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Course Information

Webpage: access using CANVAS

Meeting time: TTh 2-3:20pm

Meeting place: MEB 2325

Office hours: TTh 3:30-4:30pm or by appointment

Email: myers@ece.utah.edu

Office: MEB 4112 / 581-6490
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Prerequisites

Students should have some familiarity with:
Genetics, cell biology, molecular biology, or biochemistry, OR
Engineering methods for modeling, analysis, and design.
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Grading Policy

Participation - 10 percent
Attend class.
Participate in class discussions.

Homework - 40 percent
Will learn how to use and create modeling, analysis, and design tools.
Use simple system for tutorial.
Choose a genetic circuit to use in your assignments.
Model, analyze, and design your genetic circuit with these tools.

Project - 50 percent
Design a genetic circuit, or
Design and implement a software tool.
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Recommended Textbook
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What is Engineering?

Samuel Florman

Engineering is the art or science of
making practical.
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What is Engineering?

Robert Heinlein

One man’s “magic” is another man’s
engineering.
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What are Genetic Circuits?

A cell includes three main types of biological networks (circuits):
Metabolic networks are enzymatic processes that transform food into
energy, and perform both biosynthesis and biodegradation.
Protein networks are communication and signaling networks which are
composed of basic reactions between two or more proteins.
Genetic regulatory networks, or genetic circuits, regulate gene expression
at many molecular levels.
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The focus of this course is the application of engineering methods
to the modeling, analysis, and design of genetic circuits.
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What are Genetic Circuits?

A cell includes three main types of biological networks (circuits):
Metabolic networks are enzymatic processes that transform food into
energy, and perform both biosynthesis and biodegradation.
Protein networks are communication and signaling networks which are
composed of basic reactions between two or more proteins.
Genetic regulatory networks, or genetic circuits, regulate gene expression
at many molecular levels.

The focus of this course is the application of engineering methods
to the modeling, analysis, and design of genetic circuits.

GOAL: faciilitate collaborations between engineers and biologists.
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What is Bioinformatics?

Biology is now both a lab-based science and an information science.

Biologists have had to draw assistance from those in mathematics,
computer science, and engineering.

Result was development of bioinformatics and computational biology.

Major goal is to extract new biological insights from large and noisy sets
of data generated by high throughput technologies.

Must create and maintain databases with massive amounts of data.

Must be able to efficiently access, submit, and revise this data.

Latest software must even analyze and interpret this data.

Bioinformatics refers to the analysis of static data such as sequence
analysis of DNA and protein sequences, techniques for finding genes or
evolutionary patterns, and cluster analysis of microarray data.

Bioinformatics algorithms are not explicitly covered in this course.
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What is Bioinformatics?

Biology is now both a lab-based science and an information science.

Biologists have had to draw assistance from those in mathematics,
computer science, and engineering.

Result was development of bioinformatics and computational biology.

Major goal is to extract new biological insights from large and noisy sets
of data generated by high throughput technologies.

Must create and maintain databases with massive amounts of data.

Must be able to efficiently access, submit, and revise this data.

Latest software must even analyze and interpret this data.

Bioinformatics refers to the analysis of static data such as sequence
analysis of DNA and protein sequences, techniques for finding genes or
evolutionary patterns, and cluster analysis of microarray data.

Bioinformatics algorithms are not explicitly covered in this course.

Results of bioinformatics research are important to this course.

Chris J. Myers (Lecture 0: Course Overview) Engineering Genetic Circuits 9 / 25



What is Systems Biology?

Systems biology is the study of the mechanisms underlying complex
molecular processes as integrated into systems or pathways made up of
many interacting genes and proteins.

Concerned with the analysis of dynamic models.
Made possible by new experimental methods such as:

cDNA microarrays and oligonucleotide chips.
Mass spectrometric identification of gel-separated protiens.
2-hybrid systems.
Genome-wide location analysis (ChIP-to-chip)

Systems biology involves:
Collection of large experimental data sets,
Constructing mathematical models from this data,
Designing software to accurately and efficiently analyze these models in
silico (i.e., on a computer), and
Comparing numerical simulations with the experimental data.
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What is Systems Biology? (cont)

Ultimate goal is to develop methods which can give reasonable
predictions of experimental results.

While it will never replace experimental methods, may help
experimentalists make better use of their time.

Also may gain insight into mechanisms used by these biological
processes which may not be obtained by experiments.

Eventually, may be possible that they could have substantial impact on
our society such as aiding in drug discovery.

Systems biology was focus of previous iterations of this course.
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What is Systems Biology? (cont)

Ultimate goal is to develop methods which can give reasonable
predictions of experimental results.

While it will never replace experimental methods, may help
experimentalists make better use of their time.

Also may gain insight into mechanisms used by these biological
processes which may not be obtained by experiments.

Eventually, may be possible that they could have substantial impact on
our society such as aiding in drug discovery.

