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Which microbes 
are there?

How are the 
microbes doing?

What is the 
genomic/genetic 

potential?

Metabolomics

THE TOOLBOX …

Genomics, classical 
microbiology and 
molecular biology



Genome



LEARNING GOALS
1. (meta)Genome Assembly
2. Alignments
3. Phylogeny
4. Annotation
5. Comparative genomics



OUTLINE
MICROBIOME TECHNOLOGIES & ANALYSIS II
1. (meta)Genome assembly -> (Li et al., 2011)

 a. Overlap-layout-consensus
 b. String graphs (de Bruijn graphs)

2. Whole genome alignments -> (Ahmed et al., 2019)
 a. Global
 b. Local
 c. Glocal

3. Phylogeny -> (Aniscar et al, 2020)



1. (META)GENOME ASSEMBLY





1. GENOME ASSEMBLY DEFINITIONS

Read 
a 500-900 long word that comes out of sequencer

Mate pair 
a pair of reads from two ends of the same insert fragment

Contig 
a contiguous sequence formed by several overlapping reads with no gaps

Supercontig/scaffold 
an ordered and oriented set of contigs, usually by mate pairs

Consensus sequence 
sequence derived from multiple alignment of reads in a contig



1. WHOLE GENOME SHOTGUN SEQUENCING
>> steps to assemble a genome

Reads

Contigs

Scaffolds

Genome

Find overlapping 
reads

Merge “good pairs” 
into contigs

Link contigs in 
Scaffolds

…..AGCGTAGAGTAGC….



1A. GENOME ASSEMBLY I: OVERLAP-LAYOUT-CONSENSUS

OLC es un método de ensamblaje de genomas basado en identificar solapamientos 
directos entre lecturas, construir un ordenamiento óptimo y generar una secuencia 
de consenso, especialmente adecuado para lecturas largas y genomas complejos.



1A. OVERLAP-LAYOUT-CONSENSUS (OLC)

OLC generally works in three steps: 

(i) first overlaps (O) among all the 
reads are found

(ii) then it carries out a layout (L) of 
all the reads 

(iii) and overlaps information on a 
graph and finally the consensus 
(C) sequence is inferred. 

- developed by Staden (1980)

Ayling et al., 2018
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1A. THE PROBLEM OF REPETITIVE SEQUENCES

Target 
region

Mapped 
reads



Nurk et al., 2022
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1B. GENOME ASSEMBLY II: STRING GRAPH 
>>DE BRUIJN GRAPH

De Bruijn Graph (DBG) es un método de ensamblaje de genomas que representa las lecturas como 
nodos conectados por k−mers, permitiendo reconstruir el genoma mediante un recorrido euleriano. 

Es ideal para lecturas cortas y escalable a grandes conjuntos de datos.



1B. DE BRUIJN GRAPH

first chopping reads into much shorter k-mers

Ayling et al., 2018



1B. DE BRUIJN GRAPH

using all the k-mers to form a DBG

Ayling et al., 2018



1B. DE BRUIJN GRAPH

finally inferring the genome sequence on the DBG. 

Ayling et al., 2018

Rather than overlapping “reads” you are overlapping k-mers

The first DBG assembler EULER was published in 2001 by Pevzner and Waterman.



1B. THE PROBLEM OF REPETITIVE SEQUENCES

AAGAGT (AA, AG, GA, AG, GT)
It contains the following 2-mers:

AA 

  AG (twice)

    GA 

      GT
 AAGA?

And the following 3-mers:

AAG 

  AGA 

    GAG 

       AGT 

 AAGAGT

k-mer
Short, unique element of DNA sequence 
of length k, used by many assembly 
algorithms

- Sort all k-mers in reads (k=24)
- Find pairs of reads sharing a k-mer
- Extend to full alignment - throw away if not 
>97% similar Ayling et al., 2018



“study and study and study”

study and

1B. DE BRUIJN GRAPH

study and
study and
study and
study and

study

and study

and

study

and
stu

dy and

study andSequencing

Assembly based on 
OCL



“study and study and study”

study and

1B. DE BRUIJN GRAPH



Genome: AAAGGGGA

AA

3-mers: AAA, AAG, AGG, GGG, GGG, GGA

2-mers: AA,AA    

AG

GG

GA

AA,AG    GG,AGAG,GG GG,GG GG,GG 

1B. DE BRUIJN GRAPH

Adapted from Ben Langmead (Coursera)
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1B. DE BRUIJN GRAPH



