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Supplementarymaterial

Setting upWGA-LP

Docker Installation

This steps requires to have Docker installed on your machine. Guides to install it are available at the
website https://docs.docker.com/get-docker/.

Using Docker installation allows to:

• manage all the dependencies of WGA-LP automatically
• create a controlled environment for the analysis
• include all the databases needed to make the tools of WGA-LP work
• choose a preferred operating system, as Docker interfaces are available for Linux, MacOS, and
Windows.
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Installing WGA-LP from docker is quite straightforward:

# pull image
docker pull redsnic/wgalp:1.01
# run image: replace <HOST_SHARED_FOLDER> with a directory on your file system
docker run -itd -v <HOST_SHARED_FOLDER>:/root/shared --name wgalp

redsnic/wgalp:1.01↪→

# access shell
docker exec -it wgalp /bin/bash

Optional: To be able to create RAMdisks for the kraken2 database, a privileged container is needed. Replace
the previous docker run command with the following:

docker run -itd -v <HOST_SHARED_FOLDER>:/root/shared --privileged --name wgalp
redsnic/wgalp:1.01↪→

in practice, this a�ect only the commands wgalp kdb-load and wgalp kbd-unload. Note that
the host will need root permission to access folders and files created by privileged containers.

The execution of these command should print out a welcome message and show the WGA-LP custom
prompt:

When inside the WGA-LP shell, a full Ubuntu 18.04 environment is available, so the user has all the bash
functionalities, including package managers like conda and apt.

The user is root in the WGA-LP shell. For this reason, avoid using the sudo command as it is not
required and will generate an error. Note that these permission are limited to the container space, as
usual with Docker.
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You can check WGA-LP’s help message by simply typing wgalp to the prompt:

NowWGA-LP is installed on your computer and ready for use.

Manual installation (alternative)

Even if Docker installation should be preferred, it is possible to manually install WGA-LP an all its dependen-
cies. The Dockerfile in the WGA-LP GitHub repository can serve as a reference guide. Remember to give
root privileges when needed.

Updating WGA-LP

If you want to update WGA-LP source code to its latest version, you can do that by issuing the following
commands:

cd /root/git/WGA-LP/ && \
git pull && \
pip install .

as it can be seen in this example:
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WGA-LP executables are already linked to the PATH at the creation of the container.

Testingmachine and hardware requirements

The testing machine is based on an Intel Xeon E3-12xx v2 (Ivy Bridge, IBRS) CPUwith 32
threads and 128GB of RAM. The minimum requirement to run all steps of the analysis is to have 16GB of RAM
(14GB of which free). WGA-LP is, in fact, fit to run also on average consumer laptops and it has been widely
tested with success.

Using WGA-LP

To show the how to use WGA-LP, we will present a full analysis on real data that is available on the Sequence
Read Archive, within the BioProject PRJNA749304.

It is recommended to run the pipeline in the /root/shared folder or its subfolder, so that the data is
available also on the host machine.

In this example, folder /root/shared/144 contains the raw paired end Illumina reads and folder
/root/shared/144_working_directorywill contain the results of the analysis.

In order to avoid loss of data, the substeps of wgalp command do not rewrite already present results.
Depending on the error, it may be necessary to delete the output folder of a failed substeps before trying
again.
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Trimming reads

To run read trim and adapter removalwe can use the wgalp trim command:

This procedure also runs kraken2 and bracken to assess possible contamination in the reads.

We issue the following command:

wgalp trim \
--fastq-fwd ../144/144_S13_L001_R1_001.fastq \
--fastq-rev ../144/144_S13_L001_R2_001.fastq \
--kraken-db $kraken_db \
--output trimming_step

For convenience, it is possible to get the location of the kraken2 database just by using the kraken_db
environment variable. This is done just as in the previous example; the variable is defined at the setup
of WGA-LP.

With the following output:

Notice that the main output files of the step are written with their full path at the end of the step, to make it
easier to use them in the further phases of the analysis. Execution times are based on the testing machine
described in the previous sections.

