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Bioinformatics workflow (pipeline)
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Bioinformatics workflow (pipeline)
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run_name: runl
primer_trimming
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' alignment '
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Bioinformatics workflow (pipeline)
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run_name: runl
primer_trimming
sample: samplel
Gariant_calling) (CNV_anaIysis)
results_report

vardict

Rmd
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Workflow management

- Workflow management is the discipline of creating, documenting,
monitoring and improving upon the series of steps, or workflow, that is
required to complete a specific task.

Workflow Management System

Detailed reporting
& analytics

% process.st"
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Bioinformatic workflow management

a Analysis workflow

Transcript expression qua

ntification

Reference
sequence

Fastq

Grch38
Ensembl 91

L

Step 1: quality control

«— fastQC v.0.11.9

l

( Step 2: index creation |

S

Salmon

almon v.1.3.0
-i

" Step 3: quantification |

S

almon v.1.3.0
-IA

Output 1 Output 2

Transcript
expression

QC report

I:I Input data
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I:' Output data

b Traditional pipeline

Requirements

Platform-specific

Execution

L]

Re-entrance Local
checkpoints
O Input data
‘ Step 1
‘ Step 2
‘ Step 3
| Output 1 | | Output 2 |

|:| Software, versions, parameters

c Workflow manager

Requirements

Workflow manager
Pipeline code

Execution

[ [ 48

Local HPC Cloud

I Input data

Re-entrance
checkpoints

O

" Containerized
steps

Platform-independent

— Portability

——— Scalability

Automatic resource
—— management

[ouput1] [foupuz] FEme

Re-entrancy

Data provenance

1 Fixed version, local compute environment



Bioinformatic workflow management

- Reusability and Reproducibility
- Parallelization and Scale
- Error solving / debuging
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Bioinformatic workflow managers

Which Bioinformatics Workflow Manager / Tool / Platform / Standard do you use or prefer?
bit.ly/biowl

549 responses

@® None

@ SnakeMake
@ NextFlow
@ Common Workflow Language

@ Seven Bridges Genomics
@ Luigi/Sciluigi

@ Niassa / Apache Oozie
@ GalaxyProject

16 V
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Common Workflow Language (CWL) WORKFLO

LANGUAGE

- Pushed by EU projects

cwlVersion: v1.2

- Not big grassroots community o e 1 10 st
- Scripts in .yaml format

# This CommandLineTool executes the linux "echo" command-line tool.
baseCommand: echo

# The inputs for this process.
inputs:
message:
type: string
# A default value that can be overridden, e.g. ——message "Hola mundo"
default: "Hello World"
# Bind this message value as an argument to "echo".
inputBinding:
position: 1
outputs: []

Q BioCompute o) S . :
Objects P CANCER GENOMICS CLOUD t ‘*;(.‘ i CAVATICA blOe CeL
Data Resource Center

EOSC-Life
o \\\ T <>, Open
E’(}(r’. B UNLOCK DL S
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Galaxy project = Galaxy

PROJECT

- Workflow manager with GUI
- Biologists can do their own analysis ??7?
- It can work - EMBL anayze s | Worcacw Sarea s Vst Heb

Tools | Options + \A P History | Options + |‘
search tools m — 1) m
Get Data m » 1.8 Gb

A TE Join two Queries on data 3 and data 1

rm——— 14: Draw phylogenyon ® { %
ENCODE Tools Info: data 12

Lift-Over

Text Manipulation " 13: Draw phylogenyon ® { %

Database/Build: data 11

Convers Formats Click to Search or Select e

S i . 12: Find lowest @ ) R
Filter and Sort Number of comment lines: diagnostic rank on data 10

Join, Subtract and Group 8

Extract Features (o) 11: Find lowest @ R
Fetch Sequences { ) diagnostic rank on data 9

Fetch Alignments ( Auto-detect ) 10: Fetch taxonomic ® ) R

Get Genomic Scores ‘| | This will inspect the dataset and attempt to correct the above column values if "| | representation on data 8

Operate on Genomic Intervals they are not accurate.

