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beditor. A computational workflow for
designing libraries of guide RNAs for
CRISPR-mediated base editing
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Flg S1: Possible substitutions by current ABE and CBE.

a Nucleotide level substitutions.

b Codon level substitutions.

b Amino acid level substitutions.

Shown on the heatmaps are the cumulative number of substitutions that can be edited
with either ABE or CBE. Left and right brackets indicate that the substitution is carried
out by ABE and CBE respectively. +, - and £ indicate substitutions for which guide RNA
is designed on the +, - and both the strands respectively. Shown in gray are substitutions
that are absent in the input data. The symbol * represents a non-sense mutation.
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Fig S2: Fitting a third degree polynomial equation to the mismatch tolerance data
from Doench et. al (3).
The gRNA activity values at each mismatch position are shown as boxplots (red). The
third degree polynomial equation fitted line is shown in blue.
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Fig S3: Graphical User Interface (GUI) of beditor.

Top: In the first tab of the GUI, the parameters for the analysis workflow can be provided
using a series of options. These basic parameters include the species name, the name
of the base editor and the PAM sequence, an input list of mutations, the format of
mutations (amino acids and nucleotide) and mode of mutagenesis (model or correct), the
number of cores (processors) and If the beditor scores are to be calculated for the gRNAs.

Bottom: the second tab of the GUI provides option to save the parameters of the analysis
workflow as a YAML file and then subsequently run the program.
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Fig S4: The time taken to design gRNA libraries depends on the number of
mutations and the size of the genome.

Sets of 5-5000 nucleotide and amino acid mutations were tested with genomes of 3
species. 6 parallel processors (cores) were used for the analysis. The analysis was
carried out using test beditor.py script from test beditor repository
(https://aithub.com/rraadd88/test beditor). Note that the time does not include the time
taken for installation of the genomes (i.e. downloading and indexing of the genomes).
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Fig S5: Representative visualizations of alignment between a gRNA and target

genomic sequence.

The gRNA are shown in purple and with annotations denoting its identity (name of the
base editor, target strand, distance from PAM sequence, PAM, reference codon,
mutated codon, wild-type amino acid and mutated amino acid) is shown on the guide
RNA. The target site is indicated in red color. Reading frames and genomic coordinates
of the target DNA are shown below.
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Fig S6: Distribution of beditor scores for the gRNA library designed for the
demonstrative analysis of clinically associated human nucleotide mutations in

‘model’ mode.



Supporting tables

Table S1: Comparison of features of beditor with other existing tools.

Feature beditor iSTOP[1] BE- Benchling [3]
analyzer([2]

Number of species whose genomes | >125 ~70 ~40 >100

are directly compatible

Searches sites editable by base Yes Yes Yes Yes only BE

editors (4]

Designs gRNAs against predefined Yes No No No

set of nucleotide mutations

Designs gRNAs against predefined Yes No No No

set of amino acid mutations

Designs gRNAs for mutational Yes No No No

scanning using a predefined amino

acid substitution matrix

Designs gRNAs against non-sense Yes Yes No Yes

mutations

Designs control gRNAs Yes No No No

Generation of gRNA libraries for Yes No 1 target site at | 1 target site

genome-wide screening of atime atatime

mutations

Multithreading/ parallel computing | Yes No No No

Allows addition of any novel/custom | Yes No No No

PAM recognition sequence

Allows addition of any novel/custom | Yes No No No

base editors

Estimation of editing efficiency of Yes No No Yes

gRNAs

Integrates independent measures of | Yes No No Yes

off-target effects (CFD

scores|[5])




Table S2: Penalties used for the calculation of the beditor score.

Penalty Value
Pmin 0.9
Pmax 0.1
Gy 0.5
Gig 0.9
A 0.5




Table S3: Default PAM recognition sequences supported by beditor.

