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Negri et al. Supplementary Information 

 

Supplementary Figure 1 Validation of shRNA-mediated gene silencing of Notch receptor 

paralogues. (a, b) Keratinocytes (strain kn) expressing either a non-targeting control shRNA 

(shNTC), or Notch receptor paralogue-specific shRNAs (set 2, see Supplementary Table 5) 

were cultured under conditions enabling formation of epidermal sheets (see Materials and 

Methods). (a) Western blot analysis using antibodies against the TMICD and NEXT fragment 

of Notch1, 2 or 3, or ITGβ1. Tubulin was used as loading control. Asterisks indicate the 

unprocessed precursor proteins also detected by Notch receptor antibodies. Numbers below 

lanes are protein ratios relative to an arbitrary level of 1.0 set for control samples (shNTC). (b) 

Q-RT PCR analysis of Notch receptor mRNA levels. Data shown are from n = 1 experiment 

performed with n = 3 biological replicates (independent lentiviral infections). Individual data 

points represent the fold change in mRNA abundance (normalized to the mean of 18sRNA and 

TBP) compared to shNTC in each experiment. Bars represent the means.  

 

Supplementary Figure 2 Image analysis workflows and validation of microbead 

functionalisation strategy. (a) Image analysis pipeline in Harmony software for identification 

of single differentiating cells. Input images (1) are segmented to identify nuclei (2) and image 

regions occupied by cells (3). Single cells and cell clusters are recognised using linear 

classifiers defined through PhenoLOGIC machine learning (4). Border objects and image 

artefacts are discarded via morphology and intensity assessment on nuclei and on cells (5). 

Single cells undergoing terminal differentiation are identified based on TGM1 fluorescence 

over threshold in the single cell population (6). (b) Percentage of terminally differentiating 

(TGM1-positive) cells in the experiments shown in Fig. 3b. Bars represent the means from n = 

3 independent experiments. Error bars represent S.D. (c) Representative images of FlashRed-

labelled microbeads functionalised with recombinant E-cadherin molecules and 

immunolabelled with anti-E-cadherin antibodies. Scale bar, 50 µm. (d) Quantification of 

microbead attachment to single cells. Cells were captured on micro-patterend substrates and 

incubated for 24 hours with microbeads (functionalised with recombinant E-cadherin) 

suspended in culture medium with high (1.8 mM) or low (0.05 mM) concentrations of CaCl2. 

Data shown are from n = 1 experiment performed with n = 2 biological replicates (independent 

bead incubations on separate microchips). Individual data points represent the percentage of 



 

3 
 

cells with attached microbeads in each experiment. Bars represent the means. (e) 

Representative image (maximum intensity projection) of keratinocytes with attached 

microbeads (functionalised with recombinant Fc-tagged E-cadherin molecules), 

immunolabelled with antibodies against α-catenin and counterstained with phalloidin to label 

filamentous actin. Arrows indicate clustering of endogenous α-catenin molecules at the 

microbead-cell interface, demonstrating adherens junction formation. Scale bar, 50 µm. (f) 

Image analysis pipeline in Harmony software for identification of single cells with attached 

beads. Input images (1) are segmented to identify nuclei (2) and image regions occupied by 

cells (3). Single cells and cell clusters are recognised using linear classifiers defined through 

PhenoLOGIC machine learning (4). Border objects and image artefacts are discarded via 

morphology and intensity assessment on nuclei and on cells (5, 6). Fluorescent microbeads are 

detected using the spot identification module (7). Single cells with attached beads are identified 

based on bead fluorescence over threshold in the single cell population (8).  

 

Supplementary Figure 3 Overexpression of zDLL1 in keratinocytes. (a) Representative 

images (maximum intensity projections) of keratinocytes (strain km) stably expressing 

zebrafish Dll1 (zDll1) or the empty vector (EV), immunolabelled with antibodies against zDll1 

and counterstained with DAPI to reveal nuclei. Arrowheads, localisation of zDll1 at areas of 

cell-cell contact; asterisks, vesicular localisation of zDll132.  Scale bar, 100 µm. (b) Q-RT PCR 

analysis of mRNA levels of endogenous (hDll1) and zebrafish (zDll1) Dll1 in keratinocytes 

(experiment 1: strain km, experiment 2: strain kn; see Fig. 3f, g) expressing zDLL1 or EV. 

Data shown are from n = 2 technical replicates. Individual data points represent the mean ΔCq 

expression (normalized to the mean of GAPDH and TBP). Bars represent the means.  

