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Overview

e Bioinformatics

* Big data

e Command line interface
e Linux

 Virtual machines
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Bioinformatics

* From Wikipedia

“Bioinformatics is an interdisciplinary field that develops
methods and software tools for understanding biological data.
As an interdisciplinary field of science, bioinformatics combines
computer science, statistics, mathematics, and engineering to
study and process biological data”
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Bioinformatics

Biology Mathematics

Bioinfermatics

Computer

Medicine e

A multifaceted discipline
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Bioinformatics

Biologists + Clinicians

collect molecular data:

DNA & Protein sequences,

gene expression, mutations, etc
Bioinformaticians
Study biological questions by
analyzing molecular data with the
help of computers

Computer scientists
(+Mathematicians, Statisticians, etc.)
Develop tools, software, algorithms
to store and analyze the data.



Bioinformatics bag of tricks

w3 ¢ s

Web
technologies

Algorithms

Bioinformatics

Biological
knowledge

Medical
knowledge

Sebastian Schmeier

6



Bioinformatics and
genome research!

Bioinfermatics

Sebastian Schmeier

Mol Biol Cell. 2014 Apr;25(8):1187-20

Isolation of DNA, RNA or proteins.

Biological
material

Sample quality control 4—— \ Sample for analysis

ield, purit
(yield, purity) lsamp|e processing

Analysis of processed sample: data acquisition
(e.g. sequencing, microarray analysis, or mass spectrometry).

Raw data file(s)

Public databases
nucleic acid or _yl
protein sequences

Bioinformatic analysis:
statistical validation, ranking,
Sequence & contaminant filtering.

genomic origins Results table
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Big data?

* Data production in biology and medicine has outpaced
our ability to analyse the incoming data =2 e.g.

sequencing
* Problems:
» Data storage

= Data transfer

= Data security and privacy
...and we did not talk about the actual analysis yet.
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Big data?

o Some examp|es: Cost per Raw Megabase of DNA Sequence
mega base pair = 1,000,000 bp

= 2000: | genome
- Human genome project

= 2008~2012: 1,000 genomes
- 1,000 genome project

= 2008~?:25,000 genomes
= Int.| cancer genome project

Moore's Law

= 2012~2017: 100,000 genomes [JRINMNIH) Soetriue 41
: enome.gov/sequencingcosts YOO ¢>‘C?"<X}:\v.<>
- UK 100,000 genome project B e |

o |O Petabyte Of data 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 ;1:
(10,000,000 GB, at |00GB per

human genome)
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Analyzing “big” data

* Currently Microsoft Excel has a row limit of about
~ | million rows

Version Max. rows Max. columns

Excel 2013 1,048,576 16,384
Excel 2010 1,048,576 16,384
Excel 2007 1,048,576 16,384
Excel 2003 65,536 256
Excel 2002 (XP) 65,536 256
Excel 2000 65,536 256
Excel 97 65,536 256
Excel 95 16,384 256
Excel 5 16,384 256

=> Excel is not suitable to work with large files
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Alternative: plain text-files

* What is a plain text-file

A file that is human readable

Readable as textual material without much processing =>can
be opened in any ordinary text editor

NO style information is included

NOT "binary files" in which some portions must be
interpreted as binary objects (encoded integers, real
numbers, images, etc.).

[ts size I1s only limited by the operating systems file-system.
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Common file-systems and file-size limits

File-system Max. file-size Supported OS
FAT32 4 GB (Gigabyte) Windows, Linux, Mac OSX
NTFS ~ 16 EB (Exabyte) Windows, Mac OSX
exFAT ~ 16 EB (Exabyte) Windows, Linux, Mac OSX
ext4 ~ |6 TB (Terabyte) Linux
HFS+ 8 EB (Exabyte) Mac OSX

Value Name

1000 kB kilobyte

10002 MB megabyte

10003 GB gigabyte

1000* B terabyte

1000° PB petabyte

10006 EB exabyt

Sebastian Schmeier
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Working with plain text files

o Gener‘a”y Speaklng >/OU Can ,.‘ TextEdit File Edit Format Vlew.VWndow Help

- =

Open plaln teXt In any teXt T(I)'h|; isiz)lai;ter;(t ;orrﬁall;yc:su v:oulzcsa:veizﬁlle Iil|<1;tl;iswll;th'a“.l&t"'enclizi:'ng‘
editor; e.g. TextEdit (Mac)

* However, you are limited in
the amount of memory

your computer has

* Thus, large files cannot be
opened In a text editor
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Command-line interface (CLI)

* Many data scientist tend to work  FEiEEarem.

[seb@IT@60309] :~>echo "This is a shell"

with a command-line interface on [EEEE—_—_G—G".

AN FE XS

a terminal window

I I I
] e B A

e Here, one can interact with the CseberT060309] -]

operating system by Issuing
commands Iin form of successive
lines of text (command lines)

Who has heard of the command-line?
Anyone tried to work with the command-line?

