
Welcome to iGEM UW



Who are we?

Introductions!



What is iGEM?
iGEM is an international competition for synthetic biology. Teams 
from around the world create, develop, and present projects to a 
panel of synthetic biology experts. 



iGEM is an international synthetic biology competition

Teams work to use synthetic biology to solve problems

Competition is in the end of October each year.

We recruit new members in January!



We are an interdisciplinary team

● Wetlab
○ Do Lab work. Most lab work occurs over the summer here at UW

● Drylab
○ Mathematical Modeling
○ Protein Modeling

● Human Practices
○ Communicate information about out topic
○ Talk with stakeholders and experts on the topic

● Fundraising
● Webdev
● Design



What is Synthetic 
Biology - Topics

Protein Design

Minimal Cell

SARS–CoV-2 Diagnostics 
and Therapeutics

WaMel



What is Synthetic Biology

● Biological Tool Kit
● Design/redesign and construct new 

biological entities or give them new 
functions

● Concerns:
○ Gain in Function
○ Containment
○ Biosecurity



What is Synthetic Biology



Protein Design

https://docs.google.com/file/d/1IOYUEeqfIBQmutLZzwTkapJMRf-o8kjB/preview


write another line here

entrepreneurial activities differ 

substantially depending on the type 

of organization and creativity 

involved. entrepreneurship ranges in 

scale from solo. entrepreneurial 

activities differ substantially 

depending on the type of 

organization and creativity involved. 





Rosetta

● Utilizes command line interface
● Can be downloaded from Rosetta’s website 

(https://www.rosettacommons.org/software)
● There are tutorials on the Rosetta website to help you get started!



Main areas of research:

○ Protein Structure Prediction and Determination
○ Protein and Small molecule prediction
○ New Protein Scaffolds
○ Enzyme Design
○ Self-assembling nanomaterials and vaccines



Recent Projects from the IPD

Nanoparticle vaccine development

Developing vaccines against many illnesses 
including RSV (common respiratory virus) 
and COVID-19

Vaccine for covid is now approved for use in 
South Korea

Virus 
Surface 
Proteins





Development of Melanoma Therapeutic

We are using Rosetta to design peptides that 
bind to three proteins which are commonly 
mutated and cancer promoting in melanoma. 



Development of Melanoma Therapeutic

Work Flow:

● Docking 104 peptide backbone sets 
onto each protein

● Designing each peptide to better fit 
the binding site

● Altering the peptides so that they 
are cell-penetrating



Past Year’s Project: Development of Arsenic Binding Proteins

Have soil bacteria express the protein, 
which will then bind arsenic. Extract 
arsenic pollution from soil

Altering naturally existing protein 
(Metallothionein) to bind specifically to 
arsenic



Topic 2: Minimal Cell



What is a minimal cell

● Definition: a synthetic one-celled organism with genome that only encodes the 
minimal set of genes necessary for the cell to survive 

● History:
○ 1995 – Mycoplasma genitalium genome sequence published

■ Posses the smallest genome of any living organism → 485 genes, of 
which ~100 are non-essential

○ 2010 – First synthetic cell Mycoplasma mycoides JCVI-syn1.0 was built 
■ Mycoides chosen over genitalium → growth rate is faster

○ 2016 – JCVI-syn3.0 (first minimal cell) based off of 1.0 version but 
contains just 473 genes
■ Published in Science in 2016 – “Design and synthesis of a minimal 

bacterial genome”



DBT Cycle

1. Synthesise the minimal genome
a. Yeast cells were employed to assemble 

the DNA in stages 
2. Transplant it into a recipient cell

a. Complete genome isolated from the 
yeast cell and transplanted into 
restriction deficient M. capricolum 
recipient

3. Proof of successful transplantation: 
recipient adopt the physical 
characteristics of its chromosomal 
donor



3.0 vs 1.0

● Similar growth rates → 
successful transplantation

● Different morphology
○ Generated a 3.0A 
○ 19 genes deleted from 1.0 

→ 3.0 retained in 3.0A 
responsible for difference 
in morphology

http://www.youtube.com/watch?v=giEJK5zHJmw


Moving Forward

- Analyzing the function of every essential gene in a cell
- Clarify genes underlying core physiological processes
- Recreate life from scratch:

- Design entirely new species for different purposes?
- From biodegradation to biomedicine

- Complete re-engineer a species
- Ethical Implications – Biosecurity concerns



Topic 3: SARS-CoV-2 
Diagnostics and Therapeutics



The COVID-19 pandemic has infected over 612 million individuals 
worldwide, leading to over 6.5 million deaths. 



Traditional rapid antigen tests utilize antibody-based detection



Antibodies are also used as a COVID-19 therapy



Monoclonal antibodies: a common COVID-19 therapy



Antibodies are highly accurate, but also highly difficult to produce



Antibodies have several shortcomings

Cost: $400+ Time: 1-2 months Consistency: Batch variation



Addressing 3 primary issues in SARS-CoV-2 using synthetic biology

1. Cost: solution needs to be cost-effective and shelf-stable

2. Time: solution needs to be produced quickly and efficiently

3. Consistency: solution needs to be invariable between batches 



DNA aptamers are single-stranded oligonucleotides that can bind to 
biological targets with high affinity

Cost Time Consistency



The chemical nature of DNA aptamers makes them cheap ($1-5) and 
shelf-stable

Cost Time Consistency



DNA aptamers are synthesized rapidly (1-2 days)

