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Introduction. Since the outbreak of the COVID-19 pandemic caused by SARS-CoV-2 novel coronavirus, the international 
community has been concerned about the emergence of mutations altering some biological properties of the pathogen 
like increasing its infectivity or virulence. Particularly, since the end of 2020, several variants of concern have been 
identified around the world, including Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta (B.1.617.2). However, the 
existing mechanism of detecting important mutations are not always effective enough, since only a relatively small part 
of all pathogen samples can be examined by whole genome sequencing due to its high cost.
Material and methods. In this study, we have designed special primer panel and used it for targeted high-
throughput sequencing of several significant S-gene (spike) regions of SARS-CoV-2. The Illumina platform 
averaged approximately 50,000 paired-end reads with a length of ≥150 bp per sample. This method was used 
to examine 579 random samples obtained from COVID-19 patients in Moscow and the Moscow Region from 
February to June 2021.
Results. This study demonstrated the dynamics of distribution of several SARS-CoV-2 strains and its some single 
mutations. It was found that the Delta strain appeared in the region in May 2021, and became prevalent in June, 
partially displacing other strains.
Discussion. The obtained results provide an opportunity to assign the viral samples to one of the strains, including 
the previously mentioned in time- and cost-effective manner. The approach can be used for standardization of the 
procedure of searching for mutations in individual regions of the SARS-CoV-2 genome. It allows to get a more 
detailed data about the epidemiological situation in a region.
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высокопроизводительного секвенирования
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Введение. С начала пандемического распространения инфекции COVID-19, вызываемой коронавирусом 
SARS-CoV-2, международное научное сообщество регулярно фиксирует появление мутаций этого пато-
гена, потенциально способных повысить его контагиозность и/или вирулентность. В частности, с конца 
2020 г. в мире обнаружено несколько вызывающих озабоченность вариантов, включая альфа (B.1.1.7), бета 
(B.1.351), гамма (P.1) и дельта (B.1.617.2). Однако существующие механизмы поиска мутаций и выявления 
штаммов не всегда бывают достаточно эффективными, поскольку лишь небольшая доля получаемых от 
пациентов образцов возбудителя может быть исследована на наличие генетических изменений, например 
методом полногеномного секвенирования из-за его высокой стоимости.
Материал и методы. В исследовании применён способ таргетного высокопроизводительного секвениро-
вания нового (следующего) поколения (next generation sequencing, NGS) наиболее значимых регионов гена, 
кодирующего S-гликопротеин (шиповидный, spike) вируса SARS-CoV-2, для чего разработана соответству-
ющая праймерная панель. В среднем на платформе Illumina на 1 образец приходилось около 50 тыс. пар-
ноконцевых прочтений длиной ≥150 п.н. С помощью описанной методики нами исследованы 579 случайных 
образцов, полученных у проживающих в Московском регионе пациентов с новой коронавирусной инфекци-
ей с февраля по июнь 2021 г.
Результаты. В работе продемонстрирована динамика представленности в Российской Федерации ряда 
штаммов нового коронавируса и нескольких его мутаций на протяжении февраля–июня 2021 г. Установле-
но, что штамм дельта появился на территории Москвы и Московской области в мае текущего года, а в июне 
стал доминирующим, частично вытеснив другие разновидности вируса.
Обсуждение. Полученные данные представляют возможность определять принадлежность образцов к 
упомянутым и некоторым другим штаммам, а описанный подход может быть использован для стандартиза-
ции процедуры поиска новых и существующих разновидностей SARS-CoV-2. Методика делает возможным 
изучение большого количества образцов в короткие сроки, позволяя получать более детальное представ-
ление об эпидемиологической ситуации в регионе.

Ключевые слова: коронавирус; коронавирусная инфекция; SARS-CoV-2; секвенирование нового поколе-
ния; геном; штаммы
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tection developed following the infection or vaccination 
[8, 10–14].

