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Data Engineering: a Defifli
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Background and motivation



NIH STRATEGIC PLAN FOR DATA SCIENCE

Introduction

As articulated in the National Institutes of Health (NIH)-Wide Strategic Plan! and the Department of
Health and Human Services (HHS) Strategic Plan,? our nation and the world stand at a unique moment of
opportunity in biomedical research, and data science is an integral contributor. Understanding basic

biological mechanisms through NIH-funded research depends upon vast amounts of data and has
propelled biomedicine into the sphere of “Big Data” along with other sectors of the national and global
economies. Reflecting today’s highly integrated biomedical research landscape, NIH defines data science
as “the interdisciplinary field of inquiry in which quantitative and analytical approaches, processes, and
systems are developed and used to extract knowledge and insights from increasingly large and/or

complex sets of data.”

https://datascience.nih.gov/sites/default/files/NIH_Strategic_Plan_for Data_Science_ Final_508.pdf
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approach will move toward a common architecture, infrastructure, and set of tools upon which
individual Institutes and Centers (ICs) and scientific communities will build and tailor for specific needs.
A Software as a Service (SaaS) framework, in which software licensing and delivery are provided and
hosted by centralized resources, will greatly facilitate access to, analysis and curation of, and sharing of
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FAIR data standards

To be Findable:

F1. (meta)data are assigned a globally unique and eternally persistent identifier.

F2. data are described with rich metadata.
F3. (meta)data are registered or indexed in a searchable resource.

F4. metadata specify the data identifier.

TO BE ACCESSIBLE:

Al (meta)data are retrievable by their identifier using a standardized communications protocol.

Al.l the protocol is open, free, and universally implementable.

Al.2 the protocol allows for an authentication and authorization procedure, where necessary.

A2 metadata are accessible, even when the data are no longer available.

TO BE INTEROPERABLE:

1. (meta)data use a_formal, accessible, shared, and broadly applicable language for knowledge representation.
12. (meta)data use vocabularies that follow FAIR principles.

13. (meta)data include gualified references to other (meta)data.

TO BE RE-USABLE:

R1. meta(data) have a plurality of accurate and relevant attributes.

R1.1. (meta)data are released with a_clear and accessible data usage license.

R1.2. (meta)data are associated with their provenance.
R1.3. (meta)data meet domain-relevant community standards.

https://www.force11.ora/group/fairgroup/fairprinci



https://www.force11.org/group/fairgroup/fairprinciples

s FAIR data enough?

FAIR data standards and guidelines are general; implementation can be
challenging.

FAIR data are not always fit-for-use data.

FAIR data standards are somewhat context-dependent and are most easily
applied within a homogeneous community of data users and providers.
FAIR data are not always usable data.

FAIR data are not always useful data.

[OFF TOPIC]: expense, maintenance, metrics, deprecation, augmentation
and correction, provenance over time, ownership and IP



Health

In the context of healthcare, there is a virtual
imperative that we learn to value and use our data
ethically and effectively. The promise of a learning

healthcare system depends on this charge...
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Abstract

Genomics is a Big Data science and is going to get much bigger, very soon, but it is not
known whether the needs of genomics will exceed other Big Data domains. Projecting to
the year 2025, we compared genomics with three other major generators of Big Data:
astronomy, YouTube, and Twitter. Our estimates show that genomics is a “four-headed
beast”—it is either on par with or the most demanding of the domains analyzed here in
terms of data acquisition, storage, distribution, and analysis. We discuss aspects of new
technologies that will need to be developed to rise up and meet the computational chal-
lenges that genomics poses for the near future. Now is the time for concerted, community-
wide planning for the “genomical” challenges of the next decade.

/10.1371/journal.pbio.1002195
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Comparison of four domains of big data in 2025

Table 1. Four domains of Big Data in 2025. In each of the four domains, the projected annual storage and computing needs are presented across the data
lifecycle.

