So you want to make a TALEN

What are TALENs?

Briefly, TALENs (Transcription Activator-Like Effector Nucleases) are DNA-binding proteins with repetitive domains attached to a C-terminal nuclease domain. These repetitive domains comprise two highly variable amino acid residues (repeat variable di-residue; RVDs) at the 12th and 13th loci flanked by constant non-varying regions. Each repeat domain is named after its RVD sequence (i.e., NI: glutamine-isoleucine). Each RVD specifically targets one base in a DNA sequence: HD, NG, NI, or NN targets C, T, A or G, respectively. Thus, the linear sequence of the RVDs is responsible for targeting the TALEN to a particular location in the genome. The nuclease domain of the TALEN, codes for FokI nuclease. For FokI to actively cleave DNA, it must dimerize with another FokI monomer. Thus, when a FokI monomer from one TALEN arm is spatially close to the FokI monomer of another TALEN arm, DNA can be cut.  TALENs most efficiently make DNA double-strand break when the two arms are separated by 15-20 nucleotides. It is this “spacer” region of the DNA that is cleaved (so effectively, the spacer region is the target site).  After DNA cleavage occurs, ensuring DNA repair does not faithfully restore original genomic sequences but is error-prone (NHEJ: non-homologous end joining). This process leads to different mutations in an injected cell or animal. Most commonly, small scale of deletions and/or insertions result (see Figure 1). With the high binding specificity and cutting efficiency, TALENs can be targeted to almost any part of the genome!

What is the process?

1) Determination of target sequence - The first step is to figure out where in the genome you want your DNA to be modified.  Are you targeting an exon, an intron, non-coding RNA, etc?  Does your gene undergo alternative splicing?  Does it have alternate promoters?  You need to consider these possibilities so that you can target the correct/most effective region of your genome.
2) Confirmation of target sequence - Do you know, with certainty, the exact DNA sequence you are targeting?  Generally, we like to amplify the region we want to target with a TALEN and sequence the PCR product to ensure that we have the correct sequence.  If you even have a single base pair that is different (e.g.: SNP; single nucleotide polymorphism), this will greatly reduce or eliminate the possibility of the TALENs binding.  It may also prevent you from screening your mutants (depending on the screening method you choose).
3) TALEN Design - We use Mojo Hand software to design our TALENs: http://www.talendesign.org/  The output is based upon restriction digest screening post-genome-modification, but the TALEN design is valid regardless of the downstream screening method (see Step 6).
4) Making the TALEN (plasmids) Now the assembly process can begin.  In theory, this is a 3 (working)-day process that requires 1 assembly step and sequencing to confirm the final product.  This 3-day process assumes that all goes well. Sequencing result turnaround takes 1-2 working days as we await sequencing results.
5) Recipient vectors - With the sequence of the genomic region confirmed and your TALEN designed to target the most effective region(s), you can decide the recipient plasmids depending on your model systems (e.g., cells or animals). There are a number of vector backbones that you can choose from.  Some are RNA transcription vectors for mRNA injection after in vitro transcription; others have specific promoters for driving TALEN expression from the plasmids inside cells. We routinely inject TALEN mRNA, synthesized in vitro from RNA-transcription vectors.
6) Screening for mutants – again this step is your decision. After waiting for 2-3 days, we screen the injected embryos to quantify mutagenic efficiency using RFLP (restriction fragment length polymorphism) or surveyor assays. We like to screen for mutations via restriction enzyme digest.  The principle is that we amplify a region (amplicon) of the wildtype genome that includes the TALEN target site. We design the TALENs and the amplicon so that the TALEN “spacer” region includes a restriction site; this restriction site is asymmetrically located in the amplicon.  Thus, when the WT amplicon is digested, we should be able to see complete digestion into two distinct products.  For the mutant DNA, there should be modification of the restriction site (if the TALENs generated mutation). Upon restriction digest of mutant amplicons, one should see only partial digestion (we do sometimes get complete bi-allelic conversion with TALENs). These regions will show a combination of WT and mutant DNA upon screening (see Figure 2).  Another screening option, for example, is to amplify and sequence products or use high resolution melt analysis, etc
.  
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