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A B S T R A C T   

Background: The newly emerged SARS-CoV-2 variant of concern (VOC) Omicron is spreading quickly worldwide, 
which manifests an urgent need of simple and rapid assay to detect and diagnose Omicron infection and track its 
spread. 
Methods: To design allele-specific CRISPR RNAs (crRNAs) targeting the signature mutations in the spike protein 
of Omicron variant, and to develop a CRISPR-Cas12a-based assay to specifically detect Omicron variant. 
Results: Our system showed a low limit of detection of 2 copies per reaction for the plasmid DNA of Omicron 
variant, and could readily detect Omicron variant in 5 laboratory-confirmed clinical samples and distinguish 
them from 57 SARS-CoV-2 positive clinical samples (4 virus isolates and 53 oropharyngeal swab specimens) 
infected with wild-type (N = 8) and the variants of Alpha (N = 17), Beta (N = 17) and Delta (N = 15). The testing 
results could be measured by fluorescent detector or judged by naked eyes. In addition, no cross-reaction was 
observed when detecting 16 clinical samples infected with 9 common respiratory pathogens. 
Conclusions: The rapid assay could be easily set up in laboratories already conducting SARS-CoV-2 nucleic acid 
amplification tests and implemented routinely in resource-limited settings to monitor and track the spread of 
Omicron variant.   

1. Introduction 

Continuing spread and evolution of SARS-CoV-2 have resulted in the 
emergence of various variants that have infected and killed millions of 
people (Zhu et al., 2020; Dong et al., 2021). The newly emerged fifth 
variant of concern (VOC) Omicron was firstly reported in South Africa 
on November 24, 2021 and has been detected in many countries (Abdel 
Latif et al., 2021). Omicron variant contains more than 32 amino acid 
mutations in the spike protein, including multiple vital amino acid 
mutations (K417N, T478K, E484A, N501Y, and D614G) that have been 
already detected in other VOCs of SARS-CoV-2 and proved to be asso
ciated with enhanced transmissibility, virulence, and greater resistance 
to the immune protection induced by COVID-19 vaccines (Harvey et al., 
2021). The new features of Omicron manifested the importance of 
tracking its spread. 

Reverse transcription polymerase chain reaction (RT-PCR) has been 
widely used for diagnosing SARS-CoV-2 infection and genotyping SARS- 
CoV-2 variants (Zelyas et al., 2021; Wang et al., 2021). Both Alpha and 
Omicron variant contain a specific deletion mutation in the amino acid 
69–70 of spike protein (69-70del), which yields a negative reaction or 
spike gene target failure (SGTF) in RT-PCR tests when use SARS-CoV-2 S 
gene as testing target (Bal et al., 2021). Therefore, SGTF caused by the 
69-70del mutation was previously used to distinguish Alpha variant (Bal 
et al., 2021) and recently proposed as a proxy by Scott et al. to track 
Omicron variant (Scott et al., 2021). However, the 69-70del mutation is 
not exclusive for Omicron variant. Furthermore, Omicron lineage 
(B.1.1.529) has now evolved and divided into three sub-lineages BA.1, 
BA.2, and BA.3. Unfortunately, BA.2 variant does not carry the 69-70del 
mutation (Supplementary Fig. S1); therefore, the proposal raised by 
Scott et al. may not be suitable for detecting and distinguishing all 
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Omicron variants from other SARS-CoV-2 variants. 
We have previously successfully developed a CRISPR-Cas12-based 

multiplex allele-specific assay for SARS-CoV-2 variant genotyping with 
high sensitivity and specificity (Liang et al., 2021). The new system is 
the combination of RT-PCR and CRISPR-Cas12 cleavage, and can be 
easily implemented in laboratories already conducting SARS-CoV-2 
testing to screen SARS-CoV-2 variants in resource-limited settings 
(Liang et al., 2021). Here, we refined this system for detection of Omi
cron variant by designing new crRNAs specific for Omicron variant. 

2. Materials and methods 

2.1. Plasmid construction and virus RNA of SARS-CoV-2 

The full-length genomic fragments of SARS-CoV-2 spike protein were 
synthesized based on the wild-type strain of SARS-CoV-2 isolated in 
Wuhan, China (nt 21,563–25,384 of NCBI accession number 
MN908947) and the Omicron variant from Belgium (nt 21,497–25,309 
of NCBI accession number OL672836), respectively by Sangon Biotech 
Co., Ltd. (Shanghai, China) and inserted into the vector pUC57. The gene 
fragment of Omicron spike protein includes mutations of A67V, 69/ 
70del, T95I, 142/144del, Y145D, 211del, L212I, G339D, S371L, S373P, 
S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R, G496S, 
Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K, P681H, N764K, 
D796Y, N856K, Q954H, N969K, L981F. The plasmid DNAs were quan
tified and diluted in nuclease-free water (Accurate Biotechnology, 
Hunan, China) to prepare a series of diluted templates. Plasmid copy 
number was calculated using the following formula: Plasmid copy 
number (copies/μL) = {[6.02 × 1023 × plasmid concentration (ng/μL) 
× 10− 9]}/[Plasmid length × 660]. 

