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| will be asking for your feedback via
an online survey at the end of this
training. Your participation would be
greatly appreciated.



Outline

CRI resource and support
Access BIOS HPC cluster
Transfer data files to cluster
Run jobs on HPC cluster

Exercises

— Transfer data files

— Quality control analysis of NGS data

— Sequence alignment with BWA and Bowtie2



Training wiki page

https://wiki.uchicago.edu/display/CRIwksp
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* CRI resource and support



CRI resource and support

e BIOS HPC cluster (bios.cri.uchicago.edu)
— 1024 cores (2.22 GHz AMD Opteron 6274 CPU)
— 256 GB RAM (4GB per core)
— 700 TB storage
— OS: Red Hat Linux Enterprise 6.0
— Software installed:

MPICH2 and Open MPI

MOAB scheduler / Torque Resource Manager

Java

Python

Perl

PG| C/C++/FORTRAN compiler; Intel C/C++/FORTRAN compiler
R/Bioconductor

Other Bioinformatics software



CRI resource and support

e Large memory server (Imem-cri.uchicago.edu)
— 160 cores (2.40GHz Intel® Xeon® E7-8870 CPU)
— 1 TB RAM
— 40 TB storage
* Backup and Restore System
— Tivoli Storage Manager (TSM)

e Self Service Data Analysis Environment
— CRI Galaxy (https://crigalaxy.uchicago.edu )




CRI Support

* CRI website:
— http://cri.uchicago.edu
— Email: support@rt.cri.uchicago.edu

* Bioinformatics core
— https://biocore.cri.uchicago.edu
— Email: bioinformatics@bsd.uchicago.edu



Outline

e Access BIOS HPC cluster



Compute Nodes

What is a Computer Cluster

Server

10/100 MB/s Ethernet Switch

AL

Source: http://en.wikipedia.org/wiki/Computer_cluster

—  Networked Disk
Storage




Do you really need a Cluster

* If your problem
— |s not tractable on the desktop computer
— |Is memory-hogging
— Requires rapid turnaround of results
— Would benefit from having jobs scheduled

— |Is computationally intensive that might eat up desktop
resources

* Does your job run on Linux

* Can your job be executed without manual
intervention, i.e. batch mode

Consider running it on the Cluster



Procedures of running jobs on cluster

Develop strategy for running jobs
Have required software installed
Develop job submission scripts

Run your job



Use BIOS HPC Cluster

bios.cri.uchicago.edu

Access to BIOS
— A BSDAD accounts is required to access bios.cri.uchicago.edu

— Temporary accounts used during the training session will be
deactivated.

Requesting BSDAD account

— Contact CBIS at help@bsd.uchicago.edu or call 773-702-3456

— Please note: For new accounts CBIS requires that the request comes
from a section admin

Account Eligibility
— All BSD members

— Non-BSD members or outside collaborators must have a BSD faculty
sponsor

Technical Support

— lIssues accessing BIOS or need technical assistance, contact the CRI
Help Desk at support@rt.cri.uchicago.edu or call (773) 834-8475




Install SSH Client

* For Windows user

— Download and install Putty from
http://www.chiark.greenend.org.uk/~sgtatham/putty/
download.html

— Download and install Xming and Xming fonts

* http://sourceforge.net/projects/xming

* http://sourceforge.net/projects/xming/files/Xming-fonts/
7.5.0.47/

* For Mac/Unix/Linux user
— Already installed



Log into BIOS Cluster

* For Mac/Unix/Linux user
— Type ssh —X username@bios.cri.uchicago.edu
— Type in your password when prompted
— Type ves if you are prompted to accept a key



Log into BIOS Cluster

* For Windows user
— Open PuTTY
— In Host Name box, enter bios.cri.uchicago.edu
— Select SSH as the Connection Type
— Verify the port number set in Port Box is 22
— Press the Open button at the bottom
— Type in your username and password when prompted



Prepare for exercises

> mkdir ~/CRI_training
> cd CRI_training
> mkdir Ex1 Ex2 Ex3 Ex4

Note: If you are doing “real-world” data analysis on BIOS
cluster, consider running all your analyses under /scratch
directory, it has more space and faster access compared to
your home directory. Please contact CRI tech support for

details about obtaining access, etc.