Data Phase Astronomy Twitter YouTube Genomics

Acquisition [ 25 zetta-bytes/year 0.5—-15 billion 500-900 million hours/year 1 zetta-bases/year
tweets/year

Storage 1 EB/year 1-17 PB/year 1-2 EB/year 2—-40 EB/year

Analysis In situ data reduction Topic and Limited requirements Heterogeneous data and analysis
sentiment mining

Real-time processing Metadata analysis Variant calling, ~2 trillion central
processing unit (CPU) hours

Massive volumes All-pairs genome alignments, ~10,000
illion CPU ho

Distribution | Dedicated lines from antennae Small units of Major component of modern user's  Many small (10 MB/s) and fewer massive
to server (600 TB/s) distribution bandwidth (10 MB/s) (10 TB/s) data movement

https://doi.org/10.1371/journal.pbio.1002195.t001
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Steel threads: Software engineering constructs for defining, designing and
developing software system architecture
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Abstract: A steel thread is a software engineering construct that identifies the most important
execution paths, including software and hardware elements, through a computer system, while
meeting business objectives and demonstrating executable architecture. Steel threads are often used
in the context of defining software system architecture. Although there have been references to steel




Baby steps: Data reuse reframed
as reproducible research

Genomics and Bioconductor as a use case....
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Opinion: Reproducible research can still be
wrong: Adopting a prevention approach
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Reproducibility—the ability to recompute
results—and replicability—the chances other
experimenters will achieve a consistent
result—are two foundational characteristics
of successful scientific research. Consistent
findings from independent investigators
are the primary means by which scientific
evidence accumulates for or against a hy-

Leek, Jeffrey T., and Roger D. Peng. 2015.

been some very public failings of reproduc-
ibility across a range of disciplines from can-
cer genomics (3) to economics (4), and the
data for many publications have not been
made publicly available, raising doubts
about the quality of data analyses. Popular
press articles have raised questions about the
reproducibility of all scientific research (5),

computational tools such as knitr, iPython
notebook, LONI, and Galaxy (8) have
simplified the process of distributing repro-
ducible data analyses.

Unfortunately, the mere reproducibility of
computational results is insufficient to ad-
dress the replication crisis because even a re-
producible analysis can suffer from many
problems—confounding from omitted varia-
bles, poor study design, missing data—that
threaten the validity and useful interpretation
of the results. Although improving the repro-

https://doi.org/10.1073/pnas.1421412111
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Reproducibility, the ability to recompute results, and
replicability, the chances other experimenters will achieve a
consistent result, are two foundational characteristics of
successful scientific research...of late there has been a crisis
of confidence among researchers worried about the rate at
which studies are either reproducible or replicable. In order to
maintain the integrity of science research and maintain the
public's trust in science, the scientific community must ensure
reproducibility and replicability by engaqing in a more
preventative approach that greatly expands data analysis
education and routinely employs software tools.
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Bioconductor is a large, NIH-funded
open source software community
dedicated to the analysis and
comprehension of high throughput
biological data.
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From this....

) @ @ R GSM48681 txt

"I' - - R e -, —— - - = -—_—-- f ——- -

#calRatlo Calibrated ratio, (or normalized ratlo) [float]

#rQuality = Ratio measurement quality (including all intensity measurement
quality, plus the signal-to-noise-ratio requirement). [float]

#confLevel = Confidence Level, typically set at 99% [float]

#lowerLimit = Lower Limit of confidence interval for cal. Ratio [float]
#upperLimit = Upper Limit of confidence interval for cal. Ratio [float]
#M = Magnitude parameter for channel compensation [float]

#CV = Coefficient of variation of the intensity [float]

#Flag = User flagged. @ - deleted spot by user, 1 - good spot [Integer]
#PRE_VALUE =

#UNF_VALUE = log ratio (log2 of PRE_VALUE)

