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Architectuzé and Technology., Xi'an 710055, China; 2. Shaanxi Key Laboratory of Environmental Engineering, School of Environmental and Municipal Engineering, Xi'an
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Abstract; To explore the composition of the nirS denitrifying bacterial community during stratification in spring( March to May) in a drinking water reservoir and its relationship
with water quality, the water quality and relative abundance and structure of the denitrifying bacterial community were analyzed using in-situ monitoring coupled with Illumina
high-throughput sequencing technology in the Lijiahe Reservoir. The results showed that: (D) through high-throughput sequencing, 4 phyla and 13 genera were identified. The
dominant bacterial phylum was Proteobacteria, and its relative abundance was between 52.5% and 70.6%. The overall trend of the relative abundance of Proteobacteria
decreased on the time scale (P <0.05), and its relative abundance in the surface and middle layers was higher than that of the bottom layer on the spatial scale (P <0.05).
There was no difference in the proportion of Proteobacteria hetween the surface and middle layers (P >0.05), and the abundance of its bottom layer was relatively stable;
eight genera of bacteria with denitrification function were identified, among which the dominant bacterial genera ( relative abundance > 1% ) were Dechloromonas and
Pseudomonas. The relative abundance of Dechloromonas showed a trend of first decreasing and then increasing on the time scale, whereas the relative abundance of
Pseudomonas showed a trend of increasing first and then decreasing on the time scale. There were no differences on the spatial scale between these two genera (P >0.05) ; the
changes in bacterial diversity and abundance were basically similar, with a trend of first increasing and then decreasing on the time scale. The highest diversity and abundance
of the hacterial community gradually increased with increasing depth on the spatial scale. @ p(TN) of the reservoir during stratification was 2.35-2.91 mg-L ™" and the
nitrogen pollution was more serious. Tn March and April, p('TN) on the vertical scale was basically similar and showed a decreasing trend. In May, the content of total nitrogen
was higher than that in March and April, and the highest value of total nitrogen content occurred in the surface layer. (3) Redundancy analysis showed that water temperature,
dissolved oxygen, nitrate, and ammonia nitrogen were the main driving factors, and ammonia nitrogen showed a significantly negative correlation with Dechlormonas. In
summary, the study of nirS-type denitrification communities and related influencing factors will contribute to analyzing the characteristics of denitrifying bacterial community
changes in a micro-polluted drinking water reservoir and provide a theoretical research basis for the biological remediation of nitrogen pollution in such reservoirs in the future.
Key words: Lijiahe Reservoir; nitrogen pollution; nirS denitrifying bacteria; Illumina high-throughput sequencing; RDA analysis
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Fig. 1 Location of sampling site in Lijiahe Reservoir
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Table 1  Spatial and temporal variation in water quality parameters in Lijiahe Reservoir
KFE% 3 A 4 1 54
xZ Tz 9= ®Z = )2 xZ = K2
K/ C 7.00+0.78 4.59+0.43 4.28+0.08 13.76+1.41 5.69+1.40 5.13+0.04 16.08+1.82 5.84+1.22 5.41=+2.14
p(DO)/mg-1.~! 12.85+0.24 11.27 £0.87 9.26£0.74 12.52+0.72 9.87+0.21 9.30+0.25 10.13+2.06 7.08+0.48 7.09+1.48
pH 8.03+0.30 7.47+0.07 7.32+0.04 827+0.12 7.90+0.11 7.77+0.01 8.46+0.54 7.73+0.14 7.74£0.01
p(TN)/mg-L~" 2.42+0.07 2.40+0.09 2.37+0.06 2.40+0.08 2.38+0.13 2.35+0.09 2.91+0.08 2.52+0.012 2.42x0.09
p(NO; -N)/mg-L~! 2.27+0.00 2.27+0.01 2.27+0.00 2.17+0.01 2.16+0.02 2.14+0.00 2.71£0.02 2.42+0.08 2.3 +0.07
p(NH, -N)/mg-L~! 0.04+0.00 0.05+0.01 0.04+0.00 0.03+0.00 0.05+0.01 0.05+0.00 0.02+0.00 0.02+0.00 0.03=0.01
p(E LR TEH) /mg- 1! 2.74£0.18 2.21+0.11 2.86+0.09 2.47+0.17 2.56+0.04 2.72+0.08 2.12+0.16 2.04+0.14 2.20=+0.12
p(TP)/mg-L~! 0.06+0.02 0.05+0.01 0.07+0.03 0.03+0.01 0.03+0.00 0.03+0.00 0.02+0.00 0.02+0.00 0.05=0.01
p(DOC)/mg-1.~" 3.02+0.15 3.19£0.09 2.84+0.00 2.79+0.08 3.15+0.13 2.9x0.06 1.16+0.04 1.17+0.15 1.34£0.09
HE/NTU 11.90 £0.26 10.79 £0.49 12.45+0.35 3.88+0.13 4.16+0.36 7.10+0.85 2.67+0.12 4.36+1.52 8.65+0.00
p(Fe)/mg-1! 0.01+0.01 0.01+0.00 0.01+0.00 0.01+0.01 0.02+0.01 0.01+0.00 0.03+0.07 0.04=+0.08 0.04=0.09
p(Mn)/mg-1.~! 0.01+0.00 0.01+0.01 0.001+0.00 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.08 0.01+0.09 0.05=0.10