Statistics 9: Fetch taxonomic @ %

Graph/Display Data Change data type representation on data 7

Reglonal Variation . 8:s234 within 5% of ® § %
Multiple regression U ype: max

Multivariate Analysis |ta§ul§r o M o

Euslen s Vomn et ey s ety St e o obvouy waser, | | [ IR SR e 3¢
Motif Tools

Multiple Alignments /_\&/ :;:: ::: daul:rizes on ®¢ X
Metagenomic analyses —

Human Genome Variation 5: Join two Queries on

Genome Diversity data 3 and data 1

EMBOSS I 4: 5234 max bitscore ® § X
NGS TOOLBOX BETA v " — ——

EPCEITEC



Nextflow nexcflow

#!/usr/bin/env nextflow

params.in = "$baseDir/data/sample.fa"
° Great deployability /: Split a fasta file into multiple files
X/

process splitSequences {

- Great existing workflow repository

input:
path 'input.fa'

output:

nf-core =

awk '/~>/{f="seq "++d} {print > f}' < input.fa

mnan

}

/*
* Reverse the sequences
74
process reverse {
input:
path x
output:
stdout

mwmnan

cat $x | rev

mwmnan

EPCEITEC



Snakemake

Vol. 28 no. 19 2012, 2520-2522
AP P LI CA TI ON N OTE 7 doir.'u1)0.1093/bioi5?ogrswsatics/bts480

Genome analysis Advance Access publication August 20, 2012

Snakemake—a scalable bioinformatics workflow engine
Johannes Kdster'?* and Sven Rahmann'

'Genome Informatics, Institute of Human Genetics, University of Duisburg-Essen and 2Paediatric Oncology,
University Childrens Hospital, 45147 Essen, Germany

Associate Editor: Alfonso Valencia

make + python = Snakemake

EPCEITEC
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snakemake

13



Snakemake

bcl_to_fastq .
rule bcl to fastqg:

rule primer trimming:

input: fastg="{run name}/raw fastqg/{sample}.fastqg"
sample: samplel - -

output: fastg="{run name}/trimmed/{sample}.trimmed.fastq"
shell: "cutadapt {input.fastq} > {output.fastqg}"

' alignment ' rule alignment:
(variant_calling) (CNV_anaIysis) rule VC: rule CNV:

| results_report | rule results report:

EPCEITEC
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snakemake
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Snakemake

wildcards - filled
during run

rule primer trimming:
input: fastg="{run name}/raw fastq/{sample}.fastqg"

S

rule header houtput: fastg="{run name}/trimmed/{sample}.trimmed.fastqg"

EPCEITEC

shell: ”"cutadapt {input.fastq} > {output.fastqg}"

! !

rule body variables
defined in
header

snakemake
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Snakemake
rule bcl_to fastq:

rule primer trimming:

input: fastg="{run name}/raw fastq/{sample}.fastqg"
sample: samplel - -

output: fastg="{run name}/trimmed/{sample}.trimmed.fastqg"
shell: "cutadapt {input.fastq} > {output.fastqg}"

'ﬂwmmm' rule alignment:

( variant_calling H CNV_analysis | rule VC: rule CNV:
\ J output: "{run name}/CNV/{sample}.CNV.tsv"

results_report rule results report: 4””'

input: vcf = "{run name}/VC/{sample}.vcf"
cnv = "{run name}/CNV/{sample}.CNV.tsv"

config file.json

EPCEITEC
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snakemake
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Snakemake snakemake

S

» Simple shell script

shell: {input} {output}
» Combine languages
python

run: /
if {params.cluster} is TRUE:

R ( {input} )
else: ) R

shell ( {input} {output}”)

> shell

» Wrap it in separate script
script:

» Separation of logic and functionality
» Organization

» Re-usability

EPCEITEC



_ ' [ —~
Snhakemake - running @ snakemake

- Nice logs and error reporting

Job counts:
count  jobs
1 all
16 filter_variants
15 igv_picture_print_germline
1 igv_picture_print_somatic
16 merge_variant_callers
32 normalize_variants
16 variant_annotation
97

ERROR: Unrecognised consequence term type specified "CombineVariants" - must be one of ensembl, so, ncbi

Will exit after finishing currently running jobs.



Bioinformatic workflow managers

Which Bioinformatics Workflow Manager / Tool / Platform / Standard do you use or prefer?
bit.ly/biowl

549 responses

@® None

@ SnakeMake
@ NextFlow
@ Common Workflow Language

@ Seven Bridges Genomics
@ Luigi/Sciluigi

@ Niassa / Apache Oozie
@ GalaxyProject

16 V

EPCEITEC

19



Reproducibility

ISMB 2016 - 47 open-access publications:

status count
properly documented, easy to install 4
web service 4

Docker image 1 gOOd (26%)

R packages, not (yet) on CRAN or Bioconductor 3

no software implementation 7

MATLAB code 4

available upon request 2

collection of scripts without proper way to install 12

demo only although README promises a release before ISMB 1

either unclear, no, or errorneous installation instructions 3

missing download URL 1

invalid links 4 Ug|y (21 %)
build error 1

Now it is much better

EPCEITEC



Conda / Anaconda / Bioconda

MINI CONDA

ANACONDA

= miniconda
+ 150 high quality packages

= conda
+ python
+ base packages

,.é"' © Bioconda is a distribution of bioinformatics software realized as a channel
K for the versatile Conda package manager.