Isample_table_begin

ID_REF VALUE SR_T. Int. SR_Mean SR_S.Dev SR_SNR SR_iQualitySR_bkMean

SR_bkDev SG_T. Int. SG_Mean SG_S.Dev SG_SNR SG_iQualitySG_bkMean

SG_bkDev unionArea propArea calRatio rQuality confLevel TlowerLimit

upperLimit M CV Flag PRE_VALUE UNF_VALUE
1 0.2701103 63618 569.2 215.5 34.9 1.0000 380.4 11.9 60066
496.9 202.6 19.8 1.0000 399.6 18.4 67 0.8590 1.2059 1.0 99.0
0.1717 5.8245 0.9498 0.9819 1 1.2059 0.2701103
2 6.3459203 7195 41.6 10.6 2.6 0.2729 381.6 11.6 6754 0.5
20.3 0.0 0.2729 396 8 17.5 17 0.2179 81.34150.0 99.0 0.1717 5.8245
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Filter gene expression by variance to find most informative genes.

sds = ( (gse),1,sd)
dat = (gse)[ (sds, )[1:500],]

Perform multidimensional scaling and prepare for plotting.

mdsvals = ( (“(dat)))
mdsvals = (mdsvals)
mdsvals:Type= ( (gse)[, o] ype:chl'])
mdsvalsSNormal = { (gse)[, 'normal:chl'])

And do the plot.

(ggplot2)
(mdsvals, (x=V1,y=V2, Normal, Type))

( 4, 0.6) ( ( 18))
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Mar/2019

Jun/2019

Sep/2019

Dec/2019

Month Nb of distinct IPs Nb of downloads
Jan/2019 5874 11654
Feb/2019 4982 9962
Mar/2019 5741 12199
Apr/2019 5766 12502
May/2019 2323 4725
Jun/2019

Jul/2019
Aug/2019
Sep/2019
Oct/2019
Nov/2019
Dec/2019
2019 20937

GEOquery 2019 stats.tab




Understand, expose, and adapt to
your data ecosystem and community

m) NATIONAL CANCER INSTITUTE

GDC Data Portal

B Projects 4 Analysis Repository Q Quick Search
Harmonized Cancer Datasets

Genomic Data Commo| 0
Gt Started by Exploring: C

B Projects |

Manage Sets %) Login

Data Portal Summary pata Release 16.0 - March 26, 2019

PROJECTS

PRIMARY SITES
45

& 68
FILES

(365,463

CASES
& 33,549
GENES

822,872

MUTATIONS

Pleura
| Soft Tissue B
473,142,246

GDC Applications
The GDC Data Portal is a robust data-driven platform that allows cancer

researchers and bioinformaticians to search and download cancer data for analysis. The GDG applications include:
Data Portal Website

Data Transfer Tool

Legacy Archive

@ data_ilo
@ anaysis
@ ncex fie
meladata_fie
otation

jospecimen
@ cnical

Program

@ administratve

Exposure

mic
Profile
Harmonization

Alignment

Germiine
Variant Calling

Somatic:
5 Mutation
Annotation pei

Aggregation

Alignment +
Cocleaning

Expression

Family History

RNA
Expression


https://gdc.cancer.gov/files/public/image/Data_Model_Oobleck.png

Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(GenomicDataCommons)
fnames = ()
GenomicDataCommons (- cases.project.project_id
data_type
data_format
analysis.workflow_type ' )

0)
0

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])



Altered in 424 (90.79%) of 467 samples.
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Baby steps: Reusable components



Where necessar)/’ bUild se <-SummarizedExperiment (

assays,

new software or tools

colData,
exptData

e Recognize complexity in
high-throughput biological data

e \ersion control everything

e Continuous testing and
integration

e Text-based workflow (no GUI)

e Literate programming
approaches and documentation

e Education on tooling

e Numerous mechanisms for
FAIR data sharing

colData (se)

—_—~ _——
(/2]

@ ®
e =
(0] (0]
D RS
(2] (7]
o o
= =
© ©
(0] (0]
(VIS EL

rowData (se) assays (se) exptData (se)




