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CRISPR Adventures in China
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Over the past two decades, developments in next-

generation sequencing technologies have led a flourish-

ing era of ‘‘genome reading’’. Recent CRISPR-based

editing technologies are the beginning of a ‘‘genome

editing’’ renaissance. CRISPR sequences were first dis-

covered by microbiologists, but since 2012–2013, scien-

tists across numerous fields worldwide have been

attracted by the potential of CRISPR-Cas editing tech-

nologies as a versatile and acces-

sible genome editing tool. A

growing genome editing toolbox

based on CRISPR systems in-

volving Cas9, Cas12, Cas13,

base editors (BEs), and prime ed-

itors (PEs) is advancing research

in agriculture, biology, biotech-

nology, and medicine.1–3

China has established itself as

one of leading nations in the

CRISPR revolution due to the

immense scientific curiosity of

the research community and gen-

erous support from the Chinese

government, including heavy in-

vestment from central, provin-

cial, and city governments in

China. Both the National Natural

Science Foundation of the cen-

tral government and the Ministry

of Science and Technology have

approved multiple projects in

various disciplines. In Septem-

ber 2017, China launched the Committee of Genome

Editing, Genetics Society of China, which became a

platform for accessible communication and cooperation

between scientists to accelerate the development of

CRISPR research and applications in China. At this an-

nual workshop, scientists working in agriculture, basic

research, biotechnology, and medicine shared their

group’s progress.

CRISPR systems are derived from sophisticated adaptive

immune systems found in bacteria and archaea.4 Besides the

commonly used type-II Cas9 protein, other DNA and RNA

endonucleases such as Cas12a and Cas13a have been

exploited as DNA and RNA editors, and Cas variants

have been engineered to recognize an expanded suite of

protospacer adjacent motif sequences and function more ef-

fectively with improved specificity.1 However, many novel

systems remain to be explored. In

this context, dissecting the structure

and mechanism of action of various

CRISPR systems is important for

identifying and applying novel edit-

ing tools. For example, Liu et al.

have solved the structure of a type

VI CRISPR-Cas system,

LshCas13a, and identified two inde-

pendent catalytic sites of RNA en-

donuclease activity, revealing its

ability to cleave RNA.5 Two groups

have independently described the

DNA cleavage mechanism of the

two type V CRISPR-Cas systems,

AacCas12b6 and BthCas12b,7

which display especially high spec-

ificity. These studies provide impor-

tant insights into the underlying

molecular mechanisms of CRISPR

systems and establish a framework

for modifying them as genome and

transcriptome editing tools.

The recent emergence of BEs8

and PEs9 with high editing efficiency enables more

broad applications in agriculture and therapeutics.3 In ad-

dition to the originally reported rat APOBEC1 (rA1)-

Cas9-UGI configuration, Li et al. developed Cas12a-

derived BEs,10 while two groups separately developed

human APOBEC3A (hA3A)-derived BEs,11,12 which

further expand the BE targeting repertoire to A/T-rich

and methylated DNA regions. Furthermore, dual BEs
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that combine both cytidine and adenosine deaminases

have been developed and applied in plants13 and human

cells14 to induce saturated C-to-T and A-to-G mutations

at target sites.

Recently, improved prime editing methods have lever-

aged paired prime editing guide RNAs (pegRNAs) that

encode for the same edit.15 Off-target effects of genome

editors have always been of concern. In addition to the

off-target effects caused by the permissive binding of

gRNA, gRNA-independent off-target effects of BE

have been found in plants16 and mammalian cells.17 As

the cytidine deaminase portion of BE can bind and mutate

single-stranded regions in genomic DNA, more advanced

versions of BEs have been developed to reduce or elimi-

nate gRNA-independent off-target mutations.18–20 Of

note, PE manifested no observable pegRNA-independent

off-target effects in a genome-wide analysis,21 suggesting

high editing specificity. Collectively, the continued im-

provement of BEs and PEs promises many exciting appli-

cations in the future.

