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Abstract: Three types (8sites) of sewage ponds with different pollution levels were selected, and high-throughput sequencing
technology was used to analyze the archaeal communities in the water and sediments. The results showed significant differences in
the composition, diversity, and structure of archaeal communities within the water and sediments of ponds across the different
pollution levels. In the pond water, the main environmental factors influencing the archaeal community were pH (19.3%) and NH;-N
(11.5%), and community assembly was primarily governed by deterministic processes. Indicator taxa for lightly polluted water were
Odinarchaeia, Altiarchaeaceae, and Methanosarcina. Moderately polluted water was characterized by Methanomicrobiales and
Methanospirillum. Heavily polluted water was indicated by Thermococci, Methanohalobiaceae, and Nitrosopumilaceae. In the pond
sediments, key environmental drivers of archaeal community variation included pH (7.9%), Zn (7.3%), Pb (7.3%), Ni (7.1%), Cu
(6.8%), and Cr (6.3%). Along the pollution gradient, the assembly process of archaeal communities gradually shifted from stochastic
to deterministic. The indicator taxa for lightly polluted sediments were Methanobacteriaceae, Nitrososphaeria, Bathyarchaeia,
Thermoplasmata, and Methanomethylophilaceae. Micrarchaeales was the main indicator for moderately polluted sediments, while
Lokiarchaeia was the primary indicator for heavily polluted sediments.

Key words: sewage pond; archaeal community; species diversity; community assembly; indicator groups
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Table 1 Physicochemical properties of water bodies with different pollution levels

AR BTG T G EN G S FrHERRAH
pH {H 7.10+0.06b 8.16+0.19a 7.69+0.22ab 6~9
H A (mg/L) 3.39+0.86¢ 41.79+8.45b 451.33+33.71a 2.0
S (mg/L) 9.64+2.67¢ 38.63+7.81b 72.23+9.32a 0.4
12 T 4 i (mg/L) 634.78+280.56a 422.25+75.80a 1186.67+558.24a 40
RS ((mg/L) 76.04+36.02b 97.11%13.64b 687.67+174.58a 2.0
AL SIS 11.63~24.87 33.00~37.95 156.12 -

A IO S SR Ielob 1 22 AN ) 5 BEAR AN ) St 225 M 7P AR PR Dy b 3 /K PR 5 T A fE(GB  3838-2002)[ V27K TiARHE.

R2 FRIBFEETRYAIBUMER

Table 2 Physicochemical properties of sediments with different pollution levels

IR R EEREE S ANLREES ENEREES hrAERRAH
Mi(me/ke) 35.84+4.15a 29.32+2.15a 34.87+1.92a -
& (mg/kg) 27.35+2.01ab 21.00+1.43b 30.80+0.74a 500
H(mg/kg) 22.31+1.80ab 18.66+1.31b 25.93+1.12a 100
Hil(mg/kg) 29.47+4.13a 96.75+26.26a 70.82+8.54a 500
FE(mg/kg) 86.79+7.94b 204.81+27.11a 213.704+20.36a 1200
fifi(mg/kg) 7.04+0.69a 6.65+1.07a 9.39+1.24a 30
f(mg/kg) 0.37+0.06a 0.31£0.03a 0.24+0.03a 3
Hi(mg/kg) 19.62+1.08a 27.91+8.34a 33.77+14.97a 300
K (mg/kg) 2.74+1.43a 0.83+0.17a 0.82+0.12a 33
pH {8 7.10+0.06b 8.16+0.19a 7.69+0.22ab 5.5~8.5
S (g/ke) 0.81+0.03a 0.96+0.07a 0.75+0.09a -
B (g/ke) 1.88+0.08ab 2.16+0.20a 1.42£0.11b -
A A (mg/kg) 93.52+4.39a 100.30+7.60a 80.59+3.44a -
HHW)(g/ke) 7.52+0.64ab 13.95+2.18a 6.27+0.49b =20 %

IO AR Ielobs v 1 22 AN ) 5 BRAR R AN 7] St 22 M 7P R BRAR R A P V5 TR s e 4 I RR 1 (GB4284-2018) AZ L.

HT 32095 I TR) RS G HE SR S5 AN R A7 8

ANYUIE 75 R RE AT T 22 57 A SCRIL 0 0 T



926 S ES 7 N A = - 46 &

HREFIE LTS B 3 ANBA R V9 YU E I A R DL A
AL AT R RS e 1 poR, ghis bk
JFRbREE pH (HAM, R34 I br ik FRAE. Bt A V5 G
FREZ I3, /K& NH;-N. TP A1 TN & B
(P<0.05).7EVTRRIFE S b T A & e % 5 R
FERR(FR 2), 3 g5 BT R 2 B 4 g v e, L
Zn F1 Pb [ 755 BEAG V5 YA FE IR 5 o i a2 T 1,
FIETG Y Cro Ni 52 835 5 T(P<0.05) FE V5 4.
2.2 B Z R A

T I U e A R R A B AR R R T
10044 2 OTU MR JG 75 48 NN ZKAEFITTAPIFE:
i PRI R T ok E 12 AN T R (B 1)

(a) Kik (b) KMk

100

\\\\\\\\\\\
|||||||||||

[T

\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\
LITIITI] INNEERNEEEES

80

60 F

HIXFFERE (%)

40 f

20

0
RS hETSY EREGY

(c) VIR (d) yiRRe
100

\\\\\\\\\\\
|||||||||||

80

60

XS EEE (%)

