
Common total features

GeoMx genes

GeoMx genes LCM-directed LC-MS proteins

LCM-directed LC-MS proteins

Gen
e

Gen
e

Gen
e
Prot

ein

Prot
ein

Prot
ein

R = 0.5002 R = 0.4462 R = 0.2105
Common ECM features

Fibroblast foci 
versus 

IPF alveolil

Fibroblast foci versus IPF alveolil

Fibroblast foci 
versus 

Control alveolil

IPF alveoli 
versus 

Control alveolil

2515765 320

14039 36

−4
−2
0
2
4

A B C

D E

Herrera proteomics, ORA, Gene Oncology, Biological Process, 
TOP 15 sets, Fibroblast foci > IPF alveoli

Eyres transcriptomics, ORA, Gene Oncology, Biological Process, 
TOP 15 sets, Fibroblast foci > IPF alveoli

Scaled
 value

F G

Pr
ot

ei
n:

 −
 L

og
10

 (F
D

R
)

RNA: − Log10 (FDR)

ALCAM
B2M

C1S

CD74

CEACAM6

COL1A1

COL1A2
COL3A1

COL5A1

COL6A3CRABP2

ENTPD1

FAP
FLNC

FN1

GNG12

HLA−A
HLA−B

HLA−DRA

ICAM1
ITGA3

ITGAV

KRT18

LAMA5

LRP1

LTBP1

P4HA2

PECAM1

PRKCD

SERPINH1

TNC

TPM1

VCAN

−5.0

−2.5

0.0

2.5

5.0

−2 −1 0 1 2

- Log10 (FDR)

Gene hits

Up in Fibroblast foci

U
p 

in
 F

ib
ro

bl
as

t f
oc

i
U

p 
in

 IP
F 

al
ve

ol
i

Fibroblast foci versus Control alveolil

Pr
ot

ei
n:

 −
 L

og
10

 (F
D

R
)

RNA: − Log10 (FDR)

ALCAM

ANXA1

BST2

C1QB C1S

CD36
CD47 CD74 CDH1

CDH5
CLEC14A

COL1A1

COL1A2

COL3A1

COL5A1

COL6A3

COMP
CRABP2

DMBT1

DTX3

ENTPD1

FAP

FBP1

FLNA

FLNC

FN1

GNG12

HLA−A

HLA−B

HLA−DQB1
HLA−FICAM1

ITGA3

ITGAV

KRT18

LAMA3

LAMA5

LAMP3

LRP1

LTBP1

PECAM1

PPL

PRKCD

PSMB5

SERPINH1

SOD2

STAT6

TAP1

TAP2

THY1

TNC

TPM1

VCAN

−4

0

4

8

−4 −2 0 2 4

Up in Fibroblast foci

U
p 

in
 F

ib
ro

bl
as

t f
oc

i
U

p 
in

 C
on

tro
l a

lv
eo

li

Up in Control alveoli

IPF alveoli versus Control alveolil

RNA: − Log10 (FDR)

COL3A1

GBP1

−2

0

2

−1−2 0 1 2 3

Pr
ot

ei
n:

 −
 L

og
10

 (F
D

R
)

U
p 

in
 IP

F 
al

ve
ol

i
U

p 
in

 C
on

tro
l a

lv
eo

li

Up in Control alveoli Up in IPF alveoli

Up in IPF alveoli

Gene hits

- Log10 (FDR)

