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Abstract
We have developed a CRISPR based assay that can detect the presence 

of SARS-CoV-2, in human as well as environmental samples, and predict 
if it is an Omicron or non-Omicron variant of the virus. This nucleic acid 
amplification-based test (NAAT) consists of two independent steps: a one-
step multiplexed RT-PCR amplification using a standard kit, followed by 
CRISPR based detection that utilizes the trans-cleavage activity of the 
Cas12a enzyme. We have evaluated the performance of OmiCrisp in over 
80 clinical samples and more than 160 sewage samples. We observed an 
agreement of >99% with the sequencing results in labeling SARS-CoV-2 
positive samples as well as Omicron or non-Omicron call, in clinical 
cases. Similar accuracy was observed with qRT-PCR results in wastewater 
samples. Our OmiCrisp -like platforms can be developed quickly and can 
potentially complement sequencing for quick and rapid tracking of the 
transmission of emerging pathogenic variants.

Introduction
Regular testing for timely isolation has been a crucial activity in the 

management of the SARS-CoV-2 pandemic. Nucleic acid-based detection 
assays, real-time PCR (rtPCR), ubiquitously proved to be the most effective 
way of testing for the containment of Covid19 pandemic. This encouraged the 
development of new ways of nucleic acid-based tests that are cost-effective, 
rapid, and instrument agnostic [1]. Furthermore, similar to all viruses, 
SARS-CoV-2 accumulates mutations in its genome over time that give rise 
to new variants of the virus. Some variants exhibit changes in transmission, 
infectivity, disease severity, response to therapy. Hence, it is important to 
track the transmission of the new SARS-CoV-2 variants for the effective 
management of the pandemic. So far, for SARS-CoV-2 variant tracking, most 
countries have relied on whole genome sequencing of the virus from patient 
samples. Indeed sequencing has been used to both understand the evolution 
of variants as well as track the variants by their signature mutations, once 
they have been sequenced [2]. Sequencing is expensive, time-consuming, and 
requires specialized instruments, and skilled personnel underscoring the need 
for a complementary rapid and cost-effective method for variant tracking. 
There are various cost-effective and rapid assays in published literature for 
genotyping of mutations [3, 4]. However, these are not being used in practice 
for tracking of SARS-CoV-2 variants because these methods require extensive 
design and validation efforts to develop, and hence not suitable for tracking 
of viruses which are evolving rapidly. Waste water based surveillance of 
the SARS-CoV2 concentrations, which enters the sewage through human 
discards, has been a complementary adjunct method to track the spread of 
the virus within a community [5], in addition to clinical testing. Testing 
samples of sewage can monitor community level transmissions and provide 
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early warning signs for rapidly emerging variants especially 
since non-symptomatic people can also shed the virus [6]. 
Scientists have been looking for pathogens in sewage for 
environmental surveillance for the past decade. Indeed, in the 
case of polio virus, waste water surveillance is considered 
more effective than tracking symptomatic individuals [7]. 
While next generation sequencing is the only fool-proof 
method for identifying a novel viral strain as it evolves, it is 
expensive and unaffordable in public health settings to track 
the virus, especially in low income countries. In addition 
wastewater and other such mixed samples yield nucleic 
acids of inferior quality and yield that are not at par with the 
requirements of NGS tests.

CRISPR systems appear to be a promising technology 
for sequence specific detection of nucleic acids. There have 
been various reports demonstrating CRISPR based methods 
for SARS-CoV-2 detection based on Cas13, Cas12, and 
Cas9 that show the promise of being instrument minimalistic 
[8-19]. Some of them have also shown variant detection 
capabilities, but most of these variant tracking platforms 
have not shown the variant selectivity at higher viral loads 
making them of limited use [20, 14, 21]. Here we report the 
development OmiCrisp that can detect the presence of SARS-
CoV2 in RNA extracted from a nasopharyngeal swabs as well 
as wastewater samples, and predict if it is an “Omicron” or 
“non-Omicron” lineage variant of the virus. This is a nucleic 
acid amplification-based test (NAAT). The amplification and 
detection are carried out in two independent steps in this assay. 
Amplification is done using a multiplexed RT-PCR method, 
followed by detection that relies on the trans-cleavage activity 
of the Cas12a enzyme [22, 23] (Figure 1a). Briefly, Cas12a 
enzyme binds to a guide RNA to make Cas12a:guide RNA 
complex. The guide RNA is customized to recognize the 
target DNA sequence -a sequence that one wants to detect. 
The Cas12a: guide RNA complex in the presence of target 
DNA makes a trimeric nucleoprotein complex, Cas12a: guide 
RNA: target DNA. This trimeric nucleoprotein complex has 
an endonuclease activity and it cleaves ssDNA irrespective of 
the sequence of ssDNA, this activity of the trimeric complex 
is known as trans-cleavage activity. The trans-cleavage 
activity of trimeric complex can be easily observed as an 
increase in fluorescence signal if the ssDNA that gets cleaved 
is labeled with a fluorophore and quencher pair at its termini, 
reporter ssDNA. In our assay, the detection reagent contain 
Cas12a, a guide RNA, and ssDNA reporter, when a sample to 
be tested contains the target DNA to be detected by the guide 
RNA; the Cas12a:guide RNA: target DNA forms resulting 
in trans-cleavage of the ssDNA reporter and an increase in 
fluorescence signal. Total turnaround time of the assay is 3 
hours. The assay has been designed to detect ORF1ab gene, N 
gene, and S gene targets for SARS-CoV-2; while ribonuclease 
P_MRP subunit (POP7) transcript target has been used as 
human RNA control. OmiCrisp has been designed in such 
a way that the selectivity for variant prediction is retained 

at the highest possible viral load. Furthermore, we identified 
mutations in the virus, which can discriminate Omicron 
from non-Omicron variants and show 100% agreement 
with sequenced clinical samples. The same test shows 99% 
concordance with RT-PCR data, in identifying SARS-COV2 
in sewage samples and higher accuracy for calling Omicron 
variants in waste water samples compared to the traditional 
RT-PCR. Finally, the test is still applicable in identifying all 
variants of concern of Omicron lineage that have appeared 
in India including the recently reported JN.1 (BA.2.86.1.1).

