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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

크리스퍼.indd   4-5 2017-04-21   오후 12:48:40



CONTENTS

PART1 08유전 물질의 이해 

12활동1 RNA에서 염기의 역할 알아보기 

PART2 14 DNA 암호와 유전자 재조합

PART3 22유전자 가위, 크리스퍼

software
moduleeducation

20원하는 염기서열을 찾아라!활동2

26나만의 크리스퍼 게임 만들기 활동3

02유전자조작 전성시대열림

32생명정보학자
진로 
탐색

34유전자 가위 ‘크리스퍼’ 
메이커 
활동

sw교육 모듈형 교재_05 크리스퍼(OK).indd   1 2017-02-27   오후 3:48:44

CONTENTS

software
moduleeducation

12Activity1 Functions of the Bases in RNA  

14PART2  DNA Coding & Gene Recombination 

22PART3 CRISPR: Genetic Scissors 

20Find a Specific Nucleotide 
Sequence! 

Activity2

26 Make Your Own CRISPR GameActivity3

02The Era of Genetic Engineering  Intro

32Bioinformaticists
Career 

Exploration

34CRISPR: Genetic ScissorsMaker 
Activity

08PART1 Genetic Materials: An Overview 



유전자조작
전성시대
우리는 지금 ‘크리스퍼(CRISPR)’의 시대에 살고 있습니다.

크리스퍼는 유전자를 정교하게 자를 수 있는 유전자 가위를 

말합니다. 인간은 이 유전자 가위로 거의 모든 유전자를 마음대로 

편집할 수 있게 되었지요. 멀게만 느껴졌던 유전자조작이 눈앞으로 

성큼 다가오게 된 것입니다. 크리스퍼와 유전자조작의 시대, 

우리는 어떻게 살아가야 할까요? 그 해답을 함께 찾기 위해 

크리스퍼에 대해 알아봅시다.
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The Era of  
Genetic 
Engineering
We are now living in the age of “CRISPR,” which refers to 
genetic scissors used to cut specific genes precisely. We 
can now edit genes with this tool - virtually any genes as 
necessary. Suddenly, the genetic manipulation that has 
proven rather elusive is now right in front of us.
In this era of CRISPR and genetic engineering, what will our 
response be? Before answering this question, let’s look at 
what you need to know about CRISPR.
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 눈앞에 다가온 유전자조작의 시대

2016년 11월 미국 대통령 선거가 가장 치열하게 벌

어진 플로리다 주에서는 또 다른 선거가 치러졌습

니다. 플로리다 주에 있는 키헤이븐 섬에서 열린 이 

투표는 다름 아닌, 유전자조작 모기 방류*를 결정하

기 위한 주민투표입니다. 

같은 해 8월, 미국 식품의약청(FDA)은 유전자조

작 모기 방류를 승인했습니다. 영국 생명공학기업 

‘옥시텍’이 개발한 이 유전자조작 모기는 모두 수컷

으로, 야생에서 암컷 모기와 짝짓기를 할 수 있습

니다. 짝짓기 후 태어난 장구벌레는 유전자가 조작

된 수컷 모기로부터 받은 독성 때문에 성체로 자라

지 못합니다. 이 과정이 여러 번 반복되면 해당 지

역에 사는 모기 수는 점차 감소하게 되지요. 브라질

과 파나마 등에서 실시한 실험에 따르면 1년 사이에 

모기 수가 80~90% 이상 감소했다고 합니다. 

FDA의 승인에도 불구하고 플로리다 주에서는 일

부 주민들과 환경단체의 반대로 실험을 진행하지 

못했습니다. 이에 플로리다 주 정부는 투표를 통해 

주민들의 의견을 묻기로 한 것입니다. 투표 결과 키

헤이븐 섬 주민의 65%가 반대했지만, 키헤이븐 섬

이 속한 먼로 카운티 지역의 주민 전체의 58%가 찬

성해, 결국 실험이 진행되기로 했습니다.

하지만 여전히 키헤이븐 섬 주민들은 유전자조작 

모기가 생태계를 어지럽히지 않을까 걱정했습니다. 

옥시텍에 따르면 유전자조작 모기는 암수 구별이 

어렵기 때문에 0.2% 정도의 암컷 모기도 야생에 함

께 풀릴 예정이라고 합니다. 암컷 모기는 수컷 모기

와 달리, 인간이나 동물을 물어 피를 빨아 먹기 때

문에, 이 과정에서 혹시 유전자조작 모기가 피해를 

주지 않을까 걱정하는 겁니다. 하지만 FDA는 “모기

가 인간을 물 때 인간과 DNA를 주고받는다는 증거

가 없다”며 단호한 입장을 내비쳤습니다.

* 방류: 가두어 놓은 것을 밖으로 내보냄

 유전자조작, 믿어도 될까요? 

2015년 11월에는 FDA가 유전자조작 연어를 식용

으로 판매할 수 있도록 승인했습니다. 이는 유전자

조작 동물이 식용으로 승인된 최초의 사례입니다. 

여러 차례 실험과 검증을 통해 안전성이 증명됐지

만 소비자들의 반응은 차가웠습니다. 대형 유통업

체들은 아예 유전자조작 연어를 판매하지 않겠다

고 밝히기도 했습니다. 

왜 사람들은 유전자조작 식품을 두려워할까요? 

유전자조작 식품은 무조건 나쁜 것일까요? 

빨리 성장하도록 유전자가 조작된 아쿠아어드벤티지 연어(뒤쪽)와 

같은 기간 키운 일반 연어(앞쪽) ⓒ 아쿠아바운티 테크놀로지
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In Florida in November 2016, where one of the 
fiercest campaigns took place leading up to the US 
presidential election, residents had to cast their vote 
on another issue. A referendum was being held in 
the island community of Key Haven, Florida, on 
a proposal to release genetically modified (GM) 
mosquitoes.

Earlier that year, in August, the FDA approved 
such a release. These genetically altered mosqui-
toes, developed by British biotech firm Oxitec, were 
all male, and capable of mating with females in the 
wild. Larvae from the mating would not grow into 
adulthood due to toxins from the male GM mos-
quitoes. Repeated practice of this process would 
decrease the number of mosquitoes in the targeted 
region. Experiments in countries such as Brazil and 
Panama have shown that the number of mosqui-
toes decreased by at least 80-90% over the course of 
a year.

Despite the FDA’s approval, Florida was unable to 
conduct the experiment due to opposition of some 
of the residents and environmental activist groups. 
The state government decided to hold a referen-
dum to clearly identify public opinion on the issue. 
The result: 65% of the residents of Key Haven were 
against the release. However, 58% of the Monroe 
County population, to which the community of 
Key Haven belongs, were in favor of the proposal, 
and the experiment was finally given the green 
light.

Yet, many Key Haven residents remain worried 
about the potential for GM mosquitoes to disturb 
the balance of the ecosystem. According to Oxitec, 
it is difficult to tell male GM mosquitoes from fe-
male, and thus some 0.2% of the total released were 
female. Unlike their male counterparts, female 
mosquitoes do the biting to nourish themselves on 
blood - hence the worry that people may ultimately 
be harmed. The FDA, however, strongly supports 
the experiment, arguing that no evidence has been 
found that any DNA exchange occurs from a mos-
quito bite.

Genetically-Modified Food - Is It Reliable?
In November 2015, the FDA approved GM salmon 
to be marketed for human consumption, marking 
the first time GM animals have been approved for 
food. Many experiments and verification processes 
have been carried out to reassure the public of the 

safety of GM food; yet consumer responses are dis-
couraging. Some large retail distributor companies 
have flatly stated that they will not sell GM salmon.

Why do people fear GM foods? Are they really 
that bad?

Currently, the most popular technique for pro-
ducing such food is with germs (bacteria). By in-
serting new genes carrying germs into an animal 
or a plant at will, you can increase production yield 
or obtain other targeted results. Scientists, however, 
sometimes do not know exactly what kind of genes 
are implanted. Thus, GM foods have been a thorny 
issue due to the risk of unexpected side effects. So 
far, there has been no scientific evidence to support 
the claims that GM foods are particularly harmful 
to humans.

Moreover, the technique to create genetically-
modified mosquitoes or salmon is different from 
the technique used to produce GM crops. For these 
animals, a special, sophisticated genetic manipula-
tion method is employed to alter several gene se-
quences* or insert new genes. There are no uniden-
tified genes, and genes that have been confirmed to 
be safe for humans are most commonly used. For 
this reason, scientists insist that, instead of the term 
“genetic manipulation,” “gene editing” would be 
more appropriate as it implies precise modification 
of genes.

Some skeptics argue that using “gene editing” or 
“genetic manipulation” does not make a difference 

in that the genes are, after all, altered in a reckless 
manner. But scientists say that there is not much to 
fear in the products of these techniques.

Humans have some 3 billion DNA base pairs, 
which means that in order to create a new cell (for 
example, a sperm or an egg), it is necessary to copy 
as many as 3 billion DNA base pairs into it. Cells 
replicate DNA very precisely, but each cell division 
produces over 130 mutations*. Most mutations, 
however, do not cause problems as they do not oc-
cur in areas where proteins are made. In a way, the 
logic is that altering one or two genes to produce 
GM foods is actually not a big deal.

In August 2016, 111 Nobel laureates called on en-
vironmental advocacy groups that claim GM crops 
are dangerous to cease their campaigning against 
them. These laureates said that such claims lack evi-
dence, arguing that in order to resolve food issues, 
the development of genetically-modified organisms 
(GMO) should be encouraged.

So far, genetic engineering is, scientifically, a safe 
operation. If, after accumulating sufficient experi-
mental data, we edit genes precisely, safety concerns 
that exist now will largely disappear.

*  gene sequence: the order of the four bases in a 
strand of DNA

*  mutation: a sudden change in DNA that can be 
transferred to offspring

AquaAdvantage salmon (background) that has been genetically 
engineered to grow more rapidly than its non-GM salmon counterpart 
(foreground) © AquaBounty Technologies

The Age of Genetic Engineering at Our Doorstep 
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현재 유전자조작 식품을 만드는 데 가장 많이 사

용하는 방법은 세균(박테리아)을 이용하는 것입니

다. 세균으로 동·식물에 새로운 유전자를 임의로 

넣어서 생산량을 늘리거나 원하는 장점만 가지도록 

하는 것이지요. 하지만 과학자들도 어떤 유전자가 

들어가는지 정확히 모르는 경우가 생깁니다. 따라

서 예상치 못한 부작용이 생기는 것이 아니냐는 문

제가 끊임없이 지적됐습니다. 그러나 위험성이 높

을 것이라는 주장만 있을 뿐 유전자조작 식품이 인

체에 특별히 유해하다는 과학적 증거는 아직 없습

니다. 

게다가 유전자조작 모기와 연어는 유전자조작 식

품과는 다른 방법으로 만들어집니다. 이런 동물들

은 특별하고 정교한 유전자조작 방법을 사용해서 

몇 개의 유전자 서열*을 바꾸거나 유전자를 삽입한 

경우입니다. 알 수 없는 유전자는 존재하지 않고, 

인간에게 안전하다고 확인된 유전자를 주로 이용

합니다. 이런 점 때문에 과학자들은 유전자조작이

라는 이름보다는 유전자를 세밀하게 수정하는 것

을 뜻하는 유전자 ‘편집’이 적절하다고 주장합니다.

유전자편집이든 조작이든 유전자를 함부로 바꾸

는 것은 마찬가지가 아니냐고 묻는 사람도 있습니

다. 하지만 과학자들은 유전자가 바뀌는 것을 너무 

두려워할 필요는 없다고 충고합니다.

인간은 30억 개나 되는 DNA를 가지고 있습니다. 

새로운 세포(예를 들어 정자나 난자)를 만들기 위해

서는 30억 개나 되는 DNA를 그대로 복사해서 새

로운 세포에 옮겨야 합니다. 세포는 매우 정교하게 

DNA를 복제하지만, 한 번 분열할 때마다 약 130개

가 넘는 돌연변이*가 생깁니다. 하지만 대부분의 돌

연변이는 단백질을 만드는 부위에서 일어나지 않기 

때문에 문제가 되지 않습니다. 유전자 한두 개 정도

를 바꾸어 유전자조작 식품을 만드는 것은 큰 문제

가 아니라는 논리지요.

2016년 8월, 노벨상 수상자 111명은 유전자조작 

작물이 위험하다고 주장하는 환경단체에게 활동을 

중단하라는 의견을 발표했습니다. 수상자들은 환

경단체의 주장이 증거가 부족하며, 오히려 식량문

제를 해결하기 위해서는 유전자조작 작물을 적극

적으로 개발해야 한다고 주장했습니다. 

과학적으로 유전자조작은 아직까지 안전한 작업

입니다. 충분한 실험을 거쳐 정교하게 유전자를 수

정한다면 우리가 걱정하는 안전성은 큰 문제가 되

지 않을 것입니다.

* 유전자 서열: DNA를 구성하는 네 염기의 배열 순서

* 돌연변이: DNA가 갑자기 변화하여 자손에게 전달되는 일
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In Florida in November 2016, where one of the 
fiercest campaigns took place leading up to the US 
presidential election, residents had to cast their vote 
on another issue. A referendum was being held in 
the island community of Key Haven, Florida, on 
a proposal to release genetically modified (GM) 
mosquitoes.

Earlier that year, in August, the FDA approved 
such a release. These genetically altered mosqui-
toes, developed by British biotech firm Oxitec, were 
all male, and capable of mating with females in the 
wild. Larvae from the mating would not grow into 
adulthood due to toxins from the male GM mos-
quitoes. Repeated practice of this process would 
decrease the number of mosquitoes in the targeted 
region. Experiments in countries such as Brazil and 
Panama have shown that the number of mosqui-
toes decreased by at least 80-90% over the course of 
a year.

Despite the FDA’s approval, Florida was unable to 
conduct the experiment due to opposition of some 
of the residents and environmental activist groups. 
The state government decided to hold a referen-
dum to clearly identify public opinion on the issue. 
The result: 65% of the residents of Key Haven were 
against the release. However, 58% of the Monroe 
County population, to which the community of 
Key Haven belongs, were in favor of the proposal, 
and the experiment was finally given the green 
light.

Yet, many Key Haven residents remain worried 
about the potential for GM mosquitoes to disturb 
the balance of the ecosystem. According to Oxitec, 
it is difficult to tell male GM mosquitoes from fe-
male, and thus some 0.2% of the total released were 
female. Unlike their male counterparts, female 
mosquitoes do the biting to nourish themselves on 
blood - hence the worry that people may ultimately 
be harmed. The FDA, however, strongly supports 
the experiment, arguing that no evidence has been 
found that any DNA exchange occurs from a mos-
quito bite.

Genetically-Modified Food - Is It Reliable?
In November 2015, the FDA approved GM salmon 
to be marketed for human consumption, marking 
the first time GM animals have been approved for 
food. Many experiments and verification processes 
have been carried out to reassure the public of the 

safety of GM food; yet consumer responses are dis-
couraging. Some large retail distributor companies 
have flatly stated that they will not sell GM salmon.

Why do people fear GM foods? Are they really 
that bad?

Currently, the most popular technique for pro-
ducing such food is with germs (bacteria). By in-
serting new genes carrying germs into an animal 
or a plant at will, you can increase production yield 
or obtain other targeted results. Scientists, however, 
sometimes do not know exactly what kind of genes 
are implanted. Thus, GM foods have been a thorny 
issue due to the risk of unexpected side effects. So 
far, there has been no scientific evidence to support 
the claims that GM foods are particularly harmful 
to humans.

Moreover, the technique to create genetically-
modified mosquitoes or salmon is different from 
the technique used to produce GM crops. For these 
animals, a special, sophisticated genetic manipula-
tion method is employed to alter several gene se-
quences* or insert new genes. There are no uniden-
tified genes, and genes that have been confirmed to 
be safe for humans are most commonly used. For 
this reason, scientists insist that, instead of the term 
“genetic manipulation,” “gene editing” would be 
more appropriate as it implies precise modification 
of genes.

Some skeptics argue that using “gene editing” or 
“genetic manipulation” does not make a difference 

in that the genes are, after all, altered in a reckless 
manner. But scientists say that there is not much to 
fear in the products of these techniques.

