Oligonucleotide-mediated HDR for epitope tagging and conditional
mutagenesis in zebrafish

Cas9 mRNA

In vitro transcribed zebrafish-optimized nCas9n mRNA (Wenbiao Chen lab,
http://www.addgene.org/46757/) is purified using Qiagen MiniElute, diluted to 150 ng/ulL,
aliquoted 2 uL per Eppendorf tube and stored at -80°C.

Target selection

Always sequence the target locus in your wild type!

The most widely used S. pyogenes Cas9 only requires an NGG PAM site, making targets
reasonably abundant in G/C-rich coding sequences. When choosing a target, we apply the
same principles as for primer design, namely 40-50% G/C, high complexity, avoid
polypurine/polypyrimidine stretches. However, even some guides which do not meet these
most basic criteria have been found to be very good.

For epitope tagging, design an sgRNA which will induce a DSB as close to your target site as
possible. We used to select tagging sites based on relative absence of homology (see Burg et
al., 2016), but now Iddo Friedberg's lab at [owa State University has developed EpicTope
(available on GitHub) software package which uses evolutionary and structural features to
identify optimal tag insertion sites (see Zinski et al., bioRxiv).

For conditional mutagenesis, we believe it is best to place the two loxP sites within a few
hundred base pairs of each other (see Bakiinaité et al., bioRxiv). Due to high prevalence of
polymorphisms within introns, sequencing of the target locus is particularly important when
engineering conditional alleles.

Guide RNA

Our sgRNA synthesis method is described in Burg et al., 2016, but given how inexpensive
sgRNAs have become it makes more sense to simply order them. We do not worry about
efficiency predictions by IDT as these imperfectly (if at all) correlate with our observed

efficiencies. Upon receipt dilute sgRNA to 20 micromolar, then make a working solution by
diluting 1:20-1:40. Use RNAse-free water (AM9916)!

HDR template oligonucleotide

We design our HDR template oligonucleotides to be antisense to PAM, with asymmetric
homology arms (5' longer), 110 nucleotides long, PS-modified at both ends based on
Prykhozhij et al., 2018. We have not done a proper comparison, but shorter symmetric
oligonucleotides have worked very well too (see Burg et al,, 2016 and 2018). We order from
SigmaAldrich, but any other supplier should work just as well. Upon receipt make a 100 uM
dilution in RNAse-free water, then make a working solution by diluting 1:20-1:40.

Microinjection

1. Add 7 uL of sgRNA dilution and 1 uL of HDR oligonucleotide dilution to the 2 uL aliquot of
nCas9n RNA. Mix and keep on ice.

2. Inject 3 nL of mixed RNA/DNA into the yolks of 1-cell embryos. Those who like to work
extra hard and inject into the cell may have to reduce concentrations, not only volume.

3. Run 5 uL of RNA injection mix on a gel to make sure that nCas9n mRNA and guide RNA are
not degraded.

If you find this protocol useful, please cite Burg et al., 2016 and / or Burg et al., 2018
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Post-injection

At 3-5 dpf, pool and freeze 20 embryos for DNA prep and analysis. Run PCR using flanking
primers and assess rate of CRISPR/Cas9 mutagenesis by RFLP, Surveyor/T7 endonuclease or
sequence deconvolution (Synthego ICE and TIDE are our methods of choice). Run PCRs using
tag-specific (or loxP-specific) and flanking primers for both ends of integration to make sure
you are getting bands of the expected size.

Optional: freeze 8-16 individual embryos at 3-5 dpf for the same PCR analyses.

Screening for germline transmission by nested PCR

Raise the remaining injected embryos to adulthood, incross/outcross and freeze 3 pools of 20
embryos from each cross at 1-3 dpf.

Perform PCR using a flanking primer pair furthest outside of the edited site. Run on a gel to
make sure you get bands of expected sizes. We prefer PCR fragments of 500-800 bp.
Appearance of smaller-size bands indicate crosses transmitting sizeable deletions. This is not
uncommon.

Dilute the first PCR 1:100. Use 0.8 uL of the dilution as a template for two nested 20 uL. PCR
reactions (5' and 3') using a tag-specific (or loxP-specific) primer and inside flanking primer.
Run a gel. A batch is positive if expected 5' and 3' bands appear. Cut PCR bands out and send
for sequencing using the flanking primer.

Note: integration is almost always perfect at the 3' end of the HDR template, but the majority
of integrations at the 5' end contain indels.

Screening 3 of 20 embryos gives you an estimate of germline transmission rate. If all three
pools are positive, it is likely to be at least 1 in 20 and so forth. We consider germline
transmission rates below ~1 in 60 impractical, and therefore limit screening to 3x20.

Confirming germline transmission

Freeze 12/16/24 /32 individual 3-5 dpf embryos from positive crosses. Lyse. Run PCR with
inner flanking primers, preferably expecting a band of <400 base pairs. Some of the embryos
should display a larger PCR band containing the tag or the loxP site. Cut out the tag- or loxP-
positive larger band and sequence it. Sequencing will usually be imperfect because the larger
band you cut out is contaminated with the smaller band: analyze the trace file! Clone if needed
for confirmation.

Establishing edited strains

Raise embryos from positive crosses to adulthood, tail clip and perform the same analyses as
described for F1 embryos above. [t may make sense to also sequence the "wild type" band:
you will immediately know that your tagged locus is phenotypically wild type if the second
allele contains a frameshift. Outcross the F1 - or cross it to a transgenic of interest - to
establish a line.

If you find this protocol useful, please cite Burg et al., 2016 and / or Burg et al., 2018
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