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Uncoordinated mutants

Roller mutants`

Dumpy and small mutants

Long mutants

Blistered mutants

……

Phenotypes of mutants:



Methods for genome manipulation in C. elegans

• UV/TMP genome manipulation 

• Microparticle bombardment

• Cre/LoxP and FLP/FRT systems

• MosI system 

• ZFNs and TALEN technologies 

• CRISPR/Cas9 technology



Introduction of tRNA into embryos by microinjection into the 
parental gonad to in vivo suppress an amber mutant 

Judith Kimble, et al. Nature, 1982
John Smith Lab

A cloned C. 
used as a selectable marker. The activity of this amber 
suppressor is selected for by injecting worms which carry an 
amber termination mutation in a gene (tra
function is required for fertility. Transient expression of sup
7 is evidenced by the presence of fertile (rescued) animals in 
the generation after injection. In a fraction of cases, these 
fertile animals give rise to stable suppressor lines (eight 
have been characterized so far).





The microinjection platform in C. elegans

P0 : Injection of plasmids mix

into the germline

F1 : Single worms with the marker to     

NGM plates.

F2 : PCR amplification and 

DNA sequencing



DNA injected into the Caenorhabditis elegans germline 
forms extrachromosomal arrays 

Pavan Kadandale, et al. MIMB, 2008 



DNA injected into the Caenorhabditis elegans germline 
forms extrachromosomal arrays 

Karen W.Y. Yuen, et al. Current biology, 2011
Arshad Desai Lab



Integrative transformation of Caenorhabditis elegans

Heat shock

HSP-βGAL

No heat shock

Andrew Fire, The EMBO Journal, 1986 



Integration of extrachromosomal DNA arrays into a 
chromosome by UV- irradiation

Marie-Christine Mariol, et al. JoVE, 2013
Kathrin Gieseler Lab

Expressed in the soma
Silenced in the germline



Efficient gene transfer in C. elegans: extrachromosomal 
maintenance and integration of transforming sequences

Craig Mello, et al. The EMBO Journal, 1991
Victor Ambros Lab

Plasmid: pRF4
A: F1 rollers from independent injected animals;
B: Independent F1 rollers from one injected animal;
C: Independent F2 progeny derived from the same F1 roller.



Creation of Low-Copy Integrated Transgenic Lines via
microparticle bombardment

Vida Praitis, et al. GENETICS, 2001
Judith Austin Lab



FLP/FRT and Cre/LoxP recombination technologies
Conditionally activate or inactivate gene expression



MosTIC-induced targeted gene conversion
Mos1-mediated Single Copy Insertion (mosSCI) 

Christian Frøkjær-Jensen, et al, Nature Genetics, 2008
Erik M. Jorgensen Lab



ZFNs and TALENs create DNA lesions through the utility of 
sequence-specific DNA-binding modules



Conditional targeted genome editing using somatically 
expressed TALENs in C. elegans

Ze Cheng, at al. Nature Biotechnology. 2013
Guangshuo Ou Lab



Multiple observable physical properties of C. elegans

left handed roller right handed roller

WT sqt-1(e1350) rol-6(su1006)



The C. elegans and C. briggsae unc-119 loci



EG4322: strain widely used for MosSCI

ttTi5605 (LGII: 0.77)



Modified universal MosSCI insertion strains

EG8078 (oxTi185)

EG8079 (oxTi179)

EG8080(oxTi444)

EG8081(oxTi177)

EG8082(oxTi354)



CRISPR/Cas9 technology



CRISPR：Clustered Regularly Interspaced Short 
Palindromic Repeats



Schematic of the CRISPR/Cas9 system



CRISPR/Cas9 technology in C. elegans



Heritable genome editing in C. elegans via a 
CRISPR-Cas9 system

d

Ari E Friedland, et al. nature methods. 2013
John A Calarco Lab



Cas9 mRNA and sgRNA

Injection mix

Cas9/sgRNA complex

Cas9 mRNA and sgRNA

Cas9 and sgRNA plasmids

Cas9 and sgRNA plasmids



Engineering the genome using Cas9-triggered 
homologous recombination

Daniel J Dickinson, et al. Nature methods. 2013
Bob Goldstein Lab



How to be timesaving and laborsaving?

• 1. Efficient identification of genome-modified C. elegans strains

• 2. Increase the efficiency via the optimization of sgRNA and Cas9 protein

• 3. Simplification of the construction of repair template



Efficient identification of genome-modified C. elegans strains



Efficient Marker-Free Recovery of Custom Genetic 
Modifications Via Co-conversion

B

Joshua A. Arribere, et al. GENETICS. 2014
Andrew Z. Fire Lab



A Co-CRISPR Strategy for Efficient Genome Editing

Heesun Kim, et al. GENETICS, 2014
Craig C. Mello Lab



Lethal Mutation Co-Conversion and Inactivation of 
NHEJ Repair

Jordan D. Ward. GENETICS, 2014
Jordan D. Ward Lab



Streamlined Genome Engineering with a Self-Excising Drug 
Selection Cassette

Daniel J. Dickinson, et al. GENETICS. 2015
Bob Goldstein Lab

SEC elements:
1. sqt-1(e1350)
2. Hs::Cre
3. HygR



Streamlined Genome Engineering with a Self-Excising Drug 
Selection Cassette



Efficient Genome Editing in Caenorhabditis elegans with a 
Toolkit of Dual-Marker Selection Cassettes

