











It is virtually unlikely that there exist two of more sets of sequences
that exactly match a string of 21 characters in the DNA sequences of
an organism.

However, CRISPR is not a silver bullet as yet. In lab experiments,
the tool often cuts in the wrong locations with unmatched sequences
of the 21-character strings. Consequently, a procedure is essential for
confirmation that the gene cutting has been accurate - another reason

for co-development with other technologies.

The Future of Genetic Recombination Technology

Allin all, thanks to CRISPR, the possibility of biological manipulation
targeting an entire life form has opened up. It offers almost dream-
like potential: of producing perfect GMOs, curing AIDS and cancer,
and reviving extinct species.

As mentioned earlier, DNA sequences contain enormous amounts
of data. In humans, there are 3 billion genome sequences in a single
cell. It is impossible for people to analyze this sequence one by one -
we simply need computers. As we have in our hands a perfect pair of
genetic scissors like CRISPR, computer-aided collaboration between
Big Data and the biosciences would be all the more important.

Yet, we still have a long way to go. Yes,
it is now possible to snip off specifically-
targeted genetic fragments, but inserting a
specific gene into a specific location is an-
other story - this is a time-consuming pro-
cess and highly unlikely to succeed. Fur-
thermore, we need to find more efficient
ways to transfer extracellular CRISPR to
intracellular locations.

There also remain ethical issues and
side effects. As was the case when cloned
animals appeared, genetic manipulation
experiments on humans raise ethical concerns. Heated debates have
already occurred, and progress in the biosciences should be made

with consideration given to these ethical concerns.

May 2015 in New York, USA
GMO opposition citizens march,
©a katz/Shutterstock.com
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Make Your Own CRISPR Game

To snip off a specific part of DNA, you only need to know about 20 nucleotide
sequences before and after the target location. With this information, you can make
a CRISPR that will cut the target area precisely. Use Scratch to create your own
“CRISPR Game” where a CRISPR chases and snips a DNA on the run.

WLERERAIEENE PC or a laptop installed with Scratch (v. 2.0)

Activity

n Mission

Create a project that meets the following conditions:
Conditions

(@ Use an event key and create a moving CRISPR
@ Apply CRISPR’s basic principles

@ Use your own personalized Sprite animation

Project Design

@ Design your own unique CRISPR and DNA images.

DNA
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@ Write an algorithm that makes CRISPR move upon mouse or keyboard command
and reacts to an elusive DNA when encountered.

Programming

@ To design a background wallpaper, select “Draw New Background”. Choose the color
you want by clicking “Select Color,” and change it using “Coloring” from the menu on
the left. Then, change the name to “Cell” in the background.

@ To add a CRISPR Sprite, select “New Sprite Color” from “New Sprite,” and draw your
own unique CRISPR using the brushes and shapes from the Paint.
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@ Adjust the position and size of your Sprite in the background wallpaper with your
mouse. Select “New Sprite Paint,” and add your own CRISPR Sprite using the
drawing tools.

M) CRISPR game Il |
4

wib

@ To add a DNA object, select “New Sprite Paint,” and add D1 Sprite using the
drawing tools. Then add D2 Sprite to change the DNA into a snipped-off shape.

Scripts Costumes Sounds
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® To add more fun to the game, make the CRISPR Sprite appear in
unpredictable locations by setting x- and y-coordinate positions using random
number blocks.
Set program for the CRISPR Sprite: “If the distance to the mouse pointer
is greater than 5, then move in the direction of the pointer.” In this way, the
mouse pointer does not necessarily have to hunt for the Sprite.

when clicked

show

go to x: | pick random to px ) y: pick random to

forever

-

if distance to mouse-pointer b2 E then

point towards mouse-pointer
»

move o steps

® Create a variable for the score to raise it when CRISPR encounters the DNA
Sprites. Click “Add New Variables” to add a variable to the data frame.

MNew Variable

Variable name: Score

@ For all sprites ) For this sprite anly

Ok Cancel




@ Reset the score to zero, and assemble the blocks into the shape of D1 Sprite.
Use the “random number” block to make D1 Sprite appear at an unpredictable location.
Then, in order for it to move, assemble the “Move by 2” and “Bounce when touching the
wall” blocks in the “Repeat infinitely” block.

when dicked

set Score tnﬂ

switch costume to D1

forever

turn (N | pick random &Y to degrees
2

move 9 steps
»

if on edge, bounce
3

if touching CRISPR ? then

switch costume to D2
b

change Score by o
»

wait &P secs
¥

switch costume to D3

go to x:  pick random to y:  pick random tu

switch costume to D1

Run the program to make sure there are no errors. Correct any errors that appear.



@ Program Execution Display
/M CRISPR game
w54

[ score @D |

Select one of the following to change the program

@ Create a program to end the game in 30 sec.

@ Make the game more lively with sound effects.

E Summarize the Activity

Describe briefly what you have learned from the activity.

~e
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Career
Exploration

32

Bioinformaticists

A bioinformaticist is a specialist who studies how to organize, analyze and
use biology-related data on computers. It's a typical convergent occupation, a
combination of bioengineering and IT. Recently, as genetic engineering and other
forms of cutting-edge biotechnology were designated as key national economic
areas, venture companies related to the genetics industry have been emerging on
a regular basis. In addition to the existing medicinal areas, other related sectors
such as agriculture and the environment are expected to grow rapidly through
application, and demand for bioinformaticists is anticipated to grow with them.

Q What do they do? )

= In collaboration with specialists in medicine, pharmacy, and environmental engineer-

ing, bioinformaticists accumulate existing knowledge in the fields of genetic recombi-
nation and organism processes and use it to develop new bioengineering technology.