EPCEITEC
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Conda

Computational Easy
Independence Overhead configuration

=11

EPCEITEC
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NDA
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Conda

- Easy installation and management
- Instalation recepies:

conda install vardict

conda update vardict

conda remove vardict

conda env create -f myenv.yaml -n myenv

- |solated environments:

channels:

- conda-forge

- defaults
dependencies:

- pandas ==0.20.3

- statsmodels ==0.8.0
- r-dplyr ==0.7.0

- r-base ==3.4.1

EPCEITEC

CONDA
K
N\
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Conda CONDA

Cheat sheet

— https://docs.conda.io/projects/conda/en/4.6.0/ downloads/52a95608c49671267e40c689e0b
c00ca/conda-cheatsheet.pdf

Google it

— conda [bioinformatics tool name]

EPCEITEC 24


https://docs.conda.io/projects/conda/en/4.6.0/_downloads/52a95608c49671267e40c689e0bc00ca/conda-cheatsheet.pdf
https://docs.conda.io/projects/conda/en/4.6.0/_downloads/52a95608c49671267e40c689e0bc00ca/conda-cheatsheet.pdf

Computational resources and execution

Snakemake is quite flexible in cluster execution
https://snakemake.readthedocs.io/en/stable/executing/cloud.html

I Nothing works as advertise ©

EPCEITEC
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https://snakemake.readthedocs.io/en/stable/executing/cloud.html

Computational resources and execution

SensitiveCloud

CE;&!@)H-
m LEED

EPCEITEC
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Computational resources and execution

EPCEITEC
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Computational resources and execution

B

BioRoots &
Group ID: 11949278 [% Leave group

Subgroups and projects  Shared projects  Archived projects

S

a
a
a
Q A
a
a
a

small RNA analysis &

Fastq merge &

cleaned_fastq_qc &

Alignment ChIP &

Transcriptome assembly &

Snakemake workflow template (&

Count_feature_rna (&

& GitLab

0 GitHub

EPCEITEC

= kuba-cluster

Starred

Cluster

Workloads
CronJobs
DaemonSets
Deployments

™ Jobs

StatefulSets
Pods

Apps

Service Discovery

Storage

Policy

Monitoring

Logging

More Resources

F3-Y kuba-cluster

https://rancher.cloud.e-infra.cz/

Jobs
L. Download YAML @ Delete
State © Name &
12054--raw-fastq-gc--navrk67--231002-1696232891
taskrunner-cron-update-basic-resource-cache-28227506
taskrunner-cron-update-basic-resource-cache-28269248

Job Failed. failed: 7/1

taskrunner-cron-update-basic-resource-cache-28270546

taskrunner-cron-update-basic-resource-cache-28270548

taskrunner-cron-update-basic-resource-cache-28270550
= )

kubectl

Namespace =

sequia-ns

sequia-ns

sequia-ns

sequia-ns

sequia-ns

sequia-ns

28



Computational resources and execution

B BioRoots &
Group ID: 11949278 [% Leave group

Subgroups and projects  Shared projects  Archived projects

S small RNA analysis &

F Fastqmerge &

CONDA

a snakemake

C cleaned_fastg_qc &

Alignment ChIP &

T Transcriptome assembly &

S Snakemake workflow template (&

e e e e (=) (=) (=)
>

C Count_feature_rna (&

L~ =

HPC
kubectl
kuba-cluster A n )

https://rancher.cloud.e-infra.cz/

& GitLab

0 GitHub
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NGS data analysis

| I l de-multiplexing
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De-multiplexing

,..& ——

Ed P dE%E;§
*EE ===

%T%i{i{{

1]
J
i
-
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De-multiplexing

Single index

Paired-end dual index

Paired-end dual index
with molecular barcode

Paired-end dual index
with inline UMI

Paired-end dual index,
inline UMI and barcode

EPCEITEC

LB nsert Al 1

P5  SP1 sP2 i7  P7
- e asem=
P5 i5 SP1 sP2 i7  P7

= e - e

P5 i5 SP1 SP2 i7 uml P7
D G Insert L
P5 i5 SP1 UMI sP2 i7 P7

e e o - o QNI s an a—"

P5 i5 SP1 UMIBC sP2 iz P7

@ P5/P7: Flow cell binding sequences (platform-specific)

