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Prokaryotic Ribosome O 16S rRNA stands for 16S ribosomal ribonucleic acid (rRNA), where

S (Svedberg) 1s a unit of measurement (sedimentation rate);

Large Sublnit

(LSU) © This rRNA is an important constituent of the small subunit (SSU) of

prokaryotic ribosomes as well as mitochondria and chloroplasts;
O DNA segment coding for rRNA is called either rRNA gene or rDNA;

© For the purposes of sequencing, sequence information is obtained

Small Subunit

ey from the rTDNA because DNA is much easier to process and sequence

than RNA.

S i
I| -] -:.‘_' ’ I'.
wonn iadl | LT
K = I‘ -[ '[z=°
e | AL

SR Y ||




BENFSTER

[ J 1 6S rDNA SequeHCing ég:g;r:g;::;aggcean Science

&8 136 “@33 576 B2 S20 1117 1243 1435

O 16S rDNA is about 1,500 bp long, the full-length 16S gene is usually amplified

by the pair of primers 27F and 1492R, followed by Sanger DNA sequencing;

o _— (1)Amplification with a gene

. e == specific primer with an adapter (tag) | © Sequence variation among bacterial 16S rDNA is known to be not uniformly

V1-V2 region V3-V4 region . ) . . . . . .
distributed, nine hypervariable regions were identified among Bacteria, which

are named V1 to V9;

."«

- - ®2?tief:‘ ::;c:g: ailiseayence © 16S gene has multiple conserved regions that can be used as the priming sites.
; This becomes a significant advantage for NGS-based short-read sequencing;
* | I | | ©  We have 16S sequence database holding almost all known species of Bacteria
' and Archaea;
1 © By searchlng 16S sequence against these databases anyone, even without
(3)Sequencing with Misegq @)Data analysis [ knowledge of serious taxonomy, can 1dent1fy newly 1solated strams |

with dedicated analysis software _ | _ g o
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MNucleic Acids Res. 2013 Jan; 41(Database issue): D590-D596.

Published online 2012 Nov 27. doi: 10.1093/nar/gks1219

PMCID: PMC3531112

PMID: 23193283

The SILVA ribosomal RNA gene database project: improved data processing and web-

based tools

Christian Quast,! Elmar Pruesse,'2 Pelin Yilmaz,' Jan Gerken,!? Timmy Schweer,! Pablo Yarza,3 Jérg Peplies,® and

.

Frank Oliver Gléckner!?

hitps://mwww.ncbi.nim.nih.gov » articles » PMC3531112

The SILVA ribosomal RNA gene database project - NCBI

by C Quast - 201 3[- Cited by 18494 l— The SILVA ribosomal RNA gene database project:

&

Sl

high quality ribosamal RNA databases

de+NBI
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SILVA

Welcome to the SILVA rRNA database project

A comprehensive on-line resource for quality checked and aligned
ribosomal RNA sequence data.

SILVA provides comprehensive, quality checked and regularly
updated datasets of aligned small (165/185, S5U) and large subunit
(235/285, LSU) ribosomal RNA (rRMA) sequences for all three domains
of life (Bacteria, Archaea and Eukarya).

SILVA are the official databases of the software package ARB.
Far more background information -+ Click hoe

SILVAngs

silvaﬁ%

Check out our service for Next Generation Amplicon data

News

1o mE

QUME files for SILVA release 132 have arrived

Many thanks to the QIIME Team for providing us with the
sme | UIME 132 release files.

1E03.2048

de.NBl Summer School: Riding the Data Life Cycle -
registration now apenl

=" = | Goal: raise awareness for the importance of proper
: : research data management and to provide a practical

= __ == | toolbox for the acquisition, curation, doclimentation,

archiving and publication of research data following the

FAIR (Findable, Accessible, Interoperable and Re-usable) data
principles. Locatien: Braunschweig. Deadline for registration: 11 June
2018, but early registration will bea plus.

[rpRel Rech ]

The 11th de.NBl Quaterly Newsletter published
With the first de.NBl Quarteriy Newsletter of the year 2018,

1t is our pleasure to announce that the second phase of the
E de.NBl project will start March 2018 and will run for another

© The available reference databases for annotating 16S rRNA

gene include the Greengenes database, SILVA, etc.

The Greengenes 16S rRNA database
(http://greengenes.lbl.gov) addresses limitations of public
repositories by providing chimera screening, standard
alignment, and taxonomic classification using multiple
published taxonomies;

SILVA provides comprehensive, quality checked and
regularly updated datasets of aligned small (16S/18S, SSU)
and large subunit (23S/28S, LSU) ribosomal RNA (rRNA)
sequences for all three domains of life as well as a suite of
search, primer-design and alignment tools (Bacteria, Archaea

and Eukarya).

https://www.ncbi.nlm.nih.gov » articles » PMC1489311

Greengenes, a Chimera-Checked 16S rRNA Gene Database ...

by TZ DeSantis - 2006 - Cited b,‘ 10639 -+ In summary, Greengenes offers annotated, chimera-
checked, full-length 16S rRNA gene sequences in standard alignment formats. The relational...
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P5-NNNNNNNN-BC-F-AGRGTTYGATYMTIGGCTCAG
(FP) =

PCR with O
metagenomic
DNA
GTGCCAGCAGCCCGCGGTAA-BC-R-PT
RP)

~650bp Amplicon

CECECErTE § .

l llumina 300 bp paired end sequencing i O

y

Forward Read (301 bp) =—
Reverse Read (301 bp) oe——m——— —_—

O
Assembly using QIIME  =s——— ] —— S
Formatting using l
©5S-Normalized OTU Table ]

/ }/ 4 _ O

QIME = Taxonomy : | i Alpha : /_{M_A“‘\“‘ Beta

N ssgoment )\ owersiy ) S0 Funchonal © ) ( Diversiy )

l PICRUSH

identification

16S rRNA gene sequencing is commonly used for the identification,
classification, and quantitation of microbes within complex
biological mixtures such as environmental samples (e.g., marine
water) and gut samples (e.g., human gut microbiome).

16S Amplicon Sequencing is an ultra-deep DNA sequencing method
that focuses on sequencing specific target regions (amplicons).
Short (<500 bp) hypervariable regions of conserved genes or
intergenic regions are amplified by PCR and analyzed by next-
generation sequencing (NGS) technology, to identify and
differentiate multiple microbial species from complicated samples.
Amplicon metagenomic sequencing is designated to sequence the
target genes of 16S ribosomal RNA (rRNA) by universal primers, to

describe and compare the phylogeny and taxonomy of prokaryotes.
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, alt ;;' OTU ~ B © The determination of microbial diversity using sequencing data from 16S
o : rRNA genes amplified from environmental DNA most often involves the

OTU sequences clustering into operational taxonomic units (OTUs), in which similar 16S
» arecluster centroigs

OTUS are >3% different rRNA sequences are considered to be from the same taxon (Edgar, 2013).

& - . ©  One is to cluster these sequences into phylotypes based on their similarity to
) ® tid the reference database (Closed-ref), and the other is to cluster sequences into
BT operational taxonomic units (OTUs) using a similarity threshold, only
BERgUOLS, (o according to their similarity (De novo).
o Operational ©  An OTU is a pragmatic definition to group individuals by similarity, equivalent
Sample Amplicon Taxonomic Units
Sequences Reads (de novo) to but not necessarily in line with classical Linnaean taxonomy or
& !, - : R modern evolutionary taxonomy;
® “o®- 1 ,'(__f""'" B , © Sequences can be clustered according to their similarity to one another, and

° ) ,.-:, e : \g operational taxonomic units are defined based on the similarity threshold

’ ’ "\f-,____ _ 4/' (usually 97% similarity; however 100% similarity 1s also common, known
i Pick OTUs as single variants) set by the researcher;

7
T
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Amplicon
Sample Amplicon Sequence Variants .
Sequences Reads (ASVs)
9 @
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PCR/sequencing Remove/correct errors
ASVs De novo Closed-ref
Precise ot Pt
Tractable

Reproducible

Comprehensive

LKL

An amplicon sequence variant (ASV) is any one of the inferred
single DNA sequences recovered from a high-throughput analysis
of marker genes;

Because these analyses, also called "amplicon reads," are created
following the removal of erroneous sequences generated

during PCR and sequencing, using ASV's makes it possible to
distinguish sequence variation by a single nucleotide change;

The uses of ASVs include classifying groups of species based on
DNA sequences, finding biological and environmental variation, and
determining ecological patterns;

OTUs and ASVs provided similar results, with ASVs enabling a
slightly stronger detection of prokaryotic diversity.

Species diversification can be measured more accurately with ASVs,

the use of OTUs in well-constructed studies is generally valid to

demonstrate diversification at broad scales.
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O All amplicon sequencing experiments begin as raw sequence data;
QIIME 2 is a powerful, extensible, and decentralized microbiome analysis
O  We demultiplex these reads to determine which sample each read came
package with a focus on data and analysis transparency. ]
rom;

O Reads should then be denoised into amplicon sequence variants (ASVs) or

Raw S — Demultiplexed Denoise / clustered into operational taxonomic units (OTUs);
Sequences P Sequences: Cluster

e : ) | O The resulting feature table and representative sequences are key pieces of
I 30 + I . . . . .
- "" Join Pairs, - - -1 v 2 Y . data. A feature table is essentially a matrix of samples * observations, i.e.,
| Eesiirs Tablo Representative _ . .
{ Sequences the number of times each “feature” (OTUs, ASVs, etc) is observed in each
Differential | po——-l----a .
Abundance | Teawhor sample in a data set.
Statisfles /|, Classification Alanmest
Plotting Barplofs! | _ ¥ § O  Standard analyses with feature tables include:
Heatmaps |~ ) |
Taxanomy < ;Alqi]s:::e . v" Taxonomic classification of sequences (a.k.a., “what species are present?”);
Diversity | : - . . . . iy
Analyses [ N L] v" Alpha and beta diversity analyses, or measures of diversity within and
S o | - . . . .
Hhidogeny S~ PRylogeny between samples, respectively (a.k.a., “how similar are my samples?”);
b 7y
v Many diversity analyses rely on the phylogenetic similarity between
A conceptual overview of the various possible workflows for examining individual features;

amplicon sequence data : : ; .
v" . Differential abundance measurements determine which features (OTUs,