2.2 KR SCRHALEN B v AR TR I A AR AL
2.2.1 JRIAHACA TS Z e

R 2 ARG K K A SR A T AR 2 RE R A
B A, Wb al g, il B S R T 99% , T A
OB W S B AR AR Py TR BE . A 2= a3 J2 1 TE], OTUSs
BE B R AR e B 2, B T AR A

@4 H>5 A>3 1), %m BKZEA, ®R)Z
A% 5 Z2FE P46 20 ( Shannon $54F1 Simpson 45 %%)
ifas A8 fb #a #v 6] OTUs — 2, B4 A >5 A >3
ALV ERKE > P2 > K2, FEERE(Ace 15
$UFN Chaol $8%41) i — L EIIE T OTUs & Z FEPEHT
FLER.
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Table 2 Analysis of the denitrifying community diversity index in Lijiahe Reservoir

Ay JKIE  OTUs Shannon 5 %% Simpson FH4% Ace T84 Chaol 5% W%/ %
*®Z2 617 4.42(4.42,4.39,4.45) 0.24(0.24,0.24, 0.24) 653(650, 637, 671) 664(659, 640, 696) 99. 64
3 )z 748 4.64(4.64,4.61,4.67) 0.19(0.19,0.19, 0.19) 783(781, 768, 801) 781(777, 763, 802) 99.67
i 953 5.72(5.72,5.70, 5.74)  0.11(0.11, 0.11, 0.11) 1009(989, 1006, 1032) 1021(1016, 992, 1055) 99.39
*E 922 5.76(5.76, 5.74,5.78) 0.12(0.12, 0.12, 0.12) 986 (983, 964, 1011) 991(987, 963, 1025) 99.17
4 2 923 5.78(5.78,5.76,5.81) 0.12(0.12,0.12, 0.12)  1002(999, 977, 1031) 1024(1019, 985, 1070) 99.11
K 1012 5.84(5.84,5.82,5.86) 0.08(0.08,0.08,0.08) 1080(1078, 1058, 1106) 1093(1088, 1060, 1131) 99.29
*E 640 5.58(5.58,5.56,5.60) 0.23(0.23,0.23,0.22) 666(663, 653, 681) 680(675, 657, 709) 99.65
5 iz 1020 5.92(5.92,5.90,5.94) 0.08(0.08, 0.08,0.09) 1073(1071, 1054, 1095) 1077(1073, 1052, 1106) 99.43
95 1015 5.75(5.75,5.73,5.78) 0.08(0.07, 0.08, 0.08) 1214(1210, 1166, 1266) 1230(1266, 1223, 1165) 99.05

D) 55 NPATRERE (n =3)

2.2.2  ZEGAIKIEAAK nirS TS AN R RE T £ A
P 2 2GR K EAKAR T TACY nirS B4 B AG R
TEALR. R, JER A 4 T, BR R A R
(unclassified ) #b, FEE HABTEH ] ( Proteobactena)
ANIE 5 KR nirS 789 J52 i 1k 40 B A B 4 1‘_’}-37@
MUY, ABFTEIIIE], AR B 1] o5 28 X f 3, 22 20K
VRBE R 1) 22 AP A 2 ﬁrﬁ“ﬂ;@,f 4K} Jﬁ%ﬂ Sels
ﬁ%ﬁJOW%ﬂBZ%%‘WE %Wﬁﬁ%ﬁg?
ﬂﬁﬂfﬂ3ﬂﬁﬁ | Y/

