Module 1/6: Analyses ADN

e NGS Introduction
e Reads Quality Control

e Reads Cleaning

— Practical #1

] &

usegalaxy.fr




Galaxy

. Connection

. Upload data

. Working with datasets and histories
. Adding local reference

. Converting to fastgsanger format



Data for this tutorial

Data from Human genome from Hapmap project
https://www.ncbi.nlm.nih.gov/variation/news/NCBI_retiring_HapMap/

Reference : small region from chromosome 20 20:380000-530000 (assembly
GRCh37)

- = file GRCh37_regionl.fasta

Reads: lllumina paired-end (2x100bp) for 3 samples (HG0096, HG0101 and
HG0103)

- = files HGOXXX_1.fastqg, HGOXXX_2.fastq

- (only reads for this small region, for reasons of speed)

Dowload files on billile wiki : https://wikis.univ-lille.fr/bilille/formation

Main goals for this first part of tutorial

- Upload reference and reads for one sample (HG0101)

- Work with histories, datasets and tools



History : « Folder »
containing a set of data

Analyze Data Using 77.7 MBE

[ Default name = « Un%

1 Rename history => TP1
send Data I I I I

‘Unnamed history

Analyze Data

Tools HISTORY LISTS i History BII
Saved Histories |
B Histories Shared with Me . o
Get Data Sp— 2 Explore history menu e
Send pata Create New 3 Create new history 0 bytes Sl b
Copy History

Copy Datasets
Share or Publish

Extract Workflow

Dataset Security

Resume Paused Jobs
Caollapse Expanded Datasets
Unhide Hidden Datssets
Delete Hidden Datasets
Show Structure

Export Citations

Export to File

Delete

Imipaort from File




List histories, go back to TP1

Tools

search tools

O |I»

Tools .!,
search tools [ )

Get Data

Send Data

Lift-Over

Text Manipulation
Convert Formats

Filter and Sort

Join, Subtract and Group
Extract Features

Eetch Sequences

Fetch Alignments

Get Genomic Scores
Statistics

Graphl/Display Data
Phenotype Association TEST

DHNASEQ ANALYSIS

Puralihs Sontenl

Saved Histories

Advanced Search

Unnamed
history

TPL | =

Switch

Hist

Wiew

Share or Publish
copy

Renams

Delete

Delete Permanenthy

0Tags

0 Tags

Rename

armore than at

2 Go back to TP1 history
I

~4
0 bytes seconds
ago
Mow 1T,
0 bytes
2016
Delete Delete Permanenthy

Datasets Tags Sharing Size on Disk Created Last Updatedt Status

~4 seconds current
ago history
~49 seconds.
ago

Undelete

me peniod specified by the Galaxy administrator(s)

History

History 3 'ﬁ' |I|

unnamed history

0 bytes % -

€D This history is empty. You can koad
your own data or get data from an
external source

n

»

Saved Histonies I

Histories Shared with Me

Create New

Copy History

Copy Datasets

Share or Publish

Extract Waorkflow
Dataset Security
Resume Paused Jobs
Collapse Expanded Datasets
Unhide Hidden Datasets
Celete Hidden Datasets
Show Structure

Export Citations

Export to File

Delete

Imiport from File




Dataset ~ « Data file »

Upload reference in a dataset

1 Tools
Get Data / Upload File

Tools .!;
search tool [
pr ~
Upload File from your computer

A 4

Download from web or upload from disk

Mame Size Type

* EEEE—— v

Type (set all):

2 Choose file GRCh37_regionsl.fasta
3 Choose fasta format ( ! not csfasta)
4 Keep « Unspecified » as genome

5 Run with start

6 Close

History E 'ﬂ' |I|
9

» TP1
149.0 KB & % .
L GRCh37 regionlfasta @ & w




Dataset : summary, attributes, full data

1 Click on dataset name = show summary of attributes and data
2 Click on the eye = show data
3 Click on pencil = show attributes

Using

History ﬂ
Tools X | =chr20 20:380800-530000 History Fs3E - 2l
CAGACAGGGACAAGTCAGTCTCATCTCTATGCACCCAGCATTRCCCAGAACAGLGLCTAG
g [ TTGTETCTAGGETCTCATGOGGCAGCCCCTGACCTCTATCTTGCCCCTCCCAGCTTCCAA O
CAGACCCTGTCCCAGCTCCCTCCAAGETRAGTGTTGRCCTGATACCTACCAGTGGAGLGA
Get Data GRGGAACACGAGGACTGLCAAGGGLAGGTACCGTGLCAACCCTTCACTCCATTCCACAAA L
TPl - GAGACTCATTTACTCCTCATGACAATCCAGTGAGGLAGATGTTCCTGTCACTTITACAGAT
le from Omiputer chewam
Uplond Fe from yeur ¢ AAGACAAATGAGCTTTAGAGAGAGCAGAAGACTCATCCAAGACCTCACAACAGAGAAARA Sl
1480 KB & W - UCSC Main table browser GACTCCTCTGGTTTTTGCCTTGRAGCAGGAACTTTTGACAAGGCTGLGCAGATGCAGCCA ST & % -
CATGAAAACCGCCCATTARARATGTAATATCRGCCCGGAGLGRGLGCTCACGCCTGTAAT ’
- = UCSC Archaea table browser COCAGCACTTTGRGAGGCCGAGGCAGGCAGATCACTTGAGGTCAGGAGTTGAAGACCAGL )
1: GRCh37 regionl.fasta I an CTRGL CAACAT GO TGAAACCCCRTCTCTACTAANAATACARAAAATAGCCAGGLGTGOTG L GRCh37 regionl.fasta & & R
| Bl SRA ENA SRA GOATGGR(TCTAATC O AGTTATORGEACECPAAGHCAGGAGAATCACTTGAATCCAG
Hiistory - - B
\ 4
Q
Amnbutes Convert Farmat Datatnps Parmissons
TP1
1 sha e Edit Atinbutes Amributas Conw Datatpe Permissions
Name:
14396 KB B w - GRCh37_regionl fasta LI T
) . Infe: Convert FASTA o Tabular v
1—& Gm? fm '3:‘ ’ : uploaded fasa file This will create a new dataset with the content ened mat
1 qu.ll!ﬂmﬁ . Convernt
format: fasta, databasa: 2 tion I Notes:
ulha-dE'd ﬁm h ! Albutes Convert Formal Permissions
n‘ I! ? “ . Add an annotasion or notes 1o ]:.'IZJSE‘Z.. BONS are avasanie winen a NEsory s wawed dlangedmm
Database/Build:
»chr28 28:350059.530998 — N New Type:
L fasta
Save h dify its contents. Use this if Galaxy
TTETETCTAGEETCTCATEEEECAEC00CTRROCTCTATE
AR TGO T OO TOCANGC TEAGTETTEECCT e —— Save