Cost Time Consistency



The chemical nature of DNA aptamers means that batches are identical

Cost Time Consistency

Batch 1 Batch 2 Batch 3



Rapid antigen tests using aptamers can be made for less than $1



Rapid antigen tests can be multiplexed to distinguish between different 
SARS-CoV-2 variants



Similar to monoclonal antibodies, DNA aptamers can also be applied as a 
therapeutic against SARS-CoV-2 infections



Aptamers accomplish this by binding to specific domains on the 
SARS-CoV-2 virus spike protein



Addressing 3 primary issues in SARS-CoV-2 using synthetic biology

1. Cost: solution needs to be cost-effective and shelf-stable
a. Shelf-stable
b. $1 - 5 rapid antigen tests 

2. Time: solution needs to be produced quickly and efficiently
a. 1-2 days for synthesis

3. Consistency: solution needs to be invariable between batches
a. Batches are synthesized chemically and are identical



Addressing 3 primary issues in SARS-CoV-2 using synthetic biology

1. Cost: solution needs to be cost-effective and shelf-stable
a. Shelf-stable
b. $1 - 5 rapid antigen tests 

2. Time: solution needs to be produced quickly and efficiently
a. 1-2 days for synthesis

3. Consistency: solution needs to be invariable between batches
a. Batches are synthesized chemically and are identical



Addressing 3 primary issues in diagnostics using synthetic biology

1. Cost: solution needs to be cost-effective and shelf-stable
a. Shelf-stable
b. $1 - 5 rapid antigen tests 

2. Time: solution needs to be produced quickly and efficiently
a. 1-2 days for synthesis

3. Consistency: solution needs to be invariable between batches
a. Batches are synthesized chemically and are identical



Topic 4: Human Practices & WaMel
"We ask every team to think deeply and creatively about 
whether their project is responsible and good for the 
world." -iGEM website
-and also- will the idea actually work?

Interviewing Experts
Literature Review
Trying to understand- Business, Policy, Bioethics



Topic 4: WaMel Basics (Owen)

What is the most common cancer in the world?

Hint: In the US ⅕ of people get it





Topic 4: WaMel Basics (Owen)
Skin Cancer Diagnostic

Early Diagnosis can save lives

9,000 people in the US die

Melanoma- 6th most common in US
Cost of treatment
Inequalities of access based on geography, race, 
income



Topic 4: What is melanoma and why do we need a special 
band aid?



BRAF and TERT mutations

Braf V600 E- oncogene

TERT promoter mutations- telomerase reverse transcriptase 

both: cause increased mitosis, thicker cancers

Prognostics

Correlated!



Subtypes of melanoma

1. Eye melanoma

2. Mucosal Melanoma

3. Skin Melanomas

a. Acral Lentiginous Melanoma

b. Cutaneous melanoma (3 types)

i. Superficial spreading, 

ii. nodular 

iii. lentigo 



Where is the problem?

Where do you think the biggest disparity in melanoma outcomes is?

Racial Gap

Male vs. Female Gap

Poor vs. Rich Gap

Urban vs. Rural Gap



What does the urban gap look like?







Acknowledgement: Dr. Sancy Leachman 

Head of the OHSU Department of Dermatology and Director of the Knight 
Institute's Program for Melanoma



How does a test help

Tests can resolve issues for delayed diagnosis

-Inertia (patient passivity)

-Cost of appointments

-Time commitment of appointments

Acknowledgement 
Professor Public 
Health Sciences 
Division at the Fred 
Hutch Cancer 
Center



Why does this matter?
We can reduce melanoma 
mortality

99,780 melanomas diagnosed 
yearly with about 9,000 deaths

(.02)(99,780) =  abt 2,000 deaths 
instead 

People being diagnosed late is 
the first problem



Synthetic Biology at UW

- Research Database: 
https://www.washington.edu/undergradresearch/research-opportunities/find/ 

- Synthetic Biology Research Labs:
- Institute for Protein Design
- Bioengineering Faculty: https://bioe.uw.edu/faculty-staff/core-faculty/ 

- Email lists (department listservs)
- Biology, microbiology, Chem-biochemugs mailing list

- Classes that discuss synthetic biology:
- BIOEN 215 (Intro to BioE), BIOEN 423 (Intro to Synthetic Biology)
- CSE 486 (Introduction to Synthetic Biology)
- BIOEN 424/CSE 487 (Advanced Systems and Synthetic Biology)
- BIOEN 425/CSE 488 (Laboratory Methods in Synthetic Biology)

https://www.washington.edu/undergradresearch/research-opportunities/find/
https://bioe.uw.edu/faculty-staff/core-faculty/


How to get involved in synbio

Join our team! Washington iGEM



iGEM is an international synthetic biology competition

Teams work to use synthetic biology to solve problems

Competition is in the end of October each year.

We recruit new members in January!



We are an interdisciplinary team

● Wetlab
○ Do Lab work. Most lab work occurs over the summer here at UW

● Drylab
○ Mathematical Modeling
○ Protein Modeling

● Human Practices
○ Communicate information about out topic
○ Talk with stakeholders and experts on the topic

● Fundraising
● Webdev
● Design



Please sign up to join our email list

https://forms.gle/yXYtbeBT14V1MiD76
Contact us with any questions:

● uwigem@uw.edu

Follow our instagram!

● @washington_igem

http://students.washington.edu/uwigem/#/

In the next few days we will email you these 
slides! 


