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German Neuroinformatics Node (G-Node):
Focus on Neuroinformatics Solutions for Electrophysiology

Development of tools and services for cellular and systems
electrophysiology, facilitating data access, data analysis and
data sharing

- Data conversion tools

- Methods for data and metadata Projects | Experiments | Dats | Profile | Inbox

“management

pload a File My Datasets My Files My Time Series

- Data sharing platform
My Datasets

- Custom solutions for collaborative

Adataset is usedto group several files. You can create a datase

data eXChange shared with people you know.
Zreate a new dataset.
= HOStIng SerVICeS Order by: Mame Privacy Date
- Teaching and training 1ty i e
Data monkey M 2010-09-14 1015
Data monkey B 2010-06-24 1016
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Why care about data management?

* Progress in neuroscience increasingly depends on collaborative
efforts, exchange of data, re-analysis of data.

* Advances in technology and methodology dramatically increase
volume and complexity of the data recorded.

* Complexity and volume of data pose a challenge for data
organization. Collaborative work and re-use of data are hampered
by the effort it takes to access and understand the data.
Reducing this effort can enhance reproducibility and facilitate data
sharing.
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Levels of Data Sharing

* Share with yourself (and your colleagues/students/supervisors)
- data management within a lab
- all data that is recorded
- keep all information, document 'hidden' knowledge
to enable future access for re-analysis

* Share with collaborator
- specific datasets
- specific purpose, specific set of metadata
- interaction between owner and collaborating partner

* Share with the world
- often after data have served their primary purpose
- might be re-used for different purpose
- should be readable and understandable without interaction
with the author



Getting (the data) ready for sharing ...

Concentration Temperature ( )
Recorded Data

—
Sampling Rate

Metadata is often stored in heterogeneous formats, distributed over
files, software code, file names, spreadsheets, handwritten ...

Separate organization and storage of data and metadata implies
additional effort of identifying and selecting data

How to reduce this effort?
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Getting (the data) ready for sharing ...

@ ampling Rate

Temperature

N

Concentration

Integrated, standardized organization of data and metadata can reduce
the overhead of searching for data and other necessary information for

analysis.
This facilitates data analysis and re-analysis, reproducibility, data sharing.

Recorded Data

_—

Contrast



Development of Tools for Efficient Data Management

Approach:

* \Well-defined data model for neuroscience data that accounts for all
types of recorded data

* Flexible methods for data annotation and metadata management

that can be adapted to the requirements of the experiment and
laboratory

* Format and tools for integrated organization of data and
metadata, including interfaces for common tools and languages, to
facilitate data access, data management, and data analysis
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Neo - Data Model for Neurophysiology n e a

http://packages.python.org/neo

e Common class names and concepts for N
electrophysiological data Slock =
Seg ment -——F‘ 7 Event

. \ f ! =
Reco 5: d c: Pn%': h,f "*"-V{qn ."l.r'l l?’*ﬁ ‘M;, r‘"‘iwh lﬂ‘" W’]‘dihﬁuﬁwﬁuﬂfﬁﬂ .ﬂ
T TR i ﬂl_.'lll'",,”' | ,,'

e Consistent data organization

e Easy to adopt

AnalogsignaL
/0 modules for various file formats M A e M
are provided (UL TN T NTERR T i] BT Wimeeme o oy e e
Used by several software packages b & IR Wt
Neuror
(OpenElectrophy, G-Node tools, o I I — e
NeuroTools, SpykeViewer, pikeTrainist | |
Elephant, ...) e T | =
Garcia et al (2014) Front. Neuroinf. 8:10
neural
ensemble

.org
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odML - flexible, extensible Metadata format

http://www.g-node.org/odml

A) Single cell recording several datasets B) Two cells subsequently recorded, several datasets each
¢ separation of format and content . e
—— Project1 - [Project] — Project2 - [Project]
. . - Description
e format: hierarchical structure of | erperiments - Experiment IR
key-value pairs: simple, flexible, inherently ST [ Sesston? - [Recording]
extensible = can be adapted to the T bt Bublect
. g . -End — CellA - [Cell]
specifics of the lab or experiment - Experimenter [ Detaser - Dtase
— SubjectA - [Subject]
e can carry any metadata “Gonder _C‘E Datasets - Dataset
. . . -Age Dataset4 - [Dataset]
- no information is lost e Datasets - [Dataset]
) [-T‘;r;l]).e . C) Two cell simultaneously recorded, several datasets
e machine readable, facilitates automated e odML _
I I tl f t d t H th I b t Q RestingPotentiaI T PrOJQCtZ ) [PmJQCt]
collection of metadata in the laboratory et oot | experiments - xperiment
. . . . el — Session1 - [Recording]
e community-driven standardization e e bt
. . Ny - Quality — SubjectC - [Subje
through shared terminologies lmmm_[mm (ol
e tools available (libraries, editor, apps) e R
’ ’ "R ~— Dataset1 - [Dataset]

- Quality N
\L Dataset2 - [Dataset] _‘/

Grewe et al (2011) Front. Neuroinf. 5:16
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Example: collecting metadata from different sources

oﬂ 6 Computt'ar

Online Spike Detection ———— ) . -CEntraI Suite 6 Computer

Filter 4—| —)> Digitizer —

Neural Signals Analog Signals Digital Signals
Computer

Event Detectlon

Front-End Amplifier
Amplifier =) Filter =) Digitizer

1
Headstage
Unity Gain
o B

B B0 B

SP PP C DP RT MT PT HP
4400ms»

