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Cluster 0

G0:0030198 | extracellular matrix organization -
G0O:0000122 | negative regulation of transcription |
by RNA polymerase Il
GO:0030199 | collagen fibril organization - &)
G0:0001501 | skeletal system development A .
G0:0002376 | immune system process - .
GO0:2000741 | positive regulation of mesenchymal | ®
stem cell differentiation
GO:0045944 | positive regulation of transcription |
by RNA polymerase Il
G0:0032332 | positive regulation of chondrocyte | ®
differentiation
G0:0051216 | cartilage development - O Gene Number
GO:0045087 | innate immune response - . ® 5
G0:2000643 | positive regulation of early endosome | PY
to late endosome transport . 10
G0:0043588 | skin development - O . 15
G0O:0045444 | fat cell differentiation - O
GO:0051496 | positive regulation of stress fiber | ® . 20
& assembly
T GO:0010718 | positive regulation of epithelial to | ®
'9 mesenchymal transition 25
GO:0010756 | positive regulation of plasminogen | ®
o activation
V) GO:0010467 | gene expression{ @ P.val
.vaiue
G0O:0006366 | transcription by RNA polymerase |14 .
GO:0010628 | positive regulation of gene | .
expression
GO0:0010710 | regulation of collagen catabolic | ® 1e-04
process
GO0:1903225 | negative regulation of endodermal | ® 2e-04
cell differentiation
G0:0097435 | supramolecular fiber organization - © 3e-04
G0:0043065 | positive regulation of apoptotic | .
process
GO:0045669 | positive regulation of osteoblast | ©
differentiation
G0:0001508 | ossification ©
GO0:0030336 | negative regulation of cell migration{ @
GO:0007155 | cell adhesion -
GO:0006357 | regulation of transcription by RNA |
polymerase I
GO:0048592 | eye morphogenesis - o
G0:1902115 | regulation of organelle assembly - L
0.0 0.4 0.8
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Cluster 1

G0O:0044344 | cellular response to fibroblast |
growth factor stimulus

G0:0045944 | positive regulation of transcription
by RNA polymerase I

GO0:0002376 | immune system process -

GO:0045892 | negative regulation of DNA-templated |
transcription

G0:0045087 | innate immune response -

GO0:0035914 | skeletal muscle cell differentiation -

G0:0045597 | positive regulation of cell |
differentiation

GO:0030199 | collagen fibril organization -

GO0:0006357 | regulation of transcription by RNA |
polymerase ||
GO:0045893 | positive regulation of DNA-templated |

GO0:1900153 | positive reg ulatio%r%ri]sncijn 332

transcribed mRNA catabolic process, deadenylation- -

GO:0000288 | nuclear—transcril:n'—.\ud r?#ﬁ{] ega{tg 8ﬁ

process, deadenylation-dependent decay
G0:0001649 | osteablast differentiation -

GO0:0071385 | cellular response to glucocorticoid |
stimulus

GO:1904582 | positive regulation of intracellular |
mRNA localization

GO:1902172 | regulation of keratinocyte apoptotic |
process

G0:0043065 | positive regulation of apoptotic |
process

GO Term

GO0:0009611 | response to wounding -

G0:0061014 | positive regulation of mMRNA catabolic |
process

G0O:0061158 | 3'-UTR-mediated mRNA destabilization -

GO:0006355 | regulation of DNA-templated |
transcription

GO:0010468 | regulation of gene expression -

G0:1901991 | negative regulation of mitotic cell |
cycle phase transition

GO:0060710 | chorio-allantoic fusion -

G0:0045444 | tat cell differentiation -

GO:0071364 | cellular response to epidermal growth |
factor stimulus

GO:0071356 | cellular response to tumor necrosis
factor

G0:0044849 | estrous cycle

G0:0043488 | regulation of MRNA stability -

G0:0071310 | cellular response to organic |
substance

©
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P.value

0.00005
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Cluster 2

GO:0001508 | ossification -

G0:0001501 | skeletal system development -
GO0:0002062 | chondrocyte differentiation -
G0:0030282 | bone mineralization -
G0:0002063 | chondrocyte development -
GO:0007411 | axon guidance -

