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Create fastq files
CHECK YOUR DATA

Get .bcl files
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Align fastq to BAM
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Filter duplicates, artifacts, …
CHECK YOUR DATA

Generate tracks
CHECK YOUR DATA

Assay-specific downstream analysis
CHECK YOUR DATA



.bcl files

.bcl: 

- Raw data output of a sequencing run

- Binary, non-human-readable file

- Contains the base calling and quality score per 
cluster, per sequencing lane, per cycle

- Huge files

- No aggregated sequence per read
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Fastq files

A fastq file contains reads, each read is composed of 4 lines:

1. A sequence identifier with information about the sequencing run

2. The sequence (the base calls; A, C, T, G and N).

3. A separator, which is simply a plus (+) sign.

4. The base call quality scores, using ASCII characters to represent the numerical quality scores.



bcl2fastq

bcl2fastq --run-folder-dir <bcl_files_folder> --output-dir <fastq_files_folder>

https://support.illumina.com/content/dam/illumina-
support/documents/documentation/software_documentation/bcl2fastq/bcl2fastq_letterbooklet_15038058
brpmi.pdf

User guide:

bcl2fastq

https://support.illumina.com/content/dam/illumina-support/documents/documentation/software_documentation/bcl2fastq/bcl2fastq_letterbooklet_15038058brpmi.pdf
https://support.illumina.com/content/dam/illumina-support/documents/documentation/software_documentation/bcl2fastq/bcl2fastq_letterbooklet_15038058brpmi.pdf
https://support.illumina.com/content/dam/illumina-support/documents/documentation/software_documentation/bcl2fastq/bcl2fastq_letterbooklet_15038058brpmi.pdf


Why so many fastq files?

Library preparation

Sequencing

“R1” sequence
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Why so many fastq files?

Library preparation

Sequencing
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Why so many fastq files?

Library preparation

Sequencing
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Why so many fastq files?

Library preparation

Sequencing

R1 R2 I1I2

Only used for demultiplexing
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Create fastq files

Get .bcl files

QC: remove/trim low quality reads

Align fastq to BAM

Filter duplicates, artifacts, …

Generate tracks

Assay-specific downstream analysis

Or bcl2fastq
CHECK YOUR DATA



FastQC



FastQC

Overall decrease in sequencing quality

Local artefact



Cutadapt: trim away adapter sequences and low-quality ends



Cutadapt: trim away adapter sequences and low-quality ends



Cutadapt: trim away adapter sequences and low-quality ends



CHECK YOUR DATA
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Create fastq files

Get .bcl files

QC: remove/trim low quality reads

Align fastq to BAM

Filter duplicates, artifacts, …

Generate tracks

Assay-specific downstream analysis

Or bcl2fastq

E.g. cutadapt
E.g. FastQC
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SAM file format
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Sequence Alignment Map (SAM) is a human-readable, rectangular, text-
based format for storing biological sequences aligned to a reference 
sequence. 

Each entry (line) describes where a read is mapped on the reference and 
how it is mapped
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SAM file format
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Sequence Alignment Map (SAM) is a human-readable, rectangular, text-
based format for storing biological sequences aligned to a reference 
sequence. 

Each entry (line) describes where a read is mapped on the reference and 
how it is mapped

Epigenomics Data Analysis — Physalia 2023

HWI-ST330:304:H045HADXX:2093#1    2     chr8    63817200    50    14M1X   2093#2 chr8    6381932 TTATCTTCTTTGAAT    ?????BBBBBBDD=?

Read name Flag Chr Position Length

CIGAR

Read name
(mate)

Chr 
(mate)

Position
(mate) Sequence

Per base 
sequencing 
quality



BAM files are binarized SAM files, allowing great compression of the alignment results. 

However, bam files are not directly human-readable. 

samtools view --bam ….sam > ….bam

BAM file format
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Mapping tools
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There are a plethora of alignment tools. 

Each one requires the genome reference to be indexed first.

Some mappers can be ”splice-aware”, allowing reads to be mapped over annotated introns. 
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Genome sequence reference
Gene annotations reference

Pair with 1 read mapping over an intron Read pairs

Read singleton
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Create fastq files

Get .bcl files
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Align fastq to BAM

Filter duplicates, artifacts, …

Generate tracks

Assay-specific downstream analysis

Or bcl2fastq

E.g. cutadapt

E.g. bowtie2
CHECK YOUR DATA



IGV: Integrative Genome Browser
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IGV: Integrative Genome Browser
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Filtering duplicates
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Multiple reads (fragments) with same mapping position (start & end) can be viewed as PCR duplicates.



Filtering duplicates
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Multiple reads (fragments) with same mapping position (start & end) can be viewed as PCR duplicates.



Filtering out low-quality mapping reads
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Mapping Quality Scores (MAPQ) quantify the probability that a read is misplaced.
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MAPQ ~ 18
MAPQ ~ 32

MAPQ ~ 12
MAPQ ~ 42

MAPQ ~ 42
MAPQ ~ 8

MAPQ ~ 42

𝑀𝐴𝑃𝑄 = −10 ∗ 𝑙𝑜𝑔!" 𝑃 𝑟𝑒𝑎𝑑 𝑖𝑠 𝑤𝑟𝑜𝑛𝑔𝑙𝑦 𝑚𝑎𝑝𝑝𝑒𝑑



Filtering out low-quality mapping reads

37

Mapping Quality Scores (MAPQ) quantify the probability that a read is misplaced.

For example, a MAPQ score of 20 indicates that the probability for the read to be map at the indicated 
position is 0.01. 
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MAPQ ~ 18
MAPQ ~ 32

MAPQ ~ 12
MAPQ ~ 42

MAPQ ~ 42
MAPQ ~ 8

MAPQ ~ 42

𝑀𝐴𝑃𝑄 = −10 ∗ 𝑙𝑜𝑔!" 𝑃 𝑟𝑒𝑎𝑑 𝑖𝑠 𝑤𝑟𝑜𝑛𝑔𝑙𝑦 𝑚𝑎𝑝𝑝𝑒𝑑
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Create fastq files

Get .bcl files

QC: remove/trim low quality reads

Align fastq to BAM

Filter duplicates, artifacts, …

Generate tracks

Assay-specific downstream analysis

Or bcl2fastq

E.g. cutadapt

E.g. bowtie2

E.g. samtools



Generating tracks from mapped reads 
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Basic approach: ”pile-up” of all the fragments in `bam` files to generate a coverage track.
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https://deeptools.readthedocs.io/en/latest/content/list_of_tools.html

deepTools: a software suite to manage/produce genomic tracks
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https://deeptools.readthedocs.io/en/latest/content/list_of_tools.html


deepTools: a software suite to manage/produce genomic tracks
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Create fastq files

Get .bcl files

QC: remove/trim low quality reads

Align fastq to BAM

Filter duplicates, artifacts, …

Generate tracks

Assay-specific downstream analysis

Or bcl2fastq

E.g. cutadapt

E.g. bowtie2

E.g. samtools

CHECK YOUR DATA
E.g. deepTools
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