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Figure 1.20: Desmoplakin is a potential mediator of radial intercalation. 

(A) Radial intercalation in a normal embryo occurs through a step-wise process of apical 
emergence followed by apical expansion and development of specialized characteristics such as 

cilia in a multiciliated cell. This probably occurs through enrichment of Dsp. (B) Radial 
intercalation in embryos with deficient Dsp is faulty, possibly due to defective apical emergence 
and expansion, leading to smaller apical surface and defective development of specialized 

structures such as fewer and shorter cilia. 
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Figure 1.21: Model for JNK-mediated regulation of desmosome assembly through post-

translational modification. 

(A) A desmosomal complex at the cell-cell junction. (B, C) Increased JNK activity might lead to 
direct or indirect phosphorylation of desmosomal proteins such as plakoglobin (Pg) and keratin 

filaments. (D) Phosphorylation probably leads to keratin detachment and internalization of 
desmosomal components. 
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Figure 1.22: Model for JNK-mediated regulation of desmosome assembly through 

transcriptional changes. 

(A) Increased JNK activity might lead to reduced expression of desmosomal genes such as 
desmoglein (Dsg), desmocollin (Dsc), plakoglobin (Pg), and desmoplakin (Dsp). (B) These 

changes in expression might reduce the number of desmosomes at cell contacts as the embryo 
develops. 
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Figure 1.23: Model for JNK-mediated regulation of desmosome hyperadhesion. 
(A) Exposure to EGTA triggers calcium chelation which results in loss of calcium-dependent 

binding. (B) Reducing JNK activity prior to EGTA-mediated calcium chelation protects the 
desmosome from internalization by probably leading to a more organized structure and calcium-

independence.   
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CHAPTER 2:FAST AND EFFICIENT CRISPR/ CAS9 DESIGN FOR GENERATION OF 

XENOPUS LAEVIS DESMOPLAKIN MUTANTS 

 

INTRODUCTION 

 

This protocol presents a method for the generation of desmoplakin (Dsp) mutants in Xenopus 

laevis. First, a gene-specific single guide RNA (sgRNA) was designed and synthesized as a double 

stranded DNA (dsDNA) template with an RNA polymerase binding site and loop sequence. This 

template was then transcribed into an oligo containing the sgRNA target site and loop sequence. 

Then, sgRNA along with Cas9 protein were injected into the embryo at an appropriate 

developmental stage based on whether whole embryo or tissue-specific targeting is required. DNA 

was then extracted from F0 mutants and analyzed with the T7 endonuclease I assay to determine 

if mutations were present. This protocol also describes methods to sequence the sgRNA target site 

to identify specific mutations. 
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RELATED INFORMATION 

 

Some methods described here are partially adapted from a protocol used for generating mutants in 

zebrafish (Danio rerio) (Shah et al., 2016). Additional considerations for efficient sgRNA design 

have been described elsewhere (Doench et al., 2016; Doench et al., 2014; Xu et al., 2015). 
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MATERIALS 

 

REAGENTS 

Agarose gel (3% [w/v] in 1X TAE buffer)  

Prepare as 1:1 ratio of regular agarose (1.5% [w/v]) and Super Fine Resolution agarose 

(1.5% [w/v]). This mix is easier to dissolve and has high resolution.  

Alkaline Lysis Buffer (1X)  

Prepare fresh from 50X stock (25mM NaOH, 0.2mM Na2+-EDTA). 

Cas9 protein  

Store at -80°C. 

Ethanol (70% [w/v], prepared in nuclease-free water) 

Lithium chloride precipitation solution  

Store at -20°C. 

MEGAscript T7 transcription kit  

Store at -20°C. 

Modified Barth’s Solution (MBS) (0.1X) 

Na2+-EDTA (0.25M) 

NEBuffer 2 (10X) 

Neutralization buffer (1X)   

Prepare fresh from 50X stock (40mM Tris-HCl). 

Nuclease-free water 
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PCR product purification kit 

Phusion PCR Master Mix  

Store at -20°C. 

 

Scaffold Oligo (PAGE purified) 

5’-

GATCCGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTA

ACTTGCTATTTCTAGCTCTAAAAC-3’ 

 

T7 endonuclease I (M0302, NEB) Store at -20°C.  

This is used to detect heteroduplex DNA resulting from CRISPR/ Cas9-mediated 

mutagenesis.  

