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Introduction

v’ Structural variants (SVs) are highly variable segments of microbial genomes, that exhibit
significant between-individual variability versus high within-individual stability in the
metagenomic genomes, and can therefore serve as a personalized “microbiome fingerprint” to
distinguish metagenomic samples belonging to the same or different individuals.

v" Identification of metagenomic SVs is mostly performed by short-read-based metagenomic
profiling, which limits their detection accuracy. Rapid advancements in long-read sequencing
technology, however, make it possible to produce reads of several thousand base pairs, even
reaching up to 2 Mbp in length for Nanopore Technology.

v" In recent years, a growing number of microbiome researchers have combined Nanopore long
reads and Illumina short reads, resulting in more complete microbial genomes, resolving
complex regions such as tandem repeats and large SVs, and providing unprecedented potential
for SV profiling.

v The profiling of the metagenomic SVs regularly requires a series of complex analyses that are
both time-consuming and parameter-heavy, plus millions of sequencing data being used as the
source input, demanding a workflow that is high efficiency, traceable, and flexible.
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Results

(A)
. « T .
cat /SV_proceduretesticonfig.ini A) The only input argument (the “config.ini” file) of the main program. The
P g
[binning] - - e -
[database] # metawrap: version 1.3.2
e T, red fonts indicated the parameters that need to be modified for different
gtdbtk = /opt/project/database/gtdbtk_db t=1000bp). Note: metabat2 will default to 1500bp minimum H H H H H (NFL} 1 H
Sep:pep= opupenientesshaiion om0 i projects, while annotation information, marked by '#' at the beginning of the
sqlite3 = /opt/project/database/kobas_db/sqlite3 # step3: metawrap re bins (Reassemble bins using metagenomic reads) . .. . .
_completon=70 line, is indicated in green fonts.
[fastq] max_contamination=10 ! $ Is /SV_procedure/test
# file=XXXsamples.fas les_1.fastq.gz / XXXsamples_R2.fq.9z threads bin=20 (B) P
# the table of sample g 4 rows = shell/
# (sample_IDs NGS_rawnames ONT names Groups) [dereplicated_bin] $ python /SV procedure/call SVs procedure.py -h
datapath=/opt/project/data/ # dRep: version 3.4.3 Py - —ove-P P un:epd.change neme:sh rawdata_10ge/
infotable=/opt/project/sample_info.txt primary_ANI=0.9 Usage: call_SVs_procedure.py [-h] ifile run step1.qc.sh N
d ANI=0.95 5 o P19 /
secondary_AN{= Description: generate and run shell scripts for every step qc
[par] Min_overlap=0.30 run step2 filter_host.sh
outdir=/opt/project/ coverage_method=larger O o— - cleandata/
multiprocessing=5 # choose total | larger ifle  config.ni : run step3.assembly.sh assembly/
bins_samp=bins_samp A Sy
[faqe] ‘ optional arguments: ) run step4.binning.sh binnina/
# metawrap (read_gc): version 1.3.2 [bin_taxonomy] -h, --help show this help message and exit i b. - inning
# gtdbtk: version 1.7.0 run step5.drep_bins.s| :
[filter_host] : b Example: python call_SVs_procedure.py config.ini K drep_bins/
&) [gene_model]
# minimap2: version 2.1 # prokka: version 1.13 fun. stapo-taxanomy_bins:sh taxonomy/
genome=none [sv]
bowtie2_threads=20 # mumandco: version 2.4.2 Results fun step?.gene_model.sh gene_model/
[assembly] # the SV events within 10 bp of the start/end point of contigs in MAGs are not considered. (C) run step8.detect_SVs.sh
# SPAdes: version 3.13.0; Flye: version 2.9; OPERA-MS; Canu sv_loc=10 - = - SVs/
# the options of method: Spades, Flye, OPERA-MS, MetaSpades [circos] $ cd /SV_procedure/test/shell && Is step* run step9.barplot_wilcox.sh
method=MetaSpades # the name of control group which draw on the inside of the circos diagram (— result_stat/
# k-mer must be odd and less than 128 group_name=T1 step0.change_name.sh run step10.run_circos.sh '
# default: MetaSpades ‘auto’; OPERA-MS 60, #This parameter threshold is called only if the number of samples is greater than 10 step1.qc.sh KEGG_enrichment/
k-mer:;jleta;ljll P threshold=30% step2.filter_host.sh run step*.sh run step11Ablast_ko_database.sh]/ sample_info.txt
assembly_threads= ) = > —S
= step3.assembly.sh run step12.KEGG_enrichment.sh config.ni
step4.binning.sh - :
step5.drep_bins.sh
step6.taxonomy_bins.sh $ cd /SV_procedure/test/shell/run_step12. KEGG_enrichment.sh&& Is
step7.gene_model.sh step12.KEGG_enrichment.1.sh
step8.detect_SVs.sh FALSE step12.KEGG_enrichment.1.sh.1e1677762130
step9 barplot_ wilcox.sh step12.KEGG_enrichment.1.sh.101677762130
= = - = N i = ' step12.KEGG_enrichment.1.sh.2e1677766535 ERROR AND EXIT
v High flexibility and expansibility
stepT1 'blaSt—ko—d?tabase'Sh step12.KEGG_enrichment.1.sh.3e1677762140
step12.KEGG_enrichment.sh step12.KEGG_enrichment.1.sh.301677762140

$ cd /SV_procedure/test/shell/run_step12. KEGG_enrichment.sh&& Is

/ Effl Clent executl On TRUE step12.KEGG_enrichment.1.sh
step12. KEGG_enrichment.1.sh.1€1679045229
step12.KEGG_enrichment.1.sh.101679045229 _
step12.KEGG_enrichment.1.sh.Check

(B) The main program (call_SVs_procedure.py). (C) The main program generates
shell scripts, executes the running process, and produces the resulting scripts. An
illustrative example is provided for step 12 (KEGG enrichment analysis),
highlighted with red boxes. KEGG stands for Kyoto Encyclopedia of Genes and
Genomes, while SV represents structural variant.

v’ Traceability and transparency
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A simplified example of the human gut microbiome.
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v Abioinformatic pipeline MetaSVs to integrate Nanopore long reads and Illumina short

reads Is provided, capable of conducting metagenomic structural variant (SV) analyses.

v The detailed description of each step of the microbial SV pipeline is illustrated by a

simplified example of the human gut microbiome.

v" This pipeline will help beginners learn how to conduct microbial SV analyses and

enable experienced scientists to improve their efficiency.

v GitHub link: https://github.com/WIab518/SV_procedure
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