WGA-LP o�ers many quality control features. In this step it is possible to check the quality of the reads before
and a�er trimming through the automatically generated fastqc reports. The following plots show the per
base sequence quality in the context of our example.

Reverse reads before trimming:
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Reverse reads a�er trimming:

fastqc reports for the reads before and a�er trimming must be analyzed in depth to check the quality
of the results.

From the kraken/kraken.report file we can see that the majority of the reads map to Lactobacillus,
while there is however a discrete contamination of Pediococcus:

...
62.94 541160 24425 G 1578 Lactobacillus
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...
7.29 62642 312 G 1253 Pediococcus
...

The columns in this file must be interpreted as by kraken2manual:

1. Percentage of fragments covered by the clade rooted at this taxon
2. Number of fragments covered by the clade rooted at this taxon
3. Number of fragments assigned directly to this taxon
4. A rank code, indicating (U)nclassified, (R)oot, (D)omain, (K)ingdom,

(P)hylum, (C)lass, (O)rder, (F)amily, (G)enus, or (S)pecies. Taxa that
are not at any of these 10 ranks have a rank code that is formed by
using the rank code of the closest ancestor rank with a number
indicating the distance from that rank. E.g., "G2" is a rank code
indicating a taxon is between genus and species and the grandparent
taxon is at the genus rank.

5. NCBI taxonomic ID number
6. Indented scientific name

Decontamination procedure

The decontamination procedure implemented in WGA-LP processes the sequencing reads directly and was
built with the goal of eliminatig those reads that are confidently from the contaminant, avoiding loss of
information. The following schema presents the decontamination algorithm:

Input reads are mapped against each reference of the contaminant independently (first three wires from le�
to right). The mapped reads are thenmerged together (Union,∪) and gradually filtered (last wire from right
to le�), with the e�ect of removing all the reads that map to any reference of the target organism. The final
decontaminated reads are extracted by set di�erence (\) using the original input set. Each alignment step is
composed by the subsequent application of three tools:

1. bwa: to align the reads to the references.
2. samtools: to filter and sort the alignment, in order to select mapped (or unmapped) reads.
3. bazam: to convert bam files of the alignment back into the fastq format.
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In total, the procedure consists of a series ofN + M alignments, whereN is the number of the references for
the target organism andM the number of references of the contaminant. If needed, the algorithm can be
runmultiple times with di�erent contaminants.

In order to run decontamination, we use the wgalp decontaminate command:

Note that your references for the target and contaminant organismsmust be indexed with bwa.

That can be achieved with the command bwa index file.fasta

If you have many references a for loopmay be helpful:

for f in `ls path/to/references/*.fasta`; do bwa index $f; done

In our example we run the decontamination as follows:

wgalp decontaminate \
--fastq-fwd ../144/144_S13_L001_R1_001.fastq \
--fastq-rev ../144/144_S13_L001_R2_001.fastq \
--references ../references/rhamnosus/*.fasta \
--contaminants ../references/pediococcus/*.fasta \
--output decontamination

This step requires M + N bwa alignments, where M and N are the number of references of the target
organism and of the contaminant respectively :

We can check the resulting reads for contamination with wgalp understand-origin:

wgalp understand-origin \
--fastq-fwd decontamination/decontaminated_fwd.fastq \
--fastq-rev decontamination/decontaminated_rev.fastq \
--kraken-db $kraken_db \
--output kraken_after_decontamination

Kraken2 still show some reads from Pediococcus. Those reads still remains as Pediococcus and L. Rhamnosus
are similar and there are valid mappings of them to the references of both target organism (L. Rhamnosus)
and contaminant (Pediococcus).
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...
71.33 580110 25051 G 1578 Lactobacillus
...
0.66 5403 222 G 1253 Pediococcus
...

Notice a drastic reduction of contaminant reads.

Run an assembler

WGA-LP supports SPAdes (plus SPAdes-Plasmid) and Minia assemblers natively and provides interfaces for
their executions through the wgalp assemble command. In this context we use the term node to refer to
an assembled segment of contiguos DNA (either a sca�old or a contig) produced by an assembler.

