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Treatment of
Raw NGS Data

Cleaning, Formatting,
Assembly, Mapping

-, 2T

Ce TP a pour but de vous initier au traitement des
données brutes NGS de maniéere a les mettre en
forme pour les utiliser dans une analyse SNP
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TD Goals
1- Understanding a FASTQ file
2- Cleaning lllumina/FASTQ dataset
3- Perform an Assembly

4- Perfom a mapping of lllumina data upon a reference sequence

5- Clean a multiple SAM file

B ST
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FASTQ file -~ TEXT file

STRUCTURE:

@MWUSI - EASA54_0006: 1: 112: 14105: 5498#CTTGTA

CGCCAAGAAGT GTAGCAAAACGGCAGAGCT CGT GGAT TAAACAAACAGAGGAT TTCGGT GAGGAT TGAGGGGGAGT
¥

cfffcfeffdeefefffcffifffffcifeffffdifffafcfffffdffffdfefeddf eececfffdfcbffb
@WUSI - EAS4A54_0006: 1: 37: 16314: 3410#CTTGTA

AGTGTAGCAAAACGGCAGAGCT CGTGGATTAAACAAACAGAGGAT TTCGGT GAGGAT TGAGGGEEGAGT GGT GECCG
n

“bTbbccccceeeeeceeeecccYeedded' ceec] dddde”a” deeeec\ " dddcbaadadyd ]] Jc_"bc ™\

B, --ZTEEE

Le format utilisé couramment pour les données
brutes est le FASTQ (Fasta + Quality)
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@HWUSI - EAS454_0006: 1: 112: 14105: 5498#CTTGTA
CGCCAAGAAGT GTAGCAAAACGGCAGAGCT CGT GGAT TAAACAAACAGAGGAT TTCGGT GAGGAT TGAGGGEGGAGT
+

cfffcfeffdeefefffcffffffffcffeffffdffffafcfffffdffffdfefeddf eececfffdfchbffb

B ST

Une seule séquence de type NGS est représentée en
format FASTQ (Fasta + Quality) par 4 lignes
difféerentes
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@HWUSI - EAS454_0006: 1: 112: 14105: 5498#CTTGTA

dicdedIRD ==
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CGCCAAGAAGT GTAGCAAAACGGCAGAGCT CGT GGAT TAAACAAACAGAGGAT TTCGGT GAGGAT TGAGGGGGAGT
+

cfffcfeffdeefefffcffffffffcffeffffdffffafcfffffdffffdfefeddf eececfffdfchbffb

B ST

Son nom doit etre unique dans le fichier
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Sequence, IUPAC

@HWUSI - EAS454_0006: 1: 112: 14105: 5498#CTT/

CCGCCAAGAAGT GTAGCAAAACGGCAGAGCT CGT GGAT TAAACAAACAGAGGAT TTCGGT GAGGATTGAGGGGEGAGT . >

pour le développement

+

cfffcfeffdeefefffcffffffffcffeffffdffffafcfffffdffffdfefeddf eececfffdfchbffb

B, --ZTEEE

Sa séquence est au format en général ATGC mais
peut etre aussi au format IUPAC, incluant les codes
dégenerés YRM...
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@HWUSI - EAS454_0006: 1: 112: 14105: 5498#CTTGTA

CGCCAAGAAGT GTAGCAAAACGGCAGAGCT CGT GGAT TAAACAAACAGAGGAT TTCGGT GAGGAT TGAGGGEGGAGT

)

cfffcfeffdeefefffcffffffffcffeffffdffffafcfffffdffffdfefeddf eececfffdfchbffb

B ST

Cette ligne peut n'etre que le symbole '+' ou bien '+
suivi du nom de la sequence (ex +tMASEQUENCE)
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@HWUSI - EAS454_0006: 1: 112: 14105: 5498#CTTGTA
CGCCAAGAAGT GTAGCAAAACGGCAGAGCT CGT GGAT TAAACAAACAGAGGAT TTCGGT GAGGAT TGAGGGEGGAGT

+

fcfeffdeefefffcffffffffciffeffffdifffafcfffffdffffdfefeddf~eececfffdfcbffb

Quality, ASCII

B ST

La qualité est codée en ASCII, maniére informatique
de coder des valeurs numériques sur un seul
caractére
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5555555555555 555555555585585555 55888888 S . .t it e e e e e
.......................... PG OO O IN OO0 0P 0IEE IO 00000000 00.0.0.0.0.000 00 S
............................... 0 0 0 0 0 O
................................. JJ3133333333333333333333333333333333333T 0 s i e e
O 1
V" #$%&" ()*+,-./0123456789: ; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]~ “abcdefghijklmnopqrstuvwxyz{|}~

