Synbio Outreach Toolkit - Worksheets & Handouts



Synthetic Biology Outreach Toolkit
Worksheets & Handouts Pack
Printable charts, cards, and student sheets for all nine lessons
Print as needed | photocopy freely | release: CC0 (public domain)
Tip: items marked with ✂ are meant to be cut apart into cards.
Lesson 2 · DNA Base-Pairing Key & Worksheet

The pairing rule: A always pairs with T, and C always pairs with G.
	A = red
	T = blue
	C = green
	G = purple



Name: ______________________________     Date: ________________
Part 1. Fill in the matching base
Write the base that pairs with each one below.
A   pairs with  ______
C   pairs with  ______
T   pairs with  ______
G   pairs with  ______
Part 2. Build the matching strand
One side of the DNA ladder is shown. Write the base that pairs with each one to complete the other strand.
Strand 1:   A   T   C   G   T   A   C   G 
Strand 2:   ___  ___  ___  ___  ___  ___  ___  ___
Strand 1:   G   G   A   T   C   A   G   T 
Strand 2:   ___  ___  ___  ___  ___  ___  ___  ___
Think about it
If a cell “unzips” the two strands, how could it build a perfect copy of each side?




Lesson 3 · Name-in-DNA Codon Dictionary

How to use it: Each letter of your name becomes a codon (three beads). Look up each letter, then string the beads in order. Three beads = one letter, just like three DNA bases = one codon.
Bead colors: 
	A = red
	T = blue
	C = green
	G = purple



Example — “MAX” becomes: 
M G G A     A A A A     X G A G 
	Letter
	Bead code (A·T·C·G)
	Letter
	Bead code (A·T·C·G)

	A
	A   A   A 
	N
	A   A   T 

	B
	A   T   T 
	O
	A   T   C 

	C
	A   C   C 
	P
	A   C   G 

	D
	A   G   G 
	Q
	T   A   A 

	E
	T   T   A 
	R
	T   T   T 

	F
	T   C   T 
	S
	T   C   C 

	G
	T   G   C 
	T
	T   G   G 

	H
	C   A   G 
	U
	C   T   A 

	I
	C   C   A 
	V
	C   C   T 

	J
	C   G   T 
	W
	C   G   C 

	K
	G   A   C 
	X
	G   A   G 

	L
	G   T   G 
	Y
	G   C   A 

	M
	G   G   A 
	Z
	G   G   T 



Decode a friend’s bracelet: read it three beads at a time and find the matching letter above. Remember... read in one direction only, just like real DNA (5’ → 3’).
Lesson 4 · Strawberry DNA Extraction - Lab Sheet

Name: ______________________________     Date: ________________
Safety: Rubbing alcohol is flammable and is NOT for tasting. Never taste anything in this lab.
1. Predict
Do you think you will be able to see DNA without a microscope? Why or why not?

2. Observe at each step
	Step
	What I saw / what happened

	Mash the strawberry (break the cells)
	 

	Add soap + salt (extraction liquid)
	 

	Filter the mixture
	 

	Add cold alcohol
	 


3. Explain why it worked
Why do we use dish soap?


Why do we add salt?


Why does the alcohol make the DNA appear?


4. Draw your DNA
	Sketch what the DNA looked like when it appeared.


Lesson 5 · Monster Genetics - Trait Key

How to use it: Read your monster’s gene card. For each gene, match the two-letter code to the trait below, then build or draw your monster.
	Gene
	Code
	Trait

	Fur color
	A A 
	Brown

	Fur color
	A T 
	Blue

	Fur color
	T T 
	Green

	Fur color
	G C 
	Purple

	Eye color
	C C 
	Red eyes

	Eye color
	C G 
	Yellow eyes

	Eye color
	G G 
	Big black eyes

	Horns
	A T 
	No horns

	Horns
	T A 
	Two small horns

	Horns
	G G 
	Three big horns

	Teeth
	C A 
	Tiny teeth

	Teeth
	A C 
	Sharp fangs

	Tail
	T G 
	Short tail

	Tail
	G T 
	Long curly tail


Lesson 5 · Monster Gene Cards

Give one card to each student. Decode all five genes using the Trait Key, then build your monster.
✂ Cut along the lines to separate the cards.
	Monster #1
Fur: A A 
Eyes: C C 
Horns: T A 
Teeth: C A 
Tail: T G 
	Monster #2
Fur: A T 
Eyes: C G 
Horns: G G 
Teeth: A C 
Tail: G T 
	Monster #3
Fur: T T 
Eyes: G G 
Horns: A T 
Teeth: C A 
Tail: T G 

	Monster #4
Fur: G C 
Eyes: C C 
Horns: T A 
Teeth: A C 
Tail: G T 
	Monster #5
Fur: A A 
Eyes: C G 
Horns: G G 
Teeth: C A 
Tail: T G 
	Monster #6
Fur: A T 
Eyes: G G 
Horns: A T 
Teeth: A C 
Tail: G T 


Lesson 5 · Build Your Monster

Monster name: ________________________________
	Draw your monster here to match its gene card.



Round 2 — Make an edit: Swap ONE gene with a partner, then redraw that trait. Which gene did you swap, and how did your monster change?



