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i E: (7] AR EANBREAEFTFT, MAVIIRANADZERNLCLANERLE
hE&., HBLRERABRLERFFTEATILLET L, LFKAE MAMBEKLE SR BRHKE
WEx AT EY, TREBAERM. [8 6] BT L -ERFT 3K kA DB TE LM AFAE,
AR BB AR, AISE R RAKE N b A RIRAE M % 2P 3RAHRIE. [FiX]1 G
ERFTH 9 BARGFRAEIE AR R, F 2024 F 8 AEENFTRLE KT 05 mARE
KA, 282G, ERARARANFHEREFTNE, KA R VL42)HMAHTRIT SN, A4FZR
it Hm A Ao R 00 o B AR AR 4L, 38 i 3F A 4K Kruskal-Wallis H 4236 41 £ 55 A 2 T Bray-Curtis
BB B 69 £ AL 474 #7 (principal coordinate analysis, PCoA)F» ANOSIM %1 X 4 & 7 B A AR 4L fk
BN E T L4 R VE B o K KF 48 3] 300 A3, 6L3E 282 #4015 (94%). 2 # A 1 (0.67%)
Fa 16 Ft 94 4(5.33%), H+ 5 %K 5 HH B(Aliarcobacter). 4T H /& (Bacteroides) ¥ AL 4 & &; A£AT
SEKFS T 864 NMRAMA, EAAH RS F HF (Aliarcobacter cryaerophilus). K K 74T H
(Cetobacterium somerae) ¥ A 8 s 48xt F . Alpha $ H ST R, KA LS L L S5 4=
S7 KAL) BA FF5 t9 4% A 4 % A4 (Shannon 834 A 4 3.398 A= 3.421); Beta % FEM 5T
BT, 3B AMA B R M EIRE M AL £ F KA ST F B KF(ANOSIM #3% R=0.32,
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P>0.05), faff K S4 RILBEAR B R LM BB MY, REABSHE—FRIET RF RAFEM
A I G R S AAFAE, H P SO Ao S1 A FIEAMANMAYMBEKR S, SEAHEELELERE
BEEZEMHRNMAEME. BTFHH. WEKREBEZRSEOURRZTLESF, AA LWL IHE
J(Arcobacter) 58 A R F g Eei4F s, (45 BERFT 9 BFRAET MAMBEZ I ME
AEF, BHFTBFER, Sk aRKAE MAMSHEREFS, LRRRELIMEY
BELEMGBEZR ST E7F, ARBAMN LN EFIRT A LS R AR R T IRERLIE.
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Abstract: [Background] In the context of globalization and rapid advancements of
biotechnology, the biosafety risks associated with microorganisms have aroused increasing
concern, integrated into the national security system. Urumqi is a key node city in northwest
China, and its wastewater treatment plants contain biosafety markers such as pathogenic
microorganisms, which can serve as early warning signals for potential threats. [Objective] This
study focuses on the microbial communities in the wastewater treatment plants of Urumgqi. By
analyzing the structural characteristics, diversity distribution, and potential biological risks of
these communities, we aim to provide a scientific foundation for preventing the transmission of
cross-border pathogens and maintaining regional bio-security. [Methods] Water samples were
collected at a depth of 0.5 m from each of nine typical wastewater treatment plants in Urumqi in
August 2 024. After processing, the samples underwent metagenomic sequencing. R (v4.4.2)
was used for statistical analyses. Specific R packages were employed to calculate the a-diversity
indices of bacteria and viruses, and non-parametric Kruskal-Wallis H tests were conducted to
identify differences among the samples. Principal coordinate analysis (PCoA) based on
Bray-Curtis distance and ANOSIM tests were performed to further understand the variations in
microbial community structures across different sample groups. [Results] At the genus level,
300 microbial genera were detected, including 282 bacterial genera (94%), 2 fungal genera
(0.67%), and 16 viral genera (5.33%), among which Aliarcobacter and Bacteroides were
dominant. At the species level, 864 microbial species were identified, among which
Aliarcobacter cryaerophilus and Cetobacterium somerae had high relative abundance. Alpha
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diversity analysis showed that the wastewater treatment plants S5 and S7 with integrated
treatment processes had higher microbial diversity (Shannon indices of 3.398 and 3.421,
respectively). Beta diversity analysis indicated overall similar microbial community structures
across three sample groups, with no significant differences (ANOSIM R?=0.32, P>0.05), though
sample S4 deviated. Cluster heat-map analysis confirmed spatial distribution differences in
microbial survival adaptability at various sampling points, with S9 and S1 having more
positively correlated genera and different numbers of such genera at each point. The unique
combination of arid hypersalinity, large low-temperature fluctuations, and a high-protein diet
drove marked enrichment of halotolerant Arcobacter and psychrophiles. [Conclusion] The
microbial communities in the nine wastewater treatment plants in Urumqi are dominated by
bacteria, with specific genera and species. The plants with integrated treatment demonstrate
higher microbial diversity and more pronounced spatial distribution differences in community
structure. These findings provide valuable baseline data for regional biosurveillance and
assessment of urban ecosystem health.

