SWAN: A tool to track single units across
consecutive electrophysiological recordings
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In el-ectrophysmlogy, -the Process of spike sorting [T. 2] is V La ALy -v e SWAN (Sequential Waveform Analyzer) - tool e Mapping of units to global unit ids across ses-
applied to recorded time series to extract spike data and - A to identify putative identical neurons across mul-  sions can be saved in the odML format as meta-
/ N\ : / N\ P
identify single unit activity (SUA). Usually, each session of tiple recording sessions in electrophysiological ~ data [6, 7]
an experiment is spike sorted independently, so the resulting ™™\ '""\ /! i Vo '""\ /! : _ , _ _
P P P Y 8 data from multi-electrode arrays and analyze ¢ |ncludes algorithm for automatic unit tracking
units are assumed to be independent of each other. A their stabilit
Session 1 Session 2 Session 3 Session 4 y ‘ O Ut|00k:
However, with chronically implanted microelectrode . . . : _ : :
. y 'mp . . ; w j/\ e Modular and flexible GUI, organized in several =~ —implement existing automatic algorithms from
arrays, the signal recorded at each electrode during multiple |3 . . . . I
. . .. . | views that display different aspects of the spike iterature [3], 4]
recording sessions is likely to originate from the same E . . . .
. : waveforms and the spike time statistics —include support for non-Blackrock file formats
population of neurons. In such a case, one cannot assume §
that units detected on the same electrode on different days |5 —— — ~—— —~ 7 |~
are independent of each other. This affects any population | | \ . . .
statistics drawn on the ensemble of all spike sorted units. 5 \/(\/\) 2 AUtOmath U nlt TraCklng
A solution to this problem is to identify which units from G -
different recording sessions correspond to the same neuron, . . . . . .
. e : pons. Session” Session2 — — As an alternative to manually tracking units, SWAN currently includes two algorithms that automati-
i.e., to track single units across sessions 3] 4]. - . . . . . .
Dw \ﬁ v\ \ﬁ cally calculate a suggested final mapping of units to global ids, which can be be manually modified.
SWAN (Sequential Waveform Analyzer) is a tool specifically | C
developed for this task. |t: High-dimensional clustering algorithm
e provides a per-electrode visualization of a large number |2 | A 1b A A
of spike-sorted datasets extracted from multiple recording 2\/\ B A s A\_, .,
- : * * . . A
SE5SIoNS ; —~ I~ ~ 1. A feature vector is constructed for every unit. “»‘ A A A
@IS designed such that each group of similar units is 5 | | | Features considered - mean waveform, first two A!,f'
assigned a unique global unit id (identified by a unique C derivatives of mean waveform, inter-spike interval 1(:" A
CO|OUI’) Fig. 1 Single Unit Tracking. A Panel modified from histogram, CV2, LV, flrlng rate B
_ _ _ ] _ [8]. Unit tracking involves the comparison of 114
e organizes the user interface into views, each showing a spike-sorted units (shown in red and blue) from 2. Units are clustered in feature space using the 10 A
different feature of the units being ana|yzed different recording sessions to determine whether they KMeans-+ - algorithm d Al3
_ o _ represent the same neuron in the brain. B MxN grid A 15
e allows the reassignment of global unit ids to units through  that mimics the main plot grid in SWAN (M - global 3. Clusters are curated: Al | _ﬁf
a swapping mechanism (see right) unit ids, N - sessions). Each.panel.contains the mean o Session-duplicates: units having  session- 5‘ A 37 _._ ““““““““
_ . waveform of the corresponding unit. By sequentially _ _ h . 6 s 2 |
e bundles an algorithm that automatically suggests an swapping units in columns (black arrows) the best conflicts with other units in cluster are assigned A A . 385
assignment of global unit ids mapping of units to global unit ids is obtained C. either moved to an existing cluster or are as- 8 A AL0 40
signed a new cluster A

e [imestamp-split: clusters containing units with
Fig. 2 High-dimensional clustering algorithm. Triangles - units,