Outline

 Transfer data files to cluster



Transfer Data Files to Cluster

* From remote site

— wget and curl command

* From local computer

— scp and rsync command (Mac/Unix/Linux)
— WinSCP software (Windows)



Exercise 1.1 Download file from remote to BIOS

* From remote site

— wget and curl command

> ¢d (RI_training/Ex1
-=(1lhuang@1n@l1)-(~/(RI_training/Ex1)--

> wgetttp://ww . ncbi.nlm.nih.gov/geosuppl/7acc=GSE3T736--0 GSE31736.tarI

source file URL Target file name

l v

> curl Sattp://www.ncbi.nlm.nih.gov/geosuppl/?7acc=GSE31736° -0 GSE31736_RAW. tar




Exercise 1.2 Upload file to BIOS

* From local computer

Download the following file to your local computer
ftp://logia.cri.uchicago.edu/tutorials/Apr2013/Ex1/GSE31736 RAW.tar

* For Mac/Unix/Linux users

scp and rsync

$ scp GSE31736_RAW.tar Lhuang@bios.cvi.uchicago.edu.~/CRIﬁtvainin9/Ex1.

T

Source filename username ,
Target directory




Exercise 1.2 Transfer Data Files
e For Windows user: WinSCP

& CRI_training,&Ihuang@bios.cri.uchicago.edu - WinSCP (== %
Local Mark Files Commands Session Options Remote Help
@D PV WP ER T [V 2 0O etk - -
Ihuang@bios.cd.ud'licago.edu! + |
; My documents ~E@E e A ﬂ EEE . CRI_training = i 7ot ﬂ AES
C:\Users\Lei\Documents\My Teaching\CRI_ training J/home flhuang/CRI_training
Name Ext Size Type Changed At| | Name Ext Size Changed Rights Owner
" Parent directory ~ 4/14/2013 1:37:46 ... . 4/14/2013 2:09:32 ...  rwx------ lhuang
B GSE31736_RAW.tar WinRAR archive  4/14/2013 1:44:59 ... a
|
f
|
0Bof 15990 KiBin 0 of 1 0Bof 0Bin0of O
b 3 5§ F7 Create Directory < lete (A ‘ L F10 Quit
8  sFP3 0:3555
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* Run jobs on HPC cluster



Running an interactive job

* When
— Debugging

— Need to see the intermediate results from a
program, e.g. R

* How

> qsub -1
qsub: waiting for job 120521.sc@l to start

qsub: job 120521.sc@l ready




Quality check on NGS data

FastQC — Java program
Import data from FASTQ, SAM or BAM files
Tell you in which areas there may be problems

Summary graphs and tables to quickly assess your
data

Export results to an HTML-based report



Exercise 2: running an interactive job on
BIOS

* Quality control analysis of two NGS sequence
read files

e Download two files in FASTQ format

> ¢cd ~/(RI_training/ExZ
-=(1lhuang@1n@l)-(~/CRI_training/Ex2)--
> wget ftp://logia.cri.uchicago.edu/tutorials/Apr2013/Ex2/seqGood. fastq

-=(lhuang@1n@l)-(~/CRI_training/Ex2)--
> wget ftp://logia.cri.uchicago.edu/tutorials/Apr2013/Ex2/seqBad. fastq




Line 1: sequence id
Line2: sequence

Line 3:
Line 4: quality score

FASTQ file format

> head -8 seqglGood. fastg

@ERRO30881.46427389/1
CAAGACCTGGGCGTTCAGGCTGCCACTGCTGTCCATATCCCCTACCACAG
+

HHHHHHHHHHHHHHHHHHHHHHAHHHHHAHH EHHAHHAHHAHHHHHHHEH
@ERRO30881.71523653/1
CAAGACCTGGGCGTTCAGGCTGCCACTGCTGTCCATATCCCCTACCACAG
+
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHAHEH LTHHHHHHH FH
-=(1lhuang@1n@l)-(~/CRI_training/Ex2)--

