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DEVELOPMENT OF A PROTOCOL
FOR WHOLE GENOME SEQUENCING
OF THE SARS-COV-2 VIRUS

Whole-genome sequencing of the SARS-CoV-2 virus during the pandemic has become an essen-
tial part of the epidemiological control of the spread of coronavirus infection. This made it possible
to get actual data of circulating genetic variants and mutational changes of SARS-CoV-2 during the pan-
demic. The obtained results provided an opportunity for researchers to collect additional data to evalu-
ate the virulence, infectivity, and the likelihood of evading an immune response when using vaccines
and therapeutic monoclonal antibodies. There are different technological approaches for whole-genome
sequencing of SARS-CoV-2, but multiplex PCR amplification is used most often due to ease of imple-
mentation and cost-effectiveness. When performing research on viral genome sequencing, researchers
need to optimize existing sequencing protocols with available reagents or develop new approaches. This
study is devoted to the development of a protocol for whole-genome sequencing of the SARS-CoV-2
virus based on the use of RT-PCR amplification using 39 primer pairs in 3 reaction mixtures. The protocol
made it possible to obtain 15 complete genome data of the SARS-CoV-2 and can probably be used for
large-scale studies on viral genome sequencing.

Key words: COVID-2019, SARS-CoV-2, RNA, whole genome sequencing.
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SARS-COV-2 BUPYCbIHbIH, TOABIKT€HOMADI
ceKBeHepAey XaTTaMacblH a3ipAey

[MaHaemus keseHiHAe SARS-CoV-2  BUMpPYCbIH  TOAbIKFEHOMAbI CEKBEHEPAEY KOPOHABUPYC
MHMEKUMACBIHbIH TapaAybiH 6aKblAayAAFbl SMUAEMUOAOTMSHbIH, aXKblpaMac OOAIri 6OAbIN KAAbINTACTbI.
by naHaemms keseHiHAe SARS-CoV-2 BUPYCbIHbIH MYTaUMSAbIK, ©3repriliTiri MeH alHaAbIMAQ XKYPreH
reHETUKAAbIK, TYPAEPI TYypaAbl XKaHAPTbIAFAH AEPEKTED aAyFa MYMKIHAIK 6epai. AAbIHFAH HOTUXeAep
3epTTeylliAepre ekneaep MeH TepaneBTiK MOHOKAOHAAAbl aHTUAEHEAEpAl MapaAaHy KesiHae
BUPYAEHTTIAIK, MH(DEKUMSIABIK, )XOHE MMMYHADIK, >KayanTaH >KaATapy bIKTUMAAAbIFbl TYpPaAbl KOCbIMLLIA
AEpeKTepAi XKMHakTayra MyMKiHAIK Gepai. Kasipri taHaa SARS-CoV-2 BMPYCbIH TOAbIKF€HOMAbI
CEKBEHEepPAEYAIH 9P TYPAI TEXHOAOTMSALIK Taciaaepi 6ap, Gipak, MyAbTunAekcTi MTP amnandmkaums
63iHiH >XeHIA KOAAAQHbBIAYbl MEH YHEMLUIAAIM TYPFbICbIHAH XMi KOAAaHbIAQAbI. Bupyctap reHombiH
CEKBEHEPAEY aAAbIHAQ 3epTTEYLIIAEp CEKBEHEPAEY XaTTamacblH ©3AepiHe KOAXKETIMAI peareHTTepAl
KOAAQHa OTbIPbIMN, OHTaMAQHAbBIPbIN aAybl KAXKET HEMECE >KaHa TOCIAAEP B3ipAeyAepi Kepek. Makanaaa
JKYPri3iAreH 3epTTey >KYMbICTapbl, 3 peakumsiAblK, Kocrnasa 39 >kyn npanmepai KOAAAHY apKblAbl,
KT-MTP amnamndukaumscbliH KoaaaHy HerisiHAe SARS-CoV-2 BUPYCbIH TOAbIKITEHOMAbBI CEKBEHEPAEY
XaTTamacblH o3ipAeyre OarbiTTanFraH. Xattama SARS-CoV-2 BMPYCbiHbIH 15 TOAbIK, T€HOMABIK,
MOAIMETIH aAyFa MyMKIHAIK 6epeai )XoHe KeH, ayKbIMAbl BUPYCTbIK, FEHOMAbI CeKBEHEepAeyre apHaAFaH
3epTTeyAEPAE MarAaAaHbIAYbl MYMKIH.

