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Figure 1. Schematic diagram of devices. A: un-vegetated system; B: vegetated system.
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FastDNA Spin Kit for Soil 13 DNA $2 B 7
£, MP Biomedicals A F]; ABI GeneAmp® 9700
# PCR 1%, ABI /~Fl; TransStart Fastpfu DNA
Polymerase 3 5} , TransGen /2 7] ; NanoDrop 2000
A6, Thermo Scientific A H] 3 B3 R
O HLI-251 &), Beckman 23 7] ; ChemiDoc™ XRS
BEBEASAL, Bio-Rad 22+
1.3 TEGBUEYEFA DNA £

DNA FY$2BCR H 13 DNA SO &, %
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SEEE AR, FERI 1%30 AR BE I FL VK (R
JE 5 V/em, Bf[a] 20 min)#6i DNA 58 8

F1. IHRERS—RK
Table 1.
Sample Sample plot

Soil sample collectlon number list

sO 1  Planting layer of un-vegetated system after rewetting
sO0 2 Submerged layer of un-vegetated system after rewetting
sl 1 Planting layer of vegetated system after rewetting

sl 2 Submerged layer of vegetated system after rewetting
¢0 1 Planting layer of un-vegetated system after drying

g0 2 Submerged layer of un-vegetated system after drying
gl 1 Planting layer of vegetated system after drying

gl 2 Submerged layer of vegetated system after drying

http://journals.im.ac.cn/actamicrocn
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Figure 2. Dilution curves of genes of each soil sample (similarity 0.97). A: amoA gene; B: nirS gene.
F2. TRTEHRBEUNERFSHIEEL
Table 2. Diversity indices of nitrifying functional bacteria in different soil samples

Sample plot Sobs index Shannon index Simpson index ACE index Chao index
Planting layer 48.500+1.26a 2.633+0.08a 0.114+0.01a 51.202+1.84a 50.688+1.99a
Submerged layer 25.333+1.76b 1.917+0.65a 0.329+0.22a 27.993+3.54b 25.667+2.03b
Un-vegetated system 36+6.481a 2.538+0.05a 0.117+0.008a 39.297+6.585a 37.625+7.267a
Vegetated system 42+8.083a 2.044+0.708a 0.325+0.226a 43.868+8.974a 43.083+8.761a
After drying 37+5.802a 2.163+0.515a 0.269+0.169a 39.479+5.442a 37.438+5.781a

40.667+9.404a

2.544+0.060a

0.122+0.005a

43.625+10.445a

43.333+10.682a

After rewetting

Results from ANOVA analysis and the different lowercase letters in the same column indicate significant difference at the 0.05 level.

£ 0.97 ML T, nlARMG & RS
OTUs, FH2Hil32KF LB Venn B, KA T
TNZFESAH AN B A9 1) OTUs, DLW ARAFA:
nlE] OTUs BEENOL, W& 3 s, X FIJoi
MRS S, HoKIE TR REZ M %2
22 MHIE OTUs, 3%l difli s OTUs 1Y 74.2%7F0
45.2%; THEK R J5 AR 2 I R E LA 18
AMHHIE OTUs, 735l diffi & OTUs 118 77.7%F
35.5%. fEHEKIETIE Mt 25, A2
WA 3 AMHEF OTUs, 2059 5484 OTU 5y
58.5%F1 31.7%. HHRHTPTEEREY], FiiE)Z
OTUs = TH B2 1) OTUs, HEKIEHE S 2wy

LI BE B REAEFIREZ RS W2 ) OTUSs 22{HIE A
222 REHALIHRERE R (nirS ZE): SN nirS
LY Alpha ZREHFEEUILFE 3. 275 Sobs. Chao
I ACE $8200T J1, RASAL DI Re R AR5+
23 (A1 B 35 R 0 (P<0.05), HLANIE 2 S i1k
DIRe A r 5 B s TR )= o MAE AR 2R A1
K3 R AN AR ' A — g R EIEA
Fo Hop HEKVE T R T Ao in S s Ak S RE A
RO £ 5 B, T R0 SO AL D e e =
& FEWS = TAEY RSt . Shannon il Simpson F84U#
B, 3gEas s E | AR R K oS T S
TE TN RETRHE Z FEERE B s AN 18 25
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& 3.

Venn diagram of amoA gene in soil samples at OTUs classification level. A: un-vegetated system; B:

Figure 3.
vegetated system.

