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About me



Where | am
from

* Graduated from Strasbourg,
France.

* Made transgenic zebrafish for
my Ph. D.

* Learned bioinformatics by
myself on Linux computers.

* Moved to Japanin 2004.

By Diliff - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=31538953



Where did | work in Japan? What did | do?

RIKEN: 2004-2018

* Transcriptome sequencing
* Single cells

* Development of new
technologies

e Compute cluster
power user

* Pipeline user

@
RIKEN

OIST: 2018-2025

* Genome sequencing
* Development of new methods

* Bioinformatics user group
founder

e Compte cluster
power user (always)

* Pipeline developer

OIST



| would not be talking to you if
there were no Free software

, &
* Asoftware is Free (libre, open source) @debla n med
when you have the rights to use, study,

modify and redistribute it.

| would not have reached the level | have
today without Free Software.

* Free software often form communities

based on a topic or a geographical area. ;—?—I U TDebianﬂJﬂ“
AN\

e Community is the key and Al can not
replace it.

bl




Why this lecture?



Two ways to approach this lecture

> Learn to run computations > Learn to understand bioinformaticians
A Pay attention to the details IL’ Get the big picture
:Ii Try the toy examples in Q Remember what the
your computer challenges are

Q Remember the keywords & Think how you can remove or
for Al search * prevent roadblocks upfront



Reproducibility crisis:

IR M O 5 1

Have you heard about it?

Unreproducible research wastes time,
money, health of volunteers, and erodes
trustin science.

Il\g 221

 Behaviouralcauses: & H U WHIRIEZE
(questionable research practices)

* Technical causes: Did you know that
your software decays with time?

((000232

0001 (00321

- . 006LTs
S easann ( (00112

' 4603,
0(00011

- ‘00’5‘0222

PO ———pe—— = o s
gt —— 10, (00D

w -<000112 2
» \‘ a «

< 00331

, &(01'0322
B - (00K 0(00212
. = D')v

BN Iv—--l(1100522
- o . ilo ;
s gy - 0.
= o
2 (00032
{00119)




Your "future self" thanks you

The work you will do for
reproducibility is an investment
for society and the future...

...but more often that you would
think, it also pays off directly to
you.



From a take-home messages a previous lecture
(Takahiro Suzuki, 2024 /10 /07)

| Catch-up cutting-edge technologies

New Technologies open novel Biology

I Commoditization of NGS
From the Genome center to a Lab (or Outsourcing)
Insufficient number of bioinformaticians
How can we
solve that /

problem inan | Social/Medical implementation of Omics
ageing country: Genomics medicines
Diagnosis

Personalized medicine



What you will
learn today

Reproductible science is a duty, and it also
makes you more efficient.

There are tools to make reproductible
bioinformatics.

These tools also empower you to design
bigger research projects that you complete by
yourself.

nf-core is a community of people that builds

pipelines for bioinformatics projects, and | will
show you how to use them.




Containers (
2T 7))



Containers

* Containers enabled globalization by
standardizing size.

* Shippers handle containers, not
individual product shapes.

* Locked end-to-end, they improve
security.



Docker is an iconic container system (K v h—23 > 7 1),

C O nta i n e rS widely used to standardize and ship software.

e Containers ship software in a standard
way.

* They run anywhere, regardless of host
system (Java and Go aimed for this).

* They improve security by isolating the
system, though exceptions are needed
for real work.

gocker




O ne SOftW are, erios oA tyare plecey1pe:  (Frastatatioes r2024 Yol Tactures |
one container

* Just
o Download ("pull")
o Use

* No need to install or
configure the container,

* butyou still need to
install Docker...



As you can Imagine, reality Is a
little bit more complicated...



Industry and academia:
different problems, different solutions

Docker Singularity

* By default, can not access * By default, can access all your
your files files

* Needs Administrator privileges ¢ Runs as ordinary user

* Many containers are built on * Most containers are custom-
other containers built

* Designed for desktops and * Designed for HPC
cloud 0 environments

il
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Podman ?7?
Apptainer??

* Podman is a compatible
Docker replacement.

* Apptainer is a fork of
Singularity.

* | use both, but to keep
things simpler, today | only
said Docker / Singularity




Regulatory agencies (EU, FDA, ...) want more
guarantees about software provenance and security.

