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Challenge!!
● Participants are placed into 4 different groups

● Points are awarded during activities & based on questions 

answered

● Winning team will receive Certificate of Accomplishment
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What do you 
think 

synthetic 
biology is?



What is 
synthetic 

biology

The 
engineering 

of biology
=



What is Synthetic Biology?
Using engineering principles → designing and 

constructing new biological parts, devices, and 

systems

The re-design of existing, natural biological 

systems with novel functionalities for useful 
applications



What is Synthetic Biology?

http://www.youtube.com/watch?v=rD5uNAMbDaQ


What does synbio do?
Synthetic biology carries out genetic manipulations 

to synthesise cells and their components.

The synthetic cells are used as biofactories to 
manufacture chemicals that are difficult to 

synthesise by traditional pharmaceutical industry 
processes.

Synthetic cells can be used to reveal disease 
mechanisms and test drug effectiveness



What is                         ?

The International Genetically Engineered Machine 
(iGEM) is an international competition targeted at 

high school and university students

It gives students the opportunity to develop 
synthetic biology solutions to solve real-world 

problems



353 teams
6375 participants

From across the world!



Where do we use 
synbio?



Therapeutics

Diagnostics Environment

Food and 
Nutrition

EnergyManufacturing

And in many 
more fields!



Creating a spider suit?

https://2019.igem.org/Team:GreatBay_SZ

(Team GreatBay_SZ, 2019 iGEM High School Category Champion)

Engineered bacteria (E.coli) 
Make spider silk

Make blue and red dye

Spider 
suit!



Digesting plastics!

https://2019.igem.org/Team:TU_Kaiserslautern

(Team Kaiserslautern, 2019 iGEM Best Undergrad Environment Project)

Engineered algae 
(C.reinhardtii) 

Produce 
enzymes to stick 
to plastic and 
enzymes to 
degrade it

Less PET 
waste in 
oceans!

https://2019.igem.org/Team:TU_Kaiserslautern




Infinite possibilities … 

Alternative meat CO2 emissions → 
functional products

“Living medicines”



Basics of 
Synbio
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Contents To be covered

How we edit genes in a 
laboratory

DNA
What is DNA and how 

does it function

Proteins
From DNA to Proteins

Gene Editing Representation
Visual representation 
of genetic code



Case Study: 
Insulin Production



Step 1: Choice of Organism Step 2: Build the circuit

Step 3: Insert your Gene

Source: https://www.eduhk.hk/biotech/eng/classrm/class_health5.html



Step 1:
Choose your 

Organism



1. Choose your organism

E.Coli (Bacteria) S.Ceravisiae (Yeast)

Source: 
https://www.nationalgeographic.org/encyclopedia/escherichia-coli-e-coli/

Source: 
https://en.wikipedia.org/wiki/Saccharomyces_cerevisiae#/media/File:Saccharomyces_cerevisiae_
SEM.jpg



Do you know what 
S.cerevisiae is 

commonly used for?



Step 2:
Build Your Circuit



What is 
DNA



Source: https://pngtree.com/so/dna 

https://pngtree.com/so/dna


Nitrogenous Bases
The main components storing our genetic material

Adenine Thymine

Cytosine Guanine



Complementary Base Pairing

Thymine (T)Adenine (A)

Cytosine (C) Guanine (G)



Complementary Base Pairing

T

A

G

TT

C

C C



What would be the 
complementary 

strand?

DNA Sugar-Phosphate Backbone

C C GT A G T CA



What does 
DNA do?



Intro to Central 
Dogma

Source: https://www.yourgenome.org/facts/what-is-the-central-dogma



Transcription 
Synthesis of messenger RNA (mRNA) strand from DNA template 

DNA

C CG G GA GT A

RNA 
Polymerase 



Transcription 

DNA

C CG G GA GT A

RNA

C C CG GU CA U

RNA 
Polymerase 



Translation

RNA

C CCG GUC A U

mRNA

CODON



Translation Codon to Amino Acids

One amino acid 

can be coded by 

multiple ‘codons’

Source: https://www.sigmaaldrich.com/SG/en/technical-documents/technical-article/genomics/sequencing/amino-acid-codon-wheel



Translation

AA

PEPTIDE BOND

tRNA

G CA

AA

RNA 

C CCG GUC A UG

PEPTIDE BOND

G

tRNA

AU G

POLYPEPTIDE
AA

tRNA

G G C



LET’S RECAP
 What is the Central 

Dogma?