I I I I
33 59 64 73 104 126

S - Sanger Phred+33, raw reads typically (@, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (@, 40)
J - Illumina 1.5+ Phred+64, raw reads typically (3, 40)

with O=unused, l=unused, 2=Read Segment Quality Control Indicator (bold)
(Note: See discussion above).
L - Illumina 1.8+ Phred+33, raw reads typically (0, 41)

B, --ZTEEE

L'echelle de codage dépend du type de codage.
L'echelle a toujours 40 unites, mais son démarrage
dépend du type de codage
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@HWUSI - EASA54_0006: 1: 112: 14105: 5498#CTTGTA
CGCCAAGAAGT GTAGCAAAACGGECAGAGCT CGT GGAT TAAACAAACAGAGGAT T TCGGT GAGGAT TGAGGGGGAGT

+
cfffcfeffdeefefiffcffffffffcffeffffdffffafcfffffdffffdfefeddf~eececfffdfcbffb

Ici, le 'f' [llumina
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@HWUSI - EASA54_0006: 1: 112: 14105: 5498#CTTGTA
CGCCAAGAAGT GTAGCAAAACGGECAGAGCT CGT GGAT TAAACAAACAGAGGAT T TCGGT GAGGAT TGAGGGGGAGT

+
cfffcfeffdeefefiffcffffffffcffeffffdffffafcfffffdffffdfefeddf~eececfffdfcbffb

f — Quality of 38

Represente une qualité de 38
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Quality value Qis an integer mapping of p (i.e., the probability that the
corresponding base call is incorrect).

pour le développement

s’l’ |
Q = -10 long
8 -
or
=Q
. P =107
s p
o4 Qsole.:m—prior tov..a = —10 Ing IT
3 _ p
o -
I T T T I
0.0 0.2 0.4 0.6 0.8

En fait, plus la qualité est proche de 40 (max
théorique en séquencage), moins la base a des
chances d'avoir été mal lue.
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Jeux de donnees utilises dans les modules de formation de I'equipe ID. Chague module est st

™ b & Annotstion gene ~

" b £ Annotstion transcriptome ~
[T b [ Phylogenie +
r
r
r

P = PI’EP!’OCESSiI‘Ig and MEQQH"IQ -
b 2 sne +
b= v2~

For selected items: | Import selected datasets to histories j Go I

B ST

Récupération des données
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" Picking Up DATA

Data Library “Formation™

| 1
i

RC10 1.fastg ¥

RC10 2.fastg +

Jeux de donnees utilises dans les modules de formation de I'equipe ID. Chague module est st RC1 1festg ~

RC1 2.fastg +

RCZ2 1.fastg +
P [ Annotation gene ¥

P [ Annotation transcriptome

I [ Phylogenie

RC2 2.fastg ~
RC3 1.fastg +

RC3 2.fastg +
RC4 1.fastqg +

I [ PreProcessing and Mapping ¥

b 2 sne +
RC4 2.fastq +

RCS 1.fastg ¥

-
-
=
-
-
-

b= v2~

For selected items: | Import selected datasets to histories j il RCS 2.fast
.fa v

RC6 1.fastg +
RC6 2.fastg +
RC7 1.fastg ~
RC7 2.fastg ¥
RC8 1.fastg +
RC8 2.fastg +

neA A ke

B, --ZTEEE

Chaque traitement doit se faire individu par individu.
Ici, on traite deux fichiers par individus (séquence
pairée)

LI e e e e T e e T e s e e M i M |
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RC10 1.fastg ¥
RC10 2.fastg +
RC1 1.fastg +
RC1 2.fastg +

Jeux de donnees utilises dans les modules de formation de I'equipe ID. Chague module est st