ASVs, taxa, etc) are significantly more/less abundant in different
9
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We will use a tutorial from: https://github.com/jcmcnch/eASV-pipeline-for-515Y-926R

¥ master ~  S5Branches © 1Tag Q, Gotofile About

This is a collection of scripts for analyzing

§ icmench remove logs 163743d - 17 hours ago (O 459 Commilts mixed 165/18S amplicon sequences using
tools such as qgiime2, DADA2, deblur, and
M qime2-2019.4-DADA2-SILVA132-PR2 4.12.0 Update repo 3 years ago bbtools
B qiime2-2022.2-DADA2-SILVA138.1-PR2 4.14.0 Update script to improve function 5 months ago [T Readme
B qiime2-2024.10-DADA2-SILVA138.1-PR2_4.14..., Change workflow to omit PR2 tax merging 5 months ago g8 GPL-30license
A Activity
B qgiime2-archive Update repo YIS 890 w 32stars
B snakemake remove logs 17 hours ago & 2watching
‘;’ 9 forks
I visualizations Add updated pipeline architecture 3 years ago
Report repository
[ LCENSE Add license 3 years ago
D— - : : Releases 1
[} READMEmd Update README for archiving scripts, fixing error in instructi... 5 months ago
© qiime2-2019.4 archive release ( Latest)
on Nov 21, 2022
(10 README &8 GPL-3.0 license =
Packages
A Software Pipeline for 3-Domain Universal Primers No packages publihed

(515Y / 926R)

Contributors 3

(F:- jemench Jesse McNichol

This is a collection of bash scripts to automate the analysis of mixed 165/18S amplicon sequences using bbtools , e MicrobialMelody Melody Aleman
qiime2 , DADA2 , and other associated software. They are designed to make the in silico workflow for the 515Y/926R :
primer set easier, reproducible, and more accessible, 9 fletchec99 - . 1
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Modified tutorial has been upload to: https://pan.quark.cn/s/132729116038

v  Summer_School 165 Tutorial

v 1 515Y-526R-pipeline 515Y-926R-pipeline: Store input .fastq files and all output files

~ . Summer School
00-raw Summer School: A name of a working directory
01-frimmed -
w 02-EUKs
00-fastq
~ 02-PROKs . .
00-fastq databases: Store classification databases
02-guality-plots-R1-R2
03-DADAZH
05-classified
07-subsetting .. . . .
09-barplots qiime?2-classification-db stores two classifiers based on SILVA and PR2 databases
logs
scripts
logs
runscripts . . . ] . ] .
scripts eASV-pipeline-for-515Y-926R-master: Store scripts we will used in 16S amplicon analysis
~ databases
bbsplit-db
giime2-classification-db
v eASV-pipeline-for-515Y-926R-master . I
v | qiime2-2024.2-DADA2-SILVA128.1-PR2 4.14.0 config: Store a configuration file that stores initial parameters

00-trimming-sorting-scripts

bbsplit-db 1s used to seperate 16S and 18S sequences

00-trimming-sorting-scripts, 01-prok-scripts, runscripts: Scripts for data processing

o e esenps env: .yaml files used to install necessary environments
config

env .

N — raw_sequences: Example of input file

runscripts

setipsseripts setup-scripts: Scirpts used to construct environments
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What is Miniconda?

Miniconda is a lightweight version of Anaconda, used to:

* Install Bioinformatics Tools (e.g., QIIME 2, FastQC).

* Avoid Dependency Conflicts — Isolate environments for different tools.

* Reproduce Analyses — Export environments (conda env export > env.yml).

To start our tutorial, go to this folder:

cd ~/eASV-pipeline-for-515Y-926R-master/qiime2-2024.2-DADA2-SILVA138.1-PR2 4.14.0

How to Install Miniconda?

bash ./setup-scripts/00-install-conda.sh
source ~/.bashrc

#!/bin/bash -1
#wget -c https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86 64.sh

bash env/Miniconda3-latest-Linux-x86 64.sh
~/miniconda3/bin/conda init

source ~/.bashrc
T
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* Install QIIME2:
bash ./setup-scripts/0Ol-install-giime2-amplicon-2024.2.sh

#!/bin/bash -1

#update conda to avoid weird problems
conda update conda

#install mamba which is way faster than conda at solving environments
conda install -c conda-forge mamba

#download yaml config file from giime2 peeps and install, now in a one-liner!
#wget https://data.giime2.org/distro/amplicon/giime2-amplicon-2024.2-py38-linux—-conda.yml
conda env create -n giime2-amplicon-2024.2 --file env/giimeZ2-amplicon-2024.2-py38-1linux-conda.yml

* Install cutadapt, bbmap and blast (their configuration files have been downloaded in ./env folder)
bash ./setup-scripts/02-install-conda-envs.sh

#!/bin/bash -1

#needed for step 1: primer trimming
mamba env create cutadapt-env --file env/cutadapt-env.yaml

#needed for step 2: splitting 16S from 18S
mamba env create bbmap-env --file env/bbmap.yaml

#OPTIONAL, for checking mock denosing fidelity
mamba env create -n blast-env --file env/blast-env.yaml
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name: blast-env

channals; name: cutadapt-env

- bioconda channels:

=defaiiis - conda-forge
dependencies: =

- _libgce mutex=8.1 bioconda

- _openmp mutex=4.5 - defaults

- blast=2.12.8 dependencies:

=bzin2-1.0.8 - libpgce mutex=0.1

- c-ares=1,17.1

ca-certificates=2021.9.308
curl=7.78.2
entrez-direct=15.6
krb5=1.19.2
libcurl=7.78.8
1ibedit=3.1.26216714
libaw=4.33
1libgcc-ng=59.3.0
libgomp=9.3.8
libnghttp2=1.41.8
1libssh2=1.9.8
libstdexx-ng=9.3.8
ncurses=n.2
openss1=1.1.11
pcre=8.45

peri=5.26.2
perl-archive-tar=2.32
perl-carp=1.38
perl-common-sense=3. 74

_openmp_mutex=4.5
ca-certificates=2021.1.19
certifi=2820.12.5
cutadapt=3.2
dnaio=8.5.0
isa-1=2.30.0

1d impl linux-64=2.35.1
libfi=3.3
libgec-ng=9.3.8@
libgomp=9.3.8
libstdexx-ng=9.3.0
nocurses=6.2
openssl=1.1.11

pigz=2.5

pip=21.8.1

- perl-compress-paw-bzipZ=2.887 - pythen=3.8.6

- perl-compress-raw-z1ib=2.887 - python-isal=0.4.8
- perl-axporter=5.72 - python abi=3.8

- perl-exporter-tiny=1.002001 B dline=8.1

- perl-extutils-makemaker=7.36 reagrane=o.

- perl-io-compress=2.087 - setuptools=52.0.9
- perl-io-zlib=1.18 - sqlite=3.34.0

- perl-json=4.,082 - tk=B.6.10

- perl-json-xs=2.34 F=ss

- perl-list-moreytils=8.428 - wheel=0.36.2
- perl-list-moreutils-xs=8.428 - ¥open=1.1.@
- perl-pathtools=3.75 = ¥7=5_.2.5

- perl-scalar-list-utils=1.52 ' - 31lib=1.72.11

- perl-types-serialiser=1.8
- perl-xsloader=08.24
= z1ib=1.2.11



and Engineering

| E WEERES5TRA
J QIIME2 WO rkﬂOW ’e Department of Ocean Scince

* Download bbsplit-db and classifiers:

#sudo apt install curl
bash ./setup-scripts/03-download-giime2-classifiers.sh

#!/bin/bash -1
currdir=SPWD
mkdir -p ~/databases/giime2-classification-db ; cd ~/databases/giime2-classification-db

#download database files from OSF, raw artifacts, and scripts
for item in w32ac nvgru ; do curl -0 -J -L https://osf.io/$item/download ; done

cd $currdir

bash ./setup-scripts/04-make-bbsplit-db.sh
#!/bin/bash -i

currdir=$PWD

mkdir -p ~/databases/bbsplit-db/ ; cd ~/databases/bbsplit-db

#download database files from OSF
for item in kv3xp eux4r npb2k 4gtev s5j6g 5jmkv eahds ; do curl -O -J -L https://osf.io/$item/download ; done

#make databases
chmod ut+x make-dbs-bbsplit.sh ; ./make-dbs-bbsplit.sh

cd Scurrdir
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* Setup-new-analysis-directory:

bash ./setup-scripts/05-setup-new-analysis-directory.sh Summer School

#!/bin/bash -i

studyName=$1
studyDir=~/515Y-926R-pipeline/$studyName
mkdir -p S$SstudyDir/scripts $studyDir/runscripts S$studyDir/0l-trimmed S$studyDir/02-PROKs/scripts S$studyDir/02-EUKs S$studyDir/00-raw

cp 00-trimming-sorting-scripts/* $studyDir/scripts

cp Ol-prok-scripts/* $studyDir/02-PROKs/scripts

cp runscripts/* $studyDir/runscripts

cp raw_sequences/* $studyDir/00-raw

cp config/giime2-2024.2-DADA2-SILVA138.1-PR2 4.14.0.cfg $studyDir/515Y-926R.cfg
echo "studyName=S$studyName" >> S$studyDir/515Y-926R.cfg

chmod -R +x S$studyDir

* A folder for analyzing prokaryotes will be created: 7 ~ ¥'7"##%-eipsine

‘v Summéer Sthool
00-raw
01-trimmed

L 02 EUKs
w . 02-PROKS
scripts
rurscripts

scripts

16
T
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* All configurations are stored in 515Y-926R.cfg:

#!/bin/bash -1
#this configuration file needs to be edited with the appropriate paths and parameters before running the workflow

giime2version=giime2-amplicon-2024.2

#the suffix you want stripped off from your raw files, leaving only the sample identification information
#this will then become the sample names in the pipeline if not otherwise changed in the manifest.csv file

rawFileEndingRl1=.R1l.fastqg.gz
rawFileEndingR2=.R2.fastqg.gz

bbsplitdb=~/databases/bbsplit-db/EUK-PROK-bbsplit-db/
#using SILVA for everything for the moment, may include PR2 in future versions
SILVAdb=~/databases/giime2-classification-db/silva-138.1-ssu-nr99-515FY-926R-classifier.qgza

trimR1=210
trimR2=191

studyName=Summer School
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* Enter your new working directory:

cd ~/515Y-926R-pipeline/Summer School

*  We can complete data processing with just one script:

bash runscripts/00-denocising-workflow.sh

#!/bin/bash -i

#Raw data has been put in a folder named "00-raw"
./scripts/00-run-cutadapt.sh
./scripts/0l-sort-165-18S-bbsplit.sh

