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Abstract: To understand the characteristics of microbial communities along the anaerobic ammonia oxidation (ANAMMOX) system,
this study explored the diversity, structure, species network, and functional features of microbial communities in sludge with different
morphologies along the flow direction in a long-term operated up-flow anaerobic sludge bed (UASB) ANAMMOX system. The
results showed significant differences (P<0.05) in the abundance of AnAOB genes in sludge with different morphologies along the
anaerobic ammonia oxidation system. The abundance of AnAOB genes in the bottom granular sludge (KL) was 2.12x10'copies/g
VSS, which was significantly higher (P<0.05) than that in sludge with other morphologies along the system. There were significant
differences (P<0.05) in the microbial diversity of sludge with different morphologies along the system, but no obvious change
patterns were observed. The dominant bacterial phyla (relative abundance>1%) in sludge with different morphologies were
Chloroflexi, Planctomycota, Proteobacteria, Bacteroidota, Acidobacteriota, and Actinobacteriota. The top 10genera in terms of
relative abundance were norank f norank o SBRI1031, Candidatus Kuenenia, norank f Anaerolineaceae, Nitrosomonas,
Limnobacteriota, norank [ PHOS-HE36, Denitratisoma, Denitratisoma, and OLBI3norank f A4b. There were significant
differences (P<0.05) in relative abundance among different samples. There were significant differences (P=0.001) in the microbial
community structure of sludge with different morphology along the process. Network analysis found differences in the structure and

topological properties of microbial networks among different morphologies of sludge. Specifically, the average degree and center
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tightness of flocculent sludge in sedimentation tank (CD) and biofilm in the effluent pipe (XK) were higher than those in other

samples along the system, indicating a closer correlation among microbial communities. PICRUSt2analysis revealed that the

abundance of functional genes related to metabolic pathways was significantly higher than that of other functional genes.

Additionally, there were significant differences (P<0.05) in metabolic functional genes abundance among different morphologies of

sludge along the process. The relative abundance of nitrogen metabolism functional gene hao was much higher than that of norB,

while the abundance of the narG gene was 20.8 to 733.9times that of »irS, indicating activeness of partial nitritation and partial

denitrification functions within the system. The anaerobic ammonia oxidation system exhibits significant heterogeneity in the

microbial communities of sludge with different morphologies along the process, but no distinct regularity is observed.

Key words: anaerobic ammonium oxidation; sludge morphology; microbial community; co-occurrence network; PICRUSt2
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ammonia oxidation system
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Table 2 Differences in relative abundance of dominant phyla in sludge with different morphologies

Bt ST R AT AT TR I FATTA ]

CcD 0.350+0.068 0.1230.036° 0.243+0.043° 0.197+0.054% 0.011£0.001° 0.012+0.002°

XK 0.246+0.057" 0.2940.105 0.1470.025" 0.181£0.119° 0.008+0.003" 0.0170.010%

SF 0.230£0.031° 0.223+0.043° 0.256+0.058 0.173+0.010° 0.008+0.001° 0.0250.008"

TF 0.485+0.029° 0.220+0.032° 0.14620.020" 0.061%0.009* 0.006+0.001° 0.012+0.003

KL 0.274+0.050% 0.274+0.089% 0.257+0.060° 0.1260.044% 0.0060.003" 0.007+0.002°
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Table 3 Differences in the relative abundance of the top 10 genera in sludge with different morphologies

norank f norank f
Candidatus
Fedlh norank o .7 Anaerolineace Nitrosomonas Limnobacter
Kuenenia
SBR1031 ae

norank f
PHOS-HE36

norank f
A4b

Denitratisoma Arenimonas OLBI3

CD 0.264+0.036a 0.122+0.036a 0.002+0.001a 0.054+0.010a 0.087+0.017a 0.099+0.034a 0.028+0.002a 0.028+0.008a 0.045+0.022a 0.026+0.007ab
KL 0.135+0.007bd 0.272+0.089b 0.002+0.002a 0.008+0.003bc 0.038+0.012bc 0.049+0.024b 0.099+0.026b 0.067+0.019b 0.070+0.044a 0.052+0.016a
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XK 0.117£0.026d 0.287+0.106b 0.002+0.0006a 0.012+0.007c 0.018+0.007¢ 0.038+0.034b 0.054+0.013c¢ 0.024+0.015a 0.040+0.028a 0.051+0.024ab




