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Single-copy Knock-In LOci for Defined Gene Expression



Single-copy Knock-In LOci for Defined Gene Expression
SKI LODGE

“The idea”

crRNA target 
sequence

General 3’UTRTissue-specific promoter 3xFLAGIntergenic regiondpy-10 site

1] How we made the SKI LODGE strains. 2] How to use the SKI LODGE strains.

Use only one crRNA guide:
1) Co-CRISPR
2) SKI LODGE cassette

Arribere et al. Genetics, 2014.
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How we made the SKI LODGE strains
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Making the strains

• CRISPR protocol: 
Paix et al., Genetics, 2015.

• Intergenic regions: 
Frøkjær-Jensen et al., Nature 
Genetics, 2008. MosSCI
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myo-3p (muscles)
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3xFLAG
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Testing the strains

pie-1p (germline) 3xFLAG GFP unc-54 3’UTR rab-3p (neurons) 3xFLAG wrmScarlet rab-3 3’UTR

eft-3p (ubiquitous) 3xFLAG wrmScarlet unc-54 3’UTR myo-3p (muscles) 3xFLAG wrmScarlet unc-54 3’UTR

unc-54 3’UTR



The SKI LODGE strains are available at the CGC
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Using the SKI LODGE strains



Using the SKI LODGE strains

Select your SKI LODGE strain



Using the SKI LODGE strains

Select your SKI LODGE strain

PCR with homology arms

Tissue-specific promoter dpy-10 site General 3’UTR3xFLAG

Gene of interest

Gene of interest

GFP

or

Homology 
arm 1

Homology 
arm 2



Using the SKI LODGE strains

Select your SKI LODGE strain

PCR with homology arms

Assemble complex in vitro 
using only the dpy-10 crRNA

a) PCR template.
b) dpy-10 crRNA:

• Co-CRISPR marker
• Target SKI LODGE cassette

c) Purified Cas9 + other reagents 
following the Paix protocol (2015), 

& Silva-García (2019).

Tissue-specific promoter dpy-10 site General 3’UTR3xFLAG



Using the SKI LODGE strains

Select your SKI LODGE strain

PCR with homology arms

Assemble complex in vitro 
using only the dpy-10 crRNA

Inject into SKI LODGE strain and 
screening

dpy-10 site

Tissue-specific promoter dpy-10 site General 3’UTR3xFLAG

Gene of interest

Tissue-specific promoter General 3’UTR3xFLAG Gene of interest



Tips!

PCR template length (∼2000 bp).

High template concentration (500-600 ng/ul).

Large homology arms are better (>50 bp).

Well-honed microinjection technique 
(10 injected worms = >200 dpys).

Good PCR genotyping strategy.



Conclusions

William Mair (PI):  wmair@hsph.harvard.edu

My email:  cgsilva@hsph.harvard.edu

Use your favorite CRISPR protocol for the SKI LODGE lines.

Use the dpy-10 crRNA.
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ABSTRACT We1 have generated single-copy knock-in loci for defined gene expression (SKI LODGE) system
to insert any DNA by CRISPR/Cas9 at defined safe harbors in the Caenorhabditis elegans genome. Utilizing
a single crRNA guide, which also acts as a Co-CRISPR enrichment marker, any DNA sequence can be
introduced as a single copy, regulated by different tissue-specific promoters. The SKI LODGE system
provides a fast, economical and effective approach for generating single-copy ectopic transgenes in C.
elegans.23 ;
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The C. elegans community has developed multiple protocols to express
transgenes45 ; in this genetic model. These protocols include extrachro-
mosomal6 arrays (Mello et al. 1991), gamma/UV integration (Evans
2006), biolistic transformation (Praitis et al. 2001), andMos1-mediated
single copy insertion (MosSCI) (Frøkjær-Jensen et al. 2008). The use of
these tools has expedited our understanding of innumerable molecular
and physiological mechanisms. However, many issues remain with
these systems that limit efficacy, including inter-individual variability
in expression levels, potential for disruption of one or more endoge-
nous genes, laborious methodologies, and co-selection/rescue markers
(i.e., unc or roller) linked to the transgene that can influence C. elegans
physiology. To circumnavigate these issues, we have taken advantage of
precise and rapid CRISPR/Cas9 gene knock genome editing (Dickinson
et al. 2013; Friedland et al. 2013) to make a single-copy knock-in loci
for defined gene expression (SKI LODGE) system at safe harbors in the
C. elegans genome. The SKI LODGE system allows rapid single copy
tissue-specific expression of any gene. SKI LODGE uses simple PCR
amplicons as repair templates along with a single well characterized

targeting sequence (dpy-10 crRNA sequence), that also facilitates
Co-CRISPR selection to enrich for mutants. Furthermore, after out-
crossing, SKI LODGE does not leave other alterations in the genome
thatmay be detrimental to the organism (e.g., rescue sequences used for
selection, or random insertional events that can disrupt untargeted
coding or regulatory sequences), and can facilitate rapid generation
of stably expressed, tissue-specific transgenes.

MATERIALS AND METHODS
We sought to generate transgenic C. elegans strains in which a single
copy tissue-specific promoter had been knocked in at a defined safe
harbor locus, along with the target sequence of a well characterized
crRNA that could later be used to knock in any DNA of choice by
CRISPR/Cas9 (Figure 1A and Table 1). Since the discovery of genomic
editing via CRISPR/Cas9, manymethods have been developed to make
genomic edits in C. elegans. One of these methods includes entirely
cloning-free steps and direct injection of in vitro-assembled Cas9-
CRISPR RNA (crRNA) trans-activating crRNA (tracrRNA) ribonu-
cleoprotein complexes into the C. elegans gonad (Paix et al. 2015,
2016). Utilizing this protocol as a base, we developed a toolkit to gen-
erate single copy insertions using only one crRNA guide. To define safe
harbor loci for the SKI LODGE system, we used those that are well
characterized by the MosSCI community (Frøkjær-Jensen et al. 2014)
and are known to give stable expression with no silencing (Figure 1B).
We generated a suite of transgenic cassettes that have a common gen-
eral design. Each SKI LODGE consists of a tissue-specific promoter,
followed by an epitope tag, a highly efficient CRISPR target sequence
copied from the dpy-10 gene, and a 39UTR for stable expression: tissue-
specific promoter::3xFLAG::dpy-10 protospacer & PAM::39UTR (Fig-
ure 1). By inserting 30 bases of protospacer and PAM sequence from
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The SKI LODGE system will give you defined gene expression from single copy 
transgenes.
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