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sftp: best done using graphical GUI client

Some SFTP clients for Windows PC:

A Filezilla (client): http:/filezilla-project.org/
A winscp: http:// winscp.net/eng/index.php
A CoreFTP LE: http://www.coreftp.com/

Some SFTP clients for Mac

A Fetch
http:// www2.cit.cornell.edu/services/systems sup
port/filefetch.html#fetchinst

A Filezilla http://filezilla-project.org



http://filezilla-project.org/
http://winscp.net/eng/index.php
http://www.coreftp.com/
http://www2.cit.cornell.edu/services/systems_support/filefetch.html#fetchinst
http://filezilla-project.org/

Using graphical SFTP client

FileZilla window

File Edit View Transfer Server Bookmarks Help

w. St B e =N n

Host: : Username: |:| Password:| ‘ Eor‘t:|

Quickconnect

Status: Listing directory /home/bukowski/programs
Status: Directory listing of "/home/bukowski/programs" successful

Status: Retrieving directory listing of "/home/bukowski/programs/annovar_rev517"...

Status: Listing directory /home/bukowski/programs/annovar_rev517

Status: Directory listing of "/home/bukowski/programs/annovar_rev517" successful

Local site:| C:\Users\robert\

Remote site: | /home/bukowski/programs/annovar_rev517

All Users ~ ? abyss-1.3.0
Default ? abyss-1.5.2
Default User ? abyss-1.5.2_MaybeCorrupt
Default.migrated ? ActiveTcl8.5.10.1.295062-linux-x86_64-threaded
Public ? adapterremoval
2 robert ? adaptml
#-  Windows ? annovar_old
[+ Windows.old . B annovar_rev517
B aninm A 144N
Filename Filesize Filetype Last m... ~ |Filename B Filesize Filetype Last.. Per.. Ow..
.cisco File folder 1/21/2... v example File folder 11/5/... drw... buk..

8 files and 25 directories. Total size: 3,021,280 bytes

6 files and 2 directories. Total size: 379,503 bytes

Server/Local... Di... Remote file Size Pr... Status

Queued files Failed transfers  Successful transfers

o T Queue: empty




Using graphical sftp client

A Launch SFTP program a client (e.g., laptop)Use thesftp
protocol (port 22) to connect to Linux machine. You will be
asked for youuser name andpassword (the same you use to
log In to the lab workstations veshclient).

A Transfer text file inext mode, binary files irbinary mode (the

default* Aut o” should be right, Dbi
A When in doubt, us@los2unix or mac2unix after transfer f
text files

A All clients feature
A File explorelike graphical interface to files dsoth the PC
and on the Linux machine
A Dragand-drop functionality
A Other protocols (like FTP) typically also supported



Fixing line ending problems

Files transferredo Linux machine from a Windows or Mac machine often have
line endings incompatible with Linux (depends on transfer software used and its
settings)

To fix line endings, us®s2unix command

dos2unix my_file mac2unix my_file

(the filemy file  will havelinuxline endings)

dos2unix T nmy_file my_file_converted

mac2unix T nmy file my file converted

(the filemy_file_converted will havelinuxline endings, the original file
my _file  will be kept)
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File transfer: command-line scp
Linux < Linux, Mac == Linux

Objective: copy a filgdata/reads/my_sequence.fa from the local Linux or Mac machine
to directory/workdir/files on a remote Linux machine calleblsuwrkst2.tc.cornell.edu

While logged in on thécalmachine, execute:

cd /data/reads

scp my_sequence.fa  bukowski@cbsuwrkst2.tc.cornell.edu:/ workdir /files

To copy in the opposite direction:

scp bukowski@cbsuwrkst2.tc.cornell.edu ./ workdir ffiles/ my_sequence.fa
NOTES:
A scp is a generalization afp, where the source or the target file is on a remote
machine

A Mostcp options work withscp (scp 1 r will recursively copy whole directory)
A The remote machine must accept connection requests (depends on netwafi)
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File transfer: from the web to Linux

Option1:use a web browser (such as Firefox)

A Connect to Linux machine graphical mode (VNC)
A Start Firefox (in terminal window, tydérefox, or click on web browser icon)
A Note: the web browser is running on Linux machine, not on your laptop!
A Navigate to desired site and download the file (will ask for directory in which to depo

the file)

Let’'s try to download the following fil

ftp://ftp.ncbi.nih.gov/blast/matrices/BLOSUM100

For ftp andsftp links,FileZilla can also be used instead of a web browser


ftp://ftp.ncbi.nih.gov/blast/matrices/BLOSUM100

File transfer: from the web to Linux

Option2: runwget command on the workstation (if you know the URL of the file)

A Example 1: simple URL

wget ftp://ftp.ncbi.nih.gov/blast/matrices/BLOSUM100

(will download the file BLOSUM100 from the NCBI FTP site and deposit it in the current directory ul
the name BLOSUM100)

A Example 2: complicated URL

wget -O e_coli_1000_1.fq
“http://cbsuapps.tc.cornell.edu/Sequencing/showseqfile.aspx?cntrl=646698859&laneid=487&mode=http&file=e_coli_1000_1.fq”

(whole command should be on one line; note‘thenarks around the link and theé option which
specifies the name you want to give the downloaded file)



File transfer: from the web to Linux

Example 3: Downloading lllumina sequencing results

Fragment of notification @nail from Cornell Genomics Facility

SamplelP_Teo 10 b

File: 6581 7527 30809 C877GANXX P Teo 10 b Rl.fastq.gz
Size18570118164 bytesvID5: 118c0c974a6¢c4dd81895¢26cdd4208e6
Link:
http:/Icbsuapps.tc.cornell.edu/Sequencing/showseqgfile.aspx?mode=http&cntrlI=94863491 &refid=938

SamplelP_Teo 11 b

File: 6582 7527 30810 C877GANXX P Teo 11 b R1l.fastq.gz

Size17854406437 bytesMD5: 20be4a4305b6a2f3260c461536bbf060

Link:
http:/lcbsuapps.tc.cornell.edu/Sequencing/showsedfile.aspx?mode=http&cntrl=1244420836&refid=9

e.t.c.