T
FEEEAN N GAEEAC TR A MGG THODETEOCAR o




Add a local reference (TP _ref)

= Galaxy

Tools X | =chr2e 20:380000-530060 Logged in as user@galaxyif ir Fs-X - N
CAGATAGGGACAMGTCAGTCTCATCTCTGTOCACCCAGEATTGCCCAGAAC fsonte
o TTGTGTCTAGGGTCTCATGOOGCAGCCCCTGACCTCTATCTTGCCCCTCCCPGCTTC  Praferances f o .
A TG LG CCANGCTBAGTGT TG CTGATACCTACCAT A 1 M U / C t B I d
GetpData GOOGAACACGAGGACTGLAMGOGCAGGTACCGTGECAACCETTCALTCCARTCCA enu ser ustiom ulias
S GAGACTCATTTACTCCTCATGACAATCCAGTGAGGCAGATGTTCCTGTCACITACS  Logout
uﬂuadFe“m.ﬂrﬂ EE' AAGArAAATCACT TTITAGAL e ﬂfﬂﬂfﬂrTfﬂTfrﬂﬂfﬂrrTrﬂrﬂﬂrl AGA0

-

Add a Custom Build

New Buid 2 Choose name TP_ref
Name [eg: Hamster) 3 Choose fasta format

e 4 Choose dataset n° 1 : GRCh37_regionsl.fasta
2. || ey teg: hamster v 5 Submit

TP_ref

3 """"""" n File Len Eniry
N
I 1: GRCh37_regionl.fx « I .
——— Current Custom Builds:
5 Submit »| Mame Key Humber of chromslcontigs
TP _ref TP_ref Processing

Delete

Reference is now available



Check / Change database attribute

U=ing B2.6 MBE

History 3 'ﬁ' I:D

Analyse Data

TF1
149.0 KB & W -

1 GRCh3? mmml Py

1 Menu Analyze Data

2 Click on dataset name to see summary
=> database attribute is « ? »

3 Click on pencil to change attributes

4 Choose TP_ref database

6 check database attribute is now « TP_ref »

History "._," ﬂ- |:|:|

148,95 KE o W -

(1 SEeqUENCES
format: fasta, datshase: 2
.

uploaded fasta file
Bl € |l ? w -

=chr28 28:3-88808 - 530888

CAGACAEEEACAAETCACTCTCATCTCTEGTECALCCS
TTETETCTARRETCTCATEEEELAGCCCCTEALCTE
CABACCCTETCCCABL TCCCTOCAABC TEAGTET TEd

SEEEAACACEABEAC TEL CAMNBEEC ABETACCETEC]

/1 GRCS? region festa ?'.._

5 Save
Attnbutes Comeert Formasat Dmmxg PErMIssIons
Edit Attributes
Mame:

GRCh3T_regionl.fasta

Info:
uploaded fasta fike

Annotation | Motes:

Add an annotation or notes to & dataset; annotations &

Database/Build:

I TP_ref (TP_ref) [Custom)] I r

4

Auto-detect 5

]

accurate.

re svallane Wnen a nistony s v eved.

his will inspect the dataset and attempt to comect the above column values. if they are not

History ‘:_," ﬂ- |:|:|

™
1 show 1 deleied, 2 hadde
148.97 KB o W -

1: GRCh37 regionlfasta @ # x

y

(1 sequences
\f{:urrrad: fasta, datzshase: TP ref

uploaded fasta file
S| |l ?  ®

=chr28 28:388a:84 - 530808

CACACACECACARETCAETCTCATCTCTETRCADLC)
TTETETCTAREETC TCATEREELARCCCCTEALCTE,
CABACCCTETCCCASC TOOC TCCAABC TEABTET TE

BEEEAACACEABEAC TECCANBEEC ABETACCETEC]




Upload reads (fastq) for sample HG0101

1 Tools: Get Data / Upload File
feels 2 Choose files HG0101_1.fastg and HG0101 2.fastq

sesrch tools 0 3 Choose « fastqg » format
4 choose « TP_ref » genome

5 Run with start

[l

Upload File from your computer

6 Close
7 Check attributes — poprp
Q

TP1

[ 3 s ke
Download from web or upload from disk g
242 M8 B | .-
Regular Com ite
3 pos: 3:HE00101 2 fastg =
“wou added 2 file(s) 1o the queuve. Add more files or dick ST 1o proceed.
Mame Size Type Genome Settings Status 7 - f = ’ X
O HGO001_2isg 11MB fasig | Q TP_ref - & w EERE
P iormat fastg, databasa: TP_ref
5] \

=] HGOO101_1 fasig 1.1 ME s . Q TP _ref ' &
uploaded fasi e
3 fastq 4 TP_ref 0w 7 .
PERRLZZOT T . 1802303849

