywords: aquaculture pond; ecological floating—bed; microbiome; nitrogen cycle; function
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Figure 8 Core microbes involved in nitrogen cycle pathway in the floating bed water

— 308 —

http://www.aed.org.cn



i SEEAT 55 A SRR K AL O R E R ZE R BB DI RERT S

202353 A

It A SO AR S AR IR R A R AL fiS 1R
AR AR T iR AR R E AT . WHIEAT R R (Methy-
lobacter) 7£ [t & A ALAE HI o oTlk Lo il fres . A9
M2 5 T REAE R &R, b g e
(Caldimonas) F1[1 58 [ B (Bulkholderia) 51 Wk L 1] 45
Ko S5 FACTBRER I A B O AR o Bk
FF & (Methylobacter) .\ #% ¥l 18 ( Caldimonas ) F1{H ve
IR (Bulkholderia) ; 2 5 [ 44 il B2 £5 38 s A F 19 2%
AR W 3 R A0 B (Cyanobium ) F1 3R BR i 41 A
(Synechococcus) o AN, 16S TRNA 15 3 15 ) J¢ 4%

(K 8b. [ 8c¢) .7~ , Cyanobium . Methylobacter Fl Lim-
nohabitans 4= & & , M HABY 9 F A W8 o A
TER LI BEEE [N 55 420 A DA S I R 45 23 (151 9)
] LLE AR S RESE R amoA FI amoB 5 W FEAT
%(Methylobacter)%ﬁ%ﬂf*ﬁ% s IO AEAE A4k
il R 18 34 A FH DD BE R K] narG nirS .nrfA .nrfH 5 4
HU B (Caldimonas ) FR & T (Sulfuritalea ) 5 8 35 1E
A 5 [Al A A R £k 30 I A T D) RE B I narB #l nird 5
W A (Cyanobium ) F1 38 BR % 40 18 (Synechococcus ) 5

i3 IE A G H 5 2 B B (Curvibacter ) 5% 3 10 A
Ko MWL RUEY 5K BUR S AE AR BT 45 2R (18 10) AT
DIE X SER D RUE A S B SR AR A A
MR R BENAME, FIRGREHZOHEY A
TEAKMS RS R LB b 4% T W AR Ak 7oK
ARG

3 g
3.0 EXFRMMEKERENBFARS ZHM
sEAl

W K 7 SR ML LR R 2k A T HE R A
il 11 SR KA v B4 97 58 R K AR AR B & A BLAI TG HLE 97
Yy, 2P ELK AR AR S R SR A AP, 3 A R
IKARIREEANKGAR!, SERRIE R, T AR 25 IR I
MBS BT LA BR K R SR At SR o DAl 2
B RERR, AHFEA R L] B E SRR
PE IR AT W) 22 BN ROV 2 v A W] A8 Ak (1
3), SRl A R g N (181 3b) A TR BRI T 1A
Xf F2BE A e XL (8 3d) o Deng S5 Y BF R 45 R R

TgedE IR
Functional gene Nitrogen cycling
nasA4
NeB R I
narB Assimilatory nitrate reduction
R [ O e — B s
BN D SRR

[N I N N s ew rd

] I —
I 0 0 | ST e e 4
N O e —

Dissimilatory nitrate reduction

narH

L T e T [ e
B | ]

napA

napB "

s LA
nirk Denitrification
norB

nosZ

| | | P B 0 [ [ | norC 1

Cyanobium

W 2
Synechococcus
Burkholderia
A KB
Caldimonas

P B
Curvibacter
okl
Hydrogenophaga
Wi & TR
Limnohabitans
A7 98 B
Dechloromonas
N o]

Sulfuritalea

anfG

nifH R

nifD Nitrogen fixation

nifk g -0

amoA W

B  ooB AR -0.5
amoC Nitrification
hao -1

Tt 1A
Sulfurimonas
RZNENT]
Methylobacter
L AT B

9 RIEARREERESZOREWEXERE

Figure 9 Spearman correlation heatmap between the nitrogen cycling genes and core microorganisms
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Figure 11 Potential mechanism of microbial nitrogen cycle in the ecological floating—bed ponds
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