1B. DE BRUIJN GRAPH



1B. DE BRUIJN GRAPH



Bandage is a tool for assembly graph 
visualization
It can be used to inspect metagenomic 
assembly graphs for manual curation

Tutorial at: 
https://tylerbarnum.com/2018/02/26/
how-to-use-assembly-graphs-with-
metagenomic-datasets/

1B. DE BRUIJN GRAPH



HYBRID ASSEMBLIES



GENOME ASSEMBLY I: OVERLAP-LAYOUT-CONSENSUS

GENOME ASSEMBLY II: DE BRUIN GRAPHS



Assembler Description Primary 
Application Algorithm Reference

Unicycler
Integrates short and long reads 
for efficient bacterial genome 
assembly.

Bacterial genomes De Bruijn graph Wick RR et al., PLoS Comput Biol, 
2017. 

SPAdes 
(HybridSPAdes)

A short-read assembler with a 
hybrid mode to incorporate 
long reads.

General-purpose De Bruijn graph Bankevich A et al., Journal of 
Computational Biology, 2012. 

MaSuRCA Merges short and long reads to 
assemble large genomes. Large genomes De Bruijn graph Zimin AV et al., Bioinformatics, 2013. 

Flye (Hybrid 
Module)

Primarily a long-read 
assembler that can utilize short 
reads for error correction.

General-purpose Overlap-Layout-Consensus 
(OLC)

Kolmogorov M et al., Nature Methods, 
2019. 

Canu + Pilon
Canu assembles long reads; 
Pilon refines assemblies using 
short reads.

General-purpose OLC (Canu), Polishing (Pilon) Koren S et al., Nature Biotechnology, 
2017. 

OPERA-MS
Optimized for metagenomic 
hybrid assemblies, combining 
short and long reads.

Metagenomics OLC Bertrand D et al., Nature Methods, 
2019. 

metaFlye
A version of Flye tailored for 
metagenomic samples, 
integrating both read types.

Metagenomics OLC Kolmogorov M et al., Nature Methods, 
2019. 

Wengan
Focuses on hybrid assemblies 
of complex genomes, avoiding 
all-vs-all read comparisons.

Large genomes OLC Di Genova A et al., Nature 
Computational Science, 2021. 

TULIP
A hybrid assembler optimized 
for plant genomes, utilizing 
long-range information.

Plant genomes OLC Mandáková T et al., Nature 
Communications, 2019. 

Cerulean
Enhances assemblies by 
integrating high-quality short 
reads with long reads.

General-purpose De Bruijn graph Deshpande V et al., Nature Methods, 
2013.

https://www.nature.com/articles/s41592-019-0430-4
https://www.nature.com/articles/s41592-019-0430-4
https://www.nature.com/articles/nbt.3238
https://www.nature.com/articles/nbt.3238
https://www.nature.com/articles/s41592-019-0520-2
https://www.nature.com/articles/s41592-019-0520-2
https://www.nature.com/articles/s41592-019-0430-4
https://www.nature.com/articles/s41592-019-0430-4
https://www.nature.com/articles/s43588-021-00098-5
https://www.nature.com/articles/s43588-021-00098-5
https://www.nature.com/articles/s41467-019-10051-4
https://www.nature.com/articles/s41467-019-10051-4
https://www.nature.com/articles/nmeth.2568
https://www.nature.com/articles/nmeth.2568


Key Output Files
1. spades.log – Log file with details on the assembly 
process.
2. contigs.fasta – Assembled contigs.
3. scaffolds.fasta – Assembled scaffolds.
4. assembly_graph.fastg – Assembly graph.
5. stats.tsv – Summary statistics of the assembly.



ASSEMBLY –QUALITY CHECK

Many tools can produce a QC 
that can be used to assess the 
state of your assembly (for 
example, Quast)
Which one is better?

N50: It represents the length of the shortest contig 
(or scaffold) in the set that contains at least 50% of 
the total assembly length. It provides an indication of 
the continuity of the assembly.



Característica OLC De Bruijn Graph (DBG)

Manejo de repeticiones cortas Bueno: Lecturas largas abarcan las repeticiones. Muy bueno: Repeticiones <mk−mers se resuelven bien.

Manejo de repeticiones largas Excelente: Lecturas largas resuelven regiones 
complejas.

