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HDiSpeC: A new desktop software for live Molecular Networking and t-SNE projections of MS/MS spectra

Software is mostly written in Python language and takes advantages of Numpy scientific computing package and Qt (via PyQt bindings) graphic library. It is a multiplatform software available, among others, under Microsoft Windows, Mac OS X and Linux. Custom widgets have been written in C++ and wrapped using SIP. Critical computations functions like cosines computation and data filtering are written in Cython language [4] and then translated to C++. Cosine computations are parallelised thanks to OpenMP API.
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• We fulfilled the need of a dedicated, user-friendly, local software for MS/MS comparison and spectral network generation, removing the requirement of several different software (FTP client, browser and molecular interaction networks visualizer). • Layouts functions can be optimised by taking advantages of modern multi-cores computers via parallel computing. • Interface for querying databases still needs to be developped.

• Source code will be made available to the scientific community under the GNU General Public License v3. • Molecular Networking (MN) applications are expending fast through the development of the Global Natural Products Social (GNPS) Platform [1] becoming a standard in the metabolomic community. • Based on the observation that structurally related compounds share comparable fragmentation fingerprint. • Similarity score between ion fragmentation patterns is provided using a modified cosine calculation.

To speed up processing, data is filtered before cosine calculation :

• Remove m/z <= 50.

• Remove precusor-17<m/z<precursor+17.

• Remove peaks with intensities below 5%.

• Apply window rank filter: for each peak in spectrum, keep it only if it is one of the top 6 peak in the +/-50 Da window.

To minimize/maximize effects of high/low intensity peaks, square root of intensities is used.

• Use of a cosine threshold and topK ranking algorithm means useful information can be ignored. • Parameters can be tuned but it's time consuming.

• Recent technique known as t-distributed stochastic neighbor embedding (t-SNE) [2] can provide a representation of high-dimensional datasets like MS/MS spectra. • This multivariate embedding method gives a particular attention for local details by using non-linear outputs to represent the entire data space.

First step is to produce a similarity matrix by computing cosine scores between each pair of spectra.

Due to the specificity of MS/MS spectra (fragments are as important as peaks), a modified cosine calculation algorithm have to be used.

Linear sum assignment problem : we use the combinations of peaks/fragments that gives the highest cosine score.

Then, network is generated by applying two filters:

• Filter out edges with a cosine score below threshold or number of matching peaks below threshold. • Keep only edges between two nodes if and only if each of the node appeared in each other's respective top k most similar nodes.

Network handling is powered by igraph library and layout is calculated using the ForceAtlas2 algorithm [3] developed for the Gephi software.

Both representations can be exported to Cytoscape using it's RESTful API.
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Pie charts can be generated from metadata

Databases can be downloaded from GNPS servers and browsed from the interface. For faster query, they are converted into a SQL format.

Nodes' spectra can be viewed and compared by pairs. The only filtering step before t-SNE is to exclude nodes that have less than one edge above a minimum score threshold. Then, Scikit-learn's t-SNE implementation is used to generate the layout from the precomputed distance matrix. 
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  t-SNE algorithm uses 3 main parameters : • Perplexity: Related to number of nearest neighbors. Larger datasets usually require a larger perplexity. • Early Exaggeration: Controls how tight natural clusters in the original space are in the embedded space and how much space will be between them. • Learning Rate: If too high, data may look like a 'ball' with any point approximately equidistant from its nearest neighbours. If too low, most points may look compressed in a dense cloud with few outliers.