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What computers can run Unix?

Airplane
entertainment
systems

Google’s Android phones




The Terminal Window
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the shell, the prompt, the command line



The Terminal Window

;N n ubuntu@ip-10-4-230-31 ~ wurtking — ssh — 141x24
ubuntu@ip-10-4-239-21 ~/workingd 13 -".c ~¢ .
tol 444 :
drwg~-xr-x 12 uburtl uburts b 2a_z-8l-22 Z2:5a
thiwa-sr-2 A root  root ACGR 21 -11-14 17172 _.
-MW=---==- I uburiy uburLy 3757 22_:2-03-12 12:11 .Eash_h.sLary
T 1 uhurt 1 uburt e A As AR 1AmAd ksho eonort
=mw-"--r=-= 1 uburll uburly 3ttl £I21-11-14 1-:1L .Eashrc
Trwgwmsrgx 1 root  proot AP 1114 1225 hin = (. Jusr/prafipd/bin
drwg -z 2 wburly uburly  AESL SO21-11-14 19:10 .byobu
drwgwsr-3x £ uburts uburts  9@<6 2a_1-11-14 1=2:33 _cabal
diwa------ 3 ubw t1 ubw t1  ESH CI11-11-11 11:3¢ .cude
Trwewxraz 1 raot  root B 2a_1-11-14 12:23 conf == __/. _fusr/nginx/conf
—twawsrws 1 uban v ubin £ GE? P 1-11-1A1 1712 configure_freenz_sh
drwi------ 3 uburtl uburty oUcb 23_:--01-28 -2:52 .emacs.d
Tiwawerns 1 root root AP 1414205 ot L Jused prattpild et
drwz s=sr=5 2 uburll uburly  desh 2a.1-11-14 12:51 .lfonlconliag
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Trwgwsraz 1 raot  roaot 23 2201-11-14 12:25 include == . _f . _fusrf/profipd/include
diwa e r-a 7 ubu ta ubw ta A€SH ZA21-11-28 17:13 install
drwgwsr-x 3 uburts uburts d@Sb 22_1-11-14 12:27 _lein
1w 1 ubnn t 0 ubnn 1 S 21 11 14 13:07 (1 ashes-
Trwz wsras 1 orool rovl 2l 2a_1-11-14 12:25 1ib -~ .7, . fusréfprollpd/1lib
Trwgwsra: 1 root  root R 14 1225 Tihexeo » L Aisr/profipd/Tibexec
Lrwz wesras 1 rool rool W Z2IT1-11-14 12:23 logs -~ ../, . fusr/mainx/ logs
drwgwsp ¥ 2 uburtl uburts  40C6 2221 11 14 12:51 m2
drwg wer-x 0 2 uburls uburly  ACSL SO21-11-14 14:18 .malplollib
-My==-=-==== 1 uburty uburty 2662 22°2-91-29 Z2:52 wysql_biztary
=iw=-"--r=- 1 ubuw t1 ubuw tJ €0 ZIC1-11-11 191D JprotL.e
drwg~-sr-x 2 raot  raot qeepg 2aci-11-14 12:25 <bin
—tw=w-pr== 1 pbuan t 0 uban 0 a2 -11-14 11:37 .+ reernn
Trwzwiras 1 root  root &3 22_1-11-14 12:25 share -» ../../usrfproftpd/share
thiws btk 0 4R0R 21 11 14 11:33 _ash
=rw=w-pr== 1 uburly uburly 3368410 JI7e-wl-29 1001 slaocks-0.998. lar. gz
Arwewsr x 3 uburtr uburt 4856 2271 11 14 [3:44 _znbwersion
=mw=-"=--r=- 1 uburls uburli U SIZ1-11-14 11:38 .s1dv as admn sazcesslul
drwgwisp x 2 uburts uburts 4@CH 2A_E 9l A3 2=:42 tmp
Liwa s ras 1 root root ¢l EI21-11-11 L:2:85 var -» L4 Jusrfprottpdsdvar
“My======= I uburty uburty 722 22_:z-B1-22 28:35 wimin=e
Tiwaweras 1 ubw ta ubu to 12 23g-a1-98 €2:13 working ->» Zmut/work Ly
-Ma== === I uburtly uburta 1eh 2201-12-12 12:24 .{asthority

@i 16 4 29 31 ~dwork ingh

Make it comfortable to work in:
*Resize the window
*Change your font size
*Open multiple terminal windows
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Obtain a cheat sheet

google “unix commands”

|anNea Bazic UNIX ccrmancs

[;

E

i

- T
B

Aasie LUNIX commands =

- 9 ‘f -
_ maly.stanfoededa)-sr o ompating fhasic -unix homl < -g'- Congle Q| n-

Basic UNIX commands

Notes ot el ol tese are peualy purl ol UNDX dsell] and you ey not tod thero oo all UNLX mechmzes, Bud they can all be ased on turing m
ewentizlly the same way, by typing the command and hitting rehurn. Nate that some of thess commands are differert on nan-Solaris machines -
see Sun018 differances.