How to get these files onto a Linux machine?


http://cbsuapps.tc.cornell.edu/Sequencing/showseqfile.aspx?mode=http&cntrl=94863491&refid=93804
http://cbsuapps.tc.cornell.edu/Sequencing/showseqfile.aspx?mode=http&cntrl=1244420836&refid=93805

How to get the sequencing files onto a Linux machine?

1. OpenfFirefox (I toh & Linux machineso need to be logged in through
VNG and navigate to each URNMery tedious if the number of files
large

2. Usewget commands (provided in theotificatione-mail as
attachment file download.sh )

A couple of lines from the attached file download.sh (typically there is more than two
wget commands):

wget -q -c -06581 7527 30809 C877GANXX P Teo 10 b Rl.fastq.gz
http :// cbsuapps.tc.cornell.edu/Sequencing/showseqfile.aspx?mode=http&cntrl=9486
3491&refid=93804

wget -q -c -06582 7527 30810 _C877GANXX_P_Teo 11 b R1l.fastq.gz
http :// cbsuapps.tc.cornell.edu/Sequencing/showsedfile.aspx?mode=http&cntrl=1244
420836&refid=93805

Transfer this file to your Linux machine and execute shefl script:

sh ./download.sh




Exercise: batch download of files from sequencing facility

(end of the slide deck)



VNC: logging in to a BioHPC Lab Linux workstation in
graphical mode

A Starta VNC server on Linux machine (typically installed by defawlt

A (Download)and start aVNC client on your laptop, connect to VNC server on
Linuxmachine https://www.realvnc.com/download/viewet)

A Your laptop will displawhole Linux graphical desktop (just like sitting in front
of a monitor connected to a Linux machine)

This is one of the ways to get
graphics on Linux workstations

Formore, stepby-stepinstructions on how to use
graphical Linux applications while working remotely, see
http:// cbsu.tc.cornell.edu/lab/doc/Remote _access.pdf



http://cbsu.tc.cornell.edu/lab/doc/Remote_access.pdf
https://www.realvnc.com/download/viewer/

VNC: starting VNC server on BioHPC Lab

In web browsernavigate tdhttp:// cbsu.tc.cornell.edu/ log in (if not yet logged in), click tser:your_id,
select tabMy Reservations

T — _— D@ﬂh

"f\l|'Z:E:i' http://chsu.te.cornell.edu/lab/labresman.aspxlentri=6350715610199331 508 cuid=jarekpp P~-E2d | {I'D ‘_."._'_ ‘E::’
= - —
() BioHPC Lab: My Reservations - -—
File Edit View Favorites Tools Help
A _," al — al
MY RESERVATIONS : o A
C 1l 1 Conkect'VNC” | t o
initialize VNC connection, or
. 1 ” H .
Manage My Reservations Reset VNC’ -initaalize
My active reservations (reservations starting in future are marked in red):
Fez= | Start End Computer as Syytem info Orther wyers | Credit Account | Action \ VNC port 2
Dell PowsarEdeze WS
20104 | 6182013 12:41:41 BAL | 61802013 12:30:00 PAL | cheumlclb0l] | Linx | 8 cores; 16GE FAM; 1TE HDD; jarekpp seneral | Chanse Cancel] Commect WVIHC Besst WVHE
VI supportad
Other active reservations I can access (reservations starting in future are marked in red):
Fez= | Start Emnd Computer L) Svstem info Owner | Oither wsers Credit account Action | VINC port #
Deall PowerEdge MO0
20137 | &122013 12:00:00 AND | 6222013 12:00:00 AN | chaumlcIk003 | Linux | 3 cores; 16GE FAM; ITE HDD; | jarekp | jarskpp lvB8§ dbm222 =th7 njké3 he336 | CBSU Collaboration
VI supported
Select resolution you wart
You can connect to vour Linux reserved workstations using VNC protocol at 1280x800 ﬂ from thiz page, for more on VNC please read "Access with VNC" in the Lab's Uszer Guide.
Add uzer with labid to my reservation £ v
|}§ew reservation from | June 18, 2013 12:20pm [V | to | June 18. 2013 12:30pm| v | for the first available computer in | interactive warkstations [~ with Linux [+ ] @|
Go To Main Reservations Page: Interactive Workstations ﬂ My Reservations History
v
—— e ... user: jarekpp [BioHPC Labl
F Y



http://cbsu.tc.cornell.edu/

VNC: starting VNC server on BioHPC Lab

File Edit View History Bookmarks Favorites Tools Help - O

(5) BicHPC Lab: VNC Connect.. % | +

€ | @ hitps://chsu.tc.comell.edu/lab/vne.aspxirid=2536 c Search wBe ¥ #® 4 @ h =

~

CORNELL UNIVERSITY B
INSTITUTE OF BIOTECHNOLOGY
search (@) Comell Pages (") Comell People
Home BRC Services BioHPC Lab BioHPC Web Contact Us User: jarekp

initute of biotechnology > bro >> bicinformatics > internal == biokpc lab: wnc connection

7

BIOHPC LAB:
VNC CONNECTION

I BIOINFORMATICS FACILITY

Your VNC session at chbsudesktop0l.tc.cornell.edu has been successfully initialized!

Preferable method of connecting to your yvou machine with VINC is to use an external VNC client.
Windows users can use Real VNC VNC Fiewer, which vou can download here (choose free option).
Mac users can use Chicken of the VINC. Real VNC Viewer 1s also available for MAC (here).

To connect, launch vour VNC client, type in machine name (chbsudesktop01 ) and port number (5901 ) and connect!

Typically machine name and port number are used together: chsudesktop0l.tc.cornell.edu:5901 .

Due to security restrictions Java VINC viewer may not work in yvour browser. In most cases, vou will have to lower security settings to "Minimum"
in order to start the applet (see this link for details). You can access the applet using this link http://cbsudesktop01 tc.cornell edu-5801 .

