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OUTLINE

1. What are in the data files?

2. Sequencing errors in both platforms.

3. Tools for inspect qualities and pre-processing files.

4. Computational resources available at Cornell.



Files distributed after Roche 454 run

1. SFF file (Standard flowgram format)

Binary file. Can only be opened by SFF compatible software, eg.
gsMapper by Roche. It can be used for depository into NCBI SRA
database.

2. FASTA file

Text file, with sequence reads.

>FVJHPP401DVJEI rank=0000010 x=1472.0 y=1128.0 length=245
GTTCGTGAGGAAATCTAGGCATGTCAGAAAACAATGATTACTTTTCCACCAAAGACTACT
ATTGTATACATTAAGCAAGAAAATACCTGCATATCCTGCCTGTTTAAATGAGAGCTGCAA
CAAAAAGTTAGACAGATATGGGAGATGGCAGTTGGCGCTGCGAAAAGTGTGATGCGAATC
ATCCAAGACCCGAATATCGCTATATTCTATCTCTTAACGTAAATGATCATACTGGTCAAC
TTTGG

>FVJHPP401A56GX rank=0000013 x=363.0 y=1199.0 length=46
GCTGCGACCTGCATCGGCGTCATTCTGCTGGTCATGCTGGTGGAGG
>FVJHPP401C6VFC rank=0000021 x=1191.0 y=1286.0 length=87
TATTCCACTAAACTGCGAAGATAGTAGCCTGACGAGTACTTATTAATCCCTTAACTAGAG
GCCTATTGCGCGTGCGTAACATAAGAG

3. QUAL file
Text file, with PHRED based quality.

>FVJHPP401DVJEI rank=0000010 x=1472.0 y=1128.0 length=245
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Homopolymer errors in 454 base calling results

Sequence Read: .. GTGTGGATT AAAAAA GAGT ...

Flowgram:
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Alignment of 454 reads to the reference

111170079663 | refT |NC_01047, ..
—ontiglo0sy
136554
189013
129193
141753
174302
47009
L85&57

3163

LE9EEE
129522

ATOATOAAGOOGCAAAA-CAACOTTACCOAAAACTATTTCCTCCACTOATAACTCCTTTL
ATOATOAAGOOLCAAAA-CAACOTTACCOAAAACTATTTCCTCCACTOATAACTCCTTTL

ATOATCGAAGGOCAAAA-CAACOTTACCOAARACTATTTCCT —
ATOATOAAGOOLCAAAA-CAACOT -ACCOAAAACTATTTCCTCCAGT
ATOATGAAGGOGCAAAA-CAACK
ATOATOAAGOOCAAAA-CAACOTTACCOAAAACTATTTCCTCCAGT
ATOATOAAGOGOCAAAA-CAACOTTACCOAAAACTATTTCCTCCAQT
ATOATOAAGOOCAAAA-CAACOTTACCOAAAACTATTTCCTCCAGQT
ATOATOAAGOOCAAAAACAACOTTACCOAAAACTATTTECTCCA

AAGOOCAAAA-CAACOGTTACCOAARACTATTTCCTCCAQT

—1

)

DATAACTCOCTTTC
CATAACTCCTTTC
CATAACTCCTTTC

CATAACTCCTTTC
ATAACTCCTTTCH
ATAACTCCTTTCH

Depth of
coverage =5




lllumina sequencing data are
distributed as FASTQ files

Each sequence read is represented by 4 lines

@HWUSI-EAS690 0001:8:3:274: 19574#0/1
CAGTAGCAATCCAAACTTTGTTACTCGTCAGAAAATCGAAATCATCTTCGGTTAAATCCAAAA
+HWUSI-EAS690 0001:8:3:274: 1957#0/1

aabaaaaaaaaaa Y aaabaaaaaaaaa'a'[a’a  "[ [ "~ \\*\\_azoy~*\ BB

Linel. Read Identifier 1
Line 2. Sequence
Line 3. Read Identifier 2

Line 4. Quality code




lllumian Quality Code (post v 1.3)