Tyitin cesaep: COVID-2019, SARS-CoV-2, PHK, TOAbIKr€HOMAbI CEKBEHEPAEY.
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Pa3paboTka nNpoTOKOAA MOAHOTEHOMHOrO
cekBeHupoBaHus Bupyca SARS-CoV-2

NoaHoreHomMHoe cekBeHnpoBaHue Bupyca SARS-CoV-2 3a neproa naHAEMMKM CTAAO HEOTbEMAEMO
YaCTbiO 3MMAEMUOAOTMYECKOrO KOHTPOAS 3a PacrnpoCTpaHeHWeM KOPOHABMPYCHOM MHekumnn. ITo
MO3BOAMAO 06ECneUnTb MOAYUYEHUE AKTYaAbHbIX AQHHbBIX O LIMPKYAMPYIOLLMX FeHETUYECKMX BapuaHTax
M MyTaUMOHHbIX M3MeHeHusix Bupyca SARS-CoV-2 B nepuoa naHaemuu. [MoAyyeHHble pe3yAbTathbl
NPeAOCTaBUAM BO3MO>KHOCTb MCCAEAOBATEASIM HAaKOMUTb AOMOAHUTEAbHbIE AQHHbIE O BUPYAEHTHOCTH,
WMH(EKLMOHHOCTM, O BEPOSITHOCTU YKAOHEHWS OT MMMYHHOrO OTBeTa MPW WCMOAb30BaHWM BaKLMH
M TepaneBTUUYECKMX MOHOKAOHAAbHbIX aHTMTeA. CylleCTBYIOT pa3Hble TEXHOAOTMYECKME MOAXOAbI
AAS TIOAHOT€HOMHOro cekBeHupoBaHus SARS-CoV-2, Ho myabTunaekcHas [MLP  amnamndmkaums
MCMOAb3YETCS HaMbOAEe YaCTO M3-3a MPOCTOTbI BbINOAHEHUSI U 3KOHOMUYHOCTU. [pu BbINOAHEHUM
NCCAEAOBAHUI MO CEKBEHMPOBAHMIO FTEHOMOB BUPYCOB MCCAEAOBATEASIM HEOOXOAMMO ONTUMU3UPOBATh
CYLLECTBYIOLME MPOTOKOAA CEKBEHMPOBAHUS MOA AOCTYMHYIO peareHTUKy WAM paspabatbiBaThb
HOBblE MOAXOAbl. AaHHble MCCAEAOBaHUSI MOCBSLLEHbI Pa3paboTKe MPOTOKOAA MOAHOTEHOMHOIO
cekBeHnpoBaHusg Bupyca SARS-CoV-2 Ha ocHoBe wcnoAb3oBanns OT-TUP amnandmkaumm c
MCnoAb3oBaHmeM 39 nap npanmMepoB B 3 peakLMOHHbIX CMeCsX. [1pOTOKOA MO3BOAMA MOAYUNTb AQHHbIE
15 noAHbIXx reHomMoB Bupyca SARS-CoV-2 n MoXeT 6biTb MCMOAb30BaH AAS KPYMHOMACLITAOHbIX
NCCAEAOBaHMIN MO CEKBEHMPOBAHMIO FTEHOMOB BMPYCOB.

KatoueBble croBa: COVID-2019, SARS-CoV-2, PHK, noAHOreHomMHoe cekBeHMpoBaHue.

Introduction

Mankind throughout its history has repeatedly
faced various kinds of pandemics. One of the lat-
est pandemics that has affected all of humanity is
the COVID-2019 (Corona Virus Disease 2019)
pandemic caused by the SARS-CoV-2 (Severe
acute respiratory syndrome-related coronavirus 2).
SARS-CoV-2 belonging to the Coronaviridae fam-
ily, genus Betacoronavirus [1], is a single-stranded
positive-polarity RNA-genome virus.