* If you become in charge of
purchase, security or
compliance, you will hear
about the:

Software Bill Of Materials
(V7 bz 7ERER)

It allows the trust of what is
Inside the software black box
to pass through each step of
the supply chain.



My own reproductible research



| study the genome of the zooplankton
Oikopleura dioica

* Small genome
* Fast life cycle

* Unexpected
cryptic species




Equivalent

chromosomes Inversion Translocation

species A ( I ) ( I ) ( I )
We searched for <

structural variations, seciess (MMM (LIS GNP

by aligning genomes

Deletion/
together. insertion Scrambling
species A ( I ] ( I )




Homo sapiens

Mus musculus
We
discovered

Ciona intenstinalis

genome
scrambling

2 Cloha robusta |

Oikopleura dioica (Okinawa)

I il / '#\\‘! = ’ r

O -lqi - ﬁim |iu

. . X Oikopleura dioica (Osaka)
Credit for research digest: Adrian Skov, OIST press team



To help other researchers to
aligh genomes the way | did,
| created a nf-core pipeline.

nf-core = Q
nf-
core/pairgenomealign

Pairwise genome comparison pipeline using the LAST

software to align a list of query genomes to a target
genome, and plot the results

comparative-genomics  dot-plot  genomics  last  pairwise-alignment

synteny  whole-genome-alignment

® Launch version 2.2.1

©) https://github.com/nf-core/pairgenomealign

-

Introduction

nf-core/pairgenomealign is a bioinformatics pipeline that aligns one or more query
genomes to a target genome, and plots pairwise representations.

Inp‘“ assemblyscan  seqtk/cutn : nf’co_re /f V2.2 -
O) pairgenomealign

Queries

©

...... wonis .A|ign

Inputs.

0
O modules
|

Refine

LR

Outputs

samtools :

Query genome(s) b 4‘ :
Target genome 9zip g@ last/dotplot - - . , O Plot

V2

—_—
One-to-many samtools O £
Many-to-many P (c t 7"[1IHIHIHIIHHIIHIIIII(III

Many-to-one

- Export

—
@ One-to-one
wmmmmm  Optional / Alternative

The main steps of the pipeline are:

1. Genome QC ( assembly-scan ).

2. Genome indexing ( lastdb ).

3. Genome pairwise alignments ( lastal ).

4. Alignment plotting ( last-dotplot ).

5. Alignment export to various formats with maf-convert , plus Samtools for SAM/
BAM/CRAM.



"I} Software
pipelines

Beniimo taruto pipeline video on:
https://www.youtube.com/watch?v=QvnBdIQZFUU




What are Nextflow pipelines (/31 7512)?
Why do you need them?

Nextflow downloads, installs and runs

)( n e‘ﬁ f I OW containers for you.
nf-core *

download a single file (and install Java).

Onyour HPC cluster, Java and a container
system are usually pre-installed.

* nf-core is a user and bioinformatics pipeline
community.

With a tool and a community, you can do
1 reproducible bioinformatics.



Let's run a simple pipeline:

nf-core/demo is a simple nf-core style bioinformatics pipeline for
workshops and demonstrations. It was created using the nf-core
template and is designed to run quickly using small test data files.

nf-core/ *
demo

FASTQC SEQTK MULTIQC

$ nextflow run -profil

e test,singularity nf-core/demo --outdir resu




Real pipelines are more complicated,

but that gives you freedom!
@

infer C ® o
FastP
strandedness UMI-tools . UMI-tools SAMtools
@ ' (fq, lmon) . extQC ' So rtMRNA HISAT2 dedup (so r:;:a'lt.:‘)jex ’
. . picard
cat FastQC Trim BBSplit MarkDuplicates
fastq Galore! Salmon @
@ BEDtools
\ genomecov
Li :
icense: @® A ®
n f - c O r e / ‘ Kallisto MultiQC bedGraphToBigWig (J @
- o
rnaseq .
Kraken2/ d d
STAGE METHOD Bracken LB BT ATESE
1. Pre-processing mmmmm  Aligner: STAR, Quantification: Salmon (default) v @ ® ® ® ®
2. Genome alignment & quantification mmmmm Aligner: STAR, Quantification: RSEM DESeq2 Qualimap RSeQC
3. Pseudo-alignment & quantification Aligner: HISAT2, Quantification: None MultiQC (PCA only) rnaseq (multiple
4. Post-processing msmmm Pseudo-aligner: Salmon, Quantification: Salmon modules)
5. Final QC msmmm Pseudo-aligner: Kallisto, Quantification: Kallisto

