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Supplementary Figure 1. Blood modular transcriptional signature assessed in a
set of distinct infectious diseases. a, RNA-seq analysis was performed on blood
samples (Supplementary table 1) obtained from experimental mouse models of 4
infectious diseases, distinct from the original set of 6 diseases that were utilized in
module generation. b, Principal component analysis in blood samples, depicting the
variation in the global gene expression profiles across diseases. Principal components
1 (PC1) and 2 (PC2), which describe the greatest variation in gene expression, are
shown. Empty and filled symbols represent control and disease samples, respectively,
and color represents mouse models. ¢, Fold enrichment for the blood modules
assessed in blood samples in the original set of 6 diseases utilized in module
generation (fold enrichment plot from Figure 2b, plotted on a different scale), and
assessed in the set of 4 distinct diseases. Fold enrichment scores were derived using
QuSAGE, with red and blue circles indicating the cumulative over- or under-
abundance of all genes within the module, for each disease compared to the
respective controls. Color intensity of the dots represents the degree of perturbation,
indicated by the color scale. Size of the dots represents the relative degree of
perturbation, with the largest dot representing the highest degree of perturbation within
the plot. Within each disease, only modules with FDR p-value < 0.05 were considered
significant, and depicted here. Ox phos, oxidative phosphorylation; Ubiq,
ubiquitination.