Note that a user willing to use a di�erent assembler can do so by:

• running the assembler with its specific command on the decontaminated (or just trimmed) reads
produced in the previous steps of WGA-LP

• Using the nodes produced by the chosen assembler to the rest of the pipeline (sca�olds or contigs
must be in .fasta format, comment lines will be used as unique IDs of nodes)

SPAdes tends to be a common choice for bacterial WGA, while Minia is a very simple and fast assembler that
can be useful to evaluate the quality of the data.

In our example we use SPAdes to assemble the decontaminated reads:

wgalp assemble \
--assembler SPAdes \
--fastq-fwd decontamination/decontaminated_fwd.fastq \
--fastq-rev decontamination/decontaminated_rev.fastq \
--output SPAdes

with the following output:

We can now start evaluating the quality of the nodes of the assembly.
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Compute coverage statistics

An important step to check the quality of the final assembly is to realign reads to the assembly itself, in
order to check the actual coverage of the produced nodes. wgalp check-coverage relies on bwa and
samtools depth to create a summary of the coverages and length of each node:

In our example:

wgalp check-coverage \
--fastq-fwd decontamination/decontaminated_fwd.fastq \
--fastq-rev decontamination/decontaminated_rev.fastq \
--contigs SPAdes/SPAdes/scaffolds.fasta \
--output coverage

With the following output:

The results will then be analyzed with WGA-LP as shown in the following sections.

Visualize coverage distribution

To check the quality of specific nodes by looking at the read pileup, it is possible to use wgalp view-
coverage command as follows:

This is helpful to find anomalies in the coverage that may need further evaluation.

In our example:

wgalp view-nodes \
--depth coverage/samtools_depth/aligned_to_scaffolds.depth \
--all \
--output coverage_plots
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The plotting can be limited with specific IDs with –nodes flag

with output:

This analysis can be postponed also a�er a first node selection, to widely reduce the produced plots.

This is an example of an output plot from the current test:

A more interesting example is the 6th node of the assembly:
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That includes a peak of coverage at its end. Using blast on the higher coverage portion we get the following
report:

Nicolò Rossi, Andrea Colautti, Lucilla Iacumin, and Carla Piazza 13



WGA-LP: a pipeline for Whole Genome Assembly of contaminated reads 19-09-2021

suggesting that a possible cause of the coverage peak is the insertion of a bacteriophage genome in the
bacterial genome.

Visualize nodes by length and coverage

To have a better understanding of the characteristics of the nodes produced by the assembler, we developed
a web app that is capable of visualizing the .depth.summmary output of wgalp check-coverage.
The web app is very simple and needs just the upload of the .depth.summary file.

Link: https://redsnic.shinyapps.io/ContigCoverageVisualizer/

Mantainer: Nicolò Rossi olocin.issor@gmail.com
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No information is saved about the analysis done with this web app.

The distribution of nodes in term of length and coverage is visualized in an interactive scatterplot. Hovering
on nodes with themouse shows the name of the node and its position as in this image (in the example, target
coverage was 100x):

The selection of nodes is always based on the simple “Custom” boundary over coverages. The other tabs
show useful clustering methods and distributions. Selection always keeps the nodes over the boundary.

Using the “copy to clipboard” button, it is possible to get the selected node IDs for further use with wgalp
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filter-assembly.

Finally, it is possible to evaluate the e�ects of the selection on clusterization and distribution. This can help
in finding the next nodes to investigate:

Filter nodes from the assembly

We can use “copy and paste” with the cat command (or any file editor, even in the host system if using
Docker) to create a file whit the IDs of the selected nodes:

Then, it is possible to proceed with the actual selection:
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In our example:

wgalp filter-assembly \
--contigs SPAdes/SPAdes/scaffolds.fasta \
--selected-contigs selection40.txt \
--output filtered_contigs

–complement flag allows the user to select for the discarded nodes. Using this option may allow to
check that no possibly valid node is discarded.

Refine node selection

Now it is highly recommended to use Kraken2 (through wgalp understand-origin) to check if there
are nodes that are assemblies of reads of the contaminant. Such prediction must be evaluated also with
blast.

