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Unix basics exercise - MBV-INFX410

In order to start this exercise, you need to be logged in on a UNIX computer with a terminal
window open on your computer. It is best if you are logged in on freebee.abel.uio.no. If you
do not know how to open a terminal window, like the one below, on your desktop, please
contact one of the instructors and get help.

£ jcnkiBfreebee:~
fasn-1.15 |

[ e

In the terminal window you have a Unix shell open with a command-line (a shell prompt)
where you can type your commands. The command-line interpreter will execute your
commands. There are several alternative and widely used Unix shells, for example C shell
(csh), Bourne shell (sh), tesh (used to be default at UiO), and Bourne-again shell (bash) (now
default at UiO). In this exercise we will use bash. Hopefully you already have a bash shell
running. If you are uncertain, type “bash” at the command prompt and press enter. Now you
have opened a bash shell inside the other shell, and you are ready to start.

1. Your first command will be pwd (short for print working directory). 1t will tell you
exactly where in the file system hierarchy you are, i.e. the full pathname of the
directory you are in. Type pwd and press enter.

The command-line interpreter have interpreted you command. It knows that pwd is a
program and runs that program. The output from the program was sent to your
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Very important to be able to use
basic Unix

Make your own Unix scripts is
not very central

Most likely you will instead use
Python for writing small
programs/scripts
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A brief practical Unix/Python exercise -

MBV-INFX410

We will in this exercise work with a practical task that, it turns out, can easily be solved by
using basic Unix and Python.

Let us pretend that an engineer in your group has spent several weeks growing and Sanger
sequencing several hundred clones. All the successful sequencing data has been “packed” in
one single file called allChroms.tar.gz.

(\

1. Log onto freebee.abel.uio.no and create a new directory in your home area. Let us

call it “chromatograms”.

P jonki@freebee: . = |=3

. Download the file allChroms.tar.gz from the wiki page and put it in the new directory.

How you do this will depend on your laptop. When you have done this, make sure
you understand what you did. We will do similar operations more times during the
course (and very likely for the exam...). This is important!

. The file has a double ending, “.tar.gz”. This indicates that this is a compressed file

that has been compressed, or packed to save space, by the gzip software application
(hence the “.gz”). It is also a “tar file”, also known as a “tarball”, which usually means
that many files have been packed into a single file. This is often done to make file
transfer and/or file storage easier. Use Is -/ allChroms.tar.gz to see the size of the
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Main points:

* Demonstrate a practical task where
making a script is absolutely
necessary

* Show you that some tasks cannot
easily be solved by using
«databases and web servers» -
including Galaxy/LifePortal
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A brief practical Unix/Python exercise -

MBV-INFX410

We will in this exercise work with a practical task that, it turns out, can easily be solved by
using basic Unix and Python.

Let us pretend that an engineer in your group has spent several weeks growing and Sanger
sequencing several hundred clones. All the successful sequencing data has been “packed” in
one single file called allChroms.tar.gz.

(\

1. Log onto freebee.abel.uio.no and create a new directory in your home area. Let us
call it “chromatograms”.

Oslo

After this exercise you must be able to:

O

In a Unix shell, create directories, move around between the
directories and copy and move files. Use Is with options to see which
files and directories you have in a directory.

Use cat and more to view the contents of a file, and use nano to write
text into a file or create a new one.

Delete files

Transfer files from your laptop to freebee.abel.uio.no and back
Download a compressed tarball file from somewhere and store it on
your laptop and on freebee.abel.uio.no

Uncompress and extract the files from the tarball

Make a tarball archive file with tar and compress with gzip

Make programs executable and files visible or hidden from other users
with chmod

Know how to use grep, “pipe” (|), and how to redirect output with “>”
If you obtain a little Python script, you should be able to run it and, at
least if it is not too complicated, be able to figure out what it is doing
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This is
most
important!
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Python

e Steep (or not?) learning curve
* Day1l

* Day?2

* Classes, objects and Biopython

* You are not expected to become experienced
programmers

* The exercise on MSAs and “the Python script for
moving files” illustrates what | expect you to be
able to do with Python
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More Unix stuff

* You must be able to move files between
laptop and freebee.abel.uio.no!

* You must be able to uncompress and get all

files out of a gzipped tarball, for example
bigfile.tar.gz

— And make this kind of archive file yourself
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More Unix stuff

* Three ways to run a Python script
* 1:In an interactive shell

r

~

£ jonkl@freebee:~/MBV-INFX410_Python o[- | (S

bash-4.1% python »
Python 2.6.6 (r266:842%92, May 27 2013, 05:35:12)

[GCC 4.4.7 20120313 (Red Hat 4.4.7-3)] on linux?

