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Figure S1. Sequencing depth and coverage for 16S rRNA gene amplicon data from
conventional zebrafish larvae. (A) Number of quality-controlled bacterial sequences per
sample. (B). ASV rarefaction curves of all zebrafish larvae samples separated by timepoint
and colored by treatment group (n =5 fish per condition).
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94efb59163996601f8a20a8f9b0ac0d9: d__Bacteria; p__Firmicutes; ¢__Bacilli; o__Bacillales;
f__Bacillaceae; g__Bacillus

b08e8a180eba5a20a70b190fbf5f9ad2: d__Bacteria; p__Proteobacteria; c__Gammaproteobacteria;
o__Enterobacterales; f__Enterobacteriaceae

fdaab5e761766ddd1297bd5f49d1ctb3: d__Bacteria; p__Proteobacteria; ¢__Gammaproteobacteria;
o__Enterobacterales

f0090fc348a4c45135f858d776e30dd0: d__Bacteria; p__Firmicutes; ¢__Bacilli;
o__Lactobacillales; f__Lactobacillaceae; g__Lactobacillus

456f366888eac2ce0809986d3ed1b237: d__Bacteria; p__Firmicutes; ¢__Bacilli;
o__Lactobacillales

d02f4c8904ba636c08bbdf8b65b5d7d0: d__Bacteria; p__Firmicutes; c__Bacilli;
o__Lactobacillales; f__Listeriaceae; g__Listeria

d3962c483¢c45f0765b9b7656ec7f43a0: d__Bacteria; p__Proteobacteria; c__Gammaproteobacteria

3019073bedOceecaece9f446607c003a: d__Bacteria; p__Proteobacteria; c__Gammaproteobacteria;
o__Enterobacterales; f__Enterobacteriaceae; g__Salmonella

f9eed79f2bd69b0da2385144b13658a7: d__Bacteria; p__Firmicutes; ¢__Bacilli;
o__Staphylococcales; f__Staphylococcaceae

5c9b89d5act8e0020d9de19b53d21663: d__Bacteria; p__Firmicutes; c__Bacilli;
o__Staphylococcales; f__Staphylococcaceae; g__Staphylococcus

Others

Negative Control ASV

Figure S2. Controls for 16S rRNA amplicon sequencing data: blanks and mock
community. (A) Expected mock community composition based on 16S rRNA gene copy
number and relative percent abundance of each strain. (B) Relative percent abundance of
ASVs for each negative or positive sequencing control sample: Zymo mock community
standard D6305 (Mock 1 and Mock 2). (C) Relative percent abundance of ASVs for each
control sample: negative DNA extraction (Neg_kitl and Neg_kit2) and
negative PCR amplification (Neg PCR1). The top 10 most abundant ASVs are shown, with

negative sequencing

19d57d86ee1d5ea49fe9f4256bfa9d22: d__Bacteria; p__Bacteroidota; c__Bacteroidia;
o__Flavobacteriales; f__Flavobacteriaceae; g__Flavobacterium

1¢34565a5¢5d3d9fa3953518e9a4b59c¢: d__Bacteria; p__Proteobacteria; c__Gammaproteobacteria;
o__Burkholderiales; f__Oxalobacteraceae

33731ac0a1051571d808de3e91b11356: d__Bacteria; p__Proteobacteria; c__Alphaproteobacteria;
o__Rhizobiales; f__Beijerinckiaceae; g__Methylobacterium-Methylorubrum;
s__Methylobacterium_jeotgali

7ab6data5e2be4eedd87d67705eb68f4a: d__Bacteria; p__Proteobacteria; c__Gammaproteobacteria;
o__Alteromonadales; f__Alteromonadaceae; g__Rheinheimera

a64d8357b6a2010ba13alebfc7df7cob: d__Bacteria; p__Proteobacteria; ¢__Alphaproteobacteria;
o__Rhodobacterales; f__Rhodobacteraceae; g__Amaricoccus; s__Amaricoccus_kaplicensis

d23c811ea38d6¢ch704bb13445f43d599: d__Bacteria; p__Proteobacteria; ¢__Gammaproteobacteria

ela72c614544de9ecfcOb0cd7cc24738: d__Bacteria; p__Bacteroidota; c__Bacteroidia;
o__Flavobacteriales; f__Flavobacteriaceae; g__Flavobacterium

e6242a18b930fae98ab395c927393aa3: d__Bacteria; p__Proteobacteria; c__Gammaproteobacteria;
o__Burkholderiales; f__Comamonadaceae

ebb95142c2d5fb1d9a1e0e779348b6f1: d__Bacteria; p__Bacteroidota; c__Bacteroidia;
o__Flavobacteriales; f__Flavobacteriaceae; g__Flavobacterium

f0af66950b4ed3e76bd78e09b28e1f02: d__Bacteria; p__Proteobacteria; c__Gammaproteobacteria;
o__Pseudomonadales; f__Moraxellaceae; g__Acinetobacter