 

Xenopus laevis embryos, stage of interest  

Embryo jelly coat must be removed completely prior to microinjection. See Dejellying 

Xenopus laevis Embryos (Sive et al., 2007) for more details. 

 

EQUIPMENT 

Dissecting or stereoscopic microscope 

Equipment for injecting Xenopus embryos  

see Microinjection of Xenopus Embryos (Sive et al., 2010). 

Forceps 

Freezer, -20°C and -80°C 
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Gloves, powder-free 

Incubator, 15-23°C 

Microcentrifuge 

Micropipettors, 2-, 20-, and 100-µl, with corresponding tips 

Microwave oven 

PCR tubes, 0.2ml, as needed 

Petri dishes, polystyrene 

Pipette pump  

Alternatively, a transfer pipette can be used. 

Spectrophotometer 

Thermal cycler, with Ramp function 

Tissue grinder or pestle (optional; see Step 22) 

Vortex mixer 

 

 

 

 

 

 

 

 



 
 

127 
 

 

 

METHOD 

 

A. DESIGN OF GENE- AND HOMOLOG-SPECIFIC sgRNA TEMPLATE 

 

1. Obtain coding sequence in the Xenopus laevis genome on Xenbase (xenbase.org).  

 

2. Determine if Dsp is present on the Long (L) and Short (S) chromosomes. 

 

X. laevis is an allotetraploid, therefore, there are subgenome homologs of Dsp on both the L and 

S chromosomes (Graf and Kobel, 1991; Session et al., 2016). This step helps in identifying 

conserved sequence motifs between both subgenome homologs. 

 

3. Ensure that exons in the coding region of all homologs are present. 

 

Creating mutations in exons can result in successful loss of function. Exons are also preferable 

because many X. laevis genes have incompletely sequenced introns (except when proximal to exon 

boundaries) making them unreliable targets. 

 

4. Use individual exons as targets in a prediction software and run the program to obtain the most 

efficient sgRNA(s) against a target region. 
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The CHOPCHOP tool was used to predict sgRNA targets in Xenopus 

laevis  (http://chopchop.cbu.uib.no/).The sgRNA sequence generated was a 23 bp oligonucleotide 

which includes a 3 bp NGG protospacer-adjacent motif (PAM) at the 3’ end. The target region 

was chosen as close to the N-terminus or within well-characterized functional domains (Shi et al., 

2015a). In order of preference, the first two nucleotides of this sequence should be 

GG>GA=GT>GC for efficient transcription by T7 RNA polymerase (Milligan and Uhlenbeck, 

1989; Shah et al., 2015). Multiple sgRNAs each targeting different exonic regions were chosen. 

This ensures specificity of phenotypes (Shah et al., 2016). 

 

To target one subgenome homolog: 

i. Choose an sgRNA with >3nt mismatches between homologs, preferably within 8-12 base pairs 

proximal to the PAM site. 

 

Alternatively, choose a region not conserved between subgenome homologs. Greater than 5 

mismatches can increase off-target mutagenesis (Fu et al., 2013). Therefore, it is always important 

to determine off-target site binding (for example, by performing a BLAST search). 

 

To target both subgenome homologs: 

ii. Choose an sgRNA with <3nt mismatch between homologs. 

 

IMPORTANT: Mismatches should not lie within the PAM sequence or 8-12 base pairs proximal 

to the PAM site when targeting both homologs. 
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(preferably both) when determining the function of a gene not tested in Xenopus before. A positive 

control targets a gene that is thought to be involved in the same process as the gene of interest and 

allows setting a threshold for phenotypic screening. A negative control targets a gene not involved 

in that process and provides a measure of natural variability for that phenotype. It can also give 

information about toxicity or stress effects of the reagents or the injection itself (Shah et al., 2016). 

 

18. Prepare 830ng/μl aliquots of sgRNA (in nuclease-free water) and 2μg/μl aliquots of Cas9 

protein. 

 

Store sgRNA and Cas9 protein at ‐80°C, avoiding repeated freeze-thaw cycles. 

 

19. On the day of injection, mix Cas9 and sgRNA(s) to final concentration of 750ng/μl (Cas9) and 

500ng/μl (sgRNA). 

 

20. Inject ~2nl per embryo at 1-cell stage (1.5ng Cas9 and 1ng sgRNA/ embryo). Perform 

microinjections as described in Microinjection of Xenopus Embryos (Sive et al., 2010). 

