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Executive summary:

A neural network based tool for identifying human cell cycle regulated genes based on
protein features, such as isoelectric point and subcellular localization, has been
developed. The tool, which uses protein sequences as input, is available at
http://www.cbs.dtu.dk/services/hcyclep/.

Background:

Traditionally, identification of cell cycle regulated genes has been based on microarray
studies, where samples from synchronously growing cultures are hybridized to
microarrays to produce expression profiles for a large number of genes during the cell
division process. Such studies have been performed in several organisms and the
analysis of the data has lead to proposed sets of genes regulated at the transcriptional
level during the division process """"'"''. Even though many genes are identified in these
studies there are also limitations to these: several known cell cycle regulated genes are
missed in the studies and they contain many genes for which the expression profile is
inconclusive with respect to cell cycle regulation™". Hence, additional, orthogonal
methods are useful in supplying additional evidence for cell cycle regulation. The
development of such methods are not straight forward as proteins involved in the cell
division process are often very diverse and share little or no sequence similarity. Hence,
identification of cell cycle regulated genes and the proteins they encode based on
sequence similarity alone is only possible for a few, highly homologous protein families
such as histones. However, since all proteins must use the cellular machinery to
accomplish their biological task and are subjected to certain biological constrains by the
cellular machinery, the proteins must have features or properties that allow them to
perform their molecular function under these constraints. The necessary features may
differ from process to process, as these take place in different compartments, are
regulated in different ways, and require interactions with different biological entities.
Hence, it could be expected that proteins involved in the same process share certain
features that enables them to complete part of the relevant process, alone or through
interaction with other proteins, in the process-specific cellular environment.

In S. cerevisiae we have in previous work shown that it is possible to identify potential
cell cycle regulated genes by integrating information on protein features **. In the
context of the DIAMONDS project we have developed a neural network based tool that
integrates protein features to predict whether a protein is likely to be encoded by a cell
cycle regulated genes in H. sapiens.

Methods:

The protein features relevant to the cell cycle as a system are not known to us a priori,
even though properties such as subcellular localization and targeted degradation would
be expected to be important based on established knowledge of cell cycle regulation.
Therefore, a heuristic was used to identify a subset of discriminatory protein features
from the entire protein feature pool that could be used to separate cell cycle regulated
genes from non-cell cycle regulated genes when used as input to a neural network.

A data set of cell cycle regulated and non-cell cycle regulated human genes as selected
based on analysis of microarray data for synchronously growing HelLa cells and used
with the heuristic for identifying discriminatory feature combinations.

The heuristic works in the following way: Single features with good discriminatory value
are identified by training a feed-forward neural network for each protein feature using the
data set of cell cycle— and non-cell cycle regulated genes. The best performing protein
features are then combined in pairs and used as input to the neural network. Feature



pairs with good discriminatory performance are then combined in triplets and used as
input to the neural network. This feature selection procedure is repeated until no
performance increase is observed.

Results:

The protein feature pool started out with 39 different protein features that were all
predicted or calculated from the protein sequence by publicly available tools at CBS or
other research institutes around the world. By running the feature selecting heuristic, we
identified seven different feature combinations that were able to separate cell cycle
regulated proteins from non-cell cycle regulated proteins almost equally well (see the
figure below, which summarizes the method and the discriminatory features identified by
running the heuristic). Using 3-fold cross-validation of the data set we trained three
different neural networks for each of the seven feature combinations and combined the
outcome for all 21 networks in a single score between 0 and 1, where scores close to 1
are an indication of cell cycle regulation.

The protein feature based predictor: ~ The predictor is based on 7 neural networks that each use a different
protein feature combinations as input. The predictor can identify potential human cell cycle regulated genes and
works in the following way: From protein sequences the various features are predicted or calculated. These
predicted feature values are fed as to the neural networks and the output scores for individual networks are
combined to a final prediction.

The performance of each feature combination and the combination of all networks were
assessed using 3-fold cross validation (see the figure below). The performance curves
reveal that the output from the combination of networks outperforms each individual
network. Furthermore, from the performance estimates it can also be seen that the tool
has a limited sensitivity at a very low false positive rate. This means that several true cell
cycle regulated proteins get a low score while almost no non-cell cycle regulated
proteins get a high score. As a consequence of this, only high scores from the network
should be trusted as supporting evidence for cell cycle regulation since low scores are
inconclusive with respect to cell cycle regulation.



Conclusions:
A tool for identifying cell cycle regulated human genes have been developed and
implemented. The tool is publicly available: http://www.cbs.dtu.dk/services/hcyclep/

Perspectives:

In the DIAMONDS context the protein feature based predictor can be used as supporting
evidence in establishing a cell cycle role for interesting genes found in the different work
packages.
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