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Workshop Introduction

• When is breseq the right tool?
– Installation
– Basic usage
– Input: references and reads
– Output: HTML, GenomeDiff, etc.

• Analysis examples: Lenski LTEE
• Using breseq in research and education: 

The other speakers in this workshop!
• Online tutorials and workshop survey

breseq



When is breseq the right tool?

• You have short-read NGS resequencing data.
• Your reference genome is haploid.

– Bacteria, Archaea, Phages, Plasmids, Haploid yeast
• You expect few genetic differences from the 

reference (a few to <1,000) in each sample.
• It’s important that you identify all mutations.
• You are comfortable with using the terminal a little.

– Changing directories, copying files, running a command

https://barricklab.org/breseq

Deatherage, D. E., Barrick, J. E. (2014) Identification of mutations in laboratory-
evolved microbes from next-generation sequencing data using breseq. 
Methods Mol. Biol. 1151: 165–188. https://doi.org10.1007/978-1-4939-0554-6_12

https://github.com/barricklab/breseq

https://barricklab.org/breseq
https://doi.org10.1007/978-1-4939-0554-6_12
https://github.com/barricklab/breseq


Some uses of breseq

Genetics
– Mechanisms of antibiotic resistance
– Mapping suppressor mutations

Experimental evolution
– Rates/nature of genome evolution
– Genetic diversity in populations

Biotechnology
– Verifying engineered plasmids/genomes
– Understanding beneficial mutations that arise during 

adaptive laboratory evolution

Maddamsetti et al. (2015) Genetics

Barrick et al. (2009) Nature



Installing breseq

Options to download and install 
by compiling from source code 
or using precompiled binaries.

Requires R and bowtie2.

Can be used on Linux, Mac 
OSX, and Windows machines; 
and in the Galaxy web platform.

https://github.com/barricklab/breseq/releases

https://github.com/barricklab/breseq/releases


Installing breseq
Recommended method

http://bioconda.github.io/index.html

http://bioconda.github.io/index.html


Basic breseq usage

Basic breseq command
$ breseq –r reference.gbk reads_1.fastq reads_2.fastq

References can be in GenBank, GFF3, or FASTA format.

Multiple reference files can be used: -r genome.fasta –r plasmid.gff3

Read files can be gzipped: reads_1.fastq.gz

Speed up execution by using multiple cores: -j 8 



evolving 
population

overnight
growth

plate 
dilution

streak out
 colony

pick
 colony

breseq

Every read could be 
from any individual.

extract gDNA

0 500

rbs3

???

???

rbs2

rbs1 topA spoT glmUS pykF

1000 1500 2000 2500

generation

%
 p

op
ul

at
io

n 
w

ith
 g

en
ot

yp
e

3000 4000 5000

mrdA
ancestor

80%

100%

0%

20%

40%

60%

Barrick & Lenski
CSHSQB 2009

sequence

All reads are from a 
single clone.

extract gDNA

Barrick et al. 
Nature 2009

sequence

Two main types of samples

$ breseq –p ... $ breseq ...

Population or
Polymorphism mode

Consensus mode
(the default)



Reference file considerations

• Microbes (<20Mb): download GenBank or GFF3 
files with both DNA sequence and features.

• Important: having transposable elements 
annotated leads to better predictions!

• What do I do if there is no reference?
– de novo assemble and annotate your own
– Recommendation:
– If you are using an assembly that has multiple contigs 

use –c instead of –r for specifying the contig reference: 

– You may need to iteratively improve the assembly and 
annotation to get the best results. See gdtools APPLY.

$ breseq –c contigs.gbk reads_1.fastq reads_2.fastq



Downloading a reference from NCBI

⚠ Be sure you download a GenBank file 
that has both features and the sequence!

Open

Select

Click



Downloading a reference from NCBI

Scroll down until 
you see ORIGIN.

There should be a 
nucleotide 

sequence here!

⚠ Be sure you download a GenBank file 
that has both features and the sequence!



Read file considerations

Sequencing technology
– Can work with any FASTQ
– Best results with short-read data (< 1000 bases)
– Not appropriate for long-read data (Nanopore, 

PacBio, etc.) In this case, you should de novo
assemble and then compare assemblies.

Recommended depth of coverage
>40x for clonal samples
>120x for population samples
More coverage is unlikely to give improvements 
without error correction (ex: molecular barcodes).



Read terminology

Fragment library (input DNA sample)

External Barcode and (optional) Internal 
Barcode (6–12 bases each) allow many 
samples can be run in one space (lane). 

Data is demultiplexed during processing.

DNA sequencing

Primers Reads (100–1000+ bases)

Sequencing library 
Double-stranded or Y- adaptors added

Library prep



FASTQ quality and trimming

Check the quality of your FASTQ data
– Have internal barcodes been removed?
– Do I want to trim low-quality bases?

⚠ Be careful to trim adaptors from your reads
(breseq requires >90% of a read’s length to map)

Readthrough into adaptors is 
especially common with

new longer Illumina reads!

Programs that can help:
fastp, trimmomatic, cutadapt



36 minutes later… Open output/index.html
$ breseq -j 8 -r REL606.gbk SRR030255_1.fastq.gz SRR030255_2.fastq.gz

HTML Output



Mutations (fully predicted)
• Base substitutions

• Small indels

• IS element insertions
• Large deletions

Evidence for other 
genetic differences that 
can’t be fully resolved



RA = Read Alignment Evidence



MC = Missing Coverage Evidence



JC = New Junction Evidence



Summary Statistics



Reference Sequence Coverage



Summary StatisticsUtilities to explore output
You can run utility subcommands from inside the main output 
directory of a breseq run.