The first information about unknown pneumonia
was made public on 31* of the December in 2019
in Wuhan, China. On the 3™ of January, 44 patients
were confirmed infected and the whole genome se-
quence of the SARS-CoV-2 (nCoV2019) virus was
obtained. Due to the exponential growth in num-
bers of infected people, the Chinese government
introduced unprecedented quarantine measures on
the 23" January, with the closure of cities and the
isolation of people. The number of new COVID-19
cases has decreased after a two-month surge. By the
end of March, China had 81,554 confirmed cases of
COVID-19, of which 50,007 were in Wuhan [2].
Nevertheless, the infection quickly spread beyond
China and as of April 4, 2020, a total of 1,051,635
people had a confirmed diagnosis of COVID-19 in
208 countries, in which more than 75,000 deaths
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have been reported [3]. On March 11% 2020, the
World Health Organization (WHO) announced that
COVID-19 should be characterized as a pandemic
[4]. At great economic cost, many countries have
taken unprecedented measures to restrict the spread
of the virus, including quarantines, closing borders,
imposing restrictions on crowds, and imposing na-
tionwide lockdowns [5]. As of February 20, 2022,
there have been over 422 million confirmed cases
and over 5.8 million deaths worldwide [6].

The control and fight against any virus outbreaks
directly depend on various activities, including ef-
fective diagnostic procedures. Knowledge of muta-
tional changes in the pathogen genome is crucial for
assessing the adaptive changes of the virus, which
can accumulate and affect its diagnosis, transmissi-
bility, and pathogenicity [7]. Sequencing plays an
important role in controlling the efficiency of anti-
viral drugs and vaccines, identifying determinants
of drugs resistance and variants capable of evading
vaccine-immunity, and detecting possible recombi-
nation.

Advances in genome sequencing technology
have resulted in an exceptionally large number of
SARS-CoV-2 genomes being sequenced during
the COVID-19 pandemic [8]. Genome sequences
have been made publicly available through several
repositories, including a data exchange service
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hosted by the Global Initiative to Share All Influenza
Data (GISAID) (https://www.gisaid.org/) [9,10].
In addition to public genome repositories, open
source platforms for real-time data visualization
and genomic data analysis also work, including
NextStrain (https://nextstrain.org) and CoV-GLUE
(http://cov-glue.cvr.gla.ac.uk).

Analysis of the genome-wide data from the first
months made it possible to differentiate genetic lines
and mutations that increase transmissibility which
led to rapid spread to all continents. For example,
the D614G mutation in the S protein of SARS-
CoV-2 was critical for S1 cleavage, facilitating
virus fusion with the host cell membrane [11,12].
The G614 mutant, which originated in Europe in
February 2020, quickly leaked to other parts of
the world and accounted for more than 74% of all
published sequences by June 2020 [13].

The rapid accumulation of genomic data required
the classification of the genotypes. Several attempts
have been made to classify circulating SARS-CoV-2
strains into lineages or genotypes, with potential
differences in transmissibility and disease severity.
A study on 103 genomes of SARS-CoV-2 provided
by Lu R. et al. showed the existence of two lineages,
named L and S [14]. A comparative study of the
160 SARS-CoV-2 virus genomes from different
countries identified three subtypes A, B and C, with
differences in geographical spread and distribution
[15]. However, such studies have been criticized for
possible sampling bias and misinterpretation of the
results [16,17,18,19]. Limited or incorrectly drawn
sampling would skew the inferences, potentially
hiding a part of circulation and resulting in inaccurate
estimates of mutation rates [20]. The World Health
Organization has decided to designate coronavirus
mutations with letters of the Greek alphabet. The
first four letters went to strains from Britain (Alpha),
South Africa (Beta), Brazil (Gamma) and India
(Delta), Botswana and the Republic of South Africa
(Omicron). During the pandemic, multiple variants
of the alpha-, beta-, gamma-, delta-, and omicron-
SARS-CoV-2 viruses were identified.

