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Sequencing technology

Source: Genome Research Limited

Human Genome Project

Started in 1990

~ 92% complete in 2003
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Sequencing technology

Short reads: 

puzzle = 50 000 reads of 100 bases

Bacteria ~ DNA code 5 000 000 letters

Long reads: 

puzzle = 500 reads of 10000 bases

Source: PacBio HiFi sequencing
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Sequencing technology

next-generation of NGS

Illumina

short read sequencing

Oxford Nanopore 

Technologies

long read sequencing
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Accessing public sequencing data

 Gene Expression Omnibus (GEO) = international public repository 

for high-throughput microarray and next-generation sequencing 

functional genomic data sets submitted by researchers

 Supports archiving of raw data, processed data and metadata which 

are indexed, cross-linked and searchable

https://www.ncbi.nlm.nih.gov/geo/

https://www.ncbi.nlm.nih.gov/geo/
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Accessing public sequencing data

 Example: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE150727

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE150727
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Accessing public sequencing data

 Example: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE150727

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE150727
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Accessing public sequencing data

 GPLxxxxx for Platform records

 GSMxxxxx for Sample records

 GSExxxxx for Series records

 GDSxxxxx for DataSets

 PRJNAxxxxx BioProject

 SRPxxxxx raw data of Project in Sequence Read Archive (SRA)
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Accessing public sequencing data

 Sequence Read Archive (SRA) = raw sequencing data and alignment 

information from high-throughput sequencing platforms is stored

 available to enhance reproducibility and allow new discoveries by comparing data

 Platforms include: Roche 454, Illumina, Applied Biosystems SOLiD System, 

Complete Genomics, Oxford Nanopore and Pacific Biosciences
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Accessing public sequencing data

 Example: https://www.ncbi.nlm.nih.gov/Traces/study/?acc=PRJNA633390

https://www.ncbi.nlm.nih.gov/Traces/study/?acc=PRJNA633390
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Accessing public sequencing data

 iGenomes = collection of reference sequences and annotation files 

for commonly analyzed organisms 

https://support.illumina.com/sequencing/sequencing_software/igenome.html

https://support.illumina.com/sequencing/sequencing_software/igenome.html
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Accessing public sequencing data

 NCBI Genome NCBI Datasets = resources include information on large-scale 

genomics projects, genome sequences and assemblies, and mapped annotations

 Example: https://www.ncbi.nlm.nih.gov/datasets/taxonomy/28901/

https://www.ncbi.nlm.nih.gov/datasets/taxonomy/28901/


 FASTQ = common file format for sequence read data 

combining both sequence and associated per base quality score (~ FASTA + quality)
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Accessing public sequencing data

Sequencer

Mapping

FASTQ
SAM/BAM

Assembly consensus 
FASTA GTF/GFF

VCF



Data formats
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FASTA format

 FASTA format = simple text-based format for representing sequences (nt and aa)

 first line (header): summary description of sequence 

 starts with ">" followed by accession number or other unique identifier
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FASTA format

 FASTA format = simple text-based format for representing sequences (nt and aa)

 actual sequence on the line(s) following the first header line

 filename extensions:  .fasta ,  .fa,  .fna ,  .faa



 BCL format = base call files

 Sequencing run software 

 generates BCL file containing base calls and associated quality scores (Q-scores) 

 Most data analysis applications require FASTQ files as input

 illumina bcl2fastq conversion software
https://emea.support.illumina.com/sequencing/sequencing_software/bcl2fastq-conversion-software.html
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BCL format

https://emea.support.illumina.com/sequencing/sequencing_software/bcl2fastq-conversion-software.html


 FAST5 format = standard sequencing output in which raw signals are stored

by Oxford Nanopore Technologies (ONT) sequencers e.g. MinION

 based on the hierarchical data format HDF5 format 

which enables storage of large and complex data

 basecalling via guppy (or bonito) ONT basecallers

 POD5 format = more recent prototype file format for raw signal data  

 POD5 is replacing FAST5 as native file format

https://github.com/nanoporetech/pod5-file-format
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FAST5 format

https://github.com/nanoporetech/pod5-file-format


 Basecalling software reads signals from sequencer

 calls bases and assigns a quality value to each base called 

 introduced PHRED quality score of a base call

 PHRED scores are now standard for representing 

sequencing read base qualities

 PHRED scores used in FASTQ, also used in SAM format
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FASTQ format

Pe is the estimated probability of error 
(in this case, the estimated probability 
of the base the call being wrong)



 Storing PHRED scores as single characters (or bytes) 

 space efficient encoding

 File to be human readable and easily edited 

 restricted choices to ASCII printable 

characters (! to ~) = 33–126 (decimal) 

 ASCII 32 is space character 
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FASTQ format

