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Supplementary Methods

Isolation of single cells from the whole aorta and aortic grafts

For isolation of single cells from the whole aorta, 12-week-old male wildtype and ApoE-/- mice (20
mice per group) were transcardially perfused with 5 mL PBS, and aortas were then harvested from
the mice. Perivascular adipose tissues and connective tissues were carefully removed from the aortas.
Aortic adventitia was then carefully dissected from the medial and intimal layers. The single cell
suspensions were then prepared separately from the aortic adventitia and the remaining
medial/intimal layers. To obtain single cell suspensions from the aortic adventitia, the adventitia was
washed with PBS for three times, cut into fine pieces and incubated with 2 mg/ml collagenase I
(Gibco, 17018029) and 2 mg/ml dispase II (Sigma, D4693) in Hank’s balanced salt solution
containing calcium and magnesium for a total 40 min. The remaining aortic media and endothelium
were cut open longitudinally, washed with PBS for three times, and digested with 1 mg/ml papain
(Sigma, P4762), 0.5 mg/ml 1,4-Dithioerythritol (Sigma, D8255), 0.156 mg/ml Taurine (Sigma,
T8691); 0.25 mg/ml bovine serum albumin (Sigma, A2058) in PBS. The digestion of both the
adventitia and media/intimal layers was performed at 37 °C with reciprocal shaking (125 rpm).
Detached cells were collected, suspended in DMEM with 10% FBS (Gibco, 10270) and the tissues
were then incubated with fresh digestion solutions every 10 min. Specifically, the remaining
adventitia and media/intimal tissues were cut into fine pieces after 20 min’s digestion, and further
incubated with corresponding digestion solution for another 20 min. All digested cells from one
sample were pooled together at the end of the digestion process. Digested cells were then passed
through a 40 pm cell strainer and stained with LIVE/DEAD ™ Fixable Near-IR Dead Cell Stain Kit
(Invitrogen, L34975, 1:1000) and Hoechst 33342 (Invitrogen, H3570, 1:1000) for 20 mins.
Specifically, digested cells from the medial/intimal layers were first stained with CD31-AF647
(Biolegend, 102516, 1:1000) for an additional 20 min. After PBS washing, cells were resuspended in
PBS and single nucleated live cells (Hoechst'/Dead Cell Stain’) were sorted into PBS with 0.04%
BSA using a BD FACS ARIA 11 Flow Cytometer (BD Biosciences). For cells from the medial/intimal
layers, endothelial cells (CD31"Hoechst'/Dead Cell Stain’) and non-endothelial cells (CD31
Hoechst'/Dead Cell Stain’) were sorted into PBS with 0.04% BSA. A single cell preparation
comprising approximately 50% endothelial cells and 50% non-endothelial cells (mostly smooth
muscle cells) was then prepared. For isolation of single tdTomato™ cells from the aortic grafts, a
similar protocol was used as describe above. Specifically, aortic grafts from 14 or 16-week-old Kit-
CreER; Rosa26-tdTomato mice (n=4 mice) were isolated for scRNA-seq analysis. Following a similar
digestion protocol as described above, all digested cells from one sample were pooled together at the
end of the digestion process. Digested cells were then passed through a 40 um cell strainer and stained
with DRAQS (Abcam, ab108410, 1:1000) and CD31-FITC (Invitrogen, 11-0311-81, 1:1000) for 30
mins. DAPI was added to the cell just before loading to flow cytometer. Single nucleated live
tdTomato™ cells (DRAQ/DAPI’) were sorted into PBS with 0.04% BSA using a BD FACS ARIA II
Flow Cytometer (BD Biosciences).

Single-cell RNA-sequencing and data analysis.

For single-cell RNA-sequencing (scRNA-seq) of four pooled samples obtained from the adventitia
and the intimal/medial layers of aorta, from wildtype or ApoE-/- mice, a Chromium™ Single Cell 3'
Reagent Kit v2 chemistry (10X Genomics) was used and a standard protocol was followed. Library
was generated and sequenced on a NovaSeq platform (Illumina) with paired-end 150 bp (PE 150)
sequencing strategy. Single cell RNA-sequencing raw data were processed using Cell Ranger (version
2.1.1). Briefly, “Cellranger mkfastq” was used to demultiplex raw data and generate FASTQ files,
which were further processed by “Cellranger count” to align reads to the mouse mm10 reference,
count the number of barcode and UMI, and to generate feature-barcode matrices. To reduce batch
effect, we also used “Cellranger aggr” to aggregate sequencing data from different libraries to the
same sequencing depth. Specifically, we have aggregated data from the adventitia and intimal/medial
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layers from wildtype or ApoE-/- mice. Data from wildtype and ApoE-/- mice (all four pooled samples)
were also aggregated together for further analyses. After aggregation of the samples, Seurat [1] v3
was used for downstream analyses. Analysis were performed with default parameters unless
otherwise specified. Briefly, for the analyses of the whole aorta from wildtype and ApoE-/- mice
(aggregation data of all four pooled samples), gene features expressed in at least 3 cells and cells with
at least 200 detected genes were kept, followed by filtering cells displaying over 3,500 and less than
500 gene features, and cells having over 8% mitochondrial counts. 9,745 cells remained post-filtering
and data were normalized by “LogNormalize”. 2,000 most highly variable genes were then selected
and all genes were scaled by using “ScaleData”. Principle component analysis was then performed
on selected highly variable genes, and the first 25 principle components with a resolution of 0.2 were
used for cell clustering and Uniform Manifold Approximation and Projection (UMAP) [2]
visualization. The marker genes upregulated in each cluster were identified by “FindAllMakrers”
(min.pct=0.25, logfc.threshold=0.25). Integrating analysis of the whole aorta data from our dataset
with three other published datasets[3-6] was also analyzed using Seurat v3. A standard integrated
analysis was performed with default parameters. 19,234 cells remained post-filtering. Specifically,
2,000 most highly variable genes were selected for analysis and the first 30 principle components
with a resolution of 0.2 was used for cell clustering and UMAP visualization.

