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BEguider: A base editor for sgRNA design and editing efficiency prediction
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( Department of Biochemistry and Molecular Biology, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences,
School of Basic Medicine, Peking Union Medical College, Beijing 100005, China)

Abstract ; Base editors are practical and efficient gene editing tools, whose editing efficiencies often depend on the
design of single guide RNA (sgRNA) sequences. At present, the design of sgRNA libraries lacks of specific rules
and mainly relies on experience and attempts. On the basis of the convolutional neural network, BEguider was
developed for sgRNAs design of base editors. BEguider used the deep learning framework TensorFlow 2 to build
editing efficiency prediction models, which could design sgRNA sequences and predict editing probabilities for
NGG PAM-dependent base editor variants ABE7.10-NGG and BE4-NGG within the scope of the human genome.
Besides, Beguider could evaluate potential off—target sites of sgRNAs by integrating Cas-OFFinder. Using BEguider
to design sgRNA sequences will facilitate future application of base editors and save experimental cost.
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Table 1 CNN structure of BEguider

Layers Filters Kernel Size Stride
Conv2D_1 128 (3, 4) (1,2)
Conv2D_2 256 (3, 4) (1,2)

Dense_l 256 / /
Dense_2 1 / /

1.2.2  BEguider A44%¢%% 51

BEguider UG L& % gitee B FF, AL git
clone 4 N2k, f# ] BEguider Hij, 75 2 M55 % 4eia
AU Y IR B 7 > HE R TensorFlow 2 5 55 =
python 2 J¥ 4, s E i PR KB E H R 5
Conda #17 %2 %% ( requirements_ BEguider. txt & 7E 4K
PEpdefit) o ar .

git clone hitps://gitee. com/gaojingjingl23/
beguider

conda create ——name <env> ——file requirements_
BEguider. txt

BEguider 37 =Fim AJE (WA 2) .

(1) AFEH £ 80751 1D 5 X0 i 5L 751

(2) i A A 5P TE 1Y G (AR S 5 g o iR
Ly

(3) F ASLALA ) rsID

%}F ABE7.10-NGG #il BE4-NGG, BEguider 37
FEP R sgRNA BB (LA 2) .
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Fig. 1 Editing process of base editors and the workflow of BEguider
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SRR MRk D A B s b AT, A A

H1 ABE7.10-NGG 1) MES “40.007 8, Spearman %
AN 0.901 3, Pearson H 5& 2 50 40.904 5 ( UL
4a) ; BE4-NGG [y MES “40.001 9, Spearman #{15& £
$°40.853 1, Pearson FHC R E40.867 3 ( LK 4b)
X 1LEH BEguider % 45 U Hb WU A 1 sgRNA 1) 2
B|RCE,

python BEguider.py -h
[-m MISMATCH] [-o OUTPUT]

Program: BEguider

Version: 0.1

Author : Jingjing Gao

Email : gaojingjing@ibms .pumc.edu.cn

ARIDIA,CTCCACCGAAGGGAGGACCC
ACTGCCCCCAGCCGGGGTCTCG

usage: BEguider py [-h] (-g GENES | -c CHROMOSOME | -s RSID) -b BASEEDITOR [-f OFFTARGET]

Optional Base Editors: [ABE7.10-NGG', 'BE4-NGG']

The pairings of Base Editors and SNPs: CBE -- C>T; G>A  ABE -- A>G ; T>C

Optional Arguments:
Examples: -h, --help show this help message and exit
1) use genes as input file: -g GENES, --genes GENES
Genes,Seqs A txt file including genes and sequences separated
BRCAL,TGGCTGAAGAATTTGCTAAGC by comma(,).
AATCAGGAAAGCTGGTGG -c CHROMOSOME, --chromosome CHROMOSOME

genetic type separated by comma(,). Genetic type:

A txt file including chromosomes, coordinates and
r’ means editing

2) use chromosomes and coordinates as
input file:
Chrom,Coordinate, Type
chrl,145634,r

wild genes, ‘a’ means editing mutant genes.

-s RSID, --rsID RSID A txt file including rsID and genetic type
separated by comma(,). Genetic type: ‘r’ means editing wild genes, ‘a’
means editing mutant genes.

