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Extended Data Fig. 3 | Action potential propagation speed and axon diameter
along RGC axons. a, Histogram of normalized, local action potential propagation
speed measurements. b, Density-colored scatter plot of normalized propagation
speed values (20,824 speed measurements along 2,558 axons from 34 retinal
explants). Each point represents the local action potential speed measured along
short (usually <35 um) axonal segments. Orange line: mean normalized speed.
Black brackets (top): statistical comparisons between consecutive 0.4 mm bins,
starting 0.2 mm away from the soma. Although the first test was significant
(two-sided Wilcoxon rank-sum test, ***P < 0.001), the effect size was small

(~5% speed increase; first bin: 0.98 + 0.23; second bin: 1.03 + 0.24; mean * s.d.).
¢, Schematic of the RGC axon labeling procedure by injection of a current. Panel
c is created with BioRender.com. d, Example of a labeled RGC axon across 12
FOVs.e, Three example FOVs (5, 7, 11 in)dat increasing distance from injection
site. Scale bar: 10 um. Images from one axon, representative of seven axons from
three retinae. f, RGC axon segment in one field of view (~400 pm distance from
injection site). White: intensity profiles and FWHM estimates measured at three
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sampling points along an axon segment. Representative of the axon shown in

d and e g, Same field of view as f Left: example of two consecutive varicosities
(white triangles). Intensity profile is measured between the varicosities. Right:
diameter of the IVS estimated as FWHM of the average intensity profile (red)
between two consecutive varicosities. h , Successive IVS diameter measurements
as a function of distance from the injection site. Points are color-coded according
to normSNR of the field of view. Data are from the same axon shown in d —g, with
multiple IVS measurements per field of view. i , Weighted histogram showing

the distribution of measured diameters for the same axon shownind -h.

Solid line: kernel density estimate. N refers to the number of IVS diameter
measurements (individual points shown in h ). j, Average normalized diameter
at increasing distance from the injection site. Histogram includes 368 pooled

IVS diameter measurements from seven RGC axons across three retinae.

k, normSNR-colored scatter plot of normalized IVS diameter values (same data
as in j). Dashed line: unity.
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Extended Data Fig. 4| Angular dependence of axonal propagation speed and by gray bars. b,c, Reaction times for a single participantas a function of
reaction times. a, Axonal propagation speed of RGCs as a function of angular stimulated cone angular position for small (b, 1.8 pm) and large (c, 9.2 pm)
position. Colored dots: individual RGCs colored according to normalized density ~ stimuli. Same data as Fig. 1k. Colored dots: individual trials colored by
(min-max scaling); binned averages (black dots, 30° bins) and best-fitting normalized density. Binned averages (black dots, 30° bins, + s.e.m.) asin Fig. 1k.
sinusoid (red line) as in Fig. 1g. Temporal (T) and nasal (N) regions are indicated Temporal (T) and nasal (N) regions asina. Number of trials is indicated.
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Extended Data Fig. 5| Dependence of axonal propagation speed on
eccentricity in human and macaque retinae. a, Histograms of normalized
action potential speed from three different locations in the human retina
(schematic on the left) showing bimodal distributions. Dashed line: fit of
Gaussian mixture model with two components; red dots: position of the peaks.
Far periphery (i, peaks:1.04 m s "and 1.60 m s, N=238), mid periphery

(ii, peaks: 0.84 ms™and 1.38 m s, N = 68) and center (iii, peaks: 0.57 m s 'and
0.84 ms™, N=264).b, Mean action potential speeds in human retinal explants
along the naso-temporal axis by distance from the optic disc; temporal
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boundaries. ¢, Histograms of normalized action potential speeds in macaque
retina (four explants from the far periphery). S: superior (peaks: 0.92 ms™ and
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in panel cis created with BioRender.com. d, Same as b but for macaque retina.
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Extended Data Fig. 6 | Estimation of axonal trajectories in whole-mount immunolabeled whole-mount shownina. Left,zoominto theimageinaata
humanretinae. a, Schematic of tissue preparation (left) and human peripheral location superimposed with the estimated local axonal orientation
whole-mount retinaimmunolabeling for axon bundles with beta-IIl tubulin (short magenta line segments). Right, estimated axonal trajectories (magenta
(right). The two white rectangles depict the regions (1, periphery; 2, fovea) lines) at that location. ¢, Same as b, but for aregion centered on the fovea.

highlighted inb and c. b, Estimation of axonal trajectories from the
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Extended DataFig. 7| Model prediction of retinal nerve fiber layer thickness.
a, Number of axons at each location within the retina. Same as in Fig. 3b. Right:
zoomed view of the region containing the optic disc (white hole in the center).

b, Thickness of the RNFL of one of the authors measured with OCT. Gray ellipsoid:
opticdisc. ¢, Schematic showing example of an axonal trajectory passing a
sampling point. Yellow rectangle: sampling point to measure axonal diameter.
d-f,Region of the retina containing fovea and optic disc. Color indicates different

