








25

그러나 아직까지 크리스퍼가 모든 걸 해결하는 완벽한 도구는 아닙

니다. 실제 실험에서 21개의 염기서열이 완벽하게 일치하지 않아도 자

르는 경우가 종종 발생했기 때문입니다. 크리스퍼로 자른 뒤에도 제

대로 잘렸는지 확인하는 절차 또한 반드시 필요합니다. 크리스퍼 외

에 다른 기술이 함께 발전해야 하는 이유입니다.

유전자 재조합 기술의 미래

크리스퍼 덕분에 생명체 전체를 맘대로 다룰 수 있는 가능성이 열렸

습니다. 완벽한 유전자 재조합 식품을 만들거나, 에이즈나 암과 같은 

불치병을 치료하며, 사라진 멸종 동물을 복원하는 것처럼 꿈만 같은 

일들이 현실화될 수도 있습니다. 

앞서 말했듯이 DNA 염기서열은 엄청나게 큰 데이터입니다. 인간의 

경우 세포 하나에 30억 개의 염기서열 정보가 있습니다. 인간이 이를 

하나하나 직접 해석하는 건 불가능하기 때문에 컴퓨터의 도움을 받

아야 합니다. 따라서 크리스퍼와 같이 완벽한 유전자 가위를 손에 넣

은 지금, 컴퓨터를 통한 빅데이터 기술과 생명과학의 협력이 더욱 필

요할 것입니다.

그렇지만 아직 가야 할 길이 멉니

다. 원하는 부위를 자르는 것까지는 

가능하지만, 원하는 부위에 원하는 

유전자를 집어넣는 과정은 성공 확

률이 매우 낮고 시간이 오래 걸립니

다. 또 세포 밖에서 만들어진 크리스

퍼를 세포 안으로 전달하는 더 효율

적인 방법도 찾아야 합니다.

부작용과 윤리적 문제도 남아 있

습니다. 복제동물이 등장했을 때와 

마찬가지로 인간을 대상으로 한 유

전자조작 실험은 윤리적 문제를 일으킬 수 있습니다. 벌써 뜨거운 논

쟁이 진행 중이지요. 생명과학의 발전은 항상 윤리 문제의 해결과 함

께 가야 합니다.

유전자조작 기술을 대표하는 GMO는  

여전히 세계적인 반대 운동에 부딪히고 있다. 

사진은 2015년 5월 미국 뉴욕에서 열린  

GMO 반대 시민 행진의 모습 

ⓒ a katz/Shutterstock.com
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Guide

 What if you had a precision tool such as genetic scissors that could 
be used to cut only the targeted locations? It would be a dream-come-
true that has recently become available to biologists - the genetic 
scissors known as “CRISPR.” The existence of these scissors was first 
discovered by scientists back in 1987, but only in 2012 were their po-
tential uses found - the technology is less than 10 years old.

Protein + CRISPR = Genetic Scissors
CRISPR is an acronym for clustered regularly interspaced short pal-
indromic repeats. In short, it is fragmented RNA with a certain palin-
drome structure.

Only when CRISPR joins with a protein called Cas9 does it func-
tion as genetic scissors. Shown below is the structure of CRISPR. Cas9 
protein is a DNA-cutting enzyme, and a “guide” RNA helps locate a 
specific DNA. If a guide RNA sticks to the target location of DNA se-
quences, Cas9 protein cuts the DNA off.

With previous generation genetic scissors, there was always the pos-
sibility of mistakes as the scissors could recognize from four to twelve 
nucleotide sequences only. In contrast, as CRISPR recognizes 21 
sequences, it can snip off any specific locations of the targeted DNA 
with precision. 

CRISPR genetic scissors are a restriction enzyme 
that snips a specific location of DNA sequences. 
The tool consists of a smaller RNA that helps locate 
a target sequence in the long DNA sequences and 
a Cas9 protein that snips off part of the DNA. 
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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
All in 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. 
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우리가 DNA의 특정 부위를 자르고 싶다면, 자르고 싶은 부위 앞뒤로 약 20개의 염기서열만 알면 

됩니다. 그러면 그 부위를 정확히 자르는 크리스퍼를 만들 수 있죠. 스크래치를 이용해 도망치는 

DNA를 크리스퍼가 쫓아가서 자르는 ‘크리스퍼 게임’을 만들어 봅시다.

