
Hi!
I’m a bacterium! 

bacteria are tiny 
single-celled 

organisms and 
can be found 

almost 
everywhere on 

Earth! 

luckY for the bacteria, 
they have developed 
some ways to defend 

themselves...

streptococcus
pyogenes

Escherichia coli

some of us bacteria are good, like 
those that help you digest your 

food! And others are not so good, 
like those that can make you sick!

some of us are a 
little bit of 

both!

I don’t feel 
so good!

did you know 
bacteria can 
get viruses 

too?

bifidio-
bacterium

the viruses that attack bacteria are 
called bacteriophages

you can 
call us 

phages for 
short!

most phages attack only a 
specific type of bacteria

we are very 
particular!

HEY!
get off 
OF me!

once our dna is 
inside the bacteriUM, 
new phages start  
forming like crAzy!

the phages create a swarm, causing the cell 
to explode when they reach critical mass

but wait! THIS IS WHERE THE PROTEIN 
CAS9 COMES INTO ACTION...

CAS9

Scientists have found a way to use the 
CRISPR-Cas “find and cut” mechanism to 
both study and edit the genes in other 
organisms besides bacteria--including 

plants, animals, and EVEN humans!

They insert a specific piece of guide RNA 
created in the lab, which tells the Cas9 

protein where to cut the organism’s DNA.

The cell repairs the broken 
DNA - but with errors - and 
whole DNA sections then no 

longer make sense

if there is a match, cas9  unwinds and cuts up the 
phage’s DNA, destroying the virus

Alternatively, scientists can also insert a new healthy piece of DNA at 
the cut site, repairing it. This can help treat diseases, in particular 

those caused by inherited gene variants.

CAS9

CURRENT USES:
CRISPR is involved in many different food production stages, 
from specialized crops, to cell-based meats, to modified yoghurt 
cultures.

It has been used in the biomedical field to combat hereditable 
genetic diseases such as Sickle-cell anemia and beta-thalassemia, 
and in treating retinal diseases.

FUTURE USES:
There is a great possibility in the future to find cures and 
treatments for many different diseases, improved transplant 
methods, and smarter T-cells. 

CRISPR could be used as a diagnostic tool to prevent the spread 
of infectious outbreaks or treat chronic infections. 

CRISPR can be used to engineer crops and livestock that can 
withstand extreme weather conditions, and to eliminate pests and 
weeds without harmful chemicals. 

It could be used to engineer Superfoods such as nuts without 
allergens, oils with less trans-fat, vegetables with extra 
vitamins, and wheat with gluten that can be easily tolerated.

CRISPR could be used in animal and environmental conservation. 
For example, in determining which genes are vital to coral reef 
survival, getting rid of invasive species from native habitats, and 
the manufacture of enhanced biofuels. 

=$

ethical concerns:
there are a lot of ethical concerns when 
discussing the use of CRISPR:

 -Who has the right to decide which 
species can be eliminated and where does 
that end? 

-Editing the human germline, i.e., creating 
“designer babies” is highly unethical as it 
could create a great disbalance in human 
equality and the definition of what makes 
one human could be put forth for debate.  

-Some gene edits could solve one problem 
while creating another: Could it backfire 
and create superbugs, overpopulation, or 
disrupt the food chain?

YO-YUM!
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YAHOO!

let’s go 
infect 

another 
one!

we attach 
ourselves to the 

bacteria’s 
surface and 

inject our DNA! !

CAS1

CAS2

THIS IS INHERITABLE: IF THE 
PHAGE ATTACKED ANY OF THE 
BACTERIUM’S ANCESTORS, IT 

WOULD BE ENCODED IN THEIR DNA 
AND PASSED DOWN

THANKS 
GUYS!

THIS GUIDE RNA CAN TAKE A 
COPY OF THE CRISPR ARRAY AND 

HELP ME SCAN THE INVADER’S 
DNA FOR A MATCH

GOT IT!

it’s a match!

tak
e that!tak
e that!

CAS9
YEAH!

tear it apart!

got a new job 
for ya, cas9!

No Problem

CAS9

NO VIRUSES 
ALLOWED!

A powerful gene-editing tool

WHOO-HOO!!
WHOO-HOO!!

yeah!

C
R
I
S
P
R

warning!
INTRUDER 

ALERT!!

BACTERIOPHAGE
HAVE YOU SEEN THIS  DNA?

when a phage attacks, the proteins cas1 and cas2 work together to precisely cut a piece of the viruses’ 
DNA, inserting it into the gEnome of the bacteria so that the virus can be recognized if it attacks again

GOT IT!

i’m 
helping

I’LL JUST PUT 
THIS HERE...

Between these 
repeated 

patterns it 
will be easy 

to find!! THESE 
repeated 
patterns 

are called 

crispr
together 

its called a 
CRISPR 
array 

(it’s also where the CAS proteins get their names: 
CAS stands for crispr-associated protEIn)

LUSTERED
egularly
nterspaced
hort
alindromic
epeats

means they are found together 
on the genome.

refers to the fact that between 
these repeats are unique pieces of 
DNA, called spacers. THis is where 

the viral DNA is Stored!

means the sequence is just 
20 or 40 base pairs long.

means the sequence can be read 
the same forward or backward

(like the word KAYAK!)

means this palidromic sequence 
is repeated over and over.