 

The amount of sgRNA and Cas9 can depend on factors such as functional redundancy, and 

whether the protein function is cell-autonomous or can be rescued by wild-type cells. For best 

results, inject and culture embryos in 15°C 0.1X MBS to delay the first mitotic division. 

For mosaic embryos, perform injections at 4-cell stage. Alternatively, since fate maps are well-

characterized in X. laevis, perform injections at 16- to 32-cell stage to target only a specific subset 
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of cells or tissues (Dale and Slack, 1987; Moody, 1987; Moody and Kline, 1990). Adjust 

concentrations and injection volumes accordingly. 

 

D. DNA EXTRACTION FROM F0 MUTANT EMBRYOS 

 

A quick diagnostic test of successful mutation by CRISPR/ Cas9 is the presence of phenotypic 

changes. Dsp F0 mutants mimicked phenotypes observed in Dsp morphants but at lower 

prevalence (Chapter 1, Fig. 1.9-1.10). The tyrosinase genes, tyra and tyrb, were also targeted to 

determine the effect on morphology of F0 mutants (Wang et al., 2015). Embryos injected with 

sgRNAs targeting both tyra and tyrb developed normally except for defects in pigmentation 

patterns (Fig. 2.1B-D). Similar to reports in (Wang et al., 2015), there was phenotypic variability 

in the amount of pigmentation lost. 

However, absence of phenotypes suggests a number of explanations. As mentioned above, these 

may include low mutagenesis rate coupled with rescue by wild-type cells, and unknown 

functionally-redundant genes. Alternatively, the gene of interest may not be mutated at all. In most 

cases, DNA will have to be extracted to determine presence of mutations in the genome. 

 

21. Place one embryo per PCR tube on ice. Remove any medium with a pipette. 

 

Here, we use embryos at stage 30-31 (35-38hpf) but use any stage after stage 20 (22hpf) to obtain 

sufficient quantities of DNA.  

 

22. Add 35µl 1X Alkaline Lysis Buffer and heat at 95°C for 40 minutes. 
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Alkaline Lysis Buffer should be freshly prepared from 50X stock. Optional: Macerate embryos 

with a pestle to increase yield. 

 

23. Cool to 4°C. 

 

24. Add 35μl of 1X Neutralization Buffer. 

 

Neutralization Buffer should be freshly prepared from 50X stock. 

 

25. Vortex lightly and store at -20°C. Spin with centrifuge every time before usage. 

 

E. DETECTING MUTATIONS IN THE TARGET SEQUENCE 

To confirm that mutations have occurred in the target region, there are a number of methods such 

as high resolution melting (HRM) analysis and nuclease digest (Restriction Fragment Length 

Polymorphism). Here, we provide a modified T7 endonuclease I assay from New England Biolabs, 

Inc. (NEB) for fast and effective mutation analysis. This method relies on the random nature of 

different indels and heteroduplex formation (Mashal et al., 1995). 

 

26. Amplify the target region with specific primers using the following reaction mix and protocol.  
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Reaction mix: 

Reagents Volume 

2X Phusion Master Mix 15μl 

Sample DNA Variable (100ng) 

Primers (10μM) 3μl each 

Nuclease-free water To 30μl 

Total 30μl 

 

Protocol: 

 

i. 98°C for 30s. 

ii. (98°C for 5s, 61°C for 10s, 72°C for 20s) X 35 cycles. 

iii. 72°C for 120s. 

iv. 4°C hold. 

 

Primers should be designed to create products 200bp-1kb in size. Primers should be designed in 

such a way that the target site is off-center within the amplicon so that digestion produces easily 

resolvable DNA fragments. 

IMPORTANT: At least one primer in the primer pair should be sufficiently different to be able to 

distinguish between L and S homologs. Additionally, design primers such that amplicons from L 

and S homologs are also distinctly different sizes to avoid ambiguity. Primer design for an sgRNA 
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targeting both desmoplakin homologs is provided in Table 1.4. Primer design for an sgRNA 

targeting both tyrosinase homologs is provided in Table 2.1. 

 

27. Clean the PCR product using DNA concentrator columns, eluting and dissolving in nuclease -

free water. 

 

28. Measure the concentration using a spectrophotometer. 

 

29. Analyze the purified PCR product for mutations. 

 

Reaction mix: 

 

Reagents Volume 

Purified PCR product Variable (200ng) 

10X NEBuffer 2 2μl 

Nuclease-free water To 19μl 

Total 19μl 

 

 

 

 


