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1 How to Learn Bioinformatics

1.1 Why Bioinformatics? Biology’s Growing Data

Bioinformaticians are concerned with deriving biological understanding from large amounts of data

with specialized skills and tools. Early in biology’s history, the datasets were small and manageable.

Most biologists could analyze their own data after taking a statistics course, using Microsoft Excel on

a personal desktop computer. However, this is all rapidly changing. Large sequencing datasets are

widespread, and will only become more common in the future. Analyzing this data takes different

tools, new skills, and many computers with large amounts of memory, processing power, and disk

space.

In a relatively short period of time, sequencing costs dropped drastically, allowing researchers to

utilize sequencing data to help answer important biological questions. Early sequencing was low‐

throughput and costly. Whole genome sequencing efforts were expensive (the human genome cost

around $2.7 billion) and only possible through large collaborative efforts. Since the release of the

human genome, sequencing costs have decreased exponentially until about 2008, as shown in Fig‐

ure 1‐1. With the introduction of next‐generation sequencing technologies, the cost of sequencing

a megabase of DNA dropped even more rapidly. At this crucial point, a technology that was only

affordable to large collaborative sequencing efforts (or individual researchers with very deep pock‐

ets) became affordable to researchers across all of biology. You’re likely reading this book to learn to

work with sequencing data that would have been much too expensive to generate less than 10 years

ago.
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Figure 1‐1. Drop of sequencing costs (note the y‐axis is on a logarithmic scale); the sharp drop

around 2008 was due to the introduction of next‐generation sequencing data. (figure reproduced

and data downloaded from the NIH).

What was the consequence of this drop in sequencing costs due to these new technologies? As you

mayhave guessed, lots and lots of data. Biological databases have swelledwith data after exponential

growth. Whereas once small databases shared between collaboratorswere sufficient, nowpetabytes

of useful data are sitting on servers all over theworld. Key insights into biological questions are stored

not just in the unanalyzed experimental data sitting on your hard drive, but also spinning around a

disk in a data center thousands of miles away.

The growth of biological databases is as astounding as the drop of sequencing costs. As an example,
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consider the Sequence Read Archive (previously known as the Short Read Archive), a repository of

the raw sequencing data from sequencing experiments. Since 2010, it has experienced remarkable

growth; see Figure 1‐2.

To put this incredible growth of sequencing data into context, consider Moore’s Law. Gordon Moore

(a cofounder of Intel) observed that the number of transistors in computer chips doubles roughly ev‐

ery two years. More transistors per chip translates to faster speeds in computer processors andmore

random access memory in computers, which leads to more powerful computers. This extraordinary

rate of technological improvement — output doubling every two years — is likely the fastest growth

in technology humanity has ever seen. Yet, since 2011, the amount of sequencing data stored in the

Short Read Archive has outpaced even this incredible growth, having doubled every year.

Tomakematters evenmore complicated, new tools for analyzing biological data are continually being

created, and their underlying algorithms are advancing. A 2012 review listed over 70 short‐readmap‐

pers (Fonseca et al., 2012; see http://bit.ly/hts-mappers). Likewise, our approach to genome

assembly has changed considerably in the past five years, as methods to assemble long sequences

(such as overlap‐layout‐consensus algorithms) were abandoned with the emergence of short high‐

throughput sequencing reads. Now, advances in sequencing chemistry are leading to longer sequenc‐

ing read lengths and new algorithms are replacing others that were just a few years old.

Unfortunately, this abundance and rapid development of bioinformatics tools has serious downsides.

Often, bioinformatics tools are not adequately benchmarked, or if they are, they are only bench‐

marked in one organism. This makes it difficult for new biologists to find and choose the best tool to

analyze their data. Tomakematters more difficult, some bioinformatics programs are not actively de‐

veloped so that they lose relevance or carry bugs that could negatively affect results. All of this makes

choosing an appropriate bioinformatics program in your own research difficult. More importantly,

it’s imperative to critically assess the output of bioinformatics programs run on your own data.
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Figure 1‐2. Exponential growth of the Short Read Archive; open access bases are SRA submissions

available to the public (figure reproduced and data downloaded from the NIH)

4


	How to Learn Bioinformatics
	Why Bioinformatics? Biology's Growing Data