1 you've mude ¢ typo, he msiest ung o co 1s bl CURL-u w caneel ke whole ne. Bul yvou can also edit the cormmane me (see G gude Lo

More LINLX).
UNIX is cass-sensitive.

Files

® Iy —- lists your Liles
Is -1 --- Lists your Gles in ‘long forrmat’, whick contains 1ot of vselul informnation, e the exset size ol the Cle, who owns e Gle und
who has the right o look atit, and when it was last modified.
I8 =a --- Iis1s all files, iacluding the ones whose flenames kegin in a dot, which you ¢o not always want 1o s2¢.
T'weze vre mnany more opliens, lor exemple (o Lst Liles oy size. by date, recursavely ele.
* more filenamre --- shows e st part ol a [e, just as much as will S on one sereen., Jus! ol the space bar o see mere or g o quil. Yoo
can nie ipartern 1o search fos a patteen
emacs flename --- is an cdaor that 1213 you create and edit a file, See the emacs paee.
mv filenumel filenumed -= moves @ fie (Lo, gives 1 a dulvrent name, or mmeves 10 mie 4 dilivreos direclory (see below)
cp fiename! fisname2 --- copies a file
rm filruame -— removes & file. Ttis wise o nse the option mm -i, which will &gk you far confinmation hefore acteally deleting anything,.
You can make this vour default by making an alias in your .cshre file.
« dill filenumel filenume? — compares files, anc saows where they dider
* we filaname --- tel's you haw many Tines, wands, and characmers there are in a file
o chmod options filename —- Tets you change the read, write, ane execute permissions on vour files. The default is that only you car ook
Bl e und chunge Lwm, dul you muy =oroelunes wunt w chunge (aese permmssiens, For exanple, chmed v—=r fileneme will mase the
lile rendudle for evervone, und chrmod u-r fifename will roabee 1 unreacable or others gignn, Note thiet Lo someone (o be adle o
ectually lock et the Sle (e directories IUis in need © be at leas ! exeeatable. See help proleciun for mone detuils.
« Tile Compression
o gdp filename --- corroresses fles, so that they taxe up much less space. Usually wext files compress (o about half their original
size. bul il depencs very rouch oo Lthe sige ol the [ile ved the noture of bwe contents. There are other woels Tor s parpese, (oo (e.g.
compress), hut pzip usnally pives the highest compression rate. Gz ip produces files with the ending ' p7' zpnended to the oripinal
filarame.

4l



In UNIX everything is a file organized in a hierarc
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Create a series of directories

ubuntu@ip-18-4-193-188:~4 mkdir shell
ubuntu@ip-168-4-193-188:~4 cd shell
ubuntu@ip-18-4-193-188:~/shel 1 mkdir research
ubuntu@ip-18-4-193-188:~/shell$ s

research

ubuntu@ip-10-4-193-188:~/shell$ cd research/
ubuntu@ip-180-4-193-188:~/shel l /research mkdir seq
ubuntu@ip-18-4-193-188:~/shel l /research} Ls

seq

ubuntud@ip-18-4-193-188:~/shel l /research} cd seq/
ubuntu@ip-18-4-193-188:~/shel | /research/seq? mkdir radtags
ubuntu@ip-18-4-193-188:~/shel | /research/seq} cd radtags/
ubuntud@ip-18-4-193-188:~/shel | /research/seq/radtogst s
ubuntuf@ip-18-4-193-188:~/shel | /research/seq/radtogst ls -la
total &

drwxrwxr-x 2 ubuntu ubuntu 46896 2012-83-86 23:88 .
drwxrwxr-x 3 ubuntu ubuntu 46896 2012-83-86 23:88 ..
ubuntu@ip-18-4-193-188:~/shel | /research/seq/radtogst pwd
Jhome/ubuntu/shel | /research/seq/radtags
ubuntu@ip-18-4-193-188:~/shel | /research/seq/radtogs$ ||