Pobre a moderado: Repeticiones > lecturas o k−colapsan 
nodos.

Tamaño de lectura ideal Lecturas largas (PacBio, ONT). Lecturas cortas (Illumina).

Escalabilidad computacional Requiere más memoria y tiempo. Más eficiente y escalable para datos masivos.

Precisión en regiones complejas Alta: Adecuado para genomas con mucha 
variabilidad. Baja a moderada: Depende del kkk y la calidad de datos.

Adaptabilidad a datos ruidosos Bueno: Las lecturas largas toleran errores. Menor tolerancia: Errores en lecturas afectan nodos.

Dependencia de kkk No depende de kkk. Alta: kkk debe ajustarse cuidadosamente.
Uso típico Ensamblajes de novo con lecturas largas. Ensamblajes masivos con lecturas cortas.
Tecnologías compatibles PacBio, Oxford Nanopore. Illumina y tecnologías de lecturas cortas.

SUMMARY



OUTLINE
MICROBIOME TECHNOLOGIES & ANALYSIS I
1. (meta)Genome assembly -> (Li et al., 2011)

 a. Overlap-layout-consensus
 b. String graphs (de Bruijn graphs)

2. Whole genome alignments -> (Ahmed et al., 2019)
 a. Global
 b. Local
 c. Glocal

3. Phylogeny -> (Aniscar et al, 2020)



2. WHOLE-GENOME ALIGNMENT



Sequence alignment is the procedure of comparing two 
(pair-wise alignment) or more multiple sequences by 

searching for a series of individual characters or patterns 
that are in the same order in the sequences

WHAT IS SEQUENCE ALIGNMENT?



Ahmed et al., 2019, BMC Bioinformatics

2a. Global alignment: also known as end-to-end alignment, the goal is to align the 
sequences in their entirety while maximizing the alignment score. (Needleman-Wunsch 
algorithm)

2b. Local alignment: In local alignment, the goal is to align two sequences so that the 
alignment score is maximized. As opposed to global alignment, the final alignment may not 
contain the whole of the sequences. No penalty is induced by misalignments in the 
beginning and end of the sequences, and the score is kept positive. (Smith-Waterman 
algorithm)

2. THESE ALIGNMENT ALGORITHMS CAN BE DIVIDED INTO 
THE FOLLOWING CLASSES:



Glocal alignment allows for the possibility of duplications, inversion, and 
translocations. Finds the least cost transformation of one sequence into 

another using new operations

2C. GLOCAL ALIGNMENT

Ge
no

me
 A

Genome B



Alignment Type Definition Use Case Algorithm Example Scenario

Global Alignment Aligns sequences
from start to end.

Whole sequence
comparison.

Needleman-
Wunsch

Comparing full-
length genes.

Local Alignment Finds most similar
regions.

Detecting
conserved motifs. Smith-Waterman

Identifying
functional
domains.

Glocal Alignment
One sequence
globally aligned,
the other locally.

Aligning short
reads to genomes. Modified NW/SW Mapping

sequencing reads.

2C. EXAMPLES



2. ALIGNMENT TOOLS (full genomes)
Max 500k positions/500 sequences

https://darlinglab.org/mauve/mauve.htmlhttps://www.sanger.ac.uk/tool/artem
is-comparison-tool-act/

mauve
WebACT



2. ALIGNMENT TOOLS (short genes)
Max 500k positions/500 sequences

Lassmann et al., 2009
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 a. Global
 b. Local
 c. Glocal

3. Phylogeny -> (Aniscar et al, 2020)



3. PHYLOGENY



WHICH GENES SHOULD I USE FOR PHYLOGENY?

• Essential gene widely 
distributed in the tree of life

• Sequence divergence for 
higher resolution

Ribosomal subunit 16S

Widely distributed

Low resolution at species level



PHYLOGENY (ALL IN ONE)

AMPHORA2 Phylophlan3 AutoMLST

139 markers from an 
orthology analysis

UniRef90 families present 
in >75% in 150,000 MAGs 

and 80,000 genomes

Essential genes from a 
PFAM-TIGRFAM analysis

Wu et al, 2012 F Aniscar et al, 2020 M Alanjari et al, 2019







SUMMARY
1. First steps when our (meta)Genome  is 

sequenced
2. (meta)Genome assembly methods & tools
3. Types of alignments & tools
4. Phylogeny & tools


