Module 1/5: Analyses ADN

e NGS Introduction
e Reads Quality Control

e Reads Cleaning

— Practical #1

] &

usegalaxy.fr




Galaxy

e Connection

e TIAAS: https://usegalaxy.fr/join-training/bilille-2022-dnaseq

e Upload data
e Working with datasets and histories
e Adding local reference

e Converting to fastgsanger format


https://usegalaxy.fr/join-training/bilille-2022-dnaseq

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_region1.fasta

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

- = files HGOXXX_1.fastq, 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


https://wikis.univ-lille.fr/bilille/formation

History : « Folder »
containing a set of data

&

[ Default name = « Unamed history »

1 Rename history => TP1

Saved Histones

Histones Shared with Me

! Create New

Copy History

Copy Datasets

I Share or Publish

Extract Workflow

Dataset Secunty

Resume Paused Jobs
Collapse Expanded Datasets
Unhide Hidden Datasets
Delete Hidden Datasets
Show Structure

Export Citations

Export to File

Delete

Import from File

2 Explore history menu
3 Create new history




List histories, go back to TP1

L".

1 List all histories

Nuialitg 1

Saved Histones

Tools s - - Histo ~~ ¢' m
= | Saved Histories & =
o a [
Get Data Advanced Search Unnamed history
Send Data = 0 bytes ¥ % e
Lift-Over Name Datasets Tags Sharing Size on Disk Created Last Updated! Status
e o*rtusruslotylsempty.mucanw
Text Manipulation
ipulation §4 your own data or get data from an
Convert Formats - Unnamed & o Obytes 2 ~4 seconds qxrrem external source
Filter and Sort history ago ag hisocy e
Join, Subtract and Group
- Nov 17, ~49 seconds
Extract Features TPL | 0 Tags 0 bytes Iz arin
Eetch Sequences Switch
Eetch Alignments m Rename || Delete || Delete Permanently | Undelete
Get Genomic Scores Share or Publish
Statistics Hist Copy ar more than a time penod specified by the Galaxy admir 3y be
Graph/Display Data pem
Rename
Phenotype Association TEST =8
- 2 Go back to TP1 history
DNASEQ ANALYSIS Delete Permanently O aC O IS O
\

Histones Shared with Me

Create New

Copy History

Copy Datasets

Share or Publish

Extract Workflow
Dataset Security
Resume Paused Jobs
Collapse Expanded Datasets
Unhide Hidden Datasets
Delete Hidden Datasets
Show Structure

Export Citations

Export to File

Import from File




Dataset ~ « Data file »

Upload reference in a dataset

1 Tools
Get Data / Upload File

|

Download from web or upload from disk

L GRCh37_regionl fasta 149 KB fasa v Q unspeaified (7) v

¢ EEEEIES v

3 fasta 4 unspecified
6 close

Type (set all):

L choose local file

& choose FTP file [# Paste/Fetch data

History — &[0
(%)

TP1

149.0 KB ¥ ®®

1: GRCh37 regionlfasta @ 4 x

3 Reset Start Close

2 Choose file GRCh37_region1.fasta
3 Choose fasta format ( ! not csfasta)
4 Keep « Unspecified » as genome
5 Run with start

6 Close




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

- ~n
History =

TP1

X | >chr26 20:380000-536000

149.0 KB ~ % ®

|1:GRch37 ggionl.iastal ;FI.

()

Get Data

Upload File from your computer
UCSC Main table browser

UCSC Archaea table browser

EBI SRA ENA SRA

| CAGACAGGGACAAGTCAGTCTCATCTCTGTGCACCCAGCATTGCCCAGAACAGGGCCTAG

TTGTGTCTAGGGTCTCATGGGGCAGCCCCTGACCTCTATCTTGCCCCTCCCAGCTTCCAA

GGGGAACACGAGGACTGCCAAGGGCAGGTACCGTGCCAACCCTTCACTCCATTCCACAAA
| GAGACTCATTTACTCCTCATGACAATCCAGTGAGGCAGATGTTCCTGTCACTTTACAGAT
! AAGACAAATGAGCTTTAGAGAGAGCAGAAGACTCATCCAAGACCTCACAACAGAGAAAAA
| GACTCCTCTGGTTTTTGCCTTGGAGCAGGAACTTTTGACAAGGCTGCGCAGATGCAGCCA