Keywords: biosafety risk; microorganism; wastewater treatment plant; metagenomic sequencing
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Mo FRARG , Al A P A v A T S i DX I8 A
JEAR B TRA TR S | TS 24 25 DR A4 BTG B0 S T A

B HE 2 4 Y B, 2020 A ey 2% Hi5 K
4b BTG i RT-qPCR £ AR Al 2h 4 I 2
SARS-CoV-2 RNA, . 244 14 {51 I A 12 6 191
T3, Ry R TR T B .
AL, 15K AR A A A B AR AT RE AR A
A IREEIE P e A, AN ZE 1] T (Legionella
sp.). WA TESE , X EERUE MR e A T AT
REIE 1 S ARG SR AR I 5 | A A 1A =R
o B, H S K A B R K
D 28 TE K rhoRs I B e B D 55 55, M
TS R B R DR A A 4 SR A skt R
HETHRIA RS, X A L [RIE R TR K
VER S ST T T B E R . B8 K55
A 14 5 KABT, HALEERE Sk 120 T t,
i 55 N 400 5, Hoym K R4 $6 A 36 5 7K
(5 FE 65%) . Tl R 7K (25%) e A2 3 (10%) 1
T AL TR X, 15K K E T
MV HERE, AR PR 0 A AR T RE LR ) 1 35
B RGRMEREY 2, s, B8 AN
J A2 A AR IX, iR ih—5uk)I,
HARRG 5T 5 K R G A7 e 1E 2 HAE
o I, @M KANBE MU Y RETE 454
A B F Al i A AL 4, 80 oy X
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P2 U PR R SCFr

SRINT, RTS8 AR ST T R S i s XA B
A O I 20 P AE IR 2R K
FEZm A 2R . oK R JE T WA Y 2 R
FEAE DT ST IS KA Y AR S R
JLPaEH, B2 BEA B SR KU PG . X5
TAL G PR I A T 15 57 023 B R U,
BN 2 2 B ) AR SR O AR A P Y 4
i DNA AP o ABFFEE RS & AT 9 4
TG AU BT IR K AAREA BEA T 5 B N Y, LA
SO e 1T A AT D5 2 0 A i ) 45 R R % TR A X
B, g DB N TR AR DA T A R SR S B, AT
T5 70 PP A R R 2B, ARG T A B
WEEY, I HARGBITEAE R Y 2 XU

i R

1.1 WX ERR

19 K55 11(86°37'—88°58"E, 42°45'-45°00"N)
HOAL SV R ARG e, RILAERE, S /R Bt
%, J& T il KEET 5400, WER, B
KAHBFERE, MR, 5P EN
6.4 °C, FRF/KEH 236 mm, BIMEFEHH ]
2 771.8 ho WX =ML, HWFKEE. 7L
%, 2ERH AT, B iR ORI A 28 04 Ti)
5 445 m, f AR AR O i K B B K0 e )
490.6 m, F¥ifEHk 800 m, HUIEHISH ZAE, LA
it S0 3, HUOR A M . B FP R AR
L& ARG AT B B E 7 DT 14
H, MIEAY 1.38 7 km’,
1.2 EFEAFIFUEE

Agencourt AMPure XP R4EREFI Agencourt
SPRIselect #% g F Bx i 1% ik ) &, Beckman
Coulter A Fl; T4 DNA R4 . T4 DNA %E$#
N T4 ZRZTTREM, YR (R
WA A BN /) ;3 dNTPs, ThermoFisher Scientific
2] BEM(R IR, M E A R K
A PR/ Fl; DNeasy PowerWater Kit, Qiagen
/N Fl 3 KAPA Library Quantification Kit 1 KAPA

SYBR FAST Master Mix (2x), Roche Diagnostics
International Ltd.Zy &) . Qubit 3.0 ¢ 38 YA
NanoDrop One fiflt# 5553 6 11, Thermo
Fisher Scientific A H]; Agilent 5400 system, ‘&
R AR/ F 3 Tllumina NovaSeq 6000
£ & NovaSeq 6000 Flow Cell, Illumina 23 A ;
RAEM AL, Covaris A,

1.3 HAREHERFE

i B2 SCHR (15175 TR EA TR o SRR N )
92024 4E 8 H, 4t 9 RMER . S EARSY
TR 9 NMEKANR) T, dESL T X 3 G
KALFE)(S1, S3, S7). KRIX 1 A5 KALBRT
(S2). RHLIEIX 2 4~T5 KA BRT(S4, S9). EiHr
FARTA I KX 3 A T5KAEFLT (S5, S6, S8),
it 9 MHEA L K IR B RETE ST Tk K
Ab B ] (industrial wastewater treatment plant,
IWTP) (S1-S2). {15 7K 4b 3] (residential
sewage treatment plant, RSTP) (S3—S4). Zi &1
75 7K 4k B ] (comprehensive sewage treatment
plant, CSTP) (S5-S9). A& 3 f3/KFE, TR
H 1y, WA REALT 3 oK ARER, IE
T 9 K AE o A 45 AR AL AR TE B AR A
KTy 0.5 m AEREEKIBREA 5 L & TICH AL HE
FZE BN, AKIRZLFLBIEAE 0.22-0.45 um
1) TG R K AR D8 AR A B0 25 1 0%, DR PR UE A R
ERRA . T KR FEA R A J5 S I & e
—4 °CHMF T BEORAE LAFRFHE— 24007 . HARCR
FES AL B LR 1,

1.4 #HARBEYSH
141 RERFBNFF

VERER AR 5 b FHAT A A A T T 2 5 D] A4 )
JEorHT, AT YRR AL .

DNA 25 {4 DNeasy PowerWater Kit $2
BOKRBEREREA L DNAST; 28 1% 8 i e i H
%k . NanoDrop One (Asso/Aaso 1.8-2.0) % Qubit 3.0
(>20 ng/uL)Bika S8 fa, FIHBEACK Bt &
B EE 4 DNA Bk b 3 F 301 7 B 45l
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Table 1  Distribution of sampling points
53R KA 2E iz
Group Y45  Longitude (E) Latitude (N)

Site
TR S
Industrial S2
wastewater

87°25'3" 43°55"233"
87°42'23.29" 44°0'38.48"

treatment plant
(IWTP)
ATETGKAEERT S3

Residential sewage S4

87°19'47.150" 43°51'18.990"

87°42'48.24" 43°36'3.28"
treatment plant

(RSTP)
LEA TS KALEET S5 87.6° 43.92°
Comprehensive S6 87°39'40.743" 44°1'42.767"

sewage treatment g7
plant (CSTP) S8

87°26'43.38"  43°49'32.82"
87°42'35.115" 43°59'1.024"

