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- Always have a “-h” or “--help” switch
- Have a “-v” or “--version” switch
Use stderr for messages and errors
Validate your parameters
Don’t hardcode any paths

Don’t nolliite the command-line name<nace

The Genome Factory

Bioinformatics tips, tricks, tools and commentary with a microbial genomics bent.
Torsten Seemann from Melbourne, Australia.
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- but it works

Comput Sci Eng. Author manuscript; available in PMC 2010 Aug 9.
Published in final edited form as:
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Managing Chaos: Lessons Learned Developing Software in the Life
Sciences

Sarah Killcoyne and John Boyle
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ROUTINELY UNIQUE

Over 18 months, 46 data-analysis projects undertaken at the bioinformatics core of the University of Texas Health Science

Center at Houston required 34 different types of analysis — most were used infrequently. Each project demanded unique
combinations of analyses, demonstrating how bioinformaticians must be versatile, creative and collaborative.

(Number of projects

analysis was used in) : S 9
Many projects required customized
techniques, such as methylation

analysis, that were used only once.

i Pre-processing
Microarray sequencing data

re-processin
pre-p g Database search

16
i
7 I
11 TT1E

Analysis types

most analysis are hardly reused
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d (semantic) standards
ical genomics / bioinformatics - second try

semantic
standards
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clinical diagnosis
utilizing genomics
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T1 Translational Barrier

Bedside

Storage
Analysis
Interpretation
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Health informatics

Genomics, Proteomics & Bioinformatics

Volume 14, Issue 1, February 2016, Pages 31-41

Translational Bioinformatics: Past, Present, and Future

. 2 B
Jessica D. Tenenbaum & = &
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_clinical use of genomics

bedside
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“clinical use of genomics

bedside

action
focus

gene panels
diagnosis

Nnow
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controlled vocabulary

...enable reproducibility
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OMICS data types

abundance
- difference
~activity

N

Binary or

continuous data values?

~ RNA

A/Ietabolite{? ‘T‘\
e

Protein

miRNA\
INcRNA

e Methylatlon/

,'\__H_-

DA

» nf rmatio

genomewide?

or

whole exome?

or

selected gene panel?

abundance
difference

abundance

difference

conformation ‘
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| = immuno precipitation
A = microarray

S = sequencing

M = mass spectrometry
Z = specialized assay

/7« IncRNA
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OMICS data formats

~ | =immuno precipitation S g
A = microarray i e
S =sequencing ~— plain text e binary .bcf
= mass spectrometry ';2212 'ﬁzlél(plink)
p§0|allzed LSl map bigBed
- .ped .bigWig
Json .RODbject
Xml .Rdata
‘“ .vcf 4.2 ADAT
I .sam .cel

e

[ENE ety F—

18§

-

will likely stay for longer
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b Example: The Cancer Genome Atlas (TCGA)

34 different cancer types - 11,077 samples
Lung Cancer:
"cimen: Primary tumor & Blood derived Normal

es: whole Exome sequencing
- Genotyping Array Affymetrix SNP 6.0
RNA Seq
RNA Seq
ylation Array lllumina 450K
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nome Atlas (TCGA)

E‘g‘g"ﬁ;i;"gg?{:?rwum #® Home [ Projects [EEAJVCICHM [l Analysis Q, Quick Search  * Login

Cases Files « Hide Filters
O Clear 15 ] 0075437¢-bata-46be-86d6-9773209a2b5e

Add a Case/Biospecimen Filter

v Case 2] Summary  Cases(1) | Files (32)

@ 0075437e-bala-46be- )
86d6-9773209a2bbe Files
Q| Search for Case Id Showing 21 - 32 of 32 files

E ~ Access File Name Cases Project Data Category

»|  aControled CGALUAD.varscan [44i86e8-abec-4dd9-9601-50 559 7oA UAD  Simple Nucleotide Variation
Q| Search for Submitter Id 85510fbd2f.DR-6.0.protected.maf.gz

& Controlled asjzgclf'lmb"”bc'g““'720911592“3“’5‘”“ 1 TCGALUAD  Simple Nucleotide Variation
v Primary Site eader.vef.gz

cc45f00f-851e-4bed4-abee-3479fchee295.vep.rehe

v Case Submitter ID Prefix

& Controlled 1 TCGA-LUAD  Simple Nucleotide Variation

O Lung a ader.vef.qz

& Open cd8d48a8-d183-48ab-828-ffb11224239a.FPKM-U 4 TCGA-LUAD  Transcriotome Profiing

