
C

FSC-A

SS
C

-A

SSC-W

SS
C

-A

DRAQ5

D
AP

I

Single Cells 95.3%Cells 77.1% Live Cells 36.8%

Figure S1. Tissue Characterization, Preparation and Analysis of Sc-RNAseq.
(A, B) The vena cava was grafted into the carotid artery. Representative H&E images showing
perianastomotic regions and middle bodies within grafts that were harvested 4-weeks after vein graft (Scale
bars: 200 μm).
(C) Representative gating strategy for sc-RNAseq.
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Figure S2. Ly6a-CreERT2; Rosa26-tdTomato Mice Strategy and Identification.
(A) Strategy for Ly6a-CreERT2 allele generation.
(B) Conventional PCR showing genotyping for Ly6a-CreERT2; Rosa26-tdTomato mice.
(C) Experimental graph showing Ly6a-CreERT2 mice that were crossed with Rosa26-TdTomato reporter
mice line; strategy for experimental schedule of tamoxifen-induced TdTomato labelling of Sca-1+ cells
(D, E) Representative flow cytometric analysis of TdTomato+ cells in bone marrow and blood(n=6).
Abbreviations: BM, bone marrow; R26, Rosa-26;TdT, tdTomato.
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Figure S3. Verification of TdTomato Labeling in Ly6a-CreERT2; Rosa26-tdTomato Mice.
(A) Ly6a-CreERT2; Rosa26-tdTomato mice were treated with tamoxifen or no tamoxifen. Immunostaining
showing TdTomato+ labelling of sca-1+ cells in lung, spleen and kidney (Scale bars: 50 μm, and 10 μm in
enlarged image). Images shown are representative of n=3 separate mice.
(B) Immunostaining showing longitude section of vena cava from Ly6a-CreERT2; Rosa26-tdTomato mice
stained with TdTomato and Sca-1 (Scale bars: 50 μm, and 10 μm in enlarged image). Images shown are
representative of n=3 separate vessels.
(C) En face staining of venae cavae showing TdTomato+ Sca-1+ cells (Scale bars: 50 μm). Images shown are
representative of n=3 separate vessels.
(D, E) Immunostaining showing TdTomato+ cells in cross sections of aortas and carotid arteries from Ly6a-
CreERT2; Rosa26- TdTomato mice that were co-stained with Sca-1 and CD31, respectively (Scale bars: 50
μm). Images shown are representative of n=3 separate vessels.
Abbreviations: A, adventitia; I, intima; M, media; R1-2 indicates region 1-2.
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Figure S3. Verification of Sca-1+ Cells in Aortas, Carotid Arteries and Venae Cavae
(F) Ly6a-CreERT2; Rosa26-tdTomato mice were treated with tamoxifen. Aortas were divided into four
segments for analysis. Representative immunostaining shows TdTomato+ and CD31 labeling in aortas
(Scale bars: 100 μm in yellow, 50 μm in white, and 10 μm in enlarged image). Images shown are
representative of n=3 separate aortas.
(G) Immunostaining showing cross sections of carotid arteries from the Ly6a-CreERT2; Rosa26-
tdTomato mice stained with TdTomato and CD31 (Scale bars: 100 μm in yellow, 50 μm in white, and 10
μm in enlarged image). Images shown are representative of n=3 separate carotid arteries.
(H) Immunostaining showing cross sections of venae cavae from the Ly6a-CreERT2; Rosa26-tdTomato
mice stained with TdTomato and CD31 (Scale bars: 100 μm in yellow, 50 μm in white, and 10 μm in
enlarged image). Images shown are representative of n=3 separate venae cavae.
Abbreviations: R3-4, region 3-4.
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Figure S4. Recipient Sca-1+ Cells Generating Both ECs and SMCs in Vein Grafts.
(A) Vein graft sections were stained with TdTomato and VWF as indicated (Scale bars: 100 μm in
yellow, 50 μm in white, and 10 μm in enlarged image). Images shown are representative of n=6
separate grafts.
(B and C) Vein graft sections were stained with TdTomato ,SM22 and Calponin as indicated (Scale
bars: 50 μm, and 10 μm in enlarged image). Images shown are representative of n=6 separate
grafts.
(D) Immunostaining showing cross sections of vein graft from Ly6a-CreERT2; Rosa26-tdTomato
without tamoxifen treatment stained with respective IgG control antibody (Scale bars: 50 μm).
(E) The panel showing percentage of α-SMA+ cells in the neointima and the adventitia within the
perianastomotic regions and middle bodies of vein grafts. All the data represent mean ± SEM, n=6
per group.
Abbreviations: A, adventitia; I, neointima; R1-8, region 1-8; SM22, Transgelin.
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Figure S5. Bone Marrow Source of Recipient Sca-1+ cells Differentiating into Inflammatory Cells.
(A) Strategy for chimeric mouse model in which bone marrow cells from Ly6a-CreERT2; Rosa26-TdTomato mice
were transplanted to irradiated C57BL/6J mice. 4 weeks after bone marrow transplantation, pulses of tamoxifen
were given to the chimeric mice. Subsequently, venae cavae from C57BL/6J mice were transplanted adjacent to the
