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Towards personalized molecular diagnhostics and
therapy for infectious diseases

Inferring Genotype-Phenotype and Genotype-Environment associations from
microbial omics & biomedical data

= May indicate biological functions & mechanisms
= Molecular markers
= Support for diagnostic and therapeutic decisions and prognostics
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Characterizing antimicrobial resistances

Test growth conditions and
resistances (takes time, other
organisms found..)
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Genotype-Phenotype / Environment Associations

Sequencing Representation Machine Learning

Annotation: GPA,
SNPs, Gene
expression

Clinical or
environmental
microbial samples

Sequence-based

Detected
Microbial phenotypes Biomarkers Predictive Model
Environments (feature selection)
Cultivation conditions Characterization Clinical diagnosis and

Antibiotic resistances
Host disease condition
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Method overview

Predictive Biomarker Tree
model detection inference

TRAITAR Microbial Sequences Gene family v v X
genomics presence or
absence (GPA)

Seq2Geno2Pheno  Microbial Sequence and Sequences v v v
genomics / gene expression  (SNPs, GPA)
transcriptomics  levels and
expression
levels
MicroPheno 16S rRNA Sequences K-mers v X X
amplicon data
DiTaxa 16S rRNA Sequences Variable length v v X
amplicon data subsequences
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U nput
Machine Learning

Sequencing Representation (SVM) +

PhyloInference
Whole genome .
_ Annotation: GPA
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Microbial isolates
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TRAITAR

Machine learning combined with evolutionary modelling for predicting
microbial phenotypes

a) Phylogenetic models b) Support vector machine classifier training on o) Phenotype
ancestral protein family gains and losses classification models

Oxygen requirement
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https://msystems.asm.org/content/1/6/e00101-16

Key protein families for selected phenotypes
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Predicting antimicrobial resistances for P. aeruginosa
A)

'

S. Haussler,
HZI

Bacterial pathogen with
multiple AMRs, causing
complications e.g. in cystic
fibrosis

414 clinical isolates
4 common antibiotics
Genome, transcriptome
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Seqg2Geno2Pheno
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Predicting sensitivity / resistance with high recall/precision
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.. From few molecular markers
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Meta-omics - Studying microbial
communities by sequencing
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Studying microbial communities -the basics

PR Genomes 168 i
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= Who is there? Taxonomic profiling

= by marker gene (rRNA, ITS regions) = J roroeed sequencing |
. = Classification . Estimated profile :
= shotgun metagenome sequencing Emm =
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16S reads 20% D
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otgun reads

(b) Metagenome shotgun sequencing

Source: Liu et al. (2011)  / weLmnorrz
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OTU clustering

= After sequencing, 16S rRNA data are usually clustered into groups of
closely related sequences, referred to as Operational Taxonomic Units
(OTUs)

= Computationally expensive, as needs sequence alignment
= Taxonomically inconsistent
= Sequence similarities between OTUs are ignored
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Representation Machine Learning

Who) <nome

Annot~tio~: GPA,

Environmental - SNPS, ¢ 4
microbial samples Metagenomics: express.on

165 rRNA Sequence-based:
variable length

Detected
Biomarkers Predictive Model

Environments _
(feature selection)

Host disease condition
Characterization Clinical diagnosis and
Designing diagnostics treatment -
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https://academic.oup.com/bioinformatics/article-abstract/35/14/2498/5221016?redirectedFrom=fulltext
https://academic.oup.com/bioinformatics/article-abstract/35/14/2498/5221016?redirectedFrom=fulltext

DiTaxa: biomarker detection from 16S rRNA

= |nference of variable length features using
Nucleotide-Pair Encoding (NPE)

= Better than OTUs in detecting differential taxa for
host disease phenotypes, and for host disease
phenotype prediction

Table 2. The results of DiTaxa and the standard pipeline
(STDP) in marker detection for the synthetic dataset.

Method | Precision | Recall Fl
DiTaxa 1 1 1
STDP 0.905 0.898 | 0.901

w. M. Mofrad
UC Berkeley
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Microbial markers for periodontal disease

Bacteroidetes DiTaxa a: Corynebacterium
- Firmicutes & Standard Pipeline (STDP) | _b:Actinomyces
Proteobacteria ® DiTaxa/STDP agreement E5F pericdonticum
Table 3. The results of DiTaxa and the phlochectes - ot actnomyciemeomian:
] ; ; : - Synergistetes — ok e
standard pipeline (STDP) in marker detection Tenericutes N Sehwaas
i . N . i - Actinobacteria k: Velanaity
in comparison with literature of periodontal Planctomycetes T oyt
dl‘SeaSe ' \ n: P ;'ntermedia
' ' ) < . - N
/‘j;;? A
Method | True Positive Count | Recall

