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Table 1 Locations and coordinates of sediment sampling sites

R FE A o7 # ZE/C g4/
Pl MHEFREA O 108. 8619 40. 9943
P2 ST EK A 108. 9037 40. 9940
P3 DX rh 108. 9059 40. 9566
P4 T X 108. 8177 40. 8903
P5 WX AE K 11 108. 7905 40. 8945
P6 W X R 7K H 108. 7751 40. 8370
P7 WX B K 108. 7751 40. 7894
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PRI 100 g #7 i GUA M RE G 7E 105 “CA AT in #2516 31 I o 2 /K 36 0 pH R FH s AR I 5 (oK
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BLAST Xt It . i ] Mothur 844 BR 97 Yo (8 AHALL Pk 3] 43 45 4 3 28 5. 5C (Operational taxonomic unit,
OTU), 35 Chaol 4484 (Shannon index) . ¥ % £ 5 £ (Simpson index) I ] MEGA6. 0 14 4 5
SRk BW . i R Studio i heatmap pR £ 2 il PR 48 20 A A T = BE AL . (71 SPSS 8R4 X $i 4 47
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2.1 ABRWELMER

B R R DU AL B 0 3R 2 R o DURRY T BB CTP) & 4 0. 53~0. 85 g-kg ', B AT HLAK
(TOC) & 0.71~3.35 g-kg ', B AN X 19 TP F1 TOC 78 A [7] R £ 5 6] 77 78 B 3% M 2% 5 (P<
0.05). NH, & &4 17.09~65. 54 mg-kg ', 7E#1 X S HE T K 0 PLAE & s, B 5 HABRE S
FEEEZERE, NO, & H0.76~3.41 mg-kg ', A ARFREEE NO, & B EEER . NO, &
HoH0.27~0.43 mg-kg ' RES A ZRER K, pH R 7. 12~8. 47, IATUEY) J& T 55 0l 1, LA~ 1H)
XK F pH AR A K ARFE S Z A — i B 22 R
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Table 2 Physical and chemical properties of sediment samples

KAEE TP/(g-kg D TOC/(g-kg ) NH,'/(mg-kg ) NO,/(mg-kg ) NO,/(mg-kg D pH
P1 0.85%0.02a 1.87=%0.01c 65.5449. 66a 1.58=0. 05d 0.29+0.02b  8.09=%0. 18ab
P2 0.70+0.03b 3.3540.13a 17.09+1.87b 3.4140.04a 0.27+0.01b  7.49+2.23cd
P3 0.66+0.02bc 2.3040.01b 19.86=+2.61b 2.3140.01c 0.32+0.01b  7.4340.48cd
P4 0.5440.01e 0.7140.01e 24.37+0.69b 0.76+0.06f 0.34+0.02b  7.1240.07d
P5 0.59+0.01de 2.3240.01b 23.43+9.56b 1.04+0.08e 0.41+0.03a  8.4740. 16a
P6 0.53%0.01e 1.43+0.02d 25.22+0.39 1.42+0.07d 0.43+0.02a  8.36+0.12a
P7 0.6140.01cd 1.50=£0. 03d 27.04=1.84b 2.6040.05b 0.42+0.0la  7.87%0.03bc

Eol BAAK T 3RA AP HE AR IERIR £;2. R -2 R FERARE R LN G ELERER
(P<<0.05),
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H, Cluster 15 A A 4l 55 77 1) DR 480 24 480 A TR A AR = 04 ]I AE LR Je i AT R B 100% . RERH
R WoR Cluster IC159 25 7 40D 5 [b 61.39% , WAL # K BE . Jettenia Cluster £, & 41 57 41, 5 L
15.83%, 5 OTU13.0TU14,OTU16, 5 B H  Candidatus Jettenia sp. i 1R & 19 [6] I8 24 .
Brocadia Cluster # 3 59 45741, i b 22. 78 % , ‘B A115 B M 1) Candidatus Brocadia fulgida 5 1R & (1)
T A
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Table 3 The sequence numbers and coverage of 16S rRNA gene clone library of anammox bacteria