CTHGEAMGDETAGTOCTEEEETCATCTCTOC TATTARTAL

6 close

BASEAGEEDIEHFEEF ~< < EAAD  EBH <500 1H IGFF
PEFRZ20TTE . 198820365

2 choose local file

« | Q Genome (set all):

pauze | Reset [ESUS | Close 1: GRCh37 regionlfasta g FaE

L choose local file E= choose FTP file [# Paste/Fetch data




Look at a fastq file

Tools o
This datasetis ange and an y e first magaiiie i SNOwn DS,
o Show all | Save
GetData
Upload File from your computer [GERR220776. 166806846
UCSC Main table browser GTAGTCCTGGGGTCATCTCTCCTATTAATACTGTTGEEEAATGTTTAGTAGGAAAAACAAACANTTGAACTGACTATCGEEETGTCTATETG
UCSC Archasa table browser

EBGEHFEGEF><~EAA] (EH?<K<b : HIGFFHBC-DDIKGIATHF PGB/ =CHLSTA [=>3 : EAEBGLGBGGIAITIL : AGG--JAKBEDFE

TAGTAGLLAALANG CAGTCAMATATCL]  \GTGAATTGACCACCTGAATGTGATGTATTTATACAGTGAATTCAGC T
identifiant sequence [*  quality [l=BC/+/3-78775E, 1-) geatminmie? digeriiss

@
TATTTCTGRANTTTTCCATTTANTATTTTCAGAC TGCAGTTGAL TGLGG6T ARL TGAAAC CATGAGTATGEEE6TT!
+
CEEEEEFEDAEGGGFDHGFFHGIHHHT 1T TGHHEK ] ] [GHFHKTLIK? TLE 1L 1JTFIMIK] JKD =061 JHEFGAHL HGHIHF Il CGHIGHIDGFCF
@ERRZZUTTE . 168172702

AGAATTTALANGTTTAGTATATTARARGTANT AAATTTCTBEEGACAGCATTTCTGTTGGGTTCATGLTGCTGTTTCTACTATTTTGECCATATTCACALT
Mousehine server +

AETCERNG; DUAFAD; Alo@dGleTed 5 GOT=EFHICT : 38) : FEHHA] THLKIGOC FEEoE MHHNCGAGTL FHNKIAHA<=E JKTHEH AGER
GERRZZUTTE. 16822E036

BARTAACACARATTTGTTATCTCACAGTTATTGTAGGT CAGANGTTEEETGEGCTTOGCTAGCTAGGTCTTTTGLTTAGGETCTCACGAGGL CARARATCA
+

CGGEEGEECAETGAGFGOCEGIGABEEROR=TACFED=GHT TKCAHGHK -=ET TL1TKILEHFGEDIDHK1] 1 GHHEEGDEC FHT THAHTBIHI CGGFBFG
GERRZZUTTE. 168247220

GATCTAGATCAAGTTCAGCCCAAGCAGLTG CAGGTTOTGLGTCRLC TR TERACACCTCCATGTGAATTRRATTCAGLT T TGO CCAATGTRGCA
EuPatiDE server +

EBISRA ENASRA
BioMart Ensemibl server +

Gramenahan Central server

Ermina sarear
modENRCODE fiv server

mad ENCODE madkine server

Ratmine server
YaasiWine server
mad ENCODE worm server

WormBase server

History =80
Q
TP1
3 shom e
242 MB 4L 3 2
3: HGOO101 2 fastq W
2: HGO0101 1 fastq x
1.1 MB
formar fastq, danbase: TP_ref
uploaded fasiyg fle
& o 7 % .
CERRZZOTTE. 100850549
CTAGGANGCETAGTCCTEEEETCATCTCTOCTATTARTA
EAEEAGEEDMEHFEEF - vEARD ; EEHPcRol (HIGF
CERREZOTT. 199820305
1: GRCh37 regionlfasta & » x

What is the file size ?
How many reads ?
Sizes of reads ?

Which is the quality coding ~ S .

Phred+33, scores des séquences brutes compris entre © et 40
Phred+64, scores des séquences brutes compris entre -5 et 40

S - Sanger
X - Solexa

I - Illumina 1.3+ Phred+64, scores des séquences brutes compris entre © et 40

L - Illumina 1.8+ Phred+33, scores des séquences brutes compris entre @ et 41

Source : https://fr.wikipedia.org/wiki/FASTQ

mnopqrstuvwxyz{ |}~



https://fr.wikipedia.org/wiki/FASTQ

Convert to Sanger format . groomer tool

e < FASTQ Groomer convert betwesn vanous FASTD quakity formats - Dp#ons
qr (%] (Galaxy Version 1.0.4)
Pre 2550 File to groo
I? D Grogmer conven betaeen | EID
vanous FASTE quality formats
Alignment 2 3
Bowss2 - map reads against 2
refarance genome &8 This is a baich mode input fisld. Saparate jobs will be
riggerad for each datasets
Workflows Input FASTQ quality scores type
» Afworows sanger & lumina 1 &+ 4 -
Advanced Options
Hide Advanced Opfians -
)

History F+-K - 2|
o

TPl

4.7 M8 = % -

5: FASTQ Groomer on = 2 n
data 3

jormat fastgsanger, dambasze: TP_ref

1 Tools: FASTQ Groomer

2 Choose to « groom » many files

3 Choose files HG0101 1 fastq and HG0101 2.fastq
4 Choose « Sanger & lllumina 1.8+ » format

5 Execute = Create 2 new datasets (N° 4 et 5)

6 Check new datasets attributes

What are the sizes of new datasets ?
How many reads ?

Which is the quality coding ?

What are the names of new datasets ?

Groomed 5283 sanger reads inio
sanger reads.

Basad upon quality and sequence, the
mputdata is valid for: sanger

Input ASCI range: "~(34) - "P*(30}
input decimal range: 1 - 47

B 0|2 | ? % -

PERRZFITTE . 100055548
T TGETCAETARGAL L TCARRAGET TARR TACTAGDEAT

POF IEEGRFFRGF JH I HHOLL I TTITLL JTTL JHICAR ]
PERRZEITTE . 190820305

4: FASTOQ Groomer on AW
data 3
1.1 MB
format fastqsanger, dambase: TP_nef

Groomed 5283 sanger reads inio
sanger reads.