During molecular epidemiology studies and
implementing whole genome sequencing of
pathogens researchers face the need to apply a
suitable sequencing protocol which may need
adjusting. Several approaches have been proposed
for sequencing the SARS-CoV-2 virus. The
metagenomics approach is obtaining cDNA and
its total sequencing, its disadvantage is the need to
obtain a large number of high-quality reads which
is not always possible given low virus titers or
admixing human RNA in samples [21]. Another

approach is random amplification with one primer
for whole genome sequencing, it allows to identify
mixed variants, however much like metagenomics,
requires a deep sequencing [22]. Yet another
approach is multiplex-PCR-based enrichment
before whole genome sequencing on 2nd and 3rd
generation NGS sequencers [23,24].

The virus genome enrichment protocol based
on specific amplification is easy to conduct and it is
less costly. However, specific PCR-related points,
variety of instruments in different laboratories, and
different reagents, all require the optimization of the
published protocols. The aim of this work was to
develop a protocol for SARS-CoV-2 sequencing by
using the PCR-enrichment followed by sequencing
on the MiSeq platform (Illumina).

Materials and Methods

Clinical Samples and RNA Isolation

We used 30 RNA samples obtained from
patients diagnosed with COVID-19. The samples
were collected from the four regions of Kazakhstan.

The work with clinical samples was carried out
BSL-3 facilities at the local branch of the National
Center for Biotechnology (NCB) in Almaty
(Kazakhstan). RNA was isolated from the clinical
samples using the QIAamp Viral RNA Mini Kit (Cat.
52904, QIAGEN) according to the manufacturer’s
instructions. RNA was transferred to the NCB
central laboratory in Nur-Sultan, Kazakhstan.

Primer design

The selection of primers was carried out using
a consensus sequence created from the alignment
of 500 full-genome sequences of the SARS-CoV-2
virus. The primers targeted conservative regions
in the genome, with distance between primer-
binding sites 800-1200 bp. Planned PCR products
overlapped by 100-200 bp. Software FastPCR
and NCBI PrimerBlast (https://www.ncbi.nlm.
nih.gov/tools/primer-blast/) were used to compute
the specific primers. The primers were chemically
synthesized at NCB.

Primers check

cDNA was obtained using the Reverta-L kit
(Russia) in a total volume of 120 pl according to
the manufacturer’s instructions. With each matched
primers-pair, a PCR reaction was performed,
including: forward and reverse primers in a final
concentration 300 nM, 1U. SynTaq DNA polymerase
(Synthol, Russia), 0.2 mM of each dNTP, 1x PCR
buffer (Sintol, Russia), 2.5 mM MgCl2, 3% DMSO,
and 3 ul cDNA. The PCR amplification program is:
first denaturation at 95°C for 3 minutes; 35 cycles:
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95°C — 25 seconds, 59°C — 40 seconds, 72°C — 90
seconds, final elongation 72°C — 10 minutes.

Amplification products

The analysis of the amplified DNA fragments
was performed by electrophoresis in 1.5% agarose
gels stained with ethidium bromide. 1xTAE buffer
was used as electrophoresis buffer. The gels were
documented using the GelDoc (Bio-Rad) and
analysed in QuantityOne (Bio-Rad). PCR-products
sizes were compared to DNA Ladder 10kb (Thermo
Scientific, #SM 1293, 100-10000 bp).

Multiplex PCR Enrichment in Two-Step RT-PCR

For reverse transcription, RNAscribe RT kit
(Biolabmix, Russia) was used according to the
manufacturer’s instructions. After the reverse
transcription, 6 pl of cDNA was used for PCR.
The reaction mixture included 2 pl of primers, 2U
SynTaq DNA polymerase (Sintol, Russia), 0.2 mM
each dNTP, 1-x PCR buffer (Sintol, Russia), 2.5
mM MgCl2, 3% DMSO. The PCR amplification
program had denaturation at 95°C for 3 minutes; 42
cycles: 95°C — 25 seconds, 57°C — 40 seconds, 72°C
— 3 minutes, final elongation 72°C — 10 minutes.

