Fig.S1 A


After quality control and doublet exclusion filtering to remove cells with low gene detection (< 200 genes) and high mitochondrial gene content (> 20%).

Fig.S1 B


The variance diagram shows the variation of gene expression in all cells of NP. The red dots represent highly variable genes and the black dots represent non-variable genes.














Fig.S1 C


Classification of cell clusters in each sample.
Fig.S1 D


Expression levels of NP marker genes for each cell cluster.







Fig.S2 A


Bubble plot showing FN1-CD44 is the most prominent ligand/receptor interaction in FN1 signaling pathway network.

Fig.S2 B


Bar chart showing FN1-CD44 is the most prominent ligand/receptor interaction in FN1 signaling pathway network in healthy NP.

Fig.S2 C


Bar chart showing FN1-CD44 is the most prominent ligand/receptor interaction in FN1 signaling pathway network in degenerated NP.

image3.emf



−4


−2


0


2


4


6


−5 0 5
UMAP_1


U
M


A
P


_2


0
1
2
3
4
5
6


−4


−2


0


2


4


6


−5 0 5
UMAP_1


U
M


A
P


_2


NPD
NPH


orig.ident






image4.emf



0


1


2


3


4


5


6


ACAN SOX9
Features


Id
en


tit
y


Percent Expressed


20
40
60
80


−1


0


1


Average Expression






image5.emf



FN1 − (ITGA3+ITGB1)


FN1 − (ITGA5+ITGB1)


FN1 − (ITGAV+ITGB1)


FN1 − CD44


FN1 − SDC1


FN1 − SDC4


ad
he


si
on


_N
P


C
s 


−
>


 a
dh


es
io


n_
N


P
C


s 
(N


P
H


)
ad


he
si


on
_N


P
C


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


D
)


ad
he


si
on


_N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


H
)


ad
he


si
on


_N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


D
)


ad
he


si
on


_N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


H
)


ad
he


si
on


_N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


D
)


ad
he


si
on


_N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


H
)


ad
he


si
on


_N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


D
)


ad
he


si
on


_N
P


C
s 


−
>


 H
T


−
C


LN
P


s 
(N


P
H


)
ad


he
si


on
_N


P
C


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


D
)


ad
he


si
on


_N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


H
)


ad
he


si
on


_N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


D
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 a
dh


es
io


n_
N


P
C


s 
(N


P
H


)
ho


m
eo


st
at


ic
_N


P
C


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


D
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


H
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


D
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


H
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


D
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


H
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


D
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 H
T


−
C


LN
P


s 
(N


P
H


)
ho


m
eo


st
at


ic
_N


P
C


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


D
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


H
)


ho
m


eo
st


at
ic


_N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


D
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


H
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


D
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 h


om
eo


st
at


ic
_N


P
C


s 
(N


P
H


)
re


gu
la


to
ry


_N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


D
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 r


eg
ul


at
or


y_
N


P
C


s 
(N


P
H


)
re


gu
la


to
ry


_N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


D
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 e


ffe
ct


or
_N


P
C


s 
(N


P
H


)
re


gu
la


to
ry


_N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


D
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


H
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


D
)


re
gu


la
to


ry
_N


P
C


s 
−


>
 fi


br
oN


P
C


s 
(N


P
H


)
re


gu
la


to
ry


_N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


D
)


ef
fe


ct
or


_N
P


C
s 


−
>


 a
dh


es
io


n_
N


P
C


s 
(N


P
H


)
ef


fe
ct


or
_N


P
C


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


D
)


ef
fe


ct
or


_N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


H
)


ef
fe


ct
or


_N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


D
)


ef
fe


ct
or


_N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


H
)


ef
fe


ct
or


_N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


D
)


ef
fe


ct
or


_N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


H
)


ef
fe


ct
or


_N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


D
)


ef
fe


ct
or


_N
P


C
s 


−
>


 H
T


−
C


LN
P


s 
(N


P
H


)
ef


fe
ct


or
_N


P
C


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


D
)


ef
fe


ct
or


_N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


H
)


ef
fe


ct
or


_N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


D
)


H
T


−
C


LN
P


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


H
)


H
T


−
C


LN
P


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


D
)


H
T


−
C


LN
P


s 
−


>
 h


om
eo


st
at


ic
_N


P
C


s 
(N


P
H


)
H


T
−


C
LN


P
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


D
)


H
T


−
C


LN
P


s 
−


>
 r


eg
ul


at
or


y_
N


P
C


s 
(N


P
H


)
H


T
−


C
LN


P
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


D
)


H
T


−
C


LN
P


s 
−


>
 e


ffe
ct


or
_N


P
C


s 
(N


P
H


)
H


T
−


C
LN


P
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


D
)


H
T


−
C


LN
P


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


H
)


H
T


−
C


LN
P


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


D
)


H
T


−
C


LN
P


s 
−


>
 fi


br
oN


P
C


s 
(N


P
H


)
H


T
−


C
LN


P
s 


−
>


 fi
br


oN
P


C
s 


(N
P


D
)


fib
ro


N
P


C
s 


−
>


 a
dh


es
io


n_
N


P
C


s 
(N


P
H


)
fib


ro
N


P
C


s 
−


>
 a


dh
es


io
n_


N
P


C
s 


(N
P


D
)


fib
ro


N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


H
)


fib
ro


N
P


C
s 


−
>


 h
om


eo
st


at
ic


_N
P


C
s 


(N
P


D
)


fib
ro


N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


H
)


fib
ro


N
P


C
s 


−
>


 r
eg


ul
at


or
y_


N
P


C
s 


(N
P


D
)


fib
ro


N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


H
)


fib
ro


N
P


C
s 


−
>


 e
ffe


ct
or


_N
P


C
s 


(N
P


D
)


fib
ro


N
P


C
s 


−
>


 H
T


−
C


LN
P


s 
(N


P
H


)
fib


ro
N


P
C


s 
−


>
 H


T
−


C
LN


P
s 


(N
P


D
)


fib
ro


N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


H
)


fib
ro


N
P


C
s 


−
>


 fi
br


oN
P


C
s 


(N
P


D
)


min


max
Commun. Prob.


p−value


p > 0.05


0.01 < p < 0.05


p < 0.01






image6.emf



FN1 − SDC1


FN1 − (ITGA3+ITGB1)


FN1 − (ITGA5+ITGB1)


FN1 − (ITGAV+ITGB1)


FN1 − SDC4


FN1 − CD44


Relative contribution


Contribution of each L−R pair






image7.emf



FN1 − SDC1


FN1 − SDC4


FN1 − (ITGAV+ITGB1)


FN1 − (ITGA5+ITGB1)


FN1 − CD44


Relative contribution


Contribution of each L−R pair






image1.emf



2000


4000


6000


8000


NPD
NPH


Identity


nFeature_RNA


0


20000


40000


60000


NPD
NPH


Identity


nCount_RNA


0


5


10


NPD
NPH


Identity


percent.mt






image2.emf



0


10


20


1e−03 1e−01 1e+01
Average Expression


S
ta


nd
ar


di
ze


d 
V


ar
ia


nc
e


Non−variable count: 31694
Variable count: 2000


MSMP


CXCL8
HIST1H4C


COL1A1


SPP1CCL20
G0S2


CYTL1FDCSP


TMSB4X


0


10


20


1e−03 1e−01 1e+01
Average Expression


S
ta


nd
ar


di
ze


d 
V


ar
ia


nc
e


Non−variable count: 31694
Variable count: 2000