In our example:

wgalp understand-origin \
--fasta filtered_contigs/filtered_contigs.fasta \
--kraken-db $kraken_db \
--output node_origin

using the command:

cat node_origin/kraken/kraken.log | cut -d$'\t' -f 2,3

we get the following table (note that coverages in the names are computed by SPAdes using a di�erent
approach then read-remapping):

NODE_1_length_535910_cov_48.320229 Lactobacillus rhamnosus ...
NODE_2_length_471473_cov_37.993595 Lactobacillus rhamnosus ...
NODE_3_length_431246_cov_32.404519 Lactobacillus rhamnosus ...
NODE_4_length_345213_cov_41.849811 Lactobacillus rhamnosus ...
NODE_5_length_275244_cov_37.938339 Lactobacillus rhamnosus ...
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NODE_6_length_161147_cov_87.922239 Lactobacillus rhamnosus ...
NODE_7_length_146963_cov_43.291046 Lactobacillus rhamnosus ...
NODE_8_length_138419_cov_80.429497 Lactobacillus rhamnosus ...
NODE_9_length_119768_cov_43.192835 Lactobacillus rhamnosus ...
NODE_10_length_81116_cov_44.490511 Lactobacillus rhamnosus ...
NODE_11_length_75003_cov_114.803689 Lactobacillus paracasei ...
NODE_13_length_43256_cov_34.005055 Lactobacillus rhamnosus ...
NODE_15_length_14331_cov_40.005210 Lactobacillus rhamnosus ...
NODE_16_length_12423_cov_33.704863 Lactobacillus rhamnosus ...
NODE_17_length_11947_cov_740.175212 Lactobacillus rhamnosus ...
NODE_19_length_7498_cov_35.392077 Pediococcus acidilactici ...
NODE_20_length_5513_cov_6278.642778 Bacteria ...
NODE_21_length_4587_cov_90.636547 Lactobacillus rhamnosus ...
NODE_22_length_4584_cov_638.293920 Lactobacillus rhamnosus ...
NODE_26_length_3013_cov_699.703742 Lactobacillus paracasei ...
NODE_31_length_2631_cov_193.884585 Lactobacillus rhamnosus ...
NODE_51_length_1656_cov_191.780903 Lactobacillus rhamnosus ...
NODE_55_length_1579_cov_111.401515 Lactobacillus rhamnosus ...
NODE_81_length_1273_cov_221.708551 Lactobacillus rhamnosus ...
NODE_94_length_1218_cov_677.241063 Lactobacillus rhamnosus ...
NODE_140_length_1027_cov_47.310000 Lactobacillus rhamnosus ...
NODE_144_length_1014_cov_728.498309 Lactobacillus rhamnosus ...
NODE_253_length_814_cov_801.790393 Lactobacillus rhamnosus ...
NODE_261_length_806_cov_66.578792 Lactobacillus casei group ...
NODE_472_length_639_cov_761.644531 Lactobacillus rhamnosus ...
NODE_491_length_629_cov_39.705179 Lactobacillus rhamnosus ...
NODE_828_length_488_cov_86.554017 Lactobacillus rhamnosus ...
NODE_885_length_472_cov_2.556522 Pediococcus acidilactici ...
NODE_1181_length_434_cov_0.768730 Lactobacillus rhamnosus ...
NODE_1260_length_424_cov_0.835017 cellular organisms ...
NODE_1416_length_404_cov_197.176895 Lactobacillus ...
NODE_1604_length_380_cov_0.920949 Bacteria ...
NODE_1616_length_327_cov_41.765000 Lactobacillus rhamnosus ...
NODE_1617_length_275_cov_143.182432 Lactobacillus rhamnosus ...
NODE_1618_length_252_cov_85.104000 Lactobacillus rhamnosus ...
NODE_1619_length_239_cov_729.437500 Lactobacillus paracasei ...
NODE_1620_length_239_cov_37.741071 Lactobacillales ...
NODE_1629_length_128_cov_2633.000000 unclassified ...