= Through DNA manipulation, they conduct experiments to explore new materials, or
using somatic cells or the blood of lab animals, develop biomedicines, biochemicals,
biofoods and other new products.

= By analyzing biological data on computers, they come up with new theories and meth-
odologies.

© Occupations Related to CRISPR

Bioscientist, bioengineer, new medicine developer, medical

Bioscience/ technology developer, stem cell researcher and developer, new
engineering biomaterial developer, bioengineering professor, medical department
professor

Genetic information analyst, protein information analyst, genome

Bioinformatics )
research fellow, interactome research fellow

Bioscience is a very important area to human health and longevity. Today, with the rush
of ever-growing information flows from life-related research efforts such as the human
genome project, the science of bioinformatics, which analyzes this data and its implica-
tions, has become increasingly important.



' Related majors )

) Biotechnology Bioscience Bioresources
It is necessary to have, among other

things, basic knowledge about and un-

derstanding of the field of bioscience and

its research activity. On top of this, you will need to be able to process bioscience-related
data on a computer. Basic skills and knowledge related to databases, big data, and artifi-
cial intelligence are essential.

N’ Required aptitude )

v

= Knowledge of related sciences such as biology, engineering, medicine, and pharmacy
is required, and clear understanding of the potential and limitations of the related areas
is also needed.

= Continued research activity in the field of bioscience demands physical stamina, perse-
verance, patience, and the willingness to perform research, use creativity and logic for
problem solving, and possess analytical skills and accuracy in judgment.

= Most bioengineers work as part of a team to carry out a project. Good social skills and
the ability to cooperate with researchers in other areas are needed.

= In order to understand and apply natural laws and scientific research methods, you
should have experience with problem solving, the ability to rationalize, and learn how
to develop your observational skills.

= Math skills are essential for systematic analysis of life phenomena.

g Expert interview

Thanks to this mysterious development process, humans are aware, develop
patterns of behavior, personalities, and habits, and are able to take the
actions necessary to survive. | was personally intrigued by the mysterious
development process of organisms, and here | am at the Laboratory of Genes
and Development.

Currently, | work on the role of genes and the environment in the development
process, and how the interactions between the two are related to evolution. If
you are someone who can endure boring experiment processes and rejoice
in the results, you might have what it takes to be a future bioscientist.

Daehan Lee/PhD Course at Laboratory of Genes & Development,
Dept. of Bioscience, Seoul National University; BSc from Dept. of Bioscience, SNU
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Maker

Activity

CRISPR: Genetic Scissors

Written by
Chang-min Choi (Dongpae Middle school teacher)

ﬁ Product overview

® Product function

For grade students, the functions and applications of CRISPR can be illustrated
with a product that mimics the action of cutting DNA with CRISPR, and genetic
recombination.

= How it works

RGB (red, green, blue) LEDs are connected to the model double helix DNA
structure; the color of the LEDs inserted into the model mouse changes when
other double helix DNA structures are connected and the electrical resistance
changes.

= Product picture
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® Product structure
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« Part of the DNA models changed * LED color changes when part
* The replaced DNA is assumed to be of the DNA model is replaced
the gene that determines the color of
the mouse



ﬁ Production overview

= Production time : about 2 hours

= Needed materials and tools

AN :
&B‘ S LUk ) Compon cathode
A 4D Frames A RGBLED A Resistances A Cables
.r’/
' ' P
&
il
& )
A Battery Cases A Tools A Electronic Block A Drawing of Mouse

= Key production principles
Genetic Recombination, LED Lighting through Resistance Change

Use 4D frames and RGB LED to confirm phenotypic changes from the CRISPR genetic

recombination. Confirm the changes in LED color due to voltage drop* . Understand the

CRISPR genetic recombination from a story of the whole activity experience.

*Voltage Drop: a phenomenon that occurs when the voltage of a current decreases

= What requires attention in production

© To confirm the LED color change from the voltage drop induced by resistance,
connect the LED pins to the electronic block correctly.

@ Cut out the model mouse drawing with care.

©® When making the gene model which is supposed to be recombined using 4D
frames, observe the order: first, DNA model to be recombined; second, the one
with another color.

= Required knowledge and function

© Double helix DNA structure @ Gene cutting and recombination using CRISPR
© \oltage drop through resistance change @ Safe tool handling
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Computational Thinking Map

2. DNA & Genetic
Recombination

1. Overview of Genetic
Materials

Activity 1

&

Be aware that there are 4
RNA bases, pairing A with U,
and C with G

£l

See how A pairs with U, and
C with G

Focus on the “bind” among
many functions of the bases
and DNA, and understand
the hairpin structure

5
Determine the rules of play
(halt when 3 or more pairs
are formed, release when
fewer than 3), realize RNA
activity in the living body

B

Acknowledge the princi-
ples by repeating the game
(Actually, inside an organ-
ism, it's all automated and
repeated reactions)

3. CRISPR:
Genetic Scissors

Activity 3

B

Collect data on CRISPR
structure, DNA, and RNA

£l

Confirm that RNA joins
CRISPR and specific DNA
fragment is cut out

v

{

1
Present cut-up DNA, CRIS-

PR, and others with simple
images

N v
o

Design a CRISPR game
algorithm where a specific
location is cut up when
CRISPR encounters DNA

Activity 2

B

Confirm DNA information
on a broad range of organ-
isms via the Internet

El

Confirm that DNA infor-
mation of an organism is
stored as per chromosome

Express the molecular
bases in characters and in
the form that allows the
computer to search

]

Be aware of the necessity
for long nucleotide se-
quences by understanding
that with shorter sequences
you get multiple locations
from a search

B

Search among very large
data with the computer
search function

B

Create a program for a
CRISPR game using Scratch
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