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Abstract

Context and motivation. Repetitive regions (RR) in DNA sequences are present in almost all organisms
and may represent over 80% of the genome size [3]. Fundamental source of genetic plasticity and diversity,
yet they are a source of complication when it comes to assemble genomes [10]. Assembly produces contigs
of various sizes, sometimes really smaller than the original chromosome size. To reduce the fragmentation of
chromosomes, the scaffolding process involves additional information, for instance pairing between reads, to
infer how contigs are relatively organized [5]. Repetitive regions are disturbing both assembly and scaffolding
processes, which are based on graphs. Most of assembly and scaffolding methods use a repeat filter or abort
extension of contigs in presence of RR. One way to untangle ambiguous parts of these graphs is to use long
reads, produced by third-generation sequencing technologies. However, this is not always possible due to high
cost and lower quality. Here we propose to use RR sequences themselves to enhance the scaffolding step.

Methodology. The scaffold graph is defined as follows: vertices represent contig extremities, while edges
are of two kinds: (1) contig edges, linking both extremities of a contig, and (2) inter-contig edges relating the
pairing-information. A weight function on the inter-contig edges indicates how many pairs are supporting
this edge. Due to repeats, some of the inter-contigs edges are erroneous and have to be removed from the
graph. In other cases, they are supported by RR. Our method is based on a pipeline progressively refining
inter-contig edges through RR analysis, described as follows:

1. find the known RR sequences using a repeat database [1], map them on contigs, tag the contigs with
this information, and cluster them according to these tags;

2. inside each cluster, determine inter-contig edges sharing coherent RR sequence parts;

3. modify the weight of the validated inter-contig edges;

4. delete edges incoherent with RR composition or length;

5. after scaffolding, use the RR canonical sequence to fill the gaps between contigs.

An additional knowledge about well-documented RRs (such as Transposable Elements) may help to improve
Step 2, and answer the following question: do assembly errors come essentially from recent RRs ? Step 3 can
be achieved in different ways, thus we propose to try several weight function perturbations. Step 4 is quite
expeditious and may be smoothed by introducing a probabilistic measure to ponder the inter-contig weight
instead of deleting it.
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Validation. The benchmark is composed of organisms offering different repetition rates and sizes. To
validate our approach, we use simulated data from model species, amongst them very high quality genomes
such as Drosophila melanogaster and Caenorhabditis elegans. We used ART [4] to generate our paired-end
reads with a 20X coverage, simulating Illumina’s HighSeq2000. To realise the assembly, we used Minia [2]
and Spades [9] (Bankevich et. al, 2012) in order to compare the most effecicient tool. The mapping was
realised with BWA [7] and Minimap2 [6]. Genome quality is measured using the QUAST tool [8].

Results. Results show a slight reduction of the covered genome fraction and the NG50, but an improvement
in the reduction of misassemblies up to 26% with SPAdes (and no improvement with minia). To analyse
further these misassemblies, we aligned them on the reference genome to observe if RR were implicated. RRs
are implicated in 60 to 70% of the misassemblies. Even if we found some tandem repeats and pseudogenes,
the vast majority is composed of transposable elements.
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