Return to My Reservations.

< >



VNC: starting the client and logging in

M vNC Viewe [=][=] =] I cbsudesktopns:5e0

File View Help

-y
( chsudesktop05:5901 3 |

(= [&@ =]

There are no connections in your address book at present.

Connecting to chsudesktop03:5901...
Sign in to your RealVNC account to automatically discover team computers,

Alternatively, enter the VNC Server IP address or hostname in the Search bar to connect direct.

Stop

VMC Server: chsudesktop05:3901

0 Unencrypted connection

o

The connection to this VNC Server will not be encrypted.

YMC Server chsudesktop05:5901
———
Password: | & ) | Your authentication credentials will be transmitted securely, but all

IR b 4 subsequent data exchanged while the connection is in progress may be
emember passwor

susceptible to interception by third parties,

[]Don't warn me about this again on this computer.




VNC: logged in

Rightclickanywhere within blue desktop, seleOpen Terminal ....

....click Applications -> Accessories -> Terminal

| V2 cbsum1c1b009.tc.comell.edu:1 (jarekp) -

® Applications Plac®s

jarekp@cbsum1clbO09:~/Desktop
Flezilla S

%

asAssembler

¢

hdfview

File Edit View Search Terminal Help

[jarekp@cbsumlclb0GS Desktopl$ D

GV,

Viz)

@.

netbeans




VNC: summary

VNC sessions aparsistent
They run even when the client is disconnected

If you need to reset the session you need to use
“"Reset VNC” 11 nk

Equivalent to Windows Remote Desktop



Exercise: connect to your assighed workstation using VNC

AGo to “ My "Remage ations

http:// cbsu.tc.cornell.edu/lab/lab.aspx | og i n, <c¢lick on “ My R

A Choose resolution (depends on your monitor)
AClick on “Connect VNC”

A Follow prompts to connect your VNC client to your VNC
session

A Open terminal window in the VNC desktop by rigli¢k on
the desktop background and

A Disconnect (close VNC window) and then reconnect. Is the
session still alive?


http://cbsu.tc.cornell.edu/lab/lab.aspx

Running applications



Running applications

C Very much like running system commands
C (Very) general syntax
<path_to_application_executable

C A few quick examples:

> Koptions>

blastall -p blastx -b1 -d./databases/ swissprot -1 seq_tst.fa
samtools flagstat alignments.bam
tophat -p7 -0oB L1-1 -- transcriptome  -index ZmB73 5a WGS\

-- no- novel -juncs genome/maize reads_R1.fastq.gz reads_R2.fastq.gz




Running applications

C Why can we call, sasamtools by just typingsamtools rather than the full path
(in this caselprograms/bin/ samtools / samtools ) ?

A Because of theearch pathenvironment variable which is defined for
everybody. When you typsamtools , the system tries each directory on the
search path one by one until it finds the corresponding executable.

A which samtools | (tells us where on disk the commalmgais located)

,5[ echo $PATH (displays the search path)

A Note: the current directory/ is NOT in the search path. If you need to run a
program located, say in your home directory, you need to precede it.With
for example,./ my_program

A Note: majority of executableare NOT in search path —they need to be
launched usindull path.
A Visithttps:// cbsu.tc.cornell.edu/lab/labsoftware.aspea find out the path
to your application



https://cbsu.tc.cornell.edu/lab/labsoftware.aspx

Running applications

C How to runJava application®

C Java programs usually come packaged taadt®d jars

C Java program is launched by running jaea virtual machine with the appropriatejar
as an argument

C Example:

Launch Java with Run program from

6GB of RAM this jar

| : | | l |

java - Xmx6g i jar GenomeAnalysisTK.jar ﬁ UnifiedGenotyper \

[WQ genome.fa -1 aln.bam y

Program options



Running applications

C Need to know what program(s) are relevant for your particular problem

C Need to know what a given program does and how to use it

-

~

A Visit oursoftware pagehttp:// cbsu.tc.cornell.edu/lab/labsoftware.aspx

A Links to manuals (all options explained, examples given, test data
available)

\ A Specific hints on running in BioHPC Lab environment /

C Getting quick help-run command without any options, or sometimes with h
or-1help

A Should print a list of options with very short descriptions


http://cbsu.tc.cornell.edu/lab/labsoftware.aspx

Running applications example: BLAST

C Input:

A FASTA file with query sequences
A We will use 9 random human cDNA sequences

A Database of known sequences with which the query is to be
compared
A We will useSwissprot set of amino acid sequences
A Need to translate each cDNA query in 6 frames and align to
Swissprotemplates

¢ Output
A Text file describing hits

C Program to runblastall



Running applications example: BLAST
prepare input

C Create your local scratch directory (if not yet done) and aditdctoryblast test
where this exercise will be run

\

[rrkdir [ workdir / bukowski

cd/ workdir / bukowski

nmkdir  blast_test

cd blast test

\_ J

C Copy file with query sequences to the exercise directory:

cp /shared data /Linux workshop [/ seq_tst.fa

C CopySwissproBL AST dat abase (we’ll ittmake a se

nmkdir databases
cp /shared data /Linux_workshop [/ databases /swissprot * ./databases

C Verify that the files have been copied (Use command)



Reminder: local vs. network directories in BioHPC Lab

Local visible from on

/workdir /workdir /workdir )
own workstation

V4 N

Directly attached — fast access

cbsum_102b001 cbsu m_102b002| cbhsum1c2b003 workstations

Mk-attached — slow access

g

/ File server \
& Network

- - directories

/home /programs /shared data +=———— ..
visible from all
workstations

Files frequently read and/or written (like input and output from an application being
run) must be located olocal directories (on BioHP@.ab machinestworkdir)



Running applications example: BLAST
run the program

¢ Very general syntax for launching applications:

[ <path_to_application_executable > [options] >& log ]

C In our specific case:

blastall -p blastx -b1 -d./databases/ swissprot -1 seq_tst.fa >& run.log

\ ] | J \
| 1 Y
Path to Program options Screen
application output
executable redirect

C Options used:
-p: type of searchbfastx: compare éframe translations of DNA to AA sequences)

-b: number of database sequences to show alignments for
-d: path to database files
- input file (with query sequences fastaformat)
C For full set of options, run
blastall | more



Running applications example: BLAST
running the program

[blastall -p blastx -b1 -d./databases/ swissprot -1 seq_tst.fa >& run.log ]

C The program will run for about 1 minute and then write the output to
the filerun.log (STDOUT and STDERR streams combined)
A Often output will appear irrun.log  gradually as a program is
running

C For larger queries, the run will take (much) longer and produce more
out put ..
A 10,000 similar query sequences run using a similar command would
take about 24 hours



Running a program, cnt.