1058 7

R

45 %%

FIH 5 B (Venn) B 23 41 T IR SE A RN 23 v
FEAS R T 2575 Ve Ik A2 WD RE TR ) M 2 S R A1, AN [
%ﬁi%ﬁ%%ﬁﬂ%ﬁ%ﬁmmwwﬂ4@mﬁ.
WREARFRE VG I ASV 262 4~ JLf KL, SF.
TF. XK A1 CD 43545 100, 104, 57. 166 Al 72 4>

Ry ASVILA RO I e T4 R i R A R,

Ui W] BRI R 7 ) b IR R 2 S 3 BT B AT A
KA P R = B <0.1%), (K% O R T (5 45— 3,
X5 TR )R A o B 5 AR T EDE A A 0% 1)
JE,KL Al XK $115 95 NI ASV, UL e 1] GE1E
TETR 20 R S 54 A7 AE— 2 H AR AL E.

2.4 AN b

Ry

ANNY

40 35 30 _
CD Chloroflexi Planctomycetota KL Chloroflexi Planctomycetota P a JREecter Ch]omﬂem
] &t‘l]n:r %hlumﬂexl gthe;é’_lancwmycelom Anaerolineae = ll}}l;ocadme ] G | | Rt er Apaerol
i CIS) gt B
35 = PR e 30 = 8‘1‘_‘}‘;'1‘1“““’ W Other lglanctomyceto(a 25 ] na"‘élb@g!ena = Othg%hf",‘;:ﬂex,
) Bacteroidota B Other Chloroflexi Pméeubactena | - SF B oids
ibacteri — ammaproteobacteria
30 Igl"ﬁ’a"{&‘:é’@:;‘;'.‘: 5 Bacteroidia, 25 Iphay r‘(’)iteotfjaclcna Plal;l‘c;gmyoe!ota
& G £ e B [ [ ——
s _ Baftem._%on: ) _ Other Phylum
S Q avibacteria Q
s el £ 20 acteroidia < (@l
a0 Y o & Spabaceria B
i # W Other Bacteroidota | 1T
= s Other Phylum | %
Z 15 = M Other Phylum | &
10
10
10!
5
5
5
¢ o o An
et act® jdo® e 330" ! o o ot
C\‘\oxo eo" e «\‘J mo\exo e (\’\\‘i C\‘\"( 0‘0‘91 . 0@ o e et© N \‘s\a“?“ O\eo"?‘a o 0‘0&\ w‘“"oe o S o Y‘“‘J\
0 TF  Chloroflexi Bacteroidota 20 XK Planctomycetota Proteobacteria
45 = g ther ad M Other Planctomycetota M Other Proteobacteria
M Chloroflexi acteroidia
B Othr Chioroflexi Isgl'ﬁwhmgm 25 Brocadiae I)Gamm;proleobaclena
40 Proteobacteria) - Chloroflexi atescibacteria
OtherPatescibact
3 Gammaproteobacteria Atmatimonadota [ i Gt = heratesoibac cria
1= Chthonomonadetes 20 | CAl':L%rr%tII‘;zfe TSl it

Planctomycetota [ norank_Armatimonadota

M Brocadiae

Other Phylum
B Other Planctomycetoa et Pl

et o Jo g
?\3“0‘0‘““ 50;&“3\ 0‘\3\“&‘?‘(\‘1

g\e
OO e pec!