1
Computer

abVIEW

B
- L

Trial scheme

4400ms»> J4300ms )|
TS WS C-ON C-OFF GO SR OT HS RW OR

41000ms » 4500ms»

Zehl et al (2016) Front. Neuroinf. 10:26
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NIX - integration of data and metadata

http://www.g-node.org/nix

e general data model (derived from yeadata I@ (0dML) -
Neo) to represent recorded data, -~~~ - "
derived data, relations of data == o ;

Block
+Type: STring

+name: String

e flexible data model for metadata ‘e
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(odML) for comprehensive o ] ,gnanc® ged 082
annotation of data il s J prOR T T:‘c;r typ®: unlt®

» file backend: HDF5 file format g T el e
- structure reflects data model, ------- b o gpoch®
easy to understand f N oS
- other storage backends possible | i T J = N\/« B

e libraries for different languages S oo M
(C++, Python, Matlab, Java) P O U = |
- integration in data acquisition i sion infof': ampling

. : pimen® . rand®

and analysis tools o, unit

https://github.com/G-Node/nix
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Benefits of integrated data management

Efficient data access:

- Querying data by metadata

“Give me all spike trains of
single unit #4 from trials where the
stimulus had a contrast of 0.5”

- Facilitates automated analysis

- Seamless integration of data
access into the lab data
processing workflow
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o @ data
@ 2014-11-13-ab
¢ @ data_arrays
¢ @ EOD

) dimensions
e metadata
o= ) sources

o= 24 GlobalEFie

o= 4 LocalEDD-1
=C4vl

o [C] restart times

o 4 spike amplitudes

o (4 spike times
¢ @ metadata
¢ i@ sections
=24 cell
o4 Electrode
o [Z4 Preparation
¢ @ Recording
¢ @ properties
E§ Comment

E§ Date

B% Experimenter

:TI-.- Tl | i cuay =t fel=t =201 4 17 132 IS

ff TableView - data - /data/2014-11-13-ab/da

Table \MI

0,0 = |0.10362?525

1454 |0.2700134
Lineplot - /data/2014-11-13-ab/data_arrays/|

Ei=
l.2a8lle

1.100%56

0.842%08

0.585436

0.327%76

0.070716

-0.187

-0.444B05

-0, 702RES

-0.958/25

-1, 217455
1 148 285 443 580 738 883 10

Close
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Benefits of integrated data management n.“
AP

7 @ data : Fhalakloiow ot T Y 0 e e RO S 2 P :
TR ¢ @ 2014-11-13-ab 1|l | B Tableview - data - /data/2014-11-13-ab/da
Reproducibility: o @ data_arrays reble [l
Identifivi ] tal ¢ iEOD- 0,0 = [0.103627525
- entl |y|ng expenmen a @ ........................................................................................................................................................
. o) dimensions : S
conditions of recorded data & € metadata LI masaRa[o 27001 34
x [ Lineplot - /data/2014-11-13-ab/data_arrays/|
o~ L) sources L.dodrle
“What was the frequency of the AGlobalEFe ok
stimulus that elicited this recorded :g;‘_’l‘a'mm © aaabos
response?” > Qarestart times » sashs
o 4 spike amplitudes
- Analysis results with > @ spike times 0.327476
. . ¢ @ metadata 0.070% 6
provenance information can be o & sections |
stored consistently using the A :E:;eut d 0187
ectrode _o.444kds
same format o 24 Preparation
¢ @ Recording -0. 702865
¢ @ properties -0,9500P5
E§ Comment
£ Date TS0 205 443 seo 73m ess 10
g lIj}l{fcnerimenter |
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Benefits of integrated data management

Easy Data Sharing:

- For data provider: Minimizes
need for preparation of data

for sharing

- For data consumer: Minimizes

need for communication

- Enables correct interpretation

of stored data items

- Enables exploring data and
automated data selection

Easy to understand for
humans, but also machine-
readable
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@ 2014-11-13-ab
¢ @ data_arrays
¢ @ EOD
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e metadata
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o= 4 LocalEDD-1
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o [C] restart times
o 4 spike amplitudes
o (4 spike times
¢ @ metadata
¢ i@ sections
=24 cell
o4 Electrode
o [Z4 Preparation
¢ @ Recording
¢ @ properties
E§ Comment

E§ Date

B% Experimenter
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ff TableView - data - /data/2014-11-13-ab/da

Table \MI

0,0 = |0.10362?525

QY1454 [0.2700134
_x [ Lineplot - /datai2014-11-13-ab/data_arrays/|
l.do8llE

1.100%56
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CRCNS US-German Data Sharing: Integrating distributed data sources

Collaboration with Fritz Sommer, UC Berkeley Ay

¢ consistent annotation of
neurophysiological data on )
CRCNS.org and G-Node portal External RDF data
. indexers (e.g. NIF)
using common format and \ ‘
terminologies (odML)

Ontology resources

“‘""“”m
‘\[ m OEN ... ]

e metadata available via (" G-Node /f ROF Triple Loly | ) Other repositories
] ] | i —T AR Store  E— = mm————— ]
semantic web technologies, CRCNS.org | oo 1] N ] Aller Insttote
intearation with NIF Bt S | ROFTriple ooy 7 |1} Senselab ModelDB
g ’ ! Remote dataanno- !  Store | pataFetching !, | !
NeuroMorphO Org etC E tation tools (Aim 3) i E Tool {Aim 3) E E NeurOMOI‘ph0.0I‘g
1(‘3 Metadata management system n" = 4

e data integration use cases: Bl ERSucEHEdEL was

collecting datasets from - s

distributed sources (e.g.,
morphological and physiological Q
data) User
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