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Here, based on the design of rational primers and copper nanoclusters (CuNCs), we present a method for the
accurate detection of the SARS-CoV-2 Delta variant, which is capable of distinguishing the Delta variant with its
single nucleotide polymorphism from the ‘wild type’ coronavirus (NC_045512.2), and realizing visualization
signal out. Specifically, we show that dual priming oligonucleotide (DPO) primers and AT primers can be used to
distinguish between wild types and mutations of this virus by polymerase chain reaction (PCR) analysis and that
visualization can be achieved via the red fluorescence of CuNCs in ultraviolet radiation. Among the results, it was
found that the R-1-down (DPO)-61 and F-1-30 AT, with the single nucleotide deletion site designed at the 3’ end
of the downstream primer, showed the best specificity towards the Delta variant. Moreover, the use of AT primers
increased the AT contents of the PCR products, thus meeting the template requirements generated by the CuNCs.
It was also found that the AT primers could assist with improving detection specificity. Finally, we demonstrate
that the visualization of the CuNCs-based detection assay exhibited a linear relationship in 0.5 pg pL"'-50 ng
uL~!, with a limit of quantitation (LOQ) of 0.5 pg pL ™.

1. Introduction

Data shared by the World Health Organization (WHO) indicates that
by October 1, 2021 more than 235 million people worldwide had tested
positive for the SARS-CoV-2 (COVID-19) infection, with over 4.8 million
confirmed related deaths. SARS-CoV-2 belongs to the genus p-corona-
virus family of positive-sense single-stranded RNA (4ssRNA) viruses [1,
2]. To optimize their survival, RNA viruses frequently adopt mecha-
nisms of genetic variation through mutation, thereby increasing the
rates of infectivity and mortality [3,4]. According to the Global initiative
on sharing all influenza data database, to date four variant categories
have been reported, namely the Alpha (United Kingdom, B.1.1.7), Beta
(South African, B.1.351), Gamma (Brazilian, P.1) and Delta (Indian
Double Mutant, B.1.617.2) variants (http://www.bioticainternational.
com). Of these, the Delta coronavirus has been found to exhibit
comparatively stronger heat resistance, transmission and viral load, and
may even have immune escape capabilities, all providing this variant
with strong pathogenicity [5]. Given the high human-to-human trans-
mission potential of SARS-CoV-2, including from asymptomatic carriers,

rapid and accurate diagnosis is critical for timely treatment and control
of the outbreak [6,7]. However, it remains unclear how best to use the
existing conditions and methods to achieve the accurate detection of
SARS-CoV-2 variant strains and this issue requires urgent resolution.
At present, the detection of SARS-CoV-2 includes immune response
tests, such as antigen and antibody detection [8] and virology tests,
including nucleocapsid protein (NP) and nucleotide detection assays.
Although an immune response test is generally immediate and inex-
pensive, it presents the challenge of false-negative diagnoses due to the
variations in people’s individual immune systems. As an antigen, NP is
released into mainly the blood, saliva, nasopharynx, feces and urine in
the early stage of coronavirus infection, and the expression of NP in
SARS-CoV-2 is lower than in SARS-CoV or MERS-CoV. Moreover, espe-
cially in the receptor-binding domain and NP detection of SARS-CoV-2,
its amino acid sequence is very similar to that of SARS-CoV, making it
prone to misjudgments. The most common method of nucleotide
detection is that used to determine the RNA sequence of the virus by
reverse transcription-polymerase chain reaction (RT-PCR), which is also
recognized as the current ‘gold standard’ [9,10]. More than 30 types of
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RT-PCR test kits have been approved by the United States Food and Drug
Administration (FDA), however, their positive detection rates are
reportedly only 30-60% accurate (https://www.fda.
gov/MedicalDevices/Safety/EmergencySituations/ucm161496. htm).
Dong et al. [4] found that, in 196 clinical samples, the RT-digital PCR
method was comparatively more accurate and sensitive in the diagnosis
of SARS-CoV-2 than RT-qPCR. While the above mature detection
methods can realize the rapid and accurate detection of SARS-CoV-2, the
visual distinction of the SARS-CoV-2 Delta variant, especially those with
single nucleotide deletion, has become a problem that requires an urgent
solution.

