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* Two decades of bioinformatics software development
* Current research projects and recent developments

* The Deep-iAMR project

* openBIS



Expertise of our group

e 20 years in bioinformatics software development

EDGAR
Comparative
genomics

GenDB
Genome
annotation

e Focus on microbial genomics and transcriptomics with
some eukaryotic projects

MGX
Metagenomics

Carmen
Pathway
analysis

* High-performance computing & scalable big data analysis

ReadXplorer
Read mapping
analysis

 Large portfolio of in-house developed software platforms

e Experience with various workflow systems such as
Conveyor, Galaxy, Nextflow, Snakemake, CWL, ...

Conveyor
Analysis
pipelines

GPMS
User and
project
management

e Containerization for flexible cloud computing deployment

e de.NBI service center for microbial bioinformatics

¢ Close collaboration with ELIXIR on international level



Our collection of software tools
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Our current research projects

de.NBI

NFDI4BioDiversity

NFDI4Microbiota

FAIR Data Spaces — Aufbau eines gemeinsamen Cloud-basierten Datenraums fiir Wirtschaft und Wissenschaft
KFO 309 — Virus-induced lung injury

GRK2355 — Regulatory networks in the mRNA life cycle: from coding to non-coding RNAs

FOR5116 — Communication in host-microbe interaction via exRNA

LOEWE Schwerpunkt "Diffusible Signals"

ICIPS — Innovation und Koevolution in der sexuellen Reproduktion von Pflanzen

Evolution von Gennetzwerken: Die Ranunculales als Modellordnung fiir evolutionare Innovationen
Deep-iAMR

DeepDomains



The BiGi center for microbial bioinformatics

Software applications continued as de.NBI services de,&NBI

Bioinformatics consulting
Training courses

Software tools for the field of microbial genome research

Reusable workflows including Galaxy server

Storage and compute resources

Cloud computing environment including Kubernetes



State-of-the-art sequencing technologies

HiSeq X Ten

MlnIONT"’I < 3

Read length 10,000 bp
Reads/Run up to 0.6 Mio

Time/Run up to 48 hours
Price of reagents/Run 99 S
Price/Mb 0.20$

Price/Instrument 900 $

Feature Illumina HiSeq
X Ten

Read length 150 bp
Reads/Run 6,000 Mio
Yield 18 Tb
Time/Run 72 hours
Price/Mb 0.007 $
Price/Instrument 10 Mio S

1,000 $ per human genome




Data management and computational analyses

All systems are hosted on servers of the Bioinformatics Core Facility at JLU Giessen
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Cloud-based analysis workflows

Parallelization in the cloud Automated analysis pipelines Elimination of bottlenecks
CD @
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©
S
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~ bioinformatics tools Interactive visualization of results
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« Focus on next-generation sequencing data analysis workflows
« Continuous improvement of pipelines



ASA3P — Scalable analysis of microbial genomes

qc

assembly

‘ .i_, scaffolding
taxonomy i

annotation
MLST
. SNP ASAP
- = AMR
u VF phylogeny
Input formats: pan genome

core genome

2 -

Docker container for local execution

Ready-to-use single VMs in de.NBI cloud with up to 144 vCPUs
Full service with password protected web-based access
Scalable cloud setup based on BiBiGrid to process 1,000+ genomes / day

Species # Genomes
Acinetobacter baumannii 123
Actinobacillus pleuropneumoniae 21
Citrobacter freundii 74
Enterobacter aerogenes 18
Enterobacter cloacae 130
Enterococcus faecalis 193
Enterococcus faecium 356
Escherichia coli 2162
Klebsiella oxytoca 65
Klebsiella pneumoniae 432
Listeria monocytogenes 141
Proteus mirabilis 80
Pseudomonas aeruginosa 114
Serratia marcescens 564
Staphylococcus aureus 64
Total 4,537

Collaboration with Med. Microbiology, JLU




Genome Analyses

Quality Control
Assembly
Scaffolds

Annotation

Genome Characterization

Taxonomic Classification
MLST

Antibiotic Resistances
Virulence Factors
Reference Mapping

SNP Detection

Comparative Analyses

Core/Pan Genome

Phylogeny

ASA3P — Main result page

A example-ecoli-ST410

@ This is an example project comparing various Ecoli ST410 strains published

by Falgenhauer et al. 2016.
/4 1.01 @ Escherichia
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ASA3P — Antibiotic resistance profiles

< # computational.bio.uni-giessen.de (]

& example-ecoli-ST410

Genome Analyses Dashboard ' Antibiotic Resistances
Chimlly, Sontol Show 10 4 entries Search: csv
Assembly
A : | S # ABR Target # Potential ABR
s Il Genome ABR Profile Drugs # ABR Genes Genes Details

Genome Polishing

1 Escherichia coli 37B15-13-1E = 5 26 61 Q
Annotation

2 Escherichia coli 232B15-13- . 5 24 59 Q

2E

SRons Sl oselion 3 Escherichia coli 370B15-13- D s 24 58 Q
Taxonomic Classification

