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Fig S1. Quality control for single cell transcriptomics data, related to Figure 1.  

(A)The bubble heatmap shows the spearman correlation between matched pseudo bulk and bulk 
transcriptomics of 25 tissues. Violin plots show the quality of cells for each tissue and organ in aspect 
of (B) number of genes by counts, (C) mitochondrial gene percentage (D) estimated doublet scores. 

 

 

 

  



 

 



Fig S2. Overview of the study, related to Figure 1.  

(A) The workflow of HPA single cell section. Whole cell UMAP plot visualization on cell type groups (B) 
and tissues (C). 

  



 

 

 

 

 

Tissue
Im

m
une cells

As
tro

cy
te

s
O

lig
od

en
dr

oc
yt

es
In

hi
bi

to
ry

 n
eu

ro
ns

O
lig

od
en

dr
oc

yt
e 

pr
ec

ur
so

r c
el

ls
R

od
 p

ho
to

re
ce

pt
or

 c
el

ls
M

ul
le

r g
lia

 c
el

ls
H

or
izo

nt
al

 c
el

ls
Ex

ci
ta

to
ry

 n
eu

ro
ns

Bi
po

la
r c

el
ls

C
on

e 
ph

ot
or

ec
ep

to
r c

el
ls

Al
ve

ol
ar

 c
el

ls
 ty

pe
 2

Sc
hw

an
n 

ce
lls

M
on

oc
yt

es
H

of
ba

ue
r c

el
ls

M
ac

ro
ph

ag
es

Ku
pf

fe
r c

el
ls

La
ng

er
ha

ns
 c

el
ls

N
k−

ce
lls

T−
ce

lls
Er

yt
hr

oi
d 

ce
lls

Sp
er

m
at

og
on

ia
B−

ce
lls

Pl
as

m
a 

ce
lls

D
en

dr
iti

c 
ce

lls
G

ra
nu

lo
cy

te
s

Ad
ip

oc
yt

es
En

do
th

el
ia

l c
el

ls
Ly

m
ph

at
ic

 e
nd

ot
he

lia
l c

el
ls

C
yt

ot
ro

ph
ob

la
st

s
Ex

tra
vi

llo
us

 tr
op

ho
bl

as
ts

M
ic

ro
gl

ia
l c

el
ls

O
oc

yt
es

En
do

m
et

ria
l s

tro
m

al
 c

el
ls

Le
yd

ig
 c

el
ls

Fi
br

ob
la

st
s

Sm
oo

th
 m

us
cl

e 
ce

lls
G

ra
nu

lo
sa

 c
el

ls
Se

rto
li 

ce
lls

M
es

ot
he

lia
l c

el
ls

O
va

ria
n 

st
ro

m
al

 c
el

ls
Pe

rit
ub

ul
ar

 c
el

ls
D

is
ta

l e
nt

er
oc

yt
es

Pa
ne

th
 c

el
ls

D
uc

ta
l c

el
ls

Ex
oc

rin
e 

gl
an

du
la

r c
el

ls
C

ho
la

ng
io

cy
te

s
Pr

ox
im

al
 e

nt
er

oc
yt

es
Pa

nc
re

at
ic

 e
nd

oc
rin

e 
ce

lls
En

te
ro

en
do

cr
in

e 
ce

lls
G

as
tri

c 
m

uc
us

−s
ec

re
tin

g 
ce

lls
In

te
st

in
al

 g
ob

le
t c

el
ls

U
nd

iff
er

en
tia

te
d 

ce
lls

Br
ea

st
 m

yo
ep

ith
el

ia
l c

el
ls

Pr
os

ta
tic

 g
la

nd
ul

ar
 c

el
ls

M
uc

us
 g

la
nd

ul
ar

 c
el

ls
Br

ea
st

 g
la

nd
ul

ar
 c

el
ls

M
el

an
oc

yt
es

Ba
sa

l s
qu

am
ou

s 
ep

ith
el

ia
l c

el
ls

Sq
ua

m
ou

s 
ep

ith
el

ia
l c

el
ls

Sa
liv

ar
y 

du
ct

 c
el

ls
Se

ro
us

 g
la

nd
ul

ar
 c

el
ls

Su
pr

ab
as

al
 k

er
at

in
oc

yt
es

