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The future of health care — 15 years ago
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Outline

= Case study: Optimizing antiretroviral therapy
= Some (computational) challenges in Personalized Medicine

= Competence Center Personalized Medicine UZH/ETHZ



Optimizing antiretroviral therapy



HIV drug resistance

\ _ —
|/ \\ :_ E E :
RO —

K ——=

//// \\ =
foﬂfu ‘ / || Wy o




HIV drug resistance — challenges
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Large genetic diversity Many drug combinations



Viral quasispecies assembly from NGS data
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= Given many short error-prone reads from a mixed virus
population, reconstruct all haplotype sequences and
estimate their frequencies



Challenges
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1. Alignment uncertainty
2. Several confounding sources of variation
3. Short read length



Beerenwinkel et al 2012
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Viral quasispecies assembly

Haplotype 1, strain A

Haplotype 2, strain B
Haplotype 3, strain B with deletion AN

Reference genome

Read alignment graph

Max-
cliques
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Most drug combinations are rare
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Predicting HIV phenotypic drug resistance

Is the present virus How likely Is it to
resistant to drugs? evolve resistance?
_ wild type
susceptible / \
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Statistical learning Evolutionary modeling
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A model of drug resistance development

highly resistant
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The individualized genetic barrier
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What is the probability of a susceptible virus to become resistant?



| coHORT |
L STupy |

Predicting treatment response
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Comparative performance

=
computational model
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Clinical decision support

ranked
treatment
options

No. of drugs d:=|- vl No. of pills DEPUW‘EI- 'l

NRTIs: NNRTIs: Pls:

=l <[ =] > = <[ =] =} = <[ =

Zov=[- - ne=[- ¥ ov=[- ]
ddc=[- - o=l =] rRT=[ =]
do=[- =] 2 | sav=[- =]
d4 =|ﬁ MFY=|exclude =
3Te=|- - Reset | apv=l ]

ABC=|- v LPVv=|- -
=[] [ Compute | ATv=[- =
Success” | Regimen Pills | Cormrment
n.72 [SQV LF 18 |LPVIT(B) SAWIr(10)
0.71 APY LF 22 LPWIr(B) APV(16)
0.66 [d4T TDF LF ] |d4T(2) TOF(1) LPVIr(6)
0.64 |ZDV cidl LF? ] |ZDWi2y ddif1) LPVIr(B)

*) PREDICTED probability of virological success

Histogramm of all (all selected) therapies

[¢]

]

01 0.2 0.3 0.4 0.5 0.6 0.7

10.0
7.5
5.0
25
0.0

0.1 0.2 0.3 0.4 0.5 0.6 0.7

7.5
5.0
2.5

0.0

Frobability of virological success over 24+ weeks

17



Genomic medicine In action

Susceptibility Screening Diagnosis Prognosis Treatment
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Goals of genome-based personalized medicine

= |Improved, individualized

= diagnhostics and prognostics: earlier, more precise, broad
molecular profiling

Host germline genome Infectious agents

McCarthy et al. 2013

= treatments: targeting specific disease markers, higher likelihood of
response, enhanced drug safety, optimized dosing
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Some challenges in Personalized Medicine
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Cost per genome
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National Genome Research Institute
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High throughput due to parallelization
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Nature 458, 719-724 (2009).

Massively parallel
sequencing

Capillary sequencing

Gel-based systems

Automated

Manual slab gel

slab gel

First-generation
capillary

Single
molecule?

Short-read
sequencers
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Second-generation
capillary sequencer
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Applications of next-generation sequencing

Sequencing the

genome of a species

Characterizing differences between

/| cataloging variation between
/ cells within an individual

individuals in a species

Chimpanzee

genomics

;.' ’ ,'I Immunogenomics
| i i Cancer
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Sequencing to determine:

DNA-Seq

A genome sequence

Targeted DNA-Saq

A subsat of a genome (for example, an
axome)

Mathyl-Seq

Sites of DMA methylation, genome-wide

Targeted methyl-Seq

DNA methylation in a subset of the
genoma

DMNase-Seq, Sono-Seq

Active regulatory chromatin {that is,

and FAIRE-Seq nucleosome-depleted)

MAINE-Seq Histone-bound DMA (nuclaosome posi-
tioning)

ChiP-5eq Protein-DINA interactions {using chroma-

tin immuneoprecipitation)