O =M WA OO N ©

0123456789
Axon length (model) [mm]

Axon density [#axons/mm]

0 3x10°
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locations where TEM measurements (Fig. 4a) were conducted. Scale bar: 2 mm.
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g, Histograms of the lengths of all axons that traverse each of the four locations
marked in d-f. Colors are the same as in d-f. Arrowheads over histogram maxima
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Extended Data Fig. 8 | Imputed travel times from soma to optic disc for
different axonal lengths and different length-to-speed relationships.

a, Imputed travel times (mean + s.e.m.) as a function of RGC angular

position. Dashed black line: equal travel time (8 ms). b, Imputed travel times
(mean +s.e.m.) as a function of model axonal length. ¢, Imputed travel times
(mean *s.e.m.) along the naso-temporal axis as a function of distance from the

Axonal length (model) [mm]

opticdisc.a-c, Blue solid line: travel time assuming equal propagation speed
(0.48 ms™). Dashed black line: equal travel time (8 ms). d,e, Scatter plots of
individualimputed travel times as a function of the angular position of foveal
RGCs (d) and model axonal length (e), color coded by normalized density
(min-max scaling). Binned averages (black dots, 30°bins, +s.e.m.) are the same as
those showninaandb, respectively. Dashed black line: equal travel time (8 ms).
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Extended DataFig. 9| Clustering analysis of RGC responses of human fovea and
periphery and their action potential propagation speeds. a, UMAP projection
ofboth foveal and peripheral RGC data, clustered into 12 distinct color-coded
groups based on their functional properties (N =1093 cells). The dashed line
separates On, On-Offand Off cells. b,c, Same UMAP projection asina (gray dots)
with cells from the fovea (b, N = 347) and periphery (c, N = 746) marked

by colors. Same color scheme as in a. Median propagation speeds (v, ms™)

and standard deviations are reported for each cluster. Standard deviations are
not given for three clusters, which contained only a single cell.d, Normalized
firing rates (averaged over trials and coded by color) of all RGCs depicted in aas

rows in response to the stimulus depicted above. Each panel represents a single
cluster, with foveal RGC responses shown at the top and peripheral responses
below. Light and dark gray shading at the left indicates foveal (light gray) and
peripheral (dark gray) cellsin each cluster. e, Box plots of action potential
propagation speeds (individual data points overlaid). The number of samples for
eachbox plotisindicatedV, and the colors correspond to the clusters shownin
panels a-c. Box plots show extrema, 25th and 75th percentiles and median. Some
clusters show paired data for fovea and periphery, while others represent only
oneregion. Color shading below the cluster numbers indicates foveal (light gray)
and peripheral (dark gray) data for each cluster.
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Extended Data Fig. 10 | Estimation of RGC response latency in human fovea
and periphery. a, Relative response latencies of midget (purple) and parasol
(green) cellsin response to the ‘ON-OFF’ light stimulus in human nasal and
temporal fovea. Response latencies are relative to the median absolute response
latency of the temporal RGCs. Foveal midget (nasal: 2.8 + 13.6 ms; temporal:

0.0 £10.5 ms; median + s.d.; two-sided Wilcoxon rank-sum test: n.s., P= 0.24);
foveal parasol (nasal: -3.0 + 11.1 ms; temporal: 0.0 + 9.2 ms; median * s.d.; two-
sample ttest: n.s., P=0.52). b, Relative response latencies of midget (purple)
and parasol (green) cells in human fovea versus periphery. For both midget
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and parasol cells, response latencies are relative to the median absolute foveal
response latency; peripheral midget (-42.5 + 47.3 ms; median + s.d.); peripheral
parasol (=38.0 + 27.9 ms; median * s.d.). Two-sided Wilcoxon rank-sum test:
midget **P < 0.001, parasol ***P < 0.001. The standard deviations of the foveal
datainaandb are different, because a more robust analysis was used to estimate
thelatenciesina.In a, the latencies were estimated by the cross-correlation of
the firing rate to atemplate. This method was not applicable to the datainb
(Methods). Latencies in b were estimated by the peak of the firing rate after a light
stimulus. For details, see Methods.
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Data collection  Custom Matlab (R2022b or earlier), Python (v 3.8 or earlier); cellSens Dimension (v 2.3), serialEM (v 4.1), Clampex (v 10.7.0).

Data analysis Custom Matlab (R2022b or earlier) and Python (v 3.8) code, Fiji (Imagel), custom ImageJ (v 1.54k) macros, Adobe Photoshop 2024, Adobe
Illustrator 2024, R (v 4.5.0), Cellpose 2.0, R-4.5.0 (for Windows).

