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> ( NZO) ’ b
(nosZ) >
(Choi et al, 2016)

, (anammox)

(Thamdrup et al, 1

2002) , N,
50% (Jetten et al, 2009), 1.1
N, 30% (Wenk ef al, 2013); (110.32°—110.52°E, 21.05°—21.38°N)
5 2 2 2
80% (Thamdrup, 2012) 1419km’, 13m,
CO, , (NH; + NO; — ’

N, + 2H,0) 16SrRNA

’ 2017 4 9 11,2018 2
(Strous et al, 1999), 15 (0—3cm)
Candidatus  : “Candidatus Kuenenia” “Candidatus ’ |
Brocadia”  “Candidatus Scalindua”  “Candidatus
Anammoxoglobus”  “Candidatus Jettenia”, _20023
, Candidatus Scalindua (Choi et al, ’ _80°C ’ DNA

2016)

B

(Dang et al, 2010),

Anammox 16STRNA  hzo (Schmid et al, 2008)

(Dang et al, 2010; Li et al, 2013; Choi et al,
2016) (Penton et al, 2006)
(Wang et al, 2012; Meng et al, 2016)

>

(NO;  NO3),
(Kim et al, 2016)
(Dang et al, 2009; Wang et al, 2013, 2014)

P 110.30° 110.35° 110.40° 110.45° 110.50° 110.55° 110.60° E

( ,2016) X

5 Fig.1 The sampling sites in Zhanjiang Bay
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1.2 20uL, SYBR Permix ExTaq™ II (2x) (Takara,
(TOC) ) 10uL, 0.5pL(10pumol/L), 1uL
( , 2008) , DNA, (ddH,0)  20uL
2mol/L KCl1 , 1 95°C, 30s; 95°C, 5s; 1,
(13mm, 0.45um, , ) , : 30s; 72°C, 30s (nirS Ca.scalindual 6SrR NA
(Skalar Analytical B.V SAN'", 60s); 40 , (
: =0.1lymol/L) ~ NH;-N NO;-N NO;-N, 65°C 95°C,  5s 0.5°C)
TOC - DNA
Wang  (2014) , ) 10
, (DO) ; qPCR,
pH pH ( , ) ; AxyPrepDNA
( , ) ; (Axygen, ) nirS
, 2mL , 12000r/min nirK nosZ Ca.scalindual 6STRNA PCR ,
, (WYY- , ) pMD® 18-T Vector (Takara, )
1.3 DNA PCR , AMP R
DNA PowerSoil“DNA Isolation Kit 37°C 12h;
(MoBio , ) 1/2 PCR, ,
DNA, NanoVue™ Plus (GE , AMP
) DNA PCR , (37°C
(CFX96 Touch™, Bio-Rad , ) 180r/min) 12—16h;
PCR, PCR 1 (Takara, ) ,
cdl- (nirS) Cu- : E%=(107"51Pe)_1 ( slope:
(nirK) (nosZ) ) (Klein, 2002), -3.79— -3.05,
Ca.scalindual 6STRNA , 84%—112% (R* 0.98)
%1 = PCR(QPCR)5I#)
Tab.1 Quantitative PCR (qPCR) primers used in this study
(5—3") (°C) (%)
nir$ cPal SIS ARC OIS NG GARNCS 56 57 95110 (Throbiick et al, 2004)
. nirK876F: ATYGGCGGVAYGGCGA
nirk nirk 1040R: GCCTCGATCAGRTTRTGGTT 56 90—112 (Henry et al, 2004)
nosZ1F: WCSYTGTTCMTCGACAGCCAG
nosZ nosZIR: ATGTCGATCARCTGVKCRTTYTC 56 86—90 (Henry et al, 2006)
Ca.scalindua Brod541F: GAGCACGTAGGTGGGTTTGT
16SrRNA Brod1260R: GGATTCGCTTCACCTCTCGG 60 84—92 (Penton et al, 2006)
1.4 ( ), luL DNA,
DNA PCR , 1 0.5uL (15umol/L), 8uL ddH,0 PCR
nirS nirK nosZ , Veriti™ 96-Well 1 95°C 3min, 95°C 30s,
(Applied Biosystems, Foster, CA, ) PCR (nirS  nirK nosZ Ca.scalindual 6STRNA
5 :56°C  20s; 58°C  30s; 57°C
, 5! (Barcode) 30s; 57°C 1min), 72°C 45s, 35
PCR (20pL) : 10pL 2xTaq Plus Master mix 72°C 10min; 4°C PCR 1.2%
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, AxyPrepDNA (P
(Axygen, ) , 0.05 ), ,
PCR , Vegan (canonical
PE , [llumina correspondence analysis, CCA)
MOTHUR v.1.39.5 , MOTHUR