4 Escherichia coli 123074 . 5 24 58 Q
MLST

5 Escherichia coli 123445 ® 5 21 59 Q
Antibiofic Realstances 6  Escherichia coli E003488 4 21 57 Q
Reference Mapping 7 Escherichia coli E006810 . 7 25 56 Q
SNP Detection 8 Escherichia coli R37 = 6 25 55 Q

9 Escherichia coli R56 ® 5 23 60 Q
Comparative Analyses 10  Escherichia coli R61a @ 5 23 60 Q
Core/Pan Genome Showing 1 to 10 of 27 entries Previous n 2 3 Next

Phylogeny



ASA3P — Current status and features
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e 24 VMs with 768 cores in cloud
* 1day

Antiblotic Resistances

88.4%

Features

o * Flexible configuration

gz TS * Extensible analysis modules

* Results in standard file formats

Features
Show | 10 4 entries Search; - . : . - M
- * Interactive visualization and browsing
Locus Type |i Start]i End Strand  Gene Product EC Interence
Lmono_SRR3634446_00001 CODS 147 2,645 1apB_1 Listeria adhesion protein Lap8 ab Initio prediction:Prodigal-2.6 similar to
AA sequence:asap-
proteins.faa:virG032762
Lmono_SRR3634446_00002 CODS 2885 4.44 Acatyl-coenzyme A synthetase 1::;::5::;:25:(:3\21;;;;;1;:? SC h We n ge rs O' H oe k A’ F I"itze nWa n ke r M , Fa Ige n h a u e r I_’ H a i n -I-'
Lmono_SRR3634446_00003 CDS 4212 5069 putative glucose uptake protein J:,.\m;::.::::::::s:::'g‘;;:ggﬁ:n Ch a k ra bO rty -I-, G oesmann A ( 2020) ASA3 P . An a uto m atl can d sca I a b | e
Lmono SRRA3634446 00004 CDS 5.184 5.488 putative transcription regulatory protein Abr8 ab initio prediction:Prodigal-2.6,similar to . . . . .
AR sequonce RSoc: 1P_COMBS76.1 pipeline for the assembly, annotation and higher-level analysis of closely
Lmono_SRRA3634448 00005 CDS 5513 63%4 tetrapyrrole methylase family protein 2.1,1.107  ab initio prediction:Prodigal-2.8, similar to

AA sequence-RefSeq YP_D06671981.1

related bacterial isolates. PLoS Comput Biol. 2020 Mar 5;16(3):e1007134



Expansion of IT Infrastructure

Extension of IT facilities

* Modular data center with 10 racks in container
e 200 kw total

* Investment of 1,5 Mio € (JLU)

Extension of de.NBI cloud

» Additional 16 PB of storage
* Compute nodes, GPU nodes, high-memory servers

* Investment of 2,2 Mio € (BMBF)

HP-DEIBO (8 CPUs, 2TB RAM) |




The Deep-iIAMR project



Deep-iAMR — The team

Prof. Dr. Trinad Chakraborty (Medical Microbiology, JLU Giessen)
* DNA sequencing, phenotypic genome characterization

* Experimental validation

Prof. Dr. Dominik Heider (Data Science in Biomedicine, University of Marburg)
* Machine learning, deep learning
* Model development, evaluation, optimization

Prof. Dr. Alexander Goesmann (Bioinformatics and Systems Biology, JLU Giessen)

* Genome assembly and annotation

* Bioinformatic genome characterization

y Project duration: 2020 — 2022 * Bundesministerium
. . ¥ S fUr BiIdU”g
* BMBF fundlng: 1.1 Mio € | und Forschung

FKZ 031L0209A, 031L0209B

https://www.gesundheitsforschung-bmbf.de/de/deep-iamr-identifizierung-von-neuen-antimikrobiellen-resistenz-targets-durch-deep-learning-10900.php
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https://www.gesundheitsforschung-bmbf.de/de/deep-iamr-identifizierung-von-neuen-antimikrobiellen-resistenz-targets-durch-deep-learning-10900.php

Tetanus
60,000

Road traffic
accidents

1.2 million

Measles
130,000

Diarrhoeal
disease

1.4 million

Deep-IAMR — Motivation

Bacteria ...

AMR in 2050
10 million
Cancer
8.2 million
AMR now
700,000
(low estimate)
Cholera
100,000—
120,000
Diabetes
1.5 million

Source: https://amr-review.org

are unicellular

are omnipresent on earth

have extremely diverse genomes
have growth rates down to 9.8 min

can exchange genetic material, including
antibiotic resistance genes

AMR & MDR bacteria pose a raising threat
worldwide

Even , last resort” drugs become ineffective

Global concern for humans, animals,
environment - ONE HEALTH approach

Potentially up to 10 M deaths per year in 2050

without effective measures .



