
From sequencer to polished
reads for bacteria

September 2023



General information

• 2 sessions - 9-13 GMT+2
• 12th of September

• 14th of September

• Sessions will be recorded!

• Q&A bottom to ask questions

• Please take your time to evaluate on EVA

• Tech expert
• Rodrigo

• Deepak

2



Overall objectives

• Inspect the raw fastq files from the sequencer

• Understand how sequences can differ based on the preparation 
methodology

• Explain the differences between sequencing reads from Illumina 
and Nanopore

• Assess the quality of sequence data and trim low quality data

• Learn when to decontaminate and when to re-sequence

• Generate an overview of an entire dataset using different tools
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Course summary

Course intro

Course intro

Illumina sequencing 
theory

Nanopore sequencing 
theory

Sequencing technique 
comparison

Day 1
Sep 12th

Practical 1 intro

First look at dataset

Contamination control

Raw read QC

T
h
e
o
ry

P
ra

ct
ic

a
l

Session 1 recap

Day 2
Sep 14th

In
te

ra
ct

iv
e

Interpret raw read QC 
results

Interpret 
contamination control 
results

Short-read trimming

Long-read trimming

P
ra

ct
ic

a
l



Presenters
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Education:
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• Employed at SSI since January 2022, specializing in antimicrobial resistance surveillance
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Education:
• Bachelor's in Biology
• Master's in Bioinformatics and Systems Biology
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Before we start…
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Previously...

A very brief recap



Illumina technology

Theoretical

• Differences between single-end and paired-end reads

• Insights into paired end read fragments as well as size selection

• Introduction to sequencing by synthesis
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Illumina technology

Theoretical

• Differences between single-end and paired-end reads

• Insights into paired end read fragments as well as size selection

• Introduction to sequencing by synthesis

Practical

• Introduction to FastQC for generating QC reports

• Hands-on execution of FastQC
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Nanopore technology

Theoretical

• A fundamental understanding on the Nanopore chemistry

• An overview of different machinery as well as library prep options

• Knowledge of possible modifications post novel insight as well as challenges
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Nanopore technology

Theoretical

• A fundamental understanding on the Nanopore chemistry

• An overview of different machinery as well as library prep options

• Knowledge of possible modifications post novel insight as well as challenges

Practical

• Introduction to NanoPlot for visualising QC statistics

• Hands-on execution of NanoPlot
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FastQC

Quality assessment of read data



Basic statistics

Ec005_R1 Ec005_R2



Basic statistics

Ec005_R1 Ec005_R2

✓Same amount of sequences
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Basic statistics

Ec005_R1 Ec005_R2

✓Same amount of sequences
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! Somewhat same amount of bases
! Somewhat identical sequence sizes



Basic statistics

Ec005_R1 Ec005_R2

✓Same amount of sequences
✓No poor quality flags
✓ Identical GC contents

! Somewhat same amount of bases
! Somewhat identical sequence sizes



Per sequence quality

Ec005_R1 Ec005_R2



Per sequence quality

Ec005_R1 Ec005_R2

✓Majoirty of average read quality > Q30
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Quality 
assessment Data cleaning

Data analysis



Per base sequence quality

Ec005_R1 Ec005_R2



Per base sequence quality

Ec005_R1 Ec005_R2

✓All above Q20: Accuracy > 99%



Per base sequence quality

Ec005_R1 Ec005_R2

✓All above Q20: Accuracy > 99%
✓R2 above Q30: Accuracy > 99.9%



Per base sequence quality

Ec005_R1 Ec005_R2

✓All above Q20: Accuracy > 99%
✓R2 above Q30: Accuracy > 99.9%

? R1: Very high quality distribution



Per base sequence quality

Ec005_R1 Ec005_R2

✓All above Q20: Accuracy > 99%
✓R2 above Q30: Accuracy > 99.9%

! R1: Not all base calls above Q30

? R1: Very high quality distribution



Illumina cluster generation
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Per base sequence contents

Ec005_R1 Ec005_R2

 

  

  

  

  

  

  

  

  

  

   

                                 

                     

                                                                                 

  

  

  

  



Per base sequence contents

Ec005_R1 Ec005_R2

 

  

  

  

  

  

  

  

  

  

   

                                 

                     

                                                                                 

  

  

  

  