Basad upon quality and sequence, the
mputdata is valid for: sanger

Input ASCH range: “~{34) - "P*(30}
input decimal range: 1 - 47

=LA N -
PEFFZZOTTE . 190523848
CTAGEANGDET AT TEEEETCATCTCTOCTATTARTAL

BAEENGEETRMIEHFEQEF > >EANT ; B T<RoD: HIGFF
PERSLZ2OTTE . 189828305




Rename datasets

Ambutes | ConvertFemat Da@atpe  Penmissions
Edit Atributes
Name:
Hiistory =
4 Au rstoemenerndanz P =/ HG0101 OK_1.fastq
o Infio:
TPL Groomed 5283 sanger reads into
= shiw e sanger reads.
Based upon quality and sequence, .
47 MB ¥ % e — ! i
Annotation | Notes:
5: FASTD Groomer on @Bi
data 3
4: FASTD GIoomer on - R
data 2 Add an annotason or nodes 1o a dataset; annotasons are avaidables when a hisiory is
3: HGO00101 2 fastg AW A" e
Database/Build:
2: HGO0101 1 fasty .
= TP_ref(TP_ref) [Cusiom]
1: GRCh37 regionlfasta = # x — 3
Auig-detact
This will mspect fhe dataset and atempt o comect the above column values ifthey are
nat accuraie

Hiis tory Fi-8 - B
Q

TP1

3 s chke

4.7 MB & W .-

5: HG o f -

4: HE o f -

3: HG00101 2 fastg |

2: HG00101 1fastg - N

L GRCh37 regionlfasta @ #

For each new datasets :

1 Click on pencil to change attributes
2 Change the name

3 Save

4 Check new datasets names

After changin a dataset name, how can we retreive dataset origin ?



Retreive dataset origin

His tory P« A
o

TP1

3 shown, 2 hidden

4.7 MB & -

5: HG! o |

4: HG o |

1.1 M8

formart fastgsamger, databasa: TP_ref

Groomed 5283 sanger reads mio
sanger reads.

Based upon quality and sequence, the
mput data is vald for: sanger

Input ASCHl range: ™{34) - "P*(80)
Input decimal range: 1 - 47

q&u? )

PERRZZOT T . LoDaaasta
CTAGEANGCETAETCC TR TCATCTCTCCTATTANTA

BASEAGEEDDIEHFEREF - ~EARC ; EBHT <K<l i HIGF
PERRZZOTTO . 199828 305

This dataset results from
groomer tool, applied on
dataset 2 (HG101_1.fastq)

Tool: FASTQ Groomer

Number: 4

Nama: HGO0101_OK_1 fasy

Creawd: Tue 24 Jan 2017 10:59:29 AM [UTC)
Flazga: 1.1 MB

Dikeay: TP_ref

Format fasigsanger

Galaxy Tool ID:
Galawy Tool Version:  1.0.4
Tool Verson:

Tool Standard Output: sadout
Tool Standard Emar:  sidem

ioolshed g2 by psu edufreposidevieamfasy_groomerfiasy_groomen1.0.4

Toal Exit Code: 1]

History Content AP1ID: 9ad713a5aateadei

Job APTID: b3aTaas4dasitasa

Hiesiory APIID: 5114a2a207b7caff

LMD 02#01336-3810-4a82-ai2-4dcodE2od9as

Input Parameter Value Mote for rerun
File o groom 2 HG00101 1 fa:

Input FASTE) quality scores type Sanger & Bumina 1.8+

Advanced Opsons basic

Dependency Dependency Type Version
galaxy_sequence_utls tool_shed_pacdkage 100

Inheritance Chain

HE0101_0OK_1fastg

-—




Reads quality control

. Per base quality

. Per read mean quality
. Read size

. Adaptators

. Duplicated reads



Reads quality control (fastgc)

. Andrews, S. FastQC A Quality Control tool for High Throughput Sequence
Data.

1,2 Choose tool : FastQC
3 Choose datasets n° 4 et 5

1 fasiqe
T_l 4 Execute = Create 4 new datasets
2 Loy For each fastq file :

1 « raw data » and 1 « Webpage »

History =80
Q
FastQC Read Quality repors (Galaxy Version 0.6T) = Dpions
TP1
Short read data from your curment history 3 shoven, 2 cieleber]. Hicke Hick
Oilth| D 634 MB = % -
3: HGOO101_2 fash
21 HGO0101_1fasy E:H  on data 5: &= # X
E] RawData
s This is 2 batch mode input Sield. Separase jobs will be wiggerad for . .
each dataset selecion 8: C on data 5: EAr A
. Webpage
Contaminant list »
o fH C on data 4: &
D Ea [} M ] sasoed - = .
3 mited fila with 2 columns: name and sequence. For exam umina Small RMA RT
Primer CAAGCAGAAGACGGCATACEA i C on data 4: P
Submodule and Limit specifing fil \\Mﬂ‘!
Q| & | O ||~ohing selecied - §: HG OK_2f = #x
a fila that spediies which submadulas are 1o be exscuted (detauk=all) and also spedies the
T a param s oK _1f = K
3: HG00101 2 fastg & O
2 HGOO0101 1 fastg a4
1: GRCh37 regionlfasta = # x




Manage FastQC result datasets

1

PSS AT A
I oFaetil +—H-5

==Basic Statistics pass

I C on data 4: - 2 #Measure Value

RawData Filename HEA181 0K _1.fastq

e File type Conventional base calls

400 nes Encoding Sanger / Illumina 1.9

- . § Total Sequences 5283

formart tit, dawbase: TP_ref Sequences flagged as poor quality [}
Sequence length 181

