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Quick Review：

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


CRISPR Series
OMEGA Series
TIGR Series
HYER ?

PGNs: 蛋白导向核酸酶/Protein Guided Nucleases

RGNs

DGNs ?
gDNA/pAGO X

DNA 双链断裂
DSB：Double-Stranded Break

基因剪刀手/Gene Scissors—

人工特异性核酸酶技术/Programmable specific endonuclease technology 
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DNA双链断裂

DNA double-strand breaks

对于细胞来说

For cells

就是天塌下来的灾难！

It's a disaster like the sky falling!

细胞的小宇宙

The microcosm of cells

也有自己的“女娲”

There is also her own "Nuwa"

   

女娲：中国上古时代的神话人物
Mythological figures in 
ancient China



补天之“石”/Stone for Mending the Sky—HDR & NHEJ

HDR：

Homology-Directed Repair

同源指导/引导/导向修复

NHEJ：

Non-Homologous End-Joining

非同源末端连接

   



基于HDR的基因敲入（替换/点编辑）
Gene Knock-in (Replacing and Point editing) based on HDR



利用NHEJ进行基因敲除
Gene Knock-out based on NHEJ

NHEJ→插入或缺失（insertions and deletions, indels）→移码突
变敲除/KO by Frameshift 
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Ma Liang's magic brush,
which make the painting 
into reality

Ma Liang: character in a 
Chinese Fable 



坏掉的剪刀/the Broken scissors—“nCas9”and“dCas9”

Ø 以CRISPR/Cas9为例, as an example

Ø Cas9缺口酶（nicking Cas9, nCas9）：

   D10A or H840A

Ø “死掉”的Cas9 (dead Cas9, dCas9)：

    D10A and H840A



CBEs（Cytosine Base Editors）--based on Cytosine deaminase

Dveloped by David Liu, 

BE1: rAPOBEC1-dCas9

BE2: rAPOBEC1-dCas9-UGI

BE3: rAPOBEC1-nCas9-UGI

BE4: rAPOBEC1-nCas9-2×UGI

……

https://pubmed.ncbi.nlm.nih.gov/27096365/

Cytosine             Uracil                Thymine

Uracil Glycosylase Inhibitor (UGI)

-NH2:
amidogen

https://pubmed.ncbi.nlm.nih.gov/27096365/


ABEs（Adenine Base Editors）--based on Adenine deaminase

https://pubmed.ncbi.nlm.nih.gov/29160308/

ABE7.10(ecTadA-ecTadA*-
nCas9)

ecTadA: E. coli tRNA adenosine deaminase

Adenine           Hypoxanthine         Guanine

https://pubmed.ncbi.nlm.nih.gov/29160308/


Different Versions of dBEs（deaminase-based Base Editors）

https://pubmed.ncbi.nlm.nih.gov/31365173/

A→I

activation-induced cytodine 
deaminase (AID) ortholog PmCDA1

https://pubmed.ncbi.nlm.nih.gov/31365173/


Cas12i

Different Versions of dBEs（deaminase-based Base Editors）



Mechanism of fighting against dBEs in cells

Uracil-DNA Glycosylase (UNG/UDG) 

methylpurine DNA glycosylase (MPG) 

MPG recognize and cut Hypoxanthine

AP site: abasic site without any nucleoside



dBEs vs dgBEs（deaminase & glycosylase-based Base Editors） 

dBEs：deaminase-based Base Editors dgBEs

methylpurine DNA 
glycosylase (MPG) 

Uracil-DNA 
Glycosylase(UNG)



dgBEs--C-to-G Base editors (CGBE)

UNG=UDG



dgBEs--A-to-Y(C/T) Base editors (AYBE)

https://pubmed.ncbi.nlm.nih.gov/36624150/ 

https://pubmed.ncbi.nlm.nih.gov/36624150/


How about Guanine and Thymine?   