RC2 1.fastq «
P [ Annotation gene ¥

b [ Annotation transcr\'ggome -
b 2 Phylogenie ~

RC2 2.fastg ~
RC3 1.fastg +
RC3 2.fastg +
RC4 1.fastg +

[ PreProcessing and Mapping +

b 2 sne +
RC4 2.fastq +

RCS 1.fastg ¥
RC5 2.fastg +

i A e M i R |

b= v2~

For selected items: | Import selected datasets to histories j Go I

RC6 1.fastg +
RC6 2.fastg +
RC7 1.fastg ~
RC7 2.fastg ¥
RC8 1.fastg +
RC8 2.fastg +

neA A ke

[T RCl 1.fastq +
[T RCL 2.fastqg +

LI e e e e T e e T e s e e M i M |

Chaque groupe aura un individu spécifique assigné
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FASTQC: quality control

http://www.bioinformatics.bbsrc.ac.uk/projects/download.html#fastqc

R FastqC =1 B =)

Eile Help

‘ bad_sequence. bt | good_sequence_short,bet

Basic Statistics

©

Quality scores arross all bases (Tlumina v1.3 encading)

@mmmmtv - IR

Per sequence quality scores a0 [
Per base sequence content - [ A L] (1L
Per base GC content
Per sequence GC content |22 r ! 1|

Per base N content

Sequence Length Distribution(16

1
Sequence Duplication Levels

Overrepresented sequences [

Kmer Content

OOO00OO00

L

1 3 S 7 9 11 13 15 17 19 21 23 25 2¢¥ 29 31 33 35 37 39

FASTQC permet un contrble rapide de la Qualité des
données
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e oty caricai FASTQC: quality control

s Control composition sequence
Percentage and number of CG in a
Sequence

SouthGreen -~ & | . g@@ RD =

= Cutadapt Remove adapter
sequences from Fastg/Fasta

» Filter FASTO (ARCAD) on Length
and Mean Quality

ngFastOC quality control checks on
raw sequence data

B, --ZTEEE

FASTQC peut etre lancé dans le Galaxy SouthGreen,
mais peut aussi etre telechargé indépendamment
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. NGS: — FASTQC: quality control

s Control composition sequence
Percentage and number of CG in a
Sequence

= Cutadapt Remove adapter
sequences from Fastg/Fasta

» Filter FASTO (ARCAD) on Length
and Mean Quality

ngFastOC quality control checks on
raw sequence data

FastQC (version 1.0.0)

FASTQ reads:

9 Sam_from_BWA j

Contaminants:
| selection is Optional E
Tweo fields per line separated by a TAB: name DNA_sequence. For example: Illumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA

Execute
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FASTQC: quality control

@FastQC Report

Summary

e Basic Statistics e Basic Stati

@ Per base sequence quality

Filenane
@ Per sequence quality scores File type
@ Per base sequence content Enenisig

Total Sequences

@ Per base GC content

Q
@ Per base N content
(1]
Q
Q

@ Kmer Content

Filtered Sequences

Per sequence GC content

Sequence length
%6C

Sequence Length Distribution

Sequence Duplication Levels

Overrepresented sequences

Thu 26 Jan 2012
inputl.fastq

stics

Measure Value

inputl. fastq
Conventional base calls
Ilumina 1.5

16322

o

75-76

@ Per base sequence quality

Quality scores across all bases (lllumina 1.5 encoding)

= |

e
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@ Per base sequence quality

Quality scores across all bases tllumina 1.5 encoding)

L BE =

36 |

34 ——

1 2 3 4 5 6 7 8 9 10-14 20-24 30-34  40-44  50-34  60-64  70-74
Position in read (bp)
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Cleanlng DATA

NGS: lity Control

= Control composition sequence
Percentage and number of CG in a
Sequence

= Cutadapt Remove adapter —_—
sequences from Fastq/Fasta

B, --ZTEEE

CutAdapt a la fois nettoie les données des
adaptateurs restants, mais permet aussi d'éliminer
et couper les séquences de maniére a n'avoir que
des bases de haute qualité. Cela permet d'éviter
les faux positifs plus tard.
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La similarite avec un adaptateur doit etre de 7 bases
minimum, avec une erreur de 10%. En dessous de
/ bases, trop de séquences de bonne qualité sont
eliminées. Au dela, trop d'adaptateurs restent dans
les données.

La taille minimale a conserver est de 20.

La qualité de toutes les bases restantes doit etre de
20 minimum.
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= Control composition sequence
Percentage and number of CG in a
sequence

= Cutadapt Remove adapter
sequences from Fastg/Fasta

u Filter FASTO (ARCAD) on Length +————
and Mean Quality

IRD=V!