S9 88°18'25.1"  43°2129"

X DNA i Beft AT R smig A 3 o lin<A” AL P,
PIMES EHE Tlumina P75 MM p#esk o fil
Fl T4 DNA ¥EZHPE Tlumina M7 423k & E
DNA F B, Ft#|H Agencourt SPRIselect 1% Mg
Fr B 16 12 0 18 G 3l DR /N DNA Fr B, A
R 5 9 S

M S . fdi ] Agilent 5400 system Kol 3C
J#E F Be A J5 , R KAPA Library Quantification
Kit #17 RT-qPCR A i, #tkly 1 uL
1:1 000 i) W SC% DNA; 514778 Illumina
P5 (5'-AATGATACGGCGACCACCGA-3")# P7
(5'-CAAGCAGAAGACGGCATACGAGAT-3"), 4
W 400 nmol/L, L)W 4 & (20 pL): KAPA SYBR
FAST Master Mix (2x) 10 uL, 51414 0.8 pL,
Mg 1 uL, JCREMR/K 7.4 uL. PCR S &5 14
95°C 3 min; 95°C5s, 60°C30s, 40 PMEH;
Ffrihz 60-95 °C, BT 0.5 °C, 4§ 550
R AR o i 2 35 SOk B2 I F A3 B 2 2 nmol/L,
B PR SCPE B B A5 U P 5K o B IS o 12 )5 1Y
SCEM# 2 Tllumina NovaSeq 6000 &, 7E
NovaSeq 6000 Flow Cell #1747 PCR ¥ 1%,
SER A UG E llumina B 45 PE150 £i0F i

frm sy, 15 3] R R B .

e AE . FASTP #{4-E1 7 B 45 |
BRI R IF AN RITRITA, KRG TP HA
X, BB PR K IE ST 51 (contigs)

PoFp i BRI RE TR (] Kraken2 i
FESEAT R RS, BB B . WFhE
BE45 R 5 NCBI GenBank 045 WA T HE 43 #7
AR 2 T2 P R R 2 2 B A ) RE SRR o
1.42 MFHELE

£ R (v4.4.2) ' >k H “vegan” “ggplot2”
“reshape” “Phyper” 3§ F2 ¥ L1158 4 FhAS[F] >R IR
FEA A 2 TR R B 1Y o Z2REE TR 28 (Chaol FJE
$5 %% .Shannon ZFEPEFEEL  Pielou ¥ 5] B 5 %0),
Ffd FHAES 8 Kruskal-Wallis H #6553 Hr AN []
G A v 240 TR RIS B 1) 22 R PR A8 B0 22 v
(P<0.05 NZESHEAGIE ). EFHAEY
#F 7% Bray-Curtis I 25 {ifi Ff] 3 A2 F5 43 #7 (principal
coordinate analysis, PCoA)Jf-45 & ANOSIM 4t it
DA 2 AN [RIREAS 28 A= ) A s 4 4 22 A 2
HEAGREEER, TEHM F SGitam P E
(a=0.05), FEdm 2R MR THNZER: R
EBER, A1) 22 5 ARl .

2 ERS594

2.1 THEVIRERLSH
2.1.1 REEERIME R

L 5 NCBI GenBank ${#8 47 L xS 73
MR IG , h T AT T R A W A
M, 3 NG P g K AR oK oA, BE T
R B AT AR

TEJEKE F (B 1), 9 AREA s 2 ik
Y300 M@, F7 282 FhAHEE . 2 FPIELIA . 16 Ff
W B o 9 I RAE RT3 28K AR 325
S, TERTAREAT, X F R R 5 4
JE A% 5525 5 2 i & (Aliarcobacter) . AR
(Bacteroides) . ISl (Acinetobacter) . ZENIE R
1 i (Segattel | a) 11 & 1 F 805K HT- 14 J& (Phocaei cola)
Hip, Aliarcobacter X} =F & Br T fEFEA S4
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(0.31%) 9 it /b, FEHAAEA LD S2 (31.69%) .
S6 (25.09%). S1 (25.01%)F1 S8 (21.35%)
i L EB A X 45 v . Bacteroides AH Xt BERR T TE
FEAS S4 (0.15%) 0 i thdsesb, fE HAbREA 4N S3
(20.24%)F1 S1 (19.67%)H /5 HLH AR X 48 5 o
Acinetobacter #H X} F= FE7E S5 (15.17%) . S8
(12.74%) Fl S6 (10.57%) FE A 5 Ho 48 & .
Segatella X EFEFE S9 (15.17%). S1 (8.64%)F
S3 (8.45%)HEAH 5 L4 . Phocaeicola AH X =
FETE S1(8.95%). S5 (7.02%)F1 S3 (6.83%)FEA
Wb A

HE— R, RIS A IR TR 1Y

AL HAE I RS E . BN, 7ERFEA S4 i
X 1) 2 A @ R BRI P (Pseudomonas)
FIE 2 1 & (Acidovorax), AR 3 23 ik 3|
2y 36.31%F1 32.53%. MMAEFEA S7 F1 S8 H1,

