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Abstract

Metagenomic bioinformatics pipelines are essential for extracting meaningful biological insights from the vast
amounts of sequencing data generated in microbial studies. However, current approaches face several
challenges that limit their utility and accessibility.

A major hurdle is the efficient and accurate removal of human DNA reads from metagenomic datasets, a critical
step for improving the sensitivity of pathogen detection. This process often demands significant computational
resources and can become a bottleneck in large-scale analyses. In addition, most existing pipelines are
designed to focus on specific microbial groups, making it difficult to comprehensively analyse the full spectrum
of microbial communities, including bacteria and viruses, from a single sample. This lack of unified, end-to-end
solutions limits both the scope and reproducibility of metagenomic research.

To address these limitations, we developed a comprehensive protocol that streamlines host DNA removal and
enables the simultaneous profiling of diverse microbial taxa from a single FASTQ file. This workflow
consolidates existing pipelines within a unified framework, optimising computational efficiency while producing
comprehensive microbial profiles. Our approach bridges a critical gap in metagenomics by supporting both
clinical and environmental research needs in a scalable and conscious manner.

Attachments

protocol-vl.svg

32KB

Guidelines

This protocol was created as a guide for new users. We strongly recommend exploring your data and reading the
manuals for the software we present before designing your own sequence data pipeline.
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Materials

The following 5 softwares (bioinformatics pipelines) were used in this protocol:

Software

nf-core/mag

https://github.com/nf-core/mag/

Software

nf-core/detaxizer

https://github.com/nf-core/detaxizer

Software

nf-core/taxprofiler

https://github.com/nf-core/taxprofiler

NAME

REPOSITORY

NAME

REPOSITORY

NAME

REPOSITORY
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Software

p_agudeloromero/EVEREST-nf NAME

https://github.com/agudeloromero/everest_nf REPOSITORY

Software

NAME
nf-core/bacass

https://github.com/nf-core/bacass REPOSITORY

Safety warnings

© 1.[DATAINTEGRITY] To preserve computational resources and avoid downstream errors in a multi-
pipeline analysis, we strongly recommend verifying the integrity of your FASTQ files using MD5
checksums for each individual file prior to analysis.

2. [INSTALLATION] Perform a pre-flight check of your Java installation. Ensure that a Long-Term Support
(LTS) version is being used rather than an internal or development build, which may cause unexpected
issues. Refer to the official Nextflow documentation for

guidance: https://www.nextflow.io/docs/latest/install.html

3. [SAMPLESHEETS] If your dataset includes samples from two or more batches, please ensure that
sample names in the first column of the CSV samplesheet are unique across all batches. This avoids
potential naming collisions during processing.
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Before start

1. If you are working in an HPC environment, we recommend first downloading all required pipelines locally. Use
either (i) the nf-core CLI tool for nf-core pipelines or (ii) the "nextflow pull’ ther pipelines to ensure that the
correct versions are pinned and reproducible.

2. Since public internet access is often restricted to the login node on HPC systems, we also advise downloading
all necessary databases for the individual pipelines in advance of running any analysis.

3. Ensure that each pipeline is correctly configured for your HPC infrastructure. This can be done through a
customised ‘nextflow.config’ file or by using an institutional profile from the nf-core/configs repository.
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Taxonomic profiling of reads (nf-core/taxprofiler)

1 Prepare the samplesheets for (i) FASTQ files as well as (ii) databases

Note

SAMPLE2,SAMPLEZ2,ILLUMINA,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-
originalfastgs-
28187/filter/filtered/SAMPLE2_R1_filtered.fastg.gz,/home/opc/results/detaxizer/oci-ol8-
project-t-detaxizer-originalfastqs-28187/filter/filtered/SAMPLE2_R2_filtered.fastq.gz,
V3,V3,ILLUMINA,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastgs-
28187/filter/filtered/V3_R1_filtered.fastq.gz,/home/opc/results/detaxizer/oci-ol8-project-
t-detaxizer-originalfastqs-28187/filter/filtered/V3_R2_filtered.fastq.gz,

Set the appropriate paraemters for the dataset via the db_params column.