A R M Fe %A ARFHIEH OTU % B/
P1 40 38 3 97.37
P2 37 35 8 91.43
P3 40 38 1 100. 00
P4 40 38 2 94.74
P5 35 32 8 71.88
P6 40 40 2 100. 00
pP7 40 38 11 81.21

1001 OTU5(98/259)

KC454609.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
OTU7(3/259)

OTU4(7/259) OTU17(1/259) OTU18(3/259)

1001 KC454619.1 Uncultured anaerobic ammonium-oxidizing bacterium clone

K(C454602.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
KP126707.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
OTU12(5/259)
100" KC454617.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
OTU15(3/259) Cluster I
MW543206.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
OTU8(6/259) OTU19(2/259) OTU23(1/259) OTU24(1/259)
100=K(454612.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
OTU6(2/259) OTU20(2/259)
MW543242.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
OTU10(1/259) OTU22(1/259)
KJ508487.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
53 OTU11(4/259) OTU21(1/259)

77 K(C454622.1 Uncultured anaerobic ammonium-oxidizing bacterium clone

100; OTU1(10/259)
58 KU831486.1 Uncultured anaerobic ammonium-oxidizing bacterium clone

_I— OTU3(8/259)

98l MH122085.1 Uncultured anaerobic ammonium-oxidizing bacterium clone
87 OTU14(7/259)

KF810106.1 Candidatus Jettenia asiatica clone

99, OTU13(33/259) Jettenia
OTU16(1/259)

MK226670.1 Uncultured Candidatus Jettenia sp. Clone

OTU9(39/259)

KU217546.1 Candidatus Brocadia fulgida clone

OTU2(20/259)

100! KT428686.1 Uncultured anaerobic ammonium-oxidizing bacterium clone

100

15

Brocadia

0.02
1 H:T 16S rRNABEF R A AL E R G K TR
Fig.1 Phylogenetic tree of anammox bacteria based on 16S rRNA gene
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Fig. 2 Alpha diversity indices of anammox bacterial communities in the sediments of Ulansuhai Lake
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Fig. 3 Heatmap of 16S rRNA gene of anammox bacteria
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Brocadia & , 5 . 23% , Jettenia J& i 6 16 %6 o Ak, DURR W) IR A0 20 A0 B 19 A 7% 4 LA A — 5 25 i)
Sk . H B ACh) AT 3 DCEHE T K B PR AR R AR A AT 2 Cluster 12L& Brocadia J&
41, Horh Cluster 1 H 45. 95% , Brocadia J& 4 bt 54. 0550 . 1 DX EHE T A K 11 P2 FE 5 LA K8 X rh
#B P33 PAFE S Y IR S & A AL B 58 4 R Cluster T . 780 X AR 7K 11 PSSR AR S, IR A & E AL i
Cluster ILL % Brocadia J& 41 i%, , H i Cluster 105 b 74. 17 % , Brocadia J& /5t 25. 83% . #iIXiH 7K 11 P6
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100 Brocadia
Cluster I Cluster I
Jettenia 80 F Jettenia
Brocadia £
= 60F
i
=< 40
5
20
0
P1 P2 P3 P4 P5 P6 P7
AR
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Fig.4 Community composition of anammox bacteria at the genus level in sediments
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X DR S A A TR I K 2 S BRI A T B RH OGP E AT T Mantel test 234, S5 R UL 5. SRR
Jettenia J& WA XT F B 5 NO, 2 IEAH ¢, 5 HA PR 58 K+ 2 UM ¢ Brocadia J& 5 TOC .pH \NH, " &
EHI%, 5 TP.NO, NO; & fi#5€ ; Cluster 15 TOC 2 IEMI . 484 K F , Brocadia J& 1l Cluster 11
VLS e il 3 07 358 PR A8 4, PRI A DR SR SR AL T B B AL R B A S o
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Fig.5 Mantel test analysis of community structure of anammox bacteria and environmental factors
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5 EH A JE A O (Jettenia & Brocadia J&) , WAL, 36 F R 58 & & B K 0 8] — 4~ A A1 Anammox
JEHE LB 5 B AT Al 3 5 i IR AR A A T T AR RIME 9 Cluster 1o Cluster i B 22 R LAY
BB, AR AR L P A 19 61 %, LRI Brocadia J@& Jettenia )& , 53 5 5 B ¥ 5109 23 % .16 % -

