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Abstract: The sulfur cycle mediated by microbes in sediments plays an important role in the
decomposition of organic matters and nutrient cycling. However, little is known about the microbial
diversity and potential regulatory mechanisms involved in sulfate reduction and sulfur oxidation in
aquaculture ecosystems. [Objective] To explore the vertical distribution pattern of sulfate-reducing
bacteria (SRB) and sulfur-oxidizing bacteria (SOB) and their environmental driving factors. [Methods]
In this study, the abundance, diversity and community composition of bacteria, SRB and SOB in
surface (0—1 cm), middle (10—11 cm) and bottom (20-21 c¢m) sediments originated from a freshwater
prawn (Macrobrachium rosenbergii) aquaculture pond were investigated by high-throughput
sequencing and real-time PCR (qPCR). [Results] The gene copy numbers of bacteria (16S rRNA), SRB
(dsrB) and SOB (soxB) showed a trend of dramatic decline from the surface to the middle layer
(analysis of variance, P<0.05), but the difference between the middle and bottom layers was not
significant (P>0.05). The a-diversity analysis showed that species richness and evenness of three
microbial populations both gradually decreased with depth, implying that the microbial sulfur cycling
processes mainly occur on the surface layer. The y-, 8- and B-proteobacteria were the dominant taxa of
bacteria, SRB and SOB, respectively. Specifically, SRB was dominated by Desulfobacca and
Desulfosarcina; the former has the lowest proportion in the surface layer, while the latter was the
opposite. Thiobacillus, as the major genus of bacteria and SOB, was more abundant in the middle layer.
Redundancy analysis and Mantel test revealed that the key environmental factors driving the variation
of bacterial communities were NO;, SO,>, total organic carbon (TOC) and total organic nitrogen
(TON), while the SRB community variation was mainly affected by arsenic (As), TON, NO; and lead
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(Pb), and SOB responded to the changes in total carbon (TC), NO, , NH," and TON. [Conclusion] The

abundance, diversity and community structure of bacteria, SRB and SOB in aquaculture pond sediment

exhibited distinct vertical distributions, which could be driven by multiple environmental factors.

Keywords: Macrobrachium rosenbergii; sulfur-oxidizing bacteria; sulfate-reducing bacteria; diversity;

vertical distribution; environmental drivers
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Table 1 Primer sets of 16S rRNA, dsrB and soxB genes used in this study

Primer Target gene Experimental function Sequence (5—3") References
515F 16S rRNA HTS; qPCR GTGYCAGCMGCCGCGGTAA [17]

806R 16S rRNA HTS; qPCR GGACTACNVGGGTWTCTAAT [18]
DSRp2060-F dsrB HTS; qPCR CAACATCGTYCAYACCCAGGG [19]
DSR4-R dsrB HTS; qPCR GTGTAGCAGTTACCGCA [20]
soxB693-F soxB HTS; qPCR ATCGGNCARGCNTTYCCNTA [21]
soxB1164B-R soxB HTS AARTTNCCNCGNCGRTA [21]
soxB1164BK145-R soxB qPCR AAGTTGCCDCGNCGRTA [22]

HTS: high-throughput sequencing.

M, 8.75 uL Ay ddH,O, #10.25 pL A9 Q5 High-
Fidelity DNA Polymerase (NEB), PCR Sz v fii F
ABI 2720 PCR 1T, SOWFERF: 98 °C FiAs
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dsrB, 50 °C; soxB, 55 °C)4E$F30s, 72 °C 4t
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FELA i H NEB Next Ultra DNA Library Prep kit
PR SRS, FAE 1llumina Novaseq ‘-5 I
W 5 T soxB (470 bp)Jk K i ] Miseq Reagent
Kit v3 {50 &8 SCPE , I A Tllumina Miseq
FHEORFRE, BT
1.4 WHE=E PCR

