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* “It has become part of the accepted wisdom to say that
the 20th century was the century of physics and the 21st
century will be the century of biology.”

— Freeman Dyson (1923-2020)



Start of Bioinformatics

* Double helix structure of DNA (1953)
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Central Dogma of Molecular Biology
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GCATCCATCTTGGGGCGTCCCAATTGCTGAGTAACAAATGAGACGCTGTGGCCAAACTCAGTCATAACTAATGACATTT
CTAGACAAAGTGACTTCAGATTTTCAAAGCGTACCCTGTTTACATCATTTGCCAATTTCGCGTACTGCAACCGGCGGGC
CACGCCCCCGTGAAAAGAAGGTTGTTTTCTCCACATTTCGGGGTTCTGGACGTTTCCCGGCTCGGGGCGGGGGGAGT
CTCCGGCGCACGCGGCCCTTGGCCCCGCCCCCAGTCATTCCCGGCCACTCGCGACCCGAGGCTGCCGCAGGGGGC
GGGCTGAGCGCGTGCGAGGCGATTGGTTTGGGGCCAGAGTGGGCGAGGCGCGGAGGTCTGGCCTATAAAGAGTCGC
GGAGACGGGGTGCGGTTTGCGTCGTAGTCTCCTGCAGCGTCTGGGGTTTCCGTTGCAGTCCTCGGAACCAGGACCTC
GGCGTGGCCTAGCGAGTTATGGCGACGAAGGCCGTGTGCGTGCGAAGGGCGACGGCCCAGTGCAGGGCATCATCAA
TTTCGAGCAGAAGGCAAGGGCTGGGACGGAGGCTTGTTGCGAGGCCGCTCCCACCCGCTCGTCCCCCCGCGCACCT
TTGCTAGGAGCGGGTCGCCGCCAGGCCTCGGGGCCGCCCTGGTCCAGCGCCCGGTCCCGGCCCGTGLCGLLLGET
CGGTGCCTTCGCCCCAGCGGTGCGGTGCCCAAGTGCTGAGTCACCGGGCGGGCCCGGGCGCGGGGCGTGGACCGA
GGCCGCCGCGGGGCTGGGCCTGCGCGTGGCGGGAGCGCGGGGAGGGATTGCCGCGGGCCGGGGAGGGGLGGGE
GCGGGCGTGCTGCCCTCTGTGGTCCTTGGGCCGCCGCCGCGGGTCTGCGTGGTGCCTGGAGCGGCTGTGCTCGTCC
CTTGCTTGGCCGTGTTCTC



Human Genome Project

Jhe entire human genome. (Qu‘/.t/md 2 doubt, « One of the biggest science

the'most impontant, = | projects in history

: « 13 years, 7 countries, $3
billion: 1 genome

« 3 billion base pairs, 20
thousand proteln coding genes
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Cost per Human Genome
$100,000,000

$10,000,000

Moore’s Law
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N I H National Human Genome
Research Institute

genome.gov/sequencingcosts
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High-throughput sequencing helps study all elements in the genome,
epigenome, and their functions
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 “Until we actually understand all the working parts within
our genome, we won't really be able to practice the most
informed medicine.”

- Eric Lander



A long journey to fight cancer

Surgery

Chemotherapy/

Radiotherapy

Immunotherapy

Precision Medicine

« Epigenetics: Signatures in chromosomes that
define cancer cell identity

* Immunology: How immune systems work

« Single-cell omics: Precise map of tumor tissues
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Epigenetic regulation of gene expression is critical in cancer development
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We develop computational methods and use data science
approaches to study gene regulation and epigenetics

transcription start sites DNase-seq peaks
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We develop computational methods and use data science approaches to
study epigenetics and transcriptional regulation
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Method

Data science
development

discovery

Stat/math/physics
/machine learning
models

Algorithms
Software tools

e Multi-modal data
integration

* |nnovative models

* New biology
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SICER: detecting broad peaks from ChlIP-seq data

« Spatial-clustering Identification of ChlP-seq Enriched Regions
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https://zanglab.qgithub.io/SICER2/

Docs » Quick Start

SICER2

Redesigned and improved ChIP-seq broad peak calling tool SICER

build passing

GitHub Repo

Jeffrey Yoo '20

Zang et al. Bioinformatics 2009
Zang et al. Quantitative Biology1%020


https://zanglab.github.io/SICER2/

Public data can be powerful resources for computational biologists
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BART Cancer: inferring active TFs in each cancer type
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Gained/Lost CTCF bindings occur specifically in each different cancer type

normal cancer
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Molecular mechanisms underlying health of physical activity

e Molecular Transducers of Physical Activity

Consortium
o  National research group investigating how
physical activity improves and maintains human
health and building a map of the molecular
responses to exercise

e Preclinical animal data, generated from rats,
provided multi-omics information for 19 unique
rat tissues at 7 different time points after an
acute bout of exercise

e In particular, we are interested in identifying
secreted gene products and elucidating the
biochemical mechanisms that could elicit
pleiotropic effects in other tissues
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Data Science: Data + innovative computational modeling

— new methods and/or scientific discoveries
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Data Science

Machine

Compiter. ™  Math and

Science/IT Statistics
Data

Science

Software Traditional
Development Research

Domains/Business
Knowledge

zanglab.org



Biomedical Data Science A
(Bioinformatics/Computational Biology) zngiab.org
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Levels of Bioinformatics Research (by Shirley Liu)

Level 0: “modeling for modeling’s sake”

Level 1: applying existing software tools to analyze new data and to make
novel findings

Level 2: developing new methods (models/algorithms/tools) for a general
data science problem for biomedical research

Level 3: integrating existing big data in a smart way to make new biological
discoveries

Level X: providing key integration and modeling to massive data from big
consortia, leading a team science effort combining Levels 1-3 a4




“The best minds of my generation are thinking about
how to make people click ads. That sucks.”

-- Jeff Hammerbacher
Co-founder of Facebook
Computational Biologist

Data Scientist

Embrace your passion!
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