We see that there are many short nodes, moreover some sca�olds are labeled as derived from Pediococcus,
the contaminant. Shorter reads may be evaluated as they can be valid Insertion Sequences (IS) that are hard
to assemble. In this example we focus on three nodes:

NODE_19_length_7498_cov_35.392077 Pediococcus acidilactici (taxid 1254)
NODE_20_length_5513_cov_6278.642778 Bacteria (taxid 2)
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NODE_885_length_472_cov_2.556522 Pediococcus acidilactici (taxid 1254)

And we use blast to see if kraken2 prediction are or not reliable. To get the sequences, we can either search
the .fasta file containing the nodes directly with a file editor, or use wgalp filter-assembly com-
mand.

NODE_20_length_5513_cov_6278.642778 is theΦX147 :

a phage used in Illumina sequencing as reference. This nodemust be removed.

NODE_19_length_7498_cov_35.392077 seems to actually be a fragment of the contaminant’s
genome:
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It is likely that this node is actually a small assembly of the contaminant. We will remove it.

Similarly, alsoNODE_885_length_472_cov_2.556522 is confirmedasoriginally from the contaminant
by blast.

We can remove the unwanted nodes simply by editing the .fasta file, or by using wgalp filter-
assembly --complement.

wgalp filter-assembly \
--complement \
--contigs filtered_contigs/filtered_contigs.fasta \
--selected-contigs remove.nodes \
--output precise_filter

If needed, other node based filters should be applied at this step

Reorder the assembly using a reference genome

UsingMauve aligner, it is possible to optimally reorder nodes to follow a reference genome:

In our example:

wgalp reorder \
--contigs precise_filter/filtered_contigs.fasta \
--reference ../references/rhamnosus/LrhamnosusGGATCC.fasta \
--output reordering

With the following output:
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Extract plasmids using Recycler

WGA-LP also includes two tools to extract putative plasmid, the first is SPAdes plasmid included in wgalp
assemble command, the latter is Recycler. Recycler can be run with wgalp plasmid command:

In our example:

wgalp plasmid \
--fastq-fwd decontamination/decontaminated_fwd.fastq \
--fastq-rev decontamination/decontaminated_rev.fastq \
--contigs precise_filter/filtered_contigs.fasta \
--assembly-graph SPAdes/SPAdes/assembly_graph.fastg \
--kmer 127 \
--output recycler

This run leads to two putative plasmids.

>RNODE_2_length_16133_cov_12.42334
>RNODE_1_length_5386_cov_6278.64278

The first is a plasmid from the contaminant, while the second is genome of theΦX174 phage. There is no
trace of these sequences in the final assembly (as they are cut when cleaning the nodes of the assembly). So
in this case there are no putative plasmids for this genome.

This can be easily checked using blastwith the nodes in assembly_graph.cycs.fasta. To see
that the sequences are absent in the assembled genome, it is possible to use two sequence blast.

Assess the quality of the final assembly

WGA-LP includes a suite of programs for the quality test of the resulting assembly. This includes Quast,
checkM, andMerqury:
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In our example:

wgalp quality \
--fastq-fwd decontamination/decontaminated_fwd.fastq \
--fastq-rev decontamination/decontaminated_rev.fastq \
--assembly reordering/mauve_reorder/alignment2/filtered_contigs.fasta \
--kmer-length 16 \
--output quality_control

With output:

This is the Quast plot of cumulative node length:

With Merqury, it is possible to see kmer multiplicity distribution:

Nicolò Rossi, Andrea Colautti, Lucilla Iacumin, and Carla Piazza 22



WGA-LP: a pipeline for Whole Genome Assembly of contaminated reads 19-09-2021

and the distribution here is that expected from an haploid genome.

CheckM can, among other things, compute tables of possible contamination of genomes. The output pro-
duced with wgalp quality is that of lineage_wfmode:

CheckM requires ~15GB of available RAM to run in linaeage_wfmode with the reduced tree option

To use the taxonomic_wf, run checkMmanually:

# checkm taxonomy_wf -x <extension_of_taxa_file_to_use> \
# <Rank> '<Taxon>' \
# <input_folder> <output_folder>
# --- example ---
checkm taxonomy_wf -x .fasta \

species 'Lactobacillus rhamnosus' \
. taxa_checkm

It is possible to check which Ranks an Taxons are available in CheckM with the command:
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checkm taxon_list | less

while visualizing files withless, use the arrows or page up/down buttons tomove inside the document.
Press q to exit.