bR T BT S 25, A HME R (Aeromonas) i AH
XS, 32 5.97%H 6.64%. 15T
Hi5KEEARY, 525 B & (Aliarcobacter) Fl
HLFT i J& (Bacteroides) 2 75 7K W it 4= ¥ J& /K SF-
FRERE, BESIEEE TSP R IE
FHA A SN R T A A Re S, K
1o B 7R 15 7K AT BB A AR R R s AR X ek &
AT WU AR 0T T AT A A o i
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W Z Bk, RS TR 55K E &
KA E Y IRTT IYBUIM G . b, HEA S4
HERAEFHEMEREE D LSS, RiZE
ZNUIN: e RS R S IR O U Eif A
FEFPKE (B 2), X9 A5 KFEA I RUAE
WIREK it — D IRARSY, LSE h 864 Mk
Vg, & 118 FPrdiE Al 5 Al . 5 )EK-F
SR B0, A RIFEATERKE B AR [R]
AR ZS . RAMPR A, SRk
5 JE 1 (Aliarcobacter cryaerophilus) . 2518 & %
7 (Segatella copri). H 4 & 2 14 (Acidovorax
temperans) . % [X A 3 #F 7 (Acinetobacter
johnsonii) 1 3% i J& 1 35 35 35k #T [ (Phocaeicola
vulgatus) A X = B 5 = BT 5 AN AR
H, Aliarcobacter cryaerophilus FHxF FEERR T
TEREAS S4 (0.29%)H o Lt b, FEH AR A N
S1 (24.28%). S2 (30.59%). S3 (15.98%). S6
(24.31%). S8 (20.76%) 1Y /&5 FL AR X 55 i o
Segatella copri 7EFEAAN S1(8.52%) . S3 (8.34%) .
S9 (32.75%) H 1 o L AH X 4 5 . Acidovorax

temperans 7EAEZAS S4 (31.60%) 3 8 /5 A 5 o
Acinetobacter johnsonii ZEAEA S5 (9.46%). S6
(6.40%). S7 (6.38%). S8 (7.83%) ) & HAHXT
4% . Phocaeicola vulgatus 7EFEAS ST (7.02%) .
S2 (4.40%). S3 (5.15%). S5 (5.30%) . S6 (4.22%).
S9 (4.32%) Y i U AR XS B o I LEf A A TS
IKFE A op J B 4% B R B A 2 T e R 3
Yo BRANETDIERERAEMBALE T ALK
S, AT RETE TS K WAL AL B A AR vh A 4R TR
YER w85 e i W Al RE7E PR VE IR R B e A
BLTS Gy R A o 7 v R 2R
2.1.2 NEFKERFREDIEN

e BETE TS /KA BE R GE Tl W A A b A6
SRR, HCAT 3 i 52 g O 240 0 T 0 2 R 4 4
WREE I 50168 . A FFEA R EEFR S 1
ST AREE AN 3 B R R TR I R
I3AT .

TEJE K262 B 16 Flw e, AT F ik
R HT 5 R BEAR IR R 9 B 2% AT IR A B R
(Ferozepurvirus) . R 7K 7 % 75 J& (Carjivirus) . i
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Pseudomonas aeruginosa . ® e e e
Bacteroides uniformis @ . e o o o o IWTP
Bacteroides graminisolvens ® e o o @
Phocaeicola vulgatus ® e ®© o o @ . RSTP
Acinetobacter johnsonii | ) o ® o 0 0 -
Acidovorax temperans . ) ® o o o . CSTP
Segatella copri | ® . e o 0o o @
Aliarcobacter cryaerophilus | , . ® . ® . o9 o
S1 S2 S3 S4 S5 S6 S7 S8 S9
Samples

B2 #KFEARERAREEDHERSIEE

Figure 2 Bubble chart of species composition among different sample groups at the species level.
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Figure 3 Bar Chart of comparison of relative abundances of viruses among different samples.

R FL 9% B J& (Burzaovirus) . = Ji I 5 JE
(Plateaulakevirus) . JI&7n]45 5 J& (Gaprivervirus).
Hrp S1 5 sS4 HEARRREEMER AN TS, WK
M) 8 P, KB X 2 MEANEREAESAL
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IR AT, ASRIFEAS 995 B AH X 3=
JEAFAE U] i 25 5 . SRR IR S5 H (LA ST R fA))
S1 FEAH Carjivirus FHXT 3 B i i (12.2%)
Gaprivervirus (8.1%). Buorbuivirus (7.1%)% %
s 25 BRI AEAE AR e B VR I 20 5
Ak TERALREIE A (LA S2 Sl S2 HEArh
B FEE ] o s S (REXT FEBE 3.0%) , 9 B
TEASA T B, P RE 5 I AN e PRI O 1 1 )
QUGS Y/ I AR I U Y i S o g et ic 2
zERy (L S3 A)): S3 FEAIN Buorbuivirus
Gaprivervirus 55 Z g 8 AT T FEAHIT (2T 4.1%)
IR, RO EE A A B 5 S
FHXTZE AN, TS AR TR o

FEAR 3 B B (A X 3 BE>0.01) ) 4341 |,
4n S4 ", Ferozepurvirus, Gaprivervirus 5% &5 A
XFFBEAERFAE 0.031 7K°F-, 1 Sharonstreetvirus
Webervirus SEHXT FFEHR 2.0%, BosHIGFEE
SRR ZREME . S5-S9 H, 42K AR AR X
FEETE 1.0%-10.2%X )8, #E—LEHE T
BERF IR S A TEREA ] 1 22 S fb o V5K TR B B
RS Z RN S F B A A A AR IR 5
Wi, S1. S4 [ A S A R HE 28 A oK
TR A [B) = B 22 S48 7 10 25 A 0 X0 PR 055 0
4y g 17 AL
22 WEMZHEMESHT
221 o ZHEMSH

AT EAFRFE S NFEAR o ZRE0ESS
B, AP R N U R 1 2060k, 43
315 T Shannon $8%4F1 Simpson $5 %4 (3% 2),
Shannon FEECEIC, FBIFE G Y Z A6 B
F & ; Simpson FEEGEK, ViBIREE B ILEY)
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*®2 TEAEHNZHMERES