Plant Progress
For plant geneticists and crop scientists, time and resources

are key elements, limiting crop improvement by conven-

tional breeding. CRISPR and other genome editing technol-

ogies provide rapid tools for functional research and

molecular breeding. So far, genome editing has been most

widely used for gene knockouts to assess function. In

2013, Chinese scientists were the first to produce CRISPR-

Cas9-edited rice plants. This approach was extended from

dicots to monocots and from diploid to polyploid plants.22

Chinese scientists are contributing to the development

and application of improved toolkits for single and mul-

tiplex knockouts, fragment deletion, gene targeting, base

editing, and prime editing using the CRISPR system in

plants.23 Because whole genome-wide mutant libraries

are of great value for functional genomics and genetic

improvement, two Chinese groups generated large-scale

collections of mutants at the whole genome level in

rice.24,25 Insertions or deletions (indels) usually disrupt

the expression of genes of interest, but a recent report

showed that CRISPR-induced indels in an upstream

open reading frame can actually be used to enhance

gene translation in plants, thus opening up the application

of CRISPR-Cas9 to translational control.26

Besides functional genomics research, another advan-

tage of CRISPR in agriculture is to permit accurate and

rapid crop improvement by creating disease resistance,

herbicide tolerance, and improvements in nutritional

value by modifying endogenous genes.23 Promising re-

sults from the use of CRISPR tools in crops and vegeta-

bles have already been achieved. One success has been

the simultaneous knockout of the three homoeoalleles

of the TaMLO gene, which conferred resistance to pow-

dery mildew fungus in wheat. This feat illustrated the

power of genome editing tools in modifying complex

plant genomes and creating crops with valuable traits.27

Other uses generated simultaneous modification of

several meiotic-related genes in rice to form haploid

seeds.28 Although CRISPR approaches have great advan-

tages over conventional breeding, public resistance to

and government regulations of the presence of transgenes

have impeded its full acceptance. As a result, researchers

have employed preassembled Cas9 mRNA/protein-

gRNA complexes to express editing genes transiently in

bread wheat, providing a potential strategy to address

regulatory hurdles.29,30 Chinese scientists have pioneered

many of these CRISPR agricultural advances, which con-

tinue to stimulate developments worldwide.

Animal Models and Clinical Trials
Harnessing CRISPR technologies to generate animal

models is important for human disease research and ther-

apeutic development. Yan et al. were the first to create a

huntingtin knockin pig model that mimicked phenotypic

features in Huntington’s disease,31 highlighting the

importance of using large mammals to investigate neuro-

degenerative diseases. Monkey models created by gene

editing are able to mimic sophisticated features of

human cognition and social interactions, providing pow-

erful models for studying such diseases.32,33

Another exciting application is the development by Niu

et al. in producing porcine endogenous retrovirus–

inactivated live pigs to serve as a foundational pig strain

to provide safe and effective organ and tissue resources

for xenotransplantation.34 Clinical trials using CRISPR-

Cas9 systems are underway globally, with China approving

the first human CRISPR trial in the world for the treatment

of lung cancer in 2016. Subsequently, the United States and

EU approved similar clinical trials. In 2019, the effect of

knocking out CCR5 in human hematopoietic stem and pro-

genitor cells (HSPCs) on human immunodeficiency virus

infection was tested in another clinical trial, and successful

transplantation and long-term engraftment of CRISPR-

edited HSPCs were achieved.35

Chinese researchers have supported The CRISPR

Journal since its inaugural issue in 2018, and we are

pleased to see more and more Chinese groups submit-

ting and publishing their manuscripts. This special

‘‘CRISPR in China’’ issue of The CRISPR Journal

brings together a diverse selection of original research

papers highlighting many interesting new areas of re-

search, from programming cells with CRISPR-

associated transposases (see page 350) and CRISPR
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editing in Bombyx mori (page 371) to rapid adenoviral

vector construction (page 381) and a CRISPR strip for

COVID-19 point-of-care testing (page 392). We also

feature several reports evaluating the CRISPR land-

scape in China by studying bibliometric and patent

data (see pages 313, 321, and 339).

Of course, neither this special issue nor this brief edi-

torial can do justice to the breadth of CRISPR advance-

ments in China. CRISPR technologies are providing

inspiration to many areas of research and researchers

around the world, stimulating molecular biology research

in China and beyond.

References

1. Knott GJ, Doudna JA. CRISPR-Cas guides the future of genetic engineer-
ing. Science 2018;361:866–869. DOI: 10.1126/science.aat5011.