#files have now been split into 16S and 18S pools, and can be denoised separately
cd 02-PROKs

./scripts/P00-create-manifest.sh
./scripts/PO0l-import.sh
./scripts/P02-visualize-quality R1-R2.sh
./scripts/P03-DADA2.sh

#needed for merging script
./scripts/P04-export-DADA2-results.sh
./scripts/P05-classify-eASVs.sh
./scripts/PO06-make-sample-metadata-file.sh
#fexclude sequences of Chloroplast and Mitochondria
./scripts/P07-exclude-mito-chloro.sh
./scripts/P08-export-exclude-results.sh
./scripts/P09-make-barplot.sh




| E WEERES5TRA
J QIIME2 WO rkﬂOW ’e g:dpaEr;g;s:;rc;:‘gcean 5c§nce

* Trimming off primers
./scripts/00-run-cutadapt.sh

#!/bin/bash -1

source 515Y-926R.cfqg
conda activate cutadapt-env
mkdir -p O0l-trimmed logs/0l-trimmed/

for item in “1s 00-raw/*SrawFileEndingR1"
do
filestem= basename S$item SrawFileEndingR1l"
R1=00-raw/${filestem}SrawFileEndingR1l
R2=00-raw/${filestem}SrawFileEndingR2
cutadapt --no-indels --pair-filter=any --error-rate=0.2 --discard-untrimmed \
-g "GTGYCAGCMGCCGCGGTAA -G "CCGYCAATTYMTTTRAGTTT \
-0 Ol-trimmed/${filestem}.Rl.trimmed.fastg \
-p Ol-trimmed/${filestem}.R2.trimmed.fastg SR1 S$R2 \
2>&1 | tee -a logs/0Ol-trimmed/${filestem}.cutadapt.stderrout

done

conda deactivate
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* Separate 16S and 18S sequences
./scripts/0l-sort-16S-18S-bbsplit.sh

#!/bin/bash -1
conda activate bbmap-env
source 515Y-926R.cfg

mkdir -p 02-PROKs/00-fastqg
mkdir -p 02-EUKs/00-fastqg
mkdir logs/02-bbsplit

for item in “1s Ol-trimmed/*.Rl1.trimmed.fastqg’
do

filestem="basename Sitem .R1.trimmed.fastqg’

Rl1in=01-trimmed/S$filestem.Rl.trimmed. fastqg

R2in=01-trimmed/S$filestem.R2.trimmed. fastqg

bbsplit.sh usequality=f gtrim=f minratio=0.30 minid=0.30 pairedonly=f threads=20 -Xmx100g \
path=Sbbsplitdb \

in=$R1in in2=$R2in basename=$filestem.trimmed.% #.fastqg \

2>81 | tee -a logs/02-bbsplit/$filestem.bbsplit log

done

mv *EUK*fastg 02-EUKs/00-fastqg
mv *PROK*fastqg 02-PROKs/00-fastqg

rm -rf ref

conda deactivate
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* Trimming off primers

./scripts/00-run-cutadapt.sh
./scripts/0l-sort-16S-18S-bbsplit.sh

&3 G1.R1.fastq.gz
&3 G1.R2.fastq.gz
&3 G2.R1.fastq.gz
&3 G2.R2.fastq.gz
&3 G3.R1.fastq.gz
&3 G3.R2.fastq.gz
&3 G4.R1 fastq.gz
&3 G4.R2.fastq.gz
&3 G5.R1.fastq.gz
&3 G5.R2.fastq.gz
&3 G6.R1.fastq.gz
&3 G6.R2.fastq.gz
&3 G7.R1.fastq.gz
&3 G7.R2.fastq.gz
&3 GB.R1.fastq.gz
&3 GB.R2.fastq.gz
&3 G9.R1.fastq.gz

+ ] G9.R2.fastq.gz

D G1.R1.trimmed.fastq
D G1.R2.trimmed.fastq
D G2.R1.trimmed.fastq
D G2.R2.trimmed.fastq
D G3.R1.trimmed.fastq
D G3.R2.trimmed.fastq
D G4.R1.trimmed.fastq
D G4.R2.trimmed.fastq
D G5.R1.trimmed.fastq
D G5.R2.trimmed.fastq
D G6.R1.trimmed.fastq
D G6.R2.trimmed.fastq
| | G7.R1.trimmed.fastq
D G7.R2.trimmed.fastq
D GB.R1.trimmed.fastq
D GB.R2.trimmed.fastq
D G9.R1.trimmed.fastq
D G9.R2.trimmed.fastq

"] G1.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
|| G1.trimmed.SILVA_132_PROK.cdhit95pc_2.fastq
"] G2.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
| ] G2.trimmed.SILVA_132_PROK.cdhit95pc_2.fastq
| ] G3.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
| ] G3.trimmed.SILVA_132_PROK.cdhit95pc_2.fastq
| | G4.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
"] G4.trimmed.SILVA_132_PROK.cdhit95pc_2.fastq
|| G5.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
| ] G5.trimmed.SILVA_132_PROK.cdhit95pc_2.fastq
"] G6.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
|| G6.trimmed.SILVA_132_PROK.cdhit95pc_2.fastq
| ] G7.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
| | G7.trimmed.SILVA_132 PROK.cdhit95pc 2.fastq
| ] G8.trimmed.SILVA_132_PROK.cdhit95pc_1.fastq
| ] G8.trimmed.SILVA_132_PROK.cdhit95pc_2.fastq
[] G9.trimmed.SILVA 132 PROK.cdhit95pc_1.fastq

| ] G9.trimmed.SILVA_ 132 PROK.cdhit95pc_2.fastq
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Importing data

./scripts/P00-create-manifest.sh

#!/bin/bash -1i

cutME=".trimmed.SILVA 132 PROK.cdhit95pc 1.fastg"

printf "sample-id forward-absolute-filepath

for item in "1s 00-fastg/*1.fastg ; do

sample-id

Gl
G2
G3
G4
G5
GB
G7
G8
- G9

reverse-absolute-filepath\n" > manifest.tsv

sampleID="basename $item ScutME | sed 's/ /-/g'" #remove underscores before importing
sampleIDstring=basename S$item S$cutME
Rl1="1s 00-fastqg/S$samplelIDstring.trimmed.SILVA 132 PROK.cdhit95pc 1.fastqg"
R2="1s 00-fastqg/S$samplelIDstring.trimmed.SILVA 132 PROK.cdhit95pc 2.fastqg"

printf "S$samplelID \SPWD/SR1 \$PWD/SR2\n" >> manifest.tsv

forward-absolute-filepath
$PWD/00-fastq/Gl.trimmed.SILVA 132 PROK.cdhit9spc 1.fastq
$PWD/00-fastq/G2.trimmed.SILVA 132 PROK.cdhit9spc 1.fastq
$PWD/@@-fastq/G3.trimmed.SILVA 132 PROK.cdhit95pc 1.fastq
$PWD/00-fastq/G4.trimmed.SILVA 132 PROK.cdhit9spc 1.fastq
$PWD/00-fastq/G5.trimmed.SILVA 132 PROK.cdhit9spc 1.fastq
$PWD/@0@-fastq/G6.trimmed.SILVA 132 PROK.cdhit95pc 1.fastq
$PWD/00-fastq/G7.trimmed.SILVA 132 PROK.cdhit9spc 1.fastq
$PWD/0O-fastq/G8.trimmed.SILVA 132 PROK.cdhit95pc 1.fastq
$PWD/@0@-fastq/G9.trimmed.STLVA 132 PROK.cdhit95pc_1.fastqg

reverse-absolute-filepath

$PWD/@0O-fastq/Gl.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/@0O-fastq/G2.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/@0-fastq/G3.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/@0O-fastq/G4A.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/@0O-fastq/G5.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/00-fastq/G6.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/@0O-fastq/G7.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/00-fastq/G8.trimmed.SILVA 132 PROK.cdhit95pc 2.fastq
$PWD/@0-fastq/Go.trimmed.STLVA 132 PROK.cdhit95pc 2.fastqg
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* Visualizing quality of reads

./scripts/P02-visualize-quality R1-R2.sh

#!/bin/bash -1
source ../515Y-926R.cfg
conda activate S$giime2version

giime demux summarize \

--i-data 16s.gza \

--output-dir 02-quality-plots-R1-R2 \
—-—verbose

conda deactivate

* Drag the output result visualization.qzv to the webpage https://view.qiime2.org/

QIIME 2
Sif'nQQview

This interface can view .qza and .qzv files directly in your browser without uploading o a server. Click here lo learn more.

Library View Forum

Drag and drop or click here

to view a QIIME 2 Artifact or Visualization (.gzal.qzv) from your computer.

You can also provide a link to a file on Dropbox, a file on Zenodo, or a file from the web.

23
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*  We will determine the trimming length of sequences based on the results in the visualization.qzv

QIME 2

&fm2view

Imeractive Quality Piot

Click and drag on piot 1o zoom in. Double click o zoom back out to full size. Hover aver a box to see (he paramsiric seven-number summary of the qualily scores al the comespomnding position

Forward Reads

Fie: visualization.qzv x

ol

Qualty Score

15

0=

T T T T
| a0 4l L2] an 100 ne

Seguence Base

T T
0 420

The piat at posiwion 211 was generated using a random sampling of 10000 out of 2133465 sequences without replacement The minmum
sequence length identified during subsarnpling was 228 bases. Olllier quality scores are hist showr In box plals for clarily.

Earametric seven-number sumimary for position 211

Box plot feature Percentile
(MNatl shown in box plot) Ind

Lower Whiskzr Ith
Bottom of Box 25th

Quality score
"
25
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Library View Forum

Visualization  Cilations Provenance

Reverse Redds

Metadata

-

35+ i .

