Unsupervised method for time-series classification of signals obtained from calcium imaging
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Introduction: Automated Quantitative Live Cell Fluorescence Microscopy utilizes high throughput screening and aims to analyze responses from large cell numbers which is expectedly hampered by demanding processes of classifying cells’ responses. On the other hand, Time Series Classification (TSC) is an important and challenging problem of defining labels that cluster time-series in similar sets. Most methods that have so far led to significant progress in the accuracy of time-series classifiers have high computational complexity, requiring significant training time even for smaller data sets. 

Materials and Methods: The raw data for the analysis came from the primary rat cortical astrocytes recorded for calcium imaging. Without focusing on a single type of feature such as shape or frequency, we are aiming to develop and test Unsupervised Machine Learning approach in order to characterize traces, cluster them and if any groups could be found, train a classifier to reliably predict a class for any given test trace. By using maximum entropy modeling [1] we aim to construct a training and validation set for the classifier and use subsequently the rest of the traces as a test set. Based on classification results, Markov clustering [2] and hierarchical clustering will be conducted for community detection.

Results & Conclusion: Our preliminary results show that traces are grouped as expected according to the shape and characteristics of the signal, as when grouping was performed by taking into the account prominent features of the signal (e.g., amplitude, rise, decay, number of peaks etc.). The overarching goal would be to adapt a method of sparse dictionary learning framework for time-series imaging by successively adding constraints based on the hierarchical architecture of trace communities, while requiring minimum preprocessing. From a medical point of view, this method can give us a deeper insight into the variability of the obtained signals, and, for example, grounds for a possible correlation of the results with data on patients and their disease.
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