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Intended Learning Objectives

1. What is the importance of Quality Control (QC)?

2. How can we access the quality of the sequencing data?

3. What web-based tools are available?

4. What metrics should we evaluate?
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Simplified WGS Analysis Pipeline
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Adapted from Joana Mourão (joam@dtu.dk); Image Created with BioRender.com 
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What Data do We Really Have?

Adapted from Joana Mourão (joam@dtu.dk); Image Created with BioRender.com 



FASTQC & FASTP

Assessment of Quality of Sequencing Raw Data
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Type of Error Cause Explanation

Nonsense 

reads

Instrument oddness Calibration error, equipment malfunction

Duplicate 

reads

Amplify a low-complexity 

library

Same DNA fragment is sequenced 

multiple times – not enough DNA sample 
diversity

Adaptor read-

through

Fragment too short If too short bacterial DNA fragment –

sequencing might read into adaptor 
sequence

Indel errors Inserting extra bases, 

skipping/deleting bases

Could lead to frameshift mutations if 

errors occur within the coding sequences

Uncalled base Couldn't reliably estimate, 

replace with "N"

'N' is used to represent an uncalled base 

in the genome

Substitution 

errors

Reading wrong base 

(e.g., read “A” instead of 
“G”)

Sequencer incorrectly identifies a base –

lead to single nucleotide polymorphism 
(SNP)

Sequencing Can Introduce Errors

Adapted from Joana Mourão (joam@dtu.dk)
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What is in my Fastq File?

Adapted from Joana Mourão (joam@dtu.dk)

FASTQ Format: A “standard” format for storing and defining sequences from NGS platforms

Calculated using various

parameters – e.g., peak

shape, peak resolution in

each base, signal intensity

Each quality value is

encoded by the ASCII

characters – read by

computers
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Quality Score Encoding - ASCII Table

Adapted from Joana Mourão (joam@dtu.dk); https://pt.wikipedia.org/wiki/Ficheiro:ASCII-Table.svg

The formula for getting the

PHRED score from encoded

quality:

Q = ascii(char) - 33

What is the meaning 
of these numbers?
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Quality Score Encoding

Adapted from Joana Mourão (joam@dtu.dk)

Phred Quality Scores: Estimate of confidence in each base (a measure of reliability)

Phred 
Quality 
Score 
(Q)

Phred 
Quality (Q)

Chance it's 
wrong

Error 
probability 
(P)

Accuracy Descriptio
n

10 1 in 10 0.1 90% Maybe

20 1 in 100 0.01 99% OK

30 1 in 1000 0.001 99.9% Good

40 1 in 10.000 0.0001 99.99% Very Good

50 1 in 100.000 0.00001 99.999% Excellent

A higher quality 

score is better

≥20 is considered 

“acceptable"



10

FastQC – Is my Sequence Data any Good?

Adapted from Joana Mourão (joam@dtu.dk); https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
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FastQC – Is my Sequence Data any Good?

Adapted from Joana Mourão (joam@dtu.dk); https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

Y-axis is the “Phred” quality value (higher is better)

Average quality (blue)

Median value (red)



12

FastQC – Per Base Sequence Quality

Adapted from Joana Mourão (joam@dtu.dk); https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/

Good Quality Bad Quality

A box-and-whisker plot showing aggregated quality score statistics at each position along

all reads in the file (x-axis = read position, y-axis = Q-score)

Possible approach (if needed): Trim from 3’ to ≤ 20

High quality

Medium quality

Low quality
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Fastp Report

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/OpenGene/fastp

• Remove adapters & technical 

sequences

• Trim specific low-quality 

bases at 5′ (--trim_front) 

and 3′ (--trim_tail) ends

• Filter and drop reads: Ns, 

low-quality bases, or below 

minimum length

• Correct overlapping paired-

end reads: in paired-end 

mode (-c), aligns and 

overlaps read pairs

• Trim poly-G/X tails



SPECIES IDENTIFICATION

Assessment of Data Quality



Command Line Tools - Contamination
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https://github.com/DerrickWood/kraken2https://github.com/Ecogenomics/GTDBTk https://github.com/OLC-Bioinformatics/ConFindr