B B2 AL B RE A Cluster T, NRZK A H 2 H IR B & A AR B Brocadia J& 78 1 Jettenia J& ,
X5 IR A R TR A A RR SSURN BT AL 1Y) SR BR R R A G, Brocadia J& X T NH, ™ FTNO, 1 5 Fil ) ¢
8, T 1) A K AE = NH, FINO, A Bg . Wu S5 SR A ST BR VT VDL IR SR R SR AL B o0 A B, &
M Brocadia J&TE N RPN B KRR BRI IE o 1 Jettenia J& W ) T A K 76 5E F2 50 5 AR
A B BT F I X HE T K O (P D ER K F(P6 P73 R R & e B i AR, R4
FSAACTE W Brocadia J& %728 h Jettenia J& o WAL , FEASBIE 5T v BT A 0 21 7 — Bh 55 R 0] 4355 7 1 IR 4R
A AT B AR = AL Y Cluster 1, 2 S 2 2 TURY) h IR 2 SR IR 8 . #5455 sex) H
TEERFEME AL, E— R A KB, WS BR " & S BAR Tl by B A EEE X,

VEZ g R ORRAE S IR R SR W 2R AR —E 2 57 . TEARB T,
VLA 15 PS5 P7 9 Chaol ¥ 804 & , 55 Shannon #8 £ 0f 15— 2, Simpson ¥§ £ L) P6 44k , # H £
FEVERR BE A o ASIRLRFE A BE S5 AN R 2 BUR U A AL R RV A A — E 22 57 . IR E AL
A i 2 B LA R A RRAE S pHL WS PR A LB VAR I 2B A OC . ARWE5E T Brocadia J&
34 5 NH, & B IEAR G, R W Brocadia J& 1 T & & NH, " B EREE , Oshiki 5B 5 & 3 Ca. Kue-
nenia stuttgartensis B NH, " 210 1% $C e Ca. Brocadia /N5 22 X WAR i Mo i B T FE S PR E Y
NH, V& & Fl Brocadia J& 4= & 2 IEA S, Cai % 5T v [ igh it A0 A6 20 DU o 5 BUR R AL T
2 FEVE TN V& 45 4 78 1k 1) R 5 DR 38 15 2 B0 v R B 1 NO, AT DA el A8 IR AR R R AL B I BEVE A . Fu %
A ORACTL 10 R AR 3 Vi ST R v IR AR A A A TR T T 5 A RN A R Y R Ak 1 BIF 54 S TR IR TR
Hp DR AR AE AR TR RO T N O, 118 145 R R B G- b 480 f6 NHL ™, PRIk B2 1) NO, il 1k T Al 5%
Jettenia J& A=K W BRI R 28, T FE P6 FE 5 HP NO, & B e i il Jettenia J& KOS AR HAL . AEARBFGT
i1, Cluster TRl Brocadia J&#35 TOC F B IE e, 33X 5 28 ik 28 5512 2024 45 78 ¥ 30] 3 U0 F 95 IR
S AR A AR Sk R B e R B K IR RE— B, [ AE Fu 8808 2019 4R G KV 1 K 4B IE
Vi Sul 0 R e DR AR R A A TR AR i 5 A RN = R Y AR Ak R SRITC AR W vh T 22 0 A L B A A s A A
BTt B 2 19 NO, /2 Cluster TR Brocadia J& 45 TOC R FE IEAR S B RN . TBH %27 2024 4E BT 20
18 bR AKIR AR 2 SR TR0 A R R B B B8 e 1 I R R, pH AT LS e IR AR A AR AL TR S ) A0 A . TEAR
5T, Cluster 15 pH & A 3¢, B %5 pH A9 B4R Cluster L 7 5 9800 #Y , 1 Brocadia J& 5 pH &£ 1F A
X, X F W5 Cluster I L, Brocadia J& XTI E A B A AP AYIE N RE ) o AR MR ELBE X~ 5
R UORR) DR AR 2 A0 TR AR Vi 20 1l i) A8 Ak DL K 5k B i 38 T IR A U S A T 0 A B AR A RE PR O Tk
15 .