% mkdir shell %2 cd shell



Paths, cont

This shell view of the nested directories ....is equivalent to this GUI view of the
shell, research, seq, and radtags..... same directories
vt 454 135 16818 o3 sholl (@) (< » ) [E/home/ubuntu (s
ubuntu@ip-18-4-193-188:~/shel 1$ mkdir research Filename A Size Modified
mp-m-‘*-w?'-i%:"/s"elw s » (il bin 21B 11/14/11 4:25 AM
ubuntu@ip-18-4-193-188: ~/shel 1$ cd research/ > la] conf 208 11/14/11 4:23 AM
ubuntu@ip-18-4-193-188:~/shel | /research$ mkdir seq configure_freenx.sh 992 B 11/14/11 9:12 AM
ubuntu@ip-18-4-193-188:~/shel L /research} ls > (3 etc 21B 11/14/11 4:25 AM
mm@im1&4_19&1&8:~/sheu/rmm$ cd seq/ >l htm 205 1 JLA/2 423 AM
ubuntu@ip-18-4-193-188:~/shel | /research/seqd mkdir radtags > la] include 258 11/14/11 4:25 AM
ubuntu@ip-18-4-193-188:~/shel | /research/seqd cd radtags/ » ] install 40KB 11/28/11 9:49 AM
et ————t
total 8 » |, | libexec 25B 11/14/11 4:25 AM
druxrwxr-x 2 ubuntu ubuntu 4896 2612-83-86 23:03 . » 1, | logs 20B 11/14/114:23 AM
drwxrwxr-x 3 ubuntu ubuntu 46096 2812-83-06 23:85 .. » [ sbin 4.0KB 11/14/11 4:25 AM
mf,féﬂiﬂilhiﬁ}iﬁéa? 3:38‘;; :‘r'fjg;;*s"w radtags$ pud > bl share 23 B 11/14/11 4:25 AM
ubuntu@ip-18-4-193-188: ~/shel | /research/seq/radtags$ || v [ shell 4.0KB 3/6/12 3:08 PM
v || research 40KB 3/6/12 3:08 PM
v seq 40KB 3/6/12 3:08 PM
v [_] radtags 40KB 3/6/12 3:08 PM
|’~| stacks-0.998.tar.gz 330.4KB 1/9/12 8:12 AM
» ] tmp 40KB 1/8/12 8:42 PM
» ] var 21B 11/14/11 4:25 AM
» working 12B 1/8/12 2:49 PM

And the radtags directory is uniquely identified by its path:
/home/ubuntu/shell/research/seqg/radtags
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Absolute and relative paths
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Absolute and relative paths

How do | get to the Hotel Zlaty Andel?
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Absolute Path
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Special files -- ‘dot’




Special files -- ‘dot dot’




Relative Path

. ./working



Absolute
Relative

Path:
Path:

/home/catchen/working/foo

. . /working/foo



A

2>

DSO

DSO

ute
ute

Path:

Path:

/home/catchen/working/foo

/home/catchen/research/foo



Re
Re

ative

ative

Pat

Pat

. . /working/foo
./ foo



Absolute and relative paths

ubuntu@ip-18-4-193-188:~¢ mkdir shell

ubuntu@ip-18-4-193-188:~4 cd shell T T
ubuntu@ip-18-4-193-188:~/shell$ mkdir research SPeCIa’I Flles
ubuntu@ip-18-4-193-188:~/shell$ Ls

research

ubuntu@ip-18-4-193-188:~/shel 1$ cd research/ dot

ubuntu@ip-18-4-193-188:~/shel L /research$ mkdir seq
ubuntu@ip-16-4-193-188:~/shel l/research} s

seq

ubuntudip-18-4-193-188:~/shel | /research$ cd seq/ dot dot
ubuntu@ip-18-4-193-188:~/shel |l /research/seq? mkdir radtags
ubuntu@ip-18-4-193-188:~/shel | /research/seqd cd radtags/
ubuntu@ip-18-4-193-188:~/shel | /research/seq/radtags$ s
ubuntu@ip-18-4-193-188:~/shel | /research/seq/radtagst s -la
total 8

drwxrwxr-x 2 ubuntu ubuntu 4896 2012-83-86 23:88 .
drwxrwxr-x 3 ubuntu ubuntu 4896 2012-63-06 23:85 ..
ubuntu@ip-18-4-193-188: ~/shel | /research/seq/radtags$ pwd
Jhome/ubuntu/shel | /research/seq/radtags
ubuntu@ip-18-4-193-188:~/shel | /research/seq/radtogs$ ||




