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Unix, Linux, Ubuntu, Oh My!
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The Awesome Power of the
Client-Server Model




How All the Pieces Fit Together

Your Physical Laptop

Local Commands

iiiillll

smith@ $ scp

=

fedora:file.txt Desktop

.

Administrator

AskVG.com

@ M(?-\

Restart

p
Remote Control

iiiillll

N

smith@ $ ssh ubuntu

\

-

/

Virtual Server

Ubuntu 12.10 ubuntu ttyl

login:

Y,

[

Department Server

redHat

\

\_

Fedora release 9 ttyl
login: _

.




e OO £ prion — bash — 53x17 2

Last login: Thu Aug 15 ©7:56:50 on ttys@@3
laptop:~ smith$

$ ssh workshop@192.168.56.101

workshop@192.168.56.101"'s password:

Welcome to Ubuntu 12.10 (GNU/Linux 3.5.0-36-generic 1i

* Documentation: https://help.ubuntu.com/
New release '13.04' available.
Run 'do-release-upgrade' to upgrade to it.

Last login: Sun Aug 11 06:58:15 2013 from 192.168.56.
/home/workshop$

Connect Over SSH Using
Terminal.app or PulTY.exe

ﬁ PuTTY Configuration

Category:
= Session A
Logging
=~ Terminal
Keyboard
Bell
Features
= Window
Appearance
Behaviour
Translation
Selection
Colours
- Connection
Data
Proxy
Telnet
Rlogin
-1 SSH
Kex
Auth
X11
Tunnels v

)

Basic options for your PuTTY session

Specify your connection by host name or |IP address

Host Name (or IP address) Port

22
Protocol: )
O Raw (OTelnet (ORlogin () SSH

Load, save or delete a stored session
Saved Sessions
Default Settings

l About ] [ Help

Default Settings A Load
Save
Delete
v
Close window on exit: )
(O Aways (ONever () Onlyon clean exit
] [ Open ] [ Cancel

$ sudo shutdown -h now




Copy Files Over SSH Using
SCp Or pscp

Local Commands

smith@ $ scp
fedora:file.txt Desktop

Mac
$ scp workshop@192.168.56.101:genomes/autisml@l.fa .

Windows
C:\Documents and Settings> cd "smith\My Documents\VirtualBox"

C:\ ... > pscp workshop@192.168.56.101:genomes/autisml@l.fa .
Run @

Type the name of a program, folder, document, or
Internet resource, and Windows will open it for you.

Open: | cmd) v

[ QK ][ Cancel ][ Browse...
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A Tale of Two Interfaces