PAM Description position length of Reference

guide

sequence
NG xCas9 3 20 [6]
NGA SpCas9 mutant 3 20 [7]
NGCG SpCas9 mutant 3 20 [7]
NGG SpCas9 3 20 [8,9]
NGGNG Cas9 S. Thermophilus 3 20 [10,11]
NGK xCas9 3 20 [6]
NGN xCas9 3 20 [6]
NNAGAA Cas9 S. Thermophilus 3 20 [10,11]
NNGRRT SaCas9 3 21 [12]
NNNNACA | CjCas9 3 20 [13]
NNNNGMTT | Cas9 N. Meningitidis 3 20 [14]
NNNRRT KKH SaCas9 3 21 [7,12]
TATV AsCpfl mutant 5' 23 [15]
TTN Cpfl F. Novicida 5' 23 [16]
TTTN Cpfl Acidaminococcus / 5' 23 [16]

Lachnospiraceae

TYCV TYCV AsCpfl mutant 5' 23 [15]
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Table S4: Input parameters used for
associated human genetic variants

the demonstrative analysis of clinically

Variable Input Description

Host Name of host organism

genomerelease 93 Ensembl genome release

genomeassembly Genome assembly version

dinp din.tsv File path of input tab-separated file

mutation_format [aminoacid, Whether the input data consists of amino acid or
nucleotide] nucleotide mutations.

reverse_mutations

[FALSE, TRUE]

FALSE if design guide RNAs to ‘model’ mutations,
TRUE to ‘correct’ mutations.

Mutations mutations Information about mutated amino acid is taken from the
input file

mutation_type N Type of mutations to process, N: non-synonymous, S:
synonymous, else: both

keep_mutation_nonsense | FALSE Whether to process non-sense mutations

pams [INGG, NG] List of PAMs to use

bes [Target-AID, ABE] | List of Base Editors to use

max_subs_per_codon 1 Maximum number of nucleotides that can be edited in
the target codon.

mismatches_max 2 Maximum number of mismatches allowed in the
alignment gRNAs against reference genome.

Cores 5 Number of processors to use for parallel processing

Chunksize 200 Number of mutations to process per processor
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Table S5: Summary statistics of demonstrative analysis with custom base editors

and PAM recognition sequences.

nucleotide amino acid nucleotide | amino acid

Correct/model mutation correct correct model model
Total number of mutations in the input 1000 1000 1000 1000
data

Total number of mutations edited 263 117 246 105
Total number of guides designed 817 562 791 403
% editability 26.3 11.7 24.6 10.5
number of guides per mutation 3.10646 4.80342 3.21545 3.8381
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Table S6: Summary statistics of demonstrative analysis of representative set of

species.
Species metrics nucleoti | amino nucleoti | amino
de acid de acid

Correct/model mutation correct correct model model

Total number of mutations in the input 1000.00 1000.00 1000.00 1000.00
data

Bos taurus Total number of mutations edited 76.00 45.00 69.00 36.00
Total number of guides designed 123.00 83.00 121.00 62.00
% editability 7.60 4.50 6.90 3.60
number of guides per mutation 1.62 1.84 1.75 1.72
Danio rerio Total number of mutations edited 45.00 39.00 57.00 43.00
Total number of guides designed 71.00 59.00 74.00 72.00
% editability 4.50 3.90 5.70 4.30
number of guides per mutation 1.58 1.51 1.30 1.67
Equus caballus Total number of mutations edited 80.00 53.00 55.00 43.00
Total number of guides designed 136.00 94.00 92.00 81.00
% editability 8.00 5.30 5.50 4.30
number of guides per mutation 1.70 1.77 1.67 1.88
Felis catus Total number of mutations edited 94.00 55.00 81.00 50.00
Total number of guides designed 168.00 103.00 160.00 80.00
% editability 9.40 5.50 8.10 5.00
number of guides per mutation 1.79 1.87 1.98 1.60
Gallus gallus Total number of mutations edited 93.00 39.00 74.00 46.00
Total number of guides designed 180.00 71.00 139.00 77.00
% editability 9.30 3.90 7.40 4.60
number of guides per mutation 1.94 1.82 1.88 1.67
Macaca Total number of mutations edited 45.00 51.00 52.00 48.00
fascicularis Total number of guides designed 89.00 83.00 90.00 75.00
% editability 4.50 5.10 5.20 4.80
number of guides per mutation 1.98 1.63 1.73 1.56
Mus musculus Total number of mutations edited 81.00 46.00 74.00 47.00
Total number of guides designed 147.00 93.00 133.00 83.00
% editability 8.10 4.60 7.40 4.70
number of guides per mutation 1.81 2.02 1.80 1.77
Pan paniscus Total number of mutations edited 73.00 57.00 62.00 54.00
Total number of guides designed 123.00 89.00 98.00 90.00
% editability 7.30 5.70 6.20 5.40
number of guides per mutation 1.68 1.56 1.58 1.67
Saccharomyces | Total number of mutations edited 36.00 30.00 36.00 35.00
cerevisiae Total number of guides designed 52.00 45.00 46.00 52.00
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% editability 3.60 3.00 3.60 3.50
number of guides per mutation 1.44 1.50 1.28 1.49
Sus scrofa Total number of mutations edited 68.00 50.00 55.00 45.00
Total number of guides designed 108.00 106.00 86.00 82.00
% editability 6.80 5.00 5.50 4.50
number of guides per mutation 1.59 2.12 1.56 1.82
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Table S7: Summary statistics for case study analysis of clinically relevant human