Systems biology was focus of previous iterations of this course.

Modeling and analysis methods for systems biology are important
for this course, but the applications considered will be different.

Chris J. Myers (Lecture 0: Course Overview) Engineering Genetic Circuits 11 / 25



Systems Biology Example: Phage λ

Esther Lederberg Andre Lwoff Francois Jacob Jacques Monod

In 1953, Lwoff et al. discovered that a strain of E. Coli when exposed to
UV light lyse spewing forth λ viruses.
Some of the newly infected E. Coli would soon lyse while others grow and
divide normally until exposed to UV light.
In other words, some cells follow a lysis pathway while other followed a
lysogeny pathway.
The decision between the lysis and the lysogeny developmental pathway
is made by a fairly simple genetic circuit.
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Systems Biology Example: Phage λ

(Courtesy of Maria Schnos and Ross Inman, Institute for Molecular Virology, University of Wisconsin, Madison)
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Phage λ Developmental Pathways
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Phage λ Decision Circuit
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Another Representation of the Phage λ Decision Circuit

McAdams/Shapiro, Science (1995)
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Stochastic Simulation Results for the Phage λ Circuit

Arkin/Ross/McAdams, Genetics (1998)
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Stochastic Asynchronous Circuit Model for Phage λ
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Stochastic Asynchronous Circuit Results
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SAC results generated in only 7 minutes.
Kuwahara et al., Trans. on Comp. Sys. Bio. (2006)
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SAC results generated in only 7 minutes.
Kuwahara et al., Trans. on Comp. Sys. Bio. (2006)
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Systems Biology Versus Synthetic Biology

Drew Endy
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What is Synthetic Biology?

Biology has at least 50 more
interesting years

– James Watson (1984).
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What is Synthetic Biology?

Biology has at least 50 more
interesting years

– James Watson (1984).

Synthetic biology has likely extended
this much further.
Synthetic biology involves:

Designing new biological systems to
achieve a desired function.
Creating systems that actually
agree with our models.

Potential applications:
Produce drugs and bio-fuels.
Consume toxic waste.
Destroy tumors.

Synthetic biology is the focus of
this course.
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Genetic Engineering vs. Synthetic Biology

Genetic engineering (last 40 years) consists of experimental techniques
to produce artificial DNA sequences.
Synthetic biology adds:

Standards - create repositories of parts that can be easily composed.
Abstraction - high-level models to facilitate design.
Decoupling - separate design from construction.

(source: Drew Endy)
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Genetic Engineering vs. Synthetic Biology

Genetic engineering (last 40 years) consists of experimental techniques
to produce artificial DNA sequences.
Synthetic biology adds:

Standards - create repositories of parts that can be easily composed.
Abstraction - high-level models to facilitate design.
Decoupling - separate design from construction.

In other words, synthetic biology makes genetic engineering a
“real” engineering discipline.

(source: Drew Endy)
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A Brief History of Synthetic Biology

The Beginning: January 2000
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A Brief History of Synthetic Biology

Human Genome Project
Published February 2001

Cost of $3 billion
1990→ 2003
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2004: 5 teams, 31 participants, ∼50 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

(From “Adventures in Synthetic Biology” - Endy et al.)
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A Brief History of Synthetic Biology

iGEM 2005: 13 teams, 125 participants, ∼125 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2006: 32 teams, 723 participants, ∼724 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2007: 54 teams, 777 participants, ∼800 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2008: 88 teams, 1248 participants, 1387 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2009: 113 teams, 1840 participants, 1348 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2010: 128 teams, 2327 participants, 1863 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

SB 5.0, Stanford University, June 2011
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2011: 165 teams, 2586 participants, 1355 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2012: 190 teams, 3696 participants, 1708 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2013: 215 teams, 4027 participants, 1708 parts
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2014: 245 teams, 4515 participants
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2015: 280 teams, 5018 participants
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

Nielsen et al., Science (2016)

Chris J. Myers (Lecture 0: Course Overview) Engineering Genetic Circuits 23 / 25



A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2016: 300 teams, 4432 participants
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A Brief History of Synthetic Biology

These 33 Synthetic Biology Companies
Raised More Than $900 Million in 2016
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

iGEM 2017: 310 teams with nearly 5400 participants from 44 countries.
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A Brief History of Synthetic Biology
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A Brief History of Synthetic Biology

These 33 Synthetic Biology Companies
Raised $925 Million in 2018 Q2
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A Brief History of Synthetic Biology
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Course Topics

An Engineer’s Guide to Genetic Circuits

Genetic Parts, Devices, and their Construction

Modeling of Genetic Circuits

Analysis of Genetic Circuits

Design of Genetic Circuits
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Assignment #0

Select a paper from ACS Synthetic Biology describing a genetic circuit design.
During the assignments for this course you will reproduce this design in silico.

Each student must select a unique genetic circuit design.
Email me your selection before the end of the week (8/24).
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