> tail -8 seqGood.fastq

@ERRO30881.31409188/1
GCTGAAGCCATCCAACACCTATTTTTGTACAGCCTGTGAACTAAGAAAAT
+
55555@>>AHHIHHHFHGHHHGF G 7 CCCHF FHHHHHHHHHHGHHHHHE E
@ERRO30881.34210561/1
CTTCTATTGGTTACAGAAGTCATATTTTTAAAACCTATATAAATAACATG
+
5555444445DD>D=4444555514AA<8 ; 54445154444444444445




Read count

Method 1

> grep --count A@ERRO30881 seqGood.fastq

28477

Method 2

> Wc -1 seqGood. fastqg

113908 seqGood. fastqg

113908/4=28477



Run fastQC in interactive mode

> qsub -

qsu
qsu

> CC

0: waiting for job 110149.sc01 to start
0: job 110149.s5c01 ready

~/CRI_training/Ex2

> fastqc seqGood.fastg

> fastqc segBad.fastq

> exit




FastQC summary

> cd ~/CRI_training/Ex2/seqGood_fastqc
-=(1lhuang@1n@l1)-(~/CRI_training/Ex2/seqGood_fastqc)--
> LS

fastqc_data.txt fastqgc_report.html summary . txt
-=(1huang@1n@l1) -(~/C(RI_training/Ex2/seqGood_fastqc)--
> cat summary.txt

PASS Basic Statistics seqGood. fastqg

PASS Per base sequence quality seqGood. fastq
PASS Per sequence quality scores seqbood. fastq
FAIL Per base sequence content seqGood. fastq
FAIL Per base GC content seqGood. fastqg

FAIL Per sequence GC content seqGood.fastq

PASS Per base N content seqGood. fastqg

PASS Sequence Length Distribution seqGood.

FAIL Sequence Duplication Levels seqGood.

FAIL Overrepresented sequences seqGood.

FAIL Kmer Content seqGood. fastqg

Is sequence trimming needed before alignment?



Per

base quality for “good” FASTQ file

> cd seqGood_fastqc
-=(1lhuang@1n@l1)-(~/CRI_training/Ex2/seqGood_fastqc)--

> 1S

fastqc_data.txt fastqc_report.html summary . txt
-=(1huang@1n@1)-(~/CRI_training/Ex2/seqGood_fastqc)--
> firefox fastqc_report.html I

40
38

36| [N

32

30

28
26
24
22
20
18
16
14
12
10

[=] N o~ (4] o0

Quality scores across all bases (Sanger { lllumina 1.9 encoding)

L1 01000

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
Position in read (bp)



Per base quality for “bad” FASTQ file

> cd ..

-=(lhuang@1n@1)-(~/CRI_training/Ex2)--

> c¢d seqBad_fastqc
-=(lhuang@1n@1)-(~/CRI_training/Ex2/seqBad_fastqc)--

> 1s

fastqc_data.txt fastqgc_report.html summary . txt
-=(lhuang@1n@l1)-(~/CRI_training/Ex2/seqBad_fastqc)--

> firefox fastqc_report.htmll

Quality scores across all bases (lllumina 1.5 encoding)

EgDHUD”UDHHDHHHH“H“H“““““ """_:::::::

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
Position in read {bp}



Prepare batch job submission

* BIOS is a batch, queued system

— Jobs must be submitted to a queue, wait and then be
processed

— No interaction with your job once submitted
* User need to provide a job submission script
containing

— Directives to request the proper resources for the
execution of your job

— Commands that will be executed on the cluster nodes



Common job operation commands

* Submit jobs
> gsub <job_script>
* Monitor job status
> gstat
> showq
* Alter jobs after submission
> gdel <job_id>
> qdel all



Job submission script template

#!/bin/bash
FHEFFFAHAHAAAAAAAARAAARARAAIASS
# Resource Manager Directives #
FHEFFFAHAHAAAAAAAARAAARARAAIASS
### Set the name of the job

### Sele he shell you would like to script to execute within.
225 o5 fbin/bashs

### Inform the scheduler of the expected runtime, where

#4#4% walltime=HH:MM:SS.