GO0:0007155 | cell adhesion -

G0:0051216 | cartilage development -
GO0:0030199 | collagen fibril organization -
GO:0061053 | somite development -

GO:0001649 | osteoblast differentiation -

G0:0008285 | negative regulation of cell _
population proliferation

GO:0043066 | negative regulation of apoptotic
process

GO:0030509 | BMP signaling pathway -
GO:0016055 | Wnt signaling pathway -

G0:0030500 | regulation of bone mineralization -

G0:0008284 | positive regulation of cell
population proliferation

G0:0010628 | positive regulation of gene
expression

GO0:0008543 | fibroblast growth factor receptor _
signaling pathway

G0:0048705 | skeletal system morphogenesis -

GO Term

GO:0042472 | inner ear morphogenesis -
GO0:0001502 | cartilage condensation -
GO0:0030154 | cell differentiation -
GO0:0001958 | endochondral ossification -
GO0:0060325 | face morphogenesis -

GO:0007417 | central nervous system development -

G0:0010757 | negative regulation of plasminogen
activation

G0:0042733 | embryonic digit morphogenesis -
GO:0060070 | canonical Wnt signaling pathway -
G0:0008283 | cell population proliferation -

Gene Number
® s5

@
.16

P.value

5.0e-06
1.0e-05
1.5e-05

0.0

0.2 0.4 0.6
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Cluster 3

GO:0007049 | cell cycle
GO:0006260 | DNA replication -
GO:0051301 | cell division -

G0:0006281 | DNA repair -

GO:0006974 | cellular response to DNA damage |
stimulus

GO0:0007059 | chromosome segregation
GO:0007052 | mitotic spindle organization -
GO:0020307 | mitotic spindle assembly
G0:0000278 | mitotic cell cycle A
GO:0006270 | DNA replication initiation -

G0:0006334 | nucleosome assembly -

GO0:0000724 | double-strand break repair via |
homologous recombination

GO:0006261 | DNA-templated DNA replication -

G0:0000281 | mitotic cytokinesis -

GO:0006268 | DNA unwinding involved in DNA |
replication

GO:0007080 | mitotic metaphase plate congression -

GO Term

GO0:0007018 | microtubule-based movement -

GO:0006338 | chromatin remodeling

GO:0051315 | attachment of mitotic spindle |
microtubules to kinetochore

GO:0007094 | mitotic spindle assembly checkpoint |
signaling

GQ0:0032508 | DNA duplex unwinding -

G0:0006325 | chromatin organization -

GO:0000398 | mRNA splicing, via spliceosome A
GO:0032465 | regulation of cytokinesis -

GO0:0007076 | mitotic chromosome condensation -
G0:0000226 | microtubule cytoskeleton organization -
GO:0006302 | double-strand break repair -
G0:0008380 | RNA splicing -

GO:0030261 | chromosome condensation

G0:0034501 | protein localization to kinetochore -
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Cluster 4

GO:0007165 | signal transduction -

G0:0030036 | actin cytoskeleton organization -

GO0:0050853 | B cell receptor signaling pathway -
GO0:0016310 | phosphorylation -

G0:0006954 | inflammatory response

G0:0051897 | positive regulation of protein kinase |
B signaling

GO:0032760 | positive regulation of tumor necrosis |
factor production

GO:0006468 | protein phosphorylation -

G0:0035556 | intracellular signal transduction - .
®

GO:0006952 | defense response 1 ® Gene Number

G0:0032496 | response to lipopolysaccharide - O
GO:0045730 | respiratory burst 1 @ 0

® °
G0:0050830 | defense response to Gram-positive | ® . 40
bacterium

GO:0007015 | actin filament organization - @) . 60

G0:0098542 | defense response to other organism - O

G0:0043066 | negative regulation of apoptotic | .
process

G0:0006909 | phagocytosis - o

P.value

GO Term

G0:0050766 | positive regulation of phagocytosis - (] 1e-07
GO:0008360 | regulation of cell shape O 2e-07
G0:0042742 | defense response to bacterium - @ 3e-07
GO:0030155 | regulation of cell adhesion - O 4e-07
G0:0030335 | positive regulation of cell migration{ @