8 00

Binary programs - Is, cp, mkdir, etc.

ubuntu@ip-10-140-6-74:~3% 15 /bin

bash
bunzip?

bzipZrecover
bzless
bzmore

cpio

csh

dash

darte

dus ~-cleanup-sockets
dbus ~daemon
dbus -uuLdgen
dd

df

duir

dmesg

dns domaunname
domaLnname
dumpkeys.
echo

ed

egrep

false
fgoonsole
Farep
Fursdaand:
fuser

fusermount

uburtudip- 10-140-6-74:»% ]

‘1) ubuntu@ip-10-140-6-74: ~ — ssh — 133x24

getfacl
grep

qunzip
gzexe

qzip
hostrame
1nt-checkconf
initctl 2dot
ip

kibd_mnde
kill

ksh

less
lessecho
lessfile
lesskey
lesspipe
ln

Loadkeys
login
lomnitfs-3g
1s

Lsblk ntfsck

Lsmod mtscluster
mkdhr rmtfsomp

ko< mtFsdecypt
nktemypr ntFsdump logfile
more ntFsfix

noumt ntfsinfo
noanipoint ntfsls

(| mtsmiftallec
mt—-gru mtsmove

[ Y mtfstruncate
N nthswipe

nc open

nc. openbsd openvi

netcat pidaf

netstat ping
nisdanainname pinge

ntfs-3g plLymouth
ntfs-3g.probe pLymouth-upstart-bridge

ntfs-3g.secaudit ps
ntFs-3g.usermayp pwd
ntfscat

readl ink

rexdir

setfacl
setfont
setupron
sh
sh.distrib
sleep
static-sh
stty

sync
tailf

tar

tcsh
tenmpfile
touch

true
ulockmgr_server

umaunt

uname
UWNCOMPTesSs
unicode start
vdir

which
ypdomson rincne
zrcakt

Zunp

zdifFf

Legrep
zfgrep
zforce

zgrep

Zless

Zmore

ZNnew

zsh

zshd



ls ~/

Relative and absolute paths

A shortcut to your ‘home’, tilde:

Moving through the filesystem:

cd

Knowing where you are:

pwd

pwd



Relative and absolute paths
/home/tgac/shell/research/seq/radtags

| K 1gao@Genotypingz: ~/she Mrezoarch/sogradtags — san ~ 105x23 e N0 L ec2 54 -2 13-252—80.I5—wcst—lcompute.amazonm“et_a donation key!
zgacGenotypingé:~$ rkdir shell ' _ ; )
LgackGenolypingZ:~3 cd shell ” > ‘home ! bi6 10 : a | \
wqacBGenolypingd:-Szhelld mkdir r~esearch Lm I LQ 4 - J L I

TgacGenotyping? :~/shellf 1x Filename A |Sze Modificd

rescarch bash_histary 1108 Today, 1 11 PM

LgackGenolypingZ:~sshelly cd researchs

igac@Genolyping2:-/shell/researchd rkdir seq ] -bash_logout 220 B Yesterday, 3:58 PM
TgackGenotyping? :~/shell/researchy 1x 7 .bashrc 3.6 KB Yesterday, 3:58 PM
seq -
LgacEGenolypingé:~sshell/researchs cd seqs > Gl cacne --_Yestarday, 4:06 PM
tqaclGenolyping2:-/Szhell/research/seqt 12 7 .my.cnf 6S B Yesterday, 3:58 PM
sguBGenotyping? ~ shell/research/segd mkdis radtogs — : . ‘ e
<gackGenotypingé:-/shall/recearch/seqd Ls — .rr'\s—al_hlstorv 0B Yesterday, 4:06 PM
radtogs ] Jprofic 675 B Yesterday, 3:58 PM
:zgSG;&;olypi ngé:~Sshell/rescarch/seqd 12 la 'D shell -- Today, 1 36 PM
druxraxe-x 3 sgac tgac 4996 Nov 4 @9:34 | v [ research -- Taday, 1 36 PK
:rwxmxr X g tgac :gac :ggg mv : :gz m v Ll seq Today, 1 37 PM

ruXrARr - x Tyuc tgac v s8 o
sgucRGenotypingZ:~/shell/research/segqd od radtags? > Q raclags -- Today, 137 P
cgacELenotypingé:-/shallsresearch/seg/radtagss pwd » (o] working 12 B Yesterday, 418 PM
Jhome/tgacs/shell/rescarch/seq/radtags

zquGenotypingZ ~/shell/rescarch/sey/radtagss I

L2 Files o

S 1ls . s 1ls .. $ 1s ../../

> cd shell/research % pwd

o°
Q
0,
!
~
\O



Are you typing! You're doing it wrong.

