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Cancer develops primarily because of the sequential somatic alter-
ations accumulating in the genome [1]. The identification of cancer
drivers has traditionally focused on the protein-coding regions,
which comprise less than 2% of the human genome, leaving the over-
whelming noncoding regions largely unexplored. This is due to the
currently high costs of whole-genome compared to exome-wide
sequencing and poor understanding of the implications of noncoding
mutations. While noncoding regions do not encode protein them-
selves, the noncoding elements can regulate the transcription and
translation of protein-coding genes via various mechanisms. In par-
ticular, the cis-regulatory elements (e.g., promoters, enhancers,
silencers and insulators) regulate the transcription of their target
genes by controlling transcription regulatory factors binding, while
noncoding RNAs (e.g., microRNAs (miRNAs) and long noncoding
RNAs (lncRNAs)) further calibrate gene expression in a post-tran-
scriptional manner [2].

Recently, there is an increasing consensus about the importance
of noncoding mutations in human cancer, and whole-genome analy-
sis has revealed significant driver mutations in noncoding regulatory
elements including promoters, enhancers, and 50- and 30-untrans-
lated regions (50- and 30-UTRs) [3]. In this article of EBioMedicine,
Urbanek-Trzeciak et al. [4] systematically characterised the somatic
mutations in miRNA genes (defined as sequences coding for the most
crucial part of miRNA precursors) based on whole-exome sequencing
data of 33 cancer types collected in The Cancer Genome Atlas (TCGA).
They further demonstrated the biological and clinical significance of
those overmutated miRNA genes via functional analysis, and dis-
cussed the ramifications of these miRNA mutations in oncogenesis.
While further investigation (both in silico and in wet-lab, and favor-
ably on larger scale of cancer genomics data) is warranted for eluci-
dating the consequences and mechanisms of action of the miRNA
mutations in cancer etiology/pathology, this study represents a good
starting point for potential follow-up explorations.

The biological consequence of a somatic mutation in a miRNA
gene is multifaceted, depending on the specific mutant site. Intui-
tively, a miRNA mutation might affect its binding sites/affinity on
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target 30-UTRs if mutant in seed region, or influence its own biogene-
sis if mutant in DROSHA/DICER1 cleavage sites [5]. Considering their
functional importance, these mentioned regions are expected to be
positively selected in oncogenic process. Surprisingly, this com-
mented work reveals that mutations occur in all regions of the
miRNA gene with little localization preference. This seemingly coun-
terintuitive phenomenon might reflect a significant combinatorial
mutational pattern called mutual exclusivity, in the sense that aber-
rant events tend to avoid co-occurrence if any individual alone can
exert the same or similar function [6]. Since a mutation on any site of
the miRNA gene can disrupt the normal production/function of its
mature miRNA, no site needs to be preferably selected for mutation,
leading to the observation of roughly even distribution of mutations
across the whole miRNA gene. Similarly, since members from the
same miRNA family have same seed sequence and similar physiologi-
cal functions, combinatorial mutational profiles of a miRNA family
may confound the association between the mutations on each single
miRNA and relevant molecular/phenotypic traits. These hypotheses
deserve a systematic test to determine the pattern and mechanism of
the mutational processes in miRNA genes.

Accordingly, exploration of the combinatorial mutational pattern
between a miRNA gene and its target genes may also bring new
insights. The disruption of a specific miRNA-gene regulation pair can
result from a mutation either on the miRNA or on the gene (most
often, on the 30-UTR), or mutations on both. In this sense, the coordi-
nated mutational processes on both the miRNA genes and their target
genes can be leveraged to investigate some dysregulated miRNA-
gene interactions in cancer, such as the recently recognised miRNA-
mediated gene activation [7, 8]. On the other hand, multiple muta-
tions on the same miRNA gene can be combined together (collapsed
into a single variable) to gain statistical power in the miRNA-gene
and miRNA-phenotype association analysis. In this sense, rare but
mutually exclusive variants may work complementarily to determine
the phenotypical outcomes.

Analogous to the scenario in protein-coding regions, somatic
mutations in noncoding regions such as the miRNA genes herein can
also be either disease-causing drivers or just neutral passengers. And
most likely, the passengers largely outnumber the drivers. Therefore,
the major challenge in next step is to identify those noncoding drivers
from the bulk of passengers in an accurate and robust way. The chal-
lenge might be even greater than that for coding mutations owing to
multiple factors such as the substantial sequencing andmapping arte-
facts in current whole genome sequencing (WGS), the incomplete
annotation of noncoding regions, as well as the inaccurate estimation
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of background mutation rate that is highly heterogeneous across a
genome. These noncoding sequence-related attributes will inevitably
diminish the prediction power of the tools that heavily depend on
mutation frequency. As the WGS data increases, the linkage between
somatic noncoding mutations and cancer susceptibility can be probed
by the genome-wide association studies (GWAS)-like strategy that
has been widely employed for the inherited germline variants.
Another promising solution lies on the machine learning based
approaches that interrogate the local genomic compositions sur-
rounding the mutation site by learning the inherent sequence fea-
tures that dictate the mutation’s functional role as a driver or
passenger. Such kind of learning models can be either a traditional
framework with manual feature engineering (see [9] and references
therein) or a deep learning algorithm that extracts genomic features
in a completely automatic manner (reviewed in [10]).

We are witnessing an era when the whole genome, not just the
coding region, is seriously taken into account when studying the
causative genetic and epigenetic aberrations of human complex dis-
orders, especially cancer. With increasing focus and effort (sequenc-
ing technologies, bioinformatics analysis algorithms and pipelines)
devoted to the noncoding DNA domain, we are beginning to hear the
sound of silence. Probably, in the near future, no single piece of DNA
will be deemed junk anymore. Instead, all base pairs of the whole
genome orchestrate to play a symphony.
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