
mRNA

Sequencing target

cDNA

Padlock Rolony

BaristaSeq FISSEQA

Supp 1



5 10 15 20 25

Cycles

0

0.2

0.4

0.6

0.8

1

F
ra

c
ti
o

n
 o

f 
b

a
s
e

s A
T
C
G

5 10 15 20 25

Cycles

0

2

4

6

8

10

L
o

g
(I

n
te

n
s
it
y
)

A
T
C
G

A a b c d

CultureWell HybriWell-FL ImmEdge ProPlate

B

Pepsin: - 3 mins 5 mins

a b c

ED Cycle 4Cycle 2 Cycle 6

S
O

L
iD

Il
lu

m
in

a

Supp 2

C a b c

BaristaSeq Orig. Padlock FISSEQ

0 5 10

Log(Intensity)

0.5

0.6

0.7

0.8

0.9

1

Q
u

a
li
ty

F G H



Supp 3

A B



Supp 4



O
F

C

M
o

to
r

R
s
tr

S
S

c
tx

C
s
tr

A
m

y
g

V
is

Ip

V
is

C

A
u

d
C

T
h

a
l

T
e

c
t

Projections

0

5

10

15

20

L
o
g

(1
+

n
o
rm

a
liz

e
d
 b

a
rc

o
d
e
s
)

Original
Filtered

O
F

C

M
o

to
r

R
s
tr

S
S

c
tx

C
s
tr

A
m

y
g

V
is

Ip

V
is

C

A
u

d
C

T
h

a
l

T
e

c
t

Projections

0

5

10

15

20

Original
Filtered

L
o
g

(1
+

n
o
rm

a
liz

e
d
 b

a
rc

o
d
e
s
)

=
RstrCstr

Amy g

Th

ICVSS
M

OFC

A

12.3 + +14.8 + +14.2 +

Neuron 1184 Basis 1 Basis 5 Basis 6

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

=
RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

14.3 + +14.0 + +15.7 ++4.7 +

Neuron 74 Basis 1 Basis 2 Basis 3 Basis 4

2 3 4 5 6 7 8 9 10 11

Number of modules

0.8

0.85

0.9

0.95

1

C
lu

s
te

r 
ro

b
u

s
tn

e
s
s

O
F

C

M
o
to

r

R
s
tr

S
S

c
tx

C
s
tr

A
m

y
g

V
is

Ip

V
is

C

A
u
d
C

T
h

a
l

T
e

c
t

OFC

Motor

Rstr

SSctx

Cstr

Amyg

VisIp

VisC

AudC

Thal

Tect
-1

-0.5

0

0.5

1

Supp 5

A

E F

B

C

Neuron 74 Neuron 1184D

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

RstrCstr

Amy g

Th

ICVSS
M

OFC

A

Basis 3 Basis 4

Basis 2 Basis 5

Basis 1 Basis 6

2 4 6 8 10

k

0

0.2

0.4

0.6

0.8

1

F
ra

c
ti
o

n
 o

f 
e

x
p

la
in

e
d

 v
a

ri
a

n
c
e

NMF

Single Proj

PCA



Supp 6

B

0 0.5 1
0

0.5
All

0 0.5 1
0

0.5
-OFC

0 0.5 1
0

0.5
-Motor

0 0.5 1
0

0.5
-Rstr

0 0.5 1
0

0.5
-SSctx

0 0.5 1
0

0.5
-Cstr

0 0.5 1
0

0.5
-Amyg

0 0.5 1
0

0.5
-VisIp

0 0.5 1
0

0.5
-VisC

0 0.5 1
0

0.5
-AudC

0 0.5 1
0

0.5
-Thal

0 0.5 1
0

0.5
-Tect

F
ra

c
ti
o

n
 o

f 
n

e
u

ro
n

s

Maximum cluster probability

C

Raw data
Filtered

data

25

Clusters

NMF

filtering Validation

Divisive hierarchical clustering and significance check

Parent

cluster(s)

Child

clusters Significance

and size

Repeat for

new significant

clusters

A

a b c d

e f g h

i j k l



Supp 6 continued

D

E

O
F

C

M
o

to
r

R
s
tr

S
S

c
tx

C
s
tr

A
m

y
g

V
is

Ip

V
is

C

A
u
d

C

T
h
a

l

T
e
c
t

Projections

L
o

g
(1

+
n

o
rm

a
liz

e
d

 b
a

rc
o

d
e

s
)

