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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 iGIuSNFR3 (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 ROls 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 iGIuSnFR3. j) Cumulative
probability distributions of the explained variance from all the ROIs detected

Azimuth (deg)

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 = 9.9x10 *, Kolmogorov-Smirnov test). k) Cumulative
distribution of RF explained variance from all recorded dendrites (thin lines) and
the average across dendrites (thick lines) for iGIuSnFR3 (orange, 16 dendrites),
and iGluSnFR4s (cyan, 19 dendrites). (p = 1.6x103°, Kolmogorov-Smirnov test).

1) 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 iGIuUSNFR3 (orange) and iGluSnFR4s (cyan). The dotted line
shows the threshold of explained variance fraction (0.1) used to determine visual
responsiveness. (p = 1.7x10% , Kolmogorov-Smirnov test). m) The percentage

of responsive ROIs was significantly higher for dendrites expressing iGluSnFR4s
(cyan) compared to iGIUSNFR3 (orange, p = 1.7x10°, linear mixed-effects model).
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Extended Data Table 1| Photophysical characterization of iGluSnFR3, iGluSnFR4f and iGluSnFR4s

iGluSnFR3 iGluSnFR4f iGluSnFR4s
Variant Name

APO SAT APO SAT APO SAT
1-photon Excitation maxima A... (nm) 502 502 502
1-photon Emission maxima A... (nm) 522 522 522
1-photon AF/F 47.1 22.9 17.2
K4 (UM) [95% C.1.] 383.8 UM [325.2,453.0] | 49.9 uM [44.5,56.1] | 7.0 uM [5.6, 8.7]
Apparent Hill coefficient (n.)
[95% C.I] 0.9[0.8,1.1] 1.1[1.0,1.2] 1.0[0.8,1.2]
Apparent pKa 7.0 5.7 7.4 6.5 7.9 6.7
Extinction Coefficient € (M+cm~)

2055 35000 3510 32920 4430 40440
Quantum Yield ® 0.29 0.88 0.27 0.89 0.46 0.88
1-photon Brightness (x1000)

0.60 30.8 0.95 29.3 2.0 35.6
2-photon Brightness F,(GM),
(950 nm /1030 nm) 18.8/6.4 17.3/6.1 20.7/7.2
2-photon AF/F, 43.1/48.4 30.6/35.7 15.7/16.3
(950 nm / 1030 nm)
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Software tools included MATLAB (versions 2021b through 2024b, as reported in the Methods), Python 3.9 (NumPy, SciPy, matplotlib), and
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NIS-Elements 4.1.
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supplement (doi: 10.25378/janelia.30251743).
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All plasmids, constructs, and sequences used in this study are publicly available on Addgene: https://www.addgene.org/browse/article/28252906/

Structural data and the iGluSnFR3-based model used for iGluSnFR4 engineering are available via the RCSB Protein Data Bank under accession code 9FBU. https://
www.rcsb.org/structure/9FBU

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Use the terms sex (biological attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid
confusing both terms. Indicate if findings apply to only one sex or gender; describe whether sex and gender were considered in
study design; whether sex and/or gender was determined based on self-reporting or assigned and methods used.

Provide in the source data disaggregated sex and gender data, where this information has been collected, and if consent has
been obtained for sharing of individual-level data; provide overall numbers in this Reporting Summary. Please state if this
information has not been collected.

Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based analysis.

Reporting on race, ethnicity, or | Please specify the socially constructed or socially relevant categorization variable(s) used in your manuscript and explain why
other socially relevant they were used. Please note that such variables should not be used as proxies for other socially constructed/relevant variables
groupings (for example, race or ethnicity should not be used as a proxy for socioeconomic status).
Provide clear definitions of the relevant terms used, how they were provided (by the participants/respondents, the
researchers, or third parties), and the method(s) used to classify people into the different categories (e.g. self-report, census or
administrative data, social media data, etc.)
Please provide details about how you controlled for confounding variables in your analyses.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
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Sample size No statistical method was used to pre-determine sample size. Sample sizes were matched to prior work with iGluSnFR3 and other fluorescent
indicators, which were previously sufficient to detect differences in key metrics such as AF/Fo, signal-to-noise ratio (SNR), and kinetic
parameters. All main results were observed consistently across replicates.

Data exclusions  Data were excluded from analysis only on the basis of technical failures during data acquisition.

Replication All key findings, including in vitro and in vivo indicator performance, were successfully replicated in at least two independent biological
replicates. No major findings failed replication.

Randomization  Samples and animals were randomized across conditions to minimize bias. For in vitro screening, iGluSnFR4 variants were distributed across
wells, and the layout was randomized across plates to control for positional and batch effects. For in vivo imaging, mice were randomly
assigned indicator constructs at the time of AAV injection. Imaging regions (e.g., dendrites or boutons) were selected without knowledge of
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expected outcomes. Randomization was maintained throughout data acquisition and analysis pipelines to ensure fair comparisons between
variants.

Blinding The only experiment that involved blinding was the manual annotation of spine survival. In all other cases, blinding was unnecessary because
data collection used highly automated instruments and/or clearly defined protocols that minimize the risk of experimenter bias. The benefit of
blinding would not warrant the additional complexity and potential errors associated with it in this context. Similarly, the analyses performed
were virtually all automated, making blinding irrelevant. Manual annotation was necessary to identify synaptic structures in two-photon
volumes; annotations were not performed blinded, but were subsequently assessed by an expert blinded to indicator identity before analysis.
Examples shown in figures were either randomly selected or manually selected as representative examples typical of the experiment.
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Laboratory animals Mice: Emx1-cre (JAX 005628), female, 8—30 wks; C57BL/6, mixed sexes, 8—30 wks; Scnnla-Tg3-Cre (JAX 009613), male, 8-30 wks

Wild animals The study did not involve wild animals.

Reporting on sex Both male and female mice were used in this study. No sex-specific differences were observed in results, and data from both sexes
were pooled.

Field-collected samples  The study did not involve field-collected samples.

Ethics oversight All animal procedures were conducted in accordance with institutional animal care and use protocols approved by the Allen Institute
for Neural Dynamics, Janelia Research Campus of HHMI, the University of California San Diego, Technical University of Munich,
University College London, and St. Jude Children's Research Hospital. All procedures followed the relevant national and institutional
guidelines for the care and use of laboratory animals.

Allen Institute for Neural Dynamics: Protocol 2109

HHMI Janelia Research Campus: Protocols 19-176, 22-0214.01

University of California, San Diego: Protocol S02174M

Technical University of Munich: Protocols 2532.Vet_02-23-24 and 2532.Vet_02-21-121
University College London: Animal License PP3929312

St. Jude Children’s Research Hospital: Protocol no. 3193
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