G and T cannot be converted into other bases 
through deamination reactions



gBEs（glycosylase-based Base Editors）--gGBE（GYBE）

杨辉

童华威

https://pubmed.ncbi.nlm.nih.gov/37404457/ 

中科院药物所

https://pubmed.ncbi.nlm.nih.gov/37404457/


gBEs（glycosylase-based Base Editors）--gCBE & gTBE

中科院天工所毕昌昊

DAF-CBE/TBE
Ø C>A/T>A in E. coli 

Ø C>G/T>G in mammalians

TSBE
Ø T>S(G or C) in mammalians

西湖大学常兴 

gCBE/gTBE
Ø C>G/T>S in mammalians

中科院药物所杨辉



Partial Chinese Scientists Contributed to Base Editor Development 

杨辉/Yang Hui

李大力/Li Dali 毕昌昊/Li Dali 常兴/Chang Xing高彩霞/Gao Caixia 魏文胜/Wei WenSheng

黄行许/Huang Xingxu 陈佳/Chen Jia 童华威/Tong Huawei汪阳明/Wang Yangming
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1. PE1 and beyond

刘如谦
David Liu



2. PE2 and beyond



3. circular RNA-mediated PEs

Recruitment by MCP 高彩霞/Gao Caixia



4. twinPE and beyond

PrimeRoot



5. Click editors
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坏掉的剪刀/the Broken scissors—“nCas9”and“dCas9”

Ø 以CRISPR/Cas9为例, as an example

Ø Cas9缺口酶（nicking Cas9, nCas9）：

   D10A or H840A

Ø “死掉”的Cas9 (dead Cas9, dCas9)：

    D10A and H840A



凤凰涅槃—dCas9

Phenix Rebirth - dCas9
Cas9死了？不，

Is Cas9 dead? No，
它还活着！

It is still alive!
并且很精彩！

And a wonderful living!

CRISPR之凤凰涅槃

凤凰：The auspicious beast second only to the 
dragon in Chinese mythology，which is assumed 
can reborn from the ashes



“八臂哪吒”/Nezha’s eight arms-- CRISPR-derived  technologies



• CRISPR interference（CRISPRi） • CRISPR activator（CRISPRa）

“八臂哪吒”/Nezha’s eight arms-- CRISPRi and CRISPRa



“八臂哪吒”/Nezha’s eight arms-- CRISPR transcription factors



dCas9 fusion/sgRNA tether

“八臂哪吒”/Nezha’s eight arms-- CRISPR epigenetic regulation factors



Genomic dynamic imaging and living cell tracing

“八臂哪吒”/Nezha’s eight arms-- CRISPR imaging



CRISPR/Cas12a Non-specific bypass-cutting effect

DNA Endonuclease Targeted CRISPR Trans Reporter (DETECTR)

“八臂哪吒”/Nezha’s eight arms-- CRISPR detetion
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Gene editing and beyond —
改变世界的技术/Technologies that changing the world

Engineering  of Animal, Plant and Microbe lifes for Agricultural Breeding, Gene Therapy, as 
well as  Life Investigation.



 In vivo & Ex vivo Gene Therapy

Hematopoietic stem cells 
(HSC) for differentiating into 
various blood cells

Targeting viruses lurking in the human body

For Patients with anemia

Against tumor cells



Pigs for 
xenotransplantation

潘登科博士
Dr. Pan DK

Building the organ factory , 
xenotransplantation changes the future

FirstGenetically 
Modified Pig Liver 
Transplant to human



Animal Engineering and Breeding

By Somatic cell editing and cloning

By embryo microinjection



基因编辑婴儿:
Gene-edited babies-
伦理之殇
Tragedy of Ethics in Research

Once caused huge 
controversy in public



Assignments and Discussions：

1. 请列举5种以上基于不同基因编辑工具的基因敲除策略，
并简述其基本原理; Please list more than five gene 
knockout strategies based on different gene 
editing tools and briefly introduce their basic 
molecular principles

2. 试论述制备基因编辑动物的是和制备基因编辑婴儿的非；
Try to discuss the different ethical considerations 
in the development of Genetically Edited Animals 
vs. Genetically Edited human Infants




