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« Dataflow paradigm = GenomeAssembler
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Objetivos de Aprendizado

Explorar o conceito de orquestrar pipelines
* Ciriar, configurar e aplicar Nextflow
Explorar pipelines com nf-core

Aplicar em dados 6micos do #TRAD2026
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Contextualizacao

for sample in *.fastg.gz; do
fastgc $sample

bwa mem ref.fa $sample > sample.sam
samtools sort sample.sam > sample.bam
done
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e Como retomar apos a falha sem
reprocessar tudo?

e Como paralelizar por amostra sem
controlar manualmente?

e Como definir recursos diferentes
para cada etapa?

e Como garantir versdes e ambiente
computacional?

e Como auditar o que foi executado?
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Reprodutibilidade

PERSPECTIVE

The Economics of Reproducibility in Preclinical Research

Leonard P. Freedman [E], lain M. Cockburn, Timothy S. Simcoe

Published: June 9, 2015 « https://doi.org/10.1371/journal.pbio.1002165

US$56.4B

i US$28.2B
Irreproducible B

Reproducible US$28.28

(50%)

Estimated US Annual Preclinical
Research Spend
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Categories of Preclinical Irreproducibility

Study
Design

(27.6% of total)

Data Analysis
and Reporting

(25.5% of total)

Laboratory
Protocols

(10.8% of total)

_/

) enPem
—

TABLE 1 Simple grid-based system for defining concepts that can be used to describe
the validity of a result?

Methods

Same methods
Different methods

Same experimental system
Reproducibility
Robustness

Different experimental system

Replicability
Generalizability

aThis is a generalization of the approach used by Whitaker (9), who used it to describe computational
analyses.

10.1128/mBi0.00525-18

Reproducibility Spectrum

Publication +

Publication . Full
Linked and g
only Code ar?ggzta executable keplcston
code and data

Not reproducible
F

4 Gold standard

10.1126/science.1213847
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Workflows

a Analysis workflow

Transcript expression quantification

Reference

Fastq

sequence

Grch38
Ensembl 91

Step 1: quality control

fastQC v.0.11.9

fastQC

l

Step 2: index creation

(" salmon )

Salmon v.1.3.0
-i

l

Step 3: quantification

Salmon v.1.3.0
1A

Output 1 Output 2
QC report Transcqpt
expression

D Input data |:| Output data

https://doi.org/10.1038/s41592-021-01254-9

Requirements

Traditional pipeline

Plattorm-specific

Execution

L

Re-entrance Local
checkpoints
O Input data
Step 1
Step 2
Step 3
| | Qutput 1 | |Output2|

I:' Software, versions, parameters

r ' CNPEMm
|~

C Workflow manager

°_0 T
“Ilnbr
Requirements Platform-independent

Workflow manager
( Pipeline code

~—— Portability

Execution

;l EE? LNBID

Re-entrance  Local HPC Cloud

———— Scalability
checkpoints

Input data

steps 3
: Automatic resource
Step 1 Step 2 ——> management
Step 3

Qutput 1

|

Re-entrancy Data provenance
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Por que Nextflow?
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Reprodutibilidade

parametros ambiente |pumnd proveniéncia

[ A analise s6 é reexecutavel quando esses elementos sao explicitos e recuperaveis. J
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Reprodutibilidade

JOURNAL ARTICLE

3 - . The five pillars of computational reproducibility:
Val Idagao continua bioinformatics and beyond 3

Mark Ziemann %, Pierre Poulain, Anusuiya Bora

Briefings in Bioinformatics, Volume 24, Issue 6, November 2023, bbad375,
https://doi.org/10.1093/bib/bbad375

e 1
Bioinformatics

programacao @ versionamento parametros ambiente

proveniéncia

interativa de codigo bem definidos controlado

Volume 24, Issue 6
November 2023

[ processo automatizado end-to-end

©
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Hello Nextflow

dataflow, processes, channels e tasks
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Dataflow paradigm

Vv
. h' CNPEM

FASTQC SAMTOOLS OUTPUT
S1.fastq —>  FASTQC > BWA > SAMTOOLS > OUTPUT_S1
S2.fastq > FASTQC —s BWA > SAMTOOLS » OUTPUT_S2
$3.fastq »  FASTQC B BWA > SAMTOOLS —» OUTUPUT_S3
S4.fastq »  FASTQC — BWA —» SAMTOOLS »/ OUTPUT_S4
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Process e Tasks