a Cellular deconvolution of the InmGen ULI RNA-seq dataset
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Supplementary Figure 2. Cellular deconvolution anlaysis. a, Heatmap depicting
in silico immune cell composition of RNA-seq samples of purified cell types from the
ImmGen ULI RNA-seq dataset, derived using the CIBERSORT algorithm based on
the 25 immune cellular signatures obtained from ImmuCC. Color represents percent
CIBERSORT fraction, with darker the color representing higher the enrichment of a
particular immune cell type in the RNA-seq samples of purified cell types from the
ImmGen ULI RNA-seq dataset. Based on this enrichment, the 25 immune cell types
from ImmuCC were grouped in to 9 representative cell types, as indicated on the right
side in red. ILC, innate lymphoid cells; NK cells, natural killer cells. b, Stacked bar
plots depicting in silico immune cell composition of bronchoalveolar lavage (BAL) and
blood RNA-seq samples from a test HDM allergy model, derived using the
CIBERSORT algorithm based on cellular signatures obtained from ImmuCC. Each bar
represents percent fractions for 9 representative cell types for an individual mouse
sample, with colors representing the different cell types. White and black bars at the
bottom of each plot represent control and disease samples, respectively. ILC, innate
lymphoid cells; NK cells, natural killer cells.
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Supplementary Figure 3. Cell-type specific signatures. a, RNA-seq raw counts for
purified cells, representing 10 distinct cell type populations, from the ImmGen ULI
RNA-seq dataset were downloaded from the Gene Expression Omnibus (GEO)
database (GEO accession: GSE109125). b, Raw count data was normalised as
described in the methods. ¢, Cell-type specific signatures were obtained by comparing
each cell type against all other cell types. Only upregulated genes with logz foldchange
> 1 and FDR p-value < 0.05 were considered cell-type specific.
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Supplementary Figure 4. Co-expression of Ifng and Thx21 across infectious and
inflammatory diseases. a,b, Scatter plot showing the log> expression values of Ifng
(x-axis) and Thx21 (y-axis), in lung (a) and blood (b) samples from control and
infected/challenged mice across the set of 6 diseases. Linear regression lines are
shown, with shaded areas representing 95% confidence interval. The disease
samples for B. pseudomallei acute infection are encircled. Log> co-expression profiles
for Ifng (solid line) and Thx21 (dotted line) are also shown for lung samples (a). Empty
and filled symbols represent control and disease samples, respectively, and color
represents mouse models.
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Supplementary Figure 5. Enrichment of lung modular transcriptional signature
in RNA-seq compared to microarray. a, Fold enrichment for lung modules in lung
samples in the original set of 6 diseases utilized in module generation from data
generated using RNA-seq (fold enrichment plot from Figure 2a), and assessed in the
same set of 6 diseases from data generated using microarrays. Red and blue circles
indicate the cumulative over- or under-abundance of all genes within the module, for
each disease compared to the respective controls within each technology. Color
intensity of the dots represents the degree of perturbation, indicated by the color scale.
Size of the dots represents the relative degree of perturbation, with the largest dot
representing the highest degree of perturbation within the plot. Within each disease,
only modules with FDR p-value < 0.05 were considered significant and depicted here.
Correlation between fold enrichment scores across the 6 diseases for each module
between RNA-seq and microarray is shown, with dark red and blue squares
representing positively and negatively correlated enrichment scores, respectively
GCC, glucocorticoid; K-channel, potassium channel; TM, transmembrane; Ubiq,
ubiquitination. b, Correlation of fold enrichment scores within each disease between
RNA-seq (x-axis) compared to microarray (y-axis). Each dot represents fold
enrichment score for an individual module. Dashed grey line within each plot at the
45-degree slope represents identical fold enrichment scores between RNA-seq and
microarray, with fold enrichment scores above or below the line showing higher
abundance in microarray or RNA-seq data, respectively. Linear regression lines with
95% confidence interval, and Pearson correlation coefficients (r) are shown for each
plot.
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Supplementary Figure 6. Enrichment of blood modular transcriptional signature
in RNA-seq compared to microarray. a, Fold enrichment for blood modules in blood
samples in the original set of 6 diseases utilized in module generation from data
generated using RNA-seq (fold enrichment plot from Figure 2b), and assessed in the
same set of 6 diseases from data generated using microarrays. Fold enrichment
scores were derived using QuSAGE, with red and blue circles indicating the
cumulative over- or under-abundance of all genes within the module, for each disease
compared to the respective controls within each technology. Color intensity of the dots
represents the degree of perturbation, indicated by the color scale. Size of the dots
represents the relative degree of perturbation, with the largest dot representing the
highest degree of perturbation within the plot. Within each disease, only modules with
FDR p-value < 0.05 were considered significant and depicted here. Correlation
between fold enrichment scores across the 7 diseases for each module between RNA-
seq and microarray is shown, with red and blue squares representing positively and
negatively correlated enrichment scores, respectively. Ox phos, oxidative
phosphorylation; Ubiq, ubiquitination. b, Correlation of fold enrichment scores within
each disease between RNA-seq (x-axis) compared to microarray (y-axis). Each dot
represents fold enrichment score for an individual module. Dashed grey line within
each plot at the 45-degree slope represents identical fold enrichment scores between
RNA-seq and microarray, with fold enrichment scores above or below the line showing
higher abundance in microarray or RNA-seq data, respectively. Linear regression lines
with 95% confidence interval, and Pearson correlation coefficients (r) are shown for
each plot.
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Supplementary Figure 7. Modular gene preservation between lung and blood.
a,b, Module membership of the genes between the lung and the blood modules for
the 6,999 genes in common between the 10,000 genes with the highest variance
across all lung samples that were used to construct the lung modules, and 10,000
genes with the highest variance across all blood samples that were used to construct
the blood modules. ¢,d, Only genes that show at least 15% of the total genes within a
lung or blood module preserved in a corresponding blood or lung module, respectively.
In the outer circular track, lung and blood modules are displayed on the bottom and
top, respectively. Color of the line represents the color of the original module, i.e. if the
