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Appendix Figure S1, related to Figure 1. Quantification of plaque-forming units
(PFU) following BRED-mediated individual gene knockout in phage A10ZJ24.

Abundant plaque formation by removable phage genes on counter-selection bacterial
lawns, in contrast to severely attenuated infectivity of undeletable genes.
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Appendix Figure S2, related to Figure 2. Assays for the phage gene importance
for the infection of A10ZJ24 to different host.

A. Amap illustrating the key genetic determinants of phage A10ZJ24 infection
efficiency in three hosts. Msm represents M. smegmatis mc2 155 strain. BCG
represents M. bovis BCG strain. H37Ra represents M. tuberculosis H37Ra strain.

B. PCR assays for confirming the gene knockout in the genome of phage A10ZJ24.

Top panel: Identification of the deletion of phage A10ZJ24 by PCR. Lane 1 represents
the amplified product of target gene using ddH2O as a negative control. Lane 2
represents the amplified product of target gene with the wild-type phage genome as a
positive control. Lane 3 represents the amplified product of the flanking regions from
wild-type genome. Lane 4 represents the amplified product of target gene with
gene-deletion phage genome. Lane 5 represents the amplified product of the flanking
regions from deletion mutant.

Bottom panel: Sequencing chromatogram of adjacent gp48 region in A10ZJ24Δgp48
mutant.
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Appendix Figure S3, related to Figure 3. Comparative analysis of the genome
abundance between wild-type and mutant phage A10ZJ24 following infection of
M. smegmatis strain.

All data are presented as the mean ± SD (n = 3, biological replicates) . The P values
were calculated by two-way ANOVAusing GraphPad Prism v7.0. Asterisks denote
significant differences (ns = non-significant, **** P < 0.0001) between two groups.
Genome abundance of A10ZJ24 WT at 40 mins: p = 0.2226, at 80 mins: p = 0.1295,
at 120 mins: p < 0.0001; Genome abundance of A10ZJ24 Δgp48 at 40 mins: p =
0.3958, at 80 mins: p < 0.0001, at 120 mins: p = 0.1074.
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Appendix Figure S4, related to Figure 4. Comparative analysis of the
plaque-forming efficiency between A10ZJ24 and its gp48-deletion mutant.
A. Comparative analysis of the plaque-forming efficiency of A10ZJ24 Δgp48 on the
lawns of M. tuberculosis H37Ra expressing gp48 single-point mutants ((D10G/
D41G/A113E/H175D) with induction of 0.1 mg/mL ATc. WT/pJR962 represents the
wild-type strain harboring an empty vector pJR962 as a negative control.
B. SDS-PAGE analysis of A10ZJ24 MPE and its mutant protein. Both proteins were
expressed as His-SUMO-tagged fusions and induced with 0.5 M IPTG.
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Appendix Figure S5, related to Figure 5. A10ZJ24 gp48 expression is toxic to
mycobacteria and disrupts the genomic integrity ofM. smegmatis strain.

A. Impact of A10ZJ24 phage gp48 expression on the growth ofM. smegmatis mc2
155 and M. tuberculosis H37Ra. WT/pJR962 represents the wild-type strain harboring
empty vector pJR962. pJR962-A10ZJ24 gp48 represents the ATc-induced strain for
gp48 expression. All data are presented as the mean ± SD (n = 3, biological
replicates) .

B. Western blot analysis of MPE and KatG in M. smegmatis mc2 155 and M.
tuberculosis H37Ra. FLAG-tagged MPE (anti-FLAG) and endogenous KatG
(anti-KatG, loading control) expression profiles in M. smegmatis mc2 155 and M.
tuberculosis H37Ra were evaluated under 0, 0.01, and 0.1 mg/mLATc
induction. MPE, D10G, D41V, A113E, H175D represent pJR962-gp48-flag,
pJR962-gp48 (D10G) -flag, pJR962-gp48 (D41V) -flag, pJR962-gp48 (A113E) -flag,
pJR962-gp48 (H175D) -flag strains, respectively. In each panel, the normalized value
of the first sample was set to 1, and the values of other samples were represented by
the folds change of their normalized values relative to the first sample.