C Running a programm the background

A Normally, the program will run to completion (or crash), blocking the terminal

window

ABy putting

background

p>X

> >

available on a machine (more about it later)

p>X

an “&”7 at t he

progr ams

end of com

Terminal prompt will return immediatelyyou will be able to continue
working
Good forlongg unni ng

( most prog

Can run multiple programs simultaneously if more then 1 processor

If all screen output redirected to disk, you nlag out and leave the

program running (to make sure, usehup before the command)

blastall

[options] >& run.log

&

[_?nohup blastall [options] >& run.log

&

Run in the
background

Keep running
after logout

i)

Insert options, as previousl|

y




Running applications

Checking on your application: thep command
To exit—just typeq

@ [screen 2 bash] bukowski@cbsudesktop05:fshared_datafgenome_db/BLAST_MCEI ==

top - 14:47:50 up 3 davys, 3:13, 4 users, load average: 0.60, 0.15, 0O.06
Tasks: 463 total, Z running, 461 =sleeping, 0 stopped, 0 zomkie

Cpuf(s): 7.9%us, 0.0%svy, 0.0%ni, 92.0%id, 0.0%wa, 0.0%hi, 0.0%si, O0.0%=st
Mem: 49414048k total, 6542624k uzed, 425871424k free, 178812k buffers
Dwap: 51642360k total, Ok used, Sl542360k free, 1215032k cached

WVIRT 3 RCPTVIEN TIME+ COMMAND

156803 bukowski Z0O 0 288m 49m 45m R(92.2 0.1 0:15.14 blastall
82 root 20 o o a 05 DO (] 0:09.30 events/15
15604 bukowski Z0O o 174z4 1534 984 R 0.3 0.0 0:00.04 top

1 root 20 0 21464 1596 1254 5 0.0 0.0 0:01.51 init

2 root 20 u} u} a o3 0.0 0.0 0:00.00 kthreadd

3 root RET ] ] ] o3 0.0 0.0 0:00.00 migrationsO
4 root 20 u} u} a o3 0.0 0.0 0:00.00 ksoftirgds0
S root ET u] u] u] o3 0.0 0.0 0:00.00 wigrationsO
& root RT o o a o3 0.0 0.0 0:00.00 watchdog/0O
T root ET u] u] u] o3 0.0 0.0 0:00.00 migrationsl
8 root RT o o a o3 0.0 0.0 0:00.00 migration/1
9 root 20 u} u} a o3 0.0 0.0 0:00.01 ksoftirgdsl
10 root RT u} u} u} o3 0.0 0.0 0:00.01 watchdog/1
11 root RT o o a o3 0.0 0.0 0:00.00 mwigration/:Z
12 root ET u] u] u] o3 0.0 0.0 0:00.00 wigrationsz
13 root 20 u} u} a o3 0.0 0.0 0:00.43 ksoftirgd/:Z
14 root ET u] u] u] o3 0.0 0.0 0:00.00 watchdoog!Z
15 root RT a a a o3 0.0 0.0 0:00.00 migration/3
16 root RT o o a o3 0.0 0.0 0:00.00 mwigrations3
17 root 20 o o a o3 0.0 0.0 0:00.00 ksoftirgds3
15 root RT u} u} a o3 0.0 0.0 0:00.01 watchdog/3
13 root ET u] u] u] o3 0.0 0.0 0:00.00 migration/4
20 root RT o o a o3 0.0 0.0 0:00.00 migration/4
21 root 20 u} u} a o3 0.0 0.0 0:00.00 ksoftirgd/4
22 root RT u} u} a o3 0.0 0.0 0:00.02 watchdog/ 4
23 root RT o o a o3 0.0 0.0 0:00.00 migration/s
24 root RET u] u] u] o3 0.0 0.0 0:00.00 migrationss

m




Running applications, cnt.

Checking on your application:
the ps command-display info about all your processesne of them should be
blastall

ps Tef | grep bukowski

root 8263 2802 0 Fekig 2 00:00:00 sshd: bukowski [priwv]
bukowski 8266 8263 0 Febhig 2 00:00:02 ==shd: bukowskillpts/0
bukowski 8267 8266 0 FehiZd pts/0 g0:00:00 -hbash

bukowski 9258 B8ze7? 0 FebhiZi pts/0 gd:00:00 screen

bukowski 9259 9255 0 Fehig ? g0:00:01 3CREEN

bukowski 9260 9252 0 Feh2g ptsdil 00:00:00 /binfhash

bukowski 92384 9259 0 Fehid pts/2 00:00:00 fhinfhash

bukowski 9307 9259 0 Fehid pts/3 00:00:00 /fhinfhash

bukowski 18815 9260 0O 14:50 ptss1l 0O:00:00 /fbin'k

bukowski 18317 15315 95 14:50 pts/s1 DD:DD:DB(Eprngramsfbinfhlastfhlastall -p hlast%:EE:I>—d /database/swissprot -i seq t
zt.fa

bukowski 13313 9307 2 14:51 pts/3 go0:00 ps —-e=f

bukowski 18319 9307 0 14:51 pts/3 0o0x0:00 grep bukowski

[bukowskiflcl®Eudesktop0S BLAST MNCEI] §

Process ID (PID) Running time

Tryman ps for more info about thgps command.

m




Running applications

C Stopping applications

Alf the application is running in
can be stopped witlctrl-C (press and hold the Ctrl key, then press
the “C” key) 1 ssued from the win
A If the application is running in theackground ( i . e .&" ) wi t I

can be stopped with th&ill command

[ Kill - 9 <PID> ]

Where <PID> is the process id obtained romghieommand. For
example, to terminate thélastall process form the previous
slide, we would use

[ Kill -9 18817 ]

Tryman Kkill for more info about th&ill command.