Institut de recherche
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Cleaning DATA
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NGS: Quality Control Cleaning DATA

= Control composition sequence
Percentage and number of CG in a
sequence

Institut de recherche
pour le développement
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= Cutadapt Remove adapter Filter FASTQ (ARCAD) (version 1.0.0)

sequences from Fastg/Fasta FASTQ File:

w Filter FASTO (ARCAD) on Le | 7: inputl.fastq =|

and Mean Quality Requires groomed data: if your data does not appear here try using the FASTQ groomer.

Minimum read length:

Mean of qualities:

**What it does ** Filter reads based on their length and their qualities mean values
System Message: WARNING/2 (<string=, line 3); backlink
Inline strong start-string without end-string.

B, --ZTEEE

FilsterFastq Arcad va encore nettoyer en eliminant
les seéquences de moins de 35 bases, et qui ont
une qualité MOYENNE de moins de 30.
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NGS: lity Control - -
= Control composition sequence Verlfyl ng DATA
Percentage and number of CG in a

sequence

pour le développement

= Cutadapt Remove adapter
sequences from Fastg/Fasta

= Filter FASTO (ARCAD) on Length
and Mean Quality

= FastQC quality control checks on
raw sequence data

= Separate Fastg pair and single

Filter FASTQ file on unpaired
/ read.

B, --ZTEEE

[l faut vérifier maintenant que les données sont bien
encore en paires, ie que chaque séquence forward
ai bien une sequence reverse associee. Sinon, le
mapping ne pourra pas se faire.
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v = Control composition sequence

Percentage and number of CG in a

sequence

= Cutadapt Remove adapter
sequences from Fastg/Fasta

= Filter FASTO (ARCAD) on Length
and Mean Quality

= FastQC quality control checks on
raw sequence data

= Separate Fastg pair and single
Filter FASTQ file on unpai

Institut de recherche
pour le développement

Verifying DATA

Separate Fastq pair and single (version 0.5)

forward fastq file input:

read.

| 7:input1.fastg =|

reverse fastq file input:

7 inputl.fastg j
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Your Data are ready for use
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S == IS IE=
reads ] ]
Sequence

contigs

V

Scaffolds

Read pair Read par Read pair

Mapped | - |
sy Om—O—

o et s

Genome
map | MO Qe >
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Concatenate all files

UNTESTED TOOLS

Text Manipulation

= Add column to an existing it
CLETE Concatenate Dataset:
= Compute an expression on [B € History does not include a
Eevery row required format / build
» Concatenate datasets Datasets
tail-to-head Dataset 1
Select:
§ |
Remove Dataset 1
Add new Dataset
Execute

B ST

L'assembleur MIRA demande a ce que les données
soient réunies dans un seul fichier d'entrée
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ASSEMBLY

m Assemble with MIRA Takes
Sanger, Roche, and Illumina
data

B ST
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Assemble with MIRA
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Assembly method:

De novo i

Mapping mode requires backbone/reference sequence(s)

Assembly type:

EST (transcriptome) i

/ Assembly quality grade:

MNormal i
Backbones/reference chromosomes?:

o M

Required for mapping, opticnal for de novo assembly.

Sanger/Capillary reads?:

o M

454 reads?:
No i
olexa/Illumina reads?:

Yes i
Execute

B, --ZTEEE

Il faut bien annoncé que nous travaillons sur un set
de donneées d'expression, sinon, le logiciel tentera
de relier tous les contigs entre eux. Or, un gene
exprimé sous forme ARN est physiquement
indépendant d'un autre.

Il faut aussi signaler au logiciel que les données sont
de type lllumina, pour permettre d'optimiser
I'assemblage
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":ai;-BLAST contlgs upon reference database

Le BLAST permet de comparer des sequences
requetes a une base de données de séquences
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ToOoLS

Convert Formats

Evolution

Filter and Sort

Gene/Protein prediction

NGS: Quality Control

NGS: Mapping

NGS: SAM/BAM Manipulations
NGS: SNP Detection

Protein Structures
Sequence comparisons " BLAST+ blastn (MC) Search nucleotide

database with nucleotide query sequence(s)
BLAST+ blastp (MC) Search protein database
with protein query sequence(s)

® BLAST+ blastx (MC) Search protein database
with translated nucleotide query sequence(s)