Materials and Methods
Reagents and Equipment

LbaCas12a, Alt-R™ L.b. Cas12a (Cpf1) Ultra, custom 
guide RNAs Alt-R® L.b. Cas12a crRNA, custom ssDNA_
FQ reporter (/56-FAM/TT ATT /3IABkFQ/) were procured 
from IDT(Integrated DNA Technologies, USA). DNA 
oligonucleotides used as primers and synthetic templates 
were custom synthesized from Sigma (USA), and VNIR 
Biotechnologies (India). NEBuffer™ 2, and BSA (B9000S) 
were purchased from NEB(New England BioLabs, USA). 
The fluorescence measurements were done in VarioSkan LUX 
micro plate reader (Thermo Scientific, USA) in Corning® 
96 Well Black Polystyrene Microplates (CLS3603-48EA, 
Sigma, USA) were used. The fluorescence measurements for 
OmiCrisp_v2 were acquired in Bio-Rad CFX96 Real-Time 
PCR machine (Bio-rad, USA). The amplification reactions 
were performed in Mastercycler Nexus Thermal Cycler™ 
(Eppendorf, Germany) and Applied Biosystems 2720 thermal 
cycler (Thermo Scientific, USA). SARS-CoV-2 synthetic 
RNA controls for reference strain (Wuhan-Hu-1, cat. 102024) 
and Omicron strain BA.1 (Omicron EPI_ISL_6841980, 
cat.105204) were procured from TwistBioscieces, USA. 
PCR master mix 2X, K01721, was procured from Thermo 
Scientific. For purification of PCR products QIAquick Gel 
Extraction Kit (cat.28704, Qiagen, Germany) was used.

Synthetic DNA template preparation
Synthetic DNA templates corresponding to S gene 

Omicron BA.1, and Sgene Omicron BA.2 were prepared 
by the overlap extension of the synthetic oligonucleotides. 
Briefly, the overlap extension mix was prepared by mixing 
overlapping oligonucleotides, see SI table 4 for sequences, at 
a concentration of 1 µM in 1X PCR master mix and overlap 
extension was performed in thermal cyclers with following 
conditions: Initial heat denaturation 95 ℃ for 5 minutes; 15 
cycles of 90 ℃ 30 seconds heat denaturation, annealing at 
60 ℃ for 30 seconds, extension 72 ℃ for 30 seconds; and 
final extension for 5 minutes at 72 ℃. Rest of the synthetic 
templates were prepared by One step RT-PCR amplification 
from the corresponding synthetic RNA controls with the 
suitable primers at 250 nM concentration and 1*10^5 copies 
of synthetic RNA as template. The products obtained after 
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overlap extension and one step RT-PCR were purified using a 
purification kit and quantified based on absorbance at 260 nm 
in NanoDrop One™ (Thermo Scientific, USA).

One step multiplexed RT-PCR
One step RT PCR was performed using commercially 

available one step RT PCR mix. The concentration of each 
primer in the reaction mix was about 250 nM. Following 
thermal cycling conditions were used for the one step RT-
PCR: Step 1. primer incubation at about 25 ℃ for about 2 
minutes, Step 2. reverse transcription at about 53 ℃ for about 
10 minutes, Step 3. enzyme denaturation at about 95 ℃ for 
about 2 minutes, and Step 4. 35-40 cycles of amplification 
that includes incubation at about 95 ℃ for about 15 seconds 
for denaturation and combined extension/annealing at about 
60 ℃ for about 1 minute. For OmiCrisp_v1 and OmiCrisp_
v2 multiplexed One step RT PCR was done. For v1 two 
primer pairs (4 primers) corresponding to the ORF1ab and S 
gene were used as N gene primers were not designed for the 
assay. OmiCrisp_v2 used 4 primer pairs to amplify fragments 
of interest corresponding to ORF1ab, S gene, N gene, and 
human RNaseP; hence a total of 8 primers were added in a 
single tube.

Trans-cleavage assay
All the trans-cleavage assays for a given target template 

or sample were carried out using 25 nM of LbaCas12a, 25 
nM of the indicated guide RNA, 50 nM ssDNAFQ reporter in 
a solution containing 50 mM NaCl, 10 mM Tris-HCl, 10 mM 
MgCl2, and 100 µg/ml BSA pH 7.9 (at 25 °C) at 37 ℃. For 
the end-point assays the reactions were stopped after 1 hour 
of incubation by adding 10 µL of stop buffer, 250 mM EDTA 
and 37.5 mM Tris.Cl pH 7 at 25 ℃ to the 50 µL reaction 
mix. For real time assays, all the reactions were initiated by 
addition of the target samples, and it was ensured that the time 
difference between beginning of addition of sample and the 
start of the data acquisition is not more than 2 minutes. At the 
end of the reaction, after 1 hour of incubation, it was stopped 
by adding 10 µL of stop buffer containing 250 mM EDTA and 
37.5 mM Tris.Cl pH 7 at 25 ℃ to the 50 µL reaction mix and 
fluorescence measurements were performed on a microplate 
reader. Fluorescence data (emission at 525 nM) was captured 
using either a plate reader or real time PCR machine. Data is 
shown in an arbitrary fluorescence unit (AU).

Detection step was carried out in a 96-well plate. The 
amplified product from the One step RT-PCR was used as an 
input for end-point trans-cleavage assays in the presence of 
6 different detection reagents containing the following guide 
RNAs: 1. ORF1ab (ORF1ab_ref + ORF1ab_Om) 2. Sgene_
omm 3. Sgene_ref 4. Ngene_ref 5. Ngene_om and 6. RNaseP. 
For each trans-cleavage reaction about 5 µL of the amplified 
sample was used and the reaction in each detection reagent 
was done in duplicate, resulting in a total of 12 independent 

trans-cleavage reactions for each sample to be tested  
(Figure 1a).

Clinical samples for validation
Clinical nasopharyngeal swab samples were obtained 

from two sources. (1) Strand Life Sciences which was 
mandated by the Technical Advisory Committee (TAC) of 
the State of Karnataka for Pandemic to initiate the genomic 
Surveillance of SARS-CoV-2 in various parts of Bengaluru 
city (Ref: CHO (PH)/PR/P-103/2021-22), helped us to 
cross validate OmiCrisp v1 of the assay. Ethics for sample 
collection and research was provided by the institutional 
ethics committee at HCG (HealthCare Global), and (2) 
The Institutional Ethics Committee, inStem, provided the 
approval for archival and access of clinical samples from 
the biorepository at inStem (inStem/IEC-19/01/27E, inStem/
IEC-17/001). The Institutional Biosafety Committee provided 
permission (inStem/G-141(3)-17/CJ) for the utilization of 
the samples for clinical research. Permission to conduct 
and support research on SARS-CoV2 has been provided to 
inStem by the Review Committee on Genetic Manipulation 
(RCGM), Department of Biotechnology, Ministry of Science 
and Technology, Government of India (approval number: 
BT/IBKP/035/2019).

Environmental samples for validation
Extracted RNA from wastewater samples were obtained 

from Molecular Solutions Care Health LLP, Bangalore. These 
samples were collected as part of the Precision Pandemic 
Health Initiative, a community based wastewater surveillance 
project implemented in various parts of Bangalore city. 
Sample collection sites included open storm water drains. 
Collection, transportation and RNA extraction protocols are 
described in Basu et. al., 2022 with one modification: the 
RNA extraction kit used was NeoDx Total Nucelic Acid 
Extraction kit (NeoDx, Bangalore). All extracted RNA from 
retrospective samples were stored at -20C until further use. 
For the CRISPR based assay, data was acquired for all 3 
markers ORF1ab, S gene and N gene using OmiCrisp_v2 
for the experimental samples as well. However, the Q493R, 
G496S mutations in the S gene were no longer valid for a 
sample to be classified as Omicron positive, hence S gene 
was not analyzed in the study. For the wastewater samples, 
only ORF1ab and N gene markers were used to identify 
positive samples.