-b BASEEDITOR, --BaseEditor BASEEDITOR

chrX,87632,a

3) use rsIDs as input file:
SNP,Type
1s5297,r
1s12603332,a

sgRNA for a specific BE in optional BEs or for both BEs.
-p PAM, --pam PAM  PAM sequence: NGG. (Default = NGG)
-f OFFTARGET,--offtarget OFFTARGET

genome. (Default = False)
-m MISMATCH, --mismatch MISMATCH

and genome while searching for off-target sites. (Default = 3)
-0 OUTPUT,--output OUTPUT

Base Editors: ALL / A Specific BE name. Design

True / False. True: predict off-target sites in hg38

Allowed maximum mismatch site between sgRNA

Output directory. (Default = current directory)

E 2 BEguider Héy < 1TE B 1% A

Fig. 2 Screenshot for commands of BEguider
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Table 2 Output results of sgRNAs for ten SNVs using BEguider

Base-Editor SNP-Site Strand Designed-sgRNA PAM Pred-Efficiency
ABE7.10-NGG 131567488305 _chr16 ;56334784 + GCAGAACATCCTCCGAACCA GGGT 0.559 0
ABE7.10-NGG 15888485088 _chr16 ;59592 - TGGGACCAACAAAGGTGGGT AGGT 0.534 7
ABE7.10-NGG 131567488305 _chr16: 56334784 + AGCAGAACATCCTCCGAACC AGGG 0.355 2
ABE7.10-NGG 15936032752_chr6 : 87084 - CAGCAATAACACCTGCAGAC TGGT 0.312 1
ABE7.10-NGG 15368024573 _chr12 ;21064 + CTCAAGAAGGGTAATGAGGA TGGT 0.254 0
ABE7.10-NGG 13183323267 _chr12 ;140200 + TCAAGAGACTCCTATTCTAG GGGA 0.2328

BE4-NGG 1s1812418017_chr8 ; 116854264 + TTATTCCACAAAGGCTGAGC AGGT 0.204 7

BE4-NGG rs1001551731_chrl6:59616 + CCCCTCCAACCCCACATCCT TGGT 0.162 4

BE4-NGG 1s571345175_chr12 ;49632 - GCGCCACTGCACTCCAGCCT GGGT 0.107 5

BE4-NGG 15140218451 _chi20 89849 + CTTTCTCTTTTATTTTGGAG AGGT 0.093 7

BE4-NGG 1s571345175_chr12:49632 - TGCGCCACTGCACTCCAGCC TGGG 0.088 4

BE4-NGG 131006009587_chr20 ;75692 + ACTACGCTGACATAATCAAA TGGT 0.075 9

W+ FRRAREE; - FRIR ELANEE B B VR S R

2.4 5SEEHEERIESS sgRNA iZiTHI LR
¥ BEguider 5 5 Fh H §i AT B8 IE g 4515 11 T
Hitf7 e 8 (WL 3% 3) ., Benchling, BE-Designer Fll

F14) i s G e s A 3 i 205 7 R A 1 724K . BEguider
PIPEAAE T HE At T 587 51 (% 2 P A 7 =X, BEAE AR
P e L 6 G i Y A AR R PR A6l e AR AR R PR A6
beditor FZ IR ETEFRE WAL G 4 5 i 278 o, At o 2 A7 s T sgRNA | T 4 2%
24 AR S5 R 1T BEable-GPS \BE-FF RE4KE] A6 sgRNA HI4miERR,

£ 3 % sgRNA T TEHMLLE
Table 3 Comparison of different sgRNA design tools

Suitable Predict Multiple Off-target
Supported Input Recommend
Tool sgRNA editing SNVs site
BEs format BEs
sequences efficiency analysis assessment
target
sequences/
ABE and
BEguider genomic Y Y Y Y Y
CBE
coordinates/
sID
Benchling DNA
(www.benchling. CBE only sequence Y N N N Y (CBE-NGG only)
com) file
genomic
CBE and coordinates
beditor! **! Y N N Y Y
ABE and amino
acid information
BE- CBE and target
Y N N Y Y
Designer! 1] ABE sequences
genomic
Y (CBE-
BE-FF[!7] CBE and ABE  coordinates/ Y Y N Y
NGG only)
rsID
target
BEable- Y
CBE only sequences / Y N N N
Gps!'8] D ( CBE only)
IS

H:Y: yes; N:no.
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