Q.ixt.qz
[ efcT & Open File Properties Data Information

~ Cancer Program

v Project o, . Name 10782f1b-5571-467e-80a6-935eb49f3427 vep.reheader.vcf.gz Data Category Simple Nucleotide Variation

n
- pe Access & Controlled Data Type Annotated Somatic Mutation
-/ TCGA-LUAD & Controlled uuiD 1076211b-5571-467e-80a6-935eb49i3427 Experimental Strategy WXs

& Open isoforms  Submitter ID  TCGA-62-A471-01A-12D-A24D-08_TCGA-62-A471-10A-01D-A24F-08_mutect_an Platform -

v Disease Type notated

jhu-usc.
O Lung Adenocarcinoma & Open TCcGA-6 | Data format VCF

& Open mimas.c iz 1.20 MB
v Gender . MD5 Checksum 73eeb2ff180ad83eb90a18007d35e80e

Archive

Project ID TCGA-LUAD

Associated Cases / Biospecimen Q | Type tofiter cases.

Entity ID Entity Type Sample Type Case UUID Annotations
b68872bc-a341-4293-bf53-84ef0alelcib Aliquot Primary Tumor 0075437e-bala-46be-86d6-9773209a2b5e
c634514e-679e-4fdb-a3ec-d2cabel 70e9b Aliquot Blood Derived Normal 0075437e-bala-46be-86d6-9773209a2b5e

Analysis Reference Genome

Analysis ID 6690147d-659d-4906-8b3f-dd4f4edaB8341 Genome Build GRCh38.p0
Workflow Type MuTect2 Annotation Genome Name GRCh38.d1.vd1
Workflow Completion Date 2017-03-04

Source Files 1
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nome Atlas (TCGA)

E‘g‘g"ﬁ;i;"gg?{:?rwum #® Home [ Projects [EEAJVCICHM [l Analysis Q, Quick Search  * Login

Cases Files « Hide Filters
O Clear 15 ] 0075437¢-bata-46be-86d6-9773209a2b5e

Add a Case/Biospecimen Filter

v Case 1]

@ 0075437e-bala-46be- )
86d6-9773209a2bbe Files
Q| Search for Case Id Showing 21 - 32 of 32 files

Summary Cases (1) Files (32)

E ~ Access File Name Cases Project Data Category

»|  aControled CGALUAD.varscan [44i86e8-abec-4dd9-9601-50 559 7oA UAD  Simple Nucleotide Variation
Q| Search for Submitter Id 85510fbd2f.DR-6.0.protected.maf.gz

& Controlled asjzgclf'lmb"”bc'g““'720911592“3“’5‘”“ 1 TCGALUAD  Simple Nucleotide Variation
v Primary Site eader.vef.gz

cc45f00f-851e-4bed4-abee-3479fchee295.vep.rehe

v Case Submitter ID Prefix

& Controlled 1 TCGA-LUAD  Simple Nucleotide Variation

O Lung a ader.vef.qz

& Open cd8d48a8-d183-48ab-828-ffb11224239a.FPKM-U 4 TCGA-LUAD  Transcriotome Profiing

Q.ixt.qz
[ efcT & Open File Properties Data Information

~ Cancer Program

. Name 10782f1b-5571-467e-80a6-935eb49f3427 vep.reheader.vcf.gz Data Category Simple Nucleotide Variation
- Access & Controlled Data Type Annotated Somatic Mutation
-/ TCGA-LUAD & Controlled uuiD 1076211b-5571-467e-80a6-935eb49i3427 Experimental Strategy WXs

& Open isoforme  Submitter D TCGA-62-A471-01A-12D-A24D-08_TCGA-62-A471-10A-01D-A24F-08_mutect_an Platform -
notated

v Project & Open

v Disease Type

jhu-usc.

& Open TCcGA-6 | Data format VCF

O Lung Adenocarcinoma

& Open € -<p MB
~ Gender c . MD5 Checksum 73geb2ff180ad83eb90a18007d35e80e

Project ID TCGA-LUAD

Associated Cases / Biospecimen Q | Type tofiter cases.

Entity ID Entity Type Sample Type Case UUID Annotations
b68872bc-a341-4293-bf53-84ef0alelcib Aliquot Primary Tumor 0075437e-bala-46be-86d6-9773209a2b5e
c634514e-679e-4fdb-a3ec-d2cabel 70e9b Aliquot Blood Derived Normal 0075437e-bala-46be-86d6-9773209a2b5e

Analysis Reference Genome

ST 6690147d-659d-4906-8b3f-dd4f4edaB8341 Genome Build GRCh38.p0
Workflow Type MuTect2 Annotation Genome Name GRCh38.d1.vd1
Workflow Completio§ Date 2017-03-04

Source Files 1
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> WPb - Proteome & Metabolome

