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PART 1 – WORKING WITH GENOMES IS LIKE WORKING
WITH TEXT

There was once a lovely, cute little girl; whoever knew her was loved by all, but still loved by her
grandmother best: she would have given her all the treasures of the world. He once bought him a red
velvet cap. The little girl liked the hat so much that she always wore it only; it was also named Piroska.
The Redheads lived inside the village, and Grandma was out in the woods in a neat little house. One fine
day Piroska's mother says, "Come on, baby girl!" Here's a cake and a bottle of wine, take it to your
grandmother. He is both sick and weak, he will do well. Start fast before the heat sets in. Then go nicely,
properly, don’t run off the road because you will fall and break the bottle, the wine will flow out, and
then what will your grandmother drink! And when you get there, don't stare at the room; your first thing to
do is to have a decently good morning. "Trust me, my mother, everything will be as you say," Piroska
replied to the rebuke, took the basket in her arms and set off. He cut through the field, entered the
woods; so who will face him? He is nothing but a wolf. - Good afternoon, Little Red Riding Hood! ...



WORKING WITH GENOMES IS LIKE WORKING WITH TEXT

HiC_scaffold_1 maker mRNA 1677 5926 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 1677 1769 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 1960 2079 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 2168 2232 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 2436 2503 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 3300 3436 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 5909 5926 . - 0 ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 3300 3436 . - 0 ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 2436 2503 . - 1 ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 2228 2232 . - 2 ID=augustus-gene-0.1
HiC_scaffold_1 maker 3'_UTR 2168 2227 . - . ID=augustus-gene-0.1

Gene Structure

Domain Architecture

3-D Structure

>maker-HiC_sc_1_gene-0.1
MCWNLKDGLRDSLVSAAPYGGPIA
LLREPHRRSPSSRPQLEIYSASGV
GIASFPWKSGPVVHLGWTVSDELL
CIQEDGSVLIYDLFGSFKRHFSMG
QEVVQSQVLEAKVFHSPYGTGVAI
VTGSSRFTLATNIDDLKLRRLPEV
PGLQGKPSCWVVLTQDRQTKVLLS
NGSELFILDSTSCTAVCPPGLGPQ
AGSVVHMSVSFSYKYLAL.....

Genome Annotation Protein Sequence
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WHAT IS SPECIAL/DIFFERENT IN U. PUSTULATA?

G1 G2 G3 G4



THERE ARE MANY PROTEINS PER GENOME, AND MANY
SPECIES SEQUENCED
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FROM PAN GENOME TO ORTHOLOGOUS GROUPS

* in fact, we should replace ‚genome‘ with ‚gene set‘
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FDOG – FEATURE-AWARE PHYLOGENETIC PROFILING OF
PROTEINS USING HMMS

https://github.com/BIONF/fdog

5x

Species tree discordance test

best



IDENTIFYING GENES THAT DIVERGED IN THEIR FUNCTION
SCORING ORTHOLOGS BY THEIR FEATURE ARCHITECTURE
SIMILARITY

Seed : Acinetobacter baumannii ATCC 19606

O1: Acinetobacter baumannii AYE

FAS=1

O2: Acinetobacter guillouiae

FAS=0.4Penalize
Absence of seed features in ortholog
Differences in number of feature instances
Differences in relative position of feature instances

Weigh features according to their frequency in a proteome
Score in the interval of [0,1]



LINEARIZATION OF REDUNDANT DOMAIN ANNOTATIONS



BENCHMARKING FDOG

FAS cutoff

Species tree discordance test

Functional similarity (GO)
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FROM ORTHOLOGOUS GROUPS TO PHYLOGENETIC
PROFILES – GENE LOSS?!

Time
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OG3
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OG4

OG1 – core gene
OG2 – gene loss
OG3 – gene gain
OG4 – multiple independent gene loss (H1) 
/ horizontal gene transfer (H2)/ 
contamination (H3  )

H1

H2

H2

H3



ANNOTATING GENOMES – HOW COMPREHENSIVE CAN YOU BE?

Genome 
fasta

RNA
Seq

Homologous
Proteins

Repeat 
Library

Gene 
Predictor



FDOG ASSEMBLY – TARGETED SEARCH FOR ORTHOLOGS
IN UNANNOTATED GENOMES



34219 38

Using annotated gene sets from
NCBI Genome (RefSeq)

Using the genome fasta file only

fDOG ASSEMBLY – A FIRST BENCHMARK
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ABSENCE OF GENES ANCIENT GENES – EVOLUTIONARY 
SIGNAL OR ARTEFACT?

