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What is 

Bioinformatics?

in vivo   -   in vitro   -   in silico
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Yes. You don’t have to be an 
expert but you should know the 
basics.

Does a biologist need bioinformatics ? 
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“Science is not about making 
predictions or performing experiments. 
Science is about explaining.”  

Bill Gaede



Bioinformatics - Reproducible Research 

HS20 | UniBas | JCW 14

Reproducible 

Research
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Source: https://www.technologynetworks.com/informatics/articles/repeatability-vs-reproducibility

Repeatability is a measure of the likelihood that, having produced one result from 
an experiment, you can try the same experiment, with the same setup, and 
produce that same result. It is a way for researchers to verify that their own results 
are true and are not just chance artefacts.

The reproducibility of data is a measure of whether a different research team can 
attain results published in a paper using the same methods. This shows that the 
results are not artefacts of the unique setup in one research lab. It is easy to see 
why reproducibility is desirable, as it reinforces findings and protects against rare 
cases of fraud, or less rare cases of human error, in the production of significant 
results.

Replicability - Different team, different experimental setup. If an observation is 
replicable it should be able to be made by a different team, using a different 
measuring system and dataset, in a different location, on multiple trials. This 
would therefore involve collecting data anew.
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YouTube: Is there a reproducibility crisis in science? - Matt Anticole
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The collective effort of science depends on researchers being able to reproduce the 
work of others. In a recent survey of 1,576 researchers, 70% of them admitted 
having difficulty in reproducing experiments proposed by other scientists. For 50%, 
this reproducibility issue even concerns their own experiments.

Baker (2016) 1,500 scientists lift the lid on reproducibility. Nat News . 2016;533:452.
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Baker (2016) 1,500 scientists lift the lid on reproducibility. Nat News . 2016;533:452.
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Baker (2016) 1,500 scientists lift the lid on reproducibility. Nat News . 2016;533:452.
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‣ Honest Mistakes 
‣ Careless Mistakes 
‣ Cheats

Why?
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FastQC is for qualitiy 
control but not for data 
manipulations.
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*Cryptic species - A distinct species that are erroneously classified (and hidden) under one species name. More generally, the 
term is often applied when species, even if known to be distinct, cannot be reliably distinguished based on their morphology.

*
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Sequence preparation - “For barcodes, forward and reverse 
sequences were assembled, checked for stop codons or frame shifts, 
and edited in Geneious (Biomatters).” 

Clustering - “We used the Bayesian clustering algorithm 
implemented in clustering 16S rRNA for OTU prediction (CROP) to 
delineate OTUs based on the natural distribution of sequence 
dissimilarity in the dataset.“

Alignment - “We then took advantage of the coding property of the 
COI gene to improve the quality and reliability of our dataset further 
by discarding reads with any anomaly in their amino acid translation 
using Multiple Alignment of Coding Sequences (MACSE)“
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=> The mtDNA code thus has four Stops. Slightly different mtDNA codes are found in 
Drosophila and other invertebrate groups.

Differences between the vertebrate mtDNA code and the 
"Universal" code: 

- AUA and AUG are both Met codons 
- UGA codes for Trp and not a Stop codon  
- AGA and AGG codons are read as Stops instead of Arg
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Salipante et al. (2014) Appl. Environ. Microbiol. vol. 80 no. 24 7583-7591 
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What is the 
health-relevant 
information from 
the abstract and 
can you spot a 
problem?



Bioinformatics - Reproducible Research 

HS20 | UniBas | JCW 33

In all, approximately 108 16S rRNA 
bacterial gene copy numbers were 
determined in each g apple. 

Our results suggest that we consume 
about 100 million bacterial cells with 
one apple. 
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Fruit pulp and seeds are bacterial hot 
spots. Think again!

Apple are a source of bacteria. What a 
big suprise! 

What? Good, bad or what? Outside or 
inside an apple?
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This is a typical study of a very 
limited and questionable design, 
were the authors made many 
mistakes, did not include any 
controls, group whatever they liked, 
interpreted the reults according to 
belives, and did not care about 
reproducibility. 
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https://retractionwatch.com 
http://retractiondatabase.org/RetractionSearch.aspx?

A database search with the query affiliation “ETH” and 
country “Switzerland” showed 20 hits.   

A database search with the query affiliation “University of 
Zurich” and country “Switzerland” showed 13 hits.   

A database search with the query affiliation “Zurich” and 
country “Switzerland” showed 52 hits.   
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What can you do to 
make your research 

reproducible?
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In a first step, all paired-end raw reads were successfully merged 
using FLASh (version 1.2.9, Magoc and Salzberg 2011) with 
minimum overlap of 5nt and maximal mismatch ration of 0.8.

## (a) Merging overlapping paired-end reads
# -v Version (1.2.9)
# -m minimum overlap (default 10bp)
# -x max mismatch ration (default 0.25)

flash -m 5 -x 0.8 random_1000_R1.fq random_1000_R2.fq -o 
merged | tee flash.log

Material and Methods

Supplementary Data



Bioinformatics - Reproducible Research 

HS20 | UniBas | JCW 41

https://datadryad.org

The Dryad Digital Repository is a curated resource 
that makes research data discoverable, freely 
reusable, and citable. Dryad provides a general-
purpose home for a wide diversity of data types.
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Question - Aim

Program & Version (& Link)
Parameters (& References)

Input file(s) - original and parsed

Output file(s) / Log-file(s)

Interpretation / Disscusion
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Date: XX.YY.ZZ 
Aim

Find differences between two nucleotide sequences.


