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Purpose of the benchmarking exercise
The purpose of this benchmarking exercise was to evaluate and compare the performance of the mostly used de
novo assembly tool, i.e. Velvet, and the newer introduced de novo assembly tool, SPAdes.
Tools included in the benchmarking exercise

De novo assembly tools; Velvet 1.2 with default parameters (Assembler-1.2 implemented in the tool Bacterial
Analysis
Pipeline
Batch
Upload
(https://cge.cbs.dtu.dk/services/cge/))
and
SPAdes
3.9
(http://cab.spbu.ru/software/spades/) with default parameters in careful mode. Both tools were run using
different k-mer sizes and the assembled genome was set to pick up from the best k-mer size.
Species and/or genomes included
50 Salmonella enterica subsp. enterica serovar Paratyphi B dTa+ (S. Java) isolates were tested. DNA from
bacterial cells was isolated from liquid cultures using the PureLink® Genomic DNA Mini Kit (Invitrogen, Carlsbad,
CA, USA). Sequencing libraries were prepared with the Nextera XT DNA Sample Preparation Kit (Illumina, San
Diego, CA, USA) according to the manufacturer’s protocol. Paired-end sequencing was performed in 2 × 300
cycles on the Illumina MiSeq benchtop using the MiSeq Reagent v3 600-cycle Kit (Illumina). Further details
related to the included genomes can be found at the end of this report and in Supplementary Table 2 (Annex B).
Results

Overall assem bly quality
Sequencing raw data without trimming was assembled using either Velvet or SPAdes assembly tools.
Analysis of contigs using ContigAnalyzer-1.0, implemented in the Bacterial Analysis Pipeline - Batch Upload
(https://cge.cbs.dtu.dk/services/cge/), revealed that the mean number of contigs is lower and the mean N50
value (median contig size of a genomic assembly) is higher in the genomes assembled using SPAdes (see Table 1
and Figure 1). The observed mean genome size however is similar for both assembly types.

Table 1: Assembly quality analysed using ContigAnalyzer-1.0

Contig number

N50

Assembled genome
size

Spades

Velvet

mean

100

249

min

51

144

max

181

376

sd

30

55

mean

176,144

57,148

min

53,662

26,926

max

393,606

146,576

sd

93,110

23,786

mean

4,924,464

4,872,591

min

4,663,179

4,505,678

max

5,076,872

5,027,353

101,043

121,670

sd

To further assess the quality of the assemblies, the Multi Locus Sequence Type (MLST) and antibiotic resistance
genes were analysed.

Results regarding M LST identification

Analysis of the obtained assemblies regarding the Multi Locus Sequence Type (MLST) was performed using the
tool MLST 1.6 (https://cge.cbs.dtu.dk/services/cge/). MLST types (based on the Enterobase scheme,
https://enterobase.warwick.ac.uk) could be predicted in 100% of the SPAdes assembled and in 94% of the Velvet
assembled genomes.

Results regarding the identification of resistance genes

Antimicrobial resistance patterns derived from MIC values (obtained by broth microdilution method following CLSI
guidelines, and using the EUCAST epidemiological ECOFFs; testing conditions applied to the individual samples
depend on the year the isolate was collected and are listed in Supplementary Table 2 (Annex B)) were compared
with the ResFinder2.1 (https://cge.cbs.dtu.dk/services/cge/) output (AMR genes detected) for de novo assembled
sequence data (see Supplementary Table 2 (Annex B)).

Concordance between genotypic and phenotypic resistance data (for detailed results see also Supplementary
Table 2 (Annex B)):
•

In 35/50 cases the phenotypic resistance profile could be explained with genes found using Velvet as
assembler.

•

In 38/50 cases the phenotypic resistance profile could be explained with genes found using SPAdes as
assembler.

•

In 12/50 cases the phenotypic resistance profile could not be explained with genes found using either
SPAdes or Velvet for assembly, one or more genotypic resistance determinants were missing.

•

In 5/50 cases resistance genes conferring resistance to aminoglycosides which were not expected based
on phenotypic resistance data were found in both genome assemblies.

•

In 7/50 cases additional resistance genes which were not expected based on the phenotypic resistance
profiles were found in the genomes assembled using SPAdes. This involves aac(3)-VIa-like genes (6
cases) and erm(B) (1 case).

Conclusions
All in all, SPAdes assembled genomes showed longer contigs and therefore higher N50 values. This seems to lead
to an improved detection of MLST genes. Moreover, “missing” resistance genes, i.e. those absent from genomes
assembled using Velvet, could be identified when using SPAdes for genome assembly. Nevertheless, there is a
huge number of cases where not all expected genetic resistance determinants were identified. This can be
caused by loss of resistance plasmid during storage and culturing or emergence of unknown resistance
mechanisms and chromosomal point mutations which could not be identified using the ResFinder2.1 tool.
Additional identification of streptomycin resistance determinants, which were not expected based on phenotypic
data, are likely to be caused by incorrectly determined MIC values or changes regarding break points and test
panels. For better comparison of the data, isolates with contradicting phenotypical and genotypical results should
be subjected to MIC retesting. In case of the aac(3)-VIa-like genes and the erm(B) that were detected in 7
SPAdes assembled genomes, further analysis of the respective contigs revealed that all of them showed a low
coverage. These contigs might have been derived from the assembly of low level read contaminations from other
samples which might have led to the false positive detection of genotypic resistance determinants. Including low
coverage contigs caused by read contamination in the assembled genomes might be a disadvantage of SPAdes.
Additional filters should be applied to remove low coverage contigs.

Figure 1: Overall assembly quality. Graphical representation of overall assembly quality parameters
including contig numbers, N50 values and genome sizes of genomes assembled with either SPAdes or
Velvet.

Supplementary Table - List of Strains (see also Supplementary Table 2 (Annex B)).