In addition, 3 variants (Alpha, Beta and Gamma), in 
a key region of the S protein (the receptor-binding do-
main (RBD)), have the N501Y mutation associated 
with increased affinity for the angiotensin-converting 
enzyme 2 (ACE2) receptor. In its turn, it can contribute 
to increased transmissibility of the pathogen [15, 16]. 
Specialists of the Central Research Institute for Epide-
miology (CRIE) of the Federal Service for Supervision 
of Consumer Rights Protection and Human Welfare 
(Rospotrebnadzor) designed a reagent kit for fast detec-
tion of the above mutation in the viral genome by using 
loop-mediated isothermal amplification (LAMP) [17] to 
significantly reduce the number of samples required for 
whole genome sequencing aimed to detect and monitor 
new strains containing the N501Y mutation. However, 
the further emergence of similar strains, including strains 
with other mutations in the S protein gene, showed that 
LAMP-associated genomic substitutions at primer bind-
ing sites could decrease the effectiveness of the above 
technique. In addition, the detection and exploration of 
SARS-CoV-2 variants result in an extended list of mu-
tation-caused changes of interest and subject to monitor-
ing. For example, the Delta strain responsible for a sharp 
increase in the number of cases in India was detected in 
Russia in May 2021, and has been rapidly spreading in 
this country since that time. Furthermore, several local 
strains have been detected in Russia, including Siberi-
an (B.1.1.397+) and Northwestern (B.1.1.370.1) strains 
carrying mutations in the S protein gene [18, 19]. At the 
moment, the strains circulating in Russia are being stud-
ied and monitored [20]. For the foregoing reasons, sci-
entists need more efficient and universal tools to identify 
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Introduction
Since it was first detected in Wuhan (the People’s Re-

public of China (PRC)) in December 2019 [1], the novel 
SARS-CoV-2 coronavirus has rapidly spread around the 
world and caused >4 million deaths [2]. Since the begin-
ning of the pandemic, a number of effective therapeutic 
and preventive measures have been adopted to fight the 
novel coronavirus infection (COVID-19). They include 
using of therapeutic agents such as monoclonal antibod-
ies (mAbs) [3, 4] and vaccines [5–8] where the spike (S) 
protein of the virus acts as an antigen.

At the end of 2020, the global scientific community 
described several SARS-CoV-2 variants of concern and 
special attention. They are Alpha (formerly referred to 
as the British variant, B.1.1.7), Beta (South-African, 
B.1.351), Gamma (Brazilian, P.1) and Delta (Indi-
an, B.1.617.2) variants. The above variants of the vi-
rus sparked the interest of researchers after a number 
of geographic regions of the world had reported an in-
crease in the frequency of human-to-human transmis-
sion of these infectious agents; later, the new variants 
of the pathogen were detected in many countries. For 
example, the Alpha variant spread rapidly in southeast 
England, causing a sharp increase in COVID-19 cases; 
shortly after, it was detected in the United States (USA 
Centers for Disease Control and Prevention (CDC)) [9], 
having become the dominant variant circulating in the 
country by April 2021. Similarly, the variants from the 
Republic of South Africa and Brazil caused outbreaks 
of COVID-19 in these countries. The above variants of 
SARS-CoV-2 give rise to concern due to the E484K mu-
tation in the S protein, which may reduce the efficacy 
of some therapeutic mAbs, hinder virus neutralization 
in vitro and cause the virus to evade the immune pro-
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multiple significant mutations within a single cycle of the 
laboratory test. Although whole genome sequencing of 
viruses is undoubtedly the most detailed technique of the 
genetic analysis [21], economically speaking, it may not 
be the best option among the advanced sequencing tech-
niques. It may pose difficulties when used in the setting 
of steadily increasing COVID-19 cases, including repeat 
disease cases. In addition, whole genome identification 
may be impractical for effective epidemiological surveil-
lance, considering that the most significant changes take 
place in a small part of the viral genome.

In this article, we describe the identification of iso-
lates belonging to different SARS-CoV-2 variants (in-
cluding Alpha, Beta and Delta strains) by using target-
ed high-throughput next-generation sequencing. We 
designed a primer panel intended for fast and efficient 
targeted amplification of genomic fragments, bypassing 
ligation of adapters when preparing samples for sequenc-
ing due to modification of oligonucleotides during the 
synthesis. The amplified regions include the most epi-
demiologically significant mutations corresponding to 
K417T, L452R, T478K, E484K, S494P, N501Y, A570D, 
P681H and other amino acid substitutions as well as to 
HV69-70 and Y144 deletions (Fig. 1). Therefore, not on-
ly the cost of sample preparation is significantly reduced, 
but also the amount of generated data is substantially 
reduced, making it possible to study a larger number of 
virus samples within a short period. The latter point is 
especially important in the situation when the frequency 
of different strains should be promptly assessed for the 
region or country of interest. Using our primer panel, we 
studied 579 random virus samples collected in Moscow 
and Moscow Region in February–June 2021, and found 
changes in frequencies of some mutations and strains in 
the above region.

