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Supplementary Legends

Supplementary Fig. S1 In situ hybridization of SARS-CoV-2 in liver, kidney,

micro-vessel and testis of infected rhesus macaques.

A.

RNAscope images of SARS-CoV-2 expression (Green, FITC-labelled) and
replication (Red, Cy3-labelled) in testis. Hematoxylin and Eosin (HE) staining

were used to refer the SARS-CoV-2 in situ distribution and replication in each

tissue. Scale bars, HE 100 pm and ISH 20 pm.

RNAscope images of SARS-CoV-2 expression and replication in liver. Legend as
in A.

RNAscope images of SARS-CoV-2 expression and replication in kidney. Legend
asin A.

RNAscope images of SARS-CoV-2 expression and replication in micro-vessel.
Legend as in A.

RNAscope images of SARS-CoV-2 expression and replication in colon. Legend
as in A.

Droplet digital PCR for viral ORFlab and N sgRNA quantification in all 14
tissues of three SARS-CoV-2 infected macaques for 7 days. Using a viral load >
10 logio (copies/ml) as the threshold of positivity-tissue-based PCR. The asterisk
and diamond-shaped blocks represented the ORF and N segments of SARS-CoV-2,

respectively.
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Supplementary Fig. S2 Transcriptomic characteristics for multiple tissues in

rhesus macaque.

A. Violin plot showing expression profiling for specific tissue marker genes of
stomach (left), liver (middle) and cerebral cortex (right) in all of 14 tissues.

B. Heatmap showing correlation coefficient for expression profiling between each
two tissues. The tissues have been divided into different groups by hierarchical
clustering.

C-H. Line plots showing the normalized expression patterns for genes from other 6
clusters, individually, which are determined by K-means clustering analysis. The
light lines represent normalized expression value for each gene from different
clusters, while the dark lines represent mean of normalized expression values
among all genes from each cluster.

I-N. Barplots showing the enriched Gene Ontology (GO) terms for other 6 clusters,

individually, which are corresponding to genes in (C-H).
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Supplementary Fig. S3 Opposite transcriptomic changes from cerebral cortex

versus cerebellum and right ventricle in rhesus macaques post SARS-CoV-2

infection.

A.

Heatmap showing high similarity of infected samples in each tissue. F represents
female, M is males and 1 or 2 represents the individuals.

The t-distributed Stochastic Neighbor Embedding (t-SNE) visualization of gene
expression patterns for different tissues from control and infected rhesus
macaques.

Bubble chart showing the enrichment of GO terms for significantly
down-regulated genes identified in each tissue. Bubble size represents counts of
identified down-regulated genes in each term for individual tissue, and p values
from non-significance to high significance are shown as blue to red.

Heatmap showing correlation coefficient for expression profiling between each
two samples from cerebral cortex, cerebellum and right ventricle.

Heatmap showing the fold changes of dysregulated genes in cerebral cortex, right
ventricle or cerebellum of rhesus macaques post infection. The fold change of
each gene is then normalized by Z-score among three tissues.

Venn plots displaying the intersection of dysregulated genes among cerebral
cortex, cerebellum and right ventricle. The genes have been divided to two group:
(i) up-regulated in cerebral cortex but down-regulated in cerebellum or right
ventricle (left); (ii)) down-regulated in cerebral cortex but up-regulated in

cerebellum or right ventricle (right).

. Map of enriched GO functional terms for 1709 dysregulated genes in cerebral

cortex, right ventricle and cerebellum, which are corresponding to F.

. Map of enriched GO functional terms for 1287 dysregulated genes in cerebral

cortex, right ventricle and cerebellum, which are corresponding to F.
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Supplementary Fig. S4 Opposite gene expression patterns between cerebral

cortex and cerebellum/right ventricle tissues.

A.

Genome browser showing the reads abundance along /FNLRI in cerebral cortex,
cerebellum and right ventricle from control and infected rhesus macaques.
Volcano plot showing the difference in all expressed interferon-stimulated genes
(ISGs) between control and infected samples in right ventricle (left) and
cerebellum (right). Purple and brown points: up-regulated ISGs; green and dark
green points: down-regulated ISGs.

Intersection analysis of dysregulated ISGs in cerebral cortex, right ventricle and
cerebellum of infected rhesus macaques. Only up-regulated ISGs for cerebral
cortex are selected, while down-regulated ISGs for cerebellum and right ventricle,
respectively.

Map of enriched GO functional terms for 112 common dysregulated ISGs in
cerebral cortex, right ventricle and cerebellum of infected rhesus macaques
(corresponding to C). Dot represents enriched GO terms. Size of dot stands for its
significance level (p value); Line means the shared genes by two terms; Width of
lines stands for the counts of shared genes.

Heatmap showing the fold changes of M2 macrophage related genes after
infection for each of 14 tissues, individually. The fold change of each gene is then
normalized by Z-score among tissues, while asterisk represents dysregulated genes
with statistical significance (p < 0.05) identified in each tissue.

Pie charts showing the estimated proportions for different types of immune cells
in cerebral cortex (top), right ventricle (middle) and cerebellum (bottom) of

control (left) and infected (right) samples.
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Supplementary Fig. S5 Network of elevated transcription factors and their
targets in cerebral cortex, cerebellum and right ventricle post SARS-CoV-2
infection.

A. Polar heatmap showing the fold changes of significantly dysregulated TFs in each
tissue from control and infected rhesus macaques. Z-score represented the scaled
log>(fold change).