나만의 크리스퍼 게임 만들기

 준비물  스크래치(2.0버전)가 설치돼 있는 컴퓨터 또는 노트북

활동 ➌

활동 미션

다음 조건을 충족시키는 프로젝트 만들기

1

조건

① 마우스를 따라 다니며 움직이는 크리스퍼 만들기

② 크리스퍼의 작동 원리 적용하기

③ 자신만의 개성 있는 스프라이트 사용하기

프로젝트 구상하기

① 자신만의 개성 있는 크리스퍼, DNA를 디자인해보세요. 

2

DNA 크리스퍼(RNA+단백질)

26 

활동하기
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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.

Make Your Own CRISPR Game

 What to prepare  PC or a laptop installed with Scratch (v. 2.0)

Mission

Create a project that meets the following conditions:

1

Conditions

① Use an event key and create a moving CRISPR

② Apply CRISPR’s basic principles

③ Use your own personalized Sprite animation

Project Design

① Design your own unique CRISPR and DNA images.

②  Write an algorithm that makes CRISPR move upon mouse or keyboard command 
and reacts to an elusive DNA when encountered.

2

DNA CRISPR (RNA+Protein)

①  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.

②  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.

Programming3
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Activity

Activity ➌



②  크리스퍼가 마우스나 키보드를 이용하여 움직이며 여러 곳을 도망치는 DNA와 만나면 

반응하는 알고리즘을 자유롭게 작성해보세요. 

①  배경화면을 만들기 위해 ‘배경 새로 그리기’를 선택하고, ‘그림판’에서 ‘색 고르기’를 선택하여 

원하는 색상을 선택한 후, 왼쪽 메뉴에 있는 ‘색칠하기’를 이용하여 배경색을 변경합니다.  

그리고 배경의 이름을 ‘세포’로 바꿉니다. 

②  크리스퍼 스프라이트를 추가하기 위해 ‘새로운 스프라이트’에서 ‘새 스프라이트 색칠’을 선택하고 

그림판에 있는 붓과 도형을 사용해 나만의 크리스퍼를 그려봅시다. 

프로그래밍하기3
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③  배경화면에서 마우스를 이용하여 위치와 크기를 조절합니다. ‘새 스프라이트 색칠’을 선택하고 

그리기 도구를 활용하여 자신만의 크리스퍼 스프라이트를 추가합니다.

④  DNA 오브젝트를 추가하기 위해 ‘새 스프라이트 색칠‘을 선택한 후 그리기 도구를 활용하여  

D1 스프라이트를 추가합니다. 그리고 크리스퍼와 만났을 때 DNA가 끊어진 모습으로 변한 후 

다시 새로운 DNA 모습으로 변하도록 D2와 D3 스프라이트를 추가합니다. 

28 
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③  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.

④  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.

⑤  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.

⑥  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. 

2928 



⑤  재미를 더하기 위해 크리스퍼 스프라이트가 예측할 수 없는 위치에서 나타날 수 있도록 

난수 블록을 사용하여 X, Y 좌표의 위치를 설정합니다.  

크리스퍼 스프라이트에게 ‘만약 마우스 포인터까지의 거리가 5보다 크다면 마우스 

포인터를 보고 움직여라’로 정해줍니다. 이렇게 하면 마우스 포인트에 반드시 

스프라이트가 붙어 있지 않아도 됩니다.

⑥  크리스퍼가 DNA 스프라이트들과 만났을 때 점수를 올리기 위해 점수 변수를 만듭니다. 

데이터에 ‘새로운 변수 추가하기’를 클릭하여 변수를 추가합니다. 

29
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⑦    점수를 0점으로 초기화시키고, D1 스프라이트 모양으로 보이게 블록을 조립합니다.  

‘난수’ 블록을 사용하여 예측할 수 없는 위치에 나타나도록 합니다. 그리고 이동할 수 있도록  

‘2만큼 움직이기’와 ‘벽에 닿으면 튕기기’ 블록을 무한 반복하기 블록 안에 조립합니다. 