Bacteroidota
Other Bactemldom
1 Kapabact

Babieroidia
lgnavibacieia

Other Phylum

W Other Phylum
5
¢ Ly X\ Qo N2 A
Qe ! oM act s
- C‘o«\‘i C“\ o0 pr\)"’ Ecxe‘ o es""b 0\\@(?\‘"

K s

ANTFI T AT Ve A TR E T AN K1 2Lk

Fig.5 The microbial community composition of class in sludge with different morphologies
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PHERE R 0.5 0.5 0.49 0.5 0.5

L B 0.433 0.334 0.338 0.280 0.431

2.5 PICRUSt2 Zfe il o4t

F:T PICRUSt2 DR &5 8 W (&l 7), 4542
J7 ) _EANFTEAVGIRFE S M) KEGG B 4E:
H ML A4 (Organismal Systems). 1t ilff(Metabolism)+
NP9 (Human Diseases). 15t4% 15 S AL (Genetic
Information Processing). #5i5 S 4b P (Environmental

Information Processing) #l 41 Jify it £ (Cellular
Processes), 5 O A 1) ¢ T R A & A R AW 7T 45
SR T 2 ()55 A A 5% 1 3 1 3 g 2 [
F B KT H e e+ 5, 0F I EARTE S
T e ) A 2l BE F B A7 AE .35 72 77 (P<0.05), HoAth
— SR Ty Re )2 T 3 DR = R AR VR AR AN IR B A e (A
170 . 3% 22 5 (P>0.05), U6 W] 5 AR AH G (1) 18 2% 72
ARG FE ) Re. B E HEW, 70 R A 2 A R 7
] b, 038 I e A S il AR P Vs A HAE
TE ok A B AR 0 L T F R (22 AnAOB) ]
DL ik Ja A1 22 SR 0 (e 1R 22 1K) it S 9 ARG
330 B 5 P iF R SRR B F IR A W IR
o5 S 9% 1 OO R I S 2 Rt T L R R I v
A AR ) BH R R Al DR - R PR, AR T I3 R
0L

Organismal Systems

0.0 5.0X10°1.0X 107 1.5X10" 9.0X10" 1.0X 10° 1.1X 10° 1.2X 10°
it

K7 AR PICRUSE2 TS EF A (— S fE/R)
Fig.7 Changes in PICRUSt2-based predicted function for
different samples (hierarchy level 1)

E— 25 %8 Ty i PO S IR - 2 D e 2 o B B,
FAFER LRI 45 ST D e 8). W AR U7 ) EANTH]
TE& G Ie T XK 2 DhHe = 35 K = B A 0 A%, SF
I CD WERI S 2% Th g 2 56 PR A= AH O 48 e, AT i
SV AR TS ) b FURN R G S A A7 A0 22 e, 2 B R
YIREVE TR FRRIE R A2 b R AR IR 42 F2 E AE CD
A XK PG, M AE KL TF A SF HhAH R e, A &
AL R D S RE AR, U I R R L D) RE B AE
KL. TF #1 SF SEyh K KA S A &2 3 B AE
XK F KL F1%{%,7E CD. TF 1 SF FR i, it B 5
FEW LBELE CD. TF A1 SF .



1060

45 3%

L1~L6 E/R—

BB
;ﬁa&w¢MAmﬁﬁw
Zﬁﬁ?ﬁ%&?ﬁ%

: R B

i 5’#*5&%3@%%5&%%!1&151
s HAD IR

H @?Z‘

ek
: fﬂmﬂiﬁ CLiaw
cEHREE
- A :}ﬁ?}f
: RIEST
i ﬁ&%%
] ﬁﬂl%

+ K
% WE%PC‘”%%H %Eﬁ*ﬂ:“%ﬁtﬁ]‘
AR TR

CD1 CD2 CD3 KLI KL2 KL3 SF1 SF2 SF3 TF1 TF2 TF3 XK3 XK2 XK1

Bl 8 AR PICRUSE2 ZhRE TN & (— 2 fE )2
Fig.8 Heatmap of PICRUSt2-based predicted function for different samples (hierarchy level 2)

K10535:hao
K00370:narG, narZ, nxr4
KO02575:NRT, narK, nrtP, nasA
K00266:gltD
K00362:nirB
K00284:GLU, gltS
K00360:nasB
K00367:narB
K00368:nirk
K00531:anfG
K00376:n0sZ
K02305:n0rC
K15864:nirS
K00260:gudB, rocG
K00366:nird
K00265:gltB
K04561:norB
K00261:GLUDI_2, gdhA
K00926:arcC
K01915:glnd, GLUL
K02567:napA
K02568:napB
KO01455:E£3.5.1.49
KO01725:¢cynS
KO01673:cynT; can
K05601:hcp

