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The state of systems neuroscience

• “How do neural circuits function?”

• No single lab can study the large set of regions, connections, and cell 
types that underlie even a modestly complex behavior

• “Neuroscientists would rather share their toothbrush than their data”

• Collaborating in the age of big data
• Traditional small-scale collaboration
• Centralized corporate organizational structure
• Meso-scale, decentralized



The International Brain Lab model

• Meso-scale collaboration



The International Brain Lab model

• Meso-scale collaboration

• Clearly delineated scientific objective
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cortex, hippocampus and thalamus (Fig. 3a), whereas the second probe 
spanned motor cortex and striatum (Fig. 3b). In this experiment, we 
recorded 741 putative single neurons simultaneously.

Recordings with such high yields were the norm with Neuropixels 
probes, from both superficial and deep structures. To quantify  
single neuron isolation across experiments, we compared statistics from 
recordings made from several laboratories in diverse brain structures 
such as the cortex, hippocampus, striatum, thalamus, superior colliculus  
and cerebellum (n =  13 mice, 15 experiments). Neuropixels probes 
allowed isolation of 20–200 neurons per structure (79.0 ±  55.5 per 
structure; Fig. 3c). The number of isolated neurons depended on the 
number of sites in that region (0.64 ±  0.32 neurons per site; Fig. 3d) 
and the spatial spread of the waveform of each neuron on the probe. 
Although most sites sampled signals from multiple (6.9 ±  5.1) neu-
rons (Fig. 3e), good single-neuron isolation was possible because 
each neuron was visible across 9.5 ±  5.3 sites (Fig. 3f, Extended Data  
Fig. 7a, b). A neuron appearing on 4–6 sites enables effective sorting12. 
Neuropixels probes maintained high signal quality across more than 
10 acute insertions (Extended Data Fig. 7c, d).

Because light induces voltage transients in nearly all materials 
used for extracellular electrophysiology, we tested the sensitivity of 
Neuropixels probes to optical excitation conditions used for optogenetic 
perturbations in tandem with extracellular electrophysiology21. Direct 
illumination of the probes in saline resulted in a small, non-saturating 
artefact that can be minimized using sinusoidal or ramped light pulses 
(Extended Data Fig. 3c–e) or subtracted out. We were thus able to com-
bine Neuropixels recordings with optogenetic stimulation of both excit-
atory and inhibitory neuron populations in vivo (Extended Data Fig. 8).

A variety of experiments benefit from chronic implantation of sili-
con probes and recording in freely moving rodents22,23. Owing to their 
light weight, small footprint and integrated electronics, Neuropixels 
probes are ideal for such recordings. Although there is a previ-
ous report of silicon probe recordings with more than 300 isolated 
neurons16, this yield was achieved with a 16-shank array coupled to 
external amplification and multiplexing electronics requiring large-
form-factor hardware, making it impractical to use the probes in freely 
moving rodents. We monitored activity for at least 8 weeks in a variety 
of chronic implant geometries. Not only is this sufficient time for most 
rodent studies, but also the onset of activity loss is usually observed 
within this time frame24.

We tested chronic implants of Neuropixels probes and obtained 
large scale single-neuron recordings in both freely moving rats  
(Fig. 4 and Extended Data Fig. 5) and head-fixed mice (Extended 
Data Fig. 9). For example, a probe implanted in the rat entorhinal 
cortex isolated the activity of 127 neurons, including 22 grid cells25, 
49 days after implantation (Fig. 4a–c). Similarly, a probe implanted 
in the rat mPFC delivered low-noise recordings of hundreds of  
neurons (isolated using another recently developed spike sorting 
package26) simultaneously for more than 8 weeks (Fig. 4d–g and 
Extended Data Fig. 5), and a probe implanted in the mouse frontal 
cortex and lateral septal nucleus delivered stable chronic recordings 
of more than 100 neurons over more than 150 days (Extended Data 
Fig. 9b). Across 14 chronic implants in the rat mPFC, we did not 
observe degradation of spiking activity over 8 weeks (linear regres-
sion t-test, single-tailed, P >  0.1). We have yet to find specific limits 
to the duration of chronic recordings with Neuropixels and saw no 
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Figure 3  | Recording from multiple brain structures in awake head-
fixed mice. a, b, Example experiment with two probes recording from 
five major brain structures. Approximate probe locations are shown 
overlaid on the Allen Mouse Brain Atlas at the left. A total of 741 putative 
individual neurons were recorded simultaneously; the number of  
putative single neurons from each structure is shown in parentheses.  
c–f, Quantification of neuron yield across 9 brain structures (n =  15 
recordings from 13 mice). For each recording, structure borders were 
annotated manually based on histological reconstruction or physiological 
signatures. For each structure, we computed: the total number of putative 
single neurons (c); the efficiency of isolating single neurons (total number 

