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Neuroscience Data
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Morphology reconstructions – lecture 3 Single channel recordings – lecture 4



Neuroscience Data
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Single cell recordings – lecture 4

Computational models – lecture 5 and 6

Simplified Model: Single Compartment and ion channel formalism
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Cellular Model: Cable and ion channel formalism



Neuroscience Data
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Number of synapses – lecture 7 Pair recordings – lectures 7 and 8



Neuroscience Data
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Atlas – lecture 9 Network activity – lecture 10, 11, and 12



Neuroscience Data
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…and much more! – lecture 14



Neuroscience Data
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• Experimental measure (raw or processed)

• Information extracted from literature (raw or processed)

• Model artifact
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Ferguson et al., 2014

Neuroscience Data

=> facilitate reproducibility



Problem
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Reproducibility / reusability by the same person over time, by different people in 
the same lab or in other labs

Based on memory, filename, and content:
• Pairs of planes
• A,B,C,D coefficients of the planes
• 101 equally-spaced planes
But…
• How was it produced?
• Who made it?
• The file is not archived
• Multiple version?

hippo_planes_for_morph-collage.txt

-0.02014812020230947,0.6864996194426534,-0.7268509652999063,-
1604.1923270574614 0.02014812020230947,-
0.6864996194426534,0.7268509652999063,1654.1923270574614
-0.019954736969346867,0.7276227597727851,-0.685687193939861,-
1685.5191394721055 0.019954736969346867,-
0.7276227597727851,0.685687193939861,1735.5191394721055
-0.020011572342902184,0.7157871516529508,-0.6980317259988408,-
1662.2457659248844 0.020011572342902184,-
0.7157871516529508,0.6980317259988408,1712.2457659248844
-0.02006873300917579,0.7036735147228083,-0.7102399810156117,-
1638.3429607097721 0.02006873300917579,-
0.7036735147228083,0.7102399810156117,1688.3429607097721
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Data Life Cycle
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Griffin et al., 2018



Finding
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• Poor findability: supplementary material to articles, on 
personal or institutional websites, or in non-discipline-
specific repositories

• High findability: public data repository
• Poor quality of the user-submitted data in public repositories
• Public datasets often require extra curation before reuse (e.g. 

NeuroMorpho.org)
• The results of extra curation may not find their way back into the repositories
• Repositories are often not easily searched by generic web search engines
• Registries, which form a secondary layer linking multiple, primary repositories, 

may offer a more convenient way to search across multiple repositories

Legend: challenge, solution



Collecting
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Search for specific data

• Metadata

• Provenance

• Ontology

• Standard vocabulary

Legend: challenge, solution
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Metadata: data about data
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= metadata



Provenance
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Metadata about the origin and transformations of the data

• Who produces the data?

• Is this derived data? – If so, from which dataset?

• What processes / analyses were used to produce / transform the data?

• Which software and version?



Provenance
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Metadata
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• Metadata is what makes the data searchable and useful
• Metadata is not always sufficient to a given scope
• The scope changes as a function of the project, but also of the time
• Describing a piece of data for complete reproducibility is challenging and 

requires much effort
• Attempts have been made to request a minimum set of information to the 

data producer



Minimal Information for Neuroscience Datasets (MINDS)
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• Subject: age, sex, species, strain (when applicable),
• Methods, protocols, equipment and parameters used in experiments
• Classification data category, data format, cell type
• Brain location using brain atlas parcellation or spatial 

coordinates/transform,
• Contributors and their affiliations,
• Access to the data and the format via persistent identifier URL (e.g. DOI)

Hill, 2016



Metadata

23

If metadata is well structured, uses consistent element names and contains 
element values with specific descriptions from agreed upon vocabularies, it 
enables machine readability, aggregation, integration and tracking across 
datasets […]. One key approach in best practice metadata collection is to use 
controlled vocabularies built from ontology terms. (Griffin et al., 2018)



Ontology
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• Ontology is a way of organizing and defining concepts and the relationships 
between them

• It provides machine-interpretable representations of some aspect of 
biological reality

• Sourcing metadata element values from ontologies ensures that the terms 
used in metadata are consistent and clearly defined

• define provenance rules

Brain Slice
slicing
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Standard vocabulary
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Standardization
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• Standardization does not apply only to vocabulary

• Reproducibility also requires standard formats and

• Standard tools



Collect data: manual vs. automatic approaches
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Manual approaches

• Expert-based

• They tend to be of higher quality, but they produce small datasets

Automatic approaches

• Text mining, automatic classification, curation…

• They can introduce thresholds to keep a certain level of quality. However, 

they tend to incorporate data of different quality, but they can digest most of 
the available data



Manual approaches: Bezaire and Soltesz, 2013
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Bezaire and Soltesz, 2013
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Method

• Combine selected pieces of information to 
estimate the numbers of the main cell types 

in the hippocampus CA1

• Use of assumptions and generalizations to 
fill the gaps (see part 2 of the lecture)



Automatic approaches: Attili et al. 2022
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Attili et al., 2022: method
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• we assigned a variable for each neuron type
• in order to account for information regarding neuronal groups in certain 

layers that did not correspond to any Hippocampome.org neuron type, we 
added nine ancillary variables

• divisive scaling factor of 0.41 to convert mouse data to rat
• Numerical densities were converted into neuronal numbers
• Relationships are converted in equations



Attili et al., 2022

overall residual to be minimized by numerical
optimization



Integrating, processing, and analysing
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• Data are often heterogeneous
• Convert data into the same format and granularity
• Uniform metadata (Interoperability)
• Recording and reporting how data is processed and analysed
• Full reproducibility requires access to the software, software versions, 

workflow, dependencies and operating system used as well as the data and 
software code itself

• Hosting source code in a repository where it receives a unique identifier and 
is under version control (e.g. GitHub)

Legend: challenge, solution



Publishing
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• Journals increasingly recommend or require deposition of 
raw data in a public repository

• The vast majority of scientific journals require inclusion of 
processing and analysis methods in ‘sufficient detail for 
reproduction’

• ‘data journals’: scientific journals that publish papers describing datasets. This 
gives authors a vehicle to accrue citations for data production alone, which is 
typically not well recognized under the traditional publishing model

• Open Access Publishing
• Publications have unique ID (PubMed ID, DOI) as well as researchers 

(ORCID)

Legend: challenge, solution



Storing, sharing
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• Public repositories
• Local data storage solutions during the processing and 

analysis stages
• Some domains require large storage resources
• Human data require privacy regulations

Legend: challenge, solution
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Wilkinson et al., 2016
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hippo_planes_for_morph-collage.txtHippocampus atlas v3

File format specs

script

A. Romani
database

It’s time to fix my problem…



What you would like
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The reality
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How to overcome sparsity and reproducibility of data?
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Ion channel kineticsCell densities Morphologies Synaptic physiology

Numbers in literature can 
vary up to 4 fold 

Usually data is 
incomplete or missing

Data often is inconsistent and raw 
data largely not publicly available

Very few pathways have 
been characterized. Data 
can be very sparse

Examples of some issues with existing data



• Data is not enough, it is important to have metadata.
• Rich metadata and standardizations enable reproducibility.
• MINDS.
• Ontology, provenance, standard vocabulary…
• FAIR principles.
• Lifecycle of the data.
• Data sparseness.

What you have learnt
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