2. Hsu PD, Lander ES, Zhang F. Development and applications of CRISPR-
Cas9 for genome engineering. Cell 2014;157:1262–1278. DOI: 10.1016/
j.cell.2014.05.010.

3. Anzalone AV, Koblan LW, Liu DR. Genome editing with CRISPR-Cas nu-
cleases, base editors, transposases and prime editors. Nat Biotechnol
2020;38:824–844. DOI: 10.1038/s41587-020-0561-9.

4. Makarova KS, Wolf YI, Iranzo J, et al. Evolutionary classification of CRISPR-
Cas systems: a burst of class 2 and derived variants. Nat Rev Microbiol
2020;18:67–83. DOI: 10.1038/s41579-019-0299-x.

5. Liu L, Li X, Wang J, et al. Two distant catalytic sites are responsible for C2c2
RNase activities. Cell 2017;168:121–134. DOI: 10.1016/j.cell.2016.12.031.

6. Liu L, Chen P, Wang M, et al. C2c1-sgRNA complex structure reveals RNA-
guided DNA cleavage mechanism. Mol Cell 2017;65:310–322. DOI:
10.1016/j.molcel.2016.11.040.

7. Wu D, Guan X, Zhu Y, et al. Structural basis of stringent PAM recognition
by CRISPR-C2c1 in complex with sgRNA. Cell Res 2017;27:705–708. DOI:
10.1038/cr.2017.46.

8. Komor AC, Kim YB, Packer MS, et al. Programmable editing of a target
base in genomic DNA without double-stranded DNA cleavage. Nature
2016;533:420–424. DOI: 10.1038/nature17946.

9. Anzalone AV, Randolph PB, Davis JR, et al. Search-and-replace genome
editing without double-strand breaks or donor DNA. Nature
2019;576:149–157. DOI: 10.1038/s41586-019-1711-4.

10. Li X, Wang Y, Liu Y, et al. Base editing with a Cpf1-cytidine deaminase
fusion. Nat Biotechnol 2018;36:324–327. DOI: 10.1038/nbt.4102.

11. Wang X, Li J, Wang Y, et al. Efficient base editing in methylated regions
with a human APOBEC3A-Cas9 fusion. Nat Biotechnol 2018;36:946–949.
DOI: 10.1038/nbt.4198.

12. Zong Y, Song Q, Li C, et al. Efficient C-to-T base editing in plants using a
fusion of nCas9 and human APOBEC3A. Nat Biotechnol 2018;36:950–
953. DOI: 10.1038/nbt.4261.

13. Li C, Zhang R, Meng X, et al. Targeted, random mutagenesis of plant
genes with dual cytosine and adenine base editors. Nat Biotechnol
2020;38:875–882. DOI: 10.1038/s41587-019-0393-7.

14. Zhang X, Zhu B, Chen L, et al. Dual base editor catalyzes both cytosine
and adenine base conversions in human cells. Nat Biotechnol
2020;38:856–860. DOI: 10.1038/s41587-020-0527-y.

15. Lin Q, Jin S, Zong Y, et al. High-efficiency prime editing with optimized,
paired pegRNAs in plants. Nat Biotechnol 2021 Mar 25 [Epub ahead of
print]; DOI: 10.1038/s41587-021-00868-w.

16. Jin S, Zong Y, Gao Q, et al. Cytosine, but not adenine, base editors induce
genome-wide off-target mutations in rice. Science 2019;364:292–295.
DOI: 10.1126/science.aaw7166.

17. Zuo E, Sun Y, Wei W, et al. Cytosine base editor generates substantial off-
target single-nucleotide variants in mouse embryos. Science
2019;364:289–292. DOI: 10.1126/science.aav9973.

18. Zuo E, Sun Y, Yuan T, et al. A rationally engineered cytosine base editor re-
tains high on-target activity while reducing both DNA and RNA off-target
effects. Nat Methods 2020;17:600–604. DOI: 10.1038/s41592-020-0832-x.

19. Jin S, Fei H, Zhu Z, et al. Rationally designed APOBEC3B cytosine base
editors with improved specificity. Mol Cell 2020;79:728–740.e6. DOI:
10.1016/j.molcel.2020.07.005.