<¥PBS -1 walltime=0:59:00 >

### Inform the scheduler of the number of CPU cores for your job. This
### example will allocate two cores on a single node

<FPBS -1 nodes=1:ppn=2 >

### Inform the scheduler of the amount of memory you expect

### to use. Use units of ‘b’, ‘kb’, '‘mb’, or ‘gb’.

<¥PBS -1 mem=512mb_>

### Set the destination for your program’s output: stdout and stderr.
OME7 S PB UBNAM] N E P o= L)
#PBS —-e SHOME/S${PBS_ JOBNAME}.o0S${PBS JOBID}
####:::: ........
# Job Execution #
FHEFHHAAAAAARAHES

# the program to be executed
./command &> output




Exercise 3: Running FastQC in batch mode

* Paired-end RNASeq data from lllumina’s
Human BodyMap 2.0 project

* Generated on HiSeq 2000 instruments in 2010

* Consist of 16 human tissue types, including
adrenal, adipose, brain, breast, colon, heart,
kidney, liver, lung, lymph, ovary, prostate,
skeletal muscle, testes, thyroid, and white
blood cells.



Download and view compressed FASTQ files

> ¢d ~/CRI_training/Ex3

> wget ftp://logia.cri.uchicago.edu/tutorials/Apr2013/Ex3/*.gz
> 1s

> zless heart_ERR@®30886.sample.l.fastq.gz

@ERRO30886.19085532/1
CTGATGTGGACAATGGGCTTGACCATTTCCTCAAGTGCTTTCTGTCTCTC

+ zcat also works
HHHHHHHHHHHHHHHHHHHHHHH{HHHHHHHHHHHHHHHHHHHHHHHHHHA

@ERRO30886.21011256/1

ATGAGATA ATTGAAAAGAAAAGAGAACCTGAGAACTCTACAGATT

+

HHHHHHHHBHHHGGGGGHHHHHHGGGGHHHHHHHHHHHHHHHHHHHHEHH
@ERRO30886.36367438/1

GGGACATCAGAAGCCACAAATGAGCCTCCCGAGGATGTTCTGCTGAAACA
+

HHHHHHHHGHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH




Create a job submission script for fastQC on
heart tissue sequence read files

> emacs run_fastqc_heart.pbs &



Fle Edit Options Buffers Tools Help

U _1asig near

EEE:

@' C0ao%B

FRFRRRARFAARAARAARRARARARRART

# Resource Manager Directives #

FRRRARRRFAAARRAARRAARIRARRRAARES

##% S=t the name= of the job

$PBS -N FASTQC_heart

##% Select the shell you would like to script to execute within.
#PBS -5 /bin/bash

##% Inform the scheduler of the expected runtime, where

$##% walltime=HH:MM:SS.

#PBS -1 walltime=0:59:00

##% Inform the scheduler of the number of CPU cores for your job.
###% This example will allocate 1 cores on a single node

#PBS -1 nodes=1:ppn=1

###% Inform the scheduler of the amount of memory you expect

##% to use. Use units of ‘b’, ‘kb’, 'mb’, or ‘gb’.