Table 2  Effect of different inoculation on dry-cured beef’s sensory value

44l Group FEA Site Shannon index  Simpson index  InvSimpson Pielou evenness P value
index
IWTP S1 2.823 0.874 12.625 0.573 >0.05
S2 2.888 0.864 9.463 0.578
RSTP S3 3.260 0.911 22.002 0.628 >0.05
S4 2.273 0.758 7.371 0.460
CSTP S5 3.398 0.932 34.895 0.658 >0.05
S6 3.016 0.893 13.427 0.605
S7 3.421 0.933 26.929 0.662
S8 3.155 0.904 16.339 0.621
S9 2.765 0.840 8.428 0.578

Py 52 TS Sl T 1PAl RAE Z R R 35T
14T Pielou evenness (1 966)F5%(, LA Good’s
coverage (1 953)45 % 1k 4 5 J¥ . Good’s
coverage 8 m JE I KT 0. 99, R L4
BT RIS AEY . 9 AR S Shannon 5
M 2.273-3.421, Simpson $6%50H 0.758—0.933,
HAFIEL InvSimpson 54045 55 Simpson 550 4
— 8, ERFEL ST, 2 2 HEME+5 5 (Shannon
F8HC. Simpson 5 K0, FBH S7 5 RFE N
A Z R TS . A, S5 RAESIM 24>
ZREMEIRBESUOR T ST SRFEMS . S5 Al ST
WAL SRAE s 24 A R BTG KA BT AT HiAth
KRR 5, RIZE G PTG KA B 1%
AW EZHEEEREE . BT IESH
Kruskal-Wallis H 5 % 43 #r A [A] 21 %1 (CSTP,
IWTP, RSTP)FEAS (A W v A Fe 3 2= 5+
(K 4), ZIAFERFES ZE Shannon F8%L .
Simpson $8EUAAEAE B E P2 F(P>0.05).
222 B EHEMSH

K BT Bray-Curtis # PCoA J& /R ANH 4
HI(CSTP, IWTP, RSTP)FEA ISl 2k W V% 4 A
Z5. 5 1 R PCoADRRE T IR IAEIRE 1)
58. 7% AL 5 3 5 2 Fr (PCoA2) R RE T 24.7%
B2 S (] 5) ANOSIM 43 #4851 i /R, R=0.32,
P=0.31, 2 HJZH A1 G 0 RE v 45 1 T . 25 1k 22
5(P>0.05), Hp A S4 I B R 2B A,

Al BER IZAE A M E RIS AL HA R £
BRI R 2E 5+
23 WMEYMSRHESRESHR

AN [ RAE 55 A W s /K Y 2Z 8] A A G
I 6) AT LAE Y, AS[R]RAE s Z 6] 3 A
IEA G RN SEAARIR] . SRAE SS9 Al S1 40 F
IEASCHIEY R K Z . Hodr, SO R A
3ANEFHKE R, 7302 Segatella (2.58). T
1% P 4 J& (Butyricimonas) (2.40) . RS # &
(Odoribacter) (2.13), S1 SRAE & 1E A A=
JBKFA 6 NE, o1 al i R K E 8
(Barnesiella) (1.76) .Bacteroides (1.05) . Phocaeicola
(1.46) . R IR CH E(Paraprevotdla) (1.54) ., 45
KT 14 )& (Coprobacter) (1.97) . FAbBRHA N R
(Sulfurimonas) (1.33). S3 SRAf S 1EAH i Ak
YEAKA 4 &, 5352 Barnesiella (1.77) .
fi# 2% I 14 & (Flavonifractor) (1.78). Bacteroides
(1.15). Bk e % & (Sulfurospirillum) (1.22)
S4 KA 1L IEAH AT W T 7Kk e A B T
J& (Petrimonas) (1.84). S2 Rk i IEA M AE
g KF- K Sulfurimonas (1.33). S5 SRAf 5 IEAH
KA P @ KA 45 H T T4TJ& (Flavobacterium)
(2.09) 145 i AT 1 J& (Cloacibacterium) (1.66).
S6 KA SIEA MY R K-FE S D IER
J& (Arcobacter) (1.88). S7 SRAf 5 1EAH K M1k
EWEAKYE 5 AR, BiEREGUTEE
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Figure 4 Grouped boxplot for comparison of alpha-diversity index differences.
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El5 FkFEEMEDEEEE LTSN
Figure 5 Principal coordinate analysis (PCoA) of
Microbial communities at the species level.

(Macellibacteroides) (1.48) . Sulfurimonas (1.34) .
Arcobacter (1.38) 1 Al 5Ll [ & (Epilithonimonas)
(1.88). 257K J& (Paenimyroides) (1.83).
S8 RAE KIEM KR AEW R KA 6 MM,
fd % Cloacibacterium (1.08) . 4 ¥ #F & )8
(Chryseobacterium) (1.18) . Macellibacteroides
(1.67) . F& ¥F #i J& (Empedobacter) (2.23) .
Sulfurospirillum (2.04) . Epilithonimonas (1.20).
PR, AN TR SR A A5 5 Gl 2R i 7K 1 #R ST
KAERAE T AN [A) R AE R Y RO AA TS TS L

3 Wik
31 FRISKERMEDEEBR
AR AT B ARSI G KA BT Y5 K B

YRE T LR, AT T 7K v 20 B I B Y 4 A
AT RS AILTABER S FRERER,
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Figure 6 Heatmap of species clustering at the genus level for the top 20 genera in terms of relative