The characteristic of copper nanoclusters (CuNCs) to produce red
fluorescence under ultraviolet (UV) radiation has attracted wide atten-
tion and applications of scientists in biosensor design [11,12]. Ligands
such as nucleic acids [13], cysteine [14,15], and bovine serum albumin
[16,17] can generate CuNCs in the presence of reducing agents. Among
T-rich single-stranded sequences [18] and AT-rich double-stranded se-
quences [19] also can be used as specificity templates for the generation
of CuNCs with visualization. In addition, Gorthi et al. also reported that
the combination of sodium ascorbate and Taq buffer can also enhance
the fluorescence of CuNCs [20,21]. Therefore, we associated with PCR
products as the nucleic acid templates of CuNCs to realize the visuali-
zation detection.

Under the existing conditions, in order to improve the specificity of
detection single nucleotide deletion, dual priming oligonucleotide
(DPO) primers have been adopted. A DPO primer is comprised of two
separate priming regions joined by a polydeoxyinosine linker [22]. Since
its discovery in 2007, it has been widely used in the detection of multiple
viruses, including those with single nucleotide polymorphism (SNP),
with high specificity and sensitivity [23,24].

In this study, DPO primers were used to realize the highly sensitive
detection of single nucleotide deletion by existing experiment conditions
and equipment. As well as, AT primers increased the AT contents of the
PCR products, thus meeting the template requirements generated by the
CuNCs. Then, a method based on the design of rational primers and
utilization of CuNCs for the accurate detection of the SARS-CoV-2 Delta
variant is presented, which can distinguish between the single nucleo-
tide deletion virus and wildtype coronavirus, and can also realize visu-
alization with specificity.
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2. Materials and methods
2.1. Materials and primers

TransStart® Green qPCR SuperMix was purchased from the Trans-
Gen Biotech Co. Ltd, (Beijing, China). The primers based on target se-
quences were designed using the National Center for Biotechnology
Information (NCBI) (https://www.ncbi.nlm.nih.gov). All oligonucleo-
tides were synthesized by Sangon Biotech (Shanghai) Co. Ltd.
(Shanghai, China), and purified using high performance liquid chro-
matography (HPLC). The sequences used in this work are shown in
Table 1. Ultrapure 3-(N-morpholino) propanesulfonic acid (MOPS), so-
dium chloride (NaCl), copper sulfate (CuSO4) and sodium ascorbate (SA)
were of analytical grade and commercially obtained from the Sigma-
Aldrich Chemical Company (Merck Sigma-Aldrich, St. Louis, MO,
USA). Deionized water was prepared using a Millipore Milli-Q system
(Merck Millipore, USA).

2.2. Contrived sample preparation

To facilitate this study, an artificial plasmid model was constructed
to validate the methodology. Genes fragments (wild-SARS-CoV-2, Mut-
SARS-CoV-2, FluA, MERS, rhinovirus, and SARS-CoV-1) were cloned
into TOPO vectors with a T7 primer, using a TOPO PCR cloning kit
(Beijing, China) (Table S1) [25]. The vectors were obtained via a
TIANpure Midi Plasmid Kit (Tiangen Biotech Co, Ltd.). DNA concen-
trations were measured using NanoDrop 2000 and all the DNA samples
were stored at 4 °C.