#PBS -1 mem=512mb

###% Set the destination for your program’s output: stdout and stderr.
3#PBS -o $HOME/S${PBS_JOBNAME} .=%{PBS_JOBID}

$#PBS —-= SHOME/${PBS_JOBNAME]} .o0% {PBS_JORBID}
FRFRRRARAARRARRES

# Job Exscution #

FREFARRRARRRARRES

# set the read file and program paths
seqPath=~/CRI_training/Ex3
seqfilel=$s=qPath/heart_ERR030886.sampl=.1.fastq.gz
seqfile2=$seqPath/heart_ERR030886.sampl=.2.fastq.gz
fastqe=/software/link/bin/fastqc

$fastqe -o $seqPath $se=qfilel &> $seqgPath)\/heart.fastqc.log
$fastqe -o $seqPath $seqfile2 &>> §$segPath’\/hesart.fastgc.log
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CA & ' C =l 2 AH
D4 ) oo DA & % H
Al ####s####s#########s###########

£ Resource Hanag—t Directivw #

F###F####FF###F####F####FF###F#

#%% Set the name= of the job

#PBS -IN FASTQC_heart

###%# Select the shell you would like to script to execute within.
#PBS -5 /bin/bash

#%% Inform the scheduler of the expescted runtime, where

#%#% walltime=HH:MM:SS.

#PBS -1 walltime=0:59:00

Z:i iﬂlefx: seqPath=~/(RI_training/Ex3

S e seqfilel=$segPath/heart_ERRO30886.sample. 1.1

AL EREE IS seqgfileZ2=$seqPath/heart_ERRO30886.sample.2. 1

$#% to use. £ - c
spES -1 mem— ISRl =/software/link/bin/fastqc

T ### s=t the

22 ERR LI LN $fastge -0 $segPath $seqgfilel & $segPath\/heart.fastqgc.log
#PBS -= $SHOMN

# Job Execution #
FREEFEFFEREEREEEES

eanth h—axt ERP070886 oampl~ 2 antq gz
twar=/link/bin/fastqgc

s $seqfilel &> fseanth /heart.fastgc.log
\ifastqc -0 seanth $seqfi152 &E>> fseanth ‘heart.fastqgc. log<//




Submit a batch job

> gsub run_fastqc_heart.pbs
110156.sc01
--(username@In01)-(~/CRI_training/Ex3)--

Check job status

> (stat
Job id Name User Time Use S Queue
110156.sc01 ...stgc_heart.pbs username O R batch

Another way

> showq

Or for specified user

> showq | grep username




Do by yourself

* Create a job submission script
(run fastgc kidney.pbs) for fastQC on kidney
tissue sequence read files

 Submit run_fastgc_kidney.pbs



Create a shell script for job submission scripts

If you have many job submission scripts

#!/bin/bash

qsub run_fastqc_heart.pbs
sleep 2
qsub run_fastqc_kidney.pbs

Then from login node

> sh submit_jobs.sh




Exercise 4: Sequence alignment on HPC cluster

Copy sequence read files from Exercise 3

> cp ~/CRI_training/Ex3/*.fastg.gz ~/CRI_training/Ex4

> s

heart ERR030886.sample.1.fastq.gz
heart ERR030886.sample.2.fastq.gz
kidney ERR030885.sample.l.fastq.gz
kidney ERRO030885.sample.2.fastqg.gz




Create a job submission script for alignment of
heart tissue sequence read files

BWA aligner (http://bio-bwa.sourceforge.net/)

>emacs run_bwa_ heart.pbs &




~ >
' S

File Edit Options Buffers Tools Help

V) P
I BEXEHHE 9« CAAE & H
FRERFFARAAEARAAARRFFIRAAAAAAAARS
# Resource Manager Directives #
FREFFRRAAEARAAARRRFRAAAAAAARER
$#%# S=t the nam= of the job
#PBS -N BWA_heart
$### Select the shell you would like to script to execute within.
#PBS -5 /bin/bash
$##%# Inform the scheduler of the expected runtimes, where
##% walltim==HH:MM:SS.
#PBS -1 walltime=0:59:00
$## Inform the scheduler of the number of CPU cores for your job.
$## This example will allocate 4 cores on a single node
#PBS -1 nodes=1:ppn=4
$## Inform the scheduler of the amount of memory you =xpect
$#%# to use. Use units of ‘b’, ‘kb’, ‘mb’, or ‘gb’.
#PBS -1 mem=512mb
$#%# Set the destination for your program’s output: stdout and stderr.
#PBS —-o $HOME/${PBS_JOBHNAME} .=%{PBS_JOBID}
#PBS —-= $HOME/S${PBS_JOBNAME} .o0% {PBS_JOBID}
— BERREERRRRREREEEE
$# Job Execution $#
FRERFFFFAARARRRES
$# the program to be exescuted