1
L CAGACCCTGTCCCAGCTCCCTCCAAGCTGAGTGTTGGCCTGATACCTACCAGTGGAGCGA

CATGAAAACCGCCCATTAAAAATGTAATATCGGCCCGGAGCGGGGGCTCACGLCTGTAAT
CCCAGCACTTTGGGAGGCCGAGGCAGGCAGATCACTTGAGGTCAGGAGTTGAAGACCAGC
CTGGCCAACATGGTGAAACCCCGTCTCTACTAAAAATACAAAAAATAGCCAGGLGTGETG
GCATGGGCCTGTAATCCCAGCTACTCGGGAGGCRGAGGCAGGAGAATCACTTGAACCCAG

History

148.95 KB

1: GRCh37 regionil.fasta

CaR 3t J

L AP 2B

i

History R« Nl
Q
TP1
nown, 1 dsieted
14896 KB % e
1: GRCh37 regionifasta @ 4 x
1 sequences

format fasta, database: 2
uploaded fasta fle

B 0.2 ot

>chr28 20:380009-530008

AN G TCAGTCTCATCTCTGTGCACOCAGLS
TTGTGTCTAGGETCTCATGEEECAGOOCCTGACCTCTATC
CAGACOCTGTOOCAGC TOCCTOCAAGC TRAGTGTTGEOCT
SOGGANCAOGAEMC TGOCANGE NS THOOGTGOCAR

butes Convert Format Datatpe

Edit Amibutes
Name:
GRCh37_regionl fasta

info:

uploaded fasta fle

Annotation | Notes:

Database/Build:

unspecied (?)

Save

Auto-detect

Permissions

Add an annotaton or notes ¥ a dataset; annotasons are avasable whe

Amrbutes Convert Format Datatpe Permissions
Convert 1o new format
Convert FASTA 0 Tabular v

Convert

Amributes Permissions

Change data type
New Type:

fasta

Save




Add a local reference (TP _ref)

1 Menu User / Custom Builds

Add a Custom Build

New Buid 2 Choose name TP_ref

Name (eg: Hamster): _ 3 Choose fasta format

i 4 Choose dataset n® 1 : GRCh37_region1.fasta
"’:“’f <o 5 Submit

Bn File  Len Entry

I 1: GRCh37_regonl.fa v I "
L/
S ||:,

Submit

Reference is now available



Check / Change database attribute

=g

History C 0 ED

Analyse Data

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
5 Save

6 check database attribute is now « TP_ref »

Attributes Convert Format

History 55 « Mag|

148.95 KB

(1 sequences
format: fasta, database: 2
o

uploaded fasta file
2O ? e

>chr2© 20:386000-5360060

CAGACAGGGACAAGTCAGTCTCATCTCTGTGCACCC)
TTETGTCTAGGGTCTCATGGGECAGCCCCTGACCTC
CAGACCCTGTCCCAGCTCCCTCCAAGCTGAGTGT TG

GLGCAACACGAGGACTGLCAAGGECAGGTACCETGC

3|2 GRCh37 region fasta @E}_,(_

Edit Attributes
Name:
GRCh37_regionl.fasta

Info:
uploaded fasta fie

Annotation | Notes:

Add an annotation or notes to a dataset; annotations are avaiable when a b story s viewed,

Database/Build:

I TP_ref (TP_ref) [Custom] I

Auto-detect 5

accurate

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

Datatype Permissions

History F5-K - 31l

y

TP1
1 shown, 1 deleted, 2 hxdden

148.97 KB AL A
1 GRCh37 regionlfasta @ 4 x

(1 sequences
\format: fasta database: TP_ref

4

uploaded fasta file
B O ? e

>chr26 26:380000-530000

CAGACAGGGACAAGTCAGTCTCATCTCTETGCACCC)
TTETGTCTAGGGTCTCATGEGECAGCCCCTGACCTC
CAGACCCTGTCCCAGCTCCCTCCAAGCTGAGTET TG

GOGGAACACGAGGACTGCCAAGGGCAGGTACCGTED




Upload reads (fastq) for sample HG0101

1 Tools: Get Data / Upload File

& 2 Choose files HG0101_1.fastq and HG0101_2.fastq
3 Choose « fastq » format

I 4 choose « TP_ref » genome
5 Run with start

6 Close
7 Check attributes History o8 m
)
TP1
» oo
Download from web or upload from disk
242m8 ~ %
Regular Composite
3: HG00101 2fastq ® &%
You added 2 file(s) 10 the queue. Add more fles or diick "Start 1 proceed.
Name Size Type Genome Settings Status 7 21600101 1 fay = , x
O HGO0101_2fasiy 11MB fasg v Q P_ref . & i
formar fastq dambase: TP_ref
&