gene was originally present in the lung module, but tested in the blood modules (a,c),
or if the gene was originally present in the blood module, but tested in the lung modules
(b,d). Module numbers are indicated and arbitrary colors are assigned to the modules
for visual distinction. The size of the modular bar in the outer circular track represents
the size of the module, i.e. the number of genes within that module. Each line in the
inner circular area represents an individual gene, with arrows for each line
representing where the gene in the lung module maps to the blood modules (a,c), and
where the gene in the blood module maps to the lung modules (b,d). Thickness of the
line represents the number of genes preserved. GCC, glucocorticoid; K-channel,
potassium channel; Ox phos, oxidative phosphorylation; TM, transmembrane; Ubiq,
ubiquitination.
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Supplementary Figure 8. Lung modular transcriptional signature in HDM allergy.
a, Fold enrichment for lung modules assessed in bronchoalveolar lavage (BAL) and
blood samples obtained from a distinct model of HDM allergy. Red and blue circles
indicate the cumulative over- or under-abundance of all genes within the module, for
each tissue compared to the respective controls. Color intensity of the dots represents
the degree of perturbation, indicated by the color scale. Size of the dots represents
the relative degree of perturbation, with the largest dot representing the highest degree
of perturbation within the plot. Within each sample group, only modules with FDR p-
value < 0.05 were considered significant and depicted here. GCC, glucocorticoid; K-
channel, potassium channel; TM, transmembrane; Ubiq, ubiquitination. b,
Transcriptional profile of the lung Allergy (L26) module in the original and the test HDM
allergy models. For each tissue in each HDM allergy model, violin plots, volcano plots
and heatmaps are shown. Violin plots depict the frequency distribution of enrichment
scores calculated on a single-sample basis using GSVA for the 121 genes in the L26
module. Each dot represents an individual sample, and box plots inside the violin plots
show the median with interquartile range, along with the 95% confidence interval.
Volcano plots depict the differentially expressed genes for disease compared to
controls for the 121 genes in the L26 module. Significantly differentially expressed
genes (log> fold change >1 or <-1, and FDR p-value < 0.05) are represented as red
(upregulated) or blue (downregulated) dots. Differential gene expression for //4, /5 and
1113 is indicated in red within the volcano plot, depicting upregulation, in volcano plots
where these genes were significantly differentially expressed in HDM allergy
compared to controls. Heatmaps show log> gene expression values for the 121 genes
in the L26 module. Gene expression values were averaged and scaled across the row
to indicate the number of standard deviations above (red) or below (blue) the mean,
denoted as row Z-score. Dendrograms show unsupervised hierarchical clustering of
genes and samples, with distances calculated using Pearson correlation and clustered
using the complete linkage.
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Supplementary Figure 9. Predicted cell type specific source for the genes within
the lung Allergy (L26) module. a, Heatmap depicting the normalised counts for the
121 genes in the L26 module across separated cells, representing 10 distinct cell type
populations, obtained from the ImmGen ULI RNA-seq dataset from the Gene
Expression Omnibus (GEO) database (GEO accession: GSE109125), with colors in
the top bar representing the different cell types. Normalised counts were averaged
and scaled across the row to indicate the number of standard deviations above (red)
or below (blue) the mean, denoted as row Z-score. Dendrogram shows unsupervised
hierarchical clustering of genes, with distances calculated using Pearson correlation
and clustered using the complete linkage. b, Normalised counts of the genes encoding
the cytokines IL-4, IL-5, IL-13 and IL-33, present within the L26 module. Each bar
represents the normalised counts for an individual purified cell type within the cell
population.
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Supplementary Figure 10. Changes in the blood modular transcriptional profiles
across tissues following T. gondii infection, in the absence of Type | and/or Il
IFN signaling. Modular transcriptional profiles of lung, blood, liver and spleen, from
T. gondii infected mice, assessed using the blood modules. Red and blue circles
indicate the cumulative over- or under-abundance of all genes within the module, for
each Wild type and IFN receptor knockout (KO) disease group compared to the
respective Wild type controls in each tissue. Color intensity of the dots represents the
degree of perturbation, indicated by the color scale. Size of the dots represents the
relative degree of perturbation, with the largest dot representing the highest degree of
perturbation within the plot. Within each group, only modules with FDR p-value < 0.05
compared to respective controls were considered significant and depicted here. Ox
phos, oxidative phosphorylation; Ubiq, ubiquitination.
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Supplementary Figure 11. Tonic activity of Type | and Il IFN signaling in lung. a,
Volcano plots depicting the differentially expressed genes between each of the IFN
receptor knockout (KO) controls compared to Wild type (WT) controls in lung samples
from the Toxoplasma WT and IFN receptor KO dataset. Significantly differentially
expressed genes (logz fold change >1 or <-1, and FDR p-value < 0.05) are
represented as red (up-regulated) or blue (down-regulated) dots. The numbers of
down- (in blue) or up-regulated (in red) genes are listed in the volcano plot. b, Venn
diagrams showing the overlap between the down- (in blue) or up-regulated (in red)
genes from the three comparisons. The number of genes involved in tonic signaling
(i.e. the sum of all unique differentially expressed genes within the Venn diagram) is
indicated on the bottom left corner of each Venn diagram. ¢, The numbers of down-
(in blue) or up-regulated (in red) genes involved in tonic signaling within each lung
module. The total number of genes within each lung module is also shown.
Significance was calculated using a hypergeometric test, with FDR p-values shown
here.
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Supplementary Figure 12. Tonic activity of Type | and Il IFN signaling in blood.
a, Volcano plots depicting the differentially expressed genes between each of the IFN
receptor knockout (KO) controls compared to Wild type (WT) controls in blood samples
from the Toxoplasma WT and IFN receptor KO dataset. Significantly differentially
expressed genes (logz fold change >1 or <-1, and FDR p-value < 0.05) are
represented as red (up-regulated) or blue (down-regulated) dots. The numbers of
down- (in blue) or up-regulated (in red) genes are listed in the volcano plot. b, Venn
diagrams showing the overlap between the down- (in blue) or up-regulated (in red)