Command Line Graphical

® 00 & prion — ssh — 73x31 ¥ ©060 Galaxy e
home fwork . » S, htps @ in.g2.bx.psu.edu |
Jhomeswor : RIS t main.g2.bx.psu.ed| ¢ |uReader | (O]
total 24K M mail | ch i bmed proxy
drwxr—xr-x cshop workshop 4.9K Aug 19
’ worksho p g A oK Jul 25 Analyze Data Workflow  Shared Data Visualization Cloud Help User Using 15%
WOrKsno .Y L 4
workshop wu 18 Tools M ith Bowtie for lllumina ( ion 1.1.2) History o n
- . ap wit owtie for lllumina (version 1.1.
workshop workshop 25 Graph/Display Data P :
0 _— sj
drwxr— ¢ A ’ n worksho p 19 Regional Variation Will you select a reference genome from your history or e
5 Multiple regression use a built-in index?: .
drwxr 4 K op workshop 25 Multivariate Analysis Use a built-in index : 173: Map with Bowtie for @& § %
Jhomesworksh S S0 Evoluti Built-ins were indexed using default options . p
M= ~ - Evolution Illumina on data 150: mapped reads
Motif Tools Select a reference genome:
X X . . N Ny 166: Tophat for lllumina ® § %
Pt [opt ior ‘E] » . bam> <out. p refix Multiple Alignments Arabidopsis lyrata: Aralyl v N
on data 116 and data 150:
Metagenomic analyses \'? your genome of interest is not listed - contact Galaxy accepted_hits
0 . b d Genome Diversity team
s: - n Y e .
ptions: n_ rt by read name ) ) ) Phenotype Association Is this library mate-paired?: 165: Tophat for lllumina ® § X
-f us out.pref as full file name instead of prefix EMBOSS Single-end * on data 116 and data 150: splice
: = junctions
-0 final output to dout AT FASTQ file:
-1 compression level, from @ to 9 [-1] NGS: QC and manipulation 153: Select first on data 150 - 164: Tophat for umies & R
- . B ) m on data and data : deletions
-@ number of sorting and compression threads [1] NGS: Mapping Must have ASCII encoded quality scores
-m max memory per thread ;o su ffix K/M/G rec 0q nized [ 76 8[-11] = Lastz map short reads against Bowtie settings to use: 163: Tophat for lllumina ® § %
- h reference sequence Commonly used  + on data 116 and data 150: insertions
- ; q For most mapping needs use Commonly used settings. If
= Map h B f D . i
Jhome/work apwith Bowtie for SOL you want full control use Full parameter list 153: Select first on data 150 ® { X
= Map with Bowtie for Illumina . .
" WA for Il Suppress the header in the output SAM file: 151: Map with Bowtie for ® § X
= Map witl or lllumina i -
Bowtie produces SAM with several lines of header LS C 2 L e Dt
= Map with BWA for SOLID yrm by defa
information by default 150: Select firstondatal ® § X
ROCHE-454
=3 149: Cuffdiff on data 14, ® § R
% (Sor:\\(paar:ds‘r:/orsl reads data 65, and data 116: transcript
dg[abasesg T 9 FPKM tracking
What it does
=_Parse hlast XML outnut 148: Cuffdiff on data 14. ® ] R
< Bowtie is a short read aligner designed to be ultrafast and >
memary-effici Ren lanamead and Cole

Terminal.app, Unix shell Finder.app, Galaxy
breadth, cutting-edge discovery, visualization



Running Programs Using the
Command-Line Interface

command-line

type in the name of the
to run a program program and hit <ENTER>
(e.9. bowtie2)

to modify how a

program operates before hitting <ENTER>

(e.9. bowtie2 --very-sensitive)

type in options after the program,

graphical

double click on an icon

click on check boxes,
select from pull-down menus



The Anatomy of a Shell Prompt

/home/workshop$ []
The text before the dollar sign ($)  The $ symbol indicates The[]symbol
indicates what directory (folder) that the server is ready to indicates where what
is currently “active”. perform a command. you type in will appear.
$ Unix/Bash

C:\> DOS/Windows
>>> Python
> R

DEFAULT :| workshop@serverl:~$




Unix Directory Structure

(aka ‘root’)

home

workshop

bin genomes autism splatter

bowtie?2 :
bowtie2-build triovcf Ml precomp
samtools



lask 1. List directory contents with 1s

Shell Prompt  AEYA & s x 30

in Color Coding

$ 1s src File Extensions

$ 1

s /home/workshop

w ol o
— e
%) wn wn
N oy

$ 1s bin/bowtie2-b* EEAWilele=\te




How to Get There from Here

I\eie|Nii<3ll / home/workshop$ 1s /home/workshop/bin

starts with a */’
doesn’t start with a ‘/°

RV /home/workshop$ 1s bin



lask 2. Modify how 1s works

Manual Pages (f)orward
(b)ack
(q)uit

+ What does 1s do?
+ How does -1 modify 1s?

+ How do you list all files?
i.e. don’t ignore hidden files that begin with ‘.’



Divining Syntaxes - Example |

$ man 1s

LS(1) User Commands

NAME
ls - 1list directory contents

SYNOPSIS
ls [OPTION]... [FILE]...

spaces are Ooortirgr?;e 0 or more Try
very important (opl?tionall) files

$ 1s
$ 1s splatter
$ 1s autism genomes

-a, --all

do not 1ignore entries starting with .