2.3. qPCR system

The PCR reaction mixture (25 pL) contained 1 x SuperMix, 600 nM
each of the primers, and double distilled water (ddH20). The real-time
PCR assay was performed using a PCR amplifier (Gene 9000, Hang-
zhou Bioer Technology Co. Ltd, China) for 3 min at 93 °C, followed by 30
cycles of denaturation for 30 s at 95 °C, annealing for 30 s at 65 °C, and
extension for 30 s at 72 °C, while fluorescence intensity was measured
during the annealing phase at 65 °C. To enhance the sensitivity of the
PCR, the annealing temperature and the sequences of the DPO primers
and AT primers were optimized. All samples in this experiment are three
parallels, and the results were shown as mean =+ standard error of the
mean.

Table 1
Sequences of primers in experiments.

Name Sequences (5'-3") Length (nt) Tm

F-1 CTTGTGGACAACAGCAGACAAC 22 56.6 °C
R-1 TTCATACTGACAGGTGGTGCT 21 56 °C
R-1-down (DPO) CACAAGTAAATGTACCATGCTTAAGIIIIACTGACAG 38 64.4°C
R-1-down (PT) CACAAGTAAATGTACCATGCTTAAGTTCATACTGACAG 38 59.9 °C
F-1-15 AT ATATATATATATATACTTGTGGACAACAGCAGACAAC 37 56.3°C
F-1-20 AT ATATATATATATATATATATCTTGTGGACAACAGCAGACAAC 42 56.3 °C
F-1-25 AT ATATATATATATATATATATATATACTTGTGGACAACAGCAGACAAC 47 56.4°C
F-1-30 AT ATATATATATATATATATATATATATATATCTTGTGGACAACAGCAGACAAC 52 56.7 °C
R-1-down (DPO)-3'1 CACAAGTAAATGTACCATGCTTAAGIIIIIACTGAC 36 63.5°C
R-1-down (DPO)-3'2 CACAAGTAAATGTACCATGCTTAAGIIIIIACTGACA 37 64.3°C
R-1-down (DPO)-3'3 CACAAGTAAATGTACCATGCTTAAGIIIIIACTGACAG 38 64.4°C
R-1-down (DPO)-poly6l CACAAGTAAATGTACCATGCTTAAGIIIIIIACTGACAG 39 65.3°C
R-1-down (DPO)-poly4I CACAAGTAAATGTACCATGCTTAAGIIIIACTGACAG 37 63.4°C
R-1-down (DPO)-poly3I CACAAGTAAATGTACCATGCTTAAGIIIACTGACAG 36 62.3°C
R-1-down (DPO)-61 CACAAGTAAATGTACCATGCTTAAIIIIIIACTGACAG 38 64.3 °C
R-1-down (DPO)-41 CACAAGTAAATGTACCATGCTTAAGTIIIIACTGACAG 38 63.3°C
R-1-down (DPO)-31 CACAAGTAAATGTACCATGCTTAAGTTIIIACTGACAG 38 63.3°C
F-2 GTCAGCACCACCTGTCAGTA 20 56.7 °C
R-2 AGTAAAGCACCGTCTATGCAA 21 54.3 °C
F-2-up ( DPO ) AGGAGTCACCTTTTGTTATGATGTCAGIIIIICCTGTCAG 40 68.1 °C
F-2-up ( PT) AGGAGTCACCTTTTGTTATGATGTCAGCACCACCTGTCAG 40 66 °C
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2.4. Copper nanoclusters formed by PCR products

Next, 10 pL of the PCR products was mixed with 10 pL of 1 mM
CuSO4 60 pL of MOPS buffer (10 mM MOPS, 150 mM NacCl, pH 7.6) and
20 pL of 10 mM SA, and the mixture was shaken immediately, according
to Yu’s experimental method [26,27], with partial modifications.
Fluorescence measurements were performed at room temperature using
a Cary Eclipse BioMelt Bundle (G9802AA, Agilent Technologies, USA) at
an excitation wavelength of 340 nm. The fluorescence emissions of the
reaction were recorded from 550 nm to 650 nm and, by directly using
UV light, the colors of the sample could also be observed by the naked
eye.