RT-PCR for cross validation
All environmental samples were initially tested using RT-

PCR at Molecular Solutions Care Health LLP laboratory using 
the SARS CoV2 quantitative kit (GenePath Technologies, 
Pune).These kits are referred to as RT-PCR Kit 1 in the 
manuscript. Omicron variant calls were cross-validated with 
the CoViDelta kit, (GenePath Technologies, Bangalore) and 
is referred as RT-PCR Kit 2 in the manuscript.
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Data analysis and interpretation
Threshold signal estimation

The threshold signal is important for labeling a given 
signal as unambiguously positive without requiring a 
subjective decision of the analyst. The threshold signal was 
calculated as described below. Every time a trans-cleavage 
assay was performed, negative controls were included for 
each guide RNA used for the detection in trans-cleavage 
assay. The negative controls had all the reagents except the 
sample, added to them. Signals from negative controls were 
used to estimate the threshold signal. The signal from the 
negative controls of all the guide RNAs are pooled into one set 
that was labeled as “pooled negative controls”. The median 
and interquartile range of the “pooled negative controls” was 
calculated using standard formulas. First, outliers, which 
could arise from random contamination, were removed from 
the “pooled negative controls”. Upper limit of outliers was 
calculated using equation Eq.1.

Upper limit of outlier = median negative control signal + 
1.5*Interquartile range (IQR)--------------------------------Eq.1

All the negative control points with signals higher than 
the Upper limit of outlier were removed. In case of a situation 
where more than 20 % of the negative controls were higher 
than the upper limit of outlier, the entire assay was discarded 
and repeated with fresh reagents. After removal of outlier 
points standard deviation was calculated of the remaining 
“pooled negative data set” using standard formulas and 
the threshold signal (Thresh_signal) was calculated using 
equation Eq.2.

Thresh_signal = 3.6* Standard deviation of pooled 
negative data set after outlier removal----------------------Eq.2

RT-NTC check
The RT-NTC control is where no sample was added at the 

step of amplification to the RT-PCR reaction. The presence 
of signal higher than threshold signal in the RT-NTC for 
any guide RNA indicated contamination. A criterion for the 
acceptable limit of contamination, RT-NTC cut off, was set. 
If for any guide RNA the signal in RT-NTC was more than 
RT-NTC cut off, the data for the guide RNA was not used for 
analysis. The RT-NTC cut off was calculated using equation 
Eq.3.

RT-NTC cut off = median of pooled negative controls + 
1.5*Thresh_signal---------------------------------------------Eq.3

Unreliable data removal 
In order to interpret results of the assay for a given sample, 

first the reliability of the signals obtained after trans-cleavage 
reaction with all guide RNAs was evaluated. The reliability 
of the signals was estimated from the variations in technical 
duplicates of the trans-cleavage assay for each guide for each 

sample. And any data point, above the threshold signal (as per 
Eq.1), is to be considered a positive signal. If any such positive 
signal data point showed large variations in duplicates, they 
were considered unreliable and were excluded from the 
data analysis. In order to remove the positive signal data 
points with large variation in signal in technical duplicates, 
percentage relative standard deviation (%RSD) for technical 
duplicates was calculated using equation Eq.4.

%RSD for one guide for a given sample = (Standard 
deviation of duplicate*100)/(average of duplicate)-----------
-------------------------------------------------------------------Eq.4

All the data points with %RSD more than 20% were 
removed from the analysis. The data points with human 
gene guide RNA %RSD more than 20% were not removed 
from the analysis. In those cases where after removing the 
unreliable data, the data for less than three SARS-CoV-2 
guides was left, the assay for that sample was repeated. Note: 
the exception was applied to two samples used for OmiCrisp_
v1 validation. The S om guide of sample 12 and ORF1ab 
guide of S40 had %RSD of 28 and 20 %, respectively. We 
did not have sufficient sample for the repeat; however, the 
signal of both the duplicates were approximately 10 times 
higher than the background, so it was reasonable to believe 
that these signals were not unreliable.

Labeling the signal as positive or negative 
In order to label a signal as positive or negative, the 

average signal of all the technical duplicates left after the 
unreliable data removal was estimated. Next, the background 
subtracted signal was estimated for each guide RNA used in 
the assay for each sample tested. The background subtracted 
signal (back_sub_signal) for all these average signals was 
calculated using equation Eq.5.

back_sub_signal = average signal of a guide for a sample 
- average signal of the corresponding guide for RT-NTC------
-------------------------------------------------------------------Eq.5

If the background subtracted signal was greater than 
threshold signal it was considered positive signal else it was 
considered negative.

SARS-CoV-2 positive versus negative prediction for 
clinical samples 

For the clinical samples, those that did not report “positive” 
signal for any of the three SARS-CoV-marker genes (Orf1a, 
S gene or N-gene), were labeled as “SARS-CoV-2 negative”. 
For the sewage samples, those that did not report “positive” 
for either of the two SARS-CoV-marker genes (Orf1a or N 
gene), were labeled “SARS-CoV-2 negative” 

The clinical samples that showed positive signal for only 
one SARS-CoV-2 gene (out of ORF, S, and N) or sewage 
samples that showed only one marker (out of ORF or N gene) 
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were labeled as “SARS-CoV-2 negative” with a remark 
saying, “one gene positive repeat to confirm”. 

The samples that showed positive signal for at least two 
out of three SARS-CoV-2 genes (out of ORF, S, and N) for 
clinical samples or both positive signal genes (ORF and N 
gene) in sewage samples, were labeled as “SARS-CoV-2 
positive”. 

Notably, if either one or both guides of a guide pair for a 
gene showed a positive signal it was counted as only 1 gene 
positive. For example, the S gene had two guides: Sref and Som. 
S gene was counted as one gene positive if either one or both 
the S gene guides showed a positive signal. Similarly, the N 
gene has two guides: Nref and Nom. The N gene was counted as 
one gene positive if either one or both the N gene guide RNA 
showed a positive signal.

SARS-CoV-2 positive vs negative prediction in 
wastewater samples

In case of sewage samples, since the signal was 4-5 fold 
lower than clinical samples, as expected in RNA extracted from 
a mixed matrix like waste water compared to nasopharyngeal 
swab, we considered the signal from the negative controls 
of all the guide RNAs from different plates and 3 SD above 
the mean was considered the cut off for positive signal for 
threshold. All negative controls were found within this 
threshold. Therefore, for individual markers, if a signal was 
above 3 standard deviations of the negative control signal 
for the corresponding marker, calculated across all runs, it 
was labeled as “positive”, else negative”. If only of the two 
markers, either Orf1ab or the N gene signal alone was found 
positive, then the sample was labeled ambiguous. 