Core value: reuse and interoperability

batch effect corr

colData

Features (genes)

\‘\
PCH: 26% varianca

1*B.lactating -1*B.pregnant

Average log CPM




Where possible reuse existing tools, leverage existing
communities




The R package: the unit of sharing in the R community

@ https://cran.r-project.org

CRAN
Mirrors
What's new?
Task Views
Search

About R
R Homepage
The R Journal

Software

R Sources
R Binaries
Packages
Other

Documentation

A3

abbyyR

abc

abc.data
ABC.RAP
ABCanalysis
abcdeFBA

ABCoptim
ABCp2
aberf
abctools
abd

abe

abf2

ABHgenotypeR

Accurate, Adaptable, and Accessible Error Metrics for Predictive Models
Access to Abbyy Optical Character Recognition (OCR) API

Tools for Approximate Bayesian Computation (ABC)

Data Only: Tools for Approximate Bayesian Computation (ABC)

Array Based CpG Region Analysis Pipeline

Computed ABC Analysis

ABCDE_FBA: A-Biologist-Can-Do-Everything of Flux Balance Analysis
with this package

Implementation of Artificial Bee Colony (ABC) Optimization
Approximate Bayesian Computational Model for Estimating P2
Approximate Bayesian Computation via Random Forests

Tools for ABC Analyses

The Analysis of Biological Data

Augmented Backward Elimination

Load Gap-Free Axon ABF2 Files

Easy Visualization of ABH Genotypes




Published, versioned, documented, tested, measured

AnnotationHub

platforms [all rank 52/ 1741 posts 7/0.7/3/ 2
build ' warnings | updated before release

DOI: 10.18129/B9.bioc.AnnotationHub ﬁ ﬂ

Client to access AnnotationHub resources

Bioconductor version: Release (3.9)

This package provides a client for the Bioconductor AnnotationHub web resource. The AnnotationHub web
resource provides a central location where genomic files (e.g., VCF, bed, wig) and other resources from
standard locations (e.g., UCSC, Ensembl) can be discovered. The resource includes metadata about each
resource, e.g., a textual description, tags, and date of modification. The client creates and manages a
local cache of files retrieved by the user, helping with quick and reproducible access.




Maximize the impact (and reward) of curation efforts

. curatedMetagenomicsData
File Edit View Insert Format Data Tools Add-ons Help Lastedit was on November 19,2018