GC rich inverted repeats:
• Illumina fails (DNA & RNA seq)
• Non-random sequencing error in 

PacBio
• Assembly polishing fails
• Uncorrected indels mimic frame 

shift mutations
• Wrong inference of gene loss

2. Assembly statistics
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3. Secondary structure prediction
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Key enzyme in folate metabolism.
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purine synthesis. Mutation is
complemented by human DHFR.
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UNCORRECTED FRAMESHIFT ERRORS – RARE EXCEPTIONS?

1. Identification of low coverage (LC) regions 2. Merging of adjacent LC regions

NCBI nrProt Diamond
YES

YES

NO
NO

GFF
Sig.hit?

Frame-

shift?
Johannes Zieres



NON-RANDOM SEQUENCING ERRORS – RARE EXCEPTIONS?



NON-RANDOM SEQUENCING ERRORS IN LONG-READ DATA…

…mimick gene structure
modification and gene loss

…false positive signal in 
comparative genomics studies

U. hispanica

U. pustulata
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FROM ORTHOLOGOUS GROUPS TO PHYLOGENETIC
PROFILES – GENE LOSS?!
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PROTTRACE - A SIMULATION BASED STRATEGY TO 
ASSESS PROTEIN TRACEABILITY

>DIM1 YPL266W 
MGKAAKKKYSGATSSKQVSAEKHLSSVFKFNTDL
GQHILKNPLVAQGIVDKAQIRPSDVVLEVGPGTGN
LTVRILEQAKNVVAVEMDPRMAAELTKRVRGTPV
EKKLEIMLGDFMKTELPYFDICISNTPYQISSPLVFK
LINQPRPPRVSILMFQREFALRLLARPGDSLYCRL
SANVQMWANVTHIMKVGKNNFRPPPQVESSVVR
LEIKNPRPQVDYNEWDGLLRIVFVRKNRTISAGFK
STTVMDILEKNYKTFLAMNNEMVDDTKGSMHDVV
KEKIDTVLKETDLGDKRAGKCDQNDFLRLLYAFHQ
VGIHFS

Seed1 - DIM1

>PHD1 YKL043W 
MYHVPEMRLHYPLVNTQSNAAITPTRSYDNTLPS
FNELSHQSTINLPFVQRETPNAYANVAQLATSPTQ
AKSGYYCRYYAVPFPTYPQQPQSPYQQAVLPYAT
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TPGVSSTSVLKPRVITTMWEDENTICYQVEANGIS
VVRRADNNMINGTKLLNVTKMTRGRRDGILRSEK
VREVVKIGSMHLKGVWIPFERAYILAQREQILDHLY
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DNKHEIATEIKPKSIDALSNGASTQGAGELPHLKIN
HIDTEAQTSRAKNELS

Seed2 – PHD1
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FROM ORTHOLOGOUS GROUPS TO PHYLOGENETIC
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FROM PHYLOGENETIC PROFILES TO EVOLUTION OF
FUNCTION

Time
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PHYLOGENETIC PROFILES OF 303 EUKARYOTIC
RIBOSOME BIOGENESIS FACTORS ACROSS 900 SPECIES



THE RNASE-MRP COMPLEX IN YEAST AND HUMANS – WHEN
LIMITED TRACEABILITY CONFOUNDS THE ANALYSIS
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H3 – ARE CONTAMINATIONS IN GENE SETS AN ISSUE?

Perisa et al. Contaminated gene sets inform about ecology and evolution of nematodes (in prep)
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G-NOME - AN ONLINE RESOURCE FOR GENOMES AND
GENE SETS -



‚SPECIES SPECIFIC‘ GENE SETS ARE OFTEN ‚COMMUNITY
SPECIFIC‘ GENE SETS

Perisa et al. Contaminated gene sets inform about ecology and evolution of nematodes (in prep)

Brivio et al. (2018) Insects, 11 Sep 2018, 9(3)
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PART 2 – WHAT MAKES ACINETOBACTER BAUMANNII 
PATHOGENIC/VIRULENT?



WHAT CHARACTERIZES PATHOGENIC ACINETOBACTER?

Adhesion & biofilm formation

Protection 
against…
• ROS/NOS
• Antimicrobials
• Desiccation
•…

Nutrient
acquisition



HOW TO CHARACTERIZE PATHOGENIC ACINETOBACTER?