@00 bicl0@p-172-31-17-121: {etC — ssh — 92x40 "

bi6lodip-172-31-17-121:~/shell/research/seq/radtagss c¢2 setc/
bib1¥@ip-1/2-31-1/7-121:/etcd Ls -1

. total 86R
T b I t ° ~rw=r=-r=- 1 rcot root 15072 Apr 4 04:30 aZps.cfg
a -Comp e |On. -rN=-r=-r=-- 1 rcot root 2563 Apr 4 04:30 aZps-site.cfg
dranxr-xr-x 3 rcot root 1990 Apr 16 18:<Zb acpi
-ra-r==-r=- 1 rcot root 2981 Apr 16 18:25 adduser.conf
-rn=r=-r=- 1 rcot root 1@ Apr 16 18:27 adjtime
drwxr-xr-x 2 rcot root 4995 Jun 20 2Z:23 alternatives
[ draxr-xr-x 8 rcot root 1995 Jun 20 21:30 apachel2
Ta'b once to Complete drwxr-xr-x 3 rcot root 4095 Apr 16 18:25 apm
: drwxr-xr-x 3 rcot root 4M96 Apr 16 18:26 apparmor
l]f]l(]l]fal)/ drwxr-xr-x 8 rcot root 4995 Jun 19 22:10 apparmor.d
. . draxr-xr-x 3 rcot root 41995 Jun 19 2:2:00 apport
® Ta.b twice to see a,” POSSIble draxr-xr-x 6 rcot root 4995 Apr 16 18:27 apt
. “PN= = ———— 1 reot daemon 144 Oct 71 2013 at.deny
-rN-r=-r=-- 1 rcot root 2177 fpr 9 01:03 bash.basnrc
Comp|etlonS -rw-r--r-- 1 rcot root 45 Mar 22 20:57 bash_comoletion
draxr-xr-x £ rcot root 4995 Jun 20 21:4% bash completion.d
“ra=r==r== 1 rcot root 356 Jan 1 2012 bindresvoort_blackl- st
-rw=r==r== 1 prcot root 321 Apr 16 16:07 blkid.conf
Lrnxrwxrwx 1 rcot root 15 Jun 3 20:54 blkid.tab -> /fev/.blkid.tab
draxr-xr-x £ rcot root 1996 Apr 16 1¥:<6 byobu
U P-&I”I"OW' drnxr-xr=x 3 rcot root 4095 Apr 16 18:25 ca-certificates
¢ -rn=r==r== 1 rcot root 7464 fpr 16 18:26 co-certificates.conf
drwxr-xr-x 2 rcot root 4995 Apr 16 18:26 calendar
draxr-s--- 2 rcot dip 1995 Apr 16 18:26 chatscripts
. drnxr-xr-x 4 rcot root 4095 Apr 16 18:27 cloud
® PreV|Ous Commands can be draxr=-xr=x 2 rcot root 4796 Apr 16 18:25 console-setup
iy 'e drwxr-xr-x 2 rcot root 49956 Jun 19 22:19 cron.d
I - draxr-xr-x 2 rcot root 1995 Jun 19 22:190 cron.daily
found by PreSSIng UP arrow draxr-xr-x £ rcot root 4995 Apr 16 18:<Z5 cron.hourly
drwxr=xr=x ? root root 4095 Apr 16 18:25 cron.monthly
-MN=-r=-r=-- 1 rcot root 722 Fez 9 2013 crontab
draxr-xr-x 2 rcot root 1995 Jun 20 22:23 cron.weekly
-rw-r--r-- 1 rcot root 54 Apr 16 18:<b crypttab
¢ ° ) drwxr=xr-x 4 rocot root 4794 Apr 16 18:26 dbus-1
h IStO ry -rw=r=-r=- 1 rcot root 2969 Fen 23 14:30 debconf.conf
-rN=P==r=-=- 1 PCOt root 11 Fez 20 02:43 debian_versicn
drwxr-xr-x 3 rcot root 4990 Jun 20 2£:<43 default

