
Nature Methods

e

d
c

iGluSnFR4s

0

50

iGluSnFR3 iGluSnFR4s

j

k

l

 n = 19
n = 16

C
um

ul
at

iv
e 

pr
ob

ab
ili

ty

Explained Variance
0 0.2 0.4

0

1

m

iGluSnFR4s
n = 19

iGluSnFR3
n = 16Azimuth (deg)Azimuth (deg)

c

d

e

E
le

va
tio

n 
(d

eg
)

b iGluSnFR3

 Responsive
ROIs

All ROIs
1.4s

***

***

***

g

h

i

L1

L2/3

L4

L5

iGluSnFR

Detected
Significant 

R
es

po
ns

iv
e 

sp
in

es
 (

%
)

0

-30

0

-30

60 3090 0

1 a.u.

a

0 0.2 0.4
0

0 0.2 0.4

25

f

0

30

i
h g

e
  d  c

0

-30

1

0

1

i

h

g

10 µm 10 µm

C
um

ul
at

iv
e 

pr
ob

ab
ili

ty
C

um
ul

at
iv

e 
pr

ob
ab

ili
tyE

le
va

tio
n 

(d
eg

)
E

le
va

tio
n 

(d
eg

)

0

30

60 30 -300

0

30

2P imaging
512x512 px
30 Hz frame rate

V1
L1 tufts of L5 cells

Extended Data Fig. 9 | 30�Hz imaging in visual cortex. a) Mice passively viewed 
sparse noise stimuli (sequences of black and white squares, each appearing for 
200�ms in random locations) while imaging apical dendrites of L5 neurons in 
mouse V1 sparsely labeled with iGluSnFR3 (16 dendrites from 7 neurons in 3 mice) 
or iGluSnFR4s (19 dendrites, 3 neurons, 2 mice). Because dendrites or neurons 
are not statistically independent, we employed a linear mixed effect model 
to analyze results. b)  Example mean image of an apical dendrite expressing 
iGluSnFR4s. Active ROIs with significant receptive fields (magenta; p�<�0.005 vs 
circular shift null and >10% variance explained by stRF) and all others detected by 
Suite2p (yellow) are overlaid to the normalised mean fluorescence image. c–e)  
Spatiotemporal receptive fields (stRFs) fit for ROIs labelled in (b), normalized 
to peak response. Gaussian fit overlaid(magenta ellipse and thick traces). 
f-i) Same as (b-e) for example dendrite expressing iGluSnFR3. j) Cumulative 
probability distributions of the explained variance from all the ROIs detected 

on the two example dendrites shown in b and f. The example stRF shown in c-e 
and g-i were randomly selected as those at the 85th, 90th and 100th percentile 
of the distribution (p�=�9.9×10 �86 , Kolmogorov-Smirnov test). k)  Cumulative 
distribution of RF explained variance from all recorded dendrites (thin lines) and 
the average across dendrites (thick lines) for iGluSnFR3 (orange, 16 dendrites), 
and iGluSnFR4s (cyan, 19 dendrites). (p�=�1.6×10�16 , Kolmogorov-Smirnov test). 
l) Average cumulative probability distributions of the explained variance of all 
stRF (thin lines, same as k) or of stRF explaining more variance than chance ROIs 
only (thick line), for iGluSnFR3 (orange) and iGluSnFR4s (cyan). The dotted line 
shows the threshold of explained variance fraction (0.1) used to determine visual 
responsiveness. (p�=�1.7×10�80 , Kolmogorov-Smirnov test). m) The percentage 
of responsive ROIs was significantly higher for dendrites expressing iGluSnFR4s 
(cyan) compared to iGluSnFR3 (orange, p�=�1.7×10�6 , linear mixed-effects model).
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Extended Data Table 1 | Photophysical characterization of iGluSnFR3, iGluSnFR4f and iGluSnFR4s
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