Omicron versus non-Omicron prediction
Variant prediction using S gene guide RNA pair

Based on the signals observed for the S gene guide pair, 
Som and Sref , following two situations were possible. The S 
gene guide pair signal was only followed for clinical samples 
S gene variant was not discriminatory for sewage samples. 

1. In the case of clinical samples, where the back_sub_signal 
for both Som and Sref signals were not available, variant 
prediction was not made with S gene saying “insufficient 
data for prediction of variant”.

2. For clinical samples where both SOm and Sref back_
sub_signal were available, Som/Sref was calculated using 
equation Eq.6. If, Som/Sref >0.5, the sample was labeled as 
“Omicron”, else it is labeled as “Not-Omicron”.

Som/Sref = back_sub_signal of Som/ back_sub_signal of Sref-
-------------------------------------------------------------------Eq.6

Variant prediction using N gene guide pair
Based on the signals observed for the N gene guide pair, 

Nom and Nref, following two situations were possible.

1. For samples where the back_sub_signal for both Nom and 
Nref signals were not available, variant prediction was not 
made with N gene saying “insufficient data for prediction 
of variant”.

2. For samples where the back_sub_signal for both Nom 
and Nref were available, Nom/Nref was calculated using 
equation Eq.7. If, Nom/Nref >1, the sample was labeled as 
“Omicron”, else it was labeled as “Not-Omicron”.

 Nom/Nref = back_sub_signal of NOm/ back_sub_signal of 
NOm---------------------------------------------------------- Eq.7

3. For Sewage samples, only the N gene was used to label 
samples as Omicron positive or negative. if the signal 
was “positive” for NOm above the Threshold signal for the 
markers (no background subtraction was performed), it 
was labeled Omicron, else it was labeled “Not-Omicron”. 
There were no samples where both Nom and Nref were 
positive, which would be ambiguous call.

Final variant prediction was done as described below
1. In clinical samples, if only one of the N or S gene could 

be used for variant prediction, the results corresponding to 
the variant prediction of that gene was reported.

2. If both N and S genes could be used for prediction and 
the prediction was same for both, the corresponding result 
was reported.

3. If N and S gene variant predictions do not match the result 
reported was, “N and S gene predictions do not match, 
possible contamination or mixed samples repeat with 
freshly collected samples.”

4. If neither N or S gene could be used for variant prediction 
the result was, “assay needs to be repeated because the 
data was not sufficient for variant prediction.”

Human gene signal analysis
In clinical samples If the signal for human gene was 

positive the result reported was “human gene detected” 
else the result reported was “human gene not detected”. All 
the samples showed good fluorescence which was above 
the threshold in the RNase P reaction for sewage samples. 
If the sample was SARS-CoV-2 negative and human gene 
was not detected, the remark was added “assay needs to be 
repeated” with fresh sample or higher amount of sample. For 
wastewater samples, human gene signal as an indicator of 
sample integrity was deprioritized. 

Results and Discussion
Guide design

To develop a nucleic acid-based assay for the detection of 
Omicron variant, we identified mutations that were specific 
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to Omicron variant of SARS-CoV-2 and were not associated 
with any other SARS-CoV-2 variant identified by WHO; 
i.e. Alpha, Beta, Delta, Epsilon, Eta, Gamma, Iota, Kappa, 
Lambda, Mu, Theta, and Zeta. We enlisted mutations in the S 
gene of the Omicron variant that were present at a frequency 
higher than 90%, and not present in any of the aforementioned 
non-Omicron variants of SARS-CoV-2 at a frequency higher 
than 0.1 % (SI Table S1). Next, we selected the subset of 
these mutations that were present in all the three variants of 
Omicron, BA.1, BA.2, and BA.3, identified at that time of 
the work. This analysis was done manually from the data 
available at www.outbreak.info website on 6 January 2022. 
We continued to track the selected mutations in subsequent 
lineages that appeared in India, including BA.5, BA.2.75, 
XBB.1, XBB.1.5 and the recent JN.1 (lineage- BA.2.86.1.1) 
for the validity of our assays and found our Orf1ab and N 
gene markers conserved both for the identification of SARS-
CoV2 and for the Omicron lineage variants (Supplementary 
Figure S1). To design a Cas12a trans-cleavage assay that 
can detect single nucleotide variations in a sequence, the 
variant should be present within the 6 bases of PAM site [23]. 
We examined the sequence of shortlisted mutation/s and 
identified the ones that matched the criteria for developing 
the Cas12a trans-cleavage-based assay for single nucleotide 
variation detection. We planned to develop an assay in which 
the variant prediction is based on the presence of a signal as 
opposed to absence of signal; hence, we designed a pair of 
guide RNAs to detect the sequences harboring each of these 
selected mutation/s. One of the guides of a pair is labeled 
as Reference-specific guide and another one is labeled as 
Omicron-specific guide. The Reference-specific guide RNA 
is designed to give a positive signal in trans-cleavage assay 
if the selected mutation/s is absent in the target, and the 
Omicron-specific guide RNA is designed to give a positive 
signal in a trans-cleavage if the selected mutation/s is present 
in the target. (Figure 1a). To test the selectivity of the designed 
guide RNA pairs to discriminate Omicron from non-Omicron 
variants experimentally, the target region that harbors the 
mutation/s of interest, was amplified using one step RT-
PCR with a suitable primer from synthetic RNA controls of 
indicated SARS-CoV-2 variant. The amplified product was 
used as target or input for the trans-cleavage assay. A guide 
pair qualified for being able to differentiate the Omicron from 
not Omicron targets, if a trans-cleavage assay done with the 
Omicron-specific guide showed at least 5 fold higher signal 
in presence of the target amplified from Omicron synthetic 
RNA control than in the presence of the target amplified from 
reference synthetic RNA control after 1 hour of the assay. 
Also, the trans-cleavage assay done using the “Reference-
specific guide” showed at least a 5 fold higher signal in the 
presence of the target amplified from reference synthetic 
RNA control than in the presence of the target amplified from 
Omicron synthetic RNA control after 1 hour of the assay. 

