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A nextflow workflow to analyse whole genome shotgun
metagenomics data (lllumina short reads or Pacbio HiFi
long reads)
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a The workflow features and steps
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a Brief comparison with the most popular workflows

a Focus on binning
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Workflow features {rnnf;}::q}

Type of NGS data:
whole genome shotgun sequencing (lllumina

HiSeq3000 or NovaSeq, paired, 2*150bp ;
PacBio HiFi reads, single-end)

1 Workflow:
Q%T a scalable and reproducible metagenomic
¢ analysis with a nexciflow  pipeline using
fs ‘ingularity containers

8 Fully documented
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Assemblies as
input possible
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BWA-MEM2/ Prodigal
BWA-MEM2/ Sl Samtools MetaQUAST -
Cutadapt Sickle Samtools gganliil L - - — =
[ ] @ J @®
= ® [ & ® ] ] contigs_per_
. Barrna
@ FastQC Minimap2/ Fastqc Kaiju HiFiasm metaQUAST Minimap2/ cpm. py* - P
Samtools Krona /metaFlye Samtools
[ ] tRNAscan-SE
STEPS eggNOG- Quantification_ Cd-hit-produce_
1. Cleaning/Quality Control mapper clusters.py* table_clstr.py*
2. Assembly m [ ] [ [ ] ]
3. Filtering FeatureCounts cd-hit DIAMOND merge_annotation.py
' . t
4. Structural Annotation Merge_abundance_and_ £

= : . "
5. Protein Alignment functional_annotations.py

6. F ti 1A tati BWA-MEM2/ MaxBin2/
- Functional Annotation - Quantification by Samtools MetaBAT2/CONCOCT BINETTE
7. Taxonomic Affiliation functional_annotation.py* ] 3 ]
8. Binning
i |
DMandatory QO optional - - m Minimap2/ Minimap2/Samtools [ ] dRep
READS Samtools Samtools Merge_contig_ Samtools ﬂ -
s Short aln2taxaffi.py* aln2taxaffi.py* quantif_per_lineage.py* -
° (genes) (contigs) M“u“l;t“lmq; = GTDB-Tk

=== HiFi long Quantif_by_functional

tati . BWA-MEM2/Samtools
* home-made script annotation.py

https://forgemia.inra.fr/genotoul-bioinfo/metagwags
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§ Level Reads Genes in All contigs MAGS / bins

8 all

- contigs

m

e Type of annotation / taxo function taxo taxo genes taxo genes

E

S tools function function
MAG (nf-core) YES NO NO YES YES (but

not rRNA
and tRNA)

Metawrap YES NO NO YES YES
VEBA NO NO NO YES YES
Atlas NO NO NO YES YES
metagWGS (HiFi reads YES NO YES YES YES (via
possible) contigs)
HiFi-MAGs-pipeline NO NO NO YES NO
(HiFi reads)




&) 5io¢ Around 507% of contigs [met;g]
are not found in any

output bins
Bins Size (bp) quality
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humanGut_10_bins

humanGut_11_bins
humanGut_1_bins
humanGut_2_bins
humanGut_3_bins
humanGut_4_bins
humanGut_5_bins
humanGut_6_bins
humanGut_7_bins

humanGut_8_bins

humanGut_9_bins
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Percentages

High-quality Medium-quality " High-contamination @ Not-binned

Created with MultiQC
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cenorowe  BINNING from
E 101 . L. maotala
Bointa assemblies HiFi [ ‘J

1 Comparaison between metagWGS 2.4.2 and PacBio HiFi-MAGS-pipeline
2.0.2 binnings on the same assembilies.

4 11 metagenomic samples from human gut public data sequenced with
PacBio Sequel Il (HiFi reads) from Accession: PRINA754443 (Gehrig et al.,
2022)

4 very good assemblies with
- N50 between 92.2 Kpb and 529.8 Kpb,
- % of mapped reads on the assemblies between 95.2% an .8%
% of d read th blies bet 95.2% and 97.8%

O Medium quality bins : completeness > 50% and contamination < 10%

O High-quality bins : completeness > 90% and contamination < 5%
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&

