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Figure S1: Age-related differences in circulating immune cell frequency and function. Related to Figure 1. Violin plots of 
immune cell frequency as measured by flow cytometry of BAL cells for (A) major immune cell populations (CD4+ T-cells, 
CD8+ T-cells, B-cells, Monocytes), (B) less abundant immune cell populations (Dendritic cells, Natural killer cells), (C) CD4+ 
T-cell subsets, (D) CD8+ T-cell subsets, (E) CD20+ B cell subsets, (F) CD16+ Monocytes, (G) CD16+ Natural killer cells, and 
(H) Plasmacytoid and Myeloid Dendritic cells. (I) Percent abundance of TNF� producing monocytes after 16hr PMAi stimula-
tion. Percent abundance of IFN� and/or TNF� producing (J) CD4+ and (K) CD8+ T-cells after 16hr stimulation. Cytokine 
producing cells were measured using intra-cellular cytokine staining and flow cytometry. Cells were stimulated with either 
bacterial ligands (Bac. Sim; LPS, FSL-1, Pam3CSK4), viral ligand (Vir. Stim; ssRNA, Imiquimod, ODN2216), or PMAi. 
Comparisons were made using an unpaired t-test between age-groups for each cell subset (* = p<0.05, ** = p<0.01, *** = 
p<0.001).

Aged
Adult



uncultured_Roseobacter_ASV_1047 (BAL=19)

Bacteroides_ASV_1660 (BAL=1, F=6)

Prevotella_ASV_2640 (BAL=1, F=5)

Faecalibacterium_ASV_950 (F=41, N=1)

Stenotrophomonas_ASV_3801 (BAL=22, F=1)

Alcaligenaceae_ASV_2813 (BAL=8, F=1)

Comamonadaceae_ASV_1973 (BAL=3, F=1)

Comamonadaceae_ASV_1011 (BAL=13)

Comamonadaceae_ASV_1651 (BAL=1)

Lachnospiraceae_ASV_440 (F=8)

Prevotella_ASV_912 (BAL=2, F=58, N=2)

Comamonadaceae_ASV_3409 (BAL=22, F=2)

Chloroplast_ASV_3850 (BAL=3)

Cellulosimicrobium_ASV_2102 (BAL=4, F=1)

Streptococcus_ASV_535 (BAL=35, F=2, N=9, O=79)

Lactococcus_ASV_5081

Comamonadaceae_ASV_5610

Lactobacillales_ASV_5605

Veillonella_ASV_5607

Bacteroides_ASV_5612

Botryosphaeria_dothidea_ASV_5608

Botryosphaeria_dothidea_ASV_5609

Bacteria_ASV_5603

Lachnospiraceae_ASV_5606

Alloprevotella_ASV_5602

Christensenellaceae_R-7_group_ASV_5604

Staphylococcus_ASV_5151 (BAL=15, F=2, N=31, O=1)

Bacillus_ASV_1022

Listeria_ASV_1863

Enterobacteriaceae_ASV_148

Enterococcus_ASV_3605 (BAL=1, F=1)

Pseudomonas_ASV_954

Lactobacillus_fermentum_ASV_3223

Enterobacteriaceae_ASV_4987

Escherichia-Shigella_ASV_628 (BAL=5, F=5)

