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

https://create.kahoot.it/share/8-14-high-school-education-
lesson/c47da741-5b16-499d-a208-c248effbec4b
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What is iGEM {1EERIGEM?

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

Producing medicines using
engineered bacteria

Engineer microorganisms to
produce biofuels

Creating biosensors that detect and

remove environmental pollutants 4
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Plant Protectants, Biotic

O ! & Abiotic Stress, and

Osmosis Experiment




As the Earth gets warmer and drier,
what will happen to the plants?
= bk BT A, BEZIER,
EYgEETERE?



Abiotic vs Biotic Stress JEE B EME S

Two major categories of plant stress and their commaon examples

- -
Abiotic stress Biotic stress
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Plant stress can be caused by nan-Uving factors or iving ovganisms,



How does plant stress relate to our daily lives?

EYEIRETKM R S EEZE T ERER?

Climate Change Creates Harsher Growing Conditions for Crops
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Higher Temperatures Droughts Flooding Salinity Stress  More Pests & Diseases
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This Matter?

Reduced access to Increased risk of hunger,

E%ﬂ'ﬁﬁg? nutritious food especially in vulnerable communities
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How does environmental stress affect plant growth, and what are the
consequences for food production?

'« Plant Defense Mechanisms
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Question:

How does salinity stress affect the
cell wall of onion?
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Experiment - Plasmolysis

e Think about these questions:
o What will happen when plants are living under
salinity stress?
o How does the onion change in color and
texture?
o How does stress affect how the plant grows?

What are the consequences?




Experiment - Plasmolysis

« materials
o onion o absorbent paper (P7K4k)
o tweezers o microscope slide
o dropper o cover glass
o salt solution (3M and 6M) in o microscope

centrifuge tubes



Experiment - Plasmolysis

e |n this experiment, we will see:
o Changes in color after soaking in different
solutions
o Different effects of plasmolysis under different

concentrations of salt
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Step 1:

Procedure - Plasmolysis

Step 2:

. . . Put the onion on the microscope glass
Peel a thin layer of onion with tweezers pe g1ass,

use the dropper to drop distilled water on it




Step 3: Step 4:
Put the coverslip on the onion Take a photo of the onion cell through the

Use the microscope to observe the onion cell. microscope . (Before plasmolysis)

**Remember to upload the photo to the drive

by our team member**




Step 5: Step 6:
Take off the coverslip. 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 7: Step 8:
Wait for 15 minutes to let the onion cell Take a photo of the onion cell through the microscope

immerse in the salt solution. and upload to the drive. (After plasmolysis)




> Notes

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

Floating on the to : .
& P 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:

Experiment:
Photosynthesis Visualized
with added heat Stress



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.
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GEMS Academy 2026 Our Project:

elLeaft

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




The Problem

The Vicious Cycle

Climate Change
stress is more frequent and
less visible

Higher Carbon No Precision Tools
expensive & centralized,;

FOOth’Int farmers overspray on
environment degrades schedule

Agrochemical
Overuse
soil acidification, water
pollution

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



Our Bioreactor Solution

Abiotic Stress
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Application Scenario

Method 1:
Hydroponics

Microbial solution is
added into the
nutrient water system.

Method 2:
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Microbial solution is
delivered through

soil-level sprinklers.

Bioreactor
Releases protecants on-site




Synbio Mechanism

INPUT: GREEN LED LIGHT

— B. subtilis

MECHANISM: Ccasr SYSTEM ACTIVATION

. || Plant Protectant Gene [T

Per Plant Protectant
Promater Gene

OUTPUT: PLANT PROTECTANT RELEASE

Frotectam
Molecules

TARGET
PLANT

Protectant provides aniifungal and growth-
stimulating benefits, enhancing plant health.
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Experimental result - Plasmolysis

6M salt solution
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3M salt solution
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BILINGUAL DIAGRAM: ONION CELL PLASMOLYSIS & DEPLASMOLYSIS EXPERIMENT