Four SARS-CoV-2 virus isolates, including wild-type strain (19A) 
isolated from COVID-19 patient in Wuhan, China, and variant Alpha 
(B1.1.7), Beta (B.1.351) and Delta (B1.617.2) isolated from imported 
COVID-19 patients, were grown in Vero cells. Viral RNA was extracted 
by TRIzol reagent (Invitrogen, Carlsbad, CA), aliquoted and stored at 
− 80 ◦C until use. Furthermore, five oropharyngeal swab specimens were 
collected from Omicron variant positive COVID-19 patients who were 
confirmed by sequencing and kept in virus transportation medium 
(VTM). Additionally, 53 SARS-CoV-2 positive oropharyngeal swab 
specimens infected with wild-type (N = 7) and the variants of Alpha (N 
= 16), Beta (N = 16), Delta (N = 14) were collected and analyzed in the 
study (Supplementary Table S1). Moreover, 16 clinical samples that are 
negative for SARS-CoV-2 and positive for 9 common respiratory path
ogens including common human coronavirus (HCoV) 229E, OC43, and 
HKU1 as well as rhinovirus (HRV), adenovirus (AdVs), respiratory 
syncytial virus (RSV) A and B, human bocavirus (HBoV), human meta
pneumovirus (HMPV), and human parainfluenza virus one (HPIV-1) and 
four (HPIV-4) were used as negative controls to validate the assay 
specificity. Written informed consents were obtained from all subjects 
enrolled in this study. Research protocols were in accordance with the 
Declaration of Helsinki. Personal information and samples were de- 
identified and analyzed anonymously. 

2.2. Design and synthesis of allele-specific CRISPR RNAs and primers 

Two Omicron-specific crRNAs were designed according to the 
working principle of CRISPR-Cas12a system (Zetsche et al., 2015). To 
prepare crRNAs, DNA oligonucleotides containing T7 promoter, 
conserved stem-loop sequences, and guide sequences and the comple
mentary single stranded DNAs were synthesized and annealed at 95 ◦C 
for 10 min and then reduce to 25 ◦C at the reduction speed of 2 ◦C every 
minute. Afterward, 1 μg purified dsDNA was transcribed at 37 ◦C for 4 h 
using HiScribe T7 High Yield RNA Synthesis Kit (New England Biolabs, 
Massachusetts, USA). The transcription product was treated with 4 
unites of DNase I (New England Biolabs, Massachusetts, USA) at 37 ◦C 
for 40 min and then purified using miRNeasy Serum/Plasma Kit 

(Qiagen, Hilden, Germany). The concentration of crRNAs was quantified 
using NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, 
Massachusetts, USA). The primers used in our study were designed to 
target the conserved sequences in the spike gene of SARS-CoV-2 and 
validated to be specific for SARS-CoV-2 using NCBI Primer-BLAST tool 
(Ye et al., 2012). 

2.3. Detection of SARS-CoV-2 variants 

Viral RNA was extracted from oropharyngeal swab samples by using 
QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany). As shown in 
Fig. 1, target nucleic acid was amplified by polymerase chain reaction 
(PCR) for DNA templates or by reverse transcription PCR (RT-PCR) for 
RNA templates. Viral RNA was reverse transcribed into cDNA using 
Oligo (dT) and random primer according to the manufacturer’s in
structions (Roche Diagnostics, Indianapolis, USA) and amplified using 
SARS-CoV-2 specific primers through PCR. Briefly, 26 μL High-Fidelity 
Master Mix (Tsingke Biotechnology Co., Ltd., Beijing, China), 1 μL of 
forward and reverse primers (10 μM, Forward primer: 5′-GCTGAT
TATTCTGTCCTTTATA-3’; Reverse primer: 5′-CTGA
CACTACTGATGCTGTCC GTGATCCACAGAC-3′), and 2 μL of target 
template were mixed. The reaction was run at 98 ◦C for 2 min followed 
by 40 cycles of 98 ◦C for 10 s, 55 ◦C for 15 s, 72 ◦C for 40 s. Afterward, 
150 nM AsCas12a (made in house) was pre-incubated with 1000 nM 
crRNA in 1 × NEB Buffer 2.1 at 37 ◦C for 10 min to form crRNA-Cas12a 
complex followed by addition of 1 μL amplified product of target DNA 
and 400 nM probe reporter (5′-6-FAM-TTATT-BHQ-1-3′, synthesized in 
Sangon Biotech (Shanghai, China) and incubation at 37 ◦C for 30 min. 
Finally, the fluorescence signal was measured by using fluorescent de
tector (Qitian, Jiangsu, China) or judged by naked eyes. 