Input 
my file: Pram_sequence_A0021.fasta

NCBI file: AY762091 (AY762091.fasta)


Pairwise alignment: LALIGN (Online Version 3.2.1)


http://www.ebi.ac.uk/Tools


Option: default


Results  
Waterman-Eggert score: 682;  170.3 bits; E(1) <  1e-47
98.6% identity (98.6% similar) in 140 nt overlap (1-140:1-140)

                10        20        30        40        50        60
A0021   ACACGTGCTACAATGGCCGTTACAGAGGGAAGCGAAACCGCGAGGTGGAGCCAATCTCAG...
        ::::::::::::::::::::::::::::::  ::::::::::::::::::::::::::::...
AY76091 ACACGTGCTACAATGGCCGTTACAGAGGGATTCGAAACCGCGAGGTGGAGCCAATCTCAG...
                10        20        30        40        50        60

Discussion 
My sequence (Pram sequence) aligns nicely with AY762091 from the NCBI 
database. There are, however, two nucleotide changes (red box). 
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Markdown Editor

HTML / PDF Report
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https://github.com/rhiokim/haroopad
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Avoid applications with GUIs 
and use terminal command instead. 1

A Quick Recap

2
3

Provide Script or Write Reports 
Precise description of the workflow including 
versions and parameters. 

What can you do to make your research reproducible?

Ask questions! 
Do not trust puplication blindly. Read papers  
critically and think about the results yourself.  
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Code / Scripts 
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Most bioinformatics coursework focuses on algorithms, with perhaps some components devoted to 
learning programming skills and learning how to use existing bioinformatics software. 

Unfortunately, for students who are preparing for a research career, this type of curriculum fails to 
address many of the day-to-day organisational challenges associated with performing computational 

experiments. In practice, the principles behind organising and documenting computational 
experiments are often learned on the fly, and this learning is strongly influenced by personal 

predilections as well as by chance interactions with collaborators or colleagues. 
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Get Organised!
error_correction.ph
error_correction_PE.ph
error_correction_PE_1.ph
error_correction_PE_new.ph
error_correction_SR_newer.ph
error_corection_SR_v190423.ph
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ATOM
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Specific help (e.g. complition) 

Syntax colouring (e.g. trouble shooting) 

Line numbers (e.g. debuging) 

Find and replace (e.g. RegEx) 

Charater Encoding (e.g. line breaks) 

Special Features (e.g. code folding)

>Most Fonts
1234567890
WWWWWWWWWW
IIIIIIIIII
----------
AXAXAXAXAX

>Courier
1234567890
WWWWWWWWWW
IIIIIIIIII
----------
AXAXAXAXAX
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> test

Specific help (e.g. complition)
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Syntax colouring (e.g. trouble shooting)
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Syntax colouring (e.g. trouble shooting)
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Code Folding - RStudio supports both automatic and user-defined 

folding for regions of code. Code folding allows you to easily show and hide 
blocks of code to make it easier to navigate your source file and focus on the 

coding task at hand. 

To insert a new code section you can use the Code > Insert Section command. 

Alternatively, any comment line which includes at least four trailing dashes (-), 

equal signs (=), or pound signs (#) automatically creates a code section.
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Code Folding in RStudio
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Code Folding in RStudio
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Language is a tool that allows human beings to interact and 
communicate with each other. The clearer we express 
ourselves, the better the idea is transferred from our mind to 
the other. The same applies to programming languages: 
concise, clear and consistent codes are easier to read, more 
fun to edit and at the end, easier to reproduce.

What is a coding style? 



Bioinformatics - Scripting / Coding

HS20 | UniBas | JCW 62

ggplot2isanRpackageforproducingstatistical,ordata,graphics,butitisu
nlikemostothergraphicspackagesbecauseithasadeepunderlyinggram
mar.Thisgrammar,basedontheGrammarofGraphics(Wilkinson2005),is
composedofasetofindependentcomponentsthatcanbecomposedinm
anydifferentways.Thismakesggplot2verypowerful,becauseyouarenotl
imitedtoasetofprespecifiedgraphics,butyoucancreatenewgraphicstha
tarepreciselytailoredforyourproblem.Thismaysoundoverwhelming,bu
tbecausethereisasimplesetofcoreprinciplesandveryfewspecialcases,g
gplot2isalsoeasytolearn(althoughitmaytakealittletimetoforgetyourpre
conceptionsfromothergraphicstools).
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ggplot2 is an R package for producing statistical, or data, graphics, 
but it is unlike most other graphics packages because it has a deep 
underlying grammar. This grammar, based on the Grammar of 
Graphics (Wilkinson, 2005), is composed of a set of independent 
components that can be composed in many different ways. This 
makes ggplot2 very powerful, because you are not limited to a set 
of pre-specified graphics, but you can create new graphics that are 
precisely tailored for your problem. This may sound overwhelming, 
but because there is a simple set of core principles and very few 
special cases, ggplot2 is also easy to learn (although it may take a 
little time to forget your preconceptions from other graphics tools).  