G0:0006935 | chemotaxis o

GO:0010592 | positive regulation of lamellipodium | ®
assembly

G0:0007229 | integrin-mediated signaling pathway - @

GO0:0034314 | Arp2/3 complex-mediated actin | ®
nucleation

GO:0007159 | leukocyte cell-cell adhesion 4 @

GO0:0051016 | barbed-end actin filament capping - @

G0:0051279 | regulation of release of sequestered |
calcium ion into cytosol

G0:0050727 | regulation of inflammatory response - o
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GO Term

Cluster 5

GO:0045944 | positive regulation of transcription |
by RNA polymerase |l

GO:0006338 | chromatin remodeling -

G0:0045893 | positive regulation of DNA-templated |
transcription

G0:0050853 | B cell receptor signaling pathway -

GO0:0000122 | negative regulation of transcription |
by RNA polymerase |l

G0:0002250 | adaptive immune response -

G0:0019886 | antigen processing and presentation |
of exogenous peptide antigen via MHC class I
GO:0006357 | regulation of transcription by RNA |
polymerase |l

G0:0006397 | mMRNA processing -
G0:0006355 | regulation of DNA-templated |

G0:0002504 | antigen processing and HM@HBH
of peptide or polysaccharide antigen via MHC class -

Il
G0:0019882 | antigen processing and presentation -

GO0:0002376 | immune system process

GO:0006325 | chromatin organization -

G0:0002503 | peptide antigen assembly with MHC |
class Il protein complex

G0:0045892 | negative regulation of DNA-templated _
transcription

G0:0050870 | positive regulation of T cell |

activation

GO:0043066 | negative regulation of apoptotic |
process

G0:0006468 | protein phosphorylation -

G0O:0065003 | protein-containing complex assembly

GO:0051279 | regulation of release of sequestered |
calcium ion into cytosol

GO0:0043484 | regulation of RNA splicing -

GO:0035855 | megakaryocyte development -

G0:0000381 | regulation of alternative mRNA |
splicing, via spliceosome

G0:0045588 | positive regulation of gamma-delta T |
cell differentiation

G0O:0010468 | regulation of gene expression -

GO:0006306 | DNA methylation -

G0:0006974 | cellular response to DNA damage |
stimulus

GO0:0006909 | phagocytosis A
GO0:0050821 | protein stabilization -
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Cluster 6

G0:0030199 | collagen fibril organization -

G0:0045944 | positive regulation of transcription |
by RNA polymerase |

GO:0030198 | extracellular matrix organization -
G0:0030509 | BMP signaling pathway -
G0:0002062 | chondrocyte differentiation -

G0:0016525 | negative regulation of angiogenesis -

GO:0008284 | positive regulation of cell |
population proliferation

G0:0008285 | negative regulation of cell |
population proliferation

G0O:0016477 | cell migration -
G0:0030500 | regulation of bone mineralization -
G0:0001525 | angiogenesis -

G0:0001503 | ossification -

GO0:0006120 | mitochondrial electron transport, |
NADH to ubiguinone

G0:0030282 | bone mineralization -

G0:0071773 | cellular response to BMP stimulus -

G0:0000122 | negative regulation of transcription |
by RNA polymerase |l

G0:0002040 | sprouting angiogenesis -

GO Term

GO:0030334 | regulation of cell migration -

G0:0001501 | skeletal system development -

G0:0010718 | positive regulation of epithelial to |
mesenchymal transition

GO:0010628 | positive regulation of gene |
expression

G0:0071394 | cellular response to testosterone |
stimulus

GO0:2000973 | regulation of pro-B cell |
differentiation

G0:0030100 | regulation of endocytosis -

GO:0060391 | positive regulation of SMAD protein |
signal transduction

G0:0045892 | negative regulation of DNA-templated |
transcription

GO0:0001502 | cartilage condensation -
GO:0001654 | eye development -

GO:0003007 | heart morphogenesis

G0:0010595 | positive regulation of endothelial |
cell migration
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GO Term

Osteoblast

G0O:0007155 | cell adhesion
GO:0016477 | cell migration -

GO0:0001649 | osteoblast differentiation

GO:0045669 | positive regulation of osteoblast |
differentiation

G0:0030198 | extracellular matrix organization -

GO:0001525 | angiogenesis

G0O:0045944 | positive regulation of transcription |
by RNA polymerase I

GO:0001501 | skeletal system development -
G0O:0030199 | collagen fibril organization
G0:0001503 | ossification -