2.4. Statistical analysis 

Data were analyzed using R software, version 4.1.0 (R Foundation 
for Statistical Computing). Two-tailed Student t-test was used to 
analyzed the fluorescence difference between on-target and off-target 
template detected by CRISPR-Cas12a-based assay. P < 0.05 was 
considered statistically significant. 

3. Results 

Different from the existing SARS-CoV-2 variants, Omicron has mul
tiple mutations within the potential crRNA target sequences, which 
make it possible to use one or two crRNAs to specifically diagnose 
Omicron infection (Supplementary Fig. S1). In this study, we designed 
two Omicron-specific crRNAs, i.e., crRNA-S-37X (5′-UAAUUUCUA
CUAAGUGUAGAAUCUCGCACCAUUUUUCACU-3′) to cover S371L, 
S373P and S375F mutations, and crRNA-S-49X (5′-UAAUUUCUA
CUAAGUGUAGA CGAUCAUAUAGUUUCCGACC-3′) to cover Q493R, 
G496S and Q498R mutations, respectively (Fig. 2A). In addition, a T- 
rich protospacer adjacent motif (PAM, 5′-TTTN-3′, where N refers to A/ 
G/C) sequence was added at the 5′ terminus of crRNA-S-37X since the 
PAM sequence is necessary for the activity of Cas12a protein (Zetsche 
et al., 2015), but does not exist in the original Omicron sequences 
(Supplementary Fig. S1). 

The preliminary results indicated that the intensity of fluorescence 
signal is proportional to the concentration of Omicron template. Our 
system could readily detect two copies of Omicron plasmid DNA per 
reaction even in the presence of 2 × 106 copies of plasmid DNA of the 
wild-type strain by measuring the fluorescence signals (Fig. 2B–E). To 
estimate the detection limit of our RT-PCR/Cas12a-mediated assay in 
real virus, we took one clinical sample 21XG-10790 infected with Om
icron variant in our study. The estimated virus titer of the sample 21XG- 
10790 is 104 copies/μL based on its cycle threshold (Ct) value of 20 and 
the standard curve between Ct value obtained from qRT-PCR assay and 
the corresponding viral loads provided by the manufacture 
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Easydiagnosis Biomedicine Co., Ltd, in Wuhan, China (Supplementary 
Fig. S4 and Table S1). A series of 10-fold dilution of the sample 21XG- 
10790 were made and tested by our assay using crRNA-S-49X. The 
low detection limit of our assay in real virus was 100 copies/reaction 
(Supplementary Fig. S4). Moreover, the testing results can be easily 
detected under blue-light observed by naked eye (Fig. 2F and G). 
Furthermore, we evaluated the performance of our system in dis
tinguishing Omicron variant from other SARS-CoV-2 strains including 
wild-type strain from Wuhan, China, and the variants of Alpha, Beta and 
Delta isolated from imported COVID-19 patients. Our assay could spe
cifically detect Omicron variant in 5 clinical samples infected with 
Omicron and distinguish them from 57 samples (including 4 virus iso
lates and 53 oropharyngeal swab specimens) infected with wild-type or 
other variants of SARS-CoV-2 (Fig. 2H–K, Supplementary Fig. S2). 
Different efficiency of our CRISPR-Cas12a-based mutation-specific assay 
was observed when using crRNA-S-37X and crRNA-S-49X to detect 
clinical samples (Fig. 2H–K). Of note, stronger fluorescence signal was 
obtained for crRNA-S-49X than for crRNA-S-37X probably due to the 
absence of PAM sequence in the original sequences of crRNA-S-37X but 
not crRNA-S-49X, or the difference of the mismatches between crRNAs 
and the target sequences for crRNA-S-37X and crRNA-S-49X since the 
efficiency of crRNAs to trigger collateral cleavage capability of Cas 
proteins was affected by the mismatches between crRNAs and target 
sequences especially when the mismatches are in the PAM proximal 
regions (Chen et al., 2018). Furthermore, a relatively lower signal was 
observed for the Alpha, Beta and Delta variants than for the ’no input’ 
negative control (Fig. 2H–K), but the fluorescence level was below the 
cutoff value, which in turn confirms the high specificity of the assay. 
There was no cross-reaction observed when detecting 16 SARS-CoV-2 
negative clinical samples infected with 9 common respiratory patho
gens including human coronavirus (HCoV) 229E, HCoV OC43, and 
HCoV HKU1 as well as rhinovirus (HRV), respiratory syncytial virus 
(RSV) A and B, Human metapneumovirus (HMPV), human para
influenza virus (HPIV-1 and HPIV-4), Human adenovirus (AdVs), and 
Human bocavirus (HBoV) (Fig. 2L and M). 