% cd /etc % pwd
$ ls ¢ <tab> % ls ¢ <tab><tab>



Three variants to 1s

1ls -1 ls -1la ls -1h

displays file sizes
in human readable
numbers

provides a long | includes all files,
listing even hidden files




Four ways to view a text file

more head tail cat
view a text | . . .
view the top | view the last | spit the
file one . .
|5 lines of a | |5 lines of a | whole file at
screen full at
. file file once
a time
<bace-bar- -N UM -N hum
P controls the | controls the
scroll
. number of number of
g: quit . .
lines lines




Explore the file hierarchy

|. Move to the directory /etc

* What is the first line of the file ‘hosts’ in the directory

/etc!?

° W
e W

nat is the relative file path to get to /var/log from here?

nat is the absolute path!?

2. Move to the directory /var/log/

* What is the contents on line 73 of the dpkg.log file?

* Without changing directories, what is the second line of the
cpuinfo file in the proc directory!?

3.Move
4 Move

* What is the command to read this file with a relative path?

e An absolute path?

DAC

DAC

< to the root, what directories do you see!

< home, what are three ways to move home from the root?



Copy example files

Return to the directory in your home
called ‘shell’.

TSV file:
~/unix/batch 1l.genotypes 1l.loc.gz

FASTQ file:
~/unix/s 1 sequence.txt.gz

Tar Archive:
~/unix/samples.tar.gz



What is a tar archive!?

tar = tape archive



Compress / Decompress
gzip/ gunzip
batch |.genotypes |.loc.gz

s_| _sequence.txt.gz

Gzipped Tar archive Tar archive
tar xvfz tar xvft

samples.tar.gz samples.tar



Sequencing on lllumina’s Flow cell




Sequencing on lllumina’s Flow cell, ctd.

; 4 (23
l » {r: € % ‘? (&5 :'
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Laser

Source: lllumina Publication 770-2007-002 01May07



Sequencing on lllumina’s Flow cell, ctd.

Source: Kim, et al. doi:10.1016/j.pnsc.2007.12.011


http://dx.doi.org/10.1016/j.pnsc.2007.12.011

Q score

40

30

20

10

Phred Quality Score

base-call position
|

Phred Quality Score Probability of incorrect base call Base call accuracy
10 1in 10 90%

20 1in 100 99%

30 1in 1000 99.9%
40 1 in 10000 99.99%
1in 100000 99.999%

Q.0 0.2 0.4 0.6 0.8

P Ngamphiw, et al. doi:10.1186/1471-2105-9-S12-S9
http://en.wikipedia.org/wiki/FASTQ_format



The FASTQ File Format

FASTA

>chromosome?7
TTTGTCTGCAGGGGGACACGTCAAAGTCAAACGCAGGCAAGTTTGTGTTTATGTCCAGTGGATCTTTTGATTTT

ACATACTGCAGGGTCAGGAGGATTATCTCCTCTGCAAGGTAACGCCTGCTGTAACCGTTGTTCTTCATCCTTTT
CCTAACTGCAGGGCTGTCTTGTCAGGTCTGACAAGACATATGCAGGGCTCAATTTGAGATAATTGCTCAATATA

FASTQ

@Sequence 137
TTTGTCTGCAGGGGGACACGTCAAAGTCAAACGCAGGCAAGTTTGTGTTTATGTCCAGTGGATCTTTTGATTTT

+Sequence 137
<?@DDDDDHFHHFBBQGGIACFHGGHBGHGCDHBEAHACHI=QCH.=7ACAHHADECDBCC66 (6>@C>5QCACCA

@HWI-ST0747:162:C03AJACXX:3:1108:19763:106771 1:N:0:
TTTGTCTGCAGGGGGACACGTCAAAGTCAAACGCAGGCAAGTTTGTGTTTATGTCCAGTGGATCTTTTGATTTT
+
<?@DDDDDHFHHFBB@GGIACFHGGHBGHGCDHBEAHACHI=@CH.=7ACAHHADECDBCC66(6>@C>5@CACCA




http://4toc.com/fb/FBHelp/gfx/AppF_ASCIITable.png

ASCI| Code

0 <NUL> |32 <~S5PC> |61 @ Q6 ) 128 A 160 1 192 é 221 ¥

1 <SOH> [33 ! 65 A 97 a 129 A 161 © 193 i 225

2 <STX> |34 . 66 b 9y b 130 C 162 ¢ 199 - 226,

3 <ETX> [35 # 6/ C ay C 131 F 163 £ 195V 227,

4 <ECT~ |36 $ 68 D 100 d 132 N 164 § 196 f 228 %
5 <ENQ> (37 % 69 b 101 e 133 O 165 197 = 229 A
6 <ACK~ |38 & 70 F 102 f 131 §) 166 1 168 AN 230 -