Note

tool,db_name,db_params,db_path
centrifuge,centrifuge-db,,/home/opc/db_dir/centrifuge_p_compressed+h+v
kraken2,kraken2-db,-memory-mapping,/home/opc/db_dir/minikraken_8GB_20200312

2 Prepare the parameters YAML file with the appropriate options.

Note

input: /home/opc/samplesheet.taxprofiler.csv
databases : '/home/opc/samplesheet.dbs.taxprofiler.csv'

run_kraken2: true
kraken2_save_reads: true
run_centrifuge: true

run_krona: true
run_profile_standardization: true

save_untarred_databases: true

3 Initiate the pipeline using the following command L)
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Command

nexflow run nf-core/taxprofiler

nextflow run nf-core/taxprofiler \
-name oci-project-t-taxprofiler \
-profile docker \
-c taxprofiler.config \
-with-tower \
--outdir /home/opc/results/taxprofiler/oci-project-t-
taxprofiler \
-params-file /home/opc/params.taxprofiler.yml \
-work-dir /home/opc/work/oci-project-t-taxprofiler \
-revision 1.2.0 \
-resume

I Removal of host reads (nf-core/detaxizer)

4 Prepare the samplesheets with the following format

Note

SAMPLEY,/home/opc/dataset/CAP11520/CAP11520A9/SAMPLE9_S15_L001_R1_001.fa
stq.gz,/home/opc/dataset/CAP11520/CAP11520A9/SAMPLE9_S15_L001_R2_001.fastq.
gz,
V1,/home/opc/dataset/CAP11520/CAP11520A16/V1_S14_L001_R1_001.fastq.gz,/home/
opc/dataset/CAP11520/CAP11520A16/V1_S14_L001_R2_001.fastq.gz,

5 Prepare the parameters YAML file with the appropriate options.
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Note

input: /home/opc/samplesheet.detaxizer.csv

classification_bbduk: true
classification_kraken2: true
classification_kraken2_post_filtering: true
enable_filter: true

kraken2db: "/home/opc/db_dir/k2_standard_16gb_20240904.tar.gz"

save_output_fastgs_removed: false
save_output_fastgs_filtered: true
output_removed_reads: true

genome: "GRCh38"

fasta_bbduk: "/home/opc/db_dir/genome_GRCh38.fa"

generate_downstream_samplesheets: true
generate_pipeline_samplesheets: 'mag,taxprofiler’

6 Initiate the pipeline using the following command A= A o

Command
nextflow run nf-core/detaxizer

nextflow run nf-core/detaxizer \

-name oci-ol8-project-t-detaxizer-originalfastqgs \

-profile docker \

-c detaxizer.config \

-with-tower \

--outdir /home/opc/results/detaxizer/oci-ol8-aerial-
t-detaxizer-originalfastqgs \

-params-file /home/opc/params.detaxizer.yml \

-work-dir /home/opc/work/oci-ol8-aerial-t-detaxizer-
originalfastqgs \

-revision 1.1.0 \

-resume
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QC after host-read removal (nf-core/taxprofiler)

7 Prepare the samplesheets for (i) FASTQ files as well as (ii) databases °

Note

SAMPLE2,SAMPLEZ2,ILLUMINA,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-
originalfastgs-
28187/filter/filtered/SAMPLE2_R1_filtered.fastg.gz,/home/opc/results/detaxizer/oci-ol8-
project-t-detaxizer-originalfastqs-28187/filter/filtered/SAMPLE2_R2_filtered.fastq.gz,
V3,V3,ILLUMINA,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastqgs-
28187 /filter/filtered/V3_R1_filtered.fastq.gz,/home/opc/results/detaxizer/oci-ol8-project-
t-detaxizer-originalfastqs-28187/filter/filtered/V3_R2_filtered.fastq.gz,