CheckMmain output is discussed in the section Comparison with shovill pipeline.

NCBI compliant annotation using Prokka

If the user wants to deposit his/her genomes, he/she is required to annotate them. To this end, WGA-LP
includes an interface to Prokka annotator that helps in creating NCBI compliant annotations:

In our example:

wgalp annotate \
--contigs reordering/mauve_reorder/alignment2/filtered_contigs.fasta \
--output annotation

The produced annotated files can then be used for any downstream analysis.

This is the last step of the standard workflow for WGA-LP.

Other procedures

Load and unload the Kraken2 database into a RAMDisk

If it is planned to kraken2, or brackenmultiple times, it may be useful to load the kraken2 database directly
in RAM. To do so, use the wgalp kdb-load and wgalp kdb-unload procedures:
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For example like this:

It could be useful to save the path to the loaded kraken2 database into a variable:

# use 'database location' path from wgalp kdb-load
kraken_ramdb=kraken_ramdisk/kraken_ramdisk/kraken_db

Filter FASTQ reads by ID

If needed, it is possible to filter fastq files by read ID, this can be useful to try di�erent decontamination
approaches, as seen in the next subsection:

Use Kraken2 for decontamination

As an example, we show how it is possible to decontaminate raw fastq reads using kraken2 classification for
reads.

Even if interesting, we find this approach too aggressive, this is why we developed a di�erent decontam-
ination technique. This option is, however, of course easier and faster to run.

We consider the output (kraken.log) of kraken2 computed a�er decontamination (see the relative section),
that can be simply obtained with wgalp understand-origin.

In our example, let us imagine that we want to keep only the reads that are recognized as originated from
Lactobacillus rhamnosus. We can extract them using this command:

cat kraken_after_decontamination/kraken/kraken.log | \
cut -d$'\t' -f 2,3 | \
grep "Lactobacillus rhamnosus" | \
cut -d$'\t' -f 1 > rhamnosus_reads.txt

This will generate rhamnosus_reads.txt (a text file with a read ID per line) that can be used with wgalp
filter-fastq:
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wgalp filter-fastq \
--fastq-fwd decontamination/decontaminated_fwd.fastq \
--fastq-rev decontamination/decontaminated_rev.fastq \
--selected-reads rhamnosus_reads.txt \
--output only_rhamnosus_reads

The output folder will contain the filtered reverse and forward reads.

Comparison with current state-of-the-art

In this section we show how the filtering used by our pipeline can improve the resulting Whole Genome
Assembly. In particular, we compare the completeness and contamination metrics of checkM by computing
the assembled genome with four approaches:

• By running a blind analysis with the shovill pipeline, that includes no decontamination step.
• By using kraken2 classification for decontamination.
• By following the complete workflow ofWGA-LP.
• By executing ProDeGe so�ware for the decontamination of the final assembly

With blind analysis, we mean that we do not apply any method to filter neither of the input data or the
results

To run the shovill pipeline, we used the following command:

shovill \
--R1 ../144/144_S13_L001_R1_001.fastq \
--R2 ../144/144_S13_L001_R2_001.fastq \
--tmpdir temp \
--outdir out \
--trim

The resulting assembly has the following checkMmetrics:
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Using kraken2 only:

WithWGA-LP pipeline:

To testProDeGepipeline for automatic contig filteringwe launched the programusing the assembly obtained
from the trimmed reads:

As we will show in the final table, ProDeGe retains many nodes that are assembled from Pedicoccus reads.
Removing the pure Pediococcus sca�olds with kraken2 in combination with wgalp filter-assembly
widely improves the assembly, producing metrics similar to that of WGA-LP.