\ /

single vs double dash




Divining Syntaxes - Example |

$ bowtie?2

No index, query, or output file specified!

Bowtie 2 version 2.1.0 by Ben Langmead (langmea@cs.jhu.edu, www.cs. jh
Usage:
bowtieZ2 [options]* -x <btZ2-idx> {-1 <ml> -2 <m2> | -U <r>} [-S <sam>]

/1N |

optional ‘O or more’ required ‘OR’

$ bowtie2 -x AUTISM1Q1 -1 sample2_R1.fastq

J
Later we'll run -2 sampleZ_R2.fastq -S sampleZ.sam




Jask 3. Change current working directory

$ pwd $ 1s .. Path Resolution

$ 1s autism/triovcf l$ 1s ~

S puc

d

$ pw

$ 1s triovcf

$ cd triovcf

$ 1s

lask 4. Figure out multiple ways to
change to /home/workshop/src



Source, Destination; Source, Destination;
Source, Destination; Source, Destination;

$ man cp

NAME
cp - copy files and directories

SYNOPSIS
cp [OPTION]... [-T] SOURCE DEST

mv [OPTION]... [-T] SOURCE DEST

scp [-12346BCpgrv] [-c cipher] [-F ssh_config] [-1 identity file]
[-1 1imit] [-o ssh_option] [-P port] [-S program]
[[user@]hostl:]filel ... [[user@]hostZ2:]fileZ2

WARNING

Unix assumes you know what you are doing.
Default settings will overwrite files if they exist.
There is no undo, Trash can, Recycle Bin, etc.

try using -i or -n flag




Jlask 5: Organize files into directories

$ cd Defaults to $HOME

$ mkdir newproject

mkdir newProject Case Sensitive

touch newfile

A

1s

$ mv newfile newproject

H|

ls



Jlask 6. Work more efficiently

$ touch asdflhasdflbjkasdfg

$ touch ziuyxbciouyxcvbyv
mv a<TAB> n<TAB><TAB><TAB>P<TAB>

$ <UP><UP><LEFT><LEFT>...<LEFT>
<BACKSPACE>{5}mv
<CTRL>-E<SPACE>n<TAB>p<TAB>

lask 7/ Remove files and directories

$ rmdir newProject

$ rm newProject/<TAB>

$ rmdir newProject



Document, Document, Document
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Start Ubuntu virtual machine instance

Start VirtualBox (v4.2.8)
... from http://download.virtualbox.org/virtualbox/4.2.10/VirtualBox-4.2.10-84104-OSX.dmg

Start Ubuntu 12.10 mini instance
... from https:/fishare.johnshopkins.edu/Ubuntu12.10-mini.zip

Connect to Ubuntu instance

Open Terminal.app

ssh workshop@192.168.56.101

4? t ) y Task #1 and #2: top and man pages
‘ . E top -i

man top

... press 'f' to forward, 'b' to back

... top shows list of running programs

... - ignores programs that are idle (i.e. not running)!

... press 'q' to quit
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lask 8! View 13knownSunknown_rDNA. fasta contents

$ head 13known9unknown_rDNA. fasta

$ cat 13known9unknown_rDNA. fasta

$ wc 13known9unknown_rDNA. fasta

$ tail 13known9unknown_rDNA. fasta
$ less 13known9unknown_rDNA. fasta EDlIg lelge