Process Process
4 ) 4 A
task task
. - - = -
. Thel Channel .
Channel } .. P .
” task SA ”
” __________ —-} data z data y )datax )t—— —1;3.- L -
—%() data z ) data y )datax )i—— -= -__ o~ > () ) AN output y =
A } mr } ’,V \\
\\ - .
ix ,” \\ task
A task Pid \
- -
- z =
o
\
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Orquestracao de pipelines

A

A7) L9k

CANAIS ¢  PROCESSOS

u;"
)

Quem rege essa orquestra?
A) O maestro
b - » B) O orquestrador do workflow
¥ I C) O SLURM
: : Ry @ D) Java

\ : »”'“ . .\_. : ,"5: ,‘.)\
4“ o > § >/ PARALELISMO
) / : /Q;}\\tj

(o —

AGENDAMENTO

ONTAINERS
MONITORAMENTO

T8

OUTPUTS

Source: Open Al ChatGPT MlNISTERIO DA
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Orquestracao de pipelines

e |
$O)

£ O

o o PRRESS0S Quem rege essa orquestra?

A) O maestro

B) O orquestrador do workflow J<
C) O SLURM

D) Java
PARALELISMO

OUTPUTS

@darrrn.it by ChatGPT Al -

OpenAl _ MINISTERIO DA
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Channels

Channel. fromFilePairs

TRIM :trimmomatic IDX:star_idx

©
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S1.fastq S2.fastq

r ' CNPEMm
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S3.fastq S4.fastq

CANAL DE

4 itens

Modelo Simplificado

Grafo de Execugao (DAG)

ENTRADA

4 itens

PROCESS
FASTQC

CANAL
AGREGADO

1 collection

TASK_S1 —
a1
 / TASK_S2

TASK_S4

CANAL DE
RESULTADOS py#E

Collect()

1task HTML

PROCESS
MULTIQC

Report
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Inside Nextflow { Nertflon D512 }

4 N

WORKFLOW

CONFIG

/ Nextflow.config \

Profiles
Params
Executor
CPU

Memory
Containers
CHANNEL / \ /

3+ necflow

CHANNEL PROCESS CHANNEL

OPERATOR

map e filter e flatten e splitCsv

/

Nextflow Engine ’
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Workflow manager

Tabela 01 - Visao geral das ferramentas de gerenciamento de workflows para Bioinformatica

r ' CNPEM
|~

Tool Class Ease of use® Expressivenessh Portability® Sn::alal:nilit:p'd Learning resources® Pipeline initiativesf
Galaxy Graphical [T 1] Clele] (T1] oo eee eeC
KNIME Graphical see Mels} ale'e) (1Y see eel
Nextflow DSL (118 (11} (1Y) (11} ese (T 1
Snakemake DsSL ee0 (11} (11 eee (Tl see
GenPipes DsL eel oo el ool [T 18] ool
bPipe DsL [T 18] (11 [T 18] o8 [T 18] o0
Pachyderm DSL sel see Mels o8O0 see 000
SciPipe Library oo (T1] 000 Q00 [T 1s} 000
Luigi Library ee0 (11} [els] o8 [T 18] oo
Cromwell + WDL Execution + workflow specification  eoo oo eee 1y [T 18] ool
cwltool + CWL Execution + workflow specification  eo0 ool (11 Q00 (11 eeC
Toil + CWL'WDL/Python  Execution + workflow specification o0 see [ TYe! e [T 18] eel

=l lnbr
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Fonte: Wratten et all 2021. Nature Methods V.18, p1161-

1168.
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Visao Geral

NEXTFLOW Workflow Manager

l

DSL2 Nextlfow Domain Language

l

Pipelines comunitarios padronizados

l

RNA-seq - 16S - assembly - outros
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LNBIOD

I lnbr

nf-core

A global community collaborating to build open-source
Nextflow components and pipelines

O CNPEM

\
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nf-core = pipelines

genomeqc v

Compare the quality of multiple genomes, along
with their annotations.
genome-assembly-evaluation  genomics

phylogenetic-trees  quality-control

released 2 days age

pixelator v

Pipeline to generate Proximity Network Assay
data with Pixelator (Pixelgen Technologies AB)
molecular-pixelation  pixelator  pixelgen-technologies

proteins  single-cell  single-call-omics

released 14 days ago

epitopeprediction v

A bioinformatics best-practice analysis pipeline
for epitope prediction and annotation

epitope  epitope-pradiction  mha-binding-prediction

released 27 days ago

LNBIOD

oncoanalyser v

A comprehensive cancer DMA/RMA analysis and
reporting pipeling
cancer  clinical  ctdna  dna  exome

longitudinal  ngs  panel ma  targeted  wgs

wigits  wis

released 2 days ago

seqinspector v

Dedicated QC-only pipeline for sequencing data.
The pipeline will run a (potentially large) set of
QC tools and can output global and group
specific Multige reports. The pipeline is targating
core facilities or research groups with larger
sequencing throughput.