WP Structure of PRECISESADS
WP oord

WF3 = Clinical Data Management
Cross-Sectional Study

WP2 = Samples & Biobanking

WP4 — Genomics

[ Validation
WPS = Cellular & Cytometry Ince ption
I
cohort
WPE = Bioinformatics &
Biostatistics
Preclinical Study
WP = Tissue Taxonomiy

ledge dissemination & training

Va

lidated
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Bioinformatic “standard” Software

Task/Person

QC

Sequence
Trimming

Alignment
DNA

Alignment
RNA

Alignment
Bisulphite
DNA

SNP/Indel
detection

CNV detection

Expression
analysis

Methylation
analysis

Gene
enrichment

Clustering

Pedro

fastqc,
qgualimap

bwa, bowtie2

star

bwa

samtools,
gatk, varscan

deseq2, rsem

rnbeads, minfi

genecodis,
gsea, david

hclust,
kmeans, som,
pca, ica

Edu

fastqc

cut adapt,
reaper, minion,
fastgx

bwa, bowtie2

tuxedo, star,
bowtiel,
miarma-Seq

rubio-seq

samtools,
bcftools

gistic

limma, edger,
deseq2, noiseq

wanderer, lumi

gsea, goseq,
david,
ingenuity

venny,
dendrogram,
heatmap2

Axel

fastqc, bseqc,
rseqc

flexbar,
seqtrimnext

bwa

star, kallisto,
salmon

bismark,
bsmap

gatk, freebayes

delly

limma, edger,
deseq2

methylKkit

gsea,
clusterprofiler

pca, kmeans,
random forest

as found by majority vote

Sven

fastqc

trimmomatic,
superdeduper,
prinseq

bwa, bowtie2

hisat2

bismark,
bsmap

gatk

bedtools
coverage, cnver
stringtie,
ballgown

gsea, mcall

gsea, david,
fisher.test

hclust, pca

Martin

fastqc

bwa

star

bismark,
bsmap

gatk, samtools

dnacopy,
penncnv

limma, edger

minfi, gsea

gsea, david,
ingenuity,
consensuspath
db

gmm, hclust,
nmf

Carlos

fastqc

cut adapt,
fastgx

bwa, bowtie2,
blasr, dazzler

tophat, gmap,
star, blasr

bwa-meth,
bismark

samtools,
bcftools

limma, edger,
deseq2,
noiseq, sqanti

methylkit,
bsseq

david,
ingenuity,
blast2go

dendrogram,
hclust,
heatmap?2

TMF seminar May 2017
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as found by “Expert vote”

€ ¢ | gaagh.org/#/

{3 Data Working Group

A HOME B DOCUMENTATION 3 USE CASES =% TEAMS

Creating global data standards for Genomics

The work of our group is carried out across the teams below.

REFERENCE GENOMES TASK TEAM G2P TASK TEAM
RNASEQ TASK TEAM VARIANT ANNOTATION TASK TEAM
METADATA TASK TEAM FILEFORMATS TASK TEAM
CONTAINERS AND WORKFLOWS TASK TEAM BENCHMARKING TASK TEAM
BEACON PROJECT MAT CHMAKER EXCHANGE

READS TASK TEAM CANCER GENE TRUST

DIRECTORY AND STREAMING API
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parameters
apple=1
pear =0

gas=1

apple : 'T er

parameters
apple =0
pear =1
gas=0
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Reproducibility

data

\

) soft
‘ ware

‘\

uIt =

parameters
apple =1
pear =0
gas=1

[ : meters
L — ""I .

a year passes by ...

N soft
M ware

data parameters

| apple =0
o pear =1
ware gas=0
v

result = bad pear juice

data parameters
| apple =0

pear =1

gas=0
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- data parameters data parameters
b v apple =1 | apple =0
pear =0 pear =1
1.1 el gas =1 version 1.1 NEUE gas =0
Py \/

= result = bad pear juice
a year passes by ...

~ parameters data parameters
Capple=1 —_ v apple=0

= pear = 1
ware gas > O
\

- result =
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i
_eproducibility

.\

A data parameters data parameters
Y apple=1 vy apple=0
a S soft peas ¥ soft pear = 3
'&.:'ware gas =1 version 1.1 NEUE SEE=T

o v

esult = result = bad pear juice

three years pass by ...
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Reproducibility

L data parameters data parameters
b v apple =1 | apple =0
R pgzr_—lo ngr_—ol
111 Rk gas version 1.1 NEYE SR

P v

~ result= result = bad pear juice

three years pass by ...

parameters
apple 1
pear O

- ‘marameters data

~apple=1 =

\S C
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Bioinformatics Standards and Software Tools for Flow Cytometry

