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基因编辑技术/Gene Editing Technology



基因剪刀手/Gene Scissors—

人工特异性核酸酶技术/Programmable specific endonuclease technology 

 What’s next?



02 昙花终一现

03

04

天选之骄子目录/Contents
黄粱成一梦

01 十年磨一剑
 Ten years to sharpen a sword

05 百花齐怒放

06 庄周梦有蝶

Made a lot efforts

中国成语
Chinese idioms



十年磨一剑/Ten years to sharpen：ZFNs

 锌指核酸酶：Zinc-Finger Nucleases (ZFNs)   



十年磨一剑：ZFNs https://en.wikipedia.org/wiki/Zinc-finger_nuclease 

https://en.wikipedia.org/wiki/Zinc-finger_nuclease


02 昙花终一现
Sudden bloom of the cereus

03

04

天选之骄子目录/Contents
黄粱成一梦

01 十年磨一剑

05 百花齐怒放

06 庄周梦有蝶

Amazing but 
Short lived



昙花终一现/Sudden bloom：TALENs

 Transcription Activator-Like Effector Nucleases (TALEN)



昙花终一现：TALENs https://en.wikipedia.org/wiki/Transcription_activato
r-like_effector_nuclease 

https://en.wikipedia.org/wiki/Transcription_activator-like_effector_nuclease


02 昙花终一现

03

04

天选之骄子

Allah's Chosen One目录/Contents
黄粱成一梦

01 十年磨一剑

05 百花齐怒放

06 庄周梦有蝶

The favored and 
the best



CRISPR/Cas9—
改变世界的技术/Technologies that changing the world



CRISPR：
Clustered Regularly Interspaced 

Short Palindromic Repeats

规律间隔成簇短回文重复序列

间隔序列（Spacer）

重复序列（Repeat）

 Cas：
CRISPR关联基因（CRISPR 

associated）

核酸内切酶(eg. Cas9)

原
核
生
物
的
“
获
得
性
免
疫
”
系
统

The "acquired im
m

unity" system
 of prokaryotes

Bacterio
phage



CRISPR/Cas9技术

1. Cas9蛋白：

   核酸内切酶, 
SpCas9/SaCas9/StCas9,,,

2. gRNA：

sgRNA=crRNA+tracrRNA

3. 靶点带PAM：

     NGG→NGN、NRN（G/A）

4. gRNA/Cas9

    RGNs：RNA Guided Nucleaseshttps://pubmed.ncbi.nlm.nih.gov/22745249/ 

天选之骄子/Allah's Chosen One：CRISPR/Cas9

https://pubmed.ncbi.nlm.nih.gov/22745249/


https://en.wikipedia.org/wiki/Cas9#cite_note-P24529477-1天选之骄子：CRISPR/Cas9

https://en.wikipedia.org/wiki/Cas9#cite_note-P24529477-1


02 昙花终一现

03

04

天选之骄子目录/Contents
黄粱成一梦
Just a dream

01 十年磨一剑

05 百花齐怒放

06 庄周梦有蝶

Good idea 
but failed



黄粱成一梦：gDNA/NgAgo

https://www.nature.com/articles/nbt.3547 

https://www.nature.com/articles/nbt.3547


“东方不亮西方亮，黑了南方有北方”
When the east is dark, the west is still bright; when it's dark in the south but bright in the north

MULAN (Multiplex Argonaute-based Nucleic Acid Detection)

