
Decoding the Genetic Code: 
From DNA to the Future of Food Security

基因密碼解密 —— 
從 DNA 到未來糧食安全



Today’s Lesson

what is iGEM/
synthetic
biology?

DNA &
Experiment

Plants living
under stress

什麼是iGEM/
合成生物學？

在逆境中生存的植物 DNA 遊戲以及
植物逆境模擬實驗



Kahoot!

https://create.kahoot.it/share/8-14-high-school-education-
lesson/c47da741-5b16-499d-a208-c248effbec4b

https://create.kahoot.it/share/8-14-high-school-education-lesson/c47da741-5b16-499d-a208-c248effbec4b
https://create.kahoot.it/share/8-14-high-school-education-lesson/c47da741-5b16-499d-a208-c248effbec4b


01 Synbio & 
iGEM



What is iGEM

advancing the field of synthetic biology and

building the global synbio workforce through

education and competition

strives to find solutions for a healthier, more

resilient and sustainable world 

透過教育和競賽來推進合成生物學領域的發展

致力於為更健康且具備韌性的永續世界尋求解決⽅案

什麼是iGEM？



Synthetic biology use engineered microorganisms to detect,
respond to, and solve real-world problems

Engineer microorganisms to
produce biofuels

Creating biosensors that detect and
remove environmental pollutants

Producing medicines using
engineered bacteria



02 Plant Protectants, Biotic
& Abiotic Stress, and
Osmosis Experiment



As the Earth gets warmer and drier, 
what will happen to the plants? 
當地球變得更熱、更乾燥時，

植物會有什麼反應？





How does plant stress relate to our daily lives?
植物逆境與我們日常⽣活有什麼關係？



How does environmental stress affect plant growth, and what are the
consequences for food production?



Question:

How does salinity stress affect the
cell wall of onion?



Think about these questions:

What will happen when plants are living under

salinity stress?

How does the onion change in color and

texture?

How does stress affect how the plant grows?

What are the consequences?

Experiment - Plasmolysis

After expose to osmotic stress



Experiment - Plasmolysis

materials

onion 

tweezers

dropper

salt solution (3M and 6M) in

centrifuge tubes 

absorbent paper（吸水紙）

microscope slide

cover glass

microscope 



Experiment - Plasmolysis

In this experiment, we will see:

Changes in color after soaking in different

solutions

Different effects of plasmolysis under different

concentrations of salt



Step 1:
Peel a thin layer of onion with tweezers

Procedure - Plasmolysis
Step 2:
Put the onion on the microscope glass,
use the dropper to drop distilled water on it



Step 3:
Put the coverslip on the onion
Use the microscope to observe the onion cell.

Step 4:
Take a photo of the onion cell through the
microscope . (Before plasmolysis)
**Remember to upload the photo to the drive
by our team member**



Step 5:
Take off the coverslip.

Step 6:
Open the Salt solution tube, use a new dropper
to drop the salt solution on the onion on the
microscope slide and cover it with coverslip. 



Step 8:
Take a photo of the onion cell through the microscope
and upload to the drive. (After plasmolysis)

Step 7:
Wait for 15 minutes to let the onion cell
immerse in the  salt solution.



Problem: The onion epidermis may float on top of the solution 
⟶ Prevents the epidermis from not fully absorbing the solution
How to solve: Use the tweezers to turn over the onion epidermis 

＊Notes

Floating on the top Immerse into the solution 



The cells have been damaged, so the pigment leaked.
⟶ Be careful when you peel off the onion epidermis



Video of how heat stress affects photosynthesis:



We are GEMS-Taiwan, a high school team competing in
the Biomanufacturing track. Over the past several
months, we have been developing, testing, and refining
our project before the final competition this November.

GEMS
Taiwan



ReLeaf
GEMS Academy 2026

A Stress-Responsive Optogenetic Bioreactor for On-site Precision Plant Protection

Our Project:



Climate Change
stress is more frequent and

less visible

No Precision Tools
expensive & centralized;

farmers overspray on  
schedule

Agrochemical
Overuse

soil acidification, water
pollution

Higher Carbon
Footprint

environment degrades

The Problem

So we asked a simple question: What if protection could be produced directly in the
field, with the right amount, exactly when it’s needed?

The Vicious CycleThe Vicious Cycle





Bioreactor
 Releases protecants on-site



Synbio Mechanism



6M salt solution

Experimental result - Plasmolysis



3M salt solution

Experimental result - Plasmolysis





03 DNA 
& Mutation



DNA
Code: A,C,T,G

Rule: adenine (A) always pairs with thymine (T), 

           and guanine (G) always pairs with cytosine (C)



DNA-transcription and translation 



DNA - Amino Acid

Molecules that combine to form proteins

There are 20 different types of amino acids

used by almost all living things.

During Translation, the Ribosome strings amino

acids together in a specific order based on the

mRNA code. This chain is called a Polypeptide. 



04  Mutation Game



CUCGAUUCG

Asp

Game Demonstration (Group of 5)

Sighter Messenger Builder

GAGCTAAGCInput:
CUCGAUUCGOutput:

CUCGAUUCG
Leu Ser



DNA-transcription and translation 

Rules:

1.The sighter is not allowed to communicate with the builder.

2.Once you pass to the next person, you cannot talk with the person that

pass it to you.

3.Each group has 4 minutes to finish passing the codon and done translation





Answer:

Group 1 Met — Arg — Phe

Group 2 Asp — Lys — Gly

Group 3 Pro — Ser — Gln

Group 4 Cys — Asn — Gly

Group 5 Lys — Leu — Ser

Group 6 Val — Thr — [STOP]



This represents Normal Protein Synthesis

The genetic information was transferred

and translated without errors. The protein

will fold correctly and perform its job 

If you got the answer correctly...: AspLeu Ser



If the codon is not correct 

→ Mutation

Why do you think the mutation occurs?

If you got the answer incorrect...: AspLeu Leu



If you got the answer incorrect...:

MUTATION (Fun fact: The Main Cause of Cancer)





05 Course
Summary





Thank You
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