SWA N S Oftwa re l nformatio n a time difference. e.xceeding a user-defined squares - cluster centers, circles - clusters, numbers - day of

threshold d are Sp|lt into smaller clusters recording for unit. A a simple clustering result - units are nearby in
feature-space and time. B a larger cluster (orange) being split into
SWAN (Sequential Waveform Analyzer) is a tool written in Python to analyze the smaller clusters (cyan and pink) on the basis of timestamp-split
Ik - - - - - . . . according to the user-defined parameter d. C session-conflicts i.e.
!ong te.rm stability of single units in spike s.orte.dl datasets. tha’F were recorded chronlcallly us Euclidean distance-based algorithm multiple units in the red cluster are from the same session (sessior
ing microelectrode-arrays. |t provides an intuitive graphical interface and tools to aid the 1). Of the three conflicting units, one is assigned to a nearby existing
user, along with implementations of algorithms from literature that automate this analysis. : : : : cluster (1b, red to blue). Another is assigned a new cluster (1c, red
e All pairs of consecutive sessions are successively to green).
, compared to determine similar units
Installation pip install git+https://github.com/INM-6/swan.git E‘:C.‘?‘E E' l-l""qﬁm P
. . =y I;I:I"" “\j:'“ %‘ N S e Two units are marked similar if the Euclidean distance between their mean waveforms is less than
The QR codes link to SWAN, Neo and Elephant, respectively. Neo and j’- » 2 W . _ o _
o t'._ﬁ.. s the average distance over all pairs of units in the two sessions
Elephant are Python packages for electrophysiological data storage and ’&t ", %, RN .
-~ (54 oW & [° . . . . .
analysis, and are used extensively in SWAN [=] -':Egr!.,;. 1z e Drawback: Units that disappear and reappear cannot be assigned the same global unit id
' ' % . . S N

Step 5: Swap

Swap the positions of the units
in the mapping in panel A so
that each row contains only those
units that are similar. Swaps
can be performed by select-
ing the two desired «cells in
the plot grid and clicking on
the Swap button on the top

Step 3: \Visually inspect
IS| histograms

ldentify  units  with  simi-
lar inter-spike interval his-
tograms in panel C by vi-
sual inspection. Similar his-
tograms have been labeled

I and 2 in Fig. 5 for the
two distinct groups, respec-

Goal: to identify groups
of identical wunits in a
sequence of 3 recording
sessions on one channel
from data recorded using
a 96 channel Utah Array

[5].

Fig. 5 Interspike Interval histograms (view C
t|ve|y. in Fig. 3). pa nel.

Fig. 3 SWAN with three loaded sessions. All units with Step 1: Preparat|0n
the same global unit id, share the same color. A Gridof ~ Select and load the three

plots representing the current mapping of session unit recording sessions Ac-
ids to global unit ids. Global ids are represented as

rows, recording sessions as columns; B Progression of tivate and arrange the
the mean waveforms of units over successive recording different VIEeWsS of the

sessions; C Inter-spike interval histograms; D Scatter loaded waveform data
plot of first three principal components after perform-

Step 4: Confirm with PCA Step 6: Automate

Identify clusters (corresponding Steps 2 to 5 can be replaced by run-
to units) which are close to ning the automatic algorithm (see box
each other in panel D. The above). The algorithm vyields a re-
closer they are in PC space, sult similar to that obtained in step
the more similar their waveform 5.

ing principal component analysis on all waveforms; E (Flg 3)
Mean waveforms of all units.

Step 2: Visually inspect mean waveforms

|dentify units with similar mean waveforms in panels A and E by visual shapes. In the current exam- Fig. 6 Final mapping at the end of
inspection. These units have been highlighted in Fig. 4 with the same ple, the units identified as sim- The final mapping of unit ids to global ids :]ZiS&Zip'r';ijzzp'tfmp;iurr;'vts

background and arrow colors, respectively. We observe two distinct Fig. 4 Plot grid (;’GW A("_’ F’gc-)Q) and mean ilar in steps 2 and 3 are also for all channels can be saved and exported and group 2 has been moved to
waverorms (Vview .

groups of similar units and two independent units. found to cluster in PC space. for further analysis. the green row. The other two units
have been assigned unique global
ids.
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