o~ @ T 100% v § % 0 .00 123+ Adial W - B IS A &H L-lp-y o B W V-3

dataset_name
A B c D E F ] 1 J K L M N o

datasef me .sampleID subjectiD body_site antibiotics_currer study_condition disease infant_age age_category ~ gender country non_westernized sequencing_plati DNA_extraction_ |
AsnicarF_2017 MV_FEI1_t1Q14 MV_FEI1 stool NA control healthy newborn female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEI2_t1Q14 MV_FEI2 stool NA control healthy newborn male no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEI3_t1Q14 MV_FEI3 stool NA control healthy newborn male no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEI4_t1Q14 MV_FEI4 stool NA control healthy newborn male no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEI4_t2Q15 MV_FEI4 stool NA control healthy newborn male no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEI5_t1Q14 MV_FEI5 stool NA control healthy newborn male no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEI5_t2Q14 MV_FEIS stool NA control healthy newborn male no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEI5_t3Q15 MV_FEIS stool NA control healthy newborn male no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM1_t1Q1 MV_FEM1 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM2_t1Q1 MV_FEM2 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM3_t1Q1 MV_FEM3 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM4_t1Q1 MV_FEM4 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM4_t2Q1 MV_FEM4 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM5_t1Q1 MV_FEM5 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM5_t2Q1 MV_FEM5 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_FEM5_t3Q1 MV_FEM5 stool NA control healthy adult female no lluminaHiSeq  Qiagen
AsnicarF_2017 MV_MIM1_t1M1. MV_MIM1 milk NA control healthy adult female no lluminaHiSeq  MoBio
AsnicarF_2017 MV_MIM2_t1M1- MV_MIM2 milk NA control healthy adult female no llluminaHiSeq  MoBio
AsnicarF_2017 MV_MIM3_t1M1- MV_MIM3 milk NA control healthy adult female no lluminaHiSeq ~ MoBio
AsnicarF_2017 MV_MIM4_t1M1. MV_MIM4 milk NA control healthy adult female no lluminaHiSeq  MoBio
AsnicarF_2017 MV_MIM4_t2F1£ MV_MIM4 milk NA control healthy adult female no lluminaHiSeq  MoBio
AsnicarF_2017 MV_MIM5_t1M1. MV_MIM5 milk NA control healthy adult female no llluminaHiSeq  MoBio
AsnicarF_2017 MV_MIM5_t2M1: MV_MIM5 milk NA control healthy adult female lluminaHiSeq  MoBio
AsnicarF_2017 MV_MIM5_t3F1£ MV_MIM5 milk NA control healthy adult female lluminaHiSeq  MoBio
BritolL_2016 M1.1.8A M1.1 oralcavity NA control healthy newborn male lluminaHiSeq ~ Maxwell_LEV
BritolL_2016 M1.1.8T M1.1 stool NA control healthy newborn male lluminaHiSeq  Qiagen
BritolL_2016 M1.10.8A M1.10 oralcavity NA control healthy child male lluminaHiSeq  Maxwell_LEV
BritolL_2016 M1.10.ST M1.10 stool NA control healthy child male lluminaHiSeq  Qiagen
BritolL_2016 M1.15.8A M1.15 oralcavity NA control healthy schoolage male lluminaHiSeq ~ Maxwell_LEV
BritolL_2016 M1.15.8T M1.15 stool NA control healthy schoolage male lluminaHiSeq  Qiagen
BritolL_2016 M1.16.SA M1.16 oralcavity NA control healthy schoolage male lluminaHiSeq ~ Maxwell_LEV
BritolL_2016 M1.16.ST M1.16 stool NA control healthy schoolage male lluminaHiSeq  Qiagen




Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

nature > nature methods > correspondence > article
nature methods

Correspondence = Published: 31 October 2017

Accessible, curated metagenomic data
through ExperimentHub

Edoardo Pasolli, Lucas Schiffer, Paolo Manghi, Audrey Renson, Valerie Obenchain, Duy Tin Truong,

Francesco Beghini, Faizan Malik, Marcel Ramos, Jennifer B Dowd, Curtis Huttenhower, Martin

Morgan, Nicola Segata *® & Levi Waldron

Nature Methods 14,1023-1024 (2017) = Download Citation X




Publish the how....
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THE DATA SCIENCE
HIERARCHY OF NEEDS / ..

DEEP
LEARNING
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Education: we are all learning and teaching....

ﬁi‘gsimp\ystats

The role of academia in data science
e education

iZ= Archive

" )
® Confarences & Rafael Irizarry £ 2018/11/01

& Courses | was recently asked to moderate an academic panel on the role of universities in training the data science
workforce. | preceded each question with opinionated introductions which | have fused into this blog post. These
are weakly held opinions so please consider commenting if you disagree with anything.

& Interviews

P Contributing
To discuss data science education we first need to clearly state what it means. The panel organizers defined
data science as “an emerging discipline that draws upon knowledge in statistical methodology and

@ GitHub computer science to create impactful predictions and insights for a wide range of traditional scholarly
fields.” But is it an academic discipline? If so, what are the shared fundamental principles, expertise, skills, and
knowledge-based shared by data scientists? Is there a core curriculum for Data Science? Providing a more

8 Twitter

blogdown

Hugo Blackburn detailed definition might help.

My attempt at defining Data Science

The term Data Sciece may have been coined in academia, but the proliferation of its use has been mostly driven
by the tech industry. The term became prominent because recruiters needed to more specifically describe what
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