블록을 조립한 후 DNA 스프라이트를 선택하여 마우스 오른쪽을 이용하여 원하는 수의  

DNA를 복사하여 추가합니다.

⑧ 프로그램을 실행하여 오류가 없는지 확인하고 만약 오류가 발생할 경우에는 수정합니다. 
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⑦  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.

⑧ Run the program to make sure there are no errors. Correct any errors that appear.

⑨ Program Execution Display

① Create a program to end the game in 30 sec.

② Make the game more lively with sound effects.

Select one of the following to change the program4

Describe briefly what you have learned from the activity.

Summarize the Activity5
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⑨ 프로그램 실행화면 

① 키보드 방향키를 이용하여 움직이는 크리스퍼를 만들어 보세요.

② 소리를 이용하여 더욱 생동감 있게 만들어 보세요.

다음 중 하나를 골라 프로그램을 바꾸어 보기4

이번 활동을 통해 느낀 점을 간단히 적어보세요.

활동 정리하기5
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진로  

   탐색

   의학, 약학, 화학공학, 환경공학 등의 전문가들과 협력해 유전자 재조합, 생물 공

정처럼 이미 개발된 기술을 습득합니다. 이를 바탕으로 새로운 생물공학 기술을 

개발합니다.

   DNA 조작을 통해 신물질을 탐색하는 실험을 하거나, 실험동물의 체세포나 혈액

을 사용해 새로운 생물의약품, 생물화학제품, 바이오식품 등의 신제품을 개발합

니다.

  생물 관련 데이터를 컴퓨터로 분석해 새로운 원리와 방법을 찾아냅니다.

  크리스퍼 관련 직업

생명과학은 인간의 건강과 수명 연장을 담당하는 매우 중요한 분야입니다. 인간게

놈 등 생명체 관련 정보가 쏟아지고 있는 지금, 이들 데이터를 분석하고 새로운 의미

를 찾는 생명정보학은 점점 중요해지고 있습니다.

생물학 관련 데이터를 컴퓨터로 정리·분석·이용하는 방법을 연구하는 전문가입니다. 생명

공학과 IT가 결합된 전형적인 융합직업이지요. 최근 유전공학을 비롯한 첨단 분야의 생명공학

기술이 국가주요산업으로 지정되면서, 유전자 산업과 관련된 벤처기업이 속속 생겨나고 있습

니다. 게다가 기존의 의약뿐만 아니라 농업, 환경부문 등 관련 응용분야에서도 빠른 성장이 예

상되므로, 생명정보학자를 필요로 하는 곳이 점점 늘어날 전망입니다.

어떤 일을 할까요?

생명정보학자

생명과학·공학
생명과학자, 생물공학자, 신약 개발자, 의학 기술 개발자, 줄기세포 연구 

개발자, 생물 신물질 개발자, 생명과학과 교수, 의학과 교수

생명정보학
유전자 정보 분석가, 단백질 정보 분석가, 유전체 연구가, 상호작용체 

연구가
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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. 

Biotechnology Bioscience Bioresources 

   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

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.

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.

What do they do?

   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.

Required aptitude

Related majorsBioinformaticists

Bioscience/
engineering

Bioscientist, bioengineer, new medicine developer, medical 
technology developer, stem cell researcher and developer, new 
biomaterial developer, bioengineering professor, medical department 
professor

Bioinformatics
Genetic information analyst, protein information analyst, genome 
research fellow, interactome research fellow

Career
  Exploration 

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. I was  personally intrigued by the mysterious 
development process of organisms, and here I am at the Laboratory of Genes 
and Development.
Currently, I 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

Expert interview
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우선 생명과학 분야의 기본적인 지식

과 연구에 대한 이해가 있어야 합니다.  

이를 바탕으로 컴퓨터를 사용해 생명과학에서 나온 데이터를 다룰 줄 알아야 합니

다. 데이터베이스에 대한 기본적인 이해와 빅데이터, 인공지능 등의 기술이 필요합

니다. 본인이 모든 걸 알 수 없으므로 IT분야 연구자와 협업해서 문제를 해결해야 

할 경우가 많이 생길 것입니다. 자기 연구만 잘하는 것으로는 부족하며, 다른 분야

의 연구자와 협업하고 의사소통하는 능력이 필요합니다.