Humans have some 3 billion DNA base pairs, 
which means that in order to create a new cell (for 
example, a sperm or an egg), it is necessary to copy 
as many as 3 billion DNA base pairs into it. Cells 
replicate DNA very precisely, but each cell division 
produces over 130 mutations*. Most mutations, 
however, do not cause problems as they do not oc-
cur in areas where proteins are made. In a way, the 
logic is that altering one or two genes to produce 
GM foods is actually not a big deal.

In August 2016, 111 Nobel laureates called on en-
vironmental advocacy groups that claim GM crops 
are dangerous to cease their campaigning against 
them. These laureates said that such claims lack evi-
dence, arguing that in order to resolve food issues, 
the development of genetically-modified organisms 
(GMO) should be encouraged.

So far, genetic engineering is, scientifically, a safe 
operation. If, after accumulating sufficient experi-
mental data, we edit genes precisely, safety concerns 
that exist now will largely disappear.

*  gene sequence: the order of the four bases in a 
strand of DNA

*  mutation: a sudden change in DNA that can be 
transferred to offspring

AquaAdvantage salmon (background) that has been genetically 
engineered to grow more rapidly than its non-GM salmon counterpart 
(foreground) © AquaBounty Technologies

The Age of Genetic Engineering at Our Doorstep 
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크리스퍼로 누구나 유전자 편집을 할 수 있다 

❶ 

❷

유전자를 정교하게 조작할 수 있는 기술을 개발하

는 것은 과학자들의 오랜 소원이었습니다. 그중 가

장 주목을 받은 것은 원하는 유전자만 잘라낼 수 

있는 ‘유전자 가위’입니다.

최초의 유전자 가위는 현대 생물학이 막 싹을 틔

우던 1970년대에 처음 개발됐습니다. 세균은 자신

의 몸을 지키기 위해 ‘제한효소’라는 물질로 외부에

서 침입한 유전자를 잘라내는데, 과학자들은 이를 

특정 유전자를 자르는 데 사용하게 된 것이지요. 

하지만 제한효소는 정확도가 낮아서 실험용 쥐나 

인간 같은 고등생물에게 적용하기가 어려웠습니다. 

2000년대 들어서 좀 더 정교한 유전자 가위가 

등장했습니다. 하지만 유전자조작 과정이 복잡하

기 때문에 유전자 가위를 전문적으로 연구하는 사

람이 아니면 사용이 어려웠습니다. 이 때문에 연구

가 활발히 진행되지 못했지요. 게다가 이 유전자 가

위는 단 하나의 유전자를 고치기 위해 수천 개의 

DNA를 새로 넣어야 했기 때문에, 배보다 배꼽이 

더 크다는 오명을 썼지요. 

과학자들의 30년 협동의 결과, 크리스퍼

이런 답답한 상황을 해결해준 새로운 유전자 가

위가 크리스퍼입니다. 크리스퍼가 처음 발견된 것

은 1987년입니다. 일본의 한 과학자가 대장균의 

유전자 서열을 확인하던 중 ‘회문 구조(11쪽 참고)’

가 반복되는 것을 발견했습니다. 1994년에는 회

문 구조가 반복되는 서열이 다른 세균에서도 발

견된다는 것이 밝혀졌지요. 과학자들은 정체불명

의 이 서열에 ‘주기적으로 간격을 띄고 분포하는 

짧은 회문 구조의 반복서열’이라는 뜻으로 크리스

퍼(CRISPR, Clustered Regularly Interspaced 

Short Palindromic Repeats)라고 이름 붙였습니다.

이 서열의 정체가 정확하게 밝혀진 것은 2005년 

덴마크에서입니다. 덴마크의 유제품 회사였던 ‘다니

스코’ 연구자들은 유제품을 발효시킬 때 필요한 유

산균을 공격하는 바이러스 때문에 어려움을 겪고 

있었습니다. 그런데 어떤 유산균은 바이러스에 몇 

번이나 감염되어도 살아남았습니다. 연구팀이 이 

유산균의 유전자를 살펴본 결과, 크리스퍼 사이에 

21개의 바이러스 DNA가 저장되어 있었습니다. 다

니스코 연구팀은 유산균이 바이러스의 서열을 크

리스퍼에 저장해뒀다가, 바이러스가 침입했을 때 

이를 이용해 바이러스를 물리친다는 것을 알아냈

습니다. 마치 범인을 잡을 때 몽타주를 이용하는 것

과 비슷한 원리지요.

미국 UC버클리 제니퍼 다우드나 교수와 독일 막

스플랑크연구소 에마뉘엘 샤르팡티에 교수는 크

리스퍼를 이용해 원하는 유전자를 자르는 방법을 

2012년 처음 발표했습니다. 두 연구자는 우선 크

리스퍼가 어떻게 작동하는지 밝혀냈습니다. 세균

은 밖에서 바이러스가 침투하면 이를 물리친 후

에, 바이러스의 DNA 21개를 크리스퍼에 저장합니

다. 다음번에 또다시 바이러스가 침입하면, 21개의 

서열이 길잡이 역할을 해서 ‘Cas9 단백질(CRISPR 
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Cas9 protein snips out the viral DNA 
held by the guide sequence, thereby 
neutralizing the virus.

The joint research team of Professors 
Doudna and Charpentier succeeded in 
cutting out the targeted gene by replac-
ing the 21 guide sequences with other genes (for 
example, by retaining cancer-inducing genes as a 
guide sequence). The process is so simple and con-
venient that with only 21 guide sequences and Cas9 
protein you can snip any specifically-targeted gene. 

Could Scientists Bring Back the Wooly 
Mammoth with CRISPR?
Scientists are engaged in a range of attempts to cre-
ate new lab animals or highly efficient GM foods 
with CRISPR crops. 

Prof. George Church at Harvard University has 
declared that he will bring back, with CRISPR, the 
wooly mammoth, which went extinct tens of thou-
sands of years ago. Here is his bizarre-sounding 
plan: First, obtain a well-preserved mammoth car-
cass, and extract DNA from it. While such DNA 
cannot be readily used due to the damage it has suf-
fered, the DNA sequence would be read and com-
pared to that of the elephant so genetic differences 
could be identified. 

With CRISPR, the genetic characteristics of the 
mammoth, such as its thick coat of long hair that 
enabled it to survive the ice age, would be inserted 

into the genes of an elephant and used to replicate 
an animal that resembles the mammoth. Certainly, 
this would not be an authentic mammoth, and 
in addition to CRISPR, many other technologies 
would be needed for success. Nonetheless, it can be 
admitted that, thanks to CRISPR, scientists are now 
at least able to attempt such a task.

Gene therapeutics draw more attention than a 
potential revival of the mammoth, for the possibili-
ties of treating disease through manipulation of 
human genes. Researchers at Sichuan University 
in China will begin clinical trials* in 2017, using 
CRISPR, to treat patients with lung cancer. After 
extracting white blood cells  from persons with 
lung cancer, the researchers plan to manipulate 
the genes so that these cells will attack the cancer 
cells more effectively. It will take a long time, but it 
is much expected that CRISPR will play an essen-
tial role in eradicating intractable diseases such as 
AIDS and hemophilia.

*  clinical trial: controlled testing on animal or hu-
man subjects to assess the safety of new investi-
gational drugs, etc.

It has been a longstanding dream of most scien-
tists to develop technologies that can manipulate 
genes precisely. Most notable among these tech-
niques is the use of “gene scissors” that will snip 
only targeted genes.

The first gene scissors were developed in the 
1970s when modern biology was just beginning. 
Germs protect themselves from foreign genes with 
“restriction enzymes.” Scientists have adopted these 
substances to cut out specific genes. Inaccuracy in 
the manipulation of restriction enzymes, however, 
was an obstacle to application on higher organisms 
such as lab rats or humans.

In the 2000s, more advanced gene scissors were 
introduced. But the process of genetic manipulation 
using the tool was complicated enough to make it 
extremely difficult for most people unless they were 
experts in gene scissors, resulting in slow research 
efforts. Worse still, with this tool you needed to 
insert thousands of new DNA sequences to repair 
just a single gene - which was largely seen as an in-
credible amount of effort for a tiny outcome.

CRISPR: The Result of 30 years of 
Collaborative Effort in the Scientific 
Community
Against this backdrop, a breakthrough came in 
1987 with some new gene scissors known today as 
CRISPR. When a Japanese scientist was looking at 
the gene sequences of E. coli, he found a repeated 

palindrome structure (see p. 11). In 1994, it was 
found that the repeated sequence of palindrome 
structures occurs in other bacteria as well. Scien-
tists named this mysterious sequence “clustered 
regularly interspaced short palindromic repeats”, or 
CRISPR.

In 2005, the sequence was clearly identified in 
Denmark, where researchers at the dairy producer, 
Danisco, were struggling with viruses that attack 
lactic acid bacteria essential in fermenting of dairy 
products. For some reason, some of the lactic acid 
bacteria survived despite repeated virus infections. 
The researchers checked the bacteria genes and 
found that 21 viral DNA base pairs were stored in 
CRISPR. Danisco’s scientists also discovered that 
the lactic acid bacteria store the viral DNA base 
sequences in their CRISPR and use the sequences 
to counter viral attacks - similar to identifying a 
criminal suspect with a composite sketch.

In 2012, Prof. Jennifer Doudna at University 
of California (Berkeley) in the United States and 
Prof. Emmanuelle Charpentier at Germany’s Max 
Planck Institute announced, for the first time, a 
technique to snip a targeted gene with CRISPR. 
The two scientists first identified how CRISPR 
works. When attacked by a viral infiltration, germs 
repel the viruses and then store 21 viral DNA base 
pairs in their CRISPR. When attacked again, the 21 
sequences act as a guide to summon Cas9 proteins 
(CRISPR associated protein 9) to the scene. The 

With CRISPR, Anyone Can Be a Gene Editor

Prof. George Church has announced that he is working on a 
“mammoth revival project” to extract genes from the carcass 
of mammoths frozen in the Arctic glaciers and insert them 
into the genes of an elephant. © Geneticist and Mammoth
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associated protein 9)’을 근처로 불러

옵니다. Cas9 단백질은 길잡이 서열이 

붙들고 있는 바이러스 DNA를 잘라 바

이러스가 더 이상 활동하지 못하게 만

듭니다. 

다우드나 교수와 샤르팡티에 교수 공동연구팀은 

21개의 길잡이 서열을 다른 유전자로 바꿔(예를 들

어 암을 일으키는 유전자를 길잡이 서열로 기억시

켜) 원하는 유전자를 잘라내는 데 성공했습니다. 

21개의 길잡이 서열과 Cas9 단백질만으로 원하는 

유전자를 자를 수 있을 정도로 편리하기 때문에, 

많은 연구자들이 크리스퍼를 이용해 연구를 시작

할 수 있게 되었습니다. 2012년부터 지금까지 크리

스퍼를 이용한 유전자조작 실험이 폭발적으로 늘

어났고, 다우드나 교수와 샤르팡티에 교수는 그 공

로를 인정받아 ‘노벨상 후보 0순위’로 꼽히고 있습

니다.

크리스퍼로 매머드를 부활시킬 수 있을까

과학자들은 크리스퍼로 새로운 실험동물을 만들거

나 효율이 높은 유전자조작 식품 등을 만드는 식의 

다양한 시도를 하고 있습니다.

미국 하버드대의 조지 처치 교수는 크리스퍼를 

이용해 몇 만 년 전에 멸종된 매머드를 복원하겠다

고 나서기도 했습니다. 그의 요상한 계획은 이렇습

니다. 먼저 시베리아와 북극 등에서 보존이 잘된 매

머드 사체를 구한 뒤, 여기서 DNA를 뽑아냅니다. 

이 DNA는 손상됐기 때문에 바로 사용할 수는 

없습니다. 대신 DNA 서열을 읽은 뒤 코끼리와 유

전적 차이를 비교하고, 크리스퍼를 이용해 매머드

의 유전적 특징(추운 지방에서 생존할 수 있는 수

북한 털 등)을 코끼리의 유전자에 넣어 매머드와 닮

은 코끼리를 복원하는 것입니다. 물론 이렇게 해서 

실제 매머드가 부활하는 건 아니며, 크리스퍼 기

술 외에도 필요한 기술이 많습니다. 하지만 이런 실

험이라도 시도할 수 있게 된 것은 크리스퍼 덕분입 

니다.

매머드 부활보다 더 주목받는 것은 사람의 유전

자를 조작해 질병을 치료하는 유전자 치료입니다. 

중국 쓰촨대 연구진은 크리스퍼를 이용해 폐암 환

자를 치료하는 임상시험*을 2017년부터 시작합니

다. 이들은 폐암 환자의 면역세포를 채취한 뒤, 면

역세포가 암세포를 잘 공격할 수 있도록 유전자를 

조작할 계획입니다. 시간이 오래 걸리겠지만 에이

즈, 혈우병 등의 난치병을 치료하는 데 크리스퍼의 

활약을 기대해 봅니다.

*  임상시험: 동물이나 사람을 대상으로 약 등의 안전성을 

증명하기 위해 실시하는 실험 

조지 처치 교수는 북극 빙하에 갇혀 있던 매머드 사체에서 유전자를 

추출하여 코끼리의 유전자에 넣는 ‘매머드 부활 프로젝트’를 진행하고 

있다고 발표했다. ⓒ geneticist and mammoth
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Cas9 protein snips out the viral DNA 
held by the guide sequence, thereby 
neutralizing the virus.

The joint research team of Professors 
Doudna and Charpentier succeeded in 
cutting out the targeted gene by replac-
ing the 21 guide sequences with other genes (for 
example, by retaining cancer-inducing genes as a 
guide sequence). The process is so simple and con-
venient that with only 21 guide sequences and Cas9 
protein you can snip any specifically-targeted gene. 

Could Scientists Bring Back the Wooly 
Mammoth with CRISPR?
Scientists are engaged in a range of attempts to cre-
ate new lab animals or highly efficient GM foods 
with CRISPR crops. 

Prof. George Church at Harvard University has 
declared that he will bring back, with CRISPR, the 
wooly mammoth, which went extinct tens of thou-
sands of years ago. Here is his bizarre-sounding 
plan: First, obtain a well-preserved mammoth car-
cass, and extract DNA from it. While such DNA 
cannot be readily used due to the damage it has suf-
fered, the DNA sequence would be read and com-
pared to that of the elephant so genetic differences 
could be identified. 

With CRISPR, the genetic characteristics of the 
mammoth, such as its thick coat of long hair that 
enabled it to survive the ice age, would be inserted 

into the genes of an elephant and used to replicate 
an animal that resembles the mammoth. Certainly, 
this would not be an authentic mammoth, and 
in addition to CRISPR, many other technologies 
would be needed for success. Nonetheless, it can be 
admitted that, thanks to CRISPR, scientists are now 
at least able to attempt such a task.

Gene therapeutics draw more attention than a 
potential revival of the mammoth, for the possibili-
ties of treating disease through manipulation of 
human genes. Researchers at Sichuan University 
in China will begin clinical trials* in 2017, using 
CRISPR, to treat patients with lung cancer. After 
extracting white blood cells  from persons with 
lung cancer, the researchers plan to manipulate 
the genes so that these cells will attack the cancer 
cells more effectively. It will take a long time, but it 
is much expected that CRISPR will play an essen-
tial role in eradicating intractable diseases such as 
AIDS and hemophilia.

*  clinical trial: controlled testing on animal or hu-
man subjects to assess the safety of new investi-
gational drugs, etc.

It has been a longstanding dream of most scien-
tists to develop technologies that can manipulate 
genes precisely. Most notable among these tech-
niques is the use of “gene scissors” that will snip 
only targeted genes.

The first gene scissors were developed in the 
1970s when modern biology was just beginning. 
Germs protect themselves from foreign genes with 
“restriction enzymes.” Scientists have adopted these 
substances to cut out specific genes. Inaccuracy in 
the manipulation of restriction enzymes, however, 
was an obstacle to application on higher organisms 
such as lab rats or humans.

In the 2000s, more advanced gene scissors were 
introduced. But the process of genetic manipulation 
using the tool was complicated enough to make it 
extremely difficult for most people unless they were 
experts in gene scissors, resulting in slow research 
efforts. Worse still, with this tool you needed to 
insert thousands of new DNA sequences to repair 
just a single gene - which was largely seen as an in-
credible amount of effort for a tiny outcome.

