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Abstract: The present study was conducted in typical grass carp aquaculture ponds in northern China. The characteristics of the
vertical distribution of environmental factors, key sulfur reduction-oxidation functional genes, and microbial communities were
analyzed through in-situ measurement, physicochemical analysis, and metagenomic sequencing. The results showed that the
sulfur-reducing functional genes (sat, apr4, asrA, phs4) and microorganisms (g NA_c_Deltaproteobacteria) were enriched, whereas
sulfur-oxidizing functional genes (fccB, sqr) and microorganisms (g Thiobacillus, g Thioalkalivibrio, g NA o Hydrogenophilales)
were reduced in grass carp pond sediments compared with control pond. As for the vertical distribution, the abundances of sulfur
reduction-oxidation genes (dsrA4, asrA, fccB, phsA, soxX/Z) and their dominant genera significantly decreased along sediment depth
in both grass carp and control ponds (P < 0.05). The network analysis indicated that the interactions of sulfur reduction-oxidation
functional microflora were decreased in grass carp ponds compared with control ponds. Mantel tests revealed that TN, ORP, NH.,
and TOC were significantly positively correlated with genes and microbial communities involved in sulfur reduction-oxidation (P <
0.05). The removal of organic matter, as well as the improvement of redox conditions in sediment might be effective ways to mitigate
the risks of sulfide accumulation and water quality deterioration in grass carp aquaculture ponds.
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Table 1 Two-way ANOVA of sediment NH,", NO, , NO; ,
TN, TOC and ORP under different pond types and sediment

depths (July)

[R5 i % A% Y5 BN
NH; JER TR 2 0.298 0.744
hyEAA 1 194.116 0.000

JE VeI B <y 2 0.344 0.711

NO; JRVEIREE 2 0.845 0.439
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Table 2 Comparisons of sediment physicochemical properties

of control (NF) and the grass carp (F) ponds in July

T R ()
0~5 5~10 10~15
NEH: (mg/e) NF 0.55+ 0.162“ 0.48 + 0.092“ 0.41 + 0.162“
F 1.50 £ 027"  1.55+0.32%  1.5040.25™
NO. (ug/g) NF 3.00 = 1.00:"‘ 3.00 = 1.00:"‘ 3.00 £ 1.00:"‘
: F 3.00+ 041 3.00+0.20"  3.00 +0.32"
NO.(mg/e) NF 0.12+ 0.04:"‘ 0.07+0.05"°  0.19+0.12"
' F 0.11+0.04"  0.05+0.03*  0.08 +0.02%
IN@ge) NF 137+ 0.19i"‘ 1170355 0.42+0.16°
F 3.36+0.49%  248+027"  250+0.28"
TOCme/e) NF  801% 1.25‘3: 261 £026%  2.69+0.35%
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NF  -161.2+33.1" -165.0+31.0" -168.1 £ 33.6"
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Fig.1 Schematic view of sulfur reduction—-oxidation and vertical distribution characteristics of the essential genes involved in the

grass carp and control ponds sediments
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Fig.2 The abundances for the dominant genera (top10) of the grass carp and control ponds involved in sulfur reduction-oxidation

key gene families

2.3 ik JE-SA I RET A . ZFEHEAISEEL B 1 3 8 A8 JE W 1] (Proteobacteria;F,68.94%;
W 28 53 B NF,68.29%) « %k 25 1 ['] (Chloroflexi;F,9.84%;NF,

ik Js A D) BRI AE AR 11K BBV A ik 10.14%) Al [ FF 1 ] (Acidobacteria;F,3.70%;NF,
g R A RO OB A Le s I ET 3 3.52%).
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Table 3 Two—way ANOVA of sediment species—level a—
diversity indices of sulfur reduction—-oxidation under

different pond types and sediment depths

5 A B LS iy BN
JER R 2 0.344 0.712

Shannon hyEZE R 1 0.198 0.659
JRTBIRE < IE 2 6.438 0.005

JE R 2 2267 0.121

Richness R 1 0.050 0.824
JERVBIRJE <Y 2 6.979 0.003

JRVRTR 2 10.322 0.000

Chaol R 1 2.607 0.117
JE VB IR JE <Y 2 5.438 0.010

W 3 P, Vel I -4 A Rk 42 B2 1)
Shannon. Richness Al Chaol R}y 52 thiE R AIA
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Table 4 The comparisons of species—level a—diversity indices

of the sulfur reduction—oxidation in the grass carp (F) and

control (NF) ponds
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Fig.3 Network analysis of the microbes related to the sulfur reduction—oxidation in the grass carp (F) and control (NF) pond

sediments
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Table 5 Topological index of microbial interactions network
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control (NF) pond sediments
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Table 6 Correlations between sediment environmental factors

and sulfur reduction—oxidation genes and microbial families in

control (NF) and the grass carp (F) ponds
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Fig.5 Relationships between sediment environmental factors and sulfur reduction-oxidation gene and microbial families
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Fig.6 Correlations between sediment environmental factors and the abundance of key gene and microbial diversity involved in
sulfur reduction—oxidation
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