✓ACTG difference in beginning related to tagmantation
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Illumina Nextera XT in 
summary

1) Sample prep

- gDNA extraction

- Pre-normalization

2) Library preparation

- Tagmentation

- Index PCR

- Normalization and pool

3) Sequencing



Per base sequence contents

Ec005_R1 Ec005_R2

 

  

  

  

  

  

  

  

  

  

   

                                 

                     

                                                                                 

  

  

  

  

✓ACTG difference in beginning related to tagmantation
? Difference trails off in read ends



Per sequence GC contents

Ec005_R1 Ec005_R2



Per sequence GC contents

Ec005_R1 Ec005_R2

? Offset in GC contents relative to theoretical distribution



What to expect

Whole genome sequencing of E. coli

Illumina 2 x 250 bp paired end reads
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E. coli



Sequence length distribution

Ec005_R1 Ec005_R2



Sequence length distribution

Ec005_R1 Ec005_R2

? Very short sequences does occur



Read size
A B

Unknown sequence

Insert size

Read size

AdptA-ACGGTCA............CGTCCGA-AdptB

Adapter sequences

@sample1_Mate1_readX

ACGGTCA

...

@sample1_Mate2_readX

AGCCTGC

…

@sample1_Mate1_readY

AdptA-

AdptB-

Fragment

Read sequences



Adapter contents

Ec005_R1 Ec005_R2



Adapter contents

Ec005_R1 Ec005_R2

✓No adapters detected



More information on Modules?



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

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


Interpretation of results from Nanoplot 
on Nanopore data
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NanoPlot recap

NanoPlot on Ec001
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How to run NanoPlot on multiple files

Bash For Loop

cd folder_with_nanopore_reads

Print all *.fastq.gz filenames in folder to screen:

for file in *.fastq.gz; do echo $file; done

Run NanoPlot on all *.fastq.gz files in folder
for file in *.fastq.gz; do NanoPlot -t 4 --fastq_rich $file --outdir "${file:0:-
9}"_nanoplot; done
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Ec001_super.fastq.gz

Characters 0 → -9

9 characters



NanoPlot output

NanoPlot -t 4 --fastq_rich Ec001_super.fastq.gz --outdir Ec001_super_fastqrich_nanoplot

NanoPlot -t 4 --fastq Ec001_super.fastq.gz --outdir Ec001_super_fastq_nanoplot

NanoPlot -t 4 --fastq_minimal Ec001_super.fastq.gz --outdir Ec001_super_fastqminimal_nanoplot
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14 plots

7 plots
5 plots



NanoPlot output

NanoPlot -t 4 --fastq_rich Ec001_super.fastq.gz --outdir Ec001_super_fastqrich_nanoplot

NanoPlot -t 4 --fastq Ec001_super.fastq.gz --outdir Ec001_super_fastq_nanoplot

NanoPlot -t 4 --fastq_minimal Ec001_super.fastq.gz --outdir Ec001_super_fastqminimal_nanoplot
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14 plots

7 plots
5 plots



NanoPlot output
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• 14 plots in html and png format

• Log file

• NanoStats.txt file

• NanoPlot-report.html file



NanoPlot output
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• 14 plots in html and png format

• Log file

• NanoStats.txt file

• NanoPlot-report.html file



NanoPlot log file

• Filename will tell you when file was created

• Info inside file:
• Options used

• NanoPlot version

• Input filename

• Plots created
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NanoPlot NanoStats.txt file
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NanoPlot-report.html file
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NanoPlot

If you run Nanoplot on the same dataset multiple times it will produce 
slightly different plots. 

“The plotting function will randomly sample up to 10000 reads for the 
plot. This is mainly for the speed of plotting and disk size of the plots. 
It may lead to subtle differences in outliers, but should not affect the 
bulk of your data.” –Wouter De Coster
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Interpretation of Kraken output
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Kraken recap

Kraken 1 | KrakenUniq | Kraken 2 | Kraken2Uniq | 
MiniKraken

Illumina

kraken2 --output [output/name] --db [db] --report
sample_report –paired --gzip-compressed
[input_R1.fastq.gz] [input_R2.fastq.gz]

Nanopore

kraken2 --output [output/name] --db [db] --report
sample_report --gzip-compressed [input.fastq.gz]
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Kraken recap

• Kraken1 is more accurate than Kraken2.