The following table summarizes some relevant specifications on the assembled genomes:
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Feature shovill Kraken2 WGA-LP ProDeGe refined ProDeGe

GC 0.44308 0.46934 0.46714 0.44758 0.46711

GC std 0.06668 0.02220 0.01823 0.02804 0.00932

Genome size 5262721 2733655 2892519 4894038 2871414

# ambiguos bases 0 300 100 210 200

# sca�olds 453 83 40 34 15

Longest sca�old 535921 412497 535910 535910 535910

N50 222429 142270 345213 195725 431489

Mean sca�old length 11617.486 32935.602 72312.975 143942.29 191427.6

coding density 0.85661 0.84790 0.85164 0.85936 0.85315

# predicted genes 5337 2618 2751 4673 2714

At the price of a very small (possible) loss of completeness, the contamination is drastically reduced by using
Kraken2 or WGA-LP. The table shows howWGA-LP decontamination is less strict than kraken2 selection in
eliminating reads, reducing the probability of discarding reads from the target organism.

From NCBI’s Lactobacillus Rhamnosus web page we can get the following table:

Feature Value

median total length (Mb) 2.949

median protein count 2652

median GC% 46.7

That is colse to the results we achieved with WGA-LP.

The goal of this comparison is to show how important is to take care of the details when doing whole
genome assemblies

Reproducing this analysis

Finally, we have shown with an example that WGA-LP can produce high quality Whole Genome Assemblies
even with contaminated data.

To reproduce the analysis as seen in this document the following steps have to be performed:

• Installation: use Docker installation

• RawReads: download the reads fromSRA (with SRA IDSRR15265000, BioProjectPRJNA749304). The
fastq-dump --split-3 SRR15265000 command from sra-tools allows to easily extract
the fastq files of the paired end reads.
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• Directory setup: Create folders named 144, 144_working_directory and ‘referenceswith
the reads in the /root/shared directory

• References: For decontamination, the accession numbers of the references are reported in the the
following table. Save the references in /root/shared/references/subfolder according to
the following table

Organism subfolder Accession Numbers

Lactobacillus rhamnosus rhamnosus NZ_CP040780.1,
NZ_CP021426.1,
NC_017491.1,
NZ_CP067042.1,
NZ_CP014201.1,
NZ_CP046267.1,
NZ_CP044506.1,
NZ_LT220504.1,
NZ_CP073317.1,
NZ_CP006804.1,
NZ_CP031290.1,
NC_017482.1,
NC_013198.1,
NZ_CP046395.1,
NZ_CP022109.1,
NZ_CP067365.1,
NC_021723.1,
NC_021725.1,
NZ_CP017063.1,
CP016823.1,
NZ_CP025428.1,
NZ_CP053619.1,
NC_013199.1,
NZ_LR698954.1,
NZ_LR134322.1,
NZ_LR134331.1,
NZ_CP020464.1,
NZ_CP019305.1,
NZ_CP045586.1,
NZ_CP073711.1,
NZ_CP044228.1
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Organism subfolder Accession Numbers

Pediococcus Acidilactici pediococcus NZ_CP033438.1,
NZ_CP018763.1,
NZ_CP048019.1,
NZ_CP066046.1,
NZ_CP066066.1,
NZ_CP068106.1,
NZ_CP061715.1,
NZ_CP023654.1,
NZ_CP025471.1,
CP050079.1,
NZ_CP053421.1,
CP021487.1,
NZ_CP021484.1,
NZ_CP021529.1,
NZ_CP028247.1,
NZ_CP028249.1,
NZ_CP035154.1,
NZ_CP035266.1,
NZ_CP015206.1,
NZ_CP067392.1,
NZ_CP035151.1

The commands are run from the 144_working_directory, you can check the exact location in the
images of this manual.