생명공학과 생명과학과 생명자원학과 

우리의 몸을 이루는 수십조 개의 세포는 모두 단 하나의 세포에서 시작됩니다. 바로 아빠

의 정자와 엄마의 난자가 만나서 형성된 수정란이지요. 하나의 수정란이 끝없이 분열하

고 분화해 지금의 우리 몸처럼 면역계, 소화계, 순환계 등 다양한 기관계를 가진 완전한 

개체의 모습을 갖추는 과정을 ‘발생’이라고 합니다.

저는 생명체의 신비로운 발생 과정에 사로잡혀 ‘유전과 발생 연구실’에 진학했습니다. 현

재 발생 과정에서 유전자와 환경의 역할, 그리고 둘 사이의 상호작용이 진화와 어떤 관련

이 있는지 연구하고 있습니다. 궁금증을 풀기 위해 지루한 실험 과정을 견뎌내고, 그렇게 

얻어낸 결과물을 누구보다도 기뻐할 수 있는 사람이라면, 생명과학 연구를 잘해낼 수 있

다고 생각합니다.

이대한 / 서울대 생명과학부 학사 졸업, 유전과 발생 연구실 박사과정

전문가 인터뷰

   생물학, 공학, 의학, 약학 등 관련 학문 지식과 연계 분야의 이해가 필요합니다. 

   연구가 끊임없이 진행되므로 이를 견뎌낼 수 있는 체력과 끈기가 요구됩니다.

   대다수의 생물공학 기술자는 다른 학문의 연구자들과의 협력을 통해 연구를 진행

하므로 원만한 대인관계능력과 협동심이 필요합니다.

   자연법칙과 과학적 연구방법을 이해하고 적용할 수 있는 논리력, 추리력, 관찰력

이 요구됩니다. 또한 생명현상을 체계적으로 분석하기 위해서는 수학적 능력이 있

어야 합니다.

어떤 적성이 필요할까요?

관련 학과는?
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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. 

Biotechnology Bioscience Bioresources 

   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

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.

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.

What do they do?

   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.

Required aptitude

Related majorsBioinformaticists

Bioscience/
engineering

Bioscientist, bioengineer, new medicine developer, medical 
technology developer, stem cell researcher and developer, new 
biomaterial developer, bioengineering professor, medical department 
professor

Bioinformatics
Genetic information analyst, protein information analyst, genome 
research fellow, interactome research fellow

Career
  Exploration 

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. I was  personally intrigued by the mysterious 
development process of organisms, and here I am at the Laboratory of Genes 
and Development.
Currently, I 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

Expert interview
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유전자 가위 ‘크리스퍼’ 메이커
활동

  제품 기능 

크리스퍼를 이용하여 DNA 일부를 잘라내어 유전자 재조합을 확인할 수 있는 제품으로  

초등학교 수준에서 크리스퍼의 기능과 활용을 확인할 수 있다.

  작동 원리

4D 프레임으로 DNA 이중나선구조 모형을 만들고 RGB LED를 연결한 뒤, 페이퍼크래프트 

도면으로 만든 쥐 모형 내부에 RGB LED를 삽입한다. DNA 이중 나선구조모형에는 일정한 

저항이 연결되어 있는데, 다른 색의 DNA 이중나선구조 모형을 연결하면 저항이 바뀌고  

쥐에 삽입된 LED의 색이 바뀐다.

  제품 사진

  제품 구조

 제품 개요

•DNA 모형 일부를 교체

•    교체하는 DNA는 특정 저항을 가지며, 

    쥐의 색깔을 결정하는 유전자라고 가정함

•쥐 내부에 있는  LED 색 변화

글/사진 최창민(동패중학교 교사) 
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CRISPR: Genetic Scissors

  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

  Product structure

  Production time : about 2 hours

  Needed materials and tools

  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.