• Kraken1 database size ~300Gb.

• Kraken2 database size ~30-50Gb.

• KrakenUniq will add 1 extra column to Kraken report with exact

k-mer count.

• MiniKraken will use a smaller database.
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Kraken2 output

kraken2 --output [output/name] --db [db] --report
sample_report
--paired --gzip-compressed [input_R1.fastq.gz] 
[input_R2.fastq.gz]
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Standard output
File with one line per read/read-pair

Report
File with 1 line per taxon



Kraken2 output

Each sequence (or sequence pair, in the case of paired reads) classified by Kraken 2 results in a single line of output. 
Kraken 2's output lines contain five tab-delimited fields; from left to right, they are:

• "C"/"U": a one letter code indicating that the sequence was either classified or unclassified.

• The sequence ID, obtained from the FASTA/FASTQ header.

• The taxonomy ID Kraken 2 used to label the sequence; this is 0 if the sequence is unclassified.

• The length of the sequence in bp. In the case of paired read data, this will be a string containing the lengths of the two sequences in bp, separated by a pipe 
character, e.g. "98|94".

A space-delimited list indicating the LCA mapping of each k-mer in the sequence(s). For example, "562:13 561:4 A:31 0:1 562:3" would indicate that:

• the first 13 k-mers mapped to taxonomy ID #562

• the next 4 k-mers mapped to taxonomy ID #561

• the next 31 k-mers contained an ambiguous nucleotide

• the next k-mer was not in the database

• the last 3 k-mers mapped to taxonomy ID #562

Note that paired read data will contain a "|:|" token in this list to indicate the end of one read and the beginning of another.

Kraken 2 Manual – (oregonstate.edu) 57

https://software.cqls.oregonstate.edu/updates/docs/kraken2/MANUAL.html#classification


Kraken2 output report

Like Kraken 1, Kraken 2 offers two formats of sample-wide results. Kraken 2's standard sample report format 
is tab-delimited with one line per taxon. The fields of the output, from left-to-right, are as follows:

• Percentage of fragments covered by the clade rooted at this taxon

• Number of fragments covered by the clade rooted at this taxon

• Number of fragments assigned directly to this taxon

• A rank code, indicating (U)nclassified, (R)oot, (D)omain, (K)ingdom, (P)hylum, (C)lass, (O)rder, (F)amily, 
(G)enus, or (S)pecies. Taxa that are not at any of these 10 ranks have a rank code that is formed by 
using the rank code of the closest ancestor rank with a number indicating the distance from that rank. 
E.g., "G2" is a rank code indicating a taxon is between genus and species and the grandparent taxon is at 
the genus rank.

• NCBI taxonomic ID number

• Indented scientific name

Kraken 2 Manual – (oregonstate.edu)
58

https://software.cqls.oregonstate.edu/updates/docs/kraken2/MANUAL.html#classification


Kraken2 output report

Filter Kraken report to only contain hits above 1%

cat [sample_report] | awk -F "\t" '{if ($1>1) {print}}’ > 
[sample_filtered_1p_report]
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Example of contamination
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KrakenTools

https://github.com/jenniferlu717/KrakenTools 61



Extract unwanted reads

extract_kraken_reads.py -k contaminated_kraken2 -s 
consample_R1.fastq.gz -s2 consample_R2.fastq.gz -t 547 -o 
consample_R1_decon.fastq -o2 consample_R2_decon.fastq --exclude --
include-children --fastq-output -r consample_kraken_report

Will output unzipped fastq files (one for each input file) WITHOUT the 
reads assigned at belonging to taxon 547 or any reads assigned to 
more specific subgroups
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Trimmatic

Trimming out the trash



Trimmomatic Architcture

trimmomatic [SE|PE]

SE = Single-end
PE = Paired-end



Trimmomatic Architcture

trimmomatic [SE|PE] sample1.fastq.gz



Trimmomatic Architcture

trimmomatic [SE|PE] sample1{_R1}.fastq.gz {sample1_R2.fastq.gz}



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz

NOTE: Specify trimmed and unpaired output for each read mates.



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz

NOTE: Specify trimmed and unpaired output for each read mates.