Type "help", "copvright", "credits" or "license" for more information.

>>> print "Hello World"™

Hello World

>>> print len("HelloWorld")

10
>>>
‘ \ Oslo UiO ¢ Department of Informatics
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More Unix stuff

* Three ways to run a Python script
e 2: As a script sent as input to Python

| -~

5

£ jonkl@freebee:~/MBV-INFX410_Python o[- | (S

bash-4.1§ cat myScript.py -
import sys

first word = sys.argv[l]

print first word, "has", len(first word), "letters"
bash-4.1% python myScript.py Banana

Banana has 6 letters

bash-4.1§ python myScript.py Bananarama

Bananarama has 10 letters

bash-4.1% [

m
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More Unix stuff

* Three ways to run a Python script

* 3: As ascript with #! at first line

¥

imp

fir

@ jonkl@freebee:~/MBV-INFX410_Python

bash-4.1% cat myScript2.py
#!/usr/bin/python

ort sys

st word = sys.argv([1l]

print first word, "has", len(first word), "letters"
bash-4.1% ./myScript2.pyv Apple

Apple has 5 letters

bash-4.1% 1s -1 myScript2.py

—rWX—————— 1 jonkl jonkl 108 Nov 17 12:04 myScript2.pvy
bash-4.1% chmod u-x myScript’.py

s
bash-4.1% 1s -1 myScript2.py

——————— 1 jonkl jonkl 108 Nov 17 12:04 myScript2.pVy

bash-4.1% ./myScript2.pv Apple
bash: ./myScript2.py: Permission denied
bash-4.1% |}

=)

~

m

(\
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More Unix stuff

* Why can we do Is, cat, rmdir etc, but have to
do ./myScript2
— Environment variables in the shell
— SPATH, SHOME etc
— SHOME is same as ~/ SEarear,

2P jonkl@freebee:~/MBV-INFX410_Python
bash-4.1¢% ./myScript2.py Hi

Hi has 2 letters

bash-4.1§ myScript2.py Hi

bash: myScript2.py: command not found
bash-4.1% 1ls myScript2.pVy
myScript2.py

bash-4.1% head -n 1 myScript2.pVy
#!/usr/bin/python

bash-4.1% echo S$PATH
/usr/1libé4/qt-3.3/bin:/usr/local/bin:/bin:/usxr/bin:/opt/bin -
bash-4.1% which 1s

/bin/1ls

bash-4.1% echo $HCOME
Jusit/abel/ul/jonkl

bash-4.15 |}

4 lm
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Non-printing characters

e Use cat -v to see “invisible” control codes in
the text

£ jonkl@freebee:~/MBV-INFX410_Python =n ol "

bash-4.1§ python parse blast.py
File "parse blast.py", line 1
SyntaxError: Non-ASCII character '\xe2' in file parse_blast.py on line 1, but no encoding decl
ep-0263.html for details
bash-4.1§ cat parse blast.py | head -3
fh = open(“blastout2.txt”, “r”)
lines =
fh.close()
bash-4.1§ cat -v parse blast.py | head -3
fh = open (M-bBM-"@M-"\blastout2.txtM-bM-"EM-"], M-bM-"EM-"\rM-bM-"EM-"])
lines =
fh.close()
bash-4.1% [
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End-of-line markers (EOLs) are not >«
the same in Unix and MS Windows!

(\

Windows type EOLs

Use cat -v to see “invisible” control codes, for example

Use dos2unix command to go from MS Windows to Unix
Use unix2dos command to do the reverse

@ jonkl@freebee:~/MBV-INFX410_Python
bash-4.1$ cat myScript2.py
#!/usr/bin/python

import sys

first word = sys.argv[l]

print first word, "has", len(first_word), "letters"
bash-4.1¢ ./myScript2.py

bash-4.1$ cat -v myScript2.py

#!/usr/bin/python"M

import sys™M

M

first word = sys.argv[1l]"M

M

print first_word, "has", len(first_word), "letters""M
bash-4.1$ dos2unix myScript2.py

bash-4.1$ cat -v myScript2.py
#!/usr/bin/python
import sys

first word = sys.argv[l]

print first word, "has", len(first_word), "letters"
bash-4.1$ ./myScript2.py Hei

Hei has 3 letters

bash-4.15 [J

bash: ./myScript2.py: /usr/bin/python”M: bad interpreter: No such file or directory

dos2unix: converting file myScript2.py to UNIX format ...

[F=% o =X

4 [m
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End-of-line markers (EOLs) are not »~==
the same in Unix and MS Windows!