carotid arteries of the chimeric mice. Grafts were collected 4 weeks after the surgeries.
(B) Representative flow cytometric analysis of TdTomato+ cells from bone marrow and blood in chimeric mice(n=6).
(C, D) Vein graft sections were stained with TdTomato, α-SMA and CD31 as indicated (Scale bars: 50 μm, and 10
μm in enlarged image). Images shown are representative of n=6 separate grafts.
(E) Vein graft sections were stained with TdTomato and CD11b as indicated (Scale bars: 50 μm, and 10 μm in
enlarged image). Images shown are representative of n=6 separate vessels or grafts. The panel representing
quantification percentage of TdTomato expression in CD11b+ cells or CD11b expression in TdTomato+ cells. All the
data represent mean ± SEM, n=6 per group.
(F) Immunostaining showing cross section of vein graft stained with IgG control antibody (Scale bars: 50 μm).
Abbreviations: A, adventitia; α-SMA, α-Smooth Muscle Actin; I, neointima; R1-4, region 1-4; TdT, TdTomato.
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Figure S6. Non-bone Marrow Source of Sca-1+ Cells in Vein Grafts.
(A) Chimeric mice were produced in which bone marrow from C57BL/6J mice were transplanted to irradiated
Ly6a-CreERT2; Rosa26-TdTomato mice. Immunostaining showing cross sections of aortas from the chimeric
mice that are stained with TdTomato and CD31 (Scale bars: 100 μm in yellow, 50 μm in white, and 10 μm in
enlarged image). Images shown are representative of n=6 separate vessels.
(B) Immunostaining showing cross sections of carotid arteries from the chimeric mice that are stained with
TdTomato and CD31 (Scale bars: 100 μm in yellow, 50 μm in white, and 10 μm in enlarged image). Images
shown are representative of n=6 separate vessels.
(C) Four weeks after bone marrow transplantation, pluses of tamoxifen were given to the chimeric mice.
Subsequently, venae cavae from C57BL/6J mice were transplanted adjacent to the carotid arteries of the
chimeric mice. Grafts were collected 4 weeks after the surgeries . Representative of immunostainings showing
vein graft sections that were stained with TdTomato and VWF as indicated (Scale bars: 100 μm in yellow, 50
μm in white, and 10 μm in enlarged image). Images shown are representative of n=6 separate grafts.
(D) Immunostaining showing cross sections of vein grafts from Ly6a-CreERT2; Rosa26- TdTomato mice without
tamoxifen treatment stained with respective IgG control antibody (Scale bars: 50 μm).
Abbreviations: A, adventitia; I, intima; VWF, Von Willebrand Factor.
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Figure S7. Venous Sca-1+ Cells Mainly Giving Rise to SMCs in the Neointima.
(A, B) Vein graft sections were stained with TdTomato, SM22 and Calponin as indicated (Scale bars: 50
μm, and 10 μm in enlarged image). Images shown are representative of n=6 separate grafts.
(C, D) Vein graft sections were stained with TdTomato, CD144 and VWF as indicated (Scale bars: 50 μm,
and 10 μm in enlarged image). Images shown are representative of n=6 separate grafts.
(E) Immunostaining showing cross section of vein graft from Ly6a-CreERT2 ; Rosa26- TdTomato mice
without tamoxifen treatment stained with respective IgG control antibody (Scale bars: 50 μm).
Abbreviations: A, adventitia; I, intima; R1-4, region 1-4; SM22, Transgelin; VWF, Von Willebrand Factor.
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Figure S8. Gene Expression of Sca-1+ Cells in Vessel Wall and Bone Marrow
(A) Immunostaining showing as indicated the labelling of isolated sca-1+ cells (Scale bars: 50 μm).
(B) Quantitative analysis of qPCR showing mRNA expression of SMC markers (Acta2, Tagln and Myh11) in
TGFβ1 treated Sca-1+ VPCs. All the data represent mean ± SEM, n=3 experiments.
(C) Representative immunostaining images showing expression of SMC markers (α-SMA and SM22) in TGFβ1
treated Sca-1+ VPCs. Images shown are representative of n=3 separate experiments.
(D, E) Heatmap showing expression of specific genes of transcription factors and ECM production along the sc-
RNAseq pseudotime trajectory of mixing cells including smooth muscle cells and adventitial cells in vein grafts.
(F) Volcano plot showing bulk RNA-seq of Sca-1+ VPCs and Sca-1+ BMCs. Each dot labeled in the plot
represented a gene that is related to the vascular development.
(G) Biological function analysis showing different functions of enriched genes in Sca-1+ VPCs and Sca-1+ BMCs.
Abbreviations: Acta2, Actin α2, Smooth Muscle; α-SMA, α-Smooth Muscle Actin; BMC, bone marrow cell; Bulk
RNA-seq, Bulk RNA sequencing; ECM, extracellular matrix; My11, Myosin heavy chain 11; qPCR, quantitative
polymerase chain reaction; SM22, Transgelin; sc-RNAseq, single cell RNA sequencing; Tagln, Transgelin; VPC;
vascular progenitor cell.