Multiplex PCR Enrichment in One-Step RT-PCR

One-step RT-PCR was performed using the
BioMaster RT-PCR-Extra reagent kit (2x). The
reaction mixture was made in a volume 25 pl
including 1 pl of primer-mixture, 12.5 pl of 2x
manufacturer-supplied mixture RT-PCR-Extra, 1 ul
of BioMaster Extra-mix, 7 pl of RNA, and 2.5 pl
of DMSO. The PCR amplification program included
reverse transcription for 30 minutes at 50°C,
denaturation at 93°C for 3 minutes; 42 cycles: 93°C
— 15 seconds, 57°C — 40 seconds, 68°C — 2 minutes,
and final elongation 68°C — 10 minutes.

Preparation of DNA libraries
throughput whole genome sequencing

The preparation of DNA libraries from PCR
fragments was performed using the Nextera DNA Flex
Library Prep Kit (24 samples) (Cat. No. 20018704,
[llumina, USA) according to the manufacturer’s
instructions. Sequencing was performed on a MiSeq
sequencer platform (Illumina, USA) using MiSeq
Reagent Kit v3, 600 Cycles (Catalog #MS-102-3003).

Bioinformatics

Bioinformatics analysis was done on Ubuntu
19.04 LTS operating system. Raw data quality
control was performed using FastQC vO0.11.7
[25] and MultiQC v1.8 [26] programs. Raw data
trimming was performed using the Seqtk v1.3-r106
program [27].

The BWA v0.7.17-r1188 program [28] was used
to map the reads to the reference sequence imported
by accession number NC 045512.2 from the

and  high
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GenBank (NCBI) database. Variant identification
and consensus sequencing were performed using
FreeBayes [Garrison E, Marth G. Haplotype-based
variant detection from short-read sequencing. arXiv
preprint arXiv:1207.3907 [g-bio.GN] 2012] and
BCFtools [Danecek, Petr, et al. “Twelve years of
SAMtools and BCFtools.” Gigascience 10.2 (2021):
giab008.]

Results

For use in the PCR-enrichment, thirty-nine 39
pairs of primers were designed covering the entire
virus genome (Table 1).

The use of all selected primers-pairs in a
monoplex reaction resulted in expected fragments
varying in length by 800-1200 bp. Figure 1 shows
the electrophorerogram of 28 primer pairs.

The selected primers were divided into 3 sets
(Table 1). The primers were mixed in equal molarity
to 4 pmol/ul of each primer. The resulting mixtures
were used in one-step RT-PCR and for the 2nd step
of the two-step PCR. For reverse transcription in
two-step RT-PCR, a mixture of R primers was used,
at 2 pmol/ul of each primer. The PCR products from
amplifications with three primer-sets were mixed and
purified with AMPure XP magnetic beads (Beckman
Coulter) in a 1:1 ratio. The quality of the obtained
PCR products was checked by electrophoresis
(Figure 2) and measuring concentration using the
fluorimetric method.

No differences were found in the concentrations
of PCR-products produced in multiplexed reactions
on cDNA probes from different samples.

The results from whole-genome sequencing
using the MiSeq platform (Illumina) included from
300 thousand to 600 thousand reads per sample,
with average lengths from 172 bp up to 277 bp, and
duplicated sequences totaling 71.9% to 81.5%. A large
number of duplicated sequences can be explained by
the sequencing of PCR products as a DNA template.
The assembly of genomes by the mapping method
resulted in complete genomes of 30 isolates of the
SARS-CoV-2 virus. To evaluate coverage uniformity,
we calculated the average coverage of each amplicon
at a normalized depth of 500x reads per position. The
whole genome sequencing protocol using one-step
RT PCR resulted in a more uniform library (Figure
3A). However, two regions on the genome, i.e. the
nt.8500-10000 and nt.22000-23000 regions have the
coverage of less than 250x. The two-step RT PCR
protocol had 8 to 12 genome regions with less than
250 coverage regions, as well as an unsequenced
region (Figure 3B).
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Table 1 — Primers for PCR amplification of the SARS-CoV-2 genome

