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SENOMIC WORKFEGE

» Data analysis applications to extract information from
(large) genomic datasets

* Embarrassingly parallelisation, can spawn [00s- 00k
jobs over distributed cluster

* Mash-up of many different tools and scripts

* Complex dependency trees and configuration — very
fragile ecosystem
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Quantifying Reproducibility in Computational Biology:
The Case of the Tuberculosis Drugome

Daniel Garijo', Sarah Kinnings?, Li Xie?, Lei Xie?, Yinliang Zhang®, Philip E. Bourne®*, Yolanda Gil®*

1 Ontology Engineering Group, Facultad de Informatica, Universidad Politecnica de Madrid, Madrid, Spain, 2 Department of Chemistry and Biochemistry, University of
California San Diego, La Jolla, California, United States of America, 3 Skaggs School of Pharmacy and Pharmaceutical Sciences, University of California San Diego, La Jolla,
California, United States of America, 4 Department of Computer Science, Hunter College, The City University of New York, New York, New York, United States of America,
5 School of Life Sciences, University of Science and Technology of China, Hefei, Anhui, China, 6 Information Sciences Institute and Department of Computer Science,
University of Southern California, LosAngeles, California, United States of America

To reproduce the result of a typical
computational biology paper
requires 280 hours.
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Comparison of the Companion pipeline annotation of Leishmania

infantum genome executed across different platforms *

Platform Amazon Linux | Debian Linux Mac OSX
Number of chromosomes 36 36 36
Overall length (bp) 32,032,223 32,032,223 32,032,223
Number of genes 7,781 7,783 7,771
Gene density 236.64 236.64 236.32
Number of coding genes 7,580 7,580 7570
Average coding length (bp) 1,764 1,764 1,762
Number of genes with multiple CDS 113 113 111
Number of genes with known function 4,147 4147 4,142
Number of t-RNAs 88 90 88

* Di Tommaso P, et al., Nextflow enables computational reproducibility, Nature Biotech, 2017




A CLENGES

 Reproducibllity, replicate results over time
» Portability, run across different platforms
» Scalabllity ie. deploy big distributed workloads

» Usabillity, streamline execution and deployment of complex
workloads ie. remove complexity instead of adding new one

» Consistency ie. track changes and revisions consistently for
code, config files and binary dependencies
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IS IO EXAN RS

bwa mem reference.fa sample.fq \
| samtools sort -o sample.bam



TASIS A F -

process align sample {

input:
file 'reference.fa' from genome ch
file 'sample.fq' from reads ch

output:
file 'sample.bam' into bam ch

script:

bwa mem reference.fa sample.fqg \
| samtools sort -o sample.bam




ASKS COMPOSITION

process align_sample { process index_sample {
input: input:
file 'reference.fa' from genome_ch file 'sample.bam' from|bam_ch
file 'sample.fq' from reads_ch
output:
output: file 'sample.bai' into bai_ch
file 'sample.bam' intol bam_ch
script;

script: o

g samtools index sample.bam

bwa mem reference.fa sample.fq \
| samtools sort -o sample.bam

1 }




DATAFLOW

input dataset

. : Irttm
Declarative computational model for parallel bt

process executions
Processes wait for data, when an input set is % % %
ready the process Is executed

They communicate by using dataflow variables

..e. async FIFO queues called channels

Parallelisation and tasks dependencies are

implicitly defined by process in/out declarations




HOW PARALLELISATION WORKS

samples ch = Channel.fromPath( data/*.fastqi)

process FASTQC {
input:
file reads from samples ch

output:
file 'fastqc_logs' into fastqc_ch

mkdir fastqc_logs
fastqc -o fastqc_logs -f fastq -q ${reads}



IRIREIC T PARALLCEESIN

Channel. fromPath("data/*.fastq")

ﬂ
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PORTABILITY
&

 amazon
' webservices”
— — nexiflow o
[ BN
process—{
executor = 'awsbatch'
gueue = my-queue
memory = '8 GB'
cpus = 4 E|
container = 'user/image’ -y
} |
——
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Resource Usage

These plots give an overview of the distribution of resource usage for each process.

CPU Usage

Raw Usage % Allocated

|
| 1 = .
|
| CPU Usage
]
| 4 B combine_seqs
| s — [ evaluate
| @ B std_alignment
h A B dpa_alignment
| ; 150.0 B guide_trees
| & B default_alignment
| 2
| S 100.0
| 2
| g
- 50.0
£ .
|
! 0.0 ; —_ ....L..

combine_seqs evaluate std_alignment dpa_alignment guide_trees default_alignment




BAECU

Nextflow Report

Tasks

|ION REPOR

This table shows information about each task in the workflow. Use the search box on the right to filter rows for specific values. Clicking headers will
sort the table by that value and scrolling side to side will reveal more columns.

Show 25

task_id 1

+ entries

process

index

parseEncode

fastqc

fastqgc

fastac

fastqc

fastqc

tag

Homo_sapiens GRCh38.cana.all.fa.y

/home/pditommaso/projects/rnaset
encode-nf/data/metadata.tsv

FASTQC on SRRE210435

FASTQC on SRR3192620

FASTQC on SRR3192621

FASTQC on SRR3192434

FASTQC on SRR3192433

Search:
allocated

allocated memory
status hash cpus Hepu (bytes) Hmem
[ comsLiTeED 14/872585 2 195.0 8580934502 319
[ compLETED | 12/bdfd13 1 0.0 - 0.0
[ compLTeED | ba /506820 2 46.4 6442450044 00
[ compLiTen | fa/3e8db3 2 76.7 6442450944 0.0
[ FaiLio ] 6b/f753e2 2 . 6442450844 -
[ CompLETED ] 1e/d713¢2 2 68.8 6442450944 0.0

se/asBeet 2 70.2 6442450944 00

vmem

5272806376

17960960

408881072

4089171968

4088832000

40310126864

rss

51318

5324

3685

5049

41530

3843




EAECUTION FIMIEEINIES

Processes execution timeline

Launch time: 15 Jun 2016 15:03

Elapsed time: 49m 9s

downloadReferenca(t) | 7%43492C8 : ; : : : : : : :

downloadSRA (1) -”'f s . . . N . . . ' .
1587 . ' ’ . ’ ' J ' .

decompressReference (1) . . . ’ ' . ' ‘ ' .
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exratstA) R : : : ' : : : :

i ' Beas/e168 | . : : ’ . . ; :

mergeTrimEnds (1) . BRI : : ; : : f t g
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nf-core ©

« Community effort to collect production ready
analysis pipelines built with Nextflow

* Initially supported by ScilifelLab, QBIC and A*Star
Genome Institute Singapore

* https://nf-core.github.io

Phil Alexander Andreas
Ewels Peltzer Wilm
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