1. INITIAL STATE 2. OSMOSIS & SHRINKAGE 3. PLASMOLYSIS &
(HYPOTONIC/ISOTONIC) (HYPERTONIC SOLUTION) PIGMENT CONCENTRATION
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WATER INFLOW = OUTFLOW 215 {E NG 7K 53 Hih B (Salt solution) ERATEF RAEH > BRI

Pigment squeezed into shrunken protoplast

Low-solute side énside} —* High-solute side
SPREAD PIGMENT CONCENTRATED

[EEER(SERER) — HAHN(EER)

HfEEE
Cell Wall

HERRAR

Cell Membrane

2iliizh 7

Nucleus

=BHE

Purple Vacuole
(Anthocyanin)

BRI BREE

SPREAD PIGMENT ~ CONCENTRATED
BEIY BRRa

cﬁﬁﬁ;ﬁ KD Z V.4 COLOR Lﬂnﬁﬁ g:msm ﬂmnaz INTENSE
g KBFiRA = it Water moves down its :
WATER INFLOW = OUTFLOW vl concentration gradient through [ BEBEEE kAR (AAEEHER
AEARUE RS semL permeable membrane ¥ -
Turgid State; Vacuole full, membrane K mRERET BT ER ﬁﬁﬂiﬂlﬂl

pressed against cell wall Micrograph Observation

| —— . ———— il




Q
DNA

O 3 & Mutation \

)



DNA

e Code: A,C,T,G
e Rule: adenine (A) always pairs with thymine (T),

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




DNA-transcription and translation
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DNA
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DNA - Amino Acid

e Molecules that combine to form proteins

o There are 20 different types of amino acids

used by almost all living things.

e During Translation, the Ribosome strings amino

acids together in a specific order based on the

MRNA code. This chain is called a Polypeptide.



O 4 Mutation Game (

)




Game Demonstration (Group of 5)

CUCGAUUCG
Input: GAGCTAAGC —_——
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DNA-transcription and translation

Rules:
1. The sighter is not allowed to communicate with the builder.
2.0nce 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



Codon Chart

Second base in codon

First base in codon

U C A G
Juu UCU - UAU UGU U
]Phe JTyr JCys
JuC UCC i UAC UGC C
er
UUA UCA UAA UGA STOP A
|Leu |sTopP
UUG ucG - UAG UGG Trp G
CUU CCU ~ CAU CGU - U ™~
]His R
CucC 84 B i CAC CGC C 3
Leu Pro Arg o
CUA CCA CAA ] - CGA A E
n
CUG - CCG - CAG CGG - G E
-
AUU ACU - AAL AGU U O
]Asn ]Ser o
AUC |lle ACC i AAC AGC Gl =
Thr
AUA ACA AAA AGA A -
]Lys ]Ar
AUG Met (start)| ACG - AAG AGG G
GUU - GCU -+ GAU GGU - U
As
GUC GCC GAC ] P GGC C
Val Ala Gly
GUA GCA GAA GGA A
Glu
GUG - GCG 4 GAG J GGG - G




Answer:

Codon Chart
Group 1 Met t Arg - Phe Second base in codon

uopod ui aseq 1se

U C A G
L LICL UaLl LGU o U
rou S - S - Phe Tyr Cys
u UG - UCC 5 UAC - LIGC - C
er
ULIA LICA UAA UGA STOP A
Leu STOP
UUG - UCG - UAG - UGG Trp G
= CLU - ceu CAU - CGU u
Group 3 Pro - Ser - GIn 5
'g cuc cce GAG - CGC C
O C Leu Pro Arg
- CuUA CCA CAA CGA A
= Gin
= CUG - CCG - CAG CGG - &
Group 4 Cys - Asn - Gly B B T TR VTR FETR I
et Asn Ser
E AUC |lle ACC AAC AGC J C
L A Thr
ALIA - ACA AAA AGA - A
ALIG ACG AAG i AGG [ G
Met (start) E ] |
Group 5Lys - Leu - Ser f
GUU - GCU - GAU - GGU 4 u
A
GUC GCC cac )P GGe C
G Val Ala |Gly
GUA GCA GAA - GGA | A
Glu
Group 6 Val - Thr - [STOP] sl foool  Jool™ Jos) o