(https://mothur.org/wiki/MiSeq_SOP),

(Monte Carlo Permutation Test)

, 97%
(operational taxonomic unit, OTU) s
Coverage Chaol  Shannon Simpson 2
(Wang et al, 2014) 2.1
1.5 2
reads 20 OTU NCBI s 8.49mg/L,
BLAST, ; PH
OTU MEGA7.0 , (6.26),
(neighbor-joining) , (7.99);
(phylogenetic tree), (Boostrap (25.60), (29.42);
method) 1000 , (bootstrap value) (3.42mg/kg), (7.39mg/kg);
50% (0.06mg/kg),
1.6 (0.40mg/kg); (0.52mg/kg),
SPSS 22
F2 AEBMRRRHELSH
Tab.2 Characteristics of sediment samples in different months
(°C) 19.05+0.54 24.27+0.17 30.64+0.53 21.35+1.27
(mg/L) 8.49+0.26 7.10+0.98 5.57+0.84 7.38+0.44
pH 6.72+0.74 7.99+0.03 7.84+0.09 6.26+0.16
29.424+1.31 27.10 £2.26 25.60+2.24 28.51+1.10
TOC (%) 0.99+0.46 1.12+0.44 1.01+£0.43 0.59+0.43
NH; -N (mg/kg) 3.98+2.51 4.09+3.27 7.39+4.98 3.4243.16
NO; -N (mg/kg) 0.10+0.08 0.3940.17 0.06+0.02 0.24+0.12
NO; -N (mg/kg) 0.47+0.05 n.d. n.d. 0.52+0.15
ind.: ; TOC: ; NH;-N NO;-N NO;-N
2.2 (ANOVA, F=8.60, P=0.012),
9.12x10°copies/g ( ),
PCR, 6.17x10°copies/g
DNA , ( ) 7.59x10°copies/g ( ) 8.20x
: nirS nirkK nosZ 10°copies/g ( ) nirS
: Z15
6.17x10°—9.12x10°copies/g ( ), 8.00x10*— , 721
6.72x10°copies/g ( ), 6.39x10°—1.81x10%copies/g , 4.61x10°copies/g ( ),
( ), 2.85x10*—8.13x10°copies/g ( )

: nirS

nirk



(ANOVA, F=5.43, P=0.043), 2.85x10%*copies/g ( )
6.72x10°copies/g ( ) , 724
2.14x10°copies/g ( ); s
(ANOVA, F=5.21, P=0.045), Z18 , 8.22x10°copies/g (
3.88x10*copies/g ( ) nosZ ) , nirS
(ANOVA, F=24.79, P=0.000), , nosZ
1.81x10%copies/g ( ), ;
S nirS s
nirS s S
, (ANOVA, F=4.65, nirS
P=0.049), 8.13x10°copies/g ( ) , nirS
s 1.74x10°copies/g ( (R=
); (ANOVA, F=7.19, P=0.018), 0.572, P 0.05)
ezza nirS a
200 =
Ca.scalindua16SrRNA
150 I
5
8100 |
g
2 sof
Y
4%
2l
0
2

Fig.2 Box plot of abundance changes of denitrifying bacteria and anaerobic ammonium oxidizing bacteria in
sediments of different months

«
> 5

a b c d
SPSS 22 nirS nirK nosZ OTU
( 3) , nirS 99% ,
NO; -N (P<0.05), pH
(P<0.05); nirK , OTU
(P<0.05); nosZ 278—563,n0sZ OTU ,nirk  OTU
NO;5-N pH (P<0.05), ; Chaol ,
(P<0.05); NH; -N nirS  nosZ Z15 ,

NO; -N (P<0.05) 724 nirK 721
2.3 , 206 Shannon Simpson

nirS

> b

4 5 Z15 , 721
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x3 REUAERNRERENAETFESHREEMBEXESFT

Tab.3 Correlation between abundances of denitrifying bacteria or anammox bacteria, and environmental variables

nirS nirK nosZ Ca.scalindua-16SrTRNA nirS/Ca.scalindua-16SrRNA

NH; -N (mg/kg) 0.476 0.287 —-0.064 0.959™ -0.070
NO; -N (mg/kg) —-0.667 0.511 0.172 0.028 -0.070

NO; -N (mg/kg) 0.961" —-0.343 0.578" 0.484" -0.570"
TOC (%) 0.357 —0.348 0.082 0.109 0.054
0.180 -0.855" 0.230 -0.115 0.324

(°C) —0.048 —0.142 -0.407" 0.245 -0.140
(mg/L) —0.048 0.236 0.449" 0.245 0.201

pH -0.503" —0.066 0.159 0.142 -0.229

Y #x P<0.01; *: P<0.05; TOC:

%= 4 nirS. nirK. nosZ. Ca.scalindual6SrTRNA ZEREEEMZ 1%
Tab.4 Richness and diversity of nirS, nirK, nosZ, Ca.scalindual 6STRNA genes

OTU (%) Chaol Shannon Simpson
nirS/ nirK/ nosZ/ nirS/ nirK/ nosZ/ nirS/ nirK/ nosZ/ nirS/ nirK/ nosZ/ nirS/ nirK/ nosZ/
Ca.scalindua- Ca.scalindua- Ca.scalindua- Ca.scalindua- Ca.scalindua-
16SrRNA 16SrRNA 16SrRNA 16SrRNA 16SrRNA
706 378.00/ 217.00/ 99.89/99.90/ 396.37/ 244.14/ 4.23/ 3.96/ 0.053/0.053/
421.00/ 35.00 99.97/ 99.97 427.11/ 56.00 5.15/1.92 0.0097/0.19
715 448.00/ 350.00/ 99.92/99.24/ 459.05/ 417.10/ 4.86/ 4.49/ 0.020/ 0.030/
563.00/ 44.00 99.95/99.99 569.95/ 46.50 5.37/ 1.65 0.0095/ 0.27
717 415.00/ 411.00/ 99.92/99.90/ 433.00/ 435.17/ 4.49/ 4.94/ 0.026/ 0.016/
512.00/ 44.00 99.92/99.97 527.79/ 51.20 5.09/1.54 0.014/0.33
701 367.00/ 432.00/ 99.83/99.88/ 404.94/ 449.25/ 3.91/5.09/ 0.068/ 0.016/
491.00/ 48.00 99.92/99.98 508.10/ 50.50 4.97/2.06 0.015/0.20
704 343.00/ 278.00/ 99.95/99.95/ 351.08/291.13/ 4.65/ 4.12/ 0.024/ 0.050/
400.00/ 36.00 99.97/99.97 405.50/ 45.00 4.99/0.62 0.013/0.78
; nirK 721 s s 3—6
s 706 ; nosZ nirS nirK nosZ Ca.scalindual6STRNA  OTUs
715 , 721 50.05% 44.24% 29.40% 98.45%
, nirS , 6  Cluster,
, Ca.scalindual 6STRNA 207 OTUs, Cluster 10 OTUs
Chaol , 706 ,
, 724 ; Shannon Simpson Cluster OTU14 OTU17
s
721 , 724 Cluster OTU34 OTUI13
s Cluster 3 nirS OTUs
2.4 Cluster OTUS5 OTU12
Cluster
OTU s reads 20 OTU10  Chesapeake
OTU s NCBI BLAST, s nirS

MEGA7.0 , OTUs
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Fig.3 Neighbor-joining phylogenetic tree based on denitrifying bacteria nirS sequence
(Bootstrap values were calculated using 1000 replications)
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Fig.4 Neighbor-joining phylogenetic tree based on denitrifying bacteria nirK sequence
(Bootstrap values were calculated using 1000 replications)
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Fig.6 Neighbor-joining phylogenetic tree based on anammox bacteria Ca.scalindual 6STRNA sequence (Bootstrap values were

calculated using 1000 replications)
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7C S CCA 79.10% nosZ
pH Z17 nosZ
, 724 , 706 , (Kim et al, 2016; Oshiki et al, 2016),
Z15 Permutation
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Z06 724 nosZ )
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nirS
(Mosier et al, 2010;
Wang et al, 2014; Zheng et al, 2015),
, 4.34x10"—2.62x10°copies/g (
YLietal,2017) nirS

, ; , pH
,pH
« 2), (
), pH
; , nirS
Z15
, 721
, 4.61x10°copies/g (
),
, pH
nirS (P<0.05),
(P<0.05), pH
nirS

nirK
, (Lietal, 2013;
Lee et al, 2017), Elkhorn Slough nirK
(Smith et al, 2015) nirK

, DO
(Lefebvre et al, 2006) nosZ

La Caldera (Castellano-Hinojosa et al, 2017),
« 3 2
nirS )
nirK nosZ ,
(Mosier et al, 2010)
nirS ,
5 nirS
) SPSS 22

: NO; -N

(P<0.05), NO; -N
NO; -N , )
nirS ) ’
nirS
, nirS
NO; -N nirS/Ca.scalindual 6STRNA
(P<0.05),
) (Du
etal,2017) nirS
(P<0.01),
CCA s nirS nirK
, Li (2016)
(Wang et al, 2012; Meng et al, 2016)
5 pH
nirS 351.08—459.05,
Z15 Z17 Z21 706 Z24,
nirS
, Z15
, Z15
, DIN nirS
(Hong et al, 2014); Shannon
, nirS Z15 ,
721 , nirS
Z15 , 721
s nirS
nirK
244.14—449.25, (367.36+