  What requires attention in production
➊  To confirm the LED color change from the voltage drop induced by resistance, 

connect the LED pins to the electronic block correctly.
➋ Cut out the model mouse drawing with care.
➌  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
➊ Double helix DNA structure     ➋ Gene cutting and recombination using CRISPR
➌ Voltage drop through resistance change    ➍ Safe tool handling

 Product overview

Production overview

•Part of the DNA models changed     
•       The replaced DNA is assumed to be 

the gene that determines the color of 
the mouse

• LED color changes when part 
of the DNA model is replaced

▲4D Frames ▲RGB LED ▲Resistances ▲Cables

▲Battery Cases ▲Tools ▲Electronic Block ▲Drawing of Mouse

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

Maker
Activity

Written by  

Chang-min Choi (Dongpae Middle school teacher) 
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  제작 시간 : 약 2시간

  필요한 재료와 도구

  핵심 제작 원리

크리스퍼를 이용한 유전자 재조합, 저항에 따른 LED의 점등

DNA 모형 일부를 교체할 때 나타나는 표현형*의 변화를 확인하기 위해,

4D 프레임과 RGB LED를 사용한다. 저항에 따른 LED의 색변화를 

확인하고, 이를 통하여 크리스퍼를 이용한 유전자 재조합을 이해함.

  제작 주의사항

➊  저항에 따른 LED의 색변화를 보기 위해서는 전자 블록에 LED의 다리 연결을 정확히  

해야 함.

➋ 쥐 모형의 도면을 자를 때에는 다치지 않도록 유의함.

➌   4D 프레임을 이용하여 재조합하게 될 DNA 모형을 제작할 때는 재조합의 대상이 되는 

DNA 모형과 다른 색깔의 순서로 제작해야 함.

  필요한 지식과 기능

➊ DNA 이중나선구조의 이해 ➋ 크리스퍼를 이용한 유전자의 절단 및 재조합

➌ 저항을 이용한 전압의 강하방법 ➍ 안전한 도구의 사용법

제작 개요

▲ 4D프레임 ▲ RGB LED ▲ 저항 ▲ 전선

▲ 배터리 박스 ▲ 목공풀과 커터칼 ▲ 전자 블록 ▲ 쥐 모형 도면

* 표현형: 생물에서 겉으로 드러나는 여러 가지 특성
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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.
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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

  Product structure

  Production time : about 2 hours

  Needed materials and tools

  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.

  What requires attention in production
➊  To confirm the LED color change from the voltage drop induced by resistance, 

connect the LED pins to the electronic block correctly.
➋ Cut out the model mouse drawing with care.
➌  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
➊ Double helix DNA structure     ➋ Gene cutting and recombination using CRISPR
➌ Voltage drop through resistance change    ➍ Safe tool handling

 Product overview

Production overview

•Part of the DNA models changed     
•       The replaced DNA is assumed to be 

the gene that determines the color of 
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• LED color changes when part 
of the DNA model is replaced
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3. CRISPR:                        
Genetic Scissors

1. Overview of Genetic 
Materials

2. DNA & Genetic           
Recombination

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

 

Recognizing Patterns

Activity 1

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

 

Problem Decomposition

See how A pairs with U, and 
C with G

 

Recognizing Patterns

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

 

Abstraction

Activity 3

Collect data on CRISPR 
structure, DNA, and RNA

 

Problem Decomposition

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

 

Recognizing Patterns

Present cut-up DNA, CRIS-
PR, and others with simple 
images

 

Abstraction

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

 

Making an Algorithm

Create a program for a 
CRISPR game using Scratch

 

Automation

Search among very large 
data with the computer 
search function

 

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

 

Automation

Activity 2

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

 

Problem Decomposition

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

 

Making an Algorithm
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

 

Making an Algorithm

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

 

Abstraction

Software is changing the world. The programs installed in computers and apps 

that make it more convenient to use smartphones are all software. Software is in 

every part of our lives, so it is difficult to find areas where we are not affected by 

software.

The state-of-the-art science and technology that we see in the news is also 

helped by software. In turn, progress in math, science and technology advances 

software further. As such, math, science and technology are closely related with 

and cannot be separated from software. 

These module series were created through collaboration between experts in 

related fields and software education, and its suitability for classrooms has been 

verified. As students follow teachers' direction through each module, they will be 

able to better understand the world that has been changed by software.

How to Use 
This Program

Computational Thinking Map
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