CRISPR: The Result of 30 years of 
Collaborative Effort in the Scientific 
Community
Against this backdrop, a breakthrough came in 
1987 with some new gene scissors known today as 
CRISPR. When a Japanese scientist was looking at 
the gene sequences of E. coli, he found a repeated 

palindrome structure (see p. 11). In 1994, it was 
found that the repeated sequence of palindrome 
structures occurs in other bacteria as well. Scien-
tists named this mysterious sequence “clustered 
regularly interspaced short palindromic repeats”, or 
CRISPR.

In 2005, the sequence was clearly identified in 
Denmark, where researchers at the dairy producer, 
Danisco, were struggling with viruses that attack 
lactic acid bacteria essential in fermenting of dairy 
products. For some reason, some of the lactic acid 
bacteria survived despite repeated virus infections. 
The researchers checked the bacteria genes and 
found that 21 viral DNA base pairs were stored in 
CRISPR. Danisco’s scientists also discovered that 
the lactic acid bacteria store the viral DNA base 
sequences in their CRISPR and use the sequences 
to counter viral attacks - similar to identifying a 
criminal suspect with a composite sketch.

In 2012, Prof. Jennifer Doudna at University 
of California (Berkeley) in the United States and 
Prof. Emmanuelle Charpentier at Germany’s Max 
Planck Institute announced, for the first time, a 
technique to snip a targeted gene with CRISPR. 
The two scientists first identified how CRISPR 
works. When attacked by a viral infiltration, germs 
repel the viruses and then store 21 viral DNA base 
pairs in their CRISPR. When attacked again, the 21 
sequences act as a guide to summon Cas9 proteins 
(CRISPR associated protein 9) to the scene. The 

With CRISPR, Anyone Can Be a Gene Editor

Prof. George Church has announced that he is working on a 
“mammoth revival project” to extract genes from the carcass 
of mammoths frozen in the Arctic glaciers and insert them 
into the genes of an elephant. © Geneticist and Mammoth
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우리가 부모와 닮은 이유는 부

모의 유전자*를 고스란히 물려

받기 때문입니다. 우리의 세포 

안에는 아버지와 어머니의 유전

자가 절반씩 들어있습니다. 생

물은 유전자를 통해 자신과 비

슷하게 생긴 후손을 남깁니다.  

20세기 들어 과학자들은 우리 몸

이 어떤 물질 안에 유전자를 담

는지 연구하다가 그 유전 물질이 

DNA라는 사실을 발견했습니다.

DNA는 영화나 드라마 속에서 

자주 언급되는 소재입니다. 특히 1993년에 개봉한 영화 ‘쥬라기 공원’

은 호박 화석 속에 갇힌 모기의 몸속에서 공룡의 피를 뽑아 DNA를 

추출하여 현대에 공룡을 되살린다는 다시 말해 엄청나게 이야기로 

큰 인기를 끌었습니다. 물론 실제로 공룡을 되살리는 건 현재 기술로 

불가능하지만, 많은 사람들이 생명체의 모든 정보가 DNA 안에 담겨 

있다는 과학적 사실을 알게 되었습니다.

DNA와 염기

그럼 이렇게 대단한 DNA는 어떤 물질일까요? DNA는 데옥시리보핵

산(DeoxyriboNucleic Acid)의 줄임말로, 끝도 없이 긴 줄에 ‘염기’가 

순서대로 달려 있는 사슬 모양의 분자입니다. DNA에 달린 염기의 종

류는 네 가지로, 아데닌(A), 구아닌(G), 시토신(C), 티민(T)입니다. 이 

염기가 달린 순서, 즉 염기서열이 바로 유전 정보입니다. 이 순서가 어

떻게 바뀌느냐에 따라 생명체의 특징이 달라집니다.

part 1 
유전 물질의 이해추천 대상

중학교 자유학기 

관련 교과

중학교 3학년 과학(과학과 인류 문명)

* 유전자

부모가 자식에게 물려주는 특징을 

만드는 유전 정보의 기본 단위를 

유전자라고 부릅니다. 컴퓨터로 

치면 하드디스크에 기록된 정보와 

같은 개념입니다. 
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We inherit some of the genetic 
traits of our parents, and this is 
why we resemble them. In every 
cell of our body, we have 50% of 
each of our parent’s genes*. In this 
way, all living things are survived 
by offspring which resemble them. 
In the early  20th century, scien-
tists, while searching for materials 
containing genes, discovered that 
DNA is the material containing all 
genetic instructions.

DNA is a popular term in mov-
ies and TV dramas. The blockbuster film “Jurassic Park” in 1993 has 
become a household title with its intriguing story of bringing back the 
dinosaurs into a modern world, recreating them with DNA  extracted 
from dinosaur blood found in a mosquito preserved inside some am-
ber. In reality, it is impossible to revive dinosaurs with today’s technol-
ogy, but many people have come to learn that all the genetic informa-
tion for any biological life form is stored in DNA.

DNA and the Bases
What exactly is this amazing DNA, then? DNA is an acronym for 
DeoxyriboNucleic Acid, and it consists of endlessly long, chain-like 
molecules with a sequence of “bases” on the line. There are four bases 
involved in DNA molecules: adenine (A), guanine (G), cytosine (C), 
and thymine (T). A sequence of these chemical bases represents ge-
netic information. Changes in the sequence determine the character-
istics of a living thing.

Genetic Materials: An 
Overview

DNA consists of two strands, not one. The 
bases of either strand are determined by 
the bases of the other one: for example, 
if adenine (A) is on one strand, then 
thymine (T) is on the opposite strand; 
likewise, if guanine (G) is on one strand, 
cytosine (C) is on the other. Such a base 
pairing is called “complementary binding” 
of the bases. Since information is stored in two 
strands, immediate recovery of information after 
damage to the other strand is possible - a backup measure 
to protect vital genetic information.

DNA that contains information on a living thing con-
sists of a vast number of bases. For humans, about 3 bil-
lion bases are stored in one single cell. If stretched out into 
a single file, the line would easily span about 2 m. While 
this may not sound very long, it all comes from the tiny 
nucleus in a cell only 0.01 mm in diameter. The 2-m long 
DNA is folded up into a single cell, giving it an enormous 
amount of bio-information.

Isn’t it amazing that such a vast amount of information 
about a living thing is stored in a combination of just four bases? But 
computers store information with a combination of just two digits: 
0 and 1. Long before the invention of the computer, life might have 
been hinting at how we might store information in the future.

DNA and RNA
Another genetic material is known as RNA, which stands for Ribo-
Nucleic Acid. RNA is similar to DNA, but consists of slightly different 
molecules, and for bases, it has uracil (U) instead of thymine (T). Like 
thymine (T), uracil (U) pairs with adenine (A). Most importantly, 
DNA consists of two strands, and is thus very stable, whereas RNA is 
unstable since it has only one strand.

Instead, RNA plays multiple roles in the cell. One typical example: 
after duplicating some of the genetic information in the DNA, it 

DNA has a double helix structure with two 
strands. Adenine (A) pairs with thymine (T); 

guanine (G) with cytosine (C) © Wikipedia

DNA’s double helix

Base pairs

* gene

Genes are the basic unit of 
genetic information, which 
determines a person’s or 
animal’s characteristics inherited 
from their parents. As an 
analogy to the computer, genes 
are the information coded in 
a hard disc. It was previously 
believed that one gene 
controlled one characteristic, 
but it turns out to be much 
more complicated than that, 
and in fact, a broad range of 
genes are involved in a single 
characteristic.

part 1 
Recommended target
Middle school liberal semester
Relevant subjects 
Science and human civilization,  
3rd grade science
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그런데 DNA는 한 가닥이 아니라 두 가닥

으로 이루어져 있습니다. 한쪽 가닥의 염

기에 따라 반대편 가닥의 염기가 결정되

는데, 한쪽이 아데닌(A)이면 반대쪽은 티

민(T), 한쪽이 구아닌(G)이면 반대쪽은 

시토신(C) 염기가 결합합니다. 이처럼 염기

가 짝을 이루어 결합하는 것을 염기의 ‘상보

적 결합’이라고 부릅니다. 두 가닥으로 정보를 보

존하기 때문에 DNA의 한쪽 가닥에 문제가 생겨도 바로 

복구할 수 있습니다. 중요한 유전 정보를 안전하게 보관

할 수 있는 거죠.

생명체의 정보를 담고 있는 DNA에는 어마어마한 수

의 염기가 달려 있습니다. 사람의 경우 한 세포에 존재하

는 전체 염기의 수는 약 30억 개인데, 이를 길게 늘이면 

약 2m에 달합니다. 2m라고 하니 짧아 보이지만, 지름이 

0.01mm에 불과한 세포 안에, 그것도 세포 중에서 극히 

작은 부분인 핵 안에 2m에 달하는 DNA가 들어 있는 것

입니다. 다시 말해 엄청나게 많은 양의 생체 정보를 담은 

DNA가 차곡차곡 접혀져 세포 속에 들어 있다고 이해하면 됩니다.

방대한 생체 정보가 단 4개 염기의 조합으로 모두 저장된다니 신기

하죠? 그러나 컴퓨터는 0과 1, 단 2개의 조합만으로 저장을 합니다. 

컴퓨터가 등장하기 훨씬 전부터 생명체는 정보를 저장하는 방법에 힌

트를 주고 있었는지 모릅니다.

DNA와 RNA

DNA와 비슷한 유전물질로 RNA라는 것이 있습니다. 리보핵산

(RiboNucleic Acid)의 줄임말로, DNA와 비슷하지만 구성 분자의 종

류가 약간 다르고, 염기도 티민(T) 대신 우라실(U)이 쓰입니다. 우라

실(U)은 티민(T)처럼 아데닌(A)과 결합하죠. 결정적으로 DNA는 두 

가닥이지만, RNA는 한 가닥으로 된 분자입니다. 두 가닥인 DNA는 

매우 안정적이지만, 한 가닥인 RNA는 안정적이지 않습니다. 

DNA는 두 가닥으로 이루어진 이중나선구조를 

가지고 있다. 아데닌(A)은 티민(T)과, 구아닌(G)은 

시토신(C)과 염기쌍을 이룬다.

ⓒ 위키피디아

DNA 이중나선

염기쌍
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each of our parent’s genes*. In this 
way, all living things are survived 
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of the bases. Since information is stored in two 
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sists of a vast number of bases. For humans, about 3 bil-
lion bases are stored in one single cell. If stretched out into 
a single file, the line would easily span about 2 m. While 
this may not sound very long, it all comes from the tiny 
nucleus in a cell only 0.01 mm in diameter. The 2-m long 
DNA is folded up into a single cell, giving it an enormous 
amount of bio-information.

Isn’t it amazing that such a vast amount of information 
about a living thing is stored in a combination of just four bases? But 
computers store information with a combination of just two digits: 
0 and 1. Long before the invention of the computer, life might have 
been hinting at how we might store information in the future.
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Another genetic material is known as RNA, which stands for Ribo-
Nucleic Acid. RNA is similar to DNA, but consists of slightly different 
molecules, and for bases, it has uracil (U) instead of thymine (T). Like 
thymine (T), uracil (U) pairs with adenine (A). Most importantly, 
DNA consists of two strands, and is thus very stable, whereas RNA is 
unstable since it has only one strand.

Instead, RNA plays multiple roles in the cell. One typical example: 
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덕분에 RNA는 세포 안에서 다양한 일을 합니다. 대표적으로 DNA

의 유전 정보 중 일부를 복사한 다음, 단백질을 만들기 위해 필요한 

정보를 전달합니다. 이 과정을 ‘전사(transcription)’라고 부릅니다. 

또 단백질을 만드는 세포 내 소기관인 리보솜 안에서 단백질을 만드

는 것을 도와주거나, 단백질을 구성하는 아미노산을 옮기는 일도 합

니다.

최근에는 RNA가 알려진 것보다 훨씬 재주가 많다는 사실이 밝혀

졌습니다. 단순히 단백질을 만드는 역할에만 그치는 것이 아니라, 효

소처럼 특별한 반응을 일으키거나, 스위치를 켰다 껐다 하는 것처럼 

유전자가 작동하거나 작동하지 않도록 하는 역할을 하기도 합니다. 

RNA와 DNA의 구조 비교

ⓒ 위키피디아

시토신 시토신

구아닌

아데닌

티민 

핵염기

염기쌍

당-인산 골격

RNA

(리보핵산)

DNA

(데옥시리보핵산)

구아닌

아데닌

우라실

RNA의 핵염기 DNA의 핵염기 
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The latest version of the definition of a gene is: “a sequence of DNA 
bases for the synthesis of one kind of protein,” or “a sequence of DNA 
bases for control of the production of proteins.”

RNA Hairpin Structure
In the DNA structure, molecules that are supposed to be bound 
already are, leaving little room for other potentially interfering mol-
ecules. In contrast, RNA, having only one strand, has its bases ex-
posed on one side. This means that other bases stick to the RNA, or 
sometimes its own bases bind together to form a loop. Imagine what 
happens with a roll of transparent box tape. It sticks to other stuff or 
sometime it sticks to itself and becomes entangled. This is similar to 
RNA.

With many bases that can bind to each other on its strand, RNA 
coils itself to form a loop and maintains its shape. A “palindrome” is 
a word or phrase that reads the same backward or forward, like the 
word ‘level,’ and if folded in the middle, two identical letters meet each 
other. RNA has a similar structure. The loop formed by the combina-
tions of A-U’s and G-C’s resembles a hairpin: hence the term “hairpin 
structure”.

RNA with a hairpin structure, as shown below, has two areas: an 
area where the bases bind to each other and the other where the bases 
do not, instead forming a loop. With this structure, RNA can perform 
unique functions. For example, it can 
work as a restriction enzyme that 
cuts up DNA fragments. When 
CRISPR, often referred to as 
gene scissors, are used to cut 
a specific sequence of bases, the 
hairpin structure plays a key role. For 
further details on CRISPR, see Part 3. 

transfers necessary bits to produce protein - a process referred to as 
“transcription.” In addition, it helps produce protein in the ribosome, 
an intracellular organelle that functions as a site for protein synthesis. 
It also delivers amino acids that are the chief components of proteins.

Recently, it has become known that RNA is far more versatile than 
we might think: it functions not just as a protein synthesizer, but also 
as an enzyme for specific reactions, or as an on/off switch for the 
functions of the genes.

For further study: The changing definitions of “gene”
Initially, it was accepted that only one gene was involved in each ge-
netic characteristic. With advancements in molecular biology, it is 
now known that the characteristics of a living thing are determined 
by the number and type of proteins that are synthesized.

Structures of RNA & DNA 
© Wikipedia   

+ The changing definitions of 
“gene”

Initially, it was accepted that 
only one gene was involved in 
each genetic characteristic. With 
advancements in molecular 
biology, it is now known that the 
characteristics of a living thing 
are determined by the number 
and type of proteins that are 
synthesized.
The latest version of the definition 
of a gene is: “a sequence of DNA 
bases for the synthesis of one 
kind of protein,” or “a sequence 
of DNA bases for control of the 
production of proteins.”

RNA hairpin structure: 
Restriction enzymes are 
characterized by this structure. 
© Wikipedia
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guanine

adenine

thymine 

nucleo base

base pair

sugar-phosphate  
backbone

RNA
(ribonucleic acid)

DNA
(deoxyribonucleic acid)

guanine

adenine

uracil

RNA nucleo base DNA nucleo base 
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RNA의 머리핀 구조

DNA가 안정적인 이유는 결합할 분자끼리 이미 모두 결합해 있어서 

다른 분자가 끼어들 공간이 별로 없기 때문입니다. 이에 반해 한쪽 가

닥만 있는 RNA는 한쪽 염기가 고스란히 밖으로 드러나 있습니다. 이 

때문에 다른 염기가 달라붙거나, 심지어 RNA 스스로가 결합하여 둥

그렇게 말리기도 합니다. 상자를 포장하기 위해 투명테이프를 떼어냈

을 때 어떤 일이 벌어지는지 상상해 보세요. 자칫하면 다른 물건이 달

라붙기도 하고, 테이프끼리 서로 붙어 못쓰게 되기도 하죠. RNA도 

이와 비슷합니다.