=] others
[ Proteobacteria

Il candidate division NCI0
FZ%] unclassified

100

80
60
40 L

HIA L%

20 {+
(a)

0
0.05

0.04 -

(b)

0.03 -
0.02 -

T H
0

I
®
=

HIASEHE%

=3

iif
w
m

iy

SHE
AR F
AR
4 R
SH AR
SH R
SF IR

(a) FPABEI TR 3R (b) candidate division NC10 |7
AEGF = B 109 Jm il K
R A KEKE nirS B RAEAEE K FELEMAR

Fig. 2 Composition of nirS denitrifying community
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at the phylum level in Lijiahe Reservoir
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Table 3 Network analysis calculation parameters of the denitrifying

bacterial genera in Lijiahe Reservoir

i H A
RED=Y 11
FUR 8
R&:a)i-g 1.455
SERTINA 1.078
[EEy=xE 2
&1 %% Ji 0. 145
ik 0. 658
R 4
FHRE R 0.583
AR 1.273

UMNI ibacter

@ i1 @ Hiell @ Hilll @ Hielv
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B4 EF Spearman HXEBZEMSITRBEUEBRLEEME ST

Fig. 4 Network of co-occurring denitrifying bacterial genera based

on Spearman’s correlation significance analysis
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Table 4  Functional analysis of nirS bacteria in Lijiahe Reservoir
it i LAl 9%
[i:)] FE IR 3A 4A 5A
2 T Ji2 2 il Ji )2 2 il Ji2

Dechloromonas(BUANMHIE)  TRCHAIIMEMR2] 10.72£0.75 8.96+0.96 8.99+0.82 5.83%1.23 5.76+1.14 4.53%0.81 6.96+1.29 7.74+1.03 7.640.58
Pseudomonas( EAHER ) R 0.07£0.03 0.06+0.03 0.51+0.11 1.44+0.57 1.63+0.48 1.99£0.82 1.22£0.73 0.19£0.05 0.12+0.04
Rhodobacter(£IFF ) RG] 0.74£0.05 0.15£0.07 0.25+0.14 0.17£0.09 0.04£0.02 0.08+0.04 0.66+0.11 0.34+0.07 0.08+0.03
Rhodanobacter (F“FHTHEIR) — FHLAIRE AR 0.17+0.04 0.21+0.08 0.08+0.02 0.02+0.01 0.03+0.01 0.06+0.01 0.32+0.11 0.13+0.03 0.190.06
Magnetospirillum( RERHIE ) FHLp M) 0.05£0.03 0.06£0.01 0.06£0.01 0.11£0.05 0.06+0.01 0.16+0.13 0.11x0.01 0.26+0.10 0.09 £0.02
Simplicispira( RISV HEIE)  RAsL) 0.00£0.00 0.00£0.00 0.05£0.01 0.00£0.00 0.00£0.00 0.01£0.02 0.00£0.00 0.00£0.00 0.02+0.01
Candidatus Accumulibacter J& 1L BRHE 200 0.00£0.00 0.02£0.01 0.02£0.00 0.00+0.00 0.00+0.00 0.01+0.01 0.00£0.00 0.00£0.00 0.00£0.00
Candidatus Methylomirabilis J§  FE R L[> 0.01£0.00 0.00£0.00 0.00£0.00 0.01+0.00 0.00+0.00 0.03+0.01 0.01£0.01 0.03%0.01 0.000.00
Rubrivivax( £ KATHR) [ 107 0.00£0.00 0.02£0.01 0.02£0.01 0.05+0.02 0.00£0.00 0.02£0.01 0.54%0.16 0.49%0.11 0.04 +0.01
Thavera( FJEFCE) A 0.03£0.01 0.00£0.00 0.00£0.00 0.03%0.01 0.01£0.01 0.02£0.01 0.02£0.01 0.00£0.00 0.00=0.00
Brachymonas( FLIUATHIR) Rkl 0.00+0.00 0.00+0.00 0.00+0.00 0.02+0.01 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.02+0.01
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