B ST

Ici nous utilisons un BLASTN, nucleique vs nucleique



SouthGreen -

S bioinformatics platform t

BLAST contigs upon reference database

Institut de recherche
pour le développement

ToOoLS

Convert Formats
Evolution

Filter and Sort
Gene/Protein prediction BLAST + blastn (MC)
NGS: Quality Control

NGS: Mapping

NGS: SAM/BAM Manipulations

Nucleotide query sequence(s):
102: Gblocks on dats 96 hd

Subject database/ sequences:
NGS: SNP Detection m
Protein Structures

Sequence comparisons " BLAST+ blastn (MC) Search nucle i
database with nucleotide query ségue fnt o
® BLAST+ blastn (MC) Search drotein of TYPe ot BLAST:
5 = megablast
with protein query sequenge(s) i
® BLAST+ blastx (MC) S€arch protein o |- J2mshor

with translated nucl#otide query sequ!
Set expectation value cutoff:
|0.001
Output format:

bular (standard 12 coumns) =
Advanced Options:

Hide Advanced Options v

Execute

La base de données de référence est NT
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Mapping: Place 'pair-ended' reads upon a reference

1- Calcul of positions for each reads

B, --ZTEEE

Nous entrons au coeur des analyses NGS pour les
SNP, le mapping, ou comment positionner les
sequences sur une reference.
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Mapping: Place 'pair-ended' reads upon a reference

IRD=V!

Institut de recherche
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1- Calcul of positions for each reads

2- Relationship between each member of the pair

B ST
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Mapping: Place 'pair-ended' reads upon a reference
1- Calcul of positions for each reads
2- Relationship between each member of the pair

3- Selection of the most probable respecting specific conditions

B ST
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Mapping: Place 'pair-ended' reads upon a reference
1- Calcul of positions for each reads
2- Relationship between each member of the pair

3- Selection of the most probable respecting specific conditions

4- SAM output format editing

B ST



SouthGreen
Mg%é‘z’giotinl;!nnatis platform > X - i “ I]E:EJ
. ‘! b i iy *}!p / i f Institut de racherche

Mapping

NGS: Mapping
—— p»-= Map with BWA for Illumina

lations

Nous allons utiliser BWA (Burrows-Wheeler Algoritm,
Li et al 2009) pour 'mapper' nos séquences pairées
et singles sur la référence.
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Map with BWA for Illumina (version 1.2.3)

‘Will you select a reference genome from your history or use a built-in index?:

a builtn index =

Un set de parametres classiques est pré-défini. Ce
set permet de travailler avec a peu pres toutes les
données sans trop de soucis.

Il peut etre optimisé pour une analyse spécifique.
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Mapping

Map with BWA for Illumina (version 1.2.3)

‘Will you select a reference genome from your history or use a built-in index?:
Use a built-in index =|

Select a reference genome:
‘O5ativa_transcriptome j

Is this library mate-paired?:
Single-end |

FASTQ fil

7: input1.fastg =

FASTQ with either Sanger-scaled quali

alues (fastqsanger) or Nllumina-scaled quality values (fastqgillumina)

BWA settings to use:
Commonly Used |
For most mapping needs use Commenly Used settings. If you want full control use Full Parameter List

Suppress the header in the output SAM file:

=
BWA produces SAM with several lines of header information
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Map with BWA for Tlumina (version 123

Soul:h G reen a ; IRD=
S bioinformatics platform N P i“
i #;}p / f 1y recherche

Mapping

Il existe beaucoup de parametres modifiables. Tous
ces parametres sont décrits et expliqués en détails
sur la page de téléechargementdu logiciel BWA,
http://bio-bwa.sourceforge.net/
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pour le développement
E Reference From Hlstory.

Shared data/Data Library/Formation/SNP/reference.fas.txt

Library:
Paired-end or Single-end, depending

FASTQ files:
From your History (cleaned data)

BWA setting to use:
Commonly Used

Do not select “Suppress the header in the output SAM file”

CI ICk Execute

B ST
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Suppose we have the following alignment with bases in lower cases clipped from the alignment. Read
r001/1 and r001/2 constitute a read pair; r003 is a chimeric read; r004 represents a split alignment.