| »

set the file and program paths
s=eqPath=~/CRI_training/Ex4
outPath=~/CRI_training/Ex4/bwa
seqfilel=%$s=qPath/h=art_ERR030886.sample.l.fastq.gz
seqfile2=$s=qPath/heart_ERR030886.sample.2.fastq.gz
readgroup=$outPath/hesart_ERR030886.sampl=
referenceSeq=/group/referenceFiles /Homo_sapiens /UCSC/hgl9/hgl9.GATKbundle.1l.5/ucsc.hgl9. fasta
bwapath=/softwar=/link/bin/bwa
samtoolspath=/softwar=/link/bin/samtools

$ create output directory if it do=s not exist
if [ ! -d $outPath ]; then mkdir $outPath; fi

$# align the pair-ended s=quences

$bwapath aln -t 4 $referenceSeq $s=qfilel > S$readgroup.l.bwa

Sbwapath aln -t 4 $referenceSeq $s=qfile2 > $readgroup.2.bwa

Sbwapath sampe $referenceSeq $re=adgroup.l.bwa $readgroup.2.bwa $s=qfilel $s=qfile2 > $readgroup.sam
# convert sam file to bam fils; sort and index bam file

$samtoolspath view -F 4 -bS $readgroup.sam > $readgroup.bam
$samtoolspath sort $readgroup.bam $re=adgroup.sorted
:J mtoolspath index $readgroup.sorted.bam
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= % E] @®e (% = g Qf

eqPa R a q 4
Fa R a q &/ OWNG
eq B eqPa ed RRO3V880.sample astq.g
eq o eqPa ed RRO3V880.samp le astqg.g
eadgroup=soutPa ed RRO308E amp Le
afarag aSen aroup afarag O O Omo aple (] . 0] - A h dle
QDG U are ’ W
¢ 00 e O are ’ ¢ 00
d SoutPa = d outPa
oD (U 4 eTere el U - Ao roup .0
.0 00 U 4 eTere CoCU — - U oOup DWWl
DWODG Qimpe eTere eyl eQQaQroup .0 eQQaQroup .0 — - —
* 00 e C 4 L eQQaroup U eQQaroup . od
( 00 e O eQQQroup . od Ao roup U -
¢ Q0 e Qe OO Iroup U U . DU
# create output directory if it does not exist
if [ ! -d $outPath ]; then mkdir $outPath; fi

2+

# align the pair-ended s=equences

Sbwapath aln -t 4 $referenceSeq $seqfilel > $readgroup.l.bwa

$bwnpnth aln -t 4 $r—f~r—nc—3~q $s~qfil—2 > $r—ndgroup.2.bwn

Sbwapath sampe $referenceSeq $readgroup.l.bwa $readgroup.2.bwa $seqfilel $seqfile2

g

# convert sam file to bam files; sort and index bam file

$samtoolspath view -F 4 -bS $readgroup.sam > $readgroup.bam
$samtoolspath sort $r;adgroup.hdm $r=adqroup.sort;d

mtoolspath index $readgroup.sorted.bam

$readgroup.sam




Submit a batch job

> qsub run_bwa_heart.pbs

> qstat




Create a job submission script for alignment of
heart tissue sequence read files

Bowtie2 (http://bowtie-bio.sourceforge.net/bowtie2/)

> emacs run_bowtie2 heart.pbs &




Fle Edit Options Buffers Tools Help

I EEXEHE e QA& & H

| »

FERRARARRARRARFARAARAERAARARRES

# Resource Managesr Diresctives #

FRARRRARRAAARRAARRRAARRARARRAES

$%#% Set the nam= of the= job

#PBS -1l Bowtie2_hesart

$## Select the shell you would like to script to exescute within.
#PBS -5 /bin/bash

$##% Inform the scheduler of the expected runtims, where

###%# walltim==HH:MM:SS.

