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Experiment

Protocol

The study compared the frequency of the activity dependent calcium transients in embryonic skeletal muscle, under several conditions:

The zebrafish is an important model
for the study of vertebrate development
(e.g. rapid external maturation, embryonic
transparency) [1].

• (i) the developmental stage (early spontaneous movements at 21.5 - 23.5 hours postfertilisation [hpf] versus later stimulated movements at 29-31 hpf),
• (ii) the position of the developing muscle (within the somite), and
Adult zebrafish

Changes in the concentration of calcium
ions (Ca2+) are important as intracellular
signals that regulate cell behaviour.

• (iii) during drug treatment to abolish movement (no drug treatment vehicle alone versus
drug treatment blebistatin).

3.2

Larval zebrafish

Data Collection

• Embryos were injected with fluorescent calcium indicator at the one cell stage and then
allowed to develop at 28.5C [4].
• The zebrafish embryos were imaged on a confocal microscope, and a collection of digitized images were recorded across time.

Summary:
• This study presents a tool (the Calcium Signal Analyser Vamp plugin) enabling the analysis of large volume of data generated during calcium imaging experiments, in an automatic and reproducible way.

• The calcium signals were obtained by measuring the fluorescent changes in a defined
region.

• The Calcium Signal Analyser Vamp plugin has been used to analyse zebrafish calcium signals collected on various areas of the muscle tissues for different developmental
stages of the embryo, with and without drug treatment abolishing movement.
• Three-way analyses of variance have shown that significant differences of calcium peak
frequency (PF) and mean interpeak interval (MIPI) occur between different developmental stages.
• As illustrated by examples, the sonification of calcium data provides an interesting way to
analyse patterns in the signals by making use of another sensorial modality (the auditory
system).

3.3

Results

Three-way analyses of variance for the calcium peak frequency (PF) [3]:
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Analysis Tools

Context:

• Calcium measurements: non-stationary time series composed of transients (bursts in
calcium concentration) and noise.
• The problem of transient detection has already been investigated in the case of music
signals in order to detect the onset times of musical notes, i.e. the start of their attack
transients [2].
• We proposed an adaptation of the peak-picking algorithm from [2] dedicated to the analysis of calcium signals [3].

2.2

• Significant decrease of PF with age (M = 0.071 Hz at 21.5 - 23.5 hpf; M = 0.025 Hz at
29-31 hpf).
• Frequency-driven calcium signals may be involved in the differentiation of skeletal muscles and the development of movement in zebrafish.

Vamp Calcium Signal Analyser plugin

We developed the Calcium Signal
Analyser, a Vamp plugin (http:
//www.vamp-plugins.org)
to
analyse calcium signals and extract features characterizing the
calcium activity. The plugin works
jointly with Sonic Visualiser (http:
//www.sonicvisualiser.org).
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Software: MAC OS X and WIN 32
Bundles are available at: http:
//isophonics.net/content/
calcium-signal-analyser

Sonification of calcium data

Use of another sensorial modality to
analyse and detect patterns in the
signals.

Preprocessing: The original calcium
data are first stored in a format supported by Sonic Visualiser (audio file).

2.3

Note. The treatment, developmental
stage, and somite area factors are denoted Treat., Dev., and Area, respectively. df: degrees of freedom, MS:
mean square. ∗p < .05, ∗∗p < .01,
∗∗∗p < .001.

Sound examples available at: http:
//isophonics.net/content/
calcium-signal-analyser

Methodology

Example of analysis
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