RNA 가닥에 서로 결합할 수 있는 염기가 많으면 고리 모양처럼 

말려서 그 모양으로 고정됩니다. 한글로 ‘다시합창합시다’나 영어로 

‘level’처럼 앞에서 읽으나 뒤에서 읽으나 똑같이 읽히는 글자를 ‘회문’

(回文)이라고 하는데, 가운데를 기준으로 접으면 같은 글자끼리 맞닿

지요. RNA에서도 비슷한 구조가 나타납니다. 이처럼  A-U, G-C가 

연결돼 접혀서 말린 구조를 머리핀 모양과 닮았다고 하여 머리핀 구

조라고 부릅니다. 

머리핀 구조를 가지는 RNA는 아래 그림처럼 서로 결합하는 부위

와 결합하지 못하고 고리 모양을 이루는 부위로 나눠집니다. RNA가 

이러한 구조를 가지면 특별한 기능을 할 수 있게 됩니다. 예를 들어, 

DNA 조각을 자르는 제한효소로 활동하기도 하지요. 특히 유전자 가

위라고 불리는 크리스퍼가 특정 

염기서열을 자를 때 이 머리핀

구조가 중요한 역할을 담당합

니다. 크리스퍼에 대한 자세한 

내용은 PART 3에서 다루도록 

하겠습니다.

+ 유전자의 의미는 계속 바뀌고 있다

초기에는 한 가지 특징을

나타내는 데 한 가지 유전자만

관여한다고 생각되었습니다.

분자생물학이 발달하면서 생명체의

이런 특징은 어떤 단백질이 

얼마나 많이 만들어지느냐에 따라 

결정된다는 사실이 밝혀졌지요.

최근 유전자의 의미는 ‘한 종류의 

단백질을 만드는 DNA의 염기서열’ 

또는 ‘단백질 생산을 조절하는 DNA의 

염기서열’ 등으로 바뀌었습니다.

RNA의 머리핀 구조. 제한효소는 

이러한 구조를 가지는 특징이 있다. 

ⓒ 위키피디아
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cuts up DNA fragments. When 
CRISPR, often referred to as 
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transfers necessary bits to produce protein - a process referred to as 
“transcription.” In addition, it helps produce protein in the ribosome, 
an intracellular organelle that functions as a site for protein synthesis. 
It also delivers amino acids that are the chief components of proteins.

Recently, it has become known that RNA is far more versatile than 
we might think: it functions not just as a protein synthesizer, but also 
as an enzyme for specific reactions, or as an on/off switch for the 
functions of the genes.

For further study: The changing definitions of “gene”
Initially, it was accepted that only one gene was involved in each ge-
netic characteristic. With advancements in molecular biology, it is 
now known that the characteristics of a living thing are determined 
by the number and type of proteins that are synthesized.
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and type of proteins that are 
synthesized.
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of a gene is: “a sequence of DNA 
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우리 세포 안에는 유전 정보를 담고 있는 염색체가 들어 있습니다. 과학자들은 이 염색체를 

이루고 있는 물질이 DNA라는 사실을 알아냈죠. DNA에 담긴 유전 정보는 RNA로 복사되어 

단백질을 만듭니다. RNA를 구성하는 4개의 염기, 즉 아데닌(A), 구아닌(G), 시토신(C), 

우라실(U)의 배열순서에 따라 유전 정보가 달라집니다. 각 염기는 자기와 맞는 짝이 있는데, 

아데닌(A)은 우라실(U), 구아닌(G)은 시토신(C)과 결합합니다. 이런 성질 덕분에 RNA는 

유전 정보를 저장할 수도 있고, 생물체의 몸속에서 특별한 반응을 일으킬 수도 있답니다. 

역할놀이를 통해 RNA에서 염기가 어떤 역할을 하는지 이해해 봅시다.

RNA에서 염기의 역할 알아보기

 준비물  A4용지, 펜, 테이프

활동 ❶

활동하기

짝짓기 게임

①  참여할 학생의 수만큼 A4용지를 준비하여 A, G, C, U를  

크게 쓰거나 프린터로 인쇄합니다. (20명이라면 A, G, C, U 

각각 5장씩 총 20장)   

        

② 학생들의 옷 앞쪽에 인쇄한 종이를 붙입니다.

        

③  학생들은 이제 RNA의 염기들입니다. 교실 안을 자유롭게 

돌아다닙니다. 세포 안에서 염기 분자는 이처럼 자유롭게 

돌아다니고 있습니다. 이때 A와 U, C와 G가 서로 결합한다는 

사실을 기억하세요. 

        

④  “시작” 소리와 함께 자신과 맞는 짝을 찾아 손을 잡습니다. 

이때 둘이 바라보는 방향은 서로 반대가 되도록 왼손끼리 

맞잡습니다.

        

⑤  RNA의 염기가 자신과 꼭 맞는 염기와만 결합한다는 사실이 

익숙해질 때까지 앞의 게임을 수차례 반복합니다.

1
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Human cells have chromosomes that contain genetic information, and scientists 
have discovered that DNA is the building block for chromosomes. The genetic 
information in DNA, which is copied into RNA to produce proteins, varies 
according to the sequence of the four RNA building bases of adenine (A), guanine 
(G), cytosine (C), and uracil (U). Each base has another base for pairing: adenine 
(A) binds with uracil (U), and guanine binds with cytosine (C). Thanks to this 
feature, RNA can store genetic information and generate specific reactions in the 
body of a living thing. Through the following role play, you will learn more about 
the roles of RNA bases.

Functions of RNA Bases

 What to prepare  A4 paper, adhesive tape

AGCGAAUGCUGACAUUCGCU

2

Activity

Pairing Game 

①  Get as many sheets of A4 paper as the number 
of participating students, and print  A, G, C, and 
U, one on each paper, in big, bold letters. (For 20 
participants, for example, have 5 sheets for each 
letter, making a total of 20 sheets) 

②  Stick the paper onto the front of the students’ 
clothes.       

③  Now the students are the RNA bases, moving 
around in the classroom freely. Base molecules also 
move around in the cell freely. Remember that A 
pairs with U, and C pairs with G.

④  With a “Go!” find a matching partner and hold hands. 
Each pair should hold left hands so that they face in 
the opposite direction to each other.

⑤  Repeat the game several times until the students 
become familiar with the fact that RNA bases pairs 
up only with their specific matching bases.

1

Make a Hairpin Structure

①  Form a line in single file as below. Put your right hand on the right shoulder of the 
student in front. (The order shown here is based on a group of 20 participants.  
If there are fewer than 20, remove the letters at both ends accordingly.) 

②  Following the lead of the student at the head of the line, 
play choo-choo train slowly. This is the way the RNA 
strand moves freely in the cell. The lead student should 
move slowly to avoid breaking the train, which proceeds 
in a tight formation until a hairpin structure is formed. 

③  The students’ left hands are free. If you find a matching 
base in your vicinity, hold left hands.

-  The binding force of the bases is weak. If only one or 
two pairs form, you should release your hand. Actually, 
RNA’s weak bindings remain briefly and break in no 
time. Keep playing choo-choo train again.

-  With at least three pairs the binding force becomes 
strong enough to maintain the pairing. The train then 
comes to a stop.

④  Check out the formation of the train. Make sure it 
forms a loop.

The loop-shaped RNA structure is referred to as a 
“hairpin structure.” Thanks to this structure, RNA 
functions as an enzyme and helps CRISPR snip 
genes with precision.

⑤  Alter the sequence as below, and repeat a few more times

For Round 2 AAAAAGCCGUCGCGCUUUUG

For Round 3 GUUUUCCCGGAGCCGAAAAU

Activity ❶
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AGCGAAUGCUGACAUUCGCU

2 머리핀 구조 만들기

①  아래와 같은 순서로 한 줄로 섭니다. 뒷사람은 오른손으로 앞 사람의 오른쪽 어깨에 

손을 올립니다(20명일 때의 기준이며, 학생 수가 적으면 줄의 양쪽 끝부분을 하나씩 

뺍니다.

②  맨 앞에 선 학생의 인도에 따라 기차놀이를 하며 움직입니다. 

RNA 가닥은 이처럼 세포 속에서 자유롭게 움직이고 

있습니다. 이때 맨 앞 학생은 기차가 끊어지지 않도록 

천천히 움직이고, 머리핀 구조가 만들어질 수 있도록 가까이 

붙어 이동합니다. 

③  학생들은 왼손이 비어 있습니다. 왼손으로 자기와 결합할 

수 있는 염기가 가까이 있으면 손을 맞잡으세요. 손을 

잡은 친구가 한 쌍이나 두 쌍이라면 염기가 맞잡은 힘이 

약합니다. 실제 RNA도 약한 결합은 잠시 붙었다가 

끊어집니다. 손을 놓고 다시 기차놀이를 하세요.

④  주변의 3쌍 이상이 함께 손을 맞잡으면 맞잡은 힘이 

강합니다. 기차놀이를 멈추고 기차의 모양이 어떻게 됐는지 

확인하세요. 고리 모양이 만들어졌나요?

이처럼 고리 모양으로 만들어진 RNA 구조를 

‘머리핀 구조’라고 부릅니다. RNA에 나타난  

이런 구조 덕분에 RNA는 효소 기능을 하며,  

크리스퍼가 유전자를 정확히 자르도록 돕습니다.

⑤ 염기 순서를 아래처럼 바꿔서 수차례 반복합니다.

 2회차 AAAAAGCCGUCGCGCUUUUG

 3회차 GUUUUCCCGGAGCCGAAAAU
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RNA’s weak bindings remain briefly and break in no 
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-  With at least three pairs the binding force becomes 
strong enough to maintain the pairing. The train then 
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④  Check out the formation of the train. Make sure it 
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DNA 안에 생명체의 모든 정보가 담겨 있다면, DNA를 조작해 생명

체의 성질을 바꾸는 일도 가능할 겁니다. 과학자들은 오랫동안 DNA

를 원하는 대로 조작하기 위해 열심히 연구했고, 상당한 성과를 거두

었지요. 그중 특정 세포에서 얻은 DNA나 그 일부를 다른 DNA에 결

합시켜 새로운 유전자를 만드는 기술을 ‘유전자 재조합’이라고 합니

다. 유전자 재조합 기술을 통해 우리는 해충에 강하고 잘 자라는 옥

수수를 만들거나, 특정 질병을 치료하는 데 꼭 필요한 물질을 생산하

는 미생물을 만들기도 합니다.

DNA 속의 암호

이제 우리는 과학자들의 노력으로 DNA 염기서열을 읽을 수 있게 됐

습니다. 초기에는 적은 수의 염기서열만 분석했지만, 점점 매우 긴 

DNA까지 분석할 수 있게 됐습니다. 염기서열을 분석하는 방법은 복

part 2 
DNA 암호와  
유전자 재조합

추천 대상

중학교 자유학기

관련 교과

중학교 3학년 과학(과학과 인류 문명)
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As DNA contains all an organism’s genetic information, it is possible 
to alter the characteristics of that living thing by manipulating its 
DNA. For quite a long time, scientists have worked hard to engineer 
DNA, and  have made significant achievements. One technique is 
referred to as “gene recombination,” whereby a new gene is created 
by combining the whole or a part of the DNA taken from a specific 
cell with other DNA. This technique allows us to make pest-resistant, 
easy-to-grow corn, or microorganisms that produce essential sub-
stances to treat specific diseases.

The Coding in DNA
Thanks to scientists, we can now read DNA base sequences. At first, 
only a small number of DNA sequences could be analyzed, but grad-
ually, it has become possible to analyze longer ones. The technique 

DNA Coding &  
Gene Recombination

Bases, formed in groups of three, issue an order to 
produce amino acids, or announce the beginning 
and ending of the code.
For example, a sequence of T-G-G specifies an 
amino acid called “tryptophan.” 

for this analysis is highly complicated, so we will not discuss it here. 
Today, the technology has reached a point where if you put a DNA 
specimen into a certain device, the sequence will be analyzed auto-
matically.

DNA sequence can be obtained in this way, but comes out as a kind 
of code with a mix of A, G, C, and T. Nothing can be obtained only 
with the sequence - you need to decipher the meaning. That’s why 
sometimes the DNA sequence is referred to as a “code.” Researchers 
have made every effort to break this code.

Of the many things that have been discovered, one is that a “codon” 
is a series of three adjacent bases, and each codon specifies one amino 
acid, which synthesize proteins. A codon is one of a total of 20 amino 
acids, and several amino acids link together, like a chain, to make 
protein. In short, with the code of codons, a variety of proteins can be 
synthesized.

However, not every codon can produce protein. In fact, only a frac-
tion of the DNA makes protein. One codon, for example, demands, 
“Read off the code from here,” and another commands, “End with the 
reading here.” Some of them coordinate in determining the produced 
amount of protein.

part 2 
Recommended target
Middle school liberal semester
Relevant subjects 
Science and human civilization,  
3rd grade science
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염기는 세 개씩 짝을 이루어 아미노산을 만들라는 명령을 

내리거나, 암호의 시작과 끝을 알리기도 한다. 예를 들어  

염기서열 TGG는 ‘트립토판’이라는 아미노산을 지정한다.

잡하기 때문에 여기서 다루지 않겠습니다. 지금은 ‘DNA 시퀀서’라고 

불리는 기계 안에 DNA 샘플을 넣으면 자동으로 염기서열이 분석돼 

나오는 수준까지 이르렀습니다. 

그런데 이렇게 나온 DNA 염기서열은 A, G, C, T가 뒤섞여 나열된 

암호와 같습니다. 염기서열만으로 알 수 있는 일은 아무것도 없습니

다. 그 속에 숨어 있는 의미를 알아야지요. 그래서 DNA 염기서열을 

암호라는 뜻의 ‘코드(code)’라고 부릅니다. 과학자들은 코드를 풀기 

위해 많은 노력을 기울였습니다.

우선 알아낸 규칙은 이렇습니다. 연속된 염기서열 세 개를 ‘코돈

(codon)’이라고 하는데, 각 코돈은 하나의 아미노산을 만들라는 명령

을 내립니다. 아미노산은 단백질의 구성 성분으로, 총 20가지가 있습

니다. 코돈은 20가지 아미노산 중 하나를 가리키며, 그렇게 만들어진 

아미노산 여러 개가 사슬처럼 연결되면 단백질이 됩니다. 코돈에 담긴 

암호로 여러 단백질을 만들 수 있다는 뜻이지요. 

하지만 모든 코돈이 단백질을 만들어 내는 것은 아닙니다. 사실 단

백질을 만드는 DNA 부분은 일부에 불과하죠. ‘여기부터 암호를 읽기 

시작하라’고 명령하는 코돈도 있고, ‘여기서부터 암호 읽는 것을 끝내

라’고 명령하는 코돈도 있습니다. 어떤 부위의 특정 단백질을 많이 만

들지 적게 만들지 조절하는 일을 하기도 합니다.
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유전자조작으로 할 수 있는 일들

아직 모르는 것이 너무 많지만, 우리가 알고 있는 사실만으로도 많은 

걸 할 수 있습니다. 특정 기능을 하는 유전자를 알고, 유전자를 조작

할 수 있다면 어떤 일을 할 수 있을까요? 유전자의 종류를 내 맘대로 

정해보고, 그 유전자를 조작해서 어떤 일을 하고 싶은지 적어봅시다. 

실제로 그런 유전자가 있는지는 중요하지 않아요. 우리가 아직 모르

는 유전자가 훨씬 많으니까요.

한 가지 기억할 사실은 유전자조작의 효과를 최대한 거둘 수 있는 

순간은 세포가 단 하나일 때라는 겁니다. 사람이라면 엄마의 난자와 

아빠의 정자가 만나서 생긴 수정란일 때이고, 식물이라면 씨앗일 때

이지요. 성인인 사람의 세포는 약 100조 개나 됩니다. 100조 개 세포

에서 일일이 DNA를 꺼내 수정한다는 건 불가능한 일입니다. 세포가 

단 하나일 때 유전자를 수정해 두면, 그 뒤에 세포가 분열하여 만들

어지는 모든 세포의 유전자가 같은 상태가 됩니다.

