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e 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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* Assembly of metagenomic short reads produces large
numbers of tiny contigs - never complete chromosomes
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EBPR waste-water bio-reactor

* MinlON 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)

Short report | Open Access | Published: 16 April 2019
Annotated bacterial chromosomes from frame-shift-
corrected long-read metagenomic data

Krithika Arumugam, Caner Badci, Irina Bessarab, Sina Beier, Benjamin Buchfink, Anna Gérska, Guanglei
Qiu, Daniel H. Huson & Rohan B. H. Williams

Microbiome 7, Article number: 61 (2019) | Cite this article
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- * Bandage Visvalization of Assembly Graph
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*.fastq.gz[| Assembler °==-9% 1| DIAMOND output fies i MEGAN 6
inout fle Y

J \/ / Interactive exploration

and analysis
E.g. Unicycler (miniasm and racon)

More recent: metaFlye
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DIAMOND in “long read” mode
MEGANIZER in “long read” mode

\ _

Desktop/laptop
Server



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Institute for Bioinformatics
and Medical Informatics

Taxonomic Binning of Contigs
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DIAMOND+MEGAN Unicycler Total Aligned Average CheckM Prokka

taxonomic bin contigs (Mb) (Mb) coverage Complete. Contam. rRNA tRNA CDS

High quality draft genomes:
B1 Bacteroidetes bacterium OLB12 1 4.2 3.5 57.3 95% 0.1% 6 39 4,163
B2 Candidatus Accumulibacter SK-02 1 5.2 4.1 384.2 94% 0.6% 4 53 4,915
B3 Chlamydiia (class) 1 2.8 1.8 48.8 94% 2% 6 39 3,387
B4 Gammaproteobacteria (class) 43 4.7 3.0 93% 2% 6 52 4,833
-longest contig 2.7 1.6 25.1 93% 0.2% 3 40 3,359
B5 Bacteroidetes bacterium OLBS8 1 3.8 3.0 52.1 93% 1% 6 37 3,394
B6 Rhodospirillales (order) 1 4.4 3.0 29.5 92% 0.5% 3 47 4,015
B7 Chlorobi bacterium OLB5 1 35 2.5 38.7 88% 1% 3 41 4,131

Medium quality draft genomes:

B8 Thauera (genus) 25 4.6 4.0 89% 4% 12 64 4,040
-longest contig 0.8 0.7 32.7 14% 0% 0 5 672
B9 Sphingobacteriales bacterium 44-15 59 3.2 2.8 76% 1% 2 17 2,953
-longest contig 0.2 0.1 10.2 0% 0% 0 0 172
B10 Bacteroidetes (phylum) 43 3.9 2.6 72% 7% 1 12 1,997
-longest contig 1.2 0.8 14.1 32% 0% 0 3 807
B11 Candidatus Contendobacter B J11 39 2.5 2.0 59% 9% 2 37 2,668
-longest contig 0.3 0.3 15.4 19% 0% 0 7 295

Low quality draft genomes:
B12 Betaproteobacteria (class) 111 6.6 5.5 89% 79% 6 71 4,655
-longest contig 0.4 0.3 37.1 10% 0% 0 1 372
B13 Nitrospira (genus) 34 4.2 3.7 83% 13% 0 6 563
-longest contig 1.1 0.9 17.6 27% 0% 0 2 99
B14 Chlorofiext (phylum) 151 5.4 4.3 71% 29% 0 11 3,565
-longest contig 0.2 0.2 13.3 8% 0% 0 1 86

v MEGAN provides frame-shift correction of long reads/contigs
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One Sample from Each Study

[ ION ) Taxonomy Chart - Compari G j - [6] - MEGAN Ultimate Edition (version 6.21.16, built 28 Oct 2021)
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One Sample from Each Study
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@ CURRENT
==PROTOCOLS

PROTOCOL @& OpenAccess (© (B &

DIAMOND+MEGAN: Fast and Easy Taxonomic and Functional
Analysis of Short and Long Microbiome Sequences

Caner Bagci, Sascha Patz, Daniel H. Huson =

First published: 03 March 2021 | https://doi.org/10.1002/cpz1.59

https://doi.org/10.1002/cpz1.59
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e Long-read metagenomics

* Assembly+DIAMOND+MEGAN-LR

* Mobile sequence analysis using MAIRA
e Bioreactor monitoring using MMonitor

e Analysis of long-read assemblies using ALORA

Daniel Huson, 2021
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* Laptop software for analysis of Nanopore reads

* Analyse sequences as they are produced

e (Goal is to determine
strains,

virulence- pathogenicity- & antibiotic resistance factors

in the field
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AN
WM

le Analysis of Long Reads

MAIRA (version 0.1.6-beta, built 30 Aug 2019)
|

MAIRA

Mobile analysis of long reads
Benjamin Albrecht, Caner Bagci & Daniel H. Huson
University of Tibingen, 2019
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NANNN

=~ o 100% @@ Mi.9.0Okt. 13:07 Benjamin Albrecht Q =

° a g b (=] [ <] o

NCBI Taxonomy | Virulence factors | Antibiotic resistance

Y » Controls > Filters

K7
LN

Genus Probability Run Species

No contentin table MAIRA (version 0.1.6-beta, built 30 Aug 2019)

Species Completeness Coverage

Mobile analysis of long reads
Benjamin Albrecht, Caner Bagci & Daniel H. Huson
University of Tubingen, 2019

No content in table

> Lineage Info O » Composition O
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e Taxonomic and functional analysis uses a graph
that contains all proteins and models genomes:

Research | Open Access | Published: 17 September 2020

MAIRA- real-time taxonomic and functional analysis of
long reads on a laptop

Benjamin Albrecht, Caner Bagci & Daniel H. Huson

BMC Bioinformatics 21, Article number: 390 (2020) | Cite this article

| — N

Daniel Huson, 2021
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e Long-read metagenomics

* Assembly+DIAMOND+MEGAN-LR

* Mobile sequence analysis using MAIRA
e Bioreactor monitoring using MMonitor

* Analysis of long-read assemblies using ALORA

Daniel Huson, 2021
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Bioreactor experiments:

e Grow microbes under controlled conditions

e Understand and/or optimize specific processes
* Monitor experimental parameters

e Collect biomass samples and sequence later

*Use MinlON to monitor community during experiment...
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| NON ® New Tab
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Image source: DaV|d et al Genome Blology (2014)
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Timo Lucas

Daniel Huson, 2021
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e Long-read metagenomics

* Assembly+DIAMOND+MEGAN-LR

* Mobile sequence analysis using MAIRA
e Bioreactor monitoring using MMonitor

e Analysis of long-read assemblies using ALORA

Daniel Huson, 2021
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Contigs: 1, length: 1,212,633
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e Long-read metagenomics is much more fun...

* Try: Assembly+DIAMOND+MEGAN+MeganServer
o MAIRAfor laptop-based analysis while-u-wait
* MMonitor for microbiome monitoring

« ALORA for interactive analysis of long-read
assemblies



EBERHARD KARLS

UNIVERSITAT & % z
Z
Institute for Bioinformatics %)

and Medical Informatics

Joint work with:

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

Irina Bessarab, Krithika Arumugam and Rohan Williams

Lars Angenent and Ulrike Biehain
Ruth Ley

Funding:

* Life Sciences Institute at NUS, NRF/MOE and NRF-EW, Singapore
* Deutsche Forschungsgemeinschaft

 DFG EXC2124 Controlling Microbes to Fight Infection

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Institute for Bioinformatics
and Medical Informatics