2.5. Sensitivity and specificity to SARS-CoV-2 Delta variant

In order to verify the performance of our method, 10-fold gradient
dilution templates which is in vitro transcribed RNA samples (in Sup-
porting information) were selected for a sensitivity assay by real-time
RT-PCR and a visualization CuNCs-based detection assay. Thereafter,
four pathogens of respiratory diseases, namely FluA, MERS, rhinovirus,
and SARS-CoV-1, were used for specificity detection. The concentration
of the SARS-CoV-2 Delta variant was 5 ng ul !, while the other templates
were 100 ng pl 1.

3. Results
3.1. Design principle

This study involves the application of rational primers design,
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including DPO primers and AT primers, for PCR amplification to realize
the highly sensitive detection of the SARS-CoV-2 Delta variant. DPO
primers contain two separate priming regions joined by a poly-
deoxyinosine linker, which can accurately identify SNP; and AT primers
artificially add AT sequences at the 5" end of primers, which can not only
improve the AT contents of PCR products and be conducive to the
generation of CuNCs, but also provide the unexpected function of
improving detection specificity. In this novel process, shown in Fig. 1A,
the cDNA of the virus target is obtained through reverse transcription,
whereafter conventional PCR amplification is carried out through the
rational designed DPO and AT primers, and finally the PCR amplifica-
tion products are generated into CuNCs to realize the visual detection of
the SARS-CoV-2 Delta variant. It is especially important to note that the
Delta variant sequence used in this experiment was only that of the single
nucleotide deletion from the wild-SARS-CoV-2 sequences, as shown on
the right side of Fig. 1A. Compared with the SARA-COV-2 sequence
(Genebank: NC_045512.2), the SARS-CoV-2 Delta variant (B.1.617.2,
Genebank: OK091006.1) sequence has many mutations and SNP site.
The mutation site selected in this study is located at the 5700th base
deletion on ORF1ab, which intensively affects the infectivity and path-
ogenicity of Delta variant. The PCR process of rational primers design in
this study is consistent with that of traditional PCR, which is dependent
on PCR amplification and procedure (Fig. 1B). Final results were eval-
uated according to the Ct value of the amplification curves.

3.2. Feasibility analysis

The effects of the primer design were assessed using real-time PCR.
First, two pairs of DPO primers were designed as experiment groups,
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Fig. 1. Schematic of SARS-CoV-2 Delta variant detection:

(A) complete detection process; (B) real-time PCR process.
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namely F-1 and R-1-down (DPO), and F-2-up (DPO) and R-2. Further-
more, F-1 and R-1, F-1 and R-1-down (PT), F-2 and R-2, and F-2-up (PT)
and R-2 were selected as the control groups. Compared with the control
groups, a gap was distinguished between the DPO primers’ amplification
curves in the mutation and wild-type coronaviruses by real-time PCR
(Fig. 2A-F). In contrast, different type coronaviruses could not be
distinguished by the DPO primers in agarose gel electrophoresis
(Fig. S1). Thus, it is evident that the SNP of the single nucleotide deletion
posed a significant challenge to the specificity capability of the DPO
primers.

3.3. Annealing temperature optimization

The annealing temperature of the two pairs of primers was optimized
to ensure the specificity of detection of the single base deletion. As can
be seen in the graphs in Fig. 3 A-F, the PCR amplification curves gap
between the mutation and wild-type SARS-CoV-2 by the F-1 and R-1-
down (DPO) became increasingly obvious as the temperature increased.
Similar results were also found in the amplification curves of the F-2-up
(DPO) and R-2 (Fig. S2 A-F). These results indicated that the annealing
temperature of 65 °C was best for the discrimination of the Delta variant.
In order to intuitively analyze the experimental results, GraphPad Prism
software was used to process the Ct values of the mutant and wild type
coronavirus, ACt = Ctyjig-Ctyyy, the results of which are shown in Fig. 3
G-H. The ACt values of the R-1-down (DPO) and F-2-up (DPO) reached
7.1 and 9.3 respectively, 5.6 and 7 times higher, respectively, then those
at 55 °C and with greater specificity in the detection. However, subse-
quent studies showed that the AT primers could also increase ACt, and
the results of the downstream primers containing polyxanthine were
better than those of the upstream primers. Therefore, F-1 and R-1-down
(DPO) primers were optimized for subsequent investigations. When F-1
and R-1-down (DPO) were 0.6 uM in the system, the amplification effect
was observed to be optimal, therefore, 0.6 pM was selected as the basis
for subsequent optimization (Fig. S3).

