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2Genoscope-Centre national de séquençage (GENOSCOPE) – CEA – Genoscope-Centre National de
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Résumé

Motivation

Lately, long read sequencing technologies, referred to as Third Generation Sequencing, (TGS,
Pacific Bioscience [1] and Nanopore [2]) have brought the opportunity to sequence full-length
RNA molecules. In doing so they relax the constraint of transcript reconstruction prior to
study complete RNA transcripts. By avoiding limitations of previous technologies, [3, 4] and
giving access to the trancripts structure, they might contribute to complement and improve
transcriptomes studies. This is particularly crucial for non model species where assembly was
required. Many biological questions (finding gene signatures for a trait, finding expressed
variants...)[5, 6] are classically addressed using transcriptome sequencing. However, this gain
in length is at the cost of a computationally challenging error rate (up to 15%) that disqual-
ifies previous short-reads methods. In this work we propose to support the analysis of RNA
long read sequencing with a clustering method that works at the gene level. It enables to
group transcripts that emerged from a same gene. From the clusters, the expression of each
gene is obtained and related transcripts are identified, even when no reference is available.

Problem statement

Within a long reads data set, our goal is to identify for each gene the whole set of reads
that come from its expression without the help of a reference genome or transcriptome.
This problem can be computationally formalized as a community detection problem, where
a community (also referred to as a cluster) is the population of reads coming from a same
gene. Communities are densely connected groups of nodes, although there exists no rigorous
shared definition. Our application problem is non trivial and specific for three reasons:

1-in eukaryotes, it is common that alternative spliced and transcriptional variants (called
isoforms) which differ in exon content occur for a given gene. In this case we want alterna-
tive transcripts to be grouped in a same cluster;
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2- long reads currently suffer from high error rates and computationally challenging error
profiles with a majority of indels errors;

3- all genes are not expressed at the same level in the cell, which leads to an heterogeneous
coverage in reads of the different genes, then to communities of different sizes including small
ones. This can be a hurdle for community detection.

Previous works

The problem in itself is not new, it dates back before the advent of NGS, with Sanger
sequencing and the necessity to cluster ESTs. However these methods were tailored to work
with lower scalabilty challenges due to the scarcity of data, and a far less important error
rate than with current long reads. The concept of community detection is a natural way
of depicting our problem. Due to the ambiguity of the community definition, a plethora of
methods have been proposed for their detection. Moreover this problem has appeared in
many disciplines, taking many slightly different forms according to the application domain.
The first approach that brought an important contribution is an algorithm based on modu-
larity. Other methods were then proposed as improvements, in particular methods relaxing
the definition of communities as objects that can overlap, such as the Clique Percolation
Method (CPM) [7].

Contribution

Roughly speaking, resolution strategies can be classified into two trends according to ap-
plications and the community of affiliation: a graph clustering strategy based on the search
for minimal cuts in these graphs and a community finding strategy based on the search for
dense subgraphs. Our own approach aims to combine the best of both worlds.
The first approach generally searches for a partition into a fixed number of clusters by deleting
a minimum number of links that are supposed to be incorrect in the graph. The second ap-
proach frequently uses a modularity criterion to measure the link density and decide whether
overlapping clusters exist, without a priori regarding the number of clusters. Given that it
is difficult to decide on the right number of clusters and to form them solely on the basis of
minimizing potentially erroneous links, the main findings and recent developments are based
on the community finding strategy and we will focus our review on this approach.
Our algorithm is based on the concept of clustering coefficient and we formalize our problem
as finding communities such that a community is a connected component in the graph of
similarity having a clustering coefficient above a fixed cutoff, and such that communities are
disjoint sets. An optimal clustering in k communities is a minimal k-cut of the graph, that
is, a set of k disjoint subsets of reads such that the set of edges between two different subsets
has minimal size. We then implement heuristics that approximate a result of this problem.
They are implemented in a tool dubbed CARNAC-LR (Clustering coefficient-based Acqui-
sition of RNA Communities in Long Reads), integrated into a pipeline. The input is a set of
long reads and the output is a file with reads indexes grouped in one line per cluster. Our
approach is compared to state of the art algorithms to detect communities. We then show
its relevance on a real data set issued from mouse brain transcriptome.

Results
We use a real mouse dataset sequenced using a MinION platform at the Genoscope to
compare our solution to other algorithms used in the context of biological clustering and
demonstrate its is better-suited for transcriptomics long reads.
We build “ground truth” clusters using mapping routine that are compared to de novo clus-
tering results.
We use them to benchmark classic community detection algorithms and state of the art se-
quence clustering tools such as CD-HIT [8] and show we perform better on ONT reads from
mouse.
When a reference is available thus mapping possible, we show that it stands as an alternative



method that predicts complementary clusters.
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