Ba
sa

l k
er

at
in

oc
yt

es
Ba

sa
l r

es
pi

ra
to

ry
 c

el
ls

C
lu

b 
ce

lls
Io

no
cy

te
s

G
la

nd
ul

ar
 a

nd
 lu

m
in

al
 c

el
ls

Se
cr

et
or

y 
ce

lls
C

ilia
te

d 
ce

lls
Sp

er
m

at
oc

yt
es

Ea
rly

 s
pe

rm
at

id
s

La
te

 s
pe

rm
at

id
s

D
is

ta
l t

ub
ul

ar
 c

el
ls

C
ar

di
om

yo
cy

te
s

Sk
el

et
al

 m
yo

cy
te

s
H

ep
at

oc
yt

es
Pr

ox
im

al
 tu

bu
la

r c
el

ls
Al

ve
ol

ar
 c

el
ls

 ty
pe

 1
Sy

nc
yt

io
tro

ph
ob

la
st

s
Ba

sa
l p

ro
st

at
ic

 c
el

ls
C

ol
le

ct
in

g 
du

ct
 c

el
ls

Lung
Bone marrow

Lymphoid tissue
Breast
Vagina

Esophagus
Skin

Cervix
Urinary bladder

Pancreas
Salivary gland

Prostate
Gallbladder

Intestine
Stomach

Thyroid gland
Kidney

Liver
Adipose tissue

Placenta
Ovary

Endometrium
Smooth muscle
Pituitary gland

Brain
Retina

Heart muscle
Skeletal muscle

Tongue
Epididymis

Parathyroid gland
Adrenal gland

Seminal vesicle
Choroid plexus
Fallopian tube

Testis

Gdt−cell
Nk−cell

Naive cd8 t−cell
Naive cd4 t−cell

Memory cd8 t−cell
Mait t−cell

Memory cd4 t−cell
Non−classical monocyte

Myeloid dc
Classical monocyte

Intermediate monocyte
Memory b−cell

Naive b−cell
Basophil

Eosinophil
T−reg

Neutrophil
Plasmacytoid dc

Single cell type

Ti
ss

ue
/C

el
l s

pe
ci

fic
ity

2 3 4 5log2(odds_ratio) log2(odds_ratio) 2 3 4 5

v1
v2

T−
ce

lls
M

ac
ro

ph
ag

es
En

do
th

el
ia

l c
el

ls
Fi

br
ob

la
st

s
Sm

oo
th

 m
us

cl
e 

ce
lls

B−
ce

lls
Pl

as
m

a 
ce

lls
C

ilia
te

d 
ce

lls
C

lu
b 

ce
lls

En
te

ro
en

do
cr

in
e 

ce
lls

G
ra

nu
lo

cy
te

s
In

te
st

in
al

 g
ob

le
t c

el
ls

Pa
ne

th
 c

el
ls

Sc
hw

an
n 

ce
lls

U
nd

iff
er

en
tia

te
d 

ce
lls

Ad
ip

oc
yt

es
Ba

sa
l k

er
at

in
oc

yt
es

D
en

dr
iti

c 
ce

lls
D

is
ta

l e
nt

er
oc

yt
es

Er
yt

hr
oi

d 
ce

lls
Ly

m
ph

at
ic

 e
nd

ot
he

lia
l c

el
ls

N
k−

ce
lls

Se
ro

us
 g

la
nd

ul
ar

 c
el

ls
Su

pr
ab

as
al

 k
er

at
in

oc
yt

es
Al

ve
ol

ar
 c

el
ls

 ty
pe

 1
Al

ve
ol

ar
 c

el
ls

 ty
pe

 2
As

tro
cy

te
s

Ba
sa

l p
ro

st
at

ic
 c

el
ls

Ba
sa

l r
es

pi
ra

to
ry

 c
el

ls
Ba

sa
l s

qu
am

ou
s 

ep
ith

el
ia

l c
el

ls
Bi

po
la

r c
el

ls
Br

ea
st

 g
la

nd
ul

ar
 c

el
ls

Br
ea

st
 m

yo
ep

ith
el

ia
l c

el
ls

C
ar

di
om

yo
cy

te
s

C
ho

la
ng

io
cy

te
s

C
ol

le
ct

in
g 

du
ct

 c
el

ls
C

on
e 

ph
ot

or
ec

ep
to

r c
el

ls
C

yt
ot

ro
ph

ob
la

st
s

D
is

ta
l t

ub
ul

ar
 c

el
ls

D
uc

ta
l c

el
ls

Ea
rly

 s
pe

rm
at

id
s

En