K01674:cah
K10946:pmoC—amoC
K10944:pmoA—amoA
K10945:pmoB—amoB
K00372:nas4
K00371:narH, narY, nxrB
K00374:narl, narV
K15576:nrtA, nasE cynd
K15577:nrtB, nasE, cynB
K15578:nrtC, nasD
K00363:nirD
K00459:ncd2, npd
KO01501:£3.5.5.1
K02588:nifH
K02586:nifD
K02591:nifK
K00262:E1.4.1.4, gdhA
K03385:nrf4
K15876:nrfH

CDI CD2 CD3 KL1 KL2 KL3 SF1 SF2 SF3 TF1 TF2 TF3 XK3 XK2 XK1

B9 ZARHIARDE KO BRI NI K
Fig.9 Heatmap of nitrogen metabolism-related KO based on predicted gene copy

RINHEE L1 RRAI L L2 SRR EE (5 BACEE, L3 £onivi i (s BACHE, LA Fom N0, L5 KR, L6 £ -HHLRL

3.5




2 34 FOUKEE: KIWsAT R A R T REAN AR AT Je U E IR E T Sk e Dh REAR AT 1061

I LEx PICRUSE2 Dy REFIINI H H 5 [R5 5325
(KO)& 5 KEGG #idhs 2 & AR AH R 1) 65 N H &
[F] Y53 F(KEGG orthology), 15 2V FEA A FE &5
FE S5 ZAREAE O 1) D RERE R 45 AN(E 9).908 &
MR Z eI 2 B R AL I R L ) e R R A
FEA NN D) B pmod -amoA pmoB-amoB
1 pmoC-amoC F2 &AM DI RESRE A hao, F2 L R
il e JE DK hop, NP AH R £ A0 A 3 JU i (1% 24 7 5 [
norB A FEE W Dy Re Ak A S Ak i 7, D e Bk A
ALFEAH IR Eh B IR B Th REFE N narG . napA,VAHIR EL
R EETHBEFEDN nirS. nirK NO 38 J§ filg Ify g L [X]
norB+ norC LA} N,O I JR BT §eFE K nosZ; AAH
PR 334 Jit , He Dy Re e P FE narl napA~ napB- nirB.
nirD~ nrfA A nrfH; FAGRE PR 3534 I, H Dy g 2 DR 4
& nasAnasB.Z AN IR DI RESE R pmod -amoA
pmoB-amoB~ pmoC-amoC FJEAE CD il SF #5,
4352 KL TF Il XK ) 6.8 52.9 Fil 4.2 1%, hao/hep
7£ KL. TF. SF. CD+ XK 4} %4 97.6 123.5. 49.6.
26.6 A1 114.5, 5L W hao 2 = ZAE 1M haolnorB W4y
WA 16.5. 37.1. 11.3. 11.8 Al 30.9,3 W &K WAl
AE R BT R AL I R narG FE R F &
& nirS “FJE 11 20.8~733.9 5,42 nirK “FJE 111 2.6-39.6
0 norC FPEMY 12.4-99.1 1%, )2& nosZ ) 4~43.7
5, U A TR R A SR BE ) I 3 KT RS RIE SR . NO
W JFFN NoO I8 JG IR RE T, A A FR A P it 5k
LT 53 R A TR T ) AN [RDAE o A) A A Th
REJL DA [ = FE A7 A2 W S 25 52 KL 1 TF ' narG/
nirS 4394 108.9 1 733.9,1f1 CD F1 SF * narG/nirS
g3 20.8 A1 13.3, B A S AL RE I AE TF Al
KL #riziz KT CD 1 SF.