abundance.
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TEJEAE 9 MEEAH I AEY 300 4>
J&, 7% 282 FPAET 2 P EE 16 R EE; FE
FRAREA, AR SRS HEA T 5 Mef
¥ 73 25 5 B W J& (Aliarcobacter) . #8L#F I# J&
(Bacteroides) . A~ 3fi#T [ J& (Acinetobacter) . %
hin % 2 H R (Segatella) F J& 1 2 3 B3R AT 4 @
(Phocaeicola) , X L& J& 2 73 7l & T 22 JE Wi ']
(Proteobacteria) il #/ 11 1% | ] (Bacteroidetes), 5
TR FE R AR T B 22 By T5 K b 31 HE g
TR R YR LU TR TR T TR R T T S
WRE—3, Hrh, Aliarcobacter 1 —Fhig1E
PR A, BRI o A B TR
IRz —, FEHFEENT 2R TR, &
— BB B 5 K b B R g v R AR R B i A
Ko flan, Nguyen Z5PF5E % 31, Aliarcobacter
TETG KA T B O RHORL A7 7E, HAE#EK
R K BB S8 oA, R 2R A
Z R IK AL BRI, 3R 7R B0 1Y 240 TR T R
SRR BB, DT fE N e fE R
Bacteroides 7£75 K AL FE ) B 5T FR A R H L
8 EAE R TS K A B 53 R TS G ) 25 B 2o AR
S AE I 2 — o AN, SR I AR
FE V5 KA BRT R 7K HE O 52 40 In] 3 40 B AN LB
A P RE TR S i BF 58 Hh & B, Bacteroidetes
FEVG KA ER ) HEYs O 2 BT, Bl S7E T i
KRBTGS, X SRR AL
A4, Acinetobacter 1Fhi5 K AL B HE
WP E R ME Z —, TEI5KERIE . P
ALY E T A ELEEH . Wu FPEX 4
Bk 269 V5K WS VTS e AR AR IS R Kk
B, 28 4> OTU Ay BkiZ 0% T, 82%
J& TS ] (Proteobacteria) , H:# Acinetobacter
DL 0.22% P ABXT 3= BEA S0 AZ O RBESS 27 {7,
Acinetobacter 1F ki 4 15 P A0 TR RE R 5% L IR
JEAEE MG R S 5 A G IR AE . RE R
K CUREAR b DT vE SF AL BEEAT , ATk I 2]
AR E, RUILAEFH G R % h et
B, AT RE LA 2 SR 2R A8 A RE K HE

K AT BH RTS8 A 7K P RE A 0 B HE R T R TS U
HR R A W RRAE . 5 A1, Segatella 1 Phocaeicola
TE HHTT5 KA 38T H R 8D TRAIRSE
ARG K AE R N — T it e, A
i, IO 2E T ARG A R P A i g
i, Segatella #% i\ A& Wi T K Ak & P R i
B F LAY, TEAEVE T EE T A, X A]
FE 2% I DA 7 A i XN B B 28 10 0 v vl g
CAFHE, Wfpdt—25¢ . Phocaeicola 7E F &
AR T L, AR ER I 5 2 T 48 5
FIS B AE G, 78 8 Ji 58 R 3 0 28 TR B v =
2 TR HED 7 W B A i g PO
Phocaeicola 55 % i P4 495 (inflammatory  bowel
disease, IBD)FH G, HiAE IBD MB35 Iy il i) 2 B
TEFIKF FIE T 864 MNAEMIFE, £
& 118 FPAEF 5 FssE ;s ARIFEATERIK
R EE R ATE I B 2R, X5 EKF
ST —EG AR AR, SR ELIE
[ (Aliarcobacter cryaerophilus)., Z%g ZE 5 =
# (Segatella copri) . H 45 £ g [ (Acidovorax
temperans) . £ [X A 3l #T & (Acinetobacter
johnsonii) #1318 JiE ¥ = 3% BR #T B (Phocaeicola
vulgatus) A A XS =F B i m 1R 5 MECEIRD,
XEEHI X FEm R KA E TR IE W
(Proteobacteria), /531 15 K Hh AR 4 &
Pl 5 B AR AK IR A D Rl 2 25 Stk g KT, Horp
Aliarcobacter cryaerophilus J&—FlH i & B
HEEAKIRE R 37-40 °CP, 15 /KALBR)
Y IEA TR A H R X —YE RN, S R TR
M AE R IREE o — T8 Y =2 B 3 2l 4 6 PRI 4
¥ H R Mgk 5e i DL rp 43 89 Ok Aliarcobacter
cryaerophilus®?, #5751 B 8B AH 5 8 1 1 1)
FEA PR, X AT BB /N % W TE V5 K A FE ek 72
A —E IR AN, HE4h, Lin %P%
B Segatella copri 51 1 '& i3 (chronic kidney
disease, CKD)WJiFFEA G, W5/ T IZHH
2 A CKD BT 7ENLE , B AE 7 18
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A YRR S B C R R HEEZEEN,
5 7E 3BT TR 38 T A W i F 9 45 SR P AR AR
ZAb, JEBEA] PR TR TE S B RS A
AN#EE D Re MAVE o AN [RIEAS th A= P i
I ARCHA B B B R R . R ER R
TEREAS S4 HhAHXT F B fe s Y 2 A& A i
4 J& (Pseudomonas) 1 £ FiR 1 J& (Acidovorax) ,
FOA X B iR B2 36.31% M 32.53%.
Pseudomonas 2 73+ Wil 5] FH At el ) e 4
Z5%2 —, RUEEREP ISR,
Acidovorax I 7E & 4 3 5 s 2 A LTS G i
FEffat Rt R AR, (BdRir— g N
Tl WIS il oG R oE B2 B, LT il ges
HAPELE, BB EMIEAHICHRIE, M
e I e, B HAE A [R] R 5 vh AT e & 15
HEZREM.