RIP-3eq, CLIP-Seq,

Protein-RNA interactions

HITS-CLIP

RMNA-Seq RMNA (that is, the transcriptome)

FRT-5eq Amplification-fres, strand-specific
transcriptome sequencing

NET-Seq Nascent transcription

Hi-C Three-dimensional genome structure

Chia-PET Long-range interactions mediated by a
protein

Ribo-Seq Ribosome-protected mRNA fragments
(that is, active translation)

TRAP Genetically targeted purification of poly-
somal mRNAs

PARS Parallel analysis of RMA structura

Synthetic saturation

Functional consequences of genetic

mutagenesis variation

Immuno-Saq The B-cell and T-cell repertoires
Deep protein Protein binding activity of synthetic
mutagenesis peptide libraries or variants
PhiT-Seq Relative fitness of calls containing

disruptive insertions in diverse genas

Shendure et al. 2012
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The real cost of sequencing

Sample collection and - Data reduction Downstream
Experimental = experimental design [ Sequencing
design

[l Data management analyses

~Rawreads
L (FASTA, FASTQ) )

Mappad reads
L (BAM, CRAM, MRF) |

d Mmanagement

Data reduction

e S—
Highdevel summaries
[VCF, Peaks, RPKM)

Downstream analyses

(differential expression, 0% ~
novel TARs, regulatory Pre-NGS Now Future
networks, ...) (Approximately 2000)  (Approximately 2010) (Approximately 2020)

Sboner et al. 2011 24



Exome sequencing data analysis pipeline

Fastq Files

Clipping, Trimming —> _
Trimmomatic

y
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.0
\ 3
2
Sort 5:
Filter —> CONTRA
} Overlap —>
Merge —> ADTEx

Remove duplicates

Index —
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Five common SNV callers on a cancer exome

deepSNV

SAMTtools

GATK UG

top 10% calls

JomtSNVMix2 MuTect
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Challenges
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= Data management
= secure, reliable, cost- and time-efficient -

= Data analysis &
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Developing open-source software for PM

SOUND

Statistical Multi-Omics Understanding

Statistical
Algorithms

Clinician

Methodological Bioinformatic Tools Scientists ’
and Computational for R&D in /

Integration A Personalized

WP8-12 Medicine Statistical Omics

Community
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Most PM projects require customized analyses

18 (Number of projects
analysis was used in) . . .
Pre-processing Many projects required customized
sequencing data techniques, such as methylation

pre- procesm ng Database search analysis, that were used only once.
5, |
3 2 F

Analysis types

Microarray

= Good pipelines alone will
not suffice

= Need for service and
consulting

Nature, 9 Apr 2015 29



Competence Center Personalized Medicine UZH/ETHZ
(CC-PM)
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Hochschulmedizin Zurich

Competence Center Personalized Medicine (CC-PM)

USZz

joint PVl researcn projects ETHZ
UZH

= 25 PlIs from USZ/UZH and ETHZ

= PhD program Molecular and Translational
Biomedicine (~50 students)
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CC-PM flagship projects

= Towards individualized prevention and therapy in
hereditary cancer diseases

= Brown fat tissue — personalized strategies to achieve
weight loss

= Metastatic ccRCC 1 — Personalising prognosis and
therapy of metastatic renal carcinoma

= Digital biobanking

= The intra-tumor heterogeneity census project — decoding

mechanisms of intra-tumor heterogeneity for precision
medicine

http://www.cc-pm.uzh.ch/flagships_en.html
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Technology for personalized medicine research

N\

Molecular and clinical data

management, analysis, and integration PMAICT
Lab automation and robotics tools Theragnostics
and advanced cell systems Discovery

Tissue and serum biobanking Biobank
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Hochschulmedizin Zurich

Competence Center Personalized Medicine (CC-PM)

joint PVl researcn projects

.’

PM-ICT D Biobanking
Unit Unit (UZH/USZ)

nexus (ETHZ)
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=11EeXUS

WNE Personalized Health Technologies

= Bioinformatics and statistics services
= genome analysis (WGS, WES, targeted sequencing)
= transcriptome analysis (RNA-seq)
= proteome analysis
= association studies
= image analysis for digital pathology

= Consulting

Quote and

Preparational Statement of : Joint Final
Request P . Agreement Data Analysis .
Meeting Work Meeting

= Education: courses, internships, etc.
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