Deep-IAMR

ASA’P |

-

Container Al Assembly
& annotation

AMR
targets

de.NBI cloud

Sequencing of more than 1,000 E. coli genomes
and their plasmids

* Analysis of ~1,500 public samples

Determination of minimal inhibitory
concentrations (MIC)

Evaluation of various feature types (e.g. DNA
seguence patterns, SNPs, genes)

Construction of different machine learning
models and performance evaluation

Experimental validation

Ilterative refinement

Goal: Better characterization of resistance

profiles and identification of potential new
AMR targets
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Bakta

Submit Jobs Viewer Info Download GitHub

* Rapid and standardized annotation of

Bakta Web : .
bacterial genomes and plasmids

Rapid & standardized annotation of bacterial genomes & plasmids

(’\ * Alignment-free sequence identification

(9 )
Q)
A
—+
Q)

Command-line application for local

\\ O installation
4

Web-based portal to annotate and
browse genomes

Datei auswahlen  AJ431260.1.fasta

Organism

* Comprehensive feature annotation
Locus prefix (optional) Locus tag prefix (optional) i n Cl u d i ng C DS’ S h O rt O R Fs’ t R NAS’
Annotation nCRNAS, CRlSPR,
Min contig length Translation table Mono-/Diderm Prodigal training file
Complete genome . . .
Keep contig headers 1 11: The Bacterial, Archaeal v ? v Datei auswéhlen  Kei...hit ° R u nt| me ~ 10 min fo r asin gl e ge nome
Replicons
Original sequence id Length New sequence id Type Topology Name
AJ431260.1 79370 Optional Contig v linear v Optional — ba kta .com p u tatIO Na I . b | (0)

Schwengers O, Jelonek L, Dieckmann M, Beyvers S, Blom J, Goesmann A (2021) Bakta: rapid &
standardized annotation of bacterial genomes via alignment-free sequence identification.

Microbial Genomics, 7(11). DOI: 10.1099/mgen.0.000685 19



Prediction of antimicrobial resistance

Dataset

WGS Data SNPs Position

TGTT..AACC
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CNN

Cross-Validation l
Model Optimization r!_ Model Testing

Giessen Data Public Data

Marker Genes and SNPs ‘
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EFS marker detection Candidate Marker Genes and SNPs

Copyright © 2021, Oxford University Press

* Experimental data for 987 local samples

* Focus on four antibiotics: ciprofloxacin, cefotaxime,
ceftazidime and gentamicin

* Investigation of four machine learning methods for
predicting AMR to four different drugs in E.coli from
whole-genome sequence data, here mainly SNPs

* Performance evaluation based on cross-validation on our
own data and testing of model performance on public
data

* |dentification of candidate marker genes and SNPs

* In-depth experimental validation and further
characterization ongoing

Ren Y, Chakraborty T, Doijad S, Falgenhauer L, Falgenhauer J, Goesmann A,
Hauschild AC, Schwengers O, Heider D (2021) Prediction of antimicrobial

resistance based on whole-genome sequencing and machine learning.
Bioinformatics, 6:btab681. 20



Scientific outreach

el%i}: ]

GERMANY

de.+NBI

FUTURE-ORIENTED ANALYSIS
OF LIFE SCIENCES DATA USING
ARTIFICIAL INTELLIGENCE

Contributions of the German Network for

Bioinformatics Infrastructure

Oliver Schwengers Can Imirzalioglu

https://www.youtube.com/watch?v=UCv8QEKwXts https://www.denbi.de/images/Downloads/deNBI_KI_brochure.pdf
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openBIS



openBIS — System overview

Digital notebook

oéenBIS

Data management

Inventory management

S5

Highly generic data schema

Data Processing Pipeline  Visualization/ Analysis Tool

HCS/ Imaging “

Modular system design

Access and rights management

 Support for integrated data
openBIS i N k analysis
DB . . .
e g Users * Excel-compatible import/export
Mass Spectrometry Share
Export
7 Visualize
Publish .
J > => openbis.ch
Next Generation Copyright © 2011, Bauch et al; licensee BioMed Central Ltd.
Sequencing

Bauch A, Adamczyk |, Buczek P, ElImer FJ, Enimanev K, Glyzewski P, Kohler M, Pylak T, Quandt A, Ramakrishnan C, Beisel C, Malmstrom L, Aebersold
R, Rinn B (2011) openBIS: a flexible framework for managing and analyzing complex data in biology research. BMC Bioinformatics, 12:468. 73



openBIS — Current work

eoe M+ < [ )] & 134.176.27.117 ¢ ®© M + 8
Manage Projects 7 B
I*Ql Bioinformatics and Systems Biology &
-

Home Create Project Manage Projects DB Management

JH_TEST_SPACE - QTEST v Q

@ | Workflows =

e | , Job Monitor * Local installation & system
P Reproducible Data Analysis . .
= configuration
teps
X Workflow * Scalable setup
Samples example workflow v
- [ J * Access to HPC & storage

example workflow

:
Datasets * Data encryption based on Crypt4GH

nf-core/rnaseq

nf-core/chipseq

i wasp * Development & integration of
workflow registry

24



Thanks for your attention!

Contact: alexander.goesmann@cb.jlug.de

Homepage: www.computational.bio

* Bundesministerium
fir Bildung
i desdNBI

GERMAN NETWORK FOR BIOINFORMATICS INFRASTRUCTURE
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