20 =

Quakly Seqre

1 E . t
o 0 4 L] ] 100 2o 140

Saguence Base

The plat at pesmon 152 was generated using a random samphing of 10000 out af 2133465 sequences without replacement. The. minimum
sequence lengih identifisd during subsampling 'was 215 bases. Oullier quality scores are hot shown In box plats for ciarily.

Pa@Emetnc seven-number summary for position 192

Box plot feature Percentile
(Nat shown In bax plet) 2md

Lower Whisker 9th
Bottom of Box 25th

Quality score
"
25

ar
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* Denoising with DADA2
./scripts/P03-DADA2.sh

#!/bin/bash -1
source ../515Y-926R.cfg
conda activate Sgiime2version

#trimR1=210
#trimR2=191

mkdir -p logs/03-DADA2/

echo "DADA2 truncation length for forward reads = $trimR1l bp" > DADA2 trunclengths.txt
echo "DADAZ truncation length for reverse reads $trimR2 bp" >> DADA2 trunclengths.txt

giime dada2 denoise-paired \
-—-i-demultiplexed-segs 16s.gza \
--p-trim-left-f 0 \
--p-trim-left-r 0 \
--p-trunc-len-f StrimR1 \
--p-trunc-len-r StrimR2 \
--output-dir 03-DADA2d \
--p-n-threads 4 \

_| k - . :
--verbose 2>&1 | tee -a logs/03-DADA2/DADAZ2.stderrout I rEpresentative sequences.qza

| | denoising stats.qza
conda deactivate ] table.gza
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* Convert the resulting .qza files to readable formats

./scripts/PO04-export-DADA2-results.sh
#!/bin/bash -1
source ../515Y-926R.cfg
conda activate $Sgiime2version
timestamp="date +"%y%sm$d-SHIM""
giime tools export --input-path 03-DADA2d/representative sequences.gza --output-path 03-DADA2d/
giime tools export --input-path 03-DADA2d/denoising stats.gza —--output-path 03-DADA2d/
giime tools export --input-path 03-DADA2d/table.gza --output-path 03-DADA2d/
biom convert -i 03-DADA2d/feature-table.biom -o 03-DADA2d/feature-table.biom.tsv --to-tsv
for item in 03-DADA2d/*fasta 03-DADA2d/*tsv ; do
mv Sitem 03-DADA2d/Stimestamp.S$studyName.l16S. basename $item’

done

conda deactivate
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Results of conversion

dna-sequences.fasta feature-table.biom. tsv

ITCTCAGACATCARTATACGGALGTATR

LT Fo 1 LGTITAGTATATTAG,

COGAGAGC

LARTCCCTTGATATCALGAL

GCACGARARGUCTGEETAGCGAD AL '—.h__ﬁ-—f-; LCCCTTGTAGTCCAC

TTAAATATCAGAGCTTARACTTTGACTCGE

CICGTTACTGACACTCARAGCGEACGARRGCTAGEE CARLTGEEATTAGATACCCCAGTAGTCTTAG

B o i e e e s T e

- - =
TGATGGATACTAGARCGTAGGAACTGGATT

R T T e, e e
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* Assign taxonomy
./scripts/P05-classify-eASVs.sh

#!/bin/bash -1
source ../515Y-926R.cfg
conda activate Sgiime2version

giime feature-classifier classify-sklearn \
-—i-classifier S$SILVAdb \
—--i-reads 03-DADA2d/representative sequences.gza \
—--output-dir 05-classified

conda deactivate

* (Option) Make sample-metadata file
./scripts/PO6-make-sample-metadata-file.sh
#!/bin/bash -1

#print headers

printf "sample-idExamplel categorical change me Example2 numeric change me\n" > sample-metadata.tsv
printf "#g2:typescategorical numeric\n" >> sample-metadata.tsv

#get sample IDs from manifest file
cut -fl manifest.tsv | tail -n+2 >> sample-metadata.tsv
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PO6-make-sample-metadata-file.sh will now generate a blank
sample-metadata.tsv file which you can fill in with your
metadata. Such metadata is very useful for making giime?2
plots that can be sorted and organized by your metadata.

sample-id Examplel categorical change me Example2 numeric change me
#g2:types categorical numeric
Gl

G2

G3

G4

G5

G6

G7

G8

Go
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* Delete chloroplast and mitochondria sequences

./scripts/P07-exclude-mito-chloro.sh

#!/bin/bash -1
source ../515Y-926R.cfg
conda activate Sgiime2version

mkdir -p 07-subsetting

#Filter Chloroplast sequences out from representative sequences using default SILVA classification
giime taxa filter-segs \

--i-sequences 03-DADA2d/representative sequences.qgza \

--i-taxonomy 05-classified/classification.gza \

--p-exclude "f Mitochondria,o Chloroplast" \

--o-filtered-sequences 07-subsetting/exclude o Chloroplast exclude f Mitochondria filtered segs.gza

#Create Mitochondria and Chloroplast-free table
giime taxa filter-table \
-—i-table 03-DADA2d/table.gza \
--i-taxonomy 05-classified/classification.gza \
--p-exclude "f Mitochondria,o Chloroplast" \
-—o-filtered-table 07-subsetting/exclude o Chloroplast exclude f Mitochondria filtered table.qgza

conda deactivate
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* Convert the resulting .qza files to readable formats
./scripts/P08-export-exclude-results.sh

#!/bin/bash -1
source ../515Y-926R.cfg
conda activate Sgiime2version
timestamp= date +"S$y%m$d-SHSM""
giime tools export \
--input-path 07-subsetting/exclude o Chloroplast exclude f Mitochondria filtered segs.gza \
--output-path 07-subsetting/
giime tools export \
--input-path 07-subsetting/exclude o Chloroplast exclude f Mitochondria filtered table.gza \
--output-path 07-subsetting/
biom convert -i 07-subsetting/feature-table.biom -o 07-subsetting/feature-table.biom.tsv --to-tsv
for item in 07-subsetting/*fasta 07-subsetting/*tsv ; do
mv $item O07-subsetting/$timestamp.S$studyName.1l6S. basename $item’

done

conda deactivate
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* Visualization of prokaryotic community structure

./scripts/P09-make-barplot.sh

#!/bin/bash -i
source ../515Y-926R.cfg
conda activate S$giime2version

timestamp="date +"%$ysSm%d-SHIM""

giime taxa barplot \
—--i-table 07-subsetting/exclude o Chloroplast exclude f Mitochondria filtered table.gza \
--i-taxonomy 05-classified/classification.gza \
--m-metadata-file sample-metadata.tsv \

--output-dir 09-barplots

mv 09-barplots/visualization.gzv \
09-barplots/Stimestamp.$studyName.l6S.exclude o Chloroplast exclude f Mitochondria filtered barplot.gzv

conda deactivate

* Drag the output result visualization.qzv to the webpage https://view.qiime2.org/




BENFSTIER

Department of Ocean Science

QIIME2 Workftlow S

*  View Results

QIME Library View  Forum
&ﬁ'\QQ i File 250626-0232.Test1.16S.exciude_o__Chioroplast_exclude_f x Visualization Cifations  Provenance  Metadata
umber of sample metadata columns provided: 2
Download Taxanomic Lavel Color Palette © Sort Samples By ©
SVG (bars)  SVG (legend) CSV Level 2 v schemePaired e index w Ascending b Relabel X2
Bar Width
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Metagenomic Analysis

Xunying Zhou
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Metagenomic Data Analysis Workflow

%

Assembly

=

Assessment

Reconstruct Group contigs Evaluate completeness and
contigs into contamination of bins
from short reads bins representing
genomes > CheckM
> MEGAHIT » MetaBAT?2
» metaSPAdes » MaxBin 2.0
» CONCOCT

> BASALT

Assign taxonomic Annotate gene functions and
labels to MAGs Phylogenetic analysis

» Gtdb-Tk > Prokka

» METABOLIC
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€ Assembly
[ input reads R J
i
count (k. +1)-mer, » MEGAHIT is an ultra-fast and memory-efficient NGS assembler. It is
output solid Tmarcy edges
¥ optimized for metagenomes, but also works well on generic single
KoK
i genome assembly (small or mammalian size) and single-cell assembly.
f——  build SABG of order k
1 megahit \
remove tips; merge bubbles; progressively remove -1 pe 1.fq\ # R1 paired-end reads input
Rve A SOMEPn SN UM L C -2 pe 2.fq \ # R2 paired-end reads input
k-—.listep --presets meta-sensitive \ # High-sensitivity metagenomic
preset
No --min-contig-len 1000 \ # Minimum contig length: 1000 bp
0 e ] -t 16 \ # Use 16 CPU threads
Yes -m 0.9 \ # Use 90% of available memory
B iench e Formea o -0 "$OUTPUT DIR" # Output directory for results

reads R and conligs C, __

The workflow of MEGAHIT

https://github.com/voutcn/mégahit
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¢ Assembly 414 68 B83:14 checkpoints, txt