3 #Hig

31 JRAEEEMNRFUIETT W EAFIESTE R
AnAOB K 3= 7 5 B W b %y, H KL ' AnAOB
DR W T RV R AR A5 U6 (P<0.05).
WA b TF 1 2 2 AR T AR S (P<
0.05), (AR JE 25 V5 YR I A2 4 22 K PR 8 I ek 1) A%
(&K S

3.2 WIREAFITEATG V8 PO A i VR 4L —
S ARAFOT = FE AR AN [ ) A7 A1 ik 2 22 53:(P<0.05);
Tl A= MDAV 25 R AEAS TR TG 253 Y 1) 52 B S 1 =

i) 73 SR A, 522 7 {235 (P=0.001).

3.3 VEREJT ) AR AT YR AR A I 4% &5 4 A
WP AT AT 22 e ARV B B 1 R T A i 2%
(EEE P

3.4  VEFETT EANFTEATG A E R R S5 AR
A D (1030 1% A7 A J 3 22 5(P<0.05), HL A FiK
AR RE ) B B LA RE S R R Wiy
) b (A e ) 22 S5 I I

S 3Lk

[11] Wu P, Chen J J, Garlapati V K, et al. Novel insights into
Anammox—based processes: A critical review [J]. Chemical
Engineering Journal, 2022,444:136534.

[2] Lackner S, Gilbert E M, Vlaeminck S E, et al. Full-scale partial
nitritation/anammox experiences—An application survey [J]. Water
Research, 2014,55:292-303.

[3] Tomaszewski M, Cema G, Ziembinska-Buczynska A. Influence of
temperature and pH on the anammox process: A review and
meta—analysis [J]. Chemosphere, 2017,182:203-214.

[4] AP XA B 5. 2 R TN IR A . IR AT
PRTETEMAMHIFFAE [7]. P EEREERRE, 2013,33(4):648-654.

LiZ B, Liu C J, Zhao B H, et al. Activity and inhibition characteristics
of anammox and heterotrophic denitrifier bacteria in a multi-substrate
system [J]. China Environmental Science, 2013,33(4):648-654.

[S] 2 SR 7E W 754, 55 N R R 4 1 DR A A A R Y5 Yl 1k o
B R Sz (] SRR, 2020,41(5):2358-2366.
Jiang Y, Guo M L, Xie J X, et al. Characteristics of ANAMMOX
granular sludge and differences in microbial community structure
under different culture conditions [J]. Environmental Science, 2020,
41(5):2358-2368.

[6] £ S ZFH, IR, 55 S A fF N ANAMMOX-EGSB [% Vi
RS TR MEIRE (). BRI, 2019,40(4):1906-1913.

Wang H, Li H X, Chen Y P, et al. Microbial community of granular
sludge in an ANAMMOX-EGSB reactor under saline conditions [J].
Environmental Science, 2019,40(4):1906-1913.

(71 F UKE L REEXURR, A RS A s AR R R RS
Hity R ZHEE (3], REERRAE, 2020,41(12):5535-5543.

Yan B, Xia S, Gui S L, et al. Microbial community structure and
diversity during the enrichment of anaerobic ammonium oxidation
bacteria [J]. Environmental Science, 2020,41(12):5535-5543.

[8] AW55.Wk W, M 5,55 R A A Al 1 A B SR I R U ) 46
M5 DIRefdtT [, FREERZ 2R, 2021,41(1):92-101.

Li YN, Yao L, Sui Q W, et al. Evolution of microbial structures and
functions during the enrichment of anammox bacteria [J] Acta
Scientiae Circumstantiae, 2021,41(1):92-101.

[9] i, F A5 R S it Anammox B 418 B
PDA IS4 [T]. PIEFRIEERIEE, 2024,44(3):1307-1313.

Ma'Y Q, Wang B, Li X D. Effect of temperature and load variation of
pda system initiated by anammox bacteria self-enrichment [J]. China
Environmental Science, 2024,44(3):1307-1313.

[10] BRFEBTT5 0, X R, 55 SEBR AU PN/A T2 AL BB S
EYIREY [J]. AL THERE, 2024.https:/doi.org/10.16085/).issn.1000~
6613.2023-1310.