4. Discussion 

The emerging and continuing spread of Omicron variant poses great 
threat and burden to public health system. It is important to timely di
agnose Omicron variant and monitor its circulation. Viral whole- 
genome sequencing is still the gold-standard method for the identifica
tion of SARS-CoV-2 variants; however, it is cost-prohibitive and time- 
consuming and unsuitable for routine genotyping of SARS-CoV-2 vari
ants (Chiara et al., 2021). Therefore, a rapid and cost-effective assay for 
screening Omicron variant is urgently needed. 

In our previous study, detection of SARS-CoV-2 variants depends on 
several crRNAs that specifically detect individual signature mutations 
found in the variants of SARS-CoV-2, and a comprehensive interpreta
tion of multiple reaction results since no single mutation or one crRNA 
could distinguish all the variants of SARS-CoV-2 (Liang et al., 2021). In 
the current study, we found that one crRNA that contains 3–4 mutations 
could readily diagnose and distinguish Omicron variant, which in turn 
make the diagnosis and tracking of Omicron much simpler and more 
feasible. We have recently confirmed that the detection sensitivity and 
specificity could be significantly improved by artificially introducing 
into crRNAs extra mutation around the target mutation site (unpub
lished data). Similar findings indicate that the number of mismatches in 
crRNAs adjacent to the target mutations or in the PAM proximal regions 
is critical for efficient collateral cleavage of CRISPR-Cas proteins (Huang 
et al., 2021). The new strategy to design and select crRNAs with multiple 
mutations could be one principle for CRISPR-based testing assay. 

In our study, Omicron and wild-type targets were separately tested. 
We indeed spiked both Omicron and wild-type template of SARS-CoV-2 
in the same reaction, and the signal was only observed in the presence of 
both the target and the crRNA specific for the target (Supplementary 
Fig. S3), indicating the high specificity of the allele-specific crRNAs and 
our CRISPR-Cas12a-based assay. Gootenberg et al. has reported a mul
tiplexed nucleic acid detection platform by using different Cas proteins 
and multiple reporters labeled with different dyes (Gootenberg et al., 
2018). Therefore, further refinement could make our CRISPR-based 
assay possible for simultaneous detection of more than two targets. 

In conclusion, the performance of CRISPR-Cas12a-based mutation- 

Fig. 1. Workflow of RT-PCR/CRISPR-Cas12a-mediated assay for detection of SARS-CoV-2 Omicron variant. Viral RNA was extracted from oropharyngeal swab 
samples infected with Omicron variant or non-Omicron strain, reverse-transcribed into cDNA by using Oligo (dT) and random primer, and amplified using SARS-CoV- 
2 specific primers through PCR. After amplification, Cas12a was pre-incubated with Omicron-specific crRNA-S-37X and crRNA-S-49X to form crRNA-Cas12a complex 
followed by addition of the amplified product and ssDNA reporter (5′-6-FAM-TTATT-BHQ-1-3′). For the Omicron template, the ssDNA reporter was trans-cleaved by 
the activated Cas12a to release fluorescence signal while no fluorescence signal was released in the reaction of non-Omicron strain. Finally, the fluorescence signal 
was measured by using fluorescent detector or judged by naked eyes. The detection results were presented as positive (red line or green tube) and negative (blue line 
or grey tube), respectively. 
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specific assay was useful for detection of Omicron variant. The CRISPR- 
Cas12a-mediated genotyping assay can effectively improve the acces
sibility of genotyping for Omicron variant especially in resource-limited 
settings. It is a simple and useful tool to globally monitor and track the 
circulating Omicron variant and the dynamics of COVID-19 pandemic. 
However, we must emphasize that this is a preliminary evaluation of our 
CRISPR-Cas12a-mediated genotyping assay, and a large number of 
clinical samples are needed for further validation and optimization of 
this assay. 
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