FE R B 4 2 B R AceQ® qPCR
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20 pL Y qPCR W AR F 4275 : 10 uL 1Y 2xSYBR
real-time PCR premixture, 0.4 pL f*) 10 pmol/L
EMS1%, 0.4 uL # 10 pmol/L JZIa15 |41 (51 4
FHliE5%% 1), 8.2 uL i) ddH,O0 #1 1 uL 1y
DNA #i#y . 251 qPCR [ 211 F Real-Time
PCR X4 (MA-6000, 75 HFE & LB W E ARG BR A
A)FER, FEFUT . 95 °C HiAEM: 5 min; 95 °C
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WA ;s Kfi RN 60 °C JFaR, A1
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X R bR R 5 BB R RS LT
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23R,
1.5 SEBEEHESH

46 R 50 B9 43 B ok O QIIME2 i £,
Cutadapt FFYIBREI4 751, HHER A )
VCECS )T H) s BRI . o PR,
WA R R L prid R DADA2 S pb iy
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T s A I A0 R AR B TR 4
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1 soxB #5275 (frameshift mutation) )¢ 1E Fll
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TE R A OC PR [ Ak 3 RDA A
FE.
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(P=0.05), XSGt Bl i ge 44 SPSS

%2 %ﬁﬁlﬂifgq:%): EF' imﬁk

v.13.0 (IBM, Chicago, IL)FI R 15 (v.4.00)
S8 1
1.7 HEEFFI A M

ABESE PRSI i B s 2 B2 NCBI
8, 2B 1% BioProject 5 PRINA778566.,

2 HERE5M

21 ERYINEBEACEFMERENRER
NHER

UURR Y () BAR P o 2 B2 I R A TR )2
FRIE(F 2). TON Ao B2 Fifi TR 52 4 164 I T RAAIK
SRIM NO, . TN I TC ¥ A BEH ki, e
JEE W 2 R RGN, A2 AR B R R
2 JZTURR A v 3 Ao ) 3] A vy 1) B 4 B 1 o
FINZRZR Mn, Cu Fl As B9 & =2 HAMZE K
1.12.8 15, fEH )2, S AR WNHL) . HAZANNOS)
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Table 2  Shift in environmental factors of aquaculture pond sediments with depth (mean+SE, n=3)

Environmental variable SS MS DS

NH,"/(mg/kg) 20.20+2.16° 12.70+0.55" 21.60+1.78*

NO; /(mg/kg) 1.40+0.03° 1.00+0.07° 1.30£0.09*
SO4*/(ng/mL) 3.10+0.05° 2.10+0.02° 3.10+£0.19°
TOC/% 1.40+0.01° 1.50+0.01° 1.40+0.04°

C:N 9.90+0.12° 13.30+0.04° 12.30+0.18°
TON/% 0.14+0.00° 0.12+0.00° 0.11+0.00°

NO, /(mg/kg) 0.20+0.03° 0.20+0.01° 0.50+0.05°

TN/% 0.10+0.00° 0.20+0.00° 0.20+0.00?

TC/% 1.600.04° 1.50+0.01° 1.80+0.01°
Cr/(ng/mL) 26.40+5.79 27.70+3.31 32.20+7.45
Mn/(ng/mL) 3 133.00+303.80° 1 115.70+37.60° 1 745.60£161.90°
Cu/(ng/mL) 122.60+5.74° 72.102.16° 74.20£5.35°
As/(ng/mL) 10.40+0.06° 9.00+0.17" 7.70£0.07°
Pb/(ng/mL) 46.80+2.65° 57.90+1.28° 55.80+3.73%
Fe/(ng/mL) 41 524.30+8 156.50 30 508.60+2 746.80 42 466.20+8 576.00
Co/(ng/mL) 18.00+4.10 24.10£2.17 25.90+4.90
Ni/(ng/mL) 33.60+8.10 45.30+4.45 46.70+9.28
Zn/(ng/mL) 92.50+20.18 121.00+10.71 125.00+23.41
Cd/(ng/mL) 0.30+0.00 0.30£0.01 0.30+0.01

Superscripts sharing no letters indicate significant differences (P<0.05). SS: surface sample; MS: middle sample; DS: deep sample.
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©

Gene copies (<10%)