Some of these designed guide pairs were indeed found to be 
able to differentiate Omicron from non-Omicron synthetic 
controls. Our selected guides showed the ability to differentiate 
Omicron from non-Omicron in end-point assays where we 
used ~1*105 copies of synthetic RNA control as input (Figure 
1b, c). However, at higher target concentrations the rates of 
trans-cleavage are expected to be faster and the reactions for 
both Reference-specific and Omicron-specific guides may 
reach saturation after 1 hour of the assay, irrespective of the 
input RNA sample being Omicron or non-Omicron. Hence, it 
was important to evaluate if the selectivity of the guide RNA 
will be retained at higher input RNA concentrations in these 
end-point assays. The input to trans-cleavage assay is a DNA 
fragment amplified from the input RNA sample after RT-PCR 
amplification step. The maximum amount of the target DNA 
that can be expected at the end of RT-PCR amplification 
is equal to primer concentration used in the RT-PCR. In 
OmiCrisp, 250 nM of each primer is used for amplification; 
hence the highest possible concentration of the amplified 
product expected is 250 nM. 5 µL of the amplified product is 
employed in about 50 µL of reaction for trans-cleavage assay, 
so the highest possible concentration of the target DNA 
expected is 25 nM in the trans-cleavage reaction. So, it is 
reasonable to believe if a guide pair showed selectivity in the 
trans-cleavage assay performed in the presence of 30 nM of 
the synthetic DNA targets as inputs, the selectivity would be 
retained for any amount of viral RNA present in the unknown 
sample to be tested by the two-step assay. Synthetic DNA 
templates corresponding to the amplicon region harboring 
the mutation/s of interest were synthesized as described in 
the materials and methods section. The trans-cleavage assays 
were done using these synthetic DNA targets (30 nM) as 
input for the selected guide pair. The guide RNA pair was 
defined as suitable for the end-point assay if a trans-cleavage 
assay done with Omicron-specific guide showed at least 5 
fold higher signal in the presence of Omicron synthetic DNA 
target (30nM) than in the presence of the reference synthetic 
DNA target (30 nM) after one hour of the assay, and trans-
cleavage assay done with Reference-specific guide showed 
at least 5 fold higher signal in the presence of Reference 
synthetic DNA target (30 nM) than in the presence of the 
Omicron synthetic DNA (30 nM) after one hour of the assay. 
Two guide pairs that retained selectivity at high target DNA 
concentration: one pair targets a region on S gene and another 
targets the region on N gene (Figure 1b,c). The S gene guide 
pair that we selected targets a region on S gene that harbors a 
set of three mutations; Q493R, G496S, and Q498R. The BA.2 
variant of Omicron does not harbor the G496S mutation. 
Interestingly, we observed that both the reference-specific 
and Omicron-specific guide of this guide pair can induce 
trans-cleavage in the presence of the synthetic DNA template 
corresponding to BA.2. So, the samples that will show trans-
cleavage in the presence of both Omicron- and Reference 

https://www.zotero.org/google-docs/?No8UYW
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(SI Table S2 for the variants selected for primer design). To 
estimate the applicability of these primers for Indian isolates 
of SARS-CoV-2, we aligned these primers with all the 
complete genome sequences of SARS-CoV-2 Indian isolates 
deposited at NCBI. We estimated the frequency of isolates 
that have mis-matches with primer. We observed that 99 % of 
these isolates have no mis-matches with the designed primers. 
The sequence of primers and the frequency of isolated mis-
matches for each prime is provided in SI Table S3. Also, 
the N gene primer was modified to insert a PAM site in the 
amplicon because the mutation/s of interest in the N gene did 
not have a PAM site closer than 6 bases from it.

Assay validation 
Figure 1a shows the workflow of the two-step assay. Step-

1 or the multiplexed amplification was carried out in PCR 
tubes. RT-NTC control is included at this step where nuclease 
free water is added to the indicated tube instead of a sample. 
Step-2 or detection step was carried out in a 96-well plate 
(Figure 1a). Briefly, a fragment of interest of ORF1ab, N, S, 
and human RNaseP gene was amplified from the sample to 
be tested using about 5 µL of the sample to be tested in 70 
µL of the reaction volume using multiplexed one step RT 

specific guides will still be Omicron. We will have to keep 
testing for all the evolving variants what the results will be if 
they do not harbor all three mutation/s. See, methods sections 
for the detailed calculations for the variant prediction of the 
assay. The guide pair for the N gene that we selected targets a 
region on the N gene that harbors mutation NΔ31-33 (Figure 
1b). In the first version of OmiCrisp, OmiCrisp_v1, we did 
not include the N gene guide pair for detection. As described 
ahead, upon completion of the validation of OmiCrisp_v1 
we observed that S gene gives lower or undetectable signals 
at low sample loads, see figure 2, hence compromising the 
sensitivity of assay of SARS-CoV-2 prediction. To overcome 
this limitation, we included a guide pair for the N gene in our 
version 2 of the OmiCrisp (Figure 1c).

Primer design
We designed the primers that could amplify the regions 

of interest, harboring the target of the guide RNA to be used 
for detection of S, ORF1ab, and N genes. To ensure that these 
primers will be applicable for the majority of SARS-CoV-2 
variants, we designed consensus primers for a group of 23 
variants of SARS-CoV-2 that represent measure mutation 
constellations of SARS-CoV-2, using NCBI primer BLAST 

RT
-N

TC

Step-2: Detection in 96 well plate post amplification

------

S2 Sn

Step-1: Multiplexed amplification of the RNA extracted from samples

S1

1a 1b

1c

Figure 1

Figure 1: a) Two step workflow involving amplification and detection of the OmiCrisp assay. Detection reagents are color coded based on the 
guide sequence present in the detection mix. The RT_NTC is a no sample RT-PCR amplification reaction that is added to all the wells of the 
indicated row. S1-S6 are RT-PCR amplified product of the clinical samples. Det_pos is synthetic template for testing the quality of detection 
reagents. Det_neg is nuclease free water added to all the wells of the indicated row b) Trans-cleavage assay done at saturated concentration 
of the indicated DNA template with indicated guide RNA. This shows the selectivity of the guide pair for N and S gene to discriminate 
Omicron variant from non-Omicron variant is retained at saturating target DNA concentrations. c) The analytical validation of the OmiCrisp 
with specified synthetic RNA as input at indicated concentrations. Note: OmiCrisp_v1 did not have Ngene_om and Ngene_ref guide RNAs 
containing detection reagents, hence only detection was done in presence of only four different detection reagents for it.
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PCR as described in materials and methods section. In the 
second step, 5 µL of the amplified product was used as an 
input for end-point trans-cleavage assay in the presence of 
6 different detection reagents containing the following guide 
RNAs: 1. ORF1ab (ORF1abref + ORF1abom) 2. Som 3. Sref 4. 
Nref 5. Nom_om and 6. RNAseP (SI table 5 for guide RNA 
sequences). Trans-cleavage reaction in the presence of each 
guide RNA was done in duplicate, resulting in a total of 12 
independent trans-cleavage reactions for each sample to be 
tested. OmiCrisp_v1 did not have Nom and Nref guide, hence 
detection was done in presence of only four different detection 
reagents leading to total 8 independent trans-cleavage for 
each sample.

Analytical validation
For analytical validation a known number of copies of 

a given synthetic RNA control was used as a sample to be 
assayed. As can be seen in Figure 1C when 100 copies of 
either Omicron or Reference synthetic RNA control samples 
were used as input to the assay a detectable signal higher than 
RT-NTC was observed at the end of the assay; hence the 
limit of detection of the assay was expected to be at least 100 
copies of RNA. It was observed that the Reference synthetic 
controls samples showed more than 2 times higher signal 
in the trans-cleavage reactions that had Reference-specific 
guides (Sref or Nref) than in the trans-cleavage reactions that 
has Omicron-specific guide of corresponding gene (Som or 
Nom), and Omicron synthetic controls samples showed more 
than 2 times higher signal in the trans-cleavage reactions 
that had Omicron-specific guides (Som or Nom) than in the 
trans-cleavage reactions that had Reference-specific guide of 
corresponding gene (Sref or Nref). Hence, the N gene and S gene 
guide pair were able to discriminate the Omicron synthetic 
RNA from reference synthetic RNA at all the concentration 
of input RNA tested using the assay (Figure 1b, c).

