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Synthetic Biology
Simple systems can be built without using abstraction principles or standards.
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The Repressilator
An oscillator built from biological repressors
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The Repressilator
An oscillator built from biological repressors
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Hierarchy Inspired By Computer Engineering

Source: E. Andrianantoandro, S.

Basu, D. Karig, R. Weiss.

Synthetic biology: new

engineering rules for an emerging

discipline. Mol. Sys. Biol. 2006
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Another Abstraction Hierarchy

Source: D. Endy. Foundations for engineering biology. Nature 2005
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The ISO OSI Network Model
Information is passed down and up the layer stack.

Layer 7: Application

Layer 6: Presentation

Layer 5: Session

Layer 4: Transport

Layer 3: Network

Layer 2: Data Link

Layer 1: Physical
bits

frames

packets

messages

tokens

Austin Che austin@csail.mit.edu The Biological Layer Abstraction and Standards Hierarchy



Synthetic Biology BLASH Summary Model Example Standards Layers

The Biological Layer Model
Layers and interlayers specify standard interfaces.

Layer 7: Application

Layer 6: Environment

Layer 5: Chassis

Layer 4: Cell

Layer 3: Protein

Layer 2: RNA

Layer 1: DNA

Layer 0: Materials
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The Biological Layer Model
Layers and interlayers specify standard interfaces.

Layer 7: Application

Layer 6: Environment

Layer 5: Chassis

Layer 4: Cell

Layer 3: Protein

Layer 2: RNA

Layer 1: DNA

Layer 0: Materials
DNA Interlayer

RNA Interlayer

Protein Interlayer

Cell Interlayer

Chassis Interlayer

Environment Interlayer

Application Interlayer
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Example Biological Network
The module produces green fluorescent protein (gfp) when protein A is present.
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Example Biological Network
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Two General Types Of Standards

Definition

Functional Standard: Allows connecting the functions of modules.

Definition

Structural Standard: Allows physically connecting modules.
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Defining Parts/Devices/Systems

Definition

Part: A part is anything that conforms to a structural standard. It
is the physical object.

Definition

Device: A device is a part that also conforms to functional
standards for all inputs and outputs. It is the conceptual view of a
part.

Definition

System: A system is a device with application layer standards. It is
the design specification.
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Layer 0: Materials
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Interlayer: DNA

Materials

DNA

DNA Interlayer

Austin Che austin@csail.mit.edu The Biological Layer Abstraction and Standards Hierarchy



Synthetic Biology BLASH Summary Model Example Standards Layers

Interlayer: DNA

Materials

DNA

DNA Polymerase
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Layer 1: DNA

Prefix DNA 1 Suffix Prefix DNA 2 Suffix

Austin Che austin@csail.mit.edu The Biological Layer Abstraction and Standards Hierarchy



Synthetic Biology BLASH Summary Model Example Standards Layers

Layer 1: DNA

Prefix DNA 1 Suffix Prefix DNA 2 Suffix

Enzymatic Reactions

Prefix DNA 1 DNA 2 Suffix
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Layer 1: DNA

Prefix DNA 1 Suffix Prefix DNA 2 Suffix

Enzymatic Reactions

Prefix DNA 1 DNA 2 Suffix

Ligate Sticky Ends

Prefix DNA 1 DNA 2 Suffix

Austin Che austin@csail.mit.edu The Biological Layer Abstraction and Standards Hierarchy



Synthetic Biology BLASH Summary Model Example Standards Layers

Layer 1: DNA

Prefix DNA 1 Suffix Prefix DNA 2 Suffix

Enzymatic Reactions

Prefix DNA 1 DNA 2 Suffix

Ligate Sticky Ends

Prefix DNA 1 DNA 2 Suffix

Prefix DNA 3 Suffix
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Interlayer: RNA

DNA

RNA

RNA Interlayer
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Interlayer: RNA

DNA

RNA

RNA Polymerase
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Interlayer: RNA

DNA

RNA

RNA Polymerase
PoPS
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Interlayer: RNA
Example: PoPS (RNA Polymerases Per Second)

Classic
Operon RBS RBS

Reverse
Operon RBS RBS

RiPS
RBS RBS
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RBS RBS
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Interlayer: RNA
Example: PoPS (RNA Polymerases Per Second)
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Interlayer: RNA
Example: PoPS (RNA Polymerases Per Second)
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Interlayer: RNA
Example: PoPS (RNA Polymerases Per Second)
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Layer 2: RNA

Hammerhead ribozyme
http: // www. mpibpc. gwdg. de/ inform/ MpiNews/ cientif/ jahrg5/ 9. 99/ fig1g. gif
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Interlayer: Protein
Example: RiPS (Ribosomes Per Second)

RNA
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Layer 3: Protein
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Interlayer: Cell

Protein

Cell

localization tags
cell localization
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Layer 4: Cell

Cell
Membrane

Membrane transporter

Membrane receptor

Signal molecules
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Interlayer: Chassis

Cell

Chassis

Chassis Interlayer
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Interlayer: Chassis

Chassis

Chassis Interface
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Interlayer: Chassis

Chassis

Chassis Interface

Part
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Interlayer: Chassis

Chassis

Chassis Interface

PartPart 2
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Layer 5: Chassis

Desirable chassis properties:

Well-understood chassis

Simple (no unnecessary functions)

Powerful enough to supply needed operating power
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Interlayer: Environment

Chassis

Environment

Environment Interlayer
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Interlayer: Environment
Examples
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Layer 6: Environment
Examples
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Interlayer: Application

Environment

Application

Application Interlayer
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Interlayer: Application

Environment

Application

Application Specifications
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Interlayer: Application
Standard specifications facilitate implementation reuse.

transfer functions

genetic or phenotypic
(in)stability

noise, cell variation

dynamic response,
timings

safety, release risk
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Layer 7: Application
Examples

RED ALERT
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Layer 7: Application
Examples

RED ALERT
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The Biological Layer Model
An abstraction and standards hierarchy for synthetic biology

Layer 7: Application
Application Interlayer
Layer 6: Environment
Environment Interlayer
Layer 5: Chassis
Chassis Interlayer
Layer 4: Cell
Cell Interlayer
Layer 3: Protein
Protein Interlayer
Layer 2: RNA
RNA Interlayer
Layer 1: DNA
DNA Interlayer
Layer 0: Materials
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Intelligent Design Exists!

http://syntheticbiology.org/
Making life better...one part at a time.
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