 

Supplementary Figure 4 Uncropped western blots. 
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shRNA
shNTC
shNotch1

% abortive clones S.D.
83.8
57.4

7.65
8.51

Effect of Notch1 knockdown on clonal growth of keratinocytes.
Keratinocytes (strain km) were transduced with the indicated shRNAs and cultured on a fibroblast feeder layer.
Data are the mean ± S.D. from three experiments. 
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Supplementary Table 3: List of qPCR primers and Taqman probes

qPCR primer

Gene Forward primer Reverse primer

18sRNA GCAATTATTCCCCATGAACG GGCCTCACTAAACCATCCAA

TBP GTGACCCAGCATCACTGTTTC GAGCATCTCCAGCACACTCT

HES1 TCAACACGACACCGGATAAAC GCCGCGAGCTATCTTTCTTC

HEY1 GTTCGGCTCTAGGTTCCATGT CGTCGGCGCTTCTCAATTATTC

IRF6 GCTCTCTCCCAATGACCTGGA CCATGACGTCCAGCAGCTTGCTA

TGM1 GTTGCCCTTTGACCCCCGCA CCCCGTGGTCAAACTGGCCG

IVL GCCTCAGCCTTACTGTGAGT TGTTTCATTTGCTCCTGATGG

PPL GCAGAGTGACCTGGCTCGGCT GCCGCATCCGCCTCTAGCAC

Notch1 TCCACCAGTTTGAATGGTCA AGCTCATCATCTGGGACAGG

Notch2 GATCACCCGAATGGCTATGAAT GGGGTCACAGTTGTCAATGTT

Notch3 TGGCGACCTCACTTACGACT CACTGGCAGTTATAGGTGTTGAC

Notch4 TGTGAACGTGATGTCAACGAG ACAGTCTGGGCCTATGAAACC

Taqman probes

Gene Code

18sRNA Hs03003631_g1

GAPDH Hs02786624_g1

Jagged 1 Hs01070032_m1

Jagged 2 Hs00171432_m1

Dll1 Hs00194509_m1

Dll3 Hs01085096_m1

Dll4 Hs00184092_m1



Su
p

p
le

m
e

n
tary Tab

le
 4

:

C
atalo

g N
u

m
b

e
r

G
e

n
e

 Sym
b

o
l

R
e

fSe
q

Se
q

u
e

n
ce

SR
3

0
9

1
2

9
D

ll1
N

M
_0

0
5

6
1

8
, X

M
_0

0
5

2
6

6
9

3
4

C
G

C
A

G
A

U
C

A
A

G
A

A
C

A
C

C
A

A
C

A
A

G
A

A

SR
3

0
9

1
2

9
D

ll1
N

M
_0

0
5

6
1

8
, X

M
_0

0
5

2
6

6
9

3
4

U
G

A
A

C
U

G
A

A
U

U
A

C
G

C
A

U
A

A
G

A
A

G
C

A

List o
f  siR

N
A

s



sh
R

N
A

 set
P

ro
d

u
ct N

u
m

b
e

r
TR

C
 N

u
m

b
er

G
en

e
 target

C
lo

n
e

 ID
Seq

u
e

n
ce

2
SH

C
LN

V
-N
M
_0
1
7
61
7

TR
C
N
00
00
0
03
35
9

N
o
tch

1
N
M
_0
1
76
1
7
.x-9

0
3s1c1

C
C
G
G
G
A
TG

C
C
A
A
A
TG

C
C
TG

C
C
A
G
A
A
C
TC

G
A
G
TTC

TG
G
C
A
G
G
C
A
TTTG

G
C
A
TC

TTTTT

1
SH

C
LN

V
-N
M
_0
1
7
61
7

TR
C
N
00
00
3
50
33
0

N
o
tch

1
N
M
_0
1
76
1
7
.3
-62

5
8
s2
1c1

C
C
G
G
C
C
G
G
G
A
C
A
TC

A
C
G
G
A
TC

A
TA

TC
TC

G
A
G
A
TA

TG
A
TC

C
G
TG

A
TG

TC
C
C
G
G
TTTTTG

2
SH

C
LN

V
-N
M
_0
2
4
40
8

TR
C
N
00
00
2
62
58
8

N
o
tch

2
N
M
_0
2
44
0
8
.2
-63

3
4
s2
1c1

C
C
G
G
C
A
A
G
A
TC

C
TG

TTA
G
A
C
C
A
TTTC

TC
G
A
G
A
A
A
TG

G
TC

TA
A
C
A
G
G
A
TC

TTG
TTTTTG

1
SH

C
LN

V
-N
M
_0
2
4
40
8

TR
C
N
00
00
2
62
58
7

N
o
tch

2
N
M
_0
2
44
0
8
.2
-67

4
7
s2
1c1

C
C
G
G
C
C
A
C
A
TC

C
TC

TC
C
A
A
TG

A
TTA

C
TC

G
A
G
TA

A
TC

A
TTG

G
A
G
A
G
G
A
TG

TG
G
TTTTTG

2
SH

C
LN

V
-N
M
_0
0
0
43
5

TR
C
N
00
00
0
20
23
4

N
o
tch

3
N
M
_0
0
04
3
5
.1
-14

3
1
s1
c1

C
C
G
G
C
C
A
G
TTC

A
C
C
TG

TA
TC

TG
TA

TC
TC

G
A
G
A
TA

C
A
G
A
TA

C
A
G
G
TG

A
A
C
TG

G
TTTTT

1
SH

C
LN

V
-N
M
_0
0
0
43
5

TR
C
N
00
00
3
63
26
4

N
o
tch

3
N
M
_0
0
04
3
5
.2
-15

2
4
s2
1c1

C
C
G
G
TC

TG
C
A
A
G
G
A
C
C
G
A
G
TC

A
A
TG

C
TC

G
A
G
C
A
TTG

A
C
TC

G
G
TC

C
TTG

C
A
G
A
TTTTTG

Su
p

p
le

m
e

n
tary Tab

le
 5

: List o
f M

ISSIO
N

 sh
R

N
A

 le
n

tiviral tran
sd

u
ctio

n
 p

article
s



Su
p

p
le

m
e

n
tary Tab

le
 6

:
 List o

f an
tib

o
d

ie
s

A
n

tib
o

d
y

C
o

m
p

an
y/So

u
rce

C
atalo

g N
u

m
b

e
r/R

e
fe

re
n

ce
C

lo
n

e
 n

u
m

b
e

r
D

e
scrip

tio
n

W
e

ste
rn

 B
lo

t
IFM

-ce
lls

N
o

tch
1

C
ell Sign

alin
g Tech

n
o

lo
gy

3
6

0
8

D
1

E1
1

R
ab

b
it m

o
n

o
clo

n
al

1
:1

0
0

0

C
leaved

 N
o

tch
1

 (V
al1

7
4

4
)

C
ell Sign

alin
g Tech

n
o

lo
gy

4
1

4
7

D
3

B
8

R
ab

b
it m

o
n

o
clo

n
al

1
:1

0
0

0

N
o

tch
2

C
ell Sign

alin
g Tech

n
o

lo
gy

5
7

3
2

D
7

6
A

6
R

ab
b

it m
o

n
o

clo
n

al
1

:1
0

0
0

N
o

tch
3

C
ell Sign

alin
g Tech

n
o

lo
gy

5
2

7
6

D
1

1
B

8
R

ab
b

it p
o

lyclo
n

al
1

:1
0

0
0

D
ll1

S Estrach
 et al., J C

ell Sci (2
0

0
7

), 1
2

0
(1

6
):2

9
4

4
-5

2
Zd

d
2

M
o

u
se m

o
n

o
clo

n
al

1
:5

0
0

an
ti-In

tegrin
 β

1
C

ell Sign
alin

g Tech
n

o
lo

gy
4

7
0

6
R

ab
b

it p
o

lyclo
n

al
1

:1
0

0
0

an
ti-In

vo
lu

crin
D

 H
u

d
so

n
 et al., H

yb
rid

o
m

a (1
9

9
2

), 1
1

(3
):3

6
7

-3
7

9
SY7

M
o

u
se m

o
n

o
clo

n
al

1
:1

0
0

0
1

:1
5

0
0

an
ti-K

i6
7

C
ell Sign

alin
g Tech

n
o

lo
gy

9
4

4
9

8
D

5
M

o
u

se m
o

n
o

clo
n

al
1

:8
0

0

an
ti-α

-Tu
b

u
lin

Sigm
a-A

ld
rich

T6
1

9
9

D
M

1
A

M
o

u
se m

o
n

o
clo

n
al

1
:2

0
0

0

an
ti-K

eratin
 1

4
C

o
van

ce
P

R
B

-1
5

5
P

R
ab

b
it p

o
lyclo

n
al

1
:1

0
0

0
1

:2
0

0
0

an
ti-TG

M
1

Th
ach

er SM
 an

d
 R

ice R
H

, C
ell (1

9
8

5
), 4

0
:6

8
5

-6
9

5
B

C
.1

M
o

u
se m

o
n

o
clo

n
al

1
:1

5
0

0

an
ti-G

A
D

P
H

M
illip

o
re

M
A

B
3

7
4

6
C

5
M

o
u

se m
o

n
o

clo
n

al
1

:1
0

0
0

an
it-E-cad

h
erin

Sh
im

o
yam

a et al., C
an

cer R
es (1

9
8

9
), 4

9
:2

1
2

8
-2

1
3

3
H

EC
D

-1
M

o
u

se m
o

n
o

clo
n

al
1

:5
0

0

an
ti-alp

h
a-C

aten
in

C
ell Sign

alin
g Tech

n
o

lo
gy

3
2

3
6

R
ab

b
it p

o
lyclo

n
al

1
:2

0
0

A
n

tib
o

d
y in

fo
rm

atio
n

D
ilu

tio
n