cell−substrate adhesion
protein maturation

skeletal system morphogenesis
connective tissue development

response to transforming growth factor beta
acute inflammatory response

aminoglycan metabolic process
endoderm development

bone development
protein activation cascade

extracellular structure organization
protein trimerization

collagen metabolic process
peptidyl−proline modification

protein hydroxylation

5 10 15 20 25
Ratio

10
20
30

4
8
12

angiogenesis
mesenchyme development

ossification
response to transforming growth factor beta

bone development
appendage development

transmembrane receptor protein serine
/threonine kinase signaling pathway

skeletal system morphogenesis
connective tissue development

gastrulation
regulation of cellular response to growth factor stimulus

regulation of embryonic development
extracellular structure organization

artery development
collagen metabolic process

8 12 16 20
Ratio

6
9
12
15

5
10
15
20



G
eo

M
x 

sp
at

ia
l t

ra
ns

cr
ip

to
m

ic
s

ROI selection 
and annotation

Data pre-processing Query method data integration

sc
R

N
A-

se
q 

tra
ns

cr
ip

to
m

ic
s

Cell type clustering 
and annotation

Lung cell isolation
from fresh lung tissue 

10x Genomics 
Chromium single cell sequencing  

Normalized gene expression matrix 
in individual cells with type annotation

Average gene expression 
from all cells in one cell type

Barcode 
sequencing

Normalized gene 
expression matrix in ROIs

Differential analysis 
to derive up-regulated 
region-specific genes

Association z-scores in each cell type/region pair
Positive z-score: enrichment Negative z-score: depletion

... 

Region type 1

Region type 2

R
eg

io
n 

ty
pe

 

7 region types 
Target 
region 

all other 
regions 

 1
08

5 
ge

ne
s 

Region type 2

Region type 3

Region-specific gene sets

Gene 1

Gene 2

Gene 3

Sum highlighted gene expression 
in each cell type or column from each region type

Gene 1
Gene 2
Gene 3

...

Gene 1
Gene 2
Gene 3

...
Gene 1
Gene 2
Gene 3

...

30 cell types 

Mean by row in each cell type 

24
47

0 
ge

ne
s 

24
47

0 
ge

ne
s 

30 cell types
Region type 1

Region-specific gene abundance 
query in various cell types

Region type 1 Region type 2 Region type 3

Gene 1

Gene 2

Gene 3

30 cell types

...

Region type 3

Gene 1

Gene 2

Gene 3

30 cell types

30 cell types

30 cell types 30 cell types

24
47

0 
ge

ne
s

10
85

 g
en

es

...

...

... ...

...... ......

...

...

...

ROI selection 
and annotation

Cell type clustering 
and annotation

Lung cell isolation
from fresh lung tissue 

10x Genomics 
Chromium single cell sequencing  

Normalized gene 
expression matrix 
in individual cells 

with type annotation

Barcode 
sequencing

Normalized gene 
expression matrix in ROIs

Differential analysis 
to derive up-regulated 
region-specific genes

Differential analysis 
to derive up-regulated 
cell type-specific genes

Region-specific gene overlapping significance 
with cell type-specific gene

Overlapping significance in each cell type/region pair

-Log10 (p value) - Log10 (p value)

... 

Region type 1

R
eg

io
n 

ty
pe

 

7 region types 
Target 
region 

all other 
regions 

 1
08

5 
ge

ne
s 

Region type 2

Region type 3

Region-specific gene sets

n = 50
n = 41

n = 27

n = 50

n = 576
n = 581

n = 1058

Gene 1
Gene 2
Gene 3

...

Gene 1
Gene 2
Gene 3

...
Gene 1
Gene 2
Gene 3

...

30 cell types 

24
47

0 
ge

ne
s 

30 cell types 30 cell types

10
85

 g
en

es

...

Target 
cell type 

all other 
cell types 

24
47

0 
ge

ne
s

... ... 

... 

Cell type 1
Cell type 2

Cell type 3

Cell type-specific gene sets

Gene 1
Gene 2
Gene 3

...

Gene 1
Gene 2
Gene 3

...
Gene 1
Gene 2
Gene 3

...

Enrichment Depletion

All genes from scRNA-seq 
(n =24470) 

All genes from scRNA-seq 
(n =24470) 

Region type 1

Overlap genes n = 8
Actual overlap gene number: n = 8
> Expectation: 50*576/24470 = 1.2

Cell type 1 is enriched in region type 1 Cell type 2 is depleted in region type 1

Overlap genes n = 1

Region type 1Cell type 1 Cell type 2

n = 576 n = 581n = 50

Actual overlap gene number: n = 1
< Expectation: 50*581/24470 = 1.2

We determine in each cell type-region pair, their actual overlap 
specific gene number is larger or smaller than expectation by chance, 
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search and quantification
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