RSEM
@

=
VAN

=
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nf-core/ *
(@ sarek

sarek sarek
germline @ somatic

Q S
R _ 5 & & . - .
PreproceSSIng pre-processing & N variant calling annotation
Based on GATK4 Best Practices,
optionally accelerated with Sentieon
¢ &
< \CSC\ é'OQ
(V)] & (,'z> \(\'DQ b(\’b
> @
RO S L &L X o
(o] K & & & & ° O
6?/ ‘\@/ ‘\0 (96 (,)Q» @Q éé 6\") ,06
( N\ ; O
Variant Calling e
Germline Somatic o)
+ deepvariant, freebayes - freebayes, mutect2, Q
GATK haplotypecaller, strelka?2 b @
mpileup, strelka2, . manta. tiddit (2] & KL DL RS S Q©
; : — S . & ? SISO & N Q
Sentieon haplotyper « ascat, cnvkit, N Q’éo'z’ 6&@ S &&* & & & «o\‘é & (\(—P&
* manta, tiddit controlfreec > < < § &
Okt * Msisensorpro 0 o €
\ P J (0] SNPs & Indels SV & CNV MSI
c
(0]
k‘ ‘ (D] Mandatory == Core workflow
N — D
8 8 g— O Optional === Germline variant calling
~ ~
; O
Annotation (O BN/, ] (o) . Optionally Sentieon accelerated === Tumor only variant calling
i
bcftools annotate, snpeff, vep q—@ X o _
\_ = c L mmm Tumor-normal pair variant calling
4 ~ = N
Reports Adapted from: Fellows Yates, James A., et al. Peer] 9 (2021).
Multi@C
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The harders part is always to plug the data in the
analysis. Pipelines help you to stay organised.

Full ssmplesheet

The pipeline will auto-detect whether a sample is single- or paired-end using the information provided in the
samplesheet. The samplesheet can have as many columns as you desire, however, there is a strict requirement for the
first 4 columns to match those defined in the table below.

A final samplesheet file consisting of both single- and paired-end data may look something like the one below. This is for
6 samples, where TREATMENT REP3 has been sequenced twice.

i samplesheet.csv

sample,fastq 1,fastq 2,strandedness

CONTROL_REP1,AEG588A1 S1 L0062 R1 001.fastq.gz,AEG588A1 S1 L0022 R2 001.fastq.gz,forward
CONTROL_REP2,AEG588A2 S2 L002 R1 001.fastq.gz,AEG588A2 S2 L002 R2 001.fastq.gz,forward
CONTROL_REP3,AEG588A3 S3 L002 R1 001.fastq.gz,AEG588A3 S3 L002 R2 001.fastq.gz,forward
TREATMENT REP1,AEG588A4 S4 L003 R1 001.fastq.gz,,reverse

TREATMENT REP2,AEG588A5 S5 L003 Rl 001.fastq.gz,,reverse

TREATMENT REP3,AEG588A6 S6 L003 R1 001.fastq.gz,,reverse

TREATMENT REP3,AEG588A6 S6 L004 Rl 001.fastq.gz,,reverse




B | £ Launch pipeline » nf-core X | +
>

(= C O 8 == httpsi//oldsite.nf-co.re/launch?id=1729041318_14f27d07bbb9

8 % (Ol

Home Pipelines Modules Tools Docs Events About ~

nf-core pipelines are designed
to be easy to start from the Web

Launch pipeline

Configure workflow parameters for a pipeline run.

Pipeline: nf-core/rnaseq (3.16.0)

Launch ID: 1729041318_14127d07bbb9 (expires 10/30/2024)

Go through the pipeline inputs below, setting them to the values that you would like. When you're done, click Launch and your
parameters will be saved.

The page shown will show a command that you can use to directly launch the workflow. For those running on a system with no
internet connection, you can copy the parameters JSON to a file and use the supplied command to launch.

