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Microbiome Read-Length Paradox

• Short reads are short and plentiful… 
- So short-read datasets appear to require assembly  
- But resulting sequences are disappointingly short… 

• Long reads are long… 
- So usually longer than average assembled short reads 
- But assembly results in very long sequences 

➡Assembly of short reads is optional, but long reads 
should always be assembled…
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Limitation of Short-Read Metagenomics
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• Assembly of metagenomic short reads produces large 
numbers of tiny contigs - never complete chromosomes

Zhu et al, Microbiome (2018)
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EBPR waste-water bio-reactor 

• MinION sequencing 2018 
- Reads:  ~695,000     (~ 6 Gb) 
- Length: ~9 kb mean (2 bp - 66 kb) 

• Assembly (Unicycler): 
- ~1,700 contigs 
- length 1.3 kb - 5.2 Mb (mean 61 kb)
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Krithika Arumugam

Joint work with: Rohan Williams, 
Krithika Arumgam, Irina Bessarab 

and others at NUS and SCELSE 

(Li 2016, Vaser et al 2017,  
Wick et al, 2017)
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Bandage Visualization of Assembly Graph
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        Bandage: Wick et al, 2015               

        Layout: Hachul S., Jünger M., 2007   



Center for Bioinformatics 

Daniel Huson, 2021

Institute for Bioinformatics 
and Medical Informatics Outline

• Long-read metagenomics 
• Assembly+DIAMOND+MEGAN-LR 
• Mobile sequence analysis using MAIRA 
• Bioreactor monitoring using MMonitor 
• Analysis of long-read assemblies using ALORA

8



Center for Bioinformatics 

Daniel Huson, 2021

Institute for Bioinformatics 
and Medical Informatics

Long-Read Analysis Pipeline
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AnnoTree extension: 
Anupam Gautam 

Caner Bagci 
Hendrik Felderhoff
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DIAMOND+MEGAN-LR 10

GTDB taxonomy
NCBI taxonomy
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CheckM (Parks et al. 2014)
Prokka (Seemann, 2014)

Taxonomic Bins ≥ 50% Complete
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Arumugam et al, 2019

✓ MEGAN provides frame-shift correction of long reads/contigs
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Assembled Chromosomes
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• Betrand et al (2019) 
- 22 human gut samples, ONT 

• Brandt et al (2020) 
- 20 biogas/wastewater samples, ONT 

• Liem et al (2021) 
- 2 seawater samples, ONT 

• Overholt et al (2020) 
- 1 groundwater samples, ONT 

• Singleton et al (2021) 
- 11 wastewater samples, ONT 

• Yahara et al (2021) 
- 4 oral samples, ONT Data analysis: 

Marius Eisele

 …via MeganServer
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seawater   groundwater  human gut   human oral   wastewater     biogas

One Sample from Each Study
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Quiz!

seawater biogasgroundwater

wastewater human oralhuman gut1 ? 2 ? 3 ?

6 ?5 ?4 ?
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https://doi.org/10.1002/cpz1.59
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• Laptop software for analysis of Nanopore reads 

• Analyse sequences as they are produced 

• Goal is to determine 
- strains,  
- virulence- pathogenicity- & antibiotic resistance factors 

   in the field
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Benjamin Albrecht and Caner Bagci (funded by DFG)
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MAIRA - Mobile Analysis of Long Reads
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MAIRA software 

by Benjamin Albrecht 

and Caner Bagci 

Funded by DFG
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MAIRA - Mobile Analysis of Long Reads
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MAIRA - Mobile Analysis of Long Reads
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Reads processed: 2k…3k… 4k… 6k… 12k… 14k…
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• Taxonomic and functional analysis uses a graph 
that contains all proteins and models genomes:
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Running MinION, MinIT and MAIRA
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Oct 2019, Lars Angenent’s lab
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Bioreactor experiments: 
• Grow microbes under controlled conditions 
• Understand and/or optimize specific processes 
• Monitor experimental parameters 
• Collect biomass samples and sequence later 

★Use MinION to monitor community during experiment… 

CMFI project with Lars Angenent (Biotechnology) and Ruth 
Ley (Microbiome). PhD students Ulrike Biehain 
(Bioreactors) and Timo Lucas (Bioinformatics)
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MMonitor
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Monitoring of 
microbial content 

and 
experiment 
parameters

Image source: David et al, Genome Biology (2014)

This is just a 
mock-up

Timo Lucas

Image source: Eamrat et al,, Envir. and Nat. Res. J. (2020)
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ALORA - Analysis of Long Read Assemblies
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• Long-read metagenomics is much more fun… 

• Try: Assembly+DIAMOND+MEGAN+MeganServer 
• MAIRA for laptop-based analysis while-u-wait 
• MMonitor for microbiome monitoring 
• ALORA for interactive analysis of long-read 

assemblies
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Joint work with:

• Benjamin Albrecht, Caner Bagcii, Anupam Gautam, Timo Lucas & Sascha Patz      Tübingen                                            

• Irina Bessarab, Krithika Arumugam and Rohan Williams                            SCELSE Singapore  
• Lars Angenent and Ulrike Biehain                                                      Biotechnology, Tübingen 
• Ruth Ley                                                                            MPI Microbiome Science, Tübingen 

Funding: 
• Life Sciences Institute at NUS, NRF/MOE and NRF-EW, Singapore (MEGAN-LR) 
• Deutsche Forschungsgemeinschaft (MAIRA & BinAC) 
• DFG EXC2124 Controlling Microbes to Fight Infection (MMonitor)

Institute for Bioinformatics 
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