GO:0007507 | heart development -

GO0:0001701 | in utero embryonic development
G0:0060348 | bone development -

GO:0007411 | axon guidance

G0:0008284 | positive regulation of cell |
population proliferation

G0:0007160 | cell-matrix adhesion -
G0O:0001958 | endochondral ossification -
G0:0030282 | bone mineralization -

GO:0001570 | vasculogenesis -

G0O:0010628 | positive regulation of gene |
expression

GO:0001822 | kidney development -

GO:0010718 | positive regulation of epithelial to |
mesenchymal transition

G0:0000122 | negative regulation of transcription |
by RNA polymerase Il

GO0:0030154 | cell differentiation -
G0:0050919 | negative chemotaxis

GO:0001568 | blood vessel development -

G0:0010629 | negative regulation of gene |
expression

G0:0030326 | embryonic limb morphogenesis

G0:0098609 | cell-cell adhesion -

G0:0048701 | embryonic cranial skeleton |
morphogenesis

01 02 03 04

Rich Factor

0.5

Gene Number

® 20
40

60

O
O
o



Osteocyte

G0:0030199 | collagen fibril organization -
GO:0007155 | cell adhesion 4

G0:0016477 | cell migration -

GO:0006888 | endoplasmic reticulum to Golgi |
vesicle-mediated transport

G0:0045669 | positive regulation of osteoblast |
differentiation

G0:0030198 | extracellular matrix organization -

G0:0008284 | positive regulation of cell |
population proliferation

G0:0045944 | positive regulation of transcription |
by RNA polymerase I

GO:0030335 | positive regulation of cell migration -
G0:0007160 | cell-matrix adhesion -
GO:0002062 | chondrocyte differentiation -

GO:0002376 | immune system process -

G0:0007179 | transforming growth factor beta |
receptor signaling pathway

GO0:0016525 | negative regulation of angiogenesis -

GO:0010629 | negative regulation of gene |
expression

G0:0010628 | positive regulation of gene |
expression

GO:0051216 | cartilage development -

G0:0043066 | negative regulation of apoptotic |
process

G0:0015031 | protein transport -

GO Term

GO:0001649 | osteoblast differentiation -

GO0:0006890 | retrograde vesicle-mediated |
transport, Golgi to endoplasmic reticulum

GO:0002063 | chondrocyte development -
G0:0045766 | positive regulation of angiogenesis -

G0:0042060 | wound healing -

G0:0042127 | regulation of cell population |
proliferation

G0:0030282 | bone mineralization -

G0O:0098609 | cell-cell adhesion

G0:0090090 | negative regulation of canonical Wnt |
signaling pathway

GO:0001503 | ossification -

G0:0008285 | negative regulation of cell |
population proliferation
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Fig. S3: Single-cell RNA-seq analysis of porcine growth plate
transcriptome features contributing to chondrogenesis and
osteocytogenesis

A) Dot plot showing the expression of marker genes in distinct growth plate
subpopulations.

B) Dot plot showing the expression of GHR and IGF1R in distinct growth
plate subpopulations.

C) t-SNE plot showing the expression of chondrocyte-enriched genes,
including ACAN, SOX9, COL2A1, and HAPLN1.

D) Graph-based re-clustering of porcine chondrocytes reveals seven distinct
subpopulations.

E) GO functional annotation of seven diverse chondrocyte clusters.

F) Dot plot showing the expression of marker genes in seven diverse
chondrocyte clusters.

G) Pseudotime single-cell trajectory reconstructed by Monocle2 for seven
diverse chondrocyte clusters. Cells are colored by pseudotime and cell type.
H) GO annotation of the branch-dependent genes involved along the
chondrogenesis trajectory.

I) GO annotation of the most enriched genes in osteoblasts and osteocytes.
J) Pseudotime single-cell trajectory reconstructed by Monocle3 for
osteoblasts and osteocytes.

K) Heatmap showing the branch-dependent genes involved in
osteocytogenesis.

L) Heatmap showing the branch-dependent genes that are significantly
upregulated in hybrids and involved in osteocytogenesis.