3.4. DPO primer optimization

The rigorous challenge of single nucleotide deletion necessitated
careful design of the base arrangement of the DPO primers. Previous
results showed that the length of the 5’ end sequence of DPO primers
was 18-25 base, which was determined by the 3’ end sequence [22].
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Consequently, this paper optimized mainly the site of the DPO primers’
3’ end deletion bases and the number of deoxyinosine bases. Fig. S4
shows that R-1-down (DPO) that is 8 bases at the 3’ end and 50%
guanine-cytosine (GC) content were the most suitable for these assays,
with the deletion base located in middle site. The DPO primers recog-
nized the SNP, relying mainly on polydeoxyinosine to interact with
weak bases complementary to A, C and U through hydrogen bonds,
thereafter achieving single nucleotide mutation [28]. It is evident from
Fig. 4 A-D that the value ACt increased with the escalation of poly-
deoxyinosine. The ACt of R-1-down (DPO)-6I was 9.2 (Fig. 4 E), which
proved that the specific recognition effect of R-1-down (DPO)-61 is better
for Delta variant strains. With the increase of the number of hypoxan-
thine bases, it can not only improve the specificity of detection, but also
have a certain impact on the sensitivity, so this study did not continue to
increase the number of hypoxanthine bases. Therefore, R-1-down
(DPO)-61 was selected as the best primer. At the same time, the primers
that changed the number of polyhypoxanthine bases without changing
the sequences of the 5’ and 3’ ends of DPO primers were also optimized
(Fig. S5). It can be seen from the results that hypoxanthine bases can
better identify Delta variant strains even if they are not complementary
to template bases, thus indicating that the design of DPO primers in this
method exhibited high tolerance and were more suitable for the popu-
larization of SNP detection.

3.5. AT primer optimization

Although the novel DPO primers’ design principle was found to
effectively distinguish between the wild-type SARS-CoV-2 and the Delta
variant, precision real-time detection equipment is required to realize
the discrimination effect. Here, a novel visualization method for the
detection of the Delta variant was developed based on CuNCs under UV.
As the aforementioned PCR products could not meet the requirements of
CuNCs for the template AT content, the AT base sequence was artificially
added at the 5’ end of the specific primers, with reference to the method
of Chen et al. [29]. Unexpectedly, when the AT contents gradually
increased, so too did the ACt, indicating that the specificity of detection
became increasingly more effective (Fig. 5). In addition, the PCR prod-
ucts produced by different AT primers were used to generate CuNCs, the
results of which are shown in (Fig. S6). The higher the content of AT
primers, the higher the fluorescence of CuNCs, which is consistent with
previously reported results [13]. The visualization effect of the CuNCs
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under UV irradiation can be seen in Fig. S6, and F-1-30 AT was clearly
visible to the naked eye.

