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Sequencing data Analysis of Samplicons 
 

In this document we outline some standard data analysis that can be run on sequencing data generated from 

Samplicons (DNA enriched and amplified with Samplix® Xdrop® technology).  

 

Oxford nanopore technology (ONT) 

 

We perform fast5 raw ONT data basecalling with Guppy (provided by ONT) and obtain fastq files. 

 

Quality check 

We perform quality evaluation of the flow cell run and data using Nanopore’s summary statistics and the 

basic QC tool.  

In addition, contamination levels from other species can be monitored using tools such as Kraken2 (1), a k-

mer based to identify species in metagenomic data. 

 

Mapping to reference 

For mapping ONT data to a reference genome, we recommend using minimap2 (2) with default parameters. 

We output as sam file (-a option) and compress it into bam using SAMtools (3) for downstream analysis. We 

recommend keeping both primary and supplementary reads as minimap2 stores chimeric alignments as 

supplementary mappings. 

 

De novo assembly and gap closing 

For both de novo assembly and gap closing we recommend performing first error-correction and then chimeric 

reads splitting prior to de novo assembly.  

 

For correction of ONT reads alone, using the error-correction function in tools such as Canu (4) and Necat (5) 

can significantly reduce noises in the reads. It is necessary to set the output coverage and genome size as high 

as possible to correct all the input reads. For example, in Canu, set genomesize =100m and corOutCoverage = 

20000. In Necat, set GENOME_SIZE=100,000,000 and PREP_OUTPUT_COVERAGE=20000. 

Note that performing error correction might change heterozygosity profiles, and discard reads in low-coverage 

area. 

 

For cleaning chimeric reads after error-correction, we recommend tools such as Pacasus (6) or Sacra (7). For 

Pacasus, we recommend using standard parameters. Pacasus may not be able to process long reads above 25 

kb, which is dependent on the available memory. If you get errors, try to use --limit_length=20000 in the 

Pacasus command line to avoid overloading the memory. For Sacra, we recommend using SL=1000 to minimize 

false-positive splitting. Note that Pacasus scans only one read at the same time, requires a GPU server and 

does not natively support multithreading, which makes it expensive and time-consuming to use. Sacra supports 

multithreading on a CPU server, which is cheaper and faster to use, but uses all vs. all alignment to find pseudo 

chimeric positions, which not only detect palindromic repeats but also direct repeats, hence might over split 

reads. The user can increase the PC threshold to 50 to mitigate the false-positive splitting. 

 

As de novo assembler, we recommend using Flye (8)(9), Raven (10) or Canu (4).  

We recommend first trying Flye and Raven, as they require much lower computational time compared to Canu. 

For Flye, we find that using --meta can increase the maximum contig length, as this function is used to process 
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sequencing data with uneven coverages from enrichment (originally developed for metagenomic dataset but 

can be useful for enrichment data). For Raven, we recommend using the --weaken option for more accurate 

reads when the input reads have been error-corrected. Sometimes, we see that contigs built by Flye do not 

contain the region of interest, but this can be solved by running Raven. However, contigs built by Raven may 

contain more mismatches than the ones from Flye.   

 

For Canu (4), we recommend running it with default settings and set the genome size to ensure a mean 

coverage between 20 and 200, which is dependent on the data size. This is because de novo assemblers, 

including Canu, are not designed to deal with enriched genomic data, characterised by uneven coverage (much 

higher in the enriched region). We have observed that the calculated genome size rather than the real genome 

size of organisms when running this software improves the contig length and the overall de novo assembly. 

Following de novo assembly, it is possible to perform polishing with minimap2 (2) and Racon (11), however, 

we have not identified significative improvement using ONT data. 

 

Instead of de novo assembly, when scaffold sequences are available, gap closing tools such as GM (12) and 

TGS (13) can be used, after error correction and chimeras splitting. 

 

Additionally, for de novo assembly it may be helpful to look specifically for long reads spanning the region to 

be assembled. This may provide input for a reference guided assembly approach, i.e. read mapping against 

the newly assembled region of interest. 

 

Data visualisation 

Visualisation of reads mapped to reference or the de novo assemblies can be performed in a variety of software, 

including the freely available IGV software (14).  

 

 

lllumina 
 

We recommend trimming Illumina adapters using compatible software, e.g. trimmomatic (15).  

 

Quality check 

We perform quality evaluation of the flowcell run and raw data using FastQC software. 

 

Mapping to reference 

For mapping Illumina data to a reference genome, we recommend using BWA-MEM (16) with default 

parameters. Other software such as Bowtie2 (17) should be also suitable. 

 

Data visualisation 

Visualisation of mapped reads can be performed in a variety of software, including the freely available IGV 

software (14).  

 

 

 

Note 
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Note that Samplicons are generated using Multiple Displacement Amplification in droplets, which creates 

chimeric reads, consisting of concatemers of inverted repeats of the same sequence (as each sequence is 

compartmentalised). For this reason, pre-processing reads to split chimeric reads could be beneficial, especially 

prior to de novo assembly. This may be done by using software such as Pacasus (6), which splits palindromic 

reads, including naturally occurring inverted repeats. This is especially relevant for long read sequencing 

approaches, as only few short reads from e.g. Illumina sequencing will be chimeric, given that long fragments 

are broken up prior to sequencing. It is not necessary to split chimeric reads when mapping to reference, as 

soft-clipped portions can be automatically rescued and mapped to the reference as supplementary reads. 
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