SNPs.

Mutation format nucleotide amino acid nucleotide | amino acid
Correct/model mutation correct correct model model
Total number of mutations in the 61083 81819 61083 81819
input data

Total number of mutations edited 13709 19996 13867 20420
Total number of guides designed 23432 35390 22587 33311
% editability 22.44 24.43 22.70 24.95
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Table S8: Default pairs of base editors and PAM recognition sequences
supported by beditor.

nucleotide |nucleotide |window |window |guide PAM

Base editor wt mutation |start end length |PAM position reference
BE1 C T 4 8 20|NGG downstream [17]
BE2 c T 4 8|  20|NGG |downstream [17]
BE3 c T 4 8|  20|NGG |downstream [17]
HF-BE3 c T 4 8 20|NGG  |downstream [17]
BE4/BE4max |C T 4 8 20|NGG downstream |[18,19]
BE4-Gam C T 4 8 20|NGG downstream [18]
YE1-BE3 Cc T 5 7|  20|NGG  |downstream [20)]
EE-BE3 Cc T 5 6| 20|NGG |downstream [20]
YE2-BE3 C T 5 6 20|NGG downstream [20]
YEE-BE3 C T 5 6 20|NGG downstream [20]
VQR-BE3 c T 4 11|  20|NGAN |downstream [20]
VRER-BE3 Cc T 3 10|  20|NGCG  |downstream |20
SaBE3 C T 3 12 21|NNGRRT |downstream [20]
SaBE4 C T 3 12 21|NNGRRT |downstream (18]
SaBE4-Gam C T 3 12 21|NNGRRT |downstream (18]
SA(KKH)-BE3 |C T 3 12 21|NNNRRT |downstream [20]
Casl2a-BE C T 10 12 23|TTTV upstream  [21]
Target-AlD C T 2 4 20|NGG downstream [22]
Target-AlD C T 2 4 20|NG downstream [23]
XBE3 C T 4 8 20|NG downstream 6]
eA3A-BES3 C T 4 8 20|NGG downstream [24]
A3A-BE3 C T 4 8 20|NGG downstream [25]
BE-PLUS C T 4 14 20|NGG downstream [26]
ABE7.9 A G 5 8 20|NGG downstream [17]
ABE7.10 A G 4 7|  20|NGG  |downstream [17]
ABE7.10* A G 4 8|  20|NGG |downstream [17]
XABE7.10 A G 4 7 20|NG downstream 6]
ABESa A G 6 12 21|NNGRRT |downstream |[6,27]
VQR-ABE A G 4 6| 20|NGA  |downstream|[6:27]
VRER-ABE  |A G 4 6| 20|NGCG |downstream|[6:27]
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