CODE |Quality P CODE Quality P
@ 0 1.0000 T 20 0.0100
A 1 0.7943 U 21 0.0079
B 2 0.6310 Vv 22 0.0063
C 3 0.5012 w 23 0.0050
D 4 0.3981 X 24 0.0040
E 5 0.3162 Y 25 0.0032
F 6 0.2512 Z 26 0.0025
G 7 0.1995 [ 27 0.0020
H 8 0.1585 \ 28 0.0016
I 9 0.1259 ] 29 0.0013
J 10 0.1000 A 30 0.0010
K 11 0.0794 _ 31 0.0008
L 12 0.0631 ) 32 0.0006
M 13 0.0501 a 33 0.0005
N 14 0.0398 b 34 0.0004
(0 15 0.0316 C 35 0.0003
P 16 0.0251 d 36 0.0003
Q 17 0.0200 e 37 0.0002
R 18 0.0158 f 38 0.0002
S 19 0.0126 g 39 0.0001

Q = - log P
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Quality Score Distribution of lllumina Sequencing Cycles
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Nucleotides Distribution of lllumina Sequencing Cycles
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When should sequencing errors be a concern?

1.For RNAseq/ChIPSeq data, sequencing errors are not a major

concern.

A limited number of mismatches can be tolerate. However, for some data
files, trimming of low quality data are recommended.

2. For SNP detection, especially when coverage depth is low, the
quality score can be used, but not always reliable.
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The coverage depth are not evenly
distributed across the genome.

sites Coverage Depth | % base pairs

Average depth |
37x <=1 1.1 %

<= 4.3 %

<= 10%

<=10 20%
<=37 63%

20 4 60 80 pepe

Distribution of Coverage depth in a seq-cap experiment.



FASTX ToolKit — a package for pre-processing lllumina
FASTQ files and evaluating data quality
(by Hannon Lab of CSHL)

Plot quality scores =
and trim low- R it
quality data : T
Clip off the 3’ —_—

adaptor —

Sequences inlibrary
mmm Detected adapter sequences



FASTX ToolKit — a package for pre-processing lllumina
FASTQ files and evaluating data quality
(by Hannon Lab of CSHL)

@HWUSI-EAS690 0001:8:3:274:1957#0/1
CAGTAGCAATCCAAACTTTGTTACTCGTCAGAAAATCGAAA

FASTQ -> FASTA +HWUSI-EAS690 0001:8:3:274:1957#0/1

aabaaaaaaaaaa Y aaabaaaaaaaaa a [a'a [~

h 4

CAGTAGCAATCCAAACTTTGTTACTCGTCAGAAAATCGAAA
>2
GATTTAACCGGCCGGAAAACCCTCGACATACGGATACCGAT

De-multiplexing

=



FASTX ToolKit — a package for pre-processing lllumina
FASTQ files and evaluating data quality
(by Hannon Lab of CSHL)

AAGCGGGCCG AAGCGGGCCG
Remove redundancy
GCCGCGTTAAC » GCCGCGTTAAC

AAGCGGGCCG

GCCGCGTTAAC

Web Interface

Library to clip:




Roche 454 Software

1 o nercreie mappe

R New Project

Name:

untitled

Location:

fdarajnisun/warkshop

Full path
Jdaraagisun/workshop/untitled

Sequence type;Genomic

Please enter a rew project name and select an existing location to create a new
reference mapper project. A new project will be created at the selected Iocation =

atasets produced from a run of the

on

Hp
help topics about using this application

ser and navigate 1o the
1 site.
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m
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B[ Select Project Location

[ pEn Ghe 6T TE FGsT FECent projects
youwere working with. Click on the
Tink 10 select a project from the list

File Narne fdarajoisun/workshop

Files of Type: Al Locations

Look In: | workshop b E

)

R GS Reference Mapper

Project:  ecolimapping [Genornic]

Location: /data/qisun/workshop fecolimapping

Overview Project Parameters Result Tiles

F— \elﬂ selected

@i ]170079663 | ref|NC_01047. . .

Ref: 0i[170079663|ref|NC_010473.1] - 4,686, 1

Ready for analysis
Variants Profile Alignment results Flowgrams
Positions
of erest (2200 1 -@E
Exit

right @
& P — .