Nextflow command-line flags .
On this page

Nextflow command-line

nf-core/rnaseq

RNA sequencing analysis pipeline using STAR, RSEM,

Nextflow command-line flags N

HISAT2 Or Salmon With gene/iSOfO m Counts and General Nextflow flags to control how the pipeline runs.

These are not specific to the pipeline and will not be saved in any parameter file. They are just used

extensive quality control.

-name

Input/output options

W@ Read filtering options
Unique name for this nextflow run

rna-seq

I UMl

-profile -
== Alignment options
Configuration profile

Optional ou

-work-dir  ./work

Quality C

Work directory for intermediate files

W Pro
® Launch version 3.16.0 reswme  (Tue O e

Resume previous run, if found .
P & Generic options

W Show hidden params

Back to top

© https://github.com/nf-core/rnaseq

> Input/output options

Define where the pipeline should find input data and save output data.

B --input

Path to comma-separated file containing information about the samples in the experiment.

& --outdir '

The output directory where the results will be saved. You have to use absolute paths to storage on
Cloud infrastructure.

= --email

Email address for completion summary.

B --multigc_title

MultiQC report title. Printed as page header, used for filename if not otherwise specified.



The web interface tells you what to type
on your terminal!

Launch parameters saved

Your workflow parameters are ready to go! Follow the instructions below for instructions on how to launch your pipeline:

If your system has an internet connection

The easiest way to launch this workflow is by using the nf-core/tools helper package.

Once installed (see documentation), simply run the following command and follow the prompts:

nf-core launch --id 1729041550_be6d@d15d58d

Launch using Seqera Platform

Clicking the button below will take you to the Seqera Platform launch page with all parameters set, ready for launch (requires a Segera Platform account).

Oryou can paythem __—
to run your analysis Launching with no internet and without nf-core/tools

You can run this pipeline with just Nextflow installed by copying the JSON below to a file called nf-params.json :
in a cloud.

{
"input": "mySampleSheet.csv",
"outdir": "myResults",
"email": "charles@plessy.oist.jp"
}

Then, launch Nextflow with the following command:

nextflow run nf-core/rnaseq -r 3.16.0 -name YCU_course_2024 -profile oist -params-file nf-params.json




& | & SegeraAlChat x BEE

« = C O B & seqera.io/ask-ai/chat-v2 o

%Seqera Platform ~ Open Source -~ Resources ¥ Solutions ¥ Company v < Seqgera Al = Pipelines = Containers

Sequera, the startup
behind Nextflow,
provides free Al support

(I wrote the prompt in English, translated it
in Google, and used it to query Sequera Al)

Nextflow#]/>& T9, HPCY 2 A2 —T
nf-coreT A b X4 754 > &EFETLEZ W
EEZTVWEYT, BEEEZENS. /—F 5
f= N 64CPU. 512GBADSLURMF 2 —"
compute ) IC7 2t 2 TXA3ELEEbhnE
U 2. Java & Singularityl3 4 > 2 b —IVi%
%4 TY, Nextflow®D A A2 b= LERE.
Z UL Tnf-coreT 2 b N4 T 54 0 DETT
FEEHZ TS0,

1. Nextflow® -1 > X k=L
F|i§1: Javan gD

9. Javah'f YA R —ILENTVBHERL T TV (Java 11+ H%E)

java -version

F|[E2: NextflowdD - >R k=)L
ROV YINBHEZECA YA RNy T —S%EBTZLTY:

# Nextflow
curl s https //get nextflow io | bash

chmod ;iiﬁextflow

# /N8 B IC#
mkdir -p sHOHE/ local/bln/
mv nextflow $HOME/.local/bin/

echo export PATH $PATH $HOME/.local/bin"' >> ~/.bashrc
source ~/.bashrc

nextflow in%oi‘

2. SLURMAE M NextflowdE

HPCY S5 X2 —RBDRET 7L nextflow.config #ERELET:

nextriow.conrig

process {

executor = 'slurm’

queue = 'compute’

cpus = 4

memory = '16 GB'

time = '2h'

Singularity DaE

container = 'default-container’