genes from the three comparisons. The number of genes involved in tonic signaling
(i.e. the sum of all unique differentially expressed genes within the Venn diagram) is
indicated on the bottom left corner of each Venn diagram. ¢, The numbers of down-
(in blue) or up-regulated (in red) genes involved in tonic signaling within each lung
module. The total number of genes within each lung module is also shown.
Significance was calculated using a hypergeometric test, with FDR p-values shown
here.
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Supplementary Figure 13. Genes involved in the tonic Type | and Il IFN signaling
in the lung IFN-associated modules in blood samples. Heatmaps depicting the
log2 gene expression values of the differentially expressed genes between IFN
receptor KO controls compared to the Wild type controls in blood in the L5 (Type |
IFN/Ifit/Oas) and L7 (/fng/Gbp/Antigen presentation) modules (Supplementary Figure
12). Gene expression values were averaged and scaled across the row to indicate the
number of standard deviations above (red) or below (blue) the mean, denoted as row
Z-score. Dendrogram shows unsupervised hierarchical clustering of genes, with
distances calculated using Pearson correlation and clustered using the complete
linkage. Enrichment scores calculated on a single-sample basis using GSVA are
shown for the differentially expressed genes below the heatmap for each module.
Empty and filled circles represent control and disease samples, respectively, and color
represents Wild type and IFN receptor KO mice. Mean and standard deviation for each
group are shown, with a dashed line indicating the mean of the Wild type control group.
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Supplementary Figure 14. Tonic activity of Type | and Il IFN signaling in liver. a,
Volcano plots depicting the differentially expressed genes between each of the IFN
receptor knockout (KO) controls compared to Wild type (WT) controls in liver samples
from the Toxoplasma WT and IFN receptor KO dataset. Significantly differentially
expressed genes (logz fold change >1 or <-1, and FDR p-value < 0.05) are
represented as red (up-regulated) or blue (down-regulated) dots. The numbers of
down- (in blue) or up-regulated (in red) genes are listed in the volcano plot. b, Venn
diagrams showing the overlap between the down- (in blue) or up-regulated (in red)
genes from the three comparisons. The number of genes involved in tonic signaling
(i.e. the sum of all unique differentially expressed genes within the Venn diagram) is
indicated on the bottom left corner of each Venn diagram. ¢, The numbers of down-
(in blue) or up-regulated (in red) genes involved in tonic signaling within each lung
module. The total number of genes within each lung module is also shown.
Significance was calculated using a hypergeometric test, with FDR p-values shown
here.
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Supplementary Figure 15. Genes involved in the tonic Type | and Il IFN signaling
in the lung IFN-associated modules in liver samples. Heatmaps depicting the log>
gene expression values of the differentially expressed genes between IFN receptor
KO controls compared to the Wild type controls in liver in the L5 (Type | IFN/Ifit/Oas)
and L7 (Ifng/Gbp/Antigen presentation) modules (Supplementary Figure 14). Gene
expression values were averaged and scaled across the row to indicate the number
of standard deviations above (red) or below (blue) the mean, denoted as row Z-score.
Dendrogram shows unsupervised hierarchical clustering of genes, with distances
calculated using Pearson correlation and clustered using the complete linkage.
Enrichment scores calculated on a single-sample basis using GSVA are shown for the
differentially expressed genes below the heatmap for each module. Empty and filled
circles represent control and disease samples, respectively, and color represents Wild
type and IFN receptor KO mice. Mean and standard deviation for each group are
shown, with a dashed line indicating the mean of the Wild type control group.
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Supplementary Figure 16. Tonic activity of Type | and Il IFN signaling in spleen.
a, Volcano plots depicting the differentially expressed genes between each of the IFN
receptor knockout (KO) controls compared to Wild type (WT) controls in spleen
samples from the Toxoplasma WT and IFN receptor KO dataset. Significantly
differentially expressed genes (log> fold change >1 or <-1, and FDR p-value < 0.05)
are represented as red (up-regulated) or blue (down-regulated) dots. The numbers of
down- (in blue) or up-regulated (in red) genes are listed in the volcano plot. b, Venn
diagrams showing the overlap between the down- (in blue) or up-regulated (in red)
genes from the three comparisons. The number of genes involved in tonic signaling
(i.e. the sum of all unique differentially expressed genes within the Venn diagram) is
indicated on the bottom left corner of each Venn diagram. ¢, The numbers of down-
(in blue) or up-regulated (in red) genes involved in tonic signaling within each lung
module. The total number of genes within each lung module is also shown.
Significance was calculated using a hypergeometric test, with FDR p-values shown
here.
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Supplementary Figure 17. Genes involved in the tonic Type | and Il IFN signaling
in the lung IFN-associated modules in spleen samples. Heatmaps depicting the
log2 gene expression values of the differentially expressed genes between IFN
receptor KO controls compared to the Wild type controls in spleen in the L5 (Type |
IFN/Ifit/Oas) and L7 (/fng/Gbp/Antigen presentation) modules (Supplementary Figure
12). Gene expression values were averaged and scaled across the row to indicate the
number of standard deviations above (red) or below (blue) the mean, denoted as row
Z-score. Dendrogram shows unsupervised hierarchical clustering of genes, with
distances calculated using Pearson correlation and clustered using the complete
linkage. Enrichment scores calculated on a single-sample basis using GSVA are
shown for the differentially expressed genes below the heatmap for each module.
Empty and filled circles represent control and disease samples, respectively, and color
represents Wild type and IFN receptor KO mice. Mean and standard deviation for each
group are shown, with a dashed line indicating the mean of the Wild type control group.
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Supplementary Figure 18. Type IlI, but not type |, IFN signaling regulates the
expression of genes within the lung Ifng/Gbp/Antigen presentation (L7) module
following T. gondii infection. Gene networks depicting the ‘hub’ genes in the lung
L7 module representing genes with high intramodular connectivity, i.e. genes most
connected with all other genes within the module. Each gene is represented as a
circular node with edges representing correlation between the gene expression
profiles of the two respective genes. Color of the node represents log. foldchange of
the gene for Wild type or IFN receptor knockout T. gondii infected mice compared to
Wild type controls, across lung, blood, liver and spleen.