Primers set 1 Primers set 2 Primers set 3
F 4-29 aaaggtttataccttcccaggtaaca F 590 gaaataccagtggcttaccgca F 1498 ctettatgttggttgccataacaagt
F 2249 ggacaaattgtcacctgtgcaa F 2996 tetggtgagtttaaattggettcac F 3730 ttggtgctgaccctatacattctt
F 4591 tgaaactcttgttacaatgccactt F 5339 ccacctgctctacaagatgettat F 6091 ccagttaactggttataagaaacctge
F 6839 gcatctatgccgactactatagcaa F 7619 tgtgttaattgtgatacattctgtgct F 8385 acaacattgctttgatatggaacgtta
F 9230 acacacgttatgtgctcatggat F 9918 gtggagcaatggatacaactage F 10560 ggagttcatgctggcacagactta
F 11438 aatgctttagatcaagccatttcca F 12221 gtggctaaatctgaatttgacegt F 12991 acttggtagtttagctgccaca
F 13757 tagacggtgacatggtaccaca F 14630 cagtagctgcacttactaacaatgtt F 15376 tgtagcttgtcacaccgtttctat
F 16172 acacttcaaggtattgggaacct F 16915 | ctgacatcacatacagtaatgccatta | F 17667 gggtgttatcacgcatgatgtt
F 18439 tccagagttagtgctaaaccacc F 19196 attgcaatgtcgatagatatcctge F 19845 gggtgtggacattgetgetaat
F 20752 gatagtgcaacattacctaaaggcat | F 22480 ccctgceatacactaattctttcacac F 22898 ctccetcagggtttttcgeytt
F 23108 gaacttctacatgcaccagcaa F 23853 accgtgctttaactggaatagcet F 24608 gcagaaatcagagcttctgetaa
F 25350 cagtgctcaaaggagtcaaattaca F 26097 aattgttgatgagcctgaagaacat F 26844 tccatgtggtcattcaatccagaa
F 27612 cgtctatcagttacgtgccagat F 28402 aggtttacccaataatactgegtct F 29860 gattgaaccagcttgagagcaa
R_886 agtgcatgaagctttaccagca R 1733 tgctttataatccaaacctttcacagt R 2376 tgcgtgacaaatgtttcacctaaat
R 3132 gcaccaaattccaaaggtttacctt R 3872 cttcctetttaggaatctcagegat R 4632 gagcagcttcttccaaatttaage
R 5472 gcaagaatctaaattggcatgttgaa R_6228 cattgttaacatgccaaacaataggtt R_6980 ggttgagtagattaaagaacctaggea
R 7715 aacgatgtaagaagactggtcagt R 8530 accacccttaagtgctatetttgtt R 9650 | aacataaccatccactgaatatgtgctaa
R 10300 | gcatagaatgtccaataaccctgagtt | R 10792 | cagaaagaggtcctagtatgtcaaca | R 11656 gtctaaagtagcggttgagtaaacaa
R 12336 cattgtctgcatagcactagtaactt R 13100 | cccactagctagataatctttgtaage | R 13962 acgttcacctaagttggegtat
R 14659 aattaccgggtttgacagtttgaaa R 15521 ccgtgacagcettgacaaatgttaa R 16285 atggtctacgtatgcaagcacc
R 17063 tggtceetggagtgtagaatact R 17796 agtcccaaaatctttgaggctaca R 18575 gcccataagacaaatacgactetgt
R 20430 gccacattttctaaactctgaagtett R 20072 gtttgggacctacagatggttgta R 20874 ggtgcaactcctttatcagaacca
R 21640 | cacgtgtgaaagaattagtgtatgca | R 22512 agattctgttggttggactctaaagt R 23233 caaattgttggaaaggcagaaacttt
R 24029 atctgcaagtgtcactttgttgaa R 24730 gcaagaagactacaccatgaggt R 25495 ggagtgaggcttgtatcggtat
R 26227 gagtacataagttcgtactcatcagc | R 26983 atgtcacagcgtcctagatggt R 27838 cttgcagttcaagtgagaaccaaa
R 28496 tcatctggactgctattggtgtt R 29327 tgcgtcaatatgcettattcagcaa R 30760 cctaagaagctattaaaatcacatgg
IHipawem 7717
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Figure 1 — Analysis of SARS-CoV-2 amplification results. The produced PCR products cover the entire SARS-CoV-2 genome
(M), molecular weight marker (Thermo Scientific, #SM1293) (100-10000 bp, from 100-10000).
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Figure 2 — Electrophoresis of pooled samples. These products were produced
in multiplexed PCR with three primer-sets shown in Table 1.
(M), molecular weight marker; 1-15 PCR products obtained in one-step RT-PCR; 16-30 PCR
products obtained in one-step RT-PCR.
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Figure 3 — Histogram of the average depth of amplicon sequencing.
(A) using one-step RT PCR, (B) using two-step RT PCR
Discussion drug resistance factors and virulence after the