2B jonki@frecbee:~/MBV-INFX410_Python [E=R(ECRF=)

bash-4.1$ cat 10Overts.fasta

>gi| 4505471 |ref|NP_002519.1| endonuclease III-like protein 1 [Homo sapiens]
MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRLRVAYEGSDSERKGEGAE
PLRVPVWEPQDWQOOLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPRKVRRYQVLLSLMLSSQTRKDQVIAGAMORLRARGLT
VDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILQQOHYGGDIPASVAELVALPGVGPRKMAHLAMAVAWGTVSGIAVDT
HVHRIANRLRWIKKATKSPEETRAALEEWLPRELWHEINGLLVGFGQQTCLPVHPRCHACLNQALCPARQGL

>gi| 6912520 | ref|

TPLVSRLSRIWATMR| | 10vertsfasta - Notepad =8 EcB ==

YHLERDVREVIRFRGS| mie  Edit Format View Help

SASLEEVNQLWAGLGY| = = = = =

CRVRAIGADPSSTLVS| >gi1|4505471|ref |NP_002519.1]| endonuclease III-Tike protein 1 [Homo sapiens]MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRL 4
SGSPDVEECAPNTGQC| TDAHSLNSAAQ>Qi|227908769|ref |[NP_032769.2| endonuclease III-Tike protein 1 [Mus musculus]MNSGVRMVTRSRSRATRIASEGCREELAPREAAAEGRKSHRPVRHPRRTQK
FpsvTWERSEQLORka| 039862.1] endonuclease III-like protein 1 [Bos taurus]MNAAGVRMVVTRARSRGTGASLRRRGEKAAPLRSGEAAAEERKSYSPVKRRRKAQRL SVAYEASEGEGGEGAEHLQAPSWQPQDW
aavSTAMRRVFRVYQe| 25€ III-like protein 1 [Gallus gallus]MCAAAPRGGGRAARRLGAATAGSRVPSAAPRYSRRTRRVPIAYEAEPKPESPGPKWEPENWQQQLERIREMRRHRDAPVDEMGVDKCYDTSAPPQVMRYQV
>gi|227908769|ze| P>01 1113205550 |ref [INP_001037884.1| nth endonuclease III-like 1 [Xenopus (Silurana) tropicalis]MSGSLRPLGRRGRRGVLKAVGGKDQQDGTSKGQVIDDSEDEKPSS

MNSGVRMVIRSRSRAT
QQOLANIRIMRSKKDA
GRLIYPVGFWRNKVKY]|
KKMTKTPEETRKNLEE]
>gi|227330621|xe
MEKLQASVRSHKXQPA
DLPWRNLAKEEANSDR|
ARKVVEELGGHMPRTA]
VDPARPGDFNQAAMEL,
MGVANFPRXASRRPPR]
PAIRLQHLGEVIHIFS
VCPPSSRKKPSLGQQV]
>gi|114051958|re
MNAAGVRMVVIRARSR]
QPQDWRQQLDNIRTMR
DDSTLGALIYPVGEWR|
RLRWIKKATKSPEETR|
>gi|281485563|xre
MKKSRAAVGNRSGRRK]
KKRDLPWRRLVEDEVD| < i »
QEGARKVVEELGGHMP
QQLVDPARPGDFNQARMELGAIVCTPKRPLCSHCPVONLCRARQRVEREQLSASQSLPGNCDVEECAPNTGQCPLCAPPT
EPWDQTLGVINFPRKASRKPPREECSAICVLEQPRALGGAHILLVQRPNSGLLAGLWEFPSVSVNAEASGQHQRAALLQE
LOSWVGPLPDTRLQHLGQVVHTFSHIKMIYQVYSLALEEHTPVT IVPPGARWLTREDFHTAAVSTAMKKVFRMYEGQQPG
TCKGSKRSQVATLSKRKKPSPGQOVLESFFWPHVPTDAPSLNTAAQ

>gi|118601744|ref|NP_001073043.1| endonuclease III-like protein 1 [Gallus gallus]
MCRAAPRGGGRAARRLGAATAGSRVPSAAPRYSRRTRRVPIAYEAEPKPESPGPKWEPENWQQOQOLERIREMRRHRDAPVD
EMGVDKCYDTSAPPQVMRYQVLLSLMLSSQTRKDQVI SAAMLRLRQRGLTVDSILOMDDATLGQIIYPVGFWRNRKVKYIKQ
TTAILKQKYGGDIPGIVEELVKLPGVGPRMAHLAMNIAWNSVSGIAVDTHVHRITNRLKWVKKETRYPEETRVALEDWLP
RDLWREINWLLVGFGQQTCLPVNPRCKECLNQDICPAARKRF