Comparison to other pathogens

Mapping 
of

virulence
factors

C
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Transposon
libraries

Random mutagenesis

Diff. Gene expression Phylogenetic Approaches



PHYLOGENTIC PROFILING THE ACINETOBACTER PAN 
GENOME USING ORTHOLOGS – PRIMING STAGE
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HiC_scaffold_1 maker mRNA 1677 5926 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 1677 1769 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 1960 2079 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 2168 2232 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 2436 2503 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker exon 3300 3436 . - . ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 5909 5926 . - 0 ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 3300 3436 . - 0 ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 2436 2503 . - 1 ID=augustus-gene-0.1
HiC_scaffold_1 maker CDS 2228 2232 . - 2 ID=augustus-gene-0.1
HiC_scaffold_1 maker 3'_UTR 2168 2227 . - . ID=augustus-gene-0.1

Gene Structure

Protein-Domain Architecture

3-D Structure

>maker-HiC_sc_1_gene-0.1
MCWNLKDGLRDSLVSAAPYGGPIA
LLREPHRRSPSSRPQLEIYSASGV
GIASFPWKSGPVVHLGWTVSDELL
CIQEDGSVLIYDLFGSFKRHFSMG
QEVVQSQVLEAKVFHSPYGTGVAI
VTGSSRFTLATNIDDLKLRRLPEV
PGLQGKPSCWVVLTQDRQTKVLLS
NGSELFILDSTSCTAVCPPGLGPQ
AGSVVHMSVSFSYKYLAL.....

Genome Annotation Protein Sequence
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• Purin-P biosynthesis

• oligopeptide transport
• D-glucarate catabolism
• Acetoin catabolism
• Siderophore biosynthesis
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• Viral release from host cells
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INNOVATION IN ONE CONTEXT: PROJECTION TO THE
TYPE STRAIN – A. BAUMANNII ATCC 19606

Phylogenetic profile

Abundance pattern

Functional annotation

Gene order



INNOVATION IN ONE CONTEXT: INFERENCE OF
EVOLUTIONARY AND FUNCTIONAL(?!) UNITS

Gene cluster graph
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A SELECTION OF GENE CLUSTERS PREVALENT IN THE
ACB CLADE AND RARE/ABSENT OUTSIDE

• Significantly similar phylogenetic profile
• Abundant in ACB clade
• Rare or absent outside the ACB clade

Kynurenine metabolism

CarnitineQS

A
C
B

Capsule formation?
Gluconate

Catalase
Malonate

Putrescine



WHAT CHARACTERIZES PATHOGENIC ACINETOBACTER –
AN EXCERPT

Quorum sensing & biofilm formation

Carbohydrate metabolism

Micro-nutrient acquisition

MolybdenumZincIron Manganese

Abundance Outgroup
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entAB

ABC.FEV

acinetobactin

baumannoferrin A/B

feoABC MumRTLHUC hutGITHUCD

zigA (putative)

znuD

czdABCD
modABC

D-Glucarate D-Galactarate D-Glucose

Tryptophane metabolism

L-Carnitine
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QS
N-Acetyl-homoserin-Lacton

(LuxI/LuxR type)
NRPS cluster

AbaR

CsuA/B cluster (5x)
(archaic chaperone-usher pili)

(5-fold increase in D0114 mutant)
Adhesion to abiotic surfaces and cell

morphology but not motility

(1)

Ac-505

SCPU domain protein (12x) (CUP), 
OmpA (1.6x), BAP (?), FilA (2.9x), 

Fimbrial protein (1.5x)
(x-fold decrease in D0114 mutant)

BfmRS cluster
(Aci Core genome)

GacSA
(Aci Core genome)

L-Carnitine



WHAT CHARACTERIZES PATHOGENIC ACINETOBACTER –
MANY CLUSTERS ARE JUST A NUMBER...



FUNCTIONAL DIVERGENCE OF ORTHOLOGOUS PROTEINS
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FEATURE ARCHITECTURES INFORM ABOUT FUNCTIONAL
DIVERGENCE
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Koestler et al. (2010) BMC Bioinf 11:417; https://www.github.com/BIONF/FAS



LARGE SUBUNIT MATURATION IN ARCHAEA AND
EUKARYOTES – EVOLUTION OF COMPLEXITY



PART 3 – THE EVOLUTIONARY MAKING OF SARS-COV-2



THE EVOLUTIONARY HISTORY OF SARS-COV-2 AND OF
ITS PROTEOME



LINEAGE SPECIFIC DOMAIN ARCHITECTURE CHANGES
WITHIN SARBECOVIRUS ARE RARE BUT INFORMATIVE
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INCREASING RESOLUTION TO THE SUB-DOMAIN LEVEL –
THE EPITOPE LANDSCAPE OF THE SPIKE

≈ç≈ç

Turonova et al. Science (2020) 370 
(6513): 203-208
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FURIN DEPENDENT DESTABILIZATION OF SPIKE
A MASTER REGULATOR IN VIRUS – HOST INTERACTION

Shang et al. (2019) PNAS 117 (21) 11727–11734
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(FURIN DEPENDENT) DESTABILIZATION OF SPIKE
EVOLUTIONARY FINE-TUNING SEEMS ONGOING

Benton et al. (2021)
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WIR SUCHEN UNTERSTÜTZUNG AUF ALLEN EBENEN