4 HFie

SCEE TR HUIE X AR 2 5 R () DR A R B X G, i TR A A A AL T Y 16S rRNA J
, oK FH L3 PCR AN 5 [ SC PRI 7 6 AR X FLRE V% 45 09 A 2 RE 1 6 AT T R 5T, 9 0 17 IR 0 24 480 Ak o %)
A5 R e Ry, 45 30 40T 4518

(D KA EAEAE SRR IR oA )iz, EEAHE 5 A ] 4 15 77 19 R S8 2 8k A R
E AU Y Cluster 1. Brocadia J& il Jettenia J& 3PS o

(2) ARERAE S PR AT Z R VEAE e — 8 22 5 . Ho T IXGRK 0 P7RAE S W Fh 2 4%
PR SR, 51 DX AR P 3SR A ) Rl AL R —

(3) PREEA BT 25 7 5 BUR S 20 A0 TR B V% 2 LA AE — 8 =5 |) = B vk, LU b NH, T . TOC
FNO, 2 52 Wi PR A 22 48 AL TR V% 20 A1 1Y S B IR I 1
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Distribution Characteristics of Anaerobic Ammonium Oxidation
Bacterial Community Structure in Sediments of
Ulansuhai Lake, Inner Mongolia

WANG Mingqi', XIE Hongliang', WU Tiezheng', WANG Yongman',ZHAO Jialin',
LI Junyi',LU Hang', WU Linhui'*
(1. College of Ecology and Environment, Inner Mongolia University, Hohhot 010021, China;
2. Key Laboratory of Pollution Control and Low-Carbon Resource Utilization in Inner
Mongolia, Hohhot 010021, China)

Abstract: Traditionally, research on nitrogen removal processes in freshwater lake sediments has
primarily focused on denitrification and aerobic ammonia oxidation pathways. However, recent studies
have identified anaerobic ammonium oxidation as a significant mechanism for nitrogen removal in lacus-
trine ecosystems. To further elucidate the distribution patterns of anammox bacterial communities in lake
sediments and their environmental driving mechanisms, this study investigates the ecological characteris-
tics of these communities. Sediment samples were collected from seven representative sampling sites
with distinct pollution levels across different functional zones of the study area. After analyzing physico-
chemical parameters, we amplified anammox bacterial 16S rRNA gene fragments using nested PCR and
constructed clone libraries. Results demonstrate that the anammox bacterial community in Ulansuhai
Lake sediments primarily comprises three taxa: Cluster I (61.39%), exhibiting high homology with
uncultured anammox bacteria; Jetzenia (15.83%) ; and Brocadia (22.78%). Spatial distribution
analysis revealed significant heterogeneity: Cluster I and Brocadia dominated the inflow area of the
main drainage channel, Cluster I prevailed in the central lake region, while Cluster I, Jettenia, and
Brocadia coexisted as dominant taxa in the outflow area. Correlation analysis further identified sediment
TOC and NO, -N concentrations as key environmental drivers shaping anammox bacterial community
distribution. This study delineates the widespread occurrence of anammox bacteria in Ulansuhai Lake
sediments, clarifies their community composition and abundance patterns within the lacustrine ecosys-
tem, and provides theoretical foundations for nitrogen pollution control and ecological restoration in lake
environments.

Key words: Ulansuhai Lake; sediment; anammox bacteria; environmental factor; community

structure ; bacterial diversity