SP1/2: Sequencing primer binding sites (common for all libraries)
®® /5/i7: Sample Indexes (specific to a particular library)

UMI: Unique molecular index (barcode tag for individual molecules)
@ BC: User-defined barcode (unique per sample, single cell, etc.)
@ /nsert: Target DNA or cDNA fragment (library-specific)

32



Primary data — fastq file

, x : Lane |
Read Record T ElowceliD ]
Header :

Separator
(with optional
repeated
header)

EPCEITEC

: ) Barcode
( Tile
H(Zoordinates

o

@DJG84KN1:272 :D17DBACXX:2.}: 1101:12432:5554 1:N:0:AGTCAA
CAGGAGTCTTCGTACTGCTTCTCGCGGCCTCAGCCTGATCAGTCACACCGETT

BCCFFFDFHHHHHIJJIJJJJJJJI1JJJJJJIJIIJJJIJIIJIIJJIJJIJIIIJIIIId Read Bases

@DJG84KN1:272:D17DBACXX:2:1101:12 610 1:N:0:AG>
AAAACTCTTACTACATCAGTATGGCTTTTAAAACCTCT
+

@@@DD?DDHFDFHEHIITHITITIBBGEBHIEDH=EEHI

Read Quality
Scores

o

@DJGB84KN1:272:D1/DBACXX:2:1101:12438:5704 1:N:0:AG
CCTCCTGCTTAAAACCCAAAAGGTCAGAAGGATCGTGAGGCCCCGCTTTC
+

CCCFFFFFHHGHHJIJJJJJJJIRHGIJJJJIITIJGIGIHIJJJIIITIJd

@DJG84KN1:272:D17DBACXX:2:1101:12340:5711 1:N:0:AG

GAAGATTTATAGGTAGAGGCGACAAACCTACCGAGCCTGGTGATAGCTGG
+

CCCFFFFFHHHHHGGIJJJIJJJJJJIJIIIJIIIIGIJIJIJHITIIIIIIIJ

NOTE: for paired-end runs, there is a second file
with one-to-one corresponding headers and reads.

33



Fastg format - quality

Fastq - g stands for quality — coded as phred score

CFFFFEFFGCEEGECFGGGGAFF87QE:++6C<++3:,8,33,,:,, /2,7 %11+
5 31%
Q:—]_O'log P 10 10%
10 20 1%
30 0.1%

What the machine things is the quality
Only account for sequencing errors
Very good for early problem detection

EPCEITEC
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Fastq — quality control

« How can we summarize this?
 What QC can be done?

EPCEITEC

k@M04743:199:000000000-CGG4F:1:1101:16145:1655 1:N:0:233
GGTGCCAGCCGCCGCGGTAATACGAAGGTGGCAAGCGTTGTTCGGATTCACTGGGCGTACAGGGAGCGTAGGCGGTTGGGTAAGCCCTCCGTGAAATCTCCGGG!
+

ABCCCFFFCADBGGGGGGGGGGHHGHGGFHGHHHGHGGGAF FHGGGGGHHHHHHHHGGGGGHHGGGGGGGGGHGGEGGGGGHHHHHHHHGGHGGGHHHHHHG GG
@M04743:199:000000000-CGG4F:1:1101:18938:1729 1:N:0:233
GGTGCCAGCCGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCTGTTTTGTAAGTCAGATGTGAAATCCCCGAGH

+

BBBBBF FFBBBBGGGGGGGGGFHHHHHGGHGGGGGGGGGGGHHGGE GFHHHHHHHHGGGGHFHGGGGGGGGGGHHHHHHHHHHHHHHHHHHHHHHHHHHHGGGG
@MO4743:199:000000000-CGG4F:1:1101:13893:1760 1:N:0:233
GGTGCCAGCAGCCGCGGTACTACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGTTCGTAGGCGGTTTGTCGCGTCGTTTGTGAAAACCCGGGG
+

BBBBBFFFB4CCGGGGGGGCF FHGHHHGGHGGGGGGGGGAF GHGG ? EFHF EHHHHHGGGGFHFHF GHGGHGG 3 EEEGGGHHEHGGGGGGGDHHEHGHGGGGGGG
FOFFFFFFFFFFFEFFBBBBFEB; - @DFB-BBBFFFFEFF /EBBEFFF /BADFFDFFF. ;
@M04743:199:000000000-CGG4F:1:1101:14830:1795 1:N:0:233
GGTGCCAGCCGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGTTTAAAGGGTGCGTAGGCGGTTCTTTAAGTCAGTGGTGAAATACAGCCG
+

ABBABFBFB?AAEE ? EGEF CGGHHF FHGEHF FHHGHGGGCFHHGEEGGDF GDHHHGGGF GDGHGGF EGF GGDF GGGGGHHF FFBGFH34F GBF FHGHHHGHFF C
9BD?99-9/9@-BD. ; ADFFFBF///BBF : FFFFFFED?DFDFF?A.