&
L HGOO0101_liasyg 11MB P, v Q TP_ref v 0§ \
uploaded fasiy fle
3 fastq 4 TP_ref 0 |u ? . e
PERR2207T70. 109053848

CTAGGAAGOGTAGTOCTGEGGTCATCTCTOCTATTAATAL

6 close

BAEEAGEEDDIEHFEQEF ><>EANC ; EBHP <K< 1 HIGFF
PERR220776.109329305

2 choose local file

Type (set all): ANo-detsft v| Q Genome (set all):

L choose local file || B> Choose FTP file || [# Paste/Fetch data Pause Reset Close 1: GRCh37 m‘ !lsﬂ ® &%




Look at a fastq file

Tools A History o &
= This datasetis large and only the first megabyte is shown below.
(%) Show all | Save Q
Get Data ™1
Upload Flle ¥om your computer Jeerr229776. 100006840 B Sta,2 ckion
UCSC Main table browser C GTAGTCCTGGGETCATCTCTCCTATTAATACTGTTGGGGAATGTTTAGTAGGAAAAACAAACAATTGAACTGACTATCGGGGTGTCTATGTG e Zee
e 3
UCSC Archaea table browser EDOBEHFE@RF><>EAM] {BH?<K<b: HIGFFHBC>DDIKGIATHFFD@D/=CHL5TA (=>3: FAEBGCGRGGIATIIT : AGG>>3AKBGDFB PR e
"\ s gﬂ
EBISRA ENA SRA 3
— TAGTAGCCAAAAAG CAGTCAAMATATCC] \GTGAATTGACCACCTGAATGTGATGTATTTATACAGTGAATTCAGCT :
BioMart Ensembl server x 2:HG00101 Lfastg x
AR R A ) lé;f/x identifiant sequence [*:{ quality [)<@C/+/3-767758>,1=D4 11Mm8
S S @ formar fastq. danbase: TP_ref
Fiymine server TATTTCTGGAATTTTCCATTTAATATTTTCAGACTGCAGTTGACTGCGGGTAACTGARACCATGGEGTATGEGGGTT TTTA
: + uploaded fasy fle
modENCODE #y server CEEEEEFEDAEGGGFDHGF FHGTHHHT T TTGKHBK) I TGHFHKTLIK? ILEILI JIFIMIK) JKDI=CG1 ] JHEF@GAHL HGHIHF I@CCGHIGHIDGFCF
mod ENCODE maodMine server @ERR229776.100172792 O [u ? L
ORI AGAATTTAAAAGTTTAGTATATTAAAAGTAATARATTTCTGGGGACAGCATTTCTGTTGEGTTCATGCTGCTGTTTCTACTATTTTGGCCATATTCACACC
MouseMmne server + PERR220776.100903343
e AB7CE@O@; DOAFAD ; AD>@4GA<7<3 . >5: GO7=EFHIC? : 38) : FEHHAD 7HLKIGOCFB@ED>>E JMHHNC GAGCL FHNKKAHA><=E JKTHEHAGER CTAGRANGOGTAGTOC TGGATCATETCTCCTATTARTA
sanver
S @ERR229776.100228030 -
YeastMine server ABATAACACAAATTTGTTATCTCACAGTTATTGTAGGTCAGAAGTTGGGTGEGECTTGGCTAGCTAGGTCTTTTGCTTAGGGTCTCACGAGGCCAAARATCA BAEEAGEEDOOEHFEREF <> EANC EBH<K<0:H X6
+
PERR220776.1090828305
SRGENCODE Worn Berves CGGEEGAECAE] GAGFGGCEGIGABEEBOB=TACF@D=GHI JKCAHGHK - =ET T LI IKILJEHF@EDIDHK] ] JGHHEEGDBCFHI JHAHI BIHI CGGFBFG
P i @ERR229776.100247229
- GATCTAGATCAAGTTCAGCCCAAGCAGCTGTTTTTCAGGTTGTGGGTCGGCTEEGCTGGACACCTCCATGTGAATTGGATTCAGGTTTGCCCAATGTGECA RIS i
EuPahiDB server + 1: GRCh37 regionlfasta @ 4 x