1000

2000

3000

4000

5000

6000

C
e

ll 
#

0

5

10

15

k
-m

e
a
n

s
L

o
u

v
a

in

Hierarchy 2 3 4 5

Hierarchy 2 3 4 5

S
p

e
c
tr

a
l

1 2 2 (3 for CF neurons)Hierarchy



Supp 7

A B

CTB-488

CTB-647

RetroBeads

230 602

1057

66 123
0

0
Rstr

Cstr

Tectum

D



Supp 8

A B

L2/3 L2/3

L5 L5

L6 L6

C

L2/3

L5

L6



0 5 10 15 20

Tectal projection strength

0

0.1

0.2

0.3

F
ra

c
ti
o

n
 o

f 
n

e
u

ro
n

s

L5
L6

C

Supp 9

0 5 10 15 20

Striatal projection strength

0

0.05

0.1

0.15

0.2

F
ra

c
ti
o

n
 o

f 
n

e
u

ro
n

s

L5
L6

0 5 10 15 20

Thalamic projection strength

0

0.1

0.2

0.3

0.4

F
ra

c
ti
o

n
 o

f 
n

e
u

ro
n

s

L5
L6

ED

A B

F G



B

Supp 10

A

mRNAs+ Barcodes

in vivo ex vivo



Supp Table S1

OB c1 c2 c3

min qual 

(>0.75) CTB+ Barseq+

CTB+ 

Barseq+

CTB+ 

Barseq-

CTB-

Barseq+

CTB-

Barseq-

0 151 186 4 0.95 0 1 0 0 1 0

0 1433 995 87 0.96 0 1 0 0 1 0

0 155 70 11 0.91 0 1 0 0 1 0

0 177 197 17 0.89 0 1 0 0 1 0

0 17 102 1 0.92 1 1 1 0 0 0

0 132 135 10 0.88 0 1 0 0 1 0

0 96 157 12 0.88 0 1 0 0 1 0

0 102 58 6 0.90 0 1 0 0 1 0

0 665 58 14 0.82 0 1 0 0 1 0

0 14 100 5 0.87 1 1 1 0 0 0

0 0 0 0 0.91 0 0 0 0 0 1

0 0 0 0 0.97 0 0 0 0 0 1

0 126 112 7 0.84 1 1 1 0 0 0

3 281 359 28 0.88 0 1 0 0 1 0

0 419 313 34 0.94 1 1 1 0 0 0

0 106 139 3 0.79 0 1 0 0 1 0

0 72 89 15 0.88 1 1 1 0 0 0

0 342 159 4 0.88 0 1 0 0 1 0

2 1571 1061 100 0.92 0 1 0 0 1 0

0 0 0 0 0.79 0 0 0 0 0 1

0 0 0 0 0.86 0 0 0 0 0 1

0 0 0 0 0.83 0 0 0 0 0 1

0 232 51 5 0.89 0 1 0 0 1 0

0 0 0 0 0.92 0 0 0 0 0 1

0 372 344 19 0.87 1 1 1 0 0 0

0 0 0 0 0.88 0 0 0 0 0 1

0 44 20 1 0.83 0 1 0 0 1 0

0 234 209 20 0.95 1 1 1 0 0 0

0 109 10 6 0.90 0 1 0 0 1 0

3 281 359 28 0.91 0 1 0 0 1 0

0 61 66 4 0.95 0 1 0 0 1 0

0 0 0 0 0.82 0 0 0 0 0 1

0 0 0 0 0.95 0 0 0 0 0 1

0 335 79 15 0.92 0 1 0 0 1 0

0 114 186 9 0.94 0 1 0 0 1 0

0 0 0 0 0.90 1 0 0 1 0 0

0 271 211 21 0.91 0 1 0 0 1 0

0 3159 415 28 0.78 1 1 1 0 0 0

0 0 0 0 0.79 0 0 0 0 0 1

0 305 148 18 0.94 0 1 0 0 1 0

0 0 0 0 0.94 0 0 0 0 0 1

0 637 293 31 0.85 1 1 1 0 0 0

0 471 413 15 0.93 0 1 0 0 1 0

0 1062 528 94 0.92 1 1 1 0 0 0

0 335 79 15 0.92 0 1 0 0 1 0

0 59 73 3 0.86 0 1 0 0 1 0

0 565 359 27 0.93 0 1 0 0 1 0

0 460 208 82 0.94 0 1 0 0 1 0

0 0 0 0 0.83 0 0 0 0 0 1

0 0 0 0 0.84 0 0 0 0 0 1

0 0 0 0 0.96 0 0 0 0 0 1

0 208 69 5 0.91 1 1 1 0 0 0

0 0 0 0 0.91 0 0 0 0 0 1

0 1148 481 30 0.97 0 1 0 0 1 0

0 200 102 14 0.80 1 1 1 0 0 0

0 238 154 25 0.94 0 1 0 0 1 0

3 609 575 62 0.88 0 1 0 0 1 0

0 18 5 0 0.79 0 1 0 0 1 0

0 0 0 0 0.95 0 0 0 0 0 1

0 1748 163 31 0.92 0 1 0 0 1 0

0 0 0 0 0.96 0 0 0 0 0 1



Supp Table S2

Brain ID XC9 XC14* XC28

Proj barcode # 4841 8418 13581

# of cells in ACx 1575 13998 1662

# of cells projecting 895 5082 911

# of filtered cells 605 5082 704



Slice# 1 2 3 Mean ± sem

L2/3 – L5 (Cux2) 640 µm 590 µm 550 µm 600 ± 20 µm

L2/3 – L5 (Fezf2) 550 µm 600 µm 590 µm 580 ± 10 µm

L5 – L6 (Fezf2) 800 µm 830 µm 870 µm 830 ± 20 µm

Supp Table S3