Source: Wickham (2009) ggplot2 - Elegant Graphics for Data Analysis
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Code Style

javascript example / source: https://javascript.info/coding-style
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In computer programming, a comment is a 
programmer-readable explanation or 
annotation in the source code of a computer 
program. They are added with the purpose of 
making the source code easier for humans to 
understand, and are generally ignored by 
compilers and interpreters. The syntax of 
comments in various programming languages 
varies considerably.
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Comments (#) 
Spaces ➜ Structure

Code
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Good code is self-documenting.

Code tells you how, comments tell you why.

Good developers write good code; 
great ones also write good comments.
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PROGRAMMING IN BIOINFORMATICS 

• R 
• Python - BioPython 
• Perl - BioPerl 
• SQL 
• C and C++ 
• Ruby 
• PHP and JavaScript 
• Java 
• Go 
• Linux
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// single line comment

/*Comment starts
  .
  .
Comment ends*/

<!--single html comment-->

<!--multiline comment
  .
  .
//-->

C/C++ html

# Comment in Python

“”” multiline comment 
  .
  .
“””

Python

# Comment in Perl

=begin multiline comment
  .
  .
=cut

Perl

Similar to Java
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# Single line comment in R

# multiline comment 
#  .
#  .
#  .

R

shift cmd C+ +

RStudio
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Type of Comments

‣Header / Titles 

‣Documentation 

‣Clarification

Headers are important starting points. 
Titles help to give the code structure. 
Documentation comments are needed to explain your code.  
Clarification comments are intended for anyone (including your future self) 
who may need to maintain, refactor, or extend your code.
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⬅ Title

⬅ Title
⬅ Documentation (option)

⬅ Documentation (usage)

⬅ Documentation (extension)
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Profanity in Source Code
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# F@!+& piece of R code - it drives me avocados

#! I can’t figure this out.
#! I need to extract only the records where
#! t < 12 but not > 18.

Why not if you must ….

What about a more constructive way …
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#

Built-in Help: Example for RStudio
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Project

Version Control
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GitLab is a web-based Git repository manager with wiki 
and issue tracking features, using an open source 
license, developed by GitLab Inc.
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Overleaf is a collaborative cloud-based LaTeX editor used for 
writing, editing and publishing scientific documents. It partners 
with a wide range of scientific publishers to provide official 
journal LaTeX templates, and direct submission links.
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Python 2.7

Application A 
Requirments: Python 2.7

Application B 
Requirments: Python >3.0

Version Control
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# 
Comment your code and do it generously. 

1

A Quick Recap

2

3

Code Style 
Learn and use a common style. 

Code Editor 
Make use of the different features like sintax 

highlighting and code folding. 

4 Version Control 
For bigger or collaborative projects use 
version control. 



Bioinformatics - Introduction 

HS20 | UniBas | JCW 108



Bioinformatics - Concepts 

HS20 | UniBas | JCW 109

Pop Corn Concept
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ICYWW*, you totally can make popcorn with a hair straightener!
*In case your were wondering.
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Dent Corn 
(Zea mays var. indentata) 

Flint Corn 
(Zea mays var. indurata) 

Popcorn 
(Zea mays var. everta) 

Sweet Corn 
(Zea mays convar. saccharata var. rugosa) 

Flour corn 
(Zea mays var. amylacea)
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Each kernel of popcorn contains a certain amount of moisture and oil. Unlike most other grains, the 

outer hull of the popcorn kernel is both strong and impervious to moisture and the starch inside 

consists almost entirely of a hard type. As the oil and water within the kernel are heated, they turn the 

moisture in the kernel into pressurized steam. Under these conditions, the starch inside the kernel 

gelatinizes, softens, and becomes pliable. The internal pressure of the entrapped steam continues to 

increase until the breaking point of the hull is reached: a pressure of approximately 930 kPa and a 

temperature of 180 °C. The hull thereupon ruptures rapidly and explodes, causing a sudden drop in 

pressure inside the kernel and a corresponding rapid expansion of the steam, which expands the starch 

and proteins of the endosperm into airy foam. As the foam rapidly cools, the starch and protein 

polymers set into the familiar crispy puff. Special varieties are grown to give improved popping yield. 

Though the kernels of some wild types will pop, the cultivated strain is Zea mays everta, which is a 

special kind of flint corn.
Source: Wikipedia
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Chain Concept
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Input Output
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Input Output
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vs
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Table.txt Table_new.txt

T1 ➜ T01 a ➜ A P777 ➜ p779

https://gdc-web.ethz.ch/UniBas/data/Table.txt

https://gdc-web.ethz.ch/UniBas/site/ReproducibleResearch/
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vs
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https://gdc-web.ethz.ch/UniBas/data/graph.zip

https://gdc-web.ethz.ch/UniBas/site/ReproducibleResearch/