Coor 12345678901234 5678901234567890123456789012345
ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
+r001/1 TTAGATAAAGGATA*CTG

+r002 aaaAGATAA*GGATA

+r003 gcctaAGCTAA

+r004 ATAGCT.............. TCAGC
-r003 ttagctTAGGC

-r001/2 CAGCGCCAT

The corresponding SAM format is:

@HD VN:1.3 SO:coordinate
@SQ SN:ref LN:45

r001 163 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *
r002 O ref 9 30 3S6MIP1I4M * 0 O AAAAGATAAGGATA *
r003 O ref 9 30 5HEM * 0 0 AGCTAA *  NM:i:1
r004 O ref 16 30 6M14N5M * 0 0 ATAGCTTCAGC *
r003 16 ref 29 30 6H5M * 0 0 TAGGC *  NM:i:0
r001 83 ref 37 30 9M = 7 -39 CAGCGCCAT *

Le format SAM est un format normalise, tabulé et de
type .txt, et aura toujours la meme structure. Le
détail du format est disponible ici
http://samtools.sourceforge.net/SAM1.pdf
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Input format:

ECE] Sorting SAM by coordinate

SAM:

alues [
9: Sam_from_BWA ~|

Output format:

Please cite:
i TODO
Overview

Description plus complet
sssssssssssss : WARNING/2 (<strings, li

nnnnnnnnnnnnnnnnnnnnnn

. tes
= covers: des
simple
= Depth each
s
= flagstat provides simple stats on
BAM files
PICARD TOOLS
SortSam Trie les entrees des
fichiers SAM

Les analyses suivantes demandent un fichier de
mapping trié par coordonnées de la référence, et
non pas dans l'ordre d'entrée des séquences.

Ici, en plus, nous demandons une sortie en BAM,
forme binaire (compressé) du SAM. Ce fichier n'est
plus lisible par I'nomme.
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= Filter SAM on bitwise flag
values

» Convert SAM to interval

= SAM-to-BAM converts SAM
format to BAM format

v Bt S corverts M Removing technical duplicates

format to SAM format

= Merge BAM Files merges BAM

om
dataset

= Filter pileup on coverage and
SHPs

= Pileup-to-Interval condenses
pileup format into ranges
bases

» rmdup remove PCR duplicates

B, --ZTEEE

Il est important d'enlever les duplicats techniques
(meme couple de séquences lues deux fois) pour
eviter les surestimations de profondeur lors de
I'appel des SNP.



SouthGreen
S8 bioinformatics platform '

¥
2

IRD=V!

Institut de recherche
pour le développement

NGS: SAM/BAM Manipulations
SAM TOOLS

Filter SAM on bitwise flag
values

Convert SAM to interval

= SAM-to-BAM converts SAM
format to BAM format

ALt SAM converts M Removing technical duplicates

format to SAM format

= Merge BAM Files merges BAM
files together

Generate pileup from BAM
oy rmdup

Filter pileup on coverage and
ShPs BAM File:

= Pileup-to-Interval condenses l__|
pileup format into ranges of bl
bases

» rmdup remove PCR duplicates 1= data pnlred-end:
BAM is paired-end =
Treat as single-end:

-
-5)

Execute
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NGS: SAM/BAM Manipulations
SAM TOOLS

= Filter SAM on bitwise flag
values

» Convert SAM to interval

= SAM-to-BAM converts SAM
format to BAM format

= BAM-to-SAM converts BAM
format to SAM format

= Merge BAM Files merges BAM
files together

= Generate pileup from BAM
dataset

= Filter pileup on coverage and
SHPs

= Pileup-to-Interval condenses
pileup format into ranges of
bases

» rmdup remove PCR duplicates

IRD=V!
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Removing technical duplicates

rmdup

BAM File:

(=
Is data palred-end;/ Depending the dataset
BAM is paired-end =

Treat as single-end:

-
-5)

Execute
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NGS: SAM/BAM Manipulations
SAM TOOLS

= Filter SAM on bitwise flag
values

» Convert SAM to interval

= SAM-to-BAM converts SAM
format to BAM format

= BAM-to-SAM converts BAM
format to SAM format

= Merge BAM Files merges BAM
files together

= Generate pileup from BAM
dataset

= Filter pileup on coverage and
SHPs

= Pileup-to-Interval condenses
pileup format into ranges of
bases

» rmdup remove PCR duplicates

IRD=V!
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Removing technical duplicates

rmdup

BAM File:

(=
Is data palred-end;/ Depending the dataset
BAM is paired-end =

Treat as single-end:

-
-5)

Execute
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Merging multiple BAM

S: SAM/BAM Manipu ns
SAM TOOLS MergeSam (version 1.0.0)
li AM on bitwise flag

values Input format:

= Convert SAM to interval BAM J
hd -

= SAM-to-BAM converts SAM

format to BAM format Add file:
= BAM-to-SAM converts BAM I j

format to SAM format

Input Files

|_ Add new InputFiles |

Output format:

| BAM x| 4

Sort order:

| COORDINATE ~|
xecute

Il est possible de grouper des fichiers BAM issus de
mapping multiples (plusieurs individus ou
conditions expérimentales) sur la meme reference.