Lesson 6 · CRISPR Cut-and-Paste - DNA Strips

How it works: Your Guide-RNA card tells you a target sequence to find. Scan your DNA strip, cut out the matching target, and tape in a new sequence from the Edit Menu. Then look up the new trait on the Trait Key.
✂ Cut out one strip per student (cut all the way around).
DNA Strip 1:
	A   A   A     T   T   T       T   A   C     G   G   G     A   T   C       C   C   C     G   G   A     T   T   A 



DNA Strip 2:
	G   C   G     A   A   T       T   A   C     G   G   G     A   T   C       T   T   A     C   G   C     A   A   G 



DNA Strip 3:
	T   T   A     C   C   C       T   A   C     G   G   G     A   T   C       G   G   A     A   A   T     C   G   C 


The | marks show where the gene sits between two markers. The part the guide will help you cut.
Lesson 6 · Guide-RNA Cards, Edit Menu & Trait Key
Guide-RNA cards
Each student gets one. It tells you the target to find and cut.
	Guide RNA #1
Find & cut: 
T A C   G G G   A T C 
	Guide RNA #2
Find & cut: 
T A C   G G G   A T C 
	Guide RNA #3
Find & cut: 
T A C   G G G   A T C 


Edit Menu — choose a replacement to tape in
✂ Cut these apart so students can pick and paste one.
	Blue color
T A C   A A A   A T C 
	Green color
T A C   C C C   A T C 

	Glow!
T A C   G G G   G G G 
	Extra-large
T A C   T T T   A T C 



Trait Key
	Middle codon
	Trait it makes

	G   G   G 
	Original (unedited)

	A   A   A 
	Blue color

	C   C   C 
	Green color

	T   T   T 
	Extra-large

	G   G   G   G   G   G 
	Glows in the dark


Lesson 6 · CRISPR Worksheet

Name: ______________________________

1. What target sequence did your Guide RNA tell you to find?


2. What replacement did you paste in from the Edit Menu?


3. What new trait did your edit make (use the Trait Key)?


4. Why does Cas9 need a guide instead of cutting anywhere? What might go wrong if TWO spots matched the guide?





Lesson 7 · Engineer a Glowing Microbe - Microbe Template

Step 1: Glue the GFP gene strip (next page) inside your microbe to “transform” it. Step 2: Decorate it with glow markers or stickers. Step 3: Pick a second gene from the menu to give it a job.
	YOUR MICROBE
(draw a big blob, then glue the GFP gene inside and decorate)


Lesson 7 · GFP Gene Strip & Gene-Function Menu
GFP gene strip - cut out and glue into your microbe
✂ Cut out the gene strip below.
	✨ GFP GENE (green fluorescent protein) - from a jellyfish! ✨



Gene-Function Menu: pick ONE to give your microbe a job
✂ Cut apart so each student can choose one.
	Eats plastic
Cleans up plastic waste
	Senses arsenic
Glows near poison in water
	Makes medicine
Brews a helpful drug

	Smells like banana
A fun engineered scent
	Eats oil spills
Cleans up the ocean
	Makes vitamins
Adds nutrients to food


Lesson 7 · Design Your Microbe

Microbe name: ________________________________

What job did you give your microbe (which gene did you add)?


Why is that job useful?


Bonus: When should your microbe glow? (Always? Only near sugar? Only in the dark?)



Lesson 8 · Water Contamination Cards

Print and cut apart. Groups sort them into NATURAL vs. HUMAN causes, then rank by how risky they think each one is.
✂ Cut apart into cards.
Natural causes
	Animal waste
	Algae blooms

	Volcano ash
	Silt from floods



Human causes
	Sewage
	Fertilizer run-off

	Trash & waste
	Acid rain

	Oil spills
	Lead pipes


Lesson 8 · How the Arsenic Biosensor Works

Engineers built a tiny biological sensor that lights up only when a poison (arsenic) is in the water. Here is the idea, simplified:
	NO arsenic
The switch stays OFF.
No signal - water looks safe.
	Arsenic PRESENT
Arsenic flips the switch ON.
A signal appears - and the MORE arsenic, the MORE signal you can count.



The big idea: a promoter (an “on-switch” made of DNA) turns a gene on only when arsenic is present. Counting the signal tells you how much arsenic is there (cheaply, with no expensive equipment).
Lesson 8 · Water-Filter Challenge - Engineering Sheet

Team: ______________________________     Date: ________________
Safety: Never taste the water. Wash your hands when you finish.
1. Observe & predict
Describe the polluted water (what does it look like? smell like?).



Which filter materials do you think will work best, and why?



2. Sketch your filter design
	


3. Test & record
	Try #
	Materials used
	How clean was the water?

	1
	 
	 

	2 (optional, if time)
	 
	 


4. Present
[bookmark: _Int_OFdV7Noy]What materials filtered the water best? If you did 2 designs, which design worked best? What would you change next time?




Lesson 9 · Design-a-Synbio-Solution - Parts Cards

Print and cut apart into three decks. Each group picks ONE chassis, ONE sensor, and ONE output to build their organism.
✂ Cut apart into cards; keep the three decks separate.
Chassis (the living “body”)
	E. coli bacteria
Grows fast, easy to engineer
	Yeast
Great at brewing & making molecules
	Algae
Uses sunlight, lives in water



Sensor / Input (what it detects)
	Senses arsenic
	Senses sugar

	Senses light
	Senses temperature



Output / Response (what it does)
	Glows
	Changes color
	Makes a medicine

	Eats plastic
	Makes a smell
	Cleans the water


Lesson 9 · Problem Cards

Each group draws ONE problem to solve with their engineered organism.
✂ Cut apart into cards.
	Unsafe water
A village’s water might have arsenic in it.
	Oil spill
An oil spill is harming a coastline.

	Food allergy
People need to know if food contains peanuts.
	Plastic waste
Plastic is piling up and not breaking down.

	Sick patients
A medicine is too expensive to make.
	Spoiled food
Food goes bad before it reaches people.


Lesson 9 · Design Worksheet

Team: ______________________________     Organism name: ________________
1. Our problem is:



	Part
	Our choice

	Chassis (body)
	 



	Sensor (input)
	 



	Output (response)
	 





2. Draw your organism and show how it works
	


3. How does it sense the problem and respond?



4. What would you TEST next to see if it really works?
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