Other

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Negativ
e-contro

l

Negativ
e-C

ontro
l-P

2

Extra
ctio

n-contro
l

Extra
ctio

n-contro
l-P

2

Pos-C
ontro

l

Pos-C
ontro

l-P
2A

Positi
ve-contro

l-P
2B BAL Fecal Nasal Oral

Negative control ASV’s also found 
in samples

Negative control only ASV’s Positive control, community 
standard ASVs

A

0

200

400

600

800

O
bs

er
ve

d 
A

SV
s

0.0

0.2

0.4

0.6

0.8

W
ith

in
 g

ro
up

 d
is

im
ila

rit
y

Oral

Adu
lt

Nasal
Fecal

BAL
Tro. BAL

Age
d

0 1 2 3 4 5

Treponema saccharophilum
Eubacterium nodatum group

Staphylococcus
Bacteroidales RF16

Lactobacillus

Campylobacter corcagiensis
Corynebacterium propinquum

Streptococcus dysgalactiae
Escherichia Shigella

Porphyromonas
Corynebacterium glucuronolyticum

Log10  LDA score

0 1 2 3 4 5

Helicobacter

Oceanivirga

Prevotella fusca

Oribacterium

Porphyromonas

Log10  LDA score

0 1 2 3 4 5

Moraxella macacae

Corynebacterium propinquum

Log10  LDA score

B C

D E

F

Figure S2: Contribution of environmental contaminates to the lung microbiome and age-related shifts in the rhesus 
macaque microbiome. Related to Figure 2.  (A) Stacked bar plot highlighting taxa found in positive and negative 
control samples. (B) Violin plots of observed amplicon sequencing variants (ASVs) across sampling sights between age 
groups. (C) Violin plot illustrating within group weighted UniFrac distances between animals of the same age group 
within each site. (D-F) Differentially abundant bacterial taxa between age groups at each site (fecal, oral and nasal). 
Differential abundance was determined using LEFsE (Log10 LDA score > 2) of L7 (species level) taxonomy. 
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Figure S3: Biogeography of the rhesus macaque microbiome in relation to the lungs. Related to Figure 2.  (A) Venn diagram of shared and unique microbial ASV’s found within and 
between each sampling sites. To be included in this analysis ASV’s had to be detected with >0.01% average relative abundance and present in >10% samples within a site. (B) Stacked bar 
plot of ASV relative abundance across all samples, colored based on which body sites those ASV’s are shared with. (C) Table with the three most abundant ASVs unique to the lung or shared 
with other body sites averaged for each age group and BAL microbiome phenotype
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Figure S4: Age- and Tropheryma-related shifts in BAL T-cell expression. Related to Figure 4.  (A) Functional enrichment of genes 
differentially expressed in CD4+ T-cells (clusters 0 and 5) and γδ T-cells (cluster 2) between adult and aged animals in the absence and 
presence of Tropheryma colonization. Size of the bubble represents statistical significance and number of genes respectively. (B,C) 
Heatmap of differentially expressed genes within CD4+ T-cells (B) and γδ T-cells (C). (D) Functional enrichment of genes differentially 
expressed in CD8+ T-cells (clusters 1 and 3) between adult and aged animals in the absence and presence of Tropheryma colonization. Size 
of the bubble represents statistical significance and number of genes respectively. (E) Heatmap of differentially expressed genes within 
CD8+ T-cells. For all heatmaps only genes with p < 0.05 are included; * indicate the comparison (Adult vs. Aged or Adult Tro. vs. Aged 
Tro) each DEG was derived from.
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Figure S5: Age and Tropheryma related shifts in BAL AM and IM expression. Related to Figure 5.  (A) Bubble plot of identifying 
genes highly expressed in AM and IM cell clusters determined using the FindMarkers function in Seurat. Level of normalized expression 
is shown using a color scale ranging from low (white) to high (purple). Size of the bubble is representative of the fraction of cells within 
each cluster expressing the marker. (B) Functional enrichment of genes differentially expressed in IM (clusters 2 and 6) and AM (clusters 
0,1,3,4,5,7) between adult and aged animals in the absence and presence of Tropheryma colonization. Size of the bubble represents statisti-
cal significance and number of genes respectively. (C,D) Heatmap of differentially expressed genes within IM (C) and AM (D). For all 
heatmaps only genes with p < 0.05 are included, * indicate for which comparisons (Adult vs. Aged or Adult Tro. vs. Aged Tro) each gene 
was differentially expressed.


	CELREP110725_illustmmc.pdf
	AGE_S1
	AGE_S2_new
	Age_S3_lung_contam
	Age_S4_paper_new
	Age_S5_paper_new