Clinical validation
We validated the OmiCrips_v1 in RNA samples extracted 

from nasopharyngeal swabs that were previously sequenced 
and identified as SARS-CoV-2 positive. These blinded 
identity samples were provided by Strand Life Sciences, an 
accredited NGS genomic surveillance center in Bengaluru, 
India. As mentioned previously, the first version of OmiCrisp, 
OmiCrisp_v1, comprised four guide RNAs. Three of them 
are for SARS-CoV-2: ORF1ab, S gene Omicron-specific, S 
gene reference-specific, and one for human gene: RNase P 
gene. For clinical validation 5 µL of extracted RNA from a 
clinical sample was used as an input to the assay. Out of the 
50 samples tested, only 46 were detected as SARS-CoV-2 
positive by OmiCrisp_v1; therefore, the sensitivity of the 
assay for detecting SARS-CoV-2 was 92 %. Among the 46 
samples detected as SARS-CoV-2 positive by OmiCrisp_
v1, 40 were identified as Omicron and 6 were identified 
as non-Omicron. All the samples identified as Omicron by 

OmiCrisp_v1 were indeed Omicron, the sample identified as 
“non-Omicron” were Delta (non-Omicron) as per sequencing 
results. Therefore, the specificity of OmiCrisp_v1 for 
distinguishing Omicron from non-Omicron variants is 100 % 
(Figure 2a, 2b). OmiCrisp_v1 had a good selectivity to call 
out Omicron from non-Omicron variants; however, in order 
to improve the sensitivity of calling SARS-CoV-2 positive, 
we closely looked at the data of 4 samples that were identified 
as SARS-CoV-2 negative. We observed that two of these 
samples have unambiguously higher signals over no template 
controls for ORF1ab gene. But because the S gene signal was 
low, these samples were identified as negative (Figure 2a). 
Next, we estimated the Ct values of all the four samples using 
a commercially available rtPCR kit that targets S gene, N 
gene, and RdRP gene (Figure 2c). Interestingly, in three out 
of these four samples S-gene was not detectable, and the Ct 
values of the N-gene and RdRp were higher than 32 in these 
samples. This indicates lower viral load or degraded RNA in 
these samples. Based on the above data, to enable detection at 
viral lower loads, we introduced two changes to OmiCrisps_
v1 to build the improved OmiCrisp_v2. First, we increased 
the number of PCR cycles from 35 to 40 at the amplification 
step, and we introduced a new SARS-CoV-2 at a q N-gene 
to the assay. We validated the Omcrisp_v2 on a total of 33 
RNA samples extracted from nasopharyngeal swabs. This 
validation was done at inStem and conducted by the inStem 
technicians (Bengaluru, India) in a blinded fashion. The 
unprocessed data with blinded sample identities was handed 
over to CrispBits by InStem (Figure 3a). CrisprBits analyzed 
the data and made predictions based on OmiCrisp_v2 (Figure 
3b). We developed an automated pipeline for the data analyses 
of OmiCrisp assay that is independent of technician’s 
subjective error. The details are in the method section. Out 
of 33 samples 25 samples were SARS-CoV-2 positive and 
8 samples were SARS-negative. OmiCrisp_v2 correctly 
identified the positive sample as SARS-CoV-2 positives 
and negative samples as SARS-CoV-2 negative. Hence, the 
specificity and sensitivity of OmiCrisp_v2 assay in identifying 
SARS-CoV2 in this validation study were both at 100 %. Out 
of 25 positive samples, 9 samples were Delta variants of the 
SARS-CoV-2 virus and OmiCrisp_v2 correctly identified 
them as Non-omicron. Among the remaining 16 samples 
that were Omicron 15 were accurately identified as Omicron. 
One of the Omicron samples was labeled as ambiguous by 
OmiCrisp_v2 because it was identified as Omicron with S 
gene guide pair and as non-Omicron as N gene guide pair. 
The validation results indicate that the OmiCrisp platform is 
suitable for tracking the Omicron variant of SARS-CoV-2 
variant in clinical samples.
Waste-water sample validation for surveillance

To validate if our OmiCrisp could detect the virus, 
including the Omicron variant in pooled environmental 
samples such as waste water, we validated our test first in 
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Samples OmiCrisp_v1 
results

Sequencing 
results

S1-S40 Omicron Omicron

S41-S45 
and S50

Not Omicron Delta

S46-S49 SARS-CoV-2 
negative

Delta

Samples Ct Sgene Ct RdRp Ct Ngene
Ct 

human

S46 33.90 33.17 30.50 23.75

S47 ND 32.16 30.81 30.15

S48 ND 36.29 34.46 25.90

S49 ND 35.00 32.59 23.98

2a 2b

2c

Figure 2

Figure 2: Clinical validation of OmiCrisp_v1. a) Bar graph showing the fluorescence intensity of the indicated probe or guide RNA for 
each sample. The height of the bar represents the background subtracted mean intensity of the technical duplicates in arbitrary fluorescence 
units (AU), and the empty circle overlaid on bars indicate the background subtracted intensity of the individual technical duplicates.  
b) Tabular summary of the clinical validation, showing the comparison between sequencing and Omcrisp_v1. c) qRT-PCR analysis of the 
sample identified as SARS-CoV-2 negative by the OmiCrisp_v1.

Samples OmiCrisp_v2 
results

Sequencing results

S1-S9 Not Omicron Delta

S10-S24 Omicron Omicron

S25 SARS-CoV-2 
positive, 
variant 
prediction 
ambiguous

Omicron

S26-S33 SARS-CoV-2 
negative

SARS-CoV-2 negative

3a 3b

Figure 3

Figure 3: Clinical validation of OmiCrisp_v2. a) Bar graph showing the average fluorescence intensity of the indicated probe or guide RNA 
for each sample. The height of the bar represents the mean intensity (arbitrary fluorescence unit (AU) of the technical duplicates, and the empty 
circle overlaid on bars indicate the intensity of the individual technical duplicate. b) Tabular summary of the clinical validation, showing the 
comparison between sequencing and OmiCrisp_v2.
*validation was performed in an external laboratory where the qPCR instrument was used to measure end point fluorescence of the CRISPR 
assay