What are 
the functional 
units of DNA?



 

Basic Tools

Genetic Circuits
Assembly of biological 

parts encoding RNA 
or protein 

SBOL
Synthetic Biology Open 

Language



Reading the genetic code

DNA Sugar-Phosphate Backbone

C CG G GA GT A

THE GENETIC CODE: GGCAGCTGA

A LONGER GENETIC CODE: 

GGCAGCTGAAATGCCGCTTTAAATCTAAA



Rewriting the genetic code

Genetic codes are THOUSANDS of lines 

long

So we need an easier way to read and 

represent genetic code



Representing the genetic code

PROMOTER     RIBOSOMAL 
BINDING SITE 

(RBS) 
   

CODING DNA 
SEQUENCE 

(CDS)

TERMINATOR



Critical components of a circuit

Promoter
Controls 

Transcription, RNA 
Polymerase Binding

RBS
Controls 

Translation

CDS
Codes for 

Protein

Terminator
Terminates 

Transcription



SBOL Visual Representation

Promoter RBS

CDS Terminator



Representing Genetic Code

Promoter

RBS
CDS

Terminator



BioBricks
Modularity

Source: https://www.kindpng.com/free/lego/



BioBrick Modularity 

Promoter

RBS
CDS

Terminator

CDS 2

CDS 2



More Advanced Circuits

INDUCING THE PRODUCTION OF PROTEIN

REPRESSING THE PRODUCTION OF PROTEIN

ACTS ON THE PROMOTER OF THE GENE



More Advanced Circuits

INDUCIBLE PROMOTERS

BLUE LIGHT RED LIGHT



How do we create 
genetic circuits?



2. Assemble the DNA into a plasmid

Plasmid
Insulin gene

Cut using restriction 
enzymes

Recombinant 
plasmid

Join with DNA ligase

#1 Using restriction enzymes



Modifying the genetic code
#2 CRISPR Cas9 gene editing 

Source: https://www.youtube.com/watch?v=4YKFw2KZA5o

http://www.youtube.com/watch?v=4YKFw2KZA5o




Step 3:
Insert Your Gene



3. Gene Transfer

Source: 
https://www.thermofisher.com/sg/en/home/life-science/cloning/cloning-learning-center/invitrogen-school-of-molecular-biology/mo
lecular-cloning/transformation/competent-cell-basics.html



Step 1: Choice of Organism Step 2: Build the circuit

Step 3: Insert your Gene

Source: https://www.eduhk.hk/biotech/eng/classrm/class_health5.html



Continuous Improvement

Source: 
https://www.researchgate.net/figure/Ite
rative-design-build-test-learn-DBTL-cycl
e_fig2_329523466



LET’S RECAP
WHAT IS THE DBTL 

PROCESS?



Create your 
Own Circuits



Problem 1
Green Fluorescence Protein (GFP) is  protein that results in 

organisms with the gene to fluoresce green light when exposed 

to UV Light 

Source: 
https://en.wikipedia.org/wiki/Green_fluorescent_protein



Problem 1
Your task is to engineer a strain of E.coli  with the ability to 

produce Green Fluorescent Protein (GFP) using the parts 

provided.

Your Limitations are:

1. You can only use 1 Plasmid

[10 Points]



Given that land is scarce in Singapore, it is essential for us to be 

able to cultivate our own food. Hence, it is important for us to 

find other means of growing crops. Thankfully, science has come 

to the rescue and allow us to promote plant growth via 

hormones!

Problem 2.1



We can promote plant growth via hormone introduction. To do 

so, we need 2 hormones to facilitate the growth of roots and 

shoots in our plants: auxin and cytokinin. Therefore, we need to 

be able to produce these hormones in bulk.