0 || ? - e wl 43
>=EHD MODULE

$5Fast(l @.11.5 =>Per base sequence quality fail
#Base  Mean Median Lower Quartile Upper Quartile 18th Percentile 98t

=@acic Statictice oaLL 1 20.691884611816468 2.8 8.8 3.8 2.8 3.8

i 2 31.118114767552525 33.8 9.8 36.8 2.8 iT.e

Feazurs Valuz 3 37.15332197614997 5.8 388 378 1B 3B.9

— HEELEL 08 _1. fastq a4 37, 19980B68143161 5.8 318 6.8 238 37.8
5 31.85368162682015 35.8 38.8 36.8 11.8 38.8

File type Comeent 1onal base calls i} 31.951164111386397 35.8 il.@ 36.8 2.8 3B.8
7 27 .434833692977476 9.8 4.8 33.8 17.8 35.8
B 38, BIBBETI534544TE 3.8 8.8 36.8 8.8 3B.8
9 36, 349881 249208177 33.8 7.8 6.8 28.8 iT.e
18-11  26.774654552337687 20.8 2.8 33.8 15.8 34.5

@FastQC Report

1

1

| Z3L0KB !
! jormat html, databasa: TP_ref ]
1

02 | 7 i
HTML f1l= ]
1

Summary
@Basic statistics

@Basic Statistics
@Per base sequence guality

Filename
@Per seguence guality scores File type
Encoding

@Per base sequence content
p Total Sequences

Sequences flagged as poor guality
Sequence length

'\ Per sequence GC content
@Per base N content

%GC
@Se uence Length Distribution

@Se uence Duplication Levels

@Overre resented seguences

@Ada ter Content

@Kmer Content

as

Tue 24 Jan 2017
HG0101_OK_1.fastqg

HGB181_0K_1.fastq
Conventional base calls
Sanger / Illmmina 1.9
5283

]

181

13

QPer base sequence quality

Quality scores acrozs all bases (Sanger 7 Il

1 Look quickly at dataset content (we will deeply look at that later)

2 Rename « Webpage » datasets > HG0101 1.QC et HG0101 2.QC
3 Rename « RawData » datasets = HG0101 1.QC raw et HG0101 2.QC raw




FastQC : Summary & Basic Statistics

Summary

@EEISiC Statistics

@Per base seguence gquality

l@Per sequence guality scores

@Per base sequence content

Per sequence GC content

@F‘er base N content

QSEQUEHCE Length Distribution

@Seuuence Duplication Levels

@GUEFFEDFESEHtEd sequences

@ﬁ.dar&ter Content

@Basic Statistics

T

Filename

File type

Encoding

Total Sequences

tequences flagged as poor guality
Ceqguence length

LLrE

HEE1E1_O0K_1.fastg
Conventional base calls
Sanger / Illumina 1.9
5283

L

161

43



FastQC : Per base sequence quality

©Per base sequence quality

48
a4
42
a0
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

o N D O @

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

N

J\.

N\

Median

Mean

> Good Quality

~  Mean Quality

> Bad quality

1234567891213 1819 24-25 30-31 36.37 42-43 48.49 54.55 60-61 €6-87 72.73 78.79 84.85 9091 96.97
Position in read (bp)



Fasqgc : Per base sequence quality

Example OK Example KO

@per base sequence quality @rer base sequence quality
Quality scores across all bases {Sanger / lllumina 1.9 encoding) Quality scares across all bases (lleming 1.5 encoding)
a8
as 0 SEEEE 8 T B I
a2 2 TITATETE GLITT JAE R e TITTT = i LIILT
it Ej“ i o | (LT III 30 = il
38| 0 ] L | L HNT 28 o — o
36| H t | o = Iy
; IR - | |
34 ¥ L i L [~
32 - -t | 1k N 24 T
30 - T an L bl | v
28 = 5% -___.___ il T B ol
26 = 1 | 20
24 8
224 L 16
20 1 B
% 14
16 - 12 r
14 10 L1
12
10 o
8 &
= 4

4
2 : “ T
® 1234567891213 1816 24-25 30-31 3637 42.43 48-49 54.55 60-61 66.67 72.73 78.79 8485 90.91 96.97 P 2225678010 1z 14 16 18 20 22 24 26 28 30 32 24 24 38 40

Position in read (bp) Positian in read (hp)

Source :

http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastqc.html



Fastgc . Per sequence quality score

Example OK

@per sequence quality scores

(]

500

aoo

300

200

2345678910

12

14

Quality score distribution over 51l sequences

16 18 20 22 24 26
Mean Sequence Quality (Phred Score)

B

£l

32

forerage Quality per read

24

]

40

Example KO

I@F'ner sequence quality scores

Guality scare distributian aver all sequences

60000 dperage Qualkty per read
54400
40400
0000

20000

10000 /’\
\_//

2 2 4 5 8 7 8 9 1012121314 1514617 1810 2021 32 23 24 25 26 27 28 20 30 30 32 33
Mean Sequence Quality (Phred Scare)

Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastgc.html



FastQC : Sequence Length Distribution
& Per sequence GC content

@Sequence Length Distribution Per sequence GC content

Distribution of sequence lengths over all sequences =
GC distributian aver all Sequences

5000 G cownt per read
retical Distribut

200 Theoretical Distribution
175

4000
150

3000
125
100

2000
-

1000 50
=

[

100 101 102 =
sequence Length (bp) “ GZz46B 11 15 19 23 27 31 35 39 43 47 51 55 59 43 &7 7L 7S 79 83 47 01 &5 89

Mean GO cantent (%)



FastQC : Per base seguence content

Example OK

@PEI’ base sequence content

100

&0

L

20

Seguence cantent across all bases

1234567861212 1919 24.25 20.21 36.37 4243 48-49 54.55 G081 G6-8F 72.73 74.79 £4.85 &0.01 0807
Position in read {bp)