Others

all others grouped in the grey “Others” category.
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Figure S3. 16S rRNA gene amplicon relative abundances at the phylum level. (A) Bar
plot of percent phylum abundance per sample. The top 8 most abundant phyla are shown with
the others grouped into “Others” (n =5 fish per condition).
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Figure S4. 16S rRNA gene amplicon relative abundances at the genus level. (A) Bar plot
of percent genus abundance per sample. The top 12 most abundant genera are shown with
the others grouped into “Others” (n = 5 fish per condition). (B) Number of bacterial genera
shared between DMSO and Loperamide-treated samples at each timepoint (vertical bars).
The total number of genera detected in each group is shown in the horizontal bar plot on the
right.
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Figure S5. Beta-diversity metrics of 16S rRNA gene amplicons sequenced from
conventional zebrafish. (A) NMDS plot calculated using Bray-Curtis beta-diversity (k=2)
of percent normalized ASVs from 16S rRNA gene amplicons for all water control, DMSO
control, and loperamide-treated samples. Ellipse lines show the 95 % confidence interval
(standard deviation). Stress = 0.139 (n = 5 fish per condition). (B-D) NMDS plot calculated
using Bray-Curtis beta-diversity (k=2) of percent normalized ASVs from 16S rRNA gene
amplicons at each timepoint (B) TO 6 dpf (adonis2 PERMANOVA R? =0.43; p < 0.01), (C)
T1 7 dpf (adonis2 PERMANOVA R? = 0.51; p < 0.01), and (D) T5 11 dpf (adonis2
PERMANOVA R?=0.22; p>0.05). The stress in indicated on each plot. (E) Beta-dispersion
or within-condition dissimilarity index calculated using Bray-Curtis beta-diversity (n =15; 3
treatment groups for each of 5 samples per condition). **** p<(0.001 for Loperamide
treatment, compared to DMSO. Wilcoxon test.
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Figure S6. Growth parameters measured for zebrafish larvae. (A) Fish length, (B) rump-
anus length, (C) tail width, and (D) eye diameter measurements of larval zebrafish at 6 dpf, 7
dpf, and 11 dpf (TO, T1, T5 after 24-hour treatment). All measurements are shown in
millimeters (n = 10 fish per condition). * p<0.05 for Loperamide treatment, compared to
DMSO. Wilcoxon test. The only significant difference is in (D) Eye diameter at T5. (E)
Example fish image with the four measurements indicated and scale bar.
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Figure S7. Growth curves of zebrafish-associated bacterial strains exposed to
loperamide. Growth curves of 10 strains isolated from the fish environment or
environmental Flavobacterium spp. (additional strain details are in Table S1). The thick line
represents the mean of all biological replicates (n=3-8). Each thin line represents a biological
replicate (mean of 3 technical replicates). Every condition was repeated at least twice.
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Figure S8. Comparison of bacterial load in water and zebrafish mono-colonization
capacity in control conditions. (A) Boxplots showing CFUs per mL in water at 48 h and
CFUs per fish at TO (6 dpf) for each of the 10 bacterial strains ordered by colonization
efficiency. The value indicated on the plot is the colonization efficiency, calculated by
Colonization efficiency = CFUs per Fish / Water CFUs per mL * 100. Note log scale on x-
axis. (B) Correlation between bacterial load in water with zebrafish colonization efficiency.
The grey dotted line indicates the 1:1 line. The regression line is indicated by the solid black
line and the fitted equation, R? and p-value are shown in the top left corner. The strains with
the lowest (S8) and the highest (S7) colonization efficiency are highlighted.
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Figure S9. Comparison of mono-colonized means with mix5-colonized fish. (A) Mix5-
colonized means per condition and timepoint normalized to percent CFUs per fish. (B) Mono-
colonized fish means combined as a hypothetical mix per condition and timepoint,
normalized to percent CFUs per condition. (C) Mix5-colonized means per condition and
timepoint as CFUs per fish per strain. (D) Mono-colonized fish CFUs per fish per strain. For
C and D: mean =+ standard deviation per condition is shown on log scale (n = 3-4 fish).



Table S1. Zebrafish environment bacterial strains used in this study

Code | Strain Isolation Source Reference
S1 Pseudomonas mosselii Conventional zebrafish [1]
S2 Variovorax gossypii Conventional zebrafish This study
S3 Pseudomonas nitroreducens Conventional zebrafish [1]
S4 Achromobacter marplatensis Conventional zebrafish This study
SS Stenotrophomas maltophilia Conventional zebrafish [1]
S6 Aeromonas caviae Conventional zebrafish [1]
S7 Aeromonas veronii Conventional zebrafish [1]
S8 Rhizobium sp. Conventional zebrafish This study
S9 Ochrobactrum tritici Conventional zebrafish This study
S10 | Flavobacterium johnsoniae soil [2]

[1] F. A. Stressmann et al., “Mining zebrafish microbiota reveals key community-level
resistance against fish pathogen infection,” ISME Journal, vol. 15, no. 3, pp. 702-719,
2021, doi: 10.1038/s41396-020-00807-8.
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flexibacteria,” J Gen Microbiol, vol. 58, no. 2, pp. 145-170, Oct. 1969, doi:
10.1099/00221287-58-2-145.
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