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Abstract
nity, functional microorganisms and genes in activated sludge of landfill leachate treatment. The results showed
that Calditrichacota was the most abundant phylum (58.77%), followed by Proteobacteria (16.80%) and Bacte-
roides (6.19%). Calrithrix was the dominant genus of the activated sludge (58.77%). Five nitrogen cycle pathways

16S rRNA gene and metagenomic sequencing was applied to study the structure of microbial commu-

were detected to form the microbial community of activated sludge, including nitrification, denitrification,
assimilation nitrate reduction, dissimilation nitrate reduction and nitrogen fixation. Denitrification genes were the
most abundant among nitrogen cycling process (78.84%), which mainly distributed in Calditrichaeota, Proteo-
bacteria and Choroflexi. Nitrification was achieved by ammonia oxidizing bacteria Nitrosomonas. There were
abundant organic pollutants degradation genes in activated sludge. Proteobacteria, Bacteroides, Planctomycetes,
Calditrichaeota and Choroflexi were typical functional microorganisms that can degrade organic pollutants.
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Fig. 1 Microbial community composition at phylum levels
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Table 1 Dominant phylum of activated sludge in different wastewater treatment systems

15U Tk WEFRTZ PRI E = BN
P e Choroflexi (35.04%), Proteobacteria (22.01%), Acidobacteria (11.38%),
b b/ :
TR RAL T GUIESCIELS A2/0 Bacteroidetes (8.96%), Actinobacteria (6.28%) (8]
P . I s Proteobacteria (49.42%), Bacteroidetes (20.39%), Choroflexi (6.19%),
F7eBVA b YL EN YL . .
TSI ERENIIBK A0 Acidobacteria (5.93%) (8]
FINIE AT YAk Sk Nitrospira'(S 1.36), Proteobacteria (20.33%), Bacteroidetes (8.15%), 8]
Choroflexi (5.60%)
kA ARG BTl A0 Acidobacteria (33.00%), Proteobacteria (18.68%), Choroflexi (8.20%), 8]
) PRI RIS A 57K Thermi (8.20%)
WP AL BB Bk A/O/O Pr.oteob_acterla (78.86%), Bacteroidetes (7.26%), Firmicutes (5.12%), [27]
Nitrospira (2.02%)
7R 5 5K 2K ESll Proteobacteria (58.02%), Actinobacteria (10.88%), Bacteroidetes (8.40%) [91
TR BB g A/O Calditrichaeota (57.82%), Proteobacteria (16.60%), Bacteroidetes (6.12%) ENTIE

15 K AR BT RN M T e T4 RS A
IS FEAHIRSE BORE i B B B R, U
B PR IR S HA V5 K b R R G i PR TS Ve AP R 4
Fo) HAT — AL . Proteobacteria £ 75 7K Ab L £
Gih 5 R W, BT IK 78.86%, ZIUAFSTUEH Pro-
teobacteria 1] [ fif Z2 A HILTS ey, JEm 8215 e
Y5 A Y FrE 28 Bacteroidetes 2 5 B AW
P ZA WL BT R A, AT DR B 20 F 8 1
P BE 4 HE 53 S 7 R A BIL A (191 10 O BE RN ZLTR),
X B B 14 4 F ] DL G b A R AR 3500 Chl-
oroflexi W] LA & MM A 28, X175 e HT R AR A9 T2 1Y
A T EAEH], I 738 Gk 220K ) 4% 1 5 A ) R A 45
FB33 b i 9% 76 B Acidobacteria, Firmicutes Fl
Actinobacteria 7E 5 7 KR B il F HEAEH], &
R KALER R G )z AEAE R 1]

SR, AR AW SR M P B LB T, Caldi-
trichaeota [ JHI AR 1E 15 7K Ab H 22 B¢ 0 AH A5 Hh fi
if . Calditrichaeota f& — /> #T K LA H ], 7R
Caldithrix J& M Calorithrix J&, . Caldithrix J& &
RAE I\ 2 251 P K G DT RR ) 4R 75 19 16S TRNA 52
e SC PR v e BT, IR T 9 v A R T AR 11 R A
HE RS KB, Calorithrix J& W & 7E 2016 4E )
M Kunashir & B IE PR B 1o 8 R BT 40
B P, Marshall 5 P85 B 7 UM (1 168 rRNA
I B4R, 45 5 32 B Calditrichaeota DL 55 35 BE 4%
TR, SHMEFEN6.7%. HEr AN
Calditrichaeota 3 £ ¥ ¥4 M fL g = 72 14, B A B
EATAGE ), RS FHNEIRR . Wk . 24k
THEMARE RS Z MRy Bk
WIE— PR B A HUR K, & & ] AW A 45
KRR IR (VEA) LK HME RS fife 1) JB 58 B (R AFLRR . 8

930

HfR), COD HIBOD ¥ nl s ¥ T2 JLT 4, &
B 1A HLI5 44 W) vl §E /& Calditrichaeota 3 B & 19
B