Adam D. Norris, et al. GENETICS. 2015
John A. Calarco Lab

Cassette elements:
1. Pmyo-2::GFP
2. NeoR



Heritable/conditional genome editing in C. elegans using a 
CRISPR-Cas9 feeding system

Pengpeng Liu, et al. Cell research. 2014
Dong Liu Lab



Increase the efficiency via the optimization of sgRNA and 
Cas9 protein



One-step homozygosity in precise gene editing by an 
improved CRISPR/Cas9 system

#46168
pDD162

Pei Zhao, et al. Cell research. 2016
Ding Xue Lab

sgRNA(F+E)



Dramatic Enhancement of Genome Editing by
CRISPR/Cas9 Through Improved Guide RNA Design

Behnom Farboud, et al. GENETICS, 2015
Barbara J. Meyer Lab

GN17GGNGG



Cas9 Variants Expand the Target Repertoire

Ryan T. Bell, et al. GENETICS, 2015.
Andrew Z. Fire Lab



Simplification of the repair templates construction



Scalable and Versatile Genome Editing Using Linear DNAs 
with Microhomology to Cas9 Sites

Alexandre Paix, et al. GENETICS. 2014
Geraldine Seydoux Lab



Genome editing using in vivo assembly of linear DNAs

Template switching

Alexandre Paix, et al. NAR, 2016.
Geraldine Seydoux Lab



Genome editing using in vivo assembly of linear DNAs

Alexandre Paix, et al. NAR, 2016.
Geraldine Seydoux Lab



SapTrap, a Toolkit for High-Throughput CRISPR/Cas9 Gene 
Modification in Caenorhabditis elegans

Matthew L. Schwartz, et al. GENETICS, 2016
Erik M. Jorgensen Lab

SapI



The SapTrap assembly method

Matthew L. Schwartz, et al. GENETICS, 2016
Erik M. Jorgensen Lab



Efficient editing with long, partially single stranded 
dsDNA donors

Gregoriy A. Dokshin, et al. GENETICS, 2018
Craig Mello Lab



Chromosome manipulation



Targeted Chromosomal Translocations and Essential Gene Knockout 
Using CRISPR/Cas9 Technology in C. elegans

Xiangyang chen, et al. GENETICS, 2015
Shouhong Guang Lab



Generation of a set of structurally defined and aneuploidy-
free balancer chromosomes via CRISPR/Cas9

Katsufumi Dejima, et al. Cell reports. 2018
Shohei Mitani Lab



Targeted Chromosomal Rearrangements via Combinatorial Use of 
CRISPR/Cas9 and Cre/LoxP Technologies in C. elegans

Xiangyang chen, et al. G3, 2018
Shouhong Guang Lab



Essential gene manipulation



Somatic expression of the CRISPR-Cas9 system induces 
conditional mutations

Zhongfu Shen, et al.  Development cell. 2014
Guangshuo Ou Lab



Construction of W07E6.2 balancer using the CRISPR/Cas9 system

Xiangyang chen, et al. G3, 2018
Shouhong Guang Lab



The auxin-inducible degradation (AID) system enables 
versatile conditional protein depletion in C. elegans

Liangyu Zhang, et al. 2015, Development
Abby F. Dernburg Lab



An expanded auxin-inducible degron toolkit for 
Caenorhabditis elegans

Guinevere E Ashley, et al. GENETICS. 2021
Jordan D Ward Lab



CRISPR in our Lab



Dual sgRNA-guided deletion of a repetitive sequence



Dual sgRNA-directed deletion of lincRNAs



Dual sgRNAs can direct the deletion of large chromosome segments

Xiangyang Chen, et al. Sci Reports. 2014
Shouhong Guang Lab



Summary of dual sgRNAs experiments

f39b2 region                       100.2                    143                                      2                             1.4



Gene knockout via multiple sgRNAs

Xiangyang Chen, et al. unpublished



Cas9 directs chromosomal translocation between 
dpy-13 (LG IV) and rde-12 (LG V)



Cas9 directs chromosome translocation between 
ben-1 (LG III) and dpy-13 (LG IV)



Schematic of the genomic regions uncovered by existing 
balancer systems in C. elegans



Strategy for chromosomal inversions through combinatorial
use of the CRISPR/Cas9 and Cre/LoxP technologies



Summary of the chromosomal inversions



Transgene construction via the CRISPR/Cas9

1.5 kb 1.5 kb

At least one GN17GGNGG sgRNA
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NATF (Native and Tissue-Specific Fluorescence): A Strategy 
for Bright, Tissue-Specific GFP Labeling of Native Proteins

Siwei He, et al. GENETICS, 2019
David M. Miller(III) Lab