Histology

a Uninfected

T. gondii infected

Wildtype Wildtype TIPS Ufngrt WIGETASY TS

Liver Lung

Spleen

Lung
3.0x10%
1.0x108
1.0x108
7.5%105

5.0x105

2.5%10° ! 2
004> WM&

Library size
(normalised counts)

Liver

. 3.0x1061

o 1.0x108 *
o 5 1.0x108
N 5
w O  7.5x105-
23 .
53 sox10% . |
- = E 27N
9 8 25x10% % 1
-

S 00L% & T o T A

Supplementary Figure 19

Blood
3.0x10°
1.0x108 ‘a
1.0x108+
7.5%105
5.0%105

2.5%105 ;l;

0.0+ —ﬁr—im- E—Am— T S

Spleen

sl
1.0x108
7.5%1051
5.0%10°-

2.5%10°%- % »

0.0+ B —-oo- - - - - — — -

Mouse samples mapped to Toxoplasma gondii genome

Control

Wildtype [

Ifnar *-x Ifngr *

Lung

Blood

Liver
Spleen

Disease

Ifnar *x Ifngr -]



Supplementary Figure 19. Type | and Il IFN signaling are required to control
pathology and parasite load during infection with T. gondii. a, Representative
photomicrographs of hematoxylin and eosin (H&E) stained lung, liver and spleen from
Wild type uninfected controls and Wild type, Ifnar’, Ifngr’- and double Ifnar’ x Ifngr’
mice infected with T. gondii (h=3-5 mice per group). Bar = 100um. b, Lung, liver and
spleen sections from each mouse were scored for relative severity of histological
changes by a board-certified veterinary pathologist. ¢, Library size of the normalised
counts for control and T. gondii infected RNA-seq samples from Wild type and IFN
receptor KO mice, mapped to the T. gondii genome. Shape represents the different
tissues, empty and filled symbols represent control and disease samples, respectively,
and the color of the symbol represents Wild type and IFN receptor KO mice.
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Supplementary Figure 20. Lung modules assessed in lung and blood of samples
from Wild type mice infected with T. gondii in different animal houses. Modular
transcriptional profiles of lung and blood tissues from T. gondii infected, either at the
Crick or at NIH, Wild type C57BL/6 mice as assessed using the lung modules. Red
and blue circles indicate the cumulative over- or under-abundance of all genes within
the module for each T. gondii infected Wild type group compared to their respective
uninfected Wild type controls in each tissue. Color intensity of the dots represents the
degree of perturbation, indicated by the color scale. Size of the dots represents the
relative degree of perturbation, with the largest dot representing the highest degree of
perturbation within the plot. Within each group, only modules with FDR p-value < 0.05
were considered significant and depicted here. GCC, glucocorticoid; K-channel,
potassium channel; TM, transmembrane; Ubiq, ubiquitination.
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