What is the file size ?
How many reads ? |

| | | | |

33 59 64 73 104 126
H f) S aE o 96 21 40
izes of reads i naiunt SRDRRRIRRTRO p
" oo Sl ne e e 40
. . . .
Which is the quality coding P o
H
S - Sanger Phred+33, scores des séquences brutes compris entre © et 40
X - Solexa Phred+64, scores des séquences brutes compris entre -5 et 40
I - Illumina 1.3+ Phred+64, scores des séquences brutes compris entre 0 et 40

L - Illumina 1.8+ Phred+33, scores des séquences brutes compris entre 0 et 41
Source : https:/fr.wikipedia.org/wiki/FASTQ /



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

Reads quality control

. Per base quality

. Per read mean quality
. Read size

. Adaptators

. Duplicated reads



Reads quality control (fastqc)

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

1,2 Choose tool : FastQC

1 3 Choose datasets n° 2 & 3

4 Execute = Create 4 new datasets
For each fastq file :
1 « raw data » and 1 « Webpage »

3l

L
)

Histo? Ci q m

FastQC Read Quality reports (Galaxy Version 0.67) v Opons
TP1
Short read data from your current history 3 shorae, 2 deteted, Hide Mo
Dl&a|Oo 634 M8 AL 3
L~
9: FastQC on data 5: & &%
) RawData
o | J:;J put feld. Separaee jobs will be mggerad for 8: FastOC on data 5: =
) ' Webpage
Contaminant list >
M T e 7: FastQCondata 4: & & x
LB @] O || : B Rawata
Prime V..,.J_,..Q-»f‘ﬂ.: :.;vj;r;jr;; RIS : + 7 6: FastQC on data 4: & &%
Submodule and Limit specifing file \i_ebmng
@] @ | & || noting selecd = 5: HG0101 OK_2fastq ® &%
T;E:;f{'.’::-:‘ii':’:."":" submodules are © be executed (defauli=a and aiso E::::L’:B'."{‘

£S5 Waming parameter 4: HG0101 OK 1 fastqg ® &%

2: HG00101 1 fastg ®| 2%
1: GRCh37 regionlfasta @ 4 x




Manage FastQC result datasets

SEraesnr P A
: >>Basi: Statistics pass
7: FastQC on data 4: = P 2 #Measure Value
RawData Filename HGE161 0K 1.fastq
TSN File type Conventional base calls
400 fnes $n:o?1;gq gggger / Illumina 1.9
ota uences
format: txt, database: TP_ref Sequences flagged as poor quality [
Sequence length 161
0 |u ? ®® w6 43
>>END_MODULE
sxFaste 8.11.5 >>Per base sequence quality fail
#Base Mean Median Lower Quartile Upper Quartile 10th Percentile 96t
»>Basic Statistics pazs 1 29.691684611016468 32.0 28.0 33.0 22.0 34.0
s St 2 31.118114767552525 33.0 29.0 36.0 22.0 37.8
b by 3 32.15332197614992 35.0 30.0 37.0 21.0 38.0
Filename H53181_OK_1.fastq 4 32.19680068143101 35.8 31.8 36.0 23.0 37.8
5 31.8536816202915 35.0 30.0 36.0 21.0 38.0
File type Conventional base calls 6 31.951164111360397 35.8 31.6 36.0 22.8 38.0
7 27.434033692977476 20.0 24.0 33.0 17.0 35.0
8 30.830967253454478 33.e 28.0 36.0 20.0 38.0
9 30.349801249290177 33.0 27.8 36.0 20.0 37.0
10-11  26.774654552337687 20.0 2.8 33.8 15.8 34.5
: 1 Tue 24 Jan 2017
1 ue an
@QFastQC Report A s
—"_ | summary
= I 3 i @Basic Statistics
Basic Statistics

Measure Value

ePer base sequence quality

Filename HGO101 0K 1.fastq
@Per sequence quality scores File type Conventional base calls
Encodi Sai / Illumina 1.9
@Per base sequence content o el s
% Total Sequences 5283
\{J Per sequence GC content Sequences flagged as poor quality ©
@Per base N content Sequence length 101
6C 43
@Se uence Length Distribution

@Se uence Duplication Levels

@Overre resented seqguences

©Per base sequence quality

Quality scores across all bases (Sanger /Il

@Ada ter Content

@Kmer Content

]