Zhao X C, Jia F X, Liu C Y, et al. Biofilm immobilization effects and
microbial communities of the carriers in real scale PN/A process [J].
Chemical Industry and Engineering Progress, 2024.https://doi.org/



1062

o[ F

ST
5%

B

45 %%

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

10.16085/j.issn.1000-6613.2023-1310.

Ma Y, Wang B, Li X, et al. Enrichment of anammox biomass during
mainstream wastewater treatment driven by achievement of partial
denitrification through the addition of bio—carriers [J]. Journal of
Environmental Sciences, 2024,137:181-194.

Zhou F, Xiao W Z, Zhou K Y, et al. Performance characteristics and
community analysis of a single—stage partial nitritation, anammox and
denitratation (SPANADA) integrated process for treating low C/N
ratio wastewater [J]. Chemical Engineering Journal, 2022,433(P1):
134452.

Depeng W, Kailong H, Xiwei H, et al. Varied interspecies interactions
between anammox and denitrifying bacteria enhanced nitrogen
removal in a single—stage simultaneous anammox and denitrification
system [J]. Science of the Total Environment, 2021,813:152519.

WS S T AR, A R R B D B 1 T S5 A AR
gse ], IR, 2022,42(3):1138-1145.

Chang Y F, Guo M L, Xie J X, et al. The structure and metabolic
pathway of functional bacteria for nitrogen and carbon removal in
Anammox [J]. China Environmental Science, 2022,42(3):1138-1145.
S BRI 0K, R A A S5 AT AU A A0 I S 2 T I 0 IR A A
1 [3]. WAIRIE LR 222441, 2016,48(2):114-118.

Bao L L, Chen W Q, Shen J S, et al. Study on the fast startup of the
anammox process by baffled biofilm reactor [J]. Journal of Harbin
Institute of Technology, 2016,48(2):114-118.

&M RARTE TR AR AE R GRS Y v T B A R 2 A
[1]. HEkE SR, 2020,43(S1):23-28.

Qin R, Song J Y, Qi B W, et al. Dynamic succession analysis of
bacteria in anaerobic ammonia oxidation reactor for refining
wastewater treatment [J]. Environmental Science and Technology,
2020,43(S1):23-28.

KA R A R R B RN R 2R A
PICRUSt2 THEETRI A HT [J]. IR, 2021,42(8):3875-3885.
Yan B, FuJ Q, Xia S, et al. Diversity and PICRUSt2-based predicted
functional analysis of bacterial communities during the start-up of
ANAMMOX [J]. Environmental Science, 2021,42(8):3875-3885.

Van D G A A, De Bruijn P, Robertson L A, et al. Autotrophic growth of
anaerobic ammonium-oxidizing micro-organisms in a fluidized bed
reactor [J]. Microbiology, 1996,142(8):2187-2196.

Caporaso J G, Lauber C L, Walters W A, et al. Global patterns of 16S
rRNA diversity at a depth of millions of sequences per sample [J].
Proceedings of the National Academy of Sciences of the United States
of America, 2011,108(S11):4516-4522.

Schmid M C, Maas B, Dapena A, et al. Biomarkers for in situ
detection of anaerobic ammonium-oxidizing (Anammox) bacteria [J].
Applied and Environmental Microbiology, 2005,71(4):1677-1684.
Bolyen E, Rideout J R, Dillon M R, et al. Reproducible, interactive,
scalable and extensible microbiome data science using QIIME 2 [J].
Nature Biotechnology, 2019,37(8):852-857.

Callahan B J, McMurdie P J, Rosen M J, et al. DADA2: High-
resolution sample inference from Illumina amplicon data [J]. Nature
Methods, 2016,13(7):581-583.

Katoh K, Misawa K, Kuma K, et al. MAFFT: a novel method for rapid
multiple sequence alignment based on fast Fourier transform [J].
Nucleic Acids Research, 2002,30(14):3059-3066.

Price M N, Dehal P S, Arkin A P. FastTree 2——Approximately
maximum-likelihood trees for large alignments [J]. Plos One, 2010,
5(3):¢9490.