}

singularity {
enabled = true
autoMounts = true
cacheDir = '$HOME/.singularity’

params {
max_cpus = 64
max_memory = '512 GB'
max_time = '240h'

3. IRRTERORE
SingularityF v v > a7 LI U ZRELET:

"‘"‘. 7’1L'-‘
export NXF )INGULHPITY CACHEDIR="$HOME/ . 51ngu1ar1ty
export SINGULARITY CACHEDIR="$HOME/.singularity"
export SINGULARITY TMPDIR="/tmp"

# 522 ~1)A{ER

mkdir p SHOME/ .‘;ingularity

source ~/.bashrc

4.nf-core CLIV=ILDA YA k=)L (FT>3Y)

nf-core/N«1 7S5+ V& BEICERT 370

pip install nf-core

5. 7FAMNAT 1 Y ORT

MELTA b~ (BEERAZ)

# NextflowDEA>

# NeXTT lowl=44 L

nextflow run hello

# nf- rem X k/N1T7 DFET

nextflow run nf- core/test datasets -profile singularity

& D&Y Zenf-core/ N1 751V DF X +

# RNA-seq/) FSLIVDFINTOT

seq C L/

nextflow run nf core/rnaseq proflle test,singularity



Computation on human subject data

Example HPC clusters facilitating computation on restricted-access data

Managing a copy of personal data is a big responsibility.

For Nation-wide project you can run computations on
secured servers instead of transporting the data.



ToOMMoX—/\—a FEF1—4

https://sc.megabank.tohoku.ac.jp/

* The ToMMo supercomputer is divided into three virtual units:
* Unit A: Public development (accessible via browser).
* Unit B: Data distribution via data visiting (not remote download).
* Unit C: Data preprocessing.

* It has SLURM, Singularity and Java installed > You can use nf-core
pipelines!


https://sc.megabank.tohoku.ac.jp/

NBDC dataon X /¥ 1 > SHIROKANE

https://gc.hgc.jp/lead/nbdc/

* The supercomputer Shirokane (Human Genome Center,
https://www.at.hgc.jp/) is one of the external servers designated
by DBCLS (https://dbcls.rois.ac.jp/about.html) that can handle
human data in the NDBC Human Database
(https://humandbs.dbcls.jp).

* It has Univa Grid Engine, Singularity and Java installed - You can
use nf-core pipelines!


https://gc.hgc.jp/lead/nbdc/
https://www.at.hgc.jp/
https://dbcls.rois.ac.jp/about.html
https://humandbs.dbcls.jp

MERVAUERTICRT
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Nick Luscombe and my colleagues in
his reserch unit at OIST, who provided
plenty of important feedback on
earlier verions of this lecture.

Jordan Ramilowski for advices on the
lecture content and format.

Takahiro Suzuki for sharing his slides
with me last year.



Thank you for listening

And see you at MBSJ 2025 in December?



Glossary

» Reproducibility crisis: BBIR 4 D 51

e Container (3 > T 7)

e Jobscheduler (Y a 7EBE Y 2 T L)

e Pipeline (/Y1 721 )

e Software Bill Of Materials (V¥ 7 bV = 7 Z G 3R)




To go further

e https://ja.wikipedia.org/wiki/EEIB M4 O £5 1
* https://nf-co.re/

e https://www.debian.org/devel/debian-med/
* https://github.com/oist/BioinfoUgrp



https://ja.wikipedia.org/wiki/%E5%86%8D%E7%8F%BE%E6%80%A7%E3%81%AE%E5%8D%B1%E6%A9%9F
https://ja.wikipedia.org/wiki/%E5%86%8D%E7%8F%BE%E6%80%A7%E3%81%AE%E5%8D%B1%E6%A9%9F
https://ja.wikipedia.org/wiki/%E5%86%8D%E7%8F%BE%E6%80%A7%E3%81%AE%E5%8D%B1%E6%A9%9F
https://nf-co.re/
https://nf-co.re/
https://nf-co.re/
https://nf-co.re/
https://www.debian.org/devel/debian-med/
https://www.debian.org/devel/debian-med/
https://www.debian.org/devel/debian-med/
https://www.debian.org/devel/debian-med/
https://github.com/oist/BioinfoUgrp
https://github.com/oist/BioinfoUgrp