$ breseq BAM2ALN 
–o alignment.html
REL606:3483047-3483047

$ breseq BAM2COV 
–o coverage.png 
REL606:3480047-3486047

$ breseq --help to see others.

These can help with identifying copy number changes (e.g, 
duplications) and understanding complex structural variation.



Explore aligned reads using IGV

https://software.broadinstitute.org/software/igv/

https://software.broadinstitute.org/software/igv/


#=GENOME_DIFF 1.0
#=CREATED 15:16:00 24 May 2021
#=PROGRAM breseq 0.35.6 revision c7cf8df53bcd
#=COMMAND breseq -j 8 -o tests/long_Ara-1_10000gen_4536A ... 
#=REFSEQ tests/long_Ara-1_10000gen_4536A/../data/long_tests/REL606.gbk
#=READSEQ tests/long_Ara-1_10000gen_4536A/../data/long_tests/SRR030255_1.fastq.gz
#=READSEQ tests/long_Ara-1_10000gen_4536A/../data/long_tests/SRR030255_2.fastq.gz
#=CONVERTED-BASES295047936
#=CONVERTED-READS8195776
#=INPUT-BASES 298701576
#=INPUT-READS 8297266
#=MAPPED-BASES 277772336
#=MAPPED-READS 7750270
SNP 1 29 REL606 380188 C
INS 2 32 REL606 475292 G
SNP 3 36 REL606 649391 A
SNP 4 37 REL606 683496 C
MOB 5 101,102 REL606 969836 IS150 1 3
SNP 6 41 REL606 1329516 T
MOB 7 103,109 REL606 1544289 IS150 -1 3
MOB 8 110,111 REL606 1733647 IS150 -1 3
SNP 9 46 REL606 1976879 G
SNP 10 49 REL606 2082685 A
... 

GenomeDiff output

output/output.gd

Machine-readable text files for further processing

Format specification provided in the breseq manual

GenomeDiff format



What can you do with a GenomeDiff?

Generate an HTML table comparing multiple clones/populations:

$ gdtools COMPARE –o compare.html –r reference.gbk input1.gd input2.gd ...

Convert to TSV, VCF or other formats for interchange with other programs:

$ gdtools ANNOTATE –o –f TSV –r reference.gbk input1.gd input2.gd ...

Apply the mutations to generate an updated reference sequence:

$ gdtools --help And more…

$ gdtools APPLY –f GENBANK –o updated.gbk –r reference.gbk input.gd

Count mutations and numbers of sites at risk for mutations:

$ gdtools COUNT –o output.csv –r reference.gbk input1.gd input2.gd ...
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Lenski Long-Term Evolution Experiment

>73,000 generations of 
E. coli growth (>30 years)!

❖ Deep evolutionary history

❖ Viable frozen "fossil record"

❖ 12 independent populations



Analysis: Causative Mutations
Innovation

Cit+

Blount et al. (2008) PNAS

Citrate utilization evolved after 33,000 
generations in one LTEE population

How?
Backcross and 
sequence: Only 
two mutations 

required for strong 
Cit+ phenotype

Quandt et al. (2014) PNAS

$ gdtools COMPARE...



Analysis: Phylogenetic trees

$ gdtools COMPARE 
-f PHYLIP clone1.gd 
clone2.gd ....

What mutations led 
to Cit+ evolution?

$ gdtools COMPARE 
-f FASTA clone1.gd 
clone2.gd ....

or

Generate an alignment
of genomic changes

Build and visualize a 
maximum parsimony 
tree using PHYLIP, 
MEGAX, etc.

Leon et al. (2018) PLoS Genetics



Analysis: Allele/Genotype Frequencies

gdtools COMPARE -f CSV pop1.gd pop2.gd ....

For tracking how genetic diversity evolves within populations, 
visualizing dynamics, selective sweeps, and stable coexistence.

Programs/packages that can help:
R, ggplot, ggMuller, EvoFreq, MullerPlot

Quandt et al. (2015) eLife

Muller Plot (Genotype Frequency) Allele Frequency

Good et al. (2017) Nature



Workshop Presentations

Antibiotic Resistance Reversal: 
breseq Analysis of Experimental 
Evolution, Compared with FACS 
Competition Assays of Relative Fitness
Joan Slonczewski
Kenyon College

Identifying Adaptive Paths in Host-
Plasmid Coevolution Using breseq
Olivia Kosterlitz
University of Washington



Workshop Presentations

Decoding Evolution-In-Action in 
Classroom Experiments That Simulate 
Infection Biology Using breseq 
Vaughn Cooper
University of Pittsburgh

ALEdb: A Living High-Quality Database 
of Mutations from Adaptive Evolution 
Experiments Powered by breseq
Adam Feist
University of California, San Diego



Clonal Sample Tutorial



Let us know how we can help!

Interactive Workshop
• Install on your system
• Use on your data
• Help interpret output
• Provide advice on 

further analysis

These slides can be downloaded at http://barricklab.org/breseq

https://forms.gle/qkvkjbqCXZAhY7GW6

Post bug reports and 
issues on GitHub
Please check that you 
are using the newest 
breseq version first!

http://barricklab.org/breseq
https://forms.gle/qkvkjbqCXZAhY7GW6
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