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The Genomics’ BiG DATA Problem
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INTRODUCTION

BiIG DATA is a phenomenon described by the three “Vs”:
“Volume” (massive in amount), “Variety” (heterogeneous and complex), and
“Velocity” (high speed of generation) (1.

Next-generation sequencing, imaging systems and mass spectrometry-
based flow cytometry are generating data at super-exponential rate,
outpacing Moore’s Law by a factor of 4 (2. One personal genome represents
~100 GB of data, and sequencing costs have dropped from $100,000 in 2001
to $1,000 in 2015 (Fig. 1).
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OBJECTIVE: to provide a synthesis of the main computing, statistical
and ethical issues raised by the Big Data challenge in the field of genomics, as
well as of the main approaches adopted to deal with them.
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Figure 1. Evolution of the “Cost per Genome” (3).
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METHODS

" Literature search on Google Scholar, Institute for Scientific
Information (ISI) Web of Knowledge, NCBI PubMed and the
Cambridge University Library databases, using the key words big
data, genetics, genomics, challenges, mining, computing,
visualization, correlation, causation, statistical power, medicine
and ethics, along with keyword variations using the asterisk (*),
and combinations thereof using the boolean operators AND, OR
and NOT, and parentheses.

= Reading, self-reflection, information extraction and integration,
and writing of a critical review.

RESULTS I. Current Trends in Data Handling
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Figure 3. Computing approaches

RESULTS Il. The Challenges

Computing Issues

Solutions

Description

Expertise Lack of expertise (4). Training.

Data transfer Too slow to transfer terabytes (2).

I. Structured Query Language (4).

Data Analysis Too complex.

ii.Python (a).

Moving the computing to the data (2).
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Applications Lack of analytics/visualization technologies (a). Graphical User Interfaces (GUIs). agree?
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Security distributi ii. Username and password (1).
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o . . . Standard.
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Statistical Issues
Topic Description Solutions
Correlation vs _ , o ,
, Correlations do not allow making predictions. Theories.
Causation
c ling B . 4 | i. “N=All".
ampfing blas on-rahdom sampies. ii. Understanding what we
Multiple

Signal:noise tends to zero (6). Transparency.

comparisons

Theory formation Correlation-causation iterative model (Fig. 4).

Visualization Bias False patterns appear. Modelling (6).

Ethical Issues

Topic Description Solutions
Data secrecy (Fig. 5) i. Publication embargoes.
. 5) (9). . .
Withholding y (Fi§. 2} (9) Il. Cooperative.

Security concerns Cloud Computing perceived as insecure. Change of practice.

i. Data trading: yes or no?

ii. Limited interoperability between clouds (4). Debate.

Data tenancy

Health risk |dentification of mutations in public data (5).

Communication Incidental finding. Debate.

Participant’s opinions are irrelevant once the data i. Appropriate language.

Consent models . )
is public.

Tools for theory developing (6).

ii. “Citizen Science” models.
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ask. Figure 5. Positively correlated factors with Data Withholding (s).

CONCLUSIONS

" Fourth Paradigm emerges in science: capture, curation and analysis.

" Cloud Computing and parallelization strategies are needed to move computation to the data.
" Computing Issues demand efficient use of limited money, power, space and people.

= Statistical Issues call for correlation-causation iterative models, and new statistical methods.
" Ethical Issues call for computational solutions, bioethical debate and cooperation.

" The Big Data phenomenon extends to other science fields, medicine, economy and society.
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