C. Effect of expressions of various mutant gp48 genes on the growth of M. smegmatis
mc2 155. NC represents the strain harboring empty vector pJR962. Gp48, D10G,
D41V, A113E, and H175D represent the strains harboring pJR962-gp48, pJR962-gp48
(D10G), pJR962-gp48 (D41G), pJR962-gp48 (A113E), and pJR962-gp48 (H175D)
expression vector, respectively. All data are presented as the mean ± SD (n = 3,
biological replicates) .

D. Genomic DNA integrity assessment in gp48-expressing M. smegmatis strains.
Total DNA (200 ng) fromATc-induced M. smegmatis expressing Gp48 or D10G
mutant was electrophoresed (upper panel). Complete genome abundance was
quantified by band intensity analysis (Image Lab software, lower panel). All data are
presented as the mean ± SD (n = 3, biological replicates) . The P values were
calculated by two-way ANOVAusing GraphPad Prism v7.0. Asterisks denote
significant differences (ns = non-significant, * P <0.05, *** P <0.001, **** P <
0.0001) between two groups. Genome abundance of WT/pJR962 at 120 mins: p =
0.1197, at 150 mins: p = 0.0256, at 180 mins: p = 0.0573; Genome abundance of
pJR962-gp48 at 120 mins: p = 0.0006, at 150 mins: p < 0.0001, at 180 mins: p <
0.0001; Genome abundance of pJR962-gp48 (D10G) at 120 mins: p = 0.2549, at 150
mins: p = 0.9362, at 180 mins: p = 0.1504; Genome abundance of WT/pJR962 (Hyg)
at 120 mins: p = 0.0739, at 150 mins: p = 0.3092, at 180 mins: p = 0.8231.
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Appendix Figure S6, related to Figure 6. Assays for the defense activity of
anti-phage genes and their transcriptional dynamics post-infection with
A10ZJ24.

A. Effect of expressions of anti-phage genes on the plaques-forming efficiency of
phage A10ZJ24 on the lawns ofM. smegmatis mc2 155. WT/pJR962 represents the
wild-type strain harboring empty vector (negative control). pJR962-Mra IS6110
represents ATc-induced strain expressing Mra_3420. pJR962-Mra Csm represents
co-expression strain of Mra_2840, Mra_2841, and Mra_2842.

B. Quantitative real-time PCR assays of several anti-phage genes in M. tuberculosis
H37Ra at 1 and 10 hours post-infection (hpi). Left panel: Wild-type A10ZJ24
infection. Right panel: A10ZJ24 Δgp48 mutant phage infection. Data normalized to
endogenous 16S rRNA (ΔΔCt method). All data are presented as the mean ± SD (n =
3, biological replicates) . The P values were calculated by two-way ANOVA using
GraphPad Prism v7.0. Asterisks denote significant differences (ns = non-significant,
**P <0.01, **** P < 0.0001) between two groups. The expression level ofMra_1649
10 h after infection with A10ZJ24 WT: p = 0.3678, Mra_1940A: p = 0.2993,
Mra_2329A: p = 0.0019, Mra_3122: p = 0.1573; the expression level ofMra_1649
10 h after infection with A10ZJ24 Δgp48: p < 0.0001, Mra_1940A: p = 0.0138,
Mra_2329A: p < 0.0001, Mra_3122: p < 0.0001.
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Appendix Figure S7, related to Figure 7. Assays for defense activity of several
anti-phage genes inM. tuberculosis H37Ra.
A. Comparative assays for the plaques formation efficiency of phages from different
clusters on the lawns ofM. smegmatis. Phages were spotted onto the lawns of the M.
smegmatis mc2 155 strains containing different anti-phage gene expressed vector.
Msm/pJR962 represents the wild type M. smegmatis mc2 155 strain containing empty
vector pJR962.
B. Comparative assays for plaque formation efficiency of phages from different
clusters on the lawns ofM. tuberculosis. Mra/pJR962 represents the wild-type M.
tuberculosis H37Ra strain harboring empty vector pJR962.
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