Keeping a program running in the background after you log out or
disconnect

Option 1: Usenohup (as on previous slide). Of course, you can use
this also with options 1 and. 2

Option 2:Start a program in a terminal within\eNC session

A the session keeps running after VNC connection is killed
A you can reconnect to VNC session later

Option 3: Start a program within acreen window

A all such windows keep running after you disconnect using
“C#arld” or by killing ter mi|
A you can reconnect to the whole session later



Shell scripting

Example we already talked about: Downloading lllumina sequencing results

Sript download.sh  is sentas attachmento notification email from thesequencing

facility

@ [screen 2: bash] bukowski@chsudesktop0S:Anork dinfbukoweskiftstlfsnp_exarmple | = || = ||

#'!'/bin/hash

# Collect all the wget comnands from notification e-mwails

# (make sure there are no blank spaces after "\ ")

wget -c -g -0 783_3 35944 N PhiX Rl.fastg.gz
http://chanappa.to.cornell. edu/Sequencing/ showseqfile.
wget -c -g -0 783_3 35944 N PhiX RZ.fastg.gz
http://chsuapps.to.cornell. edu/3equencing/ showseqfile.
wget -c -g -0 733 3 35944 N Sample Rl.fastg.gs
http://chsuapps.to.cornell. edu/3equencing/ showseqfile.
wget -c -g -0 733 3 35944 N Sample Ri.fastg.gs
http://chsuapps.to.cornell. eduf3equencing showsegqfile.

—

aspxmode=httpicntrl=1253456754refid=5696

aspxmode=httpLcntrl=123476298refid=5697

aspx?mode=httpLcntrl=767556788refid=50695

aspxmode=httpLontrl=19586878srefid=5699

Copydownload.sh  to your Linux machine anain as a script

sh ./download.sh

m




Script for a complex task: SNP-calling

Example: givenllluminareads (in FASTO format) and reference genome (FA&IRINPs

I genome.fa I reads.fastq

I}

Index genome
(bwa)

Reference BWA I
|ndex files

L__l____l

Align reads to
reference

Convert to
BAM format
(samtool9

I aln_srt.bam.bai

.___f___l

Index BAM file‘ Get genotypedkhds
(Sarioo@ (samtools,bcftools
Soned 1 __ 4 ___
I alignments I I Raw genotypingj
I(aln srt.ban) | I result |
-7 i - I (var.rawvc) I
_Sort SNP filtering
alignments (bcftools)
(samtool9

‘I (aln.bam : (var.flt.vcf)




Scripts: tools for executing complex tasks

C Sequence of steps on previous slide is an exampleipedine

A Each step corresponds to (typically) one instance of a progr
or command

A Input files used in a step are (typically) generated in precedi
steps

A Some steps may run quite long (depends on amount of inpt
data and size of reference)

A Executing each step in a terminal as a command is possible
but tedious and hard to repeat (for example, with a new inpt
data)

A Remedy: write ahell script —a text file with commands




Shell script: a set of commands (and comments) in a text file

(% pipelinesh (flocal/workdir/bukowski/tstl/snp_example) - gedit (on chsudesktop05.te.cornell.edu)
Fle Edit Wiew Search Tools Documents Help

= =) B s ®

— o
New Open Print Paste | Find Replace

Al
Save

<| pipeline.sh 3 |
#!/bin/bash

# This is a simple example of a SNP-calling pipeline

# The first line 1is the headet which tells Linux which shell to use
# when running this script

# Anything after "#' 1s a comment (except in first line)

# We start creating the directory for BWA index and placing the
# reference genome there

mkdir bwaindex
mv genome. fa bwaindex

# Now we index the genome, so that output is in the new directory

cd bwaindex
bwa index -a is -p drosophila genome. fa

# Align the reads

cd ../
bwa mem bwaindex/drosophila reads.fastg 1= aln.sam

# Convert alignment output to binary format
samtools wview -bS aln.sam 1= aln.bam
# Sort alignments over genomic coordinate and index the sorted file

samtools sort aln.bam aln_str
samtools index aln_str.bam

sh~ Tab Width: 8~ Ln1l,Coll

= T ez |

INS

A

This is a fragment of
an actual script
implementing the
SNPcalling pipeline.

Run the whole script
as homework-see
the end of this
presentation




Shell scripts

C First line should betf!/bin/bash (indicates the shell used to interpret the script)
A If absent, default shell will be used (bash)

CEverything I ¥ aicdnmente f ol | owing *

C May include system commands (likg, mv, mkdir , ...) and commar
programs blastall , bwa, samtools , )
CCommands wi | | be executed “in the ord
CLong |ines caWi béabwnocken with *
AThé& “character must be the | ast one
C Script (e.g.my_script.sh  , in the current directory) can be run as in the following:
bash ./my_script.sh >& my_script.log &
Jmy_script.sh >& my_script.log &

C The second command will work if the filey _script.sh iIs made executablevith

the command
[chmod u+x my_script.sh ]




Shell scripts: conditionals and loops

#!/bin/bash
# Example of a conditional statement

if [ -e file* txt ]
then

echo File file.xt exists
else

i

echo File file. txt does not exist

#!/bin/bash
# Example of a loop

# For each file with name ending with . txt"
# count the files and compress the file

for 1 in #*, txt
do
we ${i}
gzip ${i}
done

# Another loop example:
# Create 10 directories called dirl, dir2, ..., dirl@
#

for 1 in {1..10}
do

mkdir dir${i}
done




Exercise
(see end of slide deck)

simple SNP-calling pipeline

Obijective align (simulated)luminareads to D. Melanogaster genome usBWA
aligner and call variants usisgmtools