0 64 @3:14 done
54966190 65 @3:14 final.contigs.fa
4996 64 03:14 intermediate_contigs
237789 6H 03:14 log
1180 64 @1:32 options,json

xunying@pacific: /home/xunying/data/summer _course MG/01 megahit/intermediate contigs$ 1s

k109.addi.fa k129.bubble seq,fa k21.final.contigs.fa k39.local.Ta k69.addi. fa k89.bubble seq,fa
k109, addi, Ta.inTo k129.bubble seq.fa.1ilnfo k21.Tinal.contigs.fa.info k39.local.fa.info k69.addi.Ta.info k89.bubble seq.Ta.lnfo
k109.bubble seq,fa k129,contigs.fa k21.,local.fa k49 .addi,fa k69 .bubble seq.fa k89.contigs.fa
k109.bubble: seq.fa.info k129.contigs. fa.info k21.local.fa.info k49.addi,.fa.info kG69.bubble seq.fa.info k89.contigs.fa.info
k109.contigs. fa k129. final.contigs. fa k29.addi. fa k4S.bubble seq.fa k69.contigs. fa k89. final.contigs.fa
k109.contigs.Ta.info k129.final.contigs.fa.infe k29,addi.fa.info k49 .bubble seq.fa.info k69.contigs,. fa.info k89,fTinal.contigs,.fa.info
k109.final.contigs.fa k129.1local.fa k29.bubble seq.fa k49.contigs.fa k69.final.contigs.fa k89.1local.fa
k1609.final.contigs.fa.info k129.1local.fa.info k29.bubble seq.fa.info k49.contigs.fa.info k69.final.contigs.fa.info k88.1local.fa.info
k109, local.fa k141.addi.fa k29.contigs.fa k49, final.contigs.Ta k69,local,fa k99, addi,fa
k189.local.fTa.info k141.addi.fa.info k29.contigs.fa.info k49, final.contigs.fa.info kb69.local.fa.1info k99.addi.fa.info
k119.addi. fa k141.bubble seq.fa k29.final.contigs.fa k49.local . fa k79.addi. fa k99.bubble_seq.fa
k119.addi.fa.info k141.bubble seq.fa.info k29, final.contigs.fa.info k49, local.fa.info k79.addi.fa.info k99.bubble seq.fa,info
k119.bubble seq.fa k141l.contigs.fa k29.1local. fa k59,addi, fa k79.bubble seq.fa k99.contigs. fa
k119,.bubble seq,fa.info kl41l.contigs.fa.info k29,1local, fa.info k59.addi,fa.info k79 .bubble seq.fa.info k99,contigs.Ta.info
ki19.contigs.fa ki41.final.contigs.fa k39.addi. fa k59.bubble seq.fa k79.contigs.fa k99.final.contigs.fa
k119.contigs.fa.info kl41l.final.contigs.fa.info k3%9.addi.fa.info k59.bubble seq.fa.info k79.contigs.fa.info k99.tinal.contigs.fa.info
k119, final.contigs.fa k2?1,addi,fa k39,bubble seq,fa k59, contigs. fa k79,final,.contigs, fa k99, local.fa
k119.final.contigs.fa.info k2Zl.addi.fa.info k39.bubble seq.fa.info k59.contigs.fa.info k79.final.contigs.fa.info k99.local.fa.info
k119.local.fa k21.bubble seq.fa k39.contigs.fa k59.final.contigs.fa k79.local. fa

k119.local.fa.info k21.bubble seq.fa.info k39.contigs.fa.info k59, final.contigs.fa.info k79.local.fa.info

k129 .addi. fa k21.contigs.fa k39.Tinal.contigs. fa k59.local.fa k89.addi. fa

k129.addi.fa.info k21.contigs.fa.info k39.final.contigs.fa.info k59.local.fa.info k89.addi. fa.info

https://github.com/voutcn/mégahit
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Autamated Binning Module

| 4 Binning
I~ P~ ‘.I"-”:}I P
_ l () —= e84 —= U
nitizl nins Contigs salection Merged . . . .
— s s b BASALT is an efficient tool for metagenome binning and post-
= —— binning refinement with the following key features:
Besi-bing grouping L Gom saqiisntes idantitheation (CS51) _] .
.Pmugmu;l:i R Cm:sr'si;qaut:::rl‘bes cmna‘;%l ;E I\,t‘%
- (‘:j“i . £ | oo '—,—3 Multiple Assembly Input & Dereplication
Aol N . .
EO06 | e no e O * Supports single and co-assembly files, automatically removes
Gt M {:,{:]C){-} 4 e o s

redundant bins.
* Efficient processing of multiple assemblies, improving MAG

Polishad bins

Fragment lilterng

aLc

Qiu, Z., Yuan, L., Lian, CA. ef al. BASALT refines binning from metagenomic data and
increases resolution of genome-resolved metagenomic analysis. Nat Commun 15,2179 (2024).

Outller removal (OR) quality.
( _> Ner-redundant bins - _:-—__—__
N — e Connection
Copligs poal }
! - o o oo oo, Standalone Refinement Module
- O » _ ( )
Q . atalligrs - é‘é g%, I . . .
: - jﬂ{ @ é-f.élo St * Removes contamination sequences using neural networks, can
w0 || 00}’*’ O be used independently.
e Efficient Use of Long-Read Sequences (LRS)
—t @ o [ O == () DD, * Maximizes LRS utility in refinement and reassembly, reducing
bins D ) )
A | = Y Mergsabs  Reassambed P e computation time.

https://github.com/EMBL-PKU/BASALT
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Autamated Binning Module-

Iummn ® Binni

Initizl oins Contigs salection Merged
itiel nins and bin marging lest-bins

Multiple Biriners
~ Multipls Thsrshalds

Bln Séinction Module

BASALT is an efficient tool for metagenome binning and post-
L Gor sagisness ideniitication (C51) J Nnn-trldn:mnm Rm#::unr
Pre-prouping Cafe sequences

(T Sy binning refinement.
B ——= Bin, ey A1 1 - -

Graiip A {;, (::] (:'J- (:) i3 A l Neiral netwirk | BASA LT \
C3

DO00
¢ -a final.contigs.fa \ # Input assembly file

OO0
-S

-~
25 {_,'
conn (COOG) T

k)| o BRI PTR30 S1.R1.fq,PTR30 S1.R2.fq/PTR3A2B_S16.R1.fq,PT
__Clulllel removal (OR) mduh —_Foluhmgtm, RBAZB_S 16 | R2 : fq \ # Pal red- end Sho rt - read fl les

Ner-redundant bins —_— = # 1 P t h
O = | sgg = t 16 \ Use 16 CPU reads

)

[ oo j""";"?io -m 500 \ # Maximum memory usage (500 GB)
A EQ |® °3}{ }— O --max-ctn 10 \ # Maximum contamination cutoff

THE 251 deplated bins _—= OO\?ﬂ (::’ ( 1 00/0 )

e o I e s s --min-cpn 50 \ # Minimum completeness cutoff
Gap Filling Madils (5 00/0)

(mmmacwma) --mode continue \ # Continue previous run from
O =

= ~ ey (DEDCEDD ]
Rad;:fam_ @ Yl (_) — (‘) > () CheCprlnt

I
-_— I-r_‘.‘ - ‘\_‘._ Merg_md.b']né Roasssmblad Firal Bin-zat
(_) o iipz T =%’ tine

Polishad bins Fragment lilterng aLe

Qiu, Z., Yuan, L., Lian, CA. ef al. BASALT refines binning from metagenomic data and
increases resolution of genome-resolved metagenomic analysis. Nat Commun 15,2179 (2024).

https://github.com/EMBL-PKU/BASALT
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€ Binning

202001016 6H
279609817 64
85

30

5306
154627867
1680226
4096

t16 1 DNA-1.bham

117 1 DNA-2.bam

146 Assembly status.txt
BASALT command.txt

BASALT log.txt

B2 i bl

BT

o m
o anoln

1N

binl,1 re,fa
bin2 SPAdes re-assembly contigs.l re.fa
bin3 SPAdes re-assembly contigs.fa

L

Up

N
wnoLn

[y

A
=]
A
65
5
A
H
=

bind.fa
OLC bin stats ext o.isv
OLC bin stats ext,tsv

un i kn

6
6
6

L oan

1 En

oroup d4geno

idba. fa
Not mapped reads.txt
PTR30_S1.R1.fq -> ../00 clean data/PTR36 S51.R1.fq
PTR30_S1.R2.fq -> ../00 _clean_data/PTR30 S51.R2.fq
PTR3A2B_S16.R1.fq -> ../00 clean data/PTR3A2B S16.R1.fq
PTR3A2B_S16.R2.fq -> ../00 clean data/PTR3A2B S16.R2.fq
Record error bin.ixt

6 Total contig eliminated from deep-refinment.txt

Do DD _
8 N R N 1
[ N0 N ) B T e 0 T W IO R A ¥ Y N TR % T T 0 B W6 T 0 TR N T ¥ T W O
onekan wn dnian

J0 G0 n
nown

=

Qiu, Z., Yuan, L., Lian, CA. et al. BASALT refines binning from metagenomic data and
increases resolution of genome-resolved metagenomic analysis. Nat Commun 15, 2179 (2024). httpS' / /glthUb com/EMBL-PKU/BASALT
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“allreference /|| quality control

‘ infer lineage-specific marker genes

: genomes ||| genomes (precomputed information)
with gene | + =
\_annotations \ | [ trusted genomes o | reference |
o 3 infer suitable marker I dataset
| infer genome tree genes for each lineage -
- + through simulation A
7 genome tree l—ﬂ | [
. genome tree decorated with ‘ process
| lineage-specific marker genes
1 - - |
putative ‘ - mfer position in p etk _J”Sﬁ"‘ml? quality | " table with
pn ) ipinom ke -i‘ putative using lineage- = quality
i | genomes | specific marker estimates
' ::;z::f)? © genome size, infer genome quality
S'lmm_ﬂ: GC, NS0, . (online processing)

Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. CheckM: assessing the quality

of microbial genomes recovered from isolates, single cells, and metagenomes. Genome Res.

2015 Jul;25(7):1043-55.

€ Quality Assessment

CheckM2: The main use of CheckM?2 is to predict the
completeness and contamination of metagenome-assembled
genomes (MAGs) and single-amplified genomes (SAGs).

checkm2 predict \

--threads 30 \ # Use 30 CPU threads

--input Final bestbinset \ # Input directory
with bins

--output-directory 03 Checkm2 \ # Output
directory for results

--force \ # Overwrite existing output
directory

-x fa
bins

# Specify file extension for input

https://github.com/chklovski/CheckM?2
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€ Quality Assessment

Name

hinl. 1 _r3
hin? SPA{¢
in3 SPA{:

hind

Sy

()

Z
5
25
5

A NI
L LN

Completeness
g1.12
68. 25
66. 6
86. 45

) I e

Confamination
4, 4

cmpleteness Model Uised

radient Boost (General Model)
radient Boost (General Model)
radient Boost (General Model)
radient Boost (General Model)

checkm2, log

F W

diamond_ output/

protein

files/

quality report.i

sy

Tran=slatic¢Coding Der Contig NolAverage GélGenome Si:GC ContentTotal CodiTotal ContMax ContictAdditional Notes

11 0. 562
11 0. 961
11 0. 965
11 0. 946

Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. CheckM: assessing the quality of microbial
genomes recovered from isolates, single cells, and metagenomes. Genome Res. 2015 Jul;25(7):1043-55.