B. Network showing the interactions between significantly elevated TFs and their
targets in cerebral cortex post infection based on TF-target pairs using Cytoscape
software. Red diamonds were the induced TFs, and circular dots represented their
targets. Light purple dots were up-regulated targets in cerebral cortex post
infection, light green ones were down-regulated targets and light blue ones were
the unchanged targets. The size of TFs represents the number of their interaction
pairs, and the size of targets represents their fold change post infection.

C. Network showing the interactions between significantly elevated TFs and their
targets in cerebellum post infection based on TF-target pairs using Cytoscape
software. Legend as B.

D. Network showing the interactions between significantly elevated TFs and their
targets in right ventricle post infection based on TF-target pairs using Cytoscape

software. Legend as B.
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Supplementary Fig. S6 Dysregulated angiogenesis and stage-specific fibrosis

factors in multiple tissues.

A.

The number of significantly dysregulated genes of cytokine, coagulation,
angiogenesis and fibrosis across 14 tissues in rhesus macaques post infection.

Map of enriched GO functional terms for significantly up-regulated cytokines
(corresponding to Fig. 6A) in cerebral cortex of infected rhesus macaque.

Map of enriched GO functional terms for significantly up-regulated coagulation
(corresponding to Fig. 6B) in cerebral cortex of infected rhesus macaque.

Map of enriched GO functional terms for significantly up-regulated angiogenesis
(corresponding to Fig. 6C) in cerebral cortex of infected rhesus macaque.
Interaction network showing the stage-specific dysregulated fibrotic genes in the
other 11 tissues post SARS-CoV-2 infection over four fibrosis stages, including
initiation (green), inflammation (light blue), proliferation (orange) and
modification (red). The interactions were built based on the STRING database
using Cytoscape software. The size of bubbles represents the value of fold change

of dysregulated genes from infected rhesus macaques compared to the control one.



129  Supplementary Fig. S7 Occurrence of encephalitis post SARS-CoV-2 infection.
130 A. Hematoxylin and eosin (HE) and Immunohistochemical (IHC) staining showing
131 induced expression of VEGFA and TNFRSF1 in infected cerebral cortex.

132 B. enrichment of GO terms for significantly dysregulated transported ligands from
133 cerebellum and right ventricle to cerebral cortex.

134 C. Schematic diagram displaying the two potential pathways for cerebral cortex

135 infection. (i) Neuronal receptor pathway: NRP1 served as neuronal receptor of
136 SARS-CoV-2 in nasal epithelium and cerebral cortex, contributing to cerebral
137 cortex infection; (ii) Signal transduction pathway along blood circulation system:
138 secreted neurotransmitter from right ventricle post SARS-CoV-2 infection might
139 induce hormones secretion, which transport via the circulatory system until to the
140 cerebral cortex and induce response for virus infection.
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Supplementary Table Legends

Supplementary Table S1. Viral RNA copies in the detected organs. Using 10 copy
equivalents of viral RNA as the limits of detection for SARS-CoV-2.

Supplementary Table S2. Distribution and expression of SARS-CoV-2 in multiple
tissues of rhesus macaque. The cell types in multiple tissues were used to detect the

distribution and expression of SARS-CoV-2 in rhesus macaques.

Supplementary Table S3. Sequencing depth and alignment statistics for RNA-seq

in multiple tissues samples.

Supplementary Table S4. Expression of tissues marker genes for multiple tissues
in rhesus macaque. Tissue marker genes were collected from Human Cell Landscape
database, the expression value was the evaluated as reads kilobase per million mapped

reads (RPKM) in each tissue.

Supplementary Table S5. Transcriptomic K-means clustering results for multiple
tissues of rhesus macaque. K-means clustering was performed to classify genes
among 14 tissues by Z-score normalized expression. Total 8 clusters were summarized

for all tissues in rhesus macaque.

Supplementary Table S6. Expression profiling for multiple tissues of rhesus
macaque post SARS-CoV-2 infection. RPKM was used to evaluate genes expression

in all tissues of control and infected rhesus macaques.

Supplementary Table 7. Profiling of differentially expressed genes among
multiple tissues in rhesus macaque post SARS-CoV-2 infection. Compared
infected samples to the control one for each tissue, significantly dysregulated genes

with | fold change | >2 and p value < 0.05 in at least one tissue were summarized.

Supplementary Table S8. Changes of IFN-stimulated genes among multiple
tissues in rhesus macaque post SARS-CoV-2 infection. Total 572 ISGs were
summarized with fold change and p value for each tissue from control and infected

rhesus macaque.
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Supplementary Table S9. Changes of transcription factors among multiple
tissues in rhesus macaque post SARS-CoV-2 infection. Total 745 TFs were
summarized with fold change and p value for each tissue from control and infected

rhesus macaque.

Supplementary Table S10. Changes of receptors, cytokines, coagulation,
angiogenesis, and fibrosis factors among multiple tissues in rhesus macaque post
SARS-CoV-2 infection. Multiple factors were summarized with fold change and p

value for each tissue from control and infected rhesus macaque.

Supplementary Table S11. Up-regulated ligand-receptor pairs among multiple

organs in rhesus macaque post SARS-CoV-2 infection.
Supplementary Table S12. Antibodies used in this study.
Supplementary Table S13. Primers for RT-qPCR in this study.

Supplementary Table S14. Source data for RT-qPCR.
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