DiTaxa 13 out of 29 0.59 §ﬁ“ 3
STDP 3 out of 29 0.10 IR

CENIRE FUK

INFECTION RESEARCH




Healthy versus new onset RA

Rheumatoid Arthritis Healthy

TCCETICE AT CATE T3 g ECarEOrCEOragCETICgTCCTgagraggaTcaaacICIgactgag
TLCEACTIZCATETCTIatgIgCgCCECCagIegNItatCClgagcCaggatc
TECTECCTOCrETaggagT CIEEECCaTaNCICagICrCaargTEgrcggcc

+

TCEITCCCCICg AT CaTEE a3 ECCTETaECIagCETICatCCigagrcagatcaaacticIgactgag
HECTICTCILCICTCg T TCgACTIg CaTET T Taa g CET g g Cag CETICEICCTgaICCaggatcaaaciolgactgag
AEETa3ECCIElag (TagCEIICAICCIgagCCagEalcaaactClgactgagCEEECgEraaggcgramagnnn
T33CCTETagCragCETICATCrIEAgCCaAEEATCaaaICIgarTEagCEggCIEECaagac
23 CCTTagClagCE TCalCCIgagCCagaTcaaaciCIgaCIgaECEECIEECaagEcgeat:
CATgTETIaagCCTElagCIa gogTICa T Tgag CCagEaTCaaacTCgACIEagCEEg CIIgCaagEcacatagnn
ECATEIEITas EogTaECIagCEICal Ol EagrCaEgaTcaaactclgaclgagcEgucgECaagicacatagn

T3CTCACCCETICECaacTCalCCaagaagagraagriCCiCCliCag CEIICIaCgatgariagy

T3 OO A g CTaECTICaTCOT g3 ECCaEEatcaaa CTCIgaCTEagCIEECIEEcaagEccatagnnnn
LCETIICCCCTCgACTIgCa gL LaagrCIETagClagCgIicatCCigagccaggalcaaactolgactgag
CaCTIECatECEIaaECCTaECTagCgIICalCCigagccaggatcaaactioIgactgag

TCETTLCCCICgaCTIgEaTgIgIIaafCCIgTagCragCEIicatcCga ccaggarcaaaciolgactgag
IgCa g3 g CgTaE g CETICatCCIgagCCagEaTCaaactCETEaECEEECIZEcadggcgcatag
IIETTaaECCTgTa BCTa ECETICa IO gAgCCagEaTCaaactCIgactgagCgEgCIggcaaggcgcatagnnnn

T

ICATETATIagECacg O CragCEICalCCNEagCraggatcaaacIcTgacigagcErecTgEcaaggcgratagn
“aTgTaTIagECacECCrta gogTICa IO gagCCagEaTCaaartCIgacIgagCgEgCIEgCaagacaratagnn
ZCaIgIaTlagECacgCCECCagCIIcalCCIEagCCaEgatcaaaciclgacigagCEgECIgEcaagEcLcaagn *
ATLCEICgACTIECaTEIaltaggCacgrCgCCagCgIICatorigagrcaggarcaaacicIgacigag * *
cutes, Mollicutes; Acholeplasmatales; Acholeplasmataceae; Acholeplasma; Acholeplasma-palmae +

acteria; Betaproteobacteria; Burkholderiales; Sutterellacase +
*

CCECCATEARCIAZCTCCCECECTECCETICEAcTIg ATECCECCag

CICCCECgCT O gacTIECaTgT ETaaggCaTECCECCAECETICAATTE3ErCaggaTCcaaartCIgactgag
HCECCAEEAECaaECTCCCECECTECCETICgacTIECaIgIglaagE CaTgCCECragCEICaaTCgagrraggalc
T

* |

||
CCCaTCCIgA 3 A TEgT I g (TACICACCCETITECCaClagatingaaagaagcaagCicCicicCroicy
TCATICCa g I g CaTCCTCTCa g a0 E ECTaCIgaTCgr CEECTIEETEEECC TacCICacCaactactta
T3CICaCCCgITECCactagatigaaagaagraagericiiclccicicg
CCCATCCIEAagECaggTIgTilacETgTIactca CoCgIITgCCactagattTy 33CTICCTICTCCTETE
1C3CCA3CTaCCIA3TCA FACECAa 30 CCICTICaggCEaTagCIIacaaglagaggrra coriicrree
TCaTECIACCI3 0733 CrTa T CIoTa T3 T CaTCETTICCOTC I TCCCCaCCIT3aUEC T TTIETILACHTE,

# unique 16S
sequences
matched by
marker

Data from Scher et al.,
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Critical Assessment of Metagenome
Interpretation

Critical Assessment of Metagenome Interpretation—a
benchmark of metagenomics software
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CAMI 2 Cha |enge « Short and long reads
o ‘ » Marine/rhizosphere
microbial community metagenome reads
=== environment
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pathogen detection
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Summary and Outlook

= Personalized infection medicine (e.g. pathogen & AMR analyses)

= Molecular markers (e.g. AMR diagnostics, generic microbial phenotypes,
microbiome-related diseases)

= may indicate functional basis

= Shotgun metaOmics
= increasing resolution of taxonomic analyses
= functional markers, genomic context

= improving sensitivity & turnaround time relative to culture-based
analyses
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