Pacbio HIFI-MAGs-

pipeline

HiFi-MAG-Pipeline

Inputs: HiFi reads & assembly contigs

Contigs > 500kb

=

Contigs < 500kb

Assess completeness (CheckM2)

Make fasta of incomplete contigs

A

y

v

i >93% complete
(keep)

<93% complete 1
(discard)

Perform binning & merge sets

| (MetaBat2, SemiBin2, DAS_Tool)

~

v

g Dereplicated bin set

Assess bin quality & filter
(CheckM2)

|

[ Assign taxonomy (GTDB-Tk)

Outputs: MAGs, metadata, visualizations

AL

metaGS

https://github.com/PacificBiosciences/pb-metagenomics-tools/blob/master/docs/Tutorial-HiFi-MAG-Pipeline.md
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Alignment strategy before binning step

Individual [ Group ]
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Slmph 1 \ Sample 1 Sample 2 Sample 3 \"'x‘
NOdI reads reads reads ‘

Sample 1 Sample 2 Sample 3
/ ‘!; assembly assembly assembly
(.fna) / /

Individual : The reads of each metagenomic sample are aligned to their own assembly.
Group : The reads of metagenomics samples that belong to the same group (defined in the

Sample Sheet) are aligned against each sample assembly within the group.
All : The reads of every metagenomics samples are aligned against every sample assy




Bionfo The binning
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+ cwculgr.chromosomes 08_binning
when HiFi reads
MetaBAT2 MaxBin2 CONCOCT Binning of contigs
<
\/
BINETTE Refinement of sets of bins
CheckM2 Access quality on bins
1 Select representative bins
dRep
5 between samples y
bwa-mem2 1 i h
minimap2 * Samtools Bins quantifications
1 \ y
GTDB-Tk Bins affiliations GTDB-Tk database

Sequences into the bins .fasta

Taxonomic affiliation of bins
txt

Bins quantifications .tsv




W
w
3
o
—
3
o
[t
-
c
L)
=
v
b
(o]
o
[
L
2
@
@
E
t=
(-]
Y
@
-
L,
o

Uritskiy, et al. Microbiome 6, 158 (2018) —

GenoTtouL - WAL
=) Bioinfo  Blnette E’mfnﬁqJ

O https://qgithub.com/genotoul-bioinfo/Binette

QO Inspired by metawrap but better: Jean Mainguy
Q faster (~ 7 x)
O not limited to 3 sets of bins (to add the circular chromosomes)
O selects the best bins in a more elegant way (considers more possible solutions)

O From the sets of bins it is given as input, Binette builds new hybrid bins. A bin = set
of contigs. When two bins overlap (share at least one contig), Binette creates new
bins:

O The intersection bin: contigs shared by the bins.
O The difference bin: contigs found only in one bins and not in the other.
Q The union bin: all contigs contained in the overlapping bins.

O We then use checkm2 to estimate the quality of the bins and choose the best
possible one.

L'EUROPE S'ENGAGE
L'OCCITANIE AGIT

SeqOccin

Projet cofinancé par le Fonds Européen de Développement Régional
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Medium quality High quality

sample metagWGS HiFi-MAGS-pipeline metagWGS HiFi-MAGS-pipeline

humanGut_1
(SRR15489020)

humanGut_2
(SRR15489019)
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humanGut_3
(SRR15489018)

humanGut_4
(SRR15489017)

humanGut_5
(SRR15489016)

humanGut_6
(SRR15489015)

humanGut_7
(SRR15489014)

humanGut_8
(SRR15489013)

humanGut_9
(SRR15489011)

humanGut_10
(SRR15489010)

humanGut_11
(SRR15489009)

Total 708 659 255 231

Table 1 : number of bins produced for each sample with more than 50% completeness and less than 10% contamination by the two workflows (medium quality)
and number of bins produced for each sample with more than 90% completeness and less than 5% contamination by the two workflows (high quality).

