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identification of SARS-CoV-2 main variants. Specific primers and probes were designed based on the
sequence of the SARS-CoV-2 wild and main variants alpha (N501Y, HV69-70del), beta (E484K,
K417N), gamma (K417T, V1176F), delta (L452R, T478K) and omicron (H655Y, N679K, P681H)
genes. The specificity, sensitivity and performance of the RT-qPCR assay were tested. The assay can
identify SARS-CoV-2 wild type and main variants efficiently, and has no crossover with a panel of
respiratory pathogens (n=21), showing high specificity toward SARS-CoV-2 RNA. The assay’s
sensitivity was determined to be 2x10? copies/mL. In summary, we developed a simple, rapid and
cost-effective RT-qPCR assay that enables identification of SARS-CoV-2 main variants. It can be
used to monitor the variation of SARS-CoV-2 strain for accurate identification, prevention and control

of outbreaks.
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Table 1  Primers and probes used in this study

Primers and probes Sequences (5'—3") 5'-end 3’-end Final concentration
names label label (umol/L)
N501Y-F GTTACTTTCCTTTACAATCATATGGT 0.40
N501Y-R CAAAAGAAAGTACTACTACTCTGTATGGT 0.40
N501Y-PW CAACCCACTAATGGTG FAM MGB 0.20
N501Y-PM CAACCCACTTATGGTG HEX MGB 0.20
HV69-70-F TCTTACCTTTCTTTTCCAATGTTAC 0.40
HV69-70-R TCATTAAATGGTAGGACAGGGTT 0.40
HV69-70-PW CCATGCTATACATGTCTCTGGG FAM BHQI1 0.20
HV69-70-PM TTCCATGCTATATCTGGGACC HEX BHQ1 0.20
E484K-F CCGGTARCACACCTTGTA 0.40
E484K-R CCATATGATTGTAAAGGAAAGT 0.40
E484K-PW AAACCTTCAACACCA FAM MGB 0.20
E484K-PM AAACCTTTAACACCA HEX MGB 0.20
K417N/T-F GTCAGACAAATCGCTCCA 0.40
K417N/T-R GCCTGTAAAATCATCTGGTA 0.40
K417N/T-PW CAGCAATCTTTCCAG FAM MGB 0.20
K417N-PM CAGCAATATTTCCAG HEX MGB 0.20
K417T-PM CAGCAATCGTTCCAG HEX MGB 0.20
V1176F-F TCACCAGATGTTGATTTAGG 0.40
V1176F-R TGAGGCGGTCAATTTCTT 0.40
VI1176F-PW ATGCTTCAGTTGTAAAC FAM MGB 0.20
V1176F-PM TTAATGCTTCATTTGTA HEX MGB 0.20
L452R-F CTTGATTCTAAGGTTGGTGGTA 0.40
L452R-R AGGTTTGAGATTAGACTTCC 0.40
L452R-PW ATAATTACCTGTATAGAT FAM MGB 0.20
L452R-PM TAATTACCGGTATAGAT HEX MGB 0.20
T478K-F TTCAACTGAAATCTATCAGGC 0.40
T478K-R CAATTAAAACCTTBAACACCA 0.40
T478K-PW CGGTAGCACACCTT FAM MGB 0.20
T478K-PM CGGTAGCAAACCTT HEX MGB 0.20
H655Y-F GGCGTGTTTATTCTACAGGTT 0.40
H655Y-R GCGCATATACCTGCACCA 0.40
H655Y-PW TGTTGACATGTTCAG FAM MGB 0.10
H655Y-PM GTTGACATATTCAGCC HEX MGB 0.20
N679K/P681H-F ACCCATTGGTGCAGGTATAT 0.40
N679K/P681H-R CAAGTGACATAGTGTAGGCAA 0.40
N679K/P681H-PW CTAATTCTCCTCGGC FAM MGB 0.20
N679K/P681H-PM CTAAATCTCATCGGC HEX MGB 0.20
RP-F AGATTTGGACCTGCGAGCG 0.08
RP-R GAGCGGCTGTCTCCACAAGT 0.08
RP-P TTCTGACCTGAAGGCTCTGCGCG ROX BHQ2 0.06
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Table 2 Sequences of the LNA-MGB probe in this study

LNA-MGB probe name Sequence (5'—3") 5'-end label 3’-end label Final concentration (pmol/L)
T478K-PWL CGGTAGCACACC FAM MGB 0.2

Underlined letters respresent LNA bases.

