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Figure 1. Disease-associated missense variants exhibit higher regional density than disease-

= associated truncating variants and population variants
IntrOd UCtIOn A — ClinVar Missense B
— ClinVar Truncating

Recent rise in the number and therapeutic potential of genome engineering
technologies has generated excitement for their application in cardiovascular
therapeutics. One significant barrier to their implementation is costly and
time-consuming reagent development for novel variants. \We have previously
shown that disease-associated variants cluster in functional protein domains
where variants are found in the general population at lower frequency.’-?
These findings may provide an opportunity to pre-emptively target multiple
pathogenic variant clusters (“pathogenic hotspots™) that address a majority of
pathogenic and likely pathogenic (P/LP) variants for a given disease with a
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small number of pre-designed reagents. Prime editing, a search-and-replace o % . | | | | 0; —
editing technology, can overwrite genomic sequences with a reverse 0 500 1000 1500 2000 2500 ClinVar  Clinvar GnomAD GnomAD
transcriptase guided by a Cas9 nickase and prime editing guide (peg)RNA.’ indow Size M|'\|S=S§8§e T|£|u=n1c,3ts'agg Rl/lf%sge,ggi Trklr;%%“sng
We hypothesized that most cardiovascular disease-relevant genes in ClinVar

would display regional variant clustering, and that multiple variants within a At a window size commensurate with maximally reported prime editing
regional hotspot could be targeted with a limited number of prime editing extension length (78 bp)3, mean RCI in missense variants remained higher
reagents. than for truncating variants, and rare variants observed in the same genes in

gnomAD showed reduced RCI compared to ClinVar P/LP variants (Figure

1B). In the average cardiovascular disease gene, it is possible that 20 or
fewer pegRNAs can address all known pathogenic missense variants.

[ All P/LP variants listed in Clinvar in 111 CV disease genes ] We next tested the feasibility of prime editing for multiple variants in a single
| hotspot in KCNH2, a cause of long and short QT syndrome with a high mean
4 Exclude low-confidence adjudications R missense and truncating variant RCI. Positions ¢.1800-1850 showed

Jaante and go et <50X ceverace of any exon I aroMAD significant P/LP enrichment and overlap the H5 intramembrane pore-forming

N 52 genes, 2436 varlants J domain (Figure 2A). We first introduced multiple variants in this hotspot in

E——— LO ST A—— HEK293 cells using CRISPR-X.# This was followed by prime editing with
[ missense variants to avoid spurious inflation of RCI J generation PE3 inCIUding 2 pegRNAS3 and FACS (Figure ZB) CRISPR-X
23 genes, 1997 varian's alone showed up to ~300-fold increase per variant compared to untreated

!

cells (Figure 2C). In CRISPR-X+PE3, a much smaller fold increase was
K Validate RCI as a measure of regional pathogenic variant enrichmenm

T G o ) LD e s observed (Figure 2C). The mean prime editing efficiency across CRISPR-X-
" ldentify genomic regions with high P/LP variant enrichment likely enriched variants within this hotspot was 57+27%, including 3 P/LP variants
suitable for a Prime editing approach (Supplemental File 1)
= Use RCI to test the hypothesis that that missense P/LP variants have (Figure 2D)
higher regional density than truncating P/LP variants
= |dentify ideal window size for Prime editing approach
\ " Estimate the average number of prime editing reagents needed per Figure 2. Variant hotspots can be targeted using prime editing, as demonstrated by the KCNH2 gene
gene for a regional editing approach / AT
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We hypothesized that the regional clustering is more pronounced in P/LP o V UEJ ool Ry
missense variants than truncating variants, which are often associated with §100~ J e °e
loss of function regardless of their position in a transcript. We further sought L 58 ) n L . o ute
to understand how editing window size might impact the mean percent of S 0 500 102% N}jSOT 2000 %5;10 _3000 3500 ° :
: " : ranscr osition - - - - - . . . . .
variants per gene (and therefore number of editing reagents required). D PLTOSH 0 e T80 TS0 A0S0 e i

Overall, missense P/LP had a higher mean RCI as compared to truncating Variant Corrected [ A W B G I T KCNH2 Transcript Position

variants regardless of window size (Figure 1A). Further, the percent of gmo o1938CT C1841C>T

simultaneously targetable variants (RCI) initially rises exponentially with 2 075 /

window size, followed by diminishing returns after a window size of ~254 bp, | 5 °% “825G>A \

at which a median of 6% of missense P/LP variants in each gene is targeted é o2
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Discussion

* We show that regional clustering of P/LP variants in CV genes represents an opportunity to develop off-the-shelf therapeutics that re-write the genome for
patients with inherited cardiovascular disease.

* The clustering of P/LP missense rather than truncating variants in these hotspots suggests that prime editing technology is particularly valuable for dominant
negative disease.
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