The importance of flow cytometry as an analytical tool in varied research/clinical areas has widely increased over the past decade. However, flow
cytometry data standards do not capture the full scope of flow cytometry experiments, which contributes to irreproducibility and unverifiability by

independent researchers. The lack of standardization also prevents collaborative opportunities ic recreate experimental methods and results.

my personal documentation:

(commented) Perl code
(commented)R code
(sometimes) README files
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!:I ‘ ‘lﬁ —‘

n J: analyst point of view

Sweave, Knitr integrate Rcode with LaTeX
| into a “executable” and “readable” pdf

€ @ ¢ & | https://cran.r-project.org

.‘

ker saves your stable version of
2lines within the changi |

E—

Package software into standardized units for
development, shipment and deployment CONTAINER CONTAINER CONTAINER

. . . . . Tomcat SQL Server
A container image is a lightweight, stand-alone, executable package of a

piece of software that includes everything needed to run it: code, runtime, JEVES NET Static Binary
system tools, system libraries, settings. Available for both Linux and : :
. . ] Debian Ubuntu Alpine
Windows based apps, containerized software will always run the same,
regardless of the environment. Containers isolate software from its
surroundings, for example differences between development and staging
environments and help reduce conflicts between teams running different (

software on the same infrastructure.

R e P v uquww\)
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Here's a chart depicting three different smoothing technigues on a dataset. Be-
low, vou'll gee some B input, along with the resulting diagram:

library{ 'UsingR"')

attach(five.yr. temperature)

scatter. smooth(temps "days, col="light blus",bty="n")
lines(smooth.spline(temps "days), 1ty=2, Iwd=2)
lines(supsmu{days, temps),lty=3,lwd=2)}

legend (x=110,y=40,1ty=c(1,2,3),Ivd=c(1,2,2},
legend=c({"scatter.smooth®, "smooth.spline”, "supsmu"})}
detach(five.yr. temperature)

— scafter smooth
== smoothsphne
SUPSML
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i}h user-defined pipelines

PR

o

TR ff

o 4 N W‘B'a'e
E.udg,‘ (WhatlsGenumeSpace" Tools Recipes Documentation Developers Support About - Q.‘) m‘?%%by i
=) %
v X
’ . I N
) g whatis| ‘!

BioMoby K

| A world of data at vour fingertips

GENOMESPACE

Frictionless connection of bicinformatics tools

Tired of This? Try This!
Paetocel

Chate & gone fia? <o Exerl
5 ' Go 2 NCBI

STATUS [ 04.11.17 09:09pm1 Bl currently all systems are operating normally. Calendar of Upcoming Events Retaieve FASTA for cack gome
N / Dw-gontlf Blast tack Mepitnet [EastAgainstiragons] [minAepeattasker] | Faree FASTA |

| e e | e |

Rom MacVecton cut euck g with EcoRl

= Galaxy Search Galaxy

COMMUNITY HU

Data intensive biology for everyone

analySIS reCI peS Galaxy is an open, web-based platform for accessible, reproducible, and transparent computational biomedical

can be published

research.

« Accessible: Users without programming experience can easily specify parameters and run tools and workflows.
» Reproducible: Galaxy captures information so that any user can repeat and understand a complete computational analysis.
« Transparent: Users share and publish analyses via the web and create Pages, interactive, web-based documents that describe a complete analysis.

Welcome to the Galaxy Community Hub, where you'll find community curated documentation of all things
Galaxy.

Events @qalaxyproject
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Common Workflow Language
s 50 [ icer Jon cha RN

The Common Workflow Language (CWL) is a specification for describing analysis workflows and tools in a way that makes them portable and scalable across a variety of software
and hardware environments, from workstations to cluster, cloud, and high performance computing (HPC) environments. CWL is designed to meet the needs of data-intensive
science, such as Bioinformatics, Medical Imaging, Astronomy, Physics, and Chemistry.

CWL is developed by an informal, multi-vendor working group consisting of organizations and individuals aiming to enable scientists to share data analysis workflows. The CWL
project is on Github and we follow the Open-Stand.org principles for collaborative open standards development

thie modem
paradigm for
standands

CWL builds on technologies such as JSON-LD for data modeling and Docker for portable runtime environments.
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Topic

" Phylogenetics

Transcriptomics|

Data

Sequence
Structure

Operation

Alignment
SNP detection

|dentifier

Ensembl ID
UniProt ID
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has topic has topic

has input /

Operation has output

is format of is identifier of
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‘g/wiki/Minimum_Information_Standards
jov/geo/info/MIAME.htm|

Publications
(e.q. EuropePMC)

Source Gene
(e.g. taxonomy) (e.g. ENA)
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The data interpretation in a clinical context is constantly changing
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or a data structure that distinguishes between
« dlngs”

sup porting data
onal data
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R RSS!
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Questions?
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