TESE Y 16 R dEth, AN FE R e 1
Hil 5 28 28 % 2441 /K% B 8 (Ferozepurvirus) |
IR F % B J& (Carjivirus) . i /K FL 9% 55 &
(Burzaovirus) . 15 5L 5 J& (Plateaulakevirus) |
JIEn] 5 758 (Gaprivervirus) . H:H, Ferozepurvirus
FE S4 FEA R R %, Bai EPYE Tl R KAk
P B e RETE 58 & B, Ferozepurvirus [
S SESRIGREEAL, HEErTgs R
FBiGsE R A WA ¢, (Hp A Ay ik —
HIGE . Carjivirus 75 S1 FEAS FhAR X £ BE B i
Carjivirus 1975 35 5 5 58 8 40 B (U0 R AR 05 & 1%
P BRI ARIIE PEAROC , $en oot 1 4 R
P2 575 YW AP LAk Carjivirus 15—
XUEE DNA W55 , [E PRG EE 73 25 28 s o iy
W FLUH A FF B 0 B AR (Intestiviridae), 32 %2
JERYL N1 BT S 41 1R, Carjivirus 76
ANEiE s HFE 50, XRUeRATZ
A Y0 RN IR0 I P o XTI B I P
AT BB A B AE T3 K AL BT A 4R B0 3E A fE A
W, MM AEZ A S 4 . Burzaovirus Fl
Plateaulakevirus #fJ& T 1T 428 87 & I DNA ¥
#, HET7ERTSE SRk P B8, 2023 4k 3%

B —IR 5T 132 5], Burzaovirus S&—Fh 7 iE
B, TR IBD B MRS &
PR, L PRI 2H 4544 R0 5 AL -5 oAt 2 e 5 A
FRANIR], 526 AT AR T 15 3 40 M ry Zeobr (42121
Burzaovirus ANMUEAKIGIE P AFELE, BEIES
FEAT R, Wu ZECTEGNARE I 1 B 58 h
KB, Burzaovirus 5340 5L . = E NI
BEAR O, MM A AT R Al s PRI A 4 R
FAN, ZWEERIE & B Plateaulakevirus ¥ 41 &
TR BE I3 3, W REACGRISTE BT 190026 .
{RHE A 450 5 0 AR Ea Rl 2 ok, ik—
H AT 24 WF9E . Gaprivervirus 1 —Fi AU
DNA i #:7E NCBIL 73240l 22 g I 28 K #T
HIMEE A, 8 UK (AR Myoviridae) ™)
XRWERARTEATE ) I A AE, AR 5K AL
PR G rbR] B 2 A e 2 R VR R e i
YIREARACE . BN, Zhang ZEPSETS KA BRI
T AR5 3 BE UKL 4 (viral particle
concentration, VPC) il JE ¥ 45 (non-concentrated,
NO) Jy i @M im s BEVE Y, &P Gaprivervirus
Bt ) 59 LR W 7 AR B (Myoviridae) 76 I8 75 21 7
R EEAEH . &L, 3w ERIEARZE
RIS KA BRT i S AR REAN ], TTHT A B
KRR 5328 5 3E LAY 5 e SERATRSE o
3.2 SKHBREMRE ST

ST ERAE SN o ZRE0EEEL, 9 1
AL ST SRS Z R TS
X4 K], ST R MBI /KAEH T HAK
A Z R, XATRe S A TE . i
IV ORGSR Z RN A . S5 fil S7
P AL RAE B SR A TS KA B, AR T
MR SRR B &, RIUIZRG MRS Kb 3
A 2R Oy L Hoh ST MUY RS
JE I J& (Aliarcobacter) fil #, T I J& (Bacteroides)
btk 2, & K B2 ) bR AR A R
14.62%%1 13.18%.

1E B 2R M, 3 AFEAR MR YR
T LS AR S I I 2 Y 22 Sk o b AR S4 iR
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B RZEF AT, UEIHZFEAS 1 A Wi I
H NS HAD R Z BRI R ZE . F35b,
A BRIV R IZ IS KA R T A/O Yt
T, IR THRAREGE , B T R AL TR IR
UE M AR E AL 5 T2, AR AL EE T
NHE R TR AT . izt
A W i 2 19 i 52 L T J& (Pseudomonas) £ iR
1 )& (Acidovorax) 1 2 — Bl 52 fiFf £k 4t 14 76 75 7K
BRI T U b AR R TR A b S R
0, FRRERERE MR 2 FA LIS ), B
IR KB S MERE A ALY, MR IZ IR
TS WEE . Xz, HAhIs KA EE)
ARERE R AL G A2/0 1.4 85 HE f] AR 15
HeTk, XATRE PR A RE R
3.3 AEEREFESRE D

AN TR SR A 55 T A W T 7K 22 M) ) A DG A
B A3t o, AN R SRAE S Z 8l A 1A P V% 7
A D EMNZESM X250 2R 45
ASRAE RUEAH G I AE D B AN S | TERAE
SO F1 ST, IEAHRH LAY B K- Ax 8%, Al
A 326 24 [X 3ol AT B HL A B TR B SO 5 2R 1F
AR TR E A Y 8 W AR R B AT, iR st
A=Y 8 Z 1A RE A I 14 oy 5 % 1) A= 5 [+
KF. Blan, S9 RFHA Segatella (2.58).
Butyricimonas (2.40) . Odoribacter (2.13)iXx 3 4~
JE FE I R FU A AR O, X B ORI
FRE RSy . pHAE . B W R
AR, XEGAYEPTREEIAHOMNE T F 2
TR AR I RE R R AN AL B o3 L SR
STIIEIAEE) , INITTAH B AR 4ERE 1 8m B ARG
PEAKFEA o 1M S1RAE S Y Barnesiella (1.76)
Bacteroides (1.05) . Phocaeicola (1.46) .
Paraprevotella (1.54) . Coprobacter (1.97) .
Sulfurimonas (1.33)ix 6 M@ & IEA G, X
B I IEAHOC 8 205 7T RE S B 2R A B
RE IS WL, 2R A YA 5
VB, TEIE 0 S Hb A EE A R, LR 4E e 4%
MECENAESRGIRE, WAEY S . BEE