Sebastian Schmeier
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Advantages of the CLI

« Control

> Possibility to access the operating system [5eb@IT060309] : ~>date

Mon Jul 27 11:43:08 NZST 2015
[seb@IT@60309] :~>echo "This is a shell"

file-system and programs

o This is a shell
Speed [seb@ITO60309] :~>Figlet YaY

—>  Processing data only with the keyboard

> No interaction with menus, etc. necessary : :\E:I :: :
* Saves resources [5eb8IT060309] :~>]]

- Terminal does not require much computer resources

- able to run on many kinds of hardware

* Able to script
- Able to write most work processes in forms of small scripts

= This makes it even speedier and also

* Remote access
> Processing data from different computers over the network is simple
* Reproducibility
- Placing the commands in a script or text-file lets one see/reproduce all steps taken to get to the result

e |ess strain

= Less switching between keyboard and mouse
Sebastian Schmeier |5



Disadvantages of the CLI

* No fancy user interface e e

[seb@IT@60309] :~>echo "This is a shell"

—> Everything happens in the terminal  pEEREEEE_—_—_—.

WiﬂdOW AN L NN/

NV NN

(I I I Y

* Not able to navigate with mouse R

[seb@IT060309] :~>]

= One needs to input command-lines
one by one

* Needs to remember important
commands

= No menus available to hunt through to find
the right commands
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Where can | use the CL|

* Windows has a very rudimentary CLI (shell)

—> not very user friendly, many essential programs are missing

* Mac OSX has a Terminal program

—> needs some tinkering to make it fully usable

e Linux in-built terminal

—>Most comprehensive set of CLI programs available

Who is working on Windows!
Who is working on Mac OSX!

Who has heard of Linux?
Who has worked with Linux?
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Evolution of computer operating systems

‘85 86 87 88 89 ‘90 ‘91 92 93 94 ‘9596 ‘97 98 "99 ‘00 ‘01°02 ‘03 ‘04 ‘05 ‘06 ‘07 08 ‘09 ‘101112131415
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Pocket PC Mobnle

2002 2003 SE [ Mobile 6:x 4 i
PO;lB%tOPC '\g?)l())%e Mobile 5 Phone 7.x
Microsoft
Windows

https://upload.wikimedia.org/wikipedia/commons/6/6d/Windows_Updated_Family_Tree.png
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C:N\>command
Microsoft(R) MS-DOS(R) Version 4.01
(C)Copyright Microsoft Corp 1981-1988
C:\>ver
MS-D0OS Version 4.01
C:\>dir command.com
Uolume in drive C is DOS
Uolume Serial Number is 2432-07DC

Directory of C:\

COMMAND COM 37557 12-19-88 12:00a
1 File(s) 495624192 bytes free

C:iN>

" S e L N
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=MS-D0S Executive
m File Uiew Special F11e Edit Search
o A [—] - D [—] gzi:;gﬁgr Paragraph
_- -_ c \ .
b g nformation shoull
o ABC. Microsoft Windouws incdlows. Also co
| BUIL MS-D0S Fxecutive Addendum enclps
- _| CALC
L EEEE E Uersion 1.01
I . Copyright [d 1985, Microsoft Corp. FTHOUT THE SPO

e CGA.

D print from an ag

| |

https://en.wikipedia.org/wiki/VWindows_1.0

CGA. his may be prefd
CGA. bnfiguration as it
CITO - iture change the
CLIP Disk Space Free: 30824K tion of the WINLIN
glﬁﬂfq Memory Free: 303K PR ————
CONTROL.EXE  EGAMONO.GRB HPLA

COURA.FON EGAMONO .LGOD IBHMG

COURB.FON EMM.AT JOYH RUNNING BATCH [.BAT) FILES
COURC .FON EMM.PC KERN f¥ouruna standard applicatioe—

should create a PIF file for the H¥

<] [=H
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Window Help

Dires

SN = [

CAWINDOWS
&=cy

EQSETUP
&3 WINDOWS

=| CAWIND(
E1l..]

EQ[TEMP]

el |

»>

Selected 1 file(s] [0 bytes) out of 76

https://en.wikipedia.org/wiki/Windows_3.0
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Windows Setup AN =y (|
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Evolution of computer operating systems

1969

1971 to 1973

1974 to 1975

1978

1979

1980

1981
1982

1992

1993
1994

1995
1996
1997

1998

1999

2000
2001 to 2004

2005

2006 to 2010

Finnish student
Linus Torvalds
created a new
free operating

system kernel
in 1991

0.0.1

Linux
0.95t0 1.2.x

Linux
2.01t02.6.x

PWB/Unix

Mac OS X
10.010 10.6
(Darwin)

BSD NET/2

386BSD

BSD
4.4104.4 lite
Free BSD 2
1.0t022x

Free BSE) i

3.0t03.2

Free BSD
3.3108.0

Net BSD
081t01.0

Net BSD
11t01.2

Net BSD
13

Net BSD
1.3t05x

OpenBSD
1.0t022

— |

OpenBSD
23to4x

https://commons.wikimedia.org/wiki/File:Unix_history-simple.png

. Open Source
[ ] Mixed/Shared Source
- Closed Source

Open Solaris
2008.05 and
later
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Yes! Android as well

e 2005: Google acquired Android Inc. for at least $50 million

* 2013: Google's Linux-based Android claims 75% of the
smartphone market share, in terms of the #phones shipped.