ASCII code Char
64 @



 Phred assigns Q score of 30 (Q30) 

to a base  equivalent to probability 

of incorrect base call 1 in 1000 times

 Q30 considered benchmark for quality in NGS

 Q20  99%  incorrect base call 1 of 100
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FASTQ format



 Each read consists of exactly 4 lines 

 FASTQ read example:

 @title and optional description

 sequence line(s)

 +optional repeat of title line

 quality line(s)
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FASTQ format

@SRR014849.1 EIXKN4201CFU84 length=93

GGGGGGGGGGGGGGGGCTTTTTTTGTTTGGAACCGAAAGG

GTTTTGAATTTCAAACCCTTTTCGGTTTCCAACCTTCCAA

AGCAATGCCAATA

+SRR014849.1 EIXKN4201CFU84 length=93

3+&$#"""""""""""7F@71,’";C?,B;?6B;:EA1EA

1EA5’9B:?:#9EA0D@2EA5’:>5?:%A;A8A;?9B;D@

/=<?7=9<2A8==

1

2

3

4

Example: SRR11804708_1000reads.fastq



 FASTQ = common file format for sequence read data 

combining both sequence and associated per base quality score (~ FASTA + quality)
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Sequencer

Mapping

FASTQ
SAM/BAM

Assembly consensus 
FASTA

GTF/GFF

VCF



 GFF and GTF are file formats with genomic annotation information 

for next-generation sequencing data analysis

 GFF = General Feature Format, current version GFF3 (.gff)

 GTF = General Transfer format, identifical to GFF version 2 (.gtf)
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GFF and GTF format



 Each feature is represented on one line of text and consists of 

nine columns (fields) of data values

 Data field is tab-separated and must contain value (empty  .)

 Optional: track definition lines
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GFF and GTF format



 Structure of the feature line:

1. Name of sequence where feature is located

2. Keyword identifying source of feature

3. Feature type name (e.g. gene, exon, CDS)

4. Start (1-base offset)

5. End (1-base offset)

6. Score

7. Strand ("+" positive or "-" negative or "." undetermined)

8. Frame (GTF) or phase (GFF3) of CDS features

9. Attributes
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GFF and GTF format

1 2 3 4 5 6 7 8 9

Example: genes1000.gtf



 Raw sequence reads from sequencers have no genomic position information 

and must be mapped or aligned to a known reference genome

 Sequence Alignment/Map or SAM format  generic alignment format 

for storing read alignments against reference sequences 

 Supports short and long reads (up to 128Mbp) produced by 

different sequencing platforms
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SAM/BAM/BAI format



 SAM file is a tab-delimited text file

 BAM format is the compressed binary version of the SAM format

 BAM files can be indexed for fast retrieval of alignments overlapping 

a specified region without going through whole alignment

 companion index file of a bam file is in the BAI format (.bai)
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SAM/BAM/BAI format



 Before indexing, BAM must be sorted by reference ID and leftmost coordinate

 To convert SAM <-> BAM and sort/index the files  samtools (http://www.htslib.org/)
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SAM/BAM/BAI format

Mapping SAM/BAM BAM 
SORTED

BAM 
INDEXED

sample.bam sample_sorted.bam sample_sorted.bam
sample_sorted.bam.bai

http://www.htslib.org/
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SAM/BAM/BAI format



 SAM/BAM files contain a header section (optional) and an alignment section

 Each header line begins with @ character followed by one of two-letter 

header record type codes: @HD (header definition start), 

@SQ (reference sequence dictionary), @RG (read group information), 

@PG (program information), @CO (one-line text comment)
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SAM/BAM/BAI format



 The alignment section contains sequences with genomic position and 

other descriptive information  each single sequence (short read from 

FASTQ) and its associated information are presented as one line text

 consists of 11 mandatory, tab-delimited text fields
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SAM/BAM/BAI format



 Variant Call Format (VCF) is a 

text file format for 

variation data such as:

 single nucleotide variant (SNP)

 insertion/deletion (indel)

 copy number variant (CNV)

 structural variant (SV)
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VCF



 Meta-information lines (##)

 A tab-delimited header line (#)

 Data lines each containing 

information about a position 

in the genome 

(also tab-delimited)
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VCF Example: 129P2_1000lines.vcf



 The header line starting with #CHROM contains 8 fixed, mandatory columns

1. #CHROM = chromosome identifier from reference genome

2. POS = reference position with 1st base having position 1, sorted numerically

3. ID = semi-colon separated list of identifiers

4. REF = reference base(s) in uppercase (A,C,G,T,N)

5. ALT = comma separated list of alternate non-reference alleles

6. QUAL = phred-scaled quality score for assertion in ALT (high  high confidence)

7. FILTER = PASS if this position has passed all filters (if not: semi-colon list of codes)

8. INFO = additional information as semicolon separated series of <key>=<value>
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VCF Example: 129P2_1000lines.vcf