7 <BEL> (39 71 G 103 g 135 & 167 B 199« 231 A
8 <BS> |40 ( 72 H 104 h 136 & 168 @ 200 » 232 E

9 <TAB> |41 ) 73 1 105 i 137 & 169 @© 201 .. 233 E

10 <lF> (42 * 74 ) 106 i 138 & 170 ™ 202 234 |

11 <> |43 + 7 K 107 k 120 & 171 203 A 235 i

12 <FF> |44 , 76 L 108 | 140 & 172 204 A 226 1

13 <CR> |45 - 77 M 109 m 141 ¢ 173 = 205 @ 237 1

14 <s0> |46 . 78 N 110 n 142 é 174 £ 206 & 238 O
15 <sI> |47/ 7 O 111 o 143 & 175 @ 207 ¢e 239 O
16 <DIE> (48 0 80 P 112 p 144 & 176 o 208 - 240
17 <DC1> (49 1 81 Q 113 g 145 & 177 % 209 — 241 O
18 <DC2> |50 2 82 R 114 r 146 i 178 < 210 242 U
19  <oCi> |51 3 83 S 115 s 147 i 179 2 211~ 243 U
20 <0Ccs> |52 4 84 T 116t 148 i 180 ¥ 212 244 U
21 <NAK> |53 . 85 U 117 u 149 i 181 213 245 |

22 <SYN |54 6 86 V 118 v 150 A 182 @ 214 + 246

23 <ETB> (55 7 87 W 119 w 151 ¢ 183 % 215 ¢ 247

24 <CAN=> |56 8 88 X 120 X 152 (o} 184 1| 216 v 248 a

25 <EM> |&K7 Q 89 Y 121 Y 153 (o) 185 n 217 Y 219

26 <SUB> |58 . aC Z 122 z 154 o 186 J 218 / 250

27 <ESC> |59 : 91 [ 123 { 155 @& 187 ¢ 219 € 251

78 <FS> |60 < 92 \ 124 | 156 0 188 ¢ 220 < 252

29 -GS~ |61 - 93 ] 125} 157 U 189 Q 221 > 283 7

30 “rS> |62 > 94 ~ 126 ~ 158 O 190 & 222 fi 254 |

31 US> |63 ? 95 - 127 <DEL~ |1589 L 191 (5] 223 fl 255 )

8 bits = 28 combinations = 256

Ox27+1x264+1x254+Tx244+1x23+0x224+0x21+1x20 = 121 =y
1x10242x107+1x100 =121 =y

011|1|1|1|0(6(1



http://4toc.com/fb/FBHelp/gfx/AppF_ASCIITable.png

The FASTQ File Format, ctd

@HWI-ST0747:162:C03AJACXX:3:1108:19763:106771 1:N:0:
TTTGTCTGCAGGGGGACACGTCAAAGTCAAACGCAGGCAAGTTTGTGTTTATGTCCAGTGGATCTTTTGATTTT
+
<?@DDDDDHFHHFBB@GGIACFHGGHBGHGCDHBEAHACHI=@CH.=7ACAHHADECDBCC66(6>@C>5@CACCA

Quality Scores

L.L.LL.L.L.L.LLLLLLLLLLLL L L L L L L L L L L L L L L L L L L LT s ¢ o o e o o o o o o o e o o oo ooeeosesoccsssssocsssssccssssssccscss
1"#$%& "' ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]" ~abcdefghijklmnopgrstuvwxyz{|}~

33 59 64 73 104 126
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexat64, raw reads typically (-5, 40)

I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)

J - Illumina 1.5+ Phred+64, raw reads typically (3, 40)
with O=unused, l=unused, 2=Read Segment Quality Control Indicator (bold)
(Note: See discussion above).