그래서 과학자들은 세포가 하나뿐인 생물을 대상으로 유전자 재조

유전자 종류 하고 싶은 일

머리카락 색을 
결정하는 유전자

근육을 만드는 유전자

살찌게 만드는 유전자
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just one day. Insert an insulin-producing gene into one E. coli, and, 
in a few days, you have a “factory” that produces insulin, an essential 
substance for treatment of diabetes. 

Attempts to analyze all DNA in an organism are continuing. The 
first one completed was the bacteriophage X174 virus, which has only 
5,386 base pairs, the smallest number of all organisms. Compare that 
to the approximately 5 million in a single E. coli cell, and the approxi-
mately 3 billion in a human cell.

The Human Genome Project was an effort to analyze all 3 billion 
pairs of human genetic information. With an investment of $3 bil-
lion over a period of 10 years, it was the largest scientific undertaking 
since the moon landing. In the beginning, progress was slow, but this 
later picked up speed thanks to a newly introduced technique which 
eventually resulted in successful analysis of every base sequence in 
2003.

Information about DNA in today’s world is overwhelming - more 
than enough. Therefore, rather than simply increasing the amount of 
information, now it is more important to hone existing skills towards 
identifying what is needed and how to use it. 

Things We can Do with Gene Recombination
True, there are so many things yet to be discovered, but we can still do 
so many things with what we already know. What can you do if you 
could manipulate genes whose specific functions you knew? Make a 
list of things you would like to do. Whether such a gene actually exists 
or not is not important - there are many more genes yet to be discov-
ered

Remember: the best time to get the most out of genetic manipula-
tion is when there is only one cell. For humans, this is when an egg 
inside the mother and sperm from the father unite to form a fertilized 
egg, while in the case of a plant, it’s a seed. An adult human has ap-
proximately 100 trillion cells, and it is certainly impossible to correct 
the DNA in every cell one by one. So, if the genes are manipulated 
when there is only one cell, all the other cells created through cell di-
vision would carry the same genes. 

For this reason, scientists have conducted many gene recombina-
tion experiments with single-cell organisms. For example, bacteria 
like E. coli are single-cell organisms. In addition, these germs undergo 
cell division every 20 minutes, resulting in an enormous number in 

A book packed with the base sequences of human genome genes
© Ben Casey

Genes That Your Wishes

Decide hair color

Build muscle

Make you gain weight
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합 실험을 많이 했습니다. 예를 들어 대장균 같은 세균은 세포 하나

로만 이루어진 생명체입니다. 게다가 이들은 20분에 한 번씩 분열을 

해서 단 하루만 지나도 엄청난 수로 늘어납니다. 첫 번째 대장균에 당

뇨병 치료에 꼭 필요한 물질인 인슐린을 생산하는 유전자를 집어넣으

면, 이 대장균은 며칠 만에 인슐린을 만드는 ‘공장’이 되는 것입니다.

생명체 전체의 DNA를 분석하려는 연구도 계속되었습니다. 전체 염

기서열이 분석된 최초의 생물은 박테리오파지 파이X174라는 바이러

스입니다. 이 바이러스의 염기쌍 개수는 5386개로 모든 생명체 중에 

가장 적습니다. 하나의 세포로 이루어진 대장균도 약 500만 개나 되

고, 사람의 세포 하나에는 30억 개나 들어있지요.

‘인간게놈프로젝트’는 30억 쌍에 달하는 인간의 유전 정보 전체를 

분석한 연구입니다. 10년 동안 30억 달러(약 3조 3000억 원)가 투입

되었고, 달 착륙 프로젝트 이래 최대의 과학 프로젝트였습니다. 초기

에는 분석 속도가 느렸지만, 새로운 분석 기술이 개발되면서 2003년

에 드디어 전체 염기서열을 분석해내는 데 성공합니다.

요즘 세상에 DNA에 관한 정보는 차고 넘칩니다. 이 중에서 우리가 

원하는 정보가 무엇인지 발견하고, 어떻게 이용할지 결정하는 능력이 

더 중요합니다.

인간 게놈 유전자의 염기서열이 빼곡히 적힌 책

ⓒ Ben Casey
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특정 생물의 유전자 코드를 엿보고 싶다고요?  

미국 국립생물정보센터(NCBI)에 가면 다양한 생물의 DNA 염기서열 정보를 

검색할 수 있습니다. 영문 사이트이지만, 당황하지 말고 아래 순서를 

따라가면 쉽게 이용할 수 있습니다.

특정 생물의 염기서열 보기

  1    

www.ncbi.nlm.nih.gov/

nuccore 로 접속합니다.

  2  

검색창에 원하는 생물의  

학명을 적으면 DNA 염기서열 

정보를 볼 수 있습니다. 

사람은 ‘homo sapiens’,  

대장균은 ‘escherichia coli’ 

라고 입력해야 합니다.  

검색 사이트에서 ‘생명체 이름 

학명’을 입력하면  

쉽게 검색됩니다. 

  3  

우선 대장균의 염기서열  

정보를 봅시다. 검색창에 

‘escherichia coli’라고 치고  

검색 버튼을 누르세요.  

대장균은 종류가 많아서  

결과가 많이 나오는데,  

무시하고 제일 위의 것을 

누릅니다.
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If you would like to see the genetic coding of a specific organism, 
check out the website of the National Center for Biological 
Information (NCBI) for nucleotide sequences in DNA for a broad 
range of organisms. Follow these easy steps below: 

Viewing the Nucleotide Sequence of a Specific Organism

  1    

Access the website at  
www.ncbi.nlm.nih.gov/
nuccore. 

  4    

At the top left of the screen, 
you will see small links for 
“FASTA” and “Graphics.” 
Clicking “Graphics” 
will display the screen 
shown below, which is a 
summarized view for large 
amounts of data. Move the - 
+ control bar in the center to 
the far right for an enlarged 
view size of 100%.

  5    

Can you see the nucleotide 
sequence? This identifies 
the base sequence of E. 
coli. Go back to Step   4  , 
and click “FASTA.” Even 
with a fast computer, it may 
take quite a while until you 
get the view - after all, the 
number of genomes in the 
sequence of E. coli is well 
over 5 million.

  2  

Type the scientific name of 
the organism in the search 
box and the DNA sequence 
information will display.
For humans, type “‘homo 
sapiens,” and “escherichia 
coli” for E. coli. Type 
“scientific name for whatever 
organism you want to view 
in the search box to get the 
relevant name.

  3  

For example, let’s check out 
the nucleotide sequence 
information for E. coli.

Type “escherichia coli” in 
the search box and click 
the “Search” button. A large 
number of E. coli strains may 
pop up on the screen. Simply 
click the first one at the top of 
the list, and ignore the rest. …
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  4    

위쪽에 작은 글씨로 FASTA, 

Graphics라고 쓰인 부분이 

있습니다. 먼저 Graphics를 

누르세요. 그럼 오른쪽  

아래와 같은 화면이 뜰 

겁니다. 워낙 큰 데이터라서 

요약해서 보여주는 거죠. 

중앙에 있는 크기 조절바를 

오른쪽 끝으로 이동시켜 

100%로 확대해 보세요.

  5    

염기서열이 보이나요? 

대장균의 염기서열을 

확인할 수 있습니다.   4  로 

되돌아가서 Graphics 대신 

FASTA를 눌러보세요. 

컴퓨터의 속도가 빨라도 

한참 걸릴 겁니다. 대장균의 

염기서열 수는 500만 개가 

넘으니까요.

…
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인터넷을 사용해 생물의 전체 염기서열을 찾아내는 법을 배웠나요? 생물의 모든 정보가  DNA 안의  

네 가지 염기 A, G, T, C의 순서로 담겨 있다는 사실이 놀랍지요? 생물의 전체 염기서열 수는 

어마어마합니다. 따라서 인간이 직접 유전자의 위치를 찾으려면 너무나 많은 시간이 걸립니다.  

방대한 데이터를 다루려면 컴퓨터 프로그램의 도움이 필요합니다. ‘박테리오파지 파이X174’에서  

특정 기능을 하는 유전자를 직접 찾아봅시다.

원하는 염기서열을 찾아라!

 준비물  인터넷이 연결된 컴퓨터

오른쪽 페이지의 문자들은 박테리오파지 파이X174의 전체 염기서열입니다.  

전체 염기서열 수가 가장 적은 생물 중 하나죠.1

박테리오파지 파이X174에서 ‘A단백질’을 나타내는 유전자에는 ‘ATGGTTCG…’인 부위가 

있습니다. 우측 페이지에서 해당 문자열을 찾아보세요.2

활동하기

활동 ➋

찾았나요? 눈으로 찾는 건 거의 불가능할 겁니다. 그러나 컴퓨터의 검색 기능을 활용하면 

쉽게 찾을 수 있죠. 선생님이 준 파일을 받아서 노트패드로 여세요. Ctrl  + F 를 누르면 

찾기 창이 열립니다. 그 창에 ‘ATGGTTCG’라고 입력하여 검색하면 됩니다.

3

해당 문자열을 찾았나요? 찾은 문자열은 박테리오파지 파이X174의 DNA 정보 중에서  

A단백질을 만드는 유전자가 있는 부위입니다. 박테리오파지 파이X174는 총 11개의 단백질을 

만듭니다. 아래 표를 참고하여 다른 단백질의 위치도 찾아보세요.

4

A 단백질 ATGAAATC… F단백질 ATGTCTAA…

B 단백질 ATGGAACA… G단백질 ATGTTTCA…

C 단백질 ATGAGAAA… H단백질 ATGTTTGG…

D 단백질 ATGAGTCA… J단백질 ATGTCTAA…

E 단백질 ATGGTACG… K단백질 ATGAGTCG…
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Now you’ve learned how to search for the entire genetic sequence of an organism on 
the Internet. Isn’t it amazing that all the information of a living thing is stored in DNA in 
the sequence of the four bases of A, G, T, and C? There are a huge number of genetic 
sequences in an organism. Locating a specific gene  would take an enormous amount of 
time. When dealing with such vast amounts of data, a good computer program will help. 
Let’s find a gene with specific functions in the bacteriophage phiX174 virus.

Find a Specific Nucleotide Sequence!

 What to prepare  PC

The characters on the next page are the entire nucleotide sequence of 
bacteriophage phiX174. This virus is one of the organisms that have the 
least number of the entire genetic sequence.

1

Have you found all these genes? Probably not all of them - some are genes that cannot be 
found with only the given nucleotide sequence. For example, from your search, you get a 
total of two locations for protein D; three for protein F; and three for protein J. It is simply 
impossible to identify exact locations with only eight nucleotides in a sequence. Thus, the 
more of the sequence you know, the more accurately you can identify them. (Don’t forget 
this! It is essential to understanding CRISPR.)

5

There is a series of “ATGGTTCG…” in the gene that represents “protein A” in 
the sequence of bacteriophage phiX174. Find the matching character string 
on the next page.

2

Activity

Can you find it? Its  almost impossible with your eyes alone. But with the help 
of a computer’s search function, you can find it easily. Get a file from your 
teacher and open it with Windows Notepad. Press Ctrl  + F  , and the search 
box will open. Then type “ATGGTTCG” in the box, press “Find” and voila! 

3

<The Entire Nucleotide Sequence of Bacteriophage phiX174>

GAGTTTTATCGCTTCCATGACGCAGAAGTTAACACTTTCGGATATTTCTGATGAGTCGAAAAATTATCTTGATAAAGCAGGAATTACTACTGCTTGTTTACGAATTAA

ATCGAAGTGGACTGCTGGCGGAAAATGAGAAAATTCGACCTATCCTTGCGCAGCTCGAGAAGCTCTTACTTTGCGACCTTTCGCCATCAACTAACGATTCTGTCAA

AAACTGACGCGTTGGATGAGGAGAAGTGGCTTAATATGCTTGGCACGTTCGTCAAGGACTGGTTTAGATATGAGTCACATTTTGTTCATGGTAGAGATTCTCTTGTT

GACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCGATGCTGTTCAACCACTAATAGGTAAGAAATCATGAGTCAAGTTACTGAACAATCCGTACGTTTCCAGAC

CGCTTTGGCCTCTATTAAGCTCATTCAGGCTTCTGCCGTTTTGGATTTAACCGAAGATGATTTCGATTTTCTGACGAGTAACAAAGTTTGGATTGCTACTGACCGCT

CTCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTACGCTGGACTTTGTGGGATACCCTCGCTTTCCTGCTCCTGTTGAGTTTATTGCTGCCGTCATTGCTTAT