Simplified example data access To simplify the access to the data presented in the previous section, we
have prepared a single package that includes all the input files needed to run the examples. The package is
available at https://drive.google.com/file/d/1hg-Eacm6J70X42BCKKqdDsZhYnHOGxR4/view?usp=sharing

The script fetch_example_data.sh in the root folder of WGA-LP can be executed to automatically
download and prepare the folders to run the examples:

bash /root/git/WGA-LP/fetch_example_data.sh

Evaluating the performances of the decontamination procedure

In order to evaluate the performances of the decontamination step of WGA-LP we exploited [ART] https:
//doi.org/10.1093/bioinformatics/btr708, a so�ware capable of simulating the sequencing process.
Specifically, ARTwas run to simulate reads from bacterial reference genomes that are gradually more distant
in the phylogenetic tree, in order to assess the impact of the sequence similarity in the performance of our
decontamination algorithm. We organized the following simulations:

• Lacticaseibacillus rhamnosus vs Lacticaseibacillus casei
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• Lacticaseibacillus rhamnosus vs Lactiplantibacillus plantarum
• Lacticaseibacillus rhamnosus vs Pediococcus acidilactici
• Lacticaseibacillus rhamnosus vs Enterococcus faecalis
• Lacticaseibacillus rhamnosus vs Peribacillus simplex
• Lacticaseibacillus rhamnosus vs Escherichia coli

The simulated reads were generated using the following commands:

...
# target
art_illumina -c $ref_count -l 200 -m 250 -s 10 -ss MSv3 \

-i $target -na -o `basename $target` --id ___`basename $target`___ -qL 20
...
# contaminant
art_illumina -c $cont_count -l 200 -m 250 -s 10 -ss MSv3 \

-i $contaminant -na -o `basename $contaminant` --id ___`basename
$contaminant`___ -qL 20↪→

...

ARTwas set to simulate trimmed reads from an Illumina MiSeq v3 kit. The scripts to run these simulations
are available in WGA-LP’s source code (folder other_scripts, files contamination_level_simulation.sh and
prepare_simulations.sh)

Reference NCBI accession number

Lacticaseibacillus Rhamnosus NC_013198.1

Lacticaseibacillus Casei NZ_CP006690.1

Lactiplantibacillus plantarum NZ_CP039121.1

Pediococcus acidilactici NZ_CP068106.1

Enterococcus faecalis NZ_CP028285.1

Peribacillus simplex NZ_CP017704.1

Escherichia Coli NC_000913.3

The proportion of the contaminant in these simualtions was 1%: 2500 reads over a total of 250000 reads.
The following plots show the obtained results. Each comparison was run by sampling the simulated reads 10
times.
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The above image shows howwe achieved prefect recall in any simulation, this is what we aimed for as we
were looking for a conservative approach to reduce the contamination.

Contaminant F1 Score Precision Recall Detection Ratio

L. Casei 0.9986721±
5.589877e-05

0.9973477±
1.114990e-04

1± 0 0.73672±
0.011097627

L. Plantarum 0.9999200±
1.538866e-05

0.9998400±
3.077204e-05

1± 0 0.98416±
0.003047476

P. Acidilactici 0.9998834±
1.711275e-05

0.9997669±
3.421734e-05

1± 0 0.97692±
0.003389133

E. Faecalis 0.9999438±
8.612278e-06

0.9998877±
1.722268e-05

1± 0 0.98888±
0.001705416

P. Simplex 0.9999463±
1.190091e-05

0.9998925±
2.379915e-05

1± 0 0.98936±
0.002356645

E. Coli 0.9999752±
7.065468e-06

0.9999503±
1.413008e-05

1± 0 0.99508±
0.001399047

The detection ratio (the fraction of the contamination that has been removed) in L. Casei, an organism
very close to L. Rhamnosus, is 73.7%. In all the other tests this value is over 97.5%, up to 99.5% in E. Coli.
Organisms that are close in the phylogenetic tree share a larger part of their genomes and this leads to the
generation of reads that are harder to align exclusively.
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We finally considered howwell the decontamination procedure scales as the percentage of contamination
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grows. For this test we compared L. Rhamnosus vs P Acidilactici, using a fixed sample of 100000 reads
extracted from the L. Rhamnosus’ reference.

This above figure shows how the number of reads has a small impact on the procedure as the error remains
far lower than 5%, even when 50% of the reads are from the contaminant.

Paired-end reads from the target
Paired-end reads from
the contaminant Detection Ratio

100000 100 0.977000± 0.0125166556

100000 1000 0.975700± 0.0037133393

100000 10000 0.975730± 0.0016846035

100000 100000 0.956132± 0.0003644417
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