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Secretion systems are crucial for bacterial organisms to interact with their environment, such as acquiring
nutriments, setting up biotic defenses, as well as delivering virulence factors. There are currently 12 bacterial
secretion systems known varying in size (1 to 15 proteins involved). Some organisms can have several times
the same secretion system, and sometimes a single protein or group of proteins is involved in several secretion
systems. Thus, detecting which protein belongs to which secretion system is a difficult task.
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Figure 1: bf A schema representing an NMF approach to tackle the problem at hand. The goal is to
decompose a matrix X (where each row corresponds to an organism, each column a protein known to be
involved in a secretion system, and each entry the number of times this protein is found in this genome) into
two matrix V and U to automatically detect the number of each time of secretion systems in each genome.

If we assume we know all homologs (a protein family with a common ancestor) involved in all secretion
systems, can we find which homolog is involved in which secretion system? We propose to formulate this
task as a deconvolution approach (e.g., non-negative matrix factorization [1]): given a matrix X where
each row corresponds to an organism, each column to a homolog, and each entry the number of times a
homolog is found in an organism, factorize X into two matrices, one, denoted by V , corresponding to which
homologs are found in which type of secretion system, the other, denoted by U corresponding to the number
of secretion system in each organism.

A challenge when using such non-supervised approaches is to tune the hyper-parameters of the model (e.g.,
k, the number of secretion systems). We propose to investigate two strategies. First, in this particular case,
some secretion systems are well-known and well studied. We can thus leverage “classical” autoML strategies
to tune the hyperparameters of the model through cross-validation. We will thus perform the deconvolution
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for a large number of k on a subpart of the data and check whether (1) the V matrix corresponding to the
match between homolog and secretion system type is correct or not; (2) whether the matrix U on the training
or the test data is correct or not using classification metric of successes (e.g., balanced accuracy, precision).
Second, to ensure such an approach can be applied on systems for which there is no prior knowledge,
we will investigate whether stability analysis can be used in this particular case. Several approaches can be
investigated here: (1) bootstrapping the input data and assessing whether the matrix V is robustly estimated
between bootstrapped samples for a particular k (akin to stability estimation of the number of clusters; [2];
(2) separating the data into a training and testing set and estimating the accuracy of the reconstruction on
the testing dataset.

The goal of the internship is to investigate how non-negative matrix factorization (NMF) approaches can
be used to perform this task.

1. We will first perform a literature review on this topic, specifically for NMF approaches on count data
[1, 3].

2. Then, we will test a couple of algorithms on this particular task.

3. We will investigate how to tune the hyperparameters of the model using prior knowledge and/or
stability analysis.

4. Finally, we will investigate better feature engineering to consider each protein’s genomic context (e.g.,
the gene organization along the genome): Taking inspiration from nature language processing, we will
extract n-grams of proteins and investigate how to add structured penalization to the deconvolution.
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