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Motivation
The regulation of gene expression is a complex process that involves different actors (e.g., modification
enzymes, regulatory proteins or non-coding RNAs) and that can be modulated at different levels and by
different mechanisms. The extent to which a gene can be expressed depends by endogenous or
exogenous factors that vary by the type of tissue or organ in which the cell is located [1]. When some
control mechanisms are compromised, cells undergo a series of modifications that can bring to their
transformation in cancerous cells [2].
Studying and reconstructing Gene Regulatory Networks (GRNs) is therefore fundamental to understand
gene expression regulation within cells. The computational reconstruction of GRNs from gene expression
data is receiving increasing attention in recent years, due to the valuable insights that its results provide for
the understanding of complex diseases. Most of existing methods reconstruct the links of the network
through machine learning approaches, by analyzing known examples of interactions among genes.
However, existing methods often suffer when they are adopted in real biological applications, because of
the limited number of labeled examples (i.e., validated interactions) and the absence of negative examples
(i.e., confirmed absent interactions). To this aim, transfer learning techniques can be employed to leverage
additional knowledge from an external source GRN to better reconstruct a target GRN.
Methods
We propose a transfer learning method which can combine the model for the reconstruction of the GRN of
a target organism with that for the reconstruction of another, possibly related, source organism.
Methodologically, our approach consists of four stages. The first two stages aim to solve the problem of
positive-unlabelled learning. In particular, in the first stage, we apply a clustering algorithm on the positive
links, which aims at identifying prototype links, i.e., centroids, that summarize the different kinds of positive
links. In the second stage, we assign a weight for each unlabelled link, according to its similarity with the
identified centroids. In the third stage, we exploit both the labeled links and the set of weighted unlabelled
links to learn a classification model, through a machine learning method which considers possibly different
weights assigned to training examples. Finally, in the fourth stage, we combine the models obtained for the
source and the target organisms, to obtain a new model that better describes the target network, also
according to the knowledge acquired from the (reconstructed) source network.
Results
In our experiments, we reconstructed the human GRNs, by exploiting the knowledge of the mouse GRNs.
Existing gene interactions (ground truth) were taken from BioGRID [3], while all the interactions were
described with expression data from Gene Expression Omnibus (GEO) [4].
The evaluation was performed by analyzing the correctly classified existing interactions, in terms of the
recall@k measure, which has been effectively adopted in [5], since it avoids imposing any assumption on
the unlabelled examples. We compared the quality of the reconstructed network with that obtained without
the exploitation of the source network, and we found that the knowledge acquired from the source network
was helpful. Moreover, a comparative analysis with different state-of-the-art transfer learning approaches
showed that our method was able to outperform them, both in terms of accuracy of the reconstruction and
in terms of computational efficiency.
Finally, a qualitative analysis highlighted that our method was able to return interesting, previously
unknown, interactions among genes, possibly involved in neurological diseases as well as in other human
disorders. Among them, our method predicted an interaction between LINC00657 and RPL39, between
NBPF8P and ND4, and between EEF1A1P5 and UBEN. The functional relationship of these genes, that
was not detected by other tools, appears to be plausible, according to information retrieved from the
literature. Therefore, our method can be considered a very useful tool for the accurate prediction of
(possibly previously unknown) interactions among genes: researchers may use our tool as a reliable
source for experimental lab-validations of unknown function and role of many genes.
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