20. Wang L, Xue W, Zhang H, et al. Eliminating base-editor-induced genome-
wide and transcriptome-wide off-target mutations. Nat Cell Biol
2021;23:552–563. DOI: 10.1038/s41556-021-00671-4.

21. Jin S, Lin Q, Luo Y, et al. Genome-wide specificity of prime editors in
plants. Nat Biotechnol 2021 Apr 15 [Epub ahead of print]; DOI: 10.1038/
s41587-021-00891-x.

22. Shan Q, Wang Y, Li J, et al. Targeted genome modification of crop plants
using a CRISPR-Cas system. Nat Biotechnol 2013;31:686–688. DOI:
10.1038/nbt.2650.

23. Zhu H, Li C, Gao C. Applications of CRISPR-Cas in agriculture and plant
biotechnology. Nat Rev Mol Cell Biol 2020;21:661–677. DOI: 10.1038/
s41580-020-00288-9.

24. Meng X, Yu H, Zhang Y, et al. Construction of a genome-wide mutant
library in rice using CRISPR/Cas9. Mol Plant 2017;10:1238–1241. DOI:
10.1016/j.molp.2017.06.006.

25. Lu Y, Ye X, Guo R, et al. Genome-wide targeted mutagenesis in rice using
the CRISPR/Cas9 system. Mol Plant 2017;10:1242–1245. DOI: 10.1016/
j.molp.2017.06.007.

26. Zhang H, Si X, Ji X, et al. Genome editing of upstream open reading
frames enables translational control in plants. Nat Biotechnol
2018;36:894–898. DOI: 10.1038/nbt.4202.

27. Wang Y, Cheng X, Shan Q, et al. Simultaneous editing of three homoe-
oalleles in hexaploid bread wheat confers heritable resistance to
powdery mildew. Nat Biotechnol 2014;32:947–951. DOI: 10.1038/
nbt.2969.

28. Wang C, Liu Q, Shen Y, et al. Clonal seeds from hybrid rice by si-
multaneous genome engineering of meiosis and fertilization
genes. Nat Biotechnol 2019;37:283–286. DOI: 10.1038/s41587-018-
0003-0.

29. Zhang Y, Liang Z, Zong Y, et al. Efficient and transgene-free genome
editing in wheat through transient expression of CRISPR/Cas9 DNA or
RNA. Nat Commun 2016;7:12617. DOI: 10.1038/ncomms12617.

30. Liang Z, Chen K, Li T, et al. Efficient DNA-free genome editing of bread
wheat using CRISPR/Cas9 ribonucleoprotein complexes. Nat Commun
2017;8:14261. DOI: 10.1038/ncomms14261.

31. Yan S, Tu Z, Liu Z, et al. A huntingtin knockin pig model recapitulates
features of selective neurodegeneration in Huntington’s disease. Cell
2018;173:989–1002. DOI: 10.1016/j.cell.2018.03.005.

32. Niu Y, Shen B, Cui Y, et al. Generation of gene-modified cynomolgus
monkey via Cas9/RNA-mediated gene targeting in one-cell embryos.
Cell 2014;156:836–843. DOI: 10.1016/j.cell.2014.01.027.

33. Zhou Y, Sharma J, Ke Q, et al. Atypical behaviour and connectivity in
SHANK3-mutant macaques. Nature 2019;570:326–331. DOI: 10.1038/
s41586-019-1278-0.

34. Niu D, Wei HJ, Lin L, et al. Inactivation of porcine endogenous retrovirus in
pigs using CRISPR-Cas9. Science 2017;357:1303–1307. DOI: 10.1126/
science.aan4187.

35. Xu L, Wang J, Liu Y, et al. CRISPR-edited stem cells in a patient with HIV
and acute lymphocytic leukemia. N Engl J Med 2019;381:1240–1247.
DOI: 10.1056/NEJMoa1817426.

306 GUEST EDITORIAL

D
ow

nl
oa

de
d 

by
 "

In
st

itu
te

 o
f 

G
en

et
ie

s 
an

d 
D

ev
el

op
m

en
ta

l B
io

lo
gy

,C
A

S"
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

3/
15

/2
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 


