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Annotation information storage

Example questions e.g:

® \What (genes) distinguish species that
have a desired trait?

® \Which enzymes are there that can
catalyze reaction X (maybe with
different cofactors?

Requires a resource of consistently
annotated genomes that can be
mined




Requirements for genome mining

A semantic annotation platform that
incorporates common tools and stores the
results in “proper” format. SAPP

A graph database that can be mined: SAGERP SAPP is the only thing a user would need to use

A definition of the “proper format”: definitions to annotate a genome

of biological terms and their relationships: D :
GBOL ontology Sager-P is the only thing a user would need to

mine the data
Interface to use the ontology: GBOL stack

Tools to develop all of these:
® Empusa: code generator
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SAPP: Annotation information storage

Wrapper to commonly used annotation tools (prokaryotes and «-» zm

eukaryotes) that generates FAIR data ’ i | Q

Examples: o I—_
® Uniform annotation of over 10 000 bacterial species. \ &

® Uniform annotation of salmonoids (fish) -—J"""-'--—‘-'-—
mtetproscan/ l

Koehorst et al Bioinformatics 2017 — - .
https://gitlab.com/sapp ’
Documentation: -

https://sapp.gitlab.io
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Conversion types

« EMBL / GenBank
* FASTA

* GFF

* QTL

* VCF

Modular design

Genetic elements
» Gene prediction
* tRNA/rRNA

* Crispr

Functional annotation

* BLAST

* Enzyme predictions
 Domain annotation
* Signal peptides

* Transmembrane

* Localization
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Tool development for FAIR genome annotation

® SAPP: an annotation platform

OWL-ShEXx

® SAGERP: resource with annotated genomes%

i Sequence
Developer: Fasta

Annotated
sequence

e GBOL stack:
® GBOL ontology (backbone)
® Java/R Api
® Owl/ShEx

Interface gate keeper

® Code generator: Empusa useful for developers
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Code generation: EMPUSA

Database

Linked data graph is free format: Ontology defines T S atyre | uacles

. LinkageEvidence
structure but does not enforce it. > @NucleatideType
BothStrandsPositi
¢ NEED TO MANTAIN CONSISTENCY orwardstrando:
StrandType

Topology
From Ontology (protégé file) Lineage
v Location
® OWL + Sh EX v ?_.L:I“I:,:(tionOchgion-;
BagOfRegions
ListOfRegions
InBetween

® AP|: Java + R

Organism
Person

® |nstance validation included it e

FuzzyPosition
AfterPosition
. BeforePosition
® > 80.000 lines of code generated InRangePosition
OneOfPosition
prov:Activity
prov:Agent
prov:Entity
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GBOL: Genome Biology Ontology Language

Sub domain Classes  Properties

Genomic locations 16 17
Genes

transcripts and features

Document structure

Dataset-wise provenance

Element-wise provenance

BIBO

Embedded with existing ontologies.

Feature X

Van Dam et al. Journal of biomedical semantics 2015
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Use cases:

Computational genomics

&

Organizing QTL data
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High Throughput annotation

Parallel retrieval process

¢ PFAM scanmer

Dynamic search and filtering

Y C 7% | Tac s n 7
Bactena SELECT 7sample 7accessio b
WHERE {

7sample a3 g .
7dnacbject 7sample .
Tdnaobject Tgene .

Tgene Ttranscrig
Functional domains retrieval TRrenscrin eature 7cds .

COs fprotein .

Tprotein f 70omain .

7domain Ixref .

Txref <http://abol.1ife/0.1

Ixref laccession .
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Functional variation

Phylogeny and phenotype relationships with
the functional landscape
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Pseudomonas fluorescens
Pseudomonas putida
Pseudomonas syringae

Scored phenotypes

K

Anaerobe
Facultative
Microaerophilic
Obligate aerobe

Obligate anaerobe P‘ am

BacDive

The Bacterial Diversity Metadatabase
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QTL incorporation

QTL data of 3 species

e Oryza sativa (Rice)
e Sorghum bicolor (Sorghum)
e Glycine max (Soybean)
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Conversion and comparison

@ > @ Pairwise protein sequence comparison

Organism Number of QTLs QTLs with <450 genes | Number of Traits

Oryza sativa 8203 2958 230
Sorghum bicolor 604 277 72
Glycine max 691 451 88
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Synteny comparison of QTL regions

QTL Synteny

QTL: Q.Kebede2001.PTHT-F-1
Species: Sorghum bicolor
Trait: Plant height

Trait: Seed Soybean: Seed yield 31-9

Yield Mm.o: -

S009vVOYV 331y

Q.Ritter2008.GRYLD-3-1

Sorghum:

QTL: CQAX21
Species: Oryza sativa(Rice)
Trait: Plant height

Rice: AQCR0O01
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Current publications using SAPP