AGOi & AGOa AGO Detection

https://pubmed.ncbi.nlm.nih.gov/35334329/ 

https://pubmed.ncbi.nlm.nih.gov/35334329/


Argonaute for 
DNA(transcription) and RNA (translation) interferences

https://en.wikipedia.org/wiki/Argonaute

Eukaryotic Argonaute: 
RNAi

Prokaryotic Argonaute:
AGOi
AGOa
AGO Detection

But still not gene 
edting

https://en.wikipedia.org/wiki/Argonaute


02 昙花终一现

03

04

天选之骄子目录/Contents
黄粱成一梦

01 十年磨一剑

05 百花齐怒放
All flowers in full bloom

06 庄周梦有蝶

A lot of 
similar tools 
emerged



RNA导向技术/RNA guided：

CRISPR/Cas9 Series

CRISPR/Cas12 Series 

OMEGA/IscB Series

OMEGA/TnpB Series

OMEGA/Fanzor Series

TIGA/Tas Series

Guided and Cut by a single RNA

HYER: Hydrolytic 

endonucleolytic ribozyme

DNA导向技术/DNA guided？

gDNA/NgAGO, failed

蛋白导向技术/Protein guided technology

基因剪刀手/Gene Scissors—

人工特异性核酸酶技术/Programmable specific endonuclease technology 



丰富多样的CRISPR基因剪刀手/Variety of  CRISPR gene scissors

ZHANG 
Feng (张锋)

Jennifer A. 
Doudna



各式各样的CRISPR/Cas9系统 / Diverse CRISPR/Cas9 systems

https://pubmed.ncbi.nlm.nih.gov/33139742/

CRISPR-Cas工具酶介绍 (qq.com)

复旦大学王永明
Wang Yongming from Fudan University, China

10 Clusters

https://pubmed.ncbi.nlm.nih.gov/33139742/
https://mp.weixin.qq.com/s/IyYyzh4P05FSNeD_qmkW0Q


各式各样的CRISPR/Cas12系统/Diverse CRISPR/Cas12 systems

 (Cas12e)

中国农大赖锦盛

中科院动物所李伟

中科院神经所杨辉

上科大季泉江 清华大学刘俊杰

From different 
affiliations in China



CRISPR：

Clustered Regularly 
Interspaced Short 
Palindromic Repeats

规律间隔成簇短回文重复序列

OMEGA ：

Obligate Mobile Element 
Guided Activity

具有导向活性的指定移动元件

更多的 “剪刀手”/What’s more 

ZHANG Feng 
(张锋)

virginijus siksnys



IscB→Cas9

TnpB→Cas12，Fanzor

ZHANG Feng 
(张锋)

“剪刀手”的进化/The evolution of Scissors



Cas9、Cas12、Cas13
IscB、TnpB、Fanzor、
Tas、 CRISPR screening、
CRISPR detection,,,,,

ZHANG Feng 
(张锋)

最新的基因剪刀手/The Latest PAMless Scissors

Tandem Interspaced Guide RNA (TIGR) array and a TIGR-associated (Tas),
Similar but different with CRISPR/Cas and OMEGA systems 

Ø PAMless
Ø Targeting both sense  

and antisense strands

https://pubmed.ncbi.nlm.nih.gov/40014690/

https://pubmed.ncbi.nlm.nih.gov/40014690/


02 昙花终一现

03

04

天选之骄子目录/Contents
黄粱成一梦

01 十年磨一剑

05 百花齐怒放

06 庄周梦有蝶/
The Butterfly Dream

Fantastic and wonderful 
expectations



清华大学刘俊杰
LIU Junjie from 

Tsinghua University 
China

“RNA-World”



Liu Z, et al. Science. 2024.02

Scissors by only RNA: Hydrolytic endonucleolytic ribozyme (HYER) 

https://pubmed.ncbi.nlm.nih.gov/38301022/ 

https://pubmed.ncbi.nlm.nih.gov/38301022/


Assignments and Discussions：

1. 画图+列表，对比总结归纳上述基因剪刀手; Draw 
diagrams and make tables, to compare and 
summarize the above-mentioned gene scissors

2. 思考如何利用上述工具实现基因编辑？Think about 
how to utilize the above-mentioned tools to 
achieve gene editing?

https://www.bilibili.com/video/BV15x411Z7kf?spm_
id_from=333.788.videopod.episodes&vd_source=d
ac2eca651ed36d05d1ed333d1c7177d

https://www.bilibili.com/video/BV15x411Z7kf?spm_id_from=333.788.videopod.episodes&vd_source=dac2eca651ed36d05d1ed333d1c7177d