More about scripting

Multiple scripting tools available

A shell (bash,tcsh—good for stitching together shell commands)
A perl (very popular in biology, due B®ioPerimodule package)
A python (good numerical analysis toclNumPySciPypackages)
A awk (mostly text parsing and processing)

A sed (mostly text parsing and processing)

A R (rich library of numerical analysis and statistical functions)



Using multiple processors

Recommended reading:

Efficient use of CPUs/cores on BioHPC Lab machines
http://cbsu.tc.cornell.edu/lab/doc/using BioHPC CPUs.pdf



http://cbsu.tc.cornell.edu/lab/doc/using_BioHPC_CPUs.pdf

Multiple processors

UsIiNgBLAST to searchswissprot database for matches of 10,000 randomly chosen
human cDNAequencesqnissprotis a good example of a small memdoptprint).

CPU
availa cores cores time speedup
machine ble | available used (hrs) | (in machine)
cbsulml10 4 64 64 0.931 27.506
cbsulm10 4 64 16 1.962 13.056
cbsulml10 4 64 1 25.619 1.000
cbsumm15 2 24 24 2.058 12.117
cbsumm15 2 24 12 2.593 9.616
cbsumm15 2 24 1 24.930 1.000
cbsum1c2b008 2 8 8 4.193 6.717
cbsum1c2b008 2 8 1 28.161 1.000

UsingBLAST to searchnr database for matches of 2,000 randomly chosen human cDN/
seqguences (nis a good example of a large memdoptprint).

CPU cores cores time speedup
machine available | available used (hrs) (in machine)
cbsulm10 4 64 64 10.97 2.222
cbsulml10 4 64 16 24.37 1.000
cbsumm15 2 24 24 26.10 2.140
cbsumm15 2 24 12 55.85 1.000




Multiple processors

C Itis VERY important to use multiple cores. BLAST on 64 cores takes only 0.931
hours (2K cDNA wsvisspro}, the same run on a single core takes over 25 Hours

C Speedup is not directly proportional to the number of cores.olst often it isless
than expected, but still sufficiently large to justify the effort. 64 cores compared
to 1 corein swissprotexample give 27.5peedup rate, much less th&d-fold,
but still largé

C Speedup dependsn the machine (hardwarerogram(algorithm), and
parameters(e.g., nivsswisspor}. When usingrr databaseon cbosumm15 the
speedup between 12 and 24 corei44. Foswissprot on the samemachine it
is only 1.26

A Itis often a good idea to run a short example first (if possible) on a subset of
datato figure out the optimal number of cores.



Multiple processors

Three waygo utilize multiple CPU cores on a machine:
C Usinga gi ven priopgrallalipation b u i

C Simultaneously executing several programge
background

C Usinga“ d r 1 pvogram’toexecutemultiple tasks
In parallel



Multiple processors

C Take advantage

-lo paraleelismnvakey wvigh @i aptiord u |

A read documentation to find out if your program has this feature

A Look for
processors”’,

A few examples:

keywords | i

ke “mul ti th

et c.

ﬁastall -a 8 [other options ]

blast+ -num _threads 8 [other options ]
tophat T p8 [other options ]

cuffdiff I'p8 [other options ]

bwa 1t8 [other options ]

bowtie 1p 8 [other options ]

~

Remember speedup is not

perfect, so optimal number of
threads needs to be optimized
by trial and error using subset of
input data

/




Multiple processors

[blastall a2 -p blastx -b1l -d./databases/

swissprot

se(_tst.fa

@ [screen 1: bash] bukowski@ cbhsudesktopd5:~

45414048k total, 48453076k used,
21642360k total, 284k used,

Mem:
Swap:

920872k free,
21642076k free,

TIME+

30041 bukowski 20 0 436m TOm 6&6m 5 0.1
25069 bukowski 20 0 17560 1720 9888 5 8 0.0 g:06.05
30030 bukowski 20 0 17556 1688 984 R O©0.7 0.0 0:00.45
2617 root 20 0 358m 8m 2804 5 0.3 0.1 9:48.38
1 root P 0 21464 1504 1204 5 ©.0 0.0 0:01.51
Z root 20 0 0 0 05 0.0 0.0 0:00.00
3 root RT 0 0 0 05 0.0 0.0 0:00.00
4 root 20 0 0 0 05 0.0 0.0 0:00.00
2 root RT 0 0 0 05 0.0 0.0 0:00.00
& root ET 0 0 0 05 0.0 0.0 0:00.00
T root ET 0 0 0 05 0.0 0.0 0:00.00
& root RT 0 0 0 05 0.0 0.0 0:00.00
9 root 20 0 0 0 05 0.0 0.0 0:00.26
10 root RT 0 0 0 05 0.0 0.0 0:00.01
11 root ET 0 0 0 05 0.0 0.0 0:00.00
12 root RT 0 0 0 05 0.0 0.0 0:00.00
13 root 20 0 0 0 05 0.0 0.0 0:00.44
14 root ET 0 0 0 05 0.0 0.0 0:00.00
15 root RT 0 0 0 05 0.0 0.0 0:00.00
16 root RT 0 0 0 05 0.0 0.0 0:00.00
17 root 20 0 0 0 05 0.0 0.0 0:00.01

C >100% CPU indicates the programmidtithreaded
A Multiple threadswithin asingle processather than

=

102044k buffers
44688760k cached

COMMAND

0:20.06 blastall

top

top
glusterfs
init
kthreadd
migration/0O
ksoftirgds/O
migration/0
watchdog/0
migration/1
migration/1
ksoftirgdsS1
watchdog/1
migration/?2
migration/Z2
kzsoftirgd/2
watchdog/ 2
migration/3
migration/3
ksoftirgds3

= || &2

rs

multiple processes




Multiple processors

C Simultaneously executing several programs inkhiaekground

Example suppose we have to compregg(p several files. We can simply
launch multiplegzip commands in the backgroundjthout waiting for

previous ones to finish

2 _ )
gzip filel &

gzip file2 &
gzip file3 & Multiple processes
- J (1threadin each)