AGCTTTTCATTCTGACTGCAACGGG-CAATATGTCTETGTGTGGA-TTAAAARAA-GAGTGTCT

contig0oo0L AGCTTTTCATTCTGACTGCAACGGG-CAATATGTCTCTGTGTGGA-TTAAAAAAA-GAGTGTCT
F: INEVOATHSHC AGCTTTTCATTCTCACTGCAACCCG-CAATATGTCTCTOTCTOGA-TTAAAAAA--GAGTGTCT
FXAWNEVO4HTT20 AGCTTTTCATTCTGACTGCAACGGG-CAATATGTCTCTGTGTGGAATTAAAAAA--GAGTGTCT
FXAWNEVOATIEZH AGCTTTTCATTCTGACTGCAACGOG-CAATATGTCTCTGTGTGGA-TTAAAAAAA-GAGTGTCT
FXAWNEVOAIP4CH AGCTTTTCATTCTGACTGCAACGGG-CAATATGTCTCTGTGTGGA-TTAAAAAAA-GAGTGTCT
FXAWNEVO4ITOFD AGCTTTTCATTCTGACTGCAACGGG-CAATATGTCTCTGTGTGGA-TTAAAAAAAAGAGTGTCT
FXAWNEVO4IREL] AGCTTT-CATTCTGACTGCAACGGG-CAATATGTCTCTGTGTGGA-TTAAAA----GAGTGTCT
FXAWNEVO41A5T3 CAACGGGGCAATATGTCTCTGTGTGGA-TTAAAAAAA-GAGTGTCT

(L (]

base:

read:

wal:

7

@ Info ecelimapping . Opened Mapper project: /data/gisun/waorkshop fecolimapping

N

2
-1
5

OllE

About

* Align reads to genome
* De novo assembly

 Amplicon diversity



omputational Resources at Cornell

.Commercial Software workstation ( 624 Rhodes Hall)

| Load Data

Show Project Lag> >

Step Load Data
Sample Fles: (Fasts farmat] Toconvertls fasta  Format Comversion
Application AriextGENeDaw [umnaluming FeirecEnd Ecolis_1_1_sequence_comve
! i mina'PairedEnd [Eralils_1_2_sequence_conve
: fi alfllmina\PrirecEnd [Enolis_2_1_sequence_conve
: i allrinaPairecEnd Eralils_2_2_sequence_conwe
: il mina'PairedEnd [Eralils_3_1_sequence_conve
| e Phurina\Tiarins PeirecErd Ecolis_3_2_sequence_conve
F] I
Condensation
— Reference Fies:
As\lew 1GENEDEa Tlurmina (Tlumins \PaitedErd |Eool Reforencelic_n10473.
Algrment J . L

, Removedl

Remove

RemaveAl

Output:

[ & NextGENeD ate Thmina Ulumina FaredEnd Ecois_L 2.3_Dulut
! MextGENe cannot check for adequate resources
at the selected s3vng loceton, Please teds tHhis
location prior to running NextGEN:

F? Lecal Temp Cirectary

[ €:\patatTemate_t.2.3_Dutput

<= Back liext 3> cancsl

()

Load

Remove |

Load

Prefoaded

Set

Einish

B Mutation Report

TGLT GG
CGITGOTAL:

ATGACET GATT GAAGAT

3918300
GO AGAGEGEET 6] LGA
T GOT AGAGGGEGT 6T D54

G VvV s

G

v s

CGT MEACECCCTCTOC!
CCIACCECCCT

Eile
FEH B
Referenc: Refarenc: A c & T Ins Del Mutation AmincAcid
oz 39" |Posiion [SEe Nuclenmi‘cwg’agg %) o) 1) %) (%) (%) Call Change
54 3346363 sghE T 76 0.00 0.00 25.00 75.00 nno nno T>GT 22ENMNE
255 Jaep3t sohE  C @ B8 /3 L0D 0 0o .00 0>AG I
Reforence: 355 3356530 a 36 1.00 0o 10000 0o 000 .00 MG
wo| & |7 3367579 T 38 0.00 0o 10000 oo 0o 000 ™G
& %58 3311484 c © 1.00 2041 0o [T 000 7958 |delc
254 3918253 spaT c 47 0.00 1277 0.00 000 0oo 87.23 delCAGGAT
Sampe. A iext | 281 3918254 spaT A i 458 000 0.0 000 000 s -
wo{ || 3918255 spaT @ 49 .00 0o 1633 000 000 sle7 |- Fg
E EH 3918256 epaT G 50 1.00 0o 1800 0o 000 sLn - Fs
i 261 3318257 =poT & 51 1961 0.00 0.00 onn nno 3039 - FS
o ] 3916758 spoT T 51 1.00 (] [ 1861 000 B3 |- FS
100 55 3316769 spoT T 36 1.00 10000 00D [T 00 00 T>C 257
266 3365244 A 38 1.00 10000 00D 0 00 00 AC
267 7143 A 38 1.00 000 10000 oo 000 00 MG
ELEL] L ERCEITS o0 oon 10000 oo [T (T e

SoftGenetics NextGENe
DNAStar NGen

Illumina Genome Studio

NextGENe.