/Vibrio <ENTER> (/)search



Streams, Pipelines, and Workflows

stderr

stdin —> geelgel - —> stdout

Sl ¢ head 13known9unknown_rDNA.fasta > firstlQ.fa

$ less firstl0.fa

el dtloJel=ale)B $ head 13known9unknown_rDNA.fasta >> firstlQ.fa

$ less firstl0.fa

Sel’Ml $ head 13known9unknown_rDNA.fasta | less



Jlask 9 Change file contents with
nano text editor

$ nano 13known9unknown_rDNA. fasta

® 00

/¥ prion — ssh — 80x24 -
GNU nano 2.2.6 File: 13known2unknown_rDNA. fasta

9

=Alcal 1igenaceae

AGTGAAATGCGTAGATATGCGGAGGAACACCCATGGCGAAGGCAGCCTCCTGLGATAACA
TGACN _ATGEﬁFG EAbFFTFGGG.. . AGGATTA CCCTGGTAGTCCA

CGCAATAACGCGT

TGACGGGGACC
TextWrangler, UltraEdit, Emacs, Vim, nhano
GTCATTAGTT
>Pasteurellaceae
AAATGCGTAGAGATGTGGAGGAL
GAC FﬁTFTuFu“L~uFuTGFGG
<CTRL>'O ) ) e A
to save | aLTrTTGALﬁI
HGTGEFTTFM . GTGCTGCATG
tETuTCu CAGCTC GTuTTuTGAﬂﬁTJTTuGGTT ( ACGAGCGCAACCCTTAT
CCTTTEIT
<CTRL>-X =Cox1ellaceae
to quit

Help ﬂg WriteOut VA Read File B Prev Page B8 Cut Text & Cur Pos
B Justrty @l Where Is [§ L

Y Next Page @ UnCut Texti@dl To Spell



lask 10 Find all instances of aaa
N 13known9unknown_rDNA. fasta

$ grep AAA 13known9unknown_rDNA. fasta

Jask 11: Figure out how to configure
grep to tell you....

How many lines contain AAA?
Which lines contain AAA?
What is the line preceeding the line with AAA?

How many lines do not have AAA?



Match Making with Regular Expressions

ONIANCCIN $ grep "GT*AAAA" 13knownQunknown_rDNA. fasta
Willele=lell $ grep "G..AAAA" 13known9unknown_rDNA. fasta
el $ grep "T\{1,5\}AAAA" 13known9unknown_rDNA. fasta
(OIS § grep "[GCT]AAAA" 13known9unknown_rDNA. fasta
SECCEN S grep "[A-Z]AAAA" 13known9unknown_rDNA. fasta
INCINI § grep "[AG]AAAA" 13known9unknown_rDNA. fasta

SO ile-Il $ grep "AAAA" 13known9unknown_rDNA. fasta

SO lsCEl $ grep "AAA$" 13knownQunknown_rDNA. fasta



Jlask 12: Find all compressed files (. gz)

$ man find

$ find /home/workshop -name "*.gz"

lask 13: Figure out how to change
working directory to place
With sample2.tar.gz INn 8 keys
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FastQ Stores Both Sequence and Quality

cd ~/autism

ls

unzip sampleZ.tar.gz
%s P P J - alternatively -

tar xf sample2.tar tar xzf sampleZ.tar.gz

Ls
less -S sample2_R1.fastq press (q) to quit

g @M01121:1:000000000-A2UB8:1:1101:15905:1864 1:N:0:1l«— name
(IB GGTGCGCAGTGGGCCCTGCTTGGCCGGGTCAGCTGGGCCGTCAGGCCT . . .<«— sequence
< 7 .
W >1>11111>A11111AF00FF10AAO000BAOO01D10////A/A/Q0AB...<— quality
P"#S%&" () *+,-./0123456789: ;<=>?Q@ABCDEFGHIJ
worse ! better
Ot e e e e e e e e e e e e e e 260...31........ 41
< >SequenceA
c'T) NGCGAAGTATATGGCACAATTGAGCAGTAAAAGTGTTAAAATATAG
“ W\ /\
L VAT AVA L AVA R ATAAVAVAYA'AAVAVIA AN

wikipedia.org/wiki/FASTQ_format



Stringing Together Unix Commands Can
Quickly Summarize Information

$ grep @M@ sample2_R1.fastq | cut -d: -f5 | uniq -c

7690 1101 7746 2101
7844 1102 8099 2102
7781 1103 7987 2103
7704 1104 8133 2104
7676 1105 8195 2105
7799 1106 8224 2106
7666 1107 7973 2107
7722 1108 8107 2108
7486 1109 7805 2109
7355 1110 7697 2110
7498 1111 7668 2111
7323 1112 7662 2112
7158 1113 7630 2113
7184 1114 7550 2114