SR A R 5 A A= W () B AR SE D T R HEE S T
YER .. e, S4 SRAFE S IEAH S AE P e oK
-4 Petrimonas (1.84), Mt 2 AN i oA
Acidovorax temperans Fll £ 4% {5 B 0 B
(Pseudomoas aeruginosayts) b il & B, J8 T
Bacteroidetes, % F kA K RIS . A HLER A1
BERIEE ST, IR BSR4 R . AR
ZARARERM, B4, Acidovorax temperans 7E—
T T g L A P U R R P R B
£, IFRefe s DE MR ARG IR , IR 2 It 9 1)
KEW X — &P FEW], Acidovorax temperans
TEFFE BRI T RE A BURIR /1, X5 sS4
HEAh y) — & F B Acidovorax AHICHEFEAH
oL, BB IR S M 1) A A o SX FhAH G AT g 42
TG KA BT HLA B0 1 B B i Fn % A
RETT . XPNE A WL R G AR AL Be T,
PRI5 K AL BT 74 PRS2 24 AL 4 1% K
RERE A BRI, PemK B bl
34 ARMBXSKPHEDEENE
St
34.1 TERE-SEHMENEEMIEE
LERFFHAATRIX, ZEmH, 5K
S = R N STATE R AN T NN = S 785 R OK
A YRETE AT SR ZU VR o Chen 58I E [T T
Bk TG Ue Rt SR R, FERE (<1 g/L)
TSR, Bacteroidetes (7 Bacteroides)=F J& 1]
ik 12%-44%; MTEABR Y, SEARFS) &
A 1 S A B, AR B AR TR
TR ; A, Aliarcobacter i £k i g 78
ZHEREATEILR)E, BT REXEEBAEE
X} Arcobacter HA IEmGfidE/ER, SidbikEK
1(7.43%) R DN (7.4%) 11585 ER b X 48
L TR O T B VE A R T B EE B L, $R R T
X Eh FREE & Arcobacter BRI HVE 1 H 2
i35 1R 7
342 RB-KEBEEZFTXELEMESE
BEARFAEEHSRIE-12 °C, BRIEEN
ik 15 °C, 2AFHE ZKIRAE 6-20 °CZ I3 (KR
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SR E VR, AR ) Aliarcobacter
cryaerophilus . fifi B ¥ #F & (Psychrobacter
pulmonis) & g ¥ /i ¥2 T AH Xt 3= B 2 Fil ik
28.5%, SIS W MR . AH
ZF, P s oK) (44 23-32 °C)
TR AR ) DA DU R BR R 7 Je (Tetrasphaera) &

1 2 % T (polyphosphate-accumulating  organisms,

PAO) K &, WERPEHI ; RIS i 70 s
P 5 KA PR T (wastewater treatment plants,
WWTP) i {1t % J& LA ¥ JC 4 61 3 2 40 7 )&
(Haliangium) . k%5 (4 #T # )& (Ferruginibacter)
Cloacibacterium %5 H1 i IR 4 32, WE¥R /I 13 T L
JUFs R o DL E U BH L B 22 57 02 5 B4 [ b
X IRER A4 M o S SR B, B 2E K
fe i 75 7K % fi# %A (dissolved oxygen, DO) . & 3¢k
e FE W shRIZL, S HAag WLk Aliarcobacter
PRALTE
343 RIENRBEHNZIERBEEEN
AU

PO B a5 # m] 2 2 oA 5 K AL BT 2 bk
MEfm FE . BB AR ELUERHAY S
FERNE, BEAFEFA TR, (HEN
Jon B i R 7 Ak K AL B AT R o FEASBIE
FEEA R, Z B f# E Bacteroides-Phocaeicola-
Segatella & & #F 1A XT3 B2 R 25.7% (5
20.5%-30.8%). A BTN T B RFLERE K
4w R ) S AE AR LWL R AN LE (S REE
L1 Y /2R R )RR B S A, e BH i i B AT 4k
BRERGHM Y 2/ E A E, mEEEL
“ 0] £ — V5 4 Bacteroides 25 ZE IR, f
FOARXS F Rl 18%3 M & 27% %, & RS
Hh X 22 0 R A TR Y e R AR T RE S R AR -
B SR (-2 R oG, AR K&
JE 5 90 TR 2500 AT e — 20 X — I L

4 Z

4.1 WHEDEZELEWN
TE R IR 2] 300 MaEYr s, 4

B EE 94%, B S 0.67%, Wi H 5.33%,
RRGIHEE . WA HEE SRR RS Fia
FAKT-H e 864 MNMUEWIFN, B A AEKT
AEINIE S U IV DO S Sy = N |
FEAT A DI RETE A BURE S R, S4 A
5 BRI P i RN B R TR B A . TR RIS K
b B Z G0 0 S A 0 A S el e A e A B R A
A S5 IhRE, ASFEAEAR B R 200 S ik
B3, W g K5 e 1 16 R e b 22 2%
RN EE B SR S AR S1 5 sS4
FEAR AR BT, ARFEA G AT 3 5
fETEZESE, W S1 BB LIRS . S2 2
PUART PAAL VR 4540 . S3 SR BN A (LB YA 2544 o
BEAL, Tl K A BT 5 K iRl R R S
PEES ST, SO T A R 3 R A R
4.2 WMEMZHEM

o ZREMT BN, SRR ET R S5 M
ST 1K A Z PR £ E , (HAFR L
T 22BN 5 KA B o) ZREPEIR B 22 B LS
TR BRI RI, 3 dREARTEY
HEVE 25 R AR AR A 5, EFEAS S4 BEVR 454
b 25 81 2.
43 WEPERHERRXR

ANFERAFE ST E DR VE AP AR B 25 57,
FERBTE IEAH A B A b Ho
S9 1 S1 KA S IEAH A Y B R 2,
& B30 26 DX I 1) SO 05 A5 0 R TR e T A
JE B AR ERT, SR T 5 B R It
s RISCR . HeAh, FACRAE S A £ B R
P IEAHSE A B AL A, O &SRR S A
VIR I REAFE I B 25 5
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