Custom MATLAB scripts for plotting the source data are provided with this paper. The MATLAB code for preprocessing of the
electrophysiological data (‘spike sorting’) is available on GitHub (https://github.com/rdiggelmann/HDsort) and usable through the
Spikelnterface project (https://pypi.org/project/spikeinterface/0.12.0/). Custom MATLAB scripts used during the analysis, and detailed in the
methods section, are available upon request.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Source data are provided with this paper. Raw data is available upon request from the corresponding author.

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 Sex and gender were not considered in this study.

Reporting on race, ethnicity, or n/a
other socially relevant
groupings

Population characteristics Human psychophysical experiments: Total 7 subjects; 4 female, 3 male; Age range was 31 to 46 years, median age was 33
years. Informed consent was obtained from all subjects. No compensation was offered.

Human retinal tissue for ex vivo electrophysiology and anatomical analysis was obtained from postmortem donor eyes (N =
17 donors; age range: 30-80 years. Donors had no known history of retinal disease.

Recruitment For the psychophisics experiments, participants were members of the research group. Given the relative nature of the
quantity studied (relative reaction time differences), the randomness with which a retinal location was selected (driven by
natural eye movements), and that neither can be known to the subjects during test, self-selection bias or other biases would
have no impact on the conclusions drawn from the results.

Ethics oversight Ethikkommission Nordwest- und Zentralschweiz EKNZ; Ethics Committee of the Medical Faculty of the Rheinische Friedrich-
Wilhelms-University Bonn (Lfd-Nr. 294/17)

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size For the psychophysical experiments we initially measured 3 subjects and performed the analysis. We then performed a statistical power
analysis to estimate how many more subjects were necessary to achieve robust results. No sample size calculations were performed before
the other experiments. Sample sizes were chosen according to standard sample sizes in the field.

Data exclusions  No subject was excluded from the psychophysical analysis. Out of a total of 6200 trials, 677 (11%) had to be discarded because the foveolar
image could not be registered to the foveolar center, resulting in uncertain retinal stimulus locations. An additional 344 trials (6% of the
remaining 5523) were removed because they contained implausible RTs shorter than 140 ms, most likely because of stimulus anticipation. In
total, 1021 trials (16% of 6200) were excluded from the analysis, leaving 5179 valid trials.

Replication The psychophysical experiments included 7 replications (participants). The human foveal axon speed measurements included 11 individual
explants from 10 donor eyes. For the human peripheral axon speed measurements we recorded from 20 explants from 7 donor retinae. For
the light response analysis of the human retina we recorded from 5 explants (fovea), 1 explant (periphery), and 7 explants (macaque). For the
macaque peripheral recordings we recorded from 16 explants from 11 specimens. For the macaque foveal recordings we recorded from 5
explants from 4 specimens. For the model fit we recorded the axon pathways from 2 donors. For the TEM imaging we recorded from 4
locations from a single donor retina. For the optical axon diameter measurements we recorded 7 axons from 3 donors.

Randomization  There was no randomization necessary/possible as the groups were defined by experimental factors, e.g. species and location from where a
biological sample was isolated.
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Blinding Blinding was not possible: The psychophysical experiments required subjects trained to use the setup. The measurements were reaction time
measurements to visual stimulation. The participants were therefore necessarily aware of the stimulation location, as they needed to see the
stimulus.
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [] chip-seq
[] Eukaryotic cell lines [] Flow cytometry
|:| Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
[] Clinical data

[ ] Dual use research of concern

[] Plants

XXXOXX[O S

Antibodies

Antibodies used Primary antibody:
- mouse anti-Beta Ill-tubulin, Millipore, MAB1637 (1:200);
Secondary antibodies:
- donkey anti-mouse IgG conjugated with Alexa-405, Thermo Fisher Scientific, Catalog # A48257 (1:200);
- donkey anti-mouse 1gG conjugated with Alexa-488, Thermo Fisher Scientific, Catalog # A21202 (1:200).

Validation The commercially available mouse anti-Beta llI-tubulin antibody (Millipore, MAB1637) is validated for immunohistochemistry,
immunofluorescence, and Western blot. It is specific to the neuron-specific Beta Ill isoform and does not cross-react with glial Beta-
tubulin. Species reactivity includes human, monkey, mouse, rat, bovine, sheep, pig, and avian.
(https://www.sigmaaldrich.com/CH/en/product/mm/mab1637#product-documentation)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals Cynomolgus macaques (Macaca fascicularis); 15 animals (age: from 4 to 18)
Wild animals No wild animals were used for this study.
Reporting on sex Sex was not considered in the study design.

Field-collected samples  No field collected samples for used for this study.

Ethics oversight Comité Régional d’Ethique en Matiere d’Expérimentation Animale de Strasbourg and registered with the following numbers
APAFIS#5716_2016061714424948 v6 (2018/08/28), APAFIS#32591_2021072914362019_v5 (2022/04/03), and
APAFIS#27357-2020092811266511_v2 (2020/12/28)

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Plants

Seed stocks n/a

Novel plant genotypes  n/a

Authentication n/a
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