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Introduction

Viruses are the most abundant and diverse biological entities in wastewater treatment plants (WWTPSs).
However, our understanding of viruses in WWTPs remains limited.

Wastewater treatment plant (WWTP)




Introduction

» When investigating viromes via metagenomics, researchers typically employ either viral-like particle-

concentrated (VPC, targeting free viral-like particle fraction) or non-concentrated (NC, targeting cellular

fraction) sample preparation methods.

» Gaps remain in our understanding of the virome acquired through different sample preparation methods.

» This study aimed to unveil the distinct advantages of two methods in capturing the complexity of viral

communities and their functions in WWTPs.

Filtration of  Virus chemical Nucleic acid Library
supernate precipitation extraction construction
Nucleic acid Library

Colzeiion o el (palled extraction construction

Pipelines for VPC and NC approaches

Sequencing
and analysis

Sequencing
and analysis

Which is
better?




Methods

Pipeline for viromic analysis and meta-transcriptomic analysis
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Results and discussion
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Results and discussion

Dynamics of viruses infecting diverse hosts across wastewater treatment processes
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Virus-host linkage
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Results and discussion

Virus-prokaryote associations in wastewater treatment systems

» Avirus often has only one type of host, and a prokaryote can be infected by multiple viruses.

» Correlation between viral and bacterial diversity: VPC < NC.

(B)
QOther prokaryotes
Cther viruses
Hofneiviricota
Asgqiarchaeota
Phixviricota
Nucleocytoviricota
laifschaeota
Gemmatimonadota

Spirochaetota
Methanebacteriota

Myxococcota

Verrucomicrobiota

Acidobacteriota
‘ospirota

ctomycetota

’roﬂexola

Actinobacteriota

Pa‘acteria

Proteobacteria

Unclassified
Sphaeroc ceae
css&%o-zag

Rnricutes

Uraviricota

m

(D) NC metagenome * VPC metagenome
8
@ y=0.196x + 3.960, R* = 0.05, p = 0.308
L6
= 'Y
G pa— »
> s O 2 e
@ .
g
= [ ]
o L]
=
c
£ 24 .
w
Spearman’s r=0.26, p=0.25
0 ! ‘ ! .
2 4 6 8

Shannon index of vOTUs

_ Schitoviridae
(C) Promineofilaceae Saccharofermentanaceae

G ti d
emma |m8|'1_'a8&6 e UBA2103

Moraxdqllaceae
Acutaliba ae
Competibacteraceae
BA932

Anaerovoracaceae Unclassified
2-12-FULL-57-11
mClostridiaceae
Meja@nobacteriaceae
WBAB60
CAG-826
'Peptoniphilaceae

Aggibbacteraceae
Rhodocyclaceae

Ruminococtaceae

Peduoviridae
Turicibal ceae ‘
Burkholderiaceae

Nitrospiraceae Bacteroidaceae
Strabowno!ac nospiraceae

NC metagenome e VPC metagenome

1000
g y=0.0482x + 341, R =0.10, p = 0.150
E 750
=]
o |°
<L -
=
= 500+ LR
w L] L
2 2 .
5 o«
= 1 ]
o 250 .
4: L
= .
Spearman's r=0.35, p=0.11
0 T T . .
0 2000 4000 6000 8000

vOTU richness (vOTU number)



Results and discussion

NC-metagenome
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Results and discussion

Abundance of ARGs carried by viruses ARGs sharing networks between viruses and bacteria

(A) ARGs in VPC viral contigs- 0
ARGs in NC viral contigs- [l 29 ( C)
ARGs in MAGs- 753 ‘
0 200 400 600 800 Inu(C) - *
ARG number )

el & Y
(B) Sample: ARG S ) me! . calQ ) cfr(E) - erm(47)

A2: AAC(6)-le-APH(2")-la
C1: AAC(6)-le-APH(2")-la
B10: ANT(6)

B2: ANT(6)

A3: APH(2")-If

B2: APH(2")-If

Bo: vee Y

Al: catD | |

B1: catQ [N

A3: ¢fr(C)

B3: ofr£) NI

A3 erm(47)

B3: erm(B)

- | V.
* ' tet(T) !
2 ¢ ¢
*
¢ .

@ _ fsa(B)
cfr(C) :

* “ ’-'V

L N . - Y

g T o MO tetfq) & mM(F) - APH(2")-If

tet) @ @ M0 o . |
_ ** v ¢
* erm(B)

ANT(6)
v . ®  vga(E)

MexF
—@ . VEB em(Y)
L JEPS AAC(6)-le-APH(2")-1a v
Y tet(W) catD

B1: mel

B1: vga(E)

RPKM B3: MexF
10° BT: tet(M)
1028 C1: tet(M)
102 B7: tet(O)
1018 C1: tet(Q)

10! A3: tel(T)
1008 A3: te(T)

100 B2: tet(W)

Number of MAGs harboring the corresponding ARG

Node shape Phylum of MAG Phylum of viral contig
M ARG B Firmicutes Spirochaetota W Unclassified
BN Planctomycetota | Bacteroidota ~ Uroviricota

(/ MAG B Verrucomicrobiota [ Dependentiae

' Proteobacteria Methancbacteriota

' Omnitrophota I Patescibacteria

\/ Viral contig

o L L]
c:HlEE HEEEEEEEEEEEEEEEEEEEEEEE

c3 I

0
5
104
15

Units of wastewater treatment systems
A MAG of viral host harboring the corresponding ARG

» NC method unveiled 29 ARGs carried by bacteriophages, including MLS, tetracycline, and aminoglycoside resistance types.
» Uroviricota phages were the primary ARG carriers. Inu(D) was shared by multiple bacteria and viruses.



< Summary

A comprehensive comparison was made between VPC and NC metagenomic approaches in virome surveys, revealing distinct
advantages of each method in analyzing viral communities and functions in wastewater treatment plants.

U

O Different sample processing methods resulted in different outcomes: eukaryotic viruses belonging to Cressdnaviricota were most
abundant in VPC metagenomes, while bacteriophages belonging to Uroviricota were most abundant in NC metagenomes.

O A rich diversity of AMGs was discovered in the virome of wastewater treatment plants, with numerous AMGs involved in the
biogeochemical cycles of carbon, sulfur, phosphorus, etc., showing transcriptional activity in wastewater treatment systems.

O Only a very small proportion (less than 0.08%) of viruses carrying ARGs was found in NC metagenomic data, with the types of
ARGs carried by bacteriophages, mainly including macrolide-lincosamide-streptogramin (MLS), tetracycline, and aminoglycoside
resistance.
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