@ [screen 1: bash] bukowski@cbsudesktopd5: -~ o || B ER

Task=s: 5%3 total, 4 running, 588 sleeping, 0 stopped, 0 zombie

Cpui(=): 17.8%us, O0.1%=sy, 0.0%ni, 82.0%id, 0.0%wa, ©0.0%hi, 0.0%=i, 0.0%=t
Mem: 49414048k total, 49026380k used, 387668k free, 105696k buffers

Swap: 51642360k total, 284k used, 51642076k free, 45229964k cached

;. 3CPU IMEM TIME+ CCMMAMND
4356 6%6 320 H 100.0 0.0 0:04.04 g=zip
4356 6%2 320 R 100.0 0.0 0:04.04 g=zip

30204 bukowski
30205 bukowski 20

I
0
0
30206 bukowski 20 0 4356 6%&6 320 R 929.
0
0
0
[

3 0.0 0:04.03 g=ip
T3 root 2 0 0 05 0.7 0.0 0:04.56 events/6
2617 root 20 380m Tlm 2804 5 0.7 0.1 10:04.51 glusterfs
25934 bukowski 20 118m 1152 836 5 0.7 0.0 0:00.06 =creen
= e B T e s T ] b lal 1A CC LS aTan ANt ™ Lo T [T a1 A Nals caAa ————




Multiple processors

What if in the previous example, we had, s2000 files instead of just 3, bustill only a
few processors?

Submitting all 3000 commands simultaneously in the background (in principle, it could k
done painlessly using a script) would not work too well, because:

C Each processor would have to switch between many procespessible, but inefficient

C With large number (and/or size) of files being processed, access to disk would becor
bottleneck (i.e., processes would spend most of their time competing for access to di

C Disk access (referred to as Hnput/output) is always an issue for programs
which do a lot of reading/writing (likgzip )

C As a result, we would get no speedup, or (more likptgressing of all files in parallel
would take longer than processing them one by one

In situations like this (many short tasks and a few processors), we
need a speci al *dri ver” tool



Multiple processors

C Using a “dr

vVer

pr ogrmnmlelt o

Example: create a file called (for examplegskFile

(This isNOT a

SCT

pt,

IE’ TaskFile (flocal/workdir/bukowski/tstl) - gedit (

Fle Edit View Search Tools

= &

- (¥ sy
New |Open Save

[ TaskFile éil

gzip
gzip
gzip
gzip
gzip
gzip
gzip
gzip
gzip
gzip

filel
file2
file3
file4
files
file6
file7
file8
file9
filel®

=
Print

(ile3p00 t Y

Docur

Undo

coul d

execu

b e

e X €

although it

This long file can be created, for example,
using the following shell script:

@’ rake_taskfile.sh (/local/workdir/bukowski/tstl) - ged... | = [=] 3

Fle Edit View 5Search Tools

Documents

= i

- (¥ sy
New |Open Save

=

Print Undo

TaskFile 3¢ Ic make_taskfile.sh .ﬂ.l
#! /bin/bash

rm -f TaskFile
for 1 in {1..3000%
do
echo gzip filef{i} =>> TaskFile
done

sh ~ Tab Width: 8 v Ln 3, Col 15

Help

INS




Multiple processors

Then run the command (assuming thaskFile and allfile* files are in the currentlir)

/programs/bin/perlscripts/perl_fork_univ.pl TaskFile NP >&log &

where NPis the number of processors to use (e.g., 10)

C perl_fork univ.pl isanCBSUdmouse “driver Pperhscri pt

C It will execute tasks listed ihaskFile using up toNPprocessors
A The firstNPtasks will be launched simultaneously
A The(NP+1) th task will be launched right after one of the initial ones completes

,and a “slot” becomes avail abl e
A The(NP+2) ndtask will be launched right after another slot becomes available
A ... etc., until all tasks are distril6k

C Only up toNPtasks are running at a time (less at the end)

C AlINPprocessors always kept busy (except near the end of task-Lstjd Balancing



Mixed parallelizationrunning several simultaneous mutlkireaded tasks (each
processing different data) on a large machine (herecért)

tophat -p7 -o0B_L1-1 -- transcriptome
-- no- novel - juncs genome/maize \
fastq/2284_6063_7073_C3AR7ACXX_B_L1
fastq/2284_6063_7073_C3AR7ACXX_B_L1
tophat -p7 -o0B_L1-2 -- transcriptome
-- no- novel - juncs genome/maize \
fastq/2284_6063_7076_C3AR7ACXX_B_L1
fastq/2284_6063_7076_C3AR7ACXX_B_L1
tophat -p7 -o0B_L1 -3 -- transcriptome
-- no- novel -juncs genome/maize \
fastq/2284_6063_7079_C3AR7ACXX_B_L1
fastq/2284_6063_7079_C3AR7ACXX_B_L1
tophat -p7 -olL L1 -1 -- transcriptome
-- no- novel -juncs genome/maize \
fastq/2284_6063_7074_C3AR7ACXX_L_L1
fastq/2284_6063_7074_C3AR7ACXX_L_L1
tophat -p7 -olL_L1 -2 -- transcriptome
-- no- novel -juncs genome/maize \
fastq/2284_6063_7077_C3AR7ACXX_L_L1
fastq/2284_6063_7077_C3AR7ACXX_L_L1
tophat -p7 -oL_ L1 -3 -- transcriptome
-- no- novel - juncs genome/maize \
fastg/2284_6063_7080_C3AR7ACXX_L_L1
fastq/2284_6063_7080_C3AR7ACXX_L_L1
tophat -p7 -0S_L1-1 -- transcriptome
-- no- novel -juncs genome/maize \
fastq/2284_6063_7075_C3AR7ACXX_S_L1
fastq/2284_6063_7075_C3AR7ACXX_S_L1
tophat -p7 -0S_L1-2 -- transcriptome
-- no- novel -juncs genome/maize \
fastq/2284_6063_7078_C3AR7ACXX_S L1
fastq/2284_6063_7078_C3AR7ACXX_S L1
tophat -p7 -0S_L1 -3 -- transcriptome
-- no- novel - juncs genome/maize \
fastq/2284_6063_7081_C3AR7ACXX_S L1
fastq/2284_6063_7081_C3AR7ACXX_S L1