>gi| 513197809 | ref|XP_422433.3| PREDICTED: A/G-specific adenine DNA glycosylase isoform X5 [Gallus gallus]
MGGAAVRARRSVKVRAGGEHVGPGLGSPAIALRTHRRCCDPTPVPVSRQGLPLDHMHCISSVIPSRSMPYVAACSPGMTK
AGGTFPGGRWLQLSWMLTGGRMQLLGLLVASERQVWARERSCGDEDGEEGCWVGFCCSSWNQQHGDRGACCERWHWHLCT b
DPSVLLAVWVSEIMLOOTQVATVIDYYNRWMOKWPTLQALARASLEEVNELWAGLGYYSRGKRLQEAARKVVSELAGRMP
RTAEDLQRLLPGVGRYTAGAIASISFGQATGVVDGNVIRVLCRLRCIGADTSSLAVIDCLWDMANTLVDRSRPGDFNQAL G

m
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These are very important!
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Sequence searching and sequence
alignments - MBV-INFX410

In this exercise we will start with a bacterial DNA repair protein called Nth and identify its
homologs in different species, including humans, using BLAST and PSI-BLAST, and then
identify conserved sequence motifs using multiple alignments. It is a good idea to create a
report document in Word (or a similar editor) were you describe briefly what you do, save
the sequences that you work with and answer the questions that are asked. You must also
save screen shots of what you do in your report. Make sure you know how to do this!

1. Find the RefSeq protein sequence of the Endonuclease Ill (Nth) protein from the
bacterium Escherichia coli, strain K-12, substrain MG1655, using Entrez, in the NCBI
protein database (www.ncbi.nlm.nih.gov). First try yourself, without checking below!

There are many ways to do this, but what we are looking for is the RefSeq

sequence NP_416150. One possibility is to search for “Escherichia coli” AND
“Endonuclease I1I” AND MG1655 in the Protein database and then filter for RefSeq
in “Source databases”. You will then have something like 13 candidates and among
these the only one that is both MG1655 and “Endonuclease III” is NP_416150.
Make sure you understand how you find a sequence by searching like this!

N

. Get the FASTA sequence for the protein and paste it into your report document.

>gi|16129591 |ref|NP_416150.1] DNA and apyrimidinic (AP) lyase )
coli str. K-12 substr. MG1655]
MNKAKRLEILTRLRENNPHPTTELNFSSPFELLIAVLLSAQATDVSVNKATAKLYPVANTPAAMLELGVE
GVKTYIKTIGL RILL TIAVDTH

IFRVC HHWLILHGRYTCIARKPRCGSCIIEDLCEVKEKVD

1

3. Follow the link to the corresponding Gene (in the list of “Related information” at the
right hand side). What is the NCBI gene identifier (Gene ID) for the gene? What is the
Swiss-Prot identifier for this protein? Which genes are found directly upstream and
downstream of nth? Are the three genes transcribed in the same direction?

The Gene ID is 947122 and the Swiss-Prot ID is POAB83. The two neighbouring
genes are rsxE and dtpA. All three genes are transcribed in same direction.

4. In the simple genome browser on the NCBI Gene page (“Genomic regions,
transcripts, and products” section) click and drag the genome to centre the region
where you have the start of nth and the stop of rsxE. Then zoom in all the way to the

T
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Applied Bioinformatics Exercise - Learning to
know a new protein and working with sequences

In this Exercise we will explore some databases and tools that can be used to get more insight about a new
protein coding gene and the corresponding protein.

1. Open your internet browser and go to the website http://www.genenames.org. Here you find the
database of the HUGO Gene N lature C (HGNC) app: d gene names. Search for
OGGI and go to the OGG1 page. What is the approved symbol and name for this gene and what is
the chromosomal location?

Approved symbol: OGG1
Approved name: §-oxoguanine DNA glycosylase
Location: 3p26

)

There are many links to other databases from the OGG1 page. Follow the “UniProtKB” link under
“Protein resources”. What is the UniProtKB identifier for human OGG1? Is it in the Swiss-Prot ot
TtEMBL part of UniProtKB? What does that tell you? Can you find any information about the
function of this pxotenv Further down on the page you will find the sequence of OGG1 (Isoform
1A, the under “A products”). How many residues/amino acids are
there in this variant of OGGl How many other isoforms are there?