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

2 Rename « Webpage » datasets = HG0101_1.QC et HG0101_2.QC

o, £ defeted, Nide Nidden

| 684MB

| 8: HG0101 2.0C

| §: HG0101 1.0C

i 5:HG0101 OK 2fastg
| 4:HGO0101 OK 1fastq
' 3:HG00101 2fastg

: 2: HG00101 1fastg

3 Rename « RawData » datasets = HG0101_1.QC_raw et HG0101_2.QC_raw



FastQC : Summary & Basic Statistics

Summary

@Basic Statistics

@Per base sequence quality

@Per sequence quality scores

@Per base sequence content

| Per sequence GC content

@Per base N content

@Sequence Length Distribution

@Sequence Duplication Levels

@Overrepresented sequences

@Adapter Content

@Basic Statistics

Filename

File type

Encoding

Total Seguences

Sequences flagged as poor gquality
Sequence length

6L

HGP161 0K 1.fastq
Conventional base calls
Sanger / Illumina 1.9
5283

e

161

43



FastQC : Per base sequence quality

©Per base sequence quality

46
a4
a2
a0
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

o N O O ®

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

i

 —
pr—
<
{

¥, |

)\

N\

Median

Mean

> Good Quality

> Mean Quality

> Bad quality

1234567891213 1818 24-25 30:31 36-37 42-43 48-49 54.55 60-61 66-67 72-73 78-79 84-85 9081 96.97
Position in read (bp)



Fasqc : Per base sequence quality

Example OK Example KO

@per base sequence quality rer base sequence quality
Quality scores across ali bases (Sanger / lllumina 1.9 encoding) Quality scares across all bases {lllumina 1.5 encoding)
a5
. e SRR R LT
TTT
ol T AR A % T
38| THO oLl B|Rjuju(n | “‘-II 28 = T HH
Binie N 1 - -
36| H | T 2 T ulm
34 M Ty 1) 2 : |
32 11 g UL LY 1] N 24 i
30/ 1§ L= ] s LA I AT
28 et ™ - -
20 - it
26
24 18
221~ S 16
20 4
14 L
18
16 £ 12
4 10
12 .
10
8 6
s B
4
2 [ S5 15 ) 5 () 5 S S S S|
2
0 - -
0 1234567801213 1819 24.25 30-31 36:37 4243 48-49 54.55 60-61 66.67 72.73 78.79 54.85 90.91 96.97 12345678910 12 14 16 18 20 22 24 26 28 30 32 34 38 38 40
Position in read (bp) Posttion in read (bp)
Source :

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



Fastqgc : Per sequence quality score

Example OK Example KO

@per sequence quality scores QOrer sequence quality scores

Quality score distribution over all sequences

Quality score distribution aver all sequences
Average Quality per rea

i Average Quality per read 60000 Average Qualty per read
500 0000
400 40000

30000
300

20000
200

10000
100

; ¥—_—//

0 2 3 45 6 7 8 910111213141516171819 20 21 22 23 24 25 26 27 28 29 20 31 32 33
-

2345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 Mean Sequence Quality (Phred Score)

Mean Sequence Quality (Phred Score)
Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

bad_sequence_fastqgc.html



FastQC : Sequence Length Distribution
& Per sequence GC content

@Sequence Length Distribution Per sequence GC content

Distribution of sequence lengths over all sequences .
GC distribution aver all seguences

5000 GC cour
200 Theoret
175

4000
150

3000
125
100

2000
7%

1000 S0
23

0 100 101 102 X

Sequence Length {bp) Y 0246811 15 19 23 27 31 35 39 43 47 S1 S5 59 63 67 71 75 79 83 &7 91 o5 99

Mean GC contert (%)



FastQC : Per base sequence content

Example OK Example KO

@Per base sequence content Per base sequence content
Sequence content across all bases Sequence content across all bases

100 : 100

6 C %
90 90
80 80
70 0
60 9
50 50
40 40
30
20
10 10
0 1234567891213 1819 2425 30:31 36:37 42-43 48-49 54.55 6061 6667 72.73 78-79 84-85 S0.91 96.97 9 12345678910 12 14 18 18 20 22 24 26 28 30 32 324 35 38 40

Position in read (bp) Position in read (bp)
Source :

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



FastQC : Per base N content

Example OK

@Per base N content

40

-]

N content across all bases

1

2345678951213 18:19 24.25 30:31 36:37 4243 48-49 54.55 6061 6667
Position in read {bp)

72:73 78-79 £4.8S 90.9]1 96.97

100

70

W
o

Example KO

@Per base N content

N cantent across all bases

224567910 12 14 16 18 20 22 A 26 28 30 P 24 35 38 40
Positian in read (bo)