-1 _ATCACG_R1l.fastg.gz \
-1_ATCACG_R2.fastq.gz >& B_L1

-2_TGACCA_R1.fastq.gz \
-2_TGACCA_R2.fastq.gz >& B_L1

- 3_CAGATC_R1.fastq.gz \
-3_CAGATC_R2.fastq.gz>& B_L1

-1 CGATGT_R1l.fastg.gz \
-1 CGATGT_R2.fastq.gz>& L_L1

-2_ACAGTG_R1.fastq.gz \
-2 _ACAGTG_R2.fastq.gz >& L_L1

-3_ACTTGA_Rlfastq.gz \
-3 _ACTTGA_R2fastq.gz>& L_L1

-1 TTAGGC Rlfastq.gz \
-1 TTAGGC_R2.fastq.gz >& S_L1

-2_GCCAAT_R1.fastg.gz \
-2_GCCAAT_R2.fastq.gz>& S_L1

-3_GATCAG_Rlfastq.gz \
- 3_GATCAG_R2.fastq.gz>& S_L1

- index genome/transcriptome/ZmB73_5a_WGS

-1.log &

- index genome/transcriptome/ZmB73_5a_WGS

-2.log &

- index genomel/transcriptome/ZmB73_5a_WGS

- 3.log &

- index genome/transcriptome/ZmB73_5a_WGS

-1.log &

- index genome/transcriptome/ZmB73_5a_WGS

-2.log &

- index genomel/transcriptome/ZmB73_5a_WGS

- 3.log &

- index genome/transcriptome/ZmB73_5a_WGS

-1.log &

- index genome/transcriptome/ZmB73_5a_WGS

-2.log &

- index genome/transcriptome/ZmB73_5a_WGS

- 3.log &




Multiple processors

General quidelines

C Do not run more processes/threads than CPU cores available on the machine
A For large number of tasks, use scyetrl fork _univ.pl

C Run only as many simultaneous processes agitii memory (RAM)
A when in doubt, run a single process first and check its memory requirement (for
example, usingop )

C Programs heavy on I/O will compete for disk access if run in parall@ning too
many simultaneously is not a good idea

Clf available, use program’ s own mul tif

C Using subset of input data, try to determine number of CPU cores which (for a given
machine, input, and program options) gives the optimal speedup.



Exercises



Exercise: batch download of files from sequencing facility

Openyouremai | , f i n TestlHumimedistdbatipree-mail” wi t h a ndowartloadask h |
Transfer the attachment file onto your Linux machine. You can do one of the following:

Option 1:

A open the attachment in a text editor on your laptop and copy its contents to clipboard (using the
mouse)

A in Linux machine terminal, open a new file (in a directory where you want your files downloaded
using a text editor of your choice (e.ganoor vi)

A Paste the contents of the clipboard to the new file on Linux machine and save that file.

Option 2:

A Save the attachment file on disk on your laptop

A Use a file transfer technique of your choice (graphstigl client, commandine scp to transfer the
saved file from laptop to your Linux machine, to the directory where you wanfaistgfiles to be
downloaded to. While transferringuse text mode, or run dos2unix (or mac2nix) after transferring.

Once the filedownload.sh is ready on the Linux machine:
A Log in to the Linux machine (if not yet done so)

A cd to the directory where the download.sh file has been deposited
A Execute the file:

sh ./download.sh




Exercise: batch download of files from sequencing facility

(continued)

Once the download completes (should take about 1 second):

A Verify that the files have ben downloaded and that they have correct sizes (the

same as in the notification-ail)
A Hint: usels ial command

A Verify that MD5_sums of hoth files are the same as in the nofificatiorai
A Hint: runmd5sum file_1.fastq.gz file_2.fastq.gz

A Uncompresshe files
A Hint: use[gzip I d file_1.fastq.gz file_2.fastq.gz

A Count the sequences in each file
A Hint: useﬁNc i | file_1.fastq file_2.fastq

A Open each file in a text editor on Linux machinan(o, vi)



Exercise: simple SNP-calling pipeline

Objective align (simulated)luminareads to D. Melanogaster genome usBWA
aligner and call variants usisgmtools

1. Copy the input data and shell script to your local working directory (reptaced
with your login ID):

nidir 1 workdir / my_id R
cd/ workdir /my_id

cp /shared data [/ Linux_workshop /pipeline_example.tgz .
tar Txzvf pipeline_example.tgz

- J
2. Using commands like more, tail, head, ... t o examine the se:i
(genome.fa -—this is the reference genomegads.fastq —these are the

simulatedllluminareads), e.q.,

A[grep A > agenome.fa | wcj (will count chromosomes in genome)

A|wc reads.fastq (the first number divided by 4 is the number
of reads)




Exercise: simple SNP-calling pipeline

3. Open the filgipeline.sh In a text editor of your choice. Examine the structure of
this file. Based on comments, identify commands corresponding to &teypsslide
“Complex task example: SNP-calling”

4. Run the pipeline in the background, saving any screen output to a log file. The run
should take about 15 minutes.

cd/ workdir / my_id
Ipipeline.sh >& pipeline.log &

5. Use thdop , ps, andls commands to monitor the progress of the pipeline (processe:
and files).

6. List the generated output files and confront with scipgbeline.sh

7. Using a text editor, examine the log fgeline.log . Can you identify messages
from individual commands in the script?

8. Using a text editor or text browsing commands (more, head gimjl,examine the
alignment file &in.sam ) and final variant output filear.flt.vcf . You may want to
look up theSAM and VCF format specificationgseehttp://samtools.sourceforge.nétfor
quick reference).



http://samtools.sourceforge.net/