L - Illumina 1.8+ Phred+33, raw reads typically (0, 41)

ASCI| values 33 - 73 =0 - 40
‘F =70 70 - 33 = 37

http://en.wikipedia.org/wiki/FASTQ_format



http://en.wikipedia.org/wiki/FASTQ_format

The FASTQ File Format, ctd

@HWI-ST0747:162:C03AJACXX:3:1108:19763:106771 1:N:0:

TTTGTCTGCAGGGGGACACGTCAAAGTCAAACGCAGGCAAGTTTGTGTTTATGTCCAGTGGATCTTTTGATTTT

.|.

<?@DDDDDHFHHFBBE@GGIACFHGGHBGHGCDHBEAHACHI=@CH.=7ACAHHADECDBCC66 (6>@C>5@CACCA

70 - 33 =37

Phred Quality Score Probability of incorrect base call Base call accuracy

10 1in 10

20 11in 100
30 1in 1000
40 1 in 10000

50 1 in 100000

90%
89%
89.9%
99.99%
99.999%

http://en.wikipedia.org/wiki/Phred_quality_score



Count raw reads:

grep "@" s 1 sequence.txt
grep -c "@" s 1 sequence.txt
grep -v "@" s 1 sequence.txt
grep -v -c "@" s 1 sequence.txt

Count reads with barcode:

crep -c ""CGATA" s 1 sequence.txt




Special Files

STDIN, STDOUT, STDERR

The Shell’s Killer App: Pipes




The Shell’s Killer App: Pipes, ctd.

STDIN =3 Rl —> STDOUT



The Shell’s Killer App: Pipes, ctd.

STDOUT
PIPE

PIPE

So what is the purpose of the
program cat!



cut

Examine a marker, translating the output

cat batch_l.genotypes_l.loc | tr " ""," | grep ""96053"



s_Il_sequence.txt.gz
Decompress the file

|. Count the number of raw reads (250,000)

2. Count the number of reads with barcode CGATA

ls (19,501)

N3
Junzib 3 Capture all FASTQ records for ACCAT into a file called

man sample_0l.fq (you should get 18352 records, 73408 lines)
more
t Determine the count of all barcodes in the file
ca 286 CTAGT
wC 0659 ACTGC
head ﬁ%gi
14409 CGGCG
14508 TGGTT
Cut 18226 GAAGC
18352 ACCAT
18375 TCGAG
grep 22012 AT
26336 GCATT
Sort 31136 CTAGG
uniqg

>



0.8
0.6
0.4

0.2

#
2
2
2
2
2

N NMNDNDNDNDDNDDN-.

Problem Set #1

Danger Is. #04 vs Middleton Is. #16 Fst

| | | | | | | | | | | |
N L g+ . - 3 < 0.0000b1
A s | "p<oloovor
= = it i +
A S % . T {% T L R PO0OT *
EoS AR e ) Fa < | Lol s
JeE | Tt " B iREs
7 e e i [ %ﬁﬁﬁ el L BB <onaE i,
i **%ﬁqi 7 ] 3 i WUCL R i = ]
i . = 4
| | | | | | | | | | | | |
PN
Y m w Yy u, Cw, Ty Ty T T, T, Y, Ty, T, T,
(o) (o) 6 6 (o) 6 (o) (o) (o) (o) (o) (o)
Batch ID Locus ID Pop 1 ID Pop 2 ID Chr BP Column Overall Pi Fst Fisher's P 0Odds Ratio
7894 2 3 grouplI 11832 19 0.428182 -0.0076252913 0.191294 0.687192
7896 2 3 groupl 11900 83 0.328622 0.1775694587 4.35747e-08 5.44667
9611 2 3 grouplI 49756 48 0.090426 -0.1127451906 0.00109115 0.0898072
9611 2 3 groupI 49765 57 0.0132887 -0.1522407447 0.518395 0.493113
9611 2 3 groupI 49766 58 0.0133776 -0.1563725438 0.520033 0.501401
7083 2 3 groupIX 20172984 57 0.0480227 -0.1249752728 0.0230205 0.152263
7083 2 3 groupIX 20173004 77 0.0181808 -0.1405892833 0.27288 0.355556
7083 2 3 groupIX 20173016 89 0.0424072 -0.1243625038 0.0442229 0.17037
7083 2 3 groupIX 20173018 91 0.148072 0.2305903127 2.24832e-07 13.2936
7084 2 3 groupIX 20172960 29 0.388239 -0.0102170169 0.307185 0.758001
7084 2 3 groupIX 20172995 64 0.368259 -0.0130602425 0.233889 0.70084
7084 2 3 groupIX 20173013 82 0.0121578 -0.1359057575 0.51309 0.46472