3.6. Conditions for the optimization of CuNC generation

To analyze the visualization of the detection methods, we measured
the fluorescence of CuNCs using UV. As the CuNCs were generated from
precursors and the reducing agent, the concentrations of CuSO4 and SA
were crucial for the reaction. As shown in Fig. 6 A, C, the CuNCs were
maximally generated when the concentration of CuSO4 was 1 mM,
however, no CuNCs were generated when the concentration of CuSO4
was reduced to 0.1 mM. Similarly, when the concentration of SA was
reduced to 1 mM, Cu?" could not be effectively reduced to form

700

A
— 10mM CuSO,
150
— 5mM CuSOy4
— 1mM CuSO4
2 100 — 0.5mM CuSOy
z - 0.1mM CuSO,
%
g
g 50+
E
0 i —
T 1 T T 1
450 500 550 600 650
C Wavelength (nm)
1504
3 o
3 100
';-
Z
g
£ 504
=

T T T T T
0.ImM0.5mM ImM 5mM 10mM

nanoclusters. Since the reduction effects were seen to be similar between
5 mM and 100 mM, 10 mM SA was selected as the subsequent reduction
concentration (Fig. 6 B, D). In addition, this reaction was found to be
rapid, with a stable fluorescence signal generated within 2 min (Fig. S7),
thus enabling the rapid visualization of PCR products and providing the
possibility for in situ detection.

3.7. Sensitivity and specificity assay of SARS-CoV-2 Delta variant

Sensitivity is an important metric used to assess the performance of a
diagnostic assay. In this study, different concentrations of the SARS-
CoV-2 Delta variant were detected via this novel method, under
optimal conditions. As can be seen in Fig. 7, the detection range of the
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Fig. 6. Optimization of PCRs-CuNCs generation conditions: (A) Fluorescence amplification curve optimized for CuSO4 concentrations; (B) Fluorescence amplification
curve optimized for SA concentrations; (C) Optimized result of CuSO4 concentrations; (D) Optimized result of SA concentrations.
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Fig. 7. Sensitivity and specificity of detection
method. (A) Amplification result of real time-PCR and
the linear relationship; (B) Fuorescence of PCR-
CuNCs and the linear relationship; (C) Fluorescence

T a H — SOngul"  curve generated by PCR products; (D) Fluorescence
10g(C ng pL) — 0Sngur! ~ 80 Jog(C ug L) — Sngul"  value at 602 nm, in which the red dotted line is the
1500 50 pg ™! ; 60 — 05ng “rll set detection standard, and the illustration shows the
N 5pgul’! z — S0pg ”11 UV illumination diagram corresponding to D, with
£ 1000 05pel E 404 —Spedl 46 indicating Mut (SARS-CoV-2 Delta variant),
sofgu! = — 05PeM phinovirus, MERS, FluA, SARS-CoV-1, and H.O,
500 5 g pl! 207 — i‘OTng u respectively. (For interpretation of the references to
NTC 0 . . ' . color in this figure legend, the reader is referred to the
0 450 500 550 600 650 700 Web version of this article.)
0 10 20 30 40 50 Wavelength (nm)
Ct
C D
1504 — H0 150
— SRAS-CoV-1 mm H,0
3 100 FluA E = SRAS-CoV-1
& — MERS ; 1004 B FluA
-‘E’ Rhinovirus g = MERS
E‘ 504 — Mut E _____________ Rhinovirus
= EN Mut
0 T T T T 1 O WV F&. 4
450 500 550 600 650 700 Q"'%;‘@ {‘\é Q\le *
Wavelength (nm) e%?' &

fluorescence quantitative PCR instrument was 50 ng ul~1-50 fg ul ™!, and
the limit of quantitation (LOQ) was 50 fg pl~! and limit of detection
(LOD) was 5 fg plfl (Fig. 7 A). Furthermore, 110.9% amplification ef-
ficiency indicated that the linear relationship between Y =
—3.316*X+14.13, R = 0.9973 was reliable. The signal output was
achieved by the visualization CuNCs-based detection assay, the linear
relationship was Y = 9.080%X+74.28, R? = 0.9893, and the detection
results were 50 ng pl~1-0.5 pg pl~! with the LOQ of 0.5 pg pl ! and LOD
of 0.1 pg pl_l (80) (Fig. 7 B), which is consistent with resolution of
agarose gel electrophoresis (Fig. S8). At the same time, the sensitivity of
this study was compared with that of other SARS-COV-2 detection, and
the results are shown in Table S2.