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



FastQC : Overrepresented sequences

Example OK Example KO

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



FastQC : Sequence Duplication Levels

Example OK Example KO

P
@Sequence Duplication Levels

Sequence Duplication Levels

I Percert of seqs remaining # deduplicated 56.28% I

100 I Percent of seqgs remaining ¢ deduplicated 65.11% I
% Dedupicated sequence 100
% Total sequences Dedupicated sequence
80 % Tatal sequences
90
)
e0
70
70
60
60
50
50
50
40
40
30
30
20
20
10
10
% "3 2 3 4 5 6 7 & & 510 =50 =100 >500 >lk >S5k =10k = e \
Seauence Dualication Level 1 2 2 4 S 6 ? g -] =10 S0 100 >t 0 =1 Sk =10k

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



100

S0

40

FastQC Adapter Content

Example OK

@Adapter Content

% Adapter

18

2456789

1213 1819

24.25 30-31 36:37 42.43 4849 S4.55 60461 6647
Position In read {(bp)

72:73 78.79 84.85

Example KO

@Adapter Content

% Adapter
100

90

¢ T2 34 5 € 7 e-.910111::3;:15161?13:9:3::::33::E

Position in read (bp)

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



FastQC — Example with PacBio

ePer base sequence quality “Wsequence Length Distribution
Quality scores across all bases (Sanger / lllumina 1.9 encoding) Distribution of sequence lengths over all sequences

= Sequence Length
32 16000
30
28 14000
26
24 12000
22
20 10000
18
: U]
14 iF ]: I]:
12 = 6000
10

ol m |t 4000

AT

L
4 2000
AT
G il T T T T T T T )

Il
1 223458788 400500 120012368 2200.2389 3200.3389 42004368 S200.5389 6200.6309 0168 600.799  1400-1599 22002398 3000-3199 3800.3999 4600-4799 S400.5599 620046359

Position in read (bp) Sequence Length (bp)

Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
pacbio_srr075104_fastqc.html



Cleaning Reads

. Filtering adapters
. Filtering & trimming reads
. Comparing quality before and after cleaning



Filtering & trimming

. Filtering = remove reads

- Based on quality or size criteria

. ITrimming = 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 ©per base sequence quality
Quality scores across all bases {Sanger / lllumina 1.9 encoding) Quality scares across all bases {lllumina 1.5 encoding)
46
o : ¥R R LT -
: T LITT ST TT el UL IITTT
i ATed I
i llll« aﬁ T | HHL [T '[I 5 o L
3| & THIH . (I il -~ N HHE
_____ L T 28 =

36| | o _I 5 T q o -
XY b T == L | e S BB A ¥ o d | 2 Y L
32 =l 0T e Alef )| AR N 24 I
30 AL = “““_____ 22 LI L - B |
28 T 20 Lo ) I~
26 AL >
24 18
221 2l 16
2 14
18
16 b 12
14 10
12 o
10
8 6
6 “
4

> HEdL 1
2 2

o
. 1234567891213 18:1% 24-25 30-31 36-37 42-43 48-49 S4-55 60-61 66-67 72-73 78-79 84-85 9081 96.97 12345678910 12 14 16 18 20 22 24 26 28 30 g32 34 36 38 40

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

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



Filtering

Remove reads with bad mean quality —
Exemple OK Exemple KO
Qper sequence quality scores @per sequence quality scores
Quality score distribution over all sequences Quality score distributign aver all sequences
Average Quality per read 60000 Average Qualty per read
1000
50000
800
40000
600
30000
400
20000
200 10000 /\

45678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 2 345 6 7 8 910111213141516171819 2021 22 23 24 25 26 27 28 29 20 31 32 33
Mean Sequence Quality (Phred Score) Mean Sequence Quality (Phred Score)
Source :
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
bad_sequence_fastqc.html



Reads cleaning (Trimmomatic) 1/2

Bolger, A. M. and Lohse, M. and Usadel, B.
1 (2014). Trimmomatic: a flexible trimmer for
lllumina sequence data. In Bioinformatics,
30 (15), pp. 2114-2120

LSt

A

Trimmomatic Siexible read rimming tool for Bumina NGS data (Galaxy Version 0.36.1) v Opsons

paired end data?

Yes

Input Type

Par of datasets -
Input FASTQ file
B | @& | Of| 4:HG0101_OK_1fasyg
Input FASTQ file
O] @& | Of|s5:Hc0101_0K_2fasy

Parform initial ILLUMINACLIP step?