quality-control

sleased 15 days ago

spatialaxe v

A bicinformatics best-practice processing and
quality control pipeline for Xenium and Artera
data

10x-genomics  aters  image-processing  spatis

spatial-data-al spatial-ranscriptomics

transcri

released 28 days age

fastqrepair v

A pipeline that can be used to recover corrupted
FASTQ.gz files, drop or fix uncompliant reads,
remove unpaired reads, and settles reads that
became disordered

corruption  data-cleaning  data-recovery  fastg

fastg-corrupted  fastg-format  reads-interleaving

unpaired-reads  well-formed

released 3 days ago

sarek v

Analysis pipeline to detect germline or somatic

variants (pre-processing, variant calling and

annotation) from WGS / targeted sequencing
annotation  cancer gatkd  genomics  germline
pre-processing  somatic  target-panels

variant-calling  whole-exeme-sequencing

whole-genome-sequencing

released 22 days ago

seqsubmit v

nf-core pipeline for data submission to ENA

released about 1 manth age

airrflow v

B-cell and T-cell Adaptive Immune Receptor
Repertoira (AIRR) sequencing analysis pipeline
using the Immcantation framework

airr b-cell mmcantation immuncrepertoire

released & days age

magmap v

Best-practice analysis pipeline for mapping
reads to a (large) collections of genomes

released 23 days ago

phyloplace v

nf-core/phyloplace is a bioinformatics best-
practice analysis pipeline that performs
phylogenetic placement with EPA-NG.
evolution  evolutionary-tree  phylogenetic-placement
phylogensetics sequence-classification

taxono ssignment

released about 1 manth age

O CNPEM

https://nf-co.re/pipelines/

pairgenomealign v

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
pairwise-alignment  synteny

whole-genome-alignment

released 8 days ago

proteinfamilies v

Generation and updating of protein families

metagenomics  protein-families

released 23 days age

mag v

Assembly and binning of metagenomes
annotation  assembly  binning
long-read-sequencing  metagenomes  metagenomics

nanopors  nanopors-sequencing

released about 1 manth ago

sopa v

Nextflow version of Sopa - spatial omics pipeline
and analysis
segmentation  spatial-omics  spatial-praotecmics

spatial-transcriptomics  spatialdata

eleased O days ago

Ismquant v

A pipeline for precessing and analysis of light-
sheet microscopy images.

3dunet  image-analysis  image-processing

light-shaet-microcopy  sagmentation  stitching

relessed 24 days ago

raredisease v

Call and score variants from WGS/WES of rare
disease patients.

diagnostics  rare-disease  snwv  structural-variants

wariant-an

variant-callng  wes  wgs

releasad about 2 months ago

\
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nf-core Z pipelines

[ O conteudo pode ser acessado no GitHub: TRAD2026/DATASETS.md e TRAD2026/0OMICS_DATA_TYPES.md J

AMPLICON GENOMICA METAGENOMICA [ RNA-SEQ ]
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nf-core = [fampliseq -

Illumina SE/PE
Or IonTorrent --- Or ---

PacBio
(reads) (sample sheet) (ASVs) ] (metadata)

é Pre-processing Infer ASVs (" Taxonomic é Filtering "\ (  Visualisation Reporting

i | e

SAO PAULO

| D | | oo oo )
_ - Abundance Differential
_ — [ abundance \ A M PL ICO N
— IIME2 (_ Prevalence )
Q
( Read-through ) A4 J
primer removal g Post-processing ( SINTAX ) N ( )
— ("sequence clustering ) ( Phé‘lggr%ré?‘ttic ) (" Tables ™ / Visualisations,
o _J/ — P Beta diversity tables, formats
( Decontamination ) . ( Kraken2 ) feature importance
il RNA filterin \
! ! (__RNAfitering__) | C_VsEARCHILCA )
X @ . ( Lengthfiltering ) Multi region
I ] —
X ; (Coding region filtering) ( Sidle ) il @ a a
1 (multi-regions) 1 - - \ ) —
------- (ITS region extraction )
.
f Reference taxonomy )
Legend (_ swa Y(C prz )( GTDB ) (Predicted functions ) o
@ cefaur  [_] mandatory unITE ) (GBDIEGTDE) (5801 submission fie) . J
- > 2/