of neurons isolated from a structure divided by the number of sites in that 
structure) (d); the density of neurons per site (number of neurons with 
median waveform maximum absolute value > 20 µ V for each site) (e); and 
the spread of individual neuron waveforms across the probe (number of 
channels with median waveform maximum absolute value > 20 µ V) (f). 
Box plots show median and quartile range (whiskers denote 1.5×  the 
interquartile range). Individual data points are overlaid (number of points 
above each plot). F.m.c., frontal/motor/cingulate cortex; hipp. pyr layer, 
hippocampal pyramidal layer; hipp. granr. layer, hippocampal granule  
cell layer.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

IBL et al, bioRxiv 2020



The International Brain Lab model

• Meso-scale collaboration

• Clearly delineated scientific objective

• Standardized methods and protocols

• Data architecture and computational pipelines

• Closely linking theory and experiments 

• Training not just mice, but people too!



1. Organizational structure
 

Figures 
 

 
 
Figure 1. The IBL ‘flat hierarchy’ model. ​ On a day to day level, small teams of IBL members collaborate on projects 
in Working Groups (WGs), which are defined around particular specializations and milestones (Table 1) and 
coordinated jointly by a chair and associate chair (typically a PI and researcher, respectively). Decisions and 
proposals generated in WGs take two parallel paths through the organization. For PI-focused stakeholder groups 
(green), WG chairs convene on the Executive Board to share decisions across WGs, facilitate operational and 
financial support, and formalize proposals for voting by the General Assembly, which represents all PIs. For 
researcher-focused stakeholder groups (blue), associate chairs convene to share decisions across WGs, which are 
then conveyed to all researchers for a chance to influence proposals directly. PI and researcher interests interconnect 
via staff liaisons who sit on both the Executive Board and the Associate Chairs Committee, as well as by an elected 
researcher representative, who sits on the Executive Board and is a voting member of the General Assembly. Lines 
between groups illustrate how stakeholders are represented in WGs; for clarity, only a few lines for one WG are 
shown.  
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Wool & IBL, PsyArXiv 2020



2. Build infrastructure

• Digital tools 

• Slack, GSuite, Zoom, GitHub 

• digital lab notebooks, data server, JupyterHub



2. Build infrastructure 

 
Figure 2. IBL’s network of Working Groups, as viewed through 9,226 Slack messages sent by 41 researchers 
to 13 Working Group channels (August 2016-April 2020).​ Each node represents a working group, and each edge 
between two nodes represents a researcher who messaged both groups. Since some researchers message more 
than others, each researchers’ message count was normalized as a proportion. Researchers who sent no messages 
to these channels were omitted from analysis. Node position and edge length were determined using edge weight, 
which was computed as the product of message proportion between the edge’s two nodes. Node shade represents 
the eigenvector centrality as determined from the weights of all connected edges. Node size reflects the absolute 
message count to that group. Connections between Working Groups are stronger (shorter edges, higher centrality) 
when they share more researchers and/or messages, and weaker (longer edges, lower centrality) when they share 
fewer researchers and/or messages. Data for this analysis is available in Google Colab (see ‘Data and code 
availability’). 
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2. Build infrastructure

• Digital tools 

• Slack, GSuite, Zoom, GitHub 

• digital lab notebooks, data server, JupyterHub

• Communicate, communicate, communicate! 

• Personal connections 

• Experts and ‘hub/bridge people’ 

• Danger: sensitive to drop-out



3. Making decisions: the sociocracy model

Objection
Well-reasoned 

argument that the 
policy would harmIdeaAnyone

Proposal

Idea

Publications WG
Governance WG

Anyone

Proposal
Discussion

Everyone General Assembly

Decision

Policy

Consent
Good enough for now

Safe enough to try



4. Give credit where credit is due

https://twitter.com/SteinmetzNeuro/status/1147241128858570752



4. Give credit where credit is due

IBL et al. (2020) bioRxiv:909838.



5. Trade-off individual and teamwork



Wool & IBL (2020) Knowledge across networks: how to build a global 
neuroscience collaboration. Current Opinion in Neurobiology 65:100–107

IBL et al. (2020) A standardized and reproducible method to measure 
decision-making in mice. bioRxiv:909838

IBL (2017) An International Laboratory for Systems and Computational 
Neuroscience. Neuron 96:1213–1218