Adapter sequences to use X \

1 Choose files

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

> 2 Parameters for adapters

How accurate the match between the two "adapter ligated' reads must be for PE palindrome read alignment

How accurate the match between any adapter etc. seq must be

gainst a read




Reads

< Insert Trimmomatic Operation

Trimmomatic Operation
1: Timmomatic Operation

Select Trimmomatic operation to perform

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

Minimum quality required to keep a base

Bases at the start of the read with quality below the threshold will be removed

2: Timmomatic Operation

Select Trimmomatic operation to perform

Cut 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 quality below

3: Trimmomatic Operation
Select Trimmomatic operation to perform
Shding window trimming (SLIDINGWINDOW)
Number of bases to average across
4
Average quality required
20
4: Tnmmomatic Operation

Select Trimmomatic operation to perform

Drop reads with average quality lower than a specified level (AVGQUAL)

Minimum average quality required to keep a read

5: Tnmmomatic Operation
Select Trimmomatic operation to perform
Drop reads below a specified length (MINLEN)
Minimum length of reads to be kept

20

J \

-’

cleaning (Trimmomatic) 2/2

Add operations (cleaning steps) :

. 1 : LEADING : Cut bad quality 5' bases

. 2 : TRAILING:Cut bad quality 3' bases

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

L 4 AVGQUAL : remove reads with bad
mean quality

> 5 : MINLEN : Remove small size reads

+ QOutput trimmomatic log messages?: Yes



17: Trimmomatic on
HGO0101 OK_2.fastq (R2
unpaired)

16: Trimmomatic on
HG0101 OK_1.fastg (R1
unpair:

15: Trimmomatic on
HG0101 OK &M (R2
paired)

14: Trimmomatic on
HGO0101 OK_1.fastg (R1
paired)

@ &

@ &

@ &

@ &

Trimmomatic : Results

Unpaired reads2 (corresponding reads1 has been removed during cleaning)

Unpaired reads1 (corresponding reads2 has been removed during cleaning)

Reads2 after cleaning

Reads1 after cleaning

How many paired reads after cleaning ?
Are there any trace or log of what happens
during cleaning ?

Tool: Timmomatic

g

Number: 14

Name: Trimmomatic on HGO101_OK_1.fastq (R1 paired)

Created: Wed 25 Jan 2017 09:55:35 AM (UTC)

Filesize: 798.8 KB

Dbkey: TP_ref . . .

T " T From summary, click on « i » icon
y Tool ID: toolshed.g2. bx. psu.edu/repos/pjbriggs/ 0.36.1

Galaxy Tool Version: 0.36.1

Tool Version:

rossms oo ] Look content of « stdout »

i M ROREOR This contains all messages send by this

o tool during execution.

uuiD: 64538bfe-20ca-4c93-5738-24

refc6041d44




Trimmomatic : 2nd try

Run this tool again after changing AVGQUAL parameter value to 25

14: Trimmomatic on @ & X
HGO0101 OK 1fastg(R1

paired)

4,063 sequences

formar fastgsanger. dambase: TP_ref

TrmmomascPE: Stared with
arguments:

-fhreads 1 -phred33 fbigalaxy-
distdatabase/fles000/dataset 387 dat

S B K ve
= ]
]

1 Use one of the datasets produced by previous analysis

2 Click on « Run this job again » icon

All parameters are pre-sets with values
used in the previous execution

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.fastq 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 ' ™ Galaxy x _

Connect to access history and datasets € © 193s0sa8/pron/sazraravlacsee | & [/ Q Rechercher *B 9 3 A

= 5 | ®FastQC Report woeies ouLteatn |
\

ViS U a I ize d atasets :‘_% Summery. Qper base sequence quality

=
e S .
HG101 OK 1.CQ = (== i —
e - i i &
HG101_clean_1.QC = e fhn T i, [
- = o T e
ST Dee | | s 10
by Qe | ‘ ! [EEEEET—
= @e- ST T [e—
- Qe " | | | i sy
o > S—p— . | e
sucoe 12| vLﬁl’n!v
m 1234567091213 3010 2633 2003 . {'.': 42:’3;‘,;".1 6547 72.73 TH.79 BA4S 8061 9447
(- i) | 193.50.94.18/proxy/gq2FzfP3DkxCScC Rechercher

Q
0
b3
i
a
€
»
]