For single-cell RNA-sequencing (scRNA-seq) of tdTomato" cells obtained from aortic grafts, a
similar method was used as described above. Specifically, a Chromium™ Single Cell 3' Reagent Kit
v3 chemistry (10X Genomics) was used and a standard protocol was followed. Library was generated
and sequenced on a Hiseq 2500 System (Illumina). Single cell RNA-sequencing raw data were
processed using Cell Ranger (version 3.0.2). Aggregation data was also analysed by Seurat [1] v3 for
cell clustering and differentially expressed genes following a standard protocol. Specifically, cells
displaying less than 500 gene features, and cells having over 10% mitochondrial counts were filtered.
The first 30 principle components with a resolution of 0.2 were used for cell clustering. Focused sub-
clustering analyses of nonimmune cells (SPC/EC) were performed and the first 20 principle
components with a resolution of 1.1 were used for cell clustering. A contamination of immune cells
(2 cells) was also excluded from these populations for subsequent analysis. Pseudotime trajectory
analysis was performed using Monocle 2[7]. We used differentially expressed genes acquired from
the above Seurat analysis to order cells in pseudotime. For analysis of PI3K-AKT-mTOR signaling
over pseduotime, we used a gene set “HALLMARK PI3K AKT MTOR_SIGNALING” from
GSEA, which includes genes up-regulated by activation of the PI3K/AKT/mTOR pathway. Human
gene names were first converted to mouse gene names using “biomaRt”[8] before analysis. Gene set
enrichment analysis of KEGG pathway was analyzed using DAVID[9] bioinformatics resources.
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Fig. $1 Isolation of live nucleated single cells from the aortas of wildtype and ApoE-/- mice for scRNA-seq
analysis. a Schematic showing experimental procedure for preparation of live nucleated single cells from
aortas for scRNA-seq analysis. Single cells were separately prepared from the adventitia and
intimal/medial layers and subjected to scRNA-seq (n=20 mice per group). Specifically, CD31* ECs and
CD31- non-ECs were sorted from the intimal/medial layers and mixed at a 1:1 ratio before scRNA-seq. b
Representative gating strategy of live nucleated (Hoechst*Dead Cell Stain-) single cells preceding gating

of CD31* ECs and CD31- non-ECs.
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Fig. S2 Quality control data for scRNA-seq of mouse aortic cells. a Overview of scRNA-seq data quantity
metrics for all aggregated data. b-f Quality control analysis for aggregated data of WT and ApoE-/- mice.
b Violin plots showing expression level of gene features, cell counts (UMI), and mitochondrial percentage
in all cells. Dashed lines mark upper or lower cut-offs for filtering cells for downstream analysis. ¢ Graphs
showing relationship between expression level of gene features, cell counts and mitochondrial. Dashed
lines mark upper or lower cut-offs for filtering cells for downstream analysis. d Graphs showing
relationship between average expression and dispersion. Red dots shown are highly variable genes
selected for downstream analysis. e UMAP-plot showing color-coded number of counts per cell. f UMAP-
plot showing color-coded genes per cell.
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Fig. S3 Related to Fig. 1a-1d. ScCRNA-seq analysis of previously reported vascular stem/progenitor cell
markers in the whole aorta. a UMAP plot showing 11 color-coded cell clusters with putative biological
indentities. n=9,745 individual cells. b Feature plot showing average expression (color-scaled) of

previously reported stem progenitor marker genes in each cell cluster.
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Fig. S4 Related to Fig. 1e-1f. Integrated analysis of the whole aorta from four scRNA-seq datasets. a
UMAP plot showing color-coded cell clusters across the four scRNA-seq datasets. Putative biological
identity of each cell cluster is defined on the right. n=19,234 individual cells. b Heatmap showing top 10
differentially expressed genes in each cell cluster. Normalized gene expression is shown. ¢ Dot plot
showing average expression (color-scaled) of previously reported stem progenitor marker genes in each
cell cluster. Dot size reflects the proportion of cells expressing the selected gene. d Feature plot showing