TATGTTCATCCCGTCAACATTCAAACGGCCTGTCTCATCATGGAAGGCGCTGAATTTACGGAAAACATTATTAATGGCGTCGAGCGTCCGGTTAAAGCCGCTGAAT

TGTTCGCGTTTACCTTGCGTGTACGCGCAGGAAACACTGACGTTCTTACTGACGCAGAAGAAAACGTGCGTCAAAAATTACGTGCGGAAGGAGTGATGTAATGTCT

AAAGGTAAAAAACGTTCTGGCGCTCGCCCTGGTCGTCCGCAGCCGTTGCGAGGTACTAAAGGCAAGCGTAAAGGCGCTCGTCTTTGGTATGTAGGTGGTCAACAA

TTTTAATTGCAGGGGCTTCGGCCCCTTACTTGAGGATAAATTATGTCTAATATTCAAACTGGCGCCGAGCGTATGCCGCATGACCTTTCCCATCTTGGCTTCCTTGC

TGGTCAGATTGGTCGTCTTATTACCATTTCAACTACTCCGGTTATCGCTGGCGACTCCTTCGAGATGGACGCCGTTGGCGCTCTCCGTCTTTCTCCATTGCGTCGTG

GCCTTGCTATTGACTCTACTGTAGACATTTTTACTTTTTATGTCCCTCATCGTCACGTTTATGGTGAACAGTGGATTAAGTTCATGAAGGATGGTGTTAATGCCACTC

CTCTCCCGACTGTTAACACTACTGGTTATATTGACCATGCCGCTTTTCTTGGCACGATTAACCCTGATACCAATAAAATCCCTAAGCATTTGTTTCAGGGTTATTTGA

ATATCTATAACAACTATTTTAAAGCGCCGTGGATGCCTGACCGTACCGAGGCTAACCCTAATGAGCTTAATCAAGATGATGCTCGTTATGGTTTCCGTTGCTGCCAT

CTCAAAAACATTTGGACTGCTCCGCTTCCTCCTGAGACTGAGCTTTCTCGCCAAATGACGACTTCTACCACATCTATTGACATTATGGGTCTGCAAGCTGCTTATGC

TAATTTGCATACTGACCAAGAACGTGATTACTTCATGCAGCGTTACCATGATGTTATTTCTTCATTTGGAGGTAAAACCTCTTATGACGCTGACAACCGTCCTTTACT

TGTCATGCGCTCTAATCTCTGGGCATCTGGCTATGATGTTGATGGAACTGACCAAACGTCGTTAGGCCAGTTTTCTGGTCGTGTTCAACAGACCTATAAACATTCTG

TGCCGCGTTTCTTTGTTCCTGAGCATGGCACTATGTTTACTCTTGCGCTTGTTCGTTTTCCGCCTACTGCGACTAAAGAGATTCAGTACCTTAACGCTAAAGGTGCTT

TGACTTATACCGATATTGCTGGCGACCCTGTTTTGTATGGCAACTTGCCGCCGCGTGAAATTTCTATGAAGGATGTTTTCCGTTCTGGTGATTCGTCTAAGAAGTTTA

AGATTGCTGAGGGTCAGTGGTATCGTTATGCGCCTTCGTATGTTTCTCCTGCTTATCACCTTCTTGAAGGCTTCCCATTCATTCAGGAACCGCCTTCTGGTGATTTGC

AAGAACGCGTACTTATTCGCCACCATGATTATGACCAGTGTTTCCAGTCCGTTCAGTTGTTGCAGTGGAATAGTCAGGTTAAATTTAATGTGACCGTTTATCGCAAT

CTGCCGACCACTCGCGATTCAATCATGACTTCGTGATAAAAGATTGAGTGTGAGGTTATAACGCCGAAGCGGTAAAAATTTTAATTTTTGCCGCTGAGGGGTTGAC

CAAGCGAAGCGCGGTAGGTTTTCTGCTTAGGAGTTTAATCATGTTTCAGACTTTTATTTCTCGCCATAATTCAAACTTTTTTTCTGATAAGCTGGTTCTCACTTCTGTT

ACTCCAGCTTCTTCGGCACCTGTTTTACAGACACCTAAAGCTACATCGTCAACGTTATATTTTGATAGTTTGACGGTTAATGCTGGTAATGGTGGTTTTCTTCATTGC

ATTCAGATGGATACATCTGTCAACGCCGCTAATCAGGTTGTTTCTGTTGGTGCTGATATTGCTTTTGATGCCGACCCTAAATTTTTTGCCTGTTTGGTTCGCTTTGAG

TCTTCTTCGGTTCCGACTACCCTCCCGACTGCCTATGATGTTTATCCTTTGAATGGTCGCCATGATGGTGGTTATTATACCGTCAAGGACTGTGTGACTATTGACGTC

CTTCCCCGTACGCCGGGCAATAACGTTTATGTTGGTTTCATGGTTTGGTCTAACTTTACCGCTACTAAATGCCGCGGATTGGTTTCGCTGAATCAGGTTATTAAAGA

GATTATTTGTCTCCAGCCACTTAAGTGAGGTGATTTATGTTTGGTGCTATTGCTGGCGGTATTGCTTCTGCTCTTGCTGGTGGCGCCATGTCTAAATTGTTTGGAGGC

GGTCAAAAAGCCGCCTCCGGTGGCATTCAAGGTGATGTGCTTGCTACCGATAACAATACTGTAGGCATGGGTGATGCTGGTATTAAATCTGCCATTCAAGGCTCTA

ATGTTCCTAACCCTGATGAGGCCGCCCCTAGTTTTGTTTCTGGTGCTATGGCTAAAGCTGGTAAAGGACTTCTTGAAGGTACGTTGCAGGCTGGCACTTCTGCCGTT

TCTGATAAGTTGCTTGATTTGGTTGGACTTGGTGGCAAGTCTGCCGCTGATAAAGGAAAGGATACTCGTGATTATCTTGCTGCTGCATTTCCTGAGCTTAATGCTTG

GGAGCGTGCTGGTGCTGATGCTTCCTCTGCTGGTATGGTTGACGCCGGATTTGAGAATCAAAAAGAGCTTACTAAAATGCAACTGGACAATCAGAAAGAGATTGCC

GAGATGCAAAATGAGACTCAAAAAGAGATTGCTGGCATTCAGTCGGCGACTTCACGCCAGAATACGAAAGACCAGGTATATGCACAAAATGAGATGCTTGCTTATC

AACAGAAGGAGTCTACTGCTCGCGTTGCGTCTATTATGGAAAACACCAATCTTTCCAAGCAACAGCAGGTTTCCGAGATTATGCGCCAAATGCTTACTCAAGCTCA

AACGGCTGGTCAGTATTTTACCAATGACCAAATCAAAGAAATGACTCGCAAGGTTAGTGCTGAGGTTGACTTAGTTCATCAGCAAACGCAGAATCAGCGGTATGGC

TCTTCTCATATTGGCGCTACTGCAAAGGATATTTCTAATGTCGTCACTGATGCTGCTTCTGGTGTGGTTGATATTTTTCATGGTATTGATAAAGCTGTTGCCGATACTT

GGAACAATTTCTGGAAAGACGGTAAAGCTGATGGTATTGGCTCTAATTTGTCTAGGAAATAACCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA

AATCTTGGAGGCTTTTTTATGGTTCGTTCTTATTACCCTTCTGAATGTCACGCTGATTATTTTGACTTTGAGCGTATCGAGGCTCTTAAACCTGCTATTGAGGCTTGTG

GCATTTCTACTCTTTCTCAATCCCCAATGCTTGGCTTCCATAAGCAGATGGATAACCGCATCAAGCTCTTGGAAGAGATTCTGTCTTTTCGTATGCAGGGCGTTGAG

TTCGATAATGGTGATATGTATGTTGACGGCCATAAGGCTGCTTCTGACGTTCGTGATGAGTTTGTATCTGTTACTGAGAAGTTAATGGATGAATTGGCACAATGCTA

CAATGTGCTCCCCCAACTTGATATTAATAACACTATAGACCACCGCCCCGAAGGGGACGAAAAATGGTTTTTAGAGAACGAGAAGACGGTTACGCAGTTTTGCCGC

AAGCTGGCTGCTGAACGCCCTCTTAAGGATATTCGCGATGAGTATAATTACCCCAAAAAGAAAGGTATTAAGGATGAGTGTTCAAGATTGCTGGAGGCCTCCACTA

TGAAATCGCGTAGAGGCTTTGCTATTCAGCGTTTGATGAATGCAATGCGACAGGCTCATGCTGATGGTTGGTTTATCGTTTTTGACACTCTCACGTTGGCTGACGAC

CGATTAGAGGCGTTTTATGATAATCCCAATGCTTTGCGTGACTATTTTCGTGATATTGGTCGTATGGTTCTTGCTGCCGAGGGTCGCAAGGCTAATGATTCACACGC

CGACTGCTATCAGTATTTTTGTGTGCCTGAGTATGGTACAGCTAATGGCCGTCTTCATTTCCATGCGGTGCACTTTATGCGGACACTTCCTACAGGTAGCGTTGACC

CTAATTTTGGTCGTCGGGTACGCAATCGCCGCCAGTTAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCATCGCAGTTCGCTACACGCAGGACGC

TTTTTCACGTTCTGGTTGGTTGTGGCCTGTTGATGCTAAAGGTGAGCCGCTTAAAGCTACCAGTTATATGGCTGTTGGTTTCTATGTGGCTAAATACGTTAACAAAAA

GTCAGATATGGACCTTGCTGCTAAAGGTCTAGGAGCTAAAGAATGGAACAACTCACTAAAAACCAAGCTGTCGCTACTTCCCAAGAAGCTGTTCAGAATCAGAATG

AGCCGCAACTTCGGGATGAAAATGCTCACAATGACAAATCTGTCCACGGAGTGCTTAATCCAACTTACCAAGCTGGGTTACGACGCGACGCCGTTCAACCAGATA

TTGAAGCAGAACGCAAAAAGAGAGATGAGATTGAGGCTGGGAAAAGTTACTGTAGCCGACGTTTTGGCGGCGCAACCTGTGACGACAAATCTGCTCAAATTTATG

CGCGCTTCGATAAAAATGATTGGCGTATCCAACCTGCA

※ For the genetic sequence of bacteriophage phiX174, visit this website: http://www.ncbi.nlm.nih.gov/nuccore/216019?report=fasta

Have you found the character string? The string you found is the location of a gene that 
makes protein A from the DNA information of bacteriophage phiX174. The X174 virus 
produces a total of 11 proteins. Find the locations of other proteins listed in the table below:

4

Protein A ATGAAATC… Protein F ATGTCTAA…

Protein B ATGGAACA… Protein G ATGTTTCA…

Protein C ATGAGAAA… Protein H ATGTTTGG…

Protein D ATGAGTCA… Protein J ATGTCTAA…

Protein E ATGGTACG… Protein K ATGAGTCG…

※  Find each of the following protein locations with the corresponding strings: Protein D with 
“ATGAGTCAA”; Protein F with “ATGTCTAATA”; Protein J with “ATGTCTAAAG”.

Activity ➋
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유전자를 모두 찾았나요? 아마 주어진 염기서열만으로 찾을 수 없는 유전자도 있었을 겁니다.  

예를 들어 D단백질은 총 2곳이, F단백질은 총 3곳, J단백질은 총 3곳이 검색됩니다.  

8개의 염기서열만으로는 정확한 위치를 찾을 수 없는 거죠. 따라서 알고 있는 염기서열이 많을수록  

더 정확히 찾을 수 있습니다. (이 사실을 꼭 기억하세요. 크리스퍼를 이해하기 위해 필요합니다.)

5

<박테리오파지 파이X174의 전체 염기서열>

GAGTTTTATCGCTTCCATGACGCAGAAGTTAACACTTTCGGATATTTCTGATGAGTCGAAAAATTATCTTGATAAAGCAGGAATTACTACTGCTTGTTTACGAATTAA

ATCGAAGTGGACTGCTGGCGGAAAATGAGAAAATTCGACCTATCCTTGCGCAGCTCGAGAAGCTCTTACTTTGCGACCTTTCGCCATCAACTAACGATTCTGTCAA

AAACTGACGCGTTGGATGAGGAGAAGTGGCTTAATATGCTTGGCACGTTCGTCAAGGACTGGTTTAGATATGAGTCACATTTTGTTCATGGTAGAGATTCTCTTGTT

GACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCGATGCTGTTCAACCACTAATAGGTAAGAAATCATGAGTCAAGTTACTGAACAATCCGTACGTTTCCAGAC

CGCTTTGGCCTCTATTAAGCTCATTCAGGCTTCTGCCGTTTTGGATTTAACCGAAGATGATTTCGATTTTCTGACGAGTAACAAAGTTTGGATTGCTACTGACCGCT

CTCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTACGCTGGACTTTGTGGGATACCCTCGCTTTCCTGCTCCTGTTGAGTTTATTGCTGCCGTCATTGCTTAT