$#PBS -1 walltim==0:59:00

$#%# Inform the scheduler of the number of CPU cores for your job.
8% nhis example will allocate 4 cores on a single node

$PBS -1 nodes=1:ppn=4

$### Inform the scheduler of the amount of memory you =xpect

$### to use. Use units of 'b’, ‘kb’, 'mb’, or ‘gb’.

#PBS -1 mem=512mb

$#% S=t the destination for your program’s output: stdout and stderr.
#PBS -o $HOME/${PBS_JOBNAME} .=%{PBS_JORID}

$#PBS -= $HOME/${PBS_JOBNAME} .o0% {PBS_JORBID}

FRRRERARRARRERES

$# Job Execution %

FRERRRERRAARRRRES

# the program to bes executed

set the file and program paths
seqPath=~/CRI_training/Ex4
outPath=~/CRI_training/Ex4/bowti=2
seqfilel=%$s=qPath/heart_ERR030886.sampl=.1l.fastq.gz
seqfile2=%$s=qPath/heart_ERR030886.sampl=.2.fastq.gz
readgroup=$outPath/hesart_ERR030886.sample
referenceSeq=/group/referenceFiles/Homo_sapiens /UCSC/hgl9/Sequence/IlluminaBowti=2Index/genoms
bowti=2path=/softwar=/link/bin/bowti=2
samtoolspath=/softwar=/link/bin/samtools

$ create output directory if it do=s not exist
if [ ! -d $outPath ]; then mkdir $outPath; fi

$# align the pair-=nded sequences
$bowtie2path -p 4 -x $referenceSeq -1 $s=qfilel -2 $s=qfil=2 -5 $readgroup.sam

# convert sam file to bam files; sort and index bam file
$samtoolspath wview -F 4 -bS $readgroup.sam > $readgroup.bam
samtoolspath sort $readgroup.bam $r=adgroup.sorted

| $3amtoolspath index $re=adgroup.sorted.bam
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seqPath=~/CRI_training/Ex4

outPath=~/CRI_training/Ex4/bowtie2

seqfilel=$seqPath/heart_ERRO30886.sample.l.fastq.gz
seqfileZ2=%$seqPath/heart_ERRO30886.sample.2.fastq.gz

readgroup=3outPath/heart_ERR0O30886.sample
referenceSeg=/group/referenceFiles/Homo_sapiens/UCSC/hgl9/Sequence/I1 luminaBowtieZ2Index/genome
bowtieZpath=/software/link/bin/bowtie2

samtoolspath=/software/link/bin/samtools

if [ ! -d SoutPath ]; then mkdir SoutPath; fi

$bowtieZpath -p 4 -x $referenceSeq -1 $seqfilel -2 $seqfile2 -S $readgroup.sam

$samtoolspath view -F 4 -bS $readgroup.sam > $readgroup.bam
$samtoolspath sort $readgroup.bam $readgroup.sorted
SEamtoolspath index $readgroup.sorted.bam

# create output directory if it does not exist

if [ ! -d $outPath ]; then mkdir $outPath; £fi

$# align the pair-=nded s=quences

S$bowtie2path -p 4 -x S$referenceSeq -1 $seqfilel -2 $seqfile=2 -5 $readgroup.sam
$# convert sam file to bam file; sort and index bam file

$samtoolspath view -F 4 -bs $readgroup.snm > $rendqroup.bam
$samtoolspath sort $r=ndqroup.bnm $r;adgroup.sort;d
$samtoolspath index $readgroup.sorted.bdm

'