H R 4% 18 i Calditrichaeota ¥J 3¢ H i FETTHH
A 5T IR R BTG K AL 3R 48 b Calditrichaeota ]
WAL, JF BB RS SR, ¥R Tx
Calditrichaeota [ ] Y TA 1, 3% B Calditrichaeota H. A
PR A AR A
2.2 HREIREAIE R G H TR INEE TR
221 BEKFEEEER

X A7 3% 5 UE WAL I PR TS Ve R A B A A T
FELRHM Y, %8 )5 3843 739205 %% contigs, il
it ORF il 5 % 1012950 %% ORFs, 5 KEGG %4
FEext, #EATOIRe R, WA 3 pron . 5 AR,
B B UE WAL PR AR G 1 TS e E W AE oKL &Y
R} (Carbohydrate metabolism), Z(FEFR1C I (Ami-
no acid metabolism), BE&E/X i (Energy metabolism)#l
S A 4E 1 Z AR (Cofactor and vitamin biosynthe-
sis) F A SE [N - B ey, i) o TE R DAY 17.36%,
12.77%, 8.14%F1 4.88%, X 65D 5 40 g 7 Br At
WEAH G, A Y LA A AR R B R, PR R
B . TE TS R iR R S AN A WL A Y R
fi#t (Xenobiotics of other secondary metabolites)fH
ML, Ul WIS ¥ VR TE B A A LTS Gy T B A
— BT, HAE 5 B AL AR I AR R
W HA RS WERE, & & Z (Replication and
repair) & A 7 {EBEFE 19 5.01%, HH7% (translation)
FHOCEE A G 2.74%, & . /- KM% M# (Folding,
sorting and degradation)%E[ (5 2.25%. IAh, KF
Fifk & BE 57 5 (Signal transduction). FREH
(Membrane transport)25 F 5515 B AL FRAH G A LA,



il

&

B 035 B AL BT 1 T e A R TR 4 K R S RE 2 A

Carbohydrate metabolism

Energy metabolism

Lipid metabolism

Nucleotide metabolism

Amino acid metabolism

Metabolism of other amino acids

Glycan biosy nthesis and metabolism
Metabolism of cofactors and vitamins
Metabolism of terpenoids and polyketides
Biosynthesis of other secondary metabolites
Xenobiotics biodegradation and metabolism
Transcription

Translation

Folding, sorting and degradation
Replication and repair

Membrane transport

Signal transduction

Transport and catabolism

Cell growth and death

Cellular community-prokaryotes

Cell motility

Aging

Environmental adaptation

Infectious disease: bacterial

Drug resistance: antimicrobial
I

0 2

6 8 10 12 14 16 18 20
X EE%

B3 ET KEGG #iFERIh e EE TR
Fig. 3 Function of genes in the activated sludge, annotated by KEGG database
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Fig. 5 Functional microorganisms in nitrification and denitrification processes
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Fig. 6 Abundances of various organic pollutant degrading genes
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Fig. 8 Diversity and abundances of organic pollutant degrading genes in microorganisms at different phylum levels
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Appendix 1  Detail of 62 Genomes with high quality

BinID  SEREAE%  ISHFE%  (GEREEE-5FSYE)%  contigs  GC N50 Phylum
bin142 98.90 0.00 98.90 64 0.56 165987 Zixibacteria
bin52 99.46 0.54 96.77 93 043 61658  Bacteroidetes
bin100 96.64 0.00 96.64 83 0.63 134362 RBG-13-61-14
bin19 96.59 0.00 96.59 64 0.64 134029 Planctomycetes
bin38 98.03 0.49 95.57 130 0.58 52710 Bacteroidetes
bin43 95.45 0.00 95.45 50 0.64 140007 Planctomycetes
bin136 97.10 0.55 94.35 75 0.65 53537  Proteobacteria
bin132 99.48 1.30 92.96 105 0.67 66882  Proteobacteria
bin98 97.27 1.09 91.82 277 0.52 37555  Chloroflex
bin151 94.34 0.55 91.60 80 0.49 58585  Bacteroidetes
bin139 96.83 111 91.30 142 0.68 102837 Proteobacteria
bin103 96.52 111 91.00 178 0.70 27743  Proteobacteria
bin29 98.25 1.49 90.79 383  0.64 43970  Acidobacteria
bin101 98.60 1.74 89.90 501  0.63 36215  Acidobacteria
bin20 96.30 1.30 89.81 159 0.66 28360 Proteobacteria
bin148 94.14 111 88.58 53 0.53 221934 Armatimonadetes
bin94 92.90 0.88 88.52 110 049 41769 Proteobacteria
bin76 92.73 091 88.18 110 054 53606 Chloroflex
bin128 94.29 1.48 86.90 170  0.50 74290 Bacteroidetes
bing4 96.56 2.26 85.27 166 0.67 58952 Binatota