Example KO

Per base sequence content
Sequence conterit acrass all bases
1990
o0
&0

L

&0

a0

1 2245678810 12 14 18 18 20 2 24 2 28 30 32 24 3§ 38 40

Fosition in read (bp)
Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastqgc.html



FastQC : Per base N content

Example OK Example KO

@Pper base N content @Per base N content
M cantent across all bases H cantert across all bases
100 100
L 50
B0 B0
70 0
&0 &0
0 50
ag
a0
20
20
20
20
19
10
b 1234567881243 1508 2425 30.31 36:3F 4243 48-49 54.55 60-61 G667 72.73 78.79 84-85 &0.81 S6.8F 0

Position in read {(bp) 12245678810 12 14 148 18 20 22 i 28 28 30 k7| 35 3| 40
Pesitian in read (bol

Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastqc.html



FastQC : Overrepresented sequences

Example OK Example KO

OVEI'I'EPI'ESEI'ItEd sequences

I@t:)'qmrerr»aepr&s&nteu:i sequences

AaAETTTTATOGC T IO ATGADGEAGARGTTARCACTTTC B.5Z24A3T18155%8TE3 Mo Hit

GATTGEDETATOCARIC TRLAGRETTTTATOGCTTOCATG 2847 B.51TESEITRISEZTSE Mo Hit

ATTEEOETATOCARMDC TOCAGRETITTATOGCTTOCATGE 2814 B.59958]193THRESET]1 Mo Hit

CEATARREATEATTGROGTATOCARICTECAGRGTTTTAT 1913 B 4EITSHTeITIIZE Mo Hit
CCTGCAGAGTTT TATOGCTTCCATRACGOAMGARGTTARIE &13 . 1550 TEBEATRSETINGE Mo Hit
R TTCAGC MGG TROOGACGATOGGARGRGOGLTTOAGLE 599 A.15153%a837818%9TE Tllumins Paired End PR Primer 2 (98% ower Z5hip)
TCTGCAGGTTORATADGDCARTCATTTTTATOGAMGIGOE SES . 14TFIIIG1BEIEITE Mo Hit

Source :

http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastqgc.html



FastQC : Sequence Duplication Levels

Example OK

I@5:&!:1uen|::la Duplication Levels

100

&0

&0

70

&0

40

20

I Percent of seqs remaining ¥ deduplicated S0 26% I

o Deduphcated sequende

% Tatal sequences

3 4 ]

L]

7 B -] =10
Seauence Dualicatian Level

=50 =100 =500 =lk

=5k =10k

Example KO

Sequence Duplication Levels

109

o

)

70

&0

50

ag

b

I Percert of seqs remaining ¥ deduplicated 65.11% I

% Deduplcated sequence

% Tatal sequences

2 2 4 5 L1 ? & -] =10 S0 =100 =30 =1k Sk =10k

Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastqgc.html



FastQC Adapter Content

Example OK

'@'Adapter Content

1990

o

ed

70

&0

50

a0

% Adapter
imina Unioersal Adapter
hurmiir RHA 3 Adapter
Nextera Transpotate Sequence
1224567851213 1818 2425 3031 3637 4243 4845 5455 é60-6]1 6647 7273 7879 84-85

Position in read (bp)

109

90

&0

0

&0

51

40

Example KO

@'Adapter Content

% Adapter

ridal Adapter
nirsé Srall RHA ' Adapter

2 z 4 5 & 7 s91-31111’;3!s1s1a1r19193-321323;:sm

Fositian in read (bp)

Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastgc.html



FastQC — Example with PacBio

#
@Per base sequence quality 4 ’:Sequence Length Distribution
Cuality scores acrass all bases [(Sanger £ llumina 1.8 encoding) Distributian of sequence lengths auer all seguences
34 Sequence Length
32 16000
30
e 14000
4
24 12000
2
Fil 19000
13
: I
14 T I
12 ] 6000
10
B I 1 4000
g A
4 2000
5 1
o 1 2 3 4"5“5“}-“3 5" _qac..s;; 12001388 22002388 32003388 42004388 52005388 S200-6389 B 0199 800-792 1400-1599 23002396 3000-2199 3900.3589 4600-4796 S400.5599 GE200-8300

Fositian in read (bp) Sequence Length (bph

Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/pacbio_srr075104_fastqgc.html



Cleaning Reads

. Filtrering adaptators
. Filtering & trimming reads
. Comparing quality before and after cleaning



Filtering & trimming

. Filtering = remove reads

- Based on quality or size criteria

. Trimming = remove read ends

- Fixed number of bases
- Bases < quality



Trimming

Cut bad quality bases at the end of reads —
Exemple OK Exemple KO
@per base sequence quality @Fer base sequence quality
Quality scores across all bases {Sanger / lllumina 1.9 encoding) Quality scares acrocs all bages (lluming 1.5 encoding) >
LG 34
EH W EH R
44 | TN | AEICAETC
a2 T IIIII T IIIII 32 cEE TTT]:[
0 HHH NEO0RE o UL
38| & =g LU | AHEA =5 = iy LI
| i HA 2 TN H
34N M ™ a L1
I W =T e B s 1= 1 2 13 N 24 T
30 il T (| LUK 73 W | T Tl L
28 L
26 2 [
24 & 18
R - 16
20 L
18 14 i
16 1 12 i
14 10 L
12
10 &
8 6
) I

4
2 : i i
0 1234567891213 1819 24.25 30-31 36.37 4243 48-49 5455 60-61 66.67 72.73 78.79 84.85 90.91 96.97 Pl 2245678810 12 14 14 18 20 22 24 26 28 30 [z 24 3 28 40

Position in read (bp) Positian in read (bp)