From all these 708 bins, metagWGS obtains 246 MAGs dereplicated to 95% ANI (see suppl. Table 3)

Pacbio workflow is faster
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Thanks for your attention

Do you have any questions ?
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a) oot Contents metaty

a T'he benefits of HiFi reads on the assembly

- ||
Joanna Fourquet Céline Noirot Pierre Marti Jean Maingu Maina Vienne
k erre Marin I )" Vincent Darbot
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B Bioinfo Two datasets sequenced in Pacbio HiFi
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- The mockin 2 versions:
* Mock ADN: mixture of genomic dna from 10 species
* Mock bact: mix of cells of 10 species whose DNA has been extracted by A. Castinel
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Sample Name Mean read length Nb seq (Millions)
(pbs)
Mock ADN 5095 1.1
Mock bact 4880 0.9

- The sample 8 of expomicopig:
» Several depth

6 GenoTtouL L'EUROPE SENGAGE
e ‘ L'OCCITANIE AGIT
S R

3 GeT SeqOccin el

Projet cofinancé par le Fonds Européen de Développement Régiona
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GenoTtouL

Mock bact

Reference genome coverage by assembly (%)

Mocks assembly are very good with HiFi reads

MetaSPAdes lllumina
(Maxime Manno, get-plage, get-I

Metaflye
- lllumina : 68M
reads pairs
wicany  (150pbs each)
150
100
c0 Hifiasm-meta
v ba, B Cu. Loy Bs, S5 Co Ba S €y
/777@/7?0 Uf@%‘ Sy " 0,70(}(0060-/& ’72‘@/_/&@ Oy €, /};O:rehiv,é@eofof?bd
ge'?es ? s
species Yeast sequenced

B GenoTtoul

QA

p

GeT SeqOccin

between 2X and 5X

L'EUROPE S'ENGAGE A Lanegon
L'OCCITANIE AGIT B ||| Occitanie

——

UNION EUROPEENNE

Projet cofinancé par le Fonds Européen de Développement Régiona
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Bioinfo Mocks assembly are very good with HiFi reads
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Mock ADN
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The mock community is very simple and
therefore easy to assemble.

How does the analysis behave with more
complex sample ?

Sample 8, pig feces dataset

'OCCITANIE AGIT

GeT SeqOccin i

Projet cofinancé par le Fonds Européen de Développement Régiona
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Genotour ~ Assembly size increases with higher
Bioinfo sequencing depth

Feces sample 8
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1/3 smrtcell 1 smrtcell 1+ 1/3 smrtcell
1400 | | | Assembly tool
| | 96.5%, =8 n
| | | Hifiasm-meta - HiFi
= 1200 | 95.5%| | —&— Metaflye - HiFi
= | | | —&— HiCanu - HiFi
<. 1000 | | ' -
= | | 95.0%| ® MetaSPAdes - lllumina
S | | o -
) | 90.2%| | ————— Percentage of read mapping the
; | 92.4% | 913% ~  assembly
5 600 | | | o
- 85.1% | : Higher sequencing depth
)] .
2 400 | | | INCreases:
77.6% | | : £ bl
200 ' | « size of assembly
(25 | | . representativity of the data
| l I :
% . 10 5 20 into the assembly (% read
Cumulative read length (Gpb) mapping the assembly)
FeTarols. D
o (& GeT SeqOccin [ eemamerae

Projet cofinancé par le Fonds Européen de Développement Régiona
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Feces sample 8
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NXx
Assembly
4000 - o
Hiflasm-meta - HiFi
ey m Metaflye - HiFi
< | mm HiCanu - HiFi
S 2400 - \ = VetaSPAdes - lllumina
g\ b
<
2 1600 -
c Nx: measurement of the
Lo) contiguity of the assembly
800 A
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# Bioinfo To conclude on assembly step

&

e HiFi assemblies are much less fragmented than lllumina reads, but
require sufficient sequencing depth at a higher cost than lllumina.

* more expensive

GenoTtouL ‘ L'EUROPE SENGAGE

L'OCCITANIE AGIT

el GeT Seq@©ccin TR,

Projet cofinancé par le Fonds Européen de Développement Régiona
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01_clean_qc
02_assembly
03_filtering

04 structural_annot
05_protein_alignment
06_func_annot

07 _taxo_affi
08_binning

MultiQC

pipeline_info

Output tree

15/05/2023 18:02
15/05/2023 18:02
15/05/2023 18:03
15/05/2023 18:03
15/05/2023 18:05
15/05/2023 18:03
15/05/2023 18:01
15/05/2023 18:05
15/05/2023 18:01
15/05/2023 18:05

Al

metaGS

Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers

Dossier de fichiers
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Kaiju a fast and sensitive taxonomic classification for metagenomics. DOI: 10.1038/ncomms11257.