En premier lieu nous allons assembler les données
paires et singles.

Partagez votre historique avec les autres apprenants,
puis récuperez les fichiers BAM manquants pour
les fusionner.
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= IndelRealigner Realign around Adding readg rou ps

= Pileup2snp Identify SNPs from
pileup file
SNIPLAY UTILITIES AddReadGroupIntoSam

li nmerlts SAM mapping falignment:

Create lection
Remens fam o ShH ut ut |
and detects intragroup S
AddReadGroupIntoSam Add read group sample name:
* Addhzagli Hirtosam
AutRond auto_detect g RC1, RC2...
alignm

p into a sam
Platform (Illumina/Solid):

illumina
Execute

) Prog in Galaxy and ped by
0 sni itilities.

B, --ZTEEE

Le ReadGroup est une information rajoutée a
chacune des séquences dans le fichier SAM de
maniere a associer une sequence a l'individu
d'origine. Sans cette information il devient
impossible de lier une variation a un individu dans
une analyse de variabilité multi-individu.
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Piase 1: NGS data processing  and genotyping Phase 3: Integrative analysis

——— Typically by lane

_ Sample 1 Sample N . Raw Raw Raw
Pt |l HAvISEES s l reads J' i '( reads ) indels SNPs SVs
]

——Typically multiple samples simultaneously but can be single sample alone——

c External data ]
: | U E—

Mapping ' .
. " Known
i : Pedigrees variation
f
.
. Population Known
' N structure genotypes
'

\\\ _/,/l

: \ A

Structural
variation (SV)

Analysis-ready
variants

Raw variants

‘ Analysis-ready | _ )
Output o C

La création d'un fichier BAM nettoyé ne constitue que
I'etape preliminaire a I'analyse SNP...
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—— Typically by lane

:
.
.
.
.
.
Mapping :
S .
.
v % NGS: SNP Detection
Local . GATK
realignment . = IndelRealigner Realign
N — . around indels in BAM format
.
0 = CountCovariates Count
\ . covariates
Duplicate : = TableRecalibration Table
marking " recalibration
—r— .
.
.
Y N
Base quality .
recalibration .
—— 4
.
.
\4 ;
.
.

‘ Analysis-ready ’ .
Output reads
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Statistics
Graph/Display Data
Muitiple regression
Multivariate Analysis
Evolution
Metagenomic analyses
FASTA manipulation
NGS

SNP/WGA ///

//' Workflows

Your workflows

Workflow: How to avoid to re-do it by hand

FASTA manipulation
NGS

SNP/WGA

Workflows
= Al workflows

Institut de recherche
pour le développement

\: Switch to workflow

view \

# of Steps
imported: Full Functional Annotation Training 32
Test 7
Toto 11

Workflows shared with you by others

No workflows have been shared with you.
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Help User .Soulh (Sreen
bloinformatics platiom

Analyze Data Workflow Shared Data

Your workflows

[ © create new workfiow | | 4 Upload or Import workfiow |

-

Name / # of Steps

imported: Full Functional Annotation Training ~ 32

Test v 7

Toto ¥ 11

Workflows shared with you by others
No workflows have been shared with you.
Other options

[ Configure your workflow menu |



SouthGreen

S bioinformatics platform

14

IRD=V!

Institut de recherche
pour le développement

L&,

Analyze Data Workflow Shared Data Adm

Help User .Soulh (Sreen
bloinformatics platiom

Your workflows

[ © create new workfiow | | 4 Upload or Import workfiow |

# ot Steps
imported: Full Functional Annotation Training ¥ 32

Test ¥ 7

Toto ™ Create New Workflow u
Workflt | workflow Name:

No workflow ITesLmappmg

Other ¢

Workflow Annotation:

(connare | |

A description of the workflow; annotation is shown alongside shared or published workflows.