:

| Mty coem
5 | @FastQc Report 00101 chasn Leata [
%Mw«‘ Summary @Per base sequence quality i b e
o (raadty scores acrzus of baves (Sanger / Sumins 1.9 srcode | 16310 -
e Qs sussc s %_m_n —
Db womoce i u = T AT TaT T | P
. srins - rarx RO SR : e cre
Drece ensnt o IAUT. [} i J RN N bEAT m
e ST Hif lT 7 [ [
Qrece o[ [LLEHTTH L -‘ [momsee o0
Qe e | >[I | o 2 )
(7 EOp— [Emm———— x
(7 o i [re—— x
Deer | o 1y .
s | 1-comet gt




Compare quality control
before / after cleaning

Solution 2 : Use Galaxy « Scratchbook » to manage Galaxy
windows

1 « Enable Scratchbook »

= Galaxy yre Daa 2 @

@FastQC Report HGO101 clanm 1 fasty

Summary “ SONNOAAHTHEHE ! R
ilml=|=i'|1§i!{’£!!;?{ei?“=l"‘-‘ | U
sic Shatistics e e eHHHE ; LT TH
s S f’f I RO :
l i

2 Visualize dataset
Qper base sequence guali
-, HGO0101_clean_1.fastq
@Per base sequence content
&) Per sequence GC content
@Per base N content

@9 sequence Length Distribution 1e
@guence Duplication Levels 12

EAvermenmsented seanences

Produced by FastQC (version 0.11.5)

3 Visualize dataset
HG0101_OK 1.fast

q

®FastQC Report HGO101 OK 1.faste

Summary 4 JEqpanngs: IIIﬂIIT TTrTTTT I

40
@Basic Statistics : IIIII II
Oper base seguence guality :I-— AL
2} 4
M
!

]

 — |
|

T T

E— |

T -

T J=—dq
T =

3—

Jd

diRigy
@Per sequence quality scores
@Pev base sequence content
@9 Per sequence GC content |
@per base N content (= AL
@guence Length Distribution :: \-
@guence Duplication Levels | 4

aﬁvnnnnrwmnd SANENCeS

Produced by FastQC (version 0.11.5)

24




Compare quality control

Solution 3 : Use MultiQC
Multi@C

General Stats
Trimmomatic

FastQC

before / after cleaning

Unique Reads @ Duplicate Reads

© Help

Sequence Quality Histograms

The mean quality value across each base position in the read

Y-Limits:

FastQC: Mean Quality Scores

40

30
é 20
10
0

0 20 40 50 60 70 80 90 100

Position (bp)
Per Sequence Quality Scores @ Help
Y-Limits

The number of reads with average quality scores. Shows if a subset of reads has poor quality

FastQC: Per Sequence Quality Scores




Quality control before & after cleaning

HG0101 OK_ 1.QC

@Basic Statistics

T T

Filename

File type

Encoding

Total Seguences

Sequences flagged as poor quali
Seguence length

%6C

HGO161 0K _1.fastq
Conventional base calls
Sanger { Illumina 1.9
5283

161
43

@prer base sequence quality

Qualty scoces across all bases (Sanger / Bumina 1.0 enceding)

2| st 1 A
=

-

“ IIIIIIIIIIT

LAALLLL LA Ll LA

T 1234%678912131819 2423 30

30-37 4243 4849 5455 6061 6667 72-73 78-79 8485 9091 9607

Postion in read (bo)

HGO0101 _clean_1.QC

@Basic Statistics

Filename HGO161 clean 1.fastq
File type Conventional base calls
Encoding Sanger / Illumina 1.9
Total Seguences 4060

Sequences flagged as poor quality ©

Sequence length 20-101

*6C 42

@per base sequence quality

Quaity scores across all bases (Sanger / Bumina 1.0 enccding)

"o o

1234367891213 1849

24:2% 3031 3637

42-43 £8-49 3499 6061 6007 72.73 78-79 B4ES 90-0]) 9607
Posttion in read (bp)



Quality control before & after cleaning
HG0101_OK 1.QC HGO0101 _clean_1.QC

@Sequence Length Distribution Sequence Length Distribution

Distrizetion of sequence lengths over sl sequences Destrsesien of sequence lengths over 3l sequences
0 o
%0
e
1%
¥
10 5
Sequerce Length (bp) Y1819 2423 3031 3837 4243 4849 545 879 9453 ol o 02-10
e Sequerce Le
@per sequence quality scores @Pper sequence quality scores
Quaty scero dutristion over o8 sequtnce G e
24 ‘ _B
~ 2 4587 L is i 0 22 4 2 e <
ot e a ’ & " o] 8 9 3. 3 kL) 8 a0
Mean Sequence Qualty (Phred Score) Mean Sequence Qualty (Phred Score)