In order to evaluate the specificity of this assay, four other corona-
viruses were selected for specificity experiment. It can be seen from
results that only the SARS-CoV-2 Delta variant was amplified in real-time
qPCR with amplification curves (Fig. S9), generating red fluorescence of
the CuNCs (Fig. 7C-D). These results indicate that DPO primers and AT
primers can effectively achieve distinction from cross-reactivity with
other coronaviruses and realize on-site detection with rapid
visualization.

4. Discussion and conclusion

In this study, visual rapid testing for the SARS-CoV-2 Delta corona-
virus, in which single nucleotide deletion distinguishes it from wild-type
SARS-Cov-2, was developed. To clarify the effect of DPO primers in SNP
detection, we performed real-time PCR for the optimization of DPO-
primers sequences and realized high specificity of the Delta variant. In
addition, the function of AT primers was verified by copper nano-
clusters, thereby satisfying need for rapid visual detection on site.
Collectively, our results showed that the Delta variant was detected and
distinguished from wild-type SARS-CoV-2 via rational primers design
and the visualization of CuNCs with high sensitivity and specificity.

Primers in which polydeoxyinosine joins two separate priming re-
gions have been widely reported for SNP assays of single nucleotide
replacement, while conventional primers have a wider range of
annealing temperature and higher priming specificity [30]. However,
DPO primers have not previously been used for an SNP assay of

single-base deletions, especially not for the novel coronavirus. It is
speculated that the main reason for this may be that the detection of
single nucleotide deletion is more difficult than single nucleotide
replacement, and more stringent primers design is needed. As can be
seen from Fig. 3, the DPO primers in this paper had a narrow annealing
temperature range compared to those previously reported. It is well
known that double-stranded DNA can generate CuNCs in the presence of
reducing agents and CuSOy, and that the AT sequence is most favorable
to CuNCs production [19,26]. Moreover, the application of universal
primers shows that it can be realized to increase the universal sequence
in PCR products, thus effectively avoiding amplification disparity [31,
32]. Therefore, in this study AT-rich sequences were used as universal
primers only to increase the AT content of PCR products. However,
unexpectedly, the use of AT primers not only increased the AT content of
the PCR products, but also improved the specificity of detection (Fig. 5
and Fig. S6). In the condition for CuNCs generation, the optimization
concentration of CuSO4 was 1 mM, which was also the median (Fig. 6A).
This result is consistent with the trend observed by Chen et al. [29]. This
is mainly because a concentration of Cu** may generate hydroxyl rad-
icals, causing the destruction of PCR products, thus reducing the tem-
plate of CuNCs and inhibiting the formation of CuNCs [13]. Moreover,
while the system of real-time qPCR contained SYBR Green dye, but
practical results showed that it had no effect on the CuNCs fluorescence
(Fig. 7B). Thus, the difficulties of single base diversity detection were
solved by DPO primers and AT primers, while PCR products’ depen-
dence on precision equipment was settled by the CuNCs fluorescence
signal output.

In conclusion, this novel approach achieves the sensitive detection of
SARS-CoV-2 Delta variants with visualization, as well as the first
detection of single nucleotide deletion of the SARS-CoV-2 Delta variants.
Notably, our assay could not only distinguish single nucleotide deletion
in the target sites and maintain high specificity for the prevention and
control of the spread of an epidemic, but it was also able to distinguish
SARS-CoV-2 from other coronaviruses reliably to trace the source.
Furthermore, the linear range of this method was shown to be wide,
varying within 10°. However, this method also has some limitations, 1)
when the single nucleotide deletion site changes, the DPO-primers must
be redesigned; 2) there is a lack of detection of actual samples which is
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