Top taxa @ Help

The number of reads falling into the top 5 taxa across different ranks.

Number of reads | Percentages [Species Genus = Family = Order = Class | Phylum

Kaiju: Top taxa b, Export Plot

3_genomes_1.1

3_genomes_1.2

3_genomes_2

0

2k 4k 6k 8k 10k 12k 14k 16k 18k 20k 22k 24k 26k 28k 30k 32k 34k 36k 38k 40k

Number of reads

@ Anaerostipes hadrus @ Bifidobacterium breve Lactobacillus helveticus @ Clostridium aceticum @ Bifidobacterium longum @ Other Cannot be assigned @ Unclassified

Created with MultiQc

Allons voir un exemple de multiQC....
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O Db_versions.txt
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O Software versions.txt

DB (folder or file) Size Last modification Path
Accession2taxid prot.accession2taxid.FULL

Accession2taxid 360K 2021-12-16 /work/project/plateforme/metaG/functional test/FT banks/taxonomy 2021-12-7/prot.accession2taxid.FULL
Checkm?2 unirefl00.KO.1.dmnd

Checkm2 2.9G 2021-03-23 /work/project/plateforme/metaG/functional test/FT banks/checkm2DB/CheckM2 database/unirefl100.KO.1.dmnd
Diamond refseq bacteria 100000.dmnd

Diamond 48M 2021-10-25 /work/project/plateforme/metaG/functional test/FT banks/refseq bacteria 2021-05-20/refseq bacteria 100000.dmnd
Eggnog_ Mapper data

Eggnog Mapper 48G 2022-09-08 /work/project/plateforme/metaG/functional test/FT banks/eggnog-mapper-2.1.9/data
GTDBTK release207 v2

GTDBTK 66G 2022-05-09 /work/project/plateforme/metaG/databases/GTDBtk data/release207 v2
Host_genome Homo_sapiens.GRCh38 chr2l.fa

Host genome 46M (1 seq) 2023-01-27 /work/project/plateforme/metaG/functional test/metagwgs-test-datasets/small/input/host/Homo sapiens.GRCh38 chr2l.fa
Kaiju nodes.dmp

Kaiju 55G 2021-10-19 /work/project/plateforme/metaG/functional test/FT banks/kaijudb refseq 2020-05-25
Taxdump new_taxdump

Taxdump 665M 2021-12-16 /work/project/plateforme/metaG/functional test/FT banks/taxonomy 2021-12-7/new taxdump
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aQ 05 protein_alignment :
O M8 results of diamond on each gene
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O 06 func_annot:

06_1_clustering 15/05/2023 18:04 Dossier de fichiers
06_2_quantification 15/05/2023 18:03 Dossier de fichiers
06_3_functional_annotation 15/05/2023 18:03 Dossier de fichiers



Functional annotation
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I3 genomes 1.1 c796.CDS 17
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3 genomes 1.1 c796.CDS 17
3 genomes 1.1 c796.CDS 17 3 genomes 1.2 ¢796.CDS 17
3 genomes 1.1 c796.CDS 17 3 _genomes 2 c787 CDS 85

3 genomes 1.1 ¢866.CDS 175 3 genomes 1. .1 _e86b. CDS 175
3 genomes 1.1 c866.CDS 175 3 genomes 1. 2_c866 CDS_175
3 genomes 1.1 c866.CDS 175 3 genomes 2 c277.CDS 48