\ 14 tiles /

top and bottom surfaces



Create a FastQC Quality Report

$ fastqc sample2_R1.fastqg

Started analysis of sample2 Rl.fastqg
Approx 5% complete for sample2 Rl.fastqg

Approx 100% complete for sample? Rl.fast?////,//*
|Analysis complete for sample2_Rl.fastq|

@FastQC Report

Summary

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores

Q Per base sequence content

@ Per base GC content

@ Per sequence GC content

£
bioinformatics.babraham.ac.uk/projects/fastqc

Open 192.168.56.101

in a web browser

@ Basic Statistics

Filename

File type
Encoding

Total Sequences
Filtered Sequences

Sequence length

Flela

sample2 Rl.fastq
Conventional base calls
Sanger / Illumina 1.9
216362

0

32-151

49



Quality Varies Both
cross Position and Between Reads

Quality scores across all bases (Sanger / lllumina 1.9 encoding) Quality score distribution over all sequences
Average Quality per read
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bioinformatics.babraham.ac.uk/projects/fastqc/bad_sequence_fastqc
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Sequence Composition
Varies for Many Reasons

Sequence content across all bases

1 23 456789 1519 30-34 45-49 60-64 75-79 90-94 105-109 120-124 135-139 150-15:
Position in read (bp)

Adapter dimer
Library construction bias
Low complexity
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N Content and L

N content across all bases

ength Distributions
Inform You About Your Run

Yol

1 23456789 1519 30-34

Position in read (bp)
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N content across all bases
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Distribution of sequence lengths over all sequences

Sequence Length
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Duplicate Sequences
re Summarized Multiple Ways

Fraction of reads that

p have been seen before

%Duplicate relative to unique
jelo]
—~
q-) A 80
O — Overrepresented sequences
S 9 . I ) B T
(U ® AGAGTTTTATCGCTTCCATGACGCAGAAGTTAACACTTTC 2065 .5224039181558763
g _I GATTGGCGTATCCAACCTGCAGAGTTTTATCGCTTCCATG 2047 0.5178502762542754 No Hit
: o 60 ATTGGCGTATCCAACCTGCAGAGTTTTATCGCTTCCATGA 2014 0.5095019327680071 No Hit
Q e CGATAAAAATGATTGGCGTATCCAACCTGCAGAGTTTTAT 1913 0.4839509420979134 No Hit
< U S0 GTATCCAACCTGCAGAGTTTTATCGCTTCCATGACGCAGA 1879 0.47534961850600066 No Hit
@ AAAAATGATTGGCGTATCCAACCTGCAGAGTTTTATCGCT 1846 0.4670012750197325 No Hit
Q) | - 40 TGATTGGCGTATCCAACCTGCAGAGTTTTATCGCTTCCAT 1841 0.46573637449150995 No Hit
- 2 (U AACCTGCAGAGTTTTATCGCTTCCATGACGCAGAAGTTAA 1836 0.46447147396328753 No Hit
*(-U' Q 30 GATAAAAATGATTGGCGTATCCAACCTGCAGAGTTTTATC 1831 0.4632065734350651 No Hit
ey E AAATGATTGGCGTATCCAACCTGCAGAGTTTTATCGCTTC 1779 0.45005160794155147 No Hit
® o ATGATTGGCGTATCCAACCTGCAGAGTTTTATCGCTTCCA 1779 0.45005160794155147 No Hit
N
10
0
1 2 3 4 5 ] 7 8 9 10+

Sequence Duplication Level

May be hidden

“For every 10 sequences that occur once,
there are ~2 sequences that occur twice”

proteo.me.uk/2011/05/interpreting-the-duplicate-sequence-plot-in-fastqc