Materials and methods
In our study, we used biological materials from na-

sopharyngeal swabs from patients with symptoms of 
novel coronavirus infection. The presence of SARS-
CoV-2 in these patients was confirmed with a real-time 

reverse-transcription polymerase chain reaction (rRT-
PCR) assay by using an AmpliSens Cov-Bat-FL reagent 
kit (AmpliSens, Russia). The study was conducted with 
the informed consent of the patients; the research pro-
tocol was approved by the CRIE Ethics Committee 
(Protocol No. 111 of December 22, 2020). The samples 
were placed in the transport medium (CRIE, Russia).  
The RNA was extracted from the clinical material with 
the help of a RIBO-prep reagent kit (AmpliSens); the re-
verse transcription was performed by using a REVERTA-L  
kit (AmpliSens). Only the clinical samples, in which the 
cycle threshold (Ct) did not exceed 20 in the PCR test, 
were selected.

For amplification in a T100 Thermal Cycler (BioRad, 
USA), we used PCR-mix-2 blue (AmpliSens) con-
taining Taq-polymerase. Then, the PCR-products 
were cleaned from the reaction mixture by using AM-
PureXP beads (Beckman Coulter, USA). The tem-
perature profile for the amplification was as fol-
lows: 1) denaturation at 95 ºC for 30 seconds; 2) 38 am-
plification cycles: 95 ºC – 30 sec, 60 ºC – 20 sec, 72 ºC –  
60 sec; 3) final elongation at 72ºC for 3 min. Index-
ing was performed by using PCR-mix-2 blue and 
EvaGreen (Biotium, USA) as a dye and a QuantStu-
dio 5 Real-Time PCR System (ThermoFisher Scien-
tific, USA). The indexing was conducted with index 
primers compatible with a Nextera XT Index Kit v2 
(N7xx – 26 possible variants and S5xx – 18 variants; for 
more information see the Illumina Adapter Sequences, 
Document # 1000000002694 v16, April 2021, https://
support-docs.illumina.com/SHARE/AdapterSeq/illu-
mina-adapter-sequences.pdf). The double indexing im-
proves the accuracy of sample identification and makes 
it possible to test a large number of samples at a time. 
The temperature profile of the indexing was: 1) 98 ºC –  
30 sec; 2) 15 cycles: 98 ºC – 10 sec, 65 ºC – 1 min 15 sec. 
Then, the samples went through another clean-up from 
the reaction mixture. The DNA concentration was mea-
sured with a Qubit 4.0 fluorometer (ThermoFisher Sci-
entific). Based on the concentration, the samples were 
pooled and the pool quality was evaluated by using an 

Fig. 1. Localization of the amplicons obtained using the primer panel relative to the SARS-CoV-2 virus genome.
Note. Several amino acid substitutions and deletions covered by the panel are indicated.

Amp 1–5, amplicons; S, S-protein; RBD, receptor binding domain.
Рис. 1. Локализация ампликонов, получаемых с помощью разработанной панели праймеров, относительно генома SARS-CoV-2.

Примечание. Указан ряд аминокислотных замен и делеций, покрываемых панелью.
Amp 1–5 – ампликоны; S – S-белок; RBD – рецептор-связывающий домен.
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Agilent 2100 bioanalyzer (Agilent Technologies, USA). 
Denaturation and estimation of the loading volume were 
performed according to the manufacturer’s instructions.

The sequencing was conducted on the Illumina MiSeq 
platform (Illumina, USA) by using a MiSeq Reagent Kit 
v2 (PE 150 + 150 or PE 250 + 250 cycles) or a MiS-
eq Reagent Kit v3 (PE 300 + 300 cycles) as well as on 
the Illumina HiSeq platform by using a v2 Rapid SBS kit 
(PE 250 + 250 cycles). There were around 50 thousand 
reads per sample, which is equivalent to approximate-
ly 0.3% of the information obtained when using a MiSeq 
Reagent Kit v2 (PE 150 + 150) or approximately 0.1% –  
when using a MiSeq Reagent Kit v3 (PE 300 + 300 cy-
cles) during sequencing. The above approach makes it 
possible to avoid excessive expenses associated with test-
ing numerous samples, while the average coverage level 
for most of the samples is ≥2,000.

