Physical limits of CRISPR-SpCas9 specificity
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Big Picture Methods continued

This project is a means to exploring the idea that
biochemical information processing systems that are
not coupled to external energy sources have bounded
efficacies. The series of steps preceding the cleavage
of dsDNA by SpCas9 is believed to not be coupled to
any external energy sources, which raises the question
of whether there is a physical limit to the specificity
of SpCas9. To answer this question, we are using a
graph-based probabilistic framework to model the
series of steps preceding the cleavage of dsDNA by
SpCas9.
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Six, simple parameters for preliminary model 1:

1. rate of hybridization (hyb) for a match > rate
of dehybridization (dehyb) for a match

2. rate of dehyb. for a mismatch > rate of hyb.
for a mismatch

3. rate of hyb. for a match > rate of hyb. for a
mismatch

4. rate of dehyb. for a mismatch > rate of dehyb.
for a match

5. rate of inactivation of HNH domain
rate of activation of HNH domain

Results — 20bp mismatch
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Results — 1bp PAM-distal mismatch
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Conclusions and next steps

Because of our initial assumptions, you’d expect for the
probability of cleavage of a match to be greater than the
probability of cleavage of a mismatch. So, log (pr clv of match /
pr clv of mismatch) you’d expect to be greater than 0. Also,
you’d expect for the probability of cleavage of a 20bp mismatch
sequence to be several orders of magnitude lower than the
probability of cleavage of a 1bp PAM-distal mismatch. These
results show all of these. We need to continue to explore the data
generated in this preliminary model. Later, we plan to impose
more conditions, for example, by incorporating differences in the
rates of activation and inactivation of the HNH domain into the
model.
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