Note

tool,db_name,db_params,db_path
centrifuge,centrifuge-db,,/home/opc/db_dir/centrifuge_p_compressed+h+v
kraken2,kraken2-db,-memory-mapping,/home/opc/db_dir/minikraken_8GB_20200312

8 Prepare the parameters file (YAML format) with the appropriate options.

Note

input: /home/opc/samplesheet.taxprofiler.csv
databases : '/home/opc/samplesheet.dbs.taxprofiler.csv'

run_kraken2: true
kraken2_save_reads: true
run_centrifuge: true

run_krona: true
run_profile_standardization: true

save_untarred_databases: true
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9 Initiate the pipeline using the following command =0

Command
nextflow run nf-core/taxprofiler

nextflow run nf-core/taxprofiler \

-name oci-project-t-taxprofiler-afterdetaxizer \

-profile docker \

-c taxprofiler.config \

-with-tower \

--outdir /home/opc/results/taxprofiler/oci-project-t-
taxprofiler-afterdetaxizer \

-params-file /home/opc/params.taxprofiler.yml \

-work-dir /home/opc/work/oci-project-t-taxprofiler-
afterdetaxizer \

-revision 1.2.0 \

-resume

10 Once this step is complete, it is possible to initiate the following two steps in parallel, if
sufficient computational resources are available.

=9 go to step #11
=9 go to step #14

=9 go to step #17

Generation of assemblies and bins (nf-core/mag)

11  Prepare the samplesheet file (CSV format) using the output of nf-core/detaxizer after
host-reads removal.
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12

13

Note

SAMPLE2,0,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastqs-

28187 /filter/filtered/SAMPLE2_R1 _filtered.fastq.gz,/home/opc/results/detaxizer/oci-ol8-
project-t-detaxizer-originalfastqs-28187/filter/filtered/SAMPLE2_R2_filtered.fastq.gz,
V3,0,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastqs-

28187 /filter/filtered/V3_R1_filtered.fastq.gz,/home/opc/results/detaxizer/oci-ol8-project-
t-detaxizer-originalfastqs-28187/filter/filtered/V3_R2_filtered.fastq.gz,

Prepare the parameters file (YAML format) with the appropriate options.

Note

input: /home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastqgs-
28187/downstream_samplesheets/mag-pe.csv

run_virus_identification : false

bingc_tool: checkm?2
skip_megahit: false
skip_maxbin: false
skip_spades: false
skip_spadeshybrid: true
skip_quast: false
skip_metaeuk : true
skip_prokka : true
ancient_dna : false
skip_metabat2: false
skip_concoct: false

cat_db: /home/opc/db_dir/CAT _prepare_20210107.tar.gz
kraken_db: /home/opc/db_dir/k2_standard_16gb_20240904.tar.gz

Initiate the pipeline using the following command
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Command
nextflow run nf-core/mag

nextflow run nf-core/mag \

-name oci-project-t-mag-afterdetaxizer \

-profile docker \

-c mag.config \

-with-tower \

--outdir /home/opc/results/mag/oci-project-t-mag-
afterdetaxizer \

-params-file /home/opc/params.mag.yml \

-work-dir /home/opc/work/oci-project-t-mag-
afterdetaxizer \

-revision 3.3.0 \

-resume

Identification of viral taxons (p_agudeloremero/EVEREST-nf)

14 Prepare the samplesheet using the output of nf-core/detaxizer after host-reads removal.

Note

SAMPLE9,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastqs-

28187 /filter/filtered/SAMPLE9_R1 _filtered.fastq.gz,/home/opc/results/detaxizer/oci-ol8-
project-t-detaxizer-originalfastqs-28187/filter/filtered/SAMPLE9_R2_filtered.fastq.gz
V10,/home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastqs-