average expression (color-scaled) of selected marker genes in each cell cluster.
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Fig. S5 ScRNA-seq analysis of Kit-expressing cells in the whole aorta (aggregated data of WT and ApoE-
/- mice). a Heatmap showing top 20 differentially expressed genes in each cell cluster (Kit-expressing
cells are shwon). Putative biological identity of each cell cluster is defined on the right. b Graph showing
the total cell number of each biological identities and the number of Kit-expressing cells in each cluster
(single dataset). ¢ Graph showing the total cell number of each biological identities and the number of Kit-
expressing cells in each cluster (four integrated datasets).
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Fig. S6 Related to Fig. 2. Verification of tdTomato labelling in Kit-CreER; Rosa26-tdTomato mice. a-b Kit-
CreER; Rosa26-tdTomato mice were treated with tamoxifen or control corn oil as described in Figure 2a.
Flow cytometric analysis of tdTomato* cells in blood (a) and bone marrow (b) (n=3). ¢ Representative
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Table S1. Related to Fig. 1b. Upregulated differentiated expressed genes in each cluster (Total cells from
aggregated data).

Find attached excel file (Supplemental Table S1.xlIsx).

Table S2. Related to Fig. 1e and Fig. S4. Upregulated differentiated expressed genes in each cluster
(Total cells from integrated data of four scRNA-seq datasets).

Find attached excel file (Supplemental Table S2.xIsx).

Table S3. Related to Fig. 1g and Figure S5a. Upregulated differentiated expressed genes in each cluster
(Kit-expressing cells from aggregated data).

Find attached excel file (Supplemental Table S3.xIsx).



Table S4. List of Primers for qPCR.

Gene Forward (5 to 3’) Reverse (5’ to 3)
Pecam1 CACCCATCACTTACCACCTTATG TGTCTCTGGTGGGCTTATCT
Cdh5 AAGAAACCGCTGATCGGCA TCGGAAGAATTGGCCTCTGTC
Kadr TGAAATTGAGCTATCTGCCGG TTTGAAGGTGGAGAGTGCCAG
Nos3 GGCTGGGTTTAGGGCTGTG CTGAGGGTGTCGTAGGTGATG
Fit1 ACCTCACCGTGCAAGGAACC ACTGCTCATCCAGGGGAACT
vwf CTTCTGTACGCCTCAGCTATG GCCGTTGTAATTCCCACACAAG
Kit CCTCCTGCCCTTTATCCTTTAG GACCTCCAAACCAGCTTACTT
Glut1 (Sic2a1) GTGACGATCTGAGCTACGGG AACGGACGCGCTGTAACTAT
Hk2 ATGATCGCCTGCTTATTCACG CGCCTAGAAATCTCCAGAAGGG
Pfkfb3 ACAGGACACGCCTTCCTTTC CGCAAAAACCTGAGAAGCGA
Tpi1 ACTGCCCATCCCTCTACCTG TAATAGGGCGGTGGAAACGG
Eno1 CGTCCACTGGCATCTACG GAGCAGGCGCAATAGTTTTA
Pkm ACCCTGGACAACGCTTACAT ACCAGGAAGTCAGCGCCTTT
Ldha TGCACTAGCGGTCTCAAAAG GTCAACAAGGGCAAGCTCATC
Mct1 (Sic16a1) GTGCAACGACCAGTGAAGTA ACAACCACCAGCGATCATTA
Cs TGTTTCAGGGGCCTTTAAGACT CATGCTTCAGTCCCGGTCAT
Aco1 AGAACCCATTTGCACACCTTG AGCGTCCGTATCTTGAGTCCT
Aco2 AACCGGCCTCTTACTCTCTCA CAGGTATGTCTTTCCCCGCTC
Idh2 GGAGAAGCCGGTAGTGGAGAT GGTCTGGTCACGGTTTGGAA
Ogdh AGGGCATATCAGATACGAGGG CTGTGGATGAGATAATGTCAGCG
Sdha GGCTTTCACTTCTCTGTTGGT AGAAAGGCCAAATGCAGCTCG
Sdhb ATTTACCGATGGGACCCAGAC GTCCGCACTTATTCAGATCCAC
Mdh1 GTTGCCTGACTCGCTTGGA TTACATCATCAGCGGTTACACC
Mdh?2 AAGGTTGTGATGTGGTGGTCA TAGCGTTGGTGTTGAACAGGT
Etv2 ACCGTCAGAACAAGCATCCA AAACCAAATTCCGCTCCCA
Gapdh TCTCCCTCACAATTTCCATCC GGGTGCAGCGAACTTTATTG