Confindr
(Intra-Species)

Kraken/Bracken
Inter-Species

GTDB-Tk
Inter-Species

Reads

Reads

Assembly

Adapted from João Cardoso (joacar@dtu.dk)

https://github.com/DerrickWood/kraken2
https://github.com/Ecogenomics/GTDBTk
https://github.com/OLC-Bioinformatics/ConFindr
https://github.com/OLC-Bioinformatics/ConFindr
https://github.com/OLC-Bioinformatics/ConFindr
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KmerFinder – Species Identification

https://cge.food.dtu.dk/services/KmerFinder/

Fast species identification tool using k-mer matching 
algorithm

Uses 16-mers extracted from whole-genome sequencing data 
(FASTA/FASTQ format) compared against curated reference 
databases

Free web service (also available as command-line tool)
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KmerFinder - Upload

Adapted from Joana Mourão (joam@dtu.dk); https://cge.food.dtu.dk/services/KmerFinder/



18

KmerFinder - Output

Adapted from Joana Mourão (joam@dtu.dk); https://cge.food.dtu.dk/services/KmerFinder/



Metrics and Available Tools

Assessment of Sequencing Data Quality



Quality Control Metrics (EURL-AMR)

20
Image Created with BioRender.com
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QualiBact - Species Specific Threshold

Adapted from Joana Mourão (joam@dtu.dk); https://happykhan.github.io/qualibact/
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QualiBact - Species Specific Threshold

Adapted from Joana Mourão (joam@dtu.dk); https://happykhan.github.io/qualibact/

304 Species



QUAST – Quality Assessment Tool
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Provides comprehensive metrics and visual reports to assess the accuracy, completeness,

and contiguity of assemblies → suitable for de novo short-read, long-read, and hybrid

assemblies

Gurevich et al. (2013). Bioinformatics. 29(8):1072–1075

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/ablab/quast

https://quast.sourceforge.net/webquast.html
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Genome Fraction (%):

percentage of the reference

genome that is covered by the

assembled contigs ➜ related

to the Total Aligned Length

Genome Fraction

Gurevich et al. (2013). Bioinformatics. 29(8):1072–1075

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/ablab/quast
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# Genomic features: how

many annotated elements

from a reference (e.g., genes,

coding sequences, rRNAs,

tRNAs) are found in your

assembly ➜ either fully or

partially

Gurevich et al. (2013). Bioinformatics. 29(8):1072–1075

Genomic Features

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/ablab/quast
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Mismatches and Indels

Mismatches and Indels: average

number of base mismatches or

insertions/deletions per 100.000 bp ➜

lower number suggests higher

accuracy

Gurevich et al. (2013). Bioinformatics. 29(8):1072–1075

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/ablab/quast
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Number of Contigs

#contigs (>= 500 bp): total

number of contigs in the assembly ➜

fewer contigs generally suggest

better contiguity ➜ gene

identification and annotation are more

feasible

Often, contigs below a certain

threshold are not counted (e.g., 200

bp or 500 bp)

Short-read sequencing:

Difficult to obtain a complete and closed

bacterial genome

Gurevich et al. (2013). Bioinformatics. 29(8):1072–1075

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/ablab/quast
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Total Length

• Total length of all contigs

after the assembly

• For whole genome sequencing

we expect it to be close to the

actual size of the genome

• Much larger or smaller length

than expected → may indicate

possible contamination or

wrong species

Rule of thumb:
Good assembly – usually
within 5–10% of the species’
known genome size

Gurevich et al. (2013). Bioinformatics. 29(8):1072–1075

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/ablab/quast



Assembly and its Descriptive Statistics 29

GC Percentage

• The percentage of

guanine (G) and

cytosine (C) bases

in the genome

• It is usually stable

within a species

• Atypical GC

content for the

species → possible

contamination or

mislabeling

Gurevich et al. (2013). Bioinformatics. 29(8):1072–1075
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NGA50 and LGA50 values