28187 /filter/filtered/V10_R1_filtered.fastq.gz,/home/opc/results/detaxizer/oci-ol8-
project-t-detaxizer-originalfastqs-28187/filter/filtered/V10_R2_filtered.fastq.gz

15 Prepare the parameters YAML file, with the appropriate options.
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Note

input: /home/opc/results/detaxizer/oci-ol8-project-t-detaxizer-originalfastqgs-
28187/filter/filtered/samplesheet.everest.csv
rnaseq: false

# DATABASES

pharokka_db: /home/opc/db_dir/everest/DB_pharokka/

diamond_db_aa: /home/opc/db_dir/everest/DB_aa_diamond/viral_aa_diamond.dmnd
adaptor: /home/opc/db_dir/everest/adaptors/adaptors.fa

baltimore_db:
/home/opc/db_dir/everest/DB_Baltimore/Baltimore_group_ICTV_2021_Generated_16052
022_v2.txt

checkv_db: /home/opc/db_dir/everest/DB_checkv/checkv-db-v1.1
mmseq_viral_db_aa: /home/opc/db_dir/everest/DB_MMSEQ2_aa
mmseq_viral_db_aa_ref_name: "viral.aa.fnaDB"

mmseq_viral_db_nt: /home/opc/db_dir/everest/DB_MMSEQ2_nt

tax_aa: /home/opc/db_dir/everest/TAX_aa

tax_nt: /home/opc/db_dir/everest/TAX_nt

virsorter_db: /home/opc/db_dir/everest/DB_virsorter

# REFERENCES
genome: /home/opc/db_dir/everest/genome/male.hg19.fasta

transcriptome: /home/opc/db_dir/everest/genome/Homo_sapiens.GRCh38.cdna.all.fa
fasta: /home/opc/db_dir/everest/genome/Homo_sapiens.GRCh38.cdna.all.fa

16 Initiate the pipeline using the following command L
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Command

nextflow run agudeloromero/everest_nf

nextflow run agudeloromero/everest nf

-c /home/opc/EVEREST/everest.config \
-name oci-project-t-everest \

-profile docker \
-with-tower \

--outdir /home/opc/EVERSET/results/everest-nf/oci-

aerial-t-everest-26858 \

-params-file /home/opc/EVEREST/params.data test.yaml

\
-r develop \
-work-dir /home/opc/EVEREST/work/ \
-resume \
-latest
Bacass

17 Prepare the samplesheet using the output of nf-core/detaxizer after host-reads removal.

Note

ID Ri1 R2 LongFastQ FastS GenomeSize
shortreads ./data/S1_R1.fastq.gz  ./data/S1_R2.fastq.gz = NA NA
NA

longreads  NA NA ./data/S1_long_fastq.gz ./data/FAST5
2.8m

shortNlong  ./data/S1_R1.fastq.gz  ./data/S1_R2.fastq.gz

./data/S1_long_fastq.gz  ./data/FASTS 2.8m

Bacass

18 Prepare the parameters YAML file, with the appropriate options.
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Note

input:
/home/p_agudeloromero/myscratch/microbiome/PROJECT_T/samplesheet.bacass.tsv
kraken2db: /home/setonix/p_agudeloromero/db_dir/k2_standard_16gb_20240904.tar.gz

19  Initiate the pipeline using the following command

Command

nextflow run nf-core/bacass

nextflow run /home/p _agudeloromero/mysoftware/nf-core-
bacass 2.3.1/2 3 1 \

-name setonix-project-t-bacass \

-c /home/p_agudeloromero/bacass.config \

-profile test,pawsey setonix \

-params-file
/home/p_agudeloromero/params.bacass.yaml \

-work-dir
\/scratch/pawsey0876/p agudeloromero/deleteme/work/setonix-project-t-
bacass \

--outdir
/scratch/pawsey0876/p _agudeloromero/deleteme/results/setonix-aerial-t-
bacass \

-with-tower \

-resume
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