The identifier is 015527 and this is an entry in UniProtKB/Swiss-Prot. This means that a

human curator/expert actually has checked this entry. Function: “DNA repair enzyme that

incises DNA at 8-oxoG tesid\les Excises 7,8-dihydro-§- i and 2,6-diamino-4

hyd: 5-N- imidine (FAPY) from damaged DNA. Has a beta-lyase
1cm’m thnt nicks DNA 3' ro “the les:un > There are 345 residues in the UniProtKB
c i qi There are 7 i

w

Go back to the genenames.org webpage for OGGI and follow the “GenBank” link under the
“Nucleotide sequences” category. What are the accession identifier and GI number for this
GenBank entry? What is the identifier/accession for the corresponding protein? What is the length
of this protein (click on the “/protein_id” link to find out)?

Accession: U96710

GI: 2078293

Protein Accession: AABS1132
Length of protein is 351 residues

4. Go back to the genenames.org webpage for OGGI and follow the “RefSeq” link under the
“Nucleotide sequences” category. What are the accession identifier and GI number for this RefSeq
entry? What is the identifier/accession for the corresponding RefSeq protein? What is the length of
this protein (follow the “/protein_id” link 2/3 down the page)? Is this the same length you found
when following the GenBank link? Is it the same as the UniProtKB “canonical” sequence? Do you
have any idea why?

Accession: NM_016821
GI number: 197276617
Protein Accession: NP_058214

Oslo

All the way to the end!
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Articles and written material

e Curriculum comprises
— All lectures
— All «<handouts»
— All exercises, demos and computers lab sessions
— All articles listed on the wiki

— Obligatory assignment
https://wiki.uio.no/projects/clsi/index.php/MBV-INFX410 2015
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on oblig take- exercises
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You will only be able to
take the exam if you
follow all teaching!

Mon Lecture/ Lecture/ Study day/work  Lecture/ Study day
exercises exercises on obligatory exercise
take-home
1*t day of course assignment
f finish th ises duri
I yo u Ca n n Ot n I S t e eXe rc I S eS u rl n g Tues Lecture/ Lecture/ Study day/work  Lecture/ Study day
exercises exercises on oblig take- exercises
M M : M home
the exercise sessions, finish them at
Wed Lecture/ Lecture/ Study day/work  Lecture/ Take-home Take-home
h I exercises exercises on oblig take- exercises exam start exam finish
O m e . home
assignment
Thurs Lecture/ Lecture/ Study day/work  Lecture/
exercises exercises on oblig take- exercises
home
asslgnmpn!
Fri Lecture/ Lecture/ Hand in oblig Study day
exercises exercises take-home
assignment
Sat/Sun
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You will only be allowed to take
the exam if your obligatory
assignment has been approved!

* Exercise for oblig will be handed out at the
end of week 2
* Will be relatively easy and similar to exercises

in weeks 1 and 2 Mon t‘%iii!fé [ oo R
* Must be returned before the first lecture in e , = / — e
week 3 (4) B - .
e PhD students (MBV-INF9410) must in addition . |
write an assignment/essay mos S -
* Describe how you would some of the w
methods covered in the course in your Sat/sun Ig

own research

e > 2500 words

( \ Oslo UiO ¢ Department of Informatics
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UNIVERSITETET I OSLO

Det matematisk-naturvitenskapelige fakultet

Obligatory assignment: MBV-INF4410 and MBV-INF9410
Deadline: November 30t 2015, at 09:00
Permitted materials: All written material, including all internet resources

Only students that gets this assignment approved will be permitted to take the course home
exam.

Your completed assignment must be returned, at the latest, at 9 am, Monday November 30. It
should be sent by e-mail to the course coordinator Jon K. Lardahl (e-mail address:
jonkl@medisin.uio.no). Please put the course code and your name in the subject field (e.g.
Qblig MBV-INF4410 Dolly Duck").

The oblig must be handed in as a single PDF document (Microsoft Word or an Open Office
Document is also acceptable). Please also include your name and course code in the document

and in the document title.

You are encouraged to use screenshots and other figures in order to improve your
explanations.

THE WORK MUST REPRESENT YOUR OWN ANSWERS
Answers should contain only what is asked for. Some questions have multiple parts. Your

answers may be given in English or in Norwegian. Techunical guestions about the oblig can.
be answered by Jon K. Lardahl (e-mail address: jonkl@medisin.uio.no).

EXTRA Obligatory assignment: MBV-INF9410 (only)

Write an essay of at least 2500 words on one of these two topics

* How can some of the methods described in this course be used in your own research?

* A course relevant topic of your own choice. In this case you must get this approved by
Jon K. Lardahl before you write the essay

universitetssykehus
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