The reduction in the costs of whole genome
sequencing (WGS) facilitated the introduction of
WGS into genetic epidemiology. In the majority
of studies, the use of WGS data is retrospective.
With such use, epidemiologists obtain the data on
phylogenetic relationships, evolutionary changes,
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studied outbreak has been eliminated [29]. This
approach does not apply to pandemics or outbreaks
that pose a global threat or have the potential
to develop into a pandemic. The first real-time
genomic analysis of the behavior of the pathogen
was applied during the outbreak of the Ebola virus
in 2014-2015, by tracking changes in the structures
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of circulating lineages and distribution pathways
[30].

The COVID-19 pandemic mobilized the
healthcare system of all countries and highlighted
the need to introduce WGS into the pandemic
control and monitoring system. In Kazakhstan,
controlling genomic variability of the SARS-
CoV-2 virus was introduced fairly soon. However,
existing deficiencies in the infrastructure for
genomic research of dangerous pathogens resulted
in slowing down the research, because sequencing
protocols needed to be optimized. Actually, the
first sequencing-confirmation of SARS-CoV-2 in
Kazakhstan and the first local data submitted to
GISAID have been obtained by Sanger sequencing.
Subsequent genomes were sequenced on MiSeq, but
enrichment was required. The monoplex enrichment
needs a high-titer virus sample which or a large
amount of clinical sample, because each genome
required 28 to 30 OT-PCR reactions. The use of
prefabricated panels incurs high financial costs. In
this work, we have developed a protocol for NGS
sequencing of the SARS-CoV-2 virus with PCR
enrichment in three reaction mixtures.

The WGS monitoring of the SARS-CoV-2
virus allowed describing multiple mutations and
the discrimination of genetic lines, which when
juxtaposed to epidemiological and functional
data enabled predicting epidemic waves. The
first functional missense mutation D614G in the
gene encoding the spike protein (S-protein) was
identified in March 2020 in Europe and the mutation
rapidly propagated across the world. The D614G
change was shown to enhance the virus replication
in human lung epithelial cells and primary human
respiratory tissues by increasing the infectivity and
stability of virions, which explains the evolutionary

success of the mutant strains [31]. The emergence
of the “delta” variant has raised concerns about
the immune response evasion in vaccinated and
recovering individuals [32].

Active mutational dynamics in SARS-COV-2
highlights the importance of global genomic
surveillance of the virus and could lead to early
detecting of new emerging variants ahead of
a possible epidemic wave. The whole genome
sequencing method is currently being used to study
the genetic diversity of the SARS-CoV-2 virus
to supplement phylogenetic analysis, haplotype
network analysis and genetic diversity studies [32].

Conclusion

Methods for complete-genome sequencing
of SARS-CoV-2 were improved in this work.
Protocols were optimized to include the PCR-
enrichment with 39 designed primer-pairs. The
enrichment of genomic sequences allowed using for
WGS low-copy-virus samples or limited quantities
of clinical samples. The results enable using 2nd and
3rd generation sequencing platforms for WGS with
SARS-CoV-2 samples. This article presents the
improved protocols and the utilization to conduct
monitoring of SARS-CoV-2 genetic diversity in
Kazakhstan.
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