P B3 5 L TRV AL A AR KRS CASS T Z RS e & 1
AR S BB I A AL [0 3B T RE AR, 2023,17(10):3219-
3230.

Liang Z Y, Peng J M, Zhang Y C, et al. Pollutant removal

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

EHEEN: 1

characteristics and microbial community changes along the CASS
process with low concentration influent [J]. Chinese Journal of
Environmental Engineering, 2023,17(10):3219-3230.

Feng Y, Zhao Y, Guo Y, et al. Microbial transcript and metabolome
analysis uncover discrepant metabolic pathways in autotrophic and
mixotrophic anammox consortia [J]. Water Research, 2018,128:402-
411.

Lawson C, Wu S, Bhattacharjee A S, et al. Metabolic network analysis
reveals microbial community interactions in anammox granules [J].
Nature Communications, 2017,8(1):15416.

W, E MU, 28 v, A DA U R R R A A v
ZHREVEDHT [J]. PRBERIE, 2017,38(4):1544-1550.

Cao Y, Wang T'Y, Qin Y J, et al. Nitrogen removal characteristics and
diversity of microbial community in ANAMMOX reactor [J].
Environmental Science, 2017,38(4):1544-1550.

Kindaichi T, Yuri S, Ozaki N, et al. Ecophysiological role and function
of uncultured Chloroflexi in an anammox reactor [J]. Water Science
and Technology, 2012,66(12):2556-2561.

Bjornsson L, Hugenholtz P, Tyson G W, et al. Filamentous Chloroflexi
(green non-sulfur bacteria) are abundant in wastewater treatment
processes with biological nutrient removal [J]. Microbiology, 2002,
148(8):2309-2318.

Zeng T, Li D, Liao W, et al. Nitrogen removal and functional bacteria
distribution of ANAMMOX at ambient temperature [J]. Journal of
Water Reuse and Desalination, 2016,6(4):476-483.

Lu H, Chandran K, Stensel D. Microbial ecology of denitrification in
biological wastewater treatment [J]. Water Research, 2014,64:237-
254.

Cas S B, Du R, Baikun L , et al. High—throughput profiling of
microbial community structures in an ANAMMOX-UASB reactor
treating high—strength wastewater [J]. Applied Microbiology and
Biotechnology, 2016,100(14):6457-6467.

Zhang L, Narita Y, Gao L, et al. Microbial competition among
anammox bacteria in nitrite-limited bioreactors [J]. Water Research,
2017,125:249-258.

Wang C, Liu S T, Xu X C, et al. Achieving mainstream nitrogen
removal through simultaneous partial nitrification, anammox and
denitrification process in an integrated fixed film activated sludge
reactor [J]. Chemosphere, 2018,203:457-466.

Xia Y, Wang Y, Wang Y, et al. Cellular adhesiveness and cellulolytic
capacity in Anaerolineae revealed by omics—based genome
interpretation [J]. Biotechnology for Biofuels, 2016,9(1):111.

Xiang T, Gao D. Comparing two hydrazine addition strategies to
stabilize mainstream deammonification: Performance and microbial
community analysis[J]. Bioresource Technology, 2019,289:121710.
Ma B, Wang H Z, Dsouza M, et al. Geographic patterns of co—
occurrence network topological features for soil microbiota at
continental scale in eastern China [J]. The ISME Journal, 2016,10(8):
1891-1901.

Liu Y, Sun J, Peng L, et al. Assessment of heterotrophic growth
supported by soluble microbial products in anammox biofilm using
multidimensional modeling [J]. Scientific Reports, 2016,6(1):27576.
Zhao Y, Liu S, Jiang B, et al. Genome-centered metagenomics
analysis reveals the symbiotic organisms possessing ability to cross—
feed with anammox bacteria in anammox consortia [J]. Environmental
Science and Technology, 2018,52(19):11285-11296.

UK(1986-), 53, PR ICTT AL N RIS o, [, 2 2 g8

TG AR S I B A ) A BT S R R S 40 AR B yanbing @jxas.
ac.cn;yanbing718@126.com.