NGA50: the length of the contig at which

50% of the genome is covered by contigs of

that length or larger ➜ higher NGA50,

better assembly continuity

LGA50: the smallest number of aligned

contigs that together constitute 50% of

the genome size ➜ smaller LGA50,

better assembly continuity

LGA50 = 5

Adapted from Joana Mourão (joam@dtu.dk)
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Designed to assess the quality (completeness and contamination) of genome assemblies, based on

the presence of hundreds of genomic features - such as protein family counts, metabolic pathway/module

completeness, amino-acid composition, single- and multi-copy genes - contrarily to other tools that only

use single-copy marker genes (e.g., CheckM1 or BUSCO)

Parks et al. (2015). Genome Res. 25(7):1043-55; https://github.com/Ecogenomics/CheckM/; https://github.com/chklovski/CheckM2

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/chklovski/CheckM2
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A high-quality genome typically has >90% completeness and <5% contamination

Parks et al. (2015). Genome Res. 25(7):1043-55; https://github.com/Ecogenomics/CheckM/; https://github.com/chklovski/CheckM2

Name Completeness Contamination Completeness_Model_Used Coding_Density Contig_N50 Average_Gene_Length Genome_Size GC_Content Total_Coding_Sequences Total_Contigs Max_Contig_Length

Strain-01 100 0.3 Neural Network (Specific Model) 0.876 5229427 311.8831068 5494292 0.5 5150 6 5229427

Strain-02 100 0.26 Neural Network (Specific Model) 0.879 5159857 311.3406763 5490316 0.5 5175 9 5159857

Strain-03 100 0.22 Neural Network (Specific Model) 0.835 2783198 307.9881094 2786908 0.33 2523 2 2783198

Strain-04 100 1.38 Neural Network (Specific Model) 0.834 2819759 300.8207441 2873979 0.33 2661 2 2819759

Strain-05 100 0.09 Neural Network (Specific Model) 0.878 2825666 313.6127737 2932174 0.37 2740 3 2825666

Strain-06 100 1.49 Neural Network (Specific Model) 0.847 2777239 299.7961062 2995648 0.38 2825 3 2777239

Completeness (%): The estimated fraction of the “expected” gene/content repertoire that is present in

your assembly; a value near 100 % means nearly all “expected” features were recovered.

Contamination (%): The estimated amount of “extra” (likely foreign or redundant) content,

based on over-represented gene families or conflicting pathway signals.

Adapted from Joana Mourão (joam@dtu.dk); https://github.com/chklovski/CheckM2



Web-based tools

33

https://fastq.bio/

https://www.bioinformatics.babraham.ac.uk/pr
ojects/fastqc/

https://pathogen.watch/

https://cge.food.dtu.dk/services/KmerFinder-3.2/

Assembly QC
cgMLST

Contamination

Raw Reads
Quality Control

Raw Reads
Quality Control



Command Line tools

• FastP (https://github.com/OpenGene/fastp)

• FastQC (https://github.com/OpenGene/fastp)

• Samtools (https://www.htslib.org/)

• bwa-mem2 (https://github.com/bwa-mem2/bwa-mem2)

• Kraken2 (https://github.com/DerrickWood/kraken2)

• Bracken (https://github.com/jenniferlu717/Bracken)

• CheckM2 (https://github.com/chklovski/CheckM2)

• GTDB-Tk (https://github.com/Ecogenomics/GTDBTk)

• chewBBACA (https://github.com/B-UMMI/chewBBACA)
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https://github.com/OpenGene/fastp
https://github.com/OpenGene/fastp
https://www.htslib.org/
https://github.com/bwa-mem2/bwa-mem2
https://github.com/bwa-mem2/bwa-mem2
https://github.com/bwa-mem2/bwa-mem2
https://github.com/bwa-mem2/bwa-mem2
https://github.com/bwa-mem2/bwa-mem2
https://github.com/DerrickWood/kraken2
https://github.com/jenniferlu717/Bracken
https://github.com/chklovski/CheckM2
https://github.com/Ecogenomics/GTDBTk
https://github.com/B-UMMI/chewBBACA
https://github.com/B-UMMI/chewBBACA
https://github.com/B-UMMI/chewBBACA
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Questions
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