Problem 2.1



Problem 2.1
Your first task is to design genetic circuit that will reprogram  a 

strain of S.cerevisiae  with the ability to produce the auxin and 

cytokinin hormones.

The requirement is:

1. You have to use 2 different plasmids, one expressing one 

hormone.

[10 Points]



Keeping costs low is crucial in ensuring your technology is 

accessible. As you are preparing your Plasmids, you realised you 

can utilise a new bioreactor! This bioreactor is able to shine 3 

different colors of lights: red, blue and green light. Using lights 

are much more cheaper than using chemical inducers in your 

circuits.

Problem 2.2



Problem 2.2
Your task is to re-design your gene circuit such that it can produce both 

auxin and cytokinin under the control of light.

Requirements:

1. You can only use 1 Plasmid

2. You must be able to induce the production of different hormones 

via light

3. Your bioreactor is able to shine red, blue and green light

[10 Points]



Congratulations, your gene circuit has been assembled and is 

ready for uptake by S.cerevisiae. Now, you want to clump the 

yeast cells together to make it easier to collect your products. 

This is process known as Flocculation.

Problem 2.3

Source: 
http://rxmarine.com/Floccula
nt-Anionic-Polymer-DAF



Problem 2.3
Your task is to design a genetic circuit so that S.cerevisiae can be 

clumped together and the products can be easily collected.

Your requirement are:

1. You can use 1 additional Plasmid

2. You must be able to control when hormones will be collected

3. Your bioreactor is able to shine red, blue and green light

[10 Points]



In Singapore, one of the biggest medical issues faced is diabetes. 

One of the key ways we use are currently treating this is via 

insulin supplements. 

Production of insulin traditionally is a expensive process. 

However, through synthetic biology, we have been able to 

drastically reduce the costs of insulin production.  

Problem 3.1



Problem 3.1
Your task is to design a genetic circuit able to produce insulin.

Your requirement is:

1. You can use 1 Plasmid

[10 Points]



Trouble has arrived! Insulin has shown to be toxic to the cells in 

large quantities, and is killing off your culture. This causes an 

entire batch of cells to die after just one round of production.

Problem 3.2



Your task is to re-design the current E.coli strain to only produce 

insulin under induction by Arabinose (a type of sugar).

Your requirements are:

1. You must use the same plasmid as before

2. Your bioreactor is able to separate the different 

components via a centrifuge

[10 Points]

Problem 3.2



Congratulations! 



Diagnostics
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Why are diagnostics 
important?



What will we be covering?

● Introduction to diagnostics
● Conventional diagnostic methods
● Synthetic biology enabled 

diagnostics
● Conventional vs synbio enabled 

diagnostics
● Examples of synbio enabled 

diagnostics



What can diagnostics do?

Diagnostics can provide highly accurate 
and very specific information that is 

essential in detecting diseases rapidly.



Conventional diagnostics
● Advantages:

○ Usually detects pathogens at a particular stage of its life cycle
○ Can identify pathogens based on their phenotypic characteristics
○ Can identify pathogens through microscope

● Disadvantages:
○ Reliable but time-consuming
○ Each stage of the pathogen’s life cycle may require different test

Bunn, T., & Sikarwar, A. (2016)



21 3 4

Conventional diagnostics

Microbiological 
identification

Antibody binding with 
immunological assay

Macroscopic & microscopic 
identification

Differentiation of 
pathogens 

Bunn, T., & Sikarwar, A. (2016)



 

Limitations to conventional methods

New 
pathogens
There are more new 
pathogens emerging

Example:
SARS-CoV-2 

New 
variants

Multiple variants are 
emerging within a 

short timespan

Bioterrorism 

A rapid diagnosis is 
required to quickly 

isolated those who are 
affected

Bunn, T., & Sikarwar, A. (2016)