The primers for the panel for targeted amplification of 
fragments of the S protein gene were selected manually 
based on the available information about the known epi-
demiologically significant mutations and the information 
about conserved regions of the genome. The melting tem-
perature of oligonucleotides and the level of interaction 
between them were estimated with a Multiple Primer An-
alyzer (ThermoFisher Scientific). The BLASTn program 
[22] was used to evaluate the specificity of each obtained 
sequence in reference to all known organisms (first of all, 
the human organism, the genetic material of which is best 
represented in the sample), thus eliminating any non-spe-
cific interaction between the primer and DNA regions of 
human and other organisms. A total of 5 pairs of oligo-
nuc-leotides were obtained; they also contained addition-
al adapter sequences required for time and cost reduction 
during sample preparation. The synthesis was performed 
at Syntol Research and Production Company, LLC (Rus-
sia). The structure of primers is shown in the Table. The 
lengths of amplicons were selected to provide overall cov-
erage of the target regions during their high-throughput 
sequencing on Illumina MiSeq platforms with the help of 
MiSeq v2 reagent kits (300 cycles), v2 (500 cycles) and 
v3 (600 cycles) and on Illumina HiSeq platforms by using 
a v2 Rapid SBS kit (500 cycles).

To analyze the sequencing data, the obtained reads were 
aligned to the reference genome of the SARS-CoV-2 virus 
by using the BWA software [23]. The BBTools program 
[24] was used to trim the adapter sequences in the reads. 
The coverage of 5 reads was accepted as the minimum 
coverage. The GATK program was used to find genetic 
variants [25]. The obtained sequences were uploaded to 
the VGARus nucleotide sequence database for SARS-
CoV-2 and its mutations (https://genome.crie.ru/).

The VMD software was used for visualization of the S 
protein molecule and for the subsequent drawings [26]. 
We used a structural model of S protein (the Protein Data 
Bank (PDB) ID: 7CAB), which was received by using 
cryoelectron microscopy [27].

Results
The period, during which the study was conducted 

in the Moscow Region, coincided with the time when 

SARS-CoV-2 strains of concern started spreading all over 
the world, including Russia, contributing to the risk of 
new waves of disease cases in a number of countries.

While only a relatively small (~2%) proportion of the 
Alpha strain was found in the isolates obtained in Feb-
ruary 2021, its frequency increased to ~20% in March, 
supporting the data on high contagiousness of the strain 
[28]. However, no further widespread occurrence of the 
strain was recorded; the frequency rate gradually de-
creased, reaching almost zero in the middle of June. Most 
likely, this decrease was caused by the Delta strain that 
spread to Russia in May 2021 and previously may have 
caused an increase in the number of cases and deaths 
among the population of India. By mid-June 2021, the 
prevalence of this strain increased to 70% in Moscow, 
and, according to the data not included in this study, it 
has been steadily increasing to >90%. In addition, at the 
end of June 2021, there were cases of infection with the 
Delta Plus strain containing the additional K417N sub-
stitution [29], which was previously found in the Beta 
strain and which is located in one of the SARS-CoV-2 
genome regions amplifiable by using the new primer 
panel (Fig. 2).

Notably, no significant spread of the Beta variant has 
been recorded in Moscow, though in April 2021, its pro-
portion quickly increased to 13%, causing concern among 
the population. The data suggest that the above strain of 
the novel coronavirus can partially evade the neutralizing 
effect of antibodies (Abs) developed following the coro-
navirus infection or vaccination [30].

In addition, the B.1.1.523 strain should be mentioned; its 
frequency had significantly increased by May 2021. The 
fact that it has the E484K mutation shows that it (like the 
Beta strain) can be more resistant to Abs. Besides, this 
variant has alterations in the S protein – the S494P substi-
tution and deletion of 3 amino acids. On the other hand, 
its proportion also sharply decreased in June 2021, when 
the Delta variant became the dominant variant. At the 
same time, we have not detected any cases of infection 
caused by the Gamma (Brazilian) strain.

Fig. 2 shows changes in the frequency of virus variants 
with N501Y or E484K mutations and not assigned to any 
of the specified strains due to the absence of other rele-
vant changes in the genome.