bin122 92.87 1.52 85.26 296  0.61 11605  Proteobacteria
bin27 90.04 1.06 84.75 72 0.69 62848  Deinococcus-Thermus
bin85 88.36 0.84 84.14 586 0.61 5503  Proteobacteria
bin56 92.15 1.79 83.19 596  0.49 6212  Bacteroidetes
bin53 94.28 2.26 82.99 796  0.68 9055  Proteobacteria
bin71 95.60 2.55 82.88 351 0.72 23785  Gemmatimonadetes
bin4l 99.32 3.38 82.43 346 0.68 29077  Verrucomicrobia
bin111 89.51 1.44 82.29 437 0.72 15011  Proteobacteria
bin59 82.03 0.00 82.03 88 041 10328  Patescibacteria
bin144 89.22 1.56 81.44 121 0.67 72333  Proteobacteria
bin67 92.73 2.27 81.36 92 0.52 101670 Chloroflex

bin8 97.74 3.30 81.25 415 0.54 27361 Calditrichota
bin118 88.71 161 80.66 385  0.60 6782  Proteobacteria
bin90 100.00 4.23 78.84 291 036 27981 Bacteroidetes
bin133 96.82 3.64 78.64 145 0.53 49449  Nitrospirae
bin126 88.75 2.07 78.41 703 0.69 5537  Proteobacteria
bin75 97.30 4.05 77.03 436  0.60 39111 Verrucomicrobia
bin55 96.79 3.97 76.94 56 0.60 120742  Verrucomicrobia
bin17 83.77 1.49 76.30 1096  0.70 6421  Proteobacteria




bin1l 98.16 4.83 74.00 107 0.73 2884  Proteobacteria

bin44 89.01 311 73.47 1013 0.73 8321  Myxococcota
bin45 81.02 1.54 73.30 127 048 106273 Patescibacteria
bin58 88.71 3.30 72.23 835  0.67 5795  Sumerlaeota
bin89 77.32 1.12 71.70 17 046 105710 Patescibacteria
bin16 87.85 3.26 71.54 499  0.72 8247  Proteobacteria
bin14 83.31 2.61 70.25 514 0.69 7474  Proteobacteria
bin34 85.90 3.16 70.09 510  0.69 8233  Acidobacteria
bin109 84.09 2.94 69.37 305 0.69 20302  Planctomycetes
bin125 97.27 5.64 69.09 331 0.56 38991  Chloroflex
bin97 86.88 3.84 67.69 657 0.71 8217  Proteobacteria
bin81 68.14 0.14 67.43 396 0.73 5737  Deinococcus-Thermus
bin7 93.97 5.33 67.32 1064  0.68 5303  Proteobacteria
bin3 70.86 0.93 66.23 311 0.57 4370 Patescibacteria
bin119 84.31 3.63 66.16 335  0.68 14139  Proteobacteria
bin153 77.37 241 65.32 852  0.64 4482  Planctomycetes
bin18 94.32 5.93 64.67 509  0.69 15239  Planctomycetes
biné1 63.71 0.00 63.71 17 040 76549  Nanoarchaeota
bin47 96.62 7.09 61.15 265  0.59 69548  Verrucomicrobia
bin134 58.16 0.00 58.16 1208  0.59 2159  Planctomycetes
bin113 64.22 1.99 54.25 260 0.57 4870  Patescibacteria
bin4 51.74 0.12 51.12 931 0.61 1939  Bdellovibrio
bin77 89.08 7.76 50.26 805 0.70 13540  Myxococcota
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Appendix 2 Abundance of organic pollutants degradation genes

By S
i KO EspilRyl S A EC

(reads hits)
75 BRI K05549 < HIR/ 2RI 1,2- XU AE 3 o EC:1.14.12.10 1.14.12.- 808
FERIR K05550 < HH R/ 2RI 1,2- XU 4 ig 2L B EC:1.14.12.10 1.14.12.- 251
F BRI KO05784 2 FH IR/ FE R 1,2- R0 4 g ik S g 4 4 EC:1.18.1.- 286
75 BRI K14333  2,3- ROk IR T AR Bl EC:4.1.1.46 31
FE R K22553  4- H 4 B0 H R B N 40 Bl (O- 2 HE A6 4L) EC:1.14.99.15 36
FITRIR KO0481 X #2525 H 1R 5 i A il EC:1.14.13.2 324
FiTRIR K22270  3-F2KE2K R 6- 4 Al EC:1.14.13.24 333
FITRIR K18068  4BZK — FR 4,5- 4 N4 EC:1.14.12.7 304
T BRI K18069  AB7K — HER 4,5-XUIN 4 B ik J g 41 7 EC:1.18.1.- 9
FiTRIR K18067  4B7K —FHR 4,5-If- — A — B & EC:1.3.1.64 4
FITRIR K04102  4,5- 32 BL4RZK — HIRJB ARG EC:4.1.1.55 131
FITRIR K10619 St R AKAEREE 2,3- SN BT 5 o EC:1.14.12.25 26
FITRIR K16303 75 Fr R xR N IR £h 2,3- XU ARG WL 5L B EC:1.14.12.25 5
FITRIR K00455  3,4-—¥2HEK 2R 2,3-WUIn 4 EC:1.13.11.15 38
T BRI K00483  4-F2JLIK 212 3- I EC:1.14.14.9 242
T BRI K18242  JK#%E 5-F2 LB R EC:1.14.13.172 235
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Appendix 3  Organic pollutants degrading enzymes in activated sludge of four treatment plants
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