93.24),  nirS
(2017)

(408.89+40.66)
Jiang



Shannon , nirK s

721 , nirK
706 , nirK , 5  Cluster, Cluster
s nirS OTU12, Fenghua
, 221 nirK nirS nirK nirK ,
Shannon (4.32+0.49) Cluster
nirS (4.43+0.37), OTUs, OTU18 OTU6 OTU10,
, (Jiang et al, 2017) 96%—97%, (Mosier et
(Saarenheimo et al, 2015) nirS  Shannon al, 2010) (84%—
(Zheng et al, 2015; Jiang et al, 87%) Cluster OTUs, OTU13
2017) Chesapeake (Francis et al, 2013) OTU3 OTU7, (Mosier et al,
nosZ 405.50~569.95, 2010) (85%)
Z15 717 Z21 Z06 Z24, nosZ nirS Cluster 4  OTUs,
, Z15 , (96%—100%),
721 , nirS nirK >
, nirK nosZ
, Chaol 49.84+ , , nosZ
4.32, 206 ) Alpha-proteobacteria, Castellano-Hinojosa
724 ; Shannon 1.56+ (2017)
0.56, 721 , Cluster 9 OTUs
724 , )
724 , nosZ
, 718 , Cluster
) OTU2 OTU41,
s nosZ
Li (2013) nirS
Cluster OTU7, ,
nirS nirK nosZ ,
( 3-—5), nirS , Cluster nosZ
OTUs ,
Cluster OTUs ,
, (Dang et al, 2009), 16SrRNA ,
nirS Cluster “Candidatus Scalindua”(  6)
, OTU14 OTU17 ,
Candidatus Scalindua sp.,
> (planctomycetes),
, ) (Dang et al, 2010; Li et al, 2013),
nirS , s ,
Mosier  (2010) (Schubert

nirS OTUs et al, 2006; Schmid et al, 2007) Cluster 7
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OTUs, OTUl10 OTUIll OTUl3 OTUIS
NCBI R
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, 2015.
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, (24): 41—45
, 2008. .3 : ,
50—56
Castellano-Hinojosa A, Correa-Galeote D, Carrillo P et al, 2017.
Denitrification and biodiversity of denitrifiers in a high-
mountain Mediterranean Lake. Frontiers in Microbiology, 8:
1911
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ABUNDANCE, DIVERSITY, AND DISTRIBUTION OF DENITRIFIER AND
ANAMMOX BACTERIA IN ZHANJIANG BAY SEDIMENTS

MAO Tie-Qiang', DONG Hong-Po?, CHEN Fa-Jin', HOU Qing-Hua', ZHU Qing-Mei',
YANG Wen-Na', ZHANG Jia-Wei', JIZi-Han', LING Wei-Qi'

(1. College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang 524088, China; 2. State Key Laboratory of Estuarine
and Coastal Research, East China Normal University, Shanghai 200062, China)

Abstract The diversity and abundance of denitrifying bacteria and anammox bacteria in Zhanjiang Bay sediments
were analyzed by real-time fluorescent quantitative PCR and high-throughput sequencing. The results show that the
abundance of denitrifying bacteria and anammox bacteria in the sediments changed significantly in season and location.
The nirS-type denitrifying bacteria were the highest in February and the lowest in April, and its average abundance tends to
increase first and then decrease from inside to outside of the bay. The abundance of nirK-type denitrifying bacteria were
the highest in September and the lowest in November. The nosZ-type denitrifying bacteria were the highest in April, and
did not change in other months. The abundance of anammox bacteria were the highest in September and the lowest in
February. Correlation analysis showed that nitrite and ammonium jointly regulated the changes of denitrifying and
anammox bacteria abundances in the sediments. Phylogenetic analysis showed that there are some widely distributed
denitrifying bacteria in Zhanjiang Bay, but certain novel nirK and nosZ-type denitrifying bacteria were also found. For
anaerobic ammonium oxidizing bacteria, it mainly belongs to the Planctomycetes and Candidatus scalindua, which is
high-salinity tolerated. In addition, a new branch of anammox bacteria inhabited in Zhanjiang Bay that are not found
elsewhere. CCA analysis showed that nitrate significantly affected the community structure of denitrifying bacteria and
anammox bacteria in the sediments. There are competition between denitrifying bacteria and anammox bacteria, which is
driven by various environmental factors including nitrite, nitrate, and pH.

Key words denitrifier and anammox bacteria; real-time quantitative PCR; high-throughput sequencing; diversity;
abundance; Zhanjiang Bay