Synbio-enabled diagnostics
● Nucleic acid based diagnostics

● Can be used as a point-of-care service

● Specific primers or probes to be used in detection

Bunn, T., & Sikarwar, A. (2016)
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Synbio-enabled diagnostics steps

Design 
Design primers and 

DNA/RNA probe

Quantification
Quantify the pathogen 
via fluorescence/other 

detection methods

Identification 
Identify the target 

genome

Amplification
Amplify the target 

sequence

Bunn, T., & Sikarwar, A. (2016)



Conventional vs Synbio-enabled 
diagnostics

Conventional

Synbio-
enabled
Only one test 

required to test for 
presence of variantsMultiple tests 

required to test for 
presence of variants



Examples of synbio-enabled diagnostics

Flu SC2 Multiplex 
Assay 

(First COVID-19 
diagnostic assay)

Real-time RT-PCR kits 
for rapid detection of 
methicillin resistant 

S.aureus (MRSA)

67 approved 
COVID-19 PCR based 

molecular test



Examples of synbio-enabled diagnostics

DNA origami nanostructures 
used as malaria or heart 
failure diagnostic tools

Generate chimeric antigens 
specific to a disease status or 

pathogens in serum-based 
diagnostic assays

Ref: https://www.cdc.gov/coronavirus/2019-ncov/lab/testing.html

https://www.cdc.gov/coronavirus/2019-ncov/lab/testing.html


ACTIVITY 
TIME!



Agriculture 
and Nutrition
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Harnessing the powers of synbio to 
feed the future



Where does 
our food 

come from?
mentimeter

https://www.mentimeter.com/s/8b77bfbb2aa31662ed7ce75e88169c66/45499d4f3b52


What do you 
associate with 

the word 
‘agriculture’

mentimeter

https://www.mentimeter.com/s/8b77bfbb2aa31662ed7ce75e88169c66/45499d4f3b52


The traditional farm

Soil-based agriculture

Fruits and vegetables grown according to seasons 

The need to find arable, fertile land 

Labour-intensive process

The use of either natural or synthetic 
pesticides 

soil-based

seasonal

labour-intensive

fertile land

traditional pesticides



The urban farm
Apart from community farms → utilising current 
technology to move into the sphere of indoor farming 

hydroponics

aquaponics

aeroponics
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What will we learn?

Meeting our 
nutritional needs 

The future of 
agriculture

The need for 
an alternative



#1 
Increasing 

population, 
limited 

resources

Singapore

The need for an alternative1



Farms in Singapore



#2 
The ability to 

produce 
specific 

products

Using microorganisms as a machine to 
produce nutritionally relevant products 

for us → ‘Food as medicine’

Easy to produce high-cost, agriculturally 
relevant products as well!



The need for an alternative1

#1 
Increasing 

population, 
limited 

resources

#2 
The ability to 

produce 
specific 

products



Meeting our nutritional needs2

 

Cell-based 
agriculture

For alternative, plant- and 

animal-free  food 

production

High value 
products

Production of nutritionally 

relevant or food enhancing 

products



The high value products

Taste enhancers Food flavouring

Proteins

Vitamins, 
Minerals

lycopene

plant-based zero 
calorie sweetener

vanillin, limonene

vitamin k, vitamin b
milk, plant

Antioxidants



Can you think of any popular food 
in the market that is a product of 

cell-based agriculture?
10 bonus points for the team that answers first :)



Alt. Meat

Alt. Egg

Alt. Dairy



Basic 
fermentation 

process



Bioreactor

Engineered microbes
Sugar and other 

nutrients



“milk”



The future of  agriculture
3

Synthetic biology can also 
help make our current 
agricultural techniques more 
efficient and environmentally 
friendly



Biopesticides
Fungi, bacteria, etc. that either directly help to 
combat plant diseases or those that produce 
relevant antimicrobial/antifungal products

Reduces the usage of synthetic pesticides that 
harm the environment and confers with organic 
farming practices 



Would you consume fruits and 
vegetables that were grown using 

biopesticides?



ACTIVITY 
TIME!



Thank you! 



Feedback! 

Scan to provide feedback for the event!
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