 If genotype data is present in the file  FORMAT column

 First format is given specifying data types and order (e.g. GT:GQ:DP:HQ)

 Followed by one field (column) per sample (e.g. A|A:.:23:23,34)

 GT = genotype, DP = read depth, FT = sample genotype filter, 

GL = three likelihoods for AA, AB, BB genotypes (A=ref, B=alt), 

GQ = genotype quality, HQ = haplotype quality 
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VCF Example: 129P2_1000lines.vcf



Data analysis and visualization



 Quality control (QC) of sequencing data (FASTQ files) generated by high throughput

technologies is important for meaningful downstream analysis

 One of most popular QC tools is FastQC

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

 runs a series of tests on .fastq(.gz) file and generates comprehensive QC report
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Quality control

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/


 Each test is flagged as a pass, warning or fail in comparison

with what you expect from a normal large dataset

 Warnings (and even failures) do not necessarily mean there is a problem with the data

but tells you it is unusual

 Look at the typical results in the output html file: SRR11804708_fastqc.html 
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Quality control



 Fastqc documentation explains each flag in the report: 

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3%20Analysis%20Modules/

 Per base sequence quality 

 shows overview of range of quality values across all bases at each position in file

 each position box-whisker-plot: 

red line for median quality, blue line is mean quality, yellow box for IQR
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Quality control

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3%20Analysis%20Modules/
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Quality control

Example: SRR11804708_fastqc.html



 MultiQC (https://multiqc.info) is a reporting tool that parses summary statistics from 

results and log files generated by other bioinformatics tools such as fastqc
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Quality control Example: multiqc_report.html

https://multiqc.info/


 Raw reads from Next Generation Sequencing are processed prior to analysis

 One of most used preprocessing procedure is read trimming

 remove low quality bases while preserving longest high quality part of read

 trimming is beneficial in RNA-seq, SNP identification and genome assembling

 some tools can also remove (Illumina) adapters

 Trimming tools can be classified in two classes based on algorithm:

e.g. Trimmomatic (window based) and Cutadapt (running sum)
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Preprocessing data: read trimming
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After trimming…



 FASTQ = common file format for sequence read data 

combining both sequence and associated per base quality score (~ FASTA + quality)
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Sequencer

Mapping

FASTQ
SAM/BAM

Assembly consensus 
FASTA

GTF/GFF

VCF

Trimming



 Fundamental step in high-throughput sequence analysis is alignment or 

mapping of the reads to the reference sequence

 Many software tools available 

 when considering choice  suitable for specific application?

 type of data (DNA, RNA, miRNA, bisulfite), sequencing platform

46

Mapping data
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Color legend:

DNA mappers in blue

RNA mappers in red

miRNA mappers in green

Bisulphite mappers in purple

Source: https://www.ebi.ac.uk/~nf/hts_mappers/ 

Mappers



 DNA mappers: most used are BWA and Bowtie2

 RNA mappers: most used are Tophat2/HISAT2 and STAR

 DNA/RNA mapper for long reads: Minimap2
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Mappers



 IGV = Integrative Genomics Viewer 

 open source (free) desktop genome visualization tool for Windows/Mac/Linux

 also available as webapp: https://igv.org/app/

 Load the .sorted.bam and .sorted.bai files as demonstrated 

to visualize the SNP rs713598

in region chr7:141,973,472-141,973,627
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IGV

https://igv.org/app/
https://www.snpedia.com/index.php/Rs713598
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Example of  a bioinformatics workflow / pipeline

 WGS of 50 bacterial strains  2TB of raw data  224GB fastq data  assembled in ~41 hours

FAST5 files FASTQ files Merged FASTQ

Assembly

Flye

Visualization

Polished
assembly

Genome
annotation

QC

Visualization

Mapping .bam filesGuppy
NanoComp
NanoPlot

Racon
Medaka

Minimap2

Samtools

Nextflow script
Docker container

Bandage

IGV

Prokka
PGAP
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Galaxy

 Open web-based platforms (125+)

 facilitates centralized data analysis

 Analysis using available tools

 integrate diverse set of readily available tools tailored for different analysis needs

 No IT-knowledge required

 intuitive user interface and workflow, promoting accessibility
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Galaxy e.g. usegalaxy.eu Display and 
analysis screen

History

Tools
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Research collaborations and services

New workshops planned

 May 2024

 September 2024



bio-informatica.be

ADVANCED BACHELOR 
OF BIOINFORMATICS

BIOINFORMATICS @HOME
VIA DISTANCE LEARNING

NANOPORE SEQUENCING 
HANDS-ON WORKSHOP

AI FOR
HEALTHCARE
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