TATGTTCATCCCGTCAACATTCAAACGGCCTGTCTCATCATGGAAGGCGCTGAATTTACGGAAAACATTATTAATGGCGTCGAGCGTCCGGTTAAAGCCGCTGAAT

TGTTCGCGTTTACCTTGCGTGTACGCGCAGGAAACACTGACGTTCTTACTGACGCAGAAGAAAACGTGCGTCAAAAATTACGTGCGGAAGGAGTGATGTAATGTCT

AAAGGTAAAAAACGTTCTGGCGCTCGCCCTGGTCGTCCGCAGCCGTTGCGAGGTACTAAAGGCAAGCGTAAAGGCGCTCGTCTTTGGTATGTAGGTGGTCAACAA

TTTTAATTGCAGGGGCTTCGGCCCCTTACTTGAGGATAAATTATGTCTAATATTCAAACTGGCGCCGAGCGTATGCCGCATGACCTTTCCCATCTTGGCTTCCTTGC

TGGTCAGATTGGTCGTCTTATTACCATTTCAACTACTCCGGTTATCGCTGGCGACTCCTTCGAGATGGACGCCGTTGGCGCTCTCCGTCTTTCTCCATTGCGTCGTG

GCCTTGCTATTGACTCTACTGTAGACATTTTTACTTTTTATGTCCCTCATCGTCACGTTTATGGTGAACAGTGGATTAAGTTCATGAAGGATGGTGTTAATGCCACTC

CTCTCCCGACTGTTAACACTACTGGTTATATTGACCATGCCGCTTTTCTTGGCACGATTAACCCTGATACCAATAAAATCCCTAAGCATTTGTTTCAGGGTTATTTGA

ATATCTATAACAACTATTTTAAAGCGCCGTGGATGCCTGACCGTACCGAGGCTAACCCTAATGAGCTTAATCAAGATGATGCTCGTTATGGTTTCCGTTGCTGCCAT

CTCAAAAACATTTGGACTGCTCCGCTTCCTCCTGAGACTGAGCTTTCTCGCCAAATGACGACTTCTACCACATCTATTGACATTATGGGTCTGCAAGCTGCTTATGC

TAATTTGCATACTGACCAAGAACGTGATTACTTCATGCAGCGTTACCATGATGTTATTTCTTCATTTGGAGGTAAAACCTCTTATGACGCTGACAACCGTCCTTTACT

TGTCATGCGCTCTAATCTCTGGGCATCTGGCTATGATGTTGATGGAACTGACCAAACGTCGTTAGGCCAGTTTTCTGGTCGTGTTCAACAGACCTATAAACATTCTG

TGCCGCGTTTCTTTGTTCCTGAGCATGGCACTATGTTTACTCTTGCGCTTGTTCGTTTTCCGCCTACTGCGACTAAAGAGATTCAGTACCTTAACGCTAAAGGTGCTT

TGACTTATACCGATATTGCTGGCGACCCTGTTTTGTATGGCAACTTGCCGCCGCGTGAAATTTCTATGAAGGATGTTTTCCGTTCTGGTGATTCGTCTAAGAAGTTTA

AGATTGCTGAGGGTCAGTGGTATCGTTATGCGCCTTCGTATGTTTCTCCTGCTTATCACCTTCTTGAAGGCTTCCCATTCATTCAGGAACCGCCTTCTGGTGATTTGC

AAGAACGCGTACTTATTCGCCACCATGATTATGACCAGTGTTTCCAGTCCGTTCAGTTGTTGCAGTGGAATAGTCAGGTTAAATTTAATGTGACCGTTTATCGCAAT

CTGCCGACCACTCGCGATTCAATCATGACTTCGTGATAAAAGATTGAGTGTGAGGTTATAACGCCGAAGCGGTAAAAATTTTAATTTTTGCCGCTGAGGGGTTGAC

CAAGCGAAGCGCGGTAGGTTTTCTGCTTAGGAGTTTAATCATGTTTCAGACTTTTATTTCTCGCCATAATTCAAACTTTTTTTCTGATAAGCTGGTTCTCACTTCTGTT

ACTCCAGCTTCTTCGGCACCTGTTTTACAGACACCTAAAGCTACATCGTCAACGTTATATTTTGATAGTTTGACGGTTAATGCTGGTAATGGTGGTTTTCTTCATTGC

ATTCAGATGGATACATCTGTCAACGCCGCTAATCAGGTTGTTTCTGTTGGTGCTGATATTGCTTTTGATGCCGACCCTAAATTTTTTGCCTGTTTGGTTCGCTTTGAG

TCTTCTTCGGTTCCGACTACCCTCCCGACTGCCTATGATGTTTATCCTTTGAATGGTCGCCATGATGGTGGTTATTATACCGTCAAGGACTGTGTGACTATTGACGTC

CTTCCCCGTACGCCGGGCAATAACGTTTATGTTGGTTTCATGGTTTGGTCTAACTTTACCGCTACTAAATGCCGCGGATTGGTTTCGCTGAATCAGGTTATTAAAGA

GATTATTTGTCTCCAGCCACTTAAGTGAGGTGATTTATGTTTGGTGCTATTGCTGGCGGTATTGCTTCTGCTCTTGCTGGTGGCGCCATGTCTAAATTGTTTGGAGGC

GGTCAAAAAGCCGCCTCCGGTGGCATTCAAGGTGATGTGCTTGCTACCGATAACAATACTGTAGGCATGGGTGATGCTGGTATTAAATCTGCCATTCAAGGCTCTA

ATGTTCCTAACCCTGATGAGGCCGCCCCTAGTTTTGTTTCTGGTGCTATGGCTAAAGCTGGTAAAGGACTTCTTGAAGGTACGTTGCAGGCTGGCACTTCTGCCGTT

TCTGATAAGTTGCTTGATTTGGTTGGACTTGGTGGCAAGTCTGCCGCTGATAAAGGAAAGGATACTCGTGATTATCTTGCTGCTGCATTTCCTGAGCTTAATGCTTG

GGAGCGTGCTGGTGCTGATGCTTCCTCTGCTGGTATGGTTGACGCCGGATTTGAGAATCAAAAAGAGCTTACTAAAATGCAACTGGACAATCAGAAAGAGATTGCC

GAGATGCAAAATGAGACTCAAAAAGAGATTGCTGGCATTCAGTCGGCGACTTCACGCCAGAATACGAAAGACCAGGTATATGCACAAAATGAGATGCTTGCTTATC

AACAGAAGGAGTCTACTGCTCGCGTTGCGTCTATTATGGAAAACACCAATCTTTCCAAGCAACAGCAGGTTTCCGAGATTATGCGCCAAATGCTTACTCAAGCTCA

AACGGCTGGTCAGTATTTTACCAATGACCAAATCAAAGAAATGACTCGCAAGGTTAGTGCTGAGGTTGACTTAGTTCATCAGCAAACGCAGAATCAGCGGTATGGC

TCTTCTCATATTGGCGCTACTGCAAAGGATATTTCTAATGTCGTCACTGATGCTGCTTCTGGTGTGGTTGATATTTTTCATGGTATTGATAAAGCTGTTGCCGATACTT

GGAACAATTTCTGGAAAGACGGTAAAGCTGATGGTATTGGCTCTAATTTGTCTAGGAAATAACCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA

AATCTTGGAGGCTTTTTTATGGTTCGTTCTTATTACCCTTCTGAATGTCACGCTGATTATTTTGACTTTGAGCGTATCGAGGCTCTTAAACCTGCTATTGAGGCTTGTG

GCATTTCTACTCTTTCTCAATCCCCAATGCTTGGCTTCCATAAGCAGATGGATAACCGCATCAAGCTCTTGGAAGAGATTCTGTCTTTTCGTATGCAGGGCGTTGAG

TTCGATAATGGTGATATGTATGTTGACGGCCATAAGGCTGCTTCTGACGTTCGTGATGAGTTTGTATCTGTTACTGAGAAGTTAATGGATGAATTGGCACAATGCTA

CAATGTGCTCCCCCAACTTGATATTAATAACACTATAGACCACCGCCCCGAAGGGGACGAAAAATGGTTTTTAGAGAACGAGAAGACGGTTACGCAGTTTTGCCGC

AAGCTGGCTGCTGAACGCCCTCTTAAGGATATTCGCGATGAGTATAATTACCCCAAAAAGAAAGGTATTAAGGATGAGTGTTCAAGATTGCTGGAGGCCTCCACTA

TGAAATCGCGTAGAGGCTTTGCTATTCAGCGTTTGATGAATGCAATGCGACAGGCTCATGCTGATGGTTGGTTTATCGTTTTTGACACTCTCACGTTGGCTGACGAC

CGATTAGAGGCGTTTTATGATAATCCCAATGCTTTGCGTGACTATTTTCGTGATATTGGTCGTATGGTTCTTGCTGCCGAGGGTCGCAAGGCTAATGATTCACACGC

CGACTGCTATCAGTATTTTTGTGTGCCTGAGTATGGTACAGCTAATGGCCGTCTTCATTTCCATGCGGTGCACTTTATGCGGACACTTCCTACAGGTAGCGTTGACC

CTAATTTTGGTCGTCGGGTACGCAATCGCCGCCAGTTAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCATCGCAGTTCGCTACACGCAGGACGC

TTTTTCACGTTCTGGTTGGTTGTGGCCTGTTGATGCTAAAGGTGAGCCGCTTAAAGCTACCAGTTATATGGCTGTTGGTTTCTATGTGGCTAAATACGTTAACAAAAA

GTCAGATATGGACCTTGCTGCTAAAGGTCTAGGAGCTAAAGAATGGAACAACTCACTAAAAACCAAGCTGTCGCTACTTCCCAAGAAGCTGTTCAGAATCAGAATG

AGCCGCAACTTCGGGATGAAAATGCTCACAATGACAAATCTGTCCACGGAGTGCTTAATCCAACTTACCAAGCTGGGTTACGACGCGACGCCGTTCAACCAGATA

TTGAAGCAGAACGCAAAAAGAGAGATGAGATTGAGGCTGGGAAAAGTTACTGTAGCCGACGTTTTGGCGGCGCAACCTGTGACGACAAATCTGCTCAAATTTATG

CGCGCTTCGATAAAAATGATTGGCGTATCCAACCTGCA

박테리오파지 파이X174의 염기서열은  

SW중심사회 포털(www.software.kr) > 소프트웨어 교육 > SW교재 > 크리스퍼 주제에서 확인할 수 있습니다.

※ D단백질은 ‘ATGAGTCAA’, F단백질은 ‘ATGTCTAATA’, J단백질은 ‘ATGTCTAAAG’로 찾아봅시다.
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Now you’ve learned how to search for the entire genetic sequence of an organism on 
the Internet. Isn’t it amazing that all the information of a living thing is stored in DNA in 
the sequence of the four bases of A, G, T, and C? There are a huge number of genetic 
sequences in an organism. Locating a specific gene  would take an enormous amount of 
time. When dealing with such vast amounts of data, a good computer program will help. 
Let’s find a gene with specific functions in the bacteriophage phiX174 virus.

Find a Specific Nucleotide Sequence!

 What to prepare  PC

The characters on the next page are the entire nucleotide sequence of 
bacteriophage phiX174. This virus is one of the organisms that have the 
least number of the entire genetic sequence.

1

Have you found all these genes? Probably not all of them - some are genes that cannot be 
found with only the given nucleotide sequence. For example, from your search, you get a 
total of two locations for protein D; three for protein F; and three for protein J. It is simply 
impossible to identify exact locations with only eight nucleotides in a sequence. Thus, the 
more of the sequence you know, the more accurately you can identify them. (Don’t forget 
this! It is essential to understanding CRISPR.)

5

There is a series of “ATGGTTCG…” in the gene that represents “protein A” in 
the sequence of bacteriophage phiX174. Find the matching character string 
on the next page.

2

Activity

Can you find it? Its  almost impossible with your eyes alone. But with the help 
of a computer’s search function, you can find it easily. Get a file from your 
teacher and open it with Windows Notepad. Press Ctrl  + F  , and the search 
box will open. Then type “ATGGTTCG” in the box, press “Find” and voila! 

3

<The Entire Nucleotide Sequence of Bacteriophage phiX174>

GAGTTTTATCGCTTCCATGACGCAGAAGTTAACACTTTCGGATATTTCTGATGAGTCGAAAAATTATCTTGATAAAGCAGGAATTACTACTGCTTGTTTACGAATTAA

ATCGAAGTGGACTGCTGGCGGAAAATGAGAAAATTCGACCTATCCTTGCGCAGCTCGAGAAGCTCTTACTTTGCGACCTTTCGCCATCAACTAACGATTCTGTCAA

AAACTGACGCGTTGGATGAGGAGAAGTGGCTTAATATGCTTGGCACGTTCGTCAAGGACTGGTTTAGATATGAGTCACATTTTGTTCATGGTAGAGATTCTCTTGTT

GACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCGATGCTGTTCAACCACTAATAGGTAAGAAATCATGAGTCAAGTTACTGAACAATCCGTACGTTTCCAGAC

CGCTTTGGCCTCTATTAAGCTCATTCAGGCTTCTGCCGTTTTGGATTTAACCGAAGATGATTTCGATTTTCTGACGAGTAACAAAGTTTGGATTGCTACTGACCGCT

CTCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTACGCTGGACTTTGTGGGATACCCTCGCTTTCCTGCTCCTGTTGAGTTTATTGCTGCCGTCATTGCTTAT

TATGTTCATCCCGTCAACATTCAAACGGCCTGTCTCATCATGGAAGGCGCTGAATTTACGGAAAACATTATTAATGGCGTCGAGCGTCCGGTTAAAGCCGCTGAAT

TGTTCGCGTTTACCTTGCGTGTACGCGCAGGAAACACTGACGTTCTTACTGACGCAGAAGAAAACGTGCGTCAAAAATTACGTGCGGAAGGAGTGATGTAATGTCT

AAAGGTAAAAAACGTTCTGGCGCTCGCCCTGGTCGTCCGCAGCCGTTGCGAGGTACTAAAGGCAAGCGTAAAGGCGCTCGTCTTTGGTATGTAGGTGGTCAACAA

TTTTAATTGCAGGGGCTTCGGCCCCTTACTTGAGGATAAATTATGTCTAATATTCAAACTGGCGCCGAGCGTATGCCGCATGACCTTTCCCATCTTGGCTTCCTTGC

TGGTCAGATTGGTCGTCTTATTACCATTTCAACTACTCCGGTTATCGCTGGCGACTCCTTCGAGATGGACGCCGTTGGCGCTCTCCGTCTTTCTCCATTGCGTCGTG

GCCTTGCTATTGACTCTACTGTAGACATTTTTACTTTTTATGTCCCTCATCGTCACGTTTATGGTGAACAGTGGATTAAGTTCATGAAGGATGGTGTTAATGCCACTC

CTCTCCCGACTGTTAACACTACTGGTTATATTGACCATGCCGCTTTTCTTGGCACGATTAACCCTGATACCAATAAAATCCCTAAGCATTTGTTTCAGGGTTATTTGA

ATATCTATAACAACTATTTTAAAGCGCCGTGGATGCCTGACCGTACCGAGGCTAACCCTAATGAGCTTAATCAAGATGATGCTCGTTATGGTTTCCGTTGCTGCCAT

CTCAAAAACATTTGGACTGCTCCGCTTCCTCCTGAGACTGAGCTTTCTCGCCAAATGACGACTTCTACCACATCTATTGACATTATGGGTCTGCAAGCTGCTTATGC

TAATTTGCATACTGACCAAGAACGTGATTACTTCATGCAGCGTTACCATGATGTTATTTCTTCATTTGGAGGTAAAACCTCTTATGACGCTGACAACCGTCCTTTACT

TGTCATGCGCTCTAATCTCTGGGCATCTGGCTATGATGTTGATGGAACTGACCAAACGTCGTTAGGCCAGTTTTCTGGTCGTGTTCAACAGACCTATAAACATTCTG

TGCCGCGTTTCTTTGTTCCTGAGCATGGCACTATGTTTACTCTTGCGCTTGTTCGTTTTCCGCCTACTGCGACTAAAGAGATTCAGTACCTTAACGCTAAAGGTGCTT

TGACTTATACCGATATTGCTGGCGACCCTGTTTTGTATGGCAACTTGCCGCCGCGTGAAATTTCTATGAAGGATGTTTTCCGTTCTGGTGATTCGTCTAAGAAGTTTA

AGATTGCTGAGGGTCAGTGGTATCGTTATGCGCCTTCGTATGTTTCTCCTGCTTATCACCTTCTTGAAGGCTTCCCATTCATTCAGGAACCGCCTTCTGGTGATTTGC

AAGAACGCGTACTTATTCGCCACCATGATTATGACCAGTGTTTCCAGTCCGTTCAGTTGTTGCAGTGGAATAGTCAGGTTAAATTTAATGTGACCGTTTATCGCAAT

CTGCCGACCACTCGCGATTCAATCATGACTTCGTGATAAAAGATTGAGTGTGAGGTTATAACGCCGAAGCGGTAAAAATTTTAATTTTTGCCGCTGAGGGGTTGAC

CAAGCGAAGCGCGGTAGGTTTTCTGCTTAGGAGTTTAATCATGTTTCAGACTTTTATTTCTCGCCATAATTCAAACTTTTTTTCTGATAAGCTGGTTCTCACTTCTGTT

ACTCCAGCTTCTTCGGCACCTGTTTTACAGACACCTAAAGCTACATCGTCAACGTTATATTTTGATAGTTTGACGGTTAATGCTGGTAATGGTGGTTTTCTTCATTGC

ATTCAGATGGATACATCTGTCAACGCCGCTAATCAGGTTGTTTCTGTTGGTGCTGATATTGCTTTTGATGCCGACCCTAAATTTTTTGCCTGTTTGGTTCGCTTTGAG

TCTTCTTCGGTTCCGACTACCCTCCCGACTGCCTATGATGTTTATCCTTTGAATGGTCGCCATGATGGTGGTTATTATACCGTCAAGGACTGTGTGACTATTGACGTC

CTTCCCCGTACGCCGGGCAATAACGTTTATGTTGGTTTCATGGTTTGGTCTAACTTTACCGCTACTAAATGCCGCGGATTGGTTTCGCTGAATCAGGTTATTAAAGA

GATTATTTGTCTCCAGCCACTTAAGTGAGGTGATTTATGTTTGGTGCTATTGCTGGCGGTATTGCTTCTGCTCTTGCTGGTGGCGCCATGTCTAAATTGTTTGGAGGC

GGTCAAAAAGCCGCCTCCGGTGGCATTCAAGGTGATGTGCTTGCTACCGATAACAATACTGTAGGCATGGGTGATGCTGGTATTAAATCTGCCATTCAAGGCTCTA

ATGTTCCTAACCCTGATGAGGCCGCCCCTAGTTTTGTTTCTGGTGCTATGGCTAAAGCTGGTAAAGGACTTCTTGAAGGTACGTTGCAGGCTGGCACTTCTGCCGTT

TCTGATAAGTTGCTTGATTTGGTTGGACTTGGTGGCAAGTCTGCCGCTGATAAAGGAAAGGATACTCGTGATTATCTTGCTGCTGCATTTCCTGAGCTTAATGCTTG

GGAGCGTGCTGGTGCTGATGCTTCCTCTGCTGGTATGGTTGACGCCGGATTTGAGAATCAAAAAGAGCTTACTAAAATGCAACTGGACAATCAGAAAGAGATTGCC

GAGATGCAAAATGAGACTCAAAAAGAGATTGCTGGCATTCAGTCGGCGACTTCACGCCAGAATACGAAAGACCAGGTATATGCACAAAATGAGATGCTTGCTTATC

AACAGAAGGAGTCTACTGCTCGCGTTGCGTCTATTATGGAAAACACCAATCTTTCCAAGCAACAGCAGGTTTCCGAGATTATGCGCCAAATGCTTACTCAAGCTCA

AACGGCTGGTCAGTATTTTACCAATGACCAAATCAAAGAAATGACTCGCAAGGTTAGTGCTGAGGTTGACTTAGTTCATCAGCAAACGCAGAATCAGCGGTATGGC

TCTTCTCATATTGGCGCTACTGCAAAGGATATTTCTAATGTCGTCACTGATGCTGCTTCTGGTGTGGTTGATATTTTTCATGGTATTGATAAAGCTGTTGCCGATACTT

GGAACAATTTCTGGAAAGACGGTAAAGCTGATGGTATTGGCTCTAATTTGTCTAGGAAATAACCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA

AATCTTGGAGGCTTTTTTATGGTTCGTTCTTATTACCCTTCTGAATGTCACGCTGATTATTTTGACTTTGAGCGTATCGAGGCTCTTAAACCTGCTATTGAGGCTTGTG

GCATTTCTACTCTTTCTCAATCCCCAATGCTTGGCTTCCATAAGCAGATGGATAACCGCATCAAGCTCTTGGAAGAGATTCTGTCTTTTCGTATGCAGGGCGTTGAG

TTCGATAATGGTGATATGTATGTTGACGGCCATAAGGCTGCTTCTGACGTTCGTGATGAGTTTGTATCTGTTACTGAGAAGTTAATGGATGAATTGGCACAATGCTA

CAATGTGCTCCCCCAACTTGATATTAATAACACTATAGACCACCGCCCCGAAGGGGACGAAAAATGGTTTTTAGAGAACGAGAAGACGGTTACGCAGTTTTGCCGC

AAGCTGGCTGCTGAACGCCCTCTTAAGGATATTCGCGATGAGTATAATTACCCCAAAAAGAAAGGTATTAAGGATGAGTGTTCAAGATTGCTGGAGGCCTCCACTA

TGAAATCGCGTAGAGGCTTTGCTATTCAGCGTTTGATGAATGCAATGCGACAGGCTCATGCTGATGGTTGGTTTATCGTTTTTGACACTCTCACGTTGGCTGACGAC

CGATTAGAGGCGTTTTATGATAATCCCAATGCTTTGCGTGACTATTTTCGTGATATTGGTCGTATGGTTCTTGCTGCCGAGGGTCGCAAGGCTAATGATTCACACGC

CGACTGCTATCAGTATTTTTGTGTGCCTGAGTATGGTACAGCTAATGGCCGTCTTCATTTCCATGCGGTGCACTTTATGCGGACACTTCCTACAGGTAGCGTTGACC

CTAATTTTGGTCGTCGGGTACGCAATCGCCGCCAGTTAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCATCGCAGTTCGCTACACGCAGGACGC

TTTTTCACGTTCTGGTTGGTTGTGGCCTGTTGATGCTAAAGGTGAGCCGCTTAAAGCTACCAGTTATATGGCTGTTGGTTTCTATGTGGCTAAATACGTTAACAAAAA

GTCAGATATGGACCTTGCTGCTAAAGGTCTAGGAGCTAAAGAATGGAACAACTCACTAAAAACCAAGCTGTCGCTACTTCCCAAGAAGCTGTTCAGAATCAGAATG

AGCCGCAACTTCGGGATGAAAATGCTCACAATGACAAATCTGTCCACGGAGTGCTTAATCCAACTTACCAAGCTGGGTTACGACGCGACGCCGTTCAACCAGATA

TTGAAGCAGAACGCAAAAAGAGAGATGAGATTGAGGCTGGGAAAAGTTACTGTAGCCGACGTTTTGGCGGCGCAACCTGTGACGACAAATCTGCTCAAATTTATG

CGCGCTTCGATAAAAATGATTGGCGTATCCAACCTGCA

※ For the genetic sequence of bacteriophage phiX174, visit this website: http://www.ncbi.nlm.nih.gov/nuccore/216019?report=fasta

Have you found the character string? The string you found is the location of a gene that 
makes protein A from the DNA information of bacteriophage phiX174. The X174 virus 
produces a total of 11 proteins. Find the locations of other proteins listed in the table below:

4

Protein A ATGAAATC… Protein F ATGTCTAA…

Protein B ATGGAACA… Protein G ATGTTTCA…

Protein C ATGAGAAA… Protein H ATGTTTGG…

Protein D ATGAGTCA… Protein J ATGTCTAA…

Protein E ATGGTACG… Protein K ATGAGTCG…

※  Find each of the following protein locations with the corresponding strings: Protein D with 
“ATGAGTCAA”; Protein F with “ATGTCTAATA”; Protein J with “ATGTCTAAAG”.