Create
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L&,

— |
e

Analyze Data Workflow Shared Data Adm| Help User .Soulh L!reen'
bioinformatics platiorm

Your workflows

[ © create new workfiow | | 4 Upload or Import workfiow |

Name # of Steps

imported: Full Functional Annotation Training ~ 32

Test ¥ 7
Toto > Create New Workflow 1
Workflt | workflow Name:
No workflow ITesLmappmg
Other ¢
| Workflow Annotatiol | @ workflow Test_mapping' created
(configure

A description of the wor Your workflows lows.

Create
Name —

A

Test_mapping ¥
imported: Full Functional Annotation Training =
Test

Toto ¥
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Analyze Data Workflow Shared Data Admin Help User .Soulh L!reen'
bioinformatics platiorm

Your workflows

[ © create new workfiow | | 4 Upload or Import workfiow |

Name # of Steps

imported: Full Functional Annotation Training ~ 32

Test ¥ :
Toto~ Create New Workflow )
Workfl | workflow Name:
No workflow ITesLmaDD""g
Other ¢
T workflow Annotatiol | @ wiorkflow Test_mapping' created
[conngure

A description of the wor Your workflows

Create

N ation Training >
Test_mapping ¥

imported: Full Functional Annotation Training ~ Share or Publish

Tost + Download or Export
Clone

Toto ™

ith you by others

with you.

Other options

I: Configure your workflow menu :I
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'1@;¥‘f;ﬂ§r' [search tools
4 Get Data
X =

output

Metagenomic analyses

Plusieurs input datasets peuvent etre utilisés dans un
meme workflow.
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Convert Formats

Evolution
Filter and Sort Input dataset 3¢
Gene/Protein prediction

Cutadapt %

output =,
— | ASource file

NGS: Quality Control I
B cuma% A tool to trim adapter [

e e  Adapter list to trim in 3'(1 line for
NGS: Mapping [ each adapter)

NGS: SAM/BAM Manipulations

NGS: SNP Detection  Adapter list to trim anywhere (1 line

for each adapter)

Protein Structures

Sequence comparisons output (fastq)

UNTESTED TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch uences

Fetch Alignments
Operate on Genomic Intervals
Statistics

Graphy Dispiay Data
Multiple regression
Muitivariate Analysis
Evolution

Metagenomic analyses
EASTA manipulation
nes

SNP/WGA

Workffow control

Inputs

Si vos données peuvent 'entrer' dans la brique
suivante (format cohérent), le trait devient vert
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Cutadapt 2
Fastq file to trim FASTQ File
e - e
output Q
FASTQ Groomer % 24 :

[

rest_output f FASTQ reads
[ Concatenate Dataset
[

Input dataset 3% D o too_short_output outputl_pairs_file - 7
output output_file (fastqsanger, . untrimmed_output Dataset 1 > Select autput?_pairs._file . |
1 out_filel 7
- tputl_singles_file

fastaillumina) ‘ Filter FASTQ 2 outputl_singles_file :
Inputdataset Fastq file to trim | FASTQ File output2_singles_file % )
output LI = report (txt) ® output_file M

File to groor output L

output_file (fastgsanger, rest_output !

fastacssanger, fastasolexa, * - T

fastaillumina) too_short_output :

untrimmed_output

Il devient possible donc d'obtenir des workflows plus
ou moins complexes.
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Input Dataset 3¢
1
‘ output IS

Cutadapt R ‘ Map with BWA % ‘

— 0 Source file 1) FASTQ file J
Adapter list to trim in 3'(1 line for | output (sam) =
: each adapter) 7 -

Adapter list to trim anywhere (1 line
for each adapter)

] 8]

‘ InputDataset % | output (fastq)
1
output G
'SAM-to-BAM 8

output

“) SAM File to Convert

output1 (bam)

IndelRealigner ®

BAM mapping/alignment

) Nuclestide query sequence

output_bam (bam)
output_intervals (txt)

log (txt)

*~1) SAM mapping/alignment

— sam_output (sam) >

CountCovariates 8

) BAM mapping/alignment

/) Nucleotide query sequence

UnifiedGenotyper %

variants (txt)

5 =) BAM mapping/alignment
log (txt)

) Nucleotide query sequence
Vef_output (txt) 'Y
f log (txt) '

TableRecalibration 3¢

—0) BAM mapping/alignment

|
[

"-0) Recalibration file

Nucleotide query sequence 7

bam_output (bam) oF
log (txt)

T
L]
DD

[ 1] |
[ 1]