166 waste-water samples, collected and tested (via qRT-
PCR) simultaneously by a surveillance group in Bengaluru. 
Due to the constant evolution of the virus, the Omicron 
distinctive mutations in the S gene could not be used for 
wastewater surveillance study which was performed on 
samples collected between December 2021 and Jan 2023. 
Hence for the surveillance study, we restricted our analysis 

to the Orf1ab and the N gene mutations, with the N gene 
mutations discerning the Omicron variant from previous 
lineages of SARS-CoV-2. We first standardized our assay 
on 70 archived samples from 1 month to 6 months old. A 
total of 40 RT-PCR positive and 30 RT-PCR negatives for 
SARS-CoV-2 samples were selected (Figure S2). Samples 
were selected such that they reflect a range of quality. Some 
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representative samples from good (Ct<25), medium (Ct 25-
32)and poor (Ct 32-35) quality were selected and run using 
our OmiCrisp v2 assay, The assay detected 38/40 positive 
samples and 28/30 negative samples accurately. Since the 
signals for sewage samples are several folds (4-10) fold lower 
than clinical samples, we fine-tuned our algorithm to set our 
positive signal as 3 standard deviations (+3 SD) of pooled 
NTC signals for a marker, across all the batches of samples 
(See Methods). We then confirmed our OmiCrisp v2 assay in 
a fresh set of 96 samples- 67 positive samples and 29 negative 
samples (collected between October 2022 - Feb 2023). These 
samples were simultaneously cross validated for the presence 
or absence SARS-CoV-2 (TruNAT, CoviSure) as well as 
Omicron lineage confirmation (CoviDelta kit). We observed 
that 66 of 67 RT-PCR positive samples were also labeled 
positive by OmiCrisp v2 (Figure 4a,b,c). The single sample 
with an ambiguous result, 27DESWFM001, had one marker 
detected as positive (N) and one as negative (Orf1ab). All 29 
RT-PCR negative samples were also confirmed as “negative” 
by the OmiCrisp v2 assay. Thus validation on sewage 
samples resulted in 98.5% sensitivity and 100% specificity for 
detecting SARS-CoV2 by our assay. Since sewage samples 
yield inferior quality of RNA, confirming their identity 
by sequencing was not feasible and 75% samples failed 
sequencing. Hence to confirm the identity of the Omicron 

variants in these 96 samples, they were tested using the 
CoviDelta kit which could distinguish the Omicron variant 
from the previously identified Delta lineage. At first glance, 
concordance was only 87.5% (84/96) for the Omicron variant 
detection between OmiCrisp v2 and the CoviDelta qRTPCR 
platforms. 10 samples were called as Omicron positive with 
RT-PCR, by virtue of any one of two markers (RdRp, and N 
gene) showing Ct< 35. However, all these 10 samples were 
negative not only by OmiCrisp v2, but also were called as 
negative using the previously described Covisure / TruNAT 
RT-PCR kits for SARS-CoV-2 detection. The two discrepant 
samples that were called negative by CoviDelta but positive 
by OmiCrisp v2 were also found positive by the previously 
described CoviSure/ TruNAT tests. Thus we observe high 
concordance between the RTPCR based CoviSure / TruNat 
qPCR platforms and CRISPR based OmiCrisp v2, than two 
RTPCR platforms themselves. 

Conclusions
We developed a CRISPR based assay, OmiCrisp, that can 

predict the presence of Omicron or non-Omicron variant in 
extracted RNA samples. We validate the results of the assay 
on RNA samples extracted from human nasopharyngeal 
swabs as well as from environmental samples like sewage 
effluents. We observed that OmiCrisp is highly reliable in 

Samples RT_PCR kit 1 OmiCrisp_v2 RT-PCR kit 2 
(Omicron +ve)

W1-W67 Positive 66/67 61/67

W68-W96 Negative 29/29 19/29

Sensitivity 98.5 91

Specificity 100 66

OmiCrisp 
Omicron call

RT-PCR kit 1 
SARS-CoV-2  

RT-PCR kit 2
Omicron call

SARS CoV2 positive 
(presumptive 
Omicron)

66 67 61

SARS CoV2 negative 29 29 35

Ambiguous 1 0 0

Total 96 96 96

4a

4b 4c

Figure 4: OmiCrisp_v2 testing on wastewater samples. a) Bar graph showing the fluorescence intensity of the indicated probe or guide RNA 
for each sample. The height of the bar represents the mean intensity of the technical duplicates, and the empty circle overlaid on bars indicate 
the intensity of the individual technical duplicate. b) Tabular summary showing the comparison between RT-PCR kit 1 and 2 and Omcrisp_v2. 
The table shows the concordance between the positive and negative samples called by various kits. The sensitivity and specificity of the 
OmiCrisp v2 test and the corresponding Omicron RT-PCR test are listed. c) Tabular summary showing total samples tested and their results 
in each test.
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identifying the variants in clinical samples when compared to 
sequenced samples. The assay interpretation is streamlined, 
easily automated, and does not require any subjective 
decisions to be made by technicians performing the assay. 
The clinical validation of the assay was performed at an 
external laboratory indicating that the assay is amenable to 
technology transfer. The data from the study on detecting the 
virus and the Omicron variants in sewage samples indicate 
equally compelling application of the test in environmental 
surveillance. Kumar et al have also reported the development 
of a CRISPR systems-based platform for SARS-CoV-2 variant 
detection that is based on using FnCas9, named RAY [14]. This 
is an endpoint assay, and in any end-point assay, specificity 
is compromised as well as the selectivity of the variant can 
be lost if the concentration of input RNA is high. However, 
the validation for the study was performed on samples with 
Ct values above 22, indicating higher concentration of target 
DNA in these samples. The Ct values in samples from SARS-
CoV-2 positive patients for ~20-50 % of samples is below 22 
[24, 25]. We have designed OmiCrisp to ensure the variant 
selectivity will not be compromised at very high viral loads 
(Figure 1b). Another interesting CRISPR based platform 
for variant detection is miSHERLOCK which is based on 
Cas13a, where the input is saliva samples from prospective 
patients and nucleic acid extraction is done automatically 
in the device that is included in the platform. However, the 
platform performance has not been shown in clinical samples, 
and the variant calling specificity has not been tested at higher 
concentrations of RNA [26]. Fasching et al identified a novel 
Cas12a enzyme, CasDx1, for improved SNP detection and 
showed its application in SARS-CoV-2 variant detection 
[20]. Again, there is no explicit experiment evidence showing 
the selectivity of guide RNAs at higher concentrations on the 
input samples. The agreement of sequencing and the assay 
for the variant identification varies from 83% (Alpha) - 97 
% (WT). OmiCrisp is a CRISPR based assay that can be 
used for the detection of SARS-CoV-2 Omicron variants. 
OmiCrisp depends on the presence of a positive signal to call 
out a sample either Omicron or non-Omicron that ensures 
that the assay is more reliable for variant prediction even in 
samples with lower viral load. An assay that labels a sample 
as Omicron or non-Omicron based on absence of signal from 
a given gene will have very low specificity for Omicron. For 
example, an RT-PCR that identifies non-Omicron based on 
absence of S gene signal would have an identified sample 46, 
47, 48 used in OmiCrisp_v1 validation as Omicron whereas 
in reality they were non-Omicron (Figure 2c) [27, 28].

