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Abstract

Module network inference is an established statistical method to reconstruct co-expression

modules and their upstream regulatory programs from integrated multi-omics datasets mea-

suring the activity levels of various cellular components across different individuals, experi-

mental conditions or time points of a dynamic process. We have developed Lemon-Tree,

an open-source, platform-independent, modular, extensible software package implement-

ing state-of-the-art ensemble methods for module network inference. We benchmarked

Lemon-Tree using large-scale tumor datasets and showed that Lemon-Tree algorithms

compare favorably with state-of-the-art module network inference software. We also ana-

lyzed a large dataset of somatic copy-number alterations and gene expression levels mea-

sured in glioblastoma samples from The Cancer Genome Atlas and found that Lemon-Tree

correctly identifies known glioblastoma oncogenes and tumor suppressors as master regu-

lators in the inferred module network. Novel candidate driver genes predicted by Lemon-

Tree were validated using tumor pathway and survival analyses. Lemon-Tree is available

from http://lemon-tree.googlecode.com under the GNU General Public License version 2.0.

Introduction

Recent years have witnessed a dramatic increase in new technologies for interrogating the ac-

tivity levels of various cellular components on a genome-wide scale, including genomic, epige-

nomic, transcriptomic, and proteomic information [1]. It is generally acknowledged that

integrating these heterogeneous datasets will provide more biological insights than performing

separate analyses. For instance, in 2005, Garraway and colleagues combined SNP-based genetic

maps and expression data to identify a novel transcription factor involved in melanoma pro-

gression [2]. More recently, international consortia such as The Cancer Genome Atlas (TCGA)

or the International Cancer Genome Consortium (ICGC) have launched large-scale initiatives

to characterize multiple types of cancer at different levels (genomic, transcriptomic, epige-

nomic, etc.) on several hundreds of samples. These integrative studies have already led to the

identification of novel cancer genes [3, 4].
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Module network inference is an established statistical method to reconstruct co-expression

modules and their upstream regulatory programs from integrated multi-omics datasets

measuring the activity levels of various cellular components across different individuals,

experimental conditions or time points of a dynamic process. We have developed Lemon-Tree,

an open-source, platform-independent, modular, extensible software package implementing

state-of-the-art ensemble methods for module network inference. We benchmarked Lemon-

Tree using large-scale tumor datasets and showed that Lemon-Tree algorithms compare

favorably with state-of-the-art module network inference software. We also analyzed a large

dataset of somatic copy-number alterations and gene expression levels measured in

glioblastoma samples from The Cancer Genome Atlas and found that Lemon-Tree correctly

identifies known glioblastoma oncogenes and tumor suppressors as master regulators in the

inferred module network. Novel candidate driver genes predicted by Lemon-Tree were

validated using tumor pathway and survival analyses. Lemon-Tree is available from

http://lemon-tree.googlecode.com under the GNU General Public License version 2.0.
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