D on demand :-_ _-_.: optional (Greengenes)( RDP )( RefSeq )
lars

v,
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nf-core = /mag _ hio

@ Short-read adapter/host/PhiX removal, normalisation De novo assembly, contig @ @ Ancient contig identification
MEGAHIT / evaluation & annotation and darnage correction
AdapterRemoval / (PhiX)

SPAdes
QUAST
Trimmomatic @
Prodigal /
@ geNomad
Nanoplot porechop / Nanolyse / chopper / Nanoplot

(Raw) porechop_ABI chopper  Filtlong/ (Filtered)
nanogq

pyDamage BCFTools

Bowtie2 O00

minimap2
(Contigs) FreeBayes

FastQC Bowtie2 FastQC

(Raw) (Host) (Trimmed) BBNorm

Run merge

p/ Bowtie2

START

Flye /
metaMDBG

@ Long-read adapter/host/Lambda removal, quality filtering

@ Bin quality evaluation
QUAST

- O
S R A
MetaBat2 / MaxBin2 / Tiara DAS Tool
CONCOCT/ COMEBin / @
MetaBinner / SemiBin2 BUSCO /
CheckM /
CheckM2
i GTDB-Tk / CAT
PROKKA
MetaEuk
Run
summary

Single @
choice Default
MultiQC/

i Opt-in .
8 Multiple O o Bin taxonomic classification Blglr?fIIRGSLéTnT:gr;{

an3

& B Short reads
nf core/ ' W Long reads
Assembled sequences
/ | mag v5.5 B Genome bins

)

arallel
cp)ptmns and annotation

- lnbr 'J CNPEM
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nf-core © /genomeassembler Lnso

Input reads Preprocessing Assembly Polishing Scaffolding
Collect
reads Porechop flye

medaka pilon
RagTag

LINKS
longstitch

TrimGalore! ‘ Assemblies
short

: merqury ( JF& —
o Y/ Reporting )
optlonal InpUtS QC metrics from are
aggregated into a singl =
short reads * egra:a:or‘lt P ittort Annotation
Quality metrics can then be BUSCO . <<«
reference compared across the different
t f the pipeli
\ ) stages of the pipeline / << )
( A <<= J
Assembly strategy quast (U
. e MINISTERIO DA
L flye  hifiasm hifiasm ul | Quality control Reference |  cJENCIA, TECNOLOGIA

E INOVAGCAO
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nf-core £ /rnaseq - e

@ Pre-processing @ Genome alignment & quantification @ Post-processing
BBSplit UMI-tools Dedup tximport
0 0 O O=()
FastQC um tools Extract l Fastac /7 T\ FastQC STAR w Sum. Exp.
. f _\ o —() SAMtools O)
=1 l ! HISAT2 Salmon
cat FASTQ Infer Slrand SortMeRNA - Picard O
Trim Galore! ' Bowtie2 . I

RiboDetector O [ ools O

MultiQC
bedGraphToBigWig )
@ Pseudo-alignment & quantification StringTio O

( N\

TRANSCRIPTOMICA @ N I

4 ™ |\ 1 ®
() Kallisto
= 2 T P
o= 20 = SR eQuaIity control & reporting
\ 2, Head & Neck oncology

Kraken2/Bracken

featureCounts Qualimap
HTML Fol (9]
MultiQC DESeq2 PCA dupRadar
== Aligner: STAR, Quantification: RSEM
== Aligner: STAR, Quantification: Salmon (default)
L ) Aligner: HISAT2, Quantification: None
=== Aligner: Bowtie2, Quantification: Salmon z
== Pseudo-aligner: Salmon, Quantification: Salmon - M |N ISTERIO DA
= Pseudo-aligner: Kallisto, Quantification: Kallisto CIENCIA, TECNOLOGIA

E INOVAGAO




Hands-on

O conteudo desta sessao pode ser acessado no GitHub: TRAD2026/Nextflow
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OBRIGADO

¢

=

Nilson Coimbra
hilson.coimbra@Inbio.cnpem.br
@nilsoncoimbra

y q’?.y// Monyque Karolinie Silva
‘f /;‘ monyque.silva@Inbr.cnpem.br

7 @kpsmonyque

Material do curso

Laboratorio Nacional de Biociéncias

Joao V. S. Guerra (EDB)
José G. C. Pereira (EDB)
Nilson A. R. Coimbra (MAS)
Rick H. Hokama (EDB)

Laboratorio Nacional de Biorrenovaveis

Joaquim M. Junior (f)rpicas Integrativas)
Monyque K. P. Silva (Omicas Integrativas)
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