P T N G V A I H V S

§ 1 1r 1 1 1 1 1 11 1
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Gamma ACTGGAACGATTGCT 417T GCTTCATTTGTAAAC 1176F
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Delta AATTACCGGTATAGA 452RF GGTAGCAAACCTTGT 478K
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o e N U s e U
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, [ W W e W s W | s e B s K e W
Omicron  GCTGAATATGTCAAC 655Y ACTAAATCTCATCGG 679K/681H
B2 SARS-CoV-2 HFABMRTELR FEEFFI
Figure 2 Sequencing analysis of SARS-CoV-2 wild-type and variants gene fragments. The red mark is the
mutation site.
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Figure 3 RT-qPCR identification of SARS-CoV-2 wild-type and variants genes.

http://journals.im.ac.cn/cjben



HET Z/THEETER PCR MNELIFABRESTIETRG 2231

2.3 LNA-MGB #£%t RT-qPCR iz

I FE B A A e TR R s ey 2 ) 2R AR L [
Bf 3% iF LNA-MGB #§ #f RT-gPCR % &
SARS-CoV-2 AF i A MEE 1, K:HE
T478K-PW 541 Mt , T478K-PWL 541 A] 1
X4 B AR RURI 28 AR R o W i, HNZS
S RP A IR i 2 (18] 4), RITZO7
%t MGB R4 HA HIR A4 SARS-CoV-2
U A TR 9 AR R R (W BB T o
24 RN

i rp B 2R A Y B A
SARS-CoV-2 EZRZHE iy 22 S %
fi L PHAMEXT R FHPEXT B TR R B0 E . 5
REBR, RABHMEXTIE Y ahdk, 22 F A
PES25 SR X IR T s ih £k, Rt
S EAR BRI R S
2.5 BRI

I F 7 ) RT-qPCR A6 0 05 325 X6 s B AS [
WRERY 2x107 # D1 /mL, RNA (1x10° #% Il /mL—
1x10° ¥ Dl /mL) P17y ik SR . 45
WK, #7) RT-gPCR J7ikxf H Y RNA )

A Wild RNA
Amplification

50005 T T VTR ]
O TAT8-PW : o
4000+ -~ T478-PWL ........... e ," ........

3000+ - o7 RE-P .. ........... .....

RFU

20001 - .-t ........... ........... ........

1000L ... ........... .......... ;_: ...... .......

0+ -';-;;;-xxx:::xxxx::".- ;
0 10 2 30 40
Cycles

IR R 2x10° #5 D1/mL (&1 5), FHIAHE
FERTEE ST I W R R
2.6 508 SR

£ NCCL 1y 5 ke, Kii 3 ffy delta
PR, 1 OyBFA AL, 1 yBAE, 95 NCCL J i
MIZER—3 (R 3). GEAERYI, ARSI e
IR 22 FLAG %51 SARS-CoV-2 78 S bk 1 fiE
3 Gt

fifiZ SARS-CoV-2 [ — S B/ k%
Ax JLEWIE N T ZRMERERE I3 . BowR
SR AR S BRI, (AR AE S EROK T 56
PR R 1 312 W2 95 1 2 U o R 17 2%
OIS N = N o 7 5 1[92 P o = =1 v
SARS-CoV-2 A8 53 ({5 17 % ik B
B TR, AT I TR 58 AR < bR
(AR e fEn) | WAL, w&EHR, —K
LW R, AT AP, RT-qPCR
T — b A B BRI L R 2 A i O ik,
AP, REER . FrEm. miEsE. BE
B e T S i B0

B Mutant RNA
Amplification
3000 %—T478-PW
25001797 T 478'PWL ........... .......
2000% - O R P'P ................... L4 SR
o :
~ 1 500 T f
10004 i
500 4
0 9 e i NN SE0eo0
0 10 20 30 40

Cycles

4 % T478K ¥4 B LNA-MGB 1R5t 5 MGB R 9% 5114 &E
Figure 4 Comparison of the analysis performance of T478K wild-type LNA-MGB probe and MGB probe.
Detection of wild-type (A) and variants (B) genes using the T478K wild-type LNA-MGB probe and MGB

probe.
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5 RT-qPCR #2l/$84% RNA BYSUREIEM

Figure 5 Evaluation of the sensitivity of RT-qPCR to detect target RNA. A—J are the amplification curves of
detecting mutant genes 501Y, HV69-70del, 417N, 484K, 417T, 1176F, 452R, 478K, 655Y and 679K+681H,
respectively. The template concentration corresponding to the amplification curve from left to right on each
figure is 1x10%, 1x107, 1x10°%, 1x10°, 1x10%, 1x10°, 2x10?, 0 copies/mL, respectively.

%3 SARS-CoV-2 T2 #kiMix
Table 3 SARS-CoV-2 variants test

Sample ID The testing results in our systems Variants The results of feedback from NCCL
202121 452R+, 478K+ Delta Delta

202122 L452+, T478+ Wild wild

202123 452R+, 478K+ Delta Delta

202124 - - -

202125 452R+, 478K+ Delta Delta

Note: “+” means detected, “ —

” means not detected.
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