do

m
et

ria
l s

tro
m

al
 c

el
ls

Ex
ci

ta
to

ry
 n

eu
ro

ns
Ex

oc
rin

e 
gl

an
du

la
r c

el
ls

Ex
tra

vi
llo

us
 tr

op
ho

bl
as

ts
G

as
tri

c 
m

uc
us

−s
ec

re
tin

g 
ce

lls
G

la
nd

ul
ar

 a
nd

 lu
m

in
al

 c
el

ls
G

ra
nu

lo
sa

 c
el

ls
H

ep
at

oc
yt

es
H

of
ba

ue
r c

el
ls

H
or

izo
nt

al
 c

el
ls

In
hi

bi
to

ry
 n

eu
ro

ns
Io

no
cy

te
s

Ku
pf

fe
r c

el
ls

La
ng

er
ha

ns
 c

el
ls

La
te

 s
pe

rm
at

id
s

Le
yd

ig
 c

el
ls

M
el

an
oc

yt
es

M
es

ot
he

lia
l c

el
ls

M
ic

ro
gl

ia
l c

el
ls

M
on

oc
yt

es
M

uc
us

 g
la

nd
ul

ar
 c

el
ls

M
ul

le
r g

lia
 c

el
ls

O
lig

od
en

dr
oc

yt
e 

pr
ec

ur
so

r c
el

ls
O

lig
od

en
dr

oc
yt

es
O

oc
yt

es
O

va
ria

n 
st

ro
m

al
 c

el
ls

Pa
nc

re
at

ic
 e

nd
oc

rin
e 

ce
lls

Pe
rit

ub
ul

ar
 c

el
ls

Pr
os

ta
tic

 g
la

nd
ul

ar
 c

el
ls

Pr
ox

im
al

 e
nt

er
oc

yt
es

Pr
ox

im
al

 tu
bu

la
r c

el
ls

R
od

 p
ho

to
re

ce
pt

or
 c

el
ls

Sa
liv

ar
y 

du
ct

 c
el

ls
Se

cr
et

or
y 

ce
lls

Se
rto

li 
ce

lls
Sk

el
et

al
 m

yo
cy

te
s

Sp
er

m
at

oc
yt

es
Sp

er
m

at
og

on
ia

Sq
ua

m
ou

s 
ep

ith
el

ia
l c

el
ls

Sy
nc

yt
io

tro
ph

ob
la

st
s

Heart muscle
Pbmc

Eye
Rectum

Small intestine
Colon

Kidney
Pancreas
Placenta

Testis
Skin

Lymph node
Bronchus

Spleen
Bone marrow

Brain
Ovary

Skeletal muscle
Stomach
Vascular

Endometrium
Breast

Prostate
Thymus
Tongue

Adipose tissue
Esophagus

Fallopian tube
Liver

Salivary gland
Lung

Percentage of cells (%) 20 40 60 80A

B



Fig S3. Overview of the 81 cell types, related to Figure 1 and Figure 4.  

(A) The bubble plot shows the percentage of cells of 31 tissues in 81 cell types. (B) The bubble heatmap 
shows the enrichment of enriched genes of cell types in bulk and immune cell transcriptomics. 
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Fig S4. Gene classifications, related to Figure 2 and Figure 3.  

(A) The bubble heatmap shows the enriched GO BP terms of spermatid enriched genes. (B) The violin 
plot shows the gene classification of genes and their corresponding tau score in single cell 
transcriptomics. The scatter plot (C) and the box plot (D) shows the similarity and diSerences of tau 
scores of consensus genes between single cell and bulk transcriptomics, respectively. (E) The tree map 
shows the enriched parent GO BP terms of bulk-only low specificity genes. (F) The bar plot shows the 
distribution of genes that only detected in single cell transcriptomics. 

 