If you got the answer correctly...:. | Leu Asp Ser

e This represents Normal Protein Synthesis

\ GROWING
PEPTIDE CHAIN

INCOMING tRNA
BOUND TO
AMINO ACID

OUTGOING
EMPTY tRNA

e The genetic information was transferred
and translated without errors. The protein

will fold correctly and perform its job

MESSENGER RNA RIBOSOMES

PEPTIDE SYNTHESIS




Leu Asp Leu

If you got the answer incorrect...:

n

e |f the codon is not correct

—> Mutation

sl

&
e Why do you think the mutation occurs? g g @ g ?




MUTATION (Fun fact: The Main Cause of Cancer)

If you got the answer incorrect...:

Normal DNA

Protein
Subatitution

Protein

Insertion

Protein
Deletion

Protein

TAT CAT CCT AAG GTA
Tyr His Pro Lys Val
TAT CAT CGT AAG GTA
Tyr His Arg Lys Val
TAT CAT CGC TAA GGT A

TP

Tyr His Arg Stop Gly
TAT C_TC CTA AGG TA

iy ity

Tyr leu Leu Arg ..

DINA level

NREMNA level

Irotein level

No mutation

LS

AAG
Lys

b

o~

Silent

AL

AAA
Lys

Point mutations
|

Nonsense

ATC

UAG
STOP

\
Missense
conservative non-conservative
GG TGC
AGG ACG
Arg Thr
Z—-_H\r".H:' : -
oy o \!/ :
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ENGINEERED MUTATIONS TO ENHANCE PROTECTANT RELEASE | « & @ &= ik
{ligand) (sensor} (inside cell)
g . : 2 Export protein ™ Protectant o
Different mutations target different components of the stress-response system to boost protectant release. ‘ﬂE’ P i P ——  Activation / transpart
— — —
T e = = - T . &
Before Mutation After Mutation Effect on Bacteria Result
Increase receptor -
EEHEiti‘H"i‘t‘f to the i Weak ligand __\ __ Higher affinity for o = Higher extracellduiar
- binding -,  the stress signal o O protectant level
stress signal ™\ % 5
_ Engineared
:‘Iutatmn target: % o E g 8 ' e i € i e |
ensor receptor -~ Wild
protein — °o o © ﬂ s 0" 9 e
+ Limited receptor activation * Stronger receptor activation + More export proteins are produced
« Moderate protectant production/export = Increased expression of protectant « Greater protectant secretion Faster and higher accumulation
synthesis and export genes M —
Before Mutation After Mutation Effect on Bacteria Result
Engineer the export - =
protein (transporter/ Narrow or obstructed Truncated or redesigned o o Q Faster release rate
channel) BPOIL parway transparan chianne! o 0 & ) (slope increases)
= Enginesrad
Mutation target: % ® \‘ E ® ' o
Export transporter or ® © i —) . . = @ @ = Lt L= Wild type
membrane channel @ @ @ © @ @ @ @ e,
protein ot ;
« Slower transport of protectant s E"_Ed““"?d ﬁ:frif- hindrance or + Increased protectant Time
across the membrane wider pathway export rate Reaches higher level sooner _J

« Faster transport of protectant

. Before Mutation After Mutation Effect on Bacteria
Modify the protectant
molecule for improved Protectant is highly polar Protectant is moderately - O & e o
= h il I
membrane permeability Grisatie: Thiey powmt i i Less polar

protectant

—\

I/a- g_ D 5 ( I
- ]
Mutation target: ,JL H Lg 2 ®. e ¥ © ¥
L [ i
Enzyme involved in Il\h = & * J \'/o \“‘: = 15‘_"'I H;E:/JL"E:H_-:, I\“-h ? |
protectant biosynthesis ’ '
.. CI
Eh'unsla;:lﬂtemcnnns with aqueous * Weaker interactions with cytoplasm = Faster passive diffusion and/or
—@- " m' T s |Increased membrane permeability easier transport through systems
[ P 3 @ On
OVERALL PATHWAY OF € - — DA —> ©g,° — 'Eﬁ” = Ju.®
STRESS-RESPOMNSE SYSTEM Emvironmental Expression of Protectant Export through Protectant releasad
stress signal matm protectant synthesis produced inside transporter/ into the anvironmant
{ligand) and export genes the cell channel