Source :

http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastgc.html



Filtering

Exemple OK Exemple KO
Qper sequence quality scores Dper sequence quality scores
Quality score distribution over all sequences Guality scare distributign over all sequences
fverage Quality per read G0000 sunerage Guakty per read
1000
50000
800
40000
a00
0000
400
Moo
200 S0050 /,\
v 45678910 12 14 16 18 20 22 24 26 28 30 32 34 3@ 3B 40 2 2 3 4 5 6 7 8 9 1011121214 151617 1819 20 21 22 23 24 25 24 27 28 20 30 3} 32 33
Mean Sequence Quality (Phred Score) Mean Sequence Quality (Phred Scare)
Source :

http://www.bioinformatics.babraham.ac.uk/projects/fastqc
/bad_sequence_fastqgc.html



Reads cleaning (Trimmomatic) 1/2

Bolger, A. M. and Lohse, M. and Usadel,
B. (2014). Trimmomatic: a flexible trimmer
Read fitering for lllumina sequence data. In

== Bioinformatics, 30 (15), pp. 2114-2120

I+

A

Trimmomatic fiexible read wimming ool for umina NGS data (Galaxy Version 0.36.1) = Dpdions
Paired end data?
Inpast Type
Pair of daasets
NPt FASTOQ il A oL e
=19 | B e - 1 Choose files

Input FAST file
O th|Ofs

Maximum mismatch cownt which will still allow a full match to be performed

> 2 Parameters for adaptators

How accurate the match between the taro "adapter igated® reads must be for PE palindrome read alignment

How accurate the match between any adapter etc. sequence must be against a read

10




Reads cleaning (Trimmomatic) 2/2

+ Inzert Trimmomatic Operation

Trimmomatic Operation
1: Trimmomatic Operation

Select Trimmomatic operation to perform

Cut bases off the start of & read, if below a threshold quality (LEADING)

Minimum quality required to keep a base

3

Bases at the stant of the read with Qualty Dedw the threshold will be removes

2: Trimmomatic Operation
Select Trimmomatic operation to perform
Cant bases off the end of a read, if below a threshold quality (TRAILING)
Minimum quality required to keep a base

3

Bases at the end of the read with QuEaiTy Delow the Thnesnol i wwill be remones

3 Trimmomatic Operation
Select Timmomatic operation to perform
Sliding window timming (SLIDINGWINDOW)
Mumber of bases to average across

4

Average quality required
20
4 Trimmomatic Operation
Select Trimmomatic operation to perform
Drop reads with average quality lower than a specified level (avGQUAL)Y
Minimum average quality required to keep a read
5: Trimmomatic Operation
Select Trimmomatic operation to perform
Drop reads below a specified length (MINLEN)
Minimum length of reads to be kept

20

\

-’

Add operations (cleaning steps) :

,. 1:LEADING : Cut bad quality 5’ bases

y. 2: TRAILNG:Cut bad quality 3" bases

> 3 : SLIDINGWINDOW : Cut bases with bad
mean quality in a sliding window

L. 41 AVGQUAL : remove reads with bad
mean quality

> 5 : MINLEN : Remove small size reads

+ Output trimmomatic log messages?: Yes



Trimmomatic : Results

17: Trimmomatic on & oK
HG0101 OK 2.fastq (R2 Unpaired reads2 (corresponding readsl has been removed during cleaning)
16: Trimmomatic on . . . . .
HGO101 OK_1.fastq (R1 BILx Unpaired readsl (corresponding reads2 has been removed during cleaning)
unpaired]
rcnios ox 2tz 2 ¥ | Reads2 after cleaning
— | How many paired reads after cleaning ?
e e 22 1x]| Reads] after cleaning Are there any trace or log of what happens
paired] during cleaning ?
Tool: Trimmomatic
14: Trimmomatic on | X ::I“:'E' :'immma‘lic on HEOL0L_OK_1 fastq (R1 pained)
HG0101 oK 1.fastg [R1 Created: Wed 25 Jan 2017 DD:S5:35 AM (UTC)
M‘ ;i;:‘:e: :B.LKB
4,053 sequences Fomat: factasanger : : :
format: fastqsanger, datahase: TP ref ‘GalaﬂymollD:. mo}slqsh.:!ge:a.m.psu.edurreposrpjm-iggsm-immmmicnﬁmmmaﬁcm.as.L From Summary’ CIICk on «1»1con
ﬁs I! ? ‘. ’ Vzax\i;:;:\ersun: 0.36.1
e T S Look content of « stdout »
o i pesmtsbeson This contains all messages send by this
e tool during execution.

TrimmomaticPE: Started with arguments: g
-threads 1 -phred33 .-"iﬂ:l.-"gal.a:'_.'-|:|ist.-"l:latatlaseffiLes.-'ElElEl.-’l:Iataset 367.dat fifb/oalaxy-dist/database/files/0008/dataset_388.dat /ifbfgalaxy-dist/date
Using PrefixPair: "TACACTCTTTCCCTACACGACGCTCTTCCGATCT® and ETGAETEEAGITEAEAEGTETEIITIZ'ITIZIZGATIZT'
T B e R B e R SSTRE-R SRR SR TR
Input Read Pairs: 5283 Both Surviving: 4863 (76.91%) Forward Only Surviving: 28 iEI 53%) Reverse Only 5url.'1l.'1ng 1188 (20.97%) Dropped: B4 (1.59%)

T IEEOEaLILrE,: LURpLCLE] PULLeooToeey




2

3

Trimmomatic : 2nd try

Run this tool again after changing AVGQUAL parameter value to 25

14: Trimmomatic on = F 8

HE0101 OK 1 fastg (Rl

paired)

e o e TP 1ef 1 Use one of the datasets produced by previous analysis

TrmmomaicPE: Staned with
anquments:

-fhreads 1 -phred33 Shigalaxy-

s 2 Click on « Run this job again » icon

f000Mataset 338 .datSibigalaxy-
distdatabasefles000/dataset_409.dat
finigalavy-disidatabasefiles00ida

o@u e

| 2:Tommomasc operason | & | All parameters are pre-sets with values
Select Timmomatic opertiun to pariom used in the previous execution

Crop reads with average quality kower than a specified kevel (AWGQUAL) -

Minimum average quality required to keep a read .
= 3 Change only the parameter in step n°® 4

AVGQUAL = value 25

. How many paired reads after new cleaning ?