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:

ILLUMINACLIP = Mandatory flag



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:relevant_adapters.fasta

ILLUMINACLI:<path/2/adapters.fasta>



Adapter contents

Ec005_R1 Ec005_R2



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:relevant_adapters.fasta:2

ILLUMINACLI:<path/2/adapters.fasta>:<seed mismatches>



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:relevant_adapters.fasta:2:30

ILLUMINACLI:<path/2/adapters.fasta>:<seed mismatches>:<palindrome
clip threshold>



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:relevant_adapters.fasta:2:30:10

ILLUMINACLI:<path/2/adapters.fasta>:<seed mismatches>:<palindrome
clip threshold>:<simple clip threshold>



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:relevant_adapters.fasta:2:30:10 LEADING:30

LEADING = Cut off X bases from start of read if below Q30



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:relevant_adapters.fasta:2:30:10 LEADING:30 
TRAILING:30

LEADING = Cut off X bases from start of read if below Q30
TRAILING = Cut off Y bases from end of read if below Q30



Per base sequence contents

Ec005_R1 Ec005_R2

 

  

  

  

  

  

  

  

  

  

   

                                 

                     

                                                                                 

  

  

  

  



Per base sequence quality

Ec005_R1 Ec005_R2



Trimmomatic Architcture

trimmomatic PE sample1_R1.fastq.gz sample1_R2.fastq.gz 
sample1_trimmed_R1.fastq.gz sample1_unpaired_R1.fastq.gz 
sample1_trimmed_R2.fastq.gz sample1_unpaired_R2.fastq.gz 
ILLUMINACLIP:relevant_adapters.fasta:2:30:10 LEADING:30 
TRAILING:30 MINLEN:120

LEADING = Cut off X bases from start of read if below Q30
TRAILING = Cut off Y bases from end of read if below Q30
MINLEN = Exclude reads shorter than Z



Sequence length distribution

Ec005_R1 Ec005_R2



What are the effects of trimmomatic?
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Results for Ec005

Stat Value

Input Read Pairs 1273619

Both Surviving Reads 1233679

Both Surviving Read Percent 96,86

Forward Only Surviving Reads 313

Forward Only Surviving Read Percent 0,02

Reverse Only Surviving Reads 227

Reverse Only Surviving Read Percent 0,02

Dropped Reads 39400

Dropped Read Percent 3,09

Ec005_R1

Ec005_R2



Results for Ec005

Ec005_R1 Ec005_R2



Per base sequence quality Ec005_R1



Per base sequence quality Ec005_R2



Now its your turn!



Now its your turn!
Go to the trimmomatic exercise on EVA ☺



Trimming and filtering of Nanopore reads
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Adapters and barcodes

Adapters will always be added to the ends of DNA strands 
when preparing a Nanopore sequencing library.

If barcoding, you can enable barcode+adapter trimming in 
MinKNOW.

Guppy can detect and trim barcodes and adapters (Dorado
can hopefully soon too)

Porechop_abi can look for overrepresented sequences and  
remove them
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Porechop_abi

Porechop_abi to detect adapter sequences in your reads:

porechop_abi -go --format fastq -i [input.fastq.gz] -t [threads]

-go == --guess_adapter_only

Porechop_abi to removes adapter sequences in your reads:

porechop_abi -abi --format fastq -i [input.fastq.gz] -o 
[output_trimmed.fastq.gz]

-abi == --ab_initio
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Practical

Head to the course page on EVA

Navigate to session two and find: –Long-read_trimming_filtering

Enjoy!
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Quality assessment from multiple 
Illumina sample reports
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MultiQC
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MultiQC

It might be a challenging to set up for all modules but...
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MultiQC

It might be a challenging to set up for all modules but...

...once it works, it’s a blast!
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Adventure time!
Go to the MultiQC exercise on EVA ☺



Quality assessment on multiple 
Nanopore samples
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NanoPlot

NanoPlot on a multiplexed run

NanoPlot -t [threads] --summary  sequencing_summary.txt --barcoded
--outdir [output directory]

No report

Plots for all barcodes individually

Large stat files with info on all barcodes
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Nanocomp

https://github.com/wdecoster/nanocomp 101

Example
NanoComp --fastq reads1.fastq.gz reads2.fastq.gz 
reads3.fastq.gz reads4.fastq.gz --names run1 run2 run3 run4



Final quiz
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