The design, development and validation of a nucleic 
acid-based assay, like OmiCrisp, for variant detection has 
rapid turnaround time and relatively lower investment costs 
in the R&D. Hence, these types of assays can complement 
ongoing sequencing efforts in a facility for quick screening of 
samples before selecting them for sequencing or to validate 

suspicious sequencing results. Furthermore, the OmiCrisp 
assay can be done with relatively lower quality and quantity 
of nucleic acid samples than that required for NGS. This is 
particularly exemplified in case of wastewater samples which 
are bound to be poor quality and as expected, majority daily 
sequencing. Our data on OmiCrisp shows that OmiCrisp 
and similar CRISPR based assays are a choice for screening 
of variants in relatively poor-quality samples that fail in 
NGS. From the onset, environmental samples, specifically 
wastewater samples, have shown great promise in getting the 
early warning of the upcoming peak [29]. Furthermore, waste 
water surveillance is not dependent on access to healthcare 
and testing capacity of clinical labs [30]. However, an 
environmental sample exposed to various conditions that can 
degrade nucleic acids are not expected to yield very high-
quality RNA, and as well as represent a pooled matrix, where 
the signal will be quite diluted. This is evident in that the signal 
is at least 4-5-fold higher in clinical nasopharyngeal samples 
compared to sewage samples. Indeed we also observe that in 
sewage samples, the human gene RNA, shows degradation 
in a number of samples, even though the signal from viral 
gene RNA is significantly above background. Consequently 
we do not consider human RNA control as an indicator of 
sample integrity. As such, sewage samples cannot yield 
highly pure or concentrated samples as input. While our study 
successfully uses conventional RT-PCR for amplification of 
nucleic acid, followed by CRISPR detection, the latter can be 
coupled with isothermal amplifications like RT- LAMP (loop 
mediated isothermal amplification) or RT-RPA (recombinant 
polymerase amplification) which tolerate nucleic acids from 
crude extracts and relatively poor quality. At the same time 
the assay is sensitive enough to detect the virus in a pooled 
matrix. Thus, OmiCrisp is an example of an accurate, rapid 
and cost-effective platform that can be helpful in tracking fast 
evolving pathogens. We postulate that OmiCrisp and similar 
CRISPR assays can be utilized for monitoring of pathogens 
and their variants in both clinical and environment samples 
for variant tracking, and thus extending their use to pandemic 
surveillance.
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SUPPLEMENTARY FILES

N gene comparison, www.outbreak.info, Dec 27, 2023

Figure S1`

Figure S1: N gene comparison, www.outbreak.info, Dec 27, 2023. Comparison of nucleotide changes of the various lineages including the 
recent JN.1 and the previously circulating BA.2.75. The del-31/33 used in our assay to identify the omicron lineage is conserved in JN.1

Figure S2

Supplementary Fig 2: OmiCrisp_v2 testing on waste-water samples.Bar graph showing the fluorescence intensity of the indicated probe or 
guide RNA for each sample. The height of the bar represents the mean intensity of the technical duplicates, and the empty circle overlaid on 
bars indicate the intensity of the individual technical duplicate.

http://www.outbreak.info


Sharma S, et al., J Biotechnol Biomed 2024
DOI:10.26502/jbb.2642-91280128

Citation: Suruchi Sharma, Manasa Bagur Prakash, Reety Arora, Annes Siji, Bidipta Roy, Varsha Shridhar, Nimisha Gupta, Vijay Chandru, 
Vaijayanti Gupta. OmiCrisp: A CRISPR SARS-CoV-2 Test with Omicron Detection. Journal of Biotechnology and Biomedicine. 7 (2024): 
67-81.

Volume 7 • Issue 1 81 

OmiCrisp version Name Sequence (5'-3') Frequency of complete genome sequences 
of Indian isolates with 1 or more mismatches 

v1 and v2 Fwd_ORF1ab GAGGACGCGCAGGGAATGGA 14/1375

v1 and v2 Rvs_ORF1ab TAGTAAGACTAGAATTGTCTACATAAGCAGC 11/1375

v1 and v2 Fwd_Sgene GGAAGTCTAATCTCAAACCTTTTGAGAGAG 9/1375

v1 and v2 Rvs_Sgene AGACTCAGTAAGAACACCTGTGCC 3/1375

v2 Fwd_Ngene CCTCAGATTCAACTGGCAGTTTCCAG 4/1375

v2 Rvs_Ngene AGAGCGGTGAACCAAGACGCA 2/1375

v1 and v2 Fwd_RNaseP CCAGAGACCGACACACGGGA Not Applicable

v1 and v2 Rvs_RNaseP ATGCGAAGAGCCATATCACGGAGGGGATAA Not Applicable

SI table S3: The list of primers used in multiplexed RT-PCR of OmiCrips_v1 and OmiCrisp_v2. Frequency of mismatches in the primers with 
the Indians isolates have also been shown in the table.

Name Sequence (5'-3') Remarks

BA2S493_oligo_1 GTAATGGTGTTGCAGGTTTTAATTGTTACTTTCCTTTACGATCATATGGT To make BA.2 synthetic 
template using overlap 

extensionBA2S493_oligo_2RC TATGGTTGGTGACCAACACCATAAGTGGGTCGGAAACCATATGATCGTAA

Fwd_Ndel31_For_PAM CCTCAGATTCAACTGGCAGTTTCCAG To amplify N gene Omicron and 
N gene Reference fragment 

from the corresponding 
synthetic RNARvs_Ndel_31 ACCTTGGGGCCGACGTTGTTT

Fwd_S_493 TCAACTGAAATCTATCAGGCCGGT To amplify S gene Omicron and 
S gene Reference fragment 

from the corresponding 
synthetic RNARvs_S_493 CAGTTGCTGGTGCATGTAGAAGT

SI table S4: List of primes and oligonucleotides used for preparing the synthetic DNA templates.

Name of the etection reagent Name sgRNA (5’-3’)

CoV-ORF ORF1abref UAAUUUCUACUAAGUGUAGAUAAAAUUACAGAAGAGGUUGG

CoV-ORF ORF1abom UAAUUUCUACUAAGUGUAGAUUAUUAUUUGCUGGUUUAAGU

CoV-Sref Sgeneref UAAUUUCUACUAAGUGUAGAUCAAUCAUAUGGUUUCCAACC

CoV-Som Seneom UAAUUUCUACUAAGUGUAGAUCGAUCAUAUAGUUUCCGACC

CoV-Nref Ngeneref UAAUUUCUACUAAGUGUAGAUGAAUGGAGAACGCAGUGG

CoV-Nom Ngeneom UAAUUUCUACUAAGUGUAGAUAGAAUGGUGGGGCGCGAUC

hg-E RNase_P UAAUUUCUACUAAGUGUAGAUAAUUACUUGGGUGUGACCCU

SI table S5:  Sequence of the guide RNAs used in OmiCrisp
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