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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)
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Start of Bioinformatics
• Double helix structure of DNA (1953)
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Francis Crick James Watson
Rosalind Franklin
Maurice Wilkins



Central Dogma of Molecular Biology

GCATCCATCTTGGGGCGTCCCAATTGCTGAGTAACAAATGAGACGCTGTGGCCAAACTCAGTCATAACTAATGACATTT
CTAGACAAAGTGACTTCAGATTTTCAAAGCGTACCCTGTTTACATCATTTGCCAATTTCGCGTACTGCAACCGGCGGGC
CACGCCCCCGTGAAAAGAAGGTTGTTTTCTCCACATTTCGGGGTTCTGGACGTTTCCCGGCTCGGGGCGGGGGGAGT
CTCCGGCGCACGCGGCCCTTGGCCCCGCCCCCAGTCATTCCCGGCCACTCGCGACCCGAGGCTGCCGCAGGGGGC
GGGCTGAGCGCGTGCGAGGCGATTGGTTTGGGGCCAGAGTGGGCGAGGCGCGGAGGTCTGGCCTATAAAGAGTCGC
GGAGACGGGGTGCGGTTTGCGTCGTAGTCTCCTGCAGCGTCTGGGGTTTCCGTTGCAGTCCTCGGAACCAGGACCTC
GGCGTGGCCTAGCGAGTTATGGCGACGAAGGCCGTGTGCGTGCGAAGGGCGACGGCCCAGTGCAGGGCATCATCAA
TTTCGAGCAGAAGGCAAGGGCTGGGACGGAGGCTTGTTGCGAGGCCGCTCCCACCCGCTCGTCCCCCCGCGCACCT
TTGCTAGGAGCGGGTCGCCGCCAGGCCTCGGGGCCGCCCTGGTCCAGCGCCCGGTCCCGGCCCGTGCCGCCCGGT
CGGTGCCTTCGCCCCAGCGGTGCGGTGCCCAAGTGCTGAGTCACCGGGCGGGCCCGGGCGCGGGGCGTGGACCGA
GGCCGCCGCGGGGCTGGGCCTGCGCGTGGCGGGAGCGCGGGGAGGGATTGCCGCGGGCCGGGGAGGGGCGGGG
GCGGGCGTGCTGCCCTCTGTGGTCCTTGGGCCGCCGCCGCGGGTCTGCGTGGTGCCTGGAGCGGCTGTGCTCGTCC
CTTGCTTGGCCGTGTTCTC 
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Human Genome Project
• One of the biggest science 

projects in history

• 13 years, 7 countries, $3 

billion: 1 genome

• 3 billion base pairs, 20 

thousand protein-coding genes
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High-throughput sequencing helps study all elements in the genome, 
epigenome, and their functions

Modified from ENCODE, Darryl Leja (NHGRI), Ian Dunham (EBI) 

ATAC-seq

nucleosome

Transcription
Regulatory element/

Enhancer

3D chromatin 
structure



• “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
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Surgery
Chemotherapy/
Radiotherapy

Targeted 
Therapy Immunotherapy

A long journey to fight cancer
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• Epigenetics: Signatures in chromosomes that 
define cancer cell identity

• Immunology: How immune systems work

• Single-cell omics: Precise map of tumor tissues

Precision Medicine



Epigenetic regulation of gene expression is critical in cancer development
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Tomasetti et al. Science 2017

Bradner et al. Cell 2017



ATAC-seq

nucleosome

histone
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We develop computational methods and use data science 
approaches to study gene regulation and epigenetics



Epigenomics
Transcriptional regulation

Method 
development

Data science 
discovery
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We develop computational methods and use data science approaches to 
study epigenetics and transcriptional regulation

• Stat/math/physics

/machine learning 

models

• Algorithms

• Software tools

• Multi-modal data 

integration

• Innovative models

• New biology



SICER: detecting broad peaks from ChIP-seq data

• Spatial-clustering Identification of ChIP-seq Enriched Regions
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Zang et al. Bioinformatics 2009
Zang et al. Quantitative Biology 2020

10kb

5kb

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

Jeffrey Yoo ’20

https://zanglab.github.io/SICER2/
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Public data can be powerful resources for computational biologists

gene set

transcription factors

cis-regulatory (enhancer) profile

> 500 DNase-seq

> 1000 H3K27ac ChIP-seq

> 13,000 TF ChIP-seq

Adaptive Lasso regression

+ semi-supervised learning

ROC association analysis, 
background adjustment, rank 
integration

Dataset AUC
TF_a_1 0.92
TF_a_2 0.87
TF_b_1 0.82
TF_a_3 0.73
TF_b_2 0.65
TF_c_1 0.48
TF_c_2 0.39...