28077 280.
14179 268.
5756 761.
8470 329,

83989¢
63422]
748953
344357

9597393
213264
774482
1891373

0

0
0
0

1143
976
956

1815

65
118
172
287

83768 None
92258 None
24622 None
20281 None

https://github.com/chklovski/CheckM?2
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€ Taxonomic classification

GTDB-Tk: GTDB-Tk is a software toolkit for assigning objective taxonomic classifications to bacterial
and archaeal genomes based on the Genome Database Taxonomy (GTDB). It is designed to work with
recent advances that allow hundreds or thousands of metagenome-assembled genomes (MAGs) to be
obtained directly from environmental samples. It can also be applied to isolate and single-cell genomes.

{a) b) (e) d o)
+ Quary { c__Corinhacterin « g Citrrbaater o) < | Bacteral phyla - &__8 homiria
E- p__Proteshacteria o Qusry -E a.__Escherchia | _E c__Asmophobia ¢ §__ 5. agreus
¢ p_Actinobaciencta ¢ Agichmicrnabus o Query = Quary a Quey

&__Actinobacletia s 5 argenleus

gtdbtk classify wf \
--genome_dir /data/genomes \ # Directory containing input genome files
--out dir /data/output \ # Directory where classification results will be
saved
-x fa \ # Specify the file extension (.fa) for input genome files
--cpus 16 # Specify the number of CPU threads (16) for parallel processing

https://github.com/Ecogenomics/GTDBTk
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€ Taxonomic classification

S

o

i
align/
classify/

.ars>3.summary.tsv -> qlassify/gtdbtk.ar53.summary.tsv
gtdbtk.bacl20.summary.tsv -} classify/gtdbtk.bacl20.summary,tsv
. Log
gtdbtk.warnings. log
identify/

|:T'| .'_':". L] l:j-'l r:.":

o
ol L
o o

=
H
=
=
6H
H
=
i=

y ;:!‘1
L)
(W]
=

ail
d
o
o

user genome’ classifieatien fastanl refastani refastani tsfastand arfastani afelesest_ple
bhind 1 Avrchaea:p Thermoplasmatota:c  Poseidoniia;o  Poseidoniales f Poseideniaceae;z MGIIa-11;= N/A N/A N/A N/A N/A GCA Q0230%
user_genome classifieation

binl. 1 re d_ Bacteria;p__Actinobacteriota;c__Acidimicrobiia;eo__Actinomarinales;f Actinomarinaceae;g Actinomarina;s_ Actinomarina sp0023080G3

bin?_ SPAdes_re—assembly_contigs.1l_re d_ Bacteria;p__Actinobacteriota;c__Acidimicrobiia;eo__Actinomarinales;f Actinomarinaceae;g Actinomarina;s__

bin3_SPAdes_re—assembly_contigs d_ Bacteria;p__Actinobacteriota;c__Acidimicrobiia;o__Actinomarinales;f Actinomarinaceae;g Actinomarina;s_Actinomarina sp002683083

https://github.com/Ecogenomics/GTDBTk
EORORBRBRERESBR
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Tool (reference)

Prodigal { Hyatt 2010

RNAmmer | Lagesen et al. | 2007 )
Aragorn | Lastett and Canback, 2004 )

SignalP | Petersenet ol ,2011)

Features predicted

Coding sequence (CDS)
Ribosomal RNA genes (TRNA)
Transfer RNA genes

Signal leader peptides

tnfernal { Kolbe and Eddy, 2011) Mon-coding RNA

Feature prediction tools used by Prokka

sqn

Description of file contents

FASTA fite of original input contigs (nucleotide)
FASTA file of translated coding genes (protein)

FASTA file of all genomic features (nucleotide)
Conitig sequences for submission (nucleotide)
Feature table for submissjon

Sequin editable file for submission

Genbank file containing sequences and annotations
GFF v3 file containing sequences and annotations
Log file of Prokka processing output

Annotation summary Ltatistices

Description of Prokka output files

€ Functional Annotation

Prokka: Whole genome annotation is the process of
identifying features of interest in a set of genomic
DNA sequences, and labelling them with useful
information. Prokka is a software tool to annotate
bacterial, archaeal and viral genomes quickly and
produce standards-compliant output files.

prokka $fa \

--outdir ${out prokka}/${sampleID} \ #
Output directory for results

--prefix ${sampleID} \ # Prefix for output
file names

--locustag ${sampleID} \ # Locus tag for
genes

--kingdom Bacteria \ # Annotates sequences
as Bacteria

--cpus $theads \ # Uses 16 CPU threads

--compliant # Ensures standard-compliant
output

https://github.com/tseemann/prokka
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€@ Functional Annotation

&)
i

3:17 ./
20 ../

68
i=

o O O
J0 0

6

4696 Be:17 ../

P0:21 bainl/
00:22 ban2/
00:22 bin3

4096
4096
4896

O O
o e R 1 N 1

&

2080618

803683
790976
799920
1985462

1195815
19666
34976340
264649
85067
104
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oSO O

o 1 e v L W 1

529048
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Loy |
P
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@
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o
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o

L
5 o
o |

3l

=
b

19737

LAl
B
LN
co
o]
ch
o ooo o &
1 S 1 e e

o

433224
143094
90 6 H

an oh

[ LW I X

frd
[ J I S A

P Pod

S B ST E R N E
[0 S LN 6 T B N

P
b

err
faa
ffn
fna

. Tsa

gbk
gff
log
sqn
tbl
tsv
txt

bind.
bind,
bin4.
bind,
bing.
bind.
bind.qg
bing.
bind.
bind,
bin4.

bind,

https://github.com/tseemann/prokka
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(@ METABOLIC)

(METABOLIC-C) | QFunctional Annotation

Sul aninolsted Mstagentme Palted-sd
% ’ e wmﬂﬁ# | i METABOLIC: This software enables the
- h’ . '—JW i = prediction of metabolic and biogeochemical
I functional trait profiles to any given genome
S o o datasets. These genome datasets can either be

* it

= metagenome-assembled genomes (MAGS),
[m[ piam [,MFHOF g g ( )

© —"k o single-cell amplified genomes (SAGs) or
(&} F_ e w F_ = 5‘_‘u5 tom ’ Genor o .
- | omen | |_wemz | | weraaatic i isolated strain sequenced genomes.
o] S
o PR — '
< I "l st |
E 4{ Mot Val) |.nrl Slle-pﬁ
= r—— \ Program .
=/ KEGG identifies v ) Program Description
PressncedAbsance HIM | Name
Table PresencelAbssnce and I
A Hizs Tabia R ——
AT e METABOLIC- _ . 7
tum\ Presance/Absance Table | [~ Foocn ) | Allows for classification of the metabolic capabilities of input geriomes.
Preserice Abwe ST : ;
e rﬁ”;:me mics Allows for classification of the metabolic capabilities of input genomes,
i ] . - METABOLIC- calculation of genome coverage, creation of bicgeochemical gycling diagrams,
é | R e | C.pl and visualization of community metabolic interactions and contribution to bicgeochemical
g ) \ Emmcv W | (e W (e | processes by each microbial group.
B\ FEach HMM i METABOIIC Paliwtys .' | Reactitn ] | Siiikey [ Netwerk } ( Ni-snore ||
; gumninwlemm Exl:ﬂnlﬂillw ' Pingram J \_ Diogeam \ Dagram [/ \ Dingran j. l,\\ /

Zhou, Z., Tran, P.Q., Breister, A.M. et al. METABOLIC: high-throughput profiling of microbial genomes for functional
traits, metabolism, biogeochemistry, and community-scale functional networks. Microbiome 10, 33 (2022)

https://github.com/AnantharamanLab/METABOLIC
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€ Functional Annotation
Nutrient_Cycling_Diagrams

20464
10:03 - o
09:45 .. 7394
89:58 Each _HMM_Amino_Acid_Sequence/ 20464
10:02 inter rhﬁdlﬁf-" f;leaf l;;:
10:00 ."“ tf ?39:1
10:03 2 i 7138
10:03 METABOLIC 'Lng log s
10:03 METABOLIC result_each_spreadsheet SoARY
10:03 METABOLIC result.xlsx 7138

10:03 METABOLIC run.log l?j(l;i
. 106

=
Lad

.draw carbon cycle single.pdf
l.draw nitrogen cycle single.pdf
.draw other cycle single.pdf
1l.draw sulfur cycle single,pdf
2.draw carbon cycle single.pdf
2.draw nitrogen cycle single,pdf
Z.draw_other cycle single.pdf
2.draw _sulfur cycle single,pdf
3.draw carbon cycle single.pdf
3.draw_nitrogen cycle single.pdf
3.draw other cycle single.pdf
3.draw _sulfur cycle single.pdf
.draw carbon cycle single,pdf
.draw nitrogen cycle single,pdf
.draw other cycle single.pdf
4.draw sulfur cycle single.pdf
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Zhou, Z., Tran, P.Q., Breister, A.M. et al. METABOLIC: high-throughput profiling of microbial genomes for functional
traits, metabolism, biogeochemistry, and community-scale functional networks. Microbiome 10, 33 (2022)

https://github.com/AnantharamanLab/METABOLIC
OOOORERERBR
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Metagenomic Data Analysis Workflow

%

Assembly

4096 80 _clean_data/

4696 81_megahit/

110592 862 basalt/

4086 6H 25 23:23 @3_Checkm2/
4096 ¢ 23
4096 6
4096
639
289
246
313
1067
367

R
J ]

0 N 1

04 gtdbtk
05 prokka/

an

06_metabolic/
s@1 megahit.sh

} s02 basalt,sh

3 s@3_checkm2. sh
s@4 gtdb.sh
s05 prokka.sh
s06 _metabolic.sh

noh

one o i ]
1 v

o

h

k!

o
o g
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@ Calculates coverage of genomes

readl forward ========"
readl reverse

contig B

position 2e8 218

coverm genome \

CoverM: aims to be a configurable, easy to use and
fast DNA read coverage and relative abundance

calculator focused on metagenomics applications.

--coupled ${fastq}/PTR30 S1.R1.fq ${fastq}/PTR30 S1.R2.fq

${fastq}/PTR3A2B S16.R1.fq ${fastq}/PTR3A2B S16.R2.fq \

--genome-fasta-files

/summer course MG/07 coupled coverm$

B 23:52 ./

/home/xunying/data/summer course MG/02 basalt/Final bestbin [R-ETET SN

set/bin4d.fa \
-x fa #
--methods rpkm tpm

1 B8:17 coverm.tsv

Genome PTR30 S1.R1.fqg RPKM PTR30_S1.R1.fq TPM PTR3AZB S16.R1.fq RPKM PTR3A2B S16.R1.fq TPM
bin4 0 0 257.,43274 333517.1

binl.l_re 1002.6138 1000000 514.4398 666482.8
coverm.tsv (END)!