3 genomes 1.1 ¢730.CD8 27 3 genomes 1.1 ¢730.CDS 27
3 genomes 1.1 c730.CDS_27 3 genomes 1.2 c730.CDS 27
3 genomes 1.1 c479.CDS 92 3 genomes 1.1 c479.CDS 92
3 genomes 1.1 c479.CDS 92 3 genomes 1.2 c479 CDS 92
3 genomes 1.1 c826.CDS 26 3 genomes 1.1 " c826. CDS 26
3 genomes 1.1 c826.CDS 26 3 genomes 1. 24@826 CDS 26
3 genomes 1.1 c826.CDS 26 3 genomes 2 ¢l1566.CDS 55
3 genomes 1.1 €537.CD5 5 3 genomes 1.) cb37.CD5 5
3 genomes 1.1 ¢537.CDS 5 3 genomes 1.2 ¢537.CD5 5
3 genomes 1.1 ¢b37.CDS 5 3 genomes 2 ¢2439.CDS 99
3 genomes 1.1 c¢360.CDS 43 3 genomes 1.1 c360.CDS 43
3 genomes 1.1 c360.CDS 43 3 genomes 1.2 c360 ¢DS 43
3 genomes 1.1 ¢23.CDS 61 3 genomes 1.1 c23 CDS 61
3 genomes 1.1 c23.CDS 61 3 genomes 1.2 c23 CDS 61
3 genomes 1.1 c¢730.CDS 53 3 genomes 1.1 c730 CDS 53
3 _genomes 1.1 c¢730.CDS 53 3 genomes 1. 2_@730 CDS_53
3 genomes 1.1 ¢898.CDS 20 3 genomes 1.1 c898.CDS 20

O 06_1 func_annot:
O table clst.txt
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O 06_2 quantification :
O Featurecount’s results by

gene for each sample

3 genomes 1.1 c898.CDS 20

3 genomes 1.
3 _genomes 1.

1 c898.
1 c424.

CDS 20
CDS 13

3 genomes 1.2 c898.CDS 20
3 genomes 2 01599 CDS 153
3 genomes 1. 2 _cd424. CDS 13

3 genomes 1.1 c424.CDS 13
3 genomes 1.1 c424.CDS 13
3 genomes 1.1 €813.CDS 11
3 genomes 1.1 ¢813.CDS 11 3 genomes 1.2 ¢813.CD5 11
3 genomes 1.1 c813.CDS 11 3 genomes 2 c2439.CDS 63
3 _genomes 2 ¢l036.CDS 1 3 genomes 1.1 ¢393.CDS 1

3 genomes 2 cl036.CDS 1 3 genomes 1.1 ¢613.CDS 1

3 genomes 2 c1036.CDS 1 3 genomes 1.2 ©399.CDS 1

3 genomes 2 cl036.CDS 1 3 genomes 1.2  ¢613.CDS 1

3 genomes 2 cl036.CDS 1 3 genomes 2 c1036 CDS 1

3 genomes 1.2 c424.CDS 13
3 _genomes 2 c2053 CDS 60
3_genomes_l 1 e813. CDS_ll
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O 06_3 func_annot:

) GOs_abundance 15/05/2023 18:03 Fichier TSV 169 Ko
o) KEGG_ko_abundance 15/05/2023 18:03 Fichier TSV 45 Ko
4 KEGG_Module_abundance 15/05/2023 18:03 Fichier TSV 6 Ko
r:J KEGG_Pathway_abundance 15/05/2023 18:03 Fichier TSV 10 Ko
:J PFAM_abundance 15/05/2023 18:03 Fichier TSV 57 Ko
«) Quantifications_and_functional_annotations 15/05/2023 18:03 Fichier TSV 3914 Ko

Let's look at an example of these files ....



S Taxonomic annotation
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: a 07_2 affiliation_merged :

o O quantification by contig_lineage all

a 07 _3 plot:

C abundance_per_rank 15/05/2023 18:01 Microsoft Edge HTM... 3519 Ko
Q krona_mean_depth_abundance 15/05/2023 18:01 Microsoft Edge HTM... 229 Ko
6 krona_read_count_abundance 15/05/2023 18:01 Microsoft Edge HTM... 228 Ko
6 most_abundant_taxa 15/05/2023 18:01 Microsoft Edge HTM... 7 139 Ko

Let's look at an example of these files ....
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a 08 _binning :

08_1_binning_per_sample
08_2_dereplicated_bins
08_3_gtdbtk
08_4_mapping_on_final_bins
stats

) genomes_abundances

Binning ouputs
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