Lecture 12: Genomes

Goal: Model interactions between gene regulatory elements,
discuss common motifs in genetic circuits

* Genetic switches
» Genetic oscillators

Reading: PBOC Chapter 19.3.2, 19.3.3



Genomes

How do cells make decisions?

* Even simple organisms make complex decisions glucose:
* Cells respond to stimuli by producing proteins )/rare Giifte
o Stimulus: sugar. Response: make proteins
to digest sugar. grOWth
o Stimulus: DNA damage. Response: make ) rap'd prOdUCt'on — 8 e

DNA repair proteins.
* How much to make, and when to make it?
* Single cells lack an obvious “brain”
* How is the computation achieved?

Dictyostelium discoideum



Gene regulation

Elements of genetic circuits

Structural Genes - code for protein and RNA molecules that are
required for normal enzymatic or structural functions in the cell.

Regulatory Genes - code for protein and RNA molecules whose

function is to regulate the expression of other genes. “Transcription
factors”

Numbers: ~1600 transcription factors vs. ~20,000 protein coding
genes in human genome



Gene regulation
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Elements of genetic circuits
Monod (Nobel Laureate 1965)
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The biochemical processes that take place within an organism's
cells are controlled by the genes found inside DNA molecules.
Jacques Monod and Francois Jacob proved how the genetic
information is converted during the formation of proteins by
means of a messenger, which proved to the substance we now
know as RNA. Different cells work in different ways at different
times, however. This too is regulated by genes. In the early
1960s Monod and Jacob mapped the intricate processes that
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determine how genes are expressed or suppressed in a self- — “'f &tﬁ

regulating process. 1o el e =~
“Tout ce qui est vrai pour le

Colibacille est vrai pour I'éléphant.”



Genome regulation

Recall: .
Genetic networks: Molecules
negative regulation positive regulation
I_ i——ge;es adhesive RNA
RNA polymerase /\ ’ep’e;”’ @
GENES ON GENES OFF
low repressor concentration high repressor concentration
X——Y X—— Y

Repressors and activators change the probability of
RNA polymerase binding to the promoter of a gene



Genome regulation

Recall:

Genetic networks: E. coli transcription

each edge has a direction, a
sign, and a numerical value
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Genome regulation

Recall: Genetic networks: Molecules

negative autoregulation positive autoregulation



Genome regulation

Genetic networks: Switches
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Genome regulation

Genetic networks: Switches

(signal 2)
inducer 2
repressor 2 promoter 2
promoter 1 repressor 1 reporter
inducer 1

(signal 1)



Genome regulation

Genetic networks: Switches




Genome regulation

Genetic networks: Switches
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Genome regulation

Genetic networks: Oscillators




Genome regulation

Genetic networks: Oscillators

(A) time (min)
60 140 250 300 390 450 550 600

fluorescence
(arb. units)
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Lecture 12: Genomes

Summary:



| The Facts of Life

1 Why: Biology By the Numbers
Course 2 What and Where: Construction Plans for Cells and Organisms
. 3 When: Stopwatches at Many Scales
overvicw 4 Who: “Bless the Little Beasties”
II Life at Rest

5 Mechanical and Chemical Equilibrium in the Living Cell

6 Entropy Rules!

7 Two-State Systems: From lon Channels to Cooperative Binding

8 Random Walks and the Structure of Macromolecules

9 Electrostatics for Salty Solutions

10 Beam Theory: Architecture for Cells and Skeletons

11 Biological Membranes: Life in Two Dimensions
Il Life in Motion

12 The Mathematics of Water

13 A Statistical View of Biological Dynamics

14 Life in Crowded and Disordered Environments

15 Rate Equations and Dynamics in the Cell

16 Dynamics of Molecular Motors

17 Biological Electricity and the Hodgkin-Huxley Model
IV The Meaning of Life

18 Sequences, Specificity and Evolution

19 Network Organization in Space and Time

20 Whither Phvsical Biologv?
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