Aroney, S.T., Newell, R.J., Nissen, J.N., Camargo, A.P., Tyson, G.W. and Woodcroft, B.J., 2025. CoverM: Read
alignment statistics for metagenomics, Bioinformatics 41:4, https://doi.org/10.1093/bioinformatics/btaf147.

https://github.com/wwood/CoverM ?tab=readme-ov-file#usage
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> KofamScan :
KofamScan is a gene function annotation tool based on KEGG Orthology and hidden Markov model. You

need KOfam database to use this tool.
Usage

1. Download KOfam database from ftp://fip.genome.jp/pub/db/kofam/ and decompress it You will get profile
HMMs in profiles/ direciory and ko list.

2. Create config.yml in the same direciory as exec sanotatien script. See below for details.

3. Execute exec_annotation .

% ./exec sanotation -u result.txt guery.fasts i

https://github.com/takaram/kofam_scan
D
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> DiTing :
DiTing is a Chinese mythical creature who knows everything when he puts ears on the earth's surface.

Parallelly, this program 1s developed to recognize biogeochemical cycles from environmental omic data

accurately and efficiently. Assembly, annotation - Relative abundance

Running -' & mapping o calculation Visualization

l

1. One step running

diting.py -r <clean_reads dir> -o <output dir> 2 m m Wﬂ}
diting.py -r <clean reads_dir> -3 <metagenomic assembly> -o <output dir> . MTGA 455 484 125 | 1 : -
| Sl oo Visualization module
ta 135 858 4151
Example reads run: ! sulfide
= ‘ : = | DNRA 487 425 a54
#download the example reads (L) "
Google Drive: rodigal
URL: https://drive.google.com/fiie/d/132685rtKul-Xx- -eh3aC7iSWIEXIWISk/ viewruspssharing Prodige f - P "
after download, run: ; [ . mmlﬁbﬂm
unzip Clean-reads interleaved.zip L_, T . E!‘.W..z.,, s
I — Nucleotide _RSE0 4 F1sEn ;nm sl ey |
= ” = . 1 thit‘l-m i+ 0&? - ' B T . 2
OR If you are In China, you can download from Balduyun: 53
URL: https://pan.baidu.com/s/1gFtinz1G3pdEqESFnliqF Ju ) = v - o A s
passuord: diti i E ! \ ulfige ettt ’ﬁoﬁm

== KN 4

# run Example

diting.py -r Clean-reads_interleaved -o Clean-reads_interleaved,diting.out
The input is the .cclean_reads dir» folder containing a group of paired-end metagenomic clean reads, looks like:

sample ons_1.fastg L;;:l
sample one 2. fasty

sample two i.fastg

sample two 2.fastg

sample_three 1.fastg

sample three 2.fastq

https://github.com/xuechunxu/ DiT?ﬁg
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i e e B T e L = P e o )
| — e ———  Eastye, Cutadapt e — s e —— |
:__:_t'_:_ IFimmenmatic, —_— i — Bowrie2, Blust, —— T
| —— Fastp e Kneuddata =l
Raw data Middle data Clean data
. g ey
,.®— — —_— —_— —_— —_— —_— —_— —_— @ — S —
O Alignment O Machine learning ~ e o~
Virus 1 @
e e —_— \
Vitus 2 ! DB DRG] — om
irus 2 i J
| <— g et }
e —— ABYSS, TDBA-LID,
I Blastn, Blastp, Bowtie. NBC. VirSorter, SOAPdenovo2, MIRA. Canu /
BWA, Minimap2. VirFinder, I N\ METAHIT. metaSPAdes
l HMMER, ClassyFlu, DeepVirFinder, VirMiner, ~ P
\'h.ll uh Secker } —~
— — — — — “-“ — —— —
= e e e |
Gene sf's“s
] Lo, St [ |
5 . Ty = genel
! g "' v. Ll . Encz
| 3 gl sl aty B *1 |
= - = &) VY. ool
- v . -gmznl
| | | A
Sample PCoAl
Alpha diversity Beta diversity Function annatation Evolution analysis
D e e e e T e e e e R e e e ]

Schematic pipeline of bioinformatic analysis for viromes

-1
'

SAMPLE TYPE

DATA PROCESS

VIRUS
IDENTIFICATION

VIRUS-HOST

ECOLOGY
FUNCTION

DNA/RNA, Water/Sediments

Quality control/ Assembly

Viral identification, checkV,
dRep, Taxonomy annotation

Virus-host connection
prediction, Viral life style

AMGs, Evolution

DOI: 10.13345/j.8.200372
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Process Pipelines

—— 501 Quality control & Trimming (Fastp)

| -
Al—_:-—r- S02 Remove human contamination (BBmap)

| .
I | 503 Remove rRNA (SortMeRNA)

| |
[ |

S05 Virus identification (DeepMicroClass & DeepVirFinder)

I
I | 500 Raw data preparation
I
I

Schematic pipeline of bioinformatic
analysis for virome

S06 Virus quality assessment (CheckV)
S07 Virus dereplication (dRep)

508 Abundance profiling (CoverM)
509 Life style prediction (VIBRANT)

$10 Taxonomic Annatation (CAT & Kaiju)

Exploratory Analysis

S11 Gene prediction (Prodial)
$12 Functional annotation (eggNOG)

S13 Host prediction (VirHostMatcher , iPhoP)

S14 CRISPR annotation (CRISPRCasFinder)
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Name Description Web address Reference
Ly o _ hitps//www.bioinformatics.babraham.ac.
FastQC Quality control of fastq or fasta data WidcojectsiGisiae
Cutadapt et T R R L R hittps://github,com/marcelm/cutadapt/ [52]
ploy A tails
& P i W o =171
Trimmomiitic Filtering of low-quality sequences hitp .f#f.m:w.lnsad::l]ah.u;gfumf RAEEStE [53]
mmomatic
Pasip Rumu.wulquf adapter sequences and filtering of Rtips://github coni/OpenGene/fistp (54]
low-guality sequences
_ A ol designed to perform quality control on hups:/github.com/biobakery/hiobakery/
KncadData : ! i
melagenomic sequencing data wiki/kneaddata
Assembly of short-read sequences based on the  hitp://www.chevreus.org/projects_mirah .
MIRA (58]
overlap-layout-consensus method tml
Canu Atool designed forhigheonise single-mulecule: o imib Sonmarbl/ant [59]
sequencing
Assembly of short-read sequences basedonthe _
ABySS de-Brujin-graph method; Tuster parallel Eﬁ f‘“ Wivbrgacca/resnurcrwsaltwans [60]
caleulation support 2
Assembly of short-read sequences based on the
IDBA-UD de-Brujin-graph method; faster parallel https://github.com/loneknightpy/idba [61]
calculation support
SOAPdenovod ﬁsse_m!.:lly of short-read sequences based on the  hitps:/github.com/aquasky line/SOAPde (62]
de-Brujin-graph method novo2
Assembly tools based on the de-Bruijn-graph
METAHIT method for single-cell and 'metagenomic data https//github.com/voutlen/megahit [63]
assembly
Assembly tools based on the de-Bruijn-graph
method for metagenomic data assembly: S : e :
metaSPAdes siippoit for-istked assembly of shortread dhd http:f/cab. spbu.r/software/meta-spades/  [64]

long-read sequence

DOI: 10.13345/j.80.200372
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€ 2. bbmap (optional)

1) Download the reference genome
2) Host genome sequence indexing
3) The host genome i1s compared

€ 1. Trimmomatic / Fastp

1) Remove paired reads with adapter
2) Remove duplicate reads generated by PCR

amplification .
e e with the sample read
3) Ren | Forward Read —>»
" g ey 4) Remove the host sequence on
e T . .
 m———— the comparison pair

| Forward Read —————>
[ e

o ——— 9 3. sortmerna (optional)
<——— HReverse Aead |

— Ty 1) Remove rRNA contamination
C '— Aligned Region 4!
> After Fastp

«<——— Reverse Aead |
| Forward Read ———>

D |7 Aligned Region 4{

€<—— Reverse Read |

51. Q0. El.clean. fo. gz  S1.QG.R2. clean. fn. gz
> After bbmap

S51. Q0. nocen_nechuman K1, fg. gz 51, Q0. necen_nehuman RE. fo. gz
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®MEGAHIT

MEGAHIT is an ultra-fast and memory-efficient NGS assembler. It is optimized for metagenomes, but also works
well on generic single genome assembly (small or mammalian size) and single-cell assembly.

Assembly Statistics MEGAHIT MetaSPAdes IDBA-UD
SRR769529+-Simulation(S=) Genome fraction (%) 89.38 9208 85.81
Duplication ratio 1.008 1.007 —
SRR769529+Sirnulation(20«) Cenome fraction (%) og.B0 9213 AQR.96
Duplication ratio 1.005 1.002 1.006
SRRTe95 20+ Sirmulation(5dx<) Genome fraction [F) SB.81 99.21 99.06
Duplication ratio 1.005 1.002 1.006
ERR2762185-+Simulation(5 =) Genome fraction (3} 81.90 _ 84.66
Duplication ratio 1.010 1,005 1.018
ERRZTH21B5-+Simulation{Z0«) Cenome fraction (%) o5.62 29953 2956
Puplication ratio 1.008 1.002 1.008
ERRZ7FH21E5-+Simulation(50x) Genome fracton () 59.56 99,50 29,59
Pruplication ratio 1.00#E bR T ] 1.008

cckpoints. txt

The assembled contigs were obtained using MEGAHIT,
resulting in the file contigs.fasta

L nhs. 15nh
.contigs. fa
STt Ton

58
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DeepMicroClass

DeepMicroClass, a deep learning based method that classifies metagenomic contigs into five sequence classes, e.g.,

viruses infecting prokaryotic or eukaryotic hosts, eukaryotic or prokaryotic chromosomes.
> S1.QG.contigs.fa_pred_one-hot_hybrid.tsv

VirSorter2 applies a multi-classifier, expert-guided approach to detect diverse DNA and RNA virus genomes

& DeepVirFinder

DeepVirFinder predicts viral sequences using deep learning method. The method has good prediction accuracy for short
viral sequences, so it can be used to predict sequences from the metagenomic data.