Excessive receptor activation may
waste energy or cause growth
burden:

Too much hydrophobicity may reduce |
solubility, cause aggregation, or increase |
re-antry of protectant into cells. -

TRADE-OFFS TO
CONSIDER

/f—\. Cher-truncation can reduce protein

@ stability or function.

Result

Higher final level
(greater accumulation)

Achieves higher steady-state level

Maximize extracellular
protectant release
while maintaining

GOAL  pacterial viabi ility

Balance is key to maximize release
while maintaining bacterial fitness
and survival.






derstanding Osmosis to Protect py =5 _::]
~ Un and Build a Better Future ant : 1&.

- .
SEEONTERE ( EXPLORING OSMOSIS IN ONION EPIDERMIS i
] i - - —— == '~.
Osmosis | Low condaitiation Cell swells
Water moves from an area of higher & O ic soluti ) and becomes
water potential (lower solute Q o g ipmetonic selibom turgid.
concentration) to an area of lower 0 o
water potential (higher solute <
concentration). @ <« ISctohic concentration No obvious
e Cells change in different . Iretion) o ek
concentration environments. =50 3 : -t
The direction of water movement affects @ i By placing onion epidermis in solutions with I ' High tratic Cell shrinks and
cell size and turgur pressure. : different concentrations, we can observe | “_Ilg cr:n:an ra:u“n ) — J‘/\ 1 the membrane
S : S S SR ! how cells respond to changes i YRS Sonson pulls away from
° Sulutlnn concentration affeu:ts th& @ i in their environment. il | the cell wall.
k movement of water in and out of cells. ,/( R_LA""_“M_““ —m e NN I’
=rEE - e SYNTHETICBIOLOGY 2\ /™ wut R
— WHAT WE LEARHED r : i' PLANT STRESS _ | MUTATION & . [ FUTURE CONNECTIONS (&R
. ; | ﬁ APPLICATIONS ﬂ ADAPTATION & FOOD SECURITY &&b/

_.r

Scientists use synthetic biology

[ : : : . Mutations are changes in DNA Apply knowledge of asmosis,
= @j - iﬂ: | and genetic engineering to design | | g can affect proteins [ ol
@ D Sl allak involved in water transport to create climate-resilient crops.

Stress Ty or stress res
ponses.
Water molecules  Water moves in This affects When:plarits face dmu@wt, heat, @ Improving water regulation 0 D .
move. or out of cells. plant cell growth z i L Support sustainable agriculture
aiidl Ririetion: or high salinity, water can leave a Enhancing stress-response @ a Some mutations may ﬁ R
cells, causing loss of turgor pathways reduce survival. J ; .
for future generations.
i : Pressure. e Maintaining osmotic balance
Understanding osmosis helps us understand how i aciby a Other mutations may I | _p———
plants survive and maintain life in different Thi " increase tolerance to stress
is can lead to wilting, reduced . Selance todav. a bett
environments! @ nd ield Goal: Develop crops that survive and become beneficial ie ¥ er
g:rmrti\, a OWET CTOP YIeds., ﬁ in dry or 53“‘)’ environments traits for crop impm'u&maﬂt. future tomorrow!
{ o\ and secure future food supply. i

. BIG IDEA: Osmosis connects cell biology, genetics, and biotechnology. By understanding how cells respond to their environment, |
= we can use science and innovation to protect plants, adapt to climate change, and build a more food-secure future. ﬁ o
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