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A ﬁﬁ-[ong decision



A reminder

for all of you,
high school students!




QR7T: Do you REALLY like a subyect or are you
REALLY good at something?

Ask yourself tn the next ~10 mins



Where are we n biology?
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The spread of COVID-19 across the globe




Why quantitative biology?
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We have got many many * stars
so What s next -

/

X~ depmapportal

Explore the Cancer Dependency Map

: 3 Data Explorer S Cell Line Selector @ Data Downloads

Welcome to the DepMap Portal!

The goal of the Dependency Map (DepMap) portal is to empower the research community to make discoveries related to
cancer vulnerabilities by providing open access to key cancer dependencies analytical and visualization tools.




Dynamics are tmportant!

time
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QR7T: Do you REALLY like a subyect or are you
REALLY good at something?

Any thought?



QR2: What kind of people you want to

become?

Ask yourself wn the next ~10 mans



When quantitative biology?



Techunology development has made great impacts ou
quantitative biology 1n the past fwo decades

* Chemistry

* Engineering

* Imaging

* Computation



Techunology development has made great impacts ou
quantitative biology tn the past fwo decades
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Techunology development has made great impacts ou
quantitative biology 1n the past fwo decades

* Engineering



mother machine

{

Suckjoon Jun group 2010, Harvard




Techunology development has made great impacts ou
quantitative biology tn the past fwo decades

* Imaging



Quantify biological dynamics using
the state-of-the-art experimental techniques

In-house long-term single-cell tracking system Cell Lineage Signaling Dynamics

time (hour)



Tool development has made great impacts ou
quantitative biology in the past decades

Mdm2 transcription p53 protein

Mdm2 protein
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Techunology development has made great impacts ou
quantitative biology 1n the past fwo decades

* Computation
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QR2: What kind of people you want to

become?

Any dea?



R3: Do you have any question for my
presentation so far?

Ask yourself tn the next ~15 mins



What quantitative biology?



Biological systems are dynamic
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AMPK oscillations after suppressing glycolysis







Developmental Cell 53, 646660, June 22, 2020




Circadian clock

SupraChiasmatic Nucleus (SCN)
Steve Kay, UCSD



Biological waves tn fly embryo
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P granules n C. elegance

~5 um/min

SCIENCE VOL 324 26 JUNE 2009




Oscillations and segmentation

VOLUME 10 | NUMBER 2 | FEBRUARY 2008



Nifrogen starvation tn biofilim

00:00 hr

Cell 185, 145-157, January 6, 2022




R3: Do you have any question for my
presentation so far?

Any question?



R%: Do you have a dream?

Ask yourself tn the next ~15 mins



What s quantitative biology (ooking for?



A

~ Where are.




General principles n biology









What are the principles in car-ology?



Desigm Priwcipfes 1 car-o{ogy

e Whatis acar?

e What makes a car?

e What are the functions of a car?




Emergent properties

Design principles

Individual components




What are the design principles tn biology?
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“Gaeneral principles’ underlying biological dynamics

00:00 hr Tg(krt19:H2A-mCherry)




Biological dynamics

%,

Emergent properties

12 24 36 48 60 72
time (hours)

Design principles

V)

§

Individual components




How do we find principles tn biological oscillators?



Dynamics -> Principles



Molecular mechanisim underlying the p53 oscillator

DNA damage
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General molecular feature of biological oscillators
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hsp90 dnaJ

Nat Genet. 2004 Feb;36(2):147-50.



“Solve the differential equations by computation
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[n silico exploration of regulators for P53 dynamics
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General principles governing biological oscillators

High-quality
guantitative
dataset

NAD(P)H (a.u) >

Simplifying
theory

Delayed negative feedback

2.9., multi-step regulations:-:

(®)

O

Deeper
simplifying
theory

PP?

How do brological
oscillators emerge durtng
evolution?

Can we predict when
and where biological
oscillators arise?



R%: Do you have a dream?

Any?



Tool-butlding tn biology based on design principles




Synthetic oscillator —--
a genetic circutt of negative feedback loop
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Vol 463|21 January 2010| doi:10.1038/nature08753
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Synthetic biological switches tn human cells

RESEARCH ARTICLE

Synthetic multistability in mammalian cells

Ronghui Zhu', Jesus M. del Rio-Salgado, Jordi Garcia-Ojalvo?, Michael B. Elowitz*3*

MultiFate: a synthetic
multistable circuit architecture

Inactive complex

________

Expandable without Zhu et al., Science 375, 284 (2022)
modifying TFA&B



Synthetic biological switches tn human cells

RESEARCH ARTICLE

Synthetic multistability in mammalian cells

Ronghui Zhu', Jesus M. del Rio-Salgado’, Jordi Garcia-Ojalvo?, Michael B. Elowitz"3*

MultiFate: a synthetic
multistable circuit architecture

Inactive complex

________

Expandable without
modifying TFA&B

C-only ..'- Zhu et al., Science 375, 284 (2022)



Harnessing design principles to create new kind of biology

!
l‘”‘7 (/P

RESEARCH ARTICLE )

Engineering longevity—design of a synthetic gene
oscillator to slow cellular aging

Zhen Zhou', Yuting Liu*, Yushen Feng', Stephen Klepin', Lev S. Tsimring?, Lorraine Pillus*?,
Jeff Hasty">4, Nan Hao"%**

Science 27 Apr 2023, Vol 380, Issue 6643, pp. 376-381



Converting a bistable system to an oscillatory system
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