S1.QG.contigs.fa gt1000
bp dvfpred.txt

geNomad's primary goal is to identify viruses and plasmids in sequencing data (isolates, metagenomes, and
metatranscriptomes).
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3. Check the quality and calculate the abundance gq'gigg

",[_T} CheckV complete viral genomes database _\ [[1] DTR \
O o TGoRh.  TaGoR. @ CheckV
T }5%;1" ——— (2) Complete provinis A readable way to validate data
AR sl s =

NCBI (13.239) DTRs (39,117) Host | Viral ' Host ‘ CoverM

(2) Atgorlthm (3) ITR .

b ab b ah abt: s Chactrganarme U] — CoverM aims to be a configurable, easy to use and fast DNA
: Aligned : ITDD KD : TASEAR TTGCTA d d 1 t. b d 1 1 t f d

st | roteins | slsiones aweny ¥ read coverage and relative abundance calculator focused on

t .ﬂ‘- - .'-" SO a 1\ Flag putative genome fragments j metagenomics applications.

Alignment score; AAI[%) x AF(%) l 5 : iy
l Umimanze quall

50% estimated R
Precomputed error rates completeness ( [l Complete = CheckV
High quality | . . .
Al T Estimati B o [}
s | Estton | orign contcence B (>90% complete) Virus assessment criteria
@ — {0=5 % error) O Medium quality
O O- - 4 - - »Med. confidence (50-80% completa)
< | e o) (5-10% error) O Low quality
E Lok, 6
ey \ 1 Low confidence (<50% complete)
i gth besle o
\\E"_ it (=10% E‘”OI’} _j L\ D Undatemined J

> quahty summary tsv

proviral e ene_crount
l mer_fre q
" | }
0
1}

1} ot Lned ent M LA D L0 ne viral
1} Not—determined Cencme gment b NA 1.0 .0 viral i

10. 1038/541587 020 00774-7
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€ VIBRANT

VIBRANT: automated recovery, annotation and curation of microbial viruses, and
evaluation of viral community function from genomic sequences.

pu. S _ » The output folder of VIBRANT

100

?IEEHHT_lmg_viral.lmg

L 8
B};¥{}4
1
Viral contig number

N
(00 SN0 2) O 50
=) (=)
‘ induction ' l
- ";':’ /—'\\ 0
(.H;:l} ( D:Q) 1 0.75 05 0.75 1
K{;fi@ "rgj_/ Lymogeriy Lytic Probahility Temperate
Lysis

10.1038/541586-020-2192-1
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€ Kaiju

Kaiju is a program for the taxonomic classification of
high-throughput sequencing reads, e.g., [llumina or
Roche/454, from whole-genome sequencing of
metagenomic DNA. Reads are directly assigned to taxa
using the NCBI taxonomy and a reference database of

protein sequences from microbial and viral genomes.

O CAT

CAT: tools for taxonomic classification of contigs and
metagenome-assembled genomes (MAGs) and for

taxonomic profiling of metagenomes

Virus Taxonomy: 2024 Release

EC 56, Bari, Italy, August 2024

Email ratification February 2025 (MSL #40)

7 realms, 11 kingdoms, 22 phyla, 4 subphyla, 49 classes, 93 orders, 12
suborders, 368 families, 213 subfamilies, 3769 genera, 86 subgenera,

]>62 5 species
ayju.vOTU.Taxonomy.txt
§ s5; Uroviricota;
:: Ureviricota:

C
C

197500Y Viruses; Urcviricota; Caudeviricetes:

cule classificaticn. t
rut. BAT. ali diamend

rut. BAT. ¢ assificaticn. txt
ot

ot LA, TET
cut. BAT. prec C C
.. cut. BAT. predictes
run. leg

=]
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|
Vi

Prodigal

™

Fast, reliable protein-coding gene prediction for prokaryotic
= i i :: [ genomes.
i il NN T ::

Prodigal Output Results

Example of viral.gff

el="5

Anaplasma_margin;

ID=

EggNOG

EggNOG-mapper is a tool for fast functional annotation of novel sequences. It uses precomputed orthologous groups and phylogenies from the

eggNOG database (http://eggnog5.embl.de) to transfer functional information from fine-grained orthologs only.

S1.emapper.annotations



http://eggnog5.embl.de/
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V.

Sequence
similarity

Viral diversity,
abundance, community
structure, auxiliary ‘
metabolic genes,
evolution, host range,
lifestyle, burst size, etc.

CRISPRs

Oligonucl
eotide

Host diversity, abundance, Biogeochemical cycle, A profillng
community structure, temperature, pH, :
ﬂ functions, evolution, ecosystem stability, st
/ physiology, etc. etc. o, Ab
o Lo undan
ﬂ _ ce-based
-~ Y —— .
profiling

Hosts Environment

Phages often integrate parts of
their genomes into their hosts.

The spacers in CIRSPR array
may indicate previous invading
phages.

Phages may leave specific
gene elements (e.g., tRNA,
oligonucleotide sequences) in
host genomes during infection.

This co-abundance of phages
and Prokaryotes in the
environment can be used to
infer virus-host relationships

blastn

CIRSPR-
Cas Finder

tRNAscan

cytoscape
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VirHostMatcher:

Matching hosts of viruses based on oligonucleotide frequency (ONF) comparison

tNCB IHame o ame hestSuperki
1. fa ir 1ibacterium

Dracecnibac ) Dracecnibac

Bacteria ’ rmenadot; | acteria iatpales ] DAOVZSH] DAOVZSO]
Psaeudomno ~1 14
ia 11 nadots ac ato: o JACLFED] JACLFED]
i JAFGBWO G JEO I 0 JAGLFHOL

virhostmatcher host taxa.txt new.txt

iPHoP:

The Ultimate Host Prediction Tool for Microbial Viruses

lales;f__WCHB1-69;g__RUG11690;s__RUG11630 spl175H2

[ PR

_Bacteria;p_ Bactercidota;c__Bactercidia;o__Bactercidales;f__WCHB1-6Y9;g  RUC11680;s__,Ceonfidence score, O, 390,FDR, 0 773, 1, MY

=1 fal

Cenfidence

1,d Bacteria;p Bacteroideta;c  Bactercidia:e  Bactercidales;f  WCHB1-689;¢ ERUC11680;s  RUCI1620 sp

Detailed output by tool.csv
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CRISPRCasFinder

qun T11
er_vOTU_12
T vOTU_ 13

CRISPRFmderPropertles/
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A

o

C

10,487 mefatmnseriptomes

5 200
=== Strategy | (CistrSearch) ”“'“””l 4 e DR ik Putative viral species g
—— 11 (AT i X 1 ey E )
trategy 1l (Al modeling) 1,368.0m contig % =~ § This study
g =
Transtated l L 2 3004w 2 RT 0.01% sa39% =
A B 100
44.6m prote
1 I'I'I| s 'é Eu RARE 0.02% 99.95% 4
. g 9 : Shared
- r — 1 é Eu DdRP  0071% B89.83% 91.521 E
Compéring against RARP db (75.3m protelns) RdRP Al modeling 2 ' £
_ @ -3 .
B ClstrSesarch  LucaProt = g This study 8 21 —Known
Sequence-based clustering § §' [ ther six studies

il

D

i 0 Supergroup group
Clster{  Gliaterz  Qlisiard . Cumer3g0ssss Known(defifred by ICTV)
i ClstrSearch and LucaProt :
Removal of known RARF clusters Lucefrol onky >
{247 7 unkriown clusters) s e
- . e e L]
i Elustag i ATH 5" P Litsabims
RiRP profile seareh (925 putative RARP tlustess) o Knawn (defined by ICTV) 6 sg® e g
‘ Match with supergroups n stratagy | x fim;”d HEPEL et N
RARP ing {713 novel RARP cluslars ; =T . bl T
spection U"Jym cluters) ~ ~ BAdkpmteins. | X 1430k proteins £ S .’.0. s
i ' . B ieposvia g
Expand o l Blirétar sise ., " '.:....o i Fls‘\ei.‘...
2, Sequence-based clustering 1 *o ssse o 0% qelel% :
M N i 10 aae e 200 "8 9% mineleg, [0 L
L N e e aad o = S
STAN Removal of knawn clusters (31.7k unkhawn clusters) 1,000 n.c't ssee e g% H_‘o 0g@” :. : : ® o 0.0 :.0..'. LR
Vimlchuster 1 Vimi clustér 2 Vil chusterd Vil clunter 736, i 10,000 ScsDos o 8 L ““'". o0, -:- Qs O Yoo ® @ e
. Y .
i RARP praflle search and Inspaction 100,000 & s oo 895 Ce et G° Ly
e P e i 'mm..»l_wl.-. b .. ... [ .;. ... ‘. ®,."
- e TR A -
+ 31 navel RARP clusters . A T .c . 0 %0, ,...- o.o A '
Mergs 1 S l*nnm-ﬁo_an-rnnl.. a0 ® E -
' wyfe werge e sl e 000 eB¢ o=
i L] . [ ] Y
:-I.—’. = i '.- ..... ‘.. x L]
P N\ I a ° .:a e 0 "o
p—— | . - - « a &
Viral arodp T Wil 2. Vim| 15i 23 viral supargroups . .‘. S BB .. B g .- @
L 4 o ¥ FagW P
+ L .
AVAV: 2
FAVAN fgr’ »
ne : . .Q

o Omy
513,134 viml contigs 161,879 putative viral species 180 viral supargroups

https://doi.org/10.1101/2025.06.14659722
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% 7 HKUST_Summer_school_HOU URL to online drive : https://pan.quark.cn/s/132729f16038

+ EEH RSk GH BT/M 5T &

X1E Feils
= Part01_Summer_School_16S_Tutorial.zip Scan to download 2 AGB
= Part00_VirtualBoxVM.zip 5.0GR
= Part02_Summer_School_Metagenome_Tutorial.zip @ 5.8GB

Part03_Summer_School_Virome_Test_Files.zip 24.6GB

|

Part03_Summer_School_Virome_Scripts.zip 10.6KB



https://pan.quark.cn/s/132729f16038
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