MS DS SS MS DS

1 FEMBERIYPAE(16S rRNA), REREITRE (dsrB) MR E X E (soxB)EE B RERE. F

B R B IR & B9 # DL # (copies/g)
Figure 1

The 16S rRNA (A), dsrB (B) and soxB (C) genes copies (copies/g) in surface (SS), middle (MS)

and deep (DS) sediment samples originated from a prawn aquaculture pond. The data represented the
mean+standard error (n=3). ANOVA with LSD post hoc were used to test the differences between groups,
different letters above the bars indicating significant differences (P<0.05).
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Figure 2 Variation in microbial a-diversity in the sediment of aquaculture pond between surface (SS),
middle (MS) and deep (DS) sediment sample. ANOVA with LSD post hoc were used to test the differences
between groups, different letters above the bars indicating significant differences (P<0.05).
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Figure 3 Composition of major taxa (relative abundance>1%) of bacteria (16S rRNA gene, A), sulfate-reducing
bacteria (dsrB gene, B) and sulfur-oxidizing bacteria (soxB gene, C) originated from different sediment depth
layers at the phylum or class level. ANOVA and LSD post hoc were used to test the differences between groups,
different letters above the bars indicating significant differences (P<0.05). SS: surface sample; MS: middle sample;
DS: deep sample. Gamma: Gammaproteobacteria; Delta: Deltaproteobacteria; Alpha: Alphaproteobacteria.
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Figure 4 Variation in microbial composition and structure in the aquaculture pond sediments at
different depths. The relative abundance of top 10 genera from entire bacterial community (16S rRNA
gene; A), sulfate-reducing bacteria (dsrB gene; B) and sulfur-oxidizing bacteria (soxB gene; C). PCoA
analysis showing the distinct community structure of bacteria (D), sulfate-reducing bacteria (E) and
sulfur-oxidizing bacteria (F) in the surface sediment (SS), middle sediment (MS) and deep sediment (DS)
based on the Bray-Curtis distance. PERMANOVA was used to examine the difference between groups.

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



ARFARSE | TP, 2022, 62(7) 2729

A paf 7=4907] ® As. . 7=6.051] © ~F=9.971 TC
o P=0.003 0.1r § s, P=0.001 0.2 NO2 P=0.001
- ~

S 00} S s Po| <
& 5 0052 S 00}
a o ! &
« —0.2 e o —02F NH,
< = -01r ons | & .
e o~ e DS o ® MS

041t . 041 ® DS

. . : toc TON|  -02p _ e . . _TON . .
~050 -025 000 025 08 -04 00 04 08 ~0.75-0.50-0.25 0.00 025 0.50

RDAI1 (49.8%) RDA1 (62.5%) RDAI1 (59.7%)

5 MASMERAEEE. MBRELTFRENRECESHERFZERXR
Figure 5 Redundancy analysis (RDA) ordination showing the relationship between bacterial communities

16S rRNA gene. Sulfate-reducing bacteria dsrB gene (A) and sulfur-oxidizing bacteria soxB gene (B) with
environmental factors (C). SS, MS and DS represent the surface, middle and deep sediment, respectively.
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Table 3 Mantel test was used to examine the influences of environmental factors on microbial community
structure based on Bray-Curtis matrix.

16S rRNA gene dsrB gene SoxB gene
Simple mantel
P R P R P
All factors 0.561 0.004 0.541 0.005 0.244 0.078
TC 0.021 0.351 -0.179 0.899 0.469 0.019
NO;~ 0.359 0.035 0.276 0.050 0.364 0.031
SO 0.362 0.048 0.139 0.162 0.442 0.024
Depth 0.364 0.031 0.206 0.111 0.421 0.030
As 0.560 0.016 0.383 0.047 0.375 0.032
Pb 0.343 0.043 0.374 0.032 —0.054 0.560
TON 0.803 0.002 0.640 0.004 0.179 0.135
TOC 0.358 0.046 0.062 0.272 0.341 0.052
NO, —0.082 0.638 —0.286 0.983 0.502 0.018

Significant differences (P=<0.05) are highlighted in bold.
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