...

TF Statistic Z-score P-value

TF_a 18.7 3.0 1.1e-77

TF_b 4.5 2.1 6.7e-06

TF_c -7.1 -1.5 1.3e-12... ... ... ...

TF_a_1

TF_a_2

TF_a_3

TF_b_1

TF_b_2

TF_c_1

TF_c_2
...Public TF ChIP-seq datasets

MappingMARGE

or ChIP-seq DataGene Set

Cis-regulatory profile
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Zhenjia Wang

MARGE

BART
Wang et al. Bioinformatics (2018)
Ma, Wang et al. NAR Genomics & Bioinformatics (2021)
Wang et al. Bioinformatics (2021)
Thomas et al. NAR Cancer (2021)
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BART Cancer: inferring active TFs in each cancer type

B
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Figure 5. LUNAR1 Regulates T-ALL Proliferation by Enhancing IGF1R Expression
(A) qPCR showing expression of LUNAR1 (blue) and IGF1R (yellow) in the presence of shRNAs targeting Renilla or LUNAR1.

(B) Line graphs showing relative contribution from T-ALL cells expressing shRNAs against LUNAR1 grown in competition with cells expressing a nontargeting

shRNA.

(legend continued on next page)

Cell 158, 593–606, July 31, 2014 ª2014 Elsevier Inc. 601

normal cancer
Cancer-specific 

gene sets

TCGA expression
BLCA

BRCA_1

BRCA_2

COAD_READ

GBM

PRAD
…

bartcancer.org
Thomas et al. NAR Cancer 2021

Zack Thomas ’21

Up-regulated
in cancer

Down-regulated
in cancer
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Gained/Lost CTCF bindings occur specifically in each different cancer type

Gained

Lost

Fang, Wang et al. Genome Biology 2020

normal cancer

normal cancer

Emilie Neulen ’22



Molecular mechanisms underlying health of physical activity

18

'ÖŶÖ��ÖóĴėũŋŽłù

Ɣ 4%77�%�62%�WIU�HEXE�JSV����VEX�XMWWYIW�EX���
HMJJIVIRX�XMQI�TSMRXW

Ɣ 4%77�%�4VSXISQMGW�HEXE�JSV���VEX�XMWWYIW�EX���
HMJJIVIRX�XMQI�TSMRXW

Ɣ 1MGVSEVVE]�HEXE�JSV�EGYXI�FSYX�SJ�I\IVGMWI�MR�
QSYWI�QSHIP�JVSQ�=ER�0EF�

9RMUYI�+IRIW�JVSQ�)EGL�(EXE�7IX

�ÖóĴėũŋŽłù Ɣ 1SPIGYPEV�8VERWHYGIVW�SJ�4L]WMGEP�%GXMZMX]�
'SRWSVXMYQ
ż 2EXMSREP�VIWIEVGL�KVSYT�MRZIWXMKEXMRK�LS[�

TL]WMGEP�EGXMZMX]�MQTVSZIW�ERH�QEMRXEMRW�LYQER�
LIEPXL�ERH�FYMPHMRK�E�QET�SJ�XLI�QSPIGYPEV�
VIWTSRWIW�XS�I\IVGMWI

Ɣ 4VIGPMRMGEP�ERMQEP�HEXE��KIRIVEXIH�JVSQ�VEXW��
TVSZMHIH�QYPXM�SQMGW�MRJSVQEXMSR�JSV����YRMUYI�
VEX�XMWWYIW�EX���HMJJIVIRX�XMQI�TSMRXW�EJXIV�ER�
EGYXI�FSYX�SJ�I\IVGMWI

Ɣ -R�TEVXMGYPEV��[I�EVI�MRXIVIWXIH�MR�MHIRXMJ]MRK�
WIGVIXIH�KIRI�TVSHYGXW�ERH�IPYGMHEXMRK�XLI�
FMSGLIQMGEP�QIGLERMWQW�XLEX�GSYPH�IPMGMX�
TPIMSXVSTMG�IJJIGXW�MR�SXLIV�XMWWYIW

Ben Ke ’22
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Data Science: Data + innovative computational modeling
→ new methods and/or scientific discoveries

RNA-seq

ChIP-seq

DNase/ATAC-seq

Hi-C

Public databases

…

Gene expression

Protein factors

Chromatin

3D genome

Multi-omics

…

Transcriptional 

regulation,

Chromatin 

organization,

…

New insight? New biology! Overfitting, 

overinterpretation...



Data Science
zanglab.org



Biomedical Data Science 
(Bioinformatics/Computational Biology)

Biology

Biomedical

zanglab.org



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
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“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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Welcome to join us!