B) sl 1 gl 1

38
(46.3%)

gl 2

T IEH LR amod EFTE OTUs 927k LAY Venn [E

#3. FREXTRELINGERETZFEEY
Table 3. Diversity indices of denitrifying functional bacteria under different modes
Sample plot Sobs index Shannon index Simpson index ACE index Chao index

400.75049.578a

Submerged layer 281.500+44.356b
Un-vegetated system 375.000+13.241a
307.250 £59.067a
343.000+40.708a
339.250+52.628a

4.525+0.037a
4.085+0.198a
4.437+0.083a
4.173+0.233a
4.277+0.144a
4.333+0.227a

Planting layer

Vegetated system
After drying
After rewetting

0.028+0.003a
0.041+0.006a
0.035+0.005a
0.034+0.007a
0.036+0.005a
0.034+0.006a

489.220+20.574a
312.529+43.296b
419.558+26.265a
382.191+£81.108a
413.012+49.307a
388.737+£70.510a

484.783+17.994a
307.623+43.655b
417.850+80.643a
396.218+39.979a
406.693+£50.752a
385.743+69.352a

Results from ANOVA analysis and the different lowercase letters in the same column indicate significant difference at the 0.05 level.

HRAE S AH AL DI RE B BEAE OTUs 4328k L)
Venn [ (] 4)rI A1, X TRHEY RGNS, HKE
TG R FE R AR BZ LA 155 DAHIE OTUs, 73
54 B OTUs A9 51.2%F1 49.3%; kKB 5
FIRN A2 R B2 454 161 4NHITR OTUS, 4351 i
P JE OTUs Y 56.7%H1 48.8% . % THEHYI R A M 5
HEoK 95 T 5 B R 2 FE i 2 388 94 A4 TH
OTUs, 439l di & OTUs 1 64.0%F1 34.9%; Tk
K S R 2 R V)2 AT 73 44T OTUS,
23554 OTUSs Y 62.4%F1 28.8%., AHIEHE 4 Hr
SEIREN, FiEJZ OTUs & T2 OTUs, i
IR 28 ] A5 S A Ak ) RE TR 10 2 (8] 20 A1 R
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Figure 4. Venn diagram of nirS genes in soil samples at OTUs classification level. A: un-vegetated system; B:

vegetated system.
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Microorganism composition of amoA gene. A: phylum level; B: genus level.
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FEYR AR RKER R, THYRFERAK
JERLH 0) (P=0.830, P=0.049)'5 M/ WIRET& 45
A WA, MK i (7=0.632, P=0.115)
XA VIR S5 A — & A H AR R . X2
TR Z ER ] B TR AR T
NREE DR A A BEFE, DT 32 JAS () 23 [ 7
XS AL R RE S F S B 2 . TR B A P s Ak
HRETH S5 M B a5 R, 3K S iR
TE—EREE Ll R AL I Re A A T
JE, X SHEH R R —-BP arih, +
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CCA on OTU level
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Figure 6. CCA correlation analysis of amoA gene.
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Figure 8. RDA correlation analysis of nirS gene.
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Microorganism composition of nirS gene. A: phylum level; B: genus level.
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Effects of drying-rewetting alternating on nitrogen-related
microbial functional communities in bioretention systems
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Abstract: [Objective] This study aims to explore the effect of environmental factors on nitrogen-related microbial
functional community structure of bioretention systems under the condition of drying-rewetting alternation.
[Methods] Soil samples were collected from spatial distribution (planting layer, submerged layer) in vegetated and
un-vegetated bioretention systems after drying and rewetting. The amoA and nirS functional genes were used as
molecular marker. The diversity and community structure of nitrifying and denitrifying bacteria in different soil
samples were studied by high-throughput sequencing technology named Illumina MiSeq PE300. Canonical
correlation analysis (CCA) and redundancy analysis (RDA) were performed to assess the relationship between
nitrogen-related microbial functional community structure and environmental factors was analyzed. [Results] The
functional genes of microbial populations showed significant spatial differences. Nitrogen-related functional
bacteria in the planting layer were more abundant and diverse than which in the submerged layer. However, the
differences in proportion of operational taxonomic units (OTUs) between the two functional genes in planting layer
and submerged layer were increased by rewetting. The results from the community composition analysis of
nitrogen-related functional microbes showed that the dominant phylum of amoA-nitrifying and nirS-denitrifying
bacteria were the Proteobacteria in all the soil samples. The root system of plants had no significant effect on the
diversity index of nitrogen-related functional microbes, but in the plant system layer, the denitrifying bacteria
species (at the genus level) were more than that in the submerged layer, and the opposite trend were showed in the
plant-free system. The analysis of CCA and RDA showed that soil spatial distribution was the most important
environmental factor on the distribution of nitrifying and denitrifying microbial communities. [Conclusion] The
nitrogen-related functional microbial community in bioretention system under drying and rewetting alternation was
controlled by the soil spatial distribution, water content and plant roots. However, the underlying reasons still await
further investigation.

Keywords: bioretention system, drying-rewetting alternating, amoA, nirS, bacterial diversity, community structure
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