Comparative genomics highlights symbiotic capacities and high metabolic flexibility of the marine genus Pseudovibrio
D Versluis, B Nijsse, MA Naim, JJ Koehorst, J Wiese, JF Imhoff, ... Genome biology and evolution 10 (1), 125-142

Concurrent haloalkanoate degradation and chlorate reduction by Pseudomonas chloritidismutans AW-1T
P Peng, Y Zheng, JJ Koehorst, PJ Schaap, AJM Stams, H Smidt, ... Applied and environmental microbiology 83 (12), e00325-17

Persistence of Functional Protein Domains in Mycoplasma Species and their Role in Host Specificity and Synthetic Minimal Life
T Kamminga, JJ Koehorst, P Vermeij, SJ Slagman, ... Frontiers in cellular and infection microbiology 7, 31

Complete Genome Sequence of Akkermansia glycaniphila Strain PytT, a Mucin-Degrading Specialist of the Reticulated Python Gut
JP Ouwerkerk, JJ Koehorst, PJ Schaap, J Ritari, L Paulin, C Belzer, ... Genome announcements 5 (1), e01098-16

Interoperable genome annotation with GBOL, an extendable infrastructure for functional data mining
JCJ van Dam, JJ Koehorst, JO Vik, PJ Schaap, M Suarez-Diez bioRxiv, 184747

Reverse methanogenesis and respiration in methanotrophic archaea
PHA Timmers, CU Welte, JJ Koehorst, CM Plugge, MSM Jetten, ... Archaea 2017

Comparison of 432 Pseudomonas strains through integration of genomic, functional, metabolic and expression data
JJ Koehorst, JCJ Van Dam, RGA Van Heck, E Saccenti, ... Scientific reports 6, 38699

Complete genome sequence of thermophilic Bacillus smithii type strain DSM 4216 T
EF Bosma, JJ Koehorst, SAFT van Hijum, B Renckens, B Vriesendorp, ... Standards in genomic sciences 11 (1), 52

Protein domain architectures provide a fast, efficient and scalable alternative to sequence-based methods for comparative functional genomics
JJ Koehorst, E Saccenti, PJ Schaap, VAPM dos Santos, M Suarez-Diez F1000Research

Assessing the metabolic diversity of streptococcus from a protein domain point of view
E Saccenti, D Nieuwenhuijse, JJ Koehorst, VAPM dos Santos, PJ Schaap PloS one 10 (9), e0137908

A genomic view on syntrophic versus non-syntrophic lifestyle in anaerobic fatty acid degrading communities
P Worm, JJ Koehorst, M Visser, VT Sedano-Nufiez, PJ Schaap, ... Biochimica et Biophysica Acta (BBA)-Bioenergetics 1837 (12), 2004-2016
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Availability

® SAPP Koehorst et al Bioinformatics 2017
https://sapp.gitlab.io

® Empusa: https://gitlab.com/Empusa

® GBOL: Documentation & namespace:
http://gbol.life/0.1/

SAPP: functional genome annotation and analysis
through a semantic framework using FAIR
principles

Jasper J Kochorst @, Jesse C J van Dam, Edoardo Saccenti, Vitor A P Marting dos Santos,
Maria Suarez-Diez, Peter J Schaap @

Bioinformotics, Volume 34, Issue 8, 15 April 2018, Pages 14011403,
https://dolorg/10.1093 bicinformatics baxT67
Published: 23 Novernber 2017  Article history v

= bioRyiv

New Resuy

Interoperable genome annotation with GBOL, an extendable
Infrastructure for functional data mining

© Jesse CJ. van Dam @ Jasper Jin ). Koehorst, © Jon Oty Vik. @ Peter ). Schasg, @ Muria Suarez Diez
dol: heepnidoi org/18 1 101/184147
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Availability

® SAPP Koehorst et al Bioinformatics 2017
https://sapp.gitlab.io

® Empusa: https://gitlab.com/Empusa

® GBOL: Documentation & namespace:
http://gbol.life/0.1/

SAPP: functional genome annotation and analysis
through a semantic framework using FAIR
principles *

Jasper J Kochorst @, Jesse C J van Dam, Edoardo Saccent, Vitor A P Marting dos Santos,
Marls Suarer Diez, Peter ) Schasp @

Soinformatics, Volume 34, issue 8, 15 April 2018, Pages 14011403,
hetps:/fdoi.org/10. 100/ bicieformatics dex 167
Published: 23 Novermber 2017 Article history v
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New Results

Interoperable genome annotation with GBOL, an extendable
infrastructure for functional data mining

© Jesse CJ van Dam, @ Jasper jan | Koehorst, © Jon Olav Vi, © Peser | Schasp, © Maria Suarez Diex
dokz hezpsc/idoiorg/| 0.1 101/184747
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