Supplementary information

Methods
BlastP parameters:

Max target sequence =100

Short queries = True

Expect threshold = 0.05

Word size = 6

Max matches in a query range =0
Matrix = BLOSUM62

Gap costs = existence: 11, extension: 1
Compositional adjustments: conditional compositional score matrix adjustment
Filtering low complexity regions = False
Mask for lookup table only = False
Mask lower case letter = False



Supplementary Figures

Phage host Bacteriophage BL W
Vibrio Vibrio phage henriette 12B8 ”II III III”I II III II I II I
Salmonella Salmonella phage 7-11 I

Pseudomonas Knuthellervirus PMBT14 II I IIII II II

Priestia Donellivirus gee

Flavobacterium Immutovirus immuto

Faecalibacterium
Lagaffevirus lagaffe

Eponavirus epona

Clostridium Clostridium phage c-st I II II II II II I II

Bacteroides crnes-we s = | | 1 I RN T

Supplementary Fig. 1: Presence and abundance of core viruses

Heatmap showing the presence and abundance of 12 core bacteriophages at baseline (BL),
6-week (6W) and 6-month (6M). White cells indicated the absence of the viral species
while red cells indicated the presence of the viral species. Color scale presented the Logo
(RPKM) abundance of the viral species. The theoretical host of the bacteriophages were

added.
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Supplementary Fig. 2: The richness and abundance of viruses at each prevalence level

(a) Sankey diagram showing the transition of the virus categories (core/common/unique)
at three time point in each sample. The Sankey diagram the movement of the maximum
virus in each subject. (b) Boxplot showing the significantly altered composition of core,
common and unique viruses after the eradication therapy at 6-week (N=44) and 6-month
(N=33) compared to baseline (N=44) (two-sided Wilcoxon test followed by Benjamini-
Hochberg FDR method for multiple comparisons correction). The boxes denote the lower

25% quantile, upper 75% quantile, and center line the median, with whiskers extending to a

limit of £ 1.5 interquartile ranges (IQRs).
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Supplementary Fig. 3: Composition of gut virome composition at different taxonomy level.

(a-d) Stacked plot showing the virome composition at (a) Class, (b) Order, (c) Family, and

(d) Genus level. Caudoviricetes class was dominant while most of the viral taxonomy were

not assigned at family or genus level according to the latest ICTV taxonomy release (#37).



a Alpha diversity of Caudoviricetes class

400 1 10 4
0.000165 ' SO0 CE 0.18
2.28e-05 [0.004 o] -
300 1 8
) I
S ) b
] © el
a £ k=
T 2001 S 61 S 0.9
@ ® 1S
8 » »
° |
100 4 44
% 0.8
l\’ i
..b. l
e,
01 2
BL oW oM BL 6W 6M BL 6W 6M
b o g
Beta diversity of Caudoviricetes class
- 17.5
PERMANOVA: : time 0.023
BLvs.6W: FDR=0.437 © BL e
021 Bl vs.6M: FDR=0.024 O 8w 2 ——
: o| O sm 515.01
5 E
> B
® £
N R T [ EE R 'g
o ° (€0 ‘—?2'5' I I
& Ob @
< O o I
302 OO 0] g
a o o) $10.01
©
° 0 s |1 [ |1
O
~0.41 75

-0.2 0.0 0.2 0.4 BL BW 6M
PCoA axis1:6.54 %

Supplementary Fig. 4: Alteration in biodiversity of the Caudoviricetes class.

(a) Significantly decreased alpha diversity indices of the Caudoviricetes class in richness
(left), Shannon index (medium), and Simpson index (right) after the eradication therapy at
either 6-week (N=44) or 6-month (N=33) compared with baseline (N=44). Alpha diversity
indices were tested using Wilcoxon tests (two-sided) and adjusted by BH method for
multiple comparisons. (b) PCoA plot showing the significantly separated Caudoviricetes
class community after the treatment (left) and increased Caudoviricetes class dissimilarity

(right) at 6-week (N=44) and 6-month (N=33) as compared to baseline (N=44).



PERMANOVA test was used for the beta diversity and adjusted by BH method. The boxes
denote the lower 25% quantile, upper 75% quantile, and center line the median, with

whiskers extending to a limit of £1.5 interquartile ranges (IQRs).
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Supplementary Fig. 5: Both primary and retreatment lead to similar alteration of the gut
virome.

(a-b) Significantly altered alpha diversity (richness) after the eradication therapy in (a)
primary and (b) retreatment group. Alpha diversity was tested using two-sided Wilcoxon

tests and adjusted by BH method. (c-d) PCoA plots showing the viral community difference



after (c) primary and (d) retreatment. Beta diversity was tested using PERMANOVA tests.
In the primary group, there were 21 patients at baseline, 21 at 6-week, and 14 at 6-month;
in the re-treatment group, there were 23 patients at baseline, 23 at 6-week, and 19 at 6-
month. The boxes denote the lower 25% quantile, upper 75% quantile, and center line the

median, with whiskers extending to a limit of + 1.5 interquartile ranges (IQRs).
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Supplementary Fig. 6: Difference of gut virome diversity and community between primary

and retreatment groups at each time point.