Activity ➋



유전자가 DNA 또는 RNA에 있다는 사실을 알게 됐고, 그 뒤로 DNA

와 RNA의 염기서열이 유전 정보를 담는 수단이라는 것도 알게 됐습

니다. 염기서열은 암호처럼 복잡하고 아직 밝혀지지 않은 부분도 많

지만, 알려진 것만으로도 많은 일을 할 수 있습니다. 자연에서 구하기 

어려운 (예를 들어 약으로 쓰이는) 물질의 유전자를 안다면, 이 유전

자를 대장균 속에 집어넣어서 많은 양을 생산할 수 있겠지요. 

유전자를 자르는 가위, 붙이는 풀

DNA나 RNA는 현미경으로도 보기 힘들 정도로 크기가 작은 분자입

니다. 아무리 칼을 잘 다루는 요리사나 의사라 해도, 눈으로 보고 자

르는 건 불가능합니다. 분자를 자르려면, 분자 단위로 이루어진 ‘가위’

가 필요합니다. 과학자들은 오랜 연구 끝에 세균이 바이러스의 침입

을 받으면, 외부 DNA를 잘라내는 특정 효소*를 만들어 스스로를 보

호한다는 사실을 알아냈습니다. 즉, 세균이 자신을 보호하기 위한 활

동이 유전자를 자르는 가위로 활용되는 겁니다.

이 효소는 모든 염기서열을 자르는 것이 아니라 특정 염기서열만 제

한적으로 자르기 때문에 ‘제한효소’라고 부릅니다. 예를 들어 대장균

에서 발견한 ‘EcoRI’라는 제한효소는 ‘GAATTC’라는 염기서열을 만

날 때만 DNA를 자릅니다. 보통 제한효소는 6~8개의 염기서열을 인

식하는데, 현재까지 제한효소는 수백 가지가 발견됐습니다. 유전자 

재조합에서는 제한효소의 종류가 많아질수록 쓸 수 있는 가위가 늘

어나는 것이니 할 수 있는 일도 많아졌지요.

유전자를 다시 붙이는 건 ‘리가아제(ligase)’라는 연결효소가 담당

합니다. 제한효소가 가위라면, 리가아제는 풀인 셈이지요. 다만, 제한 

효소처럼 특정 부위만 인식하는 것이 아니라 잘려진 DNA가 있으면 

무조건 붙여줍니다. 그래서 ‘풀’보다 ‘가위’의 정확도가 더 중요합니다. 

part 3 
유전자 가위, 크리스퍼추천 대상

중학교 자유학기

관련 교과

중학교 3학년 과학(과학과 인류 문명)
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* 효소

화학반응에서 반응속도를 높이는 

물질을 ‘촉매’라고 합니다. 일어날 

확률이 낮은 반응도 촉매를 만나면 

폭발적으로 반응이 일어납니다. 

이처럼 생물 안에서 촉매와 같은 

역할을 하는 단백질을 ‘효소’라고 

부릅니다.

마치 우리가 음식을 먹으면 흡수가 

잘되도록 잘게 쪼개는 소화 

효소처럼, 효소는 자르고 붙이고 

옮기는 식으로 생물 내에서 다양한 

화학 반응을 일으킵니다. 생물의 

몸 안에서 일어나는 거의 대부분의 

반응은 효소가 관여합니다.

sw교육 모듈형 교재_05 크리스퍼(OK).indd   22 2017-02-27   오후 3:48:59

It is known that genes can be found in DNA and RNA, and further 
studies have found that DNA and RNA sequences are the tools that 
store genetic information. Genetic sequences are as complex as cryp-
tography, and many are still unknown. Yet, there are so many things 
that we can do with what is known to us now. If we know the gene of 
a substance that is rare in nature (a medicine, for example), we can 
mass-produce it by inserting the gene into E. coli.

Scissors That Cut Genes & A Glue That Pastes Them 
Together
 DNA or RNA are tiny molecules, hardly visible even under a micro-
scope. The most dextrous surgeon won’t be able to see them, let alone 
cut them up. In order to cut a molecule, we need “scissors” on the 
scale of molecular units. Continued scientific research has found that 
upon viral attack, bacteria protect themselves by producing specific 
enzymes* that cut out the foreign DNA. In other words, the bacterial 
self-defence mechanism is used as a kind of scissors to cut out genes. 
(When it comes to biology, there is no such thing as human creation. 
We only find things that already exist in nature and use them by alter-
ing as necessary.)

This enzyme does not cut up every sequence but restricts itself to 
specific ones: hence the name “restriction enzyme.” For example, 
the restriction enzyme “EcoRI” found in E. coli cuts out the targeted 
DNA only when it encounters the sequence of “GAATTC.” In gener-
al, a restriction enzyme recognizes six to eight genetic sequences, and 
there are several hundred restriction enzymes that have been found 
so far. In genetic recombination, the greater the number of restriction 
enzyme types, the greater the number of scissors available, and, in 
turn, the greater the number of tasks that can be accomplished.

CRISPR:  
Genetic Scissors

A joining enzyme known as “ligase” puts genes together. Restric-
tion enzymes act like scissors, while ligases act like glue, so to speak. 
Unlike restriction enzymes, ligases do not recognize specific locations 
but simply join any loose DNA fragments together. 

Therefore, precision in the use of the “scissors,” rather than the “glue,” 
is more important.

The Problem of Inaccurate Restriction Enzymes
Even with many restriction enzymes, you cannot cut the targeted 
DNA with 100% precision. In [Activity 2], with genetic sequences 
of only eight nucleotides in bacteriophage phiX174, which has the 
lowest number of nucleotide sequences of all organisms, multiple 
locations popped up as a result of your search. This means that using 
restriction enzymes as a DNA cutting tool may result in locations be-
ing cut despite the fact that they were not specifically targeted.

Earlier, we talked about the controversy surrounding GMOs. You 
may want to insert insect-resistant genes into the crops, but it is al-
most impossible to target the exact location of the genome. If inserted 
in the wrong locations, it is impossible to know all the potential side 
effects. There are many reasons for the controversy over GMOs, and 
inaccuracy in the technology of genetic recombination is one con-
tributor.

+ Genetically Modified 
Organisms (GMOs)

A GMO is an organism whose 
genomes have been altered 
through genetic recombination 
techniques - mostly for food 
crops. South Korea imports 
GMO corn and soybeans 
to produce snack foods, 
beverages, and soy sauce. 
Since 2001, due to recurring 
controversy about the safety 
of GMOs, the government 
has implemented a Gene 
Recombinant Food Labeling 
System.

restriction enzyme
Hind III

The restriction enzyme, HindIII, when 
it encounters the genetic sequence of 
“AAGCTT,” snips the DNA. © Ben Casey
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* enzyme

A catalyst is a substance that 
increases the rate of a chemical 
reaction. With a catalyst, 
reactions occur explosively even 
in otherwise less likely chemical 
reactions. Proteins that act as a 
catalyst in living organisms are 
called enzymes.
A variety of chemical reactions 
(such as cutting, joining, and 
transferring) in organisms 
are caused by enzymes - like 
digestive enzymes that break 
down the food we eat to enable 
better nutritional absorption. 
Enzymes are involved in almost 
all reactions that occur in an 
organism.



부정확한 제한효소의 문제

제한효소의 종류가 많긴 하지만, 원하는 염기서열만을 100% 정확하

게 자르는 것은 아닙니다. [활동 ②]에서 박테리오파지 파이X174의 전

체 염기서열 수가 생물체 중에서 가장 적은 편인데도, 8개 염기서열 

정보만으로는 여러 개의 위치가 검색되지요. 즉, 제한효소를 쓰면 원

하는 부위뿐만 아니라 원치 않는 부위도 잘려나갈 수 있습니다.

논란이 끊이지 않는 유전자 재조합 식품(GMO)에 관해 들어봤을 

겁니다. 해충에 강한 유전자를 넣고 싶어도, 원하는 부위에만 정확히 

넣는 건 거의 불가능합니다. 만약 원치 않는 다른 부분에까지 들어간

다면, 어떤 부작용을 낳을지 알 수 없는 것이죠. GMO 논란에는 여러 

이유가 있지만, 이처럼 정확하지 못한 유전자 재조합 기술도 한몫합

니다.

만약 원하는 부위만 정확히 자를 수 있는 유전자 가위가 있다면 

어떨까요? 생물학자들에게 꿈과 같은 이야기가 최근 현실이 됐습니

다. ‘크리스퍼’라 부르는 유전자 가위의 등장 덕분입니다. 그 존재는 

1987년에 알려졌지만, 유전자 가위로 사용할 수 있다는 걸 발견한 건 

2012년으로, 10년도 채 되지 않은 기술입니다.

+ 유전자 재조합 식품(GMO)

유전자 재조합 기술로 만들어진 

식품을 말합니다. GMO (Genetically 

Modified Organism)라고도 

부르지요. 우리나라에서는 GMO 

식품인 옥수수와 콩을 수입해서 

과자, 음료, 간장 등을 만들고 

있습니다. GMO의 안정성에 논란이 

끊이지 않자, 2001년부터는  ‘유전자 

재조합 식품 표시제’를 실시하고 

있지요.

제한효소

HindIII

제한효소 HindIII는 ‘AAGCTT’라는 염기서열을 

만나면 DNA를 자른다. ⓒ Ben Casey
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It is known that genes can be found in DNA and RNA, and further 
studies have found that DNA and RNA sequences are the tools that 
store genetic information. Genetic sequences are as complex as cryp-
tography, and many are still unknown. Yet, there are so many things 
that we can do with what is known to us now. If we know the gene of 
a substance that is rare in nature (a medicine, for example), we can 
mass-produce it by inserting the gene into E. coli.

Scissors That Cut Genes & A Glue That Pastes Them 
Together
 DNA or RNA are tiny molecules, hardly visible even under a micro-
scope. The most dextrous surgeon won’t be able to see them, let alone 
cut them up. In order to cut a molecule, we need “scissors” on the 
scale of molecular units. Continued scientific research has found that 
upon viral attack, bacteria protect themselves by producing specific 
enzymes* that cut out the foreign DNA. In other words, the bacterial 
self-defence mechanism is used as a kind of scissors to cut out genes. 
(When it comes to biology, there is no such thing as human creation. 
We only find things that already exist in nature and use them by alter-
ing as necessary.)

This enzyme does not cut up every sequence but restricts itself to 
specific ones: hence the name “restriction enzyme.” For example, 
the restriction enzyme “EcoRI” found in E. coli cuts out the targeted 
DNA only when it encounters the sequence of “GAATTC.” In gener-
al, a restriction enzyme recognizes six to eight genetic sequences, and 
there are several hundred restriction enzymes that have been found 
so far. In genetic recombination, the greater the number of restriction 
enzyme types, the greater the number of scissors available, and, in 
turn, the greater the number of tasks that can be accomplished.

CRISPR:  
Genetic Scissors

A joining enzyme known as “ligase” puts genes together. Restric-
tion enzymes act like scissors, while ligases act like glue, so to speak. 
Unlike restriction enzymes, ligases do not recognize specific locations 
but simply join any loose DNA fragments together. 

Therefore, precision in the use of the “scissors,” rather than the “glue,” 
is more important.

The Problem of Inaccurate Restriction Enzymes
Even with many restriction enzymes, you cannot cut the targeted 
DNA with 100% precision. In [Activity 2], with genetic sequences 
of only eight nucleotides in bacteriophage phiX174, which has the 
lowest number of nucleotide sequences of all organisms, multiple 
locations popped up as a result of your search. This means that using 
restriction enzymes as a DNA cutting tool may result in locations be-
ing cut despite the fact that they were not specifically targeted.

Earlier, we talked about the controversy surrounding GMOs. You 
may want to insert insect-resistant genes into the crops, but it is al-
most impossible to target the exact location of the genome. If inserted 
in the wrong locations, it is impossible to know all the potential side 
effects. There are many reasons for the controversy over GMOs, and 
inaccuracy in the technology of genetic recombination is one con-
tributor.

+ Genetically Modified 
Organisms (GMOs)

A GMO is an organism whose 
genomes have been altered 
through genetic recombination 
techniques - mostly for food 
crops. South Korea imports 
GMO corn and soybeans 
to produce snack foods, 
beverages, and soy sauce. 
Since 2001, due to recurring 
controversy about the safety 
of GMOs, the government 
has implemented a Gene 
Recombinant Food Labeling 
System.

restriction enzyme
Hind III

The restriction enzyme, HindIII, when 
it encounters the genetic sequence of 
“AAGCTT,” snips the DNA. © Ben Casey
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reactions occur explosively even 
in otherwise less likely chemical 
reactions. Proteins that act as a 
catalyst in living organisms are 
called enzymes.
A variety of chemical reactions 
(such as cutting, joining, and 
transferring) in organisms 
are caused by enzymes - like 
digestive enzymes that break 
down the food we eat to enable 
better nutritional absorption. 
Enzymes are involved in almost 
all reactions that occur in an 
organism.



단백질 + 크리스퍼 = 유전자 가위

크리스퍼(CRISPR, Clustered Regularly Interspaced Short 

Palindromic Repeats)를 풀어 설명하면, ‘주기적으로 간격을 띄고 

분포하는 짧은 회문 구조의 반복서열’이라는 뜻입니다. 쉽게 말해서 

특정한 회문 구조를 가진 RNA 조각이라고 이해하면 됩니다.

크리스퍼는 혼자 행동하는 게 아니라 Cas9이라는 단백질과 결합

했을 때 비로소 유전자 가위의 역할을 하게 됩니다. 아래 그림이 크

리스퍼의 구조입니다. Cas9 단백질은 DNA를 자르는 효소이고, 길잡

이 RNA는 특정 DNA를 찾도록 도와줍니다. 길잡이 RNA가 DNA 염

기서열 중에 목표 위치에 달라붙으면 Cas9 단백질이 DNA를 잘라냅 

니다.

기존에 사용했던 유전자 가위는 4개, 많게는 12개 정도의 염기서열

만을 인식했기 때문에, 오류가 일어날 가능성이 항상 있었습니다. 하

지만 크리스퍼는 21개나 되는 염기서열을 인식하기 때문에 DNA의 어

떤 부위든지 정확히 자를 수 있습니다. 21개까지 완벽하게 일치하는 

부위는 전체 염기서열에서 두 개 이상 존재하기 어렵기 때문이지요.

크리스퍼 유전자 가위는 DNA의 특정 부분을 

절단하는 제한효소이다. 목표 염기서열을 찾는 

작은 RNA와 실제로 DNA를 자르는 역할을 하는 

Cas9 단백질로 구성된다.
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protein

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. 

2524 

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. 

© a katz/Shutterstock.com
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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. 

© a katz/Shutterstock.com



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)
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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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DNA CRISPR (RNA+Protein)

①  To design a background wallpaper, select “Draw New Background”. Choose the color 
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Programming3
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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. 
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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. 
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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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recombination. Confirm the changes in LED color due to voltage drop* . Understand the 

CRISPR genetic recombination from a story of the whole activity experience.
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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
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 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 
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Chang-min Choi (Dongpae Middle school teacher) 
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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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