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Abstract

Gene ontology (GO) has been widely used to annotate functions of proteins. Accurate identification
of GO attributes from proteins provides critical help in understanding the biological activities of
proteins. We proposed a new pipeline, MetaGOPlus, to predict the GO attributes of proteins.
MetaGOPlus consists of five sub-pipelines whose predictions are effectively ensembled through
logistic regression. These sub-pipelines include a new deep-learning-based model and four sub-
pipelines inherited from MetaGO using structure alignment, sequence profile comparison, protein-
protein interaction, and naive probability. The newly proposed deep-learning-based sub-pipeline
uses deep residual network (ResNet) as the basic model and extracts multiple sequence-based
features as the input of model. Moreover, a hierarchical classification layer at the end of ResNet
can fully utilize inter-relationships between GO attributes. The proposed pipeline was tested on a
large-scale set of 1000 non-redundant proteins from CAFA3 experiment. Computational
experimental results show that MetaGOPlus achieves better performance than other state-of-the-art
function annotations methods. Detailed analyses show that the major advantages of MetaGOPlus
stem from two points. First, the newly deep-learning-based sub-pipeline can effectively learn
hidden relationships between proteins and GO attributes from large-scale benchmark dataset.
Second, five sub-pipelines can effectively learn the knowledge of GO attributes from different and

complementary views.
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