Submit a batch job

> qsub run_bowtie2 heart.pbs

> qstat




Output files from alignment

> |s ~/CRI_training/Ex4/bwa

heart ERR030886.sample.1.bwa
heart ERR030886.sample.bam
heart ERR030886.sample.sorted.bam d———
heart ERR030886.sample.2.bwa
heart_ ERR030886.sample.sam
heart ERR030886.sample.sorted.bam.bai mm—

> |s ~/CRI_training/Ex4/bowtie2
heart ERR030886.sample.bam
heart_ ERR030886.sample.sam
heart ERR030886.sample.sorted.bam ———
heart ERR030886.sample.sorted.bam.bai 4—'_




Extra: Alignment summary statistics

> samtools flagstat ~/CRI_training/Ex4/bowtiez2/heart_ERRO30886.sample.bam
185865 + @ in total (QC-passed reads + QC-failed reads)

O + 0 duplicates

185865 + O mapped (100.00%:-nan%)

185865 + 0 paired in sequencing

93061 + O readl

92804 + 0 read?

153998 + @ properly paired (82.85%:-nan%)

175828 + @ with itself and mate mapped

10037 + @ singletons (5.40%:-nank)

O + 0@ with mate mapped to a different chr

O + O with mate mapped to a different chr (map(Q>=5)
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Download and launch IGV

Home > Registration

Registration

IGV Registration

IGV is an open-source application, released under the terms of the GNU Lesser General Public License (LGPL). To download
IGV fill in the form below and click "Agree" to indicate you have reviewed and agreed to the licensing terms. This information
is only used to help us track usage for reports to our funding agencies and will not be used for other purposes.

Name

Email

Organization




Download and launch IGV

Home > Downloads

Integrative
Genomics
Viewer

Downloads

Integrative Genomics Viewer (Version 2.3)

Mac Users: Apple has pushed out an update that blocks all but the latest versions of Java. See this article for details. To run
IGV, you need the latest version of Java.

¥ Downloads
@ Documents

Java: IGV 2.3 requires Java 6 or greater. To use the launch buttons below on MacOS Java 7 is required.

Hosted Genomes
FAQ

IGV User Guide

@ File Formats Windows users: To run with more than 1.2 GB you must install 64-bit Java. This is often not installed by default even with

@ Release Notes the latest Windows 7 machines with many GB of memory. In general trying to launch with more memory than your OS/Java
Credits combination supports will result in the obscure error "could not create virtual machine".

Search website

Chrome: Chrome does not launch java webstart files by default. Instead, the launch buttons below will download a "jnlp" file.
This should appear in the lower left comer of the browser. Double-click the downloaded file to run.

Launch with 750 MB Launch with 1.2 GB Launch with 2 GB Launch with 10 GB
rch
B::d Home Maximum usable memory Maximum usable memory For large memory 64-bit
— for Windows OS with 32-bit = for 32-bit MacOS. java machines.
Cancer Program Java

EZBROAD

INSTITUTE

© 2013 Broad Institute



Open bam files in IGV

‘ IGV 2.2 m Cenomes View Tracks Regions Tools GenomeSpace Help S ®§ @ 9 -+ < 4 EB= (=P (Charged) Mon 6:17PM Q

8006

Load from File...

Human hgl9 | oad from URL... @ H = 2 =

Load from Server...
Load from DAS...

New Session...
Open Session...
Save Session... 10 12 14 16 18 20 22 %

Save Image ...

Exit

/Users/lhuang/Documents/Project/Intronome library/alignment/igv_session_bowtie2.xml
/Users/lhuang/Documents/Project/Intronome library/alignment/igv_session_novo.xml
https://dm.genomespace.org/datamanager/file/Home/lhuang7/alignment_bwa.xml

RefSeq Genes
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800

Visualize the alignment in IGV

IGV
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wm
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TOMMA4OL (translocase of outer mitochondrial membrane 40 homolog (yeast)-like)



Visualize the alignment in UCSC Genome Browser
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Questions and Comments?



Please fill out a short online survey
using the link at the bottom of the wiki

page

Thank you!