Diroircriil:iie: AndrrroidiTimVeiiﬁe o
The History of Android

August 16, 2005

Google Acquires Android, Inc.

Google purchases 22-month old Palo Alto, CA based startup
Android, Inc. - initial developers of the Android mobile device
( platform - for an estimated $50 million dollars. )
During a panel at the 16th Annual Stanford Accel Symposium
David Lawee, Vice President of Corporate Development at the

search giant said, the decision was Google’s "best deal ever.”

via BusinessWeek

r- -3
AL A N N A

-
Rumors of GPh | Google Acquires = The Android 1 Al

] Surface Ekndfou The. i | Smartphone 1 (] ] e ]
Q Q Android. In Google-Phone Google Confirms Rumors Android ¢ And

Founded W | Prototype Released  Rele

. . . . - . ..
SEPT MAY SEFT. MAY SEFT. MAY SEFT. MAY SEFT

2003 2004 2005 2006 2007 2008 S b ‘t S h . 23



Advantages of Linux-based computers

Free

* Open-source

* Customizable

* Alternatives/Choice

* Security

* Huge community

* Being able to contribute

* Low on resource / also good for old hardware
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Disadvantages of Linux-based computers

* Won't run any Windows programs
natively e.g.Word, Excel, Powerpoint, Photoshop etc.

* [or some peripheral hardware there are no Linux
drivers available

* Requires some getting used to for first time users
* There is no “standard Linux" edition

* Support is sometimes harder to come by and some
technical background is sometimes required to
understand solutions

* Gaming is not YET as easily done on a Linux computer
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Most popular Linux distributions

Ubuntu @ openSUSE  Chtee

ubuntu

Mint ArchlLinux a,c’h\,‘
Debian dg?an
Many more distributions available.
Fedora €3 Some distributions build on other
federe distributions and enhance them
Mageia O with certain feature sets.
mMagela

http://distrowatch.com/dwres.php?resource=major Sebastian Schmeier 26



Based on Ubuntu Linux

Powerful, free bioinformatics workstation platform

can be installed on anything from a laptop to a large server,
or run as a virtual machine.

Adds more than 250 bioinformatics packages to an Ubuntu
Linux 14.04 LTS base, providing around 50 graphical
applications and several hundred command line tools.

Incorporates the Galaxy environment for browser-based
data analysis and workflow construction

Field, D, Tiwari, B., Booth, T., Houten, S., Swan, D, Bertrand, N. and Thurston, M. 2006. Open Software for biologists:
from famine to feast. Nature Biotechnology 24, 801-803.

http://environmentalomics.org/bio-linux/ Sebastian Schmeier 27



The BioLinux user interface (Unity)

Bio-Linux Desktop, powered by Ubuntu 13 @) 0230 %

S -

Sample Data|

BL
oL|

Bio-Linux -

-
Documentation . -,
-

)
&
B
B
B
]
s
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How to run Linux

* There are several options available:

Install it on a computer:

Either instead of your original OS or along side your OS (called dual
boot)

Run Linux of a LiveCD:

This requires you to boot from a DVD that contains the Linux Live
version. However, once you shutdown the Live version of Linux all your
saved data is lost. This is a choice if you want to try out a Linux distro
without an actual install.

Run Linux inside a Virtual machine:

This a great option If you have a powerful pc/laptop.You can install a
virtualisation software for free, e.g.VirtualBox and install Linux from a
disk image into a new virtual machine. The advantage is that if you break
your Linux machine (which is generally hard to do), you easily can
reinstall it, as the virtual machine is basically only a file on your
computer (https://www.virtualbox.org/)

We will be running BioLinux as a virtual machine
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Virtual machines (VMs)

* Basically the idea is to
install a OS into a
container, which is a
single file.

Elrme cl=®)0

 The virtualization
software will start/run
the OS from that file, e.g.
uses the file as a hard-
drive.

* An window within your
host OS will open that
shows the “virtual” OS

running In the container.

B1OQ-MRAE s YF L ISTOCEG 2OW
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Virtual machines (2)

* Once you go over the window with your mouse you will
be moving around inside the "virtual” OS.

* You can exchange files with the host OS through
specifically created folders (this Is needs configuration)

* The"virtual” OS will use as many host OS computer
resources as you have allocated during the installation
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Computing philosophy

Unlike your Science...

Be lazy.

Copy others.

Don't invent anything you don't have to.
Re-USE, re-CYCLE, DON'T re-invent.

Don't be afraid to ask others.

Resort to new code only when absolutely necessary.
Add comments to your code - ALWAYS

Sebastian Schmeier 32



Computing philosophy (2)

* You're not a CS, not a programmers
* Don't try to be them
But! Try to think like them, at least a bit

* Google is your friend
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