40

20 [

(c)). e A0 AT T (AR 6 = 3 >19%) A 35 4 7 181 1)

(Nanoarchaeota,47.61%~54.58%)  J& ]
(Crenarchaeota,12.85%~23.12%) « # J& & [

(Thermoplasmatota,3.38%~7.02%) . 1l w1 ]
(Micrarchaeota,1.85%~5.03%) kil 307 i 728 & B 1)
(Asgardarchaeota,2.08%~8.13%) Al |~ it ]
(Euryarchaeota, 1.15%~4.25%). A [F] 75 G2 BE (1 4 Fh
O 2 A7 2 S (B 1(b)~ (d)). K e Bt v et
JE P38 N, £5 74 B4 1] (Halobacterota) [f AH X = F 3%
BEA (P<0.05). T AR 4 v B 37 on vty By 177 ) A G 3=
JEE WA V5 GRS B0 18 o i 35 19 1 (P<0.05), 1M1 2R
PRI D= B B 5 LR B2 1R 39 0 4 2% FAIK(P<0.05).

L — —| others
~"| Halobacterota

| Altiarchaeota

| Euryarchaeota

wwwww

wwwwwww Asgardarchaeota

IIDI[D] Micrarchaeota
E Thermoplasmatota
Unclassified

Crenarchaeota

Nanoarchaeota

= RS
= S

1 TIPS S 2 57 o3 M

Fig.1 Phylum level species composition and difference analysis
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Table 3  Significant difference test between three groups based on Bray Curtis distance
KA TR
P! MRPP ADONIS MRPP ADONIS
0 P F P 0 P F P
BRPEVG Y vs U BEVG Y 0.7917 0.001 3.3890 0.001 0.7390 0.001 3.0096 0.001
RRETG Y vs ERETG Y 0.6924 0.012 3.8667 0.001 0.7068 0.011 2.8835 0.010
RS Y vs TG YL 0.7409 0.010 3.0468 0.008 0.7343 0.063 1.6701 0.078

T AR P Z AT B 25 1k 22 57, /T P<0.05.
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Fig.4 RDA analysis of archaeal community and environmental factors
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Fig.6 Analysis of NST community assembly mechanism
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(a) Kik

mm a: Unclassified

== ¢: Altiarchaeaceae
== d: Altiarchaeales
== e: Altiarchaeia

== f: Altiarchaeota
[=] E: Unclassified
== h: Unclassified
== i: Unclassified

= ]]( Unclassified
== k: Odinarchaeia
== |: Asgardarchacota
== m: Unclassified
== n: Unclassified

== p: Unclassified
mm r: Unclassified

== s: Unclassified
mm t: Nitrosotaleaceae

mm 7: Unclassified

== b: Candidatus Altiarchaeum

== 0: Candidatus Nitrocosmicusoleophilus

== q: Candidatus Nitrososphaera

PRI, 55 3 SR ML), i 1 4 e P
P T < e 2 s Al A e R SR W A 2B R 11
SR RN ZhBE. W AT TR WL P 23 TR
g A T R R R,

== w: Unclassified o

== x: Candidatus Methanofastidiosum

== y: Methanofastidiosaceae

== 7: Methanofastidiosales

mm a0: Thermococei

mm a]: Methanomicrobiales

mm a2: Methanomicrobia

== a3: Methanosarcina

== a4: Methanosarcinaceae

== a5: Methanosarciniales

== a6: Methanosarcinia

: Halobacterota

: archaeonGW2011AR15

: AR1S

:GW201]

: Unclassified

: Unclassified

: Unclassified . .
: Candidatus DiapherotritesarchaeconADurb_Bin253
: Unclassifie

== u: Nitrosotaleales. o mm b6: Methanomassiliicoccus
== v: Methanobacteriumformicicum mm b7: Methanomassiliicoccaceae
AT Y S LS
== a: Unclassified == ,(0: Unclassified
== b: Unclassified == 31 Unclassified
mm c: Unclassified = a0 CGl 02 32 21
== d: Unclassified mm 33: Micrarchaeales
mm ¢: Unclassified == a4: Micrarchaeia
mm {2 Unclassified =m 55: Micrarchaeota
= Unclassified == 36: Unclassified
== h: Lokiarchaeia == 37: archaconGW2011AR15
mm i: Asgardarchaeota =3 a8: Unclassifie
mm j: Unclassified == 39: Candidatus DiapherotritesarchaconADurb Bin253
== k: Unclassified == b0: Unclassified
mm [: Unclassified == b]: Unclassified
== m: Unclassified == b2: Unclassified
== n: Bathyarchaeia =3 b3: Marine Benthic Group DandDHVEG 1
== o: Unclassified =3 b4: Unclassified
== p: Unclassified =3 b5: Candidatus Methanoplasma
== q: Unclassified =3 b6: Methanomethylophilaceae
== 1: Marine Benthic GroupA . == b7: Methanomassiliicoccales
mm s: Candidatus Nitrocosmicusoleophilus mm b8: Unclassified
mm t: Crenarchaeoteenrichmentcultureclone mm b9: Unclassified
OREC RI101 == c0: Unclassified
== u: Nitrososphaeria mmcl: SG8 5 |
== v: Crenarchaeota == c2: Unclassified
== w: Methanobacteriaceae mm c3: Unclassified
== x: Methanobacteriales == c4: Thermoplasmata
mm y: Methanobacteria mm c5: Thermoplasmatota

Kl 7 LEfSe fR/n2EHE 40T
Fig.7 LEfSe indicator group analysis
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