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Introduction

Rapid and accurate diagnostic tests are fundamental for improving patient outcomes and combating

Infectious diseases, such as the outbreaks of COVID-19 and monkeypox.

The Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) Casl2a-based detection system

has emerged as a promising solution for on-site nucleic acid testing.

The effective design of CRISPR RNA (crRNA) for Casl2a-based detection remains challenging and time-

consuming.

Deep learning has emerged as a powerful tool for designing crRNAs for CRISPR-based genome editing

systems, such as convolutional neural networks (CNN) and transformer.



Overview of the EasyDesign development

FAM BHQ

B Anoptimized CNN model, CNN12ae, developed by Cas12a ﬁw Y [ S e ssssesssses
. . i . 0000 o o060
training on a comprehensive dataset of 11,496 Ei . toman W —> W mdlb 4133411413
. . . mi T Tt 11111111
experimentally validated Cas12a-based detection cases.
shbblbLELLULLLLE, crRNA distribution Green fluorescent signal
: : RNAs desi CRISPR/Cas12a detecti
The performance of CNN12ae in crRNA design for four crAs desien /Caslzaietection )
pathogens (Monkeypox Virus, Enterovirus 71, Top ;’ﬁ A O o
. . ] . ° . 4 : )
Coxsackievirus A16, and Listeria monocytogenes) 5 ° o, | 00600 Q"‘O  <© =
. - S ee &® — e0000 _ -
demonstrated superior prediction performance compared & Jpooe e0000 0o
to the traditional experimental screening. o ° O o2z CNN/Transformer ]
Experimentl Model selection Dataset
Aweb server (https://crispr.zhejianglab.com/) that validation Al-crRNA prediiction and training construction
integrates EasyDesign with recombinase polymerase R B C SR Top, RPA primer sets
cpr . . . EasyDesi Output ;
amplification primer design, which successfully el S
Enhanced crRNA design system with Deep Cas

learning for Cas12a-mediated Diagnostics,
termed EasyDesign. EasyDesign predicts sgRNAs l l s g l . [ ] I I ¢
based on deep learning techniques and its

papi I IomaVi rus Su btypes . design scheme support recombinase polymerase Clinical U U U

amplification (RPA). detection

designed optimal Cas12a crRNAs for six human



D E High-quality datasets of crRNA mediate Casl12a detection

B Using 11,496 fluorescence readouts as the training dataset, include 7,783 pairs from viral sources and 3,713 pairs from

bacterial sources.

B 1,533 crRNAs targeting 34 natural bacterial and viral pathogens (in 198 DNA templates).

B Of these, 5,275 pairs are zoonotic pathogens, 1,380 pairs are human pathogens, and 4,841 pairs are animal pathogens.

B 3,063 pairs with no mismatches; 7,939 pairs with one-base mismatches; 494 pairs with two-base mismatches.
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A uniform distribution of base types.

No significant bias observed in mutation

types in all guide-to-target pairs containing

Count number

mismatches.

The distribution of base types at the 21st
positions downstream of the PAM remained

relatively consistent.

- A T G C

12000
10000
SOUO—I
sl VL L LT
4000
2000

(A R R R N I R R I N R N D S B N B R R

D1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

PAM (TTT) position

—_—
m

Count number

—_—
—_—

Mismatch Number

z

Mismatch Number

H

Mismatch Number

1200 Mismatch
=0

900

600

300

0

Ny(A T €

Distribution of "N;N," of "TTTN,N,"

G

)

—_
M
~

4000

Count number

(> = 0 o)

Ny

N, (A

Mismatch

=0,1,2

T

C

G

)

Distribution of “N;N," of “TTTN;N,"

T T TOi1 23 4 56 7 8 9 10111213 14 1516 17 18 19 20 21
PAM (TTTN) #

position
120 mm C-A C-T C-G
90 :
60 I
30 Il..llllllllllllllll.
O\\II;II\II\\IIIII\IIIII\
TTTOI123456789101112131415161718192021
PAM (TTTN) position
120 = D-A == D-T mm D-C D-G
90
60
30

T T TOi1 23 456 7 8 9 1011121314 1516 17 18 19 20 21
PAM (TTTN) i

position

[5)

Count number

—_—
—
—

Mismatch Number

E

Count number

(H)
3000 Mismatch —_ 200 Mismatch _
=1 G =2 G

@ 150

2000 e 2 c
. Z 100 ;

1000 5
- A § % - A
o] N, 0 N,

Ny (A T C G ) N; (A T c G )

Distribution of "N;N," of "TTTN,N,"

Distribution of "N;N," of "TTTN,N,"

e T-A mm T-C T-G

T T T T T T T T T T
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

: O

L LTI T e
T—1 T T f
2 3 5

TTTOi1 23 456 7 8 9 101112 13 14 15 16 17 18 19 20 21
PAM (TTTN) !

7000
6000
5000
4000
3000
2000
1000

position

0—F—71 71

0o 1 2
|

PAM (TTTN)

LI R B | | I R N D B B | T T
3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21

position



q &0
=
%Q‘.)

B A high degree of mismatch leads to reduced activity.
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High-quality datasets of crRNA mediate Casl12a detection
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Development of a deep learning model for crRNA design

B A four-step process for training the deep learning models.

B CNN12a and Transformerl2a, by adapting CNND and TransformerD models to the Casl2a diagnostic scenarios.
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D E Development of a deep learning model for crRNA design

B The crRNA was extended by an additional 10 nucleotides at both the 5" and 3' terminals of the target, resulting in a
45-nucleotide target sequence.
B Upon evaluation using the test set, CNN12ae achieves improved performance over the CNN12a model (Spearman p

= 0.673), and also outperforms Transformerl2ae (p = 0.467).
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{3 Development of a deep learning model for crRNA design
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EasyDesign on pathogenic nucleic acid detection

B The crRNA activity was experimental performed to validate the applicability of the developed model, and EasyDesign

predicted crRNA ranking for four pathogenic nucleic acid sequences, 194 crRNA in total.

B Among four pathogens, the consistency between the predicted and experimentally verified crRNAs demonstrated in 7,

4, 4, and 3 cases from each pathogen for the top 10 crRNAS; whereas 16, 15, 13, and 11 cases for the top 20 crRNA:s.
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The predicted crRNAs generated by CNN12ae model exhibits equal or higher

reactivity than the reported gPCR sites, particularly at a target DNA

concentration of 10° copies/reaction.
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Web tool for End-to-End Casl12a diagnostic design

B This platform provides a comprehensive Casl2a-based diagnostic design experience that seamlessly integrates RPA

primer design, facilitating the development of RPA-CRISPR assays with recommended crRNAs and RPA primers.
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D E EasyDesign facilitates HPV clinical sample diagnostic

B Using the input template DNA sequence and the combination of candidate crRNAs and RPA primers provided by online

server Nttps://crispr.zhejianglab.com, we achieved a robust fluorescent detection signal for synthetic DNA

templates of HPV. . B e - = —
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D E EasyDesign facilitates HPV clinical sample diagnostic
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Summary

 In this study, we developed an optimized CNN model, CNN12ae, for Casl2a-
based detection design.

 The model performance of CNN12ae in crRNA design for four pathogens
demonstrated superior prediction performance compared to the traditional

experiment screening.

J A web server that integrates EasyDesign with recombinase polymerase
amplification primer design was developed, which successfully designed
optimal Cas12a crRNAs for six human papillomavirus subtypes.

d Website: https://crispr.zhejianglab.com/
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