CTR TGF-β

C
on

tro
l

TG
F-

β

DAPI/α-SMADAPI/SM22B C

0 5 10 15 20 25 30 35

-lo 10(P)

R-MMU-2243919: C)osslinkin  of colla en fib)ils

GO:1901342: )e ulation of -asculatu)e de-elo(ment

GO:0045596: ne ati-e )e ulation of cell diffe)entiation

GO:0050678: )e ulation of e(ithelial cell ()olife)ation

GO:0040013: ne ati-e )e ulation of locomotion

GO:0040008: )e ulation of  )owth

GO:0048589: de-elo(mental  )owth

GO:0001657: u)ete)ic bud de-elo(ment

GO:0071363: cellula) )es(onse to  )owth facto) stimulus

GO:0008285: ne ati-e )e ulation of cell (o(ulation ()olife)ation

GO:0040017: (ositi-e )e ulation of locomotion

GO:0060485: mesench0me de-elo(ment

GO:0007507: hea)t de-elo(ment

GO:0048598: emb)0onic mo)(ho enesis

GO:0007167: en10me-linked )ece(to) ()otein si nalin  (athwa0

GO:0048729: tissue mo)(ho enesis

R-MMU-1474244: Ext)acellula) mat)ix o) ani1ation

GO:0001501: skeletal s0stem de-elo(ment

GO:0035239: tube mo)(ho enesis

GO:0030198: ext)acellula) mat)ix o) ani1ation

0 10 20 30 40 50
-)og10(P)

R-MMU-198933: Imm1noreg1)a0or4 in0erac0ions  e03een a L4m-hoid and a non-L4m-hoid ce))
GO:0002764: imm1ne res-onse-reg1)a0ing signa)ing -a0h3a4
GO:0001818: nega0i2e reg1)a0ion of c40o(ine -rod1c0ion
GO:0046631: a)-ha- e0a T ce)) ac0i2a0ion
mm104514: Ce)) adhesion mo)ec1)es - M1s m1sc1)1s (ho1se mo1se)
GO:0030888: reg1)a0ion of B ce)) -ro)ifera0ion
WP3625: T4ro - ca1sa) ne03or( in microg)ia
GO:0032649: reg1)a0ion of in0erferon-gamma -rod1c0ion
mm104060: C40o(ine-c40o(ine rece-0or in0erac0ion - M1s m1sc1)1s (ho1se mo1se)
GO:0070661: )e1(oc40e -ro)ifera0ion
GO:0002274: m4e)oid )e1(oc40e ac0i2a0ion
GO:0002250: ada-0i2e imm1ne res-onse
mm104640: Hema0o-oie0ic ce)) )ineage - M1s m1sc1)1s (ho1se mo1se)
GO:0002683: nega0i2e reg1)a0ion of imm1ne s4s0em -rocess
GO:0050900: )e1(oc40e migra0ion
GO:0006954: inf)amma0or4 res-onse
GO:0002697: reg1)a0ion of imm1ne effec0or -rocess
GO:0001817: reg1)a0ion of c40o(ine -rod1c0ion
GO:0002694: reg1)a0ion of )e1(oc40e ac0i2a0ion
GO:0001775: ce)) ac0i2a0ion

Log2 FoldChange

-lo
g1
0
q-
va
lu
e

Log10 (P)

Sca-1+ BMCSca-1+ VPC
F G

Sca-1+ BMC

Sca-1+ VPC

Sca-1/ DAPIA