. Work only with paired dataset produced by first cleaning (remove second try)
. Rename the datatsets HG0101 clean_1.fastg and HG0101 clean_2.fastq

. Run quality control on these 2 datasets.

. Compare quality control before and after cleaning




Compare quality control
before / after cleaning

Solution 1 :
Open a second web browser window ' T Galaxy x _

Connect to access history and datasets € © sesas | CJQRederctr [ ¥ [E & & #

Wi 25 jan 3017

@FastQC Report ool ov Lreatq 5

Visualize datasets = summery Opervase sequencequaity = ow

@ e e

HGlOl_OK_l.CQ 3 E: : IﬂIHI- ﬁ =
HG101_clean_1.QC @ ik ——
e 2| R 195 =r

@ o 4 — ——

@ s | | i oz (5,

@ . \) i T e or

—_— : ——

€ () 193.50.94.18 G | |Q Rechercher w B8 ¥ & =

' & Hatory -l
= @FastQC Report 1OMLAT phaaer T taary =
—_— Summary @Per base sequence quality —

» Moriom

T
B i
B MG TOC el
ElEnn 1 0c el
SN O Mty g g
SICNN OK 1t 4
] el
T MGo000 1 Feary el
LGRONT mglnlifats 4 4




Compare quality control
before / after cleaning

Solution 2 : Use Galaxy « Scratchbook » to manage Galaxy

windows 1 « Enable Scratchbook »
= Galaxy E: &
@FastQC Report HGOLOT chom 1.tmby

Summary
2 Visualize dataset
HGO0101 clean_1.fastq

(& Basic Statistics

@Per base seguence guality
aper sequence quality scores
@Per base sequence content
W9 Per sequence GC content
@Per base N content

WP Sequence Length Distribution
@Euence Duplication Levels

EDwermenmesented semences
Produced by FastQC (wersion 0.11.5)

3 Visualize dataset
HG0101 OK 1.fast

q

reonon YU BBEEERESES

¥

@FastQC Report HGO101 OK 1.t

b tIIt 1T ITzlzz

Summary p 11 IIHHIIIL I_II I'[ITTTTTII
&P Basic statistics I I
@Per base sequence quality ;?—
aPer sequence guality scores
@Per base sequence content
WY Per sequence GC content )
aper base N content 20| J 44 |

L 18]
@Euence Length Distribution |
QSﬂuence Duplication Levels | 4

Edwemenmesented semiences

Proeduced by FastQC (versien 0.11.5)

o ___'---'--- M I']:

W&
H
H
=z
i
D—i
—
]

Tif T I ML (AL 1




Compare quality control
before / after cleaning

Solution 3 : Use MultiQC

MultioC

v1.9

General Stats

Unique Reads @ Duplicate Reads

_ _ Sequence Quality Histograms ©Help
Trimmomatic
The mean quality value across each base position in the read. Y-Limits: \ |
FastQC
Sequence Counts FastQC: Mean Quality Scores Export Plot
Sequence Quality Histograms 50
Per Sequence Quality Scores
Per Base Sequence Content
40
Per Sequence GC Content
Per Base N Content
Sequence Length Distribution
N 30
Sequence Duplication Levels a
A
Overrepresented sequences "?2
=
Adapter Content = 20
Status Checks
10
0
10 20 40 50 60 70 80 90 100
Position (bp)}
Per Sequence Quality Scores NN O Help
The number of reads with average quality scores. Shows if a subset of reads has poor quality. “¥-Limits: \ |
FastQC: Per Sequence Quality Scores Export Plot

1750

Toolbox




Quality control before & after cleaning

HG0101 OK_1.QC

@Basic Statistics

I T

Filename HGE181 OK 1.fastg

File type Conventional base calls
Encoding Sanger .:' Illumina 1.9
Total Seguences I 5283

tequences Tlagged as poor gualil '

Sequence length 181

wGC 13

@per base sequence quality

Quaity seored acroes of bases (Sanger / Bumina 1.0 enceaing)

AL

T 1234367891213 1819 2425 3031 36:37 4243 4840 5855 6061 6007 72-73 7870 8489 90-91 0697

Posttion in read (bo)

HGO0101 clean 1.QC

@Basic Statistics

e | v

Filename HGE181 clean 1. fastg
File type Conventional base calls
Encoding Sanger / Illumina 1.9

Total Seguences

Cequences flagged as poor gquality B
Cequence length 2B-181
%WGL 42

@per base sequence quality

T 1234%67891213

Quainy scores acress all Bases (Sanger / Burina 1.9 enteding)

> | A
JHHEH iiiiil
i I ] i

¢

219 2429 3031 3637 4243 4849 343Y 6061 G667 7273 7B-79 8495 9081 9667
Postion in read {bp)




Quality control before & after cleaning

HG0101 OK 1.QC

@Sequence Length Distribution

S500)

100

Distristion of SpquEnce lengtFs mer 3 Segquences

o ez
Sequerce Length (bp)

@per sequence quality scores

=

34

5

87

Ty §050 OHIFkLion S Bl IESATEES

4 18 18 0 12 M M B N WM M ¥ B W0
Mean Sequence Qualty (Phred Scome]

HGO0101 clean 1.QC

Sequence Length Distribution

Distrizution of sequence lengtha over oll seguences

13400

o

a

1818 2423 3031 37 4243 4848 041 B0-07
Sequerce Length (bp)

@per sequence quality scores

Quabty seern dtFEEion ovee ol SeqUBeE s

n 7 ¥ W ®» W W o}’ B M H» M
Hean Sequence Qualty (Fhred Scone]

oel S457 1