(a-c) Lower virus richness in the retreatment group as compared to the primary group at
(a) baseline (primary, N=21; re-treatment, N=23), (b) 6-week (primary, N=21; re-treatment,
N=23), and (c) 6-month (primary, N=14; re-treatment, N=19). Two-sided Wilcoxon test
was used for the comparison between groups. (d-f) PCoA plots suggested no significant
viral structure difference between primary and retreatment group at (d) baseline, (e) 6-
week, and (f) 6-month. PERMANOVA test was used to determine the beta diversity
difference. The boxes denote the lower 25% quantile, upper 75% quantile, and center line

the median, with whiskers extending to a limit of + 1.5 interquartile ranges (IQRs).
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Supplementary Fig. 7: The composition of bacteriophages, eukaryotic viruses, archaea, and
other viruses calculated at the species level.

Pie chart showing the abundance composition of viruses classified according to the
theoretical hosts. Other includes hosts from plants, marine, environmental, unclassified

etc.
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(a-b) Bacteriophage-bacteria correlations at (a) baseline and (b) 6-month. Only significant
correlations (BH method for multiple comparisons correction, adjusted p < 0.05) were

displayed. Detailed p-values were included in the Supplementary Data 3.
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Supplementary Fig. 9: Association between Helicobacter genus and Heliobacter phages.

Pearson correlation (two-sided) between the abundance of Helicobacter genus and

Helicobacter phages. Helicobacter phage was the sum of all the Helicobacter phages.
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Supplementary Fig. 10: Altered correlations between the richness of bacteria and other
viruses after the eradication therapy.

Pearson correlation (two-sided) analysis of alpha diversity index indicated strong and
positive correlations at (a) baseline, (b) 6-week, and (c) 6-month between bacteria and
other viruses (non-bacteriophage, including eukaryotic viruses, environmental viruses, and

those unclassified viruses).
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Supplementary Fig. 11: Network analysis between bacteriophages and antibiotic resistance
genes (ARGs) after the eradication therapy.

(a-b) Network analysis showing the spearman correlations between single bacteriophage
and unique ARGs at (a) 6-week and (b) 6-month after treatment. (c-d) Network analysis
showing the correlations between summarized phages (bacteriophages share the same
bacteria genus) and unique ARGs. Circles represent the bacteriophages/bacteria genus and
squares represented the unique antibiotic genes. The color of the circles indicated the class
of ARGs. Purple lines indicated the positive correlations and grey lines indicated the
negative correlations. Only the correlations with adjusted (BH method for multiple

comparisons corretion) p-value <0.05 were included in the network. Cytoscape v3.9.0 was



used for the visualization of the network’. Detailed p-values were included in

Supplementary Data 3.

121 fecal samples; baseline: N=44; 6-week: N=44; 6-month: N=33;
2X150bp lllumina NovaSeq 6000

Raw reads Dereplication (CD-HIT):
VirSorter or DeepVirFinder - Valid contigs ORFs
| VirSorter: contigs > 5kb or circular contigs >1.5kb 9 1> 95% nucleotide identity &
85% alignment fraction

DeepVirFinder: contigs > 500bp and blast score >0.5

QC, removal of low-quality - -
reads, and human Contigs with assigned NCBI Viral RefSeq
viral species name
contaminarions (FastQC, o protein sequence
Candidate viral contigs | N=20,264
| ORFs and protein

sequence prediction

(Prodigal)
Clean reads 3
Assigned to Other viruses
nucleocytoplasmic large DNA N=18,005
First round bacteria gene removal: removal of viruses (NCLDV)
Reads assembly contigs aligned to NCBI non-redundant bacteria N=2,259
(MEGAHT) protein database (CAT) Lﬁ
|—t NCLDV verification (Viral Recall):
Prediction score >1; with unique
Pooled contigs > 200bp Qualified contigs aligned to VPF (viral gene HMM DB) l viruss protein;
N=15,516,991 =
otherwise N=0
—— —

Second round bacteria . e
gene removal: remove Final viral contigs: N=18,005
>3 hits (e-value<005)|| S BUSCO
ratio > 0.067

Downstream analysis:
-remove RNA viruses;
-remove species abundance (RPKM)<0.5
resulting viral species: N=3,545

Viral contigs
N=55,642

Supplementary Fig. 12. The workflow of the raw data processing, viral contigs
identification, and viral taxonomy annotation.

The main workflow of this study was composed of three parts: raw data preprocessing, viral
contigs identification, and viral taxonomy annotation. Viral contigs identification involves
viral contigs identification and 2 rounds bacterial genome removal. The viral taxonomy

annotation also includes taxonomy annotation and NCLDV contigs verification.
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