@M04743:199:000000000-CGG4F:1:1101:14968:1984 1:N:0:233
AGTGCCAGCCGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGT TTAAAGGGTGCGTAGGCGGTTCTTTAAGTCAGTGGTGAAATACAGCCG
+

BBBBBF FFBABBGGGGGGGGGGHHGFHGHHGHHHGHGGGC FHHGGE GGHHHHHHGGGGHHHHHGHGGGGGGGHGGGGGHHHHHHHHHHHHHHGF FHHHHHHHHG
F CHHHGGHHHHHHHHHHHHHHHHHHHHHF HHHHGFHHGE GGFHHGHGGGF EGGOF GGAEGGGGAF DGEFFGGFFFBFEFFFFFFFFFFFFFFFFFFF>DFDBFF
@MO4743:199:000000000-CGG4F:1:1101:12706:2099 1:N:0:233
TGTGCCAGCCGCCGCGGTAATACGGAGGGAGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGTTTTTTAAGT CAGAGGTGAAAGCCCGGGG
+

BCCCCFFFCCCCGGGGGGGGGGHHEGGGGDF GGHHHGGGGGHHGGGGFHHGHHHHHGGGGHHHGGGGGHHHGHGGGGGGGGACGHHHHHHGHHGHHFHHHGGGG
BFFFFFFFFOFFFFFFFFFFFFFFF/

@MO4743:199:000000000-CGG4F:1:1101:13747:2260 1:N:0:233
CGTGCCAGCCGCCGCGGTAATACGAAGGGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGAGTTCGTAGGCGGTTTGTCGCGTCGTTTGTGAAAACCCGGGG
+

CCCCCCFFCABCGGGGGGGGGGHHF CEGDGGGGHHHGGGE FHHGGGF FHHFHHHHGGGGGHHEGHHHGGHGGHGGGGGGFH< />CFCGGGGHHHHHFHGGGGGG
AQ@FFFFFFFFFFFFFBF9C;=CF.@; COFFFFFBDFFFFFF?BEFFFFFFFFFFFFFFFFF?
@M04743:199:000000000-CGG4F:1:1101:20151:2263 1:N:0:233
TGTGCCAGCCGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCTGTTTTGTAAGT CAGATGTGAAATCCCCGAG
+

BBBBBF FFBAADGGGGGGGGGGHHHHHGGHGGGGGGGGGGGHHGGD F FHHHHHHHGGGGGHGHGGGGGGGGGGHHHHHHHHHHHHHHHHHHHHHHHHHHHGGF G
@MO4743:199:000000000-CGG4F:1:1101:17232:2363 1:N:0:233
GGTGCCAGCCGCCGCGGTAATACGGAGGGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGATCGGAAAGT CAGAGGTGAAATCCCAGGG
+

BBBBBF FFBBBBGGGGGGGGGGHHGDGGGGGGGHHHGGGOF GHGGE GFHHHHHHHHGGGGHHHGGGGGHHHGHGGGGGGGGGGHHHHHHHGHHHGHHHHGHHGG
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FastQC Report

Summary

@Basic Statistics

Return to start page

-  Messwe ] Vae
@Per base sequence quality Filename MU a ytHl1 Rl.fastqg.gz
@Per tile sequence quality File type Conventional base calls
@MMMYM Encoding Sanger / Illumina 1.9

| |Per base sequence content

Total Sequences 252819865
| Per sequence GC content

Sequences flagged as poor quality 0
@Per base N content

Sequence length 161
@Sequence Length Distribution
%GC 40
@ Sequence Duplication Levels
@Overrepresented sequences
@A_dapter Content
D G Insert GG

P5 i5 SP1 spP2 i7 P7



@Per base sequence content

Fastq — quality control

« Fastqc - tool

Summary
emiidient 8 @Basic Statistics
- (EAEN—
p - R

Q&(LMM Duplicaton Lovals

@Per base sequence quality

- fe———
p (- .
E Rttt i
z | @Sequence Length Distribution
/ \
@Per tile sequence quality . / \\
21503| 4 / A\

7 Rerernan

@Per sequence quality scores @Overrepresented sequences

@Adapter Content
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Thank you for your attention!
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Vojta Bystry
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vojtech.bystry@ceitec.muni.cz
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