Charts in Fig. 3 show changes in the prevalence rate 
for some mutations, which were previously identified 
as mutations altering the virus properties and causing 
increased transmissibility or evasion of the protec-
tive effect of Abs. For example, in February 2021, al-
most 15% of all isolates had the E484K mutation, though 
the Beta strain carrying this substitution had not been 
detected in Russia by that time. This fact proves that 
although such alterations in the genome can give certain 
advantages to the pathogen, their presence not always 
results in the widespread occurrence of the pathogen, if 
there are no other significant mutations, the combina-
tions of which are frequently unclear. The subsequent 
months were characterized by an increase in the prev-
alence of several mutations, including E484K, N501Y, 
and S494P. In April 2021 when the Beta strain was de-
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Рис. 3. Частота отдельных мутаций вируса SARS-CoV-2 в разные месяцы 2021 г. на территории Москвы и Московской области.
Fig. 3. Frequency of individual SARS-CoV-2 mutations in different months of 2021 in Moscow and the Moscow Region.

Fig. 2. Representation of various variants of SARS-CoV-2 from February to June 2021 in Moscow and the Moscow Region.
Рис. 2. Представленность различных вариантов вируса SARS-CoV-2 с февраля по июнь 2021 г. на территории Москвы  

и Московской области.
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tected in Russia, there was also an increase in the fre-
quency of the K417N mutation, which is also present 
in the Delta Plus variant that was first detected in the 
Russian Federation only at the end of June 2021. Final-
ly, L452R and T478K mutations belonging to the Delta 
strain occurred in May 2021 and are currently present in 
most of the SARS-CoV-2 genomes.

The obtained data show that by using a small primer 
panel for amplification of genomic fragments of the nov-

el coronavirus and through the subsequent targeted se-
quencing, we can detect nearly all known alterations in 
the coronavirus S protein gene and identify strains of the 
pathogen, making it possible to monitor their frequency 
(prevalence) during specific periods. At the same time, it 
should be remembered that, by no means always, some 
mutations can result in emergence of a more contagious 
and epidemiologically dangerous variant of the virus; on-
ly in their combination, mutation changes can give new 

Sequences of oligonucleotides in the primer panel
Последовательности олигонуклеотидов в праймерной панели

Oligonucleotide ID
Идентификатор 

олигонуклеотида

Oligonucleotide sequence
Последовательность олигонуклеотида

F1 5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG-TGT TTT TCT TGT TTT ATT GCC ACT AGT CTC-3’
R1 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA G-TC TTA TGT TAG ACT TCT CAG TGG AAG CA-3’
F2 5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG-GCT GGA TTT TTG GTA CTA CTT TAG ATT CG-3’
R2 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA G-AA TCT ACC AAT GGT TCT AAA GCC GAA AAA C-3’
F3 5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG-GCT CCA GGG CAA ACT GGA AA-3’
R3 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA G-CT GTA TGG TTG GTA ACC AAC ACC AT-3’
F4 5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG-CCA ACA ATT TGG CAG AGA CAT TG-3’
R4 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA G-CGC CAA GTA GGA GTA AGT TGA TCT G-3’
F5 5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG-AAA CAC GTG CAG GCT GTT TAA TAG G-3’
R5 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA G-CT ACT GAT GTC TTG GTC ATA GAC ACT GG-3’

Note. Specific fragments are separated from adapters with a «-» symbol.
Примечание. Специфические фрагменты отделены от адаптеров символом «-».

Fig. 4. Structural model of S-protein obtained using cryo-electron microscopy (PDB ID: 7CAB). View from the side (a) and from above (b).
Note. The numbers from 417 to 501 indicate the amino acid residues in the corresponding positions. The regions included in the primer panel are highlighted in 
blue and shown as small spheres. Significant mutations (K417T, L452R, T478K, E484K, S494P, N501Y) are shown in red as larger spheres and are indicated 

in figure (b).
Рис. 4. Структурная модель S-белка, полученная с использованием криоэлектронной микроскопии (PDB ID: 7CAB).  

а) – вид сбоку, б) – вид сверху.
Примечание. Числами от 417 до 501 обозначены аминокислотные остатки в соответствующих позициях. Регионы, вошедшие в праймерную панель, 
подсвечены синим цветом и показаны в виде небольших сфер. Значимые мутации (K417T, L452R, T478K, E484K, S494P, N501Y) показаны красным 

цветом как сферы большего диаметра и указаны на рисунке (б).

а/а б/b
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