Computational Resources at Cornell

2.CAC Linux Cluster
*Linux
Common open source software preinstalled

V4 16GB RAM 19 servers
*\V4-64G 64GB RAM 3 servers

3. Research collaboration with CBSU



Next-Gen@BioHPC

QcC

RNA-seq

ChiP-seq

SNP/Indel

Assembly

VTS
e SU

Next-Gen @ BioHPC

Log out

Reference Mgt

Change password
Reset password

BioHPC @ CBSU
contact CBSU

("check” all lanes you want to include in a download script and click button

_|m
|U|§

Make download script

above)

BROWSE ALL LANES

This is a list of all lanes configured in the system. To sort results, click on a column header. To filter results, supply templates (all usual wildcards apply) and click Apply Filters.
Clicking on an entry in Run 1D column will open the run manager utility, where the lane information can be configured. To download files for a lane, click on the link (files) underneath
the LanelD. For assistance with download of multiple files in batch mode, use the Make download script button.

Status: |Active [~ Sample name: *

[ix][<]pagetofs[> ][] [Gotopage] 1

Run Name

100301_HWI-
EAS339_0004_61GGLAAXX

100301_HWI-
EAS339_0004_61GGLAAXX

Lane# Type
1 Standard
2 Standard

Register new lane

(use this option only if you want to manually upload a lane from outside of the CLC sequencing

Filter data by
Users:

Sample

Name

Status

ready

ready

*

facility)

Apply Filters

Annotations Users
Parameter This ctrl
Lane Lane
Length unknown  unknown @cornell.edu
(owner)
Clusters_raw 25.5M 25.5M
Clusters_PF 19.8M 21.3M
Parameter This ctrl
Lane Lane
Length unknown unknown Qcornell.edu
(owner)
Clusters_raw 24 6M 25.5M
Clusters_PF 21.0M 21.3M
Parameter This Ctrl
Lane Lane

Lab| Order#

N/A 10214943

N/A 10214043




Exercises:

1.Using FASTX to get statistic report of lllimina
sequencing data

40 1500000
—_—
> [ |
= Q@ —(Q1 1000000 T
= 6 % 500000
S o = Median G
oV o Q3 0
1142740536679 1101928374655647382 B c

2.Using Roch GSMapper to align 454 reads to

E.coli genome.

Ref gi| 170079663 |ref|NC_010473 1| - 4,686, .. 1 ;ﬂi':é”rg; beginning: 1 *@QE
left selected right

Qi [170079663 [ ref|NC_01047, ., AGCTTTTCATTCTQACTOCAACCOG-CAATATOGTCTCTOTOTOGA-TTAAAAAAA-GAGTOTCT

contigho0o0l AGCTTTTCATTCTGACTOCAACGOG-CAATATOGTCTCTOGTOTOOA-TTAAAAAAA-GAGTGTCT
FAHANNEVOATHSMC AGCTTTTCATTCTGACTOCAACOOG-CAATATOTCTCTOTOTOOA-TTAAAAAA--GAGTGTCT
FHAWNEVOARTTZD AGCTTTTCATTCTGACTOCAACOOG-CAATATOTCTCTOTOTOOAATTAAAAAA--GAGTGTCT
FXAWNEVO4TIIEZH AGCTTTTCATTCTGACTOCAACGOG-CAATATOGTCTCTOGTOTOOA-TTAAAAAAA-GAGTGTCT
FAANNEVDATPACH AGCTTTTCATTCTGACTOCAACOOG-CAATATOTCTCTOTOTOOA-TTAAAAAAA-GAGTGTCT
FHXAWNEVDAITOFD AGCTTTTCATTCTGACTOCAACOOG-CAATATOTCTCTOTOTOOA-TTAAAAAAAAGAGTGTCT
FXAWNEVO4TREL]D AGCTTT-CATTCTGACTOCAACGOG-CAATATOGTCTCTOGTOGTOOA-TTAAAA- - --GAGTGTCT

FXAWNEVO4JAST3 CAACCOOOCAATATGTCTCTOTOTOGA-TTAAAARAA-GAGTGTET



1. Download workshop slides
and exercise instructions
from the workshop web
site.
http://cbsu.tc.cornell.edu

2. Setup your desktop
computer to work with
Linux server.

Window Users: Install
Putty, WinSCP, Xming,
EditPlus

Mac users: Install
TextWrangler, FETCH

3. Log into the
linuxlogin.cac.cornell.edu

4. Modify the fastx.sh script as
described.

5. Submit the job.

Paste
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Session 1 Exercises.

1. Using FASTXto getstatistic report of Illiminasequencingdata

2. UsingRoch GSMapper to align 454 reads to E.coli genome.

Step1. Log into the CAC login node. (http://www cac.cornell.edu/education/Training/NextGe nCAC. pdf)

From Windows PC:

« launch the software putty. (You can get putty from http://putty.cs.utah.edu/)

«  UnderHostName, Type:linuxlogin.cac.cornell.edu. (You can save the connection if you have
notdone so, so that you do not have to type the host name every time you login. Simply give a
name under "Saved Sessions", then click "Save")

«  EnterUserName and password when prompted.

From Mac:

«  openthe terminal window
 type: 5sh -X YourUserName@Iinuxloginl.cac.cornell.edu (replace YQurUserName with you
CACaccount user name, normally your

«  Enterpassword when prompted

Step2. Create a sessionl directory underyour home directory. Copyall data files of the project to your
session1 directory.

mkdir session1

cdsession

cp /home/gfs08/jp86/ngw2010/sessionl/lectura2/* ./
Afteryoufinishthese steps, make sure you see the following 6 files by typing the "Is" command:

ecolifasts (fastafile ofthe E.coli genome sequence)

EcoliRLsff (454 sequencing datafile of the E.coliK12)

s 8 1 sequence.txt(lllumina sequencing data of abac clone PhiX)

fastx.sh (ascript for submittinga jobto run FASTX)

gsmapper.sh (ascript for submitting a job to run commandine version of gsMapper)

SW-Manual_PartC_Assembler-Mapper-SFFTools_Oct2009.pdf (manual of 454 software) )

Page:10f4

Words: 959 | <%  English (United States)

b Wl LR o=

\

A few tips of using
Linux system is
available at the end
of the document.




Forum
Please post your questions to the online forum. You need register to post questions.

/& CBSU @ Cornell University - Windows Internet Explorer =@ ==
@@ b4 |"@.' http://cbsu.tc.corell.edu/nextgenworkshop2010.aspx = ‘ ] ‘ ‘9| A -" Google £ -

7\ Favorites | 54 @& Colour Ramping for Data ...

£

(5) CBSU @ Cornell University M~ B - @ - Pagev Safety~ Tooks~ @~

Cornell University
SEARCH CORNELL: go
Life Sciences Core Laboratories Center
© Pages @ People more options

Computational Biology Service Unit Click to enter
forum

HOME | Mission and Services BioHPC Staff Microsoft Publications and Outreach  Computational Resources Contact us Forum,

Next Generation Sequencing Workshop
March 10 - April 21 2010

We are pleased to announce a workshop on the topic of next-generation sequencing, organized jointly by the Computational Biology
Service Unit (CBSU), the Center for Vertebrate Genomics (CVG), and the Cornell Center for Comparative and Population Genomics
2CPG), and open to members of CVG and 3CPG laboratories.

The workshep will be held in six weekly sessions, Wednesdays from 3:30-5:00 PM, starting March 10 and running through April 21
(Warren 231). The emphasis will be on practical, hands-on training in next generation sequencing technologies and associated
bioinformatics analysis.

The workshop will have two components:

(1) a series of 1 1/2 hour presentations, in most cases consisting of backto-back ~40 minute presentations by instructors with
specialized knowledge of the topic in question;

(2) an optional practicum in which participants work through detailed exercises with sample data sets, on their own time, using
servers at the Cornell Center for Advanced Computing (CAC). There will be no registration fee for the presentations, but the
practicum will have a small fee, to cover the costs of storage and server access at the CAC. Participants in the practicum will need
to establish CAC accounts with 2 minimum of 50GB storage space (which may be shared among the members of the same
research group) and 50 hrs of CPU use. The cost of such an account is currently $100 for the first group member and $50 for any

b subsequent one sharing 50GB storage space. CAC will offer an orientation meeting on March 4 (noon-2pm in Carpenter B
Engineering Library, ACCEL classroom) covering the basic use of the CAC resources and opening a CAC account. For more
A information about signing up for CAC account, current rates and CAC user documentation please refer to CAC web site [
Participants can sign for the CAC orientation meeting on the workshop registration page.

o

€D Internet | Protected Mode: On fa v H1N% -~ r

=T r . 0 T =

Office hours:

Friday 3:00PM. 102 Weill (small conference room)



