Intro to Synthetic Biology!

Week 1 - Introduction
July 7, 2019



Welcome!



What is synthetic biology?

How - Aims to make
implementation of
new biological
functions more
reliable, efficient,
safe, and transparent
Why - Has the
potential to solve
problems in health,
environment, energy,
and security

Gene/Genome Synthesis Genome/Protein Engineering  Organism Engineering
[evonetlx T w.i.‘s.:TJ [{ODMC ] INTREXON
Food and Agriculture INSCRIPTA A
BCOST \ .
Bl OMES Tools and Automation Biopharma and Health
{ Y
PR (0 oventrons] < AMPLIPH) %
Rz b OxSyBio|
INOCUCOr ;
e Materials Syﬂ | O g | C S—
7A Vi Bolt
\ ﬁY'eld“) S Threads . . .
R et INOVIO
H EXAF LY o CCAFuﬂﬁiEgNDVATIDN‘ en !"Q'g AtomWise
Pert.ect Day ‘k. ‘ Better medicines faster.
. “ Environment &Prokarium
Chemicals ~ J
[ . ] 5 synbiobeta




Timeline | A brief history of synthetic biology

SB1.0: the first international
Earliest combinatorial synthesis conference for synthetic biology

First synthetic circuits of genetic networks™ held at MIT

— toggle switch and I I
Cellular regulation by (1980s-1990s) repressilator'*** (2002-2003) I First iGEM competition held at MIT ]
molecular networks Rise of ‘omics’ era I Synthetic circuits used to study I
postulated by Jacob of high-throughput Autoregulatory negative- transcriptional noise during this RNA devices for modular regulation
and Monod* biology feedback circuit™ period”™* of gene expression™

1970s 1980s 1990s

(1970s-1980s) Widespread use of automated First cell-cell Artemisinin Light-sensing circuit engineered in
Development of DNA sequencing communication precursor pathway | | E. coll — bacterial photography*
molecular cloning I circuit based on engineered in I
techniques Complete genome sequence quorum sensing® E. coli* Programmable ligand-controlled
of S. cerevisiae'’ transcript regulation by RNA™
1 T
Complete genome sequence Circuits capable of multicellular
of E, coli'** pattern formation are generated™
Programmable microbial kill
switch®
I
RNA devices for performing Creation of a bacterial cell with Multiple input logic
logical operations* a synthetic genome®™ cascade described®
1 1 1
Bacteria engineered Construction of a robust Synchronized genetic clock for Dynamic control of
to invade cancer and stable relaxation population-coupled oscillatory metabolic flux for
cells® oscillator® waves* biodiesel production®

Engineered Biofuel Gibson DNA assembly Complete set of Boolean logic Commercial production of
bacteriophage for production described* gates reported for E, coli™ artemisinin by Amyris
biofilm dispersal® using amino 1 I using engineered yeast
acid metabolism MAGE described™ Engineering of synthetic yeast strain®
inE. coli® I chromosome arms*’

Engineering of an event-
counting circuit™

T
Engineering of an edge-
detector circuit™




How it all works

/

Design:

constructs,

circuits,
targeted
changes

N

4

Assemble:
creation,
synthesis,
experiments

—

Measure:
equations,
models,

graphing
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Altered gene spread by normal inheritance

Altered allele : wT
Altered allele g

50% chance of passing altered gene via normal inheritance

Altered gene spread by gene drive
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Further reading - articles discussed in class

e Rabbit genes in plants:
o https://www.washington.edu/news/2018/12/19/new-houseplant-can-clean-air/
e First genetically modified babies:
o  https://www.npr.org/2018/11/26/670991254/chinese-scientist-says-hes-created-first-genetically-
modified-babies
e Human embryo editing - global stances:
o  https://www.bbc.com/news/health-44849034
o  https://www.nature.com/articles/d41586-018-06847-7
e Synthetic biology and industry - Ginkgo Bioworks:
o https://www.ginkgobioworks.com/about/
e Gene editing and the scientific community:
o https://www.sciencemag.org/news/2019/03/new-call-ban-gene-edited-babies-divides-biologists



https://www.washington.edu/news/2018/12/19/new-houseplant-can-clean-air/
https://www.npr.org/2018/11/26/670991254/chinese-scientist-says-hes-created-first-genetically-modified-babies
https://www.npr.org/2018/11/26/670991254/chinese-scientist-says-hes-created-first-genetically-modified-babies
https://www.bbc.com/news/health-44849034
https://www.nature.com/articles/d41586-018-06847-7